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• Global burden of malnutrition
–One in every nine people in the world is 

hungry, and one in every three is 
overweight or obese. 

–More and more countries experience the 
double burden of malnutrition, where
undernutrition coexists with overweight, 
obesity and other diet-related non-
communicable diseases (NCDs).  

Why Biofortification?

https://globalnutritionreport.org/reports/2020-global-nutrition-report/executive-summary/
Accessed December 7, 2020
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• Malnutrition persists at unacceptably high levels on a 
global scale. 

• Progress varies across countries and by form of 
malnutrition. 

• Countries can be burdened by multiple forms of 
malnutrition. Better data are needed to inform the 
design of equitable interventions.

• Global, regional and national patterns mask nutrition 
inequalities within countries and by sociodemographic 
characteristics, such as subnational location, age, sex, 
wealth and education.

• Data gaps are more striking for certain nutrition 
indicators, subnational locations, and key population 
characteristics, such as ethnicity and disability. 

Malnutrition Is the Leading Cause of Death 
Globally: Report
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Global Malnutrition
• > 160 million children under 5 years do not have sufficient food and 

nutrients for optimal growth and development
• Top priorities for Sustainable Development Goals

– Reduce malnutrition in children by 40% before 2050

• Critical growth period first 1,000 days (about 3 years) of life
• Historical focus has been to provide micronutrients 

(e.g., Fe, vitamin A, iodine, Zn, folate)
• How do we provide adequate macronutrients 

(e.g., protein, fat and carbohydrate)?
• Questions

– How should this goal be assessed?
– How should macronutrients be delivered?

https://www.un.org/sustainabledevelopment/sustainable-development-goals/
Accessed Dec 6, 2020 4

• A process of increasing the density of minerals and 
vitamins in a food crop through conventional plant 
breeding, genetic engineering, or agronomic 
practices (e.g., primarily via use of fertilizers and foliar 
sprays)

What is Biofortification?
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Multi-technology Approaches

Genetic engineering enables creation of a single DNA cassette, harboring information to allow increase in multiple 
micronutrients (vitamins and/or minerals) as well as favorable agronomic traits, possibly in combination with 
(conventional) breeding. The cassette can be targeted to a specific genomic location in multiple local cultivars of a crop 
plant of interest, e.g. rice.

Van Der Straeten et al., (2020) Nature Communications 11:5203.  https://doi.org/10.1038/s41467-020-19020-4 6
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Nutrition Impact via Select Crops

Genetic engineering enables creation of a single DNA cassette, harboring information to allow increase in multiple 
micronutrients (vitamins and/or minerals) as well as favorable agronomic traits, possibly in combination with 
(conventional) breeding. The cassette can be targeted to a specific genomic location in multiple local cultivars of a crop 
plant of interest, e.g. rice.

Van Der Straeten et al., (2020) Nature Communications 11:5203.  https://doi.org/10.1038/s41467-020-19020-4 7

• Polished rice devoid of 
micronutrients may satisfy 
hunger.

• A deeper problem is “hidden 
hunger” which is only fulfilled by 
nutritionally enriched food. 

• A carbohydrate-rich diet 
including rice, wheat, or maize 
(the major staple food) is 
consumed worldwide and 
mainly contributes to solving the 
problem of hunger; however, 
malnutrition still persists in the 
world. 

• “Hidden hunger” is caused 
when the body is deprived of 
essential micronutrients. 

• Nutrient deficiency or 
malnutrition has affected at 
least 2 billion people (or 1 out of 
3), mostly in Africa, South Asia, 
and Latin America. 

• Micronutrient deficiency is a 
silent epidemic condition—it 
slowly weakens the immune 
system, stunts physical and 
intellectual growth, and even 
causes death. 

• Among micronutrient 
deficiencies, iron deficiency or 
iron deficiency anemia (IDA), 
zinc deficiency, and vitamin A 
deficiency (VAD) are 
widespread and cause serious 
consequences. 

• To combat these deficiencies, 
fortification of food with 
different biological and 
chemical supplements and the 
alterations of the food 
processing system are essential. 

