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Introduction: Aflatoxins are produced by Aspergillus flavus and Aspergillus parasiticus 

mold, and aflatoxin B1 is the most dangerous form of this toxin. In addition, aflatoxin B1 in 
poultry causes low productivity and high sensitivity to diseases and the use of inorganic and 

organic toxin binders is one of the nutritional strategies to confront aflatoxins.  
Materials and Methods: In this research, the effects of adding multi-component toxin 
binder to diets containing aflatoxin B1 on growth performance, blood parameters, and liver 

histology by using 180 male broilers day-olds (Ross 308) in a factorial experiment (3×3), 

with three levels of toxin binder (0.0, 0.5, and 1.0 kg/ton) and three levels of aflatoxin B1 
(0.0, 0.5, and 1.0 mg/kg) were studied based on a completely randomized design in nine 

treatments, four replications, and five chickens in each replicate.  

Results: The results showed that using the 1.0 kg/ton of toxin binder, significantly reduced 
negative effects of 0.5 mg/kg of aflatoxin B1 on the average daily weight gain, live weight 

and average daily feed intake in the total period (P<0.05). But the birds consuming the 

treatment containing 0.5 mg/kg of aflatoxin B1 and 1.0 kg/ton of toxin binder did not show a 
significant difference, in the average feed conversion ratio compared to all treatments except 

the treatment that containing 0.0 mg/kg of aflatoxin B1 and 0.5 kg/ton of toxin binder. The 

regression equation (Y= 7.5298x+ 53.377) with (R2= 0.78), was obtained to predict the 
average daily weight gain of birds fed with treatments containing 0.5 mg/kg of aflatoxin B1 

and different levels of toxin binder. Feeding chickens with diets containing aflatoxin B1, 

significantly decreased the serum concentration of cholesterol, albumin, and total protein and 
increased serum concentration of creatinine and urea (P<0.05). In addition, there were not 

significant effects for the main and interaction of aflatoxin B1 and toxin binder for the blood 

serum alkaline phosphatase. For liver histological results, portal inflammation was evident in 
all treatments, but the amount of fibrosis and necrosis was higher in treatments with 0.5 and 

1.0 mg/kg of aflatoxin B1 than 0.0 level of its, and in the liver of birds fed with the highest 

level of aflatoxin B1 (1.0 mg/kg), micro and macro lipid vesicles were observed, which 
indicates a fatty liver. Also, some hepatocytes lost their cytoplasm due to the storage of a 

type of glycogen and in some parts, a proliferation of fibroblasts with fine collagen fibers 

deposition, was observed. The toxin binder did not prevent of the negative effects of 
aflatoxin B1 on the destruction of liver tissue. 

Conclusion: Based on the results, adding 1.0 kg/ton level of multi-component toxin binder 
to diets containing 0.5 mg/kg aflatoxin B1 can improve the average daily weight gain, live 

weight, and average daily feed intake of broilers.  
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   ��� ��� � b���M T"��% _"!{ �(����� ��� U"�F:� �(����� �:!\ b���M <�&��� �
 t�%! G�!��d% _"!{

(
 �"�$� !
�!
 _�%!%53/2 �63/3 �42/1  �89/2 R� !&��"�E� (� ��
 �X�� ��� T��j% � ("FL% *��R T
�R =� �-.�?�
  

 <"� `"�D�U-�./  ��  ��ND>� �
 �� ����� �D?�� (B�B ���1�% �!��E� !
 �N� G�!H� <�,��%9:; (� ��� ����

 C> @A�B"���
�D1�" � U-�� ��!��E� G�NX ��� !
 <�,��%9:; �N� G�!H� .�
�"C- <��I  WQ> ���K ��E�%5/0 

��� �!� �!����� ��C> ��E�% �
 =
�R� ���% �@A�B <% �� �!����� S" WQ> ���� !NX WQ> ���K ��- �� �!�

 �!�����C> ��� S" WQ> ���K ��E�% �� ���� ���� ��!��E� G�NX �� �� �!����� �� �!� C> WQ> � <�,��%9:;

 �@A�B <% �� �!����� S"T
�R =
�R� ��E�% �
 !NX WQ> ���K ��-����!����� �� �!�  ���� <�,��%9:; ��\% (�

���� S" WQ> �(� =>� <"� �; T�1� ��? <�,��%9:; �!����� �� �!�50  �� <�,��%9:; ��B� ��L �K !
�!


