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Summary 

Background: India´s Adivasi scheduled tribe population is disproportionately affected by anemia 

and undernutrition. Integrated Child Development Services schemes -launched in 1975, are aimed at 

alleviating the burden of child undernutrition, however with limited success. On the avenue to 

sustainably promote child health locally available resources have to be maxed out to optimize and 

diversify supplementary meals offered in the scope of feeding programs. Subsequently, designed 

recipes may find entrance and modify dietary routines on household level, through interactive home-

based cooking trainings, community awareness and homestead food production. 

Study design: From February 2015 onwards, the cluster-randomized controlled feeding trial was 

conducted in 21 tribal villages Birbhum District, West Bengal. The intervention lasted for 18 months 

and embraced four assessment points (t0, t6, t12, t18) including medical checkup, measurement of Hb 

concentrations (HemoCue Hb201+) as well as anthropometric indices. A semi-structured household 

(HH) survey was part of the baseline assessment.  

The research comprises one control group (CG) and three intervention groups (diversified meals 

only (IG1), with the addition of locally producible Amaranthus tricolor/Moringa oleifera leaf powders 

(ALP/MLP) in the ratio 2:1 (IG2), or with an adjusted amount of commercially produced micronutrient 

powder (MNP) TopNutri (IG3)). Supplementary meals were provided three times a week during an on-

the-spot community feeding program. 293 children (6-39 months) were valid for the pre-/post 

intervention effect analysis. 

Objectives: To assess the overall burden of anemia and undernutrition and to investigate nutrition-

sensitive and nutrition-specific factors determining the maternal and child nutritional status at baseline, 

moreover to identify independent drivers of anemia in Adivasi children (Article I and II). To design 

improved recipes and to evaluate their effect in a supplementary feeding intervention on the primary 

outcome variable hemoglobin (Hb), and the secondary outcome variables stunting (HAZ), underweight 

(WAZ), and wasting (WHZ) (Article III).  

The first article (Chapter 4) provides data on the maternal nutritional status and child feeding 

practices, and describes socio-demographic characteristics, family planning methods, use of antenatal 

care services and birth, childcare, mother-child dyad analysis. Moderate/severe forms of anemia and 

underweight were prevalent in every second mother. Child feeding practices and child caring were 

found to be suboptimal. Infants (6 to 11 months) were particularly vulnerable with merely every fourth 

child fulfilling the minimum acceptable diet (2 to 3 meals per day and ³ 4 food groups (FG) per day) 

and commonly being fed family foods (monotonous rice-based, spicy, difficult to chew) instead of 

specially prepared infant food. On HH level the serving of animal-sourced foods, legumes, vegetables 

and fruits has to be scaled up. Limited market/cash availability were named reasons why mothers 

refrained from increasing their vegetable and fruit consumption. Analysis of mother-child pairs showed 

interrelations between the maternal and child´s anemia and nutritional status.  

The second article (Chapter 5) assessed the prevalence of anemia and undernutrition among Santal 

Adivasi children, determined independent predictors of moderate/severe anemia, and depicted 

agricultural assets, livelihood, aspects of food security and hygiene, morbidity rates, health seeking 

behavior. The baseline assessment confirmed Adivasi children lagging behind national average 

concerning the prevalence of anemia and rates of undernutrition (except wasting). Age-related trends 

of undernutrition in this study were in accordance with the worldwide timing of growth faltering: HAZ 

and WAZ scores showed a continuous decrease by age (increasing prevalence), and WHZ scores had 
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its negative peak (highest prevalence) during the first year of child´s life. Gender was not found to be 

significantly related to child anemia or undernutrition at baseline. 

Binary Logistic regression assessed five independent predictors of moderate/severe anemia in 

children (Hb<10g/dl): child´s age<24 months, low WAZ scores, any morbidity (fever, diarrhea, or 

respiratory infection), low maternal Hb concentrations, lack of dietary diversification (low count of FG 

consumed during the previous 24 hours). Children aged <24 months (time when growth velocity is 

reported as high) were most susceptible to anemia, attributable to increased morbidity rates and 

inappropriate child feeding practices.  

The third arcticle (Chapter 6) assessed the intervention effects of the three study meals on the 

prevention/treatment of anemia (and undernutrition) in Adivasi children, and determined independent 

predictors of the highest percentile of Hb responses. IG1 (diversified meals only) showed significant 

higher Hb concentrations as compared to CG during the intervention (adjusted for age and Hb 

concentrations at baseline, time between assessment points, and gender). The mean Hb of IG2 or IG3, 

remained comparable to CG. The pre-/post effect analysis on growth indices was less consistent, 

however most tendencies related to an improved nutrition status (HAZ, WAZ, WHZ) and morbidity 

reduction were attributable to IG3 (diversified meals enriched with MNP), indicating the beneficial role 

of a holistic nutrient composition to address undernutrition and infectious diseases.  

The mean Hb response in the intervention groups was inversely related to the baseline anemia 

status, suggesting food-based approaches to be most effective for treating moderate forms of anemia.  

Concluding remarks: Distressing rates of anemia and undernutrition were found among Adivasi 

mothers and children. To address identified drivers of anemia in Adivasi children and lower the burden 

of undernutrition multi-sectoral programmatic actions comprising the key pillars nutrition, agriculture 

and health care are recommended for timely intervention before the child reaches two years of age; 

accompanied by hygienic and sanitary activities. Mother-child dyad analysis stressed the importance 

of targeted interventions for both mother and child, in order to avert the intergenerational cycle of 

undernutrition and poverty. Moreover, interactive awareness trainings have to increase maternal 

nutrition knowledge to promote a timely introduction of diversified CF and specially prepared infant 

foods (quality- and quantity-wise) and aim for the adoption of responsive feeding strategies (early 

stimulation/assistance) in order to prevent the high burden of anemia as observed during the first two 

years of child´s life. Mothers need to be trained in disease recognition and assisted to access formal 

health facilities before sickness in the child is turning serious.  

Lack of dietary diversification was not only found as predictor for anemia at baseline, moreover the 

low-dose intervention trial confirmed diversified meals only (IG1) being a successful food-based 

approach in significantly increasing the Hb concentration as opposed to the CG,  thus is suggested as 

useful preventive strategy to overcome nutrition-related anemia amongst Santal Adivasi children (aside 

iron therapy). The further enrichment with natural leaf powder (IG2) or an adjusted amount of 

commercial micronutrient powder (IG3) did not bring the expected added value on Hb response as 

opposed to diversified meals alone. Still, study findings suggest the adding of MNP (IG3) as being 

beneficial for decreasing the burden of undernutrition and infectious diseases.  

Homestead food production (crop-diversification, kitchen gardens, animal husbandry) may be a 

sustainable local measure compensatory for distanced markets, with the potential of generating income 

altogether favoring an increased dietary diversity.
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Zusammenfassung 

Hintergrund: Indien´s registrierte Adivasi Stämme sind unverhältnismäßig stark von Anämie und 

Unterernährung betroffen. Die ganzheitlichen Kindesentwicklungsprogramme der Regierung, welche   

im Jahr 1975 eingeführt wurden, sind darauf ausgerichtet die Kinderunterernährungsrate zu senken, 

leider mit bisher mäßigem Erfolg. Auf dem Weg Kindesgesundheit nachhaltig zu fördern müssen lokal 

verfügbare Ressourcen ausgeschöpft werden, um die Zusatzmahlzeiten, welche im Rahmen von 

Ernährungsprogrammen angeboten werden im Nährstoffgehalt zu optimieren und zu diversifizieren. 

Anschließend könnten entwickelte Rezepte auch Eingang auf Haushaltsebene finden, um dort 

Ernährungsgewohnheiten zu modifizieren, vermittelt und umgesetzt durch interaktive 

Kochschulungen im Haushalt, Gemeinschaftsschulungen, und Nahrungsmittelproduktion auf 

Haushaltsebene.  

Studiendesign: Beginnend im Februar 2015, wurde die cluster-randomisierte kontrollierte 

Ernährungs-Studie in 21 Stammesdörfern im Birbhum Distrikt, West Bengal durchgeführt.  Die 

Intervention dauerte 18 Monate und hatte vier Erhebungspunkte (t0, t6, t12, t18), einschließlich 

medizinischem Checkup, Messung der Hemoglobin (Hb) Konzentrationen (HemoCue Hb201+) als auch 

anthropometrischer Indices. Eine semi-strukturierte Haushalts-Umfrage war Teil der 

Ausgangserhebung.  

Das Forschungsprojekt umfasst eine Kontrollgruppe (CG) und drei Interventionsgruppen 

(diversifizierte Mahlzeiten alleinig (IG1), mit dem Zusatz von lokal produzierbarem Amaranthus 

tricolor/Moringa oleifera Blattpulver (ALP/MLP) in dem Verhältnis 2:1 (IG2), oder mit einer 

angepassten Menge kommerziell produziertem Mikronährstoffpulver (MNP) TopNutri (IG3)). Die 

Zusatzmahlzeiten wurden drei Mal die Woche innerhalb eines Gemeinschafts-Ernährungsprogramms 

an Ort und Stelle angeboten. 293 Kinder (6-39 Monate) waren gültig für die prä-/post Interventions-

Effekt-Analyse. 

Ziele: Die Studie war bestrebt die Gesamtbürde an Anämie und Unterernährung zu erheben, sowie 

ernährungs-sensitive und -spezifische Faktoren, welche den mütterlichen und kindlichen 

Ernährungszustand bei der Ausgangserhebung mitbestimmen zu beschreiben, darüberhinaus 

unabhängige Prädiktoren für Anämie in Adivasi Kindern zu identifizieren (Artikel I and II). Des 

Weiteren wurden verbesserte Rezepte konzipiert, und deren Wirkung im Rahmen von 

Ernährungsprogrammen auf die primäre Zielvariable Hämoglobin (Hb), als auch auf sekundäre 

Variablen wie chronische Wachstumsverzögerung „stunting“ (HAZ), Untergewicht „underweight“ 

(WAZ), und akute Auszehrung „wasting“ (WHZ) untersucht (Artikel III).  

Der erste Artikel (Kapitel 4) erfasste Daten zum mütterlichen Ernährungsstatus und kindlicher 

Ernährungspraktiken, und beschreibt sozio-demographische Charakteristika, 

Familienplanungsmethoden, Schwangerschaftsvorsorge und Geburt, sowie Charakteristika der 

Kindesfürsorge und befasst sich mit Mutter-Kind-Dyad Analysen. Jede zweite Mutter zeigte 

moderate/schwere Formen der Anämie und des Untergewichts. Methoden der Kindesernährung und 

der Fürsorge wurden als unzureichend festgestellt. Als besonders gefährdet wurden Kleinkinder (6 bis 

11 Monate) eingestuft, da nur jedes vierte Kind die Mindestanforderungen einer adäquaten Ernährung 

erfüllte (2 bis 3 Mahlzeiten pro Tag und ³ 4 Nahrungsmittelgruppen pro Tag), und zudem 

üblicherweise Familiennahrung angeboten wurde (einseitig Reis-basiert, würzig/scharf, schwer zu 

kauen) anstatt kindgerechter Nahrung. Auf Haushaltsebene muss das Angebot an tierischen 

Lebensmitteln, Leguminosen, Gemüse und Obst verbessert werden. Zu lange Distanzen zu 

Lebensmittelmärkten oder mangelnde Bargeldverfügbarkeit waren genannte Gründe warum Mütter 
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nicht ihren Gemüse- und Obst Konsum steigerten. Mutter-Kind-Paar Analysen zeigten Verbindungen 

zwischen dem mütterlichen und kindlichen Anämie- und Ernährungsstatus.  

Der zweite Artikel (Kapitel 5) erhob die Prävalenz an Anämie und Unterernährung bei Santal Adivasi 

Kindern, bestimmte unabhängige Prädiktoren für moderate/schwere Anämieformen, beschrieb 

landwirtschaftliche Vermögenswerte, Existenzgrundlagen, Aspekte der Nahrungsmittelsicherheit und 

Hygiene, Krankheitsraten, sowie gesundheitsbewusstes Verhalten. Die Ausgangserhebung bestätigte, 

dass im nationalen Vergleich die Anämieprävalenz als auch die Rate der Unterernährung (ausser 

wasting) bei Adivasi Kindern höher ist. Die sich abzeichnenden alters-abhängigen Trends der 

Unterernährung stimmten mit dem weltweiten Timing für Wachstumsverzögerungen überein: HAZ 

und WAZ scores zeigten eine kontinuierliche Abnahme mit zunehmendem Alter (zunehmende 

Prävalenz), und WHZ scores hatten den negativen Peak (höchste Prävalenz) während des ersten 

Lebensjahres des Kindes. Bei der Ausgangsdatenerhebung stand die Geschlechterzugehörigkeit in 

keiner signifikanten Verbindung zur Anämie oder Unterernährung.  

Binäre logistische Regression identifizierte fünf unabhängige Prädiktoren für moderate/schwere 

Anämie in Kindern (Hb<10g/dl): Kindesalter <24 Monate, niedrige WAZ scores, Krankheit im Kind 

(Fieber, Durchfall, oder respiratorische Infektion), niedrige mütterliche Hb Konzentrationen, Mangel 

an diversifizierter Ernährung (niedrige Anzahl an konsumierten Nahrungsmittelgruppen innerhalb der 

vorherigen 24 Stunden). Kinder <24 months (Altersspanne in welcher die Zuwachsgeschwindigkeit als 

hoch beschrieben wird) waren am meisten von Anämie betroffen, was mit einer erhöhten 

Morbiditätsrate und unzureichenden Ernährungspraktiken im jungen Kindesalter assoziiert ist.  

Der dritte Artikel (Kapitel 6) ermittelte den Interventionseffekt der drei Studienmahlzeiten auf die 

Prävention/Behandlung von Anämie (und Unterernährung) in Adivasi Kindern, und identifizierte 

unabhängige Prädiktoren für das höchste Perzentil der erfolgten Hämoglobinanstiege. IG1 

(diversifizierte Mahlzeiten alleinig) zeigte während der Intervention signifikant höhere Hb 

Konzentrationen im Vergleich zur CG (angepasst für Alter, Hb Konzentrationen der 

Ausgangserhebung, Zeit zwischen den Einzelerhebungen, und Geschlecht). Mittlere Hb 

Konzentrationen der IG2 und IG3 blieben hingegen vergleichbar zu CG. Die prä-/post Effekt Analyse 

der Wachstunsindizes zeigte weniger Einheitlichkeit, die meisten Tendenzen in Bezug auf einen 

verbesserten Ernährungstatus (HAZ, WAZ, WHZ) und Reduktion der Morbidität waren jedoch IG3 

(diversifizierte Mahlzeiten angereichert mit MNP) zuzuordnen, dies deutet auf die förderliche Rolle 

einer ganzheitlichen Nährstoffversorgung bei der Bekämpfung von Unterernährung und 

Infektionskrankheiten hin.  

Die mittlere Hb Antwort in den Interventionsgruppen verhielt sich invers zum 

Ausgangsanämiestatus, was andeutet, dass Nahrungsmittel-orientierte Ansätze größte Effektivität in 

der Behandlung von moderaten Anämieformen zeigen.  

Abschließende Bemerkungen: Erschreckende Prävalenzen an Anämie und Unterernährung zeigten 

sich bei Adivasi Müttern und Kindern. Um die im Rahmen der Prädiktorenanalyse ermittelten 

ursächlichen Faktoren der Anämie bei Adivasi Kindern zu addressieren und Unterernährung zu 

bekämpfen, werden multi-sektorielle programmatische Aktionen mit den Hauptsäulen Ernährung, 

Landwirtschaft und Gesundheit als zeitnahe Intervention empfohlen bevor das Kind das Alter von zwei 

Jahren erreicht; begleitet von Aktivitäten im Hygiene und Sanitärbereich. Mutter-Kind-Dyad Analysen 

bestätigten die Wichtigkeit von gezielten Interventionen für die Mutter als auch das Kind 

gleichermaßen, um den Intergenerationszyklus von Unterernährung und Armut abzuwenden. 

Interaktive Schulungen müssen das mütterliche Ernährungswissen verstärken, um eine zeitnahe 
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Einführung von Beikost als auch die Zubereitung von kindgerechter Nahrung (in Hinblick auf Qualität 

und Quantität) zu fördern; sowie auf die Umsetzung von responsiven Ernährungsstrategien (frühe 

Stimulation/Unterstützung) abzielen, um die hohe Anämierate abzuwenden welche insbesondere in 

den ersten zwei Lebensjahren festgestellt wurde. Mütter bedürfen einer Schulung in 

Krankheitserkennung und unterstützender Begleitung, um Gesundheitsleistungen in Anspruch zu 

nehmen bevor Krankheit im Kind schwerwiegend wird.  

Ein Mangel an diversifizierter Enährung war nicht nur ein Prädiktor für Anämie bei der 

Ausgangserhebung, des Weiteren bestätigte die Niedrig-Dosis-Interventionsstudie, dass eine 

diversifizierte Ernährung (IG1) eine erfolgreiche nahrungsmittelbasierte Strategie sein kann, um Hb 

Konzentrationen im Vergleich zur Kontrollgruppe signifikant zu verbessern; und stellt somit einen 

nützlichen präventiven Ansatz dar ernährungsbedingte Anämieformen bei Santal Adivasi Kindern zu 

bekämpfen (begleitend zu Eisen-Therapie). Die zusätzliche Anreicherung mit natürlichem Blattpulver 

(IG2) oder einer angepassten Menge an kommerziellem MNP (IG3) brachte nicht den erwarteten 

Mehrwert im Vergleich zu der alleinigen Diversifizierung der Studienmahlzeiten (IG1). Dennoch legen 

die Studienergebnisse nahe, dass der Zusatz von MNP (IG3) vorteilhaft sein könnte, die Rate an 

Unterernährung und Infektionskrankheiten zu senken.  

Eine diversifizierte Nahrungsmittelproduktion auf Haushaltsebene (Feldanbau mit Leguminosen 

und Ölsaaten, Küchengartenprogramme mit Gemüse und Obst, Kleintierhaltung) könnte eine mögliche 

lokale Maßnahme darstellen, um die Distanz zu Lebensmittelmärkten zu kompensieren, mit dem 

Potenzial Einkommen zu generieren; insgesamt also eine vermehrte Diversifizierung der Ernährung zu 

fördern. 
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1. General Introduction of the Study 
 

1.1. Outline of the dissertation 

As key objective this PhD research on supplementary feeding of young Adivasi (Santal) children in 

a long-term community-based intervention trial in West Bengal, India investigated the effects of 

nutritionally improved meals on the prevention/treatment of mild to moderate forms of iron 

definiciency anemia (primary indicator) and the impact on growth (secondary indicator). A descriptive 

analysis of mother-child anthropometric data, infant and young child feeding practices, morbidity rates 

as well as socio-cultural characteristics assessed at baseline is provided, and independent predictors of 

anemia are defined, altogether suggesting possible entry points of intervention for future incentives 

aimed at breaking the intergenerational cycle of malnutrition and poverty. 

The intervention trial was implemented from February 2015 to August 2016 and is registered with 

the registration study code: 014/1763 at the Freiburg Ethics Commission International and approved by 

the Child Development Office in Bolpur, Birbhum District. The trial was retrospectively registered at 

the German Clinical Trials Register on the 1st July 2019 (DRKS00017388). 

The current dissertation is organized as follows: A summary opens the dissertation, followed by 

Chapter I, which presents the general introduction, objectives, and theoretical framework of the study. 

Chapter II provides background information/state of the art. Chapter III outlines the general 

methodology and details to the study setting. Chapter IV and V describe baseline data (maternal 

nutritional status, mother-child dyad analysis, infant and young child feeding and caring practices 

(Article I); as well as the prevalence of anemia and undernutrition among Adivasi children, and 

independent predictors of anemia (Article II)). Chapter VI presents the effect-analysis of the 

intervention on the prevention/treatment of anemia (primary indicator) and stunting, underweight, 

wasting (secondary indicators) (Article III). In Chapter VII the overall findings of this study are 

synthesized and generally discussed in the context of relevant literature with concluding remarks and 

potential implications. In the end of the dissertation a general list of references is contained, and 

supplementary material is provided. 

 

1.2. Relevance of the topic  

Reaching the most vulnerable is not a matter of technical issues rather of political commitment, a 

matter of resources and a matter of collective will [1]. In 2015 the challenge “ending all forms of hunger” 

has been enshrined in the UN Sustainable Development Goals to be achieved in 2030 [2].  

Undernutrition manifests in multiple ways: poor child growth and development, micronutrient 

deficiencies, and proneness to morbidity and increased mortality [3]. In terms of a steadily growing 

world population and the seeking for sustainable solutions for equity, local measures to combat anemia 

and undernutrition have to be maxed out. Commercial products imply the risk that donors withdraw 

their fund, and lack of financial resources or limited availability lead to a discontinuation of nutritional 

benefits. The focus on locally grown resources combined with awareness raising for the relevance of 

nutrition and responsive parenting may be more sustainable and mothers/caregivers will be very likely 

to turn experience into practice.  

According to data of the National Family Health Survey-4 (NFHS-4), in rural India 2015-16, anemia 

in women affects more than half of non-pregnant (54.4%) and pregnant women (52.2%), with  one fourth 

(26.7%) of women investigated being too thin (BMI<18.5kg/m2). The etiology of anemia is multi-factorial 
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relating to complex interactions between nutrition, infectious disease and genetics. Anemia increases 

the risk of advese birth outcomes, hampered physical and cognitive development in children, impaired 

work productivity in adulthood, and overall mortality.  The intergenerational cycle of malnutrition is 

endangering overall societal and economic advancements in India with anemia and undernutrition 

being passed on from anemic and poorly nourished women to their newborn. Despite robust economic 

growth in recent decades, in the rural site 59.5% of India’s children under five years suffer from anemia 

or are chronically malnourished (stunted) 41.2% [4], [5]. Even though, India has finally achieved to fall 

below the world´s average mortality rate, still half of all under-five deaths in 2018 are related to just five 

countries (India, Nigeria, Pakistan, Ethiopia, Democratic Republic of the Congo). Almost half (45%) of 

deaths below 5 years of age are attributable to malnutrition as underlying contributing factor to 

mortality and disease burden [6], [7].  

Adequate nutrition combined with education during the early window of opportunity predicts 

child survival by allowing children to achieve their full cognitive and physical development potential. 

The nutrition status of women before and during pregnancy is crucial for a healthy pregnancy outcome 

[8], [9] similarly the father´s nutrition status is one determinant taking influence on the fetal epigenome 

[10]. A child facing a monotonous diet is likely to end up stunted (short height-for-age) by the age of 

two years. After having achieved this age, to catch-up height is more difficult. Thus stunting –chronic 

condition of malnutrition, is difficult to reverse beyond the second year of a child´s life. Those who 

survive may face impaired cognitive development, impaired physical growth, hampered work capacity 

and compromised immune function contributing to increased morbidity and mortality rates [11]. 

According to Horton & Hoddinott, 2015 [12] child height at the age of two is a good predictor of  

achieved stature in adulthood. In turn adult height tracks labour market outcomes quite well [11]. 

Linear growth failure often begins in utero with growth continuing to falter at least up to 24 months of 

post-natal life in poor environments. Thus, a child´s growth is primarily dependent on the nutrition 

quality and quantity during the first 1000 days between woman´s conception and her child´s second 

birthday. Recently this crucial 1000-day window of opportunity for intervention is discussed to be 

extended from age 2 to 5 years (pre-school period), as well as adolescence may be considered as 

additional possibility to catch-up [13].  

Maternal and child undernutrition remain a major challenge faced by most countries in sub-Saharan 

Africa, south-central and southeastern Asia, and in Yemen [14]. Table 1 illustrates data of the Indian 

NFHS series over the last decades. Anemia rates in children below five years of age remained above the 

critical level of 40% making anemia to a severe public health problem [15]. The National Family Health 

Survey 2015-16 (NFHS-4) revealed a decreased stunting prevalence of 32.5% as compared to 44.6% in 

the NFHS-3 2005-06, in West Bengal, India. However, the stunting burden remains high with large inter-

state variations, rooted in a set of social, environmental and economic risk factors [16]. In contrast 

wasting prevalences (acute condition of malnutrition, low weight-for-height) increased from 16.9% 

(2005-06) up to 20.3% (2015-16). Being emaciated is mostly a direct result of food shortages but could be 

equally impacted by the same factors affecting stunting. The increase in wasting remains partially 

unexplainable, in particular in richer Indian states [17]. Wasting prevalences exceeding 5% are alarming 

implying an increased risk of mortality, with rates above or equal 15% being considered as critical [18]. 

In India monotonous diets, protein deficiency, actual food scarcity, high rates of infectious diseases, 

increasing consumption of processed/packaged foods or unbalanced intrahousehold food distribution, 

could be causal factors for the recent rise in wasting prevalences [17].  

In Birbhum District of West Bengal (study site), recent rates for anemia or undernutrion rank 

invariably higher as compared to the regional or national level. Similarly, on world level all indicators 



  Chapter 1: General Introduction of the Study 
 

4 

for anemia and undernutrition are distressing for India. Scheduled tribes are invariably more affected 

as compared to the general or rural population in West Bengal, making their vulnerability palpable and 

demanding for targeted interventions. 

Table 1: Chronological illustration of the NFHS series on indicators for malnutrition on country level, India 

(Section a); on state level, West Bengal (Section b); Up-to-date comparison of indicators for malnutrition 

illustrated on district, state and country level as well as the world (Section c). 

