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Zinc Nutrition and Tribal Health in India
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INTRODUCTION

Zinc is an essential trace element that
contributes immensely to human health and deve-
lopment. It is an important structural component
of most proteins and contributes to the function
of more than 200 enzymes in humans (Prasad et
al., 1971; Sadler 1976; Coleman, 1998). Zinc also
plays a central role in cellular growth and
differentiation because of its critical role in RNA
and DNA synthesis (Wu and Wu, 1987) and it is
important for brain function (Sandstead, 1986;
Pfeiffer and Braverman, 1997). Body functions
affected by zinc nutriture include growth (Brown
et al., 1998), immune system development and
function (Ripa and Ripa, 1995), normal integrity
of intestinal mucosa (Roy et al., 1992), pregnancy
outcome (Tamura and Goldenberg, 1996) and
neuro-behavioural development (Henkin et al.,
1975; Black, 1998).

Zinc deficiency therefore results in adverse
consequences on the body, the magnitude of
which depends on whether the ensuing deficit is
marginal or severe. Marginal zinc deficiency is
the most common and, although asymptomatic,
it is associated with impaired immune function,
anorexia, dysfunction of smell and taste,
irritability, depression, anger, sleepiness, reduced
sperm production in men and decreased mental
ability (Henkin et al., 1975). Severe zinc deficiency,
which rarely occurs, is characterized by severely
impaired immune function, dermatitis, growth
impairment, alopecia, lethargy and recurrent
infections such as diarrhoea (Prasad, 1993).

Marginal zinc deficiency appears to be an
important public health problem in many
developing countries. Data derived from FAO
National Food Balance Sheets suggests, for
example, that about half of the world’s population
is at risk of inadequate zinc intake (Brown and
Wuehler, 2000). Furthermore, a third of pre-school
children (34.0 %) worldwide have stunted
physical growth (Carlson and Wardlaw, 1990).
The recognition of childhood stunting as an
indirect indicator of a population’s risk of zinc
deficiency (Hotz and Brown, 2004) supports the
proposition that inadequate zinc nutriture is a

widespread public health problem. Stunting is
recognized as an indirect indicator of zinc status
in some populations because zinc nutrition has
been shown to have a significant impact on
growth of young children. A meta-analysis of 25
studies of the effect of zinc supplementation on
growth in children less than 13 years of age
showed that zinc supplementation has a highly
statistically significant effect on linear growth
and weight gain (Brown et al., 1998).

About 70 % of the world’s stunted children
under five years of age live in Asia (Allen and
Gillespie, 2001) and each year, zinc deficiency is
estimated to contribute to more than a million
deaths worldwide with a significant proportion
of the zinc related morbidity and mortality
occurring in South Asia (Hamer, 2004). However
little is known about the zinc status of the Indian
population due to a lack of nationally represen-
tative data on this micronutrient and the absence
of an appropriate indicator for assessing zinc
status of individuals. Nevertheless, some studies
from different parts of India have suggested that
marginal zinc deficiency is common, though these
studies used plasma zinc, a measure of zinc status
that is affected by the acute phase response,
and indirect indicators like stunting (Bamji and
Lakshmi 1998; Bhan et al., 2001; Chakravarty
and Sinha, 2002). The national prevalence of
childhood stunting stands at 42.6% among
preschool children (NFHS-2, 1998) and the
International Zinc Nutrition Consultative Group
estimates that over 25 % of the total population
in India is at risk of inadequate zinc intake (Hotz
and Brown, 2004).

In a vast and multiethnic country like India,
the extent of zinc deficiency is likely to vary from
state to state and even within each state, from
one area to another, depending upon several
factors such as socioeconomic status, food
habits, level of literacy, climate, religion and
cultural practices. Various tribal populations are
among the most underprivileged people since
they occupy the lowest part of the socioeconomic
strata in Indian society (Mishra, 2005) and
therefore have the highest likelihood of any form
of malnutrition including zinc deficiency. How-
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ever the scarcity of data on the zinc status of the
Indian tribal populations makes it difficult to draw
any conclusive evidence on the extent of the
deficiency and the need for programmatic inter-
ventions to address this problem. This paper
attempts to provide reasons for studying zinc
nutriture among tribes, why this is an issue that
needs addressing in this indigenous population
and possible programmatic approaches to
meaningfully address this condition.

DIETARY  SOURCES  AND  ZINC
BIOAVAILABILITY

Individual zinc status is influenced by intake
of zinc from the diet, its absorption (or
bioavailability) and the loss of it from the body.
Pertaining to zinc intake, the richest dietary
sources of zinc are the organs and flesh of
mammals, fowls, fish and crustaceans, and zinc-
fortified foods. Organ and flesh meat and poultry
do not contain any known specific anti-nutritional
factors that hinder zinc absorption (Brown and
Wuehler, 2000). Eggs and dairy products are also
rich in zinc and free of phytates, but they have
slightly lower zinc content than can be found in
organ and flesh foods (Brown and Wuehler,
2000). Absorption of zinc takes place in the small
intestine and the extent of uptake of this nutrient
is determined largely by the presence of specific
dietary factors that either inhibit or enhance its
absorption. Among the several factors that
interfere with digestion and absorption of dietary
zinc, the phytate content of the diet is most
important. The higher order phytates, like inositol
hexaphosphate and pentaphosphates found in
most cereal and legumes, are known to bind to
zinc and form poorly soluble complexes that lead
to reduced absorption from the intestinal lumen
(Davies and Nightingale, 1975; Krebs, 2000).
Although most cereals and legumes have relati-
vely high amounts of zinc, they contain high
concentrations of phytates, which reduce the
amount of absorbable zinc from these foods, and
therefore they are relatively poor sources of zinc.
Starchy roots and tubers have much lower zinc
content than legumes and cereals. In general,
fruits and vegetables are not considered rich
sources of zinc, although some green leafy
vegetables like spinach have moderate amounts
of zinc but with uncertain bioavailability.

