
����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��� /!�"	# $%&' 

��� 

�(	)�*+,�� ����� -(	. �/ �!"��0�	# � �	12�  �
�3�	� 
	4 �2�
# *"	� +�� �5 6# �/

7�8��28�� 9�� :� 	�2� ���208(5 
	4 ��5;< � ��	=� 

��	,.5 	>�?�@�AB�	
# C!� ?��. D���E F,.A

�?�8G 

�/ F"5���2� H#�I��2I�� C52��JK��+,�
�3�	� 
	4)Casein Micelles(�!"��0�	#2�  � �	12�  N�:*��N���28�� N��N��208(5 7�8 

��	=�)Scanning Electron Microscope (SEM)(��5;N< �)Transmission Electrom Microscope (TEM)(�N��2� N"/2<?.:N� ��NP
� 

�5 2�  ����5!"��0�	#?
� Q�� )Low Temperature long Time (L.T.L.T.)()R	�/S%�0�	� *T�/ /52< �	�� �%U:V�W/ (? �/	X0�5.

:���� 2�  
	4 �!"��0�	# � �	1 ?8��5/ ��4�Y# C��"	# �5 Z
���	�� :��K �?�?N  ��N,VK -�,W �/ :� 	��[ �5 \" 24 .-N,]� ^N]� 

�:��V0,� ���7�8��28�� 	� :�(	)� 
52� 
�	� �/	�[ +.52� 
	4 ��5;< � ��	=� H��20I(5?�5�;< 5��(	. �/ B:_�/ ^]� :���� �5 �
	4

 	�/ �/ �!"��0�	#2�  � �	12�  
C
o

`-@K 2�abK"	� *2�
# �52W :=� �5 6# � :0�2< �/ 
�5/ � 	�/ F"5 :C?� `c-�	N� BN�5 �5 6N#N�	d

�N	� :�(	)� 
52� 
�	� �/	�[ +.52 7�8��28�� 
	4 B��5;< � ��	=� H��20I(5 /��� 
�5/2� 2"�eK � :�(	)�-�2< �52W .? :��K 2"�	eKZ

:���� f�0]� 
	4 � B::���� �/ �Y"� B�	12�  R	4 +,�� ����� -(	. �/ :� ?�/5/ �	�� R	4 �
�3�	� �P
N� � 
�2N� ��	�01	� 
5�5/ 	N� 

� � g	h H@)� :/2X
� C��h�� 	�
?.�(	. �/ :���� �/ :� 	4"-@K 	�2� �/ :� �2�abK �52W 2�
# :"	� ?
0�2<B���� �<?�N�� -(	. 

�� ?"?# �� 5� �?"?# F"5 -�� :� ?"[ �5�K	�01	� C52��JK Nd�5 
�	N/ :� �?  �	��N� �	NF��� �"!�[ +�)Rennin(
�� 2� �/ H
��� ?���# 

�	�01	� 	#	� i	0� ��,� �?  j�	1 kE	�0.5 � F�3�	�iF�3�	�)βCasein(�4 � ��,�� �	�01	� �5 � F�N
G 
?N�3��� ��N,�� �5 �N�]

 �/ /�T�� +,�� �	�01	� �
�3�	� 
	4 l�K2�-,�5/ .+8  +,�� :� m��2� 
	4 �	�� �!"��0�	# 2�  �/ �
�3�	� 
	4��?
4/ :N_ l"52N  

2� ����5!"��0�	# �K�52. Z�5?�5+,�� 	42�abK+,�� 	� :,"	V� �/ 5� 	��[ /	��5 � :0 5/ n�!� �	12�  �/ H
�"�	_ R	4 2K-�5 �/���.

�o5� 
	4 
?��� :7�8��28�� B2�
# :"	� B�!"��0�	#2�  B�	12�  B�
�3�	� +,��B��	=� H��20I(5 7�8��28�� ��5;< H��20I(5 

�.��	
	 ��
����������� ���
���� ������� �����  !��"# � $%&' �(�
)	 ��*���� 
�.
������� �����  !��"# � $%&' ������� ���
���� �+,�� ���- ��*���� �.�/�/0	 � $%&' �1���(�
)	 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.3

.1
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                               1 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.3.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-376-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��� /!�"	# $%&' 

