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Abstract  

Background:  Anaemia and undernutrition are widely spread in India. The latest National Family Health 
Survey (published in 2020) showed that anaemia prevalence increased since 2015-16 and rose from 59 to 
77 percent of under-five-children; likewise stunting (chronic malnutrition) numbers rose in six out of ten 
major states. Tribal Adivasi children and mothers living in rural Birbhum district, West Bengal, were found 
to be widely affected by undernutrition and anaemia and initiatives to overcome this situation are urgently 
needed. In order to develop adequate strategies, the living situation of Adivasi families as well as linkages 
of those with the occurrence of anaemia and undernutrition need to be better understood.   

Objectives:  This dissertation therefore aimed to investigate the extent of anaemia and undernutrition of 
children (aged 6-39 months) and their mothers in the tribal Adivasi communities in rural Birbhum district 
and to make their living, health and nutrition situation known. It was strived to work out associations be-
tween the living situation (as income or child caring capacities) and the occurrence of anaemia and under-
nutrition. The dissertation further aimed to examine in how far nutritious meals alone or rather nutritious 
meals along with a locally prepared leaf powder of Moringa and Amaranthus or along with a nutrient 
sprinkle would help to reduce anaemia in children? Knowing the effectiveness of providing nutritious meals 
to children in decreasing anaemia, a cost-effectiveness analysis of locally available foods (n=425) has been 
conducted in order to know the foods most suited to feed undernourished children and mothers. Using 
cost-effective foods (rather than those absolutely most nutrient-dense) appeared needful in the light of the 
limited spending capacity on food of Adivasi families. A weekly meal schedule was developed in order to 
cover RDAs of children (aged 12-23 months) and their mothers - being lactating, pregnant or non-pregnant 
and non-lactating. The research further aimed to enumerate the costs to prepare the suggested meals and 
to assess if those are at all affordable to tribal Adivasi families or not. It was finally shown how the deficit 
to pay for the suggested cost-effective nutrient-dense meal schedule can be covered with the help of gov-
ernment schemes (AWCs, PDS, MGNREGA), as well as NGO involvement, respectively. 

Methods:  A baseline survey comprising 298 HHs has been conducted in order to understand the living, 
health and nutrition conditions of Santal Adivasi families living in rural Birbhum district. Further, a com-
parative pre-post-intervention trial has been implemented to investigate the usefulness of providing nutri-
tious meals with or without the Moringa/Amaranthus leaf powder/TopNutri sprinkle to children aged 6-39 
months to decrease anaemia; medical examinations of children (n=307) and their mothers took place 
every six months - with a total duration of 18 months. Finally, a cost-effectiveness analysis of locally avail-
able foods (n=425) has been conducted, analyzing 38 nutrients and 5 anti-nutritive elements.  

Results:  Anaemia and undernutrition of Adivasi children and mothers living in rural Birbhum district may 
be decreased by training families to prepare cost-effective nutrient-dense meals and to process used foods 
in order to improve nutrient absorption and better cover RDAs. The support of government schemes is 
urgently required to implement such strategy - as the cost of a diversified diet clearly exceeds the family's 
spending capacities on food. Further, kitchen gardens, fishing activities and crop diversification may con-
tribute to pave the way for regular intakes of cost-effective and nutrient-dense meals.  

Conclusion:  Besides focusing on children moving in the "1000-days-window" of opportunity (starting with 
their conception/pregnancy and lasting throughout the CF period until the children reach two years), also 
lactating mothers need to be focused when striving to improve nutrient intakes and decrease therewith 
anaemia and undernutrition amongst the rural Adivasi population of Birbhum district; those should be 
considered to become beneficiaries of AWC meals. 
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Summary of findings 

This dissertation presented and analyzed the living, health and nutrition situation of tribal Adivasi children 
(aged 6-39 months) as well as of their mothers living in rural Birbhum district, West Bengal, India. It was 
found that extended families use to have higher incomes (p<0.05) compared to nuclear families and that 
higher education of mothers (having completed at least class eight) is associated with higher incomes, too 
(p<0.05). Higher incomes were further found associated with a lesser incidence of moderate and severe 
anaemia amongst children (p<0.05). Further, active child caring was found to decrease the incidence of 
stunting (p<0.05, for caring efforts of three hours or more per day) - while mothers tied up in cooking 
(with cooking efforts of 6 and more hours a day) showed to have bigger likelihood of having a wasted or 
underweight child (p<0.05). It was suggested that the provision of gas cookers along with cooking gas to 
Adivasi families may be helpful to free mothers to care more actively for their children and reduce 
therewith child undernutrition. The dissertation further revealed that either father or mother deciding 
alone how to expense available income is superior to joint spending decisions - and it was in fact HHs with 
mothers deciding alone which showed the largest share of children with no or merely mild anaemia 
(p<0.05). It was suggested, accordingly, that mothers may be entrusted to manage a food budget on their 
own. Very importantly, the nutritional status of children and their mothers was found to be linked, where 
mothers with adequate BMI (18.5 and higher) had less often than expected a wasted child (p<0.001) and 
also less often an underweight child (p=0.001). Severe thin mothers (with a BMI<16.0) showed biggest 
likelihood of having a child with at least one anthropometric failure. No significant association was found 
between the anaemia status of the mother and her youngest child (p>0.05). Still, non-anaemic mothers 
showed bigger likelihood of having non-anaemic children than mothers with poorer Hb statuses, and - the 
other way around - mothers with severe anaemia showed the biggest likelihood of having children with 
moderate anaemia. It was argued, accordingly, that not only children but also their mothers should be 
better nourished in order to break the vicious circle of undernutrition - with a focus on lactating mothers 
who have highest nutritional intake needs. Overall, 94 percent of tribal Adivasi children were found 
anaemic (n=307, age range: 6-39 months, Hb<11g/dl) as well as 86 percent of their mothers (n=283, 
Hb<12g/dl). Anaemia in children was found significantly associated with the age of the child (p<0.001) 
where Hb was found to rise with increasing age and children above three years reached mild forms of 
anaemia - while children aged 6-23 months commonly suffered from moderate anaemia. Further, the 
consumption of fruit was found to decrease the incidence of moderate and severe anaemia (p<0.05). 
There was also a link between child undernutrition and the occurrence of severe anaemia, where children 
with no anthropometric failure (CIAF indicator) showed lesser likelihood to develop severe anaemia com-
pared to children with at least one anthropometric failure (p<0.05). Seeing the high incidence of anaemia 
and interlinking to child undernutrition as well as interlinking of nutritional status of children and their 
mothers - the question arose how to overcome child as well as maternal undernutrition and anaemia? 
The present comparative intervention study conducted in 21 tribal villages found that providing diversi-
fied meals three times a week to children aged 6-39 months rose their mean Hb by 0.98g/dl (compared to 
0.45g/dl in the CG); it was found that after 12 months children receiving the diversified meals showed a 
bigger share of non-anaemic or only mildly anaemic children compared to the CG (p<0.05). Further, chil-
dren who had received the diversified meals showed bigger likelihood of achieving Hb increases which 
belong to the top 30 percent of all reported Hb increases (amounting to 1.40g/dl and more) after 12 
months of intervention compared to the CG (p<0.01). It was argued, accordingly, that providing nutritious 
meals to undernourished tribal Adivasi children increases Hb and reduces anaemia. No significant differ-
ence in the distribution of non-anaemic and mildly anaemic children versus moderately and severely 
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anaemic children could be found when comparing a group of children who had received a leaf powder of 
Moringa and Amaranthus along with diversified meals to the CG (p>0.05) and when comparing a group of 
children who had received a (low dosed) micronutrient sprinkle along with diversified meals (p>0.05). A 
cost-effectiveness analysis of 425 locally available foods has been conducted in order to work out those 
foods delivering highest nutrient density in relation to their retail cost (adjusted for edible portion). Foods 
from the FGs cereals and millets, vegetables, and roots and tubers belonged more often to the top 30 
percent of cost-effective foods as per winter-price analysis (p<0.001) - while also grain legumes became 
cost-effective as per summer-price analysis (p<0.05). While the overall cost-effectiveness of FGs showed 
little difference considering winter- and summer price analyses, the cost-effectiveness of specific foods 
within some of the analyzed FGs did actually change (especially in case of vegetables). It was recom-
mended, accordingly, to use most cost-effective locally available foods to nourish undernourished chil-
dren and mothers adequately - and to consider also seasonal price changes of foods thereby. The devel-
oped aggregate cost-effectiveness indicator covered 38 nutrients. Further, five anti-nutritive elements to 
be limited in the diet of undernourished individuals had been considered: oxalate, phytate, polyphenols, 
sodium as well as dietary fibre. The need to process foods rich in anti-nutrients in order to cover the RDAs 
of undernourished children and mothers was highlighted - working out a categorization of anti-nutritive 
elements in low (≤ 4th percentile), medium (> 4th until ≤ 8th percentile), high (>8th until ≤ 9.5th percen-
tile) or very high (> 9.5th percentile) contents. On the basis of knowing most cost-effective locally avail-
able foods and assessing also their anti-nutritive elements, a weekly meal schedule has been worked out 
in cooperation with the nutritionist Caroline Stiller (who was the second PhD candidate in this twin PhD 
project and knows the local setting well). It became clear that the RDAs of moderately malnourished chil-
dren and their mothers can hardly be fully covered with locally available foods alone - where a deficit of 
20 and more percent of the RDA remained with regard to vitamins A, E, B1 and B2, as well as of zinc and 
linoleic acid (children), with regard to vitamins A, E, B1, B2 and B9, as well as of potassium and linoleic acid 
(lactating women), with regard to vitamins B1, B2 and B9, as well as of iron, potassium and linolenic acid 
(pregnant women), and with regard to vitamins B1 and B2, as well as of iron, potassium and linolenic acid 
(non-pregnant and non-lactating women). It was further found that the costs associated with the sug-
gested cost-effective and nutrient-dense weekly meal schedule exceeded available family budgets (calcu-
lated based on n=66 HHs and with respect to consumed portion sizes of children and mothers) by 217 
percent in case of children (with a weekly cost of 267 Rs. rather than the available 144 Rs.), and by 200 
percent in case of lactating, pregnant as well as non-pregnant non-lactating mothers. The role of govern-
ment services (AWCs, the PDS, and the MGNREGA), kitchen gardening/wild plant collection, own fishing 
activities and crop diversification in covering this deficit was enumerated and it was found that AWCs are 
able to cover the largest part of the weekly financing deficit (amounting to 34 percent in case of children), 
followed by kitchen gardens/wild plant collection (24 percent). As breastfeeding is deeply rooted in the 
Santal Adivasi communities (96 percent of mothers, n=275, were found to breastfeed their youngest child 
- with a mean age of 21.2 months), it is proposed in this dissertation that lactating women should be in-
cluded as beneficiaries of AWCs in order to cover their nutrient needs and break - finally - the circle of 
undernutrition where children and mothers need to be seen together, rather than focusing merely on 
children in the well-known 1000-days window of opportunity. 
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Ergebniszusammenfassung 

 

Diese Dissertation analysiert die Lebens-, Gesundheits-, und Ernährungssituation von Kindern der Urbe-
völkerung Indiens im Alter von 6-39 Monaten, die im ländlichen Birbhum Distrikt in West Bengalen leben - 
und präsentiert dabei auch Daten ihrer Mütter. Es zeigte sich, dass Großfamilien signifikant öfter eine 
höhere Einkommensgruppe erreichen als Kleinfamilien (p<0,05), und dass sich weiterhin ein höherer Bil-
dungsstand der Mütter (Abschluss der 8. Klasse) positiv aufs Einkommen der Familie auswirkt (p<0,05). 
Höhere Einkommen korrelierten mit einer geringeren Inzidenz an moderater und schwerer Anämie bei 
den untersuchten Kindern (p<0,05). Zudem konnte gezeigt werden, dass Mütter, die sich mindestens drei 
Stunden am Tag aktiv ihrem Kind zuwenden, weniger oft ein chronisch unterernährtes Kind haben (stun-
ting, p<0,05) - wohingegen Mütter deren Hauptbeschäftigung das Kochen ist (mit einem Kochaufwand 
von 6 und mehr Stunden täglich) signifikant öfter ausgezehrte oder untergewichtige Kinder haben (was-
ting/underweight, jeweils p<0,05). Entsprechend scheint es sinnvoll, der Adivasi-Bevölkerung in Birbhum 
Distrikt Gaskocher bereit zu stellen, sowie das notwendige Gas, sodass die Mütter Zeit gewinnen sich 
ihren Kindern zu widmen. Die Dissertation zeigt weiterhin, dass Haushalte, in denen die Mütter alleine 
über Ausgaben entscheiden, den höchsten Anteil an Kindern mit nur milder oder gar keiner Anämie auf-
wiesen (p<0,05) und es scheint empfehlenswert, Müttern ein Essens-Budget zu überantworten. Der Er-
nährungsstatus von Kindern und ihren Müttern korrelierte, wobei Mütter mit adäquatem BMI (18,5 und 
höher) weniger oft als erwartet ein ausgezehrtes Kind hatten (wasting, p<0,001), sowie weniger oft ein 
untergewichtiges Kind (underweight, p<0,001). Sehr dünne Mütter (mit einem BMI<16,0) zeigten die 
größte Wahrscheinlichkeit ein mangelernährtes Kind zu haben. Bezüglich des Anämie-Status von Kind und 
Mutter konnte kein statistisch relevanter Zusammenhang gefunden werden (p>0,05). Dennoch zeigten 
nicht-anämische Mütter eine höhere Wahrscheinlichkeit ein nicht-anämisches Kind zu haben als Mütter 
mit niedrigem Hb; im selben Sinne zeigten Mütter mit schwerer Anämie die höchste Wahrscheinlichkeit 
ein Kind mit moderater Anämie zu haben (die häufigste Anämie-Form unter den untersuchten Adivasi-
Kindern). Entsprechend gilt es nicht nur die Kinder der indischen Ureinwohner, sondern auch deren Müt-
ter besser zu ernähren, um den Kreislauf der Mangelernährung zu durchbrechen; hierbei gilt es einen 
Schwerpunkt auf die stillenden Mütter zu legen, die den höchsten Nährstoffbedarf haben. Insgesamt wie-
sen 94 Prozent der untersuchten Kinder im Alter von 6-39 Monaten eine Anämie auf (n=307, Hb<11g/dl), 
sowie 86 Prozent ihrer Mütter (n=283, Hb<12g/dl). Der kindliche Anämie-Status korrelierte stark mit dem 
Alter (p<0,001), wobei ältere Kinder weniger anämisch waren und Kinder >36 Monate eher milde Anä-
mien zeigten - wohingegen Kinder zwischen 6-23 Monaten meist eine moderate Anämie vorwiesen. Der 
Verzehr von Früchten senkte nachweislich das Vorkommen von moderater und schwerer Anämie unter 
den Kindern (p<0,05). Zudem zeigte sich eine Korrelation kindlicher Unterernährung und schwerer kindli-
cher Anämie, wobei gut ernährte Kinder (no anthropometric failure, CIAF Indikator) eine geringere Wahr-
scheinlichkeit zeigten eine schwere Anämie zu entwickeln (p<0.05). Mit Blick auf die sehr hohe Anämie- 
und Mangelernährungsrate unter den untersuchten Adivasi-Kindern und im Wissen, dass mütterliche und 
kindliche Unterernährung verknüpft sind, stellte sich die Frage, wie sich die Ernährungssituation im ländli-
chen Birbhum Distrikt effektiv verbessern lässt? Eine komparative Interventionsstudie in 21 Adivasi-
Dörfern Birbhums zeigte, dass der Verzehr nährstoffdichter Mahlzeiten dreimal die Woche über 12 Mona-
te hinweg den Hb der Kinder (6-39 Monate) um 0,98g/dl ansteigen lies (verglichen zu einem Anstieg von 
0,45g/dl in der Kontrollgruppe); im Vergleich zur Kontrollgruppe waren die Kinder mit den nährstoffrei-
chen Mahlzeiten öfter nicht oder nur mild anämisch nach 12 Monaten (p<0,05). Desweiteren erreichten 
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die Kinder mit nährstoffdichten Mahlzeiten signifikant öfter einen hohen Hb-Anstieg, der unter die besten 
30 Prozent aller verzeichneten Hb-Entwicklungen fiel (mit einem Anstieg von 1,4g/dl und mehr innerhalb 
von 12 Monaten; p<0,01). Aus der Interventionsstudie schließt sich, dass der Verzehr nährstoffdichter 
Mahlzeiten den Hb der mangelernährten Adivasi-Kinder steigen lässt und die Anämie-Prävalenz reduziert. 
Der Verzehr von einem Blatt-Pulver aus Moringa und Amaranthus zusätzlich zu den Mahlzeiten (IG2) zeig-
te keinen signifikanten Unterschied hinsichtlich der Verteilung von nicht-anämisch und mild anämischen 
Kindern versus moderat und schwer anämischen Kindern zur Kontrollgruppe (p>0,05); selbiges gilt für den 
Verzehr eines gering-dosierten Mikronährstoffpulvers (Sprinkle) zusätzlich zu den Mahlzeiten (p>0,05). 
Innerhalb der vorliegenden Dissertation wurde weiterhin eine Kosten-Effizienz-Analyse durchgeführt, die 
425 lokal verfügbare Lebensmittel einbezog und untersuchte, welche dieser Lebensmittel bezogen auf die 
Kosten die höchste Nährstoffdichte aufweisen? Die Kosten wurden an die tatsächlich essbare Portion 
angepasst, um etwa Knochen, Schale und Kerne zu berücksichtigen. Lebensmittel der Nahrungsmittel-
gruppen (1) Getreide/Hirse, (2) Gemüse und (3) Wurzeln gehörten signifikant öfter zu den Top 30 Prozent 
der kosteneffizienten Lebensmittel in der Winterpreis-Analyse (p<0,001); im Sommer zeigten sich zudem 
(4) Leguminosen kosteneffizient (p<0,05). Während die Kosteneffektivität der Nahrungsmittelgruppen nur 
geringe saisonale Unterschiede aufwies, schwankte die Kosteneffektivität einzelner Nahrungsmittel (be-
sonders beim Gemüse) beachtlich. Es empfiehlt sich daher unter Berücksichtigung saisonaler Besonder-
heiten die kosteneffizientesten Lebensmittel zur Ernährung der mangelernährten Adivasi Kinder und Müt-
ter auszuwählen. Der angewandte Kosten-Effektivitätsindikator schließt 38 Nährstoffe ein; desweiteren 
finden sich fünf Anti-Nährstoffe betrachtet, die in der Ernährung moderate mangelernährter Kinder mög-
lichst gering zu halten sind: Oxalat, Phytat, Polyphenole, Sodium und Ballaststoffe. Die Dissertation the-
matisiert die Notwendigkeit, antinährstoffreiche Lebensmittel vor dem Verzehr zu bearbeiten (etwa ein-
zuweichen oder zu rösten), um die Referenzwerte (RDAs) der mangelernährten Kinder und deren Mütter 
zu erreichen - hierfür wurde entsprechend der Perzentile eine Kategorisierung der indischen Lebensmittel 
erarbeitet, um sehr hohe (>9,5tes Perzentil), hohe (>8tes bis ≤ 9,5tes Perzentil), mittlere (>4tes bis ≤ 8tes 
Perzentil), und geringe (≤ 4tes Perzentil) Antinährstoffniveaus zu unterscheiden. Basierend auf der Kenn-
tnis der lokal verfügbaren kosteneffektiven und antinährstoffarmen Lebensmittel wurde - in Kooperation 
mit der Ernährungswissenschaftlerin Caroline Stiller - ein wöchentlicher Ernährungsplan für die Adivasi-
Kinder ihre Mütter entwickelt. Es zeigte sich, dass die RDAs der moderat mangelernährten Kinder (die 
höher liegen als die Verzehrsempfehlungen gesunder Kinder!) und ihrer Mütter  nicht vollständig durch 
lokale Lebensmittel alleine gedeckt werden können; es blieb trotz Einsatz der kosteneffektivsten Lebens-
mittel ein Defizit von 20 Prozent und mehr der empfohlenen Verzehrsmenge in Bezug auf die Vitamine A, 
E, B1 und B2, sowie Zink und Linolsäure (Kinder), in Bezug auf die Vitamine A, E, B1, B2 und B9, sowie Ka-
lium und Linolsäure (stillende Frauen), in Bezug auf Vitamine B1, B2 und B9, sowie Eisen, Kalium und Linol-
säure (Schwangere), und in Bezug auf Vitamine B1 und B2, sowie Eisen, Kalium und Linolsäure (nicht-
schwangere, nichtstillende Frauen). Die Dissertation zeigte desweiteren, dass die Kosten der empfohelnen 
Ernährung das verfügbare Budget der Adivasi-Familien (berechnet auf Basis den Einkommensdaten von 
n=66 Haushalten und mit Bezug auf die Verzehrsmengen von Kindern und Müttern) um 217 Prozent (Kin-
der) bzw. um  200 Prozent (Mütter) übersteigen. Das Potential von Regierungsprogrammen (AWCs, PDS, 
sowie der MGNREGA), Küchengärten, Fischerei und einer diversifizierten Landwirtschaft wurde quantifi-
ziert, wobei die AWC den größten Teil zur Finanzierungslücke einer kosteneffizienten diversifizierten Er-
nährung beitragen können, gefolgt von Küchengärten. Da das Stillen bei den Adivasi-Müttern weit ver-
breitet ist (96 Prozent der Mütter, n=275, stillten ihr jüngstes Kind entsprechend des Baseline-Surveys - 
mit einem mittleren Alter der Kinder von 21,2 Monaten), empfiehlt diese Dissertation stillende Mütter 
dringend als Nutznießer der AWC einzuschließen, um ihren Nährstoffbedarf besser abzudecken und den 
Kreislauf der Unterernährung, wo Kinder und ihre Mütter gemeinsam gesehen werden müssen und der 
alleinige Fokus auf die Kinder in den ersten 1000 Tagen unzureichend ist, schließlich zu durchbrechen. 



Introduction  - Basic information 

1 

1 Introduction 

Several years ago, Golden (2010) stated that it was a challenge to find successful local ways to pre-
vent child malnutrition and achieve nutritional security - and still today his view holds truth, request-
ing researchers as well as governments and project planners to act in a way that may change the 
picture. With regard to India, there is an urgent need to reduce child as well as maternal undernutri-
tion. As per the latest National Family Health Survey, published in 2020, child undernutrition and 
anaemia worsened since the last survey conducted in 2015-16: while 59 percent of under-five chil-
dren suffered from anaemia according to the 2015-16 NFHS, 77 percent of children aged five years 
and less were affected in 2019-20 (NFHS 5, State Fact Sheet, 2020; NFHS 4, India Fact Sheet, 2016). 
Likewise, the number of stunted children (being too short for their age) increased in six out of ten 
major Indian states. Considering that stunting is a long-term result of nutritional deprivation (com-
pared to wasting which develops in a shorter time frame), these findings are indeed alarming - espe-
cially as the COVID-19 pandemic is likely to have further worsened the situation, because govern-
mental feeding supports - provided via AWCs and public schools - have been closed down for more 
than a year meanwhile leaving Santal children without regular access to nutritious foods. 

Development economist Jean Drèze (2020) portrayed the situation more widely in a newspaper arti-
cle published in December 2020 and states that - despite its economic success - India still stands out 
as one of the most undernourished countries; except for a few countries as Niger and Yemen, India 
has the highest proportion of underweight children worldwide according to the World Bank's devel-
opment indicators. Unfortunately, budgets aiming at child development have been cut rather than 
raised in January 2021, when the Indian Government announced its latest budgetary allocations and 
spending priorities. It is needful to say that Santals Adivasi families usually do not claim their rights - 
but tend to accept their "fate" and assume that economic and social conditions are fixed for them; 
this may partly explain why child undernutrition in India is still such an issue today. However, one 
solely needs to recall the UNICEF "Convention on the Rights of the Child" (1989) to feel the need to 
act for change, where it is said in the preamble: "Considering that the child should be fully prepared 
to live an individual life in society, and brought up in the spirit of the ideals proclaimed in the Charter 
of the United Nations, and in particular in the spirit of peace, dignity, tolerance, freedom, equality 
and solidarity". More equal access to school education, nutritious foods and finally a healthy devel-
opment with opportunity to care well for an own family later in life should be open to all Indian chil-
dren - irrespective of their religion and necessarily including also India's Adivasi population. 

Meanwhile, the international research community calls to offer balanced diets comprising all known 
nutrients to undernourished individuals - rather than merely supplementing "problem nutrients" as 
iron, zinc or calcium, and the difficulty to afford such nutrient-dense diets (even if least cost foods 
are used) is well documented (Bai et al., 2021; Kachwaha et al., 2020; Raghunathan et al., 2020; Save 
the Children, 2013a, 2013b, 2014, 2018; Swaminathan, 2020); there is agreement that only in a joint 
effort of the undernourished themselves, governments as well as further stakeholders the vicious 
circle of undernutrition can finally be broken. In fact, the nutritional status of mothers and their chil-
dren is known to be interrelated (Akombi et al., 2017; Balarajan et al., 2011; De Pee et al., 2002; 
Habte et al., 2013; Harding et al., 2018; International Institute for Population & Sciences (IIPS) and 
Macro International, 2007; Meinzen-Derr et al., 2006; Onyeneho et al., 2019; Prieto-Patron et al., 
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2018; Singla et al., 1996; Sinha et al., 2018; Ziegler et al., 2014) and both need to be considered 
jointly if one wishes to reduce anaemia and undernutrition. Especially the nutrient intake needs of 
lactating mothers are known to be high (FAO & WHO, 2001; Institute of Medicine, 2005, 2011; ICMR, 
NIN, 2020; ICMR, 2020) - and need to be supported as breastfeeding is one vital component for a 
healthy development of infants and young children. Indeed, the WHO (2011) recommends exclusive 
breastfeeding for the first six months - followed by a timely introduction of nutritious complemen-
tary foods along with continued breastfeeding until the child reaches two years (or longer).  

In this sense, this dissertation aims to develop a local strategy to alleviate child and maternal under-
nutrition amongst the Santal population residing at Birbhum district. Locally available foods (n=425) 
have been analyzed for their nutritional contents related to their seasonal retail cost (adjusted for 
edible portion) - applying a holistic methodological approach which includes a total of 38 essential 
nutrients along with five anti-nutritive elements. On this basis, a weekly meal schedule with five 
meals per day has been developed in cooperation with the project nutritionist (and twin-PhD part-
ner) Caroline Stiller - as to satisfy recommended daily allowances (RDAs) of the moderately malnour-
ished children aged 6-23 months and their mothers (being lactating, pregnant or rather non-pregnant 
and non-lactating) as well as possible. In order to assess if Santal families are in the position to afford 
such nutrient dense and cost-effective meals, their weekly food budget has been calculated.  

Eventually, this dissertation presents one possible way to diversify Santal children's and mothers' 
daily diet step by step in order to overcome widespread undernutrition and anaemia. Indeed, as per 
the baseline survey conducted in 2015, 50 percent of mothers (n=293) and 62 percent of children 
(aged 6-39 months, n=307) have been found with low body mass index (BMI) or rather suffering from 
at least one anthropometric failure (being stunted, underweight or wasted). These high numbers of 
undernutrition confirm the need to act - especially as undernutrition is known to lead to delayed 
mental development of children with lower school attainments and earning opportunities later in 
life, associated with a loss in overall economic productivity. In fact, India is estimated to sustain a 0.8 
to 2.5 percent loss in its GDP due micronutrient malnutrition (India GDP, 2018; Stein & Qaim, 2007).  

As a first step, chapters 2,3 and 4 describe the living, health and nutrition situation of Santal Adivasi 
families in rural Birbhum district, West Bengal, India - based on the findings of an extensive baseline 
survey realized in February 2015 (comprising n=298 HHs). Afterwards, chapter 5 presents the insights 
gained from a comparative pre-post intervention trial conducted in 21 Adivasi villages from February 
2015 until August 2016 which provides evidence that diversified meals do decrease moderate and 
severe anaemia amongst children aged 6-39 months. Thereafter, the cost-effectiveness analysis of 
local foods (n=425) has been implemented (chapter 6) - and, with the help of attained knowledge on 
the seasonal cost-effectiveness of locally available foods a weekly meal schedule for children and 
mothers has been developed (chapter 7). Chapter 8 gives insights under what conditions such cost-
effective and nutrient-dense meals are affordable to Santal tribal families. Finally, the main findings 
of this dissertation are discussed and related to the existing body of literature (chapter 9). 

It can be shown in this dissertation that through mutual efforts of villagers, the Indian Government 
and NGOs balanced diets can be made available to children and mothers in the rural area of Birbhum 
district. Still then, several nutrients remain scarce and may be necessary to be supplemented. 
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2 Living conditions of Santal Adivasi families in Birbhum district 

Birbhum district is one of 23 districts forming West Bengal, which is located in east India and 
stretches from the Himalayas in the north to the Bay of Bengal in the south with national borders to 
Bangladesh and Nepal (West Bengal district Map, 2018).  

Graph 1  Location of Birbhum district, presented data was collected around the city of Bolpur/Santiniketan 

 
Source: Official Map of Birbhum, 2017. 



Living conditions of Santal Adivasi families in Birbhum district  - Basic information 

4 

Birbhum's regional capital Siuri lies about 200km north-west from Kolkata; overall about 3.5 million 
people live in Birbhum district with an average literacy rate of 70.7 percent (as per the latest census 
of 2011; Directorate of Census Operations, 2015) - and compared to 74 percent all over India (Provi-
sional Population Totals Paper 1 of 2011 India, 2011). Hindus form the majority of Birbhum's popula-
tion accounting to 62 percent, followed by Muslim communities reaching 37 percent. Santals reside 
as a minority in Birbhum district (so do Christians, Sikhs, Buddhists, Jains and several tribal communi-
ties such as Oraon, Bhumij, Tamang and Kora). They usually live as day labourers and farmers in the 
rural areas, cultivating rice.  

Santal history in Birbhum - In earlier times, when Birbhum was still pathless and thickly wooded, San-
tals lived as hunter-gatherers (note, the name "Birbhum" still reminds us about former woodlands: 
with "bir" meaning forest and "bhum" land (West Bengal District Census Handbook Birbhum, 2011). 
In 1855, a time when vast areas of Birbhum (especially alongside the western frontier) were popu-
lated by Santals, there was a Santal revolt striving for independence of both, upper classes and also 
the British colonial system. Yet, it was suppressed in the same year and the Santals were forced into 
a system of oppression, where they were repeatedly cheated while exchanging goods (like rice for 
salt and oil) or pushed to become ever defaulting borrowers and therewith kept away from partici-
pating in a prosperous economic development (Hunter, 1868). Instead, the administrational system 
supported the maintenance of monetary poorness amongst Santals.  

Current living situation of Santals in Birbhum district - Still today Santals live as a minority in Birbhum 
district, with a population share of about 3.5 percent (calculated as per information drawn from Sta-
tistical Profile of Scheduled Tribes in India 2013, 2013 and West Bengal. district Census Handbook 
Birbhum, 2011). The vast majority of Birbhum's tribal population (96 percent) lives scattered in vil-
lages in the rural areas. Santal dance is considered a heritage of Birbhum (West Bengal. district Cen-
sus Handbook Birbhum, 2011), reflecting that Santals have been a stable part of society in the region 
for many years. Yet, as per own observations (2007-2016), Santals (living around Bolpur) at Birbhum 
district still tend to live rather isolated in their villages, trying to avoid going to hospitals and offices 
in the city centre if not for any pressing issue. This may be partly due to their own language, which 
makes it more difficult to express ones matters all at once in Bengali in a crowded public office, for 
instance. And may also be a result of perpetuated social structures where Santals were supposed to 
abandon themselves to agricultural activities as sowing, cutting and boiling of paddy. 

Picture 1   Santal living situation in the study region of Birbhum (Bolpur): rather isolated life mainly as farmers, mud 
houses prevail, rich culture with own language, dances and songs 

   
Source: Own project pictures, Shining Eyes e.V. 

Barman (2014) describes the socio-economic status of Santals living at Birbhum as "backward" with 
minor landholdings and illiteracy being essential factors hindering economic upsurge. Having a closer 
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look on tribal literacy rates in West Bengal, one finds Santals slightly below average tribal literacy 
with 55 percent as compared to 58 percent for all tribes (Statistical Profile of Scheduled Tribes in In-
dia, 2013). Santal men show better education than their women with literacy rates of 66 and 44 per-
cent, respectively. Remembering all-India (74 percent) and all-Birbhum literacy rates (71 percent), 
Santal's discrimination concerning access to adequate education and therefore to the labour market 
and finally a decent income can easily be understood. Instead, most Santals use to work as day la-
bourers in agriculture and often work as unskilled labour in brick factories and road or building con-
struction sites, resulting in "very low incomes", as found by Barman (2014, p. 191). 

The following sub-chapters will present primary data concerning the current living situation of Santal 
families residing in the villages surrounding Bolpur, located at Birbhum district. It is drawn from the 
baseline survey conducted in February 2015 within the context of the field study implemented within 
this PhD project (its goals, method and findings will be presented at a later stage in chapter 5). 298 
tribal HHs (with a total of 307 children aged 6-39 months) have been surveyed before launching the 
study's interventions at baseline; the full questionnaire can be found in the annex. 

2.1 Basic information 
This subchapter describes the living situation of Santal Adivasi families, portraying the typical fea-
tures which determine daily life and making necessities better understandable - including aspects of 
housing and household (HH) assets, number of children born, birth spacing with role of unwanted 
pregnancies and breastfeeding habits, family structure (nuclear versus extended families with issues 
of income and vulnerability) and time constraints of mothers with their daily duties (where an over-
emphasis on cooking prevails, with limited scope for child care resulting).  

2.1.1 Housing and HH assets 

The large majority of surveyed Santal HHs lives in mud-houses (81 percent, n=290; Baseline Survey, 
personal communication, 2015) with access to electricity (80 percent, n=289) and light bulb.  

Graph 2   Housing of Santal families and availability/unavailability of HH assets 

 
Source: Baseline Survey, personal communication, 2015. 

(n=290) 

(n=289) 
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Several families do posses air fans (40 percent, n=289), making summer heat in May and June more 
bearable. Yet, further "basic" HH assets such as water access in the house and a private toilet are 
found only seldom with Santal families (5 and 17 percent). A gas cooker and fridge are rare excep-
tions (1-2 percent of surveyed HHs), making cooking and storing processes harder and contributing 
to a diet dominated by storable starchy foods as rice and potato. 

2.1.2 Number of children 

While in earlier times, Santal girls used to get married before majority and mostly received numerous 
children, meanwhile legal marriage age is set at 18 years and the number of children reduced.  

Graph 3   Common number of children amongst Santal tribal women and their age at first birth 

 
Source: Baseline Survey, personal communication, 2015. 

Most of surveyed mothers (24 percent, n=283) received their first child at the age of 19, with 60 per-
cent of first births happening between the age of 18 to 20 years (Baseline Survey, personal communi-
cation, 2015); they mostly had one or two children with them (45 or rather 43 percent, n=285 - with 
an mean age of mothers of 24.5 years, n=286). Mothers in a chosen subsample of 30 year-olds and 
older women commonly have 3 children (n=32), while the observed maximum of children amounted 
to 4 to 5 (16 percent of mothers aged 30 years plus). 

2.1.3 Birth spacing: role of family planning, breastfeeding habits and unwanted pregnancies 

Low birth spacing (the time passing from one to the subsequent delivery) has been found to contrib-
ute to chronic child malnutrition (i.e. stunting) where children remain too short considering their age 
with elevated morbidity and mortality risk. A birth spacing of 36 months and more is recommended 
(Dewey & Cohen, 2007), while stunting was found to be significantly higher for birth intervals of 24 to 
35 months and again for less than 24 months (Gribble et al., 2009).  

Interestingly, despite the simple and rather poor standard of living, birth spacing amongst surveyed 
Santal mothers was found to be adequate with averagely 41 months passing from the first to the 
second birth (n=167) and 39 months passing from the second to the third birth (n=51; Own Primary 
Data - Baseline Survey, personal communication, 2015). This is in a setting where a mere 45 percent 
of Santal mothers (n=284) explained that they used a contraceptive at any time. While 55 percent of 
mothers did not at any time use a contraceptive (n=284), 31 percent did so "sometimes" and 13 per-
cent "regularly". Those going for active family planning largely take the pill (hormonal contraceptive, 

(n=32) 

(n=283) 

share of first births as per age groups 
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79 percent, n=114); condoms are rarely used (4 percent). Once the decision not to fall pregnant again 
is taken in a family, mothers opt for tube ligation (18 percent, n=114).  

Graph 4  Share of families practicing family planning, contraception methods and birth spacing 

 
Source: Baseline Survey, personal communication, 2015. 

No significance could be shown between use of contraceptives at any time and adequacy of birth 
spacing (p>0.05). However, women who reported to apply contraceptives regularly (n=25), do show 
adequate birth spacing more often than expected count suggests (18 rather than 14.3). Missing sta-
tistical proof rather implies that very few Santal women use contraceptives regularly and expresses 
therewith that using a contraceptive sometimes does not effectively protect from falling pregnant.  

Table 1   Role of regular contraceptive use and adequacy of birth spacing, crosstab 

 Time passing from 1st to 2nd preg-
nancy was adequate  
(36 months or more, n=94) 
 

Time passing from 1st to 2nd 
pregnancy was inadequate  
(35 months or less, n=70) 
 

contraceptive was used 
sometimes or not at all   
(n=139) 

count - 76 
expected count - 79.7 
share - 80.9 percent 

count - 63 
expected count - 59.3 
share - 90.0 percent 

contraceptive was used 
regularly 
   (n=25) 

count - 18 
expected count - 14.3 
share - 19.1 percent 

count - 7 
expected count - 10.7 
share - 10.0 percent 

 Pearson Chi-Square p=0.107 
Source: Baseline Survey, personal communication, 2015. 

In the light of observed low coverage of effective contraceptive use, why is birth spacing still then 
adequate amongst surveyed Santal families? Indeed, unwanted pregnancies going along with (often 
unsafe) abortions do play a role amongst surveyed Santal communities, as turned out in the after-
math to this study when talking to local resource persons. An immense 15.6 million abortions are 
estimated to have happened all over India in 2015 (Singh et al., 2018). Especially in rural areas where 
the use of contraceptives is low, women are reported to undergo abortions to achieve adequate 
birth spacing (Sanneving et al., 2013). Unfortunately, it is largely unqualified practitioners who carry 

(n=167) (n=51) 

(n=284) 

(n=114) 

birth spacing amongst Santal women is 
commonly 36 months 
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out these abortions - contributing to India's maternal mortality. Further research on the meaning and 
dangers of (unsafe) abortions amongst Santal communities will be helpful to understand the situa-
tion more fully - discussing the need to promote contraceptives amongst Santal women at Birbhum. 

Moreover, extensive and prolonged breastfeeding habits may be considered as contributing factor to 
achieve adequate birth spacing. Drawing on National Family Health Survey-3 data, Dwivedi (2018) 
found that Indian women who had a high level of breastfeeding showed similar birth spacing pattern 
as Indian women applying contraceptives. A high level of breastfeeding was indeed observed 
amongst surveyed tribal Santal mothers: 96 percent (n=275) did breastfeed their youngest child at 
time of baseline survey in 2015 (with a mean age of children of 21.2 months) and 84 percent of chil-
dren (n=274) suckled on demand (Baseline Survey, personal communication, 2015). 98 percent of 
children (n=270) were allowed to drink the mother's milk until they come off the breast themselves 
and again 98 percent of mothers explained (n=272) that during the first half year (and probably also 
beyond) children were breastfed also at night; they commonly took breast milk four times a night 
(n=247, average 3.8 times). Such intensive breastfeeding is finally likely to influence mothers' hor-
monal system and finally also fertility. Furthermore, the large majority of Santal mothers (82 percent, 
n=255) did not have a specific plan when to end breastfeeding her youngest child. 8 percent of 
mothers told to wait ending breastfeeding until they would fall pregnant again, and another 8 per-
cent waited for the child to reach a specific age (commonly 3 years with a minimum planned breast-
feeding duration of 2 and maximum of 4 years, n=14). Hence, all in all (and despite several - fairly 
rare - exceptions), Santal newborns and also infants enjoy free access to mother's breasts and are 
allowed to suckle their mother's milk as often and as long as they wish to. 

Graph 5   Breastfeeding amongst Santal women is widely practiced, children largely suckle on demand and as long as 
they wish to - day and night 

 
 Source: Baseline Survey, personal communication, 2015. 

Dwivedi (2013) found in an earlier work (drawing on National Family Health Survey-2 data) that un-
dernourished  Indian women breastfeeding for longer than 12 months show bigger likelihood of re-
maining amenorrheic compared to well-nourished breastfeeding women. As 50 percent of surveyed 
Santal mothers (n=293) did show a low body mass index (BMI, for details see chapter 3 on the health 
situation of surveyed Santal families), postpartum amenorrhoea is likely to affect several of surveyed 

(n=275) 

(n=274) 

(n=270) 

(n=272) 
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Santal mothers and therewith to contribute to adequacy of observed birth spacing. The actual preva-
lence of postpartum amenorrhoea amongst tribal Santal mothers at Birbhum, West Bengal, was not 
evaluated within this study and may be subject to further research.  

Eventually, reported adequacy of birth spacing amongst Santal tribal HHs is good news, as it weakens 
the vicious circle of malnutrition, where undernourished women give birth to low-birth-weight-
children, aggravating from birth to birth in the course of time in case of short birth spacing (Darnton-
Hill et al., 2004). Still then, save family planning methods appear needful to be expanded in order to 
avoid (unsafe) abortions, endangering mothers' lives, and knowing that intensive breastfeeding alone 
cannot be considered as safe contraceptive method after the infant reaches six months of age (de-
spite full breastfeeding and persisting amenorrhoea) according to WHO standards (Lactational 
Amenorrhea Method, 2020; ‘WHO LAM Method’, 1999) .  

2.1.4 Family structure: nuclear versus extended families, issues of income and vulnerability 

After marriage, Santal girls leave their own family and live thereon in the husband's village. As base-
line survey data shows (personal communication, 2015), extended and nuclear families are spread 
nearly in the same way with a share of 51 and 49 percent, respectively (n=290). While nuclear fami-
lies cover mother, father and own children, extended families mostly include grandparents (94 per-
cent, n=135) and siblings of the husband (39 percent, n=132), which enlarges the workforce in the 
latter and the capacity for child caring in the former case (especially if grandmothers are still with the 
families, as true in 86 percent of the cases in the sample). 32 percent of extended families (n=132) 
enjoy both benefits: (1) having a grandmother available for child caring and (2) comprising siblings 
for further earnings, as illustrated below. 

Graph 6   Family structure and benefits of extended families 

 
Source: Baseline Survey, personal communication, 2015. 

Statistical analysis proofs that extended families do have greater workforce potential with them 
(p<0.001) with a mean of 2.13 persons earning an income rather than just 1.38 persons in case of 
nuclear families (Baseline Survey, personal communication, 2015). Accordingly, extended families 
show higher monthly cash incomes (p<0.05) with extended families reporting more often incomes 
between 5,000 and 9,999 Rs. as compared to 2,000-4,999 Rs. (those are the two main income ranges, 
less or more income was reported by a mere 6 percent of families, n=271).  

(n=290) 

(n=135) 

(n=135) 

(n=132) 

(n=132) 
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Interestingly, overall expenses per person and month are lower in extended families as compared to 
nuclear families (p<0.001) and the same is true for food expenses (p<0.001). The largest share of 
expenses in both HH structures in fact attributes to nourishing the family with 67 (extended families) 
or rather 74 percent (nuclear families) of monthly expenses being spent on food; while nuclear fami-
lies spend 673 Rs. per person on food each month, extended families manage food purchases at 482 
Rs. per person and month. As extended families dispose over higher incomes than nuclear families 
and expense less money per person (the question why this is so remained unclear), they end up (a 
bit) less vulnerable with a bigger likelihood of being able to see a doctor on case of need (p<0.05) and 
to have two cooked meals per day throughout the year (p<0.05).  

Table 2   Financial situation and vulnerability of nuclear versus extended families 

 Nuclear families 
(n = 143) 

Extended families 
(n = 148) 

family members earning an income 
 
 
 

1.38 persons (mean, n=139) 2.13 persons (mean, n=146) 

available monthly cash income  
... equals 2000-4999 Rs. 
 
 
... equals 5000-9999 Rs. 
 
 
 
 
 
 

yes, 73.3 percent (n= 131) 
 
 
 
yes, 26.7 percent 

yes, 58.3 percent (n=132) 
 
 
 
yes, 41.7 percent 

expenses per person and month 
  
 
 

904 Rs. (mean, n=142) 713 Rs. (mean, n=148) 

food expenses per person and month 
  
 
 
 

673 Rs. (mean, n=142) 
(74.4 percent of expenses) 

482 Rs. (mean, n=148)  
(67.6 percent of expenses) 

income sufficient to cook two warm 
meals per day throughout the year? 
 
 
 
 
    

yes, 77.3 percent (n=141) yes, 87.0 percent (n=146) 

income sufficient to see a doctor in 
case of need? 
 
 
 
 
 
 

yes, 62.4 percent (n=141) 
 

yes, 73.3 percent (n=146) 

capacity for savings given? yes, 44.2 percent (n=138) yes, 55.6 percent (n=144) 

mean difference = 0.749, t-test significance p=0.000 (2-tailed testing, α=0.05), confidence interval: 0.936 -0.562 
there is strong significance of extended families having more workforce at hand to earn an income 

mean difference = 191 Rs., t-test significance p=0.000 (2-tailed testing, α=0.05), confidence interval: 99-284 Rs. 
there is strong significance of extended families expensing less money per person and month. 

mean difference = 191 Rs., t-test significance p=0.000 (2-tailed testing, α=0.05), confidence interval: 123-259 Rs. 
there is strong significance of extended families expensing less money on food per person and month. 

count: 109,    count:127  
exp. count: 115.9   exp. count: 120.1 
Pearson Chi-Square p=0.032, α =0.05 
there is significance of extended families being more likely to have 
two cooked meals per day throughout the year. 

count: 88,    count:107 
exp. count: 95.8   exp. count: 99.2 
Pearson Chi-Square p=0.048 , α =0.05 

count: 96,    count: 77  
exp. count: 86.2   exp. count: 86.8 

 
count: 35   count: 55 
exp. count: 44.8   exp. count: 45.2 

Pearson Chi-Square p=0.011, α=0.05 
there is significance of extended families being more likely to 
report a higher monthly cash income. 

there is significance of extended families being more likely  
to see a doctor in case of need. 
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Source: Baseline Survey, personal communication, 2015. 

No significance could be proofed when it comes to extended and nuclear families' saving capacity 
(p>0.05). Yet, overall joint living of a Santal family having small children with the husband's parents 
and siblings enlarges workforce and available monthly cash income and decreases the likelihood of 
skipping meals due to food shortage in the family. The same time, seeing a doctor in case of need is 
more easily possible for family members of extended families - beneficial in a setting where tubercu-
losis and malnutrition are still widely spread with 2.69 million TB cases having been registered in 
India in 2018 (WHO Tuberculosis Country Profile, 2018) and 38 percent of children aged 5 years and 
younger being chronically malnourished, i.e. stunted (UNICEF, 2017, p. 159). 

2.1.5 Daily duties of Santal mothers: emphasis on cooking, child care is secondary  

The major duty of Santal women is cooking: 78 percent of mothers (n=266) state that during a nor-
mal day they spend most time on preparing the family's food (Baseline Survey, personal communica-
tion, 2015). Besides, child care was reported to take most time during a normal day by 21 percent of 
tribal mothers (n=268). Further activities which were named to consume most time during a normal 
day comprised: cleaning the house, field work, other (paid) work outside the house, cleaning cloths 
and fetching water (each less than 5 percent of mothers). Hence, cooking keeps most of Santal 
mothers busy all days, leaving active child care as topic of secondary importance. Despite, 89 percent 
of surveyed mothers (n=282) feel that they do have sufficient time to finish all needed works and to 
look for the child. And merely 5 percent of mothers stated that there was insufficient time to spend 
with the child. This reflects Santals peaceful attitude to accept things as good and right as they are.  

Graph 7   Cooking is the main duty of Santal tribal mothers during a normal day (when there is no harvesting season) 

 
Source: Baseline Survey, personal communication, 2015. 

count: 61,    count:80 
exp. count: 69.0   exp. count:72.0 
Pearson Chi-Square p=0.057, α =0.05 
no significance proofed - still then p-value suggests that extended 
families may be more likely to dispose over savings.  

(n=282) 

(n=266) 

(n=268) 

(n=266) 

Is there sufficient room left for child care 
after finishing all needed works? 
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Why does cooking take so much time of Santal tribal mothers each and every day? In fact, most San-
tal families prepare their meals on open fire (remember, that only 2 percent of HHs have a gas 
cooker available at home); so the cooking process takes time and Santal women use to spend 3.5 
hours daily on cooking itself (mean, n=283). In advance to cooking, firing material needs to be pre-
pared and Santal mothers either use to sweep the roads for dry leaves or (if cattle is owned) to form 
and dry cow dung cakes. Moreover, water needs to be fetched from the nearest tube well within the 
village (an own tube well is owned by a mere 5 percent of families). After the food has been taken, 
mothers need to clean the used dishes and cooking pots, carrying used utensils to the nearest tube 
well or pond. Adding up these cooking related core activities, women averagely require 8.6 hours per 
day to cook for the family; common daily core cooking time for all tribal Santal families ranges from 
8.9 to 10.0 hours (97.5 percent confidence interval, for p-values see  table below).  

 Graph 8   Mean time spent by Santal mothers on cooking and related activities (in hours) with 97.5% CIs 

 

 mean hours test value mean diff. significance 
2-tailed 

confidence interval 
97.5% 

fuel collection 1.5049 1.3 0.20486 p=0.000 1.5892 - 1.8303 

cow dung cake making 1.0883 0.85 0.23833 p=0.011 1.1178 - 1.5355 

   combined fuel, cow dung     1.4823 - 1.7635 

water fetching 1.0583 0.8 0.25828 p=0.000 1.2263 - 1.4069  
cooking 3.4770 3.2 0.2770 p=0.000 3.3708 - 3.5833 
eating 1.5958 1.4 0.19583 P=0.001 1.6575 - 1.9257 
utensils cleaning 1.0763 0.9 0.17632 p=0.000 1.1713 - 1.3339 
core cooking activities     8.9082 - 10.0133 
vegetables 1.0105 0.8 0.21047 p=0.000 1.1213 - 1.3207  
hunting 1.6596 1.4 0.25957 p=0.025 1.6604 - 2.1779 
marketing 0.6096 0.4 0.10959 p=0.000 0.6504 - 0.7880 
total cooking related 
time effort 

    12.3403 - 14.2999 

Source: Baseline Survey, personal communication, 2015.  

n (fuel)=174 
n (cow dung)=51 

n=238    n=238        n=180             n=220          n=64            n=23                n=73 
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Considering further that food to be cooked needs to be purchased or rather collected in advance, the 
full cooking related time effort comprises averagely 11.9 hours per day; with a confidence interval 
ranging from 12.3 to 14.3 hours (again, the 97.5 per
be seen in the graph above that going for marketing within the village or very nearby is fairly co
mon and taking little time (about half an hour) for the mothers 
fuel sticks and non-perishable vegetables like potato and onion are bought. Collecting vegetables is 
also commonly done and takes about an hour (usually 
paddy fields are gathered). Few mothers (n=23) reported own hunti
daily duties, a rather time-consuming activity of nearly two hours  
and fathers may also be involved in hunting activities, what was not questioned within the baseline 
survey - besides fish, snails and rats are hunted, respectively, and birds are caught. 

Picture 2   Cooking related activities practiced by tribal Santal families: 
cleaning dishes at the village pond, hunting small fish and birds

Source: Own project pictures, Shining Eyes e.V.

All in all, feeding the family fully lies at the core of surveyed tribal mothers' responsibilities 
keeps them busy all days. What does this finally imply? 
than 8 hours a day) go along with a lower income range
5,000-9,999 Rs. (p<0.05, Baseline Survey
lies with low (1-4 hours per day) or lower medium (>4
often than expected within the higher
hours) lay within expected counts. 

It can be seen in the table below that core cooking time efforts (including collection of firing mater
als, fetching of water, cooking itself, eating as well as cleaning of utensils) of 6 and less hours a day 
are related with higher incomes. There are (at least) two ways to interpret the relation between 
height of income range and cooking time efforts: Fist, families with two persons working (for instance 
father and mother in nuclear families) may find less time to cook in the house (w
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Considering further that food to be cooked needs to be purchased or rather collected in advance, the 
full cooking related time effort comprises averagely 11.9 hours per day; with a confidence interval 
ranging from 12.3 to 14.3 hours (again, the 97.5 percent confidence interval was calculated). It can 
be seen in the graph above that going for marketing within the village or very nearby is fairly co
mon and taking little time (about half an hour) for the mothers - mostly biscuits, puffed rice (muri), 

perishable vegetables like potato and onion are bought. Collecting vegetables is 
also commonly done and takes about an hour (usually green leafy vegetables growing besides the 
paddy fields are gathered). Few mothers (n=23) reported own hunting and fishing to be part of their 

consuming activity of nearly two hours  - besides mothers, elder people 
and fathers may also be involved in hunting activities, what was not questioned within the baseline 

, snails and rats are hunted, respectively, and birds are caught. 

Cooking related activities practiced by tribal Santal families: sweeping for firing material, cooking on 
, hunting small fish and birds 

  

  
Source: Own project pictures, Shining Eyes e.V. 

All in all, feeding the family fully lies at the core of surveyed tribal mothers' responsibilities 
What does this finally imply? Indeed, high core cooking times 
ng with a lower income range, amounting to 2,000-4,999 Rs. rather than 

Baseline Survey, personal communication, 2015). On the other hand, fam
4 hours per day) or lower medium (>4-6 hours) core cooking times were found more 

higher income range. Upper medium cooking time efforts (>6
hin expected counts.  

It can be seen in the table below that core cooking time efforts (including collection of firing mater
als, fetching of water, cooking itself, eating as well as cleaning of utensils) of 6 and less hours a day 

ncomes. There are (at least) two ways to interpret the relation between 
height of income range and cooking time efforts: Fist, families with two persons working (for instance 
father and mother in nuclear families) may find less time to cook in the house (w

Considering further that food to be cooked needs to be purchased or rather collected in advance, the 
full cooking related time effort comprises averagely 11.9 hours per day; with a confidence interval 

cent confidence interval was calculated). It can 
be seen in the graph above that going for marketing within the village or very nearby is fairly com-

mostly biscuits, puffed rice (muri), 
perishable vegetables like potato and onion are bought. Collecting vegetables is 

growing besides the 
ng and fishing to be part of their 
besides mothers, elder people 

and fathers may also be involved in hunting activities, what was not questioned within the baseline 
, snails and rats are hunted, respectively, and birds are caught.  

for firing material, cooking on open fire, 

 

 

All in all, feeding the family fully lies at the core of surveyed tribal mothers' responsibilities - and 
ed, high core cooking times (of more 

999 Rs. rather than 
. On the other hand, fami-

6 hours) core cooking times were found more 
income range. Upper medium cooking time efforts (>6-8 

It can be seen in the table below that core cooking time efforts (including collection of firing materi-
als, fetching of water, cooking itself, eating as well as cleaning of utensils) of 6 and less hours a day 

ncomes. There are (at least) two ways to interpret the relation between 
height of income range and cooking time efforts: Fist, families with two persons working (for instance 
father and mother in nuclear families) may find less time to cook in the house (with the risk that chil-
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dren receive lower quality food and end up more undernourished). A second (and contrary) interpre-
tation would be that families who manage cooking with a low time effort (for whatever reason) are 
finally more free to go out to work and earn an additional income (with the benefit that the addi-
tional income makes nutritious food like fruits accessible for children and their families).  

Table 3   Core cooking times of Santal tribal mothers and relation to income ranges, crosstab 

 2,000-4,999 Rs. are available each 
month in the HH  
(n=171) 
 

5,000-9,999 Rs. are available 
each month in the HH 
(n=90) 
 

low core cooking effort 
   (1-4 hours/day, n=27) 

count - 14 
expected count - 17.7 
share - 8.2 percent 

count - 13 
expected count - 9.3 
share - 14.4 percent 

lower medium core 
cooking effort 
   (>4-6 hours/day, n=57) 

count - 32 
expected count - 37.3 
share - 18.7 percent 

count - 25 
expected count - 19.7 
share - 27.8 percent 

upper medium core 
cooking effort 
   (>6-8 hours/day, n=93) 

count - 62 
expected count - 60.9 
share - 36.3 percent 

count - 31 
expected count - 32.1 
share - 34.4 percent 

high core cooking effort 
   (>8 hours/day, n=84) 

count - 63 
expected count - 55.0 
share - 36.8 percent 

count - 21 
expected count - 29.0 
share - 23.3 percent 

 Pearson Chi-Square p=0.049 
Source: Baseline Survey, personal communication, 2015. 

Gathered data showed a significant relation of a core cooking time of 6 hours and less in relation to 
wasting (too little weight considering child's height/length)as well as to underweight (too little 
weight considering child's age) - children from HHs with a core cooking time of 6 and less hours a day 
showed less likelihood of having wasted and of having underweight children (Baseline Survey, per-
sonal communication, 2015). No significant result was seen with regard to stunting (i.e. chronic mal-
nutrition, the child being too short for its age) and anaemia. For detailed definitions of child undernu-
trition indicators please refer to chapter 3, focusing on health. 

Table 4   Relation of core cooking time (≤ 6 h/ day) and child undernutrition/anaemia - p-values  

 low or lower 
medium core 
cooking effort  
(≤6 h/day) 
   n=101 

upper medium or 
high core cooking 
effort 
(>6 h/day) 
    n=186 
 

p-value 
(Pearson Chi-
Square) 

stunting - child suffers from 
moderate or severe stunting 
   n=150 

count - 54 
exp. count - 52.8 
share - 53.5% 

count - 96 
exp. count - 97.2 
share - 51.6% 

p=0.764 

underweight - child suffers from 
moderate or severe under-
weight 
   n=143 

count - 42 
exp. count - 50.1 
share - 41.6% 

count - 101 
exp. count - 92.9 
share - 54.0% 

p=0.044 

wasting - child suffers from 
moderate or severe wasting 
   n=56 
 

count - 13 
exp. count - 19.7 
share - 12.9% 

count - 43 
exp. count - 36.3 
share - 23.1% 

p=0.036 
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anaemia - child suffers from 
moderate or severe anaemia 
   n=211 

count - 77 
exp. count - 74.0 
share - 76.2% 

count - 134 
exp. count - 137.0 
share - 71.7% 

p=0.402 

Source: Baseline Survey, personal communication, 2015. 

To sum up, tribal Santal children living in HHs with low or lower medium cooking time effort (≤6 
h/day) were found less often wasted (p<0.05) and underweight (p<0.05) and their parents' reported 
more often to fall in the higher observed income group (ranging from 5,000-9,999Rs., p<0.05). Ac-
cordingly, initiatives to decrease core cooking effort amongst Santal families may have an impact on 
incomes as well as on children's wasting and underweight status.  

One such initiative is the Indian Government's "Pradhan Mantri Ujjwala Yojana" scheme (initiated in 
May 2016, a year after collection of baseline survey data) which aims to provide gas cookers to poor 
families in order to overcome the habit to cook on open fire - leading to deforestation, air pollution, 
sicknesses and severe injuries, respectively (PMUY Scheme, n.d.). Research on the question whether 
Santal families at Birbhum, with the help of this scheme, show lower core cooking times than ob-
served in February 2015 within this research may be of interest, proofing also for potential linkages 
to tribal family's income situation as well as to their children's undernutrition status.  

Child care - Very clearly, caring for children takes only second most time after cooking during a nor-
mal day outside the harvesting season as per Santal mother's reporting, with 21 percent of mothers 
(n=268) stating that looking actively for the child was taking most time (Baseline Survey, personal 
communication, 2015). Child caring activities comprised first and foremost general caring activities 
(such as dressing and cleaning the child, respectively), with a mean time of 2.6 hours per day (n=219). 

Graph 9   Mean time spent by Santal mothers on child care (in hours) with 97.5% CIs 

 

 mean hours test value mean diff. significance 
2-tailed 

confidence interval 
97.5% 

general child care 2.5762 2.25 0.32622 p=0.012 2.6103 - 3.1945 

eating with the child 1.1563 0.95 0.20625 P=0.012 1.1796- 1.5455  

collecting AWC food 0.6547 0.5 0.15469 p=0.000 0.7279- 0.8909 

helping child to learn 1.0789 0.8 0.27895 p=0.014 1.1059- 1.6098 

Source: Baseline Survey, personal communication, 2015.  

(n=219) (n=19) (n=49) (n=48) 
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Further, collection of AWC food (AWCs are governmental pre-school centres providing cooked food 6 
days a week) and supporting the child to eat was named, with a total mean time effort of 1.8 hours a 
day. Few mothers (7 percent, n=279) told to support their children learning (probably also older sib-
lings); this rather low number reflects the limited level of education persisting amongst Santal moth-
ers in Birbhum up to date - especially knowing that teaching children is a main effort of mothers of 
middle-income families (in cooperation with tuition teachers) in modern India today. 

While general child caring activities were reported to be done by most of Santal mothers (n=219), 
eating with the child (n=49) and learning with the child (n=19) are much more uncommon. Hence, 
time efforts of 3 hours and less (covering general child care activities) can be considered as "com-
mon" child caring effort, while time efforts of more than 3 hours a day may be valued as a "higher" 
caring effort. Indeed, such higher child caring effort was found to be related with a lower incidence 
of stunted children (p<0.05). No significant effect on wasting, underweight and anaemia was found. 
Interestingly, children living in HHs with higher child caring times showed more often moderate or 
severe forms of anaemia (while one would have expected it the other way around).   

 Table 5   Relation of child caring time (> 3.5h/ day) and child undernutrition/anaemia - p-values  

 normal child car-
ing effort 
(≤3.0 h/day) 
   n=155 

Higher child car-
ing effort 
(>3.0 h/day) 
    n=83 
 

p-value 
(Pearson Chi-
Square) 

stunting - child suffers from 
moderate or severe stunting 
   n=125 

count - 89 
exp. count - 81.4 
share - 57.4% 

count - 36 
exp. count - 43.6 
share - 43.4% 

p=0.039 

underweight - child suffers from 
moderate or severe under-
weight 
   n=119 

count - 82 
exp. count - 77.7 
share - 52.6% 

count - 37 
exp. count - 41.3 
share - 44.6% 

p=0.240 

wasting - child suffers from 
moderate or severe wasting 
   n=47 
 

count - 35 
exp. count - 30.6 
share - 22.6% 

count - 12 
exp. count - 16.4 
share - 14.5% 

p=0.134 

anaemia - child suffers from 
moderate or severe anaemia 
   n=180  

count - 114 
exp. count - 117.5 
share - 73.1% 

count - 66 
exp. count - 62.5 
share - 79.5% 

p=0.272 

Source: Baseline Survey, personal communication, 2015. 

Eventually, if mothers would get more time to care for their children (for example through reducing 
the core cooking time), their children may benefit from additional attention (for instance feeding 
support) and stunting prevalence may decrease. The following chart captures the above findings. 

Graph 10   Potential effect of reducing core cooking time/raising child caring times on child health 

 
Source: Baseline Survey, personal communication, 2015. 
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Further duties reported to be done by Santal tribal mothers on a daily basis comprised: (1) general 
duties: i.e. cleaning the house (1.3 hours/day), cleaning clothes (1.0 hours/day, n=84) and personal 
hygiene (0.8 hours/day, n=130); (2) income related duties: animal care (1.1hours/day, n=33), field 
work (5.9 hours/day, n=20), crop drying and storing of grains (2.0 hours/day, n=13), mat making (2.0 
hours/day, n=1), working in the vata/brick field (5.0 hours/day, n=2), other paid work (5.4 hours/day, 
n=8); and (3) relaxing times: talking with family members (1.3 hours/day, n=167), watching TV (1.8 
hours/day, n=22) and sleeping in the day (1.2 hours/day, n=19).  

Graph 11   Further daily activities reported by Santal tribal women (mean time effort in hours) with 97.5% CIs 

 
 

 mean hours test value mean diff. significance 
2-tailed 

confidence interval 
97.5% 

cleaning house 1.2117 1.05 0.16170 p=0.000 1.2775 - 1.4693 

house work  1.8966 1.5 0.39655 p=0.054 1.8253- 2.7610 

   combined cleaning house, house work    1.3305- 1.5942 

cleaning clothes 0.9656 0.8 0.16561 p=0.000 1.0563- 1.2061 

bathing, washing face 0.7866 0.65 0.13662 p=0.001 0.8289- 1.0175 

total general duties     3.2157- 3.8178 

animal care 1.1236 0.9 0.22364 p=0.026 1.1213- 1.5732 

field work 5.9000 5.2 0.70000 p=0.143 5.4849- 7.7151 

crop drying/storing 2.0000 1.2 0.80000 p=0.014 2.0900- 3.5100 

mat making 2.0000 n.a. n.a. n.a. n.a. 

working in the vata 5.0000 n.a. n.a. n.a. n.a. 

other paid work 5.4375 n.a. n.a. n.a. n.a. 

talking with family 1.3278 1.15 0.17784 p=0.000 1.3988- 1.6125 

watching TV 1.7727 1.5 0.27273 p=0.056 1.7206- 2.3702 

general duties income related duties relaxing 

 n=84     n=130    n=33     n=20      n=13      n=1        n=2        n=8       n=167   n=22     n=19 

n (cleaning house)=271 
n (house work)=29 
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sleeping in the day 1.2105 0.9 0.31053 p=0.060 1.1434- 1.8986 

Source: Baseline Survey, personal communication, 2015. 

All in all, tribal Santal women face an immense daily workload - with a clear (over)emphasis on cook-
ing. Summing up mean daily time effort (97.5% CIs, for all activities reported by n>80) of:  

 (1) core cooking activities     8.9 - 10.0 hours 
 (2) general child care      2.6 - 3.2 hours 
 (3) total general duties      3.2- 3.8 hours 
 (4) talking with family members     1.4- 1.6 hours 

the day is nearly filled with 16.1-18.6 hours. Adding a common sleeping time of 8 hours (modus, 
n=289, resulting CI: 24.1-26.6 hours), it becomes obvious that taking up additional (more innovative) 
duties is difficult for Santal tribal women. This explains also why taking time to feed infants actively 
(improving their nutritional status, n=48) or to care for animals (increasing resilience to shocks as 
drought or the Corona pandemic as experienced since 2020/21, n=33) is practiced only by several 
tribal women. Which women manage to take over such more innovative duties? Even though not 
significant, it seems that mothers living in extended families (rather than nuclear HHs), are more free 
to take over additional duties besides the commonly done tasks (p>0.05).  

Table 6   HH structure and mothers' capability to take over innovative duties, p-values 

 Nuclear family  
   n=130/136 

Extended family    
    n=139/141 
 

p-value 
(Pearson Chi-
Square) 

child feeding - mother reported 
to feed her child each day 
   n=34 
 

count - 13 
exp. count - 16.4 
share - 10.0% 

count - 21 
exp. count - 17.6 
share - 15.1% 

p=0.208 

animal care - mother reported 
to care for animals each day 
   n=24 

count - 8 
exp. count - 11.8 
share - 5.9% 

count - 16 
exp. count - 12.2 
share - 11.3% 

p=0.106 

Source: Baseline Survey, personal communication, 2015. 

Eventually, observed tight time schedules of tribal Santal mothers needs to be kept in mind when 
searching for options to diversify daily meals of infants and small children in order to improve their 
nutrition and health situation - the inherent objective of this research. Additional time efforts of meal 
preparation need to be kept at a minimum level while at the same time initiatives to decrease time 
efforts of current cooking, clothes cleaning and dish washing procedures are needed. 

2.2 Earning opportunities reported by tribal families 

This subchapter gives an understanding for the earning opportunities of Santal Adivasi families - the 
following aspects are covered: educational background of mothers and their tendency to work out-
side the house, role of casual and agricultural works, role of self-employment activities outside the 
agricultural sector, and meaning of the government's income generation scheme MGNREGA. 
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2.2.1 Educational background of mothers: higher education matters 

45 percent of surveyed tribal mothers (n=284) reported to be illiterate and 31 percent remained 
within primary level. Upper primary level (class 8) was reached by 13 percent of surveyed mothers, 
secondary level (class 10) by 8 percent, 2 percent had completed high school (class 12) and one 
mother had gone to university. Higher education of mothers (class 8 and higher) could be related 
with higher incomes (p<0.05).  

Table 7   Role of higher education of mothers with regard to income generation, crosstab 

 2,000-4,999 Rs. are available each 
month in the HH  
(n=168) 

5,000-9,999 Rs. are available 
each month in the HH 
(n=89) 

never attended school 
(illiterate) 
   (n=117) 

count - 79 
expected count - 76.5 
share - 47 percent 

count - 38 
expected count - 40.5 
share - 42.7 percent 

attended school 3-4 
years (literate) 
   (n=40) 

count - 27 
expected count - 26.1 
share - 16.1 percent 

count - 13 
expected count - 13.9 
share - 14.6 percent 

primary completed 
(class 5) 
   (n=40) 

count - 31 
expected count - 26.1 
share - 18.5 percent 

count - 9 
expected count - 13.9 
share - 10.1 percent 

higher education  
(class 8 or more) 
   (n=60) 

count - 31 
expected count - 39.2 
share - 18.5 percent 

count - 29 
expected count - 20.8 
share - 32.6 percent 

 Pearson Chi-Square p=0.048 
Source: Baseline Survey, personal communication, 2015. 

Nearly half of all tribal mothers (49 percent, n=273) stated that they would have wished to stay 
longer in the educational system than they actually did. Amongst the major reasons for ending school 
early are first and foremost financial issues: parents being unable to pay school fees (41 percent, 
n=139) or rather the girls having to earn an income to help nourishing the family (9 percent). Sec-
ondly, marriage keeps the girls from visiting school (27 percent). Further, 12 percent of mothers 
stated that they had failed an exam and therefore could not continue school - hearing that it should 
be kept in mind that Santals face the difficulty of being taught in a foreign language (Bengali) rather 
than their mother tongue (Santali) in public schools; moreover, inadequate nutritional intakes may 
limit brain development and finally success in the educational system (Georgieff, 2007) - for further 
elaborations on nutrition issues amongst Santal tribal families please refer to chapter 4. Sickness in 
the family (6 percent) as well as HH work duties and community problems were further named (each 
less than 1 percent).  

Overall, 23 percent of surveyed HHs (n=289) explained that no one in the family was able to read a 
simple massage (indicating that Santal men are less often illiterate compared to their women). Liter-
acy rates amongst Santals may well rise in the years to come, considering the government's efforts to 
keep children in the schooling system, for instance by offering a mid-day meal (Sofi, 2017), encourag-
ing parents to send their children. 
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Graph 12   Educational background: Illiteracy is widely spread amongst Santal tribal mothers 

  

 

 
Source: Baseline Survey, personal communication, 2015. 

2.2.2 Santal mothers' tendency to work outside the house: age of the youngest child matters  

The majority of Santal mothers with children aged 6-39 months does not go for work outside the 
house (59 percent, n=273). Statistical analysis shows that age of the mother's youngest child matters: 
While mothers of children aged 18 months and less tended to remain in the house, mothers having 
their youngest child aged 19-39 months were found to go out to earn an income more often 
(p<0.001). 

Table 8   Mother's tendency to work outside the house and age of the youngest child, crosstab 

 Mother worked outside the house 
since the birth of her youngest 
child 
(n=111) 

Mother did not work outside the 
house since the birth of her 
youngest child  
(n=161) 

youngest child is  
18 months or less   
   (n=117) 

count - 22 
expected count - 47.7 
share - 19.8 percent 

count - 95 
expected count - 69.3 
share - 59.0 percent 

youngest child is  
19-36 months 
   (n=155) 

count - 89 
expected count - 63.3 
share - 80.2 percent 

count - 66 
expected count - 91.7 
share - 41.0 percent 

 Pearson Chi-Square p=0.000 
Source: Baseline Survey, personal communication, 2015. 

reasons for dropping school 
amongst Santal mothers (n=139) 

(n=284) (n=273) 
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Interestingly, also mothers living in extended families use to work again when the youngest child 
becomes more independent from the mother and the likelihood of remaining in the house compared 
to mothers living in nuclear families is not significantly higher (p>0.05). This suggests that even ex-
tended families need the extra income earned by the mother to minimize the risk of financial insecu-
rity during times of unavailability of casual work or times of sickness and family problems. 

Table 9   Mother's tendency to work outside the house and role of HH structure, crosstab 

 Mother worked outside the house 
since the birth of her youngest 
child 
(n=111) 

Mother did not work outside the 
house since the birth of her 
youngest child  
(n=162) 

mother lives in a  
nuclear family   
   (n=135) 

count - 57 
expected count - 54.9 
share - 51.4 percent 

count - 78 
expected count - 80.1 
share - 48.1 percent 

mother lives in an 
extended family 
   (n=138) 

count - 54 
expected count - 56.1 
share - 48.6 percent 

count - 84 
expected count - 81.9 
share - 51.9 percent 

 Pearson Chi-Square p=0.603 
Source: Baseline Survey, personal communication, 2015. 

2.2.3 Role of casual works and agricultural activities  

The vast majority of surveyed tribal families stated that casual works were their main source of in-
come (74 percent, n=283; Baseline Survey, personal communication, 2015). Further, 17 percent of 
families earned their main income through self-employment activities in the field of agriculture. An-
other 4 percent of families combined both fields being involved in self-employment activities in agri-
culture and also engaged as day labourers. Other income sources were reported far less often: 3 
families (1 percent, n=283) earned their main income through self-employment in a non-agricultural 
businesses, 2 families (1 percent) through a regular employment, 1 family stated that the govern-
mental income generation programme MGNREGA was their main source of income, and another 
reported to live as care taker at the premises of a richer family. Several families (2 percent) feel a 
combination of casual works and other fields finally feeds the family.  

Having a deeper glance at the kind of casual works being done by Santal families, one finds that agri-
cultural daily labour works form their major earning possibility (83 percent, n=258). While the large 
majority of these job offers comprise traditional activities such as ploughing, sowing, transplanting 
and harvesting paddy, 1 percent is attributed to transport services of tractor drivers. 

Besides agriculture, casual work can be found within the construction building sector (21 percent, 
n=258). Normally mason and mason helper works are done by Santals where bricks need to be car-
ried (mostly on the head) and walls are built up. One person in the sample stated to work as electri-
cian within the construction sector, on a casual basis. Further sectors offering casual labour are 
transport (which, in village terms, includes rickshaw pullers as well as drivers of mechanized vehicles 
- 4 percent) and brick field works (2 percent). Exceptional casual works mentioned to be done by 
Santals (each 1 family) are head carrier ("mute"), door to door seller ("hawker") and deer park 
worker.  
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Source: Baseline Survey, personal communication, 2015

Picture 3   Common casual works done by Santals 

Source: Own project pictures, Shining Eyes e.V.

2.2.4 Self-employment in the agricultural sector 

Next to casual labour works, self
serve as main source of income (by 17 per
Santal families reported to be self
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ain source of income amongst Santal tribal families - role of agriculture

, personal communication, 2015.  

Common casual works done by Santals - rice cultivation and construction works 

    
Source: Own project pictures, Shining Eyes e.V. 

employment in the agricultural sector  

Next to casual labour works, self-employment activities within the agricultural sector are reported to 
serve as main source of income (by 17 percent of surveyed tribal HHs, n=283). Overall, 4

self-employed in agriculture (n=286). Yet, for several of them casual 

(n=

Earning opportunities reported by tribal families 

of agriculture 
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labour is more important as an income source compared to their earnings gained by self-
employment activities - very likely because their available land holdings (own or leased) are limited 
and harvest yields insufficient to feed the family throughout the year; in fact, 44 percent of surveyed 
tribal HHs cultivating rice explained that the amount of paddy harvested was not sufficient to feed 
the family (n=132; Baseline Survey, personal communication, 2015). As family owned land is passed 
on to the sons generation by generation, land plots become smaller and also land to lease is rather 
scarce and not always accessible to Santal families as they wish. Hence, despite having the knowl-
edge and experience to cultivate rice, Santals are frequently forced to work for big landowners, 
commonly as daily labourers, rather than cultivating own lands.  

Reported land holding of tribal Santal families was commonly 3 bigha (mean as well as modus; n=44). 
41 percent of families cultivate own land (averagely 2.3 bigha; n=11) and 38 percent of families 
leased land (3.1 bigha on an average; n=20). As reflected by these numbers, own land holdings are 
usually less than leased land holdings. This explains also why another part of families uses to cultivate 
own and additionally also leased land (21 percent). 45 percent of families cultivating rice state that 
the harvest is insufficient to feed the family throughout the year. Commonly rice becomes short in 
October/November; some families face rice shortages already in the rainy season (from July). 

Graph 14   Role of agricultural self-employment works amongst Santal families 

 

 

 

 

 

 

 

 

Source: Baseline Survey, personal communication, 2015.  

2.2.5 Self-employment in the field of non-agriculture 

10 families in the sample (3 percent) state to be engaged in non-agricultural self-employment activi-
ties. The majority of them runs a grocery store or rather vegetable shop (55 percent) and is thus en-
gaged in retail trade. The second largest field is owning an own tractor and driving it against payment 

(n=137) 

(n=11) (n=20) 

(n=291) 

(n=134) 

48 percent of HH did agricultural self-
employment works in the last 12 months 

share of families who state that rice 
harvest is insifficient to feed the family 
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(note the agricultural context; 27 percent). Finally, two van drivers/pullers were in the sample (18 
percent). All in all, very few Santal HHs are engaged in non-agricultural self-employment activities. 
And even less of them earn their main income in non-agricultural fields (1 percent, n=288). Hence, 
dependence on the agricultural sector is overwhelming.  

Graph 15   Role of non-agricultural self-employment works amongst Santal families 

 
Source: Baseline Survey, personal communication, 2015.  

2.2.6 Meaning of the MGNREGA as source of income 

The Mahatma Gandhi National Rural Employment Guarantee Act (MGNREGA) is an Indian-wide in-
come generation programme addressed to the rural areas. It is also called 100-days work, as all job 
card holders are eligible to apply for up to 100 working days per year receiving a minimum guaran-
teed wage rate: 168 Rs. in the financial year 2017/18 (Mishra, 2018) - with a real average wage rate 
in West Bengal of 171 Rs. (The Mahatma Gandhi National Rural Employment Gurantee Act 2005, 
2018). Therewith, the MGNREGA wage rate was at the lower edge of agricultural daily labour rates at 
Birbhum district, West Bengal, in the same time, which amounted to 170 to 180 Rs. (as per locally 
given information through resource person Srikanta Mondal/NGO Manab Jamin). 

Seeing the wage rate trend of the last three financial years (each starting in April and ending in 
March), it becomes obvious that MGNREGA wages have been higher than agricultural wages at West 
Bengal for two years (2015/16 and 2016/17), finally resulting in an adaption of agricultural and 
MGNREGA wages. From the perspective of big land owners one may therefore well claim that daily 
labourers become more expensive through the MGNREGA. Yet, considering the officially announced 
minimum wage rates for West Bengal, agricultural labourers are in fact still far less expensive than 
they are ought to be (30 percent on an average in the three financial years mentioned). 

Table 10   Development of agricultural and MGNREGA wages (2015/16 to 2017/18) compared to the officially guaranteed 
minimum wage rate of unskilled agricultural labour at West Bengal 

 Financial year of 
2015/16 
 

Financial year of 
2016/17 
 

Financial year of 
2017/18 

MGNREGA wage WB 
Average MGNREGA wage rates for 
West Bengal 

 
170 Rs. 

 
171 Rs. 

 
171 Rs. 

Actual agricultural wage Birbhum/WB 
Reported agricultural wage rates at 

 
145-150 Rs 
 

 
150-160 Rs. 

 
170-180 Rs. 

(n=291) 

(n=11) 

agriculture 

transport  

retail  

3 percent of HH did non-agricultural self-
employment works in the last 12 months 
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Birbhum district, West Bengal 
   Average 
   share of official minimum wage WB 

148 Rs. 
66.1 percent 

155 Rs. 
68.6 percent 

175 Rs. 
76.1 percent 

Minimum agricultural wage WB 
Guaranteed minimum wage rates valid 
for West Bengal 
(for unskilled labour in agriculture, without 
provision of food) 

 
222 Rs. 
(07/15-12/15) 
 
225 Rs. 
(01/16-12/16) 

 
225 Rs. 
(01/16-06/16) 
 
225 Rs. 
(07/16-12/16) 
 
227 Rs. 
(01/17-06/17) 
 

 
227 Rs. 
(01/17-06/17) 
 
229 Rs. 
(07/17-12/17) 
 
234 Rs. 
(01/18-06/18) 

   weighted average 223 Rs. 226 Rs. 230 Rs. 

Sources: MGNREGA wage WB (The Mahatma Gandhi National Rural Employment Gurantee Act 2005, 2018), actual agri-
cultural wage Birbhum/WB (Mondal, 2017) and minimum agricultural wage WB (Minimum Wages Act | Government Of 
West Bengal, 2018). 

It appears that the MGNREGA helps rising agricultural daily labour wages at Birbhum district in West 
Bengal and therewith to facilitate meeting daily expenses on basic commodities in the rural areas. At 
the same time, far not all Santal families in the sample participated in the MGNREGA (67 percent of 
HHs worked under the Act in 2014/15, n=287). Why is that so? Delayed payment of MGNREGA wages 
(8 percent, n=240) and unavailability of work in times of need (6 percent) may contribute to this 
situation. But above all, 31 percent of HHs state that they do not hold a MGNREGA job card - this 
may be due to political slants as well as limited knowledge on the Act. Even then, nearly half of rural 
HHs feel that the MGNREGA significantly increases the available cash income (47 percent, n=285). It 
is especially said to increase (bank) savings and available income.  

Graph 16   Meaning of the MGNREGA as income source in Santal villages at Birbhum district 

 

 

 

 

 Source: Baseline Survey, personal communication, 2015.  
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Overall, the MGNREGA seems to support Santal families well and gives some financial security to 
them. Knowledge and legal rights related with the MGNREGA may well be further extended to bene-
fit even more from this valuable government scheme, where work should be provided on demand in 
times of need within 15 days of announcement and each rural HH would be eligible to hold a job card 
representing all adult HH members (Ministry of Rural Development, 2018). 

2.3 Income situation and scope for savings 

In this subchapter available income of Santal families is analyzed, paying attention to poverty line 
considerations including the share of food expenses to total HH income, saving capacities, and coping 
strategies in times of food shortage as well as in case of food price increases. 

2.3.1 Poverty line considerations  

The global poverty line was set at 1.25 USD1 per day per person from 2008 to September 2015 and is 
therefore the applicable poverty line here, as the baseline survey took place mainly from December 
2014 to February 2015 (Global Poverty Line Update, 2015). According to the historic exchange rate, 
1.25 USD translates into 77.92 Indian Rupees (‘Exchange rate history’, 2014; ‘Exchange rate history’, 
2015 - with an average exchange rate of 62.34 Rs. per USD). Santal families in the sample showed an 
average daily income per person of 24.89 Rs. (n=308) and live therewith clearly below the poverty 
line (with a mere 32 percent of the poverty line income being met). None of the families in the sam-
ple crosses the poverty line of 1.25 USD - with the highest amount of Rupees per person and day 
reached being 76.5 Rs (rather than 77.92). 

Graph 17   Poverty line and income amongst Santal families  

  
Sources: Regarding poverty line: ‘Exchange rate history’, 2014; ‘Exchange rate history’, 2015; ‘Global Poverty Line Up-
date’, 2015; Santal income situation: Baseline Survey, personal communication, 2015.  

Santal families are therewith disproportionately highly affected by poverty, as all Santal families (liv-
ing in the villages surrounding Bolpur at Birbhum district) but only 22 percent of the Indian popula-

                                                           
1 Note that the current poverty line (valid from October 2015) is set at 1.90 USD per person and day. 

(n=308) 

(n=308) 
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tion as a whole are estimated to live below the poverty line (The World Factbook — Central Intelli-
gence Agency, 2011).   

2.3.2 Expenses on food and share of income  

On an average, Santal families use to spent 71 percent of their daily available budget on food; 14 
percent of families (n=308) spend less than one Rupee per person and day on food and no family in 
the sample spends more than 55 Rs. per person and day on food. As a comparison, low-income con-
sumers in the USA spend about 24 percent of their available budget on food (Castner & Mabil, 2010). 
The immense effort of Santal families to meet the needed food costs to have their daily meals finds 
itself confirmed seeing that 98 percent of Santal families state that they spend most of the available 
monthly income on food (n=291). Besides food, hygiene articles are mentioned to attribute largely to 
monthly expenses (51 percent, n=291) and, more importantly, medical expenses (92 percent, n=291). 
This spending pattern of available money confirms elevated poverty structures, where money is 
spend to have food, be washed and fight infections. 

Graph 18   Expenses on food amongst Santal families per person per day - in relation to available income 

  

 

Sources: Regarding US food expenses: Castner & Mabil, 2010; regarding Santal food expenses: Baseline Survey, personal 
communication, 2015. 

2.3.3 Saving capacities amongst Santal families 

Half of Santal families are able to put some money aside after having covered the needed daily ex-
penses. Commonly, savings are kept on a bank or post office account (79 percent, n=141) or other-
wise, women self help groups (SHGs) are used to deposit some money (32 percent). In the case of 
SHGs, women are ought to be trained and guided to start producing any commodity to be promoted 

(n=308) 

(n=308) 

(n=308) 
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- however, very often SHG members in the Santal villages surrounding Bolpur miss viable concepts 
(as observation showed) and rather use the - still then fairly popular - SHG structure to save some 
money and borrow it to other group members in case of need. Finally, 3 percent of families pay life 
insurance fees as a fixed deposit for family security. 

How are savings used? 40 percent of families state that they did not use any part of their savings 
within the last 12 months from interrogation - indicating that savings are generally meant as emer-
gency reserve and further also implying that ideas how to use and invest savings may be partly lim-
ited amongst Santals, where daily live is often dominated by the question how to feed each family 
member this very day. In this sense, 47 percent of families having savings state that they use their 
savings to buy food (probably in times of scarcity) and to purchase hygiene articles (10 percent), both 
expenses to finance the daily living. Another big field of expensing savings are medical emergencies, 
where medicines and doctor fees are covered when a family member falls sick (35 percent). Eventu-
ally, some families do find room for investments (15 percent), to purchase HH assets (6 percent), to 
pay the children's school fees (6 percent) or to construct a new house (1 percent, n=1). 

Graph 19   Saving capacity amongst Santal families and spending structure 

 

 

 

Source: Baseline Survey, personal communication, 2015. 

Another 50 percent of Santal families does not dispose over any savings and is therefore highly vul-
nerable to shock situations such as sickness or draught/rice shortage. Coping strategies (alternative 
to using savings) shall be discussed in the following sections.  

2.3.4 Coping with food shortage  

A very common scenario amongst Santal families is a shortage of rice in autumn season, before the 
new harvest is ready. In this time also opportunities to earn an income are limited, as rice needs to 
grow before harvesting can start (remember that 85 percent of casual works done belong to the agri-
cultural sector). One could argue that migration to nearby cities where casual works (for instance in 
the construction sector) are available might be common. Yet, only 8 percent of Santal families inter-
viewed stated that a family member migrated for work within the last 12 months from interrogation 
- 5 percent of them nearby the home (others went to another State). Usually the young male family 
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members migrate (fathers of the small children or brothers of the father in 95 percent of the cases). 
But overall, Santals have no big tendency to migrate. 

Graph 20   Meaning of migration for work to cope with food shortage 

 

 

 

 

 

Source: Baseline Survey, personal communication, 2015. 

As a consequence, facing a shortage of food is fairly familiar to Santal families. Half of them can use 
savings to buy foods from the market in times when the own rice storage container is empty, as we 
learned. Even though not significant, it appears to be especially extended families who happen to 
benefit from accumulated savings (p=0.057, Pearson Chi-Square). 

Table 11  Availability of savings to cope with food shortage with regard to family structure, crosstab 

 Families with savings 
(n=141) 

Families without savings 
(n=141) 

extended families   
   (n=144) 

count - 80 
expected count - 72.0 
share - 28.4 percent 

count - 64 
expected count - 72.0 
share - 22.7 percent 

nuclear families 
   (n=138) 

count - 61 
expected count - 69.0 
share - 21.6 percent 

count - 77 
expected count - 69.0 
share - 27.3 percent 

 Pearson Chi-Square p=0.057 
Source: Baseline Survey, personal communication, 2015. 

Others need to cope differently: 64 percent of families (n=142) use to search for casual work to deal 
with rice shortages (yet, casual work may not be available in time of need and applications to work 
under the MGNREGA are not that common so far - maybe also due to retarded wage payments in the 
past). This explains the second famous coping strategy of taking a credit, which is practiced by 50 
percent of Santal families. Another widely practiced coping strategy is to ask neighbours and relatives 
for help and 36 percent of Santal families tell to do so.  

Other, less popular, coping strategies are reducing the number of meals (18 percent of families, 
n=142) or rather reducing the size of the meals (8 percent), while especially mothers use to take less 
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food (6 percent of families). Further, 6 percent of Santal families use to sell belongings to buy food. 
One woman showed business sense and explained that she would cut grass to sell when food was 
short. Another family, owning a tractor, would benefit from this reliable income source. 

Graph 21   Relevant coping strategies in times of food shortage 

 
Source: Baseline Survey, personal communication, 2015. 

2.3.5 Coping with food price increases 

The large majority of Santal families feel that food prices go up in the course of time: 87 percent of 
families thought so at baseline (beginning of 2015) and even 98 percent at conduction of endline 
survey (middle of 2016, one and a half years later). 

Graph 22   Share of Santal families who feel that food prices went up in the last 12 months 

 
Sources: Baseline Survey, personal communication, 2015; Endline Survey, personal communication, 2016. 

Asking what food items increased the price most, rice and cooking oil are named most frequently by 
Santal villagers (with 87 and 71 percent of families at endline survey). Besides, dhal and vegetables 
are told to get more and more expensive (with 71 and 60 percent of families telling so at endline 
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survey). Further, potato and egg are named by 16 or rather 18 percent of families. Finally, there are 
several food items where only few families (<15 percent) state that their price increased most, some 
of them being basic cheap foods (like tea, muri, biscuits, sugar, salt, spices and onion), others being 
rather unaffordable to Santal families generally (like fish, milk and chicken) or bought only seldom 
(for example wheat, sujee or jaggery). The following table shows the share of Santal families who feel 
that a specific food item increased its price most at baseline and endline survey. 

Table 12   Food items which increased their price most as per the feeling of Santal families 

Food item Share of families who feel that food item's price increased 

 at baseline (n= 220)    at endline (n=171) 
rice 
(without families cultivating sufficient 
rice for the whole year on their own) 

72.3 percent 
(n=166) 

86.6 percent 
(n=127) 

cooking oil 74.1 percent 70.8 percent 
dhal 42.3 percent 71.3 percent 
vegetables 34.1 percent 60.2 percent 
potato 23.6 percent 16.4 percent 
egg 3.2 percent 18.1 percent 
salt 13.6 percent 9.4 percent 
spices 13.2 percent 9.9 percent 
sugar 13.2 percent 5.8 percent 
fish 8.2 percent 7.6 percent 
milk 1.9 percent not named 
chicken not named 2.3 percent 
muri (puffed rice) 1.4 percent not named 
biscuits 2.7 percent 1.2 percent 
tea 0.5 percent 0.6 percent 
onion 0.5 percent not named 
wheat/ wheat flour 0.9 percent 0.6 percent 
sujee (broken wheat) 0.5 percent not named 
jaggery (sugar cane) 0.5 percent 0.6 percent 
Sources: Baseline Survey, personal communication, 2015; Endline Survey, personal communication, 2016.Please note that 
multiple answers were possible. 

Constructing a ranking of named food items with price increases at baseline and endline, the picture 
above finds itself confirmed rather perfectly. Applied was a point system (3 points for the food items 
told first, 2 points for the food item told second and 1 point for the food item told third - when asked 
"What food items increased most?"). Baseline and endline result were weighted equally. The graph 
reflects also what food items are bought regularly by Santal families and are therefore of importance 
to them when asked for food price increases.  
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Graph 23   Overview: Food items which's price has increased most according to the feeling of Santal families 

 
 Sources: ‘Own primary data - baseline survey’, 2015; ‘Own primary data - endline survey’, 2016. 

Looking at the actual price development of ten of these key food markers named by Santal families 
as important, we find confirmed that prices did indeed rise from beginning of 2015 until middle of 
2016, where baseline and endline survey took place. Averagely, prices rose by 15 percent. While 
spices and salt show stable prices in the considered period, rice, dhal, vegetables, egg, wheat and 
jaggery (sugar cane) prices clearly increased - with regard to vegetables it shall be noted that  sea-
sonal fluctuations are common with lower prices in winter season compared to the dry summer time. 

Graph 24   Price development of key food markers at the local market of Bolpur, from February 2015 to July 2016  

 
Sources: Price data was collected through the local resource person Srikanta Mondal, 2015, 2016 (NGO Manab Jamin). 
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Remembering the actual agricultural wage development at Bolpur in the same time (for details see 
table 10), we find a wage increase of 4.7 percent with an average wage rate of 148 Rs. in the financial 
year of 2015/16 and of 155 Rs. in 2016/17. Therefore, there was a real price increase of basic food 
items of 10.3 percent in the considered period. The table below demonstrates the meaning of this 
price increase: nuclear families need to spend 80 percent of their available income on food each 
month (7.2 percent more than initially) and extended families need to spend 74 percent of their cash 
income on food (6.7 percent more than at the beginning) - both a tremendous proportion of income.  

Table 13   Meaning of food price increase with regard to wage development/ available income 

 Nuclear family 
(n = 143) 

Extended family 
(n = 148) 

 2015-02 2016-08 2015-02 2016-08 
available cash per 
month 

3.881 Rs.  
(on an average) 

4.063 Rs. 
(+ 4.7 percent) 

4.647 Rs.  
(on an average) 

4.865 Rs. 
(+ 4.7 percent) 

expenses on food per 
month 

2.842 Rs.  
(on an average) 

3.268 Rs. 
(+ 15.0 percent) 

3.143 Rs.  
(on an average)  

3.614 Rs. 
(+ 15.0 percent) 

share of food ex-
penses with regard 
to available cash 

 
73.2 percent 

 
80.4 percent 

 
67.6 percent 

 
74.3 percent 

Sources: Income and food expenses at 2015-02: ‘Own primary data - baseline survey’, 2015), wage development: Mondal, 
2017 and food price development: Mondal, 2015, 2016. 

How do families cope with such food price increases? Commonly families use to buy fewer amounts 
of foods (53 percent) or borrow money to buy food (46 percent). Some families state that they stop 
buying expensive items (16 percent), probably such as oil, egg and vegetables in summer season - 
leaving a diet basically dominated by rice and potato and therefore starchy foods and enforcing the 
problem of micronutrient deficiencies with lack of essential vitamins and minerals. Selling of animals 
in order to cope with food price increases is rather uncommon (with merely 2 percent of families 
doing so). So families get more dependent on their money lenders (traditionally big landowners) 
while food prices are rising, perpetuating the existing social structures, where Santals mainly work as 
daily labourers in the field of agriculture - not achieving the minimum wage suggested by the gov-
ernment. Luckily, women self help groups (SHGs) nowadays pose an alternative source to lend 
money in case of need - weakening the long-standing dependence on big landowners a bit. Srikanta 
Mondal, from the partnering NGO Manab Jamin, surveyed 12 Santal villages speaking to a total of 60 
women living in these villages and found that 45 percent of them used to take a loan from a SHG in 
case of need and further 10 percent from farmers clubs, respectively, which are social structures 
within the village community. The rest of families relied on external sources to access money in case 
of need: 18 percent reported to lend money from big landowners, 20 percent from money lenders 
and 7 percent from a bank or cooperative bank (Mondal, personal communication, June 2021). 
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Graph 25   Coping with food price increases and resulting vicious cycle

 

 

 

 

 

 

 

 

 

Source: Own thoughts developed as per 

2.4 Public support offered to Adivasi families

Government addresses this social evil by offering cooked meals in Anganwadi Centres 
pregnant women and pre-school children
where basic foods are provided at subsidized price levels
shed a light on the question how Santal families perceive 
find them to be helpful to facilitate thei

2.4.1 Anganwadi Centre services

Anganwadi Centres (AWCs) form the heart of the Integrated Child Development Scheme (ICDS), 
where children below six years should be supported for better nutrition and health
Bengal, n.d.). It is a centrally sponsored scheme providing supplementary nutrition (a cooked meal 
six days a week), as well as immunization, health 
mothers and non-formal education. Each AWC covers a 
- therewith, most villages have an own AWC (bigger villages also two), some smaller villages need to 
share an AWC with a neighbouring communit
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ing with food price increases and resulting vicious cycles of poverty 

 

: Own thoughts developed as per Baseline Survey, personal communication, 2015; photograph:

Public support offered to Adivasi families 

Government addresses this social evil by offering cooked meals in Anganwadi Centres 
school children and with the help of the Public Distribution Syste

where basic foods are provided at subsidized price levels, respectively. The following
shed a light on the question how Santal families perceive and accept these services and if they f

cilitate their way of living and access proper nutrition or not.
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. It is a centrally sponsored scheme providing supplementary nutrition (a cooked meal 
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The majority of Santal families is fully satisfied with the services offered by AWCs (69 percent) - while 
16 percent are not happy and 15 percent of families are basically satisfied, but have some concerns 
at the same time (details for disappointment will be described below). One family was not interested 
at all in the services offered (showing that nearly all families do show interest in this government 
scheme, indeed) and another family could not give answer to the question whether they are happy 
with AWC services, as they could never attend due to the centre being far from their home (indicat-
ing that most families manage to reach the AWC assigned to the respective residential area). 

Graph 26   Satisfaction with AWCs and reasons for dissatisfaction amongst Santal families   

 
Source: Baseline Survey, personal communication, 2015. 

So what are reasons for dissatisfaction with AWCs? The main issue stated by the families is the 
amount of food offered: 44 percent of families who are not satisfied with AWC services (n=85) state 
that the amount was insufficient and further 7 percent told the amount varied, indicating that at 
least sometimes the amount should be more and also reflecting that the meal offered at the AWC is 
a fix part of the daily food schedule of Santal families. In fact, AWCs allow to take the food to the 
home, where most likely not only the child or nursing/expecting mother, but also other family mem-
bers take this food. It is felt as an advantage by the families - while at the same time it means that 
the small child who needs the supplement food most urgently (for instance for proper brain devel-
opment), is not at the centre of food distribution and may therefore only partially benefit. The fact 
that the main cause of dissatisfaction with AWCs is the amount of food provided shows how urgently 
Santal families need this food support and how they (generally happily) accept it as part of their daily 
menu. Still, the second most pressing issue of unsatisfied families is the quality of food offered 
(which is felt as poor by 29 percent of disappointed families). Further, 21 percent tell that the food 
offered at AWCs is boring or rather tell that it is basically the same food as at home (15 percent). 
There are two meals offered at AWCs surrounding Bolpur at the time of interrogation (beginning of 
2015) - one being potato curry (rice, potato and full egg), the other being khechuri (rice mixed with 
vegetables and half egg). So the main ingredients are same as home (rice, potato, sometimes little 
dhal and vegetables). Families appear to have recognized and understood nutritional issues (like vi-
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tamins and protein being essential for adequate growth) and are thereby interested in receiving 
more nutritious foods. The big achievement of AWCs so far from nutritional perspective is the provi-
sion of egg, which offers animal protein and also vitamin A which is largely lacking amongst the San-
tal population. Otherwise, it seems, families would be happy if AWCs could manage to offer even 
more nutritious food, with increased amounts of vegetables, respectively.  

Other causes of dissatisfaction mentioned relate to the time of food provision - 1 family found it in-
convenient (indicating that other families are happy with the time food is provided) and 4 percent of 
families told the times varies (reflecting the tight schedule of Santal women, who cannot wait for the 
food to be ready as their list of daily duties, especially cooking, is too long). Each one family men-
tioned social problems interfering the AWC services (quarrel of the employed workers lead to inade-
quate food supply) and administrational issues (where a child was not registered for the AWC ser-
vices) - reflecting that still several Santal families (maybe also depending on political affiliations) feel 
it difficult to visit administrational offices like Gram Panchayats and others to express their needs. 

Being asked for their general thoughts about AWC services, 30 percent of families stated that the 
food provided is of good taste and further 11 percent told that the food is good. These statements 
express two issues, firstly that many Santal families are indeed very happy with the food support 
provided by AWCs and secondly that talking about AWCs all is about food (not about the pre-school 
teaching, health awareness or vaccines/medications available in the centres).This stresses the need 
to improve food security and access to proper nutrition amongst the Santal population. 

Graph 27   General thoughts of Santal families about AWC services - main issues 

 
Source: Baseline Survey, personal communication, 2015. 

Further, 21 percent of families state that the services of AWCs are up to the mark, reflecting a gen-
eral attitude of Santal families, where things tend to be accepted as good as they are. Two critical 
points mentioned address the amount and quality of food: Best would be if more and also better 
food was provided through the AWCs. Finally there, was a magnitude of various statements all about 
AWCs - these find themselves depicted in the boxes below. First and foremost families raised issues 
about food quality (like food being nutritious, children eating better than home or also food needing 
greater variety of ingredients). Secondly, food amount was addressed (it should be sufficient to feed 
the child/family). Thirdly, time issues were mentioned (again, a reliable time of food supply seems of 
high importance). Fourthly, reasons for not taking the offered AWC food were given (either work 
outside the house or farness of the centre). Finally, hygiene conditions of AWCs, difficulties with AWC 
teachers and - last but not least - quality of pre-school education was mentioned by the families. 
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Overall, it occurred, that nearly all families do have an opinion and something to say about AWCs - 
stressing their importance to the families due to the cooked meals offered to the children - and fur-
ther family members. 

Graph 28   General thoughts of Santal families about AWC services - secondary issues 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Baseline Survey, personal communication, 2015. 

2.4.2 Public Distribution System 

The Public Distribution System (PDS) mainly provides food grains like rice and wheat to vulnerable 
HHs (National Food Security Act, 2014; PDS West Bengal, 2016). These grains are available at the 
local ration shops and eligible families hold a ration card documenting the amount of grains provided 
- instead of 28-30 Rupees per kg of rice, a family needs to pay just 1-2 Rupees per kg in the case of 
ration shop grains. These highly subsidized rates are updated by the Central Government time by 
time and shall facilitate access to "an adequate quantity of quality food" (National Food Security Act, 
2014, p. vii) - besides further schemes including AWCs and the mid day meal for school children. 

The large majority of Santal HHs surrounding Bolpur at Birbhum district benefit from the PDS (89 
percent). Unfortunately, merely 37 percent of them are satisfied with the system as currently con-
ducted (compared to 84 percent in the case of AWCs). Why is that so? 

The main cause of satisfaction or rather dissatisfaction is whether families hold an APL or BPL ration 
card (above or below poverty line; p<0.001, Pearson Chi-Square): 65 percent of BPL ration card hold-
ers are happy with the system compared to 14 percent of APL card holders, as shown below. 
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Table 14   Satisfaction with the PDS dependent on ration card type with mean amounts received 

 All families BPL card holders APL card holders 
share of families who are  
satisfied with the PDS 

36.7 percent 
(n=248) 

65.1 percent 
(n=106) 

14.4 percent 
(n=132) 

rice  7.4 kg 
(n=101) 

7.5 kg 
(n=94) 

5.3 kg 
(n=4) 

wheat  4.8 kg 
(n=84) 

5 kg 
(n=72) 

4.0 kg 
(n=9) 

sugar  7.0 kg 
(n=69) 

7.5 kg 
(n=63) 

1.6 kg 
(n=4) 

kerosene oil 2.8 l 
(n=247) 

2.9 l 
(n=105) 

2.7 l 
(n=136) 

soft coke  2.5 kg 
(n=2) 

2.5 kg 
(n=2) 

not provided at all 

edible oil 1.7 l 
(n=5) 

1.7 l 
(n=5) 

not provided at all 

Source: Baseline Survey, personal communication, 2015. 

Basically it can be said that APL ration card holders merely receive kerosene oil (used for cooking) but 
are widely excluded from the benefit of receiving rice, wheat and sugar. BPL ration card holders on 
the other hand use to receive (on an average) 8 kg of rice per month as well as 5 kg of wheat and 8 kg 
of sugar - edible oil (averagely 2 l) and soft coke (averagely 3 kg) are provided only seldom.  

Graph 29   Main cause of satisfaction with public distribution system (PDS): holding a BPL ration card 

 

 

 

Source: Baseline Survey, personal communication, 2015. 

Asking for reasons of dissatisfaction with the PDS, APL card holders mainly tell that the provided 
quantity and variety of items was too low - easily understandable knowing that they merely use to 
receive kerosene oil (53 or rather 31 percent, n=109) and that they did not hold an BPL ration card 
(so the system is indeed not much helpful to them, 7 percent). Interestingly, despite not obtaining 
food grains most of the days, they also state that quality of supplied grains is low (11 percent), indi-
cating that the quality of supplied ration goods is a pressing issue. 
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BPL card holders are more often satisfied 
with the PDS compared to APL card holders 

(p<0.001) 
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Graph 30   Reasons for dissatisfaction with PDS amongst APL ration card holders 

 

Source: Baseline Survey, personal communication, 2015. 

Main points raised by BPL ration card holders are first and foremost that provided quantities are too 
low (stressing the need for public food support, 62 percent, n=41) and further that the quality of 
provided grains, especially mentioning rice, was not satisfying (29 percent). Further, irregular provi-
sion of goods (15 percent), still too high prices (10 percent) and limited variety of foods provided (10 
percent) were mentioned - mirroring that besides rice, wheat, sugar and kerosene oil also other 
items are needed (probably especially edible oil, which is highly priced and also muri/puffed rice, as 
per its popularity; potato, vegetables and egg would probably also be welcomed, as those form part 
of a typical village meal if accessible). Finally, few BPL ration card holders fear a class change to APL 
status, underlining the fact that the PDS is currently only felt as helpful if BPL status is obtained. 

Graph 31   Reasons for dissatisfaction with PDS amongst BPL ration card holders 

 

Source: Baseline Survey, personal communication, 2015. 

All in all, the PDS seems to be very needed and valuable to Santal families - if BPL status could be 
further extended (45 percent of HHs held an BPL ration card at time of interrogation) and food sup-
ply became again more reliable, ration foods would be of great support to those facing food short-
ages year after year and not benefitting from India's economic upsurge so far (being  detained from 
changing income and health situation as daily labourers in agriculture, depended on big landowners 
helping out in times of food scarcity).  
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3 Health situation amongst Santals in Birbhum district 

Besides socioeconomic factors such as educational background, income situation, expenses on food 
and saving capacities, a population's nutrition and finally health status also depends on hygiene con-
ditions and access to medical services, respectively - including knowledge on health issues such as 
handling a sick child or helpfulness of herbal plants. This chapter shall address the points mentioned 
and will, thereafter, present the study's baseline findings regarding prevalence of undernutrition 
amongst Santal children and mothers in the villages surrounding Bolpur at Birbhum district, with a 
focus on anaemia and also mentioning child morbidity and micronutrient deficiencies.  

Why at all is it important to speak about these health issues when speaking about how to diversify 
diets in the rural Santal communities? Because it makes us understand what are the consequences of 
a carbohydrate-dominated diet leading from malnourished mothers to malnourished newborns and 
infants with a high burden of growth retardation, morbidity and eventually increased levels of mor-
tality. Brain development and learning capacity of malnourished children and youths are limited 
(Georgieff, 2007), resulting in a poorer school performance and therewith in a kind of poverty trap, 
where better-paid jobs remain widely inaccessible and again the next generation is affected by mi-
cronutrient deficiencies such as anaemia, chronic malnutrition and infectious diseases like tuberculo-
sis. Research shows that, on the other hand, adequate nutrition in early childhood leads to better 
school achievements and finally increased productivity and higher wages (Victora, 2009). Respec-
tively, it has been shown that exposure to nutrition supplements to boys living in Guatemala aged 
zero to two years led to an 46 percent increase of hourly wages later in their life; Hoddinott et al. 
(2008) therefore conclude that investing in proper child nutrition needs to be considered as an long-
term economic investment - what is assumed to hold true for all developing countries. Mother and 
child undernutrition finally means an immense financial burden to the societal system, where TB 
diagnostics and treatment (nowadays more and more also multi resistant TB occurs) need to be fi-
nanced, children with frequent pneumonia and diarrhoea need to be hospitalized and weak and 
anaemic mothers nursed. Altogether, India is estimated to sustain a 0.8 to 2.5 percent loss in its GDP 
due micronutrient malnutrition, which includes also anaemia - this percentage came to 21 to 65 bil-
lion USD in 2017 (India GDP, 2018; Stein & Qaim, 2007).   

The UNICEF framework of malnutrition captures these causal relationships well and finds that if chil-
dren are malnourished during the first 1,000 days in the life, their immune system will be depressed 
with higher risk for infections (especially pneumonia and diarrhoea) and again an increased risk for 
chronic diseases like high blood pressure and diabetes in adulthood (UNICEF Brief: Multi-Sectoral 
Approaches to Nutrition, n.d.). Finally early child malnutrition is assumed to lead to 10 percent lower 
earnings during the life span (as undernourished children tend to visit school for fewer years and 
show less work capacity and productivity). From the societal perspective, UNICEF assumes that a 
nation misses up to eight percent of its potential economic growth due to poor cognitive develop-
ment, reduced school achievements and following productivity losses. In order to change the picture, 
UNICEF recommends to improve access to adequate nutrition (resulting in lesser sicknesses burden-
ing the national budget), but also to address underlying and basic causes, such as socio-cultural and 
political contexts or child care and feeding practices. The following graph translates the recognized 
UNICEF framework of malnutrition into the study's rural setting of Santal families in Birbhum district, 
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West Bengal, India - besides literature and the study's baseline findings, qualitative observations 
gained during the last 10 years while working in the region complete the picture. 

Graph 32   UNICEF framework of malnutrition - applied to the living situation of Santal Adivasi families 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Inadequate access to services 
e.g. PDS - public distribution 
system (no BPL status/access to 
food support), MGNREGA work 
generation programme (miss-
ing knowledge how to apply for 
work), public/private hospitals 

Inadequate financial and 
human resources 
low incomes as agricultural 
casual workers, limited saving 
capacity/high vulnerability to 
shocks, 23% of families cannot 
read a simple message 

Sociocultural, economic and 
political context 
own language and culture (isola-
tion from city life), economic de-
pendence on big land owners, 
political affiliation may help/close 
off access to public support  

BASIC 
CAUSES 

HH food insecurity 
dependence on weather/ suc-
cessful rice harvest: missing 
monsoon rain makes families 
borrow money resulting in de-
pendence on land owners and 
finally low daily labour wages 

Inadequate foods, feeding, 
and care practices 
rice and potato dominate the 
diet, mothers are overload with 
work (especially cooking), so 
child is often left alone eating, 
siblings may care for small ones  

House, environment and 
health services 
mud houses dominate, no fam-
ily toilets, ponds used to clean 
body and dishes, hospitals in 
the city seem far, so local 
quack/ fake doctor is preferred     

UNDER-
LYING 
CAUSES 

Inadequate dietary intake 
CHO dominated meals (rice, potato) with little 
vegetables (collected from the field) and thin 
lentil sauce sometimes, muri (puffed rice) and 
biscuits serve as snacks - also as first comple-
mentary foods - protein sources (egg, meat, 
milk) and fruits are largely lacking 

Disease 
pneumonia and fever are common with infants 
(due to malnutrition, especially stunting), moth-
ers often complain about weakness (anaemia) 
and tuberculosis is still wide spread in the Santal 
villages, affecting also the children (non-
pulmonary cases like lymph node or bone TB) 

IMME-
DIATE 
CAUSES 

Maternal and child undernutrition 
According to the study's baseline findings, child undernutrition is common in Santal villages: 

 19 percent of children below three years are wasted (WHO: 15 percent and more are very high) 
52 percent of children below three years are stunted (WHO: 40 percent and more are very high) 

94 percent of children below three years are anaemic (Birbhum District: 59 percent) 
 and: 86 percent of mothers are anaemic, while 50 percent show a low BMI 

Short-Term Consequences:  
Mortality, morbidity, disability 
In 2016, 43 out of 1,000 children under 5 died 
in India - compared to 34 in neighbouring 
Bangladesh and 31 in still war-damaged Iraq. 

Long-Term Consequences: Cognitive devel-
opment, health, economic productivity 
Hourly wages may be 10-46 percent less due to 
undernutrition; India sustains a 0.8 - 2.5 per-
cent loss of its GDP (21-65 billion USD in 2017) 

Intergenerational Consequences 
Again, the next generation produces malnourished adolescent girls, who become malnourished 
mothers with low BMI, passing on malnutrition to their newborns; weak and anaemic mothers 

have less energy to care for their children and to work, so the families remain with a high burden 
of infections endangering the life of the children especially, and likewise are captured with low 

incomes as casual workers in agriculture; as brain development of infants is limited again (with a 
micronutrient-lacking diet), school attainments are poor and better paid jobs remain inaccessible. 
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Sources: Own observations explaining the rural living situation of Santal families residing in the villages surrounding 
Bolpur (Birbhum district), following ‘UNICEF brief: multi-sectoral approaches to nutrition’, n.d., p. 1; for maternal and 
child undernutrition: Baseline Survey, personal communication, 2015; NFHS 4, district Fact Sheet, 2016, p. 4; de Onis & 
Blössner, 1997, p. 52; for mortality figures: ‘World Bank child mortality rates’, 2018; for economic productivity: Hoddinott 
et al., 2008; ‘India GDP’, 2018; ‘UNICEF brief: multi-sectoral approaches to nutrition’, n.d.; Stein & Qaim, 2007.  

So, diseases, triggered by inadequate access to medical services such as specialized doctors and hos-
pitals (due to low incomes and shyness to express one's needs in front of a doctor and in a foreign 
language - Bengali rather than Santali), imperfect hygiene conditions and inadequate access to nutri-
tious foods (especially protein and micronutrient sources) finally produce undernutrition (covering 
stunting2, underweight3, wasting4 as well as micronutrient disorders5), resulting in high levels of child 
mortality and morbidity and eventually a tremendous loss in productivity and GDP growth.  

The following sections will shed a light on the health situation of Santal families living in the villages 
surrounding Bolpur at Birbhum district to deepen the understanding for this rural setting, especially 
the roots of child and mother undernutrition, which is the central subject of the research conducted.  

3.1 Access to health institutions 

This subchapter explains the role of the informal health sector (untrained village doctors known as 
"quacks") and sheds a light on the health services provided through the government to the rural 
population. It further discusses the (minor) role of private health institutions with regard to tribal 
families of rural Birbhum and portrays the critical factors which make health services valued by them. 

3.1.1 Role of untrained village doctors (quacks) 

Proper access to health facilities is vital to maintain child health, especially in at-risk populations 
where malnutrition is wide spread and infections such as diarrhoea and bronchitis quickly may en-
danger a child's life. Nearly all Santal families state that they use to search for medical help if they 
feel that their child is suffering from any disease (merely 0.3 percent do not go to see a doctor at all; 
n= 287). Most families prefer to go to the local "quack" or village doctor (77 percent), a person with-
out formal medical training, who treats patients mainly by experience and often prescribes also 
strong antibiotics - so patients are satisfied because these "doctors" are near and symptoms disap-
pear quickly - but at the same time the problem of resistances to antibiotics aggravates and also the 
digestive system of malnourished children is put under stress, promoting mal-absorption problems 
and therewith finally boosting undernutrition, especially also micronutrient deficiencies such as 
anaemia and lack of vitamin A and zinc, again lowering the body's resistance to sicknesses. Other 
families opt to visit the nearest government health centre (15 percent), where trained health staff 
including a doctor is available and basic medicines are provided free of cost. 11 percent explain that 
they use to go to the government hospital if the child is sick (definitely in emergency situations and 
probably sometimes after quack doctor medicines did not work out and the child becomes more 
severe) - here, a daily OPD service (out-patient department) is offered within the Indian health sys-
tem, basically free of costs; patient load is huge and indoor patient beds need to be shared time and 
time again, as per available capacities. 9 percent of Santal families state that they go to visit a child 

                                                           
2 stunting: children being too short for their age (chronic malnutrition) 
3 underweight: children being too light for their age (used in AWCs to assess children's nutritional status) 
4 wasting: children being too thin for their length/height (acute malnutrition) 
5 micronutrient disorders: anaemia (iron-deficiency), lack of vitamin A, B and zinc are common, respectively 
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specialist doctor (those often work in government hospitals and additionally run a private chamber, 
where patients are less, but doctor fees need to be paid). 
homeopathic doctors (1 percent) play a minor role. 

Graph 33   Access to health services - dominant 

Source: Baseline Survey, personal communication, 2015

One family, where the child is a heart patient, told to visit a heart specialist doctor. In fact, many 
more children are suffering from heart problems in these Santal villa
specialist doctor and paying needed transport and doctor fees is difficult for most of the families 
and even if a doctor finally confirms that there is need for a heart operation, children may remain 
without, because registering at the competent Government programme is not an easy task.  

Das (2008) confirms the important role of quack doctors in India
they are the fist source of medical help,
preme Court), quacks contribute over 50 percent of manpower within the all
Doing research in West Bengal in 2004/05, he found that a main factor is the lower cost of quack 
doctors (for conveyance, doctor's fee and medicines) as 
situated in the cities rather than in the rural villages: patients pay 62 percent less if they visit a quack. 
With this lower cost, quack doctor's services were found to be cost
for less severe sicknesses (such as cold and cough, uncomplicated fevers and 

3.1.2 Government health centres and their perception amongst Santal families

Even then, governmental health services are offered basically free of cost and health centres are 
located very near to the villages (average dist
feel the centre is very close to their home, 
those still then less famous than quacks?
centres are not helpful and further 20 percent feel services offered are just more or less alright, ind
cating some concern or dissatisfaction. So, nearly half of Santal families h
comes to government health centres. What are those? Firstly, unavailability of a doctor 
the centre means a problem to them (it seems, doctors use to come in late and also at night no do
tor tends to be available). Secondly, the quality of doctors is an is
consult "good" doctors (probably curing quickly giving the "right" medicines)
doctors - it appears that doctors working in the rural governmental health centres do not enjoy a 
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often work in government hospitals and additionally run a private chamber, 
where patients are less, but doctor fees need to be paid). Private NGO run hospitals (6 percent) and 
homeopathic doctors (1 percent) play a minor role.  

dominant role of untrained village quack doctors 

, personal communication, 2015. 

One family, where the child is a heart patient, told to visit a heart specialist doctor. In fact, many 
more children are suffering from heart problems in these Santal villages, but finding the way to a 
specialist doctor and paying needed transport and doctor fees is difficult for most of the families 
and even if a doctor finally confirms that there is need for a heart operation, children may remain 

ring at the competent Government programme is not an easy task.  

confirms the important role of quack doctors in India, especially in rural regions where 
they are the fist source of medical help, and explains that (even though considered illegal by the S

quacks contribute over 50 percent of manpower within the all-Indian health system. 
Doing research in West Bengal in 2004/05, he found that a main factor is the lower cost of quack 
doctors (for conveyance, doctor's fee and medicines) as compared to allopathic doctors 
situated in the cities rather than in the rural villages: patients pay 62 percent less if they visit a quack. 
With this lower cost, quack doctor's services were found to be cost-effective considering curing rates 
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Government health centres and their perception amongst Santal families
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rnment health centres. What are those? Firstly, unavailability of a doctor 
means a problem to them (it seems, doctors use to come in late and also at night no do

available). Secondly, the quality of doctors is an issue, where families would love to 
consult "good" doctors (probably curing quickly giving the "right" medicines) or rather 

it appears that doctors working in the rural governmental health centres do not enjoy a 

often work in government hospitals and additionally run a private chamber, 
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very good reputation. Thirdly, unavailability of medicines or rather ineffectiveness of medicines is an 
issue raised. So, to summarize, quack doctors have the advantage to be present 24 hours a day 
probably in their home, they prescribe effective medicines (only considering 
overcome sickness symptoms such as fever
tors. It is known and accepted that medicines need to be bought form the quack 
free medicines in government health c
stock any time and are felt to be of low quality.
reasonable costs - so demands on 
round the clock and that effective medicines are available any time (if announced so, villagers may 
even be ready to pay for them) -

Graph 34   Role of government health centres and reasons for dissatisfaction

Source: Baseline Survey, personal communication, 2015

3.1.3 Role of private institutions 

As seen in graph 33 above, private NGO run health institutions play a minor role in treating Santal 
children residing in the villages surrounding Bolpur (6 percent of families visited such a centre t
treat their sick child, n=287). Total
they have visited the charitable "St. Mary's Child and Mother Health Care Centre" at Bolpur repea
edly (the centre is run by the NGO Shining Eyes, responsible 
gether with the NGO Manab Jamin
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. Thirdly, unavailability of medicines or rather ineffectiveness of medicines is an 
issue raised. So, to summarize, quack doctors have the advantage to be present 24 hours a day 
probably in their home, they prescribe effective medicines (only considering short

kness symptoms such as fever, pain and cough) and are therefore felt to be "good" do
tors. It is known and accepted that medicines need to be bought form the quack 

overnment health centres is not valued so much, especially as they may be out of 
stock any time and are felt to be of low quality. Eventually, quacks cure quickly, at any time 

so demands on governmental health centres would be that a doctor is avai
round the clock and that effective medicines are available any time (if announced so, villagers may 

- reliability of public health services appears to be a must

alth centres and reasons for dissatisfaction 

 

, personal communication, 2015. 

Role of private institutions - and causes for satisfaction with health services

above, private NGO run health institutions play a minor role in treating Santal 
surrounding Bolpur (6 percent of families visited such a centre t
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edly (the centre is run by the NGO Shining Eyes, responsible to implement this research
gether with the NGO Manab Jamin), while another 14 percent of Santal families had gone there once 
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at baseline survey. However, when it comes to satisfaction with the health services offered there, the 
picture turns, as 96 percent find the service provided very helpful (n=56). What may be reasons for 
this wide satisfaction? Basically, the services are free of cost (except a 10 Rupees entry ticket) - in-
cluding doctor's check-up, lab investigations (like blood testing, x-ray and ECG/EEG) and freely avail-
able medicines for children. Paediatricians are available in the morning during OPD. So the main sat-
isfaction criteria of Santal families, offering reliable health services of good quality for the children 
with availability of effective medicines are fulfilled. More than that, the initiators of this charitable 
institution aim to take time to listen to the problems of the families and help out in times of need 
(e.g. assistance for food if a husband died of tuberculosis or rebuilding of a house after long time of 
severe sickness in a family). Moreover, patients in need of an operation are accompanied to other 
health institutions and costs are covered by the centre. So linking to other institutions and pro-
grammes may also be felt as benefit by Santal families who face difficulty to speak to doctors in Ben-
gali (rather than Santali) in crowded hospitals which seem far from the home. Hence, interlinking 
available government schemes through primary health centres may be of great value to these poor 
families - besides fully gaining villager's confidence of offering effective treatment at any time for the 
sick patients, especially children. Finally, training of village health workers and relating preventive 
nutrition and kitchen garden programmes may be felt as benefit by Santal families - both aiming to 
change the health situation sustainably, step by step.  

Graph 35   Satisfaction criteria for health centres from Santal perspective  

 

 

 

 

 

 

 

Source: Baseline Survey, personal communication, 2015. 

3.2 Child mortality 

This subchapter explains the danger of child death in the described rural setting, which encompasses 
mainly the time of pregnancy and birth and informs about related health services.  

(n=56) (n=279) 
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3.2.1 Mortality rate and causes of child death 

With the given health structures, where quacks play a major role and government institutions serve 
as second pillar of accessing health services for the sick children - what is the mortality rate amongst 
children reported by Santal families? As per baseline survey's findings, 11 percent of mothers have 
lost a child before (compared to an all-India under-five-mortality rate of 4 percent; ‘World Bank child 
mortality rates’, 2018). 13 percent of mortality cases account to sicknesses during childhood. UNICEF 
(2018) reports that amongst the major causes of deaths of children aged 1-59 months in India are 
pneumonia (28 percent) and diarrhoea (22 percent), besides injuries (8 percent), measles (6 percent) 
and meningitis infections (4 percent).  Malaria and AIDS attribute to 1 percent of under-five-death 
each. 30 percent of death have other causes (probably also including TB cases and accidents).  

However, the main time when child deaths happen amongst Santal families living in the villages sur-
rounding Bolpur appear to be pregnancy or rather delivery and the time shortly after birth. Mothers 
state that 27 percent of mortality cases attribute to stillbirths, another 23 percent of mortality cases 
were found to be a result of preterm births, and one third of child deaths happened shortly after 
birth (Baseline Survey, personal communication, 2015). UNICEF (2018) draws a similar picture, where 
19 percent of death occurring in India before the child reaches one month happen during labour 
(intrapartum) and 44 percent of deaths are a result of preterm births. Further, 11 percent of children 
dying before the age of one month show congenital defects. To complete the picture, 14 percent of 
newborns die from a sepsis, 5 percent from pneumonia, 1 percent from tetanus and diarrhoea each 
and 6 percent due to other reasons. The following graph demonstrates the findings.  

Graph 36  Child mortality amongst Santals at Birbhum district and causes of death 
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Sources: Baseline Survey, personal communication, 2015; ‘Under-Five Mortality Rates’, 2018. 
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3.2.2 Decreasing mortality 1: 

As the majority of child deaths happen before a child reaches one month
births, the time of pregnancy and delivery seems of great importance if one wishes to change the 
picture. So, how is the present state of antenatal care (ANC) offered for expecting mothers in the 
rural area of Birbhum district? Santal m
they commonly go four times to receive
percent of mothers does not go at all 
for ANC when they are in the third month 
month five, third in month seven
(89 percent, n=277) only receives antenatal control 
to an end and therewith when the vulnerable time of organ development is already over. 
explain part of congenital deficiencies in newborns, where neural tube 
folic acid) are reported in 4.5 per 1
tion of 1.9 cases per 1,000 live births worldwide

Graph 37   ANC practices amongst Santal women

 

 

  

  

  

 

 

 

 

 

Sources: Allagh et al., 2015; Baseline Survey
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Decreasing mortality 1: ANC facilities 

As the majority of child deaths happen before a child reaches one month with a focus on preterm 
ancy and delivery seems of great importance if one wishes to change the 
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practices amongst Santal women and occurrence of neural tube defects in newborns

 

Baseline Survey, personal communication, 2015; Blencowe et al., 2018
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 Table 15   Savings in the family enable women seeing a private gynaecologist for ANC, crosstab 

 Women who visited a private gy-
naecologist for ANC 
(n=25) 

Women who did not visit a private 
gynaecologist for ANC 
(n=239) 

savings in the HH   
   (n=133) 

count - 19 
expected count - 12.6 
share - 7.2 percent 

count - 114 
expected count - 120.4 
share - 43.2 percent 

no savings in the HH 
   (n=131) 

count - 6 
expected count - 12.04 
share - 2.3 percent 

count - 125 
expected count - 118.6 
share - 47.3 percent 

 Pearson Chi-Square p=0.007 
Source: Baseline Survey, personal communication, 2015. 

In most cases, women visiting a private gynaecologist also visit the sub health centre for ANC (72 
percent) - merely seven mothers in the baseline sample were exclusively monitored by a private gy-
naecologist during their latest pregnancy. Accordingly, sub health centres are very vital to the success 
of ANC amongst Santal expecting mothers living in the rural area of Birbhum district, and therewith 
also to prevent newborn deaths, which (according to UNICEF statistics) accounted for 59 percent of 
under-five-deaths in India in 2016 (‘Under-Five Mortality Rates’, 2018).  

In order to optimize ANC further, sub health centres may in times to come address major causes of 
deaths amongst Indian newborns more extensively: preterm births, deaths happening during labour, 
congenital defects, sepsis and infections such as pneumonia, diarrhoea and tetanus (‘Under-Five 
Mortality Rates’, 2018). The following initiatives may be of help: 

 Distribution of folic acid to prevent congenital disorders: amongst those Santal women likely 
to receive a child soon, namely newly married women (common marriage age is 18, the first 
child is mostly received at the age of 19 as per baseline findings) and also mothers whose 
children reach the age of two years (considering a common birth spacing of 36 months). 

 Boosting young women's nutritional status to prevent preterm births, because nutritional 
status of mothers is known to influence gestational length of newborns (Bloomfield, 2011):  
short-term multivitamin preparations may be distributed to Santal women likely to receive a 
child soon (see above), more sustainably, home diets need to be enriched and also govern-
ment nutrition programmes optimized (AWC meals and mid-day school meals) - how to 
achieve this is topic of this research and will be presented in the chapters to come. 

 Provision of interactive awareness trainings on prevention of early child death causes: Santal 
mothers tend to be shy until a relationship of trust has been built up - in order to help them 
understand their means to improve child health, they need to be actively involved, for in-
stance in case findings amongst their neighbours and relatives with active problem detection 
and solution findings. A topic to be addressed may also be feeding of the first mother's milk 
(colostrum, locally called "holud"), because 32 percent of mothers reported having squeezed 
out some breast milk before feeding the child for the first time (n=272, as per advice of eld-
ers and also sub centre staffs - its thickness seems to irritate mothers, Baseline Survey, per-
sonal communication, 2015) - despite its protective value. Husbands should be encouraged 
to protect their wives from heavy work during pregnancy (including field work and building 
of mud houses), also meaning of alcohol, smoking, environmental pollutants (also pesticides 
applied in agriculture) and cases of violence during pregnancy may be discussed. 
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3.2.3 Decreasing mortality 2: 

In 2011, the Indian Government launched the "Ja
to benefit pregnant women and to avoid 
(Guidelines for Janani-Shishu Suraksha Karyakram (JSSK)
tutional deliveries (including caesarean sections, medicines
transport from home to the relevant health institutions and back (after 48 hours of supervision). 
Further, sick newborns are treated fre
and home reaching transport services. 
mothers from poorer families opt to deliver at home, because they cannot pay for transport to a
hospital, for admission, medicines provided and food during their stay 
available with them. Indeed, Salve et al.
2.7 times after introducing JSSK (es

So how is the situation amongst Santal expecting mothers residing at Birbhum in West Bengal

Graph 38   Institutional deliveries amongst Santals 
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: Access to safe delivery services 

In 2011, the Indian Government launched the "Janani Shishu Suraksha Karyakaram
to benefit pregnant women and to avoid especially mortality in mothers as well as in 

Shishu Suraksha Karyakram (JSSK), 2011). Amongst its provis
tutional deliveries (including caesarean sections, medicines, diagnostics and food
transport from home to the relevant health institutions and back (after 48 hours of supervision). 
Further, sick newborns are treated free of cost within the first 30 days of the life, including pick up 

e reaching transport services. These efforts are designed to overcome a situation where 
mothers from poorer families opt to deliver at home, because they cannot pay for transport to a
hospital, for admission, medicines provided and food during their stay - as cash money is not easily 

Indeed, Salve et al. (2017) found that institutional deliveries increased by almost 
(especially due to ambulance services). 

So how is the situation amongst Santal expecting mothers residing at Birbhum in West Bengal
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70 percent of mothers (n=278) state that they delivered their youngest child in a health facility, while 
29 percent delivered at home (and 1 percent on the way to a health institution). Most women with 
institutional delivery received their child in the regional sub divisional hospital at Bolpur (46 percent, 
n=149) or otherwise in a more decentralized primary health centre (46 percent). 6 percent delivered 
at a specialized hospital, like Bardhaman hospital, located 60 km from Bolpur (suggesting for refer-
rals/more complicated cases) and 2 percent could afford to deliver in a private nursing home.  

While in the case of institutional deliveries nearly always a doctor is present (99.5 percent), home 
deliveries are guided by traditional village midwives (77 percent) or rather family members (17 per-
cent). Interestingly, complications during vaginal deliveries are less for home deliveries (3 percent 
compared to 7 percent for institutional deliveries) - this might be indicating that women with birth 
risks indicated during ANC prefer institutional deliveries over home deliveries, finally minimizing the 
risk of maternal mortality during labour, as strived for by the JSSK scheme. Finally, 8 percent of insti-
tutional deliveries are caesarean sections (mostly advised by the doctor in charge - 94 percent). 
These births may be assumed to turn out risky for mother and child if conducted at home. 

3.3 Medical knowledge of mothers 
Besides access to health institutions, mothers' knowledge on preventing and handling child sick-
nesses influences child morbidity and finally undernutrition. Respectively, Mukunya et al. (2014) 
found that a lack of knowledge how to manage childhood illnesses (or rather WHO's IMCI strategy) 
results in higher wasting and stunting prevalence amongst children in Uganda. One aspect of the 
investigated IMCI strategy (Integrated Management of Childhood Illness) is to improve family and 
community care practices (WHO - IMCI, 2018). So in our setting, one question to be raised is how 
Santal mothers handle their sick children?  

3.3.1 Caring for children with diarrhoea 

As we learned, diarrhoea causes 22 percent of under-5-deaths in India (‘Under-Five Mortality Rates’, 
2018). Accordingly, knowledge how to handle a child suffering from diarrhoea is vital to decrease 
child mortality in India - WHO recommends to increase the amount of fluids given to the sick child at 
the village level to prevent dehydration (loss of water and electrolytes such as sodium, chloride, po-
tassium and bicarbonate) and to continue feeding the child to prevent malnutrition (optimally, zinc 
tablets should be provided for 14 days). If a child shows signs of dehydration like sunken eyes and 
skin pinch going back slowly, ORS (oral rehydration solution) solution needs to be given (WHO - 
Treating Diarrhoea, 2005).  

In the surveyed Santal villages it has become a quite common practice to provide ORS to a child suf-
fering from diarrhoea (61 percent of mothers do so, n=193). One mother reported that she has given 
more fluids to her child the last time it suffered from diarrhoea and another one went to a specialist 
doctor (where, very likely, she received ORS for her child). The remaining 38 percent of mothers did 
not take any special action - and thereby exposed their child to the risk of dehydrating and finally 
dying; especially in the hot summer season (April-June), children are threatened.  
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Graph 39   Handling of children with diarrhoea in the Santal communities - with share of children at risk to die of diar-
rhoea 

 
Source: Baseline Survey, personal communication, 2015. 

3.3.2 Feeding a sick child 

Especially in populations where child undernutrition is widely spread, stopping to feed a child during 
illness means a danger, as its nutritional status will get worse. However, it is a common scenario that 
sick children do not feel to eat and consume lesser amounts or even refuse to take solid foods at all. 
WHO (2005) recommends to continue feeding a child suffering from diarrhoea with the same food 
consumed when healthy and to increase the frequency of feeding (six times a day), as smaller 
amounts are tolerated more easily by sick children. Most importantly, breastfeeding should be con-
tinued and as possible increased. If a child is not breastfed, milk or formula milk may be provided 
(from a cup rather than a bottle). Children aged six months and older should also take cereals and 
vegetables (if CF has not been started, mothers should do so during or shortly after the diarrhoea 
episode). Oil should be added to cereal meals, as to increase energy density and ensure adequate 
weight gain and growth of the child - diluted meals hinder a child's early recovery. In case of diar-
rhoea, banana and fresh fruit juices are beneficial (as those are rich in potassium). After curing, one 
additional meal daily should be offered to the child for at least 14 days. Mothers should offer energy 
dense meals as to ensure proper recovery of the child; this may be achieved by adding a teaspoon of 
oil, ghee, sugar or jaggery to a cooked meal or by offering germinated grains or pulses, which may be 
dried and grinded after germination to prepare an energy dense porridge (CF India, 2017; Feeding a 
Sick Child, 2017). 

So how do Santal mothers handle nourishing their sick children? 73 percent of mothers (n=287) state 
that they continue feeding the same food as usual to the sick child. What is generally right as per 
WHO guidelines, means in this specific setting that children receive mainly plain rice, possibly with 
potato and a thin lentil sauce - curries may be spicy and therefore difficult to eat during early infancy. 
This diet does not offer sufficient nutrients (as will be analyzed in detail in the following chapter) - 
and is therefore not the optimal diet for a sick child. Moreover, Santal families use to have two 
cooked meals daily in addition to a snack in the morning and afternoon. AWCs offer one additional 
cooked meal. So a maximum of three cooked meals and two snacks is available for the children (in 
contrast to six meals recommended by the WHO for sick children). On the other hand, very benefi-
cially, Santal mothers breastfeed their children until the age of three or four years, so breastfeeding 
of children during illness may be considered ubiquitous.  

(n=193) 
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The rest of Santal mothers (28 percent) do in fact change the diet if their child falls sick. 7 percent of 
them confirm that the child refuses to eat or eats lesser amounts (what makes their recovery more 
difficult). Another 30 percent of mothers offer dry foods (especially biscuits, but also bread, chapatti 
and muri/puffed rice) - being rather poor in nutrients. 10 percent provide boiled rice (partly with 
grinded poppy seed) - which is washed well (hygiene aspect) and without spices and also oil. What 
appears easy to digest for the children on the one hand, offers at the same time less energy (missing 
oil in boiled rice), what is suboptimal for the child's recovery. On the contrary, 3 percent of mothers 
explain that they give sugar/candy additional to the sick child, what optimizes the energy density. 
Another 5 percent provide fresh fruit and banana. 21 percent stress the importance of breastfeeding 
or rather providing milk/formula milk and 7 percent offer porridges such as sujee and sattu. 1 mother 
provided tea especially to the sick child - this should be unsweetened for children suffering from diar-
rhoea according to WHO (2005). 12 percent of mothers offer ORS and 5 percent ask for a doctor's 
advice. The following graph illustrates the range of food adaptations offered to sick children amongst 
Santal families and marks what appears beneficial and suboptimal according to available guidelines. 

Graph 40   Change of diet for sick children amongst Santals (mothers' knowledge how to handle a sick child) 

 

 
Source: Baseline Survey, personal communication, 2015. 

(n=287) 
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3.3.3 Traditional knowledge: herbal medicines 

Interviews conducted between 2011 and 2013 amongst 25 Santal medical men residing in 14 villages 
of Bankura district, West Bengal, revealed that about 40 medicinal plants are used by traditional 
healers to overcome a range of sicknesses, including worm infections, jaundice, head and stomach 
aches, cuts and many others (Chowdhury & Suman, 2015). This traditional knowledge is handed 
down to medical village men generation by generation. The question laid on the table here is, 
whether Santal mothers residing at Birbhum district use medicinal plants to cure their children and 
use this traditional knowledge at present times or not?  

As per baseline findings, 32 percent of mothers surveyed use herbal plants to treat infections of their 
children. Most commonly, mothers use tulsi (holy basil) to treat cold and cough (78 percent, n=86), 
prepared as tea. Some mothers also provide honey (madhu) to overcome cold and cough (54 per-
cent), sometimes mixed in tulsi tea. Another option to cure cold and cough infections is basak, used 
by 23 percent of mothers applying herbal plants. A second illness treated by herbal plants are stom-
ach disorders, where thankuni (centella asiatica) is applied (a mere 2 percent of mothers does so). 
Thus, it is mainly cold and cough infections which use to be treated with herbal medicines by moth-
ers and traditional knowledge of a wide range of medicinal plants (growing in the region) seems to be 
limited in present times. The main source of receiving knowledge on traditional herbal plants are 
elders living in the village (90 percent). Further, friends (4 percent) and mothers or rather mothers-
in-law (3 percent) are named. One mother got advice by medical staff.  

Graph 41   Knowledge on medicinal plants and their use amongst Santal mothers 

 

 

 

 

 

 

Source: Baseline Survey, personal communication, 2015. 
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So, to sum up, herbal plants currently have a benefit to prevent pneumonia infections amongst chil-
dren, as tulsi and basak leaves are prepared as tea to treat respiratory infections in the beginning 
stage. This is indeed of importance, as pneumonia is the major cause of under-five-deaths in India 
(28 percent; ‘Under-Five Mortality Rates’, 2018). Still, many more medicinal plants could be used by 
Santal mothers to maintain their children's health, as shown by the directorate of forests, govern-
ment of West Bengal - this traditional tribal knowledge might well be polished up (health staffs in 
primary health centres or Anganwadi workers may be trained to do so in the times to come). 

Table 16   Selected medicinal plants available at West Bengal and their use 

Local name 
(botanical name) 

Parts used Purpose 
 (amongst others) 

basak 
  (adhatoda vasica) 

leaves bronchial problems 

tulsi 
  (ocimum tenuiflorum) 

leaves, 
whole 
plant 

common colds, headaches, stomach disorders, inflamma-
tion, heart disease, poisoning, malaria 

kalmegh 
  (andrographis paniculata) 

whole plant anti-typhoid, anti-fungal, anti-malarial, anti-hepatitic 

aswagandha 
  (withania somnifera) 

root general weakness, painful swellings 

haritaki 
  (terminalia chebula) 

fruit healing of wounds; as gargle: against inflammation of 
mucous membrane of the mouth; as a wash: eye disor-
ders like inflammation and conjunctivitis. 

bahera 
  (terminalia bellirica) 

fruit dysentery, inflammation 

haldi 
  (curcuma longa) 

rhizome antibacterial, anti-inflammatory, remedy for gastrointes-
tinal discomfort associated with irritable bowel syndrome 

ghritakumari 
  (aloe vera) 

leaves smooth functioning of the gastrointestinal tract, maintain 
healthy tissues 

bel 
  (aegle marmelos) 

unripe fruit 
pulp 

dysentery, diarrhoea 

neem 
  (azadirachta indica) 

no data anti-inflammatory, antifungal, antibacterial, effective 
insect repellent 

chirata 
  (swertia chirata) 

whole 
plant 

anti-diarrhoeic; used in intermittent fevers, skin diseases, 
intestinal worms, bronchial asthma, burning of the body  

Source: ‘Directorate of Forests, Government of West Bengal - project medicinal plants’, n.d.   

Picture 4   Medicinal plant preparation (neem-turmeric-paste against scabies) - spread of traditional knowledge via heath 
projects, health institutions and AWCs? 

   
Source: Own project pictures, Shining Eyes e.V./Monika Golembiewski. 
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As elders living in the villages appear to hand down limited traditional knowledge on the medicinal 
plants growing in the region at present times, other key persons may be trained as to become a mul-
tiplier of this traditionally indigenous knowledge. As per the experience of the NGO Shining Eyes 
(partly responsible to implement this research), Santal mothers are very open to learn about their 
traditional herbal plants and practice how to prepare teas, ointments and tonics. 

3.4 Hygiene habits in the Santal villages 

Adequate hygiene habits are another factor influencing health and also the nutritional status of chil-
dren, influencing an economy's available human capital and eventually its productivity. Research 
confirms that poor sanitation conditions have a negative effect on child growth and therewith on 
stunting prevalence (Aguayo & Menon, 2016). Hence, this chapter shall shed a light on the hygiene 
situation in the Santal villages surrounding Bolpur at Birbhum district, West Bengal.  

3.4.1 Access to toilets  

As per the latest Census of India (conducted in 2011 - the next one awaits its publication in 2021), 41 
percent of West Bengal's inhabitants find themselves without latrine and 53 percent of West Ben-
gal's rural population are reported to be without access to safe sanitation (Availability of Latrines - 
Government of India, 2011). The baseline survey conducted in 21 Santal villages (in 2015) draws a 
more acute picture, where 86 percent of families (n=288) do not have a latrine and practice open 
defecation. Merely 9 percent of families do have a private latrine at their disposal and 3 percent en-
joy access to community toilets. 1 percent of families explained that a private toilet was under con-
struction and another percent stated that they possessed a family toilet which was used at night 
only, while daytime family members preferred to go to the field to defecate (indicating how deeply 
rooted the habit of open defecation indeed is amongst Santal families).  

Graph 42   Availability of toilets amongst Santal families 

 
Source: Baseline Survey, personal communication, 2015. 

The West Bengal Swachha Bharat Mission, established in 2014, aimed to end open defecation by 
2019 - and strived to provide all HHs with safe access to sanitation facilities and, more than that, to 
achieve a change of habits with acceptance of toilet use as general norm in the village scenario (Swa-
chha Bharat Mission, 2014). What happened to this noble initiative? Sarkar and Biswas (2019) report 

(n=288) 
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that despite the progress regarding the construction of toilets in West Bengal, their usage has not yet 
significantly changed - behavioural change indeed needs time. 

3.4.2 Hand washing habits 

Washing hands with soap is known to decrease the risk to fall sick with diarrhoea, the second most 
important cause of under-five-deaths in India with 22.2 percent (‘Under-Five Mortality Rates’, 2018). 
Ejemot et al. (2008) found that promotion of hand washing in low and middle income countries re-
duces diarrhoea episodes by 31 percent. While Curtis and Cairncross (2003) detected an even 
stronger impact if hands were washed with soap, with a risk reduction of 42-47 percent. So how do 
Santal families residing at Birbhum district, West Bengal practice hand washing? As per baseline find-
ings, all families do practice hand washing. While 11 percent (n=291) commonly use soap, the large 
majority uses merely water (85 percent) and further five percent use sometimes soap and sometimes 
only water. Hence, a mere 11 percent of Santal children less than three years are optimally protected 
from diarrhoea infections regarding use of soap during hand washing. Other children partly benefit 
from washing their hands with water, but may further be protected by using soap. 

Graph 43   Hand washing habits - use of soap 

 
Source: Baseline Survey, personal communication, 2015. 

Santal women usually wash their hands before preparing food (99 percent, n=291). Further hands 
ware washed before eating (what is of great importance especially because food is taken without 
cutleries) and after toilet (100 percent). Thus, families are used to wash the hands, but largely miss 
the protective health effect of using soap, what may contribute further to decrease child mortality. 

3.4.3 Bathing habits 

Clean water for personal and domestic hygiene was found to decrease the incidence of diarrhoea as 
well as worm infections such as ascariasis and schistosomiasis (Esrey et al., 1991). Further, sanitation 
facilities were found to decrease the severity of hookworm infections, which cause (amongst other 
reasons) anaemia. As baseline data showed, most Santal families use to wash their children with 
clean tube well water (82 percent, n=283) and few even use tap water (3 families), well water or 
boiled water (each one family). Still then, 16 percent of children are washed in village ponds, where 
infections as described above are likely to be transmitted. 

  

(n=291) (n=291) 
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Graph 44   Child bathing habits - use of pond water

 
Sources: Baseline Survey, personal communicati

70 percent of families state that tube well water is available with them throughout the year, while 19 
percent explain that well water gets scarce in the hot summer season and further 8 percent tell that 
there is not enough water coming from the tube well most times of the year (indicating that tube 
well depth may be insufficient). 3 percent of families do not have a tube well 

Graph 45   Availability of clean tube well wa

Sources: Baseline Survey, personal communication, 2015
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use of pond water as risk for infections 

, personal communication, 2015; picture: Brigitte Rühland (2013). 

70 percent of families state that tube well water is available with them throughout the year, while 19 
percent explain that well water gets scarce in the hot summer season and further 8 percent tell that 

s not enough water coming from the tube well most times of the year (indicating that tube 
well depth may be insufficient). 3 percent of families do not have a tube well reachable at all.

Availability of clean tube well water 

 
, personal communication, 2015; picture: Shining Eyes e.V./Monika Golembiewski 

Asking generally if water (tube well as well as tap, well and pond water) is getting scarce nearby the 
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Graph 46   Water scarcity in summer season (April-June) 

 

Sources: Baseline Survey, personal communication, 2015 ; pictures: Shining Eyes e.V. (2013). 

Santal families explain that all kind of water sources, tube wells, ponds as well as rivers, are affected 
by water scarcity. As a consequence, family members tend to wash themselves less (67 percent, 
n=15) and drink less (13 percent) and need to go longer ways to reach water sources (20 percent).  

3.4.4 Drinking and food hygiene habits 

40 percent of children (n=287) are offered boiled water, reducing the risk of diarrhoea episodes, 
while the majority of children takes their tube well water fresh from the well without further action 
to reduce contamination risks.  

Graph 47   Drinking and food hygiene habits amongst Santal families at Birbhum district  

 
Source: Baseline Survey, personal communication, 2015. 

Boiling of untreated water in semi-urban India was found to reduce mean faecal coliforms by 99 per-
cent, and therewith 60 percent of drinking water samples were considered as safe as per WHO stan-
dards (Clasen et al., 2008). Still, the remaining 40 percent of drinking water samples did not meet 
WHO's standards despite having been boiled, indicating the high level of faecal contamination. 
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Hence, children receiving their drinking water without boiling are likely to be exposed to faecal coli-
forms, potentially causing diarrhoea. 

Concerning food hygiene practices, nearly all Santal families (97 percent, n=289) use to cover their 
food, what protects it from getting touched by animals such as chicken, pigs, goats, dogs and also 
flies; the latter are known to spread acute diarrhoeal diseases (Graczyk et al., 2001).  

Still then, animals can reach the eating and cooking place in nearly half of the cases (47 percent, 
n=291), what needs to be considered suboptimal for child health as exemplary described by Werner 
et al. (2006, p. 132), where open defecation with worm infected stool gets touched by an animal, 
which then enters a house, where an infant plays on the ground and gets in contact with the con-
taminated stool; subsequently, the mother takes up the child and finally, as the mother forgot to 
wash her hands before preparing the family's food, the worm infection spreads out to other family 
members. So, wherever animals move freely in eating and kitchen places, worm infections may 
spread - especially if soap is not used customarily to clean hands thoroughly. 

3.4.5 Suspicion for worms  

13 percent of mothers find their youngest child suffering from worms sometimes, while 87 percent 
belief that their children usually do not suffer from worms.  

Graph 48   Worm infections and their meaning - role of hookworm infections (causing anaemia) 

 
Sources: Baseline Survey, personal communication, 2015; Rao et al., 2003. 

While some worms are not dangerous (like threadworms, causing itching at night at the anus and 
therewith disturbing a child's sleep), whipworms may cause diarrhoea, roundworms may cause 
pneumonia and hookworms (which cannot be seen in the stool) may cause severe anaemia (Werner 
et al., 2006, pp. 140–142). Children infected with hookworms tend to eat dirt and become more and 
more pale as these worms attach themselves to the walls of the gut where they cause bleeding. 
Hookworms are transmitted through stools, as eggs hatch on most soils and enter their hosts easily if 
walking barefoot - what is common practice in Santal villages, especially also during field works (an 
acute risk remembering that 86 percent of Santal families practice open defecation in the field). 
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Two mothers explained that their children were eating dirt, indicating them that they were suffering 
from a worm infection (potentially a hookworm infection). Another eight mothers reported their 
children were suffering from light belly pain and further three mothers observed itching rectum with 
disturbance of the child's night sleep. Again, two mothers had seen the worms in the child's stool. 
Overall, merely 15 mothers could give an explanation how they recognize a worm infection in their 
child (while 36 mothers assumed that their child sometimes suffered from worms) - indicating that 
sound knowledge on worm infections and their spreading is limited amongst Santal mothers so far.  

In fact, a study conducted in rural Madhya Pradesh, India, showed a prevalence of intestinal parasites 
of 60 percent amongst adolescents, where besides tapeworms (hymenolepis nana) also hookworms 
(ancylostoma sp - transmitted by dogs) were most prevalent (Rao et al., 2003). Hence, worm load, 
including hookworms, may be assumed to be higher than recognized by Santal mothers (where a 
mere 13 percent assumes worms in their children) and may well contribute to the vast spread of 
anaemia amongst children below three years in rural Birbhum district, West Bengal, as found by the 
study presented in this work. Baseline anaemia prevalence amongst Santal children aged 6-39 
months living in Birbhum district, West Bengal, will be presented in the next chapter. 

3.5 Prevalence of anaemia 

Why is anaemia or rather iron deficiency in infants a major problem to be addressed? Considering 
limitation of public and private budgets, why should one invest to overcome iron-deficiency anaemia 
amongst small children? Research agrees that iron deficiency, especially from 6-24 months, has ad-
verse effects on brain development, resulting in behavioural changes and finally limited learning ca-
pacities, what eventually hampers societal as well as economic participation. Lozoff (2007, p. 1) de-
scribes that children below two years suffering from iron-deficiency anaemia show "poorer cognitive, 
motor, social-emotional and neurophysiologic development". Imperfect brain development during 
infancy (especially alterations in myelination) are linked with changes in the auditory and visual sys-
tem, which are considered vital for learning and proper social interaction (Lozoff et al., 2006). Fur-
ther, iron-deficiency affects the hippocampus and the central nervous system. Accordingly, iron-
deficient infants are observed to be less attentive and hesitating, often not claiming if a toy is taken 
away from them, respectively. On the one hand, caring for these children may seem comfortable for 
mothers who are tightly burdened with daily works to be completed. Yet, at the same time it means 
that iron-deficient infants experience less constructive interaction with care givers what is critical to 
a favourable development of brain structure as well. So both, inadequate myelination and develop-
ment of the nervous system (direct effects) as well as impaired social activity and response finding 
with care givers (indirect effects) results in limited learning experiences of iron-deficient infants, who 
finally are kept from participating actively and vigilantly in social and economic life. Yet, luckily, it is 
assumed that early iron supplementation (before deficiencies become severe or chronic) is able to 
prevent the described adverse effects of iron-deficiency anaemia (Lozoff, 2007).  

As half of all anaemia cases are assumed to be iron-deficiency anaemia cases (resulting from inade-
quate intakes of the mineral iron) and the peak period is known to be 6-24 months (Lozoff, 2007), 
this study raised the question how to cover nutritional iron needs of infants below three years living 
in the rural area of Birbhum district via community based nutrition programmes. As a first step, a 
baseline medical examination was conducted in February 2015 as to know baseline prevalence of 
anaemia amongst infants aged 6-39 months in these Santal tribal villages surrounding Bolpur.  
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3.5.1 Anaemia amongst Santal children aged 6-39 months 

As baseline medical check-up of children aged 6-39 months in 21 Santal tribal villages at Birbhum 
district showed, 94 percent of children suffer from anaemia (73 percent of them show a Hb less than 
10 g/dl with moderate and severe forms of anaemia). Girls and boys are likewise affected with no 
considerable difference (p>0.05; Pearson Chi-Square). Compared to the 2015-16 National Family 
Health Survey (NFHS) result for the rural area of Birbhum district, far more children suffer from 
anaemia: 94 rather than 59 percent (35 percent more). This may be due to the fact that the subgroup 
of tribal Santal families are more disadvantaged considering income and nutrition situation than 
other rural families (especially Hindu families) and may also be attributed to the fact that the NFHS 
includes children aged 6-59 months rather than 6-39 months - remembering that peak levels of 
anaemia are reached from 6-24 months (Lozoff, 2007). Still then, the NFHS is the best reference 
available and suggests that Santal children at Birbhum are especially affected by anaemia. Further, 
the recently published NFHS 5 of 2019-20 shows a deterioration of children's anaemia status - with 
77 percent of children aged 6-59 months suffering from anaemia (Hb<11 g/dl) rather than 59 percent 
in 2015-16 (NFHS 5, district Fact Sheet, 2020). A specific rural anaemia rate was not published.   

Table 17   Anaemia prevalence amongst children aged 6-39 months residing in 21 tribal villages surrounding Bolpur, 
Birbhum district- compared to National Family Health Survey 2015-16 results 

Severity of anaemia 
 

all children 
(6-39 months, 

n = 307) 

girls 
(6-39 months, 

n = 143) 

boys 
(6-39 months, 

n = 164) 

NFHS 
2015-16 

(6-59 months, 
 rural Birbhum) 

 
no anaemia 
   (Hb 11.0 g/dl or higher) 

6.2 percent 
   (n = 19) 

6.3 percent 
   (n = 9) 

6.1 percent 
   (n = 10) 

40.7 percent 

mild anaemia 
   (Hb 10.0 - 10.9 g/dl) 

20.5 percent 
   (n = 63) 

19.6 percent 
   (n = 28) 

21.3 percent 
   (n = 35) 

no data 

moderate anaemia 
   (Hb 7.0 - 9.9 g/dl) 

68.7 percent 
   (n = 211) 

69.2 percent 
   (n = 99) 

68.3 percent 
   (n = 112) 

no data 

severe anaemia 
   (Hb <7.0 g/dl) 

4.6 percent 
   (n = 14) 

4.9 percent 
   (n = 7) 

4.3 percent 
   (n = 7) 

no data 

Total: anaemic children 93.9 percent 
   (all children) 

93.7 percent 
   (girls) 

93.9 percent 
   (boys) 

59.3 percent 
   (all children) 

  Girls & boys are affected likewise by anaemia:   Pearson Chi-Square p=0.978 

Sources: (1) Baseline Medical Checkup, personal communication, February 2015; NFHS 4, district Fact Sheet, 2016, p. 4.  

To compare, The World Bank (2016) reports the under-five anaemia rate of Iraq at 24 percent in 
2016, while Bangladesh had a share of 40 percent of anaemic children under five years and in Af-
ghanistan 46 percent of under-fives were affected  by anaemia (all-India was registered with 57 per-
cent) - comparable to Sudan (57 percent), Pakistan (59 percent) or Malawi (59 percent). This is de-
spite a far better economic condition in India compared to other named countries and one may 
question if the picture could not be turned in case of clear political interest and focus?  

The following graph illustrates the findings and shall serve as basis for further considerations. 
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Graph 49   Anaemia prevalence amongst children aged 6-39 months residing in 21 tribal villages surrounding Bolpur, 
Birbhum district- compared to National Family Health Survey 2015-16 results 

 

Sources: (1) Baseline Medical Checkup, personal communication, February 2015; NFHS 4, district Fact Sheet, 2016, p. 4.  

3.5.2 Role of age in Hb development 

Baseline medical examination data confirms that age does play a role in Hb development (p<0.001). 

Table 18   Severity of anaemia according to age groups: Hb rises with age and children above three years reach mild 
forms of anaemia (while children aged 6-23 months commonly suffer from moderate anaemia) 

Hb development  
according age group 

6-11 months 
(n = 54) 

12-23 months 
(n = 109) 

24-35 months 
(n = 124) 

36 months/older 
(n = 20) 

no anaemia 
   (Hb 11.0 g/dl or higher) 

3.7 percent 
   (n = 2) 

1.8 percent 
   (n =2) 

8.9 percent 
   (n =11) 

20.0 percent 
   (n =4) 

mild anaemia 
   (Hb 10.0 - 10.9 g/dl) 

9.3 percent 
   (n =5) 

12.8 percent 
   (n =14) 

28.2 percent 
   (n =35) 

45 percent 
   (n =9) 

moderate anaemia 
   (Hb 7.0 - 9.9 g/dl) 

81.5 percent 
   (n =44) 

80.7 percent 
   (n =88) 

58.9 percent 
   (n =73) 

30.0 percent 
   (n =6) 

severe anaemia 
   (Hb <7.0 g/dl) 

5.6 percent 
   (n =3) 

4.6 percent 
   (n =5) 

4.0 percent 
   (n =5) 

5.0 percent 
   (n =1) 

Total: anaemic children 96.4 percent 
 

98.1 percent 
   (peak level) 

91.1 percent 
    

80.0 percent 
    

Mean Hb 8.8 g/dl 8.7 g/dl 9.4 g/dl 10.0 g/dl 
Age is associated with Hb development:   Fisher's Exact Test p=0.000 

Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

Children aged 6-35 months commonly suffer from moderate anaemia (mode, n=287), while children 
aged 36-47 months commonly suffer from mild anaemia (mode, n=20)6. Children aged 6-23 months 
suffer from moderate anaemia (mean Hb = 8.8, n=163), while children aged 24-35 months slowly 
recover towards the state of mild anaemia (mean Hb =9.4, n=124) and children aged 36 months and 
older mostly have reached mild forms of anaemia (mean Hb =10.0, n=20).  
                                                           
6 Note: while initially, inclusion criteria to the intervention study was set at 6-36 months, some mothers  
   brought little older children at baseline survey (n=20) 

(n=307) (n=143) (n=164) 

(n=307) 

94 percent of Santal children 
aged 6-39 months  

suffer from anaemia 
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3.5.3 Role of income and the occurrence of child anaemia 

HHs disposing over higher incomes showed higher likelihood of having a non-anaemic or merely 
mildly anaemic child compared to HHs who disposed over lower incomes (p<0.05). Only 58 children 
of families disposing over 5,000 to 9,999 Rs. income per month were moderately or severely anaemic 
compared to an expected number of 66.5 children; while 137 children of families disposing over 
2,000 to 4,999 Rs. (lower reported income range) were found with moderate or severe anaemia - 
compared to an expected number of 128.5 children ((1) Baseline Medical Checkup, personal commu-
nication, February 2015; Baseline Survey, personal communication, 2015). 

Table 19   Association of reported monthly income ranges and anaemia in children, crosstab 

 Lower income range 
2,000 - 4,999 Rs. per month 

(n=174) 

Higher income range 
5,000 -94,999 Rs. per month 

(n=90) 
child has no or merely mild 
anaemia 
   (n=69) 

count - 37 
expected count - 45.5 
share - 14.0 percent 

count - 32 
expected count - 23.5 
share - 12.1 percent 

child suffers from moderate 
or severe anaemia 
   (n=195) 

count - 137 
expected count - 128.5 
share - 51.9 percent 

count - 58 
expected count - 66.5 
share - 22.0 percent 

Pearson Chi-Square p=0.012 
Sources:  Own analysis as per ((1) Baseline Medical Checkup, personal communication, February 2015; Baseline Survey, 
personal communication, 2015). 

No significant association could be shown between income range and undernutrition status of sur-
veyed children with p>0.05 for any stunting (p=0.248), any underweight (p=0.604), any wasting 
(p=0.263) and any anthropometric failure (p=0.951). 

3.5.4 Association of mothers' and children's anaemia status  

A question which shall be addressed here is whether anaemia status of a mother and her youngest 
child is linked or not? Or more explicitly, if an anaemic mother tends to have an anaemic child, and - 
on the other hand - if a non-anaemic mother faces bigger likelihood of having a non-anaemic child? 
In order to answer this question, firstly anaemia status of mothers shall be presented. 

As can be seen in the graph below, 86 percent of Santal mothers (n=283) suffer from anaemia with 
haemoglobin values below 12 g/dl - compared to 66 percent of all rural women residing in Birbhum 
district (NFHS 4, district Fact Sheet, 2016, p. 4). Therewith, anaemia incidence in Santal women is 
disproportionately higher than in Birbhum's rural female population overall - despite similar age 
ranges of women investigated (18-40 years in case of own baseline data and 15-49 years in case of 
NFHS-4). As true for anaemia in children, also anaemia in women rose in the recent years as per the 
latest NFHS of 2019-20: while 65 percent of non-pregnant women aged 15-49 years were found 
anaemic (Hb<12 g/dl) in 2015-16, 78 percent are affected as per the recently published NFHS (NFHS 
5, district Fact Sheet, 2020) - an alarmingly high number.  
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Graph 50   Anaemia prevalence amongst Santal mothers residing in 21 tribal villages surrounding Bolpur, Birbhum dis-
trict- compared to National Family Health Survey 2015-16 results 

 

 

Source: (1) Baseline Medical Checkup, personal communication, February 2015; NFHS 4, district Fact Sheet, 2016, p. 4. 

Santal mothers are little less affected by anaemia than their children with a difference in anaemia 
prevalence of 8 percent (with 94 percent of Santal children and 86 percent of Santal mothers being 
anaemic). Still, these high levels of anaemia amongst both groups reinforce the assumption that it is 
indeed especially anaemic mothers who finally give birth to anaemic children.  

Table 20   Relation between anaemia status of mothers and their children 

Children's 
Hb status  
 

Non-anaemic 
mothers 
(n = 41) 

 

Mildly anaemic 
mothers 
(n = 75) 

 

Moderately 
anaemic  
mothers 
(n = 159) 

Severely anaemic 
mothers 

(n =18) 
 

 Hb>=12 g/dl Hb 11-11.9 g/dl Hb 8-10.9 g/dl Hb<8 g/dl 

no anaemia 
   (Hb 11.0 g/dl or higher) 

12.2 percent 
   (n =5) 

5.3 percent 
   (n =4) 

6.3 percent 
   (n =10) 

0 percent 
   (n =0) 

mild anaemia 
   (Hb 10.0 - 10.9 g/dl) 

26.8 percent 
   (n =11) 

25.3 percent 
   (n =19) 

17.6 percent 
   (n =28) 

11.1 percent 
   (n =2) 

moderate anaemia 
   (Hb 7.0 - 9.9 g/dl) 

56.1 percent 
   (n =23) 

65.3 percent 
   (n =49) 

72.3 percent 
   (n =115) 

83.3 percent 
   (n =15) 

severe anaemia 
   (Hb <7.0 g/dl) 

4.9 percent 
   (n =2) 

4.0 percent 
   (n =3) 

3.8 percent 
   (n =6) 

5.6 percent 
   (n =1) 

Total: anaemic children 87.8 percent 
   (lowest level) 

94.7 percent 
 

93.7 percent 
    

100 percent 
   (peak level)    

Mean Hb 9.6 g/dl 
   (peak level)    

9.2 g/dl 9.1 g/dl 8.7 g/dl 
  (lowest level) 

Children's age range 
   Share of children age   
   group 12-23 months? 

7-37 months 
 
43.9 percent 

6-39 months 
 
29.3 percent 

6-38 months 
 
35.2 percent 

6-35 months 
 
33.3 percent 

Anaemia status of mother and child:   Fisher's Exact Test p=0.441 

Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

(n=283) 

(n=283) 

86 percent of Santal mothers find themselves anaemic - 
 a mere 8 percent less than their children 
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Even though not significant, collected data confirms this thought (p>0.05): While non-anaemic moth-
ers (n=41) show the largest share of non-anaemic children (12 percent, n=5), no severely anaemic 
mother (n=18) has a non-anaemic child. Likewise, while non-anaemic mothers show the largest share 
of mildly anaemic children (27 percent, n=11), the share of mildly anaemic children decreases as Hb 
status of mothers deteriorates - with merely 11 percent of severely anaemic mothers having a mildly 
anaemic child. In the same sense, it is especially severely anaemic mothers who have children with 
moderate anaemia levels (83 percent of children compared to 56 percent in case of non-anaemic 
mothers). Interestingly, the level of severely anaemic children is rather stable and equally prevalent 
amongst all Hb status groups of mothers - which suggests that in case of severe anaemia amongst 
children other factors than the mother's Hb status are (additionally) influential.  

Thus, while non-anaemic mothers show bigger likelihood of having non-anaemic or mildly anaemic 
children than mothers with poorer Hb statuses, severely anaemic children can be found in all groups 
- irrespective of mothers' Hb status (averagely 4.6 percent of children are severely anaemic). 

Finally, non-anaemic mothers show the lowest (still alarmingly high!) share of anaemic children (88 
percent) and, on the other hand, all children (100 percent) of severely anaemic mothers find them-
selves with some sort of anaemia - most of them suffering from moderate forms. The same relation 
can be seen in mean Hb values, where children of non-anaemic mothers show the highest mean Hb 
level (9.6g/dl) and children of severely-anaemic mothers show the lowest mean Hb level (8.7g/dl). 

As this subchapter showed, anaemia prevalence amongst Santal children and their mothers is alarm-
ingly high, with all its consequences on brain development and finally limited income opportunities. 
Hence, disproportionately high anaemia levels amongst Santals (partly) explain why these Adivasis of 
India still now do not participate satisfyingly in the country's overall positive economic growth.   

3.6 Prevalence of child undernutrition 
The consequences of inadequate food intakes, imperfect hygiene standards and limited access to 
skilled health staffs etc. finally find themselves not only reflected in a high anaemia prevalence, but 
also in a population's undernutrition prevalence. This subchapter will therefore present and elabo-
rate on gathered anthropometric baseline data describing the nutritional status of Santal children 
aged 6-39 months living in Birbhum district: stunting, underweight, wasting , CIAF and MUAC. 

To start with, the named expressions shall be briefly defined for mutual understanding:  

"stunting"  - means that a child is too short for its age and thereby shows retarded growth; lost  
  productivity and finally low adult wages are likely (WHO - Stunting, 2018). Visiting a 
  Santal village in the study area, those chronically malnourished children will not be 
  noticed right away as these children may easily be thought younger. 

"underweight" - means that a child has too little weight considering its age and is therefore a combi- 
   nation of both, weight-for-height (wasting) and height-for-age (stunting) (‘WHO -  
   child growth indicators’, 2018). As it does not consider height of children, tall children  
   will show a poorer underweight status than small children of same age and weight -  
   even though growing taller may be judged as advantageous for Santal children, who  
   are commonly rather small (female adults reach an average height of 150 cm; Base- 
   line Survey, personal communication, 2015)- compared to German females who  

height-for-age 
chronic undernutrition 

weight-for-age 
combinaiton 
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   reach 166 cm height on an average; ‘Average height Germans’, 2017). The under- 
   weight indicator is applied in Indian pre-school and feeding centres (AWCs).  

"wasting" - means that a child is too thin for its height (or rather length) which is often (but not  
  always) a consequence of recent weight loss and entails an elevated child mortality  
   rate; India is known to have exceptional high levels of wasted children (normally, if  
   no acute food shortage happens, 5 percent are not exceeded) and there is a peak  
   in the second year of life (WHO - Child Growth Indicators, 2018).  

"CIAF"  - means composite index of anthropometric failure and aggregates what is expressed  
   through the three indicators above: stunting, underweight and wasting. Basically it 
  tells us if a child suffers from any form (single or combined) of undernutrition or if it  
   does not show any anthropometric failure at all (Nandy & Svedberg, 2012, p. 130). It  
   is said to correlate better to a child's morbidity risk than the three commonly used  
   indicators alone and relates therewith the topics of undernutrition and health (Agar- 
  wal, Misra, Chaudhary, & Prakash, 2015).  

"MUAC" - means mid-upper-arm-circumference and aims to screen for children who suffer  
  from acute malnutrition (just as wasting). Generally, children aged 6-59 months with  
   a MUAC less than 12.5 cm are considered to suffer from acute malnutrition. Mean- 
   while, WHO provides field tables considering gender and age of children (3-60  
   months) in order to detect acutely malnourished children more precisely through  
   measurement of the left mid-upper arm (‘MUAC -considering age and gender’, 2018).  

3.6.1 Stunted children in the Santal villages of Birbhum 

Overall, 52 percent of Santal children examined at baseline medical check-up in February 2015 were 
found stunted (n=305) - 11 percent more than all rural children residing at Birbhum district (Baseline 
Medical Check-up, personal communication, February 2015a; NFHS 4, district Fact Sheet, 2016, p. 3). 
Girls are more often affected than boys (with a difference of 9 percent where 56 percent of females 
and 48 percent of males are stunted; p>0.05). Especially moderate forms of stunting were found. The 
prevalence of stunted children at Birbhum district remains high as per recent NFHS-5 data, with 37 
percent of all children under 5 years being affected compared to 41 percent in 2015-16 (NFHS 5, dis-
trict Fact Sheet, 2020). Data on rural/urban specifications has not been published. 

As can be seen in graph 51 below, moderate stunting is most prevalent amongst Santal children with 
39 percent of girls and 32 percent of boys being affected. Levels of severe stunting are nearly equal 
for both sexes with 17 percent of girls and 16 percent of boys being affected.  

WHO provides reference data (first published in 1995) indicating significance of child undernutrition 
prevalence through cut-off values to be considered by public health practitioners and politicians, 
respectively. Concerning stunting, a prevalence of 40 percent and higher is considered as very high - 
while less than 20 percent are regarded as low prevalence (WHO - Child Undernutrition Significance 
Levels, 2010, p. 2). Hence, Birbhum as a whole (where 40 percent of children under age five suffer 
from stunting) and especially Santal children in Birbhum (where 52 percent of children aged 6-36 
months are affected) show a tremendous burden of stunted children. What is the consequence, re-
sulting from such high levels of stunting? Children show delayed mental development and reduced 
intellectual capacity, resulting in poor school performance and limited capability to nourish the own 

weight-for-height 
acute undernutrition 

aggregate 
combination 

mid-upper-arm 
acute undernutrition 
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family well later in life. Stunted girls remain shorter also in adulthood and are likely to give birth to 
low birth weight children, what perpetuates the cycle of stunting. On national level, stunting ham-
pers overall economic productivity, going along with a reduced investment capacity (being accompa-
nied by a suboptimal infrastructural setup); considering an all-India (rural) stunting prevalence of 41 
percent (NFHS 4, India Fact Sheet, 2016), eventually India's international competitiveness is likely to 
be curbed.  

Graph 51   Stunting prevalence amongst Santal children residing at Birbhum district, West Bengal 

 
 

 

 

 

 

 

 

 

Source: (1) Baseline Medical Checkup, personal communication, February 2015; NFHS 4, district Fact Sheet, 2016, p. 3. 

Interestingly, Santal children aged 6-11 months (n=54) show merely medium stunting prevalence 
(with 28 percent of children being affected) compared to children aged 12-23 months (n=108) who 
already show a very high stunting prevalence (with 48 percent of children being affected). The older 
the children grow, the larger share of them suffers from stunting: 63 percent in the third year of life 
(n=123) and even 70 percent in the fourth year of life (n=20); Fisher's Exact Test shows a highly sig-
nificant association between stunting and age of children (p>0.001). The following table illustrates 
how stunting prevalence aggravates with children's age - considering gathered baseline data. 

 

(n=305) (n=142) (n=163) 

Santal children have 
bigger likelihood of 

being stunted than all 
children living in rural 

Birbhum: 
52 percent are stunted 

Girls appear to be little 
more often affected by 

stunting than boys 
(p=0.139); 

 moderate stunting is 
most prevalent. 
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Table 21   Role of age in stunting prevalence amongst Santal children at Birbhum, crosstab 

Stunting development  
according age group 
 

6-11 months 
(n = 54) 

12-23 months 
(n = 108) 

24-35 months 
(n = 123) 

36 months/older 
(n = 20) 

 

stunting prevalence 
  

27.8 percent 
(n =15) 

48.2 percent 
(n =52) 

62.6 percent 
(n =77) 

70.0 percent 
(n =14) 

   moderate stunting 
   (-3SD to -2.001SD) 

22.2 percent 
(n =12) 

31.5 percent 
(n =34) 

40.7 percent 
(n =50) 

60.0 percent 
(n =12) 

   severe stunting 
   (<-3SD) 

5.6 percent  
(n =3) 

16.7 percent 
(peak; n =18) 

22.0 percent 
(peak; n =27) 

10.0 percent 
(n =2) 

   adequate stunting 
   (-2SD to 1.999SD) 

70.4 percent 
(n =38) 

51.9 percent 
(n =56) 

37.0 percent 
(n =46) 

30.0 percent 
(n =6) 

   bigger than usual 
   (>=2SD) 

1.9 percent 
(n =1) 

Na Na Na 

Age and stunting prevalence are associated: Fisher's Exact Test, p=0.000 

Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

The older Santal children grow, the larger share of them suffers from moderate stunting. When it 
comes to severe stunting, however, there is a peak in the third year of life. Why is that so? Very 
likely, it is a bundle of factors involved. The main crucial factor may be imperfect initiation of CF hab-
its, where 30 percent of children are offered biscuits as first complementary food besides breastfeed-
ing (n=270), 15 percent are offered plain rice (n=269) and 70 percent family foods (n=269) - which 
mostly offer abundant CHOs (boiled or rather puffed rice as well as potato curries) and lack protein, 
vitamins and minerals essential to achieve adequate growth. Special complementary foods are pre-
pared only seldom, such as porridges or offering of banana (each 3 percent, n=270).  WHO confirms 
that stunting develops through (long-term) nutritional deprivation (WHO - Child Undernutrition Sig-
nificance Levels, 2010, p. 1). As children grow older and reach the fourth year of life severe stunting 
reduces and 60 percent remain moderately stunted.  

3.6.2 Wasted children in the Santal villages of Birbhum 

Very interestingly, compared to all rural children residing at Birbhum district, Santal children are less 
often found wasted with 19 percent rather than 31 percent of all rural children being affected (Base-
line Medical Check-up, personal communication, February 2015b; NFHS 4, district Fact Sheet, 2016). 
What sounds good news at first glance, is indeed alarming: WHO defines wasting levels above 15 
percent as critical (WHO - Child Growth Indicators, 2018). While acute wasting in a population com-
monly happens due to food shortage, India is known to be an exception, where wasting prevalence is 
critical even in absence of food shortage and rather needs to be considered a result of chronic unfa-
vourable conditions. There was only a very slight decline in wasting within the recent years, as shown 
by NFHS-5 data: while 30 percent of all under-five children were found wasted in 2015-16, 26 per-
cent have been found affected in the survey's latest edition (NFHS 5, district Fact Sheet, 2020). 

Santal girls and boys show are equally affected by wasting (Fisher's Exact Test, p>0.05). Moderate 
wasting is most commonly found (18 percent of girls and 14 percent of boys are affected). Levels of 
severe wasting amount to 3 or rather 4 percent - finally contributing to increased child mortality. 
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Graph 52   Wasting prevalence amongst Santal children residing at Birbhum district, West Bengal 

 

 

 

 

 

 

 

 
Sources: (1) Baseline Medical Checkup, personal communication, February 2015; NFHS 4, district Fact Sheet, 2016, p. 3; 
WHO - Child Undernutrition Significance Levels, 2010, p. 2. 

Having seen that Santals form a rather disadvantaged population group, it appears a bit irritating that 
Santal children are less often wasted than other children living in Birbhum's villages (Hindus and 
Moslems, respectively). What may be an adequate explanation of this situation? Probably it is the 
deeply rooted agricultural works commonly done by Santal families surrounding Bolpur area - which 
ensure (at least most time of the year) access to rice and means some sort of food security to Santal 
families, mitigating wasting prevalence amongst Santal children a bit. Hence, while most rural fami-
lies in Birbhum district face imperfect hygiene and health conditions, Santal families at least access 
rice most of the days, leading to less (but still far too many!) wasted children in Santal communities 
(compared to Birbhum's overall rural child wasting prevalence). Consequently, rather than acute 
food insecurity, the more pressing issue amongst Santal families appears to be missing diversity in 
daily meals (where rice and some potato forms the major part of a dish) which was found to contrib-
ute to higher stunting prevalence (amongst children under five years in Ethiopia) - while food insecu-
rity with missing access to food correlated with wasting prevalence (Motbainor et al., 2015). 

Still then, 19 percent of Santal children aged 6-39 months being found wasted is indeed an alarming 
result - especially because an increased risk of infections and finally child death goes along with it and 
keeping in mind that - in absence of acute food shortage - normally 5 percent of wasted children are 
not exceeded (WHO - Child Growth Indicators, 2018). Contrary to stunting prevalence - age was not 

(n=305) (n=142) (n=163) 

Santal children have lower 
likelihood of being wasted 
than all children living in 

rural Birbhum: 
19 percent are wasted. 

 
Still, wasting prevalence is 
critical with > 15 percent. 

Girls and boys are equally 
affected by wasting 

(p=0.739 );  
moderate wasting is most 

prevalent. 
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found to be associated with wasting prevalence (Fisher's Exact Test, p>0.05). Looking at the age-wise 
wasting distribution amongst study children at baseline examination in February 2015, it becomes 
obvious that wasting peaks in the first year of life (where 28 percent of children were found wasted) 
and drops thereafter in the second year (with 14 percent of children found affected). Afterwards in 
the third and fourth year of life the situation worsened again with 20 percent of children detected as 
wasted ((1) Baseline Medical Checkup, personal communication, February 2015).  

Table 22   Role of age in wasting prevalence amongst Santal children at Birbhum, crosstab 

Wasting development  
according age group 
 

6-11 months 
(n = 54) 

12-23 months 
(n = 108) 

24-35 months 
(n = 123) 

36 months/older 
(n = 20) 

 

wasting prevalence 
  

27.8 percent 
(peak; n =15) 

13.9 percent 
(lowest; n =15) 

19.5 percent 
(n =24) 

20.0 percent 
(n =4) 

   moderate wasting 
   (-3SD to -2.001SD) 

24.1 percent 
(n =13) 

10.2 percent 
(n =11) 

17.1 percent 
(n =21) 

15.0 percent 
(n =3) 

   severe wasting 
   (<-3SD) 

3.7 percent  
(n =2) 

3.7 percent 
(n =4) 

2.4 percent 
(n =3) 

5.0 percent 
(n =1) 

   adequate wasting 
   (-2SD to 1.999SD) 

72.2 percent 
(n =39) 

85.2 percent 
(n =92) 

80.5 percent 
(n =99) 

80.0 percent 
(n =16) 

   bigger than usual 
   (>=2SD) 

Na 0.9 percent 
(n =1) 

Na Na 

Age is not associated with wasting: Fisher's Exact Test, p=0.360 

Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

Why is that so? An explanation may be that 61 percent of Santal children (n=297) receive their first 
complementary food too late, when they are 7 months and older (Baseline Survey, personal commu-
nication, 2015). While WHO recommends to start CF of infants when the child has reached six 
months (CF, 2020). Further, the majority of children enjoying timely initiation of feeding does not 
receive the right quality of food, where plain rice and biscuits are commonly provided besides family 
food (which largely consists of CHO rich foods, see chapter 4 for more details). Moreover, mothers 
are so busy with cooking, cleaning house and cloths and other daily duties that child care is felt to be 
of main importance by a mere 20 percent of mothers (n=269) - thus feeding infants and encouraging 
them actively to eat is not a very common habit. Altogether, the vast majority of Santal children be-
low one year misses adequate nutrient dense complementary foods after six months of exclusive 
breastfeeding (what is - luckily - indeed a common habit amongst Santals) - with mothers sensitive 
and free to give the time needed to encourage first eating trials, which are (all-over the world) 
known to be a challenging experience for infants. 

After reaching one year of age most children have learned to take some food from a plate with their 
own hands, teeth have grown to bite off those foods and chewing them (at least a bit), what makes 
them more interested and independent in joining family meals. This might be an explanation why 
Santal children catch up some weight in their second year of life and wasting prevalence lowers to 14 
percent - compared to 28 percent in the first year of life (6-12 months). Afterwards, when children 
grow older, wasting prevalence rises again with 20 percent each in the third and fourth year of life 
(Baseline Medical Check-up, personal communication, February 2015a). Probably, offered family 
foods are then more insufficient to meet nutrient needs of the growing child and adequate weight 
gain as compared to height growth is more difficult to achieve for those children. 
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3.6.3 Joining up stunting and wasting data 

Interestingly, Santal children show lowest (but still far too high) wasting levels in the second year of 
life, while WHO reports a peak in wasting prevalence in this critical period of time (WHO - Child 
Growth Indicators, 2018). Joining up gathered wasting as well as stunting data, it appears that in the 
first year of life Santal children show fairly adequate length gains (with lowest stunting levels, but 
highest wasting prevalence - as the body is busy to grow in length and fails to gain weight sufficiently 
in the same time as CF is inadequate). Then in the second year of life length growth lowers (therefore 
stunting prevalence increases) what gives the body the chance to catch up some weight (here we see 
the lowest wasting prevalence with 13 percent). It is exactly in the second and third year that we find 
a peak in severe stunting - this might be due to metabolism adaption difficulties in a period of ur-
gently needed weight gain to overcome wasting, an acute form of undernutrition, and lacking nutri-
ents to promote at least some length growth in the same time). Slowly, in the third and fourth year 
of life, bodies of Santal children seem to adjust to a reduced length growth (with continuously rising 
levels of moderate stunting), but therewith achieves at least a "medium" wasting prevalence - with 
20 percent of children being affected - compared to 28 initially. Hence, child metabolism processes 
seem to adjust to the imperfect food offerings - resulting in a mild reduction of wasting prevalence 
(20 percent in the third and fourth year as compared to 28 percent in the first year of life) at the cost 
of ever rising stunting prevalence (initially in the first year of life 28 percent of children and later in 
the fourth year already 70 percent of children are stunted). These considerations are first thoughts to 
see development of wasting and stunting more interrelated and surely needs further elaboration. 
Interestingly, the Wasting-Stunting Technical Interest Group published a report via the Emergency 
Nutrition Network (ENN) and claims that wasting and stunting share common risk factors and need 
to be seen more interrelated (Wasting-Stunting Technical Interest Group, 2018).  