It is clear from the above discussion that a
cereal or legume based diet without an adequate

inclusion of animal source foods or an external
source of zinc often will not allow individuals to
meet their daily zinc requirements. The diet of an
average Indian is mainly cereal based and is said
to be low in zinc and rich in zinc inhibitors that
reduce zinc absorption. A study by Chakravarty
and Sinha (2002) in rural areas of five Indian
states (Assam, Bihar, Orissa, Tripura and West
Bengal) found the average consumption of zinc
among various age groups to be much lower than
their recommended daily allowance (RDA). A
large proportion of the families in this study
(about 84.0%) had deficient zinc intakes with more
than 50.0 % of the families in all the surveyed
areas having moderate to severe deficiency in
dietary zinc intake.

In general, poor Indian families are often
vulnerable to zinc deficiency since majority of
Indians are vegetarians and vegetarian diets are
often lower in zinc content and contain factors
that hinder zinc absorption (Hunt et al., 1998;
Donovan and Gibson, 1996) in contrast to meat-
based diets. Hence vegetarian families unable to
meet their zinc intake through adequate inclusion
of non-meat sources of bioavailable zinc in the
diet (e.g. eggs and diary products), zinc fortified
foods or zinc supplements are at higher risk of
zinc deficiency. Such is the case in most tribal
communities in India.

TRIBAL  POPULATIONS  AND
ZINC  DEFICIENCY

Tribal groups constitute about 8.2 % of the
total population in India (Indian Government
Census, 2001). According to government statis-
tics, tribes can be found in approximately 461
communities (Ajumder, 2001) with almost 92 %
of them residing in rural areas, mostly in remote
underserved forest regions with little or no basic
civic amenities like transport, roads, markets,
health care, safe drinking water or sanitation
(Indian Government Census, 2001). Tribal
communities therefore lag behind other commu-
nities with respect to attainment of income,
education, health and other requisites for good
community nutrition (Srinivasan and Mohanty,
2004). A study by Mishra (2005) using the National
Family Health Survey (NFHS-2) found that in
almost all the states of India, tribal households
had a higher incidence of childhood stunting
(52.3%) than non-tribal households (42.8%).
Using the same dataset, Nagda (2004) reported
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an anemia prevalence of more than 80% among
tribal children. Several studies have also reported
deficient intake of calories and protein among
tribal populations relative to the Indian RDA,
which may be an explanation for the high rates
of stunting among this group (Rao et al., 1994;
Yadav and Singh, 1999; Agte et al., 2005; Mittal
and Srivastava, 2006).

Iron deficiency is recognized as the major
cause of anemia in tribal communities (Reddy
et al., 1995; Vyas and Choudhry, 2005) and several
studies have reported that deficiencies of
micronutrients such as iron and zinc often occur
together.Hence the high rates of anemia among
tribal populations provide additional evidence
of the possibility of marginal zinc deficiency in
tribal areas. This is further supported by the high
prevalence of stunting and the highly deficient
dietary energy intakes in the tribal populations
since intake of both zinc and iron are known to
be highly correlated with dietary energy intake
(Willett, 1998). At least one study has shown
that zinc intake of populations in tribal regions
was significantly lower than that of any of the
other regions studied (Agte et al., 2005).

Tribal populations still largely depend on
agriculture and forest products for their liveli-
hood and they follow a relatively homogenous
lifestyle with their food habits, dietary practices
and general pattern of living (Patwardhan, 2000).
Most tribes still rely on their indigenous foods,
which usually consist of wild unconventional
forest products although some cultivate grains
and other farm products for subsistence (Singh
and Arora, 1978). The most frequently used
cereals are maize, millet or rice and these form
part of a major meal at least once daily (Kapil
et al., 2003). Since the tribal diet is usually plant
based with significant amounts of anti-nutritional
factors, which limit the absorption, and/or
bioavailability of zinc and because very limited
amounts of animal source foods are consumed,
these populations are at high risk for zinc
deficiency. Kapil et al. (2003) assessed the serum
zinc levels of tribal adults in Jharkhand and found
that 53% of the study subjects were zinc deficient
(serum zinc < 70 µg/dl), with deficiency occurring
more frequently among women (61.3%) than men
(38.7%). The authors recommended the need to
assess the zinc status of tribals in other parts of
the country in order to establish the magnitude
of the problem. Despite the fact that most tribals
are vegetarians as is much of the Indian popula-

tion as a whole, the non-vegetarian tribals still
find it difficult to afford frequent consumption
of animal products (Nagda, 2004).

