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Abstract 
The effects of valine supplementation on performance, immunity and behavioural indices of broiler chickens under heat stress condition was 
evaluated. Total of 420 male and female Ross-308 broiler chickens were allocated to 6 treatments with 5 replicates in a completely randomized 
design. Experimental groups were as fallows: positive control (fed basal diet and reared under Ross-308 recommended rearing temperature), nagative 
control (fed basal diet and reared under heat stress (HS)), and four treatment groups fed basal diet supplemented with 5, 10, 15 and 20% valine above 
the Ross-308 valine recommendation and reared under HS. Heat stress significantly decreased feed intake, body weight and European production 
efficiency factor (EPEF), antibody titer against NewCastle, lymphocyte percentage, serum total protein concentration and alkaline phosphatase and 
lactate dehydrogenase activities and increased heterophile percentage, heterophile to lymphocyte ratio, rectal temperature and tunic immobility of 
broiler chickens (P< 0.05). Supplementation  of5% valine improved BW of broiler chicken at the end of grower and BW and EPEF at the end of total 
period. Addition of  10% valine increased relative weight of breast and thigh muscle and 15 and 20% valine supplementation increased lymphocyte 
and decreased heterophile percentage as compared to control group (P< 0.05). In conclusion, 5% valine supplementation improved final body weight 
and feed convertion ratio of heat-stressed broiler chikens and 15 and 20% valin inclusion improved blood immune cell percentages but had no effect 
on humoral immune response and tunic immobility test of HS broiler chickens.  
 
Keywords: Broiler chickens, Heat stress, Immunity, Performance, Valine. 
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�* �" .�2 $� 40 
��*J�$ �� 
� ()�) J� 
' $�
�� s!:%�� � J� |
'!�2 



J �!� VM !' �� (���� V�  (%&
*  .�",��!3& d
W�M #!'
���YM) J�
O���
��	��MALT J�
O���
��	��M K!�$!z2M � (

)AST(J!�X�$��'� K!%?Y � )LDH� (  ,Z�[
,����!%� #!' ����   �!j%2� u2��) $W
Y!�M���Hitachi 

917 �J���� (�E�X $�L? f
 .���" #
�* (���� V�  #�
� 
n$!�" ��H�* �? ���3� ,�2�O	� �W�
5 � ��O2 #!' � 
��&�
%' � �" ���� �!C% � #
j
� (���� J� #�
� 

�J����  ,����!%� #
�* .�" ��!O%2� ���  #!'  
,����!%� ���
%��? �	�!� ���  #!' �����
E ��? 

LDL -��
%��? � HDL -��
%��? ,�? J� ��!O%2� !� #!' 
,?
" 1$!E V��JM  ���
%��?)1006110 � P

#
�  ��

���*1006132� ( �!j%2� 
%����&�%�z2� )UV 

1600 PC, Shimadzu, Japan ((� n�$ ��
W�M - 
��$ �_	2 �J���� #
�* �".  

(� $�Z	�  �2 $� �+	� ��a U
-� ]�� V��JM ]!_��
35  V���$�
5 !� � s!:%�� $�
�� 
' J� ()�) f
 �*J�$

 .�" ���!���  ,LE (� ()�) �(	�2 o!	) #�$ ,2� ��
,2� V�
?!'$ J� �3�  ()�) (? ��!�J K��) V!�J (2 �!'

 
2 V��� V!�� (� ~�
" (? ��!�J ����!� ������  ,�!a (�
!�J � ��
? �� �� (? ��  V!�J 
I?��a .�" ,H� (�%�
�

 ()�) 
' #�
� +
!�JM �
�15  (\�5����  
*� �
+'�mE 
* ���� ,H� (� e&��  �
� �3� J�$ $� ��H� !'

 $�
�� V��JM�� �"��$�N$� .  ()�) �+
!�JM ��a (?
 K�� $�d? 
� ,2� V�
?!'$ J� �3� (\�5� f
 J�  �	�� !'

