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ABSTRACT 

Nutritional deficiency which increasing tremendously during the last two decades creates micronutrients malnutrition 
is a very common problem especially for women and children in the developing countries. The hidden hunger which 
is due to malnutrition affecting one in the three people globally. Several efforts like dietary diversification, food 
supplementation and food fortification have been taken to overcome micronutrients malnutrition of which bio-
fortification is a very promising sustainable approach to reduce the micronutrients malnutrition. The bioavailability of 
micronutrients provides a very promising effect under bio-fortification. In bio-fortification, apart from the agronomic 
approach, and plant breeding approach, genetic engineering technology is very useful to increase the micronutrients in 
the food crops. The bio-fortified crop varieties provide the adequate nutrients to the target people in the developing 
countries. The bio-fortification which is an innovative crop-based strategy brings big challenge towards nutritional 
security. 
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Introduction 

The micronutrient deficiency affecting a major part of 
the world’s population in the developing countries (Stein, 
2010) where billions of individuals continuously facing the 
problems of malnutrition as they intake staple food crops 
(White and Broadly, 2005; Thavarajah and Thavarajah, 2012; 
Graham et al., 2007) which do not contain sufficient mineral 
and vitamins for proper human growth. The deficiencies of 
micronutrients like Fe, I, Zn and vitamin A are very high in 
Africa and Asia and this deficiency leads to about 12% death 
of children under 5 years of age worldwide (Ahmed et al., 
2012). The hidden hunger which is due to malnutrition 
affecting one in three people globally (FAO, 2013). Actually 
hidden hunger is due to deficiency in iron and zinc that 
causes in low immunity, rigidity, fatigue, muscle weakness 
and ultimately leads to death of human population (Stein, 
2010 and Wintergerest, 2007). There are about 800 million 
undernourished people worldwide (FAO, 2017). The 
undernourishment of pregnant mother is a major health issue 
which generally leads to intrauterine growth restriction, low 
birth weight, protein energy mal nutrition and chronic energy 
deficit (Ahmed et al., 2012). The micronutrients deficiencies 
mainly noticed among the 1/3 to ½ of the world population 
where the intake of bioavailable micronutrients is very low 
that does not meet the nutritional demand of human beings 
(Allen et al., 2006). In fact the malnourished children below 
5 years of age cannot grow properly and the pregnant women 
facing the various illness due to malnutrition (Alanis et al., 
2006). Indeed there are about 49 nutritional components 

which are very essential for human growth. Among the 
various nutritional components, the deficiency of Zinc and 
iron affecting more than two billion people globally 
(Sramkova et al., 2009). It is noticed that Zinc deficiency 
around 40%, Fe deficiency around 5% and Selenium 
deficiency near about 28%, Ca deficiency near about 54% 
people of Asian and African countries (De Valenca et al., 
2017). 

Regarding these aspects various strategies have been 
taken to minimize the malnutrition in different parts of the 
world such as mineral supplementation, dietary 
diversification and food fortification programme etc (Welch 
and Graham 2004a; White and Broadly 2005). But these are 
not crop based technique. Bio-fortification, a crop based 
technique is becoming popular to reduce the micronutrient 
mal - nutrition throughout the world (Meenakashi et al., 
2010). 

Nutrients deficiency and its impact 

The undernourishment of pregnant mother affecting 
near about 50 % of the world’s population which generally 
leads to intrauterine growth restriction, low birth weight, 
protein-energy malnutrition and chronic energy deficit is due 
to micronutrient deficiency (Ahmed et al., 2012). 

