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Introduction: Minerals affect wool production in sheep by affecting feed 
intake, altering rumen function and affecting the flow of nutrients from the 
rumen or by directly disrupting the animal's metabolism. Wool has the highest 
concentration of sulfur, which indicates the higher need of wool-producing 
sheep for sulfur than other breeds. The purpose of this study was to investigate 
the effect of different levels of bentonite sulfur on yield, wool quality, blood 
minerals, liver enzymes and thyroid hormones of ewes. 
Materials and Methods: An experiment was conducted to evaluate the use of 
different levels of bentonite sulfur in sheep. For this purpose, 18 Dalagh ewes 
(average weight 38 ± 3.5 kg) were kept individually for 42 days with three 
treatments and 6 repetitions. Experimental treatments included: 1) control (without 
bentonite sulfur), 2) treatment containing 0.15 percent of bentonite sulfur and 3) 
treatment containing 0.3 percent of bentonite sulfur(based on dry matter). At first, 
to ensure the health of all the ewes, they are subjected to a thorough and thorough 
examination. The bentonite sulfur used in this research contanied 90% sulfur and 
10% bentonite. The diets used in this experiment were prepared and adjusted 
according to the tables of NRC and were given to the ewes in the morning and 
evening. Ewes were weighed at the beginning and the end of the period after 16 
hours of starvation using a digital scale. In order to determine the quality of sheep's 
wool, in the initial test, the ewes were arranged uniformly on the 41st day of the 
experiment, and samples were taken from the left side of the ewes in a 10 x 10 cm 
format according to the common and standard instructions using a manual wool 
picker. For determination of blood parameters, on the last day of the experiment, 
three hours after morning feeding, blood samples were taken from the jugular vein 
of the ewes. 
Results and discussion: The results obtained from this research showed that with 
the increase in the level of bentonite sulfur in the diet, the length of fibers, 
efficiency, strength, kemp and the coefficient of variation of fiber diameter 
increased (P<0.05). Also, increasing the level of bentonite sulfur increased the 
concentration of serum sulfur and triiodothyronine hormone (P<0.05). Bentonite 
sulfur supplementation had no significant effect on final weight, daily weight gain, 
dry matter intake and feed conversion ratio of ewes. Also, different levels of 
bentonite sulfur had no significant effect on Non-Medullated fibers, Medullated 
fibers, average diameter and fiber crude protein. copper gallate, calcium, selenium, 
phosphorus and serum molybdenum. Addition of bentonite sulfur had no 
significant effect on serum concentrations of copper, calcium, selenium, 
phosphorus, molybdenum as well as the concentration of liver enzymes of 
experimental ewes.   
Conclusion: The results of this study indicated that the use of bentonite sulfur 
up to the level of 0.3% of dry matter, could improve the strength and 
efficiency of wool fibers and it can be used in feeding ewes without having 
negative effects on their health and performance. 

Cite this article: Amozadeh Araee, K., Ghoorchi, T., & Toghdory, A. (2023). The effect of different levels of 
bentonite sulfur on performance, wool quality, blood minerals,  liver enzymes and thyroid hormones of Dalagh ewes. 
Journal of Animal Production, 25 (3), 267-279. DOI: https://doi.org/10.22059/jap.2023.355332.623730 
 

 

© The Author(s).                                                                  Publisher: University of Tehran Press. 
DOI: https://doi.org/  10.22059/jap.2023.355332.623730   

 



  

  

 
گاه ���ان  ا��شارات دا�ش

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

 ٢٣٨٢- X٩٩٤شا! ال��رو�ی�ی: 

 

����� ��	
 ��
�� ����� ����
�� ��� �� ������� ����� ���  ���� !�"#� �$�% 

�&'�( )*+ )",� - $����+ )*+ )"�.-��� /�� 01��  
  

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

1 ������ 	
����
 .���� � ��� ����� 	��� ����� ��� � !"��� � #$���%& ��'( 	�)%
�� ���� ��'( 	
*%
�� :���
���� .����� ������ �
kamel.amozadeh_s00@gau.ac.ir  

2 .����� ��� � !"��� � #$���%& ��'( 	�)%
�� ���� � ��� ����� 	��� :���
���� .����� ������ �Ghoorchi@gau.ac.ir  

3 . ���� � ��� ����� 	�������� ��� � !"��� � #$���%& ��'( 	�)%
�� :���
���� .����� ������ �Toghdory@gau.ac.ir  

  

!���� "��#$�  �����   

 :!���� &
'�%.�/0 12�3�  

  

  

���() ��(*+�: 24/11/1401 

���() �,-'	�. :04/06/1402  

���() /0(1, :05/06/1402  

���() ��23'� :20/07/1402  

  

  

��4��5�6 :�7  

��*':(  
;�<�& =%0  

;�
�>�" ����� ���  
���� �

�� ��?  

@�� AB��  

  

;�
�>�" ����� C'>D� E�FG $� 	��<>G� ��*��  $� 	��<>G� �" 
�<G�� �� ���18  �") AB�� @�� JK�

 LG�>� �$�5/3±38 �" (����'�&  �
���
N O��P�" O
� 42  .
Q �G��" ���*� @Q  � ��:�� �G �� $��

��
") 
.�Q R��Q �.��:�� ����� ;�
�>�"  #��S ��:�� �(���15/0 
P�� )J�G��" 	��� ����� (T%? 

;�
�>�"  #��S ��:�� � ���3/0 ) 
P��J�G��" 	��� ����� (T%? ;�
�>�" U��>
 .

��" ��� ��%
 �& ���  �"

;�
�>�" ����� VFG @��WX� �� �FY O������ Z��[ � \:& ���*]>G� ����

�� �^��2� ��� �	��N �� �

) ;X�� @��WX� ^��2�05/0≤P.( =. _��` ;�
�>�" ����� VFG @��WX�  ����� ;a'b @��WX� Z G ���

 �����. � ��G��# _�
�����
� ) 
Q05/0≤P.( ;�
�>�" ����� E�FG ���� #�c� ��� �" #���  ����d
 �$�

@��WX� �$� @�� e���? R�
 � Z��[ � �X�f� T%? 	��� ��
�$��  .;Q�

 �.=. _��`  E�FG

;�
�>�" ����� C'>D�  �����cg� ����  ��? _�����0 ��FY _�)
��� ���B�
� ^��2� ��3�3S ^��2� �" #���

��G �
 �2�� � �<�X �����'G �=��'& �h� ;F'b �^��2� ;�
�>�" ����� ���WX� .;Q�

  �c� ���

���� =�W
i ;a'b �" #��� @�� #
 & #�.  .;Q�

 �.>
����j ;�
�>�" ����� $� 	��<>G�  �" ���  T� ����(


�
N #����� ! ��  VFG ��3/0 ;�
��� T%? 	��� 
P��  � 
%D " �� d" �� ^��2� ���

�� � ��*]>G�

�<�� O��c� ��j�� ��
"  @�� �� ��*':( �"R"�Y 	��<>G� .;G�  
  

:��839� 	��$�:( k��i ��R��& l`��Y ��3� � l��
b�� �#*]2�
 (�= )1402 .(cg��� E�FG C'>D� ����� 
�>�"�; ��� �" ���*':( &�<�; �=%0 ���� 

��� 

���?  W
i�= �.# 
 &# � �����. �.# ��k���
# ��@ AB�� . ���%
���� O�
�2�� �25 )3 �(267 -279.  
DOI: https://doi.org/10.22059/jap.2023.355332.623730  

  

:�Q�
 ���d� 	�)%
�� O���%>
� ��Go�          .             © .���
����
  
  

 

 

 

 

 



:;��, <
=9 >43?� �,@
@ '
38.�* ��� ,. A�,�4�� ��B�* A�20 ��
� '�C�
 AD
E  F'�(� �7 ... � /
���� ���	
�� ���� D�����7 6   269 

1- 4�"5�  

���� �

�� �" ��cg� �" ^�f� �e���? ����� ��*':( � :*Q � ��cg� ����N �" ���� #��� $� � :*Q �� �" ��j�� �p>?� 

=�3>�� ��  =��2�"�>������S �" 
�2�� =%0 �� 
�<G�� ��cg� �� =%0 .����� $� _�����0 	
�q�0 _����& ��S# 20 G���i
��� 

