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A ;J7^�+�A �#�S @��& ;�$��L .;� ��&* (+�U#� (��

 +�U#� (�&� ! �g� o��g" �� ;� �+� T`#" E�I�+$�

 E�I�+$� @��&A g�� �" �#
* �� .+743 �#`#� �3 !	J7^

�� ��� &�2� (�� 1 � �+� o�&� !	J7^ d�#^

��.��&< �� 1f&% &� ��-% �� �#2 dc#PD" p�g� (��

�j��&A ��#"!7 ���^ g�� &.4� (���#
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#74+���#  +�� G�	�(GAA)  ;<�� �� 1*  ��#�W (��

!" ;<�40�A �[7� �#� E���&* )�;�  1* )� 1�$* ��

 E��H�3 � E��4- +�U#� !" NC	7" +e* 1� ab � �#�� 

M� �4g�3 1K�� ��- N�	" ��&  ;<�4�� � E��#�	" N4)#��3

!" E���&* 1� N4+e� � �+� 1$�	" 'E��#�	" )�#�� 

(Ringel et al., 2008). !J�eS T�*&� G4 E���&* �  G4

�&�2q (�&� �[" �#,U#"��") �� (H&�� ()�  ���#* (��

;�1�#  1� ' E4)#��3 )� d�]�< ��&  ;<�4�� �� 1* (�

(&�!" d�]�< E���&* 1� N4+e� d�]�<#� E���&* .�

�#$ )� !2&� �� (H&�� ���U#��	" �� d�]�< �r4� 1� ��

[�3�#$ +7��" +���� (��4) ;�U�J< 1* !4� 1s���" (��  (�

E4)#��3 ��e�	
A ��#7% 1�(&�!" 0C� (�]4� d�]�<+7* 

(Lemme et al., 2007a) .� E���&* GAA  �����  ��

!�� ;<�4�#�'  !"��� !���  Q-"�* 1456� h4�&� ;D� �5U

 E���&* )��� ��#"+4��  )���� #� ���&< g	7 .��� E4� )� 

GAA  � E��H�3 17�"3+�� (�&� !74g.4�` ��#7% 1� 1�

 ��#7%��J� t]W �� !$"�% gu�W (H&�� )�	#�� � �

 ;����;� (Mousavi et al., 2013)�� �4g�3 ;�U�J< . -

 ��g�" 1� !.	�� )�&]���&� #74+�"3 E���$  E��H�3

1$�	" �4g�3 ;�U�J< �"� .���� E���&* #74+���#  �+77*

�� 1� G�	�M� � - ��g�" 1� 1	���� E��#�	" N4)#��3

 ;��� E���&*(Walker, 1979)!" &m� 1� �5U . )� & � +�

 !`��2 ne7"GAA �#� ���]	� d���#�W 1456� ��' 

 &��" 1"��� ��,"�)� � ;2#  � E���&* +�U#� � �3

*l�" .+��� 1	��� �#`� d�]�< E���& �� 1* (&.4� 1U

 )� !$�% ���]	� 17�")GAA  �3 v5` ��,"� ���� �#`�

 .;� �#�S @��#  ��.	� )�Lemme et al. (2007 b) 

