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6��� ���� "k��r%:  
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   '"PF*�� GP�� �� "!Y ijk:   ���Pr%  ,P9 ��9�P4%' µ:  G�3��P�% 

'";%�O A i:  '� 2 ,I�Bj '���.�?� t	� ,I� :AB ij:    \P*�r#% ,PI�

 � 2.  . ���.�?�eijk:  ,I�>
� �4��%7& ��d#��.  
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���>
�.  (�1��,� ���7 (7. . (7. ����?� 'b��	$ j,V%

 ,9 �� � 2 >)2.�  G�� . �	* ,3�� (�1��,� 7� ,#! ��.�

.,�7�PP* ��.� . � PP2 ��.� 6�PP�#�� �� (�1�PP�,� Z�,PP^ 6�

\��d2  ���%7& ��.�  \! �� . ,2M�*  6,P#! \��d2 Z�,^

) � #���05/0<P .( 

�.�O1- ���� Z�!,2 . �!��	$ ��	%��,�O �"��� 6�9  
Table 1. Ingredients and chemical composition of the basal diets 

Ingredients (%) Starter (1–10 d) Growth (11–24 d) Finisher (25–46 d) 
Corn grain 56.45 59.30  62.05  
Soybean meal, CP 44% 36.69 30.00  28.64  
Corn gluten meal 1.00  3.83  1.50  
Soybean oil 1.38  2.50  3.91  
Dicalcium phosphate 1.76  1.55  1.33  
Limestone 1.14  1.09  0.99  
Mineral premixa 0.30  0.30  0.30  
Vitamin premixb 0.30  0.30  0.30  
Commom salt 0.25  0.25  0.25  
DL-methionine 0.34  0.31  0.25  
L-lysine HCl 0.29  0.33  0.23  
L-threonine 0.1  0.10  0.10  
Choline chloride, NaCl 0.15 0.15  0.15  
Total 100  100  100  
Nutrients composition (Calculated)       
Metabolizable energy (kcal kg−1) 2850  3000  3100  
Crude protein (%) 21.8  20.8  18.9  
Calcium (%) 0.92  0.84  0.75  
Available phosphorus (%) 0.46  0.42  0.37  
Lysine (%) 1.23  1.12  1.0  
Methionine (%) 0.65 0.63  0.53  
Methionine + Cysteine (%) 0.91  0.88  0.76  

Chromium(ppb) 169 154 144 
a The mineral premix contained in each kg:  Mn 64.5 g; Zn 33.8 g; Fe 100g; Cu 8g; I 640 mg; Co 190mg; Se 8g. 
b The vitamin premix contained  in each kg :Vitamin A: 4,400,000 IU ;  Vitamin D3, 72,000 IU; Vitamin E, 14,400 mg ; Vtamin K3, 
2000 mg, thiamine 640.0 mg; D-pantothenic acid 4896 mg; riboflavin 3000 mg; pyridoxine 612 mg; niacin 12160 mg; biotin 2000 mg; 
coline choloride 260 mg. 
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WM�#c� G�p2.,� }��T2 ����?�    ��P�,� �#/8P
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 ,I� ��  �P49.:� �� .>P
� ��R	p�	!	/1 \0'   '(7. �9�P!

   "PO	O �� b��	P$ (�%�P��� . b��	$ j,V% �9�!  6�P9

   j,PV% ,PI� �� �#�	130  �P/�%   �� (.,#P
	8�2�	! �,P1

        '� P2 ��P  !��T�� \P%�0 aP� (�	P 0 "P* �,P�O �,1	/�!

