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4.50 Oyster shell 
5.00 Limestone 
0.37 Salt 
0.25 Mineral premix1 
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Chemical analysis of diet 

2894  ME (Kcal/kg) 
15.55 CP (%) 
0.40 Methionine (%) 
0.70 Sulfur Amino Acid (%) 
0.89 Lysine (%) 
4.10 Calcium (%) 
0.47 Available Phosphorus (%) 
0.17  Sodium (%)  
0.63 Threonine (%) 
0.21  Tryptophan (%) 

1,2 Vitamin and mineral premix per kg of diet contains vitamin A (11000IU), D3 (2300IU), E (121IU),K 3 (2mg), B 12(0.02 
mg), Thiamine (4 mg),Riboflavin (40 mg), Folic acid (0.75 mg), D-Biotin (0.075 mg), Pyridoxin (4 mg), Choline Chloride 
(840 mg), Ethoxy Queen (0.125 mg), Mn (100 mg), Fe (80 mg), Zn (60 mg), Cu (8 mg), I (0. 5 mg), Co (0.2 mg), Se (0.15 
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Table 2. Effect of experimental treatments on the performance of laying hens during total period (from 34-

41 weeks of age) 
Egg mass Feed conversion ratio Egg weight (g) Egg production (%) Daily feed intake (g) Item 

 Chromium level (ppb) 
49.18 2.09 54.25ab 90.66 103.23 0 
50.97 1.98 54.07b 94.27 101.18 300 
52.56 1.95 56.96a 92.28 102.64 600 
52.84 1.95 56.91a 92.85 103.23 900 
1.45 0.023 0.928 1.48 0.739 SEM 

    Density 
51.56 2.03 55.64 92.68 105.05a 3 
50.28 1.97 54.45 92.35 99.34b 5 
1.025 0.030 0.656 1.04 0.52 SEM 

 Interaction of density and chromium 
48.31 2.18 54.00 89.47 105.46 3            0 
50.87 2.04 53.31 95.43 103.91 300 
53.22 1.99 57.86 91.99 106.17 600 
53.86 1.97 57.40 93.84 106.19 900 
50.06 2.01 54.50 91.86 101.01 5           0 
51.06 1.92 54.84 93.11 98.45 300 
51.88 1.91 56.06 92.56 99.11 600 
51.82 1.93 56.42 91.85 100.26 900 
2.05 0.053 1.31 2.09 1.045 SEM 

 P-value 
0.693 0.085 0.838 0.822 <0.0001 Density 
0.111 0.094 0.042 0.396 0.179 Chromium 
0.581 0.089 0.592 0.639 0.660 Interaction 

 a-b Means within the same column with different superscript letters were significantly different (P<0.05) 
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Table 3. Effect of experimental treatments on egg qualitative properties in the first four weeks of sampling 

(from 34-37 weeks of age) 
Egg shell strength 

(kg/cm2)  
Egg shell thickness 

(mm) 
Yolk color Haugh unit Item  

Chromium (ppb)  
1.91b  0.368 6.11 91.13 0 
2.40a  0.365 6.08 91.40 300 
2.40a  0.364 6.39 91.38 600 
2.17ab  0.364 6.20 91.16 900 
0.08 0.003 0.128 0.665 SEM 
    Density 

2.25  0.365 6.17 91.23 3 
2.26  0.037 6.22 91.30 5 
0.056 0.002 0.090 0.470 SEM 

Interaction of density and chromium 
1.84c  0.371 5.67c 90.62 3            0 
2.50a  0.363 6.40a 91.04 300 
2.42ab  0.360 6.45a 91.54 600 
2.23ab  0.366 6.36ab 91.72 900 
1.98ab  0.366 5.76bc 91.65 5           0 
2.29ab  0.366 6.56a 91.75 300 
2.38ab  0.369 6.33a 91.22 600 
2.42ab  0.363 6.24ab 90.60 900 
0.113 0.004 0.181 0.941 SEM 