 �% �� ������ �� <�,��%9:; �N� G�!H� U-�� �"����% �<% �� �!����� S" WQ> �
 C> @A�B � =>� ���� b���M

 ��F�25  WQ> ���" ��L �K !
�!
5/0 ����!����� �� �!�  ��ND>� C> @A�B �<�,��%9:;  <"� ��  �?U-�./ 

 ({��� i��
 <�,��%9:; (�  ��� ���� G��1�Q .��� ���� ��M �� <�,��%9:; G�!H� U-�� �� �
�M �!��E�

�E,�� �����!/ �� <�,��%9:; �
 =(���� �� (� ��?� �; ��- ���% =j% (
!�Ha% ��!R �!� �b���M r!\ ����

� � �!�  ��?� h! � ���E�
 (
  ��!/ =�>�,K �b���M T"��% _"!{ ��?� <�,��%9:; �
 =��E, (� =N� ���%
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��� �� ��� �� �D?�� q! ���!����� �� �!� � �� <�,��%9:;�-� )Fouad et al., 2019.( F� ]�!�M�  �? e��

 (� =>�95/0 ����!�  �!����� ��,��%9:;�< B1� (��D>; =f�g�� �!
� �21�� (B�B �� �?� U-���-� D?��� 

=>� )Rashidi et al., 2020.(  

  
G��93 .(B�B G�N�% �X�� � �?� �!��E� <�&��� !
  !�B �� C> @A�B � <�,��%9:; C> !H� �% S") e��!/  ��� T� �� �D?�� ��-42 (�����  

=
	[" ��"* \*�  

(H�P)  

 ]
�V$ R
�^

=
�+M  

 \*� _
�<(�

 �"�*�#(H�P) 

 =(�`� a�#!b

(H�P) �"�*�# 

  �K#&

�	c0$1  #	��$ 

      ) <�,��%9:;����!����� /�!�(  
a 15/2718 

 a 60/1  a 53/63  a 12/99  66/1  !NX 
b 54/2441 

 b 58/1  b 14/57  b 51/90 00/5  5/0 
c 29/1907 

 b 56/1  c 16/42  c 00/68  00/15  0/1 

62/19  01/0 57/0 63/0   SEM 

      @A�B (<% /�!�����)  
b 82/2343 

 b 56/1  b 22/53   b14/85  00/10  !NX 
c 45/2272 

 a 62/1  b 86/52   b32/84 33/3  5/0 
a 70/2450 

 b 57/1  a 75/56   a17/88 33/8  0/1 

62/19  01/0 57/0 63/0  SEM 

      <�,��%9:; ×@A�B  

���)(<%/�!�����) (�!�����/�!�  
a 50/2792    bcd56/1  a 54/65   a 46/101  00/0  !NX               !NX 
ab 62/2683    a66/1 a 94/62  ab 08/100  00/0                 !NX5/0 
ab 32/2678    bc60/1 a 12/62  b 83/95  00/5                 !NX0/1 
c 12/2346    bcd58/1 c 61/53  d 34/86  00/15  5/0               !NX 
c 50/2382    bc59/1 bc 67/56  cd 17/90  00/0  5/0               5/0 
b 00/2596    bcd56/1 ab 14/61  bc 01/95  00/0  5/0               0/1 
e 84/1892    d53/1 e 50/40  f 63/67  00/15  0/1               !NX 

e 24/1751    ab61/1 e 98/38  f 71/62  00/10  0/1               5/0 
d 79/2077    cd55/1 d 99/46  e 67/73  00/20  0/1               0/1  

98/33  01/0 99/0 09/1   SEM 

89/2  42/1 63/3 53/2  CV%  

          P value  

001/0  001/0  001/0 001/0    <�,��%9:;  

001/0  001/0 001/0 001/0   @A�B  

001/0  007/0 001/0 001/0   <�,��%9:; ×@A�B  
1 ��� *�!� 	"��% ��� T�1�
 �G�N�% �X�� v�\M�� <�&��� (,"�2 ..(��� *�!� 	"��% �F��  ��� T"��% �
) ��� ��L�� �-  

a-d��� (
���� r�!K �
 ���D> !- �� ��R�� G��N% :) =>� ���05/0P<      .(       

SEM :�QM�  ������D>��&���<.  

  

 (
 �>�/ �� G��N%<�,��%9:; �
 =��E, �21��"  ������-� >�,K (��= (
 ,��%9:;�< B1 �> (
"�(  <> � (���

(B�B�-� D?��� &D,
� ���� )Rashidi et al., 2020 .(�D� (
�� ]��"!2%"` U-�./ <"� ���F:� ���� S"�!�  �!����� ��

,��%9:;�< B1 (B�B (
�-� D?���  �� ���
�- !�S"  �%42 ������  ������ !
 �!���!��� B (
� ! (B�B �-� D?���� S" 

���� !
 �!���!��� B� ! �!
� (B�B�-�  �� P�� !� S" �%21 ����� �40 �!��� !
 �!���!��� ,��%9:;�< B1  �!
� 

(B�B�-� D?�� � �5/2 ����!�  �!����� ��,��%9:;�< B1  I���
 (
�<�-� �/�yG�NX �� ���
 ���  �b���M r!\

 b���M T"��% _"!{���� �M�? ��" 1�%�� ��� U-�� �� )Rashidi et al., 2020(
 .( � !f� �>� @��Q�� G�!H�
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,��%9:;�< 1�% �!��E� !
��� ��!
 !H� �� 
� ���� 
��$D?��"� +%�!/ FD�> ��$�< 1 ��F�y�x  �� TX�K,��%9:; C>�<  �?�


)Rajput et al., 2017 � ( !
  �9��;� U-�./ ��!� �"!&  (� ���!� e��F�,��%9:;�< B1 �1��: ����%�= 1�%�!���/����x 

;��9 !% �",x�<  � �-� U-�� ��C-  <��I1�
�D�C, y!��� >� (M!I �F�y�+������ ��� C-!
 �
 �� *��>�� !%� ,��
!����S 

>� FD�> ���-�� d% @!I��! D� �� � �-��(L !� i��
� C� �?� ��? !% )Rajput et al., 2017.(  

U-�./  �!� ���
 !&"� ��-���  (�z���� ���B� ,��%9:;�< B1 �?� �!��E� !
 <�+%�!/  ��ND>� =��
�R U-�� �
 �

(
 ]p�EDK� (� =>� t�%! �y!�� �  �-���
 ��? !%�
 T�1�(B�B ���1�
�D � �?����C- �=>� �D?�� ��-  G�!H� <��I

(
 b���M �-���
 !
 <�,��%9:; G��ND T�1� � � =,�� =
�H (��E- � !�B G����!% ���
 � 	
�� !�Ha% =j% ����%

=f�g �" <�+%�!/ |�Dn ^�Q>� G��N% <"� ��?�
 b���M �� ��:�Dx"!% G��ND ��-  ��ND>� =��
�R ����% � <�+%�!/

) �-� U"�F:� �� <�,��%9:; �D,"� ����!�� �" � �-� !��d% �� <�,��%9:; (
 G�����K �>�/Rashidi et al., 2020 .(

��E- (���  .�-� U-�� �� �!��E� !
 <�,��%9:; �N� G�!H� =,���% C> @A�B ���F:� �U"��; <"� �� �? (DN� (�

 �����%�T  ��-� C> @A�B"���
 �D1�"  � *��: *�g� �(�%�"� b�M �G�����>����1;�!%�G�� 1;� �B"F&"< �" ��� !En 

(
 ���� <"� (E- (� =>� <�,��%��"� ��E> @cB �"����% ���M �"��E�? � ��"F�: ��DM�> T�1�  .����� ����;"U �- �

� ���� !&"�@A�B (� �-�U"�F:� �
 C> ��- ���� (
�!�?��- ��>�!���/ i��
 Cs- U�
 ��� !% �"�cg � b���M 

�:!\ ����? � �� <"� �"!�  ��!/ �!��E� !
 !�Ha% �C- � ����c�  ��� ���� !&"� G��1�Q <��I��� (� @A�B ��-

C> �� �"!� U"�F:� �-�!/ � ���$
 ��."���- �y�1�:��  ��� ������%  ���? �!��E� � b���M r!\ ���$
 i��


 ���Q�> ��,j) ������E- �1400.(  

) T�? ��1 ( !�B �� C> @A�B WQ> !��d% �
 (����� ��� U"�F:� <�&��� G�!��d% WQ> ���K ��-5/0 ��� �!�

(
 (1��� ��  ��ND>� �
 .=>�  �?  ��� ���� <�,��%9:; C> �!����� ���  �; =>�� U"�F:� <�&��� ���% (����� ��

� |�Dn ^�Q> ��!
 <�
U�/ F�� �� @A�B <% �� �!����� S" � !NX WQ>.��E� ���
  

  

  
 ]�51 . WQ> �� �!&"��" �
 C> @A�B |�Dn ^�Q> (,"�2 =��
�% (1��� � ����E�5/0 ����!����� �� �!�  ��� U"�F:� <�&��� �� <�,��%9:; C>

 ��� T� (�����  

Y = 7.5298x + 53.377

R² = 0.7785
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(L�>�!: !
 U"��; ��-��E�% !H�) *��B �� ��M �"��E�?��
 ��-4 @A�B � C> T
�2D G�!H� .=>�  �? (J��� (!
 

F�; WQ>"C  ��!N,��!%���; <��p;�!>  G�!��d% _"!{ �
30/30 ��� �X����
 ��� �(
 �j�� (� =:�"�� �����!/  ����

 WQ> ���K  !�B5/0 ��� � C> �!����� �� �!�5/0 %p�
 �
 �@A�B <% �� �!�������F� <"! �p;�< ;���!N,��!%�� 

=:�"�� �����!/ �
 �$�% ��!> !�B  ���� �@A�B S" � C> !NX WQ> ���K ��-5/0  � C> S" � @A�B S" � C>

("cd% �����!/ .������ ���� G��N% �@A�B !NX � C> !NX WQ> ���K  !�B �
  �?5/0  ��F� �@A�B <% �� �!�����

 �!> ��!N,��!%���; <��p;C� !% ��!/ !"�> (
 =�,� �=:�"�� �����!/ �
 �$�% � ��D?�� �- ����   !�B5/0 ��� �� �!�

 � C> �!�����5/0 ) ����� ���� G��N% @A�B <% �� �!�����05/0P<�%9:; C> ��X� !H� .(� ��� ��F� �� <�,� 

��� �!> *�!D,�� � <���1; �T� <�+%�!/ �<���%�!� ���
 ���(
 ���� (� (B�B ("cd% !�B �
 �- ���K ��- WQ>S" 

����!����� �� �!� C> ���K ��  ��� =f�g U"�F:� _�> �!NX WQ> (
 =�,� �7/45 ) �? �X��05/0P< ("cd% � (

 !�B �
 �����!/ ���K ��-Q>� ^5/0  �S" ����!����� �� �!� C> ���K U"�F:� i��
 �C> !NX WQ> (
 =�,� �

20 ) �? <���%�!� �!> =f�g �� �X��05/0P< .(1�K��� (�  ��!/("cd% ��-  !�B �
  �? ���K ��- WQ>S" 

��� �!����� �� �!� C> ���K �6/20  !NX WQ> (
 =�,� �� T� <�+%�!/ =f�g U-�� �X������!�  �!����� ��

C>) ����� ���� �05/0P< .(Q> U"�F:� �
�C> ^  WQ> (
 !NX WQ> ��5/0 ��� S" � ��!����� �� �!�(
 _�%!%  ��

 ���K4/22  �6/20  ��X��<���1; ��F� ) =:�" U-��05/0P< .(C- <��I Q> U"�F:� �
�C> ^  WQ> (
 !NX WQ> ��

5/0 ��� S" � ��!����� �� �!�(
 _�%!%  ���K ��3/17  �0/19  �� U-�� ��X�� ��F� �?  �-�� �!> *�!D,��

)05/0P< .((
  �9�� -�� ����  ��!H� @A�B � C> T
�2D � ��X� G��!> =f�g �� ��� ���%�N,: <�1��1; ���� ����

<���1; �T� <�+%�!/ ���%�N,: <�1��1; �<���%�!� � ��� G�NX �� G�!��d% _"!{ !"��2 .����  *�!D,�� �(
 _�%!%  !
�!


81/27 �97/15 �49/27 �17/16 �53/10  �20/14 .=>�  ��
 �X��  

 !"��2 U"��; <"� `"�D� (
 (B�% �
+%�!/�< ��1; �T��<  �*�!D,��  ��D:�" U-�� �<�,��%9:; ^�Q> U"�F:� �
 ���M

) ��
 �!&"� U-�./ (L�D� (
�� (L�D� <"� (�Basmacioglu et al., 2005 =,���D� C> @A�B �� �(!�Ha% !
 �

�M�?  .�?�
 (D?�� p�
 ��- ���"S F�! ������ �!
� 1�
�D�C, 1�x��-�+%�!/ ��<�- >� ���-�� ;�(� �=> _�>; <"�!
��
 �

*��> (
� ���� ��- ����%��Dj� �E>9/�" +%�!/�< ��1; �T��<  ��� *�!D,�� ("cd% �����!/  !�B �
  �? ��-  ���K

� �-� U-�� �� <�,��%9:;  ="�$� ��� !$
 U-�� i��
 ����%��� ���� ��? )Fouad et al., 2019.(  

C- <��I  `"�D� ���U-�./ ��-  �!&"� *�E� @!n G�!H�,��%9:;�< B1 *��> !
�-� ����  =f�g (
 !L�

p�
� �p;�< ;���!N,��!%�� � ��M ����� ���? )Fouad et al., 2019( ��� �!"� �� �E,�%9:; �
 =<�,��� 

,��%9:;�< B1  (�(
  �E� ��� �� ���  F�1�
�D ���1�% �
 ��? =�1�
�D ��� (
 ("���H "AFB1-8,9-expoxide" 

� ����% (
 <�+%�!/��- �-��x�1 � ��-��>� S�+���� T\D ��? � }/ �� �; i��
 ���!> � _�>;  (
*��>��- ���� 

� ��? U"�F:� �
 �!"c/A�N� *��>��- ���� (
 *���� _�>; ����� }��!% �-����; ������% �� *��>��- ����  ��1; 

(
 ��"!B ��M ���; ���? � =�1��: �!> }��!% ��-����; �� �� ��!N,��!%���; <��p; (�EB U"�F:� ��-� )Alharthi et al., 

2022.(  (L�D�U-�./  F�� !{�K����  ��-�  WQ> �� ��!N,��!%���; <��p; ��F� U"�F:�5/0 ����!����� �� �!� 

��
 <�,��%9:;� ��� S" WQ> �� ���C> �!����� �� �!�  ��F��p;�< ;���!N,��!%�� (
 ��� ��� =:�" U-�� ����

� (� ���%�"< (���  �; ��1�% (� �!� z!:(
 T�1� *��> (
 �"�? _�>; ��- 	R�� �� �=>� (D:�" U-�� ����

*��> �E� !&"�  �? _"!n% ���� ��- � ���� ��1�% ��!N,��!%���; <��p; �����%C- <��I  =,���D� C> @A�B ��  ��ND>�

!�Ha%.�?�
 (D?�� ��M ��!N,��!%���; <��p; ��F� !
 �  



194                                        ���� ����	
�� ��� ���� � ���� ���� � ����1402 

G��9 4 .(L�>�!: !
  !�B �� C> @A�B � <�,��%9:; C> !H����M ��- (B�B �� �D?�� ��-  
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#	��$  

   ,��%9:;�< ���) /�!�(�!�����  
a 58/132 a 18/1 a 86/2 25/2513  b 75/6 b 25/0 b 30/3  !NX 
b 59/109 b 92/0 ab 49/2 42/2023 a 69/9 a 30/0 ab 98/3 5/0 

c 75/88  c 73/0  b 27/2  67/2527 b 74/6 a 30/0 a 81/4 0/1 

53/4 03/0 12/0 22/187 67/0 01/0  32/0 SEM 

        (<%/�!�����) @A�B  

64/109 98/0 56/2 17/2418 06/7  27/0 85/3 !NX 

79/110 97/0 66/2 33/2361 67/7 31/0 01/4 5/0 

49/110 88/0 40/2 83/2284 44/8 27/0 22/4 0/1 

53/4 03/0 12/0 22/187 67/0 01/0 32/0 SEM 

        ,��%9:;�<× @A�B  

���)(<%/�!�����) (�!�����/�!�  

25/120 20/1 83/2 25/2229 b 11/7 25/0  89/2 !NX              !NX 

50/134 22/1 93/2 00/2732 b 50/4 24/0 09/3               !NX5/0 

00/143 13/1 84/2 50/2578 ab 65/8 26/0 92/3               !NX0/1 

68/116 02/1 73/2 75/2309 b 46/6 28/0 42/3 5/0              !NX 

75/107 90/0 43/2 50/1572 a 00/13 33/0 26/4 5/0              5/0 

33/104 86/0 30/2 00/2188 ab 60/9 30/0 26/4 5/0              0/1 

00/92 71/0 14/2 50/2715 ab 62/7 30/0 24/5 0/1              !NX 

13/90 80/0 62/2 50/2779 b 52/5 35/0 69/4 0/1              5/0 

13/84 67/0 05/2 00/2088 b 06/7 27/0 49/4 0/1              0/1  

84/7 05/0 21/0 27/324 16/1 02/0 56/0 SEM 

20/14 53/10 17/16 49/27 30/30 97/15 81/27  CV%  
               P value 

001/0 001/0 005/0 132/0 007/0 018/0 010/0 <�,��%9:;  

983/0 107/0 324/0 887/0 383/0 197/0 731/0 @A�B  

232/0 505/0 396/0 192/0 002/0 407/0 466/0  <�,��%9:; ×@A�B  
a-d��� (
���� r�!K �
 ���D> !- �� ��R�� G��N% :) =>� ���05/0P<.(  

SEM :�QM�  ������D>��&���<  

  

 (
�� �(L�D� <"� (� ���� C> @A�B � <�,��%9:; |�Dn ^�Q> !�Ha% =j% �U-�./ <"� �� ��%�N,: <�1��1; !"��2

 U-�./ (L�D�Denli & Okan )2006 �=>� (��I!- (
  !o�� �� *�E� �����;"U �- WQ> !��d% �
 ��%�N,: <�1��1;!"��2 �

,��%9:;�< B1��� G�!��d% �) =>�  ���� ���� ����Tamilmani et al., 2021; Tavangar et al., 2021( � �� ��

 �� !&"� �����%��;"U �-  ��F�1��1;�< ��%�N,: WQ> �
 �40  �!����� �� �!��!��,��%9:;�< B1 ��� U"�F:�) ���Liu et 

al., 2018��� �� � S" WQ> �
 � (��� U-�� �!����� �� �!�) ���Chen et al., 2014( ���� (� =>�  ��� ����  ��-�

 (��� � !"��2 ���
  �!D,�T
�R *��R .=>� =NX <"� ��!
 �F:�"U ��%�N,: <�1��1; �!> ��M ���� >;  ��-��_ 1��> � =>�

 (�(L�D� �� =:�
 h!  (��!��)"� d%��! c/A�N� ��"!� ��g� 1��>� >; ��_ �9s�� (
 ��g �� *9DM� T�1�� 1��>��  t>�%

,��!/�>����� 1�x��� ?���  ��,��%9:;�< B1 (
 � ��B�) �";Rashidi et al., 2020(.  
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��M  ��� ��F� !{�K (�1�Q �� p�
 �
(D:�" (
�� (� =:�" U"�F:� <�,��%9:; ^�Q> <D:� ��
 !&"� ��- )Chen 

et al., 2014; Liu et al., 2018 ( (L�D� �
 �U-�./  G!"�d �!&"�) =?��Basmacioglu et al., 2005 �(

