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Global Nutrition Challenge

Vitamin and mineral deficiencies 

affect nearly 2 billion people 

worldwide and contribute 

substantially to Global Burden of 

Disease

Food fortification is a cost 

effective and complementary 

strategy that has helped virtually 

eliminate many nutrition disorders 

from the more industrialized 

countries in the world, but is 

grossly under-utilized strategy in 

developing countries

Micronutrient Deficiencies

Major public health problem 
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Types of Fortification

 Mass fortification – Universal  

 Targeted fortification

 Market-driven fortification

 Other types of fortification

Mass fortification 1. Salt

2. Fats and oils

3. Milk 

4. Wheat flour

5. Rice

Targeted 

fortification

1. MNP – children, women

2. RTE supplementary food

Market driven 1. Wheat products

2. Beverages

3. Others 

Other types of 

fortification

1. Point of use fortification 

2. Fortified dal analogue

TATA TRUSTS



Food fortification: Global timeline 

Mandatory salt 
iodization in 
Switzerland and USA

1923

1933

Mandatory 
fortification of 
flour with Vitamin 
B1 in Canada

1934

1940’s

1954

Vitamin D fortification 
of margarine and 
other dairy products

Fortification of cereal 
products with Vitamin B1, 
B2 and B3 became 
common practice in many 
countries. 1941 
mandatory fortification 
with B3 in US

Flour fortified in 
Chile with B-
vitamins and iron. 

Beginning of sugar 
fortification with 
Vitamin A in 
Guatemala. 

Wheat and maize 
flour fortification in 
Venezuela. 

1974

1992

Folic Acid 
fortification 
mandated in the 
USA

1998

2000

Mandatory 
fortification in many 
countries in Africa –
Nigeria

South  Africa mandates 
fortification of wheat 
flour, maize meal, 
brown bread, white 
bread

2003

Salt Iodisation begins 
as National Program 
NGCP

Mandatory 
fortification of 
Vanaspati with vit A

1962

1953



Staple food fortification
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Universal Salt Iodisation

Food Fortification – Does it work
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Universal Salt Iodisation

Food Fortification – Does it work

Percentage of households consuming adequately iodised salt



8

Universal Salt Iodisation

Food Fortification – Does it work
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Fats and oil

Food Fortification – Does it work
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Fats and oil

Food Fortification – Does it work
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Number of frying % Vitamin A retained

33.3 IU/G                       66.6 IU/g

1 90.5 93.5

2 87.0 86.5

3 77.5 82.0

4 72.5 76.5

5 68.0 70.5

Fats and oil

Food Fortification – Does it work

Stability of Vitamin A in fortified oil after repeated frying of potatoes at 180°C 

(Average of 2 replicates)

 M. RAHMANI Institut Agronomique et Vétérinaire Hassan II    Rabat / MOROCCO

 H. AGUENAOU Faculté des Sciences   Kénitra / MOROCCO
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Fats and oil

Food Fortification – Does it work
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Potential for Edible Oil Fortification in India

• Vanaspati fortification mandatory in India since 1953

• Edible oil has high penetration - all population sections use oil

• Significant consolidation occurring with organized sector’s share 

steadily increasing. Currently at 55%

• TT has supported National Alliance for edible oil fortification at CII

• Top ten players have started fortification

• TT has completed a situation analysis and on that basis will be 

working in few states

• Currently >100 mio people are reached with fortified oil. All of Dhara

oil is fortified.

• Potentially fortifiable oil can reach 500 million people – our target in 

2 years

Imported oil refining centres

Focus states for locally 

produced oil 
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Edible Oil

Potential Reach – Fortified Edible Oil
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Milk

Liquid milk

• Vitamin A & D

• Vitamin C 

• Vitamin E

• Calcium

• Iron

Dried milk powder

• Vitamin A & D

• Vitamin C, E

• Iron, zinc, copper, 

• PUFA

• Fat soluble vitamins are best added in oily form

• Care must be taken to minimize aeration – A & D 

are sensitive to oxidation

• Iron – pasteurization at 81degree Celsius is 

recommended

• Calcium addition includes stabilizers and 

emulsifiers to maintain calcium in suspension

Food Fortification – Does it work

Nutrients commonly added to milk
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Milk

Food Fortification – Does it work

Fluid milk is the only food that is routinely fortified with vitamin D. In the United States and Canada 

fortified milk and ready to eat cereals are the predominant food sources of vitamin D
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Milk fortification - Effective public health strategy