��2 

:�?V� 

.�',3� 45�� �5� �� ��5+- 65�
 ��%5+ 
��7�5� ����5  8
� �

�9:�� �;� �)�- �
�� �<�"= >; �
 �5)�- 4+��/+ �� 4���?1 

(��- �@&�A+ B+�%' 
��
� 
� �+ 
	 ���C� .���� <5�� �� �D�� ��;

 .�5EF�G+ ��%9��
 5��H I�5; ��%5+ �5�F%	 
� �
 I� �5� ����5  

�559:�� �55;��%55AF� ���55� �55+ �55"� .J%�55��
��+ �� ���K�55��

 5EF�G+ �5��6�L M
53 �� ��� ���
��F�N
�5D .�5O��
	 �57
� 

4�� .��5PL !5��%	 (�%5	 �+ Q�
 <�� ���&5?�+ ��5L .�
R �


�D��%5C� �����
� �4��
�� (- .�OS 
� �
 4�C;� <�
���� �� .

� 4�� 
�R �� $�T ���

� ��=%5� .�
R �5"��+ B5?�+ ��5;

 4����50+ ��
�� ��
%5� J%���
��+ �� �"�U��� V�57 ��5;

 �� �� 4�� �%7 (-4�� 
� 4����0+ ��&CH W5C' �5� ���5��

4�� 4��
 B��X.<�� �� �	�
R J%���
��+ Y%� �������Z[�5� 

��\���
 
�+%��� �+�5	�
R NEF�G+ <��
��"� � �%C� ��;��+ (�%	

"��+�B?�+ �"�U��� ��; .
%# ���65]+ �5�  ���5^�%9 ��5;

�55�
=)Fat Globules Membrane(
55*�� a55=%� .�
R �

4?�� <�C+)b\(.
�B��/+ � � ���
��F� J%���
��+ �� ��:��

 � �
��9 c��
�dF� J%d��
d�+ �+ �L�� e%f� ��5� �	�
R (�%	

 �%5C� ��;�5�+ 65�� �
 
�+%��5� �� �5"= 
5GX .(�C�7�5� �5�

� 

B55?�+ 55� �"�U��55� ��55;�Y%55f%+ ��55��
��F� J%�55��
��+ a55C�

[;�:g ��%� �
��?� ��; 4�� )bh��\(�O5� �5� �� 4F%)5�

��� N�)	 c9J%�5��
��+ �� 
�� ��
� ��%C� �
�5*� c5��
�dF� �

�� ij� � 4L
9 
�
X ���K��� �
%+ J%���
��+ Y%� <�� �����

 J%���
��+ �
��9 c��
�dF��D ���K���)b�bk.(

B5?�+ �5E�O3 (�C�7�� ��

� �$�7
�5D 
� �"�U��5� ��5;

 B?�+ ��E�� � B�D �+ (��� �E�O3 l��
D 
� �
 �; �;�.N5EF�G+ 

<�C;�9:�� �;
�D 
� l��
5D �m I6�
%���g B5C0	 �
 (%�5��

 B5?�+ Bd5D 
� ��5D ��]�� .�
��n	 �4�� ��
m (�5��C� �
 �5;

c+ ����.
*�� �%� �� �"g ���+ �� ���K��� 
�
5�)� .
�5O' �5� �

<��%C�m BC')Chymosin(I�
 
5� 
5�"g �5��+ c���� >�6�- �� 

��m�g�mU�5�F%	 � �5�m
	 <5�� N5�6]	 �� 
]"+ �m <� 5��
�g 5�g�o

�555�U��5<)Para kappa casein(9 �5�&5�5+%5��5g�
5j555��5�

)Glycomacropeptide(�55�AF B�d55�	 � p�� N55&1
+ 
� I�55;

 1
+ 
� q
65� ij5� � r=%m c5+ �5E� N5& Bd5D 
5� ���
59

B?�+ c5+ cX�5� csA�+ 
S� ��D B�d�	 ���	 I�; �
��59 .
59�

 �� 
�Cm I�+� 
� �
 <��%C�mt����� NH
� �L�5f� 
�5D �� ��
9

 45L�d�- c"E� p�� [A� ��%D)Hydrolysis($�5]�� <����5m�g�m

c+ ���
9�F� ��%	 c"E� $�� N&1
+ B?�+ (�D I� c&C' ���H I�;

c55C� �%55D)b�t�b���t(.<����55m�g�m c55C�6�- N55�6]	 Z�55��g

 ��
�?9 .�EF�G+ Y%f%+ 45�� ��%� I�)h�k��u��h(c5F� 

B?�+ BdD 
��n	 
� ��6]	 <�� 
�S- 45�� I�5��H Y%5f%+ �;

 B5?�+ Z���5�� �5&CH �� B5+�%' �� I
��5?� �� (- 4�K�m �m �5;

 B?�+ Z����� ��%7 N�%� �� �m �
�� c*�?� cE��	 6�� �; $�� ��:� �� 

�"�?; 
*�� B+�%' c7
� �.