 !C�CW v5` ;�$��LGAA 1`#` �� ��  !	�#  (��

 )� 0�� 1* +��#�� @��g  � +��&* !�&�99  �3 +^��

.;� v5` N��L  �� (��&f 17�"3 +�� G4 E��H�3

� �� +�&A )� +4�� 1* ;��� 5w �&�`l� !4� E�" .�#�

�1`#` E��H�3 !4�5w d�`��	W� �� 0�#A � E 04�g<� �

!" 04�g<� &A E��H�3 (c�� ��g�" �#`� N�U� 1� 1* +��4

;� ��&A �� )Khajali and Widerman, 2010.(  V4�	�

d�JU�K"'  '1��)�� �)� 04�g<� &� E��H�3 N�," ;ex" ��i3

'1�c 1s���" (�#	D" �)�� '1�c �)� '_��#2 ��)�� �

1�c17� 1s���" ;"�yf � �)� ' � �)� '��� �)� '(�

 ��
� �� !	�#  1`#` �� �#j$4� � �#�HH '�#��#u� �#S

!" '����,�� � !����&��) +��1392 R#K )� ���]	� .(

 �)� !K2 04�g<� 1� &97" E4)�w3 ���� �� E��H�3 (c��

1s���" ;<��1`#` �� 1$�< � 17� (�+� !	�#  (�� 

)Fernandas et al. 2009 .( E�7s���&�` N�," (�

 (&� '��&	�$* !4��-A R#K 0��* 1� &97" E��H�3

 � +4&��$ HDL 1`#` �� !	�#  (�� '!D	<) +�

1393 .( !.�#.I Y#P2 �� d�%-S� ��+C< 1� 1`#� ��

&�i��E�I�+$� 1`#` (&45A�&�` N�," )� !7A�H (�� (�

�� � +�� G�	� #74+���#  - E��H�3 ' B�CD� )� z+�

�&�` N�," ���g<� &i� !�&� &f�W(�  GAA �� �-

;�U#��	" '�&,$�% &� E��H�3 � !�#2 (�� 1�c d��^#P2

E�I�+$� 1`#`.�#� !7A�H (��  

C�/ � ��
���  

1`#` @��&A � (+7��������:  ��" E�[� �� B�CD� E4�
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 ��+J� )� B�CD�600 G4 1`#` 1JKL �)��!7A�H E�I�+$� 

 ! )�� G4 �)� E�.���" ��5/8  .+� ���]	� �&  E4�

L �� R&SQ-"�* R&S TU�  M�� &� � !<��P�04�")3 

 N4�#	*�<3×2  ��)ZK  � E��H�3 ZK 1GAA ( ��

0�  '�����V7A  � ��&,�20  1JKL 1* ��&,� &� �� 1`#`

+� ���� ��&L ���" � &� {#$y" � !<��P� �#S 1�  ���]	�

+�.  04�")3 E4� �� !��4)�� ��#" (������� :N"�� �����

1-  (��W 14�A �&�`��- (��[7
�A ZK �� E��H�3NRC 

 N�," ��+� �GAA ' �����2 -  (��W �&�`�� - �� E��H�3

 ZK10 ��[7
�A )� &	
�� %NRC �+� � N�," �GAA )

 �����3-  (��W 14�A �&�`�� - (��[7
�A ZK �� E��H�3
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 ��[7
�ANRC  � N�,"GAA  ZK ��6/0  �� �& 

�& #$�* �  �����6- (��W �&�` ��- ZK �� E��H�310 %

 ��[7
�A )� &	
��NRC  N�," �GAA  ZK ��2/1  �& 

�& #$�* �� +��#� .GAA  (��9� ��� ;D�CreAMINO  �

��- )� T��&� 1� 04�")3 E4� �� ���]	� ��#" E��H�3

 ;*&�Evonic Degussa  � ��&[� �� nL�� ;*&�

 1�[� �g4 �� nL�� ���* ()������.+  d�e�*&� � |�g`�

 ���+` B��K" 1* @��&A ���� �� !4�5w �&�` !4�����

!4�5w d�`��	W� ���+��	� )NRC, 1994(  1�[� � ��m7�

�� �#� �+�  ��+`1 .;� �+� ���� ��
�  

;�U#��	" '+�� �&,$�%:1�c d��^#P2 � !�#2 (�� 

 '!<&P" _��#2 ��g�" N4+e� T4&f � �+� �)� 04�g<�

) ���� ��4�A �� !4�5w42 �)�+�� (! )�� )�� �� .+� (&� 

42  )� � +� v�y	�� E�I�+$� 1`#` 1JKL �� a]L &� )�

�#2 �[�3 ��� &4) p�1�#�� .+� ��9�� (&�  +J� �#2 (��

 d+" 1� E	<&  ��&L )�24  ;[`) }��� (�"� �� ;%�

.
4�")3 1� (�#2 �& N�,
�+� NC	7" ���  �#2 �& �

�& .+� �+` (�"� �� ��21 - !	�� 1`�� +� g4&< ��& 

 +J� � )��)�+�� (�&� 1	]� �� ;�5  !�#2 (��+�b�U (&� 

 !]�* d��^#P2 E��J� ;[` .;<&  ��&L ���]	� ��#"

