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Nutrient Khechuri content     
(1) egg (470g) - milk  (550g) - liver (437g) 
(2) egg (445g) - milk (525g) - liver (412g) 
(3) egg (420) - milk (500g) - liver (387g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: egg - milk - liver 
(2) pregnant: egg  milk - liver 
(3)  non-p/non-l: egg - milk - liver 

Polyphenols, in mg (1) 70.0 - 70.0 - 70.0 
(2) 65.6 - 65.6 - 65.6 
(3) 61.3 - 61.3 - 61.3 

no CV defined n.a. 

Sodium, in mg (1) 488.1 - 441.6 - 424.8 
(2) 462.9 - 416.3 - 399.5 
(3) 437.6 - 391.1 - 374.2 

(1) 1,500 (maximum) 
(2) 1,500 (maximum) 
(3) 1,500 (maximum) 

(1) 32.5 - 29.4 - 28.3 
(2) 30.9 - 27.8 - 26.6 
(3) 29.2 - 26.1 - 24.9 

Dietary fibre, in g (1) 9.0 - 9.0 - 9.0 
(2) 8.5 - 8.5 - 8.5 
(3) 7.9 - 7.9 - 7.9 

 (1) 29 (maximum) 
(2) 28 (maximum) 
(3) 25 (maximum) 

(1) 31.0 - 31.0 - 31.0 
(2) 30.4 - 30.4 - 30.4 
(3) 31.6 - 31.6 - 31.6 

Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stiller and Antonia Sommer (data entry). RDAs as per: Dietary Guidelines for Indians - a Man-
ual, 2011; ICMR, NIN, 2020; ICMR, 2020 (for details please refer to subchapter 6.1.2); the fat requirement of mothers was finally calculated to equal 35E% (in accordance with: Dietary Guide-
lines for Indians - a Manual, 2011; Manore (IOM), 2005 - leading to 100 g/d for lactating mothers, 95g/d for pregnant women and 82g/d for non-pregnant non-lactating women, compared to 
30g/d suggested as visible fat intake during lactation and pregnancy by "Dietary Guidelines for Indians - a Manual, 2011, p. 46". Minimum required vitamin C density: Nutrient Requirements 
and Recommended Dietary Allowances for Indians, 2009. For CVs = critical values of nutrient interactions: (1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron - as per Hurrell, 2004, (3) 
phytate:zinc and phytate:calcium - as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc -  as per Ferguson et al., 1988. 
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7.2.3 Second lunch: ingredients, share of RDA covered and anti-nutrient considerations  

The home lunch suggested to be taken by mothers is identical to children's lunch. Again, this is first 
and foremost to keep the working burden manageable. It is the habit to have rice with vegetables for 
lunch at home in Santal tribal families, along with a sauce of dhal. Mustard and sesame seeds are 
favoured oil seed options. While fish (mostly caught in village ponds) is very much liked. Accordingly, 
the suggested lunch provides rice, Bengal gram dal "chola", cost-effective roots (as red skin potato in 
winter) and vegetables (here, cabbage has been chosen, which is locally very well accepted). Once a 
week fish is suggested to be taken. The meal is illustrated below (400g portion for lactating mothers). 

Picture 30   Cost-effective and nutrient-dense second lunch for mothers (400g portion size) 

    
Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 

The ingredients and required amounts used to prepare the lunch for mothers are given in the table 
below for (1) lactating mothers (400g portion), (2) pregnant women (375g portion), and (3) non-
pregnant non-lactating women (350g portion). The right column gives alternative food choices. 

Table 113   Cost-effective & nutrient-dense second lunch for mothers - ingredients 

Ingredients 
lunch 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Rice, raw, milled (1) 76.0 
(2) 71.3 
(3) 66.5 

5.49 48 rice parboiled milled (5.42), 
brown riceb (3.32) 

Bengal gram dal, chola (1) 9.0 
(2) 8.4 
(3) 7.9 

2.73 117 brown lentil (3.02), yellow-
ish lentil (2.99), lentil dal 
(2.08), black gram dal 
(1,98), green gram dal 
(1.87), red gram dal (1.63) 

Potato, red skin (1) 41.0 
(2) 38.4 
(3) 35.9 

4.21 69 water chestnut (4.12), Colo-
casia (3.91), brown skin 
sweet potato (3.82), brown 
skin potato big /small 
(3.68/3.57), pink skin sweet 
potato (3.37) 
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Ingredients 
lunch 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Chinese cabbage (1) 46.0 
(2) 43.1 
(3) 40.3 

11.66 11 Bathua leavesa (17.3), cauli-
flower leaves (16.7), green 
Colocasia leavesa (14.5), 
spinacha (14.27), green 
spined Amaranth leavesa 
(13.93), Agathi leaves 
(13.39), tender Tamarind 
leaves (12.28) 

Onion, small (1) 18.0 
(2) 16.9 
(3) 15.8 

2.2 140 big onion (1.77) 

Garlic, single clove (1) 7.0 
(2) 6.6 
(3) 6.1 

0.92 198 small clove garlic (0.8), big 
clove garlic (0.79) 

Turmeric powder (1) 2.0 
(2) 1.9 
(3) 1.8 

1.69 162 Fenugreek seedse (2.37), 
dried bay leaf e(2.34), Curry 
leaves (2.22), black peppere 

(1.9), clovesa,c,e (1.78) Cumin seedsa (1) 3.0 
(2) 2.8 
(3) 2.6 

2.23 138 

Sesame seeds (1) 18.0 
(2) 16.9 
(3) 15.8 

3.56 89 Mustard seeds (5.38), Cori-
ander seedsa,b,e (2.01), 
poppy seedsa,b,e (0.42) 

Table salt (1) 1.0 
(2) 0.9 
(3) 0.9 

ND ND -- 

Soybean oil (1) 15.0 
(2) 14.1 
(3) 13.1 

3.06 105 sesame oil (1.47), peanut oil 
(1.36), palm oil (0.88) 

Drinking water absorbed (1) 164.0 
(2) 153.8 
(3) 143.5 

ND ND -- 

Total portion weight (1) 400 - (2) 375 - (3) 350  
Additionally:  
(1) White fleshed guava 
      (daily) 
 
Total portion weight  
with guava 

20 
 
(1) 420 
(2) 395 
(3) 370 

3.36 97 fig (4.94), poovam/robusta 
banana (3.26/3.06), bael 
fruit (2.82) 

(2) Pangas fish 
     (once a week) 
     fried in 8.3ml soybean oil 
 
Total portion weight with 
guava and fried pangas 

50 
 
 
(1) 487.3 
(2) 453.3 
(3) 428.3 

0.69 216 mural (3.55), silver carp 
(1.16), rohu (1.07), gold fish 
(1.03), tilapia (0.96), catla 
(0.7), mussel/clamd (0.59) 

Source: Own receipt - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the receipt has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 
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Table 114   Cost-effective & nutrient-dense second lunch for (1) lactating mothers, (2) pregnant women and (3) non-pregnant non-lactating women - coverage of RDA, vitamin C density and 
molar mass ratios 

Nutrient Lunch content     
(1) guava (420g) - guava/fish (478.3g) 
(2) guava (395g) - guava/fish (453.3g) 
(3) guava (370g) - guava/fish (428.3g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: with guava - guava & fish 
(2) pregnant: with guava - guava & fish 
(3)  non-p/non-l: with guava - guava & fish 

Energy, in kcal (1) 614 - 787.9 
(2) 576.9 - 749.9 
(3) 538.9 - 711.9 

(1) 2,650 
(2) 2,480 
(3) 2,130 

(1) 23.2 - 29.7 
(2) 23.3 - 30.2 
(3) 25.3 - 33.4 

Macronutrients 
CHOs, in g (1) 80.1 - 80.1 

(2) 75.1 - 75.1 
(3) 70.2 - 70.2 

(1) 210 
(2) 175 
(3) 130 

(1) 38.1 - 38.1 
(2) 42.9 - 42.9 
(3) 54.0 - 54.0 

Protein, in g (1) 14.2 - 23.0 
(2) 13.4 - 22.1 
(3) 12.5 - 21.3 

(1) 71 
(2) 71 
(3) 46 

(1) 20.0 - 32.4 
(2) 18.9 - 31.1 
(3) 27.2 - 46.3 

Fat, in g (1) 24.8 - 40.0 
(2) 23.2 - 38.5 
(3) 21.7 - 36.9 

(1) 100 
(2) 95 
(3) 82 

(1) 24.8 - 40.0 
(2) 24.4 - 23.2 
(3) 26.5 - 45.0 

Fat-soluble vitamins 
Vitamin A (RAE), in µg (1) 6.6 - 9.3 

(2) 6.5 - 9.2 
(3) 6.4 - 9.2 

(1) 1,300  
(2) 900  
(3) 840 

(1) 0.5 - 0.7 
(2) 0.7 - 1.0 
(3) 0.8 - 1.1 

Vitamin D, in µg (1) 1.6 - 1.6 
(2) 1.5 - 1.5 
(3) 1.5 - 1.5 

(1) 15  
(2) 15  
(3) 15 

(1) 10.7 - 10.7 
(2) 10.0 - 10.0 
(3) 10.0 - 10.0 

Vitamin E, in mg (1) 3.1 - 4.8 
(2) 2.9 - 4.6 
(3) 2.7 - 4.4 

(1) 19  
(2) 15 
(3)15 

(1) 16.3 - 25.3  
(2) 19.3 - 30.7 
(3) 18.0 - 29.3 

Vitamin K, in µg (1) 80.3 - 92.4 
(2) 75.3 - 87.4 
(3) 70.4 - 82.4 
 

(1) 90  
(2) 90  
(3) 90 

(1) 89.2 - 102.7 
(2) 83.7 - 97.1 
(3) 78.2 - 91.6 
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Nutrient Lunch content     
(1) guava (420g) - guava/fish (478.3g) 
(2) guava (395g) - guava/fish (453.3g) 
(3) guava (370g) - guava/fish (428.3g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: with guava - guava & fish 
(2) pregnant: with guava - guava & fish 
(3)  non-p/non-l: with guava - guava & fish 

Water-soluble vitamins 
Vitamin B1, in mg (1) 0.2 - 0.3 

(2) 0.2 - 0.3 
(3) 0.2 - 0.3 

(1) 2.1  
(2) 2.0  
(3) 1.7 

(1) 9.5 - 14.3 
(2) 10.0 - 15.0 
(3) 11.8 - 17.6 

Vitamin B2, in mg (1) 0.2 - 0.2 
(2) 0.2 - 0.2 
(3) 0.1 - 0.2 

(1) 3.0  
(2) 2.7  
(3) 2.4 

(1) 6.7 - 6.7 
(2) 7.4 - 7.4 
(3) 4.2 - 8.3 

Vitamin B3, in mg (1) 21.4 - 23.6 
(2) 20.0 - 22.3 
(3) 18.7 - 20.9 

(1) 19.0  
(2) 18.0  
(3) 14.0 

(1) 112.6 - 124.2 
(2) 111.1 - 123.9 
(3) 133.6 - 149.3 

Vitamin B5, in mg (1) 1.3 - 1.3 
(2) 1.2 - 1.2 
(3) 1.1 - 1.1 

(1) 7.0  
(2) 6.0  
(3) 5.0 

(1) 18.6 - 18.6 
(2) 20.0 - 20.0 
(3) 22.0 - 22.0 

Vitamin B6, in mg (1) 0.4 - 0.5 
(2) 0.4 - 0.4 
(3) 0.4 - 0.4 

(1) 2.16  
(2) 2.3  
(3) 1.9 

(1) 18.5 - 23.1 
(2) 17.4 - 17.4 
(3) 21.2 - 21.1 

Vitamin B7, in µg (1) 4.2 - 4.2 
(2) 3.9 - 3.9 
(3) 3.7 - 3.7 

(1) 35  
(2) 30  
(3) 35 

(1) 12.0 - 12.0 
(2) 13.0 - 13.0 
(3) 10.6 - 10.6 

Vitamin B9, in µg (1) 69.4 - 94.7 
(2) 65.4 - 90-7 
(3) 61.4 - 86.8 

(1) 500 
(2) 600  
(3) 400 

(1) 13.9 - 18.9 
(2) 10.9 - 15.1 
(3) 15.4 - 21.7 

Vitamin B12, in µg 
 
 

(1) 0.0 - 0.7 
(2) 0.0 - 0.7 
(3) 0.0 - 0.7 

(1) 3.5  
(2) 2.75  
(3) 2.5 

(1) 0.0 - 20.0 
(2) 0.0 - 25.5 
(3) 0.0 - 28.0 

Vitamin C, in mg 
vitamin C density in mg/1,000 kcal 
(suggested minimum: 20mg/1,000 kcal) 

(1) 59.8 - 59.8 
97.3 - 75.9 
(2) 58.7 - 58.7 
101.8 - 78.3 
(3) 57.7 - 57.7 

(1) 120  
(2) 85  
(3) 75 

(1) 49.8 - 49.8 
(2) 69.1 - 69.1 
(3) 76.9 - 76.9 
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Nutrient Lunch content     
(1) guava (420g) - guava/fish (478.3g) 
(2) guava (395g) - guava/fish (453.3g) 
(3) guava (370g) - guava/fish (428.3g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: with guava - guava & fish 
(2) pregnant: with guava - guava & fish 
(3)  non-p/non-l: with guava - guava & fish 

Vitamin C density (3) 107.1 - 81.1   
Minerals and trace elements 

Calcium, in mg (1) 263.7 - 271.4 
(2) 247.4 - 255.2 
(3) 231.2 - 239.0 

(1) 1,200  
(2) 1,000  
(3) 1,000 

(1) 22.0 - 22.6 
(2) 24.7 - 25.5 
(3) 23.1 - 23.9 

Copper, in mg (1) 1.2 - 1.3 
(2) 1.2 - 1.2 
(3) 1.1 - 1.1 

(1) 1.3  
(2) 1.0  
(3) 0.9 

(1) 92.3 - 100.0 
(2) 120.0 - 120.0 
(3) 122.2 - 122.2 

Iron, in mg (1) 5.1 - 5.2 
(2) 4.8 - 4.8 
(3) 4.5 - 4.5 

(1) 23  
(2) 40  
(3) 29 

(1) 22.2 - 22.6 
(2) 12.0 - 12.0 
(3) 15.5 - 15.5 

Magnesium, in mg (1) 132.8 - 148.9 
(2) 124.7 - 140.8 
(3) 116.6 - 132.7 

(1) 325  
(2) 385  
(3) 325 

(1) 40.9 - 45.8 
(2) 32.4 - 36.6 
(3) 35.9 - 40.8 

Manganese, in mg (1) 1.5 - 1.5 
(2) 1.4 - 1.4 
(3) 1.3 - 1.3 

(1) 2.6  
(2) 2.0  
(3) 1.8 

(1) 57.7 - 57.7 
(2) 70.0 - 70.0 
(3) 72.2 - 72.2 

Phosphorus, in mg (1) 280.6 - 352.8 
(2) 263.3 - 335.5 
(3) 246.1 - 318.3 

(1) 700  
(2) 700  
(3) 700 

(1) 40.1 - 50.4 
(2) 37.6 - 47.9 
(3) 35.2 - 45.5 

Potassium, in mg (1) 782.5 - 876.3 
(2) 737.1 - 831.0 
(3) 691.7 - 785.6 

(1) 5,100  
(2) 4,700  
(3) 4,700 

(1) 15.3 - 17.2 
(2) 15.7 - 17.7 
(3) 14.7 - 16.7 

Selenium, in µg (1) 8.8 - 8.8 
(2) 8.2 - 8.2 
(3) 7.7 - 7.7 

(1) 70  
(2) 60  
(3) 55 

(1) 12.6 - 12.6 
(2) 13.7 - 13.7 
(3) 14.0 - 14.0 

Zinc, in mg (1) 3.4 - 4.4 
(2) 3.2 - 4.2 
(3) 2.9 - 4.0 
 

(1) 14  
(2) 14.5  
(3) 13.2 

(1) 24.3 - 31.4 
(2) 22.1 - 29.0 
(3) 22.0 - 30.3 
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Nutrient Lunch content     
(1) guava (420g) - guava/fish (478.3g) 
(2) guava (395g) - guava/fish (453.3g) 
(3) guava (370g) - guava/fish (428.3g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: with guava - guava & fish 
(2) pregnant: with guava - guava & fish 
(3)  non-p/non-l: with guava - guava & fish 

Essential fatty acids 
Total PUFAs, in g (1) 13.3 - 19.7 

(2) 12.5 - 18.8 
(3) 11.6 - 18.0 

(1) 14.3  
(2) 14.4  
(3) 13.1 

(1) 93.0 - 137.8 
(2) 86.8 - 130.6 
(3) 88.5 - 137.4 

α-linolenic acid (n-3), in g (1) 8.9 - 14.6 
(2) 8.3 - 14.0 
(3) 7.8 - 13.5 

(1) 1.3  
(2) 1.4  
(3) 1.1 

(1) 684.6 - 1,123.1 
(2) 592.9 - 1,000.0 
(3) 709.1 - 1,227.3 

Linolenic acid (n-6), in g/d (1) 1.4 - 2.0 
(2) 1.3 - 1.9 
(3) 1.2 - 1.8 

(1) 13.0  
(2) 13.0  
(3) 12.0 

(1) 10.8 - 15.4 
(2) 10.0 - 14.6 
(3) 10.0 - 15.0 

Essential amino acids 
Isoleucine, in g (1) 9.7 - 10.1 

(2) 9.2 - 9.5 
(3) 8.6 - 9.0 

3.0 (per 100g) (1) 323.3 - 336.7 
(2) 306.7 - 316.7 
(3) 286.7 - 300.0 

Leucine, in g (1) 15.0 - 15.6 
(2) 14.1 - 14.8 
(3) 13.3 - 13.9 

5.9 (per 100g) (1) 254.2 - 264.4 
(2) 239.0 - 250.8 
(3) 225.4 - 235.6 

Lysine, in g (1) 9.7 - 10.4 
(2) 9.1 - 9.8 
(3) 8.6 - 9.3 

4.5 (per 100g) (1) 215.6 - 231.1 
(2) 202.2 - 217.8 
(3) 11.5 - 206.7 

SAA (methionine, cysteine), in g (1) 6.4 - 6.7 
(2) 5.9 - 6.3 
(3) 5.6 - 5.9 

2.2 (per 100g) (1) 290.9 - 304.5 
(2) 268.2 - 286.4 
(3) 254.5 - 268.2 

AAA (phenylalanine, tyrosine), in g (1) 17.2 - 17.9 
(2) 16.2 - 16.9 
(3) 15.2 - 15.8 

3.8 (per 100g) (1) 452.6 - 471.1 
(2) 426.3 - 444.7 
(3) 400.0 - 415.8 

Threonine, in g (1) 8.2 - 8.6 
(2) 7.7 - 8.1 
(3) 7.3 - 7.6 

2.3 (per 100g) (1) 356.5 - 373.9 
(2) 334.8 - 352.2 
(3) 317.4 - 330.4 
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Nutrient Lunch content     
(1) guava (420g) - guava/fish (478.3g) 
(2) guava (395g) - guava/fish (453.3g) 
(3) guava (370g) - guava/fish (428.3g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: with guava - guava & fish 
(2) pregnant: with guava - guava & fish 
(3)  non-p/non-l: with guava - guava & fish 

Tryptophan, in g (1) 2.6 - 2.7 
(2) 2.5 - 2.6 
(3) 2.3 - 2.4 

0.6 (per 100g) (1) 433.3 - 450.0 
(2) 416.7 - 433.3 
(3) 383.3 - 400.0 

Valine, in g (1) 10.9 - 11.3 
(2) 10.2 - 10.7 
(3) 9.6 - 10.0 

3.9 (per 100g) (1) 279.5 - 289.7 
(2) 261.5 - 274.4 
(3) 246.2 - 256.4 

Histidine, in g (1) 4.5 - 4.7 
(2) 4.2 - 4.4 
(3) 4.0 - 4.2 

1.5 (per 100g) (1) 300.0 - 313.3 
(2) 280.0 - 293.3 
(3) 266.7 - 280.0 

 
Oxalate, in mg (1) 80.8 - 80.8 

(2) 75.8 - 75.8 
(3) 70.7 - 70.7 

oxalate: calcium 
critical value (CV) - 2.25 

(1) 0.14 - 0.14 
(2) 0.14 - 0.14 
(3) 0.14 - 0.13 

Phytate, in mg (1) 299.3 - 299.3 
(2) 280.6 - 280.6 
(3)261.9 - 261.9 

phytate: iron  
CV 1 - plain cereal or legume based meals; 
CV 6 - composite meals 
 
phytate: zinc 
CV 15 - 18 
 
 
 
phytate: calcium 
CV 0.17 - 0.24 
 
 
Ca * phytate:zinc 
CV 0.5 

(1) 4.98 - 4.88 
(2) 4.96 - 4.96 
(3) 4.94 - 4.94 
 
(1) 8.67 - 6.7 
(2) 8.64 - 6.58 
(3) 8.89 - 6.45 
 
(1) 0.07 - 0.07 
(2) 0.07 - 0.07 
(3) 0.07 - 0.07 
 
(1) 0.01 - 0.01 
(2) 0.01 - 0.01 
(3) 0.01 - 0.01 
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Nutrient Lunch content     
(1) guava (420g) - guava/fish (478.3g) 
(2) guava (395g) - guava/fish (453.3g) 
(3) guava (370g) - guava/fish (428.3g) 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: with guava - guava & fish 
(2) pregnant: with guava - guava & fish 
(3)  non-p/non-l: with guava - guava & fish 

Polyphenols, in mg (1) 58.4 - 58.4 
(2) 54.8 - 54.8 
(3) 51.1 - 51.1 

no CV defined n.a. 

Sodium, in mg (1) 394.9 - 420.4 
(2) 370.2 - 395.8 
(3) 345.6 - 371.2 

(1) 1,500 (maximum) 
(2) 1,500 (maximum) 
(3) 1,500 (maximum) 

(1) 26.3 - 28.0 
(2) 24.7 - 26.4 
(3) 23.0 - 24.7 

Dietary fibre, in g (1) 10.8 - 10.8 
(2) 10.2 - 10.2 
(3) 9.6 - 9.6 

 (1) 29 (maximum) 
(2) 28 (maximum) 
(3) 25 (maximum) 

(1) 37.2 - 37.2 
(2) 36.4 - 36.4 
(3) 38.4 - 38.4 

Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stiller and Antonia Sommer (data entry). RDAs as per: Dietary Guidelines for Indians - a Man-
ual, 2011; ICMR, NIN, 2020; ICMR, 2020 (for details please refer to subchapter 6.1.2); the fat requirement of mothers was finally calculated to equal 35E% (in accordance with: Dietary Guide-
lines for Indians - a Manual, 2011; Manore (IOM), 2005 - leading to 100 g/d for lactating mothers, 95g/d for pregnant women and 82g/d for non-pregnant non-lactating women, compared to 
30g/d suggested as visible fat intake during lactation and pregnancy by "Dietary Guidelines for Indians - a Manual, 2011, p. 46". Minimum required vitamin C density: Nutrient Requirements 
and Recommended Dietary Allowances for Indians, 2009. For CVs = critical values of nutrient interactions: (1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron - as per Hurrell, 2004, (3) 
phytate:zinc and phytate:calcium - as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc -  as per Ferguson et al., 1988. 
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The lunch is again a good source of fat with 37.5 E% coming from fat for the plain lunch without fish 
and even 47.2 E% in case fried fish is served along with the otherwise vegetarian lunch (values refer 
to lactating women, 400g portion). This fat level is at the border of the acceptable range. Still, as fish 
is provided just once a week it may be considered acceptable. As pointed out with the children's 
lunch earlier, if fish would be provided more often a week, steaming or boiling it might be a prefer-
able cooking method. Vitamin C density is satisfying for both recipe varieties (with and without fish) 
and lies well above 20mg/1,000 kcal with 97.3mg/1,000 kcal (plain) and 75.9mg/1,000 kcal (with fish) 
- values refer to lactating women. All calculated molar mass ratios lie below critical values, what let's 
assume an adequate iron, zinc and calcium absorption from this traditional meal. For details on the 
nutrient composition of the 400g portion (lactating mothers), 375g portion (pregnant ladies) and 
350g portion (non-pregnant non-lactating women), please refer to table 113 above. 

7.2.4 Afternoon meals: ingredients, share of RDA covered and anti-nutrient considerations 

In the afternoons, as for children, mothers would receive either the leafy gram omelette (three times 
a week) or the halwa porridge (four times a week). Portion sizes for the leafy gram omelette would 
amount to 200g for lactating women, 175g for pregnant women and 150g for non-pregnant non-
lactating women. Illustrated below is a 200g portion of the leafy vegetable omelette.  

Picture 31   Cost-effective and nutrient-dense afternoon meal for mothers (leafy gram omelette, 200g) 

       
Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 

Table 115   Cost-effective & nutrient-dense afternoon meal (1 - gram omelette) for mothers - ingredients 

Ingredients 
gram "omelette" 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Bengal gram, whole (1) 65.0 
(2) 56.9 
(3) 48.8 

3.53 91 soybean brown (4.22), 
soybean whitee (4.15), 
horse gram wholec (3.5), 
black gram wholeb (3.05), 
moth bean (2.99) 

Agathi leaves (1) 18.0 
(2) 15.8 
(3) 13.5 
 

13.39 8 Radish leaves (19.15), 
Bathua leavesa (17.3), cauli-
flower leaves (16.7), green 
Colocasia leavesa (14.5), 
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Ingredients 
gram "omelette" 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Drumstick  leaves  
(Moringa oleifera) 

(1) 18.0 
(2) 15.8 
(3) 13.5 

10.72 14 spinacha (14.27), green 
spined Amaranth leavesa 
(13.93), tender Tamarind 
leaves (12.28) 

Onion, small (1) 12.0 
(2) 10.5 
(3) 9.0 

2.2 140 big onion (1.77) 

Garlic, single clove (1) 4.0 
(2) 3.5 
(3) 3.0 

0.92 198 small clove garlic (0.8), big 
clove garlic (0.79) 

Table salt (1) 0.8 
(2) 0.7 
(3) 0.6 

ND ND -- 

Turmeric powder (1) 1.4 
(2) 1.2 
(3) 1.1 

1.69 162 Fenugreek seedse (2.37), 
dried bay leaf e(2.34), Curry 
leaves (2.22), black peppere 

(1.9), clovesa,c,e (1.78) Cumin seeds (1) 1.4 
(2) 1.2 
(3) 1.1 

2.23 138 

Soybean oil (1) 15.0 
(2) 13.1 
(3) 11.3 

3.06 105 sesame oil (1.47), peanut oil 
(1.36), palm oil (0.88) 

Drinking water absorbed (1) 64.2 
(2) 56.2 
(3) 48.2 

ND ND -- 

Total portion weight (1) 200 
(2) 175 
(3) 150 

Source: Own recipe - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the recipe has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 

Halwa portion sizes would be slightly higher, defined at 250g for lactating mothers, 225g for preg-
nant women and 200g for non-pregnant non-lactating women. Why this deviation in portion sizes 
compared to the gram omelette? As typical for porridges, nutrient density of halwa is lower com-
pared to the gram omelette and, accordingly, higher amounts need to be consumed in order to fulfil 
the RDAs. Still, the inclusion of halwa porridge in the suggested meal schedule does make sense, as it 
offers milk to mothers, who are supposed to 400ml of milk per day (recommendation for pregnant 
women - ICMR, 2020, p. 303) and who remain, even if halwa is consumed and AWC milk is taken, 
well below this recommendation (with 140ml as a daily average for lactating and 132ml for pregnant 
women). Non-pregnant non -lactating women should take 300ml milk per day (ICMR, 2020, p. 302) 
and, likewise, remain beneath this recommendation with a daily mean milk consumption of 125ml. 
Accordingly, milk consumption amongst Santal women may even be further encouraged and one 
would need to discuss local habits and acceptability to consume more milk amongst adult persons in 
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order to do so - as it appeared during baseline survey that milk was meant to be taken mainly by 
children - and less prominently by mothers or fathers. The pictures below show a 250g portion of 
halwa. The ingredients needed to prepare halwa portions for mothers are shown in table 116. 

Picture 32   Cost-effective and nutrient-dense afternoon meal for mothers (halwa porridge, 250g) 

    
Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 

Table 116   Cost-effective & nutrient-dense afternoon meal (2 - halwa porridge) for mothers - ingredients 

Ingredients 
halwa porridge 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio - 38 
nutrients analyzed if not 
mentioned otherwise) 

Milk, cow, whole (1) 132 
(2) 118.8 
(3) 105.6 

3.85 81 whole buffalo milk (3.37), 
skimmed cow milk (0.76), 
buttermilk (0.48), goat milk 
(0.39), sweet curd (0.21) 

Wheat flour, white (1) 9.4 
(2) 8.5 
(3) 7.5 

6.9 35 bulgur wheatb (5.74), jowar 
(5.46), bajra (5.19), refined 
wheat flour white (3.98), 
semolina wheat (3.74), 
whole maize flour (2.67) 

Wheat flour brown, 
whole grain 

(1) 9.4 
(2) 8.5 
(3) 7.5 

4.64 61 

Carrot, orange (1) 54.0 
(2) 48.6 
(3) 43.2 

3.98 75 red carrot (3.57), beet root 
(2.57) 

Groundnut (1) 10.0 
(2) 9.0 
(3) 8.0 

1.95 151 linseedsb (10.16), white 
gingelly seedsa,b (2.65), 
sunflower seedsc (2.1), 
safflower seedsb (1.79), dry 
coconut kernel (0.6), dried 
areca nut red//brownc 
(0.48/0.46), cashew nutb 
(0.43), jackfruit seeds (0.37) 

Sugarcane, jaggery (1) 9.2 
(2) 8.3 
(3) 7.4 

2.49 128 sugarcane juice (2.46), 
white sugar (0.32), honey 
(0.1) 

Soybean oil (1) 8.0 
(2) 7.2 
(3) 6.4 

3.06 105 sesame oil (1.47), peanut oil 
(1.36), palm oil (0.88) 
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Ingredients 
halwa porridge 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio - 38 
nutrients analyzed if not 
mentioned otherwise) 

Drinking water absorbed (1) 18.0 
(2) 16.2 
(3) 14.4 

ND ND -- 

Total portion weight (1) 250 - (2) 225 - (3) 200  

Source: Own recipe - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the recipe has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 

As can be seen in table 117 below, the leafy gram omelette is a very good source of vitamin A (with a 
coverage of 36 percent of the RDA of lactating women through a 200g portion - and even 45 percent 
in case of pregnant women/ 175g portion). It is rich in fat (with an E% of 48.4 in case of lactating 
mothers) which allows a good absorption of the fat-soluble vitamin. Further, the gram omelette is a 
good source of protein (with an E% of 17.3 in case of lactating women) through the usage of besan 
flour/Bengal gram dal. At the same time, anti-nutritive elements of the omelette are comparatively 
high where especially dietary fibre rises up to 71 percent coverage of the RDA (maximum value) in 
case of lactating mothers. Calculated molar mass ratios largely remain beneath critical values. Merely 
the phytate to zinc molar ratio slightly crosses the lower critical value of 15. Hence, food processing 
appears worth to go for when preparing the leafy gram omelette. Bengal gram may be soaked in 
water to reduce water-soluble phytate; after grinding the gram to flour, the flour may further be 
fermented (to transform higher to lower inositol phosphates which do not have an inhibitory effect 
on iron and zinc absorption anymore). Vitamin C density is adequate, amounting to 96mg/1,000 kcal 
in case of lactating mothers. Accordingly, iron absorption (31 percent of lactating women's RDA are 
supplied through a 200g portion) may be assumed adequate. Overall, the gram omelette is highly 
nutritious with the drawback of having comparatively high anti-nutritive contents - which on the 
whole remain controllable if food processing is applied as suggested. Leafy vegetables may be soaked 
in water before cutting (to reduce oxalate). 

On the contrary, the halwa porridge is very low in anti-nutritive elements and all calculated molar 
mass rations remain well below critical values. It offers a comparably high fat content (51.3 E% in 
case of lactating mothers) with a still very good amount of vitamin A delivered (29 percent of lactat-
ing women's RDA would be covered through a 200g portion). When it comes to iron, it is a far poorer 
source compared to the gram omelette where merely 9 percent of the RDA are covered in case of 
lactating women (rather than 31 in case of the omelette). Knowing this, it appears of less importance 
that the vitamin C density of the halwa porridge falls below the suggested minimum level of 
20mg/1,000 kcal (amounting to 13.9mg/1,000 kcal in case of lactating women). Optimally, mothers 
(and children) would consume a piece of fruit along with the halwa in order to make better usage of 
the iron contained in the halwa - this may be done as per financial means and may be more easy in 
times when village trees are ripening, offering abundant of mangoes, respectively. On the whole, the 
suggested meal schedule covers 112 percent of iron needs of lactating women, which makes the 
lower vitamin C density of the halwa porridge acceptable. Yet, for pregnant women merely 59 per-
cent of the RDA can be covered through the suggested meal schedule (as the daily intake recom-
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mendation is higher during pregnancy compared to lactation with 40mg rather than 23mg). Hence, 
pregnant women d need to get supplemented with iron during the gestational development of the 
unborn child - likewise they are in urgent need of folic acid where the suggested meal schedule cov-
ers a mere 61 percent of the RDA (further vitamins remaining below suggested intake levels of preg-
nant women are vitamin B1 and B2 and - to a lesser extent - also B6 and potassium. Please refer to the 
summary section 7.2.6 for a detailed view on the mean weekly RDA coverages of mothers). 
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Table 117   Cost-effective & nutrient-dense afternoon snack for (1) lactating mothers, (2) pregnant women and (3) non-pregnant non-lactating women - coverage of RDA, vitamin C density and 
molar mass ratios 

Nutrient Afternoon meal content     
(1) 200g gram omelette - 250g halwa 
(2) 175g gram omelette - 225g halwa  
(3) 150g gram omelette - 200g halwa 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: gram omelette - halwa 
(2) pregnant: gram omelette - halwa 
(3)  non-p/non-l: gram omelette - halwa 

Energy, in kcal (1) 366.8 - 332.0 
(2) 320.9 - 298.8 
(3) 275.1 - 265.6 

(1) 2,650 
(2) 2,480 
(3) 2,130 

(1) 13.8 - 12.5 
(2) 12.9 - 12.0 
(3) 12.9 - 12.5 

Macronutrients 
CHO, in g (1) 31.0 - 30.9 

(2) 27.1 - 27.8 
(3) 23.3 - 24.7 

(1) 210 
(2) 175 
(3) 130 

(1) 14.8 - 14.7 
(2) 15.5 - 15.9 
(3) 17.9 - 19.0 

Protein, in g (1) 15.5 - 9.4 
(2) 13.5 - 8.4 
(3) 11.6 - 7.5 

(1) 71 
(2) 71 
(3) 46 

(1) 21.8 - 13.2 
(2) 8.4 - 11.8 
(3) 25.2 - 16.3 

Fat, in g (1) 19.1 - 18.3 
(2) 16.7 - 16.5 
(3) 14.3 - 14.7 

(1) 100 
(2) 95 
(3) 82 

(1) 19.1 - 18.3 
(2) 17.6 - 17.4 
(3) 17.4 - 17.9 

Fat-soluble vitamins 
Vitamin A (RAE), in µg (1) 461.7 - 382.1 

(2) 404.0 - 343.9 
(3) 346.3 - 305.7 

(1) 1,300  
(2) 900  
(3) 840 

(1) 35.5 - 29.4 
(2) 44.9 - 38.2 
(3) 41.2 - 36.4 

Vitamin D, in µg (1) 4.6 - 2.7 
(2) 4.0 - 2.4 
(3) 3.5 - 2.2 

(1) 15  
(2) 15  
(3) 15 

(1) 30.7 - 18.0 
(2) 26.7 - 16.0 
(3) 23.3 - 14.7 

Vitamin E, in mg (1) 4.0 - 2.2 
(2) 3.5 - 1.9 
(3) 3.0 - 1.7 

(1) 19  
(2) 15 
(3)15 

(1) 21.1 - 11.6 
(2) 23.3 - 12.7 
(3) 20.0 - 11.3 

Vitamin K, in µg (1) 158.8 - 23.5 
(2) 138.9 - 21.2 
(3) 119.1 - 18.8 
 

(1) 90  
(2) 90  
(3) 90 

(1) 176.4 - 26.1 
(2) 154.3 - 23.6 
(3) 132.3 - 20.9 
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Nutrient Afternoon meal content     
(1) 200g gram omelette - 250g halwa 
(2) 175g gram omelette - 225g halwa  
(3) 150g gram omelette - 200g halwa 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: gram omelette - halwa 
(2) pregnant: gram omelette - halwa 
(3)  non-p/non-l: gram omelette - halwa 

Water-soluble vitamins 
Vitamin B1, in mg (1) 0.3 - 0.2 

(2) 0.2 - 0.1 
(3) 0.2 - 0.1 

(1) 2.1  
(2) 2.0  
(3) 1.7 

(1) 14.3 - 9.5 
(2) 10.0 - 5.0 
(3) 11.8 - 5.9 

Vitamin B2, in mg (1) 0.3 - 0.2 
(2) 0.3 - 0.2 
(3) 0.2 - 0.2 

(1) 3.0  
(2) 2.7  
(3) 2.4 

(1) 10.0 - 6.7 
(2) 11.1 - 7.4 
(3) 8.3 - 8.3 

Vitamin B3, in mg (1) 1.6 - 1.9 
(2) 1.4 - 1.7 
(3) 1.2 - 1.5 

(1) 19.0  
(2) 18.0  
(3) 14.0 

(1) 8.4 - 10.0 
(2) 7.8 - 9.4 
(3) 8.6 - 10.7 

Vitamin B5, in mg (1) 1.5 - 0.8 
(2) 1.3 - 0.7 
(3) 1.1 - 0.6 

(1) 7.0  
(2) 6.0  
(3) 5.0 

(1) 21.4 - 11.4 
(2) 21.7 - 11.7 
(3) 22.0 - 12.0 

Vitamin B6, in mg (1) 0.4 - 0.2 
(2) 0.4 - 0.2 
(3) 0.3 - 0.2 

(1) 2.16  
(2) 2.3  
(3) 1.9 

(1) 18.5 - 9.3 
(2) 17.4 - 8.7 
(3) 15.8 - 10.5 

Vitamin B7, in µg (1) 2.6 - 4.1 
(2) 2.3 - 3.7 
(3) 1.9 - 3.3 

(1) 35  
(2) 30  
(3) 35 

(1) 7.4 - 11.7 
(2) 7.7 - 12.3 
(3) 5.4 - 9.4 

Vitamin B9, in µg (1) 141.1 - 27.3 
(2) 123.4 - 24.6 
(3) 105.8 - 21.8 

(1) 500 
(2) 600  
(3) 400 

(1) 28.2 - 5.5 
(2) 20.6 - 4.1 
(3) 26.5 - 5.5 

Vitamin B12, in µg 
 
 

(1) 0.0 - 0.6 
(2) 0.0 - 0.5 
(3) 0.0 - 0.5 

(1) 3.5  
(2) 2.75  
(3) 2.5 

(1) 0.0 - 17.1 
(2) 0.0 - 18.2 
(3) 0.0 - 20.0 

Vitamin C, in mg 
vitamin C density in mg/1,000 kcal 
(suggested minimum: 20mg/1,000 kcal) 

(1) 35.1 - 4.6 
95.7 - 13.9 
(2) 30.7 - 4.1 
95.7 - 13.7 
(3) 26.3 - 3.7 

(1) 120  
(2) 85  
(3) 75 

(1) 29.3 - 3.8 
(2) 36.1 - 4.8 
(3) 35.1 - 4.9 
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Nutrient Afternoon meal content     
(1) 200g gram omelette - 250g halwa 
(2) 175g gram omelette - 225g halwa  
(3) 150g gram omelette - 200g halwa 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: gram omelette - halwa 
(2) pregnant: gram omelette - halwa 
(3)  non-p/non-l: gram omelette - halwa 

Vitamin C density (3) 95.6 - 13.9   
Minerals and trace elements 

Calcium, in mg (1) 340.0 - 199.2 
(2) 297.5 - 179.3 
(3) 255.0 - 159.3 

(1) 1,200  
(2) 1,000  
(3) 1,000 

(1) 28.3 - 16.6 
(2) 29.8 - 17.9 
(3) 25.5 - 15.9 

Copper, in mg (1) 0.7 - 0.3 
(2) 0.7 - 0.3 
(3) 0.6 - 0.2 

(1) 1.3  
(2) 1.0  
(3) 0.9 

(1) 53.8 - 23.1 
(2) 70.0 - 30.0 
(3) 66.7 - 22.2 

Iron, in mg (1) 7.1 - 2.1 
(2) 6.2 - 1.9 
(3) 5.3 - 1.7 

(1) 23  
(2) 40  
(3) 29 

(1) 30.9 - 9.1 
(2) 15.5 - 4.8 
(3) 18.3 - 5.9 

Magnesium, in mg (1) 154.2 - 75.5 
(2) 134.9 - 67.9 
(3) 115.6 - 60.4 

(1) 325  
(2) 385  
(3) 325 

(1) 47.4 - 23.2 
(2) 35.0 - 17.6 
(3) 35.6 - 18.6 

Manganese, in mg (1) 2.4 - 1.0 
(2) 2.1 - 0.9 
(3) 1.8 - 0.8 

(1) 2.6  
(2) 2.0  
(3) 1.8 

(1) 92.3 - 38.5 
(2) 105.0 - 45.0 
(3) 100.0 - 44.4 

Phosphorus, in mg (1) 223.3 - 254.6 
(2) 195.4 - 229.1 
(3) 167.4 - 203.7 

(1) 700  
(2) 700  
(3) 700 

(1) 31.9 - 36.4 
(2) 27.9 - 32.7 
(3) 23.9 - 29.1 

Potassium, in mg (1) 903.7 - 452.9 
(2) 790.7 - 407.6 
(3) 677.7 - 362.3 

(1) 5,100  
(2) 4,700  
(3) 4,700 

(1) 17.7 - 8.9 
(2) 16.8 - 8.7 
(3) 14.4 - 7.7 

Selenium, in µg (1) 33.6 - 12.8 
(2) 29.4 - 11.5 
(3) 25.2 - 10.2 

(1) 70  
(2) 60  
(3) 55 

(1) 48.0 - 18.3 
(2) 49.0 - 19.2 
(3) 45.8 - 18.5 

Zinc, in mg (1) 2.7 - 1.5 
(2) 2.3 - 1.4 
(3) 2.0 - 1.2 

(1) 14  
(2) 14.5  
(3) 13.2 
 

(1) 19.3 - 10.7 
(2) 15.9 - 9.7 
(3) 15.2 - 9.1 
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Nutrient Afternoon meal content     
(1) 200g gram omelette - 250g halwa 
(2) 175g gram omelette - 225g halwa  
(3) 150g gram omelette - 200g halwa 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: gram omelette - halwa 
(2) pregnant: gram omelette - halwa 
(3)  non-p/non-l: gram omelette - halwa 

Essential fatty acids 
Total PUFAs, in g (1) 10.9 - 6.5 

(2) 9.5 - 5.8 
(3) 8.1 - 5.2 

(1) 14.3  
(2) 14.4  
(3) 13.1 

(1) 76.2 - 45.5 
(2) 66.0 - 40.3 
(3) 61.8 - 39.7 

α-linolenic acid (n-3), in g (1) 9.7 - 5.9 
(2) 8.5 - 5.3 
(3) 7.3 - 4.7 

(1) 1.3  
(2) 1.4  
(3) 1.1 

(1) 746.2 - 453.8 
(2) 607.1 - 378.6 
(3) 663.6 - 427.3 

Linolenic acid (n-6), in g/d (1) 1.2 - 0.6 
(2) 1.1 - 0.5 
(3) 0.9 - 0.5 

(1) 13.0  
(2) 13.0  
(3) 12.0 

(1) 9.2 - 4.6 
(2) 8.5 - 3.8 
(3) 7.5 - 4.2 

Essential amino acids 
Isoleucine, in g (1) 4.6 - 11.2 

(2) 4.0 - 10.1 
(3) 3.5 - 8.9 

3.0 (per 100g) (1) 153.3 - 373.3 
(2) 133.3 - 336.7 
(3) 116.7 - 296.7 

Leucine, in g (1) 8.4 - 18.2 
(2) 7.4 - 16.4 
(3) 6.3 - 14.6 

5.9 (per 100g) (1) 142.4 - 308.5 
(2) 125.4 - 278.0 
(3) 106.8 - 247.5 

Lysine, in g (1) 6.9 - 13.8 
(2) 6.0 - 12.4 
(3) 5.2 - 11.0 

4.5 (per 100g) (1) 153.3 - 306.7 
(2) 133.3 - 275.6 
(3) 115.6 - 244.4 

SAA (methionine, cysteine), in g (1) 2.7 - 6.3 
(2) 2.4 - 5.7 
(3) 2.0 - 5.0 

2.2 (per 100g) (1) 122.7 - 286.4 
(2) 109.1 - 159.1 
(3) 90.9 - 227.3 

AAA (phenylalanine, tyrosine), in g (1) 10.7 - 18.7 
(2) 9.3 - 16.8 
(3) 8.0 - 14.9 

3.8 (per 100g) (1) 281.6 - 492.1 
(2) 244.7 - 442.1 
(3) 210.5 - 392.1 

Threonine, in g (1) 4.7 - 9.2 
(2) 4.1 - 8.3 
(3) 3.5 - 7.4 

2.3 (per 100g) (1) 204.3 - 400.0 
(2) 178.3 - 360.9 
(3) 152.2 - 321.7 
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Nutrient Afternoon meal content     
(1) 200g gram omelette - 250g halwa 
(2) 175g gram omelette - 225g halwa  
(3) 150g gram omelette - 200g halwa 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: gram omelette - halwa 
(2) pregnant: gram omelette - halwa 
(3)  non-p/non-l: gram omelette - halwa 

Tryptophan, in g (1) 1.3 - 2.7 
(2) 1.2 - 2.5 
(3) 1.0 - 2.2 

0.6 (per 100g) (1) 216.7 - 450.0 
(2) 200.0 - 416.7 
(3) 166.7 - 366.7 

Valine, in g (1) 5.6 - 12.2 
(2) 4.9 - 10.9 
(3) 4.2 - 9.7 

3.9 (per 100g) (1) 143.6 - 312.8 
(2) 125.6 - 279.5 
(3) 107.7 - 248.7 

Histidine, in g (1) 2.7 - 4.2 
(2) 2.4 - 3.8 
(3) 2.1 - 3.4 

1.5 (per 100g) (1) 180.0 - 280.0 
(2) 160.0 - 253.3 
(3) 140.0 - 226.7 

 
Oxalate, in mg (1) 97.7 - 20.9 

(2) 85.5 - 18.8 
(3) 73.3 - 16.7 

oxalate: calcium 
critical value (CV) - 2.25 

(1) 0.13 - 0.05 
(2) 0.13 - 0.05 
(3) 0.13 - 0.05 

Phytate, in mg (1) 424.0 - 128.4 
(2) 371.0 - 115.6 
(3) 318.0 - 102.7 

phytate: iron  
CV 1 - plain cereal or legume based meals; 
CV 6 - composite meals 
 
phytate: zinc 
CV 15 - 18 
 
 
 
phytate: calcium 
CV 0.17 - 0.24 
 
 
Ca * phytate:zinc 
CV 0.5 

(1) 5.07 - 5.19 
(2) 5.08 - 5.16 
(3) 5.09 - 5.13 
 
(1) 15.47 - 8.43 
(2) 15.89 - 8.13 
(3) 15.66 - 8.43 
 
(1) 0.08 - 0.04 
(2) 0.08 - 0.04 
(3) 0.08 - 0.04 
 
(1) 0.07 - 0,02 
(2) 0.07 - 0.02 
(3) 0.07 - 0.02 
 
 



Developing a cost-effective and nutrient-dense diet  - Weekly meal schedule for mothers 

394 

Nutrient Afternoon meal content     
(1) 200g gram omelette - 250g halwa 
(2) 175g gram omelette - 225g halwa  
(3) 150g gram omelette - 200g halwa 

Recommended intake per day (RDA) 
(1)  lactating 
(2)  pregnant  
(3)  non-pregnant & non-lactating 

Percent of RDA covered  
(1)  lactating: gram omelette - halwa 
(2) pregnant: gram omelette - halwa 
(3)  non-p/non-l: gram omelette - halwa 

Polyphenols, in mg (1) 85.5 - 52.2 
(2) 74.8 - 46.9 
(3) 64.1 - 41.7 

no CV defined n.a. 