3.6.4 Underweight children in the Santal villages of Birbhum 

Nearly half of all Santal children (49 percent, n=306) are underweight, an alarming number knowing 
that WHO grades an underweight prevalence of 30 percent and above as very high ((1) Baseline 
Medical Checkup, personal communication, February 2015; WHO - Child Undernutrition Significance 
Levels, 2010, p. 2). Girls and boys are equally affected by underweight (p>0.05, Pearson Chi-Square). 
As true for other anthropometric indicators, recent years did not bring about a significant change - 
while 43 percent of Birbhum's under-five children were found underweight in 2015-16, 42 percent 
have been found affected as per the latest NFHS (NFHS 5, district Fact Sheet, 2020). 
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Graph 53  Underweight prevalence amongst Santal children residing at Birbhum district, West Bengal 

 

 

 

 

 

 

 

 

 

Sources: (1) Baseline Medical Checkup, personal communication, February 2015; NFHS 4, District Fact Sheet, 2016, p. 3; 
WHO - Child Undernutrition Significance Levels, 2010, p. 2. 

Just as for age-wise wasting prevalence development, underweight children are frequently found in 
the first year of life with 46 percent being affected. In the second year of life some weight gain is 
achieved, mitigating undernutrition prevalence mildly (with 44 percent of children aged 12-23 
months being underweight). Afterwards, in the third and fourth year of life a clear increase of un-
derweight children can be noticed with 53 and 60 percent of children being affected, respectively. 
The underweight indicator reflects weight in relation to age and combines therewith both, wasting 
and stunting indicators; the rising stunting prevalence in the third and fourth year of life is indeed 
reflected in these numbers. Hence underweight well reflects the information conveyed by both, 
wasting and stunting indicators and appears as useful means to monitor child growth with manage-
able efforts (where knowing age and taking weight of a child is sufficient - and length/height is not 
needed to know - the most difficult information to take when working with children of this age 
group). Age of children is not associated with underweight prevalence (p>0.05). 
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Table 23   Role of age in underweight prevalence amongst Santal children at Birbhum, crosstab 

Underweight develop-
ment according  
age group 
 

6-11 months 
(n = 54) 

12-23 months 
(n = 108) 

24-35 months 
(n = 124) 

36 months/older 
(n = 20) 

 

underweight prevalence 
  

46.3 percent 
(n =25) 

44.4 percent 
(lowest; n =48) 

53.2 percent 
(peak plateau; n =66) 

60.0 percent 
(peak plateau; n =12) 

   moderate underweight 
   (-3SD to -2.001SD) 

38.9 percent 
(n =21) 

34.3 percent 
(n =37) 

35.5 percent 
(n =44) 

40.0 percent 
(n =8) 

   severe underweight 
   (<-3SD) 

7.4 percent  
(n =4) 

10.2 percent 
(n =11) 

17.7 percent 
(n =22) 

20.0 percent 
(n =4) 

   adequate underweight 
   (-2SD to 1.999SD) 

53.7 percent 
(n =29) 

55.6 percent 
(n =60) 

46.8 percent 
(n =58) 

40.0 percent 
(n =8) 

   bigger than usual 
   (>=2SD) 

Na Na Na Na 

Age and underweight prevalence are not associated: Fisher's Exact Test, p=0.367 

Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

Governmental pre-school centres (known as Anganwadi Centres - "AWCs") use the underweight indi-
cator to follow up children's development.  

Picture 5   Underweight as useful indicator to monitor child development in AWCs in rural Birbhum 

     
Source: Own project pictures, Shining Eyes e.V. (2013/2014).  

While it may fall short in detecting a bigger-grown Santal child as well-developed (as children's height 
is not considered), it is known to reflect mortality risk of children fairly well where even mildly un-
derweight children show elevated risk levels (WHO - child undernutrition significance levels, 2010). As 
seen above, underweight does indeed reflect both points characteristic for Santal children: (1) mildly 
mitigated wasting in the second year of life (compared to the first) and (2) elevated stunting in the 
third and fourth year of life - and appears therefore (overall) as suitable indicator to monitor Adivasi 
Santal children, who appear particularly vulnerable having seen the enormous extent of child malnu-
trition prevailing amongst them. Besides growth monitoring, AWCs offer child pre-school education 
as well as cooked meals six days a week, which form fixed part of Santal children's daily diet. 

3.6.5 CIAF - share of children with anthropometric failure 

To complete the picture, CIAF indicator aggregates stunting, wasting and underweight indicators and 
tells us if a child suffers from any form of undernutrition or not. Further it demonstrates observed 
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combinations of undernutrition indicators. Overall, 62 percent of surveyed Santal children (n=307) 
suffered from an anthropometric failure. 

Graph 54   CIAF - aggregate indicator telling if a child suffers from any anthropometric failure or not 

 

 
Source: Aggregate data analysis done by Caroline Stiller, doctoral student, based on: (1) Baseline Medical Checkup, per-
sonal communication, February 2015. 

12 percent of children (n=306) suffer from stunting alone, while being only underweight (3 percent) 
and being only wasted (less than 1 percent) is less often observed. Altogether, combinations of an-
thropometric failure are more common, where 28 percent of Santal children are stunted and under-
weight, 12 percent are stunted, underweight and additionally wasted and 6 percent were found 
wasted and underweight. Overall, stunting was the most frequently detected anthropometric disor-
der with 52 percent of children affected (n=305), followed by underweight (49 percent, n=306) and 
wasting (19 percent, n=305). Just about a good third of Santal children (38 percent, n=307) are free 
from anthropometric failure, while cases of overweight/obesity basically cannot be found amongst 
Santal children aged 6-39 months in Birbhum (in the total sample one child of six months was catego-
rized >2SD with regard to stunting and another child of 13 months with regard to wasting). 

(n=307) 

(n=307) 

(n=306) 
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3.6.6 Mid-upper arm circumference (MUAC) of Santal children in rural Birbhum 

Traditional MUAC analysis uses cut-offs to determine adequate nutrition status as well as moderate 
and severe forms of acute undernutrition in children aged 6-60 months. The easy-to-implement ap-
proach measures children's left mid-upper arm in relaxed position: 12.5cm and more are graded 
adequate, 11.5 to 12.4cm as moderate acute undernutrition and a MUAC of less than 11.5cm as se-
vere undernutrition. A major drawback of this approach is negligence of children's age and gender 
(where mean MUAC rises with age and male arms are likely to be wider). To address this issue, WHO 
released age and gender sensitive MUAC z-scores (Arm Circumference-for-Age, 2020). The graph 
below shows both MUAC analysis approaches and compares the findings with gathered wasting data 
(as wasting just as MUAC measurement is meant to detect acute undernutrition in children). 

Graph 55   MUAC results (traditional and z-scores) - compared to wasting data (gender focus) 

 
Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

Both MUAC analysis approaches detected less acutely undernourished children than the wasting 
approach did (with a more sound result in case of the age and gender sensitive z-score MUAC analy-
sis): While wasting data suggests that 19 percent of Santal children aged 6-39 months are acutely 
undernourished, traditional z-score finds a mere 10 percent of children to be affected, while z-score 
MUAC analysis finds 15 percent of children to be affected ((1) Baseline Medical Checkup, personal 
communication, February 2015). Hence, traditional MUAC screening may fail to notice all acutely 
undernourished children in this rural setting of Santal Adivasi children at Birbhum district. Efforts to 
undertake the newly introduced MUAC z-score analysis seem worth to go for - while measuring 
weight and height/lengths of children is likely to deliver most appropriate results (especially if wast-
ing status is used as inclusion criteria to nutrition interventions). Interestingly, MUAC z-score analysis 
detects fewer girls than boys being acutely undernourished - opposite to both traditional MUAC and 
wasting data - probably a consequence of incorporating gender specifications in MUAC z-score data. 
Differences in detecting severely undernourished children with regard to gender are all non-
significant (p>0.05, Fisher's Exact Test, with pWHZ=0.739, pz-score MUAC=0.893 and ptraditional MUAC=0.148). 
Even though not significant, traditional MUAC analysis shows a tendency to detect less boys and 
more girls to be moderately undernourished - this is despite wasting was found not to be associated 
with children's sex (p=0.739, Fisher's Exact Test). Hence, MUAC z-score analysis appears to be the 

(n=305) (n=307) (n=307) (n=143) (n=164) (n=164) (n=163) 

MUAC analysis detects 
less acutely underour-
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better approach to screen for acutely undernourished girls and boys if taking weight and 
length/height is not feasible. 

Children suffering from severe acute undernutrition (MUAC <11.5cm or MUAC/wasting z-score <-
3SD) should be hospitalized if there are medical complications or if the child lacks appetite (WHO 
Child Growth Standards and the Identification of Severe Acute Malnutrition in Infants and Children, 
2009). Following wasting standards more than double of Santal children (3.3 percent, n=305, com-
pared to 1.3 percent, n=307) need to be considered for hospitalization - again, MUAC z-scores show a 
result in between the two (with 2.6 percent of children found with a SD of <-3SD, n=307). As severe 
acute undernutrition is known to correlate clearly with child mortality (WHO Child Growth Standards 
and the Identification of Severe Acute Malnutrition in Infants and Children, 2009, p. 4), application of 
wasting data appears superior to MUAC screenings in order to minimize occurrence of child death 
amongst these Santal Adivasi children at Birbhum district and is the best available screening option.  

Graph 56   MUAC results (traditional and z-scores) - compared to wasting data (severity focus) 

 
Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

Eventually, MUAC z-scores appear clearly superior to traditional MUAC analysis, while application of 
wasting data (if possible to collect weight and height/length data) may be the best option to go for.   

3.7 Mothers' anthropometric data 

As has been seen while analyzing mothers' haemoglobin data with respect to children's anaemia 
status, there is indeed a (non-significant) interrelation between the two, where (1) all children of 
severely anaemic mothers suffered from some sort of anaemia too and where (2) non-anaemic 
mothers showed the lowest (still alarmingly high!) share of anaemic children - for details see chapter 
3.5.3 ((1) Baseline Medical Checkup, personal communication, February 2015). The question laid on 
the table in this subchapter is whether mothers' body mass index (BMI) is related with children's CIAF 
(aggregate undernutrition indicator)? Afterwards, light shall be shed on the question whether BMI 
and MUAC are equally capable to identify undernourished Santal mothers?  
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3.7.1 Mothers' BMI and association with children's nutrition status 

The body mass index (BMI) is said to capture well underweight in adults. It is the same for women 
and men alike and irrespective of an adult`s age (WHO malnutrition in women, 2020). The BMI is 
calculated by dividing an adult's weight in kilogram by her/his squared height in meters. A BMI of less 
than 18.5 indicates underweight; while a BMI of 16 to 16.9 signifies moderate underweight, a BMI of 
less than 16 is defined to capture severe thinness or rather severe undernutrition. 

Overall, 50 percent of Santal mothers (n=293) were found underweight at baseline medical check-up 
- 17 percent more than all rural women residing at Birbhum district ((1) Baseline Medical Checkup, 
personal communication, February 2015; NFHS 4, district Fact Sheet, 2016, p. 4). While 34 percent of 
mothers showed mild thinness, 10 percent were graded as moderately thin and 5 percent as severely 
thin. Overweight does not play a role amongst Santal mothers with merely 2 mothers affected. 

Graph 57   Santal mothers' BMI compared to all rural women at Birbhum district 

  
Source: Own primary data - baseline medical check-up, personal communication, February 2015; National Family Health 
Survey 4, 2015-16, district Fact Sheet, Birbhum West Bengal, 2016, p. 4. 

Maternal undernutrition amongst surveyed Santal communities at Birbhum district needs to be con-
sidered alarming according to WHO public health cut-offs, where an underweight  prevalence of 40 
percent and more is graded as very high or rather critical - while in healthy adult populations, a mere 
3 to 5 percent of adults shows a BMI of less than 18.5 (WHO Malnutrition in Women, 2020). While 
moderate thinness has been linked to increased health risks, severe thinness is judged as "valid ex-
treme limit" where affected adults are at risk to become lethargic with related poor physical per-
formance and elevated risk of sickness and also death. Accordingly, severely thin mothers are likely 
to feel difficulty to earn an income for the family as well as to care for their children. 

Likewise, severe thin mothers show biggest likelihood of having a child with at least one anthropom-
etric failure (87 percent, n=15), while mothers with adequate BMI show lowest likelihood of having 
an undernourished child (55 percent, n=146). This difference is most remarkable when it comes to 
wasting, where 9 percent of children of mothers with adequate BMI but 53 percent of children of 
severe thin mothers find themselves wasted ((1) Baseline Medical Checkup, personal communication, 

(n=293) 

(n=293) 
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February 2015). Fisher's Exact Test revealed following associations between mother's BMI status and 
undernutrition status (any stunting, any underweight, any wasting, CIAF) of her youngest child: 

1. regarding stunting: no association could be found considering BMI status of mothers and oc-
currence of any stunting of her youngest child (p>0.05). 

2. regarding underweight: mothers with adequate BMI show lesser likelihood of having an un-
derweight child (p=0.001) - with 54 underweight children amongst mothers with adequate 
BMI compared to 70.3 expected cases. 

3. regarding wasting: mothers with adequate BMI have less often than expected a wasted child 
(with 13 rather than 26.3 expected cases; p<0.001); the picture turn already for mildly thin 
mothers (15 wasted children compared to 18.2 expected cases) and aggravates when it 
comes to severe thin mothers (with 8 rather than 2.7 wasted children).  

4. regarding CIAF (total anthropometric failure):  finally, mothers with adequate BMI have less 
often than expected a child with moderate or severe stunting, underweight or wasting (80 
rather than 88.2 cases), while mothers suffering from severe thinness have more often an 
undernourished child (with 13 rather than 9.1 expected cases; p<0.05). 

Table 24   Associations between mother's BMI and nutrition status of her youngest child, p-values 

Children's 
nutrition status  
 

Mothers with 
adequate BMI 

(n = 146) 

Mildly thin 
mothers 
(n = 100) 

Moderately thin  
mothers 
(n = 30) 

Severely thin 
mothers 

(n =15) 

 BMI 18.5-24.9 BMI 17-18.4 BMI 16-16.9 BMI <16 

child shows stunting 
   (any stunting) 

46.9 percent 
   (n =68) 

55.0 percent 
   (n =55) 

53.3 percent 
   (n =16) 

60.0 percent 
   (n =9) 

Any stunting is NOT associated with mother's BMI: Fisher's Exact Test: p=0.419 
child is underweight 
   (any underweight) 

37.0 percent 
   (n =54) 

58.0 percent 
   (n =58) 

60.0 percent 
   (n =18) 

73.3 percent 
   (n =11) 

Any underweight is associated with mother's BMI: Fisher's Exact Test: p=0.001 
child shows wasting 
   (any wasting) 

9.0 percent 
   (n =13) 

25.0 percent 
   (n =25) 

23.3 percent 
   (n =7) 

53.3 percent 
   (n =8) 

Any wasting is associated with mother's BMI: Fisher's Exact Test: p=0.000 
CIAF - aggregate  
   (child shows at least one  
   anthropometric failure) 

54.8 percent 
   (n=80) 

65.0 percent 
   (n=65) 

63.3 percent 
   (n=19) 

86.8 percent 
   (n=13) 

CIAF is associated with mother's BMI: Fisher's Exact Test: p=0.031 

Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

Interestingly, slightly more mildly thin mothers (BMI ranging from 17-18.4) than moderately thin 
mothers (BMI ranging from 16-16.9) have stunted as well as wasted children (one would have ex-
pected it the other way around); it appears that nutritional status of children with mildly and moder-
ately thin mothers is fairly close, while children's nutrition status worsens remarkably once a mother 
becomes severely thin. On the other hand, children's nutrition status clearly improves in case that 
mothers reach adequate BMIs - with an emphasis on the noticeable reduced wasting level. Still it 
needs to be stressed at this point that even for mothers with adequate BMIs nutritional status of 
surveyed Santal children is indeed worrying with very high stunting and underweight prevalence and 
a poor (nearly serious) wasting prevalence according WHO cut-offs (WHO - Child Undernutrition Sig-
nificance Levels, 2010, p. 2). Probably a consequence of combined unfavourable conditions (as exten-
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sively described in chapters 2 and 3 before). Yet, an improved maternal nutrition status does relate 
with better nourished children, as baseline data could show - and is therefore very worth striving for. 

3.7.2 Mothers' MUAC - capable to identify well undernourished Santal mothers?  

The measurement of mothers' left mid-upper arm circumference (in relaxed position) serves as 
screening tool to identify acute undernutrition. MUAC measurement amongst adults is often used to 
admit undernourished adults to feeding interventions; there is no international consensus on the 
cut-off points to be applied (Food and Nutrition Technical Assistance III & Project (FANTA), 2018; 
Holland et al., 2011). Yet, a MUAC of 23cm and less has been shown to correlate with a BMI of <18.5 
in various studies (Kumar et al., 2018; Tang et al., 2013). The cut-off values used in this study are set 
at 23 to 31.9cm to indicate adequate nutritional status of mothers, at 21-22.9cm to indicate moder-
ately undernourished mothers, at 18.5-20.9cm to indicate severely malnourished mothers with a 
MUAC of less than 18.5cm graded as very severe form of acute undernutrition.  

While in children, the MUAC indicator identified less acutely undernourished children than the wast-
ing indicator (considering weight and height of children), the MUAC indicator in mothers identified 
more undernourished individuals compared to BMI findings (similarly considering weight and height 
of mothers). According to MUAC measurements, 60 percent of surveyed Santal mothers (n=293) 
were graded as undernourished (with a MUAC of less than 23cm) compared to 49 percent of moth-
ers graded as undernourished according to BMI (with BMIs less than 18.5, n=293).  

Graph 58   MUAC's capacity to screen for undernourished Santal mothers (compared to BMI) 

 

 
Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

The difference observed can mainly be attributed to the fact that MUAC finds more severely and very 
severely undernourished mothers (18 percent, n=293) compared to BMI (5 percent, n=293). Num-
bers of moderately and mildly undernourished mothers were closer with 42 percent of mothers be-
ing affected according to MUAC and 44 percent being affected according to BMI measurements. Pos-
sibly, showing low arm circumferences is a typical characteristic of Santal mothers - and using MUAC 
as admission criteria for hospitalization (where severely undernourished mothers with MUAC less 
than 21cm are admitted for supplement food) would not serve its purpose. During field study imple-
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mentation it appeared that many mothers with a MUAC of less than 21cm were active and well ca-
pable to work and care for the children. Thus, a lowered severity cut-off for Santal mothers' MUAC 
may well be discussed with mid-upper arm circumferences of 20cm and less probably being useful.  

Graph 59   Santal-sensitive MUAC with lowered severity cut-off (20 instead of 21cm) 

 
Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

If redefining MUAC severity cut-off from 21 to 20cm, the share of severely undernourished mothers 
is fairly similar in case of BMI and the newly resulting "Santal-sensitive" MUAC with 5.1 and 4.8 per-
cent, respectively (n=293 each). This number may be more realistic and may be further discussed to 
be used as severity criterion amongst Santal Adivasi mothers. Otherwise, BMI data may better serve 
its purpose of identifying severely undernourished mothers in Santal communities (who are in need 
of supplement food and perhaps also medical treatment as per doctor's investigation).  

Graph 60  Relationsship of mothers' BMI and MUAC (scatter diagram) 

 

(n=293) (n=293) (n=293) 

The level of severe maternal undernutri-
tion is adjusted to BMI levels in case of 
the suggested Santal-sensitive MUAC. 

Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

(n=293) 
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BMI <16 and MUAC <20cm are indeed associated (p<0.001, Fisher's Exact Test, n=293). The scatter 
diagram above shows the relationship of mother's BMI and MUAC. 

3.8 Medical aspects: Morbidity and micronutrient deficiencies  

Undernutrition is a wide-spread phenomenon amongst surveyed Santal communities with 52 percent 
of children aged 6-39 months found stunted (n=305) , 49 percent (n=306) found underweight, and 19 
percent (n=305) found wasted ((1) Baseline Medical Checkup, personal communication, February 
2015). Especially children with multiple anthropometric failures (62 percent of surveyed children, 
n=307, see CIAF aggregate indicator) have been found to be at risk of falling sick (NandyI et al., 2005). 
Therefore, the following section shall shed a light on the incidence of morbidity amongst surveyed 
Santal children and proof if nutritional status relates to their proneness to sickness. Thereafter, ob-
served micronutrient deficiencies in Santal children aged 6-39 months shall be presented. 

3.8.1 Morbidity: proneness to infections amongst Santal children 

During medical baseline check-up in February 2015 mothers were asked if their children had suffered 
from fever, cold and cough/running nose or diarrhoea within the last seven days? In this still cold 
winter season, respiratory infections were most commonly reported (63 percent of children, n=303 - 
(1) Baseline Medical Checkup, personal communication, February 2015). Further, fever was reported 
to have occurred in 24 percent of children (n=303) and diarrhoea in 17 percent of children (n=303). 
Overall, 13 percent of surveyed children (6-39 months, n=304) were finally referred to the "Shining 
Eyes" (implementing organization) hospital for further investigation or treatment. 

Graph 61   Morbidity amongst Santal children - respiratory disease, fever and diarrhoea 

 
Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

Nandy et al. (2005, p. 212 ff.) found that Indian children aged zero to three years with combined an-
thropometric failures showed increased risk to suffer from diarrhoea as well as from respiratory dis-
eases (no information regarding fever was given in the study). This finding is totally in line with the 
general view that CIAF aggregate indicator better displays morbidity risk in children than known sin-
gle-dimensioned indicators (namely stunting, underweight and wasting). 
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No significant association could be shown between the occurrence of (1) respiratory disease, (2) diar-
rhoea and (3) fever and any form of multiple anthropometric failure (p>0.05, see table below). 

Table 25   Child morbidity in relation with combined undernutrition (CIAF), p-values 

   Children's 
   nutrition status  
 

Last 7 days prior to interrogation, child suffered from... 

(1) ... respiratory  
disease 

(2) ...diarrhoea 
 

(3) ...fever 
 

all children 
   (n=303) 

63.0 percent 
(n=191) 

17.2 percent 
   (n=52) 

24.1 percent 
   (n=73) 

stunting & underweight (E) 
   (n=82) 

67.1 percent 
   (n=55) 
p=0.361 

19.5 percent 
   (n=16) 
p=0.519 

26.8 percent 
   (n=22) 
p=0.510 

wasting & underweight (C) 
   (n=18 - small subsample!) 

72.2 percent 
   (n=13) 
p=0.399 

5.6 percent 
   (n=1) 
p=0.329 

5.6 percent 
   (n=1) 
p=0.084 

wasting, stunting, underweight (D) 
   (n=38) 

60.5 percent 
   (n=23) 
p=0.745 

18.4 percent 
   (n=7) 
p=0.834 

15.8 percent 
   (n=6) 
p=0.197 

Total anthropometric failure (CIAF: 
moderate or severe stunting, 
wasting or underweight) 
   (n=185) 

65.9 percent 
   (n=122) 
p=0.189 

15.1 percent 
   (n=28) 
p=0.241 

20.5 percent 
   (n=38) 
p=0.070 

Still, baseline data showed a slightly elevated morbidity risk for children suffering from stunting and 
underweight (group "E" in the CIAF scheme) and showed a different picture when wasting was in-
volved in combined undernutrition. Here, especially the incidence of fever is clearly reduced with 6 
percent of wasted and underweight children (group "C", n=18) or rather 16 percent of wasted, 
stunted and underweight children (group "D", n=38) reported to be affected as per mothers' view 
compared to an average of 24 percent (n=303). The data might be misleading as subsamples are 
rather small (especially in case of group C) and therefore of doubtable statistical relevance - yet, data 
might also imply a weakened activity of the immune system (resulting in a decreased fever incidence 
rate) and might therewith underline the unfavourable health situation of wasted Santal children.  

Analyzing single-dimensioned nutrition indicators (any stunting, any underweight and any wasting) 
with regard to the incidence of sicknesses within the last seven days from interrogation, one finds 
the same tendency as seen for combined undernutrition indicators: fevers are less often reported by 
mothers of wasted children compared to mean morbidity numbers - hence, while 24 percent of all 
surveyed children (n=303) suffered from fever within the last seven days before medical check-up at 
baseline in February 2015 and (n=303), a mere 12 percent of wasted children (n=58) had suffered 
from fever (p<0.05). Other proofed associations remained non-significant. 

Table 26   Child morbidity in relation with single-dimensioned undernutrition indicators, p-values 

   Children's 
   nutrition status  
 

Last 7 days prior to interrogation, child suffered from... 

(1) ... respiratory  
disease 

(2) ...diarrhoea 
 

(3) ...fever 
 

all children 
   (n=303) 

63.0 percent 
(n=191) 

17.2 percent 
   (n=52) 

24.1 percent 
   (n=73) 

any stunting 
   (n=155) 

66.5 percent 
   (n=103) 
p=0.191 

16.8 percent 
   (n=26) 
p=0.834 

22.6 percent 
   (n=35) 
p=0.507 

Source: (1) Baseline Medical Checkup, personal communication, February 2015. 
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any underweight 
   (n=148) 

65.5 percent 
   (n=97) 
p=0.378 

16.9 percent 
   (n=25) 
p=0.903 

20.9 percent 
   (n=31) 
p=0.211 

any wasting 
   (n=58) 

62.1 percent 
   (n=36) 
p=0.882 

13.8 percent 
   (n=8) 
p=0.442 

12.1 percent 
   (n=7) 
p=0.017 

Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

Very interestingly, children without anthropometric failure (group "A" in the CIAF scheme) showed 
an elevated case load of fevers with 30 percent of children reported by mothers of having had ex-
perienced a fever within the last seven days prior to baseline medical check-up (n=118) compared to 
24 percent of all surveyed children. Likewise, the incidence of diarrhoea was elevated (with 20 per-
cent of children affected compared to a mean of all surveyed children of 17 percent). Merely respira-
tory diseases were less often reported in children free from anthropometric failure - where 59 per-
cent of wasted children (n=118) compared to 63 percent of all surveyed children (n=303) were re-
ported to be affected by mothers. All observed associations remained, however, non-significant. 

Table 27   Morbidity risk of children without anthropometric failure, p-values 

   Children's 
   nutrition status  
 

Last 7 days prior to interrogation, child suffered from... 

(1) ... respiratory  
disease 

(2) ...diarrhoea 
 

(3) ...fever 
 

all children 
   (n=303) 

63.0 percent 
(n=191) 

17.2 percent 
   (n=52) 

24.1 percent 
   (n=73) 

children without anthropometric 
failure (A)      (n=118) 

58.5 percent  
   (n=69) 
p=0.189 

20.3 percent 
   (n=24) 
p=0.241 

29.7 percent  
   (n=35) 
p=0.070 

Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

Finally, the hypothesis may be derived that wasting in Santal children aged 6-39 months reduces 
their immune activity noticeable (with lesser fevers happening) and overcoming of nutritional defi-
ciencies might (in the first place) even increase the case load of fevers as a sign of regained strength. 

When speaking about these children free from anthropometric failure, one needs to keep in mind 
that nearly all of them remain below the median level defined by WHO child growth standards, with: 

 a mean stunting z-score of -1.0, 
 a mean underweight z-score of -1.1, and 
 a mean wasting z-score of -0.8. 

Therewith, these children "free from anthropometric failure" (excluding z-scores of -2 and less) are 
indeed still vulnerable. If falling sick, they may lapse back into lower z-score categories any time - as 
periods of sickness often go along with reduced appetite, lost weight and finally retarded growth. 

3.8.2 Micronutrient deficiencies: visible micronutrient disorders 

Besides anaemia, discussed above, there are other micronutrient deficiencies too, critical to the de-
velopment of infants and young children. The paediatrician (and initiator of the Shining Eyes devel-
opment project, Dr. med. Monika Golembiewski - primary implementing partner of this research) 
investigating study children at baseline therefore screened all children for visible signs of vitamin A 
lack (detectable mainly through eye changes), vitamin B lack (seen mainly through skin alterations) 
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and demineralised teeth. Conduction of lab analyses in order to determine exact Vitamin A (retinol) 
or iodine levels, for instance, was not within the scope of this study - and may be subject to further 
research. The findings of the doctor's investigation at baseline in February 2015 shall be presented in 
the following and may serve as insight to plan further research, drawing a first rough sketch on mi-
cronutrient deficiencies amongst Santal infants aged 6-39 months in rural Birbhum. 

(1) Visible vitamin A deficiency - A lack of vitamin A is known to make the cornea dry, finally damag-
ing cornea and retina and leading to blindness with highly elevated risk to die - where about half of 
children falling blind due to a lack of vitamin A die within twelve months (WHO - Child Undernutrition 
Significance Levels, 2010). Night blindness is a typical sign of vitamin A deficiency, where affected 
persons find it difficult to see in low light. Moreover, Bitot spots seen in the eye indicate a lack of 
vitamin A - more severe forms of Vitamin A deficiency are ulceration and necrosis of the cornea, re-
spectively. While none of the surveyed children (n=303) was found night blind and only one (n=273) 
showed a Bitot spot, 40 percent (n=275) had some form of dry eye with minor alteration of the cor-
nea ((1) Baseline Medical Checkup, personal communication, February 2015). With respect to moth-
ers of the surveyed children, dry eyes were less often found with 24 percent (n=298) affected. How-
ever, 4 percent were found night blind and 8 percent had developed a Bitot spot. 

Graph 62   Visible vitamin A deficiencies amongst Santal children and their mothers 

 
Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

(2) Visible vitamin B deficiencies - A lack of Niacin (vitamin B3) is known to cause alterations of the 
skin, which becomes rough in the first place and may further become pigmented, burning and itching 
with later on elevated and blistered portions (Biesalski, 2016). These alterations develop through 
light exposure and are known as "Pellagra". A lack of vitamin B (B2, B6, B7 and B12) is further associ-
ated with the development of perlèche, where cracks in the corners of the mouth appear. Further, an 
insufficient folic acid intake (vitamin B9) causes dermatitis with eczema developing in the skin. More 
details on the consequences of the various vitamin B deficiencies can be found in chapter 6.1.1 "nu-
trients relevant to achieve adequate growth and overcome anaemia" (part of the methodology sec-
tion of the conducted cost-effectiveness analysis of locally available foods at Birbhum district). While 
3 percent of surveyed children (n=303) showed cracks in the corners of the mouth (perlèche), 1 per-

(n=275) 
(n=273) (n=303) 

(n=298) (n=298) (n=298) 
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cent (n=300) showed alterations of the skin. Mothers of the children were more often affected by 
skin alterations (26 percent, n=298), while merely 1 percent of suffered from perlèche. 

Graph 63   Visible vitamin B deficiencies amongst Santal children and their mothers 

 
Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

 (3) Caries found in children and mothers - Besides imperfect hygiene conditions (traditionally, 
branches are used as tooth brushes in Santal communities), a diet missing micronutrients favours the 
development of caries. 10 percent of Santal children (n=303) aged 3-39 months showed at least one 
tooth affected by caries and 13 percent of mothers (n=298) were identified to suffer from caries.  

3.8.3 Are micronutrient deficiencies linked to undernutrition status? 

Most frequently, Santal children aged 6-39 months residing in rural Birbhum were found with anae-
mia (94 percent, n=307, caused through a lack of iron amongst other factors - for further information 
on the development and various roots of anaemia please refer to chapter 6.1.1) and dry or rather 
wavy eyes (40 percent, n=275 - assessed as sign of vitamin A lack). Caries (10 percent, n=303 - sign of 
demineralization) and perlèche (3 percent, n=303 - sign of vitamin B lack) were far less common. 
While skin alterations, amounted to just one percent (n=300) and Bitot spots fell even below 1 per-
cent (n=273). Night blindness was not reported at all in surveyed children (n= 303). 

Are these micronutrient deficiencies associated with the nutritional status of studied children or do 
they occur irrespective of nutritional status across the surveyed children? The following findings 
could be made: 

1. Anaemia: Children with no anthropometric failure (CIAF indicator) showed lesser likelihood 
to develop severe anaemia compared to children with at least one anthropometric failure. 
Merely 1 (rather than 5.4 expected cases) child free from anthropometric failure was found 
with severe anaemia at baseline assessment in February 2015, while 13 children (rather than 
8.6 expected cases) were found severely anaemic in the group of children with at least one 
anthropometric failure (Pearson Chi-Square, p<0.05). 

2. Dry eyes: No association could be found between the occurrence of dry eyes and children's 
anthropometric status (p>0.05, Pearson Chi-Square): Observed and expected case numbers 
matched, indeed, quite perfectly with 69 children with anthropometric failure suffering from 

(n=298) (n=298) (n=300) (n=303) 
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dry eyes compared to 67.2 expected cases. Hence, dry eyes (hinting to a lack of vitamin A) 
affect children with as well as children without anthropometric failure, likewise. Accordingly, 
even well-nourished Santal children are likely to eat and absorb too little vitamin A. 

3. Caries: Again, no statistical association was found between the occurrence of caries and 
children's nutritional status (p>0.05, Pearson Chi-Square). 17 children with at least one an-
thropometric failure were found with carried (compared to 17.7 expected cases, n=185), 
while 12 children free from anthropometric failure suffered from caries (compared to 11.3 
expected cases, n=118). As true for vitamin A, also minerals as calcium appear to be insuffi-
ciently consumed or rather absorbed by Santal children - well nourished as well as under-
nourished. 

4. Perlèche: No significant association between the occurrence of perlèche and children's nutri-
tional status could be found (p>0.05, Fisher's Exact Test). Hence, also vitamin B in-
take/absorption is insufficient in Santal children of adequate as well as inadequate nutri-
tional status. Still, the incidence of visible perlèche was limited in the studies population with 
only 3 percent of children (n=303) affected (while 26 percent of mothers, n=289) showed al-
terations in the skin, hinting on insufficient intake/absorption of vitamin B). 

Table 28   Most frequently found micronutrient deficiencies related to children's undernutrition status 

   Children's 
   nutrition status  
 

Child suffers from... 

severe anaemia 
(Hb<7.0 g/dl) 

dry eyes caries 
 

perlèche 

children without an-
thropometric failure (A)  

0.3 percent 
   (n=1/118) 

38.3 percent  
   (n=41/107) 

10.2 percent 
   (n=12/118) 

4.2 percent 
   (n=5/118) 

all children 
   (n=307) 
 

4.6 percent 
   (n=14) 

40.0 percent 
   (n=110 /275) 

9.6 percent 
   (n=29/303) 

3.3 percent 
   (n=10/303) 

children with at least 1 
anthropometric failure  

8.6 percent 
   (n=13/189) 

41.1 percent 
   (n=69/168) 

9.2 percent 
   (n=17/185) 

2.7 percent 
   (n=5/185) 

 p=0.014 p=0.650 p=0.777 p=0.519 

Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

Finally, only severe anaemia is associated with children's nutritional status, meaning that children 
with anthropometric failure suffer more often from severe anaemia compared to those free from 
anthropometric failure. Other forms of anaemia (moderate and mild anaemia) as well as the share of 
non-anaemic children were equally spread amongst children with adequate and inadequate nutri-
tional status (p>0.05, Pearson Chi-Square). Hence, all Santal children (not only those diagnosed as 
undernourished) are indeed at risk to develop micronutrient deficiencies - be it because of insuffi-
cient intake of essential nutrients or rather because of ineffective absorption of consumed foods. 
Accordingly, all Santal children may benefit from consuming more nutrient dense foods and from an 
improved intestinal flora, able to absorb such foods and make nutrients available within the body. 

3.8.4 Paleness of finger nails as sign of anaemia?  

As anaemia was of primary interest of this study, also paleness of fingers (capillary refill) was docu-
mented by investigating doctors at baseline examination in February 2015, as it is said to indicate 
anaemia (individuals low in haemoglobin would show slower capillary refill with a tendency to have 
pale - rather than rose - fingernails). 24 percent of children (n=302) and 21 percent of mothers 
(n=297) were found with pale finger nails. Fairly obvious, these numbers do not reflect actual anae-
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mia prevalence (as proofed effectively through HemoCue blood testing), where 94 percent of chil-
dren (n=307) and 86 percent of mothers (n=283) were found anaemic.  

Still, detection of pale finger nails in children as well as in mothers is indeed associated with the oc-
currence of anaemia (p=0.001 for children and p<0.001 for mothers). In fact, the more anaemic a 
child or mother is, the more likely it is to detect him/her as anaemic by examining paleness of finger 
nails/capillary refill. The method is most capable to detect severely anaemic mothers (where 94 per-
cent had been identified correctly, n=18) and - to a lesser extent - severely anaemic children (where 
54 percent had been identified correctly, n=13). There was a false positive rate of 2 percent (n=41= in 
case of mothers and of 6 percent (n=18) in case of children - where individuals free from anaemia 
showed pale finger nails. About a quarter of moderately anaemic children and mothers could be 
identified via check of capillary refill, while about ten percent of mildly anaemic children and mothers 
could be found. Hence, capillary refill is indeed effective to find out severely anaemic Santal mothers, 
while it is insufficient to screen for anaemic children - where especially mild and moderate forms of 
anaemia largely remain unrecognized. The following table illustrates the findings.  

Table 29   Association between paleness of finger nails and anaemia status of children and mothers, p-values  

   Children's 
   anaemia status  
 

Share detected with 
pale finger nails 

Mothers'  
anaemia status 
 

Share detected with 
pale finger nails 

 
non-anaemic 
   (Hb 11g/dl and above) 

5.8 percent 
(n=1/18) 

non-anaemic 
   (Hb 12g/dl and above) 

2.4 percent 
   (n=1/41) 

mildly anaemic 
   (Hb 10.0-10.9 g/dl) 

11.3percent 
   (n=7/62) 

mildly anaemic 
   (Hb 11-11.9g/dl) 

9.3 percent 
   (n=7/75) 

moderately anaemic 
   (Hb 7.0-9.9g/dl) 

27.3 percent 
   (n=57/209) 

moderately anaemic 
   (Hb 8-10.9g/dl) 

23.1 percent 
   (n=36/156) 

severely anaemic 
   (Hb <7g/dl) 

53.8 percent 
   (n=7/13) 

severely anaemic 
   (Hb <8g/dl) 

94.4 percent 
   (n=17/18) 

Fisher's Exact Test: p=0.001 Fisher's Exact Test: p=0.000 

Source: (1) Baseline Medical Checkup, personal communication, February 2015. 

The next chapter presents the daily diet of Santal children in rural Birbhum mainly as per pre-study 
findings and therewith explains the source and underlying cause of widespread child (and mother) 
undernutrition, going along with various micronutrient deficiencies as seen in this chapter. 
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4 Nutrition situation of Santal children 

A major cause of described widespread child undernutrition as well as of stunningly high anaemia 
prevalence in surveyed Santal communities is an inadequate dietary intake, where carbohydrates 
dominate and various micronutrients are lacking, considering recommended daily allowances (RDAs) 
for Indian children. Prior to implementing this study, a pre-study was conducted in May 2014 by Pi-
roth (as part of her master's thesis) - while sample size was indeed limited with 31 infants and chil-
dren being closely monitored for daily food intakes - insights gained were still very valuable as the 
nutrient gap of Santal children residing at Birbhum district could be defined via quantitative analysis 
through weight protocols of consumed foods. Piroth's results shall be summarized in the following. 
Thereafter a light shall be shed on Santal families' eating habits and modes to access foods. 

4.1 Traditional home diet  

Overall, 31 children aged 6-36 months residing in three Santal villages nearby Bolpur at Birbhum dis-
trict were covered by Piroth (2014). In order to know consumed foods of these children and to ana-
lyze its nutritional value with regard to the actually recommended daily allowance (RDA), Piroth 
stayed one whole day with each child and measured the ingredients used to cook for the child as well 
as the amount served to and eaten by the child with a kitchen weighting scale. Gathered data was 
finally analyzed with the help of "NutriSurvey" software - which calculates macro- as well as micronu-
trient contents of consumed foods. Children were recruited by a snowball system, where the family 
participating in the monitoring would accompany Piroth to introduce her to another family from the 
same village - this ensured social acceptance of the research, which was based on the openness of 
Santal families to allow a stranger to be with them throughout a full day. 

4.1.1 Role of breastfeeding 

Besides weighting the children's food, Piroth (2014) used a semi-structured questionnaire to hear 
children's eating habits. Breastfeeding was found to be a stable part of Santal children's diet aged 6-
36 months, where the majority of mothers (65 percent, n=31) planned to breastfeed their children 
longer than two years and only one mother (3 percent) for less than one year. This data is totally in 
line with baseline findings of the study presented in this work, where 96 percent of mothers (n=275) 
told to breastfeed their child, commonly until the age of three to four years or until falling pregnant 
again (Baseline Survey, personal communication, 2015). Accordingly, Piroth assumed mothers' milk 
to be a fixed part of monitored children's diet and included it in her RDA-coverage analysis at levels 
of low, medium and high breastfeeding (in accordance with accessible breast milk nutrient data - 
Bates & Prentice, 1994; Dewey & Brown, 2003; Dorea, 2000a, 2000b, 2000c; Garza et al., 1983; Jack-
son et al., 1988; Parlesak, 2003; Prentice & Jensen, 1995; Riordan & Auerbach, 1998). In this work, 
Piroth's findings regarding a medium breastfeeding frequency of children are presented and applied 
also later in the recipe development section, following the cost-analysis of local foods (chapter 7). 
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4.1.2 Meal structure throughout the day 

 Besides breast milk, monitored children received CFs - with a fivefold meal structure observed (Pi-
roth, 2014):  

 (1) children usually had a small breakfast early morning (mostly biscuits), 
 (2) then, as a second breakfast, children used to have AWC food (governmental pre-schools, 

         serving either rice with potato and egg or rice mixed with vegetables and half egg - each thrice a week), 
 (3) lunch would be served at home as a cooked meal (containing rice as stable component), 
 (4) followed by a snack in the afternoon (mainly biscuits and pop rice, satiating items), and 
 (5) lastly dinner (again a cooked meal), to be served at home. 

Picture 6   Meal structure throughout the day: Breakfast, AWC meal, lunch, snacks, dinner 

     
Sources: Breakfast, lunch and dinner: Piroth, 2014, p. 24. AWC and snack: Own project pictures, Shining Eyes e.V. 

Baseline survey data confirmed that Santal families commonly have five meals a day with 96 percent 
of families (n=187) describing such routine - while 2 percent of families each used to have four or 
rather six meals a day (Baseline Survey, personal communication, 2015). Besides having two dry and 
three cooked meals (56 percent, n=166), a routine of having four cooked and merely one dry meal 
was found to be habituated amongst Santal families (37 percent, n=166).  

Graph 64  Meal structure of Santal families: 3-4 cooked meals a day are typical, with a total of 5 meals daily 

 
Source: Baseline Survey, personal communication, 2015. 

Families with just one dry meal per day were found to exchange the dry afternoon snack against a 
cooked meal, leaving breakfast as only dry meal. As boiling rice is rather time consuming early morn-
ing a mere 7 percent of surveyed families (n=280) does so - instead, 52 percent use to have biscuits 

(n=187) (n=166) 
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(n=281) and 27 percent have the habit of taking puffed rice (muri, n=282) - often along with some tea 
(47 percent, n=282; Baseline Survey, personal communication, 2015).  

Graph 65   Distribution of dry and cooked meals over the day and breastfeeding habit  

 
  Source: Baseline Survey, personal communication, 2015. 

Besides cooked and dry meals, breast milk was indeed found to be a stable component of Santal 
children's daily diet. Especially in the mornings and evenings children use to receive breast milk 
(roughly 30 percent of children aged 6-39 months) while some children take mother's milk through-
out the day (Baseline Survey, personal communication, 2015). Infant formula plays a very minor role 
with 1 percent of surveyed HHs (n=282) describing it as a routine for breakfast and 2 percent (n=272) 
in the evening time - for most Santal families buying formula milk is far too costly, as well as unnec-
essary, as breastfeeding is deeply habituated. Still, 5 percent of mothers (n=265) explained that they 
found difficulty to breastfeed their child, as breast milk was felt to be insufficient; in such case 57 
percent of mothers (n=14) provided formula milk, while 14 percent gave cow's milk to the infant; 28 
percent gave both formula and cow's milk (while one provided additionally candy water).  

Overall, most surveyed Santal children aged 6-39 months (58 percent, n=280) use to have dry food in 
the morning, while 21 percent are exclusively breastfed and 10 percent receive dry food as well as 
breast milk. Secondly, cooked AWC meals are commonly taken by children before noon (82 percent, 
n=281) while some children receive breast milk (instead or additional). For lunch a cooked meal pre-
pared by the mother or another family member at home is usually offered to the children (74 per-
cent, n=282) - dry food is taken by a minority (5 percent) while breast milk is taken by 12 percent of 
children. In the afternoon 41 percent of children (n=281) have a cooked meal, while 33 percent have 
dry foods; 22 percent receive mother's milk. Evening time again a cooked meal is typically offered in 
Santal families (61 percent, n=272), while breastfeeding is also commonly found (29 percent).  

Breast milk is mostly taken in the 
morning and evening time - yet 
plays a role throughout the day. 

Dry food is taken in 
the mornings and 

partly in afternoons. 
 

Cooked meals clearly 
dominate the Santal 

meal pattern. 
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4.1.3 Calorie contributions 

If analyzed by FGs, cereals - or more precisely rice - poses the major part in the children's calorie in-
take reaching on average 58 percent (Piroth, 2014). Adding up biscuits and sugar, about 75 percent 
of the children's calorie intake is covered. Merely 25 percent of caloric intake comes from pulses, oil 
(mustard is locally used), starchy roots (mainly potato), dairy and eggs (mainly provided through 
AWCs), vegetables, fruits, fish, meat and other items like sweets, nuts and seeds together. Fairly ob-
vious, there is a surplus provision of rice along with biscuits in the children's diet - on the contrary, 
nutrient dense foods such as vegetables, fruits and animal products are scarce. 

4.1.4 Remaining nutrient gap 

Depending on the assumed breastfeeding frequency, and adding the share of nutrients covered 
through CF, different pictures arise regarding Santal children's actual nutrient gap. Piroth (2014) ana-
lysed three cases (namely low, medium and high breastfeeding frequency) for two age groups (the 
first included children aged 6-11 months, the second children aged 12-24 months, with a total of 
n=20 surveyed children). Breast milk nutrient contents were taken from literature (Bates & Prentice, 
1994; Dewey & Brown, 2003; Dorea, 2000c, 2000b, 2000a; Garza et al., 1983; Jackson et al., 1988; 
Parlesak, 2003; Prentice & Jensen, 1995; Riordan & Auerbach, 1998), while the nutritional value of 
complementary foods was assessed according to weighing protocols of actually consumed foods of 
20 Santal children in the target age residing in the study region of Birbhum district. The findings of 
Piroth's analysis shall be summarized in the table below and explained thereafter. Indian RDAs pub-
lished by the National Institute of Nutrition (Nutrient Requirements and Recommended Dietary Al-
lowances for Indians, 2009) served as a basis for her nutrient gap analysis. 

Table 30   Nutrient gaps of Santal children (n=20) according to age and breastfeeding frequency   

Nutrient gap... 
(in percent) 

...for low  
breastfeeding frequency 

...for medium  
breastfeeding frequency 

...for high  
breastfeeding frequency 

 Infants 
6-11 months 

Children 
1-2 years 

Infants 
6-11 m. 

Children 
1-2 years 

Infants 
6-11 months 

Children 
1-2 years 

Protein   52% 24% 20% RDA covered RDA covered RDA covered 
Visible fat 41% 60% RDA covered 15% RDA covered RDA covered 
Carbohydrate CHO  55% 45% 30% 27% 4% 9% 
Iron   90% 77% 88% 75% 86% 74% 
Zinc 68% 62% 54% 55% 41% 48% 
Calcium  80% 80% 63% 62% 45% 45% 
Thiamine/ vitamin B1  64% 55% 46% 42% 27% 29% 
Riboflavin/ vitamin B2  62% 55% 34% 32% 6% 9% 
Niacin equivalent/ 
vitamin B3  

74% 49% 65% 41% 57% 34% 

Dietary folate   RDA covered 53% RDA covered 19% RDA covered RDA covered 
Vitamin B12  n.a. n.a. n.a. n.a. n.a. n.a. 
Ascorbic Acid/  
vitamin C  

48% 71% RDA covered 32% RDA covered RDA covered 

Vitamin A - Retinol 47% 68% RDA covered 9% RDA covered RDA covered 
Vitamin E  77% 85% 52% 63% 28% 41% 
 Sources: Piroth, 2014, pre-study analysis of Santal CF habits. Reference data on RDAs for this analysis was taken from the 
Indian Council of Medical Research, 2009 -  for detailed reference data see chapter 5.1.5  "Meals provided in the IGs" - note: 
deviations regarding CHO 91 g/d (6-11months) and 155 g/d (12-24 months), zinc 2 mg/d (6-11 months), vitamin B3 650 
µg/kg (6-11 months) and vitamin E 5.5 mg/d (12-24 months). 
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The table above illustrates several facts: (1) the more frequently children are breastfed, the smaller 
the remaining nutrient gap, (2) despite this fact being true for all listed nutrients, in case of iron the 
nutrient gap remains very high even for frequently breastfed children (with 86 percent of the RDA for 
infants and 74 percent for children aged one to two years not covered despite intensive breastfeed-
ing and available complementary foods7), (3) while macronutrients are covered fairly well, intake of 
various micronutrients remains clearly below the recommended levels (besides iron, especially cov-
erage of calcium, zinc as well as of B vitamins poses a challenge), and (4) assuming a medium breast-
feeding frequency (applied to further elaborations within this study), merely protein and magnesium 
requirements of children aged one to two years are indeed met - all other macro- and micronutrients 
fall below the recommended intake levels. The latter fact is illustrated in the graph below. 

Graph 66   Mean nutrient gap of Santal children aged 12-24 months, medium breastfeeding frequency 

 
Source: Graphically adapted from Piroth, 2014, p. 34, pre-study analysis. 

4.1.5 Seven-days food recall  

As further part of her research, Piroth (2014) asked monitored families (n=30) what foods they had 
consumed within the last seven days and in what frequency. All families had consumed rice and po-
tato (except for one family) daily. Pulses were also commonly found to be eaten by Santal families, 
however consumed not daily but rather every second day to once weekly.  

  

                                                           
7 Please note that the bioavailability of iron contained in breast milk is assumed to be very good, so the remain-
ing nutrient gap with regard to iron may appear larger than it actually is in this graph; bioavailability levels of 
consumed iron sources are not reflected here (where bioavailability of iron from breast milk and animal prod-
ucts is higher compared to the bioavailability of iron drawn from plant sources as vegetables and cereals). 

(n<20) 

blue beam: percentage of RDA covered through breastfeeding (medium frequency) 
green beam: percentage of RDA covered through CF (as per weighting protocols) 

 red line: 100 percent of children's recommended daily intake allowance (RDA) 
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Graph 67   Seven-day food recall findings - cereals (rice), starchy roots (potato), pulses, nuts & seeds 

 
Source: Graphically adapted from Piroth, 2014, p. 12. 

Cooked meals were replenished by aquatics such as small fish and snails collected from nearby ponds 
(every second day to once a week consumed) and by vegetables (mostly consumed every second day 
- some collected from the fields as leafy vegetables, some cultivated). Consumption of fruit was rare. 

Graph 68   Seven-day food recall findings - animal foods and vegetables 

 

 

(n=30) 

(n=30) 

(n=30) 

Source: Graphically adapted from Piroth, 2014, p. 12. 
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4.1.6 Family food 

Overall, Santal family diet is clearly dominated by satiating food items, namely rice (boiled as well as 
puffed), potato and biscuits (Baseline Survey, personal communication, 2015). Micronutrient dense 
foods are far less frequently eaten, with vegetables and (for children) breast milk being main sources 
of vitamins and minerals. AWC meals further form a fixed valuable part of the daily Santal meal pat-
tern and offer (highly valued) egg besides vegetable and rice8. 

Graph 69   Daily eating routines of Santal families having five meals per day - items of major importance 

 
Source: Baseline Survey, personal communication, 2015. 

Tea (containing anti-nutrients) is commonly taken for breakfast and partly in the afternoon; a timely 
separation of drinking tea and eating foods would be recommendable.  

The table below shows in detail what percentage of Santal families (of those having five meals daily) 
uses to consume listed popular foods in the graph above and what time during the day.  

Table 31   Daily eating routines of major importance - share of families having most popular foods items and time of the 
day (n=250) - all families with five meals per day are included 

n=250 
 

Time of the day... 

 morning before noon noon afternoon evening 

rice 6.4 percent 16.0 percent 52.8 percent 32.8 percent 57.2 percent 
fried rice 0.8 percent 0.0 percent 0.0 percent 0.4 percent 0.4 percent 
potato 0.0 percent 3.6 percent 4.0 percent 2.4 percent 6.8 percent 
biscuits 53.4 percent 4.8 percent 4.0 percent 27.6 percent 4.4 percent 
lambu 1.2 percent 0.4 percent 0.0 percent 0.0 percent 0.4 percent 
puffed rice 27.2 percent 1.2 percent 0.4 percent 21.3 percent 2.0 percent 
family 
food 

0.8 percent 2.8 percent 9.2 percent 9.6 percent 8.8 percent 

AWC food 0.8 percent 64.4 percent 19.6 percent 0.0 percent 0.4 percent 
vegetables 0.0 percent 5.6 percent 21.3 percent 11.2 percent 17.2 percent 
cabbage 0.0 percent 0.0 percent 0.4 percent 0.0 percent 0.0 percent 
leafy veg. 0.0 percent 0.0 percent 0.0 percent 0.0 percent 0.4 percent 
breast m. 31.2 percent 12.8 percent 16.8 percent 22.8 percent 30.0 percent 
tea 47.6 percent 0.8 percent 0.0 percent 10.8 percent 0.4 percent 

                                                           
8 Please note that since the COVID-19 pandemic started in 2020/21 AWCs had to stopp their services and egg 
as valuable animal food source is not accessible to Santal families anymore on a regular basis. 

(n=250) 

satiating items nutrient-dense items 

Source: Baseline Survey, personal communication, 2015. 
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AWC food well bridges the time in which cooked food is not yet ready in Santal families; it is served 
and consumed mostly before noon (64 percent, n=250), a time when merely 16 percent of families 
(n=250) are ready to have rice at home. For noon, afternoon and evening, rice and vegetables are 
commonly taken (even though some families prefer to take puffed rice (muri) or biscuits, partly along 
with tea, in the afternoon). The term "family food" was often answered when asking for the daily 
routine of food intake - while it sounds (and is indeed) a bit unspecific, it explains the same time a 
very typical mentality found amongst Santal families: "family food" means "whatever is there to eat", 
and implies Santal's tendency not to bother and complain about things (as observed in manifold ways 
while working amongst the Santal communities from 2007 to 2015). Again, breast milk appears as 
continuous component of Santal children's diet; the fact that breastfeeding is slightly reduced before 
noon implies that children take AWC food well enough to show less interest in taking (additionally) 
mother's milk. This supports malnourished mothers who use to breastfeed intensively and means at 
the same time that even though AWC food may be shared amongst all family members - rather than 
being taken exclusively by pre-school children - children do receive this valuable food until their hun-
ger is satisfied. Remaining food is either left for a later meal or eaten by the rest of the family.  

Besides these major food items consumed, further less frequently consumed foods were named as 
daily routine: bread, chapatti and roti (again satiating items), sugar, sugar cane/gur, cake and choco-
late (sweets), dhal (legumes), fish, egg, cow's milk - partly accessed through AWCs (animal foods),  
infant formula, banana (as only fruit), porridge, Horlicks - a micronutrient enriched health drink, and 
salt (Baseline Survey, personal communication, 2015).  

Graph 70   Daily eating routines of Santal families having five meals per day - items of minor importance 

 
 Source: Baseline Survey, personal communication, 2015. 

While vegetables as well as AWC's egg (meant to be eaten by children only) are comparably well 
accessed nutrient dense foods consumed daily by Santal family members, dhal, fish, cow's milk and 
especially fruits play only a minor role in Santal family's daily food intake (Baseline Survey, personal 
communication, 2015). Out of 250 HHs, just one explained that taking fruit once a day (namely ba-
nana for lunch) was a common habit. No family reported meat to be consumed regularly (which is 
indeed mainly meant for festive times). Horlicks, an expensive drinking powder enriched with vita-
mins and minerals was found to be taken regularly in two HHs (n=250). Very seldom, porridges are 
prepared (from wheat). Sweets (especially sugared puffed rice and to some extent also ready-made 
cake) were found to be of minor importance. 

(n=250) 

satiating items nutrient-dense items 
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Table 32   Daily eating routines of minor importance - share of families having less popular foods items and time of the 
day (n=250) - all families with five meals per day are included 

n=250 
 

Time of the day... 

 morning before noon noon afternoon evening 
bread 4.4 percent 0.0 percent 0.0 percent 2.8 percent 0.8 percent 
chapatti 1.2 percent 0.0 percent 0.0 percent 0.8 percent 0.0 percent 
sugar 1.2 percent 0.0 percent 0.4 percent 0.2 percent 0.0 percent 
sugar cane 0.0 percent 0.0 percent 0.0 percent 1.2 percent 0.0 percent 
cake 1.2 percent 0.0 percent 0.0 percent 2.8 percent 0.0 percent 
chocolate 0.0 percent 0.0 percent 0.0 percent 0.4 percent 0.0 percent 
dhal 0.0 percent 0.8 percent 4.8 percent 1.6 percent 4.4 percent 
fish 0.0 percent 0.0 percent 0.8 percent 2.0 percent 0.8 percent 
egg 0.0 percent 0.0 percent 0.8 percent 0.2 percent 0.4 percent 
cow's milk 0.4 percent 0.0 percent 0.8 percent 1.2 percent 2.4 percent 
AWC's 
cow's milk 

0.0 percent 1.2 percent 3.6 percent 0.0 percent 0.0 percent 

infant 
formula 

1.2 percent 0.4 percent 0.8 percent 0.8 percent 2.0 percent 

banana 0.0 percent 0.0 percent 0.4 percent 0.0 percent 0.0 percent 
salt 0.0 percent 0.0 percent 0.8 percent 1.2 percent 1.2 percent 
horlicks  0.8 percent 0.0 percent 0.0 percent 0.0 percent 0.0 percent 
porridge 0.8 percent 0.0 percent 0.4 percent 0.4 percent 0.4 percent 

Source: Baseline Survey, personal communication, 2015. 

Interestingly, AWCs appear to be a way to make animal foods a daily routine amongst Santals - while 
animal sources generally are only seldom found as daily part of the menu amongst Santals (2 percent 
of HHs use to have fish in the afternoon, n=250 and another 2 percent take cow's milk in the evening; 
Baseline Survey, personal communication, 2015). AWC meals (delivering egg daily to children) were 
found to be well accepted (largely taken before noon - 64 percent, n=250). Further, few AWCs pro-
vided cow's milk daily to children, making it a fixed part of their lunch (4 percent, n=250). All in all, 
animal foods are commonly not consumed daily, but mostly once a week (aquatics collected from 
local ponds and rice fields), or not at all (egg, milk and meat). Dhal as valuable protein source is most 
often taken for lunch and dinner, yet most of surveyed families have it not daily (except for 4-5 per-
cent, n=250) but rather every second day (modus, Piroth, 2014). Fruit as daily habit was found to be a 
very rare exception. Finally, sweets play a very minor role, as do specially cooked foods (time con-
straint) such as porridges or chapatti (home-made bread).  

4.1.7 Special meals for infants and small children?  

Family meals are indeed children's meals - as preparing special foods for infants has been found to be 
rather uncommon (Piroth, 2014). 29 percent of mothers (n=30) stated that they had already pre-
pared a special meal for their child - the offerings comprised puffed rice (muri), wheat porridge (su-
jee), vegetable rice, boiled potato, less spicy family food and biscuits soaked in sugared tea. How-
ever, most mothers probably only serve occasionally such children meals - as baseline data gathered 
in 2015 showed that 97 percent of HHs (n=266) offer the same type of food as the rest of the family 
has also to the youngest child (aged 6-39 months), except for being breastfed additionally (Baseline 
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Survey, personal communication, 2015). Very commonly, Santal children join family meals right from 
the beginning (69 percent, n=265) - or otherwise soon after having received a first feeding of either 
biscuits (31 percent, n=266) or plain rice (15 percent, n=265). This fact finds itself confirmed listening 
explanations of those three percent of mothers offering other types of food to their children than the 
rest of the family has: only rice as the child just started eating or only biscuits additional to breast 
milk. Further mothers explained that AWC meals were specially provided only for the children. 

Graph 71   Santal infants commonly join family meals from the beginning - specially prepared meals are seldom 

 

   

 
Sources:  Left side up and down according to Baseline Survey, personal communication, 2015; right side up as per Piroth, 
2014. 

While it is totally uncommon amongst Santal families to prepare meals exclusively for the children, 
there is indeed some openness to try offering easy to eat foods especially to infants. Time is probably 
the most serious constraint when it comes to extra cooking for the child - remembering that 98 per-
cent of mothers (n=289) cook on open fire, consuming averagely 8.6 hours per day - including sup-
porting activities such as collecting dry leaves and washing dishes, respectively (Baseline Survey, per-
sonal communication, 2015). Yet, as per current developments in 2019/20 - more and more Santal 
families access gas cookers (promoted through the government scheme "Pradhan Mantri Ujjwala 
Yojana", mentioned earlier in chapter 2). Thus, preparing meals for infants and small children may 
become more easy and viable in future. After a Shining Eyes/Manab Jamin development programme 
of preparing a porridges for small children in the afternoons in the project area run in 2020/21, sev-
eral families reported to have the habit to prepare "NutriMix" porridge (basically a mixture of pulses 
and wheat) for their child at home - hence, with guidance and mutual action, mothers of Santal chil-
dren may well accept to prepare special children foods - as time and money constraints allow them. 

(n=265) (n=265) (n=266) 

(n=266) 

(n=30) Foods offered as fist feeding 

Was a special food for infants already offered? 

puffed rice (muri) 
wheat porridge (sujee) 

vegetable rice 
boiled potato 

less spicy family food 
biscuits in sugared tea 

After a phase of first food introduction where 
some infants receive biscuits or plain rice be-

sides breast milk, or seldom other items, Santal 
children use to have the same food as all other 

family members, too. 
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4.2 Eating habits and caring behaviour
This subchapter explains how Santal families 
supported (or not) to have their food. An optimal caring behaviour can be considered beneficial for 
children to eat and finally grow well.
practices are significantly associates with stunting 
cially children with lower socioeconomic status benefit 

Santal families use to eat sitting on the ground, using
ther of a family is served his food. Thereafter, children are served and last the mother has her meal. 
It is an unusual picture that a family sits down together to take a meal jointly the same time. As r
ported by mothers during repeated home visits
child while it is eating is mostly not possible (modus, n=264;
sonal communication, November 2015)
supporting it eating on 2.2 days per week (n=262). This again and again results in situations, where 
children are left alone to eat (or not to eat) the items offered and actual food intakes depend on the 
child's interest to have its food - 

Picture 7   Typical eating situations of Santal children

Sources: Own pictures and Morbidity and Eating Habit Surve

There is a significant association (p<0.05) between mothers sitting 
week) with their youngest child to take its food and (1) its wasting status, as well as (2) its anaemia 
status. The other way around, children which are supported to take their food properly for at lea
days in a week show lesser tendency to develop any form of wasting and to develop any form of 
anaemia compared to children which are supported on less than two days 
or not at all). No association could be found when it comes to stunting, underweight as well as CIAF 
(any anthropometric failure). Tabl

Further (qualitative) research will be helpful to shed light on
mothers to give the time to feed their children actively? 
actions may be taken to support Santal women taking the time to feed their children actively while 
eating, and therewith, to reduce wasting as well as 
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Eating habits and caring behaviour 
subchapter explains how Santal families use to take their meals and how children are commonly 

o have their food. An optimal caring behaviour can be considered beneficial for 
children to eat and finally grow well. Respectively, data from Latin America showed that feeding 
practices are significantly associates with stunting (chronic undernutrition) prevalence and that esp

children with lower socioeconomic status benefit (Ruel & Menon, 2002). 

Santal families use to eat sitting on the ground, using the right hand. It is common that first the f
ther of a family is served his food. Thereafter, children are served and last the mother has her meal. 
It is an unusual picture that a family sits down together to take a meal jointly the same time. As r

d by mothers during repeated home visits during five consecutive weeks, sitting besides the 
child while it is eating is mostly not possible (modus, n=264; Morbidity and Eating Habit Survey
sonal communication, November 2015). On an average, mothers manage to sit next to their child 
supporting it eating on 2.2 days per week (n=262). This again and again results in situations, where 
children are left alone to eat (or not to eat) the items offered and actual food intakes depend on the 

 or rather to roam around with the eating bowl or play.

Santal children - they are mostly left alone to have their food

     
Morbidity and Eating Habit Survey, personal communication, November 2015

There is a significant association (p<0.05) between mothers sitting seldom (less than 2 days per 
week) with their youngest child to take its food and (1) its wasting status, as well as (2) its anaemia 

other way around, children which are supported to take their food properly for at lea
days in a week show lesser tendency to develop any form of wasting and to develop any form of 
anaemia compared to children which are supported on less than two days a week (means just once 
or not at all). No association could be found when it comes to stunting, underweight as well as CIAF 

tric failure). Table 33 below displays the findings. 

Further (qualitative) research will be helpful to shed light on the question what finally 
mothers to give the time to feed their children actively? If these factors would be better understood, 
actions may be taken to support Santal women taking the time to feed their children actively while 

therewith, to reduce wasting as well as anaemia in children aged 6-39

 

mean days per week the mother sits 
with her youngest child whil

take their meals and how children are commonly 
o have their food. An optimal caring behaviour can be considered beneficial for 

Respectively, data from Latin America showed that feeding 
revalence and that espe-

the right hand. It is common that first the fa-
ther of a family is served his food. Thereafter, children are served and last the mother has her meal. 
It is an unusual picture that a family sits down together to take a meal jointly the same time. As re-

, sitting besides the 
Morbidity and Eating Habit Survey, per-

sit next to their child 
supporting it eating on 2.2 days per week (n=262). This again and again results in situations, where 
children are left alone to eat (or not to eat) the items offered and actual food intakes depend on the 

or rather to roam around with the eating bowl or play. 

they are mostly left alone to have their food 

 
, personal communication, November 2015.  

seldom (less than 2 days per 
week) with their youngest child to take its food and (1) its wasting status, as well as (2) its anaemia 

other way around, children which are supported to take their food properly for at least 2 
days in a week show lesser tendency to develop any form of wasting and to develop any form of 

a week (means just once 
or not at all). No association could be found when it comes to stunting, underweight as well as CIAF 

finally enables Santal 
If these factors would be better understood, 

actions may be taken to support Santal women taking the time to feed their children actively while 
9 months.  

mean days per week the mother sits 
with her youngest child while eating 
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Table 33   Feeding support by mothers and nutrition/anaemia situation of their children, p-values 

   Children's 
   nutrition& 
   anaemia status  

Seldom  
mothers sits with her 
youngest child to eat 

0-1.9 days/week 

Sometimes  
mothers sits with her 
youngest child to eat 

2.0-7.0 days/week 

All children 

any stunting      48.9 percent 
   (n=44/90) 

51.5 percent  
   (n=88/171) 

52.0 percent 
   (n=159/306) 

 Pearson Chi-Square, p=0.693  

any underweight 47.3 percent 
   (n=43/91) 

46.8 percent 
   (n=80/171) 

49.2 percent 
   (n=151/307) 

 Pearson Chi-Square, p=0.942  

any wasting 
 

25.6 percent 
   (n=23/90) 

14.0 percent 
   (n=24/171) 

19.0 percent 
   (n=58/306) 

 Pearson Chi-Square, p=0.021  

at least 1 anthropom-
etric failure (CIAF) 

60.4 percent 
   (n=55/91) 
 

60.2 percent 
   (n=103/171) 

61.6 percent 
   (n=189/307) 

 Pearson Chi-Square, p=0.97 
no any anaemia 
   (Hb≥11g/dl) 

2.2 percent 
   (n=2/91) 

9.4 percent 
   (n=16/171) 

6.2 percent 
   (n=19/307) 

 Pearson Chi-Square, p=0.029 

Sources: (1) Baseline Medical Checkup, personal communication, February 2015; Morbidity and Eating Habit Survey, 
personal communication, November 2015.  

Interestingly, families with mothers sitting frequently with their children (3-7 days a week) to help 
them eating show lowest monthly per capita expenditures on food (509 INR, n=90 compared to 544 
INR averagely, n=307). Hence, one needs not to spend huge amounts on food to decrease children's 
risk of being wasted and anaemic, but behavioural change does indeed matter - with mothers looking 
actively for their infants and children to support and encourage them eating making a difference.  

4.3 Accessing foods 

How do Santal families access foods consumed? A vital question when speaking about nutrition 
amongst these Adivasi tribal families living in rural Birbhum. As data showed, there are typically 
three ways to access food, practiced amongst the Santal communities:  

(1) going to nearby local markets to purchase storable items (such as onions, potatoes, salt, 
sugar and tea) as well as snacks (commonly puffed rice and biscuits);  

(2) collecting cooked food from governmental pre-school centres (AWCs,  based in the village it-
self) in the morning meant to be eaten by the children exclusively – yet, frequently shared 
with further family members, as provided as take-home-ration; and  

(3) going to fish in the rice fields and village ponds or rather to hunt (birds, snails, formerly also 
rats as per personal observation of Monika Golembiewski, 1994 onwards) and collect vege-
tables and fruits (often leafy vegetables growing besides the rice fields, sometimes also Mor-
inga tree leaves or fruits such as mango, jackfruit or amla, growing wildly in and nearby 
around the villages (Baseline Survey, personal communication, 2015). 
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Graph 72   Share of HHs stating that respective mode of access to food is "very important" or "important" 

 
Source: Baseline Survey, personal communication, 2015. 

Further, about half of families rates own agricultural activities as crucial to access foods (48 percent, 
n=290 – equal to the number of HHs actually self-employed in agriculture – mainly rice is grown; 
besides pulses and mustard – prepared as oil - are common crops) and another half of families rates 
the governmental job generation scheme “MGNREGA” as important or very important to access 
foods – as it guarantees up to 100 days work per year - and therewith valuable income. 

About a quarter and slightly more HHs explained that accessing food through (1) sharing and ex-
changing activities with neighbours, (2) the Public Distribution System (PDS – providing mainly rice, 
wheat and sugar, besides kerosene oil to cook) and (3) livestock keeping was important or very im-
portant to them in order to access food. Those can be considered as helping structures.  

Markets at the nearest commercial city centre where abundant of goods are indeed available (includ-
ing meat, fish, manifold fruits, nuts, pasta – as well as imported branded goods as breakfast cereals, 
chocolate cream and others) are of least importance to Santal families with 19 percent of HHs rating 
it as very important or important to access food. First and foremost – quite obviously –limited food 
budgets play a role here, as well as a limited mobility (a mere 5 percent of HHs, n= 289, posses a mo-
torcycle making it comfortable to travel 8-12 kilometres, a common distance from the surveyed vil-
lages to the city centre of Bolpur). Furthermore, cultural barriers may play a role, as most Santals still 
live rather isolated in their villages, speaking their own language and practicing own cultural merits 
with dances and songs and practicing traditional social structures. 

The following graphs portrays the importance of markets, government services, own production and 
hunting activities as well as neighbours to access foods in greater detail. It is finally a mixture of local 
village markets, own hunting and collecting activities, government services (AWCs as well as the in-
come scheme MGNREGA) and a social security system with neighbours which allows Santal families 
to access their daily food. Own agricultural production is of lesser importance than one might think 
at first glance, which attributes to limited land holdings and the dependence on daily labour activities 
in the field of agriculture, instead. Life stock keeping (as well as kitchen gardening - which was not 
asked for here) as ways to access nutritious foods may well be strengthened in the days to come.  
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Graph 73   What role do the following options play to access food in your HH? ... 

 

 

Source: Baseline Survey, personal communication, 2015. 

4.3.1 Role of markets 

What foods are actually purchased on a regular basis on village (and occasionally city) markets? Not 
surprisingly, it is the basic ingredients of the daily diet of Santal families, which comprise: 

 Cooking oil (97 percent, n=291) 
 Biscuits and other snack items (97 percent, n=290) 
 Salt and spices (96 percent, n=291) 
 Potatoes (96 percent, n=290) 
 Sugar (93 percent, n=305) 
 Vegetables (91 percent, n=290) 
 Dhal/lentils (84 percent, n=305) 
 Rice (58 percent, n=304) 
 Wheat - as wheat flour, dhalia, sujee (50 percent, n=290) 
 Egg (12 percent, n=291) 
 Fish (8 percent, n=291) 
 Fruits (8 percent, n=290) 
 Chicken (4 percent, n=291) 
 Milk and milk products (3 percent, n=291) 

While cooking oil, potatoes, vegetables as well as dhal belong to regularly bough food items, also 
sugar, salt and spices as well as biscuits and other snacks (dry food) do so (as per 2021, also chips 
belong to consumed dry foods). Further, rice and wheat products are purchased by 58 or rather 50 
percent of families on a regular basis (n=304/290). Few families use to buy egg, fish or fruits regularly 
(8-12 percent, n=290/291) and very few families buy chicken meat and milk or milk products as curd 
(yoghurt) regularly (3-4 percent, n=291) (Baseline Survey, personal communication, 2015). 

(n=290) (n=291) (n=290) (n=291) (n=290) (n=290) (n=283) (n=289) (n=290) 

                self-production                                      markets                    neighbours                  government schemes 

products bought regu-
lary by most Santal 

families 

products bought regu-
larly by about half of 

Santal families 

products bought regu-
larly by few HHs 

products bought regu-
larly by very few HHs 
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4.3.2 Role of self-production 

Very clearly, rice is the main crop grown by Santal families. As mentioned earlier, 48 percent of sur-
veyed tribal HHs possess own agricultural land to grow rice (n=286). And 44 percent of these HHs tell  
that the amount of rice harvested was insufficient to feed the family (n=132; Baseline Survey, per-
sonal communication, 2015). While the majority of families uses their agricultural lands exclusively to 
cultivate rice, others grow further crops, too. 

Secondary crops grown on agricultural land - While 72 percent of families with own land (n=137) use 
to grow only rice, 24 percent use to cultivate also other crops on their agricultural land and further 4 
percent do so sometimes. What crops are indeed grown besides rice? It is mainly mustard (70 per-
cent, n=43, 30 families), which serves as oil seed and is processed to cooking oil in nearby mills. Fur-
ther, potato is a fairly common secondary crop (30 percent, 13 families), followed by dhal (21 per-
cent, 9 families), wheat (16 percent, 7 families) and lastly also sugarcane (2 percent, 1 family). 

Graph 74   Secondary crops grown on agricultural land by Santal families 

 
Source: Baseline Survey, personal communication, 2015. 

Vegetable cultivation - The large majority of Santal families does not grow vegetables on their own 
(90 percent, n=285). Still, 7 percent of families (20 HHs) used to grow vegetables at baseline assess-
ment in February 2015 and further 3 percent (9 HHs) did so sometimes.  

Graph 75   Share of HHs growing vegetables on their own 

 

(n=43) 

(n=285) 

Source: Baseline Survey, personal communication, 2015. 

 



Nutrition situation of Santal children  - Accessing foods 

103 

Most of these families grew the vegetables besides the house (58 percent, n=31), while 39 percent 
did so on their paddy field and 3 percent on the land of someone else in the form of share cropping. 
Indeed, three growing cycles of vegetables are possible, ranging from winter to summer and rainy 
season. 78 percent of HHs which grew vegetables before did so once within the last 12 months from 
interrogation (n=32), while 16 percent did so twice and 3 percent (1 family) thrice.  

The most common growing period starts from October with harvesting times lasting till Febru-
ary/March) - 97 percent of HHs who grew vegetables within the last 12 months grew vegetables in 
this period (n=30). Vegetables grown comprised beans, bottle gourd, bitter gourd, papaya, brinjal, 
tomato, cabbage, spinach and other leafy vegetables, cauliflower, onion, pumpkin, onion and radish. 
The next growing period starts in February with harvesting going on until April/June, 13 percent of 
families (n=30) grew vegetables in this period within the last 12 months from interrogation. Ladies 
fingers and leafy vegetables were names first and foremost as crops. The last growing period falls 
into rainy season with harvesting times lasting until September. Again 13 percent of families used 
this time to grow vegetables (n=30) - gourds, beans, brinjal and pumpkins were grown. 

Collecting leafy vegetables from the field side or from local trees is a common habit amongst Santal 
families. One example are Moringa leaves, which were used also in the field study (see chapter 5). 80 
percent of HHs explained that eating Moringa leaves was a habit to them (n=290; Baseline Survey, 
personal communication, 2015). 21 percent of HHs consuming Moringa leaves used it as a vegetable 
(side-dish, =233), while 11 percent explained that they put a small amount of leaves in the dhal sauce 
(n=233). On an average, families used to include Moringa leaves in their meals 2.9 times per month 
(n=177). Reasons for not consuming Moringa leaves comprised unavailability of a nearby tree (37 
percent, n=43), dislike of the taste (26 percent, n=43) and fear that blood pressure would be lowered 
too much (23 percent, n=43), as well as digesting problems (2 percent, n=43). 

Fruits cultivation/collection - 9 percent of families (n=284) explained that fruits are available with 
them throughout the year with them, while 49 percent explained that fruits were available some-
times in the year and 42 percent told that fruits were not at all available with them. How do Santal 
families access fruits? 63 percent of families accessing fruit always or sometimes throughout the year 
told to have an own fruit tree (n=166). Further, 29 percent of those families told that village fruit 
trees were accessible to them. 39 percent told to buy fruits from the market. 

Graph 76   Modes to access fruits 

 
Source: Baseline Survey, personal communication, 2015. 

(n=165) 



Nutrition situation of Santal children  - Accessing foods 

104 

Fruits which are available with Santal families, comprised (Baseline Survey, personal communication, 
2015): 

 mango (57 percent, n=156) 
 jujube (34 percent, n=152) 
 bananas (20 percent, n=152) 
 guava (21 percent, n=153) 
 jackfruit (18 percent, n=152) 
 dates (17 percent, n=150) 
 palm fruit (14 percent, n=150) 
 grapes (7 percent, n=151) 
 coconut (7 percent, n=151) 
 lemon (6 percent, n=151) 
 papaya (5 percent, n=152) 
 plums (4 percent, n=150) 
 pomegranate (4 percent, n=152) 
 apples (3 percent, n=151) 
 orange (3 percent, n=151) 
 leeches (2 percent, n=151) 
 pineapple (1 percent, n=151) 
 kadam (1 percent, n=150) 

Animal husbandry - 62 percent of surveyed HHs kept animals in their house (n=289). 45 percent did 
so for the purpose of own consumption (n=177), while 23 percent kept animals to sell them and earn 
some income and 31 percent explained it was a mixture of both, own consumption and selling pur-
pose, why they kept animals in their house; a minority kept animal exclusively for the purpose of 
agricultural activities (Baseline Survey, personal communication, 2015).  

Graph 77   Reasons for keeping livestock in the family, role of own consumption 

 
Source: Baseline Survey, personal communication, 2015. 

The following animals were reported to be kept by Santal tribal families: 

 Cows (n=98 HHs, mean no. 2.2) 
 Chicken (n=77 HHs, mean no. 5.8) 
 Goats (n=71 HHs, mean no. 2.4) 
 Ducks (n=46 HHs, mean no. 4.2) 

fruits commonly con-
sumed by villagers 

further fruits familiar to 
villagers 

fruits rather uncommon 
in the villages 

fruits eaten rather 
seldomly 
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 Pigs (n=26 HHs, mean no. 2.8) 
 Buffalos (n=26 HHs, mean no. 2.1) 

Summary - While animal husbandry is fairly common amongst Santal families and does help to feed 
the family, growing vegetables is rather uncommon so far. Also growing secondary crops besides rice 
on agricultural lands may well be extended. Fruits are available only to a minority of Santal families 
throughout the year - plantation of trees in the families may be of help to increase the number. 

4.3.3 Role of exchanging and sharing with neighbours 

There is a habit of sharing and exchanging goods amongst neighbouring families in Santal communi-
ties (Baseline Survey, personal communication, 2015). Indeed, 65 percent of surveyed HHs (n=283) 
told to share some food or non-food items with neighbours sometimes (39 percent), often (24 per-
cent) or at least seldom (2 percent) - while only 35 percent did never share with neighbouring fami-
lies. Likewise, 67 percent of HHs (n=279) explained that they exchanged goods (food or non-food 
items) with neighbouring families, with 39 percent of HHs doing to sometimes, 27 percent often and 
1 percent at least seldom. The following graph illustrates the findings. 

Graph 78   Habit of sharing and exchanging food and non-food items with neighbours 

 
Source: Baseline Survey, personal communication, 2015. 

 Items which are shared with neighbours comprise the following: 

 Vegetables (53 percent, n=177) 
 Rice (48 percent, n=177) 
 Cooked vegetables (23 percent, n=177) 
 Dhal (7 percent, n=178) 
 Cooked food (6 percent, n=177) 
 Fuel sticks (3 percent, 5 families, n=178) 
 Fish (2 percent - 3 families, n=177) 
 Cooking oil (1 percent - 2 families, n=177) 
 Milk (1 percent - 2 families, n=177) 
 Cooking pot/utensils (1 percent - 2 families, n=177) 
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 Egg (1 percent - 1 family, n=177) 
 Potato (1 percent - 1 family, n=176) 
 Puffed rice (1 percent - 1 family, n=177) 
 Salt (1 percent - 1 family, n=177) 
 Sweets (1 percent - 1 family, n=177) 
 Alcohol (1 percent - 1 family, n=177) 
 Money (1 percent - 1 family, n=177) 
 Clothes (1 percent - 1 family, n=177) 
 Medicines (1 percent - 1 family, n=177) 

The following items were reported to be exchanged amongst neighbours: 

 Vegetables (57 percent, n=178) 
 Rice (55 percent, n=179) 
 Cooked vegetables (18 percent, n=178) 
 Dhal (10 percent, n=178) 
 Cooked food (6 percent, n=178) 
 Fish (1 percent - 2 families, n=178) 
 Potato (1 percent - 2 families, n=178) 
 Puffed rice (1 percent - 1 family, n=178) 
 Cooking oil (1 percent - 1 family, n=178) 
 Alcohol (1 percent - 1 family, n=178) 
 Money (1 percent - 1 family, n=178) 
 Livestock (1 percent - 1 family, n=178) 
 Milk (1 percent - 1 family, n=178) 
 Sweets (1 percent - 1 family, n=178) 
 Sugarcane (1 percent - 1 family, n=178) 
 Fire sticks (1 percent - 1 family, n=178) 
 Cooking utensils (1 percent - 1 family, n=178) 
 Crop seeds (1 percent - 1 family, n=178) 
 All commodities (1 percent - 1 family, n=178) 

Finally, it is especially rice as well as vegetables (cooked or rather uncooked) which are shared and 
exchanges by neighbours in tribal Adivasi communities in rural Birbhum district.  

4.3.4 Role of government schemes 

The services of government schemes have been described extensively in subchapter 2.4.1 (Angan-
wadi services with cooked meals 6 days a week for pre-school children as well as for pregnant 
women) and 2.4.2 (PDS - Public Distribution System offering basic foods at subsidized rates to poor 
HHs) - please refer to the respective sections to know the role of government schemes to access 
foods. Further, the MGNREGA (100 days work) has been described in chapter 2.2.6. 
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4.4 Does consumption of nutritious foods decrease undernutrition? 
This subchapter analyzes the effects of eating vegetables, animal foods as well as fruits on the preva-
lence of undernutrition and anaemia and presents relevant findings. 

4.4.1 Consumption of vegetables  

Asking children's care takers (mostly mothers) if the child had taken any vegetables within the last 24 
hours, 91 percent (n=261) confirmed so (Baseline Survey, personal communication, 2015). The larg-
est role clearly played potato (perceived as vegetable rather than starchy food by Santals), received 
by 65 percent of vegetable eating children (n=226) within 24 hours prior to asking. Further, leafy 
vegetables were named - indeed a variety of those were taken amounting to a total of 24 percent of 
vegetable eating children who had eaten leafy vegetable (n=220). Besides, cabbage (19 percent, 
n=222), tomato (16 percent, n=220), brinjal/aubergine (11 percent, n=220) and cauliflower had been 
consumed by children. Less than 10 percent of vegetable eating children had taken pumpkin, beans, 
radish and green papaya. Altogether, nearly one third of vegetable eating children had received only 
potato and no other vegetable (31 percent, n=222). 

Graph 79   Vegetables consumed by Santal children (6-39 months) within 24 hours prior to asking - role of potato 
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As one might expect, children eating vegetables (including potato) show less risk to suffer from mod-
erate and severe anaemia compared to children who did not have any vegetable within 24 hours 
prior to asking ((1) Baseline Medical Checkup, personal communication, February 2015; Baseline Sur-
vey, personal communication, 2015); yet, the association remains non-significant (p>0.05).  

No significant association between children's nutritional status (any moderate/severe stunting, un-
derweight, wasting and CIAF) and consumption of vegetables within the last 24 hours prior asking 
could be shown (all p>0.05). Indeed, a larger share of children who did not have any vegetables 
within the last 24 hours was found with no or only mild stunting (61 percent, n=23) compared to 
children who did have vegetables (47 percent, n=237). The same is true for underweight (57 percent, 
n=23 - compared to 51 percent, n=238) and also for wasting (96 percent, n=23 - compared to 81 per-
cent, n=237). Finally, the CIAF indicator reflects these findings well, where 52 percent of non-
vegetable eating children (n=23) but only 38 percent of vegetable-eating children (n=238) were 
found free of any anthropometric failure at baseline examination in February 2015. Probably nearly 
all Santal children consume some vegetables (including potato) some days in the week - so showing a 
significant association based on 24 hours data is difficult. And the effect of consuming (sufficient) 
vegetables on children's nutrition and anaemia status may be subject to further research. 

Table 34   Consumption of vegetables last 24 hours and children's nutrition/anaemia status, p-values 

   Children's 
   nutrition& 
   anaemia status  
 

Vegetable eating children 
... at least one vegetable (including 
potato) was eaten within 24 hours 
prior to asking 

Non-vegetable eating chil-
dren 
... within 24 hours prior to asking 
no vegetable was consumed    

children with only mild or no 
stunting at all 

46.8 percent 
   (n=111/237) 

60.9 percent 
   (n=14/23) 

Pearson Chi-Square, p=0.198 
children with only mild or no 
underweight at all 

51.3 percent 
   (n=122/238) 

56.5 percent 
   (n=13/23) 

Pearson Chi-Square, p=0.657 
children with only mild or no 
wasting at all 

80.6 percent 
   (n=191/237) 

95.7 percent 
   (n=22/23) 

Fisher's Exact Test, p=0.089 
children without anthropom-
etric failure (CIAF) 

37.8 percent 
   (n=90/238) 

52.2 percent 
   (n=12/23) 

Pearson Chi-Square, p=0.178 
children with mild anaemia 
or totally free from anaemia 
   (Hb>=10g/dl) 

29.8 percent 
   (n=71/238) 

13.0 percent 
   (n=3/23) 

Pearson Chi-Square, p=0.088 

Sources: (1) Baseline Medical Checkup, personal communication, February 2015; Baseline Survey, personal communica-
tion, 2015. 

Interestingly, children who had eaten only potato as vegetable within the last 24 hours from asking 
showed a higher share of children with only mild or totally free from anaemia than the group of chil-
dren who had eaten no potato but only other vegetables - despite potatoes generally being consid-
ered as starchy and less nutrient-dense vegetable (belonging to the FG of roots and tubers) com-
pared to other vegetables and leafy vegetables which are considered more nutritious ((1) Baseline 
Medical Checkup, personal communication, February 2015; Baseline Survey, personal communica-
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tion, 2015): 32 percent of children who had eaten only potato within 24 hours prior to asking (n=69) 
and 28 percent of no-potato-but-only-other-vegetable-eating children (n=80) were totally free from 
anaemia or mildly anaemic; the association remained, however, non-significant (p>0.05). 

Table 35   Role of potato to reduce anaemia in children - compared to other vegetables, p-value 

   Children's 
   anaemia 
status  
 

only potato 
   was eaten as 
vegetable within 24 
hours prior to ask-
ing 

any vegetable         
   (including potato) 
was eaten within 24 
hours prior to ask-
ing 

vegetable 
   except for potato 
- was eaten within 
24 hours prior to 
asking 

no vegetable 
   was eaten within 
24 hours prior to 
asking 
 

children with 
mild anaemia or 
totally free from 
anaemia 
   (Hb>=10g/dl) 

31.9 percent 
   (n=22/69) 

27.4 percent 
   (n=20/73) 

27.5 percent 
   (n=22/80) 

13.0 percent 
   (n=3/23) 

Pearson Chi-Square, p=0.796 

Sources: (1) Baseline Medical Checkup, personal communication, February 2015; Baseline Survey, personal communica-
tion, 2015. 

Thompson (2007) describes that potatoes contain ascorbic acid as reducing substance, which is 
needed to absorb iron in the body and explains that adding ascorbic acid (vitamin C) to a meal can 
double or triple iron absorption. In the same line, Gillooly et al. (2007) found that iron absorption in 
Indian women was enhanced when eating potato. In this line, gathered primary data suggests that 
the consumption of vitamin C containing potato (cheaply available in Santal communities) appears 
helpful to reduce anaemia in children - in a similar manner as eating (more expensive) locally habitu-
ated vegetables (comprising leafy vegetables, cabbage, tomato, brinjal/aubergine, cauliflower, 
pumpkin, beans, green papaya and radish) - even though the effect could not be proven significant. 
Lynch and Cook (1980) described ascorbic acid as "powerful enhancer of nonheme iron absorption" - 
the kind of iron found in plant based diets - as valid for most meals consumed by Santals. 

The quantity of iron absorbed by the body differs according to certain substances contained in these 
foods. One speaks of a good bioavailability of iron if enhancing substances dominate, while a poor 
bioavailability of iron is given if inhibiting substances dominate. As described above, ascorbic acid 
enhances iron absorption from plant-sources, while for instance iron-binding phenolic compounds 
may hamper it (Thompson, 2007). Gillooly et al. (2007, pp. 334–338) evaluated 17 vegetables accord-
ing to their iron absorption capacity and classified them accordingly: 

 vegetables with poor iron bioavailability: wheat germ (0.007), brinjal/aubergine (0.007), but- 
  ter beans (0.012), spinach (0.014), brown lentils (0.024), beetroot greens (0.024) and green  
  lentils (0.032); 

 vegetables with moderate and good iron bioavailability: carrot (0.098), potato (0.115), beet- 
  root (0.185), pumpkin (0.206), broccoli (0.260), cauliflower (0.263), tomato (0.224), cabbage  
  (0.320), turnip (0.327) and sauerkraut (0.327). 

Amongst the listed vegetables with moderate and good iron bioavailability, five had been consumed 
by Santal children within 24 hours prior to asking: potato, pumpkin, cauliflower, tomato and cab-
bage. Further beetroot and carrot are available in the local market as per seasonal availability and 
may be preferably used when planning meals capable to reduce anaemia in Santal children. 
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4.4.2 Consumption of animal source foods  

When being asked whether the child (aged 6-39 months) had taken any animal food within the last 
24 hours or not, 84 percent of care takers (n=260) answered in affirmative (Baseline Survey, personal 
communication, 2015). Egg certainly played the biggest role, amounting to 85 percent (n=212) of 
eaten animal foods; as implied before, this is largely an achievement of governmental AWCs (pre-
schools), where egg (alternately half and full) is provided six days a week9.  

Graph 80   Animal foods consumed by Santal children (6-39 months) within 24 hours prior to asking - role of egg 

 

 

 

 

 

 

 

 

 

 
 

Source: Baseline Survey, personal communication, 2015. 

Besides egg, 33 percent of children (n=212) who had eaten animal foods were reported to have 
taken cow's milk - a surprisingly high number keeping in mind that only 1-2 percent of families 
(n=250) feel cow's milk to be part of their daily diet; possibly when speaking about cow's milk, chil-
dren are in fact treated differently than other family members - even though not explicitly explained 
by respondents (mainly mothers) when being asked for the family's daily routine to eat and when 
asked if the child received the same food as other family members; as breast milk, cow's milk might 
be meant to be taken by children especially (without feeling the need to explain this universally ap-
plicable fact). Interestingly, 7 percent of children who had eaten animal source foods within 24 hours 
                                                           
9  Note that AWC services totally stopped at Birbhum district since the Corona pandemy started in 2020/21 and 
may be relaunched again in order to make egg as valuable animal food source accessible to Santal children. 
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prior to asking were reported to have taken meat, while no respondent (n=250) told meat to be regu-
larly taken at home. Finally, 6 percent of children had taken fish (n=212), which is in line with fami-
lies' reporting and Piroth's (2014) observations, that it is a common habit of Santal families to catch 
small fishes (and snails) living in village ponds and rice fields.  

The importance of egg as animal source food for Santal children is confirmed seeing that more than 
half of children having eaten animal source foods within 24 hours prior to asking (57 percent , n=212) 
had eaten only egg and no other animal food. Relaunching AWC services will be of great help. 

As generally assumed, consumption of animal food was found to decrease the incidence of anaemia 
with 30 percent of animal food eating children (n=219) being only mildly anaemic or free from anae-
mia compared to 22 percent of non-animal food eating children (n=41; (1) Baseline Medical Checkup, 
personal communication, February 2015; Baseline Survey, personal communication, 2015); the find-
ing is, however, non-significant (p>0.05). When it comes to undernutrition, gathered data shows a 
contrary scenario where animal food eating children are more often affected from being stunted, 
wasted and underweight than non-animal-food eating children, leading to a lesser share of children 
free from anthropometric failure (all associations are, however, non-significant with p>0.05). 

Table 36   Consumption of animal foods last 24 hours and children's nutrition/anaemia status, p-values 

   Children's 
   nutrition& 
   anaemia status  

Animal food eating children 
... at least one animal food was eaten 
within 24 hours prior  
to asking 

Non-animal food eating chil-
dren 
... within 24 hours prior to asking 
no animal food was consumed    

children with only mild or no 
stunting at all 

47.5 percent 
   (n=104/219) 

50.0 percent 
   (n=20/40) 

Pearson Chi-Square, p=0.770 
children with only mild or no 
underweight at all 

50.7 percent 
   (n=111/219) 

58.5 percent 
   (n=24/41) 

Pearson Chi-Square, p=0.356 
children with only mild or no 
wasting at all 

80.4 percent 
   (n=176/219) 

90.0 percent 
   (n=36/40) 

Pearson Chi-Square, p=0.146 
children without anthropom-
etric failure (CIAF) 

38.8 percent 
   (n=85/219) 
 

39.0 percent 
   (n=16/41) 

Pearson Chi-Square, p=0.980 
children with mild anaemia 
or totally free from anaemia 
   (Hb>=10g/dl) 

29.7 percent 
   (n=65/219) 

22.0 percent 
   (n=9/41) 

Pearson Chi-Square, p=0.314 

Sources: (1) Baseline Medical Checkup, personal communication, February 2015; Baseline Survey, personal communica-
tion, 2015. 

Data on the effect of animal foods on child growth and development is indeed inconsistent. Respec-
tively, Stewart et al. (2013) found that limited or no intake of animal source foods supports stunted 
growth of children. In the same line, a study conducted in Cambodia amongst over 6,000 children 
aged 12-59 months reported reduced stunting and underweight rates for children consuming animal 
source foods (Darapheak et al., 2013). However, lower HAZ (height-for-age/stunting z-scores) were 
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reported for children aged 6-59 months having eaten animal source foods in Ghana - while the same 
time higher WHZ (weight-for-height, wasting z-scores) were found (Ali et al., 2017).  

Finally, further research will be helpful to assure the effect of consuming animal source foods on 
child growth and anaemia amongst the Adivasi Santal population in Birbhum district. 

4.4.3 Consumption of fruits 

Further, 31 percent of children (n=261) had consumed fruit within the last 24 hours from asking 
(Baseline Survey, personal communication, 2015). Banana was most commonly eaten (43 percent, 
n=79), besides jujube (23 percent), guava (13 percent) and orange (6 percent). Further, palm fruit, 
apple and green mango were named (each 4 percent), as well as grapes (3 percent). Finally ripe 
mango, lemon and dates (each 1 percent) were eaten by children at the time of baseline survey, 
conducted in still cold February - before most trees ripen in the villages.  

Graph 81   Fruits consumed by Santal children (6-39 months) within 24 hours prior to asking 

 

 

 

 

 

 

 

 

 

 
 

 

Source: Baseline Survey, personal communication, 2015. 

98 percent of children who had eaten fruit within the last 24 hours from interrogation (n=79) did 
have just one kind of fruit and having more than one fruit a day was found to be a rare exception 
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amongst Santal Adivasi children residing at Birbhum district (Baseline Survey, personal communica-
tion, 2015). Banana was the most commonly consumed fruit (in this winter's season). 

Children who had consumed at least one fruit within 24 hours prior to asking showed less risk to be 
anaemic  compared to children who did not take any fruit within the given time frame (with 37 rather 
than 24 percent of children being non-anaemic or mildly anaemic, p<0.05). Associations between 
having eaten any fruit within 24 hours prior to asking and children's nutritional status remained all 
non-significant (p>0.05). Still, fruit-eating children showed a higher share of children with no anthro-
pometric failure (CIAF aggregate indicator), as well as with no or only mild stunting, underweight and 
wasting. Hence, consuming at least one fruit a day has been found beneficial to reduce anaemia 
prevalence and may be further helpful to reduce the various forms of child undernutrition. 

Table 37   Consumption of fruit last 24 hours and children's nutrition/anaemia status, p-values 

   Children's 
   nutrition& 
   anaemia status  
 

Fruit eating children 
... at least one fruit was eaten 
within 24 hours prior  
to asking 

Non-fruit eating children 
... within 24 hours prior to asking 
no fruit was consumed    

children with only mild or no 
stunting at all 

49.4 percent 
   (n=40/81) 

47.5 percent 
   (n=85/179) 

Pearson Chi-Square, p=0.777 
children with only mild or no 
underweight at all 

55.6 percent 
   (n=45/81) 

50.6 percent 
   (n=91/180) 

Pearson Chi-Square, p=0.454 
children with only mild or no 
wasting at all 

84.0 percent 
   (n=68/81) 

81.6 percent 
   (n=145/179) 

Pearson Chi-Square, p=0.568 
children without anthropom-
etric failure (CIAF) 

43.2 percent 
   (n=35/81) 

37.2 percent 
   (n=67/180) 

Pearson Chi-Square, p=0.359 
children with mild anaemia 
or totally free from anaemia 
   (Hb>=10g/dl) 

37.0 percent 
   (n=30/81) 

24.4 percent 
   (n=44/180) 

Pearson Chi-Square, p=0.037 

Sources: (1) Baseline Medical Checkup, personal communication, February 2015; Baseline Survey, personal communica-
tion, 2015. 

To summarize, consumption of fruit was found to significantly decrease the incidence of moderate 
and severe anaemia amongst Santal children aged 6-39 months (by 13 percent; (1) Baseline Medical 
Checkup, personal communication, February 2015; Baseline Survey, personal communication, 2015) - 
as well as of total anthropometric failure (CIAF, by 6 percent) and underweight (by 5 percent). 

Finally, while eating nutritious foods appears helpful to reduce anaemia (with a significant result in 
the case of eating fruit), its effects on children's nutrition status remained unclear. It is not unlikely 
that moderate and severe wasting is reduced by eating vegetables (p=0.088) and animal products 
(p=0.146), while consuming vegetables may further reduce stunting to some extent (p=0.198). Addi-
tional research will be helpful to clarify the picture to better understand examined associations. 
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4.5 Awareness on nutritious foods and wish to consume more such foods? 
One certainly needs to know about the value and benefits of consuming nutritious foods in order to 
provide adequate meals to infants and small children and reduce, therewith, anaemia and decrease 
wasting as well as - potentially - also further undernutrition indicators (stunting and underweight). In 
case of surveyed Santal families, many mothers showed indeed to be aware about topics such as 
food quality, role of vitamins and protein in the diet and uttered largely the wish to consume more 
fruits and vegetables. However, realization of such wishes remains to be implemented in many cases. 

A vast majority, namely 93 percent of surveyed HHs (n=289), stated that regular consumption of 
vegetables and fruits was of importance to them (Baseline Survey, personal communication, 2015). 
Respondents (mothers and few other care takers of children aged 6-39 months) largely explained 
that eating vegetables and fruits was crucial to keep good health (67 percent, n=226) and that such 
foods were nutritious and contained vitamins and protein, respectively (19 percent). Besides domi-
nating health and nutrition aspects, 6 percent of respondents said that they had been advised by 
someone to take vegetables and fruits (namely health staff and surrounding people), 1 percent de-
scribed it as a routine where vegetables as side dish were a fixed part of a meal (2 families) and 1 
family explained that such foods (probably emphasizing on vegetables) were nutritious at low cost – 
showing an economic perspective, rarely found amongst Santal communities.  

Graph 82   Santal families are aware that consuming vegetables and fruits is of importance to be healthy 

 

 

 

 

 

 

Source: Baseline Survey, personal communication, 2015. 

Overall, it appears that Santal mothers are fairly well advised on health and nutrition benefits result-
ing from consumption of vegetables and fruits to them. Accordingly, 94 percent of respondents 
(n=290) explained that they would like to consume vegetables or fruits more often than they pres-
ently did (Baseline Survey, personal communication, 2015). Asking for reasons why still then families 
did not consume more vegetables and fruits, it was mainly monetary aspects of unavailable funds to 
purchase such foods (78 percent, n=262), and besides a question of availability, where 13 percent of 
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families told that vegetables and fruits were not accessible nearby the home. 5 percent of respon-
dents told that family members did not like it much to consume vegetables and fruits. Consumption 
of boiled rice is indeed deeply habituated and perceived as “good meal” as it satisfies hunger and - in 
the short run - enables for heavy agricultural works.   

Graph 83   The vast majority of Santal families wants to consume more vegetables and fruits – yet, money lacks 

 

 

 

 

Source: Baseline Survey, personal communication, 2015. 

4.5.1 Cooking and HH spending decisions, role of mothers 

How are cooking and finally eating decisions taken in Santal families? It is in fact mainly the mothers 
of children who plan what to cook for the family – in 45 percent of families (n=287) the mother alone 
carries this duty (Baseline Survey, personal communication, 2015). There are further on two varieties 
of influencing parameters being (1) the husband which is dominating in nuclear families (35 percent 
of nuclear HHs, n=142) and (2) grandparents of the children, common practice especially in extended 
families (with 41 percent of extended HHs doing so, n=145).  

Yet, women are rarely considered as head of the HH (merely in 4 percent of all surveyed HHs, n=289) 
and when it comes to spending decisions of available money, it is mainly grandparents (59 percent, 
n=141) in extended families or rather husbands (60 percent, n=139) in nuclear families, who actually 
take decisions. Hence, while planning a meal is the duty of Santal mothers, they are (in most cases) 
not in the position to spend money as per their personal preference, but do depend upon the opin-
ion and preference of their husband (especially in nuclear families) or rather parents-in-law (mainly 
found in extended families). Merely in 6 percent of all surveyed HHs (n=280) the wife alone in fact 
decides how to expense available money and in further 21 percent of families wife and husband to-
gether do take spending decisions. The question arises, whether HHs where mothers are involved in 
the decision how available money is spent, show better-nourished children with a lesser incidence of 
anaemia compared to those where husbands or rather grandparents take spending decisions alone, 
or not? Results can be read in table 41 further below - before the following graph illustrates the im-
balance between mothers being in charge to plan meals but largely not to spend the money needed 
to prepare them. 
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Graph 84   Eating and spending decisions in nuclear and extended families – role of mothers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Baseline Survey, personal communication, 2015. 

Contrary to the assumption that children of mothers who are in the position to decide over HH 
spendings would be better nourished and less anaemic compared to HHs where mothers are not 
involved in spending decisions, statistical analysis shows that Santal children (aged 6-39 months) 
from HHs where mothers are involved in spending decisions are... 

 ..., (1) more often stunted (p<0.05), and 
 ..., (2) more often underweight (p<0.05) 

compared to children living in HHs where either father alone or grandparents meet spending deci-
sions ((1) Baseline Medical Checkup, personal communication, February 2015; Baseline Survey, per-
sonal communication, 2015). In the same line, more children free from any anthropometric failure 
(CIAF) were found in HHs where fathers alone (45 percent, n=122) or grandparents alone (40 per-
cent, n=83) decide on spendings compared to HHs where mothers are involved in spending decisions 
(18 percent, n=74; p>0.05). No association could be shown between mothers being involved in 
spending decisions or not and wasting as well as anaemia status of their children (p>0.05).  
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Table 38   Role of mothers in the HH's spending decisions and nutrition/anaemia status of children, p-values 

   Children's 
   nutrition& 
   anaemia status  
 

Mother  is involved  
and decides alone or 
rather together with her 
husband how to spend 
available money 

Father alone 
decides how to spend 
available money  

Grandparents  alone 
decide how to spend  
available money 

children with only mild or 
no stunting at all 

36.5 percent 
  (n=27/74) 

54.5 percent  
   (n=66/121) 

49.4 percent 
   (n=41/83) 

Pearson Chi-Square, p=0.048 
children with only mild or 
no underweight at all 

39.2 percent 
   (n=29/74) 

58.2 percent 
   (n=71/122) 

53.0 percent 
   (n=44/83) 

Pearson Chi-Square, p=0.034 
children with only mild or 
no wasting at all  

78.4 percent 
   (n=58/74) 

85.1 percent 
   (n=103/121) 

78.3 percent 
   (n=65/83) 

Pearson Chi-Square, p=0.356 
children without anthro-
pometric failure (CIAF) 

28.4 percent 
   (n=21/74) 

45.1 percent 
   (n=55/122) 

39.8 percent 
   (n=33/83) 

Pearson Chi-Square, p=0.066 
children with mild anae-
mia or totally free from 
anaemia    (Hb>=10g/dl) 

33.8 percent 
   (n=25/74) 

24.6 percent 
   (n=30/122) 

25.3 percent 
   (n=21/83) 

Pearson Chi-Square, p=0.335 

Sources: (1) Baseline Medical Checkup, personal communication, February 2015; Baseline Survey, personal communica-
tion, 2015. 

Having a deeper glance at available data on HHs spending decisions, it becomes obvious that it is not 
a question of mothers being involved in spending decisions or not that lead to more undernourished 
(stunted as well as underweight) children, but, indeed, it appears that either mother or father alone 
taking decisions is superior to mothers and fathers deciding together. In fact, HHs where mothers 
and father take spending decisions together show the lowest share of children with only mild or no 
stunting at all (p<0.05), of children with only mild or no underweight at all (p<0.05), of children with 
only mild or no wasting at all (p>0.05), of children free from any anthropometric failure (p<0.05) and 
of children with only mild or no anaemia at all (p<0.05).  

Table 39   Role of meeting spending decisions alone and nutrition/anaemia status of children, p-values 

   Children's 
   nutrition& 
   anaemia status  
 

Mother  alone  
decides how to spend 
available money 

Father alone 
decides how to spend 
available money  

Mother and father 
together 
decide how to spend 
available money 

children with only mild or 
no stunting at all 

43.8 percent 
  (n=7/16) 

54.5 percent  
   (n=66/121) 

34.5 percent 
   (n=20/58) 

Pearson Chi-Square, p=0.040 
children with only mild or 
no underweight at all 

62.5 percent 
   (n=10/16) 

58.2 percent 
   (n=71/122) 

32.6 percent 
   (n=19/58) 

Pearson Chi-Square, p=0.004 
children with only mild or 
no wasting at all  

81.3 percent 
   (n=13/16) 

85.1 percent 
   (n=103/121) 

77.6 percent 
   (n=45/58) 

Pearson Chi-Square, p=0.457 
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children without anthro-
pometric failure (CIAF) 

37.5 percent 
   (n=6/16) 

45.1 percent 
   (n=55/122) 

25.9 percent 
   (n=15/58) 

Pearson Chi-Square, p=0.047 
children with mild anae-
mia or totally free from 
anaemia    (Hb>=10g/dl) 

56.3 percent 
   (n=9/16) 

24.6 percent 
   (n=30/122) 

27.6 percent 
   (n=16/58) 

Fisher's Exact Test, p=0.038 

Sources: (1) Baseline Medical Checkup, personal communication, February 2015; Baseline Survey, personal communica-
tion, 2015. 

Interestingly, it is mothers deciding alone who show the largest share of children with only mild or no 
anaemia (p<0.05) with 56 percent of children being non-anaemic in HHs where mothers alone use to 
take spending decisions compared to 25 percent of children from HHs where fathers alone use to 
decide on spendings. What does this finally imply?  

(1) Firstly, as fathers currently dominate spending decisions, those should necessarily be 
involved in trainings on healthy child food in order to provide nutritious food at low 
cost to these vulnerable children, aged 6-39 months, in focus of this research.  

(2) Secondly, Santal families may well be encouraged to enact mothers managing food 
spending decisions. As we have seen that mother or father deciding alone on HH 
spending is superior compared to joint spending decisions considering children’s 
growth development and anaemia status, mothers may receive a weekly food 
budget to be managed by their owns – while fathers continue to manage overall HH 
spending, as to give respect to their traditional role and, in the same time, make use 
of mothers knowledge on nutritious and healthy foods needed for proper growth 
and intellectual development of these children moving within the “window-of-
opportunity” within their first 1,000 days of life. 

4.5.2 Understanding of “food quality” and importance of tastiness 

Posing the question what was understood when speaking about “food quality”, less than half of HHs 
could give an answer – probably the question was hard to take and too theoretically posed. Still then, 
some insight can be gained from the question: while 22 percent of respondents (n=308) explained 
that they thought about nutritious and healthy foods when speaking about “food quality” – 16 per-
cent thought about the food’s taste, indicating that meals consumed by Santal families (as in other 
parts of the world too) may well be healthy and – at the same time - need to be perceived as tasty as 
per local preferences (Baseline Survey, personal communication, 2015). In a setting where plain rice 
(with little dhal) and (often spicy) potato-vegetable curries dominate meals, and children largely con-
sume family foods, this needs to be considered when speaking about food diversification and modifi-
cation of children's home diet. Optimally, one would work with habituated ingredients and alter 
preparations just slightly as to encourage acceptance of new children’s foods – such as Khechuri (a 
mixed rice-dhal-vegetable preparation), offered to children in the IGs of this study (for details see 
chapter 5 on field study methodology and findings). 
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Graph 85   Understanding of „food quality“- meals should be healthy, tasty and hygienically prepared 

 

Source: Baseline Survey, personal communication, 2015. 

Further, and in accordance with imperfect hygienic conditions (as described earlier in chapter 3), 7 
percent of HHs told that food quality meant to them freshness of foods and, in the same line, 4 per-
cent of HHs explained that food quality implied hygienic preparation of foods to them. 

Noticeably, 70 percent of surveyed Santal families (n=287) told the food taken within the last 7 days 
from interrogation had been of adequate quality (Baseline Survey, personal communication, 2015). 
This high number of food satisfaction mirrors (during field work) repeatedly experienced Santal men-
tality, where things tend to be perceived as good and right as they are. Still then, 20 percent of sur-
veyed HHs (n=285) in turn stated that foods available with them during the last week (February 
2015) were of insufficient amount – reflecting actual scarcity of (basic) foods. 

Graph 86   Adequacy of food quality and quantity (last 7 days from interrogation) – perception of Santal families 

 

Sources: Graph as per Baseline Survey, personal communication, 2015; pictures: Shining Eyes e.V. 
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4.5.3 Local taste: food items felt as missing in Santal diets 

Asking why the food taken the last week prior to asking had been of adequate quality, most respon-
dents told that food amount (70 percent, n=195) or rather rice (25 percent) had been sufficient 
(Baseline Survey, personal communication, 2015). Hence, first and foremost, quantitative satisfaction 
of hunger needs appeared as dominating “quality” aspect. Further, about a quarter of respondents 
told that vegetables (26 percent) and dhal (23 percent) had been sufficient. Few respondents ex-
plained that fish had been part of their meals (6 percent) and very few families reported that 
meat/chicken (1 percent, 2 families) and egg (0.5 percent) was sufficiently integrated in last week’s 
family meals. These findings confirm that rice with some vegetable and little dhal can be considered 
the basic diet of Santal families – while protein rich foods such as fish, egg, milk and meat are scarce.  

Graph 87   Why was the food taken within last 7 days from asking of adequate/inadequate quality? 

 
Source: Baseline Survey, personal communication, 2015. 

On the other hand, when being asked why the food taken the last seven days had been of inade-
quate quality, abundant of families told that they would have wished to consume more fish (77 per-
cent, n=85; Baseline Survey, personal communication, 2015). Further, dhal (41 percent), egg (34 per-
cent) as well as milk and vegetables (each 18 percent) were reported as missing in last week’s diet. 
Few families felt that meat/chicken had been missing (6 percent). And a total of 13 percent of fami-
lies who told that food consumed lately had not been of adequate quality (n=85) reported that rice 
(6 percent) or rather food in general (7 percent) had not been enough for them.  

Eventually, some insight regarding local food preferences can be derived from the above illustration 
(which may well be considered and applied while planning for a cost-effective alteration of local 
home diets):  

(1) Santal families largely wish to consume more fish than they presently do; 
(2) they further wish to eat more dhal and also vegetables (indicating readiness to include a 

larger share of nutritive foods besides deeply rooted and widely valued boiled rice); 
(3) egg as well as milk would be appreciated to be part of regular meals by Santal families. 
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Meat (commonly chicken) appears as less important to Santal families and may have a rather festive 
character – still then few families wish to include meat in their weekly diet. 

4.5.4 Summary  

To sum up, Santal mothers do have knowledge on nutritious and healthy foods and, at the same 
time, do utter the wish to consume more healthy foods and to serve it also to their children. Still 
then, money lacks to buy more vegetables and especially fruits (considered as expensive, or rather 
luxury good) and costly animal source products. In the short run, if one wishes to improve child 
health, one therefore certainly needs to alter local meals at low cost and, as we learned, as per local 
taste – to ensure feasibility and acceptance of such a modified family diet. Fish is highly valued by 
Santal families and may be favoured over meat to play a key role in enriching home diets – open as 
per cost-effectiveness analysis findings realized to a later stage in this research (see chapter 6). There 
is likelihood that mothers managing alone a food budget for the family will contribute to healthier 
children – yet, further research investigating this hypothesis will be needed in the time to come. 

For the time being, where fathers dominate spending decisions, those should be part of awareness 
trainings on child health and nutritious food, as to encourage spendings on low-cost nutritious foods 
(able to replace suboptimal snacks such as biscuits, chips and puffed rice, respectively). 
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5 How to change the picture? Insights from an intervention trial 

As seen in the chapters above, Santal children and mothers enjoy limited opportunities to fulfil their 
nutrient needs and cover recommended daily allowances (RDAs), as monetary constraints prevail in 
nearly all families, whose income largely depends on (insecure) casual labour works, with a clear 
focus on rice plantation and harvesting - supplemented by the Government's work generation 
scheme MGNREGA (locally referred to as "100 days work"). Hence, spending capacity on food (as 
well as medical services, respectively) is indeed limited and food intake, accordingly, suboptimal - 
alarmingly high numbers of stunted (52 percent, n=305), underweight (49 percent, n=306) and 
wasted (19 percent, n=305) children (aged 6-39 months) express this tense situation well. 

In an effort to change this situation, the NGOs "Shining Eyes" and "Manab Jamin" organized commu-
nity based nutrition programmes in the rural Adivasi Santal villages surrounding Bolpur, at Birbhum 
district, with the primary aim to reduce anaemia amongst children aged 6-39 months, identified as 
major public health burden. It was assumed that it is difficult to cover all nutrient needs of these 
malnourished children just with local foods - what is why micronutrient sprinkles were added to 
cooked foods and - due to difficulties in importing those as well as in purchasing them locally (as 
smaller NGO cannot easily accept bulk deliveries) - an alternative was searched, namely a self-
produced leaf powder of local plants: Moringa oleifera (Drumstick) and Amaranthus tricolor (lal shak) 
- mixed in a ratio of one part Moringa and two parts Amaranthus leaf powder (as Moringa has a 
slightly bitter taste and is not accepted to be eaten easily by children if given in greater amounts). 

The following subchapters will present the study's methodological approach as well we as its findings 
- which is, basically, that diversified meals (without micronutrient sprinkle or leaf powder addition) 
were capable to increase haemoglobin in children aged 6-39 months significantly. In accordance with 
this finding, chapter 6 will analyze the cost-effectiveness of locally available foods and develop, 
thereupon, recipes for children (with a focus on the CF period) and mothers (chapter 7). At first, 
however, the implemented study (conducted from February 2015 until August 2016 - covering a 18 
month period) will be presented in detail, which was an essential part of this PhD work, implemented 
in cooperation with the nutritionist and twin-PhD partner Caroline Stiller, as well as the NGOs Shining 
Eyes (guided by Dr. Monika Golembiewski, a German paediatrician) and the NGO Manab Jamin 
(guided by Srikanta Mondal, agriculturist and experienced social worker).    

5.1 Methodology 

The field work presented in this chapter was officially titled:  

"Effect of diversified meals only, or either enriched with Amaranthus 
tricolor and Moringa oleifera leaf powder or commercial micronutrient 
powder on prevention/treatment of anemia in Adivasi children, West 

Bengal, India – a cluster-randomized controlled trial" 
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A detailed paper presenting the findings of the intervention trial was prepared by the twin-PhD part-
ner, Caroline Stiller, and is open for publication. The field work itself was mutually prepared (meth-
odological approach, funding, training of research team etc.) and implemented. The following sub-
chapters will present the trial's methodological approach - explaining the study design, sample selec-
tion approach, set of indicators applied, ethical considerations, and intervention measures. 

5.1.1 Research question and study design 

The question posed in the field study presented here was whether or not a locally produced leaf 
powder of Moringa and Amaranthus (mixed in a ratio of 1:2) would be capable to decrease anaemia 
in children aged 6-36 months in a similar manner as a commercially produced micronutrient sprin-
kle? There are in fact several micronutrient sprinkles available in the market with international distri-
bution channels - in this study the sprinkle "TopNutri" was used, produced by GC RIEBER COMPACT 
AS in Norway until 2015. Further, the study was designed to analyze what effect nutritious meals 
alone actually have on the haemoglobin development of Adivasi children - if they were able to de-
crease anaemia or not? All effects should be measured in relation to a control group (CG). 

Study design: comparative intervention study - Endeavouring to analyze the effects of three types of 
community based nutrition programmes, a comparative pre-post-intervention study design has been 
chosen. There have been three intervention groups (IGs) and one CG. All IGs received three times a 
week a nutritious meal prepared from locally available food items: Twice a week a porridge with egg 
(called "halwa") and once a week a rice-vegetable meal with meat (called "khechuri"). IG1 received 
merely these meals. IG2 received the same meals and on top a leaf powder of Moringa and Amaran-
thus. And IG3 received again the same meals and additionally on top an adjusted amount of the mi-
cronutrient sprinkle "TopNutri" (the adjustment was made according to the iron content of the leaf 
powder mixture). While all IGs received cooked meals with or without micronutrient supplementa-
tion, the CG did not receive any meal. Instead these children served as a reference of health devel-
opment without any intervention. Therefore CG children only enjoyed health check-ups comparable 
to the IGs and in accordance with the defined treatment protocol. 

Graph 88   Study design: Comparative pre-post intervention trial 

 

 

 

 

 

 

 

 

Source: Own graph. 
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The nutrition programmes started in February 2015 and ended in August 2016, having a total dura-
tion of one and a half years. Every six months a medical check-up of children and mothers was con-
ducted. Altogether, four medical check-ups have been realized. While during initial baseline assess-
ment in February 2015, a total of 307 children were present, merely 254 of these children were re-
sent at all four medical checkups: IG1 (n=64), IG2 (n=58), IG3 (n=67) and CG (n=65); the effectiveness 
of nutrition programmes was finally based on only those children with complete data set (n=254).  

Target group - All children aged 6-36 months residing in the study villages were eligible to take part 
in the study. Further, all pregnant women were invited to participate in the nutrition programmes 
and also all lactating mothers in the first six months while their children are exclusively breastfed. So 
the crucial 1,000-days window (Bryce et al., 2008) has been fully covered. Once an exclusively breast-
fed child had reached the age of six months, it was introduced to the solid foods offered to initiate CF 
on time. Moreover, all newly pregnant women were included to receive the offered meals. 13 chil-
dren aged 37 to 39 months were accepted to take part in the study - as no adverse effect was as-
sumed for analysis and as to keep social freedom in the village communities.  

Graph 89  Target group of the study and the 1,000 days window 

  

 

 

  

Source: Own graph in accordance with Bryce et al., 2008. 

5.1.2 Sample size calculation, and intake to the study 

The sample size was calculated in such manner as to obtain sound results with regard to the primary 
indicator, namely anaemia or rather haemoglobin (Hb) developments. It was aimed for comparing 
mean Hb values of IGs and the CG. As it was assumed that Hb values of IG children would be rising 
through the provision of nutritious supplemented meals, a one-tailed test design was chosen: 

H0:  Haemoglobin (Hb) means of each IG and the CG will be identical. 

H1: The mean Hb of each IG will be higher than the mean Hb of the CG.  

Mean haemoglobin of children in the target age - A mean haemoglobin of 8.74 g/dl was taken as 
starting point for the sample size calculation, which was derived from a pre-study in the study region 
itself (carried out in June and September 2014), where Hb values of 40 children (aged 6-36 months, 
residing in Santal villages) have been measured. 

Table 40   Mean haemoglobin of children (sample size calculation) 

No. Village Measurement 
date 

Child's age at 
measurement 

Gender Haemoglobin 
(in g/dl) 

Mean Hb 
(n=40) 

(1) Rayerpukur 20.06.2014 6m female 8.2 8.74 
(2) Rayerpukur 20.06.2014 7m female 11.2  
(3) Rayerpukur 20.06.2014 9m female 9.4  
(4) Rayerpukur 20.06.2014 9m female 10.6  

1,000 days window 

pregnancy 

270 days 365 days 365 days 

infancy  (1st year) infancy  (2nd year) childhood  (3rd year) 

extension 
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(5) Rayerpukur 20.06.2014 9m female 8.3  
(6) Rayerpukur 20.06.2014 11m female 10.5  
(7) Rayerpukur 20.06.2014 12m female 9.7  
(8) Rayerpukur 20.06.2014 13m female 8.0  
(9) Rayerpukur 20.06.2014 15m female 8.6  
(10) Rayerpukur 20.06.2014 19m female 9.7  
(11) Rayerpukur 20.06.2014 19m female 6.2  
(12) Rayerpukur 20.06.2014 25m female 7.7  
(13) Rayerpukur 20.06.2014 26m female 8.7  
(14) Rayerpukur 20.06.2014 35m female 10.3  
(15) Rayerpukur 20.06.2014 7m male 10.3  
(16) Rayerpukur 20.06.2014 18m male 7.6  
(17) Rayerpukur 20.06.2014 18m male 7.2  
(18) Rayerpukur 20.06.2014 19m male 8.1  
(19) Rayerpukur 20.06.2014 19m male 7.6  
(20) Rayerpukur 20.06.2014 21m male 9.5  
(21) Rayerpukur 20.06.2014 22m male 8.3  
(22) Rayerpukur 20.06.2014 34m male 7.5  
(23) Rayerpukur 20.06.2014 35m male 9.3  
(24) Katabagan 15.09.2014 13m female 8.6  
(25) Katabagan 15.09.2014 13m female 8.6  
(26) Katabagan 15.09.2014 15m female 5.4  
(27) Katabagan 15.09.2014 15m female 7.0  
(28) Katabagan 15.09.2014 20m female 9.1  
(29) Katabagan 15.09.2014 24m female 9.2  
(30) Katabagan 15.09.2014 25m female 10.4  
(31) Katabagan 15.09.2014 28m female 8.5  
(32) Katabagan 15.09.2014 6m male 8.2  
(33) Katabagan 15.09.2014 9m male 7.6  
(34) Katabagan 15.09.2014 11m male 6.0  
(35) Katabagan 15.09.2014 13m male 7.2  
(36) Katabagan 15.09.2014 27m male 8.7  
(37) Katabagan 15.09.2014 27m male 9.0  
(38) Katabagan 15.09.2014 31m male 10.4  
(39) Katabagan 15.09.2014 34m male 11.6  
(40) Katabagan 15.09.2014 35m male 11.6  
Source: Own findings/pre-study. 

Estimated difference in haemoglobin means of control and IGs - Further, an increase of 0.70 g/dl (8 
percent) in the mean Hb of IGs in comparison to the CG was expected. This estimations follows the 
findings of Hirve et al. (2013), where 60 sachets of micronutrient sprinkles (containing 10mg iron 
each) were given to AWC children over a period of 4 months with a maximum haemoglobin increase 
of 0.71 g/dl. 

Standard deviation - A standard deviation of 1.47 was derived in accordance with the pre-study re-
sults (mean X=8.74 and variance s2=2.11). 

Calculation 1   Standard deviation in haemoglobin values of children (sample size calculation) 

Mean haemoglobin:  Xhaemoglobin = 8.74 g/dl 

Variance:   s2
haemoglobin = [(8.2-8.74)2+ (11.2-8.74)2+ .....] / 39 = 2.16 
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Standard deviation:  shaemoglobin = √s²haemoglobin = √2.16 = 1.47 

Source: Own findings/pre-study. 

Power - A statistical power of 80 percent was applied with β set at 0.2 and α set at the conventional 
level of 0.05. Accordingly zα was set at 1.6449 and zβ at 0.8416. 

Randomization - As randomization was done on the village level (rather than on an individual basis), 
an intra-cluster correlation coefficient (ICC) of 0.01 was added to the calculation in accordance with 
Adams et al. (2004). Each Santal village was regarded as a cluster to be randomized with an average 
cluster size m of 15.5 children (averagely 15.5 children aged 6-39 months lived in the study villages). 

Table 41   Cluster size of villages as basis of cluster randomization (sample size calculation) 

No. Village name No. of children aged 6-36 months  
(in February 2015) 

Average cluster size 
(m) 

(1) Abhirampur 5 15.47 
(2) Amradanga 22  
(3) Ballavpurdanga 27  
(4) Binodpur 13  
(5) Bonerpukurdanga 9  
(6) Borobagan 12  
(7) Borobagan Mitradanga 24  
(8) Borodanga 12  
(9) Carakdanga 9  
(10) Hatrasulganj 1+2 37  
(11) Hetedanga 7  
(12) Itedanga 10  
(13) Kankutia 2 17  
(14) Katabagan  12  
(15) Muluk Kalitala 11  
(16) Nurpur 1+2 21  
(17) Paruldanga 18  
(18) Ramlakhandanga 13  
(19) Ruppur Konrapara 15  
Source: Own documentation as per AWC lists. 

Dropout rate - Finally, a dropout of 10 percent was included in the sample size calculation to meet 
potential expectations of children moving out of their villages (to relatives), children joining the nutri-
tion centres irregularly or children dying during the study period, respectively. 

Sample size calculation - In accordance with Allen (2011), the following formula has been used, re-
sulting in a provisional sample size of 55 children per group: 

n =  
  =   ( . . )

.
.

 = 55 children 

Thereafter, the design effect of 1.145 has been added to the calculation, striving to meet the applied 
cluster randomization: 

 Design effect = 1 + (m-1) * ICC = 1 + (15.5-1) * 0.01 = 1.145 

with  ncluster randomized = 55 * 1.145 = 63 children 
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Finally, the assumed dropout of 10 percent was added to the sample size calculation, leading to a 
sample size of 69 children per group: 

ndropout = 63*1.1 = 70 children 

Eventually, it was decided to strive for including a minimum of 70 children per IG as well as for the 
CG. As per actual numbers of children residing in the target age residing in the 21 study villages, the 
following sample sizes were obtained after randomization: 

Table 42   Actual group sizes of IGs and CG 

Intervention group 1  
(cooked meals) 

Intervention group 2  
(cooked meals +  
Moringa/ Amaranthus) 

Intervention group 3  
(cooked meals +  
TopNutri sprinkle) 

Control group 
(no meals) 

Binodpur  (13) Nurpur 1&2  (22) Hatrasulganj 1&2  (37) Muluk Kalitala  (11) 
Ramlakhandanga  (13) Borobagan  (12) Amradanga  (22) Paruldanga  (18) 
Hetedanga  (7) Borobagan Mitradanga  (24) Borodanga  (12) Kankutia 2  (17) 
Katabagan  (12) Ruppur Konrapara  (15)  Carakdanga  (9) 
Ballavpurdanga  (27)   Abhirampur  (5) 
   Itedanga  (10) 
   Bonerpukurdanga  (9) 

Total number of children included in the study: n = 295  -  per group: 

72 73 71 79 
Source: Own figures. 

Throughout the study period further children residing in the study villages and reaching the target 
age of minimum six months have been included in the control and IGs. Yet, for statistical effect 
analysis, only children participating from the very beginning and being present during all four medical 
check-ups have finally been included.  

The following table shows the number of children per group having been present during each medi-
cal check-up and presents also cases of exclusion (due to age, mortality or rather for ethical reasons, 
when children suffered from severe anaemia). In order to obtain acceptable group sizes, 13 children 
aged 37 to 39 months had been accepted, despite having formerly formulated a maximum target age 
of 36 months - as no bias of findings was expected. Altogether, 254 children have been valid to be 
included for statistical analysis (83 percent, n=307). The valid number of cases per group largely cov-
ered the minimum number of children needed (n=63) with IG1 having n=64 valid cases, IG3 having 
n=67 valid cases and the CG having n=65 valid cases - merely IG2 failed to achieve the minimum 
number of children with n=58 valid cases. The dropout rate was actually higher than assumed (17 
percent rather than the calculated 10 percent) - the largest number of children dropped out because 
of absence during at least one medical checkup (lost to follow-up: 30 children/57 percent, n=53), 
followed by ethical reasons (children were excluded when suffering from severe anaemia: 20 chil-
dren/38 percent) and child death (3 children/6 percent). Accordingly, future research projects in 
similar rural settings may be well-advised to plan with a dropout of study participants of at least 15 
percent (rather than 10 percent as applied in this study). Further details can be seen below:  

 

 



How to change the picture? Insights from an intervention trial  - Methodology 

128 

Table 43   Flow chart - study subjects included in statistical analysis and cases of exclusion with dropout reasons 

Initial medical check-up: 
(January/February 2015) 

No. of children seen for haemoglobin measurement:  n = 310 
(exclusion due to age: n = 2 aged < 6 months, n = 1 aged 45 months) 

No. of children found eligible to participate in the study:  n = 307 
(original target age of 6-36 months: n = 294; extended target age 37-39 months: n = 13) 

 

Intervention phase 1  (6 months) 
(February 2015 - July 2015; n=307 children at baseline medical assessment) 

 

IG 1, n= 78 
(cooked meals) 

IG 2, n= 73 
(cooked meals + leaf powder) 

IG 3, n=76 
(cooked meals + sprinkle) 

CG, n=80 
(no meals) 

(1) Exclusion due to severe anaemia, n=14   (Hb < 7 g/dl) 

 n = 5 n = 4 n = 2 n = 3 

(2) Cases of child death,  n = 2 
n=0 n = 1 

Nurpur 1: infection 
n = 1 

Hatrasulganj 2: skin infection 
n=0 

 

Intervention phase 2  (6 months) 
(August 2015 - January 2016; n=291 children - those with severe anaemia/who died excluded) 

IG 1, n=68  
out of 73 possible 

IG 2, n=64  
out of 68 possible 

IG 3, n=70  
out of 73 possible 

CG, n= 69  
out of 77 possible 

(1) Exclusion due to severe anaemia, n=6   (Hb < 7 g/dl) 
n = 1 n = 2 n = 1 n = 2 

(2) Cases of child death,  n = 1 
n=0 n=0 n = 1 

Ruppur: drowned 
n=0 

(3) Cases of absence during medical check-up II,  n = 20 

 n = 5 
(7.4 percent) 

n = 4 
(6.3 percent) 

n = 3 
(4.3 percent) 

n = 8 
(11.6 percent) 

 

Intervention phase 3  (6 months) 
(February 2016 - August 2016, n=284 children - those with severe anaemia/who died excluded) 

IG 1, n=71 
out of 72 possible 

IG 2, n=66 
out of 66 possible 

IG 3, n=70 
out of 71 possible 

CG, n=75 
out of 75 possible 

(1) Exclusion due to severe anaemia, n=0   (Hb < 7 g/dl) 
n = 0 n = 0 n = 0 n = 0 

(2) Cases of child death,  n = 0 

n = 0 n = 0 n = 0 n = 0 

(3) Cases of absence during medical check-up II,  n = 2 
 n = 1 

(1.4 percent) 
n = 0 

(0.0 percent) 
n = 1 

(1.4 percent) 
n = 0 

(0.0 percent) 
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Final check-up: 
(August/September 2016, n=284 children - those with severe anaemia/who died excluded) 

IG 1, n=68 
out of 72 possible 

IG 2, n=60 
out of 66 possible 

IG 3, n=70 
out of 71 possible 

CG, n=72 
out of 75 possible 

(1) Exclusion due to severe anaemia, n=3   (Hb < 7 g/dl) 
n = 1 n = 0 n = 1 n = 1 

(3) Cases of absence during medical check-up II,  n = 15 

 n = 4 
(5.6 percent) 

n = 7 
(10.6 percent) 

n = 1 
(1.4 percent) 

n = 3 
(4.0 percent) 

 

Summary of drop-out reasons - with total no. of children excluded from statistical analysis 

IG 1, n=14 
out of 78 possible 

- 17.9 percent excluded 

IG 2, n=15 
out of 73 possible 

- 20.5 percent excluded 

IG 3, n=9 
out of 76 possible 

- 11.8 percent excluded 

CG, n=15 
out of 80 possible 

- 18.8 percent excl. 

(1) TOTAL Exclusion due to severe anaemia, n=20   (Hb < 7 g/dl) 
n = 6 

(7.7 percent) 
n = 6 

(8.2 percent) 
n = 3 

(3.9 percent) 
n = 5 

(6.25 percent) 

(2) TOTAL cases of child death,  n = 3 

n = 0 
(0.0 percent) 

n = 1 
(1.4 percent) 

n = 2 
(2.6 percent) 

n = 0 
(0.0 percent) 

(3) TOTAL cases of absence during medical check-up II,  n = 30 
(no. of children being absent at least once during all four medical checkups) 

 n = 8 
(10.1 percent) 

n = 8 
(11.0 percent) 

n = 4 
(5.3 percent) 

n = 10 
(12.5 percent) 

 

Total dropout of study children 

n= 53 children dropped out altogether 
(17.3 percent, n=307 initial intake) 

 

Total inclusion of study children 

IG 1, n=64 
out of 78 possible 

- 82.1 percent included 

IG 2, n=58 
out of 73 possible 

- 79.5 percent included 

IG 3, n=67 
out of 76 possible 

- 88.2 percent included 

CG, n=65 
out of 80 possible 

- 81.2 percent included 

n=254 children were finally included for statistical analysis 
(82.7 percent, n=307) 

Source: Own data in accordance with Caroline Stiller, doctoral student (2017). 

As statistical trends partly were brought out more clearly when starting with a minimum age of 12 
months (rather than 6 months), valid numbers of this subsample are presented in the table below.   

Table 44   Valid group sizes of a chosen subsample: children aged 12-39 months (n=209) 

IG 1 , n=53 
(cooked meals) 

IG 2, n=44 
(cooked meals + leaf powder) 

IG 3 , n=59 
(cooked meals + sprinkle) 

CG, n=53 
(no meals) 

Source: Own data along with Caroline Stiller, doctoral student (2017). 
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Finally, in order to give a visual impression about the study area, the chart below illustrates the study 
villages' location at Birbhum district, West Bengal, India. 

Graph 90   Location of study villages 

 

Source: Srikanta Mondal, implementing NGO Bolpur Manab Jamin.  

yellow = IG1 (diversified meals), green =IG 2 (same meals plus Moringa and Amaranthus leaf powder), blue = IG 3 (same 
meals plus TopNutri sprinkle), and white = CG (no meals, but medical check-ups as in intervention villages) 

The next section will describe what indicators have been applied in order to analyze the effect of 
study meals with or without addition of leaf powder (IG2) or rather TopNutri sprinkle (IG3).  

5.1.3 Primary and secondary indicators 

Primary indicator - Measurement of haemoglobin (Hb) and hence anaemia development served as 
primary indicator for this study. It had been chosen because anaemia is known to be a major health 
problem, endangering the mental development of children and therewith their learning and later on 
earning capacity. 94 percent of Santal tribal children aged 3-39 months suffered from anaemia as 
found during baseline medical examination in February 2015 (Baseline Medical Checkup, personal 
communication, February 2015). Indeed, the all-Indian anaemia prevalence increased as per the lat-
est National Family Health Survey, where 77 percent of under-five children suffered from anaemia - 
compared to 59 percent in 2016 (NFHS 5, State Fact Sheet, 2020; NFHS 4, India Fact Sheet, 2016). 

Haemoglobin determination - As haemoglobin measurements have been done in the villages where 
hygiene conditions are imperfect (rather than in a health institution) capillary blood drawing was 
preferred as a less invasive method. The HemoCue Hb 201+ System was used, which allows immedi-
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ate reading of test results. Other advantages of this system are that it goes without further calibra-
tion once calibrated at the manufacturing unit and that it is a battery driven system suitable in set-
tings with instable electricity supply. The operating staff was trained how to obtain proper testing 
results with an emphasis on ensuring warmth of the child's ring finger and not pressing it to strongly 
as to avoid mixing of its blood with lymph from the surrounding tissue. Moreover, the staff was 
guided to reject the first two three drops of blood coming out and to wait for the blood drop to be 
measured to be big enough (the cuvette needs to be filled in one go).  It was further trained that air 
pockets in the cuvette need to be avoided. Acceptance of this measuring method by the villagers was 
good. It was recommended by the village women not to do the testing during the rice plantation 
season, as the finger prick may get infected while working in the field. 

Picture 8   Haemoglobin measurement of children and mothers 

     
Source: Own pictures. Shining Eyes e.V. 

Secondary indicators - Besides the focus on haemoglobin development, various secondary indicators 
were applied in the study - all of which relate to the state of malnutrition of children and mothers: 

 Share of stunted children (being too small for their age, "chronic malnutrition") 
 Share of underweight children (being too light for their age) 
 Share of wasted children (being too light for their length/height, "acute malnutrition") 
 Share of children/mothers with low MUAC (mid-upper arm circumference) 
 Share of mothers with low body mass index (BMI) 
 Share of children with infections (like diarrhoea, pneumonia etc.) 
 Share of children with visible micronutrient deficiencies (like Bitot spot/Vitamin A deficiency, 

skin irregularities/Vitamin B deficiency, teeth problems etc.) 

Graph 91   Set of indicators applied: anaemia (primary) and further secondary indicators 

 

 

 

 
 

Source: Own graph. 

Primary 
indicator 

Secondary indicators 

anaemia wasting stunting underweight MUAC infections micronutrient deficiencies 

t1 - 02/2015 t3 - 02/2016 t2 - 08/2015 t4 - 08/2016 
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5.1.4 Data collection process 

During every medical checkups (at t1, t2, t3 and t4) first the weight, length/height and MUAC of chil-
dren were taken. Second, the blood was drawn. And third, the children have been seen by a child 
specialist doctor to look for infections as well as micronutrient deficiencies. The same is valid for the 
mothers of the children. Pregnant ladies received an ante-natal-care checkup. 

Anthropometric measurements - Concerning the anthropometric assessment to take weight and 
height/length of children and mothers WHO and UNICEF guidelines were fulfilled (Training Course on 
Child Growth Assessment. WHO Child Growth Standards, 2008; Training Manual. The Management of 
Severe Acute Malnutrition for Health Staff, n.d.; WHO Child Growth Standards and the Identification 
of Severe Acute Malnutrition in Infants and Children, 2009). A health worker team was trained to 
meet the critical success factors and measurements implemented as described below. 

Picture 9   Anthropometric measurement of mothers and children (MUAC, height/length, weight) 

     

       

         
Source: Own pictures, Shining Eyes e.V. 

(1) Weighting children and mothers - Concerning weighting of the children, a SECA digital weight 
machine was used with a wooden board put under it during village based anthropometric assess-
ments as to assure an even subsoil. Children able to stand were weighted alone (without shoes and 
outer cloths). For smaller children the "mother-child" or "tare-function" of the weight-machine was 
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used. Here, first the mother's weight is taken, then the tare-function is used (which puts the actual 
weight to zero) and thirdly the child is reached into the mother's arm, so the child's weight alone 
appears. This way calculation mistakes can be prevented resulting from measuring mother and child 
together, then taking the mother's weight alone and deducting it from the total weight (Training 
Course on Child Growth Assessment. WHO Child Growth Standards, 2008).  

(2) Length/height measurements - Children unable to stand reliably were laid down on a length 
board with a fixed headboard and a movable footboard to obtain their length. In this case, three 
health workers were involved to fix the position of the child and ensure that the child's head touches 
the headboard, the knees are gently pressed with straight legs and the footboard is pulled properly 
against the child's feet. Older children with firm standing capacity were measured standing to see 
their height (again, a SECA scale was used - having a fixed baseboard and movable headboard).    

(3) MUAC "mid-upper arm circumference" - MUAC is being used as indicator to screen for severe 
acute malnutrition amongst children with a critical cut off of 11.5cm (WHO Child Growth Standards 
and the Identification of Severe Acute Malnutrition in Infants and Children, 2009). In order to meas-
ure the children's and mother's MUAC exactly, the upper arm's mid-point was identified by measur-
ing its length from the tip of the shoulder to the tip of the elbow and dividing it by two. The 
therewith identified mid-point was then marked with a thin pencil. Afterwards the arm's circumfer-
ence was taken with the help of a soft measuring tape: Always the left arm (which is commonly the 
less active one) has been taken for measurement with the cloth having been removed beforehand 
and in extended, relaxed position (Training Manual. The Management of Severe Acute Malnutrition 
for Health Staff, n.d.). 

Medical checkups - The medical doctors have been trained in advanced to recognize and classify mi-
cronutrient deficiencies, to document the findings and to apply the treatment protocol appropri-
ately. The children's examination has been largely done by only one paediatrician, Dr. med. Monika 
Golembiewski (also initiator of the Shining Eyes project, in which the study has been implemented), 
as to guarantee maximum accuracy of the study's results. For examination of the mothers, three 
medical practitioners have been involved. Furthermore, as some children and mothers were absent 
during village checkups, the doctor's working in St. Mary Child and Mother Health Care Centre (run 
by the Shining Eyes project) have been trained and entrusted to perform the needed examinations. 
As the study doctors were mainly Germans a translator (English to Bengali) has been always present 
(despite having Santali as mother tongue, villagers understand and speak Bengali well nowadays). 

(1) Checking for infections - First of all, children and mothers were checked for infections and it was 
documented whether they suffered from fever, respiratory diseases or diarrhoea within the last 
seven days. Following an individual diagnosis with prescribed treatment was noted (available allo-
pathic and homeopathic medicines were given free of cost to children and mothers).   

(2) Checking for micronutrient deficiencies - Then the children and mothers were checked for mi-
cronutrient deficiencies. It was written down if children and mothers show: 

 pale finger nails/ pale palms of their hands/ eyes with pale sclera (anaemia suggestive) 
 dry/ wavy eyes (beginning of vitamin A lack suggestive) 
 Bitot's spot with white or brown plaque in the eye (vitamin A lack) 
 night blindness (vitamin A lack, especially common during pregnancy) 
 skin problems such as rough, pigmented skin or lesions (vitamin B lack suggestive) 
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 perlèche with cracked corners of the mouth (vitamin B lack suggestive) 
 oedema with swelling of feet/ hands/ face (severe malnutrition/ protein imbalance)  
 caries infections (lacking minerals such as calcium suggestive - besides suboptimal tooth care) 

As a prophylaxis, all children and mothers received de-worming medicines during all medical check-
ups (except for those who had taken de-worming medicines within the preceding three months and 
pregnant ladies with no indication not to risk the unborn life).  

(3) Provision of vitamin supplements - According to the treatment protocol worked out for this re-
search, children and mothers showing Bitot's spots or stating to suffer from night blindness, received 
Vitamin A tablets/drops. Furthermore, children and mothers suggestive for a lack of vitamin B show-
ing perlèche and skin lesions, respectively, received vitamin B complex tablets/syrup. All pregnant 
women received iron tablets (if not already provided by the governmental health care centres). 
Moreover, all mothers suffering from anaemia and not receiving food from the intervention cooking 
centres, got iron medication. All children remaining with anaemia after completion of the interven-
tions, received iron supplementation in therapeutic dosage. 

Picture 10   Medical checkup of children and mothers 

     
Source: Own pictures. 

(4) Morbidity HH survey - Additionally to the medical check-ups, a morbidity survey on the HH level 
has been implemented during five consecutive weeks in November and December 2015. Intervention 
as well as CG villages were covered through this survey. It asked mainly on how many days the chil-
dren suffered from infections (i.e. fever, respiratory infections or diarrhoea) in each week to quantify 
the extent of these major infections.  

Baseline and endline HH surveys - Besides described medical and nutritional indicators, an extensive 
baseline HH survey as well as a brief endline survey had been conducted through the research team. 
On this basis the setting of the study like local living conditions and believes could be more fully un-
derstood and potential influencing variables on the health development of children ad mothers 
(starting from mother's education and leading to aspects such as access to clean water, income situa-
tion, and access to land) could be analyzed and discussed.  

The baseline survey comprised the following sections (specific questions can be seen in the appendix, 
and may be used for the planning of further HH surveys): 

 Respondent's details (normally the mother, e.g. educational and marital status)  
 HH characteristics (like number of HH members, HH assets etc.) 
 HH security - socioeconomic condition (e.g. sources of income, expenses on food) 
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 Child care (especially during working times of the mother, feeding practices etc.) 
 Health access and health seeking behaviour (including birth details like spacing, child health) 
 Hygiene habits (respectively hand washing habits and access to clean water) 
 Access to food - home production and local markets (role of home-grown and purchased 

foods along with coping strategies in periods of stress) 
 Family food (perception of a healthy family meal?, with role of vegetable consumption) 
 Breastfeeding (breastfeeding practices and duration) 
 CF and young child feeding practices (like initiation of solid foods etc.) 
 Investigator's observations 

The endline survey mainly aimed to learn about the mothers' perspective on the nutrition pro-
grammes: How did they (and especially their children) like the meals offered, how could they accept 
the taste of Moringa and Amaranthus, how was the digestion and what may be improved in future 
nutrition programmes? Could they observe any change in the health of their children? Moreover, it 
was asked for behavioural changes at home - were study recipes introduced on the HH level? Did 
expenses on food items change whilst the study period? Finally, mothers were asked how future 
nutrition programmes may be designed in order to best serve their needs? 

5.1.5 Ethical considerations 

Ethical clearance to conduct the study was obtained by the Freiburg ethics commission international 
(feci). The study was registered with the title "Nutrient dense supplemental meals with and without 
micronutrient sprinkles or micronutrient-rich leaf powder (Moringa/Amaranthus) to reduce the 
prevalence of anaemia in children living in Birbhum district, West Bengal, India. A cost-effectiveness 
analysis of three community based nutrition programmes." and with the feci code "014/1763". 

Initially, a study period of one year was envisaged and approved. As mothers of the intervention vil-
lages asked for extension of the nutrition programmes and further funds were available, the period 
was lengthened to one and a half years. 

Funds were provided through (1) the charitable society "Shining Eyes - medical first aid and socio-
economic village development in India" registered in Flein, Germany, (2) the foundation fiat panis, 
based at Ulm, Germany, and (3) Rotary Deutschland & Rotary International. 

Informed consent - All children aged 6-36 months (in February 2015) residing in the study villages 
were eligible to be included in the study. Also pregnant women and lactating mothers in the first six 
months were included. In order to cover 80 children per group, 21 Santal tribal villages were selected 
in the target area and randomly allocated an intervention or rather CG. Thereafter, in December 
2014, villagers have been informed about the planning of the study with three types of nutrition pro-
grammes and that there would be CG villages, merely obtaining medical check-ups and no food until 
completion of the study. Thereafter, all villages would be invited to participate in a kitchen garden 
and awareness programme. With this information, given during village meetings, informed consent 
was collected from the families eligible to participate in the study. As some part of the families were 
not able to write their names, thumb prints were allowed to confirm approval. 

Exclusion criteria - Children with severe anaemia (Hb < 7g/dl) were excluded from the study and re-
ceived iron syrup in therapeutic dosage. Severely wasted children were admitted at St. Mary's Child 
and Mother Health Care Centre (which belongs to the Shining Eyes project/implementing partner) for 
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supplement food (5 meals per days) to catch up weight and for nutrition training of the mothers. As 
they tended to stay merely for a short time hospitalized (because their mothers had to join the field 
work again and needed to cook for their husbands, for instance), those children were largely not 
excluded from the study (if they did not suffer from severe anaemia the same time). Children with a 
MUAC below 11.5cm were referred to the hospital and checked for their overall health situation. The 
same is valid for mothers with a MUAC below 19cm and/or a BMI below 16. 

Handling of sick children - Severely sick children (e.g. suffering from pneumonia) were referred to the 
Shining Eyes Health Centre for treatment (for them no vitamins, but only antibiotics/inhalation etc. 
were provided to avoid distortion of the study's findings). In the course of medical village checkups, 
three children with heart failures were identified and received needed operations. Furthermore, 
children from TB families were screened and received preventive medicines in case of need. 

Follow-up care - After completion of the field work phase all participating families were trained by 
health workers on (1) malnutrition and anaemia, (2) tuberculosis (which is a major health problem in 
the region), (3) child emergency signs and (4) pregnancy/family planning. They also were encouraged 
to start a kitchen garden with vegetables and fruits. Moreover, they were trained to prepare Nu-
triMix (a wheat-lentil-porridge including oil and milk) in their homes for their children and add vege-
tables from their kitchen gardens. Therewith, the research team strived to contribute to a sustain-
able change of home diets in the study area to fulfil the children's RDA as well as possible. 

5.1.6 Meals provided in the intervention groups 

All children included in the three IGs received a nutritious cooked meal three times a week. It was 
aimed to cover the recommended daily allowance (RDA) of the children as well as possible to meet 
their macro- and micronutrient requirements. This was the basis intervention which had been re-
plenished with a locally prepared Moringa/Amaranthus leaf powder (IG2) or rather with TopNutri 
micronutrient sprinkle (IG3). Twice a week a porridge with egg was provided (called "halwa") and 
once a week a rice meal with mixed vegetables and chicken (called "khechuri"). The ingredients of 
these meals were all locally available at the market and were purchased through the study's funds 
from the social worker team involved in the research. The meals were prepared by selected women 
living in the respective Santal village under the guidance of the social workers. 

Table 45   Ingredient composition of "halwa" porridge (study meal 1, provided twice a week) 

Ingredients Amounts 
Milk powder, whole 10g 
Wheat flour, white (ata) 10g 
Lentils (mosur dhal) 5g 
Banana, ripe 60g 
Dates, dried 16g 
Pumpkin, yellow (misti kumro) 55g 
Poppy seeds (posto dana) 5g 
Sugar cane (jaggery/ gur) 8g 
Sunflower oil, added vit. A, D, E 10ml 
Water  
  absorbed after cooking 

120ml 
  94ml 

Egg half/ child 
Source: Own figures, recipe optimized by Stiller, 2017, project nutritionist. Picture by Caroline Stiller. 
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Study meal 1: Preparation and ingredients of "halwa" porridge - Wheat powder and lentils (in the 
ratio 2:1) serve as a basis of this porridge meal. Both ingredients are initially roasted (separately) and 
put aside - this procedure reduces anti-nutrients. Meanwhile, the pumpkin needs to be cut in small 
pieces, as well as bananas and dates. Poppy seeds are grinded into a paste and the milk powder is 
solved in little lukewarm water. For the cooking, first roasted wheat powder and lentils as well as the 
cut pumpkin pieces are cooked in a pot for ten minutes using a moderate amount of water. After-
wards, poppy seed paste, bananas, dates, sugar cane, milk and oil are added and cooked for further 
five to ten minutes. The porridge needs to be stirred frequently. The ready porridge should be thick, 
not containing too much water (as the nutrient content per 100g would be lowered therewith and 
amounts eaten, especially by the youngest children aged 6-12 months, are rather small). 

Table 46  Ingredient composition of "khechuri" rice-vegetable dish (study meal 2, provided once a week) 

Ingredients Amounts 
Rice 15g 
Lentils (mung dhal) 10g 
Soya chunks 5g 
Chicken, boneless 30g 
Spinach (palong shak) 30g 
Pumpkin, yellow (misti kumro) 30g 
Garlic 2.5g 
Onion 7.5g 
Ginger root 5g 
Turmeric 0.5g 
Cumin seeds (jira) 0.5g 
Iodized salt 0.9g 
Sunflower oil, added vit. A, D, E 12ml 
Water 
  absorbed after cooking 

112ml        
  84ml 

Source: Own figures, recipe optimized by Stiller, 2017, project nutritionist. Picture by Caroline Stiller. 

Study meal 2: Ingredients and preparation of the rice-vegetable dish "khechuri" - The lentils are 
roasted and put aside (again in order to reduce anti-nutrient contents). Meanwhile, onions, garlic, 
ginger, pumpkin, spinach and chicken meat are cut in small pieces. Soya chunks are soaked in water 
to soften and then cut in bite-sized pieces. For the cooking, garlic, onions and ginger are fried in sun-
flower oil along with the spices and meat for 5 minutes. Afterwards rice, roasted lentils, soya chunks 
and pumpkin pieces are added and boiled for ten minutes in a moderate amount of water. Eventually 
spinach is added and boiled for further five minutes. Again, the ready meal should be rather thick 
with no excess water, which would dilute nutrient contents.  

Addition of micronutrient supplements - Moringa and Amaranthus leaf powder (IG2) or rather Top-
Nutri sprinkle (IG3) were added only after completion of the cooking process (as excessive heat di-
minishes the amount of heat-sensitive vitamins). The amount of micronutrient supplement was ad-
justed as to achieve comparable iron contents in both IGs: 1.9 mg iron per 100g food (a portion for a 
10 months old child, respectively) was provided. It shall be pointed out, that TopNutri is actually rec-
ommended to be provided in a higher dose (being 7.5g sprinkle containing 7.7mg iron per day). Yet, 
as the presented field study posed the question whether a leaf powder of Moringa and Amaranthus 
would decrease anaemia amongst children aged 3-39 months in a similar way as a micronutrient 
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sprinkle (under the condition that both contain the same amount of iron) - the TopNutri amount was 
chosen to be lower than officially recommended as to guarantee comparability of results.  

Table 47   IG2 and IG3: Serving sizes of cooked meals as per age with iron contents 

Intervention group 2 1g Moringa +  2g Amaranthus leaf powder  /  per 100g cooked food 

Children aged 6-11.9 months 100g cooked food 3g leaf powder 1.89mg iron 
Children aged 12-23.9 months 150g cooked food 4.5g leaf powder 2.83mg iron 
Children aged 24-35.9 months 200g cooked food 6g leaf powder 3.78mg iron 
Children aged 36-48 months 250g cooked food 7.5g leaf powder 4.73mg iron 
Pregnant & lactating women 300g cooked food 9g leaf powder 5.67mg iron 
Intervention group 3 1.8g TopNutri sprinkle  /  per 100g cooked food 
Children aged 6-11.9 months 100g cooked food 1.8g TopNutri 1.89mg iron 
Children aged 12-23.9 months 150g cooked food 2.8g TopNutri 2.83mg iron 
Children aged 24-35.9 months 200g cooked food 3.7g TopNutri 3.78mg iron 
Children aged 36-48 months 250g cooked food 4.6g TopNutri 4.73mg iron 
Pregnant & lactating women 300g cooked food 5.5g TopNutri 5.67mg iron 
Source: Own calculations. 

Coverage of the children's nutritional needs through these meals - The recipes are both designed to 
suit the nutritional needs of Santal children residing in the rural area around Bolpur, Birbhum district, 
West Bengal. Indian recommendations (as per Indian Council of Medical Research, 2009) served as a 
basis to analyze in how far the children's nutritional requirements would be covered by providing the 
intended study meals. One might claim that these recommendations are meant for healthy children, 
while surveyed Santal children were found to be malnourished. Yet, the nutrition programmes were 
designed as preventive (rather than curative) tool to support an adequate health development of 
children and mothers and application of Indian reference data appeared useful, accordingly.  

Table 48   Macro- and micronutrient needs of infants and children (Indian recommendations) 

 Infants 
6-12 months 

Children 
1-3 years 

Body weight  (kg) 8.4 12.9 
Net energy  (kcal/day) 80 kcal/kg/d 1060 
Protein  (g/d) 1.69g/kg/d 16.7 
Visible fat  (g/d) 19 27 
Carbohydrate CHO  (g/d) 60 130 
Iron  (mg/d) 5 9 
Zinc  (mg/d) --- 5 
Calcium  (mg/d) 500 600 
Thiamine/ vitamin B1  (mg/d) 0.3 0.5 
Riboflavin/ vitamin B2  (mg/d) 0.4 0.6 
Niacin equivalent/ vitamin B3  (mg/d) 650 µg/kg 8 
Dietary folate  (µg/d) 25 80 
Vitamin B12  (µg/d) 0.2 0.2-1 
Ascorbic Acid/ vitamin C  (mg/d)  25 40 
Vitamin A  (µg/d) - Retinol 350 400 
Vitamin A  (µg/d) - β-carotene 2800 3200 
Vitamin E (mg/d) 4 6 
Source: Indian Council of Medical Research, 2009, except for CHO: (Institute of Medicine, Food and Nutrition Board, Na-
tional Academies, 2016a) and Vitamin E: Institute of Medicine, Food and Nutrition Board, National Academies, 2016b). 
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Energy density - Energy requirements of small children are approximately three times higher per kg 
body weight  compared to an adult's requirements (Michaelsen et al., 2009). As young children gen-
erally have a limited gastric capacity and are incapable to consume large amounts of food, porridges 
should be prepared with rather low water contents. Porridges typically have an energy density of 0.6 
to 0.8 kcal/g food. With regard to the study's "halwa" porridge, an energy density of 1.37 kcal/g 
could be reached (calculation as per Stiller, 2017). The "khechuri" rice dish showed a slightly lower 
(still satisfying) energy density of 1.22 kcal/g. A density of about 1.0 kcal/g is considered adequate, 
while densities up to 2 kcal/g are worth striving for to help moderately wasted children catching up 
growth (Michaelsen et al., 2009). Such higher densities are most easily met with dry foods such as 
biscuits and fortified pastes (groundnut preparations, respectively). Yet, while developing recipes for 
undernourished children, it should be kept in mind that very rapid weight gain may contribute to 
obesity and related chronic diseases in adulthood (Adair et al., 2013; Victora et al., 2008).  

Protein - An adequate protein supply is decisive to enable malnourished children catching up growth 
(Michaelsen et al., 2009). It is recommended to strive for meals with a protein E% of 6.9 to 15. As it is 
known from an analysis of Santal home diets (Piroth, 2014) that protein is largely lacking, the study 
meals both intentionally contain a high share of legumes (which are rich in proteins) - with a ratio of 
lentils to wheat of 1:2 (in the case of Halwa) and 1:1 (lentils with soya chunks compared to rice, in 
the case of Khechuri). Furthermore, animal protein sources (egg or rather chicken) have been in-
cluded in the meals, leading to an E% of 14 in the case of halwa and an E% of 22 in the case of 
khechuri. IG2, which received on top of the cooked meals Moringa and Amaranthus leaf powder, 
benefitted additionally from the fact that Moringa leaves contain all essential amino acids, the build-
ing blocks of proteins (Dhakar et al., 2011).  

Fat - Fat requirements of infants and small children are rather high, as reflected in the fact that 50 
percent of the energy provided by human milk come from fat (Michaelsen et al., 2009). There is no 
consent so far on the optimal fat content of complementary foods. Minimum levels of 20 to 25 fat 
E% are assumed to be beneficial to achieve an adequate growth of children, especially in low-income 
countries and even for children in the industrialized world, no upper limit of fat intake has been for-
mulated for the first years in life. Accordingly, the study meals contain a rather high share of fat with 
an E% of fat to total energy of 42 percent in the case of the halwa porridge meal and 44 percent in 
the case of khechuri (numbers calculated by Stiller, 2017). This higher share of fat should compen-
sate for the low share of fat in the typical Santal diet, especially also missing animal foods (see Piroth 
2014) and support adequate growth for these largely moderately malnourished children. The current 
recommendations for malnourished children of providing 35 to 45 E% of fat to total energy (and not 
less than 30 E%) are therewith fulfilled (Michaelsen et al., 2009). 

CHO - Carbohydrate rich foods pose a major part in the typical Santal diet (Piroth, 2014). 87 percent 
of the children's RDA is covered by breastfeeding in a medium frequency (lactose - 29 percent) and 
CF (mainly starch from rice and potato - 58 percent). The study meals further contribute 20 percent 
of the RDA - however, no emphasis has been put on CHO, as these are easily accessible to the study's 
population. Halwa porridge contains milk/lactose, which may be helpful to improve mineral absorp-
tion (Michaelsen et al., 2009). The amount of rice in the khechuri dish was limited (local habits would 
have favoured a larger amount of rice) to diversify the children's diet. 

Iron - Iron is, amongst others, needed for proper brain development and a severe lack of this mineral 
may lead to an irreversibly retarded mental development (Michaelsen et al., 2009). As iron deficiency  
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anaemia is known to pose a major health burden in the Santal villages (with an initial prevalence of 
anaemic children aged 6-39 months of 94, n=307; Baseline Medical Checkup, personal communica-
tion, February 2015), iron needs were strived to be met as well as possible. In order to facilitate iron 
absorption in the body, the vitamin C density of the study meals was designed to meet the recom-
mendation of the Expert Group of the Indian Council for Medical Research, which suggests including 
20mg vitamin C per 1,000 kcal in the case of predominantly plant-based diets (as absorbing so called 
nonheme iron from plant sources is less effective in the organism compared to heme iron drawn 
from non-milk animal foods - usually, 25 percent heme iron is absorbed by the body compared to 10 
percent of nonheme iron; Indian Council of Medical Research, 2009 and Michaelsen et al., 2009). 
Both study meals meet this criterion with vitamin C contents of 24.5mg/1000kcal in the case of halwa 
and 39.2mg/1000kcal for the khechuri meal (calculations done by Stiller, 2017). Due to the limited 
bioavailability of iron (also anti-nutrients play a role in this), amounts to be covered in the daily diet 
need to be 20-30 times higher than the actual body's need (Nutrient Requirements and Recom-
mended Dietary Allowances for Indians, 2009). The diversified study meals in combination with the 
typical home diet and medium breastfeeding cover about 49 percent of the RDA of a child aged one 
to two years - illustrating the difficulty to meet recommended iron intakes even if an additional, nu-
tritionally optimized meal is included in the diet of these Santal children. With the help of the Mor-
inga and Amaranthus leaf powder, 91 percent of the recommended iron intake could be covered. As 
pointed out before, the amount of TopNutri sprinkle provided contained an identical amount of iron 
as the leaf powder (and could have been higher) - as to compare comparability of results.  

Zinc - Zinc is of major importance to promote proper growth and decisive for protein digestion and a 
well functioning immune system, respectively (Michaelsen et al., 2009). It is known as a "limiting 
growth nutrient" amongst undernourished children. Especially animal foods contain relevant 
amounts of zinc offering a good bioavailability. For the study meals chicken meat, milk and egg have 
been included. Still, it appears challenging to cover defined zinc needs in a satisfying manner - with 
regard to the study meals, 77 percent of the RDA can be covered for a child aged one to two years 
assuming a 200g portion. Michaelsen et al. (2009) confirm that the recommended zinc level of 
13mg/1000kcal is hard to achieve. Respectively, milk has a zinc content of 6mg per 1000kcal and 
even meat remains below this suggested level. At least it is known that in the case of low intakes of 
zinc (as valid for the study's population), its absorption in the body is improved. The TopNutri IG3 
benefited from high zinc levels contained in the sprinkle, with a coverage of the RDA of 114 percent. 

Calcium - Calcium mineralizes teeth as well as bones and serves to transmit nerve stimuli amongst 
others (Biesalski, 2016). Milk and milk products are suitable sources to consume this mineral. 38 per-
cent of the children's calcium requirements are typically covered through breastfeeding (assuming 
medium breastfeeding frequency) and the home diet amongst the Santals residing around Bolpur, 
West Bengal - Birbhum district. The study meals add another 22 percent (leading to a coverage of 60 
percent in the diversified meals IG). Moringa and Amaranthus or rather TopNutri sprinkle further 
deliver 16 or rather 26 percent of calcium requirements. Finally, all IGs remained under the 100 per-
cent recommendation - further oxalates (as contained in spinach) are known to form insoluble com-
plexes with calcium. Food processing, as soaking, is therefore of importance. 

Thiamine, vitamin B1 - Thiamine is a water-soluble vitamin (which cannot be stored in the body) and 
plays an important role in proper energy metabolism as well as in neural functions (Michaelsen et al., 
2009). As the main food item consumed by the study's population is polished rice, a lack of thiamine 
is likely. With the help of the study meals (along with medium breastfeeding and the typical Santal 
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home diet) 90 percent of the RDA of thiamine can be covered (regarding a 200g portion and children 
aged one to two years). Further, adding the Moringa and Amaranthus leaf powder, the RDA is fully 
covered, and even reaches 134 percent adding TopNutri sprinkle. Hence, at least three times a week, 
when the study meals are provided, thiamine requirements are more or less fully met. 

Riboflavin, vitamin B2 - A lack of vitamin B2 leads to a loss of appetite, muscle weakness, stomatitis 
and anaemia amongst further symptoms (Biesalski, 2016). It can be found in larger amounts and 
good bioavailability especially in milk and egg. Further, meat contains higher amounts of vitamin B2 
and cereals such as wheat (to a somewhat lesser extent). Populations lacking riboflavin show better 
absorption rates. 106 percent of the children's RDA is covered with study meals, home diet and 
breastfeeding in medium frequency. Moringa and Amaranthus leaf powder or rather TopNutri sprin-
kle supply another 56 or rather 68 percent leading to a surplus in the daily requirements. A slight 
storage capacity is attributed to the liver, which may partly balance deficits on non-intervention days. 

Niacin, vitamin B3 - A lack of vitamin B3 leads to pellagra with changes seen in skin areas exposed to 
sunlight (roughness, pigmentation, burning/itching) and is especially prevalent in India (Biesalski, 
2016). Patients suffering from pellagra may lose their appetite (as mouth tissue changes) and suffer 
from loss of weight and sleeplessness.  Moreover, diarrhoea and vomiting are commonly found in 
patients with pellagra and neurological problems may arise. Niacin is especially contained in liver, 
ground nuts, meat, fish and whole grain products - all of which are largely missing in the typical San-
tal diet (Piroth, 2014). 49 percent of the RDA can be covered through the study meals alone - espe-
cially TopNutri further contributes to cover vitamin B3 requirements (42 percent - compared to 2 
percent with regard to Moringa/Amaranthus). Total coverage of the children's vitamin B3 require-
ments with study meals, breastfeeding and Santal home diet can be summed up to 108 percent - 
with an additional surplus provided trough micronutrient supplements (IG2 and IG3). 

Folic acid, vitamin B9 - Folic acid is especially important during childhood and pregnancy and a lack of 
it contributes to anaemia, retarded growth, muscle weakness, loss of appetite and dermatitis (ec-
zema in the skin) - as well as to defects of the neural tube of the unborn child (Biesalski, 2016). It is 
contained with a good bioavailability in animal foods, especially liver; green leafy vegetables (GLVs) 
also offer a good amount of folic acid (with a lower bioavailability - which is further reduced if iron 
and vitamin C status are in deficit). Folic acid is highly sensitive to heat (about 50 percent of folic acid 
can be lost during cooking), so vegetables should not be overcooked. 49 percent of the recom-
mended intake of children aged one to two years are covered by the study meals. TopNutri offers a 
tremendous additional benefit (116 percent). Concerning Moringa and Amaranthus, reliable data 
about the folic acid content of dried leaves is missing until now and may be subject to further analy-
sis. 

Vitamin C - As stated above, vitamin C is required for nonheme iron absorption (Michaelsen et al., 
2009). In case of inadequate vitamin C intakes, iron deficiency is more likely and symptoms such as 
gum bleeding, loss of appetite and poor healing of wounds will be discernible. Vitamin C is mainly 
contained in fresh fruits (which are nearly completely lacking in the diet of Santal children) and vege-
tables (which are provided in rather small quantities). Therefore, an emphasis has been laid on reach-
ing adequate vitamin C levels in the study meals to boost iron absorption (for details on reference 
values and actual vitamin C contents of the study meals see "iron" section above).  

Vitamin A (retinol equivalent) - Vitamin A is a fat-soluble vitamin required for proper functioning of 
the eyes and also immune response (Michaelsen et al., 2009). There are two different forms of vita-
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min A, where vitamin A from animal sources (for example from egg yolk) is absorbed more easily by 
the body ("preformed biologically active vitamin A") than vitamin A from plant sources (for example 
from yellow vegetables as pumpkin/carrot, and dark GLV like spinach/Amaranthus - "provitamin A 
carotenoids"). The latter may require zinc (which is likely to be deficient in the study's population) to 
be converted to vitamin A. Still now the actual contribution of plants to fulfil the vitamin A require-
ments is subject to research. The typical Santal diet clearly lacks Vitamin a with a mere 11 percent of 
the RDA covered (Piroth, 2014); especially the consumption of animal foods is rare. Yet, breastfeed-
ing is common amongst the Santals and highly contributes to cover the children's vitamin A needs 
(80 percent are assumed for medium breastfeeding frequency). The study meals are calculated to 
cover 64 percent of the RDA (while only part of the vitamin A is from animal sources). Still, adding up 
the single contributions of breastfeeding, Santal home diet and study meals, 155 percent of vitamin A 
requirements are theoretically met. Thus, regarding the three intervention days per week, the chil-
dren's vitamin A requirements are likely to be covered - and, as vitamin A can be stored in the body, 
the stores may also help to cover vitamin A needs on non-intervention days. The leaf powder sup-
plies another 13 percent and TopNutri even another 42 percent of vitamin A requirements on top 
(IG2 or rather IG3). 

Vitamin E - Vitamin E is known to play an important role for the well functioning of normal metabo-
lism and a lack of it may therefore lead to malfunctioning of several organs (Biesalski, 2016). Vegeta-
ble oils as well as grains (to a lesser extent) are sources of vitamin E. The study meals contain sun-
flower oil, which offers (besides wheat germ and olive oil) a considerable amount of vitamin E - as 
per availability in the local market in Bolpur, the oil is further industrially enriched with vitamin E. 
With the help of the study meals, children aged one to two years being breastfed and receiving a 
typical Santal home diet are able to cover 107% of their RDA of vitamin E (where 70 percent account 
to the study meals). Moringa and Amaranthus leaf powder or rather TopNutri have an additional 
benefit (21 or rather 31 percent of vitamin E requirements are delivered on top). As vitamin E is fat-
soluble and can be stored in the body, this may balance deficits on non-intervention days. 

Anti-nutritive elements - There are several anti-nutrients contained in cereals and legumes, respec-
tively, which inhibit proper absorption of certain nutrients (Michaelsen et al., 2009). The most rele-
vant with respect to diets in low-income settings is phytate; it forms insoluble complexes with pro-
teins and minerals such as iron, zinc and calcium and therefore reduces the nutrients available to the 
body. Other known anti-nutrients are polyphenols and oxalates, respectively. There are processing 
mechanisms such as soaking cereals or legumes in water prior to cooking, which decreases phytate 
contents by 20 to 50 percent (Bishnoi et al., 1994; Hotz & Gibson, 2001; Igbedioh et al., 1994). At the 
same time, of course, also water soluble vitamins are washed out - still Rosalind Gibson, expert on 
phytate, reported in a personal email exchange (in April 2021) that an analysis carried out in Malawi 
showed that loss of water-soluble phytate outweighed the loss of (less scarce) water-soluble vitamins 
in case of maize, considering a population consuming pre-dominantly plant-based diets and, 
therewith, at risk to be deficient in nutrients as zinc, iron and even calcium (as calcium-rich leafy 
vegetables mostly contain oxalates, which forms insoluble complexes again with calcium leaving it 
unavailable to absorption processes). Most likely, this conclusion is also valid for Adivasi Santal chil-
dren and mothers in rural India, where rice is the main staple food and diets too are predominantly 
vegetarian. Accordingly, soaking may be assumed an effective method to reduce anti-nutrients in 
plant-based diets. Another option to reduce phytate, is  to go for fermentation (of flours, respec-
tively), which may reduce phytate contents by up to 90 percent (Hotz & Gibson, 2001) - still, this 
process is culturally less accepted in rural Birbhum district so far. In order to facilitate iron absorp-
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tion, phytate contents must be reduced to less than 100mg per meal (which was found to be a 
threshold; Hallberg & Hulthen, 2000). Finally, molar mass ratios need to be considered. 

With regard to the study meals, phytate contents were tried to be reduced via roasting of wheat and 
lentils; soya chunks were soaked in water for some time and the soaking water discarded. Michael-
sen et al. (2009) recommend to avoid unrefined cereals and legumes with a high phytate contents in 
foods supplied to moderately malnourished children and to process foods to reduce phytate. More-
over, if affordable, animal foods may be used to feed these children, which are poor in anti-nutrients 
(they actually contain zero phytate, polyphenols and oxalates - while being rich in sodium). 

Specific anti-nutrient contents of foods available at Birbhum district can be found in the winter and 
summer cost-effectiveness analyses of foods in chapter six (n=425 foods have been analyzed). 

IG2: Addition of Moringa and Amaranthus leaf powder - Moringa oleifera (also known as Drumstick 
tree) is a heat-resistant, fast-growing tree native to India (Dhakar et al., 2011). It is growing wildly in 
the Santal villages in the study area (Birbhum district, West Bengal) and thus accessible free of cost 
for the families residing in this rural area. All parts of the tree are edible and its leaves are known to 
be a rich source of vitamins A, B and C, as well as calcium and (to a lesser extent) iron. Furthermore, 
all essential amino acids (the building blocks of proteins) can be found in the leaves of the Moringa 
tree, which makes them a good source of proteins especially for populations lacking animal protein. 
The leaves also contain the semi-essential amino acids arginine and histidine, which are known to be 
crucial for an infant's normal growth development. Finally, Moringa leaves contain a valuable 
amount of omega-3 and omega-6 fatty acids. It is regarded as the most nutrient-rich plant discovered 
so far, offering multiple health benefits such as proper immune response and cognitive functioning. 

Picture 11   Moringa oleifera and Amaranthus tricolor leaves 

     
Sources: Moringa (left): own picture, Amaranthus leaf collection (middle): Srikanta Mondal, leaf powder: Caroline Stiller. 

Amaranthus tricolor (locally known as "lal shak" - red spinach) can easily be cultivated in the study 
area and is ready for harvesting after 20 to 45 days from sowing. Its leaves contain considerable 
amounts of iron and magnesium (even higher than other Amaranthus species) as well as good 
amounts of protein, calcium, zinc, vitamin A and vitamin C (Shukla et al., 2006). 

Moringa powder has a grassy, slightly bitter taste and the amount of powder possible to add to a 
child's meal is therefore limited. Within the study's setting, an amount of 1g Moringa powder per 
100g of cooked food has been found to be easily acceptable by the small children. As this amount of 
leaf powder would not satisfy the iron needs of the children, dried Amaranthus leaves have been 
added, which have a rather sweet and nutty taste. 2g of Amaranthus powder per 100g cooked food 
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was provided to the children of IG2 - leading to a total amount of 3g leaf powder per 100g food (with 
a ratio of Moringa oleifera to Amaranthus tricolor of 1:2).  

Moringa and Amaranthus leaf powder has to be stored in a dark, cool place and should be added 
only after cooking (it must not be boiled longer than a minute). The colour of the food changes to 
green or rather brownish (due to the red colour particles of Amaranthus leaves). 

Picture 12   Cooked meals with Moringa and Amaranthus powder added 

     
Source: Own pictures and Caroline Stiller. 

In literature, 15g Moringa powder per day are recommended for children (for instance three times a 
day 5g/1 rounded tablespoons; Price, 2007). Yet, according to pre-study results this amount of leaf 
powder is not accepted by the children to be eaten. The following table shows what share of the RDA 
would be covered by the recommended amount of 15g Moringa powder and what amount was cov-
ered through the Moringa-Amaranthus powder provided in the study. 

Table 49   Recommended Moringa dosage for children and actual study dosage - nutrient contents 

 RDA children 
 1-3years 

Moringa recommended daily 
dosage: 15g  

Study dosage Moringa 2g & 
Amaranthus 4g (200g portion) 

iron (mg/d) 9 2.4 3.8 
zinc (mg/d) 5 0.3 0.2 
calcium (mg/d) 600 277 98 
vitamin B1 (mg/d) 0.5 0.4 0.05 
vitamin B2 (mg/d) 0.6 3.1 0.41 
vitamin B3 (mg/d) 6.8 1.2 0.16 
vitamin C (mg/d) 40 48 6 
vitamin A (µg/d) -  
retinol 

400 275 51 

vitamin E (mg/d) 6 8.7 1.3 
Sources: For RDA - Indian Council of Medical Research, 2009, except for CHO: Institute of Medicine, Food and Nutrition 
Board, National Academies, 2016a and Vitamin E: Institute of Medicine, Food and Nutrition Board, National Academies, 
2016b; for Moringa nutrients: own lab analysis except for vitamin B1, B2 and B3: Price, 2007; for Amaranthus nutrients: 
own lab analysis  

Seeing the presented data it would be desirable to provide a higher amount of Moringa powder to 
the children in IG2. Still, as the children are seen just one time per intervention day when being col-
lected in the community cooking centre, providing higher amounts of powder is hardly possible due 
to taste changes (in contrast, when providing the powder in the hands of the families at home, the 
powder may be supplied more frequently throughout the day - even though monitoring compliance 
would be a rather difficult task in such a setting). Hence, for the sake of acceptance and finally good 
compliance, the research team decided to limit the amount of Moringa. With regard to iron, Amaran-
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thus contributes a good share of the children's RDA. According to own lab analyses (realized at 
Hohenheim University), Moringa contains on average 15.67mg iron per 100g dried leaves while Ama-
ranthus contains  about five times more iron (86.8mg per 100g leaf powder). 

IG3: Addition of TopNutri sprinkle - TopNutri is a sprinkle (powder) containing macro- and micronu-
trients and was produced by the company "Compact AS" in Norway (until 2015). It is supposed to be 
provided to populations whose diet mainly consists of a single cereal (like rice in case of the study's 
population), so the local diet can be fortified and micronutrient deficiencies treated or rather pre-
vented (Compact AS, n.d.). Children aged 6 months and older are eligible to receive the sprinkle. 
Moreover, pregnant and lactating women belong to sprinkles primary target group. 

The following advantages are attributed to TopNutri sprinkle: (1) good bioavailability of nutrients, (2) 
full coverage of the RDA with improved protein quality and (3) no altering of a meal's taste or ap-
pearance. Besides addressing micronutrient deficiencies, the sprinkle promotes normal growth. 

The sprinkle is supposed to be mixed with any food after cooking. The recommended daily dosage for 
children aged 6 months to 8 years is 7.5g. Adults should receive double amount. With respect to the 
study design, TopNutri was given in a lower dosage in order to adjust the amount of iron provided to 
the amount of iron being provided in the Moringa and Amaranthus leaf powder. The following table 
shows the recommended dosage for children and the dosage actually provided in the study.  

Table 50   Recommended TopNutri dosage for children and actual study dosage - nutrient contents 

 RDA children 
 1-3years 

TopNutri recommended 
daily dosage: 7.5g  

Study dosage TopNutri 
(200g portion): 3.7g 

iron (mg/d) 9 7.7 3.8 
zinc (mg/d) 5 3.8 1.9 
calcium (mg/d) 600 320 158 
vitamin B1 (mg/d) 0.5 0.5 0.2 
vitamin B2 (mg/d) 0.6 0.7 0.3 
vitamin B3 (mg/d) 6.8 6.8 3.4 
dietary folate  (µg/d) 80 190 94 
vitamin B12 (µg/d) 0.2 - 1 0.9 0.4 
vitamin C (mg/d) 40 37.5 18.5 
vitamin A (µg/d) -  
retinol 

400 340 168 

vitamin E (mg/d) 6 5.6 2.8 
Sources: For RDA - Indian Council of Medical Research, 2009, except for CHO: Institute of Medicine, Food and Nutrition 
Board, National Academies, 2016a and Vitamin E: Institute of Medicine, Food and Nutrition Board, National Academies, 
2016b; for TopNutri dosages: Compact ASb, n.d. 

Besides the nutrients listed above, TopNutri contains relevant amounts of phosphorus, potassium, 
magnesium, sodium, copper, iodine, selenium, vitamin D3, vitamin B6 and vitamin K, respectively. 

Summary: Share of RDA of children covered through the study meals - The graph below illustrates and 
summarizes the percentages of the discussed nutrients covered by the two study meals with respect 
to Indian recommendations. As twice a week halwa was provided and once a week khechuri, a ratio 
of 2:1 has been applied to show the nutritional value of the study meals per intervention day (ac-
cording the supply). An exemplified amount of 200g was chosen - reflecting a typical eating amount 
of a child aged 1-2 years. It should be kept in mind that children were free to consume larger (or 
lesser) amounts of food, as per their hunger feeling - leading to modified RDA coverage. 
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Besides the study meals, the nutritional value of breastfeeding (in a medium frequency; Dewey & 
Brown, 2003; Parlesak, 2003) is shown in the graph as well as the value of the children's home diet 
(as analyzed by Piroth in 2014 as part of a pre-study). The red line represents the entire recom-
mended amount of the different nutrients which should be consumed each day by a child of one to 
two years in an ideal case. On top, it is visualized what additional benefit 6g of the Moringa/ Amaran-
thus leaf powder (green beam) have compared to 3.7g TopNutri sprinkle (blue beam).    

Graph 92   Coverage of nutrients through the study meals (exemplified for children aged 1-2 years) 

 

Source: Stiller, 2017 (doctoral student in this research project and nutritionist), prepared in NutriSurvey. Moderate 
breastfeeding data as per Dewey & Brown, 2003 (amount consumed per day in kcal) and Parlesak, 2003 (nutrient con-
tents per dl of breastmilk - if ranges were given, lowest reported nutrient content was applied as Santal mothers living in 
the study area show low BMIs and tend to be malnourished. CF as per Piroth, 2014.  