C- <��I  C> @A�B ���F:�!�Ha% � .=?��� �; !"��2 U-�� !
 �D�o (� =:!� (L�D� ���% T���X�� �F:�"U  ���� 

�>����" ����( !��M ���
 �� ��M e�!� CLK U-��"F� ?����� �F:� �"U 1�
�%���C, =>� )Liu et al., 2018.(  ��

 ^�Q> U"�F:� �
 ��M �!> <���%�!� ���Dj U"��; <"�C> U"�F:� �=:�"  (L�D� (
�� �(L�D� <"� �U-�./  �!&"�

��
 )Liang et al., 2015 �( �� ����� U-�� <���%�!� !"��2 �!&"� (�1�Q��� ���� ���� )Basmacioglu et al., 

2005(� C- <��I  =,���D� F�� @A�B ��  ��ND>�!�Ha%G�  .�-� U-�� �� <�,��%9:; �N���R G��1�Q�  ��� ���� (� ���

,��%9:;�< B1 ��,� ��� ����%� ���( �F:� ��"U �-� � ���F :�>�!D���� 1�!���� ����� �-� U-�� ��  ��F:�"U 

��Dj� %�!����< ?�� =>� <�E �!>� �� 	:� *9DM� ���( �?�
� �"�! ���( (
 %�!� =�!>���<  	:� �����!/ �� ��

� ��� )Liang et al., 2015.(  

=:�
 (
 ��
! `"�D�(�%� e�� �
 ��� �>��?���
"knodell" ) *��B ��5=>�  �? (J��� ( )Goodman, 2007.( 

("cd% �����!/ �� !�B �
  �? ^�Q> ���K ��-5/0  S" �����!����� �� �!�  ��1�
�1 <�
 ��,: �<�,��%9:; C>

 �D:�
 ��!��: � �F�! ��!��U�
 !%("cd% �����!/ (
 =�,� � !�B �
  �? !NX WQ> ���K ��-����!����� �� �!� 

(
 � �?  �-�� �> @�$D1�  �9�("cd% �����!/ �� ���� @�
 h!-� !�B ��E% �
  �? !�B �DK ��- WQ> ���K ��-

 !NX��� .=?�� ��B� C> �!����� �� �!�(
  ��� (
 (B�% �
 *�o ���=:�"�� �����!/ �� �*��B ��- !�B  ���� ��-

 S" WQ> ���K����C> �!����� �� �!�  G�!E� w�EL�M�?��- ��1�
�1 <�
 ��,: *��> ��!��: ���!�� @�$D1� � �-

  !E� �
 ��� @�
 h!-��>5/8  �%5/9 !NX WQ> (
 ��
! G�!E� !
�!
 ��$I �% (> ���K �����!����� �� �!�  ���K �

 WQ> (
 ��
! G�!E� !
�!
 ��$I �% ��5/0 ����!����� �� �!� .��
 C- <��I  !�B �� C> @A�B ��  ��ND>� ���K ��-

 �C>.��� �!����B ��� =:�
 !
 <�,��%9:; C> �N� G�!H� �� =,���D�  

  
G��9 5 .(L�>�!: <�&��� !
  !�B �� C> @A�B � <�,��%9:; C> !H�=:�
 ��-(B�B �� ��� �>��? �D?�� ��-  

#	��$=.
	�*> �	3   

���1!$�(> ×78	9 =0��)(�$/H�P!0�1) (H�P!0�1/H�P  

 � =�!�!� ��� &	�('(	� P&�� =  

(*���") �<1��  

=/(	� &	�(  

(*��V�()  

 j�3	�� 7	[/��  

��V1 7	�  

 ��)"	�� X�9  

�&�&	3  

!NX              !NX  

              !NX5/0  

             !NX0/1  

5/0              !NX  

5/0              5/0  

5/0              0/1  

0/1              !NX  

0/1              5/0  

0/1              0/1  

0/0  

0/0  

0/0  

5/0  

0/1  

0/1  

0/3  

0/3  

5/3  

0/0  

0/0  

0/0  

0/0  

0/1  

0/1  

0/3  

0/3  

0/3  

0/2  

0/3  

0/3  

0/2  

0/3  

0/3  

5/2  

0/3  

0/3  

0/2  

0/3  

0/3  

5/2  

0/5  

0/5  

5/8  

0/9  

5/9  

  

��E- ���) T�? �� (�2�=>� �n� ( %�x-�= �? �% t>�D"�  �@�$D1� ��L� ��!NX� % (E- ����-��E  ��B�

=:�
 !-�� � =��{� .�����>�/ <D:!�!f��� ���
) ��>�� ]�D�,� �>��?=:�"�� �����!/ ��� �� (�
�$D1� ��-  ����

 !�B � !NX ^�Q> � C> !NX WQ> ���K ��-5/0  WQ> � @A�B <% �� �!����� S" �5/0 ��� C> �!����� �� �!�

�  �-�� @A�B ���
 ��1�K�� ���? �� (� =:�"�� �����!/ ��� !�B �R�
  ���� ^�Q> ���K ��-5/0  S" �

���  �<�,��%9:; C> �!����� �� �!�d% |�Dn ^�Q>��G�! ��,: (
 (D,
��*��> ��B� ���� � !NK �" (�J���� ��- ���
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 (�����  ��-�  �=>� �; ��,: � �
!I G�!��d%=>� ��  ����*��> �M!
 �� C>9/�D�> ���� ��-
( T�1�  ����  !�MA

=>9
�!��: !�o�%  �!E- (
 (�1��> h!) ��!�� � ("FL% ��y�����(D?� @�>� � �-�?  �-�� �y9� F"� ��- .

(
  �9�� ("cd% �����!/ ��� ����� S" ���" �C> WQ> <"!%p�
 �
  �? F�� �!����� �� �!�*��"�� � �!�� ��-

 (� ��x�1�!������  ��-� .�?  �"� =>� @!I ��� C- <��I  �C> @A�B!�Ha%  <�,��%9:; �N� G�!H� U-�� �� �D�o

.���� ���� ��� =:�
 _"!n% !
  

  

  
]�5 2 . !"��\%=:�
 >��? ��� �(B�B("cd% �D?�� ��-  !�B �
  �? C> @A�B � <�,��%9:; C> |�Dn ^�Q> ���K ��- =R� �
40X   .  

A��� !NX WQ> : �@A�B <% �� �!����� !NX � C> �!����� �� �!�B��� !NX WQ> : � C> �!����� �� �!�5/0  �@A�B <% �� �!�����C��� !NX WQ> :�� �!� 

 �@A�B <% �� �!����� S" � C> �!�����D WQ> :5/0 ��� �@A�B <% �� �!����� !NX � C> �!����� �� �!�E:  WQ>5/0 ��� � C> �!����� �� �!�5/0 �!�����  <% ��

 �@A�BF WQ> :5/0 ��� �@A�B <% �� �!����� S" � C> �!����� �� �!�G��� S" WQ> : �@A�B <% �� �!����� !NX � C> �!����� �� �!�HS" WQ> : ��� �� �!�

 � C> �!�����5/0  �@A�B <% �� �!�����I��� S" WQ> :�� �!� @A�B <% �� �!����� S" � C> �!�����.  

  

P�>�!
 ��E�% �� �U"��; <"� (L�D� WQ> ���K ��-5/0 ��� S" � �<�,��%9:; C> �!����� �� �!�

 � �1�
�1 <�
 ��,: <�&���=:�
 ��!U�
 �D:�
 ��!��: � (��!��) �F�! � ��E�% �� !% !NX WQ> ���K ��-

����!����� �� �!�  .��
C-  !�B �� C> ^�Q> U"�F:� �
 <��I*��> �� ��- � �
!I G�!��d% ��� =:�
 ��-

(���� ��-@!I ���=>9
�!��: !�o�% ��1��> G��"�{ � ��!�� �("FL% �=>� �� � �-  �1��> C>9/�D�> ����

 ��?  �-��1�K��� (�  (� ��� �o�M �� <�,��%9:; C> �N� G�!H� =,���D� C> @A�B |�Dn ^�Q> ��  ��ND>�

U-�./ �� �U-�./ <"� `"�D� (
��  �?  �"� !&"� ��-) ������E- � !:�>��/1398 �Rashidi et al., 2020 

Sridhar et al., 2015; Zabiulla et al., 2021(. (
 G��X *��> �� ��/��>�!�� !f� �� ��� ������!/ ��� ��-

� ��!R <�,��%9:; (
  ��1; b���M z!� �� (� !NK ��,: ��!��=,�� ����� � �? �>�: �
!I h�F
 ��-

C- �=>�  �?  �-�� ��!��: � C��!% ����1�
 T��j% *��> <��I ���� ��-d%��!"(D:�� _��!% C- �
 �? � ���

=,�� T���% �
!I ��-�(
 �� ��� ��DM�> � ��-� � !��d% T�� ���) ��-�Sridhar et al., 2015 �� .(

 �/��>�!�� !"��\% �>�!
 �!&"� U-�./=:�
 >��? !�B �� (� ��� ���� ��� � �<�,��%9:; (
  ��1; ��-

(B�B ��� �� �
!I 	EL%(
 � =:�" U"�F:� �-  �; *����*��> C>9/�D�> �DM����"  (D,- <D:� (�?�K (
 ��� ��-

=�>�%�x- ��!�� � *��> ������E- � !:�>��/) ��� �� �-1398.(  

A B C 

D E F 

G H I 



�6� 78	9 :� ;<9�4�= #& 9��� 	3� �&!�> �� �1!$�(>��  B1    �� &��0�� ?�5# �@4���(  	3� ...  /��� ���� � ���� ����	
  197 

C- �� <��I !{�K U-�./� ��E�% �DK �-��E�% (E- �� ���� @�
 h!-��> @�$D1���� !NX WQ> ���K ��- �!�

 (� �?  �-�� <�,��%9:; C> �!����� ��(
 !f� ����E�% �� ��� @�
 h!-��> @�$D1�  �-�� �> C> ���
 ��-