Q�� � /5�� 	4


�5/2� :���� 

�� I
��
� ��%C�
�D 
�D � $�7 �6�
%���g .
%5# �� �L��5s	 

�D $�]��)bb.(

/5�� 

.
�5X �5� � �=
�5X �5�"+ �5� 
5�"g ���+���/b�� �5� $�5� �5�
 

T�)Rennilase(�p%5555s0+w��5555��
� 45555?�9 4�
5555D 

)Gist brocades(�"&; .

9��U�F-
�	%&)Glutaraldehyde(�\%J%���
��+ V%sA+ �

���
��F�p%s0+ 4�
D BDH(��?&*�� .

y- (��555� >�555?&� 
�
555&� ��a555�7 47�555� 4�
555D

8
+)Merck((�CF- .

���� a��?*"	%K?L)Phosphotungstic acid(zF�7 a5�7 �

(�CF- 8
+ 4�
D 47��.

	��"+

�55?+ a55F%g)Grid(�
55� N55�T �55� ��55D ���� [55D%g� <$
55L


��)Formvar(J%���
��+ V%sA+ ��
��9 c��
�dF� .

��%C� ��*��H)Stub(V%sA+ J%���
��+ �
�*� c��
�dF�.

<� a�7��Es	�)Freeze dryer(p�+ LY 47�5� 4�
5D

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.3

.1
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                               2 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.3.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-376-en.html


+,�� :�(	)� �5 6# � ����� -(	. �/ �!"��0�	# � �	1 2�  �
�3�	� 
	4... 

��k 

Snijders Scientific�"&; .

Y%55� �� �;�*55���+�- {%K�
���55�H-200NR 4�
55D 47�55� 

Kokusan<g�{ .

555���+�- {%K�
���555�*�;� Y%555� ��JA-21 4�
555D 47�555� 

Beckman���
+� .

�
� y- $�C1)Cooling Bath(.

���
��F� J%���
��+ �
��59 p�5+ EM-900 4�
5D 47�5� 

Zeiss {��F� �� (�CF- 2�4F�%&�� .

�55";� [55D%g ��*�55��Z)Coater(�55�%C� J%�55��
��+ ��55;

���
��F��
�*� 47�� 4�
DFisons(��?*�� .

���
��F� J%���
��+�
�*� p�+ 400-I �47�� 4�
5DLeo 

�� (��?*�� {��F� \�	��� %&�� F4.

Q�� 	4

$.:���� 
�	� �/	�[ � 
�5/2� :���� 	4


= �5� $�7
�D �5�b/�Z��5���� �5�;�:g .%&��5g 
� �5#
� 

�D ��)	 ��
���� �(- �� 
��F a� �����
= �� $�7
�D (�%"'

 �D �
��
� ��%C�.�5�
= �� $�7
�D �� �
*�� [A� <5�� 
� �

� Q�
 �� .%&��g5�")Cohu .�5+ ��u��5/�X� (5���g5�6�
%

 E� � ��D5"7 �� �5aD5+� �5	 (�5��Cot5��F a5� �5(- �� 


�D �
��
� ��%C�)bb.(

��%C� 6�
%���g
�D � $�7
�D ��;�<5�C+ (�+� <�
�C� 
� 

��+� 
� �Cot���5D B/�"+ �;�*���+�- !C�]+ ��.5� ��5��� �

&���N%K�
���� {�;�*5���+�- Kokusan p�5+ H-200NR �5� �

�y��D p�C'hbk�B/S y��D 
��
� )g*hbk�(.�+ �� ���

��+� 
� �/�X�Cot�X�� �5��+Z�5�%C� �5�
= �5D ��5H �5;.��

��%C� g
�D � $�7
�D ��;�� Z6�
%��� ��5�%C� �� a5� 
; ��
=

 
��/+ ��b�� �&�+ �5D ��D��
� 
��F .4C5?X �� �5� �5�%C� 
5;

 4L
9 .
%# �)�- �
%+ 
� �
��9 �
�CD � ��D >�?/	 .<��5�

 �
�C5D �5� ��	
	 ��5;b��� $�57 
�5D �5� u�t
�5D �5� 

4L�� V�s�7� �6�
%���g.

