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Abstract 
The effect of heat processing of wheat grains and enzyme supplementation on its apparent metabolizable energy (AME) and digestibility of 
protein and dry matter as well as the effect of their use in the diet on the growth performance, jejunum morphology and microbial population 
of ileum were investigated. For this purpose, 480 broiler chickens in a 4×2 factorial experiment with three levels of heat processing of wheat 
at 55, 70 and 85 °C for 2.5 minutes (with one treatment without thermal processing) and Rovabio enzyme (0 and 500 g/ton of diet) was used 
in a completely randomized design with eight treatments, six replicates of 10 birds each at the age of 25-42 days. Heat processing of wheat at 
55 and 85 °C increased its AME compared to unprocessed treatment; So that the AME of processed wheat at 85 °C was 2.49% higher than 
unprocessed wheat (P<0.05). Enzyme supplementation significantly increased the AME of wheat (P < 0.05). Wheat processing at all three 
temperatures reduced the height of jejunum villi compared to the unprocessed group (P < 0.01). Also, processing of wheat at 70 and 85 °C 
increased the population of lactobacilli compared to treatment without processing (P = 0.05). The use of enzyme in the diet reduced the feed 
intake of the birds and the height of jejunal villi (P<0.05). Overall,, enzyme supplementation and heat processing of wheat improve its AME 
but have no remarkable effect on the growth performance of broiler chickens.  
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��(� #�7/ �� �L %]12[ .  

�%�% �� $� �%�&'(� �� 4�L�! ��/  � ���  ��"�SAS 

 ;c��)1/9( ��� ��� ���78 �B+ ��� ;
�  4)1( 

,�s���� � ;
�t� ;� �/ ;	��% �	q #��$� )7D   % ,6��% ��

) ��7'!� GB(05/0<P���5 ;�
�O� ( ]17[.  

 ;B�� 1(                           +αi+βj+αβij+ɛijkµ =Yijk  

;B��  ,
�  % 4Yijk ���/�*� /  ��O� 4µ ,�s���� 4

 �;:��9αi4  ��	� ��� ��"  ���5βj4  �7
��� �76� ��

 �(�
��� $� �%�&'(� ��8 �
 �%�&'(�)ij)αβ�� 4(  ���O'�

��	�  ��/� ��" ��5× �7
��� �76� � Ɛijk  ��B+

.0(� ��/�*� /  % A
��$�  
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��� 	 ����  

 ���� ���%� ��" �� �76� � ��	� ���� � �7
�

���� ���3���'�  ,����- �./ 0�1��� � �/�2  

;9�9  % ��	� )*+ �%�� � ��+   % �'5�� ��/

 ���9)2 .0(� ��5 �%�% #�*� ( ��� ��"  �� �!

 ���� � ��	����� ���3���'� �/�2  � ����

���� ���3���'� �/�2 G�lP� J$� ��� ��5 �	:�   �%

) %��05/0<P(.  