� $�
�� $!� D	E !� +
!�JM ��" ���� u\& f
 #!'  $!�
 �" �!-�]25[ .d' ��	i  
' J� ()�) �� �3\� #!��

 D	2!�� !� �
!�
* +	� �!��� J� �3� � �H5 �$�
��
�J���� �!%�_
�  .�" #
�*  
 J�$ $�42  (+
!�JM V!
!E)(� &�!C� $�A� ��  ���
E

 (��!� f
 � 
� f
) $�
�� 
' J�!� u
�
" f
�W� (� 
��j�!�� ���
* L? #�
�s!:%�� $!% � �" ,�!2 +" 

�j	2
* �H5 $� J� $!%L? �!��� �". ()�) !' gE J� 
��
J�� $!%L? ���" � VJ� �("Y V�$ � (	�2 � ��
i 
(A�-�  ��	4� �H�� VJ� �1���� �B�5 1$�� � �!-A

 1���

�!&(� K$�N (�!*��) �
J��  �� ���3� .���"
���$ (�� ) ��
� " ��!
J$� (���� 
' J� d�!2 #� �

]2[.,&� �sM #$��^j� ,�&
�  ��J� ,&� � ,:E J� �3�
�J���� W�� $!L& �!��� J� �3� (	�2 ,"�*  �" #
�*]8[.  
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?�3( 1 .���'  A��'$ /%0B. �38�� � &%A�.  7�%	%
 ��%(  �7�6 )D�< �� D�<'"%A( 

�?�$�  ��!� 
J![M �$��
�  

 !� f
)10 (�*J�$ 

�"$ �$��  
)12-25 (�*J�$ 

��!
!E �$��  
)26-42 (�*J�$ 

K$p 00/537 00/624 10/697 

��!_	? �2
) !44 (�����
E �N$� 00/350 00/334 00/264 

�'!�* �[�$ 00/5 00/5 00/5 

) K$p ����*60 (�����
E �N$� 00/66 00/0 00/0 

�# ��?�K!O�& d 00/14 20/12 00/10 

x�N 00/12 80/10 00/10 

d
�2 K!	�
��� 00/2 30/1 50/1 

f�� 50/2 90/2 80/2 

� ����
�!%�(	1
 50/2 50/2 50/2 

��3� ����  �����1
 50/2 50/2 50/2 

#� -%� ������� 60/2 40/2 10/2 

��-��W
�-�

�?�
�' 60/2 30/1 50/1 

��-�����  40/0  10/0  00/0  
��-�����
� 80/0 60/0 50/0 

�
!���" B�?
� 

X
��# , �2 ��!5 J!2� #
'!� (]
*���? $� #
�!?���?) 00/2960 00/3080 00/3100 

���
E�(�N$�) ]!  � 90/23 65/20 25/18 

��W
 �2
 SID (�N$�) 26/1 09/1 97/0 

��%� ��� SID (�N$�) 58/0 49/0 44/0 

2��%�� �SID (�N$�) 33/0 29/0 26/0 

%�����2 +���%�� �SID (�N$�) 91/0 78/0 69/0 

 �����
� SID (�N$�) 79/0 68/0 61/0 

 ����� SID (�N$�)  98/0  84/0  77/0  
 V!&�%E
� SID (�N$�)  20/0  17/0  16/0  

��?�(�N$�) d 05/1 90/0 90/0 

��!5 
O�& (�N$�) ��!O%2� 50/0 45/0 45/0 

�2
(�N$�) d 18/0 18/0 18/0 

(�N$�)
�? 23/0 23/0 23/0 

V���M- ����) V���!?�?�(]
*���? $� VY�� 00/240 00/207 00/197 

(�N$�) f����	�� ��2� 25/1 25/1 50/1 

1. � �%A� D�<'"0� /	7��9%8  �FG� ��'� ��%( D�<'"%A �� ���� �
  *3)� �  :��A 2%��. �� �7�12000  3I��2%
 ""	1�  �7��9% 2A! 5000  3I��2%
 ""	1�  �7��9%2 D3 !

121   3I��2%
 ""	1�  �7��9%2 E! 2  "%� D�< 2%��97� K3 !4  "%� 2%��97� D�< B1 !40  "%�  2%��97� D�<B2 !02/0  "%� 2%��97� D�< B12  �75/0  "%�  !L%1'� 3%5� D�<75/0 

 "%�  D�<D - !2%.'%
4  "%�  !2%�A����%6 D�<840  "%�  !37��"A 2%1'A D�<125/0  "%�  !2%M'A  �A'.� D�<100  "%�  !N8O8� D�<80   "%�  !2�P D�<60  "%� �� D�<� !8  

 "%�  !Q� D�<5/0  "%�  D�<7 !32/0  "%�  � 37  D�<3/0  "%� 8"5 D�<%D'.  