Sodium, in mg (1) 337.3 - 63.8 
(2) 295.2 - 57.4 
(3) 253.0 - 51.0 

(1) 1,500 (maximum) 
(2) 1,500 (maximum) 
(3) 1,500 (maximum) 

(1) 22.5 - 4.3 
(2) 19.7 - 3.8 
(3) 16.9 - 3.4 

Dietary fibre, in g (1) 20.5 - 5.4 
(2) 17.9 - 4.8 
(3) 15.3 - 4.3 

 (1) 29 (maximum) 
(2) 28 (maximum) 
(3) 25 (maximum) 

(1) 70.7 - 18.6 
(2) 63.9 - 17.1 
(3) 61.2 - 17.2 

Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stiller and Antonia Sommer (data entry). RDAs as per: Dietary Guidelines for Indians - a Man-
ual, 2011; ICMR, NIN, 2020; ICMR, 2020 (for details please refer to subchapter 6.1.2); the fat requirement of mothers was finally calculated to equal 35E% (in accordance with: Dietary Guide-
lines for Indians - a Manual, 2011; Manore (IOM), 2005 - leading to 100 g/d for lactating mothers, 95g/d for pregnant women and 82g/d for non-pregnant non-lactating women, compared to 
30g/d suggested as visible fat intake during lactation and pregnancy by "Dietary Guidelines for Indians - a Manual, 2011, p. 46". Minimum required vitamin C density: Nutrient Requirements 
and Recommended Dietary Allowances for Indians, 2009. For CVs = critical values of nutrient interactions: (1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron - as per Hurrell, 2004, (3) 
phytate:zinc and phytate:calcium - as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc -  as per Ferguson et al., 1988. 
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7.2.5 Dinner: ingredients, share of RDA covered and anti-nutrient considerations 

The suggested dinner of mothers would be identical to the dinner of children. Once again, this is 
meant to keep the cooking efforts (which are indeed already high) manageable. Ingredients of the 
diner are boiled rice (typically taken at night amongst the Santal Adivasi families) with a dhal sauce 
made from Bengal gram dal "chola" (alternatively brown or yellow lentils may well be used - while 
lentil dal, commonly used in Santal families, showed to be a bit less cost-effective). Broad beans 
would be a good vegetable choice for mothers as those are highly cost-effective (ranking tenth out of 
274, considering all analyzed foods, n=425) - unfortunately they are high in dietary fibre. Further, a 
preparation of bottle gourd (many kinds of gourds can actually be grown in kitchen gardens) with 
carrots would be served. As for the lunch, lactating mothers would receive a 400g portion, pregnant 
women a 375g portion and non-pregnant non-lactating women a 350g portion.  

Picture 33   Cost-effective and nutrient-dense dinner for mothers (400g portion - lactating mothers) 

    
Source: Pictures prepared by nutritionist Caroline Stiller (2021) - in the course of conducting a practical cooking trial. 

Table 118   Cost-effective & nutrient-dense dinner for mothers - ingredients 

Ingredients 
dinner 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Rice, raw, milled (1) 76.0 
(2) 71.3 
(3) 66.5 

5.49 48 rice parboiled milled (5.42), 
brown riceb (3.32) 

Bengal gram dal, chola (1) 6.8 
(2) 6.4 
(3) 6.0 

2.73 117 brown lentil (3.02), yellow-
ish lentil (2.99), lentil dal 
(2.08), black gram dal 
(1,98), green gram dal 
(1.87), red gram dal (1.63) 

Broad beans (1) 68.4 
(2) 64.1 
(3) 59.9 

12.27 10 round orange pumpkin 
(11.21), green cylindrical 
pumpkin (10.27), plantain 
stem (9.6), black Colocasia 
stem (8.33), cauliflower 
(7.77) 

Bottle gourd, elongate, 
dark green 

(1) 68.4 
(2) 64.1 
(3) 59.9 
 

7.73 27 
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Ingredients 
dinner 

Amount in g/ml All-nutrient  
winter price 
ratio  

Winter rank Alternative food choices 

a very high in oxalate 
b very high in phytate 
c very high in polyphenols 
d very high in sodium 
e very high in total fibre 

(1) lactating 
(2) pregnant 
(3) non-pregnant 
non-lactating 

max. 19.15, 
mean 2.5, 
median 1.3, 
n=425 

out of 274 (winter price ratio) 

Carrot, orange (1) 34.2 
(2) 32.1 
(3) 29.9 

3.98 75 red carrot (3.57), beet root 
(2.57) 

Onion, small (1) 14.0 
(2) 13.1 
(3) 12.3 

2.2 140 big onion (1.77) 

Garlic, single clove (1) 7.0 
(2) 6.6 
(3) 6.1 

0.92 198 small clove garlic (0.8), big 
clove garlic (0.79) 

Turmeric powder (1) 2.0 
(2) 1.9 
(3) 1.8 

1.69 162 Fenugreek seedse (2.37), 
dried bay leaf e(2.34), Curry 
leaves (2.22), black peppere 

(1.9), clovesa,c,e (1.78) Cumin seedsa (1) 4.6 
(2) 4.3 
(3) 4.0 

2.23 138 

Table salt (1) 0.8 
(2) 0.75 
(3) 0.7 

ND ND -- 

Soybean oil (1) 16.0 
(2) 15.0  
(3) 14.0 

3.06 105 sesame oil (1.47), peanut oil 
(1.36), palm oil (0.88) 

Drinking water absorbed (1) 101.8 
(2) 95.4 
(3) 89.1 

ND ND -- 

Total portion weight (1) 400 
(2) 375 
(3) 350 

   

Additionally: 
Fig 
 
 
Total portion weight 
with fig 

(1) 20 
(2) 20 
(3) 20 
 
(1) 420 
(2) 395 
(3) 370 

4.94 58 white fleshed guava (3.36), 
poovam/robusta banana 
(3.26/3.06), bael fruit (2.82) 

Source: Own recipe - making use of the most cost-effective locally available foods in winter season (see chapter 6);  
the recipe has been developed in cooperation with nutritionist Caroline Stiller (who did the twin PhD project and knows 
the local setting in Birbhum well) and with the help of nutritionist student Antonia Sommer (Nutri-Survey data entry). 

The dinner offers an adequate amount of fat (31.4 E%, lactating women) and is at the lower border 
or suggested protein intake with an E% of 9.8 (suggested range: 10 -35 E% - Government of Canada, 
2010, p. 13; Manore, 2005 for IOM). It is a simple, traditional meal in accordance with local habits 
and therefore very likely to be well accepted amongst mothers and also further family members. 15 
percent of lactating women's RDA with regard to vitamin A can be covered through the 400g portion 
(plus a slice of fig), 18 percent of iron needs and 16 percent of zinc requirements. Vitamin C density is 
not very high but above the minimum level of 20mg/1,000 kcal (Nutrient Requirements and Recom-
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mended Dietary Allowances for Indians, 2009) and lies at 27.9mg/1,000 kcal (lactating women). Cal-
culated molar mass ratios are below critical values (Ferguson et al., 1988; Gibson et al., 2010; Hurrell, 
2004; Noonan, 1999; Tessera et al., 2019) except for the ratio of phytate to iron - where the CV of 6 
is slightly crossed with 6.04 (lactating women). Accordingly, phytate should be reduced in the meal 
via processing of raw ingredients: soaking of rice prior to boiling it (with subsequent discarding of the 
soaking water) and roasting of Bengal gram dal may be considered helpful (Hotz & Gibson, 2001). 

Table 119 below shows the exact nutrient contents of the dinner for (1) lactating mothers (420g por-
tion including a slice of fig), (2) pregnant women (395g portion) and (3) non-pregnant non-lactating 
women (370g portion). Vitamin C densities as well molar mass rations can be found as well.
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Table 119 Cost-effective & nutrient-dense dinner for (1) lactating mothers, (2) pregnant women and (3) non-pregnant non-lactating women - coverage of RDA, vitamin C density  
   and molar mass ratios 

Nutrient Dinner content     
(1) 420g - (2) 395g - (3) 370g  

Recommended intake per day (RDA) 
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Percent of RDA covered  
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Energy, in kcal 529.7 - 497.6 - 465.5 2,650 - 2,480 - 2,130 20.0 - 201 - 21.9 
Macronutrients 

CHOs, in g 76.1 - 71.5 - 67.0 210 - 175 - 130 36.2 - 40.9 - 51.5 
Protein, in g 12.7 - 11.9 - 11.1 71 - 71 - 46 17.9 - 16.8 - 24.1 
Fat, in g 17.9 - 16.8 - 15.7 100 - 95 - 82 17.9 - 17.7 - 19.1 

Fat-soluble vitamins 
Vitamin A (RAE), in µg 197.4 - 185.0 - 172.7 1,300 - 900 - 840 15.2 - 20.6 - 20.6 
Vitamin D, in µg 9.7 - 9.1 - 8.5 15 - 15 - 15 64.7 - 60.7 - 56.7 
Vitamin E, in mg 3.0 - 2.8 - 2.6 19 - 15 - 15 15.8 - 18.7 - 17.3 
Vitamin K, in µg 103.0 - 96.6 - 90.3 90 - 90 - 90 114.4 - 107.3 - 100.3 

Water-soluble vitamins 
Vitamin B1, in mg 0.2 - 0.2 - 0.2 2.1 - 2.0 - 1.7 9.5 - 10.0 - 11.8 
Vitamin B2, in mg 0.2 - 0.1 - 0.1 3.0 - 2.7 - 2.4 6.7 - 3.7 - 4.2 
Vitamin B3, in mg 2.1 - 2.0 - 1.8 19.0 - 18.0 - 14.0 11.1 - 11.1 - 12.9 
Vitamin B5, in mg 1.3 - 1.3 - 1.2 7.0 - 6.0 - 5.0 18.6 - 21.7 - 24.0 
Vitamin B6, in mg 0.4 - 0.3 - 0.3 2.16 - 2.3 - 1.9 18.5 - 13.0 - 15.8 
Vitamin B7, in µg 9.8 - 9.3 - 8.7 35 - 30 - 35 28.0 - 31.0 - 24.9 
Vitamin B9, in µg 65.0 - 61.1 - 57.3 500 - 600 - 400 13.0 - 10.2 - 14.3 
Vitamin B12, in µg 0.0 - 0.0 - 0.0 3.5 - 2.75 - 2.5 0.0 - 0.0 - 0.0 
Vitamin C, in mg 
vitamin C density in mg/1,000 kcal 
(suggested minimum: 20mg/1,000 kcal) 

14.8 - 14.0 - 13.3 
27.9 - 28.1 - 28.6 

120 - 85 - 75 12.3 - 16.5 - 17.7 

Minerals and trace elements 
Calcium, in mg 147.4 - 139.2 - 130.9 1,200 - 1,000 - 1,000 12.3 - 13.9 - 13.1 
Copper, in mg 0.6 - 0.6 - 0.5 1.3 - 1.0 - 0.9 46.2 - 60.0 - 55.6 
Iron, in mg 4.1 - 3.8 - 3.6 23 - 40 - 29 17.8 - 9.5 - 12.4 
Magnesium, in mg 101.5 - 95.5 - 89.5 325 - 385 - 325 31.2 - 24.8 - 27.5 
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Nutrient Dinner content     
(1) 420g - (2) 395g - (3) 370g  

Recommended intake per day (RDA) 
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Percent of RDA covered  
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Manganese, in mg 1.6 - 1.5 - 1.4 2.6 - 2.0 - 1.8 61.5 - 75.0 - 77.8 
Phosphorus, in mg 217.2 - 203.9 - 190.6 700 - 700 - 700 31.0 - 29.1 - 27.2 
Potassium, in mg 823.2 - 774.7 - 726.1 5,100 - 4,700 - 4,700 16.1 - 16.5 - 15.4 
Selenium, in µg 8.8 - 8.3 - 7.7 70 - 60 - 55 12.6 - 13.8 - 14.0 
Zinc, in mg 2.3 - 2.2 - 2.0 14 - 14.5 - 13.2 16.4 - 15.2 - 15.2 

Essential fatty acids 
Total PUFAs, in g 10.4 - 9.8 - 9.1 14.3 - 14.4 - 13.1 72.7 - 68.1 - 69.5 
α-linolenic acid (n-3), in g 9.2 - 8.6 - 8.0 1.3 - 1.4 - 1.1 707.7 - 614.3 - 727.3 
Linolenic acid (n-6), in g/d 1.3 - 1.2 - 1.1 13.0 - 13.0 - 12.0 10.0 - 9.2 - 9.2 

Essential amino acids 
Isoleucine, in g 13.3 - 12.5 - 11.8 3.0 (per 100g) 443.3 - 416.7 - 393.3 
Leucine, in g 21.6 - 20.3 - 19.0 5.9 (per 100g) 366.1 - 344.1 - 322.0 
Lysine, in g 13.1 - 12.3 - 11.5 4.5 (per 100g) 291.1 - 273.3 - 255.6 
SAA (methionine, cysteine), in g 6.9 - 6.4 - 6.0 2.2 (per 100g) 313.6 - 290.9 - 272.7 
AAA (phenylalanine, tyrosine), in g 22.2 - 20.9 - 19.7 3.8 (per 100g) 584.2 - 550.0 - 518.4 
Threonine, in g 11.4 - 10.8 - 10.1 2.3 (per 100g) 495.7 - 469.6 - 439.1 
Tryptophan, in g 3.4 - 3.2 - 3.0 0.6 (per 100g) 566.7 - 533.3 - 500.0 
Valine, in g 17.1 - 16.1 - 15.1 3.9 (per 100g) 438.5 - 412.8 - 387.2 
Histidine, in g 6.8 - 6.4 - 6.0 1.5 (per 100g) 453.3 - 426.7 - 400.0 

Elements to be limited in the diet 
Oxalate, in mg 110.8 - 104.5 - 98.2 oxalate: calcium 

critical value (CV) - 2.25 
0.34 - 0.34 - 0.34 

Phytate, in mg 292.0 - 274.4 - 256.8 phytate: iron  
CV 1 - plain cereal or legume based meals; 
CV 6 - composite meals 
phytate: zinc 
CV 15 - 18 
phytate: calcium 
CV 0.17 - 0.24 
Ca * phytate:zinc 
CV 0.5 

6.04 - 6.13 - 6.05 
 
 
12.5 - 12.28 - 12.65 
 
0.12 - 0.12 - 0.12 
 
0.01 - 0.01 - 0.01 
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Nutrient Dinner content     
(1) 420g - (2) 395g - (3) 370g  

Recommended intake per day (RDA) 
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Percent of RDA covered  
(1)  lactating - (2) pregnant - (3)  non-p/non-l 

Polyphenols, in mg 147.9 - 138.9 - 130.0 no CV defined n.a. 

Sodium, in mg 340.3 - 319.0 - 297.8 1,500 - 1,500 - 1,500 (maximum) 22.7 - 21.3 - 19.9 
Dietary fibre, in g 15.1 - 14.2 - 13.4  29 - 28 - 25 (maximum) 52.1 - 50.7 - 53.6 
Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stiller and Antonia Sommer (data entry). RDAs as per: Dietary Guidelines for Indians - a Man-
ual, 2011; ICMR, NIN, 2020; ICMR, 2020 (for details please refer to subchapter 6.1.2); the fat requirement of mothers was finally calculated to equal 35E% (in accordance with: Dietary Guide-
lines for Indians - a Manual, 2011; Manore (IOM), 2005 - leading to 100 g/d for lactating mothers, 95g/d for pregnant women and 82g/d for non-pregnant non-lactating women, compared to 
30g/d suggested as visible fat intake during lactation and pregnancy by "Dietary Guidelines for Indians - a Manual, 2011, p. 46". Minimum required vitamin C density: Nutrient Requirements 
and Recommended Dietary Allowances for Indians, 2009. For CVs = critical values of nutrient interactions: (1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron - as per Hurrell, 2004, (3) 
phytate:zinc and phytate:calcium - as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc -  as per Ferguson et al., 1988. 
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7.2.6 Summary: Weekly fulfilment

The graph below illustrates for all three mother groups the extent of 

Graph 96    Fulfilment of mothers' RDAs through the suggested cost

Sources: Receipt analysis realized in NutriSurvey software through project nutritionists Caroline Stiller and Antonia So
mer (data entry). RDAs as per: Dietary Guidelines for Indians 
please refer to subchapter 6.1.2). 
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fulfilment of mother's RDAs with graphical illustration

The graph below illustrates for all three mother groups the extent of fulfilment of respective RDAs.

of mothers' RDAs through the suggested cost-effective meals 

d in NutriSurvey software through project nutritionists Caroline Stiller and Antonia So
tary Guidelines for Indians - a Manual, 2011; ICMR, NIN, 2020; 

of mother's RDAs with graphical illustration 

of respective RDAs.  

 

d in NutriSurvey software through project nutritionists Caroline Stiller and Antonia Som-
, 2020; ICMR, 2020 (for details 
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For the pregnant women iron as well as vitamin B9 cannot sufficiently be covered through the sug-
gested meals, as intake requirements are high during pregnancy. Accordingly, supplementation of 
both nutrients appears needful. Moreover, for all groups of mothers vitamins B1, B2, potassium, and 
n-6 fatty acids cannot be fully covered through the suggested meal schedule (with a RDA coverage of 
less than 80 percent) - supplementing named nutrients should be thought of, especially when it 
comes to vitamin B2 (which is known to be associated with the occurrence of anaemia - Biesalski, 
2016). Golden (2009) states that a lack of vitamin B2 was found to be a major reason for mild anae-
mia in India and administering it alongside iron helped affected individuals returning to normal. Lac-
tating mothers further fall short in covering their vitamin A needs (while pregnant and non-pregnant 
non-lactating women do fully cover their RDA even with smaller portion sizes). Likewise, lactating 
women cover less than 80 percent of their vitamin E and vitamin B9 needs through the suggested 
meal schedule. Finally, all groups of mothers take more dietary fibre than suggested (nearly double 
the recommendation which is meant as upper limit) - as this may hamper proper nutrient absorption 
and anti-nutrients as phytate, oxalate and polyphenols are also a matter, as described earlier when 
presenting the single meals, food processing is of importance to be implemented and should become 
a common habit, where interactive training with village health workers will surely be helpful. Besides 
roasting and soaking, fermentation of food ingredients may be practiced - moreover, cooking (in case 
of polyphenols) and puffing are reported as effective methods to reduce the anti-nutritional ele-
ments from plant foods (Hotz & Gibson, 2001; Samtiya et al., 2020). The following table presents the 
mean daily coverage of RDAs achieved through the suggested meals for all groups of mothers, 
namely (1) lactating mothers, (2) pregnant women, and (3) non-pregnant non-lactating women. 

Table 120   Summary: Share of mothers' RDA covered through the suggested meal schedule - on a weekly basis    

Nutrient Mean daily nutrient intake 
(weekly meal schedule) 
(1) lactating  
(2) pregnant 
(3) non-pregnant non-lactating 

Applied RDA  Share of RDA  
covered 

Energy, in kcal (1) 2,674.7 
(2) 2,477.6 
(3) 2,280.4 

(1) 2,650 
(2) 2,480 
(3) 2,130 

(1) 100.9 
(2) 99.9 
(3) 107.1 

Macronutrients 
CHOs, in g (1) 355.5 

(2) 327.9 
(3) 300.4 

(1) 210 
(2) 175 
(3) 130 

(1) 169.3 
(2) 187.4 
(3) 231.1 

Protein, in g (1) 73.5 
(2) 68.3 
(3) 63.2 

(1) 71 
(2) 71 
(3) 46 

(1) 103.5 
(2) 96.3 
(3) 137.4 

Fat, in g (1) 101.4 
(2) 94.5 
(3) 87.5 

(1) 100 
(2) 95 
(3) 82 

(1) 101.4 
(2) 99.4 
(3) 106.7 

Fat-soluble vitamins 
Vitamin A (RAE), in mcg (1) 1,007.4 

(2) 940.4 
(3) 873.4 

(1) 1,300  
(2) 900  
(3) 840 

(1) 77.5 
(2) 104.5 
(3) 104.0 

Vitamin D, in mcg (1) 25.6 
(2) 23.8  

(1) 15  
(2) 15  

(1) 170.9 
(2) 159.0 
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Nutrient Mean daily nutrient intake 
(weekly meal schedule) 
(1) lactating  
(2) pregnant 
(3) non-pregnant non-lactating 

Applied RDA  Share of RDA  
covered 

Vitamin D, in mcg (3) 22.1 (3) 15 (3) 147.4 
Vitamin E, in mg (1) 14.3 

(2) 13.3 
(3) 12.3 

(1) 19  
(2) 15 
(3)15 

(1) 75.0 
(2) 88.5 
(3) 82.0 

Vitamin K, in mcg (1) 479.5 
(2) 447.4 
(3) 415.3 

(1) 90  
(2) 90  
(3) 90 

(1) 532.8 
(2) 497.1 
(3) 461.4 

Water-soluble vitamins 
Vitamin B1, in mg (1) 1.1 

(2) 1.0 
(3) 1.0 

(1) 2.1  
(2) 2.0  
(3) 1.7 

(1) 52.4 
(2) 50.7 
(3) 58.8 

Vitamin B2, in mg (1) 0.9 
(2) 0.9 
(3) 0.8 

(1) 3.0  
(2) 2.7  
(3) 2.4 

(1) 31.4 
(2) 32.8 
(3) 33.3 

Vitamin B3, in mg (1) 32.6 
(2) 30.4 
(3) 28.1 

(1) 19.0  
(2) 18.0  
(3) 14.0 

(1) 171.7 
(2) 168.7 
(3) 200.8 

Vitamin B5, in mg (1) 6.5 
(2) 6.0 
(3) 5.6 

(1) 7.0  
(2) 6.0  
(3) 5.0 

(1) 92.2 
(2) 100.2 
(3) 111.4 

Vitamin B6, in mg (1) 2.1 
(2) 2.0 
(3) 1.8 

(1) 2.16  
(2) 2.3  
(3) 1.9 

(1) 97.9 
(2) 85.7 
(3) 93.2 

Vitamin B7, in mcg (1) 31.3 
(2) 29.5 
(3) 27.6 

(1) 35  
(2) 30  
(3) 35 

(1) 89.5 
(2) 98.3 
(3) 78.9 

Vitamin B9, in mcg (1) 390.3 
(2) 364.4 
(3) 338.3 

(1) 500 
(2) 600  
(3) 400 

(1) 78.1 
(2) 60.7 
(3) 84.6 

Vitamin B12, in mcg (1) 3.1 
(2) 3.0 
(3) 3.0 

(1) 3.5  
(2) 2.75  
(3) 2.5 

(1) 88.2 
(2) 110.1 
(3) 118.9 

Vitamin C, in mg (1) 177.0 
       66.2mg Vit. C/1,000 kcal 
(2) 166.2 
      67.1mg Vit. C/1,000 kcal 
(3) 155.3 
       68.1mg Vit. C/1,000 kcal 

(1) 120  
(2) 85  
(3) 75 

(1) 147.5 
(2) 195.5 
(3) 207.1 

Minerals and trace elements 
Calcium, in mg (1) 1,000 

(2) 929.7 
(3) 859.4 

(1) 1,200  
(2) 1,000  
(3) 1,000 

(1) 83.3 
(2) 93.0 
(3) 85.9 

Copper, in mg (1) 3.6 
(2) 3.3 
(3) 3.0 

(1) 1.3  
(2) 1.0  
(3) 0.9 

(1) 274.7 
(2) 328.6 
(3) 336.5 
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Nutrient Mean daily nutrient intake 
(weekly meal schedule) 
(1) lactating  
(2) pregnant 
(3) non-pregnant non-lactating 

Applied RDA  Share of RDA  
Covered 

Iron, in mg (1) 25.7 
(2) 23.8 
(3) 21.8 

(1) 23  
(2) 40  
(3) 29 

(1) 111.9 
(2) 59.4 
(3) 75.3 

Magnesium, in mg (1) 614.9 
(2) 566.2 
(3) 517.4 

(1) 325  
(2) 385  
(3) 325 

(1) 189.2 
(2) 147.1 
(3) 159.2 

Manganese, in mg (1) 7.9 
(2) 7.2 
(3) 6.6 

(1) 2.6  
(2) 2.0  
(3) 1.8 

(1) 303.8 
(2) 361.4 
(3) 368.3 

Phosphorus, in mg (1) 1,401.7 
(2) 1,303.3 
(3) 1,204.8 

(1) 700  
(2) 700  
(3) 700 

(1) 200.2 
(2) 186.2 
(3) 172.1 

Potassium, in mg (1) 3,835.8 
(2) 3,553.8 
(3) 3,271.7 

(1) 5,100  
(2) 4,700  
(3) 4,700 

(1) 75.2 
(2) 75.6 
(3) 69.6 

Selenium, in mcg (1) 78.3 
(2) 73.4 
(3) 68.4 

(1) 70  
(2) 60  
(3) 55 

(1) 111.9 
(2) 122.3 
(3) 124.3 

Zinc, in mg (1) 13.0 
(2) 12.0 
(3) 11.1 

(1) 14  
(2) 14.5  
(3) 13.2 

(1) 93.0 
(2) 83.1 
(3) 84.4 

Essential fatty acids 
Total PUFAS, in mg (1) 46.3 

(2) 43.0 
(3) 39.7 

(1) 14.3  
(2) 14.4  
(3) 13.1 

(1) 323.5 
(2) 298.3 
(3) 303.2 

α-linolenic acid (n-3), in g (1) 38.0 
(2) 35.2 
(3) 32.5 

(1) 1.3  
(2) 1.4  
(3) 1.1 

(1) 2,922.0 
(2) 2,516.3 
(3) 2,953.2 

Linolenic acid (n-6), in g (1) 5.1 
(2) 4.8 
(3) 4.4 

(1) 13.0  
(2) 13.0  
(3) 12.0 

(1) 39.5 
(2) 36.7 
(3) 36.9 

Essential amino acids 
Isoleucine, in g/100g protein (1) 55.2 

(2) 51.4 
(3) 47.7 

3.0 (per 100g) (1) 1,838.6 
(2) 1,713.8 
(3) 1,589.0 

Leucine, in g/100g protein (1) 94.8 
(2) 88.3 
(3) 81.8 

5.9 (per 100g) (1) 1,607.3 
(2) 1,496.9 
(3) 1,386.7 

Lysine, in g/100g protein (1) 61.0 
(2) 57.0 
(3) 53.0 

4.5 (per 100g) (1) 1,354.6 
(2) 1,265.7 
(3) 1,177.1 

SAA (methionine, cysteine),  
in g/100g protein 
 
 

(1) 38.3 
(2) 36.0 
(3) 32.3 

2.2 (per 100g) (1) 1,739.0 
(2) 1,636.4 
(3) 1,468.2 
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Nutrient Mean daily nutrient intake 
(weekly meal schedule) 
(1) lactating  
(2) pregnant 
(3) non-pregnant non-lactating 

Applied RDA  Share of RDA  
Covered 

AAA (phenylalanine, tyrosine), 
in g/100g protein 

(1) 103.4 
(2) 96.3 
(3) 89.1 

3.8 (per 100g) (1) 2,719.9 
(2) 2,533.5 
(3) 2,345.9 

Threonine, in g/100g protein (1) 50.5 
(2) 47.1 
(3) 43.7 

2.3 (per 100g) (1) 2,195.0 
(2) 2,048.4 
(3) 1,901.9 

Tryptophan, in g/100g protein (1) 14.4 
(2) 13.4 
(3) 12.5 

0.6 (per 100g) (1) 2,400.0 
(2) 2,240.5 
(3) 2.081.0 

Valine, in g/100g protein (1) 69.5 
(2) 64.8 
(3) 60.1 

3.9 (per 100g) (1) 1,782.1 
(2) 1,660.8 
(3) 1,540.3 

Histidine, in g/100g protein (1) 32.1 
(2) 29.8 
(3) 27.5 

1.5 (per 100g) (1) 2,137.1 
(2) 1,986.7 
(3) 1,833.3 

Anti-nutritive elements 
Oxalate (1) 360.9 

(2) 335.0 
(3) 309.2 

oxalate: cal-
cium 
critical value 
(CV) - 2.25 

(1) 0.16 
(2) 0.16 
(3) 0.16 

Phytate (1) 1,328.5 
(2) 1,222.2 
(3) 1,115.9 

phytate: iron  
CV 1 - plain 
cereal or legume 
based meals; 
CV 6 - composite 
meals 
 
phytate: zinc 
CV 15 - 18 
 
phytate: cal-
cium 
CV 0.17 - 0.24 
 
Ca * phy-
tate:zinc 
CV 0.5 

(1) 4.39 
(2)4.36 
(3) 4.34 
 
 
(1) 10.06 
(2) 10.03 
(3) 9.87 
 
(1) 0.08 
(2) 0.08 
(3) 0.08 
 
(1) 0.01 
(2) 0.01 
(3) 0.01 

Polyphenols (1) 394.9 
(2) 365.1 
(3) 335.4 

no CV defined n.a. 

Sodium, in mg (1) 1,387.5 
(2) 1,293.8 
(3) 1,200.1 

(1) 1,500 
(maximum) 
(2) 1,500 
(maximum) 
(3) 1,500 
(maximum) 

(1) 92.5 
(2) 86.3 
(3) 80.0 

Total dietary fibre (1) 55.6 
(2) 51.3 

 (1) 29 (maxi-
mum) 

(1) 191.6 
(2) 183.3 
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Sources: Meal analysis realized via Nutri
mer (data entry). RDAs as per: Dietary Guidelines for Indians 
please refer to subchapter 6.1.2); the fat requirement of 
with: Dietary Guidelines for Indians - a Manual
95g/d for pregnant women and 82g/d for non
fat intake during lactation and pregnancy by 
quired vitamin C density: Nutrient Requirements and Recommended Dietary Allowances for Indians
critical values of nutrient interactions: (1) oxalate:calcium 
(3) phytate:zinc and phytate:calcium - as per 
Ferguson et al., 1988. 

As lactating women are at the core of interest in this dissertation
so breastfeed their children aged 12
contributions of each suggested meal to the 

Graph 97    Fulfilment of lactating mothers' RDAs 

Sources: Receipt analysis realized in NutriSurvey software through project nutritionists Caroline Stiller and Antonia Sommer 
(data entry). RDAs as per: Dietary Guidelines for Indians 
refer to subchapter 6.1.2). 
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(3) 47.0 (2) 28 (maxi-
mum) 
(3) 25 (maxi-
mum) 

Sources: Meal analysis realized via Nutri-Survey Software through project nutritionists Caroline Stil
Dietary Guidelines for Indians - a Manual, 2011; ICMR, NIN, 2020; 

please refer to subchapter 6.1.2); the fat requirement of mothers was finally calculated to equal  35
a Manual, 2011; Manore (IOM), 2005 - leading to 100 g/d for lactating mothers, 

95g/d for pregnant women and 82g/d for non-pregnant non-lactating women, compared to 30g/d suggested as visible 
fat intake during lactation and pregnancy by "Dietary Guidelines for Indians - a Manual, 2011, p. 46"

Nutrient Requirements and Recommended Dietary Allowances for Indians
utrient interactions: (1) oxalate:calcium - as per Noonan, 1999, (2) phytate:iron 

as per Gibson et al., 2010; Tessera et al., 2019, and (4) Ca*pytate:zinc 

As lactating women are at the core of interest in this dissertation (as nearly all Santal Adivasi mothers 
so breastfeed their children aged 12-23 months), a detailed view is given in the graph below on the 

ions of each suggested meal to the fulfilment of the RDA. 

Fulfilment of lactating mothers' RDAs - with respect to weekly consumed averages of suggested meals

Receipt analysis realized in NutriSurvey software through project nutritionists Caroline Stiller and Antonia Sommer 
Dietary Guidelines for Indians - a Manual, 2011; ICMR, NIN, 2020; ICMR

(3) 187.8 

Survey Software through project nutritionists Caroline Stiller and Antonia Som-
, 2020; ICMR, 2020 (for details 

finally calculated to equal  35E% (in accordance 
leading to 100 g/d for lactating mothers, 

o 30g/d suggested as visible 
, 2011, p. 46". . Minimum re-

Nutrient Requirements and Recommended Dietary Allowances for Indians, 2009. For CVs = 
, (2) phytate:iron - as per Hurrell, 2004, 

, and (4) Ca*pytate:zinc -  as per 

(as nearly all Santal Adivasi mothers 
, a detailed view is given in the graph below on the 

with respect to weekly consumed averages of suggested meals 

 

Receipt analysis realized in NutriSurvey software through project nutritionists Caroline Stiller and Antonia Sommer 
ICMR, 2020 (for details please 
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Table 121 summarizes the E% of mothers' meals coming from CHOs, protein and fat. The weekly 
consumed average lies perfectly within the recommended ranges (Institute of Medicine, 2005); fat 
intake lies at the upper and protein intake at the lower recommended border.  

Table 121   Energy percentages of suggested cost-effective mothers' meals for (1) lactating, (2) pregnant, and (3) non-
pregnant non-lactating women 

Meal CHO E% 
(range: 45-65) 

Protein E% 
(range: 10-35) 

Fat E% 
(range: 20-35) 

Breakfast (1) 74.7 
(2) 74.7 
(3) 74.7 

(1) 9.4 
(2) 9.4 
(3) 9.4 

(1) 16.9 
(2) 16.8 
(3) 16.9 

Khechuri with egg (1) 38.1 
(2) 37.5 
(3) 36.9 

(1) 16.7 
(2) 17.0 
(3) 17.3 

(1) 48.5 
(2) 48.7 
(3) 49.1 

Khechuri with milk (1) 45.5 
(2) 45.3 
(3) 45.0 

(1) 12.6 
(2) 12.7 
(3) 12.8 

(1) 44.3 
(2) 44.5 
(3) 44.7 

Khechuri with liver (1) 39.5 
(2) 38.9 
(3) 38.3 

(1) 14.4 
(2) 14.5 
(3) 14.7 

(1) 48.5 
(2) 48.9 
(3) 49.1 

Lunch (vegetarian) (1) 53.4 
(2) 53.4 
(3) 53.4 

(1) 9.5 
(2) 9.5 
(3) 9.5 

(1) 37.5 
(2) 37.4 
(3) 37.4 

Lunch with fish (1) 41.7 
(2) 41.1 
(3) 40.4 

(1) 12.0 
(2) 12.1 
(3) 12.3 

(1) 47.2 
(2) 47.7 
(3) 48.2 

Leafy gram omelette (1) 34.7 
(2) 34.6 
(3) 34.7 

(1) 17.3 
(2) 17.2 
(3) 17.3 

(1) 48.4 
(2) 48.4 
(3) 48.3 

Halwa porridge (1) 38.2 
(2) 38.1 
(3) 38.1 

(1) 11.6 
(2) 11.5 
(3) 11.6 

(1) 51.3 
(2) 51.4 
(3) 51.5 

Dinner (vegetarian) (1) 58.9 
(2) 58.9 
(3) 59.0 

(1) 9.8 
(2) 9.8 
(3) 9.8 

(1) 31.4 
(2) 31.4 
(3) 31.4 

Weekly meal schedule 
(weighted average) 

(1) 54.5 
(2) 54.3 
(3) 54.0 

(1) 11.3 
(2) 11.3 
(3) 11.4 

(1) 35.3 
(2) 35.5 
(3) 35.7 

Sources: Meal analysis with calculation of E% realized via Nutri-Survey Software through project nutritionists Caroline 
Stiller and Antonia Sommer (data entry). For CHO, protein and fat ranges see: Institute of Medicine, 2005.  

Finally, the contribution of the suggested meals to consume advised amounts of all FGs is presented 
in the table below (in accordance with ICMR, 2020, pp. 301–303). Overall, the recommended intakes 
are fulfilled fairly satisfyingly - despite the recommended intake of milk, which may be more than 
double for all mother groups (400ml are recommended as daily intake for pregnant and 300ml for 
non-pregnant non-lactating women). Further, the intake of GLV may be higher by mothers - still the 
amount chosen in the recipes is adequate for children and, accordingly, mothers may chose to have 
some extra leafy vegetables for lunch or dinner. The amount of legumes/pulses and animal products 
suggested appears a bit low at first glance. However, intake recommendations are meant to either 
cover 75g/90g of pulses or animal products - so taken together the suggested meal schedule offers 
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an adequate amount of animal products and pulses to mothers. When it comes to salt intake, moth-
ers remain a bit below the maximum intake level. Hence, if mothers feel so, they may add some addi-
tional salt to their meals (while the suggested recipes already exceed the maximum amount of salt 
recommended for malnourished children). Regarding sugar, the recommended meal schedule re-
mains below the maximum allowed intake, which is adequate. 

Table 122   Adequacy of suggested cost-effective mothers' meals in terms of FG contributions -  for (1) lactating mothers, 
(2) pregnant women, and (3) non-pregnant non-lactating women 

Food 
group 

Break-
fast 

Khe-
churi 
egg 

Khe-
churi 
milk 

Khe-
churi 
liver 

Lunch 
veg. 

Lunch 
fish 

Gram 
ome-
lette 

Halwa 
por-
ridge 

Dinner Daily 
aver-
age 

Aim 

 (1)250g
(2)225g
(3)200g 

(1)470g
(2)445g
(3)420g 

(1)550g
(2)525g
(3)500g 

(1)437g
(2)412g
(3)387g 

(1)420g
(2)395g
(3)370g 

(1)478g
(2)453g
(3)428g 

(1)200g
(2)175g
(3)150g 

(1)250g
(2)225g
(3)200g 

(1)420g
(2)395g
(3)370g 

  

 values given in g/ml 

Cereals/ 
millets 

(1) 95.0 
(2) 85.5 
(3) 76.0 

(1) 48.0 
(2) 45.0 
(3) 42.0 

(1) 48.0 
(2) 45.0 
(3) 42.0 

(1) 48.0 
(2) 45.0 
(3) 42.0 

(1) 76.0 
(2) 71.3 
(3) 66.5 

(1) 76.0 
(2) 71.3 
(3) 66.5 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 18.8 
(2) 17.0 
(3) 15.0 

(1) 76.0 
(2) 71.3 
(3) 66.5 

(1) 306 
(2) 283 
(3) 260 

(1) 250 
(2) 250 
(3) 300 

Pulses/ 
legumes 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 6.0 
(2) 5.6 
(3) 5.2 

(1) 6.0 
(2) 5.6 
(3) 5.2 

(1) 6.0 
(2) 5.6 
(3) 5.2 

(1) 9.0 
(2) 8.4 
(3) 7.9 

(1) 9.0 
(2) 8.4 
(3) 7.9 

(1) 65.0 
(2) 56.9 
(3) 48.8 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 6.8 
(2) 6.4 
(3) 6.0 

(1) 49.7 
(2) 44.8 
(3) 40.0 

(1) 75.0 
(2) 75.0 
(3) 90.0 

Animal 
foods 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 70.0 
(2) 70.0 
(3) 70.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 30.0 
(2) 30 d 
(3) 30.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 50.0 
(2) 50.0 
(3) 50.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 41.4 
(2) 41.4 
(3) 41.4 

(1) 75.0 
(2) 75.0 
(3) 90.0 

Leafy 
vegetables 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 42.0 
(2) 39.4 
(3) 36.8 

(1) 42.0 
(2) 39.4 
(3) 36.8 

(1) 42.0 
(2) 39.4 
(3) 36.8 

(1) 46.0 
(2) 43.1 
(3) 40.3 

(1) 46.0 
(2) 43.1 
(3) 40.3 

(1) 36.0 
(2) 31.6 
(3) 27.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 103 
(2) 96.0 
(3) 88.7 

(1) 150 
(2) 150 
(3) 150 

Other 
vegetables 

(1) 0.0 
(2) 0.0 
(3) 0-0 

(1) 102 
(2) 95.6 
(3) 89.3 

(1) 102 
(2) 95.6 
(3) 89.3 

(1) 102 
(2) 95.6 
(3) 89.3 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 137 
(2) 128 
(3) 120 

(1) 239 
(2) 224 
(3) 209 

(1) 200 
(2) 200 
(3) 200 

Roots & 
tubers 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 21.0 
(2) 19.7 
(3) 18.4 

(1) 21.0 
(2) 19.7 
(3) 18.4 

(1) 21.0 
(2) 19.7 
(3) 18.4 

(1) 25.0 
(2) 23.5 
(3) 21.9 

(1) 25.0 
(2) 23.5 
(3) 21.9 

(1) 16.0 
(2) 14.0 
(3) 12.0 

(1) 54.0 
(2) 48.6 
(3) 43.2 

(1) 55.2 
(2) 51.8 
(3) 48.3 

(1) 139 
(2) 129 
(3) 118 

(1)100a 
(2)100a 
(3)100a 

Fruits (1) 118 
(2) 106 
(3) 94.4 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 20.0 
(2) 20.0 
(3) 20.0 

(1) 20.0 
(2) 20.0 
(3) 20.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 20.0 
(2) 20.0 
(3) 20.0 

(1) 158 
(2) 146 
(3) 134 

(1) 150 
(2) 150 
(3) 150 

Milk  (1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 150 
(2) 150 
(3) 150 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 132 
(2) 119 
(3) 106 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 140 
(2) 132 
(3) 125 

(1) 400 
(2) 400 
(3) 300 

Nuts/ 
oilseeds 

(1) 24.0 
(2) 21.6 
(3) 19.2 

(1) 10.0 
(2) 9.4 
(3) 8.8 

(1) 10.0 
(2) 9.4 
(3) 8.8 

(1) 10.0 
(2) 9.4 
(3) 8.8 

(1) 18.0 
(2) 16.9 
(3) 15.8 

(1) 18.0 
(2) 16.9 
(3) 15.8 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 10.0 
(2) 9.0 
(3) 8.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 57.7 
(2) 53.0 
(3) 48.4 

(1) 40.0 
(2) 40.0 
(3) 30.0 

Spices (1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 2.4 
(2) 2.2 
(3) 2.2 

(1) 2.4 
(2) 2.2 
(3) 2.2 

(1) 2.4 
(2) 2.2 
(3) 2.2 

(1) 5.0 
(2) 4.7 
(3) 4.4 

(1) 5.0 
(2) 4.7 
(3) 4.4 

(1) 2.8 
(2) 2.4 
(3) 2.2 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 6.6 
(2) 6.2 
(3) 5.8 

(1) 15.2 
(2) 14.1 
(3) 13.3 

(1) 10.0 
(2) 10.0 
(3) 10.0 

Sugar (1) 13.0 
(2) 11.7 
(3) 10.4 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 9.2 
(2) 8.3 
(3) 7.4 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 18.3 
(2) 16.4 
(3) 14.6 

(1) 65 b 
(2) 58 b 
(3) 50 b 

Salt (1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 1.0 
(2) 0.9 
(3) 0.9 

(1) 1.0 
(2) 0.9 
(3) 0.9 

(1) 1.0 
(2) 0.9 
(3) 0.9 

(1) 1.0 
(2) 0.9 
(3) 0.9 

(1) 1.0 
(2) 0.9 
(3) 0.9 

(1) 0.8 
(2) 0.7 
(3) 0.6 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 0.8 
(2) 0.75 
(3) 0.7 

(1) 3.1 
(2) 2.9 
(3) 2.8 

(1) 5 b 
(2) 5 b 
(3) 5 b 

Fat/ oil 
(visible) 

(1) 0.0 
(2) 0.0 
(3) 0.0 

(1) 12.0 
(2) 11.3 
(3) 10.5 

(1) 12.0 
(2) 11.3 
(3) 10.5 

(1) 19.0 
(2) 18.3 
(3) 17.5 

(1) 15.0 
(2) 14.1 
(3) 13.1 

(1) 23.3 
(2) 22.4 
(3) 21.4 

(1) 15.0 
(2) 13.1 
(3) 11.3 

(1) 8.0 
(2) 7.2 
(3) 6.4 

(1) 16.0 
(2) 15.0 
(3) 14.0 

(1) 56.2 
(2) 52.3 
(3) 48.3 

(1) 57 c 
(2) 54 c 
(3) 47 c 

Source: Meal analysis done by project nutritionist Caroline Stiller with reference to: ICMR, 2020, pp. 301–303. 
a  roots and tubers - excluding potato; 
b  sugar/salt - maximum intake amount. For sugar: less than 10 E% are recommended; 
c  minimum intake requirement (20E% visible fat) 
d  liver - pregnant women may better take merely 15g of liver, beginning from the 4th months of the pregnancy  
   (as high vitamin A intake may be toxic to the unborn child) 
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7.3 Critical nutrients as per the suggested meal schedule 
The table below summarizes what nutrients remain with insufficient coverage (less than 80 percent 
of the RDA) for children and mothers even if the suggested five meals per day are eaten in the calcu-
lated amounts. Those may be chosen to be supplemented through tablets and syrups.  

Table 123   Overview: nutrients which are difficult to cover (<80 percent of the RDA) through suggested meals 

Scarce nutrient Coverage of the RDA of... 

 children  
aged 12-23 months 

lactating  
mothers 

pregnant  
women 

non-pregnant & 
non-lactating 

women 

Fat-soluble vitamins 
Vitamin A 59.2 percent 77.5 percent n.a. n.a. 
Vitamin E 64.5 percent 75.0 percent n.a. n.a. 

Water-soluble vitamins 
Vitamin B1 73.5 percent 52.4 percent 50.7 percent 58.8 percent 
Vitamin B2 60.3 percent 31.4 percent 32.8 percent 33.3 percent 
Vitamin B9 n.a. 78.1 percent 60.6 percent n.a. 

Minerals & trace elements 
Iron n.a. n.a. 59.4 percent 75.3 percent 
Potassium n.a. 75.2 percent 75.6 percent 69.6 percent 
Zinc 53.8 percent n.a. n.a. n.a. 

Essential fatty acids 
Linolenic acid  
(n-6 fatty acid) 

54.7 percent 39.5 percent 36.7 percent 36.9 percent 

Source: Own analysis in accordance with the meal analysis realized via Nutri-Survey Software through project nutrition-
ists Caroline Stiller and Antonia Sommer (data entry). 

