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Introduction: This study aimed to compare the relative weight of visceral organs, 
different carcass cuts, the relative length of different intestinal segments, meat 
quality, hematocrit, and blood metabolites between Arian and Ross308 broiler 
strains.  
Materials and methods: One-day-old mixed-sex broiler chickens from Ross308 
and Arian strains were separately allocated to two treatment groups. The initial 
number of each broiler strain was 48, divided into 12 replicate cages with four 
chicks each. On days 32 and 42, one bird per replicate was randomly selected (12 
broilers from each treatment group), weighed, and killed by cutting the jugular vein 
with a sharp knife. Then the relative weights of visceral organs and relative length of 
small intestine segments were determined for both strains. The carcass 
characteristics and the breast and thigh meat quality (including water-holding 
capacity, cooking loss, and lipid peroxidation) were assessed only in the birds killed 
on the 42nd day of age. Some plasma metabolites and hematocrit were also 
determined after blood collection into heparinized tubes at the end of the rearing 
period. 
Results and discussion: The results showed that the total feed intake of Arian 
broilers was higher than that of Ross 308 (P≤0.05), but no difference was 
observed in the feed conversion ratio (FCR) between the two strains. The rate 
of weight gain in the first two weeks was higher in the Arian strain (P≤0.05). 
However, this trend was reversed during the 5th week of the rearing period. The 
carcass and valuable cut yields at 42 days of age were higher in Ross308 
broilers compared to Arian birds (P≤0.05). On both days of slaughter, the 
gizzard relative weight was higher in Arian broilers, while the bursa relative 
weight was lower in this strain compared to Ross308 (P≤0.05). The visceral fat 
relative weight showed a significant difference between the two strains only at 
42 days of age, and it was higher in the Arian broilers (P≤0.05). There was no 
strain difference in relative weight of the gut and different segments of small 
intestine at both examined ages. However, the proportion of the jejunum to the 
total length of the small intestine in the Arian strain was significantly higher 
than that of the Ross 308 (P≤0.05). Mean plasma uric acid concentrations were 
significantly lower in Arian compared to Ross 308 (P≤0.05). However, the 
mean concentration of plasma total triglycerides and hematocrit values were 
higher in Arian broilers (P≤0.05). The amount of stimulated malondialdehyde 
in the breast and thigh meat showed higher values in the Arian broilers 
(P≤0.05), indicating the lower oxidation stability of the chicken meat of the 
Arian broilers compared to Ross308.  
Conclusion: According to the results of the present study, Arian was not 
competitive with Ross 308 as a well-known commercial broiler strain in terms of the 
examined parameters. However, by gaining a better understanding of the weekly 
performance, carcass characteristics, and blood parameters of the Arian strain at 
different ages and in comparison with the Ross 308, the broiler farmers will be able 
to adopt the best management and nutritional strategy for raising these native 
broilers chickens. 
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H
�� ����� �0� ��D���  �P�J Z��<)��H� ���j) �-��+ �-�����( ���� ��0 "���	! � ]*( ��E� � ("�� H
�� +�U� 
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��D��� �*a #+ "��	� �?���  "�� �� ����( ����#H!�j� ���<. zA�<  &*T�y Z��< �&<�� &*B*� v�;h� ��0
�;�L &*T�y � &h( �� �<�� &T� �oL ����.�� #��I� �� �����*
��  &<�� ��0"�� #	*! � #<= �� ��< #;T��  �

#:�: ]����L ���� "���( �� �0 .���< K**E,  &*T�y K**E, ���+�oL ����.�O� �  �����I#� ��*�*( ���, &<��  �� ��<
�T�? ed��� #+ >�� �� #4*J� ��.U rpm 2500 �!��*B��;q ( .�<W �! ����*B��;q �� W( � O�A  "�����I�# �0 �

��<q�B��;��! ) "�L �� ���B;!� �+ �� ����101 �;��! #:��  ����#+  >��24 �!�&#��I� "�� ( �0  WX! .�< K**E,
&<�� �� oL ����.�� &*T�y + �� ���B;!� �F+��) #1 ( #H!�j�) �<Castelini et al., 2002.( 

 
 F6�@1 .Z*��, ��a:� #:�: �����A ��*: ���*I*< >�H*��, � ��	0� �;<�� ��0  

 
;� -14 �=/6� 15-24 �=/6� 25-35 �=/6� 35-42 �=/6�  

�����A ����         

>�g 58/54 72/62 60/66 55/68 

#3�V	� �!�� )44 (K*,��( �?�� 80/38 69/31 78/27 16/26 

��	� -�H! 15/0 15/0 15/0 15/0 

>�g K,��� 00/1 00/0 00/0 00/0 

���! Kd�� 00/1 00/1 30/1 00/1 

O0L �	! 16/1 07/1 00/1 01/1 

��  >�B
T c*
��  88/1 71/1 47/1 49/1 

�	*��;�� ZI��1 25/0 25/0 25/0 25/0 

���E� ZI��2 25/0 25/0 25/0 25/0 

�� ��- K*��*;� 30/0 31/0 27/0 26/0 

��- K�a�= 19/0 26/0 26/0 23/0 

��-K*����, 07/0 13/0 13/0 10/0 

��E) OI� 33/0 21/0 21/0 21/0 

�+ >�	+�� c��! 04/0 24/0 34/0  34/0 

n�IV� 100  100  100  100 

#H!�j� ���*I*< P*��,��<          
c
*3�+�;� Z+�J �q��� (�����*� �+ ��3����*�) 2871 2950 3025 3025 