1`#` '1�c�#2 �[�3 )� 1* !4�� '�#� �+"3 N�% 1� (&� 

� !7*&A 1$^�<-� � Z�q 'E4)#� |�
W� � |�J"� �+	�� .+�+

 �� � nKL !�# &2 NP]" 1�W�� )� ���A ab � !U�2

 �� 1�c (�g`� �)� .+� ��9�� 1�c N"�* G�,]� ;4�[�

 ;L� �� ��	�94� (�)�&�01/0 �)�+�� �& +� (&� .  
197�&< E��J�:!�#2 (�� �#m7" 1�  ��&	�$* E��J�

 &	"#	<�&	,b� ��.	� )� �#2 �&(Biochrom, Libra, 

S22, UK)  ~#" �#S ��546  �#")3 M��A ;�* � &	"#���

!�4g�3 @��)-��� 04�g<� ;[` � +� ���]	� !97

 '1�#�� &� )� 04�")3 �� ;L�V7A  ��#" � 1�[� ��&,�

14g9� .;<&  ��&L  ��.	� Y#Py" d�#* �+% 1

 � +��� �4 G�-� ��#7% 1� �[�3 )� !,4 1* &	"#	<�&	,b�

 1� !"�� �� 1�#�� ;[` �# d�#* � ���+��	� ��#7%

.+� 1	<&  &m� ��+C" 1000  z&J" &	�U�&,�" 1$�� 1�

 &$b� �� N2��1 .+� 1	y4� �#���&,�"  ��

��� �#���&,�"' 10  1� &�KC� ����� &KC" v3 &	�U�&,�"

��� �#���&,�" �� 'G�-� ��#7%' 10  ���+��	� &	�U�&,�"

 �# �#���&,�" �� �10  �+� �+` �& )� &	�U�&,�"

1�#�� )� !,4 � +�+� {#$y" � ���g<� ��20  �� 1C�L�

) h�D" (�"�25-20 1`�� ��+* &� +J� � +� ���� ��&L (

1	y4� d�#* �� ��'  !S &x*�+W60  (�#� v5` 1C�L�

1�#�� � ���+��	��)�+�� G�-� &��&� �� �� @�� .+� (&� 

�)�+��(&� (&� ) +4&���$ TG( �)�+�� 1��
" g�� �#2 -

 �� ���+��	� � z&J" 1* d��]� E4� �� �#� ��&	�$* (&� 

 (��&	"���A )� G4 &�&*q  .�#� d��]	" �+�

  

 ��+`1 - 1`#` !4�5w �&�` !4����� T�*&� � �g`�!7A�H E�I�+$� (��  

Table 1. Ingredients and chemical composition of Japanese quails diet  
  Calculated analysis % Ingredients  

2900 Metabolizible energy (kcal/kg) 52.94 Corn grain 
24  Crude protein (%) 40.04 Soybean meal 

1.35 Lysine (%) 3.00 Fish meal 
0.97 Potasium (%) 1.75 Vegetable oil 
1.30 Arginine (%) 1.09 Limestone 
0.91 Methionin+Cysteine (%) 0.39 Dicalcium phosphate 
0.96  Threonine (%) 0.20 Common salt 
0.29 Tryptophane (%) 0.25 Vitamin permix1 

0.85 Calcium (%) 0.25 Mineral permix2 

0.38 Available phosphorus (%) 0.08 DL-Methionine 
0.15 Sodium (%)  0.01 L-Lysine HCl 

1 Vitamin premix provide Vitamin A 9000 IU/g. Vitamin E 18 IU/g. Vitamin K3 2 mg, Vitamin B1 1.8 mg, Vitamin B2 6.6 
mg. Vitamin B3 30 mg. Vitamin B6 3 mg, Vitamin B7 0.1 mg, Vitamin B12 0.015 mg, Choline chloride 500 mg, Ca 
pantothenate 10 mg and Folic acide 1 mg in one kilogram diet.  
2 Mineral premix provide Mn (Mno4) 100 mg, Zn (ZnO) 100 mg, Cu (CuSo4) 10 mg, I (CaI) 1 mg, Se 0.2 mg and Fe (FeSo4) 
50 mg in one kilogram diet. 
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�)�+�� ;[` (&� (&� � ��&	�$* ;m$w 1� +4&��$ 

!$�" d�#^!� �� �& 1K��� &	�U(��  ���]	� ��#" &4)