 <�,��%9:;(
 T�1� .�?�
  �? ���D�y ^9X� �D?�� (B�B �p�
 �?� =�!> �� �?�� ���1�
�D ���:   �? �>�!


(� =>� ��"!? ��?���� � ��,��� �-(
 T�1� � =:�
 (
 ��M ��"!B U"�F:�*��> C��!% i��
 ����%�? ���� ��- .�

� ��� �� S�1�
�D Gp�\j 	EL% (
 !L� ��� (D,-; C,�1�
�D <�E- � ��?(1a, h�F
 � ���% i��
  ��?

*��>� ���� ��- !NK ��,: =>� <�E .��?*��> ���� ���� ��-(
 T�1�  � �?�
 �
!I *�2D�� �� *9DM�

� ����!NX ��!L ��  �?  �-�� ��9/!x"�- ����%(
 T�1� *��> !
 <�,��%9:; C�2D, !H� � ���!NX *���D�/� ��-

 ��1�% �"
�U �K�� <"��9��D>�!/�?�
 �- )Zabiulla et al., 2021.(  

(
 G��X  !"�> �� ���U-�./ �- *��> ��,E-!�g *��?� ���!��: ���!�� �����x�1 ���!NX ��9/!x"�- � ���� ��-

(
 ����� (������E, �/��>�!�� ��-=>�  �? e��F� <�,��%9:; �
 <F = ) � !:�>��/�����E- �1398(. ]�!-�� 

 ����
�D1� C> @A�B!�Ha% ����� ��� =:�
 _"!n% !
 <�,��%9:; C> �N� G�!H� U-�� �� �D�o�  `"�D� <"� (
 (B�% �


(
 !f� � ��F� (� �>�_"!n%  WQ> �� ��� =:�
5/0 ����Q> �
 C> �!����� �� �!� ����� (
 @A�B |�Dn ^ ��

 �"�$�  ��� ��� <�&��� !
 (� =>�  ����!�Ha% ��� �c1 ����c&
 �����E- ��� �?� �!��E� G�NX `"�D� �� (�  ��? !�A

=:�"�� �����!/ �"�$�  ��� ��� <�&��� WQ> ���K  !�B  ����5/0  ���K � C> ���
 ��-��E�% �
 @A�B S" � C>

 ^�Q>5/0  S" ���� r9DM� �@A�B.=?��� ����  

  

5�(�-* .!��.  

(
 G��X  C> @A�B =�o G�!H� (
 (B�% �
 ���"���
�D1�"  �<�,��%9:; C> �N� G�!H� U-�� ��(
 !f� � (� �>�

 !�B (
 <% �� �!����� S" ��F� (
 �JFB��I C> @A�B ���F:� ���K ��-5/0 ��� <�,��%9:; C> �!����� �� �!�

B1 � G�NX ���$
 i��
 ����%�!��E�  ��� � (����� ��� U"�F:� <�&��� �(����� �:!\ b���M <�&��� ���� ���1�%

(B�B �� �"�$�  ���.��? �D?�� ��-  

  

6A��2 B��C� .  

��-  .����� ��B� �����,"�� t>�% ��:�� z���% (���  

  

7A��2 .  

!:�>��/� ��1�� j�Q� �X��� ��"�� � (���!:� ) <,j1398@A�B ��H; .( �-� (L�>�!: � �!��E� !
 |�Dn �-� ���� 

(B�B �-� D?��� cd%"(  �? B �
� ! �-�  ,��%9:; (
  ��1;�< .�� ����� �"��!� 50 )4(� 329-339.  
     doi: 10.22059/ijas.2020.273823.653680  

) .�� ��B ��!�> � ���D>� �<,�11393 .(���� ("cd% :��!$% .�����X �{!��� � ������? ��Ej (EB!% .��� ��B .

0,>m ��!$%  �&���� G����D��.  

�,j� ��Q�>�� ����*�� -�?�R;�� ��� �{�� !$? ��R�"��� �K�_� -�!
��C ��.�� "j � ��,K���� >�� ) (1����1400 .(

,��% ���F:� G�!H��< �
"�-��� !/ �� 
�%���S  (B�B �!��E� !
 �-� ��D?� cd%"(  �? B �
� ! �-�  (
  ��1;

,��%9:;<�.B1  %1��G�� �� ��23 )3(� 409-420. doi: 10.22059/jap.2021.314509.623577  
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