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��� ��� �� ������ ��� �	 !�� "#$%�# �&' ��
 (��)%*�* ( �&+� �, -�./ �� "+.��0�   "�� �.1�

23�4   �4� �� �
�5� "*%3 6���78*� "��� .�4 :�;*� "�%��� �%<= �>150 ���> � "��� �A  �

 B#%+�10/0±14/6  (�� �� :�F8 -�./ �� �+&� H�&' 6 �I 6��50 H100 H150   mg/Kg200 *-�)%*� 

�&' ��
 +.��0�*�4 ���K� " . L��+*�= ��	 "� ��7* 23�4 ��	�M�� �A  H"���* �A  6����
 �#	 � H-

���=   ��, "����= H�*�A � �4� �'�	 H��� �A  N��!�� �'�	 H-O�  �4� P�* H"���* Q%R�� "�   �.S� T "��

���.� �	 mg/Kg150 "U�� �V+3� ��
 -�)%*�* �*	�	 ��7* �����.� ���# �� �� 6��	)05/0<P(.  23�4

 ���.� �	 6�Y= �&' 	%� ���M� ���+7.� 6���	)05/0<P( ���+7.� . ��	�M�Q%YZF6��  �[Z, H!��>

 ���.� �	 ���=%���� �'�	   �.�%ZF%��mg/Kg150 �
 ���+�=   ���.� �	 �� �&'4 -���7� �

)05/0<P.( Q%YZF 	���� 23�4   �.&# 6��MCV  ���.� �	mg/Kg150  ���+�= 6���	���M� 	%� 

)05/0<P( ��	�M� ��� \MCH HMCHC"U�� ( �&� �����.� �.� �	 ].� A%^�   �.#%*%� H 6��	� �� �	 �

 �4��*)05/0>P(�&' ��
 (��)%*�* �	 !�� HL��+* _�#� �� .  �	 "+.��0�[Z, mg/Kg150 �=  ].�	 ��

	 	%3 `%* a� �� �b��M� �	 6�+7.� 6���F�1� 6���	 a;I �� c�# �Yb* N��!���!� _�.M� �d H�U+b� ��

 �	�5� "���, -�./"� �.'%� "�%��� �%<= "���.	%4  

��I	)� :�#�<: �&' ��
 23�4 H"+.��0Q%YZF H�4� 6��."���, -�./ H!��> 6��  

1- 	 H"�.YR f��U� -�g7*�	 H(V.4 - �F H���!�
 �� ��   �.hg� �4�� "#�U4��= 6%;7*�	�V.F -�87*����%' H H��#

.�����  

2- 	 H�V.F -�87*�	 H"�.YR f��U� -�g7*�	 H(V.4 - �F ��.7*����%'��#.����� H  

3- � H�V.F -�87*�	 H"�.YR f��U� -�g7*�	 H(V.4 - �F 	�+#���%'��#.����� H  
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2.#K. 

 �� �4�A �  �	 �..K� 	�;��   �.��/ � !��

 �M^�):	��  (j%kl� A� -	�&+#� ��# ��

6!�
 ��U' H�.&.=��   a��# "���, 6� �� ��

 "��� �4%F "���, �A��   6� 
	%# ].�	

�.S� �� �8�	 �� �Yb* ��.b� �4� "*�%.I 6��

) �#� �+4�	 "���#FAO, 2003(  	� 
��  

"� 	%4 �= (��.�%� ��!.� H-�U�
 Q�# �UT ��

 �� ���!�
 "m%Uk� �� ��   �.hg� A� ]'�I

-���   �.'�
 6��	�� f��U� A� ��"�.YR  6�����

 H��g+IV�) �U=1394(�;*
 A� .  a�# �=

6!�
 ��U'H"���, �.U�� 	�;�� �	 6� �� 

   (��;� Q�K+4���	 Q%R �	 �+4�F 6��

H�#� �+��� N��!�� �	 �.�� ��].  6���

6� �U� 	 �  �� A�.* ��U' ��� ��+bF 6��

 ���/	%� ���%3 )Jia et al., 2001( 6� �U� .

 �	 -	�&+#� ].b*�+� 6���	 %*�* ��U' �� ��

 �#� "����	 6����,   ���!�
)Handy et al., 

2012(6� �U� �	�= ��!8��/ . �U*�� ��%* 6��

 6� �U�%*�*a+b.# 6�/ �� nm�� "+U# 6��

�!��6!�
 ��U' �	 ���7.� N� 6� ��

"�.	%4 �.U5��  A� -	�&+#� 6� �U�%*�*  

�b�A 6� �U�6!�
 ��U' �	6� ��H  6���

 �	 "F	%�
 �.�%� A� 6�.F%Z/ "�
 B.l� ��.b�

 �#� �1%�)Bhattacharya et al., 2015( .�� 

6�%R  H�= ��k� �.I� �U�
�� "R �	36/0 

�&' ��
 (��)%*�* A� �+.� �� :�F  "+.��0

�[Z, �	 (��+.* ��I o/%� 6��25  ��150 

"Z.� �4 "�
 B.l� A� �+.� �� :�F

)Khoshkalam and Rahnemaei, 2014 .(

 �[Z, A� -	�&+#� H�8�	 "7� O� �	5  �� :�F

 ��I nm�� "+.��0 �&' ��
 (��)%*�* �+.�

37  ��99  H:%.�	�= H]g.* �%T "��!Z� 6�'�	

A� q�#   : �= H-�M* H6 �  �4 "�
 B.l�

)Geiger et al., 2009.(  

6!�
 ��U' ��#%� 6��� �� - Vm 6� ��

   ���K� �+g*  	 �� �/%� H6� 
%* �� 6�U�A�.*

 (� �r 	��%� �.M� A� N.� q
 "&.= ������

a�� A� "g� ��, �.�� .	��	 �	 ]^�b� ����

"� ���4 �� ���!�
 �� �� �� ��, �U�!�   ��


 Q%��� �%R30  ��60  :Aj �U�!� ]= �'�	

a+b.# 6��� ]��4 �� ���!�
 �� �� 6��

"� H��g+IV�) 	%41394 �%[U� �� ������U� .(

 "���, 6��A�.* �..�� �.�%� -	A�� N��!��

) �#� 6� �r ���!�
Hung et al., 1987; 

Deng, 2000   �.�= �� �/%� �.U5�� .(

 N��=   "�%'� "I��R ��U= �	 ��, �.&.=

�%� �U�!�"� �. �	 �.M�%� o/%� �*�%�

 H��g+IV�) 	%4 ���!�
 �� ��1394 ��� A� .(
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 A� -	�&+#� �U�A�.* ���!�
 s�%� �� ��  �

 �#� �U.�� o.=�� �� ��
��=   ]��= t��%3

���K� (�Y.=�� :��� ���� �= �U*�� 6� �r 6�

�.S� ��(���.�%��= H��"��T H���.��+�  H�� ��

��� �� "*��� 	�%�   f��# �4�   "+�V# 6

) 	� 
 a���� "���Cho et al., 2005; 

Aprodu et al., 2012.( 	�%� �+b� "*��� �� 

NM* "+b�A 	%3 "��U*�%� �	 - �F6�� 

�%5�� "&Z+u� �'�Um H6� �r 6� �r�.,   

"�# �MYR �*%4 6�U�)Stancheva et al., 

2013(�	 . ��� �MYRH6�U� "��!Z� ]h� H��
 

6 � v�   �	 - �F �'�Um 6� �r ���> 

"��*�.F ��T �= NM* 6��"��� �	 

a+b.#6�� "+b�A �&�� "� �UU=)Mendil et 

al., 2005(.  �� �	�> -�*A (�	%/%�!+U# 

 "*��� �'�Um�U+b.*  A� �� ��� 6�U�A�.* ���  

"� �.��� t��%3 s��R ������U� .�UU= �.M�

 �	%�-�./	�%� ��� A� "���, 6�� �� � (Vg7

 -���� 6	��A-	%�H  �U*�� "��� (jV+3�

o.#
 oY# �� "��.�.4%.�   "g�w%�%�!.� 6��

"�	%4 -�./ �	 6� �r �'�Um A� "g� ��
 .

