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Properties of Wine from Domestic Grape, Vitis labrusca cultivar.
Campbell’s Early, Fermented by

Carbonic Maceration Vinification Process
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Properties of wine produced from domestic grape, cultivar Campbell's Early, by carbonic maceration vinification
process (CM) were investigated. Process required whole grape clusters without crushing or destemming and no
yeast inoculation for fermentation. Fermentation heat was not generated. Yield of wine was 77%, close to that
obtained by conventional process, 76%. Acidities of CM wines, free run and pressed wines, and conventional
wine were pH 3.6 and 3.3, respectively. Tartaric acid contents of conventional, free run, and pressed wines were
1,813, 4,691, and 5,633 ppm, while those of malic acid were 3,446, 2,077, and 2,275 ppm, respectively. CM could
reduce malic acid content by 2/3 that of conventional process. Both processes gave almost equal amounts of citric
and acetic acids. CM wines had intense grape aroma and deep purple-blue, natural grape color.
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� �

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

� ��� �� ����. Yeast� ��� ��� ��� ��

���� Louis Pasteur(1857-1860)� ��(1) ���, ��� �
�� � yeast� ���� ������ ethanol� ���� �
� ��� ��(conventional vinification process)� �����

�	 ����� ����(2). � ��� Vitis vinifera��

Europe ����� ��� ���� ���� ���� Europe
����� � ���� ����(3). ��� ������ �
� ���� Campbell’s Early��� V. labrusca�� ���, �
�� �� ��� ���� ��� ���� ��� �� �

�, malic acid� 
� �� �� �� � �� ���� ��

� ��� �� ���� ��� 
�(4). ��� �����

��� ��� ����� ��� ���� ��� ����

��� 
���(5,6), ��� �� ��� ��� 	�� ��

�� 
�. �� ���� ���� ���� ���� ���

��� ��� �����. ��� ���� ��� ����

� ���� ���� �� ��� ��� ����� ���

� �� �� ���� �� ��� ��� �� ��� ��

��.
Carbonic maceration vinification process(�� CM�� ��)

� Beaujolais Nouveau style wine �� ���� �� �� �
� �	� ����� ��� ����� ���� ��� �
�� �� �� ��� ����� ���� ��� ���

(total acidity)(7)	 malic acid(8)� �	���� ��� �� �
�� ���� �� � � 
�. ��� Campbell’s Early��

���� ��� �
�� ������ �� ���� 
�

��� ����. � ��� �� �� ��� ���� ��

�� 
��(8) 	��� Beaujolais ����� �� ��� �
����� ���� ��(2). �� ���� ����� �	

� ����� �� V. labrusca�� ����� �� ����

��� ������ � ��� ��� �� ����(9), �
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���� ��� ��� ����(10,11) ��� ��� ��

��� 
�.
� ����� ��� Campbell’s Early ����� CM��

��� ���� ��� ��� ��� �� ���� ���

���	 ����� �����. CM� ���� �����

� free run wine� pressed wine�� ���� ��� �� �
����.

�� � ��

��

Saccharomyces cerevisiae� �����. ��� �� �� �
����� ���� ��� ��� Pasteur Red, Wy30��(The
Beverage People Co., USA)� �����, CM ������

��� ��� 71-B ��(Beaujolais�)� �����. � ��

� 2�	 malt-yeast extract broth� �� � ����� ���

��.

��

���� 
�	�� 2002� 9� �� ��� Campbell’s
Early ��� ��� ���� ��� �� ��	 CM ���

�����.

�� ��

��� ��(Conventional vinification process): �� 220 kg
� �� 1� �� � �
� ���� ��� ��� �� �
�	� 500 L�� stainless steel ���� ��, ���(dextrose
monohydrate)� ���� ��� 25%� ��� � potassium
metabisulfite� 100 ppm ����, �� �� 48�	 ��� 2 L
� Wy30 �� ��� ���� ���� �� �����. �
� � �� 2�� 
� �� 4�	 1� �� �, stainless steel
�� ��� ��� must� 20 L�� ��	� �� air lock�

��� ��� ��� ���� 2� ��� �����. 18
� � 1� racking���, 2��
� �� 2� racking���.
��� �� �� ���� 
� 5oC� 
�� 
�� �
 �
� ���� cold stabilization �� �� 3� racking�� ��

� ��� � � ��� ��� ����� ����.

