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Effects of Monascus anka and Saccharomyces cerevisiae on wine brewing were investigated. Alcohol
dehydrogenase activity in cell-free extracts of M. anka was 56.89% as compared to 100% of S. cerevisiae.
Although initial fermentation was low, M. anka exhibited very similar fermentation pattern and ethanol
production to those of S. cerevisiae. Acidity and reducing sugar content of red wine produced by M. anka were
higher than those of S. cerevisiae-produced one. During fermentation, color value increased, whereas turbidity
decreased in both red wine. M. anka-produced wine showed higher color value than S. cerevisiae-produced one.
During fermentation, phenolic compounds known as antioxidants of red wine decreased. Total phenolic content
(1608.01 mg/L) of M. anka-produced red wine was significantly higher than that (1337.60 mg/L) of S. cerevisiae-
produced one (p < 0.05). These results suggest quality of red wine could be improved using M. anka.
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���� ������ ���� �� ���� ��� �
�� ���� ����� ����, �, ��, ����� �
� ���� ��� ��, ���� ��� ��� ��� �
�(1). ��� �� ���� �� ���	 ����� ��

�� �� ��� ��� ���� ��. Park(2)� Campbell
Early, Alden, Delaware, Steuben, Muscat Bailey, Golden
Queen, Tanored, Scheridan � 8�� ������ ��� ��

� Muscat Bailey� 
���� ���� �����, Byun(3)
� Campbell Early, Alden, Muscat Bailey� 	�� ����

Alden	 ���� �����. ��� Seibell, Niagara, Neo
Muscat, Campbell Early, Muscat Bailey �� 	�� Yoo �(4)
� ���� ���� ��� ����� ��� ���� �
	� ���� ���. Lee �(5,6)� Gerbong, Campbell Early,
Moru �� �� �� ���	 ��� ���� 	��� �
� � ���� �� ��� ���� �	� �����. �
��� �� ��� �� ��� ����� ���� Leu-
conostoc oenos� ������ ��(7)� ������, Koh
�(8)� Saccharomyces cerevisiae� Saccharomyces pombe� 	

����� ��� ����� ���� �	� �	�� �
��� ���. Kim �(9,10)� ��� ��� ��� ���

�� 	
��, xylitol �� � ���� ���� �����.
�� Lee �(11,12)� Sheridan ��� ���� ���� 	�

�	 ���� �	 ���� ��
 � ��� �����.
Monascus�� ���� �� ��� ���� ��� ��

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


��� ���� � ���� ����	 ���� ��(13).
�� ������� ��� ���(14), ��(15), ��(16) �
� ���� ��� 	�� ��� �� �� ��.
����� ��� ��� ���� �� Saccharomyces

cerevisiae� �� 
�� 
���, ���� alcohol dehydro-
genase(ADH) ���� ���� ��. ADH� �� � ���

����� �� ���� �� ���	 ���� ����.
��� � ����� �� ��� ��� 	� �� �� �
��(Monascus anka)� ADH ��� ����, 	� ����

��� ������ ���� 	�� ���� �� ���

� �����.

�� � ��

��� ���� ��

M. anka(IFO 32228)� S. cerevisiae(dry wine yeast)� ���
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�����
���� �� �� � ��� �����, ���

� � ��� ��� ��� Sigma(MO, USA) ��� 	��

��. ADH ��� Okamura �(17)� Choi �(18)� �	��

��� ���	 ����� ������, 1�� �� �
�

1 mg� �� ��� 0.01� ��� 1 unit�� �����. �,
�� 
��� �� 1 g� ��	 0.1 M phosphate buffer(pH
6.8) 10 mL� 
���� 20�� �	�	 
���� � ��


� ��
�� �����. ADH(E.C. 1.1.1.1) ��� ethanol
0.1 mL, NAD ��
(2 mg/mL) 0.5 mL, 0.01 M glycine-NaOH
buffer(pH 9.6) 1.8 mL, ��
 0.25 mL� ��	 �� � 340
nm��� ���� ���� ���	 �����.

��� ��

��� ��� ��� 2002� ��� ����� ��� �
�(Campbell Early, Vitis labruscana B.)��� 	�� ���	

��� ���� ��� � �� �
	� �	�	 ��
�

�����. �	� ��
� ��� 21oBrix� ��� ���

�, ���� ��� 
���� �� 0.01%(w/w)� potassium
metabisulfite� �����. ADH ��� ���	 �� �	�

� 0.02%(w/w)� ��� S. cerevisiae� M. anka� ���	

20oC�� 50�� ��� �����. ��	� ���� ��

�� �� �� 
���� ��� �����.

���� �� � � ���� ��

���� pH, ��, ��, �
�, ��� �� � � ���

�� Bae �(19-20)� �	� �� �����. ��� ���

1 mL� 10
� ���	 0.1 N NaOH ���� ����, 	
� tartaric acid� acetic acid� ���	 		� ���� ��

��� �����.

