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 ��:1� �s	 r�J�Q$ �/rY �0 =N7Q ;V	
 8+$	 rY 	
 �����8� �

�p�!3!;'5 .h0+�! ����s:� %3$:8'X �0 $�80 d:8ZM! �8�:1� .(

�!AY�q�/(N:[N:! 3A$ ,
�o��$ �0 ]�) "85 kU8� +;(]�8) 


�-��!
 	
 4 ;(oC�F 9 T4�| 	
 +�80:m	 �80 *:8o� \80�s �

�a� 	$
(;2.

=>� > =�#- 	��5�45�� .	�5	`� �	A>� 9#[ 

�88�:1� A$ �88/(\88&s �88ZQ�! ,;882 ]�88) d:88ZM! �88/3��880 

�CZ9mg/ml �d7Q 	
 DMSO�F%Y 	
  � �8^h! r8+;82 �.

$���:1� .
$
 6	$�Q �0 	�5 "�8/ �8!
 	
 (oC�FF 6;8! �80 �F

s
+
�- <�8g�$ �8 �Y <4$;! .
A �/ 4 �h 8� ;)�H(<�8g�$ �8 R 4

N:[N:! 6�kN�^!3�4	 �/(A���0	�5;2 ����- .

���;>� /�<��B> =63��4B3� 
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�- �&88��M!88�;.
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;/)��.(
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t

≈
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���;>� /�<
s-value 

C'! "�$ �08a��
 A$ 	:8,�AUC !8d;XL-I�82 �)�885�8�

Beckman Palo Alto  )�[��!Y (;2 ,
�o��$ .($	$
 ,�a�8�
 "�$

 ��:1� .Op!)(Centrifuge cell
 A$ 
:) �5 ��$ 3V:Up! 4

�CoM!)(Chamber \+[�� ,;2��$ .�8CoM! A$ 38[� 	
 �8/ 

��F (�88a�
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d7Q ��+N4�[+!)DMSO �F%(;8�
�- w8�	O� .	$�8s A$ }8�

 ��:1� .Op! .
$
)�0	:m �/ ��$ ,
�o��$ \0�s .Op! �� .�!A (

,�a��
 	:�	 \)$
 	
)(An 60 Ti=!AY 8��88!
 	
 q(�oC�F 

�X�� 	
rpm ��FFF ;2 <�g�$ .�5�Qd:[N:! �/(�8 ��$ �0

(	:8� ��J8+� b8�:� ��8M�! 3R:8! 6	:V �0 �CoM!UV 

(7�	)(Rayleigh �/ �F]� �+��u }[X 	�0 "8�$ 4 ;82 (	$
�0

 +!Y 4 A:8Z+!Y d:8[N:! 4
�/ �5 3��!A �� 	�588[�:Z885 "+�8�7!�

�� "+�� 3�5�Q �:! �a�
 ,�a��
 4 ;�;2 �8!$
$ 
$;8� .��8� $	

 ;+!�g�$ d:m �0 �X�� �o/ 
4;Q ?:1g! 	
 �5 ���� .}~8�
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��� 

�CMN 6$�++D� A$ �CZ9 ($dc/dt= g(s*)�0$�0 	
 s-value \�;8&� 


�5 .3'M'! "�$ �4$ �^h� �/b�:�! 	$;h! s-value 3!0�80 �85 ;82�

 P:� ;Q$4 f�0 ;(Svedberge) 	�U�)$ �0 �5 S,
$
 .��� 38! 82
:

�	$O-3!-

�)��=�F4��(.	$;8h! s-value 6�+V:U8) �80

 6	$�Q �R	
 L�MN A$ d7Q=
	$
 3a�J80 ��+J8�$
 4 ���A:[J8�4 

)�F=��(w8+hM� "8�$ 	
 �5s-value q��8!AY b�$�82 	
 )(�8!
 
oC�F .�J[� d7Q 4DMSO �F(%�&��M! ,;2�$�.

&(�N�/6BC� ;
3�/� 

�5�2 A$ �5 <�� <;'- 
	Y Bakery Choice)Za�$+}( �8+;82 �

<�g�$ ($�0 .#4��J5$ ;'�$�� �80 	�85 �8�	 .;8V	
 �8�:1� "8�$ 	


 ��$A�8a! �5�82 �8+5 A$ ,
�o�8�$ �80 4 381�O�Y �4	 �80 ������

(Megazyme) `/HF%;2 "++k�)��(.,
�o�8�$ �0 .#4��J5$ ;'�$��

 ]88� A$ �5�882 �)�88� 	
4��J885$Clextral BC-21- Firming 

)�J�$�� (d:8m �80 � R �/ t+�	�! 4
 6	:V �0 �5`FF 38Z+! �8�! 


:0 ;2 <�g�$ .;!�R 
$:! 
4	4 .$O+!kg/h ���8+ � ($�0 rY .$O+! 4

4 �o8V @+��� �0 ��:1� �/��/F=H�/F=��/�4H�/�kg/h r�8p��$ 

;2 .
:0 �0�u .#4��J5$ b�$�2 �+Z5 �80 rY .$O+! 	
 6$�++D� � '� 4 ,

q��!AY b�$�2 �++D� \!�X .$:'X�0	�85 �8�	 ..;82 �80�u A$ }8�

b�$�2=��:1� �/�	�8) ,�a�8�
 A$ ,
�85 l8� (�8/	$:� 6	:8V �0 

;�;2 .��:1� �/	
 3��U8! rY 	$;8h! q/�5 v��$ �0 ,;2 ;+N:� (

6	:V �0 @+��� �0 � �Y �+ � WE1�� WE5 <�� 	$�-;�;2 (.

��:1� �0:m	 �/�4	 �80 �Z8V��70 ,�a�8�
 A$ �4�8) A$ }� 

.4Y 	
 .
�5 ]�)oC�F� ,A$;�$ �+- ;2 (.�/"+'S A$ (	$;8h! 