5.2 Findings 

Detailed statistical analysis on the effects of interventions on Hb development of study children as 
well as on their nutritional status (anthropometric data) has been implemented by the second doc-
toral candidate and nutritionist Caroline Stiller, and a paper has been prepared for publication (Stiller 
et al., 2021 - not yet published). Here, a focus shall be set on the question of Hb development of chil-
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dren (which was set as primary indicator as per the methodological approach), or more explicitly, if 
IG1 children had a better or worse Hb development compared to CG children as well as compared to 
other IGs? The analysis shall be conducted in order to assess the effect of nutritious meals and 
therewith the usefulness to diversify meals of undernourished children. 

5.2.1 Baseline situation: Haemoglobin values of children across IGs/CG 

Considering the distribution of children with no anaemia or mild anaemia compared to children with 
moderate or severe anaemia, no significance can be found at baseline between IGs and CG (p=0.286, 
Pearson Chi-Square). Still, there are differences in the initial distribution of anaemic and non- anae-
mic/merely mildly anaemic children - respectively, IG1 shows a lower share of children with moder-
ate and severe anaemia compared to all other groups (p<0.05, Pearson Chi-Square).  

Table 51   Initial share of children with moderate/severe anaemia across IGs/CG 

Children with... IG1 
n=78 

IG2 
n=73 

IG3 
n=76 

CG 
n=80 

moderate/ severe anaemia count: 49 
exp. count: 57.2 

62.8 percent 

count: 59 
exp. count: 53.5 

80.8 percent 

count:629 
exp. count: 55.7 

81.6 percent 

count: 55 
exp. count: 58.6 

68.8 percent 
no or mild anaemia count: 29 

exp. count: 20.8 

37.2 percent 

count: 14 
exp. count: 19.5 

19.2 percent 

count: 14 
exp. count: 20.3 

18.4 percent 

count: 25 
exp. count: 21.4 

31.3 percent 
Summary less anaemic 

children 
more anaemic 

children 
more anaemic 

children 
less anaemic 

children 

Source: Own primary data - Baseline Medical Checkup, personal communication, February 2015. 

As can be seen above, IG1 as well as the CG showed fewer anaemic children at baseline, while IG2 
and IG3 showed more anaemic children than expected in case of normal distribution across IGs/CG. 

There is, however, no significant difference in the distribution of moderate/severe versus mild and 
no anaemia between IG1 and the CG (p=0.501, Pearson Chi-Square), which makes both groups com-
parable regarding Hb developments. Considering the envisaged comparison of Hb developments of 
IG1 and IG2/IG3 (grouped) there is a significant difference in the initial anaemia distribution (p<0.05, 
Pearson Chi-Square), with more anaemic (moderately or rather severely) in IG2 and IG3 compared to 
IG1. What does this mean for the interpretation of Hb development findings? As Stiller (2021) found, 
low initial Hb values are associated with better Hb improvements - hence, it may be expected that 
IG2_IG3 will show better Hb increases as compared to IG1 (as well as compared to the CG). If Hb 
increases in the IG1 should be as high as in IG2_IG3 or even higher, this would stress the effective-
ness of providing nutritious meals to undernourished Santal Adivasi children aged 6-39 months. 

5.2.2 Development of Hb values for all IGs/CG (time line) 

After one year of intervention, IG1 showed highest mean haemoglobin (Hb) increases (+0.98 g/dl), 
followed by IG3 (0.92 g/dl) and IG2 (0.82 g/dl) - the CG showed lowest Hb increase (0.45 g/dl). The 
effect of providing diversified meals, accordingly, amounts to a change in Hb of 0.53 g/dl in the con-
sidered time period. Very interestingly, IG1 showed better Hb increases after 12 months compared 
to IG2 and IG3 - even though the fact that IG2_IG3 showed higher anaemia rates at baseline would 
suggest a stronger Hb increase in IG2 and IG3 (as per Stiller's Hb increase predictor analysis). This 
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implies that providing nutritious meals may be considered equally or even more effective to increase 
Hb in undernourished Adivasi children aged 6-39 months as providing same meals enriched with a 
locally produced leaf powder of Moringa and Amaranthus or rather enriched with TopNutri sprinkle. 

Change in Hb from baseline till t3 (12 months period) ranged from -2.4 g/dl to a maximum of 4.3 g/dl 
with a median of 0.9 g/dl. The best 30 percent started at 1.40 g/dl - conducting Chi-Square testing 
focusing on achieving top 30 percent of Hb changes or not and comparing this distribution between 
IG1 and the CG, it can be seen that there is a significant difference (p<0.01); this means that children 
in IG1 showed greater likelihood of achieving very high Hb increases as compared to the CG. Doing 
same analysis comparing IG1 to IG2_IG3 (grouped), the result is not significant (p=0.284), Still, more 
children than expected achieved top 30 percent of Hb increases in IG1 (31 children vs. 27.4 expected 
cases) while less children did so in IG2_IG3 (49 children vs. 52.6 exp. cases). Remembering that 
IG2_IG3 had initially more children suffering from anaemia and that initial low Hb values predict high 
Hb increases (Stiller et al., 2021), this result is still of relevance (in fact, it would have been expected 
that IG2_IG3 would show more very high Hb increases as per the initial baseline situation). 

Graph 93   Hb development over time - IGs as well as CG (Δ Hb from baseline until intervention ending) 

 
Sources: (1) Baseline Medical Checkup, personal communication, February 2015; (2) Second Medical Checkup, personal 
communication, August 2015; (3) Third Medical Checkup, personal communication, February 2016; (4) Endline Medical 
Checkup, personal communication, August 2016. 

Detailed Hb increases over time for each IG/CG can be seen in table 52 below. The mean Hb increase 
within 12 months was 0.84 g/dl (all groups), while the mean Hb increase of all IGs laid at 0.95 g/dl. 
Hence, the initial assumption of achieving an Hb increase of 0.7 g/dl (or more) could be met.  

Interestingly the effect of providing supplement meals (diversified as well as enriched with leaf pow-
der/sprinkle) weakens in the course of time - while mean Hb increase of all IGs lay 313 percent above 
the CG after 6 months, it lay 211 percent above the CG after 12 and 164 percent above the CG after 
18 months. Why might that be? One hypothesis may be that the body's metabolism processes of 
undernourished children are slowed down in a way that initially providing smaller amounts of sup-
plement foods suffice to fuel Hb improvements (remember that the food was provided just three 
days a week) - yet, while metabolism processes start returning to normal functional rates, nutrient 
needs of undernourished children rise and therefore, supplement food would be optimally provided 
more frequently in order to best support Hb increases. Also seen from another perspective, provision 
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of nutritious meals in a higher frequency seems worthwhile: Baseline mean Hb of IG children was 
measured at 9.08 g/dl - hence, given a mean improvement of 0.95 g/dl after 12 months, these chil-
dren (on an average) showed a Hb of 10.03 g/dl - which is just at the boarder of changing from mod-
erate to mild anaemia. This result is good - yet still improvable - suggesting again that nutritious 
meals should optimally be provided more frequently to these children. 

Table 52   Mean Hb increases after 6, 12 and 18 months of intervention (IGs/CG) 

IGs/CG mean Hb increase 
in g/dl 

(in relation to CG) 

after 6 months after 12 months after 18 months 
IG 1 
  diversified  
 meals 

0.58 
(+ 387%) 

0.47 
(+ 313%) 

0.98 
(+ 218%) 

0.95 
(+ 211%) 

0.67 
(+ 143%) 

0.77 
(+ 164%) 

IG2 
  meals  
 + leaf powder 

0.23 
(+153%) 

0.82 
(+ 182%) 

0.77 
(+ 164%) 

IG3 
  meals 
 + sprinkle 

0.58 
(+ 387%) 

0.92 
(+ 204%) 

0.81 
(+ 172%) 

CG 
  no meals 

0.15 0.45 0.47 

Sources: (1) Baseline Medical Checkup, personal communication, February 2015; (2) Second Medical Checkup, personal 
communication, August 2015; (3) Third Medical Checkup, personal communication, February 2016; (4) Endline Medical 
Checkup, personal communication, August 2016. 

Even by providing meals just thrice a week, significantly more children were not or merely mildly 
anaemic in IG1 compared to the CG after 12 months (p<0.05, Pearson Chi-Square). Thus, providing 
nutritious meals does improve Hb values of undernourished children and decrease anaemia preva-
lence. To recall, IG1 and the CG were found fully comparable considering initial distribution of non-
anaemic and mildly anaemic compared to moderately and severely anaemic children - see above. 

Table 53   Anaemia decreases in diversified meals group after 12 months of intervention (compared to CG) 

Children with... at baseline after 12 months 

IG1  
diversified meals 

n=78 

CG 
no meals 

n=80 

IG1 
diversified meals 

n=71 

CG 
no meals 

n=75 
moderate/ severe anaemia count: 49 

exp. count: 57.2 

62.8 percent 

count: 55 
exp. count: 58.6 

68.8 percent 

count: 19 
exp. count: 25.3 

26.8 percent 

count: 33 
exp. count: 26.7 

44.0 percent 
no or mild anaemia count: 29 

exp. count: 20.8 

37.2 percent 

count: 25 
exp. count: 21.4 

31.3 percent 

count: 52 
exp. count: 45.7 

73.2 percent 

count: 42 
exp. count: 48.3 

56.0 percent 
Sources: (1) Baseline Medical Checkup, personal communication, February 2015; (3) Third Medical Checkup, personal 
communication, February 2016. 

No significance could be shown when doing same analysis for all IGs (grouped) compared to the CG 
(p=0.556, Pearson Chi-Square). The same is true when it comes to comparing IG2 and the CG 
(p=0.724) and when it comes to comparing IG3 and the CG (p=0.704). 
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Role of age in Hb developments - To remember, age has been found to be a predictor of anaemia 
(see chapter 3 on health issues, where baseline anaemia rates of study children had been presented): 
While children aged 6-23 months were mainly found with moderate anaemia with lowest Hb levels 
occurring from 12-23 months of age, Hb levels rise afterwards and return to mild forms of anaemia 
once children cross the age of 36 months. Hence, the question must be posed if there are differences 
in the age distribution of study children? And especially if the CG had more children aged 6-23 
months compared to IG1, which may relativize the shown significant effect on Hb values in IG1. Pear-
son Chi-square testing shows no significance in the age distribution between IG1 and the CG 
(p=0.635) - thus, the shown significant effect of providing diversified meals on Hb development is not 
weakened through a higher proportion of young children (aged 6-23 months) in the CG. 

Also concerning all IG compared to the CG no difference in the age distribution could be found 
(p=0.901). The same holds truth when comparing age distribution of IG2 versus the CG (p=0.333) and 
when comparing age distribution of IG3 versus the CG (p=0.882). 

5.3 Limitations - resulting from the study design 

Four limitations resulting from the chosen study design have been identified, which shall be ad-
dressed here; while issues one and four are specific to this intervention study, issue two relates to all 
leaf powder studies and issue three to most studies conducted in rural settings. 

(1) First of all the amount of leaf powder accepted by children and mothers is indeed limited and 
therewith the amount of iron to be offered to children and mothers in IG2 as well as in IG3. Resulting 
in a weaker effect than could have been achieved if the full TopNutri recommendation dosage would 
have been provided and accordingly a higher amount of leaf powder.  

(2) Further, with regard to the usage of leaf powder there may be doubts concerning the quality of 
leaf powder, because its nutrient content depends on several factors, such as harvesting time of the 
leaves, processing of leaves and storage of the dried powder. 

(3) Thirdly, compliance issues need to be considered - especially in the rural setting in which the 
study was implemented: where mothers are the whole day busy in order to cook for the family, clean 
the house, do the field work etc. and education of most parents is still limited. How to ensure that 
children and mothers actually do attend the programme? How to ensure that those children and 
mothers present in the community feeding centre do eat the full amount of food offered to them? 

(4) Finally, applied RDAs to assess study recipes may be questioned, as those are meant for healthy 
individuals - still, the rational went that the intervention is rather preventive than curative and very 
interestingly, even for offering meals (sometimes nearly) covering RDAs for healthy Indian children 
which are offered just three times a week a positive effect on Hb development in the diversified 
meals group could be seen. 

In the following, named issues will be discussed in more depth - framing the limiting aspects accom-
panying the study results, presented above.  
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5.3.1 Limitation 1: Amount of leaf powder provided 

The amount of leaf powder mixed in the cooked food was already described thoroughly 
chapter - with the conclusion that the c
in a greater daily amount (going up to 15g/day rather than 2g 
of a 200g potion of food for a child aged 1
time constraints: where women are busy the whole day to manage daily works and cook for the fa
ily and cannot easily spare the time daily to come to a community nutrition centre, and (2) the 
cational background and way of living
leaf powder at home additionally to the three times weekly in the nutrition centre appears difficult 
(as exact measurements as 2g cannot be taken exactly, also because of missing weight scales, respe
tively - besides, compliance and eaten amounts finally would have 

Finally (and very obviously), (3) change of colour and taste of food
be considered - where 1g Moringa
mothers (in fact, it is often adult persons being more sceptical, while children hold less suspicions 
against the brownish food). Hence, for the sake of acceptance of offered study meals which needed 
to be eaten by children and mothers for a l
18 months) and given the rural living situation of families with no technical support to do daily works 
(time pressure) and no background to measure exact leaf powder amounts additionally at home 
document the eaten amounts - the amount of leaf powder was finally intentionally limited.

Picture 13   Time constraints (study limitations) 

Source: Own project pictures, Shining E

5.3.2 Limitation 2: Quality aspects of using leaf powder in supplement foods for children

Certain risks concerning the use of leaf powder in nutrition programmes need to be known and a
dressed. There are crucial points which need to be considered throug
and consumption chain concerning plantation, harvesting, processing, storing and finally consum
tion of the powder. The following sections shall point out bottlenecks and key success factors when it 
comes to incorporating Moringa 

Plantation of Moringa - Moringa
perature of 25 to 35 degree (Dhaka
with rainfalls of 250 to 1500mm per year are sufficient for the drought
hand, water logging should be avoided and, if available, a sandy loam soil should be sel
plantation of Moringa (even though it also thrives in case of clay soils). In order to cultivate new 
inga trees there are basically two options: (1) direct seeding and (2) hard stem cuttings. As exper
ence showed within this research proje
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: Amount of leaf powder provided  

The amount of leaf powder mixed in the cooked food was already described thoroughly 
with the conclusion that the chosen study design does not give scope to offer leaf powder 

in a greater daily amount (going up to 15g/day rather than 2g - Moringa plus 6g Amaranth
of a 200g potion of food for a child aged 1-2 years in case of study meals). Reasons for this are

: where women are busy the whole day to manage daily works and cook for the fa
ily and cannot easily spare the time daily to come to a community nutrition centre, and (2) the 
cational background and way of living: where providing a specific amount of Moringa
leaf powder at home additionally to the three times weekly in the nutrition centre appears difficult 
(as exact measurements as 2g cannot be taken exactly, also because of missing weight scales, respe

compliance and eaten amounts finally would have been left unclear). 

change of colour and taste of food are serious issues, which need to 
Moringa per 100g food have been found as well accepted by 

mothers (in fact, it is often adult persons being more sceptical, while children hold less suspicions 
against the brownish food). Hence, for the sake of acceptance of offered study meals which needed 
to be eaten by children and mothers for a longer period of time (with a total intervention duration of 
18 months) and given the rural living situation of families with no technical support to do daily works 
(time pressure) and no background to measure exact leaf powder amounts additionally at home 

the amount of leaf powder was finally intentionally limited.

Time constraints (study limitations) - mothers are busy to mage daily works 

    
Source: Own project pictures, Shining Eyes e.V. 

Quality aspects of using leaf powder in supplement foods for children

Certain risks concerning the use of leaf powder in nutrition programmes need to be known and a
dressed. There are crucial points which need to be considered throughout the powder production 
and consumption chain concerning plantation, harvesting, processing, storing and finally consum
tion of the powder. The following sections shall point out bottlenecks and key success factors when it 

 (and Amaranthus) leaf powder in child feeding programmes. 

Moringa trees tolerate heat as well as light frosts with an optimal core te
(Dhakar et al., 2011; Price, 2007). Concerning water requirements, areas 

with rainfalls of 250 to 1500mm per year are sufficient for the drought-tolerant tree. On the other 
hand, water logging should be avoided and, if available, a sandy loam soil should be sel

(even though it also thrives in case of clay soils). In order to cultivate new 
trees there are basically two options: (1) direct seeding and (2) hard stem cuttings. As exper

ence showed within this research project, trees coming from a nursery need more time to develop 

resulting from the study design 

The amount of leaf powder mixed in the cooked food was already described thoroughly earlier in this 
hosen study design does not give scope to offer leaf powder 

Amaranthus in case 
2 years in case of study meals). Reasons for this are (1) 

: where women are busy the whole day to manage daily works and cook for the fam-
ily and cannot easily spare the time daily to come to a community nutrition centre, and (2) the edu-

Moringa/ Amaranthus 
leaf powder at home additionally to the three times weekly in the nutrition centre appears difficult 
(as exact measurements as 2g cannot be taken exactly, also because of missing weight scales, respec-

left unclear).  

are serious issues, which need to 
per 100g food have been found as well accepted by children and 

mothers (in fact, it is often adult persons being more sceptical, while children hold less suspicions 
against the brownish food). Hence, for the sake of acceptance of offered study meals which needed 

onger period of time (with a total intervention duration of 
18 months) and given the rural living situation of families with no technical support to do daily works 
(time pressure) and no background to measure exact leaf powder amounts additionally at home and 

the amount of leaf powder was finally intentionally limited. 

 

Quality aspects of using leaf powder in supplement foods for children 

Certain risks concerning the use of leaf powder in nutrition programmes need to be known and ad-
hout the powder production 

and consumption chain concerning plantation, harvesting, processing, storing and finally consump-
tion of the powder. The following sections shall point out bottlenecks and key success factors when it 

) leaf powder in child feeding programmes.  

trees tolerate heat as well as light frosts with an optimal core tem-
. Concerning water requirements, areas 

tolerant tree. On the other 
hand, water logging should be avoided and, if available, a sandy loam soil should be selected for the 

(even though it also thrives in case of clay soils). In order to cultivate new Mor-
trees there are basically two options: (1) direct seeding and (2) hard stem cuttings. As experi-

ct, trees coming from a nursery need more time to develop 
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strong branches and leaves compared to trees cultivated via hard stem cuttings. Still, Moringa is 
known to be a very fast-growing tree which can grow up to 4 meters per year (Price, 2007).  

Picture 14   Moringa cultivation: Direct seeding or hard stem cuttings 

     
Source: Own picture and Caroline Stiller. 

If one opts to go for hard stem cuttings, healthy branches of one to two meters cut from one-year 
old trees should be preferred, which are then put in the ground with a depth of 0.3 to 0.6 meter and 
covered with cow dung, respectively, to prevent drying of the wood cutting. On the other hand, if 
one goes for direct sowing, seeds should be put 2cm below the soil and planters may be used to start 
a nursery in a protected half shadow place - care is needed when transplanting the young seedlings. 
Finally, an altitude below 600m (2000 ft) is best to grow Moringa and very windy conditions should 
be avoided. 

Harvesting of Moringa leaves - After three to six months, when the newly cultivated tree reaches 1.5 
to 2 meters height, the first harvest of leaves may take place (Dhakar et al., 2011; Price, 2007). While 
harvesting, whole branches are cut off the tree, which are then further processed (see "processing" 
section). It is strongly recommended to prune Moringa trees which are exclusively meant for leaf 
harvesting. Pruning to a shrub form can take place regularly, up to five times a year striving for a 
height of the tree of 2-3 meters (which allows easy harvesting). With the help of regular pruning, the 
tree will become bushy rather than lanky, resulting in a higher yield during leaf harvest. Moreover, 
sick branches can be removed in the course of the trimming process. If not trimmed, Moringa trees 
grow 6 to 15m (20-50 ft) high, which makes the leaf harvest difficult. Furthermore, in order to obtain 
a highly nutrient dense leaf powder, the mature dark green leaves should be harvested (rather than 
the light green ones). Eventually, attention should be paid to processionary caterpillars, which cause 
tremendous losses in leaf harvest and should therefore urgently be removed before reaching the 
side branches (because of their poisonous hairs, gloves should be worn); a soap-water spray applied 
on the main stem when the first caterpillar has been detected, can help preventing further invasion. 

Processing of Moringa leaves- Hygiene is of utmost importance and persons with wounds should not 
be involved neither in the harvesting nor in the processing work. Once the branches with mature 
Moringa leaves have been cut off the tree, they should be immediately transported to the processing 
area, using clean containers. No delay in further processing should happen as to avoid wilting of the 
leaves: Firstly, yellow and highly polluted leaves (e.g. through bird excrements) need to be removed. 
Secondly, branches are rinsed off twice for a few seconds in clean containers with drinking water; 
excessive washing of the leaves needs to be avoided, as water soluble vitamins would be washed 
out. Thirdly, a clean plastic foil (treated as sterile zone) needs to be spread in a light sunny half shady 
place - here the branches are put for surface drying for three to five hours. Fourthly, the foil is shifted 
in a dark and cool room, where the leaves remain for one to two more days for in-depth-drying. Dur-
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ing the drying process, the leaves start to fall off the branches and can then be collected to be put in 
a stainless-steel mixer for blending. It is essential to avoid longer heat or light exposure during the 
drying process - at the same time, there must not be excess moisture remaining in the leaves, as 
otherwise fungus may spread and spoil the powder (not to mention health risks for the children)10.  

Storing of Moringa powder - After blending the dried Moringa leaves, the powder is put in clean, 
moisture-resistant, aroma-proof plastic bags (e.g. in 100g portions or as per the specific project re-
quirements). Storage must be in a dark and cool place and should not be longer than six months. In 
any case, the leaf powder has to keep its dark green colour - if it turns light or yellowish, the nutri-
ents are significantly diminished and the powder loses its nutritional value when fed to the children. 

Picture 15   Cleaning, blending and storing of Moringa leaves 

     
Source: Cleaning and blending: Anne and Rolf Bucher (project agriculturists); packed sachets: Caroline Stiller. 

Consuming Moringa powder - Moringa powder does not require cooking and has to be added to the 
cooked food after completion of the cooking process. Anyhow, the powder must not be boiled for 
longer than a minute. Otherwise, heat-sensitive nutrients vanish. Appearance of the food changes to 
dark green colour when the leaf powder is added to a porridge or vegetable-rice dish. Also the taste 
changes: Moringa makes the food's taste a bit bitter. To balance this effect, sweetish and nutty Ama-
ranthus tricolor (lal shak) leaves may be added to the powder in dried form. In this research, a ratio 
of one part Moringa and two parts Amaranthus (which is very rich in iron) has been chosen with a 
total amount of 3g leaf powder per 100g cooked food.  

Summary - To sum up, offering a leaf powder to better nourish malnourished children and mothers 
means a lot of work which needs to be done in accordance with described quality standards, as oth-
erwise the leaf powder may lose its nutritional value or even spoil with fungus. Very clearly, on a 
daily basis and on the family level, fresh Moringa/Amaranthus leaves may be prefered. Respectively, 
fresh Moringa leaves can be added to the dhal sauce which is traditionally eaten along with boiled 
rice. Still, for the study purpose, which aimed for an exactly measureable amount of Mor-
inga/Amaranthus for each child and mother (comparable to offered TopNutri amounts in IG3), the 
powder appeared as adequate option as it could be mixed homogenously in the cooked meals. 

5.3.3 Limitation 3: Monitoring compliance - attendance and portion sizes 

In order to guarantee proper implementation of the study design, it was necessary to monitor com-
pliance with respect to (1) attendance in the feeding sessions and (2) amounts actually eaten by chil-

                                                           
10 Please note: These processing details are according to the project experience which is based on the expert knowl-
edge of Anne and Rolf Bucher, agriculturists, residing in Germany (for contact: rbucher@t-online.de). 
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dren and mothers - or in other words - if they really had received the expected nutrient intake or 
not? Therefore, throughout the intervention period, compliance had been documented. First, it was 
documented if children had joined the nutrition programmes or if they had been absent to know 
their participation rate (assuming that a higher participation rate results in better health develop-
ments). And second, the portion sizes eaten by the children have been measured (with the help of 
digital weight machines), to relate amounts eaten to the health development of the children. 

Even though meaning a lot of paper work for social workers it was assumed a necessary action to 
follow this documentation thoroughly - as longer absence of a child (e.g. if it stayed in a relative's 
house for some weeks outside the village) or reluctance to eat offered foods (because of taste or 
missing feeling of hunger, respectively) would have endangered the study's outcome. 

Picture 16   Documenting compliance: Attendance and portion sizes consumed 

     
Source: Own project pictures, Shining Eyes e.V./Caroline Stiller. 

5.3.4 Limitation 4: RDAs applied - Indian recommendations in the light of malnutrition 

Recommended daily allowances (RDAs) applied referred to the references formulated for healthy 
Indian children. Very clearly, most of study children were not healthy, but undernourished, with a 
minor share of non-anaemic children of 6 percent (n=307) and non-stunted children of 48 percent 
(n=305; Baseline Medical Checkup, personal communication, February 2015). RDAs for malnourished 
children are generally higher than those of healthy children, as they are already in a deficit with often 
depleted body stores and need to fill those up and to catch up growth besides returning to normal 
growth rates. This needs energy as well as all essential nutrients in balanced amounts. And, one may 
well argue, RDAs for moderately malnourished children would have been more suitable to assess 
study meals. Still, as the study design allowed only to provide meals three days a week, and offered 
therewith rather a preventive approach (not to worsen the existent nutrient deficit) than a fully cura-
tive one (with the aim to cover all nutrient needs daily in sufficient amount), application of Indian 
RDAs appeared a feasible way to plan the study. And even though the nutrient needs of studies chil-
dren may have been even greater than those covered through study meals, a positive effect of diver-
sified meals (IG1) on Hb development and hence anaemia could be seen. 

5.4 Closing remarks 
Finally, two issues shall be addressed in greater detail, which appear irritating at first glance when 
listening the study's results:  

 1. Why do Hb increases slow down over time? - What has been found true for all IGs.  
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and  

 2. Why did the additional provision of nutrients, especially iron, via the Moringa and amaran- 
  thus leaf powder (IG2) or rather TopNutri sprinkle (IG3) not result in higher Hb increases  
  as compared to the diversified meals group (IG1)?  

5.4.1 Slowing down of Hb increases over time 

Stiller et al. (2021) found that low initial haemoglobin (Hb) values were a significant predictor of 
highest Hb increases - this means that children with low Hb values are more likely to achieve greatest 
Hb increases, while children already having higher Hb values find it more difficult to further increase 
their Hb. The finding was highly significant when analyzing Hb changes from baseline to 12 months as 
well as to 18 months of intervention (p<0.001 each time). Accordingly, as Hb values rise through the 
provision of supplement foods as well as through the increasing age of study children by time, it is 
logical that Hb increases slow down. In the very same line, a study on pre-school children conducted 
in Zanzibar found that Hb increases are inversely associated with initial Hb status of children 
(Stoltzfus et al., 2001). Why, however is it the case that children with low haemoglobin find it easier 
to increase their Hb compared to children with higher Hb values? Probably changing metabolism 
processes do play a role here. The topic is complex and so far merely partly understood. There are 
efforts to strive for metabolic phenotyping in an attempt to tailor interventions to the specific needs 
of an individual (Mayneris-Perxachs & Swann, 2019). Undernourished populations are known to suf-
fer from diverse metabolic disruptions going along with perturbations in energy, amino acid and bile 
acid metabolism, respectively. Further, the gut's microbiota of undernourished children is known to 
be impaired (Gehrig et al., 2019). To understand the body's internal metabolism more fully is an im-
portant topic of research in the years to come - and may be especially helpful to overcome undernu-
trition in poorer settings, where especially children still suffer a lot - endangering their capacity for 
proper brain development and learning as well as earning opportunities later in life.  

5.4.2 Superiority of diversified meals in rising Hb values vs. leaf powder/sprinkles 

It is indeed surprising that the addition of Moringa and Amaranthus leaf powder (IG2) or rather an 
adjusted amount of TopNutri sprinkle (IG3) did not result in higher Hb increases after 12 months of 
intervention as compared to the diversified meals group. Stiller et al. (2021) argue there may be ad-
verse effects of the nutrient composition of the leaf powder and sprinkle: 

(IG2) - leaf powder - with regard to the leaf powder anti-nutrients may have played a role: red Ama-
ranth leaves have very high oxalate levels (823mg per 100g edible portion - Longvah et al., 2017) 
while Moringa leaves are high in oxalate (120mg/100g) as well as in phytate (128mg/100g - Longvah 
et al., 2017). While oxalates mainly bind to calcium (Gemede & Ratta, 2014) forming insoluble com-
plexes, phytate is known to hamper iron (as well as zinc) absorption (Gibson et al., 2018). Adding 
oxalic acid to meals of Indian women was indeed found to depress iron absorption (Gillooly et al., 
2007); in the same line, foods rich in phytate were found with lower bioavailability of iron. Hence, it 
appears plausible that adding a leaf powder of Moringa and Amaranthus which is rich in oxalates as 
well as in phytate may have a negative impact on iron absorption. Apparently, in the study the addi-
tional amount of iron provided through the powder could not outweigh this negative impact.  

Furthermore, smaller portion sizes consumed in IG2 may have contributed to the fact that IG2 could 
not be found to result in higher Hb increases than IG1 after 12 months. Portion sizes consumed in IG2 
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were in fact significantly smaller compared to all other groups (p<0.001, Pearson Chi-Square) as well 
as compared to IG1 specifically (p<0.001) and, on the other hand, more often just satisfying (with half 
to full portion eaten). Apparently, adding the Moringa and Amaranthus leaf powder to the cooked 
meals decreased their acceptance - as colour and taste change. Govender and Siwela (2020) found, in 
the same line, that addition of Moringa leaf powder to breads decreases consumer's willingness to 
consume offered breads - with higher amounts of leaf powder worsening the situation.  

Overall, addition of leaf powders containing Moringa should be done with care (if at all) when ad-
dressing undernourished populations, as firstly, amounts of offered foods eaten may decrease and 
secondly,  absorption of essential nutrients may be hampered due to anti-nutritive elements. This 
poses indeed a problem knowing that malabsorption and a misbalanced microbitotic flora widely 
prevails amongst undernourished children (Gehrig et al., 2019; Gupta et al., 2011). 

(IG3) - sprinkle - with respect to the TopNutri sprinkle high amounts of calcium are discussed to have 
the potential to negatively influence iron absorption (Stiller et al., 2021) - leading finally to lower Hb 
increases in IG3 than in IG1. In fact, IG3 showed highest calcium levels with 148mg per 100g Halwa 
with egg compared to a mere 71mg/100g calcium in IG1. The inhibitory effect of calcium on iron ab-
sorption was found to start already at 40mg calcium per meal (39 percent inhibition) rising to a 
maximum inhibition rate of 77 percent for a calcium content of 300mg per meal (Lynch, 2000).  

Conclusion - Eventually, providing diversified meals appeared as best option to increase Hb values of 
Santal Adivasi children aged 6-39 months at Birbhum district, West Bengal, significantly. The slowing 
down effect of meal provision on Hb increase (across IGs) suggests that nutritious meals should be 
provided more frequently to the children in this age group - optimally daily rather than just thrice a 
week. While improving at the same time the children's ability to absorb essential nutrients by im-
proving the gut's microbiotic flora (groundnut flour has been found helpful to do so, for instance - 
Gehrig et al., 2019) and keeping anti-nutrient contents in the diet at a minimum level. Quite obvi-
ously the best way to offer nutritious and easy to digest foods on a regular basis to children is not in 
a community cooking centre, but at home - and the question needs to be posed how Adivasi tribal 
families, who live in a rural setting with limited financial means accessible may implement the 
needed meal diversification? In order to elaborate this question in depth, chapter 6 analyzes what 
locally available foods offer most essential nutrients at lowest cost (checking those foods also for 
their anti-nutritive contents). Thereupon traditional recipes have been developed including most 
cost-effective local foods (as well as groundnut to improve the gut's microbiome) - with an analysis of 
affordability of such meals following thereafter. For sure, enriching local meals on a daily basis is not 
an easy task (given money as well as time constraints in this rural setting) - yet, it is worth to investi-
gate how such efforts may be realized, as the field work showed the capacity of nutritious meals 
prepared with locally available ingredients to significantly increase Hb values of children. 
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6 Cost-effectiveness analysis of local foods: nutrient density to sea-
sonal retail cost ratio 

The cost-effectiveness analysis of locally available foods at Birbhum district, West Bengal, aims to 
identify most nutrients dense accessible foods with respect to their retail cost - with a seasonal focus 
on - 1 - winter retail prices (price data collected in December 2020/January 2021) and - 2 - summer 
retail prices (with price data collection in April 2021). Nutrient vector (nutrient density per 100g edi-
ble portion/ RDAs) and cost vector (mean retail costs adjusted for edible portion) are held compara-
bly - details will be explained in the methodology section. Foods, which are high in a total of 38 es-
sential nutrients in relation to their purchasing cost are finally identified to be cost-effective, and 
shall be primarily used to develop recipes to diversify the daily meals of moderately malnourished 
tribal Santal children (aged 12-23 months) in the course of CF and additional to ongoing breastfeed-
ing - and their mothers. Modification of daily eating habits of the mother and child pair is meant to 
strive for in an effort to decrease the high prevalence of anaemia and undernutrition. 

There is evidence, including this research's results, that a diversified diet can be considered an ade-
quate strategy to address and limit nutrient disorders such as anaemia (for details see chapter 5) or 
vitamin A deficiency (Caulfield et al., 2006), respectively. Golden, who advised the WHO in the devel-
opment of RDAs for moderately malnourished children, pointed out already in his 1995 article on 
type I and type II nutrients, that a balanced supply of all known nutrients is essential in order to over-
come anthropometric failures as wasting (acute undernutrition) and stunting (chronic undernutri-
tion) - rather than providing single nutrients - as often happened in case of vitamin A, iron, zinc and 
others.  

Unfortunately, so far, there is no international consensus what foods to offer to children with mod-
erate malnutrition - who mostly rely on cereal based diets (Michaelsen et al., 2009). And suggested 
recommended daily allowances (RDAs) are not finally accepted by the international community -  
where Prinzo et al. published recommendations in 2012, an official WHO document- after Golden's 
article on "Proposed recommended nutrient densities for moderately malnourished children" in 
2009, which first fuelled the international discussion. The idea behind the development of standard-
ized daily intake references for moderately malnourished children is that they require - for sure - a 
higher nutrient intake compared to healthy children (as defined by IoM with wide acceptance), while 
they probably need less nutritional intake compared to severely malnourished children (with ac-
cepted daily requirements defined by WHO/WFP/UN-SCN and UNICEF in 2007). 

6.1 Methodology 

In this sense, this cost-analysis asks what are indeed the foods - locally available at Bolpur region, 
Birbhum district, and accepted - that provide highest density of all those nutrients known to be nec-
essary to limit (and gradually overcome) undernutrition and especially anaemia - at lowest cost? 

It is natural (at first glance) that looking at the topic either from a nutritional or from an economic 
perspective makes pure sense and, in this line, one may question what are adequate foods to cover 
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iron or vitamin A needs, respectively - or the other way around, what are low-cost foods available in 
the local market?  Still, the first approach very likely would lead to a list of foods which may be inac-
cessible for the tribal Santal families due to monetary constraints, while the second approach would 
lead to a list of foods that are affordable, yet possibly incapable to cover actual nutrient needs. This 
research, therefore, tries to connect both perspectives and asks what locally available foods cover 
required nutrients most cost-effectively. In order to do so, the following approach has been chosen: 

 Firstly, a choice of all relevant macro- and micronutrients has been developed  
(based on a literature review giving information on each nutrient's importance - its role in anaemia and child 
growth and its typical status in children with moderate malnutrition, respectively) 

 secondly, applicable "Recommended Daily Allowances" (RDAs) for moderately malnourished 
children and their mothers have been identified 
(screening available data of official institutions and shedding light into the still internationally discussed 
questions what nutrient requirements are necessary for children with moderate malnutrition) 

 thirdly, a list of locally available and accepted foods has been elaborated   
(in consultation with the local agriculture and social work expert Srikanta Mondal from the NGO Bolpur Ma-
nab Jamin and further local resource persons -  and in accordance with the Indian food composition table 
food range, replenished with the Bangladeshi food composition table - relevant to West Bengal), 

 fourthly, the seasonal prices of those available and accepted foods have been collected 
(again, in cooperation with Srikanta Mondal - and paying attention to the fact that retail prices of persihable 
goods as vegetables and fruits change throughout the year - with a focus on winter and summer season). 

 and fifthly, a categorization of anti-nutritive element contents of foods has been worked out 
(relating to oxalate, phytate, polyphenols - as well as sodium and dietary fibre; with the aim to consider also 
food's tendencies to render important nutrients as calcium, iron and zinc unavailable due to binding activi-
ties and formation of complex compounds within the body - when choosing cost-effective foods to nourish 
malnourished children and mothers - and to keep salt and fibre contents low, as recommended)  

Based on this information an aggregate cost-effectiveness indicator has been developed, which tells 
what locally available foods best cover needed nutrients in relation to the money spent on them. 
There are two elements of this aggregate indicator:  

Equation 1   "RDA ratio", indicating nutrient density per 100g edible portion related to RDA 

     RDA-ratio single nutrient:     

          (  )
    

 

Source: Own equation. 

and 

Equation 2   "Nutrient adequacy cost-effectiveness ratio": nutrient density in relation to mean seasonal retail costs  

     nutrient adequacy cost-effectiveness ratio single nutrient: 

         
       (    )

 

Source: Own equation. 

The aggregate cost-effectiveness indicator is finally derived by calculating the sum of single-nutrient 
cost-effectiveness ratios: 
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Equation 3   "Aggregate nutrient adequacy cost-effectiveness ratio": nutrient density of locally available foods related to 
mean seasonal retails costs, considering a total of 38 nutrients 

     nutrient adequacy cost-effectiveness ratio aggregate:   

  −   

Source: Own equation. 

Overall, 38 nutrients are considered in the aggregate nutrient adequacy cost-effectiveness indicator 
(briefly referred to as "aggregate cost-effectiveness indicator"), including macronutrients, fat-soluble 
vitamins, water-soluble vitamins, essential fatty acids and essential amino acids. Further, five anti-
nutritive elements are considered in order to assess what locally available foods are suitable to feed 
malnourished children and mothers: oxalate, phytate, polypehnols, sodium and dietary fibre. All of 
these anti-nutritive elements need to be limited in the diet of malnourished children. 

Traditionally, nutrient adequacy is measured as the ratio of intake of a given nutrient relative to the 
RDA for that nutrient ("nutrient adequacy ratio") and therewith is capable to show to what extent a 
human covers his or her RDAs through the foods consumed (Drewnowski, 2005). Similarly, the cost-
effectiveness analysis implemented in this work expresses to what extent (100g) of each locally avail-
able and accepted food covers Santal Adivasi children's RDAs of critical nutrients and relates this 
modified nutrient adequacy ratio to the (seasonal) cost of locally available and accepted foods. 

The aggregate cost-effectiveness indicator finally produces seasonal priority lists of locally accepted 
and available foods dense in essential nutrients with respect to the limited spending capacity of tribal 
Santal families. A similar approach had been chosen by Darmon et al. (2005) conducting an analysis 
of foods available in France - drawing on a nutrient-to-price-ratio, the authors could show that vege-
tables and fruits provide key nutrients (including also iron, vitamin A and C) at reasonable cost. Fur-
ther, in 2010, Drewnowski presented a "nutrient rich foods index" which was calculated as the sum 
of the percentage of the RDAs of 9 nutrients to encourage (protein, fiber, vitamin A, vitamin C, vita-
min E, calcium, iron, magnesium, and potassium) minus the sum of the percentage of the maximum 
recommended values for 3 anti-nutritive elements: saturated fat, added sugar, and sodium 
(Drewnowski, 2010a). The methodological approach chosen in this dissertation is comparable to this 
research, but consideres a wider range of nutrients and anti-nutritive elements. 

Why has this approach been chosen? While there may be weaknesses, such as ignorance of (impor-
tant) aspects such as the impact of hazardous elements contained in foods resulting from use of pes-
ticides or resulting from reduced groundwater levels with respect to global warming as relevant in 
the case of arsenic, respectively, this approach does give a practical overview of options to diversify 
diets of Santal children with respect to available monetary resources of these tribal families - com-
bining the nutritional and economic perspective and therewith showing scope to act.  

Dizon and Herforth (2018) explain that cost is indeed a significant factor to access nutritious foods. 
Especially poor people were found to be sensitive to prices and showed greater likelihood of choos-
ing energy-dense diets with less vegetables and fruits, respectively (Miller et al., 2016). In case of 
rising food prices, poor HHs were found to be most adversely affected (Green et al., 2013). Food re-
lated price fluctuations in South Asia were found most remarkable for vegetables (Dizon & Herforth, 
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2018), indicating that seasonal price changes of vegetables need to be considered while conducting a 
cost-effectiveness analysis of foods to plan meals to be prepared by poor rural HHs.  

Research on the cost of nutritious diets began in the 1950s when Stigler (1945) determined the 
minimum cost needed to obtain the amount of recommended nutrients. This approach of determin-
ing the costs needed to achieve nutrient adequacy developed further and can widely be found in 
contemporary literature - with modifications to determine the cost of minimum dietary diversity 
(Masters et al., 2018) and cost of a recommended diet (Dizon & Herforth, 2018), respectively. Well-
known are also the "cost of the diet" approach (developed by Save the Children UK) and "Optifood" 
approach (developed by London School of Hygiene and Tropical Medicine and others). The latter is a 
linear programming software designed to optimize diets at the lowest cost (SPRING, 2014). Similarly, 
the "cost of the diet" model contains a software capable to calculate the lowest cost of meeting rec-
ommended nutrient intakes from local food sources, considering also portion sizes, dietary habits 
and upper (toxic) intake levels of nutrients  and proofing for affordability (Deptford et al., 2017). As 
far as India is concerned, Rao (2002) found that pre-school children miss several macro- and micro-
nutrients and recommends to strive for an "all-round improvement" of poor families' diets, or in 
other words to increase the consumption of protective nutrient dense foods (like milk, egg, flesh 
foods, legumes, oil, fruits and vegetables) in order to achieve nutrient adequacy in the daily diet. 

In this line, this work aims to further enrich the scientific debate on optimized affordable diets - and 
focuses on tribal Adivasi children aged 12-23 months residing at Birbhum district, West Bengal - with 
their specific needs to catch up growth and overcome anaemia, found to be key public health con-
cerns ((1) Baseline Medical Checkup, personal communication, February 2015). To remember, 94 
percent of children (aged 6-39 months) were found anaemic (n=307) - with a peak incidence of 98 
percent amongst children aged 12-23 months (n=109 - where 13 percent suffered from mild anae-
mia, 81 percent from moderate anaemia and 5 percent from severe anaemia). Further, 52 percent of 
Santal tribal children (aged 6-39 months, n=306) were found to suffer growth retardation (i.e. chronic 
malnutrition/stunting) - with increasing incidence by age and a peak of 70 percent amongst children 
aged 36 months and older (n=20). Likewise, Santal mothers were found to be widely affected by un-
dernutrition, where 50 percent (n=293) were found with low BMI and 86 percent (n=283) had been 
found anaemic (26 percent with mildly, 54 percent moderately and 6 percent severely). As under-
nourished mothers are known to be likely to give birth to low-birth-weight children, nutritional status 
of Santal Adivasi mothers (as well as of newly married girls) very urgently needs to be improved. As 
can be seen in the RDAs section of this methodology chapter, nutritional requirements are especially 
high for lactating mothers - and as we have learned earlier, Santal mothers tend to breastfeed their 
children up to the age of three years (with the planned breastfeeding duration ranging from 2-4 
years) - a total of 96 percent (n=275) of mothers did breastfeed their children aged 6-39 months at 
the time of baseline survey (Baseline Survey, personal communication, 2015). Hence, nutritional in-
takes of mothers with children aged 12-23 months needs to be improved in order to meet their nutri-
tional requirements and allow them to give birth to further children (most mothers give birth to 
three children - with an observed maximum of 4-5 children amongst mothers aged 30 years and 
older, 16 percent, n=32) with a good weight at birth. Therefore, in order to improve child undernutri-
tion amongst Santal Adivasi children, also mothers need to be addressed when it comes to food di-
versification efforts and this dissertation elaborates cost-effective foods adequate to nourish both, 
undernourished children and their mothers - with development of cost-effective recipes and finally 
suggesting a weekly meal schedule, comprising five nutrient-dense meals per day (chapter 7). 
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The following subchapter presents the range of nutrients critical to be covered in order to reduce 
anaemia amongst child and mother and to achieve adequate growth of children.  

6.1.1 Nutrients relevant to achieve adequate growth and overcome anaemia 

During a pre-study to this work, Piroth (2014) analyzed the gap of several macro- and micronutrients 
of breastfed Santal children aged 1-2 years (n=20) at Bolpur region based on the recommended daily 
allowances (RDAs) published by the National Institute of Nutrition in 2009. These RDAs are the intake 
levels of specific nutrients assumed sufficient considering healthy individuals. Assuming medium 
breastfeeding frequency, she analyzed the following nutrients as deficient:  

(1) macronutrients: fat as well as CHOs; 
(2) water-soluble vitamins: vitamin B1 (thiamine), vitamin B2 (riboflavin), vitamin B3 (niacin  
      equivalent), vitamin B6 (pyridoxine) and vitamin C (ascorbic acid); 
(3) fat-soluble vitamins: vitamin A (retinol equivalent), vitamin E, vitamin D; 
(4) minerals/trace elements: calcium, iron, phosphor and zinc. 

Merely protein and magnesium were found to be consumed in sufficient amount. The extent of defi-
ciency of named nutrients is presented in the table below; one needs to keep in mind that the actual 
nutrient gap is likely to be even greater, as applied RDAs are meant for healthy individuals - while 
Santal children at Bolpur region (aged 6-39 months) were found to be affected by anaemia (94 per-
cent, n=307), stunting (52 percent, n=305), underweight (49 percent, n=306), and wasting (19 per-
cent, n=305; own Primary Data - Baseline Survey, personal communication, 2015). With her work, 
Piroth could show that surveyed Adivasi children at Birbhum district do not achieve nutrient ade-
quacy with offered amounts of breastfeeding and complementary foods. 

An earlier work of Golden published in 1995 makes understandable that it is not a single specific nu-
trient which needs to be provided to undernourished children for their proper recovery, but that all 
essential nutrients need to be provided in balanced amounts. The interrelations of nutrients are ex-
tensive and until now only partly understood. Accordingly, Golden requests nutritionists and re-
searchers to distinguish between type I and type II nutrients: While a lack of type I nutrients leads to 
clinical attestable symptoms which can be confirmed by pathological tests (as measuring haemoglo-
bin to confirm anaemia), a lack of type II nutrients is more difficult to confirm, but can be considered 
likely if a child shows growth retardation and loss of appetite. All nutrients, type I as well as type II 
need to be covered to overcome clinical symptoms of malnutrition (type I nutrients) and growth re-
tardation (type II nutrients). Such type II nutrients (also referred to as "growth nutrients") comprise:  

     (1) minerals & trace elements: magnesium, phosphorus, potassium, sodium and zinc;  
     (2) protein/amino acids: nitrogen, carbon skeletons of essential amino acids, lysine, sulphur,  
      threonine; 
     (3) as well as oxygen and water. 

As compared to type I nutrients, which comprise: 
     (1) water-soluble vitamins: B1 (thiamine), B2 (riboflavin), B3 (niacin), B6 (pyridoxine), B12 (cobala- 
          mins), B9 (folate) and vitamin C (ascorbic acid); 
     (2) fat-soluble vitamins: vitamin A (retinol), vitamin E (tocopherol), vitamin D, vitamin K; 
     (3) minerals & trace elements: calcium, fluorine, iodine, iron, copper, manganese and selenium. 
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Golden (1995) explains his theoretical approach of type I and type II nutrients as follows: In case of 
severe deficiency of a type II nutrient, wasting may develop. If a type II nutrient deficiency persists, 
the body breaks down its own tissue in order to make the lacking nutrient internally available to the 
body - by doing so also other type II nutrients are being depleted and become scarce. This way, a 
shortage of any one of the named type II nutrients will lead to growth retardation and only supple-
mentation of this critical most deficient nutrient will allow to regain growth (supplementing exclu-
sively one type II nutrient may even worsen the situation - finally a balanced amount of all type II 
nutrients needs to be made available for the deficient child - while supplementation of the critical 
most deficient type II nutrient is assumed to lead to catch up growth. All type II nutrients are consid-
ered critical for adequate child growth as per the author's opinion. It shall be pointed out at this 
point that further research will be helpful to elaborate on this theoretical model in greater depth; 
respectively, one may question the strict differentiation of type I and II nutrients as for example a 
lack of magnesium supplementation is discussed to help reducing skeletal muscle cramps in pregnant 
women (Garrison et al., 2020), and zinc deficiency is related with skin disorders (Ogawa et al., 2016).  

Still then, Michaelsen et al. (2009) confirm the importance of type II nutrients and claim to add those 
in the diet of moderately malnourished children. With respect to surveyed Santal tribal children at 
Birbhum district, 16 percent were found moderately wasted at baseline (compared to 3 percent with 
severe wasting, n=306) and 35 percent were found moderately stunted (compared to 16 percent 
with severe stunting, n = 305), so moderate undernutrition is indeed a key health burden amongst 
Santal tribal children at Bolpur region and should be addressed accordingly if the picture is meant to 
change in the mid-term ((1) Baseline Medical Checkup, personal communication, February 2015).   

Golden (2009) describes that different nutrients are essential for (1) skeletal growth, (2) lean tissue 
growth and (3) formation of blood cells. He strongly argues that the balance of nutrients is at least as 
decisive for programme success to overcome child undernutrition as the dosage of single nutrients. 

(1) nutrients relevant for skeletal growth:  
bone mainly consists of phosphorus and calcium; essential co-factors in building bone are vitamin C 
and zinc; further magnesium, vitamin K and vitamin D are needed as well as sulphur (contained in 
essential amino acid methionine and in amino acid cysteine) - overall, essential amino acid require-
ment for building of bone collagen can be ignored (Golden, 2009). Biesalski (2016) names further 
potassium as essential to maintain bone health. 

(2) nutrients relevant to build lean tissue: 
skeletal growth is accompanied by building of lean tissue - this process requires protein: 0.6g/kg/day 
fulfil maintenance requirements, while 1.2g/kg/day are recommended for normal children; Golden 
(2009) recommends 23-25g protein daily for malnourished children aged 1-2 years with an adequate 
balance of essential amino acids; excess protein is not recommended as it will be broken down to 
nitrogen and excreted, what needs energy and is associated with hepatic failure. The Protein Quality 
Report of the FAO Expert Consultation (2013) recommends to treat each essential amino acid as sin-
gle nutrient in order to determine protein quality - and calls to assess nitrogen as well as amounts of 
bio-available indispensable amino acids to understand the nutritive value of food protein sources. 

(3) nutrients needed to build blood cells: 
importantly, Golden (2009) points out that iron stores of malnourished children are commonly full 
and programmes supplementing iron alone had not shown convincing success - supplementing ribo-
flavin (vitamin B2) alongside iron had greater influence on ferritin levels than providing exclusively 
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iron in therapeutic range (Powers et al., 1983) - further, providing a more balanced diet responded to 
anaemia (Lopriore et al., 2004). Golden explains that anaemia in malnourished children needs to be 
considered a multi-micronutrient disorder (rather than a mere iron deficiency); he names following 
haematinics needed for the formation of blood cells and known to be deficient in malnourished chil-
dren: folate (B9), cobalamins (B12), riboflavin (B2), pyridoxine (B6), vitamin C, vitamin E and copper. 

It is important to understand that there are, indeed, two very different kinds of anaemia prevailing 
amongst malnourished children. The more known and most prevalent kind of anaemia is iron-
deficiency anaemia (hypochromic anaemia) - while the second (and in case of India relevant) type is 
called megaloblastic anaemia (which develops especially if vegetarian diets are predominant due to a 
lack of vitamins B12/B9). Some details on both anaemia types shall be given for a better understand. 

a) microcytic, hypochromic anaemia (with absolute or rather functional iron deficiency) 

(1) absolute iron deficiency - is the most frequently observed form of anaemia (Biesalski, 2016); 
iron body stores are depleted because dietary intake of iron is insufficient. Accordingly, hepcidin 
in the blood is low as to allow better absorption and release of scarce iron reserves. Rarely copper 
deficiency is the cause of microcytic, hypochromic anaemia (Coudhry, 1993). Iron deficiency 
anaemia is associated with growth retardation, delayed cognitive development, poor school at-
tainments and repeated infections - it has a peak incidence in preschool children. 

typical laboratory values: ferritin (Fe storage) <30 ng/ml, transferrin saturation (Fe transport) <10 % 

(2) functional iron deficiency - is the second most prevalent form of anaemia, also referred to as 
inflammatory anaemia/ anaemia of chronic disease (ACD) (Biesalski, 2016); iron homeostasis is 
disturbed with high levels of hepcidin found in the blood - consequently, available iron is retained 
in macrophages (white blood cells) and cannot be released, while at the same time iron in the 
body becomes of low bioavailability and only few new red blood cells are built (because of a dis-
turbed EPO-function). Hence, haemoglobin measured in the blood is reduced - despite normal or 
even augmented iron stores in the body. ACD is found especially in patients with acute or chronic 
infection (18-95 percent prevalence), chronic kidney disease/ inflammation (23-50 percent) and 
heart insufficiency (15-37 percent) (Biesalski, 2016, p. 126); hepcidin expression is induced 
through lipopolysaccharides and interleukin-6 - while it is inhibited through TNF-α. Research sug-
gests that vitamin D is capable to reduce hepcidin in humans (Bacchetta et al., 2014) as well as vi-
tamin A (proven in rats, Arruda et al., 2009) - therewith a strategy to address functional iron deficiency 
is to provide vitamins D and A along with iron to affected patients. 

typical laboratory values: ferritin > 200 ng/ml, transferrin saturation <15 %; Hb of 8 - 9.5 g/dl 
 
b) megaloblastic anaemia (also referred to as pernicious anaemia/ Addison's anaemia) 

in contrast to microcytic, hypochromic anaemia described above, red blood cells are enlarged in 
the case of megaloblastic anaemia and haemoglobin synthesis is not affected (Hariz & Bhatta-
charya, 2020). This condition is due to an impaired DNA synthesis inhibiting nuclear division while 
cytoplasmic maturation is less impaired. Megaloblastic anaemia mainly results from low dietary 
intake of vitamin B12/B9, i.e. a vegetarian diet, as both nutrients are needed to synthesize DNA.  

typical laboratory values: serum cobalamin < 150 pmol/l or  low serum holotranscobalamin levels < 35 
pmol/l (Fernández-Bañares et al., 2009) 

To sum up, anaemia generally means that a reduced number of red blood cells is found in the patient  - in 
the case of microcytic, hypochromic anaemia red blood cells are abnormally small sized with a low con-
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centration of haemoglobin (resulting in a low capacity to carry oxygen) - while in the case of megaloblastic 
anaemia, red blood cells are enlarged with unaltered haemoglobin synthesis (Hariz & Bhattacharya, 2020).  

Picture 17   Clinical presentation of hypochromic and megaloblastic anaemia 

  
Sources: ePainAssist, 2017; Megaloblastic Anaemia, n.d. 

It is possible that at the same time microcytic as well as macrocytic blood cells can be found in a 
blood smear - this condition hints to a lack of several nutrients (as iron, B9, B12 and potentially cop-
per) and is referred to as "dimorphic" or "masked" anaemia (Coudhry, 1993). It is a commonly en-
countered clinical finding in malnourished individuals. Finally, "normocytic, normochromic" anaemia 
may occur as a result of low protein and vitamin E intake. Overall, one third of the world's population 
is affected by some sort of anaemia - resulting in an increased morbidity, impaired neurological de-
velopment and finally a decreased work productivity (Chaparro & Suchdev, 2019). 

Malabsorption needs to be considered a critical issue causing persisting anaemia in undernourished 
children. Saboor et al. (2015) describe that disorders of malabsorption decrease the body's ability to 
absorb iron and produce, accordingly, iron deficiency anaemia - in most cases, some pathological 
process in the gastrointestinal tract causes the malabsorption of iron (primary malabsorption of iron 
is uncommon), and often a nutritional deficiency of iron and/or hookworm manifestation worsen the 
situation simultaneously. Causes of malabsorption may comprise (1) premucosal conditions: inade-
quate digestion or deficient bile salt, (2) mucosal conditions: primary mucosal abnormalities or in-
adequate absorption in the small intestine, and (3) postmucosal: lymphatic obstruction. Inadequate 
absorption in the small intestine happens if intestinal villi which are coating the small intestine are 
less in number and, therewith, the body's ability to absorb nutrients decreases. This condition is 
found in individuals lacking vitamin B2. Biesalski (2016) describes that intestinal villi become reduced 
in individuals scarce in riboflavin and enterocytes alongside remaining villi need longer time to ab-
sorb nutrients. Accordingly, administering vitamin B2 alongside iron to individuals diagnosed for iron 
deficiency anaemia showed greater success than providing only iron in high doses (Powers et al., 
1983).  

The table below gives an explanation about the influence of known nutrients on undernutrition with 
a focus on anaemia and child growth. Altogether, this data serves as a basis to understand why finally 
all known nutrients are indeed of importance to overcome undernutrition and need to be included in 
the cost-analysis. There is no single outstanding "key-nutrient" nor a small set of it - which would 
suffice to correct growth failure and wide-spread anaemia amongst Santal Adivasi children - on the 
contrary, efforts need to be taken to cover all nutrients in the right amount on a daily basis. 
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Table 54   Insights from literature: Relevance of macro- and micronutrients to overcome anaemia and achieve adequate growth  

Nutrient Nutrient's role in child undernutrition - with focus on anaemia and growth  
(explanations basically as per Biesalski, 2016; Golden, 1995, 2009; Michaelsen et al., 2009; Piroth, 2014 - further authors/specific studies as quoted) 

   Macronutrients 
Protein 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

status of malnourished children: Williams (1933), paediatrician of the British colonial system, introduced the term "kwashiorkor" in the early 1930s to relate to 
protein-malnutrition - the Ghanaian term translates into "disease of the displaced child"; she described that children who did not receive breastmilk 
anymore and consumed merely starchy foods instead, developed this sickness; later the term was widened to protein-energy-malnutrition as it was 
observed that children developed either kwashiorkor (relative protein deficiency) or marasmus (energy deficient diet) on diets that were the same in 
quantity and quality (Welcome Trust Working Party, 1970); severe kwashiorkor is characterized by oedema, fatty liver and skin lesions (Waterlow, 1997) - 
and kwashiorkor was redefined as oedematous malnutrition; a reduced albumin synthesis as well as lack in potassium are related to oedema and 
development of kwashiorkor 
intake gap of Santal children (1-2 years): RDA covered (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals - still, protein quality was not 
analyzed which is likely to fall below the recommended 70 percent due to predominant consumption of plant foods) 
anaemia: -- 
growth: adequate protein content, quality and availability are decisive to allow malnourished children catching up growth -  an excess of protein may reduce 
appetite and will be metabolized into energy - this process should be avoided in malnourished children as it consumes scare energy resources (Golden, 
2009) - further excess protein rises water intake requirements in the malnourished child (difficult to meet and potentially leading to hyperosmolar dehydra-
tion), especially if protein quality is inadequate; 24-26g protein/1000 kcal are recommended with a quality of at least 70 percent -  animal source foods help 
improve protein quality and to supply essential amino acids (Golden, 2009; Michaelsen et al., 2009); especially sulphur amino acids (SAA) methionine and 
cysteine are considered vital to achieve adequate growth - adding inorganic sulphate to protein deficient diets stimulates growth (IOM, 2004)  
type II nutrient: yes (Golden, 1995) 
further information: the name protein is derived from the Greek word "proteno" meaning "I am taking the first place" - indicating the fact that without 
protein life would not be able to develop (Biesalski & Grimm, 2011) - Berzelius and Mulder introduced this term and defined protein as nitrogen containing 
compounds; the Indian food composition table uses estimated total nitrogen in foods to calculate protein contents via Jones conversion factors: 6.25 if not 
noted otherwise (Longvah et al., 2017); there are several thousand protein types which are synthesized endogenously, with collagen being one example - 
about one third of human protein mass is made up of it (Biesalski & Grimm, 2011); protein consists of amino acids of which nine are regarded as essential 
meaning that they need to be taken up via food sources and cannot be synthesized by the body endogenously - still, Biesalski stresses that merely two of 
them, (lysine and threonine) are for sure essential while other amino acids regarded as essential may be indeed dispensable as they can be synthesized 
through their keto acids endogenously; amino acids are not exclusively used to synthesize protein but also count as preliminary stage of many biologically 
active substances as hormones (as thyroid hormones/insulin/adrenalin, respectively); the amino acid which is most scarce within a human functions as "lim-
iting amino acid" and determines the amount of protein which can be synthesized endogenously - this is why quality of consumed protein matters so much 
- especially scarce protein needs to be consumed in order to enable the body to increase protein synthesis; in 1990 FAO/WHO developed the "PDCAAS - 
protein digestibility corrected amino acid score" - which assesses protein quality based considering an optimal amino acid pattern and protein digestibility 
bioavailability/recommended foods: absorption of protein is high and amounts to 95 percent (Biesalski & Grimm, 2011); the PDCAAS shows that protein from 
animal sources (as egg, milk and meat) have a better quality compared to plant sources (here, lysine is mostly found as limiting amino acid), with soy being 
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Protein 
 
 

an exception and offering an optimal protein quality comparable to egg and milk (1.0) - potato (0.62), rice (0.6), maize (0.51), beans (0.41) and wheat (0.4) 
all fall below the recommended 70 percent protein quality for malnourished children (Golden, 2009); while meat, fish, sausages and cheese are dense in 
protein, more milk needs to be consumed in order to cover protein requirement, with again a larger amount of vegetables and fruits - the latter offer the 
lowest protein density (Biesalski & Grimm, 2011); mother milk fully covers the protein requirement of newborns 

Fat status of malnourished children: malnourished children need to catch up weight - building up lean tissue (50-70 percent) as well as fat tissue (30-50 percent) 
(Golden, 2009); hence, these children need to be considered deficient in fat 
intake gap of Santal children (1-2 years): 15 percent (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals) 
anaemia: fat is required to absorb fat soluble vitamins - of which vitamin A, D and E are  considered to impact blood formation (Arruda et al., 2009; Fondu et 
al., 1978; Semba & Bloem, 2002; Smith & Tangpricha, 2015) (for details see respective vitamin further down the table) 
growth: further, fat is required to solve fat soluble vitamins D and K - needed for bone formation (Biesalski, 2016; Golden, 2009); diets offering below 22 E% 
from far were found to restrict growth (Uauy et al., 2000) - as does low intake of animal source fats  
type II nutrient: no (Golden, 1995) 
further information: fat is an important source of energy for infants and children (Michaelsen et al., 2009) and even for healthy children there is no restriction 
on fat intake during the first years of life (Michaelsen & Jørgensen, 1995) 
bioavailability/recommended foods: energy-dense foods are recommended for moderately malnourished children with an energy density of 1.5-2.0 kcal/g for 
moderately wasted children (fat E% of 45), and 1.0-1.5 kcal/g for moderately stunted children (fat E% of 35) (Golden, 2009; Michaelsen et al., 2009); about 5 
g of fat are required per meal to absorb fat soluble vitamins (Michaelsen et al., 2009); with regard to moderately malnourished children provision of essen-
tial fatty acids appear to be decisive with an adequate ratio of n-6/n-3 fatty acids (see essential fatty acid section below in this table) 

Carbohydrate 
(CHO) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

status of malnourished children: marasmus is a form of severe undernutrition where calorie intake is insufficient (Titi-Lartey & Gupta, 2020) - clinically, soft 
tissue as well as muscle mass is reduced and the child will show low weight-for-height indices (wasting);  
intake gap of Santal children (1-2 years): 27 percent (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals) 
anaemia: -- 
growth: a deficit in caloric intake leads to a situation where blood sugar drops and muscle protein is used to balance blood sugar level (Biesalski & Grimm, 
2011) - wasting develops - while at the same time this process allows to continue living even if food intake is totally restricted for some time; on the other 
hand, consuming CHOs helps maintaining weight - especially lactose has been found to support growth: studies in pigs showed that lactose has a positive 
impact on growth as it helps to absorb calcium and further is assumed to have a beneficial luminal effect in the intestine with improved prebiotic effects 
(Rocquelin et al., 2003); another study showed positive effects of lactose on infants' absorption capacity relating to calcium, magnesium and probably also 
phosphorus - and to a lesser extent to copper and zinc (Ziegler & Fomon, 1983) - all of which are required to achieve adequate growth 
type II nutrient: no (Golden, 1995) 
further information: CHOs comprise simple sugars (glucose, fructose, lactose, and sucrose/"sugar"), starch as well as dietary fiber (Michaelsen et al., 2009); 
attention needs to be paid when it comes to sugar (sucrose) - while it increases energy density (advantageous in wasted children), it raises the risk for 
obesity if given to children with moderate stunting over a longer period of time; acceptability of foods increases when sugar is added, advantageous in 
malnourished children with no appetite 
bioavailability/recommended foods: starch from staple foods as cereals, roots and tubers is a useful and further cheap source of energy for moderately mal-
nourished children (Michaelsen et al., 2009) - maize, wheat, rice and potato offer high contents; moreover, sugars as glucose, fructose, lactose and sucrose 
are good sources of energy and increase energy density - lactose seems most beneficial as it has been shown to increase mineral absorption - while, on the 
other hand, adding sucrose (sugar) to a meal means to dilute micronutrient density as sugar only supplies energy and no other micronutrients; insoluble 
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CHO dietary fiber needs to be reduced to a minimum 
   Water-soluble vitamins 

Vitamin B1 
(Thiamine) 

status of malnourished children: children consuming mainly refined cereals as rice are most vulnerable to develop a thiamine deficiency (Hiffler et al., 2016); 
besides low dietary intake, poor intestinal absorption in malnourished children causes a deficiency; exclusively breastfed infants of thiamine deficient 
mothers from low- and middle-income countries show the highest rist to develop thiamine deficiency disorders (Johnson et al., 2019); 100 percent of in-
fants admitted with cardiac beriberi (respiratory distress and tachycardia) in one Indian study were found deficient in Thiamine (Rao & Chandak, 2010) 
intake gap of Santal children (1-2 years): 42 percent (Piroth, 2014 - including medium breastmilk intake, CF and AWC meals) 
anaemia: -- 
growth: -- 
type II nutrient: no (Golden, 1995) 
further information: needed for proper energy metabolism (Michaelsen et al., 2009); a deficiency causes meningoencephalitis, beri-beri, and cardiac failure - 
infants can die from thiamine lack if the mother is deficient (Golden, 2009); a crucial role in children's cognitive development is assumed (Hiffler et al., 2016) 
bioavailability/recommended foods: bioavailability from food sources lies below 10 percent with no saturation for higher daily intakes (Biesalski, 2016), regular 
consumption of tea may worsen thiamine deficiency (as polyphenols/tannine destroy thiamine); further high sulphur intake (via amino acids methionine 
and cysteine) can compromise thiamine status (Golden, 2009); while whole grains, (pig's) meat, fish, groundnuts and tomatoes are considered rich sources, 
polished rice, fruits and milk products are poorer sources (Biesalski, 2016; Michaelsen et al., 2009); details are given as follows for thiamine-rich foods: 
groundnuts (1.2 mg/100g), pig's meat (0.8 mg/100g), tomato purée (0.4 mg/100g), egg yolk (0.3 mg/100g), whole grain and white bread (0.25 mg/100g), 
liver (0.2 mg/100g), brown rice boiled (0.15 mg/100g), oranges (0.1 mg/100g) (Biesalski, 2016, p. 71) 

Vitamin B2 
(Riboflavin) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

status of malnourished children: individuals missing dairy products and meat in their diet are prone to develop a deficiency (Powers, 2003); infants of deficient 
mothers were found deficient at birth and remained so until the age of two (Bates et al., 1982) 
intake gap of Santal children (1-2 years): 32 percent (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals) 
anaemia: a lack of vitamin B2 has implications for haemoglobin synthesis (Szczuko et al., 2019); it reduces the iron absorption capacity finally resulting in 
anaemia (Biesalski, 2016); the vitamin causes rapid growth of small intestine mucosa going along with a reduction of intestinal villi (evaginations increasing 
mucosa surface/nutrients absorption capacity) - enterocytes alongside remaining villi need longer time to absorb nutrients; providing riboflavin additional 
to iron to individuals with microcytic anaemia was shown to increase haemoglobin more effectively - especially for individuals with very low haemoglobin 
levels (Powers et al., 1983); in India, riboflavin deficit was found a major reason for mild anaemia and necessary to be administered along with iron in order 
to return to normal (Golden, 2009); Fishman et al. (2000) conclude that Riboflavin enhances the haematological response to iron, and its deficiency may 
account for a significant proportion of anaemia in many populations 
growth: a deficiency in riboflavin may cause loss of appetite (Biesalski, 2016); further a deficiency causes poor intestinal absorption (Golden, 2009) 
type II nutrient: no (Golden, 1995) - still, as anaemia means a reduction of red blood cells and accordingly limited oxygen capacity, B2 is relevant to achieve 
adequate growth 
further information riboflavin deficiency may exert some of its effects by reducing the metabolism of other B vitamins, notably B6 and B9 (Powers, 2003); Bie-
salski (2016) explains further that riboflavin is very much linked with metabolism of several nutrients with effects on the function of vitamins B9, B6, B3, as 
well as K and D; the vitamin is rated as critical to address oxidative stress (Golden, 2009); body stores are depleted within few days (Powers, 2003)  
bioavailability/recommended foods:  good bioavailability (up to 95 percent) for intakes up to 25 mg;  if more riboflavin is taken, absorption decreases (Biesalski, 
2016); bioavailability is best in milk and egg; individuals scarce in riboflavin show better absorption (status dependent) - losses in cooking water are high, 
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Vitamin B2 further foods exposed to sunlight show lower vitamin B2 levels; good sources are meat, milk, and GLV (Golden, 2009); further fish is named as adequate 
source (Powers, 2003); mushrooms, almonds and quinoa have adequate levels of vitamin B2 (0.3 mg/100g) - comparable to meat and chicken egg (Biesalski, 
2016, p. 77); further, milk and milk products are very good sources (0.3 - 0.5 mg/100g); most fruits and vegetables show levels below 0.1 mg/100g 

Vitamin B3 
(Niacin) 

status of malnourished children: except for vegetables, none of the recommended foods is consumed on a regular basis by Santal Adivasi children - hence, a 
deficiency is likely 
intake gap of Santal children (1-2 years): 41 percent (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals) 
anaemia: -- 
growth: vitamin B3 deficiency causes inflammation of the mouth and at a later stage also of intestinal tissues, resulting in refusal to eat and weight loss (Bie-
salski, 2016); severe  undernutrition therefore relates to niacin deficiency 
type II nutrient: no (Golden, 1995)  
further information: a niacin deficiency may well hint on multiple nutriotnal deficiencies (Redzic & Gupta, 2021); pellagra is its typical appearance (skin lesions 
caused by a lack of antioxidant protection against ultraviolet light) - it is observed especially when maize is the main staple food - as valid for many parts in 
Africa; women are most prone to develop skin lesions - while children tend to show other consequences of niacin deficiency, as diarrhoea and a cerebral 
dysfunction similar to dementia (Golden, 2009). Pellagra initially shows as pigmented skin areas with burning/itching, which swell up at a later stage and 
become hard with blisters - triggered through sun exposure (Biesalski, 2016); a deficiency in niacin (showing as pellagra) often goes along with a deficiency 
in tryptophan (protein) as well, which is converted to niacin in the body and fills body storage besides preformed niacin from food 
bioavailability/recommended foods: in cereals high amounts of niacin are bound to protein which is not bioavailable - insoluble niacin share amounts to 70 
percent in case of maize, respectively (Biesalski, 2016, p. 81); rich foods are liver (15-20 mg/100g), groundnuts (15 mg/100g), meat (7-10 mg/100g), fish (3-8 
mg/100g), whole grain products (5-6 mg/100g) and  vegetables (1-7 mg/100g)  

Vitamin B5 
(Pantothenic 
acid) 

status of malnourished children: a deficit occurs in individuals exclusively consuming highly refined cereals - as observed in Afghanistan amongst refugees 
(Golden, 2009); a deficiency is rare, because the vitamin can be found ubiquitously in animal and plant foods (Kelly, 2011; Miller & Rucker, 2020)  
intake gap of Santal children (1-2 years): no data 
anaemia: -- 
growth:-- 
type II nutrient: no (Golden, 1995) 
further information: deficient individuals develop crippling burning feet syndrome (Golden, 2009) 
bioavailability/recommended foods: the vitamin's name is derived from the Greek word "panthos" which translates as "from everywhere" (Rucker & Bauerly, 
2007) - accordingly, the basic ingredients of a diet are assumed to cover pantothenic acid needs (Golden, 2009); good food sources comprise: liver (5-7 
mg/100g), kidney (4-6 mg/100g), peanuts (2-3 mg/100g), almonds (2-3 mg/100g) and cheese (1.5 mg/100g) (Kelly, 2011); further chicken, potato, oats, 
tomato, egg, broccoli and whole grains are named (Rucker & Bauerly, 2007) 

Vitamin B6 
(Pyridoxine) 
 
 
 
 
 
 

status of malnourished children: malnourished children's body stores need to be filled up (Golden, 2009) 
intake gap of Santal children (1-2 years): 70 percent (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals) 
anaemia: a deficit in pyridoxine is associated with anaemia (Biesalski, 2016); an early case study describes that a patient with chronic hypochromic anaemia 
and full iron storage recovered under administration of pyridoxine - with an increased daily requirement of 2.5 mg (Bickers et al., 1962); Biesalski (2016) 
states that administering vitamin B6 to patients with sideroblastic anaemia (a kind of hypochromic, microcytic anaemia) may be of help - as confirmed by 
Fishman et al. (2000) 
growth: insufficient intake of vitamin B6 causes loss of appetite and reduced growth with weakness of muscles (Biesalski, 2016) 
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Vitamin B6 type II nutrient: no (Golden, 1995) 
further information: a poor pyridoxine status was found to be related with poor mother-infant-interaction (McCullough et al., 1990) and supplementing the 
vitamin might lead to better caring behaviour (Golden, 2009); further, caries and fatty liver are named to develop as a consequence of pyridoxine lack (Bie-
salski, 2016); patients with kidney insufficiency often present with depleted B6 status 
bioavailability/recommended foods: bioavailability from plant foods is considered better than from animal foods with yet good bioavailability in case of meat 
(Biesalski, 2016); meat, nuts, legumes, whole grains are recommended food sources (Biesalski, 2016), with specific values named: meat (0.1 mg/100g), liver 
(0.9 mg/100g), unpolished rice (0.6 mg/100g), nuts (0.5 mg/100g), potato/spinach (0.3 mg/100g), egg/cereals/polished rice/broccoli (0.2 mg/100g), fruits 
(<0.1 mg/100g) (Biesalski, 2016, p. 91) 

Vitamin B7 
(Biotin) 

status of malnourished children: biotin status of moderately malnourished children is unknown (Golden, 2009), while it was found lowered with children suffer-
ing from severe protein-energy-malnutrition (Velázquez et al., 1989) 
intake gap of Santal children (1-2 years): no data 
anaemia: -- 
growth:-- 
type II nutrient: no (Golden, 1995) 
further information: a deficiency in biotin causes complete hair loss, a particular facial fat distribution, skin lesions and candidiasis, flat affect and individuals 
are withdrawn - similar to zinc deficit and kwashiorkor (Golden, 2009); a deficiency causes further developmental delay, hypotension and lethargy with 
children (Biesalski, 2016); anti-convulsion medicines as carbamazepine and valproate may reduce absorption of biotin 
bioavailability/recommended foods: bioavailability from foods varies greatly, ranging 5-62 percent as per animal feeding trials (Biesalski, 2016); uncooked egg 
protein (containing the anti-nutrient avidin) hinders absorption of biotin (Golden, 2009); good sources comprise animal products/liver, yeast (200 µg/100g), 
milk/milk products, egg/egg yolk (60 µg/100 g), legumes/soy beans (35 µg/100g), nuts (<30 µg/100 g), whole grain cereals (<15 µg/100g) and vegeta-
bles/fruits (<10 µg/100g) - cauliflower and beans are richer plant food sources (Biesalski, 2016, p. 86) 

Vitamin B9 
(Total folates) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

status of malnourished children: folate deficiency is common in developing countries (Golden, 2009); 9 percent of children with severe acute malnutrition were 
found deficient in folate in an Indian study (Goyal et al., 2017); individuals with vegetarian diet are assumed to be at risk to become deficient (Biesalski, 
2016) 
intake gap of Santal children (1-2 years): 29 percent (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals) 
anaemia: a deficiency may cause (as B12 lack) megaloblastic anaemia (Biesalski, 2016); unexplained anaemia may result from B9 lack; symptoms are: 
weakness/fatigue, headaches, nervousness, disturbance in concentration, dyspnoea and heart problems - later on also ulcerations of tongue and mucosa, 
irritated sense of taste, brown skin and nails; as healthy erythrocytes last 120 days, megaloblastic anaemia becomes evident late in laboratory analyses and 
is therewith difficult to diagnose early   
growth: reduced growth is associated with folate deficiency (Biesalski, 2016); loss of appetite as common symptom 
type II nutrient: no (Golden, 1995) 
further information: folate is most needed during infancy, pregnancy and specific illnesses (Biesalski, 2016); it may become deficient in individuals suffering 
from inflammation of intestine tissue as consequence of malabsorption; symptoms of folate deficiency are: loss of appetite, reduced growth, hair 
loss/alopecia, dermatitis, muscle weakness, inflammations and depression; food folate is absorbed via a zinc-dependent enzyme (conjugase), so populations 
scarce in zinc may also absorb little folate (Golden, 2009); in individuals deficient in vitamin B12, folate becomes trapped and cannot be used by the body - 
further a lack of methionine (protein) is associated with disturbance of folate metabolism 
bioavailability/recommended foods: bioavailability is assumed to be better in animal foods as compared to GLV - a lack of iron and vitamin C decreases 
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Vitamin B9 bioavailability of folate (Biesalski, 2016); specific foods which decrease the bioavailability of B9 - in (percent) are: orange juice (75), banana (46), beans (15-
35), tomatoes (15) and spinach (15) (Biesalski, 2016, p. 99); folate is sensitive to heat and oxidation - 50 percent and more are lost during food preparation, 
especially cooking; good sources are: liver, soybeans and GLV which contain up to 100 µg/100g (Biesalski, 2016, p. 96), with specific values named for 
chicken liver (up to 2,000 µg/100g), soybeans (300 µg/100g) and spinach (100 µg/100g). 

Vitamin B12 
(Cobalamins)  

status of malnourished children: Umashankar et al. (2020) found that 65 percent of anaemic children (1-18 years) suffered from a lack of vitamin B12 in a study 
conducted in North India - one fourth of these children were on a vegetarian diet. Further, an association was shown between megaloblastic anaemia and 
malnutrition (Chhabra et al., 2012); 38 percent of severely malnourished children were found deficient in vitamin B12 with further 11 percent at borderline 
levels (Goyal et al., 2017). Golden (2009) describes that individuals suffering from malabsorption are likely to become deficient in vitamin B12. A recent study 
from Burkina Faso confirms that low serum cobalamin levels are prevalent among children with moderate malnutrition (Friis et al., 2022). 
intake gap of Santal children (1-2 years): no data 
anaemia: B12 is required for normal blood formation (Michaelsen et al., 2009); a lack in cobalamins causes (together with B9) megaloblastic anaemia (for 
details see B9 above) - neurological symptoms are common in anaemia patients deficient in B12 (Biesalski, 2016); Hariz and Bhattacharya (2020) describe 
that red blood cells are enlarged, while haemoglobin may remain unaltered in patients suffering from megaloblastic anaemia; Biesalski (2016) states that up 
to 15 percent of patients have a normal hematocrit value. 
growth: deficiency manifests malnutrition (Michaelsen et al., 2009); growth retardation is a typical sign of vitamin B12 deficiency (Biesalski, 2016) 
type II nutrient: no (Golden, 1995); still oxygen is a type II nutrient - and anaemia reduces the body's oxygen transportation capacity, hence indirectly associ-
ated with growth retardation 
further information: vitamin B12 lack may cause developmental delay (Michaelsen et al., 2009); behavioural changes in the mother-child-relationship are likely 
(Garrod et al., 2008); deficient mothers are more likely to have anaemic children (Golden, 2009); associated risk factors amongst Nepalese children deficient 
in vitamin B12 were age 6-11 months, being stunted and not having eaten animal foods the day before testing (Ng’eno et al., 2017) 
bioavailability/recommended foods: B12 from foods is bound to protein and needs to be solved in the stomach to become absorbable - accordingly, use of anti-
acids reduces bioavailability of vitamin B12; the vitamin is almost exclusively found in animal source foods (Michaelsen et al., 2009); as a consequence, 
deficiency develops in vegetarian diets (Golden, 2009); fermented products are another good source (Biesalski, 2016, p. 103), exact values are given as 
follows: mussels (70 µg/100g), chicken liver (25 µg/100g), oyster (20 µg /100g), egg yolk (10 µg/100g) - most other animal foods contain below 3 µg/100g 
(except for liver and kidney of beef, trout and salmon - which are not eaten by Santals - Accepted Local Foods - Bolpur, West Bengal, personal 
communication, December 2020) 

Vitamin C 
(Ascorbic acid) 
 
 
 
 
 
 
 
 
 
 

status of malnourished children: vitamin C status of malnourished children is normally precarious (Golden, 2009); Indians (as well as South Asians) have been 
found to be more prone to develop vitamin C deficiency as compared to other races (Khan & Iqbal, 2006) 
intake gap of Santal children (1-2 years): 32 percent (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals) 
anaemia: vitamin C enhances nonheme iron absorption (Biesalski, 2016; Michaelsen et al., 2009) with a very high impact assumed for consumption of or-
ange, pear and apple and a high impact assumed for plum, banana and cauliflower (Michaelsen et al., 2009); it is assumed to quadrupled bioavailability iron 
contained in animal source foods (Biesalski, 2013); on the contrary, vitamin C deficiency worsens iron-deficiency anaemia due to suboptimal absorption of 
iron as well as through bleedings (Biesalski, 2016) 
growth: vitamin C is essential to achieve skeletal growth (Golden, 2009); Maggini et al. (2010) explain that the vitamin is needed to synthesize collagen and 
therewith to build up bone as well as soft tissues - besides, the improved iron absorption is named as advantage to achieve growth; a lack of vitamin C leads 
to a reduced appetite (Michaelsen et al., 2009), with scurvy (inflammations/bleeding in the mouth) in case of severe deficiency (Biesalski, 2016) 
type II nutrient: no (Golden, 1995), still through a reduction of iron-deficiency anaemia and therewith better transportation of oxygen, adequate growth is 
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Vitamin C supported  
further information: mental development of children is likely to be hampered if children are deficient in vitamin C - poor vitamin C status has been associated 
with neuronal damage during early brain development (Tveden-Nyborg & Lykkesfeldt, 2009); infants fed with boiled cow's milk are prone to develop a 
deficiency (Biesalski, 2016); further severe malabsorption may result in a deficit; signs of a deficiency comprise: tiredness, loss of appetite, increased body 
temperature, proneness to infections, impaired wound healing and bleedings (scurvy), tendency of bones to break more easily, paining joints; absorption of 
copper and chromium is improved through vitamin C  (as it is for iron) 
bioavailability/recommended foods: absorption of ascorbic acid is higher for doses up to 200 mg and declines afterwards with still 50 percent of vitamin C being 
absorbed in case of an intake of 1,000 mg  (Biesalski, 2016); losses through storing may be high: while vitamin C in citrus fruits is considered stable, 
vegetables with big surface structures as spinach are assumed to lose about 80 percent of their vitamin C content within two weeks of storage; over-
cooking is assumed to contribute to vitamin C deficiency amongst Indians (Khan & Iqbal, 2006); rich sources of vitamin C are fruits and vegetables (Biesalski, 
2016, p. 64), with specific values named for: rose hips (1,000 mg/100g), redcurrants (200-800 mg/100g), parsley (150 mg/100g), broccoli (100-200 
mg/100g), capsicum (50-250 mg/100g), cabbage (50-150 mg/100g), spinach (50-100 mg/100g), oranges/lemons (50 mg/100g), potato/innards (10-50 
mg/100g), meat (<50 mg/100g); Michaelsen et al. (2009) recommend consumption of orange, pear and apple (with a very good impact) as well as of plum, 
banana and cauliflower (with a still good impact) to increase availability of iron from plant sources 

   Fat-soluble vitamins 

Vitamin A 
(Retinol) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

status of malnourished children: 15 percent of malnourished preschool children have been found deficient in vitamin A in an Indian study (Chainani et al., 1994) 
intake gap of Santal children (1-2 years): 9 percent (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals); one needs to know in this con-
text that approximately 80 percent of Santal children's vitamin A intake is covered through breastfeeding; hence, dietary intake as such clearly misses foods 
rich in preformed Vitamin A/provitamin A carotenoids 
anaemia: vitamin A deficiency is known to be a cause of anaemia and supplementing vitamin A leads to an increase in haemoglobin  (Semba & Bloem, 2002); 
probably vitamin A regulates hepcidin (as does vitamin D) with higher hepcidin levels reported in vitamin A deficient rats (Arruda et al., 2009)  - causing 
decreased iron absorption and therewith iron-deficiency anaemia; it is assumed that also in humans vitamin A helps to lower hepcidin and, therewith, to 
facilitate iron absorption (important especially in cases of chronic iron deficiency with full  but inaccessible iron body storages); Fishman et al. (2000) found 
that Vitamin A can improve haematological indicators and enhance the efficacy of iron supplementation 
growth: vitamin A is considered important for bone as well as teeth growth (Biesalski, 2016; Borel & Desmarchelier, 2017); moderately malnourished pre-
school children deficient in vitamin A showed an increased weight as well as MUAC gain compared to control within one year under administration of a 
vitamin A supplement (Donnen et al., 1998)  
type II nutrient: no (Golden, 1995) 
further information: vitamin A is essential to vision (difference of light and dark) and immune response (Biesalski, 2013; Michaelsen et al., 2009; Shrimpton, 
2020); it is required to keep mucous membranes (e.g. intestine and respiratory tract mucosa) healthy - this explains frequent respiratory infections in indi-
viduals scarce in vitamin A (Biesalski, 2016); vitamin A is known to increase severity of childhood infections as measles/malaria (Borel & Desmarchelier, 
2017); high dosages of vitamin A appear to hamper vitamin K absorption with potentially negative effects on the skeleton (Biesalski, 2016)   
bioavailability/recommended foods: fat is needed for absorption; provitamin A contained in plant foods is considered less capable to cover required nutritional 
intakes, while preformed vitamin A contained in animal foods is better suited to do so (Biesalski, 2016) - less than 40 percent of provitamin A beta-
carotenes are considered to be absorbed in the small intestine; Borel and Desmarchelier (2017) state that provitamin A carotenoids display a wide-ranging 
bioavailability; zinc is likely to be required to convert provitamin A carotenoids to vitamin A (Michaelsen et al., 2009); rich sources of vitamin A are animal 
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Vitamin A source foods (preformed biologically active vitamin A), while dark GLV and orange/yellow vegetables and fruits (provitamin A carotenoids) are rated as less 
capable to fulfil RDA (Michaelsen et al., 2009); liver and egg are named as optimal sources besides meat, butter, milk, egg yolk and fish (Biesalski, 2013, 
2016, p. 27; Shrimpton, 2020), with exact values named for: chicken egg (0.25 mg/100g) and cheese (up to 0.2 mg/100g); Biesalski (2013) describes vitamin 
A as rather seldom nutrient; plants rich in provitamin A are melons (15 mg/100g = 1.3 mg retinol), sweet potato (12 mg/100g = 1.0 mg retinol), red capsi-
cum (10mg/100g = 0.8 mg retinol) and carrots (6 mg/100g = 0.5 mg retinol) (Biesalski, 2016, p. 36) 

Vitamin D status of malnourished children: 12 percent of malnourished preschool children have been found deficient in vitamin D in an Indian study (Chainani et al., 1994) 
intake gap of Santal children (1-2 years): 88 percent (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals) 
anaemia: Smith and Tangpricha (2015) found that an adequate vitamin D status prevents anaemia and call for further research to assess the vitamin's 
potential in treating anaemia. Arabi et al. (2020) found that Vitamin D supplementation has positive effects on iron status with no significant effect on 
haemoglobin. Vitamin D is regarded as potential new strategy to treat anaemia in patients with low vitamin D status (Bacchetta et al., 2014), as vitamin D 
reduces expression of hepcidin and therewith improves iron absorption 
growth: a deficiency is associated with growth retardation (Michaelsen et al., 2009); required for mineralization of bones and calcium/phosphorus homeo-
stasis (Biesalski, 2016); essential for normal cartilage maturation (Golden, 2009) 
type II nutrient: no (Golden, 1995) 
further information: individuals deficient in vitamin D are prone to develop rickets (especially infants) and have an increased the risk of a tuberculosis 
infection (Biesalski, 2016; Michaelsen et al., 2009; Shrimpton, 2020); vitamin D has (together with vitamin A) an important role in human immune response 
(Biesalski, 2016); malabsorption contributes to vitamin D deficiency, as does kidney disease/nephrotic syndrome; chronic deficiency in vitamin D may result 
in osteoporosis with increased risk of bones to break (due to disturbed calcium homeostasis)    
bioavailability/recommended foods: fat is needed for absorption; iron deficiency seems to reduce bioavailability of vitamin D (Biesalski, 2016); zinc is assumed 
to be needed for vitamin D effectively supporting calcium homeostasis; besides sun exposure, fatty fish, liver, egg, cheese and sun-dried mushrooms are 
good sources of vitamin D (Biesalski, 2013, 2016; Michaelsen et al., 2009; Shrimpton, 2020); milk and milk products are poor sources (Biesalski, 2016, p. 40) 
- most relevant vitamin D sources are named as follows: cod-liver oil (10,000 IU/100g), shrimps (1,000 IU/100g) and liver (80 IU/100g) - alongside several 
fishes unavailable to the Santal population 

Vitamin E status of malnourished children: vitamin E is commonly deficient in malnourished individuals (Golden, 2009) 
intake gap of Santal children (1-2 years): 88 percent (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals) 
anaemia: low plasma vitamin E levels were associated with discrete normocytic, normochromic anaemia (Fondu et al., 1978) 
growth:-- 
type II nutrient: no (Golden, 1995) 
further information: vitamin E is critical for proper functioning of the immune system, an important antioxidant (Golden, 2009; Shrimpton, 2020); symptoms 
develop only in case of severe deficiency and comprise neurological symptoms and muscle weakness (Biesalski, 2016) 
bioavailability/recommended foods: fat is needed for absorption; oxidative stress (caused through air pollution, UV light and medicines, respectively) and high 
intake of PUFAs increase vitamin E requirement (Biesalski, 2016; Golden, 2009); similarly, selenium and vitamin C status influence vitamin E requirements 
(Biesalski, 2016); vitamin E is exclusively part of plant foods (Biesalski, 2016); germinated plants and plant seeds as well as seed oils are good sources of 
vitamin E - as wheat germ, sunflower and olive oil (Biesalski, 2016; Golden, 2009), while tropical oils as coconut and palm oil are not (Golden, 2009); smaller 
amounts are contained in cereals - green plants contain more vitamin E than yellow plants (Biesalski, 2016); most important sources are vegetable oils 
followed by nuts: wheat germ oil (151 mg/100g), sunflower oil (62 mg/100g), thistle oil (45 mg/100g), corn seed oil (26 mg/100g), olive oil (12 g/100mg), 
almonds (7 mg/100g), hazelnut (4 mg/100g), groundnut (2 mg/100g), spinach (2 g/100g), broccoli (1 mg/100g) (Biesalski, 2016, p. 53) 
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Vitamin K 
 
 
 

status of malnourished children: Golden (2009) assumes that there is reasonable likelihood of moderately malnourished children to have insufficient vitamin K 
intake as they presumably do not eat sufficient GLV; he further explains that 20 percent of severely malnourished children showed mild deficiency of vita-
min K (referring to an unpublished work) 
intake gap of Santal children (1-2 years): no data 
anaemia: -- 
growth: essential for skeletal growth, as it captures calcium during bone formation, needed for cellular growth (Biesalski, 2016; Golden, 2009)  
type II nutrient: no (Golden, 1995) 
further information: vitamin K is required for clotting function of the blood (Shrimpton, 2020) 
bioavailability/recommended foods: fat is needed for absorption; 20-70 percent are absorbed (Biesalski, 2016); high dosage vitamin A inhibits absorption of 
vitamin K; further high dosage of vitamin E causes disturbance in vitamin K metabolism; adequate sources: vitamin K1 is contained in green plants while 
vitamin K2 is contained in animal and fermented foods (Biesalski, 2016, p. 59) - vitamin K1 is mainly contained in green vegetables as spinach, cabbage, tur-
nips (100-500 µg/100g), vegetable oils as soy, rape and olive (50-200 µg/100g) and avocado (40 µg/100g), while main sources of vitamin K2 are 
natto/fermented soy beans, Curry powder, milk and milk products, cheese, chicken meat and egg yolk; Golden (2009) names dark GLV as adequate source 

   Minerals and trace elements 
Calcium 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

status of malnourished children: it is a long-known fact that malnourished individuals commonly suffer from osteoporosis (Adams & Berridge, 1969; Garn et al., 
1964; Reichman & Stein, 1968), indicating a lack of calcium; vegetarian populations commonly have inadequate calcium intakes (Craig et al., 2021) 
intake gap of Santal children (1-2 years): 62 percent (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals) 
anaemia: attention should be paid to the fact that calcium hampers nonheme iron absorption and should therefore be consumed at least two hours before 
or after consuming iron rich plant foods (Biesalski, 2016) 
growth: calcium is needed to achieve adequate skeletal growth - as it mineralizes bones (as well as teeth) (Biesalski, 2016; Craig et al., 2021; Golden, 2009); 
as per animal trial a deficiency in calcium does not limit longitudinal growth (and does not result in stunting accordingly), but built up bones tend to be thin 
and weak (Hammond, 1971); calcium is not required for soft tissue growth 
type II nutrient: no (Golden, 1995) 
further information: calcium intensifies the binding effect of phytic acid (contained in plant foods) to zinc - accordingly a low-calcium diet is assumed to 
improve absorption of zinc in the body (Hurley & Tao, 1972) and providing excess calcium in an attempt to support bone growth is not recommended 
(Fitzgerald et al., 1993; Gibson et al., 1991); the calcium:phosphorus ratio should be maintained within the range of 0.7 to 1.3 for all children over 6 months 
of age (Golden, 2009) 
bioavailability/ recommended foods: intake of calcium-rich foods should (optimally) be timely separated from consumption of foods rich in nonheme iron and 
zinc - as to improve the absorption of these critical nutrients in malnourished children; anti-nutrients phytate (e.g. in beans/ wholegrain wheat) and oxalate 
(e.g. in spinach/green vegetables) inhibit absorption of calcium (Biesalski, 2016; Craig et al., 2021); bioavailability of calcium is often low, ranging from 62 
percent in broccoli to 32 percent in milk/milk products, 22 percent in case of white beans and going down to 5 percent in case of cooked spinach; good 
sources of calcium are milk/milk products as well as water rich in calcium, with specific values (absorbed calcium per 100g of food) named for cheese (194 
mg), milk/yoghurt (38mg), white beans/broccoli (25mg) and cooked spinach (6 mg) (own calculation as per Biesalski, 2016, p. 145) 

Copper 
 
 
 

status of MAM children: Golden (2009) describes that copper is commonly deficient in malnourished children - with 25 percent being affected (Bennett et al., 
1984); most cases of copper deficiency have been described in malnourished children (Olivares & Uauy, 1996) 
intake gap of Santal children (1-2 years): no data 
anaemia: copper deficiency can be the cause of unexplained anaemia (Huff et al., 2005); Harless et al. (2006) state that most cases of copper deficiency 
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Copper anaemia have been found in malnourished infants (or persons receiving total parenteral nutrition), they argue that the copper deficiency anaemia may be 
more widespread than currently assumed; Golden (2009) explains that malnourished children may lay down inadequate copper (as well as iron) stores 
ing gestation which increases the risk for iron deficiency anaemia; Biesalski (2011) describes that status of copper and iron are closely linked and that cop-
per is needed to make stored iron transportable. 
growth: copper is known to be an essential co-factor in bone formation (as true for vitamin C) as it is needed for the maturation of collagen -  a lack of it is 
associated with osteoporosis (Golden, 2009; Graham & Cordano, 1969)  
type II nutrient: no (Golden, 1995) 
further information: malnourished (marasmus) children supplemented with copper were found less likely to develop respiratory infections during their 
recovery (Castillo-Durán et al., 1983); high dosages of zinc inhibit copper absorption - a copper:zinc ratio of 1:10 to maximally 1:20 on a molar basis is 
suggested (if zinc is supplemented in an effort to achieve catch up growth) (Golden, 2009); if brass vessels are used for cooking (as found in some parts of 
India), copper dosage may become toxic resulting in cirrhosis of the liver in children (O’Neill & Tanner, 1989; Tanner, 1998) - meanwhile aluminium cooking 
pots have become more common. 
bioavailability/recommended foods: bioavailability of copper is reduced through vitamin C as well as high zinc intakes - molybdenum renders copper 
unavailable (Golden, 2009); Biesalski (2011) describes that phytate inhibits copper absorption while amino acids facilitate it; teff is a rich source of copper 
(Michaelsen et al., 2009); jackfruit, dates and kale are listed amongst the ten most copper dense foods (Top 10 Foods Highest in Copper, 2021); further 
legumes, potatoes, nuts and seeds are named to contribute to dietary copper intakes (Ma & Betts, 2000); Biesalski (2011) explains that innards as well as 
crustaceans contain most copper while relevant copper intakes relate to cereals, fruits, vegetables and meat; milk is a poor source of copper (Biesalski & 
Grimm, 2011; Golden, 2009) 

Iodine 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

status of malnourished children: Golden (2009) states that iodine deficiency is widespread; iron deficiency anaemia as well as vitamin A deficiency worsen a 
lack of iodine (Zimmermann, 2009) - accordingly, Santal children may be considered prone to develop iodine deficiency; for Birbhum district, West Bengal, a 
goitre prevalence of 13 percent amongst school children aged 8-10 years has been reported (Biswas et al., 2004); likewise, 11 percent of school children (8-
10 years) were found with goitre at Malda, a nearby district - this was despite use of iodized salt (85 percent of tested salt samples were adequately 
enriched with iodine) (Biswas et al., 2002); as growth relies on iodine, deficiencies may develop amongst infants and children whose body stores are low 
(Biesalski, 2013)  
intake gap of Santal children (1-2 years): no data  
anaemia: -- 
growth: iodine is considered essential for normal growth (Ershow et al., 2018) 
type II nutrient: no (Golden, 1995) 
further information: iodine is considered as "key player" in hidden hunger (Biesalski, 2013); it is a co-factor of thyroid hormones thyroxin (T4) and 
triiodinethyronine (T3) -regulating therewith processes of organ development and protein synthesis (Biesalski, 2016); infants deficient in iodine show 
disturbed development of the brain - older children develop goitres and show reduced cognitive capacities while adults show mental changes as well as 
hypothyreosis; in individuals suffering from chronic iodine deficiency sudden large intakes at therapeutic dosage may lead to thyrotoxicosis (Golden, 2009) 
and should be avoided; severe iodine deficiency during pregnancy decreases child intelligence (Chittimoju & Pearce, 2019); supplementation of iodine 
during lactation was found effective to increase iodine breastmilk concentrations (Dror & Allen, 2018a) 
bioavailability/recommended foods: bioavailability of iodine decreases through regular intake of soy products (Doerge & Sheehan, 2002); further regular 
sumption of cassava, cabbage/broccoli (cruciferous plants), beans, sweet potato and millet reduces bioavailability of iodine (Biesalski, 2013, 2016) - cooking 
destroys goitrogens contained in these foods; iodine is mainly contained in marine products as algae and marine fish (Biesalski, 2016) - while marine fish 
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Iodine contains about 140 µg/100g, freshwater fish contains 2 µg/100g; depending on the iodine content of the soil also fruits and vegetables contain iodine (rang-
ing from few µg up to 500 µg per 100g); Fordyce (2003) analyzed iodine content of foods as per available literature and found a mean iodine content of 87 
µg/kg - with higher amount found in freshwater fish (103 µg/kg), leafy vegetables (89 µg/kg), dairy (84 µg/kg), other vegetables (80 µg/kg) and meat (68 
µg/kg) and lower contents found in cereals (56 µg/kg), fresh fruit (31 µg/kg), bread (17 µg/kg) and water (6 µg/kg); overall, iodized salt is a relevant source 
of iodine - besides direct consumption in home meals, iodized salt raises iodine levels in bread, respectively (Biesalski, 2013) - further, addition to animal 
fodder leads to better iodine contents in animal products as butter and buttermilk  

Iron  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

status of malnourished children: children from poor populations in the complementary feeding period are considered at risk to develop iron deficiency 
anaemia as offered foods are cereal-based and low in vitamin C (Davidsson, 2003); in the same line, iron deficiency anaemia was found associated with 
lower weekly expenditures on animal and plant foods (Souganidis et al., 2012), indicating that the poor are most prone to develop anaemia; accordingly, 94 
percent of Santal children aged 6-36 months have been found anaemic in this work ((1) Baseline Medical Checkup, personal communication, February 2015) 
intake gap of Santal children (1-2 years): 75 percent (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals) 
anaemia: iron is required for transportation and storage of oxygen (Biesalski, 2016; Craig et al., 2021) and a lack leads to iron deficiency anaemia; there are 
two types of iron deficiency anaemia: (1) absolute iron deficiency (with empty iron stores) and (2) functional iron deficiency (with disturbed iron mobilisa-
tion resulting from immune system activity with raised hepcidin levels); half of iron deficiency cases are assumed to relate to insufficient iron intake while 
the other half of cases may rather attribute to other factors; Golden (2009) stresses in this context that absolute iron deficiency mainly affects normally 
grown children - while malnourished children often showed increased iron storage levels - he argues that anaemia in malnourished children is a multi-
micronutrient disorder, where besides iron also folate (B9), cobalamin (B12), riboflavin (B2), pyridoxine (B6), vitamin C, vitamin E, and copper play a role - 
accordingly he calls to provide malnourished children with balanced diets rather than iron in therapeutic dosage; in this sense, Lopriore et al. (2004) found 
that providing a spread enriched with multiple vitamins and minerals reduced anaemia amongst Saharawi refugee children by nearly 90 percent 
growth:-- 
type II nutrient: no (Golden, 1995) - still as anaemia means that less oxygen is transported, growth is indirectly affected  
further information: initially individuals scarce in iron become tired and prone to infections - later on iron deficiency anaemia develops (Biesalski, 2016); 
Michaelsen et al. (2009) describe that iron deficiency anaemia may cause irreversible retardation of a child's mental development as iron is regarded essen-
tial for brain development; iron deficiency during early childhood has a negative impact on children's reading, writing and learning capacities later in life - 
relating to their potential to earn a decent income once they become adults and finally propelling the vicious circle of poverty and malnutrition (Shrimpton, 
2020); a deficit in vitamin A worsens iron deficiency anaemia and a deficit in copper is known to have a negative impact on iron transportation  (Biesalski, 
2016); maternal anaemia is considered a risk factor to receive a low birth weight child (Figueiredo et al., 2018) - supplementing pregnant women with iron 
(oral intakes) was found to effectively prevent maternal anaemia at term (Abraha et al., 2019) 
bioavailability/recommended foods: heme iron from animal source foods has a better bioavailability compared to nonheme iron from plant foods (Biesalski, 
2016) - this is due to the fact that iron from plants is trivalent and needs to be degraded to bivalent iron to become absorbable by the body; while 
ability of iron from a purely vegetarian diet amounts to 5-12 percent, while a mixed diet offers iron with a bioavailability of 14-18 percent (Hurrell & Egli, 
2010; Hurrell & Hess, 2004); thus, bioavailability ranges from a lower edge of 5 percent (valid for diets comprising mainly cereals, roots and tubers) to an 
upper level of 15 percent (found in mixed diets including meat and abundant of vitamin C) (Biesalski, 2016); a range of food components have a negative 
impact on iron absorption: phytate (contained in cereals and legumes), polyphenols/tannins (contained in black tea), as well as phosvitin (contained in egg 
yolk), dietary fiber, phosphates and soy protein; calcium as well as high dosage zinc has a negative impact on iron bioavailability; on the other hand, vitamin 
C is known to increase iron absorption (heme as well as nonheme) even in presence of named anti-nutritive elements (vitamin C reduces trivalent to 
lent iron); further muscle protein is known to increase iron availability (the exact process involved is not yet understood) - 30g protein is assumed to have a 



Cost-effectiveness analysis of local foods: nutrient density to seasonal retail cost ratio  - Methodology 

176 

Iron similar effect on an improved iron absorption as 25mg of vitamin C; further amino acids histidine and cysteine, as well as organic acids and sugar; essential 
sources of iron are liver and legumes, while meat products and plant based foods need to be consumed in higher amounts (Biesalski, 2013, pp. 41–42); ab-
solute amounts of iron-rich foods are named as follows: liver (15-30mg/100g), meat (3-5mg/100g), poultry (2-3mg/100g), dried parsley (90mg/100g), dried 
mint (80mg/100g), pumpkin seeds (10mg/100g), millet (10mg/100g), soybeans (8mg/100g), Amaranth (8mg/100g) and beans (6mg/100g); grinding flours 
will decrease their iron content; milk is a poor source of iron (Coudhry, 1993) 

Magnesium status of malnourished children: Golden (2009) states that malnourished children show a tissue deficit in magnesium which commonly remains also after re-
covery and full weight gain (Caddell, 1965; Montgomery, 1960) 
intake gap of Santal children (1-2 years): RDA covered (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals);  
yet, RDA applied by Piroth were set at 50mg/day in accordance with the National Institute of Nutrition, 2009 - while current RDA for magnesium suggests an 
intake of 135mg (ICMR, NIN, 2020); Golden (2009) suggests a daily intake of even 190mg daily for children with moderate malnutrition - in this light, magne-
sium intake of Santal children is very likely to be insufficient 
anaemia: -- 
growth: a deficiency has a negative impact on growth - this is because Magnesium is a constituent of bone and further relevant for the synthesis and 
secretion of calcium regulating hormones (Golden, 2009); during magnesium deficiency these hormones are reduced what finally leads to growth retarda-
tion/stunting (Ralston et al., 1983; Suh et al., 1973) 
type II nutrient: yes (Golden, 1995) 
further information: correction of deficient magnesium status appears essential to correct certain other micronutrient deficiencies (Golden, 2009) - including 
vitamin D; potassium and thiamine: treatment of osteoporosis with calcium and vitamin D may remain unresponsive as long as magnesium status is 
deficient  - magnesium must not be administered after irresponsive provision of vitamin D as this may induce toxicity - instead magnesium deficiency needs 
to be corrected in advance or simultaneously to vitamin D provision; further magnesium stores of malnourished children need to be filled up in order to 
replete potassium successfully (Dørup et al., 1993); likewise, thiamine deficiency cannot be corrected as long as magnesium deficiency persists (Dyckner et 
al., 1985); during diarrhoea  magnesium losses are substantial (Golden, 2009) 
bioavailability/recommended foods: absorption of magnesium is decreased to 35 percent in diets rich in phytate, dietary fiber and oxalic acid (IOM, 1997) - 
while the average bioavailability amounts to 50 percent; absorption is higher in deficient individuals; Biesalski (2011) explains that few foods contain high 
levels of magnesium - except for wheat germs/wheat bran and sunflower seeds; wholegrain products, oats and wheat-soy blends are named as adequate 
magnesium sources while other foods such as cereal flours, rice, meat and vegetables needed to be considered poorer sources of magnesium (Biesalski & 
Grimm, 2011; Michaelsen et al., 2009) 

Manganese 
 
 
 
 
 
 
 
 
 

status of malnourished children: malnourished children show low manganese status (Golden, 2009) and it is recommended to add manganese to the diet of 
malnourished children; malnourished children's manganese blood levels were found half of that of healthy children (Burger & Hogewind, 1974; García-
Aranda et al., 1990) 
intake gap of Santal children (1-2 years): no data 
anaemia: manganese is associated with iron metabolism and a deficiency was shown to cause anaemia (Golden, 2009); Biesalski describes that there is a 
distinct antagonism between manganese and iron/Fe2+ (Biesalski & Grimm, 2011) 
growth:-- 
type II nutrient: no (Golden, 1995) 
further information: a deficiency in manganese is associated with skin lesions (Golden, 2009); further, epileptics show low manganese status (Carl et al., 1986) 
bioavailability/recommended foods: absorption of manganese is considered very low/few percent of consumed amounts (Biesalski & Grimm, 2011); manganese is 
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Manganese contained mainly in plant foods; very good sources are wholegrain cereals and cereal germs, soy, legumes and rice - while meat, fish and milk products are 
considered poorer sources of manganese 

Phosphorus status of malnourished children: phosphorus deficiency is common in malnourished children (Michaelsen et al., 2009) and contributes to mortality of children 
suffering from kwashiorkor (Manary et al., 1998); deficiency in phosphorus is typical in individuals consuming vegetarian diets - this is because phosphorus 
from plants remains insoluble if foods are not processed (Golden, 2009); phosphorus is likely to be a limiting nutrient in the diet of malnourished children 
(Golden, 2009; Michaelsen et al., 2009) 
intake gap of Santal children (1-2 years): 47 percent (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals); 
this share does not pay regard to the fact that Santal children mainly consume plant foods which contain insoluble phosphorus bound to phytate- hence, 
phosphorus stores of Santal children may be even more depleted than this value would suggest 
anaemia: -- 
growth: phosphorus is needed for skeletal growth and a deficiency is associated with bone changes (Michaelsen et al., 2009); Golden (2009) explains that 
phosphorus is the main constituent of bone besides calcium 
type II nutrient: yes (Golden, 1995) 
further information: individuals consuming predominantly vegetarian diets (containing insoluble phosphorus bound to phytate) show an imbalance of type II 
nutrients with a lower capacity to make cytoplasm (Golden, 2009); processing of such phytate rich plant foods such as fermentation or germination is 
recommended in order to release phosphorus; total phosphorus shown in most food composition tables is regarded insufficient to recommend foods for 
malnourished children as up to 80 percent of it are bound to phytate 
bioavailability/recommended foods: absorption of phosphorus is high and amounts to 55-70 percent (Michaelsen et al., 2009); dairy products (especially cow's 
milk), meat, poultry, eggs, fish, nuts and legumes are considered good sources of phosphorus (Golden, 2009; Michaelsen et al., 2009) - on the other hand, 
phosphorus from plants is largely lost in the faeces as it is contained as phytate, plants' storage form of phosphorus (Golden, 2009); Biesalski and Grimm 
(2011) explain that phosphorus in milk products amounts up to 1,100 mg/100g, while phosphorus in meat and fish amounts to 200mg/100g - flours contain 
100-400 mg/100g 

Potassium 
 
 
 
 
 
 
 
 

status of malnourished children: malnourished individuals (moderately as severely) show a major depletion in potassium (Alleyne, 1968; Garrow, 1965, 1967) 
and the nutrient is considered critical in the management of malnutrition (Golden, 2009) 
intake gap of Santal children (1-2 years): no data 
anaemia: -- 
growth: potassium is needed for convalescent growth (Golden, 2009) and a deficiency negatively impacts growth processes in children (Michaelsen et al., 
2009); the trace element is considered essential to maintain bone health (Biesalski, 2016) 
type II nutrient: yes (Golden, 1995) 
further information: potassium is required to maintain cellular physiology (Golden, 2009) - individuals suffering from mild diarrhoea or other illness are in 
need of potassium; a deficiency in magnesium worsens potassium status (Michaelsen et al., 2009) 
bioavailability/recommended foods: potassium content is reduced through washing and cooking (Biesalski & Grimm, 2011); vegetables as spinach, Swiss chard 
and lamb's lettuce as well as banana are considered good sources of potassium; further wholegrain products as well as oats and wheat-soy blends are rec-
ommended (Michaelsen & Clausen, 1987), while refined flours and rice are less rich sources  

Selenium 
 
 

status of MAM children: individuals consuming one-sided vegetarian diets are at risk to become deficient in selenium if living in areas where soils contain little 
selenium (Biesalski, 2016); Golden (2009) further describes that selenium deficiency is typical in individuals with frequent infections; he explains that in 
areas deficient in iodine also selenium is likely to be deficient (as both depend on local soil quality) - accordingly, Santals at Birbhum may be considered at 
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Selenium risk to become deficient in selenium 
intake gap of Santal children (1-2 years): no data 
anaemia: low plasma selenium levels were associated with discrete normocytic, normochromic anaemia and the authors argue that selenium may play an 
important role in the pathogenesis of anaemia (Fondu et al., 1978) 
growth:-- 
type II nutrient: no (Golden, 1995) 
further information: a selenium deficiency going along with iodine deficiency leads to massive goitres (bigger than if only iodine is deficient) (Arthur & Beckett, 
1999); further, selenium status may influence children's reaction to severe sicknesses such as measles (Golden, 2009); a severe selenium deficiency was 
shown in kwashiorkor patients prior to development of the disease (Golden & Ramdath, 1987); in selenium deficient individuals virus mutations develop 
which are more virulent - the same is true for bacteria and may explain also resistant tuberculosis strains (Levander, 2000; Levander & Beck, 1999); sele-
nium helps to withstand oxidative stress, caused by infections and smoke pollution, respectively (Golden, 2009); further, selenium binds arsenic (found in 
drinking water) - in areas like India with arsenic in the groundwater, high selenium intake is recommended 
bioavailability/recommended foods: a bioavailability of 90 percent is assumed (Biesalski, 2016); high dosages of iron reduce bioavailability of selenium as it 
forms insoluble complexes with it (National Research Council, 1976); accordingly, red soils (and foods grown on it) are likely to be deficient in (soluble) sele-
nium (National Research Council, 1976); rich sources of selenium comprise: pig's meat (30 µg/100g), brown rice (15 µg/100g) and wholegrain bread (10 
µg/100g) (Biesalski, 2016, p. 140) 

Sulphur 
 
 
 
 
 
 
 
 
 
 
 
 
 

status of malnourished children: malnourished children were found to have a low sulphur status (Grant et al., 1973); urinary excretion of sulphur in children 
suffering from kwashiorkor is low (Ittyerah, 1969) 
intake gap of Santal children (1-2 years): no data 
anaemia: -- 
growth: Golden (2009) describes that sulphur is used by the body to build basement membranes and cartilage; adding sulphur (inorganic of from amino 
acids) to meals of malnourished children is considered to support height gain; in individuals deficient in SAAs, adding such sulphur amino acids (methionine 
and cysteine) will very likely first lead to protein synthesis, afterwards to taurine synthesis by the liver, then it will be used to excrete toxins, and only last to 
form cartilage by skeletal tissue - it is for this reason that a sufficient amount of SAAs needs to be consumed by malnourished individuals in order to achieve 
height gain; still, an excess provision of sulphur needs to be avoided as it may cause osmotic diarrhoea (magnesium sulphate is used as laxative) 
type II nutrient: yes (Golden, 1995) 
further information: sulphur is considered to have the capacity to eliminate certain viruses in the body (Baba et al., 1988) - namely herpes simplex virus, cy-
tomegalovirus, vesicular stomatitis virus, and human immunodeficiency virus  
bioavailability/recommended foods: sulphur is mainly consumed via sulphur amino acids (SAA) methionine and cysteine (Biesalski & Grimm, 2011) and total 
sulphur consumed mostly equals consumption of SAAs - yet, in some vegetables non-protein sulphur is contained (as allicin in garlic); Biesalski and Grimm 
(2011) state that all protein-containing foods may be considered as sulphur sources and give following examples: fish, meat, cheese, milk, wheat, soy flour 
(referred to as rich sources) as well as spinach, potato, garlic and broccoli (considered as good but somewhat poorer sources)  

Zinc 
 
 
 
 

status of malnourished children: malnourished as well as vegetarian individuas are prone to develop zinc deficiency (Foster et al., 2013; Huang et al., 2015); 
parasitic disease further increases the risk due to resulting malabsorption problems (Biesalski, 2013); on an average, 44 percent of Indian children who be-
long to the lower socioeconomic group are deficient in zinc (Akhtar, 2013) 
intake gap of Santal children (1-2 years): 55 percent (Piroth, 2014 - including medium breastmilk intake, CF feeding and AWC meals) 
anaemia: -- 
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Zinc 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

growth: zinc is often referred to as "limiting growth nutrient" regarding populations with high malnutrition prevalence (Michaelsen et al., 2009); and indeed, 
supplementing zinc has been shown to promote growth amongst children under five years (Imdad & Bhutta, 2011); Brown et al. (2002) found an increase of 
height as well as of weight achieved through zinc supplementation in their meta-analysis - growth responses in children aged older than 6 months were 
greater amongst those having either a low initial height or weight regarding their age; growth retardation was first associated to zinc deficiency in 1963 
(Prasad, Miale, Farid, Sandstead, & Schulert, 1963; Prasad, Miale, Farid, Sandstead, Schulert, et al., 1963); meanwhile zinc is a well-studied trace element 
and known to be required for cell replication and differentiation and accordingly growth (IOM, 2001; Stefanidou et al., 2006); it is found in human bone and 
muscle (Biesalski, 2013) and a lack of it finally causes growth retardation/stunting as well as poor appetite (Huang et al., 2015) 
type II nutrient: yes (Golden, 1995) 
further information: zinc is considered a "key nutrient" in the diet of malnourished children (Michaelsen et al., 2009); it is essential for the immune function 
(Michaelsen et al., 2009) and maintains skin and mucus membranes which are considered protective barriers the body (Biesalski, 2013); a deficiency may 
imply (besides stunting) symptoms as diarrhoea, loss of hair, alteration of nails, cankerous oral mucosa (ulcers) and delayed puberty; as zinc and vitamin A 
deficit often occur simultaneously, mucosa of intestine and lungs are further weakened; even a moderate zinc deficiency fuels intestinal infection; mortality 
of zinc deficient children is increased by 20 percent in diarrhoeic children or rather by 25 percent in children suffering from pneumonia (Black et al., 2008) - 
with diarrhoea being a leading cause of death amongst malnourished children; further, zinc deficiency is believed to cause developmental disorders during 
early childhood (Cole & Lifshitz, 2008) 
bioavailability/recommended foods: zinc absorption is higher for small intakes and can generally be quickly extracted from food we eat (Biesalski, 2013); 
bioavailability is assumed to lie between 20 to 40 percent, depending in the kind of diet (Biesalski, 2016) - in phases of growth bioavailability can increase up 
to 60 percent; phytate (contained in plants) strongly binds zinc, rendering it unavailable to the body (Biesalski & Grimm, 2011; Golden, 2009; Huang et al., 
2015) -  this effect is aggravated if high dosages of calcium are consumed (Fitzgerald et al., 1993; Gibson et al., 1991); likewise dietary fiber reduces 
bioavailability of zinc, as do high doses of copper, iron, calcium and heavy metals (Biesalski & Grimm, 2011); addition of phytase, an enzyme which breaks 
down otherwise insoluble phytate complexes has been shown to increase bioavailability of zinc in a therapeutic millet-based porridge where zinc absorption 
doubled (Zyba & Wessells, 2020); generally, zinc bioavailability is higher in animal foods compared to plant foods: while phytate in plants binds zinc, amino 
acids in animal products help absorbing it (Biesalski, 2013, p. 38; Biesalski & Grimm, 2011; Roohani et al., 2013) - nuts are an exception offering zinc of 
adequate bioavailability; the only optimal zinc source are indeed oysters (86 mg/100g); meat and animal products vary in zinc concentration - with 100g of 
lamb or liver containing 5-6mg zinc (with a range of 1-6mg named for meat/sausage); monetary constraints, however, make animal products inaccessible to 
many families - grain and cereal products (especially soybean meals - containing 5-6 mg of zinc/100g) are cheaper alternatives; further zinc contents of 
foods are named as follows (in mg/100g): cereal products (1-5), cheese (2-4), nuts (2-3), lentils/corn (1-3), fish (1-2), eggs (1-1.5), millet (0.5-2), vegetables 
(1.0), oil and fat as well as fruits (0.5), tofu/miso (<1.0), dairy products (<0.5); on the whole, Biesalski (2013) states it is just possible to reach RDAs for zinc, if 
many of these listed foods are part of the daily diet - fruit and vegetables play a minor role to cover zinc requirements; a low-calcium diet is recommended 
in order to overcome zinc deficiency, as it is assumed to release zinc locked in bone (Hurley & Tao, 1972) 

   Essential fatty acids 

n-3 and n-6 
PUFAs 
 
 
 
 

status of malnourished children: Michaelsen et al. (2009) describe that PUFA intake is likely to be low in malnourished children and especially n-3 fatty acids are 
believed to miss, resulting in an unfavourable n-6/n-3 ratio (Golden, 2009; Michaelsen et al., 2009); this is because cereal staples as well as peanuts (if eaten 
at all) contain more n-6 and only very little n-3 fatty acids 
intake gap of Santal children (1-2 years): no data 
anaemia: -- 
growth: a deficiency in n-6 fatty acids leads to poor growth (Michaelsen et al., 2009); further, a low intake of n-3 fatty acids (proportionally to n-6 fatty acid 



Cost-effectiveness analysis of local foods: nutrient density to seasonal retail cost ratio  - Methodology 

180 

PUFAs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

intake) is assumed to have a negative impact on linear growth as well as on weight gain (Barbarich et al., 2006); it is therefore recommended to increase 
intake of n-3 fatty acids amongst malnourished children (Michaelsen et al., 2009)  
type II nutrient: no (Golden, 2009)  
further information: per definition, PUFAs are long chained and polyunsaturated fatty acids and need to be consumed via dietary intake as they cannot be 
synthesized endogenously (Biesalski & Grimm, 2011); most relevant essential PUFAs are linoleic acid (C18:2; 9, 12) and α-linolenic acid (C18:3; 9, 12, 15) - 
humans can build longer PUFAs with the help of these two fatty acids; another well known PUFA is arachidonic acid (C20:4; 5, 8, 11, 14); the Indian food 
composition table (2017) comprises named PUFAs and gives therewith information concerning n-3 fatty acids (α-linolenic acid/C18:3n3), and concerning n-6 
fatty acids (linoleic acid/C18:2n6, eicosadienoic/C20:2 and arachidonic acid/C20:4n6 - referred to as predominant n-6 fatty acid by Schmitz and Ecker 
(2008)) - in addition a value for total poly unsaturated fatty acids is given; a deficiency in n-3 fatty acids causes neurological symptoms, delayed motor de-
velopment and impaired learning, while a lack of n-6 fatty acids leads to scaly skin and dehydration besides poor growth (Michaelsen et al., 2009) further, a 
lack of polyunsaturated fatty acids (PUFAs) was found to relate to proneness to infections and changes in the structure and function of the heart and other 
organs (Michaelsen et al., 2009); on the other hand, high dosage intake of PUFAs may be associated with health risks (Biesalski & Grimm, 2011), this is why 
overall (in healthy individuals) a share of 44 percent monounsaturated, 23 percent polyunsaturated and 35 percent saturated fatty acids is recommended; 
interestingly, massaging children's skin with oils rich in essential fatty acids (as mustard oil) prevents a deficiency (Golden, 2009) 
bioavailability/recommended foods: the balance of n-3 and n-6 fatty acids is of importance because of their competitive nature and different biological roles 
(Food and Agricultural Organization, 1993; Schmitz & Ecker, 2008); Golden (2009) recommends a n-6/n-3 PUFA ratio of 9 (so less n-3 than n-6 fatty acids are 
consumed) while Michaelsen et al. (2009) suggest to put emphasis on an optimal n-3 fatty acid intake of malnourished children (with a ratio between 5 to 9) 
- in the same line, Biesalski and Grimm (2011) explain that while a ratio of 10:1 is commonly found a ratio of 5:1 would be desirable; hence, more n-3 fatty 
acids should be included in the diet: green vegetables as well as fatty fish (as salmon, herring and trout, for instance) and line oil are named a good sources 
of n-3 fatty acids, while peanuts provide more n-6 but and only little n-3 fatty acids (Biesalski & Grimm, 2011; Kast, 2018; Michaelsen et al., 2009) - good 
sources of n-6 PUFAs are fish and soy oil; PUFAs are further contained in maize germ oil and (to a lesser extent) in rapeseed and peanut oil; coconut butter, 
pork's fat and olive oil are poorer sources (while the two latter contain more monounsaturated fatty acids); in order to assess n-6/n-3 fatty acid ratio, fatty 
acids on the same metabolic level should be used (Michaelsen et al., 2009) - except for fish (which contains n-3 long chain PUFA) the ratio of linoleic acid (n-
6) to α-linolenic acid (n-3) is best suited to be applied; long chain n-3 PUFAs (as eicosapentaenoic acid and docosahexaenoic acid) are assumed to be easier 
incorporated into infants' brains (Lauritzen et al., 2001) - this is why small amounts of fish are highly recommended to be included in the diet of the growing 
child - moreover, animal foods are named to contain long chain n-3 PUFAs 

   Essential amino acids 

Isoleucine 
 
 
 
 
 
 
 
 
 

status of malnourished children: isoleucine serum concentration was lower in stunted children aged 12-59 months compared to normally grown children 
(Semba et al., 2016) 
intake gap of Santal children (1-2 years): no data 
anaemia: a study in rats showed that animals developed anaemia when isoleucine was withdrawn from the diet for more than a few weeks (Chandran & 
Damodaran, 1951) - isoleucine was found to be essential in the formation of blood in rats 
growth: Golden (1995) describes that "skeletons of essential amino acids" are required to achieve adequate growth - protein in general is known to be 
needed to build lean tissue accompanying skeletal growth (Golden, 2009) 
type II nutrient: yes (Golden, 1995) 
further information: free amino acids plasma concentration of children suffering from protein-energy-malnutrition (marasmus as well as kwashiorkor) are low 
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Isoleucine in isoleucine (as well as in leucine and valine) - however, once protein rich food is fed to these children there is a sharp rise in plasma free isoleucine within 
24 hours from feeding initiation and caution needs to be paid when plasma amino acid concentrations are used to detect protein-energy-malnutrition 
(Saunders et al., 1967) 
bioavailability/recommended foods: good sources of isoleucine are meat (pork, lamb, chicken, turkey), fish and cheese; further, following plant sources contain 
isoleucine: wheat germ, legumes and seeds - as well as yeast (‘Isoleucine’, 2015); isoleucine is not destroyed by heating (as true for leucine and valine) 
(‘BCAAs’, 2014) 

Leucine status of malnourished children: leucine serum concentration was lower in stunted children aged 12-59 months compared to normally grown children (Semba 
et al., 2016) 
intake gap of Santal children (1-2 years): no data 
anaemia: leucine is associated with haemoglobin synthesis and a sufficient uptake of it is required to stimulate haemoglobin production (Chung et al., 2015); 
an increased neutral essential amino acid uptake is suggested 
growth: Golden (1995) describes that "skeletons of essential amino acids" are required to achieve adequate growth - protein in general is known to be 
needed to build lean tissue accompanying skeletal growth (Golden, 2009) 
type II nutrient: yes (Golden, 1995) 
further information: free amino acids plasma concentration of children suffering from protein-energy-malnutrition (marasmus as well as kwashiorkor) are low 
in leucine (as well as in isoleucine and valine) - however, once protein rich food is fed to these children there is a sharp rise in plasma free isoleucine within 
24 hours from feeding initiation and caution needs to be paid when plasma amino acid concentrations are used to detect protein-energy-malnutrition 
(Saunders et al., 1967) 
bioavailability/recommended foods: leucine is contained in meat (pork, chicken, turkey), fish and cheese as well as in plant-sources: cereals, legumes, nuts, 
seeds and yeast (‘Leucine’, 2015); isoleucine is not destroyed by heating (as true for leucine, valine) (‘BCAAs’, 2014) 

Lysine 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

status of malnourished children: children suffering from marasmus were found to excrete lower amounts of lysine compared to already recovered infants, 
indicating a higher need for lysine in malnourished children (Read et al., 1971); intestinal parasites further increase the need for lysine - as proven in 
moderately undernourished school-age children in India (Pillai et al., 2015); lysine serum concentration was lower in stunted children aged 12-59 months 
compared to normally grown children (Semba et al., 2016) 
intake gap of Santal children (1-2 years): no data 
anaemia: anaemia in mice could be inhibited by hydrolyzed offal protein containing several essential amino acids including lysine (Shang-gui et al., 2004) - 
further isoleucine, leucine, methionine/cysteine, threonine and valine were part of the protein; accordingly, lysine might help inhibiting anaemia in mice 
and potentially men - further research is needed to clarify the picture 
growth: Golden (1995) describes that "skeletons of essential amino acids" are required to achieve adequate growth - protein in general is known to be 
needed to build lean tissue accompanying skeletal growth (Golden, 2009) 
type II nutrient: yes (Golden, 1995) 
further information: Biesalski and Grimm (2011) explain that lysine is one of two amino acids which are without any doubt essential and cannot be made up 
endogenously but need to be consumed in sufficient amount via food sources; lysine is often the limiting amino acid in cereals (Michaelsen et al., 2009) - 
milling further decreases grains' lysine content as it is contained in outer layers; further it is sensitive to heat why lysine may be destroyed during extrusion 
cooking where temperatures are high (R. F. Hurrell & Carpenter, 1977) 
bioavailability/recommended foods: there are recommendations to use "reactive" lysine rather than total lysine in order to pay attention to the fact that some 
part of lysine may be indigestible in processed  and stored foods (FAO Expert Consultation, 2013; Moughan, 2003) - especially in heat-treated products, 
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Lysine lysine is known to undergo Maillard reactions leading to a reduction in lysine availability; legumes are better sources of lysine compared to cereals and it is 
recommended to mix both  (Michaelsen et al., 2009); the best legume lysine source is soy bean (which poses an alternative if animal foods are inaccessible), 
while lysine-rich cereals comprise rice, teff and oats - the latter contains, however, much phytic acid; wheat and peanuts are poorer sources of lysine 

Methionine status of malnourished children: methionine serum concentration was lower in stunted children aged 12-59 months compared to normally grown children 
(Semba et al., 2016) 
intake gap of Santal children (1-2 years): no data 
anaemia: patients suffering from pernicious anaemia show low methionine serum levels which rise to normal within 48 hours of treatment with vitamin B9 
and B12 (Parry, 1969) 
growth: methionine contains sulphur (Biesalski & Grimm, 2011), and is (together with cysteine) helpful to permit height gain (Golden, 2009) - there are 
competing functions of methionine within the body of which growth/formation of cartilage is assumed to happen last (after protein and taurine synthesis, 
respectively) if sufficient sulphur containing amino acids (methionine and cysteine) are taken up via food sources; Scott and Weir (1981) describe that in 
individuals deficient in methionine, DNA biosynthesis as well as cell division is restricted; addition of inorganic sulphate can alleviate some of the 
requirements (IOM, 2004) and promote growth 
type II nutrient: yes (Golden, 1995) 
further information: methionine is used to build basement membranes as well as cartilage (Golden, 2009); it is needed for proper folate metabolism (Biesal-
ski, 2016) 
bioavailability/recommended foods: sulphur amino acids (methionine and cysteine) are susceptible to oxidation with loss of bioavailability (FAO Expert Consul-
tation, 2013); methionine is mainly contained in meat, nuts and beans (Biesalski, 2016); methionine in legumes and pulses is low (Michaelsen et al., 2009); 
soybeans and cassava are both poor in methionine  

Phenylalanine 
 
 
 
 
 

status of malnourished children: phenylalanine serum concentration was lower in stunted children aged 12-59 months compared to normally grown children 
(Semba et al., 2016) 
intake gap of Santal children (1-2 years): no data 
anaemia: research in rats suggests that phenylalanine metabolism is disturbed in animals with iron deficiency going along with elevated plasma concentra-
tions of phenylalanine (Mackler et al., 1979) 
growth: Golden (1995) describes that "skeletons of essential amino acids" are required to achieve adequate growth - protein in general is known to be 
needed to build lean tissue accompanying skeletal growth (Golden, 2009) 
type II nutrient: yes (Golden, 1995) 
further information: phenylalanine can be converted to tyrosine by phenylalanine hydroxylation (Hsu et al., 2007); both amino acids, phenylalanine and tyro-
sine are so called "aromatic amino acids"; Hsu et al. (2007) found that a diet totally missing tyrosine is not suited to cover aromatic amino acid needs of 
children, so foods containing phenylalanine as well as tyrosine should be consumed 
bioavailability/recommended foods: animal foods (meat, fish and cheese) as well as certain plant foods are reported to be rich in phenylalanine (‘Phenyla-
lanine’, 2015); plant sources of phenylalanine comprise beans, wheat germ, lentils, seeds, nuts and yeast; fruits, vegetables and cereals (except for wheat 
germ) are poor in phenylalanine 

Threonine 
 
 
 

status of malnourished children: threonine serum concentration was lower in stunted children aged 12-59 months compared to normally grown children 
(Semba et al., 2016) 
intake gap of Santal children (1-2 years): no data 
anaemia: anaemia in mice could be inhibited by hydrolyzed offal protein containing several essential amino acids including threonine (Shang-gui et al., 2004) 
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Threonine - further lysine, isoleucine, leucine, methionine/cysteine and valine were part of the protein; accordingly, threonine might help inhibiting anaemia in mice 
and potentially men - further research is needed to clarify the picture 
growth: Golden (1995) describes that "skeletons of essential amino acids" are required to achieve adequate growth - protein in general is known to be 
needed to build lean tissue accompanying skeletal growth (Golden, 2009) 
type II nutrient: yes (Golden, 1995) 
further information: undoubtedly threonine cannot be made up by the body itself and needs to be considered essential to be taken up through food sources 
(Biesalski & Grimm, 2011)   
bioavailability/recommended foods: threonine is susceptible to oxidation with loss of bioavailability (FAO Expert Consultation, 2013) - it is the limiting amino 
acid in rice (besides lysine) (Bienvenido, 1993; Juliano, 2003); threonine is contained in animal foods (meat, fish and cheese) as well as in beans, lentils, 
wheat germ, seeds and yeast (‘Threonine’, 2015); fruits, vegetables and cereals are poor sources 

Tryptophan 
 
 
 
 
 
 
 
 
 
 
 
 
 

status of malnourished children: tryptophan serum concentration was lower in stunted children aged 12-59 months compared to normally grown children 
(Semba et al., 2016) 
intake gap of Santal children (1-2 years): no data 
anaemia: an association between tryptophan metabolism and anaemia is assumed (Wenninger et al., 2019); patients with iron deficiency show lower trypto-
phan concentrations; lowest tryptophan levels were found in patients with chronic anaemia 
growth: whey powder containing tryptophan was shown to stimulate muscle synthesis (Michaelsen et al., 2009); further, infants fed with a protein-reduced 
formula rich in tryptophan showed adequate growth (Lien et al., 2004); it is agreed, that tryptophan is necessary for normal growth in infants (‘Tryptophan’, 
2015) 
type II nutrient: yes (Golden, 1995) 
further information: tryptophan is needed to convert niacin and avoid pellagra (Golden, 2009) - formation of 1 mg niacin requires approximately 60 mg of 
tryptophan 
bioavailability/recommended foods: tryptophan is susceptible to oxidation with loss of bioavailability (FAO Expert Consultation, 2013); further, extrusion cook-
ing may reduce availability of tryptophan (Hurrell & Carpenter, 1977); milk is a good source of tryptophan - even though tryptophan is the limiting amino 
acid in milk (Golden, 2009; Michaelsen et al., 2009); animal foods are generally reported as very good sources of tryptophan, with pork, lamb, fish, oysters, 
crabs and shrimps, molluscs, goat, rabbit, buffalo, chicken, egg whites and cheese mentioned (‘Tryptophan’, 2015); further spinach, watercress, turnip 
greens, sesame seeds, sunflower seeds, winged beans, mung beans, kidney beans, soy products, peanuts, bananas, pineapples, plums and oat bran are 
adequate sources of tryptophan; beans, peas, lentils, peanuts, cornmeal, potatoes, mushrooms, kale are low in tryptophan 

Valine 
 
 
 
 
 
 
 
 
 
 

status of malnourished children: valine serum concentration was lower in stunted children aged 12-59 months compared to normally grown children (Semba et 
al., 2016) 
intake gap of Santal children (1-2 years): no data 
anaemia: in patients with pernicious anaemia, serum valine levels (whole blood as well as marrow) fall sharply during initial treatment (Parry, 1969); vitamin 
B9 as well as vitamin B12 were found to lower valine levels 
growth: Golden (1995) describes that "skeletons of essential amino acids" are required to achieve adequate growth - protein in general is known to be 
needed to build lean tissue accompanying skeletal growth (Golden, 2009) 
type II nutrient: yes (Golden, 1995) 
further information: free amino acids plasma concentration of children suffering from protein-energy-malnutrition (marasmus as well as kwashiorkor) are low 
in valine (as well as in leucine and isoleucine) - however, once protein rich food is fed to these children there is a sharp rise in plasma free isoleucine within 
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Valine 24 hours from feeding initiation and caution needs to be paid when plasma amino acid concentrations are used to detect protein-energy-malnutrition 
(Saunders et al., 1967) 
bioavailability/recommended foods: valine is contained in animal foods (meat, fish, cheese) as well as in plant foods: wheat germ, legumes, seeds, peanuts and 
yeast (‘Valine’, 2015); fruits, vegetables and cereals are poor sources of valine; valine is not destroyed by heating (as true for leucine and isoleucine) 
(‘BCAAs’, 2014) 

Histidine status of malnourished children: urinary excretion of histidine was shown to be reduced in children suffering from protein-energy-malnutrition (Narasinga Rao 
& Nagabhushan, 1973) - indicating an increased histidine requirement of undernourished children; histidine serum concentration was lower in stunted chil-
dren compared to normally grown children (Semba et al., 2016) 
intake gap of Santal children (1-2 years): no data 
anaemia: histidine deficiency is related to anaemia because of to its ant-oxidant qualities (Kessler & Raja, 2020) - oxidative stress is known to play a role in 
the aetiology of haemolytic anaemia (Fibach & Rachmilewitz, 2008) - where red blood cells are destroyed quickly; a histidine-deficient diet has been found 
to pre-dispose healthy individuals to develop anaemia (Vera-Aviles et al., 2018); further, histidine is reported to facilitate (besides cysteine) iron absorption 
(Coudhry, 1993) 
growth: Golden (1995) describes that "skeletons of essential amino acids" are required to achieve adequate growth - protein in general is known to be 
needed to build lean tissue accompanying skeletal growth (Golden, 2009) 
type II nutrient: yes (Golden, 1995) 
further information: besides lysine, histidine is the second amino acid considered to be fully essential to be consumed via food sources (Biesalski & Grimm, 
2011) - it cannot be endogenously formed by humans; it is described as " versatile actor in protein architectures" (Liao et al., 2013); amongst other func-
tions it is said to have anti-inflammatory and anti-oxidant qualities (Kessler & Raja, 2020) 
bioavailability/recommended foods: histidine availability may be reduced by extrusion cooking (R. F. Hurrell & Carpenter, 1977); histidine is contained in meat, 
fish, eggs, soy, whole grains, beans, and nuts (Kessler & Raja, 2020) 

   Elements to be limited in the diet of moderately malnourished children 
Oxalate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

status of malnourished children: as oxalate is contained in plant foods, individuals relying on predominant vegetarian diets may be considered at risk to con-
sume larger amounts of oxalic acid  
intake of Santal children (1-2 years): not known 
anaemia:-- 
growth: as calcium is required for bone formation, regular consumption of oxalate rich foods may be considered detrimental to achieve adequate growth 
type II nutrient: no (Golden, 2009)  
further information: regular consumption of oxalic rich foods may cause nutritional deficiencies - further, severe irritation of the gut's lining occurs, contribut-
ing to malabsorption of nutrients (Gemede & Ratta, 2014); oxalate is a salt formed from oxalic acid binding to minerals such as calcium, magnesium, sodium 
or potassium; while some of such oxalate salts are soluble (sodium and potassium) others are not - especially calcium oxalate is known to be insoluble and 
associated with occurrence of kidney stones; further, magnesium-oxalate is poorly soluble in water (Liebman & Al-Wahsh, 2011); oxalic acids is reported to 
form salts with Na+, K+, and NH4+ ions, it also binds with Ca2+, Fe2+, and Mg2+ rendering these minerals unavailable to animals (Gemede & Ratta, 2014);  
Zn2+ appears to be relatively unaffected; during digestion, oxalate comes in contact with diverse nutrients in the gastrointestinal tract and binds with them, 
making those nutrients inaccessible to the body 
foods rich in oxalate: oxalate is a component of plant foods such as nuts, fruits, vegetables, grains, and legumes (Liebman & Al-Wahsh, 2011); an Indian study 
detected spinach, Amaranth and Colocasia leaves to have high oxalate contents (Radek & Savage, 2008); oxalate absorption rates from different foods typi-
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Oxalate cally range from 2 to 15% (Liebman & Al-Wahsh, 2011); cooking reduces soluble oxalate in foods  to some extent (Chai & Liebman, 2005a) 
Phytate status of malnourished children: as Santal children consume mostly plant foods, phytate content of their meals is likely to be fairly high 

intake of Santal children (1-2 years): no data 
anaemia: high phytate levels hamper nonheme iron absorption (Michaelsen et al., 2009); <100mg phytate per meal is considered a threshold to increase iron 
absorption (Hallberg & Hulthén, 2000) 
growth: high phytate levels hamper zinc, calcium, potassium, magnesium and protein absorption (Michaelsen et al., 2009) - all of those are vital to either 
bone or tissue growth; accordingly diets low in phytate can be considered to support growth 
type II nutrient: no (Golden, 2009)  
further information: besides nonheme iron - zinc, calcium, potassium, magnesium, protein and also absorption of manganese is hampered through phytic acid 
(Michaelsen et al., 2009); young children are assumed to be especially sensitive to anti-nutrients as phytate  
foods rich in phytate: high levels of phytate are found in plant foods as whole-grain cereals, maize and legumes (Michaelsen et al., 2009) - as a low anti-
nutrient content in the diet of moderately malnourished children is required for adequate absorption of nutrients, processing of such foods is highly rec-
ommended; soaking, fermentation and germination were found to reduce phytate (Hotz & Gibson, 2001) - where soaking is reported to half phytic acid 
content in foods; adding commercially available microbial phytase to diets is assumed to enhance availability of zinc, calcium, iron, phosphorus, magnesium, 
and even protein (Michaelsen et al., 2009; Selle et al., 2000) 

Polyphenols 
 
 
 
 
 

status of malnourished children: as polyphenols are found in plant foods, individuals relying on predominantly vegetarian diets may be considered at risk to 
consume larger amounts of polyphenols 
intake of Santal children (1-2 years): not known 
anaemia: polypehnols are assumed to have a strong negative impact on nonheme iron absorption (Michaelsen et al., 2009), accordingly a diet low in poly-
phenols can be considered helpful to reduce anaemia 
growth: further, polypehnols are known to inhibit absorption of zinc and protein (Michaelsen et al., 2009), which are critical to achieve adequate growth 
type II nutrient: no (Golden, 2009)  
further information: polyphenols offer also health benefits due to their antioxidant properties (Scalbert, Johnson, et al., 2005; Scalbert, Manach, et al., 2005); 
they were found to have capacities to prevent cardiovascular diseases, cancer and osteoporosis, respectively 
foods rich in polyphenols:  polyphenols (e.g. tannins) are contained in tea, (green leafy) vegetables, fruits, pulses and in the coat of dark coloured cereals like 
sorghum and millet (Michaelsen et al., 2009); soybeans have a lower tannin content while black tea contains high levels of tannins; processing like soaking 
in water or salt solution reduces tannin content (Michaelsen et al., 2009) 

Sodium 
 
 
 
 
 
 
 
 
 

status of malnourished children: normally there is excess sodium in the body of malnourished children - potentially due to a slowing of the sodium pump asso-
ciated with depleted potassium stores (Patrick, 1978; Patrick & Golden, 1977; Willis & Golden, 1988) 
intake gap of Santal children (1-2 years): no data 
anaemia: -- 
growth:-- 
type II nutrient: yes (Golden, 1995) 
further information: surplus sodium in malnourished children needs to be excreted during recovery (Golden, 2009) - attention must be paid that this process 
does not happen too quickly as it might lead to acute heart failure and death (Patrick, 1977); during infectious diarrhoea with watery stools sodium losses 
are considerable (Darrow et al., 1949) and need to be treated with ORS - however severely malnourished children are sensitive to increased sodium intake 
and treatment of diarrhoea in these children is difficult 
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Sodium bioavailability/recommended foods: salt needs to be limited in the diet of moderately malnourished children  - even though it adds taste to meals and improves 
acceptability of foods (Golden, 2009); a low-sodium diet is recommended with a maximum sodium level of 550 mg/1,000 kcal (equalling to 530mg per day 
for a child aged 1-2 years); Michaelsen et al. (2009) go further and hold the opinion that adding sodium to meals of malnourished children is not needed at 
all and that iodine requirements should be covered another way; Biesalski and Grimm (2011) explain that very little sodium is contained in natural foods - 
respectively, 100g of vegetables/meat contain 100mg sodium, while cereals contain merely traces of it; however, once these foods are processed, sodium 
contents rise: 100g of bread contains >500mg sodium - eating 100g bread would already fill acceptable sodium intake of a malnourished child aged 2 years 

Total dietary 
fiber 
 
 
 
 
 
 
 
 
 
 
 
 
 

status of malnourished children: the typical diet of malnourished children, consisting of cereals and legumes (rice and lentils in case of Santal children) is rich in 
insoluble dietary fiber (Michaelsen et al., 2009) 
intake gap of Santal children (1-2 years): no data 
anaemia: fiber alongside phytate reduces bioavailability of iron (Golden, 2009) 
growth: dietary fiber has been shown to negatively impact catch-up-growth of severely malnourished children with a reduced weight gain of 7g/kg/day 
compared to 14g/kg/day (Doherty & Jackson, 1992); it is known that dietary fiber reduces appetite leading to reduced energy intakes (Aggett et al., 2003; 
Davidsson et al., 1996); further it decreases absorption of fat and CHOs; fiber alongside phytate reduces bioavailability of calcium, magnesium and zinc 
(Golden, 2009) 
type II nutrient: no (Golden, 2009)  
further information: dietary fiber is referred to as "indigestible CHOs" in infants and young children (Aggett et al., 2003); a low dietary fiber diet is recom-
mended (Michaelsen et al., 2009) - with a high proportion of soluble fibers (which are assumed to have prebiotic properties) and only a minimum amount of 
insoluble fibers; this is most important during the first two years of life 
bioavailability/recommended foods: intake of dietary fibers (especially insoluble) should be as low as possible for malnourished children, as those satisfy hunger 
more, decrease intestinal transit time and therewith nutrient and energy digestibility (Michaelsen et al., 2009); foods dense in dietary fiber are unrefined 
cereals and legumes including soybeans, beans, lentils and peas; rice is the most suitable staple food to accomplish a low-dietary fiber diet - adequate for 
malnourished children; Biesalski and Grimm (2011) explain that foods rich in dietary fibre mostly contain high amounts of vitamins and minerals (balancing 
a bit reduced absorption capacity) 

Sources: Biesalski, 2016; Biesalski & Grimm, 2011; Golden, 1995, 2009; Michaelsen et al., 2009; Piroth, 2014; further authors are named as per their specific findings.
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All listed nutrients need to be considered in the cost-effectiveness analysis. Yet, unfortunately, iodine 
cannot be included in the analysis, as neither the Indian FCT (Longvah et al., 2017) nor the FCT for 
Bangladesh (Shaheen et al., 2013) provide needed data - nor do other FCTs as the American, Cana-
dian or West African. Ershow et al. (2018) explain that the content of iodine in foods is highly variable 
depending on iodine contents in the soil and demonstrate that country-based food composition ta-
bles therefore don't include iodine specific data. Consumption of iodine-rich foods and/or application 
of iodized salt is recommended in order to cover nutritional needs of this essential micronutrient 
(Zimmermann, 2009). As per the latest National Family Health Survey conducted in India, 93 percent 
of rural HHs residing at Birbhum district do use iodized salt (NFHS 5, district Fact Sheet, 2020). Still, 13 
percent of school children at Birbhum have been found with goitre (Biswas et al., 2004). Golden 
(2009) describes that iodized salt is meant to complement a home diet offering some amount of io-
dine (a higher dosage of iodine in salt would lead to an overdose/toxicity in areas where soils are rich 
in iodine). Accordingly, despite widespread consumption of iodized salt, Santal children (and their 
families) may be considered prone to become deficient in iodine - especially infants and pregnant 
women who have higher iodine demands. Consumption of foods containing goitrogens should be 
restricted amongst individuals with goitre (as cabbage and sweet potato relevant for Santals) (Biesal-
ski, 2013, 2016); on the other hand, consumption of (sea) fish, leafy vegetables and dairy products 
should be encouraged (Fordyce, 2003) to overcome iodine deficiency.   

As far as vitamin B12 is concerned, there is (again unfortunately) no data provided in the Indian and 
Bengali FCTs. As cobalamins are known to play a vital role in the development of megaloblastic 
anaemia, data has been drawn on from other sources, namely the West African and Canadian/US 
FCTs, the German food composition database accessible online via the Max Rubner Institute as well 
as a an article on B12 content of Bengali fish varieties (Bogard et al., 2015). Still, B12 data could not be 
fully collected for all 425 analyzed foods. 

Further, there are several micronutrients potentially affecting the malnourished child with yet not 
perfectly known associations - these will not be considered in the analysis (even though they may 
well be of importance!). Those comprise (1) choline, where a deficiency is assumed to associate with 
fatty liver and neurological abnormalities - both observed in malnourished children, (2) molybdenum, 
where high levels of molybdenum seem to induce copper deficiency and excess molybdenum should 
therefore not be added to malnourished children's food, and (3) fluorine, which can cause fluorosis 
and should not be added to the meals of malnourished children (Golden, 2009). Moreover, chro-
mium has been shown to increase glucose tolerance in malnourished children, who tend to lack 
chromium; however, data to recommend an appropriate dose is insufficient and some valences of 
the metal are known to be toxic - therefore, chromium will not be included in the cost-analysis. 

Sulphur is consumed through sulphur amino acids (SAAs) cysteine and methionine (FAO Expert Con-
sultation, 2013) and is therewith indirectly reflected in the cost-effectiveness analysis. 

Finally, 38 nutrients are included in the cost-effectiveness analysis of locally available foods at Bolpur, 
Birbhum district. Those can be seen in table 55 below. 
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Table 55   Nutrients included in the cost-effectiveness analysis of locally available foods at Birbhum district 

No. Nutrient Applied unit  
(per 100g edible portion) 

Nutrient type 

(1)  Energy  in kcal  Macronutrient 
(2)  Carbohydrate (CHO)   in g    Macronutrient 
(3) Protein in g  Macronutrient 
(4) Fat in g Macronutrient 
(5) Vitamin A (RAE) in µg Fat-soluble vitamin 
(6) Vitamin D in µg Fat-soluble vitamin 
(7) Vitamin E in mg Fat-soluble vitamin 
(8) Vitamin K in µg Fat-soluble vitamin 
(9) Vitamin B1  (thiamine) in mg Water-soluble vitamin 
(10) Vitamin B2  (riboflavin) in mg Water-soluble vitamin 
(11) Vitamin B3  (niacin) in mg Water-soluble vitamin 
(12) Vitamin B5  (pantothenic acid) in mg Water-soluble vitamin 
(13) Vitamin B6  (pyridoxine) in mg Water-soluble vitamin 
(14) Vitamin B7  (biotin) in µg Water-soluble vitamin 
(15) Vitamin B9  (total folate) in µg Water-soluble vitamin 
(16) Vitamin B12  (cobalamins) in µg Water-soluble vitamin 
(17) Vitamin C  (ascorbic acid) in mg Water-soluble vitamin 
(18) Calcium in mg Minerals & trace elements 
(19) Copper in mg Minerals & trace elements 
(20) Iron in mg Minerals & trace elements 
(21) Magnesium in mg Minerals & trace elements 
(22) Manganese in mg Minerals & trace elements 
(23) Phosphorus in mg Minerals & trace elements 
(24) Potassium in mg Minerals & trace elements 
(25) Selenium in µg Minerals & trace elements 
(26) Zinc in mg Minerals & trace elements 
(27) Total PUFAs  (polyunsaturated fatty acids) in mg Essential fatty acids 
(28) Alpha linolenic acid  (n3 fatty acid) in mg Essential fatty acids 
(29) Linolenic acid  (n6 fatty acid) in mg Essential fatty acids 
(30) Isoleucine  (ILE) in g Essential amino acids 
(31) Leucine  (LEU) in g Essential amino acids 
(32) Lysine  (LYS) in g Essential amino acids 
(33) SAA  (sulphur-amino acids:  

           methionine/MET & cysteine/CYS) 
in g Essential amino acids 

(34) AAA  (aromatic amino acids:  
           phenylalanine/PHE & tyrosine/TYR) 

in g Essential amino acids 

(35) Threonine  (THR) in g Essential amino acids 
(36) Tryptophan  (TRP) in g Essential amino acids 
(37) Valine  (VAL) in g Essential amino acids 
(38) Histidine  (HIS) in g Essential amino acids 
Source: Own selection of nutrients relevant to achieve child growth and overcome anaemia - in accordance with the 
insights gained from literature (see table 54 above). 

It shall be stressed, once again, that current knowledge on nutrients and their various interrelations 
within body metabolism is limited - hence, this selection of nutrients could well be further extended. 
Still, compared to available literature, the chosen approach is a fairly complete one to assess nutrient 
adequacy of foods; respectively, Darmon et al. (2005) analyzed 16 nutrients while developing a nutri-
ent density standard for vegetables and fruits (nutrients per calorie and to nutrients per unit cost). 
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6.1.2 RDAs of nutrients - for children and mothers  

Basic components of the cost-analysis are recommended daily allowances (RDAs) for children and 
their mothers, as those are needed to calculate RDA ratios (see equation 1 above in this chapter). 
There are - as said before - well accepted standards for healthy children, as well as for non-pregnant 
and non-lactating women, pregnant women and lactating women (Institute of Medicine, 2005, 
2011). Further there is an internationally acknowledged standard on the nutrient requirements of 
severely malnourished children (defined by WHO/WFP/UN-SCN and UNICEF in 2007) - with Plum-
pyNut being the most known ready-to-use therapeutic food (RUTF, Nutriset, 2012). On the other 
hand, an internationally acknowledged standard for children suffering from moderate malnutrition is 
till date missing. Golden made a first attempt to suggest such RDAs in his paper published in 2009, 
titled " Proposed recommended nutrient densities for moderately malnourished children", followed 
by an WHO-document published in 2012 by Prinzo et al., titled "Technical note: supplementary foods 
for the management of moderate acute malnutrition in infants and children 6–59 months of age." 

This subchapter presents available RDA data for children and mothers in detail - as to select RDAs to 
be applied within the cost-effectiveness analysis. As far as children are concerned, RDAs for healthy 
children are shown, besides those for mildly malnourished, moderately malnourished and severely 
malnourished individuals (with differing age ranges from 1-2 years, 1-3 years, 6-23 and 6-59 months, 
respectively). As far as mothers are concerned, RDAs are shown for non-pregnant and non-lactating 
women, as well as for pregnant and for lactating women. 

RDAs for children - There are several sources from where to draw on recommended daily allowances 
(RDAs) for Santal Adivasi children aged 12-23 months, being 

 (1) RDAs for healthy Indian children aged 1-3 years  
       (published by the Indian Council of Medical Research & the National Institute of Nutrition in 2020),  

 (2) RDAs for mildly malnourished children aged 6-23 months 
        (as recommended by WFP et al. 2013),  

 (3) RDAs for children with moderate malnutrition (wasting and stunting) aged 1-2 years  
       (as published by Golden in 2009 and further developed by WHO under Golden's advice in 2012), 

 (4) and RDAs for severely malnourished children aged 6-59 months 
       (as published by WHO et al. 2007). 

As far as essential amino acids are concerned, the FAO Expert Consultation Report (2013) serves as 
reference.  

Table 56 below portrays and compares available reference data. It becomes clear that severely mal-
nourished children have greatest nutrient intake needs (as to regain weight and achieve catch-up 
growth) - while already moderately malnourished children show higher nutrient needs compared to 
healthy individuals and are, accordingly, more expensive to feed. This is a burden coming to poor 
families, who need to cope with limited food budgets available to nourish the whole family. 
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Table 56   Recommended Daily Allowances (RDAs) for children: A comparison of nutrient requirements in accordance with nutritional status 

Nutritional status Healthy indi-
viduals 

Mildly malnour-
ished 

Moderately 
malnourished 

Moderately 
malnourished 

Severely malnour-
ished 

RDA to be applied in cost analysis 

Age range 1-3 yrs. 6-23 months  1-2 yrs. 6-59 months  6 -59 months 1-2 years 1-3 years 
Intervention type -- Micronutrient 

powder (MNP)  to 
be added daily to 
home food 

Use of locally 
available foods 
(rehabilitation 
foods for MAM 
children) 
 

Supplementary 
feeding - given 
additionally to 
a home diet of 
cereals/pulses 

Therapeutic feeding 
- RUTF 

Use of locally avail-
able foods 

... except for nutri-
ents where RDA for 
healthy Indian chil-
dren is higher 

Source IoM  2005/2011 
(ICMR 2020 - 
Indian reference) 

Inayati et al., 
2012 for MNP 
"DSM sprinkle" 
(general MNP 
recommendation 
as per WFP  et al. 
2013) 

Golden 2009 WHO 2012 
(Prinzo et al.) 

Nutriset 2012 for 
PlumpyNut 
(lower and upper 
range as per WHO 
et al. 2007) 

Golden 2009 
 

ICMR 2020 

Energy requirement, kcal ND  (951 - origi-
nally 1,010) 

ND  (ND) 951 - originally 
956 
 

951 - originally 
per 1,000 kcal 

951 - originally per 
92g = 500 kcal (per 
520-550 kcal) 

956  
 

1,010 

Macronutrient intake 
CHOs (g/d) 130  (122) ND  (ND) ND  (ND) ND  - ND  ND  (ND-ND) -- 130 
Protein (g/d) 13  (10.6) ND  (ND) 22.9  (24.9) 19 - 41 ND  (ND-ND) 23 -- 
Fat (g/d) ND  (ND) ND  (ND) ND  (ND) 23.8 - 61.8 ND  (ND-ND) 27 

(as per Dietary Guidelines for Indians - a 
Manual, 2011, p. 89, children of 1-3 years) 

Fat-soluble vitamin intake 
Vitamin A (RAE - µg/d) 300  (367) 375  (400) 915  (1,811) 1,902 - 2,853 1,598   

(1,463-1,902) 
920 -- 

Vitamin D (µg/d) 15  (14.1) 5  (5) 7.0  (10.9) 19 - 57 28.5  (27.4-34.6) -- 15 
Vitamin E (mg/d) 6  (ND) 4  (5) 10.9  (19.9)  28.5 - ND 35  (36.6-ND) 11 -- 
Vitamin K (µg/d) 30  (ND) ND  (ND) 19.9  (39.8)  47.6 - ND 36.7  (27.4-51.9) 20 -- 

Water-soluble vitamin intake 
Vitamin B1 (Thiamine, mg/d) 0.5  (0.7) 0.5  (0.5) 0.6  (0.9)  1.0 - ND 1.0 (0.9-ND) -- 0.7 
Vitamin B2 (Riboflavin, mg/d) 0.5  (0.8) 0.5  (0.5) 0.8  (1.7)  3.8 - ND 3.2  (2.9-ND) -- 0.9 
Vitamin B3 (Niacin, mg/d) 6  (6.6) 6  (6) 8.0  (16.9)  23.8 - ND 9.3  (9.1-ND) 8.0 -- 
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Nutritional status Healthy individu-
als 

Mildly malnour-
ished 

Moderately mal-
nourished 

Moderately 
malnourished 

Severely malnour-
ished 

RDA to be applied in cost analysis 

Age range 1-3 yrs. 6-23 months  1-2 yrs. 6-59 months  6 -59 months 1-2 years 1-3 years 
Intervention type -- Micronutrient 

powder (MNP)  to 
be added daily to 
home food 

Use of locally 
available foods 
(rehabilitation 
foods for MAM 
children) 
 

Supplementary 
feeding - given 
additionally to 
a home diet of 
cereals/pulses 

Therapeutic feeding 
- RUTF 

Use of locally avail-
able foods 

... except for nutri-
ents where RDA for 
healthy Indian chil-
dren is higher 

Source IoM  2005/2011 
(ICMR 2020 - 
Indian reference) 

Inayati et al., 
2012 for MNP 
"DSM sprinkle" 
(general MNP 
recommendation 
as per WFP  et al. 
2013) 

Golden 2009 WHO 2012 
(Prinzo et al.) 

Nutriset 2012 for 
PlumpyNut 
(lower and upper 
range as per WHO 
et al. 2007) 

Golden 2009 
 

ICMR 2020 

Energy requirement, kcal ND  (951 - origi-
nally 1,010) 

ND  (ND) 951 - originally 
956 
 

951 - originally 
per 1,000 kcal 

951 - originally per 
92g = 500 kcal (per 
520-550 kcal) 

956  
 

1,010 

Vitamin B5 (Pantothenic acid, 
mg/d) 

2  (ND) ND  (ND) 3.0  (3.0)  4.8 - ND 5.4  (5.5-ND) 3.0 -- 

Vitamin B6 (Pyridoxine, mg/d) 0.5  (0.8) 0.5  (0.5) 0.8  (1.7)  1.9 - ND 1.0  (1.1-ND) -- 0.9 
Vitamin B7 (Biotin, µg/d) 8  (ND) ND  (ND) 9.5  (12.4)  19.0 - ND 114  (110-ND) 9.5 -- 
Vitamin B9 (Total folates, µg/d) 150  (104) 150  (90) 209  (328)  380 - ND 367  (366-ND) 210 -- 
Vitamin B12 (Cobalamins, µg/d) 0.9  (1.1) 0.9  (0.9) 1.0  (2.5)  4.8 - ND 3.2  (2.9-ND) -- 1.2 
Vitamin C (Ascorbic acid, mg/d) 15  (25) 35  (30) 70  (90)  143 - ND 93.2  (91.4-ND) 70 -- 

Mineral and trace element intake 
Calcium (mg/d) 700  (471) ND  (ND) 567  (796) 951 - 1,331 525  (549-1,038) 570 -- 
Copper (mg/d) 0.34  (ND) 0.6  (0.56) 0.6  (0.8) 1.0 - 3.3 3.0  (2.6-3.1) 0.65 -- 
Iodine (µg/d) 90  (85) 50  (90) 189  (189) 143 - 333 133  (128-242) 190 -- 
Iron (mg/d) 7.0  (7.5) 10  (10) 9.0  (16.9) 17.1 - 28.5 26.6  (18.3-24.2) 9.0 -- 
Magnesium (mg/d) 80  (127) ND  (ND) 189  (289) 266 - 399 161  (146-242) 190 -- 
Manganese (mg/d) 1.2  (ND) ND  (ND) 1.1  (1.1) 1.0 - 1.9 ND  (ND-ND) 1.1 -- 
Phosphorus (mg/d) 460  (ND) ND  (ND) 567 (856) 808 - 1,331 525  (549-1,038) 570 -- 
Potassium (mg/d) 
 
 

3,000  (ND) ND  (ND) 1,343  (1,542) 1,427 - 2,092 1,944  
(2,030-2,421) 

1,350 -- 
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Nutritional status Healthy individu-
als 

Mildly malnour-
ished 

Moderately mal-
nourished 

Moderately 
malnourished 

Severely malnour-
ished 

RDA to be applied in cost analysis 

Age range 1-3 yrs. 6-23 months  1-2 yrs. 6-59 months  6 -59 months 1-2 years 1-3 years 
Intervention type -- Micronutrient 

powder (MNP)  to 
be added daily to 
home food 

Use of locally 
available foods 
(rehabilitation 
foods for MAM 
children) 
 

Supplementary 
feeding - given 
additionally to 
a home diet of 
cereals/pulses 

Therapeutic feeding 
- RUTF 

Use of locally avail-
able foods 

... except for nutri-
ents where RDA for 
healthy Indian chil-
dren is higher 

Source IoM  2005/2011 
(ICMR 2020 - 
Indian reference) 

Inayati et al., 
2012 for MNP 
"DSM sprinkle" 
(general MNP 
recommendation 
as per WFP  et al. 
2013) 

Golden 2009 WHO 2012 
(Prinzo et al.) 

Nutriset 2012 for 
PlumpyNut 
(lower and upper 
range as per WHO 
et al. 2007) 

Golden 2009 
 

ICMR 2020 

Energy requirement, kcal ND  (951 - origi-
nally 1,010) 

ND  (ND) 951 - originally 
956 
 

951 - originally 
per 1,000 kcal 

951 - originally per 
92g = 500 kcal (per 
520-550 kcal) 

956  
 

1,010 

Selenium (µg/d) 20  (ND) ND  (17) 29.8  (54.7) 33,3- 85.6 52.5  (36.6-69.2) 30 -- 
Zinc (mg/d) 3  (2.8) 5  (4.1) 11.9  (18.9) 19.0 - 33.3 24.5  (20.1-24.2) 12 -- 

Essential fatty acid intake 
Total PUFAs (g/d) 
(n-3 + n-6 PUFAs) 

7.7 (ND) ND  (ND) 5.57  (5.57) ND - ND ND  (ND-ND) 5.6 -- 

α-linolenic acid (n-3, g/d) 0.7  (ND) ND  (ND) 0.82  (0.82)  ND - ND ND  (ND-ND) 0.82 -- 
Linolenic acid (n-6, g/d) 7  (ND) ND  (ND) 4.76  (4.76)  ND - ND ND  (ND-ND) 4.78 -- 

Essential amino acid intake 
~ as per FAO Expert Consultation, 2013 ~ 

Isoleucine (g/100g protein) 3.1 3.1 
Leucine (g/100g protein) 6.3 6.3 
Lysine (g/100g protein) 5.2 5.2 
Methionine & cysteine (sulphur 
amino acids, g/100g protein) 

2.5 2.5 

Phenylalanine & Tyrosine 
(aromatic amino acids,  
g/100g protein) 

4.6 4.6 

Threonine (g/100g protein) 2.7 2.7 



Cost-effectiveness analysis of local foods: nutrient density to seasonal retail cost ratio  - Methodology 

193 

Nutritional status Healthy individu-
als 

Mildly malnour-
ished 

Moderately mal-
nourished 

Moderately 
malnourished 

Severely malnour-
ished 

RDA to be applied in cost analysis 

Age range 1-3 yrs. 6-23 months  1-2 yrs. 6-59 months  6 -59 months 1-2 years 1-3 years 
Intervention type -- Micronutrient 

powder (MNP)  to 
be added daily to 
home food 

Use of locally 
available foods 
(rehabilitation 
foods for MAM 
children) 
 

Supplementary 
feeding - given 
additionally to 
a home diet of 
cereals/pulses 

Therapeutic feeding 
- RUTF 

Use of locally avail-
able foods 

... except for nutri-
ents where RDA for 
healthy Indian chil-
dren is higher 

Source IoM  2005/2011 
(ICMR 2020 - 
Indian reference) 

Inayati et al., 
2012 for MNP 
"DSM sprinkle" 
(general MNP 
recommendation 
as per WFP  et al. 
2013) 

Golden 2009 WHO 2012 
(Prinzo et al.) 

Nutriset 2012 for 
PlumpyNut 
(lower and upper 
range as per WHO 
et al. 2007) 

Golden 2009 
 

ICMR 2020 

Energy requirement, kcal ND  (951 - origi-
nally 1,010) 

ND  (ND) 951 - originally 
956 
 

951 - originally 
per 1,000 kcal 

951 - originally per 
92g = 500 kcal (per 
520-550 kcal) 

956  
 

1,010 

   
Tryptophan (g/100g protein) 0.7 0.7 
Valine (g/100g protein) 4.1 4.1 
Histidine (g/100g protein) 1.8 1.8 

Elements to be limited in the diet 
Oxalate Regular intake of foods with high amounts of oxalic acid needs to be avoided in order to  

prevent nutritional deficiencies as well as severe irritations of the gut's lining  
(Gemede & Ratta, 2014) 

-- 

Phytate <100mg phytate per meal is considered a threshold to increase iron absorption  
(Hallberg & Hulthén, 2000) 

-- 

Polyphenols polyphenols (e.g. tannins) are assumed to have a strong negative impact on nonheme iron 
absorption - processing like soaking in water or salt solution reduces the tannin content 

(Michaelsen et al., 2009) 

 

Sodium (mg/d) 1,000  (ND) ND  (ND) 527  (527) ND  - 476 506  (ND-501) 530 -- 
Total dietary fibre (g/d) 19 (14.1) ND  (ND) ND  (ND) ND - ND ND  (ND-ND) -- 15 
Sources: FAO Expert Consultation, 2013; ICMR, NIN, 2020; ICMR, 2020; Gemede & Ratta, 2014; Golden, 2009; Hallberg & Hulthén, 2000; Inayati et al., 2012; Institute of Medicine, 2005, 2011; 
Michaelsen et al., 2009; Prinzo et al., 2012; WFP et al., 2013; WHO et al., 2007. 
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Very obviously, Santal Adivasi children cannot be considered healthy regarding their anthropometric 
status (remembering that 94 percent of surveyed children aged 6-39 months suffered from anaemia, 
n=307, and 52 percent from chronic malnutrition/stunting - being too short for their age, n=307). 
While severe forms of undernutrition do exist, moderate forms widely prevail - for this reason RDAs 
for moderately malnourished children shall be applied in order to calculate RDA ratios. 

Table 57   Share of moderate and severe undernutrition amongst Santal children aged 12-23 months 

 adequate status 
-2SD to 1.999SD 

moderately  
malnourished 

-3SD to -2.001SD 

severely  
malnourished 

<-3SD 

Total  
malnourished 

<-3SD to -2.001SD 

stunting 
   (n=108) 

51.9 percent 
(n=56) 

31.5 percent 
(n=34) 

16.7 percent 
(n=18) 

48.2 percent 
(n=52) 

underweight 
   (n=108) 

55.6 percent 
(n=60) 

34.3 percent 
(n=37) 

10.2 percent 
(n=11) 

44.5 percent 
(n=48) 

wasting 
   (n=108) 

85.2 percent 
(n=92) 

10.2 percent 
(n=11) 

3.7 percent 
(n=4) 

13.9 percent 
(n=15) 

Source: Baseline Medical Check-up, personal communication, February 2015. 

While Prinzo et al. (2012) provide ranges of lower and upper recommended nutrient intakes in their 
WHO document and refer to a fairly wide age range (6-59 months), Golden (2009) gives exact rec-
ommended intake values with a focus on children aged 1-2 years. Thus, Golden's RDAs shall be ap-
plied to calculate RDA ratios within this cost-effectiveness analysis of locally available foods (remem-
bering that those are not finally accepted within the international community, but probably the best 
assumption available for the time being). In his recommendations, Golden distinguishes between 
food based approaches using locally available foods to satisfy nutrient needs of moderately malnour-
ished children and specially designed rehabilitation foods (complement based). He explains that 
while local foods even if processed optimally are unlikely to cover nutrient needs consistently, espe-
cially designed complementary foods may more easily do so and, accordingly, RDAs for complemen-
tary foods are set at a higher nutrient intake level as compared to RDAs referring to food based ap-
proaches. In this research, RDAs relating to the food based approach will be applied - as the concep-
tual approach is to use locally available foods to diversify daily meals and reduce undernutrition. 

Interestingly, for some nutrients Golden's food based RDAs lie below those formulated for healthy 
Indian children aged 1-3 years. In such cases, recommendations for healthy children shall be applied 
in the cost-analysis, based on the assumption that moderately malnourished children need at least 
the amount of nutrient intake of healthy children if not higher. Finally, RDAs of following nutrients 
refer to recommendations for healthy Indian children (ICMR, NIN, 2020; ICMR, 2020): CHO, vitamin 
D, vitamins B1, B2, B6 and B12 as well as total dietary fibre (anti-nutritive element). The recommenda-
tion for fat is taken from an Indian document (Dietary Guidelines for Indians - a Manual, 2011), as 
neither Prinzo et al. (2012) nor Golden (2009) give a specific recommendation on fat intake. Further, 
recommendations concerning amino acid intakes are taken from the FAO Expert Consultation Report 
(2013) focusing on this matter. All others RDAs applied refer to Golden (food based approach). 

Indeed, Golden's assumed energy requirement of 956 kcal per day fits quite perfectly with those of 
Santal Adivasi children. Baseline data showed that Santal children aged 12-23 months (n=108) had a 
mean weight of 8.54 kg (Baseline Medical Check-up, personal communication, February 
2015).Considering a basic energy requirement of 86 kcal per kg per day (as applied by ICMR to calcu-
late RDAs for healthy Indian children) and adding up an additional requirement to catch up growth of 
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25 kcal per kg per day - as postulated by WHO (Prinzo et al., 2012), aiming for a weight-gain of 5g per 
kg per day - 951 kcal are required each day to enable moderately malnourished Santal tribal children 
aged 1-2 years to catch up growth. This matching further supports the application of Golden's RDAs. 

RDAs for mothers - When it comes to RDAs for mothers, one needs to distinguish between (1) non-
pregnant non-lactating women, (2) pregnant women and (3) lactating women. While non-pregnant 
non-lactating women require least nutrient intake, nutritional needs of pregnant women are higher, 
peaking for most nutrients in the time of lactation. Hence, feeding a lactating woman adequately 
(what is true for most Santal mothers with children aged 12-23 months) is most expensive. There are 
again different sources from where to draw on RDAs for each subgroup of mothers, being: 

 (1) IoM (2005/2011) - for women aged 19-30 years (healthy individuals), 

 (2) ICMR (2020) - Indian reference, for women aged 19-30 years (healthy individuals), 

 (3) as well as FAO/WHO (2001), for women aged 19-50 years (again for healthy individuals). 

The table below gives all details concerning recommended nutrient intakes of non-lactating non-
pregnant, pregnant and lactating women. RDAs to be applied in the cost-analysis are basically drawn 
from IoM. Only in cases where Indian recommendations lie higher, the latter shall be applied. Again, 
recommended amino acid intake levels are taken from the FAO Expert Consultation report (2013). 

The table below gives an overview on existing RDAs for mothers - indicating also the RDAs applied in 
the cost-analysis of locally available foods. 
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Table 58   Recommended Daily Allowances (RDAs) for mothers: A comparison of nutrient requirements of non-pregnant non-lactating, pregnant and lactating women  

 non-pregnant non-lactating pregnant/ 
lactating 

pregnant Lactating 

Age range 19-30 yrs. 19-50 yrs. RDA applied 
in cost 

analysis: 
IoM if not 
ICMR (In-

dian refer-
ence) higher 

ND 19-30 yrs. 19-50 yrs. RDA applied 
in cost 

analysis: 
IoM if not 
ICMR (In-

dian refer-
ence) higher 

19-30 yrs. 19-50 yrs. RDA applied 
in cost 

analysis: 
IoM if not 
ICMR (In-

dian refer-
ence) higher 

Intervention type -- -- MNP to be 
added to 

home food 

-- -- -- -- 

Source IoM  
2005/2011 
(ICMR 2020 

- Indian 
reference) 

FAO/WHO 
2001 

WFP et al. 
2013 

IoM  
2005/2011 
(ICMR 2020 

- Indian 
reference) 

FAO/WHO 
2001 

IoM  
2005/2011 
(ICMR 2020 

- Indian 
reference) 

FAO/WHO 
2001 

Macronutrient intake 
CHOs (g/d) 130  (130) ND 130 ND 175  (175) ND 175 210  (200) ND 210 
Protein (g/d) 46  (45.7) ND 46 ND 71   

(55.2-67.7) 
ND 71 71   

(58.9-62.2) 
ND 71 

Fat (g/d) ND  (ND) ND 30* ND ND  (ND) ND 30* ND  (ND) ND 30* 
Fat-soluble vitamin intake 

Vitamin A (RAE - µg/d) 700  (840) 500 840 800 770  (900) 800 900 1,300  
(950) 

850 1,300 

Vitamin D (µg/d) 15  (15) 5 15 5 15  (15) 5 15 15  (15) 5 15 
Vitamin E (mg/d) 15  (ND) 7.5 15 10 15  (ND) ND 15 19  (ND) ND 19 
Vitamin K (µg/d) 90  (ND) 55 90 ND 90  (ND) 55 90 90  (ND) 55 90 

Water-soluble vitamin intake 
Vitamin B1 (Thiamine, mg/d) 1.1  (1.7) 1.1 1.7 1.4 1.4  (2.0) 1.4 2.0 1.4  (2.1) 1.5 2.1 
Vitamin B2 (Riboflavin, mg/d) 1.1  (2.4) 1.1 2.4 1.4 1.4  (2.7) 1.4 2.7 1.6  (2.9-3) 1.6 3 
Vitamin B3 (Niacin, mg/d) 14  (14) 14 14 18 18  (16.5) 18 18 17  (19) 17 19 
Vitamin B5 (Pantothenic acid, 
mg/d) 

5  (ND) 5 5 ND 6  (ND) 6 6 7  (ND) 7 7 

Vitamin B6 (Pyridoxine, mg/d) 1.3  (1.9) 1.3 1.9 1.9 1.9  (2.3) 1.9 2.3 2.0   
(2.07-2.16) 

2.0 2.16 

Vitamin B7 (Biotin, µg/d) 30  (ND) 30 30 ND 30  (ND) 30 30 35  (ND) 35 35 
Vitamin B9 (Total folates, 
µg/d) 
 

400  (220) 400 400 400 600  (570) 600 600 500  (330) 500 500 
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 non-pregnant non-lactating pregnant/ 
lactating 

pregnant lactating 

Age range 19-30 yrs. 19-50 yrs. RDA applied 
in cost 

analysis: 
IoM if not 
ICMR (In-

dian refer-
ence) higher 

ND 19-30 yrs. 19-50 yrs. RDA applied 
in cost 

analysis: 
IoM if not 
ICMR (In-

dian refer-
ence) higher 

19-30 yrs. 19-50 yrs. RDA applied 
in cost 

analysis: 
IoM if not 
ICMR (In-

dian refer-
ence) higher 

Intervention type -- -- MNP to be 
added to 

home food 

-- -- -- -- 

Source IoM  
2005/2011 
(ICMR 2020 

- Indian 
reference) 

FAO/WHO 
2001 

WFP et al. 
2013 

IoM  
2005/2011 
(ICMR 2020 

- Indian 
reference) 

FAO/WHO 
2001 

IoM  
2005/2011 
(ICMR 2020 

- Indian 
reference) 

FAO/WHO 
2001 

Vitamin B12 (Cobalamins, 
µg/d) 

2.4  (2.5) 2.4 2.5 2.6 2.6  (2.75) 2.6 2.75 2.8  (3.5) 2.8 3.5 

Vitamin C (Ascorbic acid, 
mg/d) 

75  (65) 45 75 70 85  (80) 55 85 120  (115) 70 120 

Mineral and trace element intake 
Calcium (mg/d) 1,000 

(1,000) 
1,000 1,000 ND 1,000  

(1,000) 
1,200 1,000 1,000  

(1,200) 
1,000 1,200 

Copper (mg/d) 0.9  (ND) ND 0.9 2 1.0  (ND) ND 1.0 1.3  (ND) ND 1.3 
Iodine (µg/d) 150  (150) 110 150 150 220  (250) 200 250 290  (280) 200 290 
Iron (mg/d) 18  (29) 29 29 30 27  (40) ND 40 9  (23) 15 23 
Magnesium (mg/d) 310  (325) 220 325 ND 350  (385) 220 385 310  (325) 270 325 
Manganese (mg/d) 1.8  (ND) ND 1.8 ND 2.0  (ND) ND 2.0 2.6  (ND) ND 2.6 
Phosphorus (mg/d) 700  (ND) ND 700 ND 700  (ND) ND 700 700  (ND) ND 700 
Potassium (mg/d) 4,700  (ND) ND 4,700 ND 4,700  (ND) ND 4,700 5,100  (ND) ND 5,100 
Selenium (µg/d) 55  (ND) 26 55 65 60  (ND) 28-30 60 70  (ND) 35-42 70 
Zinc (mg/d) 8  (13.2) 9.8 13.2 15 11  (14.5) 11-20 14.5 12  (14) 19-14.4 14 

Essential fatty acid intake 
Total PUFAs (mg/d) 
(n-3 + n-6 PUFAs) 

13,100  
(ND) 

ND 13,100 ND 14,400  
(ND) 

ND 14,400 14,300  
(ND) 

ND 14,300 

α-linolenic acid  
(n-3, mg/d) 

1,100  (ND) ND 1,100 ND 1,400  (ND) ND 1,400 1,300  (ND) ND 1,300 

Linolenic acid  
(n-6, mg/d) 
 
 

12,000  
(ND) 

ND 12,000 ND 13,000  
(ND) 

ND 13,000 13,000  
(ND) 

 

ND 13,000 
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 non-pregnant non-lactating pregnant/ 
lactating 

pregnant lactating 

Age range 19-30 yrs. 19-50 yrs. RDA applied 
in cost 

analysis: 
IoM if not 
ICMR (In-

dian refer-
ence) higher 

ND 19-30 yrs. 19-50 yrs. RDA applied 
in cost 

analysis: 
IoM if not 
ICMR (In-

dian refer-
ence) higher 

19-30 yrs. 19-50 yrs. RDA applied 
in cost 

analysis: 
IoM if not 
ICMR (In-

dian refer-
ence) higher 

Intervention type -- -- MNP to be 
added to 

home food 

-- -- -- -- 

Source IoM  
2005/2011 
(ICMR 2020 

- Indian 
reference) 

FAO/WHO 
2001 

WFP et al. 
2013 

IoM  
2005/2011 
(ICMR 2020 

- Indian 
reference) 

FAO/WHO 
2001 

IoM  
2005/2011 
(ICMR 2020 

- Indian 
reference) 

FAO/WHO 
2001 

Essential amino acid intake 
~ as per FAO Expert Consultation, 2013 ~ 

Isoleucine (g/100g protein) 3.0  
Leucine (g/100g protein) 5.9  
Lysine (g/100g protein) 4.5  
Methionine & cysteine (sul-
phur amino acids,  
g/100g protein) 

2.2  

Phenylalanine & Tyrosine 
(aromatic amino acids,  
g/100g protein) 

3.8  

Threonine (g/100g protein) 2.3  
Tryptophan (g/100g protein) 0.6  
Valine (g/100g protein) 3.9  
Histidine (g/100g protein) 1.5  

Elements to be limited in the diet 
Oxalate Regular intake of foods with high amounts of oxalic acid needs to be avoided in order to prevent  

nutritional deficiencies as well as severe irritations of the gut's lining (Gemede & Ratta, 2014) 
Phytate <100mg phytate per meal is considered a threshold to increase iron absorption (Hallberg & Hulthén, 2000) 
Polyphenols polyphenols (e.g. tannins) are assumed to have a strong negative impact on nonheme iron absorption  

- processing like soaking in water or salt solution reduces the tannin content (Michaelsen et al., 2009) 
Sodium (mg/d) 1,500  (ND) ND 1,500 ND 1,500  (ND) ND 1,500 1,500  (ND) ND 1,500 
Total dietary fibre (g/d) 25  (ND) ND 25 ND 28  (ND) ND 28 29  (ND) ND 29 
Sources: Dietary Guidelines for Indians - a Manual, 2011; FAO Expert Consultation, 2013; ICMR, NIN, 2020; ICMR, 2020; FAO & WHO, 2001; Gemede & Ratta, 2014; Hallberg & Hulthén, 2000; 
Institute of Medicine, 2005, 2011; Michaelsen et al., 2009; WFP et al., 2013. 
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The following chapter presents gathered primary data on the availability and acceptance of local 
foods - as a basis to decide what foods to include in the nutrient-adequacy cost analysis. 