"*��� ]�g� ��%Um �� �= �#� ���!�
  	�%� ��

 H-�4 o.=�� (�&�%# �U*�� xZ+u� -�./ ��

"� ���r� "��� .	%4 y� ��%Um �� ��


6�K�!�� ��.b� NM* :��*� 	�gZ�m �	 "��� ��

����   	��	 ��.��� �Z�/ A� H���%*�/ 6��

)Andersen et al., 1997.( ��
 "^!/ A� 

 Nu�z�: �=%+.# H�.�%ZF%�� Q%g�%� a   

A��.b=����� �#� )Hardison, 1998\( 

�.U5�� �	 6���* � "b&U� ]��4 

 !.* � �+g�� Q�M+*�   �.I� H�%.#��.b=� �1%�

�#� )Coates, 1975; Kawano et al., 

2002(. 6���  H���=%���� ��	�M� {&I

   �.�%ZF%����> Q%YZF��H  �kUm ��� 	%/ 

.�#� 6� �r �+3�� :��� o.=�� |!/ ��
 6��

�   �#� ���-O�  �  -�.3) Q�lR   �Y= �	

H-�4 Q%YZF �3�# 6��� !��> 6�� !K� ��

"� Q�M+*� ��%u+#���� 6��� ��
 .� �3%#  

�# A�.��+�  - �F 6��B  !.* .�#� 6� �r A�

��� �	 ��
 x��0  �8�	H "� N��!�� �� ��%�

_�+#� ����� �	 "��� �� �M�    	�gZ�m

a�!*
 c.l' H����g��   6	�Y>) 	�= -��4� ��

1392 �	 ��
 	%Y�= .(�*%F 6��A� "&Z+u� 

a= o/%� ��.��� "*%3)Gatlin and 

Wilson, 1986(  N��= ��  P�*  au� 
��&�

"�	%4 )Hirao et al., 1955(.   

 Q�g4�"&Z+u�  �	 ��
 6���	 (�Y.=�� A�

 -�./"���, "� -	�&+#� ���!�
 �= 	%4

Q ��+��
 ������  .�#� ��
 (�&�%#��� 

 B#%� ( �&+� $%�# �	 -	�� ��� ��k�
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}%I "��� Carassius auratus gibelio 

)Pan et al., 2009(�%��� �%<= "��� H" 

Cyprinus carpio )Sakamoto and Yone, 

1978(  "��*�= "��� ���F  Ictalurus 

punctatus )Lim et al., 1996( nm�� N��!�� 

�
 �4� ���.� �� �Yb* �����4  �� -A ��� .�7*

-��� 6� �U�%*�* A� 6�.F6!�
 ��U' �	6� ��H 

 -O�  �� "*��� 	�%� A� "m%U+�   ���/ Q�g4�

Q�� �	 ��
�%*�* �U*�� ( �&+� 6� ��
 (��)

 �.b=� (��)%*�*   ("hU3) "+.��0 �&'��
 H

_�.M� �	xZ+u� 6�� "� �.�%�%*�* .	%4 (��)

��
 � �].�	 "FO� 6�� "��.�.4%g�!.�  �U*��

�.I�   �%.#��.b=� H"l�# q�/  ����%Um 

]��I6�� "� ��	 �	 ����	 Q%Z#6�� "*�R�# 

6��	����= -	�+bF6� ��	 �*)Prijic et al., 

2010(   "�*�%�U �	%� _�+#	 �	 �.Z��> �

   ��b*� �	 �
 Q�g4� �8�	 �� �Yb* �� ��


�U�	 N��!�� �%�\  �
 �� - Vm �kUm �� ��


�.S� �� ���M� 	%/%� ���� �	 6��6�%*�/  �	

�#� ~�Y��� )Barton and Edwards, 

2000( �4� �	 "��!# �� NM*   �.��� ��
 .

+=��6�ab.*�F�� �g.�   �� �� ���!.� ��� �	 ��

 	��	 -��m)Tukmechi et al., 2011( H

"� ������U�y.�%.� �� �.hg�   �4� �*�%� �� ��

�U= ��%M� -	 � �	.  �	 �%[U� �.�� ��

%*�* ��k� "7���A
 (��) �.b=� ���M� �� ��


50   100  :�F%Z.= �	 :�F �g.� -���� �� ��,

 y.�%.� ��)Lactobacillus casei��!.� �� ( 

CFU10  	%Y�� nm�� H��, :�F �� �	

23�4   �4� 6�����K� "����= 6� �	

Q!>�.8*� 6j
 ���=)Oncorhynchus 

mykiss( ��=%�   6��l�) �4 H"T1394 .(

 (��1� �b��M� �%[U� �� �= 6�8�	 "#��� �	

%*�* 6 � �� ��
 (�&�%#   ��
 �.b=� (��)

"��� �%<= �6�U %� � )Labeo rohita( 

 �.Yh� ���M� H�4 :�;*� �kUm   �Z�m �	 ��


 c�#   !��> Q%YZF ��!.� �.U5��

%*�* �� -�4 ���K� "��� �%3 �.�%ZF%�� (��)

 ���.� �� �Yb* H��
 �.b=����4  	%� �+7.�

)Behera et al., 2014( .�.U5��  ��k�

 	�;�� nm�� ��
 (��)%*�* -A��*� A� N.�

o.#
��.#%��<� �	 6�/ 6� 6�Y= 6��

 "8+u�� a��� A ��   q��+�� HA �.<.� �U*��

Q%�%� a[* 6��Q!> "��� �	 6�Y= 6j


�.8*����= "�	%4 "/�I) "�.I�   

H����g�� 1394( H].�	 ��� �� \ (��..K� ��3

 �	23�46�� �%3"#�U4H "FO� 6�� 

:��*�   ��#V� "��.�.4%.��� "��� "Z3�	 6�� 

� �1%*�* A� -	�&+#����� H(��)  ���> "#��� 	�%�

 	�.F)Shaw and Handy, 2011( :�;*� �� .
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N� O� �	 ��
 A� -	�&+#� �U.�A �	 �= "���

�*%F A� "3�� "���, -�./ ��!.� H�4 :�;*� ��

�
 �4� 6��� -	�� ��� s.>	�4 2u7� ��.  ��

 A�.* 	�%� ��
 ���M� HQ�h� ��%Um �� 6�A� ��

Z.= ��, :�F% a.# "��� 6���)Abramis 

brama( 150 "Z.� �#� :�F)Sakamoto 

and Yone, 1976( "������ 6��� �.U5�� .

 "U��w)Anguilla japonica( 170 "Z.� :�F

)Nose and Arai, 1979(���F H "��*�= "���

30 "Z.� :�F)Gatlin and Wilson, 1986( 

 vZR� 	�A
 "���  )Salmo salar( 60 �� 

100 "Z.� ��
 :�F�	 ��, :�F%Z.= ��  	� 
��

 �#� -�4)Anderson et al., 1996( .  