  
:� 8 2� 3 45 ���)+6 ��!� +/" . F	9! %	>G2) F��N �M+2" +� ) �+��[ O�P#���!-�+P�-#$� - +�3+5#$�( �+��[ O\� J�$��N &

� 3�< (�]��+I �8#8 �� (%) 3 45 @K< ���! ) %�
#5 ���35–29 (%51��  
 �./ 0�1���  
)*+ �%�� 

 �/�2 �./ 0�1���  
��+ ,����- 

���� ����  �/�2 ���3���'�  
G�lP� J$� �� ��5 

���� ����  ���3���'�  
�/�2 

J��� 

      3 45 ���)+6 ��!�1
 

63/67  89/41 28/3031 b 36/3077 b ���)+6 �� �  

57/79 96/44 57/3147 a 10/3156 a 55 %�2�� �8�� �"+5  

89/77  76/41 39/2992 c 22/3000 c 70 %�2�� �8�� �"+5  

66/77  27/49 20/3144 a 05/3154 a 85 %�2�� �8�� �"+5 

91/3 63/3 61/27  06/29  SEM2  

45/76 06/47 86/3050 b 05/3071 b �� � O>G2)2
 

77/74  48/42 92/3113 a 97/3142 a �� O>G2)  
77/2 57/2 52/19  55/20  SEM  

                      ���O'� J��� 

    �
��� ×��	�  

62/74 81/45 34/2994 15/3009 ���)+6 �� �  �
��� #���  

24/79 29/46  60/3113 58/3122 55 %�2�� �8�� �"+5    

15/77 08/43 55/3007 04/3015 70 %�2�� �8�� �"+5    

79/74 99/51 64/3076 03/3154  85 2�� �8��%� �"+5   

64/60 98/37 83/3060 57/3145 ���)+6 �� � �
��� ��   

90/79 63/43 53/3183 63/3189 55 %�2�� �8�� �"+5    

81/78 44/40 45/2973  69/2981  70 %�2�� �8�� �"+5    

53/80 54/46 75/3211 74/3222 85 %�2�� �8�� �"+5   

38/4 05/4 86/30 49/32 SEM  
                                                                                                            ��7'!� GB(  

15/0 472/0 0005/0 0006/0 ���)+6 

71/0 238/0 047/0 05/0 O>G2) 

32/0 959/0 24/0 28/0  ���)+6× O>G2)  
a-c(�H2��! 7���� : %4L! �#�� +� �� ���K!�2 `�+' �� ��� �"� ) J�"05/0˂P.(  

SEM(�H2��! ���L! ��a< : .��  

13 45 . �+�8 �� ������" ��#! ���  �"G�! �� ��9/96 %! 3 45 �2#	2 ��AB F!�
 �- �#�  ��� 3 45 � � K2 ���)+6 3 45 1"  4���,* �  4
�� ���)+6 ��� ����!� �� � 
 

55&70  �85 %�2�� �8�� �� �"+5  7 !5/2 �� �+4K> 2�- �� �b�N�  J�6+[800  �"�"� 3+5#$�-33  �>�"1 �� :" I45 .�8��  
2�+�8 �� ������"��#! O>G2) . #��"�� O>G2) %K>�!1) ���(Rovabio)   J-+
 J<��Adisseo  �"G�! �� �- ��#� �2"+6500 .J6+5 �"+N ������"��#! c"�#< (� �� 3+5  
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;�  �T�  ���� ;D���� ���3���'�  ��  % ��	� �/�2

� ��" ��%  % �� �!�/ �55  �85 ;9 % �'��( %�� 

A�� �  ;��% $�� ��" ) %�� ��*�05/0<P( . ����

���� ���3���'�  �/�2� ��" ��	�  ��5 ���%  %55 

;� ;9 % �	:�  �T �D � �% � � ��" ;��% $�  � ��*�

� ��" ��% �%  % ��5 %�� s
% �)05/0<P(� ��" . 

 �� �! ;��% ��	����� )*+ �%�� �./ 0�1��� � � �

 ���O'� J��� .05��� ��+ ,����-� ��"  ��	� �� �!

 ���� � �
��� ����� ���3���'� ,����- �./ 0�1��� 4

 ��+�	:� ��	� )*+ �%�� � %�Z�  �%.  `
�'� �� k��B�  %

 u�! A
��$�� ��5 j ���,'c- ;D 0( J � � `�� 

 % �dh� %��� �./ 0�1��� A
��"� UZ( ;9�9��/ 

�'5�� ��  %�5]11[.  

 �������� ���3���'� ;��7� �/�2 ��	� ��/ �� 

#%��"� 0"�
 A
��"� �
��� )05/0≤P( ��5 �%�% #�*� .

 0(��'3�� $� �%�&'(� ;D  aR- �
$���� �
����� �%) 

4$�'�" 4$���D�1��'�  4$]�1( �7/ 4$]�1( 4$R��� �&3�

��� 4$�	�'6-	 4$����- 4$��R
�$ 4$�p�3 4$��
$�6�1��

$���&�"��(�  ���� #���� � ($���$�'	- ����� ���3���'� 

�	� % ��� ��� �]22[ .  

 ���% ��� ��" � �7
��� �76� � ��	�  J�&L

�+�5 ;� ~��� ;9�9 �%6178 ��/   % �'5�� ��/

 ,(25  ��42  ���9  % ��$� )3 ( .0(� ��5 �%�% #�*�

� ��"  #$� A
��"� 4V� �+ _P� � ��	� �� �!