Food Fortification – Does it work

This systematic reviewed showed that fortification of foods with vitamin D 

was associated with statistically significant improvements in serum 

25(OH)D concentrations that have important implications for the 

maintenance of vitamin D status in the population.
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Milk fortification - Effective public health strategy

Food Fortification – Does it work

Impact of vitamin D fortified milk supplementation on vitamin D status of healthy school 

children aged 10-14 years.
Khadgawat R1, Marwaha RK, Garg MK, Ramot R, Oberoi AK, Sreenivas V, Gahlot M, Mehan N, Mathur P, Gupta N

http://www.ncbi.nlm.nih.gov/pubmed/?term=Khadgawat R[Author]&cauthor=true&cauthor_uid=23460234
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marwaha RK[Author]&cauthor=true&cauthor_uid=23460234
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garg MK[Author]&cauthor=true&cauthor_uid=23460234
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramot R[Author]&cauthor=true&cauthor_uid=23460234
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oberoi AK[Author]&cauthor=true&cauthor_uid=23460234
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sreenivas V[Author]&cauthor=true&cauthor_uid=23460234
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gahlot M[Author]&cauthor=true&cauthor_uid=23460234
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mehan N[Author]&cauthor=true&cauthor_uid=23460234
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mathur P[Author]&cauthor=true&cauthor_uid=23460234
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta N[Author]&cauthor=true&cauthor_uid=23460234
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MILK PRODUCTION IN INDIA (MMT)

Potential for milk fortification in India 

Milk fortification

• Indian dairy industry has progressed 

from a situation of scarcity to that of 

plenty

• India is now the largest milk producer 

in the world

• Annual production is >132  million 

tons. About 25 % of this goes through 

organized sector and lends itself for 

fortification

• In the organized sector 65% is 

cooperatives and the rest with private 

sector

• Milk production quadrupled  between 

1974 and 2006 - Operation floods 

• Per capita availability is 236 ml/day

• Per capita production is projected to 

increase to > 350 ml/day by 2020
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About to start

 Maharashtra

 Tamil Nadu

 Madhya Pradesh

 Karnataka

 Andhra Pradesh

Milk Fortification potential in India
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Potential Reach of 

Fortifiable milk
Target Reach in 

2 years

Mother Dairy in Delhi

Assam & Jharkhand

Rajasthan Dairy

2 Pvt Dairies

Aarey Milk in Mumbai

Potential Reach of 

Fortifiable milk
Target Reach in 

2 years
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Flour 

Food Fortification – Does it work
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Flour 

Food Fortification – Does it work
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Wheat Flour

Food Fortification – Does it work

J Nutr Sep 26, 2012
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Flour fortification – Iron deficiency Effectiveness Studies

Food Fortification – Does it work

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

Pre-fortification

Post-fortification

H Pachon, et al. Nutrition Reviews, Volume 73, Issue 11, 1 November 2015, Pages 780–795
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Flour

Food Fortification – Does it work
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US fortification rapidly increased the serum folate

The Centers for 

Disease Control and 

Prevention reported 

that neural tube 

defects has decreased 

by 19 percent following 

folic acid fortification in 

the U.S. food supply.

14.5 ng/ml

Post-fortification

4.8 ng/ml

Before

Flour

Food Fortification – Does it work
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NTD rates before and after fortification

Food Fortification – Does it work
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Wheat Flour Fortification Legislation - mandated in 81 countries

Source:  Food Fortification Initiative, 2014.  Note:  All countries fortify flour with at least iron and folic acid except Australia which does not include iron, and Venezuela, the 

United Kingdom, and the Philippines which do not include folic acid.   
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Vehicle Country Source/Study Type Title

Rice India American Journal of Clinical 

Nutrition, 2006

Extruded rice fortified with micronized ground ferric 

pyrophosphate reduces iron deficiency in Indian 

schoolchildren: A double-blind randomized controlled trial

Rice Mexico Food and Nutrition Bulletin, 

2008

Efficacy of iron-fortified Ultra Rice in improving the iron status 

of women in Mexico

Rice The Philippines Journal of Nutrition, 2005 Iron-biofortified rice improves the iron stores of nonanemic

Filipino women

Rice* Brazil Journal of Nutrition, 2009 Iron-fortified rice is as efficacious as supplemental iron drops 

in infants and young children

Rice India National Institute of Nutrition; 

