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Table 1. Chemical composition of ingredients using in the experimental diets (% as fed basis)  
 Corn Soybean meal Canola meal 
Dry matter 89.55 90.08 91.65 
Total ash 1.13 6.70 6.90 
Crude protein 7.78 45.33 34.06 
Ether extract 3.50 1.60 2.90 
Crude fiber 1.92 5.20 12.70 

Amino acid profiles1    
Methionine  0.16 0.55 0.57 
Methionine+cysteine  0.32 1.09 1.18 
Lysine  0.23 2.48 1.50 
Threonine  0.22 1.50 1.10 
Tryptophane  0.05 0.53 0.36 
Arginine  0.36 3.06 1.67 
Phenylalanine 0.35 2.05 1.12 
1 Estimated by NIRs.  

 �/�g2 - ](0-9 .�Gg� .=S� ��%� [("19 / 
�!P�
1(g -4���& .�P  
Table 2. Ingredients and nutrient composition of the experimental diets  

Ingredients (%) 0 7.29% CM3 14.59% CM 
Corn 57.75 54.26 50.75 
Soybean meal 27.41 22.63 17.84 
Canola meal 0 7.29 14.59 
Soybean oil 1.87 3.00 4.13 
Limestone 9.82 9.75 9.68 
Dicalcium phosphate 2.07 2.02 1.97 
Sodium chloride 0.40 0.40 0.41 
DL-Methionine 0.18 0.15 0.13 
Mineral premix1 0.25 0.25 0.25 
Vitamin premix2 0.25 0.25 0.25 
Chemical composition    
Metabolizable energy (kcal/kg) 2750 2750 2750 
Crude protein (%) 17.02 17.04 17.07 
Crude fiber (%) 2.52 3.12 3.75 
Calcium (%) 4.26 4.26 4.26 
Available phosphorous (%) 0.50 0.50 0.50 
Sodium (%) 0.18 0.18 0.18 
Chlorine (%) 0.26 0.27 0.27 
Digestible lysine (%) 0.81 0.79 0.78 
Digestible methionine (%) 0.41 0.40 0.39 
Digestible methionine+cysteine (%)  0.66 0.66 0.66 
Digestible threonine (%)  0.55 0.55 0.55 
Digestible tryptophane (%) 0.17 0.17 0.17 
Digestible valine (%) 0.72 0.72 0.72 
Digestible isoleucine (%) 0.65 0.65 0.65 
1 Each 2.5 kilogram of mineral premix contained 33000 mg iron, 66000 mg zinc, 8800 mg copper, 66000 mg manganese, 900 mg 
iodine and 300 mg selenium.  
2 Each 2.5 kilogram of vitamin premix contained 7700000 IU Vitamin A (all-trans-retinal), 300000 IU Vitamin D3 
(cholecalciferol), 6600 mg Vitamin E, 550 mg Vitamin K3, 2200 mg Vitamin B1, 4400 mg Vitamin B2, 4400 mg Vitamin B6, 
2200 g niacin, 110 mg folic acid, 27500 mg choline chloride, 125 mg Antioxidant, 55000 µg Biotin and 8800 µg Vitamin B12. 
3 Canola meal. 
Protease added 200 g/ton on top to experimental diets including enzyme. 
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Table 3. Effect of different levels of canola meal and protease enzyme on productive performance of laying hens 

from 28 to 36 weeks of age  

Main effects 
 Feed intake 

(g/bird/day) 
Egg production 

(% hen-day) 
Egg weight 

(g) 
Egg mass 
(g/day) 

Feed conversion 
ratio  

Canola meal (%) 
0 96.06 92.34 61.19 56.64 1.700 

7.29 97.85 93.68 61.04 57.17 1.715 
14.59 97.25 92.11 60.78 55.94 1.741 

SEM 1.049 1.173 0.434 0.698 0.0141 

Protease  
without 97.45 92.65 61.03 56.61 1.725 
with 96.66 92.77 60.98 56.56 1.712 

