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Abstract 
Effect of different levels of calcium (0.3 and 0.6%), phytase (0 and 1500 FTU/kg), and citric acid (0 and 1%) in diets containing 0.15% of non-phytate 
phosphorus, on growth performance, carcass traits, and bone chemical properties were investigated using 882 10-day-old male broilers from 11 to 40 
days of age in 2×2×2 factorial arrangements based on a completely randomized design including 9 treatments (positive control and eight diets without 
any inorganic phosphorus) and 7 replications. The supplementation of phytase increased average daily gain and gain to feed ratio, but the effect of 
phytase was more apparent in broiler chickens received diets containing 0.6% calcium at 25 to 40 days of age (P< 0.01). Reducing dietary calcium 
levels decreased average daily gain (11 to 24 days) and gain to feed ratio (11 to 24 and 25 to 42 days). Also, the inclusion of citric acid in diets 
containing 0.3% calcium had a negative effect on these traits (P< 0.01). The combination of phytase and citric acid in diets containing 0.6% Ca 
increased the feed efficiency compared to the 0.3% diet (P< 0.01). Phytase supplementation increased toe ash and bone sodium percentage and 
decreased bone calcium and phosphorus concentration (P< 0.01). Bone phosphorus decreased by reducing dietary calcium levels and phytase 
supplementation (P < 0.01). The relative heart and pancreas weight decreased with phytase supplementation (P< 0.05). Reducing dietary calcium 
levels increased the relative liver and pancreas weight and decreased abdominal fat and heart percentage (P< 0.05). According to the results, the 
combination of phytase and citric acid in diets containing 0.6% calcium was more effective in improving growth performance of broilers fed diets 
containing low non-phytate phosphorus. 
 
Keywords: Bone mineralization, Calcium, Citric acid, phosphorus, Phytase enzyme, Phytic acid. 
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 2��  C���,.� K�>B12 N3  2�� K�>��Q�.;9 N6  2�� K�>�.��*9R.C N2  2�� NC����A K�>10  2�� K�>-)�& QA9,!�B�/ N55  2�� NC�-��! K�>75/1  2�� N/��9* &�-) K�>

2/0  2�� NC�A9� K�>4  2�� K�>B��.�4�&�C.  

2. 4�A�G 4 �� ���K�>92 )= +��� M��
 :120  2��) UQVQ� K�>MnSO4 N(100  2��) ��� K�>ZnSO4 N(20  2��) C�H K�>FeSO4 N(16  2��) X� K�>CuSO4 N(

3/0  2�� K�>Q2-�K9 )Na2SeO3N( 25/1  2��) &. K�>KIO3.(  

3. )�� ?@� �)9� ���H��# 2� C	�!) 7���')  Y�A�7�Y ��H.�6 )NRC, 1994 ����,-) ��9� (0*�> �)�Z.  
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 E�&=2. 4�A�G ?@� �)9�� �+)&!)) �>�� (�&
 ���=  I.��+H ��� 

)0%)6�E 

11  )E24 =C(�%  25  )E40 =C(�% 

���� H� �*�' 1()��' O�K)A'  ���� H� �*�' K)A'�O '�()� 

(p�C��� %& p�C)  (p�C��� %& �-��)    p�C)(p�C��� %&  (p�C��� %& �-��)  

OQR� ���	� 6/8 8/6 98  9/7 3/6 90 

6/0 ���� �$%&        

.
���� ���� �$%& �*$        

p�C��� %& ()��' �
 �! �-�� �*$ 0/6 0/4 100  0/6 8/3 81 

1500 p�C��� %& ()��' �
 �! �-�� 1/6 0/4 1594  0/6 8/3 1602 

.
���� ���� �$%& .
        

p�C��� %& ()��' �
 �! �-�� �*$ 0/6 0/4 107  0/6 8/3 68 

1500 p�C��� %& ()��' �
 �! �-�� 0/6 0/4 1524  0/6 8/3 1606 

3/0 ���� �$%&        

.
���� ���� �$%& �*$        

p�C��� %& ()��' �
 �! �-�� �*$ 9/2 0/4 59  0/3 8/3 77 

1500 ()��' �
 �! �-�� p�C��� %& 9/2 0/4 1526  1/3 8/3 1590 

.
���� ���� �$%& .
        

