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MUFA (%) 23/51 24/51 17/51 19/51 54/62 15/51 87/39 48/28 

C18:2n-6 (%) 37/16 34/16 31/16 33/16  45/7 32/16 16/25 04/34 

C18:3n-3 (%) 25/4 26/4 24/4 24/4 94/1 24/4 55/6 87/8 
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R��(A�) �<��(A� �� (X3� 3 �Q'@  �!

83"�  �! 3 3 4 �"(� .�#� D��! �*Y /E ��  
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 83"�3  C�I
�� 3 X*�%&��� �(�'- H�#� �"(�

 $%&'( )*+#) �Q'@ R��(A� �� ���

HUFA  H�IJ F(�7 ����� ����5/0 H1 H2 

P+# �� "J��PUFA  20  D��( ("J��

/��B
 $%&'(  �!����
 Z3�I&( )*+#)  �

HUFA ) �*� Z3�I&( (����� ����05/0<P.(  

) X3� R��(A� �� ��>_�!$%&'( )*+# 

PUFA  F(�7 ����� ����10 H20 H30  340 

 "J��P+# �� HUFA 8 "J�� C�I
�� ��>
 (

���  ��(� Z3�I
 ��3� ��<�� R'�  �!

�>0( ��� �� ���� D��( ��*( �<��(A�  �!

) ��� D�<@ ���I&#�05/0<P ~ 83"�4.(  

  

  �)<3: T�*U� �
���  V(���-�W�  7�&X=>�� ��0 ?2�� :'�!  �6��@���9  �B ��0��A �A�

@�C(����E �6 ) ?�2( Q����� ����9�&�< �� �)� 7�;K� ��0  ���G3
4! 0 �5/0 �1 �2  )P�6HUFA  �6

\4!  20 )P�6 PUFA(  

@�� &4B  @�� +�]��-* 
 7�A ?��2^

:(_`a  

 7�A ?��2^

b�2�&�� 

 7�A ?��2^

b�2� 

 ?��2^

�
�*��9-* 
  

30/1 41/16 25/5 78/2 45/4 52/8  F 

372/0 005/0 053/0 149/0 071/0 021/0 P-value 

*�>0( 2]&6�  ���� : ���  

 
  �)<4: T�*U� �
���  V(���-�W�  7�&X=>�� ?2�� ��0 :'�!  �6��@���9  ��0��A �B �A� 

@�C(� ���E �6 ��6 Q����� ����9 �&�< �� �)� 7�;K�) ��0  3
4! ���G10 �20 �30 �40  )P�6PUFA  �6

\4!  8 )P�6 HUFA(  

@�� &4B  @�� +�]��- *
 7�A ?��2^

:(_`a  

 7�A ?��2^

b�2�&�� 

 7�A ?��2^

b�2� 

 ?��2^

�
�*��9- 
  

19/0 63/30 40/0 97/3 34/0 42/1 F 

895/0 009/0 764/0 144/0 800/0 390/0 P-value 
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 }��&@ /� /�*
 �� 83"� �� �"7 /t���5 /� H

�( �W@ P+# R��9�� �� /E "#�HUFA  ����

 D�9�( /E �(�?>! �����PUFA  ����� ����

20  "J���*�56�7 D�9�( A� H �*�  �!  /�

H��� �+: A� ���  /&#�E"7  �W@ A� 3

56�7  ^#�>( P+# �*�  �!HUFA  ����

 ������( "@�*
 ��� �
 �IJ5/0 ."7�� "J��  

 83"� �� �"7 /t��� }��&@ /� /�*
 ��6 H

 $%&'(  �!����
 ��<�� ��3� ��� C�I
��

 P+# R��9�� �� �"&��PUFA  3 R��9�� ����

 R!�E ys#���� ���� �� /E  *`@ /� H

  3�. �����20  "J��PUFA  38  "J��

HUFA D�9�( ���&<�� ��� C�I
�� H�7�� �� 

)05/0<P.(  

  