Section a NFHS-1 [19] 
India 
1992-93 
< 3 years 

NFHS-2 [19] 
India 
1998-99 
<3 years 

NFHS-3 [19], [20] 
India 
2005-06 
< 3 years      < 5 years 

NFHS-4 [4] 
India 
2015-16 
< 5 years 

Anemic children (<11g/dl) n.a. 74.2 78.9 69.5 58.6 
Stunted children (<-2SD) n.a. 51.0 44.9 48.0 38.4 
Underweight children (<-2SD) 51.5 42.7 40.4 42.5 35.8 
Wasted children (<-2SD) n.a. 19.7 22.9 19.8 21.0 
Section b NFHS-1 [21] 

West Bengal 
1992-93 
< 3 years 

NFHS-2 [22] 
West Bengal 
1998-99 
<3 years 

NFHS-3 [22] 
West Bengal 
2005-06 
< 3 years    < 5 years  

NFHS-4 [23] 
West Bengal 
2015-16 
< 5 years 

Anemic children (<11g/dl) n.a. 78.3 69.3 61.0 54.2 
Stunted children (<-2SD) n.a. 50.4 41.8 44.6 32.5 
Underweight children (<-2SD) 53.2 45.3 37.6 38.7 31.5 
Wasted children (<-2SD) n.a. 17.3 19.2 16.9 20.3 
Section c 

NFHS-4 [24] 
 
 
Birbhum District 
2015-16 
< 5 years 

NFHS-4 [23] 
 
 
West Bengal 
2015-16 
< 5 years 

Unicef/ 
World Bank 
 
India 
2013-18 [25] 
< 5 years 

Unicef/ 
World Bank 
 
World 
2010-15 [1] 
2013-18 [25] 
< 5 years 

 

 
 

Scheduled 
Tribes 
 

Rural   

Anemic children (<11g/dl) 59.0 68.1 53.7 57 (2016) [26] 42 (2016) [26] 
Stunted children (<-2SD) 40.5 37.3 34.0 38 (2013-18) 22 (2013-18) 
Underweight children (<-2SD) 43.1 42.0 33.6 29 (2010-15) [1] 14 (2010-15) 
Wasted children (<-2SD) 29.5 27.8 21.6 21 (2013-18) 7 (2013-18) 

 

The Copenhagen Consensus 2008 considered global challenges (subsidies and trade, malnutrition 

and hunger, disease, air pollution, global warming, sanitation and water, gender equality, political 

conflicts, migration, education) and their solution in terms of a cost-benefit analysis. The panel 

concluded that nutrition-focused interventions generate highest economic returns and far outweigh 

their initial costs [27]. Costs of implementing feeding interventions is exceeded by its short-term and 

long-term benefits. Studies on children in Jamaica and Guatemala showed that psychosocial stimulation 

and/or nutrition intervention in early childhood was positively associated with higher school 

attainments and better economic outcome (20-46%) in later life [28], [29], [30], [31]. In Asia, due to the 

multiple consequences of undernutrition estimated annual losses of gross domestic product account for 

11%. Whereas every dollar invested in the prevention of malnutrition is expected to generate a return 

of 16 times as much [3]. 

Thus, in order to prevent maternal and child undernutrition, nutrition interventions can be seen as 

a long-term investment securing the well-being of the next generation, in particular during children´s 

early years which have a disproportionate impact on their later life [11].  



  Chapter 1: General Introduction of the Study 
 

5 

The nutritional status is dependent on the four pillars of food security. Hereby political conditions 

or climate factors critically define how the other determinants play out and characterize the general 

stability of a country. Further regional food availability through local markets or domestic production 

influence a households food consumption. The access to food is dependent on factors like physical 

health, infrastructure, or economic resources. Food utilization of the individual is dependent on 

knowledge and application of nutrition and child care principles but also sharing behaviour inside the 

household which may be strongly influenced by gender aspects. Knowledge of proper food processing 

methods or communicable diseases influence how food is utilized by the body. Storage practices or 

sanitation facilities make a proper usage possible in the first place [32]. It is increasingly recognized that 

a multi-purpose approach encompassing nutrition-sensitive agriculture, proper education 

opportunities but also broader health measures like skilled antenatal care, access to preventive and basic 

health care services, appropriate sanitation and child caring practices together with social-security nets 

and gender equality are key factors  to maintain a good nutrition status in later life [33]. Thus, the 

underlying concept of “food security” has been extended to the concept of “nutrition security” as a 

more multi-sectoral nutrition planning approach embracing the underlying determinants of 

malnutrition: household food insecurity, inadequate caring and feeding practices, as well as inadequate sanitation 
and health services, unhealthy environment. Meaningful discussions on how to best achieve food security 

and improved nutrition may relate to the combined term food and nutrition security. Both concepts are 

overlapping and are crucial to avert immediate causes of malnutrition: inadequate dietary intake, diesease. 

The Unicef Conceptual Framework of Malnutrition consolidates the linkages between basic causes 

(human, economic, orgnizational resources), the underlying nutrition-sensitive causes and the 

immediate nutrition-specific causes of malnutrition (Figure 1) [34].  

Nutrition-sensitive interventions address the underlying causes of undernutrition and bear the 

potential to enhance the effectiveness of nutrition-specific interventions and vice versa, e.g. improving 

nutrition may foster goal-achievement by nutrition-sensitive programs [35]. 

In view of the 1000-day window of opportunity and the concept of achieving nutrition security, this 

research seeks to investigate three nutrition-specific interventions primarily composed from locally 

grown resources, and to define their role in improving hemoglobin concentrations and growth indices 

in young Adivasi children. Nutrition-sensitive factors were holistically elucidated to picture the living 

conditions faced by Santal communities -for better interpretation and analysation (covariates) of the 

intervention effect, also finally constituting potential entry points for future interventions.  
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Figure 1: Conceptual Framework of determinants of undernutrition adapted and modified from Unicef, 1990. 

Sources: [17], [35], [36], [37] 

 

1.3. Government food subsidies and Integrated Child Development Services (ICDS)  

Despite many policy efforts anemia and undernutrition remain a predominant risk factor for 

mortality and disease burden in Indian children below five years [38]. 

The Indian government has launched diverse policies in an attempt to strengthen food security. The 

“Targeted Public Distribution System” (TPDS) was introduced in India from 1997 on, in order to 

address the mismanagement of the formerly implemented Public Distribution System (PDS) by 

increased monitoring. Moreover, families below the poverty line received a Below Poverty Line (BPL)-

ration card to purchase grains at half cost. Generally, the TPDS provides wheat, rice, sugar, and 

kerosene at ‘fair price shops’, thereby shall preclude hunger. In some states mismanagement of the 

scheme continuous and the performance of the TPDS is considered as poor, thus further improvements 

have to be tackled [39].  

The National Iron Plus Initiative launched in 2013, addresses anemia throughout the lifecycle with 

age-specific interventions (iron and folic acid supplementation, deworming), but remains uneffective 

in decreasing the burden with no significant change in the scenario [40]. 

India’s “Integrated Child Development Services” Scheme Program (ICDS) -initiated in 1975; is one 

of the largest child welfare schemes in the world and aims at breaking the intergenerational vicious 

circle of poverty and malnutrition through improving health (vit A, iron and folic acid tablets, 

deworming, immunization, growth monitoring, health checkup, referral system, supportive services 

e.g. santitation), nutrition (supplementary nutrition) and education (counselling of women, pre-school 

education) of the beneficiaries implemented with a network of Anganwadi Centers (AWC) across the 

country. Eligible for supplementary nutrition on 300 days a year are children below six years, pregnant 
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and lactating women as well as women in the age group 15-44 years. The program aims to improve 

child caring practices, early cognitive stimulation and learning, addresses topics like family planning, 

health and nutrition as well as considers aspects of hygiene and proper sanitation. However, program 

implementation and efficiency may be improved [41], [42], [43], [44]. In West Bengal, the majority 

(79.8%) of scheduled tribe´ children aged below six years received supplementary foods by the ICDS in 

2015-16 according to data on the ICDS coverage rate [23]. 

In 2014, when the current study design was developed, literature review proposed various program 

mismatches making the meals cooked at the AWCs ineffective in reducing rates of undernutrition [45], 

[46]. According to own observations in the field in 2014 [47] there is a huge discrepancy between theory 

and practice due to lack of monitoring, e.g. the full egg listed for every second day in two villages visited 

was replaced by half of this amount. Further, amounts of vegetables, potatoes and soy allocated per 

child show huge variations across different centers indicating an expandable performance of the ICDS 

authorities. Moreover, pregnant and lactating women and children aged 6-36 months are provided with 

a cooked take-home ration. Frequently elder children are allowed to take their food ration home, as 

well. Both imply leakage to non-targeted individuals due to food sharing. Inflation of food prices leads 

to deterioration of food quality and food quantity provided in supplementary feeding programs. The 

government does not link the money provided per beneficiary with consumer price index and rather 

defines it in fixed rupee terms which are revised with delay, thus cannot offset inflation. Another 

mismatch observed by Piroth (2014) [47] is that some mothers are reluctant to take the food from the 

AWC as it contains mainly the same ingredients as available at home: starch-rich staples like rice and 

potato in watery sauce. The provided egg is the main but decisive benefit as the amount of dal and 

vegetables is limited, if any. This gave rise to the idea to develop improved diversified meals from 

locally available resources to enhance ongoing nutrition programs by the NGO Shining Eyes e.V. also 

as future perspective to improve ICDS meals quality and quantity wise. Altogether the intervention 

design will show if a moderate dietary diversification (one supplementary meal on three days a week) 

will be effective in achieving improvements in nutrition related indices in young children. 

Enhancements included in the current research study design are as follows: increased monitoring 

of program delivery, community-based preparation of supplemented meals, provision of energy-rich 

and nutrient-dense diversified porridges with or without the inclusion of naturally grown 

micronutrient-rich leaf powder or commercially produced sprinkles (TopNutri). 

 

1.4. Objectives and research hypotheses 

To evaluate the baseline assessment and the effect of a supplementary community-based nutrition 

intervention study on the prevention/treatment of anemia among young Adivasi children in West 

Bengal, India. 

This cluster-randomized controlled feeding trial was targeted at Adivasi children (6 to 39 months). 

This research project provides insight into the feasibility and effect of three improved supplementary 

diversified meals (intervention group (IG) 1, 2, 3) in decreasing rates of anemia (primary objective) or 

improving indicators of undernutrition (secondary objective) as opposed to the control group (CG). The 

intervention lasted for 18 months from February 2015 to August 2016 and study meals were provided 

three times a week in a community feeding setting. The aim was to evaluate the intervention effect by 

an inter-group pre-/post comparison of the primary indicator hemoglobin (Hb) as well as scores for 
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undernutrition (stunting (HAZ), underweight (WAZ), wasting (WHZ)) at four half-yearly (t0, t6, t12, t18) 

assessment points. 

Article I: provides data on the maternal nutritional status and child feeding practices, depicts socio-

demographic characteristics, family planning methods, use of antenatal services, childcare, and mother-

child dyad analysis [48].  

Article II: assesses the prevalence of anemia and undernutrition among Santal Adivasi children, 

determines independent predictors of moderate/severe anemia, and depicts agricultural assets, 

livelihood, aspects of food security and hygiene, morbidity patterns in the child, and health seeking 

behavior [49]. 

Article III: assesses the intervention effects of (1) improved nutrient-dense diversified meals 

composed of locally available ingredients, the same meals enriched (2) with either a locally produced 

Amaranthus/Moringa leaf-powder versa (3) an adjusted amount of a commercial micronutrient powder 

(MNP) on prevention/treatment of nutrition-related anemia (and undernutrition) in Adivasi children 

as opposed to the control group. Moreover, independent predictors of the highest percentile of Hb 

increases occurred over time were determined (submitted to BMC Nutrition).  

Both, article I and II depict nutrition-sensitive and -specific factors determining the maternal and 

child nutritional status and assess the burden of maternal and child anemia and undernutrition.  

Article III tests the research hypotheses: 

1. Diversified diets alone composed of locally available resources (IG1) are a successful food-

based approach to significantly increase hemoglobin concentrations (primary indicator) or z-

scores of HAZ, WAZ, WHZ (secondary indicator) as opposed to the CG.  

2. The further enrichment with natural leaf powder or commercial MNP implies added values on 

Hb response (or z-scores) possibly attributable to efficient food synergies (ALP/MLP) or higher 

total contents of type I or II nutrients (TopNutri). 
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Table 2: Objectives of the nutrition intervention trial and methods applied 

 

 

 

 

 

 

 

 Objective Procedure 

Primary 

objective 

To investigate nutrition-sensitive and 

nutrition-specific factors in order to picture 

living circumstances and to define 

independent predictors on the incidence of 

anemia in Adivasi children or Hb-

development during intervention.  

Household survey to gather socio-

demographic information (baseline 

questionnaire). 

To analyze the prevalence of anemia in 

mothers and children at baseline as well as 

to investigate the pre-/post intervention 

effect on Hb concentrations (primary 

indicator) by investigating children´s Hb 

concentrations/change between the four 

study groups at four assessments 

Blood samples were analyzed with HemoCue 

Hb 201+ system; it needs a minimum amount 

of blood (10µl) to determine the Hb value.  

Blood is collected every six months at four 

assessments (at baseline (t0), t6, t12, endline 

(t18)). 

Secondary 

objectives 

To analyze the prevalence of undernutrition 

in mothers and children as well as to 

investigate the pre-/post intervention effect 

on growth indices (secondary indicator) by 

investigating children´s HAZ, WAZ, WHZ 

scores/changes between the four study 

groups at four assessments 
Via anthropometric measurements (at t0, t6, t12, 

t18):  weight, length/height and MUAC. 
To analyze mother-child pairs in regard to 

indicators of anemia (Hb) and 

undernutrition (body-mass-index (BMI) and 

mid-upper arm circumference (MUAC) in 

mothers versa HAZ-, WAZ-, WHZ- scores 

and MUAC in children) 

To analyze the incidence of morbidity in all 

target children: fever, diarrhea, and 

respiratory disease 

a) Via medical checkup three times (t0, t6, t12) 

provided to all study groups including 

CG. 

(Herefore a treatment protocol has been 

designed -assigning visible identification 

marks for malnutrition to a defined 

medication, thereby ensuring a uniform 

treatment of children and mothers enrolled 

in all study groups, ST 17,  p.220) 

b) At t9 social workers visited all families in 

order to document number of days of 

sicknesses over a period of five consecutive 

weeks.  
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1.5. Conceptual framework of the study 
 

 

Figure 2: Conceptual framework of the study 

Adapted and modified from IEG/World Bank (2010) [50]. 

 

The conceptual framework of the study is presented in Figure 2. Exogenous factors and general 

social as well as cultural aspects define the regulatory framework. Government programs like the ICDS 

scheme or food distribution systems influence food availability and the household access to food. The 

nutrition intervention by the NGO Sining Eyes e.V. tries to provide a supplementary benefit to the 

families, in addition to ongoing governmental incentives. 

In field settings an impact is assessed under difficult circumstances, which in turn may have an 

influence on the magnitude of the measured impact. The nutritional status of a child is influenced by 

multiple factors, amongst others it is determined by aspects of food utilization, feeding and caring 

practices, or economic determinants of the household. In particular a mother´s Hb-value and 
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anthropometry –her nutritional and health characteristics, as well as her attainment in school or 

empowerment in the household define the nutrition status and thereby the future of the offspring. 

Confounding factors may be gender aspects, child´s age or the health status of the child throughout the 

trial; possibly affecting appetite of the child or physiological aspects. Compliance of the program or size 

of a feeding center are further potential factors to be considered when measuring the impact of 

intervention [50]. Seasonality affects outcomes as well (Figure 3) [51], thus it is important to picture 

nutritional indicators in the scope of season, thereby allowing a holistic interpretation of results. 

 

 

Figure 3: Seasonality of acute malnutrition in Bangladesh  

Source: based on data published by Helen Keller International, 1999 in CDC, 2005 [51]. 

 

The focus of analysis is divided into two parts: first analysis of child-related data obtained during 

baseline assessment including anthropometric and current Hb-value scores of the mother possibly 

being associated with weight/height or Hb-levels in the child [52]. Low levels of Hb in the mother can 

be assumed to have been already present during pregnancy which in turn impacts the gestational 

weight gain, birth weight, and thereby future growth and weight of the offspring, as the cycle of 

undernutrition starts at the fetal stage. Thus, the correlation of maternal nutritional status with the child 

indices is of crucial interest. Mothers´ educational level, feeding and caring capacities should be 

investigated as well. 

Second, there will be a trend analysis to assess the effect of the intervention to increase Hb-

concentrations or decrease forms of undernutrition in the child, in particular in consideration of 

covariates like child´s age, anemia or nutrition status at baseline. The recording of portion sizes 

consumed or attendance throughout the feeding program gives insight into the general compliance of 

the study.  
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1.6. Pillars of the NGO Shining Eyes e.V. and cooperation with the Indian NGO 
Bolpur Manab Jamin 

The current research trial has been initiated by Shining Eyes e.V. and implemented in cooperation 

with the Indian NGO Bolpur Manab Jamin. 

Shining Eyes e.V. is a charitable NGO founded in 2009. The paediatrician Dr. med. Monika 

Golembiewski has been travelling to India from 1996 on. With her medical treatment bag, she seeked to 

reach the most vulnerable directly in the Santal villages. Soon she combined the medical treatment with 

preventive village activities, as only both together can make the change. In 2007 her son Nico and his 

wife –the economist Silvia Golembiewski followed Monika and her pathway whenever there was time. 

In 2011 the St. Mary Child and Mother Health Care Centre could be inaugurated, allowing a range of 

diagnostics and inpatient care. With Silvia the first nutrition programs were initiated and the awareness 

training in relevant health topics got detailed and more complex. The health care centre constitutes the 

bottleneck between the Santal community and the city regions.  

Santals live closely related to nature and away from the city regions, often reluctant to seek for 

medical care. This hesitancy comes from lack of awareness for the need or possibility to encounter the 

condition of being sick. Further the Indian health system is overcrowded through the high population 

burden, at cost of the most vulnerable ones. The Santal community –that seldom leaves their village, 

faces severe problems in accessing diagnostics and treatments in the health system, or in taking benefit 

of government health care schemes (e.g. disability certificate, Shishu Sathi Scheme etc.) they are entitled 

to. Thus, the St. Mary´s Child and Mother Health Care Centre seeks to built trust with the Adivasi 

community around Bolpur and to provide first diagnostics and treatment. Anemic, malnourished and 

neurological patients can be admitted, severe patients are referred and guided to specialized health 

facilities but in accompaniment and continuous monitoring by staff members in order to track the 

process in treatment until full recovery. 

Today Shining Eyes embraces five topics, with health, nutrition, and agriculture constituting the 

main pillars, interrelated with water, sanitation and economic incentives. Thereby, Shining Eyes 

smoothely intertwines relevant development aspects to a holistic network following a nutrition-

sensitive and nutrition-specific multi-sectoral approach to encounter the intergenerational vicious cycle 

of malnutrition. Awareness is the key for behavioral modifications and is trained to the villagers by 

participatory action to achieve a lasting effect (topics like: balanced family nutrition, lactation and 

complementary foods, responsive feeding behavior and stimulation, hygiene, early disease recognition 

in the child, prevention of TB, or family planning). 

Since 2007, the NGO Bolpur Manab Jamin is cooperating with the NGO Shining Eyes e.V. and 

equally supports Scheduled Tribe, Scheduled Caste and economically weaker section community 

people living in/nearby the Bolpur-Sriniketan Block of Birbhum, West Bengal. The promotion of 

sustainable agricultural practice with innovative crop and resource management systems is their notion. 

The NGO supplements these projects with an array of initiatives to advance education, health, and 

awareness of government assistance schemes. The staff members are indigenous people with 

encouraging innovations for developing collective and inclusive social change in West Bengal. 
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2. State of the art 
 

2.1. Anemia 

Anemia is a condition marked by a decrease in red blood cells and therewith insufficient levels of 

hemoglobin (Hb). Hemoglobin -a protein inside the red blood cells carries oxygen from the lungs to the 

body and returns carbon dioxide from the tissues to the lungs. Low Hb levels imply an impaired 

oxygen-carrying capacity in the body and are referred to as anemia [1]. 

Globally a lack of iron is most commonly responsible for anemia, however other nutritional 

deficiencies (including folate, vitamin B12, vitamin A, protein) have to be considered as well [1], [2], [3]. 

Further a deficiency in copper and zinc results in anemia as both nutrients are essential for resistance to 

infections [4]. Maternal IDA is associated with fetal growth restriction, miscarriages, premature birth, 

and an increased risk of hypertension, diabetes and obesity in the offspring. The developing brain 

structures, neurotransmitter system, and myelination are adversely affected in the long-run [5]. 

Acute and chronic forms of inflammation, parasitic infections that cause blood loss most commonly 

hookworm infection, inherited or acquired physiological disorders that hamper Hb synthesis, red blood 

cell production or survival (e.g. hemoglobinopathies like thalassemia, sickle cell anemia) can all be an 

underlying cause of anemia) [1]. Complex interactions between nutritional, genetic and environmetal 

factors determine the balance of iron metabolism in individuals. The same amount of iron in a diet will 

imply different responses in individuals according to genetic variations related to iron metabolism. An 

insufficient supply (quantitative) of iron to meet reference intake values is a leading cause of anemia in 

developing countries, further impaired absorption due to high quantities of antinutritional factors in the 

plant-based traditional diets as phytate or polyphenoles lead to poorly bioavailable iron (qualitative). 

Further increased physiological needs during pregnancy or lactation may be associated with anemia [4]. 

Conditions of rapid infantile growth imply an increase in energy supply requirements and metabolism, 

in turn being dependent on oxygen. Thus IDA results in defective linear growth [6]. Non-communicable 

diseases (tuberculosis, malaria), conditions of increased blood loss (hookworm infestation), decreased 

absorption of iron due to gastrointestinal disorders, or chronic inflammation (upregulation of hepcidin 

transcription by inflammatory cytokines) are related to anemia [4].  

Symptoms of anemia include fatigue, weakness, dizziness, shortness of breath, pallor of the 

conjuctiva, nail beds, face and palms, or lower resistance to infections. Iron deficiency anemia is 

sometimes associated with psychological depression or impaired cognitive function [3]. Especially in 

the first year of a child´s life, iron-deficiency anemia hampers the psychomotor and cognitive 

development, possibly irreversibly. Children of anemic mothers are at higher risk of developing iron-

deficiency anemia in the first year of life. The maternal Hb levels have been shown to be linked to the 

Hb levels of their exclusively breastfed children during the first six months of life [7]. Maternal Hb levels 

significantly influence a child´s hemoglobin. Iron deficiency in mothers was associated with intrauterine 

growth retardation, as well as low ferritin levels in children; equally low levels of B12 in mothers were 

reflected in children aged 2 to 24 months. Further mothers with anemia were found to maintain longer 

periods of exclusive breastfeeding [8]. In India, anemia (Hb<11.0g/dl) in children aged 12 to 23 months 

was associated with lack of iron (low ferritin level), maternal anemia, food insecurity or low economic 

status of the family. Continued breastfeeding at the time of the study and child´s energy intake were 

inversely related to the iron intake and ferritin levels in the child, hereby also the issue of reverse 

causality may be considered. The child´s Hb level was associated with child´s age. The theoretical 

framework of factors associated with anemia is presented in Figure 4 [9], [10].  
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Figure 4: Theoretical pathway of determinants associated with hemoglobin levels in the child  

Source: adapted and modified from Balarajan et al. 2011 [9], Pasricha et al. 2010 [10]. 

 

Hemoglobinopathies are most prevalent in Africa, Mediterranean countries, the Middle East, 

Southeast Asia, Myanmar, Bangladesh and India [11]. The prevalence of β-thalassemia in six cities of 

six Indian states (Maharashtra, Gujarat, West Bengal, Assam, Karnataka and Punjab) was 2.78% [12]. 

The overall carrier rate in India accounts for 3-4% [13]. The largest tribal population in the world is 

found in India. Santals are the third largest tribe in India and account about half of total tribal population 

in West Bengal (54.3%). The majority (76.4%) of all tribals home to West Bengal suffer from anemia with 

women and girls being most vulnerable to that condition. When compared to other north-eastern tribals 

the intake of fruits and vegetables was significantly lower among the Santal community. The prevalence 

of hemoglobinopathies was very low (1.1%), thus confirming Santals being most vulnerable to IDA, e.g. 

due to low-bioavailable cereal-based diet and chronic blood loss due to hookworm infestation [14].  

Even though the measurement of Hb concentration is a good estimate for the prevalence of anemia, 

it cannot be put into relation to iron deficiency as cause of anemia. In countries with anemia prevalences 

of >40%, the proportion of anemia associated with iron deficiency is estimated to be lower as the 

previously assumed 50% for low-income countries [15]. Moreover, race-specific cutoffs for defining 

anemia are discussed due to potential genetic determinants related to the heritability of Hb [9], [16]. In 

this study, the classification of Hb levels for defining anemia has been performed according to the 

cutoffs suggested by the WHO, 2011 [1]. Severe dehydration in individuals may be another limitation 

during assessment as it implies falsely high levels of Hb than if patients were normovolemic, in turn if 

a patient is overloaded with fluid assessed Hb levels will be below the actual level [4], [17]. 
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2.2. Medical guidelines for prevention and treatment of iron deficiency anemia 

Assembled international guidelines about prevention and treatment of iron deficiency in children 

are extracted from the Master Thesis of Beitze, 2016 [18] and presented in Table 3. During acute 

infections no iron must be given. In case of an effective iron therapy an increase in Hb of 1-2g/dl per 

week is expected. For children and infants 2-3mg of iron per kg per day is the recommended iron 

therapy, which lets await a desired Hb level within 2 months. For replenishing body iron stores the 

therapy should be continued for another two months. Even though Hb response is proportional to the 

degree of anemia (inversely related to baseline Hb concentrations) the same dose of elemental iron, e.g. 

10-12.5mg is sufficient for the varying needs resulting from different severity of anemia [19], [20]. 

Table 3: Prevention and treatment approaches according to international guidelines 

  Medication protocol  

 Condition/Indication Children 6-<24m Children 24-<60m References 

Prevention 
of IDA 

6-<24m: diet without iron 
fortified foods; 
6-<60m: anemia prevalence 
>40% 

2mg iron/kg/d; from 6 
months of age up to 23m 
of age 

2mg iron/kg/d up to 
30mg; duration 3m 

(WHO et al., 2001 [21]) 

no wide and regular 
consumption of iron fortified 
CF and anemia prevalence 
<40% 

12.5mg iron + 50µg folic 
acid/d; duration 6-12 
months  

 (Stoltzfus & Dreyfuss 
1998 [22]; Stoltzfus & 
Dreyfuss, 2003 [23]) 

6-<24m: no wide and regular 
consumption of iron fortified 
CF and anemia prevalence  
≥ 40%; 
24-<60m: high anemia 
prevalence 

12.5mg iron + 50µg folic 
acid/d; duration 6-24m 

20-30mg iron; 
duration at least one 
week for  
3 months every year 

(Stoltzfus & Dreyfuss, 
1998 [22]; Stoltzfus & 
Dreyfuss, 2003 [23]; 
Burgess et al., 2009 
[24]) 

Treatment 
of IDA 

Hb < 11.0 g/dl 3mg iron/kg/d, not to exceed 60mg/d; duration: 3 
months  

(WHO et al, 2001 [21]) 

Children with SAM and 
Hb<10.0g/dl 

Iron just in rehabilitation phase (returned 
appetite);  
3mg iron/kg/d in two doses, not to exceed 60mg/d; 
oral administration; duration: 3 months;  
on day one: 5mg folic acid, thereafter: 1mg folic 
acid 

(WHO, 1999 [25]) 

Hb < 7.0 g/dl 25mg iron + 100-400µg 
folic acid/d; duration: 3 
months 

60mg iron + 400µg folic 
acid/d; duration: 3 
months 

(Stoltzfus & 
Dreyfuss,1998 [22];  
Stoltzfus & 
Dreyfuss, 2003 [23]) 

Evaluation after 1 and 4 weeks after start of 
supplementation: if condition worsened or did not 
improve after 4 weeks refer to hospital.  
Hb<4.0g/dl blood transfusion.  
After completion of 3 months therapeutic 
supplementation continue preventive 
supplementation. 