�
5� ���5D%H y- 
� a5�7 
�"g ���+ �� $
9�5D
� ��

 ��+�Co�\ �D B1 .>5]1 ij5� �5� ��5D �5�)	 p%5&0+��

�&�+ ���
 
��F .��%C� ����;��t
��/+ b��5&�+ �5��+ �� 
5��F

 >; �� � �L�f� ���D ��)	 
�"g �� 
5�C� ��5+� 
� !�
5� (��Cot�

�� !��+ 
�"g ���+ ��%C� �5D }%&A+ �; .��5�%C� <5� 5� �5; �.�5+�t

��+� 
� ��
� y- $�C1 
� 4'��Co\/�±��*� ���D �
��.

��5+� 
� �5�%C� 
�5)= 
;Co�5� ��.�5+���5� �5/�X� 

�;�*55���+�- {%K�
���55�Beckman p�55+ JA-21 p�55C'� �55� �

y��Dt2��� 
��
� B/S y��D )g*t2���(�.�+ �����/�X� 

B?�+ ~�&n	 ��; �� y%5�
 
� �"�U��� ��; 45�� �5� ���5+- 

���D {%K�
���� .[5A� !��5+ (�
5� ��H �� ��D ��)	 .��%�


 ���X%L�)�-��H �+�
- �� �D.

`.:N���� 
�	N� �/	�[ 	N� :N�(	)� 
52N� 	N4 7�8N��28�� 

��	=� H��20I(5 

��%C� 5� ���5D ��)	 ��; .�5+ ����5�U�F-
�	%&9 
� �5/�X� u%

���D 4�O�	 .&1
+ 
�N�5�%C� �E� ��5*��H
� ��5D 45�O�	 ��5;

 ��%C�Z:�� J%�5��
��+ SEM �.
%5# �5� c5�D�g )Spray(

�L�f����D .��%C� 
� �5�%C� ��5*��H <�L
59 
�
X �� �; ��*�5�� 

<� a�7��Es	 .�5+ �� �t��5+� 
� �4'�5� Co\uo�


��L�2/����D a�7 �
�� �&�+ 
�5A� �� ���K�5�� �5� ij� �

,3 �,7 40	 ��� ��D%g 4+�A5f \\/���
 
5� 
�+%��5� 

�)�-��
9 4�O�	�.5�%C�NJ%�5��
��+ ��*�5��
� ��5D ���5+- 

���
��F��
�*� �
%+ ��

�4L
9 
�
X �
��
� 
�%s	 �)\(.

%.:���� 
�	� �/	�[ � 	� :�(	)� 
52� 	47�8��28���5;< 

%�
y�;�*5���+�- {%K�
���5� �5� ��5D �5�)	 Beckman 5� ��

.�+����U�F-
�	%&9
� �/�X� �\%�D 4�O�	 .�&1
+ <�� 
� �� 

4O?�b�����%C� �� ��U�F-
�	%&9 5D ���K����.5�%C� ij5�N

�� ��D 4�O�	 >�?&�
�
&� p%&0+�b/�� 
T%+ �4O?� \��5� b

&A+5�D }% �
 Q�
 �� ��K"+ �6�+- �)Negative staining(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.3

.1
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                               3 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.3.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-376-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��� /!�"	# $%&' 

�b� 

@F�y

+8 $.7�8��28�� �5 �/	X0�5 	� �	12�  �/ �
�3�	� +,�� 2"�	eK ��	=� H��20I(5 

)q	�V� f(5 +8  �/ )�	� = (`UU q	�V� s +8  �/ � 20���	� )�	� = (%UU20���	� (

@F� y

+8 `.2�  �/ �
�3�	� +,�� 2"�	eK 7�8��28�� �5 �/	X0�5 	� B�	1��5;< H��20I(5 

f(5 +8  �/ :2�52� �"	�
<�!�UUU/$UUs +8  �/ � 2�52� :2�52� �"	�
<�!�UUU/`&U-�5 2�52� .

@F� y

+8 %.2�  �/ �
�3�	� +,�� 2"�	eK �!"��0�	#7�8��28�� �5 �/	X0�5 	� ��	=� H��20I(5 

)f(5 +8  �/�sq	�V� )�	� = ($UU20���	� (

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.3

.1
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                               4 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.3.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-376-en.html


+,�� :�(	)� �5 6# � ����� -(	. �/ �!"��0�	# � �	1 2�  �
�3�	� 
	4... 

