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ABSTRACT: This review completely based on biofortification of  different food crops like rice,maize etc and 

This supports the approach like transgenics, breeding approach to improve nutritional quality of food and how 

this beneficial to humans and other life forms to decrease the ratio of malnutrition and the nutritional deficiency 

related to that respective vitamins and minerals. This approach helps to improve health. 

  

 

 

I. INTRODUCTION 
Many people do not get enough food as per to get their daily need and many times these people suffer 

from diseasic condition or a deficiency of a malnutrients this is because they do not get enough vitamins, protein 

and other necessary nutrients from the food this condition also called as hidden hunger and it include blindness, 

stunting, disease condition, premature death.
76

malnutrition is a major problem for the whole world and for the 

developing and industrial countries. On  the other hand the second problem is low birthweight and the ratio is 

high it is high in industrialized countries.
1
 Vitamin A, zinc, vitamin E,folate etc.content of this nutrient are low 

in food and because of that deficiency of this nutrient are occure in developing countries this nutrients can be 

provided by biofortification and with the other stratergy like genetically modified crops and also we can not 

ignore the other micronutrients like zinc, folate, vitB12,riboflavin it is also important to consider these 

micronutrients for health issues . 

 

Micronutrient malnutrition is often less obvious for the people have an impact on, which is also why 

the term hidden hunger is now and then used.. The major reason for the high prevalence of insufficient 

micronutrient intakes is the lack of dietary diversity among the poor. Typical diets in not enough income 

households are conquered by staple crops, which are low-cost sources of calories but only provide small 

amounts of vitamins conquered and minerals. In addition to income constraints, lack consciousness and cultural 

factors also often limit the consumption of more nutritious food. biofofication is the process by which the 

essential daily micronutrition can be given by staple food.
4,5

. Plants are most important source for essential 

nutrients and can be taken easily.
6
  

 

Plant-based foods like rice, wheat, cassava and maize most in large quantities consumed by at-risk 

populations contain levels of more than a few micronutrients that are deficient to meet minimum daily 

requirements. Furthermore, sometimes these nutrients are not in enough quantity as per the need.
7
 For case, iron 

present in rice leaves it‘s concentration is high but lower in polished rice grain. In anoter case that is provitamin 

A which is higher in rice leaves. Biofortification efforts are directed toward increasing the levels of specific, 

limiting micronutrients in edible tissues of crops by combining crop management. 

 

II. BIOFORTIFICATION THROUGH DIFFERENT APPROCHES 
 Biofortification  Through  Fertilizer  Application 

It is a simple kind of method, the biofortification of crops through the application of fertilizers which 

contain essential mineral micronutrients, is complex method and can be given by following method like soil 

composition, mineral mobility in the plant and its gathering site. So it is successful for some minerals but not for 

all and the success rate varies according to the environmental condition. Such as, both iodine and selenium are 

mobile in soil and in plants, thus biofortification with iodine 
14

 and selenium 
15

fertilizers has been used to 

increase mineral levels, with particularly encouraging results for selenium biofortification in Finland and New 

Zealand. large amount of this metal can affect on plant and related organism like N2 fixative bacteria. In less 

obtainable nutrient ecosystems iodine and selenium are mobile in soil and in plants, fertilizers can be use to 

increase nutrient level .zinc (Zn) is also highly mobile, zinc given as a fertilizer as FeSO4 can increase the 

concentration of Zn in soil and the content also increase in grain.
17

 In another case in iron (Fe) has a low 

mobility in soil because Fe(II) which given as FeSO4 bound by soil particles and converted into Fe(III); so it 
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gives or Fe fertilizers gives less effect to plant 
16

. In larger amount this metal can give not good effect to plant in 

some case it gives opposite effect too. 

 

The role of fertilisers is to provide nutrients that plants need in order to grow, principally nitrogen, 

phosphorus and potassium. Enhanced fertilisers provide additional nutrients needed by the people who eat the 

plants. Successful examples include enrichment with iodine in China, selenium in Finland and zinc in Thailand. 