(Stoltzfus & Dreyfuss, 
1998 [22]; Stoltzfus & 
Dreyfuss 2003 [23]; 
WHO, 1999 [25]) 

Extracted from the master thesis of Beitze, 2016 [18]  
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2.3. Hidden hunger and nutrient deficiencies 

Hidden hunger –chronic deficiency in minerals and vitamins, remains a global challenge by 

affecting one third of the world´s population. Iodine, iron, vitamin A and zinc are rated as the top four 

micronutrient deficiencies of public health concern [26]. Due to population size, India bears the highest 

global burden of disability-adjusted life years attributable to hidden hunger [27].  

When a child suffers from deficiencies in essential nutrients its response may be one of two quite 

different ways. On the one hand the infant may continue to grow, thereby consumes body stores and 

then shows impairment in bodily functions as consequence of the lack of nutrient, accompanied by 

biochemical abnormalities but without anthropometric impairment (Type I). On the other hand, the 

child stops growing in order to conserve the nutrient in the body to make it internally available and 

maintain tissue concentrations, along with anthropometric abnormalities but no biochemical signs 

(Type II). Golden argues that a decisive proportion of stunting is attributable to Type II nutrient 

deficiency typically ascribed to protein-energy malnutrition. Thus, Type II nutrients would imply 

wasting and stunting in the first place, making it questionable that malnourished children are treated 

in the first place with diets adequate in energy and Type I nutrients but often lacking the other Type II 

nutrients [28]. 

The classification of nutrients can be performed whether the response to a deficiency is 

accompanied by a reduced concentration in the tissues and clinical signs (Type I), or an impaired growth 

rate with non-specific signs (Type II) (Table 4). 

 

Table 4: Type I and Type II nutrients and their deficiency response characteristics 

Type I (functional, protective) Type II (growth promoting) 
Iron, copper, manganese, iodine, selenium, calcium Potassium, sodium, magnesium, zinc, phosphorus 

Fluorine, thiamine, riboflavine, pyridoxine, nicotinic acid, 
cobalamin, folate, ascorbic acid 

Protein (nitrogen, carbonskeletons of essential amino acids, 
threonine, lysine, sulphur) 

Vit A (retinol), vit E (tocopherol), vit D, vit K [oxygen, water, energy] 
 

Growth continues in early stages 
Specific clinical signs develop 

Tissue concentration drops with deficiency 
Body stores exist 

Concentrated in particular tissues 
 

Not usually anorexic 
 
 

Tissue concentration independent of the other Type I 
nutrients 

Tissue concentration maintained in different metabolic states 
 

Food sources very variable 
Diagnosed by biochemical tests 

Late occurence of anthropometric abnormalities 

Growth failure first response 
No specific clinical signs 

Tissue concentration maintained with deficiency 
No body store of the nutrients 

Not in any particular tissue 
 

General effect on metabolism 
Anorexia common response 

 
Tissue concentration dependent upon all the other Type II 

nutrients 
Tissue concentration may change (drop) by metabolic state 

 
Ratio in foods not very variable 

Do not show biochemical abnormalities 
Diagnosed by anthropometric abnormalities 

Source: adapted from Golden, 1995 [28] 
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2.4. Classification of malnutrition in children 

Anthropometic assessments are performed to identify individuals at risk of having an inadequate 

nutritional status. The nutritional status is viewed as an outcome of the health status, -itself influenced 

by nutrient intake, methods of food preparation/feeding and caring practices, exposures to infections, 

intergenerational transmission and access to health care, again a determinant of social, economic, 

political and environmental parameters [29]. 

Z-score in standard deviation units (SD) indicates to how far and in what direction the 

anthropometric measurement deviates from the reference median (mean) (Figure 5) [30]. In a standard 

normal distribution, the 95% quantile is defined by the mean ± 1.96 SD, thereby 95% of a population 

falls within approximately 2 SD of the mean. The remaining subjects fall either into the upper or lower 

2.5% of the distribution [31].  

Stunting (short height for age) (HAZ<-2) is a consequence of long-term (chronic) undernutrition. 

Underweight (low weight for age) (WAZ<-2) and wasting (low weight for height) (WHZ<-2) are short 

term consequences of (acute) undernutrition. Z-scores are inherently adjusted for age and sex (valid for 

children < 5 years), and indicate how the child´s anthropometric measurements are related to the 

median value of a global reference population – (a population that is considered normal by international 

standards due to living under optimal environmental conditions); as a proportion of the reference 

standard deviation [32]. "It is the difference between the value for an individual and the median value 

of the reference population for the same age or height, divided by the standard deviation of the 

reference population." A z-score indicates e.g. how far a child´s weight or height is from the median 

weight or height in the respective reference category [33]. A child is categorized as moderately stunted, 

underweight, or wasted if the respective z-score value is smaller than -2. Severe stunting, underweight, 

or wasting is categorized as having a height-for-age, weight-for-age or weight-for-height value smaller 

than the value corresponding to three standard deviations below the median of the respective reference 

curve. In order to plan specific interventions the assessment of health indicators is crucial [32]. Cut-offs 

for defining MAM or SAM are same for both the 2006 WHO child growth standards (WHO standards) 

as with the earlier released National Center for Health Statistics (NCHS reference). The NCHS may not 

adequately reflect the growth of breastfed infants, thus may not be adequate for assessing growth 

faltering in children of developing countries, where most children are breastfed for a long period. The 

WHO standards of 2006 present the growth of breastfed infants from six countries (Ghana, India, 

Norway, Brazil, Oman, North America) as the normal growth pattern. For establishing the growth 

standards participants received food according to international nutrition standards including the 

promotion of breastfeeding. The growth standards reflect that sex and ethnic origin are less affecting 

the growth patterns than adequate nutrition, environmental factors or health [34], [35]. Depending on 

the growth reference used huge discrepancies can occur. Using the WHO standards for determining 

acute malnutrition by z-score, will select more children compared to using the NCHS reference. Thus, 

children suffering from acute forms of malnutrition will be identified earlier for being included in 

feeding programs [36]. Secondary data analysis of a data set conducted in Ghana, India and Peru on 

breastfed infants, with 94% of infants still consuming breastmilk after 9 months revealed in the first half 

year of infancy a higher prevalence of stunting, underweight and wasting when defined using WHO 

child growth standards rather than the NCHS growth reference. In contrast underweight prevalences 

ranked lower at one year of age when judged by WHO standards (Figure 6) [37]. 
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Figure 5: International Reference Standard Distribution. Gaussian distribution curve with z scores and 

percentiles ranks. Lowest 5% of the reference population is defines as being “abnormal”.  

Source: Clinical Gate, 2015 [31]. 

 

 

Figure 6: Prevalence of stunting, wasting and underweight in infants during the first year of life in India as 

determined using the WHO child growth standards and the NCHS growth reference  

 Source: Vesel et al., 2009 [37]. 

 

The mid-upper arm cicrumference (MUAC) is a simple, well-accepted and low-cost proxy to define 

the nutrition status of a child suffering from acute forms of malnutrition. In a well-nourished population 

there are virtually no children with a MUAC less than 11.5cm. Children with a MUAC<11.5cm have an 

increased risk of death, thus this cutoff has been referred to define severe acute malnutrition in children 

6-59 months. A MUAC <12.5cm defines moderate forms of acute malnutrition [32].  

It is important to note that MUAC and WHZ shall be used both as complementary rather than 

alternative variables to guide treatment incentives [38]. 
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2.5. The 1,000-day window of opportunity 

The critical window of opportunity to reduce or even reverse adverse effects of undernutrition is 

from conception up to 24 months of a child´s age. This period is undisputed the most critical time to 

achieve a positive impact on a child´s cognitive and physical development. Thereby a pregnant or 

lactating woman´s health and nutritional status at conception is directly linked to the  child´s survival, 

health and growth [39], [40], [41], [42]. Small-for-gestational age is implying an estimated 20% of 

stunting and 30% of wasting in children aged 12-60 months [43]. Mamidi et al. [44] examined growth 

faltering from datasets of the first and third NFHS in India and concluded that by the end of the third 

year of children´s life, 55% and 44% of the growth faltering was already present in the offspring at 

delivery, respectively. Thereby, the importance of the concept -9 to 24 months is confirmed as being the 

optimal window of opportunity for promoting linear growth. In this time period linear growth is most 

sensible to environmentally modifiable factors, thus nutrition interventions should focus on prenatal 

and early life incentives. Still, research debates that there is more than one window of opportunity: 

between 24 months and 59 months and between mid-childhood and adolescence which should not be 

omitted, as defining health of the future mother, and the health of the next generation respectively [45], 

[46]. Leroy et al. [47] makes 70% of growth faltering of the under-5 stunting burden attributable to the 

first 1000 days, and 30% to the continued increase in deficit from age 2 to 5 years. 

 

2.6. Classification of malnutrition in adults 

The body mass index (BMI in kg/m2) is most useful to assess malnutrition in adults [33]. In 1995, the 

WHO Expert Committee concluded that “MUAC is a reasonable predictor of BMI for the lowest and 

highest BMI categories” [36]. MUAC indicates the protein reserves of the body. MUAC cut-off values 

of <21 to 23cm in the mother are significantly related to LBW in the infant. MUAC is fairly stable 

throughout pregnancy, thus cut-off values may be equally valid for pregnant and non-pregnant women. 

In order to avert any detrimental effect on the child´s health a more inclusive cut-off of <22 or <23cm is 

recommended. In regard of continental differences between Asia and Africa <23 cm appears adequate 

[48]. A MUAC of 18.5cm (corresponds according to research to BMI of 13kg/m2). At this stage the subject 

has used all peripheral reserves and starts to consume proteins from visceral organs, thus being at risk 

of dying [49]. There is no universal classification of MUAC cut-offs in adults [36], [48], [49], [50]. 

 

2.7. Selective feeding programs 

Complementary feeding is defined as feeding of liquid, solid and semi-solid foods alongside of 

breastfeeding or formula feeding -initiated after six months of child´s age- when breastmilk/formula 

milk alone is no longer providing sufficient micro- and macronutrients. Inappropriate breastfeeding, 

and complementary feeding practices along with high frequency of infectious diseases are the principal 

causes of malnutrition during the first two years of a child´s life. Complementary foods in developing 

countries often lack vegetables, fruits and animal-source foods in adequate amounts and contain high 

quantities of starchy foods. The monotonous diet lacks promoters of mineral absorption but is high in 

antinutrients [51], [52], [53]. Consequently, children in developing countries are at risk to be deficient in 

high-quality protein and micronutrients, altogether negatively affecting their cognitive and physical 

development. During the first years of a child´s life inappropriate infant and young child feeding (IYCF) 

practices frequently deteriorate the nutritional status of a child. Thus, apart from complementary 

feeding, selective feeding programs are often required for children 6-59 months. 
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Two types of selective feeding programs have to be differentiated [36]:  

• Supplementary feeding programs (SFP) aim to rehabilitate subjects suffering from MAM or to 

prevent a deterioration of nutritional status by meeting additional needs 

• Therapeutic feeding programs (TFP) aim to rehabilitate subjects suffering from SAM in order 

to reduce excess mortality and morbidity 

 

SFPs provide nutritious food additionally to the general home ration and focus mostly on children, 

pregnant and lactating mothers. There are two different forms of SFPs: 

- Targeted SFPs: provision of food supplements to individuals already suffering from MAM in 

order to rehabilitate individuals or prevent them from becoming SAM, (set up when prevalence 

of GAM (Global Acute Malnutrition, sum of prevalence of MAM and SAM ) in the population 

is 10-14%, or 5-9% with aggravating factors1). 

- Blanket SFPs: provision of food/micronutrient supplement to all members of a defined group 

at high risk of becoming malnourished (e.g. children aged <3 or <5 years, pregnant women and 

lactating mothers), in order to prevent an individual´s deterioration in the nutritional status 

and to decrease prevalence of acute malnutrition in infants, (set up e.g. at the onset of an 

emergency, or when the prevalence of GAM is ≥ 15%, or 10-14% in presence of aggravating 

factors1). 

Supplementary food can be distributed in the scope of an on-site feeding program or wet ration 

(normally two-three meals a day in emergency situations), or can be provided as take-home or dry 
ration (weekly or bi-weekly), however intra-household food-sharing has to be compensated. Figure 7 

illustrates possible implementation of feeding programs according to nutritional status. 

 

[54] 

 
1 Aggravating factors: inadequacy of general home-based food ration, high rates of diarrhea or respiratory 

infections, epidemics. 

 

Figure 7  Feeding program intervention 

according to nutritional status 

Source: Scherbaum et al., 2009 [54] 
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2.7.1. Pre-study field observations and guidelines on the choice of foods and ingredients for 
moderately malnourished children 

A pre-study on children aged 6 to 36 months (n=31) in three Santal villages revealed major foods 

for first regular feedings to be biscuits (68%), rice (45%), and family foods (19%) (Picture 2). Merely 

every third mother (29%) processed extra food for their children off the main meal times (examples for 

extra prepared foods were: puffed rice, semolina porridge, vegetable rice, less spicy family foods, 

biscuits soaked in sugared tea and boiled potato (Picture 3). Field observations showed that the process 

of eating was reduced to a simple necessity, with mothers not concentrating on the child´s reaction 

resulting in a lack of motivational behavior. Children were used to run around for playing before having 

finished their meal, with animals contaminating or steeling the unobserved food in between. Meals 

consisted mainly of rice with a small portion of potato curry, lentils or vegetables (Picture 4). Children 

were frequently offered a first breakfast (5:30-8AM) (sugared tea (54.8%), biscuits (45.2%), local breads 

like chapati or roti (22.6%), puffed rice (16.1%), semolina porridge (9.7%), or in minor cases breastmilk 

(n=3), family food or cow milk (n=2), plain rice, banana or instant noodles (n=1)). The AWC meal was 

frequently offered as second breakfast (8-11AM). For lunch 90.3% of children received family foods, rice 

only (6.5%), and one child received no lunch. Similarly, dinner was in the majority of cases family food 

(67.7%), merely breastmilk (19.4%), or rice only, bread (soaked in sugar water), biscuits (n=1, 

respectively). Snacks were offered throughout the day and stated by 67.8% of mothers. The feeding of 

commercial snacks was common: biscuits (61.3%), fried crisp-like roll made out of Bengal gram “Papad” 

(16.1%), or puffed rice (3.2%). Banana was offered as snack merely by one mother (3.2%) [55].  

Young children and infants are more susceptible to malnutrition due to having a high growth 

velocity, with the brain achieving 90% of adult size during the first two years of life. Further they are 

more vulnerable to antinutrients inhibiting the absorption of growth-promoting minerals. The diet in 

low-income countries is marked being rich in starchy staples, with an inadequate amount of fruits, 

vegetables or legumes as well as little or no animal-based foods resulting in a monotonous composition 

characterized by a low density of  energy and nutrients [53]. 

The nutritional requirements of wasted and stunted children differ. The moderate state of wasting 

is possible to be reversed within 2 to 4 weeks. The chronic condition of stunting needs months to years 

for improvement, if any reversal is possible (Picture 1).  

 

Picture 1: Two children in a similar age (five years), right child suffers from chronic malnutrition (stunting). 

© Shining Eyes e.V. 
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Michaelsen et al. proposes an energy density of 1.0 to 1.5 kcal/g for children suffering from moderate 

stunting and 1.5 to 2.0 kcal/g for children with moderate wasting. Naturally porridges have an energy 

density ranging from 0.25kcal/g (merely cereal) up to 1.5kcal/g, as a further reduction in water content 

results in bulky porridges that are hard to swallow. Biscuits typically have an energy density of 4kcal/g, 

thus may be more suitable for treatment of wasting.  

 

Picture 2: First complementary foods offered to Santal children assessed during pre-study (n=31) by Piroth, 2014. 

 

Picture 3: Examples of home-based extra prepared foods for children (rice soaked in milk served with biscuits, 

semolina porridge “sooji”) by mothers. 

 
Picture 4: Examples for home-prepared breakfast, lunch and dinner. 

Source: Piroth, 2014 [55], © Shining Eyes e.V. 
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Too much protein negatively affects appetite. A provision of 6.9E% of energy by protein is the 

minimum to assure catch-up growth. Aiming for a protein E% of about 12 up to a maximum of 15E% is 

recommended for MAM. The proportion of animal-source foods should account for one third of protein 

ingested to assure adequate quality of protein. The fat energy percentage should be between 35 and 

45%, with diets for children with moderate stunting aiming for the lower level and for moderate wasting 

for the upper limit. The provision of energy by fat should not fall short of 30% [53].  

Food processing is important as well when discussing appropriate feeding for children. Usually 

processing decreases vitamins and minerals, but germination or fermentation even increase the contents 

of vitamin C or B, further improve overall bioavailability of minerals or releases vitamin B6, niacin, 

folacin or certain carotenoids from poorly digestible complexes. Roasting slightly enhances nutrient 

bioavailability, followed by soaking, with fermentation best improving the nutritive value of foods by 

decreasing antinutrients. Generally, heat increases the digestibility of proteins and carbohydrates. 

Soaking for some hours may reduce phytic acid contents up to 50% [53]. As fermentation and soaking 

were not possible to be applied to the study recipes, at least a five-minute roasting was done for dal, as 

well as flour used, in order to reduce phytate contents. Conventional heat processes imply merely 

moderate losses (5 to 15%) of phytic acid [56]. Ten-minutes roasting at 110°C was reported to reduce 

phytate in soybean flour by 15% [57], or by 39 to 41% of a cereal:pulse mixture of grains (7:3) being 

roasted in a skillet until uniform light brown colour [58]. Diets appropriate for children suffering from 

MAM should aim for the already mentioned characteristics further should be rich in a variety of 

micronutrients, in particular growth promoting (type II) nutrients [53]. A minimum density of vitamin 

C (20mg/1000kcal) is necessary in order to validate recommended daily reference intake values of iron, 

otherwise higher intakes than the recommended nutrient intake have to be strived for [59]. Recipes 

applied in a feeding trial should be culturally appropriate and accepted, further easy to prepare with 

locally available ingredients and complying with affordability [53]. 

 
2.7.2. Nutrient and anti-nutrient content in Amaranthus tricolor and Moringa oleifera 

Diets rich in micronutrients and health-promoting phytochemicals could alleviate the double 

burden of malnutrition and related mortality rates by 2.8% globally [60]. Hundreds of edible plant 

species exist to contribute to overall vegetable consumption but only around 20 are extensively 

cultivated in cropping systems. In order to promote nutrient intake under-utilized indigenous plants 

have to be scaled up [61]. The plant Amaranthus tricolor is resistent to heat, drought and most diseases 

and pests with leaves being rich in proteins and micronutrients such as iron, calcium, zinc, vitamin C 

and vitamin A or folic acid [62]. Moringa oleifera contains a high level of antioxidants, micronutrients 

and phytochemicals, further is easy to grow, has good processing characteristics and adequate 

palatability [61]. 

Underutilized GLV are inexpensive and should be considered as local solution to eradicate 

malnutrition and therewith associated impaired cognitive abilities, hampered physical development 

and increased susceptibility to infectious diseases. 

Nutrient and anti-nutrient contents of Amaranthus and Moringa leaves vary according to analysis 

(Supplementary Tables ST 3, ST 4, ST 5, ST 6; p.211 on the nutrient contents of fresh/dried Amaranthus 

tricolor/Moringa oleifera leaves according to literature review; and Chapter 6 (Lab analysis of ALP/MLP 

harvested in study site). 
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Amaranthus tricolor is occasionally consumed raw in salads or cooked as a vegetable. Consumption 

of up to 200g of fresh vegetable per day is considered as save having no adverse nutritional effects [63].  

Phenolics, saponins, tannins, phytic acid, oxalates, protease inhibitors, nitrates and polyphenoles 

and phytohemagglutinins have been reported as anti-nutritional factors in Amaranth leaves and stems 

which  may be consumed raw or cooked [64]. The phytic acid content was considered as low, thus not 

necessarily interfering with the absorption of minerals.  Of the total 1270mg oxalate per 100g fresh 

Amaranthus leaves, half (690mg) were soluble oxalates [65]. Thus, cooking and discarding the water 

removes potentially harmful oxalates and nitrates. Nitrate is a form of nitrogen being absorbed from 

the soil. Infants younger than six years maintain bacteria in their digestive tract converting nitrates to 

nitrite. Nitrites are poisoning as they bind to the Hb and hamper the oxygen transport. Further nitrates 

combine with some proteins to nitrosamines inducing cancer. Children older than six months with an 

adequate variety in their diet have not to worry about nitrates [64].  

Processing methods influence the nutrient content positively or negatively. Boiling leaves implied 

moderate losses of ascorbic acid or phosphorus, only longer blanching resulted in increased losses of 

ascorbic acid and β-carotene. Altogether blanching and cooking were found to increase the availability 

of minerals and reduce the content of antinutrients [62]. 

According to Funke, 2011 [66] chopping Amaranth leaves without heat processes is best to retain 

iron and vitamin C, thus recommended for children, pregnant and lactating mothers. Steaming or 

stewing should be preferred over boiling or blenching. The water from heat-processes may be further 

used to make soup or sauce. 

Antinutritional factors like phytates, tannins, saponins or oxalates are also known as “secondary 

metabolites“ having non-nutritive character and lowering the maximum utilization of nutrients in the 

defense against herbivores. Still, some of these plant chemicals have been shown to bear health-

promoting effects on human health (reduce blood glucose and insulin response, anti-carcinogenic, 

immunostimulatory, hypocholesterolemic, reducing risk of heart disease). Tannins are heat-stable and 

reduce protein digestibility by impeding digestive enzymes or binding to proteins forming tannin-

protein complexes. Moreover, tannins decrease the bioavailability of iron in the diet. Phytate (Inositol 

hexakisphosphate) is the salt form of phytic acid. Phytates reduce the availability of minerals and 

hamper protein digestion by formation of phytic acid-protein complexes [67]. Phytate binds to divalent 

mineral ions such as Zn2+, Fe2+/3+, Ca2+, Mg2+. When oxalic acid binds to minerals (Ca2+, Fe2+, Mg2+, 

Na+, K+) then it comes to the formation of oxalate salts. Calcium oxalates tend to be insoluble and bear 

the tendency to precipitate in the kidneys when the levels are high [68]. Faboya, 1990 investigated the 

interactions of divalent ions with oxalic acid in aqueous medium and concluded that the higher the 

concentration of Mg2+, the less precipitation of Zn2+ or Ca2+ oxalates. Thus the availability of Zn2+ and 

Ca2+ could be higher than assumed in oxalate-rich GLV which contain usually high levels in Mg, as well 

[69]. Zinc basically is not bound to oxalate, thus its bioavailability is not negatively affected by oxalate. 

Saponins have hemolytic activity, have a bitter taste, and impair the bioavailability of nutrients due to 

inhibiting enzymes and protein digestibility [68]. 

Moringa is a perennial tree with multiple purposes being of high nutritional value [67]. Every part 

of that tree is edible from its leaves, flowers, pods, stems down to its roots. In regard to safety issues no 

adverse health effects were reported in human studies utilizing Moringa oleifera in moderate dosage 

[70]. Price [71] reports 8g and 50g MLP to satisfy essential needs of a child 1-3 years or lactating/nursing 

mother, respectively or recommends 20g up to 100g fresh leaves per day.  
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Protein electrolytes contained in seeds have water-purifying character. Moringa leaves inhibit 

antoxidative, antihypertensive or immunomodulative actions. It grows fast and is drought-tolerant, 

however is sensible for waterlogging [72], [73]. Moringa oleifera is indigenous to northwest India. It 

grows up to 5 to 12 metres height when mature [74]. Frequent trimming promotes growing of branches 

and continuous harvest of leaves [61]. The leaves are rich in vitamin A, B, C, and E as well as the minerals 

calcium, iron, potassium, magnesium, and zinc. Moreover, Moringa leaves contain high amounts of 

protein composed of a good balance of all essential amino acids. Moringa counts to the underexploited 

food plant. Cooking increases protein digestibility from 55.4% in raw leaves up to 76.1% in cooked 

leaves. The content of tannins was significantly decreased after cooking by 27%. The phytin-phosphorus 

content could not be significantly decreased by cooking. b-carotene, ascorbic acid, and all minerals 

except iron (leaching from utensils) contents were significantly reduced after cooking, however still 

with high retention in the leaves [74]. 

Of all fatty acids present in Moringa, α-Linolenic acid (n-3) equals 45%, an essential fatty acid which 

acts as a precursor of the eicosanoid synthesis. Moringa has more polyunsaturated fatty acids than the 

saturated fatty acids and has an n-6/n-3 ratio of 0.17 (1:5.8), which is rarely found in foods and is highly 

desirable [75]. 

Foidl et al. reviewed antinutritional properties of unextracted fresh Moringa oleifera leaves as the 

following: nitrate (0.5mmol/100g), oxalate (4.1%), saponin (1.2%) and phytate (3.1%). No detection of 

trypsin inhibitor activity, cyanogenic glucoside or glucosinolates. Oxalates and phytates were reported 

at concentrations of 4.1 % and 3.1 % respectively. These are proportions likely to decrease the 

bioavailability of minerals. Saponins present in Moringa leaves appeared to be innocuous. Most of these 

antinutritional factors show solubility in aqueous ethanol and may be probably absent in extracted 

products of leaves [76].  

The presence of vitA (from 0.37 to 2.78 micromol/100 g cereal) or beta-carotene (from 0.58 to 2.06 

micromol/100 g cereal) is reported to prevent the inhibitory effect of phytates or polyphenoles on non-

heme iron absorption, thereby increasing iron absorption up to threefold for rice, 1.8-fold for wheat and 

corn [77]. Thermal processing of leafy vegetables reduces vitamin C, but improves bioavailability of 

carotenes. The bioavailability of minerals like iron or zinc is reported to be low due to antinutrients like 

phytates or polyphenoles however improved in the presence of ascorbic acid or protein [78]. Iron 

absorption and utilisation is improved in the presence of vitC, beta-carotene or retinol. VitC promotes 

iron absorption by the reduction of iron III ions to ferrous (Fe2+) state, beta-carotene equally has a 

positive effect on iron absorption by acting as a chelating agent and forming a complex with iron, 

thereby keeping it soluble and preventing inhibitory effects of antinutrients in the intestinal lumen, 

retinol allows adequate utilisation of iron in the body by promoting synthesis of erythropoietin which 

in turn is needed to stimulate the formation of red blood cells in the bone marrow, thereby playing an 

important role in hematopoesis [79]. 

