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Introduction Bacteria of the intestinal tract may have a profound impact on lipids' digestion and 
utilization. The proposed mechanism for reduced lipids digestibility is the de-conjugation of bile 
salts, via bacterial bile salt hydrolase (BSH) enzyme activity. The activity of BSH is well 
recognized in some genera of lactic acid bacteria like Enterococci. Bacteriophages are recognized 
as bacteria-eating viruses, which are host specific in contrast to antibiotics. We find bacteriophages 
that lysis the laying hen's intestinal Enterococci. It is expected that oral administration of 
bacteriophage lessens the negative impact of Enterococci BSH activity on lipids digestion.  
Materials and Methods A total of 240 high-line W-36 laying hens aged 50 weeks were tested in 
six treatments with five replications and eight pieces in each replication for eight weeks in a 
completely randomized design. Treatments include, 1) control (basal diet without additives), 2) 
basal diet + antibiotic (virginiamycin), 3) basal diet + lipid-lowering drug (atorvastatin), 4) basal 
diet + bile salt powder, 5) basal diet + oral gavage of Enterococcus bacteria, and 6) basal diet + oral 
gavage of bacteriophage against Enterococcus. 
Results and Discussion The results showed that the group receiving the lipid-lowering drug 
(atorvastatin) had significantly the lowest percentage of egg production, the lowest egg mass, and 
the highest feed conversion rate (P<0.05). Enterococcus bacteria and atorvastatin had the same 
performance, although Enterococcus bacteria did not increase the feed conversion rate as much as 
the lipid- atorvastatin, it performed poorly compared to the bacteriophage. The use of phage in 
poultry improved performance. No significant effect among treatments was observed in albumin, 
glucose, uric acid, calcium, and phosphorus. The level of cholesterol, triglyceride, total protein, and 
globulin in the atorvastatin group was lower compared to the antibiotic and bile salt groups 
(P<0.05). Cholesterol and triglyceride levels were higher in the antibiotic, bacteriophage, and bile 
salt powder treatments than in the other treatments (P<0.05). The lowest concentration of uric acid 
was observed in the control group and the highest percentage of hematocrit was observed in the 
bacteriophage and control groups. The role of antibiotic and bile salt in the rest of the reports was 
the same as bacteriophage but regarding the increase of hematocrit in bacteriophage treatment, 
phages showed their superiority in this field (P<0.05). The total number of aerobic bacteria, lactic 
acid bacteria, enterococcus, and coliforms in the bacteriophage group was less than in the bacteria 
group (P<0.05). However, the digestibility of crude protein was not significantly different between 
bacteriophage and bacteria groups (P<0.05). The total population of aerobic bacteria was lower in 
antibiotic and bacteriophage treatments. This study demonstrated the ability to use bacteriophage to 
reduce the population of specific bacteria. The population of lactic acid bacteria was higher than 
other treatments in bacteria treatment. Bacteriophage had been more effective to reduce the 
population of Enterococcus bacteria than other treatments. A close competition between antibiotics 
and bacteriophage was observed. Regarding the reduction of the E.coli bacteria population, it 
showed the appropriate ability of bacteriophage to replace the antibiotics. The digestibility of ether 
extract and dry matter in the bacteriophage was higher than in the bacteria group. The dry matter 
digestibility in antibiotic and bacteriophage is similar, but bile salt powder was not similar to 
bacteriophage in this case, and the dry matter in bile salt powder was the lowest (P<0.05). 
Conclusion Based on the results, oral bacteriophage could improve dry matter digestibility and 
reduce the Enterococcus bacteria population without a significant impact on production 
performance in laying hens. 

 
Cite this article: Zeinali, S., Karimi Torshizi, M. A., & Shariatmadari, F. (2023). Effect of esophageal gavage of 
anti-enterococcus bacteriophage on productive performance, ileal microbial population, and nutrient digestibility of 
laying hens. Journal of Animal Production, 25 (2), 201-213. DOI: https://doi.org/10.22059/jap.2023.353765.623725 
 

 

© The Author(s).                                                                Publisher: University of Tehran Press. 
DOI: https://doi.org/  10.22059/jap.2023.353765.623725   

 



  
  

 
گاه ���ان  ا��شارات دا�ش

  �و��دات دا�ی
Homepage: https://jap.ut.ac.ir/ 

 X۹۹۴-۲۳۸۲شا! ال��رو�ی�ی: 

 

����� ��	
� ��
 ���
���
�� �
� -  �� �����	���������� �����
�  �!�" ���	��# 

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

 

����� ��	
1 | �
���� �	��� ���� �	��2  | ����	����� ����3 

  
1. ���� �	��
 � ��
�
� ��	� � ���������	���� ������� ��	�� ����� � ��!� � . ��
�:#����
�	 szeinali@ut.ac.ir 

2 . �%�&'� ��('
�� � �	��
 ����	��� �
�
�� � ���������	���� ������� ��	�� ����� � ��!� � . ��
�:#����
�	 karimitm@modares.ac.ir 

3. 	��� �
�
�� � �	��
 ���� � ���������	���� ������� ��	�� ����� � ��!� � . ��
�:#����
�	 shariatf@modares.ac.ir 

  

����� �� !"�  #��$%   

 :����� '()*�+�,
 -.�/�  

  

  

����* �+�,��: 22/10/1401 

����* ��-)��. :17/03/1402  

����* /0�1� :19/03/1402  

����* ��2�)� :15/04/1402  

  

  

����#3�4 :�5   

�6���
�7�8�    

��9��:* � �;   

.���� <=� >���  
	�!� ��������6��  

��?����+� ���	.  

  ��@8� �A�7���� ��� �6���
7�8�  ��6����  �������6��	� #(�B  �� � <+ C�(B  ��@8� D����� 
6�E* �����F �
D��(����
'��C �	��� ��(+�� ��B* ��6G��	��E�C  �	��
 F:��+� ���HI� ����  ��

.�� ���J:K��� J��L ��� MN� ���� <O+�  �� ���H6G� ��240 #PQL >�� 	�M�:=� �+�R
C #� S�� 

 #6H+ ��+	� 8��T� UV��� W�� X.�L* G	��* �9 .�6�
Y  #� ���  �����	�: ��6G��	��E�C <� ��
C 

Z�T�  �[�	�;�I	� .���� <=�>��  ����� <=�>�� � ��R��
C �\
X �]�
^  [�	�;�	 �9�� 

)05/0<P .( �����
 �8�
	� ��((� ��6G��	��E��C aQG �%��6'J� ���J��'��
�� &���
�C ^� .���J� ��C 

�
�
C��� 	� �/�
#'  �����+	�:� ��b� 6�E*�����F � 	��
 F:��+� ���HI�  �(69�� )05/0<P(. 
<� ��
C  �cJdF
	�� ��G�  	� �����
 �+�9 ��R�� �
C �����:+ �I	�
�  	� �����
 �8�
	� ��((� 

�6���
7�8�  �+�9 ���+��� �9 )05/0<P .(	�:9 ^� �6�����+� ���+�� �6�����+� G��� 6�R��F 

�������6�� � J�*e�8�+  	� �����
 �8�
	� ��((� �6���
7�8� <� ��  �� �����
 �8�
	� ��((� 

�������6�� ) ���05/0<P .(�#B��� J��L�� &���
 <O+�C e�; ��C ���+	�:� �6���
7�8� � �6���� 
 �������6��ZV6;� (P�*	��� �9����  ���J��L�� <O+ ��B*  	� F�; ���� � e�; �����
 

�8�
	� ��((� �6���
8�7� f�� ��  �� �����
 �8�
	� ��((� �6���� �������6�� ) ���05/0<P .(��G��� 
�6�
Y �^I�b 7���� ��� �6���
7�8� ��
- �������6�� ��� ��Ah� .�� ���J:K ������ XD�� f+�� 

P:D�� �6����  � �������6����]!� J��L�� <O+ �+�i�  F�; ����	� >���+�  	�M�:=��*��9.  

