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Abstract 

Permeate component, mainly isoflavonoid, from ultrafiltration(MWCO: 10,000) of arrow root(Pueraria
hirsuta Matsum) was isolated and the influence on the physicochemical property of rice starch-water
system when this permeate was added was investigated. The swelling powers of rice starches with and
without arrow root permeate showed the very stiff first-order temperature transition with a flat changing
region at 60-70oC But their values with the permeate were lower than those of pure rice starch. Also,
the swelling power of rice starch with arrow root permeate below 5wt% was strongly reduced at above
60oC. The solubility of rice starch added arrow root permeate increased with increasing temperature,
which means the accelerating the amylose extraction from starch by permeate component. The blue
value by using iodine reaction of amylose slightly decreased with the permeate addition, which may be
due to the competitive complex reaction of amylose and permeate additive to iodine. As gelatinized
solution of 4% rice starch was decomposed by pancreatic α-amylase, the decomposition rate increased
with increasing the concentration of arrow root permeate, and starch was easily decomposed by this
enzyme action. From the kinetic analysis, Km value of rice-starch with additive was 3.290 mg/ml, and
this value was less than that of no additive(4.446 mg/ml) exhibiting the higher affinity property to the
enzyme. The Vm value of rice-starch with additive was 2.5 times higher than without additive (1.338 mg/
min), and this means the addition of arrow root component activated on the starch decompositon of pan-
creatic α-amylase. 
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 � � 

�(Pueraria hirsuta Matsum)� ��� ��� �
�� ������, ����� ���� ��, �

�, �� � �� � ����� ��� �� ��
�� ��. � ��� ��� 13~16%� ����,

��	�� ��� �� ��� ��, ��� ��

� ��� ��� ���, ��� ���� ���

�(Suzuki et al., 1981).
����� ���� ���� ��, ��� �
� ��� ���� �� ��	� �����, �

� � ��� ����� ��. ��, ��� ��
� ���� puerarin, daidzein, daidzin � isoflavone

���, �� � saponin �� ���� ���
(Ingham et al., 1983), ����	�� daidzein�
daidzin� cyclic AMP phosphodiesterase ��
�,

��� ���� ����, daidzein� ��
� �
puerarin� ����
� �� ���� ��(Huang

et al., 1992; Hayakawa et al., 1984). 
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��, ��� ��� ����� ��� ���

��� ���, ��� ��� �� ���� � �
�� ��� ���� �� ��� ����(Kuge,
1992). ��� ��� �� � ��� � ��� �

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

� �� ����� ������ ������ �
��� ���� ����(Elliasson� Ljunger, 1988;
Miura et al., 1992; Hebeish et al., 1981). Krog

(1971)� ������ ���� ��� ����
�� ��� ��� ��� ���, Batres� White

(1986), Spies� Hoseney(1982)� ������ ��
� ����� �� ����� �� ���� �

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

� ��, � ������ ��� ��� ����
(Davis� Hoseney, 1979). ��� �� ���� �

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

�, ��� �� puerarin, daidzin � daidzein� �
� ���� ��, �� �
� ���� �� �
�� ��, puerarin� daidzin� ��� glucose�

��� ����� �
�
 �� �� ����
�
�� ��� � ��(Yano� Janado, 1990). �

�� ������ ��� ��� ��� ���
� ���, Lee �(1999)� � �� ���� ��
� �� ��
� ��� ��� ��� ��
�

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

isoflavonoid ��� �	� ���
 	�� ���
� �� ��� ��� � ��. 

��� � 	���� � ��� ��� ���
���� �� � �	�, � �� �� � ���
��� 
� �� ���� ��(Hayakawa et al.,

1984)) ��� ��� �
 ���� ��� � 	
� ��� ��� �� � ��� ��	� ���

�� ��(modification) ��� �����. �, �
� ��
� ���(MWCO: 10,000) �� ���

��� � ��� �� ���� �
�, blue value
� ����� ��, in-vitro ��� �� ��	�
��� ��� ��� �����, ���� ��

��� ������� ��� ���� ����
� ���. 

�� � ��

��

� 	�� 
�� �� ����� ��, �	�

��� ��� �����, 60mesh� ���� 5oC
�� ����� ��� �����. � �� ��

� ����� ��� �	�, ����	
 ��
� ����� ��� �� �� ��� �, 60mesh
� ���
 �����.