�bb 

@F� y

+8 c.2�  �/ �
�3�	� +,�� 2"�	eK �!"��0�	# 7�8��28�� �5 �/	X0�5 	� B��5;< H��20I(5 

f(5 +8  �/ :2�52� �"	�
<�!�UUU/$UUs +8  �/ � 2�52� :2�52� �"	�
<�!�UUU/`&U-�5 2�52� .

@F� y

+8 t.	� +,�� 2"�	eK 7�8��28�� �5 �/	X0�5 	� 	�2� �/ �/��1 2�
# :"	� �	12�  �/ �
�3� ��	=� H��20I(5 

)+8  �/� f(55 q	�V� s)�	� = (%UU20���	� (

��
� J%���
��+ �� �EF�G+ �
��9 ���+- ���
9)����b.(

�
GX 5�%C� �� ��N:5�� �5?+ a5F%g �G5�
� ��5D W5�X
 Z

J%���
��+ c��
�dF� �
��9 D��9 ��D �� .��5/�X� a5� �� ig

 � �L�f� 
�D ��D a�7 �L�# � �� NOF �&��� .&1
+ 
�N�5E� 

GX a�5a��?*"	%K?L ���� �
�%
��?+ aF%g ��
 ��D��9

 �X�� � ��D ���+Z�� ig ���� u��
5G/+ y- �� ���K��� �� �/�X� 

�D %��?D ��?+ aF%g �G� �� .��%C� ��+� 
� 
�� �
%+ ��;

l�0+ � � ���D a�7 �&���N�5��
��F� J%���
��+ �
��59 

{��F� 
�2�%&�� �"�L
9 
�
X �
��
� 
�%s	 � �EF�G+ �
%+ �4F�.

u"	0� 

$.���208(5 7�8��28�� 	� �?  :��K 2"�	eK :� m��2� u"	0� 

+,�� �5 !"��0�	#2�  � �	12�  �/ �
�3�	� 
	4����� Z

B�Dbs	�E	 
��5B?�+ �� ���� ��; 5"�U���5��
$�7
�5D 
� 

�5�+ �� �55J%���
�*�5�
��)	 55D �5���� ����55�5+ (� �5;� .

D 
�5�5B�s	55B?�+ 
��� "�U��� ��;5D 
� �57
�5� $�5�� �

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.3

.1
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                               5 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.3.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-376-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��� /!�"	# $%&' 

�b� 

@F� y

 +8S.�	12�  �/ �
�3�	� +,�� 2"�	eK 	�2� �/ �/��1 2�
# :"	� 7�8��28�� �5 �/	X0�5 	� B��5;< H��20I(5 
)f(5 +8  �/s �:n�!� 2�52� �"	��UUU/$UU2�52� (.

@F�y
+8 v.2�  �/ �
�3�	� +,�� 2"�	eK �!"��0�	#	�2� �/ �/��1 2�
# :"	� 7�8��28�� �5 �/	X0�5 	� ��	=� H��20I(5 

)q	�V� f(5 +8  �/ )�	� = ($UU20���	� �+8  �/ sq	�V� )�	� = (%UU20���	� (

@F�y
+8 &..2�  �/ �
�3�	� +,�� 2"�	eK 	�2� �/ �/��1 2�
# :"	� �!"��0�	#7�8��28�� �5 �/	X0�5 	� ��5;< H��20I(5 

)f(5 +8  �/s �:2�52� �"	�
<�!�UUU/$UU2�52� (.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.3

.1
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                               6 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.3.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-376-en.html


+,�� :�(	)� �5 6# � ����� -(	. �/ �!"��0�	# � �	1 2�  �
�3�	� 
	4... 