(�?��) ��A K*,��( 5/22 50/19 06/18 44/17 

(�?��) K�a*3 33/1 20/1 10/1 04/1 

(�?��) K*��*;� 67/0 63/0 57/0 55/0 

(�?��) K*;
*! +K*��*;� 00/1 92/0 85/0 82/0 

K*����, )�?��( 89/0 82/0 76/0 72/0 

c*
�� )�?��(  96/0 87/0 78/0 78/0 

�B
T Z+�J -�;!� )�?��( 48/0 44/0 39/0 39/0 

c��! )�?��( 17/0 18/0 20/0 20/0 

"�*,�� "�*�L ���E, ��*�) ��� (�����*� �+ "=�� 240 230 225 220 

1. � �0*����� ZI�� ����;*	���D � 11494 K*+ �D��  ���I3�����;*K  �L1725 K*+ �D�� ���I3� ����;*K  ���40 K*+ �D�� ���I3� ����;*K ��� 29/2 �*�� ��� ����;*K  ���43/1 ��*�  ���
 �K*��*,44/3 ��*�  �K��ST�H�� ���56/0 ��*�  �O*3�T �*!� ���05/0 ��*�  �K*,�*+ ���46/6 ��*�  �O*	,�;��( �*!� ���17/40 ��*�  � K*!�*� ���29/2 ��*� .��+ K*
�����*( ���  

2 ���E� ZI�� �����*� �0 .120 ��*�  �K0L ���150 ��*�  �a	�	� ���15 ��*�  �W� ���120 ��*�  ���� ���5/1 ��*�  ��� ���3/0 ��*�  ���*	�! ���4/0 ��*�  .��+ &3�H� ���  

  

 #F+��1 (  100×  
O�A �� W( "��  "���– q�*B��;��! �� �E+ "��  

(�?��) oL ����.�� &*T�y =  
#*3�� "��  

������ ���+ �+�U "�*!��*
���( ��*�  �*!� ]����L �� �&<�� ��0�< ���B;!� O���;*+��+�*, )Botsoglou et al., 

2002.( � �+ ]����L K��*�XI� ���� oe: "�a�,��? W� 3�� O� ]	��� �� Z?�D ����"�3�� �� �� �3L�* �)#+ "��	� 
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�� #����w ��@j�*!��*"� (�+ 3�� ���!� �� ��*, �*+��+�* .&!� ���;!� O���;#+ ��)  &<�� �� ��� O� #?SA
o�*!L ��<  ]����L #3�3 ZA�� ��25 ��*� '�(�� ��;*3  � K���, ���5/2 ��*�  ���j� �;*38/0 Z*,�+ �?��  �
����*0

 #T�C� "L #+ "�a�0 �� K��3�,K�I0 �� ZHJ #�?�TS+ .�< ��*� ��.U �"���  �*!� �?�� Y	( �+L ���j� �;*3
��,  �+ Z?�D ���h� .�< #T�C� O*;!��������;!� K�I0 ��! &A��	��  � �<#+ >�� 40  W�,�� #*��w�< #�= WX! .

 ���I< KI,�� �T�? ed�� �+ K���� �+L #�= � #;h�� ��� �� "�a�0 ���J�T)1( #���� �� .����� [�?  x!�, ���h� cVD
��, �*!� ��*� Y	( #+ O*;!����� � �< ����!� �;*3 ��*� #! ���4�  �*!� O���;*+��+�*, �*!� c0 �;*38/0 h� #+ �?�� ���

 |�T ���h� .�< #T�C�#+ >�� 30  ��� oL ��ID �� #4*J�70 �;��! #:��  WX! � �< #+���� ����#+ >��  #4*J� &B0
 ��#3�3 &��.� �� .�< O	A �� oL ��ID  �0#+ >�� 45  #4*J� ]	��� ���h� ���� oe: � ���< ���� ���J |�,� ���� ��

 �� �;��,�T�;�X!� ���;!� x!�,530 �J �;�����"�3�� &G�d .�< &�� ��  �< K**E, ������;!� �	j	� -�!� �+ �*0�3L
)Botsoglou et al., 2002.(  

#+ ��G	� &*3�+�;� K**E,  K! �� "�A #��I� ����I!S( ��042  WBJ �0 ��) �< #;T�� �����+ ��+ ���� �� �����
����( "�A ��I!S( � (����( O� ����;
�� �K*,��( &G�d K**E, ���+ �0 ��,  �a���� �K*3�+��� �K*��H3L �Z� ���
*��

#+ c*
�� � �B
T �O���� �*!� ��, ����;
�� �K*,��( &G�d .�< ���+ ���  ���;!� �+ K*3�+��� �K*��H3L �Z� ���
*��
) �;��;T�;�X!�alcyon 300, USA&*� x!�, � ( &
�� � "���L -��() ���V, ��0  ]V	! ���+ .�< ��*V	! (c�

T � c*
��&*� �� �B
  &
�� &��< �����! &��< ��� ��;!� �H) � �< ���B;!� �I*< ��� ZI���.  
#+ ��G	�  K! �� �&*!�B	3 #+ Z*T��;0 &H
� � &����,�I0 �?�� K**E,42 ��*� O� ����� #:�: �� "�A �;*3  ��0

 �+ (����( O� WBJ �0 ��) #��! �����! �� ���B;!� #��I� K���X0 #+ #;�dL ��0  �&����,�I0 K**E, ���+ .�< �����+
#��I� �0�  "�A ZA�� #+#3�3 �0� K*��� �*������,�I0�& )Rotors cat no 2076 �Hettich Germany ( ��< ��*��

#3�3 WX! � #+ �0  >��10 J�*#4 �+ rpm 12000 ) ���< q�B��;��!Varmaghany et al., 2021��;
� .(  ���0 K�� ��
#��I� �= ��� �+ "�A ��0 #�*< ��0 O�A��0 �� �E+ #� �< #*., �(��!���*� ��  �I
*� ��� �� ���B;!� �+ �"�<
���  '��I< WX! .���< �a*�LT��;0*Z   �!�B	3*&   ���I	��a+ �+ ���� ���!���*� ��� ��100×  .&T�� >��?

&H
� &*!�B	3 #+ Z*T��;0 )H/L( 
4, �+*c ���! ���E, �0� T��;0*Z ���! �+ �0� !�B	3*;� �< #H!�j� )Thiam et 

al., 2022#+ .( zh�� ��G	� #��! �w� "�< #V	!��T �+ #:�: �� ]V	!���� ��0 �0� ;<���� ���0���� 
#H!�j�  "���L -�!��+ &B? �0 #+ ��+�� ��<t #+ � ��� OI�  ��aT�SAS aV, ������j, � #*���L Z�  .&T�� ���J

�*���*K �0 �*a �+ ���B;!� �?�� Y	( ����L }F! �� ���, #	��� �	U "���L �� �4��#
 .���<  
  

4- �%��� .��/0 567 � ��  

�;��Y "��� ��� #�  ���+ �����A�+ -�� #+ &H
� ��,=�+ "�� ]��aT� b�� �� K��L #��! '���( ��� #;B0 �� �����  ��
#;B0 ��) �G� �� #� ��+ -�� #��! K�� �'���( cV	( � &T�� ��*( K��L #��! #+ &H
� #V	!��T K��  ���:)2.( 

[�@�  �� \���A#! ) '���( ��� #;B005/0≤P (� c0 K*	U Z� ���� )O� �, 42 ����� �(�� �!�# �L�K �,=�+ �� 
�!�# -�� ��+ )05/0≤P .(��+�	+�K #��!  �, -��28 ����� �;.+ ����I�� �L ��*#;h ��+� �L�K  .&!� #;<����  "��,

 "�� "��+�,=�+ #+ #:�, �+ #� ��I� &<���+ K*	U14  �21  ���:) K��L �� �����2 �� #��! K�� ����.�� ��0��*� �(
 K*	! K��]*+ �, ]��aT� �+ R=�I;D� �#V*;� �� � ���+  Z��H, P��C �>�:�*;D� K�� K*�r, ���+ \���A [�@� K;T��

#��! �� (�<���( ���.U #;B0 ��.;�� �,) \���A  K��L #;H3� .&!� #;<�� ]��aT�#+ ��G	�  �� \���A Z��H, P��C ��H.+
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#:�: K�= �� �-�� Zs� ���V, u�;<�� ��0 ��0 "L  �0#*3�� K*	! �� ����( �  >��? o�h;�� �;.+ "������ ���+ ��0
�� ��*�� #:�: �� K���+�	+ #��! �;<�� ��0  �� �E+ R=�IE� Z��H, P��C ���4� -�� �30  �,42 �� ]��aT� �����  �+��

)Souza et al., 1994 .(�� |�HF�� �+ �#;T� �0� �C�D� "��� ���� ��< &!� #� �!�# -�� � �L�K �� �G� �aT��] "�� 
"�+ )BWG (&H
� #+ c0 �,�+� ������. �+ ��:� ���K [�@� \���A �� �!�# -�� c� �, �� �L�K ��+  ���I�< #;
VA)

 ��	*,�, �1389.( #;�� Z+�J #:�, �� #E3�F� �C�D ��K &!� #� �� �(�"� #;B0 ��! <���(�� �!�# �L�K �� "�� ��+� 
�,=�+� &H
� #+ -�� �����A�+ ��+  ���:)2.(   
  

 F6�@2 .#V	!��T #
��4� #;B0 �) �� -�� � K��L #��! K*+ �����I� ��0 �<���( v�;h� ��0  

