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Abstract

Rheological properties of wheat dough with added chitosan were investigated in terms of mixograph and
stress relaxation. In mixograph analysis, MPT(midline peak time) decreased and WP(width at peak)
increased with increasing the added amount of chitosan. The MPT and WP changes indicated that chi-
tosan facilitated water absorption in dough mixing and reduced the time for gluten development, and
that chitosan contributed to increase in elasticity of dough, respectively. By the consideration of all the
variables of mixograph, it was inferred that type of the mixture of wheat flour and chitosan was at least
not a coupled composite. In stress relaxation test, 1/K1, parameter of Peleg's model (Fo·t/(Fo - F) = K1

+K2·t), decreased with increase in the chitosan contents, representing that chitosan activated the elasticity
and depressed the viscosity of dough viscoelasticity. The dough thickness, which was measured at which
the stress reached 1.5 kg-force in compression, increased with chitosan contents, suggesting that chitosan
might increase the dough consistency. 
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� �

�� �� ���� ��� ��� �� ���
� ��� ���� �� ��� ��� ����
��(���� ���, 1997). ���� �����

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

� ��� ����. ���� ���� ��� �
������ ��� ���� ��(��� �,

1998), �� ��(��� �, 2000), �� ��(��
�, 2004), ����� ��(	�� �, 2004) ��
��� � ��� ��� ��� �� ��� �


� ���� �� ����.
�� �� � 2� ���� ��� � �� ��

�� �� ����� ��(well-being) ��� ��
�� �� ��� �� �� ��� ���� ��.

�� �� �� �� � ���� ��� �(��
�, 1982; �� �, 1983; ���, 2003), ��� �
��� ��� �(��� �, 2003; ���� ��,

2004) ��� ����� ��� �(2002a, b)� �
�� ���� ���� ��� �� �� ���

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

�, �� � �� ��� ���, �� ���� �
�� 	����(Cauvain� Young, 2001) ��	 �
�� ���� ����� 	�� ��� ����

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


� 
�� ������ � � ��. ��� �

���� ���� ��� ���� ��� ��

����� � 	�� ��� ���� ��� �
���(rheology) ��� �	���. �, 	���
��� �� mixograph(Robertson� Cao, 2002), 	
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�� ��� ��� �� ���� ��(Li et al.,

2003)� Peleg ��(Hassan et al., 2005)� ����
��� ��� ����� �� �� ��� ��
��� ���.

�� � ��

��

���� �� (�)���������� �	�

��� ��� ��� �����(Table 1). ���
� (�)������ �	� ���(��� ���

12%)� �����.

Mixograph
���, ���, �� ���� Mixograph(Auto

10-g, National, USA)� �� �� ��� ���

�����. ���� 10 g� ���� ��� 6.2
g� �� 0.05, 0.1, 0.15, 0.2, 0.3, 0.4, 0.5 %(w/

w, ���/���) � �
 ��� mixing bowl�
�� 9�� �����. ��� ���� ��� 10

g� �� ��� ��� ��� ���� ����
�(A.A.C.C., 1993). 

Y = 1.5X + 43.6 (1)
 

��� X� ���� ��� ��(%), Y� ��
���(%)� ����. Mixograph� �� ����
spring index bar� 12�� � 10� ��� �� �

����.
Mixograph� ������ MPT(midline peak

time), MPH(midline peak height), RPS(right of
peak slope), WP(width at peak), W(width at 8

min) �� �� Mixograph� �� ��� ���
����� ��� ����� �����(Walker
et al., 1992).

���� ��
��� ��� ����� ���� ���

Mixograph��� ������ ��� ��� ��
���. Mixograph��� 9�� ��� ��� 7 g

�� �	�� ��� ��� ��� � 
���
�� �� 6�� �� ���(4oC)�� ���� �

� ��� �� ����� ���. ��� ���
��� ���� ��� ����� Texture Analyzer
(TA-XT2, SMS, England)� �� ���(platform)�

� ��� �� �� crosshead �� 1 mm/s, ���
� ��� 1.5 kg-force� �	�� 1�� ����

��� �����(Peleg, 1979). �� ��� ���
� ���� ������ �� ��� �����.