�	 �.� ��.��� H"4� ��  �%<= "���

 ]��M� �	 	��A �� �M� ].�	 �� "�%���

��#%* f.#  -	 �l� A� -	�&+#�   "�.l� 6��

 �.*	 sR�U� �h=� �	 H_�+#	 ]��> "���, 	�%�

) �#� �� �� ]��>Salehi, 2003; Tokur et 

al., 2006H( �� 6�%R �= ��� "��� 6���	 

�*%F �.� �	 :%# �Y�� ���!�
 "4� �� 6��

 �#�(FAO, 2014). �%<= "�%���  A�

���K��'�� ��F�UU=�#� oZR �= "��*�%�  A�

fYU� �� "���, ]��> _�+#	   �U= -	�&+#� 

�
 �� ) ��	 ���> ��k� 	�%�Sanchez, 

1970U� �� �� 6��� .( ���� H"��� ��� o#�

�4�	 A� A�.* 	�%� $%�#6�K�   ��

6�K�!��.	%4 2u7� 6� �r 6��  �� �/%� ��

������ �%U=�� �= ��� c�# �..�� -����	 6�

 �= ��
 (��)%*�* 6���F�1� ��!.�   A�.* 	�%�

 6���	 a;I �� c�# �Yb* N��!�� ].�	 ��

) �U+b� �+7.� 6���� NU=� Jahanshahi 

and Myrnya, 2011 �%<= "��� 6 � �� (

 _�#� �.�� �� H�#� -�7* :�;*� "�%���

 ( �&+� $%�# �1� �..�� ��� �� �r�I ������

 -�./ �	 	%/%� "+.��0 �&' ��
 (��)%*�*

23�4   �4� �� "���, �5� �	 "*%3 6��

.�4 :�;*� "�%��� �%<= "���      

  

A�� � ?)
.�'  

L��.@� M�N. � 4'�.  

�� N���A
 ���  (��8  ���# �	 �+&�

 �V.F -�87*�	 "�.YR f��U� -�g7*�	 :%���%=


���%' ��+#��4 �	 f>�  .���F (�%' ��#

�5� �78*� ��.���"�%��� �%<= �>  �%[U� ��

�A�# �U�
�� �	 H"�	15  :%���%=
 	�m150 

 6�.8�
 a;I �� 6�+.�100  �*�4 f�A%� �+.�

)10 � ��   (:%���%=
 �� �	 "��� 	�m _�#

 (�� �� H��+4�2  �5� 6��;� 6��, A� �+&�

 �*�	��� �=�4 "�%��� �%<= "���)SFC(  �	

4  ��.��� 6��FA�# A� v� .�*	�= ���K� ��%*
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 H6�U����.� �%[U� ��   N���A
 B���4 ��24 

 �� ��.���   �4 f�> "�	��, ]�m ]Y> �m�#

300 "Z.� yu.� ]F -��km �+.� �	 :�F

) �*�4 �%�.� "#�.> H��g+IV�  1394 .(

"*A  N;U# 6���  �>	 �� "��+.;�	 6 A��� A�

01/0  N;U# 6���   :�F�%R" B3 A� �� "7=

 �>	1 "Z.��5� .�4 -	�&+#� �+�  �%<= ��.���

 "*A  �.8*�.� �� "�%���10/0±14/6    :�F

 B#%+� Q%R12/0±32/7 "+*�# �%R �� H�+�

 a=��� �� "�	�k�10 :%���%=
 �� �	 	�m  f�A%�

:%���%=
 q
 6��	 ��!.� .�*�4 �Z.#  �� ��

 -	 �l� �	 ">�� 6��u�1±25  �/�	

"+*�# B#%+� ���M� .�4 a.[U� 	��FpH  q


:%���%=
 ��03/0±12/7  �O.b=� ���M�  

 q
 �	 Q%Zl�14/0±82/6 "Z.� �+.� �	 :�F

 a���%=
 �� �� "7��� �%* ��!.� .	%�21±705 

6�%* -� 	   	%� v=%�  (�%' ��12  �m�#

   "��U4 �12  ��j �Z.#  ��   "g���� �m�#

 H����g��   Q��I� �� �/) �4 a.[U� "��+��

1395:%���%=
 q
 ��%�� �.U5�� .( �� ��

 a;I ��   a[U� �%R70  "*��A �Z'�� ��   �+.�

24  A� 6�.F%Z/ 6��� .���F (�%' �+m�#

 "���	 t%4�	�= �%&.# "R q
 A� H

-�.3)= 6� q
 �� ��bg� 6��	 6���	 �

:%���%=
 .�4 -	�&+#� H	%� ��  

#���$� �)#��� �?$: 
+�+()�* &'� $,> 4-��$O  

 ����87.� �=�4 A� A�.* 	�%� ��
%*�*

 .�4 6�����3 ��.*���� 	�%�%*�* 6�.F%Z/ 6���

 ��4 �.b=� A� (��)%*�*�&' ��
  H"+.��0

"+*
 	�%� �� (��) ���	   o.=�� ���.b=� �

4 ���r� -�./ �� ��� �ZI��� ���M� ��+�� �	 .

5/2 �&' ��
%*�* :�F  �	 "+.��0420 

"Z.� ]I Q%*��� �+.��4  ���M�  83/0  :�F

 �.��+� C  ��� o.=�� .�4 ���r� Q%Zl� ��

 �	 �O.b=� A�F A� � 	 ��   �%F�
 A�F ��A 	�%�

 (��3 �� 4 �m�# �g.4 -�8+#	 6 � �� 

� �	 .������ (�%'��b> ��� �ZI� 6��

 �Z.#  �� -��
 	%/  �� �%.b*�<#%# xZ+u�

-�8+#	 w%.�%��+*�# )Hettich����
 H ( a� A�

 ��%� �	 -	�= q%#� ��
%*�* .�4 y.g&�

��/ N���A
 +b4 Q%*��� B#%� �Y��� �#  � 

�4(��)%*�* �3
 �ZI�� �	 .  ��
 "+.��0 �&'

6�+� ��0 �	 -�8+#	 �	   �4 �+u�� N�	

� 
  6��	 �	60 "+*�# �/�	 -	�	 ���> 	��F

 	%4 y73 V��= �� �4)Sreeja et al., 

2015( ��� :�;*� A� ��� .]I���  ��
 (��)%*�*

"+.��0 �&'  �.b=� �O.b=� }��� �	

"�* �.��+�  A� -	�&+#� .	%4C  �� HN���A
 �	

"+*
 �.'�3 ].�	� q
 �	 �
 "*��.b= �#�

)Pardoe et al., 2001( ��   N��!�� �.U5
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%*�* q�/ ��
 (��) 	��	 Q�Y*	 �� ��� �	 ��

)Frei and Lawson, 2008(.  

