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Introduction Efficient management methods should be used to achieve optimal production 
of livestock products in breeding, reproduction and feeding stages. If proper nutritional 
management is not performed correctly at the end of pregnancy, it will have adverse effects 
on the amount of dry matter intake and the metabolic condition of the animal during early 
lactation. In all animal tissues, there are variable proportions of mineral elements and 
vitamins; the concentration of these elements must be within the specified range in order to 
protect the functional and structural activity of the tissues and to keep the growth, health and 
productivity of the animal without reduction or damage.  
Materials and Methods In order to evaluate the effects of selenium and vitamin E supplements 
administered orally or by injection in late pregnancy on the concentration of selenium, copper, zinc 
and iron in the blood and milk of ewes and the blood of their lambs this experiment were 
conducted using 18 pregnant ewes of the first lambing in a completely randomize design with three 
treatments and six replications. Experimental treatments included: 1) Control (receiving a dose of 
10 ml of selenium and vitamin E supplement by injection two weeks before delivery; each ml 
contains 0.5 mg of sodium selenite and 50 mg of vitamin E). 2) selenium and vitamin E (receiving 
0.3 mg of selenium and 50 mg of vitamin E mixed with diet daily per kilogram of dry matter 
intake) orally from four weeks before delivery and, 3) Injection of 10 ml selenium and vitamin E 
supplement in two stages including four weeks before calving (five ml) and two weeks before 
calving (five ml).The Blood samples were collected from the ewes before the administration of 
supplements and at the time of delivery. Blood was collected from newborn lambs before 
consuming colostrum and 14 days after birth. Selenium, copper, zinc and iron concentrations were 
measured in colostrum and milk.  
Results and Discussion The results of the experiment indicated that the average weight of 
the ewes two weeks after lambing for ewes that received selenium and vitamin E orally was 
higher than the control (P<0.05). No significant difference was observed in the concentration 
of iron, copper and zinc in the blood serum of ewes or lambs. The concentration of selenium 
in the serum of ewes and their lambs and the colostrum of ewes that received selenium and 
vitamin E orally was higher than other ewes. No significant difference was observed between 
the experimental treatments in terms of the average body condition score (BCS) until the 
time of delivery, but two weeks after delivery, BCS in the orally supplement of selenium and 
vitamin E treatment was higher than that of control group. 
Conclusion The results of the present study showed that in order to improve the status of 
selenium in livestock and the convenience of supplement administration, the use of orally 
selenium and vitamin E supplements is preferred by its injection method. 
 

Cite this article: Zangisheh, F., Moeini, M. M., & Hozhabri, F. (2023). Evaluation of the effect of selenium and 

vitamin E supplementations in late pregnancy on the concentration of some minerals in blood of ewes and their 

lambs. Journal of Animal Production, 25 (2), 155-168. DOI: https://doi.org/10.22059/jap.2023.348225.623704 

 

 

© The Author(s).                                                                Publisher: University of Tehran Press. 

DOI: https://doi.org/  10.22059/jap.2023.348225.623704   

 



  

  

 
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 .����� �	
��

�� ����� 	
����� �����
�� �����
 � ���� 	������ ��
�� ���� 	��� :!

�
��� .farnoosh75137513@gmail.com  

2 �#�$%
 	��%��� .�
�� ���� 	���� �����
�� �����
 � ���� 	������  ����� 	
���������� �	
��

�� :!

�
��� .mmoeini@razi.ac.ir  

3 .����
�� ���� 	� �����
�� �����
 � ���� 	������  ����� 	
���������� �	
��

�� :!

�
��� .hozhabri@razi.ac.ir  

  

��� � !�"#$%  &��'(   

 :��� � *	���'�() *+
,
  

  

  

+�,�- +��.��: 14/06/1401 

+�,�- �
����� :21/12/1401  

+�,�- /0��
 :24/12/1401  

+�,�- +��1�% :15/04/1402  

  

  

  

��23&4%5 :��   

���23  

 �4'3  
���� 

 56��� 7����  

89� :;
<65 ��=�.  

!8+
>
 4�� ��  ?��@A 	�B�CD�
 
' != �� 46

E�� � ��6��� �F6
 
'  � ��E%=3 �;��� ���6GHA  �= �3

 �6< � ��; 4'3 � ��� �I
 �J
�� � ��6��� 5K�2F6
 
'  ��; �	�= 
'� �3  
' .�< ����= ���8A

18 3 F6
 MN� 4E%=5=�� ������� ��N� F< 	��� !� �� #�� F���  C

< 
'�
D6A .���<1-  �'
<

 P��?A)10 ��6
 �E6+  �' RF��� �� CST !EU' �� �� �� 46

E�� � ��6�����6
 �E6+  ��
V5/0 ��6
 ��� 

56��� 7���  �50 ��6
 ���  �(�� 46

E��2-  �� CST !EU' �
�X �� �� 46

E�� � ��6��� 5Y
��� F���

!= ) �����; Z��J3/0 ��6
 ���  � ��6���50 ��6
 ��� != 	�6[ 
= \��]
 �� 46

E��  �� !����� Z��J

 � (�Y�^
 _�; 	�

 �����6�3-  P��?A10 ��6
 �E6+  �
�X C

< !�V�
 �� �� �� 46

E�� � ��6���

 `�)) F��� �� CST !EU'��6
 �E6+ `�)) F��� �� CST !EU' �� � (��6
 E6+�.����= ( F6
 
'  ?��@A �� CST

CD�
 
'  �
D��� �

� �� ���; �6� �� .���< �	�= 
' � ��23 a�^
 �� CST ?6� 	�<�+�E
 	�
A �14  ���

 �+�A �� �8=��; �6�.�< � ��� 5K�26 �6< � ��23 �� 4'3 � ��� �I
 ���	����� �6� `�
E� .�< �

 ��� 46��
6
 !� ��� �
�� F�

�3F6
 
' U' �� �� F��� �� �8= !EF6
 
' 46

E�� � ��6��� !� �bE 

 ��!= Z��J  �'
< �
D6A �� ����� 5Y
��� �����;F6= �A ) ��=05/0<P �A�
UA .(��8
 ���5K�2 �� �  

 ��; ��� ��� � I
 �4'3F6
 
'  
�	�= 
' ��� 	�'
�
 .��� 5K�26 ��� �� ��F6
 
'  �	�= 
'� 

�3  
' ��23 �F6
 
'��� !� �� 46

E�� � ��6E  ��!= Z��J  ����� 5Y
��� �����;F6= �A  ��
� ��

F6
 
' ��=.                    !� ��� �
�� �9
V F'�() `�
E� 5�[ ?��@A �EV�� � ��� �� ��6��� 5689� ��S�=

 	��� c6[�A �,��?A d�� != 5S%� �� 46

E�� � ��6��� �����; CD�
 �� 	�
UE�� �CD�
�
 �<.�  
  

:���16% ���6!� R�8
6� � ���
�DB
 ���=(' 4���Y ��)1402 .(�G� d�� �@A�? CD�
 ���6�� � ��

E64 �� �� �;��� �E%=3� �= 5K�2 ;�=� ���
 ��8
� 

 �� ��; 
6F 
' � 	�= 
'� �3 
'  . !�����
�� Z��6+�A �25 )2 �(155-168. DOI: https://doi.org/10.22059/jap.2023.348225.623704  

  

:
7�� ����A 	
����� Z��
�E�� !%�e
          .             © .�
���%���  
  

 

 

 

 

 




8% �5+ 	9,�: ;�'� �26�<	 5 5���1�� %� +� 
=%5% �1>�?
 
� .@2A =
�
 �%	� ����
 ...  / 5 ������ �	�
�D%+�'��   157 

1 .,�$-�  

 ���= #�^V �6+�Af��>
 �
�� Zg�^B
  ��CV��
 d���)�  Ch
�6+�A �!�ijA  ��
= ��d�� �E����
 �
' �
3�
�

.��< 	�
UE�� !�ijA 5����
 ��E%=3 �;��� �� ���E��� ��� ���� �
@�� ��  _�; 	�

 a�^
 ��?6
 �= �'��6< Cb���

 � k���<��� ��6+�=
E
  Z��G�5<�� �'��; �=��>

�. 5Y
= !D' ��5S%� �'
6� � ����
[ �
'  �� ��6jE
 �
'

46

E�� � ���8
 �J
�� 
' ����� ��[��2 R � �����D� 56+
8Y �� 
A ��<
= 	�< 4668A 	���B
 �� ��
= �J
�� 4�� 5K

Y
= ��
E;
�5	��= � �E
l� ��<� � ��< 5KY
B
 
'��
D= �T
= �S6�3 � F'
� ���= ���6V ��� )LeDuc et al., 

2004 .( 46

E�� � ��6��� ��?[� != ����
 �
 �
D<�3 5K�2 !� ���3  7� ��

 5Y
= � ��; �� ��E%=3 �;��� �� 
'