( 4;	 /&�+
� /K
=) ��0 &�+/ �/6 M�.+���  

 4N��O   /6�1   /6�14  /6�21   /6�28   /6�35   /6�42 

K��L  82/38 a59/388 a94/709 41/1211 43/1717 78/2220 

-�� 98/38 b11/370  b76/658 24/1180 42/1740 89/2185 

SEM 13/0 58/4 19/10 99/20 04/26 36/44 

P- Value  37/0 012/0 006/0 32/0 54/0 59/0 

 ��0 �/6 P����� M�.+���( 4;	 /&�+
� /K
=) 

 4N��O 1  ��14 �=/6� 14  ��21 �=/6� 21  ��28 �=/6� 28  ��35 �=/6� 35  ��42 �=/6� 1  ��42 �=/6� 

K��L  a77/349 28/316  46/501  b02/506  35/503  89/2176 

-��  b13/331 54/311  48/521  a18/560  47/445  79/2169 

SEM  49/4 46/5  86/8  60/16  93/44  24/31 

P-Value  01/0 54/0  13/0  04/0  37/0  87/0 

( 4;	 /&�+
� /K
=) ����? Q
R� M�.+���  

 4N��O 1  ��14 �=/6� 14  ��21 �=/6� 21  ��28 �=/6� 28  ��35 �=/6� 35  ��42 �=/6� 1  ��42 �=/6� 

K��L  a00/482 a20/529 33/796 57/1366  95/1071  a06/4246 

-��  b83/419 b37/498  70/766 52/1366  31/1070  b73/4121 

SEM  00/4 81/6  17/13 03/0  88/18  20/27 

P-Value  01/0< 04/0  14/0 22/0  95/0  01/0 

���1S T��U� V�
�  

 4N��O 1  ��14 �=/6� 14  ��21 �=/6� 21  ��28 �=/6� 28  ��35 �=/6� 35  ��42 �=/6� 1  ��42 �=/6� 

K��L  a38/1 a67/1  a59/1  71/2  17/2  95/1 

-��  b27/1 b60/1  b47/1  47/2  68/2  90/1 

SEM  01/0 01/0  01/0  08/0  25/0  02/0 

P-Value  01/0< 01/0<  01/0<  06/0  13/0  13/0  
a-bK*���*� >��B, : �	E� "�;! �0 �� >��B;� [��D �+ �0 ) &!� ���05/0P<.(  

  
#��! �A�+ #� &!� ��< '��a�  �0c0 "�U  "�� �� '���( ���� ��) ��I, �� o��]*+ �,�������A�+ �. �3�D�� #� 

"�� �� (��;B0 #!) ��;+� �� #� K�� KIC �-�� #��!  ��*�c� �, ���+ �����A�+ ����  #+ &H
� '���( ���� "���( ��
#��!  "�� ������+�L � ���+�0 Zs� ���0]*+ �,&E��<) ��I� P
� �� �  �"����I0 � �����1384K�= o�h;�� .(  ��0

>��B, K�� Z*3� �;.+ �����A Z��H, P��C ���+ -�� &E��<) &!� ��< "��	� �0  �"����I0 � �����1384.(   
����� �H
� "�� � #<= ����+ #+ ��+�� Y��;� ) ���: �� ����D� ��03 �?��� #<= ����+ �G� �� .&!� ��< ���� "��� (

�,�+ -�� #��! #<= ! �� �,=�+ �) ��+ K��L #��05/0≤ P#;T�� �+ ���, �� .(  ����+ �G� �� #� &!� ��< ���� "��� ��C�D ��0
�	E� [S;A� �����D� �+�U � #	*! �H
� "�� � #<= ) ����� ��:� K��L � -�� #��! �� K*+ ����Rahimi et al., 2006; 
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Varmaghany et al., 2021 .(#E3�F� �� �+ �G� �� -�� #��! ���� ����.+ �#	*! #��� �?�� �#<= ���  [�@� �� ���
 #��! K��L #+ &H
� �\���A #	�a0 � �q��� ��	*,�, � ���I�< #;
VA) �< �T�E� �j:��1389.(  

  
 F6�@3 .����� �H
� "�� � #<= ����+ �+ #��! �w� ("�+ ���� "�� �� �?�� P
D�+) ����D� ��0  

  M832 �=/6�  

  �
;�  9�� W�
'+��   �0
(���3X� V�Y  W��0 F��% �U�  &�6� �	  ���.78  ��P &�Z�   �< &�/�0 

K��L  044/0 34/0 a 13/1  65/0  15/0 b 08/0  44/2  32/8  62/1 a 40/0  83/56 b 

-��  040/0 26/0 b 94/0  66/0  25/0 a 07/0  69/2  82/7  44/1 b 41/0  61/58 a 

SEM 006/0  020/0  090/0 02/0  007/0  003/0  090/0  300/0  041/0  02/0  13/0  
P-value 01/0  01/0˃ 15/0  71/0  01/0˃  09/0  08/0  26/0  01/0  72/0  01/0˃ 

