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������� ����	� ��� �	� !���	� "���#�3$���� !% &' 

%�	� (��)*������� ����� ���)� &' 
&�� +��	� ����)1(�,�%� -� )2(

./��	� 
��� ����� ����%	� (��)*� 0� ���#/� %�	� ���1�	������)� &' � 0��% �� ���� �����2006 

�2007� 2
 34� ����%	� (��)*� ����� ���5#0���)	� (�) 0� (Sardinus sp.) 
� ��%6 0�7�)	�� 
(Sebastes sp.) 8��%	�� (Mugil caypitos) ����1�	� (��)*� ��� 227���	� (��) 0�� �����' 

(Tilapia sp.)"���	�� Cyprinus caprio)  (0���)	��(Salmo gairdneri).0 ��	� .�/#)�
 0� �1%���# �)���	 ���#/�	� (��)*� ����� 0� 3����/� ����	� ��� �	� !���	� 0� ��� �	� !���	� 

������ $���3�����	� ��'��:�#�����	� ���;# 
��/#)�% .���� �	� !����	� ������ 0� <=�#�	� ��1>�
��������33����% ,��?�	� (�)	� $�� ")� @�#/# 3���1� �� (���)*� &' ��� �	� !���	� ���) A�� 2

0��� ������%	�C16:02C20:5ω32C18:1 n-92C14:0 2C16:1222:6 ω3C2C18:2 ω6
�C18:0 B��% 
�� 7)�#�%� 24.4%212.1 %211.5%29.1%28.8 %25.9%2%4.8 �3.5 %

0�� D���#��% 8���%	� 0���)�	� ����# E� 2"�#�#	� F�� �1�� ,�	20:5 ω3)EPA(�C22:6ω3
(DHA) ���% ���;% 14.3 %�7.4 %����;� &	��#	� F��%� ��;% �)����	� ����%	� @���*.���� ����% 

0�� &�  ����1�	� (���)*� &' G�=�)	� ��� �	� !���*�C16:0 2C18:1 n-9 2C16:1 2C18:0 
�C 22:6 ω3B�% 
�� 7)�#�%�25.1%221.3%213.1%24.8%23.8 %2&	���#	� F�� �1�� ,�	

 0�� 7��	� (�) -�#�� !��/�� E�20:5 ω3 (EPA) �C22:6ω3(DHA) ����;% ����%1.8 %
�2.3 %����;� &	��#	� F��%���1�	� @���*� ��;% .3�5�� <=�#�	� ���% 0� ���� �	� !���	� �������

 �1H�� 4�	� ������ ��� �	� !���	� ������ ��� �� ���1�	� (��)*� 0� F��� ���� ����%	� (��)*� &' 
$�%�6TMUSFA �1#��I ��	�%	� 39.2 %.
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Composition Of Total Omega-3 Fatty Acids In 
Some Fishes Sold In Damascus City Markets 

 
A. Alhajali )1( and  H. Habbal(1) 

 

ABSTRACT 
Different samples from marine and river fishes sold in Damascus city 

markets were collected during the years of 2006 and 2007. The marine fishes 
samples were Sardinus sp., Sebastes sp. and Mugil caypito from Syrian coast, 
whereas river fishes samples were Tilapia sp., Cyprinus caprio and Salmo 
gairdneri. Fat extraction was performed for all samples to study the fatty acids 
compositions and omega-3 by using the technique of Gas Chromatography.  
Results showed that fatty acids components and Omega-3 were significantly 
different according to the type of fish eaten from marine or river fishes. The 
predominate fatty acids in marine fishes were C16:0, C20:5 ω3, C181 n-9, 
C14:0, C16:1, C22:6 ω3, C18:2 ω6, C18:0 and the average values were 24.4%, 
12.1%, 11.5%, 9.1%, 8.8%, 5.9%, 4.8% and 3.6% respectively. Sardinus sp. 
showed the highest amount of EPA (14.3%) and DHA 7.4% when compared to 
the rest of marine fishes studied. On the other hand, the predominate fatty 
acids in river fishes were C16:0, C18:1n-9, C16:1, C18:0, C 22:6 ω3 with 
average values of 25.07%, 21.3%, 13.09%, 4.8% and 3.8% respectively. Tilapia 
sp. showed the lowest amount of EPA (1.8%) and DHA (2.3%) when compared 
to the rest of river fishes. Results also showed that all the groups of fatty acids 
in marine fishes were significantly higher than those of river fishes except of 
TMUSFA that had a value 39.2%.  

 
Key words: Fish fats, Gas Chromatography, Fatty Acids, 

Omega-3, EPA, DHA .  
 