P-value 
0.700  0.79  0.69  0.91  Density  
0.013  0.69 0.38 0.98 Chromium 
0.018  0.31 0.001 0.65 Interaction 

a-c Means within the same column with different supersc ript letters were significantly different (P<0.05) 
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Table 4. Effect of experimental treatments on egg qualitative properties in the second four weeks of sampling 

(from 38-41 weeks of age) 
Egg shell strength 

(Kg/cm2) 
Egg shell thickness 

(mm) 
Yolk color Haugh unit Item 

Chromium (ppb)  
2.16  0.349 6.23 90.54 0 
2.42  0.346 6.42 91.12 300 
2.23  0.343 6.40 89.40 600 
2.37  0.347 6.41 88.93 900 
0.085 0.003 0.072 0.712 SEM 

    Density 
2.31  0.349 6.43 89.74 3 
2.30  0.344 6.30 90.25 5 
0.060 0.002 0.051 0.503 SEM 

Interaction of density and chromium 
2.27ab  0.355 6.14c 89.74 3            0 
2.48a  0.351 6.60a 90.40 300 
2.22ab  0.347 6.52ab 89.60 600 
2.24ab  0.343 6.54ab 89.23 900 
2.06b 0.342 6.24bc 91.33 5           0 
2.37ab  0.341 6.33abc 91.84 300 
2.24ab  0.340 6.36abc 89.20 600 
2.51a  0.351 6.41ab 88.64 900 
0.120 0.004 0.103 1.007 Sem 

P-value 
0.93  0.08  0.07  0.48  Density  
0.68  0.70 0.23 0.13 Chromium 
0.04  0.12 0.05 0.57 Interaction 

a-c Means within the same column with different supersc ript letters were significantly different (P<0.05) 
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Table 5. Effect of experimental treatments on egg qualitative properties at the whole period of sampling (from 

34-41 weeks of age) 
Egg shell strength 

(Kg/cm2) 
Egg shell thickness 

(mm) 
Yolk Color Haugh Unit Item 

Chromium (ppb) 
2.20  0.359 6.17 90.83 0 
2.34  0.355 6.25 91.25 300 
2.32  0.354 6.40 90.40 600 
2.27  0.356 6.30 90.05 900 
0.067 0.002 0.076 0.483 SEM 

    Density 
2.28  0.357 6.30 90.49 3 
2.29  0.354 6.26 90.77 5 
0.047 0.001 0.054 0.341 SEM 

Interaction of density and chromium 
2.06b  0.363 5.90c 90.18 3            0 
2.49a  0.357 6.50a 90.72 300 
2.32ab  0.354 6.45a 90.57 600 
2.24ab  0.355 6.35a 90.47 900 
2.18b  0.354 6.00bc 91.49 5           0 
2.35ab  0.353 6.44a 91.79 300 
2.31ab  0.354 6.35a 90.20 600 
2.31ab  0.357 6.25ab 89.62 900 
0.094 0.003 0.108 0.683 SEM 

P-value 
0.87  0.30  0.59  0.55  Density 
0.50  0.57 0.22 0.32 Chromium 
0.02  0.40 0.0003 0.31 Interaction 

a-c Means within the same column with different supersc ript letters were significantly different (P<0.05) 
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Table 6. Effect of experimental treatments on some blood parameters of laying hens at the end of the experiment 

(mg/dL) 
LDL HDL Cholesterol  Triglyceride  Glucose Item  

Chromium (ppb) 
46.13  18.13  159.25 1698.4 191.37 0 
35.00  13.67  134.13 1578.0 174.25 300 
28.00  15.60  125.00 1538.3 156.50 600 
39.63  18.23  128.50 1431.0 144.75 900 
7.14 3.21 19.19 89.92 15.23 SEM 
      Density 