��� ��
�� ��� 
�� ��	(Yamamoto et al.,

1973)� ���
 ��� 
� �����. �, �

��� 3� �� ���� ���, Waring Blendor
� 5�� ��� �, 100mesh�� �� ��� �
����. 4oC�� ��
 ��� �, ���� �

�� ���� 3��� 0.2% NaOH ��� ��
�����, �� ��
 ���
 	
�� ��,

�����. �� 
� ��� �� 1
� ���
�
 ���� Biuret �
� ���� �� ���

�����. ���� phenolphthalein� �� 
�
�� �
� ���� �� ��� �� ����
�. 	�� ��� 2�� ��� � 100mesh� �

���, ����� �����. �� 
� ���
� ��� �� ��� 10.6%���, �����

��� 19.2%�
�. 

�� �� ��
�� ��� ��� 
� �		� �����.
��� 100 ml� ��
 � �	� ��� 10%�

��� ��� �, 30�� 	����. �� 1,5000
rpm�� 30�� �����
 ���� ����

�����. ��� ���� �����(MWCO)
10,000� ��
�
� ���
 ��
���
(Satorius Ultrafiltration System, model Satocon Mini,

Germany)� ���� ���	� ���� ���
� ���
 ��� �����.

��� ���� ��� 
��� ���� �
�� Schoch(1964)� �	
� �� �	���. �, ���� 500 mg� 250 ml
������ ��� ��� 70 ml� ��
 � �

����. � �, � ����� ���� �� �
� �� � ��� ��� ��� ����� ��
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� 0.5, 1, 3, 5, 7, 10 � 20%(w/w)� �� ��

���. 30, 50, 60, 70 � 80oC� � ����
200rpm�� ����� 30�� ��� �� 100ml
� ���� 1000rpm�� 30�� �������.

������ ���� �� ��� ��� ���
�� �� 120oC �� ���� �� �����

�� �� ��(A) � ��� ��� ��(B)� �
����, �� �� ��� ��� � ���� �
� ����.

% Solubles = A × 100/Sample weight(db)

��(Blue value)
Blue value� Gilbert	 Spragg(1964)� ��� �

��� �����. �, ���� 10 mg� dimethyl-
sulfoxide 5 ml� 50 ml ������ �� 80oC��

40� �� ��� ��� ���� � 170 × g��
30�� �������. ��, � �� ��� ��

�� �� �� �� � ��� ��� �����
��� 0.5, 1, 3, 5, 7, 10 � 20%(w/w)� ��
�����. ���� �� ���� 1N HCl� pH

� 5-7�	� �����, � �� 1ml� ��� �
�� 
����(0.2% I2-2% KI) 0.5 ml� ���

�� ���� 50 ml� �� ���. ���� 20�
� ���� ��, � ��� UV-VIS spectrophoto-

meter(Perkin-Elmer 552S)� 400-700 nm�� ���
� �� ���
 � ��� ���� �����,
�� ��� blue value� ����. 

Blue value = Absorbance × 4/C

 
��� C� �� ��� ��(mg/dl)��.

���� 
����� Wilson �(1978)� ��� �� ��

� 	� �����. �, � ��� 0.1% ����
��� hot plate stirrer ��� 1.5oC/min� ���
40~85oC�� �� ��(120rpm)��� �� ���

�� ���� ��� spectrophotometer (Spectronic
Genesys 5)� ���� 372 nm�� �����. 

In-vitro ��� 
����� �� ���� ��� 	� �����

(Leach and Schoch, 1961). Pancreatin(from porcine)�
25 mg/ml� ��� ��� 50 mM ���� ���(pH

8)�� ���� ����� �����. ���� 1 ml
� 37oC�� 5�� incubation�� ��� 4% �� �

� �� ��(0.25~5%) ��� ���(95oC, 30�)
0.5ml� ��� ��� �����. ��� 37oC��

�� �� �
�� ���� 0.2 N� �
��� �
��� �� �� ��� �����. ��
� ��
�� ��� �� DNS�(Miller, 1959)� �� ���

�� ����, ���� �	� ����. 

�� � ��

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

��� Fig. 1� 	�. 