Peleg �� ��
���� ������ ���� ���� ��

� � (2)� Peleg ��� �����. �����
���� ������ 	���� ����� �

����.
 

Fo·t/(Fo - F) = K1+ K2·t (2)

��� Fo� ���� ������ �� ��, F

� �� � ��, t� �� ����. K1� 	�(1/
K1)� ��� ����(initial decay rate)� �
�

�, K2� ��� ����(asymototic level)� ��
��(Peleg, 1979). 

����

Mixograph� ����(mixogram)���� ���

� �	 ����
�� 5� �� ��� ��
�
� �����. �� �� ����� ����

(multiple comparison)� �� ��� ��� ���
��. 
���� ��� ��� � (2)� 	���� �

���� ��� � ���	 ���� Peleg ��
��

 K1� K2� �����. 	� 5� �� �

��� � ��
�� �����. 
�� ���� MS Excel� SAS(SAS Institute,

USA) ����� �����. 

�� � ��

Mixograph ��

Table 1. Specification of the soluble chitosan powder

Items Specifications 
Colors Light colored~light yellow 
Molecular weight 20,000~200,000 (standard 130,000) 
pH (1% solution) 4.5~7.5 
Deacetylization degree More than 70% 
Solubility (10% solution) More than 99% 
Grain size 80 mesh 
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Mixograph��� �(pin)� ���� �� ���

���� ��� � ��� ����� �� ��
� ��� ����� ���� ��� �����
���� ��(Walker et al., 1992). ����� �

��� ��� Fig. 1� ��. ��� ���� �
���� ���(��� 0%)� ��� MPT� �

���� WP� �����(Table 2). � �� ��
��� ��� ��� ��� ���. MPT�
mixograph �� �� ��� ��� ���� ��

��� �� ���� ���� � ���� ��
��� �����, MPT� ��� � ���� �

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

��(-NH2)� ����(-OH)� ��� ���� �
��� ��� ��� 	��(Goosen, 1996) ��
�� ��� �� ��� ��� �� ��� 
�

� ����.

WP� MPT�� ����� �� ����� �
��� ���� ����� ��� ���� WP
� ��� ����. ��� ��� ��� WP�

�����. ���� ���� � 10� ��� �
��� ����� ��� ���� ��� ���

���� 	�� 2-amino-2deoxy-β-d-glucosamine�
�	�� �� ����� 	� ��� �� 
�
�� ���� �� � �� ��� 	��(Goosen,

1996). ���� ���� �� ��� �	�� �
� ��� ��� ���� ��� ��� ���


�� ����.
� �� �� ���� ��� ����� � �

�� ����� ����� ��� ����� �
����(Fig. 1). ���� ���� ����� �
���� ��� �� ����� �� ��� �

Fig. 1. Mixograms of dough with different contents of added chitosan. (a), 0%; (b), 0.1%; (c), 0.2%; (d), 0.5%.
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�� ���� 
��� ���� 
�� ����.

�� ��� �� ��� �� ��� �	 
��

�� ���(Robertson� Cao, 2002). ���
overmixing� ��� ���� RPS(MPT� 1� 

� � ��� �� �
�; �� ��� ���),
W(�� 8� � ��� �; �� �� ���), �

�� MPH(MPT�� ��� ��; �� �� �
�)� ��� ���� ��, ��� � ��� �
� ���� ���� �� 
�� ����. ��

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

�� �� ��� ���� �� 
(mixed gel)�
���� ����� ��� �� ��� � � �

�. �� 
� �� IPT(interpenetrated), PS(phase
separated), C(coupled)� ��� 
��� 	���
�(Morris, 1986), ITP� PS� � ��� ����

�� �	�� �� �� 
���� ��� ��
���� C� �� �	� ��� �� ��� �

� ��� ��� ����. ��� ITP� PS� �
�� ��� ��� � ��� ��� �����,

C� ��� ��� ���� 
� ����. �
��� ��� ���� 	 WP� ������
� �� ����� ��� ��� ���� ��

��� C��� ITP �� PS 
�� ���� �
���� ���� ����. �� RPS� W���

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

����

�� 	��� ��� ��� ���� ���

� ���� ��� �� ����� ���� 	

�� ��� ���, ���� ��� ��� ��
����� �	 	�� 	�� � � ��(Peleg,
1979). Peleg �	� � (2)�� K1� ��(1/K1)�

� �� 	��� ��� �� 	�� �� ��
(initial decay rate)� ��� 
� ����, K2� �

�� 	���� ��� � � ��� ���
���� �� ��� ��� 
� ����. Table
3� ��� ��� �� Peleg �	� ��� ��

�� 1/K1� K2� ��� �	��� ��� �	
���� ��� 1/K1� 	� � ����� �

� �� ��� 
��� ��� �����. ��
� ���� ����� 1/K1� �����, K2�


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

��� ��� �� �� mixograph� ��� 
��� ����, 	���� �	� �� ���

��� mixograph�� �� �� ��� ��� W
� 
��� ��� ��� ��� � 
� �


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

� overmixing� ���� ����� �� W��
� mixograph� �� ��� MPH� MPT� ��

� �� �	��� ���� ����. 
�� ���	� ���� 1.5 kg-force� ���
� 	��� ��� ���� ���� �	� �


� L1.5 kg� �� ����� ���� ����
�. �� L1.5 kg� �	� �� ��� ����.

Table 2. Parameters of mixogram of dough with different contents of added chitosan

Chitosan Contents (%) MPT (min) MPH (cm) RPS (%/min)  WP (cm) W (%)
0 4.26a 60.5b -1.32c 26.2d 16c

0.05 4.70a 64.2ab -2.41ab 30.8c 19.6a

ab
0.1 3.98b 64.3ab -2.34b 34.2b 18.4ab

0.15 4.23ab 65.1a -1.62c 34.5b 18.5ab

0.2 3.95b 63.6b -2.59a 35.6b 16.9bc

0.3 3.85cd 63.2b -2.04bc 31.5bc 17.3b

bc
0.4 3.73d 63.8b -1.55c 38.5a 17.8b

0.5 3.84cd 64.9ab -2.44ab 37.9a 17.9b

ab
a-dMeans with the same letter in the same column are not significantly different in the multiple comparison test of the Waller method in
SAS program (P<0.05).
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Table 3��� �� ��� ���� �� L1.5kg�

���� ��� ��� � �����, mixograph

�� ��� ��� ��� ���� MPH� ��
�� ��� ��� ��� ���. ��� ���

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

�� �� �� �� ���� ��� ����.

� � 

�� ��� �	� �� �� �� ��� ��

�
 ���� �� ���� ���� mixograph
� ����� �� ��� ���� ��� ��

� �����. ���� ���� ����� mixo-
graph� ����� MPT(midline peak time)� �

��	�, WP(width at peak)� ���	�� � �
� ��	�� ��� ����� ���. MPT�
����� ���� ��� ��� ��� ���

� ��� �� �

 �����, WP���� �
�� ��
 ����� ��
 � � ���.

Mixograph� ���� ������ ��� ��
��� �� ��
 coupled�� �� ���

(composite)� ��� � ���. ��� �� ��
� ���� ������ ��� ��� Peleg �
	(Fo·t/(Fo-F)=K1+K2·t)� ����� 1/K1� ���

��� �� ���� ��
 ��� ��
 	�
�� ��� ����. ��
 
��� 1.5 kg-force

� �
� � ��� ��� L1.5kg� ��� ���

� �� ���� ��� ��� ���	�.
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