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Over half of the global population is estimated to be suffering from various food deficiency diseases. A large portion
of the population in the developing countries relies mainly on one or more staple food crops for their nutrition. In
this context, it has become imperative to supplement the staple crops with important necessary nutritional factors.
Biotechnological approaches have played an important role in crop improvement and can be a helping tool in
developing staple food crops with sufficient nutritional supplements. The scientists from all over the world are
engaged in biofortifying various staple food crops to fight different nutritional disorders among poorer populations.
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1. Introduction
A major challenge of our time is that one
sixth of the world’s population suffers from
hunger, a situation which is totally
unacceptable. In addition, over half of the
global population, is afflicted by a different
form of food deficiency[1]. A significant
portion of the developing world’s population
relies largely on one or more staple food
crops for their nutrition and these are the
subjects of biofortification projects, both by
conventional breeding and by modern
biotechnology
tools.
Agricultural
biotechnology,
in
specific
genetic
engineering
represents
therefore
a
complementary strategy for the development
of more nutritious crops. Biofortification
may be defined as the development of
micronutrient-dense staple crops using the
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best traditional breeding practices and
modern biotechnology[2,3].
1.1 Biofortification for vitamin A
Vitamin A deficiency is particularly
prevalent among children of Africa and
Southest Asia. It causes irreversible
blindness and increased susceptibility to
disease and mortality. Rice plant produces
β-carotene (provitamin A) in green tissues,
but not in the seeds. A public-private
partnership to produce rice varieties rich in
provitamin A culminated in the development
of Golden Rice, in which two genes were
introduced by genetic engineering.
Beaton & his associates[4] and Sommer and
West[5]. have cited that a number of
randomized controlled trials in developing
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countries have shown that administration of
vitamin A capsule for infants and pre-school
children helps to reduce the mortality rates
from all causes by 23 percent and
administration of capsules with vitamin A
and beta-carotene among women during
child-bearing period can reduce maternal
mortality related to pregnancy by 40 percent
and 49 percent, respectively.
Ye & others[6] used Agrobacterium –
mediated transformation technique to
introduce the entire β-carotene (pro –
vitamin A) biosynthetic pathway in which
they introduced psy, crt I and lcy gene into
rice endosperm which produces 1.6 µg/g
carotenoids.
Villamor & his associates[7] while studying
subclinical trials on vitamin A deficiency e
often observed anemia, impaired linear
growth
and morbidity from common
childhood infections such as respiratory and
diarrheal diseases[5], measles[8], and
malaria[9].
Paine & others[10] produced a new variety of
rice (Oryza sativa) called Golden rice-2
through genetic engineering to biosynthesize
beta-carotene, psy gene from Zea mays and
crt I from Erwinia uredovora, which
produces 23 fold (maximum 37.1 µg/g)
more beta-carotene compared to Golden
Rice-1.
1.2 Biofortification for Iron and Zinc
Fe and Zn deficiencies are the sixth and fifth
highest health risk factors respectively, in
developing countries, and they have high
mortality rates. Fe deficiency causes anemia
and Zn deficiency causes impaired growth
and immune dysfunction. Fe and Znbiofortified rice varieties offer a promising
potential solution. Nicotianamine, the
precursor of phytosiderophores, chelates of
Fe2+ and Zn 2+ and plays an important role in
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transporting these metal ions to both
vegetative and reproductive organs within
the plant.
Scientists from four Future Harvest Centers
of the Consultative Group on International
Agricultural Research (CGIAR) and partner
organizations (1995) have been evaluating
the feasibility of using modern breeding
techniques to produce new varieties of staple
crops with high zinc, iron, and beta carotene
content. Zink deficiencies have equally
serious consequences for health. Recent
randomized controlled trials show that zinc
supplementation can reduce morbidity from
a number of common childhood infections,
especially diarrhea, pneumonia, and possibly
malaria, by one-third [11,12,13].
Gregorio & his associates[14] has evaluated
the amounts of iron that may be added
through biofortification to diets for selected
food staples for the indicated sub regions.
These minimum increments are based on
average levels of consumption of these food
staples (data available from the Food and
Agriculture Organization of the United
Nations) and conservative estimates of the
extent to which conventional breeding might
increase iron content in the consumed
portions of these staple foods.
It is also estimated that zinc density can be
increased substantially through conventional
breeding, perhaps by 100% in rice and
wheat and by 75% in beans[14,15,16].
Lucca & others[18] introduced three genes
pfe, rgMT and phy A into rice grains to
produce iron- rich rice. The iron content in
mature T1 seeds varied between 11.53±0.16
and 22.07±0.70 µg/g per seed. Two-fold
increses in the iron content of seeds from the
transgenic plant with the highest iron level
were also observed.
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Masuda & others[19] cultivated three
transgenic rice lines possessing barley
genome fragments containing gene for MAs
synthesis (i.e., HvNAS1, HvNAAt-A and
IDS3) in a paddy field. Polished rice seeds
with IDS3 inserts had up to 1.40 and 1.35
times higher Fe and Zn concentrations,
respectively, compared to non-transgenic
rice seeds.Similarly, Masuda & others[20]
reported increse in Fe and Zn contents of
three and two fold respectively, in polished
T1 rice grains by over expressing the barley
nicotianamine synthase HvNAS1.
Wirth & his associates[21] studied the effect
of the incresed expression of AtNAS1,
Pvferritin (ferritin gene from Phaseolus
vulgeris) and Afphytase (phytase gene from
Aspergillus fumigates) in rice (Oryza sativa
sp. Japonica) on the concentration of iron in
the endosperm strongly incresed upto 6.3fold. Along with iron content amount of zinc
in transform endosperms incresed by 1.3 to
1.5 fold over wild type.
1.3 Biofortification for Multivitamin (βCarotene, Ascorbate and folate)
Ascorbate is synthesized in plants from the
precursor D-glucose, and its deficieny
causes scurvy while Folic acid act as a
coenzyme for enzymatic activity and its
deficiency causes Magaloblastic anaemia.
The absence of Key vitamins in cereal
grains reflects the fact that the
corresponding metabolic pathways are
absent, truncated, or inhibited in the
endosperm. Therefore, used suitable strategy
to enhance these pathways is to introduce
genes encoding Key enzymes.
Naqvi & others[22] incresed the levels of 3
vitamins. (β-carotene, ascorbate, and folate )
with modification of 3 separate metabolic
pathways using multigene engineering. In
the best-performing line, the endosperm
accumulated
~60
µg/g
β-carotene
comparatively most successful then GR1
(1.6 µg/g dry weight) and GR2 (31 µg/g
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DW). Ascorbate and Folate content was
found to be incresed 6 fold (~110 µg/g DW)
and 1.94 µg/g DW respectively in transgenic
corn endosperm.
1.4 Biofortification for Increased Protein
Content
Nutritional value of seed storage proteins is
often limited. It may lack one or more amino
acids essential to human health e.g. legume
seeds lack cysteine and methionine; other
seeds might lack lysine. Thus, amino acid
balance in seeds has been manipulated in
laboratory experiments using number of
strategies.
Chakraborty & his associates[23] have
studied that increase in nutritive value of
potato by expressing a non allergenic seed
albumin gene AmA1 from Amaranthus
hypochondriacus. They reported 4-8 fold
higher essential amino acids in pSB8G
transgenic potatoes.
Tabe & others[24] has found out that Tg,soilgrown seeds expressing a foreign Met-and
Cys-rich protein, decreased pools of free
Met, free Cys, and glutathione indicated that
the rate of synthesis of sulfur amino acids in
the cotyledon had become limiting.
1.5 Biofortification for Oil Quality
Vegetable oil and fats constitute important
components in human diet.They are very
rich source of energy and an important
source of certain vitamins and hormones and
form structural components of cell.
Mammals cannot synthesize lenoleic (18:2)
and linolenic(18:3) fatty acids .Therefore,
they must be supplied in their diet, and they
are called essential fatty acids[25,26].
Deborah & his associates[27] modified
Brassica seed oil by antisense expression of
a stearoyl-acyl carrier protein desaturase
gene which showed dramatically increased
state levels in the seeds.
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2. Conclusion
From the foregoing discussion, it can be
concluded that, through genetic engineering
now a complete biosynthetic pathway can be
engineered for desirable nutrients in crop
plants so that we supply all the necessary
nutrients to the poor people in their daily
food. .By biofortification ,micronutrient
,vitamins ,protein and oil quality of these
energy rich staples can be incresed among
the poor in particular. Biofortification is also
fairly cost effective after an initial large
research investment.
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