According to Yang et al., 2006 mature Moringa leaves contained low amount of oxalate (99mg/100g 

dry weight) compared to spinach (2500-4500mg/100g dry weight). Mature leaves were more nutritious 

than young shoots due to lower water content, the latter however exhibited better quality of eating and 

had lower content of antinutrients [61]. Similarly Ndubuaku et al found mature leaves to have higher 

values of tannin, oxalate, phytate and saponin than succulent leaves [67]. Content of nutrients is 

influenced by stage of maturity of the leaves, aspects of season, conditions of growth, fetilizers used 

and soil [80], [61]. The effects of season influenced nutrient content in Moringa leaves by the factor 1.5 

to 3. In hot-wet season vitamin A content was higher, whilst iron and vitamin C were increased in the 
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cool-dry season [61]. Watanabe et al., 1994 report that oxalic acid accumulates during drought in the 

leaves, thus leaves harvested in summer contain higher amounts of oxalate than harvests in autumn 

[81]. Aletor & Adeogun found dried leaves of tropical vegetables to contain more phytic acid and 

oxalates than the fresh ones, largely ascribed to the lower moisture content of the former [82].  

Yadav & Sehgal found that drying had no significant effect on the reduction of antinutrients, while 

blanching and cooking were associated with significant reduction in oxalic acid, blanching resulted in 

significant reduction of phytic acid and polyphenol contents [83]. 

Similarly, Gupta et al., 2013 found dehydration to have only little effect on mineral and antinutrient 

content of GLV. Significant changes were merely observed for vitamin content e.g. Amaranthus tricolor, 

retained 4% of vitamin C, 43% of thiamine, 63% of β-carotene after drying. Yet, the drying process 

included steam blanching and a drying period of 10-12h at 60 degrees possibly implying a higher loss 

of vitamins than it would be the case with gentle shade-drying as performed for this research [84]. 

Vitamin C is the nutrient foremost affected by gentle mild-heat drying processes with most other 

nutrients being stable. Tests on in vitro iron bioavailability suggest that cooking increases the amount 

of bio-available iron of fresh leaves as well as of leaf powder by 3.5 to 3 times, respectively possible 

attributable to reduction of iron-polyphenol interactions through plant cell destruction [61]. 

The challenge of increasing micronutrients or decreasing antinutrients (phytic acid, phenols, 

oxalates) that inhibit absorption of minerals has to be achieved in designing balanced diets.  

Absorption of plant-based iron depends on the presence of enhancers and inhibitors in the diet. 

Measuring the molar ratio of phytate/minerals in the diet predict bioavailability of minerals in the body. 

The molar ratio critical value which is associated with low bioavailability, thus reduced mineral 

absorption is for PA:Ca > 0.24, PA:Zn  > 15.0, PA:Fe > 1.0. 55% of zinc is assumed to be absorbed if PA:Zn 

ratio is < 5 (high bioavailability), and 35% if PA:Zn ratio is between 5-15 (moderate bioavailability) [85]. 

Both zinc and calcium bioavailability is negatively affected with phytate ratio Ca x PA/Zn > 0.5 [86]. 

Foods considered as being high in PA are defined to contain >400mg PA/100g food [87]. 

Moles of phytate, oxalate and the minerals were determined by dividing actual amount of phytate, 

oxalate and minerals in g/100g food with their atomic weight or molar weight (phytate=660g/mol, 

Oxalate=88g/mol, Fe=56g/mol, Zn=65g/mol, Ca=40g/mol, P=31g/mol) [85] (Table 13, Table 14). Adverse 

effects of oxalates should be considered in terms of the oxalate:calcium molar ratio which should not 

exceed 9:4 (2.25) [88]. It has been suggested that the Ca:P molar ratio must be >1 to prevent kidney 

calcification in female rats.  An optimal ratio Ca:P was proposed to be 5:3 [89]. A molar ratio ≤ 0.5 was 

associated with increased calcium excretion and bone resorption through higher levels of S-PTH [90]. 

Calcium inhibits nonheme and heme iron absorption. Negative effects have been shown with the 

addition of 165mg calcium from milk products. However, multiple-meal studies with a wide variety of 

food items and their inhibitors and enhancers, indicate a limited inhibiting effect attributable to calcium. 

Animal proteins like milk or egg proteins occur to inhibit iron absorption, as well [91]. Dairy products 

were reviewed to inhibit non-haem iron absorption from meals not containing meat by 50%. The 

inhibitory effect of calcium can be lowered by the addition of enhancers of iron absorption to the diet, 

thus overall meal composition is decisive. Single-meal studies easily overexaggerate the negative effects 

on iron bioavailability, as the control-meal often is conceptualized with very little calcium amounts not 

representative of habitual diets, thus maximising the inhibiting effects by supplemtary dairy products 

or calcium. Still for countries with a habitual low calcium consumption there could be a functionally 
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important inhibiting effect by additional calcium e.g. during pregnancy if no iron supplements are taken 

[92]. 

2.7.3. Indian RDAs and Nutrient reference intake values for MAM  

The Expert Group of the Indian Council Medical Research released in 2009/2010 revised 

recommended dietary allowances for healthy individuals [59], similarly the Institute of Medicine 1997-

2011 provides guidance for recommended dietary allowances and adequate intake values for global use 

[93]. For moderately malnourished individuals no generally accepted RNIs are set worldwide. Golden, 

2009 [94] proposes absolute amounts of nutrient intake for children suffering from MAM who receive 

mixtures of locally available foods over a longer period of time in order to prevent or treat moderate 

stunting or wasting (Table 5).  

Table 5: Indian RDAs, RDAs of the Institute of Medicine and recommendations for MAM by Golden 

 
1-3y 
ICMR, 2009 [59] 

1-3y 
IOM, 1997-2011 [93] 

1-2y 
Golden, 2009 [94] 

Energy (kcal) 1060 1023 956 (FAO)a 
Protein (g) 16.7 13 23 
Fat (g) 27 - - 
CHO (g) - 130 - 
Vitamin A (RE, µg) 400 300 920 
Tocopherol, vit E (mg) - 6 11 
Vitamin K (µg) - 30* 20 
Thiamine (mg) 0.5 0.5 0.575 
Riboflavine (mg) 0.6 0.5 0.770 
Niacin (mg) 8 6 8 
Pantothenic acid (mg) - 2* 3 
Pyridoxine (B6) (mg) 0.9 0.5 0.770 
Biotin (µg) - 8* 9.5 
Folate (µg) 80 150 210 
Cobalamin (B12) (µg) 0.2-1 0.9 0.960 
Ascorbate (mg) 40 15 70 
Cholecalciferol, vitD (µg) - 15 7 
Calcium (mg) 600 700 570 
Magnesium (mg) 50 80 190 
Phosphorus (mg) - 460 570 
Copper (µg) - 340 650 
Manganese (mg) - 1.2* 1.1 
Sodium (mg) - 1000* 530 
Potassium (mg) - 3000* 1350 
Iron (mg) 9 7 9 
Zinc (mg) 5 3 12 
Sulfur (mg) - - 0 
Iodine (µg) - 90 190 
Selenium (µg) - 20 30 
Chromium (µg) - 11* 11 
Molybdenum (µg) - 17 15 

* Adequate intake (AI) 

a An optimized short-term supplementary feeding program aims MAM children to gain 5g/kg/day, then initial tissue deficits may 
be replaced after 30 days. With a requirement of 82kcal/kg/day and an assumed absorption rate of 90%, a child needs 
91kcal/kg/day. In order to account for malabsorption (10%), as well as spillage (5-10%), the normal calculation for energy 
requirement for maintenance uses 100kcal/kg/day. In case of 70% of the new tissue is lean tissue the energy requirement raises to 
115kcal/kg/day, if the rate of weight gain is aimed to be 5g/kg/day, Figure 8 (Golden, 2009) [94]. 

The WHO 2012 [95] suggests for the management of moderate acute malnutrition an energy intake of 25 kcal/kg/day in 
addition to the requirements of non-malnourished children as likely to support a weight gain of 5 g/kg/day, based on average 
tissue composition, this would equal 1382.5kcal in case of Indian children suffering from MAM. Further per 1000kcal a 
minimum/maximum of 20g/43g of protein or 25g/65g of fat is recommended.  
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The current research was aimed to develop cost-efficient supplementary meals to prevent or treat 

anemia as primary objective with available resources. Hereby a realistic diversified nutrition concept 

was the main focus which can be easily applied during long-term community-feeding programs or 

counselled to and adapted by the caretaker for general home-based feeding routine subsequent to the 

completion of the study. Thus, the reference intake values proposed by ICMR, 2009 [59] and IOM, 1997-

2011 [93] were applied during study recipe definition and considered as suitable for this blanket SFP. 

Choices of foods and ingredients in the study meals were made according to guidelines proposed for 

moderately malnourished children by Michaelsen et al. [53], local availability of foods, and price 

considerations. 

  
Figure 8: Expected weight gain (g/kg/day) in relation to the proportion of lean tissue being synthesized for 

different energy intakes (kcal/kg/day) 

Source: adapted from Golden, 2009 [94] 
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3. General Methodology of the Study 
 

3.1. Research site: rural area around Bolpur, West Bengal, India 

The study took place in India, West Bengal, Birbhum District. The study site included 21 villages 

around Bolpur, located in the Bolpur Sriniketan Block (Figure 9).  

 

3.2. Population under study 

1.2 billion people live in India, -this accounts for about one sixth of the world´s population, sharing 

a country of one third size of the United States. On earth, India is the second most populated nation 

after China [1]. The Birbhum district counts 3.5 million inhabitants in 2011, with 87.2% living on the 

rural site [2]. Santals live a symbiotic life with nature and maintain their own social structures, (often 

considered as non-Hindu) culture, traditions and ritual practices, customs, perceptions, beliefs and 

values, and are preserving their native language “Santali” [3]. As often falsely assumed the cast 

hierarchy cannot be applied to them, as they used to live physically separated from the mainstream and 

upper cast groups. Scheduled tribes were never segregated in terms of ritual exclusion also known as 

untouchability, as may do members of the Scheduled Casts or `Dalits` [4]. National poverty rates have 

diminished by 20% in the last two decades in India. However, the economic growth and educational 

improvements have been inegalitarian, with the Adivasi people prevailing in the most indigent wealth 

decile being denominated as vulnerable social groups. Addressing the longing for progress, considering 

needs of tribal people will be critical in order to achieve shared growth. Further the voice of Adivasi 

people in decision-making on political level has to be raised [5].  Under-five-mortality rates among 

Adivasis are by 25% increased as compared to non-Adivasi children in this age range. Also levels of 

malnutrition are worse as compared to Indian National average [6]. The term “Santal” is comprising 

two words: santa stands for a calm and peaceful being and ala means man [7]. Santals way of living is 

melting together in unity with nature. They construct their houses in the middle of agricultural land, 

and Santals are mostly involved in rice farming and harness the fruits, tubers or flowers of nature´s 

goodness or hunt wild animals with their self-constructed arrows, spears or other weapons. They 

worship the “deemed abodes of supernatural spirits like sun, moon, mountain or spring etc. (...). Purity 

of speech, purity of deeds and purity of thoughts are the philosophy of life.” Until the time of British 

colonialists Santals had no recorded script of their history but oral tradition in form of story telling, 

religious rituals, songs, dances and legends, altogether preserving their customs, traditions, culture and 

their language [8]. In times of globalization and modernization multi-culturalism is invading and 

gradually undermining traditions. Deforestation has led to a change in the economic perspectives of the 

Santals now earning their living by being engaged in daily agricultural labor. The educated young 

generation is more eager to absorb the culture of others than to conserve their own [9]. 

Policy protection schemes started from the 1950s onwards, and were deemed to pull tribes into the 

mainstream of development. However, this attempt of alignment often failed and left them de-rooted 

and environmentally or socially pauperised. The first prime minister of India Jawaharlal Nehru 

commented on this issue: “tribal people possess a variety of cultures and are in many ways certainly 

not backward. There is no point in trying to make them a second rate copy of ourselves (...), they are 

people who sing and dance and try to enjoy life; not people who sit in stock exchanges, shout at each 

other, and think themselves civilized. (...) the tribal people should be helped to grow according to their 

genius and [nature-oriented] tradition” [1], [10]. 
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Picture 5: Village life 

© C.K. Stiller, Shining Eyes e.V. 
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Figure 9: India, West Bengal, Birbhum District, Bolpur Sriniketan Block 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reference of maps: 
https://en.wikipedia.org/wiki/West_Bengal 

https://en.wikipedia.org/wiki/Birbhum_district 
http://www.indiagrowing.com/West_Bengal/Birbhum 

Map of study site provided by Bolpur Manab Jamin. 
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3.3. Inclusion and exclusion criteria 

All villages included are Santal tribal villages in order to guarantee comparability of the sample. 

The target population of this trial were children aged 6 months up to 36 months at baseline 

assessment (due to limited sample size it was decided to include children aged up to 39 months at 

baseline). This age range was attempted in order to cover the 1,000 day window, moreover to assure 

comparability of study data to available national data as the National Health Surveys similarly include 

children <3 years (NFHS-1 to 3) or <5 years (NFHS-4), respectively.  

To holistically cover the 1,000 day window pregnant and lactating mothers during the first six 

months after delivery were entitled to eat in the program as well, however the effects of the nutrition 

intervention were merely measured and analysed for children (due to small sample size and highly 

varying intervention periods among pregnant and lactating mothers). 

Still, the analyzation of mother-child dyads at baseline was one objective of the current research in 

order to draw cross-links/define possible dependent factors between mother and child during 

evaluation. Herefore the collection of baseline data (Hb-value, anthropometric measurements) of all 

mothers of the target children has been performed.  

Beneficiaries with the following conditions are excluded from the study: 

• Children with severe anemia: Hb < 7.0 g/dl 

• Children whose care takers do not give their informed consent 

• Pregnant/lactating women who do not give their informed consent 
 

Note: Excluded children continue to attend the nutrition program if they wish. Additionally, they are treated at “St. Mary’s 
Child and Mother Health Care Centre” and receive iron tablets, vitamins/minerals, 5 meals a day when admitted in hospital etc., 
as is required for their recovery. Their data will not be analyzed in the proposed study, but they will be eligible of all benefits – 
to ensure healthy development as well as social freedom in the village community. 

 

Severely malnourished and/or anemic children and mothers were referred to the St. Mary´s Child and 

Mother Health Care Centre for intense checkup, further treatment and supplementary food: 

• Severely anemic children (Hb < 7.0 g/dl) and mothers (Hb < 8.0 g/dl) 

• SAM children with wasting WHZ < -3SD or with MUAC < 11.5cm 

• Lactating women with BMI < 16 or with MUAC < 21cm 

• Pregnant women with MUAC < 21cm 
 

Note: Severely malnourished children (WHZ<-3SD) or mothers with low BMI or MUAC were referred to the hospital to be 
admitted for supplementary food. However, they did not stay longer than few days, as they felt healthy or had to leave for home 
to afford their living. Thus, those children with severe wasting who have received medical treatment in accordance with the study 
treatment protocol, continued to be included in further statistical analysis, as they received additional supplementary food by the 
health care centre, if any, merely for few days. 

 

3.4. Design of the study 
A cluster-randomized control trial design was chosen. The study comprises three intervention arms 

and one control group as reference. The study site includes 21 villages located in the Bolpur Sriniketan 

Community Development Block, Birbhum District. The duration of intervention was scheduled for 18 

months. Children of the control group (CG) receive no nutrition intervention however equally benefit 

of medical checkups at each reference point (before the intervention t0, after 6 months t6, and at t12, and 

t18 (only CG)). Enrolled children were assessed in the same manner (i.e. medical checkup/required 
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treatment, Hb determination by HemoCue Hb201+, morbidity status and anthropometric assessment 

as well as demographic data and the food/feeding habits at family level by means of a semi-structured 

questionnaire).  

By applying the same framework conditions for the intervention and control groups, the study is 

able to define single effects of measures applied, thereby demonstrates the effect of the diversified meals 

only (IG1) and the added value of provided leaf powder (ALP/MLP) (IG2) or an adjusted amount of 

micronutrient sprinkle (MNP) (IG3) (Table 6). This longitudinal study approach allows the investigation 

of longer-term physiological effects implied by natural supplementation dosages in the children. 

Thereby Hb-development, and growth trends as well as the influence of season can be taken into 

consideration more precisely.  

The amount of MNP provided in IG3 was defined according to the iron content of natural plant 

resources (IG2) (Table 6). Thus, meals offered in IG2 and IG3 constituted of an identical amount of iron. 

Thereby, the investigation of potential physiological differences in the body implied by add-ons 

composed of natural food sources (ALP/MLP, IG2) versa isolated nutrients (MNP, IG3) was made 

possible. Different intervention effects achieved by IG2 versa IG3 as opposed to the CG, may be 

attributable to varying contents of antinutrients, biofunctional properties of whole foods, or the more 

holistic composition of type I and II nutrients present in MNP.  
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Figure 10: Study design 
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Table 6: Study intervention types and indication according to intervention 

 

  

 

Picture 6: Moringa and Amaranthus leaves plantation and the commercial MNP TopNutri, processed leaf 
powder of MLP (left side) and ALP (right side), the leaf powder mixture ALP 2:1 MLP added to study meal, and 
exemplified study meal with MNP. © Shining Eyes e.V. 

 
2  Lab-Analysis in LA-Chemie University of Hohenheim (2014): Amaranthus tricolor (86.8mg iron/100g dried leaf powder); 
Moringa oleifera (Ø of three analyses: 15.7mg iron/100g dried leaf powder) 
3 TopNutri (Compact for life datasheet); (103mg iron/100g TopNutri) (for holistic nutrient content presentation of TopNutri, 
please refer to supplementary material Chapter 6, company recommendation is 7.5g TopNutri/day for children aged ½ to 8 years). 
 
Note: Due to practical issues the ALP/MLP (IG2) or MNP (IG3) was directly mixed into the cooking pot. In case of Halwa a half 
cooked egg (»25g) was served along. Thus, for an exemplified portion size of 100g -including the cooked egg, a 75g portion of 
Halwa already contains 3g ALP/MLP (IG2) or 1.84g TopNutri (IG3), i.e. for the study meal Halwa (without the half egg) 75g 
porridge was the reference unit to be enriched with 3g leaf powder/1.84g sprinkle, whereas in case of Khechuri 100g of the cooked 
food was the reference unit for dosage application. Thereby it was assured that a child which eats merely 100g meal size (including 
the half egg) receives minimum enrichments during this low-dose trial. For higher serving sizes of Halwa the amount of 
enrichments increases proportionally for IG2 and IG3 (i.e. 175g Halwa with 25g egg: 7g ALP/MLP and 4.29g TopNutri). In sight 
of limitations related to recipe implementation (e.g. increased water adding during cooking) (Chapter 6) and in the attempt to 
seek for simplification, the dosage of enrichments -as indicated in Table 6, is referred to as effective dosage for both study recipes 
in all subsequent considerations. 

 Study intervention Indication 

Intervention group 1 Three diversified meals (twice Halwa 
served with half cooked egg, once 
Khechuri) per week for one year  

3 diversified cooked meals per week: 

100g for children   6 - <12 months 

150g for children 12 - <24 months 

200g for children 24 - <36 months 

250g for children ³ 36 months 

300g for mothers of target children (during 
pregnancy and/or lactation during the first 6 
months) 
*Note children are entitled to eat as much they like, 
attendance was recorded throughout the study period,  
portion sizes consumed were documented as well.  

Intervention group 2 Exactly the same diversified meals 
plus mixture of iron-rich leaf powder 
from dehydrated local plants, i.e. 
Amaranthus tricolor and Moringa 
oleifera 

Meals plus dried leaf-powder of 
Amaranthus & Moringa (mixed 2:1)2: 

3g leaf powder per 100g cooked food  

(= 1.9mg iron) 

Intervention group 3 Exactly the same diversified meals 
plus micronutrient sprinkle 
“TopNutri” manufactured by 
“Compact for Life”  

Meals plus TopNutri3: 

1.84g TopNutri per 100g cooked food  

(= 1.9mg iron) 

Control group -- -- 
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3.5. Leaf powder production (Amaranthus tricolor, Moringa oleifera) 

The Amaranthus tricolor leaf powder production was performed by staff members of the NGO 

Bolpur Manab Jamin (guided by Srikanta Mondal). The Moringa oleifera leaf powder production was 

mainly performed by staff members of the NGO Shining Eyes (the horticulturists Anne and Rolf Bucher 

as well as the Indian horticulturist Nilu Murmu). Hereby gentle shade-drying on black plastic sheets 

has been performed. The whole process of leaf powder production embraces harvest, washing of leaves, 

drying, blending of dried leaves to powder, packaging and storage of leaf powder. 

Harvest of Moringa leaves: 

In May and June, after the dry season, new fresh leaves begin to develop. The harvest of leaves can take place from May to 
December. Most common in June, July and October. The fruits of the Moringa tree „drumsticks“ mainly are harvested in January 
to March. During leaf harvest priority was given to dark green leaves not light-greenish leaves, which are young and lack nutrients 
due to higher water content. Further these young leaves need too much time for later drying, which implies a further loss of 
nutrients. One may need 8kg of light green, fresh young leaves to produce 1kg powder, whereas in the case of the usage of mature, 
dark green leaves only 3.5kg fresh leaves were required to produce 1kg powder. Hygiene is of highest priority at any step of the 
harvest and processing. Persons with wounds or infectious diseases are not allowed to attend harvest or processing of leaves. 
Whole lean branches and twigs were cutted from the trees and transported in clean baskets to the processing area. Trees close to 
traffic were not harvested due to high air pollution. 

  
Moringa leaf powder production: 

Further processing steps of the leaves followed on the same day as the harvest of the leaves, in order to avoid wilting or 
rotting in the leaves. Damaged or highly polluted leaves were removed from the harvest. To minimize load of dust, the twigs 
were twice drawed and rinsed off for some seconds through baskets of clean drinking water. Note that some remaining dust is 
not harmful and even may improve the mineral content in the overall produced powder. For drying the cleaned Moringa twigs 
were distributed flat on a black clean plastic foil in a light sunny-shadowish place. This first drying process only takes about three 
to five hours and serves as first surface drying of the leaves. The in-depth drying is continued in a dark cool room for one more 
day. A too high light or heat exposition as in direct sunlight highly diminishes vitamin content. Leaves and powder have to 
remain dark green, throughout the whole processing and storage period, if they become yellowish most nutrients are destroyed 
and the powder has no value anymore.  After finished drying process the leaves easily fall off the stems. Leaves were separated 
from stems and blended in a mixer of stainless-steel to maintain hygienic conditions. After blending the leaf powder was put into 
clean, moisture-resistent, aroma-proof plastic bags and stored in dark, cool, dry place for no longer than six months. 

 
Picture 7: Moringa tree plantation by using hardwood cuttings, Moringa leaf harvest, washing and drying, MLP 
production and usage in cooking. 

© Buchers, C.K. Stiller, Shining Eyes e.V.; Anne and Rolf Bucher are two German horticulturists 

providing high quality agricultural trainings to native people in India, Africa, and Vietnam. 
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3.6. Anganwadi Center recipes and study recipes applied during the intervention trial 

Diets for children suffering from moderate malnutrition should aim at a fat energy percentage 

between 35 and 45 percent [11]. Recipes designed for this study are energy-rich with a high contribution 

of protein and fat to total energy (Table 8, Table 11). In comparison, recipes offered at AWCs at the time 

of study recipe conception (pre-study in 2014, Picture 8) or in 2015/16 (Supplementary Tables: ST 8, ST 

9, ST 11, ST 12; p.214), had a too low contribution of fat to total energy. The comparison of energy 

density, share of animal protein, macro-distribution range of protein, fat, and carbohydrates, and 

ascorbic acid density between exemplified portion sizes of AWC recipes (2015-16) and self-designed 

diversified study recipes without enrichments -as served for IG1; is presented in ST 16, p.218. Cost-

estimation of AWC (ST 7, ST 10; p.214) and study recipes (ST 13, ST 14; p.217) is presented in the 

supplementary material of the dissertation, with subsequent price comparison (ST 15, p.218). For 

estimating nutrient contents of the AWC recipes the same assumption regarding water absorbance by 

raw ingredients during the cooking process has been applied as in self-designed study recipes, 

moreover the calculation was performed on basis of the theoretical AWC meal composition -as provided 

by the Government of West Bengal, Office of the District Magistrate, Birbhum District ICDS Cell for the 

period October 2015-January 2016 to assure no underestimation of AWC nutrient density. Still, the 

estimated nutrient content for the AWC meals failed to fulfill the minimum recommended density of 

ascorbic acid (20mg/1000kcal) as stipulated by the Indian Council of Medical Research [12]. Thus, a 

desired iron absorption rate of 5-8% was not guaranteed which implies worse outcomes for the iron 

supply of beneficiaries of the government program. When taking into account that in practice the ICDS 

meals as observed in 2014 during a pre-study (Picture 8) [13], frequently experienced lower amounts of 

vegetables than originally intended by the government, moreover were characterized by a high excess 

of water content which negatively impinges on the nutrient-density, all values calculated on the basis 

on theoretical guidelines are likely to be an overestimation of nutrients and in practice achieved nutrient 

intakes by AWC meals may fell substantially shorter than assumed. During the pre-study in 2014 (n=31), 

merely 38.7% of families took advantage of AWC meals when being accompanied for a full day in the 

scope of the assessment of food weighing protocols. Reasons for not consuming AWC meals were being 

not registered, being overlooked by the AWC authorities, or lacking interest to join. Some mothers even 

reported to refuse to eat the food on a daily basis due to disliking the taste or quality. As food rations 

were allowed to take home, food-sharing frequently occurred [13].  

Even despite of the above mentioned limitations of the government recipes in 2014, the importance 

and appreciation of supplementary feeding programs and various health care schemes offered by the 

government shall be stressed at that point, e.g. the half chicken egg (on six days per week), or milk (on 

three days per week) provided as well as the continuity of the offered food program is a decisive support 

for all children entitled as beneficiary and makes a distinct contribution in combatting child 

undernutrition. 