 �
�Z� U
u � #�� #$� A
��"� 4;��$� ���� V� �+ �

.05��� ��9 $� �%�&'(� �� �*/�g-  % ��	� ;
�- � ��/- 

 ��/��%  % ;D �
�(80 485 �90 ;9 % �'��( %�� ;�  J��

15   �*" �� ;����5/2   ��� ��" �� ��%�� ��5  #��� �

;9�9 ;
dh�  % $��R
�$ �
��� $� �%�&'(�  4�'5�� ��/

 �3� �*� j ��� V� �+ _P� � ���Y8��  %�Zb�

$� A
��"� �5 �
�Z� U
u � ;��$�  #]14[  % .

s
% �*/�g-4  %6178 � 01- � �% � V� �+ ��

;9�9  % �'5�� ��/  ,�	(27  ��48  % �� ��$� 

  �� �( �.0"� `
�'�  %�% #�*�� ��"  V� �+���� 

�	:�  ;��$�  #$� A
��"� � � �%% �%  �
�Z� U
u � ���

�� V� �+ ���� 0(�. #$� A
��"� ;9�9 ;��$�   ��/

_P� 01- V� �+ ��		D ;� �	:�  �T A�� � �%  $� �

;9�9  ��/;
dh� �� ��5  V� �+�% � %�� ]6[.  

��9 _P� �� s
% �*/�g-  % ��	� ��/ -  �  �
�(

 ��/��%  % ;D70 480 490  �95 ;9 % �'��( %�� ;� J�� 

55  �140  �7
��� �76� #��� � �� ;���� ��"�  ��5

;9�9 %6178 � ��%�� ��/  �� &L ,(  % �'5��42 

��%�7� �( � ��$� 4 ;'"�
  ��/A/�g-  �� %�% #�*�

 �
�Z� U
u � ;��$�  #$� A
��"� � �	�	*
���D ���%

�	:� V� �+ U
u � �7
��� �76� �3� %�Z�  �%  �
�Z�

���� �	:�  05�% � �%]19[ % . �*
��$� �� �%�&'(� $� 

�9� ��/ ��	�- �
�( ;� ;( �65 4�% � #%��"� ;��% 

��	� �Z� � �:� $� 4	*
���D ��/�*� ��%D ;D � ��" 

�� �! �� 0Zr� �	:� � �% � _P� V� �+ � %�Zb� 

U
u �
�Z�  0(� ;'5�%]22[. ;'"�
  ��/�*/�g-  #�*�

��9  % $��R
�$ �7
��� �76� ;D ��%�%  ��	� ;
�- � ��/

���� ��	: ;9�9 ;��$�  #$� A
��"� � � �%  �'5�� ��/

�
�Z� U
u � ;'5�% �
�de4 ;� � �T �76� ;D  �7
���

;9�9 ;��$�  #$�  �  �/4/7  U
u � A
��"� �L %

 �  �
�Z�8/4  %�� �%�% %�Zb� �L %]13[.  

 #�*� s
% �*/�g-    % �
��� $� �%�&'(� ;D %�%

��9  ��	� ���! ��/����  �	:�  �%  #$� A
��"� � �'Zr�

;9�9 ;��$�  ��/   ,(  % �'5��10  ��28  � ��$� 

  % V� �+ �
�Z� U
u1  ��47 % �% ��$� ] 18[ .

;'"�
  ��/�*/�g- ,
� � �	Z�   % �7
��� �76� _P� ;D

 � �%20  ��36  ��$� ����  �	:�  A
��"� � #�� #$� � � �%

 �L�! `
�'� �� QR��D % �% ;��$�  #$� u�! A
��$� $�
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;'5�% 0O��B�4 ;��� ;� �� �76� _P� ;D   �7
���Y8�� 

 ;��$�  #$� A
��"� � #�� #$� A
��"��5 ]10[ A/�g- 
̀�'� .