2 .���3*�95� ST� /
�U �8%�P 3%5�"7� �3
 �'V.  
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���� !'# �N!a� ]
� u2�� $�W&�SAS  ) (:��4/9 (
 �!22004  ��� #�
� ����� �4  ��� (
�$ �)3( 
W_�
( � ��j�!�� ��!'$!� 	3� r42 $�� $��# D	E  � �N$�

 �	i V��JM !�(	��� �# !\� d' !� �����
(� ���" ]23[.   
 (4��$)3 (                                   Yij = µ + Ti + eij  

�VM $� (?Yij  �K��'!L�P µ ���j�!�� K��'!L�PTi � 

 $!��� 
��i  �eij �!4  
��# &�!C�� � ��'!L� 
' (� 9��

 .,2�  
  

��� 	 �����  

!�JM #!'$!��� 
��
L� ()�) �
���� 
�  $� �%"�* #!'
 ���))2 .,2� ��" ���� V!L� (  

  
?�3( 2 .�%,-. '�5��%( 2%1�� W �
 ��0"	# �('(���  9
'< �� ������� X"9Y� Z���6  

  �
�) �L
!�JM #!'      

P-Value SEM 6 5 4 3 2  1  �$��  

           !� f
) �
J![M �$��11 (�*J�$  
001/0 4/5 a495 bc482 c466 bc479 b472 a504 (]
*) �&
C� U�$�   
08/0 7/5 266 269 259 270 267 264 � +
�W&�(]
*) V�� VJ  
001/0  033/0  b86/1 b80/1 b80/1 b78/1 b77/1 a90/1 
b
B �H�
� U�$�   

          �$��) �"$25- 12 *J�$�(  
0002/0 8/29 b1396 b1325 c1285 b1349 bc1305 a1452 (]
*) �&
C� U�$�   
001/0  5/16  bc603  b629  bc584  a693  c576  a730 (]
*) V�� VJ� +
�W&�  
001/0 1/20 b869 b898 b843 a963 b842 a1015 (]
*) V�� VJ�  
001/0 063/0 a31/2 b11/2 ab20/2 c94/1 a26/2 c99/1 
b
B �H�
� U�$�   

          �$��!E
�!� )42- 26 *J�$�(  
05/0 9/95 b2704 b2676 b2687 c2528 c2589 a2874 (]
*) �&
C� U�$�   
31/0 5/78  1333  1418  1409  1577  1432  1526 (]
*) V�� VJ� +
�W&�  
05/0 085/0 a03/2 ab89/1 a91/1 c60/1 ab81/1 ab88/1 
b
B �H�
� U�$�   

         �?  �$��)1-42 *J�$�(  
002/0 1/73 4596b 4483b 4439b 4357b 4364b 4830a (]
*) �&
C� U�$�   
05/0 8/68 b2202 b22315 b2252 a2540  b2275 a2520 (]
*) V�� VJ�  
007/0 065/0 a09/2 b93/1 ab97/1 c71/1 b92/1 b92/1 
b
B �H�
� U�$�   
39/0 28/2  5/8  5/3  0/6  5/3  5/3  9/1 (�N$�) K!O��  
01/0 3/21  c230  bc274  bc255  a340  bc272  ab307  ��� ��J!� $�%?!&�� �!E�$��  

a-c2%O*�%� :��� �� X7�� �
 [��I �%\ ]�9B� ����� [^9$�  8)����  �) 38
�
05/0<P .(  

SEM :��$� � ���3*�95�%O*�%2��  

1 �����)) �7�6 ��%( (�
 &%.�. 98/0 !84/0  �77/0 ���� �� ST� /
�U 2%1�� 3��� Z���6 �  *�7�6 � 3
� !27��\P ��� �%�'.  7��� _7��
 �� �9��7  �7'5 �3


 !(`��2 !( 7���< =8. :�. Z���6 � �7�6 ��%( (3  �.6 + �7�6 ��%( (�
 .�.&% 5 !10 !15  �20  2%1�� /	0� 3���=%
 �. ) �7'5 ��%* ���
 &%.�.  �����

03/1 !08/1 !13/1  �18/1  !27��\P ���� �� ��%( D�<'"%A �� ST� /
�U 2%1�� 3���88/0 !92/0 !97/0  �01/1  �� ��%( D�<'"%A �� ST� /
�U 2%1�� 3���

  � 3
� ����81/0 !85/0 !89/0  �92/0  2%1�� 3���.( *�7�6 ���� �� ��%( D�<'"%A �� ST� /
�U  
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�
�) 
��  �$�� $� V�� VJ� +
�W&� 
� �L
!�JM #!'
 n$�
E �$�� �? K!O�� �N$� � ��!
!E � �
J![M

�	3� �$�� ]!�� $� .��H� $��  �
!�
* +	� �n$�
E #!'
BH2 �	3� +'!? ()�) �&
C� U�$�  $��  �%"�* #!'

n$�
E ��
* (� ,H��  V��W&� � �" #�!� u
�
" $� (%&!

