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Abstract
Background: The footprints of zinc dietary nutrient deficiency are resulting in a widespread burden of
stunting, wasting and underweight in children under five years, and reproductive development in women over
a population of 100 million in Pakistan. The zinc malnutrition could be addressed by consumption of
biofortified high zinc wheat flour, a staple food, in complemented with food supplementation, food
diversification and food fortification interventions in the country.
Methodology: This evidence-based research publication focused on micronutrients malnutrition on human
health and capital. Literature was taken from last 20 years papers published in several peers reviewed scientific
journals. Papers regarding malnutrition were mainly focused. The primary data was collected from R&D
institutions and secondary data from Pakistan National Nutrition Survey 2011. Various sites, viz.
www.harvestplus.org,
www.ifpri.org,
http://www.ars.usda.gov/ba/bhnrc/ndl,
http://data.unicef.or g:
www.fao.org: http://wholibdoc.who.int/publications were also visited.
Results: In Pakistan, the recently released biofortified high zinc wheat variety “Zincol-2016” had a higher
quantum of 37 mg Zn kg-1 compared to 25.0 mg Zn kg-1 in grain portion in other commercially grown wheat
varieties. Upon consuming biofortified wheat flour, zinc concentration increased from 681.3 to 792.3 µg L -1
in human plasma. Furthermore, even an increase in dietary zinc by an amount of 2.0 mg Zn capita -1 day-1 may
result in halving the endemic problem of zinc malnutrition, with a little change in food diversity pattern.
Conclusion: The consumption of biofortified high zinc wheat variety “Zincol-2016” containing 37 mg Zn kg1 compared to 25.0 mg Zn kg-1 in conventional wheat varieties could result in alleviating zinc malnutrition to
the extent of 50% in the malnourished population. Thereby, it is a potential complementary staple food with
other contemporary interventions to address malnutrition in Pakistan.
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Introduction
At the global level, more than two billion people are
experiencing a syndrome of malnutrition1 , and a
greater proportion of households to be affected by
20502 . Considering the alarming situation, various
international and national organizations under
Charter of Sustainable Development Goals (SDGs)
[Goal-2 (Zero Hunger) and Goal-3 (Good Health
and Wellbeing)] have stepped their efforts to
address malnutrition3, 4 . The earliest three years
(1000 days) starting from the day of conception,
lays foundation stone for enjoying a goodness of

