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Foxtail Millet Takju was treated with heat (65oC/30 min) (HT) or high hydrostatic pressure (27oC/400 MPa/10
min) (PT), and changes in microbial count, enzyme activity, and quality were determined during 30-day storage
at 10 and 25oC. Total viable cellcount remained constant, while lactic acid bacteria and yeast were not detected
in HT and PT Takjus. Relative activities of α-amylase in PT Takju significantly increased by 169.7% at 3 days
storage, then decreased to 137.7 and 68.7% at 10 and 25oC, respectively, at 30 days. Relative activities of
glucoamylase in HT Takju showed reversible change, and were 36.5 and 54.3% at 10 and 25oC, respectively, at
30 days storage. Activities in PT Takju increased with storage period, 158.2% at 30 days storage at 10oC.
Titratable acidity in untreated Takju increased, while those in HT and PT Takjus remained almost constant
during 30 days storage. Reducing sugar content in untreated Takju showed no change, while that in HT Takju
increased gradually, reaching 2.9% at 30 days, whereas that in PT increased sharply after 3 days, reaching 4.8%
at 30 days. Sensory evaluation showed sourness and bitterness were low, and sweetness and overall acceptance
were high in PT Takju after 30 days storage at 10oC.
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� �

��� ���� ��� ����� ���� ������

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

1970�� �� �� ����� ���� ���, �� ���

���� ��	� ��� ��� ��, �� 	�� ���

�� �
�, ��� �� ���� ����(2,3).
���� Aspergillus, Rhizopus, Mucor�� ���� Saccha-

romyces, Pichia, Candida, Torulopsis, Hansenula�� ���

Bacillus, Micrococcus, Aerobacter, Pseudomonas�� ��� �
��� ��(4). ��� ��� ��� ���� �� �� �
��� ��� 
��� ��� ���� ��� ��� ��

� �� ��� ��� ����� ���� �� � ���

���� ��� ���� �� ��(5,6). �� ���� ��

� ��� �	�� �
�� 

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

��� ��� ���� ����� ���� �� ��(3,7).
��� ��� ��� ���� �� ���� ������

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

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

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

��� � ����(8), ��� �� ����� ��� ��

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

��� �����, ��� �	� �� 
��� ��� ��

�� 
��� �� ���� ��� �� 
� ��� ���

� ��� ��. ���� ���� �� �� � �� glucoamy-
lase� 
���� ���� � ��� �
 � �� ��� �
��� ��� ��� ���� � �� 	�� ����.
��� � 
���� ��� ��� ������ �
�
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� �� �� ��� �	�� ���, �	��� ��� �
��� �	� ��� ���� �	���� �������

����, �

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

�� � ��

��

����� J�	(��)�� �	� ��� ��� ����

�����.

����

����� 125 mL ��
���	� ��� 65oC� water
bath(MC-31, JeioTech Co., Korea)�� 30�
 �	� � �


�� �����.

����

� ��� ��� ����(MFP-7000, Mitsubishi Heavy
Industries Co., Japan)� ���� 600 mL�, �� 125 mL ��


���	� ����� �� ��� ���� �� 
��

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

���. ������ �
(27oC)/400 MPa/10��� �����.
��
�� ������ ���
 �� ���� ���� �
�� 
�� ���� ��� ��� �����.

�� ��

��� ����, 	�� ����, ����� �����

10oC� 25oC�� 30�
 �
��� � 3��� ��� ��

� ����, ���� � ����� �����.

��� ��

��� ���� �	�����(9)�� ���, 
���, �
��� �����. ��� �	������, 
��� 0.133%
� ��� ��� �� pH� 5.5� 	�� Rogosa SL agar �
��� 37oC/72�
 �����, ��� YM agar ����

25oC/72�
 �����. 
�� 30-100�� ��� ��� 

��� ���� ����� 
�� ����� ����� �
����. 4� �� ���� �����.