�
 ��< . ��6�����  �� � 5�� �
��������]�� ��= �� f
6D� �J
�� m
Y� ���

 ���n�+�6= o�E]
 �
'�����Y

�E�3 #�S�� ����6%���) ��6A
A��� ����D� � ��D�� 7E%6� p�
) � �6b��6A ��
��' �6+�A �����6%��  � ��; �6U� �
'

C=
T F,� 46+�=�����6D�� ���� ��[�A )Barrett et al., 1994q�^; �� .( 46

E�� CD�
 �� 	�
UE��  ��� ��6���  �=

� � �<��E
l Ch
 �6+�A � ��� 
' ) 5�� 	�< �
@�� ���8E
 Z
8+
>
Gunter et al., 2003 5�� 4�D
 `�
E� !� (

 != ![�A 
=CD�
 ?��@A �

� �5K�2� ��
D6= � a�^
 Z�
 #�r��� �+
DEV� �
' Z�
UE
 �<
= )Ilic et al., 

2006 .(���8
 �J
�� 46= C=
,E
 Z��G� �� � I
 � ��6��� 46= !�D[ ��4'3 � � �
 � �������) �� ����A  �� alE;�

F6= 
� � ��SD� �fi[ ��?6
 ��� �= ��
�� �6GHA � �<
= �Ge
 �
6%= ���8
 ���
 != ���E�� 56�=
T �D� � ��=  ��<

� �J
���<
= !E<����� ���8
 	�

 _� �� c>� ��X 
� �� �� ���8
 	�

 _� 46= C=
,E
 Z��G� . �
 	��� .��< 

� 	�
UE��k6B
 �h�� �� ���8
 �^�� _� �� �V �� F6= 
� � 7C��
 �86Sr �
' �
�  �3 �G� � 	��= �h�� 
's�  \
SA�� ��

�?[� � ���8
 �J
�� 
=� I�� � C=
,E
�G� !� 	�6[ �����
 	��� ����� �D%6+�=
E
 CD8+� ��< )Underwood, 

1999; Mikaili et al., 2017 .(!�ijA 56D'� ��F6= ��6��� A
= kSA�
 �  �� ��6���[ ��K�
 != ���6%���) ��6A
A���


�2 t��]A� �+��� 5�� )Underwood, 1999 .(         

  

2 .,
�/�0  '(
10  

 PSrF'�() �
' �
@�� 	�<�u8= �  ����� Pr
�
 �� ?6���6��� �T
Y �Y
�  ���8
 CD�
 �� �3 ���S[ ���= � 	��=

	�6[ �� ��6����
 	�
UE�� ��� � ��< )Moeini et al., 2011(. != ��
D��� F�A ��  � ���n�+��?6Y Z��66jA C6+�

#
����� F��?Y����3 �
' #
����� ��� 46

E�� � ��6��� CD�
 �� 	�
UE�� 
= (�6A��6%�� M�E��) �(6%�� ���3 �
'

�
 	��� F'
� F6= ��23 � �6< �6+�A ���6V M�E�� F'
� 
= !� ��< �
 �A �� 	�< d��?� .��< �� a�^
 5

��6
  �����6��� != 7� v�
= !����� Z��J �
 ��

 ��; ��6��� c>� ��< ��6��� a�^
 
= 

� ��<  !� �� F6=

��6
 F6
 ���= ����
 ��E%=3 �;��� �� ��� �� ��� ) 5�� 	�

6� F6) 
'Bolourchi et al., 2001 �� .(

!%6�A != !� ��'�()  ���,
 4E%=3 �
'10 �20 �30 �40 �6
� �� �� 46

E�� � ��6��� CD�
 �E6+  !EU' �
�X � ��

 ����� 	�'
�
 ��< P��?A F��� �� CST P��?A40 ��6
 !%6�A != ��6��� �E6+  

� ���� F��?Y� �� ��� I
 ��?6
 
'

!%6�A ��� ��� 5K�2 !+
��� � 
' �3 �
' ) ��� F'
� �� 
'Moeini et al., 2011 .(��  �� ���� !8+
>
	�= 
'� 

5K�2 	�<�+�E
 	�
A � I
  	��� �� 4'3��6��� CD�
 != ��8
 ��r ���� ��� ��6) F��?Y��  F'
� ��� �^�� 

�

) 5Y
�Kojouri et al., 2007F'�() PSr .(  
= � 5Y
� F��?Y� ��6��� CD�
 ���?Y� 
= I
 5K�2 ���� �
'

!= 4�� !� 5Y
� F'
� ��� ��?6
 ��� I
 ��?6
 F��?Y�  !>=�� C6+� 	�

 �� 4�� 5=
T� � I
 46= �
uE


) 5�� 	�< ����� ��= �� ���8
Kachuee et al., 2013.(       



158                                        ���� ����	
�� 
��� ���� � ���� 
���� � ����1402 

 7' 46�X F��� �� CST !EU' �
�X � �� �� ��6��� 
= 	��D' �� 46

E�� 5Y
��� 5�� 	�< d��?� Y� tS� F��?

F6
 �� I
 � ��6��� 5K�2 
' ��2� � �3  
'�< �
D��� �� I) )Mikaili et al., 2017( �� ��
6%= �� 	���
� .

 	�
UE�� ��E%=3 �;��� �� ��6��� � �� 46

E�� P��?A d�� �� ����
�� �
'�V���
 �< CD�
 ?��@A !� !69�Y 4�� 
= .�

 �� 46

E�� � ��6��� �����;!= Z��J  ?��@A 
= � �< �
@�� F'�() 4�� 5�� �,��?A d�� �� �E�= �����;CD�
 
' �

E�� � ��6��� ��E%=3 �;��� �� �� 46

!= Z��J  � ��6��� 5K�2 �,��?A � �����;7' 46�X  4'3 � ��� �I
 �J
��

 �6< � ��;F6
 
'  ��; �	�= 
'� �3  
'5Y�� ���T !8+
>
���
.  

  

3 .�
�'(
10 ���
3  

4D�= k���� �� ���� 	
����� ����
�� I���) ������U��� �V�� �� F'�() 4��  	

1399 C���� 
A 4�����Y 	

 1400 

!= Z�
 �
�X) 	

 �� !EU' CST �� p��
A �+
DEV� F��� m��< � 
A �
�X !EU' �8= ��  (F��� �� I)�6�HA xl;� !E6D� !�

	�
D< 
= Z
���6V
= �
� IR.RaziRec1399.065 .�< �
@��  ���8A18 �� #�� F��� 5=�� 4E%=3 F6
 MN� !�� _� 50 

 ����!= ��r  f
]E�� �Y�
^A�� � !� 	��� F< �N��� 46��
6
 
= �� 83/0±64/45  �����6�!= Z��J  ����U��

 .���< �������F6
 
'  .�< �
@�� F��� !EU' _� #�r �� � ����= 	�< ��BY ��

?D' !�
) 	�6[F6
 
' 4E%=3 �

	��� 
'���

�3 �  ��= �
%�� #��[)1 .(F6
 
' �'
< 	��� �10 ��6
 �E6+ �?A CD�
�,� ���6�� � ��

E64 ��  �� ��

�� �� CST !EU'�F  �� 46

E�� � ��6��� CD�
 ������; 	��� 
� ��� �
D6A .����� 5Y
��� ���,
 !=3/0 ��6
 ��� ���6�� 

 �50 ��6
 ��� ��

E64 �� � ��6��[ 
= \��]
 _�; 	�

 ���6�	� != Z��J �� �� CST !EU' �
�X �� � !������F  5Y
���

������� �
D6A . ��?A CD�
�,� ���6�� � ��

E64 �� �� �� CST !EU' �
�X ���F )5 ��6
 �E6+�� �� CST !EU' �� � (�F 

)5 ��6
 �E6+ R �'��6
 �E6+  ��
V5/0 ��6
 ��� 56��� 7���  �50 ��6
 ��� �� 46

E���� (�5Y
 �����. F6
 
' ���
 �



�3�) 5=�� !� �� !����� F8 �cSJ 12  ���y5 [ 
= (�^�	�6 C

< !� ��50  � !Y��� �J��50  	�E�
%�� �J�� ���=

ijA� ! .���< 	�
A � 7+
� f3!= Z��J  M�E�� �� ���3F6
 
' .��=                                            

F6
 ��� z���; �� CST F��� �� �8= !EU' �� � F��� �

� �F��� �� CST !EU' �� � !EU' �
�X 
'E�� 
= �'� �� 	�
U

	����� P6T� #
E6@�� �����A F6
 ���= 5689� 	�D� .�< 5SG � ��6�  !EU' �� � F��� �

� ���E%=3 �;3 !EU' �
�X �� ?6� 
'

	����� F��� �� I) ] �< ��6�22�� .[ F6
 
'  CST �� ?��@A CD�
 )�
�X !EU' CST �� F��� (� �

� F��� 	�= �� � �
' 	�
A 

	�<�+�E
 CST �� �^
��23 a  � ��� 14 �8= �� �+�A �� P��r }�'
6� ~��� ��; ��6� �< .!��D� �
' ��; \�=�
 != �' ��� 