The nutritional value of most of the wild
plants used in tribal diets has been evaluated in
recent years but a review of the literature reveals
that, although most of these plants contain
significant amounts of micronutrients, they also
contain large amounts of anti-nutritional
components that inhibit absorption of such
minerals from the diet. Sundriyal and Sundriyal
(2004) analyzed the nutrititional content of 27 of
the most frequently used wild edible plants
among tribal groups in Sikkim and found that the
zinc content of some of these plants ranged from
as high as 1490 µg/g to as low as 212 µg/g; how-
ever, the fiber contents of these plants ranged
from 5.1% to as high as 39.9%.

Apart from low supply and poor bioavailability
of dietary zinc, increased urinary and fecal
excretion and high needs of zinc under certain
physiologic conditions such as infection also
contribute to zinc deficiency. Earlier studies
indicated that, comparatively, the overall health
of the tribal population is inferior to that of people
elsewhere in India and that poor environmental
sanitation and unhygienic personal practices
predispose tribal populations to high risk of
infection (Nagda, 2004; Mishra, 2005). Findings
from a recent national survey showed that 82.4%
of tribal households did not have latrines and
78.1% did not have drainage facilities in their
homes (NFHS-2, 1998), a situation that predis-
poses children to diarrhoeal disease. The survey
also found that the prevalence of diarrhoea and
acute respiratory infection (ARI) was higher among
tribal children than children of non-tribal mothers.
Similarly, the study by Nagda (2004) suggested
that childhood diarrhoea, ARI, anemia and fever
were major causes of infant mortality in tribal areas.
Diarrhoea for instance leads to reduced intake of
dietary zinc as a result of anorexia and increased
loss of body zinc as a result of malabsorption or
rapid gut transit time, since the main route by
which zinc is lost from the body is through the
gastrointestinal tract. Another highly prevalent
infection that may negatively affect zinc status in
tribal areas is intestinal helminthes. Zinc is also
lost from the body through urine, menstrual flow,
semen and sloughed skin, nails, and hair, but the
quantity lost through these routes are small and
may not significantly contribute to zinc deficiency
(Brown and Wuehler, 2000).

ZINC NUTRITION AND TRIBAL HEALTH IN INDIA
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Potential Advantages in Improving Zinc
Nutrition in Tribal Communities

In populations similar to the tribal groups of
India where zinc deficiency is prevalent, several
studies have shown improvements in zinc status
after supplementation and significant improve-
ments in immune function with subsequent
reduction in infection-related morbidity (Sazawal
et al., 1995; Sempertegui et al., 1996; Sazawal
et al., 1997; Sazawal et al., 1998). Zinc’s impact on
morbidity has been observed both in terms of
prevention and as an adjunct to treatment of these
diseases. A pooled analysis of studies of zinc
supplementation for the prevention of diarrhoea
and pneumonia in children in developing
countries found that, in trials that provided 1-2
times the RDA of elemental zinc 5 to 7 times per
week, there was a significant reduction in both
diarrhoeal incidence and prevalence by 18% and
25% respectively (Zinc Investigators’ Collabo-
rative Group, 1999). Pneumonia incidence was
reduced by 49% (95% CI 0.41 to 0.83) for zinc-
supplemented children. Another study demons-
trated reductions in the duration and incidence
of diarrhoea, and incidence of ARI upon provision
of zinc supplements for two weeks each time a
child had an episode of diarrhoea (Baqui et al.,
2002). Several studies have even suggested that
zinc supplementation might reduce childhood
mortality (Muller et al., 2001; Sazawal et al., 2001;
Baqui et al., 2002).

The use of zinc as an adjunct to the treatment
of serious infections in young children has also
provided encouraging results. Zinc supplementation,
as an adjunct to oral rehydration therapy, reduced
the duration and severity of acute and persistent
diarrhoea in several randomized controlled trials
(Sachdev et al.,1988; Sachdev et al., 1990; Sazawal
et al., 1995; Sazawal et al., 1997; Roy et al., 1997;
Bhutta et al., 1999). A pooled analysis of rando-
mized, controlled trials of zinc for acute diarrhoea
treatment found that zinc significantly reduced
the mean duration of diarrhoea by 16% (Zinc
Investigators’ Collaborative Group, 2000). Zinc-
supplemented children also had a 15% lower
probability of continuing diarrhoea on a given
day in acute diarrhoea studies and a 24% lower
probability of continuing diarrhoea in the
persistent diarrhoea trials. There was also a 42%
lower rate of death or treatment failure in the
persistent diarrhoea studies.

