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Abstract 

The present study was planned to investigate the possible effects on the growth, feed conversion ratio and 

nutrient metabolizability of broiler chickens when supplemented with different sources of zinc. One 

hundred and sixty day-old broiler birds were equally and randomly distributed into four treatment (T1, T2, 

T3 and T4) groups which subdivided into four replicates containing ten birds in each, reared on deep litter 

system up to 6 weeks of age. T1 group was kept as control and offered maize-soybean meal based diet 

without any source of zinc in mineral mixture. Treatment groups T2, T3 and T4 were supplemented with 

inorganic zinc, organic zinc and nano zinc, respectively. Nano zinc oxide fed groups had significantly 

(P< 0.05) higher average feed intake as compared with control group. Average body weight gain and 

feed conversion ratio in T4 group were significantly (P<0.05) higher as compared to other treatment 

groups. It was observed that the nutrient metabolizability in terms of dry matter metabolizability, 

nitrogen retention and gross energy metabolizability increased significantly (P<0.05) in the diets having 

nano zinc oxide compared to other groups. The results of the present study suggested that the dietary 

inclusion of nano zinc in broiler diets replacing either inorganic or organic zinc from mineral mixture 

was found to improve growth performance along with nutrient metabolizability in broiler chickens. 
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Introduction 

Optimizing and updating nutrient requirements of poultry is a continuous process because of 

improved performance, variations in nutrient availability, interaction of different nutrients at 

sites of absorption and metabolism, and to achieve specialized designer products. Trace 

minerals are essential feed additives in the diets of broilers to ensure better health and 

productivity. Zinc (Zn) is an essential trace mineral for normal development of animal, and is 

involved in a variety of metabolic processes (Salim et al., 2008) [1]. It requires a regular supply 

in poultry diets for normal appetite, growth, skeletal developments, skin and feather integrity, 

reproduction, immune competence and many metabolic processes (O’Dell, 2000) [2]. It is an 

integral part of more than 300 enzyme systems that are involved in metabolism of energy, 

protein, and nucleic acids (Tabatabaie et al., 2007) [3] and in numerous biological processes 

(Vallee and Auld,1990) [4]. As it not stored in body, a continuous dietary intake is essential for 

the body’s optimum physiological functions (Zalewski et al., 2005) [5]. Zinc oxide (ZnO) and 

zinc sulphate (ZnSO4) are two preferred sources of zinc as feed additives in broiler chicken 

diet (Wedekind et al., 1992) [6]. Zinc methionine (Zn-Met), an organic source of zinc is also 

widely preferred as feed additive (Richards et al., 2010) [7]. Nano zinc oxide (nZnO) is a new 

form of mineral presentation that has been produced and marketed using concepts of nano 

science and technologies (Song et al., 2010) [8]. The transition from micro particles to nano 

particles involves an increment of surface area, among other alterations in properties. Hence a 

larger surface area of the nano particles allows higher interactions with other organic and 

inorganic molecules (Nel et al., 2009) [9]. The nano Zn particles can thus effectively fulfill the 

requirement in poultry birds, promote growth rate and feed efficiency. With low use dosage, 

they can replace antibiotics as growth promoters, eliminate the residue of the antibiotics in the 

animal products, reduce the environmental contamination and produce pollution-free animal 

products. 
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Many studies have been undertaken in diversified animal 

species along with poultry and encouraging effects have been 

reported with nano Zinc supplementation. However, there is a 

need to optimize the dose and duration of Zinc Oxide nano 

particles supplementation in broiler chickens. Actual 

bioavailability of zinc oxide nano particles in poultry is still to 

be worked out. In view of the above the effect of 

supplementation of different zinc sources in relation to the 

growth performance and nutrient metabolizability in broiler 

chicken, the present study was planned.  

 

Materials and Methods 

Ethical approval 

The animal experiment was conducted in accordance with 

guidelines approved by the Institutional Animal Ethics 

Committee, 12/CPCSEA Dated 17.10.2019 in the Department 

of Animal Nutrition, Lala Lajpat Rai University of Veterinary 

& Animal Sciences, Hisar. 

 

Experimental design  

A study of 6 weeks duration was conducted in which one 

hundred and sixty commercial broiler chicks were randomly 

distributed in four treatment groups with four replicates of ten 

birds each in a completely randomized design as presented in 

Table-1.  

