
KOREAN J. FOOD SCI. TECHNOL. Vol. 37, No. 1, pp. 61~66 (2005)

61

©The Korean Society of Food Science and Technology

���� ���� � ��� ��� ��

���������������*
������� ��������

The Changes of Microflora During the Fermentation
of Takju and Yakju
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Korean traditional rice wine Takju and Yakju were manufactured using 2-step-brewing method. To investigate
microflora involved in fermentation step, number of microorganisms, pH, titratable acidity, and alcohol contents
of Takju and Yakju were measured. In Takju and Yakju, although not significantly, 1.1�108 and 2.0�106 CFU/
mL lactic acid bacteria at initial stage of second fermentation decreased to 8.3�106 and 1.0�104 CFU/mL at
the end of second fermentation, respectively. For Takju, micrococci and yeast occupied 80 and 20% at initial
stage of second fermentation, whereas bacteria and yeast occupied 35 and 65% at the end of second
fermentation, respectively. Yeast occupied 88% throughout the second fermentation of Yakju. The main yeast
isolated from both Takju and Yakju was identified as Saccharomyces cerevisiae using API 20C AUX kit. The yeast
strain Candida magnoliae was also detected during fermentation of Takju and Yakju
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� �

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

��� ��� �� ��� ���� ���� ������,
�� ����� ������ ��� ��� 13% ��� �
� �� ���, ��� ��� 6% ���� ��� �� �
� ���� ��(2,3). ��� ������ ������(1)�
��� �	(25-28oC)�� ��� ���� �� ���� �
�, �	(10-20oC)�� 	�� ��� �� ��� ��. ��

��� �� � ���� ���� �� ����� �� 

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

� ��� �� ��� ���� �� �� ��� ��� �
�� ��(4). ����� �� �� � ����� ��� �
� ��� ���� 	� ����� ��� ���	��,
Kim(5)� ��� ��� ��� ��� ������, Jung�

Jung(6)� ��� �	 � ����� ��� ��� ���

Han �(7)� ������ ��� ��� ����� ����

�. Park �(8)� �� 
����� �� 297�� ���� �
���� �� 7��� ����, �� ��� �� 13.2-15.2%
� �� ���� �����, ���� 5��� Saccharomyces
cerevisiae� ��� 2��� Saccharomyces pretoriencis� Sac-
charomyces rouxii ��� ������ �����. �� ��

�� �� ��� ��� 2�	 ���	�� �� 10
��

Saccharomyces cerevisiae�� 106 CFU/mL ����, � �
Bacillus� Staphylococcus� �
� ���� ��� ����

������ Koh �(9)� �����, Kim� Lee(10)� ��

���	� ����� 11�� ��� ���� ��� ��

Saccharomyces, Hansmula, Pichia ��� ��	��, Saccharo-
myces �� ����� ���� �
� ���� Hansmula
�� ��� ��� �
� �	� ��� �����. Lee�
Lee(11)� ��� ���� � ��� �� ��� � �� �
�� ����� �
�� ����� ��� Saccharomyces,
Torulopsis, Hansmula, Candida, Pichia � �� �� ��� �
�� ���� ��� �����. �� Shin� Cho(12)� �
� ��� ���� �
 ��� Saccharomyces � ���

Torulopsis inconepicua� �����, �
 ����� Lactoba-
cillus casei, Leuconostoc mesenteroides� Bacillus subtilis���

� �����. � ��� ���� �� �
 ��� ���

2� �� ���� ����� � �� �	� ��� ��,
pH, ����, ����� ��� ����, � �� �	 �
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�� ���� ��, ���� ����� �� �� � ��

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

�� ��� �
���.

�� � ��

����

�� 	 �� ��� �� �� (�)����(��, ��)�
� �� �	 �� ���� �����, ��� ��
�(2003
� 8� ��, 300 SP, ��, ��)� �����.

����� �� ��

����� 
� ����� � 100 g� 5�� �� �� �
�� �, �� � �� 100oC�� 40�� �����, 30oC�
��� �, 76.92 g� ��� �� 15.38 g(300 SP)� 	� 500
mL-Bottle� �� �, � 107.69 mL� �� � 	�� �, 25oC
�� 1
 ����� �����.