 >P
� ��� C���1 )Lin et al., 2006   �9�P! 'G�P ~9 .(

 ,���r% ����2 �* (�* (7.1/0 '1 . 5 �/�% (.7�#%��1� �,1

 "PO	O (�* (7. �,1	/�! ��     "P* >dPPPPPk� �#P�	1 6�P9

 P
� ��� C���1 �9�PPP� �.,PPP1 >)Li  et al., 2009(.  ��

    . 6��P0 Q��,P� �� �,P�O �.,! ���r% "* �	�- @
�� ��	%

  '��P�% (�	 0 "* .���� �	O. �N/#o% K�����1 � 2 Q��,�

 j,V%800  .1200  "* �,�O �,1	/�! �� �.,! �,1.,8�%

     '(�P* (7. ,P* 6,PI� G��	P�#% �.,P! . ���,/! �.,! K�	<
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Table 2. Effect of stress and particle size of Cr- methionine on the growth performance of broiler chicks during 

 stress (18-24 d) and recovery (25-46 d) periods  

 18–24 d  
25–46 d  

Effects 

DWG 
(g/bird/d) 

DFI 

(g/bird/d) FCR 
LBW 
(g)  

DWG 
(g/bird/d) 

FI 
(g/bird/d) 

FCR LBW(g) 

Main effect            
Stress status          

No stress 46.32 a 75.69a 1.65b  794 a  72.21a  a 124.46  1.73 b 2389.5 a 
Stress b 12.70  62.99 b 5.06a  b 565  54.02 b  98.65 b  1.83 a 1891.4 b 

SEM 1.37 1.39 0.11 9.30  1.37 1.57 0.03 42.52 
Cr          

No  Additive 29.66 68.32 3.61a 668  61.91 110.58 1.80 2143.8 
Cr-Met 29.92 69.94 3.06b 690  62.59 109.98 1.79 2155.1 
Cr-Met (milled) 28.96 69/77 3.41ab 683  64.84 114.11 1.78 2122.5 

SEM 1.69 1.70 0.14 11.4  1.67 1.88 0.034 52.7 

          

Treatments          
No stress - No additive  48.34 74.70 1.55c  793  71.36 124.47 1.75 2408.6 
No stress - Cr-Met 44.95 75.40 1.71c  788  70.52 122.35 1.73 2382.3 
No stress  -Cr-Met (milled) 45.68 76.98 1.70c  803  74.73 126.56 1.7 2377.5 
Stress - No additive 10.99 61.94 5.67a  563  52.45 96.68 1.85 1878.8 

Stress - Cr-Met 14.89 64.48 4.40b  593  54.66 97.62 1.79 1927.9 
Stress - Cr-Met (milled) 12.24 62.57 5.12 ab  562  54.55 97.11 1.85 1867.5 

SEM 2.35 2.41 0.20 16.10  2.37 2.66 0.05 73.64 
    P-value       

Stress status <0.0001 <0.0001  <0.0001 <0.0001  <0.0001 <0.0001 0.02 <0.0001 
Cr 0.92 0.76 0.05 0.44  0.45 0.28 0.77 0.92 

Stress status ×Cr 0.34 0.77 0.01 0.22  0.69 0.81 0.62 0.87 
a-c Means within a column with different superscripts differ significantly (P<0.05). DEG: Daily weight gain, DFI: Daily feed intake, LBW: 
Live body weight. 
SEM: Standard error of the means.   
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Table 3. Effect of stress and particle size of Cr- methionine on the growth performance of broiler chicks in the 

total rearing period (18-46 d) 
Sources Weight gain (g/bird/d) Feed intake (g/bird/d) FCR 
Main effect    

Stress status    
No stress a  87.34 145.97 a  a  1.67  
Stress b  73.01  b 114.42  b  1.56  
SEM 1.510 2.107 0.015 
Cr    
No additive 79.81 129.36 1.61 
Cr-Met 87.77 127.29 1.61 
Cr-Met (milled) 81.93 133.43 1.63 
SEM 1.85 2.58 0.02 
Treatments    
No Stress - No additive 87.08 146.76 1.68  
No stress -  Cr-Met 86.25 143.02 1.66  
No stress  -Cr-Met (milled) 88.69 148.09 1.67  
Stress - No additive 72.54 111.97 1.54  
Stres- Cr-Met 71.32 111.49 1.56  
Stress - Cr-Met (milled) 75.17 118.77 1.58  
SEM 2.61 3.49 0.026 