Alternatively, foods absolutely rich in named nutrients may be introduced further in the daily diet of 
malnourished Santal children and their mothers. Table 124 below lists the 20 most nutrient-dense 
foods (in descending order, starting with the most nutrient dense food) - indicating also the cost-
effectiveness of such foods. Cost effective foods (with an all-nutrient cost-effectiveness ratio bigger 
than the mean) are highlighted in bold writing - those might preferably be used to cover RDAs (in-
deed, many of them have already been used in the suggested recipes and may be used in greater 
amounts, accordingly). Further, anti-nutritive contents are indicated as to allow adequate food 
choices. In fact, many of the nutrient-dense and cost-effective foods are high or very high in anti-
nutrients. Hence (as stressed before in this dissertation), food processing needs to become a stable 
part of preparing meals - with soaking, roasting, boiling and fermenting of foods (especially grains, 
legumes, nuts and leafy vegetables) being helpful to reduce inhibitory effects of anti-nutrients (Hotz 
& Gibson, 2001; Samtiya et al., 2020). Inclusion of animal foods helps boosting bioavailability of nu-
trients as iron, zinc and calcium and is in this sense helpful to feed malnourished individuals ade-
quately (once a person recovers from the state of malnutrition, RDAs are lower and processed plant 
foods are better suited to cover those - then, consumption of animal foods becomes less important 
ant and may be reduced). It shall be pointed out at this point that spices cannot be eaten in big 
amounts and are therewith less capable to cover RDAs; in the same line, milk powder becomes less 
nutrient dense once mixed with water. 
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Table 124   Foods absolutely dense in nutrients remaining scarce in the suggested meal schedule 

Nutrient Top 20 foods absolutely dense in respective nutrient  
(all-nutrient winter-price ratio with mean: 2.49, max. 19.15, n=425; 

- all-nutrient summer-price ratio with mean: 2.51, max. 19.21, n=425) 
~ cost-effective foods are marked in bold writing (ratio>mean) ~  

   ~ 38 nutrients analyzed if not mentioned otherwise ~ 
 

a high or very high in oxalate (>43.78mg/100g edible portion) 
b high or very high in phytate (>121.4mg/100g edible portion) 
c high or very high in polyphenols (>66.54mg/ 100g edible portion) 
d high or  high in sodium (>60.38mg/ 100g edible portion) 
e high or very high in total dietary fibre (>7.04g per 100g edible portion) 
f no or incomplete data available in applied FCTs 

Vitamin A goat liver (0.98 - 0.91; 36 nutrients), sheep liverf (2.01 - 1.64 - 8), pork liverd (2.35 - 1.8), 
chicken liverd ( 4.3 - 3.02), mola carplet (0.42 - 0.44; 10 nutrients), Drumstick leavesa,b,e 
(10.72 - 10.77), Agathi leavesa,c,e (13.39 - 10.12), slender Amaranth leavesf (1.58 - 2.06;  
18 nutrients), margarined (0.41 - 0.33), Fenugreek leavesc (6.11 - 6.13), green Amaranth  
leavesa (gangeticus - 8.13 - 6.69), red Amaranth leavesa (gangeticus - 6.87 - 6.9), black 
Colocasia leavesf (2.36 - 2.43; 19 nutrients), Curry leavesa,c,e (2.22 - 2.23), cow ghee (0.06  
- 0.02; 14 nutrients), salted butterd (0.19 - 0.1), orange carrot (3.98 - 3.98), watercressf 
(3.45 - 5.85), green Colocasia leaves (shobuj kochu shak)a,c (14.5 - 14.54), alligator weedf 
(0.26 - 0.31; 8 nutrients) 

Vitamin E safflower seedsa,b,e (1.79 - 1.77), palm oilf (0.88 - 0.61), almonda,b,c,e (0.28 - 0.23), sun-
flower seeedsb,c,e (2.1 - 2.05), salted mayonnaised,f (1.3 - 1.1; 20 nutrients), soybean oilf 
(3.06 - 2.79), peanut oilf (1.36 - 1.09), gooseberryc,e (3.68 - 2.93), vegetable gheef (0.28 - 
0.1; 15 nutrients), margarined,f (0.41 - 0.33), linseedsb,e (10.16 - 10.06), crabd (0.14 - 0.11), 
dry coconut kernelb,e (0.6 - 0.42), dried mustard seedse,f (5.25 - 5.2), spearmint leavesc,f 
(pudina pata - 0.98 - 1.0; 37 nutrients), groundnuta,b,c,e (1.95 - 1.92), maceb,c,e (jayitri - 0.23 
- 0.22), walnutb,c (0.36 - 0.35), green zucchini (4.94 - 3.43), black Colocasia leavesf (kalo 
kochu shak - 2.36 - 2.43; 19 nutrients) 

Vitamin B1 tilapia (telapia - 0.3 - 0.44; 31 nutrients), poppy seedsa,b,d,e (posto dana - 0.42 - 0.29),  
safflower seedsa,b,e (1.79 - 1.77), asafoetidab (0.2 - 0.02), elephant applef (kodbel - 0.31 - 
0.33; 14 nutrients), dried sesame seedse,f (3.56 - 3.49), whole red gramb,c,e (2.01 - 2.07), 
dried lotus seedsf (0.09 - 0.1; 18 nutrients), cashew nutsa,b (0.43 - 0.32), white soy-
beansa,b,c,e (4.15 - 4.08), sunflower seedsb,c,e (2.1 - 2.05), brown soybeansa,b,c,e (4.22  
- 4.01), groundnuta,b,c,e (1.95 - 1.92), dry peasb,e (motor - 2.83 - 2.74), mustard seedsb,e 
(5.38 - 5.29), clovesa,b,c,d,e (1.78 - 1.78), cumin seedsa,b,c,d,e (2.23 - 2.23), whole grain 
brown wheat floure,f (4.64 - 4.75), red chilliesa,b,c,e (2.03 - 2.05), whole wheata,b,e (7.34 - 
7.41) 

Vitamin B2 sheep liverf (2.01 - 1.64), skimmed cow milk powderd (0.45 - 0.5; 18 nutrients), whole cow 
milk powderd (0.36 - 0.37; 18 nutrients), red chilliesa,b,c,e (2.03 - 2.05), dried mustard 
seedse,f (5.25 - 5.2), Jute leavesf (pat shak - 0.94 - 0.96; 18 nutrients), Bathua leavesa  
(17.3 - 17.36), black Colocasia leavesf (kalo kochu shak - 2.36 - 2.43; 19 nutrients),  
Drumstick leavesa,b,e (10.72 - 10.77), whole condensed sweetened cow milkd (0.21  
- 0.21), water spinachc,d,f (kolmee shak - 0.75 - 0.77; 18 nutrients), pigean meat (0.72  
- 0.67), pork kidneyd (1.47 - 1.16), goat liver (0.98 - 0.91; 36 nutrients), Indian spinachd,f 
(pui shak - 0.97 - 0.9; 18 nutrients), fennel seedsd,e,f (mauri - 1.19 - 1.2; 37 nutrients),  
dried sesame seedse,f (3.56 - 3.49), goat kidneyd (0.58 - 0.54; 36 nutrients), white bread 
for toastingd (1.01 - 1.05), mustard seedsb,e (5.38 - 5.29) 

Vitamin B9 chicken liverd (4.3 - 3.02), pork liverd (2.35 - 1.8), moth beanb,e (2.99 - 3.08), black  
rajmaha,b,c,e (2.93 - 3.02), brown rajmahb,c,e (2.99 - 3.08), brown soybeana,b,c,e (4.22  
- 4.01), brown field beanb,c,e (2.57 - 2.65), black field beanb,c,e (2.73 - 2.82), white field 
beanb,c,e (2.69 - 2.77), white soybeana,b,c,e (4.15 - 4.08), sheep liverf (2.01 - 1.64), white 
cowpeab,e (2.66 - 2.78), whole Bengal gramb,e (3.53 - 3.74), brown cowpeab,e (2.63  
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Nutrient Top 20 foods absolutely dense in respective nutrient  
(all-nutrient winter-price ratio with mean: 2.49, max. 19.15, n=425; 

- all-nutrient summer-price ratio with mean: 2.51, max. 19.21, n=425) 
~ cost-effective foods are marked in bold writing (ratio>mean) ~  

   ~ 38 nutrients analyzed if not mentioned otherwise ~ 
 

a high or very high in oxalate (>43.78mg/100g edible portion) 
b high or very high in phytate (>121.4mg/100g edible portion) 
c high or very high in polyphenols (>66.54mg/ 100g edible portion) 
d high or  high in sodium (>60.38mg/ 100g edible portion) 
e high or very high in total dietary fibre (>7.04g per 100g edible portion) 
f no or incomplete data available in applied FCTs 

 - 2.57), whole red gramb,c,e (2.01 - 2.07), parsleya (9.33 - 9.38), Bengal gram dalb,e  
(chola - 2.73 - 3.38), dried bay leafe,f (2.34 - 2.34), goat liver (0.98 - 0.91; 36 nutrients), 
whole horse grama,b,c,e (3.5 - 3.46) 

Iron sheep spleen (0.76 - 0.64), goat spleen (0.55 - 0.52; 36 nutrients), turmeric powdera,b,c,e 
(holud - 1.69 - 1.69), dried bay leafe,f (2.34 - 2.34), pork spleen (1.12 - 0.82), maceb,c,e 
(jayitri - 0.23 - 0.22), pork liverd (2.35 - 1.8), cumin seedsa,b,c,d,e (2.23 - 2.23), Coriander 
seedsa,b,c,e (2.01 -  

Iron 1.99), fennel seedsd,e,f (mauri - 1.19 - 1.2; 37 nutrients), asafoetidab (0.2 - 0.02), spearmint 
leavesc,f (pudina pata - 0.98 - 1.0; 37 nutrients), white gingelly seedsa,b,e (2.65 - 2.61), mus-
tard seedsb,e (5.38 - 5.29), sheep liverf (2.01 - 1.64), black peppera,b,c,e (golmorich - 1.9 - 
1.91), dried sesame seedse (3.56 - 3.49), poppy seedsa,b,c,e (posto dana - 0.42 - 0.29), 
chicken liverd (4.3 - 3.02), Jute leavesf (pat shak - 0.94 - 0.96; 18 nutrients) 

Potassium turmeric powdera,b,c,e (holud - 1.69 - 1.69), red chilliesa,b,c,e (2.03 - 2.05), cumin 
seedsa,b,c,d,e (2.23 - 2.23), pipallia,b,c,e (3.56 - 3.6), fennel seedsd,e,f (mauri - 1.19 - 1.2;  
37 nutrients), white soybeana,b,c,e (4.15 - 4.08), brown soybeana,b,c,e (4.22 - 4.01), 
skimmed cow milk powderd (0.45 - 0.5; 18 nutrients), black peppera,b,c,e (golmorich - 1.9  
- 1.91), Coriander seedsa,b,c,e (2.01 - 1.99), clovesa,b,c,d,e (1,78 - 1.78), red gram dalb,e  
(arhar - 1.63 - 1.69), dried lotus seedsf (0.09 - 0.1; 18 nutrients), brown rajmahb,c,e (2.99  
- 3.08), black rajmaha,b,c,e (2.93 - 3.02), white filed beanb,c,e (2.69 - 2.77), moth beanb,e 
(2.99 - 3.08), black cardamoma,b,c,e (0.32 - 0.32), whole red gramb,c,e (2.01 - 2.07), black 
field beanb,c,e (2.73 - 2.82) 

Zinc dried oyster mushroomse (3.29 - 2.41), white gingelly seedsa,b,e (2.65 - 2.61), dried  
sesame seedse,f (3.56 - 3.49), oyster (0.07 - 0.07), dried pumpkin seedsf (0.13 - 0.12;  
19 nutrients), sunflower seedsb,c,e (2.1 - 2.05), poppy seedsa,b,c,e (posto dana - 0.42 - 0.29), 
dried mustard seedse,f (5.25 - 5.2), cashew nutsa,b (0.43 - 0.32), black cardamoma,b,c,e 
(0.32 - 0.32), skimmed cow milk powderd (0.45 - 0.5; 18 nutrients), linseedsb,e (10.16  
- 10.06), goat chops (0.4 - 0.33), sheep liverf (2.01 - 1.64), cumin seedsa,b,c,d,e (2.23 - 2.23), 
goat shoulder meat (0.38 - 0.32), pork liverd (2.35 - 1.8), mustard seedsb,e (5.38 - 5.29), 
brown soybeansa,b,c,e (4.22 - 4.01), lamb/mutton meat (0.16 - 0.17) 

Linolenic acid  
(n-6 fatty acid) 

soybean oilf (3.06 - 2.79), sesame oilf (tiler tel - 1.47 - 1.22), walnutb,c (0.36 - 0.35),  
peanut oilf (1.36 - 1.09), sunflower seedsb,c,e (2.1 - 2.05), dried sesame seedse (3.56  
- 3.49), safflower seedsa,b,e (1.79 - 1.77), white gingelly seedsa,b,e (2.65 - 2.61), salted 
mayonnaised,f (1.3 - 1.1; 20 nutrients), poppy seedsa,b,c,e (posto dana - 0.42 - 0.29),  
almonda,b,c,e (0.28 - 0.23), margarined,f (0.41 - 0.33), groundnuta,b,c,e (1.95 - 1.92),  
brown soybeana,b,c,e (4.22 - 4.01), white soybeana,b,c,e (4.15 - 4.08), palm oilf (0.88 - 0.61), 
cashew nutsa,b (0.43 - 0.32), mustard seedsb,e (5.38 - 5.29), maceb,c,e (jayitri - 0.23 - 0.22), 
cumin seedsa,b,c,d,e (2.23 - 2.23) 

Source: Own analysis as per applied food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; 
Government of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020. 

Eventually, it is not an easy task to cover RDAs of malnourished children and mothers on the basis of 
diversified meals prepared from (cost-effective) local foods alone. Supplementation of scarce nutri-
ents needs to be considered for these malnourished individuals (as does the provision of micronutri-
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ent-sprinkles). Yet, such measures cannot replace awareness on the importance of balanced diets - 
with interactive trainings to introduce nutrient-dense and cost-effective meals on a daily basis. 

7.4 Seasonal variations: Winter versus summer cost-effective foods 

As the summer price analysis of locally available foods (chapter 6.3) showed, seasonal price changes 
lead to a changed all-nutrient cost effectiveness of foods throughout the year. Accordingly, the 
choice of vegetables and fruits (which both do experience seasonal price variations) should be made 
in order to include high season vegetables and fruits with lowered prices. Respectively (as pointed 
out before), tomato is little cost-effective in winter season (ranking 104th of all analyzed foods, 
n=425), while it is highly cost-effective in summer (ranking 7th of all foods). As broad beans are not 
available in summer, tomato may be used instead to prepare the family's dinner.  

All in all, it is however minor changes which are required. Surely, mangoes would be served to chil-
dren and mothers during mango season in May and June, for instance. On the whole, however, pre-
sented recipes are applicable throughout the year and serve as adequate basis to nourish malnour-
ished children and their mothers. Table 125 below shows for vegetables as well as for fruits and roots 
and tubers which varieties showed to have a constant and high cost-effectiveness in winter season 
(prices as per December 2020/January 2021) as well as in summer season (prices as per April 2021) - 
with an all-nutrient-ratio > 2.5 - and which varieties showed to vary in their cost-effectiveness. 

Table 125   Foods  with changing or rather constant cost-effectiveness during winter & summer season 

Food 
group 

Cost-effectiveness of selected foods in winter & summer season 
~ seasonal cost-effectiveness marked in bold writing ~ 

 
a high or very high in oxalate (>43.78mg/100g edible portion) 
b high or very high in phytate (>121.4mg/100g edible portion) 
c high or very high in polyphenols (>66.54mg/ 100g edible portion) 
d high or  high in sodium (>60.38mg/ 100g edible portion) 
 e high or very high in total dietary fibre (>7.04g per 100g edible portion) 
f no or incomplete data available in applied FCTs 

 
foods with changing seasonal cost-effectiveness 

(rank, all-nutrient-ratio) 

winter vs. summer 

foods with high & constant cost-effectiveness 
(rank, all-nutrient-ratio) 

winter vs. summer 
Vegetables (11-11.66) Chinese cabbage (4-16.45) 

(104-3.06) ripe tomato, local (7-13.48) 
(15-10.68) cabbage, collard greensc (9-12.73) 
(16-10.28) green cabbage (10-12.54) 
(6-13.93) green Amaranthus spinosusa (13-11.3) 
(8-13.39) Agathi leavesa,c (17-10.12) 
(39-6.32) Basella leavesa (19-9.75) 
(74-4.03) green tomato (21-9.55) 
(5-14.27) spinacha,c (22-9.54) 
(99-3.3) ripe tomato, hybrid (27-8.94)  
 (73-4.05) tender pumpkin leaves (32-7.88) 
(19-9.6) plantain stema (40-6.84) 
(29-7.4) plantain flowera (42-6.8) 
(24-8.13) green Amaranth leavesa (43-6.69) 
(94-3.45) watercressf (48-5.85) 
(37-6.7) pale green elong. bottle gourd (58-5.25) 

(1-19.15) radish leavesa (1-19.21)  
(4-14.5) green Colocasia leavesa,c (5-14.54) 
(7-13.49) red & green Amaranthus spinosusa (6-13.49) 
(9-12.28) tender Tamarind leavesa (11-12.38) 
(12-11.21) orange round pumpkin (14-11.24) 
(17-10.27) green cylindrical pumpkina (15-10.95) 
(14-10.72) Drumstick leavesa,b,e (16-10.77) 
(22-9.09) Rumex leavesa (26-9.11) 
(27-7.73) dark green elongate bottle gourd (33-7.74) 
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Food 
group 

Cost-effectiveness of selected foods in winter & summer season 
~ seasonal cost-effectiveness marked in bold writing ~ 

 
a high or very high in oxalate (>43.78mg/100g edible portion) 
b high or very high in phytate (>121.4mg/100g edible portion) 
c high or very high in polyphenols (>66.54mg/ 100g edible portion) 
d high or  high in sodium (>60.38mg/ 100g edible portion) 
 e high or very high in total dietary fibre (>7.04g per 100g edible portion) 
f no or incomplete data available in applied FCTs 

 
foods with changing seasonal cost-effectiveness 

(rank, all-nutrient-ratio) 

winter vs. summer 

foods with high & constant cost-effectiveness 
(rank, all-nutrient-ratio) 

winter vs. summer 
Vegetables 
 

(43-5.98) ash gourd (66-4.5) 
(33-7.28) bean scarlet (82-3.9)  
(41-6.11) lean tender filed beansc (84-3.85) 
(44-5.93) broad tender filed beansc (86-3.78) 
(36-6.87) brinjal (89-3.68) 
(59-4.82) French country beans (90-3.64) 
(26-7.77) cauliflower (92-3.58) 
(57-5.01) French beans, hybrid (94-3.52) 
(149-2.0) Drumsticka,c (106-3.24) 
(63-4.41) green capsicum (109-3.1) 
(95-3.43) red capsicum (116-2.95) 
(93-3.47) yellow capsicum (117-2.94) 
(94-3.45) ridge gourd (119-2.9) 
(168-1.55) mature jackfruit seed (127-2.62) 
(100-3.29) dried oyster mushroome (137-2.41) 
(115-2.8) unripe papaya (139-2.34) 

 

Fruits (58-4.94) figa (108-3.11) 
(103-3.17) pink flesh guavac,e (129-2.59) 
(97-3.36) white flesh guavac,e (133-2.47) 
(114-2.82) bael fruit (152-1.98) 
(152-1.9) ripe papaya (171-1.48) 

(101-3.26) ripe poovam banana (104-3.27) 
(104-3.06) ripe robusta banana (112-3.06) 
(129-2.47) pineapple (133-2.47) 
(131-2.45) pale green water melon (134-2.46) 

Roots and 
tubers 

(88-3.57) small brown skin potato (20-9.57) 
(86-3.68) big brown skin potato (25-9.23) 
(69-4.21) red skin potato (28-8.46) 
(82-3.82) brown skin sweet potato (38-7.29) 
(40-6.28) elongate red skin radish (62-4.98) 
(96-3.37) pink skin sweet potato (69-4.35) 
(38-6.45) elongate white skin radish (72-4.23) 

(71-4.12) water chestnut (75-4.12) 
(75-3.98) orange carrot (79-3.98) 
(77-3.91) Colocasia (80-3.95) 
(88-3.57) red carrot (92-3.58) 
(126-2.57) beet root (129 - 2.59) 

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: 
Bundesministerium für Ernährung und Landwirtschaft, 2021; Government of Canada, 2021; Longvah et al., 2017; Shaheen 
et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 
2021. 

So what are finally meaningful changes required in the suggested recipes when considering the sea-
sonal cost-effectiveness of vegetables, fruits and roots and tubers?  

 Breakfast: For the breakfast, white-fleshed guava may be replaced by pink-fleshed guava, 
which showed a bit more cost-effective in summer season (with an all-nutrient summer price 
ratio of 2.59 compared to 2.47). Poovam banana showed a constant cost-effectiveness dur-
ing winter and summer season (with an all nutrient ratio of 3.26/3.27). 

 First lunch (khechuri): Furthermore, cauliflower in the khechuri recipe may be replaced by 
ripe local tomatoes, which are highly cost-effective in summer season (with an all-nutrient 
summer price ratio of 13.48 compared to cauliflower with merely 3.58); radish leaves as well 
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as round orange pumpkin showed a stable and high cost-effectiveness (with all-nutrient 
summer price ratios of 19.21 and 11.24, respectively) and would be used in winter as well as 
in summer season for the khechuri.  

 Second lunch: Pink skin potatoes would be replaced by small brown-skin potatoes in summer 
season, which are then highly cost-effective (with an all-nutrient summer price ratio of 9.57 
compared to 8.46 of red skin potatoes). Chinese cabbage would be kept as vegetable in the 
lunch, as it is even more cost-effective in summer (all-nutrient ratio of 16.45) compared to 
winter (with and all-nutrient winter-price ratio of 11.66). As for the breakfast, white fleshed 
guava may be replaced by pink fleshed guava during summer season. 

 Leafy gram omelette: Drumstick leaves (Moringa) showed to have a similar cost-
effectiveness in winter as well as in summer season and may be used in both seasons to pre-
pare the leafy gram omelette. Agathi leaves are indeed less cost-effective in summer com-
pared to winter (with an all-nutrient ratio of 10.12 in summer compared to 13.39 in winter 
season) and green Amaranthus spinosus leaves may be used instead in summer  season to 
prepare the gram omelette (which have an all-nutrient summer price ratio of 11.3). Yet, 
Amaranth leaves are very high in oxalate (with 1,073mg per 100g edible portion compared to 
179mg oxalate per 100g edible portion in the case of Agathi leaves) - hence, the lower ox-
alate content of Agathi leaves may outweigh the higher nutritional benefits of green Ama-
ranth leaves. Finally, both leaf kinds may be used (alternatively) when preparing the leafy 
gram omelette in summer season - if Amaranth leaves are chosen to be used, those should 
be soaked in water in any case before cutting and preparing them to reduce the oxalate. 

 Halwa porridge: The halwa recipe requires no changes in summer compared to winter sea-
son, as orange carrots show a stable and high cost-effectiveness across seasons. 

 Dinner: Regarding the suggested dinner, merely broad beans are not available in summer 
season and may be replaced by local ripe tomatoes (those have an all-nutrient summer price 
ratio of 13.48 and are highly cost-effective during summer season). Dark-green elongate bot-
tle gourd showed to have a stable cost-effectiveness in winter and summer season 
(7.73/7.74) - as did orange carrots and may be used during both seasons. Figs are indeed less 
cost-effective in summer compared to winter season (with an all-nutrient summer price ratio 
of 3.11 - compared to 4.94 in winter season); yet, they are still (except for poovam banana) 
the most cost-effective fruit option in summer season and may be offered to children and 
mothers for dinner (while mangoes may well replace them once the season starts from May).  

Very obviously, again other vegetable and fruit choices may be made in rainy season (July to Sep-
tember) and it may be subject to further research to study price changes in this period. 

On the whole, the comparison of the all-nutrient cost-effectiveness of vegetables, fruits and roots 
and tubers during winter and summer season shows, that the suggested recipes are basically appli-
cable across seasons - with minor changes in food choices being helpful and necessary. 
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8 Affordability of a diversified diet 

Planning modified diets based on the grounds of the conducted cost-analysis of locally available 
foods makes perfect sense in order to better nourish Santal children and mothers - where especially 
lactating mothers find it difficult to meet their daily nutrient requirements. Still, finally the question 
remains if the suggested weekly meal schedule is at all affordable to Santal families or not? And if 
not, how the financial gap might be bridged with support of government schemes, kitchen gardening 
and food collecting activities, respectively. This chapter therefore puts a focus on the affordability of 
suggested cost-effective nutrient-dense meals for Santal children and their mothers. 

In order to evaluate the affordability of suggested nutrient-dense meals, one needs to know... 

(1) ... firstly, the available budget to be spent on food by Santal families, and 
(2) ... secondly, the exact cost of the suggested weekly meal schedule. 

The next subchapter starts to estimate the weekly available food budget of Santal Adivasi families. 
Thereafter, the cost of the suggested diversified diet shall be calculated. 

8.1 Available food budget of Santal families 

In order to know the budget available to Santal families to be spent on food, a survey comprising 66 
Adivasi HHs with children aged 1-3 years has been conducted in June 2021. Data was collected 
through the local NGO Manab Jamin during HH visits in 23 villages, namely: Amradanga (3 HHs/ HHs), 
Ballavpurdanga (2 HHs), Binodpur (2 HHs), Binuriya (2 HHs), Borobagan (2 HHs), Borodanga (4 HHs), 
Bottaladanga (2 HHs), Hatrasulganj 1 (6 HHs), Hatrasulganj 2 (5 HHs), Hetedanga (3 HHs), Itedanga (1 
HH), Kankutia 2 (4 HHs), Katabagan (3 HHs), Mitradanga (5 HHs), Muluk Kalitala (2 HHs), Nurpur 1 (3 
HHs), Nurpur 2 (5 HHs), Paruldanga (2 HHs), Ramchandrapur (1 HH), Ramlakhandanga (2 HHs), Rin-
taladanga (3 HHs), Ruppur Konrapara (2 HHs) and Tantijol (2 HHs). All HHs in named villages with 
children in the target age (1-3 years) were included in the survey. 

Surveyed families showed a minimum number of 2 and a maximum number of 11 persons living in 
the HH with a median of 5 persons (n=66) and comprised nuclear (36 percent, n=66) as well as ex-
tended families (64 percent). The vast majority of them stated to have sufficient income to have two 
cooked meals a day throughout the year (96 percent, n=66). As in the 2015 baseline survey, the ma-
jority of HHs named casual works as main source of income (74 percent, n=66). Further, self-
employment in the field of agriculture (41 percent, n=66) and the MGNREGA income scheme were 
named (35 percent, n=66) by a good share of families, while a minority of 1 family explained that 
self-employment in the field of non-agriculture was the main source of income and no family had 
access to a regular employment (naukri). Hence, the income patterns are still comparable to 2015 
with casual and agricultural works being main pillars, complemented by the government's income 
generation scheme MGNREGA. Further income opportunities comprised working as mason (6 HHs) or 
plumber (1 family); each 1 HH earned an income as toto or rather tractor driver; 1 HH earned an in-
come as meat seller, 1 was engaged in the field of catering and another 1 as care taker. 
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Calculated per head, surveyed HHs showed a mean weekly food budget amounting to 195 Indian 
Rupees (Rs.) - with a median of 164 Rs. (n=66). As described earlier in chapter 4 highlighting on nutri-
tional issues amongst Santal Adivasi families, children receive basically the same food as adult HH 
members (Baseline Survey, personal communication, 2015) - and the suggested meal schedule for 
children and mothers (chapter 7) was planned accordingly. Still, quite obviously, children consume 
smaller amounts of food than adults do and hence, less of the available food budget attributes to 
children compared to adult HH members. Therefore, an analysis with regard to consumed portion 
sizes was conducted in order to know the weekly budget available to be spent on the food for a child 
aged 1-3 years as well as for an adult HH member (differentiating between lactating mothers, preg-
nant women and other adult HH members). The following portion sizes were assumed: 

 lactating mothers     400g per main meal 
 pregnant women     375g per main meal 
 other adults (18 years and older):    350g per main meal 
 big children and youths (6-17 years):   300g per main meal 
 older children (4-5 years):    250g per main meal 
 small children (until 3 years):     200g per main meal 

Accordingly, a HH spending 1,000 Rs. per week on food to feed 6 adults (one of them being a lactat-
ing mother) and 1 small child, may spent 85 Rs. per week for the small child on food, 170 Rs. for the 
lactating mother and 149 Rs. for other adult HH members. The calculation goes as follows:  

Equation 4   Calculation of the weekly food budget for Santal children and mothers 

Total weekly food budget:    1,000 Rs. 
Amount of food for adults:     5*350g + 1*400g =2,150g 
Amount of food for the child:    1*200g =200g 
Total food requirement:    2,150g + 200g =2,350g 
Available weekly budget/total food requirement: 1,000/2,450 = 0.42553191 
Weekly budget share to feed the small child:  0.42553191*200g = 85.12 Rs. 
Weekly budget share to feed the lactating mother: 0.42553191*400g = 170.21 Rs. 
Weekly budget share to feed other adults (per person): 0.42553191*350g = 148.94 Rs. 
Total weekly food budget:    85.12Rs. +170.21Rs. +5*148.94Rs.= 1,000 Rs. 

Source: Own calculation. 

In the same line, mean weekly food budgets for children and mothers were calculated in SPSS based 
on monthly food expenses of a total of 66 HHs and reported family structures (number of children 
with age range as well as number of adults - under the assumption that one adult member in each 
HH was a lactating mother - receiving a 400g portion - and other adults would receive 350g per main 
meal). The following weekly food budgets were derived from the calculation:  

Table 126   Weekly food budget of Santal families for children and mothers 

Target group Portion size Mean weekly food budget 
Children (12-23 months) 200g 122 Rs.  (122.8511) 
Lactating mothers 400g 246 Rs.  (245.7023) 
Pregnant women 375g 230 Rs.  (230.3459) 
Non-pregnant & non-lactating women 350g 215 Rs.  (214.9895) 

Source: Own calculation as per Food Budget Survey, personal communication, 2021. 
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According to the required portion size to fulfil RDAs, lactating mothers' weekly food budget is double 
the budget of children (400g versus 200g portions) with 122 Rs. and 246 Rs., respectively. The weekly 
food budget of pregnant women would amount to 230 Rs. (referring to a 375g portion) - all other 
adult HH members, including also non-pregnant and non-lactating women, would be able to spend 
215 Rs. per week on food (350g portion). These numbers shall be applied to prove if suggested diver-
sified meals are affordable to Santal families or not.  

8.2 Costs of suggested cost-effective meals  

The weekly costs to prepare the meals for children aged 12-23 months as well as for their mothers 
(lactating, pregnant or rather non-pregnant non-lactating) are calculated in this subchapter as to 
allow to determine if the suggested meal schedule is at all affordable to Santal families or not. 

Table 127 below presents the purchasing costs associated with preparing the suggested weekly meal 
schedule and, very clearly, the total fund needed does not lie within the food budget of Santal Adi-
vasi families. While 123 Rs. are available each week to buy the food to feed a small child, 267 Rs. are 
required to prepare the suggested meals for children aged 12-23 months (this comes to 217 percent 
of the available budget, with a weekly deficit of 144 Rs.). Likewise, when it comes to lactating moth-
ers, the available weekly food budget (amounting to 246 Rs.) is exceeded by 201 percent with a 
monetary requirement of 493 Rs. each week to purchase needed foods. A similar picture is drawn 
when it comes to pregnant and non-pregnant non-lactating women. As lactating women require 
largest portion sizes in order to fulfil their RDAs (they are supposed to receive 400g of food per main 
meal compared to 350g meant for a non-pregnant non-lactating woman), it is indeed most costly to 
feed a lactating women adequately; 33 Rs. less are required each week to feed a pregnant women (7 
percent less) and 66 Rs. less to feed a non-pregnant non-lactating women (13 percent less). Details 
on the cost of the single meals offered throughout the week can be found in the table below - stating 
also the cost per 100g for each meal for all groups of beneficiaries (children, lactating mothers, preg-
nant women and non-pregnant non-lactating women). 

Looking at the prices per 100g of the suggested meals one finds that the dinner is most cheap to pre-
pare (2.91 Rs. per 100g in case of children's meals), followed by khechuri with milk (2.79 Rs.), the 
vegetarian lunch (3.26 Rs.), khechuri with egg (3.9 Rs.), khechuri with liver (4.2 Rs.), the halwa por-
ridge (4.61 Rs.), the breakfast (4.91), the leafy gram omelette (5.1 Rs.), and the lunch with fish (7.53 
Rs.). Cost drivers are accordingly fish, as well as besan (whole Bengal gram), fruits (as banana and 
guava), groundnuts and liver - while vegetables as well as local oilseeds as mustard are more cheaply 
available in the market. Khechuri with milk is less expensive compared to khechuri with egg - this 
holds true also when seeing 100g prices of mothers' meals (who are supposed to receive larger milk 
portions with 150ml per serving rather than 50ml in case of children). 100g of khechuri with milk for 
a lactating mother costs 2.96 Rs. while khechuri with liver costs 3.27 Rs. and khechuri with egg 3.9 Rs.  

All details on the costs of suggested meals can be found summarized in the table below. 
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Table 127   Costs to prepare the suggested weekly meal schedule for children and mothers 

Meal  Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant non-lactating 
women 

Breakfast Portion prize: 
(200g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

9.82 Rs. 
 
 

68.74 Rs. 
 
 

4.91 Rs. 

Portion prize: 
(250g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

13.95 Rs. 
 
 

 97.64 Rs. 
 
 

5.58 Rs. 

Portion prize: 
(225g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

 12.55 Rs. 
 
 

 87.88 Rs. 
 
 

5.58 Rs. 

Portion prize: 
(200g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

 11.16 Rs. 
 
 

 78.11 Rs. 
 
 

5.58 Rs. 
1st lunch: 
khechuri egg 

Portion prize: 
(235g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

9.17 Rs. 
 
 

27.51 Rs. 
 
 

3.90 Rs. 

Portion prize: 
(470g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

18.34 Rs. 
 
 

55.02 Rs. 
 
 

3.90 Rs. 

Portion prize: 
(445g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

17.76 Rs. 
 
 

53.29 Rs. 
 
 

3.99 Rs. 

Portion prize: 
(420g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

17.20 Rs. 
 
 

51.60 Rs. 
 
 

4.10 Rs. 
1st lunch: 
khechuri milk 

Portion prize: 
(250g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

6.97 Rs. 
 
 

20.92 Rs. 
 
 

2.79 Rs. 

Portion prize: 
(550g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

16.28 Rs. 
 
 

48.84 Rs. 
 
 

2.96 Rs. 

Portion prize: 
(525g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

15.70 Rs. 
 
 

47.11 Rs. 
 
 

2.99 Rs. 

Portion prize: 
(500g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

15.14 Rs. 
 
 

45.42 Rs. 
 
 

3.03 Rs. 
1st lunch: 
khechuri liver 

Portion prize: 
(218.5g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

9.17 Rs. 
 
 

9.17 Rs. 
 
 

4.20 Rs. 

Portion prize: 
(437g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

14.30 Rs. 
 
 

14.30 Rs. 
 
 

3.27 Rs. 

Portion prize: 
(412g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

13.72 Rs. 
 
 

13.72 Rs. 
 
 

3.33 Rs. 

Portion prize: 
(387g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

13.16 Rs. 
 
 

13.16 Rs. 
 
 

3.40 Rs. 
2nd lunch 
vegetarian 

Portion prize: 
(210g) 
 

Weekly expense:  
(6 times) 
 

Price per 100g: 

6.84 Rs. 
 
 

41.04 Rs. 
 
 

3.26 Rs. 

Portion prize: 
(420g) 
 

Weekly expense:  
(6 times) 
 

Price per 100g: 

13.68 Rs. 
 
 

82.08 Rs. 
 
 

3.26 Rs. 

Portion prize: 
(395g) 
 

Weekly expense:  
(6 times) 
 

Price per 100g: 

12.89 Rs. 
 
 

77.36 Rs. 
 
 

3.26 Rs. 

Portion prize: 
(370g) 
 

Weekly expense:  
(6 times) 
 

Price per 100g: 

12.09 Rs. 
 
 

72.51 Rs. 
 
 

3.27 Rs. 
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Meal Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant non-lactating 
women 

2nd lunch 
fried fish 

Portion prize: 
(245g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

18.44 Rs. 
 
 

18.44 Rs. 
 
 

7.53 Rs. 

Portion prize: 
(478.3g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

33.02 Rs. 
 
 

33.02 Rs. 
 
 

6.90 Rs. 

Portion prize: 
(453.3g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

32.22 Rs. 
 
 

32.22 Rs. 
 
 

7.11 Rs. 

Portion prize: 
(428.3g) 
 

Weekly expense:  
(1 time) 
 

Price per 100g: 

31.42 Rs. 
 
 

31.42 Rs. 
 
 

7.34 Rs. 
Leafy gram ome-
lette 

Portion prize: 
(100g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

5.10 Rs. 
 
 

15.31 Rs. 
 
 

5.10 Rs. 

Portion prize: 
(200g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

10.21 Rs. 
 
 

30.62 Rs. 
 
 

5.10 Rs. 

Portion prize: 
(175g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

8.92 Rs. 
 
 

26.77 Rs. 
 
 

5.10 Rs. 

Portion prize: 
(150g) 
 

Weekly expense:  
(3 times) 
 

Price per 100g: 

7.69 Rs. 
 
 

23.06 Rs. 
 
 

5.12 Rs. 
Halwa porridge Portion prize: 

(125g) 
 

Weekly expense:  
(4 times) 
 

Price per 100g: 

5.76 Rs. 
 
 

23.03 Rs. 
 
 

4.61 Rs. 

Portion prize: 
(250g) 
 

Weekly expense:  
(4 times) 
 

Price per 100g: 

11.51 Rs. 
 
 

46.06 Rs. 
 
 

4.61 Rs. 

Portion prize: 
(225g) 
 

Weekly expense:  
(4 times) 
 

Price per 100g: 

10.37 Rs. 
 
 

41.47 Rs. 
 
 

4.61 Rs. 

Portion prize: 
(200g) 
 

Weekly expense:  
(4 times) 
 

Price per 100g: 

9.21 Rs. 
 
 

36.85 Rs. 
 
 

4.61 Rs. 
Dinner 
vegetarian 

Portion prize: 
(210g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

6.10 Rs. 
 
 

42.73 Rs. 
 
 

2.91 Rs. 

Portion prize: 
(420g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

12.21 Rs. 
 
 

85.45 Rs. 
 
 

2.91 Rs. 

Portion prize: 
(395g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

11.49 Rs. 
 
 

80.42 Rs. 
 
 

2.91 Rs. 

Portion prize: 
(370g) 
 

Weekly expense:  
(7 times) 
 

Price per 100g: 

10.76 Rs. 
 
 

75.29 Rs. 
 
 

2.91 Rs. 
Weekly meal 
schedule 

Total weekly cost: 
 

Weekly budget: 
 

Percent of budget: 
 

Weekly deficit: 

266.89 Rs. 
 

122.85 Rs. 
 

217.2 
 

-144.04 Rs. 

Total weekly cost: 
 

Weekly budget: 
 

Percent of budget: 
 

Weekly deficit: 

493.03 Rs. 
 

245.70 Rs. 
 

200.7 
 

-247.33 Rs. 

Total weekly cost: 
 

Weekly budget: 
 

Percent of budget: 
 

Weekly deficit: 

460.24 Rs. 
 

230.35 Rs. 
 

199.8 
 

-229.90 Rs. 

Total weekly cost: 
 

Weekly budget: 
 

Percent of budget: 
 

Weekly deficit: 

427.42 Rs. 
 

214.99 Rs. 
 

198.8 
 

-212.43 Rs. 

Source: Own calculation based on presented recipes (chapter 7) and Winter Retail Prices, personal communication, 2021. 
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8.3 How to bridge the financial gap to pay for diversified meals? 

Obviously, Santal families cannot be left alone with the task to prepare and finance the suggested 
nutrient-dense and cost-effective meals, but require support to implement such meal schedule. Be-
sides named monetary constraints also time constraints are an important issue. The following sub-
chapters highlight ways to bridge the monetary gap to finance the suggested meals. Government 
schemes do play a vital role here, as do kitchen gardens, respectively. Finally, many helping hands 
need to cooperate in order to make cost-effective, nutritious meals accessible to the rural poor. It 
needs - in the end - a clear political will to do so. There is a way, reachable ahead.  

8.3.1 Role of governmental AWCs to nourish children and mothers well 

As pointed out before, governmental pre-school feeding centres (AWCs) may be of big support to 
Adivasi families, if they would provide the first lunch (khechuri) six days a week to children and their 
mothers. The following table shows the saving potential each week if AWCs would supply three times 
khechuri with egg and three times khechuri with milk. 

Table 128   Potential support of governmental pre-school centres (AWCs) to nourish Adivasi children and mothers  

 Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant 
non-lactating 

women 

Initial monetary 
requirement for 
Santal Adivasi fami-
lies to finance the 
suggested meal 
schedule (on a 
weekly basis) 

Total weekly cost: 
266.89 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
217.2 
 

Weekly deficit: 
-144.04 Rs. 

Total weekly cost: 
493.03 Rs. 
 

Weekly budget: 
245.70 Rs. 
 

Percent of budget: 
200.7 
 

Weekly deficit: 
-247.33 Rs. 

Total weekly cost: 
460.24 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
199.8 
 

Weekly deficit: 
-229.90 Rs. 

Total weekly cost: 
427.42 Rs. 
 

Weekly budget: 
214.99 Rs. 
 

Percent of budget: 
198.8 
 

Weekly deficit: 
-212.43 Rs. 

Share which would 
be covered through 
AWCs  

(khechuri with egg/ 
milk, 6 days weekly) 

Khechuri with egg: 
27.51 Rs. 
 

Khechuri with 
milk: 
20.92 Rs. 
 

Total: 48.43 Rs. 
 (33.6 percent of 
initial deficit) 

Khechuri with egg: 
55.02 Rs. 
 

Khechuri with 
milk: 
48.84 Rs. 
 

Total: 103.87 Rs. 
(42.0 percent of 
initial deficit) 

Khechuri with egg: 
53.29 Rs. 
 

Khechuri with 
milk: 
47.11 Rs. 
 

Total: 100.40 Rs. 
(43.7  percent of 
initial deficit) 

n.a. 

Remaining mone-
tary requirement 

Total weekly cost: 
218.46 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
177.8 
 

Weekly deficit: 
-95.61 

Total weekly cost: 
389.17 Rs. 
 

Weekly budget: 
245.70 Rs. 
 

Percent of budget: 
158.4 
 

Weekly deficit: 
-143.46 

Total weekly cost: 
359.84 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
156.2 
 

Weekly deficit: 
-129.49 

n.a. 

Source: Own calculation based on presented receipts (chapter 7) and Winter Retail Prices, personal communication, 2021. 
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If AWCs would provide three times a week khechuri with egg and three times a week khechuri with 
milk to the small children, their lactating mothers as well as to pregnant women, the weekly deficit of 
these three groups to pay for the suggested meal schedule would be reduced by 34 percent in case 
of children, by 42 percent in case of lactating mothers and by 44 percent in case of pregnant women. 
With regard to the children the weekly available budget would still be exceeded with a coverage of 
178 percent (without AWC support: 217 percent), the budget of lactating mothers by 158 percent 
(earlier 201 percent) and the budget of pregnant women by 156 percent (earlier 200 percent). 
Hence, further support is needed in order to finance finally a meal schedule as suggested. 

8.3.2 Role of the governmental PDS to nourish children and mothers well 

The Public Distribution System (PDS) may indeed play a role to do so. As heard earlier in this disserta-
tion, it typically provides rice (7.5 kg per month and HH), wheat (5 kg monthly) and sugar (7.5 kg) to 
poor (BPL) families, seldom also edible oil (Baseline Survey, personal communication, 2015). Further 
kerosene oil is provided to families (APL as BPL - for details please refer to chapter 2.4.2) - this means 
a time saving for the families who may then use gas cookers instead of preparing meals on open fire. 
The Central Issue Price (CI) of rice and wheat has been set in 2013 and is still applied today - accord-
ingly, rice is supposed to be offered at 3 Rs. per kg, wheat at 2 Rs. per kg and sugar at 13.5 Rs. per kg 
(Government of India - Department of Food and Public Distribution, 2021; Mishra, 2021). The follow-
ing table shows in how far these subsidized prices would help to cover the costs for the meals' ingre-
dients - stating also the remaining gap to afford the suggested weekly meal schedule.  

Table 129   Potential support of the Public Distribution System (PDS) to nourish Adivasi children and mothers 

 Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant 
non-lactating 

women 

Monetary 
requirement for 
Santal Adivasi 
families to finance 
the suggested meal 
schedule (on a 
weekly basis)  

with AWC support 

Total weekly cost: 
218.46 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
177.8 
 

Weekly deficit: 
-95.61 

Total weekly cost: 
389.17 Rs. 
 

Weekly budget: 
245.70 Rs. 
 

Percent of budget: 
158.4 
 

Weekly deficit: 
-143.46 

Total weekly cost: 
359.84 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
156.2 
 

Weekly deficit: 
-129.49 

Total weekly cost: 
427.42 Rs. 
 

Weekly budget: 
214.99 Rs. 
 

Percent of budget: 
198.8 
 

Weekly deficit: 
-212.43 Rs. 

Share which would 
be covered through 
the PDS  

(rice at 3 Rs./kg, atta 
wheat at 2 Rs./kg, 
sugar at 13.5 Rs./kg) 

Saving for rice: 
15.57 Rs. 
 

Saving for wheat: 
0.58 Rs. 
 

Saving for sugar: 
1.46 Rs. 
 

Total: 17.61 Rs. 
(12.2 percent of 
initial deficit) 

Saving for rice: 
31.14 Rs. 
 

Saving for wheat: 
1.17 Rs. 
 

Saving for sugar: 
2.91 Rs. 
 

Total: 35.21 Rs. 
(14.2 percent of 
initial deficit) 

Saving for rice: 
 29.21 Rs. 
 

Saving for wheat: 
 1.05 Rs. 
 

Saving for sugar: 
 2.62 Rs. 
 

Total: 32.88 Rs. 
(14.3 percent of 
initial deficit) 

Saving for rice: 
 34.3 Rs. 
 

Saving for wheat: 
 0.93 Rs. 
 

Saving for sugar: 
 2.33 Rs. 
 

Total: 37.56 Rs. 
(17.7 percent of 
initial deficit) 

Remaining mone-
tary requirement 

Total weekly cost: 
200.85 Rs. 
 

Weekly budget: 

Total weekly cost: 
 353.95 Rs. 
 

Weekly budget: 

Total weekly cost: 
 326.96 Rs. 
 

Weekly budget: 

Total weekly cost: 
 389.86 Rs. 
 

Weekly budget: 
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122.85 Rs. 
 

Percent of budget: 
163.5 
 

Weekly deficit: 
-78.00 

 245.70 Rs. 
 

Percent of budget: 
144.1 
 

Weekly deficit: 
-108.25 

 230.35 Rs. 
 

Percent of budget: 
141.9 
 

Weekly deficit: 
-96.61 

 214.99 Rs. 
 

Percent of budget: 
181.3 
 

Weekly deficit: 
-174.87 

Source: Own calculation based on presented recipes (chapter 7) and Winter Retail Prices, personal communication, 2021; 
subsidized rates as per: Government of India - Department of Food and Public Distribution, 2021; Mishra, 2021. 

Provision of subsidized rice, wheat and sugar through the PDS reduces the initial weekly financing 
gap of children by 12 percent, of lactating mothers and pregnant women by 14 percent, and of non-
pregnant non-lactating women by 18 percent. Comparing these numbers to the extent of financial 
relief achieved through AWCs they amount to roughly one third of it - still, PDS support is urgently 
needed and BPL cards should be made widely available to Santal tribal families as to allow them 
benefitting from the subsidized rates. The following table shows the amounts of rice, atta wheat and 
sugar required to prepare the suggested meal schedule for children and mothers (assuming that the 
khechuri would be provided by AWCs six days a week to children as well as to pregnant and lactating 
mothers, but not to non-pregnant non-lactating women). 

Table 130   Quantities of subsidized rice, wheat and sugar required to prepare the suggested meals (PDS support) 

Per month  
requirements 

Children 
(aged 12-23 months) 

Lactating mothers Pregnant women Non-pregnant 
non-lactating 

women 
... of rice  2,463 g 4,925 g 4,620 g 5,425 g 
... of atta wheat 84 g 167 g 151 g 133 g 
... of sugar 202 g 403 g 363 g 323 g 
Source: Own calculation based on presented recipes (chapter 7). 

According to the assumed portion sites, lactating women would require largest amounts of atta 
wheat and sugar (amounting to 167g of wheat and 403g of sugar each month). Non-pregnant non-
lactating mothers would require the largest amount of rice (5,425g), as they are assumed not to be 
beneficiaries of AWCs - and would need to prepare the first lunch in the house. These numbers do 
not reflect the common intakes of Santal Adivasi families, but are calculated exactly to cover ingredi-
ent needs of the suggested cost-effective and nutrient-dense meal schedule (chapter 7). 

If Adivasi families in rural Birbhum district received the described support through AWCs and the 
PDS, the remaining weekly monetary needs to finance the suggested meal schedule of children and 
mothers would still be exceeded by 64 percent (children) or rather by 44 percent (lactating mothers), 
by 42 percent (pregnant women) and by 81 percent (non-pregnant non-lactating women). Hence, 
further support is indeed required in order to implement the suggested meal schedule.  

8.3.3 Role of kitchen gardens and wildly growing plants 

An advantage of living in the rural are (compared to living in city slum areas) is certainly that each 
family may find some land nearby the own house where a kitchen garden with vegetables may be 
cultivated. Sometimes, those are rather small plots (where creeping plants as pumpkins may be 
grown on roofs, respectively), while other families may find some more land to grow varieties as 
leafy vegetables, beans, onions, gourds and others. Very clearly, a kitchen garden means an addi-
tional work load to tribal families (as plant nurseries need to be taken care of, watering needs to be 
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done and weeds need to be pulled out). Furthermore, seeds need to be procured (initially - while 
seeds can be kept for the next plantation season if biologically stable seeds are used - rather than 
hybrid seeds). Project work in the Santal communities showed that the families are indeed open to 
cultivate kitchen gardens and often it is the (older) male HH members who take this responsibility. 
The following pictures give an impression. 

Picture 34   Kitchen gardens cultivated in Santal Adivasi villages of rural Birbhum district 

    

       
Source: Project pictures, Shining Eyes e.V (2015/2018).  

Besides kitchen gardens, Santal families are used to collect leafy vegetables from the field side and to 
collect the leaves of wildly growing Moringa trees within or nearby their village, respectively. Further 
fruit trees growing in the villages are harvested by villagers once the fruits ripen.  

All in all, a cost reduction of 60 percent of vegetables and fruits is assumed in order to demonstrate 
the potential benefit of cultivating kitchen gardens and planting fruit and Drumstick (Moringa) trees 
in the Adivasi Santal villages. This is in line with Marsh (1998), an agricultural economist working with 
the FAO, who found that kitchen gardens are capable to contribute more than 50 percent of vegeta-
ble, fruit and tuber needs (besides offering herbal plants, respectively). Finally, and very clearly, this 
is an estimate only and yields depend on various factors as land size, quality of the soil, willingness to 
care for the garden (motivation), availability of water and the weather situation, for instance. 

As can be seen in table 131 below, kitchen gardens along with collection of wildly growing plants are 
capable to cover 24 percent of the weekly financial gap of children's meals (which is about ten per-
cent less than the share saved through AWCs, and about double the share saved through the PDS). 
For lactating and pregnant mothers 26 percent of the initial financing deficit may be covered through 
home gardens and collecting activities in and nearby the villages - with a share of 31 percent in case 
of non-pregnant non-lactating mothers; here also vegetables included in khechuri with egg and 
khechuri with milk recipe are calculated, as those meals would not be provided by AWCs - to be 
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clear, this additional cooking effort would be difficult to take in the home and most probably non-
pregnant non-lactating women would skip this meal or replace it by some (readily available) snack. 

Table 131   Potential support of kitchen gardens & wildly growing plants to nourish Adivasi children and mothers 

 Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant 
non-lactating 

women 

Monetary 
requirement for 
Santal Adivasi 
families to finance 
the suggested meal 
schedule (on a 
weekly basis)  

with AWC and PDS 
support 

Total weekly cost: 
200.85 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
163.5 
 

Weekly deficit: 
-78.00 

Total weekly cost: 
 353.95 Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
144.1 
 

Weekly deficit: 
-108.25 

Total weekly cost: 
 326.96 Rs. 
 

Weekly budget: 
 230.35 Rs. 
 

Percent of budget: 
141.9 
 

Weekly deficit: 
-96.61 

Total weekly cost: 
 389.86 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
181.3 
 

Weekly deficit: 
-174.87 

Share which would 
be covered through 
kitchen gardens  

(60 percent of vege-
table and fruit costs; 
excluded are garlic 
and potatoes) 

Saving for vegeta-
bles: 
 16.97 Rs. 
 

Saving for fruits: 
 18.11 Rs. 
 

Total: 35.08 Rs. 
(24.4  percent of 
initial deficit) 

Saving for vegeta-
bles: 
 33.95 Rs. 
 

Saving for fruits: 
 30.90 Rs. 
 

Total: 64.85 Rs. 
( 26.2 percent of 
initial deficit) 

Saving for vegeta-
bles: 
 31.46 Rs. 
 

Saving for fruits: 
 28.37 Rs. 
 