  M842 �=/6� 

K��L  08/0  - 85/1 a 54/0  20/0 b 10/0  23/2  81/5  71/1 a 41/0 a 84/70 b 

-��  07/0  - 09/1 b 56/0  25/0 a 12/0  30/2  77/5  24/1 b 33/0 b 20/75 a 

SEM 007/0  - 18/0  032/0  012/0  011/0  10/0  14/0  033/0  030/0  320/1  
P-value 34/0  - 02/0  53/0  05/0  24/0  63/0  83/0  01/0˃  04/0  04/0  

a-bK*���*� >��B, : �	E� "�;! �0 �� >��B;� [��D �+ �0 ) &!� ���05/0P<.(  

  
 ��) ����D� �+�U �H
� "�� �C�D #E3�F� ��42  Y��;� �+ #� ��+ �,=�+ K��L #��! �� (�����]0�1( �� ���� "�

 '��a� #� &!� �
I0���	E� >��B, �	F+ #)�j� �+�U �G� �� ����� ) ����� ��:� #��! �� K*+ ����Mueller, 

2021; Nguyen et al., 2020; Rahimi et al., 2006 K��L �� ����D� �+�U "�� #� &!� ��< '��a� Z+�4� �� .(
 ��� �� �E+49 #+ '���( �	E� ��)  -�� �� �,=�+ ���� ��	*,�, � ���I�< #;
VA) &!�1389 ��) "���	! �H
� "�� .(

 K*	!32  �42 ]*( � (����� ) ��E�42 (�����  ���:) ��+ -�� �� �,=�+ K��L #��! ��3]0�1( �� .(  �� K*�*( ��0
�	E� [S;A� ����� ����� �H
� "�� �G� �� ���� -�� #��! �� K*+ (P�J � -��+ �"���	! ��H�) ��A�� ��0  K��L �
) &!� ���� '��a�Mueller, 2021; Nguyen et al., 2020; Rahimi et al., 2006#E3�F� �� .(  �< ���� "��� ��

]*( � "���	! �H
� "�� #� OH! #;h*�L O� �� ��E�  "��]*+ �, #:�: �� ��0 ) ��+ �;<��Plavnik & Hurwitz, 

1983]*+ K���+�	+ .( �H
� "�� "��+�, �L �� "���	!�� K�  �� �� � �<�+ �<� b�� �� �wr;� u���1� &*?�@A O� ����,
�w� >��B;�  .�<�+ ��< ���D #��! �� �0 �� ��<��;�� "�����( K*+ �
	: &H
� "��+ �H
� "�� �C�D #E3�F� ��

 �� -�����(32  ���:) ��+ -�� �� �,=�+ K��L #��! �� �����3( #� &!� #;A�	<�� �� ���+ [S;A� K�� Z*3�. �+ 
K�� ��D -�����( �#+ "��	� "��� ����� O� }<�, ua�� &!� K*3�
�� ��		�  �� "L �H
� "�� &!� ��< '��a� #�

#:�: o�h;�� ��0 ��< c�  "��]*+ �, K�= �� K*�	! ��0  "��) &!�Sumners et al., 2014 -��+ "�� .(
K! �� �0 �� -�*
��+�T  -�� #��! �� ���;��#+ ��) �	E�  ����]*+ �,  ���:) ��+3 "����I0 � ���4��� #E3�F� �� .(

)1396�	E� ��� '��a� ��:� �+ a*� ( #��! K*+ -��+ �H
� "�� ����  #:�: v�;h� ��0  K�� ���� �G� �� ��;<��
 -�� #��! �� #V	!��T]*+ �, #��! �� .��+ ���� ��0  
]h+ O*�B, Y��;�  ��0 a*� #<= v�;h� K! �� #� ��� "���42  #	*! �?�� �����#+ "��	� '��� �+ #EFJ  �,

 ���+ �,=�+ -�� #��! �� #<=c� >�EFJ �H
� "�� Z+�4� �� '��� -�� �� �,=�+ K��L #��! �� #<= �, 308  ��+
 ���:)4 .(#;T�� [SA �+ �T�	� ��C�D � ) "����I0 � �gL1387�� #� ����� "��� (��.� Z��<) �;�( #EFJ "  ��0

#	*! "��h;!� ���  (�� � K�3 ��0 K��L #��! ��#+ ��) �	E� K*��( ����  #E3�F� Y��;� �+ |�HF�� �� .&!� -�� #��!  �� �,
 ��C�D ��;�� �� #� &!� ��< '��a�21 #:�: u����� ��+ �H
� "�� ��0  K��L �� �0#+ ��) �	E�   #��! �� �,=�+ ����
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��+ -�� )81/12  Z+�4� ��68/11 ) (�?��Varmaghany et al., 2021]0�1( K�� .(  "���c0 K*	U  �� #� ����� "���
 ��;��42 �����  -�� #+ &H
� K��L �� #	*! #��� �H
� "�� �#+ ��) �	E�  ����c� �, ) ��+70/27  Z+�4� ��16/31 .(�?��   
  