  

:+���
� �
J( �*:G�# j��
:* 9���@ ���:k� ����   ��9
	��:6P �
�8 ��)1402 .(Ah��� 7���� ��� �6���
7�8� ��
 - �������6�� �� ���J:K .������ P:D�� 

������* �
e�&J �  J��L�� <O+ ���� MN�� 	� >�� ��+ 	�M�:=� . #
���*��� S���.�� �25 )2 �(201-213.  
DOI: https://doi.org/10.22059/jap.2023.353765.623725  

  

:���)  ��!� ������� S�	��6�� #'Gl�          .             © . ���('
��  
  

 

 

 

 

 



67��� 3�4�8 ��� ����.�3��( +�0 - :(�(�4��)� �. +�$�	  �(����; �	<�, ��.4�$ � / ...?���$	5 4 ����� ��	
   203 

11��2� . 

��6����	�:�� ^���K ��  ��@�� mHb � *(:
� <6'�G ��MN� ���� ?MD � <O+ 	� *:!� f/� ����	 ��+ ��n�� .��	�� ��

*������ ��P:D 	��/6G� � ��6��� �9	 �� �����JD ��  �@8� ���	 ��H��	�:�� ��+ <6'�G #PG�� � F
�k� XD�� ��

  ��@�� *(:
�*�) ��9Sarrami et al., 2022.( 

��6��� #� �G� ����  ��� oJ6=� S�P.�Q�^�G���6�R ��c� F�6�R ��G� ��((� ��.�� ��+�������6�� � �+ ���b �+95 

 ��P:D �� �I	���6���*� ^���� �	 ���	 ��+) �(+�Sarrami et al., 2022(. #� ��9 #6;�(9 *��;  #� �G�

G���6�R���J*� ����
 �	��� ���6G� ��VG � ���J:K �� *6]n� �A� ��	�� �+) �(9��Apajalahti & Vienola, 2016.(   

��6��� ���P� f+���	�:�� ��+*� ��#� ����� ��	 F
  ��(K��6��� ��P:D f
�@8� 	� 	�� f+�� p
�� �� ��H� ��+

 ��9 #68�� �c� 	� ��6��� ���� �� C
� C�� ���L	)Sarrami et al., 2022.( ��6���#� �������6�� q(D ��+   ��(K

��6��� �� *:!� f=� ��((���.�� ��+*� #6;�(9 F�6�R ��G� E *��������
 S��A� #� ���9 p
�� ��  ���b ��VG �� �+

?����� <�c(�*� �	��� ���6G� ��+ ^:�� #� �G� ��9 ����  ��� .�9�� #
�G �� ���D ���G�������6�� G�8�e� D�� X

��6��� 	�!� � *.E ��+��G� ��.�� p
�� ��  ���b �9	 ���J:K ��]!��	�:�� ��+*� ��) ��9Zhang et al., 2019.(  

C
� ��*����� �%�b#
�G �� *OP� �	�� 	� *
�+#� 	� �������6�� ��+ �	�:��  ��E��D� #J:D �� �	��'� ��+

*6rG�	�:�� ����	 e	�� �*:G���HK � *'H(� ��+ *;�� #69M�  ��.�G %�� 	� .�	�� ��D� �	�	�� ���6G� ��+

#���  ��+�'
���
 ����� 	� ����/� ?�'6�� ��J��L #� �������6�� ��6���#69�� �	 �+ ����#�  ��(K �	�:�� ^��K ��

��9 #6;�(9 ���)�	�� � �	��:+ � *���
�	 1394(. 

. <O+ ����F:� ��D� ��	��� ���6G� 	� �+��r� .�G� �	��\ ^'�� �  ��'.��� ^���� ^b��� 	� ����HI ��+

#��� �(��� �	��� ���6G� 	� ��D�� *
�
�6��� ��+�6'J�
�
e� ��+�6���
s��� ��+��H��6����� � �+�������6��*� �+ �� �(����

<
@�E ��.��F:� �R�	��+ ��+ � C�'�J� �����HI ��+%��.�� �� �	 C
	�s��F:� ��+ E � #69���� ����HI ��+ �	 �+

 E ^
�]� XD�� �
�!� 	� � �((� t��@���d��.���6� #� �+��6��� uG�� ���N� C
� .���9 oJ6=� ��+ ?MD f+�� XD�� �+

F:� v8� � *��B *P�]�*� w�8�� ��	 �� t��@���d ����HI ��+.�P8 	�!� #� �G� ��9 �	�@� .��9 <
@�E �� �R�	��+

F:�*� ����HI ��+) ��9  ���b ���J:K ��]!� �
�!� 	� � ��r�. <'�.���6� ��]!� XD�� �����Geng et al., 2020.(  

���
� (�+	��; ��6��� �
 �+7�8) �+7�8�
�6�����6��� #� #� �(6'+ *
�+*� #J:b �+%�JG 	� ��n�� p
�� �� � �((�  ��+

 ��.�� XD�� ��; (F�6�.) *68�� #;�B 	� ��6��� E x�� yK�� � ��9  ��@�� %�JG 	� �
�D ��+7�8�
�6���*� �+ .���9

 #+� ^
��� 	� �+7�8�
�6���1900 #�  ���  E �� U�]
�/� � ���9 o�� ��V�� ���HK �� #J��/� 	�c(� ���H6G��	�� *
�
�6��� ��+

*6�E o�� �� q
 ��� ��(68�� 	��LF����� E �� ���H6G� ��6'� � �+	�; 	� �+ *9����8 #� *��'�� ��Md � 	��� � e�� [�

C
� �� .���9 ���rG *6�E �� ���H6G� 	� SV��� ���� #� #D�� �� ������ �%�bF�������6��� f
���
 #J:D �� �+ #� e��/� ��+

*6�E���� ���
 ^
�:� �+7�8�
�6��� �� ���H6G� #� C�//k� �F�������� )��:b�  � �	��:+ �1394.( 

*� 	�c6�� ��� ��	�� ��D� *
�+�
��� 	��� �P(I 	� �+7�8�
�6��� Z�T� � ���	�� �	�� 	� #B��� �+7�8�
�6��� #� ��	

*6�E ���� ���H� C
@�
�D �(���6� *
�	���(B ����/� �TK 	�F����� Z�+ �� �\�b #P.�Q� ���G� C
� �� .�(9�� �+

 *G	����Ah�  #�JK 7�8�
�6��� ��� 7�����������6�� *6�E ��  E #'
�/� � C���6G��	��E ��	�� �C�'
����(�D�
� F�����

)#�  ��(K  ��6��� � ���� ���HI 	��
 �( �; *��B ��(+�� ��	���������6�� .��8�q  ��J��L ��	�M�:=� ���J:K ��

 � *��B #J:D �� �MN� ���� <O+<+ C�(B W�� *��&J
� X=6(� *������ ��P:D �@
	�9. 