 ;D %�% #�*� u�!� ��"  ��	� �� �! �7
��� �76� � ��

�	:�  � � �%�+�5 ;9�9 �5  %6178 ��/   % �'5�� ��/

 ,(42 -25 ;� 405��� ��$�   �9#�  �7
��� �76� ;D Y8��

 A/�D�	:�  V� �+ _P�  �%.�5  

  

:� 8 33 45 ���)+6 ��!� +/" . � F	9! %	>G2) +� �+�8 d<�
 �8#8 %2�>�I ���� �� ��+9$	* ��� ��� %�
#5 )42–25 (%51��  

�
�Z� U
u V� �+  P�;��$�  V� �+ _ ($�   % ��) ;��$�  #$� A
��"� ($�   % ��) #�� #$� (��) J��� 

         ���%� ��" ��	�1  

764/1 94/152 08/88  5/1585  #���� ��" 

797/1 38/152 82/89 76/1616 55 �'��( ;9 % %��  

832/1 81/151 43/88 68/1591 70 �'��( ;9 % %��  

780/1 55/156 67/92 14/1668 85 �'��( ;9 % %�� 

035/0 01/4 78/2 08/50 
SEM  

822/1 77/156a 64/88 68/1595 #��� �
���2
 

764/1 07/150b 78/90 11/1634 �� �
���  

02/0 84/2 97/1 41/35 
SEM  

���O'� J���  

          �
���      ×��	�  

795/1 26/158 99/88 87/1601  #���� ��" #���   �
���  

813/1 56/159 41/89 33/1609 55 �'��( ;9 % %��    

847/1 49/152 07/86 32/1549 70 �'��( ;9 % %��    

836/1 75/156 69/89 46/1614 85 �'��( ;9 % %��   

732/1 62/147 17/87  14/1569  #���� ��" �
��� ��  

781/1 19/145 32/90 19/1624 55 �'��( ;9 % %��    

820/1 13/151 39/90 99/1626 70 �'��( ;9 % %��    

713/1 35/156 25/96 54/1732 85 �'��( ;9 % %��   

035/0 01/4 78/2 08/50 
SEM  

��7'!� GB(  

379/0 735/0 438/0 438/0 � ��" 

064/0 048/0 295/0  295/0 �
��� 

658/0 358/0 597/0 597/0 � ��" × �
���  

SEM :���L! ��a< (�H2��! ��.  

1. 53 4 �+�8 �� ������" ��#! ��� %! 3 45 �2#	2 ��AB F!�
 ��  3 45 1"  4���,* �-  4
�����)+6 3 45 � � K2  ������)+6 ����!� �� � 
 55 &70  �85 

 �8��%�2�� �"+5 �� 7 ! 5/2  J�6+[ �� �+4K> 2�- �� �b�N�800  �"�"� 3+5#$�-33  �>�"1 �� :" I45 .�8��  

2. �����" ��#! O>G2)�+�8 �� �  �"G�! �� �- ��#� �2"+6 #>�) J-+
 J<�� #��"�� O>G2) %K>�!1) ���500 .J6+5 �"+N ������" ��#! (� �� 3+5  

  

  



����� 	�!  �"#$�%&  	'" (' ���)�& (�! ���#	�& $*% +,-" �.��� 

  

 ����23 �  ���	
2 � ������ 1400 

362

:� 8 4. +/" 3 45 ���)+6 ��!� � F	9! %	>G2) 3" 2" %,2 �1�+� �+�8  ���) ��	� (� 21 �1� �"G8"	�
. �8#8 ���	 %�
#5

)42 (%51��  

 �&! ��q  

�765 

 a ��  

a���
��" 
��lT U1� ��:73�$�3  �ZD  

 ��� 40*-  

#%� �  
;	�( #�  �/  

 ���� ;5]  

_P� 
J��� 

                 ���%� ��" ��	�2  

42/1 14/0  10/0  53/0  21/0  26/0  6/20a  43/25  14/18  08/64   #���� ��" 

