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Abstract 
The effect of levels of coenzyme Q10 on performance, carcass characteristics, some blood parameters, immune system, organoleptic properties of meat 
and gastrointestinal tract development of Japanese quails, was conducted using 605 one- day old Japanese quails in a completely randomized design 
with 11 treatments and 5 replicates from1 to 35 days of age. The experimental treatments included negative control, control, positive control and 
dietary levels of 15, 30, 45, 60, 75, 90, 105 and 210 mg/kg coenzyme Q10. The feed intake, feed conversion ratio and daily weight gain were measured 
in whole experimental period. The antibody titers against Newcastle and influenza vaccines and also sheep red blood cells were measured at 30 day of 
age. The feed conversion ratio was lower in treatment containing 210 mg/kg coenzyme Q10 than negative control treatment (P<0.01). The antibody 
titers against Newcastle and influenza and also SRBC were significantly increased as dietary level of coenzyme Q10 increased (P<0.01). The blood 
urea nitrogen concentration decreased by consumption of diets containing coenzyme Q10 than that of negative control treatment (P<0.01). The 
concentration of red and white blood cells and ileal crypts depth of quails fed diets containing coenzyme Q10 were higher than birds of negative control 
group (P<0.01). The meat redness and lightness showed improvement in quails fed diet containing 210 mg/kg of coenzyme Q10 in compared with 
birds of negative control treatment (P<0.01). Based on the results of this study, the addition of coenzyme Q10 up to the level of 210 mg/kg in the diet of 
Japanese quails improves the performance, blood parameters, immune system, and organoleptic properties of meat.   
 
Keywords: Blood parameters, Coenzyme Q10, Gastrointestinal tract, Immunity system, Male Japanese quails, Meat organoleptic properties. 
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 .�� �% @.� Z� 5 �% $s!Y� +% Z%�%+��A  � �@� �'[��
�9���� d
�B 9� ���(� ���8 Z�!���!��� q2� +��p� 5�!,

Z�3 � 5% �!6�3��,o
/ q2� .�� %+/��� $ ���(� y�+ 5 6
�9����  �� 5�!,�� +�B5  �� �) �
 	�/+ ��L X
��, $(

 �� �) 5%+9 ��B �� �) 5���A �� X
��, / (A (
 � p��� 7!!@D ���(� g'.h� ]3[.  

�%�%x(U 5 65+/�  ��B C3 A +% ���EF� �  ��% #D
J�� s��D  +����SPSS �h��)18( ]24[  9� �% :.��  � /
��� �
/+���() ��� 5 6 ) ��� 5���1(  �
��D /

7!-� !� 1
 5 �� ^�� +% ���D Z��9� 9� �% :.��  �  6
 �"+%��
 p� .��  

) ����+1(                                   Yij= μ+ αi +eij  
 $����+ 7
� +%Yij�  $��6 N� �6 5%�) +��p�μ� 

�@� U 7!-� !� $αi�  ^�� ���i +�.� � J�A  

����� �����
Q ��!U  /eij  �.%�� X
 �9� 5 ��  

3 .��� � ��
�   

 

����� g'.h� ���� ���Q10  $���9/+ Z9/ X
���� ��
 ���#� W�+�� $�
 e� Z9/7!8+�'� M
�KD C
�V / 5 6

 �/�U +% $�� �	;�<)2(  X
���� .0�� ��� �%�% Z N�
 

����� ^��Q10  $���9/+ Z9/ X
���� j) � ��!U +%

 M
�KD C
�V %�Ke� / ���9/+ ���#� W�+�� $�
 e� Z9/
) �� �6 � + (!D �� 0K��01/0P<�.�� .(Z��!��� 9�  6

 %�Ke� d
�B0��� 9 �/ �+ ab[ / 5<���� &
% 5 6
�� Z9/ X
���� j) � $%�9� 

����� �'"� Xp� .����

Q10 5+�	��.!� 1!D<����!� +%$  �p'[ .0�� ��� � K��
 

����� +% Z�	!t��Q10  Z/�.&3� � p.�� ��!��9 +% %�U��

Z/�.&3� � p.�� / 0� 
+% d
�B 9� �; +% / Zo!��� ��  6
�� Z�D/�; 0_'` C!� Z� ����%�U/$  �.	� j) �X!� �D 

ATP �� %�� ]7 7
� 9� M" [ H
 .� .[X6/o;  H
 .�  �

 �
 �X6/o;  6 ]15 / 22[ %+�% 0p� ��.  