SEM  0.856 0.957 0.353 0.570 0.0116 
Treatments      

0× without protease 97.10 93.11 61.37 57.40 1.696 
0× with protease 95.02 91.57 61.01 55.89 1.703 
7.29× without protease 98.86 93.61 60.98 57.06 1.737 
7.29× with protease 96.83 93.74 61.10 57.28 1.693 
14.59× without protease 96.39 91.23 60.73 55.37 1.743 
14.59× with protease 98.12 93.00 60.84 56.51 1.739 
SEM 1.482 1.658 0.613 0.987 0.020 

P-value      
Canola meal  0.4821 0.6015 0.8029 0.4683 0.1365 
Protease 0.5190 0.9303 0.9345 0.9520 0.4203 
Canola meal × Protease 0.3532 0.6133 0.9055 0.4119 0.4347 
Treatment 0.5466 0.8378 0.9841 0.6413 0.2792 

SEM: Standard error of the means. 
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Table 4. Effect of different levels of canola meal and protease enzyme on egg quality traits of laying hens from 28 to 

36 weeks of age  

Main effects 
 Yolk 

index 
(%) 

Yolk color 
(Roche 
scale) 

Haugh 
unit 

(score) 

Egg shell 
weight 

(g) 

Egg shell 
ratio 
(%) 

Egg shell 
thickness 

(mm) 

Canola meal (%) 
0 44.74 4.96 81.77 5.80 9.18 0.566 

7.29 44.33 4.76 82.17 5.72 9.22 0.571 
14.59 45.06 4.85 83.05 5.75 9.26 0.573 

SEM  0.308 0.065 0.455 0.072 0.089 0.0049 

Protease  
without 44.81 4.87 82.26 5.77 9.27 0.566 
with 44.61 4.85 82.41 5.74 9.17 0.574 

SEM  0.252 0.053 0.371 0.059 0.073 0.0040 
Treatments       

0× without protease 44.74 5.10 82.30 5.85 9.29 0.578 
0× with protease 44.73 4.82 81.25 5.74 9.08 0.563 
7.29× without protease 44.36 4.75 81.58 5.65 9.23 0.537 
7.29× with protease 44.29 4.77 82.76 5.78 9.21 0.583 
14.59× without protease 45.31 4.75 82.89 5.80 9.29 0.572 
14.59× with protease 44.82 4.95 83.20 5.69 9.22 0.573 
SEM 0.436 0.093 0.644 0.102 0.126 0.0069 

P-value       
Canola meal  0.2558 0.1180 0.1522 0.7192 0.8476 0.5690 
Protease 0.5917 0.8276 0.7822 0.7275 0.3268 0.2208 
Canola meal ×Protease 0.8372 0.0618 0.2398 0.3931 0.7386 0.3891 
Treatment 0.6230 0.0779 0.2483 0.7390 0.8509 0.4733 

SEM: Standard error of the means. 
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Table 5. Effect of different levels of canola meal and protease enzyme on AMEn and nutrient digestibility  

Main effects  AMEn (Kcal/kg) Crude protein (%) Organic matter (%) 

Canola meal (%) 
0 2740 53.47 78.86 

7.29 2756 55.57 79.11 
14.59 2751 54.88 78.25 

SEM  39.5 1.440 0.327 

Protease  
without 2737 53.60 78.88 
with 2761 55.68 78.61 

SEM  32.3 1.176 0.267 
Treatments    

0× without protease 2731 52.99 78.63 
0× with protease 2748 53.96 79.10 
7.29× without protease 2746 54.60 79.96 
7.29× with protease 2765 56.54 78.26 
14.59× without protease 2733 53.22 78.06 
14.59× with protease 2769 56.54 78.43 
SEM 55.8 2.037 0.462 

P-value    
Canola meal  0.9578 0.5906 0.1983 
Protease 0.6097 0.2359 0.4594 
Canola meal ×Protease 0.9832 0.8472 0.5638 
Treatment 0.9943 0.7021 0.1152 

SEM: Standard error of the means. 
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Table 6. Effect of different levels of canola meal and protease enzyme on intestinal aminopeptidase activity 