�� �� !+�+ F�

�3 �?@
 �D[ ���3 �< ._� !+�+ ��
V 4��
�' � _� !+�+ ���= ��

 �9 �
,8�� ���= ~��]E�� ���  �� �8= � ��=

��; ��; !��D� ��6�!= 
'  	
���

�3� C,E�
 != �
 Z15  �!,6T�5��� 
= 3000  !,6T� �� ��� 
� ��� � 	�< n�6U��E�
�

�3 �
D�l) .�< ��[ 
' ��6A���6
 !��D� ��
V �
' �

� 
A?6+
�3 

� ��� 20 - �E�
� ![��  ����������� �<��.  ��23 ��?6


F6
 ��6+�A  	��� �' �
'_� ��� 12  �18 ��� ���8= 5�
� �� �6< !��D� � F� #�� !EU' �� ��D[  �J
�� .�< ���3

!��D� I
 � ��� �4'3 ���6���	��� �� �6< � ��23 ���; �
' �� 	�
UE�� 
= ���

�3 o�E]
 �
' 	
�E�� ICP-OES ) #�


DV7300 ���� 5;
� (
���
� !6J�A d�� PSr � ] 	�<21	����� [  .�< ��6�  

	��� != \�=�
 �
' 4'3 ���6��� 5K�2 ����= �
6E
� ���= ��� ��23 � �6< ���� �� ��� � I
 �F6
 
'  �� 	�
UE�� 
=

��� ) ��?Y�2004 (SAS  !]%�)1/9#�
 ���= ( )1 (	��� �  �
' ��� �� ��� � I
 �4'3 ���6��� 5K�2	�= 
'  #�
 ���= 

)2 ( .���< ��

3 !�?@A46��
6
 46= 
'�
D6A 
= ��
�3 ��X !�
�� �� 4���� 
= c>� #
DEV� ��8
 ���� )05/0 �J�� (

!%�
,
 �<�� .  




8% �5+ 	9,�: ;�'� �26�<	 5 5���1�� %� +� 
=%5% �1>�?
 
� .@2A =
�
 �%	� ����
 ...  / 5 ������ �	�
�D%+�'��   159 

 !>=��1  (                                                          Yijkl = μ +Ti + eijkl 

 !>=��2         (                                                              Yijk = μ + Ti + Aj + eijk  

� �� !�� 4!>=�� 
'� μ�
6��
6!8

[ 4� Ti� A �G�6
D�i�� �Aj� %�[ �G�6 5j 	�

) ���(�� 
  �e �
>; �G�F�

�3 � .5�� 

  
 I5�J1 .�J��) 	�6[ ��
6D6< t6��A � �����; ���
 (_�; 	�

  

 	�6[ ��?[�  (�J��) 	�6[ �� 5S%�  

!@���  15  

���� 	
�  20  

���6� 	
�  10  

l6�n Z��  5  

�[  3/29  


���  7  

���� M�S�  3/3  

Z��  6/5  

����  15/1  

���jX !+
UA  4/0  

	���  2/1  

_D�  4/0  

�= 7��� Z
�=��  86/0  

Z
U%Y 76%�� ��  44/0  

76%�� Z
�=��  35/0  

	�6[ ��
6D6< t6��A(_�; 	�

 �J��) 
'    

 _�; 	�

 

�
; 46$A��)  

6/89  

120  

�n��� ((�����6� �� ��+
�
�
) 7%6+�=
E
 C=
T   2/2  

�E%�
;  1/5  

; 	����< �� #��B

� 	�
^��h�  6/43  

��6��� ��6
) (�����6� �� ���  11/0  

��6
) I
 (�����6� �� ���  77/12  

��6
) ��� (�����6� �� ���  33/26  

��6
) 4'3 (�����6� �� ���  32/136  

  

3 .,�4�	 56� 
 '(
10 ��(  

�� �A�
UA ��� 5K�26 ��� �� 46= F��� �� CST !EU'�
�X �� ���

�3 �
'�
D6AF6
 
' � 	�'
�
��  #��[)2 �� .(

�F��� �

�  ��� ��6��� 5K�2F6
 
'��6��� CD�
 !� �� != �� Z��J �� �����;� ����� 5Y
F6= F6
 �� �A  ��
'

 !� ��= �� CD�
!= Z��J ) ����� 5Y
��� �,��?A05/0<P.(   4�����
6=  ���E�� 56�=
T � 5Y
���F6= �A  �� ��6���

�� �,��?A CD�
 != 5S%� �����; CD�
 �� !� 5d��?� �;�= �
 	�'
�
 
' ) ��<Kachuee et al., 2013; 

Mikaili et al., 2017(.     

#
����� � F��� �� ���n�+��?6Y Z��66jA F'
� 
= �� 46

E�� � ��6��� CD�
 �� 	�
UE�� F'
� tS� �(6%�� ���3 �
'

�
 F��?Y� �� ��23 � �6< 56U6� � 56D�  � 	�< M�E�� 	�< d��?� .�'� ��6
 �� ���V a�^
 5�� != ��6��� ���  Z��J

7� v�
= !����� ��6��� a�^
 
= 

� ��< ��

 F6
 ��; ��6��� c>� ��< ��6
 !� �� F6=  ��E%=3 �;��� �� ��� �� ���

F6
 ���= ����
 ) ��� �
@�� 
'Bolourchi et al., 2001 (���8
 � �+3) ��6��� CD�
 !� ��
'?= �� .(3/0 ��6
 ��� 



160                                        ���� ����	
�� 
��� ���� � ���� 
���� � ����1402 

!=  !�ijA M�� �' ����	��� ��6��� 5K�2 ����< 5Y
��� �
' ) ��� ��6) F��?Y� CD�
 	����Kachuee et al., 2013 .(

!%6�A  ���,
 !� ��E%=3 �
'10�20�30�40 ��6
  5Y
��� F��� �� CST !EU' �
�X � �� �� �� 46

E�� � ��6��� CD�
 �E6+

) ��E<�� ��Ag
= ��� ��6��� 5K�2 ������Moeini et al., 2011F6
 5�� 	�< d��?� .( 56��� CD�
 !� ��
'  �� 7���

 ��>� ��2/0 � 5�' �F< ��
�X  ��� �10 �) �) ��  !=  ��6��� 5K�2 	�6[ ��6��� F��?Y� 
= ������ 5Y
��� #
� _� Z�


�3 �
D�l) ) 5Y
� F��?Y� 
'Cristaldi et al., 2005F'�() �� .(  �� !� ���� �
'45 �CD�
 !� F��� �� CST �� )6/0  ��
�

56��� ���6��� Z��� 	��� �� ��6��� 5K�2 ������ 	�
UE�� (46��6E
���� � 7��� 5Y
��� �
' 56��� 	����  46��6E
���� � 7���

F6= �'
< 	��� != 5S%� F��� �

� �� ) ��= �AKachuee et al., 2018.(  

  
 I5�J2 .6��� 5K�2 �= F�

�3 �
'�
D6A �G�F6
 ��23 � �6< ���� �� �� 	�= ��� � 
' �3 �
' ��6
) 
' (�E6+ �� ��� 

�9�6%
� ��        ���7  
3%+	= ;�'�1   
 �+:, ;�'�2  SEM  P value 

F6
 ���  ��6��� 
'       

F��� �� CST !EU' �
�X  098/0  149/0  193/0  020/0  33/0  

F��� �

�  213/0 b 448/0 a 215/0 b 03/0  001/0  

��6��� ��23       

10 F����� I) 5�
�  226/0 b 448/0 a 355/0 ab 03/0  01/0  

18 ���� I) 5�
�F�  223/0  432/0  360/0  03/0  07/0  

�6< ��6���       

#�� !EU'  266/0  356/0  326/0  011/0  219/0  

��� !EU'  559/0  684/0  531/0  041/0  376/0  

	�= ��� ��6��� 
'             

�+�A �

�  311/0 b 517/0 a 408/0 b 021/0  003/0  

�+�A �� I) !EU' ��  470/0  608/0  498/0  07/0  196/0  

:a, b ��8
 !=
�

� a��V 
= o��� �' ����� Z�
UA ) 5�� ���05/0 <P  .(SEM�
>; : 46��
6
 �����
E�� 
'   .     