(�!
 	
 ��:1��/C��F 6;! �0 �F}~8� 4 ;82 ]�8) �h+s
 

q! ,A$;�$ �0 ]N$ �0 4 r�+�Y���G���;�
�- ]N$ ��!4�[+! .

#��$ 	$;h!(��8[! +[348�,K(SME) ! �85 8+#�8�$ .$O(<A_ 

Q 	
 
$:! d�h��$ � R+.��� $	 .#4��J5$ "3!
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�o��$ �0 ;/

 d:!���
�- �&��M! �;)��4��:(

]�[

�	:�)torque ( � �X�� 4+,�a�8�
 �80 \U�! 	$O�$ <�� b�:� t


�- �&u 4 �&��M!�;.

���;>� /�< � AD f	B�>� ]1	! 
)(SEI >�� �=>� > =6�B 	�


�;! ��/6BC� 

1gQ i�J&�$ �)�2 	$;h!3(SEI) J�$
 4+��:1� �� �8/)eρ(�80 

���+d:!�� A$ ,
�o��$ �0 @�/(�4`;�;2 �&��M! )�`4��(

]�[٢)D
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 �8!�8d:�,D0Z)$
 �^s 883N88N:8��J85$8	
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!+a��+\s$;Q �^s "�F���$ ��:1� �/ 	$�[.

]`[e
M

D L
ρ =

π 2
4

D=M4L��� �0 +! d:m 4 <�R =�^s @+a��+�8�$ �8�:1� �8/ "

)!+a��+\s$;Q "�F	�0 ,A$;�$ �+-(.(

�2[� /�	g � "4! =�5	`�
=>� > 	�
bS��- �;S! ��/6BC� 

����> h4��/4
��/� ����[� �	4�� ��>�/< 	�
=6�	�S> 

	#>V �� 

$ 	
��8�:1� $;8�0$ �4	 "�8/($ 	
 ,;82	
:� ��4��4O 8+ \8[N$ \

(IPA) ! b�:� }~� 4 ;�;2 wZk! +	:8� �[�4�[(�80 O8 g! 

	_:88� 	:88��,O)(Polarized light;88'���- 	$�88s �88kN�^! 
	:88! .

d:�$�- �/(A 	
 ������ �N�� 8�	_:8� 	:8� ��! ,O+�80 �[8�4�[

 8a�	 6	:V+��815 "3p�8� \80�s +�38! 0;'82�=�8Q	
3N�85 

d:�$�- �/(�Y+
 @�$�� �u$ 	
 ,;�'S ;'+Z[2 "3;�	$;� .

��/��/C 95	D 35	6B�=>� > =6�	�> 	�
�;! ��/6BC� 

�8�:1� 	
:� q��!AY "�$ 	
 �8/ A$ ,
�o�8�$ �80 ,;82 
4��J85$ (

?�&2$ x:� ]1� d:ZM!NaCl 	
 ��J80 �7!�85 �8CoM! ]� 	
 

(�!
C��� 	 �03&J� �0:mH�%A$ ,
�o�8�$ �0 }~� 4 ;+�	

,�a��
 X-ray diffractometer J[�$882 �)�� (	�88888�5� 

Bruker Analytical X-Ray System ).��J8Za�$ (�8kN�^! 
	:8!

;'���-	$�s)��.(

SME =

(rpm)سرعت پيچ ×π×2×ها تعداد پيچ
(N.m) × تورك پيچ 

(kg/h)   مقدار ورودي مواد جامد ×�F
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����� ��	
� � 
���	�� ��
� � ���� /�	�������� /��	 ! ��� � "#$)&(/�	#� ()*+ 

�`F 

"4!i.=>� > &V �� 9�5MD ��2�� 	�
=6�	�> �;! �MC�-� �;
<

	�	�� ��
^�6K� 

"4!).��4B3��B> =63�=>� > 	�
�MC�-� �;
< =6�	�> �� �;!

	�	��
^�6K� 

���;>� /�<
�3��4B3=>� > =6 	�
�;! ��/6BC� 

�888 R,A$;888�$ �888+- �888�:1� ���A:[J888�4 (�888/,�a�888�
 A$ 

Rapid Visco Analyser (RVA)88888� �5�888882 �)� 

Newport Scientific Pty. Ltd)�+N$���$ (;82 ,
�o�8�$ .4 .�8!A =�8!


 �X�� \80�s ,�a�8�
 	
 ,;82 38Q$�m 	$O8�$ <�� ]15 �0 .
A �/

 �+C'�3!0;82� .$;8�0$ q��8!AY "8�$ 	
`�8�:1� 	
:8� A$ <�8- �8/ (

4 ,;882 
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 �88^h! rY <�88- 

�X�� �0 }~� 4 ;�;2 .A4 ,�a��
 j:Up!rpm ��F 6;8! �0 

(�88!
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 �8� 

C��� 6;! �0 �!
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 4 ,;2 ,
$
 6	$�Q �/��8h+s
 �8a� 	$
 (

;�;2 .���A:[J�4 �N�Q "�$ 	
 �4$ )Peak viscosity(,A$;8�$ �8+- (

;2 .��:1� }~� �/(�!
 �� C��� �0�u �X�� �0 C��� �8h+s
 	
 

4 ;�;2 
����a� �N�Q "�$ 	
 �h+s
 ;�;82 ��2$
 .�8ZQ�! "8�$ 	


 3�� � ���A:[J�4)Final viscosity(,A$;�$ �+- ;2 ()�4�H(.

=>� > =6�	�> 
�� �5�45�� .	�5	`� 	�
�;! ��/6BC� 

�4	 A$ 3N:[N:! 6�kN�^! <�g�$ � RAUC 4 ;�
�- ,
�o��$ 

��:1� �/�CZ9 �0 mg/ml  �	
DMSO �F%;�;82 �8+ �)�H(4

�X�� �0rpm ��FFF (�!
 	