()�) �
�) (� �����  V�W�� ,����%� �+	� ,-� #!'

 +
�W&� #�!� �'!" ��
* V�W�� (� �$ �&
C� U�$� 
�'��  V��W&� ��!
!E �$�� $� !��10 �15  �20  ����� �N$�

 J!�� J� +�� ���� �&
C� U�$�  ��H^� (� 
_	� ��
�)
 +	� u
�
" $� (
!E �
�)) �O	� �'!" ��
* (� ,H��

) �" (�
!�
*05/0<P VJ� +'!? BH2 �
!�
* +	� .(
()�) V��  ��
* (� ,H�� �O	� �'!" ��
* �%"�* #!'

n$�
E �'!"  �" (,HI� �'!") #�!� u
�
" $� (%&!

)05/0<PV��W&� ��$�� �? � �"$ �$�� $� .(  �N$� D	E

+�� ���� ����� J� J!�� �	3� ��H^� (� 
_	� ��
�)  $��
()�) V�� VJ� +
�W&�  

!2 (� ,H�� �%"�* #!'

��
* n$�
E #!'  �" �
!�
* +	� u
�
" $� (%&!

)05/0<P(� (� #$�A  ��
* �
� $� VJ� +
�W&� 

�!\� (?

���!O� !� V!*��WE �'!"  (� ���� ����� V��W&� .,"���
 �
�)()�)  ��
J![M �$�� $� �
!�
* +	� ,-� #!'

) �" U�$�  �
�H� B

b ��H^� BH205/0<P �(
(� #$�A  �
�H� B

b 

�!\� (?��
* $�  #!'

,&!
$� ��		?  ����� �����'!" ��
* $� VM $��\� !� 
,HI� �	3� K�!O�  u\& �"$ �$�� $� .,"��� #$��

 ���� ����� �N$� D	E V��W&�+�� 
� J!�� J� ()�)  #!'
U�$�  �
�H� B

b ��H^� (� 
_	� ��%"�* !\� $�(�
  !�

 �'!") �"05/0 <P�	3� +'!? BH2 �
!�
* +	� .(  $��
 �N$� D	E V��W&� � �" �
!E�$� ����� ��J!�  � !"

 ���� �����+�� 
� ()�) J!�� J�  �
� �%"�* #!'
 ���)) ��� +
�W&� �$ � !"2 P05/0<P.(  

�
!&�
E (? ,2� ��" n$�W*  (	��M #!'��2�

( !" �
�) $�� (� ���� �%����*!%�M ,�!5$ ��� ��2�� � 
 �����]19[ ( !" (	��M #!'��2� �? ��� !
  $��]20[ �

�� (� ����� ��!� f
 V��	� 
���� �
���� 
� $�Q*
()�)  .�"!� �%"�* #!'d' ��	i  J� � 
� (� !	�

+'�mE  �!'( !" (	��M #!'��2� �
� ��� ,�!5$  �$��
��  �&
C� U�$�  $� ����� (� J!�� +
�W&� (� 
_	� �����

()�)  !'��" ]20[. �
� !�  ��!a+'�mE V�
*  �!2 $�
2021 ���� !� ,H�� V�
?  � ����� ���2�� }�%:� #!'


� (? ���
? n$�W* �r42 (2 $� ��2���W
� #!'��2� �
( !" (	��M  $��
���� �	3� ()�) �
���� 
� #$��  #!'

 #!��) V!%��!� u
�
" $� (%&!
 n$�
E �%"�*33  ()$�
 �H�� ,��A$ !�61  �2 J� (�N$�14  !�42  �*J�$

 ,2� (%"���]14[  ]�� �
����  

!2 !
 ����� V��W&�
( !" (	��M #!'��2�  V�� VJ� � �&
C� U�$�  
� $��

()�) ' 

!2 $� !+'�mE !'  ,2� ��" n$�W* W��]16[ .  
 (? ,2� ��" n$�W* �
b!a +
!�JM D
!%� x> 
�

) ����� ���� V��W&� !�4/8 �9/8 �4/9 �9/9  �4/10  ]
*
()�) �
�) (� (�
�) fL  ��!� 
� ]
*���? 
�  #!'