:;<&  ��&L  

200 × (1�#�� (�#� v5`/���+��	� (�#� v5`) =  ;m$w

��&	�$*(&�/+4&��$  )mg/dl(  

�)�+��(&� HDL  �#2 �&  g�� ��.	� 1$�� 1�

 ~#" �#S �� &	"#	<�&	,b�600 &	"#��� �  M��A ;�*

 �#")3.;<&  ��9��  �+	�� ��µl10  d�#* �� �#��&e�U�* )�

 ab '+� 1	y4� ���µl10 1�#�� )�d�#* �� �� (��

�3 )� +J� � +� 1	y4� &.4�' ��+C" µl1000  ��� z&J" )�

d�#* N2�� �� ����&* 1�#,�� )� aA � 1	y4� ��'  d+" 1�

5  1C�L� (�"� ��37 �� 1`��!	+� ���� ��&L ��& .  +J�

��") �3 !S )�' d�#*��  ��&L &	"#	<�&	,b� ��.	� ��

1�#�� � �#��&e�U�* ��� (�#� v5` � +� ������  �)�+��

.+� 1	<&  �)�+�� )� +J� '+J� 1$W&" �� (�#� v5` (&� 

���'  ����� z&J"2  ��+C" 1� ��µl250 d�#* N2�� (��

� �& (��W 4� �#��&e�U�* 1� ��#�� {#$y" )� aA � 1	y

 d+"5 � (�"� �� 1C�L37 !	�� 1`��� ��&  +�+� 1�#,�

 (�#� v5` ���� 1$W&" �)�+��.+� (&�   ;� 1� ��+%�

 ��+C" � ���� ��&L &4) �#"&< �� �� (�#� v5` �� )� �+"3

HDL +� 1e�D":  

200× ] �#��&e�U�* 1�U�� (�#� v5`)–  14#��i (�#� v5`

��&e�U�*�#(/) 1�#�� 1�U�� (�#� v5` -  14#��i (�#� v5`

(1�#��[=  ;m$wHDL-C )mg/dl(  

4�` � &4) �#"&< )� ���]	� ��    +4&���$  (&�� �+�% (��5.

)TG ��#	�" '(VLDL-C :�&* 1e�D" �� �#2 �&  
VLDL-C = TG/5 

���� 14g9� � (��"3 R&S ��:  (��"3 N�$D� � 14g9����� ��

���]	� �� ")3 )�04� Q-"�* R&S TU�L �� N4�#	*�< 

 !<��P���9�� 4��"3 1U��J" .+�Z  &4) d�#^ 1��#� :  

yijk= Ai+ Bj+ ABij+ Eijk 

yijk =��+C" &� '�+��
" A i =&i� �#	*�< ��� )�� N�," -

��H�3E(Bj  =&i� �#	*�< ��� ) N�,"GAA(' AB ij =&i� 

N��C	" ���#	*�< � Eijk =(�K2 04�")3. 1	<�4 N^�W (��

� 14�� ���]	� �� 04�")3 )GLM �&� (��"3 ��g<�SAS 

E�.���" 1�4�C" .;<&  ��&L (��"3 N�$D� � 14g9� ��#" ��

 (��"3 ZK �� !*#� �#")3 )� ���]	� ��5  ��9�� +^��

.+�  

D�, � E!�%"  

 {#�&" V4�	� 1����� N* �&,$�%  ��+` ��2  �+� 1u���

�� �$	y" R#K .;�-!7J" d�&i� E��H�3  &� (���

) ;��� _��#2 z&P"05/0P<.( �� N�," )� ���]	� -

 ZK �� E��H�310 % ��[7
�A )� &	
��NRC  �#S 1�

!7J" (��� 04�g<� 1� &97"<&P" _��#2 !+� 

)05/0P<(.  'V4�	� E4� �� ;C��K" ��Jahanian (2009) 

04�g<� !7J" ��� z&P" _��#2 �� 04�g<� �� E��H�3 �� 

1`#` �&�`(�� # !	� @��g   .+��&*� R#K )� ���]	

d��]	" GAA  �&�` ��!7J" d��]�  z&P" �� (���

 _��#2��+� ��
� )05/0P<.(  N^�W V4�	� �� ;C��K" ��

'&f�W 04�")3 )�et al. (2012)  Michiels  1* +���� ��
�

 R#K ���g<� �� @��&A ���� ��4�A �� !<&P" _��#2

6/0 �2/1 #$�* �� �&   N�," �& GAA �&�` 1�  1`#`-

 ��W E4� �� .;<&.� ��&L &�il� ;D� &� !	�#  (��

Lemme et al. (2010) 1`#` (�� 1* !
4�")3 ��  (��

 R#K )� ���]	� 1* +��&* @��g  '+���� ��9�� �#�$L#�

 N�," �$	y"GAA ���� N* ��'  �� �� !<&P" _��#2

 .��� 0��* +��� ��&  �� 1�4�C"�� N��C	" d�&i� -�3 E��H

 �GAA !7J" _��#2 z&P" &�) �#� ���05/0P< N* �� .(

�� (��W ����� ���� - ZK �� E��H�310 )� &	
�� %

 ��[7
�ANRC  N�," ��+�GAA  E�7s�� � ��&�� 1�

2/1  �& GAA  �& #$�* �� �&�`!7J" �#S 1�  (���

) +� !<&P" _��#2 04�g<� 1� &97"05/0P<.(  

et al. (2013) Dilger  @��g  ���g<� 1* +��&*1  +^��

��-  � E��H�378/0  +^��GAA �&�` �� ` (��1`#  

l� ;D� �� !<&P" _��#2 '!	�# ��+� ��&L &�i.  �����

�� (��W-ZK �� E��H�3 10 % ��[7
�A )� &	
��NRC 

!7J" �#S 1�  1� ;e�� (&	
�� 1��)�� �)� 04�g<� (���

�� (��W �����- (��[7
�A ZK �� E��H�3NRC � ;��

)05/0P<.(  )� E��H�3 1* ;� �+� @��g ���  (��&��"