The control group (T1) was offered maize, soybean and 

fishmeal based diet without any source of zinc, which was 

formulated as per BIS (2007) [10] to fulfill the metabolizable 

energy (ME) and crude protein requirements of broilers. Birds 

of second group (T2) were given the basal diet with inorganic 

zinc in mineral mixture. Third (T3) and fourth (T4) groups 

were supplemented with organic and nano zinc in mineral 

mixture, respectively in the diet.  

The ingredients and chemical composition of the basal diet as 

analyzed according to the standards lay down by Association 

of Official Analytical Chemists (AOAC, 2013) [11] and are 

presented in Table-2. 

Table 1: Experimental design 
 

Treatment 

Groups 
Particulars 

Number of 

replicates 

Number of birds/ 

replicates 
Total 

T1 
Control- Standard broiler basal diet as per BIS (2007) specifications without 

zinc in mineral mixture 
4 10 40 

T2 Basal diet + inorganic zinc in mineral mixture 4 10 40 

T3 Basal diet + organic zinc in mineral mixture 4 10 40 

T4 Basal diet + nano zinc in mineral mixture 4 10 40 

 Total 160 

 

The birds were fed pre starter, starter and finisher diets for 1 

to 7, 8 to 21 and 22 to 42 days of age, respectively. The birds 

were housed in deep litter pans using wheat straw as litter 

material and reared from day-old to 42 days of age following 

standard management practices. Feed and water were 

provided ad-lib. All the birds were vaccinated against 

Ranikhet disease on 4th day and IBD on 13th day of age. 

Weekly feed intakes and body weight gain were recorded. 

Feed conversion ratio (FCR) for each replicate was calculated 

as follows: 

 

FCR = Total feed consumed (g)/Total body weight gain (g) 

 

To study the balance of nitrogen and energy, a metabolism 

trial was conducted during 6th week of growth period. One 

bird was randomly selected from each replicate and 

transferred to metabolic cages. Thus, the feed residue and 

excreta voided were weighed and properly recorded for final 

calculations of the total daily feed consumption and excreta 

voided. Gross energy of oven dried feed was determined by 

standard procedure using Bomb Calorimeter. 

 

Nitrogen retetion calculated as: (Nitrogen intake-Nitrogen 

excreted)/Nitrogen intake × 100 

 

Similarly, dry matter metabolizability and gross energy 

metabolizability were also calculated. Protein efficiency ratio 

(PER) was calculated as: 

 

Body weight gain (g)/Total protein intake (g) × 100 

Energy efficiency ratio (EER) was calculated as:  

Body weight gain (g)/Total ME intake (Kcal/kg) ×100  

 

The data were statistically analyzed (Snedecor and Cochran, 

1994) [12] and the means of different experimental groups 

were tested for statistical significance. 

 
Table 2: Ingredients and Chemical Composition (%DM Basis) of Experimental Diets in Different Growth Phases of Broiler Chicks 

 

Ingredients (Kg/100kg) Pre-starter Starter Finisher 

Maize 52 56 61 

Soybean Meal 36 31 27 

Fish Meal 6 7 6 

Vegetable Oil 4 4 4 

Mineral Mixture 2 2 2 

Feed additives (g/100kg feed) 

Spectromix 10 10 10 

Spectromix BE 20 20 20 

Coccidiostat 65 65 65 

Choline chloride 100 100 100 

Lysine 30 50 - 

DL-methionine 150 160 130 

Antibiotic 100 100 100 

Chemical Composition (%DMB) 

Moisture 11.54 11.54 11.48 

Dry Matter 88.46 88.46 88.52 
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Crude Protein 22.01 22.01 20.10 

Ether Extract 3.32 3.32 3.61 

Crude Fibre 4.89 4.89 4.85 

Ash 9.11 9.11 9.22 

Nitrogen Free Extract 49.13 49.13 50.74 

Metabolizable Energy (Kcal/Kg) 3001.7 3001.7 3154.2 

 