Still, in regard to the home-based monotonous, protein-poor and carbohydrate-rich rice-based diet, 

which children are receiving during the rest of the day, the urgency to enhance supplementary meals 

that may be provided in the scope of government programs or programs hosted by NGOs becomes 

palpable. In addition to the valuable protein sources offered (chicken egg, milk), supplementary foods 

should offer an alternative to rice, but foremost contain a significant share of vegetables, beneficial fats, 

and micronutrients. 

Dietary diversification is a key intervention to improve micronutrient deficiencies. This study plans 

to find locally accessible and sustainable options to design supplementary meals in order to strengthen 
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child health in Birbhum District. Therefore, the study will critically analyze the health effects of 

providing diversified meals only (IG1), diversified meals plus leaf powder from local plants (namely 

Amaranthus tricolor/Moringa oleifera) (IG2), and diversified meals plus an adjusted amount of 

commercial micronutrient powder (TopNutri, manufactured by Compact for Life) (IG3). 

 
Picture 8: Anganwadi Center food offered six days a week as observed during a pre-study in 2014. Rice, lentils, 
vegetables (“Khechuri”) with half boiled egg (left). Mixed rice with potato curry and half egg (right). 

Source: Piroth, 2014 [13]. © Shining Eyes e.V. 

Chapter 6 analyzes the intervention effect and contains a graph on the nutrient composition of study 

meals and enrichments, thereby visualizes the respective percentual contribution to the children´s 

recommended daily nutrient intake. The graph on nutrient compositon of study meals presents the 

estimated breastmilk intake, and intake of home-based complementary feeding including the share of 

in 2014 provided meals by the AWC as assessed by Piroth (2014) (ST 1, ST 2; p.209), nutrient estimates 

for the enrichments ALP/MLP (lab analyses of locally produced leaf powder (suppl. material of Chapter 

6) and literature research on nutrient content of Amaranthus and Moringa (Supplementary Tables ST 3, 

ST 4, ST 5, ST 6; p.211) and TopNutri data sheet (suppl. material of Chapter 6); as well as own study 

recipe analysis by NutriSurvey (Table 9, Table 12; p.47). Note: As Halwa (ingredients: wheat flour, 

mosur dal, banana, dried dates, pumpkin, skimmed milk powder, jaggery, poppy seeds, soy bean oil 

enriched with VitA,E,D, plus half egg) is provided twice a week and Khechuri (ingredients: rice, mung 

dal, soya chunks, spinach, pumpkin, soy bean oil enriched with VitA,E,D, garlic, onion, ginger, 

turmeric, cumin plus chicken meat) once a week, a ration of 2:1 has been applied to present the daily 

nutrient profile. Overall, cooked meals will be provided three times a week for the duration of 18 

months. 

Self-designed study recipes better succeed in the fulfillment of nutrient requirements than those of 

the AWC in 2014 (SF 1, p.219), nevertheless the total daily iron intake seems to be still low. The nutrients 

provided by breastmilk have been calculated on the basis of ripe breastmilk composition [14] and the 

assumption of medium breastmilk energy intake [15]. Iron concentrations in breastmilk are low (0.2-0.4 

mg/L), however it should be stressed at this point, that physiological processes in the breastfed infant 

as well as factors enhancing iron absorption from breastmilk are not yet holistically understood. It is 

assumed that the high bioavailability of iron in breastmilk compensates for its low iron concentrations 

[16]. Evidence shows that exclusively-breastfed infants of non-anemic and anemic mothers have 

sufficient iron for at least 6 months [17], [18], which indicates that also in later stages during lactation 

breastmilk constitutes an important source of iron. 
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Table 7: Ingredients of Halwa (wheat, lentils, vegetable-fruit porridge served with half an egg; served twice a 
week plus half an egg per capita) 

Food  
Amount 
g 

Phytate (mg) 
per 100g food 
[19] 

Milk powder, whole  10 - 
Wheat, flour, white (Ata, sada, packet) 10 632 
Lentil, raw (Mosur dal)  5 218 

Banana, ripe, raw 60 13.98 

Dates, dried  16 126 
Pumpkin, raw (Mistikumra) 55 19.72 
Poppy seeds (posto dana)  5 1109 

Jaggery, solid (Gur, Akh) 8 - 
Oil, sunflower, added Vit A, D, E 10 - 
Water (absorbed after cooking process) 94 - 

Water (entered in Nutrisurvey) 120 - 
   
 
 

 

Picture 10: Exemplified portion of Halwa (150g) only (left), or enriched with ALP (3g)/MLP (1.5g) (middle and 
right). Every child received a half boiled chicken egg served with Halwa. 

Note: compare information on p.42. During intervention the porridge Halwa (without the half boiled 

egg) contained 3g leaf powder (IG2)/1.84g sprinkle (IG3) per 75g cooked porridge.  © C.K. Stiller, 

Shining Eyes e.V. 

 

Table 8: Proportion of energy derived from protein, fat, and carobohydrates, energy density and vitC density 
of self-designed recipe Halwa  

Energy density cooked portion Halwa Animal protein E% 
(protein) 

E% 
(fat) 

E% 
(CHO) 

VitC density 

1.35 kcal/g 34% 9% 40% 51% 28.2mg/1000kcal 

 
Energy density cooked portion Halwa (75g) + 
half egg (25g) Animal protein 

E% 
(protein) 

E% 
(fat) 

E% 
(CHO) VitC density 

1.39 kcal/g 77% 19% 45% 37% 20.8mg/1000kcal 

 
Energy density cooked portion Halwa (125g) + 
half egg (25g) 

Animal protein E% 
(protein) 

E% 
(fat) 

E% 
(CHO) 

VitC density 

1.38 kcal/g 70% 16% 43% 41% 23.2mg/1000kcal 

 
Energy density cooked portion Halwa (175g) + 
half egg (25g) Animal protein 

E% 
(protein) 

E% 
(fat) 

E% 
(CHO) VitC density 

1.37 kcal/g 64% 14% 42% 44% 24.5mg/1000kcal 

 

Picture 9: Study meal "Halwa" (75g) 
with half chicken egg (25g) 
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Table 9: Nutrient composition of Halwa 

 
 

Halwa 
(100g) 

 

half an 
egg (25g) 

Halwa + half 
egg (150g) 
(minimum 
portion size 
child 1-3y) 

Recommendation 
(RDA or AI) 

(1-3 years), average 
body weight 12.9kg 

(ICMR, 2009 [12]; 
IOM, 1997-2011 [20]) 

% of 
recommendation 

(150g portion) 
 

Halwa (175g) 
& half egg 

(25g) 

energy (kcal) 134.6 38.4 206.7 1060 19.5 274.3 
protein (g) 3.0 4 7.7 16.7 46.1 9.2 
fat (g) 5.8 2.5 9.7 27 35.9 12.7 
CHO (g) 16.3 0 20.4 130 15.7 28.6 
vit A (RE, µg) 112.8 45.8 186.8 400 46.7 243.2 
vit E (eq., mg) 2.0 0.2 2.7 6 45 3.7 
vit K (µg) 6.4 12 20 30* 66.7 23.2 
vit B1 (mg) 0.1 0 0.1 0.5 20 0.1 
vit B2 (mg) 0.1 0.1 0.2 0.6 33.3 0.3 
niacin (mg) 1.2 1.1 2.5 8 31.3 3.1 
vit B5 (mg) 0.2 0.4 0.7 2* 35 0.8 
vit B6 (mg) 0.1 0 0.1 0.9 11.1 0.1 
biotin (µg) 1.5 7.7 8.1 8* 101.3 8.8 
tot. fol. acid (µg) 9.8 10.3 22.4 80 28 27.3 
vit B12 (µg)a 0.1 0.5 0.6 0.2-1 60-300 0.7 
vit C (mg) 3.8 0 4.8 40 12 6.7 
vit D (µg) 0.2 0.5 0.7 5 14 0.8 
calcium (mg) 84.8 8 114 600 19 156.9 
magnesium (mg) 25.9 5.8 38.2 50 76.4 51.3 
phosphorus (mg) 71.8 60.8 150.6 460 32.7 186.9 
copper (mg) 0.2 0.1 0.3 0.34 88.2 0.4 
manganese (mg) 0.3 0 0.4 1.2* 33.3 0.6 
sodium (mg) 23 32.3 61 1000* 6.1 72.5 
potassium (mg) 298 30.5 403 3000* 13.4 552 
iron (mg) 0.8 0.4 1.5 9 16.7 1.9 
zinc (mg) 0.6 0.7 1.3 5 26 1.6 
sulfur (mg) 21.3 45 71.6 - - 82.3 
iodine (µg) 3.2 2.5 6.5 90 7.2 8 

 
* Adequate intake (AI), other dietary reference intake values indicated are recommended dietary allowances (RDA). 
a 100g whole milk powder provide 3µg B12, 100g egg provide 2µg B12 (USDA Food Composition Table SR28 (2012) accessible 
in NutriSurvey [21]). All other nutrient contents based on the Bangladesh FCT, 2013 [22]. 
 

Table 10: Ingredients of Khechuri (rice, lentils, chicken, vegetable dish; served once a week) 

Food 
  

Amount 
g 

Phytate (mg) per 
100g food 

[19] 
Oxalate (mg) per 100g food 

Rice  15 274  

Green gram (Mung dal)  10 450  
Soya chunks 5 443  
Chicken (without bones) 30 -  

Spinach, raw (Palong shak/ Kulmi) 30 12.01 
spinacia oleracea 970 fresh weight basis [23] 

12.58 dry weight basis [24] 
 

Pumpkin, raw (Mistikumra)  30 19.72  
Garlic, raw 2.5 35.43  

Onion, raw  7.5 8.28  
Ginger root, raw  5 14.5  
Turmeric 0.5 358  

Cumin seeds (Jira) 0.5 445  
Iodized salt  0.9 -  
Oil, Sunflower, added A,D,E 12 -  

Water (aborbed after cooking process) 84 -  

Water (entered in Nutrisurvey) 112 -  
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Picture 11: Exemplified portion of Khechuri (150g) only (left), or enriched with ALP (3g)/MLP (1.5g) (middle and 
right). 

Note: compare information on p.42. During intervention Khechuri contained 3g leaf powder (IG2)/1.84g 

sprinkle (IG3) per 100g cooked food © C.K. Stiller, Shining Eyes e.V. 

 

Table 11: Percentage of energy derived from protein, fat and carbohydrates, energy and vitC density of self-
designed recipe Khechuri  

Energy density cooked portion Khechuri Animal protein E% (protein) E% (fat) E% (CHO) VitC density 

1.16 kcal/g 48% 22% 44% 34% 39.2mg/1000kcal 

 

Table 12: Nutrient composition of Khechuri 

  
Khechuri with 
chicken (100g 

cooked 
portion) 

Khechuri with 
chicken 

cooked portion 
(150g) 

Recommendation 
(RDA or AI) 

(1-3 years), average 
body weight 12.9kg 

(ICMR, 2009 [12]; 
IOM, 1997-2011 [20]) 

% of recommendation 
(150g) 

Khechuri 
(200g) 

energy (kcal) 115.7 173.4 1060 16.4 231.4 
protein (g) 6.2 9.3 16.7 55.7 12.4 
fat (g) 5.6 8.4 27 30.7 11.1 
CHO (g) 9.6 14.3 130 11 19.1 
vit A (RE, µg) 141.2 211.9 400 53.0 282.2 
vit E (eq., mg) 2.6 3.9 6 65.0 5.2 
vit K (µg) 54.5 81.8 30* 272.7 109.0 
vit B1 (mg) 0.1 0.1 0.5 20.0 0.1 
vit B2 (mg) 0 0.1 0.6 16.7 0.1 
niacin (mg) 2.7 4 8 50.0 5.3 
vit B5 (mg) 0.2 0.3 2* 15.0 0.4 
vit B6 (mg) 0.1 0.2 0.9 22.2 0.2 
biotin (µg) 1.6 2.4 8* 30.0 3.2 
tot. fol. acid (µg) 31.3 46.9 80 58.6 62.5 
vit B12 (µg)a 0.1 0.1 0.2-1 10-50 0.1 
vit C (mg) 4.5 6.8 40 17.0 9.1 
vit D (µg) 0.3 0.4 5 8.0 0.5 
calcium (mg) 40.3 60.2 600 10.0 80.7 
magnesium (mg) 31.2 46.7 50 93.4 62.5 
phosphorus (mg) 74.1 110.9 460 24.1 148.2 
copper (mg) 0.2 0.3 0.34 88.2 0.4 
manganese (mg) 0.4 0.5 1.2* 41.7 0.7 
sodium (mg) 184 276 1000* 27.6 368 
potassium (mg) 284 426 3000* 14.2 568 
iron (mg) 1.5 2.2 9 24.4 3 
zinc (mg) 0.7 1 5 20.0 1.4 
sulfur (mg) 39.6 59.4 - - 79.1 
iodine (µg) 2.6 4.0 90 4.4 5.3 

 
* Adequate Intake (AI) 
a 100g chicken provide 0.4µg B12, 100ml cow milk provide 0.4µg B12 [25]. All other nutrient contents based on the Bangladesh 
FCT, 2013 [22]. 
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Table 13: Mineral and anti-nutrient content of Amaranthus and Moringa leaf powder, TopNutri and applied 
diversified recipes per 100g 

Food Fe (mg) Ca (mg) Zn (mg) P (mg) Phytate (mg) Oxalate (mg) 
Amaranthus leaf powder (100g) 86.8 1520 4.2 620 max.: 49.9 5063.5 
Moringa leaf powder (100g) 15.7 1845 1.7 250 max.: 49.9 1008.3 
TopNutri (100g) 103 4200 50 3060 max.: 0.1 n.a. 
Halwa (100g) 0.8 84.8 0.5 71.9 62.3 n.a. 

Halwa (75g) & 2g ALP and 1g MLP 2.5 112.45 0.5 68.8 48.2 111.4 
(only ALP/MLP) 

Halwa (100g) & 
2g ALP and 1g MLP 

2.7 133.9 0.6 86.9 63.8 
111.4 
(only ALP/MLP) 

Halwa (75g) & 1.84g TopNutri 2.5 140.9 1.3 110.2 46.7 n.a. 
Halwa (100g) & 1.84g TopNutri 2.7 162.1 1.4 128.2 62.3 n.a. 
Halwa (75g) with half egg (25g) 1.0 70.8 1.0 108.9 46.8 n.a. 
Halwa (75g) with half egg (25g) & 
2g ALP and 1g MLP 

2.9 119.8 1.1 123.9 48.3 111.4       
(only ALP/MLP) 

Halwa (75g) with half egg (25g) & 1.84g TopNutri 2.9 148.1 1.9 165.2 46.8 n.a. 
Khechuri (100g) 1.5 40.1 0.7 74.0 52.4 123.9 
Khechuri (100g) & 
2g ALP and 1g MLP 3.4 88.8 0.8 88.9 53.9 235.3 

Khechuri (100g) & 1.84g TopNutri 3.4 117.4 1.6 130.3 52.4 n.a. 

 

Table 14: Phytate – Minerals and Oxalate – Calcium molar ratio of leaf powder and study meals 

Food PA:Fe CV PA:Zn CV PA:Ca CV Ca*PA/
Zn 

CV Ca:P Optimal 
ratio 

Oxalate: 
Ca 

CV  
Zn:Fe 

no inhibitory 
effect of Zn 
on Fe absorp. 
at Zn:Fe 
ratios up to: 

Amaranthus leaf 
powder (100g) 

Max 
0.05 

1 Max 
1.16 

15 
or 
18 

Max 
0.002 

0.24 
or 
0.17 

Max 
0.04 

0.5 1.9 1.67 1.51 2.25 
 
0.04 

 
2 

Moringa leaf 
powder (100g) 

Max 
0.27 1 Max 

2.89 

15 
or 
18 

Max 
0.002 

0.24 
or 
0.17 

Max 
0.13 0.5 5.72 1.67 0.25 2.25 

 
0.09 

 
2 

TopNutri (100g) Max 
<0.0001 1 Max 

0.0002 

15 
or 
18 

Max 
<0.00001 

0.24 
or 
0.17 

Max 
0.02 0.5 1.06 1.67 n.a. 2.25 0.42 2 

Halwa (100g) 6.61 1 12.27 
15 
or 
18 

0.045 
0.24 
or 
0.17 

0.03 0.5 0.91 1.67 n.a. 2.25 0.54 2 

Halwa (75g) &  
2g ALP and 1g 
MLP 

1.64 1 9.49 
15 
or 
18 

0.026 
0.24 
or 
0.17 

0.03 0.5 1.27 1.67 0.45 (only 
ALP/MLP) 

2.25 0.17 2 

Halwa (100g) & 
2g ALP and 1g 
MLP 

2.00 1 10.47 
15 
or 
18 

0.029 
0.24 
or 
0.17 

0.04 0.5 1.19 1.67 
0.38 
(only 
ALP/MLP) 

2.25 0.19 2 

Halwa (75g) & 
1.84g TopNutri 1.58 1 3.54 

15 
or 
18 

0.020 
0.24 
or 
0.17 

0.01 0.5 0.99 1.67 n.a. 2.25 0.45 2 

Halwa (100g) & 
1.84g TopNutri 

1.96 1 4.38 
15 
or 
18 

0.023 
0.24 
or 
0.17 

0.02 0.5 0.98 1.67 n.a. 2.25 0.45 2 

Halwa (75g) with 
half egg (25g) 3.97 1 4.61 

15 
or 
18 

0.040 
0.24 
or 
0.17 

0.01 0.5 0.5 1.67 n.a. 2.25 0.86 2 

Halwa (75g) with 
half egg (25g) & 
2g ALP and 1g 
MLP 

1.41 1 4.32 
15 
or 
18 

0.024 
0.24 
or 
0.17 

0.01 0.5 0.75 1.67 
0.42 
(only 
ALP/MLP) 

2.25 0.33 2 

Halwa (75g) with 
half egg (25g) & 
1.84g TopNutri 

1.37 1 2.43 
15 
or 
18 

0.019 
0.24 
or 
0.17 

0.01 0.5 0.69 1.67 n.a. 2.25 0.56 2 

Khechuri (100g) 2.96 1 7.37 
15 
or 
18 

0.079 
0.24 
or 
0.17 

0.01 0.5 0.42 1.67 1.4 2.25 0.40 2 

Khechuri (100g) & 
2g ALP and 1g 
MLP 

1.35 1 6.64 
15 
or 
18 

0.037 
0.24 
or 
0.17 

0.01 0.5 0.77 1.67 1.2 2.25 0.20 2 

Khechuri (100g) & 
1.84g TopNutri 1.31 1 3.23 

15 
or 
18 

0.027 
0.24 
or 
0.17 

0.01 0.5 0.70 1.67 n.a. 2.25 0.41 2 

 CV: critical value: PA:Fe [26], PA:Zn, PA:Ca ([27], [28]), Ca*PA/Zn [29], Oxalate:Ca [23], Zn:Fe [30]; Optimal Ratio [31] 
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Non-heme iron absorption is negatively affected by even very low phytic acid contents. Even a ratio 

of 0.2:1.0 (phytate:iron) will imply a strong inhibitory effect. When all phytate is degraded a four-to 

fivefold increase in iron bioavailability is assumed. As such a low phytate concentration is not possible 

to be achieved by common food preparation, still it should be aimed for achieving a ratio of 1:1, which 

increases iron absorption twofold even in a plain cereal- or legume-based meal [27]. According to Hurrel 

[26], [32] for composite meals, containing ascorbic acid from vegetables or meat as enhancers, a PA:Fe 

ratio of 6:1 may be acceptable. The critical molar ratio for phytate:calcium is not defined universally 

[27]. 

 

Picture 12: Supplementary feeding program of the intervention trial 

© C.K. Stiller, Shining Eyes e.V. 
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3.7. Socio-demographic survey  

At baseline a household survey was conducted to obtain information on socio-demographic 

characteristics, family planning methods, antenatal care, child caring and feeding practices (Chapter 4); 

literacy status, agricultural assets, livelihood, hygienic habits, morbidity pattern of the child and health 

seeking behavior including accessibility to health care or sanitary facilities (Chapter 5). For accessing 

the methodology of the semi-structured interviews please refer to Chapter 4 and 5. 

 

3.8. Hb- and anthropometric assessement 

At baseline (t0) and the subsequent checkups (t6, t12, t18) hemoglobin concentrations and 

anthropometric outcome indicators have been assessed:  

 

        Assessed Variables in children and mothers 
 

• Age (months) 
• Sex 
• Weight (kg), calibrated seca-floor-scale (seca 877) with 2 in 1 (mother-child 

function), (accuracy 0.1kg) 
• Length (<2years), seca-mobile-mat (seca 210) (accuracy of 0.5cm)  
• Height  (≥2years), seca-mobile stadiomether (seca 217), (accuracy 0.1cm) 
• MUAC non-flexible measuring tape, (accuracy 0.1cm) 
• Hemoglobin (g/dl), HemoCue Hb201+ 

        Outcome variables 
 

• Height-for-age (stunting) 
• Weight-for-age 

(underweight) 
• Weight-for-height 

(wasting) 
• BMI 
• MUAC 
• Hb 

 

Hb level was determined by using a portable hemoglobinometer (HemoCue Hb 201+) for all 

children and mothers donating a finger prick of capillary blood at each checkup point. MUAC was 

measured to the nearest millimeter using a non-stretchable tape. Thereby the left arm was measured at 

the mid-point between top of shoulder (acromion process of the scapula) and the point of the elbow 

(olecranon process of the ulna). Hereby the distance between these two points was first measured, to 

identify the mid-point and mark on the arm. Then the subject was asked to let the arm hang loosely to 

the side, and the circumference of the arm at the mid-point could be measured with the tape fitting 

comfortably around the arm. All subjects were weighed to the accuracy of 0.1kg, wearing no shoes and 

minimal clothes (like shirt and shorts for children, and sari for mothers). Height was measured with the 

subject standing at ground level without shoes. For details to the computing and interpretation of 

outcome variables please refer to Chapter 5 [33]. 
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Picture 13: Medical checkup, Hb- and anthropometric assessment 

© Shining Eyes e.V. 
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3.9. Sample size calculation 

Please refer to Chapter 4 and 5 (general sample size calculation on the required overall population 

proportion; based on the anemia prevalence as estimated by the NFHS-4, West Bengal: N=288) and 

Chapter 6 (specific sample size calculation for the cluster-randomized intervention purpose relating to 

pre-study results and defining the minimum sample size required per study group for analysis: n=63). 

 

3.10. Treatment protocol of the trial 

Prior to the baseline assessment a treatment protocol was designed by Shining Eyes e.V. (ST 17, 

p.220), which assures a defined treatment of all participants of the study in accordance with the 

overaching study objectives.  

Children younger than 1 year received no deworming, children aged 1 to 2 years received 

albendazol (1x2ml), children aged older than 2 years and mothers received mebendazol (100mg twice 

daily for 3 days) during each checkup. All children presenting with clinical signs of micronutrient 

deficiencies shall be treated as per the following guidelines. This includes children in the intervention 

groups as well as control group children. Moreover, pregnant women as well as mothers of the target 

children were treated in case of visible micronutrient deficiencies as per the outlined guidelines. 
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7. General Discussion 
This thesis draws on nutrition-sensitive and nutrition-specific factors (Figure 1, p.6) influencing the 

maternal and child´s nutritional status – ascertained during baseline assessment; as well as investigates 
dietary diversification as food-based approach to decrease rates of nutritional anemia (and 
undernutrition) in Adivasi children.  

This work´s contribution to existing literature is twofold:  

First, it provides insight into the living conditions of Santal Adivasis residing in the rural area around 
Bolpur, West Bengal for a better understanding of the nutritional situation for this vulnerable life-cycle 
group. It adds to the existing literature the context-specific identification of underlying determinants 
and independent drivers for anemia in Adivasi children. Thus, may subsequently contribute to selecting 
key opportunities for the development of future programme strategies (nutrition-sensitive and -specific 
interventions) on-site in joint coordination and collaboration with government, partners and other 
sectors. 

Second, it shows effects of improved recipes with best combination of locally grown foods on 
prevention/treatment of nutritional anemia (or undernutrition) in Adivasi children in the scope of a 
long-term feeding program, and seeked to identify characteristics having a distinct linkage to Hb 
response. 

Altogether the better understanding of the nutritional situation of Adivasis as well as findings of 
the supplementary feeding intervention may serve as platform of delivering future nutrition-specific 
approaches on community and household level to broaden the traditional nutrition focus beyond 
calories toward nutrients, reinforced in the frame of nutrition-sensitive programming [1]. 

 

7.1. Nutrition-sensitive and -specific factors determinig maternal and child nutritional 
status at baseline 

Article I and II elucidated baseline characterisitcs of the living circumstances and nutritional status 
of Adivasi mothers and children.  

Predictor analysis of this study confirmed low child´s age (< 24 months), lack of dietary 
diversification (lower count of food groups (FG) consumed), low maternal Hb concentrations, low WAZ 
scores (higher prevalence of underweight) -an indicator reflecting both acute (wasting) and chronic 
(stunting) undernutrition, and any morbidity (fever, diarrhea, respiratory infections) on the medical 
checkup day or during previous week in the child to be independent predictors of moderate/severe 
anemia (Hb<10.0g/dl) at baseline [2].  

Anemia and undernutrition are intertwined and mutually enhance each other. Hereby infectious 
diseases pose a distinct connector: frequent infectious diseases make the child susceptible for both 
anemia [3] and undernutrition [4], [5], and vice versa [6], [7], [8]. In this study partial correlation 
(controlled for age) confirmed positive associations between child´s Hb and anthropometric outcome 
variables HAZ (r=0.181, p=0.002), WAZ (r=0.212, p<0.001), WHZ (r=0.153, p=0.007), MUAC (r=0.162, 
p=0.004) scores at baseline, respectively. Similarly, maternal Hb showed positive correlation with 
maternal BMI (r=0.128, p=0.032). Morbidity rates (fever, diarrhea, respiratory infection) on the medical 
checkup day or during previous week, exceeded disease prevalences reported by the NFHS-4 for 
scheduled tribes, 2015-16 [9], and was highest in children aged 12-23 months with decline thereafter. 
Morbidity susceptibility increased by severity of anemia (p=0.002). Mother-child dyad analysis proved 



Chapter 7: General Discussion 

 

176 

interrelations between maternal and child´s anemia and mother´s and child´s nutritional status [2]. 
Literature reports linkages between maternal iron deficiency and adverse birth outcomes (preterm 
birth, LBW) including significant decrements in fetal growth [10], [11].  

