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Abstract
Human body required energy and raw material for proper body functioning. Raw material are in two forms included macronutrient 

and micronutrient. Macronutrients are those required in large quantity i.e. Carbohydrates, protein etc. Micronutrients are required 
in small quantity i.e. iron, zinc, calcium etc. Malnutrition due to micronutrients imposes a tremendous threat to the well-being and 
health status of more than two billion people all around the world (WHO, 1995). Stunted growth, impaired vision, mental retardation, 
lethargy, low self-esteem and learning debilities are the consequences of micronutrient deficiencies vitally from Fe, Zn, Vitamin A, B6, 
B9, B12 and Iodine. Therefore preventive and curative measures for micronutrient deficiency in children and adolescents have gained 
significant importance in order to increases cognitive development, strength, immunity and to decrease morbidity rate (Underwood, 
1997). Zn deficiency has been linked with various disorders that include anemia, slow wounds healing, impaired gonadal function, 
abnormally short stature and diminished cognitive and cerebral function. Recurrent episodes of diarrhea and pneumonia, their high 
severity as well as various appetite disorders are another consequence of the zinc deficiency.
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Apart from macronutrients (fats, carbohydrates, proteins) hu-
man body requires micronutrients (vitamins, minerals) in very 
small amount for its optimum metabolism, growth and physical 
well-being. Vitamins are requisite organic nutrients, and are pro-
duced in inadequate amounts in the body and hence the scarcity is 
met by food sources. Several disorders occur due to vitamins defi-
ciency if the recommended dietary allowance is not met. 

Introduction

Another important micronutrients in the body are the minerals 
that carry out a crucial role to ensure body’s health and productiv-
ity. Trace elements (Zn, Cu, Mn, Fe, I, Se) are required in minute 
amount as compared to macro elements (Ca, Mg, K, Na) [1]. 

Malnutrition due to micronutrients imposes a tremendous 
threat to the well-being and health status of more than two bil-
lion people all around the world (WHO, 1995). Stunted growth, 
impaired vision, mental retardation, lethargy, low self-esteem and 
learning debilities are the consequences of micronutrient deficien-

Zn deficiency has been linked with various disorders that in-
clude anemia, slow wounds healing, impaired gonadal function, 
abnormally short stature and diminished cognitive and cerebral 
function. Recurrent episodes of diarrhea and pneumonia, their 
high severity as well as various appetite disorders are another con-
sequence of the zinc deficiency.

Zn deficiency

cies vitally from Fe, Zn, Vitamin A, B6, B9, B12 and Iodine. There-
fore preventive and curative measures for micronutrient deficien-
cy in children and adolescents have gained significant importance 
in order to increases cognitive development, strength, immunity 
and to decrease morbidity rate [2].

One of the most concerning outcome of the Zn deficiency is that 
children become more prone to infections, less resistant to infec-
tious disorders, and the incidence of the infections increases spe-
cifically in the case of diarrhea. Hence Zn intake is an imperative 
determining factor of morbidity in children [3].
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Many human trials were conducted on Zn deficiency and sev-
eral detrimental effects were noticed.

Zn deficiency and growth

Prasad., et al. [4] performed a study to assess the symptoms of 
Zn deficiency in Iran male population that were deficient in Zn. His 
major findings were anemia, cutaneous disorders, cognitive im-
pairment, low self-esteem, hypogonadism, geophagia and stunted 
growth.

Samuel., et al. [7] observed the Zn deficiency in 149 children 
of primary schools belonging to poor peri urban regions of South 
Asia within the age range of 7 to 11 years by using descriptive sta-
tistical analysis. 24 call method was used in order to assess the di-
etary intake and FFQ (Food Frequency Questionnaire) were filled. 
The mean age of the subjects was 9.0 ± 1.1 years and mean intake 
of Zn was 4.6 ± 2.2 mg/day. 46 percent of the students had Zn defi-
ciency as the mean value of serum Zn level was 66.4 ± 21.5 μg/Dl.

Zn deficiency and height

De la Cruz-Góngora., et al. [8] performed a study for assessing 
serum levels of micronutrients (Zn, Fe, Mg and Cu) and prevalence 
pf anemia in 2447 adolescents (12-19years). Blood serum levels 
of Zn, Cu, Mg, Fe, sTFR, ferritin and CRP were analyzed. This nutri-
tional survey depicted that anemia was 11.8% prevalent in females 
and 4.6 percent in males whereas the deficiency of iron was 18.2 
percent in females 7.9% in males. The prevalence of minerals (Zn, 
Cu, and Mg) was 28.4% and 24.5%, 14.4% and 12.25%, 40% and 
35.3% for males and females respectively. The deficiency of iron in 
tissues was 6.9 percent, so mineral deficiency was more prevalent 
in adolescents as compared to anemia.

