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�	 ��� ����� ����� ���� ����� ��� !� "#$ Pediococcus acidilactici %��& �	 %�' ()  *���+  ,�-�


����' .� Astacus leptodactylus */�  �  0/�' ,�� 123�$ *45�� � 	��
 *5�67� *$��  ���8 ���9. 

 ��;4
 ��< %�' ()  ���-�
  =!� � 10  ��20  �	 AB�94  D<
 �	 ���E� ($ �  <��' %��9 �� � ,��5�� %��984 

(7�57 G4H�5� !� IJ$ .<7<' (��K� !��%!�<7� L��27 .<' ,��90/�' ,��9  � G4H�5� *5�67� � *45�� ,��

(M 	�	 =�N7 %	�� ��$�5� (  OPQ2
 R���� (  ��$�5� 	�<Q� ���25M �� ���2N�  A<��' � ����5�� (5� �	

,�� (7�	 (5�7 (7�	 A��	��$�5� *PM 	�<Q� .	�  ��H��� � S�6  ��	��$�5� A��,��  (5�7(7�	 ��	 A(7�	  ��	 � S�6 

	�	 =�N7 ,��
� ��	�4Q
 ���6�� ����� ��� ,��T ,����5�� �	 ��H��� )05/0<P ��H�Q� �X4$ ��4)5� .(

1�67� *27� ,��<�3M����$ *7�<�3M� %�' ()  G4H�5� �	 !�<�3M� Z�4� � !���53�	  %��9 �  (3��[
 �	 � �-�


 	�	 =�N7 ,��
� ��	�4Q
 D��\� � *N��6�� <7�� A<��')05/0<P( .%!�<7� ,��9 ��H�Q�1�67�  ,�� A!�J�H *'���9

 ��	�4Q
 %<4��6�� �]^
 ����� �-7��  6�7 !�_���� � !`�
� ����� ��� 	�  *$��  	��
 1�67� ($�� � )05/0<P( �  .

 ����� ��� ��-5N� � �]^
 ��� (  (&��acidilactici P. 0/�'� *
 *'���9 � *45�� ,�� ,��  =� !� =���

%��  %�' %�]7� ����� �	 �2N�  ,�� .	�M %	�\2$� =��& ,�-�
 

��.�(� :
9�8= leptodactylus Astacus Aacidilactici  Pediococcus0/�' A�����  ��� A  A*45�� ,��

*'���9 1�67�.  

1- ��^E� ,�2M	 ,�XN7�	 � ����� A=��6 � %<EN7�	 B�Pb *
�	 � AD`�' %�-N7�	 B�Pb A,��$ *Q�]c d �4
 � ,!���NM 

A,��$ .=���� 

2- ���N7�	 ��^E� %��9 � ����� %<EN7�	 A=��6 � B�Pb *
�	 � AD`�' %�-N7�	 B�Pb ,!���NM � d �4
 *Q�]c ,��$ A,��$ A

.=����  

3-  ���N7�	�' %��9`<EN7�	 AD% =���� A(�
��� A(�
��� %�-N7�	 A*Q�]c d �4
. 

4-  ���	�2$�.� =��6 � ���/� D�[�[f� 6M�
 *P/�	 ,��A =�9�9.=���� A 

* :Z�_3
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%<5b  �N  ,��!��7 !� ,� (  ��
�� �� ��+

*
 <h4M. =��h�� �	  �b�$ (  �Q4i ��� 6h�7

 ��239 (  ���$�  �H�� �j�T Z�hT�	 �

,6h � �Q4i �	 %<5b  	�]�  ,��hX� ,���h�

%��& ��, *���+ (H�
�� ,��  (4��  ,!�$ 
�[��� � <'�, �h$� =����
 �
`$���6�� . 

%��  ,�� �	 =��6 � �  D���� �3�! *#�f
  !�

(P5& ���k l��7� GP2g
 ,��5�  m
��b �! � 

�
��[
 ,�2M�  (  %��5� �$� .��� ��D���� 

*Ng  (  m�H	 %	�\2$� *  (���  ,�����	 !�

(  *���5�' =��4b !� *E� %��',�� ����<
 

�	 (/��,�� <�H�� �$� )Balcazar et 
al., 2006(. Z�$ �	 ,�� ��/� %	�\2$� !� 

����� ��� �� (  =��4b *4�6-��& ,��  ��� �,� 

*7�
�	 *P]8 n�#
 �$� %<' (  (M �;7 

*
 <$� *
 <7��� ,���3  !� D`EN
 ��  d\��


	!�$ )Vazquez et al., 2005(A���� �4  . 