Inappropriate infant and young child feeding (IYCF) practices, high rates of infectious diseases, and 
lack of childhood stimulation during the first two years of life are cited as crucial contributors to chronic 
undernutrition in South Asia. These child care practices (nutrition-specific interventions) are greatly 
influenced by maternal care resources (nutrition-sensitive interventions). Aside a healthy maternal 
nutrition status, in particular mother´s empowerment (education and knowledge, decision-making 
power/control of HH resources, workload and time availability, social support environment) determine 
child´s anthropometry, always in frame of contextual parameters like child´s age and HH wealth [12].  

In this study households were predominantly male-headed and caring practices were assessed to 
be suboptimal. Time invested on daily child caring activities was low (median 2.5 hours/day), and 
mothers rarely used to sit next to their child during eating (median 2 days/week). Observations on-site 
(also during pre-study [13]) confirmed the process of eating to be limited to a simple necessity with lack 
of stimulating/assisting capacities by the mother [2]. Children who´s mothers sit next to them during 
home-based eating on two or more days per week, were significantly less likely to suffer from moderate 
or severe forms of wasting (p=0.019), (14.0% vs. 25.8%). When leveled by age this observation was 
confirmed for the younger age group (<24 months) (p=0.048), stressing the importance of feeding 
stimulation/assistance particularly during early life. Also partial correlation (controlled for age) 
confirmed WHZ scores at baseline to be associated with the average number of days per week the 
mother stimulates/assists home-based eating (r=0.135, p=0.034) (not significant for HAZ, WAZ, BAZ, 
MUAC scores or Hb concentrations). (Note: analysis performed and presented in the results section of 
the PhD thesis of S. Golembiewski).  

Gupta et al. discusses in detail how women´s status and child´s nutrition is intertwined. The female 
engagement in agricultural activities (agriculture and allied activities, or food production) is associated 
with less time availability for child care. Women´s ability to serve a nutrient-dense HH nutrition 
depends on both, their available time (social networks, physical input for labor saving technology) and 
power of taking decisions (property rights, asset control, employment, credit incentives) [14].  

According to investigations by Gupta et al. the log odds of a poor women´s iron status declined by 
increasing female empowerment in agriculture and in the presence of multiple dietary diversity 
measures. To ensure a supply of micronutrient rich foods a modification of production patterns away 
from “staple grain fundamentalism” toward more “nutrition-sensitive food systems” is needed. Cereal-
based monocultures have to decline and crop-diversification with legumes and vegetables have to be 
promoted, moreover a diversification of the PDS, shifting away from primary cereal provision (rice, 
wheat, flour) is recommended [14], [15].  

In this study IYCF practices have been assessed to be inadequate among Adivasi mothers e.g. the 
introduction of regular complementary feedings was shifted to the upper limit of the acceptable time 
frame of 4 up to 8 months, with 10.4% of mothers having introduced regular complementary feedings 
even beyond the recommendation at 9 to 12 months, moreover the provision of an acceptable diet was 
found in particularly inadequate for the age group 6 to 11 months (merely 25% received 2 to 3 meals 
per day and ³ 4 food groups (FG) per day). Findings indicate the need to scale up the serving of animal-
sourced foods, legumes, vegetables and fruits on HH level. Limited market/cash availability were 
named reasons why mothers refrained from increasing the vegetable and fruit consumption. Any 
morbidity (fever, diarrhea, or respiratory infection) disproportionately affected young children 6 to 23 
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months as opposed to  ³24 months (75.2% vs. 64.1%, p=0.036), moreover acute malnutrition had its peak 
in the youngest age group (6 to 11 months, 27.8% WHZ prevalence). Altogether it is not surprising that 
age is a distinct driver for moderate-to-severe anemia (Hb<10g/dl) getting apparent by a significant 
(p<0.001) higher anemia prevalence in children <24 months (85.9%) vs. ³24 months (59.0%). 

In this study, despite the depicted tense undernutrition, the vast majority of mothers perceived their 
child as “active” (playing, laughing, speaking). The most frequently consulted health provider was the 
village doctor (76.9%) (multiple responses possible), known as a “quack”— lacking formal health 
training. Field observations confirmed tribal individuals to be more vulnerable for rejection by 
overcrowded health facilities, to get easily lost when being referred to specialized doctors, or being 
incapable to recognize and demand health care scheme benefits they are entitled to. These findings 
support literature identifying the tribal status as significant risk factor for child mortality even after 
controlling for wealth. Tribal children showed similar rates of fever, diarrhea, or respiratory infections 
to the total population but were less likely to receive medical assistance  [16] as most tribal mothers face 
difficulties to access health facilities due to physical remoteness or deep-rooted cultural mistrust 
between non-tribal health providers and Adivasis. Mothers of tribal children are also less likely to 
obtain antenatal or prenatal care or to have institutional deliveries [17]. In this study one third of 
mothers reported to have delivered their baby at home. In the majority of cases the place of birth was a 
health facility (69.9%), this is in line with data on scheduled tribes in the NFHS-4 (68.0%), altogether 
falling below the rate of institutional births in the general population (78.9%) [16]. In this study, merely 
every second mother experienced the recommended number of four or more antenatal checkups. In 
Bhutan, three or fewer antenatal care visits were associated with 31% higher odds of being stunted [18]. 
Despite a limited use of contraceptives, the time between experienced pregnancies accounted for an 
average of more than three years. Literature suggests herbalism to be a common family planning 
method among tribals [19], possibly explaining the high rate of incomplete abortions (35%) as 
documented health problem by a private gynecologist chamber in the study area. Thus, the rate of 
abortions in the tribal community is assumed to be high. 

While hand washing is a common habit amongst Santal Adivasi communities surrounding Bolpur, the 
regular usage of soap is suboptimal, moreover water access was getting scarce in summertime in one 
third of cases -aggravating the spread of diarrhoeal diseases. Globally, pneumonia (15%), diarrhea (8%) 
remain among the leading causes of death among children under age 5 [20].  

In this study the retention in school was low, with nearly every second woman never having 
attended school and with an equal proportion stating having wished to continue schooling longer than 
they actually did. Reasons for terminating school attendance were lack of affordability, the need for 
early marriage or to earn money for the family. Confirming agricultural dependence, the majority of 
families rated casual labor as main source of income, followed by self-employment agriculture. Thus, 
income depends almost exclusively on physical labour, with merely every second HH having any 
savings -usually staying untouched, or used to buy food in times of need, or spent on medical treatment; 
with a minority using savings for child´s education. Therefore, any strategy on the development of 
tribals well-being should be related to the protection of income flows, especially during lean periods. 
Moreover, effective poverty reduction is related to a reduced health risk for the poor through the 
provision of and guidance into proper insurance schemes across cultural barriers. Health campaigns 
leading to dramatic cures may be more easily accepted than preventive programs, for that the only 
pragmatic approach is the reduction of drop-out rates from school in order to assure basic education 
[21]. In India, there is a strong negative association between maternal education and infant mortality. 
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The infant mortality rate per 1000 live births is highest among children born to mothers with no formal 
education (68.5), thus more than 2.5 times higher as opposed to mothers with 11 or more years of 
education (26.2). Schooling enhances the understanding of the importance of nutrition for child health, 
use of contraceptives to space births, knowledge about disease identification and treatment in the child 
and better utilization of health facilities, and maternal autonomy [22].  

Success in the past to reduction of chronic micronutrient deficiencies with respect to 
supplementation and fortification was often merely linked to a decrease of clinical signs of malnutrition. 
However e.g. subclinical forms of vitamin A deficiency (serum retinol <20µg/dl) affected 74.1% of pre-
school children in scheduled tribes in India whereas ocular signs were low (Bitot´s spot 1.2%).  The 
authors concluded the disproportionate high rate of subclinical deficits to be a major nutritional 
problem attributable to a poor intake of animal-sourced foods, fruits and vegetables rich in provitamin 
A carotenoids, as well as low fat intake. Other determinants were illiteracy, low socio-economic status, 
poor sanitation [23], or worm-infestation; also having been identified as risk factors contradictory to a 
healthy living during field observations of this study. Equally the prevalence of Bitot´s spot accounted 
for 1.2% in the current trial children. 

Thus, the interconnectivity between maternal education, income stabilization and proper access and 
utilization of sanitation and health care facilities has to be the centre of actions on the agenda of tribal 
development approaches. To address mild to moderate deficiencies of multiple micronutrients 
evidenced by biomarkers may be challenging as showing no response to single-short term 
interventions. Herefore, aside multi-sectoral activities more comprehensive approaches are required 
with the smooth transition from single- or multiple micronutrient interventions toward the most 
sustainable approach of dietary diversification [24]. 

 

7.2. 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 

Article III investigated if improved meals composed of a variety of locally available resources (IG1) 
are a suitable approach to curtail anemia (and undernutrition), as well as the potential added values 
implied by further enrichments with locally grown and produced leaf powder  (ALP/MLP, IG2) or an 
adjusted amount of commercial micronutrient sprinkle (TopNutri, IG3). Initially the meal showing best 
impact during intervention period should be subsequently integrated in supplementary feeding 
programs. During the “Moringa and Amaranthus Dissemination Seminar: sustainable support for 
malnourished children with anemia, Bolpur, India” in 2017, preliminary findings and new research 
incentives were presented, resulting in a cooperative liaison between district government officials and 
the NGO Shining Eyes lasting upon today. For future incentives no parallel structures have to be 
created, rather we have to pull in the same direction at once, for maxing out what we have. The link 
between health, nutrition and agriculture needs to be strengthened by combined nutrition sensitive and 
specific interventions. Instead of supplementary feeding programs the future focus is rather placed on 
interactive cooking trainings on household level, community counselling, homestead food production 
(kitchen garden, animal husbandry, crop-diversification programs), embedded in a network of active 
health workers that shall identify vulnerable individuals, propose solutions and are responsible for 
social support, patient referral and coordinated follow-up care. 
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The current study assessed dietary diversification (IG1) to be most effective in increasing Hb 
concentrations over time. IG3 convinced in sight of the significant effects observed concerning 
anthropometric outcome variables (WHZ, WAZ) after one year of intervention,  the continuous positive 
trend of HAZ scores, and succeeded in most efficiently decreasing rates of respiratory infections (but 
also of fever or diarrhea); thus it is concluded that the further enrichment of diversified diets with MNP 
seems to be beneficial for increased effects on growth or morbidity reduction.  

A lower risk for anemia through point-of-use fortification with MNP was reviewed by multiple 
efficacy trials in low-resource settings, with non-significant impacts on anthropometric indices although 
showing favorable trends, but also a tendency of increased risk for diarrhea [25], [26], [27], [28], [29].  

So, the literature evidence of MNP decreasing anemia rates is strong, in contrast the effects on 
growth outcomes are rather weak -as merely assessed by few studies which could not detect any 
significant effects.  

In this trial, the combinative approach of dietary diversification along with an adjusted amount of MNP 
(IG3) showed most positive trends on growth indices as opposed to the other study arms. The above 
evidence from literature did not show MNP interventions alone to improve growth outcomes. Still, in 
consideration of the positive trends on growth indices as observed in this study, as well as the proven 
effects on anemia reduction by literature - MNP supplementation is recommended combined with 
multi-facetted strategies to promote successful dietary diversification (nutrition education, counselling 
on childcare/responsive feeding strategies, agricultural incentives), along with sanitary and health care 
interventions and women´s empowerment. The integration of MNP in IYCF interventions is deemed as 
beneficial to overcome nutrient gaps not possible to be eradicated through behaviour change 
communication strategies for dietary diversification alone, due to barriers in costs and accessibility. 
Locks et al. concludes market-based approaches to be a viable model to distribute MNP, as affordability 
was perceived as high [15], [25]. In comparison to supplementation, the acceptance to add MNP to meals 
is reported as satisfactory among children and caretakers as a consequence of less adverse effects, or 
ease in mixing sprinkles with CF [30], thus makes it a promising alternative to iron therapy. De-Regil 
reviewed home fortification with MNP to be similar effective as daily iron supplementation in 
decreasing anemia or increasing Hb concentration, however data are limited [27]. As advocated by 
WHO, Unicef, UNU in areas with an anemia prevalence ³40% the screening for anemia may not be cost-
effective but a universal oral supplementation should be endorsed [31], still for identification/treatment 
of severe anemia screening is recommended [32]. Similarly, in populations with an anemia prevalence 
³20% in children under 5 years of age, the WHO recommends point-of-use fortification of CF with iron-
containing MNP [33]. Thus, in particular in countries where anemia prevalence is high, dietary 
diversification may be complemented by therapeutic approaches or MNP supplementation to achieve 
a holistic range of nutrients. 

The study arm on dietary diversification with the enrichment of ALP/MLP (IG2) showed no significant 
effects on Hb or growth indices as opposed to the CG and performed worse or comparable to IG1 
(diversified meals alone). Thus, due to reasons of cost-effectiveness the production efforts to provide 
ALP/MLP as natural food supplement in nutrition schemes is questionable. Merely for WHZ IG2 
achieved significant better scores than IG3 at endline assessment, with mean WHZ scores ranking 
higher as opposed to all study groups. Still, this lower performance of the remaining study groups in 
WHZ scores is associated with a general better performance in mean HAZ scores as opposed to IG2. 
The reziprocal curve processing of HAZ scores to WAZ or WHZ raises the question, if in case of a 
continuation of the supplementary feeding program beyond 18 months, the seemingly dominance of 
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IG2 in WHZ scores would be again relativated during an additional assessment point as the assessment 
after one year of intervention lets perceive. In general IG2 showed highest stability in WHZ score 
development, however combined with lowest effects on HAZ.  

Evidence of GLV including Amaranthus types on anemia reduction is inconsistent: with some 
researchers reporting positive effects of GLV application on Hb levels [34] (descriptive), [35] 
(inferential); whereas two inferential studies concluded the regular consumption of GLV to be 
ineffective in improving the micronutrient status in school-children with mild deficiencies [36], or to be 
associated with significant lower increases in Hb as opposed to the CG, possibly attributable to the low 
bioavailability of non-haem iron [37]. 

Moringa oleifera leaves are increasingly discussed as possible solution to combat forms of 
undernutrition in children. Descriptive studies report MLP as successful preventive or treatment 
approach to significantly increase Hb concentrations, WHZ scores, or weight [38], [39], [40], [41]. A few 
inferential studies could validate positive effects of MLP on Hb [42], [43], [44]. Other significant effects 
were shown related to weight gains [42], [45] MUAC, WAZ, WHZ [42], or even HAZ [46].  

Still, the effect of MLP on Hb was non-significant in a range of other inferential studies [45], [46] 
[47], [48], [49], [50], [51]. Also effects on weight or height, HAZ, WHZ could not be proofed [47], [48], 
[50], [51], [52]. 

To sum up, the first hypothesis (Section 1.4, p.7) was verified by the current research as diversified 
diets alone composed of locally available resources (IG1) were shown to be a successful food-based 
approach to significantly increase Hb concentrations (primary indicator). The second hypothesis was 
refuted in regard to the primary indicator, as the further enrichment with natural leaf powder (IG2) or 
commercial MNP (IG3) did not imply the expected added value on Hb response -possibly attributable 
to unfavorable overall nutrient interactions or low-dose application. However in regard to z-scores of 
HAZ, WAZ, WHZ or morbidity rate (secondary indicator) TopNutri (IG3) showed most positive effects 
-possibly attributable to the holistic content of type I or II nutrients. Thus, the combinative approach 
embracing dietary diversification (IG1) alongside with short- to medium-term supplementation (IG3) 
may be most beneficial to lower the burden of anemia and undernutrition in the long run. In contrast, 
study findings of the current trial suggest the further enrichment with ALP/MLP (IG2) as not effective 
in increasing Hb concentrations when compared to the approach of dietary diversification alone (IG1). 
IG2 showed no significant effects of primary or secondary indicators toward the CG. Thus, the focus on 
leaf powder production as initiative for decreasing anemia or undernutrition rates seems to be a waste 
of resources when considering associated plantation, processing and storage efforts as well as the 
possible impact on taste or less appealing meal colour resulting in a decreased rate of portion size 
consumed. Still, in sight of studies having assessed clear health benefits related to the use of 
Amaranthus or Moringa oleifera, these local plants may contribute as alternative solution to address 
anemia and undernutrition in resource-poor settings. In particular, when seeking for dietary 
diversification all high-density nutritional locally available foods should be equally promoted. Hereby 
a moderate usage of fresh Amaranthus or Moringa leaves is recommended to make its contribution to 
a diversified diet on household level as cost-efficient local option. Due to its antinutritional properties, 
an excessive one-sided usage of GLV should rather be performed with caution to preclude alleged 
detrimental effects. The nutritional potential of Amaranthus and Moringa leaves as dietary fortificant 
needs further research. 

The mean Hb response in the intervention groups was inversely related to the baseline anemia 
status, suggesting food-based approaches to be most effective for treating moderate forms of anemia, 
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with beneficial effects on mildly anemic children. Altogether independent predictors of the highest 
percentile of Hb increases over time, were low baseline Hb concentrations, a diversified diet at baseline, 
to be amongst the first-borns in a family, and the availability of a higher HH cash income. 

The “availability of any land for cultivation” and “child´s age” were found as independent 
predictors for an adequate dietary diversity (consumption of ³4 FG during previous 24 hours) at 
baseline, with parity, maternal educational level or HH available cash income being no drivers for count 
of FG consumed in this study. Any land cultivation was in turn significantly correlated with higher cash 
income groups.  

Findings indicate limitations of affordability of a diversified diet, but highlight the potential of 
agricultural incentives to increase dietary diversity, to compensate for distanced markets, or to generate 
income. 

7.2.1. Pathway of achieving dietary diversification 

Dietary diversification has been suggested as the long-term sustainable food-based strategy in 
alleviating the burden of micronutrient deficiencies, which can be performed individually or in 
combination with short-term supplementation strategies or medium-term food fortification [24]. The 
benefits and limitations of food-based approaches for combating iron-deficiency and malnutrition by 
dietary diversification are discussed in detail by reports of the FAO [53], [54]. According to the FAO 
hunger will not find its end unless the promotion of dietary diversity combined with the consumption 
of nutritionally enhanced foods. Food-based approaches aim at increasing access and availability but 
also proper utilization/consumption of a variety of foods embracing food-production, dietary 
diversification, educational, sanitary and health strategies. The omittance to develop, test, implement, 
evaluate, or prove food-based approaches to prevent malnutrition in the world´s poorest populations 
is referred to as “fiasco” [55]. The successful implementation of dietary diversification needs multi-
sectoral approaches, however research on the impact of food-based approaches is scarce as being time-
consuming and complex. Due to inadequate evaluation it has failed to gain scientific acceptance even 
though there is documented success and long-term experience. The evaluation of efficacy is challenging 
and remains inconclusive due to the complexity of food-based strategies, the variety of nutritional 
components contained in food, slow returns, large number of confounders and difficulties for study 
design in regard to short-term and long-term effects, lack of measurable end points, challenges of 
monitoring, issues of affordability that have to be tackled during implementation; thus evidence base is 
limited. Randomized controlled trials may not be feasible for tracking progress; thus process, output 
and outcome indicators have to be defined on biochemical, clinical and social level. Advantages related 
to dietary diversification are as follows: addressing the “uncertainty of unknown factors”, being 
sustainable without external support, ability of curtailing the burden of multiple micronutrient 
deficiencies at once, being tight to the population psyche and culture but with the need for behavior 
change communication/breaking habituation [24], [53], [54], [55]. 

 Dietary diversity has been defined as the count of different foods or food groups consumed over a 
reference period of time and is a measure of dietary quality. Greater dietary diversity was associated 
with increased nutrient adequacy in most studies [56]. To meet the challenges of micronutrient 
deficiencies an increased variety of foods across and within food groups but also the increase in total 
food quantity is needed [57]. The effect of animal sourced foods on child growth and nutrition, 
independent of its contribution to the dietary diversity score, remains poorly understood, future 
research should validate indicators on the performance of animal sourced foods versa indicators of 
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dietary diversity [56]. There is lack of consensus what dietary diversity represents, and lack of uniform 
indicators and measurement approaches challenge comparability and generalizability of findings [24]. 
Ruel reviewed a range of studies reporting positive associations of dietary diversity with children´s 
nutritional status. Still, for program and policy makers more research is needed to clarify the level of 
effect on child growth that can be achieved by dietary diversification alone independent of 
socioeconomic factors, or if a combination of interventions aimed at poverty reduction and an increased 
dietary diversity lets await a synergistic effect [56]. Similarly, Nair et al reviews research supporting 
functional outcomes of increased dietary diversification on growth, anemia reduction, cognition, gut 
microbial diversity, or better pregnancy outcomes. Moreover, a food-based dietary diversity strategy 
has social, cultural, economic and environmental benefits: agricultural crop-diversity and homestead 
food production (homegardening and animal husbandry) not only increase availability of a variety of 
foods, but also are the source of women´s empowerment and income generation, thus increased 
accessibility and affordability of diversified household diets [24]. Increases in income make food-based 
approaches to an attractive nutrition intervention, probably the most sustainable one available as not 
being aimed at merely improving the nutritional status [55]. Nair et al created a conceptual framework 
illustrating the pathway of achieving dietary diversification as sustainable food-based strategy with 
prioritized policy decisions in the center of actions to enable access, availability and affordability at 
community level. For adhering to dietary diversification as the sustainable strategy of choice, evidence 
has to be generated through food database and dietary guidelines to promote synergistic effects on 
micronutrient bioavailability. Food prices have to be stabilized with policies facilitating trade, favoring 
crop-diversification, proper post harvest processing, or storage technologies and improving access. 
Moreover, financial support to farmers at national level is required to achieve agricultural biodiversity. 
Culturally accepted and affordable intelligent food synergies have to be designed and counselled 
through behavior change communication to achieve sustenance of nutrition interventions. Women´s 
empowerment is decisive for the right choices on proper food utilization, to promote homestead food 
production for own consumption, or to use generated money to invest in the purchase or production of 
a variety of foods for the sake of own well-being. Continuous monitoring and evaluation will validate 
the health effects achieved and sustainability of the strategy. The household has to be the center point 
of activities with the caretaker being the accelerator of change with effective participation of the family. 
In that way food-based strategies may succeed and result in improved health and nutrition security 
especially micronutrient security [24].  

In order to alleviate micronutrient deficiencies and associated health impacts, a holistic food-based 
strategy –as suggested by Thompson and Amoroso, will embrace agricultural incentives to promote 
increased availability and consumption of diets composed of a variety of foods, timely nutrition 
education and training (infant feeding and care practices),  implications for public health and disease 
control (links to essential health services, [family planning programs, deworming], and improved 
sanitation), as well as further enrichments through supplementation [53], commercial (staple foods) and 
home-based fortification. Strategies necessarily need to be multi-sectoral with interventions that are 
characterized by a strong social communication and high-quality evaluation and surveillance 
components. Communities need to be enabled to be capable of arranging and sustaining an adequate 
intake of micronutrients independent of external support [58]. Figure 11 describes the pathway of 
achieving dietary diversification and eradicate determinants of malnutrition based on the framework 
of Unicef 1990 (Figure 1, p.6). 
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Figure 11: Pathway of achieving dietary diversity toward better nutritional status and anemia reduction 

Source: adapted and modified from Nair et al. 2016 [24], McDermott et al. 2013 [59], Pingali et al. 
2019 [60], [61] 

 

7.3. Strengths and Limitations of the PhD research 

The strengths of the study relate to its design and sample size.  

By applying the same framework conditions for all study groups (intervention and control), the 
study is able to define single effects of measures applied.  

This study was a cluster-randomized controlled intervention trial with prospective data collection 
on morbidity patterns, Hb levels and anthropometric indices during four half-yearly assessment points 
(t0, t6, t12, t18). Due to the nature of longitudinal design attrition was expected, thus appropriate steps 
were followed to minimize attrition rate including calculating larger sample size with 10% drop-out 
rate, community sensitization, and emphatic, caring and resilience ways of data collection. Before 
starting data collection pre-tests to validate semi-structured (HH) questionnaires, and test acceptance 
of designed study recipes were conducted, further the core-team and disseminators were trained in 
recipe preparation and measurement of Hb- and anthropometric outcome variables. Subsequent to the 
approval of the study by the Child´s Development Office West Bengal in July 2014, an inauguration 
ceremony on village level was conducted to achieve community sensitization. Moreover, social workers 
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were involved in identifying participants eligible for the study and providing initial highlights about 
the general purpose and schedule of the study. During regular review meetings field supervisors and 
enumerators received refresher training in anthropometric assessment or nutrient-protective cooking: 
e.g. to maintain appropriate cooking time, or high nutrient-density by limiting the addition of water 
during cooking according to recommendations of recipe defintion. Due to long-term experience in field 
work all staff members of the cooperating NGO Bolpur Manab Jamin (implementing partner) showed 
a high level of emphathy and caring ways of data collection to assure confidence and trust of caretakers 
to maximize response rate. 

Another strength of the study is that Hb concentrations have been determined by the field 
measurement tool HemoCue Hb 201+. This portable digital hemoglobinometer has also been used for 
Hb estimation during the NFHS surveys, making assessed anemia rates comparable to national reports. 
The validity of results obtained by HemoCue Hb201+ may be debatable [62], and is reported to provide 
inconsistent results [62], [63]. Still, it is an approved measurement tool for field research. According to 
Neufeld et al. [64] Hb measured in capillary blood was on average 0.5g/dl higher than in venous blood, 
with the device underestimating Hb in capillary blood for concentrations below 12.5g/dl, and 
overestimated at higher values. According to Gwetu et al. [65] the device has been reviewed to produce 
comparable results to laboratory reference methods, thus justifying the validity of capillary blood 
measurements in field surveys. 

Aside the named strengths, the study findings should be interpreted with caution given the 
following study limitations in particular related to the analysis of cross-sectional data assessed by semi-
structured interviews at baseline. Information on breastfeeding or early infant feeding practices are 
retrospective data, thus despite rigorous training of field staff recall bias may still apply. Moreover, 
survey data are assessed at a single point of time, so changes over time are not reflected and causation 
limited. As the sample size was powered for the intervention purpose the study may not be powered 
for interpretation of baseline characteristics.  

In sight of the intervention study the drop-out rate from inclusion of participants to the end of trial 
accounted for 13.3%, with the consequence that one study arm (IG2) fell below the estimated minimum 
required sample size of 63 children to assess a difference in Hb of 0.7g/dl between two independent 
groups. Still, significance of the study effect was assessed by both the LSD- (not controlling for the 
family-wise type-I error rate) and Bonferroni post-hoc test (adjusting for multiple comparisons) 
according to the SPSS output -altogether attesting statistical validity of research findings. All 21 villages 
in the sphere of activity of the NGO Bolpur Manab Jamin were cluster-randomized (village-wise 
allocation) to the four study arms, no randomization on individual level has been performed in order 
to secure social freedom in the village community but also due to logistic reasons, thus the population 
under study may not reflect the total general population. 