Fiorentino., et al. [10] inquired the health status of 604 school 
(5-17years) students by anthropometric measurements and serum 
micronutrient levels. He investigated their BMI (Body Mass Index), 
Hb, Zn, RBP (Retinol Binding Protein), FER (ferritin), UIC and (TfR) 
transferrin receptors. Results showed that Zn deficiency was more 
prevalent in boys rather than girls and18.4% subjects were thin, 
4.9% were stunted and 5.6% were severely thinned.

Abu Nada., et al. [11] pointed at the positive effect of animal 
based food on Zn levels in body. He chose the 296 students of age 
12-15 years and measured their height, weight, serum Zn levels. 
He assessed the dietary intake through FFQ. Overall zinc deficiency 
was 42.5% whereas it was 47.7% in females and 37.2% in males. 
8.8% of the male population were stunted whereas in females it 
was 6.4%. 

Halsted., et al. [12] demonstrated the direct positive relation 
of Zinc and height in 15 adolescent males and 2females of age 19-
20 years. Subjects were divided into 3 groups. First group was fed 
with balanced diet with appropriate amount of animal protein and 
a placebo capsule. Second group was fed with balanced diet as well 
as Zn sulphate capsules comprising of 27mg elemental Zn. Third 
group was only fed with animal diet for the period of six months. 
Second group that was supplemented with Zn showed a remark-
able increase in height as well as early onset of sexual function in 
comparison to those receiving balanced diet.

Hakimi., et al. [13] performed another study to determine the 
positive effect of the supplementation of Zn on height and weight 
percentiles of 21 boys and 21 girls having mean age of 4.9 ± 4.1. 
Their mean weight was 16.5 ± 8.1 kg, mean height was 101.8± 23 
cm and mean Zn serum level was 85.1 ± 31.6 μg/Dl. They were 
supplemented with Zn and results showed that percentile of weight 
was reduced from 69% to 54% and percentile of height decreased 
from 50% to 33%.

Halas., et al. [5] studied the effects of Zn deficiency on rats and 
found that emotional behavior of rats was elevated. He cut off the 
Zn at their development stage and then refed them with Zn during 
their adult stage. Lutz [6], inspected the Zn levels in adult males 
using dithizone practice. Zn levels were 2.2g approximately in av-
erage 70kg men. 

Alshatwi [9], illustrated the importance of Zn deficiency in pre-
school children. His sample size was 178.He observed the dietary 
Zn intake and the mean intake was 5.6 for age group of 2 to 3 years, 
and 5.8mg/day for the age group of 4 to 6 years. 22% of the chil-
dren in 2-3years, and 40% of the 4-6years age group were con-
suming insufficient amount of zinc. 18.3% had low serum levels 
of Zn below 10.0 μM/L and 3.3 of the children were suffering from 
major zin defecimcy as their serum levels were below 7.7 μM/L 
when their serum levels were analyzed.

Hassan., et al. [14] performed a study on 90 children for a period 
of 11months. These children were divided into two groups. Only 
first group was supplemented with Zn. On completion of his study, 
he concluded that first group had gained weight as well as gained 
height. Percentile of stunted growth was reduced from 26.7% to 
2.5% in the first group. So growth was tremendously increased spe-
cifically in boys by the 5mg Zn supplementation for the period of 
6months on daily basis.
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Castillo-Durán., et al. [15] surveyed the impact of supplementa-
tion of Zn on growth in male adolescents and pre adolescents. They 
were supplemented with 10mg Zn for the period of 12months. 
Growth rate was evidently increased in males.

Perrone., et al.  [16] supplemented the short heighted children 
of age 4 to 11 years with Zn and Fe for the duration of one year. 
Children were divided into two groups and group A was supple-
mented with Fe and Zn. Group A indicated an increase in growth. 
So Zn and Fe supplementation can be used as a treatment for chil-
dren suffering from iron and zinc deficiency at pre pubertal stage. 