 P��?A :(�,��?A) �'
< �
D6A10 ��6
 �� �� �� 46

E�� � ��6��� �,��?A CD�
 �E6+  F��� �� CST !EU'  

1 :�����; CD�
 .3/0 ��6
  � ��6��� ���50 ��6
 F��� �� CST !EU' �
�X �� � !����� �	�6[ _�; 	�

 �����6� �� �� 46

E�� ���  

2) F��� �� CST !EU' �
�X �� �� 46

E�� � ��6��� �,��?A CD�
 :�,��?A CD�
 .5 ��6
 ) F��� �� CST !EU' �� � (�E6+5 ��6
  (�E6+  

  

 5�� 	�< 	��� �
�� !� ��F6
 
'� 5Y
��� 	����  �� �� 46

E�� 
� � ��6��� CD�
��  ��
�X F��� �� CST !EU'� 

 ��6��� 5K�2 F��?Y� tS� CD�
 5Y
��� F6
 ��� �� F��� �� I)�
 .��< 7' 46�X  �� ��23 ��6��� 5K�2

F6
 
' �5Y
��� 	����  ��6��� CD�
!= 	��D'  46

E�� F��� �� I) ��F6= �A ��= )Mikaili et al., 2017.(  !� ��

�

 
� 56��%D���7��� Z
��� != Z��J  	�
UE�� �����;�
 �< �6��� �n���6' != � 
6V� ��6��� �� m�� 4�� ���E=� �� ��

)H2Se(  C��SA�
 �< Z
U%Y���� != C��SA 	�<
6V� C�< 4�� �8= CV�
 �� � �)HSePO3
-2(  k��A � 	�<���� 
' �

 	(��UGA ���� !=46$A��) 
'  C^E
�
 �< .�'6�n��� ���6� ?�3 k��A 5�� ��
T�7 Z
U%Y����  != ?E��Z
U%Y���� 

�SA�C %
 x�r �� � ���<6� ��	( +�=
E
67% ���6�� ��=� +�A6�  ����46$A��) 
' � ���T 	�
UE�� ���
6�� )Kachuee et 

al., 2013, 2018 .( �9
V F�

�3 ��K�2��� 56��23 ��  ��F6
 5Y
��� �
' 	���� �� 46

E�� � ��6��� CD�
 

�����;  ��10  �18 F��� �� I) 5�
�  �� �Ag
=F6
 
' �5Y
��� 	����  CD�
!= Z��J  ��= �,��?A ��
� 
= !�

) 5<�� ����]D' Z
<��?�Davis et al., 2007; Abd El-Ghany et al., 2007.(  �� �A�
UA �Y�r �� 5K�2���6 ��

 �� ��� � #�� !EU' �� �6<F6
 
' .��� 	�'
�
  PSrF'�() �
' �
@�� 	�<  �6< != 5S%� ��23 ��6��� 5K�2F6= �A 

 F'
� ��6��� 5K�2 �'��6< !EU' !� 5<i� �� I) ��
 ) �=
�Davis et al., 2007.(  ����

�3 �� �D]
 �� 	�
UE��




8% �5+ 	9,�: ;�'� �26�<	 5 5���1�� %� +� 
=%5% �1>�?
 
� .@2A =
�
 �%	� ����
 ...  / 5 ������ �	�
�D%+�'��   161 

 
� ��6���56��� 7���  ���,
 !=26/0 ��6
 ���  ��6���!= Z�
 110  Z�
UA �6< ��6��� ��?6
 �� �
'?= 	�6[ �� ���

��8
 ��� ���� �
@�� )Petrera et al., 2009(  .  

	�= ��� ��6��� 5K�2  ��
'����

 !� �3  
'����� 5Y
��� �����; ��6��� CD�
 � ��
� != 5S%� �+�A �

� ��

	�= 
' F6= �A ) ��=05/0<P#��[ R 2(� �+
V��  !�
6��
6��� 5K�2 46 ��� ��	�= 
'  �� �� ���

�3 	��� !� �' �� I) !EU'

 alE;� �+�A ����8
 5<��� ���� ��� !� ���

�3 �� ��=
�
 `�
E� .!%6�A 
'!�ijA 4E%=3 � ���
,
 
= 	�< 10 �20 �30 

 �40 ��6
 �E6+ �< �
@�� F��� �� CST !EU' �
�X 
� �� �� �� 46

E�� � ��6��� CD�
5�� 	�< d��?� � )Moeini et 

al., 2011( ��6��� 5K�2 ���,
 .	�= 
' !EU' �� �� F6
 �����; �
D6A �� �+�A �� I) 
'  �� �,��?A � �'
< �
'�
D6A ��

 ���� �K�F6= �A ��=�  alE;� 

���8
 ���46= � �3  
'.��� 	�'
�
  �;��� �� ���6��� ��SD� Z��J �� �EV3 ��E%=

U[ �� ��6����
 #
,E�� 	�= != 5 �;��� �� ��6��� ��� 4���=
�= ��=
�3 � �+�A �

� �� ����= F6
 != �Y
� ���,
 != ��E%=

 	�
UE�� ���
 ��6��� �Y
� ���,
 != �	�= �<� 	���	�= 
' �
 ���T ��6� )Abd El-Ghany et al., 2007, 2010( !ES+� .

 !8+
>
 4�� `�
E� != ![�A 
=!= �K� �
 ��� g F��� �� I) !EU' ��X 
A 5�� ��CD�
 �'�  Z
8+
>
 �� .�<
= !E<�� !
���

 ��� �� ��6��� 5K�2 ����!+
2?= 
'  	��� �� �+�A �

� ��5Y
��� 	����  46��6E
����F6= �A  	��� ��5Y
��� 	����  ��
�

 � ��6��� Z���56��� 7���  ��� �
D' 
=3/0 ��6
 ���  ��45 ��= F��� �� CST ��� )Kachuee et al., 2018.(   

 .5�� �66jA C=
T ��6��� CD�
 m�� 
= 46�[ != 5U[ �� ��6��� #
,E��!= ��r�  �+3 �=
�
 P��r �� ��6��� #
,E�� !�

 �
6%= 46�[ != ��6����Ge
��= �^�� 4�� ���8
 m���� �� �A )Kachuee et al., 2013, 2018( 5K�2 ���� Z
8+
>
 �� .

 ��� �� ��6���?=!+
2 
'  	��� �� �+�A �

� ��5Y
��� 	����  46��6E
����F6= �A  	��� ��5Y
��� 	����  � ��6��� Z��� ��
�

56��� 7���  ��� �
D' 
=3/0 ��6
  �� ���45 ) ��= F��� �� CST ���Kachuee et al., 2018.( F�

�3 �� �� �=� 

F6
 
'  �+�A �

� �� �F��� �� CST !EU' �
�X � �� ��=	� 
'  ����� 5U' �� �	�= 
' ��
D6A ��� ��6��� 5K�2 ���,
 �

 �� 46

E�� CD�
 !�!= 	��D'  ���= 	��� 5Y
��� ��6���F6= �A EU[ #
,E�� � 	��� ��S� 5U[ �� ��6��� .��=�  #
,E�� ��

5�� �A�Ge
 ��23 	�� �� )Mikaili et al., 2017.(  46$A��)�����
 ���A�6%
 �� 	�
UE�� 
= �  #
,E��46$A��) 
'  � !X�
���

 .��< �6< � ��23 �
E;
� ���� 46��6E
 
= ?�
DA ���= � 7+
�7' 46�X� != C6+�  !� 4���
E%) ��2 �
6
 �E
6��64  �

E
����6��64 � Cb
T ?�
DA�D �< != � 	�< ��
E%) ��2 ���� 5�� ��
T 46��6E
���� ��46$A��) 
' .��< C^E
 �6< �

 C
��� 4���=
�=A�6GH 5BA ?6� �� ��23 � �6< ��6��� 5�� 4�D
 ��23 � �6< 46$A��) �6+�A ��� �= ��i��6GHA �'� ���T 

)Kachuee et al., 2013, 2018;Mikaili et al., 2017 .(  

  #��[ ��)3( �= ���

�3 �
'�
D6A �G� � 4'3 5K�2F6
 �� 	�= � 
' .5�� 	�< 	���3 
'  Z�
UA��8
 ���� =6 4

 
'�
D6A� �
B+ �
6��
6�� �� CST �� F6
 ��� 4'3 5K�2 4� F��� �

� � (	��� ���E=�) F #��[) ��� 	�'
�
3 .(

7%6�
������6
 �<� ���= 4'3 ��8
 �� �
=?6
 !� ��

� � 5�� ����9 	�

 _� 
'3 ���6�= ���T M�E�� � ����+

�
 ��6) F'
� ��� �� 4'3 �u8= .���F'�() ���� ; 4'3 ����� �
�� F��� �

� �� ��!= 5��  	�6;� a�^
 F��?Y�

5Y
� F'
� ��= k��A 4'3 )Barrett et al., 1994( F��� �

� �� .F6
 
' �

� != 5S%� ��; ��� 4'3 5K�2 �

 ��� ��6) F��?Y� F���

�  Z�
UA��8
 ����� � �3 	�'
�
 
' ��� )Mikaili et al., 2017 .(�A��J ��  �� !�Z
8+
>
 

� �� ����
'?= ��; ��  ���� a�^
 46��6E
���� !� ��
D6A �� 4'3 5K�2 F��� �

� ��F6= �A  ��
� ��	��� 
' �

��= ���� )Kachuee et al., 2018( . t�>
 4�� != ���E�� 56�=
T �= ��6��� CD�
 5Sh
 �G� ���
6=3.5�� 4' 

7' 46�X d��?� '
�� 
 5K�2 
= 4'3 5K�2 �F��� �

� �� !� ���� ��[� �E%6���
E�3 �G� ��� �^�� 
= � 5�[ 7' I

5<�� �'� )Kachuee et al., 2013;Kojouri et al., 2007 .(F��?Y� �
D6A �� ��� I
 5K�2 � �����; �
'



