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Abstract

Malnutrition is a globally prevalent disease, more so in the developing 
countries. It includes both macronutrient and micronutrient or trace element 
deficiency. Of late, zinc has been recognized as an essential trace element, 
required for maintaining normal body homeostasis. Zinc deficiency is associated 
with growth retardation (height and weight), delayed sexual and bone maturation, 
impaired immune function, recurrent infections, dermatitis, diarrhoea, alopecia, 
anorexia and mental disturbances. Serum zinc levels have been found to be 
low in protein energy malnutrition globally. Zinc supplementation during the 
rehabilitation phase of malnutrition has been associated with rapid weight gain.

Keywords: Malnutrition; Protein energy malnutrition; Zinc supplementation; 
Zinc deficiency

using “role of zinc”, “zinc deficiency” “zinc in malnutrition” “zinc 
supplementation”), restricted to English language.

Recommended dietary allowance, absorption and sources 
of zinc

Recommended dietary allowance: Refer Table 1 below [4].

Best dietary sources: Lean red meat is the best source. Whole-
grain cereals (milling reduces their zinc concentration), legumes and 
pulses are also good sources [5]. Colostrum contains 3-4 times more 
zinc than true milk, [6] probably due to the preparturient cortisol 
surge [7]. Though human milk contains less zinc than cow’s milk, its 
bioavailability is more compared to the latter [8].

Enhancers of zinc absorption: Animal proteins are the most 
effective type of proteins in improving zinc absorption. Some legume-
based diets (eg. White beans, lupin proteins are almost as effective as 
animal proteins in improving zinc absorption. Approximately, twice 
the amount of zinc is absorbed from a high meat diet compared to a 
diet based on rice and wheat flour. Absorption is also facilitated by 
digestible dietary proteins, histidine, cysteine, citrate, picolinate and 
EDTA [9-11].

Inhibitors of zinc absorption: Phytates (in whole grain cereals 
and legumes) bind zinc, making it unavailable for absorption. Other 
dietary minerals such as iron, calcium and copper also interfere with 
zinc absorption [12-14].

Methods to improve zinc absorption: Methods to improve 
zinc absorption include 1. Reducing phytate intake by A. Using 
germinated cereals and legumes. B. Use fermentation (yeast) in 
dough for making bread. 2. Include sources of animal protein (meats 
and fish are the best, but milks also improve the bioavailability). 3. 
Use infant formula, made from whey-adjusted cow’s milk rather than 
from formula made from phytate-rich vegetable proteins such as soy 
[5].

Importance of Zinc in Nutrition
Zinc is known since long as Indian Ayurvedic physicians (5000 

B.C.) used to prescribe it in the form of snuff to bring patients out of 
coma [15]. The use of zinc oxide in calamine has been mentioned in 
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Introduction
Malnutrition is defined by WHO (World Health Organization) 

as “the cellular imbalance between the supply of nutrients and energy 
and the body’s demand for them to ensure growth, maintenance, and 
specific functions”. It not only includes deficiency of calories and 
proteins, but also micronutrient deficiency [1].

 Micronutrients are the nutrients required by organisms 
throughout life in small quantities to perform a range of physiological 
functions [2]. They do not serve as energy stores but are important 
in cellular metabolism and are related to enzyme systems where they 
act either as cofactors for metal ion activated enzymes or as specific 
constituents of metallo-enzymes, bodily functions and in protection 
of the body against oxidative damage. The various micronutrients 
include Vitamin A, iodine, iron, zinc, calcium, vitamin D, vitamin B 
complex and vitamin C.

 Among all micronutrients, zinc is the latest and upcoming one, 
having various roles in the body. Of late, it has been proven to have 
a very important role in growth and development, its deficiency 
leading to growth retardation and various other problems. Despite a 
large amount of zinc present in some tissues (maximum in prostate, 
followed by bones, liver, muscle, kidney and then by adrenals, brain, 
testes, spleen and lung) zinc exchange between them is limited and 
supply of zinc for tissue growth and repair is dependent on continuous 
external supply [3].

Objectives
To compile the past and present information about the role of 

zinc in malnutrition.

Methods
The methodology involved review of articles retrieved on Google 

Scholar, Pubmed, Medline, Cochrane database and Medscape ( 
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Ebers Papyrus of 1550 B.C. The biological importance of zinc was first 
discovered by Raulin in 1869, which showed that it was essential for 
the growth of Aspergillus Niger [16]. It was also shown to be essential 
for the growth of higher plants [17,18]. In 1939, beri-beri patients 
in China were noted to have decreased zinc levels in skin and nails. 
In 1950, a normal serum zinc level was 1st defined, and found to be 
17.3-22.1 µmol/L. In 1956, cirrhotic patients were found to have low 
serum zinc levels.

