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Reduction of anemia prevalence
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 Sustained Intelligence development of 
children supplemented with fortified food 
supplement
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Environment for sustainable food fortification 

program

• Integrated social marketing and public 

education -Ensure supply and enhance  

demand 

• Policy and legislation encouragement --

Incentives and food quality and safety  

assurance

• Social responsibility of industry (manufacturer, 

retailers, super markets, village shops…….).  

• Public -private partnership

 

Anemia prevalence in the at -risk population 
reduced 30% or more  in 7 provinces (sentinel 

data)

Baseline
After 1 yr
After 2 
yrs





 
Productivity loss due to different 

deficiency disorders: - Assumptions*

Nutrient Deficiency 
disorder

Assumed 
productivity 

loss%

Iron Anemia 20%

Iodine Mild iodine 
deficiency

5%

Cretinism 50%

Vitamin A Partial blindness 25%

Total blindness 50%

Source: *Assumptions made by Judith McGuire et al National strategy to reduce childhood malnutrition: Final Report; Min of 

HR&D:GOI, Administrative staff college of India, Hyderabad. Dec, 1997.

 

Estimated annual
productivity losses (2010)

Nutritional 

deficiency 

Low 

scenario

Moderate 

scenario

High 

scenario

Rs. Billion Rs. Billion Rs. Billion 

Iron 305.8 468.2 750.0

Vitamin A 16.4 31.9 63.64

Iodine 69.2 108.1 156.8

National Strategy to reduce childhood malnutrition : Final report ; Ministry of Human Resource Development :
Government of India, Administrative staff college of India, Hyderabad . December 1997
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Potential impact of fortified w. flour in Kampala
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Success: Clear definition of responsibilities 

Cost -Effectiveness Analysis

Impact Assessment

Social Marketing and Education

Governmental Inspection and Auditing

Standards and Regulations

Safe, Efficacious and Sustainable

Implementation and Production

Science (Efficacy trials) and Epidemiological Assessment

Quality Control & Assurance - Factories

Policies and National Strategies

Implementation and Production of Micronutrient Premixes

Nutrition  and 
Researchers

Researchers, Economists, Statisticians

Bureau of Standards

Food Industry/ Production Dept.

Food Industry – QC/QA Department

Premix manufacturers

Food industry,  Marketing, Government Guidance

MAIN PLAYERS

Nutrition Researchers , Statisticians, Laboratories

Food Control from MoH, M.Economy, Food Labs

Central Government

Science (Efficacy trials) and Epidemiological Assessment

Cost -Effectiveness Analysis

Impact Assessment

A good product and a successful efficacy trial do not make a program







Wheat flour + 0.500 Gms Tosted Defated Soya flour) is being distributed.

 
TPDS  - NORMS OF DISTRIBUTION & PRICE 

Central 

Issue 

Price

Cost Price Distribution 

Price 

Rs./Kg Rs./Kg Rs./Kg

Person Card

Wheat #19.000 2.00 3.00 2.00

 Rice 16.000 3.00 4.06 3.00

 Levy Sugar 0.500 13.50

Palmolien* 1.000 42.25 32.00

Wheat #13.000 4.15 5.34 2.00

Wheat ( 

Sp.BPL)

4.000 4.15 5.34 5.40

Wheat (APL to 

BPL)

10.000 6.10 7.50 7.50

 Rice 1.000 3.500 5.65 6.97 3.00

 Rice (Sp.BPL) 4.500 5.65 6.97 7.00

 Levy Sugar 0.500 13.50

Palmolien* 1.000 42.25 32.00

Wheat 0.000 10.000 6.10 7.50 7.50

 Rice 1.000 8.30 10.00 10.00
* in 1 Ltr. & Quantum and Distribution Price are decided on month to month basis.

# In lieu of 19 Kgs. AAY wheat,  19 Kgs. Fortified Paustik atta (18 Kgs Wheat flour + 1 Kg Tosted 

Defatted Soya flour ) & in lieu of 13 Kgs BPL Wheat, 13 Kgs Fortified Paustik atta (12.500 Kgs 

Distribution in KG Per

BPL

APL

Category

AAY

Item







2007 2010 - 2012

20% WFP 
FOOD 

FORTIFIED

80- 100%

NUTRIENT
NEEDS MET

FORTIFICATION

COMPLEMENTARY 

FOODS, nutritional 
supplements

MICRO-
NUTRIENT 

POWDERS

Corn 

Soy 
Blend

General 
Food Basket

Cereals, Pulses, 

Legumes, Vegetable 
Oil, Salt, CSB

Nutrition Strategy
FEEDING BETTER FOOD…

+ micronutrients

WFP Policy and Experience
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Vitamin A fortification of sugar improves serum iron in 
preschool children (Guatemala)
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How much do fortificants cost?