(QH�#
 �	 	��
 %	�\2$� !� ����� ��� �  

���6�� �j�[� ,��  ,6h �  ,���h���<���  ��9!�$

�  o�f
 �$� (2��� *7�6� . (P5& !�,���6
 ��� 

m5E
 �� �!�� 	�]�  Ap���/ (2��� p��2'� 

*5�67� �	 A1q� ���
 13�7�9����E�
 ,�� 

,��5�  A�! ��H�Q� ��&<j �! � =�c�$<j�! � 

���6�� 
$�� *45�� �$� .��� ����� ��� �� 

,�2M� ,�� *  ��j <423� (M (  �
`$ ��7�& 

=� 6�
 �5M *
 <44M � (  ��c 1�[23
 �� 

1�[23
��+ (  �;��f
 !� =� 6�
 �	 � ��  

,��5�  m
��b �!  ��q
 *����2M�  �5M 

*
 <44M .%	�\2$� !� ����� ���  ���	 %!�T 

=��6 � Z�$ �	 ��/� ,�� !�+� %<'  A�$�(  

��5� m�H	 * ��E�
 ��P� *'���9 D�	�&�
 

,6 � (  * �/ (2/�4' %<N7  �$�� D���� 

=� �� (  ��c %	�239 	��
 (QH�#
  (2��-7 ���8

) �$�Pandiyan et al., 2013 .(  

%��9 ,���
 !� ����� ��� ��A ,�2M�  ,�� 

<�$� ��2Mr )Lactic Acid Bacteria (

<47�
 Lactobacillus spp. AEnterococcus 

faeciumA Carnobacterium spp.  �

Lactococcus <423� (M D�QH�#
 *Q�$� �  

,�� ��� 	� ��M =�7� �	  %��&*���+ B�X7� %<' 

) �$�Denev et al., 2009(. *\�c !� l��7� 

��$���2M�  �� o$�� ,�2M�  l�7 ���  !� ��

(P5& (��$,�� Pediococcus acidilactici 

 "'��*
 ) 	�'Bhunia et al., 1990; 

Anastasiadou et al., 2008��$���2M�  .( �� 

R]$ �
��[
 (7�9 ,�� =��6 � �	 � ��  *\�c  !�

,�2M� ,�� B�9 �]^
 � *\4
 ,��5�  �! 
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*
  .<7�'!� ��� (7�9 (  =��4b m5E
 

*E���� ��� �	 *���+ %��& =����
 Z68  ,r�

��-7� =�5M )Merrifield et al., 2010a; 

Merrifield et al., 2010b( ( �9 *��
  *H�7�M

)Shelby et al., 2007,���`�� ( m�7 )Zhou 

et al., 2010,���-�
 � (Litopenaeus 

stylirostris )Castex et al., 2008; Castex 

et al., 2009� ( ,�-�
 *
�7��Litopenaeus 

vannamei )Ahmadi et al., 2014( %	�\2$� 

%<' �$�.   

%�'  �-�
 (!��	 s4��/) ,.�  ����'  

)Crayfish ( ����' .� ,�-�
 *b�7(2$�� !�  

%	=����  )Decapoda%	� A(  �g$  =�2$��

 )Crustaceae( � !� %	��7�/ Astacidae �  

*5Pb B�7 Astacus leptodactylus �$�  (M

 ��<5b.r�� �	  *H67� Rt
 A  (7�/	����, 

* �4& (����	 � �6/ ,���	  �N�<$ u��  

 %<4M����$� %<' . %�'   ,�-�
 ����' .�

 Z�$ �	 ��  ��23g71964 o$�� 

Veladykov �6/ ,���	 *7���� mT��$ �	  � 

�	  (7�9Astacus leptodactylus  �

Astacus pachypus  ���69<'  �<Q  (M

 o$��=��-N����  �-�	 (7�9 �� ��4� ��qT

Astacus leptodactylus � 	��
������8 < 

���9 )Valipour et al., 2011 .(�   u�$�

��
� ,��FAOA <�H�� mM =�6�
  *7��&

%�'   �-�
 Z	�Q
 �]��[�150 �� ��6�  Z�$ �	

	�  (M !� ��� ��<[
 *58� 	�<T 35 ��6� 
,6 � O��c !� ��<' <�H�� ,�����$� % 

)Ackefors, 2000 Z�$ �	 .(2010  =�6�


 !� ��  (   =� <�H��600  ��7	 �	 �� ��6�

 �$� %<�$�)FAO, 2015(. �'�	�  � <�i  

,��X�   !� *Q�]c ���/�%�'   �-�
� =� D��	�i 

  (D��i   %<7! (    ���$����NM  (����	 �	  

�N� <$ u��  )o$��  ��  �M�'  *7����(   !�

Z�$  1374  �.r�� �	  *H67�  o$��   ���M�'  

(�M�� ,��M�')  =`�'(  Z�$ !�  1376  !�+�

<' �j�T Z�T �	 .,����NM m
�' *\P2g
 

 (�M��) <�H��1500 ��( =���� A)200 -175 

��( (�$�� A) <�H��40 ��(  =�234
�� �) <�H��

30-20 ��( <44M<�H�� %<5b w6&=�9  ���

(7�9  (	�/ ���/� !� *Q�]c �'�	�  � <�i � )

*
 ��5' ( ) <7��FAO, 2015( .  

