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Abstract

Vacuum mixing method for raw noodle was compared with atmospheric mixing method in terms of
dynamic rheological properties of dough. The dough was prepared by mixing in vacuum or atmosphere
and rolling into a noodle sheet. In the frequency sweep, vacuum mixed dough had larger G' and smaller
tanδ than atmospheric one, but almost the same G". It indicated that elastic property of dough might
increase with vacuum mixing. In frequency dependency, G' as well as G" changed significantly, which
implied that viscous property prevailed over elastic one due to insufficient gluten development. In the
temperature sweep, changes in G', G" and tanδ were in a common pattern with a peak. It represented
that the dough property shifted from hard to soft consistency due to starch gelatinization and glass tran-
sition. The vacuum mixed dough was higher in the temperature at the peak of tanδ than the atmospheric
one, suggesting that the gelatinization of the vacuum mixed dough occurs more easily than the atmo-
spheric one. 
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� �

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

��� ���, �� ��� ����� ��� �
�� ��� ��� ���� ���� ��� �

��� ���� ��	 ���� ��(�����
���, 2004). 
���� ��� ��, ��, ��
(��), ��, ��, ��, ��� ��� ��� �

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

� ��� ���� ��	 ��(���, 1996). 

��(mixing)� ���� �	 �
�� ��, �

���� ���� �� � ���	 �� ���
� ��� ��	 ���� �� ��(dough)� �
��� ��� ��(Faridi� Faubion, 1990). ��

���� �� �� ��� 1� �� 2�� ���
� �� ��� �� ��� ����, ���� �

�� �� �� ���� �� ����(mixer)�

� ����� �� ��� ���� ���
������ ��(Cheng, 1992). �� ��� ��

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

��� �� ����� ����� �
� ���
����� ���� ��� ��� ��, �� �

���� ���� 	�� ��(Campbell et al.,
1998). ���� ������� ���� 	� �
�	 ���� 
� ����� ���� ���,

��� 	� ��	 ���� 
��� �����
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���� ��(���, 1996). �� �� ����

� ����� ��� ���� ���� ����
��� �� ����� ����, ��� �� �
���, ��� ��� � ���� �� 
 � �

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

� �� ����, �� �� �� ��� �� �
�� ��� �� �� ����.
��� � ��� ����� �� �� ���

��� ���� ��� ����� ����� �
��� ��� ��(dough sheet)� �� ���

(dynamic viscoelasticity)� �����. �, ���
��� frequency� �� ��� ��� ��� �

� ��� �� ��� ��� � �� ��� �
� ��� ��� ���� �� ��� ����
��� �� �� 	�� ����	 ���. 

�� � ��

� � 
������ ��� ��� �� ASW(Australian

standard white wheat) ���(���� 14%, ���
�� 8.5%, ����
 0.38%)� �����. ��

�� 100% ���� � � ��� 1.6%, ���
0.4%, �� 2.5%� �� ���(�� 144, pH 6.3)

� �� 10�� ���� ���� �����.

��� ��
���(3 kg)� ��� ��� ��� ��

(MWPM-3, ��	��)� �� ���� ����

��� 	��� 30%� ��� ��(100 rpm)��
5�, ��(50 rpm)�� 10�� �� �� ��� 55

cmHg�� �� ��� � ���(MWPR-3, ��
	��)� ���� �� 7.0 mm� ��� �� �
�� ��� ��� ��� 7.0 mm� ��� ��

��� �����. ����� 	
 �	�� �
�� 4.6, 3.5, 2.7, 2.1, 1.6 mm� � 6�
� �

� ��� 
��� ����� 1 �� � ��
�� ��� ��� �����. 

�� ���� ��
Rheometer(Model 902-30062 REV B, Rheometric

Scientific, NJ., USA)� Table 1� 	
 ����
���� �����. �� 1.6 mm� ��� 
�

20 mm� ���� �� 
� 20 mm� parallel
plate fixture� �� ��� �� � ��� �� �
����. 

�� strain 
�� Abdelrahman� Spies(1986)�
�� ���� ������ ��� 10% ����

����. �	� 10% strain 
 ���� ���
��(linear viscoelasticity) ��� ���� ���

���� �� ��� ����� ��� ����
�. Frequency sweep� strain
 5%, temperature sweep

 10%� ���� �����. � � temperature

sweep� strain� frequency sweep� strain�� �
�� �� ��� stress� ���� ��� ���

�, frequency sweep� �	 strain rate ��� ��
��� ���� ��� �����. Frequency
sweep� temperature sweep ���� ��� ���

��. 

�� � ��

���� ���� �� ��� ��� ����
�� ���� �	�� �����. � ���	

 ��� ��� �
 ��� ���� ����

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

� ��� � �� ��� ��(��� �, 2004).
��� ����� ��(strain)� ��� �� ��

��(stress)� ���� �� modulus(G'), ��
modulus(G") � G''/G'� tanδ� ���� ����
��� � ��. �, ����� stress� ��� �

� �� ���� strain� ��� �� ��. G'

�� �� ��� ��� �� ���� ����

Table 1. Operating conditions of rheometer for viscoelasticity
of noodle dough

Setup conditions
Sweep test 

Frequency 
sweep

Temperature 
sweep

Initial frequency (rad/s) 0.1 -
Final frequency (rad/s) 7 -
Fixed frequency (rad/s) - 10
Initial temperature (oC) - 30
Final temperature (oC) - 130
Fixed temperature�oC� 30 -
Increment 0.2 3
Strain (%) 5 10
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��, ��� G''� �� �� ��� ��� ��

�� ���� ��� ����. δ� strain� stress
� ���� ����� �� ���� �	 ��
� δ� 0o(tanδ = 0)��, �� ���� �	 ��

� δ� 90o(tanδ = ���)��(Steffe, 1996).
����� ������ ��� ��� ���

� frequency� ��� �� ��� ��� Fig. 1~
3� 	
�. G'
 ����� ����� ��� �
�� ����. G''� �� ��� �� ���� �

���. Tan δ� ��� G'�� ��� ��� �
���� ����� � �� �� ���. ���

��� ��� ����� ��� ���� � �
���. � ��� �� �� ���� �� ��

������ ���� ��� � � ���, ��
��� ��(compression)�� �� �� ����
�� ���� ��� �� ��� ��� � ��.