���� ��

	���� ��� 0.5% NaCl ��� ��� �
�� 30�
��� � ���(Toyo No. 2)� ���� �	���(10). α-
Amylase� ��� 1% ���� 1 mL� 	��� 1 mL� ��

� 30oC/30�
 ����� 1 M �� 10 mL� 1/3000 N ���

� �� 10 mL� �� � 660 nm�� ���� ������,
blank OD�� 10%� ����� 	� 1 unit� �����(9).
Glucoamylase� ��� 0.5% ���� 1 mL� 	��� 1 mL
� ��� 30oC/30�
 ����� dinitrosalicylic acid reagent
(DNS) 3 mL� �� � 535 nm�� ���� ������, �
�� 1 mL� 1 mg� glucose� ���� �� ���� 1 unit�
�����(9,11). �� �� 2� �� ���� �����.

����

���� 10 mL� 1% phenolphthalein ��� ��� ��

� � ��� NaOH� ����� ����(%
�)� ���

��(12).

���

���� 10 mL� 100 mL� ��� � ���(Toyo No. 2)
� ��� �� �� 1 mL� DNS �
 3 mL� �� � 5�
���� �
 �� � 550 nm�� ���� ���� glucose
� �	
�� ���� �����(11).

����

����� ��� ��� ����� ��� 20�� ��

� ���� �� ��(��, ��, ��)� �	� ����

��� 9� ����� �����(13). � � ���	� �
� ���(
�): 9�, ���� ���(
�): 7�, ����(

�� ���� ��): 5�, ���� 
��(���): 3�, ��


��(���): 1����. ���� ��� SAS� ����

Duncan� ������ ���� ���� �����(14).

�� � ��

����� ��

����� 	(65oC/30�) �� ���(27oC/400 MPa/10�)�
� ��� � 10oC� 25oC�� 30�
 �
�� �� ���

Fig. 1. Changes in total bacteria counts of Foxtail Millet Takju
treated with heat or high hydrostatic pressure during storage at
10oC and 25oC.
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��� ��� ��� ��� Fig. 1� ���. ����� �
����� �

� 10oC�� �
��� ���� �
 30
� �� l log cycle ��� ��, 25oC��� 3 log cycle ��

�� 10oC�� 25oC�� ���� 	 ��. Mok �(2)� 4oC
� 25oC�� ���
�� �
�� �� ���� ����

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

��� �


�
� �� ������ ��� �� ���. 	 �� ��

��� � 
��� ���� �		���� �� ����

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

�� ��� Fig. 2� ���. ��� ����� �� 
��

�� 7.0�107 CFU/mL���� 	 �� ������ ���

��� �����. �
�
� �� 
��� ��� ���

�� �� � ��� ����, 	 �� ����� ��� �
���� 
��� ��� ��� � �
�
 30� �� �
��� �� ���� ���� �����.
	 �� ����� ��� ����� �
�
 � ���

� ��� Fig. 3� ���. ��� ����� ���� 9.5�
106 CFU/mL���� 	 �� ��� ��� ��� ��� �
����. �
 30� �� 	 �� ������� 
���

��� ����� ��� ���� �� ���� ����

�����. �	� ����� ���� �

� 10oC���

�
�
 �� ���� ��� ����, 25oC��� ���

�� ���� �
 30��� 1.9�103 CFU/mL� 3 log cycle
� �����.

����� ��

��� ��� ��� ��� �� α-amylase� �
�
�

�� ����� ��� Fig. 4� ���. ����� 	���

�� α-amylase� ����� 21.8%� 78.2%� ������

��, ��� ��� ��� ����� ����� ����

�. �
�
� �� ����� ��� 10oC�� �
�� �
� ����� ������� �
 3�� �� 161.0%�

169.7%� ��� ������, � �� ���� ���� �

 6� ��� �� ��� ��� ������ �
 30��

�� 135.3%� 137.7%���. �� 	���� �
�
 ��

����� ��� �� ���. �

� 25oC�� ����

� ������� 10oC��� �� �
 3�� ����� �
��� ������ � �� ������ �
 30�� ��

47.9%� 68.7%���. �� 	���� 10oC��� ����

� ��� ��� �� ���. Weemaes �(15)� Bacillus
subtilis���� α-amylase� ������ ��� ��� � 0-
22oC�� 6�
 �
�� �� ����� ������, �


���� �
�� ���� 	 ���� �����. ��

Fig. 2. Changes in lactic acid bacteria counts of Foxtail Millet
Takju treated with heat or high hydrostatic pressure during
storage at 10oC and 25oC.