)1( Department of Food Science, Faculty of Agriculture, P. O. Box 30621, Damascus University. Syria. 
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 ���5�	
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 +� ��,� !����,9�	
 9��: 
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�8� <	= 
<"# �5��� >
��� ���	
 �����	
	
9���) ���

	
�),(�2���
��
 � 0�5�	
� 0��,	
 ��/	
15170 !��# +�� �? 2002<�	= 
17200 �?�!�# +2006����$ 9����,� 13%)!��)	 ��#
��	
 ��A�/�B
 �#�*	

2007(.����� C*�� 9���� ��� 
 4���� <	= 	
��D ��A
��	
 ��	�)	
 �� ��5������	


�����,	7���	
� ��7������1	
� ��)	
 �����)	
 �/�.4���*	
� )1(&�����	
 ���,�
 ��� 
 �),	 +A����	
�*��?	
.
���	� ,)1(���	� "���#	������7	� (��)*� !%	 &=� 

@��	� &��	� 
)J� K��	�%0�#��%	�%0 �	�%
CarpCyprinus carpio78�8017�192.0�2.2 
CodGadus morhua78�8315�191�1.4- 
DabLimanda limanda79 13�181.0�1.2 
EelAnguilla anguilla60�7118�3114.40 
MackerelScomber scombrus60�7416�201.0�23.0
pilchardSardina pilchardus60�8017�202.0�18.0
SalmonSalmo salar67�7715�215.0�21.0

(Groffet et al., 1995) :��/	
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 ��� E�
��� ��, � 1�23%�� F�8) G	H��� ���"	 +"�	
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 <"#� ��� �5�,�� �),( ��� ����� ���65%+$�,	
� �,���, �),( ����� ���
 �# 4D�35%-
�� 
 !8) ��# .��� �����	
 ���	
 7�8� �$�	
!�����, �),(�
 +� ��,�9�	
 ;
�8� 9��: 
 <	= 	
 ��������/ +� !5 �����B
 ��/�:� ��#�* 
���	
 �����	
 �-�� ������3���� Eicosapentaenoic )EPA�20:5n3(

���DHA) Docosahexaenoic �22:6n3 ()Watanabe,1982(.
� �1"�: 7��� ��� 
 � �1"�:	
 -
�� 
 0����EPA �DHA ������ 2��

 ���EPA�)1�� +����� 
 -
����Capline, Carp, Eel, Perch, Sturgeon 
 ��	
 7�� 73��,�� 7��	
 �,� 7���)Kris et al., 2002.(

�/�:� �),(	
 ��� �����	
 ���	
 ����������3��,�*�= 7
��IH� �5	 �H, +�� 
J��, ��D� ��5)��/� <"# �,�	
 �����= !�# &,�, ����B
 ��/ �(Harris, 2004)J�� 

�����	
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 &6D��
 K�
�� ������3<�"# 4)� ����B
 !�* +� �� ����$�	

 &"D	
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�� ��*��	
� ��A�#�	
 ��IH�	
 '��? �#+����� ����	
 7���1/	
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 ���M !�	
 �I:� <	= %D� �����	
 ��#� 
 +� 7���1/	
 L��� �J��,� N���� �� �
����� -�� � �����	
 ���	
�37��� O�D	
 �� +� 2500P" /100!
�� .	�
�5

/��+����H, ����� 9��* ���/� �5, �3.���� ��������3� �5	 �H, H��I;
�1: +� 
��I6I	
 7
�����"�	
 !�	
 +�<	= 20%�7
�����"�	
 ���:� ��, ���
�	
 46: � �	��
�5,6D��
� ��I6I	
 )Woodman et al., 2002(+�� 7�?"*	
 9�� � G�1:�	
 ���,"D	
 

)Hu et al., 2002; Leaf, et al., 2003; Albert et al., 2002; 
Deckelbaum and Akabas, 2006;(�;�.�� �IM� �� &��5�	
 �� G��1:�	
 +� 

��������	
 4/�1	
 ��?��	�, �,�/B
 4�"D�� .�# ;6.� ����	
 4����� �R� �	� 
����� �����	
�30�M� <	= �8�"�	
 >�) 
 &�5�	
 �*	�) � �+��D�	
 ����"�	
 46��#


7�����,	
 ��?��� �����	
 �� ��?� � ����	
�)2004Harris,(.
;
�8�� <	= !�# 7��
�� ��*� 0���	
 �?D	
 +�J�,�����	
 ��#�� �����	
 ��"�	
 
�5,����� ����� -�� � �����	
 ���	
 �/�:� ��30�5�	
� 0��,	
 ��	
 +���D�

��� ��
��	
 7<	= ���)���#� ��"�	
 �����	
 ���	
 �5,����� +� �� �1"�: 7���#
 ��� 
 ���5�	
� ����,	
,	
��)+��'(� ���� '
��)���,	
� ��
��	
 �5).�, (