#��>]� � #����� 7/2 �� 4/5 
P�� �$� ^��2� *%��R 	
Q .;G� @�" �� �����  =%0�"  O��P_�>��G � ����3� 

=& ��# �"  O��P_��>��G � ) ;G� _�
��>�Sahoo & Soren, 2011����� .( �f�( #���[ #��" ���
��&���D%
 

;G� � L3X $�  e���?�g��_ �� ��Q .R:*� $� 	��<>G� ����� #�. �� �

�� �#�f�( #�.
�G� ����i ;aX�]� 	
Q  
�
��

_�
��>� ������ #��S T� ��*��� �':( #��" 	���i�" ���& #�.$��
 ����� #� ���
��&���D%
 ) ;G�Qi et al., 1994 .(

=%0 
�<G�� �#��� @�" _��� ;a'b ��
S) ����� (
P�� ��d` �& 	��" ��%
 	
�.�  $��
��
�<G�� ��B�" �:%0 ��/
  �"

; �
 ����� �" ;G� �.��/
 ���G .��W�� ����� ��N�� �� �� ����'�& =%0 )r� ��3� �T ��� 
Q� �
B�G #��" #�.��/
 

�:%0�" (  	$�

������ ��N�� �� ��

� ���G #�. �
"  ;G�)Underwood & Suttle, 1999O��2�F� .( ��%
 �� 
.� 

_�����0 �"��*�� � :*Q ���Y �" _��g� #�.
�G� ����i �������� �X�& #��" 
Q� ^��2� ;��
 )Qi et al., 1994 .(

_���" ���S R:*� #�. #����� �� �� ���� �" 	��N �X�[� ��& � ����i
�G� �������� �� #��" 
Q� =%0 _��g�  .��&�" �N�� 

�" ��W�� ����� ����� �� !"��� �.��� �X�f� ) ���
��&���D%
Underwood & Suttle, 1999=. ( _��` �� :& 

e�? ����� �� #����" $� 	��N �" ����� ���WX� ��%& s���� Wk�S ;�:.� ;G� )Qi et al., 1994R"�Y .(  ;G� �N��

 =��
������*�� �& #�. � :*Q ���Y 
�>�. t��
� C'>D� !"��� ����� �� 	��<>G����� ���Y 
�.� � $� �i  �.�� _>?�G 

#�.
�G� ����i �������� �& #��" ;X�" #�. �
" �
�>�. #���[ 	�d" ) 

���Underwood & Suttle, 1999�� :& .( 

����� �� e���? ��� _*:� ;G� O��c� #�u� �" ��*':( �i  �.�>Q�� ) 
Q�"NRC, 2007�� :& �( ����� _*:� ;G� 

Z G @.�& =u. � �X �" R�2� 
Q� �>�.i =��
������*�� �. �� @.�& �� :*Q ^�f� e���? 

�� @.�& �  ��Q 
Q�

)Wu et al., 2015; Hall, 2018(.  

 ��)�� ^�� $� =%0 � ;Q�� 
�2�� ��%& �� 
�<G�� v���0 �'P� ^
.�� 
Q�". =%0 	��� ��2�� ;��P v�X 

^� >G� h0 � 	��" $� �2��
 ;Q�� �� ����
��� ;��2�� ���Y ���� � �� ��$�" �'?�� �" v��X �� ) 
G�Ansari-Renani 

et al., 2011 .( ��� ;���3� � �>�Q =%0 
P�� �=%0 �$� �^��2� �FY 
�
�� �<'>D� #�.�>����0 �" =%0 #��f>Y� v$��

��� �)>�" �i.� ��
3� �:%0 �& T� 
�<G�� �� 

��� 
�2�� 
�& �" R���( �<'>D� 
�
�� ���/
 T�>
w � ����� �)>�" 

����2�S�� .� �& ;�X�x 
�<G�� #��" 
�2�� � ;�<�& ^��2� LG�� \���
w �i _���� �� ���Q ���
��� 
�<G�� �� ���" 

R��
�>0 �*�>
w �i �"  O
Q ;]� ��cg�;X���� e���? ;G� .����� @3
 �:d� �� 
�2�� =%0 ����� ���$ �� ���� $� �i 

#��" ;G� ��&# ��*':( � ;�<�& ����S =%0 	��<>G� ) ��&Gelaye et al., 2021.(  

;�
�>�" �� e�? J� $� t�
 �;�
����:>
�� �" ��� 	��>�� �� 
����X ;'0 ���& �e���? #��" �� d" ;�<�& ��f�� 

�2�'� �. �� 	��<>G� ��Q .=. _��` �Yp( #���$ �" 	��<>G� $� ;�
�>�" �� 
�<G�� #��" @��WX� 
Q� =%0 ��N� ���� . $�

�)�� �X��� _*:� ;�
�>�" ;G� �" ��:D� � =u. �w��>�
 � _�����0 $� s��� ���
��� �i �� ��f�� e��
��i ;��d
�� � 

_�����0 �. � #�.
�G� ����i ��cg� .����)" �"  _��  Z���� _*:� ;G� ���

�� W>�G _�����0 �"��*�� �� d" 
"�� � ����3� 

@�" #�� $� _�����0 	��N _*:� ;G� �" O��P ��Wj� 	
%
 $� � :*Q �� ( 
�& �� _�����0 @�" #�� #��" 
Q� =%0 �� 

J�>G� ����S ���Y ) ����Underwood & Suttle, 1999(. �" �N�� �" _�� �& O��2�F� �:& �� ���� ����� #�f�( 

�" 	/�� ����� ;�
�>�" ��� O��P �>X�� �;G� �" @.�/0 _��  �G��" ��a����cg� E�FG C'>D� ����� ;�
�>�" ��� �" 

���*':( ;�<�& �=%0 ���� �

�� ���? =�W
i #�. #
 & � �����. #�. #
�k���� @�� .
Q ��j
� AB��  



270                                        ���� ����	
�� 
���  � �������� 
���� ���
 �1402 

2- /+-7  8����   

#��>]� ����� �� =%0 O��c� �:d� �" ���*]>G� ��� � ;���3� =%0 ����. �>G�� _�� �� O��2�F� ��%
 	��� �& 

� 

R:*� ����� y(�" 
Q� =%0 � �� d" ;�<�& =%0 ��  U��>
 .��Q@.�/0 ���� ��%
 �� �& 
.� FGC'>D� E�  �����

)16/0 �23/0 �29/0  �34/0 (T%? 	��� 
P��  ^��2� ��*]>G� � ��� @��WX� Z GW" #
�2�� �
 #�. �>?�  
i 	
Q)��� 

) 
QQi et al., 1994 .(@.�/0 VFG �G ���� ��<P 1/0 � 2/0 	��� 
P�� T%? ����� � �G VFG ��<P 15 � 30 


P�� 	�& ��b 	
Q �" 	��� �� �" O��P�f? =%0 	�" #�. ������� ��2�F����� 

������Y � ��� ��%
 U��>
 �& E�FG 

C'>D� ����� �" @��WX� �FY ��� � ��� =%0 �c� ���� #���  � ��0�.��) ���� �����*:.1377.( �� �%.�/0 ��)�� 

zD%� �& 
Q {�. �%��WX� �� 
Q� =%0 �� |G�0 �" �

�j�� e�? #�. �>�
�>�" �� 	��N 
�<G�� #�. ��N� ;Q�

 

)Qi et al., 1994��2�F� �� .(  #� ��cg�E�FG C'>D� ����� �" ���� #
�2�� �2�bW" #�. ���k�� �G��" � ��%
 U��>
 ��� 

�& E�FG C'>D� ����� e�& �FY � ��� �" #��cg�  �#�W� �[�) ���

 �.1381;<. ���WX� ��)�� ^�� $� .( ��� 

_�
��>� ;aX�]� 	
Q �&��" ��/
 ��
�<G�� 	��N �" @��WX� Z G R"�Y dN��� �� ��� ^��2� ; �
 �" 	��� 
.�Q  
Q

)Ramadan et al., 2017 U��>
 .(Azizi et al. )2017�� ��%
 (  ^�f� 
.� � #�f�( ����� R:*� C'>D� E�FG

;aX�]� _�
��>� �2�bW" ���d
 �$� � �
�$�� �$� @��WX� _�)
��� �T%? 	��� ^�f� �" #��cg� 	
Q =. .���

 �.  _��`

��%
 #�)�� ��2�F� U��>
 �& ��� E�FG C'>D� ����� 	��N �" #��cg� _�)
��� @��WX� �$� 	��� ��
�$�� T%? 