Among the various micronutrients Fe and Zn 
deficiencies are widespread among the people in different 
parts of the world. Iron deficiency causes anemia that 
affecting two billion people worldwide (WHO 2001; Yang et 

al., 2007). The maternal mortality which is related with iron 
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deficiency is near about 5% and this acute deficiency leads to 
death of young women at the time of childbirth (Meenakshi 
et al., 2010). Zinc which protects the cells from oxidative 
damage (Rosan et al., 2002; Prasad et al., 2004) can 
overcome the chances of prostrate and pancreatic cancers 
(Costello et al., 2017). The deficiency of Zinc shows mental 
illness, decrease infertility and weak immune system that 
affecting women during pregnancy (Roohani et al., 2013). 
Actually one third of the world’s population affected by zinc 
deficiency (Muller and Krawinkle, 2005) that results in 
diseases and death of human being in developing countries 
(White and Broadly, 2009). The vitamin A deficiency is 
another problem specially for low income group of people in 
developing countries which affecting near about 125 million 
preschool-aged children and 7 million pregnant women. 
Iodine deficiency which is a major health problem in 
developed countries can causes mental retardation, goiter 
hyperthyroidism and low fertility (WHO, 2007). About 20% 
of world population suffering from iodine deficiency and 
during pregnancy iodine disorder results in to mentally 
impaired babies (Bruno et al., 2008; Hetzel et al., 2004). 

Selenium is another important essential micronutrient 
and selenium deficiency also observed in different parts of 
the world. The deficiency of selenium creates several 
complications like epilepsy, oxidative stress-related 
conditions, infertility, low immunity in human body 
(Rayman 2012; Zeng and Combs, 2008; Whanger 2004).  

So the problem of micronutrient deficiency is very 
challenging health issue and much attention should be given 
to ensure the nutritional security of undernourished people. 

Strategies for Improvement of Essential Nutrients 

About two third of the world population suffering from 
malnutrition as they do not intake micronutrient-rich foods 
and this deficiency can be overcome through dietary 
diversification, food supplementation and food fortification 
program (White and Broadly, 2009). Dietary diversification 
which involves the consumption of a variety of healthy fruits, 
vegetables and different grains is related with several factors 
like affordability, dietary habits and accessibility of the poor 
people. Food supplement is a short-term method for the 
betterment of nutritional status and may not be applicable for 
huge population. Actually food supplements are 
micronutrients which can be taken in the form of powder, 
pills and in the form of solution in that cases daily diet does 
not meet the essential nutrient in such cases the use of folic 
acid supplements can be applied to increase the folate level in 
dietary plate (Blanequaert et al., 2013; Hefni et al., 2010). 
Folic acid, iron and zinc supplements is very useful for 
children and pregnant women and this method is not cost 
effective (Bailey et al. 2015; Wiltgrenet et al., 2015). Though 
supplementation for folic acid, zinc and iron is low cost 
effective but it needs proper medical consultancy and 
adequate educational programmes (Stoltzfus, 2011). 

Food fortification is the improvement of the nutritional 
quality of foods by the addition of vitamins and minerals. 
Iron, ferrous sulfate, ferrous fumerate, ferric pyrophosphate 
and electrolytic iron powder compounds are generally 
applied for food fortification (World Health Organization, 
2006). Various food assistance programmes have been 
developed by the World Food Programmes (WFP) where 
pre-cooked and milled cereals and fortified pulses can 
minimize the unhealthiness due to malnutrition. 

Bio-fortification 

Among the various strategies taken for improvement of 
nutritional qualities, bio-fortification is popularly known as 
an alternative low cost sustainable technique for poor people 
(Nestel et al., 2006). Bio-fortification is most feasible 
approach to deliver micronutrients to the people who are 
generally used to inadequate intake of essential 
micronutrients in daily diet (Bouis and Saltzman, 2017). 
Actually food crops being low in micronutrient content as the 
cultivation of high-yielding varieties require high quantity of 
micronutrients that reduces the soil micronutrient level in 
various parts of the world (Fageria and Baligar 2008). The 
bioavailability of micronutrients provides a very promising 
effect underbio-fortification. The level of micronutrient 
content in food crops as well as the bioavailability of 
micronutrient level both are essential to overcome the 
micronutrient specially in developing countries for large 
population (Sperotto et al., 2012). Besides this the 
mechanisms of adaptation of micronutrient stress by plant 
and the pathway of translocation of micronutrient from soil 
to plant body has been well understood for successful bio-
fortification programme (Khush et al., 2012). Several 
approaches have been taken in bio-fortification programme 
like agronomic approach, genetic engineering and breeding 
approach. 