41.81  15.69  138.13 1605.13 162.56 3 
38.75  17.13  142.81 1567.69 170.88 5 
5.05 2.27 13.57 63.58 10.77 SEM 

Interaction of density and chromium 
48.00  23.67  162.5 1687.3 182.75 3            0 
42.50  12.85  134.25 1595.3 161.25 300 
30.50  12.52  112.5 1532.3 156.00 600 
46.25  13.72  143.25 1505.8 150.25 900 
44.25  12.60  156.00 1709.5 200.00 5           0 
27.50  14.50  134.00 1560.8 187.25 300 
25.50  18.67  137.50 1544.3 157.00 600 
33.00  22.75  113.75 1356.3 139.25 900 
10.10 4.54 27.15 127.16 21.54 SEM 

P-value 
0.67  0.65  0.80  0.68  0.91  Density 
0.74  0.70  0.69 0.20 0.83 Chromium 
0.31  0.15  0.47 0.90 0.14 Interaction 
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Table 7. Effect of experimental treatments on some tibia characteristics of laying hens at the end of the 

experiment 
Diaphysis 
diameter 

(mm) 

Epiphysis 
diameter 

(mm) 

Ash (%) Dry matter (%) Length (mm) Weight (g) Item 

Chromium (ppb) 
11.61  20.78  48.85  66.60 114.11 5.19 0 
11.42  20.10  49.98  67.08 112.56 4.85 300 
11.38  20.44  47.65  69.50 113.38 5.28 600 
12.09  20.68  48.36  65.92 115.66 5.32 900 
0.279 0.294 1.12 1.52 1.19 0.188 SEM 

        Density 
11.69  20.54  48.43  66.50 114.05 5.14 3 
11.56  20.47  48.99  68.05 113.81 5.18 5 
0.197 0.207 0.79 1.07 0.846 0.133 SEM 

Interaction of density and chromium 
11.33  20.61  46.84  67.97 115.45 5.46 3            0 
11.33  19.73  48.87  67.06 110.40 4.67 300 
11.49  20.49  49.71  65.58 114.22 5.13 600 
12.61  21.32  48.30  65.38 116.13 5.31 900 
11.89  20.96  50.85  65.22 112.77 4.92 5           0 
11.50  20.47  51.09  67.09 114.72 5.04 300 
11.26  20.39  45.58  73.43 112.54 5.43 600 
11.58  20.05  48.43  66.46 115.20 5.32 900 
0.394 0.415 1.58 2.15 1.69 0.266 SEM 

P-value 
0.64  0.80  0.62  0.31  0.84  0.86  Density 
0.26  0.37  0.52  0.38 0.32 0.31 Chromium 
0.24  0.11  0.08  0.11 0.19 0.33 Interaction 
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Abstract 

In order to study the effects of various levels of organic chromium on performance and egg quality 
characteristics of laying hens reared at high stock density, an experiment was done using two levels of density 
(three and five birds per cage) and four levels of organic chromium (0, 300, 600 and 900 ppb) with 192 laying 
hens (Hy-line W-36) in a completely randomized design with factorial arrangement of 4×2 with six replicates. 
The results showed that dietary supplementation of chromium at normal and high stock density had not 
significant effect on performance of layers. Egg weight significantly increased at levels of 600 and 900 ppb 
(56.96 and 56.91 g) and feed intake significantly decreased (99.34 vs. 105.05) in birds reared at high stock 
density compared to the birds reared at normal stock density (P<0.05). In the first four, second, and whole 
periods of sampling, dietary inclusion of chromium at normal and high stock density, increased significantly egg 
yolk color and egg shell strength compared to the control (P<0.05). Dietary supplementation of chromium at 
normal and high stock density had not significant effect on blood parameters and tibia charachteristics of layers. 
In general, the results of the experiment showed that by increasing dietary supplementation of chromium at high 
stock density up to 900 ppb, egg yolk color and egg shell strength significantly increased in laying hens.  
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