  P-value  

Stress status <0.0001 0.0001 0.0002 
Cr 0.49 0.27 0.82 
Stress status ×Cr 0.96 0.77 0.62 
a-b Means within a column with different superscripts differ significantly (P<0.05).   
SEM: Standard error of the means   
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al., 1996, Cefalu and Hu, 2004(.  
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2006a(  ����� ���	o9' l�,8��� (7. ����?� �E.  ,I� ��

��PPP0�  � PPP2  ���� >PPPr*�F% �PPP/dU K�PPP����1 �PPP* .
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Table 4. Effect of stress and  particlesize of Cr- methionine on carcass yield and relative weight of internal organs (% of live body 

weight) in broiler chickens at 24 d 
Sources Caracas yield  Liver Heart Spleen  Pancreas Bourse  Total gut 
Main effect         

Stress status              
No stress 62.16 a  2.80 b  0.62 b  0.13 a 0.37  0.23 a  14.87 b 
Stress 57.40 b  4.81 a  0.68 a  0.07 b 0.44 0.06 b  20.77 a 
SEM 0.79 0.17 0.01 0/009  0.038 0.01 0.42 
Cr        
No additive 59.85  3.68 0.62 ab 0.12  0.40 0.16 16.2 b 
Cr-Met 59.84  3.92 0.71 a 0.10  038 0.16 19.26 a 
Cr-Met (milled) 59.66  3.80 0.59 b 0.09 0.46 0.13 18.01 ab  
SEM 0.97 0.21 0.023 0.01  0.05 0.014 0.52 
Treatments        
No stress  - No additive  61.85 2.81 0.66 0.15 0.33 0.23 13.04 
No stress - Cr-Met 62.05 2.76 0.65 0.12 0.37 0.26 17.33 
No stress-  Cr-Met 
(milled) 

62.60 2,82 0.54 0.12 0.46 0.20 14.25 

Stress - No additive 57.86 4.55 0.65 0.09  0.48 0.09 19.37 
Stress-  Cr-Met 57.62 5.09 0.77 0/08  0.39 0.05 21.19 
Stress - Cr-Met (milled) 56.71 4.78 0.63 0.06  0.47 0.05 21.77 
SEM 1.37  0.33  0.032 0.01  0.06  0.02 0.73 
      P-value         

Stress status 0.001 0.0001< 0.03 0.001  0.26  0.0001<  0.0001<  
Cr 0.98 0.73 0.007 0.23  0.42 0.16  0.005  
Stress status ×Cr 0.77 0.63 0.16 0.66  0.53 0.39  0.07  
a-b Means within a column with different superscripts differ significantly (P<0.05).  
SEM: Standard error of the means  
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Table 5. Effect of stress and particle size of Cr- methionine on carcass yield and relative weight of internal organs (% live body 

weight) in broiler chickens at 46 d 
Sources Caracas yield Liver Heart Spleen Pancreas Bourse Total gut 
Main effect         

Stress status              
No stress 64.44  2.21  0.57  0.12  0.23 b  0.16 a 12.15  
Stress 65.07  2.49  0.65  0.13 0.26 a 0.11b 12.87  
SEM 0.89 0.16 0.04 0.01  0.01 0017 0.33 
Cr        
No additive 63.71  2.59 0.66 0.11  0.25 0.15 12.94 
Cr-Met 64.88  2.46 0.64 0.15  0.24 0.13 12.96 
Cr-Met (milled) 65.68  2.02 0.54 0.11 0.24 0.13 11.62 
SEM 1.09 0.19 0.049 0.02  0.01 0.02 0.4 
Treatments        
No stress  - No additive  63.89 ab 2.50 0.60 0.12 a 0.27  0.18 13.29 
No stress - Cr-Met b 62.097 2.23 0.59 0.14 b 0.21 0.16 12.52 
No stress -  Cr-Met 
(milled) 