In a related study where children with severe

pneumonia received 20 mg of zinc per day plus
standard antibiotics until hospital discharge, the
zinc supplemented children had reduced duration
of clinical signs of pneumonia including shorter
duration of tachypnea, hypoxia, and chest in-
drawing (Brooks et al., 2004). There is also
mounting evidence that zinc supplementation
could be helpful in the prevention of malaria.A
zinc supplementation trial in The Gambia found
zinc supplementation to be associated with a 32%
reduction in health centre visits for slide-confirm-
ed malaria, though this difference did not attain
statistical significance (Bates et al., 1993).A 46-
week period of zinc supplementation in preschool
children in Papua New Guinea significantly
reduced Plasmodium falciparum-attributable
health centre attendance by 38% (p=0.037)
(Shankar et al., 2000). Malarial episodes
accompanied by any level of parasitemia were
also reduced by 38% (p=0.028) and episodes with
parasitemia >100, 000 per µL were reduced by
69% (p=0.009) in this study. On the contrary, a
community-based trial of zinc supplementation
in Burkina Faso among children aged 6 to 31
months failed to demonstrated any benefit of zinc
on the incidence of clinical malaria episodes
although the study showed that the cross-
sectional prevalence of falciparum malaria and
of P. falciparum, P. malariae, and P. ovale parasi-
temia were all significantly lower in zinc supple-
mented children (p=0.001 for all comparisons to
placebo). In addition, the mean density of P.
falciparum increased significantly (p=0.001)
during the study in the placebo group relative to
the zinc group (Muller et al., 2001).

In order to evaluate the potential role of zinc
as an adjunct in the treatment of acute, uncompli-
cated falciparum malaria, a randomized, placebo-
controlled, multi-centre trial was undertaken (ZAP
Study Group, 2002). Children (n = 1087) between
the ages of 6 months and 5 years with fever and
> 2,000/mL asexual forms of P. falciparum in a
thick blood smear were enrolled at sites in
Ecuador, Ghana, Tanzania, Uganda, and Zambia.
Children were randomized to receive zinc (20 mg/
d for infants, 40 mg/d for older children) or
placebo for four days as well as chloroquine, the
standard first line treatment for malaria in all sites
at the time of study initiation. There was no effect
of zinc on the median time to reduction of fever
(zinc = 24.2 h vs. placebo = 24.0 h, p= 0.37),
reduction of parasitemia by >75% in the first 72 h
(zinc group = 73.4%; placebo group = 77.6%, p=
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0.11), or hemoglobin concentration during the
three day period of hospitalization or four week
follow-up period.

The utility of zinc supplementation for the
treatment of measles has also been evaluated
(Mahalanabis et al., 2002). Children aged 9
months to 15 years who were hospitalized in
India for measles were randomized to zinc or
placebo in addition to routine supportive care.
Treatment with zinc had no impact on the time to
recovery or the proportion of children who were
judged to be cured by day six.

These studies provide evidence for the effi-
cacy of zinc in prevention and treatment of some
common childhood infections and a potential
reduction of related mortality in resource-poor
areas. Therefore several potential advantages
exist in improving zinc status of tribal popula-
tions, especially in terms of prevention and
treatment of common childhood diseases that
plague these resource-limited settings.

STRATEGIES  TO  CONTROL ZINC
DEFICIENCY  IN  TRIBAL  AREAS

From the above discussions, it appears the
major causes of zinc deficiency among the Indian
tribal population are the low intake and poor
bioavailability of zinc as a result of limited
amounts of foods that are rich in bioavailable
zinc in the tribal diet and the increased losses of
the nutrient due to high rates of infection within
this population. Intervention strategies aimed at
improving zinc status of the tribal population
should therefore include both direct approaches
that will boost zinc intake and indirect public
health approaches aimed at reducing the burden
of infectious diseases.

Direct approaches to boost the zinc status of
tribal populations should aim at increasing the
amount of zinc intake either through dietary
diversification, fortification or supplementation,
or reducing the intake of inhibitors of zinc
absorption through processing techniques.
Dietary diversification to include more
micronutrient rich foods in the diet is generally
considered to be a sustainable approach in
addressing most micronutrient deficiencies.
However, in the context of tribal areas of India,
advocating the increased inclusion of foods rich
in bioavailable zinc in the diet will be difficult to
achieve since zinc rich foods are usually of animal
origin and the relatively high cost of animal source

foods make them less accessible to most poor
families.Moreover, the inclusion of meat
products, which are recognized as the most
bioavailable source of zinc, cannot be practiced
in vegetarian tribal areas. Hence any attempts to
embark on zinc related dietary diversification
would be difficult to achieve in these areas.

Processing techniques such as soaking,
germination or fermentation should be encoura-
ged in tribal areas since cereal and legume con-
sumption is substantial in these areas and the
proposed techniques reduce the phytate content
of the diet through production of phytases that
breakdown the phytates, thereby increasing the
bioavailability of zinc from these foods. Through
these processing techniques, the inositol hexa-
phosphate and pentaphosphates, which bind to
zinc and prevent its absorption are broken down
to lower inositol phosphates (i.e. inositol
phosphate-1, inositol phosphate-2 and inositol
phosphate-3), which no longer have the
capability to interfere with absorption (Lonnerdal
et al., 1989; Gibson and Ferguson, 1998). These
processing techniques are simple, easy to
perform, and require no cost and therefore should
be encouraged to improve zinc nutrition in tribal
areas.

