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�� �������	 
��� 
�� ��� �� ���� ����� �������� �����  ����� ���!"  ��#$
�% �& ����� �����'�� ����(� � )*+" (�� -��.�%� .�� �0 1����2 
!   3 ��4��� -3�� 5

���� �� 67  3 ���8�! -���9� )����( �� :�(&� ���8� �� �� .���2�1 ; <=�$ �� >�?@��A 
B��C�� ���A�B D��E �0� F)G×*( H#% �% F���  ���� ����)�+ 6G+  3*+ �E�� ( 3 3�
 H#%�=��� I&2�-� J�&�� )+  3K/+ A �� :���:���M(6 3�N� B��2�.=2 6��&�A�M���0 6���� 6�@

4� 6�O�M%� �PQ 6�O�M%��2 6��R�M��M���P��� 6������&����RQ 3 ��S�3�Q 6��&@ �� ������� .
����R% �� ��� 
�+ 6G"  37G ��3�� T�3 9A� B�C� T�� ���U� 3 -���  V.$ ��
-���&� ���� ��. �Q ������2 T���; �� ���� ��#$ 3� V.$ �� �� 1��3 W�T�� X�0 � ���� 3 

�� 6X3���MA Y�4(�� ��M���&2 Y�4(� 6���A��� T�=�� T��� Z�=2�S�3�Q 3 ��&�0�A 
� F
-���&����� �� .Q� T�� �� V��� M[� ���� D�� �0 6
���� -�\�%� �G7 ���� �]�% ��

��� ���(� 3 :3�^� _���� ���
6  ���9A3 �4�$��� 
���� -�\�%� 3 ��O `M�[� 
����
 ��. ��&����2 a� �A ��� T�9& 1 T�3IB� �b� 6_���� �� ���� ���� `M�[� >�#% �b�
I&2�� F0�U�� �b� 3 _���� �0 J�0 F��] 3� 
���� T�0 T�3 �R% �� ��� 
�+ 6G"  37G 

��3�� R���  ��c& ���)+K/+ >P .(�e��c� <���	 F��  
% ��7G ��3�� ���� ������  �A
3�N _����� �+ �� ���� ���� �E��� �B��A�% �� ���0 �&��0 -��-3�� ���0 ��  

)+K/+ <P .(�IB� �0�� _���� �� ���� ���� H#% 1��� 3 X3���MA T�I�M����� �� T�� �
��] g�^=�  1��A�� ��� 6�B�����2 g�^= �� 1��A 
� R�����c& ��� . `M�[� >�#% �b�

� �0 ���� ����� T�IT�=�� �� Z�=2����� T�� �� ����� �R�� ��� ��0 ���)+K/+ <P .( ��
�U�� -3�� ������ �% �0�-3�� ��&2 Y�4(� ��� �A��T����� ���� T�� �� ���������  �A
��� ���� ���� H#% �� h�C[0 �&��0 -��4& �B��+  -3�� �0 �c�& 6�E������ 0� ��9

� �i& �0 ��= 6��0�A���%��E�� D�c� =��B ���3 ���� ���� ����&2 ���A��&��� ���R��0. 
MA ��#0� ��&�� �� -��2 �%� �0 a�� T�9& 1�3jQ 
�� �� ���� ���� k�C� �A ���� -�

������� ����� #% �� H�+ T2 ��PM4] ��c�0 <��� �E��� ������ .Rl4����& 
� a
A�N� �=�� �cm� �b� ��� I&2�� �� J�-���� 3�N� �%� ���� ����.  

  
�� :يديكل يهاواژه�� �����I&2 6���� ���� 6��&2 6��PM4] 6J� �A��T��.  
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  مقدمه

"��#� )
�$%�&�' (*%�%��� (,-�%�#.' �� /& 01� 

��2 /�2"& �34 51�� �10 . (�7 �� �8"%9 ;"��#

<=
 "	 /1">,"? �'��
"# - (@%
�$ 01�. /
�9 ��3%4 �"8

 A-�%4 "	 A-.' .' ���	� �"%9 A���B /4 (@%
�$ (�7

/
"#�� �'�' C.-�? "8/
�9 "D�� - �
�2 AE ��%� /F ��

01� �,�>G� �"��# A">8 '.�' �F�.�# H�I� . .'

�J
 K��� "��# A"�1"4 A�.-'�	 ��4� � �'�4 L�' - A"�


01� .�	9 �%��2 "4 �"	
 - M3# 5% /& A"D7 M3# />

$��N7 O"P, ��%"�	 4% Q�B ���  "��� ,">2 /7.'� 

��2 KR�-."9�"1 ;�
�� '.�' (FAO, 1999) . A�S%�

<=
 ��IP�  �"8T "� U  '-�V .' /,"1U "� �� 

<=
 .' A�S%� �	� "�� 01� L�9��%F �"8��  /4 /,"1�� 

"� U� �%F�� L�9��1. . ��2 WXY� L"R.� �� �#�4

 �'"G� �,�IP����  L�9��%F
%S �� �%,�����F.  /��8

B�$ ��IP� "��#� .-E�$�  '-�V /& 01� "��#��  "�

�T *3� �. "��# A�- �� �Y.'%� <��8' (Hussein et 

al., 1998) ."�
	ZP� [%&"V \"Z� � ��	 /��8 /& 01� �

��4 "��#� ] - L�'%�.�' .�� �J
 C�.��	  - 01�

��  A���B /4 �. "��# /��8 A���	&�.�# �'"� M�  /4

7%] - L�' ��%'�>
 /$"^� .� (Aldhaheri et al., 2004; 

Vandepopuliere et al., 1995). � "4	�"V � Jumah et 

al. (1973) /7�7 .' �. A�- _8"&"8� �2�9� JN�	 /

�
'�& ��8"3� "��# /��8 "4 ��2 .  