6.1.3 Available and consumed foods at Bolpur region, Birbhum district 

While Santal families tend to consume a fairly narrow range of foods as rice, lentils, potato, leafy 
vegetables, cabbage, tomato and some seasonal fruit growing in the villages, there is in fact a very 
wide range of foods offered at the nearest city's market places at Bolpur. This contrast, very typical 
for India, accounts to the fact that while nearly all thinkable foods are accessible to those earning a 
decent income, India's poor do not enjoy access to most nutritious foods - even though being avail-
able within reach. This circumstance, of course, is attributed to low incomes earned by Santal fami-
lies, whose education is mostly limited and where consequences of undernutrition further curb earn-
ing opportunities. This vicious cycle needs to be broken and small but reliant and consequent 
changes in the diet may be one step in such direction as to reduce undernutrition and therewith im-
prove learning and later on earning capacities of Santal Adivasi children. 

As foods are indeed available abundantly in Birbhum district, the basic approach and assumption of 
this cost analysis is that Santal families may generally access all foods which are available at the city 
centre of Bolpur (if they had sufficient money with them). Hence, all locally available foods should be 
included in the analysis, as to widen the perspective what may be eaten by Santal children and their 
mothers. In order to know what foods are available at Bolpur, Birbhum district/ West Bengal, a list of 
all foods named in the Indian as well as Bengali FCT (except for beef which is culturally not accepted - 
Longvah et al., 2017; Shaheen et al., 2013) served as basis for interrogation through a local resource 
person, Srikanta Mondal, an agriculturist who is engaged at the NGO "Bolpur Manab Jamin" which 
also implemented this study's community based nutrition programmes. He further searched advice 
at (1) the local Fishery Officer/ Government of West Bengal, Mr. Banaspati Biswas, (2) at the Zoologi-
cal Survey of India/ Government of India, Dr. Jhimli Mondal, and (3) at Viswa Bharati University/ Insti-
tute of Agriculture through Dr. Kalipada Paramanik. In the following sections the results of this survey 
shall be presented - portraying for each FG what foods are locally available and shall therefore be 
included in the cost analysis. 

Overall, 175 foods (29 percent, n=600) have been excluded from the cost effectiveness analysis, as 
those were neither reported to be consumed in the urban nor in the rural area of Birbhum (Food 
Survey, personal communication, December 2020). Exclusion was not equally distributed amongst 
FGs (p<0.001): fish was the only FG where more items have been excluded that expected (117 exclu-
sions compared to 53 expected cases), while cereals and millets as well as nuts and oilseeds lay 
within expected counts - all other FGs showed more inclusions than expected, namely grain legumes 
(23 inclusions vs. 18 expected), vegetables (99 vs. 80), fruits (68 vs. 62), roots and tubers (19 vs. 15), 
condiments and spices (32 vs. 24), sugars/fats/oils/miscellaneous foods (16 vs. 13) and animal prod-
ucts: egg, milk/milk products and meat (60 vs. 45). Hence, except for fish (where maritime regions for 
sure offer greater abundance), Bolpur retail market located at Birbhum district at West Bengal does 
offer a wide variety of foods to be purchased.  

A total of 425 foods are finally included in the cost analysis. For all those foods, nutrient data has 
been collected from accessible food composition tables (FCTs), primarily the  

 (1) Indian (Longvah et al., 2017) and  
 (2) Bangladeshi (Shaheen et al., 2013) FCTs, replenished by the  
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 (3) West African FCT (Vincent et al., 2020), as well as  
 (4) the Canadian (Government of Canada, 2021) and  
 (5) German nutrient databases (Bundesministerium für Ernährung und Landwirtschaft, 2021).  

All data was entered in Spss ("Portable IBM SPSS Statistics v19") for further analysis. One might won-
der why so many FCTs have been used to gather nutrient data of foods for this cost-effectiveness 
analysis and wonder if the data is consistent if drawn from various sources? It is in fact a necessary 
consequence of the methodological approach and decision to (firstly) include as many foods as pos-
sible in the analysis of those marketed at Birbhum district and to (secondly) include a wide range of 
nutrients (namely 38) rather than just a few selected ones  - in order to respect the fact that we need 
to supply a balanced amount of all nutrients vital to achieve adequate growth and a healthy devel-
opment - while supplementing just single nutrients may lead to an (unfavourable) misbalances in-
adequate to overcome malnutrition. Hence, the plenitude of FCTs referred to in this analysis mirrors 
the width of the chosen methodology. Very clearly, there is big likelihood that even more nutrients 
should be included in comparable cost analyses in the time to come - the research community has 
(very naturally) only limited insights and knowledge at the current stage and once our understanding 
regarding the importance of single nutrients and complexity of their manifold interactions will widen, 
adding further nutrients to complete the picture will be beneficial, for sure.   

Finally, for 319 foods (75 percent, n=425) data of all 38 nutrients could be collected and entered in 
Spss, while 106 foods miss one or more nutrients (as data was not analyzed in the Indian/Bengali FCT 
and could not be replenished by other accessible data sources.  

The following sections give insights what foods are indeed accessible at Bolpur retail market and 
might be consumed (if proven cost-effective) by Santal children and mothers - for each FG.  

Cereals and millets - Consumption of cereals and millets is common both amongst Bolpur citizens as 
well as amongst the rural Santal population. The variety consumed is greater amongst urbanites - 
with 18 rather than 13 kinds of cereals being regularly eaten (72 percent compared to 52 percent, 
n=25). The following table portrays what cereals are consumed regularly, sometimes or not at all in 
urban as well as rural Birbhum district (Food Survey, personal communication, December 2020). The 
table also shows what cereals are not at all eaten at Bolpur and are therefore excluded from the 
cost-analysis (marked in grey writing). Further, the number of nutrients analyzed in the aggregate 
cost-effectiveness analysis is stated for each included food (38 nutrients mean a complete data set). 
Moreover, data source is stated for each food (with 1 = Indian FCT, and 2 = Bangladeshi FCT). 

Table 59   Cereals and millets consumed at rural and urban Birbhum district - with habituations  

Cereals   (n=33) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Amaranth seed, black 1 -- -- yes -- -- yes no 
Amaranth seed, pale brown 1 -- -- yes -- -- yes no 
Bajra (millet) 1 -- yes -- -- yes -- yes  (38) 
Barley 1 -- yes -- -- yes -- yes  (38) 
Jowar (sorghum, millet) 1 -- -- yes -- yes -- yes  (38) 
Millet, foxtail (kaon) 1 

 
-- -- yes -- -- yes no 
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Cereals   (n=33) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Millet, proso, wholegrain 
(cheena) 1 

-- -- yes -- -- yes no 

Ragi (millet) 1 -- -- Yes -- -- yes no 
Maize, dry 1 -- yes -- -- yes -- yes  (38) 
Maize, tender, local 1 -- yes -- -- yes -- yes  (38) 
Maize, tender, sweet 1 -- -- yes -- -- yes no 
Maize flour, whole, white 2 -- yes -- -- yes -- yes  (38) 
Quinoa 1 -- -- yes -- -- yes no 
Rice flakes 1 yes -- -- yes -- -- yes  (38) 
Rice puffed (muri) 1 yes -- -- yes -- -- yes  (38) 
Rice, raw, brown 1 yes -- -- yes -- -- yes  (38) 
Rice, parboiled, milled 1 yes -- -- yes -- -- yes  (38) 
Rice, raw, milled 1 yes -- -- yes -- -- yes  (38) 
Samai (millet) 1 yes -- -- yes -- -- yes  (38) 
Varagu (millet) 1 -- -- yes -- -- yes no 
Wheat flour, refined, white 
(maida) 1 

yes -- -- yes -- -- yes  (38) 

Wheat flour, white (atta) 1 yes -- -- yes -- -- yes  (38) 
Wheat flour, brown, whole-
grain 2 

-- yes -- -- yes -- yes  (38) 

Wheat, whole 1 yes -- -- yes -- -- yes  (38) 
Wheat, bulgur 1 yes -- -- yes -- -- yes  (38) 
Wheat, semolina (sooji gom) 1 yes -- -- yes -- -- yes  (38) 
Wheat, vermicelli (semai) 1 -- yes -- yes -- -- yes  (38) 
Wheat, vermicelli, roasted 1 -- yes -- yes -- -- yes  (38) 
Biscuit, sweet 2 yes -- -- yes -- -- yes  (38) 
Bread, bun/role 2 -- yes -- yes -- -- yes  (38) 
Bread white for toasting 2 -- yes -- yes -- -- yes  (38) 
Roti 2 yes -- -- yes -- -- yes  (19) 
Plain pulao 2 -- -- yes yes -- -- yes  (19) 
Total number of cereals 
(in percent) 

13 
(39.4) 

 

10 
(30.3) 

10 
(30.3) 

18 
(54.5) 

7 
(21.2) 

8 
(24.2) 

Included in cost 
analysis: 
25 (33) 

75.8 percent 
1= food data drawn from Indian food composition table (FCT); 2 = food data drawn from Bangladeshi FCT.  
Sources: Food Survey, personal communication, December 2020; Longvah et al., 2017; Shaheen et al., 2013.  

Rice is the most common cereal consumed in rural as well as urban Birbhum - complemented by 
wheat, some kinds of millet and maize. While sweet biscuits are (unfortunately) regularly consumed 
in rural as well as urban areas, bread is more common amongst urbanites. The following foods are 
not at all consumed both at the village and city level and will therefore be excluded from the cost 
analysis: Amaranth seeds (black and pale brown), millet (foxtail, proso, ragi, varagu), maize (tender 
sweet) and quinoa. Eventually, 25 cereals qualify for inclusion in the cost analysis (76 percent, n=33). 

Grain legumes - Protein-rich grains and legumes are culturally well accepted in Birbhum district - 
both in the city as well as rural area. As true for cereals and millets, the variety consumed is larger 
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amongst urbanities compared to rural citizens with 18 compared to 9 grains/legumes being eaten 
regularly (78 or rather 39 percent, n=23). Merely 2 out of 25 grains and legumes are not at all eaten 
in Birbhum district (and therefore excluded from cost-effectiveness analysis) - rice beans and red 
rajmah. The following table portrays the details on consumed grains and legumes in the rural and 
urban area of Birbhum district and shows the foods included in the cost-effectiveness analysis. 

Table 60   Grain legumes consumed at rural and urban Birbhum district - with habituations  

Grain legumes   (n=25) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Bengal gram, dal (chola) 1 yes -- --  yes -- -- yes  (38) 
Bengal gram, whole 1 yes -- -- yes -- -- yes  (38) 
Black gram, dal (maskalai) 1 yes -- -- yes -- -- yes  (38) 
Black gram whole 1 yes -- -- yes -- -- yes  (38) 
Cowpea, brown 1 -- -- yes -- yes -- yes  (38) 
Cowpea, white 1 yes -- -- yes -- -- yes  (38) 
Filed bean, black 1 -- -- yes -- yes -- yes  (38) 
Filed bean brown 1 -- -- yes -- yes -- yes  (38) 
Filed bean, white 1 -- -- yes -- yes -- yes  (38) 
Green gram, dal (mung) 1 yes -- -- yes -- -- yes  (38) 
Green gram, whole 1 yes -- -- yes -- -- yes  (38) 
Horse gram, whole 1 -- yes -- yes -- -- yes  (38) 
Lentil dal (mosur) 1 yes -- -- yes -- -- yes  (38) 
Lentil whole, brown 1 -- yes -- yes -- -- yes  (38) 
Lentil whole, yellowish 1 yes -- -- yes -- -- yes  (38) 
Moth bean 1 -- -- yes -- yes -- yes  (38) 
Peas, dry (motor) 1 -- yes -- yes -- -- yes  (38) 
Rajmah, black 1 -- yes -- yes -- -- yes  (38) 
Rajmah, brown 1 -- yes -- yes -- -- yes  (38) 
Rajmah, red 1 -- -- yes -- -- yes no 
Red gram, dal (arhar) 1 -- yes -- yes -- -- yes  (38) 
Red gram, whole 1 -- -- yes yes -- -- yes  (38) 
Rice bean 1 -- -- yes -- -- yes no 
Soybean, brown 1 -- yes -- yes -- -- yes  (38) 
Soybean, white 1 -- yes -- yes -- -- yes  (38) 
Total number of grain leg-
umes 
(in percent) 

9 
(36.0) 

 

8 
(32.0) 

8 
(32.0) 

18 
(72.0) 

5 
(20.0) 

2 
(8.0) 

Included in cost 
analysis: 
23 (25) 

92.0 percent 
1= food data drawn from Indian food composition table (FCT); 2 = food data drawn from Bangladeshi FCT.  
Sources: Food Survey, personal communication, December 2020; Longvah et al., 2017; Shaheen et al., 2013.  

Grain legumes regularly eaten in rural as well as urban Birbhum are Bengal gram, black gram, green 
gram, white cowpeas as well as lentil dal (mosur) and yellowish dhal. Soybeans, known to be very 
nutritious, are eaten regularly in the city and (so far) only sometimes in the tribal villages - the same 
is true for horse gram and brown lentils - other nutritious kinds of grain legumes. On the whole, 92 
percent of grain legumes (n=25) are included in the cost-effectiveness analysis. 
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Vegetables - Especially in the villages, vegetables are a well accepted food source, where 74 vegeta-
bles (75 percent, n=99) are regularly eaten - compared to 49 vegetables eaten regularly in the city 
(50 percent). The available variety of vegetables is big with a total number of 99 vegetables con-
sumed at Birbhum district. Merely 13 vegetables are eaten neither in the rural nor in the urban area: 
bugleweed (sabarang), brussles sprouts, cassava leaves (simei alu shak), garden cress, gogu leaves - 
green as well as red, knol-khol leaves, bamboo shoots, cho-cho-marrow, orange round cucumber and 
yellow zucchini - as well as chicken and shiitake mushrooms. Those are, accordingly, excluded from 
cost analysis. Details on eating frequency with indication of included nutrients can be found below. 

Table 61   Vegetables consumed at rural and urban Birbhum district - with habituations  

Vegetables   (n=112) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

GLV 
Agathi leaves (bok ful shak) 1 yes -- -- -- yes -- yes  (38) 
Alligator weed (malancha 
shak) 2 

yes -- -- -- yes -- yes  (8) 

Amaranth leaves, green  
(Amaranthus gangeticus - 
sobuj data shak) 1 

yes -- -- yes -- -- yes  (38) 

Amaranth leaves, red (Ama-
ranthus gangeticus - lal shak) 1 

yes -- -- yes -- -- yes  (38) 

Amaranth spined leaves, green 
(Amaranthus spinosus) 1 

yes -- -- yes -- -- yes  (38) 

Amaranth spined leaves, red 
and green (spinosus) 1 

yes -- -- yes -- -- yes  (38) 

Slender Amaranth leaves (no-
tay shak) 2 

yes -- -- yes -- -- yes  (18) 

Basella leaves 1 yes -- -- yes -- -- yes  (38) 
Bathua leaves 1 yes -- -- -- yes -- yes  (38) 
Beet greens 1 yes -- -- yes -- -- yes  (38) 
Bengal dayflower leaves 2 yes -- -- -- yes -- yes  (14) 
Bitter gourd leaves, green 
(korola shak) 2 

yes -- -- -- yes -- yes  (18) 

Bottle gourd leaves, (lau shak)2 yes -- -- -- yes -- yes  (18) 
Bugleweed (sabarang) 2 -- -- yes -- -- yes no 
Betel leaves, big 1 yes -- -- -- yes -- yes  (38) 
Betel leaves, small 1 -- yes -- -- yes -- yes  (38) 
Brussels sprouts 1 -- -- yes -- -- yes no 
Cabbage, Chinese 1 -- yes -- yes -- -- yes  (38) 
Cabbage, collard greens 1 yes -- -- yes -- -- yes  (38) 
Cabbage, green 1 yes -- -- yes -- -- yes  (38) 
Cabbage, violet 1 -- yes -- -- -- yes yes  (38) 
Cassava leaves  
(simei alu shak) 2 

-- -- yes -- -- yes no 

Cauliflower leaves 1 yes -- -- yes -- -- yes  (38) 
Colocasia leaves, green  
(shobuj kochu shak) 1 

 

-- yes -- -- yes -- yes  (38) 
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Vegetables   (n=112) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Colocasia leaves, black  
(kalo kochu shak) 2 

yes -- -- -- yes -- yes  (19) 

Cowpea leaves (borboti pata) 2 -- yes -- -- -- yes yes  (18) 
Dima leaves (dima shak) 2 yes -- -- -- yes -- yes  (6) 
Drumstick leaves (Moringa) 1 yes -- -- -- yes -- yes  (38) 
Fern leaves (dheki shak) 2 yes -- -- -- yes -- yes  (4) 
Fenugreek leaves  
(methi shak) 1 

yes -- -- yes -- -- yes  (38) 

Garden cress 1 -- -- yes -- -- yes no 
Gogu leaves, green 1 -- -- yes -- -- yes no 
Gogu leaves, red  1 -- -- yes -- -- yes no 
Indian spinach (pui shak) 2 yes -- -- Yes -- -- yes  (18) 
Jute leaves (pat shak) 2 yes -- -- -- yes -- yes  (18) 
Knol-khol leaves 1 -- -- yes -- -- yes no 
Lettuce 1 -- -- yes -- yes -- yes  (38) 
Mustard leaves 1 yes -- -- -- yes -- yes  (38) 
Pak choi leaves 1 yes -- -- -- -- yes yes  (38) 
Parsley 1 -- yes -- -- -- yes yes  (38) 
Ponnaganni 1 -- yes -- -- yes -- yes  (38) 
Pumpkin leaves, tender 1 yes -- -- -- yes -- yes  (38) 
Radish leaves 1 yes -- -- yes -- -- yes  (38) 
Rumex leaves 1 yes -- -- -- yes -- yes  (38) 
Spinach 1 yes -- -- Yes -- -- yes  (38) 
Sweet potato leaves 2 -- yes -- -- -- yes yes  (18) 
Tamarind leaves, tender 1 yes -- -- -- -- yes yes  (38) 
Water spinach (kolmee shak) 2 yes -- -- -- yes -- yes  (18) 
Watercress (helencha shak) 2 yes -- -- -- yes -- yes  (38) 

Other vegetables 
Amaranth stem (data) 2 yes -- -- yes -- -- yes  (12) 
Ash gourd 1 yes -- -- -- yes -- yes  (38) 
Bamboo shoot 1 -- -- yes -- -- yes no 
Bean scarlet (shim) -- yes -- -- yes -- yes  (38) 
Bitter gourd, jagged, teeth 
ridges, elongate 1 

yes -- -- -- yes -- yes  (38) 

Bitter gourd, jagged, teeth 
ridges, short 1 

yes -- -- yes -- -- yes  (38) 

Bitter gourd, jagged, smooth 
ridges, elongate 1 

-- yes -- -- yes -- yes  (38) 

Bottle gourd, elongate, pale 
green 1 

yes -- -- yes -- -- yes  (38) 

Bottle gourd, round, pale 
green 1 

yes -- -- yes -- -- yes  (38) 

Bottle gourd, elongate, dark 
green 1 

yes -- -- -- yes -- yes  (38) 

Brinjal 1 yes -- -- yes -- -- yes  (38) 
Broad beans (makhon shim) 1 yes -- -- -- yes -- yes  (38) 
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Vegetables   (n=112) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at all regular some-
times 

not at 
all 

Capsicum, green 1 -- yes -- yes -- -- yes  (38) 
Capsicum, red 1 -- yes -- yes -- -- yes  (38) 
Capsicum, yellow 1 -- -- yes -- yes -- yes  (38) 
Cauliflower 1 yes -- -- yes -- -- yes  (38) 
Celery stalk 1 -- -- yes -- yes -- yes  (38) 
Cho-cho-marrow 1 -- -- yes -- -- yes no 
Cluster beans 1 -- -- yes -- yes -- yes  (38) 
Colocasia, stem, black 1 yes -- -- -- yes -- yes  (38) 
Colocasia, stem, green 1 yes -- -- -- yes -- yes  (38) 
Corn, baby 1 -- -- yes -- yes -- yes  (38) 
Cucumber, green, elongate 1 -- yes -- -- -- yes yes  (38) 
Cucumber, green, short 1 yes -- -- yes -- -- yes  (38) 
Cucumber, orange, round 1 -- -- yes -- -- yes no 
Drumstick (Moringa) 1 yes -- -- yes -- -- yes  (38) 
Filed beans, tender, broad 1 yes -- -- -- yes -- yes  (38) 
Field beans, tender, lean 1 yes -- -- -- yes -- yes  (38) 
French beans, country 1 -- yes -- yes -- -- yes  (38) 
French beans, hybrid 1 yes -- -- yes -- -- yes  (38) 
Jack fruit, raw 1 yes -- -- yes -- -- yes  (38) 
Jack fruit seed, mature 1 yes -- -- yes -- -- yes  (38) 
Knol-khol 1 yes -- -- yes -- -- yes  (38) 
Kovai, big 1 -- yes -- -- yes -- yes  (38) 
Kovai, small 1 -- yes -- -- yes -- yes  (38) 
Ladies finger 1 yes -- -- yes -- -- yes  (38) 
Mango, green, raw 1 yes -- -- yes -- -- yes  (38) 
Onion, stalk 1 yes -- -- yes -- -- yes  (38) 
Papaya, unripe, raw 1 yes -- -- yes -- -- yes  (38) 
Parwar 1 yes -- -- yes -- -- yes  (38) 
Peas, fresh 1 yes -- -- yes -- -- yes  (38) 
Plantain, flower 1 yes -- -- yes -- -- yes  (38) 
Plantain, green 1 yes -- -- yes -- -- yes  (38) 
Plantain, stem 1 yes -- -- yes -- -- yes  (38) 
Pumpkin, green, cylindrical 1 yes -- -- yes -- -- yes  (38) 
Pumpkin, orange, round 1 yes -- -- yes -- -- yes  (38) 
Red gram, tender, fresh 1 yes -- -- yes -- -- yes  (38) 
Ridge gourd 1 yes -- -- yes -- -- yes  (38) 
Ridge gourd, smooth skin 1 yes -- -- yes -- -- yes  (38) 
Snake gourd, long, pale green 1 yes -- -- yes -- -- yes  (38) 
Snake gourd, long, dark green 1 yes -- -- yes -- -- yes  (38) 
Snake gourd, short 1 yes -- -- -- yes -- yes  (38) 
Tinda, tender 1 -- yes -- -- yes -- yes  (38) 
Tomato, green 1 yes -- -- yes -- -- yes  (38) 
Tomato, ripe, hybrid 1 yes -- -- yes -- -- yes  (38) 
Tomato, ripe, local 1 yes -- -- -- yes -- yes  (38) 
Turnip (shalgom) 2 yes -- -- -- yes -- yes  (19) 
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Vegetables   (n=112) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at all regular some-
times 

not at 
all 

Zucchini, green 1 yes -- -- -- yes -- yes  (38) 
Zucchini, yellow 1 -- -- yes -- -- yes no 

Mushrooms 
Button mushroom, fresh 1 -- yes -- -- yes -- yes  (38) 
Chicken mushroom, fresh 1 -- -- yes -- -- yes no 
Shiitake mushroom, fresh 1 -- -- yes -- -- yes no 
Oyster mushroom, dried 1 yes -- -- -- yes -- yes  (38) 
Total number of vegetables 
(in percent) 

74 
(66.1) 

 

20 
(17.9) 

18 
(16.1) 

49 
(43.8) 

42 
(37.5) 

21 
(18.8) 

Included in cost 
analysis: 
99 (112) 

88.4 percent 
1= food data drawn from Indian food composition table (FCT); 2 = food data drawn from Bangladeshi FCT.  
Sources: Food Survey, personal communication, December 2020; Longvah et al., 2017; Shaheen et al., 2013.  

Knowing that Santal families rely on mainly vegetarian diets, it is good news that abundant of vege-
tables are indeed accessible at Bolpur retail market. 88 percent of vegetables (n=112) are finally in-
cluded in the cost-effectiveness analysis of locally available foods. 

Fruits- Interestingly, regular consumption of fruits is nearly equal in rural and urban areas with 45 
and 44 fruits eaten regularly (66 and 65 percent, n=68). 19 fruits (22 percent, n=87) are excluded 
from analysis, as those are eaten neither in the villages, nor in the city - respective foods are marked 
in grey writing. While several costly foods as apples are popular amongst urbanities, villagers can 
afford those only sometimes. Cheaper fruits as bananas are popular both, amongst the rural and 
urban populations. Other fruits are more popular in the rural area and less often eaten in the city 
centre of Bolpur - such as figs, hog plums or jambu fruit. The following table presents details on rural 
and urban fruit consumption patterns - indicating also fruits included in the cost-analysis. 

Table 62   Fruits consumed at rural and urban Birbhum district - with habituations  

Fruits   (n=87) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Apple, big 1 -- yes -- yes -- -- yes  (38) 
Apple, green 1 -- yes -- yes -- -- yes  (38) 
Apple, small 1 -- yes -- yes -- -- yes  (38) 
Apple, small, Kashmir 1 -- yes -- yes -- -- yes  (38) 
Asian pears.2 -- -- yes -- -- Yes no 
Apricot, dried 1 -- -- yes -- -- Yes no 
Apricot, processed 1 -- -- yes -- -- Yes no 
Avocado fruit 1 -- -- yes -- -- Yes no 
Bael fruit 1 yes -- -- yes -- -- yes  (38) 
Banana, ripe, montham 1 yes -- -- yes -- -- yes  (38) 
Banana, ripe, poovam 1 -- yes -- yes -- -- yes  (38) 
Banana, ripe, red 1 -- -- yes -- -- Yes no 
Banana, ripe, robusta 1 yes -- -- yes -- -- yes  (38) 
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Fruits   (n=87) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at all regular some-
times 

not at 
all 

Blackberry 1 yes -- -- -- yes -- yes  (38) 
Breadfruit (madar) .2 -- yes -- -- -- Yes yes  (38) 
Bullocks heart (nona ata) .2 yes -- -- -- yes -- yes  (13) 
Carambola (kamranga) .2 yes -- -- -- yes -- yes  (38) 
Cherries, red 1 -- yes -- -- yes -- yes  (38) 
Currants, black 1 -- -- yes -- -- yes no 
Custard apple (atafol) 1 yes -- -- -- yes -- yes  (38) 
Dates, dry, pale brown 1 yes -- -- yes -- -- yes  (38) 
Dates, dry, dark brown 1 -- yes -- -- yes -- yes  (38) 
Dates, processed 1 -- yes -- -- yes -- yes  (38) 
Elephant apple (kodbel) .2 yes -- -- yes -- -- yes  (14) 
Emblic (amloki) .2 -- yes -- yes -- -- yes  (16) 
Fig (dumur paka) 1 yes -- -- -- yes -- yes  (38) 
Gooseberry 1 -- yes -- -- -- yes yes  (38) 
Grapes, seeded, round, black 1 -- yes -- -- yes -- yes  (38) 
Grapes, seeded, round, green 1 -- yes -- yes -- -- yes  (38) 
Grapes, seeded, round, red 1 -- -- yes -- -- yes no 
Grapes, seedless, oval, black 1 -- -- yes -- -- yes no 
Grapes, seedless, round, green 

1 
-- -- yes -- -- yes no 

Grapes, seedless, round, black 1 -- -- yes -- yes -- yes  (38) 
Guava, white flesh 1 yes -- -- yes -- -- yes  (38) 
Guava, pink flesh 1 -- yes -- -- yes -- yes  (38) 
Guava, green, raw.2 yes -- -- yes -- -- yes  (19) 
Hog plum (amra) .2 yes -- -- -- yes -- yes  (15) 
Jackfruit, ripe 1 yes -- -- yes -- -- yes  (38) 
Jambu fruit, ripe  1 yes -- -- -- yes -- yes  (38) 
Jambolan (kalojam) .2 -- yes -- yes -- -- yes  (17) 
Jambos (amrul) .2 -- yes -- -- yes -- yes  (15) 
Java apple (golapjam) .2 -- yes -- -- yes -- yes  (17) 
Jujube (boroi) .2 yes -- -- yes -- -- yes  (37) 
Karonda fruit 1 yes -- -- yes -- -- yes  (38) 
Lemon, juice (lebu, kagoli) 1 yes -- -- yes -- -- yes  (38) 
Lime, sweet pulp  
(mushambee) 1 

yes -- -- yes -- -- yes  (38) 

Lychee (lichu) 1 yes -- -- yes -- -- yes  (38) 
Mango, ripe, banganpalli 1 yes -- -- yes -- -- yes  (38) 
Mango, ripe, gulapkhas 1 yes -- -- yes -- -- yes  (38) 
Mango, ripe, himsagar 1 yes -- -- yes -- -- yes  (38) 
Mango, ripe, kesar 1 -- yes -- -- yes -- yes  (38) 
Mango, ripe, neelam 1 -- yes -- -- yes -- yes  (38) 
Mango, ripe, paheri 1 -- yes -- -- yes -- yes  (38) 
Mango, ripe, totapari 1 -- -- yes -- -- yes no 
Mango, fazil, orange flesh 
(aam, fazil, paka) .2 

yes -- -- yes -- -- yes  (19) 
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Fruits   (n=87) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at all regular some-
times 

not at 
all 

Mango, langra, yellow flesh 
(aam, langra, paka) .2 

yes -- -- yes -- -- yes  (19) 

Mangosteen 1 -- -- yes -- -- yes no 
Manila Tamarind 1 yes -- -- yes -- -- yes  (38) 
Monkey-jack, yellowish-orange 
flesh (dewa) .2 

-- yes -- -- yes -- yes  (16) 

Musk melon, orange flesh 1 yes -- -- yes -- -- yes  (38) 
Musk melon, yellow flesh 1 -- -- yes -- -- yes no 
Orange, pulp 1 yes -- -- yes -- -- yes  (38) 
Orange, juice (komolar ross) .2 yes -- -- yes -- -- yes  (38) 
Orange (komola) .2 yes -- -- yes -- -- yes  (38) 
Orange, sweet, ripe (malta, 
paka) .2 

yes -- -- yes -- -- yes  (38) 

Palm fruit, tender 1 yes -- -- yes -- -- yes  (38) 
Papaya, ripe 1 yes -- -- yes -- -- yes  (38) 
Persimmon, ripe  
(gab, bilati - kaki) .2 

-- -- yes -- -- yes no 

Peach 1 -- -- yes -- -- yes no 
Pear 1 -- -- yes -- -- yes no 
Phalsa 1 -- yes -- -- yes -- yes  (38) 
Pineapple 1 yes -- -- yes -- -- yes  (38) 
Plum 1 yes -- -- yes -- -- yes  (38) 
Pomegranat, maroon seeds 
(bedana) 1 

yes -- -- yes -- -- yes  (38) 

Pummelo (zambura) 1 -- -- yes -- -- yes no 
Raisins, dried, black 1 yes -- -- yes -- -- yes  (38) 
Raisins, dried, golden 1 yes -- -- yes -- -- yes  (38) 
Rambutan 1 -- -- yes -- -- yes no 
Sapota yes -- -- yes -- -- yes  (38) 
Soursop 1 -- -- yes -- -- yes no 
Star fruit 1 yes -- -- yes -- -- yes  (38) 
Strawberry 1 -- yes -- -- yes -- yes  (38) 
Tamarind, pulp 1 yes -- -- yes -- -- yes  (38) 
Water melon, dark green 
(sugar baby) 1 

yes -- -- yes -- -- yes  (38) 

Water melon, pale green 1 yes -- -- yes -- -- yes  (38) 
Wood apple 1 yes -- -- yes -- -- yes  (38) 
Zizyphus 1 -- -- yes -- -- yes no 
Total number of fruits 
(in percent) 

45 
(51.7) 

 

22 
(25.3) 

20 
(23.0) 

44 
(50.6) 

22 
(25.3) 

21 
(24.1) 

Included in cost 
analysis: 
68 (87) 

78.2 percent 
1= food data drawn from Indian food composition table (FCT); 2 = food data drawn from Bangladeshi FCT.  
Sources: Food Survey, personal communication, December 2020; Longvah et al., 2017; Shaheen et al., 2013.  

Altogether, 78 percent of fruits (n=87) are included in the cost-effectiveness analysis.  
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Roots and tubers - Acceptance of roots and tubers is high with 16 kinds of them being eaten regularly 
in the rural and 17 kinds at the urban areas (84 and 90 percent, n=19). Merely two roots need to be 
excluded from the cost-effectiveness analysis (red as well as white skin round radish). While tapioca 
enjoys less popularity at rural Birbhum, water chestnut is less often consumed in the villages and wild 
yams less often amongst urbanities. All other roots and tubers are regularly eaten in the rural and 
urban area - such roots comprise various kinds of potato, sweet potato, elephant foot, taro, lotus, 
yam, carrot, elongate radish, Colocasia and beet root. Details can be found in the table below. 

Table 63   Roots and tubers consumed at rural and urban Birbhum district - with habituations 

Roots and tubers   (n=21) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Beet root 1 yes -- -- yes -- -- yes  (38) 
Carrot, orange 1 yes -- -- yes -- -- yes  (38) 
Carrot, red 1 yes -- -- yes -- -- yes  (38) 
Colocasia 1 yes -- -- yes -- -- yes  (38) 
Elephant foot (ole kochu) 2 yes -- -- yes -- -- yes  (18) 
Giant taro (mann kochu) 2 yes -- -- yes -- -- yes  (38) 
Lotus root 1 yes -- -- yes -- -- yes  (38) 
Potato, brown skin, big 1 yes -- -- yes -- -- yes  (38) 
Potato, brown skin, small 1 yes -- -- yes -- -- yes  (38) 
Potato, red skin 1 yes -- -- yes -- -- yes  (38) 
Radish, elongate, red skin 1 yes -- -- yes -- -- yes  (38) 
Radish, elongate, white skin 1 yes -- -- yes -- -- yes  (38) 
Radish, round, red skin 1 -- -- yes -- -- yes no 
Radish, round, white skin 1 -- -- yes -- -- yes no 
Sweet potato, brown skin 1 yes -- -- yes -- -- yes  (38) 
Sweet potato, pink skin 1 yes -- -- yes -- -- yes  (38) 
Tapioca 1 -- -- yes -- yes -- yes  (38) 
Water chestnut 1 -- -- yes yes -- -- yes  (38) 
Yam, elephant 1 yes -- -- yes -- -- yes  (38) 
Yam, ordinary 1 yes -- -- yes -- -- yes  (38) 
Yam, wild 1 -- yes -- -- -- yes yes  (38) 
Total number of fruits 
(in percent) 

16 
(76.2) 

 

1 
(4.8) 

4 
(19.0) 

17 
(81.0) 

1 
(4.8) 

3 
(14.3) 

Included in cost 
analysis: 
19 (21) 

90.5 percent 
1= food data drawn from Indian food composition table (FCT); 2 = food data drawn from Bangladeshi FCT.  
Sources: Food Survey, personal communication, December 2020; Longvah et al., 2017; Shaheen et al., 2013.  

Altogether, 91 percent of roots and tubers are accepted for cost-effectiveness analysis. 

Condiments and spices - More spices are regularly consumed by villagers compared to urbanities with 
22 and 16 spices eaten regularly (69 and 50 percent, n=32). Several spices are popular in rural and 
urban regions likewise, amongst those are green and red chillies, Coriander leaves, garlic, onion, gin-
ger, various seeds (as Coriander, cumin, fennel, Fenugreek and poppy seeds), as well as cinnamon 
and of course turmeric powder (locally known as "holud" - the yellow)  -used for curries. Overall, 
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condiments and spices enjoy great acceptance in Birbhum district, West Bengal - and 97 percent 
(n=33) of listed spices can be included in the cost-effectiveness analysis of locally available foods. 

Table 64   Condiments and spices consumed at rural and urban Birbhum district - with habituations 

Condiments and spices   
(n=33) 

Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Condiments and spices - fresh 
Chillies, green 1 yes -- -- yes -- -- yes  (38) 
Coriander leaves 1 yes -- -- yes -- -- yes  (38) 
Curry leaves 1 yes -- -- -- -- yes yes  (38) 
Garlic, big clove 1 yes -- -- yes -- -- yes  (38) 
Garlic, small clove 1 yes -- -- yes -- -- yes  (38) 
Garlic, single clove, Kashmir 1 -- -- yes yes -- -- yes  (38) 
Ginger, fresh (ada) 1 yes -- -- yes -- -- yes  (38) 
Indian pennyworth  
(thankuni pata) 2 

yes -- -- -- -- yes yes  (16) 

Lemon grass 2 yes -- -- -- -- yes yes  (18) 
Lemon peel 2 yes -- -- -- -- yes yes  (38) 
Mango ginger 
 (curcuma amada) 1 

yes -- -- -- -- yes yes  (38) 

Mint leaves 1 yes -- -- -- yes -- yes  (38) 
Onion, big 1 yes -- -- yes -- -- yes  (38) 
Onion, small 1 yes -- -- -- yes -- yes  (38) 
Spearmint leaves 2 yes -- -- -- yes -- yes  (37) 

Condiment and spices - dry 
Asafoetida 1 -- yes -- yes -- -- yes  (38) 
Bay leaf, dried 2 -- -- yes -- yes -- yes  (38) 
Cardamom, green 1 -- -- yes -- yes -- yes  (38) 
Cardamom, black 1 -- yes -- -- yes -- yes  (38) 
Chillies, red 1 yes -- -- yes -- -- yes  (38) 
Cinnamon, ground 2 yes -- -- yes -- -- yes  (38) 
Cloves 1 -- yes -- -- yes -- yes  (38) 
Coriander seeds 1 yes -- -- yes -- -- yes  (38) 
Cumin seeds 1 yes -- -- yes -- -- yes  (38) 
Fennel seeds (mauri) 2 yes -- -- yes -- -- yes  (37) 
Fenugreek seeds (methi) 1 yes -- -- yes -- -- yes  (38) 
Mace (jayitri) 1 -- -- yes -- yes -- yes  (38) 
Nutmeg (jayfol) 1 -- -- yes -- yes -- yes  (38) 
Omum 1 -- yes -- -- yes -- yes  (38) 
Pippali 1 nd nd nd nd nd nd yes  (38) 
Pepper, black (golmorich) 1 -- yes -- -- yes -- yes  (38) 
Poppy seeds (posto dana) 1 yes -- -- yes -- -- yes  (38) 
Turmeric powder (holud) 1 yes -- -- yes -- -- yes  (38) 
Total number of condiments 
and spices 
(in percent) 

22 
(68.8) 

 

5 
(15.6) 

5 
(15.6) 

16 
(50.0) 

11 
(34.4) 

5 
(15.6) 

Included in cost 
analysis: 
32 (33) 

97.0 percent 
1= food data drawn from Indian food composition table (FCT); 2 = food data drawn from Bangladeshi FCT.  
Sources: Food Survey, personal communication, December 2020; Longvah et al., 2017; Shaheen et al., 2013.  
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It shall be mentioned at this point, that spices are quite obviously consumed in small amounts only 
(except for fresh leafy spices as Coriander leaves) and one might argue not to include them in a cost-
analysis aiming to identify foods able to cover nutrient need of malnourished children and mothers 
well. Still, consumption of spices is deeply rooted in India and in such way cost-effective spices can 
contribute at least a little to cover nutrient needs (as well as to enhance acceptance of meals de-
signed in chapter 7 - recipe section). For this reason, spices are indeed included in the analysis. 

Nuts and oil seeds - About half of consumed nuts and oilseeds are regularly eaten in rural (55 per-
cent, n=20) and urban (n=50 percent, n=20) Birbhum district. Popular - amongst villagers and urbani-
ties - are groundnuts, mustard seeds, pumpkin and sesame seeds as well as coconut kernel and 
brown dried areca nuts. Cashew nut and almonds are further regularly eaten in the city, while lin-
seeds, jackfruit seeds and fresh areca nuts are well accepted in the villages. 

Table 65   Nuts and oilseeds consumed at rural and urban Birbhum district - with habituations 

Nuts and oilseeds   (n=27) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Almond 1 -- yes -- yes -- -- yes  (38) 
Areca nut, dried, brown 1 yes -- -- yes -- -- yes  (38) 
Areca nut, dried, red 1 -- -- yes -- yes -- yes  (38) 
Areca nut, fresh 1 yes -- -- -- yes -- yes  (38) 
Cashew nut 1 -- yes -- yes -- -- yes  (38) 
Coconut, kernel, dry 1 yes -- -- yes -- -- yes  (38) 
Coconut, kernel, fresh 1 yes -- -- yes -- -- yes  (38) 
Garden cress, seeds 1 -- -- yes -- -- yes no 
Gingelly seeds, black 1 -- -- yes -- -- yes no 
Gingelly seeds, brown 1 -- -- yes -- -- yes no 
Gingelly seeds, white 1 -- yes -- -- yes -- yes  (38) 
Groundnut 1 yes -- -- yes -- -- yes  (38) 
Jackfruit seeds 2 yes -- -- -- yes -- yes  (15) 
Mustard seeds 1 yes -- -- yes -- -- yes  (38) 
Linseeds 1 yes -- -- -- yes -- yes  (38) 
Lotus seed, dried 2 -- yes -- -- -- yes yes  (18) 
Lotus seed, green 2 -- yes -- -- -- yes yes  (18) 
Mustard seed, dried 2 yes -- -- yes -- -- yes  (38) 
Niger seeds, black 1 -- -- yes -- -- yes no 
Niger seeds, grey 1 -- -- yes -- -- yes no 
Pine seeds 1 -- -- yes -- -- yes no 
Pistachio nuts 1 -- -- yes -- -- yes no 
Pumpkin seeds, dried 2 yes -- -- yes -- -- yes  (19) 
Sesame seed, dried 2 yes -- -- yes -- -- yes  (38) 
Safflower seeds 1 -- yes -- -- yes -- yes  (38) 
Sunflower seeds 1 -- yes -- -- yes -- yes  (38) 
Walnut 1 -- -- yes -- yes -- yes  (38) 
Total number of nuts and 
oilseeds 
(in percent) 

11 
(40.7) 

 

7 
(25.9) 

9 
(33.3) 

10 
(37.0) 

8 
(29.6) 

9 
(33.3) 

Included in cost 
analysis: 
20 (27) 

74.1 percent 

1= food data drawn from Indian food composition table (FCT); 2 = food data drawn from Bangladeshi FCT.  
Sources: Food Survey, personal communication, December 2020; Longvah et al., 2017; Shaheen et al., 2013.  



Cost-effectiveness analysis of local foods: nutrient density to seasonal retail cost ratio  - Methodology 

212 

On the whole, 20 nuts and oilseeds (74 percent, n=27) are included in the cost-analysis of locally 
available foods - while seven are excluded: black and brown gingelly seeds, black and grey Niger 
seeds, pine seeds, pistachio nuts as well as garden cress seeds. 

Sugars, fats, oils and miscellaneous foods - 69 percent of listed sugars, fats, oils and miscellaneous 
foods are regularly consumed by urbanities (n=16) while little less (56 percent) are regularly eaten in 
the villages. As far as cooking oils are concerned, mustard, sesame and soybean oil are regularly 
used. Unfortunately, sunflower oil or enriched vegetable oils are neither part of the Indian nor the 
Bangladeshi FCT and could therefore not be included in the analysis. Further, mustard oil, daily used 
in the Santal villages, has a limited data set only with 17 out of 38 nutrients; this could not be 
changed also after replenishing nutritional data by the West African, Canadian and German FCTs. 
Further foods regularly consumed in the rural and urban area of Birbhum are sugar, sugarcane jag-
gery, date palm jaggery, honey and cow ghee. Urbanities further consume butter and margarine 
regularly, which are uncommon in the villages. The table below presents details - indicating also nu-
trients included in the aggregate cost-effectiveness analysis. 

Table 66   Sugars, fats, oils and miscellaneous foods consumed at rural and urban Birbhum district -  with habituations 

Sugars, fats, oils and mis-
cellaneous foods   (n=18) 

Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Sugar cane, jaggery 1 yes -- -- yes -- -- yes  (38) 
Sugarcane, jaggery, juice 1 -- yes -- -- yes -- yes  (38) 
Date palm, jaggery 2 yes -- -- yes -- -- yes  (5) 
Date palm, jaggery, liquid 2 yes -- -- yes -- -- yes  (5) 
Sugar, white 2 yes -- -- yes -- -- yes  (38) 
Honey (modhu) 2 yes -- -- yes -- -- yes  (38) 
Ghee, cow 2 yes -- -- yes -- -- yes  (14) 
Ghee, vegetable 2 -- -- yes -- yes -- yes  (15) 
Butter, salted (makhon) 2 -- -- yes yes -- -- yes  (38) 
Margarine 2 -- yes -- yes -- -- yes  (38) 
Mayonnaise, salted 2 -- -- yes -- yes -- yes  (20) 
Cottonseed oil 2 -- -- yes -- -- yes no 
Fish oil cod liver (kod liver tel) 2 -- -- yes -- -- yes no 
Mustard oil (sorishar tel) 2 yes -- -- yes -- -- yes  (17) 
Palm oil 2 -- yes -- -- yes -- yes  (38) 
Peanut oil 2 -- -- yes -- yes  -- yes  (38) 
Sesame oil (tiler tel) 2 yes -- -- yes -- -- yes  (38) 
Soybean oil 2 yes -- -- yes -- -- yes  (38) 
Total number of sugars, fats, 
oils and miscellaneous foods 
(in percent) 

9 
(50.0) 

 

3 
(16.7) 

6 
(33.3) 

11 
(61.1) 

5 
(27.8) 

2 
(11.1) 

Included in cost 
analysis: 
16 (18) 

88.9 percent 
1= food data drawn from Indian food composition table (FCT); 2 = food data drawn from Bangladeshi FCT.  
Sources: Food Survey, personal communication, December 2020; Longvah et al., 2017; Shaheen et al., 2013.  

Overall, 89 percent of sugars, fats, oils and miscellaneous foods (n=18) are included in the cost-
effectiveness analysis of locally available foods at Birbhum. It shall be stressed, that available data of 
this FG is far more limited compared to the FG of cereals, vegetables and fruits, respectively. Most 
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oils are taken from the Bangladeshi FCT, which provided less nutrient data compared to the Indian 
FCT. Accordingly, the quality of analysis in the fats and oils section is limited and some regularly con-
sumed foods (as mustard oil and date palm jaggery) might offer better nutritional value for their 
money than expressed in the analysis. Still, it has been decided to include all listed foods, as few of 
them show already with fewer than 38 nutrients excellent nutrient density in relation to purchasing 
costs (for details see results section). 

Animal products - Accepted animal product variety is greater in the rural compared to the urban area 
- with 40 and 33 percent (n=60) of animal foods consumed regularly. This does not mean that milk 
and meat are frequently consumed foods amongst Santal tribal villagers, but rather signifies that the 
openness concerning choice of animal foods is wide. There are several animal products consumed 
regularly in the urban and rural region of Birbhum district: cow's/buffalo's milk, skimmed milk pow-
der, egg (from hens as well as ducks), chicken meat, goat meat, payesh (a traditional milk rice dish) 
and sweet curd (yoghurt). Other animal foods are consumed regularly in the villages, but not by ur-
banities, namely duck meat and sheep meat (including innards). Several animal foods are eaten 
sometimes in the villages, but not at all by urbanities: pork meat, rabbit meat and hare meat (except 
for hare legs), lamb/mutton meat, pigeon meat and goat's milk. Liver, known to be very nutritious, is 
a well accepted food in Birbhum; while chicken and goat liver are consumed regularly by urbanities 
(and sometimes by villagers), sheep liver is more often consumed in the rural areas and pork liver 
exclusively eaten by villagers. Overall, consumption of innards is well accepted. Details on animal 
foods consumed at Birbhum district - in the rural and urban area - can be seen in the table below.  

Table 67   Animal products consumed at rural and urban Birbhum district - with habituations 

Animal products   (n=64) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Milk and milk products 
Milk, buffalo, whole 1 yes -- -- yes -- -- yes  (38) 
Milk, cow, whole 1 yes -- -- yes -- -- yes  (38) 
Milk, cow, skimmed 2 -- -- yes -- yes -- yes  (38) 
Milk, cow, powder, skimmed 2 yes -- -- yes -- -- yes  (18) 
Milk, cow, powder, whole 2 -- yes -- yes -- -- yes  (18) 
Milk, cow, whole, condensed, 
sweetened 2 

yes -- -- yes -- -- yes  (38) 

Panner (cottage cheese) 1 -- -- yes -- yes -- yes  (38) 
Khoa 1 -- yes -- -- yes -- yes  (37) 
Buttermilk, fluid (ghol) 2 -- yes -- -- -- yes yes  (38) 
Curd, sweetened, whole milk 
(misti doi) 2 

yes -- -- yes -- -- yes  (38) 

Milk, goat 2 -- yes -- -- -- yes yes  (38) 
Payesh 2 yes -- -- yes -- -- yes  (18) 

Egg 
Egg, poultry, whole 1 yes -- -- yes -- -- yes  (38) 
Egg, country hen 1 yes -- -- yes -- -- yes  (38) 
Egg, duck 1 

 
yes -- -- yes -- -- yes  (38) 
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Animal products   (n=64) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Poultry 
Chicken, meat 1 yes -- -- yes -- -- yes  (38) 
Chicken, liver 1 -- yes -- yes -- -- yes  (38) 
Chicken, gizzard 1 -- yes -- yes -- -- yes  (38) 
Country hen, meat 1 yes -- -- yes -- -- yes  (38) 
Duck, meat 1 yes -- -- -- yes -- yes  (38) 
Pigeon, meat 1 -- yes -- -- -- yes yes  (38) 

Animal meat 
Goat, shoulder, meat 1 yes -- -- yes -- -- yes  (38) 
Goat, chops 1 -- -- yes -- yes -- yes  (38) 
Goat, legs 1 -- yes -- -- yes -- yes  (38) 
Goat, brain 1 -- -- yes -- yes -- yes  (36) 
Goat, tongue 1 -- -- yes -- yes -- yes  (36) 
Goat, lungs 1 -- -- yes -- yes -- yes  (36) 
Goat, heart 1 -- yes -- -- yes -- yes  (36) 
Goat, liver 1 -- yes -- yes -- -- yes  (36) 
Goat, tripe 1 -- -- yes -- -- yes no 
Goat, spleen 1 -- yes -- yes -- -- yes  (36) 
Goat, kidneys 1 -- yes -- yes -- -- yes  (36) 
Goat, tube (small intestine) 1 -- yes -- yes -- -- yes  (36) 
Goat, testis 1 -- yes -- yes -- -- yes  (36) 
Sheep, shoulder 1 yes -- -- -- yes -- yes  (38) 
Sheep, chops 1 yes -- -- -- yes -- yes  (38) 
Sheep, leg 1 yes -- -- -- yes -- yes  (38) 
Sheep, brain 1 yes -- -- -- yes -- yes  (38) 
Sheep, tongue 1 yes -- -- -- yes -- yes  (38) 
Sheep, lungs 1 yes -- -- -- yes -- yes  (38) 
Sheep, heart 1 yes -- -- -- yes -- yes  (38) 
Sheep, liver 1 yes -- -- -- yes -- yes  (38) 
Sheep, tripe 1 yes -- -- -- yes -- yes  (38) 
Sheep, spleen 1 yes -- -- -- yes -- yes  (38) 
Sheep, kidneys 1 yes -- -- -- yes -- yes  (38) 
Lamb/mutton, meat 2 -- yes -- -- yes -- yes  (38) 
Lamb/mutton, liver 2 -- -- yes -- -- yes no 
Pork, shoulder 1 -- yes -- -- -- yes yes  (38) 
Pork, chops 1 -- yes -- -- -- yes yes  (38) 
Pork, ham 1 -- yes -- -- -- yes yes  (38) 
Pork, lungs 1 -- yes -- -- -- yes yes  (38) 
Pork, heart 1 -- yes -- -- -- yes yes  (38) 
Pork, liver 1 -- yes -- -- -- yes yes  (38) 
Pork, stomach 1 -- yes -- -- -- yes yes  (38) 
Pork, spleen 1 -- yes -- -- -- yes yes  (38) 
Pork, kidneys 1 -- yes -- -- -- yes yes  (38) 
Pork, tube 1 -- yes -- -- -- yes yes  (36) 



Cost-effectiveness analysis of local foods: nutrient density to seasonal retail cost ratio  - Methodology 

215 

Animal products   (n=64) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Hare, shoulder 1 -- yes -- -- -- yes yes  (38) 
Hare, chops 1 -- yes -- -- -- yes yes  (38) 
Hare, leg 1 -- yes -- -- yes -- yes  (38) 
Rabbit, shoulder 1 -- yes -- -- -- yes yes  (38) 
Rabbit, chops 1 -- yes -- -- -- yes yes  (38) 
Rabbit, leg 1 -- yes -- -- -- yes yes  (38) 
Frog, legs (bang) 2 -- -- yes -- -- yes no 
Total number of animal prod-
ucts 
(in percent) 

24 
(37.5) 

 

31 
(48.4) 

9 
(14.1) 

20 
(31.3) 

23 
(35.9) 

21 
(32.81) 

Included in cost 
analysis: 
60 (64) 

93.8 percent 
1= food data drawn from Indian food composition table (FCT); 2 = food data drawn from Bangladeshi FCT.  
Sources: Food Survey, personal communication, December 2020; Longvah et al., 2017; Shaheen et al., 2013.  

Finally, 94 percent of animal foods (n=64) are accepted to be included in the cost-effectiveness of 
locally accepted and available foods of Birbhum district region in West Bengal. Very few animal foods 
are indeed excluded from analysis - such are frog legs, lamb and mutton liver as well as goat tripe. 

Fish - Birbhum district is without marine access, what is why mainly freshwater fish and only few 
marine fishes are typically consumed. Overall, 41 or rather 38 percent of locally available fishes 
(n=63) are eaten regularly in the rural and urban are of Birbhum; again, this number rather indicates 
the range of accepted fishes rather than saying that all these fishes are actually eaten frequently. 
Marine fish consumed regularly in rural and urban Birbhum are silver carp, tilapia, crab and mud 
crab. Freshwater fishes consumed regularly comprise barb (punti), bata, bronze feather back, cal-
basu, cat fish (bapda), local fish varieties (of catla, mrigal and rohu), hilsha, mrigal carp, pangas, river 
rohu, speckled shrimp, silver carp, tilapia, catla, rohu, crab and prawns. Most fishes listed in the In-
dian and Bengali FCTs are in fact excluded from the cost-effectiveness analysis, as they are eaten 
neither in the rural nor in the urban area of Birbhum - those are marked in grey. 

Table 68   Fishes consumed at rural and urban Birbhum district - with habituations 

Fishes   (n=179) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Fish, shellfish and their products 
Barb (sorpunti) 2 yes -- -- -- yes -- yes  (14) 
Barb (punti) 2 yes -- -- yes -- -- yes  (13) 
Bata (bata) 2 yes -- -- yes -- -- yes  (13) 
Boal (boal) 2 yes -- -- -- yes -- yes  (14) 
Bronze feather back (foli) 2 yes -- -- yes -- -- yes  (14) 
Calbasu (kalbaush) 2 yes -- -- yes -- -- yes  (13) 
Cat fish (bacha) 2 -- yes -- -- yes -- yes  (38) 
Cat fish (bapda) 2 yes -- -- yes -- -- yes  (38) 
Chanda, Indian glaasy fish 
(chanda, ranga) 2 

-- yes -- -- -- yes yes  (9) 
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Fishes   (n=179) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Climbing perch, indigenous 
(koi) 2 

yes -- -- -- yes -- yes  (14) 

Climbing perch, Thai 2 -- -- yes -- -- yes no 
Clown knife fish (chital) 2 -- yes -- -- -- yes yes  (14) 
Common carp 2 -- -- yes -- -- yes no 
Croaker, black spotted (poa) 2 -- -- yes -- -- yes no 
Day's mystus, comnined spe-
cies (tengra) 2 

-- yes -- -- -- yes yes  (14) 

Fish ball (macher kopta) 2 -- -- yes -- -- yes no 
Fish (catla, mrigal, rohu), dor-
sal with skin (macher gada - 
katla, mrigal, rui) 2 

yes -- -- yes -- -- yes  (38) 

Fish (catla, mrigal, rohu), ven-
tral with skin (macher peti - 
katla, mrigal, rui) 2 

yes -- -- yes -- -- yes  (38) 

Small fry fish  
(kachki mach vaja) 2 

-- yes -- -- -- yes yes  (18) 

Ganges river sprat, combined 
species  
(kachki, bivinno, projati) 2 

-- -- yes -- -- yes no 

Gangetic ailia (kajuli) 2 -- -- yes -- -- yes no 
Gangetic mystus (gulsha) 2 -- -- yes -- -- yes no 
Giant river-catfish (guizza) 2 -- -- yes -- -- yes no 
Giant see perch, raw (vetkee) 2 -- -- yes -- yes -- yes  (27) 
Giant see perch, dried  
(vetkee) 2 

-- -- yes -- -- yes no 

Goby (bele) 2 -- -- yes -- -- yes no 
Gourami (khailsa) 2 -- -- yes -- -- yes no 
Hilsha (ilish) 2 yes -- -- yes -- -- yes  (23) 
Indain river shad (chapila) 2 -- yes -- yes  -- yes  (9) 
Indian threadfin (lakkha) 2 -- -- yes -- -- yes no 
Indo-pacific king mackgrel 
(surma/bijoram) 2 

-- -- yes -- -- yes no 

Kuria labeo (gonia) 2 -- -- yes -- -- yes no 
Long-whiskered catfish (ayre) 2 -- -- yes -- -- yes no 
Mackgrel, narrow-banded 
Spanish (chompa) 2 

-- -- yes -- -- yes no 

Minnow, finescale razorbelly, 
raw (chela) 2 

-- -- yes -- -- yes no 

Minnow, finescale razorbelly, 
dried (chela) 2 

-- -- yes -- -- yes no 

Minnow, largescale razorbelly, 
raw 2 

-- -- yes -- -- yes no 

Mola carplet (mola) 2 -- yes -- -- yes -- yes  (10) 
Mrigal carp (mrigal) 2 yes -- -- yes -- -- yes  (16) 
Mullet, gold spot (parshe) 2 -- yes -- -- yes -- yes  (38) 
Mussel/clam ,mixed species 
(jhinuk) 2 

-- yes -- -- yes -- yes  (38) 
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Fishes   (n=179) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Pangas (pangas) 2 yes -- -- yes -- -- yes  (37) 
Perch, mud (meni) 2 -- yes -- -- yes -- yes  (9) 
Pomfret, black, raw  
(rupchandra, kalo) 2 

-- yes -- -- yes -- yes  (12) 

Pomfret, Chinese, silver, raw 
(rupchandra, China sada) 2 

-- yes -- -- yes -- yes  (11) 

Pomfret, silver, raw  
(rupchandra, sada) 2 

-- yes -- -- yes -- yes  (12) 

Pomfret, silver, dried  
(rupchandra, sada) 2 

-- yes -- -- yes -- yes  (2) 

Prawn, Birma river prawn 
(chingri, Birma nordir) 2 

-- yes -- -- yes -- yes  (11) 

Prawn, giant river prawn 
(chingri, golda) 2 

-- yes -- -- yes -- yes  (11) 

Prawn, giant tiger prawn 
(chingri, bagda) 2 

-- yes -- -- yes -- yes  (10) 

Prawn, hairy river prawn 
(chingri) 2 

-- yes -- -- yes -- yes  (11) 

Prawn, Indian white prawn 
(chingri sada, nodir) 2 

-- yes -- -- yes -- yes  (10) 

Prawn, monsoon river prawn 
(chingri, nodir) 2 

-- yes -- -- yes -- yes  (11) 

Rohu, river (rui) 2 yes -- -- yes -- -- yes  (27) 
Rohu, without bones (rui) 2 -- -- yes -- -- yes no 
Shrimp, speckled  
(chingri, horina) 2 

yes -- -- yes -- -- yes  (10) 

Silver carp 2 yes -- -- yes -- -- yes  (14) 
Silver needle fish (kakila) 2 -- yes -- -- yes -- yes  (16) 
Spotted snakehead (taki) 2 -- -- yes -- -- yes no 
Stinging catfish (shing mach) 2 -- -- yes -- -- yes no 
Stone roller (tatkini) 2 -- -- yes -- -- yes no 
Striped snake-head (shol) 2 -- -- yes -- -- yes no 
Tilapia (telapia) 2 yes -- -- yes -- -- yes  (31) 
Tuna (tuna) 2 -- -- yes -- -- yes no 
Walking catfish (magur) 2 -- yes -- -- yes -- yes  (38) 

Freshwater fish and shellfish 
Cat fish 1 -- -- yes -- -- yes no 
Catla (katla) 1 yes -- -- yes -- -- yes  (37) 
Freshwater eel 1 -- -- yes -- -- yes no 
Gold fish 1 -- yes -- -- yes -- yes  (36) 
Pangas 1 -- yes -- -- yes -- yes  (38) 
Rohu 1 yes -- -- yes -- -- yes  (37) 
Crab 1 yes -- -- yes -- -- yes  (38) 
Prawns, big 1 yes -- -- yes -- -- yes  (38) 
Prawns, small 1 yes -- -- yes -- -- yes  (38) 
Tiger prawns 1 -- yes -- -- yes -- yes  (36) 
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Fishes   (n=179) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Marine fish 
Allathi 1 -- -- yes -- -- yes no 
Aluva 1 -- -- yes -- -- yes no 
Anchovy (fesha) 1 -- -- yes -- -- yes no 
Ari fish 1 -- -- yes -- -- yes no 
Betki 1 -- yes -- -- yes -- yes  (36) 
Black snapper 1 -- -- yes -- -- yes no 
Bombay duck 1 -- -- yes -- -- yes no 
Bommuralu 1 -- -- yes -- -- yes no 
Cat fish 1 -- -- yes -- -- yes no 
Chakla 1 -- -- yes -- -- yes no 
Chappal 1 -- -- yes -- -- yes no 
Chelu 1 -- -- yes -- -- yes no 
Chembali 1 -- -- yes -- -- yes no 
Eri meen 1 -- -- yes -- -- yes no 
Gobro 1 -- -- yes -- -- yes no 
Guitar fish 1 -- -- yes -- -- yes no 
Hilsa 1 -- yes -- -- yes -- yes  (36) 
Jallal 1 -- -- yes -- -- yes no 
Jathi vela meen 1 -- -- yes -- -- yes no 
Kadal bral 1 -- -- yes -- -- yes no 
Kadali 1 -- -- yes -- -- yes no 
Kalamaara 1 -- -- yes -- -- yes no 
Kalava 1 -- -- yes -- -- yes no 
Kanmayya 1 -- -- yes -- -- yes no 
Kannadi paarai 1 -- -- yes -- -- yes no 
Karimeen 1 -- -- yes -- -- yes no 
Karnagawala 1 -- -- yes -- -- yes no 
Kayrai 1 -- -- yes -- -- yes no 
Kiriyan 1 -- -- yes -- -- yes no 
Kite fish 1 -- -- yes -- -- yes no 
Korka 1 -- -- yes -- -- yes no 
Kulam paarai 1 -- -- yes -- -- yes no 
Maagaa 1 -- -- yes -- -- yes no 
Mackgrel 1 -- -- yes -- -- yes no 
Manda clathi 1 -- -- yes -- -- yes no 
Matha 1 -- -- yes -- -- yes no 
Milk fish 1 -- -- yes -- -- yes no 
Moon fish 1 -- yes -- -- yes -- yes  (36) 
Mullet 1 nd nd nd nd nd nd yes  (38) 
Mural 1 yes -- -- yes -- -- yes  (36) 
Myil meen 1 -- -- yes -- -- yes no 
Nella bontha 1 -- -- yes -- -- yes no 
Narba 1 -- -- yes -- -- yes no 
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Fishes   (n=179) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Paarai 1 -- -- yes -- -- yes no 
Padayappa 1 -- -- yes -- -- yes no 
Pali kora 1 -- -- yes -- -- yes no 
Pambada 1 -- yes -- -- yes -- yes  (36) 
Pandukpoa 1 -- -- yes -- -- yes no 
Parava 1 -- -- yes -- -- yes no 
Parcus 1 -- -- yes -- -- yes no 
Parrot fish 1 -- -- yes -- -- yes no 
Perinkilichai 1 -- -- yes -- -- yes no 
Phopat 1 -- -- yes -- -- yes no 
Piranha 1 -- -- yes -- -- yes no 
Pomfret, black 1 -- yes -- -- yes -- yes  (36) 
Pomfret, snub nose 1 -- -- yes -- -- yes no 
Pomfret, white 1 -- yes -- -- yes -- yes  (36) 
Pranel 1 -- -- yes -- -- yes no 
Pulli paarai 1 -- -- yes -- -- yes no 
Queen fish 1 -- -- yes -- -- yes no 
Raai fish 1 -- -- yes -- -- yes no 
Raai vanthu 1 -- -- yes -- -- yes no 
Rani 1 -- -- yes -- -- yes no 
Ray fish, bow head, spotted 1 -- -- yes -- -- yes no 
Red snapper 1 -- -- yes -- -- yes no 
Red snapper, small 1 -- -- yes -- -- yes no 
Sadaya 1 -- -- yes -- -- yes no 
Salmon 1 -- -- yes -- -- yes no 
Sangada 1 -- -- yes -- -- yes no 
Sankata paarai 1 -- -- yes -- -- yes no 
Sardine 1 -- -- yes -- -- yes no 
Shark 1 -- -- yes -- -- yes no 
Shark, hammer head 1 -- -- yes -- -- yes no 
Shark, spotted 1 -- -- yes -- -- yes no 
Shelavu 1 -- -- yes -- -- yes no 
Silan 1 -- -- yes -- -- yes no 
Silk fish 1 -- -- yes -- -- yes no 
Silver carp 1 yes -- -- yes -- -- yes  (37) 
Sole fish 1 -- -- yes -- -- yes no 
Stingray 1 -- -- yes -- -- yes no 
Tarlava 1 -- -- yes -- -- yes no 
Tholam 1 -- -- yes -- -- yes no 
Tilapia 1 yes -- -- yes -- -- yes  (37) 
Tuna 1 -- -- yes -- -- yes no 
Tuna, striped 1 -- -- yes -- -- yes no 
Valava 1 -- -- yes -- -- yes no 
Vanjaram -- -- yes -- -- yes no 
Vela meen 1 -- -- yes -- -- yes no 



Cost-effectiveness analysis of local foods: nutrient density to seasonal retail cost ratio  - Methodology 

220 

Fishes   (n=179) Rural population Urban population Included in 
cost analysis? 

(no. of nutri-
ents analyzed) 

 regular some-
times 

not at 
all 

regular some-
times 

not at 
all 

Vora 1 -- -- yes -- -- yes no 
Wale shark 1 -- -- yes -- -- yes no 
Xiphinis 1 -- -- yes -- -- yes no 

Marine shellfish 
Crab 1 yes -- -- yes -- -- yes  (38) 
Crab, sea 1 -- yes -- -- yes -- yes  (38) 
Lobster, brown 1 -- -- yes -- -- yes no 
Mud crab 1 yes -- -- yes -- -- yes  (37) 
Oyster 1 -- yes -- -- yes -- yes  (38) 
Tiger prawns, brown 1 -- yes -- -- yes -- yes  (36) 
Tiger prawns, orange 1 -- -- yes -- -- yes no 

Marine molluscs 
Clam, green shell 1 -- -- yes -- -- yes no 
Clam, white shell, ribbed 1 -- -- yes -- -- yes no 
Octopus 1 -- -- yes -- -- yes no 
Squid, black 1 -- -- yes -- -- yes no 
Squid, hard shell 1 -- -- yes -- -- yes no 
Squid, red 1 -- -- yes -- -- yes no 
Squid, white, small 1 -- -- yes -- -- yes no 
Total number of fishes 
(in percent) 

26 
(14.4) 

 

35 
(19.6) 

118 
(65.9) 

24 
(13.3) 

34 
(19.0) 

121 
(67.6) 

Included in cost 
analysis: 
63 (179) 

35.2 percent 
1= food data drawn from Indian food composition table (FCT); 2 = food data drawn from Bangladeshi.  
Sources: Food Survey, personal communication, December 2020; Longvah et al., 2017; Shaheen et al., 2013.  

A total number of 63 fishes (35 percent, n=179) is finally included in the cost-effectiveness of locally 
available and accepted foods of Birbhum district. It shall be stressed at this point that nutrient data 
access is - unfortunately - limited when it comes to fish; for few fishes all nutritional data (38 nutri-
ents) could be collected - while for most of the 63 included fishes the data set remained incomplete. 
Still, rather than excluding those fishes from the outset, it had been decided to keep them in the 
analysis - and, as can be seen in the results section of this chapter, few fishes show cost-effective 
even with less than 38 nutrients analyzed. Still then, it shall be kept in mind, that the nutritional ca-
pacity of several fishes could not be fully captured in this study. Hence, if in future available data 
range will widen, a focus analysis regarding locally available fishes would be valuable to implement. 

6.1.4 Determination of local retail prices with calculation of edible portion prices 

Retail prices applied in the cost analysis were collected locally at Birbhum district at Bolpur - which is 
the nearest city neighbouring surveyed Santal villages. In the villages themselves, there are indeed 
village shops - still, those offer only a limited amount of foods, mostly not quickly perishable as po-
tato, onion, biscuits, muri (puffed rice) and others. Hence, data was collected at the nearest city cen-
tre to include all locally available foods and in the assumption that if Santal families should start ask-
ing for specific foods in their village shops, shop owners would be easily ready to supply such foods. 
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As stated earlier, retail prices have been collected twice - once in winter (December 2020/January 
2021) and once in summer season (April 2021) - as to consider seasonal price variations. Prices per 
kilogram of food in Indian Rupees (Rs.) were collected through a local resource person, Srikanta 
Mondal (from the NGO Bolpur Manab Jamin). Where possible, three retail prices were gathered at 
different shops to calculate the mean, paying regard also to the fact that prices usually vary a bit 
from shop to shop. Mean retail prices have then been adjusted to prices per 100g edible portion via 
the edible portion coefficient - this is necessary because especially vegetables and fruits contain peel 
and kernels which cannot be eaten or meat and fish contain bone, likewise. Hence, mean retail prices 
were adjusted for this share of non-edible parts, resulting in the finally applied mean retail price per 
100g of food adjusted for non-edible parts. This method was also applied in a study in France which 
calculated nutrients per unit cost (compared to nutrients per calorie) and which served as a meth-
odological example for this research (Darmon et al., 2005). Applying this methodology, nutrient and 
cost vector become comparable and thus meaningful to identify cost-effective foods. 

Table 69 below gives an overview about collected prices applied in the cost analysis and contrasts 
winter to summer prices. Chi-Square analysis proved that the FGs of (1) animal products (p<0.001), 
(2) fruits (p>0.01), and (3) cereals and millets (p<0.05) showed a significant price increase during hot 
summer season compared to winter season. On the contrary, vegetables were found less often than 
expected with a higher price in summer compared to winter season (p<0.05). While most vegetables 
showed stable prices (52 percent, n=99), some vegetables were more cheap in summer compared to 
winter season (20 percent), amongst those several leafy vegetables (slender Amaranth, Basella, bot-
tle gourd, pumpkin, watercress), Drumstick, jackfruit, green mango and tomato. Prices of other vege-
tables increased (28 percent) - respectively beans, brinjal, capsicum, cauliflower, cucumber or zuc-
chini were found more expensive in summer season compared to winter season. Still, it cannot be 
said that there is a general price increase during summer season, relating to vegetables - rather the 
consumption of vegetables should be adapted to seasonal price varieties. Likewise, roots and tubers 
showed less often a price increase than expected (p<0.05). The same is true for condiments and 
spices (p<0.01); most of spices (88 percent, n=32) showed no price change. Finally, the FG of fishes 
showed less often than expected a price increase (p<0.05) - while 52 percent of fishes showed stable 
retail prices (n=63), 25 percent were cheaper in summer compared to winter season. 

To sum up, animal products as well as fruits are the FGs most affected by seasonal price increase 
(comparing summer to winter prices) - while fishes as well as roots and tubers showed a tendency to 
be cheaper. Details on the price development of foods can be found in the table below.  

Unfortunately, edible portion coefficients were not documented in the Indian FCT, what is why data 
has been drawn from other sources, namely the current Bengali and West African FCTs as well as a 
fairly old but sound US document (Matthews & Garrison, 1975; Shaheen et al., 2013; Vincent et al., 
2020) -  which was also used by Darmon et al. (2005). Finally, the mean of all reported edible portion 
coefficients has been applied to adjust reported retail prices for non-edible parts. For foods where no 
coefficient was found in literature, an estimate has been applied relating to similar foods. 
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Table 69   Retail prices in Indian Rupees, applied in the cost analysis (adjusted for edible portion) - with portrayal of price differences in winter and summer season 

Food Name Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Cereals & millets 
Barley 1.001 4.10 4.10 3.63 3.63 -0.47 0.885 
Bajra 1.004 4.10 4.10 3.77 3.77 -0.33 0.920 
Jowar (sorghum) 1.001,2 3.95 3.95 3.75 3.75 -0.20 0.949 
Maize, dry 1.001,2 1.97 1.97 1.65 1.65 -0.32 0.838 
Maize, tender, local 0.581,2 2.60 4.48 2.80 4.83 0.35 1.078 
Maize flour, whole, white 1.001 3.20 3.20 3.40 3.40 0.20 1.063 
Rice flakes 1.001 3.30 3.30 3.30 3.30 0.00 1.000 
Rice puffed 1.001 4.00 4.00 3.80 3.80 -0.20 0.950 
Rice, raw, brown 1.001 6.00 6.00 6.00 6.00 0.00 1.000 
Rice, parboiled, milled 1.001 3.20 3.20 3.30 3.30 0.10 1.031 
Rice, raw, milled 1.001 3.10 3.10 3.20 3.20 0.10 1.032 
Samai 1.004 10.77 10.77 10.93 10.93 0.16 1.015 
Wheat, flour, refined, white (maida) 1.001 3.60 3.60 3.50 3.50 -0.10 0.972 
Wheat flour, white, atta 1.001 3.30 3.30 3.40 3.40 0.10 1.030 
Wheat flour, brown, whole grain 1.001 3.50 3.50 3.50 3.50 0.00 1.000 
Wheat, whole 1.004 3.35 3.35 3.38 3.38 0.03 1.009 
Wheat, bulgur 1.004 3.30 3.30 3.40 3.40 0.10 1.030 
Wheat, semolina (sooji, gom) 1.001 4.80 4.80 5.20 5.20 0.40 1.083 
Wheat, vermicelli (semai) 1.004 10.35 10.35 10.50 10.50 0.15 1.014 
Wheat, vermicelli, roasted 1.004 10.40 10.40 10.40 10.40 0.00 1.000 
Biscuit, sweet 1.001,2 10.30 10.30 10.60 10.60 0.30 1.029 
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Food Name 
 
 
 
 
 ... cereals & millets 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Bread, bun/role 1.001,2 6.03 6.03 6.13 6.13 0.10 1.017 
Bread, white for toasting 1.001,2 6.40 6.40 6.40 6.40 0.00 1.000 
Roti 1.004 5.50 5.50 5.67 5.67 0.17 1.031 
Plain pulao 1.001 10.00 10.00 11.00 11.00 1.00 1.100 

Grain legumes 
Bengal gram, dal (chola) 1.001 9.00 9.00 7.50 7.50 -1.50 0.833 
Bengal gram, whole 1.001 7.63 7.63 7.37 7.37 -0.26 0.966 
Black gram, dal (maskalai) 1.001 12.10 12.10 12.10 12.10 0.00 1.000 
Black gram, whole 1.001 8.60 8.60 8.40 8.40 -0.20 0.977 
Cowpea, brown 1.004 9.40 9.40 9.93 9.93 0.53 1.056 
Cowpea, white 1.004 9.50 9.50 9.40 9.40 -0.10 0.989 
Field bean, black 1.004 10.00 10.00 10.00 10.00 0.00 1.000 
Field bean, brown 1.004 10.37 10.37 10.37 10.37 0.00 1.000 
Field bean, white 1.004 9.97 9.97 9.97 9.97 0.00 1.000 
Green gram, dal (mung) 1.001 12.93 12.93 13.67 13.67 0.74 1.057 
Green gram, whole 1.001 10.13 10.13 10.77 10.77 0.64 1.063 
Horse gram, whole 1.004 7.57 7.57 7.93 7.93 0.36 1.048 
Lentil dal (mosur) 1.001,2 10.30 10.30 10.53 10.53 0.23 1.022 
Lentil whole, brown 1.001,2 7.93 7.93 7.17 7.17 -0.76 0.904 
Lentil, whole, yellowish 1.001,2 8.23 8.23 7.77 7.77 -0.46 0.944 
Moth bean 1.004 8.67 8.67 8.67 8.67 0.00 1.000 
Peas, dry (motor) 1.001 8.50 8.50 9.07 9.07 0.57 1.067 
Rajmah, black 1.004 9.00 9.00 9.00 9.00 0.00 1.000 
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Food Name 
 
 
 
 
... grain legumes 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Rajmah, brown 1.004 9.03 9.03 9.03 9.03 0.00 1.000 
Red gram, dal (arhar) 1.001 14.93 14.93 14.93 14.93 0.00 1.000 
Red gram, whole 1.001 14.63 14.63 14.63 14.63 0.00 1.000 
Soybean, brown 1.001,2 10.13 10.13 10.87 10.87 0.74 1.073 
Soybean, white 1.001,2 10.07 10.07 10.47 10.47 0.40 1.040 

Vegetables 
Agathi leaves (bok ful shak) 1.001 3.00 3.00 4.00 4.00 1.00 1.333 
Alligator weed (malancha shak) 0.751 3.00 4.00 3.00 4.00 0.00 1.000 
Amaranth leaves, green  
(Amaranthus gangeticus - sobuj data shak) 

0.831,2,3 3.67 4.42 4.47 5.38 0.96 1.217 

Amaranth leaves, red  
(Amaranthus gangeticus - lal shak) 

0.801,2,3 4.50 5.63 4.50 5.63 0.00 1.000 

Amaranth spined, leaves, green  
(Amaranthus spinosus) 

0.831,2,3 2.53 3.05 3.13 3.78 0.73 1.239 

Amaranth spined, leaves, red "and green" 
(Amaranthus spinosus) 

0.831,2,3 2.63 3.17 2.63 3.17 0.00 1.000 

Slender Amaranth leaves (notay shak) 0.831,2,3 3.73 4.50 2.93 3.53 -0.97 0.784 
Basella leaves 0.794 3.80 4.81 2.47 3.12 -1.69 0.649 
Bathua leaves 0.794 2.50 3.16 2.50 3.16 0.00 1.000 
Beet greens 0.551,3 2.00 3.64 2.00 3.64 0.00 1.000 
Bengal dayflower leaves 0.711 3.00 4.23 3.00 4.23 0.00 1.000 
Bitter gourd leaves, green (korola shak) 0.381 3.07 8.07 3.07 8.07 0.00 1.000 
Bottle gourd leaves (lau shak) 0.711 4.00 5.63 2.80 3.94 -1.69 0.700 
Betel leaves, big  1.001 3.57 3.57 3.17 3.17 -0.40 0.888 
Betel leaves, small 1.001 3.60 3.60 3.27 3.27 -0.33 0.908 
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Food Name 
 
 
 
 
... vegetables 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Cabbage, Chinese 0.911,2,3 1.50 1.65 1.07 1.17 -0.48 0.709 
Cabbage, collard greens 0.743 1.50 2.03 1.27 1.71 -0.32 0.842 
Cabbage, green 0.911,2,3 1.50 1.65 1.23 1.36 -0.29 0.824 
Cabbage, violet 0.911,2,3 2.00 2.20 2.00 2.20 0.00 1.000 
Cauliflower leaves 0.794 1.00 1.27 1.00 1.27 0.00 1.000 
Colocasia leaves, green (shobuj kochu shak) 0.801 2.00 2.50 2.00 2.50 0.00 1.000 
Colocasia leaves, black (kalo kochu shak) 0.701 2.00 2.86 2.00 2.86 0.00 1.000 
Cowpea leaves (borboti pata) 0.821,2 1.20 1.46 1.20 1.46 0.00 1.000 
Dima leaves (dima shak) 0.711 3.00 4.23 3.00 4.23 0.00 1.000 
Drumstick leaves 0.691,2 3.00 4.35 3.00 4.35 0.00 1.000 
Fern leaves (dheki shak) 1.001 3.00 3.00 3.00 3.00 0.00 1.000 
Fenugreek leaves (methi shak) 0.591 4.00 6.78 4.00 6.78 0.00 1.000 
Indian spinach (pui shak) 0.711 3.07 4.32 3.07 4.32 0.00 1.000 
Jute leaves (pat shak) 0.691 4.00 5.80 4.00 5.80 0.00 1.000 
Lettuce 0.802,3 10.00 12.50 10.00 12.50 0.00 1.000 
Mustard leaves 0.933 4.00 4.30 4.00 4.30 0.00 1.000 
Pak choi leaves 0.914 5.00 5.49 5.00 5.49 0.00 1.000 
Parsley 0.952,3 4.00 4.21 4.00 4.21 0.00 1.000 
Ponnaganni 0.794 5.00 6.33 5.00 6.33 0.00 1.000 
Pumpkin leaves, tender 0.511,2,3 4.00 7.84 2.07 4.05 -3.79 0.517 
Radish leaves 0.901 1.30 1.44 1.30 1.44 0.00 1.000 
Rumex leaves 0.794 2.00 2.53 2.00 2.53 0.00 1.000 
Spinach 0.811,2,3 2.00 2.47 3.00 3.70 1.23 1.498 
Sweet potato leaves 0.841,2,3 2.00 2.38 2.00 2.38 0.00 1.000 
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Food Name 
 
 
 
 
... vegetables 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Tamarind leaves, tender 0.802 2.00 2.50 2.00 2.50 0.00 1.000 
Water spinach (kolmee shak) 0.711 2.70 3.80 2.70 3.80 0.00 1.000 
Watercress (helencha shak) 0.841,3 4.00 4.76 2.37 2.82 -1.94 0.592 
Amaranth stem (data) 0.731 2.00 2.74 2.50 3.42 0.68 1.248 
Ash gourd 0.671 1.50 2.24 2.00 2.99 0.75 1.335 
Bean scarlet (shim) 0.591 1.60 2.71 3.00 5.08 2.37 1.875 
Bitter gourd, jagged, teeth ridges, elongate 0.951 3.00 3.16 3.00 3.16 0.00 1.000 
Bitter gourd, jagged, teeth ridges, short 0.951 2.80 2.95 2.80 2.95 0.00 1.000 
Bitter gourd, jagged, smooth ridges, elong. 0.951 3.00 3.16 3.00 3.16 0.00 1.000 
Bottle gourd, elongate, pale green 0.871 1.80 2.07 2.30 2.64 0.57 1.275 
Bottle gourd, round, pale green 0.871 2.10 2.41 2.10 2.41 0.00 1.000 
Bottle gourd, elongate, dark green 0.871 1.63 1.88 1.63 1.88 0.00 1.000 
Brinjal 0.911,2,3 1.60 1.76 3.00 3.30 1.54 1.875 
Broad beans (makhon shim) 0.881 1.50 1.70 1.50 1.70 0.00 1.000 
Capsicum, green 0.822,3 2.80 3.41 4.00 4.88 1.47 1.431 
Capsicum, red 0.812,3 3.60 4.44 4.20 5.19 0.75 1.169 
Capsicum, yellow 0.814 3.80 4.69 4.50 5.56 0.87 1.186 
Cauliflower 0.691,3 1.27 1.84 2.77 4.01 2.17 2.179 
Celery stalk 0.893 3.00 3.37 3.00 3.37 0.00 1.000 
Cluster beans 0.921,2 3.23 3.51 3.23 3.51 0.00 1.000 
Colocasia, stem, black 0.894 1.80 2.02 1.80 2.02 0.00 1.000 
Colocasia, stem, green 0.894 1.80 2.02 1.80 2.02 0.00 1.000 
Corn, baby 0.854 10.00 11.76 10.00 11.76 0.00 1.000 
Cucumber, green, elongate 0.921,2,3 2.80 3.04 5.00 5.43 2.39 1.786 
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Food Name 
 
 
 
 
... vegetables 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Cucumber, green, short 0.921,2,3 3.63 3.95 3.50 3.80 -0.15 0.962 
Drumstick 0.631 9.70 15.40 6.00 9.52 -5.88 0.618 
Field beans, tender, broad 0.881 2.53 2.88 4.00 4.55 1.67 1.580 
Field beans, tender, lean 0.881 2.50 2.84 4.00 4.55 1.71 1.602 
French beans, country 0.921,2 3.00 3.26 4.00 4.35 1.09 1.334 
French beans, hybrid 0.921,2 2.80 3.04 4.00 4.35 1.31 1.431 
Jack fruit, raw 0.334 10.00 30.30 5.00 15.15 -15.15 0.500 
Jack fruit, seed, mature 0.944 10.00 10.64 6.00 6.38 -4.26 0.600 
Knol-Khol 0.774 6.00 7.79 6.00 7.79 0.00 1.000 
Kovai, big 0.864 6.00 6.98 6.00 6.98 0.00 1.000 
Kovai, small 0.864 6.50 7.56 6.50 7.56 0.00 1.000 
Ladies finger 0.851,2,3 3.00 3.53 3.00 3.53 0.00 1.000 
Mango, green, raw 0.693 10.00 14.49 3.00 4.35 -10.14 0.300 
Onion, stalk 0.894 3.50 3.93 3.50 3.93 0.00 1.000 
Papaya, unripe, raw 0.631,2,3 2.50 3.97 3.00 4.76 0.79 1.199 
Parwar 0.864 6.90 8.02 7.00 8.14 0.12 1.015 
Peas, fresh 0.461,3 3.53 7.68 3.50 7.61 -0.07 0.991 
Plantain, flower 1.004 1.83 1.83 2.00 2.00 0.17 1.093 
Plantain, green 0.551,2 1.75 3.18 1.80 3.27 0.09 1.028 
Plantain, stem 0.814 1.07 1.32 1.50 1.85 0.53 1.402 
Pumpkin, green, cylindrical 0.721,2,3 1.10 1.53 1.03 1.44 -0.09 0.941 
Pumpkin, orange, round 0.721,2,3 1.03 1.44 1.03 1.44 0.00 1.000 
Red gram, tender, fresh 0.464 9.00 19.57 9.00 19.57 0.00 1.000 
Ridge gourd 0.821 2.93 3.58 3.50 4.27 0.69 1.193 
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Food Name 
 
 
 
 
... vegetables 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Ridge gourd, smooth skin 0.821 2.43 2.97 2.43 2.97 0.00 1.000 
Snake gourd, long, pale green 0.981 2.87 2.93 2.87 2.93 0.00 1.000 
Snake gourd, long, dark green 0.981 3.00 3.06 3.00 3.06 0.00 1.000 
Snake gourd, short 0.981 2.53 2.59 2.63 2.69 0.10 1.039 
Tinda, tender 0.804 2.55 3.19 2.55 3.19 0.00 1.000 
Tomato, green 0.921,2,3 2.60 2.83 1.10 1.20 -1.63 0.424 
Tomato, ripe, hybrid 0.931,2,3 3.07 3.30 1.13 1.22 -2.08 0.370 
Tomato, ripe, local 0.931,2,3 3.37 3.62 0.77 0.82 -2.80 0.227 
Turnip (shalgom) 0.761,2,3 2.00 2.63 2.00 2.63 0.00 1.000 
Zucchini, green 0.952 2.93 3.09 4.23 4.46 1.37 1.443 
Button mushroom, fresh 0.973 9.50 9.79 12.50 12.89 3.10 1.317 
Oyster mushroom, dried 0.973 10.17 10.48 14.17 14.60 4.12 1.393 

Fruits 
Apple, big 0.861,2,3 14.77 17.17 19.50 22.67 5.50 1.320 
Apple, green 0.861,2,3 14.50 16.86 20.50 23.84 6.98 1.414 
Apple, small 0.861,2,3 13.17 15.31 17.17 19.96 4.65 1.304 
Apple, small, Kashmir 0.861,2,3 14.67 17.05 19.33 22.48 5.43 1.318 
Bael fruit 0.613 3.07 5.03 4.40 7.21 2.18 1.433 
Banana, ripe, montham 0.671,2,3 6.50 9.70 6.73 10.05 0.35 1.036 
Banana, ripe, poovam 0.671,2,3 3.53 5.27 3.53 5.27 0.00 1.000 
Banana, ripe, robusta 0.671,2,3 3.50 5.22 3.50 5.22 0.00 1.000 
Black berry 0.963 4.00 4.17 5.00 5.21 1.04 1.249 
Breadfruit (madar) 0.781,2,3 3.25 4.17 5.25 6.73 2.56 1.614 
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Food Name 
 
 
 
 
... fruits 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Bullocks heart (nona ata) 0.651,3 3.00 4.62 5.00 7.69 3.07 1.665 
Carambola (kamranga) 0.971,2,3 4.50 4.64 4.83 4.98 0.34 1.073 
Cherries, red 0.803 11.67 14.58 11.67 14.58 0.00 1.000 
Custard apple (atafol) 0.451 4.75 10.56 5.75 12.78 2.22 1.210 
Dates, dry, pale brown 0.831,2,3 11.00 13.25 11.00 13.25 0.00 1.000 
Dates, dry, dark brown 0.831,2,3 14.77 17.79 14.77 17.79 0.00 1.000 
Dates, processed 0.831,2,3 19.67 23.69 19.67 23.69 0.00 1.000 
Elephant apple (kodbel) 0.751 6.83 9.11 6.83 9.11 0.00 1.000 
Emblic (amloki) 0.891 8.17 9.18 8.17 9.18 0.00 1.000 
Fig (dumur, paka) 0.981,2,3 2.50 2.55 4.00 4.08 1.53 1.600 
Gooseberry 0.964 3.90 4.06 4.90 5.10 1.04 1.256 
Grapes, seeded, round, black 0.951,2,3 7.87 8.28 7.87 8.28 0.00 1.000 
Grapes, seeded, round, green 0.951,2,3 8.00 8.42 8.00 8.42 0.00 1.000 
Grapes, seedless, round, black 0.951,2,3 7.70 8.11 7.70 8.11 0.00 1.000 
Guava, white flesh 0.981,2,3 4.07 4.15 5.57 5.68 1.53 1.369 
Guava, pink flesh 0.981,2,3 4.35 4.44 5.35 5.46 1.02 1.230 
Guava, green, raw 0.981,2,3 4.50 4.59 5.00 5.10 0.51 1.111 
Hog plum (amra) 0.651 3.00 4.62 3.00 4.62 0.00 1.000 
Jackfruit, ripe 0.331,3 10.00 30.30 5.00 15.15 -15.15 0.500 
Jambu fruit, ripe 0.813 4.50 5.56 4.50 5.56 0.00 1.000 
Jambolan (kalojam) 0.811 5.00 6.17 5.00 6.17 0.00 1.000 
Jambos (jamrul) 1.001 6.00 6.00 6.00 6.00 0.00 1.000 
Java apple (golapjam) 1.001 8.00 8.00 8.00 8.00 0.00 1.000 
Jujube (boroi) 0.901,2,3 6.00 6.67 6.00 6.67 0.00 1.000 
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Food Name 
 
 
 
 
... fruits 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Karonda fruit 0.964 8.00 8.33 8.00 8.33 0.00 1.000 
Lemon, juice (lebu, kagoli) 1.004 12.00 12.00 20.00 20.00 8.00 1.667 
Lime, sweet pulp (mushambee) 0.701 11.00 15.71 22.00 31.43 15.72 2.001 
Litchi (lichu) 0.681 7.50 11.03 12.00 17.65 6.62 1.600 
Mango, ripe, banganpalli 0.702,3 3.50 5.00 7.00 10.00 5.00 2.000 
Mango, ripe, gulapkhas 0.702,3 3.80 5.43 7.50 10.71 5.28 1.972 
Mango ripe, himsagar 0.702,3 4.00 5.71 8.00 11.43 5.72 2.002 
Mango, ripe, kesar 0.702,3 4.00 5.71 7.00 10.00 4.29 1.751 
Mango, ripe, neelam 0.702,3 4.20 6.00 8.20 11.71 5.71 1.952 
Mango, ripe, paheri 0.702,3 4.50 6.43 8.50 12.14 5.71 1.888 
Mango, fazil, orange flesh (fazil, paka) 0.701,2,3 4.00 5.71 7.00 10.00 4.29 1.751 
Mango, langra, yellow flesh (langra, paka) 0.701,2,3 4.50 6.43 7.50 10.71 4.28 1.666 
Manila Tamarind 0.343 12.00 35.29 20.00 58.82 23.53 1.667 
Monkey-jack, yellowish-orange flesh 
(dewa) 

0.711 3.50 4.93 5.50 7.75 2.82 1.572 

Musk melon, orange flesh 0.901 2.50 2.78 2.50 2.78 0.00 1.000 
Orange, pulp 1.004 7.00 7.00 10.00 10.00 3.00 1.429 
Orange, juice (komolar ross) 1.001 7.20 7.20 10.50 10.50 3.30 1.458 
Orange (komola) 0.721,2,3 8.00 11.11 10.00 13.89 2.78 1.250 
Orange, sweet, ripe (malta, paka) 0.721,2,3 9.00 12.50 9.00 12.50 0.00 1.000 
Palm fruit, tender 0.351 10.50 30.00 10.50 30.00 0.00 1.000 
Papaya, ripe 0.661,2,3 4.35 6.59 5.60 8.48 1.89 1.287 
Phalsa 0.964 8.00 8.33 8.00 8.33 0.00 1.000 
Pineapple 0.611,2,3 3.00 4.92 3.00 4.92 0.00 1.000 
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Food Name 
 
 
 
 
... fruits 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Plum 0.943 10.00 10.64 10.00 10.64 0.00 1.000 
Pomegranat, maroon seeds (bedana) 0.671,2,3 14.50 21.64 14.50 21.64 0.00 1.000 
Raisins, dried, black 1.004 18.83 18.83 18.83 18.83 0.00 1.000 
Raisins, dried, golden 1.004 18.17 18.17 18.17 18.17 0.00 1.000 
Sapota 0.763 10.00 13.16 10.00 13.16 0.00 1.000 
Star fruit 0.974 7.00 7.22 7.00 7.22 0.00 1.000 
Strawberry 0.863 8.23 9.57 8.23 9.57 0.00 1.000 
Tamarind, pulp 0.411 9.50 23.17 18.00 43.90 20.73 1.895 
Water melon, dark green (sugar baby) 0.621,2,3 3.00 4.84 3.00 4.84 0.00 1.000 
Walter melon, pale green 0.671,2 2.90 4.33 2.90 4.33 0.00 1.000 
Wood apple 0.641 10.25 16.02 10.25 16.02 0.00 1.000 

Roots & tubers 
Beet root 0.631,3 3.07 4.87 3.07 4.87 0.00 1.000 
Carrot, orange 0.861,2,3 2.70 3.14 2.70 3.14 0.00 1.000 
Carrot, red 0.861,2,3 2.73 3.18 2.73 3.18 0.00 1.000 
Colocasia 0.854 3.10 3.65 3.10 3.65 0.00 1.000 
Elephant foot (ole kochu) 0.801 4.00 5.00 5.00 6.25 1.25 1.250 
Giant taro (mann kochu) 0.851,2,3 3.00 3.53 3.00 3.53 0.00 1.000 
Lotus root 0.793 4.00 5.06 4.00 5.06 0.00 1.000 
Potato, brown skin, big 0.851,2,3 3.00 3.53 1.20 1.41 -2.12 0.399 
Potato, brown skin, small 0.851,2,3 3.20 3.76 1.20 1.41 -2.35 0.375 
Potato, red skin 0.851,2,3 2.60 3.06 1.30 1.53 -1.53 0.500 
Radish, elongate, red skin 0.961,3 1.63 1.70 2.07 2.15 0.45 1.265 
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Food Name 
 
 
 
 
... roots & tubers 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
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per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Radish, elongate, white skin 0.961,3 1.60 1.67 2.45 2.55 0.88 1.527 
Sweet potato, brown skin 0.851,2,3 3.93 4.63 2.07 2.43 -2.20 0.525 
Sweet potato, pink skin 0.851,2,3 4.00 4.71 3.10 3.65 -1.06 0.775 
Tapioca 0.844 4.00 4.76 4.00 4.76 0.00 1.000 
Water chestnut 0.773 2.50 3.25 2.50 3.25 0.00 1.000 
Yam, elephant 0.831,2,3 3.10 3.73 3.10 3.73 0.00 1.000 
Yam, ordinary 0.831,2,3 2.50 3.01 2.50 3.01 0.00 1.000 
Yam, wild 0.831,2,3 2.43 2.93 2.43 2.93 0.00 1.000 

Condiments & spices 
Chillies, green 0.871,2,3 9.50 10.92 9.50 10.92 0.00 1.000 
Coriander leaves 0.781,3 2.63 3.38 2.63 3.38 0.00 1.000 
Curry leaves 0.794 15.00 18.99 15.00 18.99 0.00 1.000 
Garlic, big clove 0.851,2,3 14.50 17.06 14.50 17.06 0.00 1.000 
Garlic, small clove 0.851,2,3 14.25 16.76 14.25 16.76 0.00 1.000 
Garlic, single clove, Kashmir 0.851,2,3 14.25 16.76 14.25 16.76 0.00 1.000 
Ginger, fresh (ada) 0.851,2,3 14.00 16.47 14.00 16.47 0.00 1.000 
Indian pennyworth (thankuni pata) 0.901 4.75 5.28 4.75 5.28 0.00 1.000 
Lemon grass 0.651 5.50 8.46 5.50 8.46 0.00 1.000 
Lemon peel 1.001 7.00 7.00 7.00 7.00 0.00 1.000 
Mango ginger (curcuma amada) 0.854 9.75 11.47 9.75 11.47 0.00 1.000 
Mint leaves 0.702 15.00 21.43 15.00 21.43 0.00 1.000 
Onion, big 0.891,2,3 5.00 5.62 5.00 5.62 0.00 1.000 
Onion, small 0.891,2,3 4.65 5.22 4.50 5.06 -0.16 0.969 



Cost-effectiveness analysis of local foods: nutrient density to seasonal retail cost ratio  - Methodology 

233 

Food Name 
 
 
 
 
... condiments & spices 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
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per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
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per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Spearmint leaves (pudina pata) 0.794 6.00 7.59 6.00 7.59 0.00 1.000 
Asafoetida 1.004 108.33 108.33 1,003.33 1,003.33 895.00 9.262 
Bay leaf, dried 1.001,2 10.50 10.50 10.50 10.50 0.00 1.000 
Cardamom, green 1.001 145.00 145.00 145.00 145.00 0.00 1.000 
Cardamom, black 1.004 147.50 147.50 147.50 147.50 0.00 1.000 
Chillies, red 1.002 20.00 20.00 20.00 20.00 0.00 1.000 
Cinnamon, ground 1.001,2 20.75 20.75 21.00 21.00 0.25 1.012 
Cloves 1.001 49.50 49.50 49.50 49.50 0.00 1.000 
Coriander seeds 1.001 15.00 15.00 15.00 15.00 0.00 1.000 
Cumin seeds 1.001,2 17.75 17.75 17.75 17.75 0.00 1.000 
Fennel seeds (mauri) 1.001 16.25 16.25 16.25 16.25 0.00 1.000 
Fenugreek seeds (methi) 1.001 10.50 10.50 10.50 10.50 0.00 1.000 
Mace (jayitri) 1.001 142.50 142.50 142.50 142.50 0.00 1.000 
Nutmeg (jayfol) 1.002 140.00 140.00 140.00 140.00 0.00 1.000 
Pippali 1.004 9.75 9.75 9.75 9.75 0.00 1.000 
Pepper, black (golmorich) 1.001,2 19.50 19.50 19.50 19.50 0.00 1.000 
Poppy seeds (posto dana) 1.001 110.00 110.00 160.00 160.00 50.00 1.455 
Turmeric powder (holud) 1.001 21.00 21.00 21.00 21.00 0.00 1.000 

Nuts & oilseeds 
Almond 1.004 112.50 112.50 127.50 127.50 15.00 1.133 
Areca nut, dried, brown 1.004 37.75 37.75 37.75 37.75 0.00 1.000 
Areca nut, dried, red 1.004 39.50 39.50 39.50 39.50 0.00 1.000 
Areca nut, fresh 1.004 40.50 40.50 40.50 40.50 0.00 1.000 
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... nuts & oilseeds 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 
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Indian Rupees 

Adjusted mean  
retail price  
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Indian Rupees 

Mean retail 
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per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Cashew nut 1.002 67.50 67.50 87.50 87.50 20.00 1.296 
Coconut, kernel, dry 1.002 35.00 35.00 45.00 45.00 10.00 1.286 
Coconut, kernel, fresh 0.651,2,3 34.00 52.31 44.00 67.69 15.38 1.294 
Gingely seeds, white 1.004 18.00 18.00 18.00 18.00 0.00 1.000 
Groundnut 1.001,2 14.75 14.75 14.75 14.75 0.00 1.000 
Jackfruit seeds 0.941 7.00 7.45 9.00 9.57 2.12 1.285 
Mustard seeds 1.002 7.50 7.50 7.50 7.50 0.00 1.000 
Linseeds 1.001 5.00 5.00 5.00 5.00 0.00 1.000 
Lotus seeds, dried 1.001 100.00 100.00 100.00 100.00 0.00 1.000 
Lotus seeds, green 0.531 110.00 207.55 110.00 207.55 0.00 1.000 
Mustard seeds, dried 1.001 7.00 7.00 7.00 7.00 0.00 1.000 
Pumpkin seeds, dried 1.004 110.00 110.00 120.00 120.00 10.00 1.091 
Sesame seed, dried 1.001,2 14.00 14.00 14.00 14.00 0.00 1.000 
Safflower seeds 1.004 20.00 20.00 20.00 20.00 0.00 1.000 
Sunflower seeds 1.004 19.25 19.25 19.25 19.25 0.00 1.000 
Walnut 1.004 167.50 167.50 167.50 167.50 0.00 1.000 

Sugars, fats, oils & miscellaneous foods 
Sugarcane, jaggery 1.001 4.65 4.65 4.55 4.55 -0.10 0.978 
Sugarcane, jaggery, juice 1.001 4.25 4.25 4.25 4.25 0.00 1.000 
Date palm, jaggery 1.001 13.00 13.00 14.50 14.50 1.50 1.115 
Date palm, jaggery, liquid 1.001 10.50 10.50 11.50 11.50 1.00 1.095 
Sugar, white 1.001,2 4.55 4.55 4.55 4.55 0.00 1.000 
Honey (modhu) 1.001,2 29.50 29.50 29.50 29.50 0.00 1.000 
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Food Name 
 
 
 
 
... sugars, fats, oils & miscellaneous foods 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 
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Mean retail 
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Indian Rupees 

Adjusted mean  
retail price  
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Indian Rupees 

Mean retail 
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Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Ghee, cow 1.001,2 97.50 97.50 97.50 97.50 0.00 1.000 
Ghee, vegetable 1.001 19.75 19.75 19.75 19.75 0.00 1.000 
Butter, salted (makhon) 1.001,2 45.00 45.00 55.00 55.00 10.00 1.222 
Margarine 1.001,2 43.00 43.00 43.00 43.00 0.00 1.000 
Mayonnaise, salted 1.001 14.50 14.50 14.50 14.50 0.00 1.000 
Mustard oil (sorishar tel) 1.001 13.50 13.50 13.50 13.50 0.00 1.000 
Palm oil 1.001,2 13.75 13.75 13.75 13.75 0.00 1.000 
Peanut oil 1.001 13.75 13.75 13.75 13.75 0.00 1.000 
Sesame oil (tiler tel) 1.001 14.90 14.90 14.90 14.90 0.00 1.000 
Soybean oil 1.001,2 13.90 13.90 13.90 13.90 0.00 1.000 

Animal products 
Milk, buffalo, whole 1.002 5.00 5.00 5.00 5.00 0.00 1.000 
Milk, cow, whole 1.001,2 4.67 4.67 4.67 4.67 0.00 1.000 
Milk, cow, skimmed 1.001,2 3.70 3.70 3.70 3.70 0.00 1.000 
Milk, cow, powder, skimmed 1.001,2 35.57 35.57 35.57 35.57 0.00 1.000 
Milk, cow, powder, whole 1.001,2 36.17 36.17 36.17 36.17 0.00 1.000 
Milk, cow, whole, condensed, sweetened 1.002 35.33 35.33 35.33 35.33 0.00 1.000 
Panner (cottage cheese) 1.001 33.00 33.00 39.00 39.00 6.00 1.182 
Khoa 1.004 24.75 24.75 34.25 34.25 9.50 1.384 
Buttermilk, fluid (ghol) 1.001 6.25 6.25 6.25 6.25 0.00 1.000 
Curd, sweetened, whole milk (misti doi) 1.001,2 17.00 17.00 17.00 17.00 0.00 1.000 
Milk, goat 1.001,2 8.00 8.00 8.00 8.00 0.00 1.000 
Payesh 1.001 7.00 7.00 9.00 9.00 2.00 1.286 
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... animal products 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 
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retail price  
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Mean retail 
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Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Egg, poultry, whole 0.881,2,3 12.50 14.20 12.50 14.20 0.00 1.000 
Egg, country hen 0.881,2,3 13.00 14.77 13.00 14.77 0.00 1.000 
Egg, duck 0.881,2,3 11.40 12.95 11.40 12.95 0.00 1.000 
Chicken, meat 0.741,3 17.50 23.65 24.50 33.11 9.46 1.400 
Chicken, liver 1.001,2 13.50 13.50 19.50 19.50 6.00 1.444 
Chicken, gizzard 1.002 13.25 13.25 18.75 18.75 5.50 1.415 
Country hen, meat 0.741 31.00 41.89 34.00 45.95 4.06 1.097 
Duck, meat 0.841 20.00 23.81 25.00 29.76 5.95 1.250 
Pigeon, meat 0.853 32.00 37.65 35.00 41.18 3.53 1.094 
Goat, shoulder, meat 0.751,3 52.33 69.78 63.67 84.89 15.11 1.217 
Goat, chops 0.751,3 51.00 68.00 64.00 85.33 17.33 1.255 
Goat, legs 0.751,3 51.67 68.89 61.67 82.22 13.33 1.193 
Goat, brain 0.984 45.00 45.92 57.50 58.67 12.75 1.278 
Goat, tongue 0.894 45.00 50.56 54.00 60.67 10.11 1.200 
Goat, lungs 0.894 40.00 44.94 55.00 61.80 16.86 1.375 
Goat, heart 0.784 50.00 64.10 55.00 70.51 6.41 1.100 
Goat, liver 0.914 50.00 54.95 55.00 60.44 5.49 1.100 
Goat, spleen 0.894 55.00 61.80 59.00 66.29 4.49 1.073 
Goat, kidneys 0.894 50.00 56.18 55.00 61.80 5.62 1.100 
Goat, tube (small intestine) 0.894 45.00 50.56 45.00 50.56 0.00 1.000 
Goat, testis 0.894 47.50 53.37 53.00 59.55 6.18 1.116 
Sheep, shoulder 0.814 45.00 55.56 55.00 67.90 12.34 1.222 
Sheep, chops 0.814 45.00 55.56 55.00 67.90 12.34 1.222 
Sheep, leg 0.814 47.50 58.64 57.50 70.99 12.35 1.211 
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Food Name 
 
 
 
 
... animal products 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Sheep, brain 0.984 40.00 40.82 50.00 51.02 10.20 1.250 
Sheep, tongue 0.894 40.00 44.94 50.00 56.18 11.24 1.250 
Sheep, lungs 0.894 37.50 42.13 47.50 53.37 11.24 1.267 
Sheep, liver 0.913 42.00 46.15 52.00 57.14 10.99 1.238 
Sheep, tripe 0.894 48.00 53.93 58.00 65.17 11.24 1.208 
Sheep, spleen 0.894 48.00 53.93 58.00 65.17 11.24 1.208 
Sheep, kidneys 0.973 50.00 51.55 50.00 51.55 0.00 1.000 
Lamb/mutton, meat 0.811,3 50.00 61.73 50.00 61.73 0.00 1.000 
Pork, shoulder 0.893 30.00 33.71 38.00 42.70 8.99 1.267 
Pork, chops 0.863 30.00 34.88 38.00 44.19 9.31 1.267 
Pork, ham 0.853 45.00 52.94 55.00 64.71 11.77 1.222 
Pork, lungs 0.884 35.00 40.00 45.00 51.43 11.43 1.286 
Pork, heart 0.833 35.00 42.17 45.00 54.22 12.05 1.286 
Pork, liver 0.923 32.00 34.78 42.00 45.65 10.87 1.313 
Pork, stomach 0.884 25.00 28.57 35.00 40.00 11.43 1.400 
Pork, spleen 0.884 26.00 29.71 36.00 41.14 11.43 1.385 
Pork, kidneys 0.884 27.50 31.43 35.00 40.00 8.57 1.273 
Pork, tube 0.884 27.00 30.86 37.00 42.29 11.43 1.370 
Hare, shoulder 0.784 37.50 48.08 37.50 48.08 0.00 1.000 
Hare, chops 0.784 36.00 46.15 36.00 46.15 0.00 1.000 
Hare, leg 0.784 37.50 48.08 37.50 48.08 0.00 1.000 
Rabbit, shoulder 0.782,3 37.50 48.08 37.50 48.08 0.00 1.000 
Rabbit, chops 0.782,3 35.00 44.87 35.00 44.87 0.00 1.000 
Rabbit, leg 0.782,3 37.50 48.08 37.50 48.08 0.00 1.000 
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Food Name Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Fishes 
Barb (sorpunti) 0.541 24.50 45.37 21.50 39.81 -5.56 0.877 
Barb (punti) 0.541 21.00 38.89 19.50 36.11 -2.78 0.929 
Bata (bata) 0.771 18.50 24.03 15.00 19.48 -4.55 0.811 
Boal (boal) 0.591 22.75 38.56 20.50 34.75 -3.81 0.901 
Bronze feather back (foli) 0.791 19.50 24.68 17.75 22.47 -2.21 0.910 
Calbasu (kalbaush) 0.901 20.00 22.22 20.00 22.22 0.00 1.000 
Cat fish (bacha) 0.761 20.00 26.32 20.00 26.32 0.00 1.000 
Cat fish (pabda) 0.611 35.00 57.38 35.00 57.38 0.00 1.000 
Chanda, Indian glaasy fish (chanda, ranga) 1.001 23.50 23.50 22.50 22.50 -1.00 0.957 
Climbing perch, indigenous (koi) 0.571 42.50 74.56 42.50 74.56 0.00 1.000 
Clown knife fish (chital) 0.801 42.75 53.44 42.75 53.44 0.00 1.000 
Day's mystus, combined species (tengra) 0.821 34.50 42.07 34.50 42.07 0.00 1.000 
Fish (catla, mrigal, rohu), dorsal with skin 
(macher gada - katla, mrigal, rui) 

0.591 23.50 39.83 23.50 39.83 0.00 1.000 

Fish (catla, mrigal, rohu), ventral with skin 
(macher peti - katla, mrigal, rui) 

0.591 24.50 41.53 24.50 41.53 0.00 1.000 

Small fry fish (kachki mach vaja) 1.001 19.00 19.00 19.00 19.00 0.00 1.000 
Giant see perch, raw (vetkee) 0.501 46.25 92.50 46.25 92.50 0.00 1.000 
Hilsha (ilish) 0.761 110.00 144.74 122.50 161.18 16.44 1.114 
Indian river shad (chapila) 1.001 21.00 21.00 21.00 21.00 0.00 1.000 
Mola carplet (mola) 0.751,2 23.00 30.67 23.00 30.67 0.00 1.000 
Mrigal carp (mrigal) 0.591 20.00 33.90 20.00 33.90 0.00 1.000 
Mullet, gold spot (parshe) 0.592,3 31.00 52.54 31.00 52.54 0.00 1.000 
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Food Name 
 
 
 
 
... fishes 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Mussel/clam mixed species (jhinuk) 0.291,2,3 19.00 65.52 19.00 65.52 0.00 1.000 
Pangas (pangas) 0.441 16.50 37.50 16.50 37.50 0.00 1.000 
Perch, mud (meni) 0.472,3 18.50 39.36 18.50 39.36 0.00 1.000 
Pomfret, black, raw (rupchandra, kalo) 0.491 40.50 82.65 40.50 82.65 0.00 1.000 
Pomfret, Chinese silver, raw  
(rupchandra, China sada) 

0.921 42.00 45.65 41.00 44.57 -1.08 0.976 

Pomfret, silver, raw (rupchandra, sada) 0.924 41.25 44.84 40.75 44.29 -0.55 0.988 
Pomfret, silver, dried (rupchandra sada) 1.004 38.25 38.25 38.25 38.25 0.00 1.000 
Prawn, Birma river prawn  
(chingri, Birma nodir) 

0.574 39.00 68.42 30.00 52.63 -15.79 0.769 

Prawn, giant river prawn (chingri, golda) 0.574 50.00 87.72 45.00 78.95 -8.77 0.900 
Prawn, giant tiger prawn (chingri, bagda) 0.574 45.00 78.95 50.00 87.72 8.77 1.111 
Prawn, hairy river prawn (chingri) 0.574 51.25 89.91 51.25 89.91 0.00 1.000 
Prawn, Indian white prawn  
(chingri sada, nodir) 

0.574 52.50 92.11 52.50 92.11 0.00 1.000 

Prawn, monsoon river prawn  
(chingri, nodir) 

0.574 41.50 72.81 44.00 77.19 4.38 1.060 

Rohu, river (rui) 0.801 19.00 23.75 19.00 23.75 0.00 1.000 
Shrimp, speckled (chingri, horina) 0.572,3 32.50 57.02 36.00 63.16 6.14 1.108 
Silver carp 0.781 14.25 18.27 14.25 18.27 0.00 1.000 
Silver needle fish (kakila) 0.644 15.50 24.22 15.50 24.22 0.00 1.000 
Tilapia (telapia) 0.441,2 14.00 31.82 10.33 23.48 -8.34 0.738 
Walking catfish (magur) 0.791 42.50 53.80 47.50 60.13 6.33 1.118 
Catla (katla) 0.591 22.00 37.29 23.00 38.98 1.69 1.045 
Gold fish 0.694 16.00 23.19 15.50 22.46 -0.73 0.969 
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Food Name 
 
 
 
 
... fishes 

Edible portion 
coefficient 

Source:  
1 Bangladeshi FCT 
2 West African FCT 
3 USDA (1975) 
4 estimate 

Winter season 
(Dec.20/Jan.21) 

Summer season 
(April 21) 

∆ seasonal difference 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted mean  
retail price  
per 100g, in 
Indian Rupees 

Mean retail 
price  
per 100g, in 
Indian Rupees 

Adjusted retail 
price 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
per 100g, in 
Indian Rupees 

Summer com-
pared to win-
ter prices 
in percent 

Pangas 0.441 15.50 35.23 15.50 35.23 0.00 1.000 
Rohu 0.801 22.50 28.13 22.50 28.13 0.00 1.000 
Crab 0.192,3 25.50 134.21 25.50 134.21 0.00 1.000 
Prawns, big 0.574 92.50 162.28 72.50 127.19 -35.09 0.784 
Prawns, small 0.574 37.50 65.79 39.50 69.30 3.51 1.053 
Tiger prawns 0.574 100.00 175.44 80.00 140.35 -35.09 0.800 
Betki 0.514 40.00 78.43 52.50 102.94 24.51 1.313 
Hilsa 0.671 102.50 152.99 122.50 182.84 29.85 1.195 
Moon fish 0.654 30.00 46.15 30.00 46.15 0.00 1.000 
Mullet 0.592,3 25.00 42.37 24.50 41.53 -0.84 0.980 
Mural 0.644 25.00 39.06 25.00 39.06 0.00 1.000 
Pambada 0.644 22.50 35.16 22.50 35.16 0.00 1.000 
Pomfret, black 0.491 35.50 72.45 39.50 80.61 8.16 1.113 
Pomfret, white 0.494 35.00 71.43 39.00 79.59 8.16 1.114 
Silver carp 0.781 14.50 18.59 14.50 18.59 0.00 1.000 
Tilapia 0.582 13.00 22.41 10.50 18.10 -4.31 0.808 
Crab 0.192,3 35.50 186.84 45.50 239.47 52.63 1.282 
Crab, sea 0.192,3 37.50 197.37 49.50 260.53 63.16 1.320 
Mud crab 0.192,3 19.50 102.63 19.50 102.63 0.00 1.000 
Oyster 0.183 92.50 513.89 92.50 513.89 0.00 1.000 
Tiger prawns, brown 0.574 107.50 188.60 121.50 213.16 24.56 1.130 

Source: Own calculations according to price data locally collected in January/December 2021 and April 2021 at Bolpur retail market, Birbhum District (Summer Retail Prices, personal commu-
nication, 2021; Winter Retail Prices, personal communication, 2021); for edible portion coefficients: Matthews & Garrison, 1975; Shaheen et al., 2013; Vincent et al., 2020.
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6.1.5 Categorization of anti-nutritive elements in low, medium, high and very high 

Besides nutrient density (in relation to retail cost) of foods, one needs to consider also their anti-
nutritive content in order to select foods adequate to nourish malnourished children. Those should 
contain only low amounts of anti-nutrients (oxalates, phytate and polyphenols) which are known to 
form insoluble complexes with needed nutrients such as iron, zinc and calcium. Further the diet of 
malnourished children should contain only few salt (sodium) as well as dietary fibre. Accordingly, the 
rankings of most cost-effective foods, presented in the winter and summer price analyses, will give 
also information on anti-nutritive elements contained in the foods. In order to facilitate understand-
ing the absolute numbers (given in mg or rather in g per 100g of edible portion), a classification of 
low, medium, high and very high anti-nutritive content has been applied. This classification is not an 
internationally applied one - where meals and whole diets need to be assessed as per molar mass 
ratios in order to judge adequacy of anti-nutrient content. For instance, the inhibiting effect of phy-
tate on iron starts at a molar mass ration of 0.2:1 while it increases until a molar mass ration of 1:1 
(Gibson et al., 2018). Brune et al. (1989) found that this inhibiting effect is also valid for long-term 
vegetarians with no adaption in iron absorption capacity happening. Molar mass ratio analysis with 
respective cut-offs shall be applied for developed recipes in chapter 7 - while the categorization in 
low, medium, high and very high anti-nutrient content is meant to give an orientation what foods to 
prefer for recipe development. The rationale behind is that the less anti-nutrients contained in a 
meal, the higher the likelihood that valid molar mass ratios can be met. In this line, foods with merely 
low and medium anti-nutritive contents may be considered adequate to be used in greater amounts 
in recipes for malnourished children and mothers - while in recipes containing foods with high or very 
high amounts of anti-nutrients food processing should be applied in order to reduce anti-nutritive 
contents - such as soaking legumes in water and discarding the water afterwards or fermenting cere-
als as flours (Hotz & Gibson, 2001). Foods with high levels of sodium should be tried to avoid - while 
for both, sodium and dietary fibre, the upper accepted level recommended as daily intake should not 
be crossed (Golden, 2009; ICMR, NIN, 2020; ICMR, 2020).   

Table 70   Anti-nutritive contents of local foods - percentiles serve as orientation frame 

 Anti-nutritive content of local foods 

Anti-nutritive element low 
≤ 4th percentile 

medium 
> 4th until ≤ 8th 

percentile 

high 
>8th until ≤ 9.5th 

percentile 

very high 
> 9.5th percentile 

 
Oxalate 
  mg per 100g edible  
  portion; n=364 

≤ 2.04 
min. 0 

> 2.04 - ≤43.78 > 43.78- ≤ 456.5 > 456.5 
max.2,472  

Phytate 
  mg per 100g edible 
  portion; n=365 

≤ 2.54 
min. 0 

> 2.54 - ≤121.4 > 121.4- ≤ 676.3 > 676.3 
max.1,859 

Polyphenols 
  mg per 100g edible 
  portion; n=370 

≤ 5.37 
min. 0 

> 5.37 - ≤66.54 > 66.54- ≤ 287.35 > 287.35 
max.2,986 

Sodium 
  mg per 100g edible  
  portion; n=417 

≤ 10.58 
min. 0 

> 10.58 - ≤60.38 > 60.38- ≤ 183.1 > 183.1 
max.849 

Total dietary fibre 
  g per 100g edible 
  portion; n=422 

≤ 1.68 
min. 0 

> 1.68 - ≤7.04 > 7.04- ≤ 22.27 > 22.27 
max.53.1 

 Source: Own analysis based on food composition data: Longvah et al., 2017; Shaheen et al., 2013. 
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Table 70 above portrays the classification of anti-nutritive contents applied in this study - based on 
percentile analysis, which defines low anti-nutrient levels below the 4th percentile, medium levels 
from the 4th to the 8th percentile, high levels from 8th to 9.5th percentile and very high anti-nutrient 
levels for the highest 5 percent of anti nutrient content found amongst all foods (n=425). 

Oxalate across FGs - Pearson Chi-Square testing shows that high and very high oxalate levels are 
found more often in vegetables compared to other foods groups (p<0.001, n=83 compared to 281 
other foods); it is in fact leafy vegetables which show high and very high levels of oxalate more fre-
quently than expected, while other vegetables remain within expectations and other foods fall below 
expected counts, i.e. show more often low and medium oxalate levels (p<0.001). Hence, while work-
ing with nutritious leafy vegetables, one should keep in mind their high oxalate content and may opt 
for soaking leafy vegetables in water and rejecting the water before cutting and preparing leaves for 
eating - this way soluble oxalate is reduced and binding capacity with calcium becomes less. Further, 
the FG condiments and spices shows more often high and very high oxalate levels compared to other 
FGs (p<0.001, Pearson Chi-Square, n=26 compared to 338 other foods) - still this information of 
lesser importance, as commonly merely small amounts of condiments and spices are used (especially 
when it comes to dried spices). Oxalate (as other anti-nutrients too) is exclusively found in plant-
foods - hence, animal products (p<0.001, Pearson Chi-Square, n=59 compared to 305 other foods) as 
well as fish (p<0.001, Pearson Chi-Square, n=64 compared to 300 other foods) show less often high 
and very high oxalate values than other FGs - indeed no animal product or fish contains any oxalate - 
what explains in parts the better bioavailability of nutrients in animal source foods. 

Phytate across FGs - High and very high phytate levels are typically found in grain legumes as well as 
in nuts and oilseeds - indeed all analyzed grain legumes (n=23 compared to 342 other foods) as well 
as nuts and oilseeds (n=14 compared to 351 other foods) showed high or very high phytate levels. 
Moreover, cereals and millets often contain high or very high phytate levels (with the exception of 
puffed rice and white wheat flour/locally known as "atta"). Hence, when working with grain legumes, 
nuts and oilseeds and cereals and millets, food processing should be encouraged in order to reduce 
the inhibiting effect of phytate on iron and zinc absorption. Gibson et al. (2018) explain that food 
processing reduces the inhibiting effect of phytate (myo-inositol hexaphosphate and its salts) on iron 
and zinc either through reducing water-soluble phytate (in the case of soaking) or through hydrolysis 
to lower inositol phosphates (true for fermentation and extensive heating/canning) - which do not 
have a binding effect on iron and zinc anymore. Statistical analysis showed a highly significant asso-
ciation between high or very high phytate contents and the following FGs:  

 cereals and millets: p<0.001, Fisher's exact test  
 grain legumes: p<0.001, Fisher's exact test  
 nuts and oilseeds: p<0.001, Pearson Chi-Square testing  

On the other hand, vegetables as well as fruits show less often high and very high phytate levels 
compared to all other foods. Indeed, only three vegetables show high or very high phytate levels (3 
percent, n=88: Drumstick leaves/Moringa, mature jackfruit seeds, and fresh peas) and a mere 2 fruits 
do so (4 percent, n=54: pale and dark brown dry dates). Accordingly, most vegetables and fruits con-
tain low or medium phytate levels and can be provided to malnourished populations in greater quan-
tities without easily decreasing the availability of iron, zinc and calcium. The same is true for roots 
and tubers, where no root or tuber showed high or very high phytate levels.  

Statistical analysis shows following details: 
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 vegetables: p<0.001, Pearson Chi-Square testing 
 fruits: p<0.01, Pearson Chi-Square testing  
 roots and tubers: p<0.05, Fisher's exact test  

As true for oxalate, animal foods and fish do not contain any phytate -and the issue of anti-nutrients 
remains one of plant-based diets, typically consumed in malnourished populations (due to monetary 
constraints). Statistical analysis proves that animal foods (n=59 compared to 306 other foods) and 
fish (n=64 compared to 301 other foods) contain less often high or very high phytate levels:  

 animal foods: p<0.001, Pearson Chi-Square testing 
 fish: p<0.001, Pearson Chi-Square testing  

Gibson et al. (2018) argue that adequate food processing can reduce the need for high-dose iron 
fortification in vulnerable groups depending on plant-based diets - as true also for Santal tribal chil-
dren and their mothers. Further, Bæch et al.(2003) found that adding small amounts of meat (50g for 
adults) enhances nonheme iron absorption in phytate-rich diets. Accordingly, addition of small 
amounts of meat to the meals of Santal children and their mothers may be considered helpful to 
improve iron absorption in a mainly plant-based diet. Further, soaking grain legumes and rejecting 
the soaking water before cooking as well as fermenting cereals (which is, however, not culturally 
rooted and would need ongoing practice initially) may be valuable measures to increase iron as well 
as zinc and calcium availability in plant-based diets. 

Polyphenols across FGs - Polyphenols are contained in high or very high amounts more often in grain 
legumes (p<0.001, Fisher's exact test, n=23 compared to 347 other foods), nuts and oilseeds (p<0.01, 
Fisher's exact test, n=14 compared to 356 other foods) as well as condiments and spices (p<0.001, 
Pearson Chi-Square, n=27 compared to 343 other foods) compared to all other foods. Also fruits have 
more often high or very high polyphenol content than all other foods (p<0.05, Pearson Chi-Square, 
n=58 compared to 312 other foods). On the contrary, roots and tubers were found to show less often 
high and very high polyphenol contents than all other foods (p<0.05, Fisher's exact test, n= 17 com-
pared to 353 other foods). Moreover, animal foods (p<0.001, Pearson Chi-Square, n= 59 compared to 
311 other foods) and fish (p<0.001, Pearson Chi-Square, n=64 compared to 306 other foods) contain 
less often high or very high polyphenol contents - indeed, animal foods are totally free of polyphe-
nols (as true for anti-nutrients oxalate and phytate). 

Sodium across FGs - Salt is mainly contained in animal products (p<0.001, Pearson Chi-Square, n=59 
compared to 357 other foods) and fish (p<0.001, Pearson Chi-Square, n=62 compared to 354 other 
foods) - where both FGs were found more often with high or very high sodium levels compared to all 
other foods. While vegetables (p<0.001, Pearson Chi-Square, n=95 compared to 321 other foods), 
fruits (p<0.001, Pearson Chi-Square, n=68 compared to 348 other foods) and grain legumes (p<0.01, 
Fisher's exact test, 1-sided testing, n= 23 compared to 393 other foods) show less often high and very 
high sodium levels compared to all other foods. 

Dietary fibre across FGs - Dietary fibre is contained more often in high or very high levels in cereals 
and millets (p<0.001, Fisher's exact test, n=25 compared to 397 other foods), grain legumes (p<0.001, 
Fisher's exact test, n=23 compared to 399 other foods), condiments and spices (p<0.001, Pearson 
Chi-Square, n=31 compared to 391 other foods) and nuts and oilseeds (p<0.001, Fisher's exact test, 
n=20 compared to 402 other foods). All other FGs were found to show less often high or very high 
dietary fibre levels compared to other foods, with following statistical details: 
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 vegetables: p<0.001, Pearson Chi-Square, n=98 compared to 324 other foods 
 fruits: p<0.05, Pearson Chi-Square, n=67 compared to 355 other foods 
 roots and tubers: p<0.05, Fisher's exact test, n=19 compared to 403 
 sugar, fat, oil and miscellaneous: p<0.05, Fisher's exact test - 1-sided, n=16 comp. to 406 
 animal foods: p<0.001,Pearson Chi-Square,  n=59 compared to 363 other foods 
 fish: p<0.001, Pearson Chi-Square, n=64 compared to 358 other foods 

The following table summarizes the above findings relating to anti-nutrient contents across FGs, indi-
cating statistical relevance. 

Table 71   Occurrence of high and very high anti-nutrient contents across food groups 

Anti-nutritive element FG shows more often high or very high 
levels of respective anti-nutritive element 

compared to all other foods 

FG shows less often high or very high 
levels of respective anti-nutritive element 

compared to all other foods 
Oxalate 
high and very high 
levels: >43.78mg per 
100g edible portion 
 

p<0.001: 
(leafy) vegetables, condiments and 

spices 

p<0.001: 
animal products, fish 

Phytate 
high and very high 
levels: >121.4mg per 
100g edible portion 
 
 

p<0.001: 
cereals and millets, grain legumes, nuts 

and oilseeds 

p<0.001: 
vegetables, animal products, fish 

p<0.01: 
fruits 

p<0.05: 
roots and tubers 

Polyphenols 
high and very high 
levels: >66.54mg per 
100g edible portion 
 
 

p<0.001: 
grain legumes, condiments and spices 

p<0.01: 
nuts and oilseeds 

p<0.05: 
fruits 

p<0.001: 
animal products, fish 

p<0.05: 
roots and tubers 

Sodium 
high and very high 
levels: >60.38mg per 
100g edible portion 
 

p<0.001: 
animal products, fish 

p<0.001: 
vegetables, fruits 

p<0.01: 
grain legumes 

Total dietary fibre 
high and very high 
levels: >7.04g per 
100g edible portion 

p<0.001: 
cereals and millets, grain legumes, 

condiments and spices, 
nuts and oilseeds 

p<0.001: 
vegetables, animal products, 

fish 
p<0.05: 

fruits, roots and tubers,  
sugars/fats/oils/miscellaneous 

Source: Own analysis as per food composition data: Longvah et al., 2017; Shaheen et al., 2013. 

Finally, food processing needs to be considered as vital component of recipe development for the 
malnourished population of Santal Adivasi children and mothers knowing that cereals, grain legumes 
as well as leafy vegetables pose a traditional part of Santal home diets (for details see chapter 4). 
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6.2 Winter price analysis 
As per winter price analysis, most cost-effective foods are firstly vegetables (amounting to 55 percent 
of the most cost-effective foods, n= 425), secondly cereals and millets (amounting to 13 percent of 
most cost-effective foods) and thirdly roots and tubers (amounting to 12 percent of most cost-
effective foods). A highly significant association between FG and cost-effectiveness of foods could be 
shown (p<0.001). The following table portrays this relation - proving that the FG of vegetables offers 
most cost-effective foods (which belong to the top 30 percent of the cost-effectiveness ranking). 

Table 72   Cost-effective foods in winter season: vegetables, as well as cereals & millets and roots & tubers 

 Food belongs to the top 30 percent 
of most cost effective foods  
(rank 1-108, winter-price ratio ≥3.02, 
winter season, n=128) 
 

Food does not belong to the top 
30 percent of most cost effective 
foods  
(rank 109-275, winter-price ratio 
<3.02, winter season, n=297) 

cereals and millets    
   (n=25) 

count - 16 
expected count - 7.5 
share - 3.8 percent 

count - 9 
expected count - 17.5 
share - 2.1 percent 

grain legumes    
   (n=23) 

count - 6 
expected count - 6.9 
share - 1.4 percent 

count - 17 
expected count - 16.1 
share - 4.0 percent 

vegetables    
   (n=99) 

count - 70 
expected count - 29.8 
share - 16.5 percent 

count - 29 
expected count - 69.2 
share - 6.8 percent 

fruits    
   (n=68) 

count - 8 
expected count - 20.5 
share - 1.9 percent 

count - 60 
expected count - 47.5 
share - 14.1 percent 

roots and tubers    
   (n=19) 

count - 15 
expected count - 5.7 
share - 3.5 percent 

count - 4 
expected count - 13.3 
share - 0.9 percent 

condiments and spices    
   (n=32) 

count - 3 
expected count - 9.6 
share - 0.7 percent 

count - 29 
expected count - 22.4 
share - 6.8 percent 

nuts and oilseeds    
   (n=20) 

count - 4 
expected count - 6.0 
share - 0.9 percent 

count - 16 
expected count - 14.0 
share - 3.8 percent 

sugars, fats and oils, 
miscellaneous 
   (n=16) 

count - 1 
expected count - 4.8 
share - 0.2 percent 

count - 15 
expected count - 11.2 
share - 3.5 percent 

animal products    
   (n=60) 

count - 4 
expected count - 18.1 
share - 0.9 percent 

count - 56 
expected count - 41.9 
share - 13.2 percent 

fish    
   (n=63) 

count - 1 
expected count - 19.0 
share - 0.2 percent 

count - 62 
expected count - 44.0 
share - 14.6 percent 

Pearson Chi-Square p<0.001 
Source: Analysis as per Bundesministerium für Ernährung und Landwirtschaft, 2021; FAO Expert Consultation, 2013; 
ICMR, NIN, 2020; ICMR, 2020; Own Primary Data - Winter Retail Prices, personal communication, 2021; Golden, 2009; 
Government of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020). 
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Portrayed associations are proven when analyzing each FG separately and comparing them to all 
other foods. Foods of the following FGs belong more often to the top 30 percent of cost-effective 
winter foods than expected (compared to all other foods): 

 Cereals and millets: p<0.001, Pearson Chi-Square (n=25, compared to 400 other foods) 
 Vegetables, p<0.001, Pearson Chi-Square (n=99, compared to 326 other foods) 
 Roots and tubers: p<0.001, Pearson Chi-Square (n=19, compared to 406 other foods) 

Other FGs belong less often to the top 30 percent of cost-effective foods than expected: 

 Fruits: p<0.001, Pearson Chi-Square (n=68, compared to 357 other foods) 
 Animal products: p<0.001, Pearson Chi-Square (n=60, compared to 365 other foods) 
 Fish: p<0.001, Pearson Chi-Square (n=63, compared to 362 other foods) 
 Condiments and spices: p<0.01, Pearson Chi-Square  (n=32, compared to 393 other foods) 
 Sugar, fats, oils, miscellaneous: p<0.05, Fisher's exact test (n=16, comp. to 409 other foods) 

Another significant affiliation was proven between cost-effectiveness of foods (counting to the top 
30 percent of most cost-effective foods) and number of nutrients analyzed for each food (being 
complete with 38 nutrients or rather incomplete with 37 or less nutrients, minimum 2) with p<0.001. 
This is a clear methodological limitation and one may argue that only foods with complete nutrient 
data base should have been included in the cost analysis. Yet, this would have left out few foods 
which already show cost-effectiveness even with incomplete data base. Respectively, two foods be-
long to the top 30 percent with only 36 and 18 nutrients analyzed (mural/fish, at rank 90 and cowpea 
leaves at rank 98). Hence accepting all available foods for analysis (n=425) rather than just those with 
complete data base of 38 nutrients (n= 319, 75 percent), allows to see the potential of more foods.  

The top 30 percent of most cost-effective foods is shown in the appendix (for winter as well as for 
summer price analysis) - portraying across FGs the 128 most cost-effective foods.  

Winter-price-ranking of locally available foods - Table 73 below shows the results of the winter-price 
cost analysis - presented as a ranking of most the cost-effective foods for each FG, namely: (1) cere-
als and millets, (2) grain legumes, (3) vegetables, (4) fruits, (5) roots and tubers, (6) condiments and 
spices, (7) nuts and oil seeds, (8) sugars, fats and oils, miscellaneous foods, (9) animal products, and 
(10) fish. Anti-nutrient information is given concerning oxalate, phytate, polyphenols - as well as so-
dium and dietary fibre. Foods with merely low or medium anti-nutritive contents are outlined in bold 
writing (left column "all-nutrient-rank"). Foods locally unavailable in winter season are marked in 
grey writing. Listed foods are fully comparable with 38 nutrients analyzed for each and single food.
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Table 73   Most cost-effective foods for each FG: based on winter prices (Dec/Jan 2021), indicating also anti-nutritive contents to be considered in malnourished populations 

All-Nutrient-
Rank 
(winter price ratio - 
no. of nutrients)  

Food name 
 
(with FG rank) 

Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g 
edible portion) 

Cereals and millets 
13  (10.91 - 38) (1)  Maize, dry Cereals & millets medium  (15.26) high  (646) medium  (32.92) low  (4.44) high   (12.24) 

31  (7.34 - 38) (2)  Wheat, whole Cereals & millets high  (52.46) high  (638) medium  (14.33) low  (2.5) high   (11.23) 

35  (6.9 - 38) (3)  Wheat flour, white (atta) Cereals & millets high  (52.38) high  (632) medium  (13.98) low  (2.04) high   (11.36) 

46  (5.74 - 38) (4)  Wheat, bulgur Cereals & millets medium  (40.23) very high  (679) medium  (9.53) low  (2.09) high   (8.81) 

48  (5.49 - 38) (5)  Rice, raw, milled Cereals & millets low  (1.92) high  (266) low  (3.14) low  (2.34) medium   (2.81) 

49  (5.46 - 38) (6)  Jowar, sorghum Cereals & millets medium  (28.38) high  (549) medium  (23.25) low  (5.42) high   (10.22) 

51  (5.42 - 38) (7)  Rice, parboiled, milled Cereals & millets high  (5.02) high  (274) medium  (6.93) low  (3.16) high   (3.74) 

55  (5.19 - 38) (8)  Bajra Cereals & millets high  (53.13) high  (485) high  (67.71) low  (4.11) high   (11.49) 

56  (5.14 - 38) (9)  Rice flakes Cereals & millets medium  (10.97) high  (474) low  (3.16) low  (2.58) medium   (3.46) 

61  (4.64 - 38) (10)  Wheat flour, brown,  
whole grain 

Cereals & millets medium  (8.0) ND ND medium  (16.0) high   (10.7) 

62  (4.53 - 38) (11)  Barley Cereals & millets medium  (10.98) high  (386) medium  (23.47) low  (7.56) high   (15.64) 

72  (4.08 - 38) (12)  Rice, puffed Cereals & millets medium  (6.27) medium  (115) low  (2.76) low  (3.69) medium   (2.56) 

75  (3.98 - 38) (13)  Wheat flour, refined, 
white (maida) 

Cereals & millets medium  (20.22) high  (123) low  (5.17) low  (1.54) medium   (2.76) 

84  (3.74 - 38) (14)  Wheat, semolina  
(sooji gom) 

Cereals & millets medium  (28.43) high  (549) medium  (6.5) low  (2.31) high   (9.72) 

85  (3.71 - 38) (15)  Maize, tender, local Cereals & millets medium  (5.2) high  (148) medium  (19.0) low  (2.24) medium   (3.67) 

98  (3.32 - 38) (16)  Rice, raw, brown Cereals & millets medium  (12.06) very high  (742) low  (2.81) low  (3.64) medium   (4.43) 

119  (2.67 - 38) (17)  Maize flour, whole 
white 

Cereals & millets ND ND ND low  (5.0) high   (7.3) 

153  (1.88 - 38) (18)  Samai Cereals & millets medium  (6.74) high  (265) medium  (14.24) low  (4.77) high   (7.72) 

178  (1.29 - 38) (19)  Wheat, vermicelli  Cereals & millets medium  (23.84) high  (168) medium  (5.55) low  (2.71) high   (9.28) 

179  (1.27 - 38) (20)  Wheat, vermicelli, 
roasted 

Cereals & millets medium  (21.91) high  (165) medium  (7.37) low  (3.43) high  (9.55) 
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All-Nutrient-
Rank 
(winter price ratio - 
no. of nutrients)  

Food name 
 
(with FG rank) 

Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g 
edible portion) 

191  (1.01 - 38) (21)  Bread, bun/role Cereals & millets ND ND ND very high  (501) medium   (2.8) 

191  (1.01 - 38) (21)  Bread, white for toast-
ing 

Cereals & millets ND ND ND very high  (592) medium   (2.5) 

222   (0.6 - 38) (22)  Biscuit, sweet Cereals & millets ND ND ND high  (83) medium  (2.4) 

Grain legumes 
68  (4.22 - 38) (1)  Soybean, brown Grain legumes high  (122) high  (443) high  (106) low  (2.07) high  (21.55) 

70  (4.15 - 38) (2)  Soybean, white  Grain legumes high  (119) high  (460) high  (111) low  (2.83) very high  (22.63) 

91  (3.53 - 38) (3)  Bengal gram, whole Grain legumes medium  (7.14) high  (578) medium  (64.28) medium  (26.56) very high  (25.22) 

92  (3.5 - 38) (5)  Horse gram, whole Grain legumes high  (181) high  (339) very high  (332) medium  (12.14) high  (7.88) 

106  (3.05 - 38) (6)  Black gram, whole Grain legumes high  (56.25) very high  (679) medium  (64.28) medium  (26.8) high  (20.41) 

108  (3.02 - 38) (7)  Lentil, whole, brown Grain legumes medium  (10.74) high  (564) high  (274) medium  (11.2) high  (16.82) 

109  (2.99 - 38) (8)  Lentil, whole, yellowish Grain legumes medium  (13.88) high  (585) high  (266) medium (10.87) high  (16.66) 

109  (2.99 - 38) (8)  Moth bean Grain legumes medium  (36.11) high  (609) medium  (48.87) medium (26.34) high  (15.12) 

109  (2.99 - 38) (8)  Rajmah, brown Grain legumes medium  (43.41) high  (481) very high  (353) low (10.47) high  (16.95) 

111  (2.93 - 38) (9)  Rajmah, black Grain legumes high  (48.66) high  (470) very high  (358) low (9.4) high  (17.74) 

113  (2.83 - 38) (10)  Peas, dry (motor) Grain legumes medium  (8.89) high  (413) medium  (30.65) medium (23.4) high  (17.01) 

117  (2.73 - 38) (11)  Bengal gram, dal (chola) Grain legumes medium  (6.49) high  (450) medium  (14.13) medium  (20.83) high  (15.15) 

117  (2.73 - 38) (11)  Field bean, black Grain legumes low  (1.28) very high  (759) high  (180) low  (1.35) very high  (23.4) 

118 (2.69 - 38) (12)  Filed bean, white Grain legumes low  (1.23) very high  (791) high  (170) low  (1.7) very high  (22.99) 

120  (2.66 - 38) (13)  Cowpea, white Grain legumes medium  (17.23) high  (573) medium  (63.57) medium (12.52) high  (11.7) 

122  (2.63 - 38) (14)  Cowpea, brown Grain legumes medium  (14.34) high  (550) medium  (59.65) medium (13.68) high  (11.54) 

126 (2.57 - 38) (15)  Filed bean, brown Grain legumes low  (1.26) very high  (773) high  (172) low  (1.41) very high  (22.4) 
 

130 (2.46 - 38) (16)  Green gram, whole Grain legumes medium  (12.29) high  (375) high  (90.74) medium  (12.48) high  (17.04) 

146 (2.08 - 38) (17)  Lentil dal (mosur) Grain legumes medium  (10.46) high  (218) medium  (14.94) low  (10.27) high  (10.43) 

148 (2.01 - 38) (18)  Red gram, whole Grain legumes low  (1.65) high  (604) high  (204) medium  (19.03) very high  (22.84) 
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All-Nutrient-
Rank 
(winter price ratio - 
no. of nutrients)  

Food name 
 
(with FG rank) 

Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g 
edible portion) 

150 (1.98 - 38) (19)  Black gram dal 
(maskalai) 

Grain legumes medium  (43.78) high  (579) medium  (32.43) medium  (18.88) high  (11.93) 

150 (1.98 - 38) (20)  Black gram dal 
(maskalai) 

Grain legumes medium  (43.78) high  (579) medium  (32.43) medium  (18.88) high  (11.93) 

154 (1.87 - 38) (21)  Green gram dal (mung) Grain legumes medium  (2.46) high  (170) medium  (6.44) low  (10.14) high  (9.37) 

164 (1.63 - 38) (22)  Red gram dal (arhar) Grain legumes low  (1.41) high  (277) medium  (15.94) medium  (18.01) high  (9.06) 

   Vegetables     

1 (19.15 - 38) (1)  Radish leaves Vegetables high  (53.83) medium  (56.23) medium  (27.57) medium  (17.39) medium  (1.82) 

2 (17.3 - 38) (2)  Bathua leaves Vegetables very high  (1,077) medium  (18.48) medium  (42.24) medium  (10.75) medium  (4.01) 

3 (16.71 - 38) (3)  Cauliflower leaves Vegetables high  (172) medium  (13.6) medium  (28.94) medium  (24.31) medium  (3.43) 

4 (14. 5 - 38) (4)  Colocasia leaves, green 
(shobuj kochu shak) 

Vegetables very high  (701) medium  (14.41) high  (124) medium  (12.08) medium  (5.6) 

5 (14.27 - 38) (5)  Spinach Vegetables very high  (592) medium  (12.01) high  (233) medium  (42.55) medium  (2.38) 

6 (13.93 - 38) (6)  Amaranth spined leaves, 
green (spinosus) 

Vegetables very high  (1,073) medium  (7.4) medium  (24.15) medium  (15.66) medium  (5.1) 

7 (13.45- 38) (7)  Amaranth spined 
leaves, red and green  
(Amaranthus spinosus) 

Vegetables very high  (1,045) medium  (7.15) medium  (26.19) medium  (16.27) medium  (5.57) 

8 (13.39 - 38) (8)  Agathi leaves (bok ful 
shak) 

Vegetables high  (179) medium  (63.33) high  (89.25) medium  (18.12) high (8.6) 

9 (12.28 - 38) (9)  Tamarind leaves, tender Vegetables high  (150) medium  (33.87) medium  (27.65) medium  (13.43) high  (10.7) 
 

10 (12.27 - 38) (10)  Broad beans  
(makhon shim) 

Vegetables medium  (20.25) medium  (5.78) high  (89.14) medium  (20.74) high  (8.63) 

11 (11.66 - 38) (11)  Cabbage, Chinese Vegetables medium  (16.55) medium  (16.85) medium  (27.97) medium  (20.28) medium  (2.01) 

12 (11.21 - 38) (12)  Pumpkin, orange, 
round 

Vegetables medium  (41.22) medium  (19.72) medium  (15.25) low  (8.81) medium  (2.56) 

14 (10.72 - 38) (13)  Drumstick leaves  
(Moringa) 

Vegetables high  (120) high  (128) medium  (29.9) low  (9.34) high  (8.21) 

15 (10.68 - 38) (14)  Cabbage, collard  Vegetables medium  (9.42) medium  (12.08) high  (70.89) medium  (22.98) medium  (2.98) 



Cost-effectiveness analysis of local foods: nutrient density to seasonal retail cost ratio  - Winter price analysis 

250 

All-Nutrient-
Rank 
(winter price ratio - 
no. of nutrients)  

Food name 
 
(with FG rank) 

Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g 
edible portion) 

 greens       

16 (10.28 - 38) (15)  Cabbage, green Vegetables medium  (2.88) medium  (11.77) medium  (54.92) medium  (14.98) medium  (2.76) 

17 (10.27 - 38) (16)  Pumpkin, green, cylin-
drical 

Vegetables high  (57.33) medium  (22.51) medium  (15.21) low  (5.21) medium  (2.53) 

19 (9.6 - 38) (17)  Plantain, stem Vegetables high  (213) medium  (15.33) medium  (12.24) medium  (23.17) medium  (2.12) 

21 (9.33 - 38) (18)  Parsley Vegetables high  (128) medium  (54.32) medium  (46.58) medium  (53.08) medium  (3.87) 

22 (9.09 - 38) (19)  Rumex leaves Vegetables high  (93.76) medium  (30.07) medium  (16.13) medium  (19.95) low  (1.27) 

23 (8.33 - 38) (20)  Colocasia stem, black Vegetables high  (250) medium  (25.85) medium  (15.68) low  (0.45) medium  (3.01) 

24 (8.13 - 38) (21)  Amaranth leaves, 
green (Amaranthus gangeticus 
- sobuj data shak) 

Vegetables very high  (779) medium  (5.42) medium  (23.81) medium  (16.08) medium  (4.41) 

25 (7.86 - 38) (22)  Ponnaganni Vegetables very high  (465) medium  (32.02) medium  (53.08) medium  (39.36) medium  (6.74) 

26 (7.77 - 38) (23)  Cauliflower Vegetables medium  (9.82) medium  (18.48) medium  (32.41) medium  (30.72) medium  (3.71) 

27 (7.73 - 38) (24)  Bottle gourd, elongate, 
dark green 

Vegetables low  (1.7) medium  (10.86) medium  (38.2) low  (1.35) medium  (2.11) 

28 (7.57 - 38) (25)  Cabbage, violet Vegetables medium  (2.7) medium  (12.81) medium  (59.94) medium  (24.0) medium  (2.21) 

29 (7.4 - 38) (26)  Plantain, flower Vegetables high  (169) low  (2.52) low  (4.43) low  (7.51) medium  (5.25) 

30 (7.37 - 38) (27)  Betel leaves, big Vegetables very high (493) medium  (57.98) high  (89.68) medium  (16.8) medium  (2.21) 

32 (7.31 - 38) (28)  Colocasia stem, green Vegetables high  (229) medium  (26.49) medium  (11.66) low  (0.6) medium  (2.33) 

33 (7.28 - 38) (29)  Bean scarlet Vegetables medium  (20.97) medium  (17.33) medium  (12.68) low  (1.46) medium  (4.5) 

34 (6.97 - 38) (30)  Betel leaves, small Vegetables very high  (577) medium  (45.34) high  (87.01) medium  (14.04) medium  (1.97) 

36 (6.87 - 38) (31)  Amaranth leaves, red 
(gangeticus - lal shak) 

Vegetables very high  (823) medium  (4.9) medium  (27.63) medium  (14.58) medium  (4.91) 

36 (6.87 - 38) (31)  Brinjal Vegetables medium  (34.31) medium  (12.28) medium  (12.79) low  (3.55) medium  (3.98) 

37 (6.7 - 38) (32)  Bottle gourd, elongate, 
pale green 

Vegetables medium  (3.75) medium  (10.64) medium  (34.76) low  (1.46) medium  (2.12) 

39 (6.32 - 38) 

 
(33)  Basella leaves Vegetables high  (170) medium  (49.57) medium  (23.98) medium  (18.74) medium  (2.21) 
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All-Nutrient-
Rank 
(winter price ratio - 
no. of nutrients)  

Food name 
 
(with FG rank) 

Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g 
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41 (6.11 - 38) (34)  Fenugreek leaves  
(methi shak) 

Vegetables medium  (34.29) medium  (18.67) high  (105) medium  (47.01) medium  (4.9) 

41 (6.11 - 38) (34)  Field beans, tender, 
lean 

Vegetables medium  (35.12) medium  (5.24) high  (136) medium  (12.76) medium  (6.19) 

42 (6.06 - 38) (35)  Mustard leaves Vegetables low  (1.69) medium  (34.69) medium  (38.02) medium  (19.14) medium  (3.92) 

43 (5.98 - 38) (36)  Ash gourd Vegetables medium  (4.89) medium  (14.6) medium  (10.47) low  (0.77) medium  (3.37) 

43 (5.98 - 38) (36)  Bottle gourd, round, 
pale green 

Vegetables medium  (2.53) medium  (11.83) medium  (31.83) medium  (1.52) medium  (2.1) 

44 (5.93 - 38) (37)  Field beans, tender, 
broad 

Vegetables medium  (34.83) medium  (4.81) high  (133) medium  (14.14) medium  (5.64) 

45 (5.87 - 38) (38)  Bitter gourd, jagged, 
teeth ridges, short 

Vegetables high  (48.83) medium  (14.39) medium  (50.46) medium  (12.59) medium  (3.49) 

47 (5.73 - 38) (39)  Bitter gourd, jagged, 
smooth ridges, elongate 

Vegetables medium  (43.37) medium  (12.68) medium  (52.98) medium  (11.16) medium  (3.72) 

49 (5.46 - 38) (40)  Bitter gourd, jagged, 
teeth ridges, elongate 

Vegetables high  (45.4) medium  (13.84) medium  (49.76) medium  (13.09) medium  (3.78) 

50 (5.45 - 38) (41)  Beet greens Vegetables high  (127) medium  (19.01) low  (2.85) high  (111) medium  (3.64) 

57 (5.01 - 38) (42)  French beans, hybrid Vegetables medium  (36.97) medium  (7.51) medium  (14.12) low  (9.18) medium  (4.18) 

58 (4.94 - 38) (43)  Zucchini, green Vegetables medium  (17.83) medium  (10.57) medium  (42.94) low  (0.4) medium  (2.3) 

59 (4.82 - 38) (44)  French beans, country Vegetables medium  (36.01) medium  (6.11) medium  (14.59) low  (8.84) medium  (4.38) 

60 (4.81 - 38) (45)  Onion, stalk Vegetables medium  (29.72) medium  (61.02) medium  (10.73) medium  (15.52) medium  (5.21) 

63 (4.41 - 38) (46)  Capsicum, green Vegetables medium  (19.12) medium  (15.96) medium  (10.82) low  (1.84) medium  (2.06) 

64 (4.4 - 38) (47)  Snake gourd, short Vegetables medium  (14.25) medium  (12.82) medium  (5.9) low  (2.5) medium  (2.29) 

65 (4.37 - 38) (48)  Ridge gourd, smooth 
skin 

Vegetables medium  (35.85) medium  (14.98) medium  (11.3) low  (6.27) medium  (1.85) 

67 (4.27 - 38) (49)  Cluster beans Vegetables medium  (16.49) medium  (8.66) medium  (53.15) low  (4.05) medium  (4.83) 

72 (4.08 - 38) (50)  Snake gourd, long, 
dark green 

Vegetables medium  (13.44) medium  (13.04) medium  (6.1) low  (5.04) medium  (2.27) 

73 (4.05 - 38) (51)  Pumpkin leaves,  Vegetables medium  (13.61) medium  (38.27) medium  (20.33) medium  (12.2) medium  (2.25) 
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 tender       

74 (4.03 - 38) (52)  Tomato, green Vegetables medium  (8.47) low  (1.08) medium  (7.62) medium  (13.11) low  (1.62) 

76 (3.93 - 38) (53)  Snake gourd, long, 
pale green 

Vegetables medium  (24.22) medium  (13.44) medium  (6.78) low  (7.07) medium  (2.27) 

78 (3.9 - 38) (54)  Plantain, green Vegetables high  (85.25) medium  (40.44) medium  (25.27) medium  (18.57) medium  (3.6) 

80 (3.87 - 38) (55)  Pak choi leaves Vegetables medium  (14.35) medium  (18.05) low  (0.0) medium  (33.73) medium  (1.91) 

81 (3.85 - 38) (56)  Ladies fingers Vegetables high  (83.87) medium  (3.63) medium  (32.51) low  (7.37) medium  (4.08) 

83 (3.8 - 38) (57)  Tinda, tender Vegetables medium  (3.36) medium  (5.75) low  (2.61) medium  (20.61) medium  (2.0) 

85 (3.71 - 38) (58)  Celery stalk Vegetables high  (54.23) medium  (25.66) low  (2.9) medium  (10.68) medium  (2.09) 

87 (3.64 - 38) (59)  Cucumber, green, 
elongate 

Vegetables medium  (12.13) medium  (17.52) medium  (14.1) low  (6.33) medium  (2.14) 

93 (3.47 - 38) (60)  Capsicum, yellow Vegetables medium  (18.07) medium  (14.81) medium  (7.8) low  (1.56) medium  (2.19) 

94 (3.45 - 38) (61)  Watercress  
(helencha shak) 

Vegetables ND ND ND medium  (49.0) low  (0.5) 

94 (3.45 - 38) (61)  Ridge gourd Vegetables medium  (29.55) medium  (14.91) medium  (8.31) low  (4.71) medium  (1.81) 

95 (3.43 - 38) (62)  Capsicum, red Vegetables medium  (16.28) medium  (17.68) medium  (20.3) low  (1.7) medium  (2.19) 

99 (3.3 - 38) (64)  Tomato, ripe, hybrid Vegetables medium  (2.89) medium  (2.59) medium  (26.35) medium  (11.86) low  (1.58) 

100 (3.29 - 38) (65)  Oyster mushroom, 
dried 

Vegetables medium  (20.65) low  (0.0) low  (0.0) low  (8.67) very high (39.12) 

104 (3.04 - 38) (66)  Tomato, ripe, local Vegetables medium  (5.58) low  (2.39) medium  (36.69) low  (9.73) medium  (1.77) 

112 (2.87 - 38) (67)  Cucumber, green, 
short 

Vegetables medium  (10.49) medium  (16.35) medium  (13.92) low  (6.11) medium  (2.13) 

115 (2.8 - 38) (68)  Papaya, unripe, raw Vegetables medium  (9.38) medium  (22.08) medium  (5.54) low  (7.55) medium  (2.28) 

135 (2.35 - 38) (69)  Peas, fresh Vegetables medium  (18.42) high  (162) medium  (22.17) low  (3.66) medium  (6.32) 

145 (2.09 - 38) (70)  Kovai, big Vegetables medium  (7.72) medium  (9.81) low  (1.76) low  (1.53) medium  (3.0) 

149 (2.0 - 38) (71)  Drumstick Vegetables high  (123) medium  (85.74) high  (139) medium  (22.38) medium  (6.83) 

153 (1.88 - 38) (72)  Kovai, small Vegetables medium  (8.15) medium  (8.79) low  (1.6) low  (2.2) medium  (3.25) 
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157 (1.78 - 38) (73)  Button mushroom, 
fresh 

Vegetables medium  (10.23) low  (0.0) low  (0.0) low  (7.72) medium  (3.11) 

159 (1.75 - 38) (74)  Parwar Vegetables medium  (3.24) medium  (29.19) medium  (12.14) low  (2.29) medium  (2.61) 

160 (1.74 - 38) (75)  Corn, baby Vegetables medium  (9.22) medium  (26.44) low  (1.91) low  (1.4) medium  (6.09) 

168 (1.55 - 38) (76)  Jackfruit seed, mature Vegetables medium  (38.51) high  (141) medium  (15.53) low  (4.0) high  (8.63) 

170 (1.49 - 38) (77)  Lettuce Vegetables high  (364) medium  (42.28) medium  (19.47) medium  (17.53) medium  (1.79) 

172 (1.43 - 38) (78)  Knol-khol Vegetables medium  (2.92) medium  (16.16) low  (5.09) medium  (27.46) medium  (2.75) 

186 (1.11 - 38) (79)  Mango, green, raw Vegetables medium  (7.51) medium  (15.26) very high  (580) medium  (33.15) medium  (3.01) 

189 (1.03 - 38) (80)  Red gram, tender, 
fresh 

Vegetables medium  (19.83) medium  (6.22) medium  (6.55) low  (2.54) medium  (5.9) 

235 (0.47 - 38) (81)  Jackfruit, raw Vegetables medium  (9.6) medium  (68.79) low  (50.59) low  (3.53) high  (7.69) 

Fruits 

58 (4.94 - 38) (1)  Fig (dumur, paka) Fruits high  (46.71) medium  (48.59) medium  (25.16) low  (2.37) medium  (4.64) 

79 (3.89 - 38) (2)  Blackberry Fruits medium  (5.33) medium  (8.97) high  (165) low  (1.21) medium  (4.35) 

86 (3.68 - 38) (3)  Gooseberry Fruits medium  (7.96) medium  (49.34) very high  (1,031) low  (1.37) high  (7.75) 

97 (3.36 - 38) (4)  Guava, white flesh Fruits medium  (13.05) medium  (55.36) high  (96.93) low  (2.87) high  (8.59) 

101 (3.26 - 38) (5)  Banana, ripe (poovam) Fruits medium  (2.38) medium  (11.03) medium  (18.6) low  (1.0) medium  (2.33) 

103 (3.17 - 38) (6)  Guava, pink flesh Fruits medium  (9.57) medium  (45.89) very high  (321) low  (1.89) high  (7.39) 

104 (3.06 - 38) (7)  Banana, ripe (robusta) Fruits medium  (3.24) medium  (13.98) medium  (14.41) low  (0.85) medium  (1.94) 

107 (3.03 - 38) (8)  Musk melon, orange 
flesh 

Fruits medium  (2.62) medium  (12.18) low  (4.95) medium  (14.94) medium  (1.51) 

110 (2.97 - 38) (9)  Mango, ripe (banganpalli) Fruits medium  (7.94) medium  (85.83) medium  (18.39) low  (1.34) medium  (1.88) 

114 (2.82 - 38) (10)  Bael fruit Fruits medium  (3.87) medium  (28.65) medium  (21.36) low  (1.56) medium  (6.31) 

116 (2.74 - 38) (11)  Mango, ripe (gulapkhas) Fruits medium  (7.7) medium  (80.24) medium  (22.38) low  (1.39) low  (1.67) 

124 (2.61 - 38) (12)  Mango, ripe (himsagar) Fruits medium  (8.09) medium  (79.46) medium  (15.45) low  (1.31) low  (1.55) 

125 (2.6 - 38) (13)  Jambu fruit, ripe Fruits medium  (9.6) medium  (8.65) high  (68.47) low  (2.64) medium  (3.07) 
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126 (2.57 - 38) (14)  Mango, ripe (neelam) Fruits medium  (8.46) medium  (79.49) medium  (16.92) low  (1.2) medium  (1.77) 

127 (2.56 - 38) (15)  Mango, ripe (kesar) Fruits medium  (8.31) medium  (90.02) medium  (14.74) low  (1.43) medium  (2.02) 

129 (2.47 - 38) (16)  Pineapple Fruits medium  (3.39) medium  (8.59) medium  (22.69) low  (1.43) medium  (3.46) 

131 (2.45 - 38) (17)  Water melon, pale 
green 

Fruits low  (0.55) low  (0.47) medium  (5.78) low  (1.62) low  (0.78) 

132 (2.38 - 38) (18)  Mango, ripe (paheri) Fruits medium  (9.71) medium  (81.12) medium  (18.52) low  (1.63) medium  (1.97) 

141 (2.16 - 38) (19)  Water melon, dark 
green (sugar baby) 

Fruits low  (0.72) low  (0.61) medium  (5.89) low  (1.89) low  (0.7) 

152 (1.9 - 38) (20)  Papaya, ripe Fruits medium  (5.96) medium  (25.44) medium  (17.88) low  (6.68) medium  (2.83) 

155 (1.8 - 38) (21)  Banana, ripe (montham) Fruits medium  (2.8) medium  (12.49) medium  (10.7) low  (1.25) medium  (2.21) 

157 (1.78 - 38) (22)  Karonda fruit Fruits medium  (5.88) medium  (7.8) medium  (10.65) low  (2.55) high  (7.25) 

160 (1.74 - 38) (23)  Phalsa Fruits high  (352) medium  (43.03) medium  (57.25) low  (1.99) medium  (4.54) 

163 (1.68 - 38) (24)  Star fruit Fruits low  (1.23) medium  (3.8) medium  (21.69) low  (1.56) medium  (2.81) 

166 (1.59 - 38) (25)  Custard apple (atafol) Fruits medium  (35.1) medium  (15.22) medium  (13.91) low  (3.11) medium  (5.1) 

171 (1.47 - 38) (26)  Grapes, seedless, 
round, black 

Fruits medium  (22.11) low  (0.69) high  (122) low  (1.92) low  (1.15) 

173 (1.4 - 38) (27)  Strawberry Fruits low  (2.04) medium  (25.07) high  (135) low  (1.19) medium  (2.5) 

176 (1.32 - 38) (28)  Grapes, seeded, round, 
green 

Fruits medium  (25.74) low  (1.27) medium  (29.6) low  (1.89) low  (1.25) 

177 (1.3 - 38) (29)  Grapes, seeded, round, 
black 

Fruits medium  (26.12) low  (1.52) high  (144) low  (1.93) low  (1.35) 

177 (1.3 - 38) (29)  Litchi (lichu) Fruits medium  (15.28) medium  (2.57) high  (124) low  (0.54) low  (1.34) 

188 (1.04 - 38) (30)  Dates, dry, pale brown Fruits medium  (2.11) high  (134) high  (102) low  (3.27) high  (8.95) 

190 (1.02 - 38) (31)  Sapota Fruits medium  (8.97) medium  (8.32) medium  (17.27) low  (4.61) high  (9.6) 

193 (0.89 - 38) (32)  Plum Fruits low  (0.74) medium  (3.81) medium  (28.36) low  (1.55) medium  (2.07) 

196 (0.95 - 38) (33)  Orange, pulp Fruits medium  (8.06) low  (0.0) medium  (54.73) low  (1.47) low  (1.29) 

200 (0.9 - 38) (34)  Dates, dry, dark brown Fruits low  (1.98) high  (126) high  (163) low  (3.09) high  (9.1) 
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202 (0.85 - 38) (35)  Wood apple Fruits high  (55.8) medium  (101) very high  (411) low  (1.48) medium  (5.21) 

203 (0.82 - 38) (36)  Cherries, red Fruits medium  (6.15) medium  (39.88) high  (126) low  (1.64) medium  (2.12) 

207 (0.78 - 38) (37)  Tamarind, pulp Fruits high  (48.91) medium  (3.07) high  (183) medium  (24.92) medium  (5.31) 

208 (0.77 - 38) (38)  Lemon, juice  
(lebu, kagoli) 

Fruits low  (0.0) low  (0.0) medium  (24.24) low  (1.21) low  (0.0) 

208 (0.77 - 38) (38)  Pomegranat, maroon 
seeds (bedana) 

Fruits high  (253) medium  (45.71) high  (67.1) low  (2.13) medium  (2.83) 

212 (0.73 - 38) (39)  Raisins, dried, golden Fruits medium  (10.9) medium  (20.12) high  (170) low  (10.16) medium  (4.56) 

212 (0.73 - 38) (40)  Apple, small Fruits medium  (15.51) low  (0.45) medium  (34.87) low  (1.45) medium  (2.06) 

213 (0.72 - 38) (41)  Apple, green Fruits medium  (17.63) low  (0.64) medium  (45.76) low  (1.47) medium  (2.54) 

214 (0.71 - 38) (42)  Raisins, dried, black Fruits medium  (10.71) medium  (20.34) high  (286) medium  (10.99) medium  (3.92) 

217 (0.68 - 38) (43)  Apple, small, Kashmir Fruits medium  (14.35) low  (0.36) medium  (38.25) low  (1.22) medium  (2.07) 

220 (0.63 - 38) (44)  Breadfruit (madar) Fruits ND ND ND low  (2.0) medium  (4.9) 

220 (0.63 - 38) (44)  Apple, big Fruits medium  (13.19) low  (0.57) medium  (35.81) low  (1.43) medium  (2.59) 

225 (0.57 - 38) (45)  Carambola (kamranga) Fruits ND ND low  (5.0) low  (4.0) medium  (2.8) 

229 (0.53 - 38) (46)  Lime, sweet pulp 
(mushambee) 

Fruits low  (0.57) low  (0.0) high  (117) low  (1.17) medium  (2231) 

231 (0.51 - 38) (47)  Dates, processed Fruits low  (1.96) medium  (106) medium  (16.91) low  (1.6) medium  (6.52) 

234 (0.48 - 38) (48)  Jackfruit, ripe Fruits medium  (8.45) medium  (52.94) medium  (53.74) low  (1.62) medium  (3.62) 

238 (0.44 - 38) (49)  Manila Tamarind Fruits medium  (4.32) medium  (22.55) medium  (10.35) low  (1.35) medium  (4.4) 

248 (0.34 - 38) (50)  Palm fruit, tender Fruits low  (1.05) medium  (2.8) medium  (28.36) low  (1.25) medium  (2. 4) 

253 (0.25 - 38) (51)  Orange, juice  
(komolar ross) 

Fruits ND ND ND low  (10.0) low  (0.2) 

258 (0.19 - 38) (52)  Orange, sweet, ripe 
(malta, paka) 

Fruits ND ND ND low  (2.0) medium  (2. 4) 

258 (0.19 - 38) (52)  Orange (komola) 
 
 

Fruits medium  (10.0) ND ND low  (5.0) medium  (2.4) 
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Roots and tubers 

38 (6.45 - 38) (1)  Radish, elongate, white 
skin 

Roots & tubers medium  (12.72) low  (1.75) medium  (46.74) medium  (28.2) medium  (2.65) 

40 (6.28 - 38) (2)  Radish, elongate, red 
skin 

Roots & tubers medium  (12.73) medium  (6.9) medium  (49.75) medium  (24.73) medium  (2.46) 

52 (5.4 - 38) (3)  Yam, wild Roots & tubers medium  (13.45) medium  (24.71) medium  (50.58) medium  (12.8) medium  (4.57) 

60 (4.81 - 38) (4)  Yam, ordinary Roots & tubers medium  (13.99) medium  (20.99) medium  (46.3) medium  (15.28) medium  (4.08) 

69 (4.21 - 38) (5)  Potato, red skin Roots & tubers medium  (12.37) medium  (59.74) medium  (20.35) low  (4.36) low  (1.68) 

70 (4.15 - 38) (6)  Yam, elephant Roots & tubers medium  (15.58) medium  (16.23) medium  (56.27) medium  (14.33) medium  (4.17) 

71 (4.12 - 38) (7)  Water chestnut Roots & tubers medium  (16.54) medium  (25.86) low  (0.0) medium  (13.08) medium  (3.02) 

75 (3.98 - 38) (8)  Carrot, orange Roots & tubers medium  (17.45) medium  (19.6) medium  (49.44) medium  (52.33) medium  (4.18) 

77 (3.91 - 38) (9)  Colocasia Roots & tubers high  (48.73) medium  (13.57) medium  (59.2) low  (4.54) medium  (3.22) 
 

82 (3.82 - 38) (10)  Sweet potato, brown 
skin 

Roots & tubers medium  (14.39) medium  (54.02) medium  (6.89) medium  (29.6) medium  (3.99) 

86 (3.68 - 38) (11)  Potato, brown skin, big Roots & tubers medium  (12.24) medium  (55.77) medium  (24.61) low  (4.11) medium  (1.71) 

88 (3.57 - 38) (12)  Carrot, red Roots & tubers medium  (16.41) medium  (17.03) medium  (50.69) high  (60.69) medium  (4.49) 

88 (3.57 - 38) (12)  Potato, brown skin, 
small 

Roots & tubers medium  (13.63) medium  (62.58) medium  (27.36) low  (3.97) medium  (1.69) 

96 (3.37 - 38) (13)  Sweet potato, pink 
skin 

Roots & tubers medium  (14.14) medium  (63.69) medium  (11.74) medium  (29.04) medium  (3.94) 

97 (3.36 - 38) (14)  Lotus root Roots & tubers high  (364) medium  (7.84) low  (0.0) medium  (20.63) medium  (4.7) 

123 (2.62 - 38) (15)  Tapioca Roots & tubers medium  (16.86) medium  (64.42) medium  (11.43) medium  (10.86) medium  (4.61) 

126 (2.57 - 38) (16)  Beet root Roots & tubers high  (71.37) medium  (10.82) medium  (57.56) high  (69.44) medium  (3.31) 

188 (1.04 - 38) 
 
 
 

(17)  Giant taro Roots & tubers ND ND ND low  (9.0) medium  (4.1) 
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Condiments and spices 
20 (9.37 - 38) (1)  Coriander leaves Cond. & spices medium  (20.42) medium  (38.68) medium  (60.28) medium  (37.0) medium  (4.66) 

89 (3.56 - 38) (2)  Pippali Cond. & spices high  (367) high  (503) high  (194) medium  (16.28) very high  (34.14) 

102 (3.25 - 38) (3)  Lemon peel Cond. & spices ND ND ND low  (6.0) high  (10.6) 

133 (2.37 - 38) (4)  Fenugreek seeds (methi) Cond. & spices medium  (31.75) high  (570) high  (94.73) medium  (40.2) very high  (47.55) 

136 (2.34 - 38) (5)  Bay leaf, dried Cond. & spices ND D ND medium  (23.0) very high  (26.3) 

138 (2.23 - 38) (6)  Cumin seeds Cond. & spices very high  (817) high  (445) high  (165) high  (125) very high  (30.35) 

139 (2.22 - 38) (7)  Curry leaves Cond. & spices high  (154) medium  (40.99) high  (153) medium  (18.66) high  (16.83) 

140 (2.2 - 38) (8)  Onion, small Cond. & spices medium  (11.11) medium  (8.28) medium  (18.91) low  (4.06) low  (1.16) 

147 (2.03 - 38) (9)  Chillies, red Cond. & spices high  (87.17) high  (264) high  (211) medium  (19.45) very high  (31.15) 

148 (2.01 - 38) (10)  Coriander seeds Cond. & spices very high  (809) very high  (1,008) high  (79.69) medium  (34.41) very high  (44.81) 

152 (1.9 - 38) (11)  Pepper, back  
(golmorich) 

Cond. & spices high  (431) high  (383) high  (254) medium  (24.08) very high  (33.16) 

157 (1.78 - 38) (12)  Cloves Cond. & spices very high  (1,845) high  (349) very high  (2,546) high  (183) very high  (34.52) 

158 (1.77 - 38)  (13)  Onion, big Cond. & spices medium  (4.03) medium  (13.9) medium  (35.12) low  (5.5) medium  (2.45) 
162 (1.69  - 38) (14)  Turmeric powder (ho-

lud) 
Cond. & spices very high  (1,531) high  (358) very high  (988) medium  (24.41) high  (21.38) 

169 (1.51 - 38) (15)  Mango ginger  
(curcuma amada) 

Cond. & spices high  (307) medium  (15.52) medium  (23.61) low  (5.51) medium  (4.74) 

175 (1.33 - 38) (16)  Chillies, green Cond. & spices medium  (28.54) medium  (13.38) medium  (55.66) low  (2.5) medium  (4.77) 

179 (1.27 - 38) (17)  Mint leaves Cond. & spices high  (97.07) medium  (48.05) high  (79.99) medium  (16.87) medium  (5.89) 

187 (1.07 - 38) (18)  Ginger, fresh (ada) Cond. & spices high  (259) medium  (14.5) high  (225) low  (10.03) medium  (5.36) 

198 (0.92 - 38) (19)  Garlic, single clove, 
Kashmir 

Cond. & spices high  (127) medium  (31.95) high  (99.22) low  (8.87) medium  (4.01) 

205 (0.8 - 38) (20)  Garlic, small clove Cond. & spices high  (143) medium  (35.43) high  (96.42) low  (10.56) medium  (5.47) 

206 (0.79 - 38) (21)  Garlic, big clove Cond. & spices high  (159) medium  (36.55) high  (95.26) low  (9.42) medium  (5.22) 

226 (0.56 - 38) (22)  Cinnamon, ground Cond. & spices ND ND ND low  (10.0) very high  (53.1) 
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240 (0.42 - 38) (23)  Poppy seeds  
(posto dana) 

Cond. & spices very high  (1,631) very high  (1,109) high  (221) medium  (25.35) very high  (26.68) 

243 (0.39 - 38) (24)  Cardamom, green Cond. & spices very high  (1,961) very high  (721) high  (117) medium  (15.51) very high  (23.1) 

249 (0.32 - 38) (25)  Cardamom, black Cond. & spices very high  (2,472) high  (670) high  (134) medium  (16.25) very high  (23.46) 

255 (0.23 - 38) (26)  Mace (jayitri) Cond. & spices medium  (28.22) high  (691) high  (782) medium  (27.17) high  (20.31) 

257 (0.2 - 38) (27)  Asafoetida Cond. & spices medium  (23.82) very high  (806) medium  (45.23) medium  (16.04) medium  (5.13) 

259 (0.18 - 38) (28)  Nutmeg (jayfol) Cond. & spices high  (194) very high  (704) very high  (645) medium  (14.31) high  (11.99) 

Nuts and oil seeds 
18 (10.16 - 38) (1)  Linseeds Nuts & oilseeds medium  (5.85) very high  (1,859) medium  (31.6) medium  (32.93) very high  (26.17) 

53 (5.38 - 38) (2)  Mustard seeds Nuts & oilseeds medium  (6.92) high  (132) medium  (48.81) low  (3.97) high  (14.1) 

54 (5.25 - 38) (3)  Mustard seeds, dried Nuts & oilseeds ND ND ND medium  (13.0) high  (11.8) 

89 (3.56 - 38) (4)  Sesame seeds, dried Nuts & oilseeds ND ND ND medium  (11.0) high  (11.7) 

121 (2.65 - 38) (5)  Gingelly seeds, white Nuts & oilseeds very high  (5.85) very high  (927) medium  (23.0) medium  (15.43) high  (16.99) 

144 (2.1 - 38) (6)  Sunflower seeds Nuts & oilseeds medium  (23.7) high  (423) very high  (289) low  (1.9) high  (10.8) 

151 (1.95 - 38) (7)  Groundnut Nuts & oilseeds high  (60.98) high  (582) high  (127) medium  (12.21) high  (10.38) 

156 (1.79 - 38) (8)  Safflower seeds Nuts & oilseeds high  (215) very high  (1,083) medium  (22.09) low  (3.05) high  (13.49) 

222 (0.6 - 38) (9)  Coconut, kernel, dry Nuts & oilseeds medium  (6.83) high  (390) high  (72,17) medium  (16.68) high  (15.88) 

234 (0.48 - 38) (10)  Areca nut, dried, red Nuts & oilseeds low  (0.0) high  (403) very high  (2,770) medium  (17.13) high  (11.11) 

236 (0.46 - 38) (11)  Areca nut, dried, 
brown 

Nuts & oilseeds low  (0.0) high  (474) very high  (2,986) medium  (12.06) high  (11.44) 

239 (0.43 - 38) (12)  Cashew nut Nuts & oilseeds high  (189) very high  (929) medium  (32.86) low  (9.0) medium  (3.86) 

246 (0.36 - 38) (13)  Walnut Nuts & oilseeds medium  (37.03) very high  (1,001) high  (216) low  (1.33) medium  (5.39) 

246 (0.36 - 38) (14)  Areca nut, fresh Nuts & oilseeds low  (0.0) high  (414) very high  (2,563) low  (5.53) high  (7.63) 

247 (0.35 - 38) (15)  Coconut, kernel, fresh Nuts & oilseeds medium  (3.44) high  (136) medium  (35.22) low  (8.12) high  (10.42) 

252 (0.28 - 38) (16)  Almond Nuts & oilseeds high  (344) very high  (964) high  (84.94) low  (1.5) high  (13.06) 
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Sugars, fats and oils, miscellaneous 
105 (3.06 - 38) (1)  Soybean oil Sugars, fats, ... ND ND ND low  (0.0) low  (0.0) 

128 (2.49 - 38) (2)  Sugarcane, jaggery Sugars, fats, ... low  (0.0)  low  (0.0) high  (127) medium  (25.38) low  (0.0) 

130 (2.26 - 38) (3)  Sugarcane, jaggery, 
juice 

Sugars, fats, ... low  (0.0) low  (0.0) low  (5.25) low  (1.16) low  (0.56) 

171 (1.47 - 38) (4)  Sesame oil (tiler tel) Sugars, fats, ... ND ND ND low  (0.0) low  (0.0) 

174 (1.36 - 38) (5)  Peanut oil Sugars, fats, ... ND ND ND low  (0.0) low  (0.0) 

201 (0.88 - 38) (6)  Palm oil Sugars, fats, ... ND ND ND low  (0.0) low  (0.0) 

241 (0.41 - 38) (7)  Margarine Sugars, fats, ... ND ND ND very high  (504) low  (0.0) 

249 (0.32 - 38) (8)  Sugar, white Sugars, fats, ... ND ND ND low  (5.0) low  (0.0) 

258 (0.19 - 38) (9)  Butter, salted (makhon) Sugars, fats, ... ND ND ND very high  (714) low  (0.0) 

267 (0.1 - 38) (10)  Honey (modhu) Sugars, fats, ... ND ND ND low  (9.0) low  (0.2) 

Animal products 
66 (4.3 - 38) (1)  Chicken, liver Animal products low  (0.0) low  (0.0) low  (0.0) high  (61.58) low  (0.0) 

81 (3.85 - 38) (2)  Milk, cow, whole Animal products low  (0.0) low  (0.0) low  (0.0) medium  (25.46) low  (0.0) 

96 (3.37 - 38) (3)  Milk, buffalo, whole Animal products low  (0.0) low  (0.0) low  (0.0) medium  (30.1) low  (0.0) 

105 (3.06 - 38) (4)  Egg, duck Animal products low  (0.0) low  (0.0) low  (0.0) high  (113) low  (0.0) 

135 (2.35 - 38) (5)  Pork, liver Animal products low  (0.0) low  (0.0) low  (0.0) high  (64.89) low  (0.0) 

137 (2.3 - 38) (6)  Egg, country hen Animal products low  (0.0) low  (0.0) low  (0.0) high  (157) low  (0.0) 

142 (2.14 - 38) (7)  Chicken, gizzard Animal products low  (0.0) low  (0.0) low  (0.0) medium  (50.6) low  (0.0) 

143 (2.13 - 38) (8)  Egg, poultry, whole Animal products low  (0.0) low  (0.0) low  (0.0) high  (123) low  (0.0) 

148 (2.01 - 38) (9)  Sheep, liver Animal products ND ND ND ND ND 

161 (1.72 - 38) (10)  Sheep, kidneys Animal products low  (0.0) low  (0.0) low  (0.0) high  (163) low  (0.0) 

171 (1.47 - 38) (11)  Pork, kidneys Animal products low  (0.0) low  (0.0) low  (0.0) high  (138) low  (0.0) 

180 (1.22 - 38) 

 
(12)  Duck, meat Animal products low  (0.0) low  (0.0) low  (0.0) high  (82.25) low  (0.0) 
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183 (1.15 - 38) (13)  Chicken, meat Animal products low  (0.0) low  (0.0) low  (0.0) medium  (59.79) low  (0.0) 

185 (1.12 - 38) (14)  Pork, spleen Animal products low  (0.0) low  (0.0) low  (0.0) medium  (49.14) low  (0.0) 

192 (1.0 - 38) (15)  Pork, stomach Animal products low  (0.0) low  (0.0) low  (0.0) high  (109) low  (0.0) 

202 (0.85 - 38) (16)  Sheep, brain Animal products low  (0.0) low  (0.0) low  (0.0) high  (122) low  (0.0) 

206 (0.79 - 38) (17)  Pork, shoulder Animal products low  (0.0) low  (0.0) low  (0.0) medium  (54.47) low  (0.0) 

209 (0.76 - 38) (18)  Pork, chops Animal products low  (0.0) low  (0.0) low  (0.0) medium  (43.7) low  (0.0) 

209 (0.76 - 38) (18)  Sheep, spleen Animal products low  (0.0) low  (0.0) low  (0.0) medium  (50.58) low  (0.0) 

209 (0.76 - 38) (18)  Milk, cow, skimmed Animal products low  (0.0) low  (0.0) low  (0.0) medium  (51.0) low  (0.0) 

211 (0.74 - 38) (19)  Rabbit, chops Animal products low  (0.0) low  (0.0) low  (0.0) medium  (47.84) low  (0.0) 

213 (0.72 - 38) (20)  Pigeon, meat Animal products low  (0.0) low  (0.0) low  (0.0) medium  (56.1) low  (0.0) 

214 (0.71 - 38) (21)  Hare, chops Animal products low  (0.0) low  (0.0) low  (0.0) medium  (48.61) low  (0.0) 

215 (0.7 - 38) (22)  Rabbit, shoulder Animal products low  (0.0) low  (0.0) low  (0.0) medium  (61.38) low  (0.0) 

216 (0.69 - 38) (23)  Hare, shoulder Animal products low  (0.0) low  (0.0) low  (0.0) medium  (55.03) low  (0.0) 

216 (0.69 - 38) (23)  Pork, heart Animal products low  (0.0) low  (0.0) low  (0.0) high  (70.52) low  (0.0) 

217 (0.68 - 38) (24)  Sheep, tongue Animal products low  (0.0) low  (0.0) low  (0.0) very high  (185) low  (0.0) 

217 (0.68 - 38) (24)  Panner (cottage cheese) Animal products low  (0.0) low  (0.0) low  (0.0) medium  (18.04) low  (0.0) 

217 (0.68 - 38) (24)  Hare, leg Animal products low  (0.0) low  (0.0) low  (0.0) medium  (42.48) low  (0.0) 

217 (0.68 - 38) (24)  Pork, lungs Animal products low  (0.0) low  (0.0) low  (0.0) high  (61.41) low  (0.0) 

217 (0.68 - 38) (24)  Sheep, lungs Animal products low  (0.0) low  (0.0) low  (0.0) high  (109) low  (0.0) 

218 (0.67 - 38) (25)  Rabbit, leg Animal products low  (0.0) low  (0.0) low  (0.0) medium  (46.03) low  (0.0) 

219 (0.66 - 38) (26)  Country hen, meat Animal products low  (0.0) low  (0.0) low  (0.0) medium  (44.72) low  (0.0) 

229 (0.53 - 38) (27)  Pork, ham Animal products low  (0.0) low  (0.0) low  (0.0) medium  (40.44) low  (0.0) 

230 (0.52 - 38) (28)  Sheep, shoulder Animal products low  (0.0) low  (0.0) low  (0.0) medium  (45.65) low  (0.0) 

233 (0.49 - 38) (29)  Sheep, chops Animal products low  (0.0) low  (0.0) low  (0.0) medium  (45.26) low  (0.0) 

234 (0.48 - 38) (30)  Sheep, leg Animal products low  (0.0) low  (0.0) low  (0.0) medium  (49.3) low  (0.0) 

234 (0.48 - 38) (30)  Buttermilk, fluid (ghol) Animal products low  (0.0) low  (0.0) low  (0.0) high  (68.0) low  (0.0) 
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238 (0.44 - 38) (31)  Sheep, tripe Animal products low  (0.0) low  (0.0) low  (0.0) medium  (18.37) low  (0.0) 

241 (0.41 - 38) (32)  Goat, legs Animal products low  (0.0) low  (0.0) low  (0.0) medium  (42.77) low  (0.0) 

242 (0.4 - 38) (33)  Goat, chops Animal products low  (0.0) low  (0.0) low  (0.0) medium  (45.72) low  (0.0) 

243 (0.39 - 38) (34)  Milk, goat Animal products low  (0.0) low  (0.0) low  (0.0) medium  (50.0) low  (0.0) 

244 (0.38 - 38) (35)  Goat, shoulder, meat Animal products low  (0.0) low  (0.0) low  (0.0) medium  (47.31) low  (0.0) 

256 (0.21 - 38) (36)  Milk, cow, whole, con-
densed, sweetened 

Animal products low  (0.0) low  (0.0) low  (0.0) high  (134) low  (0.0) 

256 (0.21 - 38) (36)  Curd, sweetened, 
whole milk (misti doi) 

Animal products low  (0.0) low  (0.0) low  (0.0) medium  (51.0) low  (0.0) 

261 (0.16 - 38) (37)  Lamb/mutton, meat Animal products low  (0.0) low  (0.0) low  (0.0) medium  (41.0) low  (0.0) 

Fish 
216 (0.69 - 38) (1)  Pangas Fish low  (0.0) low  (0.0) low  (0.0) medium  (37.42) low  (0.0) 

223 (0.59 - 38) (2)  Mussel/clam, mixed 
species (jhinuk) 

Fish low  (0.0) low  (0.0) low  (0.0) very high  (68.0) low  (0.0) 

234 (0.48 - 38) (3)  Mullet Fish low  (0.0) low  (0.0) low  (0.0) high  (66.09) low  (0.0) 

244 (0.38 - 38) (4)  Cat fish (bacha) Fish low  (0.0) low  (0.0) low  (0.0) ND low  (0.0) 

244 (0.38 - 38) (4)  Prawns, small Fish low  (0.0) low  (0.0) low  (0.0) high  (77.71) low  (0.0) 

252 (0.28 - 38) (5)  Fish (catla, mrigal, rohu), 
ventral with skin (macher 
peti - katla, mrigal, rui) 

Fish low  (0.0) low  (0.0) low  (0.0) medium  (57.0) low  (0.0) 

253 (0.27 - 38) (6)  Fish (catla, mrigal, rohu), 
dorsal with skin (macher 
gada - katla, mrigal, rui) 

Fish low  (0.0) low  (0.0) low  (0.0) medium  (50.0) low  (0.0) 

253 (0.25 - 38) (7)  Crab Fish low  (0.0) low  (0.0) low  (0.0) very high  (280) low  (0.0) 

255 (0.23 - 38) (8)  Mullet, gold spot 
(parshe) 

Fish low  (0.0) low  (0.0) low  (0.0) medium  (41.0) low  (0.0) 

260 (0.17 - 38) (9)  Cat fish (pabda) Fish low  (0.0) low  (0.0) low  (0.0) high  (105) low  (0.0) 

260 (0.17 - 38) (9)  Walking catfish (magur) Fish low  (0.0) low  (0.0) low  (0.0) high  (71.0) low  (0.0) 
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261 (0.16 - 38) (10)  Prawns, big Fish low  (0.0) low  (0.0) low  (0.0) very high  (849) low  (0.0) 

263 (0.14 - 38) (11)  Crab, sea Fish low  (0.0) low  (0.0) low  (0.0) very high  (313) low  (0.0) 

263 (0.14 - 38) (11)  Crab Fish low  (0.0) low  (0.0) low  (0.0) very high  (244) low  (0.0) 

270 (0.07 - 38) (12)  Oyster Fish low  (0.0) low  (0.0) low  (0.0) medium  (41.01) low  (0.0) 

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Govern-
ment of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 2021. 
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Cereals and millets - Dry maize shows the best nutrients density in relation to seasonal winter cost 
(with an all-nutrient winter price ratio of 10.91), followed by whole wheat (7.34) and white wheat 
flour (atta - 6.9). Milled rice poses an adequate cereal source (ranking place 5 out of 22 cereal foods - 
5.49), which is amongst the Santal tribal community the preferred staple food. Interestingly, puffed 
rice, which is eaten daily in most Santal families, contains fairly few anti-nutrients (and is indeed the 
only cereal foods with merely low or medium anti-nutritive levels) - however, its nutritive content is 
limited and of medium quality only, ranking 12th out of 22 cereals analyzed (4.08). Inadequate cereal 
foods for malnourished children and their mothers are ready-made breads as buns and roles or toast 
(1.01), which contain very little nutrients and very high amounts of sodium. Worst nutrient-to-cost 
relation show sweet biscuits (0.6), which are consumed daily in most Santal families and for which an 
alternative should be found. Cereals should be soaked or fermented due to their tendency to contain 
high or even very high phytate contents - such food processing is capable to reduce water-soluble 
phytate (soaking) and to reduce higher inositol phosphates (IPs) to lower ones (fermentation) - IP5 
and IP6 are known to bind to zinc, while IP6, 5, 4, and 3 bind to iron (Gibson et al., 2018). 