�X�f� �
�$�� Z��[ R�
 � #�.W" ����b .���

 ����� �" 
�`�. @��WX� VFG ����� $� 14/0 �� 22/0 �� 	��� T%? 

	��N _�)
��� _�� O�<P ��&�� �" U��
� @.�&  �#�W� �[�) ;X��1381=.�" T� ��)�� �X�� $� .(  _�" �X�� �G @�&

�� @.�& �� h� }�N �& ���� ��N� �
 �2�� � ����� �h� 2�G R�*%� �" .
.� �& � :*Q �� �	��N O�<2�G $� 
�<

�� @�&�� O�
 �2�� �" h~G O�
 �2����� 
.� �� R�*%� h� ��']��
 #�.  #���$ ��W�� �" h� �>��$ �:.��X .��Q

�� @.�& ����b 	��N �� ����� #B�" ;a'b �" �" �& 
"�� �" ���$ ��:>S�  h*'~:& �� � h� 
�<2�G R�*%� R�2�

O�
 �2�����- ) ;G� h�Underwood & Suttle, 1999 ����� ^�f� @��WX� �& 
Q 	��� ��%
 �%.�/0 �� .(

	�" #�:Gp0 h� ;a'b �" #��cg� 	�" .;Q�

 �. #�. ;X���� 	
��& E�FG C'>D� R:*� ����� )9/3 �� 9/7 ��� �� 

$�� ({�. �
�%
 #� $� �� :& h� �� ��� ��2�F� ��%
 ) 

��

Ivancic Jr &Weiss, 2001(. ��2�F� ��  �)�� #�

�" �& h� ;F'b @.�&  O
�155 �.��� $�� T� �" 	��N ����b ����� VFG �" B�" 	��& �����  

�v��W�  	
Q  ;G�

)Richter et al., 2012.(  

  

3 - :-� /+-7  !
*�;  

@���$i _�� �� 	��  ����� #�.�dQ ���� 1401 �� #��
��� 
S�� 	�)%
�� ��'( #$���%& � !"��� �� �� ����� ��j
�  .
Q  ��

 $� @���$i _��18 JK� ��b ��� =*Q @�� _>�"i ��/
 AB�� �" _�)
��� �$� 5/3±38 �� .
Q 	��<>G� �
>"� ;dN ����:�� $� 

�>�pG ��:� @�� �. ;]� � ������ �G��" R��& � s�Y� ���Y @���$i .
�>X�� �� Z2�Y E��  rp��&�X��f� �" �G ��:�� � 

@Q ���*� ��j
� 
Q .�.��:�� R��Q 1 - 
.�Q ��:�� );�
�>�" ����� ��
" ���(� 2 - ��:�� #��S 15/0 
P�� 	��� J�G��") 

(T%? ����� ;�
�>�" � ��� 3 - #��S ��:�� 3/0 
P�� 	��� J�G��") (T%? ����� ;�
�>�" 

��" ��� .@�� �. �� �. �� ��:�� 

h<Y #�. #���<
� �" O
� 42 $�� #��
d)
 


Q. 	��N #�.  	��<>G������� _�� s � @���$i ���
N _:j
� �'� O�3�3]� 

� ��d� 
�<G�� =�a�� 


Q � �� �d>Q� 
S �� �� ;"�
 V P );(�G 08:00 (� �f( ) ;(�G16:00 (���>?� �� @�� �. ���Y 	��� 


Q. Z�&�� ���� �&���? � ���� #��� 	��N #�. �%���$i �� ��
N )1 (	
�i ;G�.  
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 M6�N1 . 	��N ����:�Q Z�&�� � �&���? ����	��<>G����� #��" @�� (T%? 	��� $� 
P��) AB�� #�.  

O��
E ��FN� ���� �P�� Q�9�,.)  (T2E  �P��  �/U� ��
� V��,�  

�
�� 	�&  00/40  (
P��) T%? 	���  51/87  
�N �
��  60/20   R"�Y #w�
�;?�G $�G� (����'�& �" #�2�& �)�)  30/2  

 J� GO��  81/9  (
P��) ��? _�����0  50/13  
���G �2�j�&  36/11  (
P��) #
�G� 	
���Q �� ��']��
 ^��2�  21/27  
�
�� J� G  80/5  (
P��) ���? 	
���Q �� ��']��
 ^��2�  94/40  
�
��` �2�<�  00/4  (
P��) �>�&�?  62/4  
�W'& �2�j�&  00/3  (T%? 	��� 
P��) ���0 �����  10/0  

T:
  00/1   ; �
	��N ����� �" �w��>�
  6:1/21  
��G T.i  50/1      

�"�` ���0  43/1      
	���  50/0      
�

�� R:*�-�����>��*  00/1      

* �k��� �

�� ���� � _���>�� ��'D� @�0 _���>�� :����b 	��N ����'�& �. #�$� �" 	
Q:A  U1000000 _���>�� � U:D3250000 _���>�� � U:E3000 =�W��� �32000 
�'��  :W�)�� .���10000 �'��  :#�� l���10000 �'��  :h� l���300 �'�� ���;  ����'G100 �'�� ���;  :=��'&100 �'��  :_.i l���3000 �'�� ���;  ;2� &100 �'�� ���; 

 �<�X30000 �'�� ���;  :_���
��1500 �'�� �>
i l���  ��
��&�100 �'�� ���.  

  

����� �>�";�
  ��� 	��<>G������� _�� @.�/0 #���� 90 
P�� ����� � 10 
P�� ;�
�>�" ��" . �N�� �""� _��  �&

;�
�>�" #���� 	�<S ���. �� ��>?�G �2�*2�� ��? �� �
Q�" ���
��� }�N � 	��?� }i � �g��_ ;"��� �X�& ;dN ��Wj� 

����� �� =.��X �� 
�&. �
�$�� e���? �" O��P ��'D� R��& )40 �X�'( 
P�� � 60 	�>
���& 
P�� (�" ��� 	��� �. 
Q .

e���? 	���  	
Q� �Y�" e���? 	

�� #��" �. ����S �. �� �$�� �$� � ; c 
Q .�X�f� e���? �
�$�� _�)
��� $�  O��<� 

e���? 	���  	
Q�" �. ��� � e���? Y�"� 	

�� ��:. ��� �� $�� 
�" � G�]� 
Q .�$� @�� �%& �. �� ��� � �?i 	��� 

h0 $� 16 ;(�G �)�G�� �" 	��<>G� $� #�$��� ��>�j�� �" ;Y� 50 ��� ��j
� 
Q .�" ��a�� _���� @��WX� �$�  �
�$��

�" ���:
 =��3� ^p>?� �$� �� T� 	��� �
��$ �" ��
�� #�.$�� ��:. 	$�" �
��$ 
Q � G�]� .Z��[ R�
 � e���? �" 

=��3� _�)
��� 	��� T%? �X�f� �" _�)
��� @��WX� �$� �
�$�� �. ����S �� R& 	��� �" ;G� 
�i.  