�� � ��� ��

��� 1� ��� 
� ��� �� �, 
�� �� 253.85
g(300 SP), �� 1269.23 g, � 2046.15 g� �� �� � 	�,
25oC�� 2
� ����� �����. ��� 2� ��� 1
� �� � �� 76.93 g, �� 2500 g, � 4000 mL� �� �
	�, 25oC�� 5
� ������ ����� ����� �
����.
��� 1� ��� 
� ��� �� �, 
�� �� 253.85

g(300 SP), �� 1269.23 g, � 2046.15g� �� �� � 	�,
15oC�� 24
� ����� �����. ��� 2� ��� 1
� �� � �� 76.93 g, �� 2500 g, � 4000 mL� �� �
	�, 15oC�� 24
� ����� �����.

�� � ��� ���� ��

�� 	 �� �� �� � �� � �	�� �
� ��

�� 
������ ���. pH� ��� pH-meter(Corning
530, USA)� �����, ����� 1% phenolphthalein� �
���� �� 0.1 N NaOH� ���� � �� NaOH ���

� lactic acid(%)� 	��� 	����. ����� ���

��� ��� microcentrifuge�� 3000 rpm�� 10�� ��

�� � � gas chromatography(Varian, vista 6000, USA)� �
��� ����, �� 
��� ���� ����� 	����.

�� � �� �� � ��� ��� ��

�� 	 �� �� � ��� ��� ��� ��� ���

�� ��	(0.1% peptone, 0.85% NaCl, 0.03% KH2PO4,
0.04% Na2HPO4)�� 10� ���� �� ��� �, 
���

�� � �� �	� ��	� standard plate count(SPC) agar
� 100 µL ���� 37oC�� 24�� �
� � ����(13)
��� �� 	�� 	�� � �����, ����� bromo
cresol purple agar� ��	 100 µL ���� 37oC�� 24��

�
 � 	�� 	��� �����. ��, ��� ��� �
�� ��, ��� ��� petrifilm(3M, USA)� ��	 1 mL
� ����, 25oC�� 72�� �
� �, �� 	 ��� �
�� ��� colony� �����, �
� ��� ����

colony�� ���� 	����.

�� � �� �� � ��� �� �� ��

�� 	 ��� �� � ��� ��� ��� ���� �
�� ��� �� ��� ����� SPC �� � 25-50��

��� �� plate� 1� 
� 2� ���� plate� �� 	�

� ���� ���� �� 	 � 50�� 	�� �� ���

��. �� ��� ���� SPC �� ���� 	��� �

� �� ������, wet mount ���� ��� �� �

� ������� �����, Cappuccino� Sherman(14)�
���� Gram ��� �
���. Catalase ��� Macfad-
din(15) ��� �� ���� 	�� �� ������ ��

� �, 3% ����� �	� �� �� ���� �� ��

��� �����. Oxidase ��� Macfaddin(15) ��� ��

�� ��� ��� ���� ��� �, oxidase ����

(N,N,N',N-tetramethyl-p-phenylediamine-dihydrochloride 0.2%,
sodiumethylenediamine tetraacetate 0.1%, sodium thiosulfate
0.05%)� ��� ���� 30� ��� ����� ����

��� �
���. ��� 
� ���� ���
 ��� �
�, ����
 ��� ����� ��� Bergey’s manual(16)
� ���� ��� ���	�� ��� �� ��� �� 1
� ����� �� ��� ��� ��� ��(%)� ���

� 1��
 ��� ���� ��� �
����, �� ��

��� ������ 19�� ����� ����� ����

API 20 C AUX kit(bio-Merieux, France)� ���� ����

��, �� ��� �� swap� ���� 1� ����� �
� ��� ���� ��� kit medium� �� � strip� ��

�� 48�� �� �
���. �
 � ��� �����, API
��� ���	�� ��� ��� ���� ���� ��

	 �� �� �� ��� �� ��� �����.