Total: 59.83 Rs. 
(26.0 percent of 
initial deficit) 

Saving for vegeta-
bles: 
 38.96 Rs. 
 

Saving for fruits: 
 25.85 Rs. 
 

Total: 64.80 Rs. 
(30.5  percent of 
initial deficit) 

Remaining mone-
tary requirement 

Total weekly cost: 
 165.84 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
135.0 
 

Weekly deficit: 
-42.99 Rs. 

Total weekly cost: 
 289.24 Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
117.7 
 

Weekly deficit: 
-43.54 Rs. 

Total weekly cost: 
 267.25 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
116.0 
 

Weekly deficit: 
-36.91 Rs. 

Total weekly cost: 
 325.18 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
151.3 
 

Weekly deficit: 
-110.19 Rs. 

Sources: Own calculation based on presented recipes (chapter 7) and Winter Retail Prices, personal communication, 2021, 
saving potential of kitchen gardens calculated in accordance with: Marsh, 1998. 

Adding up the supporting effects of AWCs, the PDS and kitchen gardens/wild plant collection, the 
weekly food budget of children is still exceeded by 135 percent, the budget of lactating mothers by 
118 percent, of pregnant women by 116 percent and of non-pregnant non-lactating women by 151 
percent (the gap remains greatest here, as non support through AWCs is assumed).  

In fact, a variety of vegetables and fruits can be found in the local market and may be grown in the 
villages - table 132 below illustrates what vegetables/fruits may be harvested in what months. 

  



Affordability of a diversified diet  - How to bridge the financial gap to pay for diversified meals? 

425 

Table 132   Locally available vegetables and fruits - with times of availability throughout the year 

Vegetable/ fruit 01 02 03 04 05 06 07 08 09 10 11 12 

Leafy vegetables 
Agathi leaves (bok ful shak)        x x x x x 
Alligator weed (malancha shak)        x x x x x 
Amaranth leaves, green 
(Amaranthus gangeticus - sobuj data shak) 

x x x x x x x x x x x x 

Amaranth leaves, red 
(Amaranthus gangeticus lal shak) 

x x x x x x x x x x x x 

Amaranth spined, leaves, green  
(Amaranthus spinosus) 

x x x x x x x x x x x x 

Amaranth spined, leaves, red  
(Amaranthus spinosus) 

x x x x x x x x x x x x 

Slender Amaranth leaves (notay shak) x x x x x x x x x x x x 
Basella leaves x x x x x x x x x x x x 
Bathua leaves x x x       x x x 
Beet greens x x x x x x x x x x x x 
Bengal dayflower leaves (bat baitta shak) x x x x       x x 
Bitter gourd leaves, green (korola shak) x x x x x x x x x x x x 
Bottle gourd leaves (lau shak) x x x x x x x x x x x x 
Betel leaves, big   x x x x x x x    
Betel leaves, small   x x x x x x x    
Cabbage, Chinese x x x x x x x x x x x x 
Cabbage, collard greens x x x x x x x x x x x x 
Cabbage, green x x x x x x x x x x x x 
Cabbage, violet x x x        x x 
Cauliflower leaves x x x x      x x x 
Colocasia leaves, green (shobuj kochu shak)  x x x x x x x x    
Colocasia leaves, black (kalo kochu shak)  x x x x x x x x    
Cowpea leaves (borboti pata)  x x x x x       
Dima leaves (dima shak)  x x x x x       
Drumstick leaves     x x x x x x x x  
Fern leaves (dheki shak)   x x x x x x x x   
Fenugreek leaves (methi shak) x x x x x     x x x 
Indian spinach (pui shak) x x x x x x x x x x x x 
Jute leaves (pat shak)  x x x x x x x x    
Lettuce x x x x x      x x 
Mustard leaves x x x       x x x 
Pak Choi leaves x x          x 
Parsley x x x         x 
Ponnaganni x x x         x 
Pumpkin leaves, tender   x x x x x x x x x  
Radish leaves x x x x     x x x x 
Rumex leaves x x x x        x 
Spinach x x x x x    x x x x 
Sweet potato leaves  x x x x    x x   
Tamarind leaves, tender    x x x x x x x   
Water spinach (kolmee shak)  x x x x x x x x x x  
Watercress (helencha shak)  x x x x x x x x x   
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Vegetable/ fruit 01 02 03 04 05 06 07 08 09 10 11 12 

Other vegetables 
Amaranth stem (data) x x x x x x x x x x x x 
Ash gourd    x x x x x x x x x 
Bean scarlet (shim) x x x x     x x x x 
Bitter gourd, jagged, teeth ridges, elongate   x x x x x x x x   
Bitter gourd, jagged, teeth ridges, short  x x x x x x x x x   
Bitter gourd, jagged, smooth ridges, elong.  x x x x x x x x x   
Bottle gourd, elongate, pale green   x x x x x x x x   
Bottle gourd, round, pale green   x x x x x x x x   
Bottle gourd, elongate, dark green  x x x x x x x x x   
Brinjal x x x x x x x x x x x x 
Broad beans (makhon shim) x x x        x x 
Capsicum, green x x x x       x x 
Capsicum, red x x x x x      x x 
Capsicum, yellow x x x x x      x x 
Cauliflower x x x       x x x 
Cluster beans x x x x x     x x x 
Colocasia, stem, black     x x x x x x x  
Colocasia, stem, green     x x x x x x x  
Corn, baby x x x x     x x x x 
Cucumber, green, elongate   x x x x x x x x   
Cucumber, green, short  x x x x x   x x x x 
Drumstick x x x x         
Field beans, tender, broad x x x x      x x x 
Field beans, tender, lean x x x x      x x x 
French beans, country x x x x      x x x 
French beans, hybrid x x x x      x x x 
Jack fruit, raw x x x x         
Jack fruit, seed, mature    x x x x x     
Knol-Khol x x         x x 
Kovai, big x x x x x x       
Kovai, small x x x x x        
Ladies finger x x x x x x x x x x x x 
Mango, green, raw   x x x x       
Onion, stalk x x x      x x x x 
Papaya, unripe, raw x x x x x x x x x x x x 
Parwar x x x x x x       
Peas, fresh x x x x x     x x x 
Plantain, flower x x x x x x x x x x x x 
Plantain, green x x x x x x x x x x x x 
Plantain, stem x x x x x x x x x x x x 
Pumpkin, green, cylindrical x x x x x x x x x x x x 
Pumpkin, orange, round x x x x x x x x x x x x 
Red gram, tender, fresh x x x x x x x      
Ridge gourd  x x x x x x x x x   
Ridge gourd, smooth skin  x x x x x x x x x   
Snake gourd, long, pale green  x x x x x x x x x   
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Vegetable/ fruit 01 02 03 04 05 06 07 08 09 10 11 12 

Snake gourd, long, dark green  x x x x x x x x x   
Snake gourd, short x x x x x x x x x x x  
Tomato, green x x x x      x x x 
Tomato, ripe, hybrid x x x x      x x x 
Tomato, ripe, local x x x x      x x x 
Turnip (shalgom) x x         x x 
Zucchini, green x x x x x x       

Fruits 
Bael fruit  x x x x x x      
Banana ripe, montham x x x x x x x x x x x x 
Banana ripe, poovam x x x x x x x x x x x x 
Banana ripe, robusta x x x x x x x x x x x x 
Black berry   x x x x x x     
Breadfruit (madar)   x x x x x x     
Bullocks heart (nona ata)   x x x x x x     
Custard apple (atafol)      x x x x x   
Dates, dry, pale brown      x x x x x   
Dates, dry, dark brown      x x x x x   
Elephant apple (kodbel)    x x x x x x    
Emblic (amloki)    x         
Fig (dumur, paka)  x x x x        
Hog plum (amra)     x x x x     
Jack fruit, ripe      x x x x    
Jambu fruit, ripe      x x x x    
Jambolan (kalojam)      x x x x    
Jambos (jamrul)     x x x x     
Java apple (golapjam)     x x x x     
Jujube (boroi) x x x          
Mango ripe     x x x x     
Manila Tamarind    x x        
Monkey-jack, yellowish-orange flesh (dewa)    x x        
Musk melon, orange flesh x            
Papaya, ripe x x x x x x x x x x x x 
Phalsa   x x x        
Plum     x x x      
Sapota  x x x x x x      
Tamarind, pulp   x x x x       
Water melon, dark green (sugar baby)    x x x x      
Water melon, pale green   x x x x       
Wood apple  x x x x        
Sources: List of vegetables and fruits as per Indian and Bangladeshi FCTs: (Longvah et al., 2017; Shaheen et al., 2013); 
assessment of local availability done by Srikanta Mondal, agriculturist and in charge of the partnering NGO Bolpur Ma-
nab Jamin, in April 2021. 

The next subchapter explains the role of fishing activities as well as of animal husbandry in bridging 
the financial gap to meet the costs of the suggested weekly meal schedule. 
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8.3.4 Role of fishing activities and animal husbandry 

As explained before, Santal families lived as hunter-gatherers in earlier times - and there is still a 
habit of catching (small) fish from village ponds and rice fields. Accordingly, instead of procuring pan-
gas or mural fish from the market (which had shown to be cost-effective as per winter price analysis), 
Santal families may consume fish caught on their own. This is a realistic scenario to assume. Further, 
Santal families may go for animal husbandry. In fact, 62 percent of surveyed HHs stated to keep ani-
mals (n=289; Baseline Survey, personal communication, 2015). Most popular are chicken and goats, 
but also ducks and wild pigs are kept (besides the cattle involved in the field work). Own consump-
tion of products received (mainly egg, and occasionally also meat or milk) are partly used for own 
consumption (for details please refer to subchapter 4.3.2). Hence, animal husbandry does help to 
improve access to nutritious foods for children, mothers and further family members. As provision of 
egg and milk is assumed to happen through AWCs in this dissertation, merely milk and chicken liver 
remain as animal products in the suggested weekly meal schedule. Chicken are eaten only occasion-
ally (for festive reasons) in the Santal villages, while keeping of milk cows is so far not a common 
habit - therefore only the benefit of catching fish will be considered here - while access to further 
animal foods (mainly egg) offering nutrients in good bioavailability (as except for sodium anti-
nutritive elements are zero) may well be achieved through animal husbandry activities. 

 Table 133   Potential support of fishing activities to nourish Adivasi children and mothers 

 Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant 
non-lactating 

women 

Monetary 
requirement for 
Santal Adivasi 
families to finance 
the suggested meal 
schedule (on a 
weekly basis)  

with AWC, PDS and 
kitchen garden sup-
port 

Total weekly cost: 
 165.84 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
135.0 
 

Weekly deficit: 
-42.99 Rs. 

Total weekly cost: 
 289.24 Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
117.7 
 

Weekly deficit: 
-43.54 Rs. 

Total weekly cost: 
 267.25 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
116.0 
 

Weekly deficit: 
-36.91 Rs. 

Total weekly cost: 
 325.18 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
151.3 
 

Weekly deficit: 
-110.19 Rs. 

Share which would 
be covered through 
fishing activities  

(replacement of 
pangas fish) 

Pangas costs: 
 10.9 Rs. 
 (7.6 percent of 
initial deficit) 

Pangas costs: 
 18.18 Rs. 
 (7.4 percent of 
initial deficit) 

Pangas costs: 
 18.18 Rs. 
 (7.9  percent of 
initial deficit) 

Pangas costs: 
 18.18 Rs. 
 (8.6  percent of 
initial deficit) 

Remaining mone-
tary requirement 

Total weekly cost: 
154.93 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
126.1 
 

Weekly deficit: 
-32.08 Rs. 

Total weekly cost: 
 271.06 Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
110.3 
 

Weekly deficit: 
- 25.36 Rs. 

Total weekly cost: 
 249.07 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
108.1 
 

Weekly deficit: 
-18.72 Rs. 

Total weekly cost: 
 306.99 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
142.8 
 

Weekly deficit: 
-92.00 Rs. 

Source: Own calculation based on presented recipes (chapter 7) and Winter Retail Prices, personal communication, 2021. 
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Catching fish in nearby ponds, rice fields or rivers saves some money, as fish is a costly food item 
(remember that the lunch with fish is the most costly meal - considered per 100g - while the vegetar-
ian lunch is the third most cheap to prepare meal). Accordingly, 7-9 percent of the monetary deficit 
to afford the suggested meals may be covered through catching fish instead of buying it. This leaves 
the children's weekly food budget exceeded by 126 percent, the budget of lactating mothers by 110 
percent, the budget of pregnant women by 108 percent and the budget of non-pregnant non-
lactating women by 143 percent. It can be seen from these numbers, that even with the support of 
(1) AWC meals, (2) subsidized grains and sugar from the PDS, (3) running of kitchen gardens with 
collection of wildly growing plants, and (4) own fishing activities, the suggested meal schedule cannot 
be fully paid for by Santal tribal families living in the rural areas of Birbhum district. This finding 
clearly shows that it is, indeed, a huge effort to introduce cost-effective nutritious meals in the rural 
areas - still then it is worth to go for this joint effort, as the consequences of undernutrition and 
anaemia are irreversible and do certainly harm India's overall economic and societal development. 

8.3.5 Role of access to land to nourish children and mothers well 

As learned before (subchapter 2.2.4), 48 percent of surveyed tribal families have access to agricul-
tural land (n=286; (Baseline Survey, personal communication, 2015) - while this land is primarily used 
to grow rice, it may further be used to cultivate oil crops as mustard (to prepare the seeds as such or 
press them in a mill as cooking oil), or to grow lentils, potatoes and even wheat and sugarcane. All 
these crops would contribute to finance the suggested meal schedule. Assuming that 30 percent of 
cooking oil, mustard seeds, potato and lentil needs would be covered through an own harvest (plant-
ing wheat and sugarcane are a less common practices so far), the saving capacity presented in the 
following table would result to afford the suggested meal schedule. It shall be stressed at this point 
that this scope to grow named crops is accessible to less than half of Santal Adivasi families only and 
land plots become smaller generation by generation when sharing family owned land amongst mar-
ried sons, while agricultural land to lease is not easily accessible. Still then, the potential support of 
diversifying field crops in nourishing children and mothers (as well as further family members) shall 
be presented here - as it is a viable approach in a setting of deeply rooted agricultural habits. 

 Table 134   Potential support of diversifying filed crops to nourish Adivasi children and mothers 

 Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant 
non-lactating 

women 

Monetary 
requirement for 
Santal Adivasi 
families to finance 
the suggested meal 
schedule (on a 
weekly basis)  

with AWC, PDS, 
kitchen garden and 
own fishing support 

Total weekly cost: 
154.93 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
126.1 
 

Weekly deficit: 
-32.08 Rs. 

Total weekly cost: 
 271.06 Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
110.3 
 

Weekly deficit: 
- 25.36 Rs. 

Total weekly cost: 
 249.07 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
108.1 
 

Weekly deficit: 
-18.72 Rs. 

Total weekly cost: 
 306.99 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
142.8 
 

Weekly deficit: 
-92.00 Rs. 

Share which would 
be covered diversi-
fied  field crops 

(growing mustard, 
lentils and potato 

Soybean oil less: 
 6.73 Rs. 
 

Mustard seeds: 
0.11 Rs. 
 

Soybean oil less: 
13.40  Rs. 
 

Mustard seeds: 
0.56 Rs. 
 

Soybean oil less: 
12.44  Rs. 
 

Mustard seeds: 
0.21 Rs. 
 

Soybean oil less: 
 15.85 Rs. 
 

Mustard seeds: 
0.20 Rs. 
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besides rice) Lentils less:  
1.53 Rs. 
 

Potatoes less: 
1.31 Rs. 
 

Total: 9.70 Rs.  
 (15.7 percent of 
initial deficit) 

Lentils less:  
7.16 Rs. 
 

Potatoes less: 
6.15 Rs. 
 

Total: 19.33 Rs.  
 (18.2 percent of 
initial deficit) 

Lentils less:  
2.87 Rs. 
 

Potatoes less: 
2.47 Rs. 
 

Total: 18.00 Rs.  
 (18.3 percent of 
initial deficit) 

Lentils less:  
3.12 Rs. 
 

Potatoes less: 
2.31 Rs. 
 

Total: 21.47 Rs.  
 (23.6 percent of 
initial deficit) 

Remaining mone-
tary requirement 

Total weekly cost: 
145.36 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
118.3 
 

Weekly deficit: 
- 22.50 Rs. 

Total weekly cost: 
 251.98 Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
102.6 
 

Weekly deficit: 
- 6.27 Rs. 

Total weekly cost: 
 231.30 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
100.4 
 

Weekly deficit: 
-0.95 Rs. 

Total weekly cost: 
 286.30 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
133.2 
 

Weekly deficit: 
-71.31 Rs. 

Source: Own calculation based on presented recipes (chapter 7) and Winter Retail Prices, personal communication, 2021. 

Under the assumption that 30 percent of vegetable oil, mustard seeds, potato and lentil needs would 
be covered through crop diversification activities, children's weekly food budget would still be ex-
ceeded by 118 percent - while the weekly available food budgets would then, quite perfectly, cover 
the food requirements of lactating as well as of pregnant women (with 103 and 100 percent). Non-
pregnant non-lactating women (for whom no AWC support is assumed) would still fail to meet the 
weekly budget (which is exceeded by 133 percent, equalling to a weekly deficit of 71 Rs.). Hence, the 
help of AWCs, the PDS, kitchen gardens/wild plant collection, own fishery activities, as well as crop 
diversification need to come together in order to (nearly) cover the costs of the suggested weekly 
meal schedule. Still, to more than half of families the option of field diversification is not possible to 
go for as they do not possess agricultural lands - hence, further supporting measures appear needful. 

8.3.6 Role of the MGNREGA to nourish children and mothers well 

Another way to cover the costs of the suggested meal schedule is to increase available income. The 
government's MGNREGA (also known as "100 days work" - MGNREGA stands for "Mahatma Gandhi 
National Rural Employment Guarantee Act") aims to provide up to 100 days of work each year to 
those applying for it in Gram Panchayats - digging ponds are a typical kind of work implemented via 
the MGNREGA scheme. Nearly half of surveyed HHs (47 percent, n=285; Baseline Survey, personal 
communication, 2015) explained that the scheme significantly increased their income. The wage rate 
for unskilled labour under the MGNREGA in West Bengal was risen to 213 Rs. per working day in the 
financial year of 2021/22 (Ministry of Rural Development, 2021). So the question arises, how many 
working days would be required to offer under the MGNREGA in order to cover the food budget defi-
cit of Adivasi children and mothers? The remaining weekly food budget deficit with support of AWCs, 
the PDS, kitchen gardening/wild plant collection and own fishing activities is used in order to calcu-
late the needed amount of working days under the Act (as crop diversification is possible to only a 
minority of families, it is not considered as fixed part of financing food budgets). 
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Table 135    Potential support of the MGNREGA to nourish Adivasi children and mothers 

 Children 
(12-23 months) 

Lactating mothers Pregnant women Non-pregnant 
non-lactating 

women 

Monetary 
requirement for 
Santal Adivasi 
families to finance 
the suggested meal 
schedule (on a 
weekly basis)  

with AWC, PDS, 
kitchen garden and 
own fishing support 

Total weekly cost: 
154.93 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
126.1 
 

Weekly deficit: 
-32.08 Rs. 
(22.3 percent of 
initial deficit) 

Total weekly cost: 
 271.06 Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
110.3 
 

Weekly deficit: 
- 25.36 Rs. 
(10.3 percent of 
initial deficit) 

Total weekly cost: 
 249.07 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
108.1 
 

Weekly deficit: 
-18.72 Rs. 
(8.1 percent of initial 
deficit) 

Total weekly cost: 
 306.99 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
142.8 
 

Weekly deficit: 
-92.00 Rs. 
(43.3 percent of 
initial deficit) 

Share which would 
be covered through 
the MGNREGA (ad-
ditional income) 

 (assuming a daily 
wage of 213 Rs.) 

Yearly deficit  
(52 weeks): 
-1,668.23 Rs. 
 

No. of working 
days required to 
cover this deficit: 
8 days (7.8) 

Yearly deficit 
(52 weeks): 
-1,318.54 Rs. 
 

No. of working 
days required to 
cover this deficit: 
7 days (6.1) 

Yearly deficit 
(52 weeks): 
-973.59 Rs. 
 

No. of working 
days required to 
cover this deficit: 
6 days (4.6) 

Yearly deficit 
(52 weeks): 
4,784.31 Rs. 
 

No. of working 
days required to 
cover this deficit: 
23 (22.5) 

Remaining mone-
tary requirement 

Total weekly cost: 
 122.16 Rs. 
 

Weekly budget: 
122.85 Rs. 
 

Percent of budget: 
99.4 
 

Weekly surplus: 
+ 0.69 Rs. 

Total weekly cost: 
242.36  Rs. 
 

Weekly budget: 
 245.70 Rs. 
 

Percent of budget: 
98.7 
 

Weekly surplus: 
+3.32 Rs. 

Total weekly cost: 
 224.49 Rs. 
 

Weekly budget: 
230.35 Rs. 
 

Percent of budget: 
97.5 
 

Weekly surplus: 
+5.85 Rs. 

Total weekly cost: 
 204.59 Rs. 
 

Weekly budget: 
 214.99 Rs. 
 

Percent of budget: 
95.2 
 

Weekly surplus: 
+10.40 Rs. 

Source: Own calculation based on presented recipes (chapter 7) and Winter Retail Prices, personal communication, 2021, 
applied MGNREGA wage rate as per: Ministry of Rural Development, 2021. 

For a child aged 12-23 months 8 working days under the MGNREGA would be required per year to 
ensure that the food costs to nourish the child well are fully covered (assuming a daily wage rate of 
213 Rs., as well as the additional support of AWCs, the PDS, kitchen gardening/wild plant collection 
and own fishing activities). For lactating mothers 7 working days per year would be required, for 
pregnant women 6 working days and for non-pregnant non-lactating women (as for other adults) 23 
working days. Hence, nearly one quarter of the maximum possible yearly working days under the 
MGNREGA would be needed to cover the food expenses of an adult, who then needs further of her 
or his working days to fulfil the food needs of the family's children. Still, there would be scope to earn 
an additional income which could then be used for other purposes than food purchases (as medical 
and educational expenses or investments in assets) - if all adult HH members would hold a job card 
and learned to apply actively for work as per their personal need. The MGNREGA is, as becomes clear 
in this calculation, a very crucial approach to make adequate nutrition accessible to Santal Adivasi 
families in rural Birbhum district and may well help to cover necessary food expenses. 
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8.3.7 Summary: Efforts needed to finance diversified meals 

To sum up, paying for the suggested weekly meal schedule is not at all possible for Santal Adivasi 
families if they are left alone with this responsibility, as the weekly (mean) food budget of children is 
exceeded by 217 percent (with 267 Rs. compared to a budget of 123 Rs.), and the weekly (mean) 
food budget of lactating women by 201 percent (with 493 Rs. being required to pay for the meals' 
ingredients compared to an available budget of 246 Rs.). Yet, if government schemes do offer known 
and already existing supports (and AWCs would extend their circle of beneficiaries to include also 
lactating mothers of children below two/ or even three years), then the financial deficit may well be 
covered - assuming also an own initiative of villagers to cultivate vegetables/fruits and to catch fish.  

Graph 98    How to bridge the monetary deficit to pay for the suggested meal schedule? 

 
Sources: Own calculation based on presented recipes (chapter 7) and Winter Retail Prices, personal communication, 2021; 
PDS rates for subsidized foods as per: Government of India - Department of Food and Public Distribution, 2021; Mishra, 
2021; extent of kitchen garden support as per:  (Marsh, 1998) ; applied MGNREGA wage rate as per: Ministry of Rural 
Development, 2021. 

The graph above illustrates how the weekly deficit of 144 Rs. (children), of 247 Rs. (lactating moth-
ers), of 230 Rs. (pregnant women) and of 212 Rs. (non-pregnant non-lactating women) may be cov-
ered through named supporting channels. Services of AWCs as well as cultivation of kitchen gardens 
would help covering the largest part of the monetary gap to pay for the suggested meal schedule - 
amounting to 58 percent coverage of the weekly deficit in case of children and even 68-70 percent in 
case of lactating or rather pregnant women. The PDS as well as own fishing activities would provide 
minor (but important) contributions to cover the weekly deficit to pay for the suggested meal sched-
ule, while the MGNREGA would well help to close the financial deficit for all groups. Crop diversifica-
tion may play a role to do so for those families, disposing over agricultural lands with a potential 
share of 16 percent in case of children, 18 percent in case of lactating and pregnant women and 24 
percent in case of non-pregnant non-lactating women (as well as other adult HH members).  

Thinking negatively, one may argue that all these efforts plus the cooking which needs to be done by 
villagers are not at all feasible to take - remembering also that the suggested meal schedule is not 
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even able to cover all nutrient needs of children and mothers perfectly and not knowing (in the end) 
if malnourished children and mothers are willing and able to consume the assumed portion sizes on a 
regular basis. On the very contrary, one may argue that a lot of work has already been done in order 
to overcome widespread undernutrition and anaemia in the rural area of Birbhum district. As AWCs 
showed to work well with great acceptance from the villagers (before the COVID-19 pandemic), PDS 
structures are rooted since a long time, the MGNREGA is widely accepted by villagers and NGOs have 
taken efforts to train villagers to cultivate kitchen gardens and diversify crops, respectively. 

Picture 35   Santal families - active to improve their daily diet: crop diversification (lentils), kitchen gardens, fishing  

     
Source: Project pictures, Shining Eyes e.V (2016/2018).  

8.3.8 Further issues: Awareness, gas cooker access and good governance 

Lastly, it shall be pointed out, that families need to be aware of the benefits of preparing and taking 
cost-effective and nutrient-dense  foods as to take the efforts related to have such meals (remember, 
that cooking efforts are high anyway in the villages with a mean core cooking time of 8.6 hours per 
day, see subchapter 2.1.5; Baseline Survey, personal communication, 2015). Here, AWC staffs may be 
a way of making mothers and fathers more and more sensitive to the topic as are NGOs. Further, 
provision of gas cookers (under "Pradhan Mantri Ujjwala Yojana" scheme) seems to be helpful in 
order to shorten cooking processes - as would be the provision of cooking gas through the PDS. Tribal 
families do need this support from the government. NGOs may further support the government's 
efforts when it comes to trainings of villagers to prepare cost-effective nutrient-dense meals on the 
HH level, or rather when it comes to (interactive) trainings on growing kitchen gardens and diversify-
ing filed crops, respectively. Finally, good governance is required at all levels in order to make the 
valuable government schemes effective - when working with Adivasi families, an atmosphere of trust 
and confidence needs to be established - reliability of offered services is of utmost importance to 
tribal families, which then well accept to join programmes and initiatives actively, as working under 
the MGNREGA, visiting AWCs on a daily basis, collecting subsidized grains offered through the PDS or 
starting kitchen gardens and diversifying field crops. Hence, even though many helping hands do 
need to join, financing the suggested cost-effective nutrient-dense weekly meal schedule (or similar 
nutritious meals) is indeed possible - if villagers, government and NGOs closely cooperate. 

This way, the picture may well turn with decreasing rates of undernutrition and anaemia in India - 
what should become (and this is central to pave the way for success) a topic of priority, pushed 
though a clear political will. India could well make use of its forgotten potential waiting to be seen in 
the rural areas - where people are willing to improve their livelihoods and support therewith the 
economic upsurge of India on the whole. India may therewith set an example to go for economic as 
well as human development in the same time - each of them fuelling each other. 
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9 Discussion of findings 

In the following, the main findings of this dissertation will be briefly summarized and discussed in the 
light of available literature. Findings gained from the baseline assessment (chapter 2-4), as well as 
from the intervention study (chapter 5), the cost-effectiveness analysis of locally available foods 
(chapter 6) and the recipe development section (chapter 7) will be discussed, besides insights gained 
from the cost and affordability analysis of the developed cost-effective meal schedule (chapter 8). 

9.1 Baseline findings - issues concerning income, health and nutrition 

Several findings concerning the way of living of Santal Adivasi families in rural Birbhum, West Bengal, 
India, may be considered to be of interest - such comprise determinants to achieve higher incomes, 
as well influencing factors on (wide-spread) child anaemia and  the interlinking of children's and 
mothers' nutritional status, respectively. The following sub-chapters shed a light on named and fur-
ther issues to reflect the insights here and compare them with knowledge from other scientific 
works. 

9.1.1 Determinants of higher incomes amongst tribal Adivasi families 

Own findings - The baseline survey conducted in 2015 showed that higher incomes are significantly 
related with (1) living in an extended family, (2) the time spent on cooking, and (3) the educational 
status of mothers. Accordingly mothers who had completed at least class eight lived more often in 
families with a higher monthly cash income (ranging between 5,000 to 9,999 Rs. rather than between 
2,000 to 4,999 Rs; p<0.05). Furthermore, HHs with a core cooking time of less than 6 hours a day 
were found more often than expected within the higher income range (5,000 to 9,999 Rs., p<0.05). 
Likewise, surveyed mothers living in an extended (rather than nuclear) family reported more often to 
dispose over higher monthly cash incomes (again, ranging from 5,000 to 9,999 Rs. rather than 2,000 
to 4,999 Rs; p<0.05). Higher incomes in extended families could be earned by a larger workforce 
(p<0.001), with a mean of 2.13 persons earning an income rather than just 1.38 persons in case of 
nuclear families. Higher incomes meant also a weakened vulnerability of extended versus nuclear 
families, where surveyed extended families reported more often to be able to see a doctor in case of 
need (p<0.05) and to have two cooked meals per day throughout the year (p<0.05). It appeared that 
extended families ended up with a higher capacity for savings compared to nuclear families, where 
56 percent of extended but only 44 percent of nuclear families explained to have saved some money 
within the last 12 months from asking (p=0.057). Interestingly, overall expenses per person and 
month were found lower in extended families as compared to nuclear families (p<0.001); the same 
finding was made with respect to food expenses (p<0.001). While nuclear families consisted of 3.97 
persons (mean, n=143), extended families comprised 5.89 persons (n=146). 

Insights from literature - Indeed, extended families were found to be better off than nuclear families 
already in the 2000s (LLoyd, 1999) and one Indian study could show that extended families dispose 
over a greater daily income per person compared to nuclear HHs (Murthy et al., 1985). Becker (1993) 
describes that the economic advantages of extended families arises from a larger workforce and are 
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further based on the fact that resources can be pooled, i.e. used by several family members, what 
reduces consumption costs.  

The association between higher incomes and lower cooking times is explained in literature as a con-
sequence of women participating more and more in paid agricultural works and having, as a conse-
quence, less time for unpaid works at home, including cooking (Vemireddy & Pingali, 2021). Unfortu-
nately, women residing in rural India were found to consume less calories, protein, fat, iron and zinc 
during peak seasons of paid agricultural work. Jabs and Devine (2006) confirm that time scarcity 
leads to changed  food intake patterns - where less food is prepared at home and more ready-
prepared foods were consumed instead - bearing a risk to develop obesity and health problems as 
cardiovascular disease and diabetes, respectively. A review on the use of scarce time and associa-
tions with nutritional outcomes in rural areas of low and middle income countries which included 89 
studies found that there is no final agreement on the impact of changes in time use (e.g. using more 
time to earn an income instead of staying in the house to cook for the family) on nutritional impacts 
as those depended on the ways HH members responded to changed time use (Johnston et al., 2018). 
In this sense, additional income may well be used to improve nutritional outcomes - and money 
earned invested to buy a gas cooker along with a gas cylinder, shortening cooking processes. Respec-
tively, Mani et al. (2020) found that irregular income sources hindered the use of liquefied petroleum 
gas in rural India - or, to put it the other way around, that more secure and higher incomes may sup-
port the use of gas cookers. Finally, further insights on the complex dynamics of time use, income 
generation and nutritional outcomes seems to be needed in the rural context of India. 

Maternal education was found to improve the HH's income also in a study conducted in Nigeria 
drawing on 2013 Nigeria Demographic and Health Survey data (Ashagidigbi et al., 2018). A Nepalese 
study concluded a higher education of any HH member to be associated with HH wealth (Miller et al., 
2017). Interestingly, mother's education was found to matter more for infant survival than for HH 
wealth in developing countries (Fuchs et al., 2010). Hence, better educated women may be consid-
ered helpful to increase HH income as well as to improve the survival of infants. Finally, it is likely 
also that it is higher HH incomes which lead to better educated women in rural India - as most of 
variations in primary school enrolment in India can be explained by socio-economic HH characteris-
tics, in particular in rural areas (Huisman et al., 2010) and it is known that in India, parents´ income 
and educational level highly determine the attainments of their children (Khaitan, 2018).  

Conclusion -The findings described in literature are basically consistent with this dissertation's find-
ings. (1) With regard to the association of family structure and income height it could be explained 
why extended families show lower expenses compared to nuclear families - which may most likely be 
caused through pooling effects, where for instance assets needed for cultivation may be mutually 
used by brothers (instead of each of them buying own assets) - or a light bulb in the house gives light 
for more family members living in one house (compared to each family buying an own bulb). (2) Re-
ferring to the association of cooking time and income height literature substantiates the finding that 
families with higher incomes show reduced cooking times and explains this through the participation 
in paid agricultural works by women who then have less time to spend on unpaid HH activities; the 
question on the nutritional consequences of family members remained open and need further elabo-
ration. (3) Finally, the association of mother's education and income height could be found confirmed 
in literature - where not only higher education may be assumed to allow higher incomes, but also the 
other way around higher incomes may be considered a precondition to allow women to achieve 
higher schooling attainments. This assumption is in line with the baseline survey's finding that 49 
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percent of mothers would have wished to remain longer at school, but they had to quit school mainly 
for financial reasons - where parents were unable to pay school fees or girls had to earn an income. 

9.1.2 Income and child anaemia/undernutrition 

Own findings - Higher monthly incomes (ranging from 5,000 to 9,999 Rs.) amongst the surveyed tribal 
Adivasi families (n=264) were shown to be associated with a decreased risk to have an anaemic child. 
More specifically, higher-income HHs showed lesser likelihood of having a moderately or severely 
anaemic child (p<0.05) compared to lower-income HHs (with an income range of 2,000 to 4,999 Rs.). 
No significant association could be shown between income range and undernutrition status of sur-
veyed children with p>0.05 for any stunting (p=0.248), any underweight (p=0.604), any wasting 
(p=0.263) and any anthropometric failure (p=0.951).  

Insights from literature -Also in literature an association between HH wealth and anaemia can be 
found. For instance, annual HH income was identified as determinant of anaemia in Ethiopian chil-
dren aged 6-59 months (n=568; Gebreegziabiher et al., 2014). Likewise, a study conducted in rural 
India composing 401 children aged 12-23 months found family wealth to be an important determi-
nant of anaemia (Pasricha et al., 2010). Dutta et al. (2020) used data gathered during the fourth In-
dian NFHS to determine the causes of child anaemia and found HH wealth to be one significant factor 
for anaemia, where children aged 6-59 months from poorest and poorer HHs were more prone to be 
anaemic compared to children from the richest HHs. Why do poorer HHs show such elevated risk of 
having an anaemic child? Literature describes an association of low level of maternal education as 
well as of higher index of poverty with child anaemia (p<0.05 for both determinants, n=40,885 Indian 
children aged 5-59 months) - or, in other words, HHs with low parental educational background are 
at risk to earn lower incomes, be poor, and finally to have anaemic children (Goswmai & Das, 2015). 
However, Osório (2002) points to evidence, that an income increase will not necessarily translate in a 
reduced prevalence of anaemia. Indeed, not every consumer is aware about the definition of a nutri-
tious diet or what its benefits are, which is decisive for dietary shifts towards more nutritious food 
consumption on HH level (Dizon et al., 2021). In this light, evidence from women´s group-based pro-
grams suggest that health behaviour change modification in particular with regard to infant and 
young child feeding practices have the highest impact on health and nutrition in South Asia, above 
the generation of income or participation in agricultural measures (N. Kumar et al., 2018). 

As true for anaemia, also an association of income and child undernutrition is well documented in 
literature. With respect to India, data drawn from the Comprehensive National Nutrition Survey 
2016-18 showed that children under-five years who lived in poor HHs had a higher risk to suffer from 
undernutrition compared to children belonging to rich HHs (Porwal et al., 2021; n=38,060 children); 
as per the analysis, higher odds for CIAF (any anthropometric failure) were more likely for low wealth 
index children and for children belonging to scheduled caste or schedules tribes HHs. Likewise, a 
study conducted in neighbouring Bangladesh focusing on under-five children found that HH income 
factors were strong indicators for child undernutrition (Alom et al., 2012). A systematic review con-
ducted in 39 low- and lower-middle-income countries (including also India) analyzed data from 1990-
2000 versus 2001-2014 with a total of 533,217 children and drawn from a total of 146 surveys and 
found a difference in CIAF prevalence between the lowest and highest wealth quartiles of 21 percent 
- which did not change over time (Vollmer et al., 2017); the authors argue accordingly, that issues of 
income were a persistent contributing factor of childhood undernutrition. Vollmer et al. discuss a 
range of studies highlighting an increased risk for stunting related with economic inequality, for in-
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stance they refer to population-based data from 79 countries gathered between 2000 and 2012, 
which revealed that stunting amongst children aged 5 and less years was 2.47 times more prevalent 
in the poorest quintile of HHs compared to the richest quintile of HHs (Black et al., 2013). The in-
creased proportion of stunting among poor HHs can be explained by all determinants of undernutri-
tion as shown in the conceptual framework of malnutrition developed by UNICEF (Black et al., 2008). 
Here, poverty is described to affect all underlying determinants of undernutrition - more specifically, 
it deprives a person to satisfy her basic needs “such as food, health, water, shelter, primary educa-
tion, and community participation” (Ijarotimi, 2013) and finally limits the resources to achieve opti-
mal foetal and child growth and development (Black et al., 2013). Eventually, economic inequality 
may be considered an independent risk factor for child stunting, i.e. chronic child undernutrition 
(Kawachi & Berkman, 2000; Larrea & Kawachi, 2005). Siddiqui et al. (2020) stress that child undernu-
trition and poverty are indeed interconnected and need to be tackled together. 

Conclusion - Even though child undernutrition and income could not be shown to be significantly 
associated in this dissertation, a link of poverty/income height and the occurrence of anthropometric 
failures may be assumed realistic also in case of surveyed Santal children. Most likely, both analyzed 
income groups need to be considered as lower income groups with reference to the whole of 
Birbhum district and show accordingly a similar share of undernourished children. When it comes to 
the interlinking of poverty/income height and anaemia, the dissertation could proof a significant 
association - which is in line with screened literature. Thus, while somewhat higher incomes amongst 
the Santal communities in rural Birbhum district may be considered helpful to reduce anaemia (for 
instance if this income is used to consume more iron-rich foods or animal products with better iron 
bioavailability), it appears that even higher incomes than currently achieved (and potentially also 
awareness trainings) would be required to reduce child undernutrition indicators significantly.  

9.1.3 Influencing factors on the severity of anaemia amongst children 

Own findings - The baseline medical survey conducted in February 2015 showed a tremendously high 
share of tribal Adivasi children who suffered from anaemia (with a Hb<11g/dl) with a anaemia preva-
lence of 94 percent (n=307 children, age range: 6-39 months). 73 percent of examined children suf-
fered from moderate or severe anaemia (Hb<10g/dl). The factors (1) age of the child, (2) being free 
from any anthropometric failure, and (3) fruit consumption were significantly associated with the 
occurrence/severity of anaemia. Consumption of fruit (within the last 24 hours from asking) was 
found to significantly decrease the incidence of moderate and severe anaemia amongst Santal chil-
dren aged 6-39 months (p<0.05). Further, children with no anthropometric failure (CIAF indicator) 
showed lesser likelihood to develop severe anaemia compared to children with at least one anthro-
pometric failure (p<0.05). Finally, age was strongly associated with the severity of anaemia (p<0.001), 
where Hb was found to rise with increasing age and children above three years reached mild forms 
of anaemia - while children aged 6-23 months commonly suffered from moderate anaemia. Lowest 
mean Hb levels were found in the age group of 12-23 months (n=109, mean Hb 8.7 g/dl).  4-6 percent 
of surveyed children suffered from severe anaemia - irrespective of their age. 

Insights from literature - Data collected India (NFHS-3) proofed the association of age and Hb devel-
opment - it was found that anaemia slightly increased amongst infants aged 6-8 months to 12-17 
months and declined steadily thereafter (International Institute for Population & Sciences (IIPS) and 
Macro International, 2007). This age-related decrease in anaemia prevalence was further substanti-
ated by the data of the NFHS-4 with anaemia being more prevalent among children aged below 24 
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months, with children aged 12-17 months being most affected (International Institute for Population 
Sciences (IIPS) and ICF, 2017, p. 299). The research accompanying this dissertation showed that the 
age-dependent increase of Hb amongst Santal Adivasi children aged 6-39 months accounted for 
0.038 g/dl per month (Stiller et al., 2020b), which is similar to the increase found in children aged 12–
23 months (n=401) in two rural districts of Karnataka, India -  which amounted to  0.05 g/dl per 
month (Pasricha et al., 2010). Stiller et al. (2020a) further found that it is especially the children aged 
6-11 months who were at risk to receive inadequate CFs with poorer outcomes in meal frequency 
and dietary diversity compared to older children (referring to a total of n=307 children aged 6-39 
months). This finding is particularly alarming when considering that iron requirements are greatest in 
the age range of 7–12 months due to the rapid growth of infants in this period, which altogether 
explains the critical Hb levels in younger age groups (Burke et al., 2014). 

Children free from any anthropometric failure were also found less keen to develop anaemia in rural 
Vietnam, where a study comprising 893 primary school children aged 6-9 years showed that children 
suffering from any anthropometric failure were more likely to be anaemic than those not being un-
derweight, wasted, or stunted (Hoang et al., 2019). Further, evidence from the Bangladesh Demo-
graphic and Health Survey 2011 showed significantly increased odds for stunted children under five 
years of suffering from anaemia (M. S. Rahman et al., 2019). The interface between anthropometric 
failure and anaemia may be explained by a depression of the immune system associated with fre-
quent infections (Chwang et al., 1988; Darshan et al., 2010), which in turn aggravate undernutrition 
(Lenters et al., 2016; Mathew & Das, 2017) and anaemia (Silva et al., 2018) in a vicious circle.  

The beneficial role of fruits on decreasing anaemia status is found in literature often in a joint ap-
proach with vegetable consumption: Respectively, homestead food production models developed by 
Helen Keller aimed at promoting livestock and home gardening with an increased number of micro-
nutrient rich vegetables and fruits - those initiatives significantly reduced the anaemia prevalence in 
children aged 6-59 months in Bangladesh and the Philippines (Talukder et al., 2010). Further, in 
Ethiopian pregnant women the consumption habit of vegetables and fruits showed significant asso-
ciations with anaemia status of their newborn babies (n=192; Tiruneh et al., 2020). Another study 
conducted in Ethiopia comprised 432 pregnant women and could show that low dietary diversity 
increased the risk of anaemia - in particular the non-consumption of micronutrient-dense foods like 
fruits, vegetables, or animal-sourced foods increased the risk of anaemia at term (Zerfu et al., 2019). 
Similarly, non-consumption of vegetables and meat were found to be predictors for anaemia among 
under-five children living in a rural setting of Tanzania (n=436; Kejo et al., 2018). In Iran, date fruit 
consumption increased hematologic indices in primary school girls aged 8 to 10 years - with Hb levels 
rising from a mean of 11.2g/dl to 12.1 g/dl within two months (n=31; Irandegani et al., 2019). Multi-
variable analysis conducted in Ghana - comprising 4,290 non-pregnant women - showed that the 
consumption of  less than 5 servings of fruits or vegetables per day was associated with higher odds 
of moderate or severe anaemia (Ghose & Yaya, 2018); this association was only significant for urban 
women, whereas for rural women parasitic infections or inflammatory diseases may contribute as 
non-dietary factors to the anaemia status. With reference to India, interventions promoting the HH 
preparation of self-developed iron-rich recipes could successfully promote an increased consumption 
of GLV such as Amaranth, radish or Bathua leaves, and vitamin C-rich fruits like lemon, guava, Tama-
rind and zizapus, resulting in an improved Hb status of women in childbearing age from rural India 
(n=317, Rao et al., 2014). With respect to Indian children (aged 6-23 months), data of the NFHS-3 was 
used to investigate the association between CF and infant haemoglobin concentrations: Out of 12 
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FGs infant formula, breastmilk, fortified baby food and the category fruits and vegetables showed the 
strongest positive associations with infant haemoglobin concentrations (Prieto-Patron et al., 2017). 

Conclusion - (1) Age is repeatedly reported to be a determinant of anaemia in children and insights 
from literature are in line with the findings of this dissertation, where Hb levels were found lowest in 
the age group of 12-23 months old children (compared to 12-17 months old children according to 
NFHS data). Accordingly, children below the age of two years need to be targeted when it comes to 
interventions to increase Hb levels (along with their mothers, see subchapter 9.1.6). (2) The aggravat-
ing effect of being undernourished (i.e. suffering from any anthropometric failure) and being anae-
mic is likewise well documented in accessible literature and both phenomenons need to be seen 
together and addressed simultaneously. (3) The consumption of fruit or rather vegetables is proven 
to have a positive impact on the Hb status of children as well as mothers in numerous publications. 

9.1.4 Caring behaviour of mothers and child anaemia/undernutrition 

Own findings - The capacity of mothers to care for their youngest child was found associated with 
child undernutrition and anaemia. Mothers who reported child caring efforts of three and more 
hours a day showed a lesser likelihood to have a stunted child compared to mothers who cared for 
their children for less than three hours a day (p<0.05). On the other hand, mothers who spent 6 and 
more hours a day on cooking (leaving them with less time to care actively for their child) showed to 
have bigger likelihood of having a wasted or underweight child (p<0.05 in both cases). In the same 
line, mothers who managed to get the time to sit with their youngest child to take its food on at least 
2 days in a week (rather than sitting with the youngest child less often) showed bigger likelihood of 
having a non-anaemic child (p<0.05) and lesser likelihood of having a wasted child (p<0.05). 

Insights from literature - As outlined by the UNICEF framework of child undernutrition the causes of 
undernutrition are interdependent and comprise (1) inadequate dietary intake and (2) morbidity and 
infections. Underlying determinants are:  HH food security, care for children and mothers, and health 
environment. Caring for a child finally embraces timely child feeding and appropriate feeding prac-
tices, health-seeking behaviours, support, and cognitive stimulation for children. The adequacy of 
such care is dependent on the caregiver’s control of economic resources, decision-making power, 
knowledge, and beliefs. Accordingly, female empowerment needs to be put at the centre of actions 
when striving for nutrition security with poverty affecting all underlying determinants (Ijarotimi, 
2013).  

Research in low-income settings has demonstrated the beneficial effects of timely promotion of cog-
nitive stimulation, early communication, caregiver sensitivity and responsiveness on child develop-
ment, maternal child interaction and child nutrition (Richter et al., 2017). In rural Yemen, adequate 
childcare by adult caretakers was found associated with a lower prevalence of underweight and 
stunting among children below 5 years of age (n=3,549; Al-Sobaihi et al., 2016). With reference to 
India, a qualitative study aiming at the detection of drivers for childhood undernutrition reported 
mothers of undernourished children to spend less time on child caring as compared to mothers with 
children in better nutritional status (Chaturvedi et al., 2016). A total of 509 mothers of children with 
normal and with deficient nutritional status were interviewed in depth - several women reported to 
spend less than one hour per day on child care. Perceived time constraints for child care were linked 
to the context of nuclear families, limited support from elders and other family members and mini-
mal participation of fathers in food preparation, offering and feeding to the child. The authors argue 
that child undernutrition in India is linked to the high workload of women and therewith interrelated 
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with maternal time constraints. Hence, while women increasingly pursued income generating activi-
ties, without receiving stable support from childcare institutions, child undernutrition may aggravate 
- as one mother from Bihar, India, put it: "I cook food when I come back from work, do other HH 
work - so the day is over and I am unable to spend any time with her [the child]." 

Conclusion - Available literature outlines the problem of mothers being scarce in time and leaving 
them with less capacity to care adequately for their children. Inadequate child care is widely ac-
knowledged to be a driver of child undernutrition. This dissertation's findings further substantiate 
the association of (inadequate) child care and the occurrence of child undernutrition and anaemia. 

9.1.5 Spending decisions and child anaemia/undernutrition 

Own findings - The baseline survey further revealed that HHs in which either mother or father alone 
decide how to spend available income, have healthier children compared to HHs where mother and 
father decide together. In fact, HHs where mother and father take spending decisions together 
showed the lowest share of children with only mild or no stunting at all (p<0.05), of children with 
only mild or no underweight at all (p<0.05), of children free from any anthropometric failure (CIAF 
indicator, p<0.05) and of children with only mild or no anaemia at all (p<0.05). Interestingly, it was 
mothers deciding alone who showed the largest share of children with only mild or no anaemia 
(p<0.05); 56 percent of children were found not or merely mildly anaemic in HHs where mothers 
alone use to take spending decisions compared to 25 percent of children in HHs where fathers alone 
use to decide on spendings. It was argued, accordingly, that women managing a food budget on their 
own may be beneficial to decrease anaemia in children. Still, as fathers mostly do take spending deci-
sions, those should be included in trainings on child nutrition and health. 