The first case of human zinc deficiency was described in early 
1961 by Prasad et al., who described a syndrome of zinc deficiency 
characterized by dwarfism, anaemia, rough skin, hepatosplenomegaly, 
mental lethargy and geophagia [19]. In 1974, the National Academy 
of Sciences declared zinc to be an essential element for humans 
and established a recommended daily allowance. In 1978, the Food 
and Drug Administration required zinc to be in total parenteral 
nutrition. In the 1990’s, there was an increasing attention on the role 
of zinc deficiency in childhood morbidity and mortality in developing 
countries [20]. By 2014, over 300 zinc-containing enzymes have been 
identified along with over 1000 zinc-containing transcription factors.

Role of Zinc in Malnutrition
Physiology

The actions of zinc include 1. Action on taste and smell acuity, 
appetite regulation and food consumption and regulation. 2. Action 
on DNA and RNA synthesis stimulating A. Cell replication and 
differentiation of chondrocytes, osteoblasts and fibroblasts. B. Cell 
transcription culminating in the synthesis of somatomedin C (liver), 
alakaline phosphatase, collagen and osteocalcin (bone) and C. 
Protein, carbohydrate and lipid metabolism, that is intimately related 
to the mechanisms of smell, taste, appetite and food consumption 
and utitlisation. 3. Action on hormonal mediation by participating 
in A. Growth hormone synthesis and secretion B. Action of growth 
hormone on hepatic somatmedin C production C. Somatomedin C 
activation in bone cartilage. In addition, it also interacts with other 
hormones related to bone growth like testosterone, thyroid hormones, 
insulin and vitamin D3. In zinc deficiency, this homeostasis is 
impaired, causing the weight-height deficiency in human beings [21]. 
It is the cause of stunted growth in 1/3 of the world population [22].

It enhances cellular growth and differentiation. Although 
the exact mechanism is not known, research indicates that zinc 
availability affects cell-signalling systems that coordinate the response 
to the growth-regulating hormone, insulin-like growth factor-1 
(IGF-1). Zinc deficiency may therefore limit the rate of weight gain 
during periods of recovery of body mass and may also determine 

the composition of tissue laid down causing increased synthesis 
of adipose tissue rather than muscle in children recovering from 
malnutrition.

Zinc inhibits GSK-3β, thus increasing glycogen synthesis. It 
may positively influence insulin signalling via preventing a negative 
regulator (GSK3β) from suppressing insulin signalling. It stimulates 
leptin production and its secretion from adipocytes. Oral zinc appears 
to stimulate the vagal nerve which then increase mRNA translation of 
the two appetite stimulating neural factors orexin and neuropeptide Y 
(also abolished by antagonists of these receptors) [23]. Zinc activates 
the GPR39 receptor (a Ghrelin receptor) and since ghrelin is known 
to stimulate these two neural factors via the vagus nerve, it is thought 
that this receptor is the molecular target of zinc [24].

Serum zinc levels in PEM
We conducted a study in 1995, which suggested the mean serum 

zinc levels varied inversely to the severity of PEM, and showed a 
graded decrease from PEM grade I (103 µg/dl) to grade IV (58 µg/dL).

SP Singla conducted a study among Indian children in 1996 
and found serum zinc levels to be significantly low in grade III/IV 
malnutrition [25].

A study conducted by B Gautam in 2008 showed that the serum 
zinc levels in Bangladeshi children having PEM (59.85±11.18 µg/dL), 
marasmus (66.73±8.23 µg/dL) , kwashiorkor (49.69±10.35 µg/dL) 
and marasmic kwashiorkor (60.63± 85.62±8.68) were significantly 
lower than in control group (135.88± 11.88 µg/dL) [26].

In 2012, M Khare, Mohanty C et al studied the serum micro-
mineral levels in children living in Eastern Uttar Pradesh, India and 
found low levels of zinc in the children having PEM [27].

A 2013 study done in Gujarat, India, by Asha K, Hiren S et al 
in preschool children with PEM showed lower serum zinc levels 
i.e 102.85±19.45 µg/dL in marasmus, 109.23±22.12 µg/dL and 
99.5±15.33 µg/dL in marasmic kwashiorkor, compared to the control 
group (128.5±18.32 µg/dL) [28].