health and a little attention for the feeding of nonnutritious diet either to expecting mothers or later to
babies beyond two years, would cause an
irreversible loss to one’s healthiness, mental and
physical development5 . Among the risk factors, the
poor diet is a major determinant, which afflicts the
human health to a greater degree than any other
component6 . Among other developing economies,
more than 100 million inhabitants of Pakistan are
living apart from nutritious diet, as to lead a healthy
life style7 . The strategy to address malnutritio n
includes food supplementation, food diversificatio n,
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food fortification and biofortification of staple food
crops. Among these interventions, the consumptio n
of biofortified staple foods has shown their potential
in not only being cost-effective and available at
space and time; but also reducing disease burden in
terms of DALYs (Disability Adjusted Life Years) 8,
9 . The agriculture sector leverages the production of
food not only in higher quantity but also nutritio us
too. However, a little attention was given to the
production of nutritious food following Green
Revolution Era4, 7, 10, 11 . The greater accessibility to
diversified food products coming from agriculture
sector would address the under-nutrition problem12 ,
13, 14 .
The extent of Malnutrition:
The micronutrients
deficiency,
termed as
‘malnutrition’ and/or ‘hidden hunger’ is a
widespread
phenomenon
in
under-nutritio n
population, living in developing economies15, 16. The
burden of malnutrition in terms of stunting, wasting
and under-weight is inversely correlated with an
outcome of dietary diversity at home15, 16 . At the
global level, one-third of people are facing a
different degree of malnutrition17 . However, more
than 50% of the malnourished community will fall
prey to this uncertainty if not efforts are undertaken
by the world community17 . Apart from this, onethird of the world population is facing the burden of
obesity13 . Among these, 50% children under 5 years
of age are facing deficiencies of micronutrients 5 .
The nutritious food produces a far greater impact on
first 1000 days in one’s life, therefore, it needs
greater attention18 . At present, more than 100
million populations are facing deficiency syndrome
due to deficiency of micronutrient, dietary nutrients
viz., iron, zinc, vitamin A and D to the extent of
61.9%, 39.2%, 54.0% and 40.0%; respectively1 9 .
Among the nutrients, 47.6% women and 39.2%
children under 5 years age are burdened with
deficiency syndrome of zinc19 . The deficiency of
zinc reduces the production process in women and
physical development in children1 . The diarrheal
disease is also associated with zinc deficiency 2 0 .
The long-run persistence of malnutrition is
impacting heavy economic toll on the economic
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growth and development of the country. The
economic loss accounts for US$ 7.6 billio n
annually, equal to 3.0% of GDP per annum. The
zinc deficiency causes a loss of US$ 770 million per
annum2 . The workforce is facing the loss of US$
2.24 billion per annum. In the year 2010, 0.323
million out of 182 million people were lost with
respect to disability-adjusted life years (DALYs) in
Pakistan21 . The toll stood to 187 DALYs out of 0.1
million people. There are estimates that the DALYs
toll of 0.173 million in Punjab and 0.071 million in
Sindh provinces21 . This loss could be saved by
consuming biofortified high zinc wheat, without any
additional cost22 . In terms of DALYs, the reduction
could vary from 0.5 to 37% by consuming
biofortified wheat22 . The biofortified wheat as a
complementary food and/or substituting it with
conventional wheat would serve for providing
nutritious diet as to overcome the malnutrition in a
large population in accordance with WHO goals23 .
Nutrition-Health Nexus:
The malnutrition burdens a number of noncommunicable diseases (NCDs), viz., diabetes,
cardiovascular disease, cancer, stroke stress which
could be alleviated through nutritious food 16 . The
consumption of biofortified wheat would serve as
nutrition-specific intervention along with other
nutritious food and/or who solely subsists on cerealbased diet13 . Zinc element is a crucial nutrient to
carry out numerous physiological and biochemica l
processes in the humans24 . It is involved in growth
and development, immune and reproductive
functions and 1000 enzymatic networks25 . The
occurrence of dwarfism during adolescence in the
Middle East was due to deficiency of zinc nutrient 2 6 .
The human body has a little storage capacity for zinc
nutrient contrary to iron and vitamins21, 27.
Therefore, the body derives its daily requireme nt
from the diet. There are evidence that restricted
mental and physical development is closely
associated with deficiency of zinc nutrient7, 28, 29.
There are estimates that resource-poor households
subsisting on cereal-based diet and consuming little
amount of vegetables and fruits are highly prone to
NCDs30 . In Pakistan, wheat is a staple food, which

Qadir Bux Baloch

32

International Journal of Endorsing Health Science Research
©Advance Educational Institute & Research Centre – 2018