Results and Discussion  

Growth performance: The average feed intake during pre-

starter period differed significantly (P<0.05) in all treatment 

groups in comparison to control group (T1). A non-significant 

difference was observed among treatment groups 

supplemented with organic zinc (159.0 g/bird) and nano zinc 

(158.50 g/bird) but both differed significantly (P<0.05) in 

comparison to treatment group supplemented with inorganic 

zinc (154.50 g/bird). In starter period also treatment groups 

supplemented with organic zinc (871.0 g/bird) and nano zinc 

(884.75 g/bird) did not differ significantly (P>0.05), however 

group supplemented with nano zinc showed a significant 

difference (P<0.05) in comparison to treatment group 

supplemented with inorganic zinc (865.50 g/bird). During 

finisher phase, the average feed intake (g/bird) ranged from 

2570.0 g/bird to 2761.25 g/bird showing highest feed 

consumption in nano zinc supplemented group (T4) and 

minimum in control (T1). No significant (P<0.05) difference 

was found between the feed intake of birds supplemented 

with zinc either organic (T3) or inorganic form (T2) however 

feed intake among these groups differed significantly 

(P<0.05) from the birds of control group (T1). The average 

feed intake (g/bird) during overall period ranged from 

3577.50 g/bird to 3804.50 g/bird. The overall feed intake of 

different treatment groups differed significantly (P<0.05) 

with each other with a highest feed intake in treatment group 

supplemented with nano zinc (3804.5 g/bird) followed by 

groups supplemented with organic zinc (3617.0 g/bird), 

inorganic zinc (3601.5 g/bird) and control (3577.5 g/bird). 

Higher feed intake obtained in nano zinc supplemented 

groups might be due to better growth and increased body 

weight gain. These results coincide with the significantly 

higher feed intake recorded on replacement of inorganic 

‘zinc’ with organic form (Rao et al., 2016 and Mishra et al., 

2013) [13,14]. Ezzati et al. (2013) [15] also concluded that dietary 

zinc increased the body weight and feed intake of broiler birds 

when used at different levels that is 50,75,100 and 125 mg/kg 

feed. Similarly, Ibrahim et al. (2017) [16] found that there was 

no significant (P>0.05) change in feed intake between 

treatment groups supplemented with inorganic, organic, zinc-

mix (organic zinc and nanoZnO) and nano zinc. Ramiah et al. 

(2019) [17] found that regardless of heat stress ZnO nano 

particles supplementation at 100mg/kg significantly decreased 

feed intake without affecting the weight gain. Also in a study 

conducted by Asheer et al. (2018) [18] it was observed that 

treatment groups given different doses of nano zinc had no 

significant (P<0.05) difference in weekly average feed intake 

with each other and in comparison with control group. Anil et 

al. (2012) [19] stated that the supplementation of inorganic or 

organic zinc at 20, 40, 60 and 80 ppm did not influence the 

feed intake of broilers. 

The average body weight gain (g/bird) differed significantly 

(P<0.05) in each treatment group in all three different growth 

phases during the experiment with a maximum body weight 

gain in treatment group supplemented with nano zinc (T4) 

followed by groups supplemented with organic (T3) and 

inorganic (T2) zinc and minimum body weight gain was 

observed in control group(T1). The overall average body 

weight gain (g/bird) ranged from minimum 1929.47 g/bird in 

control (T1) to 2175.90 g/bird in group supplemented with 

nano zinc (T4) showing maximum body weight gain. The 

findings of present study are in accordance with those of Rao 

et al. (2016) [13] and Saleh et al. (2018) [20] who concluded that 

growth performance in terms of increased body weight gain 

was significantly affected with supplementation of broiler’s 

diet with organic ‘Zn’. Similar findings were reported in study 

conducted by Ibrahim et al. (2017) [16] that broiler group 

supplemented with nano zinc had significantly (P<0.05) 

higher body weight gain followed by the group supplemented 

with Zn-mix (organic and nano-ZnO) and finally organic zinc 

supplemented group when compared with the inorganic zinc 

supplemented group. Another findings of Sagar et al. (2018) 

[21] were also in accordance with present study in which body 

weight gain of broilers fed diet with 80 ppm Zn was 

significantly higher followed by 60 ppm Zn in all the growth 

phases and it was concluded that nano zinc fed diet had the 

highest body weight gain followed by organic and inorganic 

Zn fed diets. ‘Zn’ positively affects feed utilization through 

participating in the metabolism of carbohydrates, lipids and 

proteins (Macdonald, 2000) [22] which finally translated into 

improvements in growth performance. So increase in body 

weight gain can be attributed to better uptake of organic and 

nano zinc in the body of broilers. 