�� � �� ��

���� ���� � ���� �� �� ��� ����

��	 ���(Macbeth CE 3000, USA)� 	��	 ��� �
�� �����. ��� Hunter color value� L, a, b� ��

���, �� 
��� calibration�� L = 0.00, a = 0.02, b = −0.01
	���, ��� 660 nm��� ���� �����.

����

�� ��� 3
 ����, SPSS 11.0(Social Package of the
Science)� 	��	 ����(ANOVA)� Duncan� �����

�(Duncan’s multiple range test)	�� ���� �����. �
����� ���� ����� ��

��� �� �����.

�� � ��

���� ���� ��

S. cerevisiae� M. anka� ADH ��� ��� ��� Table
1� ��. ADH ��� �
� 1 mg� S. cerevisiae� 74.71
unit, M. anka� 42.50 unit�� ����. S. cerevisiae� ADH
��� 100%� ��� � M. anka� 56.89%� ����. �
�� ��� ��� �� �	� 1 kg� 0.02 g� S. cerevisiae
� �� M. anka� 0.35 g� ���	 ��� �����.

S. cerevisiae� M. anka� 	��	 ��� ���� ���


� Fig. 1� ��. ������ S. cerevisiae� M. anka� �
� �� 	��	 ���� �� 4� 	���� ��� �


� ����, ethanol ���� S. cerevisiae�� M. anka��

�� �� ����� ���	�� ���. Zohre �(21)�
Kloeckera apiculata� Candida pulcherrima� ��� ��� 	
�� ��, S. cerevisiae�� �� ���
� ���� 	��

S. cerevisiae� ���	 ��� ����� �� ��� �


� ������ ���.
Table 2� S. cerevisiae� M. anka� 	��	 ��� ���

� ���� ����	�. Ethanol ���� 74.71 unit� ADH
��� �� S. cerevisiae� 	�� ���� 11.09%(v/v), 42.5
unit� ADH ��� �� M. anka� 	�� ����

11.53%(v/v)� �����. Okamura �(17)� Pleurotus ostrea-
tus, Flammulina velutipes, Agaricus blazei� ��� 	��	

���� �����	 	�� ADH �� � ethanol ����

		 4.6 unit, 15.6 unit, 98.0 unit� 12.2%, 3.0%, 8.0%� ��

���. 	� �	 ��� �� � ADH ��� ethanol ��

�� �� ����� �	� ���. Zohre �(21)� S. cere-
visiae� 	�� ���� 12.56%(v/v)� Kloeckera apiculata
3.20%(v/v), Candida pulcherrima 3.73%(v/v)� �� �����

�� ethanol ���� ���. 	� � ������ ����

��� ��
� �� � ���� ���
� �	�� ��

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

� �	� ���(p < 0.05). M. anka� 	�� ���� S.

 
Table 1. Alcohol dehydrogenase activity of Saccharomyces cerevisiae
and Monascus anka

Activity
(unit/min/

mg, protein)

Relative
activity (%)

Adding amount 
in wine brewing 

(g/kg grape)

S. cerevisiae 74.71 100.00 0.20
M. anka 42.50 56.89 0.35

Activity is expressed in units per mg of protein. One unit of enzyme
activity is defined as the amount that increased 0.01 of the optical
density per min during the reaction.

Fig. 1. Fermentation rates by Saccharomyces cerevisiae and
Monascus anka.
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cerevisiae ���� �� pH� ��, ��� � ����� �
� ����. �
� ��� M. anka� 	�� ���� 2.39 g/
L� 1.85 g/L� S. cerevisiae ����� ����� �� ��

� �� ����� �	 
��� � � ���. Zohre �(21)
� Kloeckera apiculata� Candida pulcherrima� 	�� ���

� �
� ��	 		 146.53 g/L� 133.40 g/L� S. cerevisiae
��� 1.16 g/L�� ����� �� �	 �
�� �����.

� ���� ��

����� ��� ��	 ���� 	�� ��� ���

���� ��� ���� 
����� ����� ��� �

�(22-23). ��� ���� ��� �����	 ��
� �
�� ������ ����
 ���� � ��
� �� �
�� ���� ��� �����. ���� � ��
�� �
���	 copigmentation� �� ��
� ���� �����

� ����� ��	 ���� ��(6). � ����� Fig. 2
�� �	��	 ����	 ���� �� ����� ��

� �����. �� ����	 S. cerevisiae� 	�� ���

� 1643.07 mg/L, M. anka ���� 2000.47 mg/L�� �� 50
�	 ���� 		 1337.60 mg/L� 1608.01 mg/L� ����

�. 	�� M. anka� 	�� ���� S. cerevisiae�� ��

����� �	� �� ethanol ��	 ����� ����

� ����	 ���� ��� �	� ����� M. anka

�� �� ����� ���� ��� �	��.

