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Exemplary agricultural research supported by good government policies has ensured food security 
in India. It is the right time to focus on micronutrient malnutrition in the country. Recently, Zn defi-
ciency in diet especially of young children below 5 years of age has received global attention. Zn 
deficiency diseases in infants and children include diarrhoea, pneumonia, stunted growth, weak 
immune system and retarded mental growth. Zn deficiency in pregnant women can lead to these 
problems and even mortality in infants. Over 450 thousand infant deaths in the world during 2004 
were ascribed to Zn deficiency. Although Zn deficiency to some extent can be cured by Zn supple-
mentation and improvement in dietary composition, it is better to increase the Zn content in cereals, 
the staple food in India and as a matter of fact in the entire south and southeast Asia. This can be 
achieved by biofortification of foodgrains either by developing crop cultivars with high concentra-
tion of Zn in grains or by adequate Zn fertilization of crops grown on Zn-deficient soils. Animals 
also suffer from Zn malnutrition. 
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SINCE gaining independence in 1947, India’s main thrust 
in agricultural research has been on food security and 
rightly so, because India has a history of devastating fam-
ines in the 19th century1 and a virtual famine in 1966 
which was averted through import of 10 million tonnes of 
wheat from USA under PL480 programme2. India’s food 
grain production improved after the introduction of high 
yielding dwarf fertilizer responsive varieties of wheat 
during 1966–68. With a matching progress in the manu-
facture and consumption of fertilizers, increase in the 
area under irrigation and development of rural infra-
structure, such as, roads, schools, etc., it has been possi-
ble to achieve food security in the country. There is of 
course no room for complacency and sincere efforts  
for maintaining food security must continue on all fronts 
(production, availability, access and absorption)3. Never-
theless it is high time that along with food security due 
attention is also paid to adequate micronutrient nutrition 
in India. The micronutrients in human and animal nutri-
tion include vitamins (A, B, C, D, E and K) and 17 mi-
crominerals (Fe, Zn, Cu, Mn, I, Fl, B, Se, Mo, Ni, Cr, V, 
Si, As, Li, Sn, Co). Plants require only seven essential 
micronutrients (Fe, Mn, Zn, Cu, B, Mo, Cl). 

Major micronutrient deficiencies in humans 

Globally three major micronutrient deficiencies have 
been recognized4 in humans. These are: (i) vitamin A de-
ficiency leading to blindness, about 57% of pre-school 
children in India have subclinical vitamin A deficiency5; 
(ii) iron deficiency leading to anaemia; about 79% of the 
kids between 6 and 35 months of age and 56% of women 
between 15 and 49 years of age are anaemic in India5 and 
(iii) iodine deficiency leading to goitre and cretinism is 
endemic in 85% districts in India5. Micronutrient defi-
ciency of Zn has recently received global attention6. Data 
on global mortality in children under 5 years of age due 
to different micronutrient deficiencies in 2004 are given 
in Table 1. Vitamin A deficiency was responsible for the 
maximum number of deaths followed by Zn and Fe7 defi-
ciencies. 
 
 
 

Table 1. Global mortality in children under  
  5 years of age in 2004 

Deficiency Deaths 
 

Vitamin A 666,771 
Zinc 453,207 
Iron 20,854 
Iodine 3,619 

Source: Black et al.7. 
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Causes for low Zn content in human diet and 
animal fodder in India 