 +�U#� 04�g<� 'E�j��&A g	7 04�g<� 1$�` )� !]$	y"

 � ���U#��	" (�� G4&	�� +��*� +�U#� � +�� �#"�#�

!" E4�&��7� � ��#� &i#" �+� +�� 04�g<� 1� &97" +��#�

 '����,�� � !����&��) �#� _��#2 z&P"1392.(  ��

 1JU�K"!7J" d��]� &f�W R#K �� �)� 04�g<� �� (���
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� �+��
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��+` 2- �� N��C	" � !$^� d�&i�- � E��H�3) +�� G�	� #74+���# GAA(  E �� !7A�H E�I�+$� (+�� �&,$�% (��42 

! )��  
Table 2. Main and interaction effects of L-arginine and Guanidino acetic acid (GAA) on growth performance of 

Japanese quails at 42 days of age 
Feed conversion 

ratio  
Body weight gain 

(g/bird/day)  
Feed intake 
(g/bird/day)   

     Arginine  
3.86a 4.72b 18.22b Level recommended by NRC 
3.60b 5.29a  19.10a 10% over NRC recommendation 
0.049 0.069 0.155 SEM 
0.001 0.0001 0.001 P-value 
      GAA levels (g/kg diet)  
3.82 4.92 18.78 0 
3.65 5.04 18.31 0.6 
3.72 5.06  18.76 1.2 
0.06 0.084 0.191 SEM 
0.17 0.436 0.165 P-value 
      1GAA ×Arginine -L 

3.81a 4.73 18.01b A0 × G0  
3.91a 4.72 18.50ab A0 × G1 
3.86a 4.70 18.17b A0 × G2 
3.83a 5.1 19.55a A1 × G0 
3.39b 5.36 18.52b A1 × G1 
3.57b 5.41 19.35a A1 × G2 
0.085 0.119 0.27 SEM 
0.016 0.343 0.003  P-value 

a, b Means with different superscripts within the same column differ significantly (P<0.05). 
1 A Factor: Different levels of L-Arginine, A0= NRC and A1=10% over NRC recommendation. G factor: Different levels of 
GAA, G0= 0%, G1= 0.6 g/kg diet and G2= 1.2 g/kg diet. 

��E�7I � N�," )� ���]	GAA �� ��&�� 1�- 'E��H�3

l�!7J" &�i(��� ;��+� 1��)�� �)� 04�g<� E�.���" &� 

)05/0>P.( ��� 1* +��&* @��g  E�CCD" )� (�� ���]	�

1`#` �&�` �� E��H�3 N�," )� �#e[� T`#" !	�#  (��

!" �)� 04�g<� � _��#2 ��)���#� )Kwak et al., 2001; 

Jahanian, 2009; Munir et al., 2009; (�� .E�7I Yao 

et al. (2011)  ��
� +���� 1* N�," !*��#2 E��H�3  ��

_#2 �� 1� ��g�" G4 +^�� 04�g<� 1� &97" �&�` �)� �� 

'+� 1��)��  ���g<� �"�GAA !7J" �+� �)� 04�g<� &� ���

.�#e�  �� &f�W 04�")3 V4�	��K"V4�	� �� ;C� Mousavi 

et al. (2013)  �  ��#`;4+`  ��#2 !U�Cx�I)1388 (;� 

K )� ���]	� +��&* @��g  1*# R06/0  �05/0  +^��

 N�,"GAA 1`#` �&�` �� l� !	�#  (��!7J" &�i (���

�� .;��+� +��� ��&  �� 1�4�C" �� �+� �)� 04�g<� &�-

 � E��H�3 N�," N��C	" d�&i� �� 1K��� �� E�7IGAA '