  �)<5: =>��?2�� ��0  �6�� :'�! @���9 �B ��0��A @�C(� �A� ���E �6 ��&8  1*�2� ��0

 ����(- �6 :������ ?�2( Q������&�< �� �)� 7�;K�) ��0  3
4! ���G1*�2� HUFA \4! �6  20 

 )P�6PUFA( ) @�C(���± 6�-)(��!- ��4>(  

 3
4!HUFA  
  

%2  %1 %5/0 %0 

b 88/2±34/90 b 53/6±00/111 a 00/10±60/133  ab 38/2±72/113  �
�*��9- ?��2^)µm(*  

14/2±10/51 80/3±33/62 41/1±44/54 65/3±57/63  b�2� 7�A ?��2^)µm(  

49/0±66/5 32/0±24/7 23/1±10/8 57/0±45/9  b�2�&�� 7�A ?��2^)µm( 

55/2±65/31 01/1±32/28 67/4±42/41 73/2±03/33  :(_`a 7�A ?��2^)µm( 

b 50/12±70/163 
b 90/10±70/157 

b 00/10±30/165 
a 80/29±00/253 @�� +�]��- )µm( *  

73/4±93/113 67/5±57/95 05/4±87/113 14/4±52/98  @�� &4B)µm(  

* :�>0(  ��(� Z3�I
 �*�3 �?@�<@ $��� �! �� Z3�I&( 23�.  ����#� )05/0<P(.  

 �*�3 X"n$��� �� 23�.�>0( Z3�I
 �*�3 X"n /@�<@ �!.�#�  ��(� ���  
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  �)<6: =>��?2�� ��0  �6�� :'�! �B ��0��A @���9 @�C(� �A� �6 ���E ��&8  ��0 1*�2�

:������  ����(- �6��6 Q����� �&�< �� �)� 7�;K�)  1*�2� 3
4! ���G ��0PUFA \4! �6  8  )P�6

HUFA( ) @�C(���± 6�-)(��!- ��4>(  

 3
4!PUFA  
  

%40  %30 %20 %10 

20/7±05/74 91/4± 99/90 30/2±96/87  24/3± 52/86  �
�*��9- ?��2^)µm( 

53/3±32/38 61/2±98/55 28/2±70/53 21/3±25/47  b�2� 7�A ?��2^)µm( 

290/3±870/29 090/6±870/34 544/0±593/6 604/0±022/6 b�2�&�� 7�A ?��2^ )µm( 

29/3±87/29 09/6±87/34 19/2±30/26 70/3±10/22  :(_`a 7�A ?��2^)µm( 

b 50/13±00/196 
a 20/10±50/143 

b 30/10±30/207 
a 63/6±82/157 @�� +�]��- )µm( *  

45/5±18/106 80/10±20/97 87/8±44/101 73/7±19/109 @�� &4B )µm(  

* : Z3�I
 �*�3 �?@�<@ $��� �! �� Z3�I&( 23�.�>0(  ��(� ) �#� ���05/0<P.(  

$��� �� 23�. �*�3 X"n�>0( Z3�I
 �*�3 X"n /@�<@ �!.�#�  ��(� ���  

  

fU�   

 3�; D��3� /01�+( D��!�( 9t�. ���!� 

*( /E ��� �#���l� /(�@�� �� �Qc7 ��  �!

 9�� �� /E �#� �0��:3 3�a ��  �3�� ��� 

D��3� �� �(!�>" )Gisbert and Doroshov, 

2006 .(3� ��� A� q�� *?1� 3 �&'�� ��*c
  

D��!�( "7� �i�3 /� �a"@A /�13� F.��( �� 

D� �!  ��I�E /%�� A� �+�`( F(�*n ��,�
 3

  �B(9�� ��*( �W@ A� ����� ���� �� ��l�*(

��1�0� �!  9��  �3���( �l%
 V�(�*7 

)Darias et al., 2010 .(  

 �a"<@ C�e7� /��� 3 ���=@A 8*Y

�( ����� ���� ���  �!"�#� ">���� �� "@�*


 �,�  9�� r#*
 ���� ��� X�=@��# 3 ���*a

) ����?�Olsen et al., 2000 ��?&#� w*%� .(

 �7��*a ����v �� H��c%�n �W@ A� ���*a

 ���*a ��?&#��*@�� �#� �,*(  ��>_�! 3

�`
 ��,�
 F(�*n /��B
  � ���: ���� 
)Wold et al., 2007 ^�*( ^#�>(�@ /��B
 .(

8*%# C�I
�� R!�E �( �(*�%&���  �!*7 .�

��#3�&@� �� ���� Z��+: d�=
 ��>_�! �!

D�<@ �">!� X"n ���@�*
 8*%# �! ��  8�l&@�  
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 �
 F�#�83�Q�%a D�39�� �� /E �#� �!

�( 2�Y�� ����� ���� /� �!"�s�1*IQ� .�*7

 �� �a� 8�.  �!"�#� �!"�s�1*IQ� ��&6�#

  �3�- ���3-n  ��� H"7�� /&7�� �*�3

 ���: ���I&#� ��*( �,*( �*Y /� Z�e�E�


�( "@��a  ���*a ��?&#� d��# w*%� ^�*( 3

�() "@*7Tocher et al., 2008 /01�+( �� .(

 $%&'( )*+# 9�@ �-�.PUFA R��(A� �� 

 X3� F(�710 H20 H30  340  "J��P+# �� 

HUFA  8��0(8  "J�� ����� ���� ����

�'�� �� �
����B
 ^�*( ��<�� ��3� �=>#

"7� H / ���� �� �"7 /��B
 �3�a �� /E  *`@

  3�. �����20  "J��PUFA  P+#��)

HUFA 8  F��: ��� C�I
�� ���&<�� ("J��

.�*� �"!�<(  

Castro ) D���c�! 32016 (�#��� �� 


�,�� ���9?�>� !�( ��3�� �� a ��3��!��  ��

�'�� �#�>7  �������*a ��?&#� !�(� �!  

�� g�� D�*�*@���� ��3���� )Dicentrarchus 

labrax (">&�����  /E �� /��B
��3��!  

a�!� ��  �,� ��'�� �#�>7 � ������*%[� 3 

 ��Q:�(�":  3�I%6 ��3� �7�"@ D��!�( .

}��&@ ���  }��&@ A� �6�� ���� �"(� �#� /� 

 /01�+( /� �-�. �l��+( X3� R��(A� �i�3

.���� Moldal ) D���c�! 32014 �� (�<!3i� 


�,�� ���9?�>� !�( ��3��  ���������  ��A�

!�(�  g*@��:� y%Y�)Salmo salar (� �d��>( 

a�!��   3�.) D*&�A ��3� F(�778  "J��

 3 /@�a3� "@*�� [� �� ���  �!"�#�8  "J��

PUFAH(   3�.) ��*# ��3�23  "J��

 3 /@�a3� "@*�� [� �� ���  �!"�#�58 

 "J��PUFA  3�.) ;*@�E ��3� 3 (56 

 3 /@�a3� "@*�� [� �� ���  �!"�#� "J��

36  "J��PUFA ."@��� ���: �#��� ��*( �� (

}��&@ D� /01�+(  �!� ��� D�<@��  �a��*6

( ��Q: �� ��3��@�� D� �! �� /�3�a �!  

������ �">>E ��3� �!  a�!�� ��
*E  A� �


����   3�. �����!�( ��3�� �� .�*�  ��Q:

��8�&Q H��3� � ��Q:��  F��: �*Y /� ��3�

��*
� ��_��"  3 �*���� �a��*6  �� ��3�

 �3�a�B
�/ �"7 *# ��3� ���� �l( ���/Q  ��

 �3�a �9%E ��3���
*E  �
 �c�( ">��! .�*�

 ��
*E �� �#�D"7 ���  ��3� P+# ��3�

 R!�E�"�� ��� ��*( ��� �� 3�� ��  "7�

� 8]&6����= �*7 H�&@ �(��}  /E ��� D�<@

���9?�>�<'� � !�( ��3� A�� ���� �����  ��

��3� �!  a�!�� !�� 
�,�� I>(� �#*�%(  ��

!�( ��A� ��3� �(]#g*@��:� � �"@ y%Y��7 

)Moldal et al., 2014(.  
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Salhi ) D���c�! 31999 Z��,� �#��� �� (

�eQ@ $%&'(  �!EPA/DHA  ��3�  3�

/E ">&����� ��]Y�# V�# �!�( 3�;  �,�

 �� �!�( ��3� �>�9?�����3� �!   �� �!��a

 ��]Y�# V�# �!�( 3�; ��3� �%(�c
 ��0-3

)Sparus aurata ( Z3�I
 �*�3 X"n A� �E�.