Feed conversion ratio (FCR) of T4 group in pre-starter period 

differed significantly (P<0.05) from all other treatment 

groups while control (T1) and treatment group supplemented 

with inorganic zinc (T2) showed a non-significant (P>0.05) 

difference. The mean values of feed conversion ratio during 

starter phase of growth ranged from 1.86 (T1) to 1.79 (T4). A 

significant (P<0.05) decrease in mean FCR values from T1 to 

T4 was observed. The lowest FCR values were recorded in 

treatment group supplemented with nano zinc (T4). During 

finisher phase, it was observed that mean FCR value in group 

supplemented with nano zinc (1.77) was significantly 

(P<0.05) higher than mean FCR values of rest of the 

treatment groups. The mean values of FCR ranged from 1.88 

in T1 to 1.77 in T4. The FCR values of overall growth period 

were recorded lowest in treatment group supplemented with 

nano zinc with a value of 1.74 while maximum in control 

group with a value of 1.85 thus showing better feed 

conversion in nano zinc supplemented group which implied 

better utilization of nano zinc particles over inorganic and 

organic zinc. FCR of chicks fed on diet containing inorganic 

zinc was inferior to that of organic and nano zinc fed group. 

This might be due to lower feed consumption as loss in 

appetite appears to be responsible for decline in feed intake in 

sulphate supplemented chicks resulting in lower growth rate 

of this group as compared with other (Sandoval et al., 1998 

and Jahanian et al., 2008) [23, 24]. The above findings are in 

agreement with Sahoo et al. (2016) [25] who observed that 

FCR can be improved by supplementing the diet with either 

organic zinc @ 7.5ppm or nano zinc @0.06ppm in the broiler 

chicken. The results are also in accordance with the findings 

of Bao et al. (2007) [26] that the organic supplements had 

positive effects on FCR. Improved FCR might be due to 

increased activity of digestive enzymes on addition of organic 
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‘zinc’. This may be because of the protective role of zinc on 

pancreatic tissue against oxidative stress, this might help 

pancreas to function properly including secretion of digestive 

enzymes thus improving the digestibility. 

 
Table 3: Average feed intake, body weight gain and feed conversion ratio under different dietary treatments in experimental period 

 

Treatments Pre-Starter Starter Finisher Overall 

Average feed intake (g/bird) 

T1 150.50a±0.81 857.50a±1.44 2570.00a±2.85 3577.50a±1.25 

T2 154.50b±0.64 865.50b±2.75 2581.50b±1.04 3601.50b±3.66 

T3 159.00c±1.47 871.00bc±1.47 2587.00b±1.08 3617.00c±2.67 

T4 158.50c±0.64 884.75c±1.54 2761.25c±1.37 3804.50d±3.22 

Average weight gain (g/bird) 

T1 110.72a±0.51 458.87a±0.85 1359.87a±1.84 1929.47a±1.92 

T2 115.12b±0.65 468.72b±1.43 1378.67b±4.25 1962.52b±3.69 

T3 120.20c±0.73 476.90c±2.01 1410.50c±4.44 2007.60c±2.72 

T4 122.30d±0.60 493.72d±3.92 1559.87d±1.27 2175.90d±3.46 

Feed conversion ratio 

T1 1.35c±0.002 1.86d±0.005 1.88c±0.003 1.85d±0.002 

T2 1.34c±0.005 1.84c±0.005 1.87c±0.005 1.83c±0.003 

T3 1.32b±0.004 1.82b±0.004 1.83b±0.006 1.80b±0.003 

T4 1.29a±0.003 1.79a±0.004 1.77a±0.002 1.74a±0.001 
abcd Means bearing different superscripts in a column differ significantly (P<0.05) 

 

Nutrient metabolizability: Mean values of dry matter (DM) 

metabolizability (%) ranged from 62.77% (T1) to 64.70% 

(T4). Nutrients metabolizability data revealed that birds 

supplemented with nano zinc resulted into higher DM 

metabolizability (%) and highest value was recorded in T4 

(64.70%) which significantly differed (P<0.05) from the 

organic (64.09%), inorganic (63.73%) and control group 

(62.77%). Highest nitrogen metabolizability (%) was recorded 

in T4 (62.66%) supplemented with nano zinc and showed a 

significant (P<0.05) difference from T1 (61.29%) and T2 

(61.60%) while non-significant (P>0.05) difference from T3 

(62.48%). Mean values of gross energy metabolizability were 

recorded highest in T4 (63.55%) group supplemented with 

nano zinc followed by T3 (62.66%) and T2 (61.86%) groups 

supplemented with organic and inorganic zinc, respectively 

and all these differed significantly with each other and control 

(T1) which had the lowest value of 61.16%. Efficient 

utilization of nutrients was observed when diet was 

supplemented with nano zinc in comparison to inorganic and 

organic source of zinc in the mineral mixture. The above 

findings are in support of data documented by Saleh et al. 

