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Table 1. Ingredients and chemical composition of the experimental diets 
 Starter (0-10 days) Grower (11-24 days) Finisher (25-42 days) 
  

 
Control 

PP* (%) Treated PP (%)  PP (%) Treated PP (%)  PP (%) Treated PP (%) 

Ingredients 3 6 9 3 6 9 Control 3 6 9 3 6 9 Control 3 6 9 3 6 9 

Corn grain 57.19 54.33 51.34 48.34 54.74 52.18 49.61 60.94 57.90 54.93 51.91 58.36 55.75 53.18 61.00 58.01 55.03 52.04 58.43 55.86 53.29  
Soybean meal 35.52 35.19 34.96 34.70 34.89 34.31 33.72 33.60 33.36 33.09 32.80 33.00 32.44 31.86 30.84 30.59 30.33 30.08 30.26 29.68 29.10  
Fish meal 4.00 4.00 4.00 4.00 4.00 4.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pomegranate 
Pulp 

0.00 3.00 6.00 9.000 0.00 0.00 0.00 0.00 3.00 6.00 9.000 0.00 0.00 0.00 0.00 3.00 6.00 9.000 0.00 0.00 0.00 

Treated 
Pomegranate 
Pulp with urea 

0.00 0.00 0.00 0.00 3.00 6.00 9.000 0.00 0.00 0.00 0.00 3.00 6.00 9.000 0.00 0.00 0.00 0.00 3.00 6.00 9.000 

Soybean oil 0.25 0.54 0.91 1.29 0.43 0.73 1.00 1.71 2.06 2.44 2.80 1.99 2.26 2.51 4.28 4.06 5.03 5.41 4.56 4.84 5.11  
Limestone 1.26 1.20 1.08 1.01 1.18 1.08 1.00 1.55 1.44 1.35 1.35 1.40 1.36 1.30 1.52 1.43 1.34 1.30 1.35 1.34 1.30  
Dicalcium 
phosphate(DCP) 

1.11 1.07 1.05 0.99 1.07 1.04 1.00 1.53 1.57 1.53 1.48 1.58 1.53 1.49 1.56 1.57 1.56 1.53 1.58 1.56 
1.52  

Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.35 0.30 0.30 0.30 0.30 0.30 0.30 
Vit & Min. 
premix1 

0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

DL- Methionine 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.11 0.11 0.12 0.11 0.11 0.11 0.12 0.11 0.11 0.11 0.11 0.11 
Calculated 
compositions 

                    
 

Metabolizable 
Energy (kcal/kg) 

2950 2950 2950 2950 2950 2950 2950 3050 3050 3050 3050 3050 3050 3050 3200 3200 3200 3200 3200 3200 3200 

Crude protein 
(%) 

23.00 23.00 23.00 23.00 23.00 23.00 23.00 20.20 20.20 20.20 20.20 20.20 20.20 20.20 19 19 19 19 19 19 19 

Ether extract 
(%) 

2.68 2.94 3.24 2.46 2.86 3.06 3.25 4.23 4.51 4.79 5.06 4.42 4.61 4.81 6.23 7.09 7.37 7.64 7.01 7.20 7.39 

Crude fiber (%) 2.42 3.20 3.46 4.00 3.08 3.36 3.68 2.53 2.78 2.99 3.20 2.68 2.82 2.98 2.61 3.12 3.78 4.45 3.00 3.55 4.09 
Lysine (%) 1.75 1.75 1.51 1.77 1.72 1.71 1.70 1.21 1.26 1.26 1.26 1.26 1.26 1.26 1.21 1.14 1.14 1.14 1.14 1.13 1.13 
Met. + Cys. (%) 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.84 0.84 0.84 0.84 0.85 0.85 0.85 
Calcium (%) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.95 0.95 0.95 0.95 0.95 0.95 
Available 
phosphorus (%) 

0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.43 0.43 0.43 0.43 0.43 0.43 0.43 

 * PP: Pomegranate pulp 
1. Supplied per  Kg of permix: 3.6 g Vitamin A; 0.36 g Vitamin B1; 1.65 g Vitamin B2; 2 g Vitamin B3; 0.6 g Vitamin B6; 0.3 g Vitamin B12; 0.8 g Vitamin D3; 7.2 g Vitamin E; 0.8 g Vitamin 
K3; 0.25 g Vitamin B9; 6 g Vitamin B5; 2 g Vitamin H; 32 g MnO; 50 g Fe2(SO4)3; 22 g ZnO; 8 g CuO; 4 g Selenium Permix; 0.32 g NaIO3; 200 g Choline Chloride; 0.2 g Antioxidant 
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Table 3. Effect of Pomegranate pulp (PP) and pomegranate pulp treated (PPT) with urea on performance of broilers  

25-42 days (Heat stress)  11-24 days  0-10 days  Treatment  
FCR Feed 

intake 
(g/bird) 

Body 
weight gain 

(g/bird) 

FCR Feed 
intake 

(g/bird) 

Body 
weight gain 

(g/bird) 

FCR Feed 
intake 

(g/bird) 

Body 
weight gain 

(g/bird) 

  

               PP+ Enzyme 
2.56a  2607.7  1020.4b  2.03a  1569.1bc  773.9c 1.38ab  372.32abc  342.8  0   
2.10ab  2691.04  1304.3ab  1.82ab  1561.89bc  862.2bc  1.11b  329.96c  356  3    
1.87b  2645.6  1455.8a  1.71b  1542.07c  907abc  1.20b  344.25bc  348.9  6    
2.09ab  2553  1254ab  1.58b  1617.39abc  1023.7a  1.28b  355.93bc  344.9  9    