 C��F �X�8� �o/ 6;! �0


 	
 ,�a��AUC .�!A "�$ 3m 	
 �5 ;'���- 	$�s q��!AY 
	:! 

"+�[�:Z+!Y 4 A:Z+!Y �8� "+�8� 4 ,;82 s-value b�$�82 	
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�- "++k� q��!AY.


�	�V 2�5	>V 
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�o�8�$ �0

 .:!AY A$ �'!$
 ;'S ($�^� 	
 "[�$
�%	$O�$ <�� A$ ,
�o��$ �0

Design Expert 6;2 3�	�0 .

P3	6>Q:� �

���;>� /�<
5MD �9=>� > 	�
�;! �MC�-� 

����>�0��
 A$ ,;!Y ,A$;�$ �+-(N7Q +���:1� �8/)\[82 �(

.���3!
$O�$ �0 �5 ;/�q�!
 (N7Q 475:�$ +������� �0m	:
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($O�$ �q���� .$�"$O�$ �qN7Q +�3!��8� �80 ;8�$:

N
+\;2�0 ,;1X :.
$
 6	$�Q �_4$3!�.;2 ��J[2 nX�0 ;�$:

{k030 6_�U�$ A$ +"N:[N:! 3;'��! / 6_�U�$ +�#4	;3,;82 

�� 	
 4+�g$O�$ nX�0 �qN7Q +�
:2 .��u+��$O�$ �q6	;8s �!
 

$�0 $	 d7Q(��:1� .
:1� \Q �/_�0 3!80�� 	
 4 
�+�8g 
$:8! 

0+���(N7Q4 ,;!Y 	
 d:ZM! 6	:V �0 +�_�80 38! 	
4.��8�N�u

$O�$�q�!
 3!�Og� nX�0 ;�$:��N:[N:! 3�5 
:2 d:[N:! �/(

:5]S��;��;N7Q ,;!Y +���_�0 (;�	$
 )�4��.(

.	�5	`�5�45�� �=>� > 	�
;! �MC�-� �

����>�!AY �q,A$;�$ �+-(4�A:[J���&J� 3��:1� �8/)\[82 �(

.���3!
$O�$ �0 �5 ;/�q4 =6	$�8Q �8R	
 8�A:[J���&J8� 3

��:1� �/�0	:m 3'k! 	$
(q/�5 3!�;0�.
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�`� 

"4!j.=- ���� > =>� > G�64L����V �;! G��> 	�
�� �;! �MC�-� 

	�	��
=� ^�6K� �	E6�� 	� �;�V 9��AUC .=>� >aY=>� >

;�	!)� .��/D	�� 	- �;3
C�*d (�=>� > 	�
b	-eU�-/- =� 

=>� > =� f��/� 	�
	�	�� �� �;! �MC�-� 
C�()dc(dd��;
!	� 

"4!e.=- ���� > =>� > �����V �;! G��> 	�
�� �;! �MC�-� 

	�	��
=� ^�6K� �V 9��;6�� 	� ��	EAUC .=>� > aY=>� > 

;�	!)	�� 	- �;3� .��/D
C�*d (=>� > �	�
b	-eU�-/- =� 

=>� > =� f��/� 	�
	�	�� �� �;! �MC�-� 
C�()dc(dd��;
!	�.

q/�5 4�A:[J���&J� 33!�0 ;�$:� Og� \+N
��d:[N:! �/(

;2�0 ������)��.($ <�8g�$ �80 �8S�-$ 8�"�8!AY �q381� .$:8�

 <$;5 �5 
�5 �p�! �]d:[N:! A$ �/(Og� 	�8S
 ������ 8��

,;2 ;�$ .4 q/�5 8�A:[J���38! �80 ;8�$:� .;82 .	�8h�! \8+N


d:[N:! �{8� \[82 L�MN A$ �/3��8+O;82�0 .�8 '� �7�8! ;8'S 

a�J[23!Y d:[N:! 6_�U�$ 	
 +�[�:Z+"3!2 ;�$:� .Y \[ $	


4;Q ��(�� 	
 4 ,
�5 .	�h�! +�g4�A:[J���&J� 3q/�85 $	 

;/
 .�	:V 	
31/ �5 +"a�J[2 
$;k� 3.	�8h�! d:8[N:! 	
 

!Y+A:88ZuE88� �88�$ "88[1! +��$;88'S 34 	
 88�A:[J���&J88� 3.Y


	$�a�)��.($�0�'0�"$�0 (	
���� s
 6�X7m$ 8+w�4	 A$ �8�

N:[N:!3AUC;2 ,
�o��$ .

�-��Gs-value ��45�� 	�
\�� 	� �;! �MC�-� =6�	�> AUC 

�88/	$
:1�(�88� "+�88�!Y .;882+�[�:88Z+"!Y 4+A:88Z��� �88088+@	


\[2 �8/(`4�,
$
 .��8� ,;82 �8�$ .$ 	
 8�"d�[82$ 	$;8h! 

!+a��+"s-value 8'M'! �8/ �4$ �8^h� �80 i:80�!34	(	:8M! x

�&��M!3!2
:.����>.��� 3!
;/�z �5 �@����"+!Y .;2 +:8Z 

�[�+"$�0 (��:1� �/(�8!
 	
 ,;82 475:�$ (�FF �8� ��F �8R	
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 �8!
 	
 ,;8!Y (

C��F (�0	:m 3'k! 	$
(q/�5 3!�;0�)\[2 `.($ 	
 q/�5 8�"

�88'k! �880 	$;88h!(N:88[N:! .A4 	
 q/�885 3!Y ,A$;88�$ 4+88Z�[�:+"

3! 0��&u$ 
:) �5 ;2�3Og� �0 ��$�"$O�$ �0 ,
�! �q6	$�8Q �8R	
 

��$.
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(

� .��� $	31
;/)\[2�.($�"�!$ 3!�N
 ;�$:+Z3uE� <;X �0 +�
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 �5 ;2�0 8�"$�� �;8' 	��)�8� 
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	:p� ��
 3!3;��! .

��/��78- �/�/� 3;
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< =6�	�> /� �N�/6BC� 

�0:m	 ��:1� �/,�a��
 A$ �4�) A$ \&s )N4$ �0:m	+�+!+.$O 

��U! rY3 � � R +�� �Y (� 4+OSME � 
	:8! 8+A�$�80 (�8/ 

;�;2 �&��M! ��:1� .\[2�D�++6$� SME �80:m	 �0 �&J� 

.��� $	 ,�a��
 \)$
3!
;/.$�"��� �>.��� 38! 
�80 �85 ;8/

$O�$�q	$;h! =�0:m	 SME �0	:m 3'k! 	$
(q/�5 38! �;80� .

$�"�!$ �0\8+N
 4 q/�85 8�A:[J����80 	
4��J85$ \8)$
 
$:8! 

$O�$�qrY 	$;h! 38! 0#�8�$ .Y �8u$ 	
 �85 ;82�(�8 R <A_ 

� ��$ �0 
$:! �5�Q(q/�5 	
4��J5$ �N:N 3!�;0�)�`4��(.

���;>� /�<
 AD f	B�>� ]1	! �B>�� � ��X:� �=6=>� > 	�

	
 ��:1� 	
4��J5$ A$ �4�) <�a'/ �/	
 ,
�85 l8� 6	:V �0

;�;!Y .�/�8| \[2 L�MN A$(��U8! rY 	$;8h! q/�85 �80 3=

e d c b a

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

8.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
23

 ]
 

                             7 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.28.1
https://jstnar.iut.ac.ir/article-1-843-fa.html


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

�`� 

!+.$O l�3-
�5 0 � �Y +��� 
�- �=;�0	:m(rY ;s�� ��:1� �5=

0+����"l�3-
�5 �2$
 $	 \pZp� 4.�0,A$;�$ �8+-(i�J8&�$ 

1gQ3J�$
 4+����:1� �8/ �h! 	
 8��J�80 SME)\[82H4�(


�- <:Zk!�;$O8�$ �85 �qSME $O8�$ �80 �q38'k! 	$
 i�J8&�$ 

z�X3J�$
 q/�5 4+����:1� �/��$ ,$�1/ .�C� v��$ �0��$(

b�:� �5 4 .��	�c1/ q�$$	$P;2 �)�`(=Q 	
+".#4��J85$ 

_�0 	���3�80 ,�a�8�
 	
 �
:8R4 38! Y8�;�� �85 +�8g �85�Q 

�	�!+t�8/ �80 6	$�8Q 4_(�8�$ ,�a�8�
 .�4�8) <�8a'/ 	


��:1� �/,�a��
 A$ =	��� �0	:m ��8 -�� 3q/�85 38! �;80� 	
 4

��+�gp&� �ZV��70 � �Y 	
 
:R:! rY +�38! 8-�8�:1� 4 

� �8/ 

bJ&'!3!-;�
� .) �u$ 	
 ��:1� A$ rY 	�p0 �4� �/r�&Q �8/(

\[2 d:UM! \)$
 	
 $:/3!-8+
�.�8�:1� 
	:8! 	
 �8/(�80 

0:m	�$ _�0 �"��:1� �8/ $	$
 (�8��0 <�8� �8�($�8N 4 ;'�J8/ 

0 i�J&�$+���(3!�;'0� .	�8p0 �4�8) 4 i�J&�$ A$ }� ;'S�/

 4 �ZX �0 rY 8�A:[J���"+��8� �� 438! 0�8��=$8�"�8�:1� �8/ 

�ZV��7054�S+,;3!-

� � � �gQ 43�8! q/�85 3�;80� .	


��:1� �/(� �5 �0:m	 �0 +O$O8�$ �q4�8) �8u$ 	
 �8gQ �rY


�,;3!2
:.$ 	
�"��:1� �/4 �ZX �0�A:[J����8��0 4 ��_�0 

54�S ��15 d:UM! ��1[M!+,;;2.�8 � �gQ $�N3�08+���(

��:1� �0 �&J� �/(� _�0 rY �0 +$;3!=;'5 "1z .Y�5\8pZp� 

_�0($�"��:1� �/J�$
 q/�5 nX�0 +��� �Y 3!-

�.

=�5	`� /�	Sg "4! 
�2S[� 
=S>� > 	S� S��/� ����S[� 

��>�/< 	�
� �� ��	k6�� 	� =6�	�> �h4��/4��> 


�880 88�Y A$ }88� ,;882 
4��J885$ 6$	* ,;/��88! +r�	
 .;882 

A�!�+�[�4�[ 	:� (=D�++�$�3$ \[2 4 �/�| 	
 �"
 6$	* 8�,;

;2)\[2 �(.4 �!�pz L�MN A$ 6$	* �/�| ��8�
 4
 �0 \[2

 Jh� \0�s ,;1X+�3!0=;2��[3$OR$ (�h� ���&4�5 (�85 .	�8h�!�� 

�1J88888s A$ �88888/3�d�U88888�$ wm�88888'! <�88888� �888880 

)Junction zones (A��$;R(;�
:0 ,;2 )d�[2$ WE1 �8�(WE3 


 4��a($OR$ (
�]JZ[2 3�| 	��)�8� �85 8�l2 48+��$(

;'�2$
)2$d�[ WE4 4WE5(.$�"�1Js A$ $OR$ �8/(i�J8&�$ 

����� 1) +�
 \M! 	
 �,	$: r�&Q �/(A��$;R $:/ (;8�
:0 ,;2 .

.�1/ 4�U� 	
 �5 	:m��$O8�$ �80 ��$ �p�! �qSME 
$;8k� 

$OR$(
�[J3$O�$ \[2 �q3!�=;0� 3N�8Q	
 �85 $O8R$ 
$;8k� (

4�5(q/�5 3!�;0� .$�"�!$ �0\+N
 $O�$ �q[�� +\8&Q r��8/(

��:1� 	
 $:/ �/80 \8V$:� q/�5 4+"N:8[N:! 3$O8�$ �8u$ 	
 �q

SME ��$ .C�+�'S+"��� �g3�8+O8[0 b8�:� 8�$�80 (�����8� 

�	$O88- ,;882 
4��J885$ 6	* ,;882 �88�$)�.(88X<;
:88R4 

d:�$�- �/(8a�	 +"��815 3A 	
 �����8� 8��!+�[8�4�[ .��8�

3! 3!�1� �5 ;/
 d:�$�- �!
 4 	��� �u$ 	
 �/(�0m 	
 _3$�� �;8' 

�p� �7!�5 .#4��J5$�@�_# 4+�',;2 ;�$ .C�+�8'S +"�$;/��8! 3

�- b�:�($�0 .	:/ 4(8- ,;82 
4��J5$ <;'- 
	Y �	$O ,;82

 ��$)��.(

=�5	`�/C 0��1 35	6B���45�� 	�

�0 ,�a��
 A$ ,
�o��$ X-ray 	�J[�$ (=:aN$ (�5�N��J3��:1� �/

�0 ��
 ;!Y )\[2�F(.����&m �N�Q 	
 679 ��+k3:8aN$ (

�5�N��J3?:� <�� �0A.��� 
:) A$ $	 3!
;'/)��.($�":8aN$ 

N:1k! 
	Y ��:1� 	
3,;/��! <;'- 38! 82
:.$�� <�8g�$ �80�;8' 

$O�$ 4 .#4��J5$�qSME $�"N$:a�0	:m 0 A$ \!�5 +"4 �8��	 

�/:aN$(V4E
�,;3!2;�: .:aN$(V$�80 �85 (�8�:1� �8/(

WE1 4WE2
�,;$ ,;8'/
 .��� =;2 �
�8g5�� 8+@!Y+A:8Z �80 

N+~+;��$ 
	Y )�4��.(:aN$(E��:8aN$ ($�80 .#4��J85$ (

��:1� �/(WE3�� WE5
�,;$ 4 ;2 �"� \[2 +O,;8'/
 .��8� 

$�
�g �5 �d��J !Y +A:ZGN+~8+;8m 	
 3$�� �;8' �8�$ .$8�":8aN$ 

J0 �/�&2+	�(:aN$ �0 (V
	$
 =$ �0 �"�5 64�o� 80 �Z8V�� +"

�+t�/(�5�d��J �/153��$ 64�o�! )��(.

���;>� /�<
�3��4B3=6=>� > 	��	E6�� b��- RVA 

����>,A$;�$ �+-(4�A:[J���,�a�8�
 b8�:� RVA)\[82 ��(

!�1� �5 
$
 .���3��:1� �8/($	$
 ,;82 
4��J85$ (48�A:[J���


�� rY)�!
 	
(C��� (3!N�Q 	
 =;'2�03;/�82 ��:1� )
	Y

<;'- (�!
 	
(C��� 4�A:[J���$(31� .��� 
:) A$ ;/
.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

8.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
23

 ]
 

                             8 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.28.1
https://jstnar.iut.ac.ir/article-1-843-fa.html


�� 0��1 .�/��,-�;
< =6�	�> �5�45�� �	61	� � �3	� �!�432... 

�`� 

"4!l..�/��,-SME �/X� &V ��2�� 	��=>� > =�#- 9#[ 	�
���/6BC� �� �;
< =6�	�> 

"4!+..�/��,-f	B�>�  AD�=>� > 	�
C��;! ���/6B �;
< =6�	�> ��SME 	�
^�6K� 

"4!*.=>� > =6�B>�� .�/��,- 	�
�� �;
< =6�	�> �;! ���/6BC� SME 	�
^�6K� 

WE1 

WE2 
WE3 WE4 

WE5 

=WE1 بان  آب (kg/h)78/1مونه تهيه شده
WE2 =بان آب(kg/h)25/1مونه تهيه شده

=WE3 75/0 نمونه تهيه شده با(kg/h)آب
WE4  =بان آب(kg/h)35/0مونه تهيه شده

=WE5 آب  نمونه تهيه شده بدون

=WE1 با  آب (kg/h)78/1نمونه تهيه شده
WE2 =بان آب(kg/h)25/1مونه تهيه شده

=WE3 75/0 نمونه تهيه شده با(kg/h)آب
WE4  =بان آب(kg/h)35/0مونه تهيه شده

=WE5 آب  نمونه تهيه شده بدون

WE1 

WE2 

WE3 
WE4 

WE5 

=WE1 با  آب (kg/h)78/1نمونه تهيه شده
WE2=با آب(kg/h)25/1 نمونه تهيه شده

=WE3 75/0 نمونه تهيه شده با(kg/h)آب
WE4 =با آب(kg/h)35/0 نمونه تهيه شده

=WE5 آب  نمونه تهيه شده بدون

WE1 
WE2 

WE3 
WE4 

WE5

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

8.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
23

 ]
 

                             9 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.28.1
https://jstnar.iut.ac.ir/article-1-843-fa.html


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

�`` 

"4!m.��=>� > n�/<�/4 	�
	� �;
< =6�	�> �;! ��/6BC� SME 	�
.�	k6� )� b13"4! /� /mo(dd9�� .(=WE1  #- =S>� > S�=

!	� �;+*/((kg/h) Y&V WE2 =#- =>� >�	� �;! =ie/((kg/h) Y&V =WE3#- =>� > �	� �;! =+e/d(kg/h) Y&V WE4  =#- =>� >��;! =

	�)e/d(kg/h) � &V =WE5 #- =>� > �&V ��;� �;! =.

"4!(d.�E5�
X-ray�	B4>� 
=>� > 	�
	� �;
< =6�	�> �;! ��/6BC� SME	�
.�	k6� ) WE1-	WE5  (�;
< ��V 	� =B3	H� �� 

"4!((.�/� &V =63��4B3� ���� >)	�� �� 
C�ie (=��	E6�� �� �;�V 9�� RVA=>� > 	�
	� �;! ��/6BC� SME	�
.�	k6� 

WE1 WE2 

WE5WE4 WE3 

E

V

A

=WE1 78/1 نمونه تهيه شده با(kg/h)آب 
WE2 =25/1نمونه تهيه شده با(kg/h)آب 

=WE3 75/0 نمونه تهيه شده با(kg/h)آب 
WE4  =35/0نمونه تهيه شده با(kg/h)آب 

=WE5  نمونه تهيه شده بدون آب 

WE1 WE2 

WE3
WE4 

WE5 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

8.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
23

 ]
 

                            10 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.28.1
https://jstnar.iut.ac.ir/article-1-843-fa.html


�� 0��1 .�/��,-�;
< =6�	�> �5�45�� �	61	� � �3	� �!�432... 

�`� 

"4!(i.3	#> =63��4B3� ���� >�=>� > 	�
6�	�> �;! ��/6BC� �;
< =)�� /� 1 �;! �/� �� pL 

�	E6�� RVA	�� 	- 
C�ie (	�SME	�
.�	k6� 

$�"$ �0 �!$ �"N
+\��:1� �5 ��$ �/(0 ,;2 
4��J5$ �N
8+\.Y�85

�p03�_# �8 �Y A$ +�8' ,;82 $�0�8'0 =;8�$�"8�Q 3�8/ 
�8� rY 	
 

3! 4 ;'�$:��A:[J����8Q =;'82�0 ��2$
 .Y d6	;8s ;/�82 
	Y �85

 �!
 	
 rY r�R("+��� $O�$ �0 4 ��2$;� $	 �q�80 �85 �8�$ �8!
 

	;��>�0 ,
�5 r�R rY 	:m(�	 A$ }� �5 +.;�!
 (�80 ,�a��
 

C��� 0 =+����"4�A:[J���)4�A:[J����4$ ($ $	�
�8g 38! ;8'5 .

$O�$�q4�A:[J���$O�$ �u$ 	
 �q1X 6	$�Q ��;˝r�8R �0 i:0�! 

+�_# 4 ������ b�:� rY�'3! .Y .;2 0;2� .�0 <;'- ������ 	:8m

 �!
 	
 d:1k!(
4;Q C�HFG���_# �0 ?4�2 +�'38! .;2 ;8'5 .

3N�Q	
 $�� ������ 	
 �5��!
 ,;2 ;'(�_# +�'D� .;82 8++���8��� 4

�� 	
+�g$O�$ �q4�A:[J����4�o�! 3J8� &m �8N�Q �80 �&+8k3.Y


	$
 .��� �0 �R:� �0�>�0,;!Y ��
)\[2 ��(��:1� �/(
4��J85$ 

3! ,;2 �;'�$: �!
 	
 ("+���)C��� ($�
�8g 0 4 ;8''5 d# 8+����"

4�A:[J���$ 	
 � �Y �"
 �!
 �,;3!2
:.$�"3! �!$ �;8�$: �80 \8+N


�p��@d:�$�- 	��)�� �/(�$�� �u$ 	
 ������;8' ;82�0 .#4��J85$ 

d:[N:! .Y d�&�
 �0 �5 �/(d:�$�- A$ ������ �/(
$AY ,;2 ��J[2 

3! 4 ���- �;'�$:�Q$	 �0 3/ .4;0 4+t�+A�($O8�$ �80 �qrY �8!
 

4 4 ,
�5 r�R�A:[J���$O�$ $	 �q;'/
 .$O�$ �0�qSME d�1�Q$ 

Og���d:8[N:! �8/(8'S 4 
	$
 
:8R4 �����8� +"!d:8[N: �8/3�

��15 rY r�R 6	;s(1/ �0 4 ;�	$
 +"N
8+\$O8�$ �80 �qSME 

4�A:[J�����:1� 3! q/�5 �/ ;0�� .

	
 � ��$ (,�a��
 	�5 RVA �s4 3��:1� �5�8/ 8m A$ }8� 3

�	$�Q \Q$�!3�!
 A$ (oC�� �	 �� +.;�!
 �0 (M!+b)oC��(

;�;2 
��=4 ;/�2 ��:1� �A:[J���_�0 3�$�
�8g 
�85 );8Q 
4

cP 6000(=3N�Q	
 �5�8�:1� �8/(4 ,;82 
4��J85$ 8�A:[J���

J0+	���15 ($�
�g ;�
�5 )\[2��.(! 	

	: $ ;/�2 ��:1� �"

7!�5 �!$˝"24	 ��$ ,;2 
 6	$�Q ������ �5�,;8M! 	
 +b

0Y3$ �!
 q/�5 �0 �
�g d# 3!;8'5 4 $�8N 48�A:[J���$O8�$ �q

3! �;0� .��:1� 
	:! 	
 �/(2 
4��J5$ ,;�0\+N
 Og� .�8[!$ 8��

d:[N:! �/($�� �8u$ �0 ������ �;8' .#4��J85$ =�8!
 q/�85 �80 

4�A:[J���! �0 +.$O J0 +	���15 ($O�$ ;/�2 ��:1� �0 �&J� �q

388! ;880�� .�88/ "+88'S�88�� �>.��88� 388! 
;88/$O88�$ �880 �qSME 

4�A:[J���0 q/�5 +���(3!�;0� $ �5�"E� �!$ +�;($O�$ �0 �q

Og���d:[N:! �/($O�$ �0 ������ �qSME �� 	
 4+�gq/�85 

6	;s�a� 	$
(� �Y b�:� rY 3!0;2�.