Swelling power =
B × 100

Sample weight(d.b.) × (100%-Slubles %)

Fig. 1. Effect of the temperature and the concentration of arrow root permeate on swelling power(%) of native rice
starch.
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������ � ��� ���� 50oC~60oC��

��� ��� �� � 70oC��� ��� ���
��, � �� �� ��� ���� 2� ��� �
�� ���. �� �� ����� � ��� �

� ����� � ����(Choi et al., 1988), �
�� 2� ��� �� 	��� �� �� ���

� ���� 2�� ����� �
�� ����
��� ��(Leach et al., 1959). 
� ���� ���� ���� �� ����

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

�� ���. �, Fig. 1� 	�� ���� �� �
� ��, � ���� ���� 30 � 50oC���

����� ����� �� ��� 
�
 ���
���� 60~80oC��� � ��� ����� �
��� ��� ���. 1~5%(w/w) ������ �

� �� ���
 ������, 5%����� �
� ��� �� ���	 ���� �����. �

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

� 60oC ���� 20% ��� � �� ��� �
��� ���
 �	 ���
 � � ���. 
����� ��� ���� 	��� ����

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

��� ���	 ��(Elliason, 1985). ��, 	��
micelle ��� ��	 ��� ����� ����
��
 �	���, ����� � ���� 60oC

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

��� �� ��� ��� �����.

��, � �� ��� �� � ��� ����

��� ��� Fig. 2� ��.
� ��� ���� 50oC�� �� ��� ��
��� �����. � ���� � ��� ���

���� � �� ��
 ����, � ��� �
�� ��� ��� �� �
 �
���. �, Fig.

2� 	�� ���� � � �� �� ��, � �
��� � ��� ��� �� �� 1.0%(w/w)�
�� ���� ������ � �� �����

��� ��� ���. � ��� ��� 60oC��
�� �
 �
���. ����� ��� ���

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

�	�� ��
 �	 ����� �� ����
��� �����.

Blue value
���� 	��	� ��� �� ��(�� �

13Å)� ���, �	� ��� 	��	�� ��
�� ���� �� ��� ��� ���� ��

�� �� ���(inclusion compound)
 ��
 �
�
 ����(Gibson et al., 1997). Blue value 

� �	��� ���
 ���� �� ��� �

�� ���� 
���(Gilbert� Spragg, 1964) �
�� ��� �� blue value 
� ��� � ��

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

� ���� ��� �� ��� 0~20%(w/w) ��
� �� ���� ���� ���� � blue value

� ������, � ��� Fig. 3� ��.

Fig. 2. Effect of the temperature and the concentration of arrow root permeate on solubility(%) of native rice starch.
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Fig. 3� ����� ��, � ��� �� ��
��� � 590 nm� ��� 
� � �����
(Kim et al., 1992). ��� � ����� �	��

� red shift ��
 �� �� ����� 610 nm
�� �����. 

��, �� ������� ���� �� ��
blue value� Fig. 3� 	����� �� ����

��, ����� 0.25��� � �� ��� ��
�� ��� ���� 0.21���� �����, �
��� ��� ��(Fig. 2)�� �� ���� �

�
 ���.
��� ��� ��� �� � ��� ����

�� � ��-��� ���
 ������, ��
�� ���� ��� �� � ��(���� ��)

 �����. Fig. 4�� �� �� ��, ���

� �� ��� � ���� ��� 40% ����
�����, � ���� ���� �
�� ��

� ����. 

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

 �����(Fig. 2), ��� �� �� ����

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

����

����� �� ���� ����� ���	
��� �� ���� ��� ����� � � �
�. ���� 60oC ���� ����� ��� �

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

�� 
��� � �� ��� 2��� �����
���, � 2�� ���� ��� ��� ���
	��	�� ���� ���� ��� ����

�� ����(Choi et al., 1988).
��� ����� ���� � ��� �� �

�� ��� � ���� ��� ��� �� 
�

 ������, � ��� Fig. 5� ��. 

� ��� 58oC�� ����� ��� ����
� ��� � ���� ����� ��� ���
���� ���
 ���, 70oC���� ��� �

��� ��� ���� 
�(shoulder)� ����
�. ��� 
� ��� internal starch� 	��	

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

��� ��(Choi et al., 1988). 1% � �� ��
���� ����� ��� ��� ���� 5 �
10% ������ ��� �� 2oC �� �� �

��� ����� ��� �� ��
 ����,

� ��� �
 �
���, � ���� ���

�� 
� ���. ��� 5%��� � �� ��

Fig. 3. Visible absorption spectra of iodine complex and blue value of native rice starch at different permeate
concentrations.

Fig. 4. Effect of starch content on residual total phenolics
in supernatant and precipitate by centrfugation in total
phenolics-starch mixtures.
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� ���� ��� �� ����, ����� �
�� �� ��� �
�
 � � ���. 

In-Vitro ��� 
� ��� ��� �� � ��� ���
 �	
�� �� ��� α-amylase� �� �� � ��
��� ��� 4% � �� ���� �� ���

������, � ��� Fig. 6� ��. 
� ��� �� ��� ���� �� ��� 10

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

� ���� �� ��� �� ��� �����

� ��� �� ��� ��� ����� ���

���� ���. 
Leach� Schoch(1961)� ��� ��� �� �
��� ����, �� ���� � ���� ��

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

��� ���� ���, ����� �
� ��
� �� ���� ����� ���. ���
Badenhuizen(1959)� ���� ���� � ���

�� ��� ��� �� ��	� ��� ���
�� ���� ��� ���. ��, Kang �(1994)

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

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

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

��, Fig. 7� �� �� ���� �� ���
��� α-amylase ��� ����� ��� ��

� 37oC�� ��� ����. 
���� � ��� �� �� ��� ��� �
� hyperbolic�	 �� ����� ������, 5

% � ��� ��� �� ����� 3� ���
� �	 �����. 

�, ��� �� ���� �� � �� �� �
�� �� ���� ��� �� ��� Fig. 7�
����� 1/v� 1/s� ��� ������, � �

�� Fig. 8� 
�. 

Fig. 5. Transmittance of 0.1% native rice starch on the
different concentrations of permeate additions at various
temperatures.

Fig. 6. Time course of sugar digestion of the gelatinized
rice starches by artificial pancreatin at different starch
concentrations(37oC)

Fig. 7. Effect of the rate of enzyme catalyzed reation on
the gelatinized rice starches by artificial pancreatin at
different starch concentrations(37oC).
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���� �� �� 
� � ��� �� ���
���� ���� � ��� ��� �� 1/v� 1/

s� �� ��� �� Lineweaver-Burk�� � ��
���. 

��� ����� ��� ���� ��� ��,
��� ��� ���� ���� Km�� ���

� � ��� ����� �� 4.466 � 3.290 mg/
ml� � ��� ����� ��� �� ����
���. � vm�� ���� 1.338 mg/ml/min� �

� � ��� ���� 3.296 mg/ml/min� � ��
� ����� 	 2.5�� ���. ��� ����

� � ��� ��� α-amylase ����� ���
��� ������ 
� 
 � 
��. 

 � �

� ��-���� �� � �� 	�� ��� �
��� �� ��� ���� �� ��� ���

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

�, blue value, ����, in-vitro ���� ���
� ������, ��� ��� ���.

1. � ��� ���� 60oC�� ��� ���
��, 70oC�� ��� ����� �� ��� �

��� 2� �	� ��� ���, ��� �� �
����� ����� 2� �	� �����. �
� �
�� ��� �
� ��� ���� ��

��� ��� ��� ��� ������, ��,
60oC���� 5%��� � �� ��� � ���

���� �	 �����, 50oC���� ����

��� �����.
2. � ��� ��� 0.25���� � ��� �
�� �� ���� � ��(0~20%, w/w)� ��

�� �� 0.21�� ��� ������, ����
��� red shift 	�� �� � ���� ���

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

3. � ��� ���� 
�� 58oC��� ��

��� ��� ��� ���� � ��� ����
��� ���� �����, 70oC���� ���

���� ��� ���� shoulder� ���. � �
�� ���� �� ��� ����� 
�� �

��� 5% ��� �� ���� ���� ��
	 2oC�� �� ���� ��� ��� 
��.
��� �� 	���� ��� �	���� �

��� ��� ��� ������, �� ���
5%����� ������� �� ���� ��

��� �� ����� ���� 
�� �����.
4. ��� α-amylase� �� �� � �� ��

� ��� 4% � ������ �� �����
��� ��, � ��� �� ��� ���� 10
� �� ���� ��� ���� �����. �

�� � ���� ���� 1/v� 1/s� Lineweaver-
Burk �� � ������, ���� �� Km �

Vm �� ��� ��� ��, � ��� ��� �
��� �� ���� �	��, Vm �� ����
� 	 2.5�� ��	�. ��� � ��� ���

��� α-amylase ����� ������ ���
��� 
 � 
��.
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