CM ��(Carbonic maceration vinification process): ��

180 kg� �� 1� ��� � �� ��� ��� �� �
�

�� 
� ���� ��� 300 L�� stainless steel ����

�� 	��. ��� �� ��� ����� ���� ���

2�	� ����� 
 1�	 �� ��� ��� 
	� �
�� �� ��� ��� �����. ����� ���� �
	� ��� �� 71-B ��� �����(must) 15L� 1�	

��� �� ��� 	�� 	� ���� 
� �� ���

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

�. ����� �
 21oC �� 35oC� �����. 1�� �
��� ���� ���� ����� free run wine� ��

�, ��� �	�� press� �� �� �� �� �� 
�

���(pressed wine)� �����. Free run wine� pressed
wine� �� 20 L ��	� 	� � �����(air lock)� 

��� 
�� 	��� ��� �����. 3� ��� ��

����(air bubble)� ���� ���� 1� racking���. 3

�� � 2� racking���. �� ��� �� ���	 ���

� cold stabilization �� � �� �� 3� racking� � ��

	 �� �� ��� ��� ��� ����.

�� ��

���(Total acidity) ��� �� ��� tartaric acid �� �
�� �����. 95oC� ��� 		� 100 mL�, ��� 5
mL� �� � phenolphthalein ��(1% in methanol)� 5���

�����. ��� ������ burette� ���� 0.1 N
NaOH� �����. ��� �
��� 15� �� ��� �
���� NaOH �� ��� �, � �� 0.15� 
�� ��

�� ����(12). pH� pH meter� �����.

��� ��

���� 5,000 rpm�� ������ ���� ��� HPLC
(Hewlett Packard 110, USA)� ���� �����. Aminex
HPX-87H(Bio-Rad, 300 mm�7.8 mm) column� �����. �
����� 0.005 M H2SO4� 0.6 mL/min� ��� �� UV
detector� 210 nm�� �����.

Alcohol �� ��

��� 100 mL� 		, ���� 50 mL ��� 		�� 

� � ��� 		�� ���� 100 mL� �� ��� � �
����� ��� ��� �����(7).

���

��� ���� ���� 	� ��� ���� �� ��

�� �� 
�, ��� ��� ��� ���� ��� ��

��� 1� �� � ���� free run wine�� ���� �
� 
��� 	��	 	�� pressed wine� 
��� ��

free run wine� ����. �� ���� ������� �
����� ��� conventional wine�� ��� �����

�� ���. CM ������ ���� �� �	� ���

�� ����� �� � free run wine� ��� ��� ��

�� ���� ��� �� �� �� �� 
��� 	��

�� ���. �� pressed wine�� ���. CM�� free run
wine� pressed wine� ��� ���� � ����� ���

�� ���� ������, ��� ��� �����. CM
wine� � ��� ��� ��� ���.
�� ���� ���� ��� 2002�� 	�� Beaujolais

Nouveau wine� �� ����� ����� �� B-wine��

�����.

����

�� Campbell’s Early ���� ��� conventional wine,
free run wine, pressed wine� 3�	 ���� �� �� ��

��� ����� �����. ���� �� ���� ��

� ��� � �� ��� ��� �� ��� ���� �
sample� ��� ���. ����� �	� ���� ���

� ��� ���� ���� 	��� ��(red color and
brightness)� �����, ��(aroma)� �����, ��� �
(taste)� ����� �� 15� ���� �� �� ����

��� �����. ��� 10�� panel� ������, 3�

� �����. ���� sample�� ���� 4	� 
��

� ��� �� ��� ��� ��� �� ��� ��� 
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� ��� ���� �� ��� ���� �� 15 cm� ��

� ���� ���. �� � ��� �� ������ ��

��� ��� �����. ����� Statistical Analysis System
(SAS) package� ���� ����(ANOVA)� �����,
Duncan’s multiple range test� sample 	� �� ��� ��

���. B-wine� ���� �� ��� �
 ��� Campbell’s
Early ��� ���	 ���� �� �
�� ���� ��

���.

�� � ��

Carbonic maceration vinification process� �� 	����

����, ���	� ��, ���� ��� Beaujolais Nou-
veau-style wine� ���� ���� ����(9) ��� ��

� ���� �� ��� ���� �� ��(13). � ���


 �� �
� �� �� 
�. � �
� 
	 �� ���

����� ���(10), total antioxidant activity� ��(11). �
� yeast� ���� ��� ��� ���� ���� �� �
�� ��� ��� �� �� �� �� ethanol� 	�(8), 

� �� ��� ���� �� ��� ���(9,13) ��� �
�� ��� ��� ����� ��, �� �	� �����

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

� ��� ��(8). ��� ����� malic acid� 
�� �
	���� ���� 
� ��� �� ��� ��� �� �
� 
�� ��(8). �� ���� �� �� ��� ��� �
����� � ��� �����. �� �� Campbell’s Early
��� ����� �	 �� ��� ������ �����.

