
����� ��	
� � 
���	�� ��
� � ���� /�	�������� /��	 ! ��� � "#$)&(/�	#� ()*+ 

��� 

,�-./
,�! 
	��	0 �,1� � � 2�3� ,� �4! &	��5 �4
0 67�� 689:/ 

;8�� 6� <8�=7 

��7	�� 4� >(����� ?2 >� ;�(*�������@A�7B

)���	
� �	
�
 :��/�/�����	�� �	
�
 :��/�/��(

�4�A$ 

�,�C �� �4! &	��5 �4
0 67�� D�,-� E���/ 
�,� 	�1� � � 2�3� 
�� ;8�� �� ;�F 
��4�/ ?
,�! 
	��	0 �,BG� �	0 H�� (IH�� 

J��� 6K��/E8	 6L2�,0 ��,M ��	NJ�� ���� ?47��� �
JK�5 ,O��� �� .QR� � ��KS/ T��� 6� 6� ;8�� ��4�/ H	�� ,� 	��	06���� ���	U/ 

474! ���� V	UJO� ��8	��5 �,�C �� 6� .�,�C 	����� �,�C "�	! ��8	��5 
W	� �4
0 IB/(XL 	XY� �� ���,�X! Z[	XO 
\,X7� 
,[	

 ?<�O ��	� �,0���L*/(G?�	O E�]/�,F 4^�� (/GB���/	L D�	N/ ?��	�[�,�_ D��4����,L 4^�� `���75 IG`���� �L� �,0���L �� �a��

 ���� �,�C � <�O ��	�W� �C H��� 	� bc/(?<�O ��	� �,0���L �� ���,�! Z[	O 
\,7� 
,[	L 	Y� */(GE�]/�,XF 4X^�� ?�	XO

B/)*���/	L D�	N/ ?��	�[�,�_ D��4����,L 4^�� `���75 G*`���� �L� �a��47��� <�O ��	� �,0���L �� .	X��	0 6X� ��X� �� E�Y7	X�� 

G±BG�,�C 	� ;8�� �� ;�F ��� 	���8	��5 
6�D��^ ���,0 	/ ;8�� �� QF � 474! 689:/ B(474X! 6X89:/ �	KX18 �,X�C 	X� ��� .

T���O E�Y7	�� 2�[��	J� ?,�! e�L,/ � 4�[�/ ?;8�� �� ;�F �� ��,U� 	�?�4X8�C � ��,XL ���@�7 ?����O 6� f��,� 2�[	�� ?��O 


pH �4� ��� ?;8�� 2��g� ?�
JK�5 ��� ?2NC ��	J�� �	�� � ��� ?h��4� � ����� �
�	 �� � �74� 2��g� �	�J�� 	����� �1�[��	J� 


4
J�,0 ��,M ���,� .T���O E�Y7	�� ���� �,�C �� ��,U� W���� �,�C 6� 2�K7 �4
0 W��X� ,/a	� H��� � �C )bI/(("X�	S� �� +G/(i

<�O ��	� H	�� ,� �,0���L(D�	N/ 	�� ?�
�� ��� ���7 .���� �,�C �� 
4�[�/ ,�!W	S� �� �4
0 6K8���� �,�C 	� W;8�=X�� H��� � �C 

,�_�
�� ���2!�� .C �� 
4�[�/ ,�! ��,$ ��4S����� �,�W���� �,�C 	� 6K8	S� �� �4
0 W;8�=X�� H��X� � �C �X
�� ���)iBb/i<P(

2!�� .	��	0 �� ��O ��K�LW���� �,�C 	� �4! 689:/ W	��	0 6� 2�K7 �4
0 W���� �,�C 	� �4! 689:/ W�� � �C H�;8�=�� �X
�� ��� 

)iib/i<P(?2!����	��	0 �� ��O =L��0 E�
$W�,�C 	� �4! 689:/ ���� W	��	0 6� 2�K7 �4
0 W���� �,X�C 	X� �4! 689:/ W� �XC 

;8�=�� H����
�� ���)i((/i<P(2!�� .pH	��	0 �� ;8�� 6� �#J
� ,O5 6JN� �� ����� W���� �,�C 	� �4! 689:/ W6K8	S� �� �4
0 	�

	��	0W���� �,�C 	� �4! 689:/ W;�	L H��� � �C �
�� ��� 
)ii)/i<P(2!�� .� 	� �,X�C �� �4X
0 �� ��	NJ� 	X� ;X8�� �� ;�XF 


���� ���/DCAD 	S[� 	� � 2KC ��� �4
0 �L���O k�O � E�8	F 
lX�	� � �� 7 
,�Y��F ,�! e/ ��,� �� m�NO �1�[��	J� ��4��� 

�	 �� ;�	LW	�W[��	J� 1�n18�=7 �� n48�,0 ;8�� .

�\�� 
	� 
4��� :?;8�� �� ;�F ?�4! &	��5 �4
0 67�����75 � ���/	L D�	N/ ?;8�� <8�=7 

6�4S� 

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

�0
� (1,(
�- *2�3
 245(	�� 1,(67 )��/�'!�(8 '!-$ 1%$2 
� 

�� ,�(- ('8�9�& .
� ��!�  #%�!& ;,<. =$ >��3?.$ @=�& �	� =$
 

�."?A,87 B6$� 2 
�	��?.$ C(
�
 "&1�D6= >�EF6$� @#=
2�FG >�HF6$� @'8$� �,�I �9
$ '.��9
�G 

�.1$�J
 >�EF6$� @#=
2�FG >�HF6$� @'8$� �,�I ��?.$ 

*:'H(62�?H)$ �K� @*�L
�H8 M,NK8 :zahmatkesh@znu.ac.ir 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

7.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             1 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.37.0
https://iutjournals.iut.ac.ir/jstnar/article-1-852-fa.html


����� ��	
� � 
���	�� ��
� � ���� /�	�������� /��	 ! ��� � "#$)&(/�	#� ()*+ 

��� 

'
OPF8 �& >��(9 #�+2�  "	�Q
��6�8 >$�!R+ BE�) 2 =2�(.$ 

�,&>$�..� ��!�  S�T8 �& "- ')�U
� >�!(V 
�!+ =$ B(!� #

��!�  '-$
,!A �,!A 2 W,!� �(0,T!A 2� 5!	$ =$ @B	$= 

'8 =2�& =$ X(3A 'P(),&�?8 =2�(.$ ��D	$ �& 2 �KV �,. 1$,


 �$� B	$Y!�$ $
 '��T!8 ZFA >��8 2 �,R6 #�(EF(� �(9 C
.

*$
�!(+,&�G 1,!8=7 #$�& 'JV,
 [&�\ *�](]^
 �!+ "!	�Q
 
� 

@'HF!!A >
2� '!!_ #�(!!9 #�!!+2� "!!& 2>`!!	 �!!& "!!<&$
 
� 

'��()$�(� *$
�(+,&�-)NFC ( �!9 ��!D6$ '	$�� >�(V>$�!. .

"(!!a�� #$"!!)�]8 
� "!!G �!!+ �!!9 �F!!?�8 '!!R�I #>$�!!.

