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Copyright: Micronutrient InitiativeWhy are Mineral and Vitamin Deficiencies 
Such A Significant Public Health Problem?

Dietary Diversity
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Consequences Mineral & Vitamin Deficiencies

Vitamin A deficiency

• Supplements reduced child mortality by 23%

• 375,000 children go blind each year
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Zinc deficiency

• increased incidence/severity diarrhea/pneumonia; stunting

• 2 billion people at risk; 450,000 deaths per year

Iron deficiency

• Impaired cognitive abilities that cannot be reversed

• 82% of children < 2 years in India are anemic
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Severity of Micronutrient Deficiencies:
Vitamin A, Iron, and Zinc

Source: World Health Organization (WHO) children under 5 prevalence data
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Future

Supply of 
Nutrients

From
Agriculture

Present

A Primary Role of Agriculture Is To Provide
Nutrients for Healthy Populations

Nutrient
Gap

Supplementation
And FortificationSupplementation

And Fortification

Unreached Populations

Unreached Populations
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Percent Changes in Cereal and Pulse Production 
and in Population Between 1965 and 1999

Cereals Pulses Population
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Figure 2.  Price Indices By Food Group for India, 1970-2016, 
Deflated by Non-Food Price Index

Source:
Personal
Communication,
JV Meenakshi, 
Delhi
School of 
EconomicsThree-Year Averages
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Figure 2.  Price Indices By Food Group for India, 1970-2016, 
Deflated by Non-Food Price Index
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Rice Price Rise in the Philippines, 2006-2016 

The non-food consumer price index rose by 31%
The food consumer price index rose by 63%
There were the following price rises of individual food groups:
• Rice 74%
• Vegetables 82%
• Fruits 82%
• Fish 70%
• Meat 40%
• Milk, Eggs, Cheese 45%
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After

50% Increase in All Food Prices

Animal
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Fish
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Cost-effective: central one 
time investment

Photo: ICRISAT
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Excerpt From Recent UNICEF Brochure

Cost Per Vitamin A Capsule  $US 0.50-1.25  World Bank (2007)
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Lentil

Rice Wheat Maize Pearl 
Millet

Sorghum

Cassava Orange 
Sweetpotato Potato Banana 

Plantain

Beans Cowpea

Biofortified crops released in 30 countries 
In-testing in another 25 countries 
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>150 Varieties Released Across 12 crops

Nutritious crops released in 30 countries; in testing in another 25
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Human Nutrition Efficacy Trials

Fourteen Efficacy Trials either 
completed or in process

–High iron crops +
• Meta-analysis completed for beans and pearl millet

–High pro-vitamin A crops 
• Multiple efficacy trials completed for sweetpotato,

maize, and cassava

–High zinc crops
• Bioavailability studies positive, efficacy trials in the field
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Functional Outcomes

• Efficacy trials with provitamin A, iron, and zinc
biofortified crops have also shown improved
functional outcomes:

–Improved cognitive function (iron)

–Better work performance (iron)

–Better sight adaptation to darkness
(provitamin A)

–Reduced morbidity (zinc)
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What is the Way Forward? Mainstreaming
Photo: Neil Palmer (CIAT)
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HarvestPlus Delivery Goals

Globally By 2030

• One billion people will be benefitting from
biofortified nutritious foods.

Short-Term Goal By 2020

• 100 million people in farm households will be
growing and consuming biofortified nutritious
food crops

By the End of 2016

• 20 million people in farm households

20

Risk of Zinc Deficiency

17.3

23.9

9.6

19.4

7.6
5.7

Global Africa Americas
and the

Caribbean

Asia Europe Oceania

Risk indicator: % with inadequate zinc 
intake

Zinc deficiency:
• Susceptibility to
infections
(diarrhea,
malaria,
pneumonia)

• 450,000 deaths
among
preschool
children annually

• Stunting?
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Per Capita Energy Intakes Per Day
for Jessore By Income Group

Lower 
Income

Middle 
Income

Higher 
Income

Food Staples 1816 1848 1876

Non-Staple
Plant Food 339 427 474

Fish and 
Animal Foods 47 59 92

All Food 
Groups 2201 2334 2442
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Per Capita Zinc Intakes (mg/day), Rural 
Bangladesh 2005, By Income Group

Lower 
Income

Middle 
Income

Higher 
Income

Food Staples 5.9 6.4 6.9
Non-Staple
Plant Food 1.8 2.1 2.4
Fish and 
Animal Foods 0.6 0.8 1.5
All Food 
Groups 8.3 9.3 10.8

Estimated Average Re uirement 13 mg Zn/day

15 mg/kg Zn milled rice x 400 gms rice intake/day = 6 mg Zn/day
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Incremental Changes in the Prevalence of 
Inadequate Zinc Intake, Bangladesh
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Additional Crop in Cropping Pattern

Aman
Sharna

(155 days)

Fallow

(70 Days)

Boro
BRRI dhan28

(140 days)Be
fo

re
N

ow

Aman
BRRI dhan62
(100 days)

Boro
BRRI dhan64/ 
BRRI dhan28

(135- 140 days)

Mustard/ lentil/ 
vegetables

(125-130 days)
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Effect of High Zinc Wheat Intervention 
on Morbidity Indicators

Indicator

High
Zinc

Wheat
Subjects

Low
Zinc

Wheat
Subjects

Days of Sickness 
Averted For  ~ 1300 
Subjects Over 180 

Days

Difference
Significant at 
5% Level of 
Confidence?

Children 4-6 Years

Days With 
Pneumonia 203 244 41 YES

Days With 
Vomiting 60 99 39 YES

Women 15-49 Years
Days With 
Fever 999 1092 93 YES
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FIGURE 5. FE- AND ZN-DENSITIES IN TRANSGENIC RICE

Proof of concept achieved:
Trijatmiko et al., 2016, www.nature.com/scientificreports  

Fe Zn

Maximum achievable with conventional breeding
Target density to achieve significant public health impact

Average density in non-biofortified varieties
Maximum achievable with conventional breeding
Target density to achieve significant public health impact

Average density in non-biofortified varieties
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In Conclusion …
“Such intimately related subjects as 
agriculture, food, nutrition and health have 
become split up into innumerable rigid and 
self-contained little units, each in the hands of 
some group of specialists.  The experts, …soon 
find themselves…learning more and more about 
less and less…The remedy is to look at the 
whole field covered by crop production, animal 
husbandry, food, nutrition, and health as one 
related subject and…to realize…that the 
birthright of every crop, every animal, and 
every human being is health.”

"
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Sir Albert Howard, 1873-1947
“The Soil and Health,” 1945
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