�1	/"8� �7	] �%�2�9 .�� 4 / `"4 �2. a�
 0�B

_�� /4 0��
"8� P�%b� JN� -	/�� �.�'� 1"�V% 0

4%��3� 4 - ����8 /,�� 0�B%/
�9 �"8� �&�%c �"G$ A

] .'� E�$ ;_��	"8��� $%S	d�,�	*�  �X�#� ."e' "D
E

 �8��#�2 ./
�9"8� �&�%c �� �. '�# �f� �g� �"G$ A

�]	�&� h%, A'�& �%i%- "8� ��-�?%� \�'�7�� .' "8

� ��
�	8��# '"��'�& � .ZP�%�'�' A"3
 \"Z /& �
�

-"V "��# /��8� &��%,�4"
E \"�%*� ���=�� �� �2"4

� �� /&	&�� �%� \"��$ /4 A���%Ad-��1���'�& �."2� "8 

(Ali et al., 1999; Elgasim et al., 1995). 

$%Ad-��1���� .' "8%��S�1 ;"8	L�j, - \"�
 "8% '�7- S

�.�' /& 01� ��2 �'�' A"3
 - �
.�'�  k��#

                                                                                   
1. Phoenix dactylifera 

�
E� �&�%
��� 1E <4"Z� .'%l"8� �&�%���%��  ����8

(Mitchell et al., 1998) .��4"�4	? �% /& 01� ��2 '"D�3

� "��# /��8� �.�' �
���� ,"G$%�
E 0��&�%
��� �2"4.  

] m�.�# .' "��# /��8 �� �'"��1� K
��� ��% `"4 .�

� A'�4%,� A�S% AE L"# H"01�� ;	� ��%,� A�S% L"# H"

4 /4 "��# /��8 .' '�7��% �� _!� � �Y.'��1. .

� /��,�%."B �."IB A�S�  \�� ��)NFE  (� .' '�7��	 �


 �'.-E�$% '-�V ST�  "��T 01� �Y.' .� ��	 /4-. �

 A���B	�J
 �'"� M�	 ��9 .��R /7�� '.�� �
���%'� . "4

� /4 /7��	,"1 /*�% '-�V .' /
"������  /4 /��8 ��

B�$ ��IP� A���B� .-E�$�  .�3& .' "��# <4"R,��% �

���2"4 (www.iccim.org) ZP� -%&�
� \"Z� �� .'% /�

� �� �'"��1�	� ] m�.�# .' ��IP�% /�$�9 \.�Y .�

01�; H�8 �J, �Y�� �	ZP� �%G� h%%�J
 C�.� ��	 

"��# /��8� .-E�$� ��4 ��2� 7�7/"8� �2�9� '�4 ;

&�� /4 /7�� "4 "��% 0D7 "��# /��8 .' '�7�� \"�

�S$�	,">�V� _� �4"R% �� AE nf8 0	�,�� M� S
E	
 n% S

>*� A���B /4%.-E�$ <� �2 �'"��1�.  

  

 ها مواد و روش

 '��G� �� _	"��E �	� .'opq   ��2�9 /7�7 /GbR

�
 �1	 r�. ��."�� /)stq (�2 �'"��1� . "4 _	"��Ep  

 - .">%�	 �-�9 M�8"2 .' ;u   - .��@�p   �8 .' ��8"3�

�2 L"�
� .��@� ."��E	.��&"$ \.�Y /4 _	 <)v×s( 

wb1 /1 <�"2  "��# /��8)ot ;vt  -st �Y.' ( - -'

 wb1�,��� S
E	 /
"9 �' n)t  -x/t & .' L�9%L�9��( 

'�9 ��7�	� . �-�9�8"2 7%"? �4 �-���� ��	 - \.z /

�1	.' "	>
 0$"'� .�%d�
� A�S� ��-�? -%7 �%��"8� 

"��E	3� 	7 - '�4 A"�*%��">�8�. r"1� �4 "8�  C.-�?

�2�9 /7�7� �1	��4 r�.  /� �1 KbZ� /1� {��% n

'�9	 �)�-�7s .({�� �� <�R%7 n%��"8� "��E	3� 

&��%��P� \"�� &�.�# '����  h�] "��# /��8 /�>7 ��

C-."8�  �-����AOAC (1990) ,"
E% S �2)�-�7o.( 

 ���P� �"8�%1���%�E"��# /��8  �"�|�1� /4

 }	.�	��F�%1� 51�� S%,-.�%8 �� (? A"$��i	��p 

 C-. /4 �"��
$��9��"�-�&� �
�	 �'"���  ����
� ��%9 

                                                                                   
2. Ion Exchange Chromatography 
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���������� �: �� ��
! �"#� ���$� %��� �&�
' ...  �� 

�2 )�-�7v( .�%d�
� A�S�  <4"R�"1 - 0#�1  '�7��

"��# /��8 .'  '��G� �� �'"��1� "4uq  /7�7 /GbR

�2�9�  �1 .'vq .9�-� .-E K>7 -� ��P�	� \"	 L���

C-. /4 Driver et al. (2006) G�%%'�9 �	 �)�-�7o .(  

"��# /��8� � .' �'"��1� '.��	 \.�I4 _8-c? �

��
��9 �bR /4 v �o �%�� ��� ,�� .' /& '�4% .' ���
� �

D� "4 A"�S>8 /
"#."&%># /%"��# �� .��1"?	 .' �S

"�'� ost  "�oxt �
"1 /7.'�4 '��9 \�� /ux R'% /Z

-  04�]. .'vt ~�'��� - /�$�9 .��R �Y.' ,�� /��8% �

"�' .' �3��2 �� (? ��2� qt  \�� /4 /7.'ot 

R'%"D
 - M3# /Z	~"� 1E%� �"�''�9 .S
E	 '.�� n

� .' �'"��1�	ZP� �%�,�� h�S
E	."�� n� ���"
	 n

rX?� -"V /& '�4� $%�"� )xttttt .' �V�- 

&%L�9��(��9"�4 ;�"
"& )�ttttt & .' �V�-%L�9��( ;

�E"�,E%�X )�ttttt & .' �V�-%L�9��(�`��1 ; 

)ptttttt & .' �V�-%L�9��(�*? ;%�"� )�tttt  �V�-

& .'%L�9��(�� ;	�"
X )ottttttt & .' �V�-%L�9��( ;

�"��-�? )stttttt & .' �V�-%L�9��(��>8 ;%-"V �� 

�E%�9��%��*	;��� >8� ����? -  �`��1� �"
���2"4 .  