 $� (V�� VJ� � �&
C� U�$� ) �
���� �

%^� ��%"�*
 ,Z�[8/8  ]
*���? 
� ]
*�� �N!a  ��"]20[ .

���$ �����"$ ()�) #!' �%"�* W�� ,-� 
����  ����
( !" (	��M #!'��2� #�$��) $�� }�%:� 

�!\� (����� $�
5 

��  �
�*]18[ �� (? r�b�� �����  ����� ,HI� K�
�� ��	'�
()�) �
���� 
�  e

A J� �%"�* #!'
���� 
� #$�Q*

 .�"!� ���$ #X���&$�� ��H^� � ���$'d ��	i  V��W&�
�
�) ,-� � �!�
� �
!�� n$�
E u
�
" $� �����  #!'

d? ()�) �
���� ������
E  ��� +
�W&� �$ �%"�* #!'
]2[� �
�) ��� �
W�� (� ����� ,H�� (� ,2� ���� (?  !'

 J!���$�� ����� $��\� (? ,2� ��" n$�W* .�"!� uH�
�
()�) ) ��$�
a +	� u
�
" $� �%"�* #!'8/8  ]
* 
�

 (� #�
� ��
W�� (� ����� ,H�� B2!	� $��\� � (]
*���?
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 (	�2 (�l� � V�� VJ� V��!2$
I?��a79/0  �"!� ��
]20[  (
!E �
�) ����� $��\� �
b!a +
!�JM $� �9/0 

�� !
 �N$� �
W�� (� ����� ,H�� � ��� ]
*���? 
� ]
* (
 (
!E �
�) $�79/0  (? ���+�� 
� (� $��\� J� � (%&$$!? $

+'�mE #!' ���� �N$� D	E � ��� �


!2 #J!2 ����� 
)95/0 (� (�
�) �N$� +�� J� #!'J!�� ()�) �%"�* $� 

(�
!\� !� �'!" 
���� �%HI� 
� �
���� (%"��  w
& .,2�
 J!�� �
!�
* +	� J�
� � !�� +
�W&� !� (? ��� �
� 
� !�

,&!
 �'��  +
�W&� ������ !�� 5��a (? ��� V!L� D
!%� �
 ,2� �&!? (
!E �
�) ����� $��\� +
!�JM �
� u
�
" $�

 ��J!� ����� �
����.�$��� $��A �
���� ��H^� 
� #  
 1$�� �("Y �N$� +'!? BH2 �
!�
* +	� �!���

()�) 1���� � �!-A �g
��2
�!&  �" �%"�* #!'
 ���))3 ����� ���� V��W&� � (
���� VJ� ��H^� 
� #

]���� �
� �H�� ��� !' !
 �
!�
* +	� $� n$�
E .,"
 ����� V��W&�
���� �	3�  ��
i � V�$ �H�� VJ� 
� #$��

 !� (4��$ $� .,"��� �	4� �
Oa
����  �L
!�JM #!'$!���

 ��)� !'$!��� ��� $� �C:L� ���$ ��H? � (	�2 VJ� 
�
 #�$�� �
�) (
QR� (i
*� �,"���15  ���� ����� �N$�

()�) (	�2 �N$� +'!? (� 
_	�  ,-� �%"�* #!'
 �� #�$�� �
�) � ,HI� �'!" �
�) (� ,H�� �
!�
* +	�

 �" ����� ���� �N$�)05/0 < P(.  
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 !�� 
�K>l� �N$� 2(	�  V�$ �
���� ,"���P �%a  !�
) �
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002/0  71/0  bc6/65 bc6/65 bc6/65 b0/67 c6/64 a1/69 (�N$�) ("Y ��J!�  
069/0 62/0 2/30 9/29 0/28 1/30 7/30 2/30  V�$(�N$�)  
04/0 88/0 ab0/37 b3/36 a8/39 ab4/38 ab1/37 a7/37  (	�2(�N$�)  
007/0  078/0  b82/1 b70/1 a06/2 b77/1 ab88/1 a09/2 �H? (�N$�)  
19/0  169/0  79/1 50/1 69/1 00/2 03/2 02/2  �	4� �
Oa ��
i(�N$�)  
001/0 009/0 b06/0 b07/0 b06/0 b08/0 b09/0 a19/0  1��2
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051/0 007/0 b10/0 b09/0 b10/0 b10/0 b09/0 a13/0   �!-A(�N$�)  
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!�JM #!'      

