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Fighting micronutrient malnutrition

Biofortification: A strategy to prevent
micronutrient malnutrition
Von Ines Egli

The lack of micronutrient is one of the causes of malnutrition affecting many people in the

developing world. There are many methods to increase the micronutrient quality of food. One of

them is biofortification – a method to increase the nutritional value of crops.
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The control of micronutrient (vitamin and mineral) malnutrition is an essential part of the

overall effort to fight malnutrition. It is estimated that circa on third of the world's population

are affected by deficiencies of one or several micronutrients. The most prevalent deficiencies

are: anemia and iron deficiency affecting 1.6 billion people; iodine deficiency with 1.9 billion

people at risk; and vitamin A deficiency affecting 190 million children under 5 years of age

(WHO 2004; WHO 2008; WHO 2009). Deficiencies of zinc, folate, and B-vitamins are also

prevalent but the extent is less well known. Low intakes and/or low bioavailability of

micronutrients from monotonous plant based diets lead to micronutrient deficiencies often in

the most vulnerable population groups such as women and young children. Micronutrient

malnutrition causes reduced physical and cognitive development of children and increased

morbidity and mortality in children and adults.

Control and prevention strategies
Strategies to prevent and control micronutrient malnutrition aim at increasing the

micronutrient intake by dietary diversification, supplementation, fortification and

biofortification. These approaches should be regarded as complementary with their relative

importance depending on local conditions and specific requirements.

Dietary diversification aims at adding micronutrient dense foods, such as animal source foods,

fruits and vegetables to diets based on staple food crops. The major constraints to dietary

diversification are the availability and accessibility of micronutrient dense foods, especially in
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poorer settings as well as the need for behavior change and education.

Supplementation is the provision of relative large doses of micronutrients in form of pills or

syrup to treat or prevent deficiencies. The most common supplementation programs include

the provision of iron and folate to pregnant women and vitamin A for young children.

Expensive supply and poor compliance are the major limitations of this strategy.

Fortification of foods with micronutrients is a preventive strategy which has been successfully

used in many countries including well known programs such as salt fortification with iodine and

wheat flour fortification with iron and folate. Guidelines to plan and implement efficient

programs are available (WHO and FAO 2006). A major drawback of food fortification is that

rural populations with limited access to processed foods can often not be reached. For these

populations living predominantly on staple food crops biofortification is a promising approach.

Biofortification is the process of increasing the level and/or bioavailability of essential nutrients

in edible parts of crops by conventional plant breeding or transgenic techniques. Conventional

breeding has been the primary approach to enhance staple food crops with iron, zinc and

provitamin A carotenoids. Rice, wheat, maize, pearl millet, the common bean, sweet potato and

cassava are the main targeted crops of HarvestPlus, the CGIAR's (Consultative Group on

International Agricultural Research) Biofortification Challenge program (Pfeiffer and

McClafferty 2007; Bouis and Welch 2010). Three prerequisites have been identified to make

biofortification successful: i) a biofortified crop must be high yielding and profitable to the

farmer; ii) the biofortified crop must be shown to be efficacious and effective reducing

micronutrient malnutrition in target populations, and iii) the biofortified crop must be

acceptable to farmers and consumers in target regions (Hotz and McClafferty 2007).

For biofortified crops to be efficacious and effective, not only the enhanced concentration of

the micronutrients in the edible part of the crop is important, but also the bioavailability of the

micronutrients. In addition, the effect of food processing and preparation on micronutrient

concentration and bioavailability needs to be considered. HarvestPlus has set target levels for

iron, zinc and provitamin A carotenoids in crops taking processing and bioavailability aspects

into account. The target levels would be expected to provide 25-50% of the Estimated Average

Requirement (EAR) of the specific micronutrients (Hotz and McClafferty 2007; Bouis and

Welch 2010).

Efficacy trials with biofortified food
Several studies evaluating the efficacy of biofortified crops have been completed or are

currently being conducted. Iron biofortified rice was shown to marginally improve the iron

status of non-anemic women in the Philippines (Haas, Beard et al. 2005). The intervention

group received high iron rice, the control group regular rice over a period of 9 months. There

was no significant increase in iron status parameters in the intervention group, except in a sub

group of non-anemic women iron stores increased. These results raise the question of the

usefulness of rice as a vehicle for iron biofortification when using conventional breeding. Using
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genetic engineering, the iron content in rice endosperm was increased circa 6-fold, reaching

nutritionally relevant levels (Wirth, Poletti et al. 2009). The acceptance of such crops however

would be expected to be more difficult to achieve in the population. Beans have a far higher

iron content than rice which can be doubled by traditional plant breeding (Beebe, Gonzalez et

al. 2000). The major drawback of beans is the low iron bioavailability due to the relatively high

content of the inhibitors phytic acid and polyphenols. Iron absorption around 2% has been

reported from single meal isotope studies (Donangelo, Woodhouse et al. 2003; Beiseigel, Hunt

et al. 2007) and it has been shown that both, phytic acid and polyphenols contribute to the

reduced absorption (Petry, Egli et al. 2010). Thus, to achieve high amounts of iron absorbed

from biofortified beans, breeding should also focus on reducing phytic acid and polyphenol

content. Efficacy trials with biofortified beans are ongoing; one has just been completed in

school children in Mexico, one in reproductive age women is to be started in Rwanda (personal

communication).

A recent forecast estimates that biofortification is more cost-effective than supplementation or

fortification in reducing the burden of micronutrient malnutrition, especially in Asia (Meenakshi,

Johnson et al. 2010).

*Ines Egli is a senior scientist and lecturer at the Institute of Food, Nutrition and Health, ETH Zurich.

Contact: ines.egli@ilw.agrl.ethz.ch
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