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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. 
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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 _���� =�Wi ���? �
 �2�� � ����'G �h� ��<�X ������ �=��'& ;a'b ���? #�.  #
 & #�.

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

#�� =�Wi � _������
���>� �_������
� �������'� �� $�
��&��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 @�� #
 & =�Wi ;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 
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