a 67.34 1.92 0.49 0.10 b 0.21 0.16 10.64 

Stress - No additive ab 63.52 2.68 0.73 0.11  0.24 ab 0.12 12.60 
Stress-  Cr-Met a 67.66 2.69 0.70 0.15  a 0.28 0.11 13.41 
Stress - Cr-Met (milled)  64.03 ab 2.12 0.59 0.12  a 0.27 0.11 12.61 
SEM 1.54  0.27  0.07 0.02  0.016  0.03 0.57 
      P-value         
Stress status 0.62 0.23 0.06 0.82  0.03  0.04  0.15  
Cr 0.45 0.13 0.18 0.27  0.63 0.84  0.06  
Stress status ×Cr 0.03 0.85 0.96 0.75  0.03 0.99  0.11  
a-b Means within a column with different superscripts differ significantly (P<0.05).  
SEM: Standard error of the means  
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Table 6. Effect of stress and particle size of Cr- methionine on meat quality of broiler chicks at the end of stress period (24 d) and end of rearing 

period (46 d) 

Sources 
24 day  46 day  

MDA (µg/g) WHC (%)  MDA (µg/g) pH 0h pH 4h WHC (%) 
Main effect         
Stress status       

No stress 0.16  51.91 b  29 a  6.50 6.04 43.14 
Stress 0.18  

a 63.37  17 b  6.65  6.08 43.23 
SEM4 0.034 2.11 3.0 0.09 0.083 1.52 

 

Cr 

      

No additive 0.24 56.87 26 6.51 5.96 41.48 
Cr-Met 0.12 59.04 20 6.64 5.96 43.58 
Cr-Met (milled) 0.17 57.01 26 6.63 5.26 44.51 
SEM 0.04 2.58 0300 0.11 0.10 1.75 
Treatments       
No stress - No additive  0.29 47.89 29 6.65ab 5.93 42.15 
No stress-Cr-Met 0.11  55.91 28 6.34b 5.91 43.16 
No stress-  Cr-Met 
(milled) 

0.09  51.94 31 6.54ab 6.27 44.16 

Stress - No additive 0.19  65.84 24 6.38b 5.98 40.81 
Stress-Cr-Met 0.13  62.18 13 6.95a 6.01 43.99 
Stress -Cr-Met (milled) 0.24  62.09 15 6.73ab 6.26 44.87 
SEM 0.59  3.66 4.0 0.16 0.14 2.47 

    P-value    
Stress status 0.67  0.002  0.002 0.18 0.69 0.97 
Cr 0.16  0.80 0.36 0.65 0.086 0.48 
Stress status × Cr 0.14  0.30 0.31 0.05 0.93 0.89 

a-c Means within a column with different superscripts differ significantly (P<0.05). SEM: Standard error of the means. 
MDA: Malodialdehyed, WHC: Water holding capacity, pH0 and pH4: Meat pH immediately and 4 hours after slaughtering. 
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Abstract 

This study was conducted to evaluate the effects of particle size of chromium-methionine (Cr-Met) on growth 
performance, carcass traits and meat quality of broiler chicks under physiological stress conditions. A total of 
288 broiler chicks (male) were used in a 2 × 3 factorial arrangment with two stress status (no stress, stress) and 
three levels of Cr-Met (no Additive, 2000 ppb of Cr-Met, and 2000 ppb of Cr-Met milled) in a completely 
randomized design with six treatments, four replicates and 12 birds per each pen. Dexamethasone was added to 
diets (1.5 mg/kg diet) for a week (18-24 d) to induce physiological stress. Feed intake and body weight were 
measured weekly and feed conversion ratio was calculated. The malondialdehyde content and the water holding 
capacity of meat were measured at 24 and 46 d of age. Also, breast meat pH was measured at 46 d. 
Physiological stress decreased feed intake, weight gain, carcass yeild, relative weight of spleen, bursa, heart and 
liver, but increased FCR and water holding capacity of meat bereast (P<0.05). In stressed birds, both forms of 
dietary Cr- Met improved FCR and increased the meat pH (P<0.05). There were no differences between the 
effects of particle size of Cr-Met on the studied parameters. According to the results of this experiment, dietary 
supplementation of 2000 ppb Cr-Met in different sizes reduced the negative effects of physiological stress and 
improved the FCR and carcass yield of birds under physiological stress. 
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