Grain legumes - Brown soybeans have been found to be the most cost-effective legume according to 
winter-price analysis (with an all-nutrient winter price ratio of 4.22), followed by white soybeans 
(4.15), Bengal gram (whole - 3.53) and horse gram (whole - 3.5). Lentils (brown as well as yellowish) 
achieved medium ranks 8 and 9 out of 24 (with 3.02 or 2.99 winter price ratio, respectively) and ap-
pear as fairly adequate legumes to nourished populations with scare financial means - while lentil dal 
(mosur - 2.08), which is used by Santal families on a daily basis, ranks only 19th; still lentil dal contains 
comparably little phytate, which is a clear benefit in order to improve iron, zinc and calcium absorp-
tion. Black gram dal (1.98), green gram dal (mung - 1.87) and red gram dal (arhar - 1.63) show least 
nutritional value in relation to retail purchasing costs. Legumes should be soaked before cooking due 
to their often high or very high phytate and polyphenol contents in order to reduce water-soluble 
anti-nutrients; the soaking water needs to be discarded before cooking. 

Vegetables - Radish leaves are the most cost-effective vegetable according to winter-price analysis 
(with an all-nutrient winter price ratio of 19.15), followed by Bathua (17.3) and cauliflower leaves 
(16.71). Vegetables are indeed - generally spoken - highly cost-effective foods; statistical analysis 
shows that vegetables belong more often to the top 30 percent of cost-effective foods compared to 
all other foods (p<0.001, Pearson Chi-Square, n=99 compared to 327 other foods). Broad beans 
(12.27), Chinese cabbage (11.66) and round orange pumpkin (11.21) are good choices when it comes 
to non-leafy vegetables. Several leafy vegetables which belong to the most cost-effective foods ana-
lyzed across all FGs, show very high oxalate levels, such foods are (in descending cost-effectiveness 
order): Bathua leaves (17.3), green Colocasia leaves (14.5), spinach (14.27), spined Amaranth leaves 
(spinosus - both green as well as red and green - 13.93/13.45) as well as green Amaranth leaves 
(gangeticus - 8.13) and ponnaganni (7.86). It seems worthwhile to soak such leaves in water (before 
cutting) and discard the soaking water afterwards, in order to reduce soluble oxalates and, 
therewith, improve calcium absorption in meals. There are abundant vegetables available in winter 
season - some of them offer exclusively low and medium anti-nutrient levels. Those "low anti-
nutrient vegetables" may well be used in greater amounts to nourish malnourished children and 
mothers; the table below shows such "low anti-nutrient vegetables", as well as further foods belong-
ing to other FGs with low and medium anti-nutrients levels only. Foods are shown according to their 
cost-effectiveness (starting from the most cost-effective food, in descending order) - only foods 
available in winter (December/January 2021) at Bolpur retail market are shown. 
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Table 74   Foods with exclusively low or medium anti-nutritive element levels (available in winter season)  

Food group Foods with low or medium anti-nutrient level 

most cost-effective foods are named first for each FG, descending order  
(all-nutrient winter price ratios) 

Cereals and millets 
   (n=23 - thereof in 
    winter avail.: 23) 

4 percent of cereals have low or medium anti-nutrient content: 
1 puffed rice (4.08) 

Grain legumes 
   (n=23 - thereof in 
   winter avail.: 23) 

0 percent of legumes have low or medium anti-nutrient content. 
-- 

Vegetables 
   (n=84 - thereof in 
    winter avail.: 82) 

50 percent of winter vegetables have low or medium anti-nutrient content: 
1 Chinese cabbage (11.66), 2 round and orange pumpkin (11.21), 3 green cabbage 

(10.28), 4 cauliflower (7.77), 5 dark green elongate bottle gourd (7.73),  
6 violet cabbage (7.57), 7 bean scarlet (shim - 7.28), 8 brinjal (6.87), 9 pale green 

elongate bottle gourd (6.7), 10 mustard leaves (6.06), 11 ash gourd (5.98),  
12 pale green round bottle gourd (5.98), 13 elongate bitter gourd (jagged, smooth 

ridges - 5.73), 14 French beans (hybrid - 5.01), 15 French beans (country - 4.82),  
16 onion stalk (4.81), 17 green capsicum (4.41), 18 short snake gourd (4.4),  

19 smooth skin ridge gourd (4.37), 20 cluster beans (4.27), 21 dark green, long 
snake gourd (4.08), 22 tender pumpkin leaves (4.05), 23 green tomato (4.03),  

24 pale green, long snake gourd (3.93), 25 pak choi leaves (3.87), 26 tender tinda 
(3.8), 27 yellow capsicum (3.47), 28 ridge gourd (3.45), 29 red capsicum (3.43),  

30 ripe tomato (hybrid - 3.3), 31 ripe tomato (local - 3.06),32 short green cucumber 
(2.87), 33 unripe papaya (2.8), 34 big kovai (2.09), 35 small kovai (1.88),  
36 fresh button mushroom (1.78), 37 parwar (1.75), 39 baby corn (1.74),  

40 knol-khol (1.43), 41 fresh tender red gram (1.03) 
Fruits 
   (n=56  - thereof in 
   winter avail.:37) 
 
 

49 percent of winter fruits have low or medium anti-nutrient content: 
1 ripe banana (poovam - 3.26), 2 ripe banana (robusta - 3.06), 3 bael fruit (2.82),  
4 pineapple (2.47), 5 pale green water melon (2.45), 6 dark green water melon 

(sugar baby - 2.16),7 ripe papaya (1.9), 8 ripe banana (montham - 1.8),  
9 seeded round green grapes (1.32), 10 plum (0.98), 11 orange pulp (0.95),  

12 lemon juice (0.77), 13 small apple (0.73), 14 green apple (0.72), 15 small apple 
(Kashmir - 0.68), 16 big apple (0.63), 17 processed dates (0.51),  

18 Manila Tamarind (0.44) 
Roots and tubers 
   (n=18 - thereof in 
   winter avail.: 12) 
 

67 percent of roots and tubers have low or medium anti-nutrient content: 
1 white skin elongate radish (6.45), 2 red skin elongate radish (6.28),  

3 red skin potato (4.21), 4 water chestnut (4.12), 5 orange carrot (3.98),  
6 brown skin sweet potato (3.82), 7 big brown skin potato (3.68),  

8 small brown skin potato (3.57), pink skin sweet potato (3.37) 
Condiments and 
spices 
   (n=28 - thereof in 
   winter avail.: 27) 
 

15 percent of condiments/spices have low or medium anti-nutrient content: 
1 Coriander leaves (9.37), 2 small onion (2.2), 3 big onion (1.77),  

4 green chillies (1.33) 

Nuts and oil seeds 
   (n=16 - thereof in 
   winter avail.: 16) 
 

0 percent of nuts and oil seeds have low or medium anti-nutrient content. 
-- 

Sugar, fat, oil, 
miscellaneous 
   (n=10 - thereof in 
   winter avail.: 10) 
 

10 percent of fats and oils have low or medium anti-nutrient content: 
1 sugarcane (jaggery - juice - 2.46) 
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Animal products 
   (n=46 - thereof in 
   winter avail.: 46) 
 

61 percent of animal products have low or medium anti-nutrient content: 
1 whole cow milk (3.85), 2 whole buffalo milk (3.37), 3 chicken gizzard (2.14), 

 4 chicken meat (1.15), 5 pork spleen (1.12), 6 pork shoulder (0.79), 7 skimmed cow 
milk (0.76), 7 sheep spleen (0.76), 7 pork chops (0.76), 8 rabbit chops (0.74),  

9 pigeon meat (0.72), 10 hare chops (0.71), 11 hare shoulder (0.69), 12 panner (cot-
tage cheese - 0.68), 12 hare leg (0.68), 13 rabbit leg (0.67), 14 country hen meat 

(0.66), 15 pork ham (0.53), 16 sheep shoulder (0.52), 17 sheep chops (0.49), 
18 sheep leg (0.48), 19 sheep tripe (0.44), 20 goat legs (0.41),21 goat chops (0.4), 
22 goat milk (0.39), 23 goat shoulder meat (0.38), 24 sweetened whole milk curd 

(0.21), 25 lamb/mutton meat (0.16) 
Fish 
   (n=15 - thereof in 
   winter avail.: 15) 

27 percent of fishes have low or medium anti-nutrient content: 
1 pangas (0.69), 2 fish: catla, mrigal, rohu - ventral with skin (0.28), 3 fish: catla, 

mrigal, rohu - dorsal with skin (0.27), 4 gold spot mullet (0.23) 

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: 
Bundesministerium für Ernährung und Landwirtschaft, 2021; Government of Canada, 2021; Longvah et al., 2017; Shaheen 
et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 
2021. 

Fruits - Figs (4.94 all-nutrient winter price ratio), white flesh guavas (3.36) and ripe bananas (poovam 
banana - 3.26, closely followed by robusta - 3.06) are the most cost-effective fruits regarding nutri-
ent-density of analyzed 38 nutrients available in winter season. Indeed, the range of fruits available 
in winter is limited and merely 66 percent (n=56) were found available at Bolpur retail market during 
winter price collection in December2020/January 2021. Out of these fruits, nearly 50 percent were 
found to have exclusively low and medium anti-nutritive levels (considering oxalate, phytate, poly-
phenol - as well as sodium and dietary fibre) - from this perspective, bananas (poovam, robusta) as 
well as bael fruits (2.82) and pineapples (2.47) may be considered best choices to offer malnourished 
children and mothers in winter season. Indeed, berries as blackberries and gooseberries belong to 
the most cost-effective foods marketed at Bolpur (with an all-nutrient winter price ration of 3.89 and 
3.68, respectively), as well as several kinds of mangos (ranging from 2.97 to 2.38) - all of them, how-
ever, are unavailable in winter season. All in all fruits are rather costly and therefore do not achieve 
highest all-nutrient levels (with figs achieving rank 58 amongst all nutrients, and poovam banana 
ranking 101st, respectively). Still vitamin C is known to enhance nonheme iron absorption (Michael-
sen et al., 2009) and should be integrated in iron-rich meals. Guavas and emblic (amloki) fruit have 
highest vitamin C contents amongst winter fruits (absolutely per 100g edible portion). 

Roots and tubers -  Elongate radish (white as well as red skin - 6.45/6.28 all-nutrient winter price ra-
tio), red skin potato (4.21) and water chestnut (4.12) are the most cost-effective roots and tubers 
available at Bolpur retail market in winter (as found purchasable during price collection in December 
2020/January 2021). Beet root, known as very nutritious foods, offers least nutrient density in rela-
tion to its costs (2.57) - with its fairly high price of 48.70 Rupees per edible portion kg (compared to 
30.60 Rupees in case of red skin potatoes or 32.50 Rupees for water chestnut, respectively). Overall, 
most roots and tubers available in winter offer low and medium anti-nutritive elements only (67 per-
cent, n=12). This is valid for radish, yam, potato, water chestnut, orange carrot, sweet potato and 
tapioca. Considered from this perspective, roots and tubers appear - generally spoken - as adequate 
choice to nourish malnourished children and mothers. Instead of commonly consumed brown skin 
potatoes, red skin potatoes might be preferred to purchase from the market, as those offer more 
nutrients in relation to the invested money (4.21 all-nutrient winter price ratio compared to 3.68 for 
big brown skin potatoes and 3.57 for small brown skin potatoes). Yam roots (wild, ordinary as well as 
elephant varieties - 5.4/4.81 and 4.15 all-nutrient winter price ratio) pose a good alternative to pota-
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toes and might be tried to become habitual to Adivasi Santal families (potentially also by growing 
them in the course of crop diversification) - however, those are unavailable in winter season. Consid-
ering sweet potatoes, brown skin varieties (3.82) should be preferred over pink skin varieties (3.37).   

Condiments and spices - Fresh Coriander leaves are the most cost-effective spice option considering 
winter prices (with an all-nutrient winter price ratio of 9.37) - followed by lemon peel (3.25), Fenu-
greek seeds (methi - 2.37) and dried bay leaves (2.34). Widely used turmeric powder achieves a mid-
dle value for money (1.69), while mace (jayitri - 0.23), asafoetida (0.2) and nutmeg (jayfol - 0.18) of-
fer least nutrients related to invested money. Overall, spices are frequently very high in dietary fibre, 
as well as oxalates and polypehnols. Yet, as commonly only small amounts of spices are used, this 
does not pose too big a problem. Condiments and spices with exclusively low or medium anti-
nutritive levels are Coriander leaves, onion (small as well as big), and green chillies. 

Nuts and oilseeds - Linseeds, mustard and sesame seeds offer best nutrient density in relation to 
money spent per 100g edible portion - based on winter price analysis (with an all-nutrient winter 
price ratio of 10.16, 5.38 and 3.56, respectively). White gingely seeds (2.65), sunflower seeds (2.1), 
groundnuts (1.95) and safflower seeds (1.79) are further fairly cost-effective options to choose - 
while walnuts (0.36), fresh areca nuts (0.36), fresh coconut kernel (0.35)as well as almonds (0.28) are 
too costly considering nutrients provided. No single nut or oil seed shows exclusively low or medium 
anti-nutritive levels - as most of them are high in dietary fibre and several further very high in phy-
tate (linseeds, white gingelly seeds, safflower seeds, cashew nuts and almonds). Overall, mustard 
seeds appear the best option to choose, as those are lowest in phytate (compared to other nuts and 
oil seeds) - they may be used in local meals instead of traditionally used sesame. Groundnuts have 
the benefit to be known to be beneficial to improve gut microbiota of malnourished children (Gehrig 
et al., 2019), what may help achieving adequate growth rates and an overall healthy development. 

Sugars, fats, oils and miscellaneous - Soybean oil offers best nutrient density in relation to retail pur-
chasing costs (with an all-nutrients winter-price ratio of 3.06), followed by sugarcane (1.49 or rather 
2.46 in case of sugarcane juice), sesame and peanut oil (1.47/1.36). Unfortunately, data on mustard 
oil (the most widely used oil amongst Santal Adivasi families) is incomplete with only 17 out of 38 
nutrients being available in accessible FCTs. However, with not even half of nutrients analyzed, it 
ranks medium amongst all fats and oils (with an all-nutrient winter price ratio of 0.34) - so presuma-
bly, it is an adequate oil to use. Margarine, salted butter as well as salted mayonnaise are all inade-
quate choices to feed children and mothers with moderate malnutrition, as sodium contents are very 
high. Sugar (even though being high in energy) offers only few nutrients (0.32) and jaggery/sugarcane 
should be preferably used to feed malnourished children.  

Animal products - Chicken liver is the most cost-effective animal product according to winter price 
analysis (with an all-nutrient winter price ratio of 4.3), followed by whole cow/buffalo milk 
(3.85/3.37)and duck eggs (3.06). Duck and chicken meat are adequate meat choices - with an all-
nutrient winter price ratio of 1.22 and 1.15, respectively. Overall, animal products are pricy and ac-
cordingly rather unaffordable to most Santal families. Hence, animal husbandry appears worth to go 
for: with pork, rabbit and hare being most nutritious meat choices and country hen as well as duck 
eggs further being nutritive options. A great benefit of consuming (at least small amounts of) meat 
and animal products is that those foods contain besides sodium no other anti-nutritive element. 
Hence, bioavailability of nutrients is better compared to grain legumes, cereals and millets as well as 
vegetables, respectively. While planning meals for malnourished children the so-called "meat factor" 
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should be kept in mind, which says that even in case of consuming merely small amounts of meat 
(50g for an adult), absorption of nonheme iron from phytate-rich meals improves (Bæch et al., 2003). 
Research further suggests, that besides going for measures of food processing in order to reduce 
phytate in meals, consumption of animal foods is necessary to overcome iron and zinc deficits in 
infants and children relying on cereal-based diets (Hotz & Gibson, 2005; Yeudall et al., 2005). 

Fish - Pangas is the most cost-effective fish according to winter price analysis (with an all-nutrient 
winter price ratio of 0.69) - followed by mixed species of mussels/clam (0.59) and mullet (0.48). 
Commonly eaten fishes (catla, mrigal and rohu) achieve medium scores with ranks five and six (out of 
twelve - ventral 0.28/dorsal 0.27). Big prawns (0.16), (sea) crabs (0.14) and oyster (0.07) show least 
cost-effectiveness - with fairly high prices. Overall, it can be said, that fish is pricy and not at all af-
fordable to Santal tribal families on a daily (or even weekly) basis. Unfortunately, most fishes are 
listed in the Bangladeshi FCT, which offers less data compared to the Indian one -what is why many 
fishes could not be integrated in winter price analysis at full comparability. Still, several fishes appear 
cost-effective even with lesser nutrients analyzed - those are: mural (36 nutrients - 3.55), silver carp 
(14 nutrients, 1.16), gold fish (36 nutrients, 1.03) and tilapia (37 nutrients, 0.96). Repeated analysis 
with a more complete data set appears worthwhile at a later stage and might be subject to further 
research. Bogard et al. (2015) already filled some part of the knowledge gap with their presentation 
of "nutrient composition of important fish species in Bangladesh".  Overall, fish contains no anti-
nutrient but sodium. Unfortunately, merely three of the fishes analyzed with 38 nutrients at full 
comparability had low or medium sodium levels: pangas (0.69), fish (catla, mrigal, rohu - 0.28/0.27 
ventral/dorsal) and gold spot mullet (0.23). Mussels, crabs, prawns as well as small fry fish show very 
high sodium levels and should be avoided in malnourished populations. 

Cost-effectiveness perspective versus absolute nutrient density - It shall be pointed out very clearly 
that most cost-effective foods do not contain most nutrients in absolute terms but merely in relation 
to invested money to purchase such foods. This means that there are other (costlier foods) which are 
even more nutritious. If money is no concern such foods should be preferred to consume (and plant 
in kitchen gardens, respectively) - while considering given monetary constraints amongst Santal Adi-
vasi families, planning for cost-effective meals seems worthwhile. Listed below are top 10 most nutri-
tious or rather cost-effective foods for each FG (except for vegetables, where the 15 most nutrients 
dense/cost-effective foods are named - due to the higher sample size): 

Table 75   Top 10 cost-effective foods per food group (winter price analysis) versus top 10 most nutritious foods 

Food group Top 10 foods: nutrients to cost ratio  

based on 38 nutrients if not mentioned 
otherwise (foods available in winter) 

Top 10 foods: nutrients only  

based on 38 nutrients if not mentioned 
otherwise (foods available in winter) 

Cereals and millets 
   (n=25) 
 

1 dry maize, 2 whole wheat, 3 white 
wheat flour (atta), 4 bulgur/wheat, 5 

rice raw milled, 6 jowar, 7 rice par-
boiled milled, 8 bajra, 9 rice flakes, 10 

brown wheat flour (whole wheat) 

1 bajra, 2 dry maize, 3 whole white 
maize flour, 4 samai, 5 brown wheat 
flour (whole wheat), 6 white wheat 

flour, 7 whole wheat, 8 bulgur/wheat, 
9 jowar, 10 bread (bun/role) 

Grain legumes 
   (n=23) 
 
 

1 brown soybean, 2 white soybean,  
3 Bengal gram whole, 4 horse gram 
whole, 5 black gram whole, 6 brown 

lentils whole, 7 yellowish lentils whole,  
8 moth bean, 9 rajmah brown,  

10 rajmah black 

1 brown soybean, 2 white soybean,  
3 Bengal gram dal (chola),  

4 Bengal gram whole, 5 rajmah black, 
6 rajmah brown, 7 moth bean, 8 whole 

red gram, 9 red gram dal (arhar),  
10 black gram dal (maskalai) 
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Vegetables 
   (n=99) 
 

1 radish leaves, 2 Bathua leaves,  
3 cauliflower leaves, 4 green Colocasia 

leaves, 5 spinach, 6 green Amaranth 
leaves (spinosus), 7 red and green Ama-

ranth leaves (spinosus), 8 Agathi 
leaves, 9 tender Tamarind leaves,  
10 broad beans (makhon shim),  

11 Chinese cabbage, 12 round orange 
pumpkin, 13 Drumstick leaves,  

14 cabbage - collard greens,  
15 green cabbage  

1 Bathua leaves, 2 oyster mushroom 
dried, 3 Agathi leaves, 4 Drumstick 
leaves (Moringa), 5 green Colocasia 

leaves, 6 green Amaranth leaves 
(gangeticus), 7 red Amaranth leaves 

(gangeticus), 8 Fenugreek leaves,  
9 parsley, 10 ponnaganni, 11 green 
spined Amaranth leaves (spinosus),  
12 red and green spined Amaranth 

leaves (spinosus), 13 small Betel 
leaves, 14 black Colocasia leaves,  

15 slender Amaranth leaves 
Fruits 
   (n=68) 
 

1 fig, 2 white flesh guava, 3 ripe ba-
nana (poovam), 4 pink flesh guava,  

5  ripe banana (robusta), 6 musk melon 
with orange flesh, 7 bael fruit, 8 pine-
apple, 9 pale green water melon, 10 

dark green water melon 

1 wood apple, 2 dried black raisins,  
3 dried pale brown dates, 4 dried dark 

brown dates, 5 dried golden raisins,  
6 processed dates, 7 bael fruit,  

8 white flesh guava, 9 lemon juice,  
10 strawberry 

Roots and tubers 
   (n=19) 
 

1 radish elongate white skin, 2 radish 
elongate red skin, 3 red skin potato,  
4 water chestnut, 5 orange carrot,  
6 colocasia, 7 sweet potato with 

brown skin, 8 big brown skin potato, 9 
red carrot, 10 small brown skin potato 

1 orange carrot, 2 sweet potato with 
brown skin, 3 red carrot, 4 big brown 
skin potato, 5 sweet potato with pink 

skin, 6 colocasia, 7 red skin potato,  
8 small brown skin potato, 9 water 

chestnut, 10 beet root 
Condiments and 
spices 
   (n=32) 
 

1 Coriander leaves, 2 lemon peel,  
3 Fenugreek seeds (methi), 4 dried bay 
leaves, 5 cumin seeds, 6 Curry leaves,  
7 small onions, 8 red chillies, 9 Corian-
der seeds, 10 black pepper (golmorich) 

1 poppy seeds (posto dana), 2 cumin 
seeds, 3 mace (jayitri), 4 red chillies,  
5 cloves, 6 Fenugreek seeds (methi),  
7 fennel seeds (mauri) (37 nutrients), 

 8 Coriander seeds, 9 dried bay leaves, 
10 turmeric powder (holud) 

Nuts and oilseeds 
   (n=20) 
 

1 linseeds, 2 mustard seeds, 3 dried 
mustard seeds, 4 dried sesame seeds,  
5 white gingelly seeds, 6 sunflower 

seeds, 7 groundnut, 8 safflower seeds, 
9 dry coconut kernel, 10 dried  

red areca nut 

1 walnut, 2 sunflower seeds, 3 dried 
sesame seeds, 4 white gingelly seeds,  

5 safflower seeds, 6 linseeds,  
7 almond, 8 groundnut, 9 mustard 

seeds, 10 cashew nut 

Sugar, fat, oil, 
miscellaneous 
   (n=16) 
 

1 soybean oil, 2 sugarcane jaggery,  
3 sugarcane jaggery juice, 4 sesame oil, 

5 peanut oil, 6 salted mayonnaise  
(20 nutrients), 7 palm oil, 8 margarine,  

9 mustard oil (17 nutrients),  
10 white sugar  

1 soybean oil, 2 sesame oil, 3 peanut 
oil, 4 margarine, 5 salted mayonnaise 
(20 nutrients), 6 palm oil, 7 salted but-

ter, 8 cow's ghee, 9 sugarcane  
jaggery,10 vegetable's ghee  

Animal products 
   (n=60) 
 

1 chicken liver, 2 whole cow milk,  
3 whole buffalo milk, 4 duck egg,  

5 pork liver, 6 country hen chicken egg, 
7 chicken gizzard, 8 whole egg (poul-
try), 9 sheep liver, 10 sheep kidney 

1 goat liver, 2 sheep liver, 3 pork liver, 
4 chicken liver, 5 pork shoulder, 6 

country hen chicken egg, 7 skimmed 
cow's milk powder, 8 duck egg, 9 pork 

ham, 10 rabbit shoulder 
Fish 
   (n=64) 
 

1 mural (36 nutrients), 2 silver carp (14 
nutrients), 3 rohu (37 nutrients), 4 gold 

fish (36 nutrients), 5 tilapia (37 nutrients), 
6 catla (37 nutrients), 7 pangas, 8 mus-
sel/clam mixed species, 9 pambada (36 

nutrients), 10 river rohu (rui) (27 nutrients) 

1 Indian river shad (chapila) (9 nutrients), 
2 gold spot mullet (parshe), 3 mola 
carplet (10 nutrients), 4 pangas (37 

nutrients), 5 hilsa (36 nutrients), 6 cat 
fish (bacha), 7 cat fish (pabda), 8 black 

pomfret (36 nutrients), 9 rohu (37 
nutrients), 10 chanda Indian glaasy fish 

(chanda, ranga) (9 nutrients) 

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: 
Bundesministerium für Ernährung und Landwirtschaft, 2021; Government of Canada, 2021; Longvah et al., 2017; Shaheen et 
al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 2021. 
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The table outlines in bold writing foods which are both, cost-effective and very nutritious in absolute 
terms - those might be preferred when choosing foods to develop recipes for malnourished popula-
tions. Those foods are as follows (most cost-effective food named first, in descending: 

 cereals and millets: dry maize, whole wheat, white wheat flour (atta), bulgur/wheat, jowar, 
bajra, brown wheat flour (whole wheat) 

 grain legumes: brown soybean, white soybean, Bengal gram whole, moth bean, rajmah 
brown, rajmah black 

 vegetables: Bathua leaves, green Colocasia leaves, Agathi leaves 
 fruits: white flesh guava, bael fruit 
 roots and tubers: red skin potato, water chestnut, orange carrot, colocasia, sweet potato 

with brown skin, big brown skin potato, red carrot, small brown skin potato 
 condiments and spices: Fenugreek seeds (methi), dried bay leaves, cumin seeds, red chillies, 

Coriander seeds 
 nuts and oilseeds: linseeds, mustard seeds, dried sesame seeds, white gingelly seeds, sun-

flower seeds, groundnut, safflower seeds 
 sugar, fat, oil, miscellaneous: soybean oil, sugarcane jaggery, sesame oil, peanut oil, salted 

mayonnaise, palm oil 
 animal products: chicken liver, duck egg, pork liver, country hen chicken egg, sheep liver 
 fish: rohu, pangas 

Picture 18   Foods available in winter season proven cost-effective and nutritious in absolute terms 

         
maize, dry                       whole wheat                 white wheat flour         bulgur wheat                jowar 

         
bajra                               brown soybean            white soybean                Bengal gram whole.....moth bean 

          
rajmah brown               rajmah black                 Bathua leaves                green Colocasia leaves      Agathi leaves 



Cost-effectiveness analysis of local foods: nutrient density to seasonal retail cost ratio  - Winter price analysis 

270 

          
white flesh guava           bael fruit                         red skin potato                 water chestnut                   Colocasia  

          
sweet potato (brown skin)     big brown skin potato    red carrot                small brown skin potato   Fenugreek seeds 

             
cumin seeds                    red chillies                      Coriander seeds              linseeds                           mustard seeds 

         
white gingelly seeds     sunflower seeds             groundnut                      safflower seeds                sugarcane (jaggery) 

Source: Longvah et al., 2017. 

Very interestingly, while rice is a cost-effective food it does not belong to the top 10 foods in abso-
lute terms. Still, as eating rice is a deeply rooted habit it appears needful to integrate rice in the daily 
meals schedule of Santal Adivasi children and mothers.  

Critical nutrients to cover in the CF period: Calcium, iron and zinc - The all-nutrient winter price ratio 
does tell what foods contain most of 38 analyzed nutrients in relation to the cost involved to pur-
chase such foods. Yet, it does not distinguish between foods especially rich or poor in specific nutri-
ents as iron or zinc, respectively. What does not pose a problem at first sight (as RDAs of all nutrients 
should be covered equally), does pose challenges when it comes to practical recipe development and 
meal planning for malnourished children and their mothers. There are, indeed, nutrients for which it 
is less easy to fulfil RDAs - literature names calcium, iron and zinc as most problematic to be covered 
in the CF period (Solomons & Vossenaar, 2013). For this reason, named nutrients shall be analyzed 
separately in a single analysis in the following in order to identify foods which are cost-effective in 
covering calcium, iron and zinc needs. Moreover, adequate sources of vitamin C shall be presented, 
which is known to improve absorption of nonheme iron (Michaelsen et al., 2009) - addition of vita-
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min C-rich foods seems meaningful in this context, in order to overcome high levels of anaemia 
amongst children and their mothers. 

Single nutrient analysis: calcium - The analysis compares what foods belong to the 20 most calcium-
rich food sources (1) in absolute terms, considering RDA ratio (calcium per 100g edible portion/RDA 
of moderately malnourished children aged 12-23 months), and (2) seen from cost-effectiveness per-
spective, considering calcium winter price ratio (RDA ratio/retail cost per 100g edible portion). While 
in absolute terms, fish as well as condiments and spices belong most often to top 20 calcium sources 
- it is vegetables from a cost-effective point of view - as shown by Chi-Square analysis: 

Absolute perspective (as per calcium RDA ratio): 

 condiments and spices belong more often to top 20 calcium foods than expected compared 
to all other foods: p<0.001, Fisher's exact test (n=32, compared to 393 other foods) 

 fish belongs more often to top 20 calcium foods than expected compared to all other foods:  
p<0.05, Fisher's exact test (n=63 compared to 362 other foods) 

Cost-effectiveness perspective (as per calcium winter price ratio): 

 vegetables belong more often to top 20 calcium foods than expected compared to all other 
foods: p<0.001, Pearson Chi-Square test (n=99 compared to 326 other foods) 

Following foods belong to the top 20 calcium sources according to both, absolute and cost-
effectiveness analysis - and may accordingly preferably be used to better meet calcium requirements 
of children and mothers suffering from moderate malnutrition: 

 Vegetables: Agathi leaves (bok ful shak) 
 Condiments and spices: dried bay leaves, fennel seeds (mauri), cumin seeds  
 Nuts and oilseeds: white gingelly seeds, dried sesame seeds 
 Fish: Indian river shad (chapila) 

Very clearly, condiments and spices are not that suitable to cover nutrient needs, as rather small 
amounts are used. Instead, Agathi leaves appear as good option to cover calcium needs, as well as 
gingelly seeds and dried sesame seeds (which both contain very high levels of oxalate and phytate, 
still - and should accordingly be soaked in water before cooking). If fish is anyhow affordable, Indian 
river shad may be eaten from time to time to cover calcium needs.  

The following table shows the top 20 most calcium-rich foods - according to cost-effectiveness analy-
sis (winter price ratio) and in absolute terms (RDA ratio). In bold writing are foods which are both, 
cost-effective and calcium-dense in absolute terms.
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Table 76   Top 20 calcium-rich foods - available in winter season: cost-effective food sources of calcium versus absolute perspective (calcium/100g edible portion related to RDA) 

Cost-effective perspective: most calcium-rich foods 
(winter price ratio: RDA ratio/retail cost per 100g edible portion) 

Absolute perspective: most calcium-rich foods 
(RDA ratio: nutrient content per 100g edible portion/RDA) 

Rank 
(winter price ratio) 

Food group Food name Rank  
(RDA ratio) 

Food group Food name 

1 (0.53) Vegetables Agathi leaves (bok ful shak) 1  (2.41) Cond. & spices Poppy seeds (posto dana) 
2  (0.28) Vegetables Radish leaves 2  (2.4) Animal products Cow milk powder, skimmed 
3  (0.24) Vegetables Colocasia leaves, black (kalo kochu shak) 3  (2.25) Nuts & oilseeds Gingelly seeds, white 
4  (0.21) Vegetables Amaranth, spined leaves red and green (sp.) 4  (2.11) Cond. & spices Fennel seeds (mauri) 
5  (0.15) Vegetables Colocasia leaves, green (shobuj kochu shak) 5  (1.86) Fish Indian river shad (chapila) 
5  (0.15) Vegetables Cabbage, collard greens 6  (1.84) Fish Mullet, gold spot (parshe) 
6  (0.14) Cond. & spices Bay leaf, dried 7  (1.75) Cond. & spices Cinnamon, ground 
6  (0.14) Vegetables Sweet potato leaves 8  (1.7) Nuts & oilseeds Sesame seeds, dried 
7  (0.13) Nuts & oilseeds Gingelly seeds, white 9  (1.68) Animal products Cow milk powder, whole 
7  (0.13) Cond. & spices Fennel seeds (mauri) 10  (1.63) Fish Chanda, Indian glaasy fish (chanda, ranga) 
7  (0.13) Vegetables Amaranth leaves green (gangeticus) 11  (1.58) Vegetables Agathi leaves (bok ful shak) 
7  (0.13) Vegetables Drumstick leaves (Moringa) 12  (1.54) Cond. & spices Cumin seeds 
7  (0.13) Vegetables Cauliflower leaves 13  (1.46) Cond. & spices Bay leaf, dried 
8  (0.12) Nuts & oilseeds Sesame seeds, dried 14  (1.35) Fish Mola carplet (mola) 
8  (0.12) Vegetables Parsley 15  (1.26) Cond. & spices Coriander seeds 
8  (0.12) Vegetables Bathua leaves 16  (1.16) Cond. & spices Curry leaves 
9 (0.11) Vegetables Ponnaganni 17  (1.15) Fish Mrigal carp (mrigal) 
10  (0.1) Vegetables Betel leaves, big and small 18  (1.14) Fish Rohu, river (rui) 
11 (0.09) Fish Indian river shad (chapila) 19  (1.1) Fish Day's mystus, combined species (tengra) 
11  (0.09) Cond. & spices Cumin seeds 20  (1.06) Animal products Khoa 
11  (0.09) Nuts & oilseeds Mustard seeds    
11  (0.09) Nuts & oilseeds Linseeds    
11  (0.09) Vegetables Slender Amaranth leaves (notay shak)    
11  (0.09) Vegetables Rumex leaves    

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Govern-
ment of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 2021. 
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Single nutrient analysis: iron - In absolute terms, most iron-dense foods (per 100g edible portion) 
belong more often to the FG of condiments and spices as well as to nuts and oilseeds - while animal 
products remain with no significance (p=0.105, 1-sided testing, Fisher's exact test). From a cost-
effective point of few it is more often vegetables and cereals and millets which offer most iron in 
relation to purchasing costs - statistical details are given as follows: 

Absolute perspective (as per iron RDA ratio): 

 condiments and spices belong more often to top 24 iron foods than expected compared to 
all other foods: p<0.001, Fisher's exact test (n=32 compared to 393 other foods) 

 nuts and oilseeds belong more often to top 24 iron foods than expected compared to all 
other foods:  p<0.05, Fisher's exact test (n=20, compared to 405 other foods) 

Cost-effectiveness perspective (as per iron winter price ratio): 

 vegetables belong more often to top 24 iron foods than expected compared to all other 
foods: p<0.01, Pearson Chi-Square test (n=99 compared to 326 other foods) 

 cereals and millets belong more often to top 24 iron foods than expected compared to all 
other foods: p<0.01, Fisher's exact test (n=25 compared to 400 other foods) 

Following foods belong to the top 24 iron sources according to both, absolute and cost-effectiveness 
analysis - and may accordingly preferably be used to better meet calcium requirements of children 
and mothers suffering from moderate malnutrition: 

 Vegetables: Jute leaves (pat shak) 
 Condiments and spices: dried bay leaves, turmeric powder, spearmint leaves 
 Nuts and oilseeds: mustard seeds, dried mustard seeds 

Again, condiments and spices are not optimal foods to be eaten in larger amounts and therewith 
incapable to cover iron needs of moderately malnourished children and mothers in practice - the 
same is true for mustard seeds (fresh as well as tried). Jute leaves remain as adequate iron source.  

The following table completes the picture portraying the top 24 most iron-rich foods - according to 
cost-effectiveness analysis (winter price ratio) and in absolute terms (RDA ratio). In bold writing are 
foods which are both, cost-effective and calcium-dense in absolute terms.  

Chicken liver and horse gram appear as practical iron sources in absolute terms - besides animal in-
nards such as sheep/goat or pork spleen and pork and sheep liver. There are several vegetables (es-
pecially leafy ones) which offer good iron-contents in relation to their purchasing costs - as radish 
leaves, Amaranthus spinosus, cauliflower leaves, Jute leaves, Bengal dayflower leaves, beet greens, 
Coriander leaves and others. Further several cereals are cost-effective when it comes to iron-
content: bajra, brown whole grain wheat flour, rice flakes, white wheat flour (atta) and dry maize. 
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Table 77   Top 24 iron-rich foods - available in winter season: cost-effective food sources of iron versus absolute perspective (iron/100g edible portion related to RDA) 

Cost-effective perspective: most iron-rich foods 
(winter price ratio: RDA ratio/retail cost per 100g edible portion) 

Absolute perspective: most iron-rich foods 
(RDA ratio: nutrient content per 100g edible portion/RDA) 

Rank 
(winter price ratio) 

Food group Food name Rank  
(RDA ratio) 

Food group Food name 

1  (0.46) Cond. & spices Bay leaf, dried 1  (5.9) Animal products Sheep, spleen 
2  (0.29) Vegetables Radish leaves 2  (5.71) Animal products Goat, spleen 
3  (0.24) Cond. & spices Turmeric powder (holud) 3  (5.12) Cond. & spices Turmeric powder (holud) 
4  (0.23) Cond. & spices Spearmint leaves (pudina pata) 4  (4.78) Cond. & spices Bay leaf, dried 
4  (0.23) Vegetables Amaranth spined leaves, green (spinosus) 5  (3.02) Animal products Pork, spleen 
5  (0.21) Vegetables Cauliflower leaves 6  (2.52) Cond. & spices Mace (jayitri) 
6  (0.2) Nuts & oilseeds Mustard seeds 7  (2.3) Animal products Pork, liver 
7  (0.19) Vegetables Jute leaves (pat shak) 8  (2.29) Cond. & spices Cumin seeds 
7  (0.19) Vegetables Bengal dayflower leaves 9  (1.96) Cond. & spices Coriander seeds 
8  (0.18) Vegetables Beet greens 10  (1.82) Cond. & spices Fennel seeds 
9  (0.17) Cereals & millets Bajra 11  (1.74) Cond. & spices Asafoetida 
9  (0.17) Cond. & spices Coriander leaves 12  (1.73) Cond. & spices Spearmint leaves (pudina pata) 
10  (0.16) Cereals & millets Wheat flour, brown, whole grain 13  (1.67) Nuts & oilseeds Gingelly seeds, white 
10  (0.16) Vegetables Amaranth spined leaves, red and green 14  (1.5) Nuts & oilseeds Mustard seeds 
10  (0.16) Vegetables Agathi leaves 15  (1.38) Animal products Sheep, liver 
10  (0.16) Vegetables Rumex leaves 16  (1.32) Cond. & spices Pepper, black (golmorich) 
11  (0.15) Vegetables Parsley 17  (1.17) Nuts & oilseeds Sesame seeds, dried 
11  (0.15) Cereals & millets Rice flakes 18  (1.13) Cond. & spices Poppy seeds (posto dana) 
11  (0.15) Vegetables Colocasia leaves, green (shobuj kochu shak) 19  (1.1) Animal food Chicken liver 
11  (0.15) Vegetables Cabbage, collard greens 20  (1.08) Vegetables Jute leaves 
12  (0.14) Nuts & oilseeds Mustard seeds, dried 21  (1.05) Cond. & spices Cloves 
12  (0.14) Vegetables Amaranth leaves, red (gangeticus) 22  (1.02) Fruits Tamarind, pulp 
12  (0.14) Cereals & millets Wheat four white (atta) 23  (0.99) Nuts & oilseeds Mustard seeds, dried 
12  (0.14) Cereals & millets Maize, dry 24  (0.97) Grain legumes Horse gram, whole 

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Govern-
ment of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 2021. 
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Single nutrient analysis: zinc - From an absolute perspective it is nuts and oilseeds, animal products, 
grain legumes as well as condiments and spices which offer most zinc-dense foods. 

Absolute perspective (as per iron RDA ratio): 

 nuts and oilseeds: p<0.001, Fisher's exact test (n=20, compared to 405 other foods) 
 animal products: p<0.01, Pearson Chi-Square test (n=60, compared to 365 other foods) 
 grain legumes: p=0.01, Fisher's exact test, (n=23, compared to 402 other foods) 
 condiments and spices: p<0.05, Fisher's exact test (n=32, compared to 393 other foods) 

While seen from a cost-effectiveness point of view it is (again) grain legumes, and furthermore cere-
als and millets as well as nuts and oilseeds. 

Cost-effectiveness perspective (as per iron winter price ratio): 

 cereals and millets: p<0.001, Fisher's exact test (n=25, compared to 400 other foods) 
 grain legumes: p<0.001, Fisher's exact test (n=23, compared to 402 other foods) 
 nuts and oilseeds: p<0.05, Fisher's exact test (n=20, compared to 405 other foods) 

Several foods have proven to be rich in zinc as per cost-effectiveness analysis and also considered 
from an absolute perspective (zinc content of foods per 100g edible portion/RDA): 

 Grain legumes: whole brown lentil, brown soybean, Bengal gram dal (chola), white cowpea, 
lentil dal (mosur), white soybean 

 Vegetables: dried oyster mushrooms 
 Nuts and oilseeds: linseeds, dried mustard seeds, dried sesame seeds, white gingely seeds, 

mustard seeds, sunflower seeds 
 Condiments and spices: Fenugreek seeds (methi), dried bay leaf 

Named foods belong to top 20 zinc-dense foods in absolute as well as cost-effective terms. While 
condiments and spices do not have the capacity to cover zinc requirements fully (as they are eaten in 
small amounts only), grain legumes and nuts and oilseeds do so. Dried oyster mushrooms have an 
outstanding position and are the only vegetable dense in zinc also in absolute terms. They might be 
included in the daily meal schedule of Santal Adivasi families, as they are easily storable - however, 
they do contain a very high amount of dietary fibre (while being fully free from phytate and polyphe-
nols). Cost-effective zinc sources are further cereals, with dried maize, brown whole grain wheat 
flour and white wheat flour (atta) offering most zinc related to purchasing costs. 

Details on the top 20 zinc-dense foods (in absolute as well as cost-effective terms) are given in the 
table below and may be used in order to plan meals for moderately malnourished children and 
mothers, in order to cover zinc requirements as per RDA levels. 
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Table 78   Top 20 zinc-rich foods - available in winter season: cost-effective food sources of zinc versus absolute perspective (zinc/100g edible portion related to RDA) 

Cost-effective perspective: most zinc-rich foods 
(winter price ratio: RDA ratio/retail cost per 100g edible portion) 

Absolute perspective: most zinc-rich foods 
(RDA ratio: nutrient content per 100g edible portion/RDA) 

Rank 
(winter price ratio) 

Food group Food name Rank  
(RDA ratio) 

Food group Food name 

1  (0.1) Cereals & millets Maize, dry 1  (0.72) Vegetables Oyster mushroom, dried 
2  (0.08) Nuts & oilseeds Linseeds 2  (0.65) Nuts & oilseeds Gingelly seeds, white 
3  (0.07) Nuts & oilseeds Mustard seeds, dried 3  (0.64) Nuts & oilseeds Sesame seed, dried 
3  (0.07) Vegetables Oyster mushroom dried 4  (0.61) Fish Oyster 
3  (0.07) Cereals & millets Wheat flour, brown, whole grain 5  (0.6) Nuts & oilseeds Pumpkin seeds, dried 
3  (0.07) Cereals & millets Wheat flour, white, atta 6  (0.59) Nuts & oilseeds Sunflower seeds 
3  (0.07) Cereals & millets Wheat, whole 7  (0.53) Cond. & spices Poppy seeds (posto dana) 
4  (0.06) Cereals & millets Bajra 8  (0.49) Nuts & oilseeds Mustard seeds, dried 
5  (0.05) Cereals & millets Maize flour, whole, white 9  (0.45) Nuts & oilseeds Cashew nut 
5  (0.05) Nuts & oilseeds Sesame seed, dried 10  (0.4) Cond. & spices Cardamom, black 
5  (0.05) Cereals & millets Wheat/bulgur 11  (0.39) Nuts & oilseeds Linseeds 
6  (0.04) Vegetables Amaranth spined leaves, green (spinosus) 11  (0.39) Animal products Milk, cow powder, skimmed 
6  (0.04) Grain legumes Bengal gram, whole 12  (0.38) Animal products Goat, chops 
6  (0.04) Nuts & oilseeds Gingelly seeds, white 13  (0.36) Cond. & spices Cumin seeds 
6  (0.04) Cereals & millets Jowar 13  (0.36) Animal products Sheep, liver 
6  (0.04) Grain legumes Lentil, whole, brown 14  (0.35) Animal products Goat, shoulder, meat 
6  (0.04) Nuts & oilseeds Mustard seeds 14  (0.35) Animal products Pork, liver 
6  (0.04) Cereals & millets Rice flakes 15  (0.34) Nuts & oilseeds Mustard seeds 
6  (0.04) Cereals & millets Wheat, semolina (sooji, gom) 16  (0.33) Grain legumes Soybean, brown 
7 (0.03) Nuts & oilseeds Sunflower seeds 16  (0.33) Cond. & spices Coriander seeds 
7 (0.03) Grain legumes Soybean, brown 16  (0.33) Nuts & oilseeds Safflower seeds 
7 (0.03) Cond. & spices Fenugreek seeds (methi) 16  (0.33) Animal products Lamb/mutton meat 
7 (0.03) Cond. & spices Bay leaf, dried 17  (0.32) Cond. & spices Fenugreek seeds (methi) 
7 (0.03) Grain legumes Bengal gram, dal (chola) 18  (0.31) Cond. & spices Bay leaf, dried 
7 (0.03) Grain legumes Cowpea, white 18  (0.31) Cond. & spices Fennel seeds (mauri) 
7 (0.03) Grain legumes Lentil dal (mosur) 18  (0.31) Animal product Milk, cow, powder, whole 
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Cost-effective perspective: most zinc-rich foods 
(winter price ratio: RDA ratio/retail cost per 100g edible portion) 

Absolute perspective: most zinc-rich foods 
(RDA ratio: nutrient content per 100g edible portion/RDA) 

Rank 
(winter price ratio) 

Food group Food name Rank  
(RDA ratio) 

Food group Food name 

7 (0.03) Grain legumes Soybean, white 18  (0.31) Animal product Sheep, shoulder 
7 (0.03) Grain legumes Cowpea, brown 18  (0.31) Cond. & spices Cardamom green  
7 (0.03) Grain legumes Lentil, whole, yellowish 19  (0.3) Grain legumes Lentil, whole, brown 
7 (0.03) Grain legumes Peas, dry (motor) 19  (0.3) Grain legumes Bengal gram, dal (chola) 
7 (0.03) Grain legumes Rajmah, black 19  (0.3) Grain legumes Cowpea, white 
7 (0.03) Grain legumes Black gram, whole 19  (0.3) Grain legumes Lentil dal (mosur) 
7 (0.03) Grain legumes Horse gram, whole 20  (0.29) Grain legumes Soybean, white 
7 (0.03) Cond. & spices Indian pennyworth (thankuni pata) 20  (0.29) Animal products Goat, liver 
7 (0.03) Fruit Monkey-jack, yellowish orange flesh (dewa) 20  (0.29) Animal products Sheep, chops 
7 (0.03) Cereals & millets Barley 20  (0.29) Nuts & oilseeds Almond 
7 (0.03) Cereals & millets Puffed rice 20  (0.29) Animal products Goat, legs 
7 (0.03) Vegetables Parsley    
7 (0.03) Cereals & millets Rice, raw, milled    
7 (0.03) Vegetables Amaranth spined leaves, red and green 

(spinosus) 
   

7 (0.03) Cereals & millets Rice, parboiled, milled    
7 (0.03) Vegetables Bathua laves    
7 (0.03) Vegetables Colocasia leaves, black (kalo kochu shak)    
7 (0.03) Vegetables Tamarind leaves, tender    
7 (0.03) Vegetables Colocasia leaves, green (shobuj kochu shak)    
7 (0.03) Vegetables Broad beans (makhon shim)    
7 (0.03) Vegetables Radish leaves    

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Govern-
ment of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 2021. 
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Single nutrient analysis: vitamin C - Not fruits, but vegetables prove as best sources of vitamin C in 
absolute as well as cost-effective terms, when analyzing what FG belongs more often to top 20 vita-
min C foods compared to all other foods: 

Absolute perspective (as per iron RDA ratio): 

 vegetables: p<0.001, Fisher's exact test (n=99, compared to 326 other foods) 
with most vitamin C-rich vegetables being slender Amaranth leaves, parsley and yellow cap-
sicum (directly after followed by green and briefly after by red capsicum) 

Cost-effectiveness perspective (as per iron winter price ratio): 

 vegetables: p<0.001, Fisher's exact test (n=99, compared to 326 other foods) 
with most vitamin C-rich vegetables found as radish leaves, cauliflower leaves and Agathi 
leaves (bok ful shak) - capsicum varieties follow on slightly lower ranks 

Still, the absolute top ranks are occupied by 4 fruits - both in the RDA and winter price analysis - 
those are emblic (amloki), as well as guava in all its varieties (white fleshed, pink fleshed and green). 

Again, there are foods rich in vitamin C in absolute terms as well as from a cost-effective point of 
view - those might be preferably used to feed malnourished populations (details are given in de-
scending cost-effectiveness order, so the most cost-effective fruit is named first, respectively): 

 Fruits: white flesh guava, emblic (amloki), green/raw guava, pink flesh guava 
 Vegetables: Agathi leaves (bok ful shak), slender Amaranth leaves (notay shak), green capsi-

cum, parsley, yellow capsicum, Amaranth spined leaves (green - Amaranthus spinosus), red 
capsicum, Drumstick leaves (Moringa) 

 Nuts and oilseeds: mustard seeds (dried) 

The table below portrays all details on top 20 vitamin c-dense foods available at Bolpur retail market 
in winter season (as per data collection in December 2020/January 2021). 
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Table 79   Top 20 vitamin C-rich foods - available in winter season: cost-effective food sources of vitamin C versus absolute perspective (vitamin C/100g edible portion related to RDA) 

Cost-effective perspective: most vitamin C-rich foods 
(winter price ratio: RDA ratio/retail cost per 100g edible portion) 

Absolute perspective: most vitamin C-rich foods 
(RDA ratio: nutrient content per 100g edible portion/RDA) 

Rank 
(winter price ratio) 

Food group Food name Rank  
(RDA ratio) 

Food group Food name 

1  (0.74) Fruits Guava, white flesh 1  (6.48) Fruits Emblic (amloki) 
2  (0.71) Fruits Emblic (amloki) 2  (3.26) Fruits Guava, green, raw 
2  (0.71) Fruits Guava, green, raw 3  (3.17) Fruits Guava, pink flesh 
2  (0.71) Fruits Guava, pink flesh 4  (3.06) Fruits Guava, white flesh 
3  (0.65) Vegetables Radish leaves 5  (2.56) Vegetables Slender Amaranth leaves (notay shak) 
4  (0.6) Vegetables Cauliflower leaves 6  (2.23) Nuts & oilseeds Mustard seeds, dried 
5  (0.58) Vegetables Agathi leaves (bok ful shak) 7  (1.9) Vegetables Parsley 
6  (0.57) Vegetables Slender Amaranth leaves (notay shak) 8  (1.85) Cond. & spices Lemon peel 
7  (0.51) Vegetables Capsicum, green 9  (1.81) Vegetables Capsicum, yellow 
8  (0.45) Vegetables Parsley 10  (1.76) Vegetables Capsicum, green 
9  (0.39) Vegetables Capsicum, yellow 11  (1.73) Vegetables Agathi leaves (bok ful shak) 
9  (0.39) Vegetables Amaranth spined leaves, green (spinosus) 12  (1.6) Vegetables Capsicum, red 
10  (0.37) Vegetables Cauliflower 13  (1.54) Vegetables Drumstick leaves (Moringa) 
11  (0.36) Vegetables Capsicum, red 14  (1.47) Vegetables Ponnaganni 
12  (0.35) Vegetables Drumstick leaves (Moringa) 15  (1.34) Cond. & spices Chillies, green 
12  (0.35) Vegetables Amaranth spined leaved, red and green 

(Amaranthus spinosus) 
16  (1.29) Vegetables Mango, green, raw 

13  (0.32) Nuts & oilseeds Mustard seeds, dried 17  (1.23) Vegetables Amaranth leaves, red (gangeticus - lal shak) 
13  (0.32) Vegetables Colocasia leaves, black (kalo kochu shak) 18  (1.19) Vegetables Amaranth leaves, green (Amaranthus 

gangeticus, sobuj data shak) 
14  (0.3) Vegetables Rumex leaves 19  (1.18) Vegetables Amaranth spined leaves, green  

(Amaranthus spinosus) 
15  (0.29) Vegetables Cabbage, collard greens 20  (1.12) Vegetables Bitter gourd leaves, green (korola shak) 
15  (0.29) Vegetables Cabbage, green    

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Govern-
ment of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 2021. 



Cost-effectiveness analysis of local foods: nutrient density to seasonal retail cost ratio  - Winter price analysis 

280 

Aggregate consideration of critical nutrients: calcium, iron and zinc - Single nutrient analysis is indeed 
helpful in order to select foods capable to cover respective nutrient needs. At the same time, keeping 
in mind all relevant information (being the aggregate winter price analysis, the calcium single analysis 
as well as iron, zinc and vitamin C single analyses) appears a challenge. This is why, as a last step of 
winter price cost-effectiveness analysis of locally available foods at Bolpur region, an aggregate 
analysis of most critical nutrients (calcium, iron and zinc) has been conducted in order to summarize 
what foods cover of those optimally. The results are presented in the following paragraphs. 

In absolute terms condiments and spices as well as nuts and oilseeds are the FGs which contain more 
often foods dense in all three critical nutrients, namely calcium, iron and zinc. There are, moreover, 
several animal products offering critical nutrients in greater amount (especially innards as spleen and 
liver), as well as few fishes and vegetables. From a cost-effectiveness point of view, it is again the FG 
condiments and spices and furthermore also vegetables, cereals and grains and nuts and oilseeds 
which offer more often foods dense in critical nutrients in relation to their purchasing costs in winter 
season, compared to all other foods analyzed. 

Absolute perspective (as per CaFeZn RDA ratio): 

 Condiments and spices: p<0.001, Fisher's exact test (n=32, compared to 393 other foods) 
 Nuts and oilseeds: p<0.01, Fisher's exact test (n=20, compared to 405 other foods) 

Cost-effectiveness perspective (as per CaFeZn winter price ratio): 

 Vegetables: p<0.001, Pearson Chi-Square test (n=99, compared to 326) 
 Cereals and millets: p=0.01, Fisher's exact test (n=25, compared to 400 other foods) 
 Condiments and spices: p<0.05, Fisher's exact test, 1-sided (n=32, comp. to 393 other foods) 
 Nuts and oilseeds: p<0.05, Fisher's exact test (n=20, compared to 405 other foods) 

Several foods are both, cost-effective in covering calcium, iron and zinc as well as explicitly dense in 
named nutrients in absolute terms, measuring nutrient content per 100g edible portion (and relating 
it to the RDA of moderately malnourished children aged 1-2 years). Those foods are - presented by 
FG, starting with the most cost-effective food each time: 

 Grain legumes: Horse gram, whole 
 Vegetables: Agathi leaves (bok ful shak), Amaranthus spinosus green leaves (Amaranthus 

spinosus), Jute leaves (pat shak) 
 Condiments and spices: dried bay leaves, spearmint leaves (pudina pata), turmeric powder 

(holud), fennel seeds (mauri), cumin seeds, Coriander seeds 
 Nuts and oilseeds: Mustard seeds, linseeds, dried mustard seeds, white gingelly seeds, dried 

sesame seeds. 

While condiments and spices deliver only small amounts of critical nutrients in the end, as those are 
used in small amounts only, horse gram dal, Agathi leaves, spined green Amaranth leaves, Jute leaves 
as well as mustard seeds (which is locally grown and pressed as oil) appear as adequate foods to use 
on a daily basis in Santal families during winter season. Where possible to afford, linseeds, white 
gingelly seed and sesame seeds may be added to food preparations (as alu posto - a traditional po-
tato sesame seeds dish) - however, such seeds should be soaked before cooking in order to reduce 
anti-nutrient contents (as valid for leafy vegetables considering high oxalate contents).
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Table 80   Top 40 calcium-, iron- and zinc-rich foods - available in winter season: cost-effective food sources of most critical nutrients versus absolute perspective  

Cost-effective perspective: most calcium-, iron- zinc-rich foods 
(winter price ratio: ∑ (RDA ratio/retail cost per 100g edible portion) ) 

Absolute perspective: most calcium-, iron- zinc-rich foods 
(RDA ratio: ∑ (nutrient content per 100g edible portion/RDA) ) 

Rank 
(winter price ratios) 

Food group Food name Rank  
(RDA ratios) 

Food group Food name 

1  (0.7) Vegetables Agathi leaves (bok ful shak) 1  (6.55) Cond. & spices Bay leaf, dried 
2  (0.62) Cond. & spices Bay leaves, dried 2  (6.06) Animal products Sheep, spleen 
3  (0.61) Vegetables Radish leaves 3  (5.89) Animal products Goat, spleen 
4  (0.48) Vegetables Amaranth spined, leaves, green (spinosus) 4  (5.55) Cond. & spices Turmeric powder (holud) 
5  (0.39) Vegetables Amaranth spined, leaves, red and green 

(Amaranthus spinosus) 
5  (4.57) Nuts & oilseeds Gingelly seeds, white 

6  (0.37) Vegetables Cauliflower leaves 6  (4.24) Cond. & spices Fennel seeds (mauri) 
7  (0.35) Vegetables Colocasia leaves, black (kalo kochu shak) 7  (4.18) Cond. & spices Cumin seeds 
8  (0.34) Nuts & oilseeds Mustard seeds 8  (4.06) Cond. & spices Poppy seeds (posto dana) 
9  (0.33) Vegetables Colocasia leaves green (shobuj kochu shak) 9  (3.55) Cond. & spices Coriander seeds 
10  (0.31) Vegetables Cabbage, collard greens 10  (3.51) Nuts & oilseeds Sesame seeds, dried 
11  (0.29) Nuts & oilseeds Linseeds 11  (3.21) Animal products Pork, spleen 
11  (0.29) Vegetables Parsley 12  (2.92) Cond. & spices Mace (jayitri) 
12  (0.28) Nuts & oilseeds Mustard seeds, dried 12  (2.92) Animal products Milk, cow, powder, skimmed 
12  (0.28) Vegetables Sweet potato leaves 13  (2.83) Cond. & spices Cinnamon, ground 
13  (0.27) Cond. & spices Spearmint leaves (pudina pata) 14 (2.66) Animal products Pork, liver 
13  (0.27) Cond. & spices Coriander leaves 15  (2.56) Fish Indian river shad (chapila) 
13  (0.27) Vegetables Rumex leaves 16  (2.54) Nuts & oilseeds Mustard seeds 
14  (0.26) Cond. & spices Turmeric powder (holud) 17  (2.29) Cond. & spices Asafoetida 
14  (0.26) Cond. & spices Fennel seeds (mauri) 18  (2.22) Cond. & spices Curry leaves 
14  (0.26) Vegetables Amaranth leaves, green (sobuj data shak) 19  (2.19) Fish Mullet, gold spot (parshe) 
14  (0.26) Vegetables Drumstick leaves (Moringa) 20  (2.14) Cond. & spices Pepper, black (golmorich) 
15  (0.25) Nuts & oilseeds Gingelly seeds, white 21  (2.13) Cond. & spices Cloves 
15  (0.25) Nuts & oilseeds Sesame seeds, dried 22  (2.11) Vegetables Agathi leaves (bok ful shak) 
15  (0.25) Vegetables Bengal dayflower leaves 23  (2.07) Cond. & spices Spearmint leaves (pudina pata) 
15  (0.25) Vegetables Beet greens 23  (2.07) Animal products Milk, cow powder, whole 
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Cost-effective perspective: most calcium-, iron- zinc-rich foods 
(winter price ratio: ∑ (RDA ratio/retail cost per 100g edible portion) ) 

Absolute perspective: most calcium-, iron- zinc-rich foods 
(RDA ratio: ∑ (nutrient content per 100g edible portion/RDA) ) 

Rank 
(winter price ratios) 

Food group Food name Rank  
(RDA ratios) 

Food group Food name 

15  (0.25) Cereals & millets Wheat flour brown, whole grain 24  (2.06) Fish Chanda, Indian glaasy fish (chanda, ranga) 
16  (0.24) Cond. & spices Cumin seeds 25  (2.03) Fish Mola carplet (mola) 
16  (0.24) Cond. & spices Coriander seeds 26  (1.93) Nuts & oilseeds Mustard seeds, dried 
16  (0.24) Vegetables Jute leaves (pat shak) 27  (1.9) Cond. & spices Cardamom, green 
16  (0.24) Vegetables Amaranth leaves, red (gangeticus - lal shak) 28  (1.83) Cond. & spices Cardamom black 
16  (0.24) Vegetables Slender Amaranth leaves (notay shak) 29  (1.75) Animal products Sheep, liver 
16  (0.24) Cereals & millets Bajra 30  (1.74) Cond. & spices Pippali 
16  (0.24) Vegetables Bathua leaves 31  (1.67) Grain legumes Horse gram, whole 
16  (0.24) Cereals & millets Maize, dry 31  (1.67) Grain legumes Soybean, brown 
17  (0.23) Cereals & millets Wheat four, white (atta) 32  (1.58) Nuts & oilseeds Pumpkin seeds, dried 
18  (0.22) Grain legumes Horse gram, whole 33  (1.55) Nuts & oilseeds Sunflower seeds 
18  (0.22) Cereals & millets Wheat, whole 34  (1.54) Grain legumes Soybean, white 
19  (0.21) Vegetables Betel leaves, big 35  (1.51) Animal products Khoa 
19  (0.21) Vegetables Spinach 36  (1.49) Cond. & spices Fenugreek seeds (methi) 
20  (0.2) Vegetables Cluster beans 37  (1.48) Fish Day's mystus, combined species (tengra)  
20  (0.2) Vegetables Tamarind leaves, tender 38  (1.47) Vegetables Amaranth spined leaves, green (spinosus) 
21  (0.19) Vegetables Ponnaganni 39  (1.45) Nuts & oilseeds Linseeds 
21  (0.19) Vegetables Betel leaves, small 40  (1.41) Vegetables Jute leaves (pat shak) 
21  (0.19) Cereals & millets Rice flakes    
21  (0.19) Cereals & millets Wheat, bulgur    

Source: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Government 
of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 2021. 

. 
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Winter price cost-effectiveness analysis: core findings - Finally there are several foods available at 
Bolpur which appear helpful to cover nutrient needs of Santal Adivasi children and mothers, suffering 
from moderate malnutrition. The following table summarizes such adequate winter foods - which are 
at the same time cost-effective and dense in nutrient from an absolute perspective. 

Table 81   Summary winter price analysis: Foods adequate to feed malnourished children/mothers - considering absolute 
nutrient density and cost-effectiveness  

Food group Cost-effective & and nutrient-dense winter foods  
~ named for each FG in descending cost-effectiveness order ~ 
~ grey writing indicates incomplete data base with <38 nutrients ~ 

 1 as per all-nutrient analysis (38 nutrients - top10 foods) 
2 as per calcium single analysis (top20 foods) 

3 as per iron single analysis (top24 foods) 
 4 as per zinc single analysis (top20 foods) 
5 as per critical nutrient analysis (Ca, Fe, Zn - top20 foods) 
6 as per vitamin C single analysis (top20 foods) 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total dietary fibre 
 

Cereals and 
millets 
 

dry maize1, whole wheat1, white wheat flour (atta)1, bulgur/wheat1,b, jowar1, ba-
jra1, brown whole grain wheat flour1 

Grain  
legumes 

brown soybean1,4, white soybean1,4,e, Bengal gram whole1,e, horse gram whole5,c, 
whole brown lentil4, rajmah brown1,c, moth bean1, rajmah black1,c, Bengal gram dal 
(chola)4, white cowpea4, lentil dal (mosur)4 

Vegetables 
 

Bathua leaves1,a, green Colocasia leaves1,a, Amaranth spined leaves (green - 
Amaranthus spinosus)1,5,6,a, Amaranth spined leaves (red and green - Amaranthus 
spinosus)1,a, Agathi leaves1,2,5,6, Drumstick leaves (Moringa)6, parsley6, small Betel 
leaves1,a, green capsicum6, yellow capsicum6, red capsicum6, dried oyster mush-
rooms4,e, black Colocasia leaves1, slender Amaranth leaves (notay shak)1,6, Jute 
leaves (pat shak)3,5 

Fruits 
 

white flesh guava1,6, pink flesh guava6, c, bael fruit1, green/raw guava6, emblic (am-
loki)6 

Roots and 
tubers 
 

red skin potato1, water chestnut1, orange carrot1, colocasia1, sweet potato with 
brown skin1, big brown skin potato1, red carrot1, small brown skin potato1 

Condiments 
and spices 

Fenugreek seeds (methi)1,4,e, dried bay leaves1,2,3,4,5,e, cumin seeds1,2,5,e, red chil-
lies1,e, Coriander seeds1,5,a,b,e, turmeric powder (holud)3,5,a,c, fennel seeds 
(mauri)2,5,e, spearmint leaves (pudina pata)3,5,c 

Nuts and 
oilseeds 

linseeds1,4,5,b, mustard seeds1,3,4,5, dried mustard seeds4,6,5, dried sesame 
seeds1,2,3,4,5, white gingelly seeds1,2,4,5,a,b, sunflower seeds1,4,c, groundnut1, safflower 
seeds1,b 

Sugar, fat, oil, 
miscellaneous 

soybean oil1, sugarcane jaggery1, sesame oil1, salted mayonnaise1,d, palm oil1 

Animal prod-
ucts 

chicken liver1, duck egg1, pork liver1, country hen chicken egg1, sheep liver1 

Fish rohu1, pangas1, Indian river shad (chapila)2 
Source: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: 
Bundesministerium für Ernährung und Landwirtschaft, 2021; Government of Canada, 2021; Longvah et al., 2017; Shaheen 
et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 
2021. 

There are many more foods which were found cost-effective (but not nutrient-dense in absolute 
terms). Those should complement the daily menu of Santal Adivasi families and help to keep make 



Cost-effectiveness analysis of local foods: nutrient density to seasonal retail cost ratio  - Winter price analysis 

284 

meals affordable. The higher the nutrient needs of a person are (if she or he is in a weak position 
after an infection, respectively), the more foods nutrient-dense in absolute terms may be used to 
feed this person (in order to recover quickly and regain weight in case of a loss). Otherwise foods 
shown in the table below may well be used to nourish the family - those tend to be cheaper. 

Table 82   Summary winter price analysis: Foods adequate to feed malnourished children/mothers - considering cost-
effectiveness  

Food group Cost-effective winter foods  
~ named for each FG in descending cost-effectiveness order ~ 
~ grey writing indicates incomplete data base with <38 nutrients ~ 

 1 as per all-nutrient analysis (38 nutrients - top10 foods) 
2 as per calcium single analysis (top20 foods) 

3 as per iron single analysis (top24 foods) 
 4 as per zinc single analysis (top20 foods) 
5 as per critical nutrient analysis (Ca, Fe, Zn - top20 foods) 
6 as per vitamin C single analysis (top20 foods) 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total dietary fibre 
 

Cereals and 
millets 
 

rice raw milled1,4, rice parboiled milled1,4, rice flakes1,3,4,5, barley4, puffed rice4, 
wheat semolina (sooji gom)4, maize flour whole white4 

Grain  
legumes 

black gram whole1,4,b, yellowish lentils whole1,4, dry peas (motor)4, brown cowpea4   

Vegetables 
 

radish leaves1,2,3,4,5,6, cauliflower leaves1,2,3,5,6, green Colocasia leaves2,3,4,5,a, 
spinach1,5,a, tender Tamarind leaves1,4,5, broad beans (makhon shim)1,4, Chinese 
cabbage1, round orange pumpkin1, cabbage - collard greens1,2,3,5,6, green 
cabbage1,6, Rumex leaves2,3,5,6, green Amaranth leaves (Amaranthus gangeticus - 
sobuj data shak)2,5, ponnaganni2,5,a, cauliflower6, big Betel leaves2,5,a, red Amaranth 
leaves (Amaranthus gangeticus - lal shak)2,3,5,a, beet greens3,5, cluster beans5, sweet 
potato leaves2,5, Bengal dayflower leaves3,5 

Fruits 
 

fig (dumur, paka)1, ripe banana (poovam)1, ripe banana (robusta)1, musk melon 
with orange flesh1, pineapple1, pale green water melon1, dark green water melon1, 
monkey-jack with yellowish-orange flesh (dewa)4   

Roots and 
tubers 
 

radish elongate white skin1, radish elongate red skin1 

Condiments 
and spices 

Coriander leaves1,3,5, lemon peel1, Curry leaves1, small onions1, black pepper (gol-
morich)1,e, Indian pennyworth (thankuni pata)4,c,d  

Nuts and 
oilseeds 

dried mustard seeds1, dry coconut kernel1, dried red arecanut1,c 

Sugar, fat, oil, 
miscellaneous 

sugarcane jaggery juice1, peanut oil1, margarine1,d, mustard oil1, white sugar1 

Animal prod-
ucts 

whole cow milk1, whole buffalo milk1, chicken gizzard1, whole egg (poultry)1, sheep 
kidney1 

Fish mural1, silver carp1, gold fish1, tilapia1, catla1, mussel/clam mixed species1,d, pam-
bada1, river rohu (rui)1 

Source: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: 
Bundesministerium für Ernährung und Landwirtschaft, 2021; Government of Canada, 2021; Longvah et al., 2017; Shaheen 
et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 
2021. 
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6.3 Summer price analysis 
After having seen cost-effective foods available in winter season at Birbhum district, a similar analysis 
shall be conducted for foods available during summer season. Pearson Chi-Square analysis proves 
that foods from the following FGs belong more often to the top 30 percent of cost-effective summer 
foods - compared to all other foods:  

 vegetables (p<0.001, Pearson Chi-Square, n=99, compared to 326 other foods), 
 roots and tubers (p<0.001, Pearson Chi-Square, n=19, compared to 406 other foods), 
 cereals and millets (p<0.001, Pearson Chi-Square, n=25, compared to 400 other foods), and  
 grain legumes (p<0.05, Pearson Chi-Square, 1-sided testing, n=23, comp. to 402 other foods). 

On the other hand, foods from following FGs belong less often to the top 30 percent of cost-effective 
summer foods - compared to all other foods: 

 fruits (p<0.001, Pearson Chi-Square, n=68, compared to 357 other foods), 
 animal products (p<0.001, Pearson Chi-Square, n=60 compared to 365 other foods), 
 fishes (p<0.001, Pearson Chi-Square, n=63, compared to 362 other foods), 
 condiments and spices (p=0.01, Pearson Chi-Square, n=32, compared to 393), as well as 
 sugars, fats, oils and miscellaneous foods (p<0.01, Fisher's Exact test, n=16, compared to 409 

other foods). 

Compared to winter analysis - vegetables, roots and tubers as well as cereals and millets remain 
amongst most cost-effective FGs, while grain legumes newly broaden this range - meaning that leg-
umes are offered more cheaply in summer compared to winter season. 

Summer-price-ranking of locally available foods - The table below presents most cost-effective foods 
categorized by FG affiliation, covering following FGs: (1) cereals and millets, (2) grain legumes, (3) 
vegetables, (4) fruits, (5) roots and tubers, (6) condiments and spices, (7) nuts and oil seeds, (8) sug-
ars, fats and oils, miscellaneous, (9) animal products and (10) fish. All foods with complete data set 
(38 nutrients) are listed - foods seasonally unavailable (as per April 2021) are marked in grey writing. 
Boldly written ranking number signifies that the respective food contains merely low and medium 
anti-nutritive element levels (and not high or very high contents). 
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Table 83   Most cost-effective foods for each Food group: based on summer prices (April 2021), indicating also anti-nutritive contents to be considered in malnourished populations 

All-Nutrient-
Rank 
(summer price ratio 
- no. of nutrients)  

Food name 
 
(with FG rank) 

Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g 
edible portion) 

Cereals and millets 
8  (13.15 - 38) (1)  Maize, dry Cereals & millets medium  (15.26) high  (646) medium  (32.92) low  (4.44) high   (12.24) 

36  (7.41 - 38) (2)  Wheat, whole Cereals & millets high  (52.46) high  (638) medium  (14.33) low  (2.5) high   (11.23) 

41  (6.82 - 38) (3)  Wheat flour, white (atta) Cereals & millets high  (52.38) high  (632) medium  (13.98) low  (2.04) high   (11.36) 

48  (5.85 - 38) (4)  Jowar, sorghum Cereals & millets medium  (28.38) high  (549) medium  (23.25) low  (5.42) high   (10.22) 

50  (5.72 - 38) (5)  Bajra Cereals & millets high  (53.13) high  (485) high  (67.71) low  (4.11) high   (11.49) 

51  (5.69 - 38) (6)  Wheat, bulgur Cereals & millets medium  (40.23) very high  (679) medium  (9.53) low  (2.09) high   (8.81) 

55  (5.42 - 38) (7)  Rice, raw, milled Cereals & millets low  (1.92) high  (266) low  (3.14) low  (2.34) medium   (2.81) 

56  (5.36 - 38) (8)  Rice, parboiled, milled Cereals & millets high  (5.02) high  (274) medium  (6.93) low  (3.16) high   (3.74) 

59  (5.23 - 38) (9)  Barley Cereals & millets medium  (10.98) high  (386) medium  (23.47) low  (7.56) high   (15.64) 

60  (5.22 - 38) (10)  Rice flakes Cereals & millets medium  (10.97) high  (474) low  (3.16) low  (2.58) medium   (3.46) 

65  (4.75 - 38) (11)  Wheat flour, brown,  
whole grain 

Cereals & millets medium  (8.0) ND ND medium  (16.0) high   (10.7) 

68  (4.37 - 38) (12)  Rice, puffed Cereals & millets medium  (6.27) medium  (115) low  (2.76) low  (3.69) medium   (2.56) 

73  (4.21 - 38) (13)  Wheat flour, refined, 
white (maida) 

Cereals & millets medium  (20.22) high  (123) low  (5.17) low  (1.54) medium   (2.76) 

93  (3.54 - 38) (14)  Wheat, semolina  
(sooji gom) 

Cereals & millets medium  (28.43) high  (549) medium  (6.5) low  (2.31) high   (9.72) 

96  (3.47 - 38) (15)  Maize, tender, local Cereals & millets medium  (5.2) high  (148) medium  (19.0) low  (2.24) medium   (3.67) 

100  (3.38 - 38) (16)  Rice, raw, brown Cereals & millets medium  (12.06) very high  (742) low  (2.81) low  (3.64) medium   (4.43) 

132  (2.55 - 38) (17)  Maize flour, whole 
white 

Cereals & millets ND ND ND low  (5.0) high   (7.3) 

156  (1.88 - 38) (18)  Samai Cereals & millets medium  (6.74) high  (265) medium  (14.24) low  (4.77) high   (7.72) 

181  (1.31 - 38) (19)  Wheat, vermicelli  Cereals & millets medium  (23.84) high  (168) medium  (5.55) low  (2.71) high   (9.28) 

181  (1.31 - 38) (19)  Wheat, vermicelli,  
roasted 

Cereals & millets medium  (21.91) high  (165) medium  (7.37) low  (3.43) high  (9.55) 
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All-Nutrient-
Rank 
(summer price ratio 
- no. of nutrients)  

Food name 
 
(with FG rank) 

Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g 
edible portion) 

192  (1.05 - 38) (20)  Bread, white for toast-
ing 

Cereals & millets ND ND ND very high  (592) medium   (2.5) 

194  (1.03 - 38) (21)  Bread, bun/role Cereals & millets ND ND ND very high  (501) medium   (2.8) 

225   (0.57 - 38) (22)  Biscuit, sweet Cereals & millets ND ND ND high  (83) medium  (2.4) 

Grain legumes 
77  (4.08 - 38) (1)  Soybean, white  Grain legumes high  (119) high  (460) high  (111) low  (2.83) very high  (22.63) 

78  (4.01 - 38) (2)  Soybean, brown Grain legumes high  (122) high  (443) high  (106) low  (2.07) high  (21.55) 

87  (3.74 - 38) (3)  Bengal gram, whole Grain legumes medium  (7.14) high  (578) medium  (64.28) medium  (26.56) very high  (25.22) 

96  (3.47 - 38) (4)  Lentil, whole, brown Grain legumes medium  (10.74) high  (564) high  (274) medium  (11.2) high  (16.82) 

97  (3.46 - 38) (5)  Horse gram, whole Grain legumes high  (181) high  (339) very high  (332) medium  (12.14) high  (7.88) 

100  (3.38 - 38) (6)  Bengal gram, dal (chola) Grain legumes medium  (6.49) high  (450) medium  (14.13) medium  (20.83) high  (15.15) 

103  (3.3 - 38) (7)  Lentil, whole, yellowish Grain legumes medium  (13.88) high  (585) high  (266) medium (10.87) high  (16.66) 

107  (3.23 - 38) (8)  Black gram, whole Grain legumes high  (56.25) very high  (679) medium  (64.28) medium  (26.8) high  (20.41) 

110  (3.08 - 38) (9)  Moth bean Grain legumes medium  (36.11) high  (609) medium  (48.87) medium (26.34) high  (15.12) 

110  (3.08 - 38) (9)  Rajmah, brown Grain legumes medium  (43.41) high  (481) very high  (353) low (10.47) high  (16.95) 

114  (3.02 - 38) (10)  Rajmah, black Grain legumes high  (48.66) high  (470) very high  (358) low (9.4) high  (17.74) 

120  (2.82 - 38) (11)  Field bean, black Grain legumes low  (1.28) very high  (759) high  (180) low  (1.35) very high  (23.4) 

122  (2.78 - 38) (12)  Cowpea, white Grain legumes medium  (17.23) high  (573) medium  (63.57) medium (12.52) high  (11.7) 

123 (2.77 - 38) (13)  Filed bean, white Grain legumes low  (1.23) very high  (791) high  (170) low  (1.7) very high  (22.99) 

124  (2.74 - 38) (14)  Peas, dry (motor) Grain legumes medium  (8.89) high  (413) medium  (30.65) medium (23.4) high  (17.01) 

125 (2.65 - 38) (15)  Filed bean, brown Grain legumes low  (1.26) very high  (773) high  (172) low  (1.41) very high  (22.4) 
 

130  (2.57 - 38) (16)  Cowpea, brown Grain legumes medium  (14.34) high  (550) medium  (59.65) medium (13.68) high  (11.54) 

138 (2.4 - 38) (17)  Green gram, whole Grain legumes medium  (12.29) high  (375) high  (90.74) medium  (12.48) high  (17.04) 

145 (2.14 - 38) (18)  Lentil dal (mosur) Grain legumes medium  (10.46) high  (218) medium  (14.94) low  (10.27) high  (10.43) 

147 (2.07 - 38) (19)  Red gram, whole Grain legumes low  (1.65) high  (604) high  (204) medium  (19.03) very high  (22.84) 
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149 (2.05 - 38) (20)  Black gram dal 
(maskalai) 

Grain legumes medium  (43.78) high  (579) medium  (32.43) medium  (18.88) high  (11.93) 

157 (1.84 - 38) (21)  Green gram dal (mung) Grain legumes medium  (2.46) high  (170) medium  (6.44) low  (10.14) high  (9.37) 

164 (1.69 - 38) (22)  Red gram dal (arhar) Grain legumes low  (1.41) high  (277) medium  (15.94) medium  (18.01) high  (9.06) 

   Vegetables     

1 (19.21 - 38) (1)  Radish leaves Vegetables high  (53.83) medium  (56.23) medium  (27.57) medium  (17.39) medium  (1.82) 

2 (17.36 - 38) (2)  Bathua leaves Vegetables very high  (1,077) medium  (18.48) medium  (42.24) medium  (10.75) medium  (4.01) 

3 (16.83 - 38) (3)  Cauliflower leaves Vegetables high  (172) medium  (13.6) medium  (28.94) medium  (24.31) medium  (3.43) 

4 (16.45 - 38) (4)  Cabbage, Chinese Vegetables medium  (16.55) medium  (16.85) medium  (27.97) medium  (20.28) medium  (2.01) 

5 (14. 54 - 38) (5)  Colocasia leaves, green 
(shobuj kochu shak) 

Vegetables very high  (701) medium  (14.41) high  (124) medium  (12.08) medium  (5.6) 

6 (13.49- 38) (6)  Amaranth spined 
leaves, red and green  
(Amaranthus spinosus) 

Vegetables very high  (1,045) medium  (7.15) medium  (26.19) medium  (16.27) medium  (5.57) 

7 (13.48 - 38) (7)  Tomato, ripe, local Vegetables medium  (5.58) low  (2.39) medium  (36.69) low  (9.73) medium  (1.77) 

9 (12.73 - 38) (8)  Cabbage, collard greens Vegetables medium  (9.42) medium  (12.08) high  (70.89) medium  (22.98) medium  (2.98) 

10 (12.54 - 38) (9)  Cabbage, green Vegetables medium  (2.88) medium  (11.77) medium  (54.92) medium  (14.98) medium  (2.76) 

11 (12.38 - 38) (10)  Tamarind leaves, ten-
der 

Vegetables high  (150) medium  (33.87) medium  (27.65) medium  (13.43) high  (10.7) 
 

12 (12.36 - 38) (11)  Broad beans  
(makhon shim) 

Vegetables medium  (20.25) medium  (5.78) high  (89.14) medium  (20.74) high  (8.63) 

13 (11.3 - 38) (12)  Amaranth spined 
leaves, green (spinosus) 

Vegetables very high  (1,073) medium  (7.4) medium  (24.15) medium  (15.66) medium  (5.1) 

14 (11.24 - 38) (13)  Pumpkin, orange, 
round 

Vegetables medium  (41.22) medium  (19.72) medium  (15.25) low  (8.81) medium  (2.56) 

15 (10.95 - 38) (14)  Pumpkin, green, cylin-
drical 

Vegetables high  (57.33) medium  (22.51) medium  (15.21) low  (5.21) medium  (2.53) 

16 (10.77 - 38) (15)  Drumstick leaves  
(Moringa) 

Vegetables high  (120) high  (128) medium  (29.9) low  (9.34) high  (8.21) 



Cost-effectiveness analysis of local foods: nutrient density to seasonal retail cost ratio  - Summer price analysis 

289 

All-Nutrient-
Rank 
(summer price ratio 
- no. of nutrients)  

Food name 
 
(with FG rank) 

Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g 
edible portion) 

17 (10.12 - 38) (16)  Agathi leaves (bok ful 
shak) 

Vegetables high  (179) medium  (63.33) high  (89.25) medium  (18.12) high (8.6) 

19 (9.75 - 38) (17)  Basella leaves Vegetables high  (170) medium  (49.57) medium  (23.98) medium  (18.74) medium  (2.21) 

21 (9.55 - 38) (18)  Tomato, green Vegetables medium  (8.47) low  (1.08) medium  (7.62) medium  (13.11) low  (1.62) 

22 (9.54 - 38) (19)  Spinach Vegetables very high  (592) medium  (12.01) high  (233) medium  (42.55) medium  (2.38) 

24 (9.38 - 38) (20)  Parsley Vegetables high  (128) medium  (54.32) medium  (46.58) medium  (53.08) medium  (3.87) 

26 (9.11 - 38) (21)  Rumex leaves Vegetables high  (93.76) medium  (30.07) medium  (16.13) medium  (19.95) low  (1.27) 

27 (8.94 - 38) (22)  Tomato, ripe, hybrid Vegetables medium  (2.89) medium  (2.59) medium  (26.35) medium  (11.86) low  (1.58) 

29 (8.34 - 38) (23)  Colocasia stem, black Vegetables high  (250) medium  (25.85) medium  (15.68) low  (0.45) medium  (3.01) 

30 (8.33 - 38) (24)  Betel leaves, big Vegetables very high (493) medium  (57.98) high  (89.68) medium  (16.8) medium  (2.21) 

31 (7.89 - 38) (25)  Ponnaganni Vegetables very high  (465) medium  (32.02) medium  (53.08) medium  (39.36) medium  (6.74) 

32 (7.88 - 38) (26)  Pumpkin leaves, ten-
der 

Vegetables medium  (13.61) medium  (38.27) medium  (20.33) medium  (12.2) medium  (2.25) 

33 (7.74 - 38) (25)  Bottle gourd, elongate, 
dark green 

Vegetables low  (1.7) medium  (10.86) medium  (38.2) low  (1.35) medium  (2.11) 

34 (7.71 - 38) (26)  Betel leaves, small Vegetables very high  (577) medium  (45.34) high  (87.01) medium  (14.04) medium  (1.97) 

35 (7.6 - 38) (27)  Cabbage, violet Vegetables medium  (2.7) medium  (12.81) medium  (59.94) medium  (24.0) medium  (2.21) 

37 (7.33 - 38) (28)  Colocasia stem, green Vegetables high  (229) medium  (26.49) medium  (11.66) low  (0.6) medium  (2.33) 

39 (6.9 - 38) (29)  Amaranth leaves, red 
(gangeticus - lal shak) 

Vegetables very high  (823) medium  (4.9) medium  (27.63) medium  (14.58) medium  (4.91) 

40 (6.84 - 38) (30)  Plantain, stem Vegetables high  (213) medium  (15.33) medium  (12.24) medium  (23.17) medium  (2.12) 

42 (6.8 - 38) (31)  Plantain, flower Vegetables high  (169) low  (2.52) low  (4.43) low  (7.51) medium  (5.25) 

43 (6.69 - 38) (32)  Amaranth leaves, 
green (Amaranthus gangeticus 
- sobuj data shak) 

Vegetables very high  (779) medium  (5.42) medium  (23.81) medium  (16.08) medium  (4.41) 

44 (6.13 - 38) (33)  Fenugreek leaves 
(methi shak)  

Vegetables medium  (34.29) medium  (18.67) high  (105) medium  (47.01) medium  (4.9) 

45 (6.09 - 38) (34)  Mustard leaves Vegetables low  (1.69) medium  (34.69) medium  (38.02) medium  (19.14) medium  (3.92) 
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46 (5.99 - 38) (35)  Bottle gourd, round, 
pale green 

Vegetables medium  (2.53) medium  (11.83) medium  (31.83) medium  (1.52) medium  (2.1) 

47 (5.89 - 38) (36)  Bitter gourd, jagged, 
teeth ridges, short 

Vegetables high  (48.83) medium  (14.39) medium  (50.46) medium  (12.59) medium  (3.49) 

48 (5.85 - 38) (37)  Watercress  
(helencha shak) 

Vegetables ND ND ND medium  (49.0) low  (0.5) 

49 (5.75 - 38) (38)  Bitter gourd, jagged, 
smooth ridges, elongate 

Vegetables medium  (43.37) medium  (12.68) medium  (52.98) medium  (11.16) medium  (3.72) 

52 (5.48 - 38) (39)  Bitter gourd, jagged, 
teeth ridges, elongate 

Vegetables high  (45.4) medium  (13.84) medium  (49.76) medium  (13.09) medium  (3.78) 

53 (5.47 - 38) (40)  Beet greens Vegetables high  (127) medium  (19.01) low  (2.85) high  (111) medium  (3.64) 

58 (5.25 - 38) (41)  Bottle gourd, elongate, 
pale green 

Vegetables medium  (3.75) medium  (10.64) medium  (34.76) low  (1.46) medium  (2.12) 

64 (4.83 - 38) (42)  Onion, stalk Vegetables medium  (29.72) medium  (61.02) medium  (10.73) medium  (15.52) medium  (5.21) 

66 (4.5 - 38) (43)  Ash gourd Vegetables medium  (4.89) medium  (14.6) medium  (10.47) low  (0.77) medium  (3.37) 

67 (4.39 - 38) (44)  Ridge gourd, smooth 
skin 

Vegetables medium  (35.85) medium  (14.98) medium  (11.3) low  (6.27) medium  (1.85) 

70 (4.31 - 38) (45)  Cluster beans Vegetables medium  (16.49) medium  (8.66) medium  (53.15) low  (4.05) medium  (4.83) 

71 (4.24 - 38) (46)  Snake gourd, short Vegetables medium  (14.25) medium  (12.82) medium  (5.9) low  (2.5) medium  (2.29) 

76 (4.09 - 38) (47)  Snake gourd, long, 
dark green 

Vegetables medium  (13.44) medium  (13.04) medium  (6.1) low  (5.04) medium  (2.27) 

81 (3.94 - 38) (48)  Snake gourd, long, 
pale green 

Vegetables medium  (24.22) medium  (13.44) medium  (6.78) low  (7.07) medium  (2.27) 

82 (3.9 - 38) (49)  Bean scarlet Vegetables medium  (20.97) medium  (17.33) medium  (12.68) low  (1.46) medium  (4.5) 

83 (3.88 - 38) (50)  Ladies fingers Vegetables high  (83.87) medium  (3.63) medium  (32.51) low  (7.37) medium  (4.08) 

83 (3.88 - 38) (50)  Pak choi leaves Vegetables medium  (14.35) medium  (18.05) low  (0.0) medium  (33.73) medium  (1.91) 

84 (3.85 - 38) (51)  Field beans, tender, 
lean 

Vegetables medium  (35.12) medium  (5.24) high  (136) medium  (12.76) medium  (6.19) 

85 (3.81 - 38) (52)  Plantain, green Vegetables high  (85.25) medium  (40.44) medium  (25.27) medium  (18.57) medium  (3.6) 
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85 (3.81 - 38) (52)  Tinda, tender Vegetables medium  (3.36) medium  (5.75) low  (2.61) medium  (20.61) medium  (2.0) 

86 (3.78 - 38) (53)  Field beans, tender, 
broad 

Vegetables medium  (34.83) medium  (4.81) high  (133) medium  (14.14) medium  (5.64) 

88 (3.72 - 38) (54)  Celery stalk Vegetables high  (54.23) medium  (25.66) low  (2.9) medium  (10.68) medium  (2.09) 

88 (3.72 - 38) (54)  Mango, green, raw Vegetables medium  (7.51) medium  (15.26) very high  (580) medium  (33.15) medium  (3.01) 

89 (3.68 - 38) (55)  Brinjal Vegetables medium  (34.31) medium  (12.28) medium  (12.79) low  (3.55) medium  (3.98) 

90 (3.64 - 38) (56)  French beans, country Vegetables medium  (36.01) medium  (6.11) medium  (14.59) low  (8.84) medium  (4.38) 

92 (3.58 - 38) (57)  Cauliflower Vegetables medium  (9.82) medium  (18.48) medium  (32.41) medium  (30.72) medium  (3.71) 

94 (3.52 - 38) (58)  French beans, hybrid Vegetables medium  (36.97) medium  (7.51) medium  (14.12) low  (9.18) medium  (4.18) 

98 (3.43 - 38) (59)  Zucchini, green Vegetables medium  (17.83) medium  (10.57) medium  (42.94) low  (0.4) medium  (2.3) 

106 (3.24 - 38) (60)  Drumstick Vegetables high  (123) medium  (85.74) high  (139) medium  (22.38) medium  (6.83) 

109 (3. 1 - 38) (61)  Capsicum, green Vegetables medium  (19.12) medium  (15.96) medium  (10.82) low  (1.84) medium  (2.06) 

115 (2.98 - 38) (62)  Cucumber, green, 
short 

Vegetables medium  (10.49) medium  (16.35) medium  (13.92) low  (6.11) medium  (2.13) 

116 (2.95 - 38) (63)  Capsicum, red Vegetables medium  (16.28) medium  (17.68) medium  (20.3) low  (1.7) medium  (2.19) 

117 (2.94 - 38) (64)  Capsicum, yellow Vegetables medium  (18.07) medium  (14.81) medium  (7.8) low  (1.56) medium  (2.19) 

119 (2.9 - 38) (65)  Ridge gourd Vegetables medium  (29.55) medium  (14.91) medium  (8.31) low  (4.71) medium  (1.81) 

127 (2.62 - 38) (66)  Jackfruit seed, mature Vegetables medium  (38.51) high  (141) medium  (15.53) low  (4.0) high  (8.63) 

136 (2.42 - 38) (67)  Peas, fresh Vegetables medium  (18.42) high  (162) medium  (22.17) low  (3.66) medium  (6.32) 

137 (2.41 - 38) (68)  Oyster mushroom, 
dried 

Vegetables medium  (20.65) low  (0.0) low  (0.0) low  (8.67) very high (39.12) 

139 (2.34 - 38) (69)  Papaya, unripe, raw Vegetables medium  (9.38) medium  (22.08) medium  (5.54) low  (7.55) medium  (2.28) 

146 (2.09 - 38) (70)  Kovai, big Vegetables medium  (7.72) medium  (9.81) low  (1.76) low  (1.53) medium  (3.0) 

150 (2.04 - 38) (71)  Cucumber, green, 
elongate 

Vegetables medium  (12.13) medium  (17.52) medium  (14.1) low  (6.33) medium  (2.14) 

155 (1.89 - 38) (72)  Kovai, small Vegetables medium  (8.15) medium  (8.79) low  (1.6) low  (2.2) medium  (3.25) 

161 (1.75 - 38) (73)  Corn, baby Vegetables medium  (9.22) medium  (26.44) low  (1.91) low  (1.4) medium  (6.09) 
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163 (1.73 - 38) (74)  Parwar Vegetables medium  (3.24) medium  (29.19) medium  (12.14) low  (2.29) medium  (2.61) 

170 (1.49 - 38) (75)  Lettuce Vegetables high  (364) medium  (42.28) medium  (19.47) medium  (17.53) medium  (1.79) 

174 (1.43 - 38) (76)  Knol-khol Vegetables medium  (2.92) medium  (16.16) low  (5.09) medium  (27.46) medium  (2.75) 

177 (1.36 - 38) (77)  Button mushroom, 
fresh 

Vegetables medium  (10.23) low  (0.0) low  (0.0) low  (7.72) medium  (3.11) 

193 (1.04 - 38) (78)  Red gram, tender, 
fresh 

Vegetables medium  (19.83) medium  (6.22) medium  (6.55) low  (2.54) medium  (5.9) 

201 (0.95 - 38) (79)  Jackfruit, raw Vegetables medium  (9.6) medium  (68.79) low  (50.59) low  (3.53) high  (7.69) 

Fruits 

104 (3.27 - 38) (1)  Banana, ripe (poovam) Fruits medium  (2.38) medium  (11.03) medium  (18.6) low  (1.0) medium  (2.33) 

108 (3.11 - 38) (2)  Blackberry Fruits medium  (5.33) medium  (8.97) high  (165) low  (1.21) medium  (4.35) 

108 (3.11 - 38) (3)  Fig (dumur, paka) Fruits high  (46.71) medium  (48.59) medium  (25.16) low  (2.37) medium  (4.64) 

112 (3.06 - 38) (4)  Banana, ripe (robusta) Fruits medium  (3.24) medium  (13.98) medium  (14.41) low  (0.85) medium  (1.94) 

113 (3.03 - 38) (5)  Musk melon, orange 
flesh 

Fruits medium  (2.62) medium  (12.18) low  (4.95) medium  (14.94) medium  (1.51) 

118 (2.93 - 38) (6)  Gooseberry Fruits medium  (7.96) medium  (49.34) very high  (1,031) low  (1.37) high  (7.75) 

128 (2.61 - 38) (7)  Jambu fruit, ripe Fruits medium  (9.6) medium  (8.65) high  (68.47) low  (2.64) medium  (3.07) 

129 (2.59 - 38) (8)  Guava, pink flesh Fruits medium  (9.57) medium  (45.89) very high  (321) low  (1.89) high  (7.39) 

133 (2.47 - 38) (9)  Guava, white flesh Fruits medium  (13.05) medium  (55.36) high  (96.93) low  (2.87) high  (8.59) 

133 (2.47 - 38) (10)  Pineapple Fruits medium  (3.39) medium  (8.59) medium  (22.69) low  (1.43) medium  (3.46) 

134 (2.46 - 38) (11)  Water melon, pale 
green 

Fruits low  (0.55) low  (0.47) medium  (5.78) low  (1.62) low  (0.78) 

143 (2.16 - 38) (12)  Water melon, dark 
green (sugar baby) 

Fruits low  (0.72) low  (0.61) medium  (5.89) low  (1.89) low  (0.7) 

152 (1.98 - 38) (13)  Bael fruit Fruits medium  (3.87) medium  (28.65) medium  (21.36) low  (1.56) medium  (6.31) 

159 (1.78 - 38) (14)  Karonda fruit Fruits medium  (5.88) medium  (7.8) medium  (10.65) low  (2.55) high  (7.25) 

161 (1.75 - 38) (15)  Phalsa Fruits high  (352) medium  (43.03) medium  (57.25) low  (1.99) medium  (4.54) 
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162 (1.74 - 38) (16)  Banana, ripe (montham) Fruits medium  (2.8) medium  (12.49) medium  (10.7) low  (1.25) medium  (2.21) 

165 (1.68 - 38) (17)  Star fruit Fruits low  (1.23) medium  (3.8) medium  (21.69) low  (1.56) medium  (2.81) 

171 (1.48 - 38) (18)  Mango, ripe (bangan-
palli) 

Fruits medium  (7.94) medium  (85.83) medium  (18.39) low  (1.34) medium  (1.88) 

171 (1.48 - 38) (19)  Papaya, ripe Fruits medium  (5.96) medium  (25.44) medium  (17.88) low  (6.68) medium  (2.83) 

172 (1.47 - 38) (20)  Grapes, seedless, 
round, black 

Fruits medium  (22.11) low  (0.69) high  (122) low  (1.92) low  (1.15) 

173 (1.46 - 38) (21)  Mango, ripe (kesar) Fruits medium  (8.31) medium  (90.02) medium  (14.74) low  (1.43) medium  (2.02) 

175 (1.4 - 38) (22)  Strawberry Fruits low  (2.04) medium  (25.07) high  (135) low  (1.19) medium  (2.5) 

176 (1.39 - 38) (23)  Mango, ripe (gulapkhas) Fruits medium  (7.7) medium  (80.24) medium  (22.38) low  (1.39) low  (1.67) 

179 (1.33 - 38) (24)  Grapes, seeded, round, 
green 

Fruits medium  (25.74) low  (1.27) medium  (29.6) low  (1.89) low  (1.25) 

180 (1.32 - 38) (25)  Mango, ripe (neelam) Fruits medium  (8.46) medium  (79.49) medium  (16.92) low  (1.2) medium  (1.77) 

181 (1.31 - 38) (26)  Custard apple (atafol) Fruits medium  (35.1) medium  (15.22) medium  (13.91) low  (3.11) medium  (5.1) 

182 (1.3 - 38) (27)  Grapes, seeded, round, 
black 

Fruits medium  (26.12) low  (1.52) high  (144) low  (1.93) low  (1.35) 

182 (1.3 - 38) (27)  Mango, ripe (himsagar) Fruits medium  (8.09) medium  (79.46) medium  (15.45) low  (1.31) low  (1.55) 

134 (1.26 - 38) (28)  Mango, ripe (paheri) Fruits medium  (9.71) medium  (81.12) medium  (18.52) low  (1.63) medium  (1.97) 

192 (1.05 - 38) (29)  Dates, dry, pale brown Fruits medium  (2.11) high  (134) high  (102) low  (3.27) high  (8.95) 

195 (1.02 - 38) (30)  Sapota Fruits medium  (8.97) medium  (8.32) medium  (17.27) low  (4.61) high  (9.6) 

198 (0.98 - 38) (31)  Plum Fruits low  (0.74) medium  (3.81) medium  (28.36) low  (1.55) medium  (2.07) 

199 (0.97 - 38) (32)  Jackfruit, ripe Fruits medium  (8.45) medium  (52.94) medium  (53.74) low  (1.62) medium  (3.62) 

205 (0.9 - 38) (33)  Dates, dry, dark brown Fruits low  (1.98) high  (126) high  (163) low  (3.09) high  (9.1) 

206 (0.85 - 38) (34)  Wood apple Fruits high  (55.8) medium  (101) very high  (411) low  (1.48) medium  (5.21) 

208 (0.82 - 38) (35)  Cherries, red Fruits medium  (6.15) medium  (39.88) high  (126) low  (1.64) medium  (2.12) 

209 (1.3 - 38) (36)  Litchi (lichu) Fruits medium  (15.28) medium  (2.57) high  (124) low  (0.54) low  (1.34) 

211 (0.77 - 38) (37)  Pomegranat, maroon  Fruits high  (253) medium  (45.71) high  (67.1) low  (2.13) medium  (2.83) 
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 seeds (bedana)       

213 (0.73 - 38) (38)  Raisins, dried, golden Fruits medium  (10.9) medium  (20.12) high  (170) low  (10.16) medium  (4.56) 

215 (0.71 - 38) (39)  Raisins, dried, black Fruits medium  (10.71) medium  (20.34) high  (286) medium  (10.99) medium  (3.92) 

219 (0.66 - 38) (40)  Orange, pulp Fruits medium  (8.06) low  (0.0) medium  (54.73) low  (1.47) low  (1.29) 

226 (0.56 - 38) (41)  Apple, small Fruits medium  (15.51) low  (0.45) medium  (34.87) low  (1.45) medium  (2.06) 

229 (0.53 - 38) (42)  Carambola (kamranga) Fruits ND ND low  (5.0) low  (4.0) medium  (2.8) 

230 (0.52 - 38) (43)  Apple, small, Kashmir Fruits medium  (14.35) low  (0.36) medium  (38.25) low  (1.22) medium  (2.07) 

231 (0.51 - 38) (44)  Apple, green Fruits medium  (17.63) low  (0.64) medium  (45.76) low  (1.47) medium  (2.54) 

231 (0.51 - 38) (45)  Dates, processed Fruits low  (1.96) medium  (106) medium  (16.91) low  (1.6) medium  (6.52) 

234 (0.48 - 38) (46)  Apple, big Fruits medium  (13.19) low  (0.57) medium  (35.81) low  (1.43) medium  (2.59) 

236 (0.46 - 38) (47)  Lemon, juice  
(lebu, kagoli) 

Fruits low  (0.0) low  (0.0) medium  (24.24) low  (1.21) low  (0.0) 

240 (0.41 - 38) (48)  Tamarind, pulp Fruits high  (48.91) medium  (3.07) high  (183) medium  (24.92) medium  (5.31) 

241 (0.4 - 38) (49)  Breadfruit (madar) Fruits ND ND ND low  (2.0) medium  (4.9) 

247 (0.34 - 38) (50)  Palm fruit, tender Fruits low  (1.05) medium  (2.8) medium  (28.36) low  (1.25) medium  (2. 4) 

254 (0.27 - 38) (51)  Lime, sweet pulp 
(mushambee) 

Fruits low  (0.57) low  (0.0) high  (117) low  (1.17) medium  (2231) 

254 (0.27 - 38) (52)  Manila Tamarind Fruits medium  (4.32) medium  (22.55) medium  (10.35) low  (1.35) medium  (4.4) 

262 (0.19 - 38) (53)  Orange, sweet, ripe 
(malta, paka) 

Fruits ND ND ND low  (2.0) medium  (2. 4) 

264 (0.17 - 38) (54)  Orange, juice  
(komolar ross) 

Fruits ND ND ND low  (10.0) low  (0.2) 

265 (0.16 - 38) (55)  Orange (komola) Fruits medium  (10.0) ND ND low  (5.0) medium  (2.4) 

Roots and tubers 

20 (9.57 - 38) (1)  Potato, brown skin, 
small 

Roots & tubers medium  (13.63) medium  (62.58) medium  (27.36) low  (3.97) medium  (1.69) 

25 (9.23 - 38) (2)  Potato, brown skin, big Roots & tubers medium  (12.24) medium  (55.77) medium  (24.61) low  (4.11) medium  (1.71) 
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28 (8.46 - 38) (3)  Potato, red skin Roots & tubers medium  (12.37) medium  (59.74) medium  (20.35) low  (4.36) low  (1.68) 

38 (7.29 - 38) (4)  Sweet potato, brown 
skin 

Roots & tubers medium  (14.39) medium  (54.02) medium  (6.89) medium  (29.6) medium  (3.99) 

54 (5.44 - 38) (5)  Yam, wild Roots & tubers medium  (13.45) medium  (24.71) medium  (50.58) medium  (12.8) medium  (4.57) 

62 (4.98 - 38) (6)  Radish, elongate, red 
skin 

Roots & tubers medium  (12.73) medium  (6.9) medium  (49.75) medium  (24.73) medium  (2.46) 

63 (4.84 - 38) (7)  Yam, ordinary Roots & tubers medium  (13.99) medium  (20.99) medium  (46.3) medium  (15.28) medium  (4.08) 

69 (4.35 - 38) (8)  Sweet potato, pink skin Roots & tubers medium  (14.14) medium  (63.69) medium  (11.74) medium  (29.04) medium  (3.94) 

72 (4.23 - 38) (9)  Radish, elongate, white 
skin 

Roots & tubers medium  (12.72) low  (1.75) medium  (46.74) medium  (28.2) medium  (2.65) 

74 (4.18 - 38) (10)  Yam, elephant Roots & tubers medium  (15.58) medium  (16.23) medium  (56.27) medium  (14.33) medium  (4.17) 

75 (4.12 - 38) (11)  Water chestnut Roots & tubers medium  (16.54) medium  (25.86) low  (0.0) medium  (13.08) medium  (3.02) 

79 (3.98 - 38) (12)  Carrot, orange Roots & tubers medium  (17.45) medium  (19.6) medium  (49.44) medium  (52.33) medium  (4.18) 

80 (3.95 - 38) (13)  Colocasia Roots & tubers high  (48.73) medium  (13.57) medium  (59.2) low  (4.54) medium  (3.22) 

92 (3.58 - 38) (14)  Carrot, red Roots & tubers medium  (16.41) medium  (17.03) medium  (50.69) high  (60.69) medium  (4.49) 

101 (3.37 - 38) (15)  Lotus root Roots & tubers high  (364) medium  (7.84) low  (0.0) medium  (20.63) medium  (4.7) 

126 (2.63 - 38) (16)  Tapioca Roots & tubers medium  (16.86) medium  (64.42) medium  (11.43) medium  (10.86) medium  (4.61) 

129 (2.59 - 38) (17)  Beet root Roots & tubers high  (71.37) medium  (10.82) medium  (57.56) high  (69.44) medium  (3.31) 

192 (1.05 - 38) (18)  Giant taro Roots & tubers ND ND ND low  (9.0) medium  (4.1) 
 

Condiments and spices 

23 (9.41 - 38) (1)  Coriander leaves Cond. & spices medium  (20.42) medium  (38.68) medium  (60.28) medium  (37.0) medium  (4.66) 

91 (3.6 - 38) (2)  Pippali Cond. & spices high  (367) high  (503) high  (194) medium  (16.28) very high  (34.14) 

105 (3.25 - 38) (3)  Lemon peel Cond. & spices ND ND ND low  (6.0) high  (10.6) 

134 (2.46 - 38) (4)  Fenugreek seeds (methi) Cond. & spices medium  (31.75) high  (570) high  (94.73) medium  (40.2) very high  (47.55) 

139 (2.34 - 38) (5)  Bay leaf, dried Cond. & spices ND D ND medium  (23.0) very high  (26.3) 

141 (2.29 - 38) (6)  Onion, small Cond. & spices medium  (11.11) medium  (8.28) medium  (18.91) low  (4.06) low  (1.16) 
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142 (2.23 - 38) (7)  Cumin seeds Cond. & spices very high  (817) high  (445) high  (165) high  (125) very high  (30.35) 

142 (2.23 - 38) (7)  Curry leaves Cond. & spices high  (154) medium  (40.99) high  (153) medium  (18.66) high  (16.83) 

149 (2.05 - 38) (8)  Chillies, red Cond. & spices high  (87.17) high  (264) high  (211) medium  (19.45) very high  (31.15) 

151 (1.99 - 38) (9)  Coriander seeds Cond. & spices very high  (809) very high  (1,008) high  (79.69) medium  (34.41) very high  (44.81) 

154 (1.91 - 38) (10)  Pepper, back  
(golmorich) 

Cond. & spices high  (431) high  (383) high  (254) medium  (24.08) very high  (33.16) 

159 (1.78 - 38) (11)  Cloves Cond. & spices very high  (1,845) high  (349) very high  (2,546) high  (183) very high  (34.52) 

159 (1.78 - 38)  (12)  Onion, big Cond. & spices medium  (4.03) medium  (13.9) medium  (35.12) low  (5.5) medium  (2.45) 
164 (1.69  - 38) (13)  Turmeric powder (ho-

lud) 
Cond. & spices very high  (1,531) high  (358) very high  (988) medium  (24.41) high  (21.38) 

169 (1.51 - 38) (14)  Mango ginger  
(curcuma amada) 

Cond. & spices high  (307) medium  (15.52) medium  (23.61) low  (5.51) medium  (4.74) 

178 (1.34 - 38) (15)  Chillies, green Cond. & spices medium  (28.54) medium  (13.38) medium  (55.66) low  (2.5) medium  (4.77) 

183 (1.28 - 38) (16)  Mint leaves Cond. & spices high  (97.07) medium  (48.05) high  (79.99) medium  (16.87) medium  (5.89) 

191 (1.07 - 38) (17)  Ginger, fresh (ada) Cond. & spices high  (259) medium  (14.5) high  (225) low  (10.03) medium  (5.36) 

202 (0.94 - 38) (18)  Garlic, single clove, 
Kashmir 

Cond. & spices high  (127) medium  (31.95) high  (99.22) low  (8.87) medium  (4.01) 

208 (0.82 - 38) (19)  Garlic, small clove Cond. & spices high  (143) medium  (35.43) high  (96.42) low  (10.56) medium  (5.47) 

209 (0.81 - 38) (20)  Garlic, big clove Cond. & spices high  (159) medium  (36.55) high  (95.26) low  (9.42) medium  (5.22) 

226 (0.56 - 38) (21)  Cinnamon, ground Cond. & spices ND ND ND low  (10.0) very high  (53.1) 

242 (0.39 - 38) (22)  Cardamom, green Cond. & spices very high  (1,961) very high  (721) high  (117) medium  (15.51) very high  (23.1) 

249 (0.32 - 38) (23)  Cardamom, black Cond. & spices very high  (2,472) high  (670) high  (134) medium  (16.25) very high  (23.46) 

252 (0.29 - 38) (24)  Poppy seeds  
(posto dana) 

Cond. & spices very high  (1,631) very high  (1,109) high  (221) medium  (25.35) very high  (26.68) 

259 (0.22 - 38) (25)  Mace (jayitri) Cond. & spices medium  (28.22) high  (691) high  (782) medium  (27.17) high  (20.31) 

263 (0.18 - 38) (26)  Nutmeg (jayfol) Cond. & spices high  (194) very high  (704) very high  (645) medium  (14.31) high  (11.99) 

278 (0.02 - 38) 

 
(27)  Asafoetida Cond. & spices medium  (23.82) very high  (806) medium  (45.23) medium  (16.04) medium  (5.13) 
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Nuts and oil seeds 
18 (10.06 - 38) (1)  Linseeds Nuts & oilseeds medium  (5.85) very high  (1,859) medium  (31.6) medium  (32.93) very high  (26.17) 

57 (5.29 - 38) (2)  Mustard seeds Nuts & oilseeds medium  (6.92) high  (132) medium  (48.81) low  (3.97) high  (14.1) 

61 (5.2 - 38) (3)  Mustard seeds, dried Nuts & oilseeds ND ND ND medium  (13.0) high  (11.8) 

95 (3.49 - 38) (4)  Sesame seeds, dried Nuts & oilseeds ND ND ND medium  (11.0) high  (11.7) 

128 (2.61 - 38) (5)  Gingelly seeds, white Nuts & oilseeds very high  (5.85) very high  (927) medium  (23.0) medium  (15.43) high  (16.99) 

149 (2.05 - 38) (6)  Sunflower seeds Nuts & oilseeds medium  (23.7) high  (423) very high  (289) low  (1.9) high  (10.8) 

153 (1.92 - 38) (7)  Groundnut Nuts & oilseeds high  (60.98) high  (582) high  (127) medium  (12.21) high  (10.38) 

160 (1.77 - 38) (8)  Safflower seeds Nuts & oilseeds high  (215) very high  (1,083) medium  (22.09) low  (3.05) high  (13.49) 

233 (0.49 - 38) (9)  Areca nut, dried, red Nuts & oilseeds low  (0.0) high  (403) very high  (2,770) medium  (17.13) high  (11.11) 

235 (0.47 - 38) (10)  Areca nut, dried, 
brown 

Nuts & oilseeds low  (0.0) high  (474) very high  (2,986) medium  (12.06) high  (11.44) 

239 (0.42 - 38) (11)  Coconut, kernel, dry Nuts & oilseeds medium  (6.83) high  (390) high  (72,17) medium  (16.68) high  (15.88) 

245 (0.36 - 38) (12)  Areca nut, fresh Nuts & oilseeds low  (0.0) high  (414) very high  (2,563) low  (5.53) high  (7.63) 

246 (0.35 - 38) (13)  Walnut Nuts & oilseeds medium  (37.03) very high  (1,001) high  (216) low  (1.33) medium  (5.39) 

249 (0.32 - 38) (14)  Cashew nut Nuts & oilseeds high  (189) very high  (929) medium  (32.86) low  (9.0) medium  (3.86) 

256 (0.25 - 38) (15)  Coconut, kernel, fresh Nuts & oilseeds medium  (3.44) high  (136) medium  (35.22) low  (8.12) high  (10.42) 

258 (0.23 - 38) (16)  Almond Nuts & oilseeds high  (344) very high  (964) high  (84.94) low  (1.5) high  (13.06) 

Sugars, fats and oils, miscellaneous 
121 (2.79 - 38) (1)  Soybean oil Sugars, fats, ... ND ND ND low  (0.0) low  (0.0) 

131 (2.56 - 38) (2)  Sugarcane, jaggery Sugars, fats, ... low  (0.0)  low  (0.0) high  (127) medium  (25.38) low  (0.0) 

134 (2.46 - 38) (3)  Sugarcane, jaggery, 
juice 

Sugars, fats, ... low  (0.0) low  (0.0) low  (5.25) low  (1.16) low  (0.56) 

186 (1.22 - 38) (4)  Sesame oil (tiler tel) Sugars, fats, ... ND ND ND low  (0.0) low  (0.0) 

190 (1.09 - 38) (5)  Peanut oil Sugars, fats, ... ND ND ND low  (0.0) low  (0.0) 

222 (0.61 - 38) (6)  Palm oil Sugars, fats, ... ND ND ND low  (0.0) low  (0.0) 
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248 (0.33 - 38) (7)  Margarine Sugars, fats, ... ND ND ND very high  (504) low  (0.0) 

249 (0.32 - 38) (8)  Sugar, white Sugars, fats, ... ND ND ND low  (5.0) low  (0.0) 

271 (0.1 - 38) (9)  Butter, salted (makhon) Sugars, fats, ... ND ND ND very high  (714) low  (0.0) 

271 (0.1 - 38) (9)  Honey (modhu) Sugars, fats, ... ND ND ND low  (9.0) low  (0.2) 

Animal products 
84 (3.85 - 38) (1)  Milk, cow, whole Animal products low  (0.0) low  (0.0) low  (0.0) medium  (25.46) low  (0.0) 

102 (3.35 - 38) (2)  Milk, buffalo, whole Animal products low  (0.0) low  (0.0) low  (0.0) medium  (30.1) low  (0.0) 

111 (3.07 - 38) (3)  Egg, duck Animal products low  (0.0) low  (0.0) low  (0.0) high  (113) low  (0.0) 

114 (3.02 - 38) (4)  Chicken, liver Animal products low  (0.0) low  (0.0) low  (0.0) high  (61.58) low  (0.0) 

140 (2.3 - 38) (5)  Egg, country hen Animal products low  (0.0) low  (0.0) low  (0.0) high  (157) low  (0.0) 

144 (2.15 - 38) (6)  Egg, poultry, whole Animal products low  (0.0) low  (0.0) low  (0.0) high  (123) low  (0.0) 

158 (1.8 - 38) (7)  Pork, liver Animal products low  (0.0) low  (0.0) low  (0.0) high  (64.89) low  (0.0) 

163 (1.73 - 38) (8)  Sheep, kidneys Animal products low  (0.0) low  (0.0) low  (0.0) high  (163) low  (0.0) 

167 (1.64 - 38) (9)  Sheep, liver Animal products ND ND ND ND ND 

168 (1.55 - 38) (10)  Chicken, gizzard Animal products low  (0.0) low  (0.0) low  (0.0) medium  (50.6) low  (0.0) 

188 (1.16 - 38) (11)  Pork, kidneys Animal products low  (0.0) low  (0.0) low  (0.0) high  (138) low  (0.0) 

196 (1.0 - 38) (12)  Duck, meat Animal products low  (0.0) low  (0.0) low  (0.0) high  (82.25) low  (0.0) 

207 (0.84 - 38) (13)  Chicken, meat Animal products low  (0.0) low  (0.0) low  (0.0) medium  (59.79) low  (0.0) 

208 (0.82 - 38) (14)  Pork, spleen Animal products low  (0.0) low  (0.0) low  (0.0) medium  (49.14) low  (0.0) 

210 (0.8 - 38) (15)  Milk, cow, skimmed Animal products low  (0.0) low  (0.0) low  (0.0) medium  (51.0) low  (0.0) 

212 (0.75 - 38) (16)  Rabbit, chops Animal products low  (0.0) low  (0.0) low  (0.0) medium  (47.84) low  (0.0) 

213 (0.73 - 38) (17)  Hare, chops Animal products low  (0.0) low  (0.0) low  (0.0) medium  (48.61) low  (0.0) 

214 (0.72 - 38) (18)  Pork, stomach Animal products low  (0.0) low  (0.0) low  (0.0) high  (109) low  (0.0) 

215 (0.71 - 38) (19)  Hare, shoulder Animal products low  (0.0) low  (0.0) low  (0.0) medium  (55.03) low  (0.0) 

215 (0.71 - 38) (20)  Rabbit, shoulder 
 

Animal products low  (0.0) low  (0.0) low  (0.0) medium  (61.38) low  (0.0) 
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(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g 
edible portion) 

216 (0.69 - 38) (21)  Hare, leg Animal products low  (0.0) low  (0.0) low  (0.0) medium  (42.48) low  (0.0) 

216 (0.69 - 38) (21)  Rabbit, leg Animal products low  (0.0) low  (0.0) low  (0.0) medium  (46.03) low  (0.0) 

216 (0.69 - 38) (21)  Sheep, brain Animal products low  (0.0) low  (0.0) low  (0.0) high  (122) low  (0.0) 

218 (0.67 - 38) (22)  Pigeon, meat Animal products low  (0.0) low  (0.0) low  (0.0) medium  (56.1) low  (0.0) 

220 (0.64 - 38) (23)  Sheep, spleen Animal products low  (0.0) low  (0.0) low  (0.0) medium  (50.58) low  (0.0) 

221 (0.62 - 38) (24)  Pork, shoulder Animal products low  (0.0) low  (0.0) low  (0.0) medium  (54.47) low  (0.0) 

222 (0.61 - 38) (25)  Country hen, meat Animal products low  (0.0) low  (0.0) low  (0.0) medium  (44.72) low  (0.0) 

222 (0.61 - 38) (25)  Pork, chops Animal products low  (0.0) low  (0.0) low  (0.0) medium  (43.7) low  (0.0) 

224 (0.58 - 38) (26)  Panner (cottage cheese) Animal products low  (0.0) low  (0.0) low  (0.0) medium  (18.04) low  (0.0) 

227 (0.55 - 38) (27)  Pork, heart Animal products low  (0.0) low  (0.0) low  (0.0) high  (70.52) low  (0.0) 

227 (0.55 - 38) (27)  Sheep, lungs Animal products low  (0.0) low  (0.0) low  (0.0) high  (109) low  (0.0) 

227 (0.55 - 38) (27)  Sheep, tongue Animal products low  (0.0) low  (0.0) low  (0.0) very high  (185) low  (0.0) 

228 (0.54 - 38) (28)  Pork, lungs Animal products low  (0.0) low  (0.0) low  (0.0) high  (61.41) low  (0.0) 

232 (0.5 - 38) (29)  Buttermilk, fluid (ghol) Animal products low  (0.0) low  (0.0) low  (0.0) high  (68.0) low  (0.0) 

237 (0.44 - 38) (30)  Pork, ham Animal products low  (0.0) low  (0.0) low  (0.0) medium  (40.44) low  (0.0) 

238 (0.43 - 38) (31)  Sheep, shoulder Animal products low  (0.0) low  (0.0) low  (0.0) medium  (45.65) low  (0.0) 

240 (0.41 - 38) (32)  Sheep, chops Animal products low  (0.0) low  (0.0) low  (0.0) medium  (45.26) low  (0.0) 

240 (0.41 - 38) (32)  Sheep, leg Animal products low  (0.0) low  (0.0) low  (0.0) medium  (49.3) low  (0.0) 

242 (0.39 - 38) (33)  Milk, goat Animal products low  (0.0) low  (0.0) low  (0.0) medium  (50.0) low  (0.0) 

243 (0.38 - 38) (34)  Sheep, tripe Animal products low  (0.0) low  (0.0) low  (0.0) medium  (18.37) low  (0.0) 

246 (0.35 - 38) (35)  Goat, legs Animal products low  (0.0) low  (0.0) low  (0.0) medium  (42.77) low  (0.0) 

248 (0.33 - 38) (36)  Goat, chops Animal products low  (0.0) low  (0.0) low  (0.0) medium  (45.72) low  (0.0) 

249 (0.32 - 38) (37)  Goat, shoulder, meat Animal products low  (0.0) low  (0.0) low  (0.0) medium  (47.31) low  (0.0) 

260 (0.21 - 38) (38)  Curd, sweetened, 
whole milk (misti doi) 

Animal products low  (0.0) low  (0.0) low  (0.0) medium  (51.0) low  (0.0) 

260 (0.21 - 38) (39)  Milk, cow, whole,  Animal products low  (0.0) low  (0.0) low  (0.0) high  (134) low  (0.0) 
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All-Nutrient-
Rank 
(summer price ratio 
- no. of nutrients)  

Food name 
 
(with FG rank) 

Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g 
edible portion) 

 condensed, sweetened       

264 (0.17 - 38) (40)  Lamb/mutton, meat Animal products low  (0.0) low  (0.0) low  (0.0) medium  (41.0) low  (0.0) 

Fish 
216 (0.69 - 38) (1)  Pangas Fish low  (0.0) low  (0.0) low  (0.0) medium  (37.42) low  (0.0) 

223 (0.6 - 38) (2)  Mussel/clam, mixed 
species (jhinuk) 

Fish low  (0.0) low  (0.0) low  (0.0) very high  (68.0) low  (0.0) 

231 (0.51 - 38) (3)  Mullet Fish low  (0.0) low  (0.0) low  (0.0) high  (66.09) low  (0.0) 

241 (0.4 - 38) (4)  Cat fish (bacha) Fish low  (0.0) low  (0.0) low  (0.0) ND low  (0.0) 

244 (0.37 - 38) (5)  Prawns, small Fish low  (0.0) low  (0.0) low  (0.0) high  (77.71) low  (0.0) 

251 (0.3 - 38) (6)  Fish (catla, mrigal, rohu), 
ventral with skin (macher 
peti - katla, mrigal, rui) 

Fish low  (0.0) low  (0.0) low  (0.0) medium  (57.0) low  (0.0) 

252 (0.29 - 38) (7)  Fish (catla, mrigal, rohu), 
dorsal with skin (macher 
gada - katla, mrigal, rui) 

Fish low  (0.0) low  (0.0) low  (0.0) medium  (50.0) low  (0.0) 

256 (0.25 - 38) (8)  Crab Fish low  (0.0) low  (0.0) low  (0.0) very high  (280) low  (0.0) 

257 (0.24 - 38) (9)  Mullet, gold spot 
(parshe) 

Fish low  (0.0) low  (0.0) low  (0.0) medium  (41.0) low  (0.0) 

260 (0.21 - 38) (10)  Prawns, big Fish low  (0.0) low  (0.0) low  (0.0) very high  (849) low  (0.0) 

263 (0.18 - 38) (11)  Cat fish (pabda) Fish low  (0.0) low  (0.0) low  (0.0) high  (105) low  (0.0) 

265 (0.16 - 38) (12)  Walking catfish (magur) Fish low  (0.0) low  (0.0) low  (0.0) high  (71.0) low  (0.0) 

270 (0.11 - 38) (13)  Crab, sea Fish low  (0.0) low  (0.0) low  (0.0) very high  (313) low  (0.0) 

270 (0.11 - 38) (13)  Crab Fish low  (0.0) low  (0.0) low  (0.0) very high  (244) low  (0.0) 

274 (0.07 - 38) (14)  Oyster Fish low  (0.0) low  (0.0) low  (0.0) medium  (41.01) low  (0.0) 

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Government 
of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Summer Retail Prices, personal communication, 2021.
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Cereals and millets - Within the FG of cereals there is only little change comparing winter and sum-
mer price analysis results. Dry maize (with an all-nutrient summer price ratio of 13.15 - winter: 
10.91), whole wheat (7.41 - winter: 7.34) and "atta", white wheat flour (6.82 - winter: 6.9) remain the 
three most cost-effective foods. Millets as jowar (rank 4, with an all-nutrient summer price ratio of 
5.85 - winter: 5.46) and bajra (rank 5, 5.72 - winter: 5.19) are indeed more cost-effective in summer 
compared to winter-season and may be included in the diet of Santal Adivasi children and mothers 
during hot summer season. Named millets rank indeed higher than traditionally consumed rice (rank 
7, milled rice, 5.42 - winter: 5.49). Again, rice flakes offer better nutritional value in relation to its 
retail cost than puffed rice (with an all-nutrient summer price ratio of 5.22 and 4.37, respectively). 
Worst cereal options to feed malnourished children and their mothers are (again) white bread for 
toasting (1.05 - winter: 1.01), ready-made buns/roles (1.03 - winter: 1.01) and sweet biscuits (0.57 - 
winter: 0.6). The latter rank 225th regarding all analyzed foods as per summer price analysis - and 
offer, accordingly, indeed little nutrients related to purchasing costs - still, sweet (as well as salty) 
biscuits are a typical component of Santal children's daily diet - what needs to be subject to change. 

Grain legumes - Similar to winter analysis findings, soybeans (white and brown) as well as whole 
Bengal gram have been found most cost-effective as per summer price analysis, with an all-nutrient 
summer price ratio for white soybean of 4.08 (winter: 4.15), for brown soybean of 4.01 (winter: 4.22) 
and for whole Bengal gram of 3.74 (winter: 3.53). Whole brown lentils (3.47 - winter: 3.02), as well as 
Bengal gram dal "chola" (3.38 - winter: 2.73) and whole yellowish lentils (3.3 - winter: 2.99) show an 
improved cost-effectiveness in summer compared to winter price analysis - and might be used during 
summer season in order to nourish Santal Adivasi children and mothers. Lentil "mosur" dal, com-
monly used by Santal families, ranks 19th (out of 23 grain legumes) with an all-nutrient summer ratio 
of 2.14 (winter: 2.08) and may be changed by brown lentils, respectively.   

Vegetables - When it comes to vegetables, there are indeed tremendous changes in the cost-
effectiveness of single foods within this FG when comparing winter and summer price analyses find-
ings. While Agathi leaves, spinach, green Amaranthus gangeticus or cauliflower are less cost-effective 
in summer compared to winter season especially cabbages and tomato strikingly increase their sea-
sonal cost-effectiveness. Again, radish leaves are the most cost-effective vegetable (with an all-
nutrient summer price ratio of 19.21 - winter: 19.15), followed by Chinese cabbage (16.45 - winter: 
11.66), green Colocasia leaves (14.54 - winter: 14.5) as well as red and green Amaranthus spinosus 
(13.49 - winter: 13.45). Ripe local tomato ranks 7th of all analyzed foods (while it ranked 104th in win-
ter analysis) - with an all-nutrient summer price ratio of 13.48 (winter: 3.06). Agathi leaves fall from 
rank 8 of all analyzed foods in winter season to rank 17 (with a still fairly well nutrient density to re-
tail cost ratio) and spinach falls from rank 5 to 22. There are more vegetables unavailable in summer 
season, compared to winter season; amongst those are Bathua, cauliflower and pak choi leaves, vio-
let cabbage, parsley, green zucchini as well as broad and cluster beans. Vegetables chosen by Santal 
families should be adapted to seasonal cost-effectiveness, including tomato in summer season, while 
excluding it during winter season. Even though fewer vegetables are offered during hot summer sea-
son, there are indeed abundant of cost-effective vegetable choices also in the hot season. 

Fruits - Ripe banana ("poovam", closely followed by "robusta") is the most cost-effective summer 
fruit with an all-nutrient summer price ratio of 3.27 (winter: 3.26) or rather 3.06 (winter: 3.06). Fur-
ther cost-effective summer fruits are figs (3.11 - winter: 4.94), pink fleshed guava (2.59 - winter: 3.17) 
as well as white fleshed guava (2.47 - winter: 3.36). As in winter season, banana, figs and guavas re-
main amongst the most cost-effective fruits. Still, compared to vegetables (with a maximum all-
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nutrient summer price ratio of 19.21), fruits show only minor nutritional benefits in relation to their 
cost with a top all-nutrient summer ratio of 3.27 in case of ripe poovam banana. This picture might 
change a bit when mangos ripen (the season starts from May). Overall, however, fruits in fact play a 
minor role when it comes to cost-effective foods for malnourished children and mothers. Still, they 
are helpful to achieve required vitamin C densities to reach adequate iron absorption.  

Roots and tubers - Potatoes are in fact much more cost-effective in summer compared to winter sea-
son. Accordingly, small brown skin potatoes showed to be the most cost-effective food within the FG 
of roots and tubers as per summer price analysis (with an all-nutrient summer price ratio of 9.57 - 
winter: 3.57). Big brown skin potatoes rank second (9.23 - winter: 3.68), red skin potatoes third (8.46 
- winter: 4.21) and brown skin sweet potato fourth (7.29 - winter: 3.82). Radish, on the other hand, is 
less cost-effective in summer compared to winter season. Carrots as well as beet roots show to be far 
less cost-effective compared to potatoes (with all-nutrient summer price ratios of 3.98 and 2.59) - 
with higher prices as decisive factor: while 1kg of orange carrots costs 31.4 Rs. in summer season - 
adjusted for edible portion - and 1 kg of beet roots costs 48.7 Rs., small brown skin potatoes merely 
cost 14.1 Rs., and brown skin sweet potatoes 24.3 Rs., respectively). Several roots and tubers are still 
unavailable in summer season, amongst those yams, lotus, tapioca and giant taro. 

Condiments and spices -  Prices of condiments and spices are fairly stable (when considering winter 
compared to summer retail prices, collected in December 2020/January 2021 and April 2021, respec-
tively). Accordingly, there is only little movement within the ranking of most cost-effective condi-
ments winter and summer spices. Coriander leaves remain on rank one with an all-nutrient summer 
price ratio of 9.41 (winter: 9.37), followed by lemon peel (3.25 - winter: 3.25), Fenugreek seeds "me-
thi" (2.46 - winter: 2.37) and dried bay leaves (2.34 - winter: 2.34). Small onion improved their effec-
tiveness a little bit (2.29 - winter: 2.2). Overall, prices of spices are stable (except for poppy seeds 
"posto dana" and asafoetida, which are both pricier in summer season).  

Nuts and oilseeds - Likewise, retail prices of nuts and oilseeds are stable with no fundamental 
changes from winter to summer season. Coconut and cashew nuts increased their price a bit, while 
far most nuts and oilseeds show fully stable prices. Accordingly, linseeds remain the most cost-
effective oilseed also as per summer price analysis (with an all-nutrient summer price ratio of 10.06), 
followed by mustard seeds (fresh/dried - 5.29/5.2) and dried sesame seeds (3.49). Groundnuts are 
less cost-effective (with an all-nutrient summer price ratio of 1.92) - still they pose a valuable contri-
bution to the food of malnourished children, as they were found (besides other foods) to have a posi-
tive effect on the gut's microbiome with expected positive effects on growth (Gehrig et al., 2019). 

Sugars, fats, oils and miscellaneous foods - Further, the cost-effectiveness ranking within the FG of 
sugars, fats, oils and miscellaneous foods remains identical as in winter season. Soybean oil is the 
most cost-effective oil (with an all-nutrient summer price ratio of 2.79 - winter: 3.06), followed by 
sugarcane jaggery (2.56 - winter: 2.49) and sugarcane jaggery juice (2.46 - winter: 2.46). For mustard 
oil, the locally most widely used vegetable oil, there is - unfortunately - only limited data available 
with 17 out of 38 nutrients known; yet, the fact that mustard seeds rank second/third in the FG of 
nuts and oilseeds let's assume that also the oil may be of great nutritional benefit. 

Animal products - While prices of milk and egg remained stable, retail prices of animal meat (includ-
ing innards) increased. Accordingly, cost-effectiveness of chicken liver decreased and it fell from rank 
one to four with an all-nutrient summer ratio of 3.02 (winter: 4.3). The most cost-effective animal 
food as per summer price analysis is whole cow milk (3.85 - winter: 3.58), followed by whole buffalo 
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milk (3.35 - winter: 3.37) and duck egg (3.07 - winter: 3.06). Rank five and six both go to eggs (coun-
try hen - 2.3, and poultry whole - 2.15). Chicken meat ranks 14th (0.84 - winter: 1.15) - with duck meat 
being a better option (1.0 - winter: 1.22). Overall, animal foods are indeed fairly costly, resulting in a 
lower cost-effectiveness (with a maximum all-nutrient summer ratio of 3.85 - compared to 19.21 in 
case of vegetables, 9.57 in case of roots and tubers and 10.06 in case of nuts and oilseeds). 

Fishes - The cost-effectiveness ranking of fishes (with full data set of 38 nutrients) remains nearly the 
same as compared to winter season - with pangas being the best option to feed malnourished chil-
dren and mothers (with an all-nutrient summer price ratio of 0.69 - winter: 0.69); it is beneficial also 
that pangas fish offers merely medium sodium levels, while other fish species - especially mussels, 
crabs and prawns contain very high levels of salt. Overall (as true for animal products) fish is rather 
costly and therewith shows a lower cost-effectiveness as compared to vegetables, roots and tubers 
or nuts and oilseeds, respectively. Consumption of fish is, however, recommended in order to im-
prove the gut's microbiome (and therewith achieve catch-up growth needed for malnourished chil-
dren - while peanut flour, chickpea flour, soy flour and raw banana pose an alternative - with proved 
positive effect on the microbiome of moderately malnourished children (Gehrig et al., 2019).   

The table below summarizes for each FG what are foods with exclusively low and medium anti-
nutritive element levels available in summer season (as per April 2021). For each FG the most cost-
effective food is named first, in descending order. Such cost-effective summer foods low in anti-
nutrients as oxalate, phytate, polyphenols as well as sodium and dietary fibre may be used in greater 
amounts to feed malnourished tribal children and their mothers. 

Table 84   Foods with exclusively low or medium anti-nutritive element levels (available in summer season)  

Food group Foods with low or medium anti-nutrient level 

most cost-effective foods are named first for each FG, descending order  
(all-nutrient summer price ratios with complete data set: 38 nutrients) 

Cereals and millets 
   (n=23 - thereof in 
   summer avail.: 23) 

4 percent of cereals have low or medium anti-nutrient content: 
1 puffed rice (4.37) 

Grain legumes 
   (n=23 - thereof in 
   summer avail.: 23) 

0 percent of legumes have low or medium anti-nutrient content. 
 

Vegetables 
   (n=84 - thereof in 
   summer avail.: 75) 

51 percent of summer vegetables have low or medium anti-nutrient content: 
1 Chinese cabbage (16.45), 2 ripe local tomato (13.48), (3) green cabbage (12.54),  

4 tender Tamarind leaves (12.38), 5 orange round pumpkin (11.24),  
6 green tomato (9.55), 7 ripe hybrid tomato (8.94), 8 tender pumpkin leaves,  

9 dark green elongate bottle gourd (7.74), 10 mustard leaves (6.09), 11 pale green 
round bottle gourd (5.99), 12 elongate bitter gourd with jagged smooth ridges 
(5.75), 13 pale green elongate bottle gourd (5.25), 14 ash gourd (4.5), 15 ridge 
gourd with smooth skin (4.39), 16 short snake gourd (4.24), 17 dark green long 

snake gourd (4.09), 18 pale green long snake gourd (3.94), 19 bean scarlet "shim" 
(3.9), 20 tender tinda (3.81), 21 brinjal (3.68), 22 French beans (3.64), 23 cauliflower 

(3.58), 24 hybrid French beans (3.52), 25 green capsicum (3.1), 26 green short cu-
cumber (2.98), 27 red capsicum (2.95), 28 yellow capsicum (2.94), 29 ridge gourd 

(2.9), 30 raw unripe papaya (2.34), 31 big kovai (2.09), 32 green elongate cucumber 
(2.04), 33 small kovai (1.89), 34 baby corn (1.75), 35 parwar (1.73), 36 knol-khol 

(1.43), 37 fresh button mushroom (1.36), 38 fresh tender red gram (1.04) 
Fruits 
   (n=56  - thereof in 

54 percent of summer fruits have low or medium anti-nutrient content: 
1 ripe banana (poovam - 3.27), 2 ripe banana (robusta - 3.06), 3 pineapple (2.47),  
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   summer avail.:37) 
 
 

4 pale green water melon (2.46), 5 dark green water melon (2.16), 6 bael fruit 
(1.98), 7 ripe banana (montham - 1.74), 8 ripe papaya (1.48), 9 round green seeded 
grapes (1.33), 10 green guava (1.02), 11 plum 0.98), 12 orange pulp (0.66), 13 small 

apple (0.56), 14 small Kashmir apple (0.52), 15 green apple (0.51), 16 processed 
dates (0.51), 17 big apple (0.48),18 lemon juice (0.46), 19 tender palm fruit (0.34), 

20 Manila Tamarind (0.27)  
Roots and tubers 
   (n=18 - thereof in 
   summer avail.: 12) 
 

75 percent of roots and tubers have low or medium anti-nutrient content: 
1 small brown skin potato (9.57), 2 big brown skin potato (9.23), 3 red skin potato 

(8.46), 4 brown skin sweet potato (7.29), 5 red skin elongate radish (4.98),  
6 pink skin sweet potato (4.35), 7 white skin elongate radish (4.23), 8 water chest-

nut (4.12), 9 orange carrot (3.98) 
Condiments and 
spices 
   (n=28 - thereof in 
   summer avail.: 27) 
 

15 percent of condiments/spices have low or medium anti-nutrient content: 
1 Coriander leaves (9.41), 2 small onion (2.29), 3 big onion (1.78),  

4 green chillies (1.34) 

Nuts and oil seeds 
   (n=16 - thereof in 
   summer avail.: 16) 
 

0 percent of nuts and oil seeds have low or medium anti-nutrient content. 
-- 

Sugar, fat, oil, 
miscellaneous 
   (n=10 - thereof in 
   summer avail.: 10) 
 

10 percent of fats and oils have low or medium anti-nutrient content: 
1 sugarcane (jaggery - juice - 2.46) 

 

Animal products 
   (n=46 - thereof in 
   summer avail.: 46) 
 

61 percent of animal products have low or medium anti-nutrient content: 
1 whole cow milk (3.85), 2 whole buffalo milk (3.35), 3 chicken gizzard (1.55),  

4 chicken meat (0.84), 5 pork spleen (0.82), 6 skimmed cow milk (0.8),  
7 rabbit chops (0.75), 8 hare chops (0.73), 9 hare shoulder (0.71), 10 hare leg (0.69), 
10 rabbit leg (0.69), 11 pigeon meat (0.67), 12 sheep spleen (0.64), 13 pork shoulder 
(0.62, 14 country hen meat (0.61), 14 pork chops (0.61), 15 panner (cottage cheese - 

0.58), 16 pork ham (0.44), 17 sheep shoulder (0.43), 18 sheep chops (0.41),  
18 sheep leg (0.41), 19 milk, goat (0.39), 20 sheep tripe (0.38), 21 goat legs (0.35), 
22 goat chops (0.33), 23 goat shoulder meat (0.32), 24 sweetened whole milk curd 

(misti doi - 0.21), 25 lamb/mutton meat (0.17) 
Fish 
   (n=15 - thereof in 
   summer avail.: 15) 

27 percent of fishes have low or medium anti-nutrient content: 
1 pangas (0.69), 2 fish: catla, mrigal, rohu - ventral with skin (0.3), 3 fish: catla, 

mrigal, rohu - dorsal with skin (0.29), 4 gold spot mullet (0.24) 

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: 
Bundesministerium für Ernährung und Landwirtschaft, 2021; Government of Canada, 2021; Longvah et al., 2017; Shaheen 
et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Summer Retail Prices, personal communication, 
2021. 

Cost-effectiveness perspective versus absolute nutrient density -While the section above presented 
for each FG the most cost-effective food choices - those are not (necessarily) most nutrient dense in 
absolute terms. The following table captures for each FG what are the 10 most cost-effective as well 
as 10 most nutrient dense foods - and outlines (in bold writing) what are the foods which combine 
both benefits, being (1) cost-effective and (2) nutrient dense in absolute terms. 
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Table 85   Top 10 cost-effective foods per FG (summer price analysis) versus top 10 most nutritious foods 

Food group Top 10 foods: nutrients to cost ratio  

based on 38 nutrients if not mentioned 
otherwise (foods available in summer) 

Top 10 foods: nutrients only  

based on 38 nutrients if not mentioned 
otherwise (foods available in summer) 

Cereals and millets 
   (n=25) 
 

1 dry maize, 2 whole wheat, 3 white 
wheat flour (atta), 4 jowar, 5 bajra, 6 

bulgur/wheat, 7 rice raw milled, 8 rice 
parboiled milled, 9 barley, 10 rice flakes 

1 bajra, 2 dry maize, 3 whole white 
maize flour, 4 samai, 5 brown wheat 
flour (whole wheat), 6 white wheat 

flour, 7 whole wheat, 8 bulgur/wheat, 
9 jowar, 10 bread (bun/role) 

Grain legumes 
   (n=23) 
 
 

1 white soybean, 2 brown soybean, 
3 Bengal gram whole, 4 brown lentils 
whole, 5 horse gram whole, 6 Bengal 
gram dal "chola", 7 yellowish lentils 
whole, 8 black gram whole,9 moth 

bean, 10 rajmah brown 
 

1 brown soybean, 2 white soybean,  
3 Bengal gram dal (chola),  

4 Bengal gram whole, 5 rajmah black, 
6 rajmah brown, 7 moth bean, 8 whole 

red gram, 9 red gram dal (arhar),  
10 black gram dal (maskalai) 

Vegetables 
   (n=99) 
 

1 radish leaves, 2 Chinese cabbage,  
3 green Colocasia leaves, 4 red and 

green spined Amaranth leaves 
(spinosus),5 ripe local tomato, 6 collard 

green cabbage, 7 green cabbage, 8 
tender Tamarind leaves, 9 green spined 
Amaranth leaves (spinosus), 10 orange 

round pumpkin, 11 green cylindrical 
pumpkin, 12 Drumstick leaves (Mor-

inga),13 Agathi leaves, 14 Basella 
leaves ,15 green tomato  

1 oyster mushroom dried, 2 Agathi 
leaves, 3 Drumstick leaves (Moringa),  

4 green Colocasia leaves, 5 green 
Amaranth leaves (gangeticus), 6 red 

Amaranth leaves (gangeticus), 7 
Fenugreek leaves, 8 ponnaganni, 9 

green spined Amaranth leaves 
(spinosus),  10 red and green spined Amaranth 

leaves (spinosus), 11 small Betel 
leaves, 12 black Colocasia leaves,  

13 slender Amaranth leaves, 14 big 
Betel leaves, 15 spinach 

Fruits 
   (n=68) 
 

1 ripe banana (poovam), 2 fig, 3 ripe 
banana (robusta), 4 pink flesh guava,  

5 white flesh guava, 6 pineapple,  
7 pale green water melon, 8 dark green 

water melon, 9 bael fruit, 10 ripe ba-
nana (montham) 

1 wood apple, 2 dried black raisins,  
3 dried pale brown dates, 4 dried dark 

brown dates, 5 dried golden raisins,  
6 processed dates, 7 bael fruit,  

8 white flesh guava, 9 lemon juice,  
10 strawberry 

Roots and tubers 
   (n=19) 
 

1 small brown skin potato, 2 big brown 
skin potato, 3 red skin potato, 4 sweet 
potato with brown skin, 5 radish elon-
gate red skin, 6 sweet potato with pink 
skin,7 water chestnut, 8 orange carrot, 

9  colocasia, 10 red carrot  

1 orange carrot, 2 sweet potato with 
brown skin, 3 red carrot, 4 big brown 
skin potato, 5 sweet potato with pink 

skin, 6 colocasia, 7 red skin potato,  
8 small brown skin potato, 9 water 

chestnut, 10 beet root 
Condiments and 
spices 
   (n=32) 
 

1 Coriander leaves, 2 lemon peel,  
3 Fenugreek seeds (methi), 4 dried bay 
leaves, 5 small onions, 6 cumin seeds, 7 
Curry leaves, 8 red chillies, 9 Coriander 

seeds, 10 black pepper (golmorich) 

1 poppy seeds (posto dana), 2 cumin 
seeds, 3 mace (jayitri), 4 red chillies,  
5 cloves, 6 Fenugreek seeds (methi),  
7 fennel seeds (mauri) (37 nutrients), 

 8 Coriander seeds, 9 dried bay leaves, 
10 turmeric powder (holud) 

Nuts and oilseeds 
   (n=20) 
 

1 linseeds, 2 mustard seeds,  
3 dried mustard seeds, 4 dried sesame 
seeds, 5 white gingelly seeds, 6 sun-

flower seeds, 7 groundnut, 8 safflower 
seeds, 9 dried red areca nut,  

10 dried brown areca nut 
 

1 walnut, 2 sunflower seeds, 3 dried 
sesame seeds, 4 white gingelly seeds,  

5 safflower seeds, 6 linseeds,  
7 almond, 8 groundnut, 9 mustard 

seeds, 10 cashew nut 
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Sugar, fat, oil, 
miscellaneous 
   (n=16) 
 

1 soybean oil, 2 sugarcane jaggery,  
3 sugarcane jaggery juice, 4 sesame oil, 

5 salted mayonnaise, 6 peanut oil, 
(20 nutrients), 7 palm oil, 8 margarine,  
9 white sugar, 10 date palm jaggery  

1 soybean oil, 2 sesame oil, 3 peanut 
oil, 4 margarine, 5 salted mayonnaise 
(20 nutrients), 6 palm oil, 7 salted but-

ter, 8 cow's ghee, 9 sugarcane  
jaggery,10 vegetable's ghee  

Animal products 
   (n=60) 
 

1 whole cow milk, 2 whole buffalo milk, 
3 duck egg, 4 chicken liver,  

5 country hen chicken egg, 6 whole egg 
(poultry), 7 pork liver, 8 sheep kidney,  

9 sheep liver, 10 chicken gizzard 

1 goat liver, 2 sheep liver, 3 pork liver, 
4 chicken liver, 5 pork shoulder,  

6 country hen chicken egg, 7 skimmed 
cow's milk powder, 8 duck egg, 9 pork 

ham, 10 rabbit shoulder 
Fish 
   (n=64) 
 

1 mural (36 nutrients), 2 tilapia (37 nutri-
ents), 3 silver carp (14 nutrients), 4 rohu 
(37 nutrients), 5 gold fish (36 nutrients),  

6 pangas, 7 catla (37 nutrients),  
8 mussel/clam mixed species, 9 pam-

bada (36 nutrients), 10 mullet  

1 Indian river shad (chapila) (9 nutrients), 
2 gold spot mullet (parshe), 3 mola 
carplet (10 nutrients), 4 pangas (37 

nutrients), 5 hilsa (36 nutrients), 6 cat 
fish (bacha), 7 cat fish (pabda), 8 black 

pomfret (36 nutrients), 9 rohu (37 
nutrients), 10 chanda Indian glaasy fish  

(chanda, ranga) (9 nutrients) 
Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: 
Bundesministerium für Ernährung und Landwirtschaft, 2021; Government of Canada, 2021; Longvah et al., 2017; Shaheen 
et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Summer Retail Prices, personal communication, 
2021. 

To sum up, the following foods are both, cost-effective and most nutrient dense in absolute terms - 
and may be, accordingly, primarily used to develop summer recipes for Santal tribal children and 
their mothers (while anti-nutritive contents need to be considered, quite obviously): 

 cereals and millets: dry maize, whole wheat, white wheat flour (atta), bajra, bulgur/wheat 
 grain legumes: white soybean, brown soybean, Bengal gram whole, Bengal gram dal "chola", 

moth bean, rajmah brown 
 vegetables: green Colocasia leaves, red and green spined Amaranth leaves (spinosus), green 

spined Amaranth leaves (spinosus), Drumstick leaves (Moringa), Agathi leaves 
 fruits: white flesh guava, bael fruit 
 roots and tubers: small brown skin potato, big brown skin potato, red skin potato, sweet po-

tato with brown skin, sweet potato with pink skin, water chestnut, orange carrot, colocasia, 
red carrot 

 condiments and spices: Fenugreek seeds (methi), dried bay leaves, cumin seeds, red chillies, 
Coriander seeds 

 nuts and oilseeds: linseeds, mustard seeds, dried sesame seeds, white gingelly seeds, sun-
flower seeds, groundnut, safflower seeds 

 sugar, fat, oil, miscellaneous: soybean oil, sugarcane jaggery, sesame oil, salted mayonnaise, 
peanut oil, palm oil, margarine 

 animal products: duck egg, chicken liver, country hen chicken egg, pork liver, sheep liver 
 fish: rohu, pangas 
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Picture 19   Foods available in summer season proven cost-effective and nutritious in absolute terms 

         
maize, dry                       whole wheat                 white wheat flour         bajra                             bulgur wheat 

         
white soybean                 brown soybean            Bengal gram whole     Bengal gram dal          moth bean 

               
rajmah brown               green Colocasia leaves    red and green spinosus      green spinosus             Drumstick leaves  

         
Agathi leaves                     white flesh guava           bael fruit                   small brown skin potato   big brown skin potato     

           
red skin potato            sweet potato brown skin...sweet potato pink skin   water chestnut               orange carrot 

            
Colocasia                         red carrot                    Fenugreek seeds     cumin seeds         red chillies            Coriander seeds 
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linseeds                     mustard seeds     white gingelly seeds   sunflower seeds    safflower seeds      sugarcane (jaggery) 

Source: Longvah et al., 2017. 

Knowing the most cost-effective summer foods for each FG - with a focus on such foods which are 
cost-effective as well as most nutrient dense in absolute terms - is the basis to develop recipes ade-
quate for the  summer season to be eaten by moderately malnourished tribal Adivasi Santal children 
(aged 12-23 months) and their mothers, residing at Birbhum district. Several nutrients are known to 
be difficult to cover via unprocessed food sources, namely calcium, iron and zinc (Solomons & 
Vossenaar, 2013). In order to highlight the foods dense in exactly these critical nutrients, single 
analyses based on summer prices will be presented in the following sections (as done before for win-
ter prices) - as a tool to search for iron-dense foods, respectively, if needed to fulfil recommended 
daily allowances (RDAs) better through modified meals (for recipes, please see chapter 7). 

Single nutrient analysis: calcium - Again, as in the winter price analysis section, the question is which 
foods offer highest amount of calcium (known as nutrient difficult to cover in the diet of infants and 
toddlers in the course of CF) - (1) with respect to the costs involved to purchase such foods: "summer 
price ratio", as well as (2) in absolute terms, analyzing the calcium content of 100g edible portion of 
each respective food and relating it to RDAs: "RDA ratio". The RDA ratio section presented in the 
table below is identical to winter season findings (as results are independent from price and all of 
most calcium-dense foods are available in winter as in summer season). Hence, fish and condiments 
and spices are again the FGs offering most calcium-dense foods:  

Absolute perspective (as per calcium RDA ratio): 

 condiments and spices belong more often to top 20 calcium foods than expected compared 
to all other foods: p<0.001, Fisher's exact test (n=32, compared to 393 other foods) 

 fish belongs more often to top 20 calcium foods than expected compared to all other foods:  
p<0.05, Fisher's exact test (n=63 compared to 362 other foods) 

Cost-effectiveness perspective (as per calcium summer price ratio): 

 vegetables belong more often to top 20 calcium foods than expected compared to all other 
foods: p<0.001, Pearson Chi-Square test (n=99 compared to 326 other foods) 

It is in fact exclusively leafy vegetables (and not a single other vegetable) which belongs to top 20 
cost-effective calcium foods (p<0.001, Fisher's exact test, n=42 leafy vegetables, compared to 57 
other vegetables and 326 foods from other FGs). Foods most cost-effective in meeting calcium re-
quirements as well as absolutely dense in calcium are fully identical to winter season: 

 Vegetables: Agathi leaves (bok ful shak) 
 Condiments and spices: dried bay leaves, fennel seeds (mauri), cumin seeds  
 Nuts and oilseeds: white gingelly seeds, dried sesame seeds 
 Fish: Indian river shad (chapila) 
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Finally, Agathi leaves as well as Indian river shad appear as most important calcium sources in prac-
tice (as spices are consumed in small amounts only - and also gingelly and sesame seeds are not 
eaten in very high amounts)  - from which Agathi leaves are far more cheap to purchase, with 40 Rs. 
per kg (edible portion price), compared to 210 Rs. per kg in case of Indian river shad; still, a lesser 
amount of Indian river shad covers RDAs of children and mothers with 1,060mg calcium per 100g 
edible portion calcium content in contrast to 901mg per 100g edible portion - keeping in mind that 
fish contains zero oxalates while Agathi leaves contain a high level of oxalates (179mg per 100g edi-
ble portion) - which bind to calcium and reduces, therewith, its availability within the body. It is help-
ful to water leafy vegetables before cutting in order to improve their inherent calcium availability.
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Table 86   Top 20 calcium-rich foods - available in summer season: cost-effective food sources of calcium versus absolute perspective (calcium/100g edible portion related to RDA) 

Cost-effective perspective: most calcium-rich foods 
(summer price ratio: RDA ratio/retail cost per 100g edible portion) 

Absolute perspective: most calcium-rich foods 
(RDA ratio: nutrient content per 100g edible portion/RDA) 

Rank 
(summer price 
ratio) 

Food group Food name Rank  
(RDA ratio) 

Food group Food name 

1 (0.4) Vegetables Agathi leaves (bok ful shak) 1  (2.41) Cond. & spices Poppy seeds (posto dana) 
2  (0.28) Vegetables Radish leaves 2  (2.4) Animal products Cow milk powder, skimmed 
3  (0.24) Vegetables Colocasia leaves, black (kalo kochu shak) 3  (2.25) Nuts & oilseeds Gingelly seeds, white 
4  (0.21) Vegetables Amaranth, spined leaves red and green (sp.) 4  (2.11) Cond. & spices Fennel seeds (mauri) 
5  (0.17) Vegetables Amaranth, spined leaves, green (spinosus) 5  (1.86) Fish Indian river shad (chapila) 
5  (0.17) Vegetables Cabbage, collard greens 6  (1.84) Fish Mullet, gold spot (parshe) 
6  (0.15) Vegetables Colocasia leaves, green (shobuj kochu shak) 7  (1.75) Cond. & spices Cinnamon, ground 
7  (0.14) Cond. & spices Bay leaf, dried 8  (1.7) Nuts & oilseeds Sesame seeds, dried 
8  (0.13) Nuts & oilseeds Gingelly seeds, white 9  (1.68) Animal products Cow milk powder, whole 
8  (0.13) Cond. & spices Fennel seeds (mauri) 10  (1.63) Fish Chanda, Indian glaasy fish (chanda, ranga) 
8  (0.13) Vegetables Drumstick leaves (Moringa) 11  (1.58) Vegetables Agathi leaves (bok ful shak) 
9  (0.12) Nuts & oilseeds Sesame seeds, dried 12  (1.54) Cond. & spices Cumin seeds 
9  (0.12) Vegetables Pumpkin leaves, tender 13  (1.46) Cond. & spices Bay leaf, dried 
10  (0.11) Vegetables Amaranth leaves green (gangeticus) 14  (1.35) Fish Mola carplet (mola) 
10 (0.11) Vegetables Ponnaganni 15  (1.26) Cond. & spices Coriander seeds 
10  (0.11) Vegetables Betel leaves, big and small 16  (1.16) Cond. & spices Curry leaves 
10  (0.11) Vegetables Slender Amaranth leaves (notay shak) 17  (1.15) Fish Mrigal carp (mrigal) 
11 (0.09) Fish Indian river shad (chapila) 18  (1.14) Fish Rohu, river (rui) 
11  (0.09) Cond. & spices Cumin seeds 19  (1.1) Fish Day's mystus, combined species (tengra) 
11  (0.09) Nuts & oilseeds Mustard seeds 20  (1.06) Animal products Khoa 
11  (0.09) Nuts & oilseeds Linseeds    
11  (0.09) Vegetables Rumex leaves    
11  (0.09) Vegetables Cabbage, Chinese    

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Govern-
ment of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Summer Retail Prices, personal communication, 2021. 
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Single nutrient analysis: iron - As in winter, most iron-dense foods (per 100g edible portion) belong 
more often to the FG of condiments and spices as well as to nuts and oilseeds. Cost-effective iron 
sources are, however, cereals (with greater significance in summer compared to winter season), as 
well as vegetables and further also condiments and spices. As far as vegetables are concerned, it is 
leafy vegetables offering valuable amounts of iron - and not at all non-leafy vegetables (p<0.001, 
Fisher's exact test, n=42 leafy vegetables, compared to 57 other vegetables and 326 other foods). 

Absolute perspective (as per iron RDA ratio): 

 condiments and spices belong more often to top 24 iron foods than expected compared to 
all other foods: p<0.001, Fisher's exact test (n=32 compared to 393 other foods) 

 nuts and oilseeds belong more often to top 24 iron foods than expected compared to all 
other foods:  p<0.05, Fisher's exact test (n=20, compared to 405 other foods) 

Cost-effectiveness perspective (as per iron summer price ratio): 

 cereals and millets belong more often to top 24 iron foods than expected compared to all 
other foods: p<0.001, Fisher's exact test (n=25 compared to 400 other foods) 

 vegetables belong more often to top 24 iron foods than expected compared to all other 
foods: p<0.01, Pearson Chi-Square test (n=99 compared to 326 other foods) 

 condiments and spices belong more often to top 24 iron foods than expected compared to 
all other foods: p<0.05, Fisher's exact test (n=32 compared to 393 other foods) 

Several foods meet both criteria, being (1) absolutely dense in iron, and being (2) cost-effective in 
covering iron requirements - those may be used primarily to feed malnourished individuals - during 
hot summer season - starting from April and lasting until July, when rainy season starts: 

 Vegetables: Jute leaves (pat shak) 
 Condiments and spices: dried bay leaves, turmeric powder, spearmint leaves, cumin seeds, 

Coriander seeds 
 Nuts and oilseeds: mustard seeds, dried mustard seeds 

The only food named above which can be eaten in greater amounts are Jute leaves - which appear as 
adequate iron source. Further cost-effective vegetables are (in descending order) radish leaves, Ama-
ranth varieties, beet greens, Coriander leaves and cabbage collard greens; with most cost-effective 
cereals/millets capable to cover iron needs being bajra, dry maize, whole wheat flour and rice flakes. 
Animal products absolutely dense in iron are actually difficult to afford for the rural Adivasi popula-
tion (what is why animal husbandry for own consumption purposes appears worthwhile to go for).  

Details on top 24 iron-dense foods can be seen below - as per summer price analysis (April 2021). 
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Table 87   Top 24 iron-rich foods - available in summer season: cost-effective food sources of iron versus absolute perspective (iron/100g edible portion related to RDA) 

Cost-effective perspective: most iron-rich foods 
(summer price ratio: RDA ratio/retail cost per 100g edible portion) 

Absolute perspective: most iron-rich foods 
(RDA ratio: nutrient content per 100g edible portion/RDA) 

Rank 
(summer price 
ratio) 

Food group Food name Rank  
(RDA ratio) 

Food group Food name 

1  (0.46) Cond. & spices Bay leaf, dried 1  (5.9) Animal products Sheep, spleen 
2  (0.29) Vegetables Radish leaves 2  (5.71) Animal products Goat, spleen 
3  (0.24) Cond. & spices Turmeric powder (holud) 3  (5.12) Cond. & spices Turmeric powder (holud) 
4  (0.23) Cond. & spices Spearmint leaves (pudina pata) 4  (4.78) Cond. & spices Bay leaf, dried 
5  (0.2) Nuts & oilseeds Mustard seeds 5  (3.02) Animal products Pork, spleen 
7  (0.19) Vegetables Jute leaves (pat shak) 6  (2.52) Cond. & spices Mace (jayitri) 
7  (0.19) Vegetables Amaranth spined leaves, green (spinosus) 7  (2.3) Animal products Pork, liver 
7  (0.19) Cereals & millets Bajra 8  (2.29) Cond. & spices Cumin seeds 
8  (0.18) Vegetables Beet greens 9  (1.96) Cond. & spices Coriander seeds 
9  (0.17) Vegetables Slender Amaranth leaves 10  (1.82) Cond. & spices Fennel seeds 
9  (0.17) Cond. & spices Coriander leaves 11  (1.74) Cond. & spices Asafoetida 
9  (0.17) Vegetables Cabbage, collard greens 12  (1.73) Cond. & spices Spearmint leaves (pudina pata) 
9  (0.17) Cereals & millets Maize, dry 13  (1.67) Nuts & oilseeds Gingelly seeds, white 
10  (0.16) Cereals & millets Wheat flour, brown, whole grain 14  (1.5) Nuts & oilseeds Mustard seeds 
10  (0.16) Vegetables Amaranth spined leaves, red and green 15  (1.38) Animal products Sheep, liver 
10  (0.16) Vegetables Rumex leaves 16  (1.32) Cond. & spices Pepper, black (golmorich) 
11  (0.15) Vegetables Pumpkin leaves, tender 17  (1.17) Nuts & oilseeds Sesame seeds, dried 
11  (0.15) Cereals & millets Rice flakes 18  (1.13) Cond. & spices Poppy seeds (posto dana) 
11  (0.15) Vegetables Basella leaves 19  (1.1) Animal food Chicken liver 
11  (0.15) Vegetables Colocasia leaves, green (shobuj kochu shak) 20  (1.08) Vegetables Jute leaves (pat shak) 
13  (0.14) Nuts & oilseeds Mustard seeds, dried 21  (1.05) Cond. & spices Cloves 
13  (0.14) Vegetables Amaranth leaves, red (gangeticus) 22  (1.02) Fruits Tamarind, pulp 
14  (0.13) Cond. & spices Cumin seeds 23  (0.99) Nuts & oilseeds Mustard seeds, dried 
14  (0.13) Cond. & spices Coriander seeds 24  (0.97) Grain legumes Horse gram, whole 
14  (0.13) Cereals & millets Rice, puffed    
14  (0.13) Cereals & millets Wheat four white (atta)    
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Cost-effective perspective: most iron-rich foods 
(summer price ratio: RDA ratio/retail cost per 100g edible portion) 

Absolute perspective: most iron-rich foods 
(RDA ratio: nutrient content per 100g edible portion/RDA) 

Rank 
(summer price 
ratio) 

Food group Food name Rank  
(RDA ratio) 

Food group Food name 

14  (0.13) Cereals & millets Wheat, whole -- -- -- 
14  (0.13) Cereals & millets Wheat, bulgur    
14  (0.13) Vegetables Tamarind leaves, tender    

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Govern-
ment of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Summer Retail Prices, personal communication, 2021. 



Cost-effectiveness analysis of local foods: nutrient density to seasonal retail cost ratio  - Summer price analysis 

314 

Single nutrient analysis: zinc - As in winter - seen from an absolute perspective, it is nuts and oilseeds, 
animal products, grain legumes as well as condiments and spices which offer most zinc-dense foods. 

Absolute perspective (as per iron RDA ratio): 

 nuts and oilseeds: p<0.001, Fisher's exact test (n=20, compared to 405 other foods) 
 animal products: p<0.01, Pearson Chi-Square test (n=60, compared to 365 other foods) 
 grain legumes: p=0.01, Fisher's exact test, (n=23, compared to 402 other foods) 
 condiments and spices: p<0.05, Fisher's exact test (n=32, compared to 393 other foods) 

Also regarding the cost-effectiveness perspective there is no change compared to winter season in 
most capable FGs to cover zinc needs - such FGs are (winter as summer - with identical statistical 
relevance): cereals and millets, grain legumes as well as nuts and oilseeds. 

Cost-effectiveness perspective (as per iron summer price ratio): 

 cereals and millets: p<0.001, Fisher's exact test (n=25, compared to 400 other foods) 
 grain legumes: p<0.001, Fisher's exact test (n=23, compared to 402 other foods) 
 nuts and oilseeds: p<0.05, Fisher's exact test (n=20, compared to 405 other foods) 

Foods dense in zinc in absolute terms as well as cost-effective are the same in winter as in summer 
(with a better cost-effectiveness of Bengal gram dal "chola" in summer): 

 Grain legumes: Bengal gram dal (chola),whole brown lentil, brown soybean, white cowpea, 
lentil dal (mosur), white soybean 

 Vegetables: dried oyster mushrooms 
 Nuts and oilseeds: linseeds, dried mustard seeds, dried sesame seeds, white gingely seeds, 

mustard seeds, sunflower seeds 
 Condiments and spices: Fenugreek seeds (methi), dried bay leaf 

Finally, mustards seeds and especially dried oyster mushroom appear as most convenient foods to be 
used in Santal tribal villages at Birbhum district in order to better cover zinc needs of moderately 
malnourished children and mothers - as those foods are cost-effective, show highest zinc densities 
and are - on top - all well accepted in the villages (Food Survey, personal communication, December 
2020). While dried oyster mushrooms contain high levels of dietary fibre (but are otherwise poor in 
anti-nutritive elements) - mustard seeds are high in phytate and dietary fibre. Still, also other zinc-
sources contain anti-nutrients, as linseeds (which are also a valuable source but even very high in 
phytate) - accordingly such foods should be soaked before cooking, in order to reduce soluble anti-
nutritive elements and improve absorption of critical nutrients as calcium, iron and zinc.  

Details on the top 20 zinc-dense foods - as per summer price analysis - can be seen in the table be-
low; foods absolutely dense in zinc as well as cost-effective are marked in bold writing.
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Table 88   Top 20 zinc-rich foods - available in summer season: cost-effective food sources of zinc versus absolute perspective (zinc/100g edible portion related to RDA) 

Cost-effective perspective: most zinc-rich foods 
(summer price ratio: RDA ratio/retail cost per 100g edible portion) 

Absolute perspective: most zinc-rich foods 
(RDA ratio: nutrient content per 100g edible portion/RDA) 

Rank 
(summer price 
ratio) 

Food group Food name Rank  
(RDA ratio) 

Food group Food name 

1  (0.11) Cereals & millets Maize, dry 1  (0.72) Vegetables Oyster mushroom, dried 
2  (0.08) Nuts & oilseeds Linseeds 2  (0.65) Nuts & oilseeds Gingelly seeds, white 
3  (0.07) Nuts & oilseeds Mustard seeds, dried 3  (0.64) Nuts & oilseeds Sesame seed, dried 
3  (0.07) Cereals & millets Wheat flour, brown, whole grain 4  (0.61) Fish Oyster 
3  (0.07) Cereals & millets Wheat flour, white, atta 5  (0.6) Nuts & oilseeds Pumpkin seeds, dried 
3  (0.07) Cereals & millets Wheat, whole 6  (0.59) Nuts & oilseeds Sunflower seeds 
4  (0.06) Cereals & millets Bajra 7  (0.53) Cond. & spices Poppy seeds (posto dana) 
5  (0.05) Vegetables Oyster mushroom dried 8  (0.49) Nuts & oilseeds Mustard seeds, dried 
5  (0.05) Nuts & oilseeds Sesame seed, dried 9  (0.45) Nuts & oilseeds Cashew nut 
5  (0.05) Cereals & millets Wheat/bulgur 10  (0.4) Cond. & spices Cardamom, black 
6  (0.04) Nuts & oilseeds Gingelly seeds, white 11  (0.39) Nuts & oilseeds Linseeds 
6  (0.04) Nuts & oilseeds Mustard seeds 11  (0.39) Animal products Milk, cow powder, skimmed 
6 (0.04) Grain legumes Bengal gram, dal (chola) 12  (0.38) Animal products Goat, chops 
6  (0.04) Grain legumes Lentil, whole, brown 13  (0.36) Cond. & spices Cumin seeds 
6  (0.04) Grain legumes Bengal gram, whole 13  (0.36) Animal products Sheep, liver 
6 (0.04) Grain legumes Lentil, whole, yellowish 14  (0.35) Animal products Goat, shoulder, meat 
6  (0.04) Cereals & millets Jowar 14  (0.35) Animal products Pork, liver 
6  (0.04) Cereals & millets Maize flour, whole, white 15  (0.34) Nuts & oilseeds Mustard seeds 
6  (0.04) Cereals & millets Rice flakes 16  (0.33) Grain legumes Soybean, brown 
7 (0.03) Nuts & oilseeds Sunflower seeds 16  (0.33) Cond. & spices Coriander seeds 
7 (0.03) Grain legumes Soybean, brown 16  (0.33) Nuts & oilseeds Safflower seeds 
7 (0.03) Cond. & spices Fenugreek seeds (methi) 16  (0.33) Animal products Lamb/mutton meat 
7 (0.03) Cond. & spices Bay leaf, dried 17  (0.32) Cond. & spices Fenugreek seeds (methi) 
7 (0.03) Grain legumes Cowpea, white 18  (0.31) Cond. & spices Bay leaf, dried 
7 (0.03) Grain legumes Lentil dal (mosur) 18  (0.31) Cond. & spices Fennel seeds (mauri) 
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Cost-effective perspective: most zinc-rich foods 
(summer price ratio: RDA ratio/retail cost per 100g edible portion) 

Absolute perspective: most zinc-rich foods 
(RDA ratio: nutrient content per 100g edible portion/RDA) 

Rank 
(summer price 
ratio) 

Food group Food name Rank  
(RDA ratio) 

Food group Food name 

7 (0.03) Grain legumes Soybean, white 18  (0.31) Animal product Milk, cow, powder, whole 
7 (0.03) Grain legumes Cowpea, brown 18  (0.31) Animal product Sheep, shoulder 
7 (0.03) Grain legumes Peas, dry (motor) 18  (0.31) Cond. & spices Cardamom green  
7 (0.03) Grain legumes Rajmah, black 19  (0.3) Grain legumes Lentil, whole, brown 
7 (0.03) Grain legumes Black gram, whole 19  (0.3) Grain legumes Bengal gram, dal (chola) 
7 (0.03) Grain legumes Horse gram, whole 19  (0.3) Grain legumes Cowpea, white 
7  (0.03) Cereals & millets Wheat, semolina (sooji, gom) 19  (0.3) Grain legumes Lentil dal (mosur) 
7 (0.03) Cond. & spices Indian pennyworth (thankuni pata) 20  (0.29) Grain legumes Soybean, white 
7  (0.03) Vegetables Amaranth spined leaves, green (spinosus) 20  (0.29) Animal products Goat, liver 
7 (0.03) Cereals & millets Barley 20  (0.29) Animal products Sheep, chops 
7 (0.03) Cereals & millets Puffed rice 20  (0.29) Nuts & oilseeds Almond 
7 (0.03) Cereals & millets Rice, raw, milled 20  (0.29) Animal products Goat, legs 
7 (0.03) Vegetables Slender Amaranth leaves (notay shak)    
7 (0.03) Vegetables Amaranth spined leaves, red and green 

(spinosus) 
   

7 (0.03) Cereals & millets Rice, parboiled, milled    
7 (0.03) Vegetables Colocasia leaves, black (kalo kochu shak)    
7 (0.03) Vegetables Tamarind leaves, tender    
7 (0.03) Vegetables Colocasia leaves, green (shobuj kochu shak)    
7 (0.03) Vegetables Radish leaves    

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Govern-
ment of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Summer Retail Prices, personal communication, 2021. 
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Single nutrient analysis: vitamin C - As in winter season, vegetables are the best source to cover vi-
tamin C requirements of moderately malnourished children and mothers - as proven by statistical 
analysis when analyzing how often vegetables belong to top 20 vitamin C-rich foods (absolutely or 
rather in terms of cost-effectiveness), compared to all other foods. 

Absolute perspective (as per iron RDA ratio): 

 vegetables: p<0.001, Fisher's exact test (n=99, compared to 326 other foods) 
with most vitamin C-rich vegetables being slender Amaranth leaves, capsicum varieties as 
well as Agathi leaves - followed by Drumstick leaves (Moringa), ponnaganni and green 
mango. 

Cost-effectiveness perspective (as per iron summer price ratio): 

 vegetables: p<0.001, Fisher's exact test (n=99, compared to 326 other foods) 
with most vitamin C-rich vegetables found as slender Amaranth leaves, radish leaves, ripe lo-
cal tomato and Agathi leaves (bok ful shak) - green capsicum, Drumstick leaves (Moringa) as 
well as red and green Amaranthus spinosus follow on slightly lower ranks. 

Guava varieties and emblic/amloki fruits are available in winter as in summer season and belong to 
the best vitamin C sources (from the absolute as well as cost-effectiveness perspective. 