                                                                                   
1. Bioproton, 38/141Station Rd. Sunnybank, 

Brisban 4109Qld, Australia 

  

 (�)*+,  ��
! �"#� ���-�-� /-0
1)�
*
� �3
�3 ��( 
��� � ���� �	�
 ��
��(AMEn)  �
����� �� �
�������   �/���  

��� ���� % �/!"  #�$�� %   �/�  


&$��� % ''/�  
($) %   �*/�  

��� +�,-�
. % ��/"  ��01�2� %   ��/�  

��� 3	
4 % �"/��  #05� %   �'/�  

��� 6���� % 78/*�  +9: (ppm)   �/��7  

NDF1 % 8�/!8  12;2� (ppm)   �/*�  

ADF2 % "7/8�  ��� (ppm)   �/*"  

ADL3 % ��/��  <� (ppm)   *7�  

�.  NDF  :1����  +3@9������  ++�2;��    *.  ADF  :1����  ++�2;��    �.  ADL : +�2;��  

  
 (�)*5,  �
*
� ���)-&�
6-�7 ��)8���
! �"#� �� ) 9;! ����<=/=� )?��(  

���������  	�
�� �	�� 
	 
����(%)    ��� ������� 
	 
����(%)  

�������  ��/�   ��/� 

������  ��/�   ��/� 

�������+������  ��/�   ��/� 

��!�"  �#/�   $&/' 

����*��  ��/�   ��/' 

���,
�  ��/�   --/$ 

����"�!��  �-/�   �&/� 

���"�  '&/�   �&/& 

��"��  �-/�   ##/# 

�������.  ��/�   $'/� 

���0� 1��2  ��/�   &�/' 

����34  �-/�   '#/# 

����  ��/�   &�/' 

��"���  ��/�   �'/' 

���0�  �&/�   ��/# 

���� 5��
�6��  #�/�   $'/- 

���� 5�����34  $&/�   &�/�& 

78
)9��:NH3(  �$/#   &�/-� 

;������  ��/�   &-/� 

78
  -$/#   �'/-� 
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/7�7 �? �2. 0B�1 �� �'"��1� "4 ��-�@	 �"8

 �3	"��E �"8�V�- /4 �-� �-. �� - �
�2 0%��7 �%%G�

(�R /F"8� �]"4�  �'�' k"I�#� ;'�4 /Z�] ."De

�
�2 ."��E �.-' ��] .' m�.�# - �E	 n��' .�] /4 _

�#� .'%/7�7 ."02�' .��R "8 .4E ��
.�=� .�=
�' -� 

�S$� "4	/7�7 �1 _N� "8%% �	0$" ."�2-.�	  .�] /4

 \�2 "4 - n��'vx �"� (&�,%'�9 �	� ."�'� 2E%  /
"

 �-� �-. .'sv �
"1 /7.'� �8 AE �� (? - '�4 '��9u 

 �-.	 _8"& /7.' M	0$" ."��E �.-' ��]	 _uv  �-.

/7�7 - '�4�1 .' "8% �ot ;vq  -uv 9�-.� A�- 3&� 

2$�I� A�' .��Z� - ��� ����
� (�R �89%�� �2.  "4

� /4 /7��	"��E �.-' ��] .' /*�	8 _% - \"��� /
�j�

'"Z� ;02��
 '�7- HJV	$�I� m�.�# ��  <#' A-�4

0$�9 .��R �'"��1� '.�� \"�1"P� .' H�I� - .  

"? .'	"��E A"	 /& /7�7 /GbR -' (�R �8 �� _

AE A�-� �'"G� "8%j
"%4�� (�R � �� - �"=�
� '�4 /]�

�]	.- h	A�# �"4 �9%�� �2 ./
�>
"8�  /�Y"$X4 A�#

/,�, <#�' .'"8� -"V� ."i8	. �	 0B�1 "4 - �2 /�=

sttt R' .' .-'% \�� /4 /Zox R'%��
"1 /Z	�% - d�

">1X?� AE����
� 0D7 "89%�� /��1��$ "8�  ��7 A�#

"�' .' -�C °oq� �$	�2 S .����
� 9%�� �>�� �

�� ;�-����&����9	�
E ��>�� - �� �&�% A��) <�"2

�"���9%�&��? A�%�&��?�1 - �`"�"& ;���%�"��>1' � ( ��

�]	C-. h"8� S
E	>� ��1 �
.�  �� �'"��1� "4 -

&%0"8� ."���  �� �'"��1� "4 A���E r."? 0&�2

�2 L"�
� �����$-��*i1� .��4� ����
�9%�� A�,"�  

'� ��,E%H�G� �� � j
.� �%4."4�%.��	 0D7 - M

����
� 9%�� ��-�?%
�4�& �%j
. H�G� �� <� v�u 

'� 
%�$-��%8 <%��.�	�2 �'"��1� � .�	H�G� � /4 "8

] �� (? - �2 /$"^� '.��
"�1� - M
X4 ;">1X? /
�>
� 

/
�>
 .�
 �J7 \�2 /]�4�� <V���  51�� "8

��� /4 �����$-��*i1�%��4 l� ' A�,"�� ��,E%- � 

��-�?%
�4�& �% ��� ��] .' <u�v  -utx  .' ����
"


����
� M
X4 �4��49%�� �2.  