 F6�@4 . #<= �H
� >�EFJ �H
� "�� �+ #��! �w� K! ��42 �����  
   7�8  ��� �	  F�0 �	  �43�  Z\Y 6 ��
=  

K��L  b46/30  a21/31  a12/11  a21/27  
-��  a67/39  b28/29  b41/9  b64/21  
SEM 64/0  37/0  27/0  33/0  

P-value 01/0<  01/0<  01/0<  01/0<  
a-bK*���*� >��B, : �	E� "�;! �0 �� >��B;� [��D �+ �0 ) &!� ���05/0P<.(  

  
 �G� ��#EFJ �0 ��)  �	E� [S;A� �*0 �"�+ "�� #+ &H
� '���� ���;!� ��  &<��� ��:� #��! �� K*+ ����

����) �+ i(&!� ���� ���� "��� �0 K�� ��D #��! �� �,=�+ K��L #��! �� OU�� ���� ��) Z� #+ ����qq ��) &H
� �
 ���:) ��+ -��5 .(  

  
 F6�@5 .&H
� ��*��� � ���qq �������� ��) �;��!) OU�� ���� ��) Z�  �0 �� �;�100 �;��!  �� (���� ��) �� �;�32 ����� 

 ������ ������ ���	
� 

�
�  90/14   60/41a 50/43  

��  08/16   84/40b 05/43  

SEM 41/0  08/0 41/0  

P-value 07/0  01/0˃  46/0  

a-bK*���*� >��B, : �	E� "�;! �0 �� >��B;� [��D �+ �0  &!� ���)05/0P<.(  

  
c� �,�� K��L �� ���qq �H
� ��) "��+  ��<�+ #��! K�� �� "���	! �H
� "�� "��+=�+ �� �wr;� ����,#+ ��)�  #�

p�a+ &!� ��< '��a�  �� ���� ��=�+ &I
J �� �ef� ���� #+ �!�;!� �\���A ���L�T #:�� ]��aT� �+ "���	! "��+
#� ���� ]��aT� #+ ��� K��  #+�� #+ �V	� ��Ac� �,Z+�J �ef� ���� c���, "�<  � oe:�K*��( #V*;� �  �+e: }F! "��L�,

&I
J �� �ef� ����  K�= {OU�� ���� ���;j, ��0) ����� KI0�3Lohmann dual: LD( #:�: �+ #
��4� ��  ��0
-��308 &!� ��< )Alshamy et al., 2018]0�1( K�� .( �!����� >�*?�@A #
��4� �+ "������� �(�  K*+ ��

#:�:  ��0LD -�� �308  #� ����� "��� "�����(LD p�a+ "���	! ��,�� ���� � �, �,� �	;<��  ]h+ ��) �
#+ OU�� ���� u��*������qq  K�= �� ����� ��) Z� �� ��?�� "��	�LD ��,�� ��+ �, )Alshamy et al., 2018 .(

���� ��) �� >��B,  �v�;h� >�EFJ  �� "LK�= ��0 ��V,� ����+�� �� ��< #:�: �0� ;<����  t��+ &!� K�I�
 �� >��B, oe:ef� ����� #� ��< ;� ��#+ �#V*  ���A #+�� #+ ��V���� >��B,  >�B? #+ ��+�� &<��#��! ��  ��0

) �*��V�� �0��A v�;h�Metzler-Zebeli et al., 2018#E3�F� �� .( �� ,aV#� �j, �Z* �;
HI0u� +K* �0�;����(�  ����
E� ���0��* �H, &H
� #� ��� "��� \���A ����+Z�  \���A "�+ "�� #+���� ����I� � ������ �+ �� &!� xH,�� 

)Metzler-Zebeli et al., 2018.(  
#:�: "�� � #	*! &<�� &*B*� #+ ��+�� Y��;�  &*T�y � oL ����.�� &*T�y �G� ��) ]����L���� #��! �� ��0

�;�L �*
�� ���: �� (���)6( .&!� ��< ���� "���   
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  F6�@6 ."�3�� "�a*� � &<�� &*B*� �+ �;<�� #:�: #;h*�L �w� �� �*0�3L )#��I� �� (��� �� ������� &<�� ��A ��0  
   -^�S��!�� � ��	�!O (K
= 
0 K
=�+�+)     >78�
� -��= �;�� �	  

  M	O �0 &�� _�
��*    ������9�� _�
�� �6�0     -��(����) -N�    (����) aO ���b.+ -��
c 

  ��� -��= -��=  7�8   ��� -��=  7�8 -��=   ��� -��=   7�8 -��=   ��� -��=   7�8 -��= 

K��L 89/0 a 91/0 a  20/0 a 17/0   65/23 b 43/25 b  21/63 06/57 

-�� 82/0 b 80/0 b  14/0 b 15/0   45/33 a 03/31 a  19/62 59/59 

SEM  01/0 02/0   01/0 01/0   75/1  23/1    30/1 68/1 

P-value  01/0˃ 01/0  ˃   01/0˃ 32/0   01/0  ˃  01/0  ˃    59/0 84/0 

a-bK*���*� >��B, : �	E� "�;! �0 �� >��B;� [��D �+ �0 ) &!� ���05/0P≤.(  
* #+  #?SA ��)5/1 ��*� ���j� �� �;*3  ��0138/1 ��*�  � K0L >�B3�! ��=��368/0 ��*� "��3�T ZA�� #+ O*+���!� �*!� ��=��  &<�� #��I� ��� O� ���D ��0