Estimation of serum zinc levels in Sudanese children suffering 
from PEM by Elsadig Hassan et al in 2014 also revealed low values 
compared to the controls [29].

Lower serum zinc levels were associated with PEM with oedema 
(kwashiorkor) than PEM without oedema (marasmus). This signifies 
the importance of proper replacement of zinc as part of management 
of malnutrition and also during disease process.

Zinc supplementation
Despite a large amount of zinc present in some tissues (maximum 

in prostate, followed by bones, liver, muscle, kidney and then by 
adrenals, brain, testes, spleen and lung) zinc exchange between them 
is limited and supply of zinc for tissue growth and repair is dependent 
on continuous external supply [3].

Zinc supplementation during nutritional rehabilitation of mild to 
moderate protein energy malnutrition (PEM) hastens the recovery 
and ensures adequate cell growth and improves cellular immunity 
[30]. An adequate zinc intake during rehabilitation from severe 
malnutrition is essential to match the demands of rapid growth [31]. 

AGE MALE FEMALE PREGNANCY LACTATION

0-6 month 2 mg 2 mg - -

7-12 month 3 mg 3 mg - -

1-3 years 3 mg 3 mg - -

4-8 years 5 mg 5 mg - -

9-13 years 8 mg 8 mg - -

14-18 years 11 mg 9 mg 12 mg 13 mg

19 years & above 11 mg 8  mg 11 mg 12 mg

Table 1: Recommended dietary allowance of zinc.
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It has a positive effect on plasma zinc level, weight gain and infant 
morbidity [32]. Topical paste and oral zinc heals skin ulcers in 
kwashiorkor. Cytotoxic effects and chromosomal damage observed 
in children suffering from PEM can be repaired in-vitro with zinc 
sulphate supplementation [33]. The use of zinc in the treatment of 
anorexia has been advocated since 1979 by Bakan. Atleast 15clinical 
trials have been shown to improve weight gain in anorexia. A 1994 
trial showed that zinc doubled the rate of body mass increase in the 
treatment of anorexia nervosa [34]. A range of supplementation doses 
have been assessed, from 15mg-140mg/week, with the upper range 
exceeding the recommended daily intake for children of 2mg/day for 
children less than 1year of age and up to 7mg/day for children between 
1-3 years [35]. In children below 2 years, it enhances linear growth 
and reduces the incidence of anaemia at the dose of 10-20 mg/day, 
[36-39] with the stunted children benefiting more the non-stunted 
children [38-40]. The beneficial effects of zinc supplementation have 
been most clearly demonstrated in South Asian children, when they 
were given at least 70mg of zinc per week [41]. Caution must be 
observed while selecting the dose, as high doses may cause increased 
mortality and morbidity [42,43].

Conclusion
Zinc is an essential nutrient for human health, and every human 

needs zinc to survive. Ensuring adequate levels of zinc intake is a 
key component in the effort to reduce child illness, enhance physical 
growth and decrease mortality in developing countries.

References
1.	 Hambridge KM, Casey CE. Trace elements in human and animal nutrition, 

5th edition, volume 2. Orlando, FL, Academic Press. 1987; 2: 1-137.

2.	 Golden MHN. Trace elements in human nutrition. Human nutrition: Clinical 
nutrition 1982; 36: 185-202.

3.	 Dreosti IE. Zinc-one of life’s essential elements. SK & F News letter, Excerpta 
Medica Asia Limited 8th floor, 67 Wyndham Street, Hong Kong. 1987: 1-8.

4.	 Institute of Medicine, Food and Nutrition Board. Dietary Reference Intakes 
for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, 
Manganese, Molybdenum, Nickel, Silicon, Vanadium and Zinc. Washington, 
DC: National Academy Press. 2001.

5.	 Vitamin and mineral requirements in human nutrition. Report of a joint FAO/
WHO expert consultation on human vitamin and mineral requirements. 
Bangkok, Thailand, 21-30 September 1998. 2nd ed. Geneva: World Health 
Organisation. 2004: 230-245.

6.	 Sharda B. Zinc and magnesium in paediatric practice. Indian Paediatrics Oct 
1992; 29: 1325-1328.

7.	 Vaillan Court SJ, Allen JC. Glucocorticoid effects on zinc transport into 
colostrum and milk of lactating cows. Biol Trace Elem Res Aug. 1991; 30: 
185-196.