�" ��a�� @�� =%0 @���$i #�
>"� �� ���
�<G�� =%0 ;�<�& _����  �.�" ��� �� � 	
Q 	
�` ;?���*�  $��41 

@���$i s � R:�2���>G� ���
>� � ���

�>G� �" 	��<>G� $� =%0 `�_ �(���&��) �>G� $� #�'d0 \` @�� �.  Z2�Y ��

10×10 �>
�G  #�>��
�:
 ����"# 
Q � #��" 	$�

� #��� #�.�>����0  �a
�����" 	�)%���$i ^��2� ���� �Go�� O�3�3]� 

��'( ���� ��%& 
Q ��G�� .	$�

� O�<P #��� R��Q 	
Q ��� �>G� ���G��Q �^��2� ^��2� )\:& ��3�3S ��B�
� �(� 

"�`��  	�$�"^��2� )���

��(�(O������ Z��[ � ����� ^��]
� �_�)
���) �FY � ����0�_  ��? ��*]>G� �� @%& �0�� #

	�]
 .��" ^��2� ���G��Q _�
" ��" O��P �& �
>"� T� �>G� =%0 �" �X��f� ��� $� R?�� �
�:
 �
N �>�Q 	
Q � �" 

#�� R:D� C2�D� �
� ��? �=%0 =%0 ��3�3S ^��2� (\����>.) ��B�
� $� \:&� =. 	
Q�
N � �
���
N �� R?�� 

�%" ��"�� �" ��? � � �`�" �& �" #�� �i 	��:Q �
�:
 � ^��2� t�
 �>Q�
 	
Q ��" ���Y ;X��. v�� 	$�

� #��� �"�` 

^��2� _�
" �
�� ;G� �&  �
>"�3 $� ��� �
�:
 ^��2� rp��& T%? 	
Q �� R?�� �b�& �X�P _:��� 	��:Q �" 41 ���Y 	���  �

R?�� v����& ���Y 
Q 	��� #� ��']� �� � R��� ��� �" 	�)>G� ) T>�&�Gsoxtec	$�

� =%0 �"�` (  	�$�" .
Q #���

�" =. ^��2� ) �F"�� � ���Q =%0 	�)>G� �'�G�1	$�

� ( =. .;G� 	
Q � G�]� � #��� �FY _��` ^��2� �� 	�)%���$i 

J�G��" ���

�>G� ��N�� � �" �'�G� 	�)>G� ��*�� ��>&w��0 ;G� 	
Q ��j
�.  

 �F"��1(  100×  
 (���) �>�Q =%0 �$�– (���) ��Q�
 =%0 ��2�� �$�  

=%0 ���

�� =  
(���) ��Q�
 =%0 ��2�� �$�  
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�" ��a�� �j�G��X _���� =�W
i ���? �
 �2�� � ����'G �h� ��<�X ������ �=��'& ;a'b ��
�? #�.  #
 & #�.

 R��QO����~Gi �������i
$��<� )AST( �$���<�X _�B�*2i i ��������i _�
B
$��<� )ALT R��Q #
�k���� �����. � (

#�� =�W
i � _�
�����
���>� �_�
�����
� �������'� �� $�
��&��0 $�� �G @���$i �
���0 ;(�G h0 $� ����� V P $� 

��.��G �
��� )����( @���
�:
 �. ��?  �>X�� 	�)%���$i �" �
Q ��G��	$�

� #��" . �j�G��X #��� #�.  $� ���?

;�& .
Q 	��<>G� ���$i J��0 ;&�Q ����:�Q #�.  

 	��� �" RP�S #�. ���� $� 	��<>G�GLM ��
  #���i ��WX�SAS  �D�
)1/9#��" (  �
�)2(  _�)
��� � ��Wj�

�����
�` ���$i $� 	��<>G� �" �.��:������3� 
P�� U�0 #���i VFG �� _*
�� #� .
Q  

 �F"��2                                                                                                                  (ij+ei= µ+TijY  

 ��F"�� _�� �� �&Yij ��:�� 	
.�%� ��
3� �i ���*� �� ��j l��µ l_�)
��� �c� �Ti ��:�� �c� �i�� leij� �%���$i #�F? �c� .;G�  

  

4- 4
=*& )*+ /+-7   

^p>?� ���� @�� _�" #��� ;X���� #�.  	
��&;�
�>�" ����� C'>D� E�FG �a
 $� ��� �$� ����d>
� O������ ��
$� 

@��WX� �$� ��
�$�� ^�f� 	��� T%? �
�$�� � Z��[ R�
 � e���? ��N�  ��
N) ;Q�

2.(  

  

 M6�N2 .;�
�>�" ����� C'>D� E�FG �c�  �" ���@�� ��*':( �.  

*BP  
�,�N 
2(��	� ��7  

SEM Value-P  
�7�W  15/0 T2E ���� �P��  3/0 T2E ���� �P��  

(����'�&) 	��� #�
>"� �$�  42/38  79/38  43/38  957/0  9580/0  

(����'�&) 	��� #�d>
� �$�  46/43  14/44  12/44  194/1  9044/0  

(����'�&) �
$� O������  04/5  34/5  69/5  523/0  7027/0  

($�� �� ���) �
�$�� �$� @��WX�  00/120  14/127  47/135  777/10  0834/0  

($�� �� ���) �
�$�� T%? 	��� ^�f�  55/1157  91/1203  42/1285  146/58  6209/0  

e���? R�
 � Z��[  64/9  46/9  48/9  642/0  0715/0  

SEM :_�)
��� ���

�>G� #�F? .�.  

  

U��>
 ��cg� 
�>�" ����� C'>D� E�FG�; ��� & �"�<�; � =%0�@ �.# AB�� ��
N �� )3 E�FG �& ;G� 	
Q �k��� (

 C'>D�;�
�>�" ����� @�� ^��2� �FY O������ Z��[ � \:& ���*]>G� ����

�� ���� @��WX� Z G ���  
Q �.

)05/0≤P .(�" ��_ ��S� ;�
�>�" ����� ���WX�  �����cg� ���� �` �" #��� ��3�3S ^��2� ���B�
� ^��2� ���? _�����0 ��"

.;Q�

 ^��2� �FY ����� ^��]
� � _�)
���  

 #�.��:�� _�";X���� ;�
�>�" ����� 	
��&  ���$� �a
 ;a'b ��<�X �=��'& �h� ����'G ^p>?� ��G �
 �2�� � 

���� #���  ��
N) ;Q�

 ��N�4�" U��>
 �" �N�� �" .(  �c� �	
�i ;G� ����� ��W�� �" ��� ;�
�>�" ����� #��S #�.��:��

) ;Q�� ^p>?� 
.�Q ��:�� �" ; �
 ��?05/0≤P.(  

;�
�>�" ����� C'>D� E�FG ���� �c� ��� �" #��� O����~Gi ;a'b �i��$��<�
����� 2i*B��_ 
Bi � $���<�X�_ 

�i�@�� $��<�
�����  ��
N) ;Q�

 AB�� #�.5.(  

) ��
N ��6(p�� ( �����. �" ��"�� O�_�
�����
���� �_�
�����
���>� 
i �W=� �������'�  $�
��&��0�k��� 	
Q  U��>
 .;G�

�� ��%
 ;�
�>�" ����� E�FG @��WX� �" 
.�  �����. ;a'b ���_�
�����
���� �� @��WX� 
"�� )05/0≤P.(  ����� ���WX�

;�
�>�" @�� 	��N �" ���  �.��cg� ����  �����. ;a'b �" #���_�
�����
���>� 
i �W=� �������'� .;Q�

 $�
��&��0  
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 M6�N3 .��cg� ;�
�>�" ����� C'>D� E�FG @�� =%0 ;�<�& �" ��� AB�� #�.  

*BP  
�,�N 
2(��	� ��7  

SEM 
 
value-P  

  �7�W  15/0 T2E ���� �P��  3/0 T2E ���� �P��  

�>
�G) ^��2� ��� (�>�  b03/3 a65/3  a80/3  12/0  0280/0  

(
P��) ^��2� ��? �"�`  43/3  32/3  25/3  30/0  0616/0  

(
P��) ��? _�����0  19/62  47/69  21/63  73/2  1637/0  

(
P��) ���

��  b23/79  b37/79  a49/83  94/0  0151/0  

��*]>G�  b14/5  b81/5  a95/5  40/0  0319/0  

(
P��) \:&  b10/2  a73/4  a30/3  55/0  0134/0  

(
P��) ��B�
� ^��2�  23/11  75/9  17/9  77/0  2146/0  

(
P��) �3�3S ^��2�  66/86  53/85  54/88  93/0  1181/0  

(���*��) ^��2� �FY _�)
���  51/30  81/30  80/36  13/1  1633/0  

^��2� �FY ����� ^��]
�  88/17  74/14  65/17  94/0  0717/0  

(
P��) ^��2� �FY O������ Z��[  b03/52  a59/57  b65/52  35/1  0354/0  

a-b_�)
��� O��<� : ���� C��� �. �� �"�%���b ^��S �" �. )  ���05/0P<.(  

:SEM _�)
��� ���

�>G� #�F? �.  