is consumed by the amount of 390 g capita-1 day-1
31 . Despite its heavy consumption, the zinc nutrient
derived from consuming wheat flour is not
sufficient to meet the daily requirement. The reason
being that cereal diet i.e., wheat, rice, maize, and
barley have a lower quantity of zinc. Moreover,
cultivation of cereals on soils which are severely
deficient in nutrients further caused a reduction in
zinc content in grains32 . The content of zinc in grain
varies from 19-30 mg Zn kg-1 in commercia l
cultivated wheat varieties. Whereas, the human
body requires double of this quantity to satisfy the
human needs. Moreover, the wheat grains contain a
greater amount of phytic acid, which -chelates the
zinc nutrient, thus its bioavailability is reduced 33 .
Bioavailability of zinc dietary nutrient is reduced
due to the existence of phytic acid, and zinc -chelate
compounds are formed34 . The bioavailability could
be increased by the presence of higher amounts of
amino acids in the diet and/or from anima l
products35 . There was higher rate of bioavailability
of zinc nutrient from biofortified wheat compared to
conventional wheat 36 , resulting in improvement in
dietary zinc derived from biofortified wheat 37.
Currently, the amount of zinc content in biofortified
wheat variety Zincol-2016 is 37 mg Zn kg-1 38 . The
higher amount of grain resulted in enhancing the
level of zinc in blood plasma to meet the
physiological need of the body37 . Studies have
revealed that intake of zinc was higher from
biofortified wheat compared to non-biofortified
wheat which resulted in higher absorption by the
body36, 38 .
Interventions to Address Malnutrition:
During the Green Revolution Era in the 1960s,
much attention was given to increase the
productivity of staple food crops to ensure food
security, however, nutrition security received a little
attention since then39, 40 . The cereals contain a low
amount of micronutrients and further growing them
on potentially micronutrient deficient soils resulted
in a widespread deficiency of micronutrients in
humans41 . In the contemporary world, the
ubiquitous problem of malnutrition is being
addressed through these interventions.
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a) Food Supplementation: The clinical treatment by
dispensing multi- vitamins compounds, vaccinatio n,
vitamin A pills.
(b) Food Fortification: The food products are
mechanically fortified with the addition of iron,
folic acid, zinc, vitamin A and D and iodine in wheat
flour, milk products, vegetable oil and table salt,
respectively. The accessibility of these products is
limited in the low-income rural areas. In the
developing economies, it has achieved a little
success due to poor marketing system and coverage
of the large population.
(c) Food Diversification: The majority of the
population subsists on cereal-based diet and enjoys
a little liberty to eat vegetables, fruits, and meat
products. Wheat is consumed by the quantity of 390
g capita-1 day-1 , while rice at a distant second having
a quantity of 37 g capita-1 day-1 10 . Moreover, wheat
provides 60% of calories followed by 12% and 10%
from oil and sugar products10 . The extent of the
population to the tune of 83.4%, 70.8%, 67.4% and
65.6% living in Balochistan, Sindh, Khyber
Pakhtunkhwa and Punjab, respectively who cannot
buy nutritious food to improve their health10 . There
is evidence that consuming soft drinks, sugar and
processed food have a little nutritional value and
also expensive ones. The practicing of kitchen
gardening and consuming naturally grown wild
fruits would be valuable42 .
(d) Biofortification: The biofortification of staple
food crops has been considered a recent strategy to
address maladies of micronutrient malnutrition43 . In
the realm of agriculture for nutrition, biofortified
crops offer their best services to meet dietary
nutrients. Various researchers reported production
of biofortified wheat staple food crop is the most
cost efficient and can be cultivated over time and
space in different ecologies8, 43 .
The footprints of micronutrients malnutrition are
visible among 100 million inhabitants living in the
peri-urban and rural areas. The households have a
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little purchasing power to buy nutritious food, i.e.,
vegetables, fruits and meat products. The
contemporary
interventions
i.e.,
food
supplementation,
food diversification,
food
fortification have been found to be a little access to
the target population (www.harvestplus.or g).
Moreover, these measures require heavy human and
capital investment on a long-term basis. Thereby, a
strategy is ought to be apt, which could be more
cost-effective, affordable and having a greater
accessibility to the malnourished households. There
is a need for development of varieties of staple food
crops which contain inherently higher quantum of
dietary nutrients in their genetic background
without any extraneous addition during processing
of food, as to meet the micronutrient deficie nc y
needs of the humans. Targeting this objective, a
number of biofortified varieties of staple food crops
viz., wheat, rice, maize, pearl millet, beans, potato,
sweet potato, and cassava are being developed with
the higher quantum of nutrient traits i.e., zinc, iron
and vitamin A in their genetic background and
transgressed through classical genetic manipulatio n.
As an effort to address malnutrition, the
introduction of biofortified high zinc wheat varieties
would prove a valuable intervention to satisfy the
micronutrients thirst of the human body. The
enriching staple food crops through genetic
manipulation is called ‘Biofortification’. Crops are
biofortified by addition of one or more essential
nutrients to the seed of staple food crops through
plant breeding technique. The germplasm stacked
with higher nutrient traits are cross-bred with high
yielding crop varieties, as to make them more
nutritious over the current ones, without
compromising the yield potential44, 45, 46 . Currently,
commercially grown wheat varieties contain zinc
content on an average of 25 mg Zn kg-1 (ranging
from 19.0 to 30.0 mg Zn kg-1 ) in grains, whereas this
amount has to be raised by 50 percent higher than
the current level of the nutrient.
Methodology
The research and development work for the
development of biofortified high zinc wheat
varieties with the collaboration of HarvestPlus has
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been going on at federal and provincial wheat
research institutes across the country since 2003.
Under the umbrella of National Agricultura l
Research System, the research on genetic
manipulation to develop highly zinc nutritio us
wheat varieties is being undertaken by the National
Agricultural Research Center, Islamabad; Wheat
Research Institute, Faisalabad; Wheat Research
Institute, Sakrand; Cereal Crops Research Institute,
Pir Sabak; and Agricultural Research Institute,
Quetta. The cooperation has been extended by
Consultative Group for International Agricultura l
Research (CGIAR), International Maize & Wheat
Improvement Center (CIMMYT), Federal and
Provincial Governments of Pakistan, proved highly
enumerative in furthering the development of
biofortified wheat (www.harvestplus.org).
Results
The research efforts made by Wheat R&D
Institutions resulted in the development of 1 st wave
high zinc wheat variety in the year 2016. The
biofortified high zinc wheat variety ‘Zincol-2016’
has been introduced
for production
and
consumption. The variety has a comparable
productivity and contains 37 mg Zn kg-1 (+12
baseline) in grain, i.e., 50% higher zinc content over
conventional wheat varieties and well-adapted in
different ecologies. Apart from it, the variety is also
rich in mineral constituents i.e., iron (67 to 85),
calcium (284-382), phosphorus (3137-4203) and
potassium (4105-5433) mg kg-1 in the grain portion.
During the last two the years 2016-2018, 65 tons of
biofortified wheat seed Zincol-2016 was distributed
among 2600 (male 1400, female 1200) small
landholding farming families under World Vision
Canada’s ENRICH Project “Enhancing Nutritio n
Services to Improve Maternal and Child Health in
Africa and Asia” in district Sukkur, Sindh province.
Moreover, 2400 tons seed was disseminated among
farmers and seed multipliers for massive production
in various provinces. The farmers had been
sensitized about the health benefits, as to reduce the
prevalence of mental and physical impedime nts.
The biofortified wheat is particularly more valuable
for small farming households, low-income people
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who are living far-flung settlements in the rural
areas47 .