Nutrient Cost/RDA
Vit. A (250 CWS) 3000 IU 0.00079$          
Vit. D (100 CWS) 200 IU 0.00011$          
Vit. E (50% CWS) 22.35 IU 0.00250$          
Thiamin 1.2 mg 0.00004$          
Riboflavin 1.3 mg 0.00005$          
Pyridoxine 1.3 mg 0.00005$          
Niacin 16 mg 0.00026$          
Folic Acid 400 µg 0.00008$          
Vitamin B12 2.4 µg 0.00010$          
Vitamin C 90 mg 0.00257$          
Fe (FeSO 4 x 1H 2O) 8 mg 0.00008$          

Total 0.00662$          

Male RDA 

 Estimated Fortificant Costs to Reach Nutritional 

Goals Through Food Fortification

1: Includes processing and storage overages. Source: Modified from Omar Dary A2Z - 18  Sept. 2007

Women Nutritional Cost

EAR Goal per person 1

(mg/day) (% EAR) (US$/year)

Calcium Solid-Food 833.333 60 0.584

Iron-NaFeEDTA Flour 13.243 80 0.193

Vitamin E Dry Food 6.250 60 0.162
Vit. C Beverage 34.615 40 0.142

Vit. A Flour or sugar 0.357 80 0.087

Iron-electrolytic Flour 40.524 80 0.045

Vit. A Oil 0.357 80 0.031

Vitamin D Dry Food 0.005 80 0.028
Vit. B-3 (Niacin) Flour 10.769 40 0.021

Zinc Flour 8.167 80 0.020

Vit. B-12 Flour 0.001 80 0.014

Vit. B-9 (Folate) Flour 0.188 80 0.015
Vit. B-2 Flour 0.917 60 0.009

Vit. B-6 Flour 1.083 40 0.008

Vit. B-1 Flour 0.917 40 0.005

Iodine Salt 0.107 100 0.002

Micronutrients Vehicle
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Benefit: Or the costs of malnutrition

20982

1441
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Estimated economic loss

to VMD (US$ mio)

Fortification cost (US$

mio)

Based on the UNICEF/MI publication: “Vitamin & Mineral Deficiencies: A global damage assessment report, 2004
Fortification Cost: 100% coverage at 50% daily requirement of A, B1, B2, PP, B12,I + 100% of FA and Fe





 

VALUE ADDED FOODS
e.g. condiments, beverages 

convenience foods, candidates

BASIC FOODS
e.g. breads, biscuits, packaged 

cereals, dairy products

STAPLE FOODS
e.g. whole grain & milled 

cereals, oils & fats, sugar, salt

CHOICE OF FOOD VEHICLES FOR FORTIFICATION

 Recent Work on Fortification of Milk and 
its Products with Micronutrients

Product Micronutrient Reference (s)

Liquid Milk Folic acid Verwei et al., 2003

Calcium Vyas and Tong, 2004; 

Arora et al., 2007

Iron Allen et al., 2006; Kwak et 
al., 2003; Xu and Xia 2005

Iron and Zinc Villalpando et al., 2006

Infant Formula Iron Bermejo et al., 2004

Powdered Milk Calcium Williams et al., 2005

Iron, Ascorbic acid, Zinc & Copper Torrejo’n et al., 2004

Dahi Calcium Arora et al., 2007

Ice-cream Calcium Costa et al., 2008

Cheese Calcium Mora-Guiterrez et al., 2005

Vitamin D Mistry et al., 2002

Conference on “Micronutrient Fortificatgion of Food: Sci., Application & Mgmt.” ; Delhi – 7.1.2011



 
R o l e o f M i c r o n u t r i e n t s

Hematopoiesis Iron, vitamin B12, folic acid, 
vitamin A, vitamin E, vitamin 
C, riboflavin, Pantothenic 
acid, vitamin B6, zinc, 

Nutrients like Vitamin C and A enhance 
dietary iron absorption. 

