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Growth Patterns of Lactic Acid Bacteria during Fermentation
of Radish with Rice Water and Rice Bran
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Changes in total aerobic bacteria (TAB), lactic acid bacteria (LAB), rod- and coccal-shaped lactic acid bacteria
(R- and C-LAB), pH, and total acidity were investigated during fermentation of radish with new fermentation
base at 20oC for up to 16 days. New fermentation base was prepared by pre-fermenting a mixture of rice bran
and rice water (1 : 0.1, w/v) at 20oC for 7 days. Initially, radish showed 5.41, 4.23, 4.57, and 3.1 log CFU/g, and
base showed 6.68, 6.60, 5.95, and 5.6 log CFU/mL for TAB, LAB, R-LAB, and C-LAB, respectively. Initial pH
and total acidity of radish were 6.6oC and 0.09%, and those of base were 5.76 and 0.36%, respectively. Counts
of LAB (4.23 to 8.33 log CFU/g, 6.6 to 9.7 log CFU/mL), R-LAB (4.57 to 7.15 log CFU/g, 5.95 to 8.5 log CFU/
mL), and C-LAB (3.1 to 7.5 log CFU/g, 5.6 to 8.6 log CFU/mL) of radish and base respectively increased during
initial fermentation period, then remained constant during late fermentation period, and for 4 days after
fermentation, pH values (6.6 to 4.19, 5.76 to 4.57) drastically decreased and thereafter slowly decreased. Total
acidities of radish and base (0.09 to 0.63%, 0.36 to 0.63%, respectively) drastically increased for 7 days after
fermentation and increased slightly thereafter.
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� �

����� 70, 80�� ���� �� ��� �� ���

��� ��� �� �� ����� ��� ����� ��

� ��� ����. �� ��� ��� �� ��� ���

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

����� ����� � � ��� �	� ��� ����

� 90% ��� ����� ��� ��. ����� �� �
��� ��, ��, 
�� ��� �� ����� ����

� �� � ���� ��� �� ����� �� ���	

� ��� ��. �� �� ��� ����� �� �	 �
� �� �� ����� ��� �� �� � 480� ���

�� ���� �	�, �� ���� �		� ���� ��

��� 	�� ��� ��� ��(1).
��, � ��� ���� ���� �	� vitamin B1, B2,

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

�, ����, ��� 
� �
�� �	�� ��(2). �� �
� ���� �	� 
��� ���� �	���� �	�

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

� ��� ���� ��. ��� ��� �	���� ��

�� ��	�� �	� ������ � ��
�	� ��

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

��	� �� �	�� ��. ��� ���� ��� ���

���� �� �� ���� �� ��� �	��� ���

�� ����. �	��� ��� �� �	� ��� ���

� ����� ��� 
��� �	�� ��� �����

�	� ���	� �� ��� ���
 ���� ��. ��

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

������� ��� �� 
�� � ���� �� �	�

��, ��� ��� �� �� �� �� ��	� ���


�	�� ��.

��� ��� �	� � �� �� ��� ��� ��

� 	���, 
��� �	��� �� ���. 
��� �
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���	� ��� ��� ����� ���	� � � �
� ��� ���� ��� 
�� ���� �� pH � 	�

�� ����� � ���� �� �� 
���� ����

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

��� vitamin C� �� ������� � ����, �� 

��� 
� �
�� 
�� vitamin B12� vitamin K� 	�

��, ���� 
���� ��� ��� ���� ����

��� �� �� �
� ��� �� �	� ��� ��(3).

��� �� ����� ��� � �� �� 
���,

� � ���� �	� ���� �
�� �(Raphanus sativus
L.)� �	 ���, ���� �� �� 
���� ����

��� �� �	� ��� �	� ��� ��� ��, ��

�� �� ���� �� ��� ���	� ���� ���

��� ���� ��� ��� �� ���� ������

��� � �� � ����� �� �	�� �� 
�(4). �
��� � 
� ��� �� �� �� 	
� ���� ��

	��� ��� �� ��	� �� ��� 
� �� ��

� 
���� � ��� �� ���� ���	� ����

���� �	� ���	� �� ��� ��� �� base�
�	�� ���� �� ���� 
��� ����� ��

���.

�� � ��

��

� �
� ��� ��� 
� �
�� �(Raphanus sativus
L.)� �����. ��� � �� dry-ice box� 
� 4-7oC�
����� �
�� �� � 4oC ���� ����� ��

� ���� �� ��� �
� �	���. �	� ���

��	((�)����, Gyunggi, Korea)� �	�� �� base�
�����. �� ��� �� ����� ��� ���� �
�� ��� �� 25 g� ���� 225 mL peptone water� 10
� ��� �
, stomacher(Casta Brava, Spain)� �	�� 2�
� ���� � ���(Whatman No. 2)� filtering� �� �
	���. �� �
� ��� �� � ��� � 1�1�1 cm
��� �	�� 200 g�� 	����.

