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Table 1. Basal diet composition 

Item Content 
Ingredient (%)  

Corn grain 55.87 
Soybean meal (44% CP) 35.00 
Corn gluten meal 3.98 
Sunflower oil 1.43 
Dicalcium phosphate 0.71 
Calcium CO3 1.41 
Sodium bicarbonate 0.31 
NaCl 0.13 
L-Lysine HCl 0.22 
DL- Methionine 0.34 
L-Threonine 0.10 
Trace mineral premix1 0.25 
Vitamin premix2 0.25 

Calculated chemical composition  
Metabolizable energy (kcal/kg) 2,950 
Crude protein (%) 24.54 
Lysine (%) 1.35 
Methionine (%) 0.71 
Methionine + cysteine (%) 1.08 
Threonine (%) 1.00 
Calsium (%) 0.80 
Available phosphorus (%) 0.30 
Zn (mg/kg) 41.25 
DEB (mEq/kg)3 250 

1Mineral premix provided per kilogram of diet: Mn (MnSO4·H2O), 65 mg; Fe (FeSO4·7H2O), 50 mg; Cu (CuSO4·5H2O), 8 
mg; I [Ca (IO3)2·H2O], 1.8 mg; Se, 0.30 mg; Co (Co2O3), 0.20 mg; and Mo, 0.16 mg 
2Vitamin premix provided per kilogram of diet: vitamin A (vitamin A acetate), 11,500 IU; cholecalciferol, 2,100 IU; vitamin 
E (dl-α-tocopheryl acetate), 22 IU; vitamin B12, 0.60 mg; riboflavin, 4.4 mg; nicotinamide, 40 mg; calcium pantothenate, 35 
mg; menadione (menadione dimethyl-pyrimidinol), 1.50 mg; folic acid, 0.80 mg; thiamine, 3 mg; pyridoxine, 10 mg; biotin, 
1 mg; choline chloride, 560 mg; and ethoxyquin, 125 mg. 
3DEB = dietary electrolyte balance (Na + K – Cl).  
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Table 2. Effect of different levels and sources of zinc on Japanese quail performance from 22 to 35 days of age 

1 FCR= Feed conversion ratio 
2 SEM= Standard error of the means 
a-c Means with different superscripts in the same column are significantly different at P<0.05.

FCR1  Gain (g/bird)   Feed intake (g/bird)  Total 
Zn  

(mg/kg 
diet) 

Supplementary 
Zn  

(mg/kg diet) 
Source 
of Zn 

22-35  
days  

29-35  
days 

22-28  
days  

22-35 
days 

29-35 
days 

22-28 
days  

22-35 
days 

29-35 
days 

22-28 
days 

4.01a 4.57a  3.59a  81.27c 35.37b 45.9b  325.57a 161.8a 163.77a 41.25 0 Control1 

3.03bc 3.4abc 2.78b  94.02bc 41.97ab 52.05ab  283.18bc 140.28ab 142.90b 44.70 15 Sulfate 
3.29ab 3.77ab 2.92ab  94.42bc 41.22ab 53.20ab  309.38abc 155.19ab 154.119ab 47.00 25   
2.89bc 2.86bc 2.95ab  110.82ab 56.50ab 54.32ab  319.04ab 158.87ab  160.17ab 49.30 35   
3.22b 3.96ab 2.76b   93.53ab 37.58b 55.95ab  299.46abc 146.75ab  152.71ab 42.75 15 Chelate  
2.34c 2.63c 2.41b  119.67a 59.42a 60.25a  278.11c 133.71b 144.40b 43.75 25   
3.03bc 3.65abc 2.60b  97.46abc 41.43ab 56.02ab  290.24abc 147.22ab 143.02b 44.75 35   
3.02bc 3.10bc 3.03ab  100.42abc 49.20ab 51.22ab  302.27abc  147.69ab 154.58ab  53.25 15 Nano 
2.78bc 3.26abc 2.45b  102.4abc 43.95ab 58.45ab  280.62c 138.65ab 141.97b 61.25 25   
3.24ab 3.66abc 2.98ab  89.42bc 37.97ab 51.45ab  288.55b  135.31ab 153.24ab 69.25 35   
0.19 0.29 0.16  6.27 4.49 2.67  3.98 5.81 3.96     SEM2  

0.0389 0.0009 0.0008  0.2620 0.0072 0.0383  0.0062 0.0162 0.0028     P-value  
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Table 3. Effect of different levels and sources of zinc in diet on zinc concentration in some organs of Japanese 
quail 

1 SEM= Standard error of the means  
a-f Means with different superscripts in the same column are significantly different at P<0.05. 
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Tibia 
 (mg/kg) 

Muscle 
(mg/100 g)  

Serum  
(µg/dL) 

Liver  
(mg/kg)  

Total Zn  
(mg/kg 
diet) 

Supplementary Zn  
(mg/kg diet) 

Source 
of Zn 

33.60e 0.317f 163.25g 50.65f 41.25 0 Control 
36.60ed  0.337ef 170.35gf  54.42ef 44.70 15 Sulfate 
40.02bdc 0.370edc 172.45ef 57.92ecd 47.00 25  
39.22dc 0.382bdc 181.42bdc 60.65bcd 49.30 35  
38.85dc  0.352edf 176.67edf 55.72efd 42.75 15 Chelate 
43.65abc 0.415ab 185.37abc 61.77bc 43.75 25  
41.57bdc 0.410abc 188.77ab 65.55ab 44.75 35  
38.55ed 0.370edc 179.17edc 57.50ecd 53.25 15 Nano 
47.62a 0.417ab 188.57ab 68.22a 61.25 25  
44.87ab 0.440a 190.37a 67.95a 69.25 35  
1.053 0.008 1.664 1.203   SEM1 
0.0001 0.0001 0.0001 0.0001   P-value 
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Table 4. Effect of different levels and sources of zinc on meat quality of Japanese quail 

1 WHC= Water holding capacity 
2 SEM= Standard error of the means 
3 MDA= Malondialdehyde  
 a-d Means with different superscripts in the same column are significantly different at P<0.05.  
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Abstract 

This experiment was conducted to evaluate dietary supplementation of different levels of sulfate, chelate and 
nano sources of zinc on growth performance, tissue zinc reserves and meat quality of male growing Japanese 
quails. The experiment was carried out using 400 Japanese quails in a completely randomized design with 10 
experimental treatments and four replicates. The experimental treatments consisted of: basal diet (control group, 
without zinc supplement) containing 41.25 mg/kg zinc and basal diet supplemented with different sources of 
zinc (sulfate, chelate and nano zinc) each at three levels of 15, 25 and 35 mg/kg of diet. Birds fed basal diet + 25 
mg chelate zinc/kg of diet showed lower feed intake, higher weight gain and improved feed conversion ratio 
compared to the control group (P< 0.05). Zinc content in serum, liver, breast meat and tibia of birds fed basal 
diet + 35 mg nano zinc/kg of diet were higher than the control group (P< 0.05). Malondialdehyde levels and 
drip losses in meat of birds fed diets supplemented with different sources of zinc were lower than the control 
(P<0.05). According to the results of the current study, supplementation of corn–soybean meal-based diet of 
Japanese quails with 25 mg zinc chelate/kg improved growth rate and feed conversion ratio compared to the 
control group. 
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