Agronomic Approach  

It is short-term and sustainable technique applied for 
bio-fortification (Cakmak, 2008). Agronomic bio-
fortification approach involves micronutrient uptake from the 
surrounding soil and translocation into edible parts of the 
plant body. Actually the high yielding crop varieties causes 
the depletion of soil native micronutrient level that results 
low micronutrient density in food crops causing 
micronutrient malnutrition. Basically, at micronutrient-
deficient soil, application of micronutrient fertilizer is found 
more effective for crop plants. It has been shown that both 
productivity and micronutrient density of grains has been 
increased after the use of fertilizers enriched with Zinc in 
wheat (Hu et al., 2003), rice (Lie et al., 2003). The 
application of mineral fertilizers to the soil is required due to 
low phyto-availability of minerals in the soil (White and 
Broadley, 2009). The application of foliar fertilization gives 
better result than the application in soil in case of wheat 
(Cakmak et al., 2010a). The application of zinc as a foliar 
fertilizer in wheat shows the improvement of zinc 
concentration of wheat grain by 2-3 folds (Cakmak et al., 
2010 b; Cakmak 2008). The use of zinc- based fertilizers can 
minimize the phytic acid concentration which causes the 
improvement of bioavailability of zinc at the dietary plate 
(Cakmak et al., 2010b; Erdal et al., 2002). The iron 
availability and its mobility in calcerous soil is limited and in 
that case the application of iron fertilizer is not so effective 
and due to this reasons foliar application of iron based 
fertilizer is recommended (Cakmak, 2008). Recent research 
findings shows that there is a relationship between iron and 
nitrogen concentration of grain and the transport mechanism 
of nitrogen and iron in food crops is controlled by the plant’s 
genetic system (Waters et al., 2009). 

The application of mineral fertilizer enriched with Se. I 
and Zn was successful because these elements having high 
mobility (Dai et al., 2004; HartiKainen, 2005; White and 
Broadley, 2005). The application of fertilizers enriched with 
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sodium selenite is very significant to improve Se in take in 
the human body (Alfthan et al., 2015). Foliar fertilization is 
applicable where mineral elements are not present 
sufficiently in the soil or not easily available to the plant 
tissues (Garg et al., 2018). It was noticed by Shivay et al. 
(2015) that there is a link between Zn uptake and the yield of 
chickpeas after the foliar application of Zn. It was observed 
that Se concentration has been increased after the foliar 
application of Se fertilizers in the seeds of peas and lentils 
(Smrkolj et al., 2006; Rahman et al., 2015). The use of 
beneficial soil micro-organisms is another approach of 
biofortification. 

Use of Micro-organisms  

The presence of beneficial soil microorganisms with 
symbiotic association in plant roots provides the production 
of plant growth hormones and enhances the availability of 
mineral nutrients (FAO, 2019). The soil micro-organisms 
like Bacillus, Pseudomonas applied to promote the phyto-
availability of micronutrients used mainly as seed inoculants. 
These micro-organisms promote the plant growth through the 
production of antibiotics, chitinases siderophore and growth 
hormones (Mahaffee, 1994). The use of plant growth 
promoting micro-organisms in iron fortification is very 
useful that can chelate iron though the generation of 
siderophore compounds and solubilize phosphorus and 
prevent the growth of plant pathogens (Panhwar et al., 2012; 
Sreevidya et al., 2016). The concentration of Fe, Se, and Zn 
have been increased after the application of the 
microorganism inoculants with mycorrhizal approach 
(Rengel et al., 1999; Smith and Read, 2007; Cavagnoro, 
2008). 

The use of intercropping of cereals with appropriate 
dicot plant can play a vital role to increase the iron and zinc 
penetration through root interactions (Huang et al., 2012; 
Kamal et al., 2000; Zuo et al., 2004; Inal et al., 2007). There 
are some limitations in agronomic bio-fortification where 
existing variability of micronutrient availability and creates 
micronutrient deficiency in plant roots (Yang et al., 2007). 