  
 M6�N4 .��cg� ;�
�>�" ����� C'>D� E�FG @�� ��? �

�� ���� �" ���  AB�� #�.�)�'� ��� �� �G� (�>�2  

*BP  
�,�N 
2(��	� ��7  

SEM value-P  
�7�W  15/0 T2E ���� �P��  3/0 T2E ���� �P��  

=��'&  60/3  32/3  45/3  127/0  3385/0  

�����  b22/0  a34/0  a38/0  038/0  0001.<  

�<�X  66/1  57/1  42/1  049/0  4801/0  

h�  06/1  05/1  06/1  009/0  3899/0  

����'G  46/0  48/0  49/0  011/0  2509/0  

�
 �2��  80/0  78/0  79/0  019/0  9738/0  

a-b_�)
��� O��<� : ���� C��� �. �� �"�%���b ^��S �" �. )  ���05/0P<.(  

:SEM _�)
��� ���

�>G� #�F? �.  

  
 M6�N5 .��cg� ;�
�>�" ����� C'>D� E�FG @�� #
 & =�W
i ;a'b �" ��� 
S��) AB�� #�. �� (�>�2  

���� �(F'� !Z89�,+  
�,�N 
2(��	� ��7  

SEM  value-P  
�7�W  15/0 T2E ���� �P��  3/0 T2E ���� �P��  

i�������i _�
B
$��<�  57/21  50/22  01/20  002/1  2446/0  

�������i O����~Gi
$��<�  21/99  11/99  64/98  015/1  9153/0  

$���<�X _�B�*2i  76/377  64/461  77/478  534/38  1958/0  

:SEM _�)
��� ���

�>G� #�F? �.  

  
 M6�N6 .��cg� ;�
�>�" ����� C'>D� E�FG @�� #
�k���� �����. �" ��� AB�� #�.  

*BP  
�,�N 
2(��	� ��7  

SEM value-P  
�7�W  15/0 T2E ���� �P��  3/0 T2E ���� �P��  

_�
�����
���� /����
�
) �G� (�>�2  b54/10  a44/12  a15/13  281/0  0001.<  

_�
�����
���>� /�����*��) �G� (�>�2  39/120  76/112  60/113  49/2  1526/0  


iW=� �������'� (_�"�'��:. ��� �" 
S��) $�
��&��0  05/7  61/7  70/7  254/0  2500/0  

a-b_�)
��� O��<� : ���� C��� �. �� �"�%���b ^��S �" �. )  ���05/0P<.(  

:SEM _�)
��� ���

�>G� #�F? �.  
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5- ?@�  

sX��� �" U��>
 �[�S �?�" @.�/0 ���� v��W�  VFG �� ����� $� 	��<>G� 

��&6 T%? 	��� ����'�& �� ��� {�. 

�X�f� T%? 	��� ^�f� �� ����<� �:
 ��j�� ) 
�&Richter et al., 2012.( =.  @.�/0 _�� U��>
 #�>G�� �� _��`

e�'" $� 	��<>G� �& 
Q v��W� #�. e���?  #��S20 � 40 ��� �� ����'�& ������ T%? 	��� ^�f�  e���?�� 

�� �>Q�� #�.��� ����� ) ��

Cherdthong et al., 2018.( @.�/0 U��>
 �� ��%
 ���� R:*� ���WX� 
.� ����� �" 

��W�� 2/4  �4/6 ��� �� ����'�& T%? 	��� �� #��cg� 	��N ) ;Q�

 ���� #�.��� e���? ^�f� �"Uwituze et 

al., 2011.( #�f�( ����� R:*� C'>D� E�FG $� 	��<>G�  _�
��>� �;aX�]� 	
Q ��cg� �T%? 	��� ^�f� �" #

�2�bW" ���d
 �$� � �
�$�� �$� @��WX� _�)
��� ) ;Q�

 �.Azizi et al., 2017.( =. _��` @.�& �F? ��  @��WX�

�
�$�� �$� � ���

�� e���? �� ��)�.� �& �.��:�� 	��N ���. �" ;a'b B�" #��S 18/0� 19/0� 22/0� 29/0 � 40/0 


P�� ����� T%? 	��� ^�f� �

��& v��W� ) 

��&Loneragan et al., 2001.( �� �� �j�>
 ^p>?� _�� R�2�  �" ����

�� .;�
�� L ��� �X�f� ����� t�
 � 	��N ����� ;a'b ���� t�
 �� :*Q #�>&�" #�. 	
�.�& ������  �#�f�( �����

O�<2�G #�. �

�� � #�.
�G� ����i #��S ����� �� �" 
�<2�G �w��
�. R�
 � �� 
��& �& _*:� ;G� �" #$�� @D" 

� :*Q 

�Q R3>�� �� #��" R�*%� �" 
�<2�G �� @D" !��� �
N �

�Q ��f� �� ��Q �& _�� T�*<� �>�"�� �" pH  .;G�

�" ����( ����� �� pH �;<. r� ��3� 50 $� 
P�� H2S #��" R�*%� �" 
�<2�G �� ����3� �" ��
 ��Wj�  U�0�� 
P�� pH 5/5 

�
N �� .��Q @��WX� H2S � :*Q �" @.�& e�]� � :*Q � @��WX� ���$ #���

�� �e���? �� �" ��j�� �>S���
 �� �����S 

�X�f� T%? 	��� �� @.�& �� .
.� !Y����� _�� ��[�X ��N� ���� �& pH � :*Q R�2� �'P� O��<� �� R:]� ����� _�" 

O�
���S ����� 	
Q �" �X�'( � 	�>
���& ) ;G�Schoonmaker & Beitz, 2012.(  

�� ��%
 O��2�F� 
.� _�����0 �"��*�� � :*Q ���Y �" �g��_ G���.
# �i��� #����� �X�& #��" 
Q� ^��2� 

;��
. _�� $� ��� �X�[� �" ���& R:*� #�. ��� ����� �" �� 	��N ���� G���i
��� #����� �� #��" 
Q� =%0 �g��_ ���& 

=. _��` ����� �� 

��� �" ;&��%� �� W>�G _�����0 =��
������*�� LG�� #�. � :*Q y(�" 
Q� =%0  ��Q

)Underwood &Suttle, 1999; �
 .( ����� �" �w��>�
 �� =%0 ��
S 5:1 � �� _�����0 �"��*�� ��
S 13:1 �;G� 

_���"��" �" �" ���"��& ; �
 ����� �" �w��>�
 ;dN 
�2�� _�����0 �"��*�� _*:� ;G� 
Q� =%0 ��
]� ; �
 .���� 

����� �" �w��>�
 �� _�����0 �"��*�� #���� ����� O������ R"�Y �dN�� ;G� .R�2� _�� ��� �i ;G� �& ��
S 66 
P�� 

$� _�����0 �"��*�� $� _�����0 �3�3S *%��R 	
Q � ��3" �i $� 	����� �2�'G }��*�� �. � #�.
�G� T��'&�
 ;G� .

��
3� �� ��N�� ����� =��
������*�� �. �)>�" =�3>�� �" ��W�� _�����0 �3�3S � �F"�� h*( �" ��
3� #�.
�G� 

T��'&�
 �i  �..���� =. _��` ���

�� 	��<>G� $� _�����0 �"��*�� #��" 
Q� ^��2� _�k�0 �;G� ����P�� �& _�� ���

�� 

#��" O�
�2�� �)�� 
�
�� ;Q�� � ��Q ��B�"  �#�W� �[�) ;G�1381@.�/0 .( �. ��%
 �� 
.� �& ; �
 }�'F� 

����� �" �w��>�
 R"�Y ��Wj� _�" 2: 2/21 �� 1 :4/11 �� 
�<G�� � W" �2�" � 1 :4/16 �� 1 :1/9 �� �2�bW" �.# �� ��S 


Q� 	��" ) ;G�Qi et al., 1994.(   

 v��W� �� U��>
 #�>G�� ��  �& ;G� 	
Q��� @��WX� Z G 	��N �" #�f�( ����� C'>D� E�FG ���WX� �>G�  �


P�� \:& �2�bW" ^��2�  
Q �.)Azizi et al., 2017.( �"  ���R:*� ��"�%� #�. #�� O�<2�G ��� ^��2� �� ��
" {�. 