p�C��� %& ()��' �
 �! �-�� �*$ 9/2 0/4 104  1/3 7/3 81 

1500 p�C��� %& ()��' �
 �! �-�� 9/2 0/4 1503  1/3 8/3 1604 

  

 =5
��5K� �%�� (� >)�P[�� ����): �$%& D��AE O`/

 >(� OQ�� z
�L (� � �&)*��� (>��
� "()�&�: >��
�)

 1��8 .�4 ;Q�)g� ����): �$%& ">������ >(� ;8 ����):

�(����  z8)�� >������ �
�� � �*�' "���� OV2 1��C

 ;�$�E]4;��6� (� 1���� �%)97 ���8� "[  ����): 1)0

 ea/ �)[��& (� �&)*��� )8 ���� OV2 .�4 ;�`E ">������

6E�) =Varian  ���SpectrAA 220)5
��! ��g�� 3<)
� " "(

) 1�����'���5o�� �)[��& )8 �*�' OV2Apel  ���PD-

3000UV(D^�t " ��' �)[��& )8 �
�� OV2 �  �����'

)JENWAY  ���PFP7�(���� (>)��[�� ".�4 1��C  

�&�&  "=��A� �*�' SQ	� >��8 %)6�E OP0 (� H$)- 1)0

)8 �&)*��� (� �%
; GLM p��%� '�SAS   ;���)1/9] (18 � [

])���8  ;�8�%)1(  hE
;  ���[�)�D  >��(! (� �&)*��� )8 )0 

LSMEANS ;8 OQR� ���	� _
)�� .�4 ;�
)Z�  %)6�E >��	7

 m%� C S/���4  %��B �V��� H
%���)' 1%)�!  �K)�! %& �

 .O'�[��0 D�	X" >��(! �& O����)� 1��8 ;�
)Z� >)�� ���C 

�	��� ) OQR�PC(  %)6�E H8)Z� %&6/0  +���� �$%&1500 

) ()��' �-��0.6 + Phy %)6�E � (6/0 ���� �$%& +1500 

) .
���� ���� �$%& .
 +()��' �-��0.6 + Phy + CA( 

�4 p)h��.   

 ;�8�%)1 (                                                    Yijk =  
µ+Pi+Aj+Ck+PAij+PCik+ACjk+PACijk+eijk                                                                 

  

;8 1%�L  ";�Yijk%��Z� " �0  ���0)P�µ� "�[�)�D 

 �;A�)/Pi��� " ��8�� ;8 �()��'Aj ��� " ��8�� ;8  ����

�.
����Ck ��� " ��8�� ;8  �����PAij" ()��' H8)Z�� ���× 

 �.
���� ����PCik��� " H8)Z��  ()��'×  �����ACjk��� " 

H8)Z�� .
���� ����×  �����PACijk()��' H8)Z�� ��� "× 

.
���� ����×  �����eijk��� " 1)�: )�(!
.O�� =P  
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 1)0(�% =L ;��(�%25  )E40 ) �401/0<P ��� )�� .(

���/ %& ()��' >&� '�  1�)- 1)03/0  ���� �$%&�� �E 

) &�801/0<P )`	E .
�������� �$%& .
 (� �&)*��� .(
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11  )E24 )05/0<P %& � (25  )E40  �&()8 �8 )`	E =C(�%
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 .�4 G0)� ;8  

' H8)Z�� ����()� ×���� ����
. 	A� &�567 �8=  %�&

&�Q�"  %& .
���� ���� >&� '� � ���� \�� G0)� )8 )��

 1)0(�%11  )E24 �&()8 � ;��(�% >(� G
� '� D�[�)�� "

