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Table 1. The feed ingredients and chemical composition of diets 
  Low energy  High energy 
Ingredients (% of diet)  No enzyme ß-Mannanase  No enzyme ß-Mannanase 
Corn  34.68 34.70  39.08 39.10 
Soybaen meal  14.65 14.69  15.79 15.83 
Barley  30.00 30.00  30.00 30.00 
Wheat bran  5.66 5.55  0.12  - 
Sunflower oil  4.96 4.96  4.96 4.96 
Oyster shell  8.03 8.03  8.02 8.02 
Dical phosphate  0.60 0.60  0.62 0.63 
Salt  0.40 0.40  0.40 0.40 
Vitamin premix1  0.25 0.25  0.25 0.25 
Mineral premix2  0.25 0.25  0.25 0.25 
Hcl-lysine  0.21 0.21  0.19 0.19 
Dl-methionine  0.31 0.31  0.31 0.31 
ß-Mannanase   - 0.06   - 0.06 
Chemical composition       
ME (Kcal/Kg)  2750 2750  2850 2850 
Crude protein (%)  14.00 14.00  14.00 14.00 
Ether extract (%)  6.61 6.61  6.62 6.62 
Crude fiber (%)  4.06 4.05  4.62 4.62 
Calcium (%)  3.25 3.25  3.25 3.25 
Available P (%)  0.25 0.25  0.25 0.25 
Linoleic acid (%)  3.90 3.90  4.00 4.00 
Lys (%)  0.82 0.82  0.82 0.82 
Met + Cys (%)  0.75 0.75  0.75 0.75 
1The vitamin premix provide the following quantities per kilogram of diet: Vitamin A, 9000 IU (all-trans-retinal); 
cholecalciferol, 2000 IU; vitamin E, 20 IU (α-tocopheryl); vitamin K3, 3.0 mg; riboflavin, 18.0 mg; niacin, 50 mg; 
D-calcium pantothenic acid, 24 mg; choline chloride, 450 mg; vitamin B12, 0.02 mg; folic acid, 3.0 mg. 
2The mineral premix provide the following quantities per kilogram of diet:; manganese, 75 mg; zinc, 100 mg; iron, 
60 mg; copper, 12 mg; iodine, 0.1 mg; selenium, 0.2 mg; antioxidant, 250 mg 
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Table 2. Effect of ß-Mannanase and different levels of dietary energy on productive performance of laying hens from 

57 wk to 65 wk (Mean ± SE) 

 
 

Abnormal    
eggs (%) 

Egg 
production   
(Hen/day) 

Egg 
weight (g) 

Egg mass 
(g/hen/day) 

Feed 
intake (g) 

FCR 
(g feed/g 

egg) 
Main Effect        
Energy        

High  0.82±0.29 73.5±6.4 68.0±3.2 46.6±4.9 95.6±3.9b 2.08±0.17 

Low  0.90±0.34 72.2±6.4 67.9±5.2 45.6±5.1 97.9±2.0a 2.20±0.22 

Enzyme         

ß-
Mannanase 

 
0.80±0.19 72.8±6.3 67.6±3.1 45.9±5.1 96.5±3.6 2.13±0.20 

No enzyme  0.90±0.25 72.9±6.6 68.3±5.2 46.1±5.1 96.9±3.0 2.14±0.21 
        
Interaction 
effects 

 
      

Energy   × Enzyme       
High            + 0.82±0.39 73.4±6.9 68.6±4.3 47.2±6.2 95.2±4.6 2.05±0.18 
High            - 0.78±0.41 73.6±6.3 67.4±1.5 45.9±3.5 95.9±3.2 2.10±0.17 
Low             + 0.78±0.60 72.1±6.0 66.6±0.7 44.6±3.4 97.8±1.5 2.21±0.18 
Low             - 1.03±0.22 72.2±6.3 69.1±7.3 46.4±6.6 98.0±2.4 2.18±0.25 

P Value        
Energy        0.161 0.513 0.936 0.370 0.038 0.096 
Enzyme         0.072 0.967 0.663 0.892 0.695 0.934 
Energy  × Enzyme 0.097 0.979 0.199 0.370 0.823 0.513 

a-b Means within columns with no common superscript differ significantly (P < 0.05). 
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Table 3. Effect of ß-Mannanase enzyme and different levels of dietary energy on egg quality parameters (Mean ±SE)  
 Proportion of albumen (%)  Shape index (%)  Haugh unit score 
Main Effect      
Energy      
High 62.8±2.3  74.6±2.2  76.6±3.4 
Low 62.4±2.2  75.1±2.4  75.6±4.9 
Enzyme       
ß-Mannanase 62.1±1.7  74.6±2.2  75.6±3.8 
No enzyme 62.9±2.4  75.1±2.2  76.6±4.0 
Age      
61 wk 62.3±1.9  74.9±1.9  75.6±3.6 
65 wk 62.8±2.2  74.8±2.2  76.5±4.3 
Energy × Enzyme      
High + 62.4±1.4  74.5±1.5  76.0±3.4 
High - 63.2±2.9  74.7±1.9  77.2±4.4 
Low + 62.0±2.2  74.8±2.6  75.2±4.4 
Low - 62.7±2.0  75.6±1.9  76.0±5.5 
P Value      
Energy       0.574  0.495  0.548 
Enzyme        0.351  0.340  0.422 
Age 0.404  0.852  0.395 
Energy × Enzyme 0.340  0.152  0.886 
Energy × Age 0.233  0.467  0.647 
Enzyme × Age 0.157  0.430  0.642 
Energy × Enzyme × Age  0.482  0.266  0.430 
a-b Means within columns with no common superscript differ significantly (P < 0.05). 
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   Table 4. Effect of ß-Mannanase Enzyme and different levels of dietary energy on egg yolk quality parameters (Mean ± SE)  