Insights from literature - Indeed, Chatterjee and Dubey (2018) find maternal autonomy and child 
health to be related in India. The authors created an autonomy index including four dimensions of 
maternal autonomy: women’s decision making, freedom of movement, financial autonomy and atti-
tude towards domestic violence - which was found to be related with stunting prevalence of under-
five children (n=9,389). Likewise, Taubkoong et al. (2016) found in their literature review focusing on 
low and middle income countries that mothers with higher levels of decision making power are less 
likely to have a stunted child. A study conducted in Bangladesh comprising 2,056 families found chil-
dren from HHs where the mother was involved in decision making processes less likely to be stunted, 
wasted and underweight (Rahman et al., 2015). Further, also Carlson et al. (2015) found women's 
autonomy related with child nutritional status - referring to their systematic review of 22 studies 
focusing on developing countries (including India); the authors explain, however, that increasing the 
decision making power of women was found associated with an increase in blood pressure and de-
pression (with reference to Hadley et al., 2010) what may be caused through disagreements amongst 
partners - and question if partner-supported decision making may be a better option to go for? The 
authors conclude that it may be beneficial to involve and educate men in health related decisions in 
order to support women's empowerment and child health without causing quarrels between part-
ners. McKenna et al. (2019) investigated the association between women’s decision-making power 
and stunting/ as well as wasting in their children under five years in the Democratic Republic of 
Congo with a total of 3,721 mother-child pairs and could not confirm an association of children's 
nutrition status and their mother deciding either alone or jointly with the husband.  

With reference to the association of maternal decision making power and child anaemia less litera-
ture is accessible. One study conducted in rural South India included 1,675 pregnant women and 
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found that women who were involved in the HH's financial decisions were less likely to suffer from 
moderate or severe anaemia compared to women from HHs where others decided (Krupp et al., 
2018). As Hb status of pregnant women and their newborns is known to be linked, involvement of 
women in the HH's spending decisions may also be considered beneficial when it comes to child 
anaemia. However, further evidence is needed to be obtained in this field.   

Conclusion - There is good reason to assume that maternal empowerment and involvement of 
women in the HH's decision making processes is linked with children's nutrition status - while less 
data is accessible with regard to children's anaemia status. It remains unclear, however, if joint or 
independent female spending decisions are superior to support child health and further research is 
certainly required in order to shed light on this issue: This dissertation suggests that either father or 
mother deciding alone is superior than joint spending decisions of wife and husband to reduce child 
undernutrition and anaemia - and that is women deciding alone who show the lowest share of 
anaemic children; further research may falsify/verify these findings. For sure, social conflicts arising 
from a change in decision making power within HHs need to be considered when striving to include 
women in decision making processes - as to avoid family quarrels. Further, involvement of husbands 
in health and nutrition trainings to meet adequate decisions appears useful.  

9.1.6 Linkage of maternal and child anaemia/undernutrition 

Own findings - 86 percent of surveyed Adivasi mothers (n=283) were found anaemic with a 
Hb<12g/dl ((1) Baseline Medical Checkup, personal communication, February 2015). No significant 
association was found between anaemia status of the mother and her youngest child (p>0.05). Still, 
non-anaemic mothers showed bigger likelihood of having non-anaemic children than mothers with 
poorer Hb statuses, and - the other way around - mothers with severe anaemia showed the biggest 
likelihood of having children with moderate anaemia. To put it in numbers, 88 percent of children of 
non-anaemic mothers suffered from anaemia, while 100 percent of children from severely anaemia 
mothers did so. The occurrence of severe anaemia amongst children was not associated to the 
mother's anaemia status.  

Regarding undernutrition it was found that mothers with adequate BMI (<18.5) had less often than 
expected a wasted child (p<0.001) and also less often an underweight child (p=0.001). No association 
between mother's BMI and occurrence of any stunting of the child was found (p>0.05), while BMI 
was associated to some extent with total anthropometric failure (CIAF) of children, saying that moth-
ers with adequate BMI had less often than expected a child with moderate or severe stunting, un-
derweight or wasting (p<0.05). Severe thin mothers (with a BMI<16.0) showed biggest likelihood of 
having a child with at least one anthropometric failure with a tendency to have a wasted (acutely 
undernourished) child with them: while 9 percent of children of mothers with adequate BMI were 
found wasted, 53 percent of children of severe thin mothers were wasted.  

Insights from literature - Balarajan et al. (2011) found in their review on anaemia in low-income and 
middle-income countries that maternal and child anaemia were significantly associated and state 
that the intergenerational transfer of poor iron status from mother to child was well-known. Respec-
tively, an analysis of 990 breastfed infants aged 3 to 5 months conducted in Indonesia showed that 
low Hb concentrations in infants were associated to maternal anaemia - where multiple logistic re-
gression analysis revealed that normal birth weight infants of anaemic mothers had an odds ratio of 
1.81 to have a low Hb of less than 10g/dl compared with infants of non-anaemic mothers with a 
normal birth weight (De Pee et al., 2002). Likewise, a study conducted in Mexico showed a three-fold 
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increased risk of infant anaemia (n=183 infants aged 9 months) amongst anaemic mothers (Meinzen-
Derr et al., 2006). In fact, it was found already in the 1990s that newborns of mothers suffering from 
moderate or severe anaemia show lower iron endowments at birth (Singla et al., 1996) - and a small 
endowment of iron at birth was then found associated to put infants at risk to develop an iron defi-
ciency within the first six months of life (Ziegler et al., 2014). Hence, when it comes to infants the 
association of maternal anaemia and children's anaemia status is well documented. Indeed, child 
anaemia was also found strongly associated with maternal anaemia when it comes to children aged 6 
to 23 months, as an analysis of 52 standard Demographic Health Surveys showed (Prieto-Patron et 
al., 2018). A study conducted in Ethiopia focused on even older children aged 6-59 months (n=8,260) 
and concluded that childhood anaemia had an increasing trend with maternal anaemia levels of mild, 
moderate and severe anaemia - with an odds ratio of 1.82, 2.16 and 3.73 respectively, p<0.01 (Habte 
et al., 2013). With regard to the situation in India, the third National Family Health Survey showed 
that the anaemia status of children aged five and less years was closely linked with maternal anaemia 
and that the prevalence of children’s anaemia was rising steadily with the mother’s level of anaemia 
(International Institute for Population & Sciences (IIPS) and Macro International, 2007); a seven-fold 
risk of suffering from severe anaemia for children of severely anaemic mothers was found. Similarly, 
Onyeneho et al. (2019) found that lower maternal haemoglobin concentrations were linked to chil-
dren with anaemia, drawing on data from the 2015-16 Indian National Fertility and Health Survey 
(n=112,714 children <5 years). Finally, in the light of the existing literature body, the anaemia status 
of infants as well as of young children can be considered associated with maternal anaemia status.  

With regard to the linkage of maternal BMI and children's' undernutrition status an association has 
repeatedly been shown in accessible literature. For instance, a cross-sectional study conducted in 
India (comprising n=2,299 children from five Indian states) found that low maternal BMI was a major 
predictor of underweight and stunting amongst their children (Sinha et al., 2018). In the same line, an 
analysis focusing on South Asia (including also India) found that children aged 0 to 59 months (n= 
252,797) of mothers with a BMI of less than 18.5 had a greater risk of being wasted (Harding et al., 
2018) compared to mothers with adequate BMI. Low maternal BMI (<18.5) was further found to be a 
factor associated with childhood stunting, wasting and underweight in Sub-Saharan Africa, where 49 
studies had been analyzed during a systematic review (Akombi et al., 2017). In the same line, India's 
NFHS-3 showed an interrelation between maternal and child nutritional status, saying that mothers 
suffering from underweight (BMI<18.5) were more likely to bear undernourished children (Interna-
tional Institute for Population & Sciences (IIPS) and Macro International, 2007). 

Conclusion - It is indeed likely that the anaemia status of Santal Adivasi mothers living in rural 
Birbhum district and their youngest child (aged 6-39 months) is associated, even though the results in 
this dissertation remained non-significant. Further research may clarify this hypothesis. Moreover, 
low maternal BMI (<18.5) amongst Santal mothers can be assumed to be associated with child un-
dernutrition (stunting, underweight and wasting) - even though the proof of an association between 
low maternal BMI and stunting of the youngest child remained non-significant in this dissertation. As 
becomes clear, eventually, children and their mothers always need to be seen together when dis-
cussing on nutritional changes and initiatives to overcome child undernutrition and anaemia. 
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9.2 Insights gained from the pre-post intervention study 
The comparative pre-post intervention study conducted from February 2015 until August 2016 inves-
tigated the effectiveness of (a) diversified meals (IG1), (b) same meals plus a leaf powder supplement 
of Moringa and Amaranthus (IG2), and (c) same meals plus a low-dosed micronutrient sprinkle (IG3) 
compared to a control group (CG). Hb development served as primary indicator. The following sub-
chapters briefly present the insights gained from the field work and assess those.  

9.2.1 Potential of diversified meals to increase Hb in children 

Own findings - The implemented low-dose intervention trial provided a nutritious meal three days a 
week to Adivasi tribal children aged 6-39 months (IG1) - either enriched with a leaf powder of Mor-
inga/Amaranthus (IG2) or with the micronutrient-sprinkle "TopNutri" (IG3) - Hb development was 
controlled every six months and compared to a CG which did not receive any meals. The mean Hb 
improvement after 12 months in IG1 amounted to 0.98g/dl - compared to 0.45g/dl in the CG (+218 
percent). It was found that after 12 months IG1 showed a bigger share of non-anaemic or only mildly 
anaemic children compared to the CG (p<0.05; initial distribution of non-anaemic and mildly anaemic 
versus moderate and severely anaemic children did not significantly differ in IG1 and the CG). Fur-
ther, children in IG1 showed bigger likelihood of achieving Hb increases which belong to the top 30 
percent of all reported Hb increases (amounting to 1.40g/dl and more) after 12 months of interven-
tion compared to the CG (p<0.01). It was argued, accordingly, that providing diversified meals to 
undernourished tribal Adivasi children does help to increase Hb and to reduce anaemia.  

Insights from literature - Indeed, literature shows an association of anaemia and food diversity. Re-
spectively, Diegane and Adama (2019) found adequate dietary diversity to be a main determinant of 
anaemia in women of reproductive age (n=1,926) in Senegal. A poor dietary diversity has further 
been associated with anaemia in Ethiopian children under five years (Belachew & Tewabe, 2020) - as 
were child's age <2 years, stunting/chronic undernutrition, not being de-wormed and food insecurity. 
Going through accessible literature it becomes clear very quickly that it is not only (but also) missing 
dietary diversity which contributes to anaemia in children and mothers: For instance, a study con-
ducted on children aged 6-59 months (n=2,388) in Ghana showed that age (being 12-23 months old), 
birth-interval and belonging to the poorest wealth quintile were predictors of anaemia (Saaka & 
Galaa, 2017). In the same line, the field work related to this dissertation revealed other predictors of 
anaemia aside a lack of dietary diversification: namely the child's age being <24 months, low under-
weight z-scores, morbidity (any fever, diarrhoea or respiratory infection) on the checkup day or dur-
ing the previous week as well as low maternal Hb level (Stiller et al., 2020b). Further, a multivariable 
logistic regression analysis on Ethiopian children aged 6-23 months (n=485) found HH food insecurity, 
poor dietary diversity, early or late initiation of CFs, poor breastfeeding practices and poor utilization 
of folic acid by mothers to be associated with anaemia (Malako et al., 2018). Hence, the question 
what are the most important determinants of anaemia and accordingly low Hb levels of children and 
mothers is indeed complex and multi-faceted. Still, dietary intakes do matter and especially the con-
sumption of iron-rich foods as animal products and GLV is discussed in literature to raise Hb levels. 
For instance, a study conducted by Rao et al. (2014) found a Hb increase of 0.57g/dl within a year 
amongst rural Indian women of reproductive age (n=317) after introducing recipes including tradi-
tional GLV. Importantly, consumption of iron rich foods was found to be more likely in HH with an 
increased dietary diversity (Orsango et al., 2021). Thus, the diversification of home diets finally in-
creases the likelihood to consume iron-rich foods and therewith to reduce anaemia prevalence 
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amongst children and mothers. Besides the consumption of iron-rich foods, several other factors 
relating to food diversity are known to influence anaemia. Fançoncy et al. (2020) describe several of 
these nutrition-specific aspects which have the potential to increase Hb in children and mothers - 
and which are found in a diversified diet: Dietary diversification in rural settings where plant-based 
diets dominate mean to enhance consumption of animal source foods (with good bioavailability of 
iron) or rather of enhancers as vitamin C-rich foods; further vitamin B9 intake may be risen by con-
suming legumes, GLV, whole grains, and fruits/fruit juices; vitamin B12 intake may be improved 
through the consumption of animal-source foods and dairy products; while the intake of vitamin A 
(another enhancer in the iron metabolism) may be increased through consumption of GLV, orange 
and yellow fruits, vegetables, dairy products, eggs, and fish. Food processing is recommended to 
improve the availability of nutrients. It becomes obvious that diversifying meals is not an easy task - 
with various aspects to be considered in order to fulfil RDAs of children and mothers in a satisfying 
manner. Interestingly (and contrary to the general thinking), Shapiro et al. (2019) could not confirm 
an association of consuming animal foods and anaemia in their systematic review on animal-food 
consumption in low and middle-income countries which focused on stunting (primary indicator) and 
growth indices/anaemia (secondary indicators) amongst children aged 6-60 months. Platel and Srini-
vasan (2016) explain that the inhibiting compounds in plant-based diets are indeed dominant and 
cannot only be reduced by processing foods, but that there are also optimal food combinations - 
more specifically they name onion and garlic, as well as carrot, Amaranthus and ginger (all familiar in 
the Indian context) to have a positive influence on micronutrient bioavailability from plant-based 
meals. The authors further state that, so far, there was a lack of consensus what aspects need to be 
included when speaking about dietary diversity what makes it difficult to compare and generalize 
findings in the field. Still then, Nair et al. (2015) do describe dietary diversification as "long-term sus-
tainable strategy" to alleviate micronutrient deficiencies (including anaemia) worth to go for. And 
also Thompson and Amoroso (2011) call dietary diversification to be part of a sustainable strategy to 
overcome micronutrient deficiencies in their book on food-based approaches to combat micronutri-
ent deficiencies, published by the FAO.   

Conclusion - Diversifying meals of populations relying predominantly on plant-based diets appears to 
be effective in combating micronutrient-deficiencies as anaemia. The approach is, however, complex, 
and needs to consider not only the consumption of iron-rich foods (as animal products and GLV), but 
rather needs to focus on a balanced intake of all essential nutrients (including vitamins C, A, B9 and 
B12, respectively). Food processing needs to be realized in order to facilitate nutrient absorption. 
Eventually, the dissertation's finding that diversified meals help rising Hb levels in children is indeed 
in line with accessible literature and supports the strategy to use food diversification as sustainable 
way to reduce micronutrient deficiencies as anaemia in children and mothers. 

9.2.2 Potential of leaf powders and sprinkles to increase Hb in children 

Own findings - The effect of adding a leaf powder of Moringa and Amaranthus (IG2) or of adding the 
micronutrient sprinkle "TopNutri" (IG3) to the diversified meals on Hb development remained non-
significant (p>0.05) - with a mean Hb increase of 0.82g/dl in IG2 (182 percent compared to the CG) 
and 0.92g/dl in IG3 (204 percent compared to the CG) after 12 months. As per the conducted statisti-
cal analysis, no significant difference in the distribution of non-anaemic and mildly anaemic children 
versus moderately and severely anaemic children could be found when comparing IG2 to the CG 
(p>0.05) and IG3 to the CG (p>0.05). Furthermore, no significance could be shown when comparing 
the distribution of top-30 percent of Hb increases of IG2_IG3 (grouped) to the CG. It was discussed 
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that the amount of leaf powder possible to provide to children and mothers had been limited (as 
taste and colour of food changes); and that as per children's and mothers' acceptance (tested in a 
pre-study) 3g of leaf powder per 100g of food were provided (with a ratio of Moringa to Amaranth of 
1:2). It was further explained that IG3 received an adjusted amount of sprinkle (with identical iron 
content as the leaf powder) which lay below the daily recommended intake level for the sprinkle. 
Thus, the non-significant result of adding the leaf powder or rather the micronutrient sprinkle to the 
diversified meals needs to be seen in the light of the low dosage of iron provided (the leaf powder as 
well as the sprinkle contained 1.9mg iron per 100g of food). The effectiveness of providing leaf pow-
ders and sprinkles (in higher dosages) cannot be finally judged through the study.  

Insights from literature -Indeed, literature shows that administering higher amounts of Moringa leaf 
powder (MLP) of 10g per day or more does result in significant Hb increases. Respectively, a study 
conducted in Ghana provided 15g of MLP per day for a duration of four weeks to malnourished chil-
dren aged 6-36 months (n=25) and reported a significant increase in Hb levels (p<0.001; Asante, 
2011). Another study conducted in Tanzania comprised severely malnourished children aged 6-24 
months (n=64) who were fed 250ml maize porridge enriched with 25g MLP for a duration of three 
months and found a significant Hb increase as well (4.1g/dl given an initial mean Hb of 7.4g/dl) com-
pared to a CG (n=76, with an initial Hb of 7.1g/dl and a Hb increase of 0.2g/dl) who had received 
merely the maize porridge (Andrew, 2010). Again another study from Benin focused on moderately 
malnourished children aged 6-30 months (n=44) who received 10g of MLP along with their food at 
home in two servings (morning and afternoon) and found a significant increase in Hb of 1.6g/dl (ini-
tial mean Hb was 10.3g/dl) after six months compared to a CG (n=40, with an initial mean Hb of 
10.4g/dl and a decrease of -0.6g/dl after 6 months) who received just the normal home food (Sat-
urnin et al., 2018). Further, Shija et al.(2019)  report from Tanzania that Hb of anaemic children be-
low two years (n=43) who received 25g of MLP per day significantly rose after a duration of 6 months 
(p=0.002) - with an increase in Hb of 2.6g/dl in the IG (initial mean Hb was reported at 8.3g/dl) com-
pared to a CG (n=52, initial Hb: 7.9g/dl and Hb increase: 1.6g/dl). It shall be noted that mothers fed 
the MLP at home to their children and monitoring of the compliance showed that half to three-
quarters of the recommended amount of leaf powder was finally given to the children (12.5g-18.8g).  

On the other hand, studies providing 10g of MLP or less per day report no significant changes in Hb. 
A study from Burkina Faso provided 10g of MLP to severely malnourished children aged 6-59 months 
where Hb changes of the IG (n=52) remained non-significant compared to a CG (n=58) at p>0.05 
(Zongo et al., 2013); interestingly, the significance level was close to becoming significant at p=0.060. 
Another study focusing on infants aged 8-12 months was conducted in Ghana, where the provision of 
5g of MLP per day for a duration of 16 weeks remained non-significant - the MLP was either provided 
along with a cereal-legume-blend (IG1, n=80) or as a supplement sprinkled on the infant's usual 
home diet (IG2, n=74) and Hb development was compared to CG children (n=83) who received the 
cereal-legume blend without MLP (Boateng et al., 2019). Several studies providing low doses of MLP 
focusing in school-age children have been published, where Hb changes remained non-significant. 
Respectively, a study conducted on the Philippines provided snack foods containing 3g of MPL daily 
to underweight school children aged 8-10 years for a duration of 120 days (IG, n=61) which resulted 
in a slight but non-significant increase in Hb compared to a CG (n=60) (Perlas et al., 2015). Similarly, a 
study conducted in Ghana focusing on school children aged 5-12 years provided 2.4g to 5.1g of MLP 
per day (as per body weight of the children) along with study meals three times a week for nine 
weeks and found non-significant change in Hb when comparing IG children (n=69) to CG children 
(n=76; Glover-Amengor et al., 2017). In the same line, a study conducted in Cameroon found that the 
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provision of meals enriched with 3 to 5g MLP (IG, n=88) had no significant effect on the prevalence of 
anaemia (Hb<11.5g/dl) in school children aged 5 to 8 years compared to a CG (n=95; Lonati, 2016). 

Far less literature has been published on the effectiveness of Amaranthus leaf powder (ALP) to in-
crease Hb in children. One study conducted in Ghana provided a cooked meal enriched with a leaf 
powder containing Amaranthus cruentes five times a week to children aged 4-9 years for a duration 
of three months and found a significant increase in Hb of IG children (n=53) compared to CG children 
(n=51) who received the same meals without ALP; Hb increase amounted to 0.43g/dl in the IG com-
pared to 0.35g/dl in the CG (Egbi et al., 2018). Two other studies used fresh Amaranthus leaves to 
feed children and measured their Hb development - Hb changes remained, however, non-significant: 
Firstly, a study conducted in South Africa provided GLV including Amaranthus along with the tradi-
tional starchy school meal to children aged 6-12 years five times a week for a duration of three 
months (n=86) and compared their Hb development to a CG of children (n=81) who received just the 
normal school meals - no significant change in anaemia prevalence (Hb<11.5g/dl) could be found 
(van der Hoeven et al., 2016); initial mean Hb of IG children was 12.8g/dl and of CG children 12.7g/dl 
- a Hb increase of 0.3g/dl (IG) or rather 0.4g/dl (CG) was registered. And secondly, a study conducted 
in Indonesia found that children aged 7-11 years who were fed GLV including three Amaranthus 
types (IG1, n=45, mean initial Hb was 11.1g/dl) showed a significantly lower Hb increase than chil-
dren in IG2 (who received carotene-rich fruits, n=49, initial Hb 11.1g/dl) and children in IG3 (who 
received retinol rich foods, n=48, initial Hb 11.1) - with a change in Hb amounting to 0.1g/dl (IG1) 
compared to 0.5g/dl (IG2/IG3) (De Pee et al., 2002). Further studies on the usefulness of ALP to in-
crease Hb in anaemic children appear to be of need. 

With regard to micronutrient sprinkles, literature proofs a dose-dependent success to increase Hb - 
with moderate (5mg) to high (12.5mg) amounts of iron proving effective. A low-dose trial was im-
plemented in a Kenyan refugee camp where a MNP containing 2.5 mg of sodium iron ethylenediami-
netetraacetate (NaFeEDTA) was provided to children aged 6-59 months (n=410) and to women of 
childbearing age (n=458) for a duration of 13 months - here, no significant change in Hb could be 
shown (Ndemwa et al., 2011). Another low-dose trial was conducted in South Africa which similarly 
provided a micronutrient sprinkle containing 2.5mg of iron (as NaFeEDTA) which was added to a 
maize-porridge and served to school children with low iron status five days per week for a duration 
of 23 weeks - no significant change in Hb as well as with regard to the prevalence of iron deficiency 
anaemia could be shown (Troesch et al., 2011). On the contrary, providing 5mg of elemental iron (as 
ferrous fumarate) to Indian children aged 6 months to 6 years (n=17,124) showed a significant in-
crease in Hb by 0.71g/dl (boys) or rather by 0.48g/dl (girls) within a 4 months period, where sixty 
servings of the sprinkle were provided (Hirve et al., 2013). A Cochrane database review comprising 
eight trials with a total of 3,748 participants from seven countries (including India) found that micro-
nutrient sprinkles provided at home were effective to reduce iron deficiency amongst infants and 
young children by 51 percent - where sprinkles were reported to contain 12.5mg of elemental iron in 
the form of ferrous fumarate (De-Regil et al., 2011). The review included also a study of Hyder et al. 
(2007) which was conducted in Bangladesh and provided either a micronutrient sprinkle containing 
12.5mg iron on a daily basis or a weekly dosage of 30mg iron to mildly and moderately anaemic chil-
dren aged 12-24 months (n=136) - it was found that both dosages equally led to a significant increase 
in Hb after 8 weeks of intervention. Hence, considered on a daily basis, 4.3mg of iron were sufficient 
to increase Hb in this study. Provision of higher amounts of iron than 12.5mg via micronutrient sprin-
kles was found to have a similar effect as the 12.5mg dosage: Hirve et al. (2007) investigated the 
increase of Hb in anaemic children aged 6-18 months who received either 12.5mg or iron (ferrous 
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fumarate) via a micronutrient sprinkle or a higher dosage of 20 or 30mg iron per day or rather 20mg 
of micronized ferric pyrophosphate or drops containing 20 mg ferrous glycine sulphate.  

Conclusion - The finding of this dissertation that the provision of a leaf powder of Moringa and Ama-
ranthus or rather of a micronutrient sprinkle in low dose (containing 1.9mg iron per 100g of food in 
both cases) is ineffective to increase Hb in children aged 6-39 months significantly is in line with ac-
cessible literature. Here, an amount of 10g of Moringa leaf powder per day was found to be able to 
increase Hb in children significantly (compared to 1g of Moringa along with 2g of Amaranthus leaf 
powder per 100g of food provided in this study three times a week) while lower dosages remained 
ineffective. Likewise, a minimum amount of 5mg of iron per day has been found necessary to be 
supplied via micronutrient sprinkles - with reliable effects in case of administering 12.5mg daily.  

9.3 Cost-effective and nutrient-dense meals for the malnourished 

An aim of this dissertation was to analyze the locally available foods of rural Birbhum to find out 
which of them are most nutrient-dense with regard to their seasonal retail costs (adjusted for edible 
portion) in order to develop a cost-effective meal schedule for the rural population (children and 
mothers), which may be affordable to Adivasi families. The following sub-chapters present the find-
ings of the conducted cost-effectiveness analysis of locally available foods (n=425, chapter 6) and the 
recipe development section (chapter 7) and put them in relation with the existing literature body - 
the considerations comprise a reflection on the methodological approach chosen to rank foods. 

9.3.1 Cost-effectiveness analysis of locally available foods - methodology and outcome  

Own approach/ findings - In order to analyze the cost-effectiveness of locally available foods, a total 
of 38 nutrients has been analyzed - those included: energy requirement, macronutrients (CHOs, pro-
tein, fat), fat-soluble vitamins (vitamin A, D, E and K), water-soluble vitamins (vitamin B1, B2, B3, B5, 
B6, B7, B9, B12, and C), minerals and trace elements (calcium, copper, iron, magnesium, manganese, 
phosphorus, potassium, selenium and zinc), essential fatty acids (total PUFAs, α-linolenic acid as n-3 
representative and linolenic acid as n-6 representative), as well as essential amino acids (isoleucine, 
leucine, lysine, SAA: methionine and cysteine, AAA: phenylalanine and tyrosine, tryptophan, valine, 
and histidine). Further, five anti-nutritive elements have been considered: oxalate, phytate, polyphe-
nols as well as sodium and total dietary fibre. The content of anti-nutritive elements should be kept 
as low as possible in the diet of undernourished children and mothers - as they are known to hamper 
the absorption of critical nutrients as iron, zinc and calcium (oxalate, phytate, polyphenols) or rather 
to cause heart failures/death in undernourished children (excess sodium intake) or to reduce appe-
tite/slow down catch-up-growth (dietary fibre). Nutrient and anti-nutrient contents per 100g of food 
(edible portion) have been drawn from the Indian food composition table (FCT) - supplemented by 
the Bangladeshi FCT, the West African FCT, as well as the Canadian and German food composition 
online data sets (Bundesministerium für Ernährung und Landwirtschaft, 2021; Government of Cana-
da, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020). All nutrient related data 
was entered in Spss (portable IBM SPSS statistics v19) for analysis and calculation of single nutrient 
indicators as well as the aggregate cost-effectiveness indicator - which was derived as the sum of all 
nutrients related to the RDAs formulated specifically for moderately malnourished children aged 12-
23 months (Golden, 2009; ICMR, 2020) divided by the (seasonal) retail cost of analyzed foods where 
price data was locally collected in winter and summer season (Summer Retail Prices, personal com-
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munication, 2021; Winter Retail Prices, personal communication, 2021) - and adjusted for edible 
portion as to apply the cost per 100g of edible food (excluding peel, kernels, bones etc.); edible por-
tion coefficients have not been documented in the Indian FCT and were drawn on from the Bangla-
deshi FCT, the West African FCT and a US source (Matthews & Garrison, 1975; Shaheen et al., 2013; 
Vincent et al., 2020) which had been used by Darmon et al. (2005) as well.  

Applying the described methodological approach, the cost-effectiveness analysis of locally available 
foods (n=425) at Birbhum district, India, showed that certain FGs (FGs) are indeed more cost-
effective than others. While foods from the FGs cereals and millets, vegetables, and roots and tubers 
belonged more often to the top 30 percent of cost-effective foods (p<0.001 for all named FGs, as per 
winter prize analysis) - foods from the FGs fruits (p<0.001), animal products (p<0.001), fish (p<0.001), 
condiments and spices (p<0.01), and sugars fats and miscellaneous (p< 0.05) less often belonged to 
the top 30 percent of cost-effective winter foods. Summer price analysis revealed a similar picture, 
where besides cereals and millets, vegetables and roots/tubers also grain legumes belonged more 
often to the top 30 percent of cost-effective foods (p<0.05) compared to all other foods.  

Insights from literature: methodology & cost-effective foods - Drewnowski (2010) explains that in 
earlier times, foods were analyzed solely with regard to their cost - irrespective of their nutritive con-
tent and cites Wilbur Atwater (1894) who once said that "we are apt to judge them [foods] by the 
prices per pound, quart or bushel, without much regard to the amounts or kinds of actual nutrients 
which they contain.” Later on food costs were calculated with regard to the calories supplied - leav-
ing essential nutrients unconsidered (Milner, 1902). More recently, Drewnowski along with Darmon 
et al. (2005) conducted a more extensive analysis relating the cost and nutritional value of foods, 
focusing on foods available in France and found that vegetables as well as fruits offered key nutrients 
at reasonable cost (while both FGs were considered expensive sources of energy); a total of 16 nutri-
ents had been analyzed. Another work conducted by Maillot et al. (2007) equally showed that nutri-
ent-dense FGs tended to have higher energy costs. Meanwhile there a various holistic approaches to 
assess cost-aspects of foods with reference to their nutritional content - which all developed within 
the "nutrient adequacy" literature body. Respectively, the "fill the nutrient gap" approach tries to 
understand the costs and affordability of nutritious diets - an analysis conducted in Cambodia found 
that pulses and GLV belonged to inexpensive and nutrient-dense available foods  - further fish, blood 
and offal were named as cheap sources of nutrient-dense foods (WFP, 2017). Moreover, the "cost of 
the diet approach" uses a linear programming software to determine the least expensive combina-
tion of locally available foods in order to cover (1) energy needs only, (2) energy and macronutrient 
needs, or (3) energy, macro- and micronutrient needs (Deptford et al., 2017). The software contains 
nutritional information about more than 3,500 foods - presenting data on energy, protein, fat as well 
as 13 vitamins and minerals - it refers to the RDAs defined by WHO/FAO (2004) - which are not exclu-
sively meant for malnourished individuals; further the software considers the edible portion coeffi-
cient in order to adjust for prices for non-edible parts as peel, kernels, bones and others. With regard 
to India, vegetables were reported to contribute the largest share of weekly food cost - as those 
were used in great amount by the modelling software due to their cost-effectiveness in covering 
nutrient needs - in detail, spinach, radishes, Fenugreek leaves, spring onions, snake gourds and 
pumpkins had been included in the recommended cost-effective diet. In 2010, Drewnowski pre-
sented a "nutrient rich food index" ranking foods with regard to their nutritional value in relation to 
their retail costs; drawing on US food composition and price data, the index comprised 9 nutrients to 
be encouraged in the diet (protein, fiber, vitamin A, vitamin C, vitamin E, calcium, iron, magnesium, 
and potassium), as well as 3 to be limited: saturated fat, added sugar, and sodium (Drewnowski, 
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2010a). The author found that milk, potatoes, citrus juices, cereals, and beans had more favourable 
overall nutrient-to-price ratios than many vegetables and fruits - and highlighted in the same time 
foods effective in covering single nutrients: respectively, eggs, dry beans, legumes, meat and milk 
products were the lowest-cost sources of protein - while milk and milk products were the lowest-cost 
sources of calcium, and vegetables and fruits were the lowest-cost sources of vitamin C. Interestingly, 
Darmon and Drewnowski (2015) found in their systematic review analyzing the associations of food 
prices, dietary quality and socioeconomic status, that low-cost and nutrient-dense foods are not al-
ways acceptable to low-income consumers - while acceptable healthy diets often remained inacces-
sible to consumers with limited food budgets. The FAO applies this knowledge and distinguishes 
nowadays between the goal to reach mere nutrient adequacy (where essential nutrient needs may 
be covered through least cost foods) and the goal to make so-called "healthy diets" accessible - 
which allow diverse food intakes across FGs (Swaminathan, 2020). A recently published paper of 
Drewnowski et al. (2021) concerning the affordability of nutrient-dense diets goes a step further and 
calls to calculate also the environmental cost (as greenhouse gas emissions or other environmental 
costs per 1,000 kcal) of nutritious diets - in an effort to achieve access to sustainable and healthy/ 
nutrient-dense diets which should be affordable to all.  

Conclusion - The chosen methodological approach is closely linked to the analyses previously done by 
Drewnowski/ Drewnowski et al. (Darmon et al., 2005; Drewnowski, 2005, 2010a). It forms, therewith, 
part of the "food adequacy" literature body. While Drewnowski's works comprised 9-16 nutrients to 
be analyzed and were conducted in (so-called) developed world regions - focusing on France or 
rather the US - this dissertation focuses on the foods available in a less developed world region 
(namely Birbhum district, in West Bengal/India) and included 38 nutrients. Also with regard to the 
anti-nutrients included in the analysis the focus is set on the nutritional needs of malnourished indi-
viduals rather than those of individuals from the industrialized world. The high number of nutrients 
or rather anti-nutrients included in the dissertation's cost-effectiveness analysis of locally available 
foods may be considered an advantage (as it pays respect to the fact that it is balanced diets which 
allow adequate growth and a healthy development) while it is, at the same time, a clear limitation - 
as merely for 75 percent of analyzed foods (n=425) all 38 nutrients were known - due to gaps in ap-
plied FCTs. Hence, paramount nutritional data is indeed helpful to be obtained from FCTs for future 
analyses. The application of RDAs for moderately malnourished children in this dissertation is also 
novel, as commonly RDAs for healthy individuals (as per IoM) are applied in accessible research, 
which are well understood and accepted - while RDAs for moderately malnourished individuals are 
still in the process of being accepted by the international research community. Finally, the outcome 
of the cost-analysis of locally available foods was basically consistent with other literature, where 
vegetables were found to be cost-effective in covering nutrient-needs at affordable costs - as well as 
cereals, pulses and roots and tubers. As an outlook, the cost of the diet software appears as very 
helpful tool to develop affordable diets in accordance with local food habits - it may be further de-
veloped in future to include more nutrients (currently 16), analyze also anti-nutrient contents and 
apply - as per the regional analysis context - RDAs for moderately malnourished populations. Further 
the issue of environmental costs may be included in the software - as well as other approaches. 

9.3.2 Seasonal price changes of foods 

Own findings - Comparing the prices of analyzed foods (n=425) in winter and summer season, foods 
from the following FGs (FGs) have been found to show more often than all other foods price in-
creases: (1) animal products (p<0.001), (2) fruits (p<0.01), and (3) cereals and millets (p<0.05). On the 
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other hand, foods from the following FGs showed less often than all other foods price increases in 
summer compared to winter season: (1) vegetables (p<0.05), (2) roots and tuber (p<0.05), (3) condi-
ments and spices (p<0.01), and (4) fish (p<0.05). Hence, while animal products, fruits and cereals 
tended to be more expensive in summer compared to winter season, vegetables, roots and tubers, 
condiments and spices as well as fish tended to be cheaper in summer than in winter. No significant 
price change (in either direction) could be shown for the FGs (1) grain legumes, (2) nuts and oilseeds, 
as well as (3) sugars, fats, oils, and miscellaneous. Knowing that prices of foods do show seasonal 
changes in most of analyzed FGs, it was argued that the seasonal cost-effectiveness of foods should 
be understood when planning cost-effective meals for malnourished children and mothers.  

Insights from literature - A cost of the diet analysis conducted for India showed that costs for vegeta-
bles peaked from May to August while they were found lowest in November and December (Save the 
Children, 2014) and also Dizon et al. (2021) found in a recent analysis that the cropping cycles in India 
lead to a price increase in vegetables as well as in fruits during hot summer season. It is explained 
that crops were sown in rainy season ("kharif" - May to July) and in winter season ("rabi" October to 
December) with harvesting times in September/October or rather February to April - from March till 
June less vegetables and fruits were available in the market (and accordingly higher priced). A study 
on the marketing of vegetables and fruits in India further confirms that the bulkiness of goods influ-
ences their price level (Gandhi & Namboodiri, 2004) and states that the largest share of potatoes has 
been found to be supplied to Ahmedabad market in India in the month of March amounting to 11.8 
percent of the yearly capacity; with regard to the supply of cauliflower a sharp rise was reported 
from November with a peak in March and drop thereafter. And indeed, potatoes have been found 
less expensive in April compared to December and January in this dissertation; likewise, cauliflower 
was found to be cost-effective in winter (December/January) but not in summer season (April). Gen-
erally, perishable goods which are available only during specific seasons are reported to be affected 
by price changes by Gandhi and Namboodiri (2004). Dizon et al. (2021) calculated in their work the 
cost for a recommended diet and found that comparing monsoon to summer season, the cost of this 
recommended diet increased by 8 percent - vegetables were found as the main cost driver, further 
pushed by price increases in fruits. The authors further found that it is the prices of nutrient-dense 
foods which are more often affected by seasonal price changes - while prices of energy-dense foods 
(as cereals, oils, fats and sugars) with a longer shelf-life showed more stable prices.  

Conclusion -Literature confirms seasonal price changes especially of vegetables and fruits, but also of 
other nutrient-dense foods (as animal-source foods) - while storable goods as sugars and oils were 
more stable - peak prices of perishable vegetables and fruits are reported for dry summer season in 
India (March till June). These explanations are basically in line with the findings of this dissertation - 
where non-quickly-perishable goods as legumes, nuts and oilseeds and sugar, oils and fats experi-
enced no significant price changes from winter (December/January) to summer (April) season, while 
nutrient-dense foods (animal products, fish) and perishable goods (fruits, vegetables) did show sea-
sonal price changes. Exceptions were observed price changes in cereals and millets as well as condi-
ments and spices. Finally, the seasonality of food costs needs indeed to be considered when planning 
for affordable meals for HHs with limited spending capacity - and support to afford healthy diets 
might of greatest need during summer season when prices for nutritious foods are highest. 
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9.3.3 Potential of cost-effective nutrient-dense meals to cover RDAs of children/mothers 

Own findings - Recommended daily allowances (RDAs) for moderately malnourished children have 
been applied in this dissertation as a basis to analyze if nutrient-dense meals prepared from most 
cost-effective locally available foods are able to cover intake needs of children aged 12-23 months - if 
not the references for healthy Indian children aged 1-3 years had been higher (Golden, 2009; ICMR, 
2020). For mothers (lactating, pregnant and non-pregnant non-lactating), RDAs defined by the IoM 
have been applied - again if intake recommendations published by the Indian guidelines had not 
been higher (Institute of Medicine, 2005, 2011; ICMR, 2020). A total of 38 nutrients had been in-
cluded in the analysis - while most nutrients were possible to cover via intake of locally available 
foods, others remained scarce (a coverage of at least 80 percent of the RDA was strived for).  

 For the children, the following nutrients remained below 80 percent coverage (even though 
the consumption of five nutritious meals each day - 200g portions - was assumed): vitamin A 
(59 percent), vitamin E (65 percent), vitamin B1 (74 percent), vitamin B2 (60 percent), Zinc (54 
percent), linoleic acid (as a representative of n-6 fatty acids - 55 percent).  

 Considering lactating mothers, the following nutrients remained with insufficient coverage 
(assuming a portion size of 400g per main meal): vitamin A (78 percent), vitamin E (75 per-
cent), vitamin B1 (52 percent), vitamin B2 (31 percent), vitamin B9 (78 percent), potassium (75 
percent), and linoleic acid (40 percent).  

 For the pregnant women it was the following nutrients which remained with insufficient cov-
erage (assuming portion sized of 375g per main meal): Vitamin B1 (51 percent), vitamin B2 (33 
percent), vitamin B9 (61 percent), iron (59 percent), potassium (76 percent), and linolenic 
acid (37 percent). 

 Finally, for the non-pregnant non-lactating women, the following nutrients remained with in-
sufficient coverage (assuming portion sized of 350g per main meal): Vitamin B1 (59 percent), 
vitamin B2 (33 percent), iron (75 percent), potassium (70 percent), and linolenic acid (37 per-
cent). 

Insights from literature - A comparable analysis as implemented in this dissertation focusing on the 
coverage potential of RDAs of undernourished children and mothers through local foods throughout 
the whole day (week) can hardly be found in accessible literature. Still, various studies on the use of 
local foods to better nourish children and mothers have been published - providing insights in the 
difficulties to satisfy nutrient needs on the mere basis of locally available foods. Respectively, chil-
dren in the complementary feeding (CF) period were found to remain deficient in iron, zinc and cal-
cium (Osendarp et al., 2016; Solomons & Vossenaar, 2013). Osendarp et al. (2016) conducted a sys-
tematic literature review including 23 articles focusing on the question if local foods can cover nutri-
ent needs in the CF period of children aged 6-23 months or not. The authors found that even if CF 
intakes were optimized, not only iron, zinc and calcium, but in some settings also B vitamins (includ-
ing folate) remained below recommended intake levels. The authors stated that few studies reported 
on vitamin B6, B12, and magnesium intakes of children, stressing the need for more holistic analyses. 
In fact, research tended to focus on "problem nutrients" as iron and zinc - rather than to analyze the 
potential of local foods to cover all known nutrients. Respectively, a study conducted by Rao (2014) 
analyzed the potential of consuming iron rich foods to prevent anaemia in women of childbearing 
age in rural India, what was found effective. There are also more holistic approaches, comprising 10 
to 22 nutrients: For instance, a study from Bangladesh analyzed 30 recipes developed as CFs for chil-
dren aged 6-23 months and found that energy as well as nutrient density of the recipes tended to be 
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too low (Roy et al., 2021); a total of 10 nutrients had been considered. A cost of the diet analysis 
conducted in India included 16 nutrients (energy, protein, fat, vitamin A, C, B1, B2, B3, B5, B6, B9, B12 as 
well as calcium, iron, magnesium and zinc) and found that intakes of calcium, fat and iron were most 
difficult to meet as those were contained in more expensive foods (Save the Children, 2014). And a 
study conducted in Tanzanian on children aged 6-23 months included 22 nutrients - which found that 
iron, zinc and calcium were most difficult to cover (Raymond et al., 2017). Still, publications covering 
all known nutrients (including also essential amino acids and essential fatty acids, respectively) are 
hard to find - even though the need to offer balanced diets to the growing child has been understood 
latest since the works of Golden and Michaelsen et al. (Golden, 1995, 2009; Michaelsen et al., 2009). 
And also the complexity of the development of anaemia is meanwhile better understood, where not 
only iron but multiple nutrients - as vitamin B2, B9, B12, A, D, and C - influence the human metabolism 
(Arabi et al., 2020; Arruda et al., 2009; Bacchetta et al., 2014; Biesalski, 2013, 2016; Fishman et al., 
2000; Michaelsen et al., 2009; Powers et al., 1983; Semba & Bloem, 2002; Smith & Tangpricha, 2015). 
Still, while extensive focus has been put on research to supplement iron (which often failed to 
achieve the effects hoped for), the significance of vitamin B2 to overcome anaemia, respectively, is 
less well understood and documented. Meanwhile the international community widely agrees that it 
is balanced affordable diets which may contribute to overcome undernutrition amongst children and 
mothers - and argues that such diets need to be supported by governments and social protection 
measures, as well as monitored through market mechanisms which make nutrient-dense foods avail-
able also to poor rural populations. Further research on the potential of local foods to cover all 
known nutrient-needs may be encouraged - on order to implement such research, FCTs should pro-
vide details on all known nutrients (and anti-nutrients) in the time to come. 

Conclusion - The analysis realized within this dissertation in how far recipes developed on the basis of 
cost-effective locally available foods can cover RDAs of undernourished children and their mothers 
extends present research because of the high number of nutrients included in the analysis (38 rather 
than a maximum of 22 found in accessible research). This is in line with the international commu-
nity's contemporary understanding that balanced diets covering all known nutrients are required to 
overcome undernutrition in children and mothers. A unique feature is also the application of RDAs of 
moderately malnourished children - often RDAs for healthy children are applied to assess if local 
foods can cover intake needs - even though undernourished populations are considered. This may be 
because of the missing final agreement of the international community on the intake needs of mod-
erately malnourished children (which are assumed higher than those of healthy but lower than those 
of severely malnourished children). Finally, this dissertation points out the difficulty to meet all nutri-
ent intakes in satisfying manner even if cost-effective foods can be afforded (through joint efforts of 
villagers and government/NGOs) - as several nutrients remained below 80 percent of the recom-
mended intake levels in case of children as well as of mothers. Hence, supplementing such nutrients 
besides optimizing diets needs to be considered when working with undernourished individuals.  

9.3.4 Role of anti-nutrients/food processing in covering RDAs  

Own findings - Five anti-nutritive elements have been analyzed in this dissertation while developing a 
diversified nutritious diet based on most cost-effective local foods for the moderately malnourished 
children and their mothers: oxalate, phytate, polyphenols as well as sodium and total dietary fibre. 
As explained above, named anti-nutrient contents should be kept at a minimum level in the diet of 
undernourished children and mothers. Therefore, a categorization of anti-nutrients according to 
percentile distribution of all analyzed foods (n=425) has been worked out as to define if foods have 
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either low (≤ 4th percentile), medium (> 4th until ≤ 8th percentile), high (>8th until ≤ 9.5th percen-
tile) or very high (> 9.5th percentile) contents of analyzed anti-nutritive elements (see table 70).  

Leafy vegetables as well as condiments and spices were found to have significantly more often high 
and very high oxalate levels compared to all other foods (p<0.001); it was argued that leafy vegeta-
bles should be soaked in water before cutting and preparing them in order to solve water-soluble 
oxalate. Cereals and millets, grain legumes as well as nuts and oilseeds were found to contain more 
often high and very high phytate levels compared to all other foods (p<0.001) - it was recommended 
to soak such foods in water in order to reduce water-soluble phytate (and discard the soaking water) 
or to roast/ferment them (to achieve a hydrolysis to lower inositol phosphates). With respect to 
polyphenols, grain legumes as well as condiments and spices (p<0.001) have been found to contain 
more often than all other foods high and very high levels - further nuts and oilseeds (p<0.01) and 
fruits (p<0.05) contained more often than all other foods high and very high polyphenol levels. Soak-
ing of polyphenol-rich foods was advised in order to reduce water-soluble polyphenols. Finally, con-
sumption of animal products was advised as beneficial for undernourished Adivasi children and 
mothers, as animal products (as well as fish) are free from oxalate, phytate, polyphenols and dietary 
fibre (while being more often than all other foods high or very high in sodium, p<0.001). Roots and 
tubers have been found to be less often than all other foods rich in phytate, polyphenols and dietary 
fibre (p<0.05 each time) - from this perspective, those are a valuable part of the diet of undernour-
ished individuals. Eventually, it was argued that food processing needs to become a stable part of 
food preparation in undernourished populations relying predominantly on plant-based diets. Further, 
molar mass ratios for specific meals need to be calculated in order to ensure acceptable absorption 
of nutrients as iron, zinc and calcium; as vitamin C is known to improve iron absorption it is further 
needful to calculate the vitamin C density for specific meals (which should amount to a minimum of 
20mg/1,000 kcal; Nutrient Requirements and Recommended Dietary Allowances for Indians, 2009). A 
combination of favouring foods with low and medium anti-nutritive element contents, processing 
foods rich in anti-nutrients and adding vitamin C to each meal was finally found as best way to sup-
port covering (high) nutrient needs of undernourished children and their mothers.  