7.3.1. Factors to be considered for holistic interpretation of Hb response in nutrition or iron 
supplementation schemes from a general perspective 

There are various factors that have to be considered, when interpreting the effect of 
supplementation or nutrition programs on Hb concentrations as primary indicator. Even the National 
Iron Plus Initiative providing age-specific iron and folic acid supplementation and half-yearly 
deworming is not achieving the desired goal of significantly lowering the anemic burden [62]. Thus, 
when discussing diminished or absent intervention effects related to the measured indicator 
hemoglobin, multiple causes contributing to an unchanged high burden of anemia in low-and middle-
income countries may be decisive: 
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- Single intervention approach instead of multi-sectoral nutrition planning approaches: a one-sided 
focus on feeding interventions alone (supplementary nutrition or supplementation of 
nutrients) may preclude a sustainable intervention effect, e.g. the exclusive provision of 
feeding programs by the ICDS scheme has been assessed to have an insignificant impact on 
child stunting, however for beneficiaries who additionally received related AWC services 
(like nutrition counselling) Dutta and Gosh found the HAZ scores to have significantly 
improved, as opposed to children not having access to ICDS at all or those going to ICDS 
but being deprived of maternal counselling [66]. Thus, the highly focused approach on 
feeding alone in case of ICDS can also be referred to as food bias, as major total monetary 
cost but also time investment of the AWC worker relate to supplementary feeding. 
Consequently not many resources are left for other ICDS activities that are indispensable 
for breaking the vicious cycle of infection and undernutrition (such as child´s growth 
promotion and monitoring to track progress, health and nutrition education, referral 
services) [67], [68], [69]. No feeding program alone can sustainably balance all detrimental 
factors determining child´s health the large part of the day. Undernutrition should not be 
treated in a medicalised approach, but the child has to be seen in the context of the family, 
community, and village in order to understand and equally devote attention to all causal 
factors affecting anemia and undernutrition. Prevention will be merely achieved by 
convergence of a large number of actors at field level (ICDS, NGOs, health care system, 
community and family) to jointly implement combined sensitive and specific nutrition 
interventions [70].  

- High burden of infectious diseases (e.g. fever, diarrhea, respiratory infections) or chronic 
hookworm infestations contribute as potential confounders to diminished effects of 
nutrition interventions targeted at anemia or undernutrition reduction with a bidirectional 
relationship between infection and malnutrition [71], [72], [73], [74]. Supplementary iron 
even increases both infectious and chronic inflammatory diseases [75]. Moreover, it has to 
be considered that half-yearly deworming -as presently performed by the National Iron 
Plus Initiative or by the NGO Shining Eyes may not be sufficient to avert the negative 
impact on Hb concentrations by chronic hookworm infestation, as reinfection often occurs 
within few months after deworming. Treatments up to three times a year were reported to 
be required for improvement of iron status, periodic treatment however is in turn 
associated with diminished effectiveness, making the control of hookworm challenging 
[74]. Deworming in the second trimester was suggested as effective measure to increase 
birth weight and decrease the rate of infant mortality and maternal anemia in hookworm-
endemic regions [76].  

- Iron deficiency as protective adaptive response. An interesting perspective discussed is that 
evolution has formed the iron-deficient phenotype as protective adaptive response in areas 
of the globe with a high burden of infectious diseases, e.g. malaria, tuberculosis. In the scope 
of the agrarian revolution the diet became more iron deficient and lifestyle changes brought 
epidemic infections as selection criteria which the iron-deficient phenotype survived better. 
Thus, due to the long evolutionary persistance of iron deficiency the authors Denic and 
Agarwal conclude efforts at eradicating even mild forms of iron deficiency (according to 
the current belief deemed as more harmful than beneficial) to take a long time [77]. 

- Population specific cutoffs for anemia identification are discussed due to potential genetic 
determinants related to the heritability of Hb. Studies repeatedly found systematically 
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lower mean Hb concentrations of up to 1.0 g/dl in blacks than whites after having controlled 
for iron status or other confounding factors [78], [79], [80], [81], e.g. the Hb concentration in 
blacks was found to be 0.5g/dl lower than that of income-matched whites which implies 
that 10% of blacks will be mistakenly identified as anemic [82]. The re-examination of race 
specific cutoffs for mild anemia in Asian women is suggested to decrease anemia 
prevalence in India by 17.9%. The authors propose to redefine cutoffs with alternative 
methods e.g. in relation to the risk of unhealthy outcomes [83], or to define the Hb cutoff 
according to a three variable model minimizing the misclassification of iron deficiency [84]. 
In contrast, other researchers reviewed black people having a higher morbidity rate than 
white people associated with a general increased virulence independent of socio-economic 
status, which in turn is related to anemia as a consequence of chronic disease. Thus, the 
reduced hemoglobin levels amongst the black population may be rooted in social rather 
than racial causes, making a lowering of the normal range questionable [85]. To monitor 
progress in the prevalence of anemia the use of moderate-to-severe anemia is 
recommended, in particular in high prevalence populations, as mild forms of anemia may 
change more rapidly. Even though mild anemia is linked to impaired cognitive capacity in 
children or an increased preterm risk, the health risks associated with moderate/severe 
anemia are substantially greater with direct links to increased mortality in women and 
children [86]. 

- Anemic burden above 40%, here the contribution of iron deficiency anemia to the total burden 
of anemia is estimated to account for less than the up-to-date global assumption of 50%. For 
rural scenarios even low contribution rates of 14% and 16% have been reported for pre-
school children and non-pregnant women in reproductive age [87]. Aside nutrition related 
determinants (iron, folic acid, B12, vitamin A or protein deficiency, diets high in 
antinutrients), hereditary blood disorders (sickle cell anemia, thalassemia), and chronic 
infectious diseases (soil-transmitted helminths, tuberculosis, malabsorption or disorders of 
small intestine) may be decisive in the etiology of anemia [88].  

- Combined nutrient deficiencies. In a study in rural Bangladesh almost half (46%) of children 
were identified as anemic, but merely 17% were iron-deficient (typical Bangladeshi diets 
are low in bioavailable iron, but ground water is high in iron). Total body iron as well as 
retinol binding protein were strongly associated with less anemia. Vitamin A may be a key 
intervention strategy, but further research is needed as a large proportion of anemia 
remains unexplained [89].  

- Fatigue of program implementation. In case of long-term supplementation or nutrition 
schemes several risks may occur:  diminished quality or poor monitoring due to decreased 
motivation of executing workers, or increased loss of compliance due to perceived side 
effects [62]. Poor service delivery is rooted in multiple general factors weakening the 
capacity of administrative systems (poor accountability, lack of motivation, lack of 
transparency or weak monitoring, absence of performance appraisal, absence of system 
incentives and penalties, predominance of unstated objectives over stated objectives, large-
scale leakage due to corruption). Despite all program weaknesses, public schemes are 
mandatory for rural development and continue to operate as dominant social protection 
mechanism [90].  
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- Inadequate dosage. Hb rise to iron intervention is proportional to the initial Hb deficit and 
modified by supply of iron amongst other factors. The duration of supplementation is more 
important than the dose. The differentiation between iron therapy and preventive iron 
supplementation is decisive. Iron therapy aims to correct anemia in short time and uses 
high iron doses, while preventive approaches intend to decrease anemia over longer period 
of time with lower doses/frequency, and less side effects [91].    

- Body fluid status or growth velocity. Hb measurement is affected by changes in the body fluid 
status [92], [93]. Moreover, Hb response was inversely related to observed weight gains, 
with weight gains having been reported to have negative effects on iron status indices [45]  
[94], [95]. 

- Dysbalance of consumption of enhancers or inhibitors of iron absorption, (e.g. in case of iron 
therapy it is desirable to avoid “absorption inhibitors” along with medication).  

- Inappropriate caring, feeding stimulation. Nutrition programs achieve maximum effects not 
unless the mother is responsive to the child´s needs, thereby offering companionship 
during eating, assisting the child to eat, motivating the child to eat with eye-to-eye contact 
and smooth sounds. As ICDS food is usually provided as a take-home ration, the inter-
household differences concerning maternal feeding behaviour or the risk of intra-
household food sharing cannot be minimized. Even in the current community 
supplementary feeding program the study child was occasionally accompanied by older 
siblings and no adult caretaker, which impacts feeding and caring capacity thus the 
intervention effect.  

- Gut Microbiome. The gut microbiome may dramatically influence the nutritional status. 
Anemia and iron status are predictors of the gut microbiome [96], and iron deficiency 
anemia in infants and young children was related to a significant dysbalance of gut 
microbiotica with possible long-term host effects on metabolism and alteration of 
immunological response [97]. The gut microbiome is increasingly discussed as crucial actor 
in the pathogenesis of intestinal imflammatory diseases negatively affecting iron 
availability [98]. Altered microbiota composition may perpetuate forms of malnutrition 
explaining absent effects of supplementation or nutrition programs, therewith India´s 
inability to combat anemia and undernutrition. Stunted children in India were reported to 
have a higher rate of inflammatory pathogens, diminishing the absorption of nutrients.  Yet, 
it is not clear what comes first – dysbiosis or malnutrition? (classic chicken and egg 
question), but a mutually enhancing relationship is conceivable. Persisitent stressors like 
chronic nutrient deficiencies or multiple enteric infections due to limited hygiene in 
resource-poor settings put the child at risk to develop a bacterial dysbalance -which 
aggravates the undernutrition state e.g. through epithelial damage. From another 
perspective a pathologic colonization could already begin during birth process, even a 
prenatal exposure is discussed, in turn paving the way for undernutrition. To make 
supplementation or nutrition interventions more effective a holistic approach including the 
restorage of the balance of the microbiome and the minimization of pathogene exposure is 
required to achieve higher nutrient extraction [99], [100]. When striving for therapeutic 
approaches, detrimental effects of iron supplementation itself have to be considered as well. 
As even standard amounts of iron supplementation (12.5 mg/d) were observed to be 
associated with increased proportion of pathogens and inflammation in the gut [101], it is 
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important to find the lowest iron dosage maintaining efficacy in decreasing anemia. In a 
study on Kenyan infants the application of MNP with low iron-dose (5 mg/d) (IG1) showed 
significant positive effects on anemia reduction after 4 months of intervention (0.9g/dl Hb 
increase) as opposed to the CG (receiving MNP without iron). The combination of the same 
amount of iron with prebiotica (IG2) showed a significant higher Hb response as CG, and 
similar increases (0.5 g/dl) as IG1, moreover with lower abundance of pathogenes and less 
enterocyte damage, thus mitigated most adverse effects of iron in MNP on the gut 
microbiome [101], [102].  

 

7.4. Conclusion and Implication 

The findings of the current research consolidated a poor maternal nutritional status to be linked to 
lower Hb concentrations or anthropometric outcome variables in the child, making the safeguarding of 
women´s health a priority of action to preclude the distressing burden of anemia and undernutrition as 
assessed in tribal mothers and their children. Households were predominantly male-headed and 
maternal school attainment was low. Limited child caring and infant feeding practices have been 
identified. A high burden of infectious diseases predicted anemia in Adivasi children. Dietary 
diversification has been assessed as protective against moderate-to-severe forms of anemia in Adivasi 
children, and the best intervention effect on Hb response (primary indicator) was achieved by IG1 -
diversified meals alone.  

Thus, to overcome chronic nutrient gaps, access to quality health care combined with multisectoral 
nutrition-sensitive actions (e.g. women´s empowerment, school retention, child care and nutrition 
education, social support environment) and food system approaches (beyond cereal-based 
monocultures) are of need that altogether enable healthier diets, reduce poverty and ensure social 
protection [103]. Future interventions should target mothers and young children below two years of 
age, as undernutrition in early years has a disproportionate impact on later performance in life. This 
study confirmed infants and young children below two years to be more susceptible to morbidity and 
anemia, and at higher risk of being deprived of an acceptable dietary quality.   

It is hoped that this research suggesting dietary diversification as sustainable preventive food-based 
approach to curtail the burden of anemia in Adivasi children, will provide guidance and assist policy 
makers and practioners in designing future interventions on household, community or national level 
(thereby the fortification of CF with iron-containing MNP, or iron therapy may be considered as 
complementing beneficial strategies according to recommendations by the WHO [31], [33]). A 
diversified diet enriched with an adjusted amount of TopNutri (IG3) has shown most positive trends 
on secondary indicators (growth indices and morbidity reduction) in study children.  

The abundance of micronutrients and health-protecting dietary components found in plant and 
animal foods has to be made use of by optimal combination of dietary components to achieve the 
maximum bioavailability possible. Sufficiently diversified diets are discussed as adequate preventive 
approach to fight micronutrient deficiencies in young children, even though the treatment of existing 
deficiencies may remain challenging in the face of repeated infectious diseases [55]. Homestead food 
production (crop-diversification, kitchen gardens, animal husbandry) may be a potential strategy to 
enhance the access of Adivasis to more diversified diets.  

Research on food-based approaches increasingly suggests to work when given time to mature, 
which can only be realized by research donors prioritizing it. Food-based approaches should no longer 
be neglected but rather seen as a strategy to improve long-term health and nutritional outcomes with 
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its indirect benefits going beyond biological or clinical outcomes, but similarly favoring economic, 
social, cultural, and environmental developments [55].  
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ST 1: Daily nutrient intake provided by breastmilk and complementary foods, children 1-2 years (n = 14) 

Name of nutrient Mean value 
 

Habitual Intake of breastmilk 
(12-23m)  

(medium frequency, 532.3ml 
breastmilk/day [1] with 65kcal/dl 

assumed average energy 
provided by breastmilk [2] 

 

Mean ± SD 
 

Habitual Intake by CF 
(incl. AWC meals) 

(1-2 y; n = 14) 
 

(all nutrients normally 
distributed) 

Median 
values 

 
Habitual 

Intake by CF 
(1-2 y; n = 14) 

 
 
 

Minimum 
intake by 
CF (1-2 y) 

1. Quartile 
(1-2 y) 

3. Quartile 
(1-2 y) 

Maximum 
intake by CF 

(1-2 y) 

Indian RDA 
children 1-3 years 

 
 

(ICMR, 2009 [3]; for 
CHO, Vit E, Vit D 
from IOM, 1997-

2011 [4]) 

Energy [kcal] 346.00 407.46 ± 179.56 413.09 184.40 208.76 566.23 722.22 1060 
Protein [g] 5.86 10.74 ± 5.30 10.44 4.26 5.26 15.68 18.56 16.7 
% of energy derived 
from protein  

6.8 10.8 ± 2.5 10.0 8.0 9.0 12.3 17.0 5-20 

Fat [g] 20.76 6.43 ± 5.44 5.36 0.71 2.47 8.64 21.17 27 
% of energy derived 
from fat  

54 13.3 ± 7.9 12.5 3.0 6.5 19.0 30.0 30-40 

CHO [g] 38.06 74.76 ± 33.63 81.99 33.61 42.18 98.52 139.54 130 
% of energy derived 
from CHO  

44.0 75.9 ± 9.5 76.0 57.0 70.25 85.25 88.0 45-65 

Vit A (RE) [µg] 319.38 43.64 ± 42.20 26.43 2.44 5.46 79.81 129.04 400 
Vit E (α-TE) [mg] 1.62 0.41 ± 0.43 0.23 0.07 0.13 0.62 1.66 6 
Vit B1 [mg] 0.09LL 0.20 ± 0.09 0.21 0.09 0.12 0.26 0.35 0.5 
Vit B2 [mg] 0.19 0.22 ± 0.21 0.12 0.04 0.08 0.30 0.69 0.6 
Vit B6 [mg] 0.05LL 0.22 ± 0.12 0.21 0.09 0.13 0.28 0.53 0.9 
Folate [µg] 26.62LL 27.98 ± 19.50 19.72 8.62 12.09 41.09 69.85 80 
Vit C [mg] 21.29LL 5.91 ± 5.57 3.33 1.04 2.10 8.97 20.37 40 
Calcium [mg] 143.72 82.54 ± 102.62 49.25 11.92 20.38 102.68 390.33 600 
Magnesium [mg] 18.36 58.43 ± 24.63 63.49 25.93 32.69 82.24 100.12 50 
Phosphor [mg] 74.52 190.34 ± 99.67 182.40 78.95 107.04 256.51 380.61 460 
Niacin [mg] 0.80 3.89 ± 1.71 3.92 1.65 2.12 5.41 6.54 8 
Vit D [µg] 0.322 0.15 ± 0.29 0 0 0 0.20 0.95 15 
Iron [mg] 0.18 2.04 ± 1.21 1.79 0.78 0.93 3.17 4.20 9 
Zinc [mg] 0.27 1.79 ± 0.82 1.80 0.77 0.98 2.47 3.09 5 

Vit B12: 0.085µgLL , sodium: 130.4mg, potassium: 316.7mg intake by 532.3ml breastmilk.  
LL: lower level of assumed nutrient range in breastmilk as proposed by Parlesak, 2003 [2]; other nutrient values are the average value of the proposed range. 
Niacin, riboflavin, phosphorus, and fat nutrient value in breastmilk from National Academies Press, 1991 [5]. 
Calculation of nutrient intake based on average amount of breastmilk consumed in this age group (532.3 ml/day), (Dewey & Brown, 2003 [1]) and average energy content of breastmilk 65 kcal/dl 
(Parlesak, 2003 [2]).  
CF: complementary feeding. Estimation of average home-based food intake including AWC meals by Piroth, 2014 [6] through food weighed protocols on site in West Bengal, India. 
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ST 2: Daily nutrient intake provided by breastmilk and complementary foods, children 1-3 years (n = 25) 

Name of nutrient Mean value 
 

Habitual Intake of 
breastmilk (12-23m)  
(medium frequency, 

532.3ml breastmilk/day 
[1] with 65kcal/dl 
assumed average 

energy provided by 
breastmilk [2] 

 

Mean ± SD 
 

Habitual Intake by CF 
(incl. AWC meals) 

(1-3 y; n = 25) 
 

(all nutrients normally 
distributed, except vitD) 

Median values 
 

Habitual Intake by 
CF 

(1-3 y; n = 25) 
 
 
 

Minimum 
intake by CF  

(1-3 y) 

1. Quartile 
(1-3 y) 

3. Quartile 
(1-3 y) 

Maximum intake 
by CF (1-3 y) 

Indian RDA 
children 1-3 years 

 
 

(ICMR, 2009 [3]; for 
CHO, Vit E, Vit D 
from IOM, 1997-

2011 [4]) 

Energy [kcal] 346.00 621.79 ± 377.58 552.04 184.40 353.93 778.44 1656.05 1060 
Protein [g] 5.86 14.88 ± 9.47 14.15 4.26 7.50 18.24 46.70 16.7 
% of energy 
derived from 
protein  

6.8 10.1 ± 2.2 10.0 8.0 8.0 12.0 17.0 5-20 

Fat [g] 20.76 8.83 ± 7.47 6.26 0.71 3.01 12.29 30.03 27 
% of energy 
derived from fat  

54 12.2 ± 6.8 11.0 3.0 6.5 16.0 30.0 30-40 

CHO [g] 38.06 116.75 ± 70.44 104.48 33.61 61.73 147.71 286.35 130 
% of energy 
derived from CHO  

44.0 77.6 ± 8.3 78.0 57.0 72.0 85.0 88.0 45-65 

Vit A (RE) [µg] 319.38 48.19 ± 64.95 25.61 0 7.14 81.18 303.60 400 
Vit E (α-TE) [mg] 1.62 0.48 ± 0.46 0.22 0.07 0.14 0.83 1.66 6 
Vit B1 [mg] 0.09 0.26 ± 0.20 0.23 0.09 0.13 0.31 1.13 0.5 
Vit B2 [mg] 0.19 0.22 ± 0.18 0.17 0.04 0.10 0.26 0.69 0.6 
Vit B6 [mg] 0.05 0.29 ± 0.19 0.24 0.09 0.17 0.34 0.90 0.9 
Folate [µg] 26.62 36.18 ± 24.27 34.18 8.62 15.04 52.40 108.99 80 
Vit C [mg] 21.29 7.62 ± 7.58 4.46 0.96 2.42 11.07 31.98 40 
Calcium [mg] 143.72 90.31 ± 102.11 56.31 11.92 28.18 109.11 398.42 600 
Magnesium [mg] 18.36 84.68 ± 47.14 72.60 25.93 51.55 100.78 204.49 50 
Phosphor [mg] 74.52 240.73 ± 136.36 190.01 78.95 131.33 329.56 603.46 460 
Niacin [mg] 0.80 4.72 ± 2.26 4.90 1.65 2.93 5.83 10.70 8 
Vit D [µg]* 0.322 0.12 ± 0.25 0 0 0 0.18 0.95 15 
Iron [mg] 0.18 2.98 ± 2.01 2.54 0.78 1.24 4.09 8.19 9 
Zinc [mg] 0.27 2.46 ± 1.42 2.38 0.77 1.45 3.04 7.46 5 

*not normally distributed (Kolmogorov-Smirnov test)
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Nutrient and Anti-nutrient content of Amaranthus tricolor and Moringa oleifera 
leaves (fresh/dried) accordig to literature research 

 
ST 3: Nutrient and anti-nutrient content of fresh Amaranthus tricolor leaves 

 Nutrient content per 100g fresh weight basis of raw Amaranthus tricolor leaves  

 
Noonan et 
al., 1999 
[7] 

Gupta et 
al., 2005 
[8] 

Yang & 
Keding, 
2009 [9] 

Alegbejo, 
2014 [10] 

Gupta et 
al., 2013 
[11] 

Pradeep-
kumar et al., 
2015 [12] 

Longvah et al., 
2017 [13] 
(Amaranthus 
gangeticus)  

Mean ± SD 

Moisture (g) - 86.0 - 88.9 88.4 85.7 86.37 87.1 ± 1.47 
Energy (kcal) - - - 18 - - 32 25 ± 9.90 
Protein (g) - 3.4 3.9 3.5 - 4.0 3.09 3.6 ± 0.37 
Fat (g) - - - 0.3 - 0.5 0.53 0.4 ± 0.13 
CHO (g) - - - 0.3 - - 2.87 1.6 ± 1.82 
Fiber, crude 
(g) 

- 3.47 - - 3.13 - 3.23 3.3 ± 0.17 
Fiber, total 
(g) 

- 4.8 - 2.6 3.93 - 4.6 4 ± 0.99 
Calcium 
(mg) 

453 239 358 270 227 397 269 316.1 ± 86.86 
 Iron (mg) - 15.01 2.4 3 17.8 3.49 5.28 7.8 ± 6.77 

Magnesium 
(mg) 

- 253 - 130 - 122 146 162.8 ± 60.99 
Phosphorus 
(mg) 

- 33 - 65 - 83 68.23 62.3 ± 21.05 
Potassium 
(mg) 

- 433 - - - 341 597 457 ± 129.68 
Sodium (mg) - 84 - - - 230 17.55 110.5 ± 108.68 
Zinc (mg) - 0.6 0.8 - - 0.18 1.03 0.65 ± 0.36 
Vitamin C - 39 62 42 41 99 77.24 60 ± 24.28 
Thiamin 
(mg) 

- 0.07 - 0.07 0.07 - 0.01 0.06 ± 0.03 
Riboflavin 
(mg) 

- - - 0.22 - - 0.22 0.22 ± 0 
Niacin (mg) - - - 0.7 - - 0.69 0.70 ± 0.01 
B6 (mg) - - - - - - 0.19 0.19 
Folate (µg) - - 31 85 - - 69.08 61.7 ± 27.75 
B12 (µg) - - - - - - - - 
vitA [RE] 
(µg) 

- 451 1800 144 438 460 - 658.6 ± 651.69 
VitE 
[eq.](mg) 

- - 0.3 - - - 0.45 0.38 ± 0.11 
Phytic acid 
(mg) 

- 1.95 - - - - 4.89 3.42 ± 2.08 
Oxalate (mg) 1087 1270 - - 1243 772 - 1093 ± 228.70 

 Nitrate (mg) - - - - - 680 - 680 
Tannins 
(mg) 

- 106 - - 305 - - 205.5 ± 140.71 
Saponin 
(mg) 

- - - - - - - - 
Polyphenols 
(mg) 

- - - - - - 26.84 26.84 
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ST 4: Nutrient and anti-nutrient content of dried Amaranthus tricolor leaves 

 Nutrient content per 100g dried Amaranthus tricolor leaves  
 Gupta et al., 2013 [11] Yadav & Sehgal, 2003 [14] Mean ± SD 
Moisture (g) 4.5 - 4.5 
Energy (kcal) - - - 
Protein (g) - 27.1 27.1 
Fat (g) - 4.17 4.2 
CHO (g) - - - 
Fiber, crude (g) 2.69 9.8 6.3 ± 5.03 
Fiber, total (g) 3.3 - 3.3 
Calcium (mg) 239.2 2120 1180 ± 1329.93 
Iron (mg) 16.08 34.14 25.1 ± 12.77 
Magnesium (mg) - - - 
Phosphorus (mg) - - - 
Potassium (mg) - - - 
Sodium (mg) - - - 
Zinc (mg) - 12.6 12.6 
Vitamin C (mg) 1.5 629 315.3 ± 443.71 
Thiamin (mg) 0.03 - 0.03 
Riboflavin (mg) - - - 
Niacin (mg) - - - 
B6 (mg) - - - 
Folate (µg) - - - 
B12 (µg) - - - 
vitA [RE] (µg) 276 2938 1607 ± 1882.32 
VitE [eq.](mg) - - - 
Phytic acid (mg) - 234 234 
Oxalate (mg) 1217 8910 5063.5 ±  5439.77 
Nitrate (mg) - - - 
Tannins (mg) 162 - 162 
Saponin (mg) - - - 
Polyphenols (mg) - 2121 2121 

 
ST 5: Nutrient and anti-nutrient content of fresh Moringa oleifera leaves 

 Nutrient content per 100g fresh Moringa oleifera leaves  
 Longvah et al., 

2017 [13] 
Yang et al, 
2006 [15] 

Dhakar et 
al., 2011 [16] 

USDA, 
2012 [17] 

Witt, 2013 
[18] 