  

4�)PQ �$�% 5"�� � L��.@� 4E)$R  

:�;*� 6��� ������  LU� H�r�I���.�  "���,

�� �# ���g� �+��F �[* �	 �4   A� -�./ "���, 

6��;� �5� "��� �%<= "�%��� �=�4 �*�	��� 

SFC  (����� H	�=��4)� ���� -�./ ��%Um �

-	�&+#� �4 )Q �/ 1 .( �.�� 6���-�./ 6��

"7���A
��, :�F%Z.= �� 6�A� �� HH  �&' ��	�M�

)0, NI0Nano Iron ( H50 )50NI( H100 

)100NI( H150 )150NI(   200 )200NI( 

"Z.� :�F�&' ��
 (��)%*�* "+.��0 )US 

Research NanomaterialsH �g���
( �� -�./ 

r� ����) �4 ��� Q �/2   ]g4 6��1   2.( 

 �	 !�� A� ]Y> (��)%*�* ���M� H-�./ �� ��


 ��
]=  �� 6�A� �� �= �*�	��� 6��;� -�./

 ��, :�F%Z.=63 "Z.� :�F �Z.#  �� H	%�

) "��� q�/ LU# x.R -�8+#	AAnalyst 

700 Atomic Absorption Spectroscope H

Perkin Elmer H�g���
( aZm t��� �	   

-A��*� �4� ��4 6� �U�.�4 6�.F  

���  �	�= o.=�� A�5 �[Z,6��  ( �&+�

�&' ��
 (��)%*�* A�  "ku7� �A  �� "+.��0

 ~%Zu� H-�4 q�.#
 6��;� ���� -�./ A�

 "���,�� q
 o.=��    �4�	 ]3�	 �bg.� �� 

(�%' �.�3  .��
�	�	 �ZI�� H��� �.�3 �� 

 -��
 �#	�	 ]3�	 -�8+#	 P�T 4%F� 

"8*�3 ���>  ���F  A� ��7T"��� �� ��> 2 

"Z.��+� �%Ym -	�	 �4. 6��� y73 �	�= 

�+4�6�� "���, A� 	�� a.M+b� �gU� -	�&+#� 

.�4 �+4�6�� y73 -�4 �� �Z�"��� ����� �� 

-A��*� ���	 ��.��� ]��Y� �4   ]3�	 �!��� �� 

6��	 18- �/�	 "+*�#	��F 6����8* �4 �	 .

���A
 Q%R ���M� HN 6��, -�4 -	�	�� �5� 

 ��+4� _�#� �� "�%��� �%<= "���	%�    ]�m

 �	 "�	��,4  "*��A �Z'�� �� ��%*4  �	 �+m�#

 (�m�#10 H14 H18   22 .���F (�%'  

  

 ��#%1 :4IS�� ��'23� ����� �$�% 2+)?)$� 5:$� 4�
�8. �
9: 4'�.)SFC(  

V
+  �@)#+) )mm(  &�W��$� (%)  4�$H (%)  �5�
R (%)  $-Y:�" (%)  

	 �+b=�  2/0±3/2  5/45  7  20/4  18/8  
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 ��#%2 :4IS�� ��'
+�+ $,> &'� ()�* �? �#� �?�,-�) 4-��$O L'�S�$B�E  

?#>� Z
<"  [+�  \��K. )nm(  
 �S�� ]0�

)g/2m(  
�$'�O =
�  

 ()�* �:)$�

)3g/cm(  

 4��7H

)3g/cm(  

5/99  -�.#  45- 35  14- 8  6 �=  45/0  90/7  

  

  


� =1$,> &'� ()�*
+�+ $�
^� :  \��K. �? 4-��$O50 4+�$-
�) a

��$
�. M�
� $-.
+�+ )TEM(  

  

  

 =
�2�@)#+) :$,> &'� ()�*
+�+ \��K. �$�I  ��7-�? M�
� 4-��$OXRD (b
�) 28�))  
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�@)#+)!"�� �$�I #�� ��'  

�	 ��+��   �	 Q%R (�� 8 �+&� H������  ��

 	 �+&� y� ��� �b�A";U# :�;*�  .�4 �A 

 �� Q�+.;�	 6 A��� �Z.#  �� ��.��� "���*

 �>	01/0 �
 "���* Q%R �.U5��   :�F �� ��

B3� "7=�  �>	1 "Z.�-A��*� �+� .�4 6�.F

 v<#23�4"���* �A  �U*�� �4� 6�� 

)FWH( Q%R "���* )TLH( N��!�� �A  

)WG( -O�  �4� P�* H)SGR( N��!�� �'�	 H

 ��� �A )BWI( �*�A � �A  N��!�� H

)ADG( �.�r  23�4 H)CF( "����= �Yb* H

 �.S� ��)PER( "��T "����= �Yb* H)LER( H

 "F�*��A�� P�*)SR( 23�4  ���K� 6�� 6�

) "��k� 6��, ���M� �U*��FI ��, "����=   (

)FE( ����� s��R A� 6��1  ��10  �4 �Y#�l�

 H��g+IV�)1394-A��*� �%[U� �� .(6�.F 

23�4) 6�Y= 6��HSI) "��7I�   (VSI H(

 ���.� �� A�9 ���>  �+7= �# �� ���r �� "���

 �4)Granstrom, 2003 ]<��g#� B#%�   (

 .�4 c��7�"��� |�7I�   �Y= v<# �.Zu� ��

 H����* �	 .�4 ��A%�  23�4 -�4 �=) 6��

����� s��R A�6�� 11   12  �4 �Y#�l�

)Turchini et al., 2003 .( 

  

 20�)�1:  

FCR = F / W 

F :\(:�F) -�4 ��k� 6��, ���M� W : �� �� �A 

.(:�F) -��
 �#	  

   

 20�)�2:  

FI (g/fish) = FT / N 
TF : \(:�F) -� 	 Q%R �	 "��k� 6��, ]=N :

."��� 	����  

  

 20�)�3:  

WG (g) = Wf – Wi  

iW : \(:�F) �.� � �A fW :.(:�F) "���* �A   

   

 20�)�4:  

SGR (%/day) = [(Ln W f – Ln Wi) / t]  × 100 

iW : \(:�F) �.� � �A fW :(:�F) "���* �A  \t :

.(A �) �� �� -� 	 Q%R 

 
 20�)�5:  

BWI (%) = [(W f – Wi) / W i] × 100 

iW : \(:�F) �.� � �A fW :.(:�F) "���* �A  

  

 20�)�6:  

ADG (%)  = [(Wf – Wi) / (W f – t)] × 100 

iW : \(:�F) �.� � �A fW :(:�F) "���* �A  \t :

.(A �) �� �� -� 	 Q%R 

  

 20�)�7: 

CF = (W / L3) × 100 

W : \(:�F) "��� �A L: (�+� "+*�#) ]= Q%R. 
 

 20�)�8: 

PER = W / P 
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W : \(:�F) -��
 �#	 �� �� �A P : �.S� ��

.(:�F) -�4 ��k�  
 

 20�)�9: 

LER = W  / L  

W : \(:�F) -��
 �#	 �� �� �A L :k� "��T ��

(:�F) -�4. 
 