�� � ��

Peptone 10 g� sodium chloride 5 g� �	�� ��� 1 L�
�� autoclaving� � peptone water� �	���. � �
�

�	� ���� plate count agar(PCA, Difco, Laboratories, St.
Paul, MN, USA), Man Rogosa Sharpe agar(MRSA, Difco,
Laboratories, St. Paul, MN, USA), Rogosa Mitchell Wiseman
agar(RMWA, Difco, Laboratories, St. Paul, MN, USA), M17
agar(Difco, Laboratories, St. Paul, MN, USA) �� ��. ��

� � �
�� �� ACS grade, extra pure grade, �� ��

��� �	���.

�� ��

�	� ���� 10 : 1(w/v)� �	�� �� ��� 20oC�
� 7�� ��� � �� base� �	��	�, � ��� �
� base� 1 : 2(w/v)� ��� �	�� 20oC�� 16�� ��

���.

�� �� � ���� � ��� ��

�� �� �� ��� �� � ����, 
��, 
���

��� 
���� �� �����. � ����(aerobic meso-
philic bacteria)� ���� PCA ��� �	�� spreading
plate method� �� ��� ��� �	 �� 35oC�� 48�
� �� � 
��� colony counter� �	�� �����(5).
MRSA��� �	�� pour plate method� �� 37oC�� 48
�� �� � 
��(lactic acid bacteria)� 
��� ����

�. RMWA��� �	�� pour plate method� �� 37oC�
� 48�� �� � 
���� 
��� �����. M17��

� �	�� pour plate method� �� 37oC�� 48�� ��

� 
���� 
��� �����.

�� � �� �� base� ��� ��

�� �� base� �	 20oC�� 16�� ������ ��

�� base�� ���� 
��� �� ��� ����� �
��. �� �� base� ��� �� �, �� 1��, 4��, 7
��, 10��, 13��, 16��
� ��� ��� �� ���

�� � ���� ��� �� ��� ��� 3� �� ��

�� ��� ���� ���.

�� � �� �� base� pH� ��� ��

�� � ���� ���� ��� ���� ��� pH�
��� �����. pH� ��� ��� ���	� ��� �
� �� base �	� �	�� pH� ���� pH meter� �
	�� �����, ��� AOAC�	(6)� ��� ��� �
	 10 mL� ������ ���� 0.1 N NaOH	�(mL)�
lactic acid��(%)	� ���� �����.

�� ��

��� ��� log colony forming unit(CFU)/g	� ����

	�, SAS ���� ����, version 8.01(7)� �� general
linear models(GLM) procedure� PDiff(P-value Differentiation)
option� �� ��� least square mean separation �	� ��

����	� �� ����� ���� p < 0.01 
��� �
����.

�� � ��

�� �� base� ����� � ��� ��

���� �� �� base� ���� � ����� 
��

� �� ��� � 
��� �� 
��� ��� 
���

	� ���� ��� �� �� �����(Table 1). ���

� ��� �
�� � ����� 5.41 log CFU/g, 
���

4.23 log CFU/g, 
���� 4.57 log CFU/g, 
���� 3.1 log
CFU/g� ��	� �� base� �� ������ 6.68 log
CFU/g, 
��� 6.6 log CFU/g, 
���� 5.95 log CFU/g, 

���� 5.6 log CFU/g� �����. �� natural microflora�
� 
���� 
���� ��� ���� �
��	� �
� base�� ��� �	� ���. Kim �(8)� ���� 

�� �� �	� �� ������ 6-7 log CFU/g, 
���

6-7 log CFU/g, 
���� 4 log CFU/g, 
���� 4-5 log
CFU/g�, Min �(9)� �� �	� 

 ���� �� ��

���� � ����� 5 log CFU/g, 
��� 3.1 log CFU/g�
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�����. � �
�� �	� �� Min �(9)� ��� �
� � ����� 
��� �� 
� ��� �	� ���

� Kim �(8)� ��� �� � �
� �	� �� ���

���	� �� �� �	� ��	�. �� �� �	� 

���� �� ��� ���� ��. �	� ��� ��	�

�� base� �	� ��� ��	� Han �(10)� Ryu �(11)
� ��� �� �� 
�	� ������� 7 log CFU/mL,
6.3 log CFU/mL� ���� � �
� �� base� �� �	

	� �����.