�����	
 ��� 
 � ��
��� ����D������ �/�:� �3.
L;=��7� A�%	� ���� 

����	� E�� 
��# 7)*����� -�� 4� ��	
 -
��� ��,	
 0�5�	
� 0,	
 �� +�� C'���	


 '(� ����	 +"�	
 ��
�	
 �5).�, C�,"	 ���)	
9��,	
� ����,�1P�����# 4�	 �
�	�����, +�# 2006�2007!.7���# 7�.� 
 ��� 
 ����,	�;6�������	
 

0��,	
 (Sardinus sp.)!��
�,= ��?�	
� (Sebastes sp.) 0��,	
�(Mugil caypitos)�
�, �� 7���# 7�.� ��� 
 ���5�	
�;6?(�	
 � +��
�1	
 (Tilapia sp.) &����	
�

(Cyprinus caprio)��"�	
0�5�	
 �(Salmo gairdneri) .+�� 7����)	
 7).�
 � �'6�B
 ��� ������6, 7
�,# 9��, 7"D� <	= ���"� +� ���� 
 !�"# !�$ �,�:

 2�� �#
��	
 9�
�� �*�� +� 781��18���A =	<7$�;�D�3 �5�"# 4�	���	
 >
�*=.
���	� ��5�# 

4�"��	 9�)	
 ���)	
 7�.� �����	
 ���	
 >
�* 
 !�1, S	 �",�D	
 4� -�� 4� �
 9� ?6: !
�:���, ��* 4�(, 7��*� �"*	
 C ��	
 -
��� �5'A�$� .��5� ��:�

 -�� 4�	 �"I ���# T�
�D ���,10
���7� ).�� 4�*� � +?��: '��� +� 7
���	
 %6:��
 ��"#.
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���	� 0� 0 �	� .4/#)� 
�D��? &�� ���	
 %":��
)Bligh and Dyer 1959 (���.R, �	��25� 4 

K�� �,��, 4�����	
� !������"�	
1:2 ;�*� F��	= G�.�	
�0.005%76�����,
 ���	�� +�������)BHT(.7?": � 4�"�	
 C ���)	
 �D�$� 9��
�,	
 +� 7����+�

9�
��4!◦4�"	
 4
�? .G�.�5� 4 4�"� NaCl T�����0.9%�10�� 4
!������"�	
 &�� ;
��* '���	
 U� �+��I	
 !��	
 +�1	
 C$ �?�
�, K��	
 4/�� 4/.

��*�, �*���	
 ���(�	
 7�:, ��*����	
 ��� �)	
 +D�	
 ���	
 ���# <"# 4�/�	
 !�� 
	4�"��".

��� �	� !����	 &'��:�#�����	� ,���#	� &' (�)	� $���� 
���� ���� ��"�	
 �����	
 ���	
 &�� 7����3��	
 ��� 7���)	 �?��
�,

 �����	
 ���
��������	
 ��5*GC17-AFW- U���1999Shimadzu !�8�, ���	
 
�D�Split\Splitless ��*�*� �*�	� ��*�,� glass insert�	
 &�5"	
 G(�� ��H�� 

FID ���	�� ��5*� ��*�����5	
)Shimadzu-OPGU-2200S(�>
��� �:.�� �
��*�����	
 ��	�� ��5*�)4��	
 ��?	
) (Perk-series 600A(�K����, C &����
 <�	
� 7����,	
 U
�:= CLASS-GC10.����� 0�)�( ��# 4�"��	
 +� !�:��


Teknokroma
 4���� H(���	
 +��,���= ����	TR-140533 +"���"��	
 !$���	
� 
M2056295 ���)	
 4�?30�� ;
T�?$� mm0.32 -��� �� 7,�I ��?, +"? 

TRB-WAX .
?��(	
 '�� ��5*	
 ?,.���V
 :�$��	
 9�
��250G(��	
 9�
��� ���A �*�� 

260 4��	
 ���	
 '���� ���A �*�� 0.84/�D�$� ��A�*�	
 �,��� :1:50 9�
���� 
�1	
 �K�,	
 0�
��	
 !�8�	
 '�� �809� ���A �*�� 10C���� 'A�$� <�	= 220

4�), ���A �*�� 107�*�� /9� �D�$�	
20�D�$� .
����	� &' 0 �	� G�#)� 

+� �5, </�	
 �D��?	
 &�� ���)	
 7�.�1980 (AOAC) 9���� <"# 9��)	