Department of Biotechnology, 

Government of India, 2009

Evaluation of bio-effect of Ultra Rice on iron status of 

beneficiaries of Mid Day Meal Programme: a study in a 

primary school of Ranga Reddy district of Andhra Pradesh

Rice The Philippines International Journal for Vitamin 

and Nutrition Research, 2008

Efficacy of Iron-fortified rice in reducing anemia among 

schoolchildren in the Philippines

Rice Thailand/Bangladesh Journal of the Science of Food 

and Agriculture, 2009

Iron fortification and parboiled rice quality: appearance, 

cooking quality and sensory attributes

Rice N/A International Journal of Food 

Science and Technology, 2008

Effect of Iron Compounds on the Storage Stability of Multiple 

Fortified Ultra Rice

E
ff
ic

a
c
y

Bulk of the Research has focused on Iron fortification

Food Fortification – Does it work

Rice

Acceptability



30

Point of use fortification - MNPs

Food Fortification
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Point of use fortification - MNPs

Food Fortification
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Point of use fortification

Food Fortification – Does it work

Efficacy of MNPs established world wide
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Food fortification in India

Food Fortification – Does it work

Indian Pediatr 2007:44;91-100
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Food fortification in India

Food Fortification – Does it work

1. A quasi experimental longitudinal design was used

2. 15 AWCs with ‘enhanced’ program and 15 with normal program 

3. Multilevel linear regression was used to examine changes over 

time

4. The enhanced program significantly increased growth in WAZ  and 

HAZ 

5. ICDS would be more effective in improving child nutrition if it 

included these enhancers
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Point of use fortification

Food Fortification – Does it work

• MNP is an effective 

intervention to reduce anaemia 

and iron deficiency in children 

six months to 23 months of

age. 

• The benefits of this strategy on 

child survival and 

developmental outcomes are 

unclear.

• Data on effects of malaria 

outcomes are lacking and 

needs further investigation. 

• MNP containing multiple 

micronutrients are well 

accepted but adherence is 

variable
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Denmark, Sweden, Finland – 10 -20 % of iron intake was from fortified foods

Hallberg L, et al. Nutr Dieta 1989;44:94-105.

German children 2-13 yrs – 60% of iron intake in 1987 was from fortified foods and 
increased to 78% in 1995.

Sichert-Hellert W. et al. Eur J Clin Nutr 2000;54:81-86.

Nationally representative data in USA – in women of reproductive age, 40% of total iron 
intake was from fortified ready-to-eat cereals

Ramakrishnan U, et al. FASEB J 2001;15:748.8

Fortified foods are major contributors to nutrient intakes in Diets of US Children and 
Adolescents

Academy of Nutrition and Dietetics 2014

Impact at national level

Food Fortification – Does it work



37

Impact at national level

Food Fortification – Does it work
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Impact of food fortification

Food Fortification – Does it work
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Cost-effectiveness

Food Fortification
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Cost-effectiveness

Food Fortification
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Impact of food fortification

Food Fortification – Does it work
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• if well designed and properly implemented, the various options for food fortification can make 
a large contribution to improving public health outcomes. 

• There has been quick scaling up with over 140 countries implementing national USI programs, 
85 countries mandating at least one kind of cereal grain fortification with iron and folic acid, 
and over 40 countries mandating the fortification of edible oils, margarine and ghee with 
vitamin A and/or D.

• Food fortification, however, should not be a stand-alone intervention; rather it needs to be 
seen as complement to long-term nutrition-specific and nutrition-sensitive strategies to 
strengthen food systems, increase nutritional diversity in people’s diets, and address nutrient 
deficiencies through national systems. 

Impact of food fortification
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Advocacy and agenda setting

complementary strategy

Food Fortification

Integrated approaches needed to ensure most vulnerable populations 
are reached

Large scale 

population based 

interventions

Targeted 

interventions

Beneficiaries living 

outside the market

Beneficiaries

served by the market

• targeted interventions 

• needed to few physiological 

groups and during critical 

periods

• Convergence with other 

impactful interventions and 

sectors is absolutely 

necessary

• Agenda setting and advocacy 

to ensure nutrition being 

adequately addressed is also 

critical for success

1

2

3

Integrated

programs

Food fortification

1

2

3

Mother, infant and

young child programs