This approach has an important advantage – it works quickly. But as a long-term strategy for improving public 

health, enhanced fertilisers have serious limitations.They are expensive and have to be applied regularly. So the 

poor people cannot afford this.The two other forms of biofortification raise issues of their own, but they do 

overcome these problems. The system planned for both is an initial, subsidized distribution, a one-off cost. 

Farmers could then harvest and use seed for future years, as they do with existing varieties now. The potential of 

biofortified crops, therefore, is to provide a continuing supply of micronutrients to large numbers of people, 

without recurrent costs minakshi et al 

 

 TRANSGENIC APPROACHES FOR BIOFORTIFICATION 

In the absence of genetic variation in nutrient content among varieties, breeders have nothing to work 

with.This is where transgenic approaches can be a suitable alternative option 
7,8

. Nutritional genomics studies 

the association between genomes, nutrition, and health 
11,12

. The ability to quickly understand and recognize 

gene function and then can be used for improve nutritional quality in food 
10

. This was made possible by the 

DNA sequencing,metabolomics,genome analysis,whole genome sequencing etc 
13

, other functional mechanism 

from bacteria and other organisms can also be introduced into crops to develope alternative pathways for 

metabolic engineering
 9
 

 

These technologies provide a powerful tool that is unconstrained by the gene pool of the host 
18

. In addition, 

the genetic modifications can be targeted to the edible portions of commercial crops 
19,20,22

.  

 

Although the possibilities associated with transgenic approaches keep plant biologists hopeful regulatory 

hurdles associated with this technology make commercial applications difficult 
21,23,24,25,26

. Nearly all transgenic 

plants have patented or patentable inventions 

associated with them; however, there has been a movement to work around patents to deliver biotechnology to 

the poor farmers of the world 
23

. Unfortunately, the current political and economic landscape is not receptive to 

this technology being widely applied to a host of different crops. Even with these current limitations, the 

potential for genetic modifications to improve hunger warrants support of this technology among both scientists 

and citizens. 

 

III. ANTIOXIDANTS 
The consumption of fruits and vegetables has been shown to raise plasma antioxidant levels in human  . 

Fruits and vegetables contain a wide range of antioxidants including anthocyanins and carotenoids such as 

lycopene and β-carotene and vitamins C and E 
71,74

. Carotenoids, along with a variety of other compounds as 

well as sterols and tocopherols, are derived from the general isoprenoid biosynthetic pathway. Colored 

carotenoids are found in fruits, flowers, and roots, where they probably act as attractants to pollinators and for 

seed dispersal. 
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IV. ANTHOCYANIN 
They are water-soluble pigments that may appear red, purple, or blue. They belong to class flavonoids. 

Fruits of most tomatoes contain slight amount of anthocyanin during the process of fruit coming off this 

removes.Currently, blackberries and raspberries are among the best sources of dietary anthocyanins, but both are 

not affordable and are consumed in less amount than tomatoes. Potentially, these engineered tomatoes can serve 

as good source of antooxidants.
31

 

 

     
 

 

LYCOPENE 

 
 

Tomatoescontain higher level of lycopene, and because of that major attentive source 
27

. Natural 

mutants of tomato are available, such as a high-pigment variety that has been used in breeding strategies to alter 

lycopene levels 28. Expression of bacterial genes and yeast genes in transgenic tomatoes has also significantly 

altered lycopene levels 
29,30.

 

 

VITAMIN A & E 

        
Vit a 

Vitamin A deficiency is prevalent in the developing world and is probably responsible for the deaths of 

two million children annually. In surviving children, vitamin A deficiency is a leading,and can cause blindness 

in Humans, vit A can  provided with the precursor molecule b-carotene a pigment found in many plants which is 
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not present in cereal grains. Therefore, a strategy was devised to introduce the correct metabolic steps into rice 

endosperm to facilitate b-carotene synthesis . 