�bu 

J%���
��+�
��9 ��D ��)	 4�� ��D ���� (��� ����.(�"^C; 

�+ (��� 
���s	 <�� ���";�G� �5�"�U��� B?�+ �a�457�%� 

� ��%� B?�+ �� �7
� �5�� !5C�]+ .
%5# �5� �"�U��5� ��; �

c+ ��L�� �� 
���s	 <�� ���%D c��%57 >; (�
*�;�:g 
*�� I�;

�
��)2�b2�����b.(


� �55DB��55; u�t��55�	
	 �55� �g%�55��
��+ 
���55s	

B?�+ 
�D �"�U��� ��; 6�
%�5��g��5+ �5�1,+ %5D��.
�<5�� 

a� $�' 4F�1 
���s	 B5?�+ 
���s	 �� 4O?� �
���� ��7�%�

 �� � 4�� 4��
 B��X �$�7
�D �"�U��� ?��/+NB5?�+ ��5E�� ��5;

 �� ��D ��)	 
���s	 
� ��#%s7 �
��59 c��
�dF� J%d��
d�+ 

�+ zA�+ �5	 �"�U��5� B5?�+ ��E�� ��6�
%���g
�D 
� �� �%D

 q
6� ��1 �7
�D 
� .�
R (�C; �� 
	 4�� $.
���5s	 <�� 
� 

�+ 6�� <�U��� �7
� (�%	 �
 �;.
%# ����%	 4L�� ��.

`.7�8N��28�� 	N� �?N  :N��K 2"�	NeK :N� m�N�2� u"	0� 

+,�� �5 ���208(5 2�  � �	12�  �/ �
�3�	� 
	4 Z!"��0N�	#

	�2� �/ �/��1 2�
# :"	� 

�D 
�B��; \�h��	
	 �� B?�+ �g%���
��+ 
���s	 ��5;

��� $�7
�D �"�U �+
� 
� ��
%7
�"g ���+ �+ ��1,+ �%D .(�C;

 �� 
%3 ,+1�+ ���%5D � ��
5� ��5�g �9��5�� 45F�1 .�
R

4�� ��%C� 
��n	 �)�- �E�O3 (�C�7��.

�55D 
�B��55; ��2�55� ��55�	
	 �g%�55��
��+ 
���55s	

B?�+ 
�D �"�U��� ��; �+
� 
� ��
%7
�"g ���+ Z6�
%���g (���

 �� ��D ����4.B�D �� w��X 
� �&?�+ B�D 
��n	 ��5;\�h

a5� � 
��5+ 4F�1 � 4�� ��;��+ B��X e%f� �� ��5H 457�%�

4�� ���� zA�+ ���"; B�D �X�L �� ����� p��D� �� �
 �%7.

w@� 

B?�+ l�%�+ 
GX l5�%�+ 
GX �� 
�C� $�7
�D 
� �"�U��� ��;

 4�� �6�
%���g 
�D 
� .�
R <�� ��9%���m I� ����L�� <�5� �5;

 
5GX � �
�� 45/��G+ ����5�+ .�5��
]	
� ��5D �U�
� .�',3�

 B?�+ l�%�+ 
� �"�U��� ��; $�7
�D ���51b��–2�
�+%��5� 

4��)k�bt�b2.(>5; � $�7
�5D 
� >;
���6�
%�5��g
�D 

+�B?�;a� �G� ��
�� 
� �5� �X�50F� 4F�1 � �"�?; ��7�%� 

+ 
���s	 �7
�,�+ ��1 � ��%D 5� .�
R >��
5	 �� �D� �p�5O��

 ���
�� �� 4�� �{%K�
���� BC't2��� 
5� B5/S y��5D 
��
� 

4�� ��%C� p�C'� �)�-)2���.(
���s	 
�u�t
��,57

 
���s	b��a� $�' �'%� �5+ ���� �0G� ��7�%� �5� �%5D

�+ �g�� i�&jC� �� �D�� ���%	o��� � <�U���o� <�F%�%&9%��T �

p�O�� '� �D�� (%���6�
%���g p�C)��b������u.(
�
�5"�

 ��5�U%&� >�?&� �� p%&0+ >�?&� �� ��A� B��O	 �p�C�1� <��

 q
6� ��
]"+ �.
�
1 4&' ���+ B?�+ 
GX (�D 
	 �5� �%5D

 B?�+ Z����� �� w��X 
� 6�� .��K	 <�� ��51 �5	 $�57 
�D ��;

4�� �����
� B��X.