D���� (  (&�� �  ��H�Q� .�g
,�� *7�37� 

�	 ��/�� * � *Q�]c <�i) * A(��� *9	�H� ,�� 

A*2Q4i ,��' �  (Q$�� ��4)5� � (,!���NM

,6 � �Q4i%��� (&�� A,����Z�$ �	 ,� ,��

��/�  ( ��^E� � *b�4t
 �����  (7�9 ���  ( )

 !� *E� =��4b=��6 �  .� 	�$��,��  ����'(   �	

 !� */� ,����NM  *������ A*���$�   *��E��
� �
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 %<') �$�FAO, 2015(. �	  ��� �2$��

 (4�
! �	 ,	<Q2
 D�QH�#
�3�! *$�4' A

 ��^E�*b�4t
 � ,��r <'� A%�' �����  �-�


 �2���7 (M (2��9 D��i *'���� ,���g2$� �	

*
 <7��� %	!�  =�6�
 ���6�� �	 *5�
 �[7

,6 � <�H��  ���/� ,!�$!�  ��4)5� � ,����

 �\�� �Q�]c �	 =�<4M )Tcherkashina, 

1977; Koksal, 1988; Lowery, 1988; 

Ackefors et al., 1989.( */�  !� *9��� ,�� 

 m
��b (  r�  ,��9!�$ Ad��$ <'� m
�' 1�


 ��4M �	 Z�$ GP2g
 Z�t� D�7�$�7 � *#�f


,��5�  l��7� (  �
��[
 %<' xb�  �� �$� (M

 �� =��4b (  (7�9 ���(4�69  R$�4
,��  

,6 �.� �	 B��� ,����  .�3f
 ����' ,��

	�' )Hoffman, 1980; Koksal, 1988; 

Ackefors, 1989( . 

Z�$ �	 �	 ,	<Q2
 D�QH�#
 6�7 ��/� ,��

 B��� ����� (4�
!%�'  ,�-�
  .�  ����'   � 

���
��+ =�*���E' (=����
��JM <47�
)   �� �

=����
  *���E'  )�	 u��7 <T  � �� �N-7� <8 (

�$� %<' B�X7� )Zaikov, 2010 .( L��27

��[��
  !� ,6�
��NM  ���B  %�'  ,�-�
  .�  

����'  ���
 � �N-7� =� <8  ( �9 *��
 *������ 

)Silurus  glanis(   �   ,�-�
    .�    ����'   

) Macrobrachium rosenbergii�	 ( 

,���g2$�  *N��
!�  *c �	  %�
,��  B�9 Z�$  

� ) <�H�� 500 -400 B�9�P�M  %�'   ,�-�
 �	 ��

��2E�(  ���69<' )FAO, 2015 .( �^M� �	

%�' ()  *9<7�
!�  =�6�
 AD�QH�#
 ���  ���-�


 !� �25M %	�<f
 �	 (�����4�
)10  <i�	

*
 =��
 ��� �	 .�$� %<' =��4br	 =���� m

 ,	<Q2
�3�! m
��b <47�
 *2/�4' A(��K� A

 �� *P^
<�H�� 	�EP5b � ��2��,��   (�&��

%�' ()  ����� *9<7�
!�  �Pb *H�52T�  ���-�


,6 � ,���g2$� �	��� ,����  *4� 	�M  (M

*
 �� 1�
 ���3  	���
 !� *E�  ��5�� (  =���

 (��K� �����%��� (   <47�
 *��]�M�� � 

����� ����X7� !� .	�	 �]37 ��  (M��  =�4M

(QH�#
  ����� ��� !� %	�\2$� (4�
! �	

Pediococcus acidilactici  *���+ %��& �	

 () %�'  ,�-�
   B�X7� *'���� ����' .�

%<N7 �$�. ����� �j�T  �	 ��  ��H�� ,�� 

 B�X7� (4�
! ���<' ��  L��27%<
� �$	 (   !�

 =� 1�5t� �	 <7��2 ,��9  *2���<
 ,��

%��& 	�]�  A*�`�',��  %<' (H�
�� *���+

(4��  ,��   (]4& !� *2
`$ �[��� � <'� ,!�$

 *'���9 %�-2$	 ,��X
 � *45�� 123�$

%�'  ,�-�
   d8�� ���
  ����' .�	�'.  
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<�� � A(�0 �'  

%�' ()  ,���-�
 ����' .� )Astacus 

leptodactylus(  =!� � 10  ��20  !� B�9

(����	 �N� <�i u�� <$  <' mf
 (  �

 6M�
 *ttg� %�-23�� �	 ���
!� B�X7�

.� ���/� D�[�[f�  Z�[27� (=�9�9) *P/�	 ,��

�� .���� u�2$� (  Z�[27� !� I� (2\�  *��	!

 �	 .<' ,�J$ ���
!� o�f
 �  ,��9!�$ �

 ��������  !�15  =6g
120  �� ��<
 ,�2�H

 .<' %	�\2$� *5y�	 *�	��� (  6�X
 B�<M6 

%�' ()   	<b  ,�-�
10  ��20  !� <Q  *
�9

�3�! �� �	 *�	�t� `
�M D��i (  *X4$

%!�<7� .���9 ���8 =6g
  ,��90/�' ,�� 

E�6��� � �
	 m
�' .� *���5�'pH )WTW 

pH 330i AWeilheim=�5H� A =��3M� � (

) Z�Pf
WTW Oxi 330i AWeilheim A

=�5H� �8	 �  (01/0  Z�c �	 (7�!�� ��c ( 

 ����� %��	%!�<7�  ,��9 (2'�	 (-7 � �� �

<7<' )�
	 95/0 ±86/25 (&�	 *27�$ A	��9 

=��3M�  046/0±24/7 *P�
 B�9 �2�H �  � pH 

014/0±78/7( .� ��\�M z\T ��;4
 (  .

