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Table 1. Feed ingredients and composition of experimental diet  

Control diet Feed ingredients  

69.20 Wheat grain  
14.61 Soybean meal  

4 Wheat bran  
1.26  Soy oil  
1.1 Dicalcium phosphate  

8.88 Oyster shells  
0.15 Common salt  
0.1 Sodium bicarbonate  
0.2 DL-Methionine  

0.11 L-Lysine-HCL  
0.25 Vitamin premix  
0.25 Mineral premix 

Chemical composition 
2700  ME (kcal/kg) 

16 Crude protein (%)  
4 Calcium (%)  

0.38  Available phosphorus (%) 

0.45 Methionine (%)  
0.72 Methionine+cysteine (%) 
0.79 Lysine (%) 
0.58 Threonine (%) 
0.22  Tryptophan (%)  
204 Dietary anion cation balance (meq/kg) 

1 Supplied vitamins per kilogram of diet: mg: A, 10000 IU, D3 2500 IU, E 10 IU, B1 2.2 mg, B2 4 mg, B3 8mg, B6 2 mg, B9 
0.56 mg, B12, 0.015 mg, Cholin 200mg. 
2 Supplied minerals per kilogram of diet: Mn, 80 mg, Fe 50 mg, Zn 60 mg, Cu 12 mg, Sodium Selenite 0.3 mg.  
3Dietary electrolyte balance 
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Table 2. Effects of different levels of red pepper and ginger root powders in post-molting diet of laying hens on 

production performance 
Feed intake (g) Egg mass (g)  Egg weight (g)  Egg production Ginger or red pepper (%) 
102.9 45.39b 63.72 71.23c 0 % RPP1 

103.57  46.81ab  64.61  72.45b 1 % RPP 
103.96 47.53a  64.42  73.78a 2 % RPP 
0.67  0.54  0.37  0.33 SEM  
ns  0.03  0.06  0.001  P value 
103.8ab  43.34c  63.56  68.18c 0 % GRP2 

104.33a 46.99b 63.99 73.43b 1 % GRP 
102.3b 49.41a 65.14 75.85a 2 % GRP 
0.64  0.54  0.37  0.33 SEM  

0.01<  0.01<  0.59  0.01<  P value  
Means within same column with different letters differ significantly (P<0.05). ns: non-significant. 
1. Red pepper powder  2. Ginger root powder 
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Table 3. Interaction effects of red pepper powder root and ginger powder in post-molting diet of laying hens on 

production performance 
Feed intake (g) Egg mass (g) Egg weight (g) Egg production Red pepper (%) Ginger (%) 

101.7 42.09b 62.67 67.16f 0% RPP2 0% GRP1 

103.83 44.62b 62.11 71.84d 0% RPP 1% GRP 
103.08 49.48a 66.24 74.69cb 0% RPP 2% GRP 
104.13 43.28b 63.91 67.71f 1% RPP 0% GRP 

103.7 47.72a 65.34 73.03cd 1% RPP 1% GRP 
102.9 49.42a 64.49 76.63a 1% RPP 2% GRP 
105.5 44.65b 64.09 69.66e 2% RPP 0% GRP 

105.47 48.62a 64.45 75.43ab 2% RPP 1% GRP 
100.91 49.32a 64.69 76.23ab 2% RPP 2% GRP 
1.11 1.83 0.65 0.58 SEM  
ns <0.01 0.56 <0.01 P value  

Means within same column with different letters differ significantly (P<0.05). ns: non-significant. 
1. Red pepper powder  2. Ginger root powder 
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Table 4. Effect of different levels of red pepper and ginger root powders in post-molting diet of laying hens on feed 

conversion ratio, total egg production weight and the cost of feed consumed 
Feed cost to produce one kg egg 

(Rilas) 
Total egg production 

weight (g) 
Feed conversion 

ratio 
Ginger or red pepper (%) 

2799 1271b 2.27 0 % RPP1 
2728 1310ab 2.22 1 % RPP 
2695 1331a 2.19 2 % RPP 
37.92 15 0.03 SEM  

ns 0.03 ns P value  
2942a 1213a 2.39a 0 % GRP2 
2735b 1315b 2.22b 1 % GRP 
2546c 1383a 2.07c 2 % GRP 
37.92 15 0.03 SEM 
<0.01 <0.01 <0.01 P value  

Means within same column with different letters differ significantly (P<0.05). ns: non-significant. 
1. Red pepper powder  2. Ginger root powder 
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Table 5. Interaction effect of red pepper root powder and ginger root powder in post-molting diet of laying hens on 

economic parameters 
feed cost to produce one kg 
egg (Rials)  