Michiels et al. (2012)  ��4�A �� �)� 04�g<� +���� ��
�

 R#K ���g<� d�#^ �� @��&A ����6/0 �2/1  �� �& 

#$�* N�," �& GAA �&�` 1�  &� !	�#  1`#` (��

l� ;D�;<&.� ��&L !
4�")3 (������� &�i'  �"�Dilger et 

al. (2013)  N�," �$	y" R#K ���g<� 1* +���� ��
�

GAA 1`#` �&�` 1� 	�#  (��)�&	�*� &� !7	e" !–

 �)� 04�g<� �%�� +���� �#e�* E��H�3 &m� )� 1* E�u)�*

 1* �#K���� .+� �+���  ��+`2 �+��
" !" '�#� �����

�� (��W- ZK �� E��H�310%  ��[7
�A )� &	
��NRC 

!7J" �#S 1� �� (��W ����� 1� ;e�� (���- �� E��H�3

 (��[7
�A ZKNRC +e� T4&f �#e[� 1� &97" N4

) +� _��#205/0P< �$	y" R#K )� ���]	� .(GAA 

 @��&A ���� !S!7J" &�il�  (��� N4+e� T4&f &�

_��#2 ) ;��+�05/0P<.(  ZK �� E��H�310%  )� &	
��

 (��[7
�A ZKNRC ��&�� 1� 6/0  �2/1  �& #$�*

 N�,"GAA  d�#^ 1� �� _��#2 N4+e� T4&f

!7J" ��� �#e[� (��� )05/0P<.( ��g 1* ;� �+� @ 

04�g<� &4�2q 1s���" E���&* ne7") �� (H&�� � (!U#$ 

E�"l� E��H�3 (�&� E�j��&A g	7 � &�x,� !U#$ !" +��#� 

Te 04�g<� 1`#` �&,$�% (�� !	�#  �#�  

Michiels et al., 2012).( �� ;ex" &�il�- &� E��H�3
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3 ��C	�" �� �+�U#� +�� �#"�#� Z�&� 04�g<� 'E�j��&A 

 g�<#b�� )��� �}# E�7I ����  1� !�&I ;<�� )� (H&��

1s���" ;<�� ;[` (�+�U#�  E�j��&A+���  (��P��)

 '����,�� � !4�&&�A1394 .( ���	�� E���  )� (�����

l� E�CCD" N�," � E��H�3 N�," )� ���]	� ;ex" &�i

 �� �3 ��&*GAA � _��#2 N4+e� T4&f �#e[� & ��

+��&* @��g  )Kwak et al., 2001; Michiels et al., 

2012; Lemme et al., 2007b; Dilger et al., 2013; 

Ringel et al., 2008 ( .  

1�c 1� {#�&" d�]^: 4�	� �� 1�c �� he�&" d�]^ V

+` ��3 1u��� �� N�," �$	y" R#K .;� �+�- E��H�3

l�� &� (&�i1�c �) �  ��� !e�� �)� +e* � ;��+�

)05/0P<�� (��W ����� '( -ZK �� E��H�3 10 %&	
�� 

 (+7")��� )�NRC g<� �#e[� 1� &97" ��� !e�� �)� 04�

 E�7s�� � 17� �0��* +� !7K� 1S#D" !�&I 

)05/0P<(K ���g<� . �$	y" R#GAA l� &�i!7J" (���

;��+� 1�c d��^#P2 &� )05/0P>(�7I . 1s���  ��+`

3 �
"!" �+� '17� '��� '1�c �)� �#� ��� � +e* '

!7K� !�&I  ;D�l� &�iGAA  R#K N��C	" d�&i� �

�� �$	y" - � E��H�3GAA  ;<&.� ��&L)05/0P>(. 

Fernandes et al. (2009) �� ���]	� )�  d��]	" R#K

1`#` �&�` �� E��H�3�)� 04�g<� !	�#  (�� 1s���" 

17� &KL 'N4&e�<#�" �� +�� � 1s���" (�� ��� � 17� �� 

+��&* �+��
"' 1I& �et al. (2007)  Ringel  @��g 

 � E���&* ���g<� 1* +��&*GAA l�!7J" &�i  �)� &� (���

.���+� 17� ;�#   �� d&4�6" �� &f�W 04�")3 V4�	�

Michiels et al. (2012) 'Lemme et al. (2007 b)  �

� � (�g4 !4�eS�eS) ����,�1393 (;� E�CCD" E4� .