=!�g
  �� A����� %��	 Z�c �	2 �� !��  �� 

25 =� .� !� <i�	  ()  .<' {��Q� ��

%�'  =�6�
 (  (7�!�� ���-�
3  =<  =!� !� <i�	

 �	 �2  .<7<' *�	��+ ���
!� %��	 *c � �7

!� =!�g
 B�5��	  (  %�-��4� ,��  �E�H�� (H�H

 	�<Q� () %�' <' %	�\2$� *'���� ���-�
 .

!� .� d]4
 <' ��
�� %�� .� .���
!�  �	4 

 �	 ���E� ($ �  <��' %��9 �� � ��5�� %��9

 D<
84 !��  %��	 ,��27� �	 .���9 D��i

(7�57 ���
!�  ��;4
 (  G4H�5� !� ,��	� 

%!�<7�  ,��90/�'  *5�67� � *45�� ,��

1�67� � G4H�5�,�� <' B�X7� �-�
 %	�� 

)Valipour et al., 2011.(  

%	�
� ��;4
 (   *���+ %��& R�M�� ,!�$

 m
�' %��& (�H�� D���2f
 �<2 �*��
 �	��A 

B<49 	��A ���$ 	��A *��
 �+��A ���r| A

��
�2�� }�Pg
  �-�	 �  %��5� *7<Q
 	��
 �

 (��� R$�4
 ��<[
 (  %��& D���2f
 .<'

 Z�<& �	 *���+ R�M�� � Z�
��1 (y���  %<'

�$�.  

=	�6�� �  (��� %��& ,�2M�  ����� ��� 

Pediococcus acidilactici  "#$ ���� �	

*4+,!�$ %<' %	�
� <' �� %��&,�� 

*N��
!� 	��
 �;7 (  �$	 <��. ����� ��� 

P. acidilactici  ( D��i ,��X� )Bactocell  

PA 10ALallemand Animal Nutrition 

S.A.(37��� AZ�P$ ,��T (M <' (��� ( ,��

%<7! ,�2M�  ��M�
 	� . ,��  =	�6�� ����� ��� 

 ( %��& ,�� !� *���+2  (  *��
 �+�� <i�	
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 %	�\2$� m
�T =��4b A=���E5� � ,<$�) <'

1396( .%��&  m
�' *N��
!� ,��4  ��) ��5��

 �	 B�<M3  (���E� %��& ��5�� �� %��5� ( 

 <��' Z�<& O �#
2 .<' *T��c  

  

 ��9B1(9'��) ,��� �!�B �A #=(��& A(�0 ;!C0 �(970 � D�+ :*  

#=(��& �A�0   �!�B �A �(970(9E�A)  

���r|  91/11  

(2$�N7  13/7  

B<49 	��  24/5  

D�� 	��  10  

*��
 	��  34  

���$ 	��  5/4  

6H�P$  13/14  

D�� �+��  89/3  

*��
 �+��  4  

*4�
�2�� }�Pg
**  2  

*7<Q
 }�Pg
***  2  

=�<�3M� *27�  2/0  

 ��
�2��C 1  

#F�!7� ��
�+�    

B�/ �������  40  

B�/ * ��  12  

D��<��� �M  20  

� �c�  79/7  

�23M�/  31/5  

�]��  12/1  

,|�7� B�/ kcal/kg  400  

*: %��& �	 6H�P$ !� ��+ (  *M���/ 	��
 B�5� ~�t
 ��<[
 � R�M��  (��� %��& ( �N
 �-�	 *N��
!� ,���$� .  

**: 9�P�M/B�9) *4�
�2�� }�Pg
 ��
�2�� :(B�A AIU1٫600٫000 ��
�2�� �3D AIU400٫000 ��
�2�� �E 40 B�9 �

 ��
�2��3K 2  ��
�2�� �B�91B 6  ��
�2�� �B�92B 8  ��
�2�� �B�93B 12  ��
�2�� �B�95B 40  ��
�2�� �B�96B 4 
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 ��
�2�� �B�99B 2  ��
�2�� �B�912B 8  ��
�2�� �B�92H 24/0  ��
�2�� �B�9C 60 B�9  Z�2�!�4�� �20  �B�9

�y�H�� *3M��<�� <2�P���  )Butylated Hydroxy Toluene( 20 B�9.  

