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Abstract

Biofortification refers to the increase in the amount of essential vitamins or provitamins or minerals in crops
to improve the nutritional status of the people, which is largely intended to alleviate the problem of
micronutrient malnutrition. | argue that biofortification may not be an effective weapon to fight against the
hidden hunger since it demonstrates limited capacity on nutritional enhancement and can negatively impact
the socio-economic fabric of the society in many different ways. Finally, | suggest a couple of alternatives

that might meet the challenge more efficiently than biofortified crops.
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Nearly two billion people around the world suffer from low intakes of vitamins (e.g., Vitamin A) and key
minerals (e.g., iron, zinc) (Horwitz et al. 1998). Micronutrient malnutrition or ‘hidden hunger’ now a global
problem plaguing the human race. Hidden hunger may co-exist with the energy-rich staple crops (von
Grebmer et al. 2014), as they are unable to erase micro-nutrient deficiency (Pinstrup-Andersen 2007). While
dietary diversity has largely been mandated for healthy and nutritious food intake and to alleviate the burden
of micronutrient malnutrition (FAO, WFP and IFAD. 2012), the potential of natural biodiversity in various
capacities to enrich dietary diversity in general and to reduce micronutrient deficiency specifically is
essentially ignored in food security policies and implementation. It is an issue of global concern when the
world has gradually stepped in the realms of the biofortified crops that often portrayed as a panacea to
eradicate hidden hunger, thus investing in the production of biofortified cereals, promoting, and
spearheading the dissemination and molding the acceptance process at various levels (Birol and Bouis

2019).

In this article, I argue that biofortification may not be a better weapon to fight against hidden hunger. The
implementation of biofortified crops could be deeply problematic as it hinges on the wrong assumption and
may demonstrate their limited capacity to nutritional enhancement. Finally, | attempt to proffer a couple of

alternatives that might meet the challenge more efficiently than do the biofortified crops.

The game-changer - biofortification

The technology of increasing the specific nutrient content of the crops through standard plant breeding or
genetic engineering is termed as biological fortification or biofortification. It largely refers to the increase
in the concentration of vitamins or provitamins or minerals in crops to improve nutritional status and has
emerged to cure micronutrient deficiency or hidden hunger of the population of the developing world (Birol

and Bouis 2019). Initially, three nutrients, vitamin A,
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iron, and zinc were at the forefront of concern. From then, about three hundred biofortified crops have been
developed and released with the support from HarvestPlus which is a program of the Consultative Group
on International Agricultural Research (CGIAR) and functions under the banner of CGIAR Research
Program on Agriculture for Nutrition and Health (GRAIN 2019). These crops have been introduced into
Asian, African, and South American countries and are now grown by ten million farmers and consumed by
thirty-million people. The Golden Rice or GM rice high in provitamin A, provitamin A sweet potato, high
iron beans or super banana or orange maize or biofortified pearl millet are some of the notable examples of
biofortified crops. Many other crops are well underway to reach the market as well as the consumers’ plates,
e.g., GM cassava high in iron and zinc, GM sorghum high in provitamin A, zinc rice, pearl millet high in
zinc and iron. Global research is currently ongoing to develop a range of crops biofortified with various
nutrients, e.g., rice, wheat, sorghum, banana, lentil, potato, sweet potato, cassava, beans, and maize. The
figure may soon skyrocket engulfing 90% of the crops and embracing the majority of the farming

communities of the developing world (Yadav 2019).

Problems of biofortification - handle with care

A body of criticisms eclipse the proclaimed benefits of biofortified crops which can not be isolated as a
simple attempt to alleviate hidden hunger, but it has serious intended or unintended consequences on the
social, economic, and cultural fabric of the society where it has been introduced (Schnurr et al. 2018).
Although their apparent cost-effectiveness and efficiency has also been vouched for their wider acceptance
(De Steur et al. 2012; Meenakshi et al. 2010) there are several problems with the biofortified crops, their

dissemination, and in reaching the final goal of nutritional enhancement.

First, cultivation of biofortified crops could seem to emerge as a vehicle for monoculture, while agricultural
biodiversity, crop diversification, dietary diversity has largely been recommended for sustainable food

systems (ljaz M. et al. 2019; Frison et al 2019; Njeru, E.M., 2013 ), the premise has been thoroughly ignored
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in selective nutrient oriented advocacy of a handful of crops. Gradual embrace of biofortified crops would
have a negative impact on indigenous agricultural biodiversity since the targeted regions of Asia, Africa,
and South America are the centers of diversity or secondary centers of domestication of many crops
including the major and minor cereals, vegetables, legumes. In the past, abolishment of hunger has been
combated with the intensified production of three major cereals through the Green Revolution; it selectively
relied only on a few nitrogen-responsive high yielding varieties with a narrow genetic base that became
popular and widespread among the farmers (Dalrymple 1986). Therefore, we have witnessed an irreversible
loss in crop genetic diversity following the Green Revolution (Pingali 2012). Impact was felt not only on
staples, but also on other non-cereals due to cropping pattern change since wheat-rice based cropping
systems became dominant, e.g., in India (Kataki, 2002). There are alarming examples from various parts of
the globe that biofortified crops disregarded local diversity of cereals and vegetables despite their nutritional
guality and resilience to local agro-climatic conditions, they also tend to disrupt local network to restore
underutilized or orphan crops (GRAIN 2019). Tightly entangled to the issue of indigenous crop diversity
is the case of seeds and food sovereignty that might be kept at stake with the wide-scale adoption of
biofortified crops (Garcia-Casal et al. 2017). Furthermore, the creation of the desired crops with increased
nutrients through the technology performs usual modification in addition to other existing agronomic
manipulations pertaining to the crop yield, pest-resistance, or adaptation to environmental stresses. This
potential can only be realized if other conditions for optimal agriculture are not limiting. Accumulation of
minerals or other nutrients are often dependent on local environmental conditions in which the crop grows,
so crops may or may not fully deliver the expected outcome of nutritional enhancement when grown under
different agro-climatic conditions. It is even more imperative when nutrient depletion from soil affecting
the crops has become a global trend now (Jones et al. 2013). On the same note, the bioavailability of

nutrients is also a factor that finally dictates nutrient assimilation (Garcia-Casal et al. 2017).