���s	 
�\�h���2'
5�  �5� ���5�� 45F�1 ��]�� 4&

 �+ �
 ��
� �g�� ��6]	 �� (�%	o�
5�"g �5��+ B5C' 
S� 
� <�U���

 65�� � �+
5� 
� �&5?�+ (�C�7�5� �� <�U��5� �5�� �O?� ��
7

 �� ��
57 � �+
5� 
� ��5�U%&� >�5?&� .�K?L 
���� 4�F,1

 4?��� lO	
+ ��"�U��� B?�+)t�h��(..T%50	 Y%5C]+ 
�

 �%7 
S� 
%��+ B?�+ B�D 
� �
 ��D��9 �X�� �; ��� .�T%#� �5E� 

��jg�
��+ ��
7 � 
�"g N��+ BC' p�� ��L B�C�	 ����� p%&0+ 


�� 
�� �� �
�g �4�� �"  �K"+ ���
��F�o�X�� <�U��� �5� ��5��+

 <�U��� 
��� �5+ �5��g �
 �&5?�+ ���H p��D� ��; 5� �5� �
�- �

�� [;�� 4&'
���"= �EL�� 4F�1 ��K"+ �5+ � ��D��� ��5"��%	

����%D Bs�+ >;.�+ >;�
L �
 ��/E�� N"�+� .T�s	� <�� �"��C�

 5� �+
5� 
� � �6��%5� >�5?&� 
�S�5	 (��� ��/E�� Z���g ��OF� �� �

�C� �
 �EX�� �"E+ �;� .� �F� �.�
R M�0F� �� B��C	 p�1 
;

 ����� 4F�1 
� �&?�+�� ��45�� ��;��+ B��X e%f�)u.(�5�

H%	 (%�5��6�
%���g 
�5S- �� 4�� 
�%D� 
��?� �p��D� <�� �� �

��%C� 
� �
 ��� z�A�	 ���
%7 
�"g N��+ ��;.

:d�0� 
2�< 

$�7
�5D �"�U��5� B5?�+ B�5D �� ��� (��� [;�:g <�� �����

 �45�� �%P�� �� ��
� �5F� �(%�5��6�
%���g �5	
�
1 
�5C�	 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.3

.1
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                               7 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.3.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-376-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��� /!�"	# $%&' 

�bt 

a� $�' ����� �"�U��� B?�+ �G� 
� �
 ��7�%� �+ ��]�� �5"� .

��
 
55� 
55�"g �55��+ B55C' p�� ��55L (�55D B55+�� �55� <C55f 
� 

�g��o%	 <�U�����*� �� $45F�1 ��+
5� 
� ��
%7 ���+
�D �
��

 a5� � ��
5� �5� �
 �%57 ��5H � ��5D B5��� B5?�+ ��7�%5�

 �� � �9���� &�Dc�5+ �5;� .�� 
5; �5� ��5D �5�)	 
���5s	

J%d��
d�+ �+ (��� � �� �";� �BC' p�O�� M�50F� �
5�"g ���+

 ��L�� 
��n	 .�
R .
%# �� ��5��� ��5+ Y�
5D �
� �5F� ��%5D

 �C� 
]"+ �
�D ��/E�� ����g �� 69
; �+
� �%D .��+� 45�� �5� 

�
 @5&�A+ �	
�
1 ��;
�C�	 
�S- (�%�� [;�:g <�� B�C�	 
�

 B?�+ Z����� .�
��n	 
� 5C� �5�

� �5;�%� B�5D .�
5��n	 �

������B�?+ �;� �
 �
� 
5�"g �5��+ BC' p�O�� @5&�A+ ��5;�+��

�����
��
m.


�5!=�	x� 

.�55/�/0	 � $%55&' �551�� �55�;�:g 455���E+ �� �&�55�� <��55�

 <5�� $�5]�� l��
D (�%C� >;�
L 4&' �� � �+,�� ���- ��*����

�%D �+ �
�6*��j� [;�:g.

��	
� �/	X0�5 /��� 

b.$ ����?1� .�$.�U�H
.buh2 .$6����+ %' � �;
�D ��/E�� B+� .�C&' y���o�"L ��
�CD tb�.�/�/0	 �?��+ .�
����� 

$�� �
�
g��
� �(�
�� .

�.� p{%d�-.���
�-
L � 
�D �{%F%"�	 �"OF ��; )Y ��%P	
+ NCH
	.�$.� ����1�
 w�Xe.��"�%H .( bu�t .��*���� .�
�����

�)�+ ����
L�(�
�� .