162                                        ���� ����	
�� 
��� ���� � ���� 
���� � ����1402 

�
 �,��?A ���A `�
E� 
= !� �'� F��?Y� �� 4'3 fi[ ���,
 �F'�() ) �+3 ��6��� CD�
 ?;�
 ?= ��� !� ������3/0 

��6
 �E6+��8
 � () �3/0 ��6
 �E6+����� ���T 	�
UE�� ���
 �� F��� �� CST 	

 �� �� ( )Kachuee et al., 2013 ( 5,=
>


 �
'�
D6A �� ��23 4'3 5K�2 46��
6
 .����5Y
��� 	����  CD�
��8
 ��� ����S�.  ��23 4'3 5K�2 �����; �
D6A ��

!= Z��J  ����F6= �A  Z�
UA 

���8
 ��� 
�
 
'�
D6A 46=) ��� 	�'05/0>P R #��[3.( 

  
                                     I5�J3 .F6
 ��23 � �6< ���� �� 4'3 5K�2 46��
6
 	�= ��� � 
'  
')��6
 (�E6+ �� ���       

�9�6%
�  ���7  
3%+	= ;�'�1   
 �+:, ;�'�2  SEM  P value 

F6
 ��� 4'3   
'                 

F��� �� CST !EU' �
�X  26/7  57/6  37/7  617/0  867/0  

F��� �

�  59/8  19/6  55/7  465/0  241/0  

��23 4'3            

 ��2310 F��� �� I) 5�
�  17/5  26/4  33/4  255/0  286/0  

 ��2318 �� �� I) 5�
�F�  28/4  06/5  82/3  413/0  490/0  

�6< 4'3            

#�� !EU'  63/4  46/4  63/5  378/0  416/0  

��� !EU'  15/5  00/5  09/5  278/0  978/0  

	�= ��� 4'3  
'                  

�+�A �

�  46/4  65/4  48/4  281/0  979/0  

�+�A �� I) !EU' ��  18/5  62/4  25/4  438/0  710/0  

SEM46��
6
 �����
E�� �
>; : 
'  

 P��?A :(�,��?A) �'
< �
D6A10 ��6
 F��� �� CST !EU' �� �� �� 46

E�� � ��6��� �,��?A CD�
 �E6+   

1: �����; CD�
 .3/0 ��6
  � ��6��� ���50 ��6
 F��� �� CST !EU' �
�X �� � !����� �	�6[ _�; 	�

 �����6� �� �� 46

E�� ���  

2) F��� �� CST !EU' �
�X �� �� 46

E�� � ��6��� �,��?A CD�
 :�,��?A CD�
 .5 ��6
 ) F��� �� CST !EU' �� � (�E6+5 ��6
 (�E6+ 

  

 4'3 5K�2�
D6A �� ��� � #�� !EU' �� �6< �� ��[�
 Z�
UA ���

�3 �
'��8
 ��� �
'�
D6A �� �A�
UA � 5<��� �

 �� ��� 4'3 ���,
 �� Z�
UA 4�� .��� 	�'
�
 P��?A Z
8Y� ���8A � CD�
 m�� �
B+ ��d��?� 
'  ���,
 != 5�� 4�D


(� � 	�6[ 4'3 ��
6D6< t6��A � ���,
 � ��6��� CD�
 m�� � Z�
UA .�<
= !E<�� ��E%= ��� ����8
 �
D6A 46= ���� �
'

 ���

�3 �
B+ �� ��� 4'3 5K�2 46��
6
	�= 
'  F��� �� �8= !EU' �� � �+�A �

� ����� 	�'
�
 `�
E� al;�= 

� .



� �
@�� !8+
>
 ��  4E%=3 �
'?= ��� �= 	�<5Y
��� 	���� CD�
 
'��� ���6�����
�) ��6��� o�E]
 � �46��6E
�

56��� 7��� ���,
 != (6/0 ��6
 ��� ��� 4'3 5K�2 F��?Y� tS� �!+
2?= 
' �
D6A �a�^
 	���� �< �+3 ��6��� 

)Kachuee et al., 2018( PSr .F'�()  �
'�
@��  ��� �= 	�<F6
 
' P��?A 
= �� 46

E�� ��6��� CD�
 4E%=3 �

250 ��6
 ���  � �� 46

E��5/2  
A3 ��6
 ��� ����� ?��@A F��� �� CST !EU' !� �
= _� !� ��6����  �8= #�� !EU' ��

 4'3 5K�2 F��� ��	�= 
'  F��� ��� != 5S%� ����� 5Y
��� ��6��� !� ��
'�
D6A ��!= ��r ��8
 ������ ��6) F��?Y� � 

)Kojouri et al., 2007( 5�� 4�D
 !>=�� 4�� .!= C6+� �h�; �� ��6��� ���=�6��� 
� � �E6Y�y !� 4'3 ��7' 46�X 

�6GHA � I
 ��� �= ��6��� Z��6GHA�<
= 4'3 Zg
,E�� �� �^�� 4�� Z�.   

 alE;���8
 ��� �=64 2 46��
6
 I
 5K� ���F6
 
' F��� �

� � F��� CST !EU' �
�X �� ���

�3 �
'�
D6A 

��[� 5<��� )05/0<P #��[ R47' .( 46�X ��� ���E=� �� Z��66jA ���� Z�
UA F��� �

� � 	��8
 ��� �5<���.  ��

�< �'
< 	��� != 5S%� F��� ��� �� ��; ��� I
 5K�2 F��?Y� t[�
 ��6��� CD�
 ����� F'�()�  �� ��X�'

 ��

3 �
B+��8
 ���  ��S�)Mikaili et al., 2017 .( �D%6���
E�3 �G� ��� 5K�2 
= I
 5K�2 F6
 F��� �

� ��

�� I
 ���,
 � !E<��  F��� �� CST 	

 _� != 5S%� �����; � �'
< �
'�
D6AF6= �A �<� �A��J ��  �^�� ���,
 !�




8% �5+ 	9,�: ;�'� �26�<	 5 5���1�� %� +� 
=%5% �1>�?
 
� .@2A =
�
 �%	� ����
 ...  / 5 ������ �	�
�D%+�'��   163 

 PSr .5Y
� F'
� ���F'�() �
'  ���,
 != �+3 ��6��� !� ��
'?= �� ��� I
 5K�2 ������6/0 ��6
 ��� != ���� 

 �'MN�  ��
� != 5S%� 	��� a�^
 ���	��� 
'��'
<) ���

�3 � 46��6E
���� � ��
� (��6��� Z���F6= �A ��= 

)Kachuee et al., 2018(.  4��F'�() ���� �4� ����n�+��?6Y CV��
 !� ����� �
6=  � ��� m�� � Z�
UE
 �
'��(�

7' 46�X ��6��� ?��@A d�� � CD�
 a�^
 ���,
 ���6��� CD�
 m��  I
 5>�2 ��� �= 5�� 4�D
�6GHA  �A�
UE


�<
= !E<�� )Kachuee et al., 2018(.  5K�2I
 ��23  Z
�
� �� ?6�10 �18  �
D��� �� I)�
'�
D6A  o�E]


 Z�
UA ���

�3��8
 ���) 5<��� �05/0P> R#��[ 4 � ( 5K�2I
  5BA ���

�3 �
'�
D6A ��� � #�� !EU' �6<

�6GHA 	��� � ?��@A d�� .5Y��� ���T P��?A �
'   

  
 I5�J4 .3 � �6< ���� �� I
 5K�2 46��
6
F6
 ��2 	�= ��� � 
' 
' )��6
 (�E6+ �= ���  

�9�6%
�  ���7  
3%+	= ;�'�1   
 �+:, ;�'�2  SEM1  P value 

F6
 ��� I
 
'                 

F��� �� CST !EU' �
�X  858/0  806/0  078/1  122/0  660/0  

F��� �

�  912/0  189/1  961/0  106/0  556/0  

��23 I
            

 ��2310 F��� �� I) 5�
�  944/0  247/1  687/0  156/0  366/0  

 ��2318 �� �� I) 5�
�F�  771/0  066/1  626/0  170/0  589/0  

�6< I
            

#�� !EU'  269/1  153/1  091/1  135/0  876/0  

��� !EU'  252/1  483/1  997/0  140/0  247/0  

	�= ��� I
 
'                  

�+�A �

�  896/0  186/1  002/1  079/0  132/0  

I) !EU' �� �+�A ��  072/1 b 657/1 a 302/1 ab 098/0  038/0  

:a,b ��8
 !=
�

� a��V 
= o��� �' ����� Z�
UA ) 5�� ���05/0 <P  .(SEM46��
6
 �����
E�� �
>; : 
'        