)��@�b@��@��@��@�b 2��(>�(V "G �.$ 5	$ @�!& '	�!+NFC 

>�(V =$ �
%�& [!L\ �!	�& cF!A 2�!  �,.�8 #�+ "!& B!	$= =$

 "LRH!9 #�!+=�� "d!.,
 2 �9
 "�(.2 #$'��!G e�!V #$�!&

 "LRH!9 *$�!(Rf
 '_ >�9 �(),
 
$�� e�g #�+�(.$ 2�!  #$

 �,9 >�(6$
,A)��.(S�0 �,!(�?(�$ #2
 >��!8 5!	$ �!h$ =$ �i6

 >�(V 1�(6$
,A @"LRH9 �LK6 #2�U #�+ =$ #�
%�!& #�+NFC 

;,<!. "!& $
 "LRH!9 '!&2�H(8 #
� =�!. �	�&NFC M,!Rd8 

>�(V �(!9 >
2� '!_ >�!9 >�!(6$
,A #�+ 2 �!�G j	,F!
 '+�

B	$Y�$ k+$�!� Y6l,!N6,G,�  �!	,]
 #$�& $
 *�6,(�2�� �	��]8

 '&2�H(8 5(N
2�� 2 �=�.)5(N
2�!� #2�!U >�!(V "G '_�9 "&

"LRH9 "	YD
 [&�\ �9�& '��G #$ (5(N
2�!� 
$�!]8 �	,]
 #$�&

 #$�!& =�(6 �
,8 "!E6 #
$�@�=% 1�?K!� ,!R6 2 �!9
 2 '�?K!&7 

'8 �9�&)��.(�?F(& 1$�EF+2`� )�b@��@��@�b 2��(B	$Y�$

 B	$Y!�$ "!& �!.�� 
� $
 B!	$= =$ B(!� '��T!8 cF!A >��8

*$
�(+,&�- �+>��G �
$Y  B	$= =$ B(� >�(V '��()$�(� #�6$ .

k!!+ �!!i�� 5(!!�g >�!!9 "(3	�?!!.$ �!!(� e�!!g #�+�(!!.$ #�!!+

)NEFA ( 
$�!]8 1�$� B	$Y�$ "�(.2 "& B	$= =$ B(� >
2� '_

�\ *$
�(+,&�G?��	 B+�G '��T8 �(Rf
 [&"$�.)�.(

�!P	�87 '!�8 *�!](]^
 5RD6$)��("!& 
,!_ 5!	$ #�hm!8 

>�(V "G @[(K6�?� 5(	�!� k(K!�G n�!^) =$ '��G >=$�6$ "& '	$�� 

'8 @��?K+ @B!	$= =$ o� 'R(K�G,p(+ =$ #�(EF(� #$�& ��6$,


 �$� B+�!G $
 �6,9 >�(6$
,A B	$= =$ B(� >
2� '_>$2 �!.

 $ 
� 1,(
�!G *2�!3
 q(^T!
 �2
 #2
 "!& "!V,
 e�?- 5	4

1,!!!(67])SCl()KNa( 2−−++ +−+[=$ #�(EF!!!(� #$�!!!& @

'!6$�LV 'H(),&�!?8 =2�(.$ c	 ��D	$ �	�9 2 'H(),&�?8 =,)�H)7

 �9 YG�R?8>$�!. .C!(G�
 
� *$�!((Q
 =$ 'H(),&�!?8 =,)�!H)7

 ��G �+$,A #�(EF(� �(t2�(
$
�� 1,8
,+ >�6�( )��(2u(K!&

 �,R6 �+$,A v	�K
 $
 1$,f?.$ =$ k(K�G .>�(V *2�!3
 �!& '	�+

1,(
�G41,(67 )DCAD ( 'R(K!�G,p(+ B+�G #$�& w$
�H8 '3�8

 >�!9 >��3?.$ �(9 C
 '+�E6�8
� �^
 2 '+�E6�8
� �!6$)��.(

M�?�-pH #�hm!8 "�(!.2 B!	$= =$ B(!� "!?3+ 
� �+2�  
$
�$ 

1$Y(8 BD�. #$�&�(hx
 (67 1�2Y�$ 1,�+B!	$= =$ B(� >�(V "& 

'8 �9�& .B+�!- y!I�& 1,!(67 1�2Y�$ 5	�?F�+ #�+2�  
�pH 

5(& 
$
�$�/��!
 �/�'!8 �,!9)��.(2 #
,!8 1$
�!HR+)��(

cR6 1��G �
$2 "g � $ @�6��G �
$Y  z�!(V 
� '6,!(67 #�!+

 @'+��(!9 >
2� 5(!)2$ 5	�?F�+ #�+2�  "!& 
,!_ c!	 #�hm!8 

V 'H(),&�?8 =2�(.$ '!8 �])$ '6$�L k(K!�G kK!(),&�?8 '!)2 �!�G

 'R6 �,LJ& '8 B+�G B	$= =$ [L\ '��T8 cFA >��8 @�&�	 @�&�	

�i�� #�+NEFA '!8 B	$Y�$ B	$= =$ [L\ 1,A #�!
 2 �!&�	

 '8 vRD
 �LG 
� #�?F(& �	�K(�  �&�	 .'�0$ *OPF8 =$ 'P	

ZR6 =$ >��3?.$ �+67 '-$
,A �,A ��I '6,(67 #'8 �J �9�&.

"d)�<8 @B+2`� 5	$ =$ S�+�(hx
 e�(!.7 ���  "6$� "	�Q
 

B!	$= '!P	�Y6 
� #�(!9 #�!+2�  ��P�RI 2 �8O. �& >�9 

'8 �9�&.

���� �k�� 	�

�$�!!d
��1=2 5(E6�!!(8 �!!& 5	�?F!!�+ 2�!!  {|
 �/�b±��/��� 

�$�!!d
 2 �� ,!!�(-��1=2 5(E6�!!(8 �!!& 5	�?F!!�+ "K!!(�
 {|
 

�/��±//��� �& @�� ,�(- "!& >�6�8 #�+=2
 2 B	$= �$�d
 {�.$

 ~,!�& 
�!i?6$ �
,!8 B	$= 2 �6�!9 #�!�& "!& 
,!_ "!& '���T!
 

>�(V �+��?��	 ��T?A$ 'F	�8=7 #.>�!(V �!+ [8�!9 'F!	�8=7 #

$
$� >�(V�$
$� >�(V 2 ���  ��!6�,& {,L. 2 ,V .*�!V�(?U$

 "(0,
 �& j&�<8 �+2�  '	$�� �+�!P	�87 '!�8 *�!](]^
 5RD6$ #

)NRC ( M�. 
��bb� �	��  5((d
 )M2�V �.(

#�+2�  B	�8=7 �
,8 "!& 
,!_ 
� 5(E6�!(8 ��=$ B(!� =2
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

7.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             2 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.37.0
https://iutjournals.iut.ac.ir/jstnar/article-1-852-fa.html


,�-./ ,� �4! &	��5 �4
0 67�� 689:/ 
	��	0 �,1� � � 2�3�... 

��/ 

B	$="&*
,0 >�(V �& '+2�  �+wO8�- #�,!�f8 )TMR ( "!(J


 �6�9 "	�Q
 @>�9)��(.>�!(V �!& �!+2�  "!R+ B!	$= =$ o!� #$

"(0,
 �& 1�KP	 �!+ #)NRC ( �!
��"!	�Q
 B!	$= =$ o!� =2
 

�6�9 .$
,A !9$ �!U 
� B!	$= =$ o!� 2 B(� 
� '��T8 ~�J? 

>�(6$
,A '8 �9.1�K!P	 �	$�!9 
� *�6$,(U "R+ @B	$= =$ o�

"	�Q
 2 '?	�	�8 #$"&*
,0 '+2�  "E6 #
$��6�9 .

�+2�  O& @B	�8=7 �2�9 
� "!. 2 B!	$= =$ o!� "�!0��

 �6�!9 1=2 qL0 '92��(9 =$ �d& @B	$= =$ o� "?3+ .=�!(?8$

 '6�& �(da2 "!& '!J?�8 �!A7 "?3+ @B	�8=7 �2�9 
� �+2�  

>�!6� B!9,� {�!.$ �!& B!	$= =$ o� "?3+ ". 2 B	$= �!+ @

�
,!8 $
 "!�)�L6� 2 >�!0�A 1$,f?!.$ @'+�E�R(F!6 1$,f?.$

 "V,

$�\ �$� >$�9 5((d
 @�6)��.('6�!& �(da2 #��&=�(?8$

 >
�R9 k?K(. Z	 {�.$ �& �Tf?8 �36 2� "�(.2 "& #
$� 

 Z	)��% (u�� �
)W�g (���  *
,0 .'��T!8 ZFA >��8

 �K- =$ B	$= =$ B(� >
2� 
� �+2�  "6$=2
'\�& >�6�8 ~$
,A 

)ZFA >��8 {�.$ �& (~$
,!A =$ B(� �+
,A7 
� 
 '!+�=2

�d&>=$�6$ #�(  �9 ."6,R6 '	�(R(9 C(-�
 �+'-$
,!A �$,8 #

�2
 =$ >��3?.$ �& '��T8)AOAC ()�(@��!A 5(N
2�� #$�& 

12 �2
 �!& Y),�!. '!R+ 12�& '),�. >
$,	� 2 ZFA >��8

 �.,.)��(*$
�(+,&�- 2�+�2
 "�(!.2 "!& '��!()$�(� #

*2�3
)��($� '!8$� �,!�I >2�!  "	�Q
 >�EF	�8=7 
� >�EF!6 

�	��  5((d
 1�D6= .