Fig. 3. Changes in yeast counts of Foxtail Millet Takju treated
with heat or high hydrostatic pressure during storage at 10oC
and 25oC.
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Laidler� Bunting(16)� ��� 70oC ���� ���� ��

�� ����� ����� �����.
��� ��� glucose� ������ ��� glucoamylase

� �
�
� �� ����� ��� Fig. 5� ���. 	�

�� ����� glucoamylase� ����� 17.1%� 	���

��� 82.9%� ����� ��, ��� ��� ��� ��

� ����� �����. 10oC�� �
�� �� 	���

� ����� ��� ���� �
 30� ��� 36.5%� �
��� ��� �����. ����� ������� 10oC�
� �
 30� � ����� �� 119.2%� 158.2%�, ���

���� �
�
 � ���� �
 ��. �

� 25oC��

� 	���� ����� 10oC�� 	 �� ������ �

 30�� 54.3%� �
��� ��� ���� ��� ��

� ���. �	� ����� �
�
 �� ��� �� �
��� �
 30�� 89.9%���. ��� ��� �� ���

25oC�� �
 12�� ��� 159.3%� ������ ���

��� �
 30��� 114.9%���.

����

	 �� ����� ��� ����� �
�
 � ���

�� ��� Fig. 6� ���. �

� 10oC�� �����

����� �
��� 0.70%�� �
 30�� 1.02%� �


�
� �� ���� ��� �� 
����� ��� ��

� ��� �
�� �� 	�� ����. �� 	 �� ��

����� ����� �
�
 �� � ��� ����, �
� �� ����� 	 �� ������� 10oC�� �
�


 � �� ��� ��� � ���. �� Tanaka� Hatanaka
(17)� ��	�� 10-20oC�� 300 MPa� 10� ��� ��

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

�� ���� 	�� ����. �

� 25oC�� ����

� ����� �
 3� � ��� ���� �
 30�� 1.12%
���. 	���� 10oC��� ����� �
 � �� ��

� ����, ������� �
�
 �� 	�� ����

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

��� Fig. 7� ���. 10oC�� �
�
 � ����� �
�� ��� ��� �� �� ��, 	���� �����

���� �
 30�� 2.9%���. �� ������� �


3� ���� ���� ������ �
 30� ��� ��

� ��� 4.8%���. ��� ��� ��� glucoamylase�
��� �
� ���� glucoamylase� ��� ���� ��

� ��� �� 	�� ����(18). �, glucoamylase� 	�

�� ��� �������� ��� ��� ���� ��

� ��� ������, 10oC�� �
�
 �� �����

����� ������� ��� ��� ��� 	�� �

Fig. 4. Changes in �-amylase activity of Foxtail Millet Takju
treated with heat or high hydrostatic pressure during storage at
10oC and 25oC.

Fig. 5. Changes in glucoamylase activity of Foxtail Millet Takju
treated with heat or high hydrostatic pressure during storage at
10oC and 25oC.
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���. ��� ������� ��� ��� �� 	� ��

���� �� ����� ��� ����� �
 ��� �
��� �� ��� �� ��� ��� ��� ����. �
� ����� �� �
 � glucoamylase ��� �� ���

��� ��� ��� ��� 	� 
��� ��� ��� �
�� ����� ��� 	�� ����(6). �

� 25oC�
�� �
�
 � ����� ��� ��� 10oC� ����

� �� ��� ���. �	� 	���� glucoamylase ��

� ��� 	�� ��� ��� �
 30�� 5.68%� ���

�����. ������� ��� ��� glucoamylase ��

� ��� ���� �
 12�� 5.42%� ������ ��

�� �
 30��� 3.03%���.
��� ���� 10oC� 25oC�� �
�� �� 	 �� �

���� ��� ����� ��� ��� ��� ���� �
��� ��� �� ���, glucoamylase� �� ��� ��

� ��� �������, �� ��� ���� �� ���

���� �� �� ���� �� ��� ��� � �� 	
�� ����(6). �� 	 �� ����� ��� �����

��� ��� 10oC�� 25oC�� 	 ������, ��� �
�� ��� ��� ����� protease� �� ���� ��

��� ����� ��� ��� ����� ��� � ��

�� 25oC���� 10oC�� �
�� 	� �����.
	 �� ����� ��� ����� 10oC� 25oC�� 30

�
 �
� �� ��� ��� Table 1� ���. ��� 10oC
�� �
� 	 �� ������� �
 ����, ����

� �� �

��� ����� �
 �� �� ���. �

Fig. 6. Changes in titratable acidity of Foxtail Millet Takju
treated with heat or high hydrostatic pressure during storage at
10oC and 25oC.

Fig. 7. Changes in reducing sugar of Foxtail Millet Takju treated
with heat or high hydrostatic pressure during stored at 10oC and
25oC.

Table 1. Sensory properties of Foxtail Millet Takju treated with high hydrostatic pressure after storage at 10oC and 25oC for 30 days

Sensory attribute

Storage temperature

10oC 25oC

Untreated Heat treated Pressure treated Untreated Heat treated Pressure treated

Sweetness 2.5bc1) 4.2a 4.2a 1.5c 3.4ab 1.8c

Sourness 7.8a 5.8b 4.2c 8.2a 4.7c 7.8a

Bitterness 6.4ab 4.6c 4.6c 7.0a 5.0bc 6.6a

Overall acceptance 3.2bc 4.7a 4.7a 2.0c 4.4ab 2.2c

1)The same superscripts in the same row are not significantly different at 5% level by Duncan's multiple range test.



238 �������� � 36 	 � 2 � (2004)

� 10oC�� �
�
 �� 	 �� ������� ��� �
�� ��� ��, ����� ����� ��� 	�� ��

��. ����� ��� ����� 25oC�� �
� ���

���� �
 �����, �� ����� ��� ����

	�� �
�
 � ����� ���� �

� 25oC��

� ����� �
 ��� ����. ��� �� ��� �
�� ��� �� ����� 25oC�� �
� ������

� �
 ����, ��� �� 10oC�� �
� 	 �� ��

����� ����� �
 ���. �� �	�� ����

10oC�� �
� 	 �� ������� �
 �� ��, �
���� �� 25oC�� �
� ������� �
 ���

�, �� ��� ���� ��� ���� 	��, ����

� ���� ��� �� � ��� ��� �
 � ��� 

� 	�� ����.

� �

����� 	(65oC/30�) �� ���(27oC/400 MPa/10�)�
� ��� � 10oC� 25oC�� �
�
� �� ����, �
��� � ����� �����. 	 �� ������� �
����� �� �

��� �
�
� �� � ��� �
���, 
��� ��� ��� ��� � �
 30� �� �
��� ���. α-Amylase� ����� �������� 10oC
�� �
 3�� 169.7%� ��� ������ �
 30��

137.7%� ������, 25oC��� �
 30�� 68.7%� �

�
� �� ��� ���� ��� ���. 	���� �

�
 �� �� �� �� �� ��� �����. 	��

�� glucoamylase ����� 10oC� 25oC�� ���� ��

� ���� �
 30�� �� 36.5%� 54.3%����, ��

����� 10oC�� �
�
� �� ��� ���� �


30�� 158.2%���. ����� ����� �
�
 ��

��� ��, 	 �� ������� ��� �� ���. 10oC
�� �
�
 � ����� ��� ��� �� ��� �
� ��, 	���� �
�
 � ����� ���� �


30��� 2.9%���, ������� �
 3� ��� ���

���� ��� ���� �
 30��� 4.8%���. ���

� �� 10oC�� 30� �
� ������� ��� ���

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

��� �

� 
�� ������ ����
�(98-04-02-01-01-3) �
��� �
����, �� ���
��.
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