8.	 Roberts LJ, Shadwick CF, Bergstresser PR. Zinc deficiency in two full term 
breast fed infants. J Am Academy of Dermatology. 1987; 16: 301-304.

9.	 Seal CJ, Heaton FW. Chemical factors affecting the intestinal absorption of 
zinc in vitro and in vivo. Br J Nutr. 1983; 50: 317-324.

10.	Evans GW, Johnson PE. Characterization and quantitation of a zinc binding 
ligand in human milk. Pediatr res. 1980; 14: 847-880.

11.	Wapnir RA, Khani DE, Bayne MA, Lifshitz F. Absorption of zinc by the rat 
ileum, effects of histidine and other low molecular weight ligands. J Nutr. 
1983; 113: 1346-1354.

12.	Sandstead HH. Requirements and availability of dietary zinc for humans. 
Prasad AS, edirors In: Clinical and Public Health significance of trace 

elements in the world population. New York. NY Alan R Liss Inc. 1982: 83-
102.

13.	Sandstead HH. Requirements of zinc in human subjects. J Am Coll Nutr. 
1985; 4: 73-82.

14.	Mills CF. Dietary interactions involving the trace elements. Annu Rev Nutr. 
1985; 5: 173-193.

15.	Prasad LS. Copper, magnesium and zinc. Annals Nestle. 1974; 33: 28.

16.	Raulin J. Chemical studies on vegetation. Ann Sci Nat. 1869: 93-99.

17.	Sommer AL, Lipman CB. Evidence of indispensable nature of zinc and boron 
for higher green plants. Plant Physiology. 1926; 1: 231-249.

18.	Kochler FE, Albrecht WA. Plant and Soil. 1953; 4: 336.

19.	Prasad AS, Halstead JA, Nadimi M. Syndrome of iron deficiency anaemia, 
heapatosplenomegaly, dwarfism, hypogonadism and geophagia. Am J Med. 
1961; 31: 532-546.

20.	Duggan C, Watkins JB, Walker WA. Nutrition in Pediatrics: basic science, 
clinical application. Hamilton: BC Decker. 2008. 4: 69-71.

21.	Neto JB, Stefan V, Mendonca BB, Bloise W, Castro AVB. The essential role 
of zinc in growth. Nutrition Research, Mar. 1995; 15: 335-358.

22.	Walker BR, Colledge NR, Rslston SR, Penman I. Davidson’s Principles and 
Practice of Medicine, 22nd ed. Elsevier Health Sciences.

23.	Ohinata K, Takemoto M, Kawanago M, Fushimi S, Shirakawa H, Goto T. 
Orally administered zinc increases food intake via vagal stimulation in rats. J 
Nutr. 2009; 139: 611-616.

24.	Holst B, Egerod KL, Schild E, Vickers SP, Cheetham S, Gerlach LO. GPR39 
signalling is stimulated by zinc ions but not by obestatin. Endocrinology. 
2007. 148: 13-20.

25.	Singla PN, Chand P, Kumar A, Kachhawaha JS. Serum zinc and copper 
levels in children with protein energy malnutrition. Indian J Pediatr. 1996; 63: 
199-203.

26.	Gautam B. Serum zinc and copper levels in children with protein energy 
malnutrition. Mymensingh Med J. 2008; 17: 12-15.

27.	Khare M, Mohanty C, Das BK, Shankar R, Mishra SP. Serum micro-mineral 
levels in protein energy malnutrition in Eastern UP of Indian Children. Indian 
J Prev Soc Med. 2012; 43: 423-427.

28.	Khubchandani A, Sanghani H, Gagandeep Sidhu, Sandip Sendhav, Paulin 
Gandhi, Viral Solanki. Serum copper and zinc levels in preschool children 
with protein energy malnutrition. Int J Res Med. 2013; 2: 7-10.

29.	Hassan E, Aljafari AS. European Journal of Pharmaceutical and Medical 
Research. 2014; 1: 91-98.

30.	Shrivastava SP, Roy AK, Jana UK. Zinc supplementation in protein energy 
malnutrition, Indian Pediatr. 1993; 30: 779-782.

31.	Vasudevan A, Shendunikar N, Kotecha PV. Zinc supplementation in severe 
malnutrition, Indian Pediatr. 1997; 34: 236-238.

32.	Mushi S, Munubhi E. Zinc supplementation in Children recovering from 
severe protein malnutrition admitted at Muhimbili National Hospital, Dar es 
Salaam Tanzania.