=�5	`�5�45�� 0��1 �=>� > 	�

	$
:1� ��"+��!Y .;2 +A:Z!Y 4+�[�:Z+"��:1� �/(,;2 
4��J5$ 

�h! 	
��J;/�2 ��:1� �0 )N:81k! 
	Y3(	
\[82 ��,
$
 ,;82

��$ .����>3! .��� 	$;h! �5 ;/
s-value!Y +:Z�[� +"��:1� �/(

WE1 
WE2 

WE3 
WE4

WE5 

=WE178/1نمونه تهيه شده با(kg/h)بآ
WE2=با  آب(kg/h)25/1 نمونه تهيه شده

=WE3 75/0 نمونه تهيه شده با(kg/h)آب 
WE4 =با  آب(kg/h)35/0 نمونه تهيه شده

=WE5 آب  نمونه تهيه شده بدون

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

8.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
23

 ]
 

                            11 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.28.1
https://jstnar.iut.ac.ir/article-1-843-fa.html


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

�`� 

"4!().=- ���� > 	� �;
< =6�	�> �;! ��/6BC� G�64L����V� �����V �;! G��>SME	�
.�	k6� .n�/Da	-e=� f��/� U�-/- =� 

=>� > 	�
�;! ��/6BC� WE1 	- WE5�� =>� > � ;!	�f;�	!)�;
< ��V (9�� 

��:1� �0 �&J� ,;2 
4��J5$ q/�85 ;/�2 38'k! 	$
(�80 4 
	$
 

$O�$�qSME $8�"	$;8h! q/�85 08+���(38! �;80� .	
 q/�85 

s-value 3!�N
 ;�$:+Z3Og� �0 ��!Y d:[N:! +:Z�[� +";2�0 .�M�

1/+"$�2 �bs-value !Y +A:Z ;/�2 ��:1� �0 �[3$O�$ �0 4 ,
:0 �q

SME D� ++�($ 	
 �"� ,;/��! 	$;h! 312
:.$�".��� �!$ ,;'/


���	$;(!Y 	��)�� +A:Zm 	
 3$�� �;'.#4��J5$ 3!0;2�.

=A�6> 
/�< 

����>$�"hM� +w3! .��� m 	
 �5 ;/
3$�� �;'�/(.�8[!$ 475:�$ 

Og���a�J[2 43d:8[N:! �8/(�V:U8) �����8� ˝+!Y �[�:8Z+"


	$
 
:R4 .V$:)3C�+�$O8�$ �qN7Q 8+�4 q/�85 48�A:[J���

��:1� 3! �/ �;�$:0�a�J[2 \+N
3$�";2�0 d:[N:! .

	
 $�� �;'�0 .#4��J5$ d:8[N:! _�0 	��� 4 �!
 
:R4 \+N
 �8/(

D� 	�S
 ������++�$�33!-;8�
� .$8�"D�8++6$� a�J8[2 \!�82 3

!Y d:[N:!+�[�:Z+"$ 4�
�g !Y }[Z~15 +A:ZGN+~+;3!0;82� A$ �85 

N:[N:! L�MN3�5 	��)�� �N��J3N7Q $�N 4 
	$
 +�5��1(�&J8� 

!Y �0+A:Z N:1k! 3
	$
 .[2a�J3!Y+�[�:Z+"R:� 	
 8+�J80 +	�(A$

� j$:)+O�[3��:1� �/C�+q/�85� 08+��� 48�A:[J���
�8� rY 

��:1� �/$O�$ 4�q1gQ i�J&�$ 3$O�$ �0 � �Y �qSME
	$
 qh� .

$�"hM� +w�/"+'S !Y �85 
$
 .��� +�[�:8Z+"�80 \8+N
 $	$
 

4 f	O0 	��)�� .
:0 $�� �80 �&J� �)�2�� �;8' �8/(8�	$�Q 3=

��JQ _�0 q'� 4 	���+�0+���(!Y �0 �&J� +A:8Z
	$
 .uE8�+�

$���;';2 ������ �0 .#4��J5$ �;475:�$ A$ ��3!0;2� .	��)��

!Y+�[�:Z+"a�J[2 43m 	
 .Y 3$�� �;'3!�Z5 \!�X ;�$: 8+;(

z:� 	
+�J0+	�(V:U8) A$ +6��+O�8[3�8 � 6_:U8M! �3

$ �5 ;2�0�"5E� 
:) �!$ +;(�0hM� <�g�$ <4ON+6�h N:8[N:! 3

$�0(
�[Z1X j$:) �� 0 � � (��$ 6_:UM! .


��2E�	q� 

!�881� A$3��J885 3$ <�88g�$ 	
 �885 88�hM� "88+ 88� w+,
:880 �;88�$

�V:U888)˝	:J888�4�� Stephen E. Harding�888�5
 4

Sandra E. Hill���$ �5 +�81'/$	 ;($8�hM� "8+,�a�8�$
 	
 w

���+,
:0 .��JZa�$ <� a' ;�$=1V+�$
	;s 4 �[�� ���133!-

�.

��	
� ���� ��	k6�� 

1. Aberle, T., W. Burchard, W. Vorwerg and S. Radosta. 1994. Conformational contributions of amylose and 
amylopectin to the structural-properties of starches from various sources. Starch- Stärke 46: 329-33. 

2. Banks, W., R. Geddes, C.T. Greenwood and I.G. Jones. 1972. Physicochemical studies on starches. Starch-Stärke 
8: 245-280. 

3. Becker, A. 2001. Starch conversion and particle properties determining, the rapid visco analyser (RVA) profile. 
Ph.D. Thesis, The University of Nottingham, Nottingham, UK. 

G�64L����V

�����V

a b c d e

f

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

8.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
23

 ]
 

                            12 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.28.1
https://jstnar.iut.ac.ir/article-1-843-fa.html


�� 0��1 .�/��,-�;
< =6�	�> �5�45�� �	61	� � �3	� �!�432... 

�`H 

4. Brümmer, T., F. Meuser, B. van Lengerich and C. Niemann. 2002. Effect of extrusion cooking on molecular 
parameters of corn starch. Starch-Stärke 54: 1-8. 

