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Abstract  
This experiment was conducted to study the effect of different dietary n-6: n-3 fatty acid (FA) ratio on performance, egg quality, some blood and 
reproductive parameters of Japanese quails breeder. A total of 720 Japanese quails (Coturnix coturnix japonica) were used in a completely 
randomized design with five treatments, six replicates and 24 birds (16 females and eight males) in each replicate. Dietary treatments were control (n-
6: n-3 FA ratio were 13:1) and different n-6:  n-3 FA ratios (1:1, 3:1, 6:1 and 9:1). The results showed that, quails fed diet with n-6: n-3 FA ratio of 1:1 
had the highest feed intake in comparison with the others (P <0.05). Egg mass of quail was increased significantly when their diets containing n-6: n-3 
FA ratio of 6:1, in comparison with 9:1 and control (P <0.05). The birds fed diets containing n-6: n-3 FA ratio of 1:1 and 6:1 had higher eggs Haugh 
unit rather than control (P <0.05). Feeding quails with diets containing n-6: n-3 FA ratio of 1:1 to 9:1 reduced serum triglyceride concentration 
compared to the control group. Blood cholesterol concentration of birds that fed diets containing n-6: n-3 FA ratio of 1:1 and 6:1 was lower than 
control and blood glucose was the highest in the birds that fed diets containing n-6: n-3 FA ratio of 1:1 (P <0.05). The results of this experiment 
showed that the use of dietary n-6: n-3 FA ratio of 6:1 in breeder quail diets can improves production performance. 
 

Keywords: Cholesterol, feed intake, flaxseed oil, Japanese quails, unsaturated fatty acids. 
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B' -?$[/� �$'�!7���/� (����) 89/0 89/0 89/0 89/0 89/0  

�� -B' - ?/�%/,� (����) 62/0 62/0 62/0 62/0 62/0  

?/�%/,�  +?/,*/. (����) 86/0 86/0 86/0 86/0 86/0  

�2�' 0�1 ����/.' d%	;� -6 (����)  81/151  60/196  94/214  55/222  54/227  

�2�' 0�1 ����/.' d%	;� -3 (����)  22/132  35/65  79/35  56/24  60/17  

�2�' ()*� -6�2�' : -3  15/1  01/3  00/6  06/9  92/12  

* �
 �$��_�) ]��
 �</��,$� ]	5� :(��/� P�a%!/7 �� �'H' 8000 ?/
 �J'� ?/��,$� �!!	�'A �2500 ?/
 �J'� ?/��,$� �!!	�'D3 �25 ?/
 �J'� ?/��,$� �!!	�'E �

2 ?/
 �J'� �!!	�'� ?/��,$K3 �2 �!/� ?/��,$� P�aB1 �6 �!/� ?/��,$� P�aB2 �40 �!/�?/��,$� P�aB3 �10 �!/� ?/��,$� P�aB5� 1/0 �!/� P�aB7� 3 �!/� P�a

 ?/��,$�B6� 1 �!/� ?/��,$� P�aB9 �01/0 �!/�?/��,$� P�aB12 �200 �!/� �$'�!7 ?/�%7 P�a��.�
�
 

�
 �$��_�) ]��
 ���X� ]	5� ** :(��/� P�a%!/7 �� �'H' 70 �!/� �[<2<� P�a40 �!/� P�a# �?�84 �!/� ���� P�a10 �!/� �e� P�a4/0 �!/� � �$ P�a3/0 

�� P%/<!. P�a �!/��
�
.  



�&' ()*� ��� +!,-� .'/���� 0�1 �2�'-6 :�2�'-3 �/�� �
 ���5!	" 6��� 7/�� �8-9 :�
� �;<.'�= ��� �%:� � �%9/!>��� 1��!
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B��� 2(����) �=�f� �7'�%: Pg ' �� �%�%� 0�1 ����/.' (h!S .  