 N�," +���� ��
�GAA 1`#` �&�` ��  !	�#  (��

 ;�#  ��)�� 04�g<� &m� )� 1�c d��^#P2 �#e[� �%��

!" ��� � 17�.�#�  ��� ��
� d�
4�")3 )� !2&� V4�	�

 N�," )� ���]	� 1*GAA �&" �&�` ��  ���" (��

 E �� !7K� �&]W !�&I (�� (&i� !	�# 63 !.	]� 
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Table 3. Main and interaction effects of L-arginine and Guanidino acetic acid (GAA) on carcass characteristics 

of Japanese quails at 42 days of age   
Abdominal 
fat weight2  

Liver 
weight2  

Wing 
weight2   

Breast 
weight2   

Thigh 
weight2  

Carcass 
weight1   

           Arginine  
1.80a  2.56 7.65 37.71b 32.28b 56.02 Level recommended by NRC 
1.43b 2.61 7.99 

42.04a 35.33a 58.76 10% over NRC 
recommendation 

0.076 0.134 0.303 1.441 1.301 2.646 SEM 
0.0001 0.738 0.268 0.004 0.023 0.30 P-value 

            GAA levels (g/kg diet)  
1.73 2.53 7.69 39.33 32.40 56.03 0 
1.56 2.60 7.89 40.04 34.29 58.11 0.6 
1.55 2.63 7.90 40.26 34.72  58.04 1.2 
0.093 0.165 0.371 1.765 1.594 3.241 SEM 
0.103 0.824 0.81 0.895 0.311 0.767 P-value 
            3GAA ×Arginine -L 

1.80 2.52 7.60 37.85 32.39 55.67 A0 × G0 
1.82 2.56 7.71 37.70 32.20 56.29 A0 × G1 
1.80 2.61 7.66 37.85 32.26 56.11 A0 × G2 
1.67 2.54 7.77 41.08 32.42 56.39 A1 × G0 
1.31 2.64 8.07 42.38 39.36 59.94 A1 × G1 
1.30 2.65 8.13 42.67 37.17 59.96 A1 × G2 
0.093 0.165 0.371 1.765 1.594 3.241 SEM 
0.076 0.987 0.92 0.919 0.264 0.864  P-value 

a, b Means with different superscripts within the same column differ significantly (P<0.05). 
1 % of live weight; 2 % of carcass weight; 3 A Factor: Different levels of L-Arginine, A0= NRC and A1=10% over NRC 
recommendation. G factor: Different levels of GAA, G0= 0%, G1= 0.6 g/kg diet and G2= 1.2 g/kg diet.
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 � E��H�3GAA .;��� M&	� �� 1�c d��^#P2 &� 

�� (��W ����� - ZK �� E��H�310%  ��[7
�A )� &	
��

NRC� 1� ;e�� (&	�* !7K� �&]W !�&I ' (��W ����

��- ��[7
�A M�� &� E��H�3NRC ) ;���05/0P<('  �"�

l� ;D�" d�&i� &�i �$	y" R#K N��C	GAA  ;<&.� ��&L

)05/0P<.( �+� ��9�� d�C�CD� M�� &�'  Z�&� E��H�3

�#$ )� �� E�U#��� �#� Z�&� � M�&,��A �	� (�� +�� �#"

!" 04�g<� g�<#b�� )� �� +��Davis et al., 2011) � (

 ���� !	$,� 1s���" &� !,�U#���3 d�&i�(Fernandes et 

al., 2009) E��H�3 . )����  +��*� ;2� � +�� &� G4&	��

�" �+� ���U#��	";� &i.  )� G4&	�� +��*����  ��J<

 d�]�<#7" E4)#��#  1� 1	���� 1�� +7I (��&��" ��&*

 (#C$W(cGMP)  1� !�&I ;<�� )� (H&�� }# T`#"

 ;[` 1s���" ;<��+�U#� !" E�j��&A �#�  

) .(Jobgen et al., 2006�	�� E��� ��'  

et al. (2009) Tan �et al. (2010)  Ma ��
� +���� 1* �� 

1<�f� ��&* G4 E��H�3 +^�� 1� �&�` _#2 �� ��g�" 

;<�� !�&I 1�c !" 0��*  .+��4Al-Daraji and Salih 

(2012) @��g  +��&* 1* E��H�3 N�," �� _���' �&�2q 

!�&I 1�c � �)�+�� �#$ !�&I (�� ;<�� !�,� �� 0��* 

���� � �U#�+ 1s���" E�j��&A � �� 04�g<� ����  .;�  

197�&<(�� !�#2: �� N�," N��C	" � !$^� d�&i� -

 � E��H�3GAA ;�U#��	" !2&� &� � !�#2 (�

E�I�+$� +` �� !7A�H (�� ��4 
� .;� �+� ���� ��

�� (��W ����� - ZK �� E��H�310 ��[7
�A )� &	
�� %

NRC !7J" �#S 1� 	�$* 0��* T`#" (��� (&� '��&

 '+4&��$ HDL  �VLDL  ����� 1� ;e�� �#2 �&

�� (��W - (��[7
�A ZK �� E��H�3NRC +� 

)05/0P<.(  

Fouad et al. (2013) �� 1* +��&* @��g - �� E��H�3

 1� &97" (+e* )�	7 v&I+�� �4g�3 �H ���� 0��*

(&� 0��*!" ��-A +4&��$  �4g�3 ;�U�J< 0��* .�#�

)�	7 v&I+��  !&	� ;�$��L 0��* 1� &97" (+e*

(&� 1� �+� 1�]4&	� (�&� v&I (��+��!" +4&��$  -

1* +��&* @��g  ��CCD" E4� E�7s�� .�#� 3- 

 !�*��+��3- N�	"N4���#$  !���W �4g�3 G4 ��	*�� 3#*  

 ��+`4 - �� N��C	" � !$^� d�&i�-) +�� G�	� #74+���#  � E��H�3GAA( ;�U#��	" &��!7A�H E�I�+$� !�#2 (�  
Table 4. Main and interaction effects of L-arginine and Guanidino acetic acid (GAA) on blood metabolites of 

Japanese quails   
VLDL (mg/dL) HDL 

(mg/dL)  
Triglyceride 

(mg/dL) 
Cholesterol 

(mg/dL)  

       Arginine  
52.02a 124.20a 260.10a 289.36a Level recommended by NRC 
15.69b  62.80b 78.46b 188.10b 10% over NRC recommendation 
0.348 1.055 1.744 3.435 SEM 
0.0001 0.0001 0.0001 0.0001 P-value 

        GAA levels (g/kg diet)  
37.95a 90.20b  189.75a  250.06a 0 
31.52b 97.65a 160.50b 233.10b 0.6 
32.10b 92.65b 157.60b  232.50b 1.2 
0.427 1.292 2.136 4.207 SEM 
0.0001 0.0001 0.0001 0.0001 P-value 

        1GAA ×Arginine -L 

61.42a 123.30a 307.10a 298.00a A0 × G0 
47.64b 126.20a 238.00b 286.10a A0 × G1 
47.00b 123.10a 235.00b 284.00a A0 × G2 
14.48d 57. 10c 72.40d 203.20b A1 × G0 
15.40d 69.10b 77.00d 180.10c A1 × G1 
17.20c 62.20c  86.00c 181.00c A1 × G2 
0.427 1.292 2.136 4.207  SEM 
0.0001 0.003 0.0001 0.039  P-value 

a, bMeans with different superscripts within the same column differ significantly (P<0.05). 
1 A Factor: Different levels of L-Arginine, A0= NRC and A1=10% over NRC recommendation. B factor: Different levels of 
GAA, G0= 0%, G1= 0.6 g/kg diet and G2= 1.2 g/kg diet.  
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Abstract 

In this study, 600 one-day Japanese quails were assigned to six treatments with five replicates of 20 chicks per 
replicate in 2×3 factorial arrangement based on a completely randomized experimental design. Two levels of L- 
arginine (the recommended level of NRC and 10% higher than the recommended level by NRC) and three levels 
of Guanidino acetic acid (GAA) (0, 0.6 and 1.2 g/kg diet) were used in this study. Body weight and feed intake 
were recorded at the end of the experiment. On day 42, blood samples from two chicks of each replicate were 
taken from wing vein for some blood metabolites measurements. Then, the chicks were slaughtered for carcass 
and internal organs investigations. L-arginine supply at 10% over NRC recommendation increased daily feed 
intake, and improved body weight gain and feed conversion ratio significantly (P<0.05). L-arginine supply at 
10% over NRC recommendation and 1.2 g GAA/kg diet increased feed intake and improved feed conversion 
ratio (P<0.05). The relative weight of breast and thigh increased and abdominal fat decreased significantly by L-
arginine supplementation (P<0.05). The main effects of L- arginine and GAA on blood metabolites were 
significant (P<0.05), with a reduction effect on cholesterol, triglyceride and VLDL concentrations and 
enhancement effect on HDL content. L-arginine supply at 10% over NRC recommendation with 0.6 and 1.2 g 
GAA/kg diet significantly decreased blood cholesterol, triglyceride and VLDL and increased HDL 
concentrations in compared to those fed L- arginine at NRC recommendation (P<0.05). Therefore, the findings 
of this study showed that providing extra L- arginine than the NRC recommendation with 0.6 g GAA/kg diet 
significantly improved performance and decreased blood serum cholesterol, triglyceride, and VLDL in Japanese 
quails (P<0.05). 
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