��cg�# �" ;X��x �� d" �i �� 
%D"  �&rB�:>S� �" R�2� @��WX� #��>]� _��>��G LG�� R:*�  #�.#����� ;G� �& 

�� �j�>
 L���Q ���d" �� #��" 
Q� ^��2� =.��X �� 
�& .=. _��` �& ;G� �i $� �&�S U��>
 ���WX� ����� �

�� �" 

	��N ����b �
�<G�� 
Q� =%0 � ;�<�& =%0 �� �� d" �� 
%D" )Sahoo &Soren, 2011.( 	��� ��%
 	��<>G� �& 	
Q 



:;��, <
=9 >43?� �,@
@ '
38.�* ��� ,. A�,�4�� ��B�* A�20 ��
� '�C�
 AD
E  F'�(� �7 ... � /
���� ���	
�� ���� D�����7 6   275 

$� ��'D�  ����i
�G�#�. �& C'>D� ;X���� �� ��
]� �� _�
��>��
��& �j�� �" @.�& ���� � �FY ;(�G 
Q�  =%0

�� 
�<G�� �� @.�/0 .��Q 
�>X���� ���� �& ���WX�  _�
��>�;aX�]�  	
Q��*]>G� @��WX� y(�" 	��N �"  _�)
��� �

�FY ^��2� �� ���Q �`��� ��cg� R"�Y �dN�� �" �FY ^��2� ) ;Q�

Ramadan et al., 2017�� @��WX� _�� .(  

���

�"  R�2��g��_ ����� $� #����3�  =%0�"  O��P_�
��>� ) 
Q�"Sahoo &Soren, 2011 �[�S U��>
 �" ��u� �� .(

v��W� ;G� 	
Q �& ����� ) �2i ��b � �2i R*Q �� �. �"Nezamidoust et al., 2012�" ( ��� ^��2� ��cg� 

�:
 ������" .  �����"�%� |G�0 �.�� �" 	��N #�. ����b #��S 16/0 �23/0� 29/0 �� 34/0 ����� 
P�� )J�G��"  	���

(T%? �� _���� 

��& � 
�>X���� �& �FY ��.�� ^��2� �2�
� � \:& ;]� ��cg� ���WX� ����� ���Y ) ;G� �>X�)
Qi et 

al., 1994�� �� �j�>
 ^p>?� _�� .( �" ���� X�f� ����� t�
 ���� t�
 R�2��" .��& ����( � :*Q �� ����� }�N � � 

�N�� �" _��  �&@��WX� �FY ^��2� y(�" @.�& ;:�Y �� �i �
�dN #�.��$�" �� ��Q �X�[� �
%
 �" �FY ^��2� �F3
 

�> �� �� _�� 	w��0 }��]� ��  U��>
 �" ��:. �& ��QAzizi et al. )2017.;G� 	��" ( �FY ^��2� R��( �'P� 

����_ 	
��& ;�<�& ;G� =%0 � �" ��*':( ��
���� L ��� ;G� ._�)
��� � 	��
]� #�.�FY C'>D� �� =%0 
�<G�� 

�� �
>"� LG�� \���
w ����S _���� �� ��Q �& 	$�

� � ;�X�x #W>�G ��*�2�X �. �� _���� �� �
�& ��� �"  ���

R"�Y dN��� LG�� R���( �N��? �" ��	/ ����� ����� �� ) 
�&Khan, 2011.( _�� R���( �N��? y(�" ����� �FY �� 

��� ^��2� �� 

�Q .@��WX� 
�2�� =%0 RP�S $� ����� �� d"��>X� r� ��3� �%�:. �" @��WX� _�)
��� �FY ^��2� L ��� 

 ����� ��
�<G�� .;G��':N$�  ��2 � 
�>�. =�D[ =%0 �" #�.��/
��cg�  �� �����2� �FY�^�  =%0�i �.  #���$ ;�:.�

�*� .;Q�� �N�� �i �" 
��" � ���� �)�� $� R���( =d� ����_ 	
��& ��� =%0 ;�<�& ^��2� ;G�  �& �<2o���� ^��2� �" 

;(�G 
Q� � ��� 	��� 
Q� L ��� ) ;G�Khan et al., 2012.(  

�� ����� ������ ����
��&���D%
 �" ��
 �2�� �h� �'&��= � ����'G @�&�� �<�X ��%
 �� 
.� .�2� =��
�*� _�� 

@�&�� �" "�?� _Q�� 	
%
 ;G� .=. _��` ��
3� ���$ O�<2�G � �
 �2�� $� }�N �� #��
d)
 h� �� �
" #����'N 

�� .
�& �_���"��" �� ����� ���
��&���D%
 ����� s�Y� _�" _�� �P��( #���[ �� ) 
Q�"Underwood &Suttle, 

1999(. �*� $� _�� =.�" @�&  ��.h� ������ _�" @�&�� � �
 �2�� ;G� �& �" =. Z�&�� �� 

�Q � O�
 �2�������>� 

h� �� R�*%� �� 
�.� ._�� h*'~:& h� �� #��" ����S b R"�Y�� J�>G� �� 
�& . �[�S U��>
 �" ��:.v��W�  	
Q 

 ���WX� �& ;G�5/2 ;aX�]� _�
��>� $�� �� ��� U�0  � 	�" 	��N �" 	
Q c� �G��i #�.���� �  ��G h� ;a'b �" #���

;Q�

 )Abdelrahman, 2012.( =. ) ����� C'>D� E�FG _��`0 �15/0  �3/0  (T%? 	��� 
P����cg� ����  #���

) ���

 #��Q #�.��� h� ;a'b #��Spears et al., 2011U��>
 �" ��u� �� .(  �[�S ��2�F�v��W� 	
Q  �& ;G�

^�f� T� 	��N ����b ����� �" B�" #��" 28 $�� y(�" @.�& h� �:Gp0 r� ��3�) 34 (
P�� �� ����3� 
.�Q 	��� �" 


Q .@.�& d"�%�� �� ;a'b �:Gp0 h� �
��$ �� ��N� ���� �& �.��� T� 	��N ����b ����� VFG �" B�" #��" 76 

�$�� 149 $�� )Pogge & Hansen, 2013( �� 155 $�� )Richter et al., 2012^�f� ( 	��&  �j�>
 ^p>?� _�� .

�

�� �� �" ���� O
� ���$ ;�
�� L ��� ��� t�
 � �X�f� ����� ��
3� �}�N �t�
 �@.�/0.  �[�S U��>
 #�>G�� ��

	��& v��W�  

��&  #��Q #�.��� 	��N �� �2i � �

�� ����� C'>D� E�FG $� 	��<>G���cg� ����  ;a'b #�� #���


�" � R Y ��G �<�X  @��$ $� �����*:. � #�
���) ���

 �.���1390Kazemi-Bonchenari et al., 2014;.(  

�� ��%
 O��2�F� ����'G 
.� � ����� #���� ���? �*�W�X � ����:�Q d"�%�� 
�>�. � #��
�� $� O��2�F� ��%
 

�� 
.� �& @��WX� ����� 	��N y(�" @.�& $�;� :.��X� ����'G �� ) ��QUnderwood &Suttle, 1999 �� �& (

_�� ;G� 	
%
 	
.�%� @���$i .@��WX� ����� $� 1/2 �" �� ��d`  7 ��� �� ����'�& 	��N �j�� �" @.�& �F? 