  



204                                        ���� ����	
�� 
��� ���� � ���� 
���� � ����1402 

2. 5	, 6)	7� #8
9:  

���� ���G��D ��
 7�8�
�6���-�������6��  �	 �������6�� ��6��� �G� 	��L #� �7�8�
�6���)#�  ��(K  *
�G�(9  ��@��

 #;�B p
�� �� �	  E ��(��]� C�� �� *68�� F
 e�� �� #��:� w�8�� 	��� 	� 100 *J���6�.  �8��SM  (<
@�(� C�.�G)

C�:+ �9 .%�Jk� C�:+ ��9 #� S�� 20 #/�L� 	� ���� 	�!B #D	� ���'JG 	� g× 00021 7��H
�6��G �9. %�Jk� 

 M8�(� �QL �� #
R�
 �� ��97��H
�6��G22/0  � �9 ���	�M� �6������250  ��  E �� �6�.�����50 �6�.����� �� ��6��� 

�������6��  �
��H�� v
�� u�k� 	� ��� �K�G #G) @N� � XJL )Merck, Germany#� ( #.�. 	�!B  E 	� #� �
�D 

*J���6�. u�k� ���  �
��H�� @N� � XJL #�#8�\� ��� ?�M� e�� 	��E ���:+ �9 . 

 #JI�8V� q
 �� {�J=� � ��� #��:� ��	 ��6
 f
� �� #
�
 �	��E )Serva, Germany (#6=
	 �9 .q
 �� ^���� 

[V
 � ��+��� � E [V
��+ �� ^�9 � ��������+ oJ6=� �� ���H6G� �� �r�
 	�6G�
 ���G��D � 	� #.�.��+ ���b 

u�k� ���  �
��H�� |��� @N� � XJL � ��6��� �������6�� *(d �9 )�	�� � �	��:+ � *���
�	 1394(. C
� �^b��� 

#� 	�c(� }.�;��+7�8�
�6��� ���G ���G��D ���9 	�!B #]��� 	���� ���9 .���� C��P� 	��K )���P� S�	~ (p�JP� 

�7�8�
�6��� q
 �� #�!� ��+7�8�
�6��� ��6�� �L	��+ *.�
�G 10 *
�� �� 1-10  �� 10-10 #�!� ���9 .q
 �� X���� �]'� 

	�!B #� F
 �� �+ �L	 � ��� ��6��� )#� S�� #� (�K�G #G u�k� ���  �
��H�� e�� 	��E @N� � XJL �?�M� �+ 

e��� ��  E�+ #� 	�� #�����D #� ��6
 f
� �� #
�
 �	��E #8�\� ���9 .q
 �� �	�:9 [V
 �L	 	� ��9 ^���� ��+

XG�(� 	��K p�JP� �7�8�
�6��� #]G�k� �
��� )��:b� � �	��:+ � 1394(.  

���� C��P� ��+�� S�b  ��+7�8�
�6�����
-�������6�� �� C�� 50 w�� 7�8�
�6��� #� �G� ���E� S��QL 10 

��6�.����� �� �+ 7�8�
�6��� }.�; ��9 #� F
 ��J
 �� 	��E �� �#
R ���b ��6��� ��'b #����� ^/6(� �9 .q
 �� 

� E #� 7�8�
�6��� F
 ��	�� ��.�P8 �\ *
�
�6��� �v�G� x	@� �������� C
 �[V
 ���P� 7�8�
�6��� f�� �� 	� �+ [V
 � 

��	�� ��8�H9 �R�� [V
  ���#�  ��(K X=6(� 7�8�
�6��� �� S�b R�� ?�=6�� �9 )�	�� � �	��:+ � *���
�	 1394(. 

#� 	�c(� ��n�� �X=6(� 7�8�
�6��� #� 	�� �#IV; ��6�� 	��/� 200 �6�.����� �� #��:� 7�8�
�6��� ?�=6�� �9 �� � 50 

�6�.����� ��6���  ��@�� 	� Y(
 *J���6�. u�k� ��� |���  �
��H�� @N� � XJL {�J=� �9 .C
� {�J=� #� S�� 24 

�K�G 	� ���� 37 #D	� ���'JG ���� 	��L �9 .�P� �� � E #��:� #� S�� 15 #/�L� 	� g× 00021 7��H
�6��G �9 .q
 

�� Z�I  ��� %�Jk� �6��G
��97��H �� ���H6G� �� R�

# 22/0 ��������6 ��+7�8�
�6��� ��9��n�� 	� ���� 4 #D	� 

���'JG �	��!�� ���9 )�	�� � �	��:+ � *���
�	 1394(.   

#� 	�c(� ���G��D �������6���+ #��:� w�8�� ���� >�� 	�M�:=� �� ���H6G� �� F/9�L  ��6G #68�� �9 .F
 e�� 

�� #��:� w�8�� 	� u
��9  ��� *���.E #� #.�.��+ ���b ��# *J���6�. %�Jk� C�.�G %����  ��6G ^/6(� � �� ��+ 

#]��� #� ^�9 *.��6� �� ^��K �L	 F
 <+� p�L	 �9 .�qrG 100 �6�.����� �� �+ �L	 	� F��/�� ��� #� ���:+ 15 

*J���6�. u�k� ��� ������6
�6G� *�Z� 	��E )Merck, Germany (?�M� ^:�� ��9 �� F
 %�Jk� �I	� 

e��.����6� �
�J��	��+ )Merck, Germany (#6=
	 �9 .#��:��+ #� S�� 24 �K�G 	� ���� 37 #D	� ���'JG 

�	��!�� ���9 .����  �(�:�� �� �9	 XG�(� �������6���+ 	� #��:���+ *G	�� �9	 � *�,
���+ �=
	*G�(9  E��+ 

��	�@��E �e�� ��.�� �R���� � ^:k� �]'� #� F:� e�P� e���� �9 .	� *��:� ^b��� �� ��6��� �������6�� .��8�q 

51299 #�  ��(K �	����6G� ���H6G� �9 )�	�� � �	��:+ � *���
�	 1394(.   

e���� ���� #K	@� ���P� ��\�b #P.�Q� ��240 ��+ 	�M�:=� >�� #PQL C
R36W  CG ��50  � 	�:�� f9 	� #6H+

) 	���� Y(
��+  (	���� �+ 	� ����
#� S��  ^��9 *�
���E ��+	�:�� .�(68�� 	��L f
���E�	�� #6H+ ��+1 -  	�:��
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 #
�
 ���D �� #
MN� ��+�9��G��� S	~- ��
�G #.��(�2- 
�
 ���D +#5/0 *6�E e���J�� 	� e�� C�'
���(�D�
� F�����

10  ��I	�3-  +#
�
 ���D3/0  C���6G��	��E ��L e���J�� �� e��40 *J��e��- �
	E ���G�	�� ���9-  � ��
�4 - 

 +#
�
 ���D4/0  ����� ���HI 	��
 e���J�� 	� e��5-  F
) q�.��8 �������6�� ��6��� ��� 7���� +#
�
 ���D

*J��. ��6�810 ^���� �b�� *J�� �+ 	� *(J� ��(+� �(�6�.6- *J�� �� ��� 7���� +#
�
 ���D #�JK 7�8�
�6��� �6�.