��� ��"0
 3 C�I
�� �� /�*
 F��:  P+#  �!

�3�a  �!3�; ��3� X*�%&���  �� �<��(A�  �!

.�*� "!�7 ����
  

�( �W@ /� ��>� C�I
�� R��9�� /E "#�

 ��c%�n R��9�� ��  A�*( ��3�  �!A�� �� ���

 ��3� ���� 3 �7��*a�#�  8*%0( �*6 /E

V�9@� ��1�0� �@39� H��� P+# R��9��  �!

�<� �7��*a  �E�*Q( ��*@ )A��9��( @� 3 8�l&

) �#� D*6 D���� /�  �B( ��*(Awad et 

al., 2008�#��� �� .(<( $%&'(  �!' 5

 "�#�  ;�� ����l( �*�3 /E �#� �"7

���� �� [�&��1�� )*+#  3�. �����  �!

 �6�# [��`
 ^�*( �!�( ��3�  ;��

D3�� ("�s�1*IQ� �n*@) ��1*E F�"�
�IQ� ��A

���� �3"J �*e�� /=�&@ �� 3���  �!  �"7

��#3�&@� r#*
 [�E /� ��3�  �!

D3�c�(*
3���! �) �#Olsen et al., 2000; 

Gisbert et al., 2005( . �@��?<!3i� /&e1�

 D*�Oo ) D���c�! 32007 (3 Drew  3

) D���c�!2007 ("l&0( ">&Q!  D�c(� /E

 ���� A� �!�( ��3� 2�. �&. 3 R!�E

89: �!�( ����� ;� ��?@� ��! D3"� D��E 

 9�� �� �I>( ��,� /@*aH  ��� �� .���� �*�3

V! �,� �*�3 ����� ����  �9�� ���# ���9��

">@�( �3� �W@ A� "��e@ �� ��k
3�� de>(  .�7��

 �� ����� ���� ��I�E �,� �#��� ��

�'��  H�1*�0( �*sE ��3� �=>#Poleksic  3

) D���c�!2007F(�E �>�9?��� /E ">&����� ( 

( �� �!�( ��*� R!�E ^�*( �!��a de>

�>0(��#3�&@� C�I
�� ��� �!"7D� . ��>� �!

/=�&@�'�� A� ���I&#� /E "@��E  ��a �=>#

 �e#�>( ���0( ��3� ���  ��I�E ����A��

���� �#� �����  �! )Poleksic et al., 

2007( �!�( /��B
 �� 8�j(  ��� .89:   ;�

��?@�  D��E����� ���� �� yI: �� �7�3�� 

����� )*+#  3�.��#3�&@� C�I
�� ���� �
 �!

R!�E 8*%# ��"0
 �� 3 "7 ��39�� �Y�'(  �!

)Poleksic et al., 2006  �?�� /01�+( �� .(

 /1�=>E �� �!�( ��*� �>�9?��� �,� C*-*( ��

�'��  3� D���?��&�� V�# �!�( ��3� �=>#

) ��
*E �A*� ������Diplodus puntazzo H(

 5'<("7 /E  P+# �� �>�9?���20  "J��

8*%# ��"0
 R��9�� ^�*(."7 �(��  �! 

��� �� �3]nH  R'� �@]pn /�; �(�'-



]32[                  ����	
� � 
���                                                           :������ 
�����	���� � 
��������6)4 �(1397  

 

 �� 3 "!�7 �3�a �� ��3� ��<��30  "J��

) �*� ���&�E �>�9?���Nogales Merida et 

al., 2010 �!�( ��3� D�39�� �,� /01�+( �� .(

/=>#��� �� ['�( Fa ��*� ��3� ��  �! �&���

V'
 D���(  5'<( ���a"7  ��3� D�39�� /E

 C�I
�� R��9�� ^�*( ['�( Fa ��*�

���  /!��A3�  �!"7�1�. �� H  D�39�� /E

8*%# ��"0
 R!�E ^�*( �!�( ��3�   �!

"7 �(��. 56�7 ���# �*�3 ��� ��  �!

�'���>0( Z����B
 �=>#  ��"@ D�<@  ���

)Gandomani et al., 2014 �� .( /01�+(

/=>#��� �� �
����B
 9�@ �-�. �&'��  �!