276                                        ���� ����	
�� 
���  � �������� 
���� ���
 �1402 

����'G �:Gp0 � }�N ����'G �� #�.��� 	���Q ) 
QIvancic Jr &Weiss, 2001�� �� �j�>
 ��u� _�� .( �" ����

 �'���(��q:. .;�
�� L ��� ��� t�
 � ����� C'>D� E�FG �� :*Q �� ����� }�N ������ C'>D� !"��� ����'G �� 

=>��G #�. �>
i �
�
��&� ��2�'G �" 	
:( ��� $� s��� =�W
i #�. �$�
��&��0 =��2�"�>� _��&���� � =��2�"�>� 
�G� 

T�
�
�Q��i @3
 ��*2�� .���� #�. ��b $� �_��>��G 
�
�� �_�
����2�>� @3
 ����S �� ;aX�]� $� O�
���S �� �"��" 

�h� ������& � #�� �X�[� �

��� 2�S��� �& ���G ��*2�� �. �" ��3>
� ����'G ��cg� �� 

���� � $� ;X�" �. �� �"��" 

;�:G ����'G ;aX�]� �� ) 
��&Underwood &Suttle, 1999.( �� ��%
 �[�S @.�/0 U��>
 WX� �" �& 
.� @��

) ;X�� @��WX� W�
 ��? ����� ;a'b �	��N �� ����� VFG05/0≤P=. .( ��
3� _��` �&

� $� 
�<2�G 	
Q
�2�� �� 

� :*Q $� 	����� � :*Q }�N �� .��Q 
�<2�G }�N 	
Q $� s��� ��? ���� 
 & � 	
Q �� �j
i 	
��&� 	
Q � R�
 � �" 

O�<2�G �� .��Q h~G O�<2�G ���� ��? 	
Q � �� !��� ���? �2�'G �
" !�$�� ��  ������&  �.��:�� _�" O��<� ;'(

�� �" 

��� @�� �G�>G� @��WX� R�2� ) ��& ����( ����� �" �.Azizi et al., 2017.(  

=�W
i z?�Q #
 & #�. �� 
 & ;�2��X #�. �i @.�& �� @��WX� �& 
�Q�"  �. �" � 
 & �*�w�2��W�X ;��[� ��

;��d
  ����S��cg� ;dN � ���� ����:�� $� ;]P � ;�pG 
 & 	$�

� #��� ��  

�Q �����*:. � #�
���)1390.(  U��>


 �& ��� ��%
 @.�/0 _�� ;�2��X ��W�� _�)
��� ����3�O����~Gi �������i
$��<� �$���<�X _�B�*2i i �$��<G�������i _�
B 

@�� �� ��? ��G $� RP�S #
 & ���� O��<� �.  �� #��� �� �&

� ����" O��2�F� .��

 ��%
 �%���$i #�.��:�� _�"

=�W
i ;�2��X �" ����� ��cg� ���� @�� #
 & #�. �� � ���� ��N� �. t�:j� _�� �j�G��X �. �� OB�3� �" ��W�� �:& 

G��"� 	
Q  .

��"  �[�S @.�/0 �" ��:. t�[�� _�� �" �N��v��W� 	
Q 	��N �& ;G� ) ����� #��S #�.62/0  
P��

 ;�2��X �" (T%? 	���=�W
i O����~Gi  #��Q #�.��� $��<�
�������i��cg� ����  ��? ��� � 	��
]� �� � ���

 #���

 ����170-30 
�>Q�� ���Y �>�2 �" 
S�� )McKenzie et al., 2009.( @.�/0 ��:. 
�`�.  �& ��:
 v��W� �� E�FG

B�"�� ����� )01/1 T%? 	��� 
P��( =�W
i ;�2��X @��WX� y(�" O����~Gi �� $��<�
�������i  ��� � ����� $� � ��Q

 ��?���?  	
Q ;G� .�� ��%
 U��>
  ���WX� �& 
.�41/0  �" (=�W��� O�<2�G) �

�� ����� R:*� T%? 	��� 
P��

 ;�2��X @��WX� y(�" #��Q #�.��� 	��N=�W
i O����~Gi �����i�� �)�� ��:�� �� �" ; �
 $��<�
��  �)�� ��:�� �� � ��Q

 �&�" (=�W��� O�<2�G) �

�� R:*� �" ����� VFG _�:. ;aX�]� _�
��>�) �2i R:*� �X�[� (	
Q 	��& ;X���� 

� �

 ��:�� �" ; �
 ;�2��X ��W��;X���� @.�& �

�� ����� R:*� 	
��& 0�	��&�
 ;G��  �" ; �
 R& �� ���	���  
.�Q

�>Q�� ;�2��X @��WX� ��:�� �� �. 

�  �����*:. � #�
���)1390.(  � �

�� ����� R:*� ���WX� �" �#�)�� @.�/0 ��

O����~Gi =�W
i ;�2��X #��Q #�.��� 	��N �" �2i ;X�� @��WX� $��<�
�������i ;X���� #�.��:�� �� �  ����� 	
��&

@�" =�W
i _�� ;�2��X �

�� G� 	��" ��) ;Kazemi-Bonchenari et al., 2014.( ^p>?� _�� �� �� �j�>
  �" ����

.;�
�� L ��� @���$i ���$ � ��� t�
 ������ C'>D� E�FG �� :*Q �� ����� }�N ������ C'>D� !"���  

 ����" O��2�F��&

� �F"�� _�" =��2�"�>� ����� � �����. 
�k���� �� �� ���
��&���D%
 �G��" 	��& 

��" . 

��_ ��S	��& v��W� U��>
 _�� �" ��:. � 

� �& R:*� ����� �� T� 	��N �" O��>�
 B�" y(�" @��WX� ;a'b ���G 

 �����. _�
�����
������ #�.W" ���)
i �� ) ��QGulcan et al., 2018.(  �����. @��WX�_�
�����
���� ��  �" 

���

 ���<2�G ;'( �
Q �_�2�"�'����� @�0 $�G �����. 
�k���� �� 	
b �& 
Q�" 
�k���� T� ���� �'P� #��" W>�G �����. 


�k���� ;G�.  �������'��':N$� ����� #��S �& ;G� ��� �&�� �� �" 
Q .�������'� _*:� ;G� }�N h� LG�� 
 & �� 

R�d�� 
�& .�������'� =. _��` �" R�
 � _�" ;2�S S��	
Q� )GSH� ( ;2�S �&��	
Q
 )GS-SG$� ( ;X�" �. �� �"��" 

;
�
��&� �. ;aX�]� �� 
�& � _*:� ;G� $� �� '� #�. W��Y �� �"��" ;�:G }�G ) 
�& ;aX�]�Underwood & 



:;��, <
=9 >43?� �,@
@ '
38.�* ��� ,. A�,�4�� ��B�* A�20 ��
� '�C�
 AD
E  F'�(� �7 ... � /
���� ���	
�� ���� D�����7 6   277 

Suttle, 1999.( {�. ��2�F� #� �� �" $���� �F"�� _�" =��2�"�>� ����� � �����. 
�k���� �� �� ���
��&���D%
 �G��" 	��*
 

;G� .O������ �� ;a'b  �����.#�. ����_�
�����
� ��>�_�
�����
� W
i �=� ����'���� �&��0$�
� �" ����� #��" T��]� 
�2�� � 

VQ�� �����. #�. 
�k���� �� @�� #�. AB�� R?�
� �>Q�

 ;G� @.�/0 �" 
�`�. �.# @�" ��# 
$�� ����.  

  

6 - 4B�
� *+�*C���  - )���  

WX� �" �& ��� ��%
 �[�S @.�/0 U��>
;�
�>�" ����� ��� ��� @�� 	��N ��  VFG �� AB�� #�.3/0  �T%? 	��� 
P��

 ����

�� �^��2� ��� �����. � ��G ����� ;a'b �^��2� �FY O������ Z��[ �\:& ���*]>G�_�
�����
����  @��WX�

�� 
"��. =. ;�
�>�" ����� $� 	��<>G� _��`  �����cg� =�W
i ���G �

�� ���� ;a'b �" �<�� �����. � #
 & #�.  #�.

=& ;:�Y � U��>
 �" �N�� �" .;Q�

 #
�k���� �� ����� !"��� ���G �" ; �
 �i �� ;�
�>�" ����� $� 	��<>G� ����  �� ���

�" ����( @�� 	��N �� ����� #�f�( ! �� ��P�� �. .��& 

  

7 - ���� - ����"E!  

$� 	�)%
�� '(�� #$���%& � !"��� ��� � ����� �" ���? =.��X ���:
 O�
�*�� �$B #��" ��j
� @.�/0 ��[�S �*%� � 

�
���
Y �� ����.  