�� � �� �� base� ���� ���� ��

� ���: � �� � 
��� ��� Fig. 1� ��. ��

� �� �� base� 
��� 4.23 log CFU/g� 6.6 log CFU/
mL� �� �����, �� 1�� �� 
��� 6.08 log
CFU/g� �� 1.8 log CFU/g ����	�, �� base� ��

7.9 log CFU/mL� 1.3 log CFU/mL �����. ��� ����

� �� �� base�� 
��� �� ��� ���� ��	

� �� 
���� �� 10�� ��� 8.61 log CFU/g� �
� base�� 9.43 log CFU/mL� ��	�. �� 10�� �� �
� base��� �� ��� ���� ����	� � ���

��� �
� �� 10�� 
�� � ���. ��� ���

�� 
��� ��� ��� Park �(12)� ��� ��� �
��� ��� ��� ��� �� 8-16� ��� ���� 7-
8 log CFU/g� ��� � 
�� 
�� ��� ��� ���

��	� � 
�� ��� � ��� ����� � �� �
�� �� �� �	� 
� ���. �� Kim �(13)� ��

� ��� ��� ���� �� 
��� ��� �����

� �� � �� 
���� 5.03 log CFU/g�� ��� ��

�� �� 10� ���� 9 log CFU/g� �� 
���� ��

	� � ���� ��� ��� ���� � �
� 
��

�� ��� ��� ��� �����.

���� � ����: �� � 
��� ��� �� 
�

��(rod-shaped lactic acid bacteria)� 
���(coccal-shaped
lactic acid bacteria)� ��� ���� �	�, �� �� �
�� ���� Leuconostoc� �� 
����, �� ����

Lactobacillus� �� 
���� �� ���� �	� ���

��(9). ��� ��� 
��� ���� ��� �
�� �
� ����� ����� �� �� ��	�, ��� ���

�� ���� ��	� � ������ ��� 
�� ��

� ����. �	� ��� ��	� �	� � �
�� �
��� 
���� 
���� ����� Fig. 2� �����.
�� � �� �� base� 
���� 4.57 log CFU/g� 5.95

log CFU/mL��� �� 1�� �� �� base� 6.3 log CFU/g
� 6.7 log CFU/mL� �� 1.8 log CFU/g ��� �� base�
0.7 log CFU/mL� ��� ��� �	� ��	�. �� 7��

�� �� ��� 0.7 log CFU/g� ��� �� ��� ��


�� �� base� ��� 2.5 log CFU/mL� ��� �� ��

Table 1. Average counts of natural microflora on radish and
fermentation base

Natural microflora
Average counts (log CFU/g)

Radish Fermentation base

Aerobic mesophilic bacteria 5.41�0.09 6.68�0.27
Lactic acid bacteria 4.23�0.21 6.6�0.13
Rod-shaped lactic acid bacteria 4.57�0.07 5.95�0.16
Coccal-shaped lactic acid bacteria 3.1�0.09 5.6�0.09

Fig. 1. Changes in lactic acid bacteria during radish
fermentation at 20oC (�: radish, �: fermentation base).
Pooled SEMs (standard error means) for sample and base were 0.80
and 0.41, respectively.

Fig. 2. Changes in rod-shaped and coccal-shaped lactic acid
bacteria during radish fermentation at 20oC (�: radish, �:
fermentation base).
Pooled SEMs for rod-shaped lactic acid bacteria for sample and base
were 0.67 and 0.43, respectively. Pooled SEMs for coccal-shaped
lactic acid bacteria for sample and base were 0.39 and 0.57,
respectively.
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� �����. ��� �� ��� �� 10�� 7.7 log CFU/
g ��� �� base� ��� �� 13�� 9.1 log CFU/mL��

�� ����� ��
 �� ���� ��� ���. ��

������ ���� �
 � ��� ��� ����� �
� Kim �(14)� ��� ��� �� �� 3.2 log CFU/g��

� 
���� �� �� 6 log CFU/g	� ��� �� ���

��	� �� 6���� 8 log CFU/g� �� ��� ����

�� ���� ��� ��	�, �� �� �� 
��� �
�� ��� ��� ��� Lee �(15)� ��� ��� 
�

��� �� �� 6 log CFU/g�� 8 log CFU/g	� ��� �
�� ��� ��� �� 10��� ����� 9.3 log CFU/g
� ��� �� ���� ��� �����. ���� � 

� ��� �� � 
� ���� �� 
���� �� ��

� ��� ��� �����.
�� � �� �� base� 
���� 3.1 log CFU/g� 5.6

log CFU/mL� ��� 
���� ��� 
����� ��

���� �	� ��	�. �� 1�� �� �� base� 5.97
log CFU/g� 6.87 log CFU/mL� �� 2.9 log CFU/g ��� �
� base� 1.2 log CFU/mL� ��� ��� �	� ��	�

��� ����� �� �� base ���� ��� ��� �
��. �� 10���� 
���� ���� �� �� base �
��� 7.87 log CFU/g� 8.96 log CFU/mL� ����� ���

�� ��� ��� ��� ���. Kim �(14)� ��� ��

� �� 
���� ��� �� 2��� 4 log CFU/g�� 6
log CFU/g� ��� ��� �	� ��		� �� ��� �
���� ��	�. Lee �(15)� �� 
���� 6 log CFU/
g� ��� �� 4�� 8.8 log CFU/g	� ����� �� �
� ��� �� �	� ���� � 
�� ���� ���


���� ��� ��� ����� �	� ��	� ��

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

� Kim �(14)� ��� ���� ��� ��	� ��	�

�� 
���� ��� ��� ����� ���� �� 

���� ��� 
���� ��� �� ��� �����

����.