Improving intake of dietary zinc could also
be achieved through food fortification, which
involves augmenting the zinc content of foods
through the addition of the mineral to food after
processing. Food fortification has been used in
large-scale programs to address various micro-
nutrient deficiencies including iron, folate,
vitamin A, and iodine (Mejia and Arroyave, 1982;
Hurrell, 1997; Quinlivan and Gregory, 2003;
Zimmermann et al., 2003). Although most of the
experience with zinc fortification has derived from
zinc efficacy studies, there is still reason to believe
that large-scale fortification to address zinc
deficiency in resource-poor settings might still
be feasible when certain technical barriers can
be addressed. In areas where fortification has
been implemented, major programmatic concerns
include the selection of a universally consumed
food vehicle and a specific mineral fortificant that
is bioavailable and possesses few adverse
effects with respect to sensory qualities (such
as taste, appearance and shelf life) of the food
vehicle.The level of the mineral fortificant that is
added should also be adequate to meet the
requirements of individuals who are at risk of the
specific mineral deficiency and should not pose

ZINC NUTRITION AND TRIBAL HEALTH IN INDIA
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any risk of excessive intake to other members of
the population that are not deficient in the added
micronutrient who consume the fortified product
(Hurrell, 1997). In order to ensure adequate
monitoring with respect to dose and proper
addition of the fortificant, most fortification
programs also employ central processing of the
food vehicle. With the exception of this latter
requirement, most of the aforementioned criteria
could be met in poor settings like tribal areas.
For example, cereals have been the most frequent-
ly used food vehicle since they are widely
consumed in developing countries. But since
tribal areas are usually poor areas with limited
infrastructure for processing and distribution of
food, central processing of food is a less feasible
option. Despite the difficulty in overcoming this
technical barrier, fortification is still possible in
these poor areas as a result of the recent develop-
ment of micronutrient sprinkles, which can be
used to fortify meals at home. Fortification with
the use of zinc sprinkles has proven to be feasible
in certain areas and could also be employed in
tribal areas to address zinc deficiency at least in
young children (Sharieff et al., 2006; Zlotkin et
al., 2003).

Supplementation with micronutrients has
been employed in numerous countries to address
various micronutrient deficiencies. Supplementation
involves the provision of an additional amount
of the nutrient, usually in a chemical form instead
of food, to a targeted group of a given population
to address a specific micronutrient deficien-
cy.Most of the evidence supporting the utility
of zinc supplementation has derived from clinical
trials with very few attempts to deliver zinc
supplements in large-scale interventions. Never-
theless providing zinc supplements to tribal
groups seems feasible and given the low cost of
the supplements relative to the potential benefits,
this approach is an appealing option. However,
the lack of adequate compliance in supple-
mentation programs represents one potential
barrier to its effective implementation.

CONCLUSIONS  AND
RECOMMENDATIONS

It is evident from the above discussions that
tribal populations are affected by various social,
economic and developmental constraints that
potentially expose them to high rates of
malnutrition and infections. The high intake of

cereal-based diets with relatively poor intake of
animal source foods makes deficiencies of
micronutrients such as zinc a potentially pressing
problem in these communities. Such potential
deficiencies require urgent attention in terms of
assessing the relative prevalence, identifying
possible causes and implementation of programs
to block the potential causal routes. The first
step should therefore involve performing
prevalence studies to establish whether zinc and
other micronutrient deficiencies are common, and
based on these results, enhancing awareness
among the indigenous population about their
current micronutrient status, its negative
implications on overall well being, and the steps
that can be taken to tackle the problem. On the
program implementation front, a mixture of
strategies should be employed in addressing zinc
and other micronutrient deficiency problems in
tribal areas as each of the aforementioned
strategies has its own potential advantages and
disadvantages and most of these strategies are
complementary.

REFERENCES

Agte, V.V., S. A. Chiplonkar and K. V. Tarwadi. 2005.
“Factors influencing zinc status of apparently
healthy infants.”Journal of American College of
Nutrition, 24: 334-341.

Allen, L. H. and S. R. Gillespie. 2001.”What works? A
review of the efficacy and effectiveness of nutrition
interventions.” United Nations Administrative
Committee on Coordination/Sub-Committeeon
Nutrition, Geneva.Nutrition policy paper No. 19.
Asian Development Bank, Manila.

Bamji, M. S. and A. V. Lakshmi. 1998. “Less recognized
micronutrient deficiencies in India.” Bulletin of the
Nutrition Foundation of India, 19: 5-8.

Baqui, A. H., R. E. Black, S. El Arifeen, M. Yunus, J.
Chakraborty, S. Ahmed,  and J. P. Vaughan. 2002.
“Effect of zinc supplementation started during
diarrhoea on morbidity and mortality in Bangla-
deshi children: community randomised trial”.
British Medical Journal, 325: 1059-1061.

Bates, C.J., P. H. Evans, M. Dardenne, A. Prentice, P.
G. Lunn, C. A. Northrop-Clewes, S. Hoare, T. J.
Cole, S. J. Horan, S. C. Longman, D. Stirling and P.
J. Aggett. 1993. “A trial of zinc supplementation
in young rural Gambian children.” British Journal
of Nutrition, 69: 243-255.

Bhan, M.K., H. Sommerfelt and T. Strand. 2001.
“Micronutrient deficiency in children.” British
Journal of Nutrition. 85: S199-203.

Bhutta, Z. A., S. Q. Nizami and Z. Isani. 1999. “Zinc
supplementation in malnourished children with
persistent diarrhea in Pakistan.” Pediatrics, 103: 1-9.