 ��<�� ��3� 3�; �`
 /E "7 �"!�<( D��!�(

�eQ@ ��,�
 $%&'(  �!HUFA  3PUFA 

 �� D�(9�! �0��:3 ��>� .�*� ����� ����

V�9@� ��1�0� R!�E  ��1�c1� D*� ���!

HA�
�IQ� HA�&1�( ��#*1 HA�"�&s�*>�(� A�"�
*k%E*@ 

 R!�E X�=@��# 3Ft*E�3/&Q! �*�  �! ��  �

 D��!�( ��A��*�  A*&�#3"@� R!�E X*�I( /� /E

) �#� ���&1� A� �7�@Bakke-McKellep et 

al., 2000.( ��>_�!  �!�( ��3� �>�9?���

 "@��Q�  �3��� A� FJ�. ��3� H;*@�E ��3� ��

 �� �*�Y ��3� 3 �!�( ��3� x*%'( 3 �*�Y

��7) ��A X� �!�(Seriola lalandi ^�*( (

8*%# ��"0
 R��9�� R'� �� �(��  �!

 R!�E ��>_�! 3 �!�( ��� ��3� ��<��

Ft*E�3 ��"0
/&Q! �*�  �!  �!����
 ��  �

"7 ����� $%&'(. �1�. �� 56�7 ���# /E �!

">@�(  C�I
����� H�!  �>�(;  �<�  �>��

 3 ����3������  �!����
 D��( �
3�I
 �*�3

) �7�"@Bowyer et al., 2012 �6�� �*�3 .(

Z3�I
�( $%&'( Z�01�+( }��&@ �� �! "@�*


  ���� D�(A Z"( H2"!  9�� /@*a A� �7�@

 H/01�+( ��*(  9�� �&Q�A /%.�( HR��(A�

 ���� ��  ��c&#� C*@ 3 �+�`( r���7

) "7�� �����Dapra et al., 2011; NRC, 

2011; Bowyer et al., 2012.(  

 }��&@ �"(� �#� /� A� �-�. /01�+( D�<@

�'�� ��� ��3� �=>#( 3�;89: D��!� ;� 

��?@�  ���: ����� ���� C*@ ��,�
 �`
 D��E

�( /�J*
 ������>� .���a Z�*J �� �*7

 d��>( �>�9?���) �!��a ��3� d��>( A� ���I&#�

 (�!��a d��>( �� ������ ��� ���� V�W>
  �!

�� ^�*( �*6 /E ����� D�9�( R��9PUFA 

�����( �! H�*7  ��� �0�eY ��&6�# fI.

 ���  �!"�#� P+# D��!�( ��3� ����

�( ���=@A ">%� C�e7���� "J�� �<! �
 "@�*


"��� R��9��.  
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Abstract  

The present study was to investigate the effect of various dietary levels of 

unsaturated fatty acids (HUFA and PUFA) on some morphometric features of 

duodenum in newly weaned rainbow trout larvae. Therefore, eight different 

experimental diets consisted of  various dietary levels of HUFA (0, 0.5, 1 and 2 

percent) at a fixed dietary PUFA of 20 percent (the first experiment) and 

various dietary PUFA levels (10, 20, 30 and 40 percent) at a fixed dietary 

HUFA of 8 percent (the second experiment) were formulated. The stocking 

density of larvae was 100 larvae per each container and the experiments lasted 

for six weeks. At the end of the experiments, six fish were randomly taken and 

the proximal intestine was dissected out and fixed for classical histological 

studies. In the first experiment concomitant with any increase in dietary HUFA 

content, epithelial thickness and villous height significantly decreased (P<0.05) 

and according to the results the appropriate HUFA level could be 0.5 percent of 

the dietary lipid moiety. However, in the second experiment, only villous height 

of duodenum was affected by experimental diets (P<0.05) and villous height 

was the highest (207.2±10.3µm) at PUFA level of 20 percent of the total dietary 

lipid. In conclusion, it is recommended that in the case of using vegetable oils in 

feed formulation (to replace marine lipid sources) led to higher PUFA levels, 

dietary HUFA levels could be increased to eight percent for keeping normal 

intestine morphometry. 
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