of the multivitamins/mineral supplements provide
sufficient quantity.

In Pakistan, consumption of wheat is 390 g capita -1
day-1 , on the other hand, rice is 37 g capita-1 day-1 48.
The currently grown wheat varieties contain an
amount of 23.9 mg Zn kg-1 49 , out of which, 7.1 mg
Zn capita-1 day-1 becomes available to human
body50 . On the other hand, estimated average
requirement (EAR) is 10.4 mg Zn capita-1 day-1 48.
The consumption of biofortified staple food which
is nutritious one would be a potential option for
reducing hidden hunger in the rural populations 3 7 .
The amount of zinc content in wheat grains could be
enhanced by practicing application of zinc fertilize r
either through the soil and/or foliar51 . The poor
households spend 53-60% of the total expenditure
on food products. Of the total Of the total US$
1.0,US$0.50 (PKR 50) per day per adult equivale nt
expenditure, the purchase for food and non-food
accounts for US$ 0.30 (PKR 30) and US$ 0.20
(PKR 20) per day respectively. The livelihood of the
poor is skewed towards a narrow range of foods,
which limits bringing of food diversity, to ward off
the ill effects of deficiencies of micronutrients52, 53.
The bioavailability of zinc dietary nutrient could be
enhanced by “the measures; wheat flour may be
leavened with yeast, leafy vegetables and fruits may
be consumed, biofortified high zinc wheat flour may
be
consumed,
take
multivitamin/minera l
supplements on the prescription of physician, most