0�1 �/.' P��  (�g" ���f,:' U�,7 ?S��  �$%. ?S��  6�M  �$%. ���;<7  

�/.' W/,.��  C14  11/0  10/0  002/0  002/0  

�/.' W/,/	��@  C16:0   -  65/10  335/0  139/0  

�/.' W/Q�%,/	��@  C16:1  4/0  09/0  004/0  002/0  

�/.' W/Q��'  C18:1  60/18  01/20  730/0  246/0  

�/.' W/Q�%</�  C18:2 n-6  83/15  21/49  806/1  470/0  

�/.' W/<�%</�  C18:3 n-3  74/55  63/4  072/  060/0  

W/<�%</� ���a  C18:3 n-6 03/0  35/0  002/0  003/0  

�/.' W/Q����a  C20:1 26/0  35/0  011/0  002/0  

W/\%<$�'H%5$' �/.'  C20:2 n-6 09/0  12/0  002/0  001/0  

W/\%<$�9'H%5$' �/.'  C20:3 n-3 04/0  02/0  002/0   -  

W/\%��,<@'H%5$' �/.'  C20:5 n-3 61/0  07/0  005/0  001/0  

�/.' W/.��'  C22:1 01/0  01/0   -  001/0  

'H%7�W/\%�'[2� �/.'  C22:6 n-3  -  17/0  001/0  003/0  

�/.' W/<\���  C24:1 03/0  05/0  004/0   -  

����/.' 0�1 d�)
'  SFA 33/8  90/24  42/0  19/0  

 W$ �
 d�)
' �/S 0�1 ����/.'���a�� ��%/@  MUFA 30/19  50/20  749/0  250/0  

���a�� ��%/@ �<1 �
 d�)
' �/S 0�1 ����/.'  PUFA 34/72  56/54  890/1  538/0  

�2�' 0�1 ����/.' -3  n-3 39/56  88/4  080/0  064/0  

�2�' 0�1 ����/.' -6  n-6 96/15  68/49  810/1  474/0  

  

�
%� �=����`�
� 9��Z� ������� �
� 1�$��  91

+).�9�* 1��� =� �����1 =�` \�
`����;
.  

)GC, Unicam  4600�1�-��� (  �;�$) �G2.(  ��
%

 V��� +9�.W� �����1�1�-���19�� Capillary  BPX70 

�%  1�B%�mm25/0×μm25/0×m30 9��2�1 ���1 +300 

&$91 )���� 1�
` ; ��1� Qk� 9d�
 +�250 &$91 

)���� 1�
` ; =� =�` ���S� &% V��	4 Q��Y .�G �1�-���  

�1�1=� Q0�Y ��� F
��=> �% �1�-��� =� S
�9�d(� 

�9��> SAS )&��� 1/9 () ��� ��
%1 ; &
d'� (

8������ �� &% V��=> i3. &	��1�	� �� 82��1 91 �C� 

)	B� H	5 �9�1 +�091 &�
�Z�  ���G]23[.  

 &C%�9)1                                (Yij= µ + Ti+ eij  

 +&C%�9 8
� 91Yij+  �����<� 
� 9��Z�µ �Q. 8������ +

Ti ; 9�3�� 
�� +eij��� )<
��=> ��C* 
�� +.  

  

3 .��� � �����  

���� 
�������� �
� ������� ����� ���-6���� :-3  
%

) �;�$ 91 91�� 8��9��% 1
2�343 .��� ��G &j�9� (

8��9��% [�9�* \
I� &
WX� ���  ��9�1 �
�$ �% ��G

 ����1:1 ����-6���� : -3 F�% ��9�3�� 

�� =�  1�% 
�

)05/0<P8��9��% 91 ,�� �1�� .(&
WX� ���  �
�$ �% ��G

 i
 &% FG ���� �;�Y���� �
� ������� -6���� : -3 

)	B� 9�M &%\
I� �;
` =� 
�_�% �9�1  &% &� ���� ��		.

) 1�% ���G �;
` ; i
05/0<P .(  
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 B���3()*� �/&`9 .�2�' 0�1 ����/.' +!,-� ���-6�2�' :-3 ���� ?/1��!
 ���5!	" 6��� �
  

�2�' -6�2�' : -3  �=�f� i'�%: P�a) H�� ��(  8-9 UH�  (P�a)  (����) ��'Ea 8-9  P�a) 8-9 ��%9H�� /j��/(   ]$�)9 D$��  