(Unit/mg of tissue) 
Main effects  Duodenum Jejunum 

Canola meal (%) 
0 6.00b 8.56 

7.29 5.94b 9.38 
14.59 9.55a 10.36 

SEM  0.224 0.489 

Protease  
without 6.69b 8.93 
with 7.74a 9.94 

SEM  0.183 0.393 
Treatments   

0× without protease 5.83c 8.03b 
0× with protease 6.16c 9.08b 
7.29× without protease 5.74c 9.98ab 
7.29× with protease 6.15c 8.80b 
14.59× without protease 8.05b 8.78b 
14.59× with protease 10.61a 11.94a 
SEM 0.316 0.678 

P-value   
Canola meal  0.0001 0.0971 
Protease 0.0103 0.1176 
Canola meal ×Protease 0.0515 0.0508 
Treatment 0.0002 0.0511 

SEM: Standard error of the means. 
  a-c Means within each section for the same column with different superscripts are significantly different (P< 0.05). 
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Table 7. Effect of different levels of canola meal and protease enzyme on relative weight (% body weight) of the 

internal organs of the gastrointestinal tract of laying hens   
Main effects  GIT Liver Spleen Gizzard Proventriculus Pancrease 

Canola meal (%) 
0 10.90 2.11 0.10 1.35 0.40 0.24 

7.29 11.11 2.00 0.10 1.33 0.41 0.23 
14.59 11.51 2.21 0.10 1.40 0.50 0.21 

SEM  0.593 0.012 0.010 0.082 0.045 0.013 

Protease  
without 11.15 2.00 0.10 1.40 0.43 0.23 
with 11.20 2.18 0.10 1.35 0.48 0.24 

SEM  0.498 0.018 0.010 0.057 0.028 0.019 
Treatments       

0× without protease 10.90 2.00 0.12 1.41 0.47 0.25 
0× with protease 10.90 2.11 0.10 1.35 0.46 0.22 
7.29× without protease 11.11 2.11 0.11 1.36 0.45 0.24 
7.29× with protease 11.20 2.00 0.10 1.34 0.48 0.30 
14.59× without protease 11.43 2.12 0.10 1.40 0.36 0.26 
14.59× with protease 11.72 2.20 0.11 1.36 0.41 0.24 
SEM 0.665 0.187 0.010 0.103 0.053 0.027 

P-value       
Canola meal  0.7470 0.4323 0.4325 0.8545 0.9911 0.7569 
Protease 0.8771 0.4800 0.6378 0.5071 0.8624 0.6332 
Canola meal ×Protease 0.9875 0.8898 0.4926 0.9832 0.5322 0.0576 
Treatment 0.9789 0.7341 0.6123 0.9640 0.9021 0.2011 

SEM: Standard error of the means. 
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Abstract 

This experiment was conducted to consider different levels of canola meal (CM) and protease enzyme on 
performance, egg quality, nutrient digestibility, intestinal aminopeptidase activity, and relative weight of digestive 
organs of laying hens from 28 to 36 weeks of age. In total, 180 Hy-Line W-36 laying hens were allocated to six 
treatments, five replicates, and six laying hens in each replication in a factorial arrangement of 3×2 by a completely 
randomized design with three levels of CM (0, 7.29, and 14.59%) and two levels of protease enzyme (0 and 200 
g/ton). For the entire experimental period, the productive performance of laying hens and egg quality were not 
affected by CM levels or protease enzyme (P>0.05). As well as, there were no significant effect of CM levels and 
protease enzyme on AMEn, protein, and organic matter digestibility of the diet (P>0.05). The aminopeptidase 
activity of the duodenum (P<0.01) and jejunum (P=0.0511) was significantly increased by 14.59% CM 
supplemented with protease enzyme (10.61 and 11.94 Unit/ mg of tissue, respectively). Duodenal aminopeptidase 
activity increased by protease enzyme supplementation (7.74 vs. 6.69 Unit/ mg of tissue) (P=0.0103). The results 
showed that CM can be included in laying hen diets up to 14.59% with protease enzyme without any adverse effect 
on productive performance, egg quality traits, and nutrient digestibility.  
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