Genetic Engineering Technology 

The modification of plant genetic construction is 
possible through the application of genetic engineering 
technology that can induce the synthesis of minerals and 
vitamins and inhibit the synthesis of anti-nutrient 
components (Bouis et al., 2003; Raboy, 2002; Tucker, 2003). 
The genetic engineering has been applied for bio-fortification 
when a specific micronutrient not found in crops and where 
modifications is not possible through traditional breeding 
(Mayer et al., 2008; Periz et al., 2013). The fully sequenced 
genomes in several crops is now available through genetic 
engineering. With the progress of genetic engineering 
specific antinutrients can be removed or promoters can be 
included that can promote the bioavailability of 
micronutrients (Garg et al., 2018; Carvallo and Vasconceles, 
2013). Recently genetic engineering technology has been 
applied for the improvement of nutritional profile in the pulse 
crops. It has been shown that the concentration of amino acid 
methionine become higher in transgenic bean through the 
expression of a methionine-rich storage albumin obtained 
from Brazil nut (Aragao et al., 1999). To reduce the 
micronutrient deficiency of large population specially in 
developing countries the application of transgenic technique 
has been developed in rice where the Fe accumulation can be 

induced through the iron storage protein ferritin (Gele et al., 
2000; Vasconcelos et al., 2003). The golden rice that was 
developed by genetic engineering is consumed to overcome 
vitamin A deficiency (Paine et al., 2005) among the people. 
It was reported the folate concentration is being increased in 
rice and tomato by metabolic engineering (Blancquaert et al., 
2013 and Blancquaert et al., 2014). The genetic engineering 
technique has been applied to increase folate concentration 
more than 100 times via over expression of Arabidopsis 
thaliana pterin in rice (Storozhenko et al., 2007). It is 
reported that the CRISR / Cas 9 and TALENs technologies 
are exploited to develop mutant lines for the genes that are 
associated in small RNA processing in case of Glycine max 
and Medicago truncatuta also (Curtin et al., 2018). 

Breeding Approach 

It is easy and low-cost effective technique for bio-
fortification programme. There is genotypic variation among 
the staple food crops regarding micronutrient concentration 
(Graham et al., 2007) and so that to utilize this existing 
genotypic variation among the food crops is the main target 
in breeding technique (Zapata-Caldas et al., 2009). The 
Consultative group on International Agricultural Research 
(CGIAR) centre started the “Harvest Plus” programme in 
which the main target is to increase the concentration and 
bioavailability of zinc and iron in widely used staple food 
crops through breeding (Bouis, 2002; Pfeiffer and 
McClafferty, 2007). As the variation in iron and zinc conc. 
has been noticed among the food crops in such case selective 
breeding is recommended to increase the level of 
micronutrient (Tiwari et al., 2009). The Harvest Plus 
Programme was developed in 2003 to take initiative of 
micronutrient deficiencies in major food crops of common 
beans, maize, sweet potatoes, pearl millet, cassava, rice in 
Asian and African countries (Bouis and Welch, 2010). The 
rural people actually prefer the conventional plant breeding 
approaches as the commercially marketed fortified foods are 
not easily available to the large populations of remote areas 
(Bouis, 2003). The iron and zinc level may vary in rice grain 
(Khush et al., 2012) and the considerable variation in iron 
conc. have been noticed among rice, wheat and maize also 
(White and Broadly, 2005). Several research initiatives have 
been taken to increase the contents of micronutrient, vitamin 
A, tryptophan and lysine among the food crops throughout 
the world (Pfeiffer and McClafferty, 2007) among which 
appropriate breeding technique might be the best bio-
fortification tool.  

Current Status of Bio-fortified Crops 

As the nutrient deficiency is a big problematic issue in 
developing countries where near about 150 bio-fortified 
varieties of 10 crops had been developed that are consumed 
by more than 20 million people (Bouis and Saltzman, 2017). 
It has been reported that the intake of Fe bio-fortified beans 
can increase the hemoglobin level and body iron in iron- 
depleted women in Rwanda (Haas et al., 2017). Bio-fortified 
maize can increase the concentration of vitamin A that had 
been shown among 5-7 years old child after the intake of bio-
fortified maize in Zambia (Gannon et al., 2004). Several 
varieties of bio-fortified lentils enriched with iron and Zinc 
have been released by the International Centre for 
Agricultural Research in Dry Areas (ICARDA) of various 
zones and Harvest Plus also released 10 Fe- bio-fortified 
bean varieties. Harvest Plus works with public and private 
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organization for the production and delivery of bio-fortified 
crops (Bouis and Saltzman, 2017). 