1,A #�(  @
�i?6$ �
,8 B	$= "& 'J?�8 �A7 �?3+ 
� �+2�  =$ 

�$
,!A =$ o� �I�. ". 
� �'!+)qL!0 (=$ �!d& "�!0��O& 2

"!),) ��(!.2 "!& k(K!�- j	
Y
 =$ [L\ @B	$= �!+ @�O!A �!^
 #


$�]8�b'�(8 ���  *
,0 �$�2 ��+�(. [^8 =$ �?().

6,R6!!"�+�O& !!�0�!. #$�& "!�!  >�EF!	�8=7 "& #�(  ��>2

l,3	�?6�!. >�E?!.� �!.,
 2 [!]?�8 1�!D6= >�EF!6$� '8$� �,�I

)SIGMA 101 Germany ( �&�bbb *�!8 "!& "!](\� 
� 
2� ��


� 
Y!	�� [!A$� 2 >�!9 $�V "�0�U ��. 2 �9 l,3	�?6�. "](\�

 #�8�C��b4"E6 #
$� �9 .�(),&�?8 B	�8=7 ��R
$ =$ o� �!+ #

>
2$ 1l2�!!?(6 @�3K!!� @k(K!!�G [!!(L\ =$ 1,!!A #$@@[!!G 5(N
2�!!�

 Hp!!!.$ >�E?!!!.� �!!!.,
 @M2�?K!!!�G 2 5(8,!!!L)7 �?8,?�2�?

)PERKIN- ELMWR-35 ( �!(G =$ >��3?!.$ �& �!+ �G�!9 #

>=$�6$ 1,8=7 {
�� �9 #�(  .1�8= 
� 1,A Y-,� 1,A #�(  

�!!!!!!!!!6�
,-,�  >�E?!!!!!!!!!.� "�(!!!!!!!!!.2 "!!!!!!!!!& 

�)Roche Diagnostics Ltd, UK (>=$�6$ �9 #�(  ."&
,!i�8 

"6,R6 5((d
 �JV 
$
�$ =$ #
$��&pH "!& 'J?�8 �A7 "?3+ 
� 

+ =$ B	$= "6,R6 '?.� Z	�^
 "�(.2 "& 
�& c	 2�  �#
$��&

 ���  ��D6$ .pH "!6,R6 �!+ v!RV 
$
�$ #�!.,
 >�!9 #
27

>�E?.�pH �?8)Eil7020kent (>=$�6$ �9 #�( .

"& 
,i�8 >=$�6$ #�(  Z	 
� B	�8=7 M,_ 
� @1�	,V �()�d� 

�!Lh �!+2�  c!
 c
 1��G 
$,fF6 2 1�
,A �()�d� =2
 "6�L9

�9 .M,_ M,!_ 2 1�
,A �()�d� 1�8= M,_ [8�9 @1�	,V 1�8=

 �.$ 1��- 
$,fF6 �()�d� 1�8= .
� >��?K!	$ �!)�U
� #2�  � $

 >�(V 1�
,A M,QF8 
,A7 
��- �+'F	�8=7 #@�,!& 1$,!�I "!& 17 

�!	 2 �U$�?.$ �)�U 
� � $ 2 �9 "?��  �i6 
� 1�
,A �()�d�

 � 1$,�I "& 5	$ @�,& 1�	,V M,QF8 
,A7 =$ 
2� 
$,fF!6 �!()�d

 "?��  �i6 
� 1��- '8 �9.&"$�(�G @
�& c	 "](\� >� �+ j	�_ 5	

 "!G �9 �Lh �+2�  �U$�?.$ 2 1��G 
$,fF6 2 1�
,A �(da2

30 5	$ 5(E6�(8*��9 "?��  �i6 
� 2�  �+ #$�& .

�& [!]?�8 >�EF!	$= "& �+2�  @B	$= k	OI z�+�F8 '!8 @�6�!9

!!.,  o�!!V @B!!	$= �I�!!. 2 =2
 �(d!!a2 @")�!!.,  1=2 @")�

 #$�!& �!3V 1��!?�$ 1�8= 2 �3V 1=2 @")�.,  �(da2 @1�R	$=

 �	��  �Lh �+2�  c
 c
 .�
 �+2� ��
� B!	$= =$ �!d& �I�. 

1=2 =$ o� 2 >�,& >�EF	$= 
 #�+2�  >�E	�V "& 'FG>=� [!]?�8 $= 

�6�9.

�+2�  >�(92� �&,6 
�Jg '8@#�!(),
 �(!9 �,RD8 2 �6�9

 �8 "& *���	��  �Lh "6$=2
 �(),
 1$,�I "& =2
 .5(!(d
 �!JV 


�& Z	 "?3+ �+ 
� �(9 *�L(G�
"6,R6 #�(  �9 ��D6$ .�!JV "&

 "6,R6 1�9 e$�A =$ #�( ,�V �+S2�� [A$� 
� @"!6,R6 #�!(  

#�!8� 
� 2 �!9 "!?f	
 k(!.�?� *�!82�- #� #
$�]8��!V
� 

'?6�. �$�  M�]?6$ >�EF	�8=7 "& 2 >�9 >�(A� �(9 *�L(G�
 2 ���	 

Z!!�(8,-$ >�E?!!.� =$ >��3?!!.$ �!!&)EKO MILK 09064/01 (

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

7.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             3 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.37.0
https://iutjournals.iut.ac.ir/jstnar/article-1-852-fa.html


����� ��	
� � 
���	�� ��
� � ���� /�	�������� /��	 ! ��� � "#$)&(/�	#� ()*+ 

��b 

��4C(.�=C� ��4S�
�4
�� "�A�/ ��,�C 
9:� ���� e��,/ 	���8	��5 
)H	�� ,� 4^��p�O ��	�(

>�(V 

'G$
,A �$,8 ���  {,L. 2 ,V 

"D6,	 ����

>�9 ,�(. *
� ����

���  ��4

,V 4��

{,L. 4�//

"L�� kf
 ")�D�G �/��/�

"6$� "L�� �/��/�

�	,. ")�D�G �/��/�


�,�'+�8 �/��/�

k(K�G *��&�G �/b�/b

'6,(67 [RH8��/��/�

�(8�?	2 [RH8"��/b�/b

5(K�6,8�b�/bb�/b

b�/bb�/b 5(�H	�.$�?
��G�

C(G�
 '	�(R(9#�Q8 �$,8 

'+��(9 �)�A #l�6$�)G �E8�� ,�(G 
� #�)�(��/��//�

��A 5(N
2��)�0
�(�/���/��

"LRP9 
� "	YD
 [&�\ 5N
2��)ZFA >��8 �0
� (b/���/��

"LRP9 
� "	YD
 [&�\ �(� 5N
2��)ZFA >��8 �0
�(�/��/�

'),�. >
$,	�)cFA >��8 =$ #�0
�(�/���/��

'��()$ �(� *$
�(+,&�G)cFA >��8 =$ #�0
�(�/���/��

1,(
�G *2�3
4>�(V 1,(67)ZFA >��8 �� ,�(G 
� 1%$2 'G$ '�(8(��4��4

k(K�G)cFA >��8 =$ #�0
�(�/b�/b

�3K�)cFA >��8 =$ #�0
�(�/b�/b

�4#2�U '6,(67 [RP8 ��� @k(K�- ��  �/��@k	Y(�8 ��  �/�b� @��- ��  �/b@k(.�?� ��  �/�@k	�. ��  

����  @�� ,  �/�@5+7 ��  �/��� '�(8 ��  @Y�E�8 �/�b� '�(8 ��  @o8 �/��'�(8 ��  @�	 �b�'�(8 

5(8�?	2 @#2
 �� A��bbbb 5(8�?	2 @'��R)$ 5(& �U$2 D3#2�U �bbbb 5(8�?	2 @'��R)$ 5(& �U$2 E

#2�U �bbb 5(K�6,8 @'��R)$ 5(& �U$2 �5(.�(6 @��  ���� ,�(- �+ 
� ��  8'�9�&.