P-Value SEM 6 5 4 3 2  1  (_	2�
&  
001/0  5/5  b90 b102 b102 b100 a107 b144  ��
%��?����) �2� 
� ]
* (
%��  
58/0  1/7  76 73 77 86 82 68 #
�  �

���*����) �2� 
� ]
* (
%��  
32/0  52/3  60/60  6/55  0/60  0/50  0/55  6/54  LDL - ��
%��?����) �2� 
� ]
* (
%��  
16/0  95/2  6/29  8/26  8/35  8/27  2/28  2/24  HDL - ��
%��?����) �2� 
� ]
* (
%��  
001/0  11/0  b8/2 b2/3 b9/2 b9/2 b9/2 a2/6  �? �����
E) �2� 
� ]
* (
%��  
37/0  107/0  70/1  70/1  40/1  52/1  58/1  56/1   ����H�M����) �2� 
� ]
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%��  
001/0  16/0  12/1  56/1  76/1  16/1  26/1  14/0  �	���
? �����) �2� 
� ]
* (
%��  
001/0  07/1  8/30 d 6/49 a 6/46 a 0/42 b 2/36 c 2/15 e  f
$�� ��2�����) �2� 
� ]
* (
%��  
004/0  26/0  3/7 b 3/7 b 2/7 b 8/6 b 1/7 b 5/8 a  d���?����) �2� 
� ]
* (
%��  
18/0  46/1  9/8  8/8  8/8  8/9  5/9  6/13   
O�&����) �2� 
� ]
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%��  
        ��!3& ��
W�M ,(
%�� $� �a��)  
84/0  4/84  b359 b308 b340 b405 b293 a255 J!�!O�& ���!���  
001/0  6/4  105 110 104 110 111 260 K!�$!z2M J�
O���
��	��M  
027/0  85/0  ab8/4 bc6/2 bc8/2 bc2/2 c0/2 a6/5 J�
O���
��	��M ���YM  
001/0  3/19  a392 a384 a381 a389 a350 b392 !%?YJ!�X�$��'� K  

a-c2%O*�%� :��� �� X7�� �
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05/0<P .(  
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 !( 7���< =8. :�. �9��7 Z���6 �3  �.6 ��	%.) �7�6 ��%( (2 + (�
 &%.�. 5 !10 !15  �20  2%1�� /	0� 3���=%
 �. ) �7'5 ��%* ���
 &%.�.  �����03/1 !

08/1 !13/1  �18/1  !27��\P ���� �� ��%( D�<'"%A �� ST� /
�U 2%1�� 3���88/0 !92/0 !97/0  �01/1 3���  ���� �� ��%( D�<'"%A �� ST� /
�U 2%1��
  � 3
�81/0 !85/0 !89/0  �92/0 .( *�7�6 ���� �� ��%( D�<'"%A �� ST� /
�U 2%1�� 3���  

  
?�3( 5 .�%,-. ��%(���  B7���P �
 �9%.  9*P ���
 �%"# `��7� /5�A'%* � �N*P'"�*P � :%)	( ?'"5 ���  *'$ �('(���  9
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�)�L
!�JM #!'      
P-Value SEM 6 5 4 3 2  1  �$��  

001/0  16/0  a4/3 a4/3 a3/3 a5/3 a4/3 b3/2 )  W�
5 ��H�*1× 107(  
001/0 12/0 b8/6 cd2/6 c4/6 c4/6 d9/5 a9/7 ) ��O2 ��H�*1× 107(  
001/0  79/0  a2/86 b5/82 c2/76 d0/68 e7/59 c7/74 (�N$�) ,�2�O	�  
001/0  23/1  c5/10 c0/14 d2/19 c5/28 b2/34 c7/24 (�N$�) ��&�
%'  
001/0 021/0 e12/0 e17/0 d40/0 b42/0 a57/0 c33/0  ,�2�O	� (� ��&�
%' ,H��  
          �%�M 
%�� #�!�  
19/0  322/0  00/1 50/1 76/1 00/1 26/1 00/2 �2!?���  
003/0  481/0  a26/4 ab76/2 a26/4 a26/4 a00/4 a76/1 �W�M��O�M  

a-c2%O*�%� :��� �� X7�� �
 [��I �%\ ]�9B� ����� [^9$�  8)����  �) 38
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05/0<P .(  
SEM :��$� � ���3*�95�%O*�%2��.  
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  � 3
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