Insights from literature - Anti-nutritive elements in human diets are indeed widely discussed in con-
temporary literature. While for polyphenols and dietary fiber negative as well as positive health out-
comes are reported - phytate, oxalate and sodium are found to be detrimental to human health. 
Phan et al. (2018) explain that beyond micro- and macronutrients, plant-based whole foods contain 
significant concentrations of bioactive plant compounds (also known as "phytochemicals" - polyphe-
nols being one example); those are indeed related with positive health outcomes (as anti-oxidative, 
anti-inflammatory and anti-carcinogenic activities) and are known to interfere with each other. Fur-
ther, research beliefs that polyphenols may add to a beneficial bacterial growth in the gut (Cory et 
al., 2018). At the same time, polyphenols are assumed to have a negative impact on iron absorption 
(Hurrell et al., 1999; Michaelsen et al., 2009; Petry et al., 2010), as well as on protein and zinc absorp-
tion (Michaelsen et al., 2009). Likewise, dietary fiber is partly considered as beneficial to be added to 
the diet of humans - as in a study conducted by Drewnowski (2010a) implemented in the US and 
referring therewith basically to a well- or even overnourished population; here, dietary fiber is as-
sumed to counteract the development of chronic diseases (as coronary heart disease and possibly 
also diabetes) and obesity, resulting from a sedentary lifestyle and consumption of refined grains, 
meat, added fats and sugars (Buttriss & Stokes, 2008; Kendall et al., 2010). On the contrary, when 
referring to undernourished individuals (especially children below to years) it is recommended to 
reduce (insoluble) dietary fiber (Michaelsen et al., 2009) as it reduces appetite (Aggett et al., 2003) 
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and is associated with reduced weight gains (Doherty & Jackson, 1992). Golden (2009) further states 
that dietary fiber alongside phytate reduces the bioavailability of nutrients as iron, calcium, magne-
sium and zinc. Other secondary plant compounds are more clearly assessed to have a negative im-
pact on humans with a lower absorption rate of critical nutrients - phytate (the storage form of 
phosphorus in plants) being the most prominent example. It is known that phytate forms chelates 
with calcium, iron and zinc and renders named nutrients insoluble during monogastric digestion - 
finally contributing to iron and zinc deficiency in humans (Kumar & Sinha, 2018). Likewise, Michael-
sen et al. (2009) explain that phytate reduces the bioavailability of (nonheme) iron, zinc, calcium, 
potassium, magnesium and protein; the authors stress that young children are assumed to be espe-
cially sensitive to the known detrimental effects of phytate. Another anti-nutritive element for which 
adverse health effects in humans are reported is oxalate. Oxalic acid binds to calcium, magnesium, 
sodium and potassium (Gemede & Ratta, 2014) - while resulting sodium and potassium salts are 
soluble, especially calcium-salts are known to be insoluble in the digestive system of humans and are 
associated with the development of kidney stones. Also magnesium-oxalate is considered hardly 
soluble in water (Liebman & Al-Wahsh, 2011). Regular consumption of foods rich in oxalic acid is 
assumed to cause nutritional deficiencies with irritation of the gut's lining, eventually resulting in 
malabsorption (Gemede & Ratta, 2014). Finally, sodium is acknowledged as detrimental nutritional 
factor across nations. A high sodium intake is associated with the development of cardiovascular 
disease in the (so-called) developed world and it is recommended to decrease sodium and increase 
potassium intakes in order to reduce blood pressure/hypertension and decrease the risk to die from 
a stroke, respectively (Whelton & He, 2014). Malnourished children use to have excess sodium in 
their body and it is assumed that this fact results from a slowing down of the sodium pump alongside 
depleted potassium body stores (Patrick, 1978; Patrick & Golden, 1977; Willis & Golden, 1988) - dur-
ing the recovery of undernutrition, these children need to excrete the excess sodium and there is a 
danger of heart failure and death, if this process happens too quickly (Patrick, 1977).  

When it comes to populations relying on plant-based diets, processing of foods rich in phytate and 
oxalate is widely recommended in literature. This is the case especially in low-income countries, 
where stapes as unrefined cereals, legumes and oil seeds form a major part of the diet (Samtiya et 
al., 2020; Schlemmer et al., 2009). Petroski and Minich (2020) report that processing techniques such 
as soaking, fermentation, sprouting, germinating, and cooking significantly altered phytate content in 
grains and legumes, allowing for increased mineral availability. Similarly, soaking, boiling, steaming or 
pairing high-oxalate foods with high calcium foods reduced the negative effects of oxalates - opposed 
to this a low-calcium diet or roasting would increase oxalates; the authors further stress the benefits 
of a colourful, plant-based diet, to outweigh the impacts on mineral absorption by phytate or ox-
alate. Golden (2009) further explains that it was helpful to enrich traditionally prepared infant foods 
(high-phytate unrefined cereal and legume flours, containing little or no animal-source foods) with 
provitamin A or vitamin C-rich foods as well as animal-sourced foods in order to improve iron and 
zinc absorption. Similarly, Hurrel and Egli (2010) as well as Siegenberg et al. (1991) found that vitamin 
C at least partially counteracts the inhibitory effect of polyphenols. With respect to green leafy vege-
tables (rich in oxalate), Natesh et al. (2017) recommend cooking and blanching as adequate 
processing methods. Chai and Liebman (2005) further found in their research that most legumes, 
nuts and flours were rich in oxalic acid. Unrefined cereals, legumes and oil seeds are reported to con-
tain high amounts of phytic acid (Samtiya et al., 2020; Schlemmer et al., 2009); while vegetables, 
fruits, as well as starchy roots and tubers are named to be low in phytate, and animal products are 
known to be free from phytate (as well as oxalate and polyphenols).  
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There are attempts to assess the oxalic acid content of foods as high or rather low - however, chosen 
cut-offs are not uniform. Respectively, high-oxalate foods have been defined with more than 5g of 
oxalate per 100g (Daniels et al., 2009) - or rather with more than 0.45g per 100g of food (Zhao et al., 
2017). A list of foods high in oxalates has been designed by Kennedy et al. (not accessible) - referring 
to phytate, a global food composition database is available (Dahdouh et al., 2019). Overall, however, 
the application of molar mass ratios is the preferable method to assess if phytate and oxalate con-
tents of specific diets are adequate or not, as these allow predicting the intestinal absorption capac-
ity of critical nutrients as iron, zinc, and calcium. While critical values (CVs) to calculate molar mass 
ratios have been well established with regard to phytate:iron (CV=6; Hurrell, 2004), phytate:zinc 
(CV=15-18; Gibson et al., 2010; Tessera et al., 2019), phytate:calcium (CV=0.17-0.24; Gibson et al., 
2010; Tessera et al., 2019), calcium*phytate:zinc (CV=0.5; Ferguson et al., 1988), and oxalate:calcium 
(CV=2.25; Noonan, 1999) - other interrelations are so far less well understood. Especially when it 
comes to polyphenols no CVs have been established in literature so far and Roos et al. (2013) argue 
that this does not even make sense - rather intake limits should be defined for the various subclasses 
of polyphenolic compounds. Further research to better understand the various interactions of sec-
ondary plant compounds and essential macro- and micronutrients will indeed be helpful. 

Conclusion - This dissertation classified phytate, oxalate, polyphenols as well as sodium and dietary 
fibre as anti-nutritive elements. While phytate, oxalate and sodium are accepted as detrimental to 
human health across nations, dietary fibres as well as polyphenols are reported to bring about health 
benefits as well - and it is needful to distinguish between undernourished and well-nourished popu-
lations. The dissertation's finding that cereals, legumes and nuts/oilseeds contain high levels of 
phytic acid is in line with literature - as is the finding that leafy vegetables are rich in oxalic acid - fur-
ther literature names legumes, nuts and flours as relevant sources of oxalate. Literature confirms the 
need to process foods rich in phytate and oxalate if populations rely on plant-based diets - besides 
soaking of oxalate-rich foods (recommended in this dissertation), also cooking, blanching, steaming 
and pairing of oxalate- and calcium-rich foods is advised. With respect to phytate rich foods this dis-
sertation recommended roasting, soaking and fermentation - which is in line with literature (further 
options named are sprouting/germinating and cooking). Uniform cut-offs to classify foods as high or 
low in oxalate/phytate, respectively, are missing so far and no publication was found which applied a 
percentile analysis to do so - in this sense, this dissertation offers a new approach to classify anti-
nutritive elements - yet, and very clearly, finally molar mass ratios for specific meals need to be cal-
culated in order to estimate the availability of critical nutrients as iron, zinc and calcium.  

9.4 Limitations to introduce cost-effective meals and cover RDAs 

Several limitations have been found in this dissertation which may hamper the successful introduc-
tion of a cost-effective and nutrient-dense meal schedule in the rural areas of Birbhum district. Be-
sides the affordability of suggested meals, one needs to consider the actual eating capacity of mal-
nourished children and mothers as well as given time constraints, which make the preparation of 
cooked meals less viable. The following sub-chapters present and discuss named issues. 

9.4.1 Affordability of cost-effective nutrient-dense meals  

Own findings - A clear limitation to diversify meals in the tribal Adivasi villages in rural Birbhum dis-
trict is the limited spending capacity on food of tribal families. A survey comprising n=66 Santal HHs 
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with children aged 1-3 years (conducted in 2021) showed that families can (on an average) afford to 
spend 123 Rs. per week for the food of a small child - while the ingredients to prepare the suggested 
daily meal schedule amounted to 267 Rs. (217 percent with regard to the available food budget). As 
far as mothers are concerned, the weekly food budget was found exceeded by 200 percent. The food 
costs of lactating mothers are higher than those of pregnant and of non-pregnant non-lactating 
women as they have highest nutrient intake needs (and accordingly bigger recommended portion 
sizes): 493 Rs. are needed to pay for the ingredients of lactating mother each week (budget: 246 Rs.), 
460 Rs. are required for a pregnant woman (budget: 230 Rs.) and 427 Rs. for non-pregnant non-
lactating women (budget: 215 Rs.). It was argued accordingly, that Santal Adivasi families need to be 
supported through government schemes and NGO activities to afford diversified meals. 

Insights from literature -A recently published "cost of the diet" analysis from Uttar Pradesh (India) 
which was based on a linear programming software to determine the minimum cost of different diets 
confirms that a balanced diet adequate to fulfil RDAs of all essential nutrients is unaffordable to the 
poor HHS of India (Kachwaha et al., 2020). The authors found that a diet covering merely energy and 
macronutrient needs was affordable to all HHs, while a nutritious diet (covering also micronutrient 
needs) was unaffordable to the poor and even to the middle income HHs (considering essential non-
food expenses). As per the authors' calculations the minimum cost of a nutritious diet was more than 
twice as high as the minimum cost for a diet only covering energy needs (904 USD/year rather than 
393 USD/year or rather 230 percent - referring to a HH with 6 persons to be fed). Hence, besides 
dietary preferences, HH income was indeed found to be a main barrier to obtain a nutritious diet. 
The authors describe that home production had the potential to reduce the cost of nutritious diets 
by 35%, subsidized grains by 19%, and supplementary food by 10% and argue that the poorest quar-
tile of HHs can only afford nutritious meals with the help of multiple interventions (home production, 
the PDS, as well as further social protection including food and cash transfers) - supported through 
initiatives to achieve behavioural change. The authors explain that it is a typical finding of cost of the 
diet analyses that a nutritious diet is two to three times more expensive than a diet merely covering 
energy needs and refer to various software-based analyses previously conducted by Safe the Chil-
dren (Save the Children, 2013a, 2013b, 2014, 2018). In the same line, a recent publication on the cost 
and affordability of nutritious diets finds that globally, nutrient adequacy costs 2.66 times more than 
a diet merely covering energy needs - a total of 177 countries had been included in the analysis (Bai 
et al., 2021). With regard to India, an analysis conducted by the FAO explains that even Indians who 
live above the international poverty line (of 1.90 USD purchasing power parity) were not in the posi-
tion to achieve nutrient adequacy (covering energy as well as macro- and micronutrient needs) or to 
afford a healthy diet (which ensures coverage of RDAs along with food intakes from diverse FGs) - 
and explains that nutritious foods were unaffordable to hundreds of millions of people in India 
(Swaminathan, 2020). A recent IFPRI publication estimates that 63-76 percent of poor rural HHs can-
not afford a nutritious diet (Raghunathan et al., 2020). It is concluded that incomes of the rural poor 
need to be increased in order to make nutritious meals accessible while food prices need to be moni-
tored - to make not only cereals but all FGs accessible to the population. The relation of food prices 
and amounts of food consumed has been shown earlier in a study on food price spikes (as experi-
enced in 2007), which resulted in less consumption of rice followed by a larger share of wasted chil-
dren in Andhra Pradesh, India (Vellakkal et al., 2015). Hence, a combination of increasing rural in-
comes, monitoring food prices across FGs, governmental supporting schemes and increased home 
production as well as a support for behavioural change may finally be considered needed in order to 
make nutritious meals affordable to the India's rural poor. 
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Conclusion - The dissertation's finding that the cost of the suggested nutrient-dense and cost-
effective weekly meal schedule exceeds Santal family's food budget by over 200 percent is totally in 
line with the findings of the cost of the diet analyses (which are based on a linear programming soft-
ware). Accordingly, the analyzed deficit to pay for nutritious meals (even if most cost-effective foods 
are used to prepare those) is indeed - and unfortunately - realistic. As explained in literature, India's 
rural poor do need support in order to afford nutritious meals covering all essential nutrients - in-
creased home production as well as government support appear to be vital pillars on the way to 
overcome child and maternal undernutrition and anaemia. Finally, political will is of utmost impor-
tance.  

9.4.2 Consumable portion sizes of children aged 12-23 months 

Own findings - When proving the fulfilment of RDAs of children and mothers, one needs to estimate 
the amount of food eaten per meal. It was assumed in this dissertation (based on the documentation 
of consumed portion sizes gained during the pre-post intervention trial, chapter 5), that a child aged 
12-23 months would eat 200g per portion - with a mean amount eaten by children of 131g, a median 
of 144g, and a maximum amount eaten of 291g (n=78 children aged 12-23 months). Accordingly, the 
assumed portion size of 200g per meal of a child below two years is chosen realistically, while in the 
same time also optimistically - and may be critically discussed as imitating factor to fulfil RDAs.  

Insights from literature - The eating capacity of malnourished children is not a main area of interest 
in contemporary research. Still, few studies can be found which do report portion sizes provided to 
poor and undernourished children. Respectively, a ready to eat porridge was developed in Indonesia 
for children aged 1-3 years which was to be supplied once a day as 200g-serving (Puteri et al., 2018). 
Similarly, undernourished children aged 6-48 months (n=304) received a porridge prepared from 
200ml water and 60g of flour ("new misola" - containing millet, soya, peanut kernel, sugar, salt, vita-
mins and industrial amylase) which was served four times a day (Douamba et al., 2011). Unfortu-
nately, compliance of actual amounts eaten per serving was not reported. Still, a review on success-
ful products to improve nutritional status of infants and young children gives further insight and re-
ports an estimated gastric capacity of 345ml per serving for healthy children aged 12-23 months ver-
sus a lower gastric capacity of 273ml per serving for growth-retarded children in the same age 
(Dewey, 2009, p. 242). Apparently, the eating capacity of malnourished children depends also on the 
energy density of offered foods: Sanchez-Griñan et al. (1992) found that malnourished hospitalized 
children (n=9) who were allowed to eat as much as they liked for five times a day had a mean intake 
of 220g/kg/day if a semi-solid mixed diet containing 50 kcal per 100g was offered versus 148g/kg/day 
if a higher energy density of 100 kcal per 100g was offered. Knowing that the mean weight of Santal 
children aged 12-23 months is 8.54 kg (n=108; (1) Baseline Medical Checkup, personal communica-
tion, February 2015), this equals to a portion size of 253-376g. Besides energy density of offered 
meals, also other factors influence the eating capacity of young children. A report on CF published by 
the WHO describes that repeated infections reduce appetite. The role of infections in the develop-
ment of anorexia was also described by Golden and Golden (1991) - who further argue that imbal-
anced diets and a lack of certain nutrients (as essential amino acids, potassium, phosphorus, or zinc) 
hampered the appetite of undernourished children. Moreover, problems of malabsorption and in-
adequate gut microbiota are related with a reduced appetite of undernourished children - where a 
treatment with metronidazole had shown successful to reduce microbial overgrowth of the small 
bowel in malnourished children and to fuel therewith appetite and finally growth of children (Heik-
ens et al., 1993). Hence, appetite (and accordingly eating amounts) changes during the recovery of 
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undernourished children and intake needs are likely to rise with time (further supported by the in-
creasing age and weight gains of the children). In any case, the amount of CF offered to undernour-
ished children below two years should be chosen as to allow continued breastfeeding - especially if 
offered CFs are of low quality, breastmilk intake should not be stopped too early.  

Conclusion - A serving of 200g per meal for an undernourished child aged 12-23 months appears to 
be in line with accessible literature, which suggests a gastric capacity of malnourished children aged 
12-23 months of >200g; considering ongoing breastfeeding aside offered CFs, the 200g portion size 
appears adequate. Finally, the eating capacity of the individual child depends upon its health situa-
tion where monitoring of infections appears needed as is the provision of balanced CFs. 

9.4.3 Time constraints in preparing nutrient-dense meals 

Own findings - The baseline survey (conducted in 2015) revealed that tribal Adivasi mothers living in 
rural Birbhum spent on an average 8.6 hours per day on core cooking activities - those include fuel 
collection (sweeping dry leaves or preparing cow dung cakes), fetching water, cooking itself, eating 
and cleaning of utensils. 11.9 hours are required each day to fulfil also cooking related activities (as 
collecting vegetables, own fishing and hunting activities and local marketing). Cooking was reported 
to be the main duty of Santal Adivasi women (78 percent of HHs, n=266). This cooking effort was 
reported with regard to the traditional way of nourishing families, where cooking on open fire is 
common (with merely 2 percent of HHs disposing over a gas cooker - as per February 2015, n=289) 
and where two warm meals a day are strived for. Meanwhile, more families dispose over gas cookers 
(as government supports their provision) - still cooking gas is expensive and cooking on open fire 
widely practiced so far. The suggested meal schedule intends to provide a cooked meal also in the 
afternoon (additional to the traditionally prepared cooked lunch and dinner) - hence, cooking effort 
is higher and needs to be discussed as limitation to successfully introduce cost-effective meals in this 
rural setting. Also the suggested breakfast (even though not cooked) means a higher time effort 
compared to traditionally provided puffed rice or ready-made biscuits. 

Insights from literature - Vemireddy and Pingali (2021) confirm that women living in rural India in-
volved in agricultural works do face time constraints and stress that time was a scarce resource - 
what needs to be considered while designing programmes involving women in a rural setting. Like-
wise, Chaturvedi et al. (2016) describe that mothers in India are indeed time constraint - what leaves 
them with less time to cook and care for children; the authors report that ready-to-eat market food 
items replaced home-made foods as one consequence of maternal time scarcity. The fact that cook-
ing needs a lot of time was also found in a study conducted in Tanzania, where food preparation was 
reported to take most time of all daily duties of women (Hyder et al., 2005). Child care centres as 
well as cooking gas connections are considered helpful to reduce the time pressure faced by Indian 
women (Chaturvedi et al., 2016). A study on HH fuel use in rural areas of south India suggests that 
cooking times can indeed be reduced through the use of gas cookers, where 56 percent of women 
who had already used a LPG stove (n=620) did feel that cooking with gas rather than on open fire 
needed less time (James et al., 2020). Affordability and availability were named as main reasons why 
HHs still used bio fuels for cooking rather than using gas stoves. Also Ekholm et al. (2010) found that 
limited budgets contributed to the use of traditional cooking procedures and hindered the use of 
time-saving (and clean) LPG stoves - and, in the same line, Mani et al. (2020) explain that irregular 
income sources were hampering the use of LPG stoves. Further the travel distance to buy LPG was 
found problematic for rural HHs (Gould & Urpelainen, 2018). Sharma et al. (2019) argue accordingly 
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that besides income constraints also local delivery services of LPG may be decisive in the successful 
promotion of the technology in rural areas of India. Finally, it is especially women living in a nuclear 
families, with limited support from elders and other family members and with minimal activity of the 
father in the preparation of the family's food who face time pressure (Chaturvedi et al., 2016).  

Conclusion - Literature confirms that women residing in rural India do face time constraints, espe-
cially if they are involved in paid (agricultural) works - as true for Santal women (remember that 
many women start working outside the house again once the youngest child reaches 19 months - 
chapter 2.2.2.). Accordingly, the promotion of gas cookers as time-saving technology appears to be of 
urgent need in order to reduce time efforts related with traditional cooking habits and open scope to 
provide even more nutrient-dense meals to children, mothers as well as other family members. Local 
provision of cooking gas, optimally subsidized through the PDS, may be considered helpful. 

9.5 Scope to act - paving the way to overcome undernutrition/anaemia 
As a last step, the dissertation showed in how far government schemes as well as own initiatives of 
villagers as kitchen gardening may help to afford cost-effective and nutrient-dense meals. The follow-
ing sub-chapters present own estimates as well as insights gained from other literature in order to 
evaluate the potential to successfully introduce cost-effective nutrient-dense meals amongst the 
rural poor - residing at Birbhum district, West Bengal, India. 

9.5.1 Role of government schemes to nourish rural families 

Own findings - This dissertation showed that provision of the khechuri meal through AWCs may cover 
34 percent of the weekly deficit to pay for the suggested cost-effective and nutrient-dense meals of 
children aged 12-23 months. With regard to lactating women 42 percent and with regard to pregnant 
women 44 percent of the weekly deficit would be covered. Further, the PDS was shown to have the 
potential to cover 12 percent of children's weekly deficit to pay for the suggested meal schedule, or 
rather to cover 14 percent of the deficit of lactating and pregnant women, and 18 percent of the 
deficit of non-pregnant non-lactating women - through the provision of rice, atta wheat and sugar at 
subsidized rates. Moreover, the MGNREGA was thought to bridge the remaining non-financed 
weekly food costs after having made use AWCs, the PDS, as well as of villagers own activities (kitchen 
gardening/wild plant collection and fishing) - with 23 working days per year being required for a non-
pregnant non-lactating mother, 6 days for a pregnant women, 7 days for a lactating women, and 8 
days additionally for a child aged 12-23 months. It was argued that named government schemes are 
of great need to finance cost-effective nutrient-dense meals for the rural poor. More specifically, it 
was found in this work that (1) AWCs contribute the biggest support to close the monetary gap to 
pay for cost-effective meals and that lactating mothers of children below two years may be included 
as beneficiaries, that (2) the MGNREGA is an adequate way to make income accessible to villagers in 
order to purchase more cost-effective foods from local markets, and that (3) the PDS is another sup-
porting pillar to pay for cost-effective nutrient-dense meals - where BPL status may be extended to 
all rural families and where also subsidized cooking gas refills may be provided in order to make bet-
ter use of gas cookers and save - therewith - precious time to prepare the suggested cost-effective 
and nutrient-dense meals for malnourished children and mothers.  

Insights from literature - There is mutual agreement within the research community that India's rural 
poor need to be supported in order to afford nutritious meals and that government schemes are one 
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important pillar (besides increased home production and behavioural change) to allow adequate 
food intakes (Kachwaha et al., 2020; Raghunathan et al., 2020; Save the Children, 2014). Kachwaha et 
al. (2020) found that subsidized grains from the PDS have the potential to reduce the cost of a nutri-
tious diet prepared at minimum cost (as per a cost of the diet analysis) by 19 percent. Still, the PDS 
has constantly been criticised of being ineffective due to organizational leakages in the past and also 
George and McKay (2019) argue that the PDS plays merely a limited role in improving food security 
and reducing child mortality as a consequence of operational inefficiencies - based on their review 
which included 23 publications focusing on the PDS's potential to achieve food security in India. Still 
then, 950 million Indians do currently access subsidized grains through the PDS (Khera & Somanchi, 
2020) and adequate policy reforms are seen as way to use the potential of the PDS to act as a solu-
tion to food insecurity in India (George & McKay, 2019). Likewise, Narayanan and Gerber (2017) find 
that the PDS (as well as the MGNREGA) do reach the poor and have the potential to impact food 
expenditure, nutrient intake as well as dietary diversity in a positive manner. With respect to the 
MGNREGA it was found that HHs participating in the income generation scheme (n=281) showed less 
likelihood of having a wasted or underweight infant with them compared to non-participating HHs 
(n=247; Nair et al., 2013). In Kerala, adolescent girls have been entitled to collect nutritious food 
from AWCs as an effort to reduce anaemia (Athira & Maneesh, 2016). Finally, while criticism on the 
government's schemes can easily be found in literature - their potentials are likewise proofed. 

Conclusion - There is agreement in literature that India's rural poor need to be supported to afford 
nutritious diets and that government schemes can contribute to do so. Evidence shows that the PDS 
as well as the MGNREGA and AWCs are channels to improve nutrition and dietary diversity in rural 
areas. This is in line with the argumentation in this dissertation, that the cost of a nutritious diet can 
partly be covered through government schemes. Baseline data of this dissertation further supports 
this argumentation, which showed that (1) 69 percent of tribal families (n=291) were fully satisfied 
with AWC services, that (2) the PDS was felt as support by 65 percent of BPL-card holders (n=106) but 
only by 14 percent of APL-card holders (n=132), and that (3) the MGNREGA was felt to be important 
or very important to access foods by 49 percent of respondents (n=289). All in all, the Indian gov-
ernment does play an important role in nourishing rural children and mothers well - certainly with 
further room for improvement, but with already well esteemed services from the side of villagers.   

9.5.2 Own capacities of villagers to better nourish children and mothers  

Own findings - The dissertation showed that cultivation of kitchen gardens along with (traditionally 
practiced) wild plant collection may cover 24 percent of the weekly deficit to pay for children's meals 
- with a share of 26 percent in case of lactating and pregnant women, and of 31 percent in case of 
non-pregnant non-lactating women; assuming that 60 percent of fruit and vegetable needs would be 
covered through the kitchen garden's yield or rather collecting activities. Moreover, it was shown 
that 8-9 percent of the weekly budgetary deficit of children and mothers may be covered through 
own fishing activities of villagers. 48 percent of tribal Adivasi families (n=286) were found to dispose 
over agricultural land and it was argued that those families may cover 30 percent of vegetable oil, 
mustard seeds, potato and lentil needs through crop diversification activities - contributing a share of 
16 percent of the weekly food cost deficit in case of children or rather 18 percent with regard to lac-
tating and pregnant women, and 24 percent in case of non-pregnant non-lactating women. Finally, 
animal husbandry was named as way to make the suggested cost-effective meals accessible to rural 
children and mothers - where 62 percent of surveyed HHs (n=289) were found to keep animals (as 
chicken/ ducks, goats, cattle and wild pigs). Mainly egg and occasionally meat may be accessed this 
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way, while also an additional income (through selling goats, respectively) is realistic. In this disserta-
tion, animal foods (egg and cow milk) were assumed to be provided through AWCs.  

Insights from literature - There is a vast body of literature when it comes to kitchen gardening (often 
referred to as "home gardening") in order to improve access to nutritious foods - further the benefit 
of accessing an additional income through home gardens is addressed in literature. Respectively, 
efforts have been made to grow vegetables and fruits to achieve a better coverage of vitamin A 
needs. A study conducted in Thailand emphasized on growing vitamin A rich vegetables along with 
trainings how to use them and achieved a significant increase in vitamin A intakes of pregnant and 
lactating women (Attig et al., 1993). Another study conducted in rural South Africa focused in Vita-
min A intakes of children aged 2-5 years (n=100 - of which 50 belonged to an IG and another 50 to a 
CG) and found a significant increase in vitamin A intake amongst children with home garden com-
pared to children from families without a kitchen garden (Faber et al., 2002). With regard to India, 
the cultivation of kitchen gardens with vegetables and fruits was found to significantly increase in-
takes of vitamin A, energy, phosphorus, calcium, iron and protein amongst villagers in Uttar Pradesh 
(n=50 HHs) - with a vegetable production increased by 161 percent, consumption of vegetables in-
creased by 84 percent and distribution of vegetables increased by 63 percent (Singh et al., 2018). The 
finding that harvested vegetables and fruits from kitchen gardens are shared amongst neighbours 
was also found in a study conducted in Tanzania: Here, the mean dietary diversity of women was 
assessed to be low with merely 23 percent of respondents achieving the recommended minimum 
dietary diversity (consuming five or more FGs out of ten per day) - respondents who had a neighbour 
who grew crops in her/his home garden were 2.7 times more likely to achieve minimum dietary di-
versity; further they were 1.9 times more likely to grow a home garden themselves - both findings 
were significant (Blakstad et al., 2019). Hence, home gardens have the capacity to improve nutrient 
intakes of the families cultivating the gardens as well as of neighbouring families. Furthermore, 
kitchen gardens have repeatedly been shown to make an extra income available: For instance, a pro-
ject run by Helen Keller International to increase homestead food production in Bangladesh with 
over 5 million beneficiaries describes that an income was raised from kitchen gardens allowing to 
purchase more micronutrient-rich foods (Iannotti et al., 2009). In the same line, a study comprising 
80 tribal HHs in rural India found that cultivation of vegetables (methi, radish, carrot, tomato, brinjal, 
cabbage and cauliflower) lead to a mean income increase of 3,550 Rs. per HH within a year - where 
two cultivation cycles were implemented during rainy and winter season (Verma et al., 2019). Like-
wise, a study conducted in Kerala, India, found that home gardens contributed to the economic secu-
rity of HHs, as they provided additional income and allowed savings on food expenses (Paul, 2015). A 
literature review on home gardens concludes that further research on the cost-benefits of kitchen 
gardens were needed to derive most viable cultivation models (Galhena et al., 2013).  

Besides kitchen gardens, the collection and consumption of wildly growing plants is considered to 
help achieving food security amongst tribal HHs in India - respectively, 73kg of wildly growing forest 
fruits were found to be consumed on an average per HH and year in a forest region of Orissa; selling 
of collected fruits contributed to 15 percent of the HHs income (Mahapatra & Panda, 2012). 

The potential of fishing activities in ponds and rice fields to access nutritious foods in the tribal com-
munities of India is less well documented. However, a combination of rice and fish farming was found 
to be a promising integrated farming system in Bangladesh (Ahmed & Garnett, 2011); the authors 
stated that more  technical knowledge was required in order to make such integrated farming sys-
tems used. Also The FAO suggests that rice farming and culture of fish (as well as other aquatics) can 
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well be combined (Halwart & Gupta, 2004). As per the authors the practice of rice-fish culture may 
even have been developed in India. In West Bengal the State Fisheries Department promoted a 
method to integrate two ponds connected with a rice field (Ghosh, 1992). It is argued that higher 
returns can be made from rice field plots in case of a combined culture of fish and rice. Inland fisher-
ies are reported to have the potential to secure livelihoods and contribute to food security (Funge-
Smith & Bennett, 2019). Apart from such culture systems, recent research conducted in Cambodia 
could show that wild aquatic species caught in rice field are indeed an important source for local 
food provision: 60 percent of the consumed fish in the surveyed HHs could be gained from wild 
catches in the rice fields (Freed et al., 2020); a total of 158 wild aquatic species could be identified.    

With respect to the diversification of field crops, literature stresses the potential to reduce poverty 
through a generation of income. Respectively, smallholders in India have been found less likely to be 
poor if crops were diversified towards high-value crops as vegetables and fruits (Birthal et al., 2013, 
2015); the authors state that a minimum of 50 percent of available land should be used to diversify 
crops in order to escape poverty - and name missing capital as limiting factor to diversify lands in the 
hands of smallholders. Interestingly, diversifying towards fruits was found to be less labour intensive 
compared to diversifying towards vegetables (which showed a similar labour intensity as growing 
cereals) - while, still then, more smallholders were involved in vegetable production. Hence, encour-
aging Indian smallholders to go for fruit cultivation may be considered helpful to escape poverty. A 
literature review including 49 studies from different world regions (including India) found crop diver-
sification to be "one of the most cost-effective ways to reduce uncertainties in farmer's income" (Fe-
liciano, 2019). Feliciano refers to several studies in her review showing an association of diversifying 
crops and higher incomes. For instance, a study conducted in Nepal found that HHs cultivating high-
value crops (vegetables, fruits and spices) could expense 28 percent more money (per person and 
month) compared to HH that did not go for crop diversification (Thapa et al., 2018). A study con-
ducted in India found that the success of crop diversification depended upon the access to irrigation 
facilities and found high-value crops to be ineffective in areas with inadequate water access - result-
ing even in a decreased calorie intake (Mukherjee, 2015). In the very same line, Chand (1995) found 
that the success of crop diversification in India depends upon the availability of irrigation facilities, 
access to roads and markets. Further, a study focusing in West Bengal, India, confirms the impor-
tance of adequate infrastructure (first and foremost naming irrigation facilities/access to electricity, 
but also storage and marketing facilities as well as access to fertilizer) in order to diversify crops (De 
& Chattopadhyay, 2010). The cultivation of rice, potato and mustard was found to be most popular in 
West Bengal, while growing wheat, pulses, sugarcane or Jute was found of less popularity - so-called 
high-value yields as vegetables, fruits and condiments and spices were not mentioned. 

Also when it comes to animal husbandry activities in the rural context, literature confirms a potential 
to raise incomes of poor families - as true for the publication of Joshi et al. (2004) or Kumar et al. 
(2007) with reference to India. Yet, the contribution of livestock to HH income was found to be rather 
small as per an analysis comprising 12 developing countries based on FAO data (Pica-Ciamarra et al., 
2011). Also Udo et al. (2011) state that intensifying animal husbandry activities in the rural areas to 
achieve high incomes was rather difficult. Still then, especially small animals appeared to be an esti-
mated source of income to the very poor. Indeed, men as well as women are involved in livestock 
activities and the involvement of an illiterate Indian woman was found to raise the HH's income from 
animal husbandry activities by 7 percent (Jumrani & Birthal, 2015). Besides (a limited) potential of 
animal husbandry activities to raise rural incomes, animal husbandry was shown to be beneficial for 
the nutritional intakes of HH members: In Malawi, livestock diversity was shown to be associated 
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with dietary diversity (Snapp & Fisher, 2015). And Indian children aged 2-5 years were found less 
likely to be underweight in HHs owning large ruminants (n=734 HHs; Jumrani & Birthal, 2015). 

Finally, a study conducted by Pretty et al. (2003) concludes that efforts to cultivate home gardens 
with vegetables/trees or to introduce fish ponds in rice fields do have the capacity to increase food 
production in poor HHs (referring to an analysis of 208 projects in 52 developing countries); in this 
line, better use of water and land as well as an increased cropping intensity were found associated 
with an improved food production. Furthermore, projects aiming on soil health and fertility as well as 
on pest control with minimal or zero-pesticide use were found effective to increase yields. Such 
measures, supported through better markets, may contribute to the food security of the rural poor. 

Conclusion -Besides the direct benefit to access nutritious foods to be consumed at home through 
home gardening, fishing and diversification of crops - literature stresses that all such fields do offer 
an additional income to rural HHs. It shall be pointed out clearly at this point that in case of working 
with the Santal tribal communities, social security structures of sharing and exchanging foods are 
deeply rooted and practiced while acting economically and connecting to markets is less established. 
Hence, if high-value crops as fruits and vegetables should be tried to make a habit to be grown in 
marketable quantities or if fish ponds should be tried to be integrated in rice fields - such initiatives 
would certainly need repeated interactive trainings and mid-term guidance in order to succeed. The 
assumption made in this dissertation, that villagers may cover their nutrient needs and afford the 
suggested cost-effective weekly meal schedule through cultivation of kitchen gardens, wild vegetable 
collection and fish catches may be considered realistic as per the current state of literature.  
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10 Lessons learned - from research to practice 

This dissertation finally allows to formulate several lessons learned, which may serve as a guidance 
when working with tribal Adivasi children below three years and their mothers in rural Birbhum dis-
trict, West Bengal, India - in order to improve their nutritional intakes and overall health. 

10.1 Diversification of meals 
Diversified food intakes proofed capable to increase Hb in children aged 6-39 months already at low 
intake levels - the intervention study showed a significant rise in Hb already with three nutritious 
meals a week (for details see chapter 5). 
     Scope to act: Encourage diversified food intakes at home, train mothers and fathers . 

10.2 Micronutrient powder 
Low-dosed provision of the MNP "TopNutri" three times a week did not lead to a significant rise in 
children's Hb (1.9mg iron per 100g of food had been provided through the sprinkle). According to 
accessible literature a minimum of 5mg iron should be provided via MNPs each day. 
     Scope to act: Where accessible, MNPs may be provided with a minimum iron content of 5mg daily; this approach  
     may be especially suitable for anaemic persons which are not yet trained on the importance of a balanced diet. 

10.3 Moringa/Amaranthus leaf powder 
The addition of a small amount of Moringa and Amaranthus leaf powder remained less effective to 
rise Hb in children - the intervention study showed no significant effect of adding 3g leaf powder (1g 
Moringa and 2g Amaranthus with a total of 1.9mg iron) per 100g of food. A review of accessible lit-
erature indicates that 10g of MLP should be provided each day. 
     Scope to act: Provide Moringa leaf powder to be used at home several times a day; Amaranthus leaves contain  
     very high levels of oxalate and may be provided to the children once they have recovered from undernutrition. 

10.4 Fresh Moringa and Amaranthus leaves 
Fresh Moringa and Amaranthus leaves showed highly cost-effective across seasons - while Moringa 
leaves are high in oxalate and phytate and should be processed (soaked in water before boiling), 
Amaranthus leaves are extremely high in oxalate and may be better avoided to be fed to moderately 
malnourished children (while they do offer a great nutrient composition to well-nourished individu-
als). Other GLVs showed a similar and sometimes even higher cost-effectiveness than Moringa while 
at the same time anti-nutrient elements are moderate: radish leaves, cauliflower leaves, cabbage, 
tender tamarind leaves, agathi leaves, and basella leaves; as Amaranthus, also bathua leaves, green 
colocasia leaves, spinach and betel leaves have been found to be very high in oxalate and appear 
therefore rather inadequate to feed malnourished children.  
     Scope to act: Encourage intake of GLVs - and explain importance of soaking them in water prior to cooking. Radish  
     leaves are low in anti-nutrients and rank first of all analyzed foods (n=425) in winter and summer price analysis. 
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10.5 Processing of foods 
The dissertation described the need to keep anti-nutrient contents as low as possible in the diet of 
moderately malnourished children - foods rich in phytate, oxalate, polyphenols, sodium, and dietary 
fibre should be either avoided or processed in order to reduce anti-nutritive contents. Soaking 
and/or roasting of GLVs, cereals, legumes and nuts/seeds may be recommended. Toast bread or 
buns are very high in salt and inadequate to feed moderately malnourished children.  
     Scope to act: Train mothers on food processing techniques and practice such methods in the daily life. 

10.6 Most cost-effective foods 
Vegetables (especially leafy ones) have been found highly cost-effective in winter and summer price 
analysis: 85 percent of the top 20 most cost-effective foods in both seasons are vegetables (65-70 
percent are leafy vegetables). Overall, a focus should be set on consuming cost-effective foods with 
low/medium anti-nutrient contents, replenished by cost-effective foods with high anti-nutrient con-
tents (as cereals, legumes and seeds), which should be processed prior to eating.    
     Scope to act: Train families what foods offer most nutrients with respect to their costs - and guide them to give  
     preference to cost-effective foods with merely low/medium anti-nutrient level. In accordance with tables 81, 82  
     (winter price analysis) and 91, 92 (summer price analysis), the following foods may be recommended: 
     Cereals/millets: (a) wheat: whole wheat, white wheat flour (atta), brown whole grain wheat flour, wheat  semolina 
     (sooji gom), (b) millets: jowar, bajra, (c) rice: rice raw  milled, rice parboiled milled, rice flakes , puffed rice,  
     (d) maize: dry maize , maize flour whole white, (e) barley 
     Grain legumes: (a) brown soybean, (b) lentil/dal: whole brown lentils, Bengal gram dal (chola), lentil dal (mosur),   
     yellowish lentils whole, (c) beans/peas: moth beans, white cowpeas, dry peas (motor), brown cowpeas 
     Vegetables: (a) GLVs: agathi leaves, Drumstick leaves (Moringa), black Colocasia leaves, slender Amaranth leaves  
     (notay shak), Jute leaves (pat shak), radish leaves, tender Tamarind leaves, Chinese cabbage, cabbage - collard  
     greens, green cabbage, Rumex leaves, green Amaranth leaves (Amaranthus gangeticus - sobuj data shak),  beet  
     greens (b) other vegetables: green capsicum, yellow capsicum, red capsicum, round orange pumpkin; winter only:  

     (a) GLVs: parsley, cauliflower  leaves, sweet potato leaves, Bengal dayflower leaves (b) other vegetables: cauli- 
     flower, broad beans (makhon shim), cluster beans; summer only: (a) GLVs: Basella leaves, tender pumpkin leaves,  
     Fenugreek leaves (methi shak), (b) other vegetables: ripe local tomato, ripe hybrid tomato, green tomato, green  
     cylindrical pumpkin, green raw mango 
     Fruits: white flesh guava, green/raw guava, ripe banana (poovam)/ ripe banana (robusta), bael fruit, emblic  
     (amloki), fig (dumur, paka), pineapple, pale green water melon/ dark green water melon; winter only: musk  
     melon with orange flesh, monkey-jack with yellowish-orange flesh (dewa); summer only: ripe banana (montham) 
     Roots/tubers: (a) potato: red skin potato, big brown skin potato, small brown skin potato, sweet potato with  
     brown skin, (b) carrots: orange carrot , red carrot, (c) others: water chestnut, colocasia, radish elongate red skin;  
     winter only: radish elongate white skin; summer only: sweet potato with pink skin 
     Nuts/oilseeds: (dried) mustard seeds, dried sesame seeds, groundnuts; winter only: dry coconut kernel 
     Sugar/fat/oils: (a) oils: soybean oil, sesame oil, peanut oil, palm oil, (b) jaggery: sugarcane jaggery, sugarcane  
     jaggery juice, (c) other: white sugar; winter only: mustard oil; summer only: date palm jaggery  
     Animal products: (a) innards: chicken liver, pork liver, sheep liver, chicken gizzard, sheep kidney, (b) egg: duck egg,  
     country hen chicken egg, whole egg (poultry), (c) milk: whole cow milk, whole buffalo milk 
     Fish: rohu, pangas, Indian river shad (chapila), mural, silver carp, gold fish, tilapia, catla, pambada,; winter only:  
     river rohu (rui); summer only: mullet 

10.7 Meal planning 
The receipt section (chapter seven) showed that the addition of a slice of fruit (especially guava) 
helps achieving a favourable vitamin C density to allow adequate absorption of iron. Provision of a 
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small amount of liver to children and mothers further appeared helpful to cover RDAs. Non-cooked 
nutritious meals (which are quick to prepare) may replace ready-made salty snacks as 
buns/toast/chips, as well as ready-made sweet biscuits which were shown to be suboptimal to feed 
infants and young children - respectively rice flakes with banana in milk may be offered for breakfast.  
     Scope to act: Train Adivasi families to prepare the suggested daily meal schedule - giving options for modifications.  
     Discuss what time effort mothers can spare to prepare such meals and introduce time-saving cooking techniques. 

10.8 Critical nutrients 
This dissertation found that even if a diversified meal schedule for children and their mothers is ap-
plied based on most cost-effective accessible foods, some nutrients remain clearly below the rec-
ommended intake levels. Very interestingly, when focusing on children aged 12-23 months as well as 
on their lactating mothers it is not iron, which is most difficult to cover but, fat-soluble vitamins A 
and E, as well as water-soluble vitamins B1 and B2, as well as n-6 fatty acids; children further re-
mained deficient in zinc. Mothers have suboptimal intakes of iron (pregnant as well as non-pregnant 
non-lactating women), potassium (all) and vitamin B9 (pregnant and lactating).          
     Scope to act: Encourage consumption of foods rich in critical nutrients - additional to preparing balanced meals as  
     suggested in the meal schedule section (chapter 7) ; and/or supplement nutrients. Cost-effective nutrient-sources: 
       vit. A: liver, leafy vegetables (agathi, moringa, colocasia, amaranth, radish), carrot, sweet potato 
       vit. E: palm/soybean oil, seeds (safflower, linseeds, sunflower, mustard), colocasia leaves, green zucchini/pumpkin  
       vit. B1: wheat (whole, flour, bulgur, sooji), maize (dry, flour), millets (jowar, bajra), elephant apple, agathi leaves,  
    mustard seeds, broad beans 
       vit. B2: leafy vegetables (colocasia, bathua, cowpea, agathi, water spinach, moringa, jute, radish, pui shak), milk 
       vit. B9: leafy vegetables (cowpea, colocasia, spinach, parsley, agathi, radish), liver, field beans, moth beans, 
                   rajmah, (Chinese) cabbage 
       n-6 fatty acids: soybean/sesame oil, seeds (sesame, sunflower, gingelly, safflower), soybeans, groundnuts 
       iron: leafy vegetables (cowpea, radish, amaranth, cauliflower, Bengal dayflower, jute, beet greens, coriander,  
                agathi, rumex), mustard seeds, millet (bajra) whole grain wheat flour, cabbage collard greens, dry maize 
       zinc: seeds (linseeds, mustard, sesame, white gingelly), whole wheat/wheat flour/bulgur/sooji, dried oyster mush- 
               rooms, dry maize/maize flour, millets (bajra, jowar), Bengal gram, brown lentils, amaranth leaves, rice flakes 
       potassium: leafy vegetables (cowpea, cauliflower, colocasia, spinach, agathi, radish, sweet potato, amaranth,  
                           tamarind), potato, plantain stem/flower, tomato, wild yam, broad beans, colocasia stem, cabbage 

Note: Some foods are indeed rich in critical nutrients, but contain at the same time also unfavourable components; 
respectively, dried oyster mushrooms are extremely rich in dietary fibre, and some leafy vegetables are very high in 
oxalate (bathua, amaranth, colocasia, spinach). Furthermore, cowpea leaves may be felt culturally unacceptable to 
be eaten as those are used as cow's feed. Dry maize (once boiled) is less nutritious than its dry form suggests. 

10.9 Affordability of diversified diets 
The dissertation further found that merely about half of the costs of the suggested weekly meal 
schedule, which includes most cost-effective locally available foods, can be covered by Adivasi fami-
lies in rural Birbhum district, and outlined that effective government schemes are (besides kitchen 
gardening and own fishing/collecting activities) urgently required. 
     Scope to act: Advocate to restart AWC services quickly after the COVID-19 pandemic to provide cooked meals for  
     children, pregnant, and also lactating mothers (the latter have the highest nutrient needs) - encourage provision of  
     (duck) egg and milk; make the 100-days work scheme (MGNREGA) better understood amongst villagers to increase  
     applications for work/income; help acquiring BPL status to Adivasi families - provide cooking gas within the PDS. 
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10.10 Cultivation of plant foods 
Home gardens as well as diversification of field crops were identified as effective means to bridge the 
financing gap to afford nutrient-dense meals. Here, not most cost-effective plant-foods need to be 
focused for cultivation but those which contain absolutely most nutrients and at the same time 
merely low/medium anti-nutrient levels. Crops with high anti-nutrient content should be processed, 
while crops with very high anti-nutrient content may be avoided.  
     Scope to act: Train families to cultivate and prepare the most nutrient-dense plant foods (except for those with  
     very high anti-nutrient levels) - with a focus on the need to soak/roast crops high in phytate/oxalate/polyphenols. 
 oil crops are most nutrient-dense and supply (otherwise pricy) cooking oils: soybeans, sesame, peanuts, palm, 
 probably also mustard (unfortunately, merely 17 out of 38 nutrients had been available for analysis) 
 nuts and seeds are highly nutritious: sesame, groundnuts, mustard seeds, coconut kernel 
 grain legumes offer abundant of nutrients: soybeans, Bengal gram dal, moth bean, red/black gram dal, motor 
 (dry peas), white/brown cowpea, green gram dal, lentil dal (mosur), brown/yellowish lentil 
 cereal/millets most dense in nutrients comprise: bajra, maize, samai, wheat, jowar, barley, (brown) rice 
 vegetables: agathi laves, moringa leaves, fenugreek leaves, parsley, fresh tender red gram, mustards leaves,  
 beet greens, tender pumpkin leaves, tender tamarind leaves, radish leaves, bitter gourd leaves, basella leaves,  
 baby corn, rumex leaves, tender broad/lean field beans, bean scarlet (shim), cauliflower leaves, sweet potato  
 leaves, pak choi leaves, drumstick, lettuce, plantain flower, cabbage collard greens, fresh button mushroom,  
 jackfruit seeds, cluster beans, cauliflower, yellow/red capsicum, French beans, onion stalk, black colocasia  
 stem, broad beans, green plantain, green zucchini, ladies finger, tomato, green colocasia stem, green capsicum 
 fruits: raisins (grapes), dates, tamarind pulp, Phalsa, bael fruit, white flesh guava, strawberry, black berry,  
 banana (poovam/montham), custard apple (atafol) 
 roots/tubers: orange carrot, brown skin sweet potato, red carrot, brown skin big potato, pink skin sweet  
  potato, colocasia, red skin potato, elephant yam, small brown skin potato, water chestnut, ordinary yam 
 condiments/spices: coriander leaves, green chillies, fresh ginger, mango ginger (curcuma amada), garlic 
 others: sugarcane 

10.11 Animal husbandry 
The provision of (duck) egg and milk though AWCs has been shown to be of great help to afford nu-
tritious meals. The preparation of liver once a week offers abundant of nutrients. Innards of animals 
are indeed very nutrient-dense: this refers first and foremost to liver (goat, pork, sheep), but also to 
stomach (pork), tongue (sheep, goat), heart (pork), kidney (pork), and tube (pork), respectively. With 
reference to animal meat, shoulder parts have been analyzed to be most dense in nutrients (pork, 
rabbit, hare, sheep, goat), followed by chops (rabbit, hare, pork), and leg (rabbit, sheep, hare). All in 
all, the consumption of innards appears highly recommendable. 
     Scope to act: Train Adivasi families on the helpfulness to provide small amounts of innards and meat to their  
    children - and provide professional trainings to keep animals as pigs, rabbits/hares, sheep and goats in the home. 