�� � ��

�� �� �� ��� ��, pH, �� � ���� ����

�� � �� �� �� ��� ��, pH, �� 	 ���

� �� ��� Table 1�� �� �� �� 
�. �� ��

�� � 
����� 
� �� ��� 4.5�105 CFU/mL�
��� 24�� �� � 1.0�109 CFU/mL�� �����, 1�
	 2� �� � �� ��� 108 CFU/mL ��� 
����

� �����. ����� 
�� 1� ����� 
����

� �
� ������, 2� ����� �� �� � 
�

���� 2� �� �� �	��� 106 CFU/mL�� ���

��. ����� ����� ���� 
� ���� �� 

�
 �	
 2� �� �� �	��� 108 CFU/mL�� ��

�� �� � � ����, ���� 106 CFU/mL� ����

���� �� 
� ���� 2� �� final �	�� 102 CFU/
mL� �����(Table 1). �� �� �� 
��� ����

� Table 1�� ���� �� 
� pH� ���� 
� ��

��� 6.33���� �� 1
�� 3.94� ����, 1� ��

��� �� ��� 5.42���� 2
� ����� �� �
3.55� ����, � � 2� ����� �� 3.70�� �� 2

 � 3.69 ��� �� 
�
 5
 ��� 3.84� �����.
�� ��� ���� 
� �� �� 0.14���� �� 1

�� 1.35� 
���, 1� �� ��� 0.38���� �� 2

 � 1.50�� ��� 2� �� ���� 0.63���� 5

�� ��� 1.04� �����. ��� 2� ���� ���

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

��� ��� ���� ��� �� � ���� ��	 �
� ��. ����� 
� �� 1
 �� � 3.63%���, 1�
����� 1.63%�� 2
 �� � 9.10%����, 2� ��

��� �� 4.83%�� 5
 �� � 11.97%� ����� �
����. ��� �� ���� �� ��� � �, pH, ��

�� 	 ����� �� ��� �� �� ���� ���

� 
� pH� �� 	 ����� ��� ��	 �� ��,
�� ��� ��� ��� �� ��� ��� 2� �� �
����� 11.97%� ��� ��� ��� ��� ����

�. ��� ��� ����� �� �� 
�� �����

2.0-3.0%���, �� 
�
 �	��� 8.2-12.6%���� �
�� Han �(7)� ��� ��� �����.

�� �� �� ��� � �, pH, �� � ���� ����

��� ��� �� �� � �� �� �� ��� � �,
pH, �� 	 ���� �� ��� Table 2�� ���� ��


�. �� �� �� � 
����� 
� �� ��� 8.7
�106 CFU/mL���� 24�� �� � 1.1�109 CFU/mL��

�����, 1� �� ��� 108 CFU/mL 
����� 12

����� ������ 24
 �� ��� 106 CFU/mL��

�����. 2� �� ��� 106 CFU/mL 
����� 12

�� �� 107 CFU/mL�� �����, 24
 �� ��� 105

CFU/mL�� 
����� �����. ����� 1� ��

���� 
����� �
� �����, �� 12
���


������ �� ��� ������ 24
 �� ���

��� log 2 ��� �� �� �����. 2� �����

12
�� �� �� � ����� ��� ���� 24
 �
� ��� �
� ����� ��� �����. �����


� ������ 105�� 106�� ��� 1� ����� 105

�� 107�� ��� �����, 2� �� 12
 �� ���

106�� 108�� ����� ������, 24
 �� ���

�� 107�� ����� �����. ��� ��� 
� �
� ����� ��� �� ��� ������ 1� 	 2�
������ ����� ���� ��� ��� 
�� �
����� � � ��(Table 2). �� �� �� � pH� �
���� Table 2�� ���� �� 
� 
� �� ���

6.66���� �� 1
�� 4.66� ����, 1� �� ���

� 6.17���� 12
 ��� 24
 �� ��� �� 3.72 �
�� 3.78� �����. 2� ����� �� 3.81�� ��

12
 � 3.85 ��� �� 24
 ��� 3.98� �����. �
� �� �� � �� ��� ���� 
� �� �� 0.1�
��� �� 1
 �� 0.45� 
���, 1� �� ��� 0.09
���� �� 12
 �� 24
 �� �� 0.55� 0.59� ��

�����. 2� ����� ��� 0.61, 12
� 24
 �� �
�� 0.69� �� �����. �� ��� �� 
� �� 1

 �, 1� �� 2
 � ��� 2� �� 5
 �� ����

� �� 1.35, 1.50 ��� 1.04����� ����, �� �
���� 
� �� 1
 �, 1� �� 24
 � ��� 2� �
� 24
 �� �� 0.45, 0.59 ��� 0.69� 
� ���� �
� �� ��� ������, ��� ��� �
� ��	�

� �
� �
� 
� ���� �� ��� �
�
 �	

� �� �
� � �
 
�� �� ���
 ��� �
�

� 	 � ��. �� �� �� � ����� 
� �� ��

Table 1. Analysis of microbial cell counts, pH, titratable acidity and alcohol content during the fermentation of Takju 

Analysis of
contents

Fermentation
(days)

Microbial cell counts (CFU/mL)

pH Titratable acidity 
(%)

Alcohol content 
(%)Aerobic

bacteria
Lactic acid

bacteria
Yeast Mold

Seed mash (0 day) 4.5�105 3.1�105 8.5�105 6.0�106 6.33 0.14 0
Seed mash  (1 day) 1.0�109 1.1�109 2.6�107 1.5�106 3.94 1.35 3.63
1st fermentation (0 day) 7.8�108 7.0�108 7.4�105 5.0�105 5.42 0.38 1.63
1st fermentation (2 days) 5.0�108 3.5�108 3.4�108 3.2�104 3.55 1.50 9.10
2nd fermentation (0 day) 3.3�108 1.1�108 1.6�108 2.5�103 3.70 0.63 4.83
2nd fermentation (2 days) 2.6�108 5.0�107 4.4�108 3.0�103 3.69 0.88 7.72
2nd fermentation (5 days) 2.4�108 8.3�106 3.2�108 2.0�102 3.84 1.04 11.97

Table 2. Analysis of microbial cell counts, pH, titratable acidity and alcohol content during the fermentation of Yakju 

Analysis of
contents

Fermentation
(days)

Microbial cell counts (CFU/mL)

pH
Titratable acidity 

(%)
Alcohol content 

(%)Aerobic
bacteria

Lactic acid
bacteria Yeast Mold

Seed mash (0 day) 8.7�106 1.2�108 1.5�105 9.5�105 6.66 0.1 0
Seed mash (1 day) 1.1�109 1.8�109 2.3�106 2.0�106 4.66 0.45 1.18
1st fermentation (0 day) 6.6�108 4.5�108 2.5�105 6.0�105 6.17 0.09 0.97
1st fermentation (12 days) 1.2�108 5.0�107 8.5�107 7.0�104 3.72 0.55 6.29
1st fermentation (24 days) 9.5�106 8.7�108 6.6�107 2.0�104 3.78 0.59 11.28
2nd fermentation (0 day) 1.1�106 2.0�106 8.3�106 5.5�103 3.81 0.61 4.93
2nd fermentation (12 days) 5.8�107 2.0�106 1.6�108 2.0�103 3.85 0.69 9.76
2nd fermentation (24 days) 8.7�105 1.0�104 1.7�107 ND1) 3.98 0.69 10.85

1)ND: No CFU was detected in 1 mL of undiluted sample.
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0%�� 1
 �� � 1.18%���, 1� ����� �� 0.97%
�� 12
 �� � 0.55% ��� 24
 �� �� 6.29%� �
���� �����. 2� ����� �� 4.93%�� 12
 �
� � 9.76% ��� 24
�� �� ��� 10.85%� ���

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

���� ���� ��� ����� ��� ��� ���

��	 �� ���, ���� ��� �� pH� ��� ��

� �� ���� �	� ���� ��� ���� ��� �

�� ���
 ����� 
��� ��� Chung(17)� 

�� 
� � ����� pH� ��� ��� ��� ���

�� �� ��� ��� 2� �� � ����� 10.85%�

��� ��� ��� ��� ������ � � ��.