Mean ± SD 

Moisture (g) 75.7 -, - 75 78.7 76.4 76.5 ± 1.61 
Energy (kcal) 67 -, - 92 64 86.6 77.4 ± 13.97 
Protein (g) 6.41 5.7, 6.9 6.7 9.4 8.8 7.2 ± 1.45 
Fat (g) 1.64 -, - 1.7 1.4 1.5 1.6 ± 0.14 
CHO (g) 5.62 -, - 12.5-13.4 8.3 7.6-12.5 9.2 ± 3.08 
Fiber, crude (g) 6.12 -, - - 2 2.2 3.4 ± 2.32 
Fiber, total (g) 8.21 -, 1.75 0.9 2 5.3-7.3 3.8 ± 3.22 
Calcium (mg) 314 638, 454 440 185 532 427.2 ± 159.86 
Iron (mg) 4.56 9.2, 6.7 0.7-0.85 4 10.8 6.0 ± 3.66 
Magnesium (mg) 97.09 -, - 24-42 42 26-151 65.2 ± 32.32 
Phosphorus (mg) 109 -, - 70 112 90-112 98.0 ± 19.24 
Potassium (mg) 397 -, - 259 337 414 351.8 ± 70.10 
Sodium (mg) 9.34 -, - - 9 16 11.4 ± 3.95 
Zinc (mg) 0.72 -, - 0.16 0.6 0.3-1.3 0.6 ± 0.29 
Vitamin C (mg) 108 249, 257 220 52 162 174.7 ± 82.48 
Thiamin (mg) 0.06 -, - 0.06 0.26 - 0.1 ± 0.12 
Riboflavin (mg) 0.45 -, - 0.05 0.66 - 0.4 ± 0.31 
Niacin (mg) 0.82 -, - 0.8 2.22 - 1.3 ± 0.81 
B6 (mg) 0.87 -, - - 1.2 - 1.0 ± 0.23 
Folat (µg) 42.89 -, - - 40 - 41.4 ± 2.04 
B12 (µg) - -, - - - - - 
vitA [RE] (µg) - 1250, 1158 565 378 1286 927.4 ± 423.97 
VitE [eq.](mg) 0.31 25, 16.7 - - 25 16.8 ± 11.64 
Phytic acid (mg) 128 -, - - - - 128 
Oxalate (mg) - -, - 101 - - 101 
Nitrate (mg) - -, - - - - - 
Tannins (mg) - -, - - - - - 
Saponin (mg) 480 -, - - - - 480 
Total phenolics 
(mg) 

29.9 680 - - - 355 ± 459.7 
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ST 6: Nutrient and anti-nutrient content of dried Moringa oleifera leaf powder 

 Nutrient content per 100g dried leaves of Moringa oleifera  

 
Dhakar et al., 

2011 [16] 
Witt, 2013 

[18] 

Makkar & 
Becker, 1997 

[19] 

Gidamis et 
al., 2003 

[20] 

Price, 
2007 [21] 

Moyo et al., 
2011 [22] 

Agbaire, 
2012 [23] 

Nouman et 
al., 2014 [24] 

Saha et al., 
2015 [25] 

Bechthold, 
2016 [26] 

Mean ± SD 

Moisture (g) 7.5 7.4 - - - - - -  - 7.5 ± 0.07 
Energy (kcal) 205 304 - - - - - - 294 290 273.3 ± 45.88 
Protein (g) 27.1 24 - 33.8 - 30.3 - - 4.7 22 23.7 ± 10.21 
Fat (g) 2.3 6 - - - - - - 3 5 4.1 ± 1.72 
CHO (g) 38.2 36 - 28.9 - - - - 8.6 29 28.1 ± 11.68 
Fiber, crude (g) - 9 - 12.6 - - - - 0.25 - 7.3 ± 6.35 
Fiber, total (g) 19.2 20.6-28.6 - - - - - - - - 21.9 ± 3.81 
Calcium (mg) 2003 1897 - 630.7 - 3650 - 1875 67.9 286 1487.1 ± 1255.19 
Iron (mg) 28.2 32.5 - 11.9 

 
- 49 - 38 29.4 63 36 ± 16.32 

 Magnesium 
(mg) 

368 473 - 336.1 
 

- 500 - 10.6 16 33 248.1 ± 220.87 
 Phosphorus 

(mg) 
204 297 - 55.6 

 
- 300 - 112 - 307 212.6 ± 108.18 

Potassium (mg) 1324 1467 - 3589 
 

- 1500 - 2072 75.3 156 1454.8 ± 1193.38 
Sodium (mg) - 220 - 812 

 
- 164 - 224 43.3 11 245.7 ± 291.39 

Copper (mg) 0.57 0.9  - - - - - - - 0.74 ± 0.23 
Zinc (mg) 3.29 2.4 - 3.24 

 
- 1.3 - 2.2 1.5 2 2.28 ± 0.78 

Manganese 
(mg) 

- - - - - - - - - 11 11 
Selenium (µg) - - - - - - - - - 32 32 
Vitamin C (mg) 17.3 172 - 47.6 

 
- - - - 19.3 56 62.4 ± 63.57 

Thiamin (mg) 2.64 2.6 - - - - - - - 0.3 1.85 ± 1.34 
Riboflavin (mg) 20.5 1.29-20.5 - - - - - - - 2.0 11.13 ± 9.25 
Niacin (mg) 8.2 8.2 - - - - - - - 8 8.13 ± 0.12 
B6 (mg) - 2.4 - - - - - - - - 2.4 
Folat (µg) - 540 - - - - - - - - 540 
B12 (µg) - - - - - - - - - - - 
vitA [RE] (µg) 1575 3639 - 367 

 
- 1542 - - 1575 252 1491.7 ± 1218.94 

VitE [eq.](mg) - 56-113 - - 113 77 - - - 62 84.1 ± 21.40 
Phytic acid 
(mg) 

- - 2100 0.265 
 

- - 1.1 - 274 - 791.7 ± 1141.20 
Oxalate (mg) 0.0 2600 - 99 1600 - 0.25 2754 4.8 - 1008.3 ± 1277.87 
Nitrate (mg) - - - - - - - - - - - 

Tannins (mg) - 1200-1400 1200 0.22 - 
3200 

(condensed) 
0.022 - 17.9 - 1143.6 ± 1306.80 

Saponins (mg) - - 8100 - - - 0.025 - - - 8100 
Phenols (mg) - - 4430 - - 2020 - - 236 - 2228.7 ± 2104.77 
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Price comparison of AWC recipes vs. own study recipes 
 

ST 7: Price estimate of AWC recipe Mixed Rice with potato curry & half boiled egg & 50ml milk 

AWC: Mixed Rice & Boiled egg Rate per capita Rate per unit 
Rice raw (50g) 
+ 86ml water absorbed 
+ 15.1ml (added for “boiled” button) 
= 101.1ml water entered in NutriSurvey 

1.1 R 2200 R/Otl. 100kg 

Egg (half, 25g) 2.1 R 4.2 R per piece 
Mustard oil (0.5ml) 0.06 R 120 R/l 
Potatoes (25g) 0.2 R 8 R/kg 
Barbati (green beans) (7g) 0.11 R 15 - 30 R/kg 
Salt (3g) 0.03 R 10 R – 17 R (iodized)/kg 
Budget per capita 
(196.5g + 50ml milk = 246.5g) 

3.6 R + 1.75 R for 50 ml milk every day on top  

Total expenses per capita 5.35 R for three days Rice & Egg Curry, 
respectively 

 

Total budget for potato, vegetable, and salt indicated with 0.34 R and an average price of 10R/kg by the government pamphlet. 

Available budget/prices indicated for the period October 2015-January 2016 according to the pamphlet of the Government of West 
Bengal, Office of the District Magistrate, Birbhum District ICDS Cell. Moreover, whole-sale market price estimates by Bolpur 
Manab Jamin in April 2016, St. Mary´s Child & Mother Health Care Centre kitchen order sheet July and November 2016, and 
survey on Bolpur Market June 2015 were considered for price estimates. Calculations were performed with the lowest assumed 
price possible in order not to underestimate the AWC recipes in quality and quantity. Unlike former district recipe description 
sheets; the sheet for Oct´15-Jan´16 did not mention spices except salt in the proposed maximum budget available, thus are 
excluded from AWC recipe definition. However, with cumin 300R/kg, turmeric 160R/kg a minimum of 0.23R (equaling 0.5g of 
both) total should be added in theory, or for onion 15R/kg, and garlic or ginger for 80R/kg, respectively a minimum of 0.075R (5g 
onion), or 0.2R (2.5g garlic or 2.5g ginger) have to be added, as well. 

 

ST 8: Proportion of energy derived from protein, fat and carbohydrates, energy and vitC density of AWC 
recipe Mixed rice with potato curry, with half egg and milk 

Energy density cooked portion  
AWC Mixed rice (200g)  

Animal protein E% (protein) E% (fat) E% (CHO) VitC density 

1.17 kcal/g 0% 8% 3% 89% 21.8mg/1000kcal 

 
Energy density cooked portion  

AWC Mixed rice (175g):boiled egg (25g)  
Animal protein E% (protein) E% (fat) E% (CHO) VitC density 

1.22 kcal/g 51% 13% 12% 75% 18.5mg/1000kcal 

 
Energy density cooked portion  

AWC Mixed rice (125g):boiled egg (25g) and  
50ml cow milk  

Animal protein E% (protein) E% (fat) E% (CHO) VitC density 

1.08 kcal/g 66% 16% 20% 64% 19.4mg/1000kcal 
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ST 9: Nutrient composition of AWC recipe Mixed Rice with potato curry, half egg and milk 

 

Mixed rice 
(200g) 

 
Mixed rice (175g), 
boiled egg (25g) 

Mixed rice (125g), 
boiled egg (25g), 

 50ml milk  
(200g portion size) 

Recommendation  
(1-3 years), average body 

weight 12.9kg 
(ICMR, 2009 [3]; IOM, 1997-

2011 [4]) 
energy (kcal) 234.3 243.4 216.3 1060 
protein (g) 4.4 7.9 8.3 16.7 
fat (g) 0.9 3.3 4.9 27 
CHO (g) 50.2 43.9 33.5 130 
vit A (RE, µg) 5.3 50.4 65 400 
vit E (eq., mg) 0.1 0.3 0.3 6 
vit K (µg) 9.7 8.5 8.1 30* 
vit B1 (mg) 0.1 0.1 0.1 0.5 
vit B2 (mg) 0.1 0.2 0.3 0.6 
niacin (mg) 3.1 3.7 3.4 8 
vit B5 (mg) 0.6 0.5 0.5 2* 
vit B6 (mg) 0.2 0.2 0.2 0.9 
biotin (µg) 2 8 9 8* 
tot. fol. acid (µg) 10.2 19.2 21.1 80 
vit B12 (µg) - 0.5 0.7 0.2-1 
vit C (mg) 5.1 4.5 4.2 40 
vit D (µg) - 0.5 0.4 5 
calcium (mg) 17.4 23.2 70.4 600 
magnesium (mg) 35.9 37.2 34.7 50 
phosphorus (mg) 89.7 139.3 161.8 460 
copper (mg) 0.3 0.3 0.3 0.34 
manganese (mg) 2.4 2.1 1.5 1.2* 
sodium (mg) 1353 1212.8 900.1 1000* 
iron (mg) 0.7 1.1 0.9 9 
zinc (mg) 1 1.6 1.5 5 
sulfur (mg) 70.8 61.9 59.7 - 
iodine (µg) 8 7 8.5 90 

* Adequate Intakes (AI) 
a 100g cow milk provide 0.4µg B12 [27]. All other nutrient contents based on the Bangladesh FCT, 2013 [28]. 

 

ST 10: Price estimation of AWC recipe Rice, lentils, vegetables (“Khechuri”) with half boiled egg and 50ml 
milk 

AWC: Rice, dal, sabji with half boiled 
egg 

Rate per capita Rate per unit 

Rice raw (50g) 
+ 86ml water absorbed 
+ 15.1ml (added for “boiled” button) 
= 101.1ml water entered in NutriSurvey 

1.1 R 2200 R/Qtl. 100kg 

Mosuri dal raw (15g) 
+ 23.5ml water absorbed 
+ 4.3ml (added for “boiled”-button) 
= 27.8ml water entered in NutriSurvey 

1.38 R 92 R - 120 R/kg 

Mustard oil (0.5ml) 0.06 R 120 R/l 
Soya bean (2.5g) 
+ 4ml water absorbed 
+ 0.72ml (added for “boiled” button) 
= 4.72ml water entered in nutrisurvey 
(assumed water absorbance like for 
mosuri dal, factor 2.6). 

0.23 R 90 R - 120 R/kg 

Salt (3g) 0.03 R 10 R - 17 R (iodized)/kg 
Egg (half, 25g) 2.1 R 4.2 R per piece 

Budget per capita  
(205.5g portion + 50ml milk = 255.5g) 

4.9 R + 1.75 R for 50 ml milk every day on top 
-because 3x100ml a week (6 days), then 
adjusted for every day it is 50ml. 

 

Total expenses per capita 6.65 R for three days rice, dal, sabji with half 
boiled egg, respectively 

 

Total budget for veg-soyabean, salt is indicated with 0.26R and an average of 12R/kg by the government pamphlet. 
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ST 11: Proportion of energy derived from protein, fat and CHO, energy and vitC density of AWC recipe Rice, 
lentils, vegetables (“Khechuri”) with half egg and milk 

Energy density cooked portion  
AWC Rice, dal, sabji  Animal protein E% (protein) E% (fat) E% (CHO) VitC density 

1.3 kcal/g 0% 16% 3% 81% 0 mg/1000kcal 

 
Energy density cooked portion  

AWC Rice, dal, sabji (175g) & boiled egg (25g)  Animal protein E% (protein) E% (fat) E% (CHO) VitC density 

1.33 kcal/g 32% 20% 11% 69% 0 mg/1000kcal 

 
Energy density cooked portion  
AWC Rice, dal, sabji (125g) & 

boiled egg (25g) & 
milk (50ml) 

Animal protein E% (protein) E% (fat) E% (CHO) VitC density 

1.16 kcal/g 47% 21% 19% 60% 4.3 mg/1000kcal 
 

ST 12: Nutrient composition of AWC recipe: Rice, lentils, vegetables (“Khechuri”) with half egg and milk 

 

Rice, dal, sabji 
(200g) 

Mixed rice, dal, 
sabji (175g), 

boiled egg (25g) 

Mixed rice, dal, sabji 
(125g), boiled egg 

(25g), 
 50ml milk  

(200g portion size) 

Recommendation  
(1-3 years),  

average body weight 12.9kg 
(ICMR, 2009 [3]; IOM, 1997-

2011 [4]) 
energy (kcal) 260.8 266.6 232.9 1060 
protein (g) 9.7 12.5 11.6 16.7 
fat (g) 0.9 3.3 4.9 27 
CHO (g) 50.7 44.4 33.8 130 
vit A (RE, µg) 0.6 46.2 62.1 400 
vit E (eq., mg) 0.1 0.3 0.3 6 
vit K (µg) 188 192 211 30* 
vit B1 (mg) 0.2 0.2 0.2 0.5 
vit B2 (mg) 0.1 0.2 0.3 0.6 
niacin (mg) 4 4.5 3.9 8 
vit B5 (mg) 0.4 0.8 0.8 2* 
vit B6 (mg) 0.1 0.2 0.1 0.9 
biotin (µg) 2 8 9 8* 
tot. fol. acid (µg) 15.8 24.1 24.6 80 
vit B12 (µg) - 0.5 0.7 0.2-1 
vit C (mg) 0 0 1 40 
vit D (µg) 0 0.5 0.5 5 
calcium (mg) 27.8 32.4 76.9 600 
magnesium (mg) 46.5 46.5 41.3 50 
phosphorus (mg) 136.4 180.1 191 460 
copper (mg) 0.3 0.4 0.3 0.34 
manganese (mg) 2.2 1.9 1.4 1.2* 
sodium (mg) 1266.1 1140.1 849.1 1000* 
iron (mg) 1.9 2.1 1.7 9 
zinc (mg) 1.5 2 1.8 5 
sulfur (mg) 59.6 97.2 97.8 - 
iodine (µg) 6.4 8.1 10 90 

* Adequate Intake (AI) 
a 100g cow milk provide 0.4µg B12 [27]. All other nutrient contents based on the Bangladesh FCT, 2013 [28]. 
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ST 13: Price estimate of own study recipe Halwa served with half egg 

Own: Halwa with half egg 
Rate per 246.1g portion  
Bolpur Manab Jamin 

Rate per 246.1g portion 
Government prices or lowest 
price assumed 

Cow milk powder (8.1g) 2.59 R - 
Wheat flour (8.1g) 0.18 R - 
Mosuri dal (4.05g) 0.45 R (110 R/kg) 0.37 R (92 R/kg) 
Banana (48.6g) 1.7 R - 
Dates, dried (12.96g) 1.3 R - 
Pumpkin (Mistikumra) (44.55g) 0.89 R - 
Poppy seeds (4.05g) 2.03 R - 
Jaggery (6.48g) 0.23 R - 
Oil, sunflower, added Vit A, D, E (8.1g) 0.77 R - 
Chicken egg (half, 25g) 2.75 R 2.1 R (half) 
Water absorbed 76.14g  
(adjusted 97.2g for entering in NutriSurvey) 

- - 

Budget per capita  
(246.1g portion) 

12.89 R 12.16 R 

 

ST 14: Price estimate of own study recipe Khechuri 

Own: Khechuri with chicken 
Rate per 261g portion  
Bolpur Manab Jamin 

Rate per 261g portion 
Government prices or lowest 
price assumed 

Rice raw (16.5g) 0.46 R (28 R/kg) 0.36R (22 R/kg) 
Mung dal raw (11g) 1.54 R - 
Soya chunks (5.5g) 0.55 R (100 R/kg) 0.5 R (90 R/kg) 
Chicken (33g) 8.25 R - 
Spinach (Palong shak) (33g) 0.53 R - 
Pumpkin (Mistikumra) (33g) 0.66 R - 
Garlic (2.75g) 0.22 R - 
Onion (8.25g) 0.12 R - 
Ginger (5.5g) 0.44 R - 
Turmeric (0.55g) 0.09 R - 
Cumin (0.55g) 0.17 R - 
Iodized Salt (0.99g) 0.02 R - 
Sunflower or Soya oil, added A,D,E (13.2ml) 1.25 R - 
Water absorbed 92.4g  
(adjusted 123.2g for entering in NutriSurvey) 

- - 

Budget per capita  
(256.2g portion) 

14.14 R 13.99 R 
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ST 15: Price comparison: AWC meals (2015-16) versus diversified study recipes without enrichments (IG1) 
(most comparable portion sizes chosen) 

 
Total Price (INR) 
(Average per 
indicated meal 
size) 

Price increase (%) 
per served meal 

Price (INR) in 
relation to indicated 
serving frequency 
per week 

Difference (%) in 
weekly budget 
required  
(Note: different 
serving frequency) 

AWC recipe: Mixed Rice with potato 
curry & half boiled egg & 50ml milk 
(246.5g) 

5.35 

(served three 
times per week) 

100% 16.05  

 

100% 

Study recipe: Halwa with half boiled 
egg (246.1g) 

12.16 

(served twice per 
week) 

227% 24.32  

 

152% 

AWC recipe: Rice, lentils, 
vegetables (“Khechuri”) with half 
boiled egg and 50ml milk (255.5g) 

6.65 

(served three 
times per week) 

100% 19.95  

 

100% 

Study recipe: Khechuri with meat 
(256.2g) 

13.99 

(served once per 
week) 

210% 13.99  

 

70% 

Note: for both recipe variations served, respectively the weekly budget for AWC (2015-16) is calculated with 36 INR (100%), versa 
38.31 INR (106%) for diversified study recipes without enrichments (IG1). 

 

ST 16: Comparison of energy density, share of animal protein, macro-distribution range of protein, fat, and 
carbohydrates, and ascorbic acid density between exemplified portion sizes of AWC recipes (2015-16) and self-
designed diversified study recipes without enrichments as served for IG1 

Energy density cooked portion  
AWC Mixed rice with potato curry (125g) + 
boiled egg (25g) and 50ml cow milk  

Animal protein E% (protein) 
E% 
(fat) 

E% 
(CHO) VitC density 

1.08 kcal/g 66% 16% 20% 64% 19.4mg/1000kcal 

  
Energy density cooked portion Halwa (175g)  
+ half egg (25g) (study recipe) Animal protein E% (protein) E% (fat) E% (CHO) VitC density 

1.37 kcal/g 64% 14% 42% 44% 24.5mg/1000kcal 

 
 

Energy density cooked portion  
AWC Rice, dal, sabji “Khechuri” (125g) & 
boiled egg (25g) & milk (50ml) 

Animal protein E% (protein) E% (fat) E% (CHO) VitC density 

1.16 kcal/g 47% 21% 19% 60% 4.3 mg/1000kcal 
  

Energy density of any serving size of 
cooked portion Khechuri (study recipe) 

Animal protein E% (protein) E% (fat) E% (CHO) VitC density 

1.16 kcal/g 48% 22% 44% 34% 39.2mg/1000kcal 
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SF 1: Comparison of nutrient composition of AWC recipes (2015-16) vs. diversified study recipes without 
enrichments (IG1). Percentage of fulfillment of nutrient reference intake values by moderate frequency of 
breastfeeding, average CF and supplementary AWC meals vs. study meals
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ST 17: Study treatment protocol designed by Shining Eyes 

Symptom Treatment protocol Follow up 

 Children aged  
6-<24 months 

Children  
≥ 24 months 

Pregnant women Lactating mothers Other mothers (who 
do not eat) 

 

Preventive 
treatment for 
anemia 

-- -- 
100 mg elemental iron 500 
mcg of folic acid 
every day for at least 100 
days, starting after the first 
trimester (government). 
+  
10,000 I.U. twice weekly vitA 
for one month from 5th 
month on 

-- --  

Moderate anemia 

 

Supplemental meals through the 
nutrition programme. 

 

 
If Hb will be below 9.9g/dl after the 
study, 2 months treatment will 
start: 20 drops Tonoferon OD (=25 
mg iron, 0.2mg folic acid) 

Supplemental meals through 
the nutrition programme. 

 

If Hb will be below 9.9g/dl after 
the study, 2 months treatment 
will start: 1 tablet or iron syrup 
10ml daily (60mg iron & 0.4mg 
folic acid) 

Supplemental meals through 
the nutrition programme. 

 

plus preventive treatment (see 
above) 

Supplemental meals 
through the nutrition 
programme for lactating 
women in the first 6 
months after delivery. 

If Hb will be below 10.9g/dl 
after the study, 2 months 
treatment will start: 2 tablets 
daily (120mg iron & 0.8mg 
folic acid) 

2 tablets daily (120mg iron 
& 0.8mg folic acid) for one 
month along with Vit. A 
20,000 I.U. per week. 

 

 

Severe anemia 

 

If Hb <7g/dl, refer to St. Mary’s 
hospital for  
admission. 

 
Tonoferon drops 20 drops daily (25 
mg iron & 0.2mg folic acid) for three 
months. 
Below 6g/dl consider blood 
transfusion. 

If Hb <7g/dl, refer to St. 
Mary’s hospital for  
admission. 

1 tablet or iron syrup 10ml 
daily (60mg iron & 0.4mg folic 
acid) for three months. 
+ 
20,000 I.U. per week vitA 
for one month 

Below 6g/dl consider blood 
transfusion. 

If Hb <8g/dl, refer to St. 
Mary’s hospital for  
admission. 

2 tablets daily (120mg iron & 
0.8mg folic acid) for three 
months. 

Below 6g/dl consider blood 
transfusion. 

If Hb <8g/dl, refer to St. 
Mary’s hospital for 
admission. 

2 tablets daily (120mg iron & 
0.8mg folic acid) for two 
months, 
+ 
20,000 I.U. per week vitA for 
one month 
 
Below 6g/dl consider blood 
transfusion. 

If Hb <8g/dl, refer to St. 
Mary’s for admission. 

2 tablets daily (120mg iron 
& 0.8mg folic acid) for two 
months, 
+ 
20,000 I.U. per week vitA 
for one month 
 
Below 6g/dl consider blood 
transfusion. 

If Hb remains 
below 7g/dl, 
repeat 
treatment. 
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Symptom Treatment protocol Follow up 

 Children aged  
6-<24 months 

Children  
≥ 24 months 

Pregnant women Lactating women and other 
mothers 

 

Preventive 
treatment for 
Vitamin A 
deficiency 

-- -- Vitamin A 

10.000 IU twice weekly 
from month 5-9 of the 
pregnancy. 

(320.00 IU – 400.000IU in 4-
5 months) 

If Bitot’s spot or nightblind, 
give 10.000IU for 20 days 
after delivery. 

For lactating women who did not 
receive low doses of Vitamin A 
during pregnancy: 

Vitamin A 

10.000 IU for 20 days during 
the first 6 weeks after birth 
will be offered. 

 

Bitot‘s spot 

thick white or brown 
spot 

Vitamin A  

10.000 IU daily for 30 days 

or 50 drops once 
(100,000 IU) 
 

 

 

 

Vitamin A  

10.000 IU daily for 60 days 

 

 

 

 

-- 

 

Vitamin A  

10.000 IU daily for 60 days 

 

 

 

 

If Bitot’s spot remains after 6 
months, repeat the treatment. 

Nightblindness Vitamin A  

10.000 IU daily for 30 days 

or 50 drops once 
(100,000 IU) 

Vitamin A  

10.000 IU daily for 60 days 

 

-- Vitamin A  

10.000 IU daily for 60 days 

 

 

 

 

If nightblindness remains after 6 
months, repeat the treatment. 
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Symptom Treatment protocol Follow up 

 Children aged  
6-<24 months 

Children  
≥ 24 months 

Pregnant women Lactating women and other 
mothers 

 

Perlèche 

crack in the corner of 
the mouth 

Vitamin B complex 5ml syrup 
for 30 days 

Vitamin B complex 1 tab. for 30 
days 

 

 

Thiamin = 1mg; 
Ribiflavin = 1mg; 
Nicotinamide = 15mg 

Vitamin B complex  
2 tab. for 30 days 

 

 

 

Vitamin B complex  
2 tab. for 30 days 

If Perlèche remains after 6 
months, repeat the treatment. 

Skin lesion, 
pigmentation, 
rough skin 

Vitamin B complex 5ml syrup 
for 30 days 

Vitamin B complex 1 tab. for 30 
days 

Vitamin B complex  
2 tab. for 30 days 

 

Vitamin B complex  
2 tab. for 30 days 

If skin problems remain after 6 
months, repeat the treatment. 

Edema 
Refer to St. Mary’s hospital for  
admission. 

Refer to St. Mary’s hospital for  
admission. 

Refer to St. Mary’s hospital 
for admission. 

Refer to St. Mary’s hospital for  
admission. 

Hospital admission. 
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