An initial breakthrough was the development of a rice line expressing a daffodil  phytoene synthase, 

enabling the accumulation of the vitamin A precursor phytoene in the endosperm 
32

, followed shortly thereafter 

by the original ‗Golden Rice‘ variety, expressing two daffodil enzymes  which reconstituted the entire pathway 

and enabled the rice endosperm to accumulate b-carotene, resulting in its eponymous golden color 
33 

 

FOLATE 

Folate is a generic term for tetrahydrofolate (THF) and its derivates. Folates are B vitamins; the 

recommended dietary allowance for folate ranges from 400 to 600 μg per day for pregnant women 
49

. Plant-

based foods are the primary source of folate; however, plants vary in their folate levels, and cereals—

particularly rice and wheat—contain very low folate levels. Folate is a complex molecule that is assembled from 

three different components: pteridine, para-aminobenzoic acid (PABA), and glutamate. These components are 

synthesized in special compartments within the plant cell, and the folate is synthesized from these precursors 

within the mitochondria 
49

. 

 

  

 

 

Essential Amino Acids 

All aminoacid can not be present in one food crops; such as, legumes contain lesser amount of 

methionine and cysteine, while grains contain lesser amount of lysine and threonine 
59,60,61,63.

People are majorly 

depended on legumes and cereals for their diet, plant biologists have used various methods to increase essential 

amino acids in these plants 
61

. such as, expression of storage proteins that contain high levels of advantageous 

amino acids has raised lysine content in rice and wheat 
65

. Similar approaches have raised essential amino acid 

content in potatoes 
64

. However, attempts to raise sulfur-containing amino acids have not been as productive 
66

. 

To address these issues, synthetic proteins have been expressed in cassava to match the amino acid requirements 

for humans 

 

 Mineral Biofortification 

Although metabolic engineering is most appropriate for fortifying plants with organic nutrients, a 

different approach is required for minerals because they are not synthesized by the plant but rather are ―mined‖ 

from the immediate environment. Two different approaches have been used to improve mineral content: 1. 

increase the efficiency of uptake and transport into edible tissues and 2. enhance the amount of bioavailable 

mineral accumulation in the plant 
47,48

. 

 

Iron and Zinc 

Engineering strategies to enhance the mineral content of plants have concentrated primarily on iron and 

zinc, which are most often deficient in human diets 
35,36,37

. In fact, iron is most important as per the health issues 

and most leading problem in world today, affecting an estimated 2.7 billion people. Grasses having a different 

mechanism to obtain Fe(II) than do other plants 
38

. However, all plants must first take Fe(III) that is easily 

avilable in the soils and convert it to Fe(II). Specific transporters are then used to absorb the minerals into the 

roots and transport the metal in complexes such as nicotianamine, which can chelate Fe(II) and mobilize the 

mineral to other locations within the plant 
39,40

. The increased expression of some of these transport and 

chelating proteins in transgenic plants promotes metal accumulation 



Alleviation of malnutrition by Biofortification of crops 

www.ijhssi.org                                                           5 | P a g e  

 
 

There appears to be some connection between iron- and zinc transport pathways because plants 

engineered to increase iron content also increases Zinc cotent in plant. This could reflect the enhanced synthesis 

of nicotianamine, which increases the mobility of both metals. In fact, treatment of nicotianamine in plants can 

double both zinc and iron levels in plants. The second approach to mineral biofortification is to express 

recombinant proteins that enable minerals to be stored in a more bioavailable form. Expression of ferritin, it is 

an iron-storage protein, in seeds causes a three to four fold increase in iron levels 
41,42,43

. Although polishing of 

rice causes a decrease in mineral levels, ferritin-enhanced rice still has increased iron levels in the transgenic 

polished rice. Rats fed a diet containing the transgenic rice demonstrate that the iron in the rice had 

bioavailability equal to that found in diets containing FeSO4 at equal concentrations 
44

. The removal of 

antinutrients from plants can also increase bioavailable mineral content. Phytic acid which is also known as 

phytate is an antinutrient that can chelate minerals and reduce their bioavailability in the gut 
45

. A combined 

approach has been developed that involves the expression of iron-storage proteins and phytase (a fungal enzyme 

that breaks down phytate); this has been achieved in both rice and maize 
46

. This combined approach for mineral 

biofortification should provide maximal levels of bioavailable iron. 