10.12 Spending decisions  
The dissertation revealed that Adivasi HHs where mothers decide alone how to expense available 
income show the largest share of children with no or merely mild anaemia (p<0.05). It was sug-
gested, accordingly, that mothers may be entrusted to manage a food budget on their own. 
     Scope to act: Encourage tribal families to provide mothers with a food budget to be managed on their own; train  
     mothers (and fathers) on most cost-effective foods to be used on a regular basis at home. 
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11 Closing remarks 

This work described the living, health and nutrition situation of Santal Adivasi families residing in 
rural Birbhum district, West Bengal, India - and could show, via a pre-post intervention study that 
diversified meals help to increase Hb in children aged 6-39 months significantly. It aimed therefore to 
analyze the potential of local foods to cover nutrient intake needs of moderately malnourished chil-
dren (aged 6-23 months) as well as of their mothers - where 50 percent of mothers had been found 
with low BMI (n=293) and 62 percent of children (6-39 months, n=307) had been found to suffer 
from at least one anthropometric failure (being stunted, underweight or wasted) during baseline 
survey in 2015. A cost-effectiveness analysis of locally available foods (n=425) has been realized 
based on local market price data, and cost-effective nutrient-dense recipes for children and mothers 
have been developed as a weekly meal schedule. In accordance with literature, the cost for this meal 
schedule (striving for nutrient adequacy) was found more than twice as high as the available food 
budget of rural Adivasi families allows; RDAs for moderately malnourished children had been applied. 
It was argued, accordingly, that only in a joint effort of villagers, the Indian Government and NGOs 
such diet can be finally afforded - where measures as kitchen gardens, wild plant collection, fishing in 
village ponds/rice fields, but also income generation through the MGNREGA, subsidized foods (as 
well as potentially cooking gas) through the PDS and AWC meals play a vital role. It was further found 
that even if developed diversified meals are consumed by children and mothers in suggested portion 
sizes and despite the given time efforts - not all nutrients can be fully covered - and the question 
remains open if nutrients analyzed to remain deficient should be supplemented to rural children and 
mothers? For the moderately malnourished child aged 12-23 months vitamins A, E, B1, B2, zinc, as 
well as linoleic acid (n-6 fatty acids) remained below 80 percent of the recommended intake level 
even if an optimized diet is consumed along with continued breastfeeding (assuming medium breast-
feeding frequency). For the non-pregnant non-lactating women vitamins B1, B2, iron, potassium, and 
linolenic acid remained scarce. For the pregnant women vitamins B1, B2, B9, iron, potassium, and lino-
lenic acid remained with insufficient coverage. Finally, for the lactating women vitamins A, E, B1, B2 
B9, potassium, and linoleic acid could not be met satisfyingly through a diversified diet based on most 
cost-effective foods. Indeed, intake needs of lactating women are higher than those of other women 
- and it was argued that additional to pregnant women also lactating women may well be included as 
beneficiaries of AWC meals as a support to cover their intake needs and break the vicious circle of 
undernutrition. In deed, 20-30 perent of child wasting and stunting develop in utero (Wasting-
Stunting Technical Interest Group, 2018), highlighting the need to nourish mothers well and to al-
ways consider child and mother pairs rather than focusing merely on children. Scherbaum and Srour 
(2016) explain in this context that breastfeeding helps to prevent child malnutrition. Food diversifica-
tion can be considered a sustainable strategy to overcome maternal and child malnutrition - yet it 
means a joint effort of all stakeholders and needs - certainly - a clear political will to be implemented.  
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11.2 Baseline survey questionnaire 

Home Visit before the nutrition programmes start (baseline) 

[Note: Please address the questions below to the mother of the child (only if mother died, or moved 
away permanently talk to the closest care taker of the child). Make sure that the respondent answers 
herself and is not influenced by somebody else. Conduct the interview at home, and in any case not 
in a group. Before starting the interview, introduce yourself and check that the respondent is willing 
to spare an hour or so for this discussion. All answers will be treated confidentially. If any question is 
not applicable, write “66” in the relevant space. If any response does not properly match with the 
given response categories, please choose “77 = Other” and indicate the individual answer in the free 
space in detail. If the respondent does not know the answer or the response is unclear, write “88”, 
and in the case the respondent does not like to answer use the appropriate code “99”.] 

 

Child’s name (youngest child of the family in the nutrition programme): ________________________  

Child´s sex:     □ male      □ female              Child´s birth date (dd/mm/yyyy): _________________ 
 
Name of older sibling (also participating in the nutrition programme):  _________________________ 
 
Respondent’s name (mother): _________________________________________________________ 

 
Village / ICDS centre: ____________________________________________________ 
 
Investigator: _________________________  Date of interview (dd/mm/yyyy):  __________________ 
 

 I   Respondent´s Details  

1. 

 

Do you belong to the Santal community? 

[0 = No; 1 = Yes; 88 = Unclear] 

If No or Unclear, please specify 

______________________________________________________________________ 

/______/ 

2.  Age of the respondent (in years) /______/ 

3. Relationsship with the child 

[1 = Mother; 2 = Aunt; 3 = Grandmother; 77 = Other]  

If Others, specify________________________________________________________ 

 

/______/ 

4. What is your marital status? 

[1 = Single; 2 = Married; 3 = Widowed; 4 = Divorced; 5 = Living with a partner;     
77 = Other]  

 

/______/ 
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If Others, specify_________________________________________________________ 

5. Education level of the respondent 

[1 = Never attended school (illiterate); 2 = Attend <3 years (literate); 3 = Primary (Class V 
complete); 4 = Upper Primary (class VIII complete); 5= Secondary (class X complete); 6 = 
High School (class XII complete); 7 = Above High School; 88 = Unclear] 

 

/______/ 

6. Would you have wished to remain longer in school than you did (or to start schooling at 
all)? 

[0 = No; 1 = Yes; 99 = No answer] 

 

/______/ 

7. If Yes, is there any reason why you could not continue schooling to attain a higher level 
of education than what you succeeded (or why you could not start schooling at all)? 

[1 = None; 2 = I got pregnant; 3 = I got married; 4 = I failed exams; 5 = Parents could not 
pay school books/school dress/fees; 6 = Parents died (orphan); 7 = I didn´t want to study 
further; 8 = I had to earn so the family can eat and live; 77 = Other]  

If Others, specify__________________________________________ 

 

/______/ 

 II   Household Characteristics 

[Note: The term “household” refers to a group of persons (usually relatives) living under 
the same roof and sharing the same food pot.] 

 

8. Household type 

1 = Nuclear family (father, mother, own children);  

2 = Extended family (for example: father, mother, own children plus 1 brother of hus-
band, parents of husband, and 1 grandmother of husband) 

 

If Extended, please specify__________________________________________ 

________________________________________________________________ 

/______/ 

9. Number of household members 

[Note: Fill all entries in this table (write “0” if applicable) and make sure that the row 
total is the same as the column total.] 

                                                          Female    Male     Total 

Children (0-5 years)                         /______/ /_____/ /_____/ 

Children (6-17 years)                      /______/ /_____/ /_____/ 

Adults (aged 18-65 years)             /______/ /_____/ /_____/ 
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Aged persons (above 65 years)    /______/ /_____/ /_____/ 

Total                                            /______/ /_____/ /_____/ 

10. Number of own children living in the household /______/ 

11. Can anybody of the household read a simple message? 

[0 = No; 1= Yes; 88 = Unclear] 

 

/______/ 

12. Type of dwelling  
1 = Kacha, e.g. mud house;  
2 = Semi-pukka (combination of Kacha and Pukka style), e.g. mud house with metal roof 
or clay tiles; or e.g. brick house with grass roof 
3 = Pukka, e.g. brick house with metal roof or clay tiles;  

 

/______/ 

13. Household assets 
Note: Please write down below, preferably based on direct observation (and otherwise 
by asking), whether the household has the following possessions/facilities [0 = No; 1 = 
Yes; 88 = Not sure]. 
 
     Electricity 
     Light bulb 
     Fan 
     Radio      
     Television 
     Refrigerator 
     Toilet 
     Well/water connection 
     Bicycle 
     Scooter/motorcycle 
     Mobile phone 
     Landline connection 
     Gas cooker  

 
 
 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 
/______/ 

14. Who is the head of the household? 

[1 = Wife; 2 = Husband; 3 = Wife and husband together; 4 = Parents in law; 5 = Elder 
(grandparents); 77 = Other; 88 = Unclear] 

If Other, specify________________________________________________ 

 

/______/ 

 III   Household security – socioeconomic condition   

15. During the last twelve months, what kind of work did household members do?  

[Note: Please write below, whether at least one household member was/is engaged in 
the following works (0 = No; 1 = Yes; 88 = Unclear).] 
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Self-employment agriculture (cultivation of own land) 

     Please specify_______________________________________ 

Self-employment non-agriculture (e.g. grocery store, mobile repair shop,…) 

     Please specify_______________________________________ 

Casual Labour (e.g. working on other peson’s land or in building construction) 

     Please specify_______________________________________ 

Regular Employment (naukri – e.g. working as a teacher or in Government job) 

     Please specify_______________________________________ 

MGNREGA (100 days work) 

Other work, specify: ____________________________________________ 

/______/ 

 

/______/ 

 

/______/ 

 

/______/ 

/______/ 

/______/ 

16. What is the main source of income of the household (around the year)? 

[1 = Self-employment (agriculture); 2 = Self-employment (non-agriculture); 3 = Casual 
Labour; 4 = Regular Employment (naukri); 5 = MGNREGA; 77 = Other; 88 = Unclear] 

If Other, specify:_____________________________________________ 

 

/______/ 

17. Do you feel that MGNREGA wages significantly increase your household’s cash income? 
[0 = No; 1 = Yes; 88 = Unclear] 

 

Please explain: __________________________________________________________ 

 

/______/ 

18. How many household members earned money in the last 12 months? 

[Note: Please write down the number of persons; 88 = Unclear] 

/______/ 
persons 

19. Is the household income sufficient to have two cooked meals a day throughout the year 
or not? [0 = No; 1 = Yes; 88 = Unclear] 

 

If not, in which months do you face food insecurity?______________________ 

________________________________________________________________ 

 

/______/ 

20. Is the household income always sufficient to see a doctor in case of need or not?               
[0 = No; 1 = Yes; 88 = Unclear] 

/______/ 

21. During the last 12 months, did any household member leave the family/village to earn 
an income elsewhere? [0 = No; 1 = Yes, nearby Bolpur; 2 = Yes, within West Bengal; 3 = 
Yes, in another State; 4 = Yes, in another country; 88 = Do not know] 

 

/______/ 
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If Yes, describe: 

 

Who went away: ______________________________________________ 

Where did he/she go: ___________________________________________ 

How long was he/she away from the family: _________________________ 

In which month: _______________________________________________ 

 

22. On which things does the household spend most of the available monthly income? 

[Note: Ask openly and do not give the options below. Several answers are possible] 

[1 = To buy food; 2 = To pay child´s education; 3 = To buy hygiene articles/stationeries 
etc.; 4 = For medical purposes; 5 = To buy household assets (e.g. TV, bicycle); 6 = For in-
vestments (e.g. to buy agricultural assets/to open a shop); 66 = Not applicable; 77 = Oth-
ers; 88 = Do not know] 

 

If Others, specify________________________________________________ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

23. How many Rupees does your household spend to buy food every month? 
[88 = Unclear; 99 = No answer] 

In words: ______________________________________________________ 

/______/ 
Rupees 

24. How many Rupees does your household spend altogether to cover all necessary ex-
penses every month (including food and stationaries, cloth, hygiene articles, electricity, 
phoning costs, tobacco, school books,  medicines, doctor’s fee etc.)?  
[88 = Unclear; 99 = No answer] 

 

In words: ______________________________________________________ 

/______/ 
Rupees 

25. More or less, how much cash income is available in your household per month? 

[1 (0-499 Rs.); 2 (500-999) Rs.; 3 (1,000-1,999) Rs.; 4 (2,000-4,999 Rs.);  
5 (5,000- 9,999 Rs.); 6 (More than 10,000 Rs.); 88 = Do not know; 99 = No answer] 

 

/______/ 

26. Does your household have any savings? 

[0 = No; 1 = Yes, on a post office/bank account; 2 = Yes, in a SHG; 3 = Yes, in a PO/bank 
account and in a SHG; 77 = Other form of saving; 88 = Unclear; 99 = No answer] 

If Other, specify_____________________________________________ 

 

/______/ 
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27. If Yes, on which things did the household spent most of these savings in the last 12 
months? 

[Note: Ask openly and do not give the options below. Several answers are possible; max-
imum 3 answers can be noted] 

[0 = Did not use any of the savings; 1 = To buy food; 2= To pay child’s education; 3 = To 
buy hygiene articles/stationeries etc.; 4 = For medical purposes; 5 = To buy household 
assets (e.g. TV, bicycle); 6 = For investments (e.g. to buy agricultural assets/to open a 
shop), 66 = Not applicable; 77 = Others; 88 = Do not know] 

If Others, specify ____________________________________________ 

 

/______/ 

/______/ 

/______/ 

28. Who decides how the household’s available money (income/savings) is spent? 

[1 = Wife; 2 = Husband alone; 3 = Wife and husband together; 4 = Parents in law;  5 = 
Elder (grandparents); 66 = Not applicable; 77 = Other person; 88 = Unclear] 

If Other person, specify_______________________________________________ 

 

 

/______/ 

 IV   Child care  

[If mother died or moved away permanently, ask the following questions to the main 
care taker of the child.] 

 

 

29. Who usually takes care of the youngest child? 

[1 = Mother; 2 = Father; 3 = Grandparents of the child; 4 = Older sibling; 5 = Aunt/uncle 
of the child; 77 = Other person; 88 = Unclear] 

 

If Other person, please specify:______________________________________________ 

 

/______/ 

 

30. Did the mother of the child work outside the house since the birth of her youngest 
child? [0 = No, only at home; 1 = Yes; 88 = Unclear] 

 
If Yes, please specify: ____________________________________________________ 

 

/______/ 

 

31. The last time the mother worked outside the house, where did she keep her youngest 
child? 

[1 = At the worksite; 2 = At home; 3 = With neighbours or relatives; 4 = At the local An-
ganwadi; 66 = Not applicable (mother did not work outside the house); 77 = Other;  
88 = Unclear] 

 

/______/ 
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If Other, please specify_________________________________________________ 

 

32. If the child was at the worksite, was there someone responsible to look for the child?     
[0 = No, left alone; 1 = Yes; 66 = Not applicable; 88 = Unclear] 

If Yes, who was responsible: ___________________________________________ 

 

/______/ 

33. If the child was left at home while mother was working outside, who looked after the 
child? 

[1 = Nobody, child was left alone; 2 = Husband; 3 = Grandparents of the child; 4 = Older 
sibling; 5 = Aunt/uncle; 66 = Not applicable; 77 = Other person; 88 = Unclear] 

 

If Other person, please specify: __________________________________________ 

 

/______/ 

 

34. If mother and child are together at home, does the mother get the time to sit close to 
the child when it is eating? 

[1 = Normally yes; 2 = Only sometimes; 3 = Normally not; 88 = Unclear] 

 

/______/ 

35. If “only sometimes”/”normally not”, why does the mother not sit with the child? 

[1 = No time/too much work; 2 = Feels it is not necessary; 66 = Not applicable;  
77 = Other reason; 88 = Unclear] 

 

If Other reason, please specify: _____________________________________________ 

 

/______/ 

 

36. If “normally yes”, how would the mother describe a general feeding situation? 

[Note: Several answers can be given.] 

[1 = Child eats independently; 2 = Mother helps child to eat; 3 = Mother speaks/laughs 
directly to the child to encourage the child to eat actively; 4 = Mother sits more or less 
calmly next to child; 5 = Mother tries to feed all food in bowl until finished; 6 = Mother is 
not eager to feed until bowl is empty if child looses attraction; 66 = Not applicable;  
77 = Other; 88 = Unclear] 
 

If Other, specify________________________________________________ 

 

/______/ 

/______/ 

/______/ 

/______/ 

 

 

37. For what pupose does the mother spend most of her time during a normal day (when 
there is no harvesting season)? 

[1 = Cooking; 2 = Cleaning the house; 3 = Cleaning cloths; 4 = Fetching water;  
5 = Working in the field; 6 = Other work outside the house; 7 = Looking actively for the 
child; 66 = Not applicable; 77 = Other purpose; 88 = Unclear] 

 

/______/ 
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If Other purpose, specify________________________________________________ 

38. Does the mother feel that she has sufficient time to finish all needed works and to look 
for the child? 

[0 = No, the house and field works need too much time; 1 = Yes, working leaves time to 
look actively for the child; 2 = Only sometimes the mother can look actively for the child – 
otherwise work keeps her busy the whole day; 77 = Other; 88 = Unclear] 

 

If Other, specify________________________________________________ 

 

/______/ 

 

39. Please describe a normal daily routine, what does the woman normally do? 

[Note: do not forget to define the time spend on main activities like childcaring practic-
es, cooking, going to market, working, sitting and talking with family etc.] 

 

Morning:  

______________________________________________________[duration:                    ] 

______________________________________________________[duration:                    ] 

______________________________________________________[duration:                    ] 

______________________________________________________[duration:                    ] 

 

During the day: 

______________________________________________________[duration:                    ] 

______________________________________________________[duration:                    ] 

______________________________________________________[duration:                    ] 

______________________________________________________[duration:                    ] 

 

Evening: 

______________________________________________________[duration:                   ] 

______________________________________________________[duration:                   ] 

______________________________________________________[duration:                   ] 
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______________________________________________________[duration:                   ] 

 

Night: 

______________________________________________________[duration:                   ] 

______________________________________________________[duration:                   ] 

______________________________________________________[duration:                   ] 

40. How much time per day the mother can sit and relax, or chat with other women/family 
members more or less? 

 

a) In the plantation/harvesting season: 
[0  (Not at all time to relax); 1 (max. 30 minutes); 2 (1 or 2 hours); 3 (longer that 2 hours); 
77 = Other; 88 = Unclear] 

If Other, specify__________________________________________________________ 

 

b) Outside the plantation/harvesting season: 
[0  (Not at all time to relax); 1 (max. 30 minutes); 2 (1 or 2 hours); 3 (longer that 2 hours); 
77 = Other; 88 = Unclear] 

If Other, specify___________________________________________________________ 

 

 

 

/______/ 

 

 

 

/______/ 

 

 V   Health access and health seeking behaviour 

[Note: The questions in the following section refer to the youngest child, which is in the 
nutrition programme – except mentioned otherwise.] 

 

 

41. What was the age of the mother at the birth of the oldest child? [88 = Unclear] 

 

/______/ 
years 

42. How many times you have given birth to a child until now? [88 = Unclear] 

 

/______/ 
times 

43. Has the mother lost a child before? 

[0 = No; 1 = Yes; 99 = No answer] 

 

/______/ 

44. If yes, please specify 

[1 = Abortion; 2 = Stillbirth; 3 = Preterm birth; 4 = Child died shortly after birth;  

 

/______/ 
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5 = Due to illness; 6 = Accident; 77 = Other; 99 = No answer] 

If, further information on type of illness or accident (age of child), please specify 

 ______________________________________________________________________ 

 

If Other, please specify __________________________________________________ 

45. How much time was passing by from pregnancy to pregnancy? 

[66 = Not applicable; 88 = Unclear/unable to tell] 

 

     Between first and second pregnancy 

     Between second and third pregnancy 

     Between third and fourth pregnancy 

     Between fourth and fifth pregnancy 

 

 

 

/____/ months 

/____/ months 

/____/ months 

/____/ months 

46. Place of delivery at birth of the youngest child? 

[1 = Home; 2 = Health facility (specify); 3 = On way to health facility; 99 = No answer] 

Specify health facility________________________________________________ 

 

/______/ 

47. Mode of delivery? 

[1 = Natural/Vaginal delivery; 2 = Cesarean section; 99 = No answer] 

 

/______/ 

48. If Natural/Vaginal delivery were there any complications (e.g. use of forceps, child did 
not cry after birth, child was of blue clolour,…)? 

[0 = No; 1 = Yes; 88 = Unclear/unable to tell] 

Please specify __________________________________________________________ 

 

/______/ 

49. If Cesarean section, please specify reason why cesarean section: 

[1 = Emergency situation; 2 = Mother wished cesarean herself; 3 = Doctor decided 
(mother was not asked); 66 = Not applicable; 77 = Other; 88 = Do not know] 

 

If Other, specify________________________________________________________ 

 

/______/ 

50. Type of delivery assistance 

[1 = Doctor; 2 = Trained birth attendant (trained midwife); 3 = Traditional birth attendant 
(village midwife); 4 = Friends or relatives; 5 = Nobody, woman was left alone;  

 

/______/ 
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77 = Other; 88 = Not clear] 

If Other, please specify____________________________________________________ 

If left alone, reason:______________________________________________________ 

 

51. How many times did the mother go for antenatal care in case of her youngest child? 

[0 = No antenatal care check up; 1 = One check up; 2 = Two check ups; 3 = Three check 
ups; 4 = Four check ups; 5 = More than four] 

 

Please specify respective pregnancy age and location: 

Checkup 1 at month /_______/ of pregnancy, where: ___________________________ 

Checkup 2 at month /_______/ of pregnancy, where:___________________________ 

Checkup 3 at month /_______/ of pregnancy, where: ___________________________ 

Checkup 4 at month /_______/ of pregnancy, where: ___________________________ 

 

/______/ 

52. Did the woman use any contraceptive at any time? 

[0 = No, 1 = Yes, sometimes; 2 = Yes, regularly, 66 = Not applicable, 88 = Unclear] 

 

If yes, please specify: __________________________________________________ 

 

/______/ 

53. How would you describe the general mood of your youngest child over the day during 
the last month?  

[1 = Active (playing, speaking, laughing); 2 = Not much active (does not like to play much, 
seems sleepy); 3 = Sick again and again; 88 = Unclear] 

 

Further comments of the mother 
______________________________________________ 

 

/______/ 

54. Do you find your youngest child with worms sometimes? 

[0 = No, normally not; 1 = Yes, but only sometimes; 2 = Yes, quite frequently; 88 = Un-
clear/cannot say] 

 

If Yes, how do you recognize the worms?_______________________________________ 

 

/______/ 

55. Has your youngest child suffered from one of the following diseases within the last 2 
weeks? 
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[0 = No; 1 = Yes; 88 = Unclear] 

  Cough, running nose 

  Fever 

  Diarrhoea (watery stool at least once a day or soft stool 3 times a day)  

 

 

/______/ 

/______/ 

/______/ 

56. Do you change the diet of your children when they are sick? 

[0 = No; 1 = Yes; 88 = Unclear] 

 

If yes, please specify: ____________________________________________________ 

 

 

/______/ 

 

57. Do you use to go to any health facility, when you feel one of your children is really sick? 

[0 = No, I did not go any place, 1 = Government clinic/hospital; 2 = Government health 
centre; 3 = Village doctor (quack doctor); 66 = Not applicable (i.e. child was not sick so 
far); 77 = Other (e.g. Makarampur St. Mary’s Child and Mother Health Care Centre); 88 = 
Unclear] 

 

If you do not go anywhere, reason: __________________________________________ 

If Other place, please specify: _______________________________________________ 

 

 

/______/ 

 

58. How far away is the nearest government health centre from your home? 

[1 = Very close (less than 20 minutes by walking); 2 = Not much far (20 to 40 minutes by 
walking); 3 = Little bit far away (needs bus, cycle etc.); 4 = I don’t know where it is; 88 = 
Unclear] 

 

Please, specify in kilometres if possible:  _____________km 

 

/______/ 

 

59. Are you satisfied with the health care, which is offered at this government health cen-
tre? 

[0 = No, it is not much helpful, 1 = Yes, very much; 2 = It is more or less all right;  
88 = Unclear/cannot say] 

 

 

/______/ 
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If No, why?________________________________________________ 

60. What did you do at home when your youngest child was suffering from diarrhoea the 
last time? 

[1 = Nothing special; 2 = I gave less fluids; 3 = I gave more fluids; 4 = I gave sugar-salt-
solution (ORS); 66 = Not applicable (i.e. child had no diarrhoea so far); 77 = Other; 88 = 
Unclear] 

 

If Other, please specify__________________________________________________ 

 

/______/ 

 

61. Do you use any herbal plants, special foods when your child is/will be sick? 

[0 = No; 1 = Yes; 88 = Unclear] 

 

 

/______/ 

62. If yes, what plants/special foods do you use and for what reason (purpose/property)? 

  

Name of plant or special food Purpose to use it/ 

Property 

Who told you about? 

  □ medical personnel 
□ elder 
□ friends 
□ Other_____________ 

  □ medical personnel 
□ elder 
□ friends 
□ Other_____________ 

  □ medical personnel 
□ elder 
□ friends 
□ Other_____________ 

 

 

63. Did you ever go to “St. Mary’s Child and Mother Health Care Centre” at Makarampur? 

[0 = No, until now not; 1 = Yes, once; 2 = Yes, repeatedly; 88 = Unclear] 

 

 

/______/ 

64. If Yes, were you satisfied with the medical service at this place? 

[0 = No, it is not much helpful; 1 = Yes, very much; 2 = It is more or less alright;  
88 = Unclear/cannot say] 

 

 

/______/ 
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If No, why?____________________________________________________________ 

 

 VI   Hygiene habits  

65. How do you usually wash your hands? 

[1 = With water only; 2 = With soap; 77 = Other; 88 = Unclear] 

 

If Other, please specify: _________________________________________ 

 

/______/ 

66. Do you wash your hands before preparing food? 

[0 = Normally not; 1 = Normally yes; 2 = Only sometimes; 88 = Unclear] 

 

/______/ 

67. Do you wash your hands before eating? 

[0 = Normally not; 1 = Normally yes; 2 = Only sometimes; 88 = Unclear]  

 

/______/ 

68. Do you wash your hands after toilet? 

[0 = Normally not; 1 = Normally yes; 2 = Only sometimes; 88 = Unclear] 

 

/______/ 

69. Usually, do you offer boiled water for your child to drink? 

[0 = No; 1 = Yes; 88 = Unclear] 

 

/______/ 

70. How do you store the food in your home? 

[1 = Always covered; 2 = Normally not covered; 77 = Other; 88 = Unclear] 

If Other, specify___________________________________________ 

 

/______/ 

71. Are the animals moving freely in the kitchen and/or eating place? 

[Note: please try to make observations as well] 

[0 = No, animals cannot reach the kitchen/eating place; 1 = Yes, animals can reach the 
kitchen/eating place; 88 = Unclear] 

 

/______/ 

72. Where do you go for toilet? [1 = Field/outside; 2 = Community toilet; 3 = Family toilet; 77 
= Other; 88 = Unclear] 

 

If Other, specify__________________________________________________ 

 

/______/ 

73. What kind of water do you usually use to take bath with your youngest child? 

[1 = Pond water 2 = Tube well water; 3 = 77 = Other; 88 = Unclear] 

 

/______/ 
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If Other, specify: _________________________________________________ 

74. Is it possible for you to use a tube well (or a covered well) troughout the year providing 
clean water? 

[0 = No, no well is available; 1 = Mostly there is not enough water coming from the well; 
2 = Sometimes there is not enough water  from the well (e.g. in the summer season);  
3 = Clean water from the well is available throughout the year; 77 = Other; 88 = Unclear] 

 

If Other, specify_________________________________________________________ 

 

/______/ 

75. Is there a time in the year when water is getting scarce close to the household?  
[0 = No; 1 = Yes; 88 = Unclear] 

 

If yes, specify month/s and consequence (for example longer walk, less washing, less 
drinking etc.) ? 

_________________________________________________________________ 

 

 

/______/ 

 VII   Access to food – home production and local markets 

 

 

76. Does the household (HH) cultivate any agricultural land? 

[0 = The HH does not cultivate any land; 1 = The HH owns own land for cultivation;  
2 = The HH owns own land for cultivation and additionally leases land; 3 = The HH has 
only leased land available for cultivation; 88 = Unclear] 

If no, why not? ____________________________________________________ 

 

/______/ 

77. Do you cultivate rice in your family, which can be consumed at home? 

[0 = No; 1 = Yes; 66 = Not applicable (if the household does not cultivate any land);  
88 = Unclear] 

 

/______/ 

78. If yes, is the amount of rice sufficient for the whole year? 

[0 = Normally not; 1 = Normally yes; 66 = Not applicable; 88 = Unclear] 

 

Comments: ________________________________________________________ 

 

/______/ 



Appendix -   Baseline survey questionnaire 

lxxviii 

79. If the amount of rice is not sufficient, is there a special time in the year when it is short? 

[0 = No; 1 = Yes; 66 = Not applicable; 88 = Unclear] 

 

If yes, specify: ______________________________________________________ 

 

/______/ 

80. What did you do the last time when the food was short in your family? 

[Note: Several answers can be given.] 

[1 = Reduce the number of meals; 2 = Reduce size of meal portions; 3 = Only mother her-
self took less food; 4 = Take a credit to buy food; 5 = Sell belongings to buy food;  
6 = Use savings to buy food; 7 = Search for casual labour; 8 = Ask neighbours/relatives for 
food; 66 = Not applicable; 77 = Other; 88 = Unclear/cannot say] 

If Other, specify__________________________________________________ 

Comments: ______________________________________________________ 

 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

81. Do you also grow other items than rice on your paddy field (e.g. wheat, dhal)? 

[0 = No, never; 1 = Normally yes; 2 = Sometimes; 3 = Only once or twice until now;  
66 = Not applicable; 88 = Unclear] 

 

If yes, pleas specify what is grown: ___________________________________________ 

 

/______/ 

82. Do you grow vegetables? 

[0 = No, never; 1 = Normally yes; 2 = Sometimes; 3 = Only once or twice until now;  
88 = Unclear] 

 

/______/ 

83. If yes, where do you grow the vegetables? 

[1 = Paddy field; 2 = Besides the house (kitchen garden); 66 = Not applicable (no vegeta-
ble is grown); 77 = Other place; 88 = Unclear] 

If Other, specify_________________________________________________________ 

 

/______/ 

84. If yes, how many times did you grow vegetables in the last 12 months? 

[0 = In the last year no vegetable was grown, 1 = Once; 2 = Twice; 3 = Three times;  
4 = Throughout the year; 66 = Not applicable; 88 = Unclear] 
 

Please specify, what vegetables are available for your family in your kitchen garden at 
which time of the year (month):  

 

/______/ 
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Month/s: __________   Available vegetables: ___________________________________ 

________________________________________________________________________ 

 
Month/s: __________   Available vegetables: ___________________________________ 

________________________________________________________________________ 

 
Month/s: __________   Available vegetables: ___________________________________ 

________________________________________________________________________ 

85. Are there fruits available for your family throughout the year? 

[Note: Several answers are possible.] 

[0 = No; 1 = Yes, we have an own fruit tree; 2 = Yes, in the villages there are some trees 
and everybody can collect the fruits; 3 = Yes, we buy fruits from the market;  
88 = Unclear] 
 

Please specify, what fruit is available at which time of the year (month) for your family:  

Month/s: __________   Available fruits: ___________________________________ 

Month/s: __________   Available fruits: ___________________________________ 

Month/s: __________   Available fruits: ___________________________________ 

Month/s: __________   Available fruits: ___________________________________ 

Month/s: __________   Available fruits: ___________________________________ 

 

/______/ 

/______/ 

/______/ 

86. Does your household have any livestock?  

[0 =No; 1 = Yes; 88 = Unclear] 

 

If yes, specify how many of the following animals do you keep? 

Chicken 

Duck 

Goat 

Pig 

Cow 

 

/______/ 

 

No. 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 
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Other, specify___________________________________________________________ /______/ 

87. If you keep any, for what reason do you keep these animals? 

[1 = Mainly own consumption; 2 = Mainly for sale; 3 = Both (about equal amount);  
66 = Not applicable; 77 = Other; 88 = Unclear] 

If Other, specify________________________________________________________ 

 

/______/ 

 

88. Do you sell any items (food, non-food)? 

[0 = No; 1 = Yes, often; 2 = Yes, sometimes; 3 = Yes, but seldom; 88 = Unclear] 

 

If yes, please specify: ____________________________________________________ 

 

/______/ 

 

89. Do you share any items (food, non-food) with neighbouring families/relatives? 

[0 = No; 1 = Yes, often; 2 = Yes, sometimes; 3 = Yes, but seldom; 88 = Unclear] 

 

If yes, please specify: ___________________________________________________ 

 

/______/ 

 

90. Do you exchange any items (food, non-food) with neighbouring families/relatives? 

[0 = No; 1 = Yes, often; 2 = Yes, sometimes; 3 = Yes, but seldom; 88 = Unclear] 

 

If yes, please specify: ___________________________________________________ 

 

/______/ 

 

91. Which food items do you regularly purchase? 

This means foods you have in your everyday life: 

[Note: Several answers are possible.] 

[1 = Rice; 2 = Dhal; 3 = Wheat (flour, dahlia, sujee); 4 = Salt, spices; 5 = Sugar; 6 = Oil;  
7 = Biscuits and other snack items (e.g. chips, cake); 8 = Potato; 9 = Vegetables;  
10 = Fruits; 11 = Milk/curd; 12 = Chicken; 13 = Fish; 14 = Egg; 77 = Other items; 88 = Un-
clear] 

 

If other items, please specify: _____________________________________________ 

 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 
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/______/ 

92. Where do you go to purchase food items? 

[Note: Please note for the following options, whether they apply or not.                                
0 = No; 1 = Yes, often; 2 = Yes, sometimes; 3 = Yes, but only seldom; 66 = Not applicable, 
e.g. no shop in the village; 88 = Unclear)] 

 

     In the village shop (yours or neighbouring village) 

     At the local market 

     In the nearest city 

     Other (specify): ____________________________________________________ 

 

 

 

 

/______/ 

/______/ 

/______/ 

/______/ 

93. Do you feel prices for rice, salt, oil dhal and other basic food items have gone up in the 
last 12 months? 

[0 = No, prices are more or less stable; 1 = Yes, there was some price increase; 2 = Yes, 
the price increase was too much; 88 = Unclear/not able to tell] 

 

If yes, what food items were increased most: _________________________________ 

_____________________________________________________________________ 

 

/______/ 

 

94. If yes, how did your family cope with the price increase? 

[1 = We bought less quantity; 2 = We stopped to buy expensive items; 3 = We borrowed 
some money to buy the food items; 4 = We sold some animal to buy the food items;  
66 = Not applicable; 77 = Other; 88 = Unclear/not able to tell] 

 

If Other, please specify: _____________________________________________ 

 

/______/ 

 

95. Does your household have a ration card to receive food from the Public Distribution 
System (PDS)? [0 = No; 1 = Yes; 88 = Unclear] 

 

/______/ 

96. If yes, specify type of ration card: [1= APL; 2 =BPL; 66 = Not applicable; 88 = Unclear]  

/______/ 

97. Which items did you receive with this Card in the last month? In what quantities? 

[66 = Not applicable; 88 = Unclear] 

     Rice    /_________/kg 
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     Wheat /_________/kg 

     Sugar /_________/kg 

     Edible oil /_________/liter 

     Kerosene oil /_________/liter 

     Soft coke  /_________/kg 

 

Other item, ____________________________      /________/liter/kg 

 

 

98. Is the PDS system satisfying for you?  
[0 = No; 1 = Yes; 3 = No opinion/not interested in PDS; 66 = Not applicable;  
88 = Unclear] 

 

/______/ 

99 If No, why not?  

[1 = Subsidised prices still too high; 2 = Low quality; 3 = Provided quantity always too low; 
4 = Irregular provision; 66 = Not applicable; 77 = Other; 88 = Unclear] 

 

If Other, please specify: _________________________________________________ 

____________________________________________________________________ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

100 Are you satisfied with the food provided by the Anganwadi Centre?  
[0 = No; 1 = Yes, fully; 3 = Yes, but some concernes; 4 = No opinion/not interested in AWC 
meals; 77 = Other] 

If other, specify _________________________________________________________ 

 

/______/ 

101 If No or some concernes, please specify [Note: Ask openly and do not name the options 
below. Several answers are possible. ] 

[1 = Amount insufficient; 2 = Varying amount; 3 = Poor quality of food; 4 = Food causes 
stomach problems; 5 = Boring menu; 6 = Same food as available at home is provided 
(mainly rice, potato)/no additional value, 7 = No fixed time of food distribution;  
8 = Inconvenient time of food distribution; 77 = Other] 

 

If Other, specify: ________________________________________________ 

 

/______/ 

/______/ 

/______/ 

/______/ 

102 What are your general thoughts or concerns about services provided by the Anganwadi 
Centres? 
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_____________________________________________________________________ 

_____________________________________________________________________ 

103 How does your household mainly obtain food (around the year)? 

[1 = Mainly own production (planting, hunting, fishing, collecting); 2 = Mainly purchased; 
3 = Own production and purchased food items (equal share); 77 = Other, specify] 

 

If Other, specify_________________________________________________________ 

/______/ 

 

 

104 What role do the following options play to access food in your household? 

[1 = Very important; 2 = Important; 3 = Not so much important; 4 = Not relevant;      
88 = Unclear] 

 

     Own agricultural production 

     Own hunting/fishing/collection activities 

     Own livestock keeping 

     Village markets and local hats 

     Markets at the commercial centres/cities 

     Food sharing/exchange with neighbours 

     Government support through PDS system 

     Income from 100 days work (MGNREGA) 

     Anganwadi Centre meals 

 

 

 

 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

/______/ 

 VIII   Family food  

105 Have you taken supplements/micronutrient powders or tablets in the last year? 

[0 = No; 1 = Yes] 

/______/ 

 

106 If yes, which supplements/ micronutrient powders/tablets? 

[1 = Iron; 2 = Vitamin A; 3 = Zinc; 4 = Folic acid; 5 = Multivitamin; 66 = Not applicable; 77 = 
Other; 88 = Cannot say]  

 

If Other, specify_____________________________________ 

/______/ 

/______/ 

/______/ 

/______/ 
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107 If yes, where did you get the supplement? 

[1 = Shop; 2 = Pharmacy; 3 = Government health centre; 4 = Hospital/clinic;  
5 = Anganwadi Centre; 66 = Not applicable; 77 = Other; 88 = Cannot say] 

If Other, specify_______________________________________ 

/______/ 

 

108 Why, did/do you take supplements/micronutrient powders? 

[1 = Pregnant; 2 = Breastfeeding; 3 = Family told; 4 = Clinic told; 5 = Sick, 6 = Because of 
weakness; 77 = Other; 88 = Cannot say; 66 = Not applicable]  

If Other, specify________________________________________ 

/______/ 

/______/ 

 

 

109 For how long did/do you take supplements/ micronutrient powders (the last time you 
have taken some)?  

[66 = Not applicable; 88 = Unclear/unable to tell] 

/______/ 

days 

110 In the last 12 months, did your youngest child reveive any supplements/micronutrient 
powders or tablets? 

[0 = No; 1 = Yes; 88 = Unclear/unable to tell] 

 

If yes, please specify: ______________________________________________________ 

What was given: _________________________________________________________ 

Why was it given? ________________________________________________________ 

For how long? ___________________________________________________________ 

From where did you get it? _________________________________________________  

 

 

/______/ 

 

111 Please describe main characteritics of a healthy family meal 

A healthy family meal should consist of: [Please note everything respondent tells] 

______________________________________________________________ 

______________________________________________________________ 

 

/______/ 

 

112 Do you think the food you and your family ate at home the last seven days was of ade-
quate quantity?  

[0 = No; 1 = Yes; 88 = Unclear/unable to tell] 

 

/______/ 
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113 Do you think the food you and your family ate at home the last seven days was of ade-
quate quality?  

[0 = No; 1 = Yes; 88 = Unclear/unable to tell] 
 

If yes, why was it adequate? ________________________________________________ 

_______________________________________________________________________ 
 

If no, what was missing? __________________________________________________ 

______________________________________________________________________ 

What do you mean/understand when thinking about food quality? 

_____________________________________________________________________ 

_____________________________________________________________________ 

 

/______/ 

 

114 Does the child receive the same type of foods as the rest of the family (except breast-
milk)? 

[0 = No; 1 = Yes; 66 = Not applicable (for example if child still exclusively breastfed);  
88 = Unclear] 

 

If No, what is the difference between child and family diet? 

______________________________________________________________________ 

______________________________________________________________________ 

 

 

/______/ 

115 Do all family members receive the same type of food as the head of the family? 

[0 = No; 1 = Yes; 88 = Unclear] 

 

If no, please specify: _____________________________________________________ 

 

/______/ 

116 Who decides what to eat/cook for the family? 

[1 = Wife; 2 = Husband; 3 = Wife and husband together; 4 = Food which the child likes 
most is prepared; 5 = Parents in law; 6 = Elders (grandparents); 77 = Other] 

 

If Other, specify_________________________________________________________ 

/______/ 
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117 Which factors have the strongest influence on choice of foods consumed?  

[1 = Availability; 2 = Appearance; 3 = Good for health; 4 = Time to prepare; 5 = Price;  
6 = Taste; 77 = Other] 

 

If Other, specify_________________________________________________________ 

 

/______/ 

/______/ 

/______/ 

/______/ 

118 Do you think it is important to consume vegetables and fruits regularly? 

[0 = No; 1 = Yes; 88 = Unclear] 

 

If yes, why? ____________________________________________________________ 

 

 

/______/ 

 

119 Would you like to consume fruits or vegetables more often as you presently do?  
[0 = No; 1 = Yes; 88 = Unclear/cannot say] 

 

/______/ 

120 If yes, what is the reason why you do not increase your fruit or vegetable consumption? 

[1 = Not available nearby the home; 2 = No money to buy it; 3 = Family members don’t 
like it much; 66 = Not applicable; 77 = Other reason; 88 = Unclear] 

If other reason, please specify: ______________________________________________ 

 

/______/ 

 

121 Does your family consume Moringa leaves? 

[0 = No; 1 = Yes] 

 

/______/ 

122 If No, why not ___________________________________________________________ 

 

 

123 If Yes, for which purpose? 

[1 = As side-dish (vegetable); 2 = Only little into sauce; 3 = Healthy; 4 = Lowers blood 
pressure; 77 = Other; 88 = Unclear/cannot say; 66 = Not applicable] 

If Other, specify_________________________________________________________ 

/______/ 

/______/ 

 

124 If Yes, how often does your family include Moringa leaves into the family diet? 

 

Specify _______________________________________________________________ 
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 IX   Breastfeeding 

[Note: All questions in this section refer to the youngest child of the household in the 
nutrition programme.] 

 

 

125 Do you/did you breastfeed your youngest child for any period of time successfully?  

[0 = No; 1 = Yes; 88 = Unclear] 

 

/______/ 

126 If No, why you never breastfed your youngest child? 

[1 = Not sufficient breast milk; 2 = Child refused to take breast milk; 3 = Nipple problems; 
66 = Not applicable; 77 = Other reason; 88 = Unclear] 

 

If Other reason, specify: _________________________________________ 

 

What type of breast milk substitute do you/did you offer? 

[1 = Infant formula; 2 = Cow’s milk; 3 = Water; 66 = Not applicable; 77 = Other;  
88 = Unclear] 

 

If Other, please specify: ________________________________________________ 

 

 

/______/ 

 

 

 

 

/______/ 

127 If Yes, how many hours after birth did you start breastfeeding? 

[1 = Immediately (within 1 hour after birth); 2 = Within 2-6 hours; 3 = Within 7-24 hours; 
4 = > 1-3 days after birth; 5 = 4-6 days after birth; 6 = ≥ 1 week after birth; 66 = Not appli-
cable (if mother is not breastfeeding at all); 77 = Other; 88 = Unclear] 

 

If Other, please specify: ___________________________________________________ 

 

 

/______/ 

128 Has your youngest child ever been given any liquid/solid foods (like water, sugar-water, 
tea, honey, animal milk etc.) in the days after delivery before receiving any breastmilk by 
the mother (prelacteal feeding)?  

[0 = No; 1 = Yes; 66 = Not applicable (if mother is not breastfeeding at all); 88 = Do not 
know]  

 

/______/ 
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129 If Yes, which kind of foods/fluids did your child receive before receiving any breastmilk? 
[Note: Several answers are possible.] 

[1 = Plain water (boiled); 2 = Plain water (unboiled); 3 = Cow milk; 4 = Formula milk;  
5 = Banana; 6 = Rice; 7 = Honey; 66 = Not applicable (if breastmilk was first food child 
received or if mother is not breastfeeding at all); 77 = Other; 88 = Unclear] 

 

Please specify reason for prelacteal feeding ___________________________________ 

If Other, secify__________________________________________________________ 

 

 

/______/ 

130 Has your youngest child ever been given any liquid/solid foods (besides breastmilk) in the 
first week after delivery (supplementary feeding)? 

[0 = No; 1 = Yes; 66 = Not applicable (if mother is not breastfeeding at all); 88 = Do not 
know] 

 

 

/______/ 

131 If Yes, which kind of foods/fluids (supplementary feeding) did your child receive in the 
first week after delivery besides breastmilk (exept first week after delivery)? 

[Note: Several answers are possible.] 

[1 = Plain water (boiled); 2 = Plain water (unboiled); 3 = Cow milk; 4 = Formula milk;  
5 = Banana; 6 = Rice; 7 = Honey; 66 = Not applicable if mother only fed breastmilk or is 
not breastfeeding at all; 77 = Other; 88 = Unclear] 

 

If Other, secify______________________________________________________ 

 

/______/ 

/______/ 

/______/ 

 

132 Except the first week of child´s life, has your child ever been given any liquid/solid foods 
(like water, tea, animal milk, family foods etc.) besides breastmilk; during the first 6 
months of life (exclusive breastfeeding)? 

[0 = No; 1 = Yes; 66 = Not applicable if mother is not breastfeeding at all] 

 

 

/______/ 

 

133 If yes, what kind of liquid/solid foods did you give to your child during the first 6 
months? 

[Note: Several answers are possible.] 

[1 = Plain water (boiled); 2 = Plain water (unboiled); 3 = Cow milk; 4 = Formula milk;  
5 = Banana; 6 = Rice; 7 = Honey; 8 = Family food; 66 = Not applicable, if child not born yet 

 

/______/ 
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or mother only fed breastmilk or is not breastfeeding at all; 77 = Other; 88 = Unclear] 

 

If Other, specify_______________________________________________ 

134 How long did you give only breastmilk to your child – without giving water, tea, family 
food etc.; (except first week after delivery)? 

 [1 (until now); 2 (≤ 1 month); 3 (1-3months); 4 (4-6 months); 5 (7-9 months); 6 (longer 
than 9 months)] 

 

Specify in month ________________________________________________________ 

 

/______/ 

135 Did your youngest child receive any medicine (drops,tablet,syrup)/ micronutrient tab-
lets in the first six months of its life? 

[0 = No; 1 = Yes; 88 = do not know] 

If Yes, specify__________________________________________________ 

 

/______/ 

136 Did you squeeze out any fluid of your breast, before breastfeeding the child for the first 
time? [0 = No; 1 = Yes; 66 = Not applicable; 88 = Unclear] 

 

If yes, why? _____________________________________________________________ 

 

/______/ 

137 Did your child receive the very first milk, which comes from the breast (yellowish sticky 
breast milk, “colostrum” (local name:“holud”)?  

[0 = No; 1 = Yes; 66 = Not applicable; 88 = Unclear] 

 

If no, why not? _________________________________________________ 

 

/______/ 

138 How do you/did you breastfeed your child? 

[0 = Statement does not apply; 1 = Statement applies; 88 = Unclear] 

I feed my child always when it shows me that it is hungry (on demand feeding) 

I offer the breast in regular intervals 

I never wake up my baby even when it sleeps several hours 

 

 

/______/ 

/______/ 

/______/ 

139 How do you/did you stop a breastfeeding session? 

[1 = Normally when the child comes off the breast itself (child decides); 2 = Nomally I 
myself decide when to stop (mother decides); 77 = Other; 88 = Unclear] 

 

/______/ 
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If Other, please specify: ___________________________________________________ 

140 During the first half year after birth did you breastfeed during the night? 

[1 = Normally yes; 2 = Only sometimes; 3 = Normally not; 88 = Unclear] 

 

 

/______/ 

141 If yes, how often did you breastfeed during the night in the first half year? 

[66 = Not applicable; 88 = Unclear] 

 

/______/ 
times 

142 Do you still breastfeed today? 

[0 = No; 1 = Yes; 88 = Unclear] 

 

/______/ 

143 When do you plan to/did you stop breastfeeding your child? 

[0 = No specific plan; 1 = When I am pregnant again; 2 = When I have delivered the next 
child; 3 = When the child has a specific age; 66 = Not applicable; 77 = Other; 88 = Unclear] 

 

If specific age, what age is it? _______________________________________________ 

If Other, please specify: ____________________________________________________ 

 

/______/ 

 X   Complementary feeding & young child feeding practices  

[Note: Again, all questions in this section refer to the youngest child in the nutrition pro-
gramme.] 

 

 

144 Is your child receiving regular feedings of soft/solid foods (besides breastmilk/breastmilk 
substitute) presently? 

[0 = No; 1 =Yes] 

 

/______/ 

145 At what age did you/do you plan to introduce the first regular feeding of soft/solid food 
to your youngest child (besides breastmilk/breastmilk substitute)? 

 

Specify in months  ______________________________________________________ 

 

Why at this age? Specify __________________________________________________ 
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146 What type of foods did you give/do you plan to introduce as first regular feedings (com-
plementary feeding)? [Note several answers are possible]. 

[1 = Family foods; 2 = Cereal porridge; 3 = Banana; 4 = Only rice; 5 = Biscuits;  
77 = Other; 88 = Unclear/cannot say] 

 

If Other, specify__________________________________________________________ 

 

/______/ 

147 If your child receives solid food, how many times did your child eat complementary food 
yesterday?  

[Note: Write down how many times the child was offered food.] 
[66 = Not applicable (the youngest child does not receive solid food until now);  
88 = Unclear/cannot say] 

 

/______/ 

times 

148 Do you offer food to your child in between the main family mealtimes? 

[0 = Normally not; 1 = Most of the days yes; 2 = Yes, sometimes; 66 = Not applicable (the 
youngest child does not receive solid food until now); 88 = Unclear]. 

 

/______/ 

149 If yes, what type of food do you offer between family meals? 

[Note several answers are possible]. 