 WX! � �< ���aT�#+ >�� 150  ���� �� #4*J�37 �;��! #:�� ��� ���� #��A �< ���e� ]6.[  

  
c� K��L #��! �� �"�� &<�� �� c0 � #	*! &<�� �� c0 �&h( �� �<�� &T�  ���:) ��+ �,6 &h( &T� .(

 �*wr, &j,Z���� B�;h�� c0 "�U pH� #��� D*����� "�� #��I� �&<��  �'�+ '�� �&<�� ~F4� }F! � ������
��;j�� +�UK*,��( � �� ��) ������! T*�H �S���� EC�*& ��H4�� �*T�*�H�Z �0 � �*"�a >���D 0��  #+

D �� &<��*K &h( ���J �� �*�� )Saláková et al., 2009.( K�� �+  &<�� �� oL ����.�� &*T�y �G� �� ���D
�	E� [S;A� �"�� � #	*!  ���:) ������ ��0��� �!��+���� �;<�� #��! �� K*+ ����6 ��C�D #E3�F� �� .(

"�3�� &G�d ]��aT� �� c0 � "�� � #	*! &<�� �� �*0�3L "�3�� "�a*� K*	U �� ) �*0�3LMDAO��j, (  �+ ��<
 "�� &<�� �� K0L#:�:  K��L ��0]*+ �,  -�� #��! ��308  ���:) ��+6�� K�� �+ &3=� #� (  &*T�y #� ���I�

�;�L  K��L #��! &<�� ����*
��c� �,  -�� ��308 ��  .�<�+"�3�� �� ) �*0�3LMDA �*,��*
�� ]	, �� �@A�< (
"��� � ���+ ������� ]��aT� ��	0�  n�J� � ���L ��0
���(*!��*"� &!� ��*X*3 )Botsoglou et al., 2002 .(

 ]��aT� K���+�	+MDA  �
���(*!��*"� �� ��*X*3  ���� #�I: ��) &<�� �� �B*� >�B? ]0�� #+ �V	� ����,
) ��< (���ed '��� � cE) � &T�+Buckley et al., 1995 "��+=�+ .(MDA �� K��L ��  P*!L #+ �V	� ����,

&T�+ #+ �,���< #+ ����( ���+ ��0 �1��  �+ �����! ]	, #� &!� ��< '��a� .���� �F*j� ]	, n�J� ~J��� ��
�;�L ��) ���I!S( O���� �*!� "�a*� ���;������*
�� K*;��a� c�a�L P��h, "��*
��  ]0�� �� (���I!S( c.� ��0

c0 � ����  K*	UMDA �� ]��aT� �� "�A ���) �0�  �"����I0 � ��	(1397.( ]	, #� �	U�0 ��IE� ��0  #�I: ��)
c� ��� �&<�� ��:� �C�D ������L x���< �� (��D��� �;�L &*T�y "��+ �, #��I� �� ����*
��  �� K��L &<�� ��0

]	, #� ����� ��0��� �F���<  ��:� (������ � �����! ]	, Zs�) �<���( ������;!� x���< ��  ��A ���< ��0
c� #+ #:�, �+ K���+�	+ .&<��� ;�L &*T�y "��+�,� ]	, #+ #��! K�� �!�( �K��L �� #��( ����*
��  �*,��*
�� ��0

 .��+ �0��A �,���< R=�I;D� a*� (�����! ]	, �w��� RSs�) ��< Z*Ij,  
&*3�+�;� �G� ��  �� ���A ��042 ����( �����  &G�d �.	, ��0!�*� ����O ��, �  [S;A� #��! �� K*+ ���
*��

�	E�  i&<�� ����#+ ��) #� ���, &G�d � -�� #��! �� O���� �*!� &G�d  ���:) ��+ �,=�+ K��L #��! �� ���
*��
7 i05/0≤P ���I!S( O���� �*!� "�a*� .(#+ "��	� �;�L &*EC� ����*+ ������� ���) &!� "�+ ����*
��  �"����I0 � ��	(

1397 .(�� ��I;D� #+ �#��! �� K*+ �;����� x���< "��+ "�
�� #+ #:�, �+K*��( �� �;�L &*T�y "��+  #��! �� ����*
��
#+ R=�I;D� �-�� �+ #
��4� �� K��L >��B, &�� �� ��*;�q ��0 �<�+  

&*!�B	3 �?�� �&����,�I0 ����4� �]0�1( K�� Y��;� #+ �	+ Z*T��;0 � �0 �0  Z*T��;0 &H
� �  #��! �� &*!�B	3 #+
 ���: �� -�� � K��L)8( .&!� ��< ���� "���  
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�@ F67 .&*3�+�;� �+ �;<�� #:�: #��! �w�  K! �� ���I!S( ��042 ����� 
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K��L 79/1 38/1  27/2  a63/131  65/3 b67/5 33/271 57/115  93/8  45/4 