• Biofortified (including 
bioengineered) staple food 
crop is a sustainable alternative 
that can be highly beneficial for 
people who have limited 
access to varied dietary 
resources. 

• Genetically modified (GM) rice, 
particularly pro-vitamin A rice 
engineered with three genes 
driven by endosperm specific 
promoters, expressing in 
endosperm known as “Golden 
Rice,” and similarly engineered 
high iron rice with ferritin gene, 
may meet to fight against 
“hidden hunger.

Biofortification of Rice (10)
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HarvestPlus improves nutrition and public health by developing and promoting biofortified food crops that are rich in vitamins 
and minerals, and providing global leadership on biofortification evidence and technology.  HarvestPlus is part of the CGIAR 
(formerly Consultative Group for International Agricultural Research, based in Montpellier, France) Research Program on 
Agriculture for Nutrition and Health (A4NH) and based at the International Food Policy Research Institute (IFPRI). 
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Biofortified Crops Bred by CGIAR Centers 
and Partners

240 Varieties Released and In-Testing in 30+ Countries
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Biofortified Crop: What’s Available and Where?
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• Zinc rice fortification: Indian Food 
Safety and Standards Authority India 
(FSSAI) reject academic 
recommendations in 
favour of other health policies

• Ninety-nine genotypes from 
germplasm and 344 lines from

• Mapping populations showed zinc 
content of ≥28 mg/kg in polished rice 
meeting the target zinc content set 
by HarvestPlus

• 26% of India’s population is at the risk 
of Zn deficiency (equates to ~352MM)

• Consumption of rice of existing 
popular varieties in India results in 
<30% of the RDA of zinc intake among 
adults 

• Consumption of 4 biofortified varieties 
 41-50% of RDA

• A preliminary study of bioavailability 
of a released biofortified rice variety 
was found to be twice that of control 
variety.

Biofortification - India

https://www.foodnavigator-asia.com/Article/2020/12/09/Zinc-rice-fortification-Indian-officials-
reject-academic-recommendations-in-favour-of-other-health-policies
Posted December 9, 2020 
Rao et al., (2020) Zinc Biofortified Rice Varieties: Challenges, Possibilities, and Progress in India. Front Nutr. 2020; 7: 
26. doi: 10.3389/fnut.2020.00026 12
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• Why: ‘fortification is 
considered a preventive 
intervention and not a 
curative one.’

• Regulations for rice 
expected in 3-4 years.  
Mandatory fortification 
regulations of edible oil 
and milk are pending 
(2021?)

Biofortification - India

https://www.foodnavigator-asia.com/Article/2020/12/09/Zinc-rice-fortification-Indian-officials-
reject-academic-recommendations-in-favour-of-other-health-policies
Posted December 9, 2020 
Rao et al., (2020) Zinc Biofortified Rice Varieties: Challenges, Possibilities, and Progress in India. Front Nutr. 2020; 7: 
26. doi: 10.3389/fnut.2020.00026 13
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• Trial focuses on children 12-18 
months of age and a high 
iron- and zinc-variety of pearl 
millet. This feeding trial will 
continue for 9 months and 
examine the impact of 
biofortified pearl millet-based 
complementary food on iron 
and zinc status, growth, and 
immune and cognitive 
function. 
(https://clinicaltrials.gov/ct2/s
how/NCT02233764; 
completed July 2018)

• Trial expands the crop 
portfolio to include orange-
fleshed sweet potatoes, 
wheat, and lentils, in addition 
to pearl millet to deliver 50-
70% of the estimated average 
requirements for vitamin A, 
iron, and zinc to 
breastfeeding mothers and 
their 6-12 months old 
infants. (https://clinicaltrials.go
v/ct2/show/NCT02648893; Est 
completion Dec 2020)

Clinical Trials (India)
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Certain criteria must be met before new 
lines of micronutrient-enriched staple food 
crops are distributed globally to national 
agricultural research programs.