Black, M. 1998. “Zinc deficiency and child development.”
American Journal of Clinical Nutrition, 68: 464S-69S.

AKOTO KWAME OSEI AND DAVIDSON H. HAMER



117

 Brooks, W.A, M. Yunus, M.Santosham, M. A. Wahed,
K. Nahar, S. Yeasmin and R. E. Black. 2004. “Zinc
for severe pneumonia in very young children:
double-blind placebo-controlled trial.” Lancet, 363:
1683-1688.

Brown, K. N., J. M. Peerson, and L. H. Allen. 1998.
“Effect of zinc supplementation on  children’s
growth: a meta-analysis of intervention trials.”
Bibliotheca Nutroitio-Et Dieta, 54: 76–83.

Brown, K. H. and S. E. Wuehler. 2000. “Zinc and Human
Health: results of recent trials and implications for
program interventions and research.” Micronutrient
Initiative, Canada.

Carlson, B. A. and T. M. Wardlaw. 1990. “A global,
regional and country assessment of child
malnutrition.” UNICEF Staff Working Paper No.
7.New York.

Chakravarty, I. and R. K. Sinha. 2002. “Prevalence of
micronutrient deficiency based on results obtained
from the national pilot program of micronutrient
malnutrition results on control.” Nutrition Reviews,
60: S53-S58.

Coleman, J. E. 1998. “Zinc enzymes.” Current Opinion
in Chemical Biology, 2: 222-234.

Davies, N. T. and R. Nightingale. 1975.”The effects of
phytate on intestinal absorption and secretion of
zinc, and whole body retention of Zn, copper, iron
and manganese in rats.” British Journal of
Nutrition, 34: 243-258.

Donovan, U. M. and R. S. Gibson. 1996.”Dietary intakes
of adolescent famales consuming vegetarian, semi-
vegetarian, and omnivorous diets.”  Journal of
Adolescent Health, 18: 292.

Gibson, R. S. and E. L. Ferguson. 1998. “Nutrition
intervention strategies to combat zinc deficiency
in developing countries.”Nutrition Research
Reviews, 11: 115-131.

Hamer, D. H. 2004. “Infectious disease implications of
subclinical zinc deficiency in children.” Tribal
Health Bulletin, 10: 1-10.

Henkin, R. I., B. M. Patten, P. K. Re  and D. A. Bronzert.
1975. “A syndrome of acute zinc loss.” Archive of
Neurology, 32: 745-51.

Hotz, C. and K. H. Brown. 2004. “Assessment of the
risk of zinc deficiency in populations and options
for its control.” Food and Nutrition Bulletin, 25
(1): S132- S162.

Hunt, J. R., L. A. Matthys and L. K. Johnson. 1998.
“Zinc absorption, mineral balance and blood lipids
in women consuming controlled lactoovovegetarian
and omnivorous diets for 8 wk.” American Journal
of Clinical Nutrition, 67: 421-430.

Hurrell, R. F. 1997.”Preventing iron deficiency through
food fortification.” Nutrition Reviews, 55: 210–22.

Kapil, U., P. Singh and P. Pathak. 2003. “Serum zinc
levels amongst tribal population in a district of
Jharkhand State, India: A pilot study.” Eastern
Journal of Medicine, 8: 33-34.

Krebs, N. F. 2000.”Overview of zinc absorption and
excretion in the human gastrointestinal tract.”
Journal of Nutrition, 130: 1374S-77S.

Lonnerdal, B., A. S. Sandberg, B. Sandstrom and C. Kunz.
1989.”Inhibitory effects of phytic acid and other
inositol phosphates on zinc and calcium absorption
in sucking rats.” Journal of Nutrition, 119: 211-224.

Mahalanabis, D., A. Chowdhury, S. Jana. 2002. “Zinc
supplementation as adjunct therapy in children with
measles accompanied by pneumonia: a double-blind,
randomized controlled trial.” American Journal of
Clinical Nutrition, 76: 604-607.

Majumder, P. P. M. 2001.”Ethnic populations of India
as seen from an evolutionary perspective.” Journal
of Biosciences, 26: 533S-45S.

Mejia, L. A. and G. Arroyave. 1982.”The effect of
vitamin A fortification of sugar on iron metabolism
in preschool children in Guatemala.” American
Journal of Clinical Nutrition, 36: 87-93.

Mishra, N. R. 2005.”Dynamics of caste-based
deprivation in child under-nutrition in India.”
Report Presented at the National Seminar on
Development of Scheduled Castes in India: An
Appraisal of Implementation of Programmes. at
MPISSR, Ujjain, Madha Pradesh, January 17-19.

Mittal, P. C. and S. Srivastava. 2006.”Diet, nutritional
status and food related traditions of Oraon tribes of
New Mal (West Bengal), India.” The International
Electronic Journal of Rural and Remote Health
Research, Education, Practice and Policy, 6: 385.

Müller, O., H. Becher, A. B. van Zweeden, Y. Ye, A. D.
Diallo, A. T. Konate, A. Gbangou, B. Kouyate and
M. Garenne. 2001. “Effect of zinc supple-menta-
tion on malaria and other causes of morbidity in
west African children: randomised double blind
placebo controlled trial.” British Medical Journal,
322: 1-5.