                PPT with urea 
2.07b  2622.19  1266.2ab  1.67b  1642.79ab  1001.5a  1.45ab  386.79ab  334.7  3    
1.82b  2681.09  1498.6a  1.75ab  1637.67ab  939.3ab  1.57a  414.29a  334.9  6    
1.82b  2574  1420ab  1.76ab  1690.43a  960.9ab  1.45ab  393.5a  342.4  9    
0.145  56.27  92.8  0.06  18.21  30.02  0.063  12.33  16.92    SEM1  

0.06  0.55  0.026  0.001  0.0001  0.0001  0.003  0.0011  0.2521    P-value  
1 SEM: Standard error of the means 
a-c Means with different letters in a column differ significantly (P<0.05)  
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Table 2. The chemical composition and nutrient component of the pomegranate pulp (% of DM) 

ADF  
 

NDF 
  

Ash Crude fiber  Crude protein 
  

Ether extract 
  

DM (% )   

44.73 58.16 4.59 25.2 11.01  10.16 91.94 Pomegranate pulp 
34.46  51.99  5.47  22.6  15.7  10.95  53  Treated pomegranate pulp 

with urea 
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Table 4. Effect of pomegranate pulp (PP) and pomegranate pulp treated (PPT) with urea on blood biochemical 

parameters of heat stressed broilers  
LDH 
(U/L)  

AST 
(U/L)  

ALP* 
(U/L)  

Albumin 
(mg/dL)  

Protein 
(mg/dL)  

Glucose 
(mg/dL) 

Treatment 

      PP+ Enzyme 
3288a  674.8a  6483a 1.375  3.03  1106.5a  0 
1965ab  456.8bc  4148b  1.613  3.02  816.8ab  3 
2532ab  483.1bc  2968b  1.660  3.21  793.5bc  6 
2251ab  490.7b  1667b  1.660  2.95  794.4bc  9 

  PPT with urea 

2572ab  607.06ab  3109b  1.308  2.96  794.4bc  3 
2871ab  672.1ab  2986b  1.815  3.21  829.1ab  6 
1506b  259.9c  2929b  1.430  2.56  611.2c  9 
220.96  39.51  608.34  0.146  0.186  53.54  SEM1 

0.0234  0.0001  0.0007  0.06  0.724  0.0002  P-value 
1 SEM: Standard error of the means 
a-c Means with different letters in a column differ significantly (P<0.05). 
ALP: Alkaline phosphatase; LDH: Lactate dehydrogenase; AST: Aspartate transferase  
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Table 5.  Effect of pomegranate pulp (PP) and pomegranate pulp treated (PPT) with urea on antibody titers 

against sheep red blood cells (Log 10)  of heat stressed broilers 
       

IgM  IgG  Total 
antibody 

IgM  IgG  Total antibody Treatment 

      PP+ Enzyme 
2.00b  4.750b  6.75b  2.00  0.65  2.65b  0 
2.75ab  5.50ab  8.25a  2.50  1.75  4.25a  3 
2.50ab  5.00ab  7.50ab  1.25  1.50  2.75ab  6 
3.00a  6.25a  9.25a  2.50  2.50  5.00a  9 

  PPT with urea 

2.25ab  6.25a  8.50a  2.25  1.00  3.25ab  3 
2.50ab  5.50ab  8.00a  2.50  1.25  3.75ab  6 
3.00a  5.25ab  8.25ab  2.75  1.50  4.25a  9 

0.0605  0.080  0.32  0.51  0.42  0.52 SEM1 

0.016  0.006  0.071  0.421  0.135  0. 031  P-value 
1 SEM: Standard error of the means 
a-b Means with different letters in a column differ significantly (P<0.05) 
SRBC: sheep red – blood cell , IgG: Immunoglobin G , IgM: Immunoglobin M  
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Abstract 

The aim of this study was to investigate the effects of pomegranate seed pulp (PP) and its treated form with urea 
(PPTU) on performance, blood biochemical parameters and immune response of broiler chickens reared in heat 
stress condition. A total of 280 day-old Ross 308 chicks were used in a completely randomized design. The chicks 
were equally divided into seven treatments including 0, 3, 6 and 9 percent of PP and 3, 6 and 9 percent of PPTU 
with four replicates and 10 birds each. In heat stress period (25-42 days), the daily heat stress schedule was applied 
from 10:00 until 17:00 h for seven hours (35-37 oC). The PPTU increased the blood concentration of total protein 
(11 vs. 15.7 mg/dL). In heat-stressed chickens, PP increased body weight (1498 vs.1020 g) and decreased feed 
conversion ratio (1.82 vs. 2.56). The PP decreased the blood glucose concentration (611 vs. 1106 mg/dl) and also 
decreased the activity of the liver enzymes including alkaline phosphatase (1667 vs. 6483 U/L), aspartate 
aminotransferase (259.9 vs. 674.8 U/L) and lactate dehydrogenase (1506 vs. 3288 U/L). The immune response to 
SRBC in chickens fed PP with enzymes (9.25) or its urea-treated (8.5) were higher as compared to control (6.75). 
Therefore, these findings showed that the addition of pomegranate pulp with enzyme or its treated with urea up to 
9% may improve performance, immune response and decreased the activity of liver enzymes in heat stressed 
broilers. 

Keywords: Pomegranate pulp, Heat stress, Broiler chick, Urea processing, Feed conversion ratio 

 

 

 
*Corresponding author: jhosseiniv@birjand.ac.ir 

doi: 10.22124/AR.2019.10003.1297 