�4�2�U [RP8 �� ,�(- �+�bbbbbb 5(8�?	2 '��R)$ 5(& �U$2 A@�bbbbbb 5(8�?	2 '��R)$ 5(& �U$2 D3@

��bb 5(8�?	2 '��R)$ 5(& �U$2 E�8 �9�&.

�4�,�A �0
��b�'8�9�&.

�4�,�A �0
��b�'8�9�&.

�4�&$�& 2� 
� '+��(9 �)�A #l�6$"E6 #
$� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

7.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             4 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.37.0
https://iutjournals.iut.ac.ir/jstnar/article-1-852-fa.html


,�-./ ,� �4! &	��5 �4
0 67�� 689:/ 
	��	0 �,1� � � 2�3�... 

��� 

�	��  5((d
 .

$�6$>=#�(  >�2
 �.$
 #�8� #$B	$= =$ �d& �+2�  "!& 
,!_ 

*�!8 "!& @�2� B!92� =$ �!d& 
� "6$=2
�b2 �!9 ��!D6$ =2
 

>�$� �+�	��  �Lh #
�87 "	YD
 #$�& .

#
�!!R(& �!!+ @�(!!9 C!!
 @' �!!6�8 �!!3V [8�!!9 'P(),&�!!?8 #

"!& B	�!8=7 '_ 1�?K� �
2 2 e�g �L- @=,?- @1$��(9 '	�D&�V

�9 �Lh �\�.

>�$� �+vRV #�2
 j	�_ =$ >�9 #
27 GLM =$ >��3?!.$ �&

 
$Y�$ ��6SAS �!�?��  
$�!\ #
�!87 "!	YD
 �
,8 )��.("K!	�]8

5(E6�(8 �+��!D6$ �!0
� u�� M�R?U$ q<. 
� 5P6$� 1,8=7 �& Y(6 

��� )��.(>�$� [(�^
 2 "	YD
 #$�& #
�87 M�8 �+"!& *
,!0 

�,& �	=.

]�[Yijk = µ+Ri +Bj +eij+ εijk 

Yij =>�(V "& �,&�8 >�$�i�,�& 
�j@

µ=@B	�8=7 [G 5(E6�(8 

Ri=>�(V �h$i@

Bj=B	$= �$�d
 �h$j@

eij = �U$2 B	�8=7 >�L?9$ �h$j
�R(
 =$ i@

εijk =�<A �h$�"6,R6 "& �,&�8 kF	�8=7 �U$2 =$ �ij.

q8	J7 lr� �

��,U� <�O ��	� 

>�!(V 
� '��T!8 cFA >��8 B	$Y�$ $
$� ���!�  )��/��
�

[&�]8��/�b(-!ZF!A >��8 �� ,�(n�!^) =$ "!GNFC �
%�!& 

1$�!!E	� u	�!!?6 �!!& @�,!!&)�b@��@��@��@�b@� 2��(!!<8!�]&�

�!!9$� .*$
�!!(+,&�G 1�!!(6$
,A !!+!!!a$ '��!!()$ �!!(� #�!'��

8!'kK(6� 
$2�H(8 "& �6$,
 �!& 1�!9 
� =�!. #$�& "LRH9 #�+

�(V>�+%�& >�?6�K�G �& '	=�!� �!9
 B	$Y�$ #$�& "LRH!9 #�!+

 �	�R6 ZR- .e�!g #�+�(!.$ e�!V �!(��� "!D(?6 
� 
$�!�

 B	$Y�$ �&�	.


� c!R6 =$ >��3?.$ �& "G ')�U B+�!G #$�!& '6,!(67 #�!+

 1,(
�G *2�3
4'��T8 cFA >��8 @>�(V 1,(67 "&[()� �,!A 

cR6 1�,L6 �$
,A u	�!?6 j&�!<8 "!G "!?��	 B+�G '6,(67 #�+

 #
,8 21$
�HR+)��(�.
,+ 2 S, @)�(MY
2$ 2 '6,� $2 @

)��(2 �2
 21$
�HR+)�/('8�9�& 

,�! D	��L,/ � 4�[�/ 

#$
$� 'F!	�8=7 >�!(V =$ "!- '	�!+2�  
� #�(),
 �(9 5(E6�(8

 >�!(V "!- �,!& '	�!+2�  =$ �
%�!& @�!6�,& >��!- >��3?!.$ ��� 

 �,& >��- >��3?.$ $
 {,L. 2 ,V #$
$� 'F	�8=7 �6)M2�!V�.(

$
$� >�(V 
� #�(),
 �(9 B	$Y�$�1$�E	� u	�?6 �& ���  )�@�@

/@��@��@�/@�b@��2�b(�9$� �]&�<8 .~,!�& *$�h$ �!+ 

)B!!	$= �$�!d
 (�(!9 �!!(),
 
��2�/�*2�!!3
 '!!&�g �!!0
� 

'�d8 
$��)bb�/b<P(�9$� .*$
�(+,&�G 5?��	 B	$Y�$ �!+ #

>��8 2 >�(V 
� '��()$ �(� ��T!8 ZF!A��!+2�  
� �
%�!& �

$
$� >�(V �& >�9 "	�Q
�'8 ���  !(),
 #$�& '�()� �6$,
 �(!9 �

�9�& B	$= =$ o� 
� �?F(&.

5(E6�(8 #�!+2�  
� #�!(),
 �(!9 '!&�g 
$�!]8 2 �0
� 

�+�!9 
�!R(
 =$ �
%�& ���  #2�U 'F	�8=7 >�(V �& >�9 "	�Q


 �,&)M2�!V�.(),
 �(!9 '!&�g 
$�!]8 B	$Y!�$ #�!( '!�d8 
$� 

)b��/b<P(~,!!�& *$�!!h$ 2 �,!!& �!!+)B!!	$= �$�!!d
 (*2�!!3


'�d8 
$��)bb�/b<P(�9$�@'&�g �(),
 B	$Y�$ 5	$ "-�(9 

�,!& 1$�E	� u	�?6 �& j&�<8 ���  
�R(
 
�)�@��@��@��@�/@

�� @��2�b.(

5(E6�(8 #�!+2�  
� #�!(),
 �(!9 5(N
2�!� 
$�]8 2 �0
� 

�& >�9 "	�Q
 >�!9 "	�Q
 #�+2�  �& ���  #$
$� 'F	�8=7 >�(V

'!!�d8 SO?!!A$ {,L!!. 2 ,!!V #$
$� 'F!!	�8=7 >�!!(V �!!& #
$�

 �9$�6)M2�V�.(1$�E	� u	�?6 �& u	�?6 5	$ "G)�@�@��@�/@

�b @��@��2�b(�9$� �]&�<8 .(N
2�� 
$�]8 B	$Y�$5�(!9 

�(),
�)��I �i6 =$�(�+2�  
��>�!(V �!& >�!9 "	�Q
 #$
$�

 ��� "&[()��(),
 �(9 B	$Y�$ �*�6$,(U 5	$ '8�9�&.

2�[��	J� 	���O 


>�$� #
�87 "	YD
 �+�!(),&�?8 "!& �,&�8 #�!+ *2�!3
 1,!A #

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

7.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             5 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.37.0
https://iutjournals.iut.ac.ir/jstnar/article-1-852-fa.html


����� ��	
� � 
���	�� ��
� � ���� /�	�������� /��	 ! ��� � "#$)&(/�	#� ()*+ 

��� 

�4C�s."M�4> E�Y7	�� D	��,� � ;8�� �� ;�F n�,U� <�O ��	��,�C 	� �4! 689:/ 
	��	0 �� 
4�[�/ D	N^ 	���8	��5 


>�(V 

�30 ���  {,L. 2 ,V SE 

B	$= =$ B(� ���T8 ZFA >��8)�� ,�(-(���/����/�b

�(9 �(),
��A "6$=2
 )�� ,�(G(���/�����/�/��/b

�(9 �(),
�'&�g �0
� "6$=2
 )�� ,�(G (//�/�/���/���//b

�(9 �(),
�/�'&�g �0
� 
"6$=2)�� ,�(G(b��/��/��/�b��/b

�(9 '&�g)�0
�(��/���/�b�/b

�(9 '&�g)�� ,�(G(a���/�bb��/�b�/b

�(9 5(N
2��)�0
�(��/���/�b�/b

�(9 5(N
2��)�� ,�(-(b��/�/��/bb�/b

�4�F6 �
�87 "	YD
 B+2`� 5	$ 
� B	$= =$ B(� ���T8 ZFA >��8 >$�..

a2b:
� ��?F8 �(� S2�U >��+� 1�F6 X	�
 �+'�d8 
$� 3
 1�,& M�R?U$ q<. 
� �$�I$ *2���0
� '8�&�9.

��4C ).D	��,� "M�4> E�Y7	���4� ��� � �74� 2��g� �	�J���,�C 	� �4! 689:/ 
	��	0 �� 	���8	��5 


>�(V 

�30 ���  {,L. 2 ,V SE 

B	�8=7 �2�9 
� '6�& �(da2 =�(?8$ ��//����/�b�/b

�& �(da2 =�(?8$B	$= "& 'J?�8 �A7 "?3+ 
� '6 /b�/��b�/�b�/b

B	�8=7 1�	�� 
� '6�& �(da2 =�(?8$ ��/���/�b�/b

B	$= "& 'J?�8 �A7 "?3+ 2 B	�8=7 �2�9 
� '6�& �(da2 =�(?8$ *2�3
 b��/bb���/bb�/b

B	�8=7 1�	�� 2 B	$= "& 'J?�8 �A7 "?3+ '6�& �(da2 =�(?8$ *2�3
 ���/b4��/b4b�/b

B	�8=7 �2�9 
� 1�& 1=2 ��/��� b�/�b� ��/�

B	$= =$ �d& "�0��O& 
� 1�& 1=2 /�/��� �//��b b�/�

B	�8=7 1�	�� 
� 1�& 1=2 ��/�b� �//�/� ��/�

B	$= =$ �d& "�0��O& 2 B	�8=7 �2�9 1�& 1=2 *2�3
 �/��4��/��4�b/�

	�� 2 B	$= =$ �d& "�0��O& 1�& 1=2 *2�3
 B	�8=7 1� �/��4��//�/4�b/�

'�d8 �i�� 
� $
 #
$� �+��. k(K�- #)bb�/b<P(Y-,!�  2

1,A)b��/b<P($
$� >�!(V �& >�9 "	�Q
 #�+2� �
� ��!�  

�$� 1�F!6 B!	$= =$ o!� "�!0��O& 2 B	$= "& 'J?�8 �A7 "?3+ 

)M2�!!V�.(=$ #
�(K!!& S�!!+ "!!- 1,!!A k(K!!�- B	$Y!!�$

1$�EF+2`� (EF(� #$�& �(9 C
 =$ #� '8 =$ >��3?!.$ �!& @�!9�&

 ���  #$
$� >�(V"&�.� "V,
 1�	�9 "- �87 '8�!9�& .�	��!]8

 #2�!U 'F!	�8=7 >�!(V �!& >�!9 "	�Q
 #�+2�  
� ��. k(K�-

 �,!& 1$�!E	� u	�!?6 "&�F!8 ��� )�@��@��@��2�b(�!& "!G 

B+�GDCAD�,& "?��	 B	$Y�$ ��. k(K�G @>�(V .

B+�G DCAD@$
 �
$,!  >�E?!.� =$ >�!(V k(K�G e�V 

'8 B	$Y�$ =�!(6 "!- 'd\,8 
� @>�(V k(K�- �87
�- e�V @�+�

 %�& k(K�- "&'8��!I =$ k(K!�- M�!d� M�!]?6$ �!.,
 @�!9�&

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

7.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             6 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.37.0
https://iutjournals.iut.ac.ir/jstnar/article-1-852-fa.html


,�-./ ,� �4! &	��5 �4
0 67�� 689:/ 
	��	0 �,1� � � 2�3�... 

��� 

��4CG.2�[��	J� D	��,� "M�4> E�Y7	�� 	�
�,���O 

B	$= "& 'J?�8 �A7 "?3+ B	$= =$ o� "�0��O& 

�30 ���  L. 2 ,V{,SE ���  {,L. 2 ,V SE 

k(K�G)'�(8 '.� 
� ��  �?()(a��//b/�/���/babb/�b��/��b/b

�3K�)'�(8 '.� 
� ��  �?()(��/��b/���/b��/�b�/���/b

M2�?K�G)'�(8 '.� 
� ��  �?()(��/��� ��/��� ��/�b��/��� ��/�/� �//�

5(N
2�� [G)'.� 
� ��  �?()(�/���/���/b/b/���/��b/b

5(8,L)7)'.� 
� ��  �?()(�//���/���/b��/��//���/b

5(),&,� )'.� 
� ��  �?()(�b/���/���/b��/���/��b/b

1l2�?(6>
2$ #$)'�(8 '.� 
� ��  �?()(��/����/����/b��/�b��/����/b

YG,� )'�(8 '.� 
� ��  �?()(a��/��b��/��bb/�ab//��b��/����/�

a2b:
� ��?F8 �(� S2
 '�d8 >��+� 1�F6 X	�
 �+ 
$� M�R?U$ q<. 
� �$�I$ *2�3
 1�,&��0
� '8�9�&.

M,�. �+*
,0 >�2
 'F9,� #'8��	�!� .5!	$ �!�	$�� �!JV 

5(N
2�� �A�. Z	�^
 �+=$ $
 k(K!�- "!- k(K!�- "& [T?8 #

��I M,�. �+�8 >�2
 'F9,� #[]? '!8 "!& @�!��-�@��4#�

'K-2
�(+D�
$� =�(6 )��.(B+�!G �!& k(K�G B	$Y�$ 5	$ "G

DCAD'8 j(]^
 5	$ u	�?6 j�$,8 @>�(V �9�& .

�	��]8 #$
$� 'F!	�8=7 >�!(V "!- '	�!+2�  
� 1,A Y-,�  

2 
,�(8 u	�?6 �& @�6�,& >��- >��3?.$ $
 ��� 1$
�HR+)�b(1� @

21$
�HR+)�(!	
 2k!+ 2 1� 1$
�!G)�b(2 �!9$� �!]&�<8

 1$
�!HR+ 2 #�!(G u	�!?6 SOA�&)��(1$
�!HR+ 2 k()$,!8 2

)��(�,& .!(V �& "G '	�+2�  1,A YG,�  �i��>�#$
$� NFC 

=�!. B(!� *�!6,(�2�� $�!	= @�,!& �
%�& @�6�,& >�9 "	�Q
 %�&

 
$,fF6 
� YG,�  '�0$ YG,�  B	$Y�$ 2 �.$ 1� ���G "&[!()� 

Y�$"LRH9 *�6,(�2�� �(),
 B	$ '8 #$ �9�&)�b@�2�b.(

5(E6�(8 �!& >�!9 "!	�Q
 #�!+2�  
� ��. M2�?K�- �i�� 

2 B!	$= "!& '!J?�8 �!A7 "!?3+ 
� ��!�  #$
$� 'F	�8=7 >�(V

 5(	�� B	$= =$ o� "�0��O& �& u	�?6 5	$ "- �,& �E	� >�(V =$ �


 1$
�HR+ 2 �
%�& u	�?6)�("G �9$� �]&�<8 @#%�!& �	��]8 =$

NFC �6�,& >��G >��3?.$ .,&�G B	$Y�$*$
�(+ #�+ �(Rf
 [&�\

 "LRH!9 *�!6,(�2�� �(),
 @>�(V 
� �!(),
 2 >�$� B	$Y!�$ $
 #$

 '8 CL. $
 #�LG YG,�  �?F(& �,9)��.(@�(d!a2 5!	$ "D(?6

 �	�!9 v!RD
 =$ #�( ,!�V 2 '!&�g ���& Y(),p() B+�G #�!


'8 �L- 
� �	�K(�  �9�&.

�74� 2��g� �	�J�� � �4� ��� 

�	�!A� 
� '?\,8 *$�((Q
 �E6�(& �.$ 5HR8 1�& 1=2 *$�((Q


 ���& #l�6$ �9�L6 �+ .'8 B	$Y�$ '��T8 �$
,A "G '6�8= @�&�	

 '!!8 B	$Y!!�$ �
$,!!  >�E?!!.� *�!!	,?^8 1$Y!!(8 �!!&�	 .�!!.,?8

 w�L	�]
 #�(9 2�  �
$,  >�E?.� *�	,?^8��%�!.$ 1�!& 1=2

)��.(D6$ '�8 *�](]^
 5R)��(��- �
$Y >$#$=$ 
� "!G �.

 �+��� ,�(G @'��T8 cFA >��8 B	$Y�$�/��!h$ "!& �� ,!�(G 

"��a$ ' �9�� '8 �,9 .���& '+��(9 [	$2$ 
� "!	YD
 1�!& #�+

 '!8 B	$Y�$ '��T8 cFA >��8 @1�8= 5(R+ 
� 2 >�9 �!&�	)�!+

 ,Ef!.�� '��T!8 ZF!A >��!8 B	$Y!�$ 5	$ ��g��!(),
 �(!9 

�K(6 (1=2 B+�G 28= 5	$ 
�1�j	�_ =$ �.$ 5HR8 B	$Y!�$ 

�,F!6 �fF8 �
$,  >�E?.� ' �9�� .1=2 *$�!((Q
 5	$�&�!�&

���& 1=2 *$�((Q
 #$�& 'L.��8 S�d8 1�& �K(6 �+.

*$�h$ 2 1�& 1=2 *$�((Q
 #2
 B	$= =$ B(� '+� �$
,A 

!.$ '6�!8= M,!_ "& �,&�8 '6�& �(da2 =�(?8$ *$�((Q
 "!G �

>�(V @B	$= =$ B(� �+2�  '8 S�T8 $
 ')�]?6$ #�+ ���G.

B	$Y�$ >�(V >���- S�T8 #�+2�  
� '6�& �(da2 =�(?8$ 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

7.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             7 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.37.0
https://iutjournals.iut.ac.ir/jstnar/article-1-852-fa.html


����� ��	
� � 
���	�� ��
� � ���� /�	�������� /��	 ! ��� � "#$)&(/�	#� ()*+ 

��� 

'��T!8 cF!A >��!8 B	$Y!�$ "!& �	�9 @���  #$
$� 'F	�8=7

 �9�& �L
�8)M2�V�(.1$
�HR+ 2 #
,8 "G '

,0 
�)��(�&

cR6 =$ >��3?.$ B+�!G #$�& '6,(67 #�+DCAD y!I�& @>�!(V

 '8 "G �6�9 B	$= =$ B(� 
� 1=2 "��a$ B+�G B+�G "& �6$,


8>�� '��T8 cFA "&[()� c!R6 1�,!L6 �$
,!A �,!A #�!+

�9�& "?9$� ��L

$ '6,(67 .

pH����� 

pH �!& >�!9 "!	�Q
 #�!+2�  B!	$= "& 'J?�8 �A7 "?3+ 
� 
$
�$ 

��!�  #$
$� 'F!	�8=7 >�(V "!& *
,!0 '!�d8 
$� 5(	�!� !& �!
 �,

)bb�/b<P(�.
,+ 2 S,  u	�?6 �& u	�?6 5	$ "- @)�(o	,V @

1$
�HR+ 2)��(MY
2$ 2 '6,� $2 @)��(2 #
,8 @
�PR+ 1$)��(

2 �2
 2k+
�- 1$)�/(<8�]&��9$� .

B+�G pH '8 1�F6 
$
�$ �!& =�!& 2 �(!.$ �(d!a2 "!G �!+�

DCAD �((Q
 '8��G .>=$�6$ #�(  pH '8 
$
�$ 9 c	 �6$,
 �A�

 $�(� #$�& e,A 1��G �(38 
$�]8DCAD �9�& .pH '	�	$Y8 
$
�$ 

�?F(& �(.�KU 2 #
$�	�� @[8�9 "& �LK6pH�
$� 1,A .

;8�� 2��g� � 6[	��0 ��� 

")�.,  �),
 1=2 #2
 �& B	$= =$ B(� >�(V �h$ �,V2 ��I �!+

 ?6 "&�F8!!! 1$
�!HR+ 2 1� u	�)�(!HR+ 2 #�!(G @!1$
�)��(@

c8 �8�6 1$
�HR+ 2 $
)�/(1$
�HR+ 2 ,�(&$
 2)��(�,& .

'6$�E6 =$ 'H	")�.,  �),
 @�,V,8 #�+ @��!	= 1=2 �!& '	�+

 >�?6�K�G =$ #��	= �	��]8 "	�Q
 �h$ 
� �!A$2$ 
� *O��!� #�!+

 �f!. ��!D	$ "!G �.$ cFA #�+2�  '�?K&7 '!8 '!	$= �!�G .

2 1,

2$
�PR+ 1$)��(��- 1�(&>$[RH8 "G �6 +�YG,!�  #=�!.

 �!& 2 >�!9 5(!�V �9
 yI�& @cFA #�+2�  '�?K&7 �A$2$ 
�

 =$ o� �9$�J& 2 #�(),
 1$,
 *$�h$ B	$= '!8 #�(38 �
$�!  .

��g 
� ��G$�U 2 >�,& 5(	�� 5(�V �9
 #$�& YG,�  '+�=�& �8$

 '!8 '�?K&7 �A7 "?3+ �!]� �!6$,
�/�5(!�V 1=2 "!& �� ,!�(G 

��G "��a$ . "!D(?6 �	�J6 
� *�!8 '6%,!_ "!	�Q
 "!G �!��

 [RH8 =$ #��	= �	��]8 
� �!]� �!.$ 5!HR8 @=�!. YG,�  #�+

"K(�
 �!	�R6 [HF!8 ��D	$ W�g 
�(K& �	 cg,G ��H.$ �& #�+

�
$�  �V "& '
$�h$ 5(�g �.$ �(d& �)�& #�+2�  
� ')2.

�^
 B	$= �(da2�(hx
 ���E6 
$�\ 
�R(
 )M2�V�("- @

(G u	�?6 �& u	�?6 5	$ 1$
�HR+ 2 #�)��(1$
�!HR+ 2 ��
�& @)�(

1$
�HR+ 2 $
�8�6 c8 2)�/(B	$= �(da2 "G �9$� �]&�<8

 �^
�(hx
>�(V �+��,L6 'F	�8=7 .

M,_ �^
 '�?K&7 �(hx
 >�(V �+�"- @���E6 
$�\ 'F	�8=7 

1$
�HR+ 2 k()$,8 u	�?6 �& u	�?6 5	$)��(�9$� �]&�<8.

@�7 � �48�C �	�� �����,L ��� 

'F!	�8=7 >�!(V �!& >�!9 "!	�Q
 #�+2�  
� 1��- 
$,fF6 1$Y(8

 $
$� >�(V �& "K	�]8 
� ���  #$
$���!��	 B+�!- {,L. 2 ,V 

)M2�V�.(�!()�d� B	$Y!�$ y!I�& @�?F!(& '),�!. >
$,!	� 1$Y(8

 '8 1��G 
$,fF6 �?F!(& q!9�
 "<!.$2 "& 1�	,V �()�d� 2 �,9

&!!1�,& �
%�& 2 W$YpH H9 !LR!\ @"!%�!& $
 S�!()$ k�!+ �(�&� 

'8 ��&)��@�b 2��.(),�!. >
$,!	� 1$Y(8 B+�- "?L)$�>�!(V 
� 

$
$��6$Y(8 "& ���  ��,L6 >$���!  *$�!h$ 5!	$ y!I�& "!- �!. .

'!�d8 *2�3
 '��T!8 cF!A >��!8 �!& 1��G
$,fF!6 1�!8= 
$�

)bb��/b<P(B+�G �h$ 
� X(3A 'P(),&�?8 =2�(.$ =2�& �E6�(&

DCAD(V $
$� >��2 ���  *$�h$'8 >�(V 5	$ �E	� �9�&.


�	 �� 	��1�[��	J� 


#
�R(& =2�& �0
� �!+ 
� 'P(),&�!?8 #M2�!V ��!9 �
$Y!  >

$�..>�!(V #$�!& �!3V 1��?�$ 1�8= 2 �3V 1=2 5(E6�(8 �!+ #

C(
�
 "& @{,L. 2 ,V 2 ���  'F	�8=7��/�2��/��� ,!�(G 

2��/�2/�/��,!& �I�. .,!0 
� "!- '

��=$ �!d& �I�!. 

'R6 �3V B	$= ']�
 ' �6�8 �3V @��?�$'8�9.