 P��?A :(�,��?A) �'
< �
D6A10 ��6
  F��� �� CST !EU' �� �� �� 46

E�� � ��6��� �,��?A CD�
 �E6+  

1����; CD�
 . :�3/0 ��6
  � ��6��� ���50 ��6
 F��� �� CST !EU' �
�X �� � !����� �	�6[ _�; 	�

 �����6� �� �� 46

E�� ���  

2) F��� �� CST !EU' �
�X �� �� 46

E�� � ��6��� �,��?A CD�
 :�,��?A CD�
 .5 ��6
 ) F��� �� CST !EU' �� � (�E6+5 ��6
 (�E6+  

  

4�� 	���  `�
E� 
= 
'�()F' ��
'  �� F��� �� CST !EU' �
�X � �� �� !�!%6�A 
'��= !=
�
 ��< �
@�� 4E%=3 � 

)Mikaili et al., 2017( �� 

� .Z
8+
>
 ����!+
2?= �  �
' 	�<�+�E
 	�
A ���,
 != 46��6E
���� !� ���

6/0 ��6
 ��� 

����� a�^
 � I
 5K�2�Ag
= ��'
<) ���� 	��� �� �� 56��� 7���= (�� )Kachuee et al., 2018(.  d��?� M
���=

�����  ����= 	��� 5Y
��� ��6��� � �� 46

E�� CD�
 !� ��
D6A �� ��23 I
 5K�2 ���,
F6= �A  ���� 	��� �� ��

��= )Mikaili et al., 2017( .
6��
6 I
 5K�2 4��� 	�= 
'�  ����

5Y
��� 	����  ��� �� ���

�3 o�E]
 �
'�
D6A

 �+�AA Z�
U��8
 ���) ��E<��� �05/0P>#��[ R 4.(  ��+�A �� I) !EU' �� �� 

� �� I
 5K�2	�= 
'� F6
 
' �

5Y
��� 	���� A6�
D �����;  
= !%�
,
 ��	��� 
') ��= �Ag
= �,��?A �05/0<P�A��J �� �(  46= !�	�= 
' �� CJ
V �

F6
 
' �5Y
��� 	���� CD�
 
' !=  alE;� �,��?A Z��J8
�� ��� != 5U[ �� I
 �^�� �+�A �

� �� .��� 	�'
�
 �

�
 ��S� �E]�5�� 46�
) ��

 != 5S%� 	�<�+�E
 	�
A ����� �
D�l) I
 5K�2 ��X ��� )Pavlata et al., 2005( .

 ��; ��!+
��� 
'  �� !� 5�� �r
; 4�� != I
 46�
) 5K�2 ��; ����

 
= !%�
,
 ��!+
��� 
'	�<�+�E
 	�
A � �

5�� 	��� C6��A �Y
� ��?6
 != 46D�l)��� )Underwood, 1999(.      

	�= �� I
 5K�2 != �,��?A 	��� != 5S%� ����� 	�
UE�� ��6��� �����; CD�
 �� �
�����

 !� ��
' ��8
 ��r  ����

) ��= �Ag
=05/0<P.��� 	�'
�
 !@����Y 4�� �
B+ �� P��?A Z
8Y� ���8A 46= �A�
UA 

� .( F6
 �� �

 `�
E� 
= PY��
  �
'



164                                        ���� ����	
�� 
��� ���� � ���� 
���� � ����1402 

	�= ��� I
 5K�2 �4E%=3 F6
 !� ��
' �3 �
'  ����?Y� ���� F��� �� �8= ��
�X !EU' 
A ������ 5Y
��� ��6��� CD�
 
'

) 5<��Kojouri et al., 2007F'�() �� !X��� .(  ��?6
 != ��6��� F��� �� CST !EU' �
�X !� ��
'?= �� ���� �
'3/0 

��6
 ��56��� �  � 7���3/0 ��6
 !+
2?= ��� I
 5K�2 ������ a�^
 46��6E
���� ���  	��� 
= �A�
UA ������ 5U' �� 
'

) 5<��� �'
<Kachuee et al., 2013�
 	�<�+�E
 	�
A Z
���6V �� ���6%����Y 7�?�3�)3 �
�� ���
,
 ��[� .(  tS� ����A

��� 4�� ��� I
 5K�2 F'
� F'
� !@6E� �� � 
' ��� �� ���6%����Y ��
D�l) 56+
8Y  !>=�� 4�� .��< 	�<�+�E
 	�
A �
'

!= 5�� 4�D
 7' � ��= �� I
 �+
,E�� 7E%6� �� ��6��� ���=�6��� C6+�  �� ��6��� � ��� �I
 �J
�� ����?� 46�X

�E�3 7E%6� 	�= 4�� ����

 I
 �� ��
�8�� � ��= ����6%�� .�<
= 
' 

                                                           
 I5�J5 .F6
 ��23 � �6< ���� �� ��� 5K�2 46��
6
 	�= ��� � 
' 
' )��6
 (�E6+ �= ���       

�9�6%
�  ���7  
3%+	= ;�'�1  
 �+:, ;�'�2  SEM1
  P value 

F6
 ��� ��� 
'                 

F��� �� CST !EU' �
�X  26/5  34/5  42/5  543/0  99/0  

F��� �

�  01/5  98/4  33/4  384/0  74/0  

��23 ���       

10 F��� �� I) 5�
�  19/11  58/11  40/10  204/0  573/0  

18 �� I) 5�
� ��F�  10/10  33/10  23/10  714/0  992/0  

�6< ���       

#�� !EU'  19/5 a 63/4 ab 73/3 b 260/0  06/0  

��� !EU'  75/4  33/4  54/4  232/0  78/0  

	�= ��� ��� '
             

�+�A �

�  94/3  64/3  81/2  600/0  75/0  

�+�A �� I) !EU' ��  73/4  98/4  60/4  548/0  91/0  

:a,b ��8
 !=
�

� a��V 
= o��� �' ����� Z�
UA ) 5�� ���05/0 <P  .(SEM�����
E�� �
>; : 46��
6
 
'        

 P��?A :(�,��?A) �'
< �
D6A10 ��6
 6��� �,��?A CD�
 �E6+ F��� �� CST !EU' �� �� �� 46

E�� � ��  

1: �����; CD�
 .3/0 ��6
  � ��6��� ���50 ��6
 F��� �� CST !EU' �
�X �� � !����� �	�6[ _�; 	�

 �����6� �� �� 46

E�� ���  

2) F��� �� CST !EU' �
�X �� �� 46

E�� � ��6��� �,��?A CD�
 :�,��?A CD�
 .5 ��6
 EU' �� � (�E6+) F��� �� CST !5 ��6
 (�E6+  

  
2 �= ���

�3 �
'�
D6A �G� 5K���� F6
 ��� 	�= � 
' �3 �
' ) #��[ �� 
'52 .5�� 	�< 	���3 ( 5K���� 

F6
 ��� �� 5Y
��� �
' F��� �� CST !EU' �
�X �� �� 46

E�� � ��6��� CD�
 	���� F��� �

� 
�  46= ��

	��� ��8
 Z�
UA ���

�3 �
'  ���� ���=g
= Z��J �� !� 5�� 	�< d��?� .5<������6�� )6/0  (g
= != ��

[6	� �� fi[� �
 F'
� ) �=
�Pavlata et al., 2004!� ���� ��[� �
�
� 4�� .( ���6�� �_ G�� 26�,E%
67  �=

�� 5K�2� 
= !E<���A��J �� ���� ��< !� � I
��
� [ !=6	�  !Y
9���<  �G��D%6���
E�3 =64 � � I
�� %=6�
 

��8
  ���) ��= �'��;Underwood, 19997' .( ��� 46�X ��� k��A A�+
E
6��64 =! \
]
  ��� fi[ ���< C^E


����
� � I
 
= 896o �A ) �< �'��;Alonso et al., 2004��� .( F6= ��� ���,
 
'  � ��E%=3�;��� �� ��A


 �<� #
V �� 46�[ k��A � ��� ��'��; 5�� �� F��� _��?��
 a�^
 ��� ��
�� ���, ) ��<Pavlata et al., 

2003 ��9
V F�

�3 �� .5K�2 ��� �^�� �� ��23 F6
 5Y
��� �
'  Z
�
� �� �����; CD�
 	����10 �18 

F6= ���� �
B+ �� 
��A F��� �� I)  

� .��= ���� 	��� �� �� �A 5K�2��� F6
 �6< �� F6= #�� 	��� �� 
'  �A

F6
 ��  	��� �
') ��= �,��?A ���05/0<PF6
 �� ��� ���,
 .(  ����= 	��� a�^
 ��6��� CD�
 !� ��
'

!= 46�
) ���� � �S%� ��r != 5�� 4�D
 Z
YlE;� !��� 4�� ��= �A  a�^
 m�� �  �

� � a�^
 ��?6
 C6+�

) �<
= �� 46

E�� � ��6��� CD�
Pavlata et al., 2003 .(                   




8% �5+ 	9,�: ;�'� �26�<	 5 5���1�� %� +� 
=%5% �1>�?
 
� .@2A =
�
 �%	� ����
 ...  / 5 ������ �	�
�D%+�'��   165 


6
 46�� 5K�2��� ��� 	�= 
'� F6
 !D' �� CJ
V 5Y
��� �
'  ��� ��  �� 46

E�� � ��6��� CD�
 	����

�+�A �� I) !EU' �� 
� �+�A  ��

3 �K� ����8
 Z�
UA ���� 7' .5<��� 	��� 46�X  5K�2 ?6� P��?A o�E]
 �
'

.���� ���T �6GHA 5BA �� !@����Y 4�� ?6
 F��� �

� �� ����� ��'�() ��	�= ��� �� ��� �� 5Y
��� �
'  	����

��6��� CD�
 ��8
 Z�
UA 

� ���= �ED� �'
< 	��� != 5S%� 	��� 46= ���� ) ��� 	��� 
'Kojouri et al., 

2007!+
2?= �� ��� �^�� ���,
 5�� 	�< d��?� .(  a�^
 ��6��� !� �����

 �� ?;�
 ?= 	�<�+�E
 	�
A �
'

� �'
< 	��� != 5S%� �����F6= �Y�^
 ��6��� ���,
 !X �' � ��� ��6) F'
 F6= ��� �^�� ��= 	�< �A  �A

) 5Y
� F'
�Kachuee et al., 2013F'�() 4�� .( != ����� d��?� ����  �

� �� ������� �� ��6��� 	�6;� C6+�

�^�� �S� �� ��E%=3 != ��� ��8
 ��r �
 ��6) F'
� ���� F'�() != ![�A 
= !� ��� @�� �
'�
  ���,
 4�� �	�<

F6= ��� �EV 5�� 	�< 7%6���
E�3 Z��G� �
@�� t[�
 �S� �� ��6���  �;�= .�<
= ���

 ��6��� ���,
 �� �A

F'�() 	�= �
D�l) ��� ���,
 ����� d��?� ����  ��6) F��?Y� F��� ��� != 5S%� �F��� �� �8= #�� !EU' �� 
'

 !EU' �
�
) �� I
 != ��� 5S%� 

� ����) 5Y
� F'
� ��
�XMikaili et al., 2017; Kojouri et al., 

2007F'�() PSr .( �
@�� �
' !+
��� �� F��� �� �8= #�� !EU' �� ��� ���,
 	�<  ���,
 

� ���� ��6) F��?Y� 
'

!+
��� ��� ��� 	��� �� 
' �3 ����

 !� ��
' F6= ��6��� 
' != �'
< 	��� != 5S%� ����� a�^
 ��A �r �

��8
 ) ��= �ED� ����Moeini et al., 20117'�= tS� I
 fi[ F��?Y� 
= ��6��� .(  
= �^�� 4�� 5S%� ���

��� 4�� ��23 �� ��� ���
,
 F'
� v�
= !@6E� �� � 	�< ��� 4�� 
= .��< 
' F'�() �#
V  !� ����� �
6= ����

#�6A �����6%�� �� ��6��� ��
���A != � 	��'
� k���< 5BA 
'  !�D[ �� 5�� 4�D
 46��6A�+
E
 #�6A 	��� 	(��

) �<
= ��� � ��6��� �J
�� ���
,
 �= ��i��6GHA � C=
,E
 Z��G� ����Kachuee et al., 2013,  2018.(        

) #��[ �� o�E]
 �
'�
D6A �� ��� F��?Y� 46��
6
6 ( F6
 ��� 46��
6
 .5�� 	�< 	��� �
��  �� 
'

�� ���

�3 �
'�
D6A ��8
 Z�
UA F��� �� �8= !EU' �� 
A F��� �� CST !EU' �
�X  46��
6
 

� .���� �
�� ����

F6
 ��� !�ijA �
' F6= F��� �� �8= !EU' �� ��6��� �����; CD�
 
= 	�<  ��= ���

�3 �
'�
D6A ��
� �� �A

)05/0<P�
 4�� !� ( �E�3 �G� �� �<
� ����A  M�E�� F'
� � ��6��� ����6%�� .�<
= F��� �� I) ��� ��� F'
�

F6
 != F��� �� I) 
' F6
 �� 

� .5�� �86Sr ��
� ���

�3 �
'�
D6A �� �
D��� F�A C6+� 5Y
��� �
'  	����

 4�� ?6� F��� �� I) !EU' �� �� � ��= ���� 	��� �� �� �ED� ��� F'
� 4�� �� 46

E�� � ��6��� �����; CD�


��8
 alE;� 7' .�< ��� !D' F��� 46�X  F6
 5]� � ��= �86Sr 
' �6' �� ����

 5U[ � ���� F6
 �� _�  
'

.��� 	�'
�
  ���;�= F'�() 
' ��	� ��� !� 5�� 	�<6�� ��� �� 5�� ��
T 
'� = 
=6F  ���#
%� � 4�6?  tS�

�?Y��F �<�. = Z
YlE;�64 F'�() �
' �
@�� ��� �G� �= 	�<6�� �� �=�  �<� 5�� 4�D
=!  �� Z�
UA tS�

��� ���,
 � o�E]
 #
�<� �� 	�
UE��6��� ��� c>�6�� ��� 4� � 
' �� ��4 F'�() 
' ) �<
=Kachuee et al., 

2013, 2018.(        

 #��[)7(  46��
6
 `�
E� :;
< ���= 5689�F6
 
'  �
�� ���
 �'� ���= 5689� �
6E
� 46��
6
 . �
D��� �

� 
A

 �� �����; �
D6A �� ���� �K�F6= �A  ��= 
'�
D6A ��
� ����X�'  Z�
UA 
'�
D6A 46= ��

3 �K� �� !X��8
 ��� 	��� �

���. ��8
 Z�
UA 4�� �
D��� �� I) !EU' �� 

�  ��= ���)05/0<P(.  �
6E
� ���� F��?Y� !=
�
 ���� F�

�3 �� �Y�r ��

89�65 ��=� F6
 
'� =
@���  ��E%=3 �

� ��A ��� �=+�� �  �� ���<6��6�� 	�= 
' �Ge
 5�� )Jalilian et al., 

2012 .( !� 5�� 	�< �
6= ����� d��?� �����5Y
 ��� CD�
6��  _��?���F� �� �� �8= �F�  k��AF6
 
' 

!= Z��J ,E%
67  �<� ��� F��?Y� tS�	�= 
' 5�� 	�< )Kumar et al., 2009( .  



166                                        ���� ����	
�� 
��� ���� � ���� 
���� � ����1402 

I5�J 6 .F6
 ��� 46��
6
 A F��� �� CST 
'F��� �� �8= !EU' �� 
 

�9�6%
�  ���7  
3%+	= ;�'�1   
 �+:, ;�'�2  SEM1  P value  

F6
 ��� (�����6�) 
'            

F��� �� CST !EU' �
�X  67/45  40/48  07/46  207/1  628/0  

F��� �� CST !EU' ��  14/46  24/49  41/47  259/1  628/0  

F��� �� CST !EU' _�  55/46  32/51  62/49  374/1  379/0  

F��� �

�  78/41  92/46  58/43  254/1  249/0  

F��� �� �8= !EU' ��  35/34b  20/43a 12/39ab  535/1  047/0  

:a,b ��8
 !=
�

� a��V 
= o��� �' ����� Z�
UA ) 5�� ���05/0 <P  .(SEM
6
 �����
E�� �
>; :46�� 
'        

 P��?A :(�,��?A) �'
< �
D6A10 ��6
 ��� �,��?A CD�
 �E6+ F��� �� CST !EU' �� �� �� 46

E�� � ��6  

1 :�����; CD�
 .3/0 ��6
  � ��6��� ���50 ��6
 F��� �� CST !EU' �
�X �� � !����� �	�6[ _�; 	�

 �����6� �� �� 46

E�� ���  

2) F��� �� CST !EU' �
�X �� �� 46

E�� � ��6��� �,��?A CD�
 :�,��?A CD�
 .5 ��6
 U' �� � (�E6+) F��� �� CST !E5 ��6
 (�E6+  

  
 I5�J7 .F6
 ���= 5689� �
6E
� :;
< 46��
6
 
' 

�9�6%
� ���7  
3%+	= ;�'�1  
 �+:, ;�'�2 SEM1 P value  

���= �
6E
� :;
<            

F��� �� CST !EU' �
�X 41/3  23/3  50/3  114/0  853/0  

F��� �

�  17/3  58/3  25/3  151/0  520/0  

 �� �8= !EU' ��F���  42/3  58/3  25/3  090/0  361/0  

:a,b ��8
 !=
�

� a��V 
= o��� �' ����� Z�
UA ) 5�� ���05/0 <P  .(SEM�����
E�� �
>; : 46��
6
 
'        

 P��?A :(�,��?A) �'
< �
D6A10 ��6
  F��� �� CST !EU' �� �� �� 46

E�� � ��6��� �,��?A CD�
 �E6+  

1: �����; CD�
 .3/0 ��6
  � ��6��� ���50 ��6
 F��� �� CST !EU' �
�X �� � !����� �	�6[ _�; 	�

 �����6� �� �� 46

E�� ���  

2) F��� �� CST !EU' �
�X �� �� 46

E�� � ��6��� �,��?A CD�
 :�,��?A CD�
 .5 ��6
 ) F��� �� CST !EU' �� � (�E6+5 ��6
 (�E6+  

  

4 .,���#  ���8 


�� �9
V F'�() `�
E�!� ��� �  5�[ �����; CD�
 �� 	�
UE�� �CD�
 ?��@A �EV�� � ��� �� ��6��� 5689� ��S�=

�
 	��� c6[�A �3 �,��?A d�� != �� 46

E�� � ��6���  .��<  

 

5 . �#���$: 
 ��/�  

����
�� I���) � ���� 	
����� ��'�() 5��
8
 �� � �
 ������T � ���A  .����  

  

6 . <4�
� =��%�  

�6' ��� .����� ��[� �
���%��� k��A �Y
�
 ��
8A !  