�� � �� ��

S. cerevisiae� M. anka� 	��	 ��� ���� ���

�� �� ��� ��� ��� Table 3� ��. � ����

���� ���� ����� ��� 
��� ��� ��

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

��� ��� ���� ����� �� ������ ��

�� �
� ���. 	� ��� L, a, b�	 �������

���� ������ �� ����� ��� Lee �(6)�
��� �����.
���� � copigmentation� �� ����� ��� ��

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

Table 2. General composition of final wine products

Wine samples

Control S. cerevisiae M. anka

Ethanol %(v/v) 11.04�0.59a0 11.09�0.67a0 11.53�0.43a0
pH 3.35�0.01a 3.34�0.01a 3.25�0.01b

Total acidity (g/L as tartaric acid) 6.85�0.00b 7.49�0.22a 7.87�0.44a

Volatile acidity (g/L as acetic acid) 5.52�0.07b 05.79�0.43ab 6.09�0.00a

Reducing sugar (g/L) 1.73�0.02c 1.85�0.03b 2.39�0.04a

Means in the same row with different letters are significantly different by Duncan’s multiple range test (p<0.05).

Fig. 2. Changes of total phenolic content during wine
fermentation processing.

Table 3. Changes of Hunter color value and turbidity (660 nm) during wine fermentation processing

Samples Color
Fermentation time (day)

0 2 4 10 20 30 40 50

Control

L 4.94 2.26 2.17 17.37 18.21 29.20 36.79 29.14
a 10.050 4.51 3.75 22.75 30.88 32.21 43.59 42.45
b 3.12 1.21 1.14 09.72 10.20 15.59 15.77 15.60

Turbidity 1.56 2.20 2.32 00.65 00.61 00.32 00.23 00.23

S. cerevisiae

L 2.23 1.54 1.83 20.73 18.19 22.77 33.29 22.69
a 1.04 2.17 2.90 29.13 39.97 35.71 45.07 43.48
b 1.19 0.59 0.86 12.65 11.15 16.23 13.76 13.63

Turbidity 2.28 2.54 2.68 00.41 00.50 00.32 00.34 00.34

M. anka

L 5.52 2.23 1.64 21.90 15.48 20.48 21.10 20.04
a 10.580 4.41 2.45 33.07 39.14 44.21 52.85 49.15
b 3.46 1.19 0.69 13.46 09.78 12.63 13.19 12.57

Turbidity 1.56 2.05 2.53 00.29 00.54 00.36 00.30 00.33
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����, ���� ��, SO2 � 	� 
�� �� �
� �
��� ��(6). � ���� ��
�� ��� ���� �
��� ��� ���� ����� Table 4 � Fig. 3� ��.
M. anka� 	�� ���� S. cerevisiae�� ����� ��

����� ���� ���. ��� ��� ������ M.
anka� 	�� ���� S. cerevisiae�� ����� �� �
���(p < 0.05). Fig. 3���	 ����� �� �	�� �
�� ����� ����. ��� ���� � ����� �
� ����� ���, ���� �� ����� �����.
���� a�� � ����� Ya-value = −831.710 + 49.647 XTotal

phenolic content(mg/L)� ��� 98.7%� �� ���� ���. ��

��� L�� YL-value = 2189.978 − 32.841 XTotal phenolic content(mg/L)�

��� 72%, ���� b�� Yb-value = 2796.038 − 99.964 XTotal

phenolic content(mg/L)� ��� 74.6%� ���� ���(p<0.001).

� �

��� �� � ���� Saccharomyces cerevisiae(S. cerevi-
siae)� ��
 � �� ���� ���� ��� Monascus
anka��� �� ��� 	��	 ����� ���� 	�

��� �����. Monascus anka ��� alcohol dehydroge-
nase ���� S. cerevisiae� 100%� ��� � 56.89%� �
�����, �� �
� ���� S. cerevisiae�� ����

�� 4� 	���� ��� �
� ���� ��� ���

12% ��� ���� ����. Monascus anka ��� 	��

	 ��� ����� S. cerevisiae ����� �� pH� �
��� ��� �
� ��� ���. ��� ���� ��

����� ��� ���� ��� ������, Monascus
anka ��� 	�� ����� S. cerevisiae ������ 

� ��� �����. ���� ��� ��� ��� phenolic
compound� ��� ��� ���� �� ���� �
� �
��, ������ Monascus anka ��� 	�� ����

(1608.01 mg/L)� S. cerevisiae ����(1337.60 mg/L)�� ��

���(p < 0.05) �� ��� �����. ��� � ����

��� Monascus anka� 	�� ���� �� ���� ��
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