In a recent study, the consumption of wheat flour by
330 g capita-1 day-1 , would provide daily intake of
8.6 mg zinc capita-1 day-1 , as compared to the daily
intake of 11 mg zinc capita-1 day-1 20 . Thereby, a
greater proportion of the population is undernutrition because of the presence of phytic acid in
cereal grains. The average daily zinc dietary intake
was recommended as 9 mg zinc capita-1 day-1 for
women and 13 mg zinc capita-1 day-1 for men54 . The
increase in dietary zinc by the amount of 2.0 mg Zn
capita-1 day-1 may result in reducing the endemic
problem of malnutrition by about 50% with a little
change in food dietary pattern20 . The addition of 4
mg Zn day-1 in dietary food caused improvement in
serum
protein
and
repairing
DNA
(deoxyribonucleic acid) strands55 . The significa nt
increase of zinc concentration was recorded from
681.3 to 792.3 µg L-1 in human plasma zinc by
consuming biofortified wheat flour38 . Furthermore,
the bioavailability of zinc dietary nutrient (the
amount which body derives from the dietary food),
is relatively high in meat products, eggs, legumes,
and nuts; because of greater availability of amino
acids viz., cysteine and methionine56 . The
bioavailability of zinc nutrient is reduced due to the
higher content of phytic acid in the cereal grain
products57 . Consumption of biofortified wheat
could be augmented by consuming various food
items (Table 1).

Table 1: Food Sources of Zinc Nutrient
Food
Zinc Nutrient(mg/kg)
Sesame seed
78
Beef, cooked
60
Sorghum Bread
60
Rye (Whole grain flour)
56
Mint (Mentha longifolia)
51
Goat Meat
45
Oat (Whole grain flour)
39
Cabbage
38
Taro (Arvi, Arum) (Colocusia esculenta)
32
Chicken Egg Yolk (raw)
31
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Sugar Brown (Jaggery)
Wheat (Whole grain flour)
Barley (Whole grain flour)
Tomatoes
Beans, baked
Chicken, cooked
Milk
Yogurt, fruit
Proso millet (Panicum miliaecum )
Chickpeas, cooked
Almonds
Cheese
Peanuts
Future Prospects
Biofortified high zinc wheat is a nutrition-spec ific
intervention to alleviate the public health problem.
This is a complementary intervention along with
other dietary foods to reduce micronutrient- ind uced
ailments in under -nourished population. In the year
2017, HarvestPlus Pakistan reached to 80, 000
farming households with biofortified wheat seed.
For three years now in 2020, the biofortified wheat
seed will capture a share of 1.5% of the total wheat
seed market. In the years to come, about 4.8 millio n
households living in the rural areas will be deriving
health benefits by consuming biofortified wheat in
the country.
Conclusion
The endemic persistence of malnutrition is ought to
be addressed through multi-dimensional aspects. In
complement with other interventions to reduce
malnutrition, the consumption of biofortified high
zinc wheat variety “Zincol-2016” containing more
than 50% zinc content compared to conventio na l
wheat varieties is a potential option to reduce the
zinc malnutrition in Pakistan. The consumption of
biofortified wheat among the rural populatio n
would result in halving the zinc malnutritio n
through regular intake of biofortified wheat.
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