*** : :(B�9�P�M/B�9) *7<Q
 	��
 }�Pg
NaCl A8/2  �B�9O2H .4MnSO A5/6  �B�9O2H7 .4FeSO A20  �B�9

O2H5. 4CuSO A5/5  �B�92SeO2Na A1/0  �B�9O2H7. 4MgSO A98/283  �B�9O2H7. 4ZnSO A93/131  �B�9

O2H6. 2CoCl A40/0  �B�9KI A12 .B�9  

  

 ��9B2G58H : $������!� I( �A�J)�( A��0 
�' Pediococcus acidilactici �'����� �A*8)K0 
  

�'�����  $������!� G58H Pediococcus acidilactici  

��5�� 1   (��� %��&) ����� ��� =�< <��'(  

��5�� 2   %��& (��� %<' *4+ � CFU/g 109× 1   

��5�� 3  %��& (���  %<' *4+ � CFU/g 109× 2   

��5�� 4  %��& (���  %<' *4+ � CFU/g 109× 3  

��5�� 5   %��& (��� %<' *4+ � CFU/g 109× 4  

  

(7�57 ���
!� %��	 ,��27� �	  !� ,��	� 

%!�<7� ��;4
 (  G4H�5� 0/�' ,��9 ,�� 

1�67� � G4H�5� *5�67� � *45��  %	�� ,��

) <' B�X7� �-�
Valipour et al., 2011.(  

  

�I(9+(%&�� 
!�. *�
��' 
�'  

%!�<7� ��;4
 ( 0/�' ,��9  *45�� ,��

 G4H�5�300  !� %	�\2$� �  G4H�5� �2�H��E�


 =!�$ �$25G *P�
 �� s7�$ �  !� ,�2�H

 �� *5E' u�4�$ () %�'  ���/ �-�
 <'

 mE')1(.  IJ$100  �2�H��E�
 !� G4H�5�

.�����E�
 �	  ,��*P�
 ��  =�<  ,�2�H

<' %��/� 	�[Q7�<j Z�Pf
.  ��� !�

%!�<7� ,��  =��37�J$�$  1�67� ��H�Q� ,��9

m4� !�<�3M�1
 

%	�\2$� <' Z�Pf
) A.( 
 G4H�5� %<7�
 *8� )200 �2�H��E�
(  �	

.�����E�
  ,��T ,��4/0 *P�
  Z�Pf
 !� �2�H

���6H� 	�[Q7�<j2 ) ,��T115 *P�
  A6M�P9 Z�


336 *P�
  Z�
 A<��PM 1�<$27 *P�
  Z�


 � 1�<$ D��2�$9 *P�
  Z�
,	 �P��� � ��


<�$� ��2$� ��2�3  � pH 7<' %��/� ( .100 

 ���Q� ,��  =��37�J$�$ ��� !� �2�H��E�


��$�5� 	�<Q� Z�P$) (*7�/ ,�� mM4  �

 ���5'*8��2�� ��$�5� ��5  <' %	�\2$�

                                                             

1- Phenoloxidase 

2- Alsever 

3- EDTA 

4- Total Hemocyte Count 

5- Differential Hemocyte Count 
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 Z�Pf
)B %<7�
 *8�  =��37�J$�$ .()100 

 (�2�H��E�
 |��\��27�$ �	)MultiSPIN 

Refrigerated Benchtop Centrifuge A

Cleaver Scientific (=�23P-7� A �b�$ � 

700  ,�
	 �	 ([�8	 �	 ��	4  (&�	

*27�$  D<
 (  	��920  �� ���9 ���8 ([�8	

��$�5�  �<& �5$`� !� ��	�'IJ$ .  !� d��


 ���Q� ,��  %<' (2'�]7� *���1�67�  ,��

 Z�Pf
) <' %	�\2$� �5$`�C.(  

 mM ��$�5� 	�<Q� �X4$ ,�� 50 

�2�H��E�
 !� Z�Pf
 B �  ,�� Br �2
�2�$�5�1
 

��$�5� 	�<Q� � <' %	�	 ���8  ��! �	 ��

 <' ���5' ,��7 ��E$��E�
)Jiang et al., 

2004.(  �� *2�$�5� ,�P �� ���Q� ��;4
 ( 

��$�5� *8��2�� ���5' ��� !� �� Pousti  �

Adib Moradi )2004.<' %	�\2$� (  

 

  

 L��1 M���� I( *�
��' N��0 G�(A!� ��O+ :

#��� ��� ,-� �/�0  

 

                                                             

1- Hemocytometer 

 ��� (  !�<�3M� m4� 1�67� �X4$

,�2
�2���2EJ$� )R 5000™ UV-Vis 

SpectrophotometerA HachA (�E��
� � 
B��M���	 m�EN� �]� �5M ( 2  !�L - 

,	 ��7r� m�4� *3M��<��3  ���9 B�X7�

)Hernandez-Lopez et al., 1996 .(

 (  !���53�	 <�3M����$ 1�67� ��H�Q� �X4$

 ���
 �X4$ O��c !� ,�2
�2���2EJ$� ���

,�� ,��T�  B��M�2�$4c  ��
 Z�c �	550 

) ���9 B�X7� �2
�7�7Cooper et al., 2002.( 

 

���+� G�
�P� QR�� #��(�. 
�' 

 � ���/ u��E7�����J� A*��E'<]H�M !� I�

 o$�� IJ$ .<' �N23' �#[
 .� o$��

 �� .<' �N/ ,�+�M Z�52$	30  !� B�9

(7�57 u��E7�����J� �  70 *P�
 �2�H .� 
 �6��7|�5� %�-2$	 o$�� � <' }�Pg
 �#[


)UP400StA Hielscher (=�5H� A m5b

�/��4E� �$	 (  }�Pg
 .���9 B�X7� ,!�$

 �b�$ �  |��\��27�$ �	 %<
�10000  �	 ��	

 D<
 (  ([�8	25  ,�
	 �	 ([�8	4  (&�	

*27�$  d5X� d��
 ��27� �	 .���9 ���8 	��9

(7�57 ,r�  �538 �	 (2���  ,��T (M ��

                                                             

