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Introduction: Water shortage, low quality soils, and insufficient supply of 
feed are the main limitations for livestock production in arid and semiarid 
regions of the word. Therefore, there is a demand to cultivate new crops for 
these areas as an alternative to crops, which are hypersensitive to low fertile 
situation. Cultivation of acceptable-quality unusual plants, which are resistant 
to harsh environmental conditions is a proper way to overcome these 
challenges. Artichoke (Cynara scolymus L.) is a highly productive crop and 
produce a large amount of forage per unit of area. Artichoke forage has good 
nutritional value for ruminant animals. In other hand, artichoke as a medicinal 
plant contains many secondary compounds including polyphenols, cynarin, 
chlorogenic acid, carotenoids and natural antioxidants. Lower blood 
cholesterol and triglyceride and carcass fat have been reported by these 
compounds in animals fed artichoke products. Therefore, we hypothesized that 
addition of artichoke forage to diet of fattening lambs may has beneficial 
effects on their carcass quality traits. 
Material and methods: In order to evaluate the effects of dietary artichoke 
(Cynara scolymus L.) level instead of alfalfa on meat fatty acids profile and carcass 
quality traits of fattening lambs, this experiment was conducted using 24 Kurdish 
male lambs (initial body weight of 30.2 ± 2.35 kg) in a completely randomized 
design with three treatments and eight replications. Experimental treatments 
included: 1) control (diet without artichoke hay), 2) diet containing 10% artichoke 
hay, and 3) diet containing 20% artichoke hay. The experiment was lasted for 100 
days including 20 d of adaptation period and 80 d of data recording and samples 
collection. At the end of experiment, all lambs were weighed after an overnight fast 
(16 h). All lambs were slaughtered, and hot carcass were weighed. The carcass was 
split into two equal halves (left and right). The right half of carcass was cut into six 
primal cuts including neck, shoulder, breast-flank, loin, leg and tail. Meat chemical 
composition, color parameters and fatty acids profile were measured. 
Results and Discussion: The results showed that incorporation of artichoke to the 
diet improved the daily weight gain of lambs (P<0.05). Also, hot carcass weight 
and dressing percentage increased linearly with increasing artichoke level in the 
diet (P<0.05). Dietary artichoke level had no effect on carcass cuts percentage 
(neck, shoulder, breast flank, loin, leg, and tail), meat chemical composition 
(moisture, protein, fat and ash) and color parameters (lightness, redness, 
yellowness). Meat fatty acids profile (including saturated fatty acids, unsaturated 
fatty acids and conjugated linoleic acids) were not affected by artichoke level in the 
diets.  
Conclusion: According to the results, feeding fattening lambs a diet contained 
artichoke (up to 20% of total mixed ration) has no detrimental effects on meat 
quality and improve their dressing percentage. 
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�.� 	��V-.� 
F� � .' 

)���O �4B�' .��
 = H I�	  �>' ��#$�&� )Folch et al., 19572�L (  �� �>1/0 ���� B� - >���!%
�
 .�-@�e �5B�� 

)2/11 > � 6���!%
�
 .�-@�e  %�100 ����  -�B  #� }@ .

F m���� (�B�c ���-�20 �R��2 �h ����  -�B  2� ,��4>

��o.�.�,�  ! 
F 2N�s�2� �
� 15 [��2� ��� %� H$ ��L` %�' 50 -�. 2=%�� �� 6 %�
d4' �d %� .
F��J G�2 

G���� ��o.�. l�VF�,� -� <��F 2��< � � ���� �> -.�' �U��2 .���>
' N� 6����! � t.�� H I� #�6' )GC n
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Varian Star 3400 �$ ���5��� .
F 	��V-.� (' $<�� ! #�.%�5F �>' %���8 2� K�� � 250  !220 -�. 2=%�� �� 6 

y���e ��� .
F' B!��2 190 -�. 2=%�� �� 6 � 2� 2� ����,�� �h -�. 2=%�� �� 6 [� %��2�  ��220 -�. 2=%�� �� 6 

��N��� �JN����� .�  @�h ��� ���2� ���� ,��#' ,$  �> ���h +���� <��F �%�
�-.� m�����  #�37 �=! -�  -.��< 

.��
 ) H ISigma–Aldrich �$ ���5F (�.���� .

F '��=� 
�.� H I 	 �= '�> �&���#$ %� �!
= )3( ,�& 	��� 

	
F J.� .��� '�> m�� � 2�  > %�L�� %� 2. J�� )J��. 8:00� 15:00 ! 22:00 (�� 	 �= '�> ]/��� m���� 2� �%�W 

��#$ )�� �� 0�@ 10 
W%� }@ 	
�� 2�#!% (2�aj� 

F .H$ 2� �%�W ��#$ %� %��-c� 	 � �> %� [ JN 6.  

	 �= 2� �&���#$ '�> 2�L �4-V> �%�W ) ����L�F 2��U� ��4�> �� ! 

F '%�� �AOAC, 2007 '��� %� (18 -  2=%�

�-�. ,#! .

F '%�
d4 �� 6 �&� 	 �  �> %� f! F 2�aj� ,���@ ! 	 �= �� '�> �&���#$ }@ #� 16 J��. �4�. 6 2� �%�W 

'�� V� ! <*[ #� k�%�c J�� Q*W �� 	��V-.� #� ��5.�� ��-�U�� ! ��U� }o. ����N� ,#! 2�#!% 2*.��� 
F.  