33.	Padula Gonsalez HF, Varea A. Biol Trace Elem Res. 2014. 162: 64.

34.	Suzuki H, Asakawa A, Jiang B Li, Minglun Tsai, Haruka Amitani, Kousaku 
Ohinata. Zinc as an appetite stimulator –the possible role of zinc in the 
progression of diseases like cahchexia and sarcopenia. Recent patents on 
food, nutrition and agriculture. 3: 226-231.

35.	Institute of Medicine. Institute of Medicine Dietary Reference Intakes: The 
essential Guide to Nutrient Requirements. Washington D.C, National 
Academies Press. 2006.

36.	Umeta M, West CE, Haidar J, Deurenberg P, Hautvast JG. Zinc 
supplementation and stunted infants in Ethiopia: A randomized control trial. 
Lancet. 2000; 355: 2021-2026.

http://store.elsevier.com/Trace-Elements-in-Human-and-Animal-Nutrition/isbn-9780124912526/
http://store.elsevier.com/Trace-Elements-in-Human-and-Animal-Nutrition/isbn-9780124912526/
https://www.ncbi.nlm.nih.gov/books/NBK222310/
https://www.ncbi.nlm.nih.gov/books/NBK222310/
https://www.ncbi.nlm.nih.gov/books/NBK222310/
https://www.ncbi.nlm.nih.gov/books/NBK222310/
https://searchworks.stanford.edu/view/7696463
https://searchworks.stanford.edu/view/7696463
https://searchworks.stanford.edu/view/7696463
https://searchworks.stanford.edu/view/7696463
http://www.indianpediatrics.net/oct1992/1325.pdf
http://www.indianpediatrics.net/oct1992/1325.pdf
http://link.springer.com/article/10.1007/BF02990353
http://link.springer.com/article/10.1007/BF02990353
http://link.springer.com/article/10.1007/BF02990353
http://europepmc.org/abstract/med/3819064
http://europepmc.org/abstract/med/3819064
https://www.ncbi.nlm.nih.gov/pubmed/6615763
https://www.ncbi.nlm.nih.gov/pubmed/6615763
https://www.ncbi.nlm.nih.gov/pubmed/7413302
https://www.ncbi.nlm.nih.gov/pubmed/7413302
https://www.ncbi.nlm.nih.gov/pubmed/6864333
https://www.ncbi.nlm.nih.gov/pubmed/6864333
https://www.ncbi.nlm.nih.gov/pubmed/6864333
https://www.ncbi.nlm.nih.gov/pubmed/3886761
https://www.ncbi.nlm.nih.gov/pubmed/3886761
https://www.ncbi.nlm.nih.gov/pubmed/3896267
https://www.ncbi.nlm.nih.gov/pubmed/3896267
https://www.ncbi.nlm.nih.gov/pubmed/16652481
https://www.ncbi.nlm.nih.gov/pubmed/16652481
https://www.jstor.org/stable/i40112773
https://www.ncbi.nlm.nih.gov/pubmed/14488490
https://www.ncbi.nlm.nih.gov/pubmed/14488490
https://www.ncbi.nlm.nih.gov/pubmed/14488490
http://trove.nla.gov.au/work/27212414?q&versionId=46681086
http://trove.nla.gov.au/work/27212414?q&versionId=46681086
http://repositorio.unesp.br/handle/11449/36645
http://repositorio.unesp.br/handle/11449/36645
http://store.elsevier.com/Davidsons-Principles-and-Practice-of-Medicine/isbn-9780702050350/
http://store.elsevier.com/Davidsons-Principles-and-Practice-of-Medicine/isbn-9780702050350/
https://www.ncbi.nlm.nih.gov/pubmed/19158231
https://www.ncbi.nlm.nih.gov/pubmed/19158231
https://www.ncbi.nlm.nih.gov/pubmed/19158231
https://www.ncbi.nlm.nih.gov/pubmed/16959833
https://www.ncbi.nlm.nih.gov/pubmed/16959833
https://www.ncbi.nlm.nih.gov/pubmed/16959833
https://www.ncbi.nlm.nih.gov/pubmed/10829989
https://www.ncbi.nlm.nih.gov/pubmed/10829989
https://www.ncbi.nlm.nih.gov/pubmed/10829989
https://www.ncbi.nlm.nih.gov/pubmed/18946444
https://www.ncbi.nlm.nih.gov/pubmed/18946444
http://medind.nic.in/ibl/t12/i4/iblt12i4p423.pdf
http://medind.nic.in/ibl/t12/i4/iblt12i4p423.pdf
http://medind.nic.in/ibl/t12/i4/iblt12i4p423.pdf
http://www.ijorim.com/siteadmin/article_issue/1367833877Ijorim02.pdf
http://www.ijorim.com/siteadmin/article_issue/1367833877Ijorim02.pdf
http://www.ijorim.com/siteadmin/article_issue/1367833877Ijorim02.pdf
http://www.ejpmr.com/
http://www.ejpmr.com/
https://www.ncbi.nlm.nih.gov/pubmed/8132259
https://www.ncbi.nlm.nih.gov/pubmed/8132259
https://www.researchgate.net/publication/13937422_Zinc_supplementation_in_severe_malnutrition
https://www.researchgate.net/publication/13937422_Zinc_supplementation_in_severe_malnutrition
http://link.springer.com/journal/volumesAndIssues/12011
http://www.eurekaselect.com/95887/article
http://www.eurekaselect.com/95887/article
http://www.eurekaselect.com/95887/article
http://www.eurekaselect.com/95887/article
https://www.nap.edu/read/11537/chapter/1
https://www.nap.edu/read/11537/chapter/1
https://www.nap.edu/read/11537/chapter/1
https://www.ncbi.nlm.nih.gov/pubmed/10885352
https://www.ncbi.nlm.nih.gov/pubmed/10885352
https://www.ncbi.nlm.nih.gov/pubmed/10885352