 20�)�10: 

SR (%)  = (Nf / Ni) 

fN : \-� 	 6��+*� �	 ��.��� 	����iN:  ��.��� 	����

.-� 	 6��+�� �	  

  

 20�)�11:  

HSI (%)  = (WL / WB) × 100 

LW : \(:�F) �Y= �A BW: .(:�F) ��� �A  

  

 20�)�12:  

VSI (%)  = (WV / WB) × 100 

VW : \(:�F) �Y= �A BW: �F) ��� �A .(: 
 

�@)#+)!"�� �$�I 4+
" ��'  

N���A
 -� 	 ����� A� ���    �%[U� ��

23�4 �..�� 	���� ]��4 �= "*%3 6��

Q%YZF !��> 6��)RBC(Q%YZF 	���� H 6��

 �.&#)WBC( �.�%ZF%�� �[Z, H)Hb( H

 ���=%���� �'�	)Hct( ">��+�� ����4 H

 �� �.�%ZF%�� ��!.� B#%+� H�.&# Q%YZF

ZF �� 6�A�) !��> Q%YMCH �[Z, B#%+� H(

!��> Q%YZF �� 6�A� �� �.�%ZF%�� (MCHC) 

!��> Q%YZF �� a;I B#%+�   (MCV) 

N���A
 ���g� �� A� H�*	%�A� H 4 �5� ���> 

 �� �	�= �%�.� A� v� H"�%��� �%<= "���

 �[Z,ppm300  -	�&+#� �� Hyu.� ]F �	%�

A� �*�# 2 "Z.�6�+.� �+7,
 �� 10 �+.� �g.� 

�>�# �.I�* A� H����<�  ��!.� �� "�	5/1 

"Z.��+.� �%36�.F �� ]�m .��
 6��� ����4 

Q%YZF 	���� �Yb* �� �%3 �*%�* H!��> 6��1 

 ��200  Q%Zl� ��Lewis s.>�   �4 6A�#

Q%YZF 	���� �	 !��> 6��5  "*�.� f���

����4 ���%S* :j B#%+�  	�m �	  10٫000 

�#	 �� 	�m .�4 q�r  	���� �8*�.� -��


Q%YZF"Z.� y� �	 !��> 6�� �%3 o�g� �+�

6��� .�#� ����4 Q%YZF6�� �.&# �	 y� 

"Z.��+� o�g� !.* �*%�* �%3 �� �Yb* 1 �� 

50 �� Q%Zl� Lewis s.>� �4   	���� 

Q%YZF6�� �.&# �	 4 f��� d�!� 6��U= :j 

���%S* ����4   �	 o��r 50 q�r �4 .6��� 

�..�� 	�'� v� H">��+�� A� �.�� ��+bF 

H"*%3 A� � � �*�6!.�
 �� �b�.F �.g� �� 

��%3 ( �&+� �*�6���� `�%*� xZ+u� 

Q%YZF6�� �.&# -	�&+#� �4 .v<# 	���� �� 

`%* A� Q%YZF6�� �.&# ]��4 H�.#%&U� 

H�.#%*%� H].� ��%* ].� A%^� A� ��.� 100 
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Q%YZF �.&# ����4 H-�4 2u7� �4 

)Houston, 1990(.  

-A��*� �.�%ZF%�� �[Z, 6�.F)Hb(  ��

-	�&+#� A� �*�";U# )Colorimetric( �� 

 :�;*� (�.�%ZF%�� ��%*�.#) �.g���	 ����

 ���M�  � � ��� �	 .�420  �%3 A� �+.� �g.�

 ��5 "Z.� N���A
 ��%� �	 �.g���	 Q%Zl� �+.�

 (�� A� ���   �4 ~%Zu�10  6����8* �M.>	

B.l� �	  B#%� �%* q�/ ��!.� Hy����

�*%�* �+�%+� �+g<#� -�8+#	 A� -	�&+#� �� ��

)Unico�g���
 H(  �%� Q%R �	540  �+�%*�*

-A��*� 	���*�+#� "UlU� �Z.#  ��   �4 6�.F

"#	 �� :�F _�#� �� �.�%ZF%�� ���M� �+.�

.�4 �..��  H���=%���� �'�	 �..�� 6���

��%�=%���� ��%�) �.�%� 6��  	 ���M� �� (���

 ��� 6��+*� v<#   �4 �� "��� �%3 A� :%#

��%� ���=%���� �.�3 �	 �+��F ���> �� ��

��%� ���	� �	 .�4 	 �b� �	 ���=%���� 6��

 w%.&��+*�# �g.� -�8+#	)Nuve�.=�� H(  ��

�m�# rpm14000  (�� ��5  -	�	 ���> �M.>	

-	�&+#� �� w%.�%��+*�# :���� A� ���   �4  A�

B3 !��> Q%YZF �%+# Q%R H�%ku� N=

-A��*� �%3 ]= Q%R �� �Yb*   �4 6�.F

 ��
 �#	 �� �'�	 obI �� ���=%���� ���M�

)Rehulka, 2000(.  

-A��*� A� ��� ��	�M� �Y#�l�   6�.F

Q%YZF H�.�%ZF%��   ���=%���� H!��> 6��

23�4 "*%3 6��MCV HMCH   MCHC 

����� s��R A� 6��13 �� 15  �*�4 �Y#�l�

)Houston, 1990(.  

  

 20�)�13:  

MCV  (fL)  = [Hct  (%)  / RBC (10-6. mm-3)]  × 10 
 
 20�)�14: 

MCH  (pg) = [Hb  (g/dL)  / RBC (10-6. mm-3)]  × 10 

 
 20�)�15: 

MCHC  (g/dL)  = [Hb  (g/dL)  / Hct  (%) ]  × 100 

  

�?)? ���.� =�<N� � 2���� �'  

-	�	 6���
 "#��� �	A� H�� �%�A
 

� �F%��%=- �%*�.�#� )One-Sample 

Kolmogorov-Smirnov( 6��� "���A�� Q���* 

-	�	 �	%� �%�A
 A�   ��Levene  "#��� 6���

v*����  "U8��   ��!;� 6��� .�4 -	�&+#� ��

-	�	 ].Zl�y� v*����  !.��*
 A� �� ���R

)One-Way ANOVA( -	�&+#� �4    �V+3�

�.8*�.� �.� �� ���U��	 �UT �%�A
 �Z.#  6�

Tukey  c�# .�4 "#���"U�� ��� �	 ��	

 !.��*
05/0P< -	�	 ].Zl�   ��!;� .	%� �� ��

:�* �Z.#  ��!��SPSS ) �ub*16(  (�%'

 .������  
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f��-+  

23�4 �� ~%��� L��+* Q �/ �	 �4� 6��

3  �4�F A� ��� .�#� -�4 �^���8  A� �+&�

"U�� �V+3� HN���A
 ` �4 �	 6��	 �A 

 �A  N��!��   "���* ���.� �.�150NI  ���# ��

 6�����.�   �����.�50NI H100NI   200NI  ��

 ���.�0NI  �4 -���7�)05/0<P( . 23�4 �	

 -O�  �4� P�*"U�� �V+3����.� �.� 6��	 

150NI  ���.�   �����.� ���# ��100NI ���.� �� 

0NI  �4 -���7�)05/0<P(. 23�4 �	 6��

 �*�A � �A  N��!��   ��� �A  N��!�� �'�	

"U�� ( �&����.� �.� 6��	150NI   ���# ��

 �4�	 	%/  �����.�)05/0<P( �����.� �.� .

( �&� "U�� 6��	 -���7� �.�r  23�4 �	

 �7*)05/0>P( ���+�=   ���+7.� . ���M�

 "��k� 6��, 6�����.� �	 o.��� ��50NI   

200NI ) �4 -���7�05/0<P23�4 �	 .( 6��

 "��T   �.S� �� "����= �Yb*   ��, "����=

���.� ��.� 150NI �����.� ���# ��  (��V+3�

"U�� 	%� ��	)05/0<P( ���.� �.� .0NI  ��

 6�����.�100NI H150NI   200NI  �V+3�

"U�� �4 -���7� 6�Y= 23�4 �	 6��	

)05/0<P("U�� ( �&� �����.� �.� . �	 6��	

7I� 23�4 �7* -���7� "��)05/0>P( P�* .

 �����.� :��� �	 "F�*��A��100  	%� �'�	

)05/0>P( .  