'!&�
2$ 2 1,K!6�V B+2`� 
�)��(�!3V =2�!& �!0
�

 kG >�?6�K�G �& >�(V 
� ' �6�8 >�?6�K!�G �!& >�(V =$ �?F(& @"6$�

�
$� �]&�<8 �a�U B+2`� �& "G �,& "6$� =$ '�� .

53(�!.$ 2 1�. 12)��(v!RV c!	 
� �!�& �!3V [!()� #

5(8�?	2 @�,(��. �,LRG $
 ' �6�8E5(8�?	2 2A�!6�,R6 1�!(& .

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

7.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             8 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.37.0
https://iutjournals.iut.ac.ir/jstnar/article-1-852-fa.html


,�-./ ,� �4! &	��5 �4
0 67�� 689:/ 
	��	0 �,1� � � 2�3�... 

��� 

��4Cb.�,� D	��,� "M�4> E�Y7	��?�48�C 6� f� ���O � ��,� ���@�7�

>�(V 

�30 ���  {,L. 2 ,V SE 

1�
,A)=2
 
� "](\� (��/ ��b ��/��

1��G 
$,fF6)=2
 
� "](\�(bb/��b ��/��� �//��

1�	,V)=2
 
� "](\�(bb/��/ ��/�/� ��/��

1�
,A)'��T8 cFA >��8 �� ,�(G�& "](\�(b��/���/�/����/�

1��G 
$,fF6)'��T8 cFA >��8 �� ,�(G�& "](\�(b���/��ab��/��b�/�

1�	,V)'��T8 cFA >��8 �� ,�(G�& "](\�(���/�/���/����/�

a2b:
� ��?F8 �(� S2�U 	�
 �+ >��+� 1�F6 X'�d8 
$� M�R?U$ q<. 
� �$�I$ *2�3
 1�,&��0
� '8�9�&.

��4CI.f��,� D	��,� "M�4> E�Y7	����JL	� 6� ;8�� 
	�  

>�(V 

�30 ���  {,L. 2 ,V SE 

�3V 1=2)�� ,�(-(��/���/���/b

�3V 1��?�$ 1�8=)�I�.(���/�/��/���/b

pH�,��8 ��/���/�b�/b

pH
$
�$ b�/�a/�/�b�/b

'�?K&7 M,_)=2
(��/��b ��/��b ��/b

")�.,  1=2)�� ,�(-(/�/����/����/b

B	$= >,^6��/��/���/b

")�.,  �(da2�bb/���/�b�/b

1�& #�8�)"V
�'?6�. �$� (��/����/��b�/b

(`'+�=�(?8$ k?K(. Z	 {�.$�& ��
�)�:'	$= 1�.7 @�:1$,(U ��8 2 �	�9 '	$= �f.(

�4'+�=�(?8$ k?K(. Z	 {�.$ �& ��
�)�:@>��8 ")�., �:k)�. ")�., (

a2b:
� ��?F8 �(� S2�U >��+� 1�F6 X	�
 �+'�d8 
$� M�R?U$ q<. 
� �$�I$ *2�3
 1�,&��0
� '8�9�&.

��4C+.W�	 �� ��,� 	��1�[��	J� 
)�4�/�(

>�(V 

{,L. 2 ,V ���  �30 

� � '	$= �f. 
� �30 '	$= >��8 

� � ' �6�8 �3V 

� �30 �(9 C
 

�30 �30 =,?- 
� �30 1$��(9 '	�D&�V 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

7.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             9 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.37.0
https://iutjournals.iut.ac.ir/jstnar/article-1-852-fa.html


����� ��	
� � 
���	�� ��
� � ���� /�	�������� /��	 ! ��� � "#$)&(/�	#� ()*+ 

��� 

"& @;�_ #$�V$ [^8 
� B+2`� 5	$ 
� ')2 �2�U 
� ki�8 
,_

�b �+2�  B	$= "& >�6�8 =2
 �b'.5(8�!?	2 '.AD3 E 2�b

'. 5(8�!?	2 '!.E+�,(��!. [!	%� 5	$�&�!�& @�!6��G �!��	
� 

�3V >�(V *2�3
 "& �,&�8 ' �6�8 �+�F	�8=7 �'8�9�&.

>�!(V �!& >�!9 "!	�Q
 #�!+2�  =$ 2�!  c	 B+2`� 5	$ 
�

 �!	��  �(9 C
 
�g� {,L. 2 ,V #$
$� 'F	�8=7 .$
$� >�!(V�

{,L. 2 ,V"&[()� DCAD 5(	�� �i�� 2 �
%�& @��. k(K�G �


 C
 =2�& #$�& �
�d?K8 �(9 '8�9�& .1,!A k(K�G �i�� B+�G

 �	= "&�'�(8 '.� 
� ��  '!8 �(!9 C!
 =2�!& y!I�& �?() �,!9 .

"!�(+�8 ��!H�RI 
� >�!RI B!]6 c	 k(K�G �
$� S�!0 #�!+ .

�f!. #$�!& >�!��G �d?K!8 
,?G�!� c!	 B	$= 
� 'R(K�G,p(+

 �= 12�(& @'	$=�'8 �	�?8 2 ' �6�8 �3V @kU
 �9�&)��.(


� >�!(V �!& >�!9 "!	�Q
 #�!+2�  =$ "K!(�
 c!	 B+2`!� 5	$ 

'	�!D&�V "!& {,L!. 2 ,!V #$
$� 'F	�8=7 �!	��  
�!g� 1$��(!9

 P	�Y6 
� @�R.O� k(K�G �i�� 
� B+�G�@B!	$= "!& 
,!_ '!<A 

B+�G $
 1$��(9 ��L]6$ �(�&�\ '8 �+� .5!	$ "!G �.$ 5	$ �& 1�R 

�KL6$ 2 1$��(9 *�G�U X\,
 "& 'J?�8 �8$�'8 1$��(9 �,9)��.(

6t�J7
,�0 

�4>�(V 
� ���  =$ >��3?.$ �& �+���!. k(K�- @B	$= =$ B(� 

B!	$= =$ o!� "�!0��O& 2 B!	$= "!& '!J?�8 �A7 "?3+ 
�

"& *
,0 �d8 �
$� �C!
 B+�- "& �D�8 "- ���	 B	$Y�$ 

$�& '�U >$
 1$,�I "& 2 �	��  �(9��(!9 C
 =$ #�(EF(� 

"V,
 1�	�9'8�9�& .

�4>�(V 
� ���  =$ >��3?.$ �& �+�1,!A Y-,�  @B	$= =$ B(� 

B!	$= =$ o!� "�!0��O& 2 B!	$= "!& '!J?�8 �A7 "?3+ 
�

"& *
,0�d8 �
$�����	 B	$Y�$ .

�4pH >�(V 
� ���  =$ >��3?.$ �& 
$
�$ �+�
� @B!	$= =$ B(� 

�d8 B+�- B	$= "& 'J?�8 �A7 "?3+�
$��'9�6 "- @�9$� 

=2�(.$ =2�& =$ =$ #�( ,!�V "!D(?6 
� 2 X(3A 'P(),&�?8 

8 �(9 C
 =2�&��9�&.

�4>�(V 
� ���  =$ >��3?.$ �& �+��(),
 �(9 @B	$= =$ B(� �@

�(),
 �(9�&�g �&�g 
$�]8 2 �0
� @>�9 q(^T
 ��(9 

�(),
�&�g 
$�]8 "- ���	 B	$Y�$ ��!(),
 �(9 �*2�!3
 

'�d8 
$��9$� #.

�4
�R(& =2�& �0
���+�&�!?8 P(),�
� ��!�  =$ >��3?!.$ �!& 

>�(V �+����	 B+�- B	$= =$ B(� .

��	
� ���� ��	NJ�� 

1. A. O. A. C. 1990. Official methods of Analysis. 15th ed., Assoc. Offic. Anal. Chem., Arlington, V. A. 
2. Ballard, C. S., P. Mandebvu, C. J. Sniffen, S. M. Emanuele and M. P. Carter. 2001. Effect of feeding an energy 

supplement to dairy cows pre- and postpartum on intake, milk yield and incidence of ketosis. Anim. Feed Sci. 
Technol. 93:55-69. 