1:1  a68/30  90/12  91/82  ab71/10  88/2  

1:3  b48/29  04/13  03/82  ab70/10  74/2  

1:6  b17/29  01/13  14/85  a07/11  66/2  

1:9  b81/28  84/12  50/80  b34/10  79/2  

1:13 (���
)  b54/28 73/12  14/80 b20/10 80/2 

SEM 38/0  09/0  44/1  19/0  06/0  

P-value 01/0  19/0  13/0  04/0  18/0  

a-b�<X� �
�G��� V��J �
 U%,. �� �� P� �' 6���9 : ) (.' �'�05/0P<.(  

SEM :?/2��/� ��'���,.' ��k: .��  

  

 ,�� V=; ; [�9�* Q
��� N

t�;
` 91 8��9��% ���

���� 
���� �k� )<
��=>  �
� ������� ����� ���

����-6���� : -3  �(
�� 9�
D.  

&% V��. 8b;9 =� �1�-��� �%  �
� ������� h�	� V��	4

����-3 �
�$ 91���� �
� ������� 8�% ���� ��-6 :

����-3 ,. �G 
� 8b;9 =� {Z( V�� i
 &% i
 ���� 91 .

+�G �1�-��� V��. )� �9 )(
I� [�9�* F
�d(� )G�� V���

g�* 1��e% =�  &. ��� ��G g9�d` .����1 �
�$ ).�9�*

&$�$ �
�$ &% V��. 8b;9 V1;d(�&% )�G�` ���  1��e% Q�71

g�* )� [�9�* \
I� F
�d(� c4�% ).�9�* 1�G]16[ .

) ,�� ��7�� �1�4 F
�d(�13/0=P) ,�� V=; ; (19/0=P (

8��9��%  ���&
WX�  �
� ������� FG ���� �% ��G

����-6���� : -3 )	B� 1��e% c4�% ) ,�� �1�� 9�104/0=P (

.��� ��G ���� 8
� 91  

F�;o5 �9�W`
�� &. ��1�1 V�<� V�
`  �
� �������

���� -3 &$�$ �
�$ 91 f��G�
�b ����5 �	� �%  +)�G�` ���

)� 9�
D �1�-���19�� L�C� 
���� �k� &% +1
�` �9�M . 91 &

8�
�5 L�C�  �G�1 �	���* 1
2�34 
% �
�e% �9�W`
�� 
�

]24[&$�$ 1
2�34 1��e% ����9 8
� 91 .  &% )�G�` ���

���� �
� ������� =� �1�-��� S��	� -3  8
� FZ� =� )G�� �9

��B( 91 �
� �������  ; ,~� �	
�
( 1��e% ; �
-0 �=��

)� �W$  �	��1]11[8b;9 =� �1�-��� .���� ��� -3  8b;9)

8b;9 &% ���� ()��� ; V��.���� ��� -6  )
�Wb �
�$ 91

,�� �9;1 ��M 91 �7�� )	5�6 8��9��%  V�����9 �9�W`

8
� V;�% +�	�G�1 �
�_�% �1�I�D�  1
2�34 
% ��� 9��> &.

 �	G�% &�G�1 )�:���7�� ; ���7��]2[ .  

���� 
�������� �
� ������� ����� ��� -6���� : -3 

 /�-0 
%) �;�$ 91 8��9��% ,�� )-�.4 ��G �1�1 V�<� (

�
�$ =� �1�-��� S��	� &% 8��9��% ,�� ;�� �Y�; .���  ���

 �
� ������� i
 &% FG ; i
 &% i
 ���� �;�Y

���� -6���� : -3 &%)	B� 9�M ���G �;
` &% ���� �9�1

�(�
 F
�d(� 8��9��% ,�� )-�. /��0�I* 

�� )7; +

 S�2k��� �	��� +�19= +&���5 �091 +&���5 ����t +&���5

���� 
���� �k� �1= |�9 ; �19= q*�G +���-� ���

 ��������� -6���� : -3  �(
�� 9�
D)05/0>P.(  ;�� �Y�;

V�<� ,�� ���-� ��-�. ��	�1  V> V�d�� 9�Z� 
� ; ��� l
�

,�� ��-�. �G�% 
�_�%  
�� 8
� ; 1�% ����* 
�e% l
�

)� =� )G�� ����� 8���;
5 9�~Y  91 �WX� 1��� 

�� ; ��

&% ; ���-� f�-�9� F
�d(� c4�% &. �G�% ���-�  V> ����1

)� ;�� �Y�;  11
`]12[ .  
  