) O')
 G0)� U�%�:05/0<P�0�8 .(  >&� '� G	�

�0 >)�( � � ()��' ���/ %& .
���� ���6/0  �h	� ����

�4 1&�567 3)*$ G
� '� ;8"  \�� G0)� )8 )��

) O')
 G0)� 3)*$ D
� ����01/0<P 3)*$ .(

;/�/ 1&�567  1)0;
abE ��4  OQR� ���	� ���/ )8

 �&)*��� ;8 OQ���0 >)�(  ���/ %& .
���� ���� � ()��'

6/0  %& ����11  )E24 O4��� =E�)*E =C(�%" 

=K)-%&  ���/ %& =
)`	E ;8 ()��' �&)*��� ;�6/0  ����

 OQR� ���	� ���/ ;8 OQ�����YE  >)C���^ &�567 �8 =*	�

) O4�&05/0<P>)P� ;� (  ��	0&���YE  .
���� ���� OQR�

=� D� D
� %& ()��' �
 �! &�567 �8  ��� .�4)8�0 =4�� 

 D� %& .
�������� � ()��'25  )E40  =C(�%�� �E .&�8  

 "()��' �
 �! >&� '� ;� O�� >! (� =�)- 3)AK)�� _
)��

] �)�C =K�� �%��
& %& &�/�� 1ab��d &��� J
��E )813 [

 �;8 �)Q�& ab� &��� ��`8 ea/ >! j7)8 "1 ">(� G
� '�

 H
�QE J
�d &�Q`8 � U�%�: u�9�=� &�4 ]3 "22  �

24;8 �*�' 3)Q���E .[ 0 %& ��Z�����2 )
 ��Z��� %�L ;6

O�K)A' O��4 >���N
%�*�' z
�L (� .
t�K��8 �`� 1)0

] ��%�&17=[��[X .[ .
�gE �4% r��E ()��' =� ����E )E 

1&��- =4)� (� G
� '� O�
( =60��' �N�� (� ;6/ �*�' 

� ���� ;8 H�K& G
� '� OV2 ���
(�	
���� )��9g� =
)`� 

�*�'&
�N�>� '�3)� (� >�4&�(!  �� &��� =��A� � �$)	7 

e)�6� H9�� ;8 .��
)'���� ] �4)820.[  =K)6�-� ����)5�

=� �[
& ����E ;8 H�K& G
� '� O�8)B �l0 ;��)P� � D��E��^ 

] �4)824 �$%& ;� � �& >&� '� ;� O�� ��4 m%� C .[

 .
�����������YE] &%��� ;��(�% >(� G
� '� �8 17  �22[" 

=K)- %& &�Q`8 1�[
& 3)AK)�� _
)�� ;�  >(� G
� '� %&

] ��&�6� m%� C �% ;��(�%8  �10["  )8 z'��� 1&��- )E ;�

 %& �d)- ;AK)�� _
)��25  )E40  .O�� =C(�%G0�v^ >��C 

 "�% .
�������� (� �&)*��� p)[	0 %& &�567 G
� '� H�K&

 � ���K�8)�� H8)B 1t��� "D��E��^ �l0 O�8)B &�Q`8 (� =4)�

�6� >��	7 1ab� &��� �
)��& ] ���11 .[�0 D�	X  ��4 >)�8

"O�� ����1 ��%�: >&�U A6/ �&)AE )8�� O5�8��= JQ� "

�� &�Q`8� �! G	
� )01 6l0=" &�Q`8 K)A'�O '�()� �5�8��=" 

� '�
G \4�E �)^5]�� � %& )`�
O � '�
G �4% ���]� 

�&�% � J/�� &�Q`8 U�%�: ='�9�  � &�567 �4%

>)C���^ �= ] &�410[.  


 ���� .ab� �&)�1 %��d1 O�� )��  O�� D56�

 )E
.  p��>! ' ;8 H9���3)� ] �4)812 � [�� %&�;h 

����& >! ;8 = &��g�&�4' .�3)� ;8 �-�%= ' r��E�()� 

0�K�%��  �= &�4 O�� ��4 m%� C )�� ��� � ���� \

O`/ �*�' ;8 ���� OQ�� P�8���= '�()� �8�%)  �`�

] O��6 .[  
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 E�&=3. * �()�#+�, /.�,�- &�-) �24 0123 ��5 �=9= &
� ��62	� � ��� ,
9>  �.?@A �&
 3 ���* ��*��7�, �B�.C 

bE S8)	���3�� 

(p�C) ;��(�% >(� G
� '�  (p�C) ;��(�% U�%�: u�9�   U�%�: �&()8  

11  )E24  
=C(�% 

25  )E40  
=C(�% 

 
11  )E24  

=C(�% 

25  )E40  
=C(�% 

  11  )E24  
=C(�%  

25  )E40  
=C(�%  

             
OQR� ���	�  3/54 6/93  0/76 9/159   715/0  585/0  

6/0 ���� �$%&         
.
���� ���� �$%& �*$         

p�C��� %& ()��' �
 �! �-�� �*$ 6/50 3/69  5/76 bc6/142   661/0  f486/0  
1500 p�C��� %& ()��' �
 �! �-�� 5/51 1/86  0/75 a2/151   687/0  a570/0  

.
���� ���� �$%& .
         
�
 �! �-�� �*$ p�C��� %& ()��' 9/50 4/70  7/75 d8/134   673/0  d523/0  

1500 p�C��� %& ()��' �
 �! �-�� 6/53 2/87  2/76 a8/152   703/0  a571/0  
3/0  ���� �$%&         

.
���� ���� �$%& �*$         
p�C��� %& ()��' �
 �! �-�� �*$ 3/48 4/72  6/73 cd2/139   655/0  de520/0  

1500 p�C��� %& ()��' �
 �! �-�� 6/50 1/80  4/74 a2/150   681/0  c533/0  
.
���� ���� �$%& .
         

p�C��� %& ()��' �
 �! �-�� �*$ 6/45 5/73  0/73 bc9/143   624/0  e511/0  
1500 p�C��� %& ()��' �
 �! �-�� 4/48 1/81  8/72 ab1/147   665/0  b551/0  

1)�: &%���)��� D�[�)��)0  0/1 2/1  3/1 1/2   005/0  003/0  
                

 ()��' �
 �!(p�C��� %& �-��)                
�*$  b8/48  b4/71   7/74 1/140    b654/0  510/0  

1500  a0/51  a6/83   6/74 4/150    a684/0  556/0  
.
���� ���� (�$%&)                

�*$  3/50  0/77   9/74 8/145    671/0  527/0  
1  6/49  0/78   4/74 7/144    666/0  539/0  
 ����(�$%&)                
6/0  a7/51  3/78   a8/75 3/145    a681/0  537/0  
3/0  b2/48  8/76   b4/73 1/145    b656/0  529/0  

)�:1 � &%���)����[�)�D0)  5/0  6/0   6/0 0/1    003/0  002/0  

  P-value  
()��' �
 �!  005/0 001/0<  927/0 001/0<   001/0<  001/0<  

.
���� ����  406/0 218/0  614/0 441/0   247/0  001/0<  
����  001/0< 084/0  013/0 883/0   001/0<  001/0  

 ()��' �
 �!× .
���� ����  495/0 946/0  789/0 779/0   242/0  408/0  
 ()��' �
 �!× ����  628/0 001/0<  704/0 046/0   531/0  001/0<  

 .
���� ����× ����  017/0 959/0  474/0 200/0   001/0<  006/0  
 ()��' �
 �!×  .
���� ����× ����  647/0 978/0  428/0 006/0   535/0  001/0<  

