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Abstract  
This study aimed to investigate the effects of stocking density and supplementation of potato 

peel (Solanum tuberosum L.) powder and extract on Japanese quail's physiological and 

immunological performance. A total of 810 quail chicks were randomly assigned to six 

dietary treatments and two stocking densities in a complete randomized design with a 6×2 

factorial scheme. The quail were kept with a stocking density of 333cm2/birds (15 

birds/replicate), and 167cm2/birds (30 birds/replicate). The first treatment served as a 

control diet without supplementation (T1). T2 and T3 were supplemented with potato peel 

extract (PPE) at 15, and 30ml/l in drinking water; T4, T5 with 15, and 30g/kg potato peel 

powder (PPP) in basal diet, and T6 with PPE at 15m/l+PPP at 15g/kg. A significant 

improvement in WBC (T2 and T6), total protein and globulin, and a significant decrease in 

relative weight of spleen in T3 and T6, bursa of fabricus and bursa index in all treatments, 

albumin in T2 and T3, glucose, and cholesterol were observed compared to control. Immune 

response, and value of antibodies titer against Newcastle and Gumboro disease were 

significantly better than control. In conclusion, the supplementation of PPE, PPP and their 

mixture showed the best physiological and immune response. Furthermore, the low density 

performed better in most studied traits. 
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Table 1. Ingredients and nutrient composition of quail basal diets. 

 
Ingredients Basal diet (%) 

Maize 50.00 

Wheat  8.75 

Soybean meal (48%)   34.00 
1protein concentrates (44%) 5.00 

Dicalicum phosphate 0.50 

Limestone  1.00 

Mineral premix 0.30 

Sodium chloride 0.30 

DL-methionine 0.15 

Total  100 

Calculated composition2  

Metabolizable energy (Kcal /Kg) 2921 

Crude protein  24.00 

Crude fat 2.97 

Crude fiber  2.54 

Calcium (%)  0.84 

Phosphorus available  0.36 

 Lysine         1.30 

Methionine  0.48 

Methionine + Cysteine  0.82 
1Protein concentrate used from Al-Hayat Company, Jordanian origin, to provide the following per kg of diet: 44% protein, 2800 kcal/kg ME, 12% 

fat, 25% ash, 5% calcium, 2.9% phosphorus, 2.55% methionine+Cysteine, 2.8% lysine.  The chemical composition 2Was calculated according to 

of feedstuff contained in NRC (1994). 
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Table 2. Chemical analysis of potato peel powder. 

 Compounds  Percentage% 

Dry matter 88.60 

Moisture  11.40 

Crud protein 12.23 

Crud fiber 2.31 

 Total Ash  1.82 

Crud fat 0.22 

Nitrogen free extract 83.42 

Organic mater  98.18 

*Metabolic energy kcal/kg 3431.74 

*ME was calculated by the equation described by (Pauzenga 1985). 
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Table 3. Effect of stocking density and experimental treatments on hematological parameters of quail at 42 days. 

 

       Parameters  

Experimental diets 

 

 

 

Density T1(control) 

T2 

(15 m/l 

PPE) 

T3 

(30 m/l 

PPE 

T4 

(15g/kg 

PPP) 

T5 

(30 g/kg 

PPP) 

T6 

(15 PPP 

+ 

15 PPE) 

Mean SEM 

 

P-value* 

 

RBC 

(10⁶/ mm³) 

D1 2.69 3.52 3.46 3.75 3.32 3.40 3.35 0.11 T=0.37 

D2 3.62 3.60 3.24 3.46 3.46 3.58 3.49 0.07 D= 0.29 

Mean 3.15 3.56 3.35 3.61 3.39 3.49 3.42 0.06 T×D=0.12 

 

WBC  

10³/mm³)) 

D1 29.26 34.90 31.84 32.10 32.10 31.93 A32.02 0.61 T = 0.01 

D2 27.66 32.16 29.83 30.60 30.04 32.58 30.48ᴮ 0.57 D=0.05 

Mean 28.46ᵇ 

 
33.53ᵃ 

bᵃ30.83 

 

bᵃ31.35 

 