�� � �� �� base� pH� ��� ��

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

��� ��� ����. ��� ��� ���	� pH� �
�� ���� ���, �� � �� �� base�� ��� pH
� ��� ��� Fig. 3� �����. �� � �� �� base
� pH� 6.6� 5.76	� Huh �(16)� ��� 5.8-6.3� ���

� ��� pH� �� �� base� pH� �� �	�, ���

0.09, 0.36%� Huh �(16)� ��� 0.12-0.25%� �� �� �
� �� base� �� �	� ������ �� �� 
� �
�� ��� ��, ��� �� base� �� ��� ����

��. ��� ����� �� �� base� pH� �� �� �
�� ���� 4.03� 4.5� �	� ����� ��� Huh �
(16)� ��� ��� ��� ���. ��� �� 7-10���

�	� ����	� pH� �� 4�� 
� �
� 4-4.5� �
��� �� 	�� �� �� base�� 4 ���� ����


��� �� �� �� �
�� �� ��	� � ���

�� �� ��� ��� ����� pH 3 ���� ����


��. Ahn(17)� ��� ���� ��� ���. �� Huh
�(16)� ��
�� ���	 ��� �� 	�� pH� � �
�� ��� ����, � 
���� ��� �� base� �
��		� ��� ��� ��� ����.
�� �� base� �� ��� ��� ��� ���	� �

��� ��� ��� �� 	�� ���� 0.63-0.72%� �
����. �� ��� ��� ���� ��� �� Huh �
(16)� ��� ����� ��	� ��� 0.2-0.25%� ��

�� � 
��� ��� �� �	� �� ���. Kim �
(18)� ��� ���� ����� 0.1-0.3%� � 7-20� ��

� ���� �	� �� ���� � �
��� �� 7� �
� 0.63%� ��� �	� ���� �	� ��� �� bases
� ���, ��, �� �� �� �� ������ �	��

� �� base��� �� �� ��� ��� ����� ��

� � ���. ��� �� ��� ��� �� � 
�� �
��� lactic acid, oxalic acid, malic acid, citric acid, succinic
acid �	� Kim �(19)� ���� �� ��� � �	� �
�� ����� �� ��� ���� �� lactic acid� citric
acid� ���� �	�, � � lactic acid� �� �� 4-5��

� ��� ����� ���� � �
��� �� ��� �
���� �� ��� �� pH� ��� ��� �� 
��

� �� � ��� �� ��� 
�� � ���.

Fig. 3. Changes in pH and total acidity during radish
fermentation at 20oC (�: radish, �: fermentation base).
Pooled SEMs of pH for sample and base were 0.09 and 0.21,
respectively. Pooled SEMs of total acidity for sample and base were
0.09 and 0.13, respectively.



���� �	� �	� � ���� � 
��� �� �� 841

� �

�� ��� ���� ���, 
�� �� ��� ����

����� �� ���� ���� 
� ��� �� ���

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

� �� base� �	� ���	� 
���� ���. ���

� ���� 
�� ��� �� �� ��� ����� �
� � ��� �� base�� ���� ����� ��� ��

��� ��� �����. �� ��� ��� �� ��, �
� �� base� �� �� ����� ��� ������ �
�� ����� ��� ����� ���� Enterobacter�
��� ����� �� pH��� �� ��� Leuconostoc�
� Lactobacillus� � ��� ���� ��� �����. �
� �� base��� �� ���� ��� ��� ��	� pH
��� ����� ��	� �� 4-7� ���� 
��� �
�� ����� ��		� ���� ��� 
���� �
���� ���� �����. �� 
��� ��� �� �
� ��� ��� 
���� ��� ��� �	� ��	�

	��� 
���� 
���� ��� �� ��� ���

� 
��. �� � �� �� base� pH� 5.6-6.6 ����

�� ��� 4.19-4.57� ��� ���� �� 	���� pH
� �� ��� ��	�. �� ��� ��� �� � 0.09-
0.36% �	� ���� ��� ����� �� ��� ��

� ����� �� 	��� �	� ���� �	� ��	

�. � 
� �� � ��� ��� 20oC�� 10� ����

���� �	� �	��� pH ��� ��� ���� ��

� ���� ��� �� ��� �	 ��� �	� �	���.

��� �

� ��� 2004��� ����	 ��
�� ��� ��

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