
29-11-2017
Kamala Raheja Auditorium, JJ Bajaj Centre for Multi-
Professional Education, NAMS House, Ansari Nagar, 

New Delhi

K. Madhavan Nair PhD, FNAMS, FNAAS, FTAS
Scientist-F (Retd.) 

National Institute of Nutrition (ICMR),  
Vice President, Nutrition Society of India

nairthayil@gmail.com

Interventions to improve iron status with 

food fortification and dietary diversification



DALYs rate of IDA in 
the states of India 



The foundation of adequate iron status  is laid before birth, 
during childhood, and is followed during adolescence 

Relationship between total 
iron and weight of fetus

Apte and Iyengar, Br. J.Nutr. 1972, 27: 305 - 12

Building up of iron store is very 
essential for iron balance 

Iron stores absent or insufficient throughout life cycle

Hemoglobin 70 %

Storage 25 %

Myoglobin & 

Enzymes  4% Transport <1 %



Meeting iron requirement is a prerequisite for 
preventing iron deficiency throughout the life cycle 

To build 
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Habitual diet: low iron
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Kalasuramath et al  IJMR 2013; 137:324-330

Iron deficient women 
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adult males

Rao and Prabhavathi AJCN 1978; 31: 169- 175

Host and dietary factors determine iron bioavailability  

Food synergy  to improve iron bioavailability



National Iron +

Fortified staple foods 

Bio Fortified staple foods

Dietary diversification 

Health Care facility & WASH

CURRENT  STRATEGIES TO MEET RDA OF IRON



Addition of one or more essential nutrients to a 
food for the purpose of preventing or correcting a 
demonstrated deficiency in the population or 
specific population groups.

Food fortification 

Vehicles for  Iron fortification

Wheat flour/Rice/Maize/salt

Regional strategies

Fish Sauce/Curry Powder



Food fortification has a successful track record in many 
countries 

• Ranked as the best global welfare investment

Long history  of safe use in many countries 
for successful control of deficiencies of 
vitamins A, D, several B vitamins, iodine and 
iron



Flour Fortification Initiative

For more than 80 years, wheat flour has been fortified with 
iron and other nutrients in developed countries

Food Fortification Works

Mandatory: In October 2017, 87 countries have legislation to 
fortify wheat flour, maize flour, and/or rice.





• Focus on wheat flour
fortification

• Key micronutrients –iron, folic
acid, zinc , vitamin B12 and
vitamin A, D

• Fortification levels and technical
aspects

• General recommendations that
needs to be adopted to local
context- specific micronutrient
intake and consumption level of
food vehicle among different
groups.



Pachon et al  Nutr Rev 2015;1-16. doi: 10.1093/nutrit/nuv037

Evidence of the effectiveness of flour fortification for reducing the 
prevalence of anemia is limited

Countries included:
Azerbaijan, Brazil, China, Fiji, India, Iran, Kazakhstan, Mongolia, Nepal, Sri Lanka, 

Tajikistan, Uzbekistan, and Venezuela 
Most reported fortification with iron:
Wheat flour (n=10), wheat, maize flour (n=2), wheat, maize, millet flour (n=1)
Population represented:
Children ≤ 15 and women of reproduction age

Programs followed WHO iron recommendations for flour fortification 
or not ????



• Wheat flour fortification –fortified @ 45 mg Fe/kg, 71.25 
mg Zn,  3.75 mg folic acid,  and 0.03 mg vitamin B-12.

• Design: 2009 and 2012 in 30 clusters with target samples 
from 10 HHs -15-40 y  women (n=300, wheat flour 96 g/d) 
and 10 1-5  y children (n=330, 77g/d).



India: Double Fortified Salt (Iron + Iodine)

Ingredients Quantity

Common Salt (g) 1000 

FeSO4 7H2O (g) 5 (Fe 1 mg/g)

KI/KIO3 (mg) 52 (40 µg/g)

SHMP (g) 10  (10 mg/g)

Nair KM et al. Indian J Med Res , 108: 203-211.1998;

Sivakumar et al Brit. J. Nutr.85: S167-S173. 2001;

Sivakumar et al Indian J Pediatrics 69: 617-623, 2002

EFFICACY TRIALS
Double blind RCTs-2 (1990-02 & 1996-1998)



Efficacy  of iron and other micronutrient fortification

Triple fortification: Micro-encapsulated 
iodine, iron and vitaminA

Zimmermann etal  Am J Clin Nutr 80:1283-90, 2004.