  

8- G�*#� H=*��  

{�. �
�� ����� !X��� LG�� ���
����
 ��N� ���

. 

  

9- H�*�� 

����
#� (�:G��Rl �'
���� :S�
l &$���%� S��
l ��$��X �d�� �[�
:]�l pN�
 #���� ���) �1390c�� ��2�F� .(� � VFG �

N �� �X�f� ����� t�
�	� 0 #�.��$ $� @��j�G��X �" @ &�� � $�bi ���? #�.��:Gp0 ;a'b � �i O� � �

W
i�= Q #�.��� ��3>
� 	��� �� #
 & #�.�#� ��%
�@.�/0 � ��� ��'( #�.� ����� .3)2 �(150-158. 

��0�.�� �2� O�f
 �#��l �	��D*�
 �'(l =���� �d`���l ���
�Q�&� �P�
 )1377 	�& � ����� R� �c� .(��b 	
Q  �"

	�" =%0 O��P�f?  .�.����� #$���%& ��'( �'j�� 29)1 �(35-45.  

 �[� �#�W� �����& )1381(. �G��" ��cg� E�FG C'>D� ����� 	��N �" ;�X�x #
�2�� #�.W" ����� .����0 ���
 	��� 
#�>&�� 	
*%
�� #$���%& 	�)%
�� ����d� 1-149.  

  
References 

Abdelrahman, M. M. (2012). Status of some minerals of growing Awassi lambs fed calcium salt 

fat and protected sulfur amino acid. Journal of Animal and Plant Sciences, 13(1), 1698-1703. 

Ansari-Renani, H. R., Moradi, S., Baghershah, H. R., Ebadi, Z., & Salehi, M. (2011). 

Determination of wool follicle characteristics of Iranian sheep breeds. Asian-Australasian 

Journal of Animal Sciences, 24(8), 1173-1177. 

Azizi, O., Shadman, S., & Sadeghi, G. (2017). Effect of source and level of sulfur 

supplementation on mohair characteristics and growth in male goat kids. Journal of 

Livestock Science & Technologies, 5(2), 19-27. 



278                                        ���� ����	
�� 
���  � �������� 
���� ���
 �1402 

Cherdthong, A., Khonkhaeng, B., Seankamsorn, A., Supapong, C., Wanapat, M., Gunun, N., & 

Polyorach, S. (2018). Effects of feeding fresh cassava root with high-sulfur feed block on 

feed utilization, rumen fermentation, and blood metabolites in Thai native cattle. Tropical 

Animal Health & Production, 50(6), 1365-1371.    

Gelaye, G., Sandip, B., & Mestawet, T. (2021). A review on some factors affecting wool quality 

parameters of sheep. African journal of food agriculture nutrition & development, 21(10), 

18980-19000.   

Gulcan, A. V. C. I., Birdane, Y. O., Ozdemir, M., Kucukkurt, I., & Eryavuz, A. (2018). Effects 

of Sulfur Supplementation on Thyroid Hormones in Angora Goats Fed with a High-Nitrate 

Diet. Kocatepe Veterinary Journal, 11(3), 203-207. 

Ivancic Jr, J., &Weiss, W. P. (2001). Effect of dietary sulfur and selenium concentrations on 

selenium balance of lactating Holstein cows. Journal of Dairy Science, 84(1), 225-232. 

Kazemi-Bonchenari, M., Manidari, E., Amanlou, H., Keshavarz, V., & Taghinejad-roudbaneh, 

M. (2011). Effects of level and Source of Sulfur in Close-Up Diets of Holstein Dairy Cows 

on Intake, Blood Metabolites, Liver Enzymes and Lactation Performance. Journal of Animal 

Science, 4(6), 875-882. 

Khan, M. J. (2011). Equine and Camel Production. Lambert Acadmic Publishing, Germany. 50. 

Khan, M. J., Abbas, A., Ayaz, M., Naeem, M., Akhter, M. S., & Soomro, M. H. (2012). Factors 

affecting wool quality and quantity in sheep. African Journal of Biotechnology, 11(73), 

13761-13766. 

Loneragan, G. H., Wagner, J. J., Gould, D. H., Garry, F. B., & Thoren, M. A. (2001). Effects of 

water sulfate concentration on performance, water intake, and carcass characteristics of 

feedlot steers. Journal of Animal Sscience, 79(12), 2941-2948.   

Manidari, A., Amanlou, H., Keshavarz, V., Forozan Mehr, M. R., & Jalairi Nia, A. (2012). 

Studying the effect of the level and type of sulfur consumed in prenatal rations on the 

parameters of blood, colostrum and its compounds and the plasma concentration of liver 

enzymes in the transition period of dairy cows. Iranian Journal of Applied Animal Science, 

3(2), 150-158. (In Persian). 

McKenzie, R. A., Carmichael, A. M., Schibrowski, M. L., Duigan, S. A., & Gibson, J. A. 

(2009). Sulfur‐associated polioencephalomalacia in cattle grazing plants in the Family 

Brassicaceae. Australian Veterinary Journal, 87(1‐2), 27-32.   

Nezamidoust, M., Alikhani, M., Ghorbani, G. R., & Edris, M. A. (2012). Effects of betaine and 

sulfate supplementation on milk and wool production of Naeini ewes. Small Ruminant 

Research, 105(1-3), 170-175.   

Pogge, D. J., & Hansen, S. L. (2013). Supplemental vitamin C improves marbling in feedlot 

cattle consuming high sulfur diets. Journal of Animal Science, 91(9), 4303-4314.   

Qi, K., Owens, F. N., & Lu, C. D. (1994). Effects of sulfur deficiency on performance of fiber-

producing sheep and goats: A review. Small Ruminant Research, 14(2), 115-126. 

Ramadan, W. A., El-Harairy, M. A., Khalil, W. A., & Youssef, H. (2017). Impact of ading 

Rumen Protected Lysine or/and Methionine on Some Wool Characteristics in Barki Sheep. 

Journal of Animal & Poultry Production, 8(7), 173-177. 

Reza Yazdi, K. (2002). Investigating the effect of different levels of dietary sulfur on the 

productive capacity of Rayini goats. Thesis of the phd course of the Faculty of Agriculture, 

Tehran University 1-149. (In Persian). 

Richter, E. L., Drewnoski, M. E., & Hansen, S. L. (2012) Effects of increased dietary sulfur on 

beef steer mineral status, performance, and meat fatty acid composition. Journal of Animal 

Science, 90(11), 3945-3953.   

Sahoo, A., & Soren, N. M. (2011). Nutrition for Wool Production. WebmedCentral Nutrition, 

2(10), WMC002384. 



:;��, <
=9 >43?� �,@
@ '
38.�* ��� ,. A�,�4�� ��B�* A�20 ��
� '�C�
 AD
E  F'�(� �7 ... � /
���� ���	
�� ���� D�����7 6   279 

Schoonmaker, J. P., & Beitz, D. C. (2012). Hydrogen sulphide: synthesis, physiological roles and 

pathology associated with feeding cattle maize co-products of the ethanol industry. Blofuel Co-

Products as Livestock Feed, 101. 

Spears, J. W., Lloyd, K. E., & Fry, R. S. (2011). Tolerance of cattle to increased dietary sulfur 

and effect of dietary cation-anion balance. Journal of Animal Science, 89(8), 2502-2509.   

Taherpour dari, N., Nik-khah, A., Monem, M., & Kashanian, N. (1988). Effects of different 

levels of elemental sulfur and Urea-treated barley straw on wool characteristics of lambs. 

Iranian Journal of Agriculture Science, 29, 1. (In Persian). 

Underwood, E. J., & Suttle, N. F. (1999). Essentially toxic elements. The mineral nutrition of 

livestock. 3rd Edition. Oxon, UK: CABI Publication 252-67. 

Uwituze, S., Parsons, G. L., Karges, K. K., Gibson, M. L., Hollis, L. C., Higgins, J. J., & Drouillard, 

J. S. (2011). Effects of distillers grains with high sulfur concentration on ruminal fermentation 

and digestibility of finishing diets. Journal of Animal Science, 89(9), 2817-2828.   

  

  