  
 E��F2 . /.+%,)- a17b� ()"* �'�Q10 $1��)  ��01	2 �
 (O�<)1�-/O�<B�A��1
$6C�D ��� �%  �I =. B* ��35 $<���  

��	�I  
 �%���� c�� L.�+ �  

(��%�C/O�<)  

  c�� L.�+ � G-  

<)(��%�C/O� 

 �%���� $ �#� d��)!  

(��%�C/O�<) 
G.�UI K.�e  

$�6� ���
  4/7 abc
 62/240 abc

 63/18 bcd
 51/2 a

 

���
  18/7 bc
 3/233 bc

 72/17 d
 46/2 abc

 

>Uf� ���
  06/7 c
 64/229 c

 82/17 d
 52/2 a

 

15 $1��  /.+%,)- O�<)1�-/O�<Q10  5/7 abc
 88/243 abc 7/18 bcd

 5/2 a
 

30 $1�� )- O�<)1�-/O�< /.+%,Q10  53/7 abc
 8/244 abc 6/18 bcd

 48/2 abc
 

45 $1��  /.+%,)- O�<)1�-/O�<Q10  97/7 ab
 23/259 ab 34/19 abc

 48/2 abc
 

60 $1��  /.+%,)- O�<)1�-/O�<Q10  79/7 abc
 29/253 abc

 11/19 abc
 45/2 abc

 

75 $1��  /.+%,)- O�<)1�-/O�<Q10  42/7 abc
 16/241 abc

 26/18 cd
 45/2 ab

 

90 $1�� /O�< /.+%,)- O�<)1�-Q10  94/7 ab
 05/258 ab 65/19 ab

 43/2 abc
 

105 $1��  /.+%,)- O�<)1�-/O�<Q10  2/8 a
 99/259 a

 95/19 a
 42/2 b

 

210 $1��  /.+%,)- O�<)1�-/O�<Q10  4/8 a
 02/263 a 2/20 a

 41/2 b
 

P value  0001/0  0001/0  0001/0  0001/0  

SEM 158/0  02/1  23/0  01/0  

a-d` �
 O�]�� 3���I :$6[� c)7* �� �� �
�H��% h��) >*����01/0P<.(  

SEM :B�?%��� ����%�7*� ��"! .�� 
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����� g'.h� ���� ���Q10 5�.� � %��@D �� /  6
0h
+ 7!8+�'� J��'
� �� 
 ; �![ � �� 	� $�� �	;�< 5 6

) �/�U +%3 

����� ^�� X
����  � .0�� ���� (Q10 
5�.� � M� %��@D $��!U +%5�.� � %��@D $ 6  5 6�'� J��  /

5�.� � %��@D 5 6 !N
��� �3�� �� �	@��!` �+�" 5+�%

6 .0� 
 X6 �  5 N` 0� hV / 9�; ��B 7!	8

�� �B h� �	@��!` +�B / �'
/ ~�) / X
���� 5+�%
�� 02
�� d() �	@� �+�"  �6 � + (!D �� 0K�� 5+�%

) 0� 
 X
���� $�:	�01/0P<(. �.�� 0!��� �� ����!�
 ����� +% �%/+ �+��
% 9� 0_� Y� +% Z ,���; �%/+ � h�

� &
%�+ 0!3 @� $���+�� uN	�  � Zo!��� %�9� 5 6
0��� v� ; / � h� 9 �/l/�&!� �� �� e.3� 5 6 $ 6

 + .� � / � h� 0!@V/ / 0�� 0!(6�  � + !��
 %��� �� �%/+ v� ; 9� ���� �� � Z� �;�&�/�&!�

�� +% %�U�� � @��� W�+.�� �  

 � D�� 5 69�; % �
� �	� � �%/+ 1
<�3��+�� ���!!cD
d!() / 02
�� Z����  6 �(� %��� +�i[ +% ����D

] %�� % �
�25 � K!��D �� 0�� ��� �%�% Z N� .[

6 / Z��!��� �
bcD f�.�� 7!	8�� 5� ��� �� ��	� ����D

 �%/+ 5 69�; � :D+� / *+��, � -.�% 0�F� �� �:	�
�] %�4  /14 .[  

 

����� g'.h� ���� ���Q10  �	(
� 5 6+�.� � ��
��	���� ���� $Z��J���� / ���� 5 6 +% ���� 5 6
7!8+�'� �	(
� 
.�!�) �/�U +% $�� �	;�< 5 64 �t�+� (

 

����� ^�� X
����  � .0�� ���Q10  ^��  D210 
�'!� �.�� �.!D $J�,�'!� +% J�,��!� 7���/ �!') 5% � M� 


6 / �����:�� /  7!	8SRBC  $�:	� �6 � + (!D �� 0K��
) 0� 
 X
����01/0P<.(  �+ Z��![ 0�F� �� �'� ) �6

 M!'YD / Z�� ���() g!@iD  � $�	� �U��� ���  �
0� � %�&'()�� ��+ X6 � CK� $g'.h� 5 6  .%��  

  
 E��F3 . /.+%,)- a17b� ()"* �'�Q10 $1��) [I �
 (O�<)1�-/O�<��7-�
 ���G�0HI �`�� /7.��?;) O)S1.� ��`�% ���  ��6��

>b.� >�[e� � (O�</$61-  (�7���0��) ���� $*�6
B�A��1
�% $6C�D ���  �I =. B* ��35 $<���  

��	�I 
 ���[I  

G-  
 ���[I  

$1- O�   
 ���[I  

$1-��H.�
�  
 ��C E)M  
(�7���0��) 

 ��C i�2  
(�7���0��) 

 >:.�- j	2  
(�7���0��) 

��be $M�b� ��HV >  
(�7���0��) 

$�6� ���
  8/31  4/20  2/14  228 34d
 34b

 20 

���
  5/33  66/21  5/14  233 36cd
 36ab

 20 

>Uf� ���
  31 2/20  6/13  242 40bcd
 38ab

 24 

15 $1��  /.+%,)- O�<)1�-/O�<Q10  32 21 2/15  238 42bcd
 40ab

 26 

30 $1��  /.+%,)- O�<)1�-/O�<Q10  2/31  2/20  2/13  240 40bcd
 38ab

 22 

45 $1��  /.+%,)- O�<)1�-/O�<Q10  8/31  21 2/14  242 48ab
 48ab

 22 

60 $1��  /.+%,)- O�<)1�-/O�<Q10  6/30  6/18  2/14  240 48ab
 46ab

 22 

75 $1��  /.+%,)- O�<)1�-/O�<Q10  2/32  4/19  14 246 46abc
 46ab

 24 

90 $1��  /.+%,)- O�<)1�-/O�<Q10  4/30  6/19  2/13  242 46abc
 42ab

 24 

105 $1��  /.+%,)- O�<)1�-/O�<Q10  6/28  18 2/13  266 50ab
 50a

 28 

210 $1��  /.+%,)- O�<)1�-/O�<Q10  6/28  15 2/12  262 52a
 50a

 30 

P-value  662/0  193/0  766/0  072/0  0001/0  0013/0  0276/0  

SEM 173/0  04/1  01/1  23/8  32/2  99/2  1/2  
a-d�]�� 3���I :$6[� c)7* �� �� �
�H��% h��` �
 O) >*����01/0P<.(  

SEM :B�?%��� ����%�7*� ��"! .��  
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5+ (!� M���)�� j) � �9 Z�� �	(
� 
.�!� �� ����
7
� 5 U �� 5bc� %��� ��!.� +% / 1
�YD ����;  5��� ��

�� �Fi) +% 7!�D/�; 7.� �  �	(
� 
.�!� +% $��/+ + �
��� a�#� ����;] �6 .[ 

����� Xp�Q10  X
���� +%

M!�/�D�� $ 6< �/�� � 0!3 @�0!��:	3 /  6 �� ��	�  6
5+ (!� M���) ����� +% Z�� 0�/ p� X
���� +% / ��� �9

�� % �
� $����; l�'�� ��+ 5��� �+ s
��� ��!.�  �	�
]6�.�� �.!D .[�/�, +% �����:�� / M� ��!� �!') 5% � �
 6

 

����� ��X!� ) ��%�(� 0� 
+% 5�D210 �'!�  +% J�,
�� �6 � + (!D �� 0K�� (J�,�'!� �	@� +�B �D� � 5+�%

*+��, H
 .�  � �� %�� X6/o; �
 � s��D ���  $Z��,
] %+�% 0p� ��6.[  

 

����� g'.h� ���� ���Q10  f+�� ��` Z9/ ��

 ) �/�U +% � YB / f�!�
�� �4  � .0�� ��� �t�+� (
 

����� ^�� X
����Q10f+�� ��` Z9/ $  f�!�
�� �

�� �6 � + (!D �� 0K�� � YB / �	@� +�B  X
���� 5+�%
0� 
 )01/0P<(. 0!��:	3 �!L&D v� ; +�i[ +%  6

�� Z<�.!� L&D Z��!� �� 
9+� 5��� C� 	� ��/+ Z��	) �!
0!��:	3  / �	(
� �� �.���/ v� ; ��+�� /  6
0!��:	3  5 6T �� 

����� ^�� X
���� .�� �Q10 

 �� M!�/�.6 0K�� X6 � / 0!� �[ v� ; X6 � CK�
�� �6 � �/�,  � ��
 p� +% 0!��:	3 )01/0P<(. 

 

����� Z%/���Q10 0!��:	3 �!L&D X
���� j) �  6
�� / ��� �� �) �% 0!��� ����D / �6% X
���� �+ Z

��  �+ Z�� �	(
� 
.�!� $� YB Z9/ %�Ke�  � �'�+�B
.�Nh� %�Ke�   

  

 E��F4 . /.+%,)- a17b� ()"* �'�Q10 $1��) )7-�  �
 (O�<)1�-/O�<�56*��  �c)! $6	.� ���� �
 �'k� ��� O��%� � $%)! ���
 $6	.�B�A��1
�% $6C�D ���  �I =. B* ��35 $<���  

��	�I 

H
I

 
/7

.��
<)

;)
*3 (  

H
A

 
/7

.��
<)

;)
*3 (

 

(O
�<

) E
��

M 
c�

�
  

 

T
)�

8.
�
�

  T
�)


 �
�V

  c
��

  
(O

�<
)

 B�
6�I�

�-
  

(�
7�; 

$*
� /

O�
< $

1��
)

 

��
�� 

cD
��

7�%
 c

)!
 �

�
  (�

7�; 
$*

� /
O�

< $
1��

)
 

E)
U1<

 ��
�[

I
c)

! 
��

�*
 �

��
  

/7
.��

<)
;)

*3 (
 

E)
U1<

 ��
�[

I
c)

! 
+�

�] 
��

�
  

/7
.��

<)
;

*3 (
 

 >
�*

)�
6; �


 G
� �

�7�
 >

U8
%

  
(�

�
��

)
 

$�6� ���
  92/4 c 16/3 c 14/0 d 182/0 f 67/0 a 47/0 a 04/25 c 2,63b 42/0 ab 

���
  16/5 bc 52/3 ab 16/0 c 205/0 e 57/0 a 41/0 b 98/27 b 69/2 a 36/0 c 

>Uf� ���
  52/5 a 3/3 bc 16/0 bc 21/0 de 49/0 ab 41/0 b 69/28 a 69/2 a 42/0 ab 

15 $1��  /.+%,)- O�<)1�-/O�<Q10  16/5 bc 36/3 abc 16/0 c 218/0 cd 43/0 a 43/0 ab 38/28 a 69/2 a 4/0 ab 

30 $1��  /.+%,)- O�<)1�-/O�<Q10  16/5 bc 32/3 abc 16/0 bc 218/0 cd 54/0 ab 41/0 b 51/28 a 69/2 a 4/0 abc 

45 $1�� O�< /.+%,)- O�<)1�-/Q10  08/5 bc 36/3 abc 16/0 bc 224/0 bc 5/0 ab 41/0 b 45/28 a 7/2 a 41/0 ab 

60 $1��  /.+%,)- O�<)1�-/O�<Q10  24/5 ab 44/3 ab 17/0 b 226/0 bc 51/0 ab 4/0 b 57/28 a 69/2 a 43/0 a 

75 $1��  /.+%,)- O�<)1�-/O�<Q10  36/5 ab 56/3 a 16/0 bc 226/0 bc 47/0 a 39/0 b 68/28 a 69/2 a 42/0 ab 

90 $1��  /.+%,)- O�<)1�-/O�<Q10  28/5 ab 44/3 ab 17/0 b 22/0 bcd 5/0 ab 41/0 b 43/28 a 69/2 a 39/0 abc 

105 $1��  /.+%,)- O�<)1�-/O�<Q10  24/5 ab 48/3 ab 18/0 a 232/0 b 51/0 ab 42/0 b 42/28 a 7/2  38/0 bc 

210 $1��  /.+%,)- O�<)1�-/O�<Q10  16/5 bc 4/3 abc 18/0 a 248/0 a 52/0 ab 42/0 b 34/28 a 6/2 a 39/0 abc 

P-value  0001/0  0001/0  0001/0  055/0  013/0  0001/0  0001/0  0001/0  0001/0  

SEM 06/0  05/0  001/0  002/0  013/0  002/0  0703/0  002/0  002/0  

a-d$6[� c)7* �� �� �
�H��% h��` �
 O�]�� 3���I :) >*����01/0P<.(  
SEM :�?%��� ����%�7*� ��"!B .�� 
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�� H
 .� 0�%  

����� g'.h� ���� ��� 9� ����Q10 
�+/� Z</�.!� $7!	!D��� Z��!� ��  %��@D / Z�� 5�

��K', ) �/�U +% Z�� ���A / �!:� 5 64 ��� �%+/� (
 

����� ^�� X
����  � .0��Q10�!� $ / 7!	!D��� Z�

 0� 
 X6 � $Z�� �+/� Z</�.!�)01/0P<(  %��@D /
��K',�	@� X
���� $Z�� ���A / �!:� 5 6 5+�%

)01/0P< (*+��, H
 .�  � �� %�% Z N�  �
 � s��D ���
X6/o; ] %+�% 0p� �� $Z��,6 $7  /19.[  

 

����� g'.h� ����Q10  1!.23�� ,+� 4��� ��
7!8+�'� 0��, �	;�< 5 6) �/�U +% ��5 �%�% Z N� (

 +% 0��, l� 5+��e-� 0!��� .0�� ���
7!8+�'� �
bcD 5 6 ��!U  � ��� ���� 5/ [ 5 6

 

����� g'.h�Q10 �/�, �� 0K��  $�:	� �6 � 5 6
�� 0KL� �6 � / �6 � �	@� �+�"  5+�%)01/0P<( 

X!� / %�� �D� �  +% l� 5+��e-� 0!��� +��p� 7
�D
 ^��210 �'!��, 

����� J�,�'!� �� JQ10  ��6 N�


6 .�� 7!8+�'� �U�U 0��, 7!	8�
bcD 5 6   � ���
 

����� 5� � ����Q10  �6 � 5 6+ (!D  � ��
 p� +%

�� 0KL� �6 � / �6 � $�:	� �	@� +�B 9� 5+�%pH 
 %�� +�%+���� 5�D� �)01/0P<(.  

+��p� ��� 0�� �U�U +% ��5 6 �
bcD ���  ����  �
� � 

����� 5Q10  $�:	� �6 � 5 6+ (!D  � ��
 p� +%

 0KL� �6 � / �6 ��� �+�" �	@� X6 � 5+�%0� 
 
)01/0P<( .  

  
 E��F5 /.+%,)- a17b� ()"* �'� .Q10 $1��)  (O�<)1�-/O�< >
)< =�7:;)%�<�� 9�)! �
B�A��1
  �% $6C�D ��� �I =. B* ��

35 $<��� 

��	�I  

n
, �
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% >
� �

o
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-�
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��
 

�
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�
��

�
  

$�6� ���
 75/63 b
 22/6 bc

 54/3 a
 16/1 abc

 19/26 bc
 15/19 a

 94/76  4/66 abc
 38/33 d

 85/4 e
 43/2 abc

 

���
 34/63 b
 19/6 c

 42/3 ab
 21/1 a

 13/26 c
 16/19 a

 94/76  16/63 c
 3/33 d

 89/4 e
 3/2 b

 

>Uf� ���
 37/63 b
 16/6 c

 35/3 bc
 2/1 a

 13/26 c
 2/19 a

 17/77  1/63 c
 58/33 d

 82/4 e
 36/2 abc

 

15 $1��  /.+%,)- O�<)1�-/O�<Q10 63/63 b
 18/6 c

 29/3 b
cd

 18/1 ab
 18/26 bc

 11/19 a
 19/77  74/64 abc

 72/35 c
 87/4 e

 32/2 bc
 

30 $1��  /.+%,)- O�<)1�-/O�<Q10 23/64 ab
 25/6 bc

 26/3 bcd
 15/1 abc

 32/26 abc
 67/18 b

 2/77  22/65 ab
 72/35 c

 88/4 e
 45/2 abc

 

45 $1��  /.+%,)- O�<)1�-/O�<Q10 26/64 a
 24/6 bc

 2/3 cd
 11/1 bc

 38/26 abc
 65/18 bc

 02/77  94/63 ab
 35c

 07/5 de
 47/2 abc

 

60 $1��  /.+%,)- O�<)1�-/O�<Q10 29/64 a
 4/6 a

 2/3 cd
 09/1 c

 44/26 ab
 68/18 b

 19/77  82/63 bc
 4/35 bc

 16/5 de
 55/2 abc

 

75 $1��  /.+%,)- O�<)1�-/O�<Q10 29/64 a
 42/6 a

 2/3 cd
 07/1 c

 29/26 abc
 69/18 b

 17/77  12/65 ab
 62/35 b

 37/5 cd
 35/2 abc

 

90 $1��  /.+%,)- O�<)1�-/O�<Q10 51/64 a
 35/6 ab

 17/3 d
 89/0 d

 38/26 abc
 59/18 bc

 08/77  34/65 ab
 92/35 b

 6/5 bc
 46/2 abc

 

105 $1��  /.+%,)- O�<)1�-/O�<Q10 46/64 a
 42/6 a

 16/3 d
 82/0 d

 44/26 ab
 4/18 c

 04/77  12/65 ab
 48/36 a

 82/5 b
 57/2 ab

 

210 $1��  /.+%,)- O�<)1�-/O�<Q10 45/64 a
 45/6 a

 17/3 d
 81/0 d

 49/26 a
 78/17 d

 04/77  6/65 a
 5/36 a

 19/5 a
 6/2 a

 

P-value 0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  789/0  0001/0  0001/0  0001/0  0001/0  

SEM 1/0  03/0  03/0  01/0  05/0  05/0  1/0  36/0  1/0  06/0  05/0  

a-d$6[� c)7* �� �� �
�H��% h��` �
 O�]�� 3���I :) >*����01/0P<.(  

SEM :B�?%��� ����%�7*� ��"! .�� 
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!�+ ��!D.1
+�  ^�� +% �!��210 �'!� J�,�'!� �� J�,
 

�����Q10 �� ��6 N� )01/0P<(. 7!
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�D  Z��!� �% �
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� .0�� +�!B *+/�; 0@	" 9� �&
 ���8 Z�!���!��


e� �D M���) 7
�!�uD 

����� .0�� 0��, 0!:!� �� +�b,
Q10 �� M!3% �.�� 0!" � �� j) � ����!����!�uD 7.�����

 0��, 0!:!� 5 6�.��+ ; %�Ke� / �!D��!��� % ���� %�� .
 �!D��!��� % �� $7
� �� �/F)�� Z��	)  M���) 9� �&
����  ��

�,o
/D / ��[ 5 6�
bc0�� ��� �.� 	� $�
�b` %��� 5�. 
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��D 5 6�%�.�, 5�  �+ 5�
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�B 9�
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�� Z9/ X
���� 