  

  

  

  

  



�&' ()*� ��� +!,-� .'/���� 0�1 �2�'-6 :�2�'-3 �/�� �
 ���5!	" 6��� 7/�� �8-9 :�
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 B���4()*� �/&`9 .�2�' 0�1 ����/.' +!,-� ���-6�2�' :-3 ���� ?/1��!
 8-9 ��/7 6��� �
  

�2�' -6 :
�2�' -3  

 �J'�
���  

 �,.%@ P�5�,.'  
�,��. /P�a %!/7) �,�(l
��  

 �,.%@ (��-�
�!/� P��) (�,�  

 �,.%@
(����)  

    ���H
(����)  

 ��/�.
(����)  

 m:�

���H  

 n��
���H  

1:1  a09/92  54/0  70/20  33/7  49/33  16/59  39/52 10/6  
1:3  ab88/90  49/0  50/20  63/6  68/32  68/60  55/53 30/6  
1:6  a07/92  46/0  30/20  13/7  09/33  76/59  94/53 90/5  

1:9  ab89/89  49/0 30/20 18/7  09/31  72/61  14/52 10/6 

1:13 (���
)  b64/88  57/0  90/19  86/6  31/32  82/60  83/51 70/5  

SEM  77/0  04/0  42/0  35/0  89/0  07/1  30/1  26/0  

P value  01/0  39/0  73/0  65/0  38/0  49/0  76/0  55/0  
a-b :�<X� �
�G��� V��J �
 U%,. �� �� P� �' 6���9 ) (.' �'�05/0P<.(  

SEM :?/2��/� ��'���,.' ��k: .��  

  

 9�W`
���� ;�� �Y�; 
% &. )����4 =� 
�
1 )2
 +)(
M =�

,�� V=; ��� )� (�19= V=; =� 
����) l
�  /9�0 91 .�G�%

V��2
  f�-�9� V1�%,�� V=; F
�d(� �% +���-� ;�� �Y�; +l
�

8
� &% &$�� �% .�(�
 ����* F��.  
��X� 
t�Y &B7�C� 91 &.

Q%�D &aYK�  91 8��9��% ,�� V=; ; �19= V=; ���� 91 ��

&% �W7 +�<� ����<� ����� ���9�3�� )� 
a�  
��X� ��4 ��9

8���;
5 N�.
� 
��X� =� )G�� ;�� �Y�;  91 1�$�� ���

�-�.�G�% ��  

 V�b
� �
�$ &% V��. 9W% V1;d(� &. ��� ��G �1�1 V�<�

,�� ,�� ��-�. 
% 9�W` )� 9�W`
���� l
� �G�%]4[,� .  8�	�

V�<� ��� ��G �1�1 &.  ; 9�e� +;1 +
-0) V��. 9W% V1;d(�

�
�$ &% (�091 FG 8��9��% ,�� 9�W` c4�% F
�d(� 

)	B�9�1 Q. V=; +,�� 
CD +�19= f�-�9� +���-� ����t 

+&���5 �Y�; ; ���-� �091 ;�� 
% ��� +�G 8������ Q. V=; 

&���5 ; �091 �19= .�G��� �
���� �091 &���5 91 ,�� 

8��9��%&
WX� ��� �% ��G 9W% V��. ���G �;
` &% ���� 

F��.  �(�
]3[F�;o5 8
� .  =� )G�� �9 ��:� /�
�� V�
`

���� �
� ������� -3 
������( )*
% ;V6; 91 1�$�� ���

V;K(;d
� ; V�	��7 �	��� V��. 9W% )3e� FZ� &. �	����1 ��

 ������� Q
�(;
5 ; ,�� ��-�. +���7�� 1
2�34 ,�a	� 91

 ��9�1 8��9��% ,�� �
�]3[ 1
2�34 1��e% J_�3�Y� .

&% ���7��  8b;9 �% &�
�Z� 91 V��. 8b;9 =� �1�-��� &C��;

)G�� /9u 8b;9 ; V�1
�%��(>  )���9�� ,��7�%��� ,�a	� =�

&% V6;
������( &C��; &% ��  �G�% V6;
��� �o
;]2[.  

 
���� &% ��%
� H
������� �
� ������� ����� ���

���� -6���� : -3 &'	��
( 
%  �7�� )	5�6 8��9��% )��* ���

) �;�$ 915 V�* S
� d.��` �a�b .��� ��G &j�9� (

;�Y �
�$ \
I� S��	� &% 8��9��%���� �  i
 &% i


���� �
� ������� -6���� : -3 &% )	B� 9�M  =� 
�_�% �9�1

���� 

��  1�% ��)05/0<P(���� 
�� . ����� ���

���� �
� ������� -6���� : -3 �
� 
%    �;
���. ; �

���`

)	B�  1�% 9�1,. ; �
� ; �;
���. �a�b 8

�  S
� �

���`

���� �% 8��9��% &
WX� S��	� &% V�*  FG ; i
 ���

���� �
� ������� -6���� : -3 F�% ;  9�3�� 91 9��Z� 8

�

.�G ����<� ���G &'	��
( 

�� ,
d�> ; )��* ���  ���

���� 
���� �k� ���.  ����� ������� �
� ������� -

6���� : -3  �
�$ 91 ,
d�> ��7�B( .�	�(
�� 9�
D 8��9��%

8��_>  ���� 8

�_�% &. ���G 9�3�� 91 =�
-���
��	��>

���� �
� ������� -6���� : -3 &% 1�% �1
. &
WX� �9  /9�0

,. 8


�� =� �1�4  1�% 
�)06/0=P.(  
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 B���5()*� �/&`9 . ����/.' +!,-� ����2�' 0�1-6�2�' :-3 �;<.'�= �
  U%: �$�/	/
%/
 ���)�!/�P�a �� �.��,/�(  �

8$[�#  ��)7 ���)�J'� �� �,/� (���� ?/1��!
  

�2�' -6�2�' : -3  [7%!a  ��9 �$�*/!a  B��,*!7  
?/Q9��@%o/� ���   

�
 ���21 p�
  

?/Q9��@%o/� ���   

�
 ���21 ?/$�@  

 ?/�p#  

H'��.'�9%</�#  

 6�9��o.#  

H'��*�'�9%</�#  

 ?/��5�#  

H�9��*=  

1:1  a40/305  b40/1086  b00/186  60/141  60/39  86/7  60/412 80/988  

1:3  b80/287  b60/1112  ab80/197  20/136  00/42  54/7  20/394 00/939  

1:6  b40/290  b40/1103  b20/191  80/134  00/39  34/7  00/402 20/971  

1:9  b80/286  b60/1153 ab80/199 60/129  60/41  00/7  20/415 80/949 

1:13 (���
)  b20/284  a80/1248  a40/214  00/126  00/46  62/5  20/432 00/837  

SEM  13/4  81/25  11/6  92/4  54/2  53/0  64/21  17/55  

P-value  01/0  001/0  03/0  23/0  35/0  06/0  77/0  36/0  

a-b�<X� �
�G��� V��J �
 U%,. �� �� P� �' 6���9 : ) (.' �'�05/0P<.(  

SEM :?/2��/� ��'���,.' ��k: .��  

  

 91 �
��X� +��Z��� ; �W$ �	
�
( )M V�`��
5 V�% 91

)3� 1�'
� �
� ������� 9��*�� 1�G+  �1�
= ����G �W7

�
�*u )%
� ; �
�$ 91 1�$�� )%
� 8�%  V�% 91 ��G

)���= .19�1 1�$;  )%
� h%�	� �
�$ 91 &. &�G��� 1�$;

�
� +�G�% )� ���

���`  ,~� =� Q0�Y d.��` =� �	����

/�9����%
. �W$ ; 
t�Y &B7�C� 91 .���G &�*�� ��

 �
�$ 91 �
�� 8b;9 V���'	` �%) ������� ���p�7 h�	�

���� �
�-6 �ab 
% ; &���. d.��` �a�b =� (

�
�  8
� H
��� .��� ��G �1;d(� �

���`F�;o5  H
��� �%

o5F�; V�
` 
�
1 F��. /�
�� 
% )	��  ���� ��	�1

���� �
� ������� 8�
�5 -6 ���� &%-3 �
� �a�b 
% -

 19�1 �Z%�C� �3�K5 �;
���. ; �

���`]17[ .,� 8�	� 


����/� ��:� \
I� ������� �
� f��G�
�b �	��� 
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