35/1  16/0  12/0  53/0  20/0  57/2  8/19b 83/25  99/17  57/63  55  ;9 %�'��( %��  

20/1  15/0  10/0  54/0  19/0  55/2  1/19b 35/26  71/18  15/64  70  ;9 %�'��( %��  

47/1  15/0  11/0  56/0  21/0  5/2  4/19b 21/26  43/18  04/64  85  ;9 %�'��( %�� 

13/0  01/0 01/0 03/0 01/0 09/0 23/0 52/0 25/0 66/0 
SEM 

24/1  14/0  11/0  54/0  20/0  53/2  80/19  02/26  23/18  07/64  #��� �
���3
 

48/1  15/0  11/0  54/0  20/0  57/2  56/19  89/25  40/18  85/63  �� �
���  

09/0  01/0 01/0 02/0 01/0 07/0 16/0 37/0 18/0 47/0 
SEM  

���O'� J��� 

        �
���      ×��	�  

395/1  13/0 10./0 56/0 21/0 61/2 40/2 13/26 53/17 06/64  #���� ��" �
��� #��� 

129/1  14/0 11/0 55/0 21/0 69/2 94/19 82/25 97/17 73/63 55 9 % ;�'��( %��  
 

096/1  15/0 11/0 53/0 19/0 42/2 29/19 39/26 92/18 61/64 70  ;9 %�'��( %��  
 

344/1  15/0 11/0 53/0 21/0 39/2 60/19 77/25 52/18 88/63 85  ;9 %�'��( %�� 
 

454/1  14/0 10/0 51/0 21/0 49/2 63/20 74/24 74/18 10/64  #���� ��"  �
��� �� 

581/1  18/0 13/0 51/0 20/0 47/2 55/19 84/25 01/18 41/63 55  ;9 %�'��( %��  
 

311/1  15/0 10/0 55/0 19/0 70/2 88/18 32/26 50/18 69/63 70  ;9 %�'��( %��  
 

60/1  14/0 10/0 59/0 20/0 60/2 19/19 67/26 36/18 21/64 85  ;9 %�'��( %�� 
 

13/0  01/0 01/0 03/0 01/0 09/0 23/0 52/0 249/0 66/0 
SEM 

��7'!� GB(  

49/0  71/0 58/0 81/0 61/0 95/0 002/0 59/0 20/0 92/0 � ��" 

07/0  46/0 83/0 97/0 76/0 72/0 29/0 79/0 51/0 74/0 �
���  

76/0  59/0 63/0 48/0 97/0 23/0 72/0 49/0 13/0 92/0 � ��"× �
���  

a-b : 7����(�H2��! �� ��� #�� +� �� ���K!�2 `�+'%4L! � J�" �"� )05/0˂P.(  

SEM���L! ��a< : (�H2��! ��.  

1. J�#I �
. � 4- .� 
  

2. 3 45 �+�8 �� ������" ��#! ��� %! 3 45 �2#	2 ��AB F!�
 ��  3 45 1"  4���,* �-  4
�����)+6 3 45 � � K2  ������)+6  ����!� �� � 
55 &70  �85  �8��

%�2�� �"+5 �� 7 ! 5/2 2�- �� �b�N� J�6+[ �� �+4K> 800  �"�"� 3+5#$�-33  �>�"1 �� :" I45 .�8��  

3. �+�8 �� ������" ��#! O>G2)  �"G�! �� �- ��#� �2"+6 #>�) J-+
 J<�� #��"�� O>G2) %K>�!1) ���500  (� �� 3+5 c"�#<.J6+5 �"+N ������" ��#!  
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 ���% ��� ��"  #$� � ��9 �7
��� �76� � ��	�

����� �Z�� ;9�9 ;5] ���9� � �/  ,(  % �'5�� ��/

42  ���9  % ��$� )4 (j ���  .0(� ��5 �%�%

� ��" � ��	� �� �! 4�ZD 4;	�( 4#�  �Z�� #$� �L %

 ��q � a���
��" a �C� 4��lT 4U1� 4��:73�$�3

;9�9 �765 ;T�l�  ,(  % �'5�� ��/42  ��$� 

���� �	:� .05��� � �% ;� ,
� �9  ��	� ;��% � ��" ;D

;9�9 �% � ��9  % �%�&'(� % ��  Y8�� �'5�� ��/

 A/�D��� 40*- J�:B� \�7t� #%� �  ;� 0Z��

;9�9 ;
dh� ��/  ��*� � ��" ��	� �� �% ��9 �� ��5

A/�g- .�5 �7� ��&� ���� �  A
��"� ,
� #��  � �	��%
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�  % ���O'� ��� ��"  � ��	� �� �!

 4#��s	( 4��:� A�- �Z�� #$� �L % � �7
��� �76�

Ac� ��T � )q�D �%�  ��T  �L % � #� m1'c� ��/

Ac� �Z�� #$� �/%�  m1'c� �� �	:� )q�D %�Z�  �%.  