Ann Nutr Disord & Ther 3(1): id1029 (2016)  - Page - 04

Mittal P Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

37.	Shils ME, Olson JA. Modern Nutrition in Health and Disease. 9th edition. 
Sydney: Lippincott Williams and Wilkins, 1998; 223-239, 741-742.

38.	Krebs NF. Zinc supplementation during lactation. Am J Clin Nutr. 1998; 68: 
509S-512S.

39.	Allen LH. Zinc and micronutrient supplements for children. Am J Clin Nutr. 
1998; 68: 495S-498S.

40.	Kruse-Jarres JD. Basic principles of zinc metabolism. Kruse-Jarres 
JD, Scholmerich J, editors. In: Zinc and diseases of the digestive tract. 
Proceedings of the International Falk Workshop. Freiburg, Germany, 27th 
Oct 1996. Berlin-Springer Verlag. 1997; 3-15.

41.	Roth DE, Richard SA, Black RE. Zinc supplementation for the prevention of 
acute lower respiratory infection in children in developing countries: meta-
analysis and meta-regression of randomized trials. International Journal of 
Epidemiology. 2010; 39: 795-808.

42.	Gibson RS. Zinc supplementation for infants. Lancet. 2000; 355: 2008-2009.

43.	Doherty CP, Sarkar MA, Shakur MS, Ling SC, Elton RA, Cutting WA. Zinc and 
rehabilitation from severe protein energy malnutrition: higher dose regimens 
are associated with increased mortality. Am J Clin Nutr 1998; 68: 742-748.

Citation: Mittal P and Dipti B. Role of Zinc in Malnutrition. Ann Nutr Disord & Ther. 2016; 3(1): 1029.Ann Nutr Disord & Ther - Volume 3 Issue 1 - 2016
ISSN : 2381-8891 | www.austinpublishinggroup.com 
Mittal et al. © All rights are reserved

http://ajcn.nutrition.org/content/68/2/509S.abstract
http://ajcn.nutrition.org/content/68/2/509S.abstract
https://www.ncbi.nlm.nih.gov/pubmed/9701167
https://www.ncbi.nlm.nih.gov/pubmed/9701167
https://www.ncbi.nlm.nih.gov/pubmed/20156999
https://www.ncbi.nlm.nih.gov/pubmed/20156999
https://www.ncbi.nlm.nih.gov/pubmed/20156999
https://www.ncbi.nlm.nih.gov/pubmed/20156999
https://www.ncbi.nlm.nih.gov/pubmed/10885346
https://www.ncbi.nlm.nih.gov/pubmed/9734756
https://www.ncbi.nlm.nih.gov/pubmed/9734756
https://www.ncbi.nlm.nih.gov/pubmed/9734756

	Title
	Abstract
	Abbreviations
	Introduction
	Objectives
	Methods
	Recommended dietary allowance, absorption and sources of zinc

	Importance of Zinc in Nutrition
	Role of Zinc in Malnutrition
	Physiology
	Serum zinc levels in PEM
	Zinc supplementation

	Conclusion
	References
	Table 1