�� �� ��� ��� �� ��� ��

Table 3��� �� ���	 �� �� ��� �����

SPC ��� ���� 25-50�� 	�� �� � � 
� �
�� plate��� 50��� �� 	�� �� ��� �, ��

���� 	� 	 ��� ����
 ����, gram ��,
catalase �� 	 oxidase ��� ���� �� ���� ��

� ��� ���� ��. �� ��� plate��� ����

�	�� 
�� ���� �� ��	 � 
��, 
� 24�
� �� ��� 96%� ��� 4%� ��� ������, �
� ��� ��� ���� ���, ����� ���� gram
positive, catalase negative, oxidase negative ��� 75% ���

� ��� � � ��. ��� 1� �� ���� ����

44% ���� ���� 2
 �� ��� 2%� �����, �
�� ��� �� ���� 0% ���� 2� �� 2
 ��

� 29% ���� ��� � � ��(Table 3). ��� 2� �
���� �� ��� 20% ���� ��� ��� 2
 ��

�� 69% ���� ���, �� ��� 80% ���� gram
positive, catalase positive, oxidase negative ��� �� 2
 �
��� 31%� �����. Table 4� ����� �� ���

API ���� kit� ���� ��� ��� ���� ��. 

� ��, 1� �� ��� 2� ��� �� �� �� ���

� ��� ������ 1� �� ��� 2� �� �� 2

�� Candida magnoliae� �� � ���(� 2% ��) ���

���� ��� �� ��� Saccharomyces cerevisiae� ��

� �� Table 4�� � �� ��. ��� ��� ��� �
�� ��� Saccharomyces ���� ��� ���(8-11)� 

��� ����, � ��� �� �� �� � 	���� �
����� Candida magnoliae �� ���� ��� �
�

� ���� �� ��� ��	�(Table 4).

�� �� ��� ��� �� ��� ��

Table 5��� �� ���	 �� �� ��� �����

SPC ��� ���� 25-50�� 	�� �� � � 
� �
�� plate��� 50��� �� 	�� �� ��� �, ��

���� 	� 	 ��� ����
 ����, gram ��,
catalase �� 	 oxidase ��� ���� �� ���� ��

� ��� ���� ��. ����� 
	��� ��� 
�

�� ��� plate��� ���� �	�� 
�� ����

����	 � 
��, 
� 24�� �� ��� 98%� ��

� 2%� ��� ������, �� ��� ����� ��

�� gram positive, catalase negative, oxidase negative ���

50%� ���� ���, gram negative, oxidase negative ��

� 32%� ��� gram negative, catalase positive ��� 16%
���� ���. ��� 1� �� ���� ���� 37.7%
���� ���� 24
�� �� ��� 8%� �����,
��� ��� �� ���� 0% ���� 2� �� 24
 �
�� 92%� ���� ��� � � ��(Table 5). ��� 2�

Table 3. Distribution (%) of microflora during the fermentation of Takju

Identification of
strains

Fermentation
(days)

Gram positive, catalase positive,
oxidase negative, cocci

Gram positive, catalase negative,
oxidase negative, cocci Yeast

Seed mash (1 day) 21 75 4
1st fermentation (0 day) 56 44 ND1)

1st fermentation (2 days) 69 2 29
2nd fermentation (0 day) 80 ND 20
2nd fermentation (2 days) 31 ND 69
2nd fermentation (5 days) 35 ND 65

1)ND: not detected.

Table 4. Identification of yeast strains isolated from Takju

Fermentation (days) Identification1) of yeast strains No. of colonies

Seed mash (1 day) Saccharomyces cerevisiae 2
1st fermentation (2 days) Candida magnoliae 1

Saccharomyces cerevisiae 14
2nd fermentation (0 day) Saccharomyces cerevisiae 10
2nd fermentation (2 days) Candida magnoliae 1

Saccharomyces cerevisiae 34
2nd fermentation (5 days) Saccharomyces cerevisiae 34

1)Identification: identification on API 20 C AUX.
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����� �� ���� �� 24
��� ��� ��� 88%
���� ���, �� ��� 12% ���� gram positive,
oxidase negative ��� �� 24
 ��� 4.7%� �����,
gram negative, catalase positive ��� �� 24
�� 7% ��

�� ��� �����(Table 5). Table 6� ��� ����

� �� ��� �� ��� API ���� kit� ���� �
�� ��� ���� ��. 
� �� ����� Saccharo-
myces ��� �� Candida guilliermondii 1��� �����

, 1� �� �� ���� Saccharomyces cerevisiae ��� �
� ���� ���� 24
 �� ��� 90%� ���� �
��, ��� Candida magnoliae ��� Rhodotorula mucilagi-
nosa� �� � ���(2% ��) �����. ��� 2� ��

����� �� ��� Saccharomyces cerevisiae ��� 42�
�� ���� 84%� ���� ����, �� 24
���

Saccharomyces cerevisiae ��� 31��� ���� 77%� �
���� ��� Candida magnoliae ��� Candida utilis� �
�� �� � ���(2.3% ��) ��� ��� ��� 3��

���. ��� 
	��� �� ��� ���� � �� �
�� Saccharomyces � � Saccharomyces cerevisiae ��� �
�	�, Candida magnoliae �� ��� �� �� ����

	���� ������ ��� ��	�� ����� ��

�� ��� ���� �� ��� ��	�(Table 6).

� �

���� �� �
 ��� ��� 2� �� ���� ��

��� � �� �	� ��� ��� ��� ���� ��

� ���� �� �� �� ��� ��, pH, ����, ��

��� ��� �����, �� �	� ��� ���� ��,

�����. ��� 2� �� ������ ����� ���

�� �� 108 CFU/mL� ������, ����� ��� �
���� 8.3�108 CFU/mL, ����� 3.2�108 CFU/mL� �
����, ��� �� 2� �� ����� ����� ��

��� �� 106 CFU/mL� ������, ������ ��

��� 1.0�104 CFU/mL, ����� 1.7�107 CFU/mL� �
����. ����� ���� � ��� ����� 1� �

 ����� ��� ��� ��, ��� 2� ���� ��

��� micrococci� ���� ��� 80% ��� ��� 20%
������, ������ ��� 35% ��� ��� 65%
� ���� ���. ��� 2� ����� ��� ����

�� ������ 88%� ���� ���. API 20 C AUX
���� kit� ���� ��� �� �� ���� ��� �
� ��� �� �� Saccharomyces cerevisiae� �
�� �
�� ���, ����� �� ������ Candida magnoliae
� 	���� �����.

��� �

� ��� Biogreen 21 �� ����� 
��� ��� �
�� �� ��� ����.
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Table 5. Distribution(%) of microflora during the fermentation of Yakju

Identification of
strains

Fermentation
(days)

Gram positive, oxidase
negative, cocci

Gram negative, oxidase
negative, cocci

Gram negative, catalase
positive, rod

Yeast

Seed mash (1 day) 50 32 16 2
1st fermentation (0 day) 37.7 30.2 32.1 ND1)

1st fermentation (24 days) 8 ND ND 92
2nd fermentation (0 day) 12 ND ND 88
2nd fermentation (24 days) 4.7 ND 7 88.3

1)ND: not detected.

Table 6. Identification of yeast strains isolated from Yakju

Fermentation (days) Identification1) of yeast strains No. of colonies

Seed mash (1 day) Candida guilliermondii 1
1st fermentation (24 days) Candida magnoliae 1

Rhodotorula mucilaginosa 1
Saccharomyces cerevisiae 45

2nd fermentation (0 day) Candida magnoliae 1
Saccharomyces cerevisiae 42

2nd fermentation (24 days) Candida magnoliae 1
Candida utilis 1
Saccharomyces cerevisiae 31
unidentified strains 3

1)Identification: identification on API 20 C AUX.
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