Key factors for the success of Bio-fortification 

Till date the bio-fortification programme is in the phase 
of research. Proper knowledge is required regarding the 
bioavailability of micronutrients within the food crops and 
their distribution in plant body (Smith et al., 2016). The 
genetic diversity in the germplasms, the low level of 
antinutrients and the high level of promoter substances such 
as amino acids and ascorbic acid that can induce the 
absorption of essential minerals (Bouis, 2003) which are the 
major criteria for the success of bio-fortification. In the 
conventional breeding programs there are some limitations 
like low genetic variations, long time for generating desired 
cultivars and the dependency on phytoavilability of mineral 
nutrients of the soil which can overcome by the use of soil 
with high variation in micronutrient concentration and the 
use of available wild germplasms (White and Broadly 2009; 
Garg et al., 2018; Carvalho and Vasconcelos, 2013). Genetic 
diversity is very useful to enhance the micronutrient status by 
the use of conventional and modern breeding practices. 
Actually, the magnitude of success of bio-fortified crops 
depends on the acceptance of bio-fortified varieties by the 
undernourished people. 

Future Challenges 

The current bio-fortification methodology is a major 
challenging issue to reduce the deficiency of micronutrient 
malnutrition. The basic understanding regarding the 
micronutrient acquisition and their transport through the soil-
plant system and the safety issues of bio-fortified crops 
should be analyzed in detailed. The knowledge of 
bioavailability of micronutrient among the food crops and the 
mineral distribution pattern in plant body needs to be 
explored. The bioavailability of micronutrients at high 
concentration is required for success in bio-fortification 
which is possible through the increasing concentration of 
promoter substances that enhance the absorption of minerals 
and lowering the concentration of antinutrients (White and 
Broadly, 2009). The absorption of Se, Ca, P, Fe, Zn, 
methionine and tryptophan can be enhanced by the promoter 
substances like vitamin E, vitamin D, vitamin C, provitamin 
A, choline as well as niacin (Brinch-Pedersen et al., 2007). 
The antinutrient phytate present in the seed (Warkentin et al., 
2012) may be bind with iron and zinc and prevent their 
absorption in human body (Liu et al., 2015). The low phytate 
lines can be obtained through the germplasm screening 
(Shewry & Word, 2012) or manipulation of biosynthesis of 
phytate through the mutation of a myo-inositol kinase (MIK) 
gene (Shi et al., 2005). It has been reported that the low 
phytate lines have been generated that may enhance the 
mineral absorption in pulse crop by lowering the phytate 
concentration (Campion et al., 2009; Panzeri et al., 2011; 
Shunmugam et al., Commielli et al., 2018). It was thought 
earlier that polyphenols which can inhibit the Fe 
bioavailability in human are secondary metabolites and 
present in cereals, legumes and also in various fruits (Manach 
et al., 2004; Scalbert et al., 2005). Recently it has been 
reported that among polyphenols four polyphenols enhance 
Fe uptake which can be used in future breeding programme 
(Hart et al., 2018). About 30 polyphenols have been 
identified by Jha et al., 2019 in a recombinant inbred line 

population derived through the crossing between CDC 
Amarillo and CDC Dakota pea cultivars. 

The bio-fortification technique have been applied to 
some major crops but it should be applied in future on all the 
crops which are indirectly or directly related with 
micronutrient deficiencies and for these interdisciplinary 
research team should conduct the experiments to eliminate 
the micronutrient malnutrition. 

Conclusion 

Bio-fortified crops provide essential micronutrients 
which are very essential for proper human growth. 
Malnutrition is a major health issue in the underdeveloped 
and developing countries. Essential intervention is needed for 
delivering bio-fortified crops to target people. Proper 
awareness among the people regarding the health benefits of 
bio-fortified crops is required to overcome the micronutrient 
malnutrition. The bio-fortification strategy brings great 
promise towards nutritional security. 
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