Nagda, B. L. 2004.”Tribal population and health in
Rajasthan.” Studies of Tribes and Tribals, 2: 1-8.

NFHS-2 (National Family Health Survey-2) report,
(1998-99). Official Home Page of International
Institute of Population Sciences, Mumbai-India.
Retrieved October 20, 2006 from <http://www.
nfhsindia.org/data/india/keyfact.pdf >.

Official Home Page of The Indian Government census,
2001.Retrieved January, 9, 2007 from <http://www.
censusindia.net/t_00_005.html>.

Patwardhan, A. 2000. “Dams and tribal people in India.
In: Thematic Review I.2: Dams, Indigenous people
and vulnerable ethnic minorities.” Official Home
Page of  World Commission on Dams. Cape Town
South Africa.Retrieved January 18, 2001 from<http:/
/www.dams.org/kbase/thematictr12. htm>.

Pfeiffer, C. C. and E. R. Braverman. 1997. “Zinc, the brain,
and behavior.” Biological Psychology, 17: 513–530.

Prasad, A. S., D. Oberlelas, E. R. Miller  and R. W.
Luecke. 1971. “Biochemical effects of zinc
deficiency: changes in activities of zinc-dependent
enzymes and ribonucleic acid and deoxyribonucleic
acid content of tissues”. Journal of Laboratory and
Clinical Medicine, 77: 144-152.

Prasad, A. S. 1993.”Biochemistry of zinc.” New York
and London: Plenum press.

Quinlivan, E. P. and J. F. Gregory. 2003.”Effect of food
fortification on folic acid intake in the United
States.” American Journal of Clinical Nutrition,
77: 221-225.

Rao, D. H., K. M. Rao, G. Radhaiah and N. P. Rao.
1994.”Nutritional status of tribal preschool children
in three ecological zones of Madhya Pradesh.”
Indian Pediatric, 31: 635-640.

Rao, V. G., R. Yadav, C. K. Dolla, S. Kumar, M.

ZINC NUTRITION AND TRIBAL HEALTH IN INDIA



118

K.Bhondeley and M. Ukey. 2005. “Undernutrition
& childhood morbidities among tribal preschool
children.” Indian Journal of Medical Research, 122:
43-47.

Reddy, P. H., M. Petrou, P. A. Reddy, R. S. Tiwary and
B. Modell. 1995.”Hereditary anaemias and iron
deficiency in a tribal population (the Baiga) of
central India.” European Journal of Haemato-
logy, 55: 103-109.

Ripa, S. and R. Ripa. 1995. “Zinc and Immune
Function”.Minerva Medica, 86(7-8): 315-8.

Roy, S.K., R.H. Behrens, R. Haider, S.M. Akramuzzaman,
D. Mahalanabis, M.A. Wahed and A. M. Tomkins.
1992.” Impact of zinc supplementation on intestin-
al permeability in Bangla-deshi children with acute
diarrhoea and persistent diarrhoea syndrome.”
Journal of Pediatric Gastroenterology and
Nutrition, 15(3): 289-296.

Roy, S. K., A. M. Tomkins and S. M. Akramuzzaman.
1997. “Randomised controlled trial of zinc
supplementation in malnourished Bangladeshi
chidlren with acute diarrhoea”. Archives of Diseases
of Childhood, 77: 196-200.

Sachdev, H. P. S., N. K. Mittal, S. K. Mittal and H. S.
Yadav. 1988. “A controlled trial on utility of oral
zinc supplementation in acute dehydrating diarrhea
in infants.” Journal of Pediatric Gastroenterology
andNutrition, 7: 877-881.

Sachdev, H. P. S., N. K. Mittal and H. S. Yadav. 1990. “Oral
zinc supplementation in persistent diarrhoea in infants.”
Annals of Tropical Paediatrics, 10: 63-69.

Sadler, P. J. 1976. “Zinc in enzymes.” Nature, 262:
258.

Sandstead, H. H. 1986. “Nutrition and brain function:
trace elements”. Nutrition Review, 44: 37–41.

Sazawal S., R. E. Black , M. K. Bhan, N. Bhandari, A.
Sinha and S. Jalla. 1995. “Zinc supplementation in
young children with acute diarrhea in India.” New
England Journal of Medicine, 333: 839-844.

Sazawal, S., R. E. Black, M. K. Bhan, S. Jalla, A. Sinha
and N. Bhandari. 1997. “Efficacy of zinc supple-
mentation in reducing the incidence and prevalence
of  acute diarrhea-a community-based, double-blind,
controlled trial.” American Journal of Clinical
Nutrition, 66, 413-418.

Sazawal, S., R. E. Black, S. Jalla, S. Mazumdar, A. Sinha
and M. K. Bhan. 1998. “Zinc supplementation
reduces the incidence of acute lower respiratory
infections in infants and preschool children: a
double-blind, controlled trial.” Pediatrics, 102:
1-5.

Sazawal, S., R. E. Black, V. P. Menon, P. Dinghra, L. E.
Caulfield, U. Dhingra and A. Bagati. 2001. “Zinc
supplementation in infants born small for gesta-
tional age reduces mortality: a prospective, rando-
mized, controlled trial.” Pediatrics, 108: 1280-
1286.