  

:� 8 5. � 3 45 ���)+6 ��!� +/" F	9! %	>G2)  �+�8+� 3" 2" %,2 �1�  ��?e� � @B#- ���� f$�e! ��� � 21 �1�  ���) (

:#g �>�b! � �)  ��%�2�� ='+�) (+�! #8 ���8 ��� �� %�
#5  (�42 %51��  

���1
� ��T  ����� ��T  ���%�i% ��T  )q�D �%�  ��T  
(���$ #$� �L %) �Z�� #$�  

J���  
���1
� #$� ����� #$� ���%�i% #$�  #$�#��s	(  #$���:� A�-  

               ���%� ��" ��	� 
1  

06/93  5/89  87/35  4/218  96/0  18/1  59/0  29/1  34/0   #�����"�  

12/92  18/90  75/37  0/220  90/0  19/1  58/0  19/1  33/0  55  ;9 %�'��( %��  

12/95  56/86  12/37  8/218  96/0  14/1  56/0  25/1  31/0  70  ;9 %�'��( %��  

06/94  5/91  68/36  3/222  83/0  15/1  52/0  19/1  32/0  85  ;9 %�'��( %�� 

73/3 82/2 13/1 47/6 04/0 05/0 03/0 07/0 02/0  SEM  

56/94  5/89  65/37  7/221  94/0  19/1  59/0  25/1  33/0  #��� �
���2
 

62/92  37/89  06/36  1/218 89/0  14/1  54/0  20/1  33/0  �� �
���  

64/2 99/1 80/0 58/4 03/0 03/0 03/0 05/0 013/0  SEM  

�� J����O'�  

 �
��� × ��	�  

63/94 0/88 25/35 88/217 99/0 17/1 63/0 35/1 35/0 ���� ��" #  #��� �
���  

75/94 63/90 75/38 13/224 93/0 27/1 61/0 15/1 33/0 55  ;9 %�'��( %��    

5/95 63/86 75/39 88/221 0/1 12/1 59/0 29/1 30/0 70 ;9 % �'��( %��    

38/93 75/92 88/36 0/223 82/0 18/1 53/0 24/1 32/0 85  ;9 %�'��( %��   

50/91 0/91 50/36 0/219 92/0 18/1 56/0 24/1 34/0 � ��" #���  �� �
���  

50/89 75/89 75/36 0/216 87/0 11/1 55/0 23/1 33/0 55  ;9 %�'��( %��    

75/94 50/86 50/34 75/215 92/0 15/1 54/0 20/1 32/0 70  ;9 %�'��( %��    

75/94 25/90 50/36 50/221 84/0 12/1 52/0 14/1 32/0 85  ;9 %�'��( %��   

73/3 82/2 13/1 47/6 04/0 05/0 03/0 07/0 02/0 
SEM  

��7'!� GB(  

95/0 65/0 69/0 98/0 09/0 85/0 41/0 63/0 65/0 � ��"  

61/0  96/0 17/0 58/0 24/0 36/0 15/0 39/0 94/0 �
��� 

93/0 92/0 24/0 96/0 79/0 55/0 91/0 72/0 98/0 � ��" ×�
���  

SEM :���L! ��a< (�H2��! ��.  

1 .3 45 �+�8 �� ������" ��#! ��� %! 3 45 �2#	2 ��AB F!�
 �� 3 45 � � K2 ���)+6 3 45 1"  4���,* �-  4
�� ����!� �� � 
 ���)+6 ���55 &70  �85  �8��
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                  ���%� ��" ��	�1
  

�&	� 68/7  b 54/4  33/205  00/191  33/932 a  #���� ��" 

�&	� 87/7  ab 97/3  00/182  33/190  00/715  c 55 �'��( ;9 % %��  
�&	� 36/8  a 35/4  67/187  33/167  33/797  b 70 �'��( ;9 % %��  
�&	� 40/8  a 91/3  67/181  67/182  67/702  c 85 �'��( ;9 % %�� 

 2/0  22/0  64/8  57/11  32/13  
SEM 

�&	� 90/7  36/4  5/186  67/183  5/803  a #��� �
���2
 

�&	� 25/8  02/4  83/191  00/182  17/770  b �� �
���  

 14/0  15/0  11/6  18/8  42/9  
SEM  

               �� J����O'�  
            �
���      ×��	�  
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