  
 (�)*�, �
-* �$@� ��
� � �0��
! ��
� /-0
1 �;����7 ���)	
A
�-0 �� 	
A( 

3����� ����  
  ��-��3����  ���-*73����    *!  �-'* 3����  

  
����  

��% 

��	
 ��
� 

��% 

��	
 ��
� 

��% 

��	
 ��
� 
  ����  

��% 

��	
 ��
� 

��  %  

��	
 ��
� 

��  %  

��	
 ��
� 
  ����  

��  %  

��	
 ��
� 

��  %  

��	
 ��
� 

��  %  

��	
 ��
� 

A�B   C/DEF  C/DEE G/FHI JED  DCC K/DDG FKH  F/JFH    E/GIF  C/DCE  J/IJJ  G/JGJ  

�0�� L��M2�   G/FFG  FEE F/JHD JHG  JKE E/JGN J/JGE  C/JGE    J/JIE  D/JIC  E/JIK  H/JIK  

A�B +O��   N N H/FC F/CG  N F/C K/DD G/ENF   N D/EK E/GH C/EEI 
��
� L&$9 ��:   N  ENN JNN FNN  N ENN JNN FNN    N  ENN  JNN FNN  

A�($) #�$�� ��   EC  J/EK K/EK F/JN  EG E/EH D/EH  K/EH    G/EG  F/EH  C/EH  J/EC  

�52� P�Q�   H/EEN  N N N  G/CD N N  N    I/HK  N  N  N  

A�B +-���   N  F/FG HN H/CE  N J/FH IK  C/GN    N  C/EF G/JD  I/FH  

+0
�R S�T   F/N  I I I  F/N I I I    I/J  I  I I  

65U   G/C  H/H C/G K/D  K/H H G  E/D    K/H  K/G  K/D  D  

�@�   E/F  I/N F/N J/N  E/F I/N F/N  J/N    G/E  I/N  F/N  J/N  

32���&0� �@V��   D/J  D/J D/J D/J  D/J D/J D/J  D/J    D/J  D/J  D/J  D/J  

3�5W� �@V��   D/J  D/J D/J D/J  D/J D/J D/J  D/J    D/J D/J  D/J  D/J  

��–X�Y+����&�   C/E  G/E D/E G/E  G/E I/E D/E G/E    I/E  I/E  D/E G/E  

X�Y+01��   E/J  F K/F I  D/E G/J G/J  H/J    I/E  I/E  D/E  D/E  

A�Q��
- 

��� � ���� �	�
 ��
�� 

)�����
����� �� �
���( 
  

JGFJ  JGFJ  JGFJ  JGFJ 
 

JHIF  JHIF  JHIF  JHIF  
  

JCNH  JCNH  JCNH  JCNH  

        ��� +�,-�
.     %   JH/JE  JH/JE JH/JE JH/JE  IJ/EK IJ/EK IJ/EK  IJ/EK    DH/EH  DH/EH  DH/EH  DH/EH  

            ��� 6����     %  HN/I  HF/D GE/H GG/K  JH/I IC/D DF/H  DC/K    KH/F  IJ/D IH/H  DJ/K  

                     #�$��%   KJ/N  KJ/N KJ/N KJ/N  CF/N CF/N CF/N  CF/N    CF/N  CF/N  CF/N  CF/N  

 #9�
) �$0� 
($)    %   IG/N  IG/N IG/N IG/N  IE/N IE/N IE/N  IE/N   IE/N IE/N IE/N IE/N 
                      +01��%   JH/E  JH/E JH/E JH/E  EE/E EE/E EE/E  EE/E    KH/N  KH/N  KH/N  KH/N  

                   +����&�%   DN/N  DN/N DN/N DN/N  IH/N IH/N IG/N IG/N    II/N  IF/N  IJ/N  IJ/N  

E. 2���&0� �@\�3 ��@� 3� +���- �� 
0� 
0��]� ^���� �� �
� ���_ 
9 �� : +���&0�A  `!���  `X�
(�$�_ L��_ `3��@�� +�	 5a��*��� �� +���&0� `3��@�� +�	 5a

E `�7  +���&0� `3��@�� +�	 5a��K3  `' 3��� �
�+���&0� ` B12 `��8/� 3��� �
� `+�-��	 `�8/� 3��� �
� `+��b�) `� 3��� �
� `+����� `�� 3��� �
� c�2-�&��. `

 `5���*8 3��� �
� `+�$_�50
. `!/* 3��� �
� `+0�d)�Q0� `"/" 3��� �
� `+����- `7/� 3��� �
�   . 
*. 3� +���- �� 
0� 
0��]� ^���� �� �
� ���_ 
9 �� 3�5W� �@\� ��@� : <�) <� A�(���H2O 8( `�� 3��� �
� 50 `)#�$�_ A�50( `!!/� 3��� �
� +9: `

) +9: A�(���H2O �( `8� 3��� �
� 12;2� `)12;2� 5�$_�( `!! 3��� �
� ���2�� `)��2�� #05�( `*/� 3��� �
��� ` �)��� 5�$_�( `7' 3��� �
�.  
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9 A�# �� (?%�� �=� 0D7%C.��9 �"j�1' /;  /4

 \��vu /7�7 0B"1~�'��� - L-�P� m�.�# �� "8 

���	�
�2 ."�3& - � . <4"R /2` A�- ."�3& �� (?

L�*1 ;Me�& �'-. A�- ;��]A��j�1 ;"8  - �,"#

��]�� 4�e -� �b4 /]�P�� ����
�9%�� �2.  

������ ����	   

"��E	 W�] l,"R .' _~X�"& $'"I��  \.�Y /4

.��&"$	< )!×� (�2 ��7� .<�"B wb1 /1 <�"2 "8

S
E wb1 -' - "��# /��8	 - .��*� ."De .' ;n� 

 - '�4 .��*� �8 .' ��8"3�~"B�>��  !� "��E �V�-	3� 

02�' '�7- .S��	�P� - /%."�E <� �'�' \.�Y -' /4 "8

�2 L"�
�:  

�. ~X�"& $'"I�� 4 /.��&"$ \.�Y	 "4 <� �% .">)!×� (

 �-�9 ��$�9 �{
 .' A-�4��8"2  

!. ~X�"& $'"I��  "4� �% �-�9 <�"2 .">�8"2.  

S�� 0D7	�P� - /%�'�' <L�
 �� "8 .�S$�SAS ��4 -� 

"Z�	� /�%j
"%� ��e A���E �� "8/���'��  �'"��1� �*
�'

'�9	�.  

  

  ج و بحثينتا


� �
�� 
����� ������ ��� ������� �	   

"�
	 /��8 A'-S$� �g� k�I# .' ���E 01' /4 [

S
E - "��#	 �4 n�^ - m�.�# H�I� ;A�4 A�-	 l

���	�J
 <�	 /7�7"8� �2�9�  �-�7 .'u  �'�' A"3


01� ��2 . "��# /��8 ���=� W�b1 �g�- S
E	 n.' 

7%�J
 ���	 � <4"Z�� �g� -	 A�4 A�- �4 <�"B -' �

/7�7.' "8 �1% �ot ;vq  -uv 9�-.� �G�� '��
 .�'

)�T/�P> .( �1 .'ot 9�-.� � \-"��%j
"% �-�9 A�- �

�8"2 "1 "4	� �%�G� "8.">� '�4 .�')�T/�P<(.�] /4 ;� 

� /&%j
"% �-�9 A�- ��8"2 � /4 0��
%j
"% .' <& �

 �1ot 9�-.� x/q 4 �Y.'%'�4 ��3 ."Z� .'	 A�- /�

�1 .' A�4%  �vq  -uv 9�-.� � .'%"8.">�  "4 ���=�

 �-�9�8"2 7 /&%"? �4 ��	�1 \.z /	.' "	 �'�>
 0$"

�G� \-"�� �
'�4� �3
 ��8"3� .�')�T/�P> .("�
 ��	 [

�e ���E 01' /4%� �"���1� �� �1 "� /& '�2ot 

9�-.� /7�7 m�.�# /4 "��# /��8 A'-S$�"8� �2�9� 

�S$� "4 "�� ;�2 �2. 0B�1 _8"& l7��	' - �1 _ .

�2. /�V��� "? -	
"� '�9 A���7 �2. _8"&	� . A�-

/7�7 A�4�1 .' "8% �ot ;vq  -uv 9�-.�  /4 0��


">�8�. .' ��2 /��.� '��B�� �1 C.-�?	 r�. /)stq( 

'�4 ��>& .,'%� <	�"? ;��8"3� �%�JN� '��� A'�4 ��� 

7 .' '�7��%��"8� "��E	3� d�
� /�>7 ���  <4"R

7 �"1 - 0#�1%��"8 '"Z� /4 0��
	Y�� �% .' ��2 /

">�8�.� � C.-�?	�1 �	� /��2"4 .  


">8/
�j  �-�7 .' /&u � ��8"3�� W�b1 �g� '�2

�^ �4 "��# /��8 ���=�	��� l	�J
 <�	 �1 .'% �

ot ;vq  -uv 9�-.� �G�� '�4 .�')�T/� P< .( �1 .'

uv 9�-.� �S$� "4	 �� "��# /��8 _ot 7 .' �Y.'% ��

 /4vt  -st �^ ;�Y.'	��� l	�J
 <�	 ��� /4% l�/u  -

o/s  �S$� �Y.'	 _	0$" .� �{
 /4��1. �S$� "4 /&	 _

�%,' /4 m�.�# .' "��# /��8 A�S%�S$� <	 n�V _

7%�S$� m�.�# H�I� ��	 _8"& AE �'�"4 - _	 /�$"

01� .S
E A'-S$� �g�	
 n%�1 .' S% �ot  -uv 9�-.� 

�G�� '�4 .�')�T/� P< .( �1 .'uv 9�-.�  A'-S$� "4

S
E	/7�7 m�.�# /4 n"8� �2�9� �^	��� l	�J
 <�	 

AE "8u/x   '��D4 �Y.'	0$" .�,��� S
E	 �'"��1� '.�� n

m�.�# .'"8� "��E	3� �	-"V _8-c? �� ot  ��


S
E	8�4�& /�>7 �� n%$ - "8�"��-�? ;"8�"��.�%'�4 �"� . "4

� /4 /7��	� /*�%,� A�S%H" � .' m�.�# L"#%"8.">� 

-"V� � "��# /��8	�,�� - '�4 '"� S
E	 ��2 �'-S$� n


%-"V S� >8 - �`��1� A"*�� �J, '�4 �`��1�%g��  0�|�

�	S
E �	�4"R �4 n%� nf8 0	'.�' '�7- '��� � . ."D�� "��

GbR �{
� � .'	
 '.�� �%1.�4 /4 �"� Y"I�#� �g��  �8

S
E	�4"R �4 n%# /��8 nf8 0'.�' "��   .  

"Z� .'	� /�%j
"%�^ �	��� l	�J
 <�	  .'

�%"8.">� "��E	3�  �-�9 "4�8"2 �1 .'% �ot ;vq  -

uv 9�-.� �G� \-"��� �2 ��8"3� .�')�T/�P< .( .'

 �1uv 9�-.� ��D4	�^ �	��� l	�J
 <�	  /4 ��4��

�%-"V .">� ot S
E �-XB /4 "��# /��8 �Y.'	 - '�4 n

���4	�^ �	��� l	�J
 <�	 � /4 ��4��%-"V .">� st 

S
E A-�4 "��# /��8 �Y.'	 �-�9 - n�8"2 
%� �� S	 �

02�' .��R 51�- �V .' O"P, . /��8 W�b1 <4"Z�� �g�

S
E - "��#	�^ �4 n	��� l	�J
 <�	 �1 .'% ���=� �

�G�� '��
 .�')�-�7u .(��4"�4	"�
 �	 ���E 01' /4 [

&"V� � ��	�# /��8 H�I� /& 01� � wb1 "� "�ot 

7 .' �Y.'%/7�7 ��"8� �2�9�  '�*�>B '��D4 l7��

��'�2 .ZP�%"1 m�
� \"Z	ZZP� �%
 �%�� S	"�
 �	 /4 [

ZP� .' ���E 01'%� �^"V h��2"4 (Aldhaheri et al., 

2004; Tabook et al., 2006; Vandepopuliere et al., 
1995).  
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 (�)*C, 37 � ��
! �"#� D�"E� F
G& 
H��*
* �� ���$� I�)J1 /�
K � �)' ��� 
' L�M�"�
A ��� 

�����  
 ��� ���)���(   ����� ����)���(    !"�#$ %"�&� '"�*  

 ��3���� *73���� '*3���� ��3���� *73����  '* 3����   ��3����  *73����  '* 3���� 

�+�	  -/.0. 1/.12- 3/415-  3/442 3/.226  5/7-52    61/.  06/.  -3/.  

�!89� :��;                   

<"=>?                  

<"=>? ����   1/.65 4/..13 2/4121  ./.51 2/.263  a 2/6116    
b40/.  3-/.  56/.  a 

<"=>? ��  1/.66 1/..1. 6/4151  0/.5. b2/.2.4 ./75.6    
a74/.  3./.  b -6/.  

SEM  .7/4 15/.6 75/76  .6/. 06/..  -./77    1.2/1  17./1  17./1  

P-Value  15/1 -7/1 0-/1  73/1 14/1  12/1    1./1  .4/1  17/1  

���� @AB+                  

.1�9��  6/.67 4/.156 ./4.77  5/.54  b 3/.024  b 1/7542    
a76/.  b 62/.  b -./.  

41�9��  ./.6- ./..45 ./413-  
a0/41. a3/.20- 1/7540    

a70/.  ab 30/.  ab 51/.  

71�9��  1/.65 1/.1-0 3/4131  
c1/.2- a./.201 5/6146    

b.5/.  a 0./.  a 50/.  

SEM  0/4 4/.2 .4/64  75/. 4/.6  6./6.    14./1  17-/1  175/1  

P-Value  45/1 41/1 77/1  111./1 1114/1  .-/1    111./1  16/1  17/1  

%��CA� :��;�                   

.1<"=>? ���� ���� @AB+ �9�� 1/.6- 0/.1-. 0/4.04  2/.51 2/.05.  ./7571    4-/.  30/.  -7/.  

41<"=>? ���� ���� @AB+ �9��  ./.31 5/..7- 0/4164  1/414 3/.25.  7/61.3    76/.  32/.  50/.  

71<"=>? ���� ���� @AB+ �9��  7/.31 ./.153 -/4110  0/.22 2/.2-1  0/610-    .2/.  04/.  17/4  

.1<"=>? �� ���� @AB+ �9��   5/.7- -/..10 3/4.17  ./.35 3/.037  -/7547    61/.  72/.  2-/.  

41<"=>? �� ���� @AB+ �9��   4/.60 7/...5 2/4127  7/41. 3/.263  6/7-72    72/.  33/.  -6/.  

71<"=>? �� ���� @AB+ �9��   0/.62 -/.120 ./4156  6/.2- 3/.275  ./75-.    41/.  0./.  -5/.  

SEM 

 2/7 6/46 3/35  52/. .2/41  32/3-    145/1  133/1  133/1  

P-Value  03/1 3-/1 62/1  66/1 5-/1      46/1  4./1  23/1  

 ��� 32W� A��(- 
;���	 e�&� 
9 �� L	��� 
�O 6�
a)ND/N P < (5R�	 3�.  
  

������! "  

"�
	*�� /4 ��4�� [% �-�7 .' /2` Mx  ��2 /��.�

01� . �g� ;m�.�# .' "��# /��8 ���=� W�b1 �g�

S
E A'-S$�	- m�.�# /4 n � <4"Z�� �g�	 �4 <�"B -' �

 �1 .' /2` �Y.'uv 9�-.� �G�� '��
 .�')�T/�P> .(

"Z� .'	� /�%j
"% �-�9 /2` �Y.' ��8"2 "1 -	 �

�%
 "8.">%�G� \-"�� S� �3
 ��8"3� .�')�T/�P> .( �g�

S
E A'-S$�	4�e �Y.'�4 m�.�# /4 n� �b4 /]�P�� 

�G�� '��
 .�')�T/�P> .(�S$� "4	 wb1 _ .' "��# /��8

4�e �Y.' m�.�#� �b4� �S$�	 _	 0$")��/� P< .( �g�

S
E - m�.�# .' "��# /��8 ���=� W�b1 <4"Z��	 �4 n

4�e �Y.'� �b4 /]�P�� �G�� '��
.�')�T/�P> .( .'

"Z�	� /�%j
"%4�e �Y.' �� �b4 /]�P��  �-�9�8"2 

"1 "4	� �%�G� \-"�� "8.">� �2 ��8"3� .�')��/�P< .(

 /4.�]�  A'-S$� "4 /&ot  .' "��# /��8 �Y.'

4�e �Y.' ;m�.�#� �b4 /]�P��  �-�9 /4 0��
�8"2 

p/vt '�4 ��>& �Y.' .�S$� "��	 .' "��# /��8 wb1 _

 "� m�.�#st 4�e ;�Y.'� �b4 /]�P�� �.  /4 0��


 �-�9�8"2 s�  �Y.'�S$�	'�' _ .� �{
 /4 �J,� "4 �1.

 A'-S$�ot .' "��# /��8 �Y.' /7�7 m�.�#"8� 

�2�9� �%4�e A�S� �b4 /]�P��  AE K�� /4 - _8"&

�^	��� l	�J
 <�	 
% '��D4 S	01� /�$" .,' `">�V�% <

�S$�	4�e _� �b4 /]�P��  wb1 .'st  /��8 �Y.'

�S$� ;"��#	4�e _� 7%� ����2"4 .  

 �g� ;m�.�# .' "��# /��8 ���=� W�b1 �g�

S
E A'-S$�	� �g� - m�.�# /4 n� <4"Z�	 �4 <�"B -' �

."4 �'-. �Y.'	 �1 .' L�*1 - Muv 9�-.� �G�� .�'

 '��
)�T/�P> .("Z� .'	� /�%j
"%."4 �'-. �Y.' �	 M

 �-�9 .' L�*1-�8"2 "1 -	� �%
 "8.">%�G� \-"�� S� .�'

 �3
 ��8"3�)�T/�P> .( "��# /��8 ���=� W�b1 �g�

S
E A'-S$� �g� ;m�.�# .'	g� - m�.�# /4 n� <4"Z�� �	 �

 �1 .' A��j�1 �Y.' �4 <�"B -'uv 9�-.� �G�� .�'
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 '��
)�T/�P> .("Z� .' "��	� /�%j
"% A��j�1 �Y.' �

 �-�9 .'�8"2 "1 "4	� �%�G� \-"�� "8.">�  ��8"3� .�'

 �2)��/�P< .(.�] /4�  .' A��j�1 �Y.' /&

/7�7 "8�	  �
'�4 �'�>
 H�I� "��# /��8 /&sv 

4 �Y.'% �� ��3 �-�9�8"2  '�4)<*2o .(�S$� 0�B	 _

�S$� ;A��j�1 A�-	,� _%7 L"# H"%��"8� "��E	3� 

7 /4 0��
% ���8"2 ���2"4 )�-�7s .(�S$� "4	 _

 �� m�.�# .' "��# /��8 wb1ot ;vt  "�st  ;�Y.'

�%,� A�S%��� /4 L"# H"% lv/o ;p/o  -tu/v  �4��4

�S$�	 _	01� /�$" .  

  

. Control 10%DP+E 10%DP 20%DP+E 30%DP 30%DP+E 20%DP .
1.4

1.9

2.4

2.9

3.4

b

a
a a a a

a

  

 I��+ ,  O& �� ��)P6& )?�� �#��8�C5 �A���  

):DP  
���� @AB+:E  <"=>?(  

  
 (�)*Q,  �)' ��� �' %��
A ��P"&� RJ#3 � ��S R-T-0 
' L�M37 � ��
! �"#� D�"E� F
G& 
H�  

�*
* ���"�
A ��� )64 !����(  


�8��  
 

<=0 

(%) 

 

>�?: >:�@ 

(%) 

 

5�
�: �	�
  

(%)  

 

��A�  

(%)  

  

9��B��  

)(%  

�.�=  
 

-/-�  &&/�  $�/�   #�/�    ��/�  

>3C� D��E�  
 

             

F�!��  
 

             

F�!�� 9��:  
 

�/-�  &�/�  ��/�   '�/�    &�/�  

F�!�� �:  
 

�/-�  -�/�  �-/�   '&/�    #�/�  

SEM  

-&/�  ��/�  ��/�   ��/�    �-/�  

P-Value  

��/�  ##/�  ��/�   '�/�    &$/�  

���� <��. 
 

             

�� �C
	  
 

�/-�  b�'/�  -$/�   '-/�    #�/�  

�� �C
	  
 

&/-�  b&&/�  -$/�   '�/�    &#/�  

'� �C
	  
 

-/-�  a�&/�  -#/�   '&/�    &�/�  

SEM   

$�/�  �#/�  ��/�   ��/�    �$/�  

P-Value  

�#/�  ����/�  $'/�   &�/�    &&/�  

1:���� D��E�  
 

             

�� F�!�� 9��: ���� <��. �C
	 
 

$/-�  ��/�  ��/'   a #�/�    #-/�  

�� F�!�� 9��: ���� <��. �C
	 

 

�/-'  #-/�  ��/�   ab '#/�    &�/�  

'� F�!�� 9��: ���� <��. �C
	 

 

�/-�  �#/�  $#/�   a #�/�    &�/�  

�� F�!�� �: ���� <��. �C
	 

 

�/-�  '#/�  &�/�   ab '#/�    '&/�  

�� F�!�� �: ���� <��. �C
	 

 

�/-�  ��/�  $�/�   a #�/�    &�/�  

'� F�!�� �: ���� <��. �C
	 

 

-/-�  �-/�  &&/�   b '�/�    &#/�  

SEM  

 

'�/�  ��/�  �&/�   ��/�    ��/�  

P-Value  

�&/�  �$/�  �-/�   ��/�    ��/�  

32W� A��(- 
;���	 e�&� 
9 �� L	��� 
�O 6�
a ���)ND/N P < (3�5R�	.  
  

�
��

��
�

 �
�

�	
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 �-�7 .'p 01� ��2 �'�' A"3
 . ���=� W�b1 �g�

S
E A'-S$� �g� ;"��# /��8	� <4"Z�� �g� - n	 <�"B -' �

� �4%�� - �-����& A�S� �9%��	/7�7 A�# � "8

�G��  '��
 .�')�T/�P> .("Z� .'	� /�% - �-����& A�S

����9%��	/7�7 A�# �"8�  �-�9�8"2  -"1	� �%."> "8


%�G� \-"�� S� �3
 ��8"3� .�')�T/�P> .( .�] A">8

 �-�7 .' /&p � ��8"3���S$� "4 '�2	 /��8 wb1 _

� m�.�# .' "��#%�� - �-����& A�S��9%��	 O"P, �� �

'�B�  _8"&	� "�� ;0$"	."�E O"P, �� _8"& �� 

�G��'��
 .�'. Akiba & Matsumoto (1982)  -

Chingming & Yueling (1999)  "4 /& �
'�>
 ��8"3�

�S$�	,� _%� m�.�# L"# H"%4�e A�S�  A�# �-����& -

/7�7� _8"& "8�	�4" ."�� Patsy & Richard (1990) - 

Chingming & Yueling (1999) ,� ��
 /& �
�Z�G�%H"  

4�e - �-����& _8"& .' H�I� A"�� \�� - L"#� 

01� �g�� A�#.  

�8 ���=� W�b1 �g�S
E A'-S$� �g� - "��# /�	 �4 n

�%��-�? A�S%
�4�& �%��P� <� /7�7 A�#�G� "8� .�'

 '��
)�T/�P> .(� <4"Z�� �g� "��	� �4 <�"B -' �% A�S

��-�?%
�4�& �%/7�7 A�# .' '�7�� <�G� "8� '�4 .�'

)�T/�P< .(.�b4	��>& /*	� �%��-�? A�S%
�4�& �%' <. 

/7�7 A�#"8�	 -"V m�.�# /&� st  /��8 �Y.'

S
E �-XG4 "��#	.' n	�2 ��8"3� ;�
'�4 �'�>
 0$" . �g�

� �4 "��# /��8 ���=� W�b1% A�SA�,"�'���,E% - �

�
E ��>����&�%/7�7 A�# .' '�7�� A���G� "8� .�'

 '�4)�T/�P< ;��/�P< .( wb1 .'ot  /��8 �Y.'

� "��#% A�SA�,"�'���,E%/7�7 A�# ���>& "8	 �

�
E ��>�� - .��Z���&�%AE A�# A��4 "8%��3	 .��Z� �

 '�4)<*2v.(  

  

 (�)*U, ��6&�
V ��� L�M37 � ��
! �"#� D�"E� F
G& 
H��*
* �� �
! ����"�
A ��� )C5�A���(  

�����    D��AB8E 

(mg/dl) 

  �"�B�8� F�� 

(mg/dl) 

  %�>���E G�H���I 

(nmol/ml)  

  ��J�� F���K�J?

(nmol/ml)  

  �L�!A>? M� ����BE� 

(mM/l)  

�+�	  3/-0  1/06  -4/1    42/4    14/7  

!89� :��;�               

<"=>?              

<"=>? ����   3/.14  5/60  12/.    13/7    a -7/7  

<"=>? ��  6/.1.  5/60  12/.    35/4    b 35/7  

SEM  0/7  42/7  12/1    4./1    10/1  

P-Value  -7/1  .  57/1    .6/1    1./1  

���� @AB+              

.1�9��   0/.17  2/31  1-/.    b 7./4    a 14/6  

41�9��   3/.14  4/65  .7/.    ab -4/4    b 34/7  

71�9��   2/55  2/61  11/.    a 74/7    b 3-/7  

SEM  6./6  1./6  15/1    43/1    1-/1  

P-Value  -./1  .5/1  07/1    16/1    1112/1  

%��CA� :��;�               

.1<"=>? ���� ���� @AB+ �9��  4/.11  3/6-  ab1-/.    32/4    .2/6  

41<"=>? ���� ���� @AB+ �9��  2/.16  3/43  ab56/1    24/4    23/7  

71<"=>? ���� ���� @AB+ �9��  3/.14  2/75  ab.-/.    -3/7    32/7  

.1<"=>? �� ���� @AB+ �9��   1/.12  1/37  ab1-/.    13/4    -2/7  

41�<"=>? �� ���� @AB+ �9�   4/.11  1/60  a77/.    54/4    71/7  

71<"=>? �� ���� @AB+ �9��   1/52  2/6.  b-4/1    -1/4    01/7  

SEM 

 46/0  0/3  .7/1    70/1   ../1  

P-Value  30/1  01/1  16/1    43/1    .7/1  

32W� A��(- 
;���	 e�&� 
9 �� L	��� 
�O 6�
a ���)ND/N P < (3�5R�	.  
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2.5

3

3.5

4

4.5

a

ab
b

bcbc

cd

d

  

 I��5 , �"37 W
��� �#��8��*
* �
! �� �
*
� ��)-#0� O& �� �"�
A ���C5 �A���  

):DP  
���� @AB+:E  <"=>?(  

  

A�,"� '� ��,E%��>D� �	��,E �% �� <Y"V �

�&��?%4�e A�2��/4 - 01� "8 G� A���B% ."


%Z����%�&� \."�# n%���%4�e ���.� '.�� "8	4"� 

� .��R�9%'� .��>8%��-�? �%
�4�& �% ��IP� <

�&�%��-�? A�2 ��%�G� A���B /4 - 01� "8%�&� ."% ��

��-�? A�2%�����
� "89%�� ��'�2 .� /4 /7�� "4	 /*�

�% A�SA�,"� '� ��,E% wb1 .' �ot  "��# /��8 �Y.'

�"?%�� �	��>8 ;'�4 .��Z� �%"Z� .' �	 �-�9 /��8"2 

"1 "4	�-�9 ��
E ��>�� "8��&�% A�# .' '�7�� A��

/7�7 "8�	 .' "��# /��8 /&	 �
'�4 �'�>
 0$"

 wb1 .' k�I=4ot  �-�9 /4 0��
 ;�Y.'�8"2 

4% '�4 ��3) �-�7p(� �{
 /4 �J, ;�&���1.%Y"# \"�� 

,"G$ �7�- "��# /��8 .'%�
E 0��&�%
��� ����2"4 . .'

0>�R"8� 9 ���=�%-.�' A"8"�	   �� �>7 / ��4  �	�  

9%S
E A"8"	n"8�	 .�' '�7-
/& � ��.�' ,"G$% 0

�
E� �&�%
���  ����8(Dubravka & Ilona, 2003) . ��

�	� �e '�7- �">�V� -.%&�� �%�"��  "��# /��8 .'

GbR �{
 ."D�� "�� ;'.�' '�7-� �e '�7- '.�� .'% �

&��%�"�� 
%ZP� ����"%4 \"Z%� ��3��2"4.  

"�
	��E 01' /4 [� �� �	� A"3
 _8-c? �� /& �8'

7 .' "��# /��8 H�I�%/7�7 ��"8� �2�9�  wb1 "�

ot AE '�*�>B '��D4 l7�� �Y.'� "8�'�2 .��>8% �

"�
	&"V [� �,�� 0�|� �g� ��� S
E	7 .' n%��"8� -"V� 

01� "��# /��8.  
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