31.07ᵃᵇ 

 

32.25ᵃ 

 
31.25 0.43 T×D=0.84 

Hb 

(g/100ml) 

D1 14.10 16.02 16.14 16.01 15.80 15.50 15.59 0.28 T = 0.18 

D2 14.95 15.76 14.98 14.99 15.91 16.76 15.56 0.25 D= 0.9 

Mean 14.53ᶜ  15.89ᵇ 15.56ᵇ  15.50ᵇ 15.85ᵇ  16.13ᵃ 15.58 0.18 T×D=0.32 

 PCV%     

D1 36.66 49.66 46.66 43.00 46.66 45.66 44.72 1.66 T = 0.39 

D2 52.66 43.33 50.00 44.00 42.66 54.33 47.83 1.47 D=0.12 

Mean 44.66 46.50 48.33 43.50 44.66 50.00 46.27 1.12 T×D=0.06 

 

H/L 

D1 0.29 0.19 0.16 0.19 0.19 0.16 B0.19 0.010 T=0.001 

D2 0.34 0.21 .210 0.23 0.25 0.18 A0.23 0.012 D=0.001 

Mean a0.31 c0.2 d0.18 b0.21 b0.22 e0.17 0.21 0.008 T×D=0.01 
abc Means in the same row with no common superscript are different at P≤0.05, abMeans in the same column with no common superscript are 

different at P≤0.05. SEM: Standard error of the mean. PPE: Potato peel extract; PPP: Potato peel powder, P-value*, T= Treat effect, D: Density 

effect, T×D = Interaction effect, D1: 16 chicks/replicate; D2: 30chicks/replicate. 
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Table 4. Effect of stocking density and experimental treatments on blood biochemical parameters of quail at 42 days. 

         

 

Experimental diets 

  

 

 

 

 

 

 

Biochemical 

Parameters  

 

Densit

y 

T1 

(control) 

T2 

(15 m/l 

PPE) 

T3 

(30 m/l 

PPE 

T4 

(15g/kg 

PPP) 

T5 

(30 g/kg 

PPP) 

T6 

(15PPP + 

15 PPE) 

Mean 
SE

M 

P-value* 

 

Total  

Protein 

) g/dl( 

D1 4.37 5.15 5.58 5.57 4.63 5.58 5.15ᴬ 0.12 T=0.02 

D2 3.97 5.29 4.35 4.17 5.44 5.49 4.78ᴮ 0.17 D= 0.01 

Mean 4.17ᶜ 5.22ᵃᵇ 4.96ᵇ 4.87ᵇ 5.03ᵇ 5.53ᵃ 4.96 0.11 T×D=0.001 

Albumin 

(g/dl)  

D1 2.49 1.84 1.89 2.68 2.16 2.12 2.20 0.10 T = 0.01 

D2 2.27 1.68 1.68 1.95 2.74 1.93 2.04 0.11 D=0.23 

Mean 2.38ᵃ 1.76ᶜ 1.79ᶜ 2.31ᵃ 2.45ᵃ 2.02ᵇ 2.12 0.07 T×D =0.14 

Globulin 

(g/dl) 

D1 1.88 3.30 3.68 2.89 2.46 3.46 2.95ᴬ 0.16 T = 0.001 

D2 1.70 3.61 2.67 2.22 2.69 3.55 2.74ᴮ 0.17 D=0.02 

Mean 1.79ᶜ 3.46ᵃ 3.17ᵃ 2.55ᵇ 2.58ᵇ 3.51ᵃ 2.84 0.11 T×D = 0.001 

     Cholesterol 

(mg/dl) 

D1 153.49 128.96 115.79 118.90 119.06 122.80 126.50 3.25 T = 0.001 

D2 138.46 127.51 115.74 128.62 122.32 118.81 125.24 2.00 D=0.43 

Mean 145.97ᵃ  128.23ᵇ 115.77ᵈ 123.76ᵇ 120.69ᶜᵈ 120.81ᶜᵈ 125.87 1.88 T×D 0.001 

Glucose  

(mg/dl) 

 

D1 179.20 150.83 137.91 154.58 158.52 159.34 156.73 4.73 T = 0.001 

D2 178.40 148.28 138.78 177.51 167.31 166.57 162.81 4.05 D=0.23 

Mean 178.80ᵃ 149.55ᵇᶜ 138.35ᶜ 166.06ᵇ 162.92ᵇ 162.96ᵇ 159.77 3.11 T×D =0.69 

abc: Means in the same row with no common superscript are different at P≤ 0.05, AB: Means in the same column with no common superscript 

are different at P≤0.05. SEM: Standard error of the mean, PPE: Potato peel extract; PPP: Potato peel powder, P-value*, T= Treat effect, D: Density 

effect, T×D = Interaction effect, D1: 15 chicks/replicate; D2: 30chicks/replicate. 

 

Table 5. Effect of stocking density and experimental treatments on immunological parameters of quails at 42 days. 

Immunological 

Parameters  

 

Experimental diets  
 

 

Mean 

 

 

SEM 

 

 
P-value* 

 
Density T1(control) 

T2 

(15 m/l 

PPE) 

T3 

(30 m/l 

PPE 

T4 

(15g/kg 

PPP) 

T5 

(30 g/kg 

PPP) 

T6 

(15PPP + 

15 PPE) 

 

 
 

Spleen% 

 

D1 0.08 0.05 0.03 0.07 0.0 0.02 A0.05 0.010 T=0.001 

D2 0.09 0.05 0.05 0.08 0.05 0.04 A0.06 0.012 D= 0.001 

Mean a0.08 c0.05 d0.04 b0.07 c0.05 e0.03 0.05 0.008 T×D= 0.17 

 

Bursa of fabric 
us % 

 

D1 0.04 0.03 0.03 0.02 0.02 0.02 0.03 0.001 T = 0.001 

D2 0.04 0.02 0.02 0.03 0.02 0.02 0.02 0.002 D=0.07 

Mean a0.04 b0.03 b0.03 b0.03 b0.02 b0.02 0.03 0.002 T × D =0.05 

 
Bursa Index 

D1 1.00 0.82 0.85 0.74 0.68 0.56 0.77 0.04 T = 0.001 

D2 1.00 0.64 0.65 0.74 0.6 0.72 0.72 0.03 D= 0.11 

Mean 1.00ᵃ a0.73 b0.75 b0.74 b0.64 b0.64 0.75 0.03 T × D = 0.03 

Antibody titers 

against ND   
 

D1 3675.67 6468.33 5706.33 4486.67 4589.33 6550.33 5246.11ᴬ 264.19 T = 0.001 

D2 3418.00 5751.67 5249.33 4178.00 4275.66 6505.33 4896.33ᴮ 258.37 D=0.001 

Mean 3546.83ᵉ 6110.00ᵇ 
5477.83

ᶜ 
4332.33ᵈ 4432.5ᵈ 

6527.83

ᵃ 
5071.22 184.38 T × D = 0.33 

 

Antibody titers 
against IBD 

 

D1 2113.33 3328.00 3962.67 2551.67 3043.33 3843.00 3140.33ᴬ 163.81 T = 0.001 

D2 2056.00 3271.33 2976.00 2309.00 2635.67 3245.33 2748.89ᴮ 125.05 D=0.001 

Mean 2084.67ᵈ 3299.67ᵃ 3469.33ᵃ 2430.33ᶜ 2839.50ᵇ 3544.17ᵃ 2944.61 106.75 T × D = 0.01 

abc: Means in the same row with no common superscript are different at P≤ 0.05, AB: Means in the same column with no common superscript 

are different at P≤0.05. SEM: Standard error of the mean, PPE: Potato peel extract; PPP: Potato peel powder, P-value*, T= Treat effect, D: Density 

effect, T×D = Interaction effect, D1: 15 chicks/replicate; D2: 30 chicks/replicate, ND: Newcastle disease, IBD:  Gumboro disease. 
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