2- Dopachrome 

3- L-dihydroxy Phenylalanine (L-DOPA) 

4- Ferricytochrome c 
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��_����  D����K� �X4$ ,��  	�  Z�Pf
 ,��

d��
 =|��2�7 �	 A*5�67�  �X4$ .<' %��/�

1�67�  ��� (  !�_���� � !�J�H A!`�
� ,��

��
 Z�c �	 R���� (  � ,�2
�2���2EJ$�  ,��

550  A540  A366  �  R���� (  � �2
�7�7

%	�\2$� !� ��2$	 m5QH� ,�� Coccia � =���E5� 

)2011 A(Lopez-Lopez ) =���E5� �2003 (

 �Fernandez Gimenez ) =���E5� �2001 (

7� .���9 B�X 

  


��0� L�8O� � ,��R�  

�j�T (QH�#
 �	 RH�8 n�c `
�M *�	�t� 

Completely Randomized Design 

)CRD (�	 ($ ���E� ,��  �� ��5�� � <��' 

B�X7� <'. �	 �<2 � Z�
�7 =	�  %	�	 �� �  

=�
!� ~��9�5H�M- ~�7��5$� � *$��  

*4-5� %��9 �� �  =�
!� Levene B�X7� 

������ .�	 D��i �-5� =	�  %	�	 A�� ,��  

(3��[
 ��-7��
 ��  ,����5�� (��K� ,� !� 

=�
!� (�6X� I7����� �� (��c )One-way 

ANOVA (� ,��  ,!�$�<& %��9 ,�� �-5� 

!� I� =�
!� �E7�	 �	 "#$ =�4�5c� %95 

%	�\2$� <' .,��  %	�	 ,�� �-5���+ !� =�
!� 

���2
������+ Z�E$��M- I�H�� %	�\2$�  <'� 

*4Q
 ��	 =	�  %��9 ,�� 	��
 *$��  �  %	�\2$� 

!� =�
!� �
- *42�� �	 "#$ =�4�5c� %95 

0gN
 <' .B�7 ��6�� ,��
� SPSS 19 ,��  

(�6X� � m�Pf� %	�	 �� � B�7 ��6��Microsoft 

Excel 2007 ,��  1$� ��	�57�� (  ��M %	�  

<7<'.  

  

S��)+  

%&��  *�
��' #���+� � #���( 
�' 

70/�' *$��  !� mi�T L��2  *45�� ,��

 !� %<' ���g2$� G4H�5� () %�' ,�-�
 ,�� 

) ����' .�Astacus leptodactylus(  I�

�;P+ �  (��K� %��	 !�  ,���	 %��& D��\2
 ,��

����� ��� Pediococcus acidilactici =�N7 

 ��$�5� *PM 	�<Q� 0/�' (M 	�	 �	 (5�

��	�4Q
 ���6�� ����5���� ,  %��5� ���6�� � 

 mE') 	�	 =�N7 %��& ����� ��� �;P+2 .(

��5� <7�� �	 0/�' ,�� 	�<Q� ��$�5� ,�� 

(7�	 (7�	 (5�7 A��	   ��H��� � ��	 ( `
�M ��c

<' %<��N
 ( �N
 mE') ,�� 3  �4  �5.(  

 *5�67� ��H�Q� �X4$ () %�'  ,���-�


 !�<�3M� m4� 1�67� ��H�Q� (M 	�	 =�N7 <��'

 �	 () %�'  (5� �  %<' (��K� ,���-�


%��&  ,��	�4Q
 ���6�� ����� ��� ,��T ,��

 m4� 1�67� ��H�Q� =�6�
 ���2N�  .����

 ��5�� �	 !�<�3M�3  <��' �	 =� ���25M �
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 mE') <' %<��N
6 �X4$ ��4)5� .(

<�3M����$ *5�67� ��H�Q�  	�	 =�N7 !���53�	

 <��' (  �]37 *$��  	��
 ,����5�� (�PM (M

 ,��	�4Q
 ���6�� �� ( �X� 1�67� ��� ��H�Q� �	

 ��5�� �	 1�67� ��� ��H�Q� ���2N�  � <7	�M2 

<' %<��N
 <��' %��9 �	 =� ���25M � 

 mE')7.( 

 

  

  

 L��2: A(9P� L= G����' 
�'  ,-���� Q��0I� ���A ����� I( T� �/�0  2�/+��0)± .(A�(9+�)�( 
�V& 

���+ W��J)0 ;�!X �(A��P0 
��0� W��J� �9�'A .G�(  

  

 

 L��3:  2�
��' G����'��� ,-�  �/�0Q��0I� ���A ����� I( T�  2�/+��0)± .(A�(9+�)�( 
�V&  ;�!X

���+ W��J)0 �(A��P0 
��0� W��J� �9�'A .G�(  
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 L��4: G����' 
�' ,��+ (A,+ �(A  ,-����  �/�0Q��0I� ���A ����� �A  2�/+��0)± .(A�(9+�)�( 
�V& 

 W��J)0 ;�!X.G�( �(A��P0 
��0� W��J� �9�'A ���+  

  

  

 
 L��5: ,+(A G����' Z��� �(A ,-� ��� �A �/�0 Q��0I� ���A �����  2�/+��0)± A�(9+�)�( 
�V&( .