3. Buttler, S. T., J. J. Murphy, G. K. Stakelum, F. P. O’Mara and M. Rath. 2002. Influence of transition diets on the 
performance and metabolic profile of dairy cows both pre- and post- calving. Irish J. Agric. Food. Res. 41: 71-85. 

4. Dann, H. M., G. A. Varga and D. E. Putnam. 1999. Improving energy supply to late gestation and early postpartum 
dairy cows. J. Dairy Sci. 82:1765-1778. 

5. Goff, J. P. and R. L. Horst. 1997. Effect of dietary potassium and sodium, but not calcium, on the incidence of milk 
fever in dairy cows. J. Dairy Sci. 80:176-186. 

6. Goff, J. P. and R. L. Horst. 1997. Physiological changes at parturition and their relationship to metabolic disorders. 
J. Dairy Sci. 80: 1260-1269. 

7. Goff, J. P., K. Kimura and R. L. Horst. 2002. Effect of mastectomy on milk fever, energy, and vitamins A, E, and â- 
carotene status at parturition. J. Dairy Sci. 85:1427–1436. 

8. Grant, R. R. and J. L. Albright. 1995. Feeding behavior and management factors during the transition period in 
cattle. J. Anim. Sci. 73: 2791-2803. 

9. Greenfield, R., S. S. Donkin, M. J. Cecava and T. R. Johnson. 2000. Impact of dietary protein amount and rumen 
undegradability on intake, peripartum liver triglyceride, plasma metabolites and milk production in transition 
dairy cattle. J. Dairy Sci. 83: 703-710. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

7.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                            10 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.37.0
https://iutjournals.iut.ac.ir/jstnar/article-1-852-fa.html


,�-./ ,� �4! &	��5 �4
0 67�� 689:/ 
	��	0 �,1� � � 2�3�... 

��� 

10. Grum, D. E., J. K. Drackley, R. S. Younker, D. W. LaCount and J. J. Veenhuizen. 1996. Nutrition during the dry 
period and hepatic lipid metabolism of periparturient dairy cows. J. Dairy Sci. 79:1850–1864. 

11. Grummer, R. R. 1993. Etiology of lipid-related metabolic disorders in periparturient dairy cows. J. Dairy Sci. 
76:3882–3896. 

12. Hayirli, A., R. R. Grummer, E. V. Nordheim and P. M. Crump. 2002.  Animal and dietary factors affecting feed 
intake during the prefresh transition period in Holsteins. J. Dairy Sci. 85:3430–3443. 

13. Holcomb, C. S., H. H. Van Horn, H. H. Head, M. B. Hall and C. J. Wilcox. 2001. Effects of prepartum dry matter 
intake and forage percentage on postpartum performance of lactating dairy cows. J. Dairy Sci. 84:2051–2058. 

14. Horst, R. L., J. P. Goff, T. A. Reinhardt and D. R. Buxton. 1997. Strategies for preventing milk fever in dairy cattle. 
J. Dairy Sci. 80:1269–1280. 

15. Johnson, D. G. and D. E. Otterby. 1981. Influence of dry period diet on early postpartum health, feed intake, milk 
production and reproductive efficiency of Holstein cows. J. Dairy Sci. 64: 290-295. 

16. Joyce, P. W., W. K. Sanchez and J. P. Goff. 1997. Effect of anionic salts in prepartum diets based on alfalfa. J. 
Dairy Sci. 80:2866–2875. 

17. Keady, T. W. J., C. S. Mayne, D. A. Fitzpatrick and M. A. McCoy. 2001.  Effect of concentrate feed level in late 
gestation on subsequent milk yield, milk composition, and fertility of dairy cows. J. Dairy Sci. 84:1468–1479. 

18. Mashek, D. G. and D. K. Beede. 2000. Peripartum responses of dairy cows to partial substitution of corn silage with 
corn grain in diets fed during the late dry period. J. Dairy Sci. 83:2310–2318. 

19. Mc Namara, S., F. P. O’Mara, M. Rath and J. J. Murphy. 2003. Effects of different transition diets on dry matter 
intake, milk production, and milk composition in dairy cows. J. Dairy Sci. 86: 2397-2408. 

20. Minor, D. J., S. L. Trower, B. D. Strang, R. D. Shaver and R. R. Grummer. 1998. Effects of nonfiber carbohydrate 
and niacin on periparturient metabolic status and lactation of dairy cows. J. Dairy Sci. 81:189–200. 

21. Moallem, U., I. Bruckental and D. Sklan. 2004. Effect of feeding pregnant and nonlactation dairy cows a 
supplement containing a high proportion of nonstructural carbohydrates on postpartum production and 
peripartum blood metabolites. Anim. Feed Sci. Technol. 116:185-195. 

22. Moore, S. J., M. J. Vandehaar, B. K. Sharma, T. E. Pilbeam, D. K. Beede, H. F. Bucholtz, J. S. Liesman, R. L. Horst 
and J. P. Goff. 2000. Effects of altering dietary cation-anion difference on calcium and energy metabolism in 
peripartum cows. J. Dairy Sci. 83:2095–2104. 

23. National Research Council. 2001. Nutrient Requirements of Dairy Cattle. 7th rev. ed., National Academy Press, 
Washington, DC. 

24. Oetzel, G. R., J. D. Olson, C. R. Curtis and M. J. Fettman. 1988. Ammonium chloride and ammonium sulfate for 
prevention of parturient paresis in dairy cows. J. Dairy Sci. 71: 3302-3309. 

25. Olsson, G., M. Emanuelson, H. Wiktorsson. 1998. Effects of different nutritional levels prepartum on the 
subsequent performance of dairy cows. Livest. Prod. Sci. 53: 279-290. 

26. Overton, T. R., J. K. Drackley, C. J. Ottemann-Abbamonte, A. D. Beaulieu, L. S. Emmert and J. H. Clark. 1999. 
Substrate utilization for hepatic gluconeogenesis is altered by increased glucose demand in ruminants. J. Anim. 
Sci. 77:1940–1951. 

27. Overton, T. R. and M. R. Waldron. 2004. Nutritional management of transition dairy cows: Strategies to optimize 
metabolic health. J. Dairy Sci .87(E suppl.): E105-E119. 

28. Rabelo, E., R. L. Rezende, S. J. Bertics and R. R. Grummer. 2003. Effects of transition diets varying in  dietary energy 
density on lactation performance and ruminal parameters of dairy cows. J. Dairy Sci. 86:916–925. 

29. Roche, J. R., D. Dalley, P. Moate, C. Grainger, M. Rath and F. O’Mara. 2003. Dietary cation-anion difference and 
the health and production of pasture fed dairy cows 2. nonlactating periparturient cows. J. Dairy Sci. 86:979-987.  

30. Ryan, G., J. J. Murphy, S. Crosse and M. Rath. 2003. The effect of precalving diet on postcalving cow performance. 
Livest. Prod. Sci. 79: 61-71. 

31. SAS User’s Guide: Statistics, 1999. Version 8.0 Edition, SAS Inst. Inc., Cary, NC. 
32. Schmidt, G. H. and L. D. Vanvelk. 1988. Principles of Dairy Science. Perntic. Hall engltwood, Cliff Newjersy. 
33. Vagnoni, D. B. and G. R. Oetzel. 1998. Effects of dietary cation- anion difference on the acid base status of dry 

cows. J. Dairy Sci. 81: 1643-1652. 
34. Vansaun, R. J. and C. J. Sniffen. 1995. Effects of undegradable protein fed prepartum on lactation reproduction, and 

health in dairy cattle. J. Dairy Sci. 78: 265 (Abstr). 
35. Van Soest, P. J., J. B. Robertson and B. A. Lewis. 1991. Methods for dietary fiber, neutral detergent fiber, and 

nonstarch polysaccharides in relation to animal nutrition. J. Dairy Sci. 74:3583–3597. 
36. Young, W. Z., K. A. Beauchemin and L. M. Rode. 2000. Effects of barley grain processing on extent of digestion 

and milk production of lactating cows. J. Dairy Sci. 83: 554-568. 
37. Young, W. Z., K. A. Beauchemin and L. M. Rode. 2001. Effects of grain processing, forage to concentrate ratio, and 

forage particle size on rumen pH and digestion by dairy cows. J. Dairy Sci. 84: 2203-2216. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

7.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.37.0
https://iutjournals.iut.ac.ir/jstnar/article-1-852-fa.html
http://www.tcpdf.org