Cereals, especially rice and wheat constitute nearly two-
thirds of the energy needs of humans in India. Dwarf high 
yielding varieties of wheat, which ushered the green 
revolution in India, also led to the development of rice–
wheat cropping system (RWCS), which presently occu-
pies about 10 million ha in the Indo-Gangetic Plain (IGP) 
of north India and is spread over the states of Punjab, 
Haryana, Uttar Pradesh, Bihar and West Bengal8. RWCS 
is the backbone of India’s food security. In 2006–07, 
IGP’s contribution to the country’s rice and wheat pro-
duction was 47.5% and 71.1% respectively9. What is 
more important is the fact that in 2006–07, Punjab alone 
contributed about 90% towards Government’s rice  
procurement for public distribution system (PDS). The 
present total productivity (rice + wheat) of RWCS is re-
ported to be 10.3 t/ha at Ludhiana (Punjab), 9.1 t/ha at 
Kanpur (UP) and 7.4 t/ha at 24 Parganas (West Bengal)10. 
In addition to RWCS, several other intensive multiple 
cropping systems have been developed and are being 
practised in the country. These intensive cropping sys-
tems remove large amounts of Zn. For example, Takkar11 
reported that a harvest of 8 t grain/ha/yr removed 384,744 
and 320 g Zn/ha/yr in rice–wheat, maize–wheat and  
rice–rice cropping systems. Similarly a harvest of 
6.5 t grain/ha/yr removed 416 g Zn/ha/yr in soybean–
wheat cropping system. This heavy removal of Zn year 
after year without adequate Zn fertilization has depleted 
Zn from native soils and today 49% of Indian soils are Zn 
deficient12. Another factor responsible for Zn deficiency 
in Indian soils has been the decrease in the application of 
organic manures, the supply of which has considerably 
reduced due to decrease in the number of farm animals 
caused by increased mechanization of agriculture. Never-
theless, the need for integrated nutrient supply of plant 
nutrients (organic + chemical fertilizer + biofertilizers) 
has been repeatedly emphasized13. Organic manure is a 
good source of micronutrients including Zn and its  
continued use can help avoiding Zn deficiency in soils14. 
Recycling crop residues can help in alleviating Zn defi-
ciency in soils15. 
 Further, in conventional breeding, the emphasis has 
been on grain yield and not much attention is attached to 
the concentration of nutrients including micronutrients, 
which, in general, declines as the yield increases16. Also 
there have been efforts to breed cultivars capable of 
growing on Zn-stress soils. All this led to the develop-
ment of crop cultivars with lower concentration of Zn in 
grain as well as straw. 
 Traditional agriculture relied on animals for farming 
and is an example of a unique socio-ecosystem, where 
men and animals toil in cultivating the land to produce 
food; men consume the harvested grain and the animals 
the straw. Increased area under high yielding cultivars of 

crops has resulted in Zn (and other micronutrients) mal-
nutrition in animals. What has been ignored is that  
animals help in recycling plant nutrients including Zn and 
‘crop/crop residues–cattle–milk/meat–humans’ cycle is 
the key to sustainable agriculture in India. 

Functions of Zn and diseases caused by Zn  
deficiency 

Zn is required by a large number of proteins in biological 
systems to maintain their structural stability functions and 
transcription factors. Zn is essential for gene regulation 
and expression under stress conditions and is therefore 
required for protection against infections and diseases. 
Todd et al.17 produced the first evidence for the essentiality 
of Zn in rats, while Turner and Salmon18 reported that Zn 
cured and prevented parakeratosis in pigs. Later O’Dell 
and Savage19 showed that Zn is required for growth, 
feathering and skeletal development in poultry. Interest in 
Zn nutrition in humans followed the discovery20 of the 
role of Zn in wound healing. Prasad et al.21 were the first 
to report the relationship between dwarfism and hypo-
gonadism and Zn malnutrition in boys in the middle east. 
It is now well established that Zn deficiency leads to diar-
rhoea and pneumonia in children22,23. Zn deficiency in 
grown-up children and adolescent males causes retarded 
growth and dwarfism, retarded sexual development, im-
paired sense of taste and poor appetite and mental leth-
argy24–26. Zn deficiency in humans has been reported 
from Iran and Egypt27. It is estimated that 60–70% of the 
population in Asia and sub-Saharan Africa could be at the 
risk of low Zn intake; in absolute numbers this translates 
into 2 billion people in Asia and 400 million people in 
sub-Saharan Africa28. Using disability adjusted life years 
(DALYs) technique, it has been found that Zn deficiency 
in India is a highly relevant health problem and responsi-
ble for a loss of 2.8 million DALYs29. 
 According to Hotz and Brown6, childhood stunting 
may be considered as an indicator of the human Zn nutri-
tional deficiency and about 61 million children under the 
age of 15 are stunted. Pregnant women are also suscepti-
ble to Zn deficiency and a survey in Haryana on 285 
pregnant women showed that 65% of them had Zn defi-
ciency30. Poor dietary intake of Zn during pregnancy 
leads to severe consequences on infant development and 
child survival31. 
 In animals, extreme sensitivity of appetite to Zn supply 
is expressed in all species32. In ewes, even mild Zn defi-
ciency reduced both birth weight and number of off-
springs33. Bowing of hind legs and stiffness of joints is 
reported in Zn-deficient calves34, while skeletal abnor-
malities specially in the development of wings are a regu-
lar and a conspicuous feature in birds35. In addition, 
parakeratosis, i.e. the thickening, hardening and cracking 
of skin is a common sign of Zn deficiency in ruminants36. 
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Daily dietary allowances of Zn 