 W��J)0 ;�!X ���+.G�( �(A��P0 
��0� W��J� �9�'A  
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 L��6:  *�
��' �A I(9�\=( L�� ���+� G�
�P� ,-����  �/�0Q��0I� ���A ����� I( T�  

 2�/+��0)± .(A�(9+�)�( 
�V&  W��J)0 ;�!X.G�( �(A��P0 
��0� W��J� �9�'A ���+  

  

  

 L��7: 9�\=(!��� ���+� G�
�P� *�
��' �A I����\�A ,-� ��� Q��0I� ���A ����� I( T� �/�0  

 2�/+��0)± .(A�(9+�)�( 
�V&  W��J)0 ;�!X.G�( �(A��P0 
��0� W��J� �9�'A ���+  

  

���+� G�
�P� QR�� S��)+ #��(�. 
�' 

 � =�6�
 �X4$ ��H�Q� 1�67�  *'���9 ,��

 A���
!� %��	 =���� �	 !�_���� � !�J�H A!`�
�

�	 	���
 �2N�  ~`2/� *4Q
 ��	 ��   (5�

�  ����5��  .<' %<��N
 <��' (7�57 �  � 1�

 <' %<��N
 !�J�H 1�67� ��H�Q� *$��  �	 ��4�

 ��5�� (M3  �5 ��5�� ��4)5� A4  <��' �

)��5�� 1 .<42'�<7 ,��
� ��	�4Q
 D��\� (
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 �	 !`�
� 1�67� ��H�Q� ���2N� ��5�� 2  �

 �	 =� ���25M�5�� � ��H�Q� ���2N�  A<��'

 �	 !�J�H 1�67� ��5��2  �	 =� ���25M � ��5��

4  �� <��'  �	 !�_���� 1�67� ��H�Q� ���2N� 

 ��5��4  �	 =� ���25M � ��5�� %<��N
 <��'

mE') <' ,�� 8 A9  �10 .(  

  

  

 L��8:  *�
��' �A I^�0� ���+� G�
�P� ,-����  �/�0Q��0I� ���A ����� I( T�  

 2�/+��0)±  .(A�(9+�)�( 
�V& W��J)0 ;�!X.G�( �(A��P0 
��0� W��J� �9�'A ���+  

  

  

 L��9:  *�
��' �A I�_�
 ���+� G�
�P� ,-����  �/�0Q��0I� ���A ����� I( T�  

 2�/+��0)±  .(A�(9+�)�( 
�V& W��J)0 ;�!X �(A��P0 
��0� W��J� �9�'A ���+.G�(  
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 L��10:  *�
��' �A I�a��!� ���+� G�
�P���� ,-�  �/�0Q��0I� ���A ����� I( T�  

 2�/+��0)±  .G�( �(A��P0 
��0� W��J� �9�'A ���+ W��J)0 ;�!X .(A�(9+�)�( 
�V&  

  

bO�   

D�QH�#
 ,	<Q2
 �	 Z�$,�� ��/� �[7 

<�\
 ����� ��� ��  �� �	(��K� � ��4)5� ����� 

*2k�\T =� �� �	 � ��  m
��b =|���� 0gN
 

%	�M  <7�)Yanbo and Zirong, 2006�	 .( 

(QH�#
 �j�T =	�6�� ����� ���Pediococcus 

acidilactici (  %��& *���+ %�' ()   ,�-�


 ����' .�)Astacus leptodactylus ((  

0/�' ��-5N� ���6��  � G4H�5� *45�� ,��

1�67� <' �X4
 *'���9 ,�� (M ��� ���6��  ( 

 G4H�5� �	 ��$�5� 0/�' 	��
 �	 %���

 (&�� m �8 ,<7�� �  ���6�� ���2N�  � 	� 

) ����� ��� �;P+ ����r�  �	 ,	�Qi��5�� 

5*
 =�N7 D�QH�#
 .<' %<��N
 ( �	4 (M <

��$�5�  �	 ��%�' �-�
 <47�5� ����' .� ,

�g$ ���$  �[7 =�2$��
$�� �	 �� *5�
 ,�� 

*45�� =� 6�
 �\�� *
 4M4< )Jiravanichpaisal 

et al., 2006.(  ��� �	(QH�#
  	�<Q� ���2N� 

��$�5� ��$�5� (  }� �
 R���� (  ��  ,��

(7�	 (5�7 (7�	 A��	  .	�  ��H��� � S�6  ��	

RH�+ 6�7 ,	<Q2
 D�QH�#
 =	�  ��$�5�  ,��

 (5�7(7�	  ��	 G4H�5� �	 �� ����' .� ,�-�


*
 <���� (QH�#
 �	 .<4M  ��$�5� �  (M ,�

 (7�9 ��5�Astacus leptodactylus  B�X7�

 *H�P$ 1M��� ���25M � ���2N�  6�7 <'