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

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

�� �� �� ��� ���� ��� ����
� �� ��� ��� 	�� ����. 

Frequency� ��� G'� G" �� ��� ���

� ���� ��� ���. G"� frequency ���
� ��, ��� G'� ����� ��� ����

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

�����. �� �� ��� �	�� ���

� 	�� ����	 �� ��� ��� � �
��(Jun et al., 1998). �� tanδ� frequency ���
��	 ���� ��� ��� ��� ����

� �� 	�� ����. ��� ����� ��
� ��� ��� ���� �� ��� ��� �

�� ��� ���� �� ��� ��� ���
� ��� � � ���. 

Fig. 1. Frequency dependency of G' of noodle dough
made by two different mixing methods. 
- � -, atmospheric mixing method; -� -, vacuum mixing
method.

Fig. 2. Frequency dependency of G" of noodle dough
made by two different mixing methods. 
- � -, atmospheric mixing method; - � -, vacuum mixing
method.

Fig. 3. Frequency dependency of tan •‰ of noodle dough
made by two different mixing methods. 
- � -, atmospheric mixing method; -� -, vacuum mixing
method.
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Temperature sweep� �� ��� ��� ���

��� Fig. 4~6� 

�. �� �� ��� ��
��� ���� G'� G''�� �� ����. G'�
30~50oC�	�� ����� 55oC ���� ��

����� 70oC ����� ���� ���. �
�� 100oC ���� �� ����� �� ���

�� ���� �� �����. ���� �	�
��� �� �� modulus� ���� ��� 	�
��� ���� � � ���. G"� �	� ��

����� 80oC ���� ���� ���� �

���� �� �����. �	� �� ��

modulus� ��� ��� ��� ���� 	��
� 
� �	� ��� ��� �
��. �� �
�� ��� �	 ��� �� ���� ����

����. �, G'� temperature sweep �� �� �
� ��� 	� �� � �� �� �� �� �

�� �� �� �, ��� �� �� ��� ��
��� ��	�� �� �� ���� � ���
�� strain 10% ��� �� ������ ���

� �� ��� ��� ���� ���	 ���
� ��.

Fig. 6�� tanδ� ����� ���� 65oC �
��� �� 1� ���� ��� ��� ���

���� ����� � ��� �	��� tanδ�
1 ��� ��� �����. �� ��� ���
� ���� �� ��	�� 	�� �
��, �

� � ���� ��� �	 ���(Steffe, 1996)�
��� 	�� ����. 

Tanδ� ���� ���� ��� ��� ���
�(glass transition)� �	 ��� ����	 ��

� � ��(Farhat et al., 2003). �, �	� ���
�� G'� G''�� ��	�� ���� tanδ� �
���, �����	� 	�� ���� G'� ��

�� �� G''� �	 ��� �� ���� tanδ�
�� ����. �� ���(glass state)� ����

�	� ���� ���(rubbery state)� ����
�� modulus� ���� ��, �����	 ��
�� ��� �	 ���� �� ���� ��

Fig. 4. Temperature dependency of G' of noodle dough
made by two different mixing methods. 
-� -, atmospheric mixing method; -�-, vacuum mixing method.

Fig. 5. Temperature dependency of G" of noodle dough
made by two different mixing methods. 
-� -, atmospheric mixing method; -�-, vacuum mixing method.

Fig. 6. Temperature dependency of tan •‰ of noodle
dough made by two different mixing methods. 
-�-, atmospheric mixing method; -�-, vacuum mixing method�
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modulus� ���� ��� ����. � ��� Fig.

6� �
�� � � tanδ� ����� ���� �

� ��� � � ��� �� modulus� �� �
�� �� ��� ����� �� 	� ���

�. ��� ��� 
� ��(melting)��� ��
��� ����� ���� 	�� ��� ��

(Liu et al., 1990). ��� tanδ� �� ��� ��
� �	 ��� �� ���� � ��� �� �
���� ��� � ��� �� ����� � 60

% ���� ��� ��� �����	� ��
�� 30% �	�� � 90oC�� ��� ��

(Faridi Faubin, 1990)� ��� � � ��. �
�� ��� ��� �	� ����� �����

� �� 	�� �� �� ����� ��� ��
� ��� � ��� 	�� ����. 

� �

�� ��� �� �� ��� ��� ����
��� 
�� 
�� ���
�. ��� ���

���� �� ���� �	�� ��� ����
�	 ���� �� �����. Frequency sweep
���� ����� ������ G'� �
��

tanδ� �
� G''� �� ���� ����, ��
� ��� ����� ��� ������ ���

��. Frequency� �� G'' ��� G' �� ��
�� ����� ����� ���� �� ��
��	 � ���� � ���� �� ���� �

� ���. �	 sweep ���� ����� ��
�� G', G'', tanδ� ��	�� 
� ���� �


�� ��� ���. �� �	� ��� �� �
�� ���� �� ���� 	� ��� �

��� �
���. ��� ��� �	� ���

�� ������ � �� ��� ���� ��

� ��� � ��� 	�� ����. 
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