F
) �������6��  �cJd �� ��	 	� 	��710 ^���� �b�� *J�� �+ 	� [V
 ��(+� S�� ���� (�6�.56  ?�=6�� .����� ��	

 C���6G��	��E ��	�� 	��/���G���  ����Al�  Y
�6� 	�f+�,
 ��+ ��� *J]L ��9��6(� ); Elkin & Rogler, 1990

2012 .,et alKumar ; 2004 ,.et alKim; , 2003.et al Elkin.( 

 7����#� S	�I uG�� #����	  �	�:9 7���� ���:;  ��G�G18  F
 Z�T� 	�]�
 ���G ��	 #� 	��� ��!6�� ��

*J�� e���� ��� ^k� 	� ��� ��9 XT� ��6�. %��D 	�  E *
��:�9 X���� � *�
���E ���D S�T=�� .�9)1(  ��	�E

 �� ���D <�c(� 	� f
���E C
� 	� *��B <O+ ��J��L *G	�� ��:+� #� #D�� �� .�G� ��984/4 �I	�  ���H6G� Cd�	

9 *�
���E �	�� ^� ���� �	�� #����� .�#� S	�I 16  *G�6G� .�9 <�c(� *�
	�� �K�G ��+ � *
�(9�	 �K�G

 *�
���E �	�� ^� 	� [�	�; � ?E #�  �����
#� S	�I  ��.��  �@�� .��� ���E<=� >�� #�  E  �� C������ � S	�I

#� *�
���E �b�� �+ ���� #����	 ��.�� �I	� .�9 �]A *�
���E �	�� ��!6�� �� #�����D 	��<=� >�� ��G���  ���P�

<=� >��>�� ���P� � ���.�� ��+ ����  �� .�9 #]G�k� *�
���E �b�� �+ #� {���� ��+<=� >��  p
�� �� ���.��

  �� uG�6� ?�\<=� >��  E [�	�; Z�T� .�9 #]G�k� ��.�� �I	� 	�]G�k� ���� @�� �+ [�	�; ^
�]� X
�\ #

 .�9 �]A<+ C�(B ������ f
���E ��!6�� � ��6�� 	� qHL �+ 	� ��D��  �����
  ��.�9 ����  

  

C4�< 1 .���� ��	�;* ��� ��X 9�:��*
 D��� ���E
�*  

 ����(D +�(�  (F�8(��� �G �5 �+ F�8(���)  
S	~  41/50  

#.��(� �G
� )44 �I	� &���
�C(  45/31  
Cd�	 �
�G  84/4  

S�(��� <�'J�  25/10  
��'J��< S�H'8  77/1  

 ^:���
��6�(*1  25/0  
 ^:����P�*1  25/0  

�� %� 6�����C  28/0  
F:� e�P�  35/0  
��D 9��
C  14/0  

���� MN�� #]G�k� ��9  
7���� ^��L �;�G ��G� )���.���J� 	� ��e���J(  2850  

&���
�C e�; (�I	�)  78/17  
.�@
C (�I	�)  97/0  

6�����C (�I	�)  57/0  
6�����C  +G�6'�C (�I	�)  84/0  

��s���C (�I	�)  68/0  
'J��< (�I	�)  37/4  

�H'8 ^��L ��6G� (�I	�)  44/0  
�G
< (�I	�)  20/0  

1. �+ e���J�� ^:�� ���b 3600000 �b�� C���6
� A� 800000 �b�� C���6
� D3� 14400 ��J* e�� C���6
� E� 800 ��J* e�� C���6
� K3� 710 ��J* e�� B1� 2640 ��J* e�� B2� 1176 
��J* e�� B6� 400 ��J* e�� B9� 6 ��J* e�� B12� 11880 ��J* e�� �C�G��� 3920 ��J* e�� ��G� �F�(��6��
 40 ��J* e�� C����� � 100000 ��J* e�� C�.�� �
��J� .�+ e���J�� ���b 39680 
��J* e�� �@(�(� 20000 ��J* e�� �C+E 33880 ��J* e�� �	�� 4000 ��J* e�� �q� 397 ��J* e�� �
  �80 ��J* e�� e��(JG.  
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 � #68�� t��� x�+��G p
�� ��  �; #��:� �*�
���E �	�� ��!6�� 	�#� S�� 15 	� #/�L� g× 1000  �9 7��H
�6��G

 	� ���G��D �� q
  �; e�G �20-  #D	����'JG �C���].E .�9 �	��!�� *
��:�9��� @�.��E ���� �C�.���J� C�&���
 

�^� ��� ��
��'�J� �@��J� �%��6'J� �F
	����G� <�'J� ��� �� ���H6G� �� ��6��68��6�rG� ��	 uG�� �H'8 � ��+

������ ( ��
� � ��!� � ���E �	�
) �	������9 ����. #��:� �	�� ?MD�H6G� �� �	����6G� � �+ 	�
	 ��J
����� �� ��

)BioTec Epoch; BioTec, USA � �s��L (�
�!�	� ��.���6� �cJd �+��G���  	� �cJd � �	�� ?MD  �@��

 .�9 #]G�k� �	����6G�#� 	�c(� v8� ���� SR�O8 �� e�� F
 �*������ ��P:D *G	��  �L	 ��G .�9 #69���� ��9

) *.��6�1-10  ��8-10C�.�G S�H'8 �8�� 	� ( ��6��� ^� �	�:9 ���� .�9 #�!���6��� �����+ ��+ �F�6�R ��G� ��+

��6��� �*J����
�9� � �������6�� ��+1/0 *J�� �;E �L	 #G  �� �6�.#� X���� ��� u�k� 	� 	��E ���� ��J
 ��+

)Merck, Germany) 	��E .�� .	E .e� �(Merck, Germany) 	��E .Z� .*� �(Merck, Germany � (F� 	��E *����

)Merck, Germany ��� (���9*��J� . �� q
 ���9 �+�i ��+24  *.�72  ���� 	� �	��!�� �K�G37  #D	�

���'JG ) ���9 �	�:9 ����+ u
��9 	� �., 2022et alVosoogh Sharifi .( 

v:D �� ^]L ��	 	�!B e���J�� �+ 	� e����6�� ��'�� e�� Y(
 �SR�O8 #��:� �	�ES��K ���� � ���@8� ���D  ��
M


v:D *(�G ��6�� e	�!B ��	 	� .�8�� 	��L  �����
 	��6;� 	� ���� SR�O8 	�� F
 �K�G �� �+ � �9 @�:� ��� �	�E

v8�  ��9#� S�� v:D �K�G ��+v:D  ���  �
�
 	� .���9 ^/6(� %��=
 #� � �	�E#��:� ��	�E �b�� �+ ��+

�� *�
���E  � {�J=� <+ ���b � ���9 C�:+50 ������  ��� �� #��:� e������ ���� 	� ��P� ��+20-  #D	�

���'JG #��:� .�9 �	��!��v:D ��+�	�E {�J=� �� q
 ��9  ���� �� �  �E 	� � �960  #D	����'JG  .�9 F�;

#��:�&���
 � e�; *��B �F�; ���� <O+ ��J��L C��P� ���� SR�O8 � [�	�; ��+#
�	 �� p��Q� e�; C� ��+

 �	����6G�AOAC ���9 @�.��E )Helrich, 1990(.  