��� ���

��� ������ ���� 220 kg�� 160 L� ����

�����. � ���� 76%� ��� ��� 
��. CM�

�� ��� ��� ���� �� 90 L� free run wine� �
��� � ��
� �� �	�� press� �� �� 50 L�
pressed wine� 
��. �� 140 L��� �� �� 180 kg�
� ����
 77%� ��� ��� 
��. ��� ����

yeast �� � 3��� ���� ���� ����� 20oC �
��� 30oC� ���� ���� ��� ��� � 
���

CM� ���� ��� 20oC ���� ����� 35oC��

������ ���� ��� ��� �� ��� 	� ��

� �� ���. ��� �� CM��� ��� ������

��(8)	 �����. ��� ��� ��� ������ �
�� �� ���� � �� 30oC ���� ���	 yeast�
��� 
���� ���	 yeast� ��� ���� stuck
ferment��� ����� �� ����� ��� ���
�

���� ��(14). ��� CM��� ��� 	� ���� �
� �	 �� �
� �� ���� �
� � �
�� 
�

� � 
�. Conventional wine� ��� 76%���, CM��

� 77%� ��� 
� � �� 	� �� ��� ���. �
� yeast� ��� ��� ��� ���� ���� ��� �

�� ��� ����(8). ���������� ��� ��

� ��� ��� �� ����� �� ��� CM�� ��

�� ��� ����� ��� ���� �� ��� CM �
��� �
� ��� ��� 
�� �� 
� �� �� �
���(8). ��� ��� ���� ����� �� ��	 �
�� ��� �� ��.

��� � pH
���� pH 3.2�� 3.3� �����. pH 3.6 ���	 


	 �� ��� ��� ���� ��, ��� pH 3.2 ���

	 ���� ��� ��� ��(7). � ���� pH� ���

�� conventional wine� pH 3.3�
 ��� CM wine� free
run wine� pressed wine� �� pH 3.6�� ���. B-wine�
pH 3.4���(Table 1). �� CM� ���� pH� ����

Fig. 1. The vinification processes of wines.

(a) Conventional vinification

(b) CM (carbonic maceration) vinification
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��	 ����(8). ��� CM wine�� pH 3.6� ����

�� �� ��� ��� 
�� ��(Table 3) ��� �	�

�� �� ��� � ��� ����. ���� conventional
method� ��� ��� Campbell’s Early ��� ���� pH
� 
� �� ��� ������, ��� CM��� pH�
���� ��� ���� CM wine� �� ��� ��� �
�� ����. ���� conventional wine� 0.79%��, ��

��� free run wine� 0.82%, pressed wine� 0.79%���

(Table 2). � ���� conventional wine� CM wine�� ��

0.79% �������, CM� ���� 
����� ��(6)
	� ��� 
��. ����� ���� ���� 0.6%��

0.65%� ����(5)� ���� �����. �	� B-wine�
0.66%� ����� �� ����(Table 1). �	 �� ���

Campbell’s Early ���� ���� �� �� ��� ���

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

(2). ����� �� �� ���� 0.6�� 0.8� ��� �
��� �� 
�(15). �� Campbell’s Early ��� ����

��� 
 0.85%� ��� ���, �	� ��� 15% ��

� �� 
�(4). ��� �� Campbell’s Early� �� ���

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

� �� 	 ���� �� ���� ���� ��� ���

�� � �� � ���� �� � ��� ���� ��� �
��� 
�� ���� ��(14,16) ���� ��� ���

�� �	�� �����. � ���� potassium bicarbonate
� ���� tartaric acid� ����� ��� �� 
�,
calcium carbonate� ���� “double salt precipitation” ���

� tartaric acid	 malic acid� ��� ���� ���� ��

�� 
� � � 
�(13). ����� malolactic fermentation
� �	 ����� ����(3) ������� �� ���

�
� ����� � �	� ��� ����� ��� ��

��.

��� ��

���� ���� ���� ���� � ����. ��

tartaric acid, malic acid ��� citric acid� ���� ����

����.
Tartaric acid� conventional wine� 1,813 ppm��, Park �

(4)� ��	 �� �����. CM wine� ��� ���. �
free run wine� 4,691 ppm��, pressed wine� 5,633 ppm��

�. Conventional wine� CM wine�� ��� 
� �� ��

� 
���� 
��� ��� ��� ��� ��� ���

�. CM wine�� tartaric acid� 
�� �� ��� ����

� � ����. ��� B-wine� 5,578 ppm��, CM wine�
��� 
�� ���(Fig. 2).

Malic acid� ���� �� ��� ���� ��� �	�

�. ��� ��� ��� �� ���� malolactic fermentation
� ���� ���� �� malic acid� �	��� �� �
� ��� ����(3). ��� CM�� ���� ���	, �
� ��� malolactic fermentation ��� ��� ��� malic
acid� 
�� ����� �	��� ��(8). ��� