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1. Low Density Lipoprotein 
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3. Butylated hydroxyanisole 
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1. High density lipoprotein 
2. Very Low density Lipoprotein 
3. Aspartate dehydrogenase 
4. Lactate dehydrogenase 
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Table 1. Ingredients and chemical composition of the basal experimental diets 

Finisher (25-35 d) Grower (11-24 d) Starter (0-10 d) Ingredients 
59.12  52.26  51.91  Corn grain 
31.17  37.56  37.16  Soybean meal 
0.00  0.00  3.47  Fish meal 
6.00  6.00  4.00  Canola Oil 
1.43  1.42  1.03  Limestone 
1.36  1.86  1.50  Dicalcium phosphate 

(DCP) 
0.28  0.30  0.30  Salt 
0.50  0.50  0.50  Vit and Min premix1 

0.15  0.10  0.13  DL- Methionine 
      Calculated compositions 

3240  3150  3050  Metabolizable energy 
(kcal/kg) 

19.00  21.00  23.00  Crude protein (%) 
8.40  8.21  5.27  Ether Extract (%) 
2.41  2.447  3.47  Crude Fiber (%) 
1.06  1.19  1.49  Lysine (%) 
0.68  0.721  0.936  Met+ Cys (%) 
0.18 0.18 0.18 Na 
0.27 0.27 0.27 Cl 
0.98  1.00  1.05  Calcium (%) 
0.49  0.52  0.525  Available phosphorus (%) 

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 

  

 �,!#2 -  $C� ^ ,�7�=4�� $% ���� 1
	� ���A+3#	# K $B*+ K����*M GN,� K,�g �$�# �% �!� 3�<O0 (��	- K��  
Table 2. Effect of pomegranate peel extract (PPE) supplementation on performance of broilers fed diets 

supplemented with canola oil 

Growth phases (day)  

0-35  
25-
35  

11-
24  0-10  0-35 

25-
35  

11-
24  0-10  0-35 d 

25-
35  

11-
24  0-10   

FCR  Feed intake 
(g/bird/day) 

Body weight gain 
(g/bird/day) 

Level of 
PPE 
(mg/kg) 

1.710  1.77  1.61  1.05  65.57  89.65  60.83  23.18  38.35  50.46  37.82  21.89  0  
1.681  1.70  1.83  1.05  66.48  69.11  65.20  23.17  39.54  51.71  35.66  22.01  300  
1.677  1.91  1.72  1.04  63.04  76.11  60.55  23.32  37.62  51.24  35.23  22.30  600  
0.031  0.08  0.08  0.02  1.398  8.16  1.787  0.853  1.12  5.75  0.978  0.682 SEM  
0.6818  0.093  0.081  0.393  0.2261  0.622  0.091  0.498  0.4268  0.497  0.069  0.291  P-value  

1SEM: Standard error of means  
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Table 3. Effect of pomegranate peel extract (PPE) supplementation on relative weight of carcass traits in 

broilers fed canola oil-supplemented diets (35 days)  

Gall 
bladder1   

Bursa of 
Fabricus1  Heart1   

Abdominal 
fat1 Breast2  Thigh2   Carcass1  PPE (mg/kg) 

0.11a
  0.11b

  0.57 1.93a
  28.46  27.96 68.16 0 

0.07ab
  0.20a

  0.56  1.12b
  30.22  27.49  66.76  300  

0.06b
  0.22a

  0.75  0.92b
  28.78  28.65  66.47  600  

0.008  0.006  0.091  0.117  1.837  2.87 2.356  SEM3  

0.0421  0.0115  0.0652  0.0243  0.3672  0.4962  0.2539  P-value  
1 % of live weight 
2 % of carcass  weight 
3 SEM: Standard error of means  
a-b Means with different letters in a column differ significantly (P<0.05).  
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Table 4. Effect of pomegranate peel extract supplementation on blood lipid concentration (mg/dL) and liver 