  

3 - 2 - �8���� � *� 1� ���� �
& ���  

	 � �> %� ,���@ 	%!� ����#$ 2�aj� }@ '� #� 16 J��. J��! �� #� k�%�c� ! %�-&�  }o.
F O�#�� � 6 2FG .2FG 

2� !� 2L� '!��� h�5V� 
F .e� 2FG J.�% 2� �F 2)P[ <��F �,� 6 �J.� . 2��. . ! 	��[ �	�6 �2-.�% ,�% ! 

2*� " � 	��� ) 
FColomer-Rocher et al., 1987.( ��)P[ 2FG� ,#! �&� 	
F ! 2� �%�W '
W%� #� ,#! e� 

2FG J.�% ,��� 

F .
W%� 2FG �� e���� ,#! 2FG � 6  � ,#! ���d <*[ #� %�-&� '� �  > ,���` 2*.��� 
F.   

  
 M���2. 	 �= ����L�F K�� � ! ���%�c ���� �&���#$ '�>  

I ���  
�8����8�> �&��  

�	& 10  20 

(h&c 	��� %� 
W%�) ���%�c 	���  
 2U�� h&c 2N���  20  10  0  

�4 N 4�� h&c 2N���  0  10  20  
 	���
�6  10  10  10  

�
�6 X�*.  7  7  1/7  
�= 2��  4/41  5/41  5/41  

H��.$ �%x 2�� 	
F  5  5  5  
���. 2B�U��  13  13  13  
���. Og!%  5/1  5/1  5/1  

 e�
. ���� 5��  5/0  5/0  5/0  
e���� ���� �   6/0  5/0  4/0  

hL  5/0  5/0  5/0  
�����-�! ! �
)� ���� <L5�1  5/0  5/0  5/0  

����L�F K�� � (h&c 	��� #� 
W%�)  
��c O���! @  13/15  13/15  12/15  
 ��c �� I  77/3  52/3  28/3  

l��B� ������ %� 	
���F ���c  18/31  14/30  13/29  
l��B� ������ %� 	
���F '
�.�  08/18  43/17  80/16  

e����  61/0  61/0  61/0  
 V�N  36/0  35/0  35/0  

e��B���-� <��[ '| �2 (h&c 	��� � 6���� %� ' B���4�)  64/2  66/2  67/2  
1-  '!�` �
)� ! �����-�! <L5� � 6����  >500000 O�� 
`�!  O���-�! ���LB�A �100000 O�� 
`�!  O���-�! ���LB�D3 �100 ����  O���-�! � 6E  � V�N �e���� !

2� e���. ! 
� �JB�*� �'!% �}� �O>$ ���4�� �e�
. �e�����  K�� �180000 �90000 �19000 �60000 �2000 �3000 �300 �3000 �100 �100  !1 ����  .��� � 6  
2- ) �4 N 4�� e��B���-� <��[ '| �ME� t.��  �# 2B��)� #� 	��V-.� �� (h&c 	��� � 6���� %� �!|�4� : %� #�6 
�B�24 ) J��.GP���� :  %�  -�B200 ����  	��� � 6

) ��c O���! @  ! (h&cCP) 
�� 6 2*.��� (h&c 	��� %� 
W%� :Menke & Steingass, 1988.(  
ME = 2/2  + 1357/0  GP + 057/0  CP + 002859/0  CP2  
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 M���3. 	 �= H I 
�.� '�4B� �&���#$ '�>  

���  U> 9  �&��) E�+ ���  4��(E�+ ���  
�8����8�> �&��  

�	& 10  20 

f�*F� H I '�>
�.� <�  18/31  99/33  48/36  
10:0 79/0  33/1  99/0  
12:0 34/0  96/0  15/0  
14:0 62/1  35/1  30/1  
16:0 07/21  94/22  22/22  
18:0 28/5  25/5  41/6  
20:0 21/1  08/1  01/1  
22:0 87/0  08/1  38/4  

 
��@ h� �� H I '�>
�.� <�2�6!�  77/37  43/26  82/26  
16:1 }�.)-9(  28/1  61/0  35/1  
18:1 }�.)-9(  49/36  82/25  47/25  

 2�6!� 
��@ 
�I �� H I '�>
�.� <�  69/28  57/35  71/35  
18:2 }�.)-9}�. �-12(  41/25  33/31  63/31  
18:3 }�.)-9}�. �-12}�. �-15(  28/3  24/4  08/4  

H I '�>
�.�  ��.1  36/2  01/4  99/0  
1- ���.��F H I '�>
�.� .	
&  

  

3 - 3 - 	
�� :�* � �7��;�
 (�<���=  

'� � O��)� K�� � ����L�F �JF�6 2�L '�> 100 �� 6 #� 2��>�� 2-.�% )2�`� 	 d� '�> 12 ! 13 ( > 	 � 2�d� ! �� ��4�> 

2��U� %� 40 - 2=%� �-�. �� 6 24 '%�� 

F. 2� %�y�� O��)� '��=� ����L�F �JF�6 2�L '�> 2��>�� 2-.�%  > ,���` �% 

%� %�dI 2=%� �-�. �� 6 H!x ! �� 	��V-.� #� � I JF�6 �-.� 
�I %�� 2�  2�6 '� � c 

F 2� m���� ]/��� �-c���5� 


F <W�` .}o. !� %� 5� #�  > 2�L '� � O��)� 
W%� �J��+% O���! @ ��c !  -���c ) 
F 	��V-.�AOAC, 2007.( 


W%� �� I #� 8� V� 
W%� �O���! @  -���c ! J��+% #� �
� 100 2*.��� ) 
FSchiavon et al., 2011.(   

2U�.� N '�> M% �U�. 2��>�� 2-.�%  ! %�-&� #� }@ 2�W�N/�24 �� %�-&� #� }@ J��. 	��V-.� #� 	�4-.� 

M% ) 0�.Hunter Laboratories, Model DP-9000%� (�5� �$ � 0�@ 2P� ��U� ! O�4��� ,$  �>2� ,���� %�
�� 

���d %�  y 2-N 6 ) 
FGómez et al., 2015M% .( JF�6 X�.� � <5�! @ CIE-Lab ! 2� �%�W  ����� L* 

�(��F!%) a* '�� [) (! b* ('�%#) (,��� ) 
FCIE, 1978.(  

  

3 - 4 - 	
�� �� ������� �����  


�.� K�� � O��)� '� �'�> 2-.�% 2��>�� H I )Folch et al., 1957 �(�
-�� �� I ,$  2� }o. .
F �� �-.�  %�+

 2�L �2W/c5/0  ����#$ 2B�B %� (%� 5� !�) �� 60�@ ���� ���� !� 
F 	��� %� [ ' -�B  e�.�-@ 
���!%
�>  -�B

 h�B��-�!�  ! 2-�� e5�� 2B�B H%� �2N�s� ,$ 2� ��� 2� �
� !� 2� 2��R F���� !� }o. .
F 	��� ,�5� �
   -�B

 ! 	�!�N� ,$ 2� ,��4>2� �
� 0�@ 2B�B }o. .
F 	��� ,�5� 2��R  h��.� -B!� ��L` %� �>2� �
� 15  '��� %� 2��[�35 

�-�. 2=%� e�
. '!�`  -��N h� #� ! �
= ,$ ��G�� 2�G .
F 	��� %� [ �� 6 ���� h� }o. .
F 	��� %�*� ��VB�.   -�B

) �N� 6����! �#�6 	�4-.� 2� 	
F  -��N ����� #�Youngling 6100�M��$ � 	 �	�4-.� .
F 8�%�� ( #�6 

�N� 6����! � ) '%/�@�� '�5���. ,�-. 2� �dU�Agilent Technologies�5� �$ ��� V�B�� �'��� .��� ( <��  '�>

 #�.%�5F$ ! 8�%��2� K�� � 270  !300 �-�. 2=%�  .��� �� 6 ,�-. '���2� �
� 60  %� 2��[�175  2-F�� 24 2=%�

) 
�.� h�{������ .
FC19:0 (2� ,���� 	#�
� '� � ��c�� �%�
�-.�  ���&� .
F 	��V-.� H I 
�.�  > ,���� ' �6
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 H I
�.� <�-�  -.�X�.� �  '!�` �%�
�-.� m���� h�37 
�.� <�-�  -.� ) H ISigma–Aldrich�5� �$ � ! (60 

) H I
�.� <�-�  -.�  > '� � ��U� �%�
�-.�Sigma–Aldrich�5� �$ �( 
F ��U�'�> �!��� ���.��F . h��B���B 
�.� 

 26!?��X�.� �  8�%��e> ,��# m���� ) '%�U� �%�
�-.� '�>Sigma–Aldrich�5� �$ �( 
F ��U� H I '�>
�.� .

2� �%�W  %� � 6100 6 H I 
�.� <�-�  -.� f�LU� � .
F ,���  

 H I '�>
�.� f�LU� t.�� f�*F� H I '�>
�.� <�10:0 �12:0 �14:0� 15:0� 16:0 �17:0 �18:0 �20:0 �22:0  !

24:0  f�LU� <��F 2�6!� 
��@ h� �� H I '�>
�.� <� .
F 2*.���14:1 �(}�.) 15:1  �(}�.)16:1  �(}�.)

17:1  �(}�.)18:1  ! (}�.)18:1 >
�.� <� .��� (}� �) H I '�>
�.� f�LU� <��F 2�6!� 
��@ 
�I �� H I '�

18:2 (}�.) �18:2 )}� � ! (18:3  H I '�>
�.� #�%�I�.� �c�F .
F 2*.��� (}�.)14 �16  !18  ! O� �

h��B���B 
�.�  26!?��2� K�� � 2� ) t��!% hL�1) �(2) �(3) ! (4 (
F 2*.��� )Schiavon et al., 2011.(  

 2P��%1     (                                                                                         [C14:1c/(C14:0+C14:1c)]  

 2P��%2          (                                                                                            [16:1c/(16:0+16:1c)]  

 2P��%3  (                                                                                        [(C18:1c9/(C18:0+C18:1c9)]  

 2P��%4                (                                                            [c9,t11-CLA/(C18:1t11+c9,t11-CLA)]  

  

�*�"9 ?����9  

	��� '�> <W�` �� 	��V-.� #� 2�!% MIXED  �  ��N�'%��$ % SAS 2��) 4/9 ('� � �
� )5(  2��U� �>%�L�� O�4��� !

.

F 2����� e> �� ���� ,��#$ #� 	��V-.� ��  

�%� 2P5                                                                                                      (Yijk = μ+ Ti+ Aj + ɛijk  

 �,$ %� 2�Yijk� JVW 	#�
� ' �6 �	
F μ� O�4��� �JVW Ti�  R� �%�L�� Aj�  R� �N��\� ,���`  !ɛijk� 	
�L�[�� 

'�Pc ����#$ �� 
F��.  

�� R� <���� %��a� %� �
� %� �&���#$ QP. ��L-`� e�  � �� '!��� 05/0 ��)� %�� "%��6 

F ! <��L� 2� 

��)� '%�� %� QP. ��L-`� ���  � #� 05/0 ! e�  � �� '!��� 10/0 %�  y 2-N 6 
F .2����� <�-�� O�� 	 �= 
>�F �� 

	 �= '�> '�%�� �4 N 4�� ��U� 
F .J�)��� �Pc '� � 2)B�P�  R� 	 �= '�> '�%�� ^�P. p�-�� �4 N 4�� )� VW 

10 ! 20 
W%� (
F ��U�.  

  

4- � ��7 ��� @A� � 2��3+  

4 - 1-  � B8� 6C�*�D E�F"�
& ��?��  

  R��4 N 4�� QP.  	 �=  �2FG '��=� ! ,#! ����N� �k�%�c l \� 	 � '�> '%�! @ ����#$ �%��  �!
= %�)4( 

J.� 	
�$. �� ����N� QP. �4 N 4�� %� 	 �= 	 � ��> l \� 	��� 2� h&c JF�� ����N� 2� <��L� �Pc �%�W. 

l \� ,��� �G�� �%�ck =��  !�`' 30 AN��� 
W%� �2� �4 N 4� ���>� t.�� 2U�� '�=  ,�%�5L> ! ���.

)1393 .J.� 	
F "%��6 (���%�c 	 �= �4 N 4�� QP.  R� ��)� "%! @ 	%!� <� %� 2�#!% ,#! ����N�  �  ��� %��

)05/0<P.( �����` 2�#!% ,#! ����N� 2�aj� 	
F �� 	 �= '�> '�%�� �4 N 4�� %� 2����� �� �����` 2�aj� 	
F �� 

	 �= 
>�F  ���  �G��)01/0<P(�� "%! @ 	%!� <� %� . ����N� QP. �4 N 4�� %� 	 �= 	 � ��> 2�#!% ,#! ����N� 

2� �%�W �Pc ����N� JN�� )01/0<P.(   
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 M���4.  R� QP. �4 N 4�� 	 �= ���ag  � 	 � 2FG '��=� ! ,#! �k�%�c l \� '�> '%�! @ �&���#$  

I ���  
1��� �8����8�> C%�D$ �B� ���A ��� 

SEM 
P-Value  

�	& 10  20  ��(�51  U#�R$2 �BQ3  

(#!% %� � 6) h&c 	��� l \�  46/1537 09/1589  37/1663 35/56  30/0  21/0  10/0  

(#!% %� � 6) ,#! ����N�  b39/181 a66/217 a97/220 85/8  01/0<  01/0<  01/0<  

 � 6 2FG ,#!(� 6����)  b50/24 ab75/26  a10/27 58/0  02/0 01/0 01/0 

2FG 	�#��4  b91/49  ab41/52  a43/53  75/0  02/0  01/0<  01/0<  

 	
� '!% �  JN�� 8L�12 �-�.) ( -�5  20/1  25/1  37/1  18/0  73/0  70/0  49/0  

�-�.) 2FG ��+ ( -�  01/77  03/80  50/78  97/0  16/0  09/0  28/0  

 2FG ��)P[(2FG <� #� 
W%�) 

,� 6  09/6 05/7  48/6 37/0  25/0 16/0 44/0 

J.� .  11/14 22/14  30/14 58/0  80/0 83/0 61/0 

 2��. . 	��[ ! 	�6  93/16 68/17  24/17 91/0  77/0 80/0  88/0 

2-.�%  92/10 28/10  85/10 52/0  67/0 58/0  92/0 

,�%  63/31 69/31  69/30 53/1  32/0 46/0  19/0 

2*�  32/20 08/19  54/20 75/1  24/0 65/0  21/0 

1- 	 �= 2�����  ��4 N 4�� p�-�� ^�P. '!�` '�>2- ) <�-�� 2�����Orthogonal	 �=  ��. <���� %� 
>�F 	 �= (  ��4 N 4�� '!�` '�>3-  �Pc J�)���

)Linear	 �= #� 	��V-.� �� (  �( VW) 
>�F '�>10  !20  ��4 N 4�� 
W%�4- FG 
W%� �	
# ,#! 2� J*� 25-  	
� '!%  � �  JN�� 8L�12  2�W�N #�11 �-�.  ' -�

.,
� �� �N ,�-. ���� tc  

a-b: O�4��� �!�V� ��)� p��%  > %� 2��&�� l! ` '�> ) J.� %��05/0<P.( 

  

2)B�P� %�  s�` ����#$ 0��- �� �� ��z� %� '� �� ����4��= AN��� �4 N 4�� 2� 2U�� '�= %� 2�aj� ,�
�V.�6 ���� ' B 

'%��-�� l/-c� �
� %� ,���� ����N� ,#! O�� 2�#!% �>%�L��  �,�%�5L> ! 0��. ���>�) 
� � "%��6 �%1393e> .( O��I 

	%�\� �4 N 4�� )10 ���� � 6 %�  > � 6���� 	��� h&c  � (	 �= ����N� ,#! 	 � 2�#!% '�> ' R� ���U�.  JF�


 ����%��)14002)B�P� %� .( 	 � ,#! ����N� � 4�� '� 	 �= �� '%�! @ '�>  2� <��� �%�W ��#$ ,!
�) J�� �  ! (�4 N 4�� '�>

	 �= '�> '!�` J�� � �4 N 4�� '�> ��)� �!�V� ) JF�� '%��Marsico et al., 19992N��� .( �4 N 4��  	��V-.��%��

%� �>!?@ O�� %� '�
-�� <6 �>� '�%�� �����  l��B� <��[ �g <` %� 	
���F ���c ! l��B� <��[ �g <` %� 	
���F '
�.� 

2� K�� � 35 ! 28 
W%� ��� 2� J*� 2� 2N��� 2U�� 2� K�� � 45 ! 35 ) 
W%�NRC, 2007'�%�� (  ����� l��B� O���@ ' � 

��� .�� 2=�� 2� O�� 2� ����N� ,���� l��B� k�%�c  R� �V��  � J����[ ez>  ��. ���� 'aj�  O�� ���� ��%�� ����N� ,��� �G��

� %� 2�#!% ,#!	  �>2�aj� ' 	 �= �� 	
F  '�> '!�`�4 N 4��  "%! @ 	%!� <� %��% ]G�L- �̀ ��  ,��� J����[ ����N� 2�

	 �= ez> 2� ! �4 N 4�� '!�` '�> 	 � h&c 	��� l \� ����N� 2� <��L� ,$ ��*� 2�aj� '�>  N 4�� �� 	
F m�*�%� �4

,�& 'aj� ���� ez> J����[ ����N� .��� 2� ! 'aj� ���� Ha= ����N� 	
�>� 	?�!  Ha= ����N� ! O���! @ %� 2���$ '�>
�.�

hI�� 	�!% �� �
F�� O�� ���� ����N� J����[ 'aj� ���� �. -.� ! '| � �� 
��� K*. ����N� ,#! ���  � %� 	 �  '�> 

2�aj� 	
F �� O�� 	 �= �> 	
F 
F�� . �N + #�c �� � ����* B��N�  �4 N 4�� %� ��=��*[ #��< O�� Jy�g %� �> �>' O���@ 

��! @ JyN��� ~����O �> �U� #��2 2*L5F �' ��N� !�� ��! @�O %�*��� 	�!% %� 2���$ '�>
�.� ! ' e> .
�F O�%���. O��I 

��=�� ~��� ,$ %� ����N� QF � � VW �� ! ��F i� �R  � �-*�� ) �%�� 'aj� ���� Ha= ! ez>Lattanzio et al., 2009.(  

�����` � 6 2FG ,#! 2�aj� 	
F �� 	 �= '�> '�%�� �4 N 4�� %� 2����� �� �����` 2�aj� 	
F �� 	 �= 
>�F 

���  �G�� ! �� ����N� QP. �4 N 4�� %� 	 �= 	 � ��> � 6 2FG ,#! 2� �%�W �Pc ����N� JN�� )05/0<P( %� .

	 � '�> 2�aj� 	
F �� 	 �= '�> '�%�� �4 N 4�� %� 2����� �� 	 � '�> 2�aj� 	
F �� 	 �= 
W%� 
>�F 2FG � 6   �G��

 ���)05/0<P(2FG 
W%� . �� ����N� QP. �4 N 4�� %� 	 �= 	 � ��> 2� �%�W �Pc ����N� JN�� )05/0<P( .  



�@  ��1� ��� ��A� �B� C%�D$ -��%� 8����8�>� �: �8. � � ����� E�+ 7��F �   ... / ��	
� �����I ��2(� �   303 

��z� %� =  �Ri� �
�  s�` �>!?@ 0��- ����  !�`' 30 AN��� 
W%� �2� �4 N 4�  2FG 	�#��  � 2U�� '�=

	 �  '%��-�� ' B 	��� '�>���>�)  �,�%�5L> ! 0��.1393 (2)B�P� %� .J.� 	
F "%��6 	 �=  4�� '�  '!�` '�>10 

 !15 ���� ��-.� 	%�\�  -�B  � ' R� �4 N 4�� 2FG ,#! 	 �  JF�
 '%�! @ '�> ����%��)1400.(  (��� 2FG ,#!

��� ,#! ����N� 2� ! "%! @ 	%!� ��+ %� �> �� %�-&� ��4�> ���d ,#! ��%�*�  2FG ,#! ,��� �G�� O�� ���� .
F��

	 �  '%�! @ '�>2�aj� 	
F 	 �= �� �� �% �4 N 4�� '!�` '�>  %� ! 2�#!% ,#! ����N� ,��� �G�� 2� ,��� 2U�-

��G$ (��� 2FG 	�#�� .��� m�*�%� �����` O�� ���d 	
# ,#! ,��� �G��  ! 2FG #�  �g ���%�c '�>e> O��I  ! �)��

����-�� ! �&`� ,$  �>�� O�� 2� 2=�� �� .
F�� <��[ ��� "%��6 	�4-.� ����-�� 2�  <�5&� �% ��� 	
# ,#! #� �d=��

�� 2���� ! ���� %�*� J� . �
>� �� "%��6 	�4-.� #� ,$  .
F�� %�a6 R� 	
# ,#! 2� J*� 2FG 
W%�  � 
���

	 � %� 2FG 	�#�� ,��� �G�� O�� ����  '�>2�aj� 	
F  h&c 	��� ez> J����[ 2� J.� O5L� �4 N 4�� 'G�� QP. ��

	 �=  �G�� � ,$ 2���� ! ���� %�*� J� . ����N� 2U�- %� ! �4 N 4�� '!�` '�> �����` "%��6 	�4-.� #

2�aj� 	
F .
F�� 2-F�� m�*�%� �4 N 4�� 'G�� QP. ��  

 R� 	 �= '�> '�%�� ^�P. p�-�� �4 N 4��  � 
W%� ��)P[ 2FG )<��F �,� 6 �J.� . 2��. . ! 	��[ �	�6 

�2-.�% ,�% ! 2*� (��)� %�� ��* .
W%� ��)P[ p�-�� 2FG %� �����` 2�aj� 	
F �� 	 �= '�> '�%�� �4 N 4�� %� 

2����� �� �����` 2�aj� 	
F �� 	 �= 
>�F �!�V� ��)� '%�� JF�
 .�� ����N� QP. �4 N 4�� %� 	 �= 	 � ��> 
W%� 

��)P[ 2FG )�,� 6 �J.� . 2��. . ! 	��[ �	�6 �2-.�% ,�% ! 2*� (#� J�)��� �Pc '! �@ � 5. e> �. �� 0��- ��� 

����N� QP. �4 N 4�� �� QP. 30 
W%� %� 	 �= ' R�  � ,#! �*� �,� 6 �J.� . 2��. . ! 	��[ �	�6 �2-.�% ,�% 

! 2*� 	 � '�> '%�! @ 	��� ' B '%��-��  JF�
���>�) 0��. ! �,�%�5L> 1393.( e> O��I �� 	��V-.� #� 0�@ ����  -�B 

	%�\� �4 N 4�� %� � 6���� 	��� h&c �	 �= ��+ 2FG ! ,#! ��
� '�> 	 � '�> '%�! @ ���U�. J��  �Ri� %� [ 

 JN 4 ����%��)1400( .�
�  �Ri� 	 �= '�> �&���#$ '!�` ^�P. p�-�� �4 N 4��  � ,#! �*� ��)P[ 2FG 

	 � '�> '%�! @ �% �� ,��� 2� �
�  �Ri� 	 �= '�> �&���#$  � ��*�� � ����L�F <��F �J��+% �O���! @ �� I !  -���c 

%� JN��  �  2FG )�!
= 5 (m�*�%� ���.  

  

4 - 2- G���= �7��;�
 � �H����� ��� :�* �H�� 	
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  R�	 �=  '�> ���agp�-�� ^�P. '�%��  
W%�  � �4 N 4��O���! @ �J��+�� I �  JF�6  -���c !	 �  '�>

�&���#$ ��)� ��* %��  �!
=)5(�����` JF�6 . 2�aj� 	
F �� 	 �= '�> '�%�� �4 N 4�� %� 2����� �� �����` 

2�aj� 	
F �� 	 �= 
>�F ��)� �!�V� %  y #� '%��O���! @ �J��+�� I �   -���c !�� .
�-F�
 ����N� QP. �4 N 4�� 

%� �	 �= % 
W%�O���! @ �J��+�� I �  JF�6  -���c !	 � #� �> J�)��� '! �@ �Pc � 5. �� ���/+� X�.� � 

 ,�����  R� �%�� %� �F%��6QP. �4 N 4�� 2N��� 	 �= ,�6
���%���& JF�6 J�V��  �  �>!?@ �� 2����� '� �

  s�`  &-��
&O�� �� .J.� 	 ��` %� 2)B�P� ) '�Marsico et al., 2005(  2�aj� 	 � '�> '%�! @ �� J�� � �4 N 4�� 

2� 	 � �� 2����� %� ��#$ �%�W  '�>2�aj� 	
F  ��~��� �4 N 4�� J�� � ,!
� <��� 	 �=  �>�� ! J��+% ����N�

	 � JF�6 �� I �� 0��- %� �!�V� O�� .�%�
 J���P�  s�` �>!?@ 0��- �� 2� 
F '%�! @ '�>  
���2� <�B�  ��
� f�

.
F�� 2�#!% 	 �= %� J�� � %�
�� ! 	��V-.��%�� 	��6  

) '�� [  �����a*) '�%# �(b* ��F!% ! ()L*� JF�6 (	  �>  ! %�-&� #� }@ 2�W�N/�24  %�-&� #� 
)� J��.

  �Ri� J��	 �= '�> ���ag '�%�� ^�P. p�-��  �4 N 4�� .JN 4 %� [�����` JF�6 %�-&� #� }@ 2�W�N/� 
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2�aj� 	
F �� 	 �= '�> '�%�� �4 N 4�� %� 2����� �� �����` 2�aj� 	
F �� 	 �= 
>�F ��)� �!�V�   y #� '%��

) '�� [  �����a*) '�%# �(b*) ��F!% ! (L* (�B�` %� .JF�
  2�24  %�-&� #� }@ J��.) ��F!%L* JF�6 (

�	  '�> 2�aj� 	
F �� 	 �= '�> '�%�� �4 N 4�� %� 2����� �� �����` 2�aj� 	
F �� 	 �=  ����N� 2� <��L� 
>�F

�� .JF�� ����N� QP. �4 N 4�� �% �	 �= ) '�� [  �����a*) '�%# �(b*) ��F!% ! (L* JF�6 (	 �  �>

#� %�-&� #� }@ 2�W�N/� J�)��� �Pc '! �@ � 5. 2)B�P�   � �4 N 4�� p�-�� ^�P.  �Ri� �%�� %� '�

2U�.� N M% '�> '� � �����` JF�6 �U�. 2����� �� �>!?@  s�` JN�� 2-N�� �� 8N��� %� ��� �
& ��� '�> 

2=�= 2�aj� 	 �= �� �-F�6 '�>  '!�` '�>5/1 ) ��F!% ,����  � ' R� �4 N 4�� %��@ 
W%� 2. !L* '�%# ! (

)b*,$ 2��. ! ,�% JF�6 ( �B�` %� .JF�
 �> ) '�� [ ,���� 2�a*2=�= %� 2��. ! ,�% JF�6 ( 2�aj� '�> 	
F 

�� 5/1 
W%� %��@ 	��6 �4 N 4�� J*� 2=�= 2� '�> 2�aj� F	
 �� 	 �= '�> ,!
� �4 N 4�� O���@  �  ���

 ��)�L.)1390.(  

  
 M���5.  R� QP. �4 N 4�� 	 �= ���ag  � K�� � ����L�F ! 2U�.� N '�> M% �U�. 	 � JF�6 '�> '%�! @  

I ���  
1��� �8����8�> C%�D$ �B� ���A ��� 

SEM 
P-Value  

�	& 10  20  ��(�51  U#�R$2 �BQ3  

����L�F K�� �  %� � 6)JF�6 � 6����( 

J��+%  00/69 67/70  02/69 34/1  64/0 62/0 98/0 

O���! @  25/21  13/20  69/20  72/0  58/0  35/0  57/0  

�� I  25/8  21/8  81/8  63/1  96/0  89/0  80/0  

 -���c  50/1  00/1  50/1  26/0  38/0  45/0  97/0  

2U�.� N '�> M% %�-&� #� }@ 2�W�N/� �U�.4 

L*  33/84 55/91  08/60 72/21  24/0 49/0 17/0 

a*  00/276 56/274  33/168 28/50  26/0 39/0 15/0 

b*  25/194 78/218  42/153 59/28  52/0 86/0  45/0 

2U�.� N '�> M%  �U�.24 %�-&� #� }@ J��.4 

L*  00/42 11/70  83/72 09/12  21/0 07/0  11/0 

a*  17/191 33/297  50/265 89/50  36/0 17/0  30/0 

b*  17/173 67/258  67/226 81/35  45/0 24/0  41/0 

1- 	 �= 2�����  ��4 N 4�� p�-�� ^�P. '!�` '�>2- ) <�-�� 2�����Orthogonal	 �=  ��. <���� %� 
>�F 	 �= (  ��4 N 4�� '!�` '�>3-  �Pc J�)���

)Linear	 �= #� 	��V-.� �� (  �( VW) 
>�F '�>10  !20  ��4 N 4�� 
W%�4-  <��F JF�6 M%  �����L*  �(��F!%)a*  ! ('�� [)b* .('�%#)  

  

4 - 3 - ����� ������� �� 	
��  

	 �=  R� p�-�� ^�P. '�%�� '�> �4 N 4��   �K�� � '�>
�.� H I JF�6 �	   '%�! @ '�> %� 
F% ��` %�

 �!
=)6( ,�& 	��� 	
F J.�. 	 �=   � �4 N 4�� p�-�� QP. '!�` '�> �f�*F� H I '�>
�.� <� Jy�g

10:0 �12:0� 14:0 �15:0 �16:0 �17:0� 18:0 �20:0 �22:0 �24:0  �2�6!� 
��@ h� �� f�*F� �g H I '�>
�.� <�

14:1 )}�.(� 15:1 )}�.( �16:1 )}�.( �17:1 �18:1 )}�. -9(� 18:1 )}�. -11�( 18:1 (}� �) <� �

 �2�6!� 
��@ 
�I �� f�*F� �g H I '�>
�.�18:2 )}�.(� 18:2 � �)} �(18:3 )}�.(h��B���B �  26!?�� 
�.�

).}� -9� � �} -11( �c�F ! '� � #�%�I�.� 14:1 �16:1  !18:1  %�� JF�6	  ��)�  R� �&���#$ '�>  '%��

�B�` %� .JF�
 	 �=  R� 2�  ^�P. '!�` '�>h��B���B #�%�I�.� �c�F  � �4 N 4�� p�-��  26!?�� 
�.�

��)� 2� <��L� .JF�� '%��  
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 M���6. QP.  R� ���ag 	 �= �4 N 4�� 
�.� '�4B�  �'�>  H I	 � JF�6 '%�! @ '�>  

E�+ ���   

)  �� P�F100  P�F E�+ ��� (  

1��� �8����8�> C%�D$ �B� ���A ��� 
SEM 

P-Value  

�	& 10  20  ��(�51  U#�R$2 �BQ3  

f�*F� H I '�>
�.� <�  48/41 16/39  75/42 67/4  87/0 92/0 84/0 

10:0 25/0 203/0  435/0 07/0  13/0 49/0 11/0 

12:0  36/0 27/0  43/0 13/0  70/0  94/0  70/0  

14:0  58/1 11/2  53/2 50/0  42/0  26/0  20/0  

15:0  57/0 81/0  10/0 2/0  40/  25/0  19/0  

16:0  72/20 85/21  15/20 59/1  76/0  89/0  80/0  

17:0  13/1 14/1  94/0  35/0  90/0  83/0  70/0  

18:0  94/15 10/12  18/16 52/2  50/0  57/0  95/0  

20:0  15/0 17/0  12/0 06/0  88/0  99/0  78/0  

22:0  37/0 24/0  55/0 16/0  42/0  92/0  43/0  

24:0  37/0 27/0  41/0 11/0  68/0  80/0  81/0  

H I '�>
�.� <� 2�6!� 
��@ h� ��  85/40 43/36  95/39 69/2  52/0  43/0  81/0  

14:1 (}�.)  29/0 33/0  32/0 09/0  95/0 75/0 81/0 

15:1 (}�.)  23/0 28/0  32/0 049/0  45/0 27/0 22/0 

16:1 (}�.)  87/1 52/1  89/1 29/0  63/0 65/0 95/0 

17:1 (}�.)  90/0 77/0  53/0 22/0  51/0 34/0 26/ 

18:1  }� �)11(  97/0 29/1  92/1 38/0  23/0 20/0 10/0 

18:1 }�.)-9(  86/35 22/31  95/33 16/2  38/0 24/0 53/0 

18:1 }�.)-11(  39/0 40/0  48/0 15/0  88/0 78/0 65/0 

H I '�>
�.� <� 2�6!� 
��@ 
�I �� 20/15 04/19  39/15 41/6  34/0 95/0 45/0 

18:2 (}�.)  64/10 25/15  32/12 28/6  31/0 78/0 54/0 

18:2 (}� �)  69/0 20/0  33/0 17/0  18/0 07/0 16/0 

18:3 (}�.)  66/0 07/1  54/0 28/0  47/0 69/0 77/0 

h��B���B 26!?�� 
�.�               

18:2 }�.)-9}� ��-11(  21/3 52/2  19/2 68/0  27/0 13/0 30/0 

#�%�I�.� �c�F               

h��B���B 26!?�� 
�.� 77/0 55/0  50/0 08/0  08/0 03/0 04/0 

14:1  17/0 20/0  13/0 06/0  68/0 92/0 59/0 

16:1  08/0 06/0  08/0 01/0  15/0 27/0 98/0 

18:1  69/0 75/0  68/0 04/0  54/0 70/0  81/0 

1- 	 �= 2����� �4 N 4�� p�-�� ^�P. '!�` '�>� 2- 2����� ) <�-��Orthogonal	 �= ( 
>�F %� <����  ��. 	 �= '�> '!�` ��4 N 4�� 3- J�)���  �Pc

)Linear( �� 	��V-.� #� 	 �= '�> 
>�F ) VW(� 10 ! 20 
W%� �4 N 4��.  
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F �� 
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 '%��

 H I18:2 	 � JF�6 %� (}� �)  '�>2�aj� 	
F �� 	 �= '�> '�%�� �4 N 4�� %� 2����� �� 	 � '�> 2�aj� 	
F �� 	 �= 

<��L� 
>�F 2� �>��  #�%�I�.� �c�F ! JF��h��B���B 
�.� 26!?�� ,$  �> 
>�F �� 2����� %�e�  �  ���)05/0P<.(  

�� ����N� QP. �4 N 4�� %� 	 �= 	 �  �> �f�*F� H I '�>
�.� <� Jy�g10:0 �12:0� 14:0 �15:0 �16:0 �17:0� 

18:0 �20:0 �22:0 �24:0  H I '�>
�.� <�f�*F� �g  
��@ h� ��2�6!� �14:1 )}�.(� 15:1 )}�.( �16:1 )}�.( �
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17:1 �18:1 )}�.-9(� 18:1 )}�.-11�( 18:1 (}� �) H I '�>
�.� <� �f�*F� �g  
��@ 
�I ��2�6!� �18:2 

)}�.(� 18:2 � �)} �(18:3 )}�.( �h��B���B 
�.�  26!?��).}�-9� � �}-11( �c�F ! '� � #�%�I�.� 14:1 �

16:1  !18:1  %�� JF�6	   #� �&���#$ '�>�B�`%� �� 5 '! �@ �Pc J�)��� �� 2� ����N� QP. �4 N 4�� %� 	 �= 

	 �  #�%�I�.� �c�F �&���#$ '�>h��B���B 
�.� 2� 26!?��  JN�� �>�� �Pc �%�W)05/0<P.(  

2I 6� �F%��6 %� �%��  R�  � 	 �= %� �4 N 4�� 2N��� #� 	��V-.� '�4B� '�>
�.� H I JF�6  ,�6
���%���& %�

'� � 2����� �� �>!?@  s�` JN�� 
&� ��� e>� �� �. %� ��� ����#$ 0��- 2)B�P� '� 2�aj� 	 � '�> '%�! @ �� J�� � 

�4 N 4�� 2� ��� %� ��#$ �%�W�2� 	 � �� �>' 2�aj� 	
F = ���	  4 N 4�� J�� � ,!
� <���~��� �  '�>
�.� ����N�

 H I16:0 �18:0 �20:1 �4��)-9 �(18:3 �4��)-3 H I 
�.� �>�� ! (18:1 �4��)-9 ! f�*F� �g H I '�>
�.� <� �(

�� I 2�6!� 
��@ h� �� H I '�>
�.� 2FG ) 
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