(1) crop productivity (i.e. yield) must be 
maintained or increased to guarantee 
widespread farmer acceptance; 

(2) the micronutrient enrichment levels 
achieved must have significant impact on 
human health; 

(3) the micronutrient enrichment traits must 
be relatively stable across various edaphic 
environments and climatic zones; 

(4) ultimately, the bioavailability of 
micronutrients in enriched lines must be 
tested in humans to ensure that they improve 
the micronutrient status of people preparing 
and eating them in traditional ways within 
normal household environments; and 

(5) consumer acceptance must be tested 
(taste and cooking quality must be 
acceptable to household members) to 
ensure maximum impact on nutritional health

Breeding Program Criteria

Welch RM, Graham RD. (2004) Breeding for micronutrients in staple food crops from a human nutrition perspective. 
J Exp Bot 55:353-64. doi: 10.1093/jxb/erh064 
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• > 30 countries have included biofortification in their national 
agricultural and/or nutrition agendas, policies, plans, and 
programs

• Recognition of biofortification by the African Union and 
several UN agencies

• Included in International Fund for Agricultural Development’s 
(IFAD) Nutrition Sensitive Value Chain Guidelines and the 
African Development Bank’s (ADB) Multisectoral Nutrition 
Action Plan

• Increased use of biofortified crops as functional ingredients in 
processed foods

• Inclusion in many NGO and government agricultural and 
nutrition programs, and increasing in emergency response 
efforts

Highlights of Progress

Kodkany et al., (2013) J Nutr. 143: 1489–1493. doi:10.3945/jn.113.176677
Cercamondi et al., (2013) J Nutr. 143: 1376–1382. doi:10.3945/jn.113.176826  Indian children enjoying flatbread 

from iron biofortified pearl millet 17

• Improvement of fat quality traits will give rise to 
additional crop value in the consumer markets

• High-density multiplex SNP genotyping arrays have 
been developed with availability of numerous SNPs 
through whole genome sequencing have may be 
critical for exploring QTLs (quantitative trait locus) 
associated with iodine value (aka fatty acid profile) 

Biofortification for Fatty Acids

Singh et al., (2009) Mapping quantitative trait loci (QTLs) for fatty acid composition in an interspecific cross of oil 
palm. BMC Plant Biol 9:114. https://doi.org/10.1186/1471-2229-9-114 

18

13 14

15 16

17 18



Trend to Plant-based Diets and the 
Contributions of Palm Oil to 
Biofortification

Palm Oil Trade Fair and Seminar 2021
January 5-8, 2021

Roger Clemens, DrPH
Peter Pressman, MD 4

• QTL for C14:0, C16:1, C18:0 and C18:1 content was detected 
around the same locus on Group 15, a major locus influencing 
fatty acid composition in oil palm. 

• QTL for C18:0 was detected on Group 3 and a minor QTL for 
C18:2 was detected on Group 2.

Biofortification for Fatty Acids

Singh et al., (2009) Mapping quantitative trait loci (QTLs) for fatty acid composition in an interspecific cross of oil 
palm. BMC Plant Biol 9:114. https://doi.org/10.1186/1471-2229-9-114 
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• Question: Can the fatty acid composition (FAC) be altered 
via  introgression of favorable alleles from the American oil 
palm, E. oleifera, which has a more unsaturated oil.

• Study:  Segregation E. oleifera x E. guineensis hybrid 
population for FAC was used to identify QTLs linked to iodine 
value (IV) and various FAs.

Biofortification for Fatty Acids

Ting et al. BMC Genomics (2016) 17:289. DOI: 10.1186/s12864-016-2607-4
20

Biofortification for Fatty Acids

Ting et al. BMC Genomics (2016) 17:289. DOI: 10.1186/s12864-016-2607-4
21

• Conclusions:
– The fine-mapping approach proved effective in identifying 

candidate genes and a transcription factor affecting IV and 
FAC in palm oil. 

– The identified genes and transcription factor have provided 
valuable information on several potential candidate genes 
and a transcription factor which are known in other species 
to strongly influencing the biosynthesis of FA and TAG.

Biofortification for Fatty Acids

Ting et al. BMC Genomics (2016) 17:289. DOI: 10.1186/s12864-016-2607-4
22

• Plan includes 11 enabling 
and facilitating strategies 
directed to nutrition at-risk 
population groups

• Plan does not explicitly 
mention biofortification is 
the nation’s efforts to 
improved nutrition quality.