 ���,	
 ��������� 4�"� C �5"#�1�, 7
�����"�	
 +"�I�	
 !���)2+��8� (�.��	
� 

�,
�R,11.2
 ��������� � X+� !������,	1004���I� 4 .���"# 7��*� 9����3

 ���,1F�)� &�,�� +� ���	
 ���# � X10��,��	
 <�� +A� !�� +� F��:��� 4 �

G�.� !I ��5;
��* &�,� 
 U� �+"�I�	
 !������,	
 ��������� 4�"� � 4 9� 5
���), G�.�� 'A�$� 57����� 7*�� +D�	
 ����5	
 � 4 N��:� 9�� &��,� 


 	
 4�/1�
 <�� ��* 4�(,�
� <	= ��")	
 �D,?	
 ����D,? 0��� 7
���= 	
4�I	���S
�����	
 (FAME)� ����5	
 +� <"1�	
 �D,?	
4#�1�	
 � ��,/�	
 �
�	
 0��� .
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����	� 0;� 
�D�0.5��� ����	
� ����5	
 0��� +�	
 ���")	
 �D,?	
 � ���	�)FAME (
��5* +�GC�D� �?�
�, ���"��F�)� 10� ����	���� ����	
 &��� 7����

 *�	
 �����	
�����D ��"�	
 �����	
 ���	
 -�* � ���A �,��� ��	
 ��� +� 9�
 � +���$ K��	 ���B
 ��,FAME <"# 0���� 19;�.� �� �,�:	
 +� �.

���( Supelco 
 ����� ��# ;6.� ������ � +���$ ?�":�3Sigma Chemical 
Co) (�����)	
 4�	��"	 .4�(	
� )1(,�J��!
�������� +�� �����	
 ��� 
 4�"��

0��,	
 ��	
 ���.

,��	� )1(+M��� 
��:�#�������%	� 0���)	� 0 � &' ��� �	� !���*� ,���#8

�&=���N� ,���#	 
+A�/�B
 4�"��	
 0�*� 7���)	Y4� 0��,	
� 0�5�	
 ��	
 � ?����	
 ���*�R,

+,���	
 0���)	
 G
���3
��7�?���	
 ��, '��1	
 ����D 7� �� ���	
 -
�� 
 �����) N����, 0���) '�� 4$� !
�:���,5%!
�:����, K����,	
 +A�/��B


)SPSS15 (��	
 ���"	 ��5Z"� ��� 
 &��� �D(��	
 C�?D"	 +A�/��B
 !�/��	 
(3 speciesX2 varieties X3 replications).
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��I���	�� <=�#�	� 
3J���,���#&' ����	� ��� �	� !���	� !%����%	� (��)*� 
J�,� 4��*	
 �)2(�����	
 ���"	 ���A	
 &��	
 �""�	
 +��), ����,	
 ��� 

,	
�+� �)
���''(� ���������	
 �"� ��)� F� [.�� � �����	
 �5,��� G6�:


 �����	
 -
�� 
 ��, N��� <"# ����) '��� ��*� <"# +A�/�B
 4�"��	
 4� �$� �
�DI5%	�����	
 ���"�5Z"���, �"�-
�� 
.

KA���	
 7�58� '�1� �	��, 0��,	
 �����	
 �� ������	
 ��C16:1 �C18:0 
�20:5 ω3)EPA(�C22:6ω3(DHA) ��D, <�"# 
 ����� +� 7�", 11.59%�

5.47%�14.32%�%7.42#+	
��	
 <" ����D ,G��/ 
 ��D, ���� '��1� ���,
�	�, !��
�,= ��?"�	
 ��. �����	
 ��C14:0 �C18:1 n-9 ,7��", ���D10.43%

�14.60%<"#&����	
 ����D ,G��/ �N�: 
.�� �	
 ���,	
 �� '��1� ��D� 0
,�����	
 ���	�C16:0�C18:2ω6�C18:4ω3, �C18:3ω3�C20:1�C20:4ω6�

C22:1 �C22:5ω3����D,G��/ 
 ��D, �5�$ 7�",� N�: 
26.18%�6.12%�
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 � 8�6)2(9�A��	
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C16:0�C20:5ω3�C18:1n-9�C14:0�C18:1n-9�C16:1�C22:6ω3��D,� �
!�)	
 �5?��� P", ����A �,����24.42%�12.13%�11.52%�9.15%�8.82%

�% 5.96 +	
��	
 <"# �5� 4�	.
7��6�:3
 T�� ��)��,� <	= ����	
 4�/��)Jangaard, et al., 1967 (-����

&����>
��	
 (Watanabe,1982) ����	
 -��(Usydus et al., 2008) �#'�
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 ��/ T�� (Okland et al., 2005) .��D� J��, �Yamamoto and Imose, 