 

Calcium 

Calcium present in plant foods exists primarily as a complex, in which it is bound to substances such as 

oxalate, phytate, fiber, lactate, fatty acid, protein, and other anions 
50,51

. Phytic acid is often considered as an 

antinutrient because it forms insoluble complexes with 
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Minerals such as zinc, calcium, magnesium, and iron 
52,53,54

. Furthermore, it is not fastly digestible by 

nonruminant livestock or by humans. This can cause major problems in the management of phosphorus in 

livestock production and in human nutrition. One approach to studying the nutritional impact of phytic acid in 

feed and food, and to studying the biology of phytic acid in plants and seeds, is to isolate low-phytic-acid 

mutants in such plants as maize. Normally, phytic acid is present in large quantities in maize kernels.  

 

 CONVENTIONAL BREEDING 

Large differences exist among the many varieties of the same plant, in nutritional characteristics as well as 

many other traits. Accelerating since the 1960s, seed banks have been developed to collect and catalogue these 

variations. The International Maize and Wheat Improvement Centre in Mexico (CIMMYT) is a leading 

example. From such collections, it is possible to develop, through conventional breeding, new variants of staple 

crops with better nutrient profiles, based on lines that have proven suitable for the growing conditions in specific 

areas. Breeding to improve food crops goes on all over the world, mainly focussed on improving yields rather 

than nutrient profiles. The most significant, systematic and symbolic programme of biofortification through 

conventional breeding is HarvestPlus. It focuses on breeding increased levels of three nutrients (iron, zinc and 

pro-vitamin A) in seven staple crops (beans, cassava, maize, rice, wheat, sweet potato and pearl millet).  The 

HarvestPlus programme is funded principally by grants from foundations, governments and international 

agencies. Started in 2003, within the Consultative Group on International Agricultural Research (CGIAR), it 

works with specialist institutes in that network and with outside, public sector and academic researchers. In 

HarvestPlus‘s conception, biofortification is a ten-step process, with assessment at each stage, If successful, the 

crops tested in the initial biofortification projects will be disseminated to numerous ‗spillover countries‘ with 

similar growing conditions, including areas of Latin America. The first results from the first project, sweet 

potato biofortified with pro-vitamin A, are expected in 2010 

 

 IMPACT ON PLANT PRODUCTIVITY AND THE ENVIRONMENT 

Assessments of the potential alterations in plant metabolism following biofortification efforts have 

rarely been analyzed. Altering metabolic fluxes through a specific pathway may affect plant growth and 

productivity. for instance, changes in metal content may alter enzyme activities and metabolism. It is thus 

imperative to establish whether a specific alteration in plant metabolism is cost effective. Useful biofortification 

efforts should increase nutrient content while maintaining low cultivation and production costs. Fortunately, 

improved metabolomic and metabolic modeling techniques should facilitate such analysis 
64

. The experimental 

parameters used to test genetically modified foods should resemble clinical trials with a novel pharmacological 

agent. Interactions with other nutrients in the plant matrices, potential allergic responses of the consumer, and 

alterations of plant stress responses are some of the parameters that need 

 

IV. FACTORS INFLUENCING FUTURE IMPACTS 
Whether biofortification is an important factor for health concern but it also depended on some 

circumstances. Important factors influencing the impact in a given setting include local dietary patterns as well 

as technology efficacy and coverage.Local dietary patterns should determine the crop species to be targeted. 

Biofortification can only make a difference when the crop in question is an important local staple food, which is 

repeatedly consumed in relatively huge quantities. Therefore, the appropriate crop choice may vary regionally. 

Technology efficacy will be determined by the amount of the micronutrient in the crop, micronutrient retention 

after processing, and its bioavailability. Coverage, defined as the share of biofortified varieties in total quantities 

consumed of the crop, is mainly a function of farmer adoption and consumer acceptance.
77
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