The dietary allowance of Zn for infants is 3–5 mg/day, 
while for children of 1–10 years it is 10 mg/day37. For 
adults, the dietary allowance is 15 mg/day for men, 
12 mg/day for women and 16–19 mg/day for breast feed-
ing women38. Zn requirement of animals depends upon 
the purpose for which they are raised39. In cattle, the 
signs of Zn deficiency occur when the pasture or fodder 
contains less than 18–42 mg/kg DM Zn40. 

Approaches to overcome Zn deficiency in  
humans 

There are two approaches to overcome Zn deficiency in 
humans: (i) nutraceutical – through dietary supplements 
or by improving the diet by including more vegetables 
and fruits, and animal products, such as meat, fish, eggs, 
etc. and (ii) biofortification – increasing the Zn content of 
food grains, which could be achieved by breeding crop 
cultivars with higher Zn concentration in grains or by fertil-
izing crops with Zn. The nutraceutical approach requires 
programmes for creating public awareness and sustained 
funding from the government, which is not easy. Also, 
such programmes are most likely to help the easily acces-
sible urban population. On the other hand, biofortification 
will help the rural as well as urban population.  

Nutraceutical approach 

Dietary Zn supplementation: A daily dose of 14–
40 mg/day was found to considerably reduce the inci-
dence of diarrhoea in infants in India41,42, Bhutan43, Indo-
nesia44, Bangladesh45 and Nepal46. An Indonesian study 
even suggested a reduction in infant mortality due to Zn 
supplementation. Oral doses of Zn can accelerate the 
healing of chronic skin diseases47. Similarly, Zn supple-
ments improved the growth and height of children from 
low income families in Guatemala, Bangladesh, Iran, 
Turkey, Ecuador and Chile48,49. 
 
Improving dietary composition: Zn deficiency is more 
widespread in developing countries than in developed 
countries and the major cause is the difference in diet 
composition. Indians especially suffer from Zn malnutri-
tion due to the majority of them being vegetarian, de-
pending mostly on cereals and pulses. South Asian 
countries and China are better placed in this regard, due 
to a wider range of foods including several marine prod-
ucts. Animal products such as, meat, fish and poultry 
contain more Zn than cereals (Table 2) and do not have 
phytates. So the best way to provide enough Zn is to in-
crease the intake of proteinaceous foods such as meat, 
fish, poultry, cheese, milk, etc. Increasing the proportion 
of fruits and vegetables in diet can also help in meeting 

Zn requirements. Fruits and vegetables, especially those 
grown on sewage are rich in Zn50.  
 Processing of food grains also affects Zn concentra-
tion. For example, although unhulled rice (paddy) con-
tains 27–42 mg/kg Zn, polished rice contains only 13 mg/ 
kg Zn (Table 2)51–53. Wheat on the other hand is mostly 
consumed as flour and most of the Zn is retained. Zn con-
tent in wheat grain varies from 38 to 47 mg/kg. Wheat 
also contains 11–12% protein, which is nearly twice that 
of polished rice. Since Zn is mostly associated with pro-
teins, wheat consumers have a higher intake of Zn than 
rice eaters. However, cereal grains contain phytates, 
which reduce the bio-availability of Zn. Gibson54  
reported that PZMR (phytate : Zn molar ratio) of less than 
15 is associated with good Zn availability, whereas a  
ratio above 15 is associated with reduced Zn availability. 
He also reported that PZMR in the habitual diet of chil-
dren in Kenya and Malawi was often about 30. Parboiling 
of paddy (unhulled rice) or even soaking paddy in water 
for a few hours may help reduce the phytate content and 
thus increase the bio-availability of Zn. Gibson suggested 
that soaking of seeds of cereals and legumes reduced the 
phytate content in maize porridge by 11–36% and re-
duced PZMR considerably. He further reported that fer-
mentation of cereal porridge reduces the phytate content 
by hydrolysis via microbial phytases. Some of these tech-
niques are already in practice in India, particularly in the 
south, but creating public awareness of the advantages of 
such practices can make them more popular. Also, data 
on the effect of such practices on Zn and phytate content 
in food products need to be generated and published. 
 A major setback is the lack of adequate laboratory  
facilities for Zn analysis in food materials. Such facilities 
need to be created. 