 

7 . <��
�  
Abd El-Ghany, H., Lopez-Arellano, A. E., Revilla-Vazquez, R., Ramirez-Bribiesca, A., & 

Tortora-Perez, E.  J. (2007). Interrelationship between fetal and maternal selenium 

concentrations in small ruminants. Small Ruminant Research, 73, 174-180. 

https://doi.org/10.1016/j.smallrumres.2007.01.020. 

Abd El-Ghany, H., & Tortora-Perez, J. L. (2010). The importance of selenium and the effects of 

its deficiency in animal health. Small Ruminant Research, 89, 185-192. 

https://doi.org/10.1016/j.smallrumres.2009.12.042. 




8% �5+ 	9,�: ;�'� �26�<	 5 5���1�� %� +� 
=%5% �1>�?
 
� .@2A =
�
 �%	� ����
 ...  / 5 ������ �	�
�D%+�'��   167 

Alonso, M. L., Montaña, F. P., Miranda, M., Castillo, C., Hernández, J., & Benedito, J. L. 

(2004). Interactions between toxic (As, Cd, Hg and Pb and nutritional essential (Ca, Co, Cr, 

Cu, Fe, Mn, Mo, Ni, Se, Zn) elements in the tissues of cattle from NW Spain. Biometals, 17, 

389-397. https://doi.org/10.1023/B:BIOM.0000029434.89679.a2. 

   Barrett, J. F. R., Whittaker P. G., Williams, J. G., & Lind, T. (1994). Absorption of non-haem 

iron from food during normal pregnancy. British Medical Journal, 309, 79-82. 

http://www.jstor.org/stable/29724103. 

   Cristaldi, L. A., McDowel, L. R., Uergelt, C. D. B., Davis, P. A., Wilkinson, N. S., & Martin, 

F. G. (2005). Tolerance of inorganic selenium in wether sheep. Small Ruminant Research, 

56, 205-213. https://doi.org/10.1016/j.smallrumres.2004.06.001. 

   Davis, P.A., McDowell, L. R., Wilkinson, N. S., Buergelt, C. D., Van Alstyne, R., Weldon, R. 

N., & Marshall, T. T. (2006). Effects of selenium levels in ewe diets on selenium in milk and 

the plasma and tissue selenium concentration of lamb. Small Ruminant Research, 65, 14-23. 

https://doi.org/10.1016/j.smallrumres.2005.06.016. 

   Gunter S. A., Beck, P. A., & Phillips, J. M. (2003).  Effects of supplementary selenium source 

on the performance and blood measurements in beef cows and their calves. Journal of 

Animal Science, 81, 856-864. https://doi.org/10.2527/2003.814856x. 

Ilic, V., Petakov, M., Stojanowic, N., Jovcic, G., Bugarski, D., Grbowic, T., Bozic, T., & 

Kovacevic-Filiipovic, M. (2006) Relationship between total iron binding capacity and 

transferring concentration in neonatal piglets treated with iron-dextran. Acta Veterinaria, 56 

(2), 235-42. https://doi.org/10.2994/AVB0603235I. 

Jalilian, M. T., Moeini, M. M., & Karkody, K. (2012). Effect of selenium and vitamin E 

Supplementation during late pregnancy on colostrum and plasma Se, Cu, Zn and Fe connect 

rations of tall Sanjabi ewes and their lambs. Acta Argiculturae slovenica, 100 (2), 123-129. 

Kachuee, R., Moeini, M. M., & Souri, M. (2013) The effect of dietary organic and inorganic 

selenium supplementation on serum Se, Cu, Fe and Zn status during the late pregnancy in 

Merghoz goats and their kids. Small Ruminant Research, 110, 20-27. https://doi.org/10. 

1016/j.smallrumres.2012.08.010. 

Kachuee, R., Abdi-Benemar, H., Mansoori, Y., Sánchez-Aparicio, P., Seifdavati,  J., 

Elghandour,  M., Guillén, R., & Salem, A. (2018). Effects of sodium selenite, L-

selenomethionine, and selenium nanoparticles during late pregnancy on selenium, zinc, 

copper, and iron concentrations in Khalkhali goats and their kids. Biological Trace Element 

Research. https://doi.org/10.1007/s12011-0181618-1. 

Bolourchi, M., Karami, H., Hovareshti, P., Barin, A., & Salehi, T. Z. (2001, September). 

Comparison of the effects of two approaches to retained placenta on the uterine 

bacteriology, cytology and fertility of dairy cows. Paper presented at the Thirty-Fourth 

Annual Conference. American Association of Bovine Practitioners. September 13-15, 2001. 

Vancouver, British Columbia. 158-159. https://doi.org/10.21423/aabppro20015228. 

Kojouri, G. A., & Shirazi, A. (2007). Serum concentrations of Cu, Zn, Fe, Mo and Co in newborn 

lambs following systemic administration of vitamin e and selenium to the pregnant ewes. Small 

Ruminants Research, 70 (2-3), 136-139. https://doi.org/10.1016/j.smallrumres.2006.02.002. 

Kumar, M., Garg, A. K., Dass, R. S., Chaturvedi, V. K., Mudgal, V., & Varshney, V. P. (2009). 

Selenium supplementation influences growth performance, antioxidant status and immune 

response in lambs. Animal Feed Science and Technology, 153, 77-87. 

https://doi.org/10.1016/j.anifeedsci.2009.06.007. 

LeDuc, D. L., Tarun, A. S., Montes-Bayon, M., Meija, J., Malit, M. F., Wu, C. P., AbdelSamie, M., 

Chiang, C. Y., Tagmount, A., deSouza, M., & Neuhierl, B. (2004). Overexpression of 

selenocysteine methyltransferase in Arabidopsis and Indian mustard increases selenium tolerance 

and accumulation. Plant Physiology, 135(1), 377-383. https://doi.org/10.1104/pp.103.026989. 



168                                        ���� ����	
�� 
��� ���� � ���� 
���� � ����1402 

Mikaili, A., Kafilzadeh, F., Chaharaein, B., KhamisAbadi, H., & Kayani, A. (2017). The effect 

of administration of vitamin E alone or with selenium on the concentration of selenium, 

copper, zinc, iron in colostrum and the serum of ewes and their lambs. Iranian Journal of 

Veterinary Clinical, 12 (2), 109-116. (In Persian). 

Moeini, M. M., Kiani, A., Karami, H., & Mikaeili, E. (2011). The effect of selenium 

administration on the selenium, copper, iron and zinc status of pregnant heifers and their 

newborn calves. Journal of Agricultural Science & Technology, 13 (1), 53-59. 

Pavlata, L., Prasek, J., Podhorsky, A., Pechova, A., & Haloun, T. (2003). Selenium metabolism 

in cattle: Maternal transfer of selenium to newborn calves at different concentrations in 

dams. Acta Veterinaria, 72, 639-646. https://doi.org/10.2754/avb200372040639 

Pavlata, L., Pechova, A., & Dvorak, R. (2004). Microelement in colostrum and blood of cows 

and their calves during colostral nutrition. Acta Veterinaria, 73, 421-429. 

https://doi.org/10.2754/avb200473040421. 

Pavlata, L., Podhorsky, A., Pechova, A., & Chomat, P. (2005). Differences in the occurrence of 

selenium, copper and zinc deficiencies in dairy cows, calves, heifers and bulls. Veterinární 

Medicína, 50(9), 390-400. https://doi.org/10.17221/5638-VETMED. 

Petrera, F., Calamari, L., & Bertin, B. G. (2009). Effect of either sodium selenite or Se–yeast 

supplementation on selenium status and milk characteristics in dairy goats. Small Ruminant 

Research, 82, 130-138. https://doi.org/10.1016/j.smallrumres.2009.02.008. 

Russel, A. J. F., Doney, J. M., & Gunn, R. G. (1969). Subjective assessment of body fat in live 

sheep. Journal of Agricultural Science Cambridge, 72 (3), 451-454.  

https://doi.org/10.1017/S0021859600024874. 

Underwood, E. J., & Suttle, N. F. (1999). Mineral nutrition of livestock. Third ed. CAB 

International, Wallingford, Oxon, U.K. 

 

 

 

 

 


