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 �8!���8s:� %3N4$ �����8� \85 .A4 �80 �&J8� 8+�)�/�<�8- (�880

 ��: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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 (C��/F±�F,A$;�$ �+-(;82 )��4��(.�80

$�	:C'! ".�!A �/(8m � R <A_ 3k! ���J8! +8'3	
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�88�:1� b88�:�)t(d788Q 4DMSO �F) %t0(
�- �&88��M!88�;.

$ �&J��4 .�8!A 4
 "8�A:[J���&J8�3�8�:1� �8/ )Vrel(.��8� $	

3! 
;/)��.(

]�[rel
tV
t

≈
0

���;>� /�<
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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�
 	
 4 �88�:1� (4�88Q d:88ZM! A$ �88�+N4�[+! `FF 

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!
A$ ,
�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
D0

(SEI = 

	
 �8!�8d:�,D0Z)$
 �^s 883N88N:8��J85$8	
4�)mm �(4D

!+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 
4��J885$��3!:88+'+1NY T4�88| .4	
 	
 �88^h! rY <�88- 

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

(�88!
 	
 �88h+s
 q882 C���;�;882 i:88Zp! .�885 3�	:88V 	


���A:[J�4 
�8� rY ���A:[J8�4 .Y �80 
:2 ,;�
 �ZQ�! "�$ 	
 ($

;'�:- .��:1� }~� �/�80�u (�8!
 q�$O8�$ �0 min/C��� (�8!
 �8� 

C��� 6;! �0 �!
 "�$ 	
 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 	
 �8 �Y 

;�
�- "++k� q��!AY.
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T7�)$ 
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	$�[� ("+a��+! �J��h! O+N��Y (	�!Y �4	 ]15 �0 �/,
�o�8�$ �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	:

3'k! 	$
($O�$ �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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< =6�	�> �5�45�� �	61	� � �3	� �!�432... 

�`� 

"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	
 

3���� �&J� 
$�- ;/�2 ��:1� �0)�8�:1� �80 �8�
 �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	
 

��$.

�h!��J�z�@��"+�� !Y .;2 +A:Z �80 �&J8� ,;2 475:�$ 

!Y+A:Z ;/�2 )
 6	$�Q�,;�!
 	
 (oC�F (64�o� 38'k! 	$
(

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

d:[N:! �0 6	$�Q !Y +A:Z $ �8u$ 	
 �5 ;2�0 8�"$�� �;8' 	��)�8� 

!Y+A:Zs�0 ,
	:p� ��
 3!3;��! .

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