(2018) [20]; Sahin and Kucuk (2003) [27] who noted that 

organic ‘Zn’ increased digestibility of dry matter, organic 

matter, crude protein and ether extract by increasing the 

secretions and activity of digestive enzymes. ‘Zn’ is also 

required for the activity of many enzymes and digestive 

functions including metabolism of carbohydrates, lipids and 

proteins in the body. 

  
Table 4: Mean values of Dry Matter Metabolizability, Nitrogen 

Metabolizability and Gross Energy Metabolizability under different 

dietary treatments 
 

Treatment 

DM 

Metabolizability 

(%) 

Nitrogen 

Metabolizability 

(%) 

GE 

Metabolizability 

(%) 

T1 62.77a±0.161 61.29a±0.188 61.16a±0.162 

T2 63.73b±0.115 61.60a±0.171 61.86b±0.241 

T3 64.09b±0.142 62.48b±0.187 62.66c±0.131 

T4 64.70c±0.063 62.66b±0.092 63.55d±0.252 
abcd Means bearing different superscripts in a column differ 

significantly (P<0.05) 

 

Conclusion 

All the growth parameters like average feed intake, average

body weight gain, feed conversion ratio were found to be 

improved in the organic and nano zinc supplemented groups. 

The best results were obtained in nano zinc supplemented 

group in regards to growth parameters and nutrient 

metabolizability. So it can be concluded that nano zinc 

supplementation @ 42 mg/kg can improve body growth 

parameters and can also improve nutrient absorption and 

metabolizability. 

 

References 

1. Salim H, Jo C, Lee B. Zinc in broiler feeding and 
nutrition. Avian Biology Research 2008;1(1):5-18. 

2. O’Dell BL. Role of zinc in plasma membrane function. 
The Journal of Nutrition 2000;130(5):1432S-1436S. 

3. Tabatabaie MM, Aliarabi H, Saki AA, Ahmadi A, Siyar 
SA. Effect of different sources and levels of zinc on egg 
quality and laying hen performance. Pakistan Journal of 
Biological Sciences 2007;10(19):3476-3478. 

4. Vallee BL, Auld DS. Zinc coordination, function, and 
structure of zinc enzymes and other proteins. 
Biochemistry 2012;29(24):5647-5659. 

5. Zalewski PD, Truong-Tran AQ, Grosser D, Jayaram L, 
Murgia C, Ruffin RE, et al. Zinc metabolism in airway 
epithelium and airway inflammation: basic mechanisms 
and clinical targets. A Review. Pharmacology & 
Therapeutics 2005;105(2):127-149. 

6. Wedekind KJ, Hortin AE, Baker DH. Methodology for 
assessing zinc bioavailability: efficacy estimates for zinc-
methionine, zinc sulfate, and zinc oxide. Journal of 
Animal Science 1992;70(1):178-187. 

7. Richards JD, Zhao J, Harrell RJ, Atwell CA, Dibner JJ. 
Trace mineral nutrition in poultry and swine. Asian-
Australasian Journal of Animal Sciences.2010; 23(11): 
1527-1534. 

8. Song S, Qin Y, He Y, Huang Q, Fan C and Chen HY. 
Functional nanoprobes for ultrasensitive detection of 
biomolecules. Chemical Society Reviews 2010;39(11): 
4234-4243. 

9. Nel Andre E, Mädler L, Velegol D, Xia T, Hoek EMV, 
Somasundaran P, et al. Understanding biophysico 
chemical interactions at the nano–bio interface. Nature 
Materials 2009;8(7):543-55. 