Bone Health Zinc, Vitamin D, boron, Cu calcium absorption. Zinc, iron , boron,  
copper helps certain enzymes 

Immune 
Functions 

vitamin A , vitamin E , vitamin 
B6, vitamin C, Zn.

functioning of immune cells. particularly 
T helper cell 

Cognitive 
Functions 

Iron, zinc, vitamin  E, C and B 
and Omega - 3 fatty acids Like 
DHA 

neurotransmitter, synaptic transmission, 
membrane fluidity and signal-
transduction,  protect membranes from 
lipid peroxidation and affect synaptic 
plasticity. 

Cardiovascular 
Health

Vitamins B6, B12, folic acid Folic acid , Vitamins B6 and B12 reduce 
homocysteine levels

Insulin Action Chromium , zinc, vitamin C 
and E. 

required for the synthesis of 
chromodulin, a molecule that also 
potentiates the action of insulin 
.Antioxidant vitamins C and E diminish 
protein glycoxidations.
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Need for fortification: Worldwide ~ 2 billion people 
are affected by Hidden Hunger
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5What is the impact of Hidden Hunger?

1.1 mio      

children <5 years

600,000     

stillbirths

115,000 women   
during pregnancy

Vit. A & Zinc

deficiencies

Iron 

deficiency 

anemia

Iron 

deficiency 

anemia

Maternal 

iodine 

deficiency

Vit. A 

deficiency

Maternal 

folate 

deficiency

18 mio babies born 

mentally impaired

350,000 children 

go blind
150,000 babies

born with neural 

tube defects

Annual lives lost Annual lives impaired
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Micronutrients (vitamins and minerals) are 
essential for many functions and health

Normal
Growth

Healthy aging

Healthy Babies

Strengthening
immune system

Good Health

Good  
Performance

Normal 
Brain Growth

Vitamins & Minerals that are
only needed in small amounts,

but are essential for …

They cannot be produced by the body and have to come from the diet

 12Three types of food fortification are in place

Conventional fortification

• Staple foods (flour, sugar, milk, oil, rice)

• Dairy (milk, yoghurt)
• Spreads (margarine)

• Condiments (salt)

Home fortification

• Crushable/soluble tablets

• Powder
• Spreads

Bio-fortification

• Agricultural products                           
(rice, maize, sweet potato,…)
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13Food fortification has a successful track record 
an many countries

Long history in many countries for successful control of deficiencies of vitamins A, D, 

several B vitamins, iodine and iron. 

1923: Mandatory iodization of salt in Switzerland and USA ; now available in most 
countries.

1933: Mandatory fortification of flour with Vitamin B1 in Canada and virtual 
elimination of Beriberi.

1941: Mandatory fortification of flour with Vitamin B3 in the USA and virtual 
elimination of pellagra 

early 40ies:  Fortification of cereal products with Vitamin B1, B2 and B3 became common 
practice in many countries. 

1954: Flour fortified in Chile with B-vitamins and iron. Country has now very low 
prevalence for anaemia.

1974: Beginning of sugar fortification with Vitamin A in Guatemala . Vitamin 
deficiency diminished to one third. 

1992: Wheat and maize flour fortification in Venezuela . Vitamin A sufficiency in 
general population and important reduction in anemia in children.

1998: Folic Acid fortification mandated in the USA . Now implemented in 60 countries.

2000: Vitamin D fortification of milk and dairy products in US and Canada started
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Six key factors determine whether mandatory or voluntary fortification is the 

most appropriate option 

Factor Mandatory Voluntary

Public health risk Higher / more affected Lower / fewer affected

Food industry Centralized, well organized Smaller, more diverse

Consumer awareness/ 
demand

Not necessary Essential

Political environment 
(choice)

Not necessary Essential

Food consumption patterns Fortified food widely consumed
Variety and accessibility 
essential

Fortification approach Mass/universal Market -driven

Criteria governing the selection of mandatory or 
voluntary fortification

Proactive communication and advocacy on role of fortification is a joint task 

of policy makers, regulatory bodies, food industry and nutrition scientists  
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FOOD 
PROCESSORS

Manufacture       
and sell 

FORTIFIED FOODS

INSTITUTIONAL 
CHANNEL

WORKPLACE, HOSPITALS, 
SCHOOLS 

buy and distribute 

FOOD ASSISTANCE 

CHANNEL

(WFP, NGOs, PDS*)

buy and distribute

Three market channels offer different dynamics 

and solutions

PDS: Public Distribution System, in India =
Integrated Childhood Development Service (ICDS) delivered in Anganwadi Centers