Sempertegui, F., B. Estrella, E. Correa, L. Aguirre, B.
Saa, M. Torres,  F. Navarrete, C. Alarcon, J.
Carrion, A. Rodriguez and J. K. Griffiths. 1996.
“Effects of short-term zinc supplementation on
cellular immunity, respiratory symptoms, and growth
of malnourished Ecuadorian children.” European
Journal of Clinical Nutrition, 50: 42-46.

Shankar, A. H., B. Genton, M. Baisor, J. Paino, S. Tamja,
T. Adiguma, L. Wu,  L. Rare, D. Bannon, J. M.
Tielsch, K. P. West and M. P. Alpers. 2000. “The
influence of zinc supplementation on morbidity
due to Plasmodium falciparum: a randomized
trial in preschool children in Papua New Guinea”.
American Journal of Tropical Medicine and
Hygiene, 62: 663-669.

Sharieff, W., Z. Bhutta, C. Schauer, G. Tomlinson, S.
Zlotkin. 2006. “Micronutrients (including zinc)
reduce diarrhoea in children: the Pakistan Sprinkles
Diarrhoea Study.” Archives of Disease in Child-
hood, 91(7): 573-579.

Singh, H. B. and R. K. Arora. 1978.”Wild edible plants
of India.ICAR publication, New Delhi”. in:
Sundriyal, M. and R. C. Sundriyal. 2004. Wild edible
plants of the Sikkim Himalaya: Nutritive values of
selected species. Economic Botany, 58:286-299.

Srinivasan, K. and S. K. Mohanty. 2004. Deprivation
of basic amenities by caste and religion: empirical
study using NFHS data.” Economic and Political
Weekly pp. 728-735. In: Mishra, N. R. 2005. Dyna-
mics of caste-based deprivation in child under-
nutrition in India. Report presented at the national
seminar on Development of scheduled castes in
India: an appraisal of implementation of progra-
mmes, MPISSR, Ujjain, Madha Pradesh, January
17-19.

Sundriyal, M. and R. C. Sundriyal. 2004. “Wild edible
plants of the Sikkim Himalaya: Nutritive values of
selected species.” Economic Botany, 58: 286-299.

Tamura, T. and R. L. Goldenberg. 1996. “Zinc nutriture
and pregnancy outcome.”  Nutrition Research, 16:
139-181.

Vyas, S. and M. Choudhry. 2005. “Prevalence of
anaemia in tribal school children.” Journal of
Humam Ecology, 17(4): 289-291.

Willett, W. 1998. Nutritional Epidemiology. 2nd Ed.
Oxford: Oxford University Press.

Wu, F. Y. and C. W. Wu. 1987.”Zinc in DNA replication
and transcription.” Annual Reviews Nutrition, 7:
251-272.

Yadav, R. J. and P. Singh. 1999.”Nutritional status and
dietary intake in tribal children of Bihar.” Indian
Pediatrics, 36: 37-42.

ZAP (Zinc Against Plasmodium) Study Group. 2002.
“Effect of zinc on the treatment of Plasmodium
falciparum  malaria in children: a randomized
controlled trial.” American Journal of Clinical
Nutrition, 76: 805-812.

Zimmermann, M. B., C. Zeder, N. Chaouki, A. Saad, T.
Torresani and R. F. Hurrel. 2003. “Dual fortifi-
cation of salt with iodine and microencapsulated
iron: a randomized, double-blind, controlled trial
in Moroccan schoolchildren.” American Journal
of Clinical Nutrition, 77: 425-432.

Zinc Investigators’ Collaborative Group. 1999. “Preven-
tion of diarrhea and pneumonia by zinc supple-
mentation in children in developing countries:
pooled analysis of randomized controlled trials.”
Journal of Pediatrics, 135: 689-697.

Zinc Investigators’ Collaborative Group, 2000. “Thera-
peutic effects of oral zinc in acute and persistent

AKOTO KWAME OSEI AND DAVIDSON H. HAMER



119

diarrhea in children in developing countries: pooled
analysis of randomized controlled trials.” American
Journal of Clinical Nutrition, 72: 1516-1522.

Zlotkin, S., P. Arthur, C. Schauer, K. Y. Antwi, G. Yeung,

KEYWORDS Zinc; malnutrition; infection

ABSTRACT Tribal populations in India are affected by various social, economic and developmental constraints
that potentially expose them to high rates of malnutrition and infections.The high intake of cereal-based diets
with relatively poor intake of animal source foods makes deficiencies of micronutrients such as zinc a potentially
pressing problem in these communities.Such potential deficiencies require urgent attention in terms of assessing
the relative prevalence, identifying possible causes and implementation of programs to block the potential causal
routes.The first step should therefore involve performing prevalence studies to establish whether zinc and other
micronutrient deficiencies are common, and based on these results, enhancing awareness among the indigenous
population about their current micronutrient status, its negative implications on overall well being, and the steps
that can be taken to tackle the problem.On the program implementation front, a mixture of strategies should be
employed in addressing zinc and other micronutrient deficiency problems in tribal areas.
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