(1989) 
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 T�� 7D�(Kotb et al., 1991) ������	
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��?$ 4��� �D?� +� �	��H	
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 �"� 7��H�� 46�: �
(Ewaidah,1993) 4�����	��	
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 N��� L�� 0�	
 �����

 
 ��� 
 G��/� �), +� 9��*�	
 �$�?	
 �*��?	
 ����,	 B
 +� �:�,?	
� 7
���
9���	
 ��,�)	
.�C(Saglik and Imri, 2001) ������ N����,�3��), +�� 

����� +� ����,	
 ��� 
�;�.���C(Bayir et al., 2006) &����� ��#�� ����� +� 
����,	
 ��� 
 �), +� �����	
 ���	
*�	
�9������ +��
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���	� ,)2()�#� &' ��� �	� !���	� 7� @���� !% 8��%	� (�)	 �%)�� %$����� 0�
��� �	� !���*� ����	�.

@����(�)	�▲


I�	�!���	�
��� �	� 8��% 0���)

%

� ��%6 0�7�)	�

%
8��%	� 

%
���I 
LSD%

7)�#�	� 
�	� 
%

1C14:0 9.11±0.12b10.43± 0.43a7.93 ±0.21c0.44 9.15±0.46 
2C16:0 22.68±0.47c24.41 ±0.78b26.18±0.74a1.05 24.42±0.81 
3C16:1 11.59±0.03a8.76±0.10b6.12±0.12c0.37 8.82±1.25 
4C18:0 5.47±0.14a1.73±0.07c3.45±0.08b0.17 3.55±0.86 
5C18:1 n-99.37±0.13c14.60±0.22a10.60±0.32b0.36 11.52±0.94 
6C18:2 ω62.98±0.12c5.41±0.1b6.12±0.14a0.19 4.83±0.75 
7C18:3 ω30.91±0.02c1.94±0.06b2.22±0.08a0.10 1.69±0.31 
8C18:4 ω30.66±0.01c1.62±0.05b1.91±0.02a0.05 1.39±0.29 
9C20:1 1.63±0.03c2.59±0.07b2.99±0.06a0.09 2.40±0.31 

10C20:4 ω61.24±0.02c2.68±0.08b2.93±0.09a0.11 2.28±0.41 
11C20:5 ω314.32±0.04a11.64±0.06b10.43±0.33c0.31 12.13±0.92 
12C22:1 1.41±0.07b1.09±0.03c1.72±0.09a0.11 1.41±0.14 
13C22:5 ω31.64±0.05b1.35±0.05c1.98±0.07a0.10 1.65±0.15 
14C 22:6 ω37.42±0.14a4.01±0.11c6.46±0.36b0.36 5.96±0.78 
15Unknown9.57±0.16a7.74±0.13c8.96±0.10b0.21 8.75±0.43 

-�*	
 100 100 100 
�1"�:	
 G�� 
)(a, b, c ��(� ��
�	
 G/	
 +� <	= �DI N��� <"# ����) '��� ��*�)P<0.05.(

▲4I� ��D	
 ?���I6I�7
��� 

C�Visentainer et al., (2007)��, -
���� +�� �5,����� �����	
 ���	
 N�
 4���
�,"	 +�,��	
 +,���*	
 ]?�(�	
 <�"# 0��,	
 ��	
 .C� ;6��"$ 7�1"�:
� 

(Musaiger and Souza, 2008) +�� ������	
 ����	
 &��� 4�� !5��
�� +� 
������	
 ��.�	
 -�1��
 2�� � ����,	
 +� �	��H	
 ��� 
C14:0 �C16:1 +� 

��
��	
 T��.
4�(	
 �J�,��)2(� �1"�:	
 ' ��1	
20:5 ω3)EPA(�C22:6 ω3(DHA) +� 

-�* � ���A �,��� 9��D �����	
 0��,	
 ��	
 G��/� �), �����	
 ��� 

��"�	
.
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ا��
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ا� 
$�
�

ا�"

C20:5  ω3
C 22:6 ω3

,��	�)2(���#/�	� � ���	� 5���	0��� �	� 0�0�20:5 ω3)EPA(�C22:6 ω3)(DHA 
8��%	� (�)	� @���� &'�)����	�.