Total egg production 
weight (g) 

Feed conversion 
ratio 

Red pepper levels 
(%) 

Ginger levels (%) 

2969a 1178b 2.41a 0 % RPP2 0 % GRP1 

2863ab 1249b 2.33ab 0% RPP 1 % GRP 
2566c 1385a 2.08c 0 % RPP 2 % GRP 
2955a 1211b 2.4a 1 % RPP 0 % GRP 

2669bc 1336a 2.17bc 1 % RPP 1 % GRP 
2560c 1384a 2.08c 1 % RPP 2 % GRP 
2901a 1250b 2.36a 2 % RPP 0 % GRP 

2673bc 1361a 2.17bc 2 % RPP 1 % GRP 
2512c 1381a 2.04c 2 % RPP 2 % GRP 

65 26 0.05 SEM  
0.01<  0.01< 0.01<  P value  

Means within same column with different letters differ significantly (P<0.05). ns: non-significant. 
1. Red pepper powder  2. Ginger root powder 
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Table 6. Effect of different levels of red pepper powder and ginger root powder post-molting diet of laying hens on 

titer of total immunoglobulin, immunoglobulin G and immunoglobulin M against sheep red blood cell 
IgT IgG IgM Ginger or Red pepper (%) 
3b 1.6 1.34b 0 %RPP1 

3.16b 1.5 1.66b 1 % RPP 
4a 1.25 2.75a 2 % RPP 
0.14 0.14 0.14 SEM  
0.0001 ns 0.0001 P value  
3.16 1.58 1.58b 0 % GRP2 

3.5 1.33 2.16a 1 % GRP 
3.5 1.5 2ab 2 % GRP 
0.14 0.14 0.14 SEM  
ns ns 0.02 P value  

Means within same column with different letters differ significantly (P<0.05). ns: non-significant. 
1. Red pepper powder  2. Ginger root powder 
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Table 7. Interaction effect of red pepper powder and ginger root powder in post-molting diet of laying hens on 

production of immunoglobulin G, immunoglobulin M and immunoglobulin T against sheep red blood cell 

  

IgT ( Log2 )  IgG ( Log2 )  IgM ( Log2 )  Red pepper (%) Ginger (%) 

3cd  2 1d 0 % RPP2 0 % GRP1 
2.5d 1.5  1d 0% RPP 1 % GRP 
3.5bc 1.5 2c 0 % RPP 2 % GRP 
3cd 1.5  1.5cd 1 % RPP 0 % GRP 
4ab  1.5  2.5ab 1 % RPP 1 % GRP 
2.5d  1.5  1d 1 % RPP 2 % GRP 
3.5bc  1.25 2.25abc 2 % RPP 0 % GRP 
4ab 1 3a 2 % RPP 1 % GRP 
4.5a 1.5 3a 2 % RPP 2 % GRP 
0.25  0.25  0.25  SEM   
0.01<  ns  0.01<   P value  

Means within same column with different letters differ significantly (P<0.05). ns: non-significant. 
1. Red pepper powder  2. Ginger root powder  
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Abstract 

This experiment was conducted to investigate the interaction effects of ginger root and red pepper powders in wheat 
based diet on performance and immune response of layer hens. In this experiment 288 hy-line W-36 laying hens in 
post-molting phase (78 weeks) were assigned to 36 groups in a factorial arrangement with nine treatments and four 
replicates based on completely randomized design. The experimental factors were included three levels of red 
pepper (0, 1 and 2% of diet) and three levels of ginger root powder (0, 1 and 2% of diet). Results showed that pepper 
levels were significantly increased egg production and egg mass of birds (P<0.05). Ginger levels were significantly 
improved feed intake, egg production, egg mass and feed conversion ration during whole experimental period. 
Interaction effects of red pepper and ginger levels were significant on feed intake, egg production and egg mass 
(P<0.05). The highest feed intake, egg production and egg mass were obtained in diets including 2% red pepper+1% 
ginger, 1% pepper+2% ginger and 1% pepper+2% ginger, respectively. The highest egg weight was obtained from 
diets including 1% pepper+2% ginger. Main effects of pepper levels and interaction effects of pepper and ginger 
levels were significant (P<0.05) on IgM and IgT and the best immune response was obtained in diets containing 2% 
ppper+2% ginger. The overall results indicated that laying hens using 2% ginger root powder with 1% red pepper 
had the best effects on performance.  

Keywords: Humeral immunity, Ginger, Red pepper, Performance traits, Laying hens  
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