Malaysia – Strategic Nutrition Plan
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DALYs (Disability-Adjusted Life Year)
Burden of micronutrient malnutrition, by country (millions of DALYs lost each year)

Meenakshi et al., (2010) World Development 38(1):64–75. doi:10.1016/j.worlddev.2009.03.01464

Example: 80,000 DALYS are lost due to zinc deficiency in the Philippines each year, while the magnitude in 
Bangladesh is larger at 440,000 DALYs lost, and that in India is larger still, at 2.83 million DALYs lost each year.

24
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• Comparison between 
conventional and transgenic 
breeding approaches to 
develop biofortified crops.

• Transgenic approaches 
could lead to larger positive 
nutrition and health effects.

• These approaches are 
challenged with consumer 
acceptance and higher 
regulatory costs when 
compared with 
conventionally-bred crops.

Cost-Effectiveness of Different Micronutrient 
Interventions

Food Biofortification – Reaping the Benefits of Science to Overcome Hidden Hunger. CAST 2020
CAST_IP69_Biofortification-1.pdf (cast-science.org) 25

• Evaluate flours from orange-fleshed sweet potato (OFSP), 
soybean and carrots intended to reduce deficiencies of 
vitamin A, zinc and iron prevalent among infants and 
young children in developing countries.

Biofortification in Africa

Adetola et al., (2020) Scientific African 8:e00363. https://doi.org/10.1016/j.sciaf.2020.e00363
26

Five-pronged strategy to build a sustainable 
enabling environment

1. Mainstreaming biofortification breeding in public and 
private agricultural research

2. Inclusion of biofortification in national and regional 
policies, programs, and regulations

3. Inclusion of biofortification in international financial 
institutions’ loan portfolios

4. Inclusion of biofortification in humanitarian programs

5. Facilitating the “biofortification” of seed to food value 
chains for staple crops

Catalyzing the Scale Up of Biofortification

Nan and Kofi Annan 
in Ghanna

Courtesy of Ekin Birol
27

Proposed Actions and Policy Interventions
Achieving zero hunger (UN-
Sustainable Development Goal 2, 
UN-SDG2) requires actions (green-
yellow) using different tools and 
trait/technology combinations (blue). 
Yellow-labeled actions specifically 
aim to achieve better accessibility by 
the poor, whilst green-labeled 
actions aim to acquiring more 
efficient product development (light 
green involves genetic engineering 
only, dark green includes both 
genetic engineering and 
conventional breeding).

Van Der Straeten et al., (2020) Nature Communications 11:5203.  https://doi.org/10.1038/s41467-020-19020-4 28

Prime Minister Modi’s endorsement 
of biofortification to address 
widespread micronutrient 
deficiency comes amid growing 
official interest in India in this 
nutrition strategy, which primarily 
targets low-income smallholder 
farming families who rely on wheat, 
millet, and other staples for the bulk 
of their diets.

https://www.harvestplus.org/knowledge-market/in-the-news/world-food-day-india-pm-modi-endorses-biofortification-address
Accessed December 7, 2020

29

Ending Malnutrition through Different Angles

Biofortification (red), dietary interventions (blue), and fortification or supplementation (black) can help affected 
populations to reach sufficient micronutrient intake, leading toward eradication of micronutrient malnutrition and its 
related diseases. Metabolic engineering of crops for better micronutrient content is an efficient, cost-effective strategy 
complementary to conventional breeding and offers several benefits. It allows faster trait introduction, including the 
stacking of multiple traits as a single genetic locus in a crop genome, and achieves increases in essential minerals and 
vitamins while simultaneously improving vitamin stability.

Van Der Straeten et al., (2020) Nature Communications 11:5203.  https://doi.org/10.1038/s41467-020-19020-4 30
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Palm Oil Opportunity

Winterization
Biofortification

Palm Plantation

Improved Fatty 
Acid Profile ( SFA)

Increased 
Carotenoids
Tocotrienols

 CVD Risk
 Dietary Acceptance
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