1PC vs. 0.6 + Phy   047/0 001/0<  625/0 005/0   001/0< 004/0 
2PC vs. 0.6 + Phy + CA 632/0 001/0<  883/0 021/0   128/0 007/0 

a-c: C�V!��� 7���A [��$ � ��  Q\� ;9,- �� �� ��I��! ) 0-)�)�05/0<P.(  

1.  ��	�A � 0R]� E�,Q4 ��	�A ;��� 0-�,!�46/0  +5��24 &���1500 .K�>92�4 �� +�,�* &$)�  

2.  ��	�A � 0R]� E�,Q4 ��	�A ;��� 0-�,!�46/0  +5��24 &���1500 ./.�,�- &�-) &��� /. +K�>92�4 �� +�,�* &$)�  
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 E�&=4. * �()�#+�, �24 0123 � /.�,�- &�-)�5  �7��2A � _VQ� &��� �=9= ��� ,
9>  �.?@A �&
  ���* �3�*��7�, �B�.C 

bE S8)	���3�� 
G[	K �$%&  3)*E �$%&  

11  )E24 =C(�%  25  )E40 =C(�%    11  )E24 =C(�%  25  )E40 =C(�%  
       

OQR� ���	� 00/0 02/1  02/1 02/1 
6/0 ���� �$%&      

.
���� ���� �$%& �*$      
p�C��� %& ()��' �
 �! �-�� �*$ 04/2 02/1  00/0 04/2 

1500 p�C��� %& ()��' �
 �! �-�� 00/0 00/0  00/0 00/0 
.
���� ���� �$%& .
      

p�C��� %& ()��' �
 �! �-�� �*$ 00/0 04/2  00/0 04/2 
1500 p�C��� %& ()��' �
 �! �-�� 00/0 00/0  00/0 04/2 

3/0  ���� �$%&      
.
���� ���� �$%& �*$      

 �
 �! �-�� �*$p�C��� %& ()��' 00/0 00/0  00/0 04/2 
1500 p�C��� %& ()��' �
 �! �-�� 00/0 00/0  00/0 02/1 

.
���� ���� �$%& .
      
p�C��� %& ()��' �
 �! �-�� �*$ 04/2 00/0  02/1 00/0 

1500 p�C��� %& ()��' �
 �! �-�� 06/3 02/1  04/2 04/2 
1)�: &%���)��� D�[�)��)0  78/0 73/0  65/0 09/1 

  P-value  
()��' �
 �!  666/0 301/0  543/0 744/0 

.
���� ����  200/0 301/0  072/0 744/0 
����  200/0 301/0  072/0 744/0 

()��' �
 �!× .
���� ����  200/0 000/1  543/0 108/0 
()��' �
 �!× ����  200/0 042/0  543/0 331/0 

.
��������× ����  003/0 000/1  072/0 331/0 
()��' �
 �!× .
��������× ����  666/0 301/0  543/0 744/0 

1PC vs. 0.6 + Phy   482/0 226/0  000/1 330/0 
2PC vs. 0.6 + Phy + CA 482/0 000/1  000/1 330/0 

a-c: C�V!��� 7���A  Q\� ;9,- �� �� ��I��! [��$ � �� ) 0-)�)�05/0<P.(  

1.  0-�,!�4 ��	�A � 0R]� E�,Q4 ��	�A ;���6/0  +5��24 &���1500 .K�>92�4 �� +�,�* &$)�  

2.  ��	�A � 0R]� E�,Q4 ��	�A ;��� 0-�,!�46/0  +5��24 &���1500 ./.�,�- &�-) &��� /. +K�>92�4 �� +�,�* &$)�  
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 E�&=5. )* �(�#+�, �24 0123 � /.�,�- &�-)�5 �9:" ��7� �=9= ;)9<,-) ��� �.?@A �&
 3 ���* ��*��7�, �B�.C )40 ( >+��  

bE S8)	���3�� 

]��%)E)����%)E >������  >)�P[�� >������  

���� �*�' �
��  ����): ���� �*�'  

 p�C �$ %&p�C ����):  �$%&   p�C����): p�C �$ %&  

          
OQR� ���	� 8/39 3/20 524/0  1/45 7/14 8/6  

6/0 ���� �$%&        
.
���� ���� �$%& �*$        

p�C��� %& ()��' �
 �! �-�� �*$ 9/40 1/26 499/0  6/36 6/14 9/7  
1500 p�C��� %& ()��' �
 �! �-�� 8/39 7/24 541/0  7/39 3/14 7/6  

.
���� ���� �$%& .
        
$p�C��� %& ()��' �
 �! �-�� �* 2/41 1/27 463/0  1/36 7/14 2/7  

1500 p�C��� %& ()��' �
 �! �-�� 3/40 8/21 553/0  8/40 7/14 3/6  
3/0  ���� �$%&        

.
���� ���� �$%& �*$        
p�C��� %& ()��' �
 �! �-�� �*$ 7/38 0/26 561/0  1/39 7/14 9/7  

1500 ! �-��p�C��� %& ()��' �
 � 3/38 3/22 599/0  2/41 3/13 6/6  
.
���� ���� �$%& .
        

p�C��� %& ()��' �
 �! �-�� �*$ 2/37 0/28 580/0  4/39 3/13 8/7  
1500 p�C��� %& ()��' �
 �! �-�� 7/36 8/20 605/0  9/41 7/12 4/7  

1)�: &%���)��� D�[�)��)0  3/0 2/0 021/0  9/0 1/0 1/0  
              

 ()��' �
 �!(p�C��� %& �-��)              
�*$  a5/39  a8/26  b525/0  b8/37  a3/14  a7/7  

1500  b8/38  b4/22  a574/0  a9/40  b8/13  b7/6  
.
�������� (�$%&)              

�*$  a4/39  a8/24  550/0  1/39  a3/14  3/7  
1  b8/38  b4/24  550/0  6/39  b9/13  1/7  
 ����(�$%&)              
6/0  a5/40  a9/24  b514/0  b3/38  a6/14  b0/7  
3/0  b7/37  b3/24  a586/0  a4/40  b5/13  a4/7  

)�:1 � &%���)����[�)�D0)  1/0  1/0  010/0  4/0 07/0  07/0  

  P-value  
()��' �
 �!  001/0< 001/0< 002/0  001/0< 001/0< 001/0< 

.
���� ����  006/0 026/0 989/0  441/0 001/0< 194/0  
����  001/0< 001/0< 001/0<  001/0< 001/0< 001/0< 

()��' �
 �!× .
���� ����  866/0 001/0< 560/0  347/0 011/0 005/0  
()��' �
 �!× ����  197/0 001/0< 261/0  161/0 001/0< 223/0  

.
���� ����× ����  001/0< 001/0< 412/0  798/0 001/0< 001/0< 
()��' �
 �!× �.
���� ���× ����  838/0 655/0 309/0  559/0 224/0 104/0  

1PC vs. 0.6 + Phy   984/0 001/0< 546/0  001/0< 079/0 860/0 
2PC vs. 0.6 + Phy + CA 236/0 001/0< 309/0  002/0 962/0 019/0 

a-c: C�V!��� 7���A  Q\� ;9,- �� �� ��I��! [��$ � �� ) 0-)�)�05/0<P.(  

1. �,!�4 ��	�A � 0R]� E�,Q4 ��	�A ;��� 0-6/0  + 5��24 &���1500 .K�>92�4 �� +�,�* &$)�  

2. ��� 0-�,!�4 ��	�A � 0R]� E�,Q4 ��	�A ;6/0 5��24 &��� +1500 ./.�,�- &�-) &��� /. + K�>92�4 �� +�,�* &$)�  
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 ;8 ��8�� _
)�����YE ���/ ;4< 3)*$ �8 =P
)�(! 1)0

 ���/ %&)6 >)P� (O�� ��4 �&�&.  ���/ %& ()��' >&� '�

;/�/  ]��5�)^ � JB �$%& G0)� ;8 �h	� =�4�C 1)0

�4 )05/0<P �$%& G
� '� ;8 �h	� ���� \�� G0)� .(

 )0)^ � JB "=654 =8�X �$%& G0)� � ]��5�)^ � �Q�

) �401/0<P .(  

  
 E�&=6. * �()�#+�, �24 0123 � /.�,�- &�-)�5  ��
8 7��� �=9= ��� ,
9>  �.?@A �&
 3 ���* ��*��7�, �B�.C )40 ( >+�� 

bE S8)	���3�� 
;4< =654 =8�X JB �Q� ]��5�)^ �)gL  )0)^  

>�8 >(� (� �$%&  
           

OQR� ���	� 4/64 53/1 525/0 80/2 239/0 182/0  50/3  
6/0 ���� �$%&        

.
���� ���� �$%& �*$        
� %& ()��' �
 �! �-�� �*$p�C�� 8/62 35/1 583/0 98/2 264/0 192/0  77/3  