3. Alais, C. 1984. Science du lait. Sep. Paris. 
4. Anon. 1995. Dairy processing handbook. Tetra pak processing systems AB, S-221, 86. Lund, Sweden. 
5. Brooker, B. E. and K.Wells. 1984. Preparation of dairy products for scanning electron microscopy: etching of 

epoxy resin-embedded material. J. Dairy Res. 51: 605-613. 
6. Creamer, L. K., J. E. Plowman, M. J. Liddell, M. H. Smith and J. P. Hill. 1998. Micelle stability: k-casein structure 

and function. J. Dairy Sci. 81: 3004-3012.  
7. Dalgleish, D. G. 1998. Casein micelles as colloids: surface structures and stabilities. J. Dairy Sci. 81: 3013-3018. 
8. Davies, F. L., P. A. Shankar, B. E. Brooker and D. G. Hobbs. 1978. A heat-induced change in the ultrastructure of 

milk and its effect on gel formation in yoghurt. J. Dairy Res. 54: 53-58. 
9. De Kruif, C. G. 1998. Supra-aggregates of casein micelles as a prelude to coagulation. J. Dairy Sci. 81: 3019-3028.  
10. Farrell, H. M., Jr., E. D. Wickham and M. L. Groves. 1998. Environmental influences on purified k-casein: 

disulfide interactions. J. Dairy Sci. 81: 2974-2984.  
11. Grace, V., G. A. Houghtby, H. Rudnick, K. Whaley and J. Lindamood. 1992. Sampling Dairy and Related Products. 

PP. 59-84. In: R. T. Marshal (Ed.), Standard Methods for The Examination of Dairy Products. American Public 
Health Association, Washington D.C. 

12. Heertje, I. and M. Paques. 1995. Advances in electron microscopy. PP. 1-52. In: E. Dickinson (Ed.), New Physico-
Chemical techniques for the characterization of complex food systems. Chapman and Hall Pub., London, 
England. 

13. Kalab, M. 1977. Electron microscopy in dairy research. MSC-SMC Bulletin, 4-10. 
14. Kalab, M. 1979. Microstructure of dairy foods. 1.Milk products based on proteins. J. Dairy Sci. 62: 1352-1364. 
15. Kalab, M. 1985. Microstructure of dairy foods: 2.Milk products based on fat. J. Dairy Sci. 68: 3234-3248. 
16. Kalab, M. 1993. Practical aspects of electron microscopy in dairy research. Food structure 12: 95-114. 
17. Kalab, M. and V. R. Harwalkar. 1972. Milk gel structure. I. Application of scanning electron microscopy to milk and 

other food gels. J. Dairy Sci. 56: 835-842. 
18. Knoop, E. 1972. Strukturaufklarugen durch elektroenmikroskopische Untersuchungen an Eiweiss und Milchfelt. 

Milchwissenschaft 27: 364-371. 
19. Mc Mahon, D. J. and W. R. Mc Mannus. 1998. Rethinking casein micelle structure using electron microscopy. J. 

Dairy Sci. 81: 2985-2993. 
20. Morr, C. V. 1967. Effect of oxalate and urea upon ultracentrifugation properties of raw and heated skim milk casein 

micelles. J. Dairy Sci. 50: 1744-1749. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.3

.1
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                               8 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.3.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-376-en.html


+,�� :�(	)� �5 6# � ����� -(	. �/ �!"��0�	# � �	1 2�  �
�3�	� 
	4... 

�b\ 

21. Needs, E. C., M. Capellas, A. Patricia Bland, P. Manoj, D. Macdougal and G. Paul. 2000. Comparison of heat and 
pressure treatment of skim milk, fortified with whey protein concentrate, for set yogurt preparation: effect on milk 
proteins and gel structure. J. Dairy Res. 67: 329-348. 

22. Needs, E. C., R. A. Stenning, A. L. Gill, V. Ferragut and G. T. Rich. 2000. High-pressure treatment of milk: effects 
on casein micelle structure and on enzymic coagulation. J. Dairy Res. 67: 31-42. 

23. Park, S. Y., K. Nakamura and R. Niki. 1996. Effect of B-Lactoglobulin the rheological properties of casein micelle 
rennet gels. J. Dairy Sci. 79: 2137-2145.  

24. Renault, C., E. Gastaldi, L. Cuq and de La Fuente Tarodo. 2000. Effect of temperature of milk acidification on 
rennet gel properties. J. Food Sci. 65: 630-634. 

25. Schmidt, D. G., P. Walstra and W.Buchheim. 1973. The size distribution of casein micelles in caws milk. 
Netherlands Milk and Dairy J. 27: 128. 

26. Scott, R. 1986. Cheese Making Practice. PP: 129-331. Elsevier Applied Science Pub., London, England. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.3

.1
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.3.17.9
https://iutjournals.iut.ac.ir/jstnar/article-1-376-en.html
http://www.tcpdf.org