3����O�"���# ��='8��%	� (�)	� @���� !% &' ��� �	� !���	� 
J�,� 4��*	
 �)3(G���/� ��), +� �����	
 ���	
 7�A1	 ���A	
 &��	
 ?���

 [.�� F��� �0��,	
 ��	
 +� ����) '��� ��*� <"# 7�A� <�"# �����	
 ���	

 �DI N��� 5%'��1� 2�� ��	
 0���,	
 �� T
����, 7��#�* �� TSFA�

TPUSFA �T ω6 FA �P", ?���,37.56%�32.05%�9.05%+	
��	
 <"#.
'�1� �D� !��
�,= ��?"�	
 �� � T
���,TMUSFA ��5��$ ��	�,	
� 27.02%��J� �

�� T
����, '�1� �D� 0��,	
 �����	
 T ω3 FA �Tω6/T ω37��", ���D,� 
24.95%�5.91%�	
 <"# �5� 4�	+	
� .
,���	�)3(8��%	� (�)	� @���� !% &' ��� �	� !���	� ��=�	 ���=�	� ")�	� 7)�#�.

@����(�)	� ▲

��� �	� !���	� ��=' 8��% 0���)%
� ��%6 0�7�)	�%8��%	� %LSD
%

7)�#�	� 
�	� 
%

TSFA 37.28±0.42a36.75±0.74b37.56±59a0.3337.13±0.43 
TMUSFA 24.01±0.38b27.02±0.65a21.43±0.46c0.5524.15±0.76 
TPUSFA 29.17±0.55b28.65±0.37c32.05±0.79a1.3229.95±0.53 
T ω3 FA 24.95±0.89a20.56±0.66b23.01±0.54c0.8822.83±0.56 
T ω6 FA 4.22±0.65c8.09±0.78b9.05±0.88a0.547.12±0.95 

Tω6/T ω35.91±0.88a2.54±0.76b2.44±0.68b0.153.66±0.64 
TSFA /TPUSFA 0.78±0.03a0.76±0.05a0.85±0.05a0.050.79±0.04 

�1"�:	
 G�� 
)(a, b, c ��(� ��
�	
 G/	
 +� <	= �DI N��� <"# ����) '��� ��*�)( P<0.05 .
▲4I� ��D	
 ?���I6I�7
��� 

TSFA: Total Saturated Fatty acids: C14:0, C16:0, C18:0. TMUSFA: Total Monounsaturated Fatty acids: 
C16:1, C18:1n-9, C20:1, C22:1. TPUSFA: Total polyunsaturated Fatty Acids: C18:2 ω6, C18:3 ω3, 
C18:4 ω3, C20:4 ω6, C20:5 ω3, C22:5 ω3, C 22:6 ω3. Total ω3 Fatty Acids: C18:3 ω3, C18:4 ω3, 
C20:5 ω3, C22:5 ω3, C 22:6 ω3. Total ω6 Fatty Acids: C18:2 ω6 and C20:4 ω6. 
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3�O	�O�,���# &' ����	� ��� �	� !���	� !%���1�	� (��)*�.
J�,� 4��*	
 �)4(�), +� �����	
 ���"	 ���A	
 &��	
 	
 ��� 
 ���5�,	
���)  +�'
��� '(� ���� F��� �[.������	 ���A	
 &��	
 �� ��� +� �����	
 ���	
 7 ��� 
 �), ���5�	
 �$ �/":��	
7���,� +������	
 ���	
 !8) C� 7�,��D��  7����	
 �), N�: 
 ��*� <"# +A�/�B
 4�"��	
 4� �$� ������)	
 '��1	
 �),  �DI N��� <"#5%��	
 G�/ � 4�	 ��"�	
�&���	
�?(	
.	�4�����	
 �����	
 
�# � C16:0 �C18:1 n-9�C18:4 ω3�C20:5 ω3�C22:1 7���� +�	
 �5�$ +� �,��D�.4��*	
 � 8�6�� ���� 0�5�	
 ?(	
 �� �� �� 4��"D, ��D��  &���	
� ��"�	
 ������ -�� � �����	
 ���	
 � T
���,�34�IC20:5 ω3 )EPA(�+���	
 ��	
 � T
��� +� E�.�, �D�� C22:6ω3)(DHA .J�, �$� 7� KA���	
 J�� 7��� 0�5�	
 ��	
 +� 9�A��	
 �����	
 ��� 
 �C16:0 �C18:1 n-9�

C16:1 �C18:0 T��$ !�# ?���,�%25.07�%21.34�13.09%�4.89%<�"# +	
��	
 .��$ 7�",�!�)	
 ?���	
-�� � �����	
 ���"	 ������3)EPA(C20:5 
ω3�)DHA (C 22:6 ω3��$ ��$ ��2.14%�%3.45+	
��	
 <"# .J�,�� 4�(�	
 � )3(�1"�:	
 '��1	
 ������	
 ��.�"	�C20:5 ω3)EPA(�C22:6 ω3)(DHA �����	
 0�5�	
 ��	
 G��/� �), +�.