Biofortification 

Developing crop cultivars with grains richer in Zn: De-
veloping crop cultivars with grains richer in Zn is a new 
 

Table 2. Zn content of some foods 

Food  Zn Food Zn 
item (mg/kg) item (mg/kg) 
 

Rice grain 
 Unhulled51 27–44 Green gram grain* 162 
 Brown rice52 18 Black gram* 117 
 Polished rice52 13 Chickpea grain* 86 
Wheat grain51 32–59 Pigeonpea grain* 64 
Baked beans53 17 Lentil grain* 118 
Cheese-American53 41 Brinjal fruit 43 (56)** 
Milk53 4.3 Spinach leaf 64 (398)** 
Beef70 42.8 Radish root 121 (654)** 
Pork70 19.5 Bottlegourd fruit 43 (56)** 
Processed meat70 14.7 Papaya fruit 22 (46)** 

*Personal communication from Dr A. N. Ganeshamurthy, IIHR, Banga-
lore; **Grown on sewage water (ref. 50). 
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Table 3. Zn content in rice and wheat grain as influ- 
  enced by Zn fertilization 

Zn applied  
(kg/ha) Rice (mg/kg) Wheat (mg/kg) 
 

0 27.1 38.1 
2.6 32.7 41.3 
5.2 39.0 43.8 
7.8 42.3 47.3 

Source: Shivay et al.67. 
 
approach which is a contribution of conventional plant 
breeding and modern biotechnology methods and holds 
considerable promise. This approach has received consid-
erable attention in recent years55–58. Rice is one of the 
priority crops for enhancement of the nutritional factors 
such as vitamin A, Zn and iron through international 
schemes such as Harvest Plus and Humanitarian Board59 
and about 1500 lines were screened for Zn tolerance at 
the International Rice Research Institute in Philippines60. 
Recently, bioavailability of Fe in rice has been increased 
by inserting a gene for heat resistant phytase from fungal 
sources that degrades phytate in plant61. This may also 
increase the Zn bioavailability in rice. Considerable pro-
gress has also been made by the plant physiologists in 
identifying mechanisms that the plant species and geno-
types possess for efficient acquisition of Zn and the sub-
ject has been thoroughly reviewed62,63.  
 
Zn fertilization of crops (fertifortification): Good re-
sponses to Zn fertilization have been reported for a num-
ber of crops including rice and wheat64,65. Zn fertilization 
is now recommended for most regions of the country. 
Shivay and co-workers66–68 have reported that Zn applica-
tion to soil as zinc sulphate or zinc enriched/coated urea 
not only increased yield but also zinc concentration in 
rice and wheat grain (Table 3). Thus adequate fertiliza-
tion of food crops can partly help in Zn intake by hu-
mans. Zn fertilization of crops on Zn-deficient soils helps 
attaining both food security and overcoming Zn malnutri-
tion. Based on the estimates by Takkar et al.69 and  
considering the fact that 49% of Indian soils are deficient 
in Zn, India will need about 6 lakh tonnes of Zn per year 
by 2025. 

Conclusion 

Zn malnutrition in humans is a serious problem and bio-
fortification of rice and wheat grains with Zn can save  
0.6–1.4 million DALYs each year in India29. It calls for a 
joint effort by agricultural and nutrition scientists. No  
estimates at present are available on the loss of animal 
life in India due to Zn malnutrition. 
 A word of caution needs be added at this point, and 
this is the fact the Zn is a micro-mineral in human nutri-
tion and excessive consumption may lead to toxic effects. 

Fortification of human diet with Zn should therefore be 
done under strict medical supervision.  
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