 ����������� �� q
 �������  �@�� ����# �G� %�Jk� �� ���H6G� ��  ��G��]�.�� *(k(�  �	�E %�� 	� �	����6G� ��+

 t��410 ) �6��68��6�rG� ���6G� uG�� �6�����Jenway 6320D spectrophotometer, UK%�Jk� �(#�!� ��+  ��9

#��:� ���i <O+ ��J��L �qrG .�9 �cJd C��P� � �s��L �+) #Q��	 �� ���H6G� �� �MN� ���� ��+1�9 #]G�k� ( )Geng 

., 2020et al(.  

 #Q��	1                                                    (                           DD= (1-[( ID×AF)/(IF×AD)] × 100)  

#Q��	 C
� 	� #�� DD j���D �MN� ���� *��&J
� <O+ ��J��L �I	� �ID j���D 	� ��	�� �cJd �AF ��	�� �cJd �

 je�&J
� S�
�6k� 	�IF �  e�&J
� *:O+ ���� 	� �MN� ���� �cJd �AD .�G� ���D 	� �MN� ���� �cJd �  

���� #
�	 �� ���H6G� �� ^I�b ��+GLM e�� �	��E 	�@8�SAS   #='�)1/9%�� ���� ( ) #Q��	2(  C������ � #
@��

#(����(B  ���E �� ���H6G� �� �+	�:�� C���� �� .�9 #'
�/� �I	� Y(
 �	��E aQG 	�  

 #Q��	2  (                                                                                                           Yij = μ + Ti + eij  

  �� �(�	�]K �@D� %�� C
� 	�ijY j��+��� �+ 	��/� �μ j��P:D C������ �iT � 	�:�� �A�i jeije � (�Q; �A�) ����:�L�� �A�

*�.�9��  

  

3 .1��
� 

)  6)	7� <=� 	  

 %��D 	�)2( ���Ah� #�(G��8 �� *�
���E ��+	�:��  �� C������ �#����	 [�	�; Z�T� ^��9 ����J:K ��+<=� >�� �

 ���� � ��.�� �I	� �[�	�; ^
�]� X
�\<=� >��   ^
�]� X
�\ �[�	�; Z�T� .�G� ��9 ��	�E ���.�� �	�� ^� 	�



67��� 3�4�8 ��� ����.�3��( +�0 - :(�(�4��)� �. +�$�	  �(����; �	<�, ��.4�$ � / ...?���$	5 4 ����� ��	
   207 

 ���� � ��.�� �I	� �[�	�;<=� >��  �k� ���.����Ah� ) �(68�� 	��L �+	�:��05/0<P>�� 	� [�	�; Z�T� .( #� *
�+

 ���� �� ��d ��+	�:�� �
�G � �+�9 ���� �� #'
�/� 	� ����� ���� �8�
	� C���6G��	��E�8�
	� ((���  �������6�� ��6���

) �8�
 f+��05/0<P���� �
�G .( X
�\ .�(69��� *���H� �+�9 � ��
��
 �� #����	 [�	�; Z�T� 	� *�
���E ��+

>�� [�	�; ^
�]� ����� �8�
	� C���6G��	��E #� *
�+f�� �� ���� #�/� ��#�) �+ *6�E � �+�9 ���� @D F�����

) ��� (C�'
����(�D�
�05/0<P .(���� � �������6�� ��6��� ����� ���HI �� ��9	�:�� ��+<+ C�(B  X
�\ 7�8�
�6���

#���� [�	�; ^
�]� *.� <+<� ��   �d�� ���8�
	� ��((� ) �(69�� C���6G��	��E ��	��05/0<P .(<+ C�(B  ��.�� �I	�

<=�  �� �>��<=� >�� <=� ���� �>�� 	� ���.�� >�� ���9 #
MN� C���6G��	��E ���b ���D �� #� *
�+<� ��  #�/� ��

) ���  �����
05/0<P Y
�6� �� p8��� 	� .(�\�b f+�,
  ��@8� #� �G� ��9 �	�@� �06/0  #� C���6G��	��E �I	�

>�� ���D<=�  �� f+�� XD�� 	�M�:=� ��+�9 [�	�; ^
�]� X
�\ f
�@8� � >�� ), 2004.et al Kim .(

<+ C�(B *(P� f+�� ���
� #P.�Q� 	�<=�  �� 	��>�� 	� #����	 [�	�; Z�T� � >��#
MN� ��+  W�QG �� ��9

G� ��9 �	�@� C���6G��	��E oJ6=�� )Elkin & Rogler, 1990.( #�(G��8 	� f+�� Z�T� ^��9 ����J:K ��+

<=� ��.�� �[�	�;<=�  �� � >�� @
���  ��� 	� >��60 �*J� 	� C���6G��	��E e��100  [�	�; e��#� S�� 20  	� ��	

>���G� ��9 ����  ��� 	�M�:=� ��+ )2003 .,et al Elkin(. 

>�� 	� C���6G��	��E �� ���H6G� #� �G� ��9 �	�@� ^
�]� X
�\ � [�	�; Z�T� f
�@8� XD�� 	�M�:=� ��+

*���9 )., 2012et alKumar ( 	� ��� �f+�,
  ��.�� �I	� �  �� e��� f+�� �� *9�� ^
�]� X
�\ f
�@8� �\�b

<=�*(P� f+�� ���� C
� 	� [�	�; Z�T� ��
� ���� >��#� C���6G��	��E .���  ��� �	 �	��*K�(T� <
@�E  ��(K 3-

*'��	��+-3-^�6�<
@�E�� ^
	���J�) ��6���	 ECoA reductase-HMG*� C���6G� ��+�	�� ���� �� ( �� #� �9��

 <
@�E 	�!� p
��CoA-HMG *� �����JD %��6'J� ��.�� �� ��6���	�(� )., 2012et alKumar  .(  f+�� ^�.�

>�� ���J:K 	�!� #� �	�� %�:6b� ��� ��'�� }=�� C���6G��	��E �� ���H6G� #��6� 	� 	�M�:=� ��+CoA-HMG  �

C�&���
�r�. ?MD � ��.�� f+��<=� � ��	�  �� f+�� #� ��(� <� 	��'� *.��B �� ��+ � >��<+ C�(B  ��� f+��

<=� ��.����9 >�� ), 1999.et alElkin (�  �!69� f+��#�  ��(K  %��6'J� aQG ��(+�� ��+�	�� ���� *]��D �A� F


�G� ��9 �	�@� )., 2012et alKumar .(  

  
C4�< 2 .�6��� ��Ah�
�7�8� 6�E*������F ��6G��	��E��C ��HI � �������6�� �� ���J:K .����� >���+� 	�M�:=� �G
# �+� R
C W36  CG ��50  ��57 �6H+*  

��	��  
 K��(D L�M�  

(�4�/#�)�0/F�8)  

NO� ?�4 P�-)���  Q��  

(F�8)  

 R��S  

T��U�  

NO� ���(�  Q��  

(�G�+)  

NO� #+(�  ����(� Q��  

F�8)/#�)�0/(�4�  

�+�9  a30/103  a67/61  ab86/1  a18/90  a67/55  

*6�EF�����1  a07/92  ab71/59  ab 77/1  a10/87  a05/52  

C���6G��	��E  b92/75  b71/55  a94/1  b24/70  b16/39  

���� ���HI  a26/97  a33/63  b70/1  a18/90  a11/57  

�������6��  ab24/90  ab80/59  b72/1  a99/88  a50/52  

7�8�
�6���  a78/92  ab15/59  b73/1  a48/90  a54/53  

C������ �	����6G� ��Q;�+ 38/3 98/0 04/0 69/2  48/2  

%�:6b� aQG  

 *(P��	�� 
002/0 01/0 01/0 001/0  003/0  

1*6�E .C�'
����(�D�
� F����� 

a-cS��H� : C�������+ �� Z��b #������ 	� �+  �6G *(P�	�� �G� )05/0<P.(  
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 *�
���E ��+	�:�� ��Ah�#�(G��8 �� *;�� ��	>��  �; *
��:�9��� ��+) %��D 	� 	�M�:=� ��+3 ��9 ����  ��� (

#�(G��8 C�� 	� .�G������� ��+���� F
	�� �C���].E aQG ���9  ��Ah� �k� �H'8 #� <�'J� �]'� � �H'8 �<�'J� ���G�

#
MN�  �����
 .�(68��� 	��L *�
���E ��+	�:�� 	��E ���b ���D �� ��9<+ � C���6G��  �� #'
�/� 	� ��6��� �8�
	� C�(B

>�� *6�E ���b ���D �� #� *
�+C�
�
  �; %��6'J� 	��/� ����9 #
MN� C�'
���(�D�
� F�����) �(69�� ���05/0<P �cJd .(

���>�� 	� �
��'�J�#
MN� ��+ �8�
	� � C���6G��	��E ���b ���D �� ��9 <� ��6��� ��((� +	�:�� �� ��) ��� ��
� ��05/0<P .(

<+ >�� 	� e�G ^� C�&���
 C�(B#
MN� ��+ <� C���6G��	��E ���b ���D �� ��9 �8�
	�  �����
 �� �� *6�E ��((� 	��
 �F�����

) ��� ��6��� � ��HI05/0<P���� �
�G �� #'
�/� 	� .(<� �*�
���E ��+  C���6G��	��E 	�:�� 	� @�� C�.���J� aQG C
��

�+���F
	�� aQG .�9 � #� �+�9 ���� #� �]'� �+	�:�� #:+ 	� ��G� *(P� ��d 	��<+ .���  ��� ���K f
�@8� �	��  C�(B

���� 	� �
�����:+ aQG C
��R���8�
	� � �+�9 ��+ ) �9 ��+��� 7�8�
�6��� ��((�05/0<P ��\�b #P.�Q� Y
�6� �� #���� .(

���D  ��@8� �G� ��9 �	�@�6G��	��E ����� � %��6'J� ���6k� f+�� XD�� C���>�� ��:GV
 	� �
��'�J� ��+

*� �+�9 ���� �� #'
�/� 	� 	�M�:=�) ��9., 2012et alKumar 
� �� .(C  ���H6G� #� �G� ����  ��� ���
� #P.�Q� 	� �%�b

) �	��� %��6'J� *
�:GV
 �cJd �� ���Ah� C���6G����
 W�QG ��., 2004et alKim .( 

� � %��6'J� @6(G 	�!� p
�� �� � �; 	� C���6G��	��E *��B �\ S��A<+ C�(B C�&���
�r�. �cJd f+�� �� ��+

�G� ��9 ����  ��� <� *.��B )., 1999et alElkin .( ��� f+�� p�L� <'����� #B��� C���6G��	��E uG�� �
��'�J�

*�  �����
 	� %��6'J� ?MD f+�� XD�� C���6G��	��E #� �G� ��9 �	�@� ��G� }=����) ��9Golrokh et 

., 2016al(. F�������
*� �+#� %��6'J� #� %�T�� p
�� �� �(����  ^���� �� �����JD � ��; *.�JG ���d #J�G�

^'�� .���9 %��6'J� f+�� XD�� ���	 	� %��6'J� ��+<+ C�(B ��.�P8 f+�� �CoA-HMG #��,(�� �   �9

F:� E ?MD��� f+�� � ����HI ��+ � �+<+ C�(B � ?MD��� f+�� %��6'J#� ^�.�  ��+��G� ��.Vb f+��

F�������
 @
���  ��� 	� %��6'J� f+�� ^
R� �� ����HI�G� ��9  ��(K �+ ), 2006.et al Panda.(  

  
C4�< 3 .��Ah� �6���
�7�8� 6�E*������F ��6G��	��E��C  �������6�� � ��HI�	� ;��* �� #�(G��8�+� ��9��:��*
 >���+� 	�M�:=� �G
# �+� R
C W36 

 CG ��50  ��57 �6H+*  
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�+�9  75/2  ab01/127  23/208  a13/927  ab21/6  a45/3  06/6  18/16  91/6  35/2  a33/31  

*6�EF�����1  91/2  a31/145  23/208  a74/1029  a73/6  a82/3  65/7  39/17  31/7  40/2  c00/24  

C���6G��	��E  01/3  c16/80  50/203  b37/569  b50/5  b49/2  34/6  74/14  07/6  43/2  b33/30  

���� ���HI  89/2  abc90/114  45/211  a93/1033  a66/7  a81/3  66/7 26/16  39/6  59/2  c33/28  

�������6��  88/2  bc43/93  23/210  b42/658  a64/6  a76/3  17/7  55/14  74/6  18/2  b33/30  

7�8�
�6���  91/2  ab76/132  63/215  a50/930  ab17/6  ab25/3  40/7  24/16  96/6  38/2  a00/32  

C������ �	����6G� ��Q;�+ 09/0  16/10 40/5  54/63 24/0 28/0 60/0 70/0  43/0  12/0  27/0 

*(P� %�:6b� aQG�	�� 54/0  0006/0 73/0  001/0< 007/0 01/0 28/0 07/0  41/0  37/0  001/0< 

1*6�E .C�'
����(�D�
� F����� 

a-cS��H� : C�������+ �� Z��b #������ 	� �+  �6G *(P�	�� �G� )05/0<P.( 
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C�&���
��G� %��P� �	��!�� 	� *:!� f/� �+-  C�.���J� � C���].E �^� C�&���
 aQG *��
�	� .��	��  �; 	� ���

*� #
MN� #��6� 	� *��G C���].E  �@�� ���N� e�K � ^� C�&���
 f+�� .�9�� ��H� �]� ���J:K *G	�� ���� �����

#D�D #� C���6G��	��E �� *69�� ��+ 	��/�20  �\�b #P.�Q� Y
�6� �� #���� #� �G� ��9 �	�@� ���D e���J�� 	� e��

*��9�� )., 2020et alTavakolinasab (.  

 C���6G��	��E ��	�� �� ���H6G� #� �9 }=�� ���
� #P.�Q� 	���Ah� *(P� � C���].E �^� C�&���
 �cJd �� �	��

 �9��� C�.���J�), 2013.et al Boushy-El(.  

9�� {���� �]� F�.���6� 	��8 f+�� #� �G� C�:� C�.���J� � ^� C�&���
  �@�� f
�@8� �cJd f
�@8� .�

 *���r�.�r
�+  ��� 	� C�.���J� � ^� C�&���
#�  ��(K #��6��G� ��9 �	�@� ��]� X�GE �� �� )., et alZuberu 

2017.( *(P� ��d � [��� f
�@8� 	��F
	�� ��G� ���� 	� <'�.���6� �� �G� C�:� �+�9 �� #'
�/� 	� *�
���E ��+

 � �]� 	�  7��6��<+ C�(B � #�J� 	� v8�C�B	�J� f.�B #� �G� ��9 }=�� .�9�� #69�� {�]�	 �� *(
�7 ��+

#
�G   �@�� f
�@8� XD�� �������6�� ��+F
	�� ��G� �9 e�G C
� . �k�  �//k���Ah�  �]� *P�]� f(� C68��	��L

 f
�@8� �� *J�.� �	 ��6��� 	�Ob �A� 	� #�J� �F
	�� ��G� ����  ��(K ���)�	�� � �	��:+ � *���
�	 1394(. 

%�]J� �]'� #� �G� *T;�9 �
�����:+*� }=�� �	  �; 	� ��D�� @��L ��+ };�9 C
� f+�� .�(�

 ��� %�]J� *8���� ��D� ��(+�; 	� @��L ��+*� #� �G�  �#���� ������	��(+�� ��D� �� �� �(��� oJ6=� ��+

*6�E �� #'
�/� 	� 7�8�
�6��� #� �G� ��9 ����  ��� .�9�� #�J� X�GE � *9	��� SRV6;� ��]!� XD�� F�����

�G� ��9 *
V��:.�G ���HK �� #!D��� 	� �
�����:+ #J:D �� *��; S��I�T; ), 2022.et al GrabowskiAh� .(�� 

 %��D 	� SR�O8 *������ ��P:D �� *�
���E ��+	�:��)4( *6�E ��+�9 ��+	�:�� .�G� ��9 #s�	� 7�8�
�6��� � F�����

F:� 	��
 �C���6G��	��E ��+	�:�� �� #'
�/� 	� ��P:D ��	�� ��������6�� ��6��� � ����HI ��+<� �� ^� ���� �

��6���) ����� ����+ ��+05/0<P .(<+ C�(B ��6��� ��P:D>�� 	� F�6�R ��G� ��+ ��+�8�
	� ��((�  ��6���

 �������6��f�� �� ) ���  �����
 �
�G ��05/0<P .(<� ����6��� ���P� C
 ���� 	� �������6�� ��+�8�
	� ��((� 

 � 7�8�
�6���f�� �� ���� 	�  E ���P� C
�8�
	� ��((� >�� � �������6�� ��6���#
MN� ��+  ��9 ���b ���D ��

) �9 ��+��� C���6G��	��E05/0<P .(<+ C�(B  � �+�9 �� #'
�/� 	� C���6G��	��E 	�:�� 	� *J����
�9� ��6��� ���P�

 ��+	�:���8�
	� ��((� *6�E 7�8�
�6��� � F�����f�� �� ) ���05/0<P �	��� ���6G� *������ ��P:D %��P� mHb .(

� ��  �����
 ���J:K f
�@8� XD����6��� �9	 �� �����JD � ��H� *������ ��P:D 	��/6G� p
��	�:�� ��+ ���

 � *(:
� <6'�G #PG�� � F
�k�<+ C�(B  F�.���6� SR�Tk� ��.�� f
�@8������	��  ����� ?�B ��+��G� �(��� ����


C���6
� � �����*� �+) ��9Sarrami et al., 2022(. 

��6��� *H(� S��A� f+�� �
 � ZMb�	�:�� ��+*6�E uG�� ��F�����C
@�
�D �
 � �+ E XG�(� ��+ �+

<+ *� ����
 ���� �MN� ���� *G�6G� f
�@8� yK�� ��+7�8�
�6���  �B��6��� .��9 	�J8 	� ��D�� �O� ��+

��B �(��� �MN� ���� <O+ ��J��L �� ��Ah� p
�� �� � ���� ���L	 �MN� ���� �G ��  ��@�� �� *������ � *

C���6
�*� ����
 ���J:K �8� XD�� *��B 	� %�Jk� ��+) ���9., 2000et al Engberg #� �G� ��9 �	�@� .(

#D�D ���D #� 7�8�
�6���  ��@8� ��6��� ��P:D f+�� yK�� *69�� ��+*J� ��+#� e�8 ��6���  ��(K ��+

�	�:����J�G���6�R ��P:D f
�@8� � ��) �9 �+., 2022et alSarrami .(  f+�� ��\�b #P.�Q� �� #���� ��P:D

��6���C�B	�J� �7�8�
�6��� f.�B  ��� 	� *��&J
� ���6k� 	� �������6�� ��+ �G� ��9 ����  ��� *(
�7 ��+

)�	��  � �	��:+ � *���
�	1394.( ��6�������6�� ��+#� ��� ��6��� �� *�=�  ��(K ��G� ��((���.�� ��+
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*� #6;�(9 F�6�R#��� #� �G� ��9 �	�@� .���9  ��G�@���J� f
�@8� XD�� �������6�� oJ6=� ��+

��6���) �G� ��9  �����
 e�&J
� 	� F�6�R ��G� ��+Royan, 2018��6��� ��P:D f+�� .(��+  �������6��

*�  ��� 7�8�
�6��� �� f.�B  ��� 	�#� 7�8�
�6��� #� �+� ��6��� �� ���� C
� f+�� XD�� #6'���� *��; 	� �+

 .��9 f
���E �k�  �����
 �	��� ���6G�  

 

C4�< 4 .��Ah� �6���
�7�8� 6�E*������F ��6G��	��E��C  �������6�� � ��HI�� P:D�� ��?����+� ��=6��* SR�O8 >�� 	��+� 	�M�:=�  �G
# �+� R
C 