1500 p�C��� %& ()��' �
 �! �-�� 9/63 39/1 558/0 74/2 221/0 184/0  82/3  
.
���� ���� �$%& .
        

p�C��� %& ()��' �
 �! �-�� �*$ 8/62 45/1 635/0 73/2 249/0 191/0  94/3  
1500 p�C��� %& ()��' �
 �! �-�� 9/62 50/1 573/0 79/2 235/0 185/0  77/3  

3/0  ���� �$%&        
.
���� ���� �$%& �*$        

p�C��� %& ()��' �
 �! �-�� �*$ 9/62 12/1 543/0 10/3 284/0 183/0  66/3  
1500 p�C��� %& ()��' �
 �! �-�� 3/63 37/1 532/0 98/2 258/0 191/0  57/3  

.
���� ���� �$%& .
        
p�C��� %& ()��' �
 �! �-�� �*$ 7/62 25/1 544/0 86/2 263/0 196/0  71/3  

1500 p�C��� %& ()��' �
 �! �-�� 4/62 25/1 526/0 00/3 262/0 177/0  61/3  
1)�: &%���)��� D�[�)��)0  5/0 11/0 015/0 08/0 008/0 009/0  06/0  

                
 ()��' �
 �!(p�C��� %& �-��)                

$�*  8/62  29/1  a576/0  92/2  a265/0  190/0  77/3  
1500  1/63  38/1  b547/0  88/2  b244/0  184/0  69/3  

.
���� ���� (�$%&)                
�*$  2/63  30/1  554/0  95/2  257/0  187/0  71/3  

1  7/62  36/1  570/0  85/2  252/0  187/0  76/3  
 ����(�$%&)                
6/0  1/63  b25/1  a587/0  b81/2  b243/0  188/0  a83/3  
3/0  8/62  a42/1  b536/0  a98/2  a267/0  187/0  b64/3  

)�:1 � &%���)����[�)�D0)  3/0  06/0  008/0  04/0  004/0  005/0  03/0  
  P-value  

()��' �
 �!  352/0 303/0 015/0 568/0 001/0 357/0  072/0  
.
���� ����  176/0 491/0 181/0 120/0 464/0 985/0  259/0  

����  496/0 042/0 001/0< 010/0 001/0< 859/0  001/0<  
 ()��' �
 �!× .
���� ����  246/0 465/0 357/0 038/0 026/0 395/0  169/0  
 ()��' �
 �!× ����  517/0 640/0 213/0 451/0 209/0 875/0  681/0  

 .
���� ����× ����  954/0 543/0 120/0 919/0 517/0 995/0  880/0  
 ()��' �
 �!×  ���� .
����× ����  833/0 413/0 507/0 867/0 902/0 299/0  264/0  

1PC vs. 0.6 + Phy   554/0 348/0 143/0 637/0 124/0 915/0 001/0< 
2PC vs. 0.6 + Phy + CA 052/0 832/0 034/0 955/0 713/0 847/0 002/0 

a-c: C�V!��� 7���A  Q\� ;9,- �� �� ��I��! [��$ � �� ) 0-)�)�05/0<P(.  
1. Q4 ��	�A ;��� 0-�,!�4 ��	�A � 0R]� E�,6/0 5��24 &��� +1500 .K�>92�4 �� +�,�* &$)�  
2. � 0-�,!�4 ��	�A � 0R]� E�,Q4 ��	�A ;��6/0 5��24 &��� +1500 K�>92�4 �� +�,�* &$)�./.�,�- &�-) &��� /. +  
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