 }� �
 R���� (  G4H�5� ( ��$�5�  ,��

 (5�7(7�	  ��	 	�  ��H��� �)Samnejhad et 

al., 2016.( ��$�5� (QH�#
 ��4)5� ,�� 
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 *45�� 123�$ �	 mM%�' �-�
 ����' .� ,

(2��� 6�7,�� (QH�#
 *
 <���� �� �j�T  <4M

B�$) 	��7 � 7��N��3AR 1395.( �	 (QH�#
 �j�T 

 ,��-5N� ��	�4Q
 ���6�� =�
! �'�9 !� I�

Z�P$ GP2g
 l��7� 	�<Q� �	,��  ��$�5�

 ����5�� (5� �	 ��	�4Q
 ���6�� ��� .	�2�� ��\��

<' %<��N
 *
 (M  ���3  ��� %<4�	 =�N7 <7���

����� ��� �]^
 P. acidilactici  123�$ � 

 G4H�5� () %�' �-�
 �	 .<'�  ����' .� ,

%�' �-�
Z�P$ ��,��  <7�� Z�_3
 ��H���

(7�-� ) !�2�$�9�� (,���/<423� .Z�P$ ,��

 (5�7(7�	  ��	 =	�M (H�3JM <7�� �	 �$�$�

13�7�9����E�
 ,�� *
 �M�' 1&��
 <44M  �

 ��4)5�Z�P$(7�	 ,��  ��	 =��4b (  S�6 

��H�Q� �	 *Pi� %�9��/�,��  m4���� 123�$

*
 m5b !�<�3M� <44M )Johansson et al., 

2000; Jiravanichpaisal et al., 2006.( 

 =�N7 D�QH�#
*
  (M <�	Z�P$ ,�� (5�7

(7�	  ��	 �(7�	  ��	 m
��b (  
$�� �	,��5�   !� �!

=�E�P9�<�2J� <47�
 *H�EH�
 m
��b (P5&  � ��

*P��J�H ,�2M�  %����	 �	 	�&�
 ,��<���M�$  ��

 !�<�3M� m4���� 123�$ D�]�M�� =	�M 	�!� � 

 A*H�P$ *9<4]3� A��7`
 <�H�� � ) ��
�

(H�3JM =	�M � <7�� (!�2�$�9�� �	 �4M�� ,�� 

*  *b��	 123�$ � Z���5�  <47�
 *7�9��


�g$  �\�� �[7 =�2$��*
<44M )Gillespie 

et al., 1997; Soderhall and Cerenius, 

1998; Sritunyalucksana and Soderhall, 

2000.( ���� �4  �  ���6�� m �8 (&�� �	 

��$�5� 	�<Q� ,�� mM%�' �-�
 ����' .� ,

*
 =��� (X�27 ���9 (M 123�$ *45�� 
��� (7�9 6�7 �	 (��K� �  ����� ��� 

P. acidilactici  .�$� (2��� ,�2N�  D�<8

D���� �]^
 %	�\2$� !� ��� ����� ��� �  

A*9<7�
!�  � <'�  *45�� � *7�/ 123�$

 �	 6�7 =����
 � ���-�
����� ,��  *\P2g


<' � ��% *4�3T) �$�  A=���E5� � *7<


1393 �Ferguson et al., 2010�Ahmadi 

et al., 2014O�8	 (QH�#
 ��;4
 (  .(  ����� ��

 *45�� 123�$ �  ����� ��� ���%�' �-�
 ,

����' .�A 1�67� ��H�Q� "#$ *$�� ,�� 

<�3M����$ � !�<�3M� m4�  B�X7� 6�7 !���53�	
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Abstract  

In this study, the effect of four levels of probiotic Pediococcus acidilactici on 

the diet of Astacus leptodactylus juveniles, on immunological parameters of 

hemolymph and enzyme systems, was investigated. Juvenile crayfish, weighing 10 

to 20g, was fed in 4 groups of probiotic concentrations and one control group with 

three replicates for 84 days. At the end of the experimental period, the sampling of 

hemolymph in order to measure the hemolymph, immune and enzyme indices and 

crayfish intestines for digestive enzymes was performed. The results of all 

treatments and control showed that the highest to lowest homocysts belonged to 

semi-granitic, large granular and hyaline, respectively. The total number of 

hemocytes, semi-granular hemocytes, large granular hemocytes and hyaline in 

probiotic-treated treatments increased significantly compared to the control 

(P<0.05). In addition, the activity of superoxide dismutase and phenol oxidase in 

the hemolymph of crayfish showed a significant increase (P<0.05). Measuring the 

activity of digestive enzymes including lipase, amylase and protease showed a 

significant positive effect on all three enzymes (P<0.05). Considering the positive 

and significant effects of probiotic P. acidilactici on immunological and digestive 

indices of young crayfish, it can be used to further increase in the productivity. 

Key words: Astacus leptodactylus, Pediococcus acidilactici, Probiotic, Immune 

Indices, Digestive Enzyme. 
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