,���	�)4(&' ��� �	� !���	� 7)�#� !% @���� 8�1�	� (�)	� �%)�� %$����� 0�
����	 ��� �	� !���*� @����(�)	� ▲ 
I�	����	� !��� �	� 0���)	� %"���	� %7��	� %LSD 

%
7)�#�	� 
�	� %

1C14:0 2.43±0.10c3.76± 0.10b7.73±0.26a0.27 4.64±2.05 
2C16:0 25.21±0.48b26.43 ±0.77a23.55±0.44c0.72 25.07±2.09
3C16:1 14.94±0.38a11.21±0.250b13.09±0.17c0.41 13.09±3.45
4C18:0 6.27±0.12b4.97±0.11a3.45±0.14a1.82 4.89±1.99 
5C18:1 n-920.31±0.10c22.281±0.49a21.44±0.20b0.48 21.34±0.98
6C18:2 ω62.05±0.17b2.59±0.10a1.67±0.10c0.19 2.12±0.21 
7C18:3 ω31.86±0.08b2.43±0.13a1.56±0.08c0.15 1.96±0.19 
8C18:4 ω31.66±0.07a1.42±0.06b1.67±0.08a0.12 1.58±0.02 
9C20:1 2.56±0.15c3.67±0.13a3.43±0.13b0.21 3.22±0.34 

10C20:4 ω61.67±0.08b1.31±0.05c3.54±0.11a0.16 1.84±0.39 
11C20:5 ω32.43±0.13a2.11±0.08b1.88±0.03c0.15 2.14±0.07 
12C22:1 1.58±0.08b1.43±0.07c1.75±0.09a0.13 1.59±0.02 
13C22:5 ω32.33±0.11a1.32±0.07c1.54±0.11b0.16 1.73±0.28 
14C 22:6 ω33.56±0.28b4.46±0.21a2.34±0.11c0.25 3.45±1.13 
15Unknown11.12±0.45b10.55±0.77c12.34±0.10a0.45 11.34±1.66 -�*	
 100 100 100 

	
 G�� 
�1"�: )(a, b, c��(� ��
�	
 G/	
 +� <	= �DI N��� <"# ����) '��� ��*� )P<0.05.(% 
▲4I� ��D	
 ?���I6I�7
��� 
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C20:5  ω3
C 22:6 ω3

,��	�)3(���#/�	� � ���	� 0�� 0��� ��	� 0�5����	C20:5 ω3)EPA(�C22:6 ω3
)(DHA�)����	� 8�1�	� (�)	� @���� &' .

3�%���!���	� ������� "���# ��� �	� &'8�1�	� (�)	� @���� !%:
J�,� �4��*	
)5(G���/� +�� �����	
 ���	
 7�#�*	 ���A	
 &��	
 ?���

 ,	
 0�5�	
 ��	
�+� C���)� '(� ����.7��#�*	 ����A	
 &��	
 �� �*� F���
<"# +A�/�B
 4�"��	
 4� �$� ��5����� &�� +� G"�:� !	 �����	
 ���	
 !�# ���*

 �DI N��� <"# ����) '���5%4�	 ��� � ��"��	
 &����	
� ��# ;6.�� 
#�* � ��� �����	
 ���	
 TSFA) �(TMUSFA �?(	
 �� +� ���� +�� 

�DI N��� <"# ����) '��1	
 7���5%?(	
 �� +� �����	
 ��� 
 ��D,	 �� �
!��)	
 ?����	
 �
��D �� 4���*	
 �� 8�6� 7��#�*	 ������	
 ����	
 

TSFA �TMUSFA �TPUSFA�T ω3 FA�T ω6 FA �Tω6/T ω3�,���� �
TPUSFA/TSFA ����5�	
 ���� 
 +� 7��",34.74%�39.24%�14.81%�

10.80%�3.94%�2.87%�0.54%+	
��	
 <"#.7��6�:3
 T�� ��)���,� <�	= 
>
��	
 -��(Watanabe,1982) ��	
 -��� (Usydus et al., 2008) ��<	= /�� 4
�����?/
)Jangaard, et al.,1967.(
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,���	� )5(8�1�	� (�)	� @���� !% &' ��� �	� !���	� ��=�	 ���=�	� �%)�	� 7)�#�.
8�1�	� (�)	� @����▲

��� �	� !���	� ��='0���)	� 
%

"���	� 
%

7��	� 
%

LSD
%

7)�#�	� 
�	�
%

TSFA 33.93±0.35a35.17±0.65a34.74±0.54a0.5434.74±0.28
TMUSFA 39.39±0.18a38.62±0.22a39.72±0.32a0.3539.24±0.31
TPUSFA 15.56±0.21a15.66±0.28a13.2±0.43b0.4414.81±0.63
T ω3 FA 11.84±0.65a11.75±0.45a8.99±0.23b0.2210.80±0.74
T ω6 FA 3.72±0.23b3.91±0.12b4.21±0.26a0.373.94±0.16 

Tω6/T ω33.18±0.08a3.01±0.07a2.14±0.05b0.252.87±0.45 
TSFA /TPUSFA0.45±0.05b0.44 ±0.04b0.73±0.02a0.050.54±0.03 

�1"�:	
 G�� 
)(a, b, c ��(� ��
�	
 G/	
 +� <	= �DI N��� <"# ����) '��� ��*�)(P<0.05.
▲I6I ?��� 4I� ��D	
 ���� 7


3�)��/�����;� ��=' G��;� 8�1�	�� 8��%	� (�)	� 0�% ��� �	� !���	����=� �%)�� 
J�,� 4��*	
 �)6(!�)	
 ?���	
 ��	
 G��/� +� �����	
 ���	
 7�A1	 0���,	


 0�5�	
�,	
�)+� �'
��� '(� ���� .�
 ���	
 7�#�* �� F�� [.�� �$ �����	
 71"�:
 &�� +������5����, ����,	
 ��� 
 7$�1� 2���	
 7�A1�����	
 �5Z"��


�# +���	
 ��	
 �A� TMUSFA ��5��$ 7��",� ���5�	
 ��� 
 F�� 7$�1� +�	

39.24 %�,�� ��TPUSFA/TSFA 7��", ���D, <�� 
 ���� +� 7����0.54%

���5�	
 ���S	 ��D,�0.79%����,	
 ���S	.
,���	� )6(����;� !���	� ��='8�1�	�� 8��%	� (�)	� 0�% ��� �	�G��;� %
�	� 7)�#��	 


�	� 7)�#�	� !���	� �������
&� �	� 8��%	� (�)	�%8�1�	� (�)	�%
TSFA 37.13±0.43a34.74±0.28b

TMUSFA 24.15±076b39.24±0.31a

TPUSFA 29.95±0.53a14.81±0.63 b 
T ω3 FA 22.83±0.56 a 10.8±0.74 b 
T ω6 FA 7.12±0.95a3.94±0.16 b 

Tω6/T ω33.66±0.64a2.87±0.45 b 
TSFA /TPUSFA 0.79±0.04a0.54±0.03 b 

�1"�:	
 G�� 
 )(b, a��(� ��
�	
 G/	
 +� <	= �DI N��� <"# ����) '��� ��*�)(P<0.05.
7D�
�� �$�KA���	
 C7��?)(Kotb et al., 1991) ���
 2�� � ���� 
 >
�

 ��	�# 7��� <"# +,�)	
 K�":	
 +� �	��H	
 ����,	
���),(	
 ��� �����	
 ���	

 ���3������	
 ���	
 �-�� ������3(T ω3 FA)KA��� C� �Toppe, et al., 
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(2006) � ����,	
 ��� �, �/�:	
 K����	
 +.J�,�� 4�(	
 �)4(�1"�:	
 '��1	
 7�A1	
 ���	
 9��D ���5�	
� ����,	
 ��� 
 ��, �����	
���A �,��� .
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KA���	
 7�.�� � �����	
 ���	
 7���� �� ���	
 -�� &�� G"�: T��/��
 ��� >
�� ;����, �!;���5� .2�� �����	
 �� '�1� 0��,	
 ���� � +	�)	
 T
���,��

3��� 
 ��D, <"# ����,	
 ,	
 ��)�J��3� -�� � �����	
 ���	
EPA �DHA.
���, KA���	
 7�58� C*
�� ����� � T
���, 0�5�	
 ?(	
 ���3�����D �, +1�/

 ��"�	
 &���	
��J��3� -�� � �����	
 ���	
 EPA �DHA.8��	 �� �1��
�-
���A	
 �,��	
 
 �A1	 �	������	
 �TMUSFA +� G��/� ���5�	
 ���� 
����#

 �5����D,����,	
 ��� � .�$� �����	
 ���"	 ���A	
 �,��	
 7)1��
 ����	
�)�(� 
TPUSFA G��/� +� ����,	
 ��� 
 �5����D ��#,���5�	
 ��� � -�1��
 C�,�� 

Tω6)/(T ω3��	
 G��/� +� �5����D ��# 0��,	
 ,���5�	
 ��� �.8���	 �$� 
�,��, ����,	
 ��� 
 '�1�TSFA /TPUSFA �5����D ��# ,��� ����5�	
 .

����� ��
��	
 T�� KA��� &���� -
���  <�	� 
 7���
��	
 �� �5���	 �/�:
 ��	
 ��� 
 +� �����	
 ���	

������ +� 9����?
��	
 �����:
� )���	
�"5 (

9��*	
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 ����,	
 ��� 
 ������	
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