Foods dense in vitamin C as well as cost-effective to cover vitamin C are nearly the same as in winter 
(except for parsley, which is seasonally unavailable) - with a lower cost-effectiveness of guava and 
capsicum in summer as compared to winter; and an improved cost-effectiveness of slender Ama-
ranth leaves (which lead vitamin C dense vegetables in summer): 

 Fruits: emblic (amloki), green/raw guava, pink flesh guava, white flesh guava 
 Vegetables: slender Amaranth leaves (notay shak), Agathi leaves (bok ful shak), green capsi-

cum, Drumstick leaves (Moringa), Amaranth spined leaves (red and green - Amaranthus 
spinosus), yellow capsicum, red capsicum, Amaranth spined leaves (green - Amaranthus 
spinosus) 

 Nuts and oilseeds: mustard seeds (dried) 

The table below portrays all details on top 20 vitamin c-dense foods available at Bolpur retail market 
in summer season (as per data collection in April 2021). 
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Table 89   Top 20 vitamin C-rich foods - available in summer season: cost-effective food sources of vitamin C vs. absolute perspective (vitamin C/100g edible portion related to RDA) 

Cost-effective perspective: most vitamin C-rich foods 
(summer price ratio: RDA ratio/retail cost per 100g edible portion) 

Absolute perspective: most vitamin C-rich foods 
(RDA ratio: nutrient content per 100g edible portion/RDA) 

Rank 
(summer price 
ratio) 

Food group Food name Rank  
(RDA ratio) 

Food group Food name 

1  (0.72) Vegetables Slender Amaranth leaves (notay shak) 1  (6.48) Fruits Emblic (amloki) 
2  (0.71) Fruits Emblic (amloki) 2  (3.26) Fruits Guava, green, raw 
3  (0.65) Vegetables Radish leaves 3  (3.17) Fruits Guava, pink flesh 
4  (0.64) Fruits Guava, green, raw 4  (3.06) Fruits Guava, white flesh 
5  (0.58) Fruits Guava, pink flesh 5  (2.56) Vegetables Slender Amaranth leaves (notay shak) 
6  (0.54) Fruits Guava, white flesh 6  (2.23) Nuts & oilseeds Mustard seeds, dried 
7  (0.48) Vegetables Tomato, ripe, local 7  (1.85) Cond. & spices Lemon peel 
8  (0.43) Vegetables Agathi leaves (bok ful shak) 8  (1.81) Vegetables Capsicum, yellow 
9  (0.36) Vegetables Capsicum, green 9  (1.76) Vegetables Capsicum, green 
10  (0.35) Vegetables Drumstick leaves (Moringa) 10  (1.73) Vegetables Agathi leaves (bok ful shak) 
10  (0.35) Vegetables Amaranth spined leaved, red and green 

(Amaranthus spinosus) 
11  (1.6) Vegetables Capsicum, red 

10  (0.35) Vegetables Cabbage, green 12  (1.54) Vegetables Drumstick leaves (Moringa) 
11  (0.34) Vegetables Cabbage, collard greens 13  (1.47) Vegetables Ponnaganni 
12  (0.33) Vegetables Capsicum, yellow 14  (1.34) Cond. & spices Chillies, green 
13  (0.32) Nuts & oilseeds Mustard seeds, dried 15  (1.29) Vegetables Mango, green, raw 
13  (0.32) Vegetables Colocasia leaves, black (kalo kochu shak) 16  (1.23) Vegetables Amaranth leaves, red (gangeticus - lal shak) 
14  (0.31) Vegetables Capsicum, red 17  (1.19) Vegetables Amaranth leaves, green (Amaranthus 

gangeticus, sobuj data shak) 
14  (0.31) Vegetables Amaranth spined leaves, green (spinosus) 18  (1.18) Vegetables Amaranth spined leaves, green  

(Amaranthus spinosus) 
15  (0.3) Vegetables Mango, green, raw 19 (1.12) Vegetables Bitter gourd leaves, green (korola shak) 
15  (0.3) Vegetables Rumex leaves 20  (1.1) Vegetables Amaranth spined leaves, red and green (sp.) 
15  (0.3) Vegetables Tomato, ripe, hybrid    

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Govern-
ment of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Summer Retail Prices, personal communication, 2021. 
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Aggregate consideration of critical nutrients: calcium, iron and zinc - For easier orientation, nutrients 
known to be most critical to cover in the diet of infants are summarized with respect to their abso-
lute nutrients density (summing up calcium, iron and zinc contents per 100g edible portion) as well as 
with respect to cost-effectiveness of foods (applying retail prices adjusted for edible portion). 

Seen from an absolute perspective, it is the FGs of condiments and spices as well as nuts and oilseeds 
which offer most foods dense in calcium, iron and zinc. While from the cost-effectiveness perspective 
it is mainly vegetables, and further the FGs of cereals and millets as well as (again) condiments and 
spices; nuts and oilseeds are (in contrast to winter analysis) not of statistical relevance anymore 
(p>0.05, Fisher's exact test, n=20, compared to 405 other foods): 

Absolute perspective (as per CaFeZn RDA ratio): 

 Condiments and spices: p<0.001, Fisher's exact test (n=32, compared to 393 other foods) 
 Nuts and oilseeds: p<0.05, Fisher's exact test (n=20, compared to 405 other foods) 

Cost-effectiveness perspective (as per CaFeZn summer price ratio): 

 Vegetables: p<0.001, Pearson Chi-Square test (n=99, compared to 326) 
 Cereals and millets: p=0.01, Fisher's exact test (n=25, compared to 400 other foods) 
 Condiments and spices: p<0.05, Fisher's exact test, 1-sided (n=32, comp. to 393 other foods) 

Several foods are both, cost-effective in covering calcium, iron and zinc as well as explicitly dense in 
named nutrients in absolute terms. Those foods are - presented by FG and starting with the most 
cost-effective food each time: 

 Grain legumes: Horse gram, whole 
 Vegetables: Agathi leaves (bok ful shak), Amaranthus spinosus green leaves (Amaranthus 

spinosus), Jute leaves (pat shak) 
 Condiments and spices: dried bay leaves, spearmint leaves (pudina pata), turmeric powder 

(holud), fennel seeds (mauri), cumin seeds, Coriander seeds 
 Nuts and oilseeds: Mustard seeds, linseeds, dried mustard seeds, white gingelly seeds, dried 

sesame seeds. 

Listed foods are, indeed, exactly the same as in winter. Agathi leaves appear especially helpful to 
cover calcium, iron and zinc needs - as they have merely high oxalate levels (179 mg/ 100g edible 
portion) compared to green Amaranthus spinosus leaves which have even very high oxalate levels 
(with 1,073 mg/ 100g edible portion). Oxalate level of Jute leaves is, unfortunately, unknown. Soak-
ing of leafy vegetables before cutting would be recommendable in any case in order to reduce water 
soluble oxalates. Also horse gram should be soaked in water before cooking (and soaking water dis-
carded) - as it contains high amounts of oxalate and phytate and very high amounts of polyphenols. 
Whole Bengal gram may be a better option to choose with only medium levels of oxalate and poly-
phenols, but still a high level of phytate. If money did not matter, spleen (of sheep, goat or pork) 
would be an optimal food to cover calcium, iron and zinc needs; further pork liver as well as several 
fishes would be beneficial to consume (especially Indian river shad, but also gold spot mullet, chanda 
Indian glaasy fish and mola carplet). Details are given in the table below.
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Table 90   Top 40 calcium-, iron- and zinc-rich foods - available in summer season: cost-effective food sources of most critical nutrients versus absolute perspective  

Cost-effective perspective: most calcium-, iron- zinc-rich foods 
(summer price ratio: ∑ (RDA ratio/retail cost per 100g edible portion) ) 

Absolute perspective: most calcium-, iron- zinc-rich foods 
(RDA ratio: ∑ (nutrient content per 100g edible portion/RDA) ) 

Rank 
(summer price 
ratios) 

Food group Food name Rank  
(RDA ratios) 

Food group Food name 

1  (0.62) Cond. & spices Bay leaves, dried 1  (6.55) Cond. & spices Bay leaf, dried 
2  (0.61) Vegetables Radish leaves 2  (6.06) Animal products Sheep, spleen 
3  (0.53) Vegetables Agathi leaves (bok ful shak) 3  (5.89) Animal products Goat, spleen 
4  (0.39) Vegetables Amaranth spined, leaves, green (spinosus) 4  (5.55) Cond. & spices Turmeric powder (holud) 
4  (0.39) Vegetables Amaranth spined, leaves, red and green 

(Amaranthus spinosus) 
5  (4.57) Nuts & oilseeds Gingelly seeds, white 

5  (0.36) Vegetables Cabbage, collard greens 6  (4.24) Cond. & spices Fennel seeds (mauri) 
6  (0.35) Vegetables Colocasia leaves, black (kalo kochu shak) 7  (4.18) Cond. & spices Cumin seeds 
7  (0.34) Nuts & oilseeds Mustard seeds 8  (4.06) Cond. & spices Poppy seeds (posto dana) 
8  (0.33) Vegetables Colocasia leaves green (shobuj kochu shak) 9  (3.55) Cond. & spices Coriander seeds 
9  (0.31) Vegetables Slender Amaranth leaves (notay shak) 10  (3.51) Nuts & oilseeds Sesame seeds, dried 
10  (0.29) Nuts & oilseeds Linseeds 11  (3.21) Animal products Pork, spleen 
10  (0.29) Vegetables Pumpkin leaves, tender 12  (2.92) Cond. & spices Mace (jayitri) 
10  (0.29) Cereals & millets Maize, dry 12  (2.92) Animal products Milk, cow, powder, skimmed 
11  (0.28) Nuts & oilseeds Mustard seeds, dried 13  (2.83) Cond. & spices Cinnamon, ground 
12  (0.27) Cond. & spices Spearmint leaves (pudina pata) 14 (2.66) Animal products Pork, liver 
12  (0.27) Cond. & spices Coriander leaves 15  (2.56) Fish Indian river shad (chapila) 
12  (0.27) Vegetables Rumex leaves 16  (2.54) Nuts & oilseeds Mustard seeds 
13  (0.26) Cond. & spices Turmeric powder (holud) 17  (2.29) Cond. & spices Asafoetida 
13  (0.26) Cond. & spices Fennel seeds (mauri) 18  (2.22) Cond. & spices Curry leaves 
13  (0.26) Vegetables Drumstick leaves (Moringa) 19  (2.19) Fish Mullet, gold spot (parshe) 
13  (0.26) Cereals & millets Bajra 20  (2.14) Cond. & spices Pepper, black (golmorich) 
14  (0.25) Nuts & oilseeds Gingelly seeds, white 21  (2.13) Cond. & spices Cloves 
14  (0.25) Nuts & oilseeds Sesame seeds, dried 22  (2.11) Vegetables Agathi leaves (bok ful shak) 
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Cost-effective perspective: most calcium-, iron- zinc-rich foods 
(summer price ratio: ∑ (RDA ratio/retail cost per 100g edible portion) ) 

Absolute perspective: most calcium-, iron- zinc-rich foods 
(RDA ratio: ∑ (nutrient content per 100g edible portion/RDA) ) 

Rank 
(summer price 
ratios) 

Food group Food name Rank  
(RDA ratios) 

Food group Food name 

14  (0.25) Vegetables Beet greens 23  (2.07) Cond. & spices Spearmint leaves (pudina pata) 
14  (0.25) Cereals & millets Wheat flour brown, whole grain 23  (2.07) Animal products Milk, cow powder, whole 
15  (0.24) Cond. & spices Cumin seeds 24  (2.06) Fish Chanda, Indian glaasy fish (chanda, ranga) 
15  (0.24) Cond. & spices Coriander seeds 25  (2.03) Fish Mola carplet (mola) 
15  (0.24) Vegetables Jute leaves (pat shak) 26  (1.93) Nuts & oilseeds Mustard seeds, dried 
15  (0.24) Vegetables Amaranth leaves, red (gangeticus - lal shak) 27  (1.9) Cond. & spices Cardamom, green 
16  (0.23) Vegetables Betel leaves, big 28  (1.83) Cond. & spices Cardamom black 
17  (0.22) Vegetables Amaranth leaves, green (sobuj data shak) 29  (1.75) Animal products Sheep, liver 
17  (0.22) Cereals & millets Wheat four, white (atta) 30  (1.67) Grain legumes Horse gram, whole 
17  (0.22) Cereals & millets Wheat, whole 30  (1.67) Grain legumes Soybean, brown 
18  (0.21) Grain legumes Horse gram, whole 31  (1.58) Nuts & oilseeds Pumpkin seeds, dried 
18  (0.21) Vegetables Betel leaves, small 32  (1.55) Nuts & oilseeds Sunflower seeds 
18  (0.21) Vegetables Basella leaves 33  (1.54) Grain legumes Soybean, white 
19  (0.2) Vegetables Tamarind leaves, tender 34  (1.51) Animal products Khoa 
20  (0.19) Vegetables Ponnaganni 35  (1.49) Cond. & spices Fenugreek seeds (methi) 
20  (0.19) Cereals & millets Rice flakes 36  (1.48) Fish Day's mystus, combined species (tengra)  
20  (0.19) Cereals & millets Wheat, bulgur 37  (1.47) Vegetables Amaranth spined leaves, green (spinosus) 
21  (0.18) Grain legumes Bengal gram, whole 38  (1.45) Nuts & oilseeds Linseeds 
21  (0.18) Grain legumes Lentil whole, brown 39  (1.41) Vegetables Jute leaves (pat shak) 
22  (0.17) Grain legumes Lentil whole, yellowish 40  (1.37) Cond. & spices Mint leaves 
22  (0.17) Vegetables Fenugreek leaves (methi shak)    
22  (0.17) Cereals & millets Jowar (sorghum)    
22  (0.17) Cereals & millets Rice, puffed    

Source: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Government 
of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Summer Retail Prices, personal communication, 2021.
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Summer price cost-effectiveness analysis: core findings - Finally there is a set of summer foods avail-
able at Birbhum district, which appears adequate to cover nutrient requirements of Santal Adivasi 
children aged 1-2 years and their mothers. The following table summarizes such adequate summer 
foods - which are at the same time cost-effective and dense in nutrient from an absolute perspective. 

Table 91   Summary summer price analysis: Foods adequate to feed malnourished children/mothers - considering abso-
lute nutrient density and cost-effectiveness  

Food group Cost-effective & and nutrient-dense summer foods  
~ named for each FG in descending cost-effectiveness order ~ 
~ grey writing indicates incomplete data base with <38 nutrients ~ 

 1 as per all-nutrient analysis (38 nutrients - top10 foods) 
2 as per calcium single analysis (top20 foods) 

3 as per iron single analysis (top24 foods) 
 4 as per zinc single analysis (top20 foods) 
5 as per critical nutrient analysis (Ca, Fe, Zn - top20 foods) 
6 as per vitamin C single analysis (top20 foods) 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total dietary fibre 
 

Cereals and 
millets 
 

dry maize1, whole wheat1, white wheat flour (atta)1, bajra1, bulgur/wheat1,b 

Grain  
legumes 

white soybean1,4,e , brown soybean1,4, Bengal gram whole1,e, whole brown lentil4, 
horse gram whole5,c, Bengal gram dal (chola)1,4, moth bean1, rajmah brown1,c, 
white cowpea4, lentil dal (mosur)4 

Vegetables 
 

green Colocasia leaves1,a, Amaranth spined leaves (red and green - Amaranthus 
spinosus)1,6,a, Amaranth spined leaves (green - Amaranthus spinosus)1,5,6,a, 
Drumstick leaves (Moringa)1,6, Agathi leaves1,2,5,6, green capsicum6, red capsicum6, 
yellow capsicum6, dried oyster mushrooms4,e, slender Amaranth leaves (notay 
shak)6, Jute leaves (pat shak)3,5  

Fruits 
 

pink flesh guava6, c,  white flesh guava1,6, bael fruit1, green/raw guava6, emblic (am-
loki)6 

 
Roots and 
tubers 
 

small brown skin potato1, big brown skin potato1, red skin potato1, sweet potato 
with brown skin1, sweet potato with pink skin1, water chestnut1, orange carrot1, 
colocasia1, red carrot1 

Condiments 
and spices 

Fenugreek seeds (methi)1,4,e, dried bay leaves1,2,3,4,5,e, cumin seeds1,2,3,5,e, red chil-
lies1,e, Coriander seeds1,3,5,a,b,e, turmeric powder (holud)3,5,a,c, fennel seeds 
(mauri)2,5,e, spearmint leaves (pudina pata)3,5,c 

Nuts and 
oilseeds 

linseeds1,4,5,b, mustard seeds1,3,4,5, dried mustard seeds3,4,5,6, dried sesame 
seeds1,2,4,5, white gingelly seeds1,2,4,5,a,b, sunflower seeds1,4,c, groundnut1, safflower 
seeds1,b 

Sugar, fat, oil, 
miscellaneous 

soybean oil1, sugarcane jaggery1, sesame oil1, salted mayonnaise1,d, peanut oil1, 
palm oil1, margarine1,d 

Animal prod-
ucts 

duck egg1, chicken liver1, country hen chicken egg1, pork liver1, sheep liver1 

Fish rohu1, pangas1, Indian river shad (chapila)2 
Source: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: 
Bundesministerium für Ernährung und Landwirtschaft, 2021; Government of Canada, 2021; Longvah et al., 2017; Shaheen 
et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Summer Retail Prices, personal communication, 
2021. 

Furthermore, summer analysis showed a variety of foods which are not most nutrient-dense in abso-
lute terms, but which have proven to be cost-effective to cover essential nutrients. Such foods are 
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presented in the table below and should complement the daily menu of tribal Adivasi children and 
mothers, as they offer a very good nutritional value in relation to purchasing costs.  

Table 92   Summary summer price analysis: Foods adequate to feed malnourished children/mothers - considering cost-
effectiveness  

Food group Cost-effective summer foods  
~ named for each FG in descending cost-effectiveness order ~ 
~ grey writing indicates incomplete data base with <38 nutrients ~ 

 1 as per all-nutrient analysis (38 nutrients - top10 foods) 
2 as per calcium single analysis (top20 foods) 

3 as per iron single analysis (top24 foods) 
 4 as per zinc single analysis (top20 foods) 
5 as per critical nutrient analysis (Ca, Fe, Zn - top20 foods) 
6 as per vitamin C single analysis (top20 foods) 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total dietary fibre 
 

Cereals and 
millets 
 

jowar1,4,5, rice raw milled1,4, rice parboiled milled1,4, barley1,4, rice flakes1,3,4,5, whole 
grain brown wheat flour3,4,5, puffed rice3,4,5, wheat semolina (sooji gom)4, maize 
flour whole white4 

Grain  
legumes 

yellowish lentils whole1,4,5, black gram whole1,4,b, black rajmah4,c, dry peas (mo-
tor)4, brown cowpea4 

Vegetables 
 

radish leaves1,2,3,4,5,6, Chinese cabbage1,2, ripe local tomato1,6, cabbage - collard 
greens1,2,3,5,6, green cabbage1,6, tender Tamarind leaves1,3,4,5, round orange pump-
kin1, green cylindrical pumpkin1, Basella leaves1,3,5, green tomato1, Rumex 
leaves2,3,5,6, ripe hybrid tomato6,  big Betel leaves2,5,a, ponnaganni2,5,a, tender 
pumpkin leaves2,3,5, small Betel leaves2,5,a, red Amaranth leaves (Amaranthus 
gangeticus - lal shak)3,5,a, green Amaranth leaves (Amaranthus gangeticus - sobuj 
data shak)2, Fenugreek leaves (methi shak)5, beet greens3,5, green raw mango6, 
black Colocasia leaves2,4,5,6 

Fruits 
 

ripe banana (poovam)1, fig (dumur, paka)1, ripe banana (robusta)1, pineapple1, 
pale green water melon1, dark green water melon1, ripe banana (montham)1  

Roots and 
tubers 

radish elongate red skin1  

Condiments 
and spices 

Coriander leaves1,3,5, lemon peel1, small onions1, Curry leaves1, black pepper (gol-
morich)1,e, Indian pennyworth (thankuni pata)4,c,d 
  

Nuts and 
oilseeds 

dried red arecanut1,c, dried brown arecanut1,c  

Sugar, fat, oil, 
miscellaneous 

sugarcane jaggery juice1, white sugar1, date palm jaggery 

Animal prod-
ucts 

whole cow milk1, whole buffalo milk1, whole egg (poultry)1, sheep kidney1, chicken 
gizzard1 

Fish mural1, tilapia1, silver carp1, gold fish1, catla1, mussel/clam mixed species1,d, pam-
bada1, mullet1 

Source: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: 
Bundesministerium für Ernährung und Landwirtschaft, 2021; Government of Canada, 2021; Longvah et al., 2017; Shaheen 
et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Summer Retail Prices, personal communication, 
2021. 
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7 Developing a cost-effective and nutrient-dense diet 

Based on winter price analysis findings, a weekly meal schedule for children as well as for mothers 
has been developed, which aims to gradually reduce undernutrition and anaemia. The cost-effective 
and nutrient-dense recipes presented below strive to increase the dietary diversity of Santal Adivasi 
children's and mothers' daily food intakes in rural Birbhum district - which means to consume suffi-
cient foods from all food groups (FGs) as to cover intake needs of all essential nutrients (Ruel, 2003). 
As per Ruel's dietary diversity review, food diversity and nutrient adequacy are indeed associated, 
meaning that consumption of foods across FGs (namely cereals and millets, grain legumes, vegeta-
bles, fruits, roots and tubers, condiments and spices, nuts and oilseeds, sugars/fats/oils and miscella-
neous foods, animal products, as well as fish) does help to satisfy intake needs of essential nutrients 
and cover RDAs. Moreover, the review, which focuses on developing countries, confirms that dietary 
diversity is associated with children's nutritional status (as has been shown also in this dissertation, 
with regard to anaemia amongst children aged 6-39 months for the consumption of a nutrient-dense 
meal three times a week for a duration of 12 months, see chapter 5). As per Ruel (2003), there is no 
final agreement on the need to include animal source foods in the diet of children in order to achieve 
adequate growth - even though several studies do hint on an association. 

The presented recipes have been developed in cooperation with the nutritionist Caroline Stiller and 
pay respect to deeply rooted food habits with rice being the main staple food, leafy vegetables 
spending a good share of nutrients and inclusion of oilseeds as mustard and sesame, respectively. 
Commonly accepted fruits as banana and guava have been chosen. Further, fish has been integrated 
as per the wish of Santal families to eat more fish - as well as egg and milk (which may be supplied to 
children and mothers via AWCs) - newly introduced is chicken liver once a week, which showed to be 
highly cost-effective. Children and mothers (as well as other family members) are assumed to receive 
the same food, as to reduce cooking time effort - still then, the proposed recipes mean an enormous 
work to mothers with two cooked main meals (lunch and dinner), as well as a cooked afternoon 
snack (halwa porridge or rather a leafy vegetable legume-"omelette") and an uncooked breakfast - 
besides the khechuri meal, supposed to be offered through AWCs late mornings. The next subchap-
ters present suggested recipes in detail informing about their potential to cover recommended daily 
intakes as well as about their anti-nutritive contents, which need to remain below critical values 
(here, molar mass ratios have been calculated). Limitations to cover RDAs via a diversified meal pat-
tern become obvious, which relate mostly to B-vitamins as well as to zinc and vitamin A in the case of 
children (due to very high recommended intake levels and in accordance with literature). Finally, 
even for an optimized food intake, supplementation of certain nutrients as B1, B2 and zinc/vitamin A 
may be needed for Santal Adivasi children and their mothers, both vital to achieve adequate growth 
and reduce the burden of anaemia. The responsibility to overcome widespread undernutrition can-
not be laid on the shoulders of tribal families alone - as money as well as time constraints make a 
reliable implementation of suggested meals on a daily basis rather unlikely and because it is uncer-
tain whether children and mothers are able to consume suggested amounts. Rather, government 
services as well as NGOs may be needed to support tribal families to break the vicious circle of un-
dernutrition and enable them to participate more fully in Indian societal and economic life.   
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Picture 21   Suggested weekly meal schedule: diversified dietary intake based on most cost-effective foods (children) 

 
Source: Picture prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 

The eating capacity of children in this age group is still limited. Primary data collected during the in-
tervention study (for details please refer to chapter 5) showed that Santal children aged 12-23 
months (n=78) ate on an average 131g per meal (median 144g) - with a maximum of 291g. Accord-
ingly, portion sizes of 200g have been applied in order to calculate the share of RDA covered through 
breastfeeding in a medium frequency as well as through the five suggested meals per day. 

Weekly RDAs have been checked for their fulfilment, as suggested daily meals vary a bit with regard 
to animal products offered to the children: while half egg would be provided three times a week to 
these children via AWCs, cow milk would be provided another three days. Once a week a small 
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amount of liver and once a week a small amount of fish would be provided at home to the children. 
The weighted weekly average of the resulting nutrient intake was used to proof fulfilment of the 
recommended weekly allowances for moderately malnourished children aged 12-23 months. As in 
the cost-analysis before (chapter 6), RDAs suggested by Golden (2009) for moderately malnourished 
children aged 1-2 years have been applied, except for cases where the current Indian recommenda-
tions for healthy children aged 1-3 years lay above these intake levels (ICMR, NIN, 2020; ICMR, 2020). 
With regard to the fat intake, 41.1 g/day have been applied (equalling 40 E% with a suggested range 
of 35 E% for stunted up to 45 E% in case of wasted children) -rather than the 27g recommended by 
Golden - which appeared to be rather low in the course of recipe development. 

In the following subchapters, each of the five recommended children's meals is presented with re-
gard to its ingredients, percentage of RDA covered and analysis of anti-nutritive contents - with hints 
how to reduce anti-nutritive contents via processing methods such as roasting and soaking. Finally, 
the weekly fulfilment of recommended intakes for moderately malnourished children is shown, de-
picting also nutrients difficult to cover via a diversified diet based on local ingredients. While working 
out the recipes presented here, most cost-effective (winter) foods have been made use of. With re-
gard to summer cost-analysis small changes of presented recipes appear useful, as integrating to-
mato as a vegetable (which is costly in winter and far less pricy in summer season). Overall, pre-
sented recipes pose a good basis to be slightly modified according to seasonal availability of foods. 

7.1.1 Breakfast: ingredients, share of RDA covered and anti-nutrient considerations 

The breakfast needs to be quick to prepare and children usually receive dry foods as biscuits or 
puffed rice. The suggested breakfast follows the routine to offer an uncooked meal in the morning, 
using cost-effective and easy to store foods: rice flakes, sugar, groundnuts, banana, as well as cow 
milk (which needs to be boiled indeed in order to be kept without fridge). Alternatively milk powder 
may be used; unfortunately, no sound information can be given on powdered milk's cost-
effectiveness, as merely 18 out of 38 nutrients were accessible for analysis - it is indeed very high in 
salt, what should be less of a problem, however, once mixed with water to be eaten by the child.  

Table 93   Cost-effective & nutrient-dense breakfast for children aged 12-23 months - ingredients 

Ingredients  
rice flakes muesli 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

 max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio - 38 
nutrients analyzed if not 
mentioned otherwise) 

Rice flakes 36.0 5.14 56 puffed rice (4.08), white 
bread & bun/roled (1.01), 
sweet biscuit (0.6) 

Milk, cow, whole 80.0 3.85 81 whole buffalo milk (3.37), 
skimmed cow milk (0.76), 
buttermilk (0.48), skimmed 
powdered cow milke (0-45 - 
18 nutrients analyzed), goat 
milk (0.39), whole pow-
dered cow milke (0.36 - 18 
nutrients analyzed), sweet 
curd (0.21) 
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Ingredients  
rice flakes muesli 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

 max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio - 38 
nutrients analyzed if not 
mentioned otherwise) 

Sugar, white 6.5 0.32 249 sugarcane (2.49), sugarcane 
juice (2.46), honey (0.1) 

Groundnuts 6.5 1.95 151 linseedsb (10.16), white 
gingelly seedsa,b (2.65), 
sunflower seedsc (2.1), 
safflower seedsb (1.79), dry 
coconut kernel (0.6), dried 
areca nut red//brownc 
(0.48/0.46), cashew nutb 
(0.43), jackfruit seeds (0.37) 

Banana, ripe, poovam 62.0 3.26 101 fig (4.94), white fleshed 
guava (3.36), robusta ba-
nana (3.06), bael fruit (2.82)  

Guava, white fleshed 9.0 3.36 97 fig (4.94), poovam/robusta 
banana (3.26/3.06), bael 
fruit (2.82) 

Total portion weight 200    
Source: Own recipe - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the recipe has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 

Named ingredients are mixed and prepared as semi-solid food (rice flakes are soaked in sugared 
milk) - the banana may be cut in slices or smashed and mixed with the rice flakes or served along 
with soaked rice flakes to be hold in the child's hand - as it prefers. 

Picture 22   Cost-effective breakfast for children: rice flakes muesli (raw ingredients and finally mixed) 

       
Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 

While puffed rice is more commonly eaten in the rural area of Birbhum district in the Santal Adivasi 
villages compared to rice flakes, it offers less nutrients with regard to the money spent compared on 
rice flakes (all-nutrient winter price ratio of 4.08 versus 5.14). It is for this reason, that the suggested 
nutrient-dense breakfast favours rice flakes soaked in sugared milk over sugared puffed rice, which 
might otherwise be a traditional breakfast. Banana is a well accepted fruit, accessible in the villages, 
with fairly high nutrient-value in relation to its purchasing costs - poovam or robusta bananas ap-
peared as best options as per the winter price analysis. White fleshed guava delivers vitamin C, 
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needed for proper iron absorption. Figs turned out to be a highly cost-effective fruit as per winter 
price analysis as well - and may be offered to the children alternatively to banana. 

The suggested breakfast puts an emphasis on providing CHOs early morning with a CHO E% of 70.6, a 
protein E% of 10.3 and a fat E% of 20.1. Accordingly, it covers one third of children's energy require-
ment (314 kcal) and delivers 42 percent of needed CHOs. Further, it offers roughly about one third of 
vitamins B7, B12 and C as well as of phosphorus and potassium. 44 percent of vitamin B6 requirements 
are covered through a 200g portion as well as 46 percent of copper and 40 percent of magnesium 
needs. The molar mass ratio of oxalate to calcium is adequate amounting to 0.04 (with a critical value 
"CV" of 2.25; Noonan, 1999). Yet, the molar mass ratios relating to phytate to iron as well as phytate 
to zinc are both (slightly) above defined CVs, meaning that without food processing the absorption of 
iron and zinc contained in the breakfast must be considered suboptimal - with a molar mass ratio of 
phytate to iron of 8.3 (CV for composite meals is defined at 6; Hurrell, 2004) and a molar mass ratio 
of phytate to zinc of 19.28 (with the CV being defined at 15-18; Gibson et al., 2010). Accordingly, it is 
of importance to reduce the phytate content of the breakfast ingredients via adequate food process-
ing methods: rice flakes (containing 474mg phytate/100g edible portion) and groundnuts (containing 
582mg phytate/100g edible portion) might be roasted, respectively. Roasting, of course, means addi-
tional work to the mother and would be optimally done in advance when there is some free time in 
the afternoons, for a higher (e.g. weekly) quantity of rice flakes and nuts. Further, rice flakes may be 
soaked in water and soaking water discarded before preparing it with sugared milk - this processing 
would well reduce water-soluble phytate. Still, overall nutrient content would be diluted this way as 
water content rises and eating capacity of children aged 12-23 months is, as indicated before, lim-
ited. Very interestingly, all analyzed cereals except for puffed rice contain high or even very high phy-
tate levels. Hence, despite puffed rice being inferior with view to its all-nutrient winter price ratio, it 
may serve as alternative food to children as well as mothers in the light of lower phytate contents, 
though (it contains merely 115mg phytate per 100g edible portion).  

No CVs are defined in literature so far when it comes to the interactions of polyphenols and iron, zinc 
or protein. Roos et al. (2013) state that it is not useful to establish upper limits for the total polyphe-
nol intake, but rather science has to work out intake limits for specific subclasses of polyphenolic 
compounds. The authors further suggest screening for low-molecular weight soluble polyphenols in 
complementary foods (rather than focusing on total polyphenol content). Petry et al. (2010) found 
that 50mg of polyphenols from beans lowered iron absorption by 14 percent (p<0.05) and by 45 per-
cent in case 200mg polyphenols from beans had been consumed. Further, Hurrel et al. (1999) found 
that beverages containing 20-50mg polyphenols reduced iron absorption from bread by 50-70 per-
cent, while beverages containing 100-400mg polyphenols reduced iron absorption from bread by 60-
90 percent. However, single-meal studies are known to overestimate inhibitory effects while multi-
meal studies tend to show more modest effects as the interaction of inhibiting and enhancing factors 
is represented more realistically (Hurrell & Egli, 2010). Overall, as Roos et al. (2013) conclude that the 
evaluation of the nutritional significance of polyphenols is complex, as polyphenols show different 
nutritional properties. For instance, chillies but not turmeric was found to have a negative impact on 
iron absorption on Thai women even though turmeric contained more polyphenols than chillies (Hur-
rell & Egli, 2010). Accordingly, (and unfortunately), despite naming the total polyphenol content of 
suggested meals in this dissertation, it is not possible to judge their inhibitory effect on iron and 
other minerals with certainty. It is, however, known that vitamin C at least partially counteracts the 
inhibitory effect of polyphenols (Hurrell & Egli, 2010; Siegenberg et al., 1991). Respectively, the in-
hibitory effect of a meal containing 100mg of tannic acid was found to be overcome by adding a 
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minimum of 50mg of vitamin C (Siegenberg et al., 1991). The vitamin C density of the suggested 
breakfast is indeed favourable to boost nonheme iron absorption with a density of 79.6mg per 1,000 
kcal - referring to a recommended amount of at least  20mg per 1,000 kcal (Nutrient Requirements 
and Recommended Dietary Allowances for Indians, 2009). Further, soaking is reported to reduce total 
polyphenols (Acquah et al., 2021; Tajoddin et al., 2014) - as does boiling. Interestingly, Abizari et al 
(2012) found that low iron absorption from cowpea-based flours resulted mainly from a high molar 
ratio of phytate to iron and was less influenced by variations in polyphenol concentrations. Also 
there are many positive aspects of polyphenols, and there is even a hypothesis that polyphenol me-
tabolites may promote beneficial gut bacteria (Cory et al., 2018). All in all, there are for sure health 
benefits associated with polyphenols (relating to their antioxidant activity going along with a reduced 
cardiovascular disease risk) while their inhibiting effect on iron (and most likely also zinc and other 
mineral absorption) is of concern when speaking about malnourished individuals with high needs of 
such critical nutrients to catch up growth (Speer et al., 2019). Speer et al. (2019) conducted a sys-
tematic review on polyphenols and their effect on cardiovascular disease and iron status (which 
comprised, however, merely 7 studies, which analyzed fairly heterogenic polyphenol dosages, rang-
ing from 45 to a maximum of 1,015mg of total polyphenols per 100g of food or rather supplement); 
interestingly, the authors could not finally confirm an inhibitory effect of polyphenols on iron - and 
call for further research to assess the relationship of polyphenol intake and iron bioavailability. 

Eventually, the suggested breakfast is low in sodium (what can be considered advantageous) and 
covers 27 percent of the acceptable dietary fibre amount. The following table shows the exact share 
of RDA covered through the breakfast for malnourished children aged 12-23 months. 

Table 94   Cost-effective & nutrient-dense breakfast for children aged 12-23 months - coverage of RDA, vitamin C density 
and molar mass ratios 

Nutrient Breakfast content      
   200g portion  

Recommended in-
take per day (RDA) 

Percent of 
RDA covered 

Energy, in kcal 314.1 956  32.9 
Macronutrients 

CHOs, in g 54.1 130  41.6 
Protein, in g 7.9 23 34.3 
Fat, in g 6.8 41.1  16.5 

Fat-soluble vitamins 
Vitamin A (RAE), in µg 52.7 920   5.7 
Vitamin D, in µg 0.9 15  6.0 
Vitamin E, in mg 0.5 11   4.5 
Vitamin K, in µg 2.8 20   14.0 

Water-soluble vitamins 
Vitamin B1, in mg 0.1 0.7  14.3 
Vitamin B2, in mg 0.1 0.9  11.1 
Vitamin B3, in mg 1.7 8.0  21.3 
Vitamin B5, in mg 0.8 3.0 26.7 
Vitamin B6, in mg 0.4 0.9 44.4 
Vitamin B7, in µg 3.0 9.5  31.6 
Vitamin B9, in µg 29.5 210 14.0 
Vitamin B12, in µg 
 

0.4 1.2  33.3 
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Nutrient Breakfast content      
   200g portion  

Recommended in-
take per day (RDA) 

Percent of 
RDA covered 

Vitamin C, in mg 
vitamin C density in mg/1,000 kcal 
(suggested minimum: 20mg/1,000 kcal) 

25.0 
79.6 

70 35.7 

Minerals and trace elements 
Calcium, in mg 109.2 570  19.2 
Copper, in mg 0.3 0.65 46.2 
Iron, in mg 2.2 9.0 24.4 
Magnesium, in mg 76.0 190  40.0 
Manganese, in mg 0.6 1.1 54.5 
Phosphorus, in mg 196.5 570 34.5 
Potassium, in mg 422.9 1,350 31.3 
Selenium, in µg 1.1 30 3.7 
Zinc, in mg 
 

1.1 12 9.2 

Essential fatty acids 
Total PUFAs, in g 1.2 5.6 21.4 
α-linolenic acid (n-3), in g 1.1 0.82 134.1 
Linolenic acid (n-6), in g/d 0.1 4.78 2.1 

Essential amino acids 
Isoleucine, in g 9.3 3.1  (per 100g) 300.0 
Leucine, in g 18.3 6.3  (per 100g) 290.5 
Lysine, in g 11.7 5.2  (per 100g) 225.0 
SAA (methionine, cysteine), in g 6.0 2.5  (per 100g) 240.0 
AAA (phenylalanine, tyrosine), in g 17.3 4.6  (per 100g) 376.1 
Threonine, in g 8.6 2.7  (per 100g) 318.5 
Tryptophan, in g 2.3 0.7  (per 100g) 328.6 
Valine, in g 11.4 4.1  (per 100g) 278.0 
Histidine, in g 6.8 1.8  (per 100g) 377.8 

Elements to be limited in the diet 
Oxalate, in mg 9.2 oxalate: calcium 

critical value (CV) - 2.25 
0.04 

Phytate, in mg 215.3 phytate: iron  
CV 1 - plain cereal or 
legume based meals; 
CV 6 - composite meals 
phytate: zinc 
CV 15 - 18 
phytate: calcium 
CV 0.17 - 0.24 
Ca * phytate:zinc 
CV 0.5 

8.3 
 
 
 
19.28 
 
0.12 
 
0.03 

Polyphenols, in mg 21.1 no CV defined n.a. 

Sodium, in mg 23.1 530  (maximum) 4.4 
Dietary fibre, in g 4.1 15  (maximum) 27.3 

Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stiller and Antonia Sommer 
(data entry). RDAs as per: Dietary Guidelines for Indians - a Manual, 2011; ICMR, NIN, 2020; ICMR, 2020; Golden, 2009 (for 
details please refer to subchapter 6.1.2); the fat requirement of children was finally calculated to equal 40E% leading to 
41.1 g/d compared to 27g/d suggested by Golden (2009). Minimum required vitamin C density: Nutrient Requirements and 
Recommended Dietary Allowances for Indians, 2009. For CVs = critical values of nutrient interactions:  
(1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron - as per Hurrell, 2004, (3) phytate:zinc and phytate:calcium - as 
per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc -  as per Ferguson et al., 1988. 
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7.1.2  First lunch: ingredients, share of RDA covered and anti-nutrient considerations 

Before noon, governmental pre-school centres (AWCs) use to provide a cooked meal for children, 
where either rice with potato and full egg or Khechuri, a mixed rice-vegetable dish, with half egg is 
usually provided. In order to optimize nutrient intakes at lowest cost possible, the typically provided 
khechuri meal has been modified - with inclusion of some of the most cost-effective winter vegeta-
bles, namely radish leaves, orange pumpkin and cauliflower, as well as an alternating provision of 
animal foods: half duck egg three times a week (duck egg has proven to be more cost-effective than 
chicken egg, indeed), 50ml cow milk to drink (again three times a week) or chicken liver (the most 
cost-effective animal food as per winter price analysis). Legume choices comprise Bengal gram dal 
"chola" (with brown or yellowish lentils being cost-effective alternatives) as well as brown soybeans. 
Coriander leaves, a highly cost-effective and culturally well-accepted spice, have been included in the 
recipe (parsley may be used instead) besides further locally familiar spices as turmeric powder and 
cumin seeds. Mustard seeds, also well-accepted in the rural area of Birbhum district, have been fur-
ther included to supply essential nutrients. While egg and cow milk would be provided from the gov-
ernment's side - chicken liver would be prepared at home on Sundays. 

Table 95   Cost-effective & nutrient-dense late morning meal for children aged 12-23 months - ingredients 

Ingredients 
khechuri 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

plain khechuri 

 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio - 38 
nutrients analyzed if not 
mentioned otherwise) 

Rice, raw, milled 24.0 5.49 48 rice parboiled milled (5.42), 
brown riceb (3.32) 

Bengal gram dal, chola 1.5 2.73 117 brown lentil (3.02), yellow-
ish lentil (2.99), lentil dal 
(2.08), black gram dal 
(1,98), green gram dal 
(1.87), red gram dal (1.63) 

Soybean, brown 1.5 4.22 68 soybean whitee (4.15), 
Bengal gram wholee (3.53), 
horse gram wholec (3.5), 
black gram wholeb (3.05), 
moth bean (2.99)  

Radish leaves 16.0 19.15 1 Bathua leavesa (17.3), cauli-
flower leaves (16.7), green 
Colocasia leavesa (14.5), 
spinacha (14.27), green 
spined Amaranth leavesa 
(13.93), Agathi leaves 
(13.39), tender Tamarind 
leaves (12.28) 

Pumpkin, orange, round 31.0 11.21 12 broad beans (12.27), green 
cylindrical pumpkin (10.27), 
plantain stem (9.6), black 
Colocasia stem (8.33)  

Cauliflower 20.0 7.77 26 

Onion, small 7.0 2.2 140 big onion (1.77) 
Garlic, single clove 
 
 

3.5 0.92 198 small clove garlic (0.8), big 
clove garlic (0.79) 
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Ingredients 
khechuri 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

plain khechuri 

 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio - 38 
nutrients analyzed if not 
mentioned otherwise) 

Turmeric powdera,c 0.6 1.69 162 Fenugreek seedse (2.37), 
dried bay leaf e(2.34), Curry 
leaves (2.22), black peppere 

(1.9), clovesa,c,e (1.78) 

Cumin seedsa 0.6 2.23 138 

Mustard seeds 5.0 5.38 53 Coriander seedsa,b,e (2.01), 
poppy seedsa,b,e (0.42) 

Coriander leaves 5.0 9.37 20 parsley (9.33) 
Table salt 0.5 ND ND -- 
Soybean oil 6.0 3.06 105 sesame oil (1.47), peanut oil 

(1.36), palm oil (0.88), mus-
tard oil (0.34 - 17 nutrients 
analyzed) 

Drinking water absorbed 77.8 ND ND -- 
Total portion weight 200  

Additionally, alternating:  

(1) Half duck egg 
   (thrice a week) 
 
Total portion weight  
with duck egg 

35.0 
 
 
235 

3.06 105 country hen egg (2.3), poul-
try whole egg (2.13) 

(2) Cow milk 
   (thrice a week) 
 
Total portion weight 
with cow milk 

50.0 
 
 
250 

3.85 81 whole buffalo milk (3.37), 
skimmed cow milk (0.76), 
buttermilk (0.48), goat milk 
(0.39), sweet curd (0.21) 

(3) Chicken liver 
   (once a week,  
    fried in 3.5ml oil) 
 
Total portion weight 
with chicken liver 

15.0 
 
 
 
218.5 

4.3 66 pork liver (2.35), sheep liver 
(2.01), goat liver (0.98) 

Source: Own recipe - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the recipe has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 

Picture 23   Cost-effective first lunch for children: khechuri (raw ingredients and finally cooked) 

       

Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 
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To prepare the khechuri meal, spices are cut and fried, then pumpkin and cauliflower (well-washed 
and cut in small pieces) are added along with the soaked rice and legumes and everything is boiled in 
water. Radish leaves are added briefly before cooking ends. Chicken liver is fried with little oil and 
provided separately to the mixed rice-vegetable-dish - while it may as well be cut in small pieces and 
boiled along with other ingredients in the same cooking pot. 

In order to optimize iron, zinc and calcium absorption, one may strive to reduce water-soluble phy-
tate and oxalate through soaking of used cereals (milled rice is high in phytate) and legumes (brown 
soybeans contain high levels of oxalate and phytate; Bengal gram dal contains high levels of phytate), 
as well as leafy vegetables (radish leaves are high in oxalate). Leafy vegetables should be cut only 
after soaking. Soaking water needs to be discarded. Further, legumes may be roasted before cooking. 
Hotz and Gibson (2001) described these food processing methods as effective to reduce water-
soluble phytate to some extent in the case of maize in a study conducted in rural Malawi.  

One may fear that soaking of foods results also in a loss of water-soluble vitamins, what is true. While 
this loss is of lesser importance in populations relying on predominantly plant-based diets at risk to 
be deficient in crucial nutrients as iron or zinc (as true for Santal's common diet), it becomes more 
important once animal products are integrated in the meal schedule, as iron of a better bioavailabil-
ity is then available and a deficit in B-vitamins becomes weightier. Hence, if the suggested optimized 
meal schedule for children (as well as for mothers, as presented in the following subchapter) would 
be implemented on a regular basis, food processing is of lesser importance, while it is highly recom-
mendable as long as animal foods are consumed just sometimes or not at all. During a personal email 
correspondence in April 2021, Rosalind Gibson argued in the very same line that in rural Malawi, 
where plant-based diets dominated, the loss of water-soluble phytate outweighed the loss of water-
soluble vitamins which were not so at risk in this population - compared to iron and zinc.  

Khechuri with half duck egg offers most protein and fat compared to khechuri with liver and khechuri 
with milk with a protein E% of 17.0 (compared to 14.4 in case of liver and 12.2 in case of milk) and a 
fat E% of 49 (compared to 48.5 in case of liver and 43.4 in case of milk). Vitamin C density is satisfying 
for all recipe variations, ranging from 70.2mg/ 1,000 kcal (khechuri with half duck egg) over 74.3mg/ 
1,000 kcal (khechuri with liver) to 84.5mg/ 1,000 kcal (khechuri with milk). Adding liver to the plain 
khechuri recipe supplies a very good amount of vitamin A where 69 percent of the RDA can be cov-
ered through a 200g portion compared to 14 percent in case of egg and 9 percent in case of milk; 
knowing that vitamin A is one of the nutrients most difficult to cover, liver appears of great benefit 
and even through it is not yet a common food amongst Santal families, it seems worth the effort to 
train mothers and fathers on the great value of adding a small amount of liver to the food of their 
children (as well as to their own) on a weekly basis (the amount of liver may be a even bit higher, 20g 
instead of 15g for a child aged 12-23 months may be considered desirable). Besides vitamin A, liver is 
a good source of iron (in good bioavailability) and also of n-6 fatty acids, which's RDA - as true for 
vitamin A - cannot be fully covered  through the suggested weekly meal schedule. Egg provides good 
amounts of vitamin B7, B12, zinc and selenium while it contains more sodium than milk or liver. Milk is 
a good source of calcium, while it contains far less vitamin B12 compared to other animal source 
foods. Overall, an alternating provision of named animal foods can be considered to beneficial for 
Santal Adivasi children (as well as for other family members) and encouraging government represen-
tatives to take up AWC services again after the breakdown during the corona pandemic appears of 
importance  to help Santal tribal families accessing sufficient nutrient dense foods. 
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Table 96   Cost-effective & nutrient-dense first lunch for children aged 12-23 months - coverage of RDA, vitamin C density 
and molar mass ratios 

Nutrient Khechuri content    
   200g portion with: 
   egg - milk - liver 

Recommended 
intake per day 
(RDA) 

Percent of RDA 
covered 
egg - milk - liver 

Energy, in kcal 272.2 - 237.9 - 257.1 956  28.5 - 24.9 - 26.9 

Macronutrients 
CHOs, in g 25.3 - 27.2 - 24.8 130 19.5 - 20.9 - 19.1 

Protein, in g 11.1 - 7.1 - 9.0 23  48.3 - 30.9 - 39.1 

Fat, in g 14.2 - 11.1 - 13.4 41.1 34.5 - 43.4 - 32.6 

Fat-soluble vitamins 
Vitamin A (RAE), in µg 127.4 - 85.3 - 636.8 920  13.8 - 9.3 - 69.2 

Vitamin D, in µg 4.7 - 3.8 - 4.1 15  31.3 - 25.3 - 27.3 

Vitamin E, in mg 2.3 - 1.4 - 2.1 11  20.9 - 12.7 - 19.1 

Vitamin K, in µg 
 

129.0 - 83.1 - 90.5  20  645.0 - 415.5 - 452.5 

Water-soluble vitamins 
Vitamin B1, in mg 0.1 - 0.1 - 0.1 0.7  14.3 - 14.3 - 14.3 

Vitamin B2, in mg 0.1 - 0.1 - 0.1 0.9  11.1 - 11.1 - 11.1 

Vitamin B3, in mg 0.9 - 0.9 - 1.5 8.0  11.3 - 11.3 - 18.8 

Vitamin B5, in mg 0.8 - 0.6 - 1.3 3.0  26.7 - 20.0 - 43.3 

Vitamin B6, in mg 0.2 - 0.2 - 0.3 0.9  22.2 - 22.2 - 33.3 

Vitamin B7, in µg 7.4 - 3.2 - 2.9 9.5  77.9 - 33.7 - 30.5 

Vitamin B9, in µg 56.2 - 38.2 - 163.2 210  26.8 - 18.2 - 77.7 

Vitamin B12, in µg 1.8 - 0.3 - 2.7 1.2  150.0 - 25.0 - 225.0 

Vitamin C, in mg 
vitamin C density in mg/1,000 kcal 
(suggested minimum: 20mg/1,000 kcal) 

19.1 - 20.1 - 19.1 
70.2 - 84.5 - 74.3 

70  27.3 - 28.7 - 27.3 

Minerals and trace elements 
Calcium, in mg 117.0 - 155.9 - 97.5 570  20.5 - 27.4 - 17.1 

Copper, in mg 0.3 - 0.3 - 0.3 0.65 46.2 - 46.2 - 46.2 

Iron, in mg 3.6 - 2.7 - 4.3 9.0  40.0 - 30.0 - 47.8 

Magnesium, in mg 56.4 - 55.8 - 54.5 190  29.7 - 29.4 - 28.7 

Manganese, in mg 0.8 - 0.8 - 0.8 1.1  72.7 - 72.7 - 72.7 

Phosphorus, in mg 205.6 -158.4 - 150.6 570  36.1 - 27.8 - 26.4 

Potassium, in mg 450.4 - 422.0 - 404.7 1,350  33.4 - 31.3 - 30.0 

Selenium, in µg 27.8 - 10.2 - 17.5 30  92.7 - 34.0 - 58.3 

Zinc, in mg 1.6 - 1.2 - 1.4 12  13.3 - 10.0 - 11.7 

Essential fatty acids 
Total PUFAs, in g 5.1 - 4.6 - 7.0 5.6   91.1 - 82.1 - 125.0 

α-linolenic acid (n-3), in g 4.3 - 3.8 - 6.0 0.82   524.4 - 463.4 - 731.7 

Linolenic acid (n-6), in g/d 0.7 - 0.7 - 1.0 4.78  14.6 - 14.6 - 20.9 

Essential amino acids 
Isoleucine, in g 5.6 - 8.0 - 5.4 3.1  (per 100g) 180.6 - 258.1 - 174.2 

Leucine, in g 10.3 - 12.7 - 8.8 6.3  (per 100g) 163.5 - 201.6 - 139.7 

Lysine, in g 8.0 - 8.9 - 6.2 5.2  (per 100g) 153.8 - 171.2 - 119.2 

SAA (methionine, cysteine), in g 9.1 - 4.6 - 5.3 2.5  (per 100g) 364.0 - 184.0 - 212.0 
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Nutrient Khechuri content    
   200g portion with: 
   egg - milk - liver 

Recommended 
intake per day 
(RDA) 

Percent of RDA 
covered 
egg - milk - liver 

AAA (phenylalanine, tyrosine), in g 13.0 - 14.7 - 11.1 4.6  (per 100g) 282.6 - 319.6 - 241.3 

Threonine, in g 7.0 - 6.8 - 5.4 2.7  (per 100g) 259.3 - 251.9 - 200.0 

Tryptophan, in g 1.8 - 2.0 - 1.5 0.7  (per 100g) 257.1 - 285.7 - 214.3 

Valine, in g 8.9 - 9.5 - 7.3 4.1  (per 100g) 217.1 - 231.7 - 178.0 

Histidine, in g 4.2 - 3.4 - 3.1 1.8  (per 100g) 233.3 - 188.9 - 172.2 

Elements to be limited in the diet 
Oxalate 46.4 - 46.4 - 46.4 oxalate: calcium 

critical value (CV) - 
2.25 

0.18 - 0.14 - 0.22 

Phytate 111.1 - 111.1 - 111.1 phytate: iron  
CV 1 - plain cereal or 
legume based meals; 
CV 6 - composite 
meals 
phytate: zinc 
CV 15 - 18 
phytate: calcium 
CV 0.17 - 0.24 
Ca * phytate:zinc 
CV 0.5 

2.62 - 3.49 - 2.19 
 
 
 
 
6.84 - 9.12 - 7.82 
 
0.06 - 0.04 - 0.07 
 
0.01 - 0.01 - 0.01 

Polyphenols 35.0 - 35.0 - 35.0 no CV defined n.a. 

Sodium, in mg 244.1 - 214.5 - 212.4 530   
(max. per day) 

46.1 - 40.5 - 40.1 

Dietary fibre, in g 4.5 - 4.5 - 4.5 15  
(max. per day) 

30.0 - 30.0 - 30.0 

Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stiller and Antonia Som-
mer (data entry). RDAs as per: Dietary Guidelines for Indians - a Manual, 2011; ICMR, NIN, 2020; ICMR, 2020; Golden, 
2009 (for details please refer to subchapter 6.1.2); the fat requirement of children was finally calculated to equal  40E% 
leading to 41.1 g/d compared to 27g/d suggested by Golden (2009). Minimum required vitamin C density: Nutrient Re-
quirements and Recommended Dietary Allowances for Indians, 2009. For CVs = critical values of nutrient interactions:  
(1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron - as per Hurrell, 2004, (3) phytate:zinc and phytate:calcium - 
as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc -  as per Ferguson et al., 1988. 

All analyzed molar mass ratios remained beneath CVs with regard to the khechuri recipe (in all its 
variations). This means that even in case that no food processing would take place, an adequate ab-
sorption of critical nutrients as iron, zinc and calcium may be assumed. Still then, food processing 
further decreases phytate and oxalate and may well help optimizing the use of nutrients by the body. 

7.1.3 Second lunch: ingredients, share of RDA covered and anti-nutrient considerations 

For the second lunch, typically a cooked meal is prepared at home in the family. Rice is a stable in-
gredient of this meal, along with a (often thin) lentil sauce. Further, potato curries are commonly 
prepared, as well as leafy vegetables (partly collected in the field). While eating meat is uncommon 
and egg provision a benefit received through AWCs, eating fish (mostly caught in village ponds) is 
very popular and reported to be favoured to consume more often. In this line, the suggested lunch is 
based on the traditional eating preference and includes rice as well as dhal/lentils, besides potato 
(red skin potato proved more cost-effective than brown skin potato as per winter price analysis - 
while the picture changed in the summer analysis). Cabbage, which proved highly cost-effective, is 
included as leafy vegetable (as it is low in anti-nutrients, too) and sesame seeds, locally well-
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accepted, have been integrated as oilseed. Despite fruits not being eaten by some families on a regu-
lar basis so far, white-fleshed guava has been integrated in the lunch, as it is very rich in vitamin C 
(improving iron absorption), as well as cost-effective and a rather familiar fruit for Adivasi families. 
While soybean oil is suggested to be used, the traditional mustard oil may well serve as alternative - 
unfortunately only an incomplete nutrient database was accessible with respect to mustard oil (17 
out of 38 nutrients could be included in the cost-effectiveness analysis resulting in a fairly low all-
nutrient winter price ratio of 0.34) - still, as mustard seeds have proven highly cost-effective (with an 
all-nutrient winter price ration of 5.38, well above the mean ratio of 2.5), also the oil produced of 
mustard seeds is likely to be nutritious - while the cost per 100g lies below the cost of soy oil (13.5 
Rs. vs. 13.9 Rs.).   

To prepare the lunch, firstly rice is soaked in water and soaking water discarded to reduce water-
soluble phytate (Hotz & Gibson, 2001); afterwards it is boiled with some salt - indeed, salt needs to 
be used on low levels when preparing meals for malnourished children, while totally dismissing it 
from the meal schedule is not recommended as acceptance of foods would suffer (Michaelsen et al., 
2009). In any case, iodized salt should be preferred, as to provide some the essential nutrient. Leg-
umes should be soaked before boiling and soaking water discarded. A dhal sauce may be prepared by 
frying onion, garlic and turmeric and then adding water along with Bengal gram dal to boil it with a 
small amount of salt. Chinese cabbage is low in anti-nutritive elements and does not require special 
treatment. It may be fried with onion, garlic, cumin and little salt. Sesame seeds may be either 
roasted or soaked and then ground to a paste - potatoes need to be boiled, then spices as onion, 
garlic, and cumin are fried, and the sesame paste, as well as boiled potato is added. Guava may be 
served separately along with the boiled food. Once a week a small amount of fish may be fried and 
offered to the child. Pangas has been shown to be both, cost-effective and nutrient-dense in absolute 
terms (see chapter 6, winter price analysis), while mural proved most cost-effective. Fish caught in 
the village ponds may well pose an alternative to prepare in case fish cannot be purchased. 

Picture 24   Cost-effective second lunch for children: rice with dhal/vegetables, once a week with fish 

    
Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 

There is a range of cost-effective leafy vegetables which may be used instead of cabbage, as Bathua 
leaves, cauliflower leaves, green Colocasia leaves and spinach, respectively. Some of those are, how-
ever, high in oxalate. Instead of red skin potato, roots as water chestnut and Colocasia may be used. 
Brown and yellow lentils may replace Bengal gram dal, to give some possible meal variations. The 
meal composition chosen here is presented in the table below (200g portion plus guava 10g). 
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Table 97   Cost-effective & nutrient-dense second lunch for children aged 12-23 months - ingredients 

Ingredients  
lunch 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

 max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio - 38 
nutrients analyzed if not 
mentioned otherwise) 

Rice, raw, milled 38.0 5.49 48 rice parboiled milled (5.42), 
brown riceb (3.32) 

Bengal gram dal, chola 4.5 2.73 117 brown lentil (3.02), yellow-
ish lentil (2.99), lentil dal 
(2.08), black gram dal 
(1,98), green gram dal 
(1.87), red gram dal (1.63) 

Potato, red skin 20.5 4.21 69 water chestnut (4.12), Colo-
casia (3.91), brown skin 
sweet potato (3.82), brown 
skin potato big /small 
(3.68/3.57), pink skin sweet 
potato (3.37) 

Chinese cabbage 23.0 11.66 11 Bathua leavesa (17.3), cauli-
flower leaves (16.7), green 
Colocasia leavesa (14.5), 
spinacha (14.27), green 
spined Amaranth leavesa 
(13.93), Agathi leaves 
(13.39), tender Tamarind 
leaves (12.28) 

Onion, small 9.0 2.2 140 big onion (1.77) 
Garlic, single clove 3.5 0.92 198 small clove garlic (0.8), big 

clove garlic (0.79) 
Turmeric powdera,c 1.0 1.69 162 Fenugreek seedse (2.37), 

dried bay leaf e(2.34), Curry 
leaves (2.22), black peppere 

(1.9), clovesa,c,e (1.78) 

Cumin seedsa 1.5 2.23 138 

Sesame seeds 9.0 3.56 89 Mustard seeds (5.38), Cori-
ander seedsa,b,e (2.01), 
poppy seedsa,b,e (0.42) 

Table salt 0.5 ND ND -- 
Soybean oil 7.5 3.06 105 sesame oil (1.47), peanut oil 

(1.36), palm oil (0.88), mus-
tard oil (0.34 - 17 nutrients 
analyzed) 

Drinking water absorbed 82.0 ND ND -- 
Total portion weight 200  
Additionally:  
(1) white fleshed guava      
      (daily) 
 
Total portion weight 
with guava 

10 
 
 
210 

3.36 97 fig (4.94), poovam/robusta 
banana (3.26/3.06), bael 
fruit (2.82) 

(2) Pangas fish 
     (once a week) 
 
      fried in 5 ml soybean oil 

30 
 
 
 

0.69 216 mural (3.55), silver carp 
(1.16), rohu (1.07), gold fish 
(1.03), tilapia (0.96), catla 
(0.7), mussel/clamd (0.59) 
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Total portion weight 
with guava and fish 

 
245 

Source: Own recipe - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the recipe has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 

The lunch without fish (210g including a slice of guava) supplies 37.5 E% from fat, 9.5 E% from pro-
tein and 53.3 E% from CHOs, while it offers a higher share of protein and fat if a small quantity of fish 
(30g) is included, with 12.4 E% coming from protein, 48.6 E% from fat and 39.9 E% from CHOs. The 
lunch including fish is therewith at the border of acceptable fat levels (45 E% should not be exceeded 
in any case, as too high fat intakes during the recovery from undernutrition favours overweight later 
in life). Still, as fish is recommended to be eaten just once a week, this exceeding may be considered 
acceptable. A less fat intensive preparation would be to steam the fish along with vegetables rather 
than frying it in a separate pan in soybean oil. Still, even if the fish is fried, seen over the week, the 
recommended energy contributions are well fulfilled with 36.0 E% coming from fat (35 E% are rec-
ommended for stunted children, going up to 45 E% in case of wasted children) and 11.4 E% coming 
from protein (where 9-15 E% is the optimal range). 

The lunch helps covering the full requirement of total PUFAs with an emphasis on n-3 fatty acids - 
perceived as central for moderately malnourished children by Michaelsen et al. (2009) - while inclu-
sion of fish helps to cover some of the recommended n-6 fatty acid intake (8.4 percent of the RDA 
are covered through 30g of pangas fish) - which remains over the week beneath the recommended 
level (with a total weekly coverage of merely 54.7 percent). The same is true when it comes to zinc, 
another nutrient which cannot be completely covered over the week (with a weekly fulfilment of 
53.8 percent); here, 30g of pangas fish contribute 5 percent of children's zinc needs. Hence, consum-
ing fish at least once a week is indeed helpful to cover critical nutrients as zinc and n-6 fatty acids. If 
fish would be consumed more often during a week, families may opt to steam or boil it in order to 
keep fat intake adequate. Overall, the suggested lunch helps covering nutrients as vitamin B3, copper 
and manganese well (with over 60 percent of each nutrient's RDA covered - vegetarian recipe). 

Table 98   Cost-effective & nutrient-dense second lunch for children aged 12-23 months - coverage of RDA, vitamin C 
density and molar mass ratios 

Nutrient Lunch content      
   200g portion  
   plain - with fish 

Recommended in-
take per day (RDA) 

Percent of 
RDA covered 
plain - with fish 

Energy, in kcal 307.5 - 411.3 956  32.2 - 43.0 
Macronutrients 

CHOs, in g 40.0 - 40.0 130  30.8 - 30.8 
Protein, in g 7.1 - 12.4 23   30.9 - 53.9 
Fat, in g 12.4 - 21.5 41.1 30.2 - 52.3 

Fat-soluble vitamins 
Vitamin A (RAE), in µg 3.3 - 5.0 920   0.4 - 0.5 
Vitamin D, in µg 0.8 - 0.8 15   5.3 - 5.3 
Vitamin E, in mg 1.6 - 2.5 11   14.5 - 22.7 
Vitamin K, in µg 40.1 - 47.4 20  200.5 - 237.0 

Water-soluble vitamins 
Vitamin B1, in mg 0.1 - 0.2 0.7  14.3 - 28.6 
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Nutrient Lunch content      
   200g portion  
   plain - with fish 

Recommended in-
take per day (RDA) 

Percent of 
RDA covered 
plain - with fish 

Vitamin B2, in mg 0.1 - 0.1 0.9   11.1 - 11.1 
Vitamin B3, in mg 10.7 - 12.0 8.0   133.8 - 150.0 
Vitamin B5, in mg 0.6 - 0.6 3.0   20.0 - 20.0 
Vitamin B6, in mg 0.2 - 0.2 0.9   22.2 - 22.2 
Vitamin B7, in µg 2.1 - 2.1 9.5   22.1 - 22.1 
Vitamin B9, in µg 34.7 - 49.9 210   16.5 - 23.8 
Vitamin B12, in µg 0.0 - 0.4 1.2   0.0 - 33.3 
Vitamin C, in mg 
vitamin C density in mg/1,000 kcal 
(suggested minimum: 20mg/1,000 kcal) 

29.9 - 29.9 
97.2 - 72.7 

70   42.7 - 42.7 

Minerals and trace elements 
Calcium, in mg 131.8 - 136.5 570   23.1 - 23.9 
Copper, in mg 0.6 - 0.6 0.65   92.3 - 92.3 
Iron, in mg 2.5 - 2.6 9.0   27.8 - 28.9 
Magnesium, in mg 66.4 - 76.1 190  34.9 - 40.1 
Manganese, in mg 0.7 - 0.7 1.1   63.6 - 63.6 
Phosphorus, in mg 140.3 - 183.6 570   24.6 - 32.2 
Potassium, in mg 391.2 - 447.6 1,350   29.0 - 33.2 
Selenium, in µg 4.4 - 4.4 30   14.7 - 14.7 
Zinc, in mg 1.7 - 2.3 12   14.2 - 19.2 

Essential fatty acids 
Total PUFAs, in g 6.6 - 10.5 5.6   117.9 - 187.5 
α-linolenic acid (n-3), in g 4.4 - 7.9 0.82   536.6 - 963.4 
Linolenic acid (n-6), in g/d 0.7 - 1.1 4.78   14.6 - 23.0 

Essential amino acids 
Isoleucine, in g 4.9 - 5.1 3.1  (per 100g) 158.1 - 164.5 
Leucine, in g 7.5 - 7.9 6.3  (per 100g) 119.0 - 125.4 
Lysine, in g 4.9 - 5.3 5.2  (per 100g) 94.2 - 101.9 
SAA (methionine, cysteine), in g 3.2 - 3.4 2.5  (per 100g) 128.0 - 136.0 
AAA (phenylalanine, tyrosine), in g 8.7 - 9.0 4.6  (per 100g) 189.1 - 195,7 
Threonine, in g 4.1 - 4.3 2.7  (per 100g) 151.9 - 159.3 
Tryptophan, in g 1.3 - 1.4 0.7  (per 100g) 185.7 - 200.0 
Valine, in g 5.4 - 5.7 4.1  (per 100g) 131.7 - 139.0 
Histidine, in g 2.2 - 2.3 1.8  (per 100g) 122.2 - 127.8 

Elements to be limited in the diet 
Oxalate 40.4 - 40.4 oxalate: calcium 

critical value (CV) - 2.25 
0.14 - 0.13 

Phytate 149.6 - 149.6 phytate: iron  
CV 1 - plain cereal or 
legume based meals; 
CV 6 - composite meals 
phytate: zinc 
CV 15 - 18 
phytate: calcium 
CV 0.17 - 0.24 
Ca * phytate:zinc 
CV 0.5 

5.08 - 4.88 
 
 
 
8.67 - 6.41 
 
0.07 - 0.07 
 
0.01 - 0.01 
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Nutrient Lunch content      
   200g portion  
   plain - with fish 

Recommended in-
take per day (RDA) 

Percent of 
RDA covered 
plain - with fish 

Polyphenols 29.2 - 29.2 no CV defined n.a. 

Sodium, in mg 197.4 - 212.8 530   
(max. per day) 

37.2 - 40.2 

Dietary fibre, in g 5.4 - 5.4 15  
(max. per day) 

36.0 - 36.0 

Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stiller and Antonia Som-
mer (data entry). RDAs as per: Dietary Guidelines for Indians - a Manual, 2011; ICMR, NIN, 2020; ICMR, 2020; Golden, 
2009 (for details please refer to subchapter 6.1.2); the fat requirement of children was finally calculated to equal  40E% 
leading to 41.1 g/d compared to 27g/d suggested by Golden (2009). Minimum required vitamin C density: Nutrient Re-
quirements and Recommended Dietary Allowances for Indians, 2009. For CVs = critical values of nutrient interactions:  
(1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron - as per Hurrell, 2004, (3) phytate:zinc and phytate:calcium - 
as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc -  as per Ferguson et al., 1988. 

Rice as well as dhal may be soaked in water before boiling in order to reduce water-soluble phytate - 
the soaking water needs to be discarded (Hotz & Gibson, 2001); sesame seeds may be roasted. Still, 
even without food processing measures capable to reduce phytate and oxalate, the suggested lunch 
can be assumed to offer an adequate absorbability of iron, zinc and calcium, seeing that all analyzed 
molar mass ratios remain beneath CVs and further considering the adequate vitamin C density (far 
above 20mg/1,000kcal with 97.2 (plain lunch) or rather 72.7mg/1,000 kcal (including fish).  

7.1.4 Afternoon meals: ingredients, share of RDA covered and anti-nutrient considerations 

Commonly, a snack is provided in the afternoons in Santal families. Mostly dry foods as puffed rice or 
biscuits are taken, also readymade breads as buns/roles or even chips become more and more popu-
lar - available in village shops. The suggested cost-effective and nutrient-dense afternoon meal 
means, indeed, more work to mothers. Yet, is based on a locally developed recipe (worked out 
through the NGO Manab Jamin under guidance of Supriya Mondal) which has proven to be well-
accepted by mothers and children to be eaten. It is a kind of eggless omelette, prepared from Bengal 
gram, leafy vegetables and spices and fried in oil. Here, Agathi leaves (lower in oxalate compared to 
more cost-effective green colocasia, spined Amaranthus or spinach leaves) as well as Drumstick 
leaves (Moringa oleifera, as used in the intervention study presented in chapter 5 as well) have been 
used. Drumstick leaves do contain high levels of oxalate and even phytate, however, are compara-
tively low in oxalate (binding to calcium) compared to Amaranthus leaves (with 120mg oxalate per 
100g edible portion compared to 1,073mg in case of green spined Amaranthus spinosus, 1,045mg in 
case of red and green spined Amaranthus spinosus, and 592mg in case of spinach, respectively). 

Picture 25   Cost-effective afternoon meal for children (1): leafy vegetable omelette (Agathi, Moringa) 

    

Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 
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Bengal gram needs to be ground to a flour with the traditional grinding stone used routinely in Santal 
families (alternatively gram flour known as "besan" may be bought from the market - due to inacces-
sible data, it was not included in the cost-analysis of locally available foods). The flour may be roasted 
in order to reduce its phytate-content before mixing it with other ingredients. Leafy vegetables may 
be soaked in water to reduce water-soluble oxalate and should be cut only afterwards. 100g of water 
per 100g gram flour need to be added to prepare the dough - spices are cut in pieces and mixed 
(raw) in the dough together with cut leafy vegetables. The dough is then fried in oil in a pan for about 
five minutes. Besides children, also other family members may enjoy the omelette. A variation to 
prepare the omelette would be to use Agathi flowers instead of its leaves or even Agathi flour - the 
nutritional composition of both foods was, unfortunately, unavailable for the cost-analysis. Yet, Su-
priya Mondal from the local partnering NGO Manab Jamin advices those foods as useful, too.  

Table 99   Cost-effective & nutrient-dense afternoon meal (1) for children aged 12-23 months - ingredients 

Ingredients 
gram "omelette" 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

 max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio - 38 
nutrients analyzed if not 
mentioned otherwise) 

Bengal gram, whole 32.5 3.53 91 soybean brown (4.22), 
soybean whitee (4.15), 
horse gram wholec (3.5), 
black gram wholeb (3.05), 
moth bean (2.99) 

Agathi leaves 9.0 13.39 8 Radish leaves (19.15), 
Bathua leavesa (17.3), cauli-
flower leaves (16.7), green 
Colocasia leavesa (14.5), 
spinacha (14.27), green 
spined Amaranth leavesa 
(13.93), tender Tamarind 
leaves (12.28) 

Drumstick leaves  
(Moringa oleifera) 

9.0 10.72 14 

Onion, small 6.0 2.2 140 big onion (1.77) 
Garlic, single clove 2.0 0.92 198 small clove garlic (0.8), big 

clove garlic (0.79) 
Table salt 0.4 ND ND -- 
Turmeric powder 0.7 1.69 162 Fenugreek seedse (2.37), 

dried bay leaf e(2.34), Curry 
leaves (2.22), black peppere 

(1.9), clovesa,c,e (1.78) 

Cumin seeds 0.7 2.23 138 

Soybean oil 7.5 3.06 105 sesame oil (1.47), peanut oil 
(1.36), palm oil (0.88), mus-
tard oil (0.34 - 17 nutrients 
analyzed) 

Drinking water absorbed 32.1 ND ND -- 
Total portion weight 100 
Source: Own recipe - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the recipe has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 

Nutritionist Caroline Stiller pointed out that including spinach rather than Agathi leaves in the ome-
lette would allow rising the amount of leaves in relation to the besan/gram included due to a differ-
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ent leaf structure - which would lead to a higher vitamin A content of the omelette-preparation, criti-
cal to moderately malnourished children who remain below the recommended intake levels with the 
suggested recipes (see summary section); still, as spinach is very high in oxalate and anti-nutrient 
elements were strived to be kept at low levels, Agathi leaves have been favoured here. 

While the leafy gram omelette would be provided three times a week to children and their lactating 
mothers (whenever there is milk provided in AWCs along with the khechuri), halwa porridge would 
be offered to children in the afternoons on the remaining four days of the week. This porridge is in-
deed a special children's food, but could be shown to be accepted to be eaten by pregnant women as 
well during the field study (see chapter 5), where a similar preparation had been offered to children 
and mothers. The recipe suggested here contains a mixture of white and whole grain wheat flour 
(1:1), groundnuts (which have proven to be beneficial for a healthy gut microbiome - Gehrig et al., 
2019) and carrots (needed to cover vitamin A requirements of children and mothers). Furthermore, 
sugarcane, soy oil and whole cow milk complement the meal composition.  

In order to prepare the halwa porridge, wheat flour as well as groundnuts should be roasted in order 
to reduce phytate. Groundnuts then need to be smashed to small pieces with the traditional grinding 
stone in order to avoid swallowing problems of the small children. Carrots are well-washed, peeled 
off and cut in small pieces. For the cooking, first carrots are boiled in little water for some minutes 
and then the roasted flour and nuts as well as sugarcane and milk are added - the mixture needs to 
be brought to a boil while stirring continuously. The recipe may also be prepared with a share of one 
part lentils and two parts wheat flour (as done in the intervention study, see chapter 5). Dry fruits as 
dates or raisins may be added which are tasty and nutritious, however dates are high in dietary fibre 
and should therefore not be provided on a daily basis to malnourished children. 

Picture 26   Cost-effective afternoon meal for children (2): halwa porridge (milk-based, with groundnuts) 

       
Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 

The ingredients used to prepare a 125g portion of halwa porridge are shown in table 100 below. 

The leafy gram omelette delivers a valuable amount of protein (17.2 E%) and is fairly high in fat (with 
48.2 E%). Likewise, the halwa porridge is rich in fat (51.5 E%); it offers a bit less (but still satisfying 
amount of) protein (with 11.6 E%). Why the suggested alteration of the two meals? In fact, the Indian 
National Institute of Nutrition (2011) advices to offer 50g of leafy vegetables per day to children aged 
1-3 years as well as 200ml of milk (on top of breastfeeding). Providing merely the leafy vegetable 
omelette would lead to a higher amount of leafy vegetables than advised (with higher amounts of 
oxalate consumed, accordingly - currently the suggested meal schedule comprises 52g of leafy vege-
tables), while negligence of the halwa porridge would reduce the amount of milk taken by the chil-
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dren - which even with inclusion of halwa, breakfast milk and AWC milk remains below the suggested 
daily level - amounting to 139ml of milk on an average per day (see summary section). 

Table 100   Cost-effective & nutrient-dense afternoon meal (2) for children aged 12-23 months - ingredients 

Ingredients 
halwa porridge 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

 max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio - 38 
nutrients analyzed if not 
mentioned otherwise) 

Milk, cow, whole 66 3.85 81 whole buffalo milk (3.37), 
skimmed cow milk (0.76), 
buttermilk (0.48), goat milk 
(0.39), sweet curd (0.21) 

Wheat flour, white 4.7 6.9 35 bulgur wheatb (5.74), jowar 
(5.46), bajra (5.19), refined 
wheat flour white (3.98), 
semolina wheat (3.74), 
whole maize flour (2.67) 

Wheat flour brown, 
whole grain 

4.7 4.64 61 

Carrot, orange 27.0 3.98 75 red carrot (3.57), beet root 
(2.57) 

Groundnut 5.0 1.95 151 linseedsb (10.16), white 
gingelly seedsa,b (2.65), 
sunflower seedsc (2.1), 
safflower seedsb (1.79), dry 
coconut kernel (0.6), dried 
areca nut red//brownc 
(0.48/0.46), cashew nutb 
(0.43), jackfruit seeds (0.37) 

Sugarcane, jaggery 4.6 2.49 128 sugarcane juice (2.46), 
white sugar (0.32), honey 
(0.1) 

Soybean oil 4.0 3.06 105 sesame oil (1.47), peanut oil 
(1.36), palm oil (0.88), mus-
tard oil (0.34 - 17 nutrients 
analyzed) 

Drinking water absorbed 9.0 ND ND -- 
Total portion weight 125  

Source: Own recipe - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the recipe has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 

Hence, both recipes offer foods valuable to Santal children (as well as to their mothers) and are 
worth to train to Santal families to become habituated to be eaten on a regular basis, as time (and 
money resources) allow. A 100g portion of the leafy gram omelette offers 183 kcal, while a 125g por-
tion of halwa is a bit less energy dense with 166 kcal (equalling 133 kcal per 100g of food). Both reci-
pes are good sources of vitamin A (through inclusion of carrot or rather leafy vegetables) where the 
gram omelette covers 25.1 percent of the daily requirement and the halwa porridge 20.8 percent 
(only the khechuri with liver is a richer source of vitamin A - all other suggested meals remain below 
these levels). The gram omelette offers more vitamin B9, while the halwa porridge covers some of 
the vitamin B12 needs. Overall, the gram omelette offers more nutrients compared to the halwa por-
ridge, indeed - with still acceptable levels of oxalate (with a molar mass ratio of 0.13 - and well below 
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the CV of 2.25). Its sole drawback is an imperfect molar mass ratio of phytate to zinc (amounting to 
16.01 and falling, therewith, into the border area of 15-18). On the other hand, halwa (as suggested 
here) fails to achieve the minimum vitamin C density of 20mg/1,000 kcal (with 13.9mg/ 1,000 kcal). 
Accordingly, including a piece of fruit (as guava or amloki/emblic - both proven cost-effective in 
terms of vitamin C as per winter-price analysis) would be beneficial. Still, as the recommended 
amount of fruits is nearly fully covered through the suggested meal schedule (with 91g per day - 100g 
are suggested as per the Indian National Institute of Nutrition) - it was not included here, as to keep 
costs a bit more affordable and knowing that for the children, overall, 137 percent of iron needs can 
be covered through the suggested weekly meal schedule. Thus, failing in vitamin C density in one of 
the five daily meals (which is provided just four times a week) may be considered acceptable.  

Again, processing of foods appears well worth to go for especially in case of preparing the leafy gram 
omelette - where phytate is fairly high (with regard to zinc). It shall be stressed at this point, that it is 
very often some of the most nutritious and likewise cost-effective foods (as Bengal gram, sesame and 
mustard seeds or groundnuts, respectively), which are high in phytate. So in the end, including such 
foods in suggested recipes goes along with higher anti-nutritive levels, while dismissing them would 
mean to withdraw valuable nutrients sources from children and mothers from the outset. Hence, 
especially for vegetarian meals, food processing needs to become a deeply rooted habit - through 
mutual practice and interactive cooking trainings with mothers (and optimally also fathers).  

The table below presents the amount of nutrients covered through 100g of the leafy gram omelette 
and through 125g of the halwa porridge - indicating also the respective share of RDA covered. 

Table 101   Cost-effective & nutrient-dense afternoon meal for children aged 12-23 months (1&2) - coverage of RDA, 
vitamin C density and molar mass ratios 

Nutrient Afternoon meal con-
tents:  
   omelette (100g)  
   - halwa (125g) 

Recommended 
intake per day 
(RDA) 

Percent of 
RDA covered 
omelette - halwa 

Energy, in kcal 183.4 - 166.0 956 19.2 - 17.4 
Macronutrients 

CHOs, in g 15.5 - 15.5 130  11.9 - 11.9 
Protein, in g 7.7 - 4.7 23 33.5 - 20.4 
Fat, in g 9.5 - 9.2 41.1 23.1 - 22.4 

Fat-soluble vitamins 
Vitamin A (RAE), in µg 230.9 - 191.0 920 25.1 - 20.8 
Vitamin D, in µg 2.3 - 1.4 15  15.3 - 9.3 
Vitamin E, in mg 2.0 - 1.1 11  18.2 - 10.0 
Vitamin K, in µg 79.4 - 11.8 20  397.0 - 59.0 

Water-soluble vitamins 
Vitamin B1, in mg 0.1 - 0.1 0.7  14.3 - 14.3 
Vitamin B2, in mg 0.2 - 0.1 0.9  22.2 - 11.1 
Vitamin B3, in mg 0.8 - 0.9 8.0  10.0 - 11.3 
Vitamin B5, in mg 0.8 - 0.4 3.0   26.7 - 13.3 
Vitamin B6, in mg 0.2 - 0.1 0.9   22.2 - 11.1 
Vitamin B7, in µg 1.3 - 2.0 9.5  13.7 - 21.1 
Vitamin B9, in µg 70.5 - 13.6 210  33.6 - 6.5 
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Nutrient Afternoon meal con-
tents:  
   omelette (100g)  
   - halwa (125g) 

Recommended 
intake per day 
(RDA) 

Percent of 
RDA covered 
omelette - halwa 

Vitamin B12, in µg 0.0 - 0.3 1.2  0.0 - 25.0 
Vitamin C, in mg 
vitamin C density in mg/1,000 kcal 
(suggested minimum: 20mg/1,000 kcal) 

17.5 - 2.3 
95.4 - 13.9 

70   25.0 - 3.3 

Minerals and trace elements 
Calcium, in mg 170.0 - 99.6 570  29.8 - 17.5 
Copper, in mg 0.4 - 0.1 0.65   61.5 - 15.4 
Iron, in mg 3.5 - 1.1 9.0  38.9 - 12.2 
Magnesium, in mg 77.1 - 37.7 190   40.6 - 19.8 
Manganese, in mg 1.2 - 0.5 1.1   109.1 - 45.5 
Phosphorus, in mg 111.6 - 127.3 570   19.6 - 22.3 
Potassium, in mg 451.8 - 226.8 1,350   33.5 - 16.8 
Selenium, in µg 16.8 - 6.4 30   56.0 - 21.3 
Zinc, in mg 
 

1.3 - 0.8 12   10.8 - 6.7 

Essential fatty acids 
Total PUFAs, in g 5.4 - 3.2 5.6   96.4 - 57.1 
α-linolenic acid (n-3), in g 4.8 - 2.9 0.82   585.4 - 353.7 
Linolenic acid (n-6), in g/d 0.6 - 0.3 4.78  12.6 - 6.3 

Essential amino acids 
Isoleucine, in g 2.3 - 5.6 3.1  (per 100g) 74.2 - 180.6 
Leucine, in g 4.2 - 9.1 6.3  (per 100g) 66.7 - 144.4 
Lysine, in g 3.5 - 6.9 5.2  (per 100g) 67.3 - 132.7 
SAA (methionine, cysteine), in g 1.4 - 3.2 2.5  (per 100g) 56.0 - 128.0 
AAA (phenylalanine, tyrosine), in g 5.3 - 9.3 4.6  (per 100g) 115.2 - 202.2 
Threonine, in g 2.3 - 4.6 2.7  (per 100g) 85.2 - 170.4 
Tryptophan, in g 0.7 - 1.4 0.7  (per 100g) 100.0 - 200.0 
Valine, in g 2.8 - 6.1 4.1  (per 100g) 68.3 - 148.8 
Histidine, in g 1.4 - 2.1 1.8  (per 100g) 77.8 - 116.7 

Elements to be limited in the diet 
Oxalate 48.9 - 10.5 oxalate: calcium 

critical value (CV) - 
2.25 

0.13 - 0.05 

Phytate 212.0 - 64.2 phytate: iron  
CV 1 - plain cereal or 
legume based meals; 
CV 6 - composite 
meals 
phytate: zinc 
CV 15 - 18 
phytate: calcium 
CV 0.17 - 0.24 
Ca * phytate:zinc 
CV 0.5 

5.14 - 4.95 
 
 
 
 
16.06 - 7.9 
 
0.08 - 0.04 
 
0.07 - 0.02 

Polyphenols 42.7 - 26.1 no CV defined n.a. 

Sodium, in mg 168.7 - 31.9 530   
(max. per day) 

31.8 - 6.0 
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Dietary fibre, in g 10.2 - 2.7 15  
(max. per day) 

68.0 - 18.0 

Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stiller and Antonia Som-
mer (data entry). RDAs as per: Dietary Guidelines for Indians - a Manual, 2011; ICMR, NIN, 2020; ICMR, 2020; Golden, 
2009 (for details please refer to subchapter 6.1.2); the fat requirement of children was finally calculated to equal  40E% 
leading to 41.1 g/d compared to 27g/d suggested by Golden (2009). Minimum required vitamin C density: Nutrient Re-
quirements and Recommended Dietary Allowances for Indians, 2009. For CVs = critical values of nutrient interactions:  
(1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron - as per Hurrell, 2004, (3) phytate:zinc and phytate:calcium - 
as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc -  as per Ferguson et al., 1988. 

7.1.5 Dinner: ingredients, share of RDA covered and anti-nutrient considerations 

For dinner, Santal families use to take rice with vegetables, a cooked meal is the routine. Accordingly, 
children are expected to take part in this traditional family meal, as to keep cooking efforts bearable. 
The suggested dinner contains rice as staple food along with a sauce of Bengal gram dal "chola". Be-
sides a small amount of carrot, bottle gourd and broad beans have been included as vegetables. 

Picture 27   Cost-effective dinner for children: rice vegetable dish with a slice of fig 

    
Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 

The table below shows the ingredients needed to prepare a 200g portion of the suggested meal. 

Table 102   Cost-effective & nutrient-dense dinner for children aged 12-23 months - ingredients 

Ingredients 
Dinner 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

 max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Rice, raw, milled 38.0 5.49 48 rice parboiled milled (5.42), 
brown riceb (3.32) 

Bengal gram dal, chola 3.4 2.73 117 brown lentil (3.02), yellow-
ish lentil (2.99), lentil dal 
(2.08), black gram dal 
(1,98), green gram dal 
(1.87), red gram dal (1.63) 

Broad beans 34.2 12.27 10 round orange pumpkin 
(11.21), green cylindrical 
pumpkin (10.27), plantain 
stem (9.6), black Colocasia 
stem (8.33), cauliflower 
(7.77) 

Bottle gourd, elongate, 
dark green 

34.2 7.73 27 
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Ingredients 
Dinner 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

 max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Carrot, orange 17.1 3.98 75 red carrot (3.57), beet root 
(2.57) 

Onion, small 7.0 2.2 140 big onion (1.77) 
Garlic, single clove 3.5 0.92 198 small clove garlic (0.8), big 

clove garlic (0.79) 
Cumin seedsa 2.3 2.23 138 Fenugreek seedse (2.37), 

dried bay leaf e(2.34), Curry 
leaves (2.22), black peppere 

(1.9), clovesa,c,e (1.78) 

Turmeric powder 1.0 1.69 162 

Table salt 0.4 ND ND -- 
Soybean oil 8.0 3.06 105 sesame oil (1.47), peanut oil 

(1.36), palm oil (0.88) 
Drinking water absorbed 50.9 ND ND -- 
Total portion weight 200    
Additionally: 
Fig 

 
10 

 
4.94 

 
58 

white flesh guava (3.36), 
poovam/robusta banana 
(3.26/3.06), bael fruit (2.82) 

Source: Own recipe - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the recipe has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 

Rice may be soaked in water before cooking and cooking water discarded in order to reduce water-
soluble phytate (Hotz & Gibson, 2001). Bengal gram dal may be roasted prior to boiling. This food 
processing measures are highly recommended for the dinner, as the molar mass ratio of phytate to 
iron slightly crosses the CV of 6 (amounting to 6.19) and vitamin C density is satisfying (with a value 
of 27.9mg/1,000 kcal) but not extremely high. Overall, the dinner is very traditionally prepared 
(without animal foods and even without inclusion of nuts and oilseeds) - and achieves therefore 
rather low energy percentages with reference to protein (9.8 E%) and fat (31.6 E%) with a domina-
tion of CHOs (58.8 E%). Still, seen over the day protein as well as fat requirements of children are 
well covered and in order to keep costs (more or less) affordable, no further oilseeds or animal foods 
have been included in the suggested daily meal schedule of these malnourished children. 

Table 103 Cost-effective & nutrient-dense dinner for children aged 12-23 months - coverage of RDA, vitamin C  
   density and molar mass ratios 

Nutrient Dinner content      
   200g portion  

Recommended in-
take per day (RDA) 

Percent of 
RDA covered 

Energy, in kcal 264.8 956 27.7 
Macronutrients 

CHOs, in g 38.0 130  29.2 
Protein, in g 6.3 23   27.4 
Fat, in g 9.0 41.1 21.9 

Fat-soluble vitamins 
Vitamin A (RAE), in µg 98.7 920  10.7 
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Nutrient Dinner content      
   200g portion  

Recommended in-
take per day (RDA) 

Percent of 
RDA covered 

Vitamin D, in µg 4.9 15  32.7 
Vitamin E, in mg 1.5 11  13.6 
Vitamin K, in µg 51.5 20   257.5 

Water-soluble vitamins 
Vitamin B1, in mg 0.1 0.7  14.3 
Vitamin B2, in mg 0.1 0.9  11.1 
Vitamin B3, in mg 1.0 8.0  12.5 
Vitamin B5, in mg 0.7 3.0   23.3 
Vitamin B6, in mg 0.2 0.9   22.2 
Vitamin B7, in µg 4.9 9.5   51.6 
Vitamin B9, in µg 32.5 210   15.5 
Vitamin B12, in µg 0.0 1.2  0.0 
Vitamin C, in mg 
vitamin C density in mg/1,000 kcal 
(suggested minimum: 20mg/1,000 kcal) 

7.4 
27.9 

70   10.6 

Minerals and trace elements 
Calcium, in mg 73.7 570  12.9 
Copper, in mg 0.3 0.65  46.2 
Iron, in mg 2.0 9.0   22.2 
Magnesium, in mg 50.7 190   26.7 
Manganese, in mg 0.8 1.1  72.7 
Phosphorus, in mg 108.6 570  19.1 
Potassium, in mg 411.6 1,350   30.5 
Selenium, in µg 4.4 30  14.7 
Zinc, in mg 1.1 12  9.2 

Essential fatty acids 
Total PUFAs, in g 5.2 5.6  92.9 
α-linolenic acid (n-3), in g 4.6 0.82  561.0 
Linolenic acid (n-6), in g/d 0.6 4.78  12.6 

Essential amino acids 
Isoleucine, in g 6.6 3.1  (per 100g) 212.9 
Leucine, in g 10.8 6.3  (per 100g) 171.4 
Lysine, in g 6.5 5.2  (per 100g) 125.0 
SAA (methionine, cysteine), in g 3.4 2.5  (per 100g) 136.0 
AAA (phenylalanine, tyrosine), in g 11.1 4.6  (per 100g) 241.3 
Threonine, in g 5.7 2.7  (per 100g) 211.1 
Tryptophan, in g 1.7 0.7  (per 100g) 242.9 
Valine, in g 8.6 4.1  (per 100g) 209.8 
Histidine, in g 3.4 1.8  (per 100g) 188.9 

Elements to be limited in the diet 
Oxalate 55.4 oxalate: calcium 

critical value (CV) - 2.25 
0.34 

Phytate 146.0 phytate: iron  
CV 1 - plain cereal or 
legume based meals; 
CV 6 - composite meals 
 

6.19 
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Nutrient Dinner content      
   200g portion  

Recommended in-
take per day (RDA) 

Percent of 
RDA covered 

Phytate  phytate: zinc 
CV 15 - 18 
phytate: calcium 
CV 0.17 - 0.24 
Ca * phytate:zinc 
CV 0.5 

13.07 
 
0.12 
 
0.01 

Polyphenols 73.9 no CV defined n.a. 

Sodium, in mg 170.1 530   
(max. per day) 

32.1 

Dietary fibre, in g 7.6 15  
(max. per day) 

50.7 

Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stiller and Antonia Som-
mer (data entry). RDAs as per: Dietary Guidelines for Indians - a Manual, 2011; ICMR, NIN, 2020; ICMR, 2020; Golden, 
2009 (for details please refer to subchapter 6.1.2); the fat requirement of children was finally calculated to equal  40E% 
leading to 41.1 g/d compared to 27g/d suggested by Golden (2009). Minimum required vitamin C density: Nutrient Re-
quirements and Recommended Dietary Allowances for Indians, 2009. For CVs = critical values of nutrient interactions:  
(1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron - as per Hurrell, 2004, (3) phytate:zinc and phytate:calcium - 
as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc -  as per Ferguson et al., 1988. 

Dietary fibre contained in the suggested dinner is fairly high with 51 percent of children's RDA being 
covered through a 200g portion. This largely attributes to the included broad beans which are high in 
dietary fibre (8.63g per 100g edible portion). Cost-effective alternatives could be round orange 
pumpkin (2.56g dietary fibre/100g edible portion) and green cylindrical pumpkin (2.5356g dietary 
fibre/100g edible portion), as well as plantain stem (2.12g dietary fibre/100g edible portion). Again, 
salt should be used as to make meals acceptable for children but kept at the lowest level possible - 
overall, with the suggested amounts of salt, the given maximum of 530 mg per day cannot be ful-
filled. Details on the weekly coverage of children's RDA can be found in the following subchapter. 

7.1.6 Summary: Weekly fulfilment of children's RDAs with graphical illustration 

Besides the described five meals per day (CF), breastfeeding in a medium frequency has been as-
sumed and calculated to cover RDAs of the moderately malnourished children. Breastfeeding in a 
medium frequency delivers 72 kcal per 100g of mature mother milk (Parlesak, 2003 with reference 
to: Garza et al., 1983; Souci et al., 1989, pp. 6–10). Further, Dewey and Brown (2003) describe that 
children aged 12-23 months who are breastfed in a medium frequency receive 346 kcal per day from 
the mother's milk - which need to be supplemented by complementary foods. Hence, a calculated 
481ml of breastmilk can be assumed to be taken by children aged 12-23 months per day. The nutri-
ent values of ripe mother's milk presented in Parlesak (2003, p. 4) have been applied to show the 
contribution of breastfeeding in a medium frequency in fulfilling children's RDAs. The lowest values 
of the ranges given have been applied for all available nutrients - the table below presents the lower 
(applied) as well as upper ranges which may be covered through breastmilk intake.  
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Table 104   Lower and upper nutrient ranges supplied through ripe breastmilk (medium breastfeeding frequency) 

Nutrient Lower range Upper range 
 nutrient amount  

per 480.56ml of  
ripe breastmilk 

share of RDA  
covered 

nutrient amount 
per 480.56ml of  
ripe breastmilk 

share of RDA  
covered 

Energy, in kcal 346 36.2 percent 346 36.2 percent 
Macronutrients 

CHOs, in g 34.12 26.2 percent 34.60 26.6 percent 
Protein, in g 3.84 16.7 percent 6.73 29.3 percent 
Fat, in g 14.90 36.3 percent 19.70 47.9 percent 

Fat-soluble vitamins 
Vitamin A, in mcg 278.72 30.3 percent 297.95 32.4 percent 
Vitamin D, in mcg 0.18 1.2 percent 0.40 2.7 percent 
Vitamin E, in mg 1.30 11.8 percent 1.63 14.9 percent 
Vitamin K, in mcg 0.58 2.9 percent 4.42 22.1 percent 

Water-soluble vitamins 
Vitamin B1, in mg 0.08 11.7 percent 0.12 16.5 percent 
Vitamin B5, in mg 0.96 32.0 percent 1.20 40.0 percent 
Vitamin B6, in mg 0.04 4.8 percent 0.15 16.6 percent 
Vitamin B7, in mcg 2.40 25.3 percent 4.33 45.5 percent 
Vitamin B9, in mcg 24.03 11.4 percent 42.29 20.1 percent 
Vitamin B12, in mcg 0.08 6.4 percent 0.47 38.8 percent 
Vitamin C, in mg 19.22 27.5 percent 81.7 116.7 percent 

Minerals and trace elements 
Calcium, in mg 96.11 16.9 percent 163.39 28.7 percent 
Copper, in mg 0.10 14.8 percent 0.19 29.6 percent 
Iron, in mg 0.14 1.5 percent 0.19 2.1 percent 
Magnesium, in mg 14.90 7.8 percent 18.26 9.6 percent 
Potassium, in mg 235.47 17.4 percent 336.39 24.9 percent 
Zinc, in mg 0.07 0.6 percent 0.41 3.4 percent 

Anti-nutritive elements 
Sodium, in mg 72.08 13.6 percent 163.39 30.8 percent 
Source: Own calculation as per: Dewey & Brown, 2003; Parlesak, 2003. 

One may fear that the breastmilk of malnourished mothers offers little nutritional value to their chil-
dren. With regard to this question, Parlesak (2003) points out that the concentration of minerals and 
trace elements in human breastmilk does not depend on the nutritional intake of the mother (with 
the exception of selenium and as long as there is no severe undernutrition). In the same line, a re-
view conducted by Dror and Allen (2018) found no association between the intake of iron, zinc and 
calcium and the breastmilk concentration of such nutrients. Likewise, no association could be found 
when it comes to fat-soluble vitamins E and K. On the contrary, the intake of various water-soluble 
vitamins does correlate with maternal breastmilk concentration, as true for vitamins B1, B2, B6, B12 
(here, vegetarian mothers showed lower vitamin B12 concentrations in their breastmilk as compared 
to omnivorous mothers), and C. Further, the intake of iodine and iodine concentration in breastmilk 
has been found associated, as the review reports. All in all, it appears needful to nourish lactating 
Adivasi mothers as well as possible as to support adequate nutrient transmission via their breastmilk.   
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With regard to vitamin A Parlesak states that mothers who suffer from long-term nutritional depriva-
tion may show lowered vitamin A levels in their milk, insufficient for a healthy development of the 
infant's vision and also immune response. Maternal supplementation proofed helpful  (Dror & Allen, 
2018b; Keikha et al., 2021). Further, it is important to cover the vitamin A requirement of infants and 
small children well through complementary foods - this, however, has been shown difficult as per the 
meal schedule analysis and can be seen in graph 94 below, where even in case that the child aged 12-
23 months manages to eat its 200g portions fully, merely 59 percent of the RDA are covered. 

Other nutrients which were found to be difficult to cover through a diversified diet based on locally 
available cost-effective foods are zinc (with a weekly coverage of 54 percent), as well as vitamins B1 
(74 percent) and B2 (60 percent), and n-6 fatty acids (55 percent). It is in fact easier to cover the rec-
ommended iron intake of the moderately malnourished child via breastfeeding and complementary 
foods (where 137 percent of the RDA could be met with the suggested weekly meal schedule) as well 
as the recommended calcium intake (where 101 percent of the RDA can be covered on a weekly ba-
sis). Hence, further light may be shed on the role of vitamin B2 and vitamin A scarcity when discussing 
how to overcome anaemia amongst tribal Adivasi children in rural Birbhum district (rather than fo-
cusing on iron exclusively). Likewise, the role of vitamin A and zinc (known as "limiting growth nutri-
ent" - Michaelsen et al., 2009) may be focused further when discussing how to overcome stunting 
among Adivasi children. Named nutrients, very certainly, need to be supplemented to the moder-
ately malnourished children even if an optimized dietary intake can be routinely realized. With re-
gard to vitamin B2, a higher intake of mothers was found to increase the vitamin B2 level in their 
breasmilk (Dror & Allen, 2018 with reference to: Deodhar & Ramakrishnan, 1960; Kodentsova & 
Vrzhesinskaya, 2006)- stressing once more the need to nourish lactating mothers well. 

To recall (for details please refer to chapter 6.1.1.), providing vitamin B2 along with iron could be 
shown to increase haemoglobin more effectively (Powers, 2003). Further, a deficit in vitamin B2 leads 
to a reduction of intestinal villi which leaves the body with less capacity to absorb nutrients (Biesal-
ski, 2016). Vitamin A was found to enhance the efficacy of iron supplementation as well (Fishman et 
al., 2000) and is assumed to be essential to achieve normal bone (and teeth) growth (Biesalski, 2016; 
Borel & Desmarchelier, 2017). Similarly, zinc, which can be found in human bone and muscle (Biesal-
ski, 2013) is required in sufficient amount to overcome stunting. Very clearly - as pointed out earlier 
in this work - it is not specific single nutrients which are able to turn the picture and overcome anae-
mia as well as chronic malnutrition (i.e. stunting) - instead, all essential nutrients need to be covered 
in sufficient amount. Yet, as the efforts to develop a balanced diet on the basis of locally available 
and cost-effective foods showed, the recommended intake levels of certain nutrients can indeed not 
be fully covered even in case that the moderately malnourished child eats well (200g portions five 
times a day) and receives highly nutritious foods including a variety of vegetables, legumes, nuts and 
oilseeds and even animal products. This is, of course, attributed to the heightened RDAs for the mal-
nourished children, who need more nutrients compared to healthy children of the same age (see 
RDA section, subchapter 6.1.2) and very obviously, it is easier (and less costly) to nourish a healthy 
child well than a child which is already in a deficit and suffers from malnutrition. 

Finally, it needs to be a joint effort of the families themselves, supported through social structures 
surrounding them, as government schemes and NGO projects, which can succeed covering RDAs of 
malnourished children (and their mothers) on a regular basis - the supplementation of certain nutri-
ents (vitamin A, zinc, B1, B2 and n6-fatty acids in the described setting) may remain needful even if a 
diversified diet is accessible to the malnourished children on a regular basis. Once the children re-
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cover from undernutrition, nutritional intake requirements become lower and, hence, their fulfil-
ment easier. The following graph summarizes the capacity of a diversified diet to cover the RDAs of 
children aged 12-23 months suffering from moderate malnutrition and portrays at the same time the 
limitations mentioned here. Assumed breastmilk intake may, as indicated above, supply even more 
nutrients than depicted here and is a valuable part of children's daily nutrition. 
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Graph 94   Fulfilment of children's RDAs (aged 1
weekly consumed averages of suggested meals

Sources: For breastfeeding see: Dewey & Brown, 2003; Parlesak, 2003
project nutritionists Caroline Stiller and Antonia Sommer (data entry).
Manual, 2011; ICMR, NIN, 2020; ICMR, 2020; Golden, 2009

The suggested diet (breastfeeding plus 
9-15 E% - Golden, 2009; Michaelsen et al., 2009)
stunted children, going up to 45 E% for wasted children
E% come from CHO intake. These values are weekly 
and lie within the recommendations.

The following table summarizes the share of RDA which can be covered through the suggested (e
emplified) diet for the moderately malnourished child on a weekly basis.
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Fulfilment of children's RDAs (aged 12-23 months and suffering from moderate malnutrition
weekly consumed averages of suggested meals, assuming medium breastfeeding (481ml/d) 

Dewey & Brown, 2003; Parlesak, 2003. Recipe analysis realized in NutriSurvey through 
and Antonia Sommer (data entry). RDAs as per: Dietary Guidelines for Indians 

, 2020; Golden, 2009 (for details please refer to subchapter 6.1.2).

The suggested diet (breastfeeding plus CFs) finally delivers 11.4 E% from proteins (suggested range: 
Golden, 2009; Michaelsen et al., 2009) and 36.0 E% from fat (35 E% are suggested for 

45 E% for wasted children - Golden, 2009; Michaelsen et al., 2009
intake. These values are weekly averages of the consumed meals and breastmilk 

ndations. 

The following table summarizes the share of RDA which can be covered through the suggested (e
emplified) diet for the moderately malnourished child on a weekly basis. 
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Table 105   Summary: Share of RDA covered for the malnourished child aged 12-23 months, through breastfeeding and 
suggested cost-effective complementary foods on a weekly basis    

Nutrient Mean daily nutrient 
intake considering  the 
weekly meal schedule 
(breastfeeding & CF) 

Applied RDA  
(for moderately mal-
nourished children) 

Share of RDA  
covered 

Energy, in kcal 1,330.04 956 139.1 percent 
Macronutrients 

CHOs, in g 173.77 130 133.7 percent 
Protein, in g 37.13 23 161.4 percent 
Fat, in g 51.54 41.1 125.4 percent 

Fat-soluble vitamins 
Vitamin A (RAE), in mcg 545.09 920 59.2 percent 
Vitamin D, in mcg 12.51 15 83.4 percent 
Vitamin E, in mg 7.1 11 64.5 percent 
Vitamin K, in mcg 239.99 20 1199.9 percent 

Water-soluble vitamins 
Vitamin B1, in mg 0.51 0.7 73.5 percent 
Vitamin B2, in mg* 0.54 0.9 60.3 percent 
Vitamin B3, in mg* 15.54 8 194.3 percent 
Vitamin B5, in mg 3.46 3 115.2 percent 
Vitamin B6, in mg 1.11 0.9 123.8 percent 
Vitamin B7, in mcg 16.74 9.5 176.2 percent 
Vitamin B9, in mcg 200.69 210 95.6 percent 
Vitamin B12, in mcg 1.86 1.2 154.8 percent 
Vitamin C, in mg 90.69 70 129.6 percent 

Minerals and trace elements 
Calcium, in mg 576.03 570 101.1 percent 
Copper, in mg 1.7 0.65 261.5 percent 
Iron, in mg 12.29 9 136.5 percent 
Magnesium, in mg 305.09 190 160.6 percent 
Manganese, in mg 3.8 1.1 345.5 percent 
Phosphorus, in mg 749.67 570 131.5 percent 
Potassium, in mg 1,988.56 1,350 147.3 percent 
Selenium, in mcg 39.54 30 131.8 percent 
Zinc, in mg 6.46 12 53.8 percent 

Essential fatty acids 
Total PUFAS, in mg 22.9 5.6 408.9 percent 
α-linolenic acid (n-3), in g 18.73 0.82 2,284 percent 
Linolenic acid (n-6), in g 2.61 4.78 54.7 percent 

Essential amino acids 
Isoleucine, in g/100g protein 31.61 3.1 1,019.8 percent 
Leucine, in g/100g protein 54.81 6.3 870.1 percent 
Lysine, in g/100g protein 36.64 5.2 704.7 percent 
SAA (methionine, cysteine),  
in g/100g protein 
 

21.63 2.5 865.1 percent 
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Nutrient Mean daily nutrient 
intake considering  the 
weekly meal schedule 
(breastfeeding & CF) 

Applied RDA  
(for moderately mal-
nourished children) 

Share of RDA  
Covered 

AAA (phenylalanine, tyrosine), 
in g/100g protein 

58.2 4.6 1,265.2 percent 

Threonine, in g/100g protein 28.74 2.7 1,064.6 percent 
Tryptophan, in g/100g protein 8.16 0.7 1,165.3 percent 
Valine, in g/100g protein 39.1 4.1 953.7 percent 
Histidine, in g/100g protein 17.97 1.8 998.4 percent 

Anti-nutritive elements 
Oxalate 178.36 oxalate: calcium 

critical value (CV) - 
2.25 

0.14 

Phytate 749.54 phytate: iron  
CV 1 - plain cereal or 
legume based meals; 
CV 6 - composite 
meals 
phytate: zinc 
CV 15 - 18 
phytate: calcium 
CV 0.17 - 0.24 
Ca * phytate:zinc 
CV 0.5 

5.17 
 
 
 
 
11.43 
 
0.08 
 
0.02 

Polyphenols 192.46 no CV defined n.a. 
Sodium, in mg 710.26 530 (max.) 134.0 percent 
Total dietary fibre 27.51 15 (max.) 183.4 percent 
Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stiller and Antonia Som-
mer (data entry). RDAs as per: Dietary Guidelines for Indians - a Manual, 2011; ICMR, NIN, 2020; ICMR, 2020; Golden, 
2009 (for details please refer to subchapter 6.1.2); the fat requirement of children was finally calculated to equal  40E% 
leading to 41.1 g/d compared to 27g/d suggested by Golden (2009). Minimum required vitamin C density: Nutrient Re-
quirements and Recommended Dietary Allowances for Indians, 2009. For CVs = critical values of nutrient interactions:  
(1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron - as per Hurrell, 2004, (3) phytate:zinc and phytate:calcium - 
as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc -  as per Ferguson et al., 1988. 

Table 106 below shows the energy contributions of the single suggested meals. While the khechuri 
recipe as well as the lunch with fish and the gram omelette are comparatively high in fat, other meals 
balance this surplus provision of energy from fat, resulting in an overall weekly fat E% of 36.0 (ade-
quate for stunted children). Protein E% is low for the vegetarian lunch and dinner options -however, 
gets balanced though provision of animal products as milk, egg, fish and liver in other meals. It shall 
be pointed out that the protein range applied here is specifically meant for children suffering from 
moderate malnutrition with higher protein needs in order to catch up growth. Recommendations for 
healthy children aged 1-3 year rather give a range of 5-20 E% coming from protein (Government of 
Canada, 2010; Institute of Medicine, 2005). Both institutions further suggest a lower fat E% for 
healthy children aged 1-3 years of 30-40 percent. Accordingly, the suggested meal schedule pays 
regard to the special needs of the malnourished children who are in need of higher fat and protein 
intakes. Very clearly, higher nutritional needs of undernourished children are finally associated with 
higher costs to feed these children adequately (which will be shown in chapter 8). 
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Table 106   Energy percentages of suggested cost-effective children's meals 

Meal CHO E% 
(range: 45-65) 

Protein E% 
(range: 9-15) 

Fat E% 
(range: 35-45) 

Breakfast 70.6 10.3 20.1 
Khechuri with egg 38.1 16.7 48.5 

Khechuri with milk 46.9 12.2 43.4 

Khechuri with liver 39.5 14.4 48.5 

Lunch (vegetarian) 53.3 9.5 37.5 

Lunch with fish 39.9 12.4 48.6 

Leafy gram omelette 34.7 17.2 48.2 

Halwa porridge 38.3 11.6 51.5 

Dinner (vegetarian) 58.8 9.8 31.6 

Weekly meal schedule 
(weighted average) 

53.6 11.4 36.0 

Sources: Meal analysis with calculation of E% realized via Nutri-Survey Software through project nutritionists Caroline 
Stiller and Antonia Sommer (data entry). For CHO range see: Institute of Medicine, 2005. For fat and protein E% ranges 
see: Golden, 2009; Michaelsen et al., 2009 (specific recommendations for children with  moderate malnutrition). 

The National Institute of Nutrition (Dietary Guidelines for Indians - a Manual, 2011) further released 
guidelines on the quantities to be optimally eaten by Indian children aged 1-3 years  - according to 
FGs. The following table gives and overview in how far the suggested meals contribute to fulfil these 
recommendations. As can be seen, there is a surplus provision of cereals (amounting to 141g per day 
as per the weekly weighted average). Pulses and animal foods seem to be a bit low at first glance, 
however, animal products are meant to replace pulses and legumes and hence, the total intake can 
be considered adequate. Further, leafy vegetables are consumed in adequate amount as per the 
recommended meal pattern. Again, there is a surplus provision in the category of other vegetables. 
Roots and tubers are high as well (and include potato). The recommendation of fruit intake is nearly 
perfectly covered, while more milk may be served to the children (200ml milk on top of breastfeed-
ing are recommended each day). The amount of sugar included in the suggested meal schedule re-
mains a bit below the suggested amount, while visible fat is fairly perfectly matched. 

Table 107   Adequacy of suggested cost-effective children's meals in terms of food group contributions 

Food 
group 

Break-
fast 

Khe-
churi 
egg 

Khe-
churi 
milk 

Khe-
churi 
liver 

Lunch 
veg. 

Lunch 
fish 

Gram 
ome-
lette 

Halwa 
por-
ridge 

Dinner Daily 
aver-
age 

Aim 

 200g 235g 250g 218.5g 210g 245g 100g 125g 210g   

 values given in g/ml 

Cereals/ 
millets 

36.0 24.0 24.0 24.0 38.0 38.0 0.0 9.4 38.0 141.4 60.0 

Pulses/ 
legumes 

0.0 3.0 3.0 3.0 4.5 4.5 32.5 0.0 3.4 24.8 30.0 

Animal 
foods 

0.0 35.0 0.0 15.0 0.0 30.0 0.0 0.0 0.0 21.4 50.0 

Leafy 
vegetables 

0.0 21.0 21.0 21.0 23.0 23.0 18.0 0.0 0.0 51.7 50.0 

Other 
vegetables 

0.0 51.0 51.0 51.0 0.0 0.0 0.0 0.0 68.4 119.4 50.0 
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Food 
group 

Break-
fast 

Khe-
churi 
egg 

Khe-
churi 
milk 

Khe-
churi 
liver 

Lunch 
veg. 

Lunch 
fish 

Gram 
ome-
lette 

Halwa 
por-
ridge 

Dinner Daily 
aver-
age 

Aim 

Roots & 
tubers 

0.0 10.5 10.5 10.5 33.0 33.0 8.0 27.0 27.6 90.0 50.0 

Fruits 71.0 0.0 0.0 0.0 10.0 10.0 0.0 0.0 10.0 91.0 100.0 

Milk  80.0 0.0 50.0 0.0 0.0 0.0 0.0 66.0 0.0 139.1 200.0 

Nuts/ 
oilseeds 

6.5 5.0 5.0 5.0 9.0 9.0 0.0 5.0 0.0 23.4 n.a. 

Spices 0.0 1.2 1.2 1.2 2.5 2.5 1.4 0.0 3.3 7.6 n.a. 

Sugar 6.5 0.0 0.0 0.0 0.0 0.0 0.0 4.6 0.0 9.1 15.0 

Salt 0.0 0.5 0.5 0.5 0.5 0.5 0.4 0.0 0.4 1.6 n.a. 

Fat/ oil 
(visible) 

0.0 6.0 6.0 9.5 7.5 12.5 7.5 4.0 8.0 28.2 25.0 

Source: Analysis done by project nutritionist Caroline Stiller with reference to: Dietary Guidelines for Indians - a Manual, 
2011. 

Overall, the suggested cost-effective meal schedule offers a well-balanced diet, adequate to be taken 
by the malnourished children. Still, to sum up, there are several nutrients difficult to cover through 
breastfeeding in a medium frequency and suggested complementary foods. Those comprise (with a 
RDA coverage less than 80 percent): vitamin A, vitamin E, vitamin B1, vitamin B2, zinc and n-6 fatty 
acids. Those nutrients may be considered for supplementation. Further, it shall be stressed that it is 
indeed difficult to stay below the recommended maximum amounts recommended with regard to 
sodium and dietary fibre. Accordingly, mothers should be sensitized for a thrifty use of salt (even if it 
contains valuable iodine) and foods rich in dietary fibre (as poppy seeds, linseeds, Bengal gram, soy-
beans, peas, lentils and mustard seeds) - when preparing meals for their children. Overall it appears 
difficult to design an "optimal diet" which fulfils all criteria and recommendations alike. Still, interac-
tive awareness trainings with mothers and fathers on cost-effective recipes based on local ingredi-
ents will surely help improving children's daily diet. The next subchapter presents the data relating to 
a similar change of diet of mothers - who are likewise in need of an improved meal schedule in order 
to overcome anaemia and low BMIs (i.e. undernutrition). Chapter 8 will afterwards analyze and dis-
cuss the affordability of suggested meals - highlighting limitations to put theory finally into practice. 

7.2 Weekly meal schedule for mothers 
As per the recommendations worked out in this dissertation mothers would receive basically the 
same food as their children (with only minor variations), because it is of central importance to keep 
the cooking effort manageable (knowing as per baseline survey findings that cooking takes most time 
in the day of mothers - see chapter 2.1.5). Even the suggested meal schedule means huge efforts for 
Adivasi tribal families knowing that most of them still today rely on open fire cooking (while some do 
possess gas cookers meanwhile) and need to fetch water and clean their dishes at nearby water 
sources outside the house. The following subchapters present the ingredients needed to prepare the 
already presented five meals for mothers, distinguishing between nutrient needs of: (1) lactating 
mothers, (2) pregnant women, and (3) non-pregnant and non-lactating women 

It shall be stressed from the outset that it is most challenging to feed a lactating mother adequately, 
as she has highest nutritional needs compared to pregnant and non-pregnant/non-lactating women. 
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Graph 95 illustrates this fact - showing the coverage of 
mothers would receive the same amount of food (1,576.5g per day).

Graph 95    Lactating women have (on the whole) higher nutritional needs than pregnant and non
women - illustrated through the extent of RDA coverage for identical 

Sources: Receipt analysis realized in NutriSurvey through project nutritionists Caroline Stiller and Antonia Sommer (data 
entry). RDAs as per: Dietary Guidelines for Indians 
to subchapter 6.1.2). 
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showing the coverage of mother's RDAs in case that all three groups of 
would receive the same amount of food (1,576.5g per day). 

Lactating women have (on the whole) higher nutritional needs than pregnant and non
illustrated through the extent of RDA coverage for identical portions (1,576.5g/ day) 

ized in NutriSurvey through project nutritionists Caroline Stiller and Antonia Sommer (data 
uidelines for Indians - a Manual, 2011; ICMR, NIN, 2020; ICMR, 2020

RDAs in case that all three groups of 

Lactating women have (on the whole) higher nutritional needs than pregnant and non-pregnant non-lactating 

 
ized in NutriSurvey through project nutritionists Caroline Stiller and Antonia Sommer (data 

, 2020 (for details please refer 
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In fact, the proposed meal schedule for mothers makes a differentiation when it comes to portion 
sizes of lactating, pregnant and non-pregnant non-lactating women. The applied amounts are sum-
marized in the table below - lactating mothers receive biggest portions as per their higher needs. 

Table 108   Portion sizes of (1) lactating, (2) pregnant and (3) non-pregnant non-lactating women 

Meal (1) lactating mothers (2) pregnant women (3) non-pregnant  
non-lactating women 

Breakfast 250g 225g 200g 
First lunch (khechuri) 400g 375g 350g 
 Plus: whole duck egg or 150ml milk each thrice a week/ 30g chicken liver once a week 

Second lunch 400g 375g 350g 
 Plus: 20g guava daily/ 50g pangas fish once a week 

Leafy gram omelette 
Halwa porridge 

200g 
250g 

175g 
225g 

150g 
200g 

Dinner 400g 375g 350g 
 Plus: 20g fig daily 

Source: Own categorization of portion sizes - aiming to fulfil mothers' RDAs adequately. 

In accordance with applied portion sizes, the amount of ingredients required to prepare the sug-
gested meals are highest in case of lactating women (see subchapter 8.2).  

7.2.1 Breakfast: ingredients, share of RDA covered and anti-nutrient considerations  

Santal adults use to take (sugared) tea early morning along with some readily available dry food as 
biscuits or puffed rice. While a semi-solid mixture of sugared milk and rice flakes has been suggested 
for children aged 12-23 months, such food would probably be less well accepted by Santal mothers. 
With milk being meant mainly for children and tea favoured to be taken this time of the day. Hence, 
a similar but adapted meal is suggested: Puffed rice mixed with sugar and some groundnuts - along-
side a slice of guava and banana.  

Picture 28   Cost-effective and nutrient-dense breakfast for mothers (250g portion size) 

       
Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 

All foods are easy to store and do not require cooking - adequate for the early morning needs in the 
Santal communities. Where everyone needs to get washed and dressed for the day, mothers bring 
their children to AWCs (if they are open...), roads are sweeped for dry leaves to prepare the cooking 
for lunch and maybe also cattle needs to be taken out for grazing. 
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The following table shows the ingredients needed to prepare the suggested breakfast for (1) lactating 
mothers (250g portion), (2) pregnant women (225g portion) and (3) non-pregnant non-lactating 
women (200g portion) and gives cost-effective food alternatives (right column). 

Table 109   Cost-effective & nutrient-dense breakfast for mothers - ingredients 

Ingredients  
sugared muri 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Puffed rice (1) 95.0 
(2) 85.5 
(3) 76.0 

4.08 72 rice flakes (5.14), white 
bread & bun/roled (1.01), 
sweet biscuit (0.6) 

Sugar, white (1) 13.0 
(2) 11.7 
(3) 10.4 

0.32 249 sugarcane (2.49), sugarcane 
juice (2.46), honey (0.1) 

Groundnuts (1) 24.0 
(2) 21.6 
(3) 19.2 

1.95 151 linseedsb (10.16), white 
gingelly seedsa,b (2.65), 
sunflower seedsc (2.1), 
safflower seedsb (1.79), dry 
coconut kernel (0.6), dried 
areca nut red//brownc 
(0.48/0.46), cashew nutb 
(0.43), jackfruit seeds (0.37) 

Banana, ripe, poovam (1) 100.0 
(2) 90.0 
(3) 80.0 

3.26 101 fig (4.94), white fleshed 
guava (3.36), robusta ba-
nana (3.06), bael fruit (2.82)  

Guava, white fleshed (1) 18.0 
(2) 16.2 
(3) 14.4 

3.36 97 fig (4.94), poovam/robusta 
banana (3.26/3.06), bael 
fruit (2.82) 

Total portion weight (1) 250 
(2) 225 
(3) 200 

Source: Own recipe - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the recipe has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 

As for the children, mothers' breakfast puts an emphasis on delivering energy early morning with 
74.4 E% coming from CHOs and merely 9.4 E% coming from protein or rather 16.9 E% from fat. 23-24 
percent of mother's daily energy requirement is covered through this meal (where lactating mothers 
receive 632 kcal in their 250g portion, pregnant women receive 569 kcal in their 225g portion and 
non-pregnant non-lactating women receive 506 kcal in their 200g portion). Vitamin C density of the 
breakfast is satisfying with 72mg per 1,000 kcal (remember that the minimum required vitamin C 
density amounts to 20mg/1,000 kcal - Nutrient Requirements and Recommended Dietary Allowances 
for Indians, 2009). Inclusion of a slice of guava is essential to achieve a satisfying vitamin C density 
and improve, therewith, iron absorption in the meal. Accordingly, the role of vitamin C-rich fruits and 
vegetables may well be discussed and trained to Adivasi families, who so far do not necessarily con-
sume fruits on a regular basis. The following fruits and vegetables have proven cost-effective in terms 
of vitamin C density according to winter-price analysis: guava, emblic (amloki), radish leaves, cauli-



Developing a cost-effective and nutrient-dense diet  - Weekly meal schedule for mothers 

362 

flower leaves, Agathi leaves, Amaranth leaves and capsicum (for details please refer to subchapter 
6.2, table 78) - if leafy vegetables are chosen to be used as vitamin C source, overcooking needs to be 
strictly avoided, as ascorbic acid is known to be heat sensitive.  

Calculated molar mass ratios remain beneath critical values except for the ratio of phytate to calcium 
which amounts to 0.38 (with a CV of 0.17 - 0.24 - Gibson et al., 2010; Tessera et al., 2019). Hence, it is 
well worth to go for food processing in order to reduce phytate - as with children's breakfast roasting 
of groundnuts makes well sense (Hotz & Gibson, 2001). Heating (just as fermentation) causes hy-
drolysis of phytate to lower inositol phosphates, which then lose their inhibitory effect on iron and 
zinc absorption, respectively. It is well known and understood that IP6 and IP 5 (hexa- and penta-
inositol phosphates) inhibit the absorption of zinc, while IP6 to IP3 inhibits absorption of iron (Gibson 
et al., 2018). The research on the interactions of phytate and calcium is less extensive so far. Soaking 
of phytate-rich foods is another approach to reduce the inhibitory effect of phytate in meals through 
the loss of water-soluble phytate - this however, is less practical with the suggested breakfast, as 
puffed rice needs to be crispy to be enjoyed by family members. 

For detailed information what nutrients are delivered in what quantity through the suggested por-
tion sizes for (1) lactating mothers, (2) pregnant women and (3) non-pregnant non-lactating women, 
please refer to table 110 on the next page.



Developing a cost-effective and nutrient-dense diet  - Weekly meal schedule for mothers 

363 

Table 110   Cost-effective & nutrient-dense breakfast for (1) lactating mothers, (2) pregnant women and (3) non-pregnant non-lactating women - coverage of RDA, vitamin C density and molar 
mass ratios 

Nutrient Breakfast content     
(1) 250g - (2) 225g - (3) 200g  

Recommended intake per day (RDA) 
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Percent of RDA covered  
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Energy, in kcal 632.2 - 569.0 - 505.8 2,650 - 2,480 - 2,130 23.9 - 22.9 - 23.7 
Macronutrients 

CHOs, in g 115.2 - 103.7 - 92.2 210 - 175 - 130 54.9 - 59.3 - 70.9 
Protein, in g 14.5 - 13.1 - 11.6 71 - 71 - 46 20.4 - 18.5 - 25.2 
Fat, in g 11.5 - 10.3 - 9.2 100 - 95 - 82 11.5 - 10.8 - 11.2 

Fat-soluble vitamins 
Vitamin A (RAE), in µg 10.0 - 9.0 - 8.0 1,300 - 900 - 840 0.8 - 1.0 - 1.0 
Vitamin D, in µg 2.2 - 2.0 - 1.8 15 - 15 - 15 14.7 - 13.3 - 12.0 
Vitamin E, in mg 1.2 - 1.0 - 0.9 19 - 15 - 15 6.3 - 6.7 - 6.0 
Vitamin K, in µg 5.4 - 4.9 - 4.3 90 - 90 - 90 6.0 - 5.4 - 4.8 

Water-soluble vitamins 
Vitamin B1, in mg 0.3 - 0.2 - 0.2 2.1 - 2.0 - 1.7 14.3 - 10.0 - 11.8 
Vitamin B2, in mg 0.1 - 0.1 - 0.1 3.0 - 2.7 - 2.4 3.3 - 3.7 - 4.2 
Vitamin B3, in mg 5.0 - 4.5 - 4.0 19.0 - 18.0 - 14.0 26.3 - 25.0 - 28.6 
Vitamin B5, in mg 1.0 - 0.9 - 0.8 7.0 - 6.0 - 5.0 14.3 - 15.0 - 16.0 
Vitamin B6, in mg 0.6 - 0.6 - 0.5 2.16 - 2.3 - 1.9 27.8 - 26.1 - 26.3 
Vitamin B7, in µg 3.5 - 3.2 - 2.8 35 - 30 - 35 10.0 - 10.7 - 8.0 
Vitamin B9, in µg 47.2 - 42.5 - 37.8 500 - 600 - 400 9.4 - 7.1 - 9.5 
Vitamin B12, in µg 0.0 - 0.0 - 0.0 3.5 - 2.75 - 2.5 0.0 - 0.0 - 0.0 
Vitamin C, in mg 
vitamin C density in mg/1,000 kcal 
(suggested minimum: 20mg/1,000 kcal) 

45.3 - 40.7 - 36.2 
71.7 - 71.5 - 71.6 

120 - 85 - 75 37.8 - 47.9 - 48.3 

Minerals and trace elements 
Calcium, in mg 41.3 - 37.1 - 33.0 1,200 - 1,000 - 1,000 3.4 - 3.7 - 3.3 
Copper, in mg 0.6 - 0.5 - 0.5 1.3 - 1.0 - 0.9 46.2 - 50.0 - 55.6 
Iron, in mg 5.6 - 5.0 - 4.5 23 - 40 - 29 24.3 - 12.5 - 15.5 
Magnesium, in mg 155.6 - 140.0 - 124.5 325 - 385 - 325 47.9 - 36.4 - 38.3 
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Nutrient Breakfast content     
(1) 250g - (2) 225g - (3) 200g  

Recommended intake per day (RDA) 
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Percent of RDA covered  
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Manganese, in mg 1.6 - 1.4 - 1.3 2.6 - 2.0 - 1.8 61.5 - 70.0 - 72.2 
Phosphorus, in mg 276.7 - 249.0 - 221.4 700 - 700 - 700 39.5 - 35.6 - 31.6 
Potassium, in mg 682.5 - 614.3 - 546.0 5,100 - 4,700 - 4,700 13.4 - 13.1 - 11.6 
Selenium, in µg 1.2 - 1.1 - 1.0 70 - 60 - 55 1.7 - 1.8 - 1.8 
Zinc, in mg 2.4 - 2.1 - 1.9 14 - 14.5 - 13.2 17.1 - 14.5 - 14.4 

Essential fatty acids 
Total PUFAs, in g 3.0 - 2.7 - 2.4 14.3 - 14.4 - 13.1 21.0 - 18.8 - 18.3 
α-linolenic acid (n-3), in g 2.9 - 2.6 - 2.3 1.3 - 1.4 - 1.1 223.1 - 185.7 - 209.1 
Linolenic acid (n-6), in g/d 0.1 - 0.1 - 0.1 13.0 - 13.0 - 12.0 0.8 - 0.8 - 0.8 

Essential amino acids 
Isoleucine, in g 9.1 - 8.2 - 7.3 3.0 (per 100g) 303.3 - 273.3 - 243.3 
Leucine, in g 19.5 - 17.6 - 15.6 5.9 (per 100g) 330.5 - 298.3 - 264.4 
Lysine, in g 9.1 - 8.2 - 7.3 4.5 (per 100g) 202.2 - 182.2 - 162.2 
SAA (methionine, cysteine), in g 6.2 - 5.6 - 5.0 2.2 (per 100g) 281.8 - 254.5 - 227.3 
AAA (phenylalanine, tyrosine), in g 19.4 - 17.5 - 15.5 3.8 (per 100g) 510.5 - 460.5 - 407.9 
Threonine, in g 9.1 - 8.2 - 7.3 2.3 (per 100g) 395.7 - 356.5 - 317.4 
Tryptophan, in g 2.3 - 2.1 - 1.8 0.6 (per 100g) 383.3 - 350.0 - 2.7 
Valine, in g 12.7 - 11.5 - 10.2 3.9 (per 100g) 325.6 - 294.9 - 261.5 
Histidine, in g 9.3 - 8.4 - 7.5 1.5 (per 100g) 620.0 - 560.0 - 500.0 

Elements to be limited in the diet 
Oxalate, in mg 22.6 - 20.3 - 18.1 oxalate: calcium 

critical value (CV) - 2.25 
0.25 - 0.25 - 0.25 

Phytate, in mg 259.9 - 233.9 - 207.9 phytate: iron  
CV 1 - plain cereal or legume based meals; 
CV 6 - composite meals 
phytate: zinc 
CV 15 - 18 
phytate: calcium 
CV 0.17 - 0.24 
Ca * phytate:zinc 
CV 0.5 

3.94 - 3.97 - 3.92 
 
 
10.67 - 10.97 - 10.78 
 
0.38 - 0.38 - 0.38 
 
0.0 - 0.0 - 0.0 
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Nutrient Breakfast content     
(1) 250g - (2) 225g - (3) 200g  

Recommended intake per day (RDA) 
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Percent of RDA covered  
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Polyphenols, in mg 52.1 - 46.9 - 41.7 no CV defined n.a. 

Sodium, in mg 8.6 - 7.7 - 6.9 1,500 - 1,500 - 1,500 (maximum) 0.6 - 0.5 - 0.5 
Dietary fibre, in g 8.8 - 7.9 - 7.0  29 - 28 - 25 (maximum) 30.3 - 28.2 - 28.0 
Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stiller and Antonia Sommer (data entry). RDAs as per: Dietary Guidelines for Indians - a Man-
ual, 2011; ICMR, NIN, 2020; ICMR, 2020 (for details please refer to subchapter 6.1.2); the fat requirement of mothers was finally calculated to equal 35E% (in accordance with: Dietary Guide-
lines for Indians - a Manual, 2011; Manore (IOM), 2005 - leading to 100 g/d for lactating mothers, 95g/d for pregnant women and 82g/d for non-pregnant non-lactating women, compared to 
30g/d suggested as visible fat intake during lactation and pregnancy by "Dietary Guidelines for Indians - a Manual, 2011, p. 46". Minimum required vitamin C density: Nutrient Requirements 
and Recommended Dietary Allowances for Indians, 2009. For CVs = critical values of nutrient interactions: (1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron - as per Hurrell, 2004, (3) 
phytate:zinc and phytate:calcium - as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc -  as per Ferguson et al., 1988. 
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7.2.2 First lunch: ingredients, share of RDA covered and anti-nutrient considerations 

The khechuri preparation suggested to be taken by mothers as late morning meal is identical to the 
children's khechuri - despite providing full (rather than half) duck egg to mothers and 150ml cow milk 
(rather than 50ml) to drink, each three times a week. The thought is, in fact, that mothers of children 
aged 12-23 months would be optimally invited to take food for themselves from AWCs (once they 
will relaunch their services after the corona pandemic). So far, merely pregnant women are eligible 
to take food for themselves from AWCs. Yet, as can be easily understood when seeing recommended 
daily intakes (RDAs) for mothers (see chapter 6.1.2), it is in fact the lactating women who are in need 
of most nutrients each day - with RDAs even higher than those of pregnant women. As we learned, 
nearly all Santal women do breastfeed their children (96 percent with children aged 6-39 months do 
so, n=275; Baseline Survey, personal communication, 2015) and very usually until the age of three or 
even four years. Hence, mothers of children aged 12-23 months may well be included to benefit from 
AWC services, as to satisfy their very high nutrient needs, and facilitate, therewith, breastfeeding for 
a healthy development of the children below two years, who are moving within the window of op-
portunity (known as "1000-days window"; Bryce et al., 2008). Within this crucial time the brain with 
building of synapses develops quickly - damages happening through insufficient nutrient intakes can-
not be reversed at a later stage. Hence, the foundation to become a good student and earn a decent 
income later in life are laid already in this early stage of life - and needs to be supported if one wishes 
to allow tribal Adivasi children to participate well in the social and also economic life once they be-
come youths and adults - strengthening also the all-Indian development and prosperity. 

Picture 29   Cost-effective and nutrient-dense first lunch for mothers (400g portion size) 

       
Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 

Ingredients needed to prepare (1) a 400g portion of khechuri for lactating mothers, (2) a 375g por-
tion for pregnant women and (3) a 350g portion for non-pregnant non-lactating women are shown in 
table 111 below - again, alternative cost-effective food options are given with the option to modify 
the recipe as per personal taste and availability of foods. 
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Table 111   Cost-effective & nutrient-dense first lunch for mothers - ingredients 

Ingredients 
khechuri 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

plain - with liver 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 
 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Rice, raw, milled (1) 48.0 
(2) 45.0 
(3) 42.0 

5.49 48 rice parboiled milled (5.42), 
brown riceb (3.32) 

Bengal gram dal, chola (1) 3.0 
(2) 2.8 
(3) 2.6 

2.73 117 brown lentil (3.02), yellow-
ish lentil (2.99), lentil dal 
(2.08), black gram dal 
(1,98), green gram dal 
(1.87), red gram dal (1.63) 

Soybean, brown (1) 3.0 
(2) 2.8 
(3) 2.6 

4.22 68 soybean whitee (4.15), 
Bengal gram wholee (3.53), 
horse gram wholec (3.5), 
black gram wholeb (3.05), 
moth bean (2.99)  

Radish leaves (1) 32.0 
(2) 30.0 
(3) 28.0 

19.15 1 Bathua leavesa (17.3), cauli-
flower leaves (16.7), green 
Colocasia leavesa (14.5), 
spinacha (14.27), green 
spined Amaranth leavesa 
(13.93), Agathi leaves 
(13.39), tender Tamarind 
leaves (12.28) 

Pumpkin, orange, round (1) 62.0 
(2) 58.1 
(3) 54.3 

11.21 12 broad beans (12.27), green 
cylindrical pumpkin (10.27), 
plantain stem (9.6), black 
Colocasia stem (8.33)  Cauliflower (1) 40.0 

(2) 37.5 
(3) 35.0 

7.77 26 

Onion, small (1) 14.0 
(2) 13.1 
(3) 12.3 

2.2 140 big onion (1.77) 

Garlic, single clove (1) 7.0 
(2) 6.6 
(3) 6.1 

0.92 198 small clove garlic (0.8), big 
clove garlic (0.79) 

Turmeric powdera,c (1) 1.2 
(2) 1.1 
(3) 1.1 

1.69 162 Fenugreek seedse (2.37), 
dried bay leaf e(2.34), Curry 
leaves (2.22), black peppere 

(1.9), clovesa,c,e (1.78) Cumin seedsa (1) 1.2 
(2) 1.1 
(3) 1.1 

2.23 138 

Mustard seeds (1) 10.0 
(2) 9.4  
(3) 9.4 

5.38 53 Coriander seedsa,b,e (2.01), 
poppy seedsa,b,e (0.42) 

Coriander leaves (1) 10.0 
(2) 9.4 
(3) 9.4 

9.37 20 parsley (9.33) 
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Ingredients 
khechuri 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

plain - with liver 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 
 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Table salt (1) 1.0 
(2) 0.9 
(3) 0.9 

ND ND -- 

Soybean oil (1) 12.0 
(2) 11.3 
(3) 10.5 

3.06 105 sesame oil (1.47), peanut oil 
(1.36), palm oil (0.88) 

Drinking water absorbed (1) 155.6 
(2) 145.9 
(3) 136.2 

ND ND -- 

Total portion weight (1) 400 
(2) 375 
(3) 350 

 

Additionally, alternating:  
(1) Full duck egg 
   (thrice a week) 
 
Total portion weight 
with duck egg 

70 
 
(1) 470 
(2) 445 
(3) 420 

3.06 105 country hen egg (2.3), poul-
try whole egg (2.13) 

(2) Cow milk 
   (thrice a week) 
 
Total portion weight 
with milk 

150 
 
(1) 550 
(2) 525 
(3) 500 

3.85 81 whole buffalo milk (3.37), 
skimmed cow milk (0.76), 
buttermilk (0.48), goat milk 
(0.39), sweet curd (0.21) 

(3) Chicken liver 
   (once a week,  
    fried in 7ml oil) 
 
Total portion weight 
with chicken liver 

30.0 
 
 
(1) 437 
(2) 412 
(3) 387 

4.3 66 pork liver (2.35), sheep liver 
(2.01), goat liver (0.98) 

Source: Own recipe - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the recipe has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 

The khechuri recipe, suggested as first lunch to be provided via AWCs, delivers a fairly high fat con-
tent to mothers (above the recommendation of maximum 35 E%) with 49 E% in case of khechuri with 
egg, 44.3 E% in case of khechuri with liver and 48.5 E% in case of khechuri with liver (values are given 
for lactating women, i.e. a 400g portion plus additionally 70g egg, 150ml milk or 30g of fried liver). 
Still, as per the weekly average suggested mothers' meals remain within recommended ranges with a 
fat E% of 35.3 (range: 20-35 E%), a protein E% of 11.3 (range: 10-35 E%) and a CHO E% of 54.5 (range: 
45-65 E%) - values are given, again, for the example of lactating mothers. 

As animal products are included in the khechuri (either duck egg, cow milk or chicken liver), it sup-
plies a good amount of vitamin B12 - where 103 percent of lactating mothers' RDA can be covered if 
full duck egg is provided and even 151 percent in case of consuming liver along with the khechuri 
(milk provides less vitamin B12 with a RDA coverage of 23 percent). Liver is an excellent source of 
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vitamin A, where the consumption of 30g of fried chicken liver along with the khechuri covers 98 
percent of the suggested vitamin A intake of lactating women and even 150 percent of the RDA of 
non-pregnant non-lactating women. Caution needs to be paid when it comes to pregnant women, 
where 30g of chicken liver cover 141 percent of the daily recommended vitamin A intake - as vitamin 
A is known to be toxic in high dosages for the unborn child, the consumption of liver should be 
avoided in any way in the first trimenon of the pregnancy; afterwards 15g of liver may be eaten. 

Vitamin C density of all khechuri variations is adequate, letting assume proper iron absorption from 
the meal (Nutrient Requirements and Recommended Dietary Allowances for Indians, 2009). Further, 
all calculated molar mass ratios are satisfying, remaining below critical values (Ferguson et al., 1988; 
Gibson et al., 2010; Hurrell, 2004; Noonan, 1999; Tessera et al., 2019). Even then, khechuri ingredi-
ents may be processed either with heat (roasting, fermentation) or through soaking in order to 
minimize the inhibitory effect of phytate on absorbing critical nutrients as iron or zinc - respectively, 
rice may be soaked in water before boiling it and soaking water discarded and Bengal gram dal  may 
be soaked or roasted before preparing it (Hotz & Gibson, 2001; Samtiya et al., 2020). Leafy vegeta-
bles may be soaked in water to reduce water-soluble oxalate - and should be cut only afterwards.  
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Table 112   Cost-effective & nutrient-dense first lunch for (1) lactating mothers, (2) pregnant women and (3) non-pregnant non-lactating women - coverage of RDA, vitamin C density and mo-
lar mass ratios 

Nutrient Khechuri content     
(1) egg (470g) - milk  (550g) - liver (437g) 
(2) egg (445g) - milk (525g) - liver (412g) 
(3) egg (420) - milk (500g) - liver (387g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: egg - milk - liver 
(2) pregnant: egg  milk - liver 
(3)  non-p/non-l: egg - milk - liver 

Energy, in kcal (1) 544.3 - 512.0 - 514.2 
(2) 519.2 - 487.0 - 489.0 
(3) 494.0 - 461.9 - 463.8 

(1) 2,650 
(2) 2,480 
(3) 2,130 

(1) 20.5 - 19.3 - 19.4 
(2) 20.9 - 19.6 - 19.7 
(3) 23.3 - 21.7 - 21.8 

Macronutrients 
CHOs, in g (1) 50.6 - 56.9 - 49.5 

(2) 47.5 - 53.8 - 46.4 
(3) 44.4 - 50.7 - 43.3 

(1) 210 
(2) 175 
(3) 130 

(1) 24.1 - 27.1 - 23.6 
(2) 27.1 - 30.7 - 26.5 
(3) 34.2 - 39.0 - 33.3 

Protein, in g (1) 22.2 - 15.7 - 18.0 
(2) 21.5 - 15.1 - 17.3 
(3)20.8 - 14.4 - 16.6 

(1) 71 
(2) 71 
(3) 46 

(1) 31.3 - 22.1 - 25.4 
(2) 30.3 - 21.3 - 24.4 
(3) 45.2 - 31.3 - 36.1 

Fat, in g (1) 28.4 - 24.4 - 26.8 
(2) 27.2 - 23.3 - 25.7 
(3) 26.1 - 22.2 - 24.5 

(1) 100 
(2) 95 
(3) 82 

(1) 28.4 - 24.4 - 26.8 
(2) 28.6 - 24.5 - 27.1 
(3) 31.8 - 27.1 - 29.9 

Fat-soluble vitamins 
Vitamin A (RAE), in µg (1) 254.7 - 200.1 - 1,273.6 

(2) 247.8 - 193.1 - 1,266.6 
(3) 240.8 - 186.2 - 1,259.7 

(1) 1,300  
(2) 900  
(3) 840 

(1) 19.6 - 15.4 - 98.0 
(2) 27.5 - 21.5 - 140.7 
(3) 28.7 - 22.2 - 150.0 

Vitamin D, in µg (1) 9.4 - 7.7 - 8.3 
(2) 9.0 - 7.2 - 7.8  
(3) 8.5 - 6.7 - 7.3 

(1) 15  
(2) 15  
(3) 15 

(1) 62.7 - 51.3 - 55.3 
(2) 60.0 - 48.0 - 52.0 
(3) 56.7 - 44.7 - 48.7 

Vitamin E, in mg (1) 4.6 - 3.0 - 4.1 
(2) 4.4 - 2.8 - 4.0 
(3) 4.3 - 2.7 - 3.8 

(1) 19  
(2) 15 
(3)15 

(1) 24.2 - 15.8 - 21.6 
(2) 29.3 - 18.7 - 26.7 
(3) 28.7 - 18.0 - 25.3 

Vitamin K, in µg (1) 258.0 - 166.2 - 181.0 
(2) 247.6 - 155.8 - 170.6 
(3) 237.2 - 145.4 - 160.3 
 

(1) 90  
(2) 90  
(3) 90 

(1) 286.7 - 184.7 - 201.1 
(2) 275.1 - 173.1 - 189.6 
(3) 263.6 - 161.6 - 178.1 
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Nutrient Khechuri content     
(1) egg (470g) - milk  (550g) - liver (437g) 
(2) egg (445g) - milk (525g) - liver (412g) 
(3) egg (420) - milk (500g) - liver (387g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: egg - milk - liver 
(2) pregnant: egg  milk - liver 
(3)  non-p/non-l: egg - milk - liver 

Water-soluble vitamins 
Vitamin B1, in mg (1) 0.3 - 0.2 - 0.2 

(2) 0.3 - 0.2 - 0.2 
(3) 0.2 - 0.2 - 0.2 

(1) 2.1  
(2) 2.0  
(3) 1.7 

(1) 14.3 - 9.5 - 9.5 
(2) 15.0 - 10.0 - 10.0 
(3) 11.8 - 11.8 - 11.8 

Vitamin B2, in mg (1) 0.2 - 0.3 - 0.2 
(2) 0.2 - 0.3 - 0.2 
(3) 0.2 - 0.3 - 0.2 

(1) 3.0  
(2) 2.7  
(3) 2.4 

(1) 6.7 - 10.0 - 6.7 
(2) 7.4 - 11.1 - 7.4 
(3) 8.3 - 12.5 - 8.3 

Vitamin B3, in mg (1) 1.9 - 1.9 - 3.1 
(2) 1.8 - 1.8 - 3.0 
(3) 1.6 - 1.7 - 2.9 

(1) 19.0  
(2) 18.0  
(3) 14.0 

(1) 10.0 - 10.0 - 16.3 
(2) 10.0 - 10.0 - 16.7 
(3) 11.4 - 12.1 - 20.7 

Vitamin B5, in mg (1) 1.7 - 1.4 - 2.7 
(2) 1.6 - 1.3 - 2.6 
(3) 1.5 - 1.3 - 2.6 

(1) 7.0  
(2) 6.0  
(3) 5.0 

(1) 24.3 - 20.0 - 38.6 
(2) 26.7 - 21.7 - 43.3 
(3) 30.0 - 26.0 - 52.0 

Vitamin B6, in mg (1) 0.4 - 0.4 - 0.6 
(2) 0.4 - 0.3 - 0.5 
(3) 0.4 - 0.3 - 0.5 

(1) 2.16  
(2) 2.3  
(3) 1.9 

(1) 18.5 - 18.5 - 27.8 
(2) 17.4 - 13.0 - 21.7 
(3) 21.1 - 15.8 - 26.3 

Vitamin B7, in µg (1) 14.8 - 7.5 - 5.7 
(2) 14.5 - 7.2 - 5.4 
(3) 14.2 - 6.9 - 5.1 

(1) 35  
(2) 30  
(3) 35 

(1) 42.3 - 21.4 - 16.3 
(2) 48.3 - 24.0 - 18.0 
(3) 40.6 - 19.7 - 14.6 

Vitamin B9, in µg (1) 112.3 - 80.0 - 326.5 
(2) 108.0 - 75.7 - 322.1 
(3) 103.6 - 71.3 - 317.8 

(1) 500 
(2) 600  
(3) 400 

(1) 22.5 - 16.0 - 65.3 
(2) 18.0 - 12.6 - 53.7 
(3) 25.9 - 17.8 - 79.5 

Vitamin B12, in µg 
 
 

(1) 3.6 - 0.8 - 5.3 
(2) 3.6 - 0.8 - 5.3 
(3) 3.6 - 0.8 - 5.3 

(1) 3.5  
(2) 2.75  
(3) 2.5 

(1) 102.9 - 22.9 - 151.4 
(2) 130.9 - 29.1 - 192.7 
(3) 144.0 - 32.0 - 212.0 

Vitamin C, in mg 
vitamin C density in mg/1,000 kcal 
(suggested minimum: 20mg/1,000 kcal) 

(1) 38.2 - 41.2 - 38.2 
60.4 - 80.4 - 74.3 
(2) 35.8 - 38.8 - 35.8 
69.0 - 79.7 - 73.2 
(3) 33.4 - 36.5 - 33.4 

(1) 120  
(2) 85  
(3) 75 

(1) 31.8 - 34.3 - 31.8 
(2) 42.1 - 45.6 - 42.1 
(3) 44.5 - 48.7 - 44.5 
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Nutrient Khechuri content     
(1) egg (470g) - milk  (550g) - liver (437g) 
(2) egg (445g) - milk (525g) - liver (412g) 
(3) egg (420) - milk (500g) - liver (387g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: egg - milk - liver 
(2) pregnant: egg  milk - liver 
(3)  non-p/non-l: egg - milk - liver 

Vitamin C density (3) 67.6 - 79.0 - 72.0   
Minerals and trace elements 

Calcium, in mg (1) 234.0 - 370.7 - 195.1 
(2) 221.9 - 358.6 - 182.9 
(3) 209.8 - 346.5 - 170.8 

(1) 1,200  
(2) 1,000  
(3) 1,000 

(1) 19.5 - 30.9 - 16.3 
(2) 22.2 - 35.9 - 18.3 
(3) 21.0 - 34.7 - 17.1 

Copper, in mg (1) 0.6 - 0.6 - 0.6 
(2) 0.6 - 0.5 - 0.6 
(3) 0.5 - 0.5 - 0.6  

(1) 1.3  
(2) 1.0  
(3) 0.9 

(1) 46.2 - 46.2 - 46.2 
(2) 60.0 - 50.0 - 60.0 
(3) 55.6 - 55.6 - 66.7 

Iron, in mg (1) 7.2 - 5.6 - 8.6 
(2) 6.9 - 5.2 - 8.3 
(3) 6.5 - 4.9 - 8.0 

(1) 23  
(2) 40  
(3) 29 

(1) 31.3 - 24.3 - 37.4 
(2) 17.3 - 13.0 - 20.8 
(3) 22.4 - 16.9 - 27.6 

Magnesium, in mg (1) 112.9 - 115.6 - 109.0 
(2) 106.4 - 109.2 - 102.5 
(3) 99.9 - 102.7 - 96.0 

(1) 325  
(2) 385  
(3) 325 

(1) 34.7 - 35.6 - 33.5 
(2) 27.6 - 28.4 - 26.6 
(3) 30.7 - 31.6 - 29.5 

Manganese, in mg (1) 1.6 - 1.6 - 1.7 
(2) 1.5 - 1.5 - 1.6 
(3) 1.4 - 1.4 - 1.5 

(1) 2.6  
(2) 2.0  
(3) 1.8 

(1) 61.5 - 61.5 - 65.4 
(2) 75.0 - 75.0 - 80.0 
(3) 77.8 - 77.8 - 83.3 

Phosphorus, in mg (1) 411.2 - 365.4 - 301.2 
(2) 397.5 - 351.6 - 287.4 
(3) 383.7 - 337.9 - 273.7 

(1) 700  
(2) 700  
(3) 700 

(1) 58.7 - 52.2 - 43.0 
(2) 56.8 - 50.2 - 41.1 
(3) 54.8 - 48.3 - 39.1 

Potassium, in mg (1) 900.8 - 901.6 - 809.4 
(2) 855.2 - 856.0 - 763.9 
(3) 809.6 - 810.5 - 718.3 

(1) 5,100  
(2) 4,700  
(3) 4,700 

(1) 17.7 - 17.7 - 15.9 
(2) 18.2 - 18.2 - 16.3 
(3) 17.2 - 17.2 - 15.3 

Selenium, in µg (1) 55.6 - 20.9 - 35.0 
(2) 54.3 - 19.7 - 33.8 
(3) 53.1 - 18.4 - 32.5 

(1) 70  
(2) 60  
(3) 55 

(1) 79.4 - 29.9 - 50.0 
(2) 90.5 - 32.8 - 56.3 
(3) 96.5 - 33.5 - 59.1 

Zinc, in mg (1) 3.1 - 2.5 - 2.9 
(2) 3.0 - 2.4 - 2.7 
(3) 2.9 - 2.2 - 2.6 
 

(1) 14  
(2) 14.5  
(3) 13.2 

(1) 22.1 - 17.9 - 20.7 
(2) 20.7 - 16.6 - 18.6 
(3) 22.0 - 16.7 - 19.7 
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Nutrient Khechuri content     
(1) egg (470g) - milk  (550g) - liver (437g) 
(2) egg (445g) - milk (525g) - liver (412g) 
(3) egg (420) - milk (500g) - liver (387g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: egg - milk - liver 
(2) pregnant: egg  milk - liver 
(3)  non-p/non-l: egg - milk - liver 

Essential fatty acids 
Total PUFAs, in g (1) 10.3 - 9.2 - 14.0 

(2) 9.7 - 8.6 - 13.4 
(3) 9.2 - 8.1 - 12.9 

(1) 14.3  
(2) 14.4  
(3) 13.1 

(1) 72.0 - 64.3 - 97.9 
(2) 67.4 - 59.7 - 93.1 
(3) 70.2 - 61.8 - 98.5 

α-linolenic acid (n-3), in g (1) 8.7 - 7.7 - 12.0 
(2) 8.2 - 7.2 - 11.5 
(3) 7.7 - 6.8 - 11.0 

(1) 1.3  
(2) 1.4  
(3) 1.1 

(1) 669.2 - 592.3 - 923.1 
(2) 585.7 - 514.3 - 821.4 
(3) 700.0 - 618.2 - 1,000 

Linolenic acid (n-6), in g/d (1) 1.4 - 1.4 - 1.9 
(2) 1.3 - 1.3 - 1.8 
(3) 1.2 - 1.2 - 1,7 

(1) 13.0  
(2) 13.0  
(3) 12.0 

(1) 10.8 - 10.8 - 14.6 
(2) 10.0 - 10.0 - 13.8 
(3) 10.0 - 10.0 - 14.2 

Essential amino acids 
Isoleucine, in g (1) 11.2 - 19.1 - 10.9 

(2) 10.6 - 18.5 - 10.3 
(3) 10.0 - 17.9 - 9.7 

3.0 (per 100g) (1) 373.3 - 636.7 - 363.3 
(2) 353.3 - 616.7 - 343.3 
(3) 333.3 - 596.7 - 323.3 

Leucine, in g (1) 20.7 - 30.8 - 17.6 
(2) 19.8 - 29.9 - 16.6 
(3) 18.8 - 29.0 - 15.7  

5.9 (per 100g) (1) 350.8 - 522.0 - 298.3 
(2) 335.6 - 506.8 - 281.4 
(3) 318.6 - 491.5 - 266.1 

Lysine, in g (1) 16.0 - 22.1 - 12.4 
(2) 15.4 - 21.5 - 11.9 
(3) 14.8 - 20.9 - 11.3 

4.5 (per 100g) (1) 355.6 - 491.1 - 275.6 
(2) 342.2 - 477.8 - 264.4 
(3) 328.9 - 464.4 - 251.1 

SAA (methionine, cysteine), in g (1) 18.1 - 11.1 - 10.4 
(2) 17.8 - 10.7 - 10.1 
(3) 17.4 -10.4 - 9.7 

2.2 (per 100g) (1) 822.7 - 504.5 - 472.7 
(2) 809.1 - 486.4 - 459.1 
(3) 790.9 - 472.7 - 440.9 

AAA (phenylalanine, tyrosine), in g (1) 25.9 - 34.6 - 22.2 
(2) 24.7 - 33.5 - 21.0 
(3) 23.6 - 32.3 - 19.9 

3.8 (per 100g) (1) 681.6 - 910.5 - 584.2 
(2) 650.0 - 881.6 - 552.6 
(3) 621.1 - 850.0 -523.7  

Threonine, in g (1) 14.0 - 15.9 - 10.8 
(2) 13.5 - 15.4 - 10.3 
(3) 12.9 - 14.8 - 9.7 

2.3 (per 100g) (1) 608.7 - 691.3 - 469.6 
(2) 587.0 - 669.6 - 447.8 
(3) 560.9 - 643.5 - 421.7 
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Nutrient Khechuri content     
(1) egg (470g) - milk  (550g) - liver (437g) 
(2) egg (445g) - milk (525g) - liver (412g) 
(3) egg (420) - milk (500g) - liver (387g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: egg - milk - liver 
(2) pregnant: egg  milk - liver 
(3)  non-p/non-l: egg - milk - liver 

Tryptophan, in g (1) 3.5 - 4.7 - 3.0 
(2) 3.4 - 4.5 - 2.8 
(3) 3.2 - 4.4 - 2.7 

0.6 (per 100g) (1) 583.3 - 783.3 - 500.0 
(2) 566.7 - 750.0 - 466.7 
(3) 533.3 - 733.3 - 450.0 

Valine, in g (1) 17.8 - 22.3 - 14.6 
(2) 17.0 - 21.5 - 13.8 
(3) 16.2 - 20.7 - 13.1 

3.9 (per 100g) (1) 456.4 - 571.8 - 374.4 
(2) 435.9 - 551.3 - 353.8 
(3) 415.4 - 530.8 - 335.9 

Histidine, in g (1) 8.3 - 7.8 - 6.2 
(2) 8.0 - 7.5 - 5.9 
(3) 7.7 - 7.2 - 5.6 

1.5 (per 100g) (1) 553.3 - 520.0 - 413.3 
(2) 533.3 - 500.0 - 393.3 
(3) 513.3 - 480.0 - 373.3 

Elements to be limited in the diet 
Oxalate, in mg (1) 92.8 - 92.8 - 92.8 

(2) 87.0 - 87.0 - 87.0 
(3) 81.2 - 81.2 - 81.2 

oxalate: calcium 
critical value (CV) - 2.25 

(1) 0.18 - 0.11 - 0.22 
(2) 0.18 - 0.11 - 0.22 
(3) 0.18 - 0.11 - 0.22 

Phytate, in mg (1) 222.1 - 222.1 - 222.1 
(2) 208.2 - 208.2 - 208.2 
(3) 194.3 - 194.3 - 194.3 

phytate: iron  
CV 1 - plain cereal or legume based meals; 
CV 6 - composite meals 
 
phytate: zinc 
CV 15 - 18 
 
 
 
phytate: calcium 
CV 0.17 - 0.24 
 
 
Ca * phytate:zinc 
CV 0.5 

(1) 2.62 - 3.37 - 2.19 
(2) 2.56 - 3.40 - 2.13 
(3) 2.54 - 3.36 - 2.06 
 
(1) 7.06 - 8.75 - 7.54 
(2) 6.83 - 8.54 - 7.59 
(3) 6.60 - 8.70 - 7.36 
 
(1) 0.06 - 0.04 - 0.07 
(2) 0.06 - 0.04 - 0.07 
(3) 0.06 - 0.03 - 0.07 
 
(1) 0.01 - 0.01 - 0.01 
(2) 0.01 - 0.01 - 0.01 
(3) 0.01 - 0.02 - 0.01 
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Nutrient Khechuri content     
(1) egg (470g) - milk  (550g) - liver (437g) 
(2) egg (445g) - milk (525g) - liver (412g) 
(3) egg (420) - milk (500g) - liver (387g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: egg - milk - liver 
(2) pregnant: egg  milk - liver 
(3)  non-p/non-l: egg - milk - liver 

Polyphenols, in mg (1) 70.0 - 70.0 - 70.0 
(2) 65.6 - 65.6 - 65.6 
(3) 61.3 - 61.3 - 61.3 

no CV defined n.a. 

Sodium, in mg (1) 488.1 - 441.6 - 424.8 
(2) 462.9 - 416.3 - 399.5 
(3) 437.6 - 391.1 - 374.2 

(1) 1,500 (maximum) 
(2) 1,500 (maximum) 
(3) 1,500 (maximum) 

(1) 32.5 - 29.4 - 28.3 
(2) 30.9 - 27.8 - 26.6 
(3) 29.2 - 26.1 - 24.9 

Dietary fibre, in g (1) 9.0 - 9.0 - 9.0 
(2) 8.5 - 8.5 - 8.5 
(3) 7.9 - 7.9 - 7.9 

 (1) 29 (maximum) 
(2) 28 (maximum) 
(3) 25 (maximum) 

(1) 31.0 - 31.0 - 31.0 
(2) 30.4 - 30.4 - 30.4 
(3) 31.6 - 31.6 - 31.6 

Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stiller and Antonia Sommer (data entry). RDAs as per: Dietary Guidelines for Indians - a Man-
ual, 2011; ICMR, NIN, 2020; ICMR, 2020 (for details please refer to subchapter 6.1.2); the fat requirement of mothers was finally calculated to equal 35E% (in accordance with: Dietary Guide-
lines for Indians - a Manual, 2011; Manore (IOM), 2005 - leading to 100 g/d for lactating mothers, 95g/d for pregnant women and 82g/d for non-pregnant non-lactating women, compared to 
30g/d suggested as visible fat intake during lactation and pregnancy by "Dietary Guidelines for Indians - a Manual, 2011, p. 46". Minimum required vitamin C density: Nutrient Requirements 
and Recommended Dietary Allowances for Indians, 2009. For CVs = critical values of nutrient interactions: (1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron - as per Hurrell, 2004, (3) 
phytate:zinc and phytate:calcium - as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc -  as per Ferguson et al., 1988. 
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7.2.3 Second lunch: ingredients, share of RDA covered and anti-nutrient considerations  

The home lunch suggested to be taken by mothers is identical to children's lunch. Again, this is first 
and foremost to keep the working burden manageable. It is the habit to have rice with vegetables for 
lunch at home in Santal tribal families, along with a sauce of dhal. Mustard and sesame seeds are 
favoured oil seed options. While fish (mostly caught in village ponds) is very much liked. Accordingly, 
the suggested lunch provides rice, Bengal gram dal "chola", cost-effective roots (as red skin potato in 
winter) and vegetables (here, cabbage has been chosen, which is locally very well accepted). Once a 
week fish is suggested to be taken. The meal is illustrated below (400g portion for lactating mothers). 

Picture 30   Cost-effective and nutrient-dense second lunch for mothers (400g portion size) 

    
Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 

The ingredients and required amounts used to prepare the lunch for mothers are given in the table 
below for (1) lactating mothers (400g portion), (2) pregnant women (375g portion), and (3) non-
pregnant non-lactating women (350g portion). The right column gives alternative food choices. 

Table 113   Cost-effective & nutrient-dense second lunch for mothers - ingredients 

Ingredients 
lunch 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Rice, raw, milled (1) 76.0 
(2) 71.3 
(3) 66.5 

5.49 48 rice parboiled milled (5.42), 
brown riceb (3.32) 

Bengal gram dal, chola (1) 9.0 
(2) 8.4 
(3) 7.9 

2.73 117 brown lentil (3.02), yellow-
ish lentil (2.99), lentil dal 
(2.08), black gram dal 
(1,98), green gram dal 
(1.87), red gram dal (1.63) 

Potato, red skin (1) 41.0 
(2) 38.4 
(3) 35.9 

4.21 69 water chestnut (4.12), Colo-
casia (3.91), brown skin 
sweet potato (3.82), brown 
skin potato big /small 
(3.68/3.57), pink skin sweet 
potato (3.37) 
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Ingredients 
lunch 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Chinese cabbage (1) 46.0 
(2) 43.1 
(3) 40.3 

11.66 11 Bathua leavesa (17.3), cauli-
flower leaves (16.7), green 
Colocasia leavesa (14.5), 
spinacha (14.27), green 
spined Amaranth leavesa 
(13.93), Agathi leaves 
(13.39), tender Tamarind 
leaves (12.28) 

Onion, small (1) 18.0 
(2) 16.9 
(3) 15.8 

2.2 140 big onion (1.77) 

Garlic, single clove (1) 7.0 
(2) 6.6 
(3) 6.1 

0.92 198 small clove garlic (0.8), big 
clove garlic (0.79) 

Turmeric powder (1) 2.0 
(2) 1.9 
(3) 1.8 

1.69 162 Fenugreek seedse (2.37), 
dried bay leaf e(2.34), Curry 
leaves (2.22), black peppere 

(1.9), clovesa,c,e (1.78) Cumin seedsa (1) 3.0 
(2) 2.8 
(3) 2.6 

2.23 138 

Sesame seeds (1) 18.0 
(2) 16.9 
(3) 15.8 

3.56 89 Mustard seeds (5.38), Cori-
ander seedsa,b,e (2.01), 
poppy seedsa,b,e (0.42) 

Table salt (1) 1.0 
(2) 0.9 
(3) 0.9 

ND ND -- 

Soybean oil (1) 15.0 
(2) 14.1 
(3) 13.1 

3.06 105 sesame oil (1.47), peanut oil 
(1.36), palm oil (0.88) 

Drinking water absorbed (1) 164.0 
(2) 153.8 
(3) 143.5 

ND ND -- 

Total portion weight (1) 400 - (2) 375 - (3) 350  
Additionally:  
(1) White fleshed guava 
      (daily) 
 
Total portion weight  
with guava 

20 
 
(1) 420 
(2) 395 
(3) 370 

3.36 97 fig (4.94), poovam/robusta 
banana (3.26/3.06), bael 
fruit (2.82) 

(2) Pangas fish 
     (once a week) 
     fried in 8.3ml soybean oil 
 
Total portion weight with 
guava and fried pangas 

50 
 
 
(1) 487.3 
(2) 453.3 
(3) 428.3 

0.69 216 mural (3.55), silver carp 
(1.16), rohu (1.07), gold fish 
(1.03), tilapia (0.96), catla 
(0.7), mussel/clamd (0.59) 

Source: Own receipt - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the receipt has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 
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Table 114   Cost-effective & nutrient-dense second lunch for (1) lactating mothers, (2) pregnant women and (3) non-pregnant non-lactating women - coverage of RDA, vitamin C density and 
molar mass ratios 

Nutrient Lunch content     
(1) guava (420g) - guava/fish (478.3g) 
(2) guava (395g) - guava/fish (453.3g) 
(3) guava (370g) - guava/fish (428.3g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: with guava - guava & fish 
(2) pregnant: with guava - guava & fish 
(3)  non-p/non-l: with guava - guava & fish 

Energy, in kcal (1) 614 - 787.9 
(2) 576.9 - 749.9 
(3) 538.9 - 711.9 

(1) 2,650 
(2) 2,480 
(3) 2,130 

(1) 23.2 - 29.7 
(2) 23.3 - 30.2 
(3) 25.3 - 33.4 

Macronutrients 
CHOs, in g (1) 80.1 - 80.1 

(2) 75.1 - 75.1 
(3) 70.2 - 70.2 

(1) 210 
(2) 175 
(3) 130 

(1) 38.1 - 38.1 
(2) 42.9 - 42.9 
(3) 54.0 - 54.0 

Protein, in g (1) 14.2 - 23.0 
(2) 13.4 - 22.1 
(3) 12.5 - 21.3 

(1) 71 
(2) 71 
(3) 46 

(1) 20.0 - 32.4 
(2) 18.9 - 31.1 
(3) 27.2 - 46.3 

Fat, in g (1) 24.8 - 40.0 
(2) 23.2 - 38.5 
(3) 21.7 - 36.9 

(1) 100 
(2) 95 
(3) 82 

(1) 24.8 - 40.0 
(2) 24.4 - 23.2 
(3) 26.5 - 45.0 

Fat-soluble vitamins 
Vitamin A (RAE), in µg (1) 6.6 - 9.3 

(2) 6.5 - 9.2 
(3) 6.4 - 9.2 

(1) 1,300  
(2) 900  
(3) 840 

(1) 0.5 - 0.7 
(2) 0.7 - 1.0 
(3) 0.8 - 1.1 

Vitamin D, in µg (1) 1.6 - 1.6 
(2) 1.5 - 1.5 
(3) 1.5 - 1.5 

(1) 15  
(2) 15  
(3) 15 

(1) 10.7 - 10.7 
(2) 10.0 - 10.0 
(3) 10.0 - 10.0 

Vitamin E, in mg (1) 3.1 - 4.8 
(2) 2.9 - 4.6 
(3) 2.7 - 4.4 

(1) 19  
(2) 15 
(3)15 

(1) 16.3 - 25.3  
(2) 19.3 - 30.7 
(3) 18.0 - 29.3 

Vitamin K, in µg (1) 80.3 - 92.4 
(2) 75.3 - 87.4 
(3) 70.4 - 82.4 
 

(1) 90  
(2) 90  
(3) 90 

(1) 89.2 - 102.7 
(2) 83.7 - 97.1 
(3) 78.2 - 91.6 
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Nutrient Lunch content     
(1) guava (420g) - guava/fish (478.3g) 
(2) guava (395g) - guava/fish (453.3g) 
(3) guava (370g) - guava/fish (428.3g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: with guava - guava & fish 
(2) pregnant: with guava - guava & fish 
(3)  non-p/non-l: with guava - guava & fish 

Water-soluble vitamins 
Vitamin B1, in mg (1) 0.2 - 0.3 

(2) 0.2 - 0.3 
(3) 0.2 - 0.3 

(1) 2.1  
(2) 2.0  
(3) 1.7 

(1) 9.5 - 14.3 
(2) 10.0 - 15.0 
(3) 11.8 - 17.6 

Vitamin B2, in mg (1) 0.2 - 0.2 
(2) 0.2 - 0.2 
(3) 0.1 - 0.2 

(1) 3.0  
(2) 2.7  
(3) 2.4 

(1) 6.7 - 6.7 
(2) 7.4 - 7.4 
(3) 4.2 - 8.3 

Vitamin B3, in mg (1) 21.4 - 23.6 
(2) 20.0 - 22.3 
(3) 18.7 - 20.9 

(1) 19.0  
(2) 18.0  
(3) 14.0 

(1) 112.6 - 124.2 
(2) 111.1 - 123.9 
(3) 133.6 - 149.3 

Vitamin B5, in mg (1) 1.3 - 1.3 
(2) 1.2 - 1.2 
(3) 1.1 - 1.1 

(1) 7.0  
(2) 6.0  
(3) 5.0 

(1) 18.6 - 18.6 
(2) 20.0 - 20.0 
(3) 22.0 - 22.0 

Vitamin B6, in mg (1) 0.4 - 0.5 
(2) 0.4 - 0.4 
(3) 0.4 - 0.4 

(1) 2.16  
(2) 2.3  
(3) 1.9 

(1) 18.5 - 23.1 
(2) 17.4 - 17.4 
(3) 21.2 - 21.1 

Vitamin B7, in µg (1) 4.2 - 4.2 
(2) 3.9 - 3.9 
(3) 3.7 - 3.7 

(1) 35  
(2) 30  
(3) 35 

(1) 12.0 - 12.0 
(2) 13.0 - 13.0 
(3) 10.6 - 10.6 

Vitamin B9, in µg (1) 69.4 - 94.7 
(2) 65.4 - 90-7 
(3) 61.4 - 86.8 

(1) 500 
(2) 600  
(3) 400 

(1) 13.9 - 18.9 
(2) 10.9 - 15.1 
(3) 15.4 - 21.7 

Vitamin B12, in µg 
 
 

(1) 0.0 - 0.7 
(2) 0.0 - 0.7 
(3) 0.0 - 0.7 

(1) 3.5  
(2) 2.75  
(3) 2.5 

(1) 0.0 - 20.0 
(2) 0.0 - 25.5 
(3) 0.0 - 28.0 

Vitamin C, in mg 
vitamin C density in mg/1,000 kcal 
(suggested minimum: 20mg/1,000 kcal) 

(1) 59.8 - 59.8 
97.3 - 75.9 
(2) 58.7 - 58.7 
101.8 - 78.3 
(3) 57.7 - 57.7 

(1) 120  
(2) 85  
(3) 75 

(1) 49.8 - 49.8 
(2) 69.1 - 69.1 
(3) 76.9 - 76.9 
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Nutrient Lunch content     
(1) guava (420g) - guava/fish (478.3g) 
(2) guava (395g) - guava/fish (453.3g) 
(3) guava (370g) - guava/fish (428.3g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: with guava - guava & fish 
(2) pregnant: with guava - guava & fish 
(3)  non-p/non-l: with guava - guava & fish 

Vitamin C density (3) 107.1 - 81.1   
Minerals and trace elements 

Calcium, in mg (1) 263.7 - 271.4 
(2) 247.4 - 255.2 
(3) 231.2 - 239.0 

(1) 1,200  
(2) 1,000  
(3) 1,000 

(1) 22.0 - 22.6 
(2) 24.7 - 25.5 
(3) 23.1 - 23.9 

Copper, in mg (1) 1.2 - 1.3 
(2) 1.2 - 1.2 
(3) 1.1 - 1.1 

(1) 1.3  
(2) 1.0  
(3) 0.9 

(1) 92.3 - 100.0 
(2) 120.0 - 120.0 
(3) 122.2 - 122.2 

Iron, in mg (1) 5.1 - 5.2 
(2) 4.8 - 4.8 
(3) 4.5 - 4.5 

(1) 23  
(2) 40  
(3) 29 

(1) 22.2 - 22.6 
(2) 12.0 - 12.0 
(3) 15.5 - 15.5 

Magnesium, in mg (1) 132.8 - 148.9 
(2) 124.7 - 140.8 
(3) 116.6 - 132.7 

(1) 325  
(2) 385  
(3) 325 

(1) 40.9 - 45.8 
(2) 32.4 - 36.6 
(3) 35.9 - 40.8 

Manganese, in mg (1) 1.5 - 1.5 
(2) 1.4 - 1.4 
(3) 1.3 - 1.3 

(1) 2.6  
(2) 2.0  
(3) 1.8 

(1) 57.7 - 57.7 
(2) 70.0 - 70.0 
(3) 72.2 - 72.2 

Phosphorus, in mg (1) 280.6 - 352.8 
(2) 263.3 - 335.5 
(3) 246.1 - 318.3 

(1) 700  
(2) 700  
(3) 700 

(1) 40.1 - 50.4 
(2) 37.6 - 47.9 
(3) 35.2 - 45.5 

Potassium, in mg (1) 782.5 - 876.3 
(2) 737.1 - 831.0 
(3) 691.7 - 785.6 

(1) 5,100  
(2) 4,700  
(3) 4,700 

(1) 15.3 - 17.2 
(2) 15.7 - 17.7 
(3) 14.7 - 16.7 

Selenium, in µg (1) 8.8 - 8.8 
(2) 8.2 - 8.2 
(3) 7.7 - 7.7 

(1) 70  
(2) 60  
(3) 55 

(1) 12.6 - 12.6 
(2) 13.7 - 13.7 
(3) 14.0 - 14.0 

Zinc, in mg (1) 3.4 - 4.4 
(2) 3.2 - 4.2 
(3) 2.9 - 4.0 
 

(1) 14  
(2) 14.5  
(3) 13.2 

(1) 24.3 - 31.4 
(2) 22.1 - 29.0 
(3) 22.0 - 30.3 
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Nutrient Lunch content     
(1) guava (420g) - guava/fish (478.3g) 
(2) guava (395g) - guava/fish (453.3g) 
(3) guava (370g) - guava/fish (428.3g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: with guava - guava & fish 
(2) pregnant: with guava - guava & fish 
(3)  non-p/non-l: with guava - guava & fish 

Essential fatty acids 
Total PUFAs, in g (1) 13.3 - 19.7 

(2) 12.5 - 18.8 
(3) 11.6 - 18.0 

(1) 14.3  
(2) 14.4  
(3) 13.1 

(1) 93.0 - 137.8 
(2) 86.8 - 130.6 
(3) 88.5 - 137.4 

α-linolenic acid (n-3), in g (1) 8.9 - 14.6 
(2) 8.3 - 14.0 
(3) 7.8 - 13.5 

(1) 1.3  
(2) 1.4  
(3) 1.1 

(1) 684.6 - 1,123.1 
(2) 592.9 - 1,000.0 
(3) 709.1 - 1,227.3 

Linolenic acid (n-6), in g/d (1) 1.4 - 2.0 
(2) 1.3 - 1.9 
(3) 1.2 - 1.8 

(1) 13.0  
(2) 13.0  
(3) 12.0 

(1) 10.8 - 15.4 
(2) 10.0 - 14.6 
(3) 10.0 - 15.0 

Essential amino acids 
Isoleucine, in g (1) 9.7 - 10.1 

(2) 9.2 - 9.5 
(3) 8.6 - 9.0 

3.0 (per 100g) (1) 323.3 - 336.7 
(2) 306.7 - 316.7 
(3) 286.7 - 300.0 

Leucine, in g (1) 15.0 - 15.6 
(2) 14.1 - 14.8 
(3) 13.3 - 13.9 

5.9 (per 100g) (1) 254.2 - 264.4 
(2) 239.0 - 250.8 
(3) 225.4 - 235.6 

Lysine, in g (1) 9.7 - 10.4 
(2) 9.1 - 9.8 
(3) 8.6 - 9.3 

4.5 (per 100g) (1) 215.6 - 231.1 
(2) 202.2 - 217.8 
(3) 11.5 - 206.7 

SAA (methionine, cysteine), in g (1) 6.4 - 6.7 
(2) 5.9 - 6.3 
(3) 5.6 - 5.9 

2.2 (per 100g) (1) 290.9 - 304.5 
(2) 268.2 - 286.4 
(3) 254.5 - 268.2 

AAA (phenylalanine, tyrosine), in g (1) 17.2 - 17.9 
(2) 16.2 - 16.9 
(3) 15.2 - 15.8 

3.8 (per 100g) (1) 452.6 - 471.1 
(2) 426.3 - 444.7 
(3) 400.0 - 415.8 

Threonine, in g (1) 8.2 - 8.6 
(2) 7.7 - 8.1 
(3) 7.3 - 7.6 

2.3 (per 100g) (1) 356.5 - 373.9 
(2) 334.8 - 352.2 
(3) 317.4 - 330.4 
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Nutrient Lunch content     
(1) guava (420g) - guava/fish (478.3g) 
(2) guava (395g) - guava/fish (453.3g) 
(3) guava (370g) - guava/fish (428.3g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: with guava - guava & fish 
(2) pregnant: with guava - guava & fish 
(3)  non-p/non-l: with guava - guava & fish 

Tryptophan, in g (1) 2.6 - 2.7 
(2) 2.5 - 2.6 
(3) 2.3 - 2.4 

0.6 (per 100g) (1) 433.3 - 450.0 
(2) 416.7 - 433.3 
(3) 383.3 - 400.0 

Valine, in g (1) 10.9 - 11.3 
(2) 10.2 - 10.7 
(3) 9.6 - 10.0 

3.9 (per 100g) (1) 279.5 - 289.7 
(2) 261.5 - 274.4 
(3) 246.2 - 256.4 

Histidine, in g (1) 4.5 - 4.7 
(2) 4.2 - 4.4 
(3) 4.0 - 4.2 

1.5 (per 100g) (1) 300.0 - 313.3 
(2) 280.0 - 293.3 
(3) 266.7 - 280.0 

 
Oxalate, in mg (1) 80.8 - 80.8 

(2) 75.8 - 75.8 
(3) 70.7 - 70.7 

oxalate: calcium 
critical value (CV) - 2.25 

(1) 0.14 - 0.14 
(2) 0.14 - 0.14 
(3) 0.14 - 0.13 

Phytate, in mg (1) 299.3 - 299.3 
(2) 280.6 - 280.6 
(3)261.9 - 261.9 

phytate: iron  
CV 1 - plain cereal or legume based meals; 
CV 6 - composite meals 
 
phytate: zinc 
CV 15 - 18 
 
 
 
phytate: calcium 
CV 0.17 - 0.24 
 
 
Ca * phytate:zinc 
CV 0.5 

(1) 4.98 - 4.88 
(2) 4.96 - 4.96 
(3) 4.94 - 4.94 
 
(1) 8.67 - 6.7 
(2) 8.64 - 6.58 
(3) 8.89 - 6.45 
 
(1) 0.07 - 0.07 
(2) 0.07 - 0.07 
(3) 0.07 - 0.07 
 
(1) 0.01 - 0.01 
(2) 0.01 - 0.01 
(3) 0.01 - 0.01 
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Nutrient Lunch content     
(1) guava (420g) - guava/fish (478.3g) 
(2) guava (395g) - guava/fish (453.3g) 
(3) guava (370g) - guava/fish (428.3g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: with guava - guava & fish 
(2) pregnant: with guava - guava & fish 
(3)  non-p/non-l: with guava - guava & fish 

Polyphenols, in mg (1) 58.4 - 58.4 
(2) 54.8 - 54.8 
(3) 51.1 - 51.1 

no CV defined n.a. 

Sodium, in mg (1) 394.9 - 420.4 
(2) 370.2 - 395.8 
(3) 345.6 - 371.2 

(1) 1,500 (maximum) 
(2) 1,500 (maximum) 
(3) 1,500 (maximum) 

(1) 26.3 - 28.0 
(2) 24.7 - 26.4 
(3) 23.0 - 24.7 

Dietary fibre, in g (1) 10.8 - 10.8 
(2) 10.2 - 10.2 
(3) 9.6 - 9.6 

 (1) 29 (maximum) 
(2) 28 (maximum) 
(3) 25 (maximum) 

(1) 37.2 - 37.2 
(2) 36.4 - 36.4 
(3) 38.4 - 38.4 

Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stiller and Antonia Sommer (data entry). RDAs as per: Dietary Guidelines for Indians - a Man-
ual, 2011; ICMR, NIN, 2020; ICMR, 2020 (for details please refer to subchapter 6.1.2); the fat requirement of mothers was finally calculated to equal 35E% (in accordance with: Dietary Guide-
lines for Indians - a Manual, 2011; Manore (IOM), 2005 - leading to 100 g/d for lactating mothers, 95g/d for pregnant women and 82g/d for non-pregnant non-lactating women, compared to 
30g/d suggested as visible fat intake during lactation and pregnancy by "Dietary Guidelines for Indians - a Manual, 2011, p. 46". Minimum required vitamin C density: Nutrient Requirements 
and Recommended Dietary Allowances for Indians, 2009. For CVs = critical values of nutrient interactions: (1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron - as per Hurrell, 2004, (3) 
phytate:zinc and phytate:calcium - as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc -  as per Ferguson et al., 1988. 
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The lunch is again a good source of fat with 37.5 E% coming from fat for the plain lunch without fish 
and even 47.2 E% in case fried fish is served along with the otherwise vegetarian lunch (values refer 
to lactating women, 400g portion). This fat level is at the border of the acceptable range. Still, as fish 
is provided just once a week it may be considered acceptable. As pointed out with the children's 
lunch earlier, if fish would be provided more often a week, steaming or boiling it might be a prefer-
able cooking method. Vitamin C density is satisfying for both recipe varieties (with and without fish) 
and lies well above 20mg/1,000 kcal with 97.3mg/1,000 kcal (plain) and 75.9mg/1,000 kcal (with fish) 
- values refer to lactating women. All calculated molar mass ratios lie below critical values, what let's 
assume an adequate iron, zinc and calcium absorption from this traditional meal. For details on the 
nutrient composition of the 400g portion (lactating mothers), 375g portion (pregnant ladies) and 
350g portion (non-pregnant non-lactating women), please refer to table 113 above. 

7.2.4 Afternoon meals: ingredients, share of RDA covered and anti-nutrient considerations 

In the afternoons, as for children, mothers would receive either the leafy gram omelette (three times 
a week) or the halwa porridge (four times a week). Portion sizes for the leafy gram omelette would 
amount to 200g for lactating women, 175g for pregnant women and 150g for non-pregnant non-
lactating women. Illustrated below is a 200g portion of the leafy vegetable omelette.  