Next, given the fact the dissemination of biofortified crops is a technocratic top-down approach that does

not take into consideration of local cultural preference towards food that often is a complex blend of taste,
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color, texture, flavor or other ascertained tangible or intangible benefits of any crop, all of which determine
how people accept and cherish their food; in other words, these local food systems are embedded within
the culture. The case has been widely examined by Stone and Glover (2016) analyzing the acceptance of
the Golden Rice in the Philippines. They concluded that the people of the Philippines have not accepted the
Golden Rice with an open arm. Likewise, sweet potato is a major subsistence crop not a commaodity in
Tanzania, where it has been observed that women opted for biofortified sweet potato for making money by
selling the same product and they have not considered the health aspect. Moreover, research on biofortified
sweet potato cultivation also shows that women’s labor and associated knowledge systems remained
severely under- recognized (GRAIN 2019). So, the intrusion of these crops on social fabric can be
damaging, as it disregards local resources, food systems, and peoples resilience. Additionally, it entirely
relies on external funding, international relations, and access to social and economic assets; collectively,
that is bound to offer only short-term benefits thus might not be a sustainable option (Rao 2018). Lastly,
critics also fear that through this relatively simple process of biofortified crops adoption GM crops would
gradually creep into the kitchen and can be circulated widely among the developing countries undermining
indigenous diversity of bio-cultural resources. In the longer-term, it could slowly enable corporate control

over our food.

Finding better alternatives through the resurrection of deep-seated food culture

Food is not simply a commodity, but it is endowed with gustatory, economic, cultural, and spiritual values
(Counihan and Van Esterik 2012). So, it is a complex interaction of various attributes that finally decide
the acceptance of food within a society. Food choice is deep-embedded in a culture and epitomizes the
identity of an individual or a society or a group (Almerico 2014). However, lost in the midst of
biofortification is the food culture that is a dynamic and long-nurtured tradition shaped up over generations

- it may not be infiltrated through a top-down approach. For example, the standard diet of the south or
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south-east Asian people has always consisted of rice, leafy greens or salads along with a protein from
various sources. Bangladeshi people consume rice with vegetables, fish, and lentils. Even the very poor
will also have potato, leafy greens and lentils along with rice (Mazhar et al. 2007). In India, a bewilderingly
diverse suite of leafy greens have been assimilated into regional cuisines for ages depending on the
distribution, local and seasonal availability, taste (Pant 2019; Ray et al. 2020). So are the cases of other
south, east, and south Asian countries, where leafy shoots occupy a major part of the diet and many a time
are not cultivated but gathered at ease from the anthropogenic landscapes (Cruz-Garcia and Price, 2012).
Locally procured leafy shoots are a rich source of vitamin A and contain many other minerals that can be
effective against vitamin A deficiency. Similarly, wildly growing trees produce ripe or unripe fruits
(Tamarindus indica, Zizyphus jujuba, Bassia latifolia, Avarhoea, Diospyros melanoxylon, Carissa
canadus) which are often consumed raw or made into vegetables. A large diversity of species of flowers
(Sesbania grandiflora, Moringa oleifera, Nelumbo nucifera, Nymphaea nouchali, Dregea volubilis) or
leafy greens (Marsilea quadrifolia, Chenopodium album, Oxalis corniculata, Diplazium esculentum,
Portulaca oleracea, etc) are devoured likewise. In short, our food culture is complex and diverse, imbibes
a plethora of locally available resources apart from quintessential elements. To throw some light in this
current debate on biofortification, therefore, we might find alternatives in traditional food systems that have
been contingent on local resources and established over centuries. For combating various micronutrient
malnutrition, we could rather evaluate scientifically, prioritize, and resurrect such a culture that is a key to
the sustainable food system. In order to appreciate this, we could turn our face to resources other than
staples or over-used crops, e.g., to wild edible biota, under-utilized or orphan crops that reserve untapped
potential for achieving the goal of a balanced and nutritious diet. It is also crucial to consider the fact that
these are already well-embedded in the local food systems, already ubiquitous in a variety of local cuisines
depending on the season and relished widely (Mazhar et al. 2007; Pant 2019); it only deserves widespread

sensitization, promotion, and proper policy intervention.
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Importantly, the integration of locally accessible resources into the diet has much larger implications in
terms of environmental sustainability, when the world is burdened with food insecurity and climate change,
and aiming to minimize agricultural footprints and slowly aligning with the priorities of sustainable food
systems. Adoption and enhanced promotion of wild edible resources or resurrecting under-utilized or
orphan crop calls for the attention of the policy-makers (Bharucha and Pretty 2010); since they offer several
advantages, i.e., wide diversity, easy access to the local resource base, their availability, time-tested
reliability, little or no management (Bharucha and Pretty 2010; Cruz-Garcia and Price, 2012). Summarily,
their inclusion into the policy could emerge as a strategy not to tackle hidden hunger only but also to develop

a sustainable food system.
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