23�4 L��+* Q �/ �	 "*%3 6��4  �^���

 �V+3� HN���A
 -� 	 ����� A� ��� .�#� -�4

"U��Q%YZF ���M� �	 6��	 �.� �	 !��> 6��

 ���.�150NI  �4 -���7� �����.� ���# ��

)05/0<P(+3� �.U5�� ."U�� �V �	 6��	

Q%YZF ���M� 6�����.� �.� �.&# 6��0NI   

50NI  6�����.� ��100NI H150NI   200NI 

 �4�	 	%/ )05/0<P( �	 ���=%���� ���M� .

 ���.� �.�150NI  6�����.� ��0NI H50NI   

100NI "U�� ( �&� 6���	 	%� ��	)05/0<P( .

 ���.� �.� �	 �.�%ZF%�� ���M�150NI �� 

�.� 6����0NI   100NI  ( �&� 6���	

"U�� 	%� 6��	)05/0<(P 23�4 .MCV  �	

 �.� 6�����.�200NI   100NI  ���.� ��150NI 

 6���	"U�� �V+3���	  	%�)05/0<P( ���M� .

 ���.� �.� �	 ].� ��%*50NI ��  6�����.�

100NI H150NI   200NI "U�� �V+3� �� 6��	

 	�	 ��7*)05/0<P(� ��!.� . �.� �	 �.#%&U

 ���.�150NI  6�����.� ��0NI H50NI   100NI 

"U�� ( �&� 6���	 	%� 6��	)05/0<P( �	 .

 ���M�MCH HMCHC H].� A%^�   �.#%*%� H

"U�� �V+3� �����.� �.� �7* -���7� 6��	

)05/0>P(.   
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 ��#%3$� 4-��$O $,> &'� ()�*
+�+ (��,-. /
0� $�1�� : !"��Pg� � #�� ��'23� �? 2� �
9: ���'�.

) 4�
�8.Cyprinus carpio @) b� (8  &�7+��.) L��.@� 2-,'± (?�)#+�-�) ��0"  

!"��#�� ��'  
4<�.) 4-��$O$,> &'� ()�*
+�+ /
0� �$I
<�: �? �$IQ()P  

$,>  50  100  150  200  

 2���) �@�)g(  03/0±10/6  06/0±25/6  04/0±08/6  05/0±11/6  06/0±19/6  

��G+ �@� 4)g(  c 10/03±0/20  b 55/44±0/22  b 36/25±0/22  a 18/63±0/27  b 73/30±0/22  

 �@� L�)��))g(  c 14/93±0/13  b 51/21±0/16  b 41/14±0/16  a 17/51±0/21  b 85/11±0/16  

 2���) �
R)cm(  12/0±30/7  06/0±34/7  03/0±26/7  06/0±26/7  04/0±42/7  

4��G+ �
R )cm(  b 08/28±0/10  b 15/55±0/10  b 10/41±0/10  a 15/57±0/11  b 39/60±0/10  

�S�� #�� h$+ )/day(%  c 02/12±0/2  bc 02/28±0/2  b 04/31±0/2  a 01/69±0/2  bc 08/28±0/2  

 �#� �@� L�)��)(%)  b 83/45±3/228  b 01/14±7/260  b 84/55±8/265  a 60/03±4/352  b 83/61±18/260  

 2+)@�� #��(%)  b 06/07±0/4  b 12/64±0/4  b 15/73±0/4  a 08/28±0/6  b 33/64±0/4  

5�8B� !"��  03/0±84/1  04/0±90/1  02/0±96/1  08/0±78/1  14/0±87/1  

4�$^. �)PQ )g/Fish(  a00/4±0/120  a00/8±0/128  a00/4±0/120  a 00/4±0/120  b 00/2±0/109  

(%) )PQ 4�)��:  c 12/56±0/11  c 39/58±0/12  bc 34/40±0/13  a 14/86±0/17  b 78/75±0/14  

&�W��$� 4�)��:  c00/25±0/0  c 00/28±0/0  bc 00/30±0/0  a 00/40±0/0  b 01/33±0/0  

4�$H 4�)��:  c 01/65±0/1  c 05/79±0/1  bc 04/91±0/1  a 01/55±0/2  b 10/10±0/2  

�#i: !"��* (%)  a 02/21±0/0  ab 01/16±0/0  b 01/13±0/0  b 01/12±0/0  b 00/13±0/0  

4��6E) !"��* (%)  41/0±96/10  27/0±07/11  43/0±86/10  40/0±69/10  43/0±28/11  

 4I#+�.@�� h$+(%)  100  100  100  100  100  

* :9n= 23�4 N;U# 6��� "��� �*%�* 	����)�7I�   6�Y= 6�� .(���.� �� �	 "�  

-	�	"U�� �V+3� 6���	 6��-�4 2u7� ( �&+� � �I �� ��	) �*�05/0<P.(  
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 ��#%4 :$�1�� $� 4-��$O $,> &'� ()�*
+�+ (��,-. /
0� !"��23� �? 4+
" ��' �
9: ���'�.

 4�
�8.)Cyprinus carpio(  @) b�8 L��.@� 2-,' ) &�7+��.± ?�)#+�-�) ��0"(  

!"�� ��'

4+
"  

4<�.) 4-��$O$,> &'� ()�*
+�+ /
0�
<�:�? �$I()PQ �$I  

$,>  50  100  150  200  

 �.$; �
i<I ?)#8�

)3
mm/

410×(  
c 05/83±4/149  bc 15/50±1/163  b 17/66±5/170  a 50/50±2/202  b 00/00±0/180  

?)#8� �
i<I #�,� 

)3
mm/

210×( 
a 98/83±3/52 a 47/66±4/53 b 16/33±1/32 b 49/50±0/25 b 00/50±2/34 

5�$:
���' )%( c 01/1±66/34 bc 28/0±50/37 b 32/1±83/39 a 49/0±50/45 ab 24/0±75/42 

' &��
<I
�

)g/dL( 
c 28/0±61/8 abc 08/0±36/9 b 34/0±80/9 a 04/0±35/11 ab 14/0±40/10 

MCV )fL( ab 30/83±1/230 ab 60/00±1/229 a 86/00±0/233 b 49/50±0/224 a 24/25±1/237 

MCH )pg( 49/00±0/57 28/00±0/57 43/16±0/57 49/0±50/55 00/50±1/57 

MCHC )g/dL( 00/50±0/24 16/66±0/24 16/16±0/24 49/50±0/24 24/25±0/24 

(%) 5��
,�� b 36/16±1/70 b 57/50±0/69 b 00/50±0/73 a 49/50±0/78 ab 24/25±1/75 

(%) =���$�
+ ab 57/50±0/24 a 43/33±0/25 b 42/83±1/20 b 49/50±0/17 b 24/25±0/20 

(%) 5��
+
. 32/83±0/4 28/50±0/4 28/00±0/4 49/50±0/3 49/00±0/4 

(%) =���@
k) 49/50±0/0 16/66±0/0 16/33±0/0 00/00±0/0 49/50±0/0 

* :9n= 23�4 N;U# 6��� "��� �*%�* 	����) 6��"*%3  .(���.� �� �	  

-	�	"U�� �V+3� 6���	 6��-�4 2u7� ( �&+� � �I �� ��	) �*�05/0<P.(  

  

lN�  

 �	 !�� H-��
 �#	 �� L��+* _�#� ��


 (��)%*�*�&' ��  ��!.� �� "+.��0150 

"Z.� :�F%Z.= �� �	 :�FA�  nm�� "���, -�./

�5� �	 Q%R   �A  N��!�� ���+7.� "���

�78*� .�4 "�%��� �%<= �> ��	�M� ���+�=

23�4 N��!�� H-O�  �4� P�* �U*�� �4� 6��

 "����= �Yb* H�*�A � �A  N��!�� H��� �A 

 "����= �.U5��   "��T   �.S� �� �	 ��,

���.� 0NI H ��
 �kUm 6���F�1� -�U�	 ��7*

�5� "���, -�./ �	 �� "�%��� �%<= "���

23�4   ��, �.&.= 6�%R �� H�#� �4� 6��

 B#%� o#�U� �[Z, �	 ��
 ��k� �=

�
 �	 �4� N��!�� nm�� ��.���"� ��	%4 

)Rigos et al., 2010 .( H�+#�� �.�� �	

Roeder   Roeder )1966(  �	�.� � A� "g� 
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���!F��H  "#��� �� ��
 (�&�%# (��1� ��

"��� "U��� 23�4   "���, �A�� ��

 �	 ��
 c�# �= �4 2u7�   �U+3�	��

-�./H  "��� �.7�4 �4�)Xiphophorus 

helleri(  "�V� "���  )Xiphophorus 

maculatus( "� ���> �.1�� �l� �� �	 .��	

<= "��� 6 � �� �= 6�8�	 ������ 6�U� �%

 A� -	�&+#� H�4 :�;*� %� �55/0 "Z.� �	 :�F

 :�F%Z.=   ��
 (�&�%#54/0 "Z.� �	 :�F

 :�F%Z.= H"���, -�./ �	 ��
 �.b=� (��)%*�*

"��� ��� �	 �4� N��!�� nm����  - Vm   �4

 �� -�4 ���K� "��� �4j �.&.= �
 ��

 ���� N��!�� ��
 �.b=� (��)%*�*)Behera 

et al., 2014( "#��� y� "R �	 �.U5�� .

60 �1� H-A �(�  (��)%*�*23�4 �� ��
 6��

��.����%<= "+b�A 6��� �3 ��.���    	�%�

�
 �	 �4� P�* N��!��   ���F ���> ������ ��

 �4 -���7�)Prochorov et al., 2002( �	 .

 �	 !�� �� H6�8�	 ������ xZ+u� $%�#

 (��)%*�*   ��
60 "Z.� �	 ��
 (�&�%# :�F

 :�F%Z.= �� 6��,Q!> ��.��� �4� H���� 6j


�.8*� L��+*   ���F ���> "#��� 	�%� ���=

 6 �I -�./ �= 	�	 ��7*30 "Z.� ��
%*�* :�F

 �5� ���K�   �4� 6 � �� �� �.1�� ���+7.�

Q!> "����.8*� 6j
 .�4�	 ���=��� �� - Vm 

 ��� �A  N��!�� ��	�M� ���+7.� �4� P�*  

 ���.� �	 "���, ]��Y� o��r ���+�=   -O� 

 6 �I -�./ �� -�4 ���K�60 "Z.� :�F

 H����g��   6	�Y>) �4 -���7� ��
 (�&�%#

1392 q
 d�!� 6%8.� 6 � �= "7���A
 �� .(

 ���.4)Macrobrachium rosenbergii (

�.b=� (��)%*�* A� -	�&+#� �.1�� H�4 :�;*� -�4 

	�gZ�m �� ��
    "��.�.4%.� (�Y.=�� H�4�

   ���F ���> "#��� 	�%� H��� "g�w%�%�!.�

 c�# A� -	�&+#�10  ��20 "Z.� ��� A� :�F

 N��!�� nm�� ��, A� :�F%Z.= �� �	 (��)%*�*

a�!*
 �.���� H�4� ��!.� �'�	   "4��%F 6��

 "F�*��A�� �4)Srinivasan et al., 2016( .

N���A
 ��� L��+* ��7* �� NM* -�U�	�kUm 

��%Um �� ��
 !�� y� 	�gZ�m �	 a�� 6�K�

:��*�����   �� ���!�
 �Z�/ A� H���%*�/ 6��

 �#�)Andersen et al., 1997( .  

N���A
   ������ ��� �	 ���7� 6��

"�   !+U# �	 H��
 "*��� -	�� "��*�%� �� ��%�

 �%�
 "��� �U*�� "*��!�
 ��� �	 �.S� �� |�M��

Ctenopharyngodon idella )Liang et al., 

2012(Q!> H�.8*� 6j
 ���=)Kalantarian 

et al., 2013( ].�   "���Huso huso 

)Mohseni et al., 2014( -��4� .	�= �.U5�� 

6�K�!�� NM*�	 6� �r 6�� �3%#  A�#  
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 �#� -�.#� (�Y1� �� %8.�   "��� �	 "��T

)Engle et al., 2000(� ���+7.� . ���M "����=

 "��T ���.� �	150NI  6���F�.1�� -�U�	 ��7*

 �	 .�#� "��T !+U# �	 ��
 ��k� A�;� �I

 �	 !�� H"7���A
50-30 "Z.� :�F%Z.= �	 :�F

 d�!� 6%8.� "���, -�./ �	 ��
 (��)%*�*

 NM* ���.4 q
 6	��A �	 �.�%��.#� 6��

 q�TMUFA   PUFA  �� �	 �4�	

)Srinivasan et al., 2016( 23�4 .6�Y= 

 ���.� �	0NI  A� �= "������.� ���# �� �Yb*

   �+7.� H�*	%� -	�= -	�&+#� ��
 (��)%*�*

"U�� �V+3� 6���	 ���+�= �.U5�� .	%� ��	

 23�4 ���M� 6�Y= ���.� �	150NI  .�4 -��	

�;*
 A�  ��
 (��)%*�* -A��*� A� N.� ��k� �=

6�Y= A �.<.� 6���.� A �� nm�� "� 	%4

 H����g��   "�.I� "/�I)1394 N��= H(

 23�4 6�Y= ��� �� -�4 ���K� 6�����.� �	

 ���.� �	 23�4 ��� �	%� j��   (��)%*�*0NI H

 ��
 (��)%*�* ��k� �= �#� ��� -�U�	 ��7*

�&'  c�# �� "+.��0150 "Z.� �	 :�F

 :�F%Z.=�5� "���, -�./ �	  �%<= "���

%� 6A�#��� nm�� H"�%���-�.3) 	� �Y= A� 6�

 �� 6�Y= 23�4 N��=   -�4 �%3 ����/ ��

 �	�#� �+4�	 ��23�4 . "��7I�  �.� �	

"U�� �V+3� 6���	 �����.� A� :��= .	%Y* 6��	

�� �� �/%� ���  q�/ A� "�[m� ��b> �=

�kUm  �	 ��
~�u� "� (�%' -	 � 	�.F

 H����g��   "�.I� "/�I)1394H(  ��� �.1��

 �� 	�%� (������ �U�A�.* ���%F -�8+#	

 .�#� 6�+7.�  

 ���
 	%/  �� �	 ��
 "*��� -	��

Q%YZF 	��	 6�1%� NM* �%3 !��> 6��)Chu 

et al., 2007( \N���A
 �	 �= 6�%R �� "���

"��� �Z�/ A� ���%*�/   ��b*� 6 � �� �= ��

) -�4 :�;*�Kawatsu, 1972; Sakamoto 

and Yone, 1978; Gatlin and Wilson, 

1986; Andersen et al., 1997 �.r�� ��� (

 �� ��
 o.=�� �.U5�� .�#� -�.#� (�Y1� ��

 �.��+� C  ���*�/ ��� �	 �
 ab.�%��+� �	

) �#� �1%� ��.b�Desjardins, 1985; 