[1 = Family foods; 2 = Cereal porridge; 3 = Banana; 4 = Plain rice; 5 = Biscuits;  
77 = Other; 66 = Not applicable; 88 = Unclear/cannot say] 

/______/ 

/______/ 

/______/ 

150 Please describe a typical daily routine of your child: 

 

     1st meal/snack, item: _________________________________________________ 

 

     2nd meal/snack, item: ________________________________________________ 

 

     3rd meal/snack, item: ________________________________________________ 

      

     4th meal/snack, item: ________________________________________________ 

 

     5th meal/snack, item: ________________________________________________ 
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151 Did your child receive fruits in the last 24 hours (except food provided by nutrition pro-
gram)? [0 = No; 1 = Yes; 88 = Unclear/cannot say] 

 

If yes, please specify: _____________________________________________________ 

 

/______/ 

152 Did your child receive vegetables in the last 24 hours (except food provided by nutrition 
program)?  

[0 = No; 1 = Yes; 88 = Unclear/cannot say] 

 

If yes, please specify: _____________________________________________________ 

 

/______/ 

153 Did your child receive animal products (like milk, meat, fish, egg, curd) in the last 24 
hours (except food provided by nutrition program)? 

[0 = No; 1 = Yes; 88 = Unclear/cannot say] 

 

If yes, please specify: _____________________________________________________ 

 

/______/ 

156 XI   Investigator’s Observations 

[Note: In the space below, please record any further observations of interest, e.g. any 
significant details about the respondent’s social background, about the family situation 
etc.] 
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11.3 Winter price analysis: top 30 percent of most cost-effective foods 

Rank 
(winter price ratio - 
no. of nutrients)  

Food name Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g edi-
ble portion) 

1  (19.15 - 38) Radish leaves Vegetables high  (53.83) medium  (56.23) medium  (27.57) medium  (17.39) medium   (1.82) 

2  (17.30 - 38) Bathua leaves Vegetables very high  (1,077) medium  (18.48) medium  (42.24) medium  (10.75) medium  (4.01) 
3  (16.71 - 38) Cauliflower leaves Vegetables high  (172) medium  (13.6) medium  (28.94) medium  (24.31) medium  (3.43) 
4  (14.5 - 38) Colocasia leaves, green 

(shobuj kochu shak) 
Vegetables very high  (701) medium  (14.41) high  (124) medium  (12.08) medium  (5.6) 

5  (14.27 - 38) Spinach Vegetables very high  (592) medium  (12.01) high  (233) medium  (42.55) medium  (2.38) 
6  (13.93 - 38) Amaranth spined, 

leaves, green  
(Amaranthus spinosus) 

Vegetables very high  (1,073) medium  (7.4) medium  (24.15) medium  (15.66) medium  (5.1) 

7  (13.45 - 38) Amaranth spined, 
leaves, red and green 
(Amaranthus spinosus) 

Vegetables very high  (1,045) medium  (7.15) medium  (26.19) medium  (16.27) medium  (5.57) 

8  (13.39 - 38) Agathi leaves  
(bok ful shak) 

Vegetables high  (179) medium  (63.33) high  (89.25) medium  (18.12) high  (8.6) 

9  (12.28 - 38) Tamarind leaves, tender Vegetables high  (150) medium  (33,87) medium  (27.65) medium  (13.43) high  (10.7) 
10  (12.27 - 38) Broad beans  

(makhon shim) 
Vegetables medium  (20.25) medium  (5.78) high  (89.14) medium  (20.74) high  (8.63) 

11  (11.66 - 38) Cabbage, Chinese Vegetables medium  (16.55) medium  (16.85) medium  (27.97) medium  (20.28) medium  (2.01) 
12  (11.21 - 38) Pumpkin, orange, round Vegetables medium  (41.22) medium  (19.72) medium  (15.25) low  (8.81) medium  (2.56) 
13  (10.91 - 38) Maize, dry Cereals & millets medium  (15.26) high  (646) medium  (32.92) low  (4.44) high  (12.24) 
14  (10.72 - 38) Drumstick leaves  

(Moringa) 
Vegetables high  (120) high  (128) medium  (29.9) low  (9.34) high  (8.21) 

15  (10.68 - 38) Cabbage, collard greens Vegetables medium  (9,42) medium  (12.08) high  (70.89) medium  (22.98) medium  (2.98) 
16 (10.28 - 38) Cabbage, green Vegetables medium  (2.88) medium  (11.77) medium  (54.92) medium  (14.98) medium  (2.76) 
17  (10.27 - 38) Pumpkin, green, cylin-

drical 
Vegetables high  (57.33) medium  (22.51) medium  (15.21) low  (5.21) medium  (2.53) 

18  (10.16 - 38) Linseeds Nuts & oilseeds medium  (5.85) very high  (1,859) medium  (31.6) medium  (32.93) very high  (26.17) 
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Rank 
(winter price ratio - 
no. of nutrients) 

Food name Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g edi-
ble portion) 

19  (9.6 - 38) Plantain stem Vegetables high  (213) medium  (15.33) medium  (12.24) medium  (23.17) medium  (2.12) 
20  (9.37 - 38) Coriander leaves Vegetables medium  (20.42) medium  (38.68) medium  (60.28) medium  (37) medium  (4.66) 
21  (9.33 - 38) Parsley Vegetables high  (128) medium  (54.32) medium  (46.58) medium  (53.08) medium  (3.87) 
22  (9.09 - 38) Rumex leaves Vegetables high  (93.76) medium  (30.07) medium  (16.13) medium  (19.95) low  (1,27) 
23  (8.33 - 38) Colocasia stem, black Vegetables high  (250) medium  (25.85) medium  (15.68) low  (0.45) medium  (3.01) 
24  (8.13 - 38) Amaranth leaves, green 

(Amaranthus gangeticus) 
Vegetables very high  (779) medium  (5.42) medium  (23.81) medium  (16.08) medium  (4.41) 

25  (7.86 - 38) Ponnaganni Vegetables very high  (465) medium  (32.02) medium  (53.08) medium  (39.36) medium  (6.74) 
26  (7.77 - 38) Cauliflower Vegetables medium  (9.82) medium  (18.48) medium  (32.41) medium  (30.72) medium  (3.71) 
27  (7.73 - 38) Bottle gourd, elongate, 

dark green 
Vegetables low  (1.7) medium  (10.86) medium  (38.2) low  (1.35) medium  (2.11) 

28  (7.57 -38 ) Cabbage, violet Vegetables medium  (2.7) medium  (12.81) medium  (59.94) medium  (24) medium  (2.21) 
29  (7.4 - 38) Plantain flower Vegetables high  (169) low  (2.52) low  (4.43) low  (7.51) medium  (5.25) 
30  (7.37 - 38) Betel leaves, big Vegetables very high  (493) medium  (57.98) high  (89.68) medium  (16.8) medium (2.12) 
31  (7.34 - 38) Wheat, whole Cereals & millets high  (52.46) high  (638) medium  (14.33) low  (2.5) high  (11.23) 
32  (7.31 - 38) Colocasia stem, green Vegetables high  (229) medium  (26.49) medium  (11.66) low  (0.6) medium  (2.33) 
33  (7.28 - 38) Bean scarlet (shim) Vegetables medium  (20.97) medium  (17.33) medium  (12.68) low  (1.46) medium  (4.5) 
34  (6.97 - 38) Betel leaves, small Vegetables very high  (577) medium  (45.34) high  (87.01) medium  (14.04) medium  (1.97) 
35  (6.9 - 38) Wheat flour, white (atta) Cereals & millets high  (52.38) high  (632) medium  (13.98) low  (2.04) high  (11.36) 
36  (6.87 - 38) Amaranth leaves, red 

(Amaranthus gangeticus) 
Vegetables very high  (823) medium  (4.9) medium  (27.63) medium  (14.58) medium  (4.91) 

36  (6.87 - 38) Brinjal Vegetables medium  (34.31) medium  (12.28) medium  (12.79) low  (3.55) medium  (3.98) 
37  (6.7 - 38) Bottle gourd, elongate, 

pale green 
Vegetables medium  (3.75) medium  (10.64) medium  (34.76) low  (1.46) medium  (2.12) 

38  (6.45 - 38) Radish, elongate, white 
skin 

Vegetables medium  (12.72) low  (1.75) medium  (46.74) medium  (28.2) medium  (2.65) 

39  (6.32 - 38) Basella leaves Vegetables high  (170) medium  (49.57) medium  (23.98) medium  (18.74) medium  (2.21) 
40  (6.28 - 38) Radish, elongate, red 

skin 
Vegetables medium  (12.73) medium  (6.9) medium  (49.75) medium  (24.73) medium  (2.46) 
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Rank 
(winter price ratio - 
no. of nutrients) 

Food name Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g edi-
ble portion) 

41  (6.11 - 38) Fenugreek leaves  
(methi shak) 

Vegetables medium  (34.29) medium  (18.67) high  (105) medium  (47.01) medium  (4.9) 

41  (6.11 - 38) Field beans, tender, 
lean 

Vegetables medium  (35.12) medium  (5.24) high  (136) medium  (12.76) medium  (6.19) 

42  (6.06 - 38) Mustard leaves Vegetables low  (1.69) medium  (34.69) medium  (38.02) medium  (19.14) medium  (3.92) 
43  (5.98 - 38) Ash gourd Vegetables medium  (4.89) medium  (14.6) medium  (10.47) low  (0.77) medium  (3.37) 
43  (5.98 - 38) Bottle gourd, round, 

pale green 
Vegetables medium  (2.53) medium  (11.83) medium  (31.83) low  (1,52) medium  (2.1) 

44  (5.93 - 38) Field beans, tender, 
broad 

Vegetables medium  (34.83) medium  (4.81) high  (133) medium  (14.14) medium  (5.64) 

45  (5.87 - 38) Bitter gourd, jagged, 
teeth ridges, short 

Vegetables high  (48.83) medium  (14.39) medium  (50.46) medium  (12.59) medium  (3.49) 

46  (5.74 - 38) Wheat, bulgur Cereals & millets medium  (40.23) very high  (679) medium  (9.53) low  (2.09) high  (8.81) 
47  (5.73 - 38) Bitter gourd, jagged, 

smooth ridges, elongate 
Vegetables medium  (43.37) medium  (12.68) medium  (52.98) medium  (11.16) medium  (3.72) 

48  (5.49 - 38) Rice, raw, milled Cereals & millets low  (1.92) high  (266) low  (3.14) low  (2.34) medium  (2.81) 
49  (5.46 - 38) Jowar (sorghum) Cereals & millets medium  (28.38) high  (549) medium  (23.25) low  (5.42) high  (10.22) 
49  (5.46 - 38) Bitter gourd, jagged, 

teeth ridges, elongate 
Vegetables high  (45.4) medium  (13.84) medium  (49.76) medium  (13.09) medium  (3.78) 

50  (5.45 - 38) Beet greens Vegetables high  (127) medium  (19.01) low  (2.85) high  (111) medium  (3.64) 
51  (5.42 - 38) Rice, parboiled, milled Cereals & millets medium  (5.02) high  (274) medium  (6.93) low  (3.16) medium  (3.74) 
52  (5.4 - 38) Yam, wild Roots & tubers medium  (13.45) medium  (24.71) medium  (50.58) medium  (12.8) medium  (4.57) 
53  (5.38 - 38) Mustard seeds Nuts & oilseeds medium  (6.92) high  (132) medium  (48.81) low  (3.97) high  (14.1) 
54  (5.25- 38) Mustard seeds, dried Nuts & oilseeds ND ND ND medium  (13) high  (11.8) 
55  (5.19 - 38) Bajra Cereals / millets high  (53.13) high  (485) high  (67.71) low  (4.11) high  (11.49) 
56  (5.14 - 38) Rice flakes Cereals & millets medium  (10.97) high  (474) low  (3.16) low  (2.58) medium  (3.46) 
57  (5.01 - 38) French beans, hybrid Vegetables medium  (36.97) medium  (7.51) medium  (14.12) low  (9.18) medium  (4.18) 
58  (4.94 - 38) Zucchini ,green Vegetables medium  (17.83) medium  (10.57) medium  (42.94) low  (0.4) medium  (2.3) 
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58  (4.94 - 38) Fig Fruits high  (46.71) medium  (48.59) medium  (25.16) low  (2.37) medium  (4.64) 
59  (4.82 - 38) French beans, country Vegetables medium  (36.01) medium  (6.11) medium  (14.59) low  (8.84) medium  (4.38) 
60  (4.81 - 38) Onion, stalk Vegetables medium  (29.72) medium  (61.02) medium  (10.73) medium  (15.52) medium  (5.21) 
60  (4.81 - 38) Yam, ordinary Roots & tubers medium  (13.99) medium  (20.99) medium  (46.3) medium  (15.28) medium  (4.08) 
61  (4.64 - 38) Wheat flour, whole 

grain 
Cereals & millets medium  (8.0) ND ND medium  (16) high  (10.7) 

62  (4.53 - 38) Barley Cereals & millets medium  (10.98) high  (386) medium  (23.47) low  (7.56) high  (15.64) 
63  (4.41 - 38) Capsicum, green Vegetables medium  (19.12) medium  (15.96) medium  (10.82) low  (1.84) medium  (2.06) 
64  (4.4 - 38) Snake gourd, short Vegetables medium  (14.25) medium  (12.82) medium  (5.9) low  (2.5) medium  (2.29) 
65  (4.37 - 38) Ridge gourd, smooth 

skin 
Vegetables medium  (35.85) medium  (14.98) medium  (11.3) low   (6.27) medium  (1.85) 

66  (4.3 - 38) Chicken liver Animal products low  (0.0) low  (0.0) low  (0.0) high  (61.58) low  (0.0) 
67  (4.27 - 38) Cluster beans Vegetables medium  (16.49) medium  (8.66) medium  (53.15) low  (4.05) medium  (4.83) 
68  (4.22 - 38) Soybean, brown Grain legumes high  (122) high  (443) high  (106) low  (2.07) high  (21.55) 
69  (4.21 - 38) Potato, red skin Roots & tubers medium  (12.37) medium  (59.74) medium  (20.35) low  (4.36) low  (1.68) 
70  (4.15 - 38) Soybean, white Grain legumes high  (119) high  (460) high  (111) low  (2.83) very high  (22.63) 
70  (4.15 - 38) Yam, elephant Roots & tubers medium  (15.58) medium  (16.23) medium  (56.27) medium (14.33) medium  (4.17) 
71  (4.12 - 38) Water chestnut Roots & tubers medium  (16.54) medium  (25.86) low  (0.0) medium  (13.08) medium  (3.02) 
72  (4.08 - 38) Rice, puffed Cereals & millets medium  (6.27) medium  (115) low  (2.76) low  (3.69) medium  (2.56) 
72  (4.08 - 38) Snake gourd, long, dark 

green 
Vegetables medium  (13.44) medium  (13.04) medium  (6.1) low  (5.04) medium  (2.27) 

73  (4.05 - 38) Pumpkin leaves, tender Vegetables medium  (13.61) medium  (38.27) medium  (20.33) medium  (12.2) medium  (2.25) 
74  (4.03 - 38) Tomato, green Vegetables medium  (8.47) low  (1.08) medium  (7.62) medium  (13.11) low  (1.62) 
75  (3.98 - 38) Wheat flour, refined, 

white (maida) 
Cereals & millets medium  (20.22) high  (123) low  (5.17) low  (1.54) medium  (2.76) 

75  (3.98 - 38) Carrot, orange Vegetables medium  (17.45) medium  (19.6) medium  (49.44) medium  (52.33) medium  (4.18) 
76  (3.93 - 38) Snake gourd, long, pale 

green 
Vegetables medium  (24.22) medium  (13.44) medium (6.78) low  (7.07) medium  (2.27) 
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77  (3.91 - 38) Colocasia Roots and tubers high  (48.73) medium  (13.57) medium  (59.2) low  (4.54) medium  (3.22) 
78  (3.9 - 38) Plantain, green Vegetables high  (85.25) medium  (40.44) medium (25.27) medium  (18.57) medium  (3.6) 
79  (3.89 - 38) Black berry Fruits medium  (5.33) medium  (8.97) high  (165) low  (1.21) medium  (4.35) 
80  (3.87 - 38) Pak choi leaves Vegetables medium  (14.35) medium  (18.05) low  (0.0) medium  (33.73) medium  (1.91) 
81  (3.85 - 38) Ladies finger Vegetables high  (83.87) medium  (3.63) medium  (32.51) low  (7.37) medium  (4.08) 
81  (3.85 - 38) Milk, cow, whole Animal products low (0.0) low (0.0) low (0.0) medium  (25.46) low (0.0) 
82  (3.82 - 38) Sweet potato, brown 

skin 
Roots & tubers medium  (14.39) medium  (54.02) medium  (6.89) medium  (29.6) medium  (3.99) 

83  (3.8 - 38) Tinda, tender Vegetables medium  (3.36) medium  (5.75) low  (2.61) medium  (20.61) medium  (2.0) 
84  (3.74 - 38) Wheat, semolina  

(sooji gom) 
Cereals & millets medium  (28.43) high  (549) medium  (6.5) low  (2.31) high  (9.72) 

85  (3.71 - 38) Maize, tender, local Cereals & millets medium  (5.2) high  (148) medium  (19.0) low  (2.24) medium  (3.67) 
85  (3.71- 38) Celery stalk Vegetables high  (54.23) medium  (25.66) low  (2.9) medium  (10.68) medium  (2.09) 
86  (3.68 - 38) Gooseberry Fruit medium  (7.96) medium  (49.34) very high  (1,031) low  (1.37) high  (7.75) 
86  (3.68 - 38) Potato, brown skin, big Roots & tubers medium  (12.24) medium  (55.77) medium  (24.61) low  (4.11) medium  (1.71) 
87  (3.64 - 38) Cucumber, green, elon-

gate 
Vegetables medium  (12.13) medium  (17.52) medium  (14.1) low  (6.33) medium  (2.14) 

88  (3.57 - 38) Carrot, red Vegetables medium  (16.41) medium  (17.03) medium  (50.69) high  (60.69) medium  (4.49) 
88  (3.57 - 38) Potato, brown skin, 

small 
Roots & tubers medium  (13.63) medium  (62.58) medium  (27.36) low  (3.97) medium  (1.69) 

89  (3.56 - 38) Pippali Condiments & 
spices 

high  (367) high  (503) high  (194) medium  (16.28) very high  (34.14) 

89  (3.56 - 38) Sesame seed, dried Nuts & oil seeds ND ND ND medium  (11.0) high  (11.7) 
90  (3.55 - 36) Mural Fish low  (0.0) low  (0.0) low  (0.0) high  (110) low  (0.0) 
91  (3.53 - 38) Bengal gram, whole Grain legumes medium  (7.14) high  (578) medium  (64.28) medium  (26.56) very high  (25.22) 
92  (3.5 - 38) Horse gram, whole Grain legumes high  (181) high  (339) very high  (332) medium  (12.14) high  (7.88) 
93  (3.47- 38) Capsicum, yellow Vegetables medium  (18.07) medium  (14.81) medium  (7.8) low  (1.56) medium  (2.19) 
94  (3.45 - 38) Ridge gourd Vegetables medium  (29.55) medium  (14.91) medium  (8.31) low  (4.71) medium  (1.81) 
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94  (3.45 - 38) Watercress Vegetables ND ND ND medium  (49.0) low  (0.5) 
95  (3.43 - 38) Capsicum, red Vegetables medium  (16.28) medium  (17.68) medium  (20.3) low  (1.7) medium  (2.19) 
96  (3.37 - 38) Sweet potato, pink skin Roots & tubers medium  (14.14) medium  (63.69) medium  (11.74) medium  (29.04) medium  (3.94) 
96  (3.37 - 38) Milk, buffalo, whole Animal products low  (0.0) low  (0.0) low  (0.0) medium  (30.1) low  (0.0) 
97  (3.36 - 38) Guava, white flesh Fruits medium  (13.05) medium  (55.36) high  (96.93) low  (2.87) high  (8.59) 
97  (3.36 - 38) Lotus root Roots & tubers high  (364) medium  (7.84) low  (0.0) medium  (20.63) medium  (4.7) 
98  (3.32 - 38) Rice, raw, brown Cereals & millets medium  (12.06) very high  (742) low  (2.81) low  (3.64) medium  (4.43) 
98 (3.32 - 18) Cowpea leaves  

(borboti pata) 
Vegetables ND ND ND medium  (44.0) medium  (3.6) 

99  (3.3 - 38) Tomato, ripe, hybrid Vegetables medium  (2.89) medium  (2.59) medium  (26.35) medium  (11.86) low  (1.58) 
100  (3.29 - 38) Oyster mushroom, dried Vegetables medium  (20.65) low  (0.0) low  (0.0) low  (8.67) very high  (39.12) 
101  (3.26 - 38) Banana, ripe, poovam Fruits medium  (2.38) medium  (11.03) medium  (18.6) low  (1.0) medium  (2.33) 
102  (3.25 - 38) Lemon peel Condiments & 

spices 
ND ND ND low  (6.0) high  (10.6) 

103  (3.17 - 38) Guava, pink flesh Fruits medium  (9.57) medium  (45.89) very high  (321) low  (1.89) high  (7.39) 
104  (3.06 - 38) Tomato, ripe, local Vegetables medium  (5.58) low  (2.39) medium  (36.69) low  (9.73) medium  (1.77) 
104  (3.06 - 38) Banana, ripe, robusta Fruits medium  (3.24) medium  (13.98) medium  (14.41) low  (0.85) medium  (1.94) 
105  (3.06 - 38) Soybean oil Sugars, fats, oils ND ND ND low  (0.0) low  (0.0) 
105  (3.06 - 38) Egg, duck Animal products low  (0.0) low  (0.0) low  (0.0) high  (113) low  (0.0) 
106  (3.05 - 38) Black gram, whole Grain legumes high  (56.25) very high  (679) medium  (64.28) medium  (26.8) high  (20.41) 
107  (3.03 - 38) Musk melon, orange 

flesh 
Fruits medium  (2.62) medium  (12.18) low  (4.95) medium  (14.94) low  (1.51) 

108  (3.02 - 38) Lentil whole, brown Grain legumes medium  (10.74) high  (564) high  (274) medium  (11.2) high  (16.82) 

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Govern-
ment of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 2021. 
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1  (19.21 - 38) Radish leaves Vegetables high  (53.83) medium  (56.23) medium  (27.57) medium  (17.39) medium   (1.82) 

2  (17.36 - 38) Bathua leaves Vegetables very high  (1,077) medium  (18.48) medium  (42.24) medium  (10.75) medium  (4.01) 
3  (16.83 - 38) Cauliflower leaves Vegetables high  (172) medium  (13.6) medium  (28.94) medium  (24.31) medium  (3.43) 
4  (16.45 - 38) Cabbage, Chinese Vegetables medium  (16.55) medium  (16.85) medium  (27.97) medium  (20.28) medium  (2.01) 
5  (14.54 - 38) Colocasia leaves, green 

(shobuj kochu shak) 
Vegetables very high  (701) medium  (14.41) high  (124) medium  (12.08) medium  (5.6) 

6  (13.49 - 38) Amaranth spined, 
leaves, red and green 
(Amaranthus spinosus) 

Vegetables very high  (1,045) medium  (7.15) medium  (26.19) medium  (16.27) medium  (5.57) 

7  (13.48 - 38) Tomato, ripe, local Vegetables medium  (5.58) low  (2.39) medium  (36.69) low  (9.73) medium  (1.77) 
8  (13.15 - 38) Maize, dry Cereals & millets medium  (15.26) high  (646) medium  (32.92) low  (4.44) high  (12.24) 
9  (12.73 - 38) Cabbage, collard greens Vegetables medium  (9,42) medium  (12.08) high  (70.89) medium  (22.98) medium  (2.98) 
10  (12.54 - 38) Cabbage, green Vegetables medium  (2.88) medium  (11.77) medium  (54.92) medium  (14.98) medium  (2.76) 
11  (12.38 - 38) Tamarind leaves, tender Vegetables high  (150) medium  (33,87) medium  (27.65) medium  (13.43) high  (10.7) 
12  (12.36 - 38) Broad beans  

(makhon shim) 
Vegetables medium  (20.25) medium  (5.78) high  (89.14) medium  (20.74) high  (8.63) 

13  (11.3 - 38) Amaranth spined, 
leaves, green  
(Amaranthus spinosus) 

Vegetables very high  (1,073) medium  (7.4) medium  (24.15) medium  (15.66) medium  (5.1) 

14  (11.24 - 38) Pumpkin, orange, round Vegetables medium  (41.22) medium  (19.72) medium  (15.25) low  (8.81) medium  (2.56) 
15  (10.95 - 38) Pumpkin, green, cylin-

drical 
Vegetables high  (57.33) medium  (22.51) medium  (15.21) low  (5.21) medium  (2.53) 

16  (10.77 - 38) Drumstick leaves  
(Moringa) 

Vegetables high  (120) high  (128) medium  (29.9) low  (9.34) high  (8.21) 

17 (10.77 - 38) Agathi leaves  
(bok ful shak) 

Vegetables high  (179) medium  (63.33) high  (89.25) medium  (18.12) high  (8.6) 

18  (10.06 - 38) Linseeds Nuts & oilseeds medium  (5.85) very high  (1,859) medium  (31.6) medium  (32.93) very high  (26.17) 
19  (9.75 - 38) Basella leaves Vegetables high  (170) medium  (49.57) medium  (23.98) medium  (18.74) medium  (2.21) 
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20  (9.57 - 38) Potato, brown skin, 
small 

Roots & tubers medium  (13.63) medium  (62.58) medium  (27.36) low  (3.97) medium  (1.69) 

21  (9.55 - 38) Tomato, green Vegetables medium  (8.47) low  (1.08) medium  (7.62) medium  (13.11) low  (1.62) 
22  (9.54 - 38) Spinach Vegetables very high  (592) medium  (12.01) high  (233) medium  (42.55) medium  (2.38) 
23  (9.41 - 38) Coriander leaves Vegetables medium  (20.42) medium  (38.68) medium  (60.28) medium  (37) medium  (4.66) 
24  (9.38 - 38) Parsley Vegetables high  (128) medium  (54.32) medium  (46.58) medium  (53.08) medium  (3.87) 
25  (9.23 - 38) Potato, brown skin, big Roots & tubers medium  (12.24) medium  (55.77) medium  (24.61) low  (4.11) medium  (1.71) 
26  (9.11 - 38) Rumex leaves Vegetables high  (93.76) medium  (30.07) medium  (16.13) medium  (19.95) low  (1,27) 
27  (8.94 - 38) Tomato, ripe, hybrid Vegetables medium  (2.89) medium  (2.59) medium  (26.35) medium  (11.86) low  (1.58) 
28  (8.46 -38 ) Potato, red skin Roots & tubers medium  (12.37) medium  (59.74) medium  (20.35) low  (4.36) low  (1.68) 
29  (8.34 - 38) Colocasia stem, black Vegetables high  (250) medium  (25.85) medium  (15.68) low  (0.45) medium  (3.01) 
30  (8.33 - 38) Betel leaves, big Vegetables very high  (493) medium  (57.98) high  (89.68) medium  (16.8) medium (2.12) 
31  (7.89 - 38) Ponnaganni Vegetables very high  (465) medium  (32.02) medium  (53.08) medium  (39.36) medium  (6.74) 
32  (7.88 - 38) Pumpkin leaves, tender Vegetables medium  (13.61) medium  (38.27) medium  (20.33) medium  (12.2) medium  (2.25) 
33  (7.74 - 38) Bottle gourd, elongate, 

dark green 
Vegetables low  (1.7) medium  (10.86) medium  (38.2) low  (1.35) medium  (2.11) 

34  (7.71 - 38) Betel leaves, small Vegetables very high  (577) medium  (45.34) high  (87.01) medium  (14.04) medium  (1.97) 
35  (7.6 - 38) Cabbage, violet Vegetables medium  (2.7) medium  (12.81) medium  (59.94) medium  (24) medium  (2.21) 
36  (7.41 - 38) Wheat, whole Cereals & millets high  (52.46) high  (638) medium  (14.33) low  (2.5) high  (11.23) 
37  (7.33- 38) Colocasia stem, green Vegetables high  (229) medium  (26.49) medium  (11.66) low  (0.6) medium  (2.33) 
38  (7.29 - 38) Sweet potato, brown 

skin 
Roots & tubers medium  (14.39) medium  (54.02) medium  (6.89) medium  (29.6) medium  (3.99) 

39  (6.9 - 38) Amaranth leaves, red 
(Amaranthus gangeticus) 

Vegetables very high  (823) medium  (4.9) medium  (27.63) medium  (14.58) medium  (4.91) 

40  (6.84 - 38) Plantain stem Vegetables high  (213) medium  (15.33) medium  (12.24) medium  (23.17) medium  (2.12) 
41  (6.82 - 38) Wheat flour, white (atta) Cereals & millets high  (52.38) high  (632) medium  (13.98) low  (2.04) high  (11.36) 
42  (6.8 - 38) Plantain flower Vegetables high  (169) low  (2.52) low  (4.43) low  (7.51) medium  (5.25) 
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43  (6.69 - 38) Amaranth leaves, green 
(Amaranthus gangeticus) 

Vegetables very high  (779) medium  (5.42) medium  (23.81) medium  (16.08) medium  (4.41) 

44  (6.13 - 38) Fenugreek leaves  
(methi shak) 

Vegetables medium  (34.29) medium  (18.67) high  (105) medium  (47.01) medium  (4.9) 

45  (6.09 - 38) Mustard leaves Vegetables low  (1.69) medium  (34.69) medium  (38.02) medium  (19.14) medium  (3.92) 
46  (5.99 - 38) Bottle gourd, round, 

pale green 
Vegetables medium  (2.53) medium  (11.83) medium  (31.83) low  (1,52) medium  (2.1) 

47  (5.89 - 38) Bitter gourd, jagged, 
teeth ridges, short 

Vegetables high  (48.83) medium  (14.39) medium  (50.46) medium  (12.59) medium  (3.49) 

48  (5.85 - 38) Jowar (sorghum) Cereals & millets medium  (28.38) high  (549) medium  (23.25) low  (5.42) high  (10.22) 
48  (5.85 - 38) Watercress Vegetables ND ND ND medium  (49.0) low  (0.5) 
49  (5.75 - 38) Bitter gourd, jagged, 

smooth ridges, elongate 
Vegetables medium  (43.37) medium  (12.68) medium  (52.98) medium  (11.16) medium  (3.72) 

50  (5.72 - 38) Bajra Cereals / millets high  (53.13) high  (485) high  (67.71) low  (4.11) high  (11.49) 
51  (5.69 - 38) Wheat, bulgur Cereals & millets medium  (40.23) very high  (679) medium  (9.53) low  (2.09) high  (8.81) 
52  (5.48 - 38) Bitter gourd, jagged, 

teeth ridges, elongate 
Vegetables high  (45.4) medium  (13.84) medium  (49.76) medium  (13.09) medium  (3.78) 

53  (5.47 - 38) Beet greens Vegetables high  (127) medium  (19.01) low  (2.85) high  (111) medium  (3.64) 
54  (5.44- 38) Yam, wild Roots & tubers medium  (13.45) medium  (24.71) medium  (50.58) medium  (12.8) medium  (4.57) 
55  (5.42 - 38) Rice, raw, milled Cereals & millets low  (1.92) high  (266) low  (3.14) low  (2.34) medium  (2.81) 
56  (5.36 - 38) Rice, parboiled, milled Cereals & millets medium  (5.02) high  (274) medium  (6.93) low  (3.16) medium  (3.74) 
57  (5.29 - 38) Mustard seeds Nuts & oilseeds medium  (6.92) high  (132) medium  (48.81) low  (3.97) high  (14.1) 
58  (5.25 - 38) Bottle gourd, elongate, 

pale green 
Vegetables medium  (3.75) medium  (10.64) medium  (34.76) low  (1.46) medium  (2.12) 

59  (5.23 - 38) Barley Cereals & millets medium  (10.98) high  (386) medium  (23.47) low  (7.56) high  (15.64) 
60  (5.22 - 38) Rice flakes Cereals & millets medium  (10.97) high  (474) low  (3.16) low  (2.58) medium  (3.46) 
61  (5.2 - 38) Mustard seeds, dried Nuts & oilseeds ND ND ND medium  (13) high  (11.8) 
62  (4.98 - 38) Radish, elongate, red 

skin 
Vegetables medium  (12.73) medium  (6.9) medium  (49.75) medium  (24.73) medium  (2.46) 
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Rank 
(summer price ratio 
- no. of nutrients) 

Food name Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g edi-
ble portion) 

63  (4.84 - 38) Yam, ordinary Roots & tubers medium  (13.99) medium  (20.99) medium  (46.3) medium  (15.28) medium  (4.08) 
64  (4.83 - 38) Onion, stalk Vegetables medium  (29.72) medium  (61.02) medium  (10.73) medium  (15.52) medium  (5.21) 
65  (4.75 - 38) Wheat flour, brown, 

whole grain 
Cereals & millets medium  (8.0) ND ND medium  (16.0) high  (10.7) 

66  (4.5 - 38) Ash gourd Vegetables medium  (4.89) medium  (14.6) medium  (10.47) low  (0.77) medium  (3.37) 
67  (4.39 - 38) Ridge gourd, smooth 

skin 
Vegetables medium  (35.85) medium  (14.98) medium  (11.3) low   (6.27) medium  (1.85) 

68  (4.37 - 38) Rice, puffed Cereals & millets medium  (6.27) medium  (115) low  (2.76) low  (3.69) medium  (2.56) 
69  (4.35 - 38) Sweet potato, pink skin Roots & tubers medium  (14.14) medium  (63.69) medium  (11.74) medium  (29.04) medium  (3.94) 
70  (4.31 - 38) Cluster beans Vegetables medium  (16.49) medium  (8.66) medium  (53.15) low  (4.05) medium  (4.83) 
71  (4.24 - 38) Snake gourd, short Vegetables medium  (14.25) medium  (12.82) medium  (5.9) low  (2.5) medium  (2.29) 
72  (4.23 - 38) Radish, elongate, white 

skin 
Vegetables medium  (12.72) low  (1.75) medium  (46.74) medium  (28.2) medium  (2.65) 

73  (4.21 - 38) Wheat flour, refined, 
white (maida) 

Cereals & millets medium  (20.22) high  (123) low  (5.17) low  (1.54) medium  (2.76) 

74  (4.18 - 38) Yam, elephant Roots & tubers medium  (15.58) medium  (16.23) medium  (56.27) medium (14.33) medium  (4.17) 
75  (4.12 - 38) Water chestnut Roots & tubers medium  (16.54) medium  (25.86) low  (0.0) medium  (13.08) medium  (3.02) 
76  (4.09 - 38) Snake gourd, long, dark 

green 
Vegetables medium  (13.44) medium  (13.04) medium  (6.1) low  (5.04) medium  (2.27) 

77  (4.08 - 38) Soybean, white Grain legumes high  (119) high  (460) high  (111) low  (2.83) very high  (22.63) 
78  (4.01- 38) Soybean, brown Grain legumes high  (122) high  (443) high  (106) low  (2.07) high  (21.55) 
79  (3.98 - 38) Carrot, orange Vegetables medium  (17.45) medium  (19.6) medium  (49.44) medium  (52.33) medium  (4.18) 
80  (3.95 - 38) Colocasia Roots and tubers high  (48.73) medium  (13.57) medium  (59.2) low  (4.54) medium  (3.22) 
81  (3.94 - 38) Snake gourd, long, pale 

green 
Vegetables medium  (24.22) medium  (13.44) medium (6.78) low  (7.07) medium  (2.27) 

82  (3.9 - 38) Bean scarlet (shim) Vegetables medium  (20.97) medium  (17.33) medium  (12.68) low  (1.46) medium  (4.5) 
83  (3.88 - 38) Ladies finger Vegetables high  (83.87) medium  (3.63) medium  (32.51) low  (7.37) medium  (4.08) 
83  (3.88 - 38) Pak choi leaves Vegetables medium  (14.35) medium  (18.05) low  (0.0) medium  (33.73) medium  (1.91) 
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Rank 
(summer price ratio 
- no. of nutrients) 

Food name Food group Oxalate 
(in mg per 100g 
edible portion) 

Phytate 
(in mg per 100g 
edible portion) 

Polyphenols 
(in mg per 100g 
edible portion) 

Sodium 
(in mg per 100g 
edible portion) 

Dietary fibre 
(in g per 100g edi-
ble portion) 

84  (3.85 - 38) Field beans, tender, 
lean 

Vegetables medium  (35.12) medium  (5.24) high  (136) medium  (12.76) medium  (6.19) 

84  (3.85 - 38) Milk, cow, whole Animal products low (0.0) low (0.0) low (0.0) medium  (25.46) low (0.0) 
85  (3.81 - 38) Plantain, green Vegetables high  (85.25) medium  (40.44) medium (25.27) medium  (18.57) medium  (3.6) 
85  (3.81 - 38) Tinda, tender Vegetables medium  (3.36) medium  (5.75) low  (2.61) medium  (20.61) medium  (2.0) 
86  (3.78 - 38) Field beans, tender, 

broad 
Vegetables medium  (34.83) medium  (4.81) high  (133) medium  (14.14) medium  (5.64) 

87  (3.74 - 38) Bengal gram, whole Grain legumes medium  (7.14) high  (578) medium  (64.28) medium  (26.56) very high  (25.22) 
88  (3.72 - 38) Celery stalk Vegetables high  (54.23) medium  (25.66) low  (2.9) medium  (10.68) medium  (2.09) 
88  (3.72 - 38) Mango, green, raw Vegetables medium  (7.51) medium  (15.26) very high  (580) medium  (33.15) medium  (3.01) 
89  (3.68 - 38) Brinjal Vegetables medium  (34.31) medium  (12.28) medium  (12.79) low  (3.55) medium  (3.98) 
90  (3.64 - 36) French beans, country Vegetables medium  (36.01) medium  (6.11) medium  (14.59) low  (8.84) medium  (4.38) 
91  (3.6 - 38) Pippali Condiments & 

spices 
high  (367) high  (503) high  (194) medium  (16.28) very high  (34.14) 

92  (3.58 - 38) Cauliflower Vegetables medium  (9.82) medium  (18.48) medium  (32.41) medium  (30.72) medium  (3.71) 
92  (3.58 - 36) Mural Fish low  (0.0) low  (0.0) low  (0.0) high  (110) low  (0.0) 
93  (3.54- 38) Wheat, semolina  

(sooji gom) 
Cereals & millets medium  (28.43) high  (549) medium  (6.5) low  (2.31) high  (9.72) 

94  (3.52 - 38) French beans, hybrid Vegetables medium  (36.97) medium  (7.51) medium  (14.12) low  (9.18) medium  (4.18) 
95  (3.49 - 38) Sesame seed, dried Nuts & oil seeds ND ND ND medium  (11.0) high  (11.7) 
96  (3.47 - 38) Maize, tender, local Cereals & millets medium  (5.2) high  (148) medium  (19.0) low  (2.24) medium  (3.67) 
96  (3.47 - 38) Lentil whole, brown Grain legumes medium  (10.74) high  (564) high  (274) medium  (11.2) high  (16.82) 
97  (3.46 - 38) Horse gram, whole Grain legumes high  (181) high  (339) very high  (332) medium  (12.14) high  (7.88) 
98  (3.43 - 38) Zucchini ,green Vegetables medium  (17.83) medium  (10.57) medium  (42.94) low  (0.4) medium  (2.3) 

 
99  (3.4 - 18) Cowpea leaves  

(borboti pata) 
Vegetables ND ND ND medium  (44.0) medium  (3.6) 

100  (3.38 - 38) Rice, raw, brown Cereals & millets medium  (12.06) very high  (742) low  (2.81) low  (3.64) medium  (4.43) 
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(summer price ratio 
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Food name Food group Oxalate 
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Phytate 
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Polyphenols 
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ble portion) 

100  (3.38 - 38) Bengal gram, dal (chola) Grain legumes medium  (6.49) high  (450) medium  (14.13) medium  (20.83) high  (15.15) 
101  (3.37 - 38) Lotus root Roots & tubers high  (364) medium  (7.84) low  (0.0) medium  (20.63) medium  (4.7) 
102  (3.35 - 38) Milk, buffalo, whole Animal products low  (0.0) low  (0.0) low  (0.0) medium  (30.1) low  (0.0) 
103  (3.3 - 38) Lentil, whole, yellowish Grain legumes medium  (13.88) high  (585) high  (266) medium  (10.87) high  (16.66) 
104  (3.27 - 38) Banana, ripe, poovam Fruits medium  (2.38) medium  (11.03) medium  (18.6) low  (1.0) medium  (2.33) 
105  (3.25 - 38) Lemon peel Condiments & 

spices 
ND ND ND low  (6.0) high  (10.6) 

106  (3.24 - 38) Drumstick Vegetables high  (123) medium  (85.74) high  (139) medium  (22.38) medium  (6.83) 
107  (3.23 - 38) Black gram, whole Grain legumes high  (56.25) very high  (679) medium  (64.28) medium  (26.8) high  (20.41) 
108  (3.11 - 38) Black berry Fruits medium  (5.33) medium  (8.97) high  (165) low  (1.21) medium  (4.35) 
108  (3.11 - 38) Fig Fruits high  (46.71) medium  (48.59) medium  (25.16) low  (2.37) medium  (4.64) 
109  (3.1 - 38) Capsicum, green Vegetables medium  (19.12) medium  (15.96) medium  (10.82) low  (1.84) medium  (2.06) 
110  (3.08 - 38) Moth bean Grain legumes medium  (36.11) high  (609) medium  (48.87) medium  (26.34) high  (15.12) 
110  (3.08 - 38) Rajmah, brown Grain legumes medium  (43.41) high  (481) very high  (353) low  (10.47) high  (16.95) 
111  (3.07 - 38) Egg, duck Animal products low  (0.0) low  (0.0) low  (0.0) high  (113) low  (0.0) 
112  (3.06 - 38) Banana, ripe, robusta Fruits medium  (3.24) medium  (13.98) medium  (14.41) low  (0.85) medium  (1.94) 
113  (3.03 - 38) Musk melon, orange 

flesh 
Fruits medium  (2.62) medium  (12.18) low  (4.95) medium  (14.94) low  (1.51) 

114  (3.02 - 38) Rajmah, black Grain legumes high  (48.66) high  (470) very high  (358) low  (9.4) high  (17.74) 
114  (3.02 - 38) Chicken liver Animal products low  (0.0) low  (0.0) low  (0.0) high  (61.58) low  (0.0) 
115  (2.98 - 38) Cucumber, green, short Vegetables medium  (10.49) medium  (16.35) medium  (13.92) low  (6.11) medium  (2.13) 
116  (2.95 - 38) Capsicum, red Vegetables medium  (16.28) medium  (17.68) medium  (20.3) low  (1.7) medium  (2.19) 

Sources: Own analysis based on (1) RDA data: Golden, 2009; ICMR, NIN, 2020; ICMR, 2020, (2) food composition data: Bundesministerium für Ernährung und Landwirtschaft, 2021; Govern-
ment of Canada, 2021; Longvah et al., 2017; Shaheen et al., 2013; Vincent et al., 2020, and (3) cost data: Own Primary Data - Winter Retail Prices, personal communication, 2021. 
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11.5 Author's and project information - for mutual exchange  

This dissertation has been written by Silvia Golembiewski, who did her M.A. in International Development 
Studies at Marburg University, Germany (completion in 2012) and worked in the development project 
"Shining Eyes - medical first aid for children and socioeconomic village development in India" intensively 
from 2007 until the birth of her first son Levi in 2016. Silvia joined her mother in law Monika Golembiewski 
in this development work, who initiated the work in the tribal villages as a paediatrician in 1994. Together 
they could introduce nutrition programmes for the malnourished Adivasi Santal children and train mothers 
on topics as nutrition, hygiene, family planning, and tuberculosis, respectively. In 2011, the charitable "St. 
Mary's Child and Mother Health Care Centre" could be inaugurated for the tribal Adivasi population at 
Bolpur/Santiniketan, focusing on malnourished children, pregnant women, TB and neurological patients - 
with a focus on prevention and training of village health workers.  

Picture 36   Shining Eyes and Manab Jamin project partners at Bolpur, Birbhum district - open for exchange 

     

     

    
Source: Own project pictures - Shining Eyes & Bolpur Manab Jamin. 
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The NGO Bolpur Manab Jamin, guided by the agriculturist Srikanta Mondal and his wife Supriya - has been a 
reliable and effective partner in this development work for many years - with a focus on topics as crop di-
versification, and home gardening - but also hygiene, health, and access to government programmes. 

The wish of the Shining Eyes development project is to (1) be with the helpless to give them medical aid 
where no support appears reachable - also by connecting to government programmes and existing support 
schemes, going needed ways together with the sick villagers and paying the required fees (if private part-
ners are involved), and (2) acting preventive with care for pregnant women and newborns, awareness 
trainings, and provision of supplement foods for children (NutriMix) - with cultivation of kitchen gardens. 

Manab Jamin joined the effort to run nutrition programmes in the rural villages to train mothers preparing 
nutritious meals at home for their infants and young children. With control of weight and height develop-
ment, as well as Hb measurements. Including also awareness trainings and home gardening. 

The intention of this dissertation was to widen the knowledge how to work effectively in the tribal villages 
to reduce widespread anaemia and undernutrition. As a next step, the recipes which have been worked out 
in this dissertation may be introduced in the Shining Eyes and Manab Jamin project villages - to see how 
they are accepted and how it is feasible to prepare the meals; a cooperation to involve also AWCs in pre-
paring suggested cost-effective and nutrient-dense meals would be wonderful - to roll out the benefits. 

We are always thankful to exchange with local partners, build up networks and collaborate to treat sick 
patients from the villages, as well as to pave the way for a better hygiene, nutrition and health situation in 
the tribal villages surrounding Bolpur, at Birbhum district, West Bengal - India. 

11.5.1 Contact information - Shining Eyes project 

www.shiningeyesindia.in  -  www.shiningeyes.de 

Dr. med. Monika Golembiewski, paediatrician 
(monika.golembiewski@gmx.de) - phone India: +91 943494 5665; 
phone Germany: +49 7131 250221. 

Hospital & village work management team:  
Debashis Roy Chowdhuri (debashis.dishari@gmail.com),  
Satyanarayan Roy (roy.satyanarayan@rediffmail.com), and  
Jayanta Das (jayantaislovely@gmail.com). 

Dissertation: Silvia Golembiewski (silvia.golembiewski@gmail.com), phone Germany: +49 178 5222285; 
project nutritionist: Caroline Stiller (caroline-stiller@gmx.de). 

11.5.2 Contact information - Bolpur Manab Jamin project 

www.bolpurmanabjamin.org 

Srikanta Mondal, project in-charge (bolpurmanabja-
min@gmail.com), phone India: + 91 9126757239   
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Personal data 
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Family situation -  married since 2012, three sons:  (1) Levi Samuel, born 8th March 2016, 
(2) Mian Immanuel, born 10th January 2019, and (3) Nael Jonathan, born 14.10.2021; 
family name before marriage: Mangatter 
Contact possibilities -  via email: silvia.golembiewski@gmail.com; via mobile phone: +49 
(0)178-5222285 

Higher education attained 

12/12 - date PhD Dr. rer. soc., University of Hohenheim, Stuttgart 
  Topic: Costeffective ways to reduce anaemia/undernutrition of children and mothers in West Bengal, India 

09/09 - 03/12 M.A. International Development Studies, Philipps-University Marburg, Germany (1.4) 
  Dissertation: Does the Mahatma Ghandi National Rural Employment Guarantee Act strengthen rural self  
   employment in Bolpur Subdivision (West Bengal/India) 

08/05 - 08/09 B.A. International Business and Intercultural Studies, Heilbronn University, Germany (1.4) 
  Dissertation: Personaldienstleistungen im Internet – Aktuelles Angebot und Zukunftspotentiale 

Working experience 

09/07 - 12/18 Shining Eyes - medical aid for children and socioeconomic village development in India e.V.  
  Duties comprised: conceptualisation and implementation of nutriton programmes for children and their  
   mothers in West Bengal with fundraising and reporting, setup of a charitable hospital for children in Bolpur   
  in 2011 with initial training of employees, selection of volunteers from Germany, amongst others 

04/13 - 01/16 Deutsches Institut für Ärztliche Mission e.V. (Difäm), Tübingen, Germany 
  Marketing and presentation of training courses on global health issues through a cooperation of three  
  traditional institutions (Heidelberg University, Institute for Public Health; German Institute for Medical  
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04/12 - 08/12 Gesellschaft für Internationale Zusammenarbeit (GIZ), Berlin, Germany 
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11.7 Declaration in lieu of an oath on independent work 

 

according to Sec. 18(3) sentence 5 of the University of Hohenheim’s Doctoral Regulations for the Faculties 
of Agricultural Sciences, Natural Sciences, and Business, Economics and Social Sciences  

1. The dissertation submitted on the topic "Baseline assessment & cost analysis of a supplementary feeding 
intervention on Adivasi children (West Bengal, India)" is work done independently by me.  

2. I only used the sources and aids listed and did not make use of any impermissible assistance from third 
parties. In particular, I marked all content taken word-for-word or paraphrased from other works.  

3. I did not use the assistance of a commercial doctoral placement or advising agency.  

4. I am aware of the importance of the declaration in lieu of oath and the criminal consequences of false or 
incomplete declarations in lieu of oath.  

I confirm that the declaration above is correct. I declare in lieu of oath that I have declared only the truth to 
the best of my knowledge and have not omitted anything. 

 

 

Ilsfeld-Schozach, 25.03.2022 

Place and date      Signature 
       PhD candidate Silvia Golembiewski 

 
 