 Proportion of yolk (%)  Yolk index   Yolk colour 
Main Effect      
Energy      
High 27.2±1.6  0.402±0.016  5.7±0.6a 

Low 27.5±1.8  0.403±0.025  5.1±0.7b 

Enzyme       
ß-Mannanase 27.6±1.6  0.401±0.021  5.4±0.7 
No enzyme 27.0±1.9  0.404±0.022  5.4±0.6 
Age      
61 wk 27.5±1.4  0.397±0.024  5.5±0.6 
65 wk 27.1±2.1  0.408±0.014  5.3±0.8 
Energy × Enz      
High           + 27.5±1.4  0.398±0.013  5.6±0.7ab 

High           - 26.8±2.3  0.405±0.013  5.7±0.6a 

Low            + 27.7±2.1  0.404±0.024  5.1±0.8b 

Low            - 27.2±1.9  0.403±0.017  5.1±0.8b 

P Value      
Energy       0.634  0.523  0.038 
Enzyme        0.356  0.627  0.844 
Age 0.524  0.204  0.7621 
Energy × Enzyme 0.736  0.145  0.044 
Energy × Age 0.453  0.175  0.155 
Enzyme × Age 0.208  0.209  0.672 
Energy × Enzyme × Age  0.629  0.425  0.266 
a-b Means within columns with no common superscript differ significantly (P < 0.05). 
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Table 5. Effect of ß-Mannanase Enzyme and different levels of dietary energy on eggshell quality parameters (Mean ± SE)   
 Proportion of shell weight (%)  Shell thickness (mm)  Special weight 
Main Effect      
Energy      
High 10.1±1.0  0.34±0.02  1.077±0.006 
Low 10.2±1.1  0.35±0.03  1.076±0.007 
Enzyme       
ß-Mannanase 10.3±0.9  0.36±0.02  1.077±0.005 
No enzyme 10.0±1.1  0.34±0.02  1.077±0.007 
Age      
61 wk 10.0±0.8  0.35±0.03  1.078±0.008 
65 wk 10.1±1.0  0.34±0.02  1.075±0.005 
Energy × Enz      
High           + 10.1±0.8  0.34±0.02ab  1.077±0.005 
High           - 10.0±1.1  0.34±0.03ab  1.078±0.006 
Low            + 10.4±0.6  0.36±0.03a  1.076±0.006 
Low            - 9.9±1.0  0.33±0.01b  1.076±0.007 
P Value      
Energy       0.675  0.425  0.563 
Enzyme        0.324  0.086  0.693 
Age 0.629  0.460  0.245 
Energy × Enzyme 0.115  0.049  0.348 
Energy × Age 0.428  0.635  0.456 
Enzyme × Age 0.253  0.425  0.830 
Energy × Enzyme × Age  0.174  0.356  0.692 
a-b Means within columns with no common superscript differ significantly (P < 0.05). 
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Abstract 

A total of 216 white Hy-Line laying hens (57 wk of age) were used for 8-wk period to investigate the effect of 
different levels of energy and enzyme β-mannanase in the corn-barely-soybean based diet on performance and egg 
quality parameters. This experiment was conducted in a completely randomized design as factorial experiment (2 × 
2) with 9 replicates. Treatments consisted of two levels of energy (2850 and 2750 Kcal/kg diet) and 2 levels of 
enzyme β-mannanase (with or without enzyme). The results showed that the the use of high-energy diets (2850 
kcal/kg) in comparison with low-energy diets (2750 kcal kg) reduced feed intake (95.6±3.9 vs 97.9±2.0 g; P=0.038) 
and increased yolk color index (5.7±0.6 vs 5.1±0.7; P=0.044). However, other production traits and egg qualitaty 
parameters were not affected by dietary energy level. Although the effect of β-mannanase enzyme on production 
parameters and egg quality traits were not significant, there were the trends for decreasing the percentage of broken 
eggs (P=0.072) and improving eggshell thickness (P=0.086) with supplementing β-mannanase to the diet. 
Significant interactions between energy and enzyme were also observed in term of shell thickness during the whole 
experimental period, so that low-energy diet with enzyme significantly improved the eggshell thickness compared 
with low-energy diet without enzyme (P=0.049). According to the results of current study, the use of β-mannanase 
enzyme is recommended to improve the eggshell quality characteristics in low-energy diet based on corn-barely-
soybean diet. 
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