-�� 62/1 41/1  26/2  b31/110  66/3 a69/6  40/248 04/108  32/9  42/4 

SEM  22/0 11/0  05/0  93/3  10/0 19/0  03/9 32/4  18/0  11/0 

P-value  58/0 88/0  89/0  01/0  ˃  92/0 01/0  ˃  10/0 24/0  16/0  87/0 

a-bK*���*� >��B, : �	E� "�;! �0 �� >��B;� [��D �+ �0 ) &!� ���05/0P<.(  

  
 F6�@8 . � -�� #��! �� �� &*!�B	3 #+ Z*T��;0 &H
� � (�?��) &����,�I0 ����4�K��L 

  M��O  W��  SEM P-Vlaue  

 K! �� &����,�I0 �?��32 �����  84/34 a 41/32 b 45/0  003/0  
 K! �� &����,�I0 �?��42 �����  72/34 a 44/32 b 20/0  006/0  

&*!�B	3 �?��  K! �� �042 �����  83/72  50/80  55/2  051/0  
Z*T��;0 �?��  K! �� �042 ����� 17/27  50/19  55/2  051/0  

 &H
� K! �� &*!�B	3 #+ Z*T��;042 ����� 42/24  67/38  79/4  62/0  
a-bK*���*� >��B, : �	E� "�;! �0 �� >��B;� [��D �+ �0 ) &!� ���05/0P<.(  

  
"�A #�D�� �� �0 ��  ���) ��*�32  �42) ��+ �,=�+ -�� #+ &H
� K��L #��! �� &����,�I0 �?�� (05/0≤P ����4� .(

 �� � &����,�I0&*3�+�;� �� ���A ��0 *;�q �� �wr;� ����,) �<�+ ����( OKokore et al., 2021.( #E3�F� ��  �< '��a� ��
"�A �� &����,�I0 ����4� [S;A� #� ��*�  ��� ��021  �42 �	E� K��L � -�� #��! �� K*+ K�� �+ .��H� ���  ��I< ���D

��H��  ��� u��*���A �� a��J ��021 #+ K��L �� �	E� ��) c� ���� ) ��+ -�� �� �,Varmaghany et al., 2021 .(  
&*!�B	3 �?�� � � �0Z*T��;0 �?�  �0c0 � �	E� [S;A� �;<�� #��! �� K*+ &*!�B	3 #+ Z*T��;0 &H
� K*	U  �� ����

"�A  ��� ��*�42  ���:) &<���8 .(T��;0*Z !�B	3 � �0*& B! ��H�� n�� �� �0*� #+ #� �	;
0 "�����( �� "����T  ]4� P*,�,
!�!�� � ���	I� ,�g� HF, �*4� ����� )Johnstone et al., 2012.(  &H
�H/L "��� &!� K�I� ����L ��	0�� ��+�  �+ #�+�4�

{&��B�  �� �<��!L*P �) ��)�� T��;0*Z �: #+ (�0� �O +*��I� �
�� �) ��)�� !�B	3*& �<�+ (�0 )Johnstone et al., 

2012 .( &H
�H/L �� -�;!� Z���� #+ �!�( ��� :��A� f,**� �� �� ]��aT�) �	� (�+�� � #�� ����, !L �FA*P �aT� ���] 
.�0�  #� &!� ��< '��a�#:�: �0��  &H
� �+H/L �(*�K� c�  &��B� �*wr, &j, �, ��S��I3�!� ���J� �*��� #:�: K�� �  �0

���3L � �E*H) x���< &j, �!�( ���;��+ K�� �+ ��< #;T�� ]��aT� �+�.;3� ��0 �� "��� �� ��, ) �	0�Thiam et al., 2022 .(
 �+K�� �*J� �G���.y� ���+ ��D &*!�B	3 #+ Z*T��;0 &H
� ���� �� �, #��! �� ��  -��308 �!��+ �K��L � ]*+ ��0  �� ��,

��������L "�A �@@h, ��0 �� ��= ���*���A �) �� ]	, "��+ x���< ��V�� #+ #:�, KIC ��!�	< .�<�+  
 �C�D #E3�F� ��p�� �*�� Z+�J ����( K*+ �.:�, ! �� ��0 ����( O� #��! �0 �� ���� Z� ��) ������ ��0��� #��

 ��� .(�< v�, '���( ���� �A��� ��p�� �*�� Z+�J ����I� ��	� �� �� ��HJ "��� ����,  � #	*.+ &����� ��	0�
����( �� ��T� "��+���J�+ #;T�� �(WBJ) �<���( c;
*! � ������L x���< #+ #:�, KIC Z� �� .�<�+ �0 1( ��0 ]0�

�� �C�D #�� �� ���1	.+ �*+��, g�h,� � &����� �� ����, OI� ��*) ��0 .�<�+ ]h+  
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