enzyme activities (u/L) of broilers fed diets supplemented with canola oil  

AST1
  LDH1

  LDL  HDL  Triglyceride  Cholesterol 
Pomegranate 
peel extract 

(mg/kg) 
238.97a 2182a

 53.36a 94.13 65.53 155.78a 0 
212.44ab

 1115b
 46.77ab

 90.85 62.03 148.88b 300  
210.26ab

 1111b
 44.45b

 86.00 55.23 147.95b 600  
6.93 117.99 2.02 5.08 5.78 4.34 SEM2 

0.0361 0.0001 0.0314 0.5472 0.4707 0.0286 P-value 
1 LDH: Lactate dehydrogenase; AST: Aspartate amino transferase; HDL: High density lipoprotein; LDL: Low density 
lipoprotein 
2 SEM: Standard error of mean 

a-b Means with different letters in a column differ significantly (P<0.05). 
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Table 5. Effect of pomegranate peel extract supplementation on breast malondialdehyde concentration (ng/g) 

storage at freezer (-20 oC) in broilers fed diets supplemented with canola oil  

After 30 days of refrigerator 
storage 

After 15 days of refrigerator 
storage 

Pomegranate peel extract (mg/kg) 

0.99a 0.65a 0 
0.93ab

 0.56b 300 
0.85b

 0.55b 600 
0.042 0.03 SEM 
0.0486 0.0301 P-value 

1 SEM: Standard error of means 
a-b Means with different letters in a row differ significantly (P<0.05).  
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Table 6. Effect of pomegranate peel extract (PPE) supplementation on jejunal morphology in broilers fed diets 

supplemented with canola oil 

VH to CD ratio1  Crypt depth (µm) Villi width (µm) Villi height (µm) PPE (mg/kg) 
5.05b 203.13 180.00a 1026.88b 0 
5.48ab

 202.50 139.17b 1108.96ab 300 
6.74a

 184.58 128.65b 1245.42a 600 
0.40 12.43 7.31 41.38 SEM2 

0.028 0.5143 0.0018 0.0355 P-value 
1 Villi height to crypt depth  ratio 
2 SEM: Standard error of means 
a-b Means with different letters in a row differ significantly (P<0.05).  
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Abstract 

The aim of this study was to investigate the effect of pomegranate peel extract (PPE) on the growth 
performance, carcass characteristics, blood indices, intestinal morphology and meat stability of broiler 
chickens. A total of 120 one-day-old Ross 308 chicks were used in this study in a completely randomized 
design with three treatments each replicated four times. The experimental treatments included were: 0, 300 
and 600 mg PPE/kg. All starter rations had four percentages of canola oil and grower and finisher diets had six 
percentages of canola oil. The results showed that the PPE had no significant effect on performance of broiler 
chicks, including feed intake, body weight and feed conversion ratio. Pomegranate peel extracts (600 mg 
PPE/kg) increased the relative weight of bursa of fabricus (0.22 vs. 0.11%) and decreased abdominal fat (0.92 
vs. 1.93%) as compared to control. The 600 PPE diet had lower concentration of serum cholesterol (147.95 vs. 
155.78 mg/dL), and LDL (44.45 vs. 53.36 mg/dL) than control diet (P<0.05). Compared to control group, the 
level of 600 PPE reduced the activity of lactate dehydrogenase (1111 vs. 2182 μL) and aspartate 
aminotransferase (210 vs. 239 u/L). The stability of the meat during storage (0.85 vs. 0.99 ng/g) increased in 
birds fed diets contained PPE as compared with control group. The birds received PPE had higher jejunal 
villus height (1245 vs. 1027 μm) and the crypt depth to the villus height (6.74 vs. 5.05) compared to the 
control. It is concluded that PPE supplementation at the level of 600 mg/kg of diet improved meat stability and 
morphology of jejunum and reduced the blood cholesterol of broiler chickens. 

Keywords: Villus height, Pomegranate peel extract, Cholesterol, Jejenum, Malondialdehyde  
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