Multiple micronutreint: Fe, I, Ca, Vitamins A, 
B1, B2, B12, B6, Folic acid,

Vinodkumar & Rajagopalan, Eur. J Clin  Nutr, 63:437-445, 
2009Sundar Serendipity Foundation, Chennai



Introduced in 2 states as part of  Mid-day 
meal programme



Iron fortified rice 

Design  MDM Duration Source of iron 
and dose

Impact

Change in 
prevalenc
e

Hemoglobin 
g/dl

Ferriti
n g/L

RCT, 
Bangalore 
School lunch 

Iron depleted 
children  N= 
184

7 months
Dewormed 
at Baseline 
and at 3.5 
months

Extruded rice 
fortified with 
Micronized 
ferric 
pyrophosphat
e / 20 mg

Control -0.6 +2.3

Fortified - 0.2 +9.5

Moretti et al Am J Clin Nutr 84:822-29, 2006 3 



What works? Interventions for maternal and child undernutrition
and survival

Bhutta et al; Lancet 2008, DOI:10.1016/S0140-6736(07)61693-6

Food fortification

Hb:  Weighted mean difference in women =5.7 g/L
Pregnant women =6.9 g/L
Infants and children=7.36g/L







SALT
ATTA

MAIDA
RICE

PROCESSED FOODS

DIFFERENT IRON SOURCES



The chemical reaction of FeCl3 and ascorbic acid must be initiated 
at an acid pH to ensure solubility of iron at pH of the duodenum

(FeCl3+ascorbic acid) + base soluble iron chelate

(FeCl3+base ) + ascorbic acid               insoluble iron precipitate.  

Conrad ME. & Schade SG.. Gastroenterology 55: 35–45, 1968.

Ascorbic acid chelates in iron absorption: a role 

for HCl and bile



Bioavailability of dietary iron depends 

Food stimulated gastric acid secretion



Absorption of iron from a rice meal 
22–74y aged Durban-Indian women (N= 234)

Ballot et.al 1987. British Journal of Nutrition, 51: 331-343

Rice Meal Meal + Guava Meal + Papaya Meal + Pineapple Meal + Pear Meal + Mango Meal + Banana

mild to moderate 
enhancing effect

Close correlation between Fe absorption and the ascorbic acid 
content of the fruits (r = 0.738, P < 0.0001).

Effect of Different Fruits on Iron Absorption :
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57Fe & 58Fe in hemoglobin



Haemoglobin repletion in anaemic adolescent girls

The intervention group received 100 g guava fruit with the lunch 

and dinner meals 

Intervention Group: Baseline 10.7g/dLto end line 12.9g/dL

1.9  g/dl 

Control group: Baseline 11.0 to end line 11.3 g/dL. 

Seshadri S. Science for Health and Nutrition Security, A Feschrift for Dr.C.Gopalan, NFI, New Delhi , 229-35, 2008



• Guavas
• Ber
• Grapes black 
• Grapes green 
• Goras amli
• Mango ripe 
• Pine apple
• Pomegranate 
• Papaya
• Orange 
• Sapota

Food based approaches to increase iron bioavailability

http://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=QCi1IgHR1W4gtM&tbnid=NAZU3ZPZtx5FHM:&ved=0CAcQjRw&url=http://shivanidiwani64.blogspot.com/2013/02/ber-makko-and-sarsattee-mata.html&ei=UwIhVLTOIIaUuATUnICABw&bvm=bv.75775273,d.c2E&psig=AFQjCNHSLJ0y07N5-jmi5Uxw152m8dn_8A&ust=1411535791611724
https://www.google.co.in/imgres?imgurl&imgrefurl=http://chennai.all.biz/sapota-g540029&h=0&w=0&tbnid=H--Xq6-pjl2osM&zoom=1&tbnh=153&tbnw=192&docid=PRihC8h5LRN4eM&tbm=isch&ei=NgUhVOziIMTHuASruIEg&ved=0CAcQsCUoAQ


Micronutrient sachet

• Home or point of use/care fortification

• They provide easy-to use, practical solutions to

mothers and caregivers who are interested in

improving the vitamin and mineral health of their

children.

• Acceptability high (Hanumante, 2008)

• Effective in reducing ID (Hanumante, 2008; Hirve,

2007.



Composition of product  ‘Grow-smart’
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• Intervention strategy 
that makes the plants 
do the work of 
fortification

• Traditional plant 
breeding. Selection and 
breeding of  high 
iron/ascorbic acid/low 
phytate varieties of 
major staple food crops 
with superior 
agronomic properties

Biofortification



• Multiple channels of evidence 
based food fortification strategies 
are available 

• Include fortified foods in the 
existing national programmes 
DFS, wheat flour and rice

• Popularize –Food synergy /simple 
dietary diversification to 
enhances iron  bioavailability

• Constantly monitor both  
functional benefits and 
biochemical effects

Conclusions

National Iron +

Double fortified salt

Fortified wheat flour and rice

Bio Fortified staple foods

Dietary diversification 
strategies

Health Care facility & WASH