Fesharakinia., et al. [17] assessed the relationship of Zn de-
ficiency and growth in 908 children of school age (9-11years). 
Prevalence of underweight, stunting and wasting was calculated 
as (weight for age) and (weight for height) and (height for age). 
Atomic absorption spectrometric technique was used to inves-
tigate serum Zn levels. Chi square, ANOVA, and SPSS using t test 
were used to statistically analyze data. Prevalence for wasting, 
stunting and underweight was recorded as 5.5%, 13.2% and 6.8% 
respectively and mean for Zn value was 87.7 (±32.7) μg/dl consid-
erably higher in girls.

Islam., et al. [18] supplemented pre-term infants with oral Zn 
supplements. Group A were given Zn tablets (2mg/kg/day) and 
multivitamins, and group B subjects were only fed with multivita-
mins. Average weight of infants was 1000 to 2500g. This supple-
ment therapy was continued for the duration of 6 weeks and no 
adverse effects were recorded instead an increase in height and 
weight was noticed. Serum Zn levels and Hb level was noticeably 
increased in group A.

Dehbozorgi., et al. [19] organized a study on 60 school children 
of age between 6 and 12years. He supplemented 30 children with 
Zn sulphate tablets (8mg) and fed 30 others with placebo. Record 
of weight and height were maintained after 2months and 6months. 
There was 4.25cm increase in Zn supplemented group and 3.39cm 
increase in placebo group. So it was concluded that Zn supplemen-
tation can play role in increasing the growth of school boys.

Zn deficiency and weight

Friis., et al.  [21] did a randomized control trial on Zimbabwean 
school children of 7 to 11 years of age. He used two Zn treatment of 
30mg and 50mg for duration of one year. After 3 months children’s 
weight and health status was noticeably improved.

Ebrahimi., et al.  [22] implored that Zn supplementation causes 
an increase in weight and height, when he performed a random-
ized placebo control trial on Iranian children of age 8 to 11 years. 
He fed them with 10mg Zn once a day, 6days a week, for period of 
7months.

Roy., et al. [20] elaborated the beneficial effect of Zn on the clini-
cal course, weight of stool, diarrhea duration, serum Zn level and 
weight gain of 111 children suffering from acute diarrhea. Children 
were divided into two groups and first group was fed with Zn sup-
plements along with multivitamins and second group was only fed 

with multivitamin. Weight of diarrhea stool and diarrhea duration 
was eminently reduced. Serum Zn level was also increased in first 
group as well mean weight gain also increased.

Victoria., et al. [23] studied the relationship of Zn serum levels 
on cognitive and intellectual development for two groups of stu-
dents belonging from diverse socioeconomic family backgrounds. 
103 students were selected from residential care and 100 stu-
dents were selected from regular states. Later had higher levels of 
erythrocytes and serum Zn levels. They were more intellectual as 
compared to students from residential care that had low Zn serum 
levels. So higher Zn serum levels also benefit the intellectual devel-
opment.

Zn deficiency and memory loss

Jagveer., et al. [24] investigated the liaison of Zn deficiency and 
short term memory loss. He selected 101 children studying in gov-
ernment schools. He assessed their serum Zn levels, and their oral 
and verbal skills. Those with Zn deficiency had memory underper-
formances. After that he supplemented them with 5mg Zn for time 
period of three months. Results showed that their memory perfor-
mance considerably improved.

Umamaheswari., et al. [25] supplemented the 6-11 years aged 
(Fe and Zn deficient) children with Zn and Fe to assess the supple-
mentation response on short term memory. 101 children were 
divided in to three groups; Iron deficient, Zinc deficient and com-
bined deficiency. Fe 2mg/kg and Zn 5mg/kg were fed to all groups. 
Deficiency of iron and zinc can cause memory problems. After sup-
plementation memory performance was seem to be improved.

Katz., et al. [26] did a randomized trial by supplementing 50mg 
per day Zn in adolescents to study the effect on depression. After 
supplementation level of anxiety and depression was reduced.
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Gronli., et al. [27] examined the Psychiatric and cognitive be-
haviors of 100 patients visiting psychogeriatric centers having 64 
years age. Their data and blood samples were collected. 882 older 
people without depression were taken as a sample and their prev-
alence was compared with psychiatric patients. It was evident that 
Zn deficiency is more common in psychogeriatric patients. 

Miceli., et al. [28] performed a trial to study the consequences 
of Zn deficiency on antioxidant defenses. He measured the oxida-
tive stress in the retina and retinal pigment epithelium (RPE) of 
24 Rats. They were divided into three groups (1, 2 and 3) and fed 
them with formula diet having 50PPM Zn, same diet having 5PPM 
Zn and a Zn deficient diet respectively. Their food intake was mea-
sured on weekly basis and weight as measured weekly. Subjects 
were killed after 6months study and their different parameters 
were assessed. It was concluded that in group 2 oxidative stress 
was increased due to Zn deficiency.