10. BIS. Requirement for chicken feeds. IS: 1374-2007, 
Manak Bhawan, 9 Bahadurshah ZafarMarg, New Delhi- 
110001 2007. 

http://www.chemijournal.com/


 

~ 16 ~ 

International Journal of Chemical Studies http://www.chemijournal.com 

11. AOAC. Official Methods of Analysis. (16th ed). 
Association of official analytical chemists, Arlington, 
Verginia, USA 2013.  

12. Snedecor GW, Cochran WG. Statistical Methods, 6th Edn. 
The lowa State University Press, Ames, Lowa 1994. 

13. Rao SR, Prakash B, Raju M, Panda A, Kumari R, Reddy 
EPK, et al. Effect of supplementing organic forms of zinc, 
selenium and chromium on performance, anti-oxidant and 
immune responses in broiler chicken reared in tropical 
summer. Biological Trace Element Research 
2016;172:511-520.  

14. Mishra SK, Swain RK, Behura NC, Das A, Mishra A, 
Sahoo G, et al. Effect of supplementation of organic 
minerals on the performance of broilers.Indian Journal of 
Animal Sciences 2013;83(12):1335-1339. 

15. Ezzati MS, Bozorgmehrifard MH, Bijanzad P, et al. Effect 
of different level of zinc supplementation on broilers 
performance and immune response to Newcastle disease 
vaccine. European Journal of Experimental Biology 
2013;3(5):497-501. 

16. Ibrahim D, Ali HA, El-Mandrawy SA. Effects of different 
zinc sources on performance, bio distribution of minerals 
and expression of genes related to metabolism of broiler 
chickens. Zagazig Veterinary Journal 2017;45:292-304. 

17. Ramiah SK, Awad EA, Mookiah S, Idrus Z. Effects of 
zinc oxide nanoparticles on growth performance and 
concentrations of malondialdehyde, zinc in tissues, and 
corticosterone in broiler chickens under heat stress 
conditions. Poultry Science 2019;98:3828-3838. 

18. Asheer M, Manwar SJ, Gole MA, Sirsat S, Wade MR, 
Khose KK, et al. Effect of dietary nano zinc oxide 
supplementation on performance and zinc bioavailability 
in broilers. Indian Journal of Poultry Science 
2018;53(1):70-75. 

19. Anil KC, Ramana JV, Rama PJ, Sudheer SD, Shakeela S. 
Dietary supplementation of Zinc sulphate and zinc–
methionine: changes in levels of Mineral composition. 
Journal of Animal Production Advances 2012;2(9):409-
419. 

20. Saleh AA, Ragab MM, Ahmed EAM, Abudabos AM, 
Ebeid TA. Effect of dietary ‘zinc’-methionine 
supplementation on growth performance, nutrient 
utilization, antioxidative properties and immune response 
in broiler chickens under high ambient temperature. 
Journal of Applied Animal Research 2018;46(1):820-827. 

21. Sagar PD, Mandal AB, Akbar N, Dinani OP. Effect of 
different levels and sources of zinc on growth 
performance and immunity of broiler chicken during 
summer. International Journal of Current Microbiology 
and Applied Sciences 2018;7(5):459-471. 

22. MacDonald RS. The role of zinc in growth and cell 
proliferation. The journal of Nutrition 2000;130:1500s–
1508s. 

23. Sandoval M, Henry PR, Luo XG, Littell RC, Miles RD, 
Ammerman CB, et al. Performance and tissue zinc and 
metallothionein accumulation in chicks fed a high dietary 
level of zinc. Poultry Science 1998;77:1354-1363.  

24. Jahanian R, Moghaddam HN, Rezaei A. Improved broiler 
chick performance by dietary supplementation of organic 
zinc sources. Asian-Australasian Journal of Animal 
Sciences 2008;21:1348-1354. 

25. Sahoo A, Swain R, Mishra SK. Effect of inorganic, 
organic and nano zinc supplemented diets on 
bioavailability and immunity status of broilers 
introduction. International Journal of Advance Research 
2014;2(11):828-37. 

26. Bao YM, Choct M, Iji PA, Bruerton K. Effect of 
organically complexed copper, iron, manganese and zinc 
on broiler performance, mineral excretion and 
accumulation in tissues. Journal of Applied Poultry 
Research 2007;16:448-55. 

27. Sahin K, Kucuk O. Zinc supplementation alleviates heat 
stress in laying Japanese quail. The Journal of Nutrition 
2003;133(9):2808-11. 

http://www.chemijournal.com/