Picture 31   Cost-effective and nutrient-dense afternoon meal for mothers (leafy gram omelette, 200g) 

       
Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 

Table 115   Cost-effective & nutrient-dense afternoon meal (1 - gram omelette) for mothers - ingredients 

Ingredients 
gram "omelette" 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Bengal gram, whole (1) 65.0 
(2) 56.9 
(3) 48.8 

3.53 91 soybean brown (4.22), 
soybean whitee (4.15), 
horse gram wholec (3.5), 
black gram wholeb (3.05), 
moth bean (2.99) 

Agathi leaves (1) 18.0 
(2) 15.8 
(3) 13.5 
 

13.39 8 Radish leaves (19.15), 
Bathua leavesa (17.3), cauli-
flower leaves (16.7), green 
Colocasia leavesa (14.5), 
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Ingredients 
gram "omelette" 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Drumstick  leaves  
(Moringa oleifera) 

(1) 18.0 
(2) 15.8 
(3) 13.5 

10.72 14 spinacha (14.27), green 
spined Amaranth leavesa 
(13.93), tender Tamarind 
leaves (12.28) 

Onion, small (1) 12.0 
(2) 10.5 
(3) 9.0 

2.2 140 big onion (1.77) 

Garlic, single clove (1) 4.0 
(2) 3.5 
(3) 3.0 

0.92 198 small clove garlic (0.8), big 
clove garlic (0.79) 

Table salt (1) 0.8 
(2) 0.7 
(3) 0.6 

ND ND -- 

Turmeric powder (1) 1.4 
(2) 1.2 
(3) 1.1 

1.69 162 Fenugreek seedse (2.37), 
dried bay leaf e(2.34), Curry 
leaves (2.22), black peppere 

(1.9), clovesa,c,e (1.78) Cumin seeds (1) 1.4 
(2) 1.2 
(3) 1.1 

2.23 138 

Soybean oil (1) 15.0 
(2) 13.1 
(3) 11.3 

3.06 105 sesame oil (1.47), peanut oil 
(1.36), palm oil (0.88) 

Drinking water absorbed (1) 64.2 
(2) 56.2 
(3) 48.2 

ND ND -- 

Total portion weight (1) 200 
(2) 175 
(3) 150 

Source: Own recipe - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the recipe has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 

Halwa portion sizes would be slightly higher, defined at 250g for lactating mothers, 225g for preg-
nant women and 200g for non-pregnant non-lactating women. Why this deviation in portion sizes 
compared to the gram omelette? As typical for porridges, nutrient density of halwa is lower com-
pared to the gram omelette and, accordingly, higher amounts need to be consumed in order to fulfil 
the RDAs. Still, the inclusion of halwa porridge in the suggested meal schedule does make sense, as it 
offers milk to mothers, who are supposed to 400ml of milk per day (recommendation for pregnant 
women - ICMR, 2020, p. 303) and who remain, even if halwa is consumed and AWC milk is taken, 
well below this recommendation (with 140ml as a daily average for lactating and 132ml for pregnant 
women). Non-pregnant non -lactating women should take 300ml milk per day (ICMR, 2020, p. 302) 
and, likewise, remain beneath this recommendation with a daily mean milk consumption of 125ml. 
Accordingly, milk consumption amongst Santal women may even be further encouraged and one 
would need to discuss local habits and acceptability to consume more milk amongst adult persons in 
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order to do so - as it appeared during baseline survey that milk was meant to be taken mainly by 
children - and less prominently by mothers or fathers. The pictures below show a 250g portion of 
halwa. The ingredients needed to prepare halwa portions for mothers are shown in table 116. 

Picture 32   Cost-effective and nutrient-dense afternoon meal for mothers (halwa porridge, 250g) 

    
Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 

Table 116   Cost-effective & nutrient-dense afternoon meal (2 - halwa porridge) for mothers - ingredients 

Ingredients 
halwa porridge 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio - 38 
nutrients analyzed if not 
mentioned otherwise) 

Milk, cow, whole (1) 132 
(2) 118.8 
(3) 105.6 

3.85 81 whole buffalo milk (3.37), 
skimmed cow milk (0.76), 
buttermilk (0.48), goat milk 
(0.39), sweet curd (0.21) 

Wheat flour, white (1) 9.4 
(2) 8.5 
(3) 7.5 

6.9 35 bulgur wheatb (5.74), jowar 
(5.46), bajra (5.19), refined 
wheat flour white (3.98), 
semolina wheat (3.74), 
whole maize flour (2.67) 

Wheat flour brown, 
whole grain 

(1) 9.4 
(2) 8.5 
(3) 7.5 

4.64 61 

Carrot, orange (1) 54.0 
(2) 48.6 
(3) 43.2 

3.98 75 red carrot (3.57), beet root 
(2.57) 

Groundnut (1) 10.0 
(2) 9.0 
(3) 8.0 

1.95 151 linseedsb (10.16), white 
gingelly seedsa,b (2.65), 
sunflower seedsc (2.1), 
safflower seedsb (1.79), dry 
coconut kernel (0.6), dried 
areca nut red//brownc 
(0.48/0.46), cashew nutb 
(0.43), jackfruit seeds (0.37) 

Sugarcane, jaggery (1) 9.2 
(2) 8.3 
(3) 7.4 

2.49 128 sugarcane juice (2.46), 
white sugar (0.32), honey 
(0.1) 

Soybean oil (1) 8.0 
(2) 7.2 
(3) 6.4 

3.06 105 sesame oil (1.47), peanut oil 
(1.36), palm oil (0.88) 
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Ingredients 
halwa porridge 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio - 38 
nutrients analyzed if not 
mentioned otherwise) 

Drinking water absorbed (1) 18.0 
(2) 16.2 
(3) 14.4 

ND ND -- 

Total portion weight (1) 250 - (2) 225 - (3) 200  

Source: Own recipe - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the recipe has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 

As can be seen in table 117 below, the leafy gram omelette is a very good source of vitamin A (with a 
coverage of 36 percent of the RDA of lactating women through a 200g portion - and even 45 percent 
in case of pregnant women/ 175g portion). It is rich in fat (with an E% of 48.4 in case of lactating 
mothers) which allows a good absorption of the fat-soluble vitamin. Further, the gram omelette is a 
good source of protein (with an E% of 17.3 in case of lactating women) through the usage of besan 
flour/Bengal gram dal. At the same time, anti-nutritive elements of the omelette are comparatively 
high where especially dietary fibre rises up to 71 percent coverage of the RDA (maximum value) in 
case of lactating mothers. Calculated molar mass ratios largely remain beneath critical values. Merely 
the phytate to zinc molar ratio slightly crosses the lower critical value of 15. Hence, food processing 
appears worth to go for when preparing the leafy gram omelette. Bengal gram may be soaked in 
water to reduce water-soluble phytate; after grinding the gram to flour, the flour may further be 
fermented (to transform higher to lower inositol phosphates which do not have an inhibitory effect 
on iron and zinc absorption anymore). Vitamin C density is adequate, amounting to 96mg/1,000 kcal 
in case of lactating mothers. Accordingly, iron absorption (31 percent of lactating women's RDA are 
supplied through a 200g portion) may be assumed adequate. Overall, the gram omelette is highly 
nutritious with the drawback of having comparatively high anti-nutritive contents - which on the 
whole remain controllable if food processing is applied as suggested. Leafy vegetables may be soaked 
in water before cutting (to reduce oxalate). 

On the contrary, the halwa porridge is very low in anti-nutritive elements and all calculated molar 
mass rations remain well below critical values. It offers a comparably high fat content (51.3 E% in 
case of lactating mothers) with a still very good amount of vitamin A delivered (29 percent of lactat-
ing women's RDA would be covered through a 200g portion). When it comes to iron, it is a far poorer 
source compared to the gram omelette where merely 9 percent of the RDA are covered in case of 
lactating women (rather than 31 in case of the omelette). Knowing this, it appears of less importance 
that the vitamin C density of the halwa porridge falls below the suggested minimum level of 
20mg/1,000 kcal (amounting to 13.9mg/1,000 kcal in case of lactating women). Optimally, mothers 
(and children) would consume a piece of fruit along with the halwa in order to make better usage of 
the iron contained in the halwa - this may be done as per financial means and may be more easy in 
times when village trees are ripening, offering abundant of mangoes, respectively. On the whole, the 
suggested meal schedule covers 112 percent of iron needs of lactating women, which makes the 
lower vitamin C density of the halwa porridge acceptable. Yet, for pregnant women merely 59 per-
cent of the RDA can be covered through the suggested meal schedule (as the daily intake recom-
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mendation is higher during pregnancy compared to lactation with 40mg rather than 23mg). Hence, 
pregnant women d need to get supplemented with iron during the gestational development of the 
unborn child - likewise they are in urgent need of folic acid where the suggested meal schedule cov-
ers a mere 61 percent of the RDA (further vitamins remaining below suggested intake levels of preg-
nant women are vitamin B1 and B2 and - to a lesser extent - also B6 and potassium. Please refer to the 
summary section 7.2.6 for a detailed view on the mean weekly RDA coverages of mothers). 



Developing a cost-effective and nutrient-dense diet  - Weekly meal schedule for mothers 

389 

Table 117   Cost-effective & nutrient-dense afternoon snack for (1) lactating mothers, (2) pregnant women and (3) non-pregnant non-lactating women - coverage of RDA, vitamin C density and 
molar mass ratios 

Nutrient Afternoon meal content     
(1) 200g gram omelette - 250g halwa 
(2) 175g gram omelette - 225g halwa  
(3) 150g gram omelette - 200g halwa 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: gram omelette - halwa 
(2) pregnant: gram omelette - halwa 
(3)  non-p/non-l: gram omelette - halwa 

Energy, in kcal (1) 366.8 - 332.0 
(2) 320.9 - 298.8 
(3) 275.1 - 265.6 

(1) 2,650 
(2) 2,480 
(3) 2,130 

(1) 13.8 - 12.5 
(2) 12.9 - 12.0 
(3) 12.9 - 12.5 

Macronutrients 
CHO, in g (1) 31.0 - 30.9 

(2) 27.1 - 27.8 
(3) 23.3 - 24.7 

(1) 210 
(2) 175 
(3) 130 

(1) 14.8 - 14.7 
(2) 15.5 - 15.9 
(3) 17.9 - 19.0 

Protein, in g (1) 15.5 - 9.4 
(2) 13.5 - 8.4 
(3) 11.6 - 7.5 

(1) 71 
(2) 71 
(3) 46 

(1) 21.8 - 13.2 
(2) 8.4 - 11.8 
(3) 25.2 - 16.3 

Fat, in g (1) 19.1 - 18.3 
(2) 16.7 - 16.5 
(3) 14.3 - 14.7 

(1) 100 
(2) 95 
(3) 82 

(1) 19.1 - 18.3 
(2) 17.6 - 17.4 
(3) 17.4 - 17.9 

Fat-soluble vitamins 
Vitamin A (RAE), in µg (1) 461.7 - 382.1 

(2) 404.0 - 343.9 
(3) 346.3 - 305.7 

(1) 1,300  
(2) 900  
(3) 840 

(1) 35.5 - 29.4 
(2) 44.9 - 38.2 
(3) 41.2 - 36.4 

Vitamin D, in µg (1) 4.6 - 2.7 
(2) 4.0 - 2.4 
(3) 3.5 - 2.2 

(1) 15  
(2) 15  
(3) 15 

(1) 30.7 - 18.0 
(2) 26.7 - 16.0 
(3) 23.3 - 14.7 

Vitamin E, in mg (1) 4.0 - 2.2 
(2) 3.5 - 1.9 
(3) 3.0 - 1.7 

(1) 19  
(2) 15 
(3)15 

(1) 21.1 - 11.6 
(2) 23.3 - 12.7 
(3) 20.0 - 11.3 

Vitamin K, in µg (1) 158.8 - 23.5 
(2) 138.9 - 21.2 
(3) 119.1 - 18.8 
 

(1) 90  
(2) 90  
(3) 90 

(1) 176.4 - 26.1 
(2) 154.3 - 23.6 
(3) 132.3 - 20.9 
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Nutrient Afternoon meal content     
(1) 200g gram omelette - 250g halwa 
(2) 175g gram omelette - 225g halwa  
(3) 150g gram omelette - 200g halwa 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: gram omelette - halwa 
(2) pregnant: gram omelette - halwa 
(3)  non-p/non-l: gram omelette - halwa 

Water-soluble vitamins 
Vitamin B1, in mg (1) 0.3 - 0.2 

(2) 0.2 - 0.1 
(3) 0.2 - 0.1 

(1) 2.1  
(2) 2.0  
(3) 1.7 

(1) 14.3 - 9.5 
(2) 10.0 - 5.0 
(3) 11.8 - 5.9 

Vitamin B2, in mg (1) 0.3 - 0.2 
(2) 0.3 - 0.2 
(3) 0.2 - 0.2 

(1) 3.0  
(2) 2.7  
(3) 2.4 

(1) 10.0 - 6.7 
(2) 11.1 - 7.4 
(3) 8.3 - 8.3 

Vitamin B3, in mg (1) 1.6 - 1.9 
(2) 1.4 - 1.7 
(3) 1.2 - 1.5 

(1) 19.0  
(2) 18.0  
(3) 14.0 

(1) 8.4 - 10.0 
(2) 7.8 - 9.4 
(3) 8.6 - 10.7 

Vitamin B5, in mg (1) 1.5 - 0.8 
(2) 1.3 - 0.7 
(3) 1.1 - 0.6 

(1) 7.0  
(2) 6.0  
(3) 5.0 

(1) 21.4 - 11.4 
(2) 21.7 - 11.7 
(3) 22.0 - 12.0 

Vitamin B6, in mg (1) 0.4 - 0.2 
(2) 0.4 - 0.2 
(3) 0.3 - 0.2 

(1) 2.16  
(2) 2.3  
(3) 1.9 

(1) 18.5 - 9.3 
(2) 17.4 - 8.7 
(3) 15.8 - 10.5 

Vitamin B7, in µg (1) 2.6 - 4.1 
(2) 2.3 - 3.7 
(3) 1.9 - 3.3 

(1) 35  
(2) 30  
(3) 35 

(1) 7.4 - 11.7 
(2) 7.7 - 12.3 
(3) 5.4 - 9.4 

Vitamin B9, in µg (1) 141.1 - 27.3 
(2) 123.4 - 24.6 
(3) 105.8 - 21.8 

(1) 500 
(2) 600  
(3) 400 

(1) 28.2 - 5.5 
(2) 20.6 - 4.1 
(3) 26.5 - 5.5 

Vitamin B12, in µg 
 
 

(1) 0.0 - 0.6 
(2) 0.0 - 0.5 
(3) 0.0 - 0.5 

(1) 3.5  
(2) 2.75  
(3) 2.5 

(1) 0.0 - 17.1 
(2) 0.0 - 18.2 
(3) 0.0 - 20.0 

Vitamin C, in mg 
vitamin C density in mg/1,000 kcal 
(suggested minimum: 20mg/1,000 kcal) 

(1) 35.1 - 4.6 
95.7 - 13.9 
(2) 30.7 - 4.1 
95.7 - 13.7 
(3) 26.3 - 3.7 

(1) 120  
(2) 85  
(3) 75 

(1) 29.3 - 3.8 
(2) 36.1 - 4.8 
(3) 35.1 - 4.9 
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Nutrient Afternoon meal content     
(1) 200g gram omelette - 250g halwa 
(2) 175g gram omelette - 225g halwa  
(3) 150g gram omelette - 200g halwa 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: gram omelette - halwa 
(2) pregnant: gram omelette - halwa 
(3)  non-p/non-l: gram omelette - halwa 

Vitamin C density (3) 95.6 - 13.9   
Minerals and trace elements 

Calcium, in mg (1) 340.0 - 199.2 
(2) 297.5 - 179.3 
(3) 255.0 - 159.3 

(1) 1,200  
(2) 1,000  
(3) 1,000 

(1) 28.3 - 16.6 
(2) 29.8 - 17.9 
(3) 25.5 - 15.9 

Copper, in mg (1) 0.7 - 0.3 
(2) 0.7 - 0.3 
(3) 0.6 - 0.2 

(1) 1.3  
(2) 1.0  
(3) 0.9 

(1) 53.8 - 23.1 
(2) 70.0 - 30.0 
(3) 66.7 - 22.2 

Iron, in mg (1) 7.1 - 2.1 
(2) 6.2 - 1.9 
(3) 5.3 - 1.7 

(1) 23  
(2) 40  
(3) 29 

(1) 30.9 - 9.1 
(2) 15.5 - 4.8 
(3) 18.3 - 5.9 

Magnesium, in mg (1) 154.2 - 75.5 
(2) 134.9 - 67.9 
(3) 115.6 - 60.4 

(1) 325  
(2) 385  
(3) 325 

(1) 47.4 - 23.2 
(2) 35.0 - 17.6 
(3) 35.6 - 18.6 

Manganese, in mg (1) 2.4 - 1.0 
(2) 2.1 - 0.9 
(3) 1.8 - 0.8 

(1) 2.6  
(2) 2.0  
(3) 1.8 

(1) 92.3 - 38.5 
(2) 105.0 - 45.0 
(3) 100.0 - 44.4 

Phosphorus, in mg (1) 223.3 - 254.6 
(2) 195.4 - 229.1 
(3) 167.4 - 203.7 

(1) 700  
(2) 700  
(3) 700 

(1) 31.9 - 36.4 
(2) 27.9 - 32.7 
(3) 23.9 - 29.1 

Potassium, in mg (1) 903.7 - 452.9 
(2) 790.7 - 407.6 
(3) 677.7 - 362.3 

(1) 5,100  
(2) 4,700  
(3) 4,700 

(1) 17.7 - 8.9 
(2) 16.8 - 8.7 
(3) 14.4 - 7.7 

Selenium, in µg (1) 33.6 - 12.8 
(2) 29.4 - 11.5 
(3) 25.2 - 10.2 

(1) 70  
(2) 60  
(3) 55 

(1) 48.0 - 18.3 
(2) 49.0 - 19.2 
(3) 45.8 - 18.5 

Zinc, in mg (1) 2.7 - 1.5 
(2) 2.3 - 1.4 
(3) 2.0 - 1.2 

(1) 14  
(2) 14.5  
(3) 13.2 
 

(1) 19.3 - 10.7 
(2) 15.9 - 9.7 
(3) 15.2 - 9.1 
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Nutrient Afternoon meal content     
(1) 200g gram omelette - 250g halwa 
(2) 175g gram omelette - 225g halwa  
(3) 150g gram omelette - 200g halwa 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: gram omelette - halwa 
(2) pregnant: gram omelette - halwa 
(3)  non-p/non-l: gram omelette - halwa 

Essential fatty acids 
Total PUFAs, in g (1) 10.9 - 6.5 

(2) 9.5 - 5.8 
(3) 8.1 - 5.2 

(1) 14.3  
(2) 14.4  
(3) 13.1 

(1) 76.2 - 45.5 
(2) 66.0 - 40.3 
(3) 61.8 - 39.7 

α-linolenic acid (n-3), in g (1) 9.7 - 5.9 
(2) 8.5 - 5.3 
(3) 7.3 - 4.7 

(1) 1.3  
(2) 1.4  
(3) 1.1 

(1) 746.2 - 453.8 
(2) 607.1 - 378.6 
(3) 663.6 - 427.3 

Linolenic acid (n-6), in g/d (1) 1.2 - 0.6 
(2) 1.1 - 0.5 
(3) 0.9 - 0.5 

(1) 13.0  
(2) 13.0  
(3) 12.0 

(1) 9.2 - 4.6 
(2) 8.5 - 3.8 
(3) 7.5 - 4.2 

Essential amino acids 
Isoleucine, in g (1) 4.6 - 11.2 

(2) 4.0 - 10.1 
(3) 3.5 - 8.9 

3.0 (per 100g) (1) 153.3 - 373.3 
(2) 133.3 - 336.7 
(3) 116.7 - 296.7 

Leucine, in g (1) 8.4 - 18.2 
(2) 7.4 - 16.4 
(3) 6.3 - 14.6 

5.9 (per 100g) (1) 142.4 - 308.5 
(2) 125.4 - 278.0 
(3) 106.8 - 247.5 

Lysine, in g (1) 6.9 - 13.8 
(2) 6.0 - 12.4 
(3) 5.2 - 11.0 

4.5 (per 100g) (1) 153.3 - 306.7 
(2) 133.3 - 275.6 
(3) 115.6 - 244.4 

SAA (methionine, cysteine), in g (1) 2.7 - 6.3 
(2) 2.4 - 5.7 
(3) 2.0 - 5.0 

2.2 (per 100g) (1) 122.7 - 286.4 
(2) 109.1 - 159.1 
(3) 90.9 - 227.3 

AAA (phenylalanine, tyrosine), in g (1) 10.7 - 18.7 
(2) 9.3 - 16.8 
(3) 8.0 - 14.9 

3.8 (per 100g) (1) 281.6 - 492.1 
(2) 244.7 - 442.1 
(3) 210.5 - 392.1 

Threonine, in g (1) 4.7 - 9.2 
(2) 4.1 - 8.3 
(3) 3.5 - 7.4 

2.3 (per 100g) (1) 204.3 - 400.0 
(2) 178.3 - 360.9 
(3) 152.2 - 321.7 
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Nutrient Afternoon meal content     
(1) 200g gram omelette - 250g halwa 
(2) 175g gram omelette - 225g halwa  
(3) 150g gram omelette - 200g halwa 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: gram omelette - halwa 
(2) pregnant: gram omelette - halwa 
(3)  non-p/non-l: gram omelette - halwa 

Tryptophan, in g (1) 1.3 - 2.7 
(2) 1.2 - 2.5 
(3) 1.0 - 2.2 

0.6 (per 100g) (1) 216.7 - 450.0 
(2) 200.0 - 416.7 
(3) 166.7 - 366.7 

Valine, in g (1) 5.6 - 12.2 
(2) 4.9 - 10.9 
(3) 4.2 - 9.7 

3.9 (per 100g) (1) 143.6 - 312.8 
(2) 125.6 - 279.5 
(3) 107.7 - 248.7 

Histidine, in g (1) 2.7 - 4.2 
(2) 2.4 - 3.8 
(3) 2.1 - 3.4 

1.5 (per 100g) (1) 180.0 - 280.0 
(2) 160.0 - 253.3 
(3) 140.0 - 226.7 

 
Oxalate, in mg (1) 97.7 - 20.9 

(2) 85.5 - 18.8 
(3) 73.3 - 16.7 

oxalate: calcium 
critical value (CV) - 2.25 

(1) 0.13 - 0.05 
(2) 0.13 - 0.05 
(3) 0.13 - 0.05 

Phytate, in mg (1) 424.0 - 128.4 
(2) 371.0 - 115.6 
(3) 318.0 - 102.7 

phytate: iron  
CV 1 - plain cereal or legume based meals; 
CV 6 - composite meals 
 
phytate: zinc 
CV 15 - 18 
 
 
 
phytate: calcium 
CV 0.17 - 0.24 
 
 
Ca * phytate:zinc 
CV 0.5 

(1) 5.07 - 5.19 
(2) 5.08 - 5.16 
(3) 5.09 - 5.13 
 
(1) 15.47 - 8.43 
(2) 15.89 - 8.13 
(3) 15.66 - 8.43 
 
(1) 0.08 - 0.04 
(2) 0.08 - 0.04 
(3) 0.08 - 0.04 
 
(1) 0.07 - 0,02 
(2) 0.07 - 0.02 
(3) 0.07 - 0.02 
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Nutrient Afternoon meal content     
(1) 200g gram omelette - 250g halwa 
(2) 175g gram omelette - 225g halwa  
(3) 150g gram omelette - 200g halwa 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: gram omelette - halwa 
(2) pregnant: gram omelette - halwa 
(3)  non-p/non-l: gram omelette - halwa 

Polyphenols, in mg (1) 85.5 - 52.2 
(2) 74.8 - 46.9 
(3) 64.1 - 41.7 

no CV defined n.a. 

Sodium, in mg (1) 337.3 - 63.8 
(2) 295.2 - 57.4 
(3) 253.0 - 51.0 

(1) 1,500 (maximum) 
(2) 1,500 (maximum) 
(3) 1,500 (maximum) 

(1) 22.5 - 4.3 
(2) 19.7 - 3.8 
(3) 16.9 - 3.4 

Dietary fibre, in g (1) 20.5 - 5.4 
(2) 17.9 - 4.8 
(3) 15.3 - 4.3 

 (1) 29 (maximum) 
(2) 28 (maximum) 
(3) 25 (maximum) 

(1) 70.7 - 18.6 
(2) 63.9 - 17.1 
(3) 61.2 - 17.2 

Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stiller and Antonia Sommer (data entry). RDAs as per: Dietary Guidelines for Indians - a Man-
ual, 2011; ICMR, NIN, 2020; ICMR, 2020 (for details please refer to subchapter 6.1.2); the fat requirement of mothers was finally calculated to equal 35E% (in accordance with: Dietary Guide-
lines for Indians - a Manual, 2011; Manore (IOM), 2005 - leading to 100 g/d for lactating mothers, 95g/d for pregnant women and 82g/d for non-pregnant non-lactating women, compared to 
30g/d suggested as visible fat intake during lactation and pregnancy by "Dietary Guidelines for Indians - a Manual, 2011, p. 46". Minimum required vitamin C density: Nutrient Requirements 
and Recommended Dietary Allowances for Indians, 2009. For CVs = critical values of nutrient interactions: (1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron - as per Hurrell, 2004, (3) 
phytate:zinc and phytate:calcium - as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc -  as per Ferguson et al., 1988. 
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7.2.5 Dinner: ingredients, share of RDA covered and anti-nutrient considerations 

The suggested dinner of mothers would be identical to the dinner of children. Once again, this is 
meant to keep the cooking efforts (which are indeed already high) manageable. Ingredients of the 
diner are boiled rice (typically taken at night amongst the Santal Adivasi families) with a dhal sauce 
made from Bengal gram dal "chola" (alternatively brown or yellow lentils may well be used - while 
lentil dal, commonly used in Santal families, showed to be a bit less cost-effective). Broad beans 
would be a good vegetable choice for mothers as those are highly cost-effective (ranking tenth out of 
274, considering all analyzed foods, n=425) - unfortunately they are high in dietary fibre. Further, a 
preparation of bottle gourd (many kinds of gourds can actually be grown in kitchen gardens) with 
carrots would be served. As for the lunch, lactating mothers would receive a 400g portion, pregnant 
women a 375g portion and non-pregnant non-lactating women a 350g portion.  

Picture 33   Cost-effective and nutrient-dense dinner for mothers (400g portion - lactating mothers) 

    
Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 

Table 118   Cost-effective & nutrient-dense dinner for mothers - ingredients 

Ingredients 
dinner 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Rice, raw, milled (1) 76.0 
(2) 71.3 
(3) 66.5 

5.49 48 rice parboiled milled (5.42), 
brown riceb (3.32) 

Bengal gram dal, chola (1) 6.8 
(2) 6.4 
(3) 6.0 

2.73 117 brown lentil (3.02), yellow-
ish lentil (2.99), lentil dal 
(2.08), black gram dal 
(1,98), green gram dal 
(1.87), red gram dal (1.63) 

Broad beans (1) 68.4 
(2) 64.1 
(3) 59.9 

12.27 10 round orange pumpkin 
(11.21), green cylindrical 
pumpkin (10.27), plantain 
stem (9.6), black Colocasia 
stem (8.33), cauliflower 
(7.77) 

Bottle gourd, elongate, 
dark green 

(1) 68.4 
(2) 64.1 
(3) 59.9 
 

7.73 27 
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Ingredients 
dinner 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Carrot, orange (1) 34.2 
(2) 32.1 
(3) 29.9 

3.98 75 red carrot (3.57), beet root 
(2.57) 

Onion, small (1) 14.0 
(2) 13.1 
(3) 12.3 

2.2 140 big onion (1.77) 

Garlic, single clove (1) 7.0 
(2) 6.6 
(3) 6.1 

0.92 198 small clove garlic (0.8), big 
clove garlic (0.79) 

Turmeric powder (1) 2.0 
(2) 1.9 
(3) 1.8 

1.69 162 Fenugreek seedse (2.37), 
dried bay leaf e(2.34), Curry 
leaves (2.22), black peppere 

(1.9), clovesa,c,e (1.78) Cumin seedsa (1) 4.6 
(2) 4.3 
(3) 4.0 

2.23 138 

Table salt (1) 0.8 
(2) 0.75 
(3) 0.7 

ND ND -- 

Soybean oil (1) 16.0 
(2) 15.0  
(3) 14.0 

3.06 105 sesame oil (1.47), peanut oil 
(1.36), palm oil (0.88) 

Drinking water absorbed (1) 101.8 
(2) 95.4 
(3) 89.1 

ND ND -- 

Total portion weight (1) 400 
(2) 375 
(3) 350 

   

Additionally: 
Fig 
 
 
Total portion weight 
with fig 

(1) 20 
(2) 20 
(3) 20 
 
(1) 420 
(2) 395 
(3) 370 

4.94 58 white fleshed guava (3.36), 
poovam/robusta banana 
(3.26/3.06), bael fruit (2.82) 

Source: Own recipe - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the recipe has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 

The dinner offers an adequate amount of fat (31.4 E%, lactating women) and is at the lower border 
or suggested protein intake with an E% of 9.8 (suggested range: 10 -35 E% - Government of Canada, 
2010, p. 13; Manore, 2005 for IOM). It is a simple, traditional meal in accordance with local habits 
and therefore very likely to be well accepted amongst mothers and also further family members. 15 
percent of lactating women's RDA with regard to vitamin A can be covered through the 400g portion 
(plus a slice of fig), 18 percent of iron needs and 16 percent of zinc requirements. Vitamin C density is 
not very high but above the minimum level of 20mg/1,000 kcal (Nutrient Requirements and Recom-
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mended Dietary Allowances for Indians, 2009) and lies at 27.9mg/1,000 kcal (lactating women). Cal-
culated molar mass ratios are below critical values (Ferguson et al., 1988; Gibson et al., 2010; Hurrell, 
2004; Noonan, 1999; Tessera et al., 2019) except for the ratio of phytate to iron - where the CV of 6 
is slightly crossed with 6.04 (lactating women). Accordingly, phytate should be reduced in the meal 
via processing of raw ingredients: soaking of rice prior to boiling it (with subsequent discarding of the 
soaking water) and roasting of Bengal gram dal may be considered helpful (Hotz & Gibson, 2001). 

Table 119 below shows the exact nutrient contents of the dinner for (1) lactating mothers (420g por-
tion including a slice of fig), (2) pregnant women (395g portion) and (3) non-pregnant non-lactating 
women (370g portion). Vitamin C densities as well molar mass rations can be found as well.
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Table 119 Cost-effective & nutrient-dense dinner for (1) lactating mothers, (2) pregnant women and (3) non-pregnant non-lactating women - coverage of RDA, vitamin C density  
   and molar mass ratios 

Nutrient Dinner content     
(1) 420g - (2) 395g - (3) 370g  

Recommended intake per day (RDA) 
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Percent of RDA covered  
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Energy, in kcal 529.7 - 497.6 - 465.5 2,650 - 2,480 - 2,130 20.0 - 201 - 21.9 
Macronutrients 

CHOs, in g 76.1 - 71.5 - 67.0 210 - 175 - 130 36.2 - 40.9 - 51.5 
Protein, in g 12.7 - 11.9 - 11.1 71 - 71 - 46 17.9 - 16.8 - 24.1 
Fat, in g 17.9 - 16.8 - 15.7 100 - 95 - 82 17.9 - 17.7 - 19.1 

Fat-soluble vitamins 
Vitamin A (RAE), in µg 197.4 - 185.0 - 172.7 1,300 - 900 - 840 15.2 - 20.6 - 20.6 
Vitamin D, in µg 9.7 - 9.1 - 8.5 15 - 15 - 15 64.7 - 60.7 - 56.7 
Vitamin E, in mg 3.0 - 2.8 - 2.6 19 - 15 - 15 15.8 - 18.7 - 17.3 
Vitamin K, in µg 103.0 - 96.6 - 90.3 90 - 90 - 90 114.4 - 107.3 - 100.3 

Water-soluble vitamins 
Vitamin B1, in mg 0.2 - 0.2 - 0.2 2.1 - 2.0 - 1.7 9.5 - 10.0 - 11.8 
Vitamin B2, in mg 0.2 - 0.1 - 0.1 3.0 - 2.7 - 2.4 6.7 - 3.7 - 4.2 
Vitamin B3, in mg 2.1 - 2.0 - 1.8 19.0 - 18.0 - 14.0 11.1 - 11.1 - 12.9 
Vitamin B5, in mg 1.3 - 1.3 - 1.2 7.0 - 6.0 - 5.0 18.6 - 21.7 - 24.0 
Vitamin B6, in mg 0.4 - 0.3 - 0.3 2.16 - 2.3 - 1.9 18.5 - 13.0 - 15.8 
Vitamin B7, in µg 9.8 - 9.3 - 8.7 35 - 30 - 35 28.0 - 31.0 - 24.9 
Vitamin B9, in µg 65.0 - 61.1 - 57.3 500 - 600 - 400 13.0 - 10.2 - 14.3 
Vitamin B12, in µg 0.0 - 0.0 - 0.0 3.5 - 2.75 - 2.5 0.0 - 0.0 - 0.0 
Vitamin C, in mg 
vitamin C density in mg/1,000 kcal 
(suggested minimum: 20mg/1,000 kcal) 

14.8 - 14.0 - 13.3 
27.9 - 28.1 - 28.6 

120 - 85 - 75 12.3 - 16.5 - 17.7 

Minerals and trace elements 
Calcium, in mg 147.4 - 139.2 - 130.9 1,200 - 1,000 - 1,000 12.3 - 13.9 - 13.1 
Copper, in mg 0.6 - 0.6 - 0.5 1.3 - 1.0 - 0.9 46.2 - 60.0 - 55.6 
Iron, in mg 4.1 - 3.8 - 3.6 23 - 40 - 29 17.8 - 9.5 - 12.4 
Magnesium, in mg 101.5 - 95.5 - 89.5 325 - 385 - 325 31.2 - 24.8 - 27.5 
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Nutrient Dinner content     
(1) 420g - (2) 395g - (3) 370g  

Recommended intake per day (RDA) 
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Percent of RDA covered  
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Manganese, in mg 1.6 - 1.5 - 1.4 2.6 - 2.0 - 1.8 61.5 - 75.0 - 77.8 
Phosphorus, in mg 217.2 - 203.9 - 190.6 700 - 700 - 700 31.0 - 29.1 - 27.2 
Potassium, in mg 823.2 - 774.7 - 726.1 5,100 - 4,700 - 4,700 16.1 - 16.5 - 15.4 
Selenium, in µg 8.8 - 8.3 - 7.7 70 - 60 - 55 12.6 - 13.8 - 14.0 
Zinc, in mg 2.3 - 2.2 - 2.0 14 - 14.5 - 13.2 16.4 - 15.2 - 15.2 

Essential fatty acids 
Total PUFAs, in g 10.4 - 9.8 - 9.1 14.3 - 14.4 - 13.1 72.7 - 68.1 - 69.5 
α-linolenic acid (n-3), in g 9.2 - 8.6 - 8.0 1.3 - 1.4 - 1.1 707.7 - 614.3 - 727.3 
Linolenic acid (n-6), in g/d 1.3 - 1.2 - 1.1 13.0 - 13.0 - 12.0 10.0 - 9.2 - 9.2 

Essential amino acids 
Isoleucine, in g 13.3 - 12.5 - 11.8 3.0 (per 100g) 443.3 - 416.7 - 393.3 
Leucine, in g 21.6 - 20.3 - 19.0 5.9 (per 100g) 366.1 - 344.1 - 322.0 
Lysine, in g 13.1 - 12.3 - 11.5 4.5 (per 100g) 291.1 - 273.3 - 255.6 
SAA (methionine, cysteine), in g 6.9 - 6.4 - 6.0 2.2 (per 100g) 313.6 - 290.9 - 272.7 
AAA (phenylalanine, tyrosine), in g 22.2 - 20.9 - 19.7 3.8 (per 100g) 584.2 - 550.0 - 518.4 
Threonine, in g 11.4 - 10.8 - 10.1 2.3 (per 100g) 495.7 - 469.6 - 439.1 
Tryptophan, in g 3.4 - 3.2 - 3.0 0.6 (per 100g) 566.7 - 533.3 - 500.0 
Valine, in g 17.1 - 16.1 - 15.1 3.9 (per 100g) 438.5 - 412.8 - 387.2 
Histidine, in g 6.8 - 6.4 - 6.0 1.5 (per 100g) 453.3 - 426.7 - 400.0 

Elements to be limited in the diet 
Oxalate, in mg 110.8 - 104.5 - 98.2 oxalate: calcium 

critical value (CV) - 2.25 
0.34 - 0.34 - 0.34 

Phytate, in mg 292.0 - 274.4 - 256.8 phytate: iron  
CV 1 - plain cereal or legume based meals; 
CV 6 - composite meals 
phytate: zinc 
CV 15 - 18 
phytate: calcium 
CV 0.17 - 0.24 
Ca * phytate:zinc 
CV 0.5 

6.04 - 6.13 - 6.05 
 
 
12.5 - 12.28 - 12.65 
 
0.12 - 0.12 - 0.12 
 
0.01 - 0.01 - 0.01 



Developing a cost-effective and nutrient-dense diet  - Weekly meal schedule for mothers 

400 

Nutrient Dinner content     
(1) 420g - (2) 395g - (3) 370g  

Recommended intake per day (RDA) 
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Percent of RDA covered  
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Polyphenols, in mg 147.9 - 138.9 - 130.0 no CV defined n.a. 

Sodium, in mg 340.3 - 319.0 - 297.8 1,500 - 1,500 - 1,500 (maximum) 22.7 - 21.3 - 19.9 
Dietary fibre, in g 15.1 - 14.2 - 13.4  29 - 28 - 25 (maximum) 52.1 - 50.7 - 53.6 
Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stiller and Antonia Sommer (data entry). RDAs as per: Dietary Guidelines for Indians - a Man-
ual, 2011; ICMR, NIN, 2020; ICMR, 2020 (for details please refer to subchapter 6.1.2); the fat requirement of mothers was finally calculated to equal 35E% (in accordance with: Dietary Guide-
lines for Indians - a Manual, 2011; Manore (IOM), 2005 - leading to 100 g/d for lactating mothers, 95g/d for pregnant women and 82g/d for non-pregnant non-lactating women, compared to 
30g/d suggested as visible fat intake during lactation and pregnancy by "Dietary Guidelines for Indians - a Manual, 2011, p. 46". Minimum required vitamin C density: Nutrient Requirements 
and Recommended Dietary Allowances for Indians, 2009. For CVs = critical values of nutrient interactions: (1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron - as per Hurrell, 2004, (3) 
phytate:zinc and phytate:calcium - as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc -  as per Ferguson et al., 1988. 
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7.2.6 Summary: Weekly fulfilment

The graph below illustrates for all three mother groups the extent of 

Graph 96    Fulfilment of mothers' RDAs through the suggested cost

Sources: Receipt analysis realized in NutriSurvey software through project nutritionists Caroline Stiller and Antonia So
mer (data entry). RDAs as per: Dietary Guidelines for Indians 
please refer to subchapter 6.1.2). 
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fulfilment of mother's RDAs with graphical illustration

The graph below illustrates for all three mother groups the extent of fulfilment of respective RDAs.

of mothers' RDAs through the suggested cost-effective meals 

d in NutriSurvey software through project nutritionists Caroline Stiller and Antonia So
tary Guidelines for Indians - a Manual, 2011; ICMR, NIN, 2020; 

of mother's RDAs with graphical illustration 

of respective RDAs.  

 

d in NutriSurvey software through project nutritionists Caroline Stiller and Antonia Som-
, 2020; ICMR, 2020 (for details 
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For the pregnant women iron as well as vitamin B9 cannot sufficiently be covered through the sug-
gested meals, as intake requirements are high during pregnancy. Accordingly, supplementation of 
both nutrients appears needful. Moreover, for all groups of mothers vitamins B1, B2, potassium, and 
n-6 fatty acids cannot be fully covered through the suggested meal schedule (with a RDA coverage of 
less than 80 percent) - supplementing named nutrients should be thought of, especially when it 
comes to vitamin B2 (which is known to be associated with the occurrence of anaemia - Biesalski, 
2016). Golden (2009) states that a lack of vitamin B2 was found to be a major reason for mild anae-
mia in India and administering it alongside iron helped affected individuals returning to normal. Lac-
tating mothers further fall short in covering their vitamin A needs (while pregnant and non-pregnant 
non-lactating women do fully cover their RDA even with smaller portion sizes). Likewise, lactating 
women cover less than 80 percent of their vitamin E and vitamin B9 needs through the suggested 
meal schedule. Finally, all groups of mothers take more dietary fibre than suggested (nearly double 
the recommendation which is meant as upper limit) - as this may hamper proper nutrient absorption 
and anti-nutrients as phytate, oxalate and polyphenols are also a matter, as described earlier when 
presenting the single meals, food processing is of importance to be implemented and should become 
a common habit, where interactive training with village health workers will surely be helpful. Besides 
roasting and soaking, fermentation of food ingredients may be practiced - moreover, cooking (in case 
of polyphenols) and puffing are reported as effective methods to reduce the anti-nutritional ele-
ments from plant foods (Hotz & Gibson, 2001; Samtiya et al., 2020). The following table presents the 
mean daily coverage of RDAs achieved through the suggested meals for all groups of mothers, 
namely (1) lactating mothers, (2) pregnant women, and (3) non-pregnant non-lactating women. 

Table 120   Summary: Share of mothers' RDA covered through the suggested meal schedule - on a weekly basis    

Nutrient Mean daily nutrient intake 
(weekly meal schedule) 
(1) lactating  
(2) pregnant 
(3) non-pregnant non-lactating 

Applied RDA  Share of RDA  
covered 

Energy, in kcal (1) 2,674.7 
(2) 2,477.6 
(3) 2,280.4 

(1) 2,650 
(2) 2,480 
(3) 2,130 

(1) 100.9 
(2) 99.9 
(3) 107.1 

Macronutrients 
CHOs, in g (1) 355.5 

(2) 327.9 
(3) 300.4 

(1) 210 
(2) 175 
(3) 130 

(1) 169.3 
(2) 187.4 
(3) 231.1 

Protein, in g (1) 73.5 
(2) 68.3 
(3) 63.2 

(1) 71 
(2) 71 
(3) 46 

(1) 103.5 
(2) 96.3 
(3) 137.4 

Fat, in g (1) 101.4 
(2) 94.5 
(3) 87.5 

(1) 100 
(2) 95 
(3) 82 

(1) 101.4 
(2) 99.4 
(3) 106.7 

Fat-soluble vitamins 
Vitamin A (RAE), in mcg (1) 1,007.4 

(2) 940.4 
(3) 873.4 

(1) 1,300  
(2) 900  
(3) 840 

(1) 77.5 
(2) 104.5 
(3) 104.0 

Vitamin D, in mcg (1) 25.6 
(2) 23.8  

(1) 15  
(2) 15  

(1) 170.9 
(2) 159.0 
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Nutrient Mean daily nutrient intake 
(weekly meal schedule) 
(1) lactating  
(2) pregnant 
(3) non-pregnant non-lactating 

Applied RDA  Share of RDA  
covered 

Vitamin D, in mcg (3) 22.1 (3) 15 (3) 147.4 
Vitamin E, in mg (1) 14.3 

(2) 13.3 
(3) 12.3 

(1) 19  
(2) 15 
(3)15 

(1) 75.0 
(2) 88.5 
(3) 82.0 

Vitamin K, in mcg (1) 479.5 
(2) 447.4 
(3) 415.3 

(1) 90  
(2) 90  
(3) 90 

(1) 532.8 
(2) 497.1 
(3) 461.4 

Water-soluble vitamins 
Vitamin B1, in mg (1) 1.1 

(2) 1.0 
(3) 1.0 

(1) 2.1  
(2) 2.0  
(3) 1.7 

(1) 52.4 
(2) 50.7 
(3) 58.8 

Vitamin B2, in mg (1) 0.9 
(2) 0.9 
(3) 0.8 

(1) 3.0  
(2) 2.7  
(3) 2.4 

(1) 31.4 
(2) 32.8 
(3) 33.3 

Vitamin B3, in mg (1) 32.6 
(2) 30.4 
(3) 28.1 

(1) 19.0  
(2) 18.0  
(3) 14.0 

(1) 171.7 
(2) 168.7 
(3) 200.8 

Vitamin B5, in mg (1) 6.5 
(2) 6.0 
(3) 5.6 

(1) 7.0  
(2) 6.0  
(3) 5.0 

(1) 92.2 
(2) 100.2 
(3) 111.4 

Vitamin B6, in mg (1) 2.1 
(2) 2.0 
(3) 1.8 

(1) 2.16  
(2) 2.3  
(3) 1.9 

(1) 97.9 
(2) 85.7 
(3) 93.2 

Vitamin B7, in mcg (1) 31.3 
(2) 29.5 
(3) 27.6 

(1) 35  
(2) 30  
(3) 35 

(1) 89.5 
(2) 98.3 
(3) 78.9 

Vitamin B9, in mcg (1) 390.3 
(2) 364.4 
(3) 338.3 

(1) 500 
(2) 600  
(3) 400 

(1) 78.1 
(2) 60.7 
(3) 84.6 

Vitamin B12, in mcg (1) 3.1 
(2) 3.0 
(3) 3.0 

(1) 3.5  
(2) 2.75  
(3) 2.5 

(1) 88.2 
(2) 110.1 
(3) 118.9 

Vitamin C, in mg (1) 177.0 
       66.2mg Vit. C/1,000 kcal 
(2) 166.2 
      67.1mg Vit. C/1,000 kcal 
(3) 155.3 
       68.1mg Vit. C/1,000 kcal 

(1) 120  
(2) 85  
(3) 75 

(1) 147.5 
(2) 195.5 
(3) 207.1 

Minerals and trace elements 
Calcium, in mg (1) 1,000 

(2) 929.7 
(3) 859.4 

(1) 1,200  
(2) 1,000  
(3) 1,000 

(1) 83.3 
(2) 93.0 
(3) 85.9 

Copper, in mg (1) 3.6 
(2) 3.3 
(3) 3.0 

(1) 1.3  
(2) 1.0  
(3) 0.9 

(1) 274.7 
(2) 328.6 
(3) 336.5 
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Nutrient Mean daily nutrient intake 
(weekly meal schedule) 
(1) lactating  
(2) pregnant 
(3) non-pregnant non-lactating 

Applied RDA  Share of RDA  
Covered 

Iron, in mg (1) 25.7 
(2) 23.8 
(3) 21.8 

(1) 23  
(2) 40  
(3) 29 

(1) 111.9 
(2) 59.4 
(3) 75.3 

Magnesium, in mg (1) 614.9 
(2) 566.2 
(3) 517.4 

(1) 325  
(2) 385  
(3) 325 

(1) 189.2 
(2) 147.1 
(3) 159.2 

Manganese, in mg (1) 7.9 
(2) 7.2 
(3) 6.6 

(1) 2.6  
(2) 2.0  
(3) 1.8 

(1) 303.8 
(2) 361.4 
(3) 368.3 

Phosphorus, in mg (1) 1,401.7 
(2) 1,303.3 
(3) 1,204.8 

(1) 700  
(2) 700  
(3) 700 

(1) 200.2 
(2) 186.2 
(3) 172.1 

Potassium, in mg (1) 3,835.8 
(2) 3,553.8 
(3) 3,271.7 

(1) 5,100  
(2) 4,700  
(3) 4,700 

(1) 75.2 
(2) 75.6 
(3) 69.6 

Selenium, in mcg (1) 78.3 
(2) 73.4 
(3) 68.4 

(1) 70  
(2) 60  
(3) 55 

(1) 111.9 
(2) 122.3 
(3) 124.3 

Zinc, in mg (1) 13.0 
(2) 12.0 
(3) 11.1 

(1) 14  
(2) 14.5  
(3) 13.2 

(1) 93.0 
(2) 83.1 
(3) 84.4 

Essential fatty acids 
Total PUFAS, in mg (1) 46.3 

(2) 43.0 
(3) 39.7 

(1) 14.3  
(2) 14.4  
(3) 13.1 

(1) 323.5 
(2) 298.3 
(3) 303.2 

α-linolenic acid (n-3), in g (1) 38.0 
(2) 35.2 
(3) 32.5 

(1) 1.3  
(2) 1.4  
(3) 1.1 

(1) 2,922.0 
(2) 2,516.3 
(3) 2,953.2 

Linolenic acid (n-6), in g (1) 5.1 
(2) 4.8 
(3) 4.4 

(1) 13.0  
(2) 13.0  
(3) 12.0 

(1) 39.5 
(2) 36.7 
(3) 36.9 

Essential amino acids 
Isoleucine, in g/100g protein (1) 55.2 

(2) 51.4 
(3) 47.7 

3.0 (per 100g) (1) 1,838.6 
(2) 1,713.8 
(3) 1,589.0 

Leucine, in g/100g protein (1) 94.8 
(2) 88.3 
(3) 81.8 

5.9 (per 100g) (1) 1,607.3 
(2) 1,496.9 
(3) 1,386.7 

Lysine, in g/100g protein (1) 61.0 
(2) 57.0 
(3) 53.0 

4.5 (per 100g) (1) 1,354.6 
(2) 1,265.7 
(3) 1,177.1 

SAA (methionine, cysteine),  
in g/100g protein 
 
 

(1) 38.3 
(2) 36.0 
(3) 32.3 

2.2 (per 100g) (1) 1,739.0 
(2) 1,636.4 
(3) 1,468.2 
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Nutrient Mean daily nutrient intake 
(weekly meal schedule) 
(1) lactating  
(2) pregnant 
(3) non-pregnant non-lactating 

Applied RDA  Share of RDA  
Covered 

AAA (phenylalanine, tyrosine), 
in g/100g protein 

(1) 103.4 
(2) 96.3 
(3) 89.1 

3.8 (per 100g) (1) 2,719.9 
(2) 2,533.5 
(3) 2,345.9 

Threonine, in g/100g protein (1) 50.5 
(2) 47.1 
(3) 43.7 

2.3 (per 100g) (1) 2,195.0 
(2) 2,048.4 
(3) 1,901.9 

Tryptophan, in g/100g protein (1) 14.4 
(2) 13.4 
(3) 12.5 

0.6 (per 100g) (1) 2,400.0 
(2) 2,240.5 
(3) 2.081.0 

Valine, in g/100g protein (1) 69.5 
(2) 64.8 
(3) 60.1 

3.9 (per 100g) (1) 1,782.1 
(2) 1,660.8 
(3) 1,540.3 

Histidine, in g/100g protein (1) 32.1 
(2) 29.8 
(3) 27.5 

1.5 (per 100g) (1) 2,137.1 
(2) 1,986.7 
(3) 1,833.3 

Anti-nutritive elements 
Oxalate (1) 360.9 

(2) 335.0 
(3) 309.2 

oxalate: cal-
cium 
critical value 
(CV) - 2.25 

(1) 0.16 
(2) 0.16 
(3) 0.16 

Phytate (1) 1,328.5 
(2) 1,222.2 
(3) 1,115.9 

phytate: iron  
CV 1 - plain 
cereal or legume 
based meals; 
CV 6 - composite 
meals 
 
phytate: zinc 
CV 15 - 18 
 
phytate: cal-
cium 
CV 0.17 - 0.24 
 
Ca * phy-
tate:zinc 
CV 0.5 

(1) 4.39 
(2)4.36 
(3) 4.34 
 
 
(1) 10.06 
(2) 10.03 
(3) 9.87 
 
(1) 0.08 
(2) 0.08 
(3) 0.08 
 
(1) 0.01 
(2) 0.01 
(3) 0.01 

Polyphenols (1) 394.9 
(2) 365.1 
(3) 335.4 

no CV defined n.a. 

Sodium, in mg (1) 1,387.5 
(2) 1,293.8 
(3) 1,200.1 

(1) 1,500 
(maximum) 
(2) 1,500 
(maximum) 
(3) 1,500 
(maximum) 

(1) 92.5 
(2) 86.3 
(3) 80.0 

Total dietary fibre (1) 55.6 
(2) 51.3 

 (1) 29 (maxi-
mum) 

(1) 191.6 
(2) 183.3 
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please refer to subchapter 6.1.2); the fat requirement of 
with: Dietary Guidelines for Indians - a Manual
95g/d for pregnant women and 82g/d for non
fat intake during lactation and pregnancy by 
quired vitamin C density: Nutrient Requirements and Recommended Dietary Allowances for Indians
critical values of nutrient interactions: (1) oxalate:calcium 
(3) phytate:zinc and phytate:calcium - as per 
Ferguson et al., 1988. 

As lactating women are at the core of interest in this dissertation
so breastfeed their children aged 12
contributions of each suggested meal to the 

Graph 97    Fulfilment of lactating mothers' RDAs 

Sources: Receipt analysis realized in NutriSurvey software through project nutritionists Caroline Stiller and Antonia Sommer 
(data entry). RDAs as per: Dietary Guidelines for Indians 
refer to subchapter 6.1.2). 
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(3) 47.0 (2) 28 (maxi-
mum) 
(3) 25 (maxi-
mum) 

Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stil
Dietary Guidelines for Indians - a Manual, 2011; ICMR, NIN, 2020; 

please refer to subchapter 6.1.2); the fat requirement of mothers was finally calculated to equal  35
a Manual, 2011; Manore (IOM), 2005 - leading to 100 g/d for lactating mothers, 

95g/d for pregnant women and 82g/d for non-pregnant non-lactating women, compared to 30g/d suggested as visible 
fat intake during lactation and pregnancy by "Dietary Guidelines for Indians - a Manual, 2011, p. 46"

Nutrient Requirements and Recommended Dietary Allowances for Indians
utrient interactions: (1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron 

as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc 

As lactating women are at the core of interest in this dissertation (as nearly all Santal Adivasi mothers 
so breastfeed their children aged 12-23 months), a detailed view is given in the graph below on the 

ions of each suggested meal to the fulfilment of the RDA. 

Fulfilment of lactating mothers' RDAs - with respect to weekly consumed averages of suggested meals

Receipt analysis realized in NutriSurvey software through project nutritionists Caroline Stiller and Antonia Sommer 
Dietary Guidelines for Indians - a Manual, 2011; ICMR, NIN, 2020; ICMR

(3) 187.8 

Survey Software through project nutritionists Caroline Stiller and Antonia Som-
, 2020; ICMR, 2020 (for details 

finally calculated to equal  35E% (in accordance 
leading to 100 g/d for lactating mothers, 

o 30g/d suggested as visible 
, 2011, p. 46". . Minimum re-

Nutrient Requirements and Recommended Dietary Allowances for Indians, 2009. For CVs = 
, (2) phytate:iron - as per Hurrell, 2004, 

, and (4) Ca*pytate:zinc -  as per 

(as nearly all Santal Adivasi mothers 
, a detailed view is given in the graph below on the 

with respect to weekly consumed averages of suggested meals 

 

Receipt analysis realized in NutriSurvey software through project nutritionists Caroline Stiller and Antonia Sommer 
ICMR, 2020 (for details please 
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Table 121 summarizes the E% of mothers' meals coming from CHOs, protein and fat. The weekly 
consumed average lies perfectly within the recommended ranges (Institute of Medicine, 2005); fat 
intake lies at the upper and protein intake at the lower recommended border.  

Table 121   Energy percentages of suggested cost-effective mothers' meals for (1) lactating, (2) pregnant, and (3) non-
pregnant non-lactating women 

Meal CHO E% 
(range: 45-65) 

Protein E% 
(range: 10-35) 

Fat E% 
(range: 20-35) 

Breakfast (1) 74.7 
(2) 74.7 
(3) 74.7 

(1) 9.4 
(2) 9.4 
(3) 9.4 

(1) 16.9 
(2) 16.8 
(3) 16.9 

Khechuri with egg (1) 38.1 
(2) 37.5 
(3) 36.9 

(1) 16.7 
(2) 17.0 
(3) 17.3 

(1) 48.5 
(2) 48.7 
(3) 49.1 

Khechuri with milk (1) 45.5 
(2) 45.3 
(3) 45.0 

(1) 12.6 
(2) 12.7 
(3) 12.8 

(1) 44.3 
(2) 44.5 
(3) 44.7 

Khechuri with liver (1) 39.5 
(2) 38.9 
(3) 38.3 

(1) 14.4 
(2) 14.5 
(3) 14.7 

(1) 48.5 
(2) 48.9 
(3) 49.1 

Lunch (vegetarian) (1) 53.4 
(2) 53.4 
(3) 53.4 

(1) 9.5 
(2) 9.5 
(3) 9.5 

(1) 37.5 
(2) 37.4 
(3) 37.4 

Lunch with fish (1) 41.7 
(2) 41.1 
(3) 40.4 

(1) 12.0 
(2) 12.1 
(3) 12.3 

(1) 47.2 
(2) 47.7 
(3) 48.2 

Leafy gram omelette (1) 34.7 
(2) 34.6 
(3) 34.7 

(1) 17.3 
(2) 17.2 
(3) 17.3 

(1) 48.4 
(2) 48.4 
(3) 48.3 

Halwa porridge (1) 38.2 
(2) 38.1 
(3) 38.1 

(1) 11.6 
(2) 11.5 
(3) 11.6 

(1) 51.3 
(2) 51.4 
(3) 51.5 

Dinner (vegetarian) (1) 58.9 
(2) 58.9 
(3) 59.0 

(1) 9.8 
(2) 9.8 
(3) 9.8 

(1) 31.4 
(2) 31.4 
(3) 31.4 

Weekly meal schedule 
(weighted average) 

(1) 54.5 
(2) 54.3 
(3) 54.0 

(1) 11.3 
(2) 11.3 
(3) 11.4 

(1) 35.3 
(2) 35.5 
(3) 35.7 

Sources: Meal analysis with calculation of E% realized via Nutri-Survey Software through project nutritionists Caroline 
Stiller and Antonia Sommer (data entry). For CHO, protein and fat ranges see: Institute of Medicine, 2005.  

Finally, the contribution of the suggested meals to consume advised amounts of all FGs is presented 
in the table below (in accordance with ICMR, 2020, pp. 301–303). Overall, the recommended intakes 
are fulfilled fairly satisfyingly - despite the recommended intake of milk, which may be more than 
double for all mother groups (400ml are recommended as daily intake for pregnant and 300ml for 
non-pregnant non-lactating women). Further, the intake of GLV may be higher by mothers - still the 
amount chosen in the recipes is adequate for children and, accordingly, mothers may chose to have 
some extra leafy vegetables for lunch or dinner. The amount of legumes/pulses and animal products 
suggested appears a bit low at first glance. However, intake recommendations are meant to either 
cover 75g/90g of pulses or animal products - so taken together the suggested meal schedule offers 



Developing a cost-effective and nutrient-dense diet  - Weekly meal schedule for mothers 

408 

an adequate amount of animal products and pulses to mothers. When it comes to salt intake, moth-
ers remain a bit below the maximum intake level. Hence, if mothers feel so, they may add some addi-
tional salt to their meals (while the suggested recipes already exceed the maximum amount of salt 
recommended for malnourished children). Regarding sugar, the recommended meal schedule re-
mains below the maximum allowed intake, which is adequate. 

Table 122   Adequacy of suggested cost-effective mothers' meals in terms of FG contributions -  for (1) lactating mothers, 
(2) pregnant women, and (3) non-pregnant non-lactating women 

Food 
group 

Break-
fast 

Khe-
churi 
egg 

Khe-
churi 
milk 

Khe-
churi 
liver 

Lunch 
veg. 

Lunch 
fish 

Gram 
ome-
lette 

Halwa 
por-
ridge 

Dinner Daily 
aver-
age 

Aim 

 (1)250g
(2)225g
(3)200g 

(1)470g
(2)445g
(3)420g 

(1)550g
(2)525g
(3)500g 

(1)437g
(2)412g
(3)387g 

(1)420g
(2)395g
(3)370g 

(1)478g
(2)453g
(3)428g 

(1)200g
(2)175g
(3)150g 

(1)250g
(2)225g
(3)200g 

(1)420g
(2)395g
(3)370g 

  

 values given in g/ml 

Cereals/ 
millets 

(1) 95.0 
(2) 85.5 
(3) 76.0 

(1) 48.0 
(2) 45.0 
(3) 42.0 

(1) 48.0 
(2) 45.0 
(3) 42.0 

(1) 48.0 
(2) 45.0 
(3) 42.0 

(1) 76.0 
(2) 71.3 
(3) 66.5 

(1) 76.0 
(2) 71.3 
(3) 66.5 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 18.8 
(2) 17.0 
(3) 15.0 

(1) 76.0 
(2) 71.3 
(3) 66.5 

(1) 306 
(2) 283 
(3) 260 

(1) 250 
(2) 250 
(3) 300 

Pulses/ 
legumes 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 6.0 
(2) 5.6 
(3) 5.2 

(1) 6.0 
(2) 5.6 
(3) 5.2 

(1) 6.0 
(2) 5.6 
(3) 5.2 

(1) 9.0 
(2) 8.4 
(3) 7.9 

(1) 9.0 
(2) 8.4 
(3) 7.9 

(1) 65.0 
(2) 56.9 
(3) 48.8 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 6.8 
(2) 6.4 
(3) 6.0 

(1) 49.7 
(2) 44.8 
(3) 40.0 

(1) 75.0 
(2) 75.0 
(3) 90.0 

Animal 
foods 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 70.0 
(2) 70.0 
(3) 70.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 30.0 
(2) 30 d 
(3) 30.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 50.0 
(2) 50.0 
(3) 50.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 41.4 
(2) 41.4 
(3) 41.4 

(1) 75.0 
(2) 75.0 
(3) 90.0 

Leafy 
vegetables 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 42.0 
(2) 39.4 
(3) 36.8 

(1) 42.0 
(2) 39.4 
(3) 36.8 

(1) 42.0 
(2) 39.4 
(3) 36.8 

(1) 46.0 
(2) 43.1 
(3) 40.3 

(1) 46.0 
(2) 43.1 
(3) 40.3 

(1) 36.0 
(2) 31.6 
(3) 27.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 103 
(2) 96.0 
(3) 88.7 

(1) 150 
(2) 150 
(3) 150 

Other 
vegetables 

(1) 0.0 
(2) 0.0 
(3) 0-0 

(1) 102 
(2) 95.6 
(3) 89.3 

(1) 102 
(2) 95.6 
(3) 89.3 

(1) 102 
(2) 95.6 
(3) 89.3 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 137 
(2) 128 
(3) 120 

(1) 239 
(2) 224 
(3) 209 

(1) 200 
(2) 200 
(3) 200 

Roots & 
tubers 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 21.0 
(2) 19.7 
(3) 18.4 

(1) 21.0 
(2) 19.7 
(3) 18.4 

(1) 21.0 
(2) 19.7 
(3) 18.4 

(1) 25.0 
(2) 23.5 
(3) 21.9 

(1) 25.0 
(2) 23.5 
(3) 21.9 

(1) 16.0 
(2) 14.0 
(3) 12.0 

(1) 54.0 
(2) 48.6 
(3) 43.2 

(1) 55.2 
(2) 51.8 
(3) 48.3 

(1) 139 
(2) 129 
(3) 118 

(1)100a 
(2)100a 
(3)100a 

Fruits (1) 118 
(2) 106 
(3) 94.4 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 20.0 
(2) 20.0 
(3) 20.0 

(1) 20.0 
(2) 20.0 
(3) 20.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 20.0 
(2) 20.0 
(3) 20.0 

(1) 158 
(2) 146 
(3) 134 

(1) 150 
(2) 150 
(3) 150 

Milk  (1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 150 
(2) 150 
(3) 150 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 132 
(2) 119 
(3) 106 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 140 
(2) 132 
(3) 125 

(1) 400 
(2) 400 
(3) 300 

Nuts/ 
oilseeds 

(1) 24.0 
(2) 21.6 
(3) 19.2 

(1) 10.0 
(2) 9.4 
(3) 8.8 

(1) 10.0 
(2) 9.4 
(3) 8.8 

(1) 10.0 
(2) 9.4 
(3) 8.8 

(1) 18.0 
(2) 16.9 
(3) 15.8 

(1) 18.0 
(2) 16.9 
(3) 15.8 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 10.0 
(2) 9.0 
(3) 8.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 57.7 
(2) 53.0 
(3) 48.4 

(1) 40.0 
(2) 40.0 
(3) 30.0 

Spices (1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 2.4 
(2) 2.2 
(3) 2.2 

(1) 2.4 
(2) 2.2 
(3) 2.2 

(1) 2.4 
(2) 2.2 
(3) 2.2 

(1) 5.0 
(2) 4.7 
(3) 4.4 

(1) 5.0 
(2) 4.7 
(3) 4.4 

(1) 2.8 
(2) 2.4 
(3) 2.2 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 6.6 
(2) 6.2 
(3) 5.8 

(1) 15.2 
(2) 14.1 
(3) 13.3 

(1) 10.0 
(2) 10.0 
(3) 10.0 

Sugar (1) 13.0 
(2) 11.7 
(3) 10.4 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 9.2 
(2) 8.3 
(3) 7.4 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 18.3 
(2) 16.4 
(3) 14.6 

(1) 65 b 
(2) 58 b 
(3) 50 b 

Salt (1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 1.0 
(2) 0.9 
(3) 0.9 

(1) 1.0 
(2) 0.9 
(3) 0.9 

(1) 1.0 
(2) 0.9 
(3) 0.9 

(1) 1.0 
(2) 0.9 
(3) 0.9 

(1) 1.0 
(2) 0.9 
(3) 0.9 

(1) 0.8 
(2) 0.7 
(3) 0.6 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.8 
(2) 0.75 
(3) 0.7 

(1) 3.1 
(2) 2.9 
(3) 2.8 

(1) 5 b 
(2) 5 b 
(3) 5 b 

Fat/ oil 
(visible) 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 12.0 
(2) 11.3 
(3) 10.5 

(1) 12.0 
(2) 11.3 
(3) 10.5 

(1) 19.0 
(2) 18.3 
(3) 17.5 

(1) 15.0 
(2) 14.1 
(3) 13.1 

(1) 23.3 
(2) 22.4 
(3) 21.4 

(1) 15.0 
(2) 13.1 
(3) 11.3 

(1) 8.0 
(2) 7.2 
(3) 6.4 

(1) 16.0 
(2) 15.0 
(3) 14.0 

(1) 56.2 
(2) 52.3 
(3) 48.3 

(1) 57 c 
(2) 54 c 
(3) 47 c 

Source: Meal analysis done by project nutritionist Caroline Stiller with reference to: ICMR, 2020, pp. 301–303. 
a  roots and tubers - excluding potato; 
b  sugar/salt - maximum intake amount. For sugar: less than 10 E% are recommended; 
c  minimum intake requirement (20E% visible fat) 
d  liver - pregnant women may better take merely 15g of liver, beginning from the 4th months of the pregnancy  
   (as high vitamin A intake may be toxic to the unborn child) 
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7.3 Critical nutrients as per the suggested meal schedule 
The table below summarizes what nutrients remain with insufficient coverage (less than 80 percent 
of the RDA) for children and mothers even if the suggested five meals per day are eaten in the calcu-
lated amounts. Those may be chosen to be supplemented through tablets and syrups.  

Table 123   Overview: nutrients which are difficult to cover (<80 percent of the RDA) through suggested meals 

Scarce nutrient Coverage of the RDA of... 

 children  
aged 12-23 months 

lactating  
mothers 

pregnant  
women 

non-pregnant & 
non-lactating 

women 

Fat-soluble vitamins 
Vitamin A 59.2 percent 77.5 percent n.a. n.a. 
Vitamin E 64.5 percent 75.0 percent n.a. n.a. 

Water-soluble vitamins 
Vitamin B1 73.5 percent 52.4 percent 50.7 percent 58.8 percent 
Vitamin B2 60.3 percent 31.4 percent 32.8 percent 33.3 percent 
Vitamin B9 n.a. 78.1 percent 60.6 percent n.a. 

Minerals & trace elements 
Iron n.a. n.a. 59.4 percent 75.3 percent 
Potassium n.a. 75.2 percent 75.6 percent 69.6 percent 
Zinc 53.8 percent n.a. n.a. n.a. 

Essential fatty acids 
Linolenic acid  
(n-6 fatty acid) 

54.7 percent 39.5 percent 36.7 percent 36.9 percent 

Source: Own analysis in accordance with the meal analysis realized via Nutri-Survey Software through project nutrition-
ists Caroline Stiller and Antonia Sommer (data entry). 

Alternatively, foods absolutely rich in named nutrients may be introduced further in the daily diet of 
malnourished Santal children and their mothers. Table 124 below lists the 20 most nutrient-dense 
foods (in descending order, starting with the most nutrient dense food) - indicating also the cost-
effectiveness of such foods. Cost effective foods (with an all-nutrient cost-effectiveness ratio bigger 
than the mean) are highlighted in bold writing - those might preferably be used to cover RDAs (in-
deed, many of them have already been used in the suggested recipes and may be used in greater 
amounts, accordingly). Further, anti-nutritive contents are indicated as to allow adequate food 
choices. In fact, many of the nutrient-dense and cost-effective foods are high or very high in anti-
nutrients. Hence (as stressed before in this dissertation), food processing needs to become a stable 
part of preparing meals - with soaking, roasting, boiling and fermenting of foods (especially grains, 
legumes, nuts and leafy vegetables) being helpful to reduce inhibitory effects of anti-nutrients (Hotz 
& Gibson, 2001; Samtiya et al., 2020). Inclusion of animal foods helps boosting bioavailability of nu-
trients as iron, zinc and calcium and is in this sense helpful to feed malnourished individuals ade-
quately (once a person recovers from the state of malnutrition, RDAs are lower and processed plant 
foods are better suited to cover those - then, consumption of animal foods becomes less important 
ant and may be reduced). It shall be pointed out at this point that spices cannot be eaten in big 
amounts and are therewith less capable to cover RDAs; in the same line, milk powder becomes less 
nutrient dense once mixed with water. 
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Table 124   Foods absolutely dense in nutrients remaining scarce in the suggested meal schedule 

Nutrient Top 20 foods absolutely dense in respective nutrient  
(all-nutrient winter-price ratio with mean: 2.49, max. 19.15, n=425; 

- all-nutrient summer-price ratio with mean: 2.51, max. 19.21, n=425) 
~ cost-effective foods are marked in bold writing (ratio>mean) ~  

   ~ 38 nutrients analyzed if not mentioned otherwise ~ 
 

a high or very high in oxalate (>43.78mg/100g edible portion) 
b high or very high in phytate (>121.4mg/100g edible portion) 
c high or very high in polyphenols (>66.54mg/ 100g edible portion) 
d high or  high in sodium (>60.38mg/ 100g edible portion) 
e high or very high in total dietary fibre (>7.04g per 100g edible portion) 
f no or incomplete data available in applied FCTs 

Vitamin A goat liver (0.98 - 0.91; 36 nutrients), sheep liverf (2.01 - 1.64 - 8), pork liverd (2.35 - 1.8), 
chicken liverd ( 4.3 - 3.02), mola carplet (0.42 - 0.44; 10 nutrients), Drumstick leavesa,b,e 
(10.72 - 10.77), Agathi leavesa,c,e (13.39 - 10.12), slender Amaranth leavesf (1.58 - 2.06;  
18 nutrients), margarined (0.41 - 0.33), Fenugreek leavesc (6.11 - 6.13), green Amaranth  
leavesa (gangeticus - 8.13 - 6.69), red Amaranth leavesa (gangeticus - 6.87 - 6.9), black 
Colocasia leavesf (2.36 - 2.43; 19 nutrients), Curry leavesa,c,e (2.22 - 2.23), cow ghee (0.06  
- 0.02; 14 nutrients), salted butterd (0.19 - 0.1), orange carrot (3.98 - 3.98), watercressf 
(3.45 - 5.85), green Colocasia leaves (shobuj kochu shak)a,c (14.5 - 14.54), alligator weedf 
(0.26 - 0.31; 8 nutrients) 

Vitamin E safflower seedsa,b,e (1.79 - 1.77), palm oilf (0.88 - 0.61), almonda,b,c,e (0.28 - 0.23), sun-
flower seeedsb,c,e (2.1 - 2.05), salted mayonnaised,f (1.3 - 1.1; 20 nutrients), soybean oilf 
(3.06 - 2.79), peanut oilf (1.36 - 1.09), gooseberryc,e (3.68 - 2.93), vegetable gheef (0.28 - 
0.1; 15 nutrients), margarined,f (0.41 - 0.33), linseedsb,e (10.16 - 10.06), crabd (0.14 - 0.11), 
dry coconut kernelb,e (0.6 - 0.42), dried mustard seedse,f (5.25 - 5.2), spearmint leavesc,f 
(pudina pata - 0.98 - 1.0; 37 nutrients), groundnuta,b,c,e (1.95 - 1.92), maceb,c,e (jayitri - 0.23 
- 0.22), walnutb,c (0.36 - 0.35), green zucchini (4.94 - 3.43), black Colocasia leavesf (kalo 
kochu shak - 2.36 - 2.43; 19 nutrients) 

Vitamin B1 tilapia (telapia - 0.3 - 0.44; 31 nutrients), poppy seedsa,b,d,e (posto dana - 0.42 - 0.29),  
safflower seedsa,b,e (1.79 - 1.77), asafoetidab (0.2 - 0.02), elephant applef (kodbel - 0.31 - 
0.33; 14 nutrients), dried sesame seedse,f (3.56 - 3.49), whole red gramb,c,e (2.01 - 2.07), 
dried lotus seedsf (0.09 - 0.1; 18 nutrients), cashew nutsa,b (0.43 - 0.32), white soy-
beansa,b,c,e (4.15 - 4.08), sunflower seedsb,c,e (2.1 - 2.05), brown soybeansa,b,c,e (4.22  
- 4.01), groundnuta,b,c,e (1.95 - 1.92), dry peasb,e (motor - 2.83 - 2.74), mustard seedsb,e 
(5.38 - 5.29), clovesa,b,c,d,e (1.78 - 1.78), cumin seedsa,b,c,d,e (2.23 - 2.23), whole grain 
brown wheat floure,f (4.64 - 4.75), red chilliesa,b,c,e (2.03 - 2.05), whole wheata,b,e (7.34 - 
7.41) 

Vitamin B2 sheep liverf (2.01 - 1.64), skimmed cow milk powderd (0.45 - 0.5; 18 nutrients), whole cow 
milk powderd (0.36 - 0.37; 18 nutrients), red chilliesa,b,c,e (2.03 - 2.05), dried mustard 
seedse,f (5.25 - 5.2), Jute leavesf (pat shak - 0.94 - 0.96; 18 nutrients), Bathua leavesa  
(17.3 - 17.36), black Colocasia leavesf (kalo kochu shak - 2.36 - 2.43; 19 nutrients),  
Drumstick leavesa,b,e (10.72 - 10.77), whole condensed sweetened cow milkd (0.21  
- 0.21), water spinachc,d,f (kolmee shak - 0.75 - 0.77; 18 nutrients), pigean meat (0.72  
- 0.67), pork kidneyd (1.47 - 1.16), goat liver (0.98 - 0.91; 36 nutrients), Indian spinachd,f 
(pui shak - 0.97 - 0.9; 18 nutrients), fennel seedsd,e,f (mauri - 1.19 - 1.2; 37 nutrients),  
dried sesame seedse,f (3.56 - 3.49), goat kidneyd (0.58 - 0.54; 36 nutrients), white bread 
for toastingd (1.01 - 1.05), mustard seedsb,e (5.38 - 5.29) 

Vitamin B9 chicken liverd (4.3 - 3.02), pork liverd (2.35 - 1.8), moth beanb,e (2.99 - 3.08), black  
rajmaha,b,c,e (2.93 - 3.02), brown rajmahb,c,e (2.99 - 3.08), brown soybeana,b,c,e (4.22  
- 4.01), brown field beanb,c,e (2.57 - 2.65), black field beanb,c,e (2.73 - 2.82), white field 
beanb,c,e (2.69 - 2.77), white soybeana,b,c,e (4.15 - 4.08), sheep liverf (2.01 - 1.64), white 
cowpeab,e (2.66 - 2.78), whole Bengal gramb,e (3.53 - 3.74), brown cowpeab,e (2.63  
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Nutrient Top 20 foods absolutely dense in respective nutrient  
(all-nutrient winter-price ratio with mean: 2.49, max. 19.15, n=425; 

- all-nutrient summer-price ratio with mean: 2.51, max. 19.21, n=425) 
~ cost-effective foods are marked in bold writing (ratio>mean) ~  

   ~ 38 nutrients analyzed if not mentioned otherwise ~ 
 

a high or very high in oxalate (>43.78mg/100g edible portion) 
b high or very high in phytate (>121.4mg/100g edible portion) 
c high or very high in polyphenols (>66.54mg/ 100g edible portion) 
d high or  high in sodium (>60.38mg/ 100g edible portion) 
e high or very high in total dietary fibre (>7.04g per 100g edible portion) 
f no or incomplete data available in applied FCTs 

 - 2.57), whole red gramb,c,e (2.01 - 2.07), parsleya (9.33 - 9.38), Bengal gram dalb,e  
(chola - 2.73 - 3.38), dried bay leafe,f (2.34 - 2.34), goat liver (0.98 - 0.91; 36 nutrients), 
whole horse grama,b,c,e (3.5 - 3.46) 

Iron sheep spleen (0.76 - 0.64), goat spleen (0.55 - 0.52; 36 nutrients), turmeric powdera,b,c,e 
(holud - 1.69 - 1.69), dried bay leafe,f (2.34 - 2.34), pork spleen (1.12 - 0.82), maceb,c,e 
(jayitri - 0.23 - 0.22), pork liverd (2.35 - 1.8), cumin seedsa,b,c,d,e (2.23 - 2.23), Coriander 
seedsa,b,c,e (2.01 -  

Iron 1.99), fennel seedsd,e,f (mauri - 1.19 - 1.2; 37 nutrients), asafoetidab (0.2 - 0.02), spearmint 
leavesc,f (pudina pata - 0.98 - 1.0; 37 nutrients), white gingelly seedsa,b,e (2.65 - 2.61), mus-
tard seedsb,e (5.38 - 5.29), sheep liverf (2.01 - 1.64), black peppera,b,c,e (golmorich - 1.9 - 
1.91), dried sesame seedse (3.56 - 3.49), poppy seedsa,b,c,e (posto dana - 0.42 - 0.29), 
chicken liverd (4.3 - 3.02), Jute leavesf (pat shak - 0.94 - 0.96; 18 nutrients) 

Potassium turmeric powdera,b,c,e (holud - 1.69 - 1.69), red chilliesa,b,c,e (2.03 - 2.05), cumin 
seedsa,b,c,d,e (2.23 - 2.23), pipallia,b,c,e (3.56 - 3.6), fennel seedsd,e,f (mauri - 1.19 - 1.2;  
37 nutrients), white soybeana,b,c,e (4.15 - 4.08), brown soybeana,b,c,e (4.22 - 4.01), 
skimmed cow milk powderd (0.45 - 0.5; 18 nutrients), black peppera,b,c,e (golmorich - 1.9  
- 1.91), Coriander seedsa,b,c,e (2.01 - 1.99), clovesa,b,c,d,e (1,78 - 1.78), red gram dalb,e  
(arhar - 1.63 - 1.69), dried lotus seedsf (0.09 - 0.1; 18 nutrients), brown rajmahb,c,e (2.99  
- 3.08), black rajmaha,b,c,e (2.93 - 3.02), white filed beanb,c,e (2.69 - 2.77), moth beanb,e 
(2.99 - 3.08), black cardamoma,b,c,e (0.32 - 0.32), whole red gramb,c,e (2.01 - 2.07), black 
field beanb,c,e (2.73 - 2.82) 

Zinc dried oyster mushroomse (3.29 - 2.41), white gingelly seedsa,b,e (2.65 - 2.61), dried  
sesame seedse,f (3.56 - 3.49), oyster (0.07 - 0.07), dried pumpkin seedsf (0.13 - 0.12;  
19 nutrients), sunflower seedsb,c,e (2.1 - 2.05), poppy seedsa,b,c,e (posto dana - 0.42 - 0.29), 
dried mustard seedse,f (5.25 - 5.2), cashew nutsa,b (0.43 - 0.32), black cardamoma,b,c,e 
(0.32 - 0.32), skimmed cow milk powderd (0.45 - 0.5; 18 nutrients), linseedsb,e (10.16  
- 10.06), goat chops (0.4 - 0.33), sheep liverf (2.01 - 1.64), cumin seedsa,b,c,d,e (2.23 - 2.23), 
goat shoulder meat (0.38 - 0.32), pork liverd (2.35 - 1.8), mustard seedsb,e (5.38 - 5.29), 
brown soybeansa,b,c,e (4.22 - 4.01), lamb/mutton meat (0.16 - 0.17) 

Linolenic acid  
(n-6 fatty acid) 

soybean oilf (3.06 - 2.79), sesame oilf (tiler tel - 1.47 - 1.22), walnutb,c (0.36 - 0.35),  
peanut oilf (1.36 - 1.09), sunflower seedsb,c,e (2.1 - 2.05), dried sesame seedse (3.56  
- 3.49), safflower seedsa,b,e (1.79 - 1.77), white gingelly seedsa,b,e (2.65 - 2.61), salted 
mayonnaised,f (1.3 - 1.1; 20 nutrients), poppy seedsa,b,c,e (posto dana - 0.42 - 0.29),  
almonda,b,c,e (0.28 - 0.23), margarined,f (0.41 - 0.33), groundnuta,b,c,e (1.95 - 1.92),  
brown soybeana,b,c,e (4.22 - 4.01), white soybeana,b,c,e (4.15 - 4.08), palm oilf (0.88 - 0.61), 
cashew nutsa,b (0.43 - 0.32), mustard seedsb,e (5.38 - 5.29), maceb,c,e (jayitri - 0.23 - 0.22), 
cumin seedsa,b,c,d,e (2.23 - 2.23) 

Source: Own analysis as per applied food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; 
Government of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020. 

Eventually, it is not an easy task to cover RDAs of malnourished children and mothers on the basis of 
diversified meals prepared from (cost-effective) local foods alone. Supplementation of scarce nutri-
ents needs to be considered for these malnourished individuals (as does the provision of micronutri-
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ent-sprinkles). Yet, such measures cannot replace awareness on the importance of balanced diets - 
with interactive trainings to introduce nutrient-dense and cost-effective meals on a daily basis. 

7.4 Seasonal variations: Winter versus summer cost-effective foods 

As the summer price analysis of locally available foods (chapter 6.3) showed, seasonal price changes 
lead to a changed all-nutrient cost effectiveness of foods throughout the year. Accordingly, the 
choice of vegetables and fruits (which both do experience seasonal price variations) should be made 
in order to include high season vegetables and fruits with lowered prices. Respectively (as pointed 
out before), tomato is little cost-effective in winter season (ranking 104th of all analyzed foods, 
n=425), while it is highly cost-effective in summer (ranking 7th of all foods). As broad beans are not 
available in summer, tomato may be used instead to prepare the family's dinner.  

All in all, it is however minor changes which are required. Surely, mangoes would be served to chil-
dren and mothers during mango season in May and June, for instance. On the whole, however, pre-
sented recipes are applicable throughout the year and serve as adequate basis to nourish malnour-
ished children and their mothers. Table 125 below shows for vegetables as well as for fruits and roots 
and tubers which varieties showed to have a constant and high cost-effectiveness in winter season 
(prices as per December 2020/January 2021) as well as in summer season (prices as per April 2021) - 
with an all-nutrient-ratio > 2.5 - and which varieties showed to vary in their cost-effectiveness. 

Table 125   Foods  with changing or rather constant cost-effectiveness during winter & summer season 

Food 
group 

Cost-effectiveness of selected foods in winter & summer season 
~ seasonal cost-effectiveness marked in bold writing ~ 

 
a high or very high in oxalate (>43.78mg/100g edible portion) 
b high or very high in phytate (>121.4mg/100g edible portion) 
c high or very high in polyphenols (>66.54mg/ 100g edible portion) 
d high or  high in sodium (>60.38mg/ 100g edible portion) 
 e high or very high in total dietary fibre (>7.04g per 100g edible portion) 
f no or incomplete data available in applied FCTs 

 
foods with changing seasonal cost-effectiveness 

(rank, all-nutrient-ratio) 

winter vs. summer 

foods with high & constant cost-effectiveness 
(rank, all-nutrient-ratio) 

winter vs. summer 
Vegetables (11-11.66) Chinese cabbage (4-16.45) 

(104-3.06) ripe tomato, local (7-13.48) 
(15-10.68) cabbage, collard greensc (9-12.73) 
(16-10.28) green cabbage (10-12.54) 
(6-13.93) green Amaranthus spinosusa (13-11.3) 
(8-13.39) Agathi leavesa,c (17-10.12) 
(39-6.32) Basella leavesa (19-9.75) 
(74-4.03) green tomato (21-9.55) 
(5-14.27) spinacha,c (22-9.54) 
(99-3.3) ripe tomato, hybrid (27-8.94)  
 (73-4.05) tender pumpkin leaves (32-7.88) 
(19-9.6) plantain stema (40-6.84) 
(29-7.4) plantain flowera (42-6.8) 
(24-8.13) green Amaranth leavesa (43-6.69) 
(94-3.45) watercressf (48-5.85) 
(37-6.7) pale green elong. bottle gourd (58-5.25) 

(1-19.15) radish leavesa (1-19.21)  
(4-14.5) green Colocasia leavesa,c (5-14.54) 
(7-13.49) red & green Amaranthus spinosusa (6-13.49) 
(9-12.28) tender Tamarind leavesa (11-12.38) 
(12-11.21) orange round pumpkin (14-11.24) 
(17-10.27) green cylindrical pumpkina (15-10.95) 
(14-10.72) Drumstick leavesa,b,e (16-10.77) 
(22-9.09) Rumex leavesa (26-9.11) 
(27-7.73) dark green elongate bottle gourd (33-7.74) 
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Food 
group 

Cost-effectiveness of selected foods in winter & summer season 
~ seasonal cost-effectiveness marked in bold writing ~ 

 
a high or very high in oxalate (>43.78mg/100g edible portion) 
b high or very high in phytate (>121.4mg/100g edible portion) 
c high or very high in polyphenols (>66.54mg/ 100g edible portion) 
d high or  high in sodium (>60.38mg/ 100g edible portion) 
 e high or very high in total dietary fibre (>7.04g per 100g edible portion) 
f no or incomplete data available in applied FCTs 

 
foods with changing seasonal cost-effectiveness 

(rank, all-nutrient-ratio) 

winter vs. summer 

foods with high & constant cost-effectiveness 
(rank, all-nutrient-ratio) 

winter vs. summer 
Vegetables 
 

(43-5.98) ash gourd (66-4.5) 
(33-7.28) bean scarlet (82-3.9)  
(41-6.11) lean tender filed beansc (84-3.85) 
(44-5.93) broad tender filed beansc (86-3.78) 
(36-6.87) brinjal (89-3.68) 
(59-4.82) French country beans (90-3.64) 
(26-7.77) cauliflower (92-3.58) 
(57-5.01) French beans, hybrid (94-3.52) 
(149-2.0) Drumsticka,c (106-3.24) 
(63-4.41) green capsicum (109-3.1) 
(95-3.43) red capsicum (116-2.95) 
(93-3.47) yellow capsicum (117-2.94) 
(94-3.45) ridge gourd (119-2.9) 
(168-1.55) mature jackfruit seed (127-2.62) 
(100-3.29) dried oyster mushroome (137-2.41) 
(115-2.8) unripe papaya (139-2.34) 

 

Fruits (58-4.94) figa (108-3.11) 
(103-3.17) pink flesh guavac,e (129-2.59) 
(97-3.36) white flesh guavac,e (133-2.47) 
(114-2.82) bael fruit (152-1.98) 
(152-1.9) ripe papaya (171-1.48) 

(101-3.26) ripe poovam banana (104-3.27) 
(104-3.06) ripe robusta banana (112-3.06) 
(129-2.47) pineapple (133-2.47) 
(131-2.45) pale green water melon (134-2.46) 

Roots and 
tubers 

(88-3.57) small brown skin potato (20-9.57) 
(86-3.68) big brown skin potato (25-9.23) 
(69-4.21) red skin potato (28-8.46) 
(82-3.82) brown skin sweet potato (38-7.29) 
(40-6.28) elongate red skin radish (62-4.98) 
(96-3.37) pink skin sweet potato (69-4.35) 
(38-6.45) elongate white skin radish (72-4.23) 

(71-4.12) water chestnut (75-4.12) 
(75-3.98) orange carrot (79-3.98) 
(77-3.91) Colocasia (80-3.95) 
(88-3.57) red carrot (92-3.58) 
(126-2.57) beet root (129 - 2.59) 

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: 
Bundesministerium für Ernährung und Landwirtschaft, 2021; Government of Canada, 2021; Longvah et al., 2017; Shaheen 
et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 
2021. 

So what are finally meaningful changes required in the suggested recipes when considering the sea-
sonal cost-effectiveness of vegetables, fruits and roots and tubers?  

 Breakfast: For the breakfast, white-fleshed guava may be replaced by pink-fleshed guava, 
which showed a bit more cost-effective in summer season (with an all-nutrient summer price 
ratio of 2.59 compared to 2.47). Poovam banana showed a constant cost-effectiveness dur-
ing winter and summer season (with an all nutrient ratio of 3.26/3.27). 

 First lunch (khechuri): Furthermore, cauliflower in the khechuri recipe may be replaced by 
ripe local tomatoes, which are highly cost-effective in summer season (with an all-nutrient 
summer price ratio of 13.48 compared to cauliflower with merely 3.58); radish leaves as well 
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as round orange pumpkin showed a stable and high cost-effectiveness (with all-nutrient 
summer price ratios of 19.21 and 11.24, respectively) and would be used in winter as well as 
in summer season for the khechuri.  

 Second lunch: Pink skin potatoes would be replaced by small brown-skin potatoes in summer 
season, which are then highly cost-effective (with an all-nutrient summer price ratio of 9.57 
compared to 8.46 of red skin potatoes). Chinese cabbage would be kept as vegetable in the 
lunch, as it is even more cost-effective in summer (all-nutrient ratio of 16.45) compared to 
winter (with and all-nutrient winter-price ratio of 11.66). As for the breakfast, white fleshed 
guava may be replaced by pink fleshed guava during summer season. 

 Leafy gram omelette: Drumstick leaves (Moringa) showed to have a similar cost-
effectiveness in winter as well as in summer season and may be used in both seasons to pre-
pare the leafy gram omelette. Agathi leaves are indeed less cost-effective in summer com-
pared to winter (with an all-nutrient ratio of 10.12 in summer compared to 13.39 in winter 
season) and green Amaranthus spinosus leaves may be used instead in summer  season to 
prepare the gram omelette (which have an all-nutrient summer price ratio of 11.3). Yet, 
Amaranth leaves are very high in oxalate (with 1,073mg per 100g edible portion compared to 
179mg oxalate per 100g edible portion in the case of Agathi leaves) - hence, the lower ox-
alate content of Agathi leaves may outweigh the higher nutritional benefits of green Ama-
ranth leaves. Finally, both leaf kinds may be used (alternatively) when preparing the leafy 
gram omelette in summer season - if Amaranth leaves are chosen to be used, those should 
be soaked in water in any case before cutting and preparing them to reduce the oxalate. 

 Halwa porridge: The halwa recipe requires no changes in summer compared to winter sea-
son, as orange carrots show a stable and high cost-effectiveness across seasons. 

 Dinner: Regarding the suggested dinner, merely broad beans are not available in summer 
season and may be replaced by local ripe tomatoes (those have an all-nutrient summer price 
ratio of 13.48 and are highly cost-effective during summer season). Dark-green elongate bot-
tle gourd showed to have a stable cost-effectiveness in winter and summer season 
(7.73/7.74) - as did orange carrots and may be used during both seasons. Figs are indeed less 
cost-effective in summer compared to winter season (with an all-nutrient summer price ratio 
of 3.11 - compared to 4.94 in winter season); yet, they are still (except for poovam banana) 
the most cost-effective fruit option in summer season and may be offered to children and 
mothers for dinner (while mangoes may well replace them once the season starts from May).  

Very obviously, again other vegetable and fruit choices may be made in rainy season (July to Sep-
tember) and it may be subject to further research to study price changes in this period. 

On the whole, the comparison of the all-nutrient cost-effectiveness of vegetables, fruits and roots 
and tubers during winter and summer season shows, that the suggested recipes are basically appli-
cable across seasons - with minor changes in food choices being helpful and necessary. 
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8 Affordability of a diversified diet 

Planning modified diets based on the grounds of the conducted cost-analysis of locally available 
foods makes perfect sense in order to better nourish Santal children and mothers - where especially 
lactating mothers find it difficult to meet their daily nutrient requirements. Still, finally the question 
remains if the suggested weekly meal schedule is at all affordable to Santal families or not? And if 
not, how the financial gap might be bridged with support of government schemes, kitchen gardening 
and food collecting activities, respectively. This chapter therefore puts a focus on the affordability of 
suggested cost-effective nutrient-dense meals for Santal children and their mothers. 

In order to evaluate the affordability of suggested nutrient-dense meals, one needs to know... 

(1) ... firstly, the available budget to be spent on food by Santal families, and 
(2) ... secondly, the exact cost of the suggested weekly meal schedule. 

The next subchapter starts to estimate the weekly available food budget of Santal Adivasi families. 
Thereafter, the cost of the suggested diversified diet shall be calculated. 

8.1 Available food budget of Santal families 

In order to know the budget available to Santal families to be spent on food, a survey comprising 66 
Adivasi HHs with children aged 1-3 years has been conducted in June 2021. Data was collected 
through the local NGO Manab Jamin during HH visits in 23 villages, namely: Amradanga (3 HHs/ HHs), 
Ballavpurdanga (2 HHs), Binodpur (2 HHs), Binuriya (2 HHs), Borobagan (2 HHs), Borodanga (4 HHs), 
Bottaladanga (2 HHs), Hatrasulganj 1 (6 HHs), Hatrasulganj 2 (5 HHs), Hetedanga (3 HHs), Itedanga (1 
HH), Kankutia 2 (4 HHs), Katabagan (3 HHs), Mitradanga (5 HHs), Muluk Kalitala (2 HHs), Nurpur 1 (3 
HHs), Nurpur 2 (5 HHs), Paruldanga (2 HHs), Ramchandrapur (1 HH), Ramlakhandanga (2 HHs), Rin-
taladanga (3 HHs), Ruppur Konrapara (2 HHs) and Tantijol (2 HHs). All HHs in named villages with 
children in the target age (1-3 years) were included in the survey. 

Surveyed families showed a minimum number of 2 and a maximum number of 11 persons living in 
the HH with a median of 5 persons (n=66) and comprised nuclear (36 percent, n=66) as well as ex-
tended families (64 percent). The vast majority of them stated to have sufficient income to have two 
cooked meals a day throughout the year (96 percent, n=66). As in the 2015 baseline survey, the ma-
jority of HHs named casual works as main source of income (74 percent, n=66). Further, self-
employment in the field of agriculture (41 percent, n=66) and the MGNREGA income scheme were 
named (35 percent, n=66) by a good share of families, while a minority of 1 family explained that 
self-employment in the field of non-agriculture was the main source of income and no family had 
access to a regular employment (naukri). Hence, the income patterns are still comparable to 2015 
with casual and agricultural works being main pillars, complemented by the government's income 
generation scheme MGNREGA. Further income opportunities comprised working as mason (6 HHs) or 
plumber (1 family); each 1 HH earned an income as toto or rather tractor driver; 1 HH earned an in-
come as meat seller, 1 was engaged in the field of catering and another 1 as care taker. 
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Calculated per head, surveyed HHs showed a mean weekly food budget amounting to 195 Indian 
Rupees (Rs.) - with a median of 164 Rs. (n=66). As described earlier in chapter 4 highlighting on nutri-
tional issues amongst Santal Adivasi families, children receive basically the same food as adult HH 
members (Baseline Survey, personal communication, 2015) - and the suggested meal schedule for 
children and mothers (chapter 7) was planned accordingly. Still, quite obviously, children consume 
smaller amounts of food than adults do and hence, less of the available food budget attributes to 
children compared to adult HH members. Therefore, an analysis with regard to consumed portion 
sizes was conducted in order to know the weekly budget available to be spent on the food for a child 
aged 1-3 years as well as for an adult HH member (differentiating between lactating mothers, preg-
nant women and other adult HH members). The following portion sizes were assumed: 

 lactating mothers     400g per main meal 
 pregnant women     375g per main meal 
 other adults (18 years and older):    350g per main meal 
 big children and youths (6-17 years):   300g per main meal 
 older children (4-5 years):    250g per main meal 
 small children (until 3 years):     200g per main meal 

Accordingly, a HH spending 1,000 Rs. per week on food to feed 6 adults (one of them being a lactat-
ing mother) and 1 small child, may spent 85 Rs. per week for the small child on food, 170 Rs. for the 
lactating mother and 149 Rs. for other adult HH members. The calculation goes as follows:  

Equation 4   Calculation of the weekly food budget for Santal children and mothers 

Total weekly food budget:    1,000 Rs. 
Amount of food for adults:     5*350g + 1*400g =2,150g 
Amount of food for the child:    1*200g =200g 
Total food requirement:    2,150g + 200g =2,350g 
Available weekly budget/total food requirement: 1,000/2,450 = 0.42553191 
Weekly budget share to feed the small child:  0.42553191*200g = 85.12 Rs. 
Weekly budget share to feed the lactating mother: 0.42553191*400g = 170.21 Rs. 
Weekly budget share to feed other adults (per person): 0.42553191*350g = 148.94 Rs. 
Total weekly food budget:    85.12Rs. +170.21Rs. +5*148.94Rs.= 1,000 Rs. 

Source: Own calculation. 

In the same line, mean weekly food budgets for children and mothers were calculated in SPSS based 
on monthly food expenses of a total of 66 HHs and reported family structures (number of children 
with age range as well as number of adults - under the assumption that one adult member in each 
HH was a lactating mother - receiving a 400g portion - and other adults would receive 350g per main 
meal). The following weekly food budgets were derived from the calculation:  

Table 126   Weekly food budget of Santal families for children and mothers 

Target group Portion size Mean weekly food budget 
Children (12-23 months) 200g 122 Rs.  (122.8511) 
Lactating mothers 400g 246 Rs.  (245.7023) 
Pregnant women 375g 230 Rs.  (230.3459) 
Non-pregnant & non-lactating women 350g 215 Rs.  (214.9895) 

Source: Own calculation as per Food Budget Survey, personal communication, 2021. 
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According to the required portion size to fulfil RDAs, lactating mothers' weekly food budget is double 
the budget of children (400g versus 200g portions) with 122 Rs. and 246 Rs., respectively. The weekly 
food budget of pregnant women would amount to 230 Rs. (referring to a 375g portion) - all other 
adult HH members, including also non-pregnant and non-lactating women, would be able to spend 
215 Rs. per week on food (350g portion). These numbers shall be applied to prove if suggested diver-
sified meals are affordable to Santal families or not.  

8.2 Costs of suggested cost-effective meals  

The weekly costs to prepare the meals for children aged 12-23 months as well as for their mothers 
(lactating, pregnant or rather non-pregnant non-lactating) are calculated in this subchapter as to 
allow to determine if the suggested meal schedule is at all affordable to Santal families or not. 

Table 127 below presents the purchasing costs associated with preparing the suggested weekly meal 
schedule and, very clearly, the total fund needed does not lie within the food budget of Santal Adi-
vasi families. While 123 Rs. are available each week to buy the food to feed a small child, 267 Rs. are 
required to prepare the suggested meals for children aged 12-23 months (this comes to 217 percent 
of the available budget, with a weekly deficit of 144 Rs.). Likewise, when it comes to lactating moth-
ers, the available weekly food budget (amounting to 246 Rs.) is exceeded by 201 percent with a 
monetary requirement of 493 Rs. each week to purchase needed foods. A similar picture is drawn 
when it comes to pregnant and non-pregnant non-lactating women. As lactating women require 
largest portion sizes in order to fulfil their RDAs (they are supposed to receive 400g of food per main 
meal compared to 350g meant for a non-pregnant non-lactating woman), it is indeed most costly to 
feed a lactating women adequately; 33 Rs. less are required each week to feed a pregnant women (7 
percent less) and 66 Rs. less to feed a non-pregnant non-lactating women (13 percent less). Details 
on the cost of the single meals offered throughout the week can be found in the table below - stating 
also the cost per 100g for each meal for all groups of beneficiaries (children, lactating mothers, preg-
nant women and non-pregnant non-lactating women). 

Looking at the prices per 100g of the suggested meals one finds that the dinner is most cheap to pre-
pare (2.91 Rs. per 100g in case of children's meals), followed by khechuri with milk (2.79 Rs.), the 
vegetarian lunch (3.26 Rs.), khechuri with egg (3.9 Rs.), khechuri with liver (4.2 Rs.), the halwa por-
ridge (4.61 Rs.), the breakfast (4.91), the leafy gram omelette (5.1 Rs.), and the lunch with fish (7.53 
Rs.). Cost drivers are accordingly fish, as well as besan (whole Bengal gram), fruits (as banana and 
guava), groundnuts and liver - while vegetables as well as local oilseeds as mustard are more cheaply 
available in the market. Khechuri with milk is less expensive compared to khechuri with egg - this 
holds true also when seeing 100g prices of mothers' meals (who are supposed to receive larger milk 
portions with 150ml per serving rather than 50ml in case of children). 100g of khechuri with milk for 
a lactating mother costs 2.96 Rs. while khechuri with liver costs 3.27 Rs. and khechuri with egg 3.9 Rs.  

All details on the costs of suggested meals can be found summarized in the table below. 
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Table 127   Costs to prepare the suggested weekly meal schedule for children and mothers 

Meal  Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant non-lactating 
women 

Breakfast Portion prize: 
(200g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

9.82 Rs. 
 
 

68.74 Rs. 
 
 

4.91 Rs. 

Portion prize: 
(250g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

13.95 Rs. 
 
 

 97.64 Rs. 
 
 

5.58 Rs. 

Portion prize: 
(225g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

 12.55 Rs. 
 
 

 87.88 Rs. 
 
 

5.58 Rs. 

Portion prize: 
(200g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

 11.16 Rs. 
 
 

 78.11 Rs. 
 
 

5.58 Rs. 
1st lunch: 
khechuri egg 

Portion prize: 
(235g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

9.17 Rs. 
 
 

27.51 Rs. 
 
 

3.90 Rs. 

Portion prize: 
(470g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

18.34 Rs. 
 
 

55.02 Rs. 
 
 

3.90 Rs. 

Portion prize: 
(445g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

17.76 Rs. 
 
 

53.29 Rs. 
 
 

3.99 Rs. 

Portion prize: 
(420g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

17.20 Rs. 
 
 

51.60 Rs. 
 
 

4.10 Rs. 
1st lunch: 
khechuri milk 

Portion prize: 
(250g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

6.97 Rs. 
 
 

20.92 Rs. 
 
 

2.79 Rs. 

Portion prize: 
(550g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

16.28 Rs. 
 
 

48.84 Rs. 
 
 

2.96 Rs. 

Portion prize: 
(525g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

15.70 Rs. 
 
 

47.11 Rs. 
 
 

2.99 Rs. 

Portion prize: 
(500g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

15.14 Rs. 
 
 

45.42 Rs. 
 
 

3.03 Rs. 
1st lunch: 
khechuri liver 

Portion prize: 
(218.5g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

9.17 Rs. 
 
 

9.17 Rs. 
 
 

4.20 Rs. 

Portion prize: 
(437g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

14.30 Rs. 
 
 

14.30 Rs. 
 
 

3.27 Rs. 

Portion prize: 
(412g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

13.72 Rs. 
 
 

13.72 Rs. 
 
 

3.33 Rs. 

Portion prize: 
(387g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

13.16 Rs. 
 
 

13.16 Rs. 
 
 

3.40 Rs. 
2nd lunch 
vegetarian 

Portion prize: 
(210g) 
 

Weekly expense:  
(6 times) 
 

Price per 100g: 

6.84 Rs. 
 
 

41.04 Rs. 
 
 

3.26 Rs. 

Portion prize: 
(420g) 
 

Weekly expense:  
(6 times) 
 

Price per 100g: 

13.68 Rs. 
 
 

82.08 Rs. 
 
 

3.26 Rs. 

Portion prize: 
(395g) 
 

Weekly expense:  
(6 times) 
 

Price per 100g: 

12.89 Rs. 
 
 

77.36 Rs. 
 
 

3.26 Rs. 

Portion prize: 
(370g) 
 

Weekly expense:  
(6 times) 
 

Price per 100g: 

12.09 Rs. 
 
 

72.51 Rs. 
 
 

3.27 Rs. 
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Meal Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant non-lactating 
women 

2nd lunch 
fried fish 

Portion prize: 
(245g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

18.44 Rs. 
 
 

18.44 Rs. 
 
 

7.53 Rs. 

Portion prize: 
(478.3g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

33.02 Rs. 
 
 

33.02 Rs. 
 
 

6.90 Rs. 

Portion prize: 
(453.3g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

32.22 Rs. 
 
 

32.22 Rs. 
 
 

7.11 Rs. 

Portion prize: 
(428.3g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

31.42 Rs. 
 
 

31.42 Rs. 
 
 

7.34 Rs. 
Leafy gram ome-
lette 

Portion prize: 
(100g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

5.10 Rs. 
 
 

15.31 Rs. 
 
 

5.10 Rs. 

Portion prize: 
(200g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

10.21 Rs. 
 
 

30.62 Rs. 
 
 

5.10 Rs. 

Portion prize: 
(175g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

8.92 Rs. 
 
 

26.77 Rs. 
 
 

5.10 Rs. 

Portion prize: 
(150g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

7.69 Rs. 
 
 

23.06 Rs. 
 
 

5.12 Rs. 
Halwa porridge Portion prize: 

(125g) 
 

Weekly expense:  
(4 times) 
 

Price per 100g: 

5.76 Rs. 
 
 

23.03 Rs. 
 
 

4.61 Rs. 

Portion prize: 
(250g) 
 

Weekly expense:  
(4 times) 
 

Price per 100g: 

11.51 Rs. 
 
 

46.06 Rs. 
 
 

4.61 Rs. 

Portion prize: 
(225g) 
 

Weekly expense:  
(4 times) 
 

Price per 100g: 

10.37 Rs. 
 
 

41.47 Rs. 
 
 

4.61 Rs. 

Portion prize: 
(200g) 
 

Weekly expense:  
(4 times) 
 

Price per 100g: 

9.21 Rs. 
 
 

36.85 Rs. 
 
 

4.61 Rs. 
Dinner 
vegetarian 

Portion prize: 
(210g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

6.10 Rs. 
 
 

42.73 Rs. 
 
 

2.91 Rs. 

Portion prize: 
(420g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

12.21 Rs. 
 
 

85.45 Rs. 
 
 

2.91 Rs. 

Portion prize: 
(395g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

11.49 Rs. 
 
 

80.42 Rs. 
 
 

2.91 Rs. 

Portion prize: 
(370g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

10.76 Rs. 
 
 

75.29 Rs. 
 
 

2.91 Rs. 
Weekly meal 
schedule 

Total weekly cost: 
 

Weekly budget: 
 

Percent of budget: 
 

Weekly deficit: 

266.89 Rs. 
 

122.85 Rs. 
 

217.2 
 

-144.04 Rs. 

Total weekly cost: 
 

Weekly budget: 
 

Percent of budget: 
 

Weekly deficit: 

493.03 Rs. 
 

245.70 Rs. 
 

200.7 
 

-247.33 Rs. 

Total weekly cost: 
 

Weekly budget: 
 

Percent of budget: 
 

Weekly deficit: 

460.24 Rs. 
 

230.35 Rs. 
 

199.8 
 

-229.90 Rs. 

Total weekly cost: 
 

Weekly budget: 
 

Percent of budget: 
 

Weekly deficit: 

427.42 Rs. 
 

214.99 Rs. 
 

198.8 
 

-212.43 Rs. 

Source: Own calculation based on presented recipes (chapter 7) and Winter Retail Prices, personal communication, 2021. 
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8.3 How to bridge the financial gap to pay for diversified meals? 

Obviously, Santal families cannot be left alone with the task to prepare and finance the suggested 
nutrient-dense and cost-effective meals, but require support to implement such meal schedule. Be-
sides named monetary constraints also time constraints are an important issue. The following sub-
chapters highlight ways to bridge the monetary gap to finance the suggested meals. Government 
schemes do play a vital role here, as do kitchen gardens, respectively. Finally, many helping hands 
need to cooperate in order to make cost-effective, nutritious meals accessible to the rural poor. It 
needs - in the end - a clear political will to do so. There is a way, reachable ahead.  

8.3.1 Role of governmental AWCs to nourish children and mothers well 

As pointed out before, governmental pre-school feeding centres (AWCs) may be of big support to 
Adivasi families, if they would provide the first lunch (khechuri) six days a week to children and their 
mothers. The following table shows the saving potential each week if AWCs would supply three times 
khechuri with egg and three times khechuri with milk. 

Table 128   Potential support of governmental pre-school centres (AWCs) to nourish Adivasi children and mothers  

 Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant 
non-lactating 

women 

Initial monetary 
requirement for 
Santal Adivasi fami-
lies to finance the 
suggested meal 
schedule (on a 
weekly basis) 

Total weekly cost: 
266.89 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
217.2 
 

Weekly deficit: 
-144.04 Rs. 

Total weekly cost: 
493.03 Rs. 
 

Weekly budget: 
245.70 Rs. 
 

Percent of budget: 
200.7 
 

Weekly deficit: 
-247.33 Rs. 

Total weekly cost: 
460.24 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
199.8 
 

Weekly deficit: 
-229.90 Rs. 

Total weekly cost: 
427.42 Rs. 
 

Weekly budget: 
214.99 Rs. 
 

Percent of budget: 
198.8 
 

Weekly deficit: 
-212.43 Rs. 

Share which would 
be covered through 
AWCs  

(khechuri with egg/ 
milk, 6 days weekly) 

Khechuri with egg: 
27.51 Rs. 
 

Khechuri with 
milk: 
20.92 Rs. 
 

Total: 48.43 Rs. 
 (33.6 percent of 
initial deficit) 

Khechuri with egg: 
55.02 Rs. 
 

Khechuri with 
milk: 
48.84 Rs. 
 

Total: 103.87 Rs. 
(42.0 percent of 
initial deficit) 

Khechuri with egg: 
53.29 Rs. 
 

Khechuri with 
milk: 
47.11 Rs. 
 

Total: 100.40 Rs. 
(43.7  percent of 
initial deficit) 

n.a. 

Remaining mone-
tary requirement 

Total weekly cost: 
218.46 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
177.8 
 

Weekly deficit: 
-95.61 

Total weekly cost: 
389.17 Rs. 
 

Weekly budget: 
245.70 Rs. 
 

Percent of budget: 
158.4 
 

Weekly deficit: 
-143.46 

Total weekly cost: 
359.84 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
156.2 
 

Weekly deficit: 
-129.49 

n.a. 

Source: Own calculation based on presented receipts (chapter 7) and Winter Retail Prices, personal communication, 2021. 
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If AWCs would provide three times a week khechuri with egg and three times a week khechuri with 
milk to the small children, their lactating mothers as well as to pregnant women, the weekly deficit of 
these three groups to pay for the suggested meal schedule would be reduced by 34 percent in case 
of children, by 42 percent in case of lactating mothers and by 44 percent in case of pregnant women. 
With regard to the children the weekly available budget would still be exceeded with a coverage of 
178 percent (without AWC support: 217 percent), the budget of lactating mothers by 158 percent 
(earlier 201 percent) and the budget of pregnant women by 156 percent (earlier 200 percent). 
Hence, further support is needed in order to finance finally a meal schedule as suggested. 

8.3.2 Role of the governmental PDS to nourish children and mothers well 

The Public Distribution System (PDS) may indeed play a role to do so. As heard earlier in this disserta-
tion, it typically provides rice (7.5 kg per month and HH), wheat (5 kg monthly) and sugar (7.5 kg) to 
poor (BPL) families, seldom also edible oil (Baseline Survey, personal communication, 2015). Further 
kerosene oil is provided to families (APL as BPL - for details please refer to chapter 2.4.2) - this means 
a time saving for the families who may then use gas cookers instead of preparing meals on open fire. 
The Central Issue Price (CI) of rice and wheat has been set in 2013 and is still applied today - accord-
ingly, rice is supposed to be offered at 3 Rs. per kg, wheat at 2 Rs. per kg and sugar at 13.5 Rs. per kg 
(Government of India - Department of Food and Public Distribution, 2021; Mishra, 2021). The follow-
ing table shows in how far these subsidized prices would help to cover the costs for the meals' ingre-
dients - stating also the remaining gap to afford the suggested weekly meal schedule.  

Table 129   Potential support of the Public Distribution System (PDS) to nourish Adivasi children and mothers 

 Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant 
non-lactating 

women 

Monetary 
requirement for 
Santal Adivasi 
families to finance 
the suggested meal 
schedule (on a 
weekly basis)  

with AWC support 

Total weekly cost: 
218.46 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
177.8 
 

Weekly deficit: 
-95.61 

Total weekly cost: 
389.17 Rs. 
 

Weekly budget: 
245.70 Rs. 
 

Percent of budget: 
158.4 
 

Weekly deficit: 
-143.46 

Total weekly cost: 
359.84 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
156.2 
 

Weekly deficit: 
-129.49 

Total weekly cost: 
427.42 Rs. 
 

Weekly budget: 
214.99 Rs. 
 

Percent of budget: 
198.8 
 

Weekly deficit: 
-212.43 Rs. 

Share which would 
be covered through 
the PDS  

(rice at 3 Rs./kg, atta 
wheat at 2 Rs./kg, 
sugar at 13.5 Rs./kg) 

Saving for rice: 
15.57 Rs. 
 

Saving for wheat: 
0.58 Rs. 
 

Saving for sugar: 
1.46 Rs. 
 

Total: 17.61 Rs. 
(12.2 percent of 
initial deficit) 

Saving for rice: 
31.14 Rs. 
 

Saving for wheat: 
1.17 Rs. 
 

Saving for sugar: 
2.91 Rs. 
 

Total: 35.21 Rs. 
(14.2 percent of 
initial deficit) 

Saving for rice: 
 29.21 Rs. 
 

Saving for wheat: 
 1.05 Rs. 
 

Saving for sugar: 
 2.62 Rs. 
 

Total: 32.88 Rs. 
(14.3 percent of 
initial deficit) 

Saving for rice: 
 34.3 Rs. 
 

Saving for wheat: 
 0.93 Rs. 
 

Saving for sugar: 
 2.33 Rs. 
 

Total: 37.56 Rs. 
(17.7 percent of 
initial deficit) 

Remaining mone-
tary requirement 

Total weekly cost: 
200.85 Rs. 
 

Weekly budget: 

Total weekly cost: 
 353.95 Rs. 
 

Weekly budget: 

Total weekly cost: 
 326.96 Rs. 
 

Weekly budget: 

Total weekly cost: 
 389.86 Rs. 
 

Weekly budget: 
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122.85 Rs. 
 

Percent of budget: 
163.5 
 

Weekly deficit: 
-78.00 

 245.70 Rs. 
 

Percent of budget: 
144.1 
 

Weekly deficit: 
-108.25 

 230.35 Rs. 
 

Percent of budget: 
141.9 
 

Weekly deficit: 
-96.61 

 214.99 Rs. 
 

Percent of budget: 
181.3 
 

Weekly deficit: 
-174.87 

Source: Own calculation based on presented recipes (chapter 7) and Winter Retail Prices, personal communication, 2021; 
subsidized rates as per: Government of India - Department of Food and Public Distribution, 2021; Mishra, 2021. 

Provision of subsidized rice, wheat and sugar through the PDS reduces the initial weekly financing 
gap of children by 12 percent, of lactating mothers and pregnant women by 14 percent, and of non-
pregnant non-lactating women by 18 percent. Comparing these numbers to the extent of financial 
relief achieved through AWCs they amount to roughly one third of it - still, PDS support is urgently 
needed and BPL cards should be made widely available to Santal tribal families as to allow them 
benefitting from the subsidized rates. The following table shows the amounts of rice, atta wheat and 
sugar required to prepare the suggested meal schedule for children and mothers (assuming that the 
khechuri would be provided by AWCs six days a week to children as well as to pregnant and lactating 
mothers, but not to non-pregnant non-lactating women). 

Table 130   Quantities of subsidized rice, wheat and sugar required to prepare the suggested meals (PDS support) 

Per month  
requirements 

Children 
(aged 12-23 months) 

Lactating mothers Pregnant women Non-pregnant 
non-lactating 

women 
... of rice  2,463 g 4,925 g 4,620 g 5,425 g 
... of atta wheat 84 g 167 g 151 g 133 g 
... of sugar 202 g 403 g 363 g 323 g 
Source: Own calculation based on presented recipes (chapter 7). 

According to the assumed portion sites, lactating women would require largest amounts of atta 
wheat and sugar (amounting to 167g of wheat and 403g of sugar each month). Non-pregnant non-
lactating mothers would require the largest amount of rice (5,425g), as they are assumed not to be 
beneficiaries of AWCs - and would need to prepare the first lunch in the house. These numbers do 
not reflect the common intakes of Santal Adivasi families, but are calculated exactly to cover ingredi-
ent needs of the suggested cost-effective and nutrient-dense meal schedule (chapter 7). 

If Adivasi families in rural Birbhum district received the described support through AWCs and the 
PDS, the remaining weekly monetary needs to finance the suggested meal schedule of children and 
mothers would still be exceeded by 64 percent (children) or rather by 44 percent (lactating mothers), 
by 42 percent (pregnant women) and by 81 percent (non-pregnant non-lactating women). Hence, 
further support is indeed required in order to implement the suggested meal schedule.  

8.3.3 Role of kitchen gardens and wildly growing plants 

An advantage of living in the rural are (compared to living in city slum areas) is certainly that each 
family may find some land nearby the own house where a kitchen garden with vegetables may be 
cultivated. Sometimes, those are rather small plots (where creeping plants as pumpkins may be 
grown on roofs, respectively), while other families may find some more land to grow varieties as 
leafy vegetables, beans, onions, gourds and others. Very clearly, a kitchen garden means an addi-
tional work load to tribal families (as plant nurseries need to be taken care of, watering needs to be 
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done and weeds need to be pulled out). Furthermore, seeds need to be procured (initially - while 
seeds can be kept for the next plantation season if biologically stable seeds are used - rather than 
hybrid seeds). Project work in the Santal communities showed that the families are indeed open to 
cultivate kitchen gardens and often it is the (older) male HH members who take this responsibility. 
The following pictures give an impression. 

Picture 34   Kitchen gardens cultivated in Santal Adivasi villages of rural Birbhum district 

    

       
Source: Project pictures, Shining Eyes e.V (2015/2018).  

Besides kitchen gardens, Santal families are used to collect leafy vegetables from the field side and to 
collect the leaves of wildly growing Moringa trees within or nearby their village, respectively. Further 
fruit trees growing in the villages are harvested by villagers once the fruits ripen.  

All in all, a cost reduction of 60 percent of vegetables and fruits is assumed in order to demonstrate 
the potential benefit of cultivating kitchen gardens and planting fruit and Drumstick (Moringa) trees 
in the Adivasi Santal villages. This is in line with Marsh (1998), an agricultural economist working with 
the FAO, who found that kitchen gardens are capable to contribute more than 50 percent of vegeta-
ble, fruit and tuber needs (besides offering herbal plants, respectively). Finally, and very clearly, this 
is an estimate only and yields depend on various factors as land size, quality of the soil, willingness to 
care for the garden (motivation), availability of water and the weather situation, for instance. 

As can be seen in table 131 below, kitchen gardens along with collection of wildly growing plants are 
capable to cover 24 percent of the weekly financial gap of children's meals (which is about ten per-
cent less than the share saved through AWCs, and about double the share saved through the PDS). 
For lactating and pregnant mothers 26 percent of the initial financing deficit may be covered through 
home gardens and collecting activities in and nearby the villages - with a share of 31 percent in case 
of non-pregnant non-lactating mothers; here also vegetables included in khechuri with egg and 
khechuri with milk recipe are calculated, as those meals would not be provided by AWCs - to be 
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clear, this additional cooking effort would be difficult to take in the home and most probably non-
pregnant non-lactating women would skip this meal or replace it by some (readily available) snack. 

Table 131   Potential support of kitchen gardens & wildly growing plants to nourish Adivasi children and mothers 

 Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant 
non-lactating 

women 

Monetary 
requirement for 
Santal Adivasi 
families to finance 
the suggested meal 
schedule (on a 
weekly basis)  

with AWC and PDS 
support 

Total weekly cost: 
200.85 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
163.5 
 

Weekly deficit: 
-78.00 

Total weekly cost: 
 353.95 Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
144.1 
 

Weekly deficit: 
-108.25 

Total weekly cost: 
 326.96 Rs. 
 

Weekly budget: 
 230.35 Rs. 
 

Percent of budget: 
141.9 
 

Weekly deficit: 
-96.61 

Total weekly cost: 
 389.86 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
181.3 
 

Weekly deficit: 
-174.87 

Share which would 
be covered through 
kitchen gardens  

(60 percent of vege-
table and fruit costs; 
excluded are garlic 
and potatoes) 

Saving for vegeta-
bles: 
 16.97 Rs. 
 

Saving for fruits: 
 18.11 Rs. 
 

Total: 35.08 Rs. 
(24.4  percent of 
initial deficit) 

Saving for vegeta-
bles: 
 33.95 Rs. 
 

Saving for fruits: 
 30.90 Rs. 
 

Total: 64.85 Rs. 
( 26.2 percent of 
initial deficit) 

Saving for vegeta-
bles: 
 31.46 Rs. 
 

Saving for fruits: 
 28.37 Rs. 
 

Total: 59.83 Rs. 
(26.0 percent of 
initial deficit) 

Saving for vegeta-
bles: 
 38.96 Rs. 
 

Saving for fruits: 
 25.85 Rs. 
 

Total: 64.80 Rs. 
(30.5  percent of 
initial deficit) 

Remaining mone-
tary requirement 

Total weekly cost: 
 165.84 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
135.0 
 

Weekly deficit: 
-42.99 Rs. 

Total weekly cost: 
 289.24 Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
117.7 
 

Weekly deficit: 
-43.54 Rs. 

Total weekly cost: 
 267.25 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
116.0 
 

Weekly deficit: 
-36.91 Rs. 

Total weekly cost: 
 325.18 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
151.3 
 

Weekly deficit: 
-110.19 Rs. 

Sources: Own calculation based on presented recipes (chapter 7) and Winter Retail Prices, personal communication, 2021, 
saving potential of kitchen gardens calculated in accordance with: Marsh, 1998. 

Adding up the supporting effects of AWCs, the PDS and kitchen gardens/wild plant collection, the 
weekly food budget of children is still exceeded by 135 percent, the budget of lactating mothers by 
118 percent, of pregnant women by 116 percent and of non-pregnant non-lactating women by 151 
percent (the gap remains greatest here, as non support through AWCs is assumed).  

In fact, a variety of vegetables and fruits can be found in the local market and may be grown in the 
villages - table 132 below illustrates what vegetables/fruits may be harvested in what months. 
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Table 132   Locally available vegetables and fruits - with times of availability throughout the year 

Vegetable/ fruit 01 02 03 04 05 06 07 08 09 10 11 12 

Leafy vegetables 
Agathi leaves (bok ful shak)        x x x x x 
Alligator weed (malancha shak)        x x x x x 
Amaranth leaves, green 
(Amaranthus gangeticus - sobuj data shak) 

x x x x x x x x x x x x 

Amaranth leaves, red 
(Amaranthus gangeticus lal shak) 

x x x x x x x x x x x x 

Amaranth spined, leaves, green  
(Amaranthus spinosus) 

x x x x x x x x x x x x 

Amaranth spined, leaves, red  
(Amaranthus spinosus) 

x x x x x x x x x x x x 

Slender Amaranth leaves (notay shak) x x x x x x x x x x x x 
Basella leaves x x x x x x x x x x x x 
Bathua leaves x x x       x x x 
Beet greens x x x x x x x x x x x x 
Bengal dayflower leaves (bat baitta shak) x x x x       x x 
Bitter gourd leaves, green (korola shak) x x x x x x x x x x x x 
Bottle gourd leaves (lau shak) x x x x x x x x x x x x 
Betel leaves, big   x x x x x x x    
Betel leaves, small   x x x x x x x    
Cabbage, Chinese x x x x x x x x x x x x 
Cabbage, collard greens x x x x x x x x x x x x 
Cabbage, green x x x x x x x x x x x x 
Cabbage, violet x x x        x x 
Cauliflower leaves x x x x      x x x 
Colocasia leaves, green (shobuj kochu shak)  x x x x x x x x    
Colocasia leaves, black (kalo kochu shak)  x x x x x x x x    
Cowpea leaves (borboti pata)  x x x x x       
Dima leaves (dima shak)  x x x x x       
Drumstick leaves     x x x x x x x x  
Fern leaves (dheki shak)   x x x x x x x x   
Fenugreek leaves (methi shak) x x x x x     x x x 
Indian spinach (pui shak) x x x x x x x x x x x x 
Jute leaves (pat shak)  x x x x x x x x    
Lettuce x x x x x      x x 
Mustard leaves x x x       x x x 
Pak Choi leaves x x          x 
Parsley x x x         x 
Ponnaganni x x x         x 
Pumpkin leaves, tender   x x x x x x x x x  
Radish leaves x x x x     x x x x 
Rumex leaves x x x x        x 
Spinach x x x x x    x x x x 
Sweet potato leaves  x x x x    x x   
Tamarind leaves, tender    x x x x x x x   
Water spinach (kolmee shak)  x x x x x x x x x x  
Watercress (helencha shak)  x x x x x x x x x   
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Vegetable/ fruit 01 02 03 04 05 06 07 08 09 10 11 12 

Other vegetables 
Amaranth stem (data) x x x x x x x x x x x x 
Ash gourd    x x x x x x x x x 
Bean scarlet (shim) x x x x     x x x x 
Bitter gourd, jagged, teeth ridges, elongate   x x x x x x x x   
Bitter gourd, jagged, teeth ridges, short  x x x x x x x x x   
Bitter gourd, jagged, smooth ridges, elong.  x x x x x x x x x   
Bottle gourd, elongate, pale green   x x x x x x x x   
Bottle gourd, round, pale green   x x x x x x x x   
Bottle gourd, elongate, dark green  x x x x x x x x x   
Brinjal x x x x x x x x x x x x 
Broad beans (makhon shim) x x x        x x 
Capsicum, green x x x x       x x 
Capsicum, red x x x x x      x x 
Capsicum, yellow x x x x x      x x 
Cauliflower x x x       x x x 
Cluster beans x x x x x     x x x 
Colocasia, stem, black     x x x x x x x  
Colocasia, stem, green     x x x x x x x  
Corn, baby x x x x     x x x x 
Cucumber, green, elongate   x x x x x x x x   
Cucumber, green, short  x x x x x   x x x x 
Drumstick x x x x         
Field beans, tender, broad x x x x      x x x 
Field beans, tender, lean x x x x      x x x 
French beans, country x x x x      x x x 
French beans, hybrid x x x x      x x x 
Jack fruit, raw x x x x         
Jack fruit, seed, mature    x x x x x     
Knol-Khol x x         x x 
Kovai, big x x x x x x       
Kovai, small x x x x x        
Ladies finger x x x x x x x x x x x x 
Mango, green, raw   x x x x       
Onion, stalk x x x      x x x x 
Papaya, unripe, raw x x x x x x x x x x x x 
Parwar x x x x x x       
Peas, fresh x x x x x     x x x 
Plantain, flower x x x x x x x x x x x x 
Plantain, green x x x x x x x x x x x x 
Plantain, stem x x x x x x x x x x x x 
Pumpkin, green, cylindrical x x x x x x x x x x x x 
Pumpkin, orange, round x x x x x x x x x x x x 
Red gram, tender, fresh x x x x x x x      
Ridge gourd  x x x x x x x x x   
Ridge gourd, smooth skin  x x x x x x x x x   
Snake gourd, long, pale green  x x x x x x x x x   
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Vegetable/ fruit 01 02 03 04 05 06 07 08 09 10 11 12 

Snake gourd, long, dark green  x x x x x x x x x   
Snake gourd, short x x x x x x x x x x x  
Tomato, green x x x x      x x x 
Tomato, ripe, hybrid x x x x      x x x 
Tomato, ripe, local x x x x      x x x 
Turnip (shalgom) x x         x x 
Zucchini, green x x x x x x       

Fruits 
Bael fruit  x x x x x x      
Banana ripe, montham x x x x x x x x x x x x 
Banana ripe, poovam x x x x x x x x x x x x 
Banana ripe, robusta x x x x x x x x x x x x 
Black berry   x x x x x x     
Breadfruit (madar)   x x x x x x     
Bullocks heart (nona ata)   x x x x x x     
Custard apple (atafol)      x x x x x   
Dates, dry, pale brown      x x x x x   
Dates, dry, dark brown      x x x x x   
Elephant apple (kodbel)    x x x x x x    
Emblic (amloki)    x         
Fig (dumur, paka)  x x x x        
Hog plum (amra)     x x x x     
Jack fruit, ripe      x x x x    
Jambu fruit, ripe      x x x x    
Jambolan (kalojam)      x x x x    
Jambos (jamrul)     x x x x     
Java apple (golapjam)     x x x x     
Jujube (boroi) x x x          
Mango ripe     x x x x     
Manila Tamarind    x x        
Monkey-jack, yellowish-orange flesh (dewa)    x x        
Musk melon, orange flesh x            
Papaya, ripe x x x x x x x x x x x x 
Phalsa   x x x        
Plum     x x x      
Sapota  x x x x x x      
Tamarind, pulp   x x x x       
Water melon, dark green (sugar baby)    x x x x      
Water melon, pale green   x x x x       
Wood apple  x x x x        
Sources: List of vegetables and fruits as per Indian and Bangladeshi FCTs: (Longvah et al., 2017; Shaheen et al., 2013); 
assessment of local availability done by Srikanta Mondal, agriculturist and in charge of the partnering NGO Bolpur Ma-
nab Jamin, in April 2021. 

The next subchapter explains the role of fishing activities as well as of animal husbandry in bridging 
the financial gap to meet the costs of the suggested weekly meal schedule. 
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8.3.4 Role of fishing activities and animal husbandry 

As explained before, Santal families lived as hunter-gatherers in earlier times - and there is still a 
habit of catching (small) fish from village ponds and rice fields. Accordingly, instead of procuring pan-
gas or mural fish from the market (which had shown to be cost-effective as per winter price analysis), 
Santal families may consume fish caught on their own. This is a realistic scenario to assume. Further, 
Santal families may go for animal husbandry. In fact, 62 percent of surveyed HHs stated to keep ani-
mals (n=289; Baseline Survey, personal communication, 2015). Most popular are chicken and goats, 
but also ducks and wild pigs are kept (besides the cattle involved in the field work). Own consump-
tion of products received (mainly egg, and occasionally also meat or milk) are partly used for own 
consumption (for details please refer to subchapter 4.3.2). Hence, animal husbandry does help to 
improve access to nutritious foods for children, mothers and further family members. As provision of 
egg and milk is assumed to happen through AWCs in this dissertation, merely milk and chicken liver 
remain as animal products in the suggested weekly meal schedule. Chicken are eaten only occasion-
ally (for festive reasons) in the Santal villages, while keeping of milk cows is so far not a common 
habit - therefore only the benefit of catching fish will be considered here - while access to further 
animal foods (mainly egg) offering nutrients in good bioavailability (as except for sodium anti-
nutritive elements are zero) may well be achieved through animal husbandry activities. 

 Table 133   Potential support of fishing activities to nourish Adivasi children and mothers 

 Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant 
non-lactating 

women 

Monetary 
requirement for 
Santal Adivasi 
families to finance 
the suggested meal 
schedule (on a 
weekly basis)  

with AWC, PDS and 
kitchen garden sup-
port 

Total weekly cost: 
 165.84 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
135.0 
 

Weekly deficit: 
-42.99 Rs. 

Total weekly cost: 
 289.24 Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
117.7 
 

Weekly deficit: 
-43.54 Rs. 

Total weekly cost: 
 267.25 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
116.0 
 

Weekly deficit: 
-36.91 Rs. 

Total weekly cost: 
 325.18 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
151.3 
 

Weekly deficit: 
-110.19 Rs. 

Share which would 
be covered through 
fishing activities  

(replacement of 
pangas fish) 

Pangas costs: 
 10.9 Rs. 
 (7.6 percent of 
initial deficit) 

Pangas costs: 
 18.18 Rs. 
 (7.4 percent of 
initial deficit) 

Pangas costs: 
 18.18 Rs. 
 (7.9  percent of 
initial deficit) 

Pangas costs: 
 18.18 Rs. 
 (8.6  percent of 
initial deficit) 

Remaining mone-
tary requirement 

Total weekly cost: 
154.93 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
126.1 
 

Weekly deficit: 
-32.08 Rs. 

Total weekly cost: 
 271.06 Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
110.3 
 

Weekly deficit: 
- 25.36 Rs. 

Total weekly cost: 
 249.07 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
108.1 
 

Weekly deficit: 
-18.72 Rs. 

Total weekly cost: 
 306.99 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
142.8 
 

Weekly deficit: 
-92.00 Rs. 

Source: Own calculation based on presented recipes (chapter 7) and Winter Retail Prices, personal communication, 2021. 
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Catching fish in nearby ponds, rice fields or rivers saves some money, as fish is a costly food item 
(remember that the lunch with fish is the most costly meal - considered per 100g - while the vegetar-
ian lunch is the third most cheap to prepare meal). Accordingly, 7-9 percent of the monetary deficit 
to afford the suggested meals may be covered through catching fish instead of buying it. This leaves 
the children's weekly food budget exceeded by 126 percent, the budget of lactating mothers by 110 
percent, the budget of pregnant women by 108 percent and the budget of non-pregnant non-
lactating women by 143 percent. It can be seen from these numbers, that even with the support of 
(1) AWC meals, (2) subsidized grains and sugar from the PDS, (3) running of kitchen gardens with 
collection of wildly growing plants, and (4) own fishing activities, the suggested meal schedule cannot 
be fully paid for by Santal tribal families living in the rural areas of Birbhum district. This finding 
clearly shows that it is, indeed, a huge effort to introduce cost-effective nutritious meals in the rural 
areas - still then it is worth to go for this joint effort, as the consequences of undernutrition and 
anaemia are irreversible and do certainly harm India's overall economic and societal development. 

8.3.5 Role of access to land to nourish children and mothers well 

As learned before (subchapter 2.2.4), 48 percent of surveyed tribal families have access to agricul-
tural land (n=286; (Baseline Survey, personal communication, 2015) - while this land is primarily used 
to grow rice, it may further be used to cultivate oil crops as mustard (to prepare the seeds as such or 
press them in a mill as cooking oil), or to grow lentils, potatoes and even wheat and sugarcane. All 
these crops would contribute to finance the suggested meal schedule. Assuming that 30 percent of 
cooking oil, mustard seeds, potato and lentil needs would be covered through an own harvest (plant-
ing wheat and sugarcane are a less common practices so far), the saving capacity presented in the 
following table would result to afford the suggested meal schedule. It shall be stressed at this point 
that this scope to grow named crops is accessible to less than half of Santal Adivasi families only and 
land plots become smaller generation by generation when sharing family owned land amongst mar-
ried sons, while agricultural land to lease is not easily accessible. Still then, the potential support of 
diversifying field crops in nourishing children and mothers (as well as further family members) shall 
be presented here - as it is a viable approach in a setting of deeply rooted agricultural habits. 

 Table 134   Potential support of diversifying filed crops to nourish Adivasi children and mothers 

 Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant 
non-lactating 

women 

Monetary 
requirement for 
Santal Adivasi 
families to finance 
the suggested meal 
schedule (on a 
weekly basis)  

with AWC, PDS, 
kitchen garden and 
own fishing support 

Total weekly cost: 
154.93 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
126.1 
 

Weekly deficit: 
-32.08 Rs. 

Total weekly cost: 
 271.06 Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
110.3 
 

Weekly deficit: 
- 25.36 Rs. 

Total weekly cost: 
 249.07 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
108.1 
 

Weekly deficit: 
-18.72 Rs. 

Total weekly cost: 
 306.99 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
142.8 
 

Weekly deficit: 
-92.00 Rs. 

Share which would 
be covered diversi-
fied  field crops 

(growing mustard, 
lentils and potato 

Soybean oil less: 
 6.73 Rs. 
 

Mustard seeds: 
0.11 Rs. 
 

Soybean oil less: 
13.40  Rs. 
 

Mustard seeds: 
0.56 Rs. 
 

Soybean oil less: 
12.44  Rs. 
 

Mustard seeds: 
0.21 Rs. 
 

Soybean oil less: 
 15.85 Rs. 
 

Mustard seeds: 
0.20 Rs. 
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besides rice) Lentils less:  
1.53 Rs. 
 

Potatoes less: 
1.31 Rs. 
 

Total: 9.70 Rs.  
 (15.7 percent of 
initial deficit) 

Lentils less:  
7.16 Rs. 
 

Potatoes less: 
6.15 Rs. 
 

Total: 19.33 Rs.  
 (18.2 percent of 
initial deficit) 

Lentils less:  
2.87 Rs. 
 

Potatoes less: 
2.47 Rs. 
 

Total: 18.00 Rs.  
 (18.3 percent of 
initial deficit) 

Lentils less:  
3.12 Rs. 
 

Potatoes less: 
2.31 Rs. 
 

Total: 21.47 Rs.  
 (23.6 percent of 
initial deficit) 

Remaining mone-
tary requirement 

Total weekly cost: 
145.36 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
118.3 
 

Weekly deficit: 
- 22.50 Rs. 

Total weekly cost: 
 251.98 Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
102.6 
 

Weekly deficit: 
- 6.27 Rs. 

Total weekly cost: 
 231.30 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
100.4 
 

Weekly deficit: 
-0.95 Rs. 

Total weekly cost: 
 286.30 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
133.2 
 

Weekly deficit: 
-71.31 Rs. 

Source: Own calculation based on presented recipes (chapter 7) and Winter Retail Prices, personal communication, 2021. 

Under the assumption that 30 percent of vegetable oil, mustard seeds, potato and lentil needs would 
be covered through crop diversification activities, children's weekly food budget would still be ex-
ceeded by 118 percent - while the weekly available food budgets would then, quite perfectly, cover 
the food requirements of lactating as well as of pregnant women (with 103 and 100 percent). Non-
pregnant non-lactating women (for whom no AWC support is assumed) would still fail to meet the 
weekly budget (which is exceeded by 133 percent, equalling to a weekly deficit of 71 Rs.). Hence, the 
help of AWCs, the PDS, kitchen gardens/wild plant collection, own fishery activities, as well as crop 
diversification need to come together in order to (nearly) cover the costs of the suggested weekly 
meal schedule. Still, to more than half of families the option of field diversification is not possible to 
go for as they do not possess agricultural lands - hence, further supporting measures appear needful. 

8.3.6 Role of the MGNREGA to nourish children and mothers well 

Another way to cover the costs of the suggested meal schedule is to increase available income. The 
government's MGNREGA (also known as "100 days work" - MGNREGA stands for "Mahatma Gandhi 
National Rural Employment Guarantee Act") aims to provide up to 100 days of work each year to 
those applying for it in Gram Panchayats - digging ponds are a typical kind of work implemented via 
the MGNREGA scheme. Nearly half of surveyed HHs (47 percent, n=285; Baseline Survey, personal 
communication, 2015) explained that the scheme significantly increased their income. The wage rate 
for unskilled labour under the MGNREGA in West Bengal was risen to 213 Rs. per working day in the 
financial year of 2021/22 (Ministry of Rural Development, 2021). So the question arises, how many 
working days would be required to offer under the MGNREGA in order to cover the food budget defi-
cit of Adivasi children and mothers? The remaining weekly food budget deficit with support of AWCs, 
the PDS, kitchen gardening/wild plant collection and own fishing activities is used in order to calcu-
late the needed amount of working days under the Act (as crop diversification is possible to only a 
minority of families, it is not considered as fixed part of financing food budgets). 
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Table 135    Potential support of the MGNREGA to nourish Adivasi children and mothers 

 Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant 
non-lactating 

women 

Monetary 
requirement for 
Santal Adivasi 
families to finance 
the suggested meal 
schedule (on a 
weekly basis)  

with AWC, PDS, 
kitchen garden and 
own fishing support 

Total weekly cost: 
154.93 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
126.1 
 

Weekly deficit: 
-32.08 Rs. 
(22.3 percent of 
initial deficit) 

Total weekly cost: 
 271.06 Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
110.3 
 

Weekly deficit: 
- 25.36 Rs. 
(10.3 percent of 
initial deficit) 

Total weekly cost: 
 249.07 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
108.1 
 

Weekly deficit: 
-18.72 Rs. 
(8.1 percent of initial 
deficit) 

Total weekly cost: 
 306.99 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
142.8 
 

Weekly deficit: 
-92.00 Rs. 
(43.3 percent of 
initial deficit) 

Share which would 
be covered through 
the MGNREGA (ad-
ditional income) 

 (assuming a daily 
wage of 213 Rs.) 

Yearly deficit  
(52 weeks): 
-1,668.23 Rs. 
 

No. of working 
days required to 
cover this deficit: 
8 days (7.8) 

Yearly deficit 
(52 weeks): 
-1,318.54 Rs. 
 

No. of working 
days required to 
cover this deficit: 
7 days (6.1) 

Yearly deficit 
(52 weeks): 
-973.59 Rs. 
 

No. of working 
days required to 
cover this deficit: 
6 days (4.6) 

Yearly deficit 
(52 weeks): 
4,784.31 Rs. 
 

No. of working 
days required to 
cover this deficit: 
23 (22.5) 

Remaining mone-
tary requirement 

Total weekly cost: 
 122.16 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
99.4 
 

Weekly surplus: 
+ 0.69 Rs. 

Total weekly cost: 
242.36  Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
98.7 
 

Weekly surplus: 
+3.32 Rs. 

Total weekly cost: 
 224.49 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
97.5 
 

Weekly surplus: 
+5.85 Rs. 

Total weekly cost: 
 204.59 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
95.2 
 

Weekly surplus: 
+10.40 Rs. 

Source: Own calculation based on presented recipes (chapter 7) and Winter Retail Prices, personal communication, 2021, 
applied MGNREGA wage rate as per: Ministry of Rural Development, 2021. 

For a child aged 12-23 months 8 working days under the MGNREGA would be required per year to 
ensure that the food costs to nourish the child well are fully covered (assuming a daily wage rate of 
213 Rs., as well as the additional support of AWCs, the PDS, kitchen gardening/wild plant collection 
and own fishing activities). For lactating mothers 7 working days per year would be required, for 
pregnant women 6 working days and for non-pregnant non-lactating women (as for other adults) 23 
working days. Hence, nearly one quarter of the maximum possible yearly working days under the 
MGNREGA would be needed to cover the food expenses of an adult, who then needs further of her 
or his working days to fulfil the food needs of the family's children. Still, there would be scope to earn 
an additional income which could then be used for other purposes than food purchases (as medical 
and educational expenses or investments in assets) - if all adult HH members would hold a job card 
and learned to apply actively for work as per their personal need. The MGNREGA is, as becomes clear 
in this calculation, a very crucial approach to make adequate nutrition accessible to Santal Adivasi 
families in rural Birbhum district and may well help to cover necessary food expenses. 
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8.3.7 Summary: Efforts needed to finance diversified meals 

To sum up, paying for the suggested weekly meal schedule is not at all possible for Santal Adivasi 
families if they are left alone with this responsibility, as the weekly (mean) food budget of children is 
exceeded by 217 percent (with 267 Rs. compared to a budget of 123 Rs.), and the weekly (mean) 
food budget of lactating women by 201 percent (with 493 Rs. being required to pay for the meals' 
ingredients compared to an available budget of 246 Rs.). Yet, if government schemes do offer known 
and already existing supports (and AWCs would extend their circle of beneficiaries to include also 
lactating mothers of children below two/ or even three years), then the financial deficit may well be 
covered - assuming also an own initiative of villagers to cultivate vegetables/fruits and to catch fish.  

Graph 98    How to bridge the monetary deficit to pay for the suggested meal schedule? 

 
Sources: Own calculation based on presented recipes (chapter 7) and Winter Retail Prices, personal communication, 2021; 
PDS rates for subsidized foods as per: Government of India - Department of Food and Public Distribution, 2021; Mishra, 
2021; extent of kitchen garden support as per:  (Marsh, 1998) ; applied MGNREGA wage rate as per: Ministry of Rural 
Development, 2021. 

The graph above illustrates how the weekly deficit of 144 Rs. (children), of 247 Rs. (lactating moth-
ers), of 230 Rs. (pregnant women) and of 212 Rs. (non-pregnant non-lactating women) may be cov-
ered through named supporting channels. Services of AWCs as well as cultivation of kitchen gardens 
would help covering the largest part of the monetary gap to pay for the suggested meal schedule - 
amounting to 58 percent coverage of the weekly deficit in case of children and even 68-70 percent in 
case of lactating or rather pregnant women. The PDS as well as own fishing activities would provide 
minor (but important) contributions to cover the weekly deficit to pay for the suggested meal sched-
ule, while the MGNREGA would well help to close the financial deficit for all groups. Crop diversifica-
tion may play a role to do so for those families, disposing over agricultural lands with a potential 
share of 16 percent in case of children, 18 percent in case of lactating and pregnant women and 24 
percent in case of non-pregnant non-lactating women (as well as other adult HH members).  

Thinking negatively, one may argue that all these efforts plus the cooking which needs to be done by 
villagers are not at all feasible to take - remembering also that the suggested meal schedule is not 
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even able to cover all nutrient needs of children and mothers perfectly and not knowing (in the end) 
if malnourished children and mothers are willing and able to consume the assumed portion sizes on a 
regular basis. On the very contrary, one may argue that a lot of work has already been done in order 
to overcome widespread undernutrition and anaemia in the rural area of Birbhum district. As AWCs 
showed to work well with great acceptance from the villagers (before the COVID-19 pandemic), PDS 
structures are rooted since a long time, the MGNREGA is widely accepted by villagers and NGOs have 
taken efforts to train villagers to cultivate kitchen gardens and diversify crops, respectively. 

Picture 35   Santal families - active to improve their daily diet: crop diversification (lentils), kitchen gardens, fishing  

     
Source: Project pictures, Shining Eyes e.V (2016/2018).  

8.3.8 Further issues: Awareness, gas cooker access and good governance 

Lastly, it shall be pointed out, that families need to be aware of the benefits of preparing and taking 
cost-effective and nutrient-dense  foods as to take the efforts related to have such meals (remember, 
that cooking efforts are high anyway in the villages with a mean core cooking time of 8.6 hours per 
day, see subchapter 2.1.5; Baseline Survey, personal communication, 2015). Here, AWC staffs may be 
a way of making mothers and fathers more and more sensitive to the topic as are NGOs. Further, 
provision of gas cookers (under "Pradhan Mantri Ujjwala Yojana" scheme) seems to be helpful in 
order to shorten cooking processes - as would be the provision of cooking gas through the PDS. Tribal 
families do need this support from the government. NGOs may further support the government's 
efforts when it comes to trainings of villagers to prepare cost-effective nutrient-dense meals on the 
HH level, or rather when it comes to (interactive) trainings on growing kitchen gardens and diversify-
ing filed crops, respectively. Finally, good governance is required at all levels in order to make the 
valuable government schemes effective - when working with Adivasi families, an atmosphere of trust 
and confidence needs to be established - reliability of offered services is of utmost importance to 
tribal families, which then well accept to join programmes and initiatives actively, as working under 
the MGNREGA, visiting AWCs on a daily basis, collecting subsidized grains offered through the PDS or 
starting kitchen gardens and diversifying field crops. Hence, even though many helping hands do 
need to join, financing the suggested cost-effective nutrient-dense weekly meal schedule (or similar 
nutritious meals) is indeed possible - if villagers, government and NGOs closely cooperate. 

This way, the picture may well turn with decreasing rates of undernutrition and anaemia in India - 
what should become (and this is central to pave the way for success) a topic of priority, pushed 
though a clear political will. India could well make use of its forgotten potential waiting to be seen in 
the rural areas - where people are willing to improve their livelihoods and support therewith the 
economic upsurge of India on the whole. India may therewith set an example to go for economic as 
well as human development in the same time - each of them fuelling each other. 
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9 Discussion of findings 

In the following, the main findings of this dissertation will be briefly summarized and discussed in the 
light of available literature. Findings gained from the baseline assessment (chapter 2-4), as well as 
from the intervention study (chapter 5), the cost-effectiveness analysis of locally available foods 
(chapter 6) and the recipe development section (chapter 7) will be discussed, besides insights gained 
from the cost and affordability analysis of the developed cost-effective meal schedule (chapter 8). 

9.1 Baseline findings - issues concerning income, health and nutrition 

Several findings concerning the way of living of Santal Adivasi families in rural Birbhum, West Bengal, 
India, may be considered to be of interest - such comprise determinants to achieve higher incomes, 
as well influencing factors on (wide-spread) child anaemia and  the interlinking of children's and 
mothers' nutritional status, respectively. The following sub-chapters shed a light on named and fur-
ther issues to reflect the insights here and compare them with knowledge from other scientific 
works. 

9.1.1 Determinants of higher incomes amongst tribal Adivasi families 

Own findings - The baseline survey conducted in 2015 showed that higher incomes are significantly 
related with (1) living in an extended family, (2) the time spent on cooking, and (3) the educational 
status of mothers. Accordingly mothers who had completed at least class eight lived more often in 
families with a higher monthly cash income (ranging between 5,000 to 9,999 Rs. rather than between 
2,000 to 4,999 Rs; p<0.05). Furthermore, HHs with a core cooking time of less than 6 hours a day 
were found more often than expected within the higher income range (5,000 to 9,999 Rs., p<0.05). 
Likewise, surveyed mothers living in an extended (rather than nuclear) family reported more often to 
dispose over higher monthly cash incomes (again, ranging from 5,000 to 9,999 Rs. rather than 2,000 
to 4,999 Rs; p<0.05). Higher incomes in extended families could be earned by a larger workforce 
(p<0.001), with a mean of 2.13 persons earning an income rather than just 1.38 persons in case of 
nuclear families. Higher incomes meant also a weakened vulnerability of extended versus nuclear 
families, where surveyed extended families reported more often to be able to see a doctor in case of 
need (p<0.05) and to have two cooked meals per day throughout the year (p<0.05). It appeared that 
extended families ended up with a higher capacity for savings compared to nuclear families, where 
56 percent of extended but only 44 percent of nuclear families explained to have saved some money 
within the last 12 months from asking (p=0.057). Interestingly, overall expenses per person and 
month were found lower in extended families as compared to nuclear families (p<0.001); the same 
finding was made with respect to food expenses (p<0.001). While nuclear families consisted of 3.97 
persons (mean, n=143), extended families comprised 5.89 persons (n=146). 

Insights from literature - Indeed, extended families were found to be better off than nuclear families 
already in the 2000s (LLoyd, 1999) and one Indian study could show that extended families dispose 
over a greater daily income per person compared to nuclear HHs (Murthy et al., 1985). Becker (1993) 
describes that the economic advantages of extended families arises from a larger workforce and are 
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further based on the fact that resources can be pooled, i.e. used by several family members, what 
reduces consumption costs.  

The association between higher incomes and lower cooking times is explained in literature as a con-
sequence of women participating more and more in paid agricultural works and having, as a conse-
quence, less time for unpaid works at home, including cooking (Vemireddy & Pingali, 2021). Unfortu-
nately, women residing in rural India were found to consume less calories, protein, fat, iron and zinc 
during peak seasons of paid agricultural work. Jabs and Devine (2006) confirm that time scarcity 
leads to changed  food intake patterns - where less food is prepared at home and more ready-
prepared foods were consumed instead - bearing a risk to develop obesity and health problems as 
cardiovascular disease and diabetes, respectively. A review on the use of scarce time and associa-
tions with nutritional outcomes in rural areas of low and middle income countries which included 89 
studies found that there is no final agreement on the impact of changes in time use (e.g. using more 
time to earn an income instead of staying in the house to cook for the family) on nutritional impacts 
as those depended on the ways HH members responded to changed time use (Johnston et al., 2018). 
In this sense, additional income may well be used to improve nutritional outcomes - and money 
earned invested to buy a gas cooker along with a gas cylinder, shortening cooking processes. Respec-
tively, Mani et al. (2020) found that irregular income sources hindered the use of liquefied petroleum 
gas in rural India - or, to put it the other way around, that more secure and higher incomes may sup-
port the use of gas cookers. Finally, further insights on the complex dynamics of time use, income 
generation and nutritional outcomes seems to be needed in the rural context of India. 

Maternal education was found to improve the HH's income also in a study conducted in Nigeria 
drawing on 2013 Nigeria Demographic and Health Survey data (Ashagidigbi et al., 2018). A Nepalese 
study concluded a higher education of any HH member to be associated with HH wealth (Miller et al., 
2017). Interestingly, mother's education was found to matter more for infant survival than for HH 
wealth in developing countries (Fuchs et al., 2010). Hence, better educated women may be consid-
ered helpful to increase HH income as well as to improve the survival of infants. Finally, it is likely 
also that it is higher HH incomes which lead to better educated women in rural India - as most of 
variations in primary school enrolment in India can be explained by socio-economic HH characteris-
tics, in particular in rural areas (Huisman et al., 2010) and it is known that in India, parents´ income 
and educational level highly determine the attainments of their children (Khaitan, 2018).  

Conclusion -The findings described in literature are basically consistent with this dissertation's find-
ings. (1) With regard to the association of family structure and income height it could be explained 
why extended families show lower expenses compared to nuclear families - which may most likely be 
caused through pooling effects, where for instance assets needed for cultivation may be mutually 
used by brothers (instead of each of them buying own assets) - or a light bulb in the house gives light 
for more family members living in one house (compared to each family buying an own bulb). (2) Re-
ferring to the association of cooking time and income height literature substantiates the finding that 
families with higher incomes show reduced cooking times and explains this through the participation 
in paid agricultural works by women who then have less time to spend on unpaid HH activities; the 
question on the nutritional consequences of family members remained open and need further elabo-
ration. (3) Finally, the association of mother's education and income height could be found confirmed 
in literature - where not only higher education may be assumed to allow higher incomes, but also the 
other way around higher incomes may be considered a precondition to allow women to achieve 
higher schooling attainments. This assumption is in line with the baseline survey's finding that 49 
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percent of mothers would have wished to remain longer at school, but they had to quit school mainly 
for financial reasons - where parents were unable to pay school fees or girls had to earn an income. 

9.1.2 Income and child anaemia/undernutrition 

Own findings - Higher monthly incomes (ranging from 5,000 to 9,999 Rs.) amongst the surveyed tribal 
Adivasi families (n=264) were shown to be associated with a decreased risk to have an anaemic child. 
More specifically, higher-income HHs showed lesser likelihood of having a moderately or severely 
anaemic child (p<0.05) compared to lower-income HHs (with an income range of 2,000 to 4,999 Rs.). 
No significant association could be shown between income range and undernutrition status of sur-
veyed children with p>0.05 for any stunting (p=0.248), any underweight (p=0.604), any wasting 
(p=0.263) and any anthropometric failure (p=0.951).  

Insights from literature -Also in literature an association between HH wealth and anaemia can be 
found. For instance, annual HH income was identified as determinant of anaemia in Ethiopian chil-
dren aged 6-59 months (n=568; Gebreegziabiher et al., 2014). Likewise, a study conducted in rural 
India composing 401 children aged 12-23 months found family wealth to be an important determi-
nant of anaemia (Pasricha et al., 2010). Dutta et al. (2020) used data gathered during the fourth In-
dian NFHS to determine the causes of child anaemia and found HH wealth to be one significant factor 
for anaemia, where children aged 6-59 months from poorest and poorer HHs were more prone to be 
anaemic compared to children from the richest HHs. Why do poorer HHs show such elevated risk of 
having an anaemic child? Literature describes an association of low level of maternal education as 
well as of higher index of poverty with child anaemia (p<0.05 for both determinants, n=40,885 Indian 
children aged 5-59 months) - or, in other words, HHs with low parental educational background are 
at risk to earn lower incomes, be poor, and finally to have anaemic children (Goswmai & Das, 2015). 
However, Osório (2002) points to evidence, that an income increase will not necessarily translate in a 
reduced prevalence of anaemia. Indeed, not every consumer is aware about the definition of a nutri-
tious diet or what its benefits are, which is decisive for dietary shifts towards more nutritious food 
consumption on HH level (Dizon et al., 2021). In this light, evidence from women´s group-based pro-
grams suggest that health behaviour change modification in particular with regard to infant and 
young child feeding practices have the highest impact on health and nutrition in South Asia, above 
the generation of income or participation in agricultural measures (N. Kumar et al., 2018). 

As true for anaemia, also an association of income and child undernutrition is well documented in 
literature. With respect to India, data drawn from the Comprehensive National Nutrition Survey 
2016-18 showed that children under-five years who lived in poor HHs had a higher risk to suffer from 
undernutrition compared to children belonging to rich HHs (Porwal et al., 2021; n=38,060 children); 
as per the analysis, higher odds for CIAF (any anthropometric failure) were more likely for low wealth 
index children and for children belonging to scheduled caste or schedules tribes HHs. Likewise, a 
study conducted in neighbouring Bangladesh focusing on under-five children found that HH income 
factors were strong indicators for child undernutrition (Alom et al., 2012). A systematic review con-
ducted in 39 low- and lower-middle-income countries (including also India) analyzed data from 1990-
2000 versus 2001-2014 with a total of 533,217 children and drawn from a total of 146 surveys and 
found a difference in CIAF prevalence between the lowest and highest wealth quartiles of 21 percent 
- which did not change over time (Vollmer et al., 2017); the authors argue accordingly, that issues of 
income were a persistent contributing factor of childhood undernutrition. Vollmer et al. discuss a 
range of studies highlighting an increased risk for stunting related with economic inequality, for in-
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stance they refer to population-based data from 79 countries gathered between 2000 and 2012, 
which revealed that stunting amongst children aged 5 and less years was 2.47 times more prevalent 
in the poorest quintile of HHs compared to the richest quintile of HHs (Black et al., 2013). The in-
creased proportion of stunting among poor HHs can be explained by all determinants of undernutri-
tion as shown in the conceptual framework of malnutrition developed by UNICEF (Black et al., 2008). 
Here, poverty is described to affect all underlying determinants of undernutrition - more specifically, 
it deprives a person to satisfy her basic needs “such as food, health, water, shelter, primary educa-
tion, and community participation” (Ijarotimi, 2013) and finally limits the resources to achieve opti-
mal foetal and child growth and development (Black et al., 2013). Eventually, economic inequality 
may be considered an independent risk factor for child stunting, i.e. chronic child undernutrition 
(Kawachi & Berkman, 2000; Larrea & Kawachi, 2005). Siddiqui et al. (2020) stress that child undernu-
trition and poverty are indeed interconnected and need to be tackled together. 

Conclusion - Even though child undernutrition and income could not be shown to be significantly 
associated in this dissertation, a link of poverty/income height and the occurrence of anthropometric 
failures may be assumed realistic also in case of surveyed Santal children. Most likely, both analyzed 
income groups need to be considered as lower income groups with reference to the whole of 
Birbhum district and show accordingly a similar share of undernourished children. When it comes to 
the interlinking of poverty/income height and anaemia, the dissertation could proof a significant 
association - which is in line with screened literature. Thus, while somewhat higher incomes amongst 
the Santal communities in rural Birbhum district may be considered helpful to reduce anaemia (for 
instance if this income is used to consume more iron-rich foods or animal products with better iron 
bioavailability), it appears that even higher incomes than currently achieved (and potentially also 
awareness trainings) would be required to reduce child undernutrition indicators significantly.  

9.1.3 Influencing factors on the severity of anaemia amongst children 

Own findings - The baseline medical survey conducted in February 2015 showed a tremendously high 
share of tribal Adivasi children who suffered from anaemia (with a Hb<11g/dl) with a anaemia preva-
lence of 94 percent (n=307 children, age range: 6-39 months). 73 percent of examined children suf-
fered from moderate or severe anaemia (Hb<10g/dl). The factors (1) age of the child, (2) being free 
from any anthropometric failure, and (3) fruit consumption were significantly associated with the 
occurrence/severity of anaemia. Consumption of fruit (within the last 24 hours from asking) was 
found to significantly decrease the incidence of moderate and severe anaemia amongst Santal chil-
dren aged 6-39 months (p<0.05). Further, children with no anthropometric failure (CIAF indicator) 
showed lesser likelihood to develop severe anaemia compared to children with at least one anthro-
pometric failure (p<0.05). Finally, age was strongly associated with the severity of anaemia (p<0.001), 
where Hb was found to rise with increasing age and children above three years reached mild forms 
of anaemia - while children aged 6-23 months commonly suffered from moderate anaemia. Lowest 
mean Hb levels were found in the age group of 12-23 months (n=109, mean Hb 8.7 g/dl).  4-6 percent 
of surveyed children suffered from severe anaemia - irrespective of their age. 

Insights from literature - Data collected India (NFHS-3) proofed the association of age and Hb devel-
opment - it was found that anaemia slightly increased amongst infants aged 6-8 months to 12-17 
months and declined steadily thereafter (International Institute for Population & Sciences (IIPS) and 
Macro International, 2007). This age-related decrease in anaemia prevalence was further substanti-
ated by the data of the NFHS-4 with anaemia being more prevalent among children aged below 24 
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months, with children aged 12-17 months being most affected (International Institute for Population 
Sciences (IIPS) and ICF, 2017, p. 299). The research accompanying this dissertation showed that the 
age-dependent increase of Hb amongst Santal Adivasi children aged 6-39 months accounted for 
0.038 g/dl per month (Stiller et al., 2020b), which is similar to the increase found in children aged 12–
23 months (n=401) in two rural districts of Karnataka, India -  which amounted to  0.05 g/dl per 
month (Pasricha et al., 2010). Stiller et al. (2020a) further found that it is especially the children aged 
6-11 months who were at risk to receive inadequate CFs with poorer outcomes in meal frequency 
and dietary diversity compared to older children (referring to a total of n=307 children aged 6-39 
months). This finding is particularly alarming when considering that iron requirements are greatest in 
the age range of 7–12 months due to the rapid growth of infants in this period, which altogether 
explains the critical Hb levels in younger age groups (Burke et al., 2014). 

Children free from any anthropometric failure were also found less keen to develop anaemia in rural 
Vietnam, where a study comprising 893 primary school children aged 6-9 years showed that children 
suffering from any anthropometric failure were more likely to be anaemic than those not being un-
derweight, wasted, or stunted (Hoang et al., 2019). Further, evidence from the Bangladesh Demo-
graphic and Health Survey 2011 showed significantly increased odds for stunted children under five 
years of suffering from anaemia (M. S. Rahman et al., 2019). The interface between anthropometric 
failure and anaemia may be explained by a depression of the immune system associated with fre-
quent infections (Chwang et al., 1988; Darshan et al., 2010), which in turn aggravate undernutrition 
(Lenters et al., 2016; Mathew & Das, 2017) and anaemia (Silva et al., 2018) in a vicious circle.  

The beneficial role of fruits on decreasing anaemia status is found in literature often in a joint ap-
proach with vegetable consumption: Respectively, homestead food production models developed by 
Helen Keller aimed at promoting livestock and home gardening with an increased number of micro-
nutrient rich vegetables and fruits - those initiatives significantly reduced the anaemia prevalence in 
children aged 6-59 months in Bangladesh and the Philippines (Talukder et al., 2010). Further, in 
Ethiopian pregnant women the consumption habit of vegetables and fruits showed significant asso-
ciations with anaemia status of their newborn babies (n=192; Tiruneh et al., 2020). Another study 
conducted in Ethiopia comprised 432 pregnant women and could show that low dietary diversity 
increased the risk of anaemia - in particular the non-consumption of micronutrient-dense foods like 
fruits, vegetables, or animal-sourced foods increased the risk of anaemia at term (Zerfu et al., 2019). 
Similarly, non-consumption of vegetables and meat were found to be predictors for anaemia among 
under-five children living in a rural setting of Tanzania (n=436; Kejo et al., 2018). In Iran, date fruit 
consumption increased hematologic indices in primary school girls aged 8 to 10 years - with Hb levels 
rising from a mean of 11.2g/dl to 12.1 g/dl within two months (n=31; Irandegani et al., 2019). Multi-
variable analysis conducted in Ghana - comprising 4,290 non-pregnant women - showed that the 
consumption of  less than 5 servings of fruits or vegetables per day was associated with higher odds 
of moderate or severe anaemia (Ghose & Yaya, 2018); this association was only significant for urban 
women, whereas for rural women parasitic infections or inflammatory diseases may contribute as 
non-dietary factors to the anaemia status. With reference to India, interventions promoting the HH 
preparation of self-developed iron-rich recipes could successfully promote an increased consumption 
of GLV such as Amaranth, radish or Bathua leaves, and vitamin C-rich fruits like lemon, guava, Tama-
rind and zizapus, resulting in an improved Hb status of women in childbearing age from rural India 
(n=317, Rao et al., 2014). With respect to Indian children (aged 6-23 months), data of the NFHS-3 was 
used to investigate the association between CF and infant haemoglobin concentrations: Out of 12 
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FGs infant formula, breastmilk, fortified baby food and the category fruits and vegetables showed the 
strongest positive associations with infant haemoglobin concentrations (Prieto-Patron et al., 2017). 

Conclusion - (1) Age is repeatedly reported to be a determinant of anaemia in children and insights 
from literature are in line with the findings of this dissertation, where Hb levels were found lowest in 
the age group of 12-23 months old children (compared to 12-17 months old children according to 
NFHS data). Accordingly, children below the age of two years need to be targeted when it comes to 
interventions to increase Hb levels (along with their mothers, see subchapter 9.1.6). (2) The aggravat-
ing effect of being undernourished (i.e. suffering from any anthropometric failure) and being anae-
mic is likewise well documented in accessible literature and both phenomenons need to be seen 
together and addressed simultaneously. (3) The consumption of fruit or rather vegetables is proven 
to have a positive impact on the Hb status of children as well as mothers in numerous publications. 

9.1.4 Caring behaviour of mothers and child anaemia/undernutrition 

Own findings - The capacity of mothers to care for their youngest child was found associated with 
child undernutrition and anaemia. Mothers who reported child caring efforts of three and more 
hours a day showed a lesser likelihood to have a stunted child compared to mothers who cared for 
their children for less than three hours a day (p<0.05). On the other hand, mothers who spent 6 and 
more hours a day on cooking (leaving them with less time to care actively for their child) showed to 
have bigger likelihood of having a wasted or underweight child (p<0.05 in both cases). In the same 
line, mothers who managed to get the time to sit with their youngest child to take its food on at least 
2 days in a week (rather than sitting with the youngest child less often) showed bigger likelihood of 
having a non-anaemic child (p<0.05) and lesser likelihood of having a wasted child (p<0.05). 

Insights from literature - As outlined by the UNICEF framework of child undernutrition the causes of 
undernutrition are interdependent and comprise (1) inadequate dietary intake and (2) morbidity and 
infections. Underlying determinants are:  HH food security, care for children and mothers, and health 
environment. Caring for a child finally embraces timely child feeding and appropriate feeding prac-
tices, health-seeking behaviours, support, and cognitive stimulation for children. The adequacy of 
such care is dependent on the caregiver’s control of economic resources, decision-making power, 
knowledge, and beliefs. Accordingly, female empowerment needs to be put at the centre of actions 
when striving for nutrition security with poverty affecting all underlying determinants (Ijarotimi, 
2013).  

Research in low-income settings has demonstrated the beneficial effects of timely promotion of cog-
nitive stimulation, early communication, caregiver sensitivity and responsiveness on child develop-
ment, maternal child interaction and child nutrition (Richter et al., 2017). In rural Yemen, adequate 
childcare by adult caretakers was found associated with a lower prevalence of underweight and 
stunting among children below 5 years of age (n=3,549; Al-Sobaihi et al., 2016). With reference to 
India, a qualitative study aiming at the detection of drivers for childhood undernutrition reported 
mothers of undernourished children to spend less time on child caring as compared to mothers with 
children in better nutritional status (Chaturvedi et al., 2016). A total of 509 mothers of children with 
normal and with deficient nutritional status were interviewed in depth - several women reported to 
spend less than one hour per day on child care. Perceived time constraints for child care were linked 
to the context of nuclear families, limited support from elders and other family members and mini-
mal participation of fathers in food preparation, offering and feeding to the child. The authors argue 
that child undernutrition in India is linked to the high workload of women and therewith interrelated 
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with maternal time constraints. Hence, while women increasingly pursued income generating activi-
ties, without receiving stable support from childcare institutions, child undernutrition may aggravate 
- as one mother from Bihar, India, put it: "I cook food when I come back from work, do other HH 
work - so the day is over and I am unable to spend any time with her [the child]." 

Conclusion - Available literature outlines the problem of mothers being scarce in time and leaving 
them with less capacity to care adequately for their children. Inadequate child care is widely ac-
knowledged to be a driver of child undernutrition. This dissertation's findings further substantiate 
the association of (inadequate) child care and the occurrence of child undernutrition and anaemia. 

9.1.5 Spending decisions and child anaemia/undernutrition 

Own findings - The baseline survey further revealed that HHs in which either mother or father alone 
decide how to spend available income, have healthier children compared to HHs where mother and 
father decide together. In fact, HHs where mother and father take spending decisions together 
showed the lowest share of children with only mild or no stunting at all (p<0.05), of children with 
only mild or no underweight at all (p<0.05), of children free from any anthropometric failure (CIAF 
indicator, p<0.05) and of children with only mild or no anaemia at all (p<0.05). Interestingly, it was 
mothers deciding alone who showed the largest share of children with only mild or no anaemia 
(p<0.05); 56 percent of children were found not or merely mildly anaemic in HHs where mothers 
alone use to take spending decisions compared to 25 percent of children in HHs where fathers alone 
use to decide on spendings. It was argued, accordingly, that women managing a food budget on their 
own may be beneficial to decrease anaemia in children. Still, as fathers mostly do take spending deci-
sions, those should be included in trainings on child nutrition and health. 

Insights from literature - Indeed, Chatterjee and Dubey (2018) find maternal autonomy and child 
health to be related in India. The authors created an autonomy index including four dimensions of 
maternal autonomy: women’s decision making, freedom of movement, financial autonomy and atti-
tude towards domestic violence - which was found to be related with stunting prevalence of under-
five children (n=9,389). Likewise, Taubkoong et al. (2016) found in their literature review focusing on 
low and middle income countries that mothers with higher levels of decision making power are less 
likely to have a stunted child. A study conducted in Bangladesh comprising 2,056 families found chil-
dren from HHs where the mother was involved in decision making processes less likely to be stunted, 
wasted and underweight (Rahman et al., 2015). Further, also Carlson et al. (2015) found women's 
autonomy related with child nutritional status - referring to their systematic review of 22 studies 
focusing on developing countries (including India); the authors explain, however, that increasing the 
decision making power of women was found associated with an increase in blood pressure and de-
pression (with reference to Hadley et al., 2010) what may be caused through disagreements amongst 
partners - and question if partner-supported decision making may be a better option to go for? The 
authors conclude that it may be beneficial to involve and educate men in health related decisions in 
order to support women's empowerment and child health without causing quarrels between part-
ners. McKenna et al. (2019) investigated the association between women’s decision-making power 
and stunting/ as well as wasting in their children under five years in the Democratic Republic of 
Congo with a total of 3,721 mother-child pairs and could not confirm an association of children's 
nutrition status and their mother deciding either alone or jointly with the husband.  

With reference to the association of maternal decision making power and child anaemia less litera-
ture is accessible. One study conducted in rural South India included 1,675 pregnant women and 
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found that women who were involved in the HH's financial decisions were less likely to suffer from 
moderate or severe anaemia compared to women from HHs where others decided (Krupp et al., 
2018). As Hb status of pregnant women and their newborns is known to be linked, involvement of 
women in the HH's spending decisions may also be considered beneficial when it comes to child 
anaemia. However, further evidence is needed to be obtained in this field.   

Conclusion - There is good reason to assume that maternal empowerment and involvement of 
women in the HH's decision making processes is linked with children's nutrition status - while less 
data is accessible with regard to children's anaemia status. It remains unclear, however, if joint or 
independent female spending decisions are superior to support child health and further research is 
certainly required in order to shed light on this issue: This dissertation suggests that either father or 
mother deciding alone is superior than joint spending decisions of wife and husband to reduce child 
undernutrition and anaemia - and that is women deciding alone who show the lowest share of 
anaemic children; further research may falsify/verify these findings. For sure, social conflicts arising 
from a change in decision making power within HHs need to be considered when striving to include 
women in decision making processes - as to avoid family quarrels. Further, involvement of husbands 
in health and nutrition trainings to meet adequate decisions appears useful.  

9.1.6 Linkage of maternal and child anaemia/undernutrition 

Own findings - 86 percent of surveyed Adivasi mothers (n=283) were found anaemic with a 
Hb<12g/dl ((1) Baseline Medical Checkup, personal communication, February 2015). No significant 
association was found between anaemia status of the mother and her youngest child (p>0.05). Still, 
non-anaemic mothers showed bigger likelihood of having non-anaemic children than mothers with 
poorer Hb statuses, and - the other way around - mothers with severe anaemia showed the biggest 
likelihood of having children with moderate anaemia. To put it in numbers, 88 percent of children of 
non-anaemic mothers suffered from anaemia, while 100 percent of children from severely anaemia 
mothers did so. The occurrence of severe anaemia amongst children was not associated to the 
mother's anaemia status.  

Regarding undernutrition it was found that mothers with adequate BMI (<18.5) had less often than 
expected a wasted child (p<0.001) and also less often an underweight child (p=0.001). No association 
between mother's BMI and occurrence of any stunting of the child was found (p>0.05), while BMI 
was associated to some extent with total anthropometric failure (CIAF) of children, saying that moth-
ers with adequate BMI had less often than expected a child with moderate or severe stunting, un-
derweight or wasting (p<0.05). Severe thin mothers (with a BMI<16.0) showed biggest likelihood of 
having a child with at least one anthropometric failure with a tendency to have a wasted (acutely 
undernourished) child with them: while 9 percent of children of mothers with adequate BMI were 
found wasted, 53 percent of children of severe thin mothers were wasted.  

Insights from literature - Balarajan et al. (2011) found in their review on anaemia in low-income and 
middle-income countries that maternal and child anaemia were significantly associated and state 
that the intergenerational transfer of poor iron status from mother to child was well-known. Respec-
tively, an analysis of 990 breastfed infants aged 3 to 5 months conducted in Indonesia showed that 
low Hb concentrations in infants were associated to maternal anaemia - where multiple logistic re-
gression analysis revealed that normal birth weight infants of anaemic mothers had an odds ratio of 
1.81 to have a low Hb of less than 10g/dl compared with infants of non-anaemic mothers with a 
normal birth weight (De Pee et al., 2002). Likewise, a study conducted in Mexico showed a three-fold 
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increased risk of infant anaemia (n=183 infants aged 9 months) amongst anaemic mothers (Meinzen-
Derr et al., 2006). In fact, it was found already in the 1990s that newborns of mothers suffering from 
moderate or severe anaemia show lower iron endowments at birth (Singla et al., 1996) - and a small 
endowment of iron at birth was then found associated to put infants at risk to develop an iron defi-
ciency within the first six months of life (Ziegler et al., 2014). Hence, when it comes to infants the 
association of maternal anaemia and children's anaemia status is well documented. Indeed, child 
anaemia was also found strongly associated with maternal anaemia when it comes to children aged 6 
to 23 months, as an analysis of 52 standard Demographic Health Surveys showed (Prieto-Patron et 
al., 2018). A study conducted in Ethiopia focused on even older children aged 6-59 months (n=8,260) 
and concluded that childhood anaemia had an increasing trend with maternal anaemia levels of mild, 
moderate and severe anaemia - with an odds ratio of 1.82, 2.16 and 3.73 respectively, p<0.01 (Habte 
et al., 2013). With regard to the situation in India, the third National Family Health Survey showed 
that the anaemia status of children aged five and less years was closely linked with maternal anaemia 
and that the prevalence of children’s anaemia was rising steadily with the mother’s level of anaemia 
(International Institute for Population & Sciences (IIPS) and Macro International, 2007); a seven-fold 
risk of suffering from severe anaemia for children of severely anaemic mothers was found. Similarly, 
Onyeneho et al. (2019) found that lower maternal haemoglobin concentrations were linked to chil-
dren with anaemia, drawing on data from the 2015-16 Indian National Fertility and Health Survey 
(n=112,714 children <5 years). Finally, in the light of the existing literature body, the anaemia status 
of infants as well as of young children can be considered associated with maternal anaemia status.  

With regard to the linkage of maternal BMI and children's' undernutrition status an association has 
repeatedly been shown in accessible literature. For instance, a cross-sectional study conducted in 
India (comprising n=2,299 children from five Indian states) found that low maternal BMI was a major 
predictor of underweight and stunting amongst their children (Sinha et al., 2018). In the same line, an 
analysis focusing on South Asia (including also India) found that children aged 0 to 59 months (n= 
252,797) of mothers with a BMI of less than 18.5 had a greater risk of being wasted (Harding et al., 
2018) compared to mothers with adequate BMI. Low maternal BMI (<18.5) was further found to be a 
factor associated with childhood stunting, wasting and underweight in Sub-Saharan Africa, where 49 
studies had been analyzed during a systematic review (Akombi et al., 2017). In the same line, India's 
NFHS-3 showed an interrelation between maternal and child nutritional status, saying that mothers 
suffering from underweight (BMI<18.5) were more likely to bear undernourished children (Interna-
tional Institute for Population & Sciences (IIPS) and Macro International, 2007). 

Conclusion - It is indeed likely that the anaemia status of Santal Adivasi mothers living in rural 
Birbhum district and their youngest child (aged 6-39 months) is associated, even though the results in 
this dissertation remained non-significant. Further research may clarify this hypothesis. Moreover, 
low maternal BMI (<18.5) amongst Santal mothers can be assumed to be associated with child un-
dernutrition (stunting, underweight and wasting) - even though the proof of an association between 
low maternal BMI and stunting of the youngest child remained non-significant in this dissertation. As 
becomes clear, eventually, children and their mothers always need to be seen together when dis-
cussing on nutritional changes and initiatives to overcome child undernutrition and anaemia. 
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9.2 Insights gained from the pre-post intervention study 
The comparative pre-post intervention study conducted from February 2015 until August 2016 inves-
tigated the effectiveness of (a) diversified meals (IG1), (b) same meals plus a leaf powder supplement 
of Moringa and Amaranthus (IG2), and (c) same meals plus a low-dosed micronutrient sprinkle (IG3) 
compared to a control group (CG). Hb development served as primary indicator. The following sub-
chapters briefly present the insights gained from the field work and assess those.  

9.2.1 Potential of diversified meals to increase Hb in children 

Own findings - The implemented low-dose intervention trial provided a nutritious meal three days a 
week to Adivasi tribal children aged 6-39 months (IG1) - either enriched with a leaf powder of Mor-
inga/Amaranthus (IG2) or with the micronutrient-sprinkle "TopNutri" (IG3) - Hb development was 
controlled every six months and compared to a CG which did not receive any meals. The mean Hb 
improvement after 12 months in IG1 amounted to 0.98g/dl - compared to 0.45g/dl in the CG (+218 
percent). It was found that after 12 months IG1 showed a bigger share of non-anaemic or only mildly 
anaemic children compared to the CG (p<0.05; initial distribution of non-anaemic and mildly anaemic 
versus moderate and severely anaemic children did not significantly differ in IG1 and the CG). Fur-
ther, children in IG1 showed bigger likelihood of achieving Hb increases which belong to the top 30 
percent of all reported Hb increases (amounting to 1.40g/dl and more) after 12 months of interven-
tion compared to the CG (p<0.01). It was argued, accordingly, that providing diversified meals to 
undernourished tribal Adivasi children does help to increase Hb and to reduce anaemia.  

Insights from literature - Indeed, literature shows an association of anaemia and food diversity. Re-
spectively, Diegane and Adama (2019) found adequate dietary diversity to be a main determinant of 
anaemia in women of reproductive age (n=1,926) in Senegal. A poor dietary diversity has further 
been associated with anaemia in Ethiopian children under five years (Belachew & Tewabe, 2020) - as 
were child's age <2 years, stunting/chronic undernutrition, not being de-wormed and food insecurity. 
Going through accessible literature it becomes clear very quickly that it is not only (but also) missing 
dietary diversity which contributes to anaemia in children and mothers: For instance, a study con-
ducted on children aged 6-59 months (n=2,388) in Ghana showed that age (being 12-23 months old), 
birth-interval and belonging to the poorest wealth quintile were predictors of anaemia (Saaka & 
Galaa, 2017). In the same line, the field work related to this dissertation revealed other predictors of 
anaemia aside a lack of dietary diversification: namely the child's age being <24 months, low under-
weight z-scores, morbidity (any fever, diarrhoea or respiratory infection) on the checkup day or dur-
ing the previous week as well as low maternal Hb level (Stiller et al., 2020b). Further, a multivariable 
logistic regression analysis on Ethiopian children aged 6-23 months (n=485) found HH food insecurity, 
poor dietary diversity, early or late initiation of CFs, poor breastfeeding practices and poor utilization 
of folic acid by mothers to be associated with anaemia (Malako et al., 2018). Hence, the question 
what are the most important determinants of anaemia and accordingly low Hb levels of children and 
mothers is indeed complex and multi-faceted. Still, dietary intakes do matter and especially the con-
sumption of iron-rich foods as animal products and GLV is discussed in literature to raise Hb levels. 
For instance, a study conducted by Rao et al. (2014) found a Hb increase of 0.57g/dl within a year 
amongst rural Indian women of reproductive age (n=317) after introducing recipes including tradi-
tional GLV. Importantly, consumption of iron rich foods was found to be more likely in HH with an 
increased dietary diversity (Orsango et al., 2021). Thus, the diversification of home diets finally in-
creases the likelihood to consume iron-rich foods and therewith to reduce anaemia prevalence 
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amongst children and mothers. Besides the consumption of iron-rich foods, several other factors 
relating to food diversity are known to influence anaemia. Fançoncy et al. (2020) describe several of 
these nutrition-specific aspects which have the potential to increase Hb in children and mothers - 
and which are found in a diversified diet: Dietary diversification in rural settings where plant-based 
diets dominate mean to enhance consumption of animal source foods (with good bioavailability of 
iron) or rather of enhancers as vitamin C-rich foods; further vitamin B9 intake may be risen by con-
suming legumes, GLV, whole grains, and fruits/fruit juices; vitamin B12 intake may be improved 
through the consumption of animal-source foods and dairy products; while the intake of vitamin A 
(another enhancer in the iron metabolism) may be increased through consumption of GLV, orange 
and yellow fruits, vegetables, dairy products, eggs, and fish. Food processing is recommended to 
improve the availability of nutrients. It becomes obvious that diversifying meals is not an easy task - 
with various aspects to be considered in order to fulfil RDAs of children and mothers in a satisfying 
manner. Interestingly (and contrary to the general thinking), Shapiro et al. (2019) could not confirm 
an association of consuming animal foods and anaemia in their systematic review on animal-food 
consumption in low and middle-income countries which focused on stunting (primary indicator) and 
growth indices/anaemia (secondary indicators) amongst children aged 6-60 months. Platel and Srini-
vasan (2016) explain that the inhibiting compounds in plant-based diets are indeed dominant and 
cannot only be reduced by processing foods, but that there are also optimal food combinations - 
more specifically they name onion and garlic, as well as carrot, Amaranthus and ginger (all familiar in 
the Indian context) to have a positive influence on micronutrient bioavailability from plant-based 
meals. The authors further state that, so far, there was a lack of consensus what aspects need to be 
included when speaking about dietary diversity what makes it difficult to compare and generalize 
findings in the field. Still then, Nair et al. (2015) do describe dietary diversification as "long-term sus-
tainable strategy" to alleviate micronutrient deficiencies (including anaemia) worth to go for. And 
also Thompson and Amoroso (2011) call dietary diversification to be part of a sustainable strategy to 
overcome micronutrient deficiencies in their book on food-based approaches to combat micronutri-
ent deficiencies, published by the FAO.   