Naureen., et al. [29] assessed the levels of serum Zn and trypto-
phan in 40 people of which 20 were normal and 20 were suffering 
from anorexia nervosa. FAAS (flame atomic absorption spectros-
copy) was used to measure Zn levels, and HPLC (high performance 
liquid chromatography) was used to measure tryptophan levels. 
Results showed that Zn level was lower and tryptophan levels 
were higher in patients suffering from anorexia nervosa.

Bartoshuk [30] did a trial to assess the link of Zn supplementa-
tion on taste receptors of young men. 5men were fed with 15mg Zn 
supplement once a day, and the second group was fed with 025mg 
Zn per day. Results of this study showed that Zn deficient group 
showed a change in taste for salty foods.

Zn deficiency and taste

Larsen Wright., et al. [31] investigated the taste discernment of 
saltiness and bitterness on young men that were divided into two 
groups. One was fed with basal diet 15mg Zn per day and other 
was fed with 0.25mg Zn deficient diet. Zn deficiency did not change 
bitterness perception but altered the discernment for salty foods.

Modarresi., et al. [32] did a cross sectional study on 90 Febrile 
Convulsion patients (9months-5years age) for a period of one 
year. 30patients were placed in febrile convulsion group, 30 were 
placed in febrile group (without seizures) and 30 were placed in 
control group. GF-AAS (Graphite Furnance Atomic Absorbance 
Spectrophotometry) was used to measure Zn serum levels. Zinc 
levels were found to be lower in febrile convulsion group in com-
parison to other groups. 

Zn and different diseases

Mashhadi., et al. [33] performed a cross section study on 369 
thalassemia patients from Iran to assess Zn serum levels. Atomic 
absorption spectrometry was used to measure Zn levels and results 
showed Zn deficiency is prominent in all patients.

Albanna., et al. [34] surveyed the levels of Zn and Cu on children 
suffering from pneumonia. He selected 37 pneumonia patients 
(21boys and 16girls) and 37 healthy children (19boys, 18girls) as 
a control group. Pneumonia patients had higher ESR (Erythrocyte 
sedimentation rate), WBCs, CRP (C-reactive protein), lymphocytes, 
platelets and neutrophils and significantly lower Hb, Cu and Zn lev-
els.

Roy., et al. [35] studied the positive effect of Zinc supplemen-
tation on stool output and duration of diarrhea in179 children 
(3-14years) that were suffering from cholera. They were divided 
into two groups. Group 1(n=90) was supplemented with 30mg Zn 
per day, whereas second group was given placebo tablets till were 
suffering from the disease. All children were also given 12.5 mg per 
Kg dose of erythromycin suspension for 3 days apart from Zn and 
placebo doses. Results showed that in group 1(Zn supplemented) 
diarrhea period was reduced to 12% and stool output to 11%.

Demirci., et al. [36] studied the impact of levels of Fe, Zn and 
Cu and their effect on lipid peroxidation in 34 chronic giardiasis 
patients. Their blood samples were collected and compared with 
control group. Level of Zn and Fe was much lower in chronic giar-
diasis patients. No major difference in Cu level was recorded for 
both groups.

Sazawal., et al. [37] inspected the role of Zn supplementation on 
duration and severity of acute diarrhea. 937 children were selected 
of age 6 to 35months. One group was supplemented with 20mg Zn 
and after the completion of study it was perceived that Zn supple-
mentation has reduced diarrhea to 23%. 

El-Ghareeb., et al. [38] studied the relationship of Zn deficiency 
and parasitic infection in 129 children (ages ranged between 4-10 
years). Zn level was investigated from blood serum and stool was 
also examined. 69% children showed Zn deficiency while 31% 
having normal Zn concentration. Those children who showed Zn 
deficiency, had higher parasitic infections. The low Zn group also 
showed diarrhea (29.2%), abdominal pain (41.6%), anorexia ner-
vosa (14.6%) and abdominal distention (27%).

Galvao., et al. [39] conducted a study on children (5 years) 
who’s suffering from acute diarrhea and receiving Zn supplementa-
tion. Control group was fed with placebo tablets and experimental 
group was fed with oral Zn supplementation. Zn were very effective 
against diarrhea duration within the hour. 
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