W36  CG ��50  ��57 �6H+* 	��.)
<6 ��� �b���^ (J�* (e�� �+ 	�  

��	��  �����. T����(5 ��5  �����.Z���] ��
� ��5  �����. ��5:(�(�4��)�  ��� ��2����  

�+�9  c72/7  c48/7  b08/7  c99/6  

*6�EF�����1  d43/7  b59/7  b08/7  c83/6  

C���6G��	��E  a49/8  b59/7  a51/7  a34/8  

���� ���HI  b34/8  bc55/7  b26/7  ab95/7  

�������6��  b36/8  a74/7  a69/7  ab19/8  

7�8�
�6���  d43/7  bc57/7  c80/6  b61/7  

C������ �	����6G� ��Q;�+  02/0  02/0 05/0  13/0 

*(P� %�:6b� aQG �	�� 001/0< 001/0< 001/0< 001/0< 

1*6�E .C�'
����(�D�
� F����� 

aS��H� : C�������+ �� Z��b #������ 	� �+  �6G *(P�	�� �G� )05/0<P.(  

  

) %��D Y
�6� #� #D�� ��5) �(68�� 	��L *�
���E ��+	�:�� ��Ah� �k� �MN� ���� ��+�i <O+ ��J��L �(05/0<P C
� �� .(

*6�E #� *������
 	� F�; ���� ��+�i <O+ ��J��L ���G� ��� ��R��  �����
 �
�G �� ����� �8�
	� 7�8�
�6��� � F�����

)05/0<P*6�E � 7�8�
�6��� ��+	�:�� 	� *��B <O+ ��J��L .(f�� F�����  C���6G��	��E � �������6�� ��6��� ��+	�:�� �� ��

) ���05/0<P#
MN�  �����
 	� .( <+ � C���6G��	��E ���b ���D �� ��9  �����
 	� C�(B �8�
	�  �������6�� ��6��� ��((�

>�� �� #'
�/� 	� C�&���
 <O+ ��J��L#
MN� ��+ *6�E ���b ���D �� ��9) �8�
 f+�� F�����05/0<P .(  

  
C4�< 5 .��Ah� �6���
�7�8� 6�E*������F ��6G��	��E��C  �������6�� � ��HI�� �I	� J��L�� <O+ �+�i� K�8��* ���� �F�; ��B* e�; � &���
�C e�;  

>���+� 	�M�:=� �G
# �+�R
C W36  CG ��50  ��57 �6H+* 

��	��  (�G�+) Z2D #+��  �.�%  F�D)�G�+(  P�Y�4�0  F�D)�G�+(  

�+�9  c84/66  bc21/75  ab69/71  

*6�EF�����1  a44/79  a32/83  a36/72  

C���6G��	��E  bc10/71  cd60/70  bc66/69  

���� ���HI  c84/66  bcd16/70  abc10/70  

�������6��  b12/74  d97/68  c28/69  

7�8�
�6���  a66/79  ab54/79  abc96/70  

C������ �	����6G� ��Q;�+ 15/1  82/1  69/0 

*(P� %�:6b� aQG�	�� 001/0< 001/0  026/0 

1*6�E .C�'
����(�D�
� F����� 

aS��H� : C�������+ �� Z��b #������ 	� �+  �6G *(P� 	�� �G� )05/0<P.(  

  

�@D� <O+ �������� 	� F�; ���� <O+ ��J��L� S�	��+���� �#�7��6�� S�]���� �*��B*� *��P� ���� � �+ �� .�9��

#� #D�� C
�  #� �k� [�	�; C�&���
 � *��B <O+ ��J��L��Ah�  ��8 � �G� #68�� 	��L �+	�:��f+�,
  �� �\�b

��Ah� �M. ��G� 	��6G� f
���E �	�� ��+	�:�� �� *��B <O+ ��J��L ��
M
��Ah�  *��B <O+ ��J��L �� *�
���E ��+	�:��
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 	�f+�,
  �\�b��	�� *6�E 	�:��	� F�; ���� <O+ ��J��L .�G� *
R�� ��:+� �G� #���� 7�8�
�6��� � F������ ��� 

�� ^:K 7�8�
�6��� #���� �	�� C
� 	� ���� ���HI .�G� �����Ah� *� ��HI ��6��� �\ ��P:D ���N� p
�� �� �����

F�������
 �� ���H6G� #B��� .�9�� ��9 F�; ���� <O+ ��J��L 	� f+�� XD�� %���� *
�
�6���*� �+ �������Ah� 

�9�� #69�� �	��� ���6G� *������ ��P:D �� *6]n�. C
� �� F�������
 �G� C�:� �%�bf
�@8� yK�� �+  �G �� ���L	

F�������
 uG�� #68�
 ���N� *������ 	�J8 #� �G� ��9  ��� .���9 �MN� ����*��B <O+ ��J��L f+�� yK�� �+ �+

*���9 )Moser & Savage, 2001.( F:� � ����HI ��+��G�*��B ?�JQ� ?MD � <O+ ����  E ��+ �+�����	�� 

F:� .�G���� 	� *:!� f/� #��,(� ����HI ��+#H�'. *��B ?MD � <O+ � ��� }=�� .��	�� FB�� ���	 	� �+

F:� #� �G� ��9 #��,(�� � #68�� 	��L <'�.������ �k� q�.��8 �������6�� ��P:D  ���R��  ��� 	� ����HI ��+

*����9 )Moser & Savage, 2001.( 

#��,(��  E ��.Vb � �cJd f+�� yK�� ����HI ��+��G�  �9 ?MD � <O+ f+�� XD�� #��6� 	� � ��9 �+

*��B*� �+  ���9)2003 .,et al Pereira.( ���HI ��+��G� f
�@8� #� �G� ��9 ����  ��� #��,(�� �#� ^�.�  ��.�P8

F:� �R�	��+ <
@�E �k� ����HI ��+��Ah� ��6��� ��P:D f
�@8� *J� ��9�9� � �
�
�6'J� ��������6�� ��+

�9 *��B <O+ ��J��L f+�� XD�� ), 2002.et al Knarreborg.( C�
�
 �\�b #P.�Q� 	�  	� *��B <O+ ��J��L  ���

:� ��HI 	��
 � �������6�� ��6��� ��+	�:����6��� ��P:D f
�@8� #� �G� C� ���� �� �+ 	� �������6�� ��+

��6��� ��P:D f
�@8� #� �	�� ��D� %�:6b� C
� #69M� S�P.�Q� #� #D�� �� .�9�� u]��� ���6G� 	� �������6�� ��+

F:� �R�	��+ <
@�E ��.�P8 f
�@8� p
�� �� �	���*��B <O+ ��J��L f+�� XD�� ����HI ��+��9 �+ 

)2003., et al; Pereira 2002 .,et al Knarreborg.( *6�EF�������6��� X
�=� �� �MN� ���� mHb p
�� �� �+ ��+

 p
�� �� �MN� ���� ?MD f
�@8���Ah� ��6��� uG�� *:G ���� ��.�� f+�� ��	��� ���6G� �7�.�8	�� �� �O� ��+
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