Conclusion - Diversifying meals of populations relying predominantly on plant-based diets appears to 
be effective in combating micronutrient-deficiencies as anaemia. The approach is, however, complex, 
and needs to consider not only the consumption of iron-rich foods (as animal products and GLV), but 
rather needs to focus on a balanced intake of all essential nutrients (including vitamins C, A, B9 and 
B12, respectively). Food processing needs to be realized in order to facilitate nutrient absorption. 
Eventually, the dissertation's finding that diversified meals help rising Hb levels in children is indeed 
in line with accessible literature and supports the strategy to use food diversification as sustainable 
way to reduce micronutrient deficiencies as anaemia in children and mothers. 

9.2.2 Potential of leaf powders and sprinkles to increase Hb in children 

Own findings - The effect of adding a leaf powder of Moringa and Amaranthus (IG2) or of adding the 
micronutrient sprinkle "TopNutri" (IG3) to the diversified meals on Hb development remained non-
significant (p>0.05) - with a mean Hb increase of 0.82g/dl in IG2 (182 percent compared to the CG) 
and 0.92g/dl in IG3 (204 percent compared to the CG) after 12 months. As per the conducted statisti-
cal analysis, no significant difference in the distribution of non-anaemic and mildly anaemic children 
versus moderately and severely anaemic children could be found when comparing IG2 to the CG 
(p>0.05) and IG3 to the CG (p>0.05). Furthermore, no significance could be shown when comparing 
the distribution of top-30 percent of Hb increases of IG2_IG3 (grouped) to the CG. It was discussed 
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that the amount of leaf powder possible to provide to children and mothers had been limited (as 
taste and colour of food changes); and that as per children's and mothers' acceptance (tested in a 
pre-study) 3g of leaf powder per 100g of food were provided (with a ratio of Moringa to Amaranth of 
1:2). It was further explained that IG3 received an adjusted amount of sprinkle (with identical iron 
content as the leaf powder) which lay below the daily recommended intake level for the sprinkle. 
Thus, the non-significant result of adding the leaf powder or rather the micronutrient sprinkle to the 
diversified meals needs to be seen in the light of the low dosage of iron provided (the leaf powder as 
well as the sprinkle contained 1.9mg iron per 100g of food). The effectiveness of providing leaf pow-
ders and sprinkles (in higher dosages) cannot be finally judged through the study.  

Insights from literature -Indeed, literature shows that administering higher amounts of Moringa leaf 
powder (MLP) of 10g per day or more does result in significant Hb increases. Respectively, a study 
conducted in Ghana provided 15g of MLP per day for a duration of four weeks to malnourished chil-
dren aged 6-36 months (n=25) and reported a significant increase in Hb levels (p<0.001; Asante, 
2011). Another study conducted in Tanzania comprised severely malnourished children aged 6-24 
months (n=64) who were fed 250ml maize porridge enriched with 25g MLP for a duration of three 
months and found a significant Hb increase as well (4.1g/dl given an initial mean Hb of 7.4g/dl) com-
pared to a CG (n=76, with an initial Hb of 7.1g/dl and a Hb increase of 0.2g/dl) who had received 
merely the maize porridge (Andrew, 2010). Again another study from Benin focused on moderately 
malnourished children aged 6-30 months (n=44) who received 10g of MLP along with their food at 
home in two servings (morning and afternoon) and found a significant increase in Hb of 1.6g/dl (ini-
tial mean Hb was 10.3g/dl) after six months compared to a CG (n=40, with an initial mean Hb of 
10.4g/dl and a decrease of -0.6g/dl after 6 months) who received just the normal home food (Sat-
urnin et al., 2018). Further, Shija et al.(2019)  report from Tanzania that Hb of anaemic children be-
low two years (n=43) who received 25g of MLP per day significantly rose after a duration of 6 months 
(p=0.002) - with an increase in Hb of 2.6g/dl in the IG (initial mean Hb was reported at 8.3g/dl) com-
pared to a CG (n=52, initial Hb: 7.9g/dl and Hb increase: 1.6g/dl). It shall be noted that mothers fed 
the MLP at home to their children and monitoring of the compliance showed that half to three-
quarters of the recommended amount of leaf powder was finally given to the children (12.5g-18.8g).  

On the other hand, studies providing 10g of MLP or less per day report no significant changes in Hb. 
A study from Burkina Faso provided 10g of MLP to severely malnourished children aged 6-59 months 
where Hb changes of the IG (n=52) remained non-significant compared to a CG (n=58) at p>0.05 
(Zongo et al., 2013); interestingly, the significance level was close to becoming significant at p=0.060. 
Another study focusing on infants aged 8-12 months was conducted in Ghana, where the provision of 
5g of MLP per day for a duration of 16 weeks remained non-significant - the MLP was either provided 
along with a cereal-legume-blend (IG1, n=80) or as a supplement sprinkled on the infant's usual 
home diet (IG2, n=74) and Hb development was compared to CG children (n=83) who received the 
cereal-legume blend without MLP (Boateng et al., 2019). Several studies providing low doses of MLP 
focusing in school-age children have been published, where Hb changes remained non-significant. 
Respectively, a study conducted on the Philippines provided snack foods containing 3g of MPL daily 
to underweight school children aged 8-10 years for a duration of 120 days (IG, n=61) which resulted 
in a slight but non-significant increase in Hb compared to a CG (n=60) (Perlas et al., 2015). Similarly, a 
study conducted in Ghana focusing on school children aged 5-12 years provided 2.4g to 5.1g of MLP 
per day (as per body weight of the children) along with study meals three times a week for nine 
weeks and found non-significant change in Hb when comparing IG children (n=69) to CG children 
(n=76; Glover-Amengor et al., 2017). In the same line, a study conducted in Cameroon found that the 
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provision of meals enriched with 3 to 5g MLP (IG, n=88) had no significant effect on the prevalence of 
anaemia (Hb<11.5g/dl) in school children aged 5 to 8 years compared to a CG (n=95; Lonati, 2016). 

Far less literature has been published on the effectiveness of Amaranthus leaf powder (ALP) to in-
crease Hb in children. One study conducted in Ghana provided a cooked meal enriched with a leaf 
powder containing Amaranthus cruentes five times a week to children aged 4-9 years for a duration 
of three months and found a significant increase in Hb of IG children (n=53) compared to CG children 
(n=51) who received the same meals without ALP; Hb increase amounted to 0.43g/dl in the IG com-
pared to 0.35g/dl in the CG (Egbi et al., 2018). Two other studies used fresh Amaranthus leaves to 
feed children and measured their Hb development - Hb changes remained, however, non-significant: 
Firstly, a study conducted in South Africa provided GLV including Amaranthus along with the tradi-
tional starchy school meal to children aged 6-12 years five times a week for a duration of three 
months (n=86) and compared their Hb development to a CG of children (n=81) who received just the 
normal school meals - no significant change in anaemia prevalence (Hb<11.5g/dl) could be found 
(van der Hoeven et al., 2016); initial mean Hb of IG children was 12.8g/dl and of CG children 12.7g/dl 
- a Hb increase of 0.3g/dl (IG) or rather 0.4g/dl (CG) was registered. And secondly, a study conducted 
in Indonesia found that children aged 7-11 years who were fed GLV including three Amaranthus 
types (IG1, n=45, mean initial Hb was 11.1g/dl) showed a significantly lower Hb increase than chil-
dren in IG2 (who received carotene-rich fruits, n=49, initial Hb 11.1g/dl) and children in IG3 (who 
received retinol rich foods, n=48, initial Hb 11.1) - with a change in Hb amounting to 0.1g/dl (IG1) 
compared to 0.5g/dl (IG2/IG3) (De Pee et al., 2002). Further studies on the usefulness of ALP to in-
crease Hb in anaemic children appear to be of need. 

With regard to micronutrient sprinkles, literature proofs a dose-dependent success to increase Hb - 
with moderate (5mg) to high (12.5mg) amounts of iron proving effective. A low-dose trial was im-
plemented in a Kenyan refugee camp where a MNP containing 2.5 mg of sodium iron ethylenediami-
netetraacetate (NaFeEDTA) was provided to children aged 6-59 months (n=410) and to women of 
childbearing age (n=458) for a duration of 13 months - here, no significant change in Hb could be 
shown (Ndemwa et al., 2011). Another low-dose trial was conducted in South Africa which similarly 
provided a micronutrient sprinkle containing 2.5mg of iron (as NaFeEDTA) which was added to a 
maize-porridge and served to school children with low iron status five days per week for a duration 
of 23 weeks - no significant change in Hb as well as with regard to the prevalence of iron deficiency 
anaemia could be shown (Troesch et al., 2011). On the contrary, providing 5mg of elemental iron (as 
ferrous fumarate) to Indian children aged 6 months to 6 years (n=17,124) showed a significant in-
crease in Hb by 0.71g/dl (boys) or rather by 0.48g/dl (girls) within a 4 months period, where sixty 
servings of the sprinkle were provided (Hirve et al., 2013). A Cochrane database review comprising 
eight trials with a total of 3,748 participants from seven countries (including India) found that micro-
nutrient sprinkles provided at home were effective to reduce iron deficiency amongst infants and 
young children by 51 percent - where sprinkles were reported to contain 12.5mg of elemental iron in 
the form of ferrous fumarate (De-Regil et al., 2011). The review included also a study of Hyder et al. 
(2007) which was conducted in Bangladesh and provided either a micronutrient sprinkle containing 
12.5mg iron on a daily basis or a weekly dosage of 30mg iron to mildly and moderately anaemic chil-
dren aged 12-24 months (n=136) - it was found that both dosages equally led to a significant increase 
in Hb after 8 weeks of intervention. Hence, considered on a daily basis, 4.3mg of iron were sufficient 
to increase Hb in this study. Provision of higher amounts of iron than 12.5mg via micronutrient sprin-
kles was found to have a similar effect as the 12.5mg dosage: Hirve et al. (2007) investigated the 
increase of Hb in anaemic children aged 6-18 months who received either 12.5mg or iron (ferrous 
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fumarate) via a micronutrient sprinkle or a higher dosage of 20 or 30mg iron per day or rather 20mg 
of micronized ferric pyrophosphate or drops containing 20 mg ferrous glycine sulphate.  

Conclusion - The finding of this dissertation that the provision of a leaf powder of Moringa and Ama-
ranthus or rather of a micronutrient sprinkle in low dose (containing 1.9mg iron per 100g of food in 
both cases) is ineffective to increase Hb in children aged 6-39 months significantly is in line with ac-
cessible literature. Here, an amount of 10g of Moringa leaf powder per day was found to be able to 
increase Hb in children significantly (compared to 1g of Moringa along with 2g of Amaranthus leaf 
powder per 100g of food provided in this study three times a week) while lower dosages remained 
ineffective. Likewise, a minimum amount of 5mg of iron per day has been found necessary to be 
supplied via micronutrient sprinkles - with reliable effects in case of administering 12.5mg daily.  

9.3 Cost-effective and nutrient-dense meals for the malnourished 

An aim of this dissertation was to analyze the locally available foods of rural Birbhum to find out 
which of them are most nutrient-dense with regard to their seasonal retail costs (adjusted for edible 
portion) in order to develop a cost-effective meal schedule for the rural population (children and 
mothers), which may be affordable to Adivasi families. The following sub-chapters present the find-
ings of the conducted cost-effectiveness analysis of locally available foods (n=425, chapter 6) and the 
recipe development section (chapter 7) and put them in relation with the existing literature body - 
the considerations comprise a reflection on the methodological approach chosen to rank foods. 

9.3.1 Cost-effectiveness analysis of locally available foods - methodology and outcome  

Own approach/ findings - In order to analyze the cost-effectiveness of locally available foods, a total 
of 38 nutrients has been analyzed - those included: energy requirement, macronutrients (CHOs, pro-
tein, fat), fat-soluble vitamins (vitamin A, D, E and K), water-soluble vitamins (vitamin B1, B2, B3, B5, 
B6, B7, B9, B12, and C), minerals and trace elements (calcium, copper, iron, magnesium, manganese, 
phosphorus, potassium, selenium and zinc), essential fatty acids (total PUFAs, α-linolenic acid as n-3 
representative and linolenic acid as n-6 representative), as well as essential amino acids (isoleucine, 
leucine, lysine, SAA: methionine and cysteine, AAA: phenylalanine and tyrosine, tryptophan, valine, 
and histidine). Further, five anti-nutritive elements have been considered: oxalate, phytate, polyphe-
nols as well as sodium and total dietary fibre. The content of anti-nutritive elements should be kept 
as low as possible in the diet of undernourished children and mothers - as they are known to hamper 
the absorption of critical nutrients as iron, zinc and calcium (oxalate, phytate, polyphenols) or rather 
to cause heart failures/death in undernourished children (excess sodium intake) or to reduce appe-
tite/slow down catch-up-growth (dietary fibre). Nutrient and anti-nutrient contents per 100g of food 
(edible portion) have been drawn from the Indian food composition table (FCT) - supplemented by 
the Bangladeshi FCT, the West African FCT, as well as the Canadian and German food composition 
online data sets (Bundesministerium für Ernährung und Landwirtschaft, 2021; Government of Cana-
da, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020). All nutrient related data 
was entered in Spss (portable IBM SPSS statistics v19) for analysis and calculation of single nutrient 
indicators as well as the aggregate cost-effectiveness indicator - which was derived as the sum of all 
nutrients related to the RDAs formulated specifically for moderately malnourished children aged 12-
23 months (Golden, 2009; ICMR, 2020) divided by the (seasonal) retail cost of analyzed foods where 
price data was locally collected in winter and summer season (Summer Retail Prices, personal com-
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munication, 2021; Winter Retail Prices, personal communication, 2021) - and adjusted for edible 
portion as to apply the cost per 100g of edible food (excluding peel, kernels, bones etc.); edible por-
tion coefficients have not been documented in the Indian FCT and were drawn on from the Bangla-
deshi FCT, the West African FCT and a US source (Matthews & Garrison, 1975; Shaheen et al., 2013; 
Vincent et al., 2020) which had been used by Darmon et al. (2005) as well.  

Applying the described methodological approach, the cost-effectiveness analysis of locally available 
foods (n=425) at Birbhum district, India, showed that certain FGs (FGs) are indeed more cost-
effective than others. While foods from the FGs cereals and millets, vegetables, and roots and tubers 
belonged more often to the top 30 percent of cost-effective foods (p<0.001 for all named FGs, as per 
winter prize analysis) - foods from the FGs fruits (p<0.001), animal products (p<0.001), fish (p<0.001), 
condiments and spices (p<0.01), and sugars fats and miscellaneous (p< 0.05) less often belonged to 
the top 30 percent of cost-effective winter foods. Summer price analysis revealed a similar picture, 
where besides cereals and millets, vegetables and roots/tubers also grain legumes belonged more 
often to the top 30 percent of cost-effective foods (p<0.05) compared to all other foods.  

Insights from literature: methodology & cost-effective foods - Drewnowski (2010) explains that in 
earlier times, foods were analyzed solely with regard to their cost - irrespective of their nutritive con-
tent and cites Wilbur Atwater (1894) who once said that "we are apt to judge them [foods] by the 
prices per pound, quart or bushel, without much regard to the amounts or kinds of actual nutrients 
which they contain.” Later on food costs were calculated with regard to the calories supplied - leav-
ing essential nutrients unconsidered (Milner, 1902). More recently, Drewnowski along with Darmon 
et al. (2005) conducted a more extensive analysis relating the cost and nutritional value of foods, 
focusing on foods available in France and found that vegetables as well as fruits offered key nutrients 
at reasonable cost (while both FGs were considered expensive sources of energy); a total of 16 nutri-
ents had been analyzed. Another work conducted by Maillot et al. (2007) equally showed that nutri-
ent-dense FGs tended to have higher energy costs. Meanwhile there a various holistic approaches to 
assess cost-aspects of foods with reference to their nutritional content - which all developed within 
the "nutrient adequacy" literature body. Respectively, the "fill the nutrient gap" approach tries to 
understand the costs and affordability of nutritious diets - an analysis conducted in Cambodia found 
that pulses and GLV belonged to inexpensive and nutrient-dense available foods  - further fish, blood 
and offal were named as cheap sources of nutrient-dense foods (WFP, 2017). Moreover, the "cost of 
the diet approach" uses a linear programming software to determine the least expensive combina-
tion of locally available foods in order to cover (1) energy needs only, (2) energy and macronutrient 
needs, or (3) energy, macro- and micronutrient needs (Deptford et al., 2017). The software contains 
nutritional information about more than 3,500 foods - presenting data on energy, protein, fat as well 
as 13 vitamins and minerals - it refers to the RDAs defined by WHO/FAO (2004) - which are not exclu-
sively meant for malnourished individuals; further the software considers the edible portion coeffi-
cient in order to adjust for prices for non-edible parts as peel, kernels, bones and others. With regard 
to India, vegetables were reported to contribute the largest share of weekly food cost - as those 
were used in great amount by the modelling software due to their cost-effectiveness in covering 
nutrient needs - in detail, spinach, radishes, Fenugreek leaves, spring onions, snake gourds and 
pumpkins had been included in the recommended cost-effective diet. In 2010, Drewnowski pre-
sented a "nutrient rich food index" ranking foods with regard to their nutritional value in relation to 
their retail costs; drawing on US food composition and price data, the index comprised 9 nutrients to 
be encouraged in the diet (protein, fiber, vitamin A, vitamin C, vitamin E, calcium, iron, magnesium, 
and potassium), as well as 3 to be limited: saturated fat, added sugar, and sodium (Drewnowski, 
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2010a). The author found that milk, potatoes, citrus juices, cereals, and beans had more favourable 
overall nutrient-to-price ratios than many vegetables and fruits - and highlighted in the same time 
foods effective in covering single nutrients: respectively, eggs, dry beans, legumes, meat and milk 
products were the lowest-cost sources of protein - while milk and milk products were the lowest-cost 
sources of calcium, and vegetables and fruits were the lowest-cost sources of vitamin C. Interestingly, 
Darmon and Drewnowski (2015) found in their systematic review analyzing the associations of food 
prices, dietary quality and socioeconomic status, that low-cost and nutrient-dense foods are not al-
ways acceptable to low-income consumers - while acceptable healthy diets often remained inacces-
sible to consumers with limited food budgets. The FAO applies this knowledge and distinguishes 
nowadays between the goal to reach mere nutrient adequacy (where essential nutrient needs may 
be covered through least cost foods) and the goal to make so-called "healthy diets" accessible - 
which allow diverse food intakes across FGs (Swaminathan, 2020). A recently published paper of 
Drewnowski et al. (2021) concerning the affordability of nutrient-dense diets goes a step further and 
calls to calculate also the environmental cost (as greenhouse gas emissions or other environmental 
costs per 1,000 kcal) of nutritious diets - in an effort to achieve access to sustainable and healthy/ 
nutrient-dense diets which should be affordable to all.  

Conclusion - The chosen methodological approach is closely linked to the analyses previously done by 
Drewnowski/ Drewnowski et al. (Darmon et al., 2005; Drewnowski, 2005, 2010a). It forms, therewith, 
part of the "food adequacy" literature body. While Drewnowski's works comprised 9-16 nutrients to 
be analyzed and were conducted in (so-called) developed world regions - focusing on France or 
rather the US - this dissertation focuses on the foods available in a less developed world region 
(namely Birbhum district, in West Bengal/India) and included 38 nutrients. Also with regard to the 
anti-nutrients included in the analysis the focus is set on the nutritional needs of malnourished indi-
viduals rather than those of individuals from the industrialized world. The high number of nutrients 
or rather anti-nutrients included in the dissertation's cost-effectiveness analysis of locally available 
foods may be considered an advantage (as it pays respect to the fact that it is balanced diets which 
allow adequate growth and a healthy development) while it is, at the same time, a clear limitation - 
as merely for 75 percent of analyzed foods (n=425) all 38 nutrients were known - due to gaps in ap-
plied FCTs. Hence, paramount nutritional data is indeed helpful to be obtained from FCTs for future 
analyses. The application of RDAs for moderately malnourished children in this dissertation is also 
novel, as commonly RDAs for healthy individuals (as per IoM) are applied in accessible research, 
which are well understood and accepted - while RDAs for moderately malnourished individuals are 
still in the process of being accepted by the international research community. Finally, the outcome 
of the cost-analysis of locally available foods was basically consistent with other literature, where 
vegetables were found to be cost-effective in covering nutrient-needs at affordable costs - as well as 
cereals, pulses and roots and tubers. As an outlook, the cost of the diet software appears as very 
helpful tool to develop affordable diets in accordance with local food habits - it may be further de-
veloped in future to include more nutrients (currently 16), analyze also anti-nutrient contents and 
apply - as per the regional analysis context - RDAs for moderately malnourished populations. Further 
the issue of environmental costs may be included in the software - as well as other approaches. 

9.3.2 Seasonal price changes of foods 

Own findings - Comparing the prices of analyzed foods (n=425) in winter and summer season, foods 
from the following FGs (FGs) have been found to show more often than all other foods price in-
creases: (1) animal products (p<0.001), (2) fruits (p<0.01), and (3) cereals and millets (p<0.05). On the 
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other hand, foods from the following FGs showed less often than all other foods price increases in 
summer compared to winter season: (1) vegetables (p<0.05), (2) roots and tuber (p<0.05), (3) condi-
ments and spices (p<0.01), and (4) fish (p<0.05). Hence, while animal products, fruits and cereals 
tended to be more expensive in summer compared to winter season, vegetables, roots and tubers, 
condiments and spices as well as fish tended to be cheaper in summer than in winter. No significant 
price change (in either direction) could be shown for the FGs (1) grain legumes, (2) nuts and oilseeds, 
as well as (3) sugars, fats, oils, and miscellaneous. Knowing that prices of foods do show seasonal 
changes in most of analyzed FGs, it was argued that the seasonal cost-effectiveness of foods should 
be understood when planning cost-effective meals for malnourished children and mothers.  

Insights from literature - A cost of the diet analysis conducted for India showed that costs for vegeta-
bles peaked from May to August while they were found lowest in November and December (Save the 
Children, 2014) and also Dizon et al. (2021) found in a recent analysis that the cropping cycles in India 
lead to a price increase in vegetables as well as in fruits during hot summer season. It is explained 
that crops were sown in rainy season ("kharif" - May to July) and in winter season ("rabi" October to 
December) with harvesting times in September/October or rather February to April - from March till 
June less vegetables and fruits were available in the market (and accordingly higher priced). A study 
on the marketing of vegetables and fruits in India further confirms that the bulkiness of goods influ-
ences their price level (Gandhi & Namboodiri, 2004) and states that the largest share of potatoes has 
been found to be supplied to Ahmedabad market in India in the month of March amounting to 11.8 
percent of the yearly capacity; with regard to the supply of cauliflower a sharp rise was reported 
from November with a peak in March and drop thereafter. And indeed, potatoes have been found 
less expensive in April compared to December and January in this dissertation; likewise, cauliflower 
was found to be cost-effective in winter (December/January) but not in summer season (April). Gen-
erally, perishable goods which are available only during specific seasons are reported to be affected 
by price changes by Gandhi and Namboodiri (2004). Dizon et al. (2021) calculated in their work the 
cost for a recommended diet and found that comparing monsoon to summer season, the cost of this 
recommended diet increased by 8 percent - vegetables were found as the main cost driver, further 
pushed by price increases in fruits. The authors further found that it is the prices of nutrient-dense 
foods which are more often affected by seasonal price changes - while prices of energy-dense foods 
(as cereals, oils, fats and sugars) with a longer shelf-life showed more stable prices.  

Conclusion -Literature confirms seasonal price changes especially of vegetables and fruits, but also of 
other nutrient-dense foods (as animal-source foods) - while storable goods as sugars and oils were 
more stable - peak prices of perishable vegetables and fruits are reported for dry summer season in 
India (March till June). These explanations are basically in line with the findings of this dissertation - 
where non-quickly-perishable goods as legumes, nuts and oilseeds and sugar, oils and fats experi-
enced no significant price changes from winter (December/January) to summer (April) season, while 
nutrient-dense foods (animal products, fish) and perishable goods (fruits, vegetables) did show sea-
sonal price changes. Exceptions were observed price changes in cereals and millets as well as condi-
ments and spices. Finally, the seasonality of food costs needs indeed to be considered when planning 
for affordable meals for HHs with limited spending capacity - and support to afford healthy diets 
might of greatest need during summer season when prices for nutritious foods are highest. 
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9.3.3 Potential of cost-effective nutrient-dense meals to cover RDAs of children/mothers 

Own findings - Recommended daily allowances (RDAs) for moderately malnourished children have 
been applied in this dissertation as a basis to analyze if nutrient-dense meals prepared from most 
cost-effective locally available foods are able to cover intake needs of children aged 12-23 months - if 
not the references for healthy Indian children aged 1-3 years had been higher (Golden, 2009; ICMR, 
2020). For mothers (lactating, pregnant and non-pregnant non-lactating), RDAs defined by the IoM 
have been applied - again if intake recommendations published by the Indian guidelines had not 
been higher (Institute of Medicine, 2005, 2011; ICMR, 2020). A total of 38 nutrients had been in-
cluded in the analysis - while most nutrients were possible to cover via intake of locally available 
foods, others remained scarce (a coverage of at least 80 percent of the RDA was strived for).  

 For the children, the following nutrients remained below 80 percent coverage (even though 
the consumption of five nutritious meals each day - 200g portions - was assumed): vitamin A 
(59 percent), vitamin E (65 percent), vitamin B1 (74 percent), vitamin B2 (60 percent), Zinc (54 
percent), linoleic acid (as a representative of n-6 fatty acids - 55 percent).  

 Considering lactating mothers, the following nutrients remained with insufficient coverage 
(assuming a portion size of 400g per main meal): vitamin A (78 percent), vitamin E (75 per-
cent), vitamin B1 (52 percent), vitamin B2 (31 percent), vitamin B9 (78 percent), potassium (75 
percent), and linoleic acid (40 percent).  

 For the pregnant women it was the following nutrients which remained with insufficient cov-
erage (assuming portion sized of 375g per main meal): Vitamin B1 (51 percent), vitamin B2 (33 
percent), vitamin B9 (61 percent), iron (59 percent), potassium (76 percent), and linolenic 
acid (37 percent). 

 Finally, for the non-pregnant non-lactating women, the following nutrients remained with in-
sufficient coverage (assuming portion sized of 350g per main meal): Vitamin B1 (59 percent), 
vitamin B2 (33 percent), iron (75 percent), potassium (70 percent), and linolenic acid (37 per-
cent). 

Insights from literature - A comparable analysis as implemented in this dissertation focusing on the 
coverage potential of RDAs of undernourished children and mothers through local foods throughout 
the whole day (week) can hardly be found in accessible literature. Still, various studies on the use of 
local foods to better nourish children and mothers have been published - providing insights in the 
difficulties to satisfy nutrient needs on the mere basis of locally available foods. Respectively, chil-
dren in the complementary feeding (CF) period were found to remain deficient in iron, zinc and cal-
cium (Osendarp et al., 2016; Solomons & Vossenaar, 2013). Osendarp et al. (2016) conducted a sys-
tematic literature review including 23 articles focusing on the question if local foods can cover nutri-
ent needs in the CF period of children aged 6-23 months or not. The authors found that even if CF 
intakes were optimized, not only iron, zinc and calcium, but in some settings also B vitamins (includ-
ing folate) remained below recommended intake levels. The authors stated that few studies reported 
on vitamin B6, B12, and magnesium intakes of children, stressing the need for more holistic analyses. 
In fact, research tended to focus on "problem nutrients" as iron and zinc - rather than to analyze the 
potential of local foods to cover all known nutrients. Respectively, a study conducted by Rao (2014) 
analyzed the potential of consuming iron rich foods to prevent anaemia in women of childbearing 
age in rural India, what was found effective. There are also more holistic approaches, comprising 10 
to 22 nutrients: For instance, a study from Bangladesh analyzed 30 recipes developed as CFs for chil-
dren aged 6-23 months and found that energy as well as nutrient density of the recipes tended to be 
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too low (Roy et al., 2021); a total of 10 nutrients had been considered. A cost of the diet analysis 
conducted in India included 16 nutrients (energy, protein, fat, vitamin A, C, B1, B2, B3, B5, B6, B9, B12 as 
well as calcium, iron, magnesium and zinc) and found that intakes of calcium, fat and iron were most 
difficult to meet as those were contained in more expensive foods (Save the Children, 2014). And a 
study conducted in Tanzanian on children aged 6-23 months included 22 nutrients - which found that 
iron, zinc and calcium were most difficult to cover (Raymond et al., 2017). Still, publications covering 
all known nutrients (including also essential amino acids and essential fatty acids, respectively) are 
hard to find - even though the need to offer balanced diets to the growing child has been understood 
latest since the works of Golden and Michaelsen et al. (Golden, 1995, 2009; Michaelsen et al., 2009). 
And also the complexity of the development of anaemia is meanwhile better understood, where not 
only iron but multiple nutrients - as vitamin B2, B9, B12, A, D, and C - influence the human metabolism 
(Arabi et al., 2020; Arruda et al., 2009; Bacchetta et al., 2014; Biesalski, 2013, 2016; Fishman et al., 
2000; Michaelsen et al., 2009; Powers et al., 1983; Semba & Bloem, 2002; Smith & Tangpricha, 2015). 
Still, while extensive focus has been put on research to supplement iron (which often failed to 
achieve the effects hoped for), the significance of vitamin B2 to overcome anaemia, respectively, is 
less well understood and documented. Meanwhile the international community widely agrees that it 
is balanced affordable diets which may contribute to overcome undernutrition amongst children and 
mothers - and argues that such diets need to be supported by governments and social protection 
measures, as well as monitored through market mechanisms which make nutrient-dense foods avail-
able also to poor rural populations. Further research on the potential of local foods to cover all 
known nutrient-needs may be encouraged - on order to implement such research, FCTs should pro-
vide details on all known nutrients (and anti-nutrients) in the time to come. 

Conclusion - The analysis realized within this dissertation in how far recipes developed on the basis of 
cost-effective locally available foods can cover RDAs of undernourished children and their mothers 
extends present research because of the high number of nutrients included in the analysis (38 rather 
than a maximum of 22 found in accessible research). This is in line with the international commu-
nity's contemporary understanding that balanced diets covering all known nutrients are required to 
overcome undernutrition in children and mothers. A unique feature is also the application of RDAs of 
moderately malnourished children - often RDAs for healthy children are applied to assess if local 
foods can cover intake needs - even though undernourished populations are considered. This may be 
because of the missing final agreement of the international community on the intake needs of mod-
erately malnourished children (which are assumed higher than those of healthy but lower than those 
of severely malnourished children). Finally, this dissertation points out the difficulty to meet all nutri-
ent intakes in satisfying manner even if cost-effective foods can be afforded (through joint efforts of 
villagers and government/NGOs) - as several nutrients remained below 80 percent of the recom-
mended intake levels in case of children as well as of mothers. Hence, supplementing such nutrients 
besides optimizing diets needs to be considered when working with undernourished individuals.  

9.3.4 Role of anti-nutrients/food processing in covering RDAs  

Own findings - Five anti-nutritive elements have been analyzed in this dissertation while developing a 
diversified nutritious diet based on most cost-effective local foods for the moderately malnourished 
children and their mothers: oxalate, phytate, polyphenols as well as sodium and total dietary fibre. 
As explained above, named anti-nutrient contents should be kept at a minimum level in the diet of 
undernourished children and mothers. Therefore, a categorization of anti-nutrients according to 
percentile distribution of all analyzed foods (n=425) has been worked out as to define if foods have 
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either low (≤ 4th percentile), medium (> 4th until ≤ 8th percentile), high (>8th until ≤ 9.5th percen-
tile) or very high (> 9.5th percentile) contents of analyzed anti-nutritive elements (see table 70).  

Leafy vegetables as well as condiments and spices were found to have significantly more often high 
and very high oxalate levels compared to all other foods (p<0.001); it was argued that leafy vegeta-
bles should be soaked in water before cutting and preparing them in order to solve water-soluble 
oxalate. Cereals and millets, grain legumes as well as nuts and oilseeds were found to contain more 
often high and very high phytate levels compared to all other foods (p<0.001) - it was recommended 
to soak such foods in water in order to reduce water-soluble phytate (and discard the soaking water) 
or to roast/ferment them (to achieve a hydrolysis to lower inositol phosphates). With respect to 
polyphenols, grain legumes as well as condiments and spices (p<0.001) have been found to contain 
more often than all other foods high and very high levels - further nuts and oilseeds (p<0.01) and 
fruits (p<0.05) contained more often than all other foods high and very high polyphenol levels. Soak-
ing of polyphenol-rich foods was advised in order to reduce water-soluble polyphenols. Finally, con-
sumption of animal products was advised as beneficial for undernourished Adivasi children and 
mothers, as animal products (as well as fish) are free from oxalate, phytate, polyphenols and dietary 
fibre (while being more often than all other foods high or very high in sodium, p<0.001). Roots and 
tubers have been found to be less often than all other foods rich in phytate, polyphenols and dietary 
fibre (p<0.05 each time) - from this perspective, those are a valuable part of the diet of undernour-
ished individuals. Eventually, it was argued that food processing needs to become a stable part of 
food preparation in undernourished populations relying predominantly on plant-based diets. Further, 
molar mass ratios for specific meals need to be calculated in order to ensure acceptable absorption 
of nutrients as iron, zinc and calcium; as vitamin C is known to improve iron absorption it is further 
needful to calculate the vitamin C density for specific meals (which should amount to a minimum of 
20mg/1,000 kcal; Nutrient Requirements and Recommended Dietary Allowances for Indians, 2009). A 
combination of favouring foods with low and medium anti-nutritive element contents, processing 
foods rich in anti-nutrients and adding vitamin C to each meal was finally found as best way to sup-
port covering (high) nutrient needs of undernourished children and their mothers.  

Insights from literature - Anti-nutritive elements in human diets are indeed widely discussed in con-
temporary literature. While for polyphenols and dietary fiber negative as well as positive health out-
comes are reported - phytate, oxalate and sodium are found to be detrimental to human health. 
Phan et al. (2018) explain that beyond micro- and macronutrients, plant-based whole foods contain 
significant concentrations of bioactive plant compounds (also known as "phytochemicals" - polyphe-
nols being one example); those are indeed related with positive health outcomes (as anti-oxidative, 
anti-inflammatory and anti-carcinogenic activities) and are known to interfere with each other. Fur-
ther, research beliefs that polyphenols may add to a beneficial bacterial growth in the gut (Cory et 
al., 2018). At the same time, polyphenols are assumed to have a negative impact on iron absorption 
(Hurrell et al., 1999; Michaelsen et al., 2009; Petry et al., 2010), as well as on protein and zinc absorp-
tion (Michaelsen et al., 2009). Likewise, dietary fiber is partly considered as beneficial to be added to 
the diet of humans - as in a study conducted by Drewnowski (2010a) implemented in the US and 
referring therewith basically to a well- or even overnourished population; here, dietary fiber is as-
sumed to counteract the development of chronic diseases (as coronary heart disease and possibly 
also diabetes) and obesity, resulting from a sedentary lifestyle and consumption of refined grains, 
meat, added fats and sugars (Buttriss & Stokes, 2008; Kendall et al., 2010). On the contrary, when 
referring to undernourished individuals (especially children below to years) it is recommended to 
reduce (insoluble) dietary fiber (Michaelsen et al., 2009) as it reduces appetite (Aggett et al., 2003) 
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and is associated with reduced weight gains (Doherty & Jackson, 1992). Golden (2009) further states 
that dietary fiber alongside phytate reduces the bioavailability of nutrients as iron, calcium, magne-
sium and zinc. Other secondary plant compounds are more clearly assessed to have a negative im-
pact on humans with a lower absorption rate of critical nutrients - phytate (the storage form of 
phosphorus in plants) being the most prominent example. It is known that phytate forms chelates 
with calcium, iron and zinc and renders named nutrients insoluble during monogastric digestion - 
finally contributing to iron and zinc deficiency in humans (Kumar & Sinha, 2018). Likewise, Michael-
sen et al. (2009) explain that phytate reduces the bioavailability of (nonheme) iron, zinc, calcium, 
potassium, magnesium and protein; the authors stress that young children are assumed to be espe-
cially sensitive to the known detrimental effects of phytate. Another anti-nutritive element for which 
adverse health effects in humans are reported is oxalate. Oxalic acid binds to calcium, magnesium, 
sodium and potassium (Gemede & Ratta, 2014) - while resulting sodium and potassium salts are 
soluble, especially calcium-salts are known to be insoluble in the digestive system of humans and are 
associated with the development of kidney stones. Also magnesium-oxalate is considered hardly 
soluble in water (Liebman & Al-Wahsh, 2011). Regular consumption of foods rich in oxalic acid is 
assumed to cause nutritional deficiencies with irritation of the gut's lining, eventually resulting in 
malabsorption (Gemede & Ratta, 2014). Finally, sodium is acknowledged as detrimental nutritional 
factor across nations. A high sodium intake is associated with the development of cardiovascular 
disease in the (so-called) developed world and it is recommended to decrease sodium and increase 
potassium intakes in order to reduce blood pressure/hypertension and decrease the risk to die from 
a stroke, respectively (Whelton & He, 2014). Malnourished children use to have excess sodium in 
their body and it is assumed that this fact results from a slowing down of the sodium pump alongside 
depleted potassium body stores (Patrick, 1978; Patrick & Golden, 1977; Willis & Golden, 1988) - dur-
ing the recovery of undernutrition, these children need to excrete the excess sodium and there is a 
danger of heart failure and death, if this process happens too quickly (Patrick, 1977).  

When it comes to populations relying on plant-based diets, processing of foods rich in phytate and 
oxalate is widely recommended in literature. This is the case especially in low-income countries, 
where stapes as unrefined cereals, legumes and oil seeds form a major part of the diet (Samtiya et 
al., 2020; Schlemmer et al., 2009). Petroski and Minich (2020) report that processing techniques such 
as soaking, fermentation, sprouting, germinating, and cooking significantly altered phytate content in 
grains and legumes, allowing for increased mineral availability. Similarly, soaking, boiling, steaming or 
pairing high-oxalate foods with high calcium foods reduced the negative effects of oxalates - opposed 
to this a low-calcium diet or roasting would increase oxalates; the authors further stress the benefits 
of a colourful, plant-based diet, to outweigh the impacts on mineral absorption by phytate or ox-
alate. Golden (2009) further explains that it was helpful to enrich traditionally prepared infant foods 
(high-phytate unrefined cereal and legume flours, containing little or no animal-source foods) with 
provitamin A or vitamin C-rich foods as well as animal-sourced foods in order to improve iron and 
zinc absorption. Similarly, Hurrel and Egli (2010) as well as Siegenberg et al. (1991) found that vitamin 
C at least partially counteracts the inhibitory effect of polyphenols. With respect to green leafy vege-
tables (rich in oxalate), Natesh et al. (2017) recommend cooking and blanching as adequate 
processing methods. Chai and Liebman (2005) further found in their research that most legumes, 
nuts and flours were rich in oxalic acid. Unrefined cereals, legumes and oil seeds are reported to con-
tain high amounts of phytic acid (Samtiya et al., 2020; Schlemmer et al., 2009); while vegetables, 
fruits, as well as starchy roots and tubers are named to be low in phytate, and animal products are 
known to be free from phytate (as well as oxalate and polyphenols).  
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There are attempts to assess the oxalic acid content of foods as high or rather low - however, chosen 
cut-offs are not uniform. Respectively, high-oxalate foods have been defined with more than 5g of 
oxalate per 100g (Daniels et al., 2009) - or rather with more than 0.45g per 100g of food (Zhao et al., 
2017). A list of foods high in oxalates has been designed by Kennedy et al. (not accessible) - referring 
to phytate, a global food composition database is available (Dahdouh et al., 2019). Overall, however, 
the application of molar mass ratios is the preferable method to assess if phytate and oxalate con-
tents of specific diets are adequate or not, as these allow predicting the intestinal absorption capac-
ity of critical nutrients as iron, zinc, and calcium. While critical values (CVs) to calculate molar mass 
ratios have been well established with regard to phytate:iron (CV=6; Hurrell, 2004), phytate:zinc 
(CV=15-18; Gibson et al., 2010; Tessera et al., 2019), phytate:calcium (CV=0.17-0.24; Gibson et al., 
2010; Tessera et al., 2019), calcium*phytate:zinc (CV=0.5; Ferguson et al., 1988), and oxalate:calcium 
(CV=2.25; Noonan, 1999) - other interrelations are so far less well understood. Especially when it 
comes to polyphenols no CVs have been established in literature so far and Roos et al. (2013) argue 
that this does not even make sense - rather intake limits should be defined for the various subclasses 
of polyphenolic compounds. Further research to better understand the various interactions of sec-
ondary plant compounds and essential macro- and micronutrients will indeed be helpful. 

Conclusion - This dissertation classified phytate, oxalate, polyphenols as well as sodium and dietary 
fibre as anti-nutritive elements. While phytate, oxalate and sodium are accepted as detrimental to 
human health across nations, dietary fibres as well as polyphenols are reported to bring about health 
benefits as well - and it is needful to distinguish between undernourished and well-nourished popu-
lations. The dissertation's finding that cereals, legumes and nuts/oilseeds contain high levels of 
phytic acid is in line with literature - as is the finding that leafy vegetables are rich in oxalic acid - fur-
ther literature names legumes, nuts and flours as relevant sources of oxalate. Literature confirms the 
need to process foods rich in phytate and oxalate if populations rely on plant-based diets - besides 
soaking of oxalate-rich foods (recommended in this dissertation), also cooking, blanching, steaming 
and pairing of oxalate- and calcium-rich foods is advised. With respect to phytate rich foods this dis-
sertation recommended roasting, soaking and fermentation - which is in line with literature (further 
options named are sprouting/germinating and cooking). Uniform cut-offs to classify foods as high or 
low in oxalate/phytate, respectively, are missing so far and no publication was found which applied a 
percentile analysis to do so - in this sense, this dissertation offers a new approach to classify anti-
nutritive elements - yet, and very clearly, finally molar mass ratios for specific meals need to be cal-
culated in order to estimate the availability of critical nutrients as iron, zinc and calcium.  

9.4 Limitations to introduce cost-effective meals and cover RDAs 

Several limitations have been found in this dissertation which may hamper the successful introduc-
tion of a cost-effective and nutrient-dense meal schedule in the rural areas of Birbhum district. Be-
sides the affordability of suggested meals, one needs to consider the actual eating capacity of mal-
nourished children and mothers as well as given time constraints, which make the preparation of 
cooked meals less viable. The following sub-chapters present and discuss named issues. 

9.4.1 Affordability of cost-effective nutrient-dense meals  

Own findings - A clear limitation to diversify meals in the tribal Adivasi villages in rural Birbhum dis-
trict is the limited spending capacity on food of tribal families. A survey comprising n=66 Santal HHs 
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with children aged 1-3 years (conducted in 2021) showed that families can (on an average) afford to 
spend 123 Rs. per week for the food of a small child - while the ingredients to prepare the suggested 
daily meal schedule amounted to 267 Rs. (217 percent with regard to the available food budget). As 
far as mothers are concerned, the weekly food budget was found exceeded by 200 percent. The food 
costs of lactating mothers are higher than those of pregnant and of non-pregnant non-lactating 
women as they have highest nutrient intake needs (and accordingly bigger recommended portion 
sizes): 493 Rs. are needed to pay for the ingredients of lactating mother each week (budget: 246 Rs.), 
460 Rs. are required for a pregnant woman (budget: 230 Rs.) and 427 Rs. for non-pregnant non-
lactating women (budget: 215 Rs.). It was argued accordingly, that Santal Adivasi families need to be 
supported through government schemes and NGO activities to afford diversified meals. 

Insights from literature -A recently published "cost of the diet" analysis from Uttar Pradesh (India) 
which was based on a linear programming software to determine the minimum cost of different diets 
confirms that a balanced diet adequate to fulfil RDAs of all essential nutrients is unaffordable to the 
poor HHS of India (Kachwaha et al., 2020). The authors found that a diet covering merely energy and 
macronutrient needs was affordable to all HHs, while a nutritious diet (covering also micronutrient 
needs) was unaffordable to the poor and even to the middle income HHs (considering essential non-
food expenses). As per the authors' calculations the minimum cost of a nutritious diet was more than 
twice as high as the minimum cost for a diet only covering energy needs (904 USD/year rather than 
393 USD/year or rather 230 percent - referring to a HH with 6 persons to be fed). Hence, besides 
dietary preferences, HH income was indeed found to be a main barrier to obtain a nutritious diet. 
The authors describe that home production had the potential to reduce the cost of nutritious diets 
by 35%, subsidized grains by 19%, and supplementary food by 10% and argue that the poorest quar-
tile of HHs can only afford nutritious meals with the help of multiple interventions (home production, 
the PDS, as well as further social protection including food and cash transfers) - supported through 
initiatives to achieve behavioural change. The authors explain that it is a typical finding of cost of the 
diet analyses that a nutritious diet is two to three times more expensive than a diet merely covering 
energy needs and refer to various software-based analyses previously conducted by Safe the Chil-
dren (Save the Children, 2013a, 2013b, 2014, 2018). In the same line, a recent publication on the cost 
and affordability of nutritious diets finds that globally, nutrient adequacy costs 2.66 times more than 
a diet merely covering energy needs - a total of 177 countries had been included in the analysis (Bai 
et al., 2021). With regard to India, an analysis conducted by the FAO explains that even Indians who 
live above the international poverty line (of 1.90 USD purchasing power parity) were not in the posi-
tion to achieve nutrient adequacy (covering energy as well as macro- and micronutrient needs) or to 
afford a healthy diet (which ensures coverage of RDAs along with food intakes from diverse FGs) - 
and explains that nutritious foods were unaffordable to hundreds of millions of people in India 
(Swaminathan, 2020). A recent IFPRI publication estimates that 63-76 percent of poor rural HHs can-
not afford a nutritious diet (Raghunathan et al., 2020). It is concluded that incomes of the rural poor 
need to be increased in order to make nutritious meals accessible while food prices need to be moni-
tored - to make not only cereals but all FGs accessible to the population. The relation of food prices 
and amounts of food consumed has been shown earlier in a study on food price spikes (as experi-
enced in 2007), which resulted in less consumption of rice followed by a larger share of wasted chil-
dren in Andhra Pradesh, India (Vellakkal et al., 2015). Hence, a combination of increasing rural in-
comes, monitoring food prices across FGs, governmental supporting schemes and increased home 
production as well as a support for behavioural change may finally be considered needed in order to 
make nutritious meals affordable to the India's rural poor. 
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Conclusion - The dissertation's finding that the cost of the suggested nutrient-dense and cost-
effective weekly meal schedule exceeds Santal family's food budget by over 200 percent is totally in 
line with the findings of the cost of the diet analyses (which are based on a linear programming soft-
ware). Accordingly, the analyzed deficit to pay for nutritious meals (even if most cost-effective foods 
are used to prepare those) is indeed - and unfortunately - realistic. As explained in literature, India's 
rural poor do need support in order to afford nutritious meals covering all essential nutrients - in-
creased home production as well as government support appear to be vital pillars on the way to 
overcome child and maternal undernutrition and anaemia. Finally, political will is of utmost impor-
tance.  

9.4.2 Consumable portion sizes of children aged 12-23 months 

Own findings - When proving the fulfilment of RDAs of children and mothers, one needs to estimate 
the amount of food eaten per meal. It was assumed in this dissertation (based on the documentation 
of consumed portion sizes gained during the pre-post intervention trial, chapter 5), that a child aged 
12-23 months would eat 200g per portion - with a mean amount eaten by children of 131g, a median 
of 144g, and a maximum amount eaten of 291g (n=78 children aged 12-23 months). Accordingly, the 
assumed portion size of 200g per meal of a child below two years is chosen realistically, while in the 
same time also optimistically - and may be critically discussed as imitating factor to fulfil RDAs.  

Insights from literature - The eating capacity of malnourished children is not a main area of interest 
in contemporary research. Still, few studies can be found which do report portion sizes provided to 
poor and undernourished children. Respectively, a ready to eat porridge was developed in Indonesia 
for children aged 1-3 years which was to be supplied once a day as 200g-serving (Puteri et al., 2018). 
Similarly, undernourished children aged 6-48 months (n=304) received a porridge prepared from 
200ml water and 60g of flour ("new misola" - containing millet, soya, peanut kernel, sugar, salt, vita-
mins and industrial amylase) which was served four times a day (Douamba et al., 2011). Unfortu-
nately, compliance of actual amounts eaten per serving was not reported. Still, a review on success-
ful products to improve nutritional status of infants and young children gives further insight and re-
ports an estimated gastric capacity of 345ml per serving for healthy children aged 12-23 months ver-
sus a lower gastric capacity of 273ml per serving for growth-retarded children in the same age 
(Dewey, 2009, p. 242). Apparently, the eating capacity of malnourished children depends also on the 
energy density of offered foods: Sanchez-Griñan et al. (1992) found that malnourished hospitalized 
children (n=9) who were allowed to eat as much as they liked for five times a day had a mean intake 
of 220g/kg/day if a semi-solid mixed diet containing 50 kcal per 100g was offered versus 148g/kg/day 
if a higher energy density of 100 kcal per 100g was offered. Knowing that the mean weight of Santal 
children aged 12-23 months is 8.54 kg (n=108; (1) Baseline Medical Checkup, personal communica-
tion, February 2015), this equals to a portion size of 253-376g. Besides energy density of offered 
meals, also other factors influence the eating capacity of young children. A report on CF published by 
the WHO describes that repeated infections reduce appetite. The role of infections in the develop-
ment of anorexia was also described by Golden and Golden (1991) - who further argue that imbal-
anced diets and a lack of certain nutrients (as essential amino acids, potassium, phosphorus, or zinc) 
hampered the appetite of undernourished children. Moreover, problems of malabsorption and in-
adequate gut microbiota are related with a reduced appetite of undernourished children - where a 
treatment with metronidazole had shown successful to reduce microbial overgrowth of the small 
bowel in malnourished children and to fuel therewith appetite and finally growth of children (Heik-
ens et al., 1993). Hence, appetite (and accordingly eating amounts) changes during the recovery of 
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undernourished children and intake needs are likely to rise with time (further supported by the in-
creasing age and weight gains of the children). In any case, the amount of CF offered to undernour-
ished children below two years should be chosen as to allow continued breastfeeding - especially if 
offered CFs are of low quality, breastmilk intake should not be stopped too early.  

Conclusion - A serving of 200g per meal for an undernourished child aged 12-23 months appears to 
be in line with accessible literature, which suggests a gastric capacity of malnourished children aged 
12-23 months of >200g; considering ongoing breastfeeding aside offered CFs, the 200g portion size 
appears adequate. Finally, the eating capacity of the individual child depends upon its health situa-
tion where monitoring of infections appears needed as is the provision of balanced CFs. 

9.4.3 Time constraints in preparing nutrient-dense meals 

Own findings - The baseline survey (conducted in 2015) revealed that tribal Adivasi mothers living in 
rural Birbhum spent on an average 8.6 hours per day on core cooking activities - those include fuel 
collection (sweeping dry leaves or preparing cow dung cakes), fetching water, cooking itself, eating 
and cleaning of utensils. 11.9 hours are required each day to fulfil also cooking related activities (as 
collecting vegetables, own fishing and hunting activities and local marketing). Cooking was reported 
to be the main duty of Santal Adivasi women (78 percent of HHs, n=266). This cooking effort was 
reported with regard to the traditional way of nourishing families, where cooking on open fire is 
common (with merely 2 percent of HHs disposing over a gas cooker - as per February 2015, n=289) 
and where two warm meals a day are strived for. Meanwhile, more families dispose over gas cookers 
(as government supports their provision) - still cooking gas is expensive and cooking on open fire 
widely practiced so far. The suggested meal schedule intends to provide a cooked meal also in the 
afternoon (additional to the traditionally prepared cooked lunch and dinner) - hence, cooking effort 
is higher and needs to be discussed as limitation to successfully introduce cost-effective meals in this 
rural setting. Also the suggested breakfast (even though not cooked) means a higher time effort 
compared to traditionally provided puffed rice or ready-made biscuits. 

Insights from literature - Vemireddy and Pingali (2021) confirm that women living in rural India in-
volved in agricultural works do face time constraints and stress that time was a scarce resource - 
what needs to be considered while designing programmes involving women in a rural setting. Like-
wise, Chaturvedi et al. (2016) describe that mothers in India are indeed time constraint - what leaves 
them with less time to cook and care for children; the authors report that ready-to-eat market food 
items replaced home-made foods as one consequence of maternal time scarcity. The fact that cook-
ing needs a lot of time was also found in a study conducted in Tanzania, where food preparation was 
reported to take most time of all daily duties of women (Hyder et al., 2005). Child care centres as 
well as cooking gas connections are considered helpful to reduce the time pressure faced by Indian 
women (Chaturvedi et al., 2016). A study on HH fuel use in rural areas of south India suggests that 
cooking times can indeed be reduced through the use of gas cookers, where 56 percent of women 
who had already used a LPG stove (n=620) did feel that cooking with gas rather than on open fire 
needed less time (James et al., 2020). Affordability and availability were named as main reasons why 
HHs still used bio fuels for cooking rather than using gas stoves. Also Ekholm et al. (2010) found that 
limited budgets contributed to the use of traditional cooking procedures and hindered the use of 
time-saving (and clean) LPG stoves - and, in the same line, Mani et al. (2020) explain that irregular 
income sources were hampering the use of LPG stoves. Further the travel distance to buy LPG was 
found problematic for rural HHs (Gould & Urpelainen, 2018). Sharma et al. (2019) argue accordingly 



Discussion of findings  - Scope to act - paving the way to overcome undernutrition/anaemia 

459 

that besides income constraints also local delivery services of LPG may be decisive in the successful 
promotion of the technology in rural areas of India. Finally, it is especially women living in a nuclear 
families, with limited support from elders and other family members and with minimal activity of the 
father in the preparation of the family's food who face time pressure (Chaturvedi et al., 2016).  

Conclusion - Literature confirms that women residing in rural India do face time constraints, espe-
cially if they are involved in paid (agricultural) works - as true for Santal women (remember that 
many women start working outside the house again once the youngest child reaches 19 months - 
chapter 2.2.2.). Accordingly, the promotion of gas cookers as time-saving technology appears to be of 
urgent need in order to reduce time efforts related with traditional cooking habits and open scope to 
provide even more nutrient-dense meals to children, mothers as well as other family members. Local 
provision of cooking gas, optimally subsidized through the PDS, may be considered helpful. 

9.5 Scope to act - paving the way to overcome undernutrition/anaemia 
As a last step, the dissertation showed in how far government schemes as well as own initiatives of 
villagers as kitchen gardening may help to afford cost-effective and nutrient-dense meals. The follow-
ing sub-chapters present own estimates as well as insights gained from other literature in order to 
evaluate the potential to successfully introduce cost-effective nutrient-dense meals amongst the 
rural poor - residing at Birbhum district, West Bengal, India. 

9.5.1 Role of government schemes to nourish rural families 

Own findings - This dissertation showed that provision of the khechuri meal through AWCs may cover 
34 percent of the weekly deficit to pay for the suggested cost-effective and nutrient-dense meals of 
children aged 12-23 months. With regard to lactating women 42 percent and with regard to pregnant 
women 44 percent of the weekly deficit would be covered. Further, the PDS was shown to have the 
potential to cover 12 percent of children's weekly deficit to pay for the suggested meal schedule, or 
rather to cover 14 percent of the deficit of lactating and pregnant women, and 18 percent of the 
deficit of non-pregnant non-lactating women - through the provision of rice, atta wheat and sugar at 
subsidized rates. Moreover, the MGNREGA was thought to bridge the remaining non-financed 
weekly food costs after having made use AWCs, the PDS, as well as of villagers own activities (kitchen 
gardening/wild plant collection and fishing) - with 23 working days per year being required for a non-
pregnant non-lactating mother, 6 days for a pregnant women, 7 days for a lactating women, and 8 
days additionally for a child aged 12-23 months. It was argued that named government schemes are 
of great need to finance cost-effective nutrient-dense meals for the rural poor. More specifically, it 
was found in this work that (1) AWCs contribute the biggest support to close the monetary gap to 
pay for cost-effective meals and that lactating mothers of children below two years may be included 
as beneficiaries, that (2) the MGNREGA is an adequate way to make income accessible to villagers in 
order to purchase more cost-effective foods from local markets, and that (3) the PDS is another sup-
porting pillar to pay for cost-effective nutrient-dense meals - where BPL status may be extended to 
all rural families and where also subsidized cooking gas refills may be provided in order to make bet-
ter use of gas cookers and save - therewith - precious time to prepare the suggested cost-effective 
and nutrient-dense meals for malnourished children and mothers.  

Insights from literature - There is mutual agreement within the research community that India's rural 
poor need to be supported in order to afford nutritious meals and that government schemes are one 
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important pillar (besides increased home production and behavioural change) to allow adequate 
food intakes (Kachwaha et al., 2020; Raghunathan et al., 2020; Save the Children, 2014). Kachwaha et 
al. (2020) found that subsidized grains from the PDS have the potential to reduce the cost of a nutri-
tious diet prepared at minimum cost (as per a cost of the diet analysis) by 19 percent. Still, the PDS 
has constantly been criticised of being ineffective due to organizational leakages in the past and also 
George and McKay (2019) argue that the PDS plays merely a limited role in improving food security 
and reducing child mortality as a consequence of operational inefficiencies - based on their review 
which included 23 publications focusing on the PDS's potential to achieve food security in India. Still 
then, 950 million Indians do currently access subsidized grains through the PDS (Khera & Somanchi, 
2020) and adequate policy reforms are seen as way to use the potential of the PDS to act as a solu-
tion to food insecurity in India (George & McKay, 2019). Likewise, Narayanan and Gerber (2017) find 
that the PDS (as well as the MGNREGA) do reach the poor and have the potential to impact food 
expenditure, nutrient intake as well as dietary diversity in a positive manner. With respect to the 
MGNREGA it was found that HHs participating in the income generation scheme (n=281) showed less 
likelihood of having a wasted or underweight infant with them compared to non-participating HHs 
(n=247; Nair et al., 2013). In Kerala, adolescent girls have been entitled to collect nutritious food 
from AWCs as an effort to reduce anaemia (Athira & Maneesh, 2016). Finally, while criticism on the 
government's schemes can easily be found in literature - their potentials are likewise proofed. 

Conclusion - There is agreement in literature that India's rural poor need to be supported to afford 
nutritious diets and that government schemes can contribute to do so. Evidence shows that the PDS 
as well as the MGNREGA and AWCs are channels to improve nutrition and dietary diversity in rural 
areas. This is in line with the argumentation in this dissertation, that the cost of a nutritious diet can 
partly be covered through government schemes. Baseline data of this dissertation further supports 
this argumentation, which showed that (1) 69 percent of tribal families (n=291) were fully satisfied 
with AWC services, that (2) the PDS was felt as support by 65 percent of BPL-card holders (n=106) but 
only by 14 percent of APL-card holders (n=132), and that (3) the MGNREGA was felt to be important 
or very important to access foods by 49 percent of respondents (n=289). All in all, the Indian gov-
ernment does play an important role in nourishing rural children and mothers well - certainly with 
further room for improvement, but with already well esteemed services from the side of villagers.   

9.5.2 Own capacities of villagers to better nourish children and mothers  

Own findings - The dissertation showed that cultivation of kitchen gardens along with (traditionally 
practiced) wild plant collection may cover 24 percent of the weekly deficit to pay for children's meals 
- with a share of 26 percent in case of lactating and pregnant women, and of 31 percent in case of 
non-pregnant non-lactating women; assuming that 60 percent of fruit and vegetable needs would be 
covered through the kitchen garden's yield or rather collecting activities. Moreover, it was shown 
that 8-9 percent of the weekly budgetary deficit of children and mothers may be covered through 
own fishing activities of villagers. 48 percent of tribal Adivasi families (n=286) were found to dispose 
over agricultural land and it was argued that those families may cover 30 percent of vegetable oil, 
mustard seeds, potato and lentil needs through crop diversification activities - contributing a share of 
16 percent of the weekly food cost deficit in case of children or rather 18 percent with regard to lac-
tating and pregnant women, and 24 percent in case of non-pregnant non-lactating women. Finally, 
animal husbandry was named as way to make the suggested cost-effective meals accessible to rural 
children and mothers - where 62 percent of surveyed HHs (n=289) were found to keep animals (as 
chicken/ ducks, goats, cattle and wild pigs). Mainly egg and occasionally meat may be accessed this 
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way, while also an additional income (through selling goats, respectively) is realistic. In this disserta-
tion, animal foods (egg and cow milk) were assumed to be provided through AWCs.  

Insights from literature - There is a vast body of literature when it comes to kitchen gardening (often 
referred to as "home gardening") in order to improve access to nutritious foods - further the benefit 
of accessing an additional income through home gardens is addressed in literature. Respectively, 
efforts have been made to grow vegetables and fruits to achieve a better coverage of vitamin A 
needs. A study conducted in Thailand emphasized on growing vitamin A rich vegetables along with 
trainings how to use them and achieved a significant increase in vitamin A intakes of pregnant and 
lactating women (Attig et al., 1993). Another study conducted in rural South Africa focused in Vita-
min A intakes of children aged 2-5 years (n=100 - of which 50 belonged to an IG and another 50 to a 
CG) and found a significant increase in vitamin A intake amongst children with home garden com-
pared to children from families without a kitchen garden (Faber et al., 2002). With regard to India, 
the cultivation of kitchen gardens with vegetables and fruits was found to significantly increase in-
takes of vitamin A, energy, phosphorus, calcium, iron and protein amongst villagers in Uttar Pradesh 
(n=50 HHs) - with a vegetable production increased by 161 percent, consumption of vegetables in-
creased by 84 percent and distribution of vegetables increased by 63 percent (Singh et al., 2018). The 
finding that harvested vegetables and fruits from kitchen gardens are shared amongst neighbours 
was also found in a study conducted in Tanzania: Here, the mean dietary diversity of women was 
assessed to be low with merely 23 percent of respondents achieving the recommended minimum 
dietary diversity (consuming five or more FGs out of ten per day) - respondents who had a neighbour 
who grew crops in her/his home garden were 2.7 times more likely to achieve minimum dietary di-
versity; further they were 1.9 times more likely to grow a home garden themselves - both findings 
were significant (Blakstad et al., 2019). Hence, home gardens have the capacity to improve nutrient 
intakes of the families cultivating the gardens as well as of neighbouring families. Furthermore, 
kitchen gardens have repeatedly been shown to make an extra income available: For instance, a pro-
ject run by Helen Keller International to increase homestead food production in Bangladesh with 
over 5 million beneficiaries describes that an income was raised from kitchen gardens allowing to 
purchase more micronutrient-rich foods (Iannotti et al., 2009). In the same line, a study comprising 
80 tribal HHs in rural India found that cultivation of vegetables (methi, radish, carrot, tomato, brinjal, 
cabbage and cauliflower) lead to a mean income increase of 3,550 Rs. per HH within a year - where 
two cultivation cycles were implemented during rainy and winter season (Verma et al., 2019). Like-
wise, a study conducted in Kerala, India, found that home gardens contributed to the economic secu-
rity of HHs, as they provided additional income and allowed savings on food expenses (Paul, 2015). A 
literature review on home gardens concludes that further research on the cost-benefits of kitchen 
gardens were needed to derive most viable cultivation models (Galhena et al., 2013).  

Besides kitchen gardens, the collection and consumption of wildly growing plants is considered to 
help achieving food security amongst tribal HHs in India - respectively, 73kg of wildly growing forest 
fruits were found to be consumed on an average per HH and year in a forest region of Orissa; selling 
of collected fruits contributed to 15 percent of the HHs income (Mahapatra & Panda, 2012). 

The potential of fishing activities in ponds and rice fields to access nutritious foods in the tribal com-
munities of India is less well documented. However, a combination of rice and fish farming was found 
to be a promising integrated farming system in Bangladesh (Ahmed & Garnett, 2011); the authors 
stated that more  technical knowledge was required in order to make such integrated farming sys-
tems used. Also The FAO suggests that rice farming and culture of fish (as well as other aquatics) can 
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well be combined (Halwart & Gupta, 2004). As per the authors the practice of rice-fish culture may 
even have been developed in India. In West Bengal the State Fisheries Department promoted a 
method to integrate two ponds connected with a rice field (Ghosh, 1992). It is argued that higher 
returns can be made from rice field plots in case of a combined culture of fish and rice. Inland fisher-
ies are reported to have the potential to secure livelihoods and contribute to food security (Funge-
Smith & Bennett, 2019). Apart from such culture systems, recent research conducted in Cambodia 
could show that wild aquatic species caught in rice field are indeed an important source for local 
food provision: 60 percent of the consumed fish in the surveyed HHs could be gained from wild 
catches in the rice fields (Freed et al., 2020); a total of 158 wild aquatic species could be identified.    

With respect to the diversification of field crops, literature stresses the potential to reduce poverty 
through a generation of income. Respectively, smallholders in India have been found less likely to be 
poor if crops were diversified towards high-value crops as vegetables and fruits (Birthal et al., 2013, 
2015); the authors state that a minimum of 50 percent of available land should be used to diversify 
crops in order to escape poverty - and name missing capital as limiting factor to diversify lands in the 
hands of smallholders. Interestingly, diversifying towards fruits was found to be less labour intensive 
compared to diversifying towards vegetables (which showed a similar labour intensity as growing 
cereals) - while, still then, more smallholders were involved in vegetable production. Hence, encour-
aging Indian smallholders to go for fruit cultivation may be considered helpful to escape poverty. A 
literature review including 49 studies from different world regions (including India) found crop diver-
sification to be "one of the most cost-effective ways to reduce uncertainties in farmer's income" (Fe-
liciano, 2019). Feliciano refers to several studies in her review showing an association of diversifying 
crops and higher incomes. For instance, a study conducted in Nepal found that HHs cultivating high-
value crops (vegetables, fruits and spices) could expense 28 percent more money (per person and 
month) compared to HH that did not go for crop diversification (Thapa et al., 2018). A study con-
ducted in India found that the success of crop diversification depended upon the access to irrigation 
facilities and found high-value crops to be ineffective in areas with inadequate water access - result-
ing even in a decreased calorie intake (Mukherjee, 2015). In the very same line, Chand (1995) found 
that the success of crop diversification in India depends upon the availability of irrigation facilities, 
access to roads and markets. Further, a study focusing in West Bengal, India, confirms the impor-
tance of adequate infrastructure (first and foremost naming irrigation facilities/access to electricity, 
but also storage and marketing facilities as well as access to fertilizer) in order to diversify crops (De 
& Chattopadhyay, 2010). The cultivation of rice, potato and mustard was found to be most popular in 
West Bengal, while growing wheat, pulses, sugarcane or Jute was found of less popularity - so-called 
high-value yields as vegetables, fruits and condiments and spices were not mentioned. 

Also when it comes to animal husbandry activities in the rural context, literature confirms a potential 
to raise incomes of poor families - as true for the publication of Joshi et al. (2004) or Kumar et al. 
(2007) with reference to India. Yet, the contribution of livestock to HH income was found to be rather 
small as per an analysis comprising 12 developing countries based on FAO data (Pica-Ciamarra et al., 
2011). Also Udo et al. (2011) state that intensifying animal husbandry activities in the rural areas to 
achieve high incomes was rather difficult. Still then, especially small animals appeared to be an esti-
mated source of income to the very poor. Indeed, men as well as women are involved in livestock 
activities and the involvement of an illiterate Indian woman was found to raise the HH's income from 
animal husbandry activities by 7 percent (Jumrani & Birthal, 2015). Besides (a limited) potential of 
animal husbandry activities to raise rural incomes, animal husbandry was shown to be beneficial for 
the nutritional intakes of HH members: In Malawi, livestock diversity was shown to be associated 
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with dietary diversity (Snapp & Fisher, 2015). And Indian children aged 2-5 years were found less 
likely to be underweight in HHs owning large ruminants (n=734 HHs; Jumrani & Birthal, 2015). 

Finally, a study conducted by Pretty et al. (2003) concludes that efforts to cultivate home gardens 
with vegetables/trees or to introduce fish ponds in rice fields do have the capacity to increase food 
production in poor HHs (referring to an analysis of 208 projects in 52 developing countries); in this 
line, better use of water and land as well as an increased cropping intensity were found associated 
with an improved food production. Furthermore, projects aiming on soil health and fertility as well as 
on pest control with minimal or zero-pesticide use were found effective to increase yields. Such 
measures, supported through better markets, may contribute to the food security of the rural poor. 

Conclusion -Besides the direct benefit to access nutritious foods to be consumed at home through 
home gardening, fishing and diversification of crops - literature stresses that all such fields do offer 
an additional income to rural HHs. It shall be pointed out clearly at this point that in case of working 
with the Santal tribal communities, social security structures of sharing and exchanging foods are 
deeply rooted and practiced while acting economically and connecting to markets is less established. 
Hence, if high-value crops as fruits and vegetables should be tried to make a habit to be grown in 
marketable quantities or if fish ponds should be tried to be integrated in rice fields - such initiatives 
would certainly need repeated interactive trainings and mid-term guidance in order to succeed. The 
assumption made in this dissertation, that villagers may cover their nutrient needs and afford the 
suggested cost-effective weekly meal schedule through cultivation of kitchen gardens, wild vegetable 
collection and fish catches may be considered realistic as per the current state of literature.  
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10 Lessons learned - from research to practice 

This dissertation finally allows to formulate several lessons learned, which may serve as a guidance 
when working with tribal Adivasi children below three years and their mothers in rural Birbhum dis-
trict, West Bengal, India - in order to improve their nutritional intakes and overall health. 

10.1 Diversification of meals 
Diversified food intakes proofed capable to increase Hb in children aged 6-39 months already at low 
intake levels - the intervention study showed a significant rise in Hb already with three nutritious 
meals a week (for details see chapter 5). 
     Scope to act: Encourage diversified food intakes at home, train mothers and fathers . 

10.2 Micronutrient powder 
Low-dosed provision of the MNP "TopNutri" three times a week did not lead to a significant rise in 
children's Hb (1.9mg iron per 100g of food had been provided through the sprinkle). According to 
accessible literature a minimum of 5mg iron should be provided via MNPs each day. 
     Scope to act: Where accessible, MNPs may be provided with a minimum iron content of 5mg daily; this approach  
     may be especially suitable for anaemic persons which are not yet trained on the importance of a balanced diet. 

10.3 Moringa/Amaranthus leaf powder 
The addition of a small amount of Moringa and Amaranthus leaf powder remained less effective to 
rise Hb in children - the intervention study showed no significant effect of adding 3g leaf powder (1g 
Moringa and 2g Amaranthus with a total of 1.9mg iron) per 100g of food. A review of accessible lit-
erature indicates that 10g of MLP should be provided each day. 
     Scope to act: Provide Moringa leaf powder to be used at home several times a day; Amaranthus leaves contain  
     very high levels of oxalate and may be provided to the children once they have recovered from undernutrition. 

10.4 Fresh Moringa and Amaranthus leaves 
Fresh Moringa and Amaranthus leaves showed highly cost-effective across seasons - while Moringa 
leaves are high in oxalate and phytate and should be processed (soaked in water before boiling), 
Amaranthus leaves are extremely high in oxalate and may be better avoided to be fed to moderately 
malnourished children (while they do offer a great nutrient composition to well-nourished individu-
als). Other GLVs showed a similar and sometimes even higher cost-effectiveness than Moringa while 
at the same time anti-nutrient elements are moderate: radish leaves, cauliflower leaves, cabbage, 
tender tamarind leaves, agathi leaves, and basella leaves; as Amaranthus, also bathua leaves, green 
colocasia leaves, spinach and betel leaves have been found to be very high in oxalate and appear 
therefore rather inadequate to feed malnourished children.  
     Scope to act: Encourage intake of GLVs - and explain importance of soaking them in water prior to cooking. Radish  
     leaves are low in anti-nutrients and rank first of all analyzed foods (n=425) in winter and summer price analysis. 
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10.5 Processing of foods 
The dissertation described the need to keep anti-nutrient contents as low as possible in the diet of 
moderately malnourished children - foods rich in phytate, oxalate, polyphenols, sodium, and dietary 
fibre should be either avoided or processed in order to reduce anti-nutritive contents. Soaking 
and/or roasting of GLVs, cereals, legumes and nuts/seeds may be recommended. Toast bread or 
buns are very high in salt and inadequate to feed moderately malnourished children.  
     Scope to act: Train mothers on food processing techniques and practice such methods in the daily life. 

10.6 Most cost-effective foods 
Vegetables (especially leafy ones) have been found highly cost-effective in winter and summer price 
analysis: 85 percent of the top 20 most cost-effective foods in both seasons are vegetables (65-70 
percent are leafy vegetables). Overall, a focus should be set on consuming cost-effective foods with 
low/medium anti-nutrient contents, replenished by cost-effective foods with high anti-nutrient con-
tents (as cereals, legumes and seeds), which should be processed prior to eating.    
     Scope to act: Train families what foods offer most nutrients with respect to their costs - and guide them to give  
     preference to cost-effective foods with merely low/medium anti-nutrient level. In accordance with tables 81, 82  
     (winter price analysis) and 91, 92 (summer price analysis), the following foods may be recommended: 
     Cereals/millets: (a) wheat: whole wheat, white wheat flour (atta), brown whole grain wheat flour, wheat  semolina 
     (sooji gom), (b) millets: jowar, bajra, (c) rice: rice raw  milled, rice parboiled milled, rice flakes , puffed rice,  
     (d) maize: dry maize , maize flour whole white, (e) barley 
     Grain legumes: (a) brown soybean, (b) lentil/dal: whole brown lentils, Bengal gram dal (chola), lentil dal (mosur),   
     yellowish lentils whole, (c) beans/peas: moth beans, white cowpeas, dry peas (motor), brown cowpeas 
     Vegetables: (a) GLVs: agathi leaves, Drumstick leaves (Moringa), black Colocasia leaves, slender Amaranth leaves  
     (notay shak), Jute leaves (pat shak), radish leaves, tender Tamarind leaves, Chinese cabbage, cabbage - collard  
     greens, green cabbage, Rumex leaves, green Amaranth leaves (Amaranthus gangeticus - sobuj data shak),  beet  
     greens (b) other vegetables: green capsicum, yellow capsicum, red capsicum, round orange pumpkin; winter only:  

     (a) GLVs: parsley, cauliflower  leaves, sweet potato leaves, Bengal dayflower leaves (b) other vegetables: cauli- 
     flower, broad beans (makhon shim), cluster beans; summer only: (a) GLVs: Basella leaves, tender pumpkin leaves,  
     Fenugreek leaves (methi shak), (b) other vegetables: ripe local tomato, ripe hybrid tomato, green tomato, green  
     cylindrical pumpkin, green raw mango 
     Fruits: white flesh guava, green/raw guava, ripe banana (poovam)/ ripe banana (robusta), bael fruit, emblic  
     (amloki), fig (dumur, paka), pineapple, pale green water melon/ dark green water melon; winter only: musk  
     melon with orange flesh, monkey-jack with yellowish-orange flesh (dewa); summer only: ripe banana (montham) 
     Roots/tubers: (a) potato: red skin potato, big brown skin potato, small brown skin potato, sweet potato with  
     brown skin, (b) carrots: orange carrot , red carrot, (c) others: water chestnut, colocasia, radish elongate red skin;  
     winter only: radish elongate white skin; summer only: sweet potato with pink skin 
     Nuts/oilseeds: (dried) mustard seeds, dried sesame seeds, groundnuts; winter only: dry coconut kernel 
     Sugar/fat/oils: (a) oils: soybean oil, sesame oil, peanut oil, palm oil, (b) jaggery: sugarcane jaggery, sugarcane  
     jaggery juice, (c) other: white sugar; winter only: mustard oil; summer only: date palm jaggery  
     Animal products: (a) innards: chicken liver, pork liver, sheep liver, chicken gizzard, sheep kidney, (b) egg: duck egg,  
     country hen chicken egg, whole egg (poultry), (c) milk: whole cow milk, whole buffalo milk 
     Fish: rohu, pangas, Indian river shad (chapila), mural, silver carp, gold fish, tilapia, catla, pambada,; winter only:  
     river rohu (rui); summer only: mullet 

10.7 Meal planning 
The receipt section (chapter seven) showed that the addition of a slice of fruit (especially guava) 
helps achieving a favourable vitamin C density to allow adequate absorption of iron. Provision of a 
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small amount of liver to children and mothers further appeared helpful to cover RDAs. Non-cooked 
nutritious meals (which are quick to prepare) may replace ready-made salty snacks as 
buns/toast/chips, as well as ready-made sweet biscuits which were shown to be suboptimal to feed 
infants and young children - respectively rice flakes with banana in milk may be offered for breakfast.  
     Scope to act: Train Adivasi families to prepare the suggested daily meal schedule - giving options for modifications.  
     Discuss what time effort mothers can spare to prepare such meals and introduce time-saving cooking techniques. 

10.8 Critical nutrients 
This dissertation found that even if a diversified meal schedule for children and their mothers is ap-
plied based on most cost-effective accessible foods, some nutrients remain clearly below the rec-
ommended intake levels. Very interestingly, when focusing on children aged 12-23 months as well as 
on their lactating mothers it is not iron, which is most difficult to cover but, fat-soluble vitamins A 
and E, as well as water-soluble vitamins B1 and B2, as well as n-6 fatty acids; children further re-
mained deficient in zinc. Mothers have suboptimal intakes of iron (pregnant as well as non-pregnant 
non-lactating women), potassium (all) and vitamin B9 (pregnant and lactating).          
     Scope to act: Encourage consumption of foods rich in critical nutrients - additional to preparing balanced meals as  
     suggested in the meal schedule section (chapter 7) ; and/or supplement nutrients. Cost-effective nutrient-sources: 
       vit. A: liver, leafy vegetables (agathi, moringa, colocasia, amaranth, radish), carrot, sweet potato 
       vit. E: palm/soybean oil, seeds (safflower, linseeds, sunflower, mustard), colocasia leaves, green zucchini/pumpkin  
       vit. B1: wheat (whole, flour, bulgur, sooji), maize (dry, flour), millets (jowar, bajra), elephant apple, agathi leaves,  
    mustard seeds, broad beans 
       vit. B2: leafy vegetables (colocasia, bathua, cowpea, agathi, water spinach, moringa, jute, radish, pui shak), milk 
       vit. B9: leafy vegetables (cowpea, colocasia, spinach, parsley, agathi, radish), liver, field beans, moth beans, 
                   rajmah, (Chinese) cabbage 
       n-6 fatty acids: soybean/sesame oil, seeds (sesame, sunflower, gingelly, safflower), soybeans, groundnuts 
       iron: leafy vegetables (cowpea, radish, amaranth, cauliflower, Bengal dayflower, jute, beet greens, coriander,  
                agathi, rumex), mustard seeds, millet (bajra) whole grain wheat flour, cabbage collard greens, dry maize 
       zinc: seeds (linseeds, mustard, sesame, white gingelly), whole wheat/wheat flour/bulgur/sooji, dried oyster mush- 
               rooms, dry maize/maize flour, millets (bajra, jowar), Bengal gram, brown lentils, amaranth leaves, rice flakes 
       potassium: leafy vegetables (cowpea, cauliflower, colocasia, spinach, agathi, radish, sweet potato, amaranth,  
                           tamarind), potato, plantain stem/flower, tomato, wild yam, broad beans, colocasia stem, cabbage 

Note: Some foods are indeed rich in critical nutrients, but contain at the same time also unfavourable components; 
respectively, dried oyster mushrooms are extremely rich in dietary fibre, and some leafy vegetables are very high in 
oxalate (bathua, amaranth, colocasia, spinach). Furthermore, cowpea leaves may be felt culturally unacceptable to 
be eaten as those are used as cow's feed. Dry maize (once boiled) is less nutritious than its dry form suggests. 

10.9 Affordability of diversified diets 
The dissertation further found that merely about half of the costs of the suggested weekly meal 
schedule, which includes most cost-effective locally available foods, can be covered by Adivasi fami-
lies in rural Birbhum district, and outlined that effective government schemes are (besides kitchen 
gardening and own fishing/collecting activities) urgently required. 
     Scope to act: Advocate to restart AWC services quickly after the COVID-19 pandemic to provide cooked meals for  
     children, pregnant, and also lactating mothers (the latter have the highest nutrient needs) - encourage provision of  
     (duck) egg and milk; make the 100-days work scheme (MGNREGA) better understood amongst villagers to increase  
     applications for work/income; help acquiring BPL status to Adivasi families - provide cooking gas within the PDS. 
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10.10 Cultivation of plant foods 
Home gardens as well as diversification of field crops were identified as effective means to bridge the 
financing gap to afford nutrient-dense meals. Here, not most cost-effective plant-foods need to be 
focused for cultivation but those which contain absolutely most nutrients and at the same time 
merely low/medium anti-nutrient levels. Crops with high anti-nutrient content should be processed, 
while crops with very high anti-nutrient content may be avoided.  
     Scope to act: Train families to cultivate and prepare the most nutrient-dense plant foods (except for those with  
     very high anti-nutrient levels) - with a focus on the need to soak/roast crops high in phytate/oxalate/polyphenols. 
 oil crops are most nutrient-dense and supply (otherwise pricy) cooking oils: soybeans, sesame, peanuts, palm, 
 probably also mustard (unfortunately, merely 17 out of 38 nutrients had been available for analysis) 
 nuts and seeds are highly nutritious: sesame, groundnuts, mustard seeds, coconut kernel 
 grain legumes offer abundant of nutrients: soybeans, Bengal gram dal, moth bean, red/black gram dal, motor 
 (dry peas), white/brown cowpea, green gram dal, lentil dal (mosur), brown/yellowish lentil 
 cereal/millets most dense in nutrients comprise: bajra, maize, samai, wheat, jowar, barley, (brown) rice 
 vegetables: agathi laves, moringa leaves, fenugreek leaves, parsley, fresh tender red gram, mustards leaves,  
 beet greens, tender pumpkin leaves, tender tamarind leaves, radish leaves, bitter gourd leaves, basella leaves,  
 baby corn, rumex leaves, tender broad/lean field beans, bean scarlet (shim), cauliflower leaves, sweet potato  
 leaves, pak choi leaves, drumstick, lettuce, plantain flower, cabbage collard greens, fresh button mushroom,  
 jackfruit seeds, cluster beans, cauliflower, yellow/red capsicum, French beans, onion stalk, black colocasia  
 stem, broad beans, green plantain, green zucchini, ladies finger, tomato, green colocasia stem, green capsicum 
 fruits: raisins (grapes), dates, tamarind pulp, Phalsa, bael fruit, white flesh guava, strawberry, black berry,  
 banana (poovam/montham), custard apple (atafol) 
 roots/tubers: orange carrot, brown skin sweet potato, red carrot, brown skin big potato, pink skin sweet  
  potato, colocasia, red skin potato, elephant yam, small brown skin potato, water chestnut, ordinary yam 
 condiments/spices: coriander leaves, green chillies, fresh ginger, mango ginger (curcuma amada), garlic 
 others: sugarcane 

10.11 Animal husbandry 
The provision of (duck) egg and milk though AWCs has been shown to be of great help to afford nu-
tritious meals. The preparation of liver once a week offers abundant of nutrients. Innards of animals 
are indeed very nutrient-dense: this refers first and foremost to liver (goat, pork, sheep), but also to 
stomach (pork), tongue (sheep, goat), heart (pork), kidney (pork), and tube (pork), respectively. With 
reference to animal meat, shoulder parts have been analyzed to be most dense in nutrients (pork, 
rabbit, hare, sheep, goat), followed by chops (rabbit, hare, pork), and leg (rabbit, sheep, hare). All in 
all, the consumption of innards appears highly recommendable. 
     Scope to act: Train Adivasi families on the helpfulness to provide small amounts of innards and meat to their  
    children - and provide professional trainings to keep animals as pigs, rabbits/hares, sheep and goats in the home. 

10.12 Spending decisions  
The dissertation revealed that Adivasi HHs where mothers decide alone how to expense available 
income show the largest share of children with no or merely mild anaemia (p<0.05). It was sug-
gested, accordingly, that mothers may be entrusted to manage a food budget on their own. 
     Scope to act: Encourage tribal families to provide mothers with a food budget to be managed on their own; train  
     mothers (and fathers) on most cost-effective foods to be used on a regular basis at home. 
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11 Closing remarks 

This work described the living, health and nutrition situation of Santal Adivasi families residing in 
rural Birbhum district, West Bengal, India - and could show, via a pre-post intervention study that 
diversified meals help to increase Hb in children aged 6-39 months significantly. It aimed therefore to 
analyze the potential of local foods to cover nutrient intake needs of moderately malnourished chil-
dren (aged 6-23 months) as well as of their mothers - where 50 percent of mothers had been found 
with low BMI (n=293) and 62 percent of children (6-39 months, n=307) had been found to suffer 
from at least one anthropometric failure (being stunted, underweight or wasted) during baseline 
survey in 2015. A cost-effectiveness analysis of locally available foods (n=425) has been realized 
based on local market price data, and cost-effective nutrient-dense recipes for children and mothers 
have been developed as a weekly meal schedule. In accordance with literature, the cost for this meal 
schedule (striving for nutrient adequacy) was found more than twice as high as the available food 
budget of rural Adivasi families allows; RDAs for moderately malnourished children had been applied. 
It was argued, accordingly, that only in a joint effort of villagers, the Indian Government and NGOs 
such diet can be finally afforded - where measures as kitchen gardens, wild plant collection, fishing in 
village ponds/rice fields, but also income generation through the MGNREGA, subsidized foods (as 
well as potentially cooking gas) through the PDS and AWC meals play a vital role. It was further found 
that even if developed diversified meals are consumed by children and mothers in suggested portion 
sizes and despite the given time efforts - not all nutrients can be fully covered - and the question 
remains open if nutrients analyzed to remain deficient should be supplemented to rural children and 
mothers? For the moderately malnourished child aged 12-23 months vitamins A, E, B1, B2, zinc, as 
well as linoleic acid (n-6 fatty acids) remained below 80 percent of the recommended intake level 
even if an optimized diet is consumed along with continued breastfeeding (assuming medium breast-
feeding frequency). For the non-pregnant non-lactating women vitamins B1, B2, iron, potassium, and 
linolenic acid remained scarce. For the pregnant women vitamins B1, B2, B9, iron, potassium, and lino-
lenic acid remained with insufficient coverage. Finally, for the lactating women vitamins A, E, B1, B2 
B9, potassium, and linoleic acid could not be met satisfyingly through a diversified diet based on most 
cost-effective foods. Indeed, intake needs of lactating women are higher than those of other women 
- and it was argued that additional to pregnant women also lactating women may well be included as 
beneficiaries of AWC meals as a support to cover their intake needs and break the vicious circle of 
undernutrition. In deed, 20-30 perent of child wasting and stunting develop in utero (Wasting-
Stunting Technical Interest Group, 2018), highlighting the need to nourish mothers well and to al-
ways consider child and mother pairs rather than focusing merely on children. Scherbaum and Srour 
(2016) explain in this context that breastfeeding helps to prevent child malnutrition. Food diversifica-
tion can be considered a sustainable strategy to overcome maternal and child malnutrition - yet it 
means a joint effort of all stakeholders and needs - certainly - a clear political will to be implemented.  
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11.2 Baseline survey questionnaire 

Home Visit before the nutrition programmes start (baseline) 

[Note: Please address the questions below to the mother of the child (only if mother died, or moved 
away permanently talk to the closest care taker of the child). Make sure that the respondent answers 
herself and is not influenced by somebody else. Conduct the interview at home, and in any case not 
in a group. Before starting the interview, introduce yourself and check that the respondent is willing 
to spare an hour or so for this discussion. All answers will be treated confidentially. If any question is 
not applicable, write “66” in the relevant space. If any response does not properly match with the 
given response categories, please choose “77 = Other” and indicate the individual answer in the free 
space in detail. If the respondent does not know the answer or the response is unclear, write “88”, 
and in the case the respondent does not like to answer use the appropriate code “99”.] 

 

Child’s name (youngest child of the family in the nutrition programme): ________________________  

Child´s sex:     □ male      □ female              Child´s birth date (dd/mm/yyyy): _________________ 
 
Name of older sibling (also participating in the nutrition programme):  _________________________ 
 
Respondent’s name (mother): _________________________________________________________ 

 
Village / ICDS centre: ____________________________________________________ 
 
Investigator: _________________________  Date of interview (dd/mm/yyyy):  __________________ 
 

 I   Respondent´s Details  

1. 

 

Do you belong to the Santal community? 

[0 = No; 1 = Yes; 88 = Unclear] 

If No or Unclear, please specify 

______________________________________________________________________ 

/______/ 

2.  Age of the respondent (in years) /______/ 

3. Relationsship with the child 

[1 = Mother; 2 = Aunt; 3 = Grandmother; 77 = Other]  

If Others, specify________________________________________________________ 

 

/______/ 

4. What is your marital status? 

[1 = Single; 2 = Married; 3 = Widowed; 4 = Divorced; 5 = Living with a partner;     
77 = Other]  

 

/______/ 
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If Others, specify_________________________________________________________ 

5. Education level of the respondent 

[1 = Never attended school (illiterate); 2 = Attend <3 years (literate); 3 = Primary (Class V 
complete); 4 = Upper Primary (class VIII complete); 5= Secondary (class X complete); 6 = 
High School (class XII complete); 7 = Above High School; 88 = Unclear] 

 

/______/ 

6. Would you have wished to remain longer in school than you did (or to start schooling at 
all)? 

[0 = No; 1 = Yes; 99 = No answer] 

 

/______/ 

7. If Yes, is there any reason why you could not continue schooling to attain a higher level 
of education than what you succeeded (or why you could not start schooling at all)? 

[1 = None; 2 = I got pregnant; 3 = I got married; 4 = I failed exams; 5 = Parents could not 
pay school books/school dress/fees; 6 = Parents died (orphan); 7 = I didn´t want to study 
further; 8 = I had to earn so the family can eat and live; 77 = Other]  

If Others, specify__________________________________________ 

 

/______/ 

 II   Household Characteristics 

[Note: The term “household” refers to a group of persons (usually relatives) living under 
the same roof and sharing the same food pot.] 

 

8. Household type 

1 = Nuclear family (father, mother, own children);  

2 = Extended family (for example: father, mother, own children plus 1 brother of hus-
band, parents of husband, and 1 grandmother of husband) 

 

If Extended, please specify__________________________________________ 

________________________________________________________________ 

/______/ 

9. Number of household members 

[Note: Fill all entries in this table (write “0” if applicable) and make sure that the row 
total is the same as the column total.] 

                                                          Female    Male     Total 

Children (0-5 years)                         /______/ /_____/ /_____/ 

Children (6-17 years)                      /______/ /_____/ /_____/ 

Adults (aged 18-65 years)             /______/ /_____/ /_____/ 
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Aged persons (above 65 years)    /______/ /_____/ /_____/ 

Total                                            /______/ /_____/ /_____/ 

10. Number of own children living in the household /______/ 

11. Can anybody of the household read a simple message? 

[0 = No; 1= Yes; 88 = Unclear] 

 

/______/ 

12. Type of dwelling  
1 = Kacha, e.g. mud house;  
2 = Semi-pukka (combination of Kacha and Pukka style), e.g. mud house with metal roof 
or clay tiles; or e.g. brick house with grass roof 
3 = Pukka, e.g. brick house with metal roof or clay tiles;  

 

/______/ 

13. Household assets 
Note: Please write down below, preferably based on direct observation (and otherwise 
by asking), whether the household has the following possessions/facilities [0 = No; 1 = 
Yes; 88 = Not sure]. 
 
     Electricity 
     Light bulb 
     Fan 
     Radio      
     Television 
     Refrigerator 
     Toilet 
     Well/water connection 
     Bicycle 
     Scooter/motorcycle 
     Mobile phone 
     Landline connection 
     Gas cooker  

 
 
 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 

14. Who is the head of the household? 

[1 = Wife; 2 = Husband; 3 = Wife and husband together; 4 = Parents in law; 5 = Elder 
(grandparents); 77 = Other; 88 = Unclear] 

If Other, specify________________________________________________ 

 

/______/ 

 III   Household security – socioeconomic condition   

15. During the last twelve months, what kind of work did household members do?  

[Note: Please write below, whether at least one household member was/is engaged in 
the following works (0 = No; 1 = Yes; 88 = Unclear).] 
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Self-employment agriculture (cultivation of own land) 

     Please specify_______________________________________ 

Self-employment non-agriculture (e.g. grocery store, mobile repair shop,…) 

     Please specify_______________________________________ 

Casual Labour (e.g. working on other peson’s land or in building construction) 

     Please specify_______________________________________ 

Regular Employment (naukri – e.g. working as a teacher or in Government job) 

     Please specify_______________________________________ 

MGNREGA (100 days work) 

Other work, specify: ____________________________________________ 

/______/ 

 

/______/ 

 

/______/ 

 

/______/ 

/______/ 

/______/ 

16. What is the main source of income of the household (around the year)? 

[1 = Self-employment (agriculture); 2 = Self-employment (non-agriculture); 3 = Casual 
Labour; 4 = Regular Employment (naukri); 5 = MGNREGA; 77 = Other; 88 = Unclear] 

If Other, specify:_____________________________________________ 

 

/______/ 

17. Do you feel that MGNREGA wages significantly increase your household’s cash income? 
[0 = No; 1 = Yes; 88 = Unclear] 

 

Please explain: __________________________________________________________ 

 

/______/ 

18. How many household members earned money in the last 12 months? 

[Note: Please write down the number of persons; 88 = Unclear] 

/______/ 
persons 

19. Is the household income sufficient to have two cooked meals a day throughout the year 
or not? [0 = No; 1 = Yes; 88 = Unclear] 

 

If not, in which months do you face food insecurity?______________________ 

________________________________________________________________ 

 

/______/ 

20. Is the household income always sufficient to see a doctor in case of need or not?               
[0 = No; 1 = Yes; 88 = Unclear] 

/______/ 

21. During the last 12 months, did any household member leave the family/village to earn 
an income elsewhere? [0 = No; 1 = Yes, nearby Bolpur; 2 = Yes, within West Bengal; 3 = 
Yes, in another State; 4 = Yes, in another country; 88 = Do not know] 

 

/______/ 
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If Yes, describe: 

 

Who went away: ______________________________________________ 

Where did he/she go: ___________________________________________ 

How long was he/she away from the family: _________________________ 

In which month: _______________________________________________ 

 

22. On which things does the household spend most of the available monthly income? 

[Note: Ask openly and do not give the options below. Several answers are possible] 

[1 = To buy food; 2 = To pay child´s education; 3 = To buy hygiene articles/stationeries 
etc.; 4 = For medical purposes; 5 = To buy household assets (e.g. TV, bicycle); 6 = For in-
vestments (e.g. to buy agricultural assets/to open a shop); 66 = Not applicable; 77 = Oth-
ers; 88 = Do not know] 

 

If Others, specify________________________________________________ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

23. How many Rupees does your household spend to buy food every month? 
[88 = Unclear; 99 = No answer] 

In words: ______________________________________________________ 

/______/ 
Rupees 

24. How many Rupees does your household spend altogether to cover all necessary ex-
penses every month (including food and stationaries, cloth, hygiene articles, electricity, 
phoning costs, tobacco, school books,  medicines, doctor’s fee etc.)?  
[88 = Unclear; 99 = No answer] 

 

In words: ______________________________________________________ 

/______/ 
Rupees 

25. More or less, how much cash income is available in your household per month? 

[1 (0-499 Rs.); 2 (500-999) Rs.; 3 (1,000-1,999) Rs.; 4 (2,000-4,999 Rs.);  
5 (5,000- 9,999 Rs.); 6 (More than 10,000 Rs.); 88 = Do not know; 99 = No answer] 

 

/______/ 

26. Does your household have any savings? 

[0 = No; 1 = Yes, on a post office/bank account; 2 = Yes, in a SHG; 3 = Yes, in a PO/bank 
account and in a SHG; 77 = Other form of saving; 88 = Unclear; 99 = No answer] 

If Other, specify_____________________________________________ 

 

/______/ 
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27. If Yes, on which things did the household spent most of these savings in the last 12 
months? 

[Note: Ask openly and do not give the options below. Several answers are possible; max-
imum 3 answers can be noted] 

[0 = Did not use any of the savings; 1 = To buy food; 2= To pay child’s education; 3 = To 
buy hygiene articles/stationeries etc.; 4 = For medical purposes; 5 = To buy household 
assets (e.g. TV, bicycle); 6 = For investments (e.g. to buy agricultural assets/to open a 
shop), 66 = Not applicable; 77 = Others; 88 = Do not know] 

If Others, specify ____________________________________________ 

 

/______/ 

/______/ 

/______/ 

28. Who decides how the household’s available money (income/savings) is spent? 

[1 = Wife; 2 = Husband alone; 3 = Wife and husband together; 4 = Parents in law;  5 = 
Elder (grandparents); 66 = Not applicable; 77 = Other person; 88 = Unclear] 

If Other person, specify_______________________________________________ 

 

 

/______/ 

 IV   Child care  

[If mother died or moved away permanently, ask the following questions to the main 
care taker of the child.] 

 

 

29. Who usually takes care of the youngest child? 

[1 = Mother; 2 = Father; 3 = Grandparents of the child; 4 = Older sibling; 5 = Aunt/uncle 
of the child; 77 = Other person; 88 = Unclear] 

 

If Other person, please specify:______________________________________________ 

 

/______/ 

 

30. Did the mother of the child work outside the house since the birth of her youngest 
child? [0 = No, only at home; 1 = Yes; 88 = Unclear] 

 
If Yes, please specify: ____________________________________________________ 

 

/______/ 

 

31. The last time the mother worked outside the house, where did she keep her youngest 
child? 

[1 = At the worksite; 2 = At home; 3 = With neighbours or relatives; 4 = At the local An-
ganwadi; 66 = Not applicable (mother did not work outside the house); 77 = Other;  
88 = Unclear] 

 

/______/ 
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If Other, please specify_________________________________________________ 

 

32. If the child was at the worksite, was there someone responsible to look for the child?     
[0 = No, left alone; 1 = Yes; 66 = Not applicable; 88 = Unclear] 

If Yes, who was responsible: ___________________________________________ 

 

/______/ 

33. If the child was left at home while mother was working outside, who looked after the 
child? 

[1 = Nobody, child was left alone; 2 = Husband; 3 = Grandparents of the child; 4 = Older 
sibling; 5 = Aunt/uncle; 66 = Not applicable; 77 = Other person; 88 = Unclear] 

 

If Other person, please specify: __________________________________________ 

 

/______/ 

 

34. If mother and child are together at home, does the mother get the time to sit close to 
the child when it is eating? 

[1 = Normally yes; 2 = Only sometimes; 3 = Normally not; 88 = Unclear] 

 

/______/ 

35. If “only sometimes”/”normally not”, why does the mother not sit with the child? 

[1 = No time/too much work; 2 = Feels it is not necessary; 66 = Not applicable;  
77 = Other reason; 88 = Unclear] 

 

If Other reason, please specify: _____________________________________________ 

 

/______/ 

 

36. If “normally yes”, how would the mother describe a general feeding situation? 

[Note: Several answers can be given.] 

[1 = Child eats independently; 2 = Mother helps child to eat; 3 = Mother speaks/laughs 
directly to the child to encourage the child to eat actively; 4 = Mother sits more or less 
calmly next to child; 5 = Mother tries to feed all food in bowl until finished; 6 = Mother is 
not eager to feed until bowl is empty if child looses attraction; 66 = Not applicable;  
77 = Other; 88 = Unclear] 
 

If Other, specify________________________________________________ 

 

/______/ 

/______/ 

/______/ 

/______/ 

 

 

37. For what pupose does the mother spend most of her time during a normal day (when 
there is no harvesting season)? 

[1 = Cooking; 2 = Cleaning the house; 3 = Cleaning cloths; 4 = Fetching water;  
5 = Working in the field; 6 = Other work outside the house; 7 = Looking actively for the 
child; 66 = Not applicable; 77 = Other purpose; 88 = Unclear] 

 

/______/ 
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If Other purpose, specify________________________________________________ 

38. Does the mother feel that she has sufficient time to finish all needed works and to look 
for the child? 

[0 = No, the house and field works need too much time; 1 = Yes, working leaves time to 
look actively for the child; 2 = Only sometimes the mother can look actively for the child – 
otherwise work keeps her busy the whole day; 77 = Other; 88 = Unclear] 

 

If Other, specify________________________________________________ 

 

/______/ 

 

39. Please describe a normal daily routine, what does the woman normally do? 

[Note: do not forget to define the time spend on main activities like childcaring practic-
es, cooking, going to market, working, sitting and talking with family etc.] 

 

Morning:  

______________________________________________________[duration:                    ] 

______________________________________________________[duration:                    ] 

______________________________________________________[duration:                    ] 

______________________________________________________[duration:                    ] 

 

During the day: 

______________________________________________________[duration:                    ] 

______________________________________________________[duration:                    ] 

______________________________________________________[duration:                    ] 

______________________________________________________[duration:                    ] 

 

Evening: 

______________________________________________________[duration:                   ] 

______________________________________________________[duration:                   ] 

______________________________________________________[duration:                   ] 
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______________________________________________________[duration:                   ] 

 

Night: 

______________________________________________________[duration:                   ] 

______________________________________________________[duration:                   ] 

______________________________________________________[duration:                   ] 

40. How much time per day the mother can sit and relax, or chat with other women/family 
members more or less? 

 

a) In the plantation/harvesting season: 
[0  (Not at all time to relax); 1 (max. 30 minutes); 2 (1 or 2 hours); 3 (longer that 2 hours); 
77 = Other; 88 = Unclear] 

If Other, specify__________________________________________________________ 

 

b) Outside the plantation/harvesting season: 
[0  (Not at all time to relax); 1 (max. 30 minutes); 2 (1 or 2 hours); 3 (longer that 2 hours); 
77 = Other; 88 = Unclear] 

If Other, specify___________________________________________________________ 

 

 

 

/______/ 

 

 

 

/______/ 

 

 V   Health access and health seeking behaviour 

[Note: The questions in the following section refer to the youngest child, which is in the 
nutrition programme – except mentioned otherwise.] 

 

 

41. What was the age of the mother at the birth of the oldest child? [88 = Unclear] 

 

/______/ 
years 

42. How many times you have given birth to a child until now? [88 = Unclear] 

 

/______/ 
times 

43. Has the mother lost a child before? 

[0 = No; 1 = Yes; 99 = No answer] 

 

/______/ 

44. If yes, please specify 

[1 = Abortion; 2 = Stillbirth; 3 = Preterm birth; 4 = Child died shortly after birth;  

 

/______/ 
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5 = Due to illness; 6 = Accident; 77 = Other; 99 = No answer] 

If, further information on type of illness or accident (age of child), please specify 

 ______________________________________________________________________ 

 

If Other, please specify __________________________________________________ 

45. How much time was passing by from pregnancy to pregnancy? 

[66 = Not applicable; 88 = Unclear/unable to tell] 

 

     Between first and second pregnancy 

     Between second and third pregnancy 

     Between third and fourth pregnancy 

     Between fourth and fifth pregnancy 

 

 

 

/____/ months 

/____/ months 

/____/ months 

/____/ months 

46. Place of delivery at birth of the youngest child? 

[1 = Home; 2 = Health facility (specify); 3 = On way to health facility; 99 = No answer] 

Specify health facility________________________________________________ 

 

/______/ 

47. Mode of delivery? 

[1 = Natural/Vaginal delivery; 2 = Cesarean section; 99 = No answer] 

 

/______/ 

48. If Natural/Vaginal delivery were there any complications (e.g. use of forceps, child did 
not cry after birth, child was of blue clolour,…)? 

[0 = No; 1 = Yes; 88 = Unclear/unable to tell] 

Please specify __________________________________________________________ 

 

/______/ 

49. If Cesarean section, please specify reason why cesarean section: 

[1 = Emergency situation; 2 = Mother wished cesarean herself; 3 = Doctor decided 
(mother was not asked); 66 = Not applicable; 77 = Other; 88 = Do not know] 

 

If Other, specify________________________________________________________ 

 

/______/ 

50. Type of delivery assistance 

[1 = Doctor; 2 = Trained birth attendant (trained midwife); 3 = Traditional birth attendant 
(village midwife); 4 = Friends or relatives; 5 = Nobody, woman was left alone;  

 

/______/ 
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77 = Other; 88 = Not clear] 

If Other, please specify____________________________________________________ 

If left alone, reason:______________________________________________________ 

 

51. How many times did the mother go for antenatal care in case of her youngest child? 

[0 = No antenatal care check up; 1 = One check up; 2 = Two check ups; 3 = Three check 
ups; 4 = Four check ups; 5 = More than four] 

 

Please specify respective pregnancy age and location: 

Checkup 1 at month /_______/ of pregnancy, where: ___________________________ 

Checkup 2 at month /_______/ of pregnancy, where:___________________________ 

Checkup 3 at month /_______/ of pregnancy, where: ___________________________ 

Checkup 4 at month /_______/ of pregnancy, where: ___________________________ 

 

/______/ 

52. Did the woman use any contraceptive at any time? 

[0 = No, 1 = Yes, sometimes; 2 = Yes, regularly, 66 = Not applicable, 88 = Unclear] 

 

If yes, please specify: __________________________________________________ 

 

/______/ 

53. How would you describe the general mood of your youngest child over the day during 
the last month?  

[1 = Active (playing, speaking, laughing); 2 = Not much active (does not like to play much, 
seems sleepy); 3 = Sick again and again; 88 = Unclear] 

 

Further comments of the mother 
______________________________________________ 

 

/______/ 

54. Do you find your youngest child with worms sometimes? 

[0 = No, normally not; 1 = Yes, but only sometimes; 2 = Yes, quite frequently; 88 = Un-
clear/cannot say] 

 

If Yes, how do you recognize the worms?_______________________________________ 

 

/______/ 

55. Has your youngest child suffered from one of the following diseases within the last 2 
weeks? 
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[0 = No; 1 = Yes; 88 = Unclear] 

  Cough, running nose 

  Fever 

  Diarrhoea (watery stool at least once a day or soft stool 3 times a day)  

 

 

/______/ 

/______/ 

/______/ 

56. Do you change the diet of your children when they are sick? 

[0 = No; 1 = Yes; 88 = Unclear] 

 

If yes, please specify: ____________________________________________________ 

 

 

/______/ 

 

57. Do you use to go to any health facility, when you feel one of your children is really sick? 

[0 = No, I did not go any place, 1 = Government clinic/hospital; 2 = Government health 
centre; 3 = Village doctor (quack doctor); 66 = Not applicable (i.e. child was not sick so 
far); 77 = Other (e.g. Makarampur St. Mary’s Child and Mother Health Care Centre); 88 = 
Unclear] 

 

If you do not go anywhere, reason: __________________________________________ 

If Other place, please specify: _______________________________________________ 

 

 

/______/ 

 

58. How far away is the nearest government health centre from your home? 

[1 = Very close (less than 20 minutes by walking); 2 = Not much far (20 to 40 minutes by 
walking); 3 = Little bit far away (needs bus, cycle etc.); 4 = I don’t know where it is; 88 = 
Unclear] 

 

Please, specify in kilometres if possible:  _____________km 

 

/______/ 

 

59. Are you satisfied with the health care, which is offered at this government health cen-
tre? 

[0 = No, it is not much helpful, 1 = Yes, very much; 2 = It is more or less all right;  
88 = Unclear/cannot say] 

 

 

/______/ 
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If No, why?________________________________________________ 

60. What did you do at home when your youngest child was suffering from diarrhoea the 
last time? 

[1 = Nothing special; 2 = I gave less fluids; 3 = I gave more fluids; 4 = I gave sugar-salt-
solution (ORS); 66 = Not applicable (i.e. child had no diarrhoea so far); 77 = Other; 88 = 
Unclear] 

 

If Other, please specify__________________________________________________ 

 

/______/ 

 

61. Do you use any herbal plants, special foods when your child is/will be sick? 

[0 = No; 1 = Yes; 88 = Unclear] 

 

 

/______/ 

62. If yes, what plants/special foods do you use and for what reason (purpose/property)? 

  

Name of plant or special food Purpose to use it/ 

Property 

Who told you about? 

  □ medical personnel 
□ elder 
□ friends 
□ Other_____________ 

  □ medical personnel 
□ elder 
□ friends 
□ Other_____________ 

  □ medical personnel 
□ elder 
□ friends 
□ Other_____________ 

 

 

63. Did you ever go to “St. Mary’s Child and Mother Health Care Centre” at Makarampur? 

[0 = No, until now not; 1 = Yes, once; 2 = Yes, repeatedly; 88 = Unclear] 

 

 

/______/ 

64. If Yes, were you satisfied with the medical service at this place? 

[0 = No, it is not much helpful; 1 = Yes, very much; 2 = It is more or less alright;  
88 = Unclear/cannot say] 

 

 

/______/ 
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If No, why?____________________________________________________________ 

 

 VI   Hygiene habits  

65. How do you usually wash your hands? 

[1 = With water only; 2 = With soap; 77 = Other; 88 = Unclear] 

 

If Other, please specify: _________________________________________ 

 

/______/ 

66. Do you wash your hands before preparing food? 

[0 = Normally not; 1 = Normally yes; 2 = Only sometimes; 88 = Unclear] 

 

/______/ 

67. Do you wash your hands before eating? 

[0 = Normally not; 1 = Normally yes; 2 = Only sometimes; 88 = Unclear]  

 

/______/ 

68. Do you wash your hands after toilet? 

[0 = Normally not; 1 = Normally yes; 2 = Only sometimes; 88 = Unclear] 

 

/______/ 

69. Usually, do you offer boiled water for your child to drink? 

[0 = No; 1 = Yes; 88 = Unclear] 

 

/______/ 

70. How do you store the food in your home? 

[1 = Always covered; 2 = Normally not covered; 77 = Other; 88 = Unclear] 

If Other, specify___________________________________________ 

 

/______/ 

71. Are the animals moving freely in the kitchen and/or eating place? 

[Note: please try to make observations as well] 

[0 = No, animals cannot reach the kitchen/eating place; 1 = Yes, animals can reach the 
kitchen/eating place; 88 = Unclear] 

 

/______/ 

72. Where do you go for toilet? [1 = Field/outside; 2 = Community toilet; 3 = Family toilet; 77 
= Other; 88 = Unclear] 

 

If Other, specify__________________________________________________ 

 

/______/ 

73. What kind of water do you usually use to take bath with your youngest child? 

[1 = Pond water 2 = Tube well water; 3 = 77 = Other; 88 = Unclear] 

 

/______/ 
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If Other, specify: _________________________________________________ 

74. Is it possible for you to use a tube well (or a covered well) troughout the year providing 
clean water? 

[0 = No, no well is available; 1 = Mostly there is not enough water coming from the well; 
2 = Sometimes there is not enough water  from the well (e.g. in the summer season);  
3 = Clean water from the well is available throughout the year; 77 = Other; 88 = Unclear] 

 

If Other, specify_________________________________________________________ 

 

/______/ 

75. Is there a time in the year when water is getting scarce close to the household?  
[0 = No; 1 = Yes; 88 = Unclear] 

 

If yes, specify month/s and consequence (for example longer walk, less washing, less 
drinking etc.) ? 

_________________________________________________________________ 

 

 

/______/ 

 VII   Access to food – home production and local markets 

 

 

76. Does the household (HH) cultivate any agricultural land? 

[0 = The HH does not cultivate any land; 1 = The HH owns own land for cultivation;  
2 = The HH owns own land for cultivation and additionally leases land; 3 = The HH has 
only leased land available for cultivation; 88 = Unclear] 

If no, why not? ____________________________________________________ 

 

/______/ 

77. Do you cultivate rice in your family, which can be consumed at home? 

[0 = No; 1 = Yes; 66 = Not applicable (if the household does not cultivate any land);  
88 = Unclear] 

 

/______/ 

78. If yes, is the amount of rice sufficient for the whole year? 

[0 = Normally not; 1 = Normally yes; 66 = Not applicable; 88 = Unclear] 

 

Comments: ________________________________________________________ 

 

/______/ 
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79. If the amount of rice is not sufficient, is there a special time in the year when it is short? 

[0 = No; 1 = Yes; 66 = Not applicable; 88 = Unclear] 

 

If yes, specify: ______________________________________________________ 

 

/______/ 

80. What did you do the last time when the food was short in your family? 

[Note: Several answers can be given.] 

[1 = Reduce the number of meals; 2 = Reduce size of meal portions; 3 = Only mother her-
self took less food; 4 = Take a credit to buy food; 5 = Sell belongings to buy food;  
6 = Use savings to buy food; 7 = Search for casual labour; 8 = Ask neighbours/relatives for 
food; 66 = Not applicable; 77 = Other; 88 = Unclear/cannot say] 

If Other, specify__________________________________________________ 

Comments: ______________________________________________________ 

 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

81. Do you also grow other items than rice on your paddy field (e.g. wheat, dhal)? 

[0 = No, never; 1 = Normally yes; 2 = Sometimes; 3 = Only once or twice until now;  
66 = Not applicable; 88 = Unclear] 

 

If yes, pleas specify what is grown: ___________________________________________ 

 

/______/ 

82. Do you grow vegetables? 

[0 = No, never; 1 = Normally yes; 2 = Sometimes; 3 = Only once or twice until now;  
88 = Unclear] 

 

/______/ 

83. If yes, where do you grow the vegetables? 

[1 = Paddy field; 2 = Besides the house (kitchen garden); 66 = Not applicable (no vegeta-
ble is grown); 77 = Other place; 88 = Unclear] 

If Other, specify_________________________________________________________ 

 

/______/ 

84. If yes, how many times did you grow vegetables in the last 12 months? 

[0 = In the last year no vegetable was grown, 1 = Once; 2 = Twice; 3 = Three times;  
4 = Throughout the year; 66 = Not applicable; 88 = Unclear] 
 

Please specify, what vegetables are available for your family in your kitchen garden at 
which time of the year (month):  

 

/______/ 
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Month/s: __________   Available vegetables: ___________________________________ 

________________________________________________________________________ 

 
Month/s: __________   Available vegetables: ___________________________________ 

________________________________________________________________________ 

 
Month/s: __________   Available vegetables: ___________________________________ 

________________________________________________________________________ 

85. Are there fruits available for your family throughout the year? 

[Note: Several answers are possible.] 

[0 = No; 1 = Yes, we have an own fruit tree; 2 = Yes, in the villages there are some trees 
and everybody can collect the fruits; 3 = Yes, we buy fruits from the market;  
88 = Unclear] 
 

Please specify, what fruit is available at which time of the year (month) for your family:  

Month/s: __________   Available fruits: ___________________________________ 

Month/s: __________   Available fruits: ___________________________________ 

Month/s: __________   Available fruits: ___________________________________ 

Month/s: __________   Available fruits: ___________________________________ 

Month/s: __________   Available fruits: ___________________________________ 

 

/______/ 

/______/ 

/______/ 

86. Does your household have any livestock?  

[0 =No; 1 = Yes; 88 = Unclear] 

 

If yes, specify how many of the following animals do you keep? 

Chicken 

Duck 

Goat 

Pig 

Cow 

 

/______/ 

 

No. 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 
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Other, specify___________________________________________________________ /______/ 

87. If you keep any, for what reason do you keep these animals? 

[1 = Mainly own consumption; 2 = Mainly for sale; 3 = Both (about equal amount);  
66 = Not applicable; 77 = Other; 88 = Unclear] 

If Other, specify________________________________________________________ 

 

/______/ 

 

88. Do you sell any items (food, non-food)? 

[0 = No; 1 = Yes, often; 2 = Yes, sometimes; 3 = Yes, but seldom; 88 = Unclear] 

 

If yes, please specify: ____________________________________________________ 

 

/______/ 

 

89. Do you share any items (food, non-food) with neighbouring families/relatives? 

[0 = No; 1 = Yes, often; 2 = Yes, sometimes; 3 = Yes, but seldom; 88 = Unclear] 

 

If yes, please specify: ___________________________________________________ 

 

/______/ 

 

90. Do you exchange any items (food, non-food) with neighbouring families/relatives? 

[0 = No; 1 = Yes, often; 2 = Yes, sometimes; 3 = Yes, but seldom; 88 = Unclear] 

 

If yes, please specify: ___________________________________________________ 

 

/______/ 

 

91. Which food items do you regularly purchase? 

This means foods you have in your everyday life: 

[Note: Several answers are possible.] 

[1 = Rice; 2 = Dhal; 3 = Wheat (flour, dahlia, sujee); 4 = Salt, spices; 5 = Sugar; 6 = Oil;  
7 = Biscuits and other snack items (e.g. chips, cake); 8 = Potato; 9 = Vegetables;  
10 = Fruits; 11 = Milk/curd; 12 = Chicken; 13 = Fish; 14 = Egg; 77 = Other items; 88 = Un-
clear] 

 

If other items, please specify: _____________________________________________ 

 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 
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/______/ 

92. Where do you go to purchase food items? 

[Note: Please note for the following options, whether they apply or not.                                
0 = No; 1 = Yes, often; 2 = Yes, sometimes; 3 = Yes, but only seldom; 66 = Not applicable, 
e.g. no shop in the village; 88 = Unclear)] 

 

     In the village shop (yours or neighbouring village) 

     At the local market 

     In the nearest city 

     Other (specify): ____________________________________________________ 

 

 

 

 

/______/ 

/______/ 

/______/ 

/______/ 

93. Do you feel prices for rice, salt, oil dhal and other basic food items have gone up in the 
last 12 months? 

[0 = No, prices are more or less stable; 1 = Yes, there was some price increase; 2 = Yes, 
the price increase was too much; 88 = Unclear/not able to tell] 

 

If yes, what food items were increased most: _________________________________ 

_____________________________________________________________________ 

 

/______/ 

 

94. If yes, how did your family cope with the price increase? 

[1 = We bought less quantity; 2 = We stopped to buy expensive items; 3 = We borrowed 
some money to buy the food items; 4 = We sold some animal to buy the food items;  
66 = Not applicable; 77 = Other; 88 = Unclear/not able to tell] 

 

If Other, please specify: _____________________________________________ 

 

/______/ 

 

95. Does your household have a ration card to receive food from the Public Distribution 
System (PDS)? [0 = No; 1 = Yes; 88 = Unclear] 

 

/______/ 

96. If yes, specify type of ration card: [1= APL; 2 =BPL; 66 = Not applicable; 88 = Unclear]  

/______/ 

97. Which items did you receive with this Card in the last month? In what quantities? 

[66 = Not applicable; 88 = Unclear] 

     Rice    /_________/kg 
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     Wheat /_________/kg 

     Sugar /_________/kg 

     Edible oil /_________/liter 

     Kerosene oil /_________/liter 

     Soft coke  /_________/kg 

 

Other item, ____________________________      /________/liter/kg 

 

 

98. Is the PDS system satisfying for you?  
[0 = No; 1 = Yes; 3 = No opinion/not interested in PDS; 66 = Not applicable;  
88 = Unclear] 

 

/______/ 

99 If No, why not?  

[1 = Subsidised prices still too high; 2 = Low quality; 3 = Provided quantity always too low; 
4 = Irregular provision; 66 = Not applicable; 77 = Other; 88 = Unclear] 

 

If Other, please specify: _________________________________________________ 

____________________________________________________________________ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

100 Are you satisfied with the food provided by the Anganwadi Centre?  
[0 = No; 1 = Yes, fully; 3 = Yes, but some concernes; 4 = No opinion/not interested in AWC 
meals; 77 = Other] 

If other, specify _________________________________________________________ 

 

/______/ 

101 If No or some concernes, please specify [Note: Ask openly and do not name the options 
below. Several answers are possible. ] 

[1 = Amount insufficient; 2 = Varying amount; 3 = Poor quality of food; 4 = Food causes 
stomach problems; 5 = Boring menu; 6 = Same food as available at home is provided 
(mainly rice, potato)/no additional value, 7 = No fixed time of food distribution;  
8 = Inconvenient time of food distribution; 77 = Other] 

 

If Other, specify: ________________________________________________ 

 

/______/ 

/______/ 

/______/ 

/______/ 

102 What are your general thoughts or concerns about services provided by the Anganwadi 
Centres? 
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_____________________________________________________________________ 

_____________________________________________________________________ 

103 How does your household mainly obtain food (around the year)? 

[1 = Mainly own production (planting, hunting, fishing, collecting); 2 = Mainly purchased; 
3 = Own production and purchased food items (equal share); 77 = Other, specify] 

 

If Other, specify_________________________________________________________ 

/______/ 

 

 

104 What role do the following options play to access food in your household? 

[1 = Very important; 2 = Important; 3 = Not so much important; 4 = Not relevant;      
88 = Unclear] 

 

     Own agricultural production 

     Own hunting/fishing/collection activities 

     Own livestock keeping 

     Village markets and local hats 

     Markets at the commercial centres/cities 

     Food sharing/exchange with neighbours 

     Government support through PDS system 

     Income from 100 days work (MGNREGA) 

     Anganwadi Centre meals 

 

 

 

 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

 VIII   Family food  

105 Have you taken supplements/micronutrient powders or tablets in the last year? 

[0 = No; 1 = Yes] 

/______/ 

 

106 If yes, which supplements/ micronutrient powders/tablets? 

[1 = Iron; 2 = Vitamin A; 3 = Zinc; 4 = Folic acid; 5 = Multivitamin; 66 = Not applicable; 77 = 
Other; 88 = Cannot say]  

 

If Other, specify_____________________________________ 

/______/ 

/______/ 

/______/ 

/______/ 
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107 If yes, where did you get the supplement? 

[1 = Shop; 2 = Pharmacy; 3 = Government health centre; 4 = Hospital/clinic;  
5 = Anganwadi Centre; 66 = Not applicable; 77 = Other; 88 = Cannot say] 

If Other, specify_______________________________________ 

/______/ 

 

108 Why, did/do you take supplements/micronutrient powders? 

[1 = Pregnant; 2 = Breastfeeding; 3 = Family told; 4 = Clinic told; 5 = Sick, 6 = Because of 
weakness; 77 = Other; 88 = Cannot say; 66 = Not applicable]  

If Other, specify________________________________________ 

/______/ 

/______/ 

 

 

109 For how long did/do you take supplements/ micronutrient powders (the last time you 
have taken some)?  

[66 = Not applicable; 88 = Unclear/unable to tell] 

/______/ 

days 

110 In the last 12 months, did your youngest child reveive any supplements/micronutrient 
powders or tablets? 

[0 = No; 1 = Yes; 88 = Unclear/unable to tell] 

 

If yes, please specify: ______________________________________________________ 

What was given: _________________________________________________________ 

Why was it given? ________________________________________________________ 

For how long? ___________________________________________________________ 

From where did you get it? _________________________________________________  

 

 

/______/ 

 

111 Please describe main characteritics of a healthy family meal 

A healthy family meal should consist of: [Please note everything respondent tells] 

______________________________________________________________ 

______________________________________________________________ 

 

/______/ 

 

112 Do you think the food you and your family ate at home the last seven days was of ade-
quate quantity?  

[0 = No; 1 = Yes; 88 = Unclear/unable to tell] 

 

/______/ 
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113 Do you think the food you and your family ate at home the last seven days was of ade-
quate quality?  

[0 = No; 1 = Yes; 88 = Unclear/unable to tell] 
 

If yes, why was it adequate? ________________________________________________ 

_______________________________________________________________________ 
 

If no, what was missing? __________________________________________________ 

______________________________________________________________________ 

What do you mean/understand when thinking about food quality? 

_____________________________________________________________________ 

_____________________________________________________________________ 

 

/______/ 

 

114 Does the child receive the same type of foods as the rest of the family (except breast-
milk)? 

[0 = No; 1 = Yes; 66 = Not applicable (for example if child still exclusively breastfed);  
88 = Unclear] 

 

If No, what is the difference between child and family diet? 

______________________________________________________________________ 

______________________________________________________________________ 

 

 

/______/ 

115 Do all family members receive the same type of food as the head of the family? 

[0 = No; 1 = Yes; 88 = Unclear] 

 

If no, please specify: _____________________________________________________ 

 

/______/ 

116 Who decides what to eat/cook for the family? 

[1 = Wife; 2 = Husband; 3 = Wife and husband together; 4 = Food which the child likes 
most is prepared; 5 = Parents in law; 6 = Elders (grandparents); 77 = Other] 

 

If Other, specify_________________________________________________________ 

/______/ 
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117 Which factors have the strongest influence on choice of foods consumed?  

[1 = Availability; 2 = Appearance; 3 = Good for health; 4 = Time to prepare; 5 = Price;  
6 = Taste; 77 = Other] 

 

If Other, specify_________________________________________________________ 

 

/______/ 

/______/ 

/______/ 

/______/ 

118 Do you think it is important to consume vegetables and fruits regularly? 

[0 = No; 1 = Yes; 88 = Unclear] 

 

If yes, why? ____________________________________________________________ 

 

 

/______/ 

 

119 Would you like to consume fruits or vegetables more often as you presently do?  
[0 = No; 1 = Yes; 88 = Unclear/cannot say] 

 

/______/ 

120 If yes, what is the reason why you do not increase your fruit or vegetable consumption? 

[1 = Not available nearby the home; 2 = No money to buy it; 3 = Family members don’t 
like it much; 66 = Not applicable; 77 = Other reason; 88 = Unclear] 

If other reason, please specify: ______________________________________________ 

 

/______/ 

 

121 Does your family consume Moringa leaves? 

[0 = No; 1 = Yes] 

 

/______/ 

122 If No, why not ___________________________________________________________ 

 

 

123 If Yes, for which purpose? 

[1 = As side-dish (vegetable); 2 = Only little into sauce; 3 = Healthy; 4 = Lowers blood 
pressure; 77 = Other; 88 = Unclear/cannot say; 66 = Not applicable] 

If Other, specify_________________________________________________________ 

/______/ 

/______/ 

 

124 If Yes, how often does your family include Moringa leaves into the family diet? 

 

Specify _______________________________________________________________ 
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 IX   Breastfeeding 

[Note: All questions in this section refer to the youngest child of the household in the 
nutrition programme.] 

 

 

125 Do you/did you breastfeed your youngest child for any period of time successfully?  

[0 = No; 1 = Yes; 88 = Unclear] 

 

/______/ 

126 If No, why you never breastfed your youngest child? 

[1 = Not sufficient breast milk; 2 = Child refused to take breast milk; 3 = Nipple problems; 
66 = Not applicable; 77 = Other reason; 88 = Unclear] 

 

If Other reason, specify: _________________________________________ 

 

What type of breast milk substitute do you/did you offer? 

[1 = Infant formula; 2 = Cow’s milk; 3 = Water; 66 = Not applicable; 77 = Other;  
88 = Unclear] 

 

If Other, please specify: ________________________________________________ 

 

 

/______/ 

 

 

 

 

/______/ 

127 If Yes, how many hours after birth did you start breastfeeding? 

[1 = Immediately (within 1 hour after birth); 2 = Within 2-6 hours; 3 = Within 7-24 hours; 
4 = > 1-3 days after birth; 5 = 4-6 days after birth; 6 = ≥ 1 week after birth; 66 = Not appli-
cable (if mother is not breastfeeding at all); 77 = Other; 88 = Unclear] 

 

If Other, please specify: ___________________________________________________ 

 

 

/______/ 

128 Has your youngest child ever been given any liquid/solid foods (like water, sugar-water, 
tea, honey, animal milk etc.) in the days after delivery before receiving any breastmilk by 
the mother (prelacteal feeding)?  

[0 = No; 1 = Yes; 66 = Not applicable (if mother is not breastfeeding at all); 88 = Do not 
know]  

 

/______/ 
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129 If Yes, which kind of foods/fluids did your child receive before receiving any breastmilk? 
[Note: Several answers are possible.] 

[1 = Plain water (boiled); 2 = Plain water (unboiled); 3 = Cow milk; 4 = Formula milk;  
5 = Banana; 6 = Rice; 7 = Honey; 66 = Not applicable (if breastmilk was first food child 
received or if mother is not breastfeeding at all); 77 = Other; 88 = Unclear] 

 

Please specify reason for prelacteal feeding ___________________________________ 

If Other, secify__________________________________________________________ 

 

 

/______/ 

130 Has your youngest child ever been given any liquid/solid foods (besides breastmilk) in the 
first week after delivery (supplementary feeding)? 

[0 = No; 1 = Yes; 66 = Not applicable (if mother is not breastfeeding at all); 88 = Do not 
know] 

 

 

/______/ 

131 If Yes, which kind of foods/fluids (supplementary feeding) did your child receive in the 
first week after delivery besides breastmilk (exept first week after delivery)? 

[Note: Several answers are possible.] 

[1 = Plain water (boiled); 2 = Plain water (unboiled); 3 = Cow milk; 4 = Formula milk;  
5 = Banana; 6 = Rice; 7 = Honey; 66 = Not applicable if mother only fed breastmilk or is 
not breastfeeding at all; 77 = Other; 88 = Unclear] 

 

If Other, secify______________________________________________________ 

 

/______/ 

/______/ 

/______/ 

 

132 Except the first week of child´s life, has your child ever been given any liquid/solid foods 
(like water, tea, animal milk, family foods etc.) besides breastmilk; during the first 6 
months of life (exclusive breastfeeding)? 

[0 = No; 1 = Yes; 66 = Not applicable if mother is not breastfeeding at all] 

 

 

/______/ 

 

133 If yes, what kind of liquid/solid foods did you give to your child during the first 6 
months? 

[Note: Several answers are possible.] 

[1 = Plain water (boiled); 2 = Plain water (unboiled); 3 = Cow milk; 4 = Formula milk;  
5 = Banana; 6 = Rice; 7 = Honey; 8 = Family food; 66 = Not applicable, if child not born yet 

 

/______/ 
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or mother only fed breastmilk or is not breastfeeding at all; 77 = Other; 88 = Unclear] 

 

If Other, specify_______________________________________________ 

134 How long did you give only breastmilk to your child – without giving water, tea, family 
food etc.; (except first week after delivery)? 

 [1 (until now); 2 (≤ 1 month); 3 (1-3months); 4 (4-6 months); 5 (7-9 months); 6 (longer 
than 9 months)] 

 

Specify in month ________________________________________________________ 

 

/______/ 

135 Did your youngest child receive any medicine (drops,tablet,syrup)/ micronutrient tab-
lets in the first six months of its life? 

[0 = No; 1 = Yes; 88 = do not know] 

If Yes, specify__________________________________________________ 

 

/______/ 

136 Did you squeeze out any fluid of your breast, before breastfeeding the child for the first 
time? [0 = No; 1 = Yes; 66 = Not applicable; 88 = Unclear] 

 

If yes, why? _____________________________________________________________ 

 

/______/ 

137 Did your child receive the very first milk, which comes from the breast (yellowish sticky 
breast milk, “colostrum” (local name:“holud”)?  

[0 = No; 1 = Yes; 66 = Not applicable; 88 = Unclear] 

 

If no, why not? _________________________________________________ 

 

/______/ 

138 How do you/did you breastfeed your child? 

[0 = Statement does not apply; 1 = Statement applies; 88 = Unclear] 

I feed my child always when it shows me that it is hungry (on demand feeding) 

I offer the breast in regular intervals 

I never wake up my baby even when it sleeps several hours 

 

 

/______/ 

/______/ 

/______/ 

139 How do you/did you stop a breastfeeding session? 

[1 = Normally when the child comes off the breast itself (child decides); 2 = Nomally I 
myself decide when to stop (mother decides); 77 = Other; 88 = Unclear] 

 

/______/ 
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If Other, please specify: ___________________________________________________ 

140 During the first half year after birth did you breastfeed during the night? 

[1 = Normally yes; 2 = Only sometimes; 3 = Normally not; 88 = Unclear] 

 

 

/______/ 

141 If yes, how often did you breastfeed during the night in the first half year? 

[66 = Not applicable; 88 = Unclear] 

 

/______/ 
times 

142 Do you still breastfeed today? 

[0 = No; 1 = Yes; 88 = Unclear] 

 

/______/ 

143 When do you plan to/did you stop breastfeeding your child? 

[0 = No specific plan; 1 = When I am pregnant again; 2 = When I have delivered the next 
child; 3 = When the child has a specific age; 66 = Not applicable; 77 = Other; 88 = Unclear] 

 

If specific age, what age is it? _______________________________________________ 

If Other, please specify: ____________________________________________________ 

 

/______/ 

 X   Complementary feeding & young child feeding practices  

[Note: Again, all questions in this section refer to the youngest child in the nutrition pro-
gramme.] 

 

 

144 Is your child receiving regular feedings of soft/solid foods (besides breastmilk/breastmilk 
substitute) presently? 

[0 = No; 1 =Yes] 

 

/______/ 

145 At what age did you/do you plan to introduce the first regular feeding of soft/solid food 
to your youngest child (besides breastmilk/breastmilk substitute)? 

 

Specify in months  ______________________________________________________ 

 

Why at this age? Specify __________________________________________________ 
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146 What type of foods did you give/do you plan to introduce as first regular feedings (com-
plementary feeding)? [Note several answers are possible]. 

[1 = Family foods; 2 = Cereal porridge; 3 = Banana; 4 = Only rice; 5 = Biscuits;  
77 = Other; 88 = Unclear/cannot say] 

 

If Other, specify__________________________________________________________ 

 

/______/ 

147 If your child receives solid food, how many times did your child eat complementary food 
yesterday?  

[Note: Write down how many times the child was offered food.] 
[66 = Not applicable (the youngest child does not receive solid food until now);  
88 = Unclear/cannot say] 

 

/______/ 

times 

148 Do you offer food to your child in between the main family mealtimes? 

[0 = Normally not; 1 = Most of the days yes; 2 = Yes, sometimes; 66 = Not applicable (the 
youngest child does not receive solid food until now); 88 = Unclear]. 

 

/______/ 

149 If yes, what type of food do you offer between family meals? 

[Note several answers are possible]. 

[1 = Family foods; 2 = Cereal porridge; 3 = Banana; 4 = Plain rice; 5 = Biscuits;  
77 = Other; 66 = Not applicable; 88 = Unclear/cannot say] 

/______/ 

/______/ 

/______/ 

150 Please describe a typical daily routine of your child: 

 

     1st meal/snack, item: _________________________________________________ 

 

     2nd meal/snack, item: ________________________________________________ 

 

     3rd meal/snack, item: ________________________________________________ 

      

     4th meal/snack, item: ________________________________________________ 

 

     5th meal/snack, item: ________________________________________________ 
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151 Did your child receive fruits in the last 24 hours (except food provided by nutrition pro-
gram)? [0 = No; 1 = Yes; 88 = Unclear/cannot say] 

 

If yes, please specify: _____________________________________________________ 

 

/______/ 

152 Did your child receive vegetables in the last 24 hours (except food provided by nutrition 
program)?  

[0 = No; 1 = Yes; 88 = Unclear/cannot say] 

 

If yes, please specify: _____________________________________________________ 

 

/______/ 

153 Did your child receive animal products (like milk, meat, fish, egg, curd) in the last 24 
hours (except food provided by nutrition program)? 

[0 = No; 1 = Yes; 88 = Unclear/cannot say] 

 

If yes, please specify: _____________________________________________________ 

 

/______/ 

156 XI   Investigator’s Observations 

[Note: In the space below, please record any further observations of interest, e.g. any 
significant details about the respondent’s social background, about the family situation 
etc.] 
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11.3 Winter price analysis: top 30 percent of most cost-effective foods 

Rank 
(winter price ratio - 
no. of nutrients)  

Food name Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g edi-
ble portion) 

1  (19.15 - 38) Radish leaves Vegetables high  (53.83) medium  (56.23) medium  (27.57) medium  (17.39) medium   (1.82) 

2  (17.30 - 38) Bathua leaves Vegetables very high  (1,077) medium  (18.48) medium  (42.24) medium  (10.75) medium  (4.01) 
3  (16.71 - 38) Cauliflower leaves Vegetables high  (172) medium  (13.6) medium  (28.94) medium  (24.31) medium  (3.43) 
4  (14.5 - 38) Colocasia leaves, green 

(shobuj kochu shak) 
Vegetables very high  (701) medium  (14.41) high  (124) medium  (12.08) medium  (5.6) 

5  (14.27 - 38) Spinach Vegetables very high  (592) medium  (12.01) high  (233) medium  (42.55) medium  (2.38) 
6  (13.93 - 38) Amaranth spined, 

leaves, green  
(Amaranthus spinosus) 

Vegetables very high  (1,073) medium  (7.4) medium  (24.15) medium  (15.66) medium  (5.1) 

7  (13.45 - 38) Amaranth spined, 
leaves, red and green 
(Amaranthus spinosus) 

Vegetables very high  (1,045) medium  (7.15) medium  (26.19) medium  (16.27) medium  (5.57) 

8  (13.39 - 38) Agathi leaves  
(bok ful shak) 

Vegetables high  (179) medium  (63.33) high  (89.25) medium  (18.12) high  (8.6) 

9  (12.28 - 38) Tamarind leaves, tender Vegetables high  (150) medium  (33,87) medium  (27.65) medium  (13.43) high  (10.7) 
10  (12.27 - 38) Broad beans  

(makhon shim) 
Vegetables medium  (20.25) medium  (5.78) high  (89.14) medium  (20.74) high  (8.63) 

11  (11.66 - 38) Cabbage, Chinese Vegetables medium  (16.55) medium  (16.85) medium  (27.97) medium  (20.28) medium  (2.01) 
12  (11.21 - 38) Pumpkin, orange, round Vegetables medium  (41.22) medium  (19.72) medium  (15.25) low  (8.81) medium  (2.56) 
13  (10.91 - 38) Maize, dry Cereals & millets medium  (15.26) high  (646) medium  (32.92) low  (4.44) high  (12.24) 
14  (10.72 - 38) Drumstick leaves  

(Moringa) 
Vegetables high  (120) high  (128) medium  (29.9) low  (9.34) high  (8.21) 

15  (10.68 - 38) Cabbage, collard greens Vegetables medium  (9,42) medium  (12.08) high  (70.89) medium  (22.98) medium  (2.98) 
16 (10.28 - 38) Cabbage, green Vegetables medium  (2.88) medium  (11.77) medium  (54.92) medium  (14.98) medium  (2.76) 
17  (10.27 - 38) Pumpkin, green, cylin-

drical 
Vegetables high  (57.33) medium  (22.51) medium  (15.21) low  (5.21) medium  (2.53) 

18  (10.16 - 38) Linseeds Nuts & oilseeds medium  (5.85) very high  (1,859) medium  (31.6) medium  (32.93) very high  (26.17) 
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Rank 
(winter price ratio - 
no. of nutrients) 

Food name Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g edi-
ble portion) 

19  (9.6 - 38) Plantain stem Vegetables high  (213) medium  (15.33) medium  (12.24) medium  (23.17) medium  (2.12) 
20  (9.37 - 38) Coriander leaves Vegetables medium  (20.42) medium  (38.68) medium  (60.28) medium  (37) medium  (4.66) 
21  (9.33 - 38) Parsley Vegetables high  (128) medium  (54.32) medium  (46.58) medium  (53.08) medium  (3.87) 
22  (9.09 - 38) Rumex leaves Vegetables high  (93.76) medium  (30.07) medium  (16.13) medium  (19.95) low  (1,27) 
23  (8.33 - 38) Colocasia stem, black Vegetables high  (250) medium  (25.85) medium  (15.68) low  (0.45) medium  (3.01) 
24  (8.13 - 38) Amaranth leaves, green 

(Amaranthus gangeticus) 
Vegetables very high  (779) medium  (5.42) medium  (23.81) medium  (16.08) medium  (4.41) 

25  (7.86 - 38) Ponnaganni Vegetables very high  (465) medium  (32.02) medium  (53.08) medium  (39.36) medium  (6.74) 
26  (7.77 - 38) Cauliflower Vegetables medium  (9.82) medium  (18.48) medium  (32.41) medium  (30.72) medium  (3.71) 
27  (7.73 - 38) Bottle gourd, elongate, 

dark green 
Vegetables low  (1.7) medium  (10.86) medium  (38.2) low  (1.35) medium  (2.11) 

28  (7.57 -38 ) Cabbage, violet Vegetables medium  (2.7) medium  (12.81) medium  (59.94) medium  (24) medium  (2.21) 
29  (7.4 - 38) Plantain flower Vegetables high  (169) low  (2.52) low  (4.43) low  (7.51) medium  (5.25) 
30  (7.37 - 38) Betel leaves, big Vegetables very high  (493) medium  (57.98) high  (89.68) medium  (16.8) medium (2.12) 
31  (7.34 - 38) Wheat, whole Cereals & millets high  (52.46) high  (638) medium  (14.33) low  (2.5) high  (11.23) 
32  (7.31 - 38) Colocasia stem, green Vegetables high  (229) medium  (26.49) medium  (11.66) low  (0.6) medium  (2.33) 
33  (7.28 - 38) Bean scarlet (shim) Vegetables medium  (20.97) medium  (17.33) medium  (12.68) low  (1.46) medium  (4.5) 
34  (6.97 - 38) Betel leaves, small Vegetables very high  (577) medium  (45.34) high  (87.01) medium  (14.04) medium  (1.97) 
35  (6.9 - 38) Wheat flour, white (atta) Cereals & millets high  (52.38) high  (632) medium  (13.98) low  (2.04) high  (11.36) 
36  (6.87 - 38) Amaranth leaves, red 

(Amaranthus gangeticus) 
Vegetables very high  (823) medium  (4.9) medium  (27.63) medium  (14.58) medium  (4.91) 

36  (6.87 - 38) Brinjal Vegetables medium  (34.31) medium  (12.28) medium  (12.79) low  (3.55) medium  (3.98) 
37  (6.7 - 38) Bottle gourd, elongate, 

pale green 
Vegetables medium  (3.75) medium  (10.64) medium  (34.76) low  (1.46) medium  (2.12) 

38  (6.45 - 38) Radish, elongate, white 
skin 

Vegetables medium  (12.72) low  (1.75) medium  (46.74) medium  (28.2) medium  (2.65) 

39  (6.32 - 38) Basella leaves Vegetables high  (170) medium  (49.57) medium  (23.98) medium  (18.74) medium  (2.21) 
40  (6.28 - 38) Radish, elongate, red 

skin 
Vegetables medium  (12.73) medium  (6.9) medium  (49.75) medium  (24.73) medium  (2.46) 
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Rank 
(winter price ratio - 
no. of nutrients) 

Food name Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g edi-
ble portion) 

41  (6.11 - 38) Fenugreek leaves  
(methi shak) 

Vegetables medium  (34.29) medium  (18.67) high  (105) medium  (47.01) medium  (4.9) 

41  (6.11 - 38) Field beans, tender, 
lean 

Vegetables medium  (35.12) medium  (5.24) high  (136) medium  (12.76) medium  (6.19) 

42  (6.06 - 38) Mustard leaves Vegetables low  (1.69) medium  (34.69) medium  (38.02) medium  (19.14) medium  (3.92) 
43  (5.98 - 38) Ash gourd Vegetables medium  (4.89) medium  (14.6) medium  (10.47) low  (0.77) medium  (3.37) 
43  (5.98 - 38) Bottle gourd, round, 

pale green 
Vegetables medium  (2.53) medium  (11.83) medium  (31.83) low  (1,52) medium  (2.1) 

44  (5.93 - 38) Field beans, tender, 
broad 

Vegetables medium  (34.83) medium  (4.81) high  (133) medium  (14.14) medium  (5.64) 

45  (5.87 - 38) Bitter gourd, jagged, 
teeth ridges, short 

Vegetables high  (48.83) medium  (14.39) medium  (50.46) medium  (12.59) medium  (3.49) 

46  (5.74 - 38) Wheat, bulgur Cereals & millets medium  (40.23) very high  (679) medium  (9.53) low  (2.09) high  (8.81) 
47  (5.73 - 38) Bitter gourd, jagged, 

smooth ridges, elongate 
Vegetables medium  (43.37) medium  (12.68) medium  (52.98) medium  (11.16) medium  (3.72) 

48  (5.49 - 38) Rice, raw, milled Cereals & millets low  (1.92) high  (266) low  (3.14) low  (2.34) medium  (2.81) 
49  (5.46 - 38) Jowar (sorghum) Cereals & millets medium  (28.38) high  (549) medium  (23.25) low  (5.42) high  (10.22) 
49  (5.46 - 38) Bitter gourd, jagged, 

teeth ridges, elongate 
Vegetables high  (45.4) medium  (13.84) medium  (49.76) medium  (13.09) medium  (3.78) 

50  (5.45 - 38) Beet greens Vegetables high  (127) medium  (19.01) low  (2.85) high  (111) medium  (3.64) 
51  (5.42 - 38) Rice, parboiled, milled Cereals & millets medium  (5.02) high  (274) medium  (6.93) low  (3.16) medium  (3.74) 
52  (5.4 - 38) Yam, wild Roots & tubers medium  (13.45) medium  (24.71) medium  (50.58) medium  (12.8) medium  (4.57) 
53  (5.38 - 38) Mustard seeds Nuts & oilseeds medium  (6.92) high  (132) medium  (48.81) low  (3.97) high  (14.1) 
54  (5.25- 38) Mustard seeds, dried Nuts & oilseeds ND ND ND medium  (13) high  (11.8) 
55  (5.19 - 38) Bajra Cereals / millets high  (53.13) high  (485) high  (67.71) low  (4.11) high  (11.49) 
56  (5.14 - 38) Rice flakes Cereals & millets medium  (10.97) high  (474) low  (3.16) low  (2.58) medium  (3.46) 
57  (5.01 - 38) French beans, hybrid Vegetables medium  (36.97) medium  (7.51) medium  (14.12) low  (9.18) medium  (4.18) 
58  (4.94 - 38) Zucchini ,green Vegetables medium  (17.83) medium  (10.57) medium  (42.94) low  (0.4) medium  (2.3) 
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Rank 
(winter price ratio - 
no. of nutrients) 

Food name Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g edi-
ble portion) 

58  (4.94 - 38) Fig Fruits high  (46.71) medium  (48.59) medium  (25.16) low  (2.37) medium  (4.64) 
59  (4.82 - 38) French beans, country Vegetables medium  (36.01) medium  (6.11) medium  (14.59) low  (8.84) medium  (4.38) 
60  (4.81 - 38) Onion, stalk Vegetables medium  (29.72) medium  (61.02) medium  (10.73) medium  (15.52) medium  (5.21) 
60  (4.81 - 38) Yam, ordinary Roots & tubers medium  (13.99) medium  (20.99) medium  (46.3) medium  (15.28) medium  (4.08) 
61  (4.64 - 38) Wheat flour, whole 

grain 
Cereals & millets medium  (8.0) ND ND medium  (16) high  (10.7) 

62  (4.53 - 38) Barley Cereals & millets medium  (10.98) high  (386) medium  (23.47) low  (7.56) high  (15.64) 
63  (4.41 - 38) Capsicum, green Vegetables medium  (19.12) medium  (15.96) medium  (10.82) low  (1.84) medium  (2.06) 
64  (4.4 - 38) Snake gourd, short Vegetables medium  (14.25) medium  (12.82) medium  (5.9) low  (2.5) medium  (2.29) 
65  (4.37 - 38) Ridge gourd, smooth 

skin 
Vegetables medium  (35.85) medium  (14.98) medium  (11.3) low   (6.27) medium  (1.85) 

66  (4.3 - 38) Chicken liver Animal products low  (0.0) low  (0.0) low  (0.0) high  (61.58) low  (0.0) 
67  (4.27 - 38) Cluster beans Vegetables medium  (16.49) medium  (8.66) medium  (53.15) low  (4.05) medium  (4.83) 
68  (4.22 - 38) Soybean, brown Grain legumes high  (122) high  (443) high  (106) low  (2.07) high  (21.55) 
69  (4.21 - 38) Potato, red skin Roots & tubers medium  (12.37) medium  (59.74) medium  (20.35) low  (4.36) low  (1.68) 
70  (4.15 - 38) Soybean, white Grain legumes high  (119) high  (460) high  (111) low  (2.83) very high  (22.63) 
70  (4.15 - 38) Yam, elephant Roots & tubers medium  (15.58) medium  (16.23) medium  (56.27) medium (14.33) medium  (4.17) 
71  (4.12 - 38) Water chestnut Roots & tubers medium  (16.54) medium  (25.86) low  (0.0) medium  (13.08) medium  (3.02) 
72  (4.08 - 38) Rice, puffed Cereals & millets medium  (6.27) medium  (115) low  (2.76) low  (3.69) medium  (2.56) 
72  (4.08 - 38) Snake gourd, long, dark 

green 
Vegetables medium  (13.44) medium  (13.04) medium  (6.1) low  (5.04) medium  (2.27) 

73  (4.05 - 38) Pumpkin leaves, tender Vegetables medium  (13.61) medium  (38.27) medium  (20.33) medium  (12.2) medium  (2.25) 
74  (4.03 - 38) Tomato, green Vegetables medium  (8.47) low  (1.08) medium  (7.62) medium  (13.11) low  (1.62) 
75  (3.98 - 38) Wheat flour, refined, 

white (maida) 
Cereals & millets medium  (20.22) high  (123) low  (5.17) low  (1.54) medium  (2.76) 

75  (3.98 - 38) Carrot, orange Vegetables medium  (17.45) medium  (19.6) medium  (49.44) medium  (52.33) medium  (4.18) 
76  (3.93 - 38) Snake gourd, long, pale 

green 
Vegetables medium  (24.22) medium  (13.44) medium (6.78) low  (7.07) medium  (2.27) 
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77  (3.91 - 38) Colocasia Roots and tubers high  (48.73) medium  (13.57) medium  (59.2) low  (4.54) medium  (3.22) 
78  (3.9 - 38) Plantain, green Vegetables high  (85.25) medium  (40.44) medium (25.27) medium  (18.57) medium  (3.6) 
79  (3.89 - 38) Black berry Fruits medium  (5.33) medium  (8.97) high  (165) low  (1.21) medium  (4.35) 
80  (3.87 - 38) Pak choi leaves Vegetables medium  (14.35) medium  (18.05) low  (0.0) medium  (33.73) medium  (1.91) 
81  (3.85 - 38) Ladies finger Vegetables high  (83.87) medium  (3.63) medium  (32.51) low  (7.37) medium  (4.08) 
81  (3.85 - 38) Milk, cow, whole Animal products low (0.0) low (0.0) low (0.0) medium  (25.46) low (0.0) 
82  (3.82 - 38) Sweet potato, brown 

skin 
Roots & tubers medium  (14.39) medium  (54.02) medium  (6.89) medium  (29.6) medium  (3.99) 

83  (3.8 - 38) Tinda, tender Vegetables medium  (3.36) medium  (5.75) low  (2.61) medium  (20.61) medium  (2.0) 
84  (3.74 - 38) Wheat, semolina  

(sooji gom) 
Cereals & millets medium  (28.43) high  (549) medium  (6.5) low  (2.31) high  (9.72) 

85  (3.71 - 38) Maize, tender, local Cereals & millets medium  (5.2) high  (148) medium  (19.0) low  (2.24) medium  (3.67) 
85  (3.71- 38) Celery stalk Vegetables high  (54.23) medium  (25.66) low  (2.9) medium  (10.68) medium  (2.09) 
86  (3.68 - 38) Gooseberry Fruit medium  (7.96) medium  (49.34) very high  (1,031) low  (1.37) high  (7.75) 
86  (3.68 - 38) Potato, brown skin, big Roots & tubers medium  (12.24) medium  (55.77) medium  (24.61) low  (4.11) medium  (1.71) 
87  (3.64 - 38) Cucumber, green, elon-

gate 
Vegetables medium  (12.13) medium  (17.52) medium  (14.1) low  (6.33) medium  (2.14) 

88  (3.57 - 38) Carrot, red Vegetables medium  (16.41) medium  (17.03) medium  (50.69) high  (60.69) medium  (4.49) 
88  (3.57 - 38) Potato, brown skin, 

small 
Roots & tubers medium  (13.63) medium  (62.58) medium  (27.36) low  (3.97) medium  (1.69) 

89  (3.56 - 38) Pippali Condiments & 
spices 

high  (367) high  (503) high  (194) medium  (16.28) very high  (34.14) 

89  (3.56 - 38) Sesame seed, dried Nuts & oil seeds ND ND ND medium  (11.0) high  (11.7) 
90  (3.55 - 36) Mural Fish low  (0.0) low  (0.0) low  (0.0) high  (110) low  (0.0) 
91  (3.53 - 38) Bengal gram, whole Grain legumes medium  (7.14) high  (578) medium  (64.28) medium  (26.56) very high  (25.22) 
92  (3.5 - 38) Horse gram, whole Grain legumes high  (181) high  (339) very high  (332) medium  (12.14) high  (7.88) 
93  (3.47- 38) Capsicum, yellow Vegetables medium  (18.07) medium  (14.81) medium  (7.8) low  (1.56) medium  (2.19) 
94  (3.45 - 38) Ridge gourd Vegetables medium  (29.55) medium  (14.91) medium  (8.31) low  (4.71) medium  (1.81) 
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94  (3.45 - 38) Watercress Vegetables ND ND ND medium  (49.0) low  (0.5) 
95  (3.43 - 38) Capsicum, red Vegetables medium  (16.28) medium  (17.68) medium  (20.3) low  (1.7) medium  (2.19) 
96  (3.37 - 38) Sweet potato, pink skin Roots & tubers medium  (14.14) medium  (63.69) medium  (11.74) medium  (29.04) medium  (3.94) 
96  (3.37 - 38) Milk, buffalo, whole Animal products low  (0.0) low  (0.0) low  (0.0) medium  (30.1) low  (0.0) 
97  (3.36 - 38) Guava, white flesh Fruits medium  (13.05) medium  (55.36) high  (96.93) low  (2.87) high  (8.59) 
97  (3.36 - 38) Lotus root Roots & tubers high  (364) medium  (7.84) low  (0.0) medium  (20.63) medium  (4.7) 
98  (3.32 - 38) Rice, raw, brown Cereals & millets medium  (12.06) very high  (742) low  (2.81) low  (3.64) medium  (4.43) 
98 (3.32 - 18) Cowpea leaves  

(borboti pata) 
Vegetables ND ND ND medium  (44.0) medium  (3.6) 

99  (3.3 - 38) Tomato, ripe, hybrid Vegetables medium  (2.89) medium  (2.59) medium  (26.35) medium  (11.86) low  (1.58) 
100  (3.29 - 38) Oyster mushroom, dried Vegetables medium  (20.65) low  (0.0) low  (0.0) low  (8.67) very high  (39.12) 
101  (3.26 - 38) Banana, ripe, poovam Fruits medium  (2.38) medium  (11.03) medium  (18.6) low  (1.0) medium  (2.33) 
102  (3.25 - 38) Lemon peel Condiments & 

spices 
ND ND ND low  (6.0) high  (10.6) 

103  (3.17 - 38) Guava, pink flesh Fruits medium  (9.57) medium  (45.89) very high  (321) low  (1.89) high  (7.39) 
104  (3.06 - 38) Tomato, ripe, local Vegetables medium  (5.58) low  (2.39) medium  (36.69) low  (9.73) medium  (1.77) 
104  (3.06 - 38) Banana, ripe, robusta Fruits medium  (3.24) medium  (13.98) medium  (14.41) low  (0.85) medium  (1.94) 
105  (3.06 - 38) Soybean oil Sugars, fats, oils ND ND ND low  (0.0) low  (0.0) 
105  (3.06 - 38) Egg, duck Animal products low  (0.0) low  (0.0) low  (0.0) high  (113) low  (0.0) 
106  (3.05 - 38) Black gram, whole Grain legumes high  (56.25) very high  (679) medium  (64.28) medium  (26.8) high  (20.41) 
107  (3.03 - 38) Musk melon, orange 

flesh 
Fruits medium  (2.62) medium  (12.18) low  (4.95) medium  (14.94) low  (1.51) 

108  (3.02 - 38) Lentil whole, brown Grain legumes medium  (10.74) high  (564) high  (274) medium  (11.2) high  (16.82) 

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Govern-
ment of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 2021. 
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1  (19.21 - 38) Radish leaves Vegetables high  (53.83) medium  (56.23) medium  (27.57) medium  (17.39) medium   (1.82) 

2  (17.36 - 38) Bathua leaves Vegetables very high  (1,077) medium  (18.48) medium  (42.24) medium  (10.75) medium  (4.01) 
3  (16.83 - 38) Cauliflower leaves Vegetables high  (172) medium  (13.6) medium  (28.94) medium  (24.31) medium  (3.43) 
4  (16.45 - 38) Cabbage, Chinese Vegetables medium  (16.55) medium  (16.85) medium  (27.97) medium  (20.28) medium  (2.01) 
5  (14.54 - 38) Colocasia leaves, green 

(shobuj kochu shak) 
Vegetables very high  (701) medium  (14.41) high  (124) medium  (12.08) medium  (5.6) 

6  (13.49 - 38) Amaranth spined, 
leaves, red and green 
(Amaranthus spinosus) 

Vegetables very high  (1,045) medium  (7.15) medium  (26.19) medium  (16.27) medium  (5.57) 

7  (13.48 - 38) Tomato, ripe, local Vegetables medium  (5.58) low  (2.39) medium  (36.69) low  (9.73) medium  (1.77) 
8  (13.15 - 38) Maize, dry Cereals & millets medium  (15.26) high  (646) medium  (32.92) low  (4.44) high  (12.24) 
9  (12.73 - 38) Cabbage, collard greens Vegetables medium  (9,42) medium  (12.08) high  (70.89) medium  (22.98) medium  (2.98) 
10  (12.54 - 38) Cabbage, green Vegetables medium  (2.88) medium  (11.77) medium  (54.92) medium  (14.98) medium  (2.76) 
11  (12.38 - 38) Tamarind leaves, tender Vegetables high  (150) medium  (33,87) medium  (27.65) medium  (13.43) high  (10.7) 
12  (12.36 - 38) Broad beans  

(makhon shim) 
Vegetables medium  (20.25) medium  (5.78) high  (89.14) medium  (20.74) high  (8.63) 

13  (11.3 - 38) Amaranth spined, 
leaves, green  
(Amaranthus spinosus) 

Vegetables very high  (1,073) medium  (7.4) medium  (24.15) medium  (15.66) medium  (5.1) 

14  (11.24 - 38) Pumpkin, orange, round Vegetables medium  (41.22) medium  (19.72) medium  (15.25) low  (8.81) medium  (2.56) 
15  (10.95 - 38) Pumpkin, green, cylin-

drical 
Vegetables high  (57.33) medium  (22.51) medium  (15.21) low  (5.21) medium  (2.53) 

16  (10.77 - 38) Drumstick leaves  
(Moringa) 

Vegetables high  (120) high  (128) medium  (29.9) low  (9.34) high  (8.21) 

17 (10.77 - 38) Agathi leaves  
(bok ful shak) 

Vegetables high  (179) medium  (63.33) high  (89.25) medium  (18.12) high  (8.6) 

18  (10.06 - 38) Linseeds Nuts & oilseeds medium  (5.85) very high  (1,859) medium  (31.6) medium  (32.93) very high  (26.17) 
19  (9.75 - 38) Basella leaves Vegetables high  (170) medium  (49.57) medium  (23.98) medium  (18.74) medium  (2.21) 
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20  (9.57 - 38) Potato, brown skin, 
small 

Roots & tubers medium  (13.63) medium  (62.58) medium  (27.36) low  (3.97) medium  (1.69) 

21  (9.55 - 38) Tomato, green Vegetables medium  (8.47) low  (1.08) medium  (7.62) medium  (13.11) low  (1.62) 
22  (9.54 - 38) Spinach Vegetables very high  (592) medium  (12.01) high  (233) medium  (42.55) medium  (2.38) 
23  (9.41 - 38) Coriander leaves Vegetables medium  (20.42) medium  (38.68) medium  (60.28) medium  (37) medium  (4.66) 
24  (9.38 - 38) Parsley Vegetables high  (128) medium  (54.32) medium  (46.58) medium  (53.08) medium  (3.87) 
25  (9.23 - 38) Potato, brown skin, big Roots & tubers medium  (12.24) medium  (55.77) medium  (24.61) low  (4.11) medium  (1.71) 
26  (9.11 - 38) Rumex leaves Vegetables high  (93.76) medium  (30.07) medium  (16.13) medium  (19.95) low  (1,27) 
27  (8.94 - 38) Tomato, ripe, hybrid Vegetables medium  (2.89) medium  (2.59) medium  (26.35) medium  (11.86) low  (1.58) 
28  (8.46 -38 ) Potato, red skin Roots & tubers medium  (12.37) medium  (59.74) medium  (20.35) low  (4.36) low  (1.68) 
29  (8.34 - 38) Colocasia stem, black Vegetables high  (250) medium  (25.85) medium  (15.68) low  (0.45) medium  (3.01) 
30  (8.33 - 38) Betel leaves, big Vegetables very high  (493) medium  (57.98) high  (89.68) medium  (16.8) medium (2.12) 
31  (7.89 - 38) Ponnaganni Vegetables very high  (465) medium  (32.02) medium  (53.08) medium  (39.36) medium  (6.74) 
32  (7.88 - 38) Pumpkin leaves, tender Vegetables medium  (13.61) medium  (38.27) medium  (20.33) medium  (12.2) medium  (2.25) 
33  (7.74 - 38) Bottle gourd, elongate, 

dark green 
Vegetables low  (1.7) medium  (10.86) medium  (38.2) low  (1.35) medium  (2.11) 

34  (7.71 - 38) Betel leaves, small Vegetables very high  (577) medium  (45.34) high  (87.01) medium  (14.04) medium  (1.97) 
35  (7.6 - 38) Cabbage, violet Vegetables medium  (2.7) medium  (12.81) medium  (59.94) medium  (24) medium  (2.21) 
36  (7.41 - 38) Wheat, whole Cereals & millets high  (52.46) high  (638) medium  (14.33) low  (2.5) high  (11.23) 
37  (7.33- 38) Colocasia stem, green Vegetables high  (229) medium  (26.49) medium  (11.66) low  (0.6) medium  (2.33) 
38  (7.29 - 38) Sweet potato, brown 

skin 
Roots & tubers medium  (14.39) medium  (54.02) medium  (6.89) medium  (29.6) medium  (3.99) 

39  (6.9 - 38) Amaranth leaves, red 
(Amaranthus gangeticus) 

Vegetables very high  (823) medium  (4.9) medium  (27.63) medium  (14.58) medium  (4.91) 

40  (6.84 - 38) Plantain stem Vegetables high  (213) medium  (15.33) medium  (12.24) medium  (23.17) medium  (2.12) 
41  (6.82 - 38) Wheat flour, white (atta) Cereals & millets high  (52.38) high  (632) medium  (13.98) low  (2.04) high  (11.36) 
42  (6.8 - 38) Plantain flower Vegetables high  (169) low  (2.52) low  (4.43) low  (7.51) medium  (5.25) 
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43  (6.69 - 38) Amaranth leaves, green 
(Amaranthus gangeticus) 

Vegetables very high  (779) medium  (5.42) medium  (23.81) medium  (16.08) medium  (4.41) 

44  (6.13 - 38) Fenugreek leaves  
(methi shak) 

Vegetables medium  (34.29) medium  (18.67) high  (105) medium  (47.01) medium  (4.9) 

45  (6.09 - 38) Mustard leaves Vegetables low  (1.69) medium  (34.69) medium  (38.02) medium  (19.14) medium  (3.92) 
46  (5.99 - 38) Bottle gourd, round, 

pale green 
Vegetables medium  (2.53) medium  (11.83) medium  (31.83) low  (1,52) medium  (2.1) 

47  (5.89 - 38) Bitter gourd, jagged, 
teeth ridges, short 

Vegetables high  (48.83) medium  (14.39) medium  (50.46) medium  (12.59) medium  (3.49) 

48  (5.85 - 38) Jowar (sorghum) Cereals & millets medium  (28.38) high  (549) medium  (23.25) low  (5.42) high  (10.22) 
48  (5.85 - 38) Watercress Vegetables ND ND ND medium  (49.0) low  (0.5) 
49  (5.75 - 38) Bitter gourd, jagged, 

smooth ridges, elongate 
Vegetables medium  (43.37) medium  (12.68) medium  (52.98) medium  (11.16) medium  (3.72) 

50  (5.72 - 38) Bajra Cereals / millets high  (53.13) high  (485) high  (67.71) low  (4.11) high  (11.49) 
51  (5.69 - 38) Wheat, bulgur Cereals & millets medium  (40.23) very high  (679) medium  (9.53) low  (2.09) high  (8.81) 
52  (5.48 - 38) Bitter gourd, jagged, 

teeth ridges, elongate 
Vegetables high  (45.4) medium  (13.84) medium  (49.76) medium  (13.09) medium  (3.78) 

53  (5.47 - 38) Beet greens Vegetables high  (127) medium  (19.01) low  (2.85) high  (111) medium  (3.64) 
54  (5.44- 38) Yam, wild Roots & tubers medium  (13.45) medium  (24.71) medium  (50.58) medium  (12.8) medium  (4.57) 
55  (5.42 - 38) Rice, raw, milled Cereals & millets low  (1.92) high  (266) low  (3.14) low  (2.34) medium  (2.81) 
56  (5.36 - 38) Rice, parboiled, milled Cereals & millets medium  (5.02) high  (274) medium  (6.93) low  (3.16) medium  (3.74) 
57  (5.29 - 38) Mustard seeds Nuts & oilseeds medium  (6.92) high  (132) medium  (48.81) low  (3.97) high  (14.1) 
58  (5.25 - 38) Bottle gourd, elongate, 

pale green 
Vegetables medium  (3.75) medium  (10.64) medium  (34.76) low  (1.46) medium  (2.12) 

59  (5.23 - 38) Barley Cereals & millets medium  (10.98) high  (386) medium  (23.47) low  (7.56) high  (15.64) 
60  (5.22 - 38) Rice flakes Cereals & millets medium  (10.97) high  (474) low  (3.16) low  (2.58) medium  (3.46) 
61  (5.2 - 38) Mustard seeds, dried Nuts & oilseeds ND ND ND medium  (13) high  (11.8) 
62  (4.98 - 38) Radish, elongate, red 

skin 
Vegetables medium  (12.73) medium  (6.9) medium  (49.75) medium  (24.73) medium  (2.46) 
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63  (4.84 - 38) Yam, ordinary Roots & tubers medium  (13.99) medium  (20.99) medium  (46.3) medium  (15.28) medium  (4.08) 
64  (4.83 - 38) Onion, stalk Vegetables medium  (29.72) medium  (61.02) medium  (10.73) medium  (15.52) medium  (5.21) 
65  (4.75 - 38) Wheat flour, brown, 

whole grain 
Cereals & millets medium  (8.0) ND ND medium  (16.0) high  (10.7) 

66  (4.5 - 38) Ash gourd Vegetables medium  (4.89) medium  (14.6) medium  (10.47) low  (0.77) medium  (3.37) 
67  (4.39 - 38) Ridge gourd, smooth 

skin 
Vegetables medium  (35.85) medium  (14.98) medium  (11.3) low   (6.27) medium  (1.85) 

68  (4.37 - 38) Rice, puffed Cereals & millets medium  (6.27) medium  (115) low  (2.76) low  (3.69) medium  (2.56) 
69  (4.35 - 38) Sweet potato, pink skin Roots & tubers medium  (14.14) medium  (63.69) medium  (11.74) medium  (29.04) medium  (3.94) 
70  (4.31 - 38) Cluster beans Vegetables medium  (16.49) medium  (8.66) medium  (53.15) low  (4.05) medium  (4.83) 
71  (4.24 - 38) Snake gourd, short Vegetables medium  (14.25) medium  (12.82) medium  (5.9) low  (2.5) medium  (2.29) 
72  (4.23 - 38) Radish, elongate, white 

skin 
Vegetables medium  (12.72) low  (1.75) medium  (46.74) medium  (28.2) medium  (2.65) 

73  (4.21 - 38) Wheat flour, refined, 
white (maida) 

Cereals & millets medium  (20.22) high  (123) low  (5.17) low  (1.54) medium  (2.76) 

74  (4.18 - 38) Yam, elephant Roots & tubers medium  (15.58) medium  (16.23) medium  (56.27) medium (14.33) medium  (4.17) 
75  (4.12 - 38) Water chestnut Roots & tubers medium  (16.54) medium  (25.86) low  (0.0) medium  (13.08) medium  (3.02) 
76  (4.09 - 38) Snake gourd, long, dark 

green 
Vegetables medium  (13.44) medium  (13.04) medium  (6.1) low  (5.04) medium  (2.27) 

77  (4.08 - 38) Soybean, white Grain legumes high  (119) high  (460) high  (111) low  (2.83) very high  (22.63) 
78  (4.01- 38) Soybean, brown Grain legumes high  (122) high  (443) high  (106) low  (2.07) high  (21.55) 
79  (3.98 - 38) Carrot, orange Vegetables medium  (17.45) medium  (19.6) medium  (49.44) medium  (52.33) medium  (4.18) 
80  (3.95 - 38) Colocasia Roots and tubers high  (48.73) medium  (13.57) medium  (59.2) low  (4.54) medium  (3.22) 
81  (3.94 - 38) Snake gourd, long, pale 

green 
Vegetables medium  (24.22) medium  (13.44) medium (6.78) low  (7.07) medium  (2.27) 

82  (3.9 - 38) Bean scarlet (shim) Vegetables medium  (20.97) medium  (17.33) medium  (12.68) low  (1.46) medium  (4.5) 
83  (3.88 - 38) Ladies finger Vegetables high  (83.87) medium  (3.63) medium  (32.51) low  (7.37) medium  (4.08) 
83  (3.88 - 38) Pak choi leaves Vegetables medium  (14.35) medium  (18.05) low  (0.0) medium  (33.73) medium  (1.91) 
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Rank 
(summer price ratio 
- no. of nutrients) 

Food name Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g edi-
ble portion) 

84  (3.85 - 38) Field beans, tender, 
lean 

Vegetables medium  (35.12) medium  (5.24) high  (136) medium  (12.76) medium  (6.19) 

84  (3.85 - 38) Milk, cow, whole Animal products low (0.0) low (0.0) low (0.0) medium  (25.46) low (0.0) 
85  (3.81 - 38) Plantain, green Vegetables high  (85.25) medium  (40.44) medium (25.27) medium  (18.57) medium  (3.6) 
85  (3.81 - 38) Tinda, tender Vegetables medium  (3.36) medium  (5.75) low  (2.61) medium  (20.61) medium  (2.0) 
86  (3.78 - 38) Field beans, tender, 

broad 
Vegetables medium  (34.83) medium  (4.81) high  (133) medium  (14.14) medium  (5.64) 

87  (3.74 - 38) Bengal gram, whole Grain legumes medium  (7.14) high  (578) medium  (64.28) medium  (26.56) very high  (25.22) 
88  (3.72 - 38) Celery stalk Vegetables high  (54.23) medium  (25.66) low  (2.9) medium  (10.68) medium  (2.09) 
88  (3.72 - 38) Mango, green, raw Vegetables medium  (7.51) medium  (15.26) very high  (580) medium  (33.15) medium  (3.01) 
89  (3.68 - 38) Brinjal Vegetables medium  (34.31) medium  (12.28) medium  (12.79) low  (3.55) medium  (3.98) 
90  (3.64 - 36) French beans, country Vegetables medium  (36.01) medium  (6.11) medium  (14.59) low  (8.84) medium  (4.38) 
91  (3.6 - 38) Pippali Condiments & 

spices 
high  (367) high  (503) high  (194) medium  (16.28) very high  (34.14) 

92  (3.58 - 38) Cauliflower Vegetables medium  (9.82) medium  (18.48) medium  (32.41) medium  (30.72) medium  (3.71) 
92  (3.58 - 36) Mural Fish low  (0.0) low  (0.0) low  (0.0) high  (110) low  (0.0) 
93  (3.54- 38) Wheat, semolina  

(sooji gom) 
Cereals & millets medium  (28.43) high  (549) medium  (6.5) low  (2.31) high  (9.72) 

94  (3.52 - 38) French beans, hybrid Vegetables medium  (36.97) medium  (7.51) medium  (14.12) low  (9.18) medium  (4.18) 
95  (3.49 - 38) Sesame seed, dried Nuts & oil seeds ND ND ND medium  (11.0) high  (11.7) 
96  (3.47 - 38) Maize, tender, local Cereals & millets medium  (5.2) high  (148) medium  (19.0) low  (2.24) medium  (3.67) 
96  (3.47 - 38) Lentil whole, brown Grain legumes medium  (10.74) high  (564) high  (274) medium  (11.2) high  (16.82) 
97  (3.46 - 38) Horse gram, whole Grain legumes high  (181) high  (339) very high  (332) medium  (12.14) high  (7.88) 
98  (3.43 - 38) Zucchini ,green Vegetables medium  (17.83) medium  (10.57) medium  (42.94) low  (0.4) medium  (2.3) 

 
99  (3.4 - 18) Cowpea leaves  

(borboti pata) 
Vegetables ND ND ND medium  (44.0) medium  (3.6) 

100  (3.38 - 38) Rice, raw, brown Cereals & millets medium  (12.06) very high  (742) low  (2.81) low  (3.64) medium  (4.43) 
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Rank 
(summer price ratio 
- no. of nutrients) 

Food name Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g edi-
ble portion) 

100  (3.38 - 38) Bengal gram, dal (chola) Grain legumes medium  (6.49) high  (450) medium  (14.13) medium  (20.83) high  (15.15) 
101  (3.37 - 38) Lotus root Roots & tubers high  (364) medium  (7.84) low  (0.0) medium  (20.63) medium  (4.7) 
102  (3.35 - 38) Milk, buffalo, whole Animal products low  (0.0) low  (0.0) low  (0.0) medium  (30.1) low  (0.0) 
103  (3.3 - 38) Lentil, whole, yellowish Grain legumes medium  (13.88) high  (585) high  (266) medium  (10.87) high  (16.66) 
104  (3.27 - 38) Banana, ripe, poovam Fruits medium  (2.38) medium  (11.03) medium  (18.6) low  (1.0) medium  (2.33) 
105  (3.25 - 38) Lemon peel Condiments & 

spices 
ND ND ND low  (6.0) high  (10.6) 

106  (3.24 - 38) Drumstick Vegetables high  (123) medium  (85.74) high  (139) medium  (22.38) medium  (6.83) 
107  (3.23 - 38) Black gram, whole Grain legumes high  (56.25) very high  (679) medium  (64.28) medium  (26.8) high  (20.41) 
108  (3.11 - 38) Black berry Fruits medium  (5.33) medium  (8.97) high  (165) low  (1.21) medium  (4.35) 
108  (3.11 - 38) Fig Fruits high  (46.71) medium  (48.59) medium  (25.16) low  (2.37) medium  (4.64) 
109  (3.1 - 38) Capsicum, green Vegetables medium  (19.12) medium  (15.96) medium  (10.82) low  (1.84) medium  (2.06) 
110  (3.08 - 38) Moth bean Grain legumes medium  (36.11) high  (609) medium  (48.87) medium  (26.34) high  (15.12) 
110  (3.08 - 38) Rajmah, brown Grain legumes medium  (43.41) high  (481) very high  (353) low  (10.47) high  (16.95) 
111  (3.07 - 38) Egg, duck Animal products low  (0.0) low  (0.0) low  (0.0) high  (113) low  (0.0) 
112  (3.06 - 38) Banana, ripe, robusta Fruits medium  (3.24) medium  (13.98) medium  (14.41) low  (0.85) medium  (1.94) 
113  (3.03 - 38) Musk melon, orange 

flesh 
Fruits medium  (2.62) medium  (12.18) low  (4.95) medium  (14.94) low  (1.51) 

114  (3.02 - 38) Rajmah, black Grain legumes high  (48.66) high  (470) very high  (358) low  (9.4) high  (17.74) 
114  (3.02 - 38) Chicken liver Animal products low  (0.0) low  (0.0) low  (0.0) high  (61.58) low  (0.0) 
115  (2.98 - 38) Cucumber, green, short Vegetables medium  (10.49) medium  (16.35) medium  (13.92) low  (6.11) medium  (2.13) 
116  (2.95 - 38) Capsicum, red Vegetables medium  (16.28) medium  (17.68) medium  (20.3) low  (1.7) medium  (2.19) 

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Govern-
ment of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 2021. 
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11.5 Author's and project information - for mutual exchange  

This dissertation has been written by Silvia Golembiewski, who did her M.A. in International Development 
Studies at Marburg University, Germany (completion in 2012) and worked in the development project 
"Shining Eyes - medical first aid for children and socioeconomic village development in India" intensively 
from 2007 until the birth of her first son Levi in 2016. Silvia joined her mother in law Monika Golembiewski 
in this development work, who initiated the work in the tribal villages as a paediatrician in 1994. Together 
they could introduce nutrition programmes for the malnourished Adivasi Santal children and train mothers 
on topics as nutrition, hygiene, family planning, and tuberculosis, respectively. In 2011, the charitable "St. 
Mary's Child and Mother Health Care Centre" could be inaugurated for the tribal Adivasi population at 
Bolpur/Santiniketan, focusing on malnourished children, pregnant women, TB and neurological patients - 
with a focus on prevention and training of village health workers.  

Picture 36   Shining Eyes and Manab Jamin project partners at Bolpur, Birbhum district - open for exchange 

     

     

    
Source: Own project pictures - Shining Eyes & Bolpur Manab Jamin. 
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The NGO Bolpur Manab Jamin, guided by the agriculturist Srikanta Mondal and his wife Supriya - has been a 
reliable and effective partner in this development work for many years - with a focus on topics as crop di-
versification, and home gardening - but also hygiene, health, and access to government programmes. 

The wish of the Shining Eyes development project is to (1) be with the helpless to give them medical aid 
where no support appears reachable - also by connecting to government programmes and existing support 
schemes, going needed ways together with the sick villagers and paying the required fees (if private part-
ners are involved), and (2) acting preventive with care for pregnant women and newborns, awareness 
trainings, and provision of supplement foods for children (NutriMix) - with cultivation of kitchen gardens. 

Manab Jamin joined the effort to run nutrition programmes in the rural villages to train mothers preparing 
nutritious meals at home for their infants and young children. With control of weight and height develop-
ment, as well as Hb measurements. Including also awareness trainings and home gardening. 

The intention of this dissertation was to widen the knowledge how to work effectively in the tribal villages 
to reduce widespread anaemia and undernutrition. As a next step, the recipes which have been worked out 
in this dissertation may be introduced in the Shining Eyes and Manab Jamin project villages - to see how 
they are accepted and how it is feasible to prepare the meals; a cooperation to involve also AWCs in pre-
paring suggested cost-effective and nutrient-dense meals would be wonderful - to roll out the benefits. 

We are always thankful to exchange with local partners, build up networks and collaborate to treat sick 
patients from the villages, as well as to pave the way for a better hygiene, nutrition and health situation in 
the tribal villages surrounding Bolpur, at Birbhum district, West Bengal - India. 

11.5.1 Contact information - Shining Eyes project 

www.shiningeyesindia.in  -  www.shiningeyes.de 

Dr. med. Monika Golembiewski, paediatrician 
(monika.golembiewski@gmx.de) - phone India: +91 943494 5665; 
phone Germany: +49 7131 250221. 

Hospital & village work management team:  
Debashis Roy Chowdhuri (debashis.dishari@gmail.com),  
Satyanarayan Roy (roy.satyanarayan@rediffmail.com), and  
Jayanta Das (jayantaislovely@gmail.com). 

Dissertation: Silvia Golembiewski (silvia.golembiewski@gmail.com), phone Germany: +49 178 5222285; 
project nutritionist: Caroline Stiller (caroline-stiller@gmx.de). 

11.5.2 Contact information - Bolpur Manab Jamin project 

www.bolpurmanabjamin.org 

Srikanta Mondal, project in-charge (bolpurmanabja-
min@gmail.com), phone India: + 91 9126757239   
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11.6 Curriculum vitae 
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Address -  Mrs. Silvia Golembiewski, Rilkeweg 4, 74360 Ilsfeld-Schozach, Germany 
Family situation -  married since 2012, three sons:  (1) Levi Samuel, born 8th March 2016, 
(2) Mian Immanuel, born 10th January 2019, and (3) Nael Jonathan, born 14.10.2021; 
family name before marriage: Mangatter 
Contact possibilities -  via email: silvia.golembiewski@gmail.com; via mobile phone: +49 
(0)178-5222285 

Higher education attained 

12/12 - date PhD Dr. rer. soc., University of Hohenheim, Stuttgart 
  Topic: Costeffective ways to reduce anaemia/undernutrition of children and mothers in West Bengal, India 

09/09 - 03/12 M.A. International Development Studies, Philipps-University Marburg, Germany (1.4) 
  Dissertation: Does the Mahatma Ghandi National Rural Employment Guarantee Act strengthen rural self  
   employment in Bolpur Subdivision (West Bengal/India) 

08/05 - 08/09 B.A. International Business and Intercultural Studies, Heilbronn University, Germany (1.4) 
  Dissertation: Personaldienstleistungen im Internet – Aktuelles Angebot und Zukunftspotentiale 

Working experience 

09/07 - 12/18 Shining Eyes - medical aid for children and socioeconomic village development in India e.V.  
  Duties comprised: conceptualisation and implementation of nutriton programmes for children and their  
   mothers in West Bengal with fundraising and reporting, setup of a charitable hospital for children in Bolpur   
  in 2011 with initial training of employees, selection of volunteers from Germany, amongst others 

04/13 - 01/16 Deutsches Institut für Ärztliche Mission e.V. (Difäm), Tübingen, Germany 
  Marketing and presentation of training courses on global health issues through a cooperation of three  
  traditional institutions (Heidelberg University, Institute for Public Health; German Institute for Medical  
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04/12 - 08/12 Gesellschaft für Internationale Zusammenarbeit (GIZ), Berlin, Germany 
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11.7 Declaration in lieu of an oath on independent work 

 

according to Sec. 18(3) sentence 5 of the University of Hohenheim’s Doctoral Regulations for the Faculties 
of Agricultural Sciences, Natural Sciences, and Business, Economics and Social Sciences  

1. The dissertation submitted on the topic "Baseline assessment & cost analysis of a supplementary feeding 
intervention on Adivasi children (West Bengal, India)" is work done independently by me.  

2. I only used the sources and aids listed and did not make use of any impermissible assistance from third 
parties. In particular, I marked all content taken word-for-word or paraphrased from other works.  

3. I did not use the assistance of a commercial doctoral placement or advising agency.  

4. I am aware of the importance of the declaration in lieu of oath and the criminal consequences of false or 
incomplete declarations in lieu of oath.  

I confirm that the declaration above is correct. I declare in lieu of oath that I have declared only the truth to 
the best of my knowledge and have not omitted anything. 

 

 

Ilsfeld-Schozach, 25.03.2022 

Place and date      Signature 
       PhD candidate Silvia Golembiewski 

 
 