5. Bowen, S.E., D.A. Gray, C. Giraud, M. Majzoobi, C.E. Millan Testa, L.A. Bello Pérez and S.E. Hill. 2006. Lipid 
oxidation and amylopectin molecular weight changes occurring during storage of extruded starch samples. J. 
Cereal Sci. 43: 275-283. 

6. Buléon, A., P. Colonna, V. Planchot and S. Ball. 1998. Starch granules: structure and biosynthesis. Int. J. Biol. 
Macromole. 23: 85-112. 

7. Cai, W., L.L. Diosady and L.J. Rubin. 1995. Degradation of wheat starch in a twin-screw extruder. J. Food Eng. 26: 
289-300. 

8. Colonna, P., J.L. Doublier, J.P. Melcion, F. Demonredon and C. Mercier. 1984. Extrusion cooking and drum drying 
of wheat starch .1. Physical and macromolecular modifications. Cereal Chem. 61: 538-543. 

9. Davis, E.A. 1994. Wheat starch. Cereal Food World 39: 34-36. 
10. Dintzis, F.R., M.A. Berhow, E. B. Bagley, Y.V. Wu and F.C. Felker. 1996. Shear-thickening behavior and shear-

induced structure in gently solubilized starches. Cereal Chem.73: 638-643. 
11. Durrani, C.M. and A.M. Donald. 2000. Shape, molecular weight distribution and viscosity of amylopectin in dilute 

solution. Carbohyd. Polym. 41: 207-217. 
12. Dubois, M., K.K. Gilles, J.K. Hamilton, P.A. Rebers and F. Smith. 1956. Colorimetric methods for determination of 

sugars and related substances. Anal. Chem. 28: 350-356. 
13. Eliasson, A.C. 1980. Effect of water content on the gelatinisation of wheat starch. Starch-Stärke 32: 270-272. 
14. Fan, J. 1994. Bubble growth and starch conversion in extruded and baked cereal systems. Ph.D. Thesis, The 

University of Nottingham, Nottingham, UK. 
15. Gibson, T.S., V.A. Solah and B.V. McCleary. 1997. A procedure to measure amylose in cereal starches and flours 

with concanavalin A. J. Cereal Sci. 25: 111-119. 
16. Faubion, J.M. and R.C. Hoseney. 1982. High-temperature short-time extrusion cooking of wheat starch and flour. 

Cereal Chem. 59: 529-533. 
17. Fronimos, P. 1990. Physico-chemical properties of two important food polysaccharides. Ph.D. Thesis: The 

University of Leicester. 
18. Guy, R.C.E. and A.W. Horne. 1988. Extrusion and co-extrusion of cereals. PP. 65-100. In: J.M.V. Blanshard and 

J.R. Mitchell. (Eds.), Food Structure-Its Creation and Evaluation. Butterworths. London, UK. 
19. Han, J.-A., J.N. BeMiller, B.R. Hamaker and S. T. Lim. 2003. Structural changes of debranched corn starch by 

aqueous heating and stirring. Cereal Chem. 80: 323-328. 
20. Harding, S. E. 1992. Sedimentation analysis of polysaccharides. PP. 80-100. In: S.E. Harding, A.J. Rowe and J.C. 

Horton. (Eds.), Analytical Ultracentrifugation in Biochemistry and Polymer Science. The Royal Society of 
Chemistry, Nottingham, UK. 

21. Harding, S.E. 1997. The intrinsic viscosity of biological macromolecules. progress in measurement, interpretation 
and application to structure in dilute solution. Prog. Biophy. Mol. Bio. 68: 207-262. 

22. Harper, J.M. 1981. Extrusion of Foods. CRC Press. Inc., Boca Raton, Florida, USA.  
23. Hizukuri, S. 1988. Recent advances in molecular structures of starch. J. S. Starch Sci. 35: 185-200. 
24. Iwaki, K. and H. Fuwa. 1983. Fractionation of non-waxy rice starch by sucrose density gradient centrifugation. J. S. 

Starch Sic. 30: 264-269. 
25. Kadan, R.S. and A.B. Pepperman. 2002. Physicochemical properties of starch in extruded rice flours. Cereal Chem. 

79: 476-480. 
26. Majzoobi, M., A.J. Rowe, M. Connock, S.E. Hill and S.E. Harding. 2003. Partial fractionation of wheat starch 

amylose and amylopectin using zonal ultracentrifugation. Carbohyd. Polym. 52: 269-274. 
27. Majzoobi, M. 2004. Effect of processing on the molecular structure of wheat starch. Ph.D. Thesis, The University of 

Nottingham, Nottingham, UK.  
28. Millard, M., F.R. Dintzis, J.L. Willett and J.A. Klavons. 1997. Light scattering molecular weights and intrinsic 

viscosity of processed waxy maize starches in 90% DMSO and H2O. Cereal Chem. 74: 687-691. 
29. Philo, J.S. 2000. A method for directly fitting the time derivative of sedimentation velocity data and an alternative 

algorithm for calculating sedimentation coefficient distribution functions. Anal. Biochem. 279: 151-163. 
30. Ralston, G. 1993. Introduction to Analytical Ultracentrifugation. Beckman Instruments Inc., California, USA. 
31. Vesterinen, E., T. Suortti and K. Autio. 2001. Effects of preparation temperature on gelation properties and 

molecular structure of high-amylose maize starch. Cereal Chem. 78: 442-446. 
32. Van Holde, K.E., W.C. Johnson and K.H. Ho. 1998. Principle of Physical Biochemistry. Prentice Hall Inc., New 

Jersy, USA.  
33. Zobel, H.F., S.N. Young and A. Rocca. 1988. Starch gelatinization: An X-ray diffraction study. Cereal Chem. 65: 

443-446. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

8.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
23

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.28.1
https://jstnar.iut.ac.ir/article-1-843-fa.html
http://www.tcpdf.org