RETAIL CHANNELS

sell to consumers

HOUSEHOLDS

39
Costs for fortification are low relative to 
achievable benefit











 
Some of the Cooked MDM Menus

States Cooked Foods Served in MDMP 

• Andhra Pradesh Rice -Sambar, Rasam,  Tamarind / Tomato rice,  Pongal

• Delhi Mixed Veg. Pulao,  Dal /Sambar Rice,  Rajmah Rice,  Choley 
Rice,   Aloo -Poori,  Choley -Poori,  Black Channa Pulao

• Gujarat Dal Dhokli,  Khichidi,  Veg. Pulao,  Handvo,  Upma

• Haryana Dalia,  Khichdi

• Karnataka Sweet -Pongal,  Rice - Sambar,  Roti - Sabzi,  Bisibele Bhath,  

Upma,  Chitaraana (lemon rice)      

• Rajasthan Ghooghri,  Dalia,  Sattu,  Lapsi

• Tamil Nadu Tamarind rice,  Sambar rice,  Dadhojjanam,  Pongal,  Coconut 

rice,   Halwa/ Shira

Source: NPNSPE, 2005











 GLOBAL FOOD SECURITY AND 
MALNUTRITION

• 1.1 billion are absolutely poor with incomes < 1U$ day

• 2.0 billion are marginally better off

• 840 million people are food insecure

• 200 million malnourished children

• 400 million have acute iron deficiency

• 125 million are affected by a lack of vitamin A

• Only 4% rice of the world supply is non -traded internationally

• Many of 8 billion people on the earth by 2020 will live outside 
the market driven supply of food

 

ø

Biofortified food crops for India?







TIME ACTIVITY PATTERN OF ICDS SUPERVISORS: 
Sample Feedback From 36 Supervisors 
(11 Of 17 Blocks In Vadodara District)*

Activities Average 
days spent
in 
Oct, 2010

Percent  
days 
(out of 
24)

A. Office work (compilation of records, Stat. 
asst work, stock checking

4 17

Meetings (cluster, block, others );trainings 6 25

Other events –attendance, admin work ; eg
Balika Smruddhi yojana , school health, 
Gunotsav and other schemes

4 17

Monitoring at field level 
(mostly AWC visit, Home visit -rare)

10 41

Total 24 100

* Kanani and Gandhi, 2010 Note: Community contacts are negligible

KANANI 2011

 

Nature of Admin and field work – Sample feedback *
ACTIVITY IN
OCTOBER  ‘10

DESRIPTION - SOME EXAMPLES

MEETINGS: Seja (Cluster) meeting, Meeting with CDPO, Meeting for school 

health microplan , gunotsav , Helper meeting, with adolescent 
girls… VHSC of NRHM, with health dept ( mamta day)

Compilation of AWC records, statistical assistant work, 
distribution of THR/BB records, correcting mistakes of AWWs, 
bank and account work related to sakhi mandals ; accounts 

related to expenses for fruit, milk, Annaprasan diwas , 
overseeing transport of THR/BB stock from block to AWC 

HIV/AIDS Related, for Stat assist work

Includes in about 3 hours…

•Observation of AWC activities. Distribution of FFS, checking 
stock and distribution registers, correcting AWW mistakes, 

Balika Samrudhi Yojana , Khel Mahakumbh , school health, Rural 
dev dept (AWC repair, baby toilets), total sanitation campaign

OFFICE WORK:

TRAINING

ANGANWADI
VISITS:

OTHER SCHEMES:

* Kanani and

Gandhi, 2010













 

Investments in food fortification 

and micronutrient research need 
to move forward in a parallel and 

complementary fashion

Basic and applied research 
on MN efficacy and safety

Food fortification planning 
and implementation

Enhanced effectiveness 
and safety of fortification
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be as bioavailable as the “gold standard” Fe sulfate

Hilty et al Nature Nanotechnol 2010
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TERTIARY        
(Clinical signs)

SECONDARY 

(Metabolic biomarker)

PRIMARY          

(Biomarkers of intake)

QUATERNARY        

(Functional signs)

Total Abs.Initial Absorption Additional Abs.

Vit. A Vit. B12 Folate Iron Zinc Iodine

Xeroph-
thalmia

NTD’s

Anemia

NTD’s

Anemia
Anemia Stunting Goiter

Serum 
retinol

Megalo-

blastic

anemia

RBC-
folate

Serum 
ferritin

Serum 
zinc

Thyroid 
hormones

Breast-

milk 
retinol

Serum 

Vit. B12

Serum 

folate
- -

Urinary 

iodine

Goal of micronutrient programs=  Outcomes

OUTCOMES
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