Hilton et al., 1989 	���� N��!�� o/%�   (

Q%YZF"� �%3 !��> 6��) 	%4Barros et al., 

2002.( ��+* "#��� A� -��
 �#	 �� L

23�4 �V+3� 	%/  -�U�	 ��7* "*%3 6��

"U��Q%YZF 	���� �	 ��	 ���.� �.� !��> 6��

150NI .	%� �����.� ���# ��  ���.�0NI  ].�	 ��

�&' ��
 (��)%*�* A� -	�&+#� :�m  �	 "+.��0

 �	 !��> Q%YZF ���M� ���+�= 6���	 H-�./

 "R H����� �.�� �	 .	%� �%3 �= N���A
 y�

 ���F (�%' %� � 6�U� �%<= "��� 6 � ��
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-�./ A� �= "������.� (��)%*�* 6 �I 6��

 6���	 H�*	�= ���K� ��
 (�&�%#   ��
 �.b=�

 �*	%� �%3 !��> Q%YZF 	���� ���+7.�

)Behera et al., 2014( ������ �	 �.U5�� .

 �� ��
 (��)%*�* :�%� -	�&+#� H6�8�	

nm�� y.�%.� �� Q%YZF 	���� N��!�� !��> 6��

Q!> "��� �	�.8*� 6j
 �4 ���=)Rather 

et al., 2011(.  

������ �	6�  �%<= "��� 6 � �� �=

s��!� H�4 :�;*� "�%��� 003/0   006/0 

"Z.� �+.� �	 :�F ��� �� -�4 �.b=� ��
%*�*

Q%YZF 	���� N��!�� oY# H"��� !��> 6��

���4 ���.� �� �Yb* �%3  (�� A� ���168 

 H����g��   "��r�) �4 �m�#1392 .( �	

��k� H�8�	 "7� O� 100 "Z.� �	 :�F

 }%I "��� B#%� ��
 (�&�%# :�F%Z.=

Q%YZF 	���� N��!�� oY# �4 �%3 !��> 6��

)Das et al., 2014 Q�g4� ��k� �.U5�� .(

) ��
 �.*%.+� (�Y.=�� �	 ��
 xZ+u�FeM (

) ��
 (�&�%#  FeS �� ( ��	�M� �	 o.���20 

  60 "Z.� "��� ���F B#%� :�F%Z.= �	 :�F

   !��> Q%YZF ���M� N��!�� oY# "��*�=

) �4 �%3 �.�%ZF%��Lim et al., 1996.(  

 ���.�150NI 23�4 �	   �.�%ZF%�� 6��

�V+3� 6���	 �����.� ���# �� ���=%���� 

"U��.	%� 6��	  ���.�0NI  !.* 6���	���+�= 

 ���M�23�4 ��� �	 ��	%� ��7* �=  -�U�	

]g4 �	 ��
 "*��� -	�� �1%� NM* 6�.F

Q%Z# .�#� "*%3 6��23�4 6�� "�%Z#

]��%m NU=�  �	 6�.&� A� ]'�I 6��

NU� oY# ����* �	 �= �U+b� "�.l� 6��

�u�� (��..K�"+3�U4   � �	 "�%Z# f�A%

"� -�*A (�	%/%� �%3�*%4 )Srivastava 

and Choudhary, 2010( �� .�%R  HQ�h�

 y.Y��A%� 6�.�V.� "��� 6�.F���>

)Oreochromis mossambicus(  (�� ��

96  ��
 �.b=� (��)%*�* }��� �	 �m�#

23�4 N��!�� oY# 6��MCV  MCH  

 �4)Karthikeyeni et al., 2013( . �+Y��

 �g�� ���!�
 B#%� ��
 �I A� N.� ��k�

# 	�;�� H�I A� N.� f�;� �#�   �.�

Q%Z# o��u� �4�� �+4�	 �� �	 �� "*%3 6��

)Andersen et al., 1997 o/%� ��   (

23�4 �� 6���F�1� �= 	%7* "*%3 6��

 B#%� -�4 :�;*� (������Ye  ����g��  

)2007( HRigos ) ����g��  2010 H(Adel   

) ���32014   (Saravanan  ����g��  

)2015.�#� oZ�� ��� �8*�.� (  :�m 	%/ 

�V+3� "U�� ��	 �����.� �.�23�4 �	 6��

MCH   MCHC  ��7* o��u� -�U�	 ��7*
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Q%Z# ��
 (��)%*�* }��� �	 "*%3 6�� ��

 c�#200 "Z.� :�F%Z.= �	 :�F .�#�  

 ���.� �	 ].� ��%* ���M� ���+7.�50NI   

0NI  ���.� �	 �
 ���M� ���+�=  150NI 

���M� ���+7.� �.U5�� .�4 -���7� 

 6�����.� �	 �.#%&U�150NI   200NI   

 ���.� �	 �
 ���+�=50NI  �..K� .�4�	 	%/ 

Q%YZF ">��+�� ����4 �	6�� "� �.&# �*�%�

 �� ��/�%� �	 ��� "U��� "���A�� 6��� "k3�4

 �4�� -�U�j
 	�%�)Adedeji et al., 2009( 

�=  sYR (������ H-�4 :�;*� ��+�� �	 "���

�� �Z��M� 6���  �	 -O�  �� ��� "��r� ��


 _�.M�(��)%*�*H Q%YZF 	���� �%3 �.&# 6��

"� N��!�� ����	 ��� Hq�/ N��!�� �� � ��� 	�%

 	����Q%YZF �.&# 6�� �* �7��="  ��.�

"� �U=)Saravanan et al., 2011; 

Karthikeyeni et al., 2013; Adel and 

Khara, 2014; Saravanan et al., 2015( .  

 ������ ��Chen  ����g��  )2006( 

Q%Z# 6�.F�	 N��!�� �= �4 2u7� �	 ��

Q%Z# N��= o/%� H"U��� �U�
�� "*%3 6��

"�NU� H	��%� A� 6��.b� �	 .	%4 6��

"g�w%�%�!.� "� 	���� N��= �� �;U� �*�%�
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Abstract  

The aim of this study was to assess the effects of different doses of zero-valent 
iron nanoparticles in the diet of common carp fingerling on growth performance 
and blood parameters. 150 fish with an average initial weight of 6.14±0.10g 
were fed one of the experimental diets for 8 weeks. The diets contained 0, 50, 
100, 150 and 200 mg/Kg zero-valent iron nanoparticles. The results showed that 
fish were fed by the diet supplemented with 150 mg/Kg zero-valent iron 
nanoparticles displayed significant difference in final weight, weight gain, final 
length, specific growth rate, body weight increase, average daily growth, feed 
efficiency, protein efficiency ratio and lipid efficiency ratio (P<0.05). The 
highest amount of liver index was in zero treatment (P<0.05). The highest 
amount of red blood cells, hemoglobin level and hematocrit percent was 
observed in 150mg/Kg treatment and the lowest was in zero treatment (P<0.05). 
The lowest number of WBC and MCV index was in 150 mg/Kg treatment 
(P<0.05); But there was no significant difference between treatments in the 
values of MCV, MCH, monocytes and eosinophils (P>0.05). Based on the 
results, due to the increased surface to volume ratio, 150 mg/Kg zero-valent iron 
nanoparticles in the diet has more influence than larger scales, it is 
recommended in the diet of common carp fingerlings. 
Key words: Zero-Valent Iron, Growth Indices, Red Blood Cells, Diet. 
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