����� �'"� Xp� .%��Q10  1!D<����!� +%

5+�	��.!�$ 0�� ��� � K��. '[

����� +% Z�	!t�� �p Q10 
� p.�� ��!��9 +% %�U�� Z/�.&3�$  � p.�� / 0� 
+% d
�B 9�

Z/�.&3� / Zo!��� ��  6�� � K�%  Z�D/�; 0_'` C!� Z�
�� ����%�U/$  �.	� j) �X!� �D ATP �� %��.    
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 E��F6 . /.+%,)- a17b� ()"* �'�Q10 $1��)  (O�<)1�- /O�< �
4 3���)#! �
B�A��1
 �% $6C�D ��� �I =. B* ��35 $<���  

��	�I �%�
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��
� 
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�

4 
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�
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-
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c�
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K
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(O

�<
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$�6� ���
  31/230  
d
 03/159 d

 36/65 c
 17/36 e

 66/3 d
 52/4 d

 62/1 f
 

���
  32/239 d
 8/167 c

 5/68 c
 68/39 d

 82/3 cd
 19/5 c

 76/1 e
 

>Uf� ���
  72/261 bc
 24/182 b

 65/75 b
 58/41 bcd

 28/4 bc
 16/5 c

 83/1 de
 

15 $1��  /.+%,)- O�<)1�-/O�<Q10  33/255 bc
 39/177 b

 86/75 b
 89/40 dc

 32/4 bc
 05/5 c

 84/1 de
 

30 $1��  /.+%,)- O�<)1�-/O�<Q10  51/252 c
 28/175 bc

 75/74 b
 16/40 cd

 62/4 b
 15/5 c

 81/1 e
 

45 $1��  /.+%,)- O�<)1�-/O�<Q10  47/262 bc
 66/181 b

 45/78 b
 43/41 cd

 72/4 b
 33/5 c

 92/1 cd
 

60 $1��  /.+%,)- O�<)1�-/O�<Q10  17/260 bc
 78/180 b

 19/78 b
 98/42 abc

 87/4 b
 5/5 bc

 96/1 bc
 

75 $1��  /.+%,)- O�<)1�-/O�<Q10  51/265 bc
 03/185 b

 74/78 b
 5/42 bcd

 68/4 b
 49/5 bc

 93/1 cd
 

90 $1��  /.+%,)- O�<)1�-/O�<Q10  65/266 b
 98/183 b

 63/78 b
 72/41 bcd

 81/4 b
 4/5 bc

 2bc
 

105 $1��  /.+%,)- O�<)1�-/O�<Q10  5/279 a
 6/193 a

 8/83 a
 6/44 ab

 47/5 a
 89/5 ab

 05/2 b
 

210 $1��  /.+%,)- O�<)1�-/O�<Q10  32/286 a
 21/199 a

 2/85 a
 71/45 a

 47/5 a
 07/6 a

 2/2 a
 

P-value  0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  

SEM 33/4  03/3  55/1  98/0  19/0  17/0  03/0  
a-d$6[� c)7* �� �� �
�H��% h��` �
 O�]�� 3���I :) >*����01/0P<.(  

SEM :B�?%��� ����%�7*� ��"! .��  
  

 X
 �9� 7
� H
 .� �� �U�D  � 

����� a�#�Q10 
�� M!3% 5 :
� Xp� � p.�� ��!��9 +%  �!3�D / Z/�.&3�

 5<���X!� �D  M&� ��ATP  /�.�� Xp� ����!��� CK�
��	���� $%�&'() %�Ke�  / �	(
� 
.�!� $���� 5 6

 0��, 1!.23�� ,+� 4����� ��%.  
  

4 . " ����# � $�%&  

 �� %���e� �[�/ ��F�� %�9� � -N��% J�.Y� Z�+ &(6 9�
0
 ([ �B �  7
� 5��U� 0eU Z N
� ���9+� 5 6

;$X6/o �� ���%+�A / �&ND .%%�,  
  

5 .()
*� +�
,&  

�!6 %+��� %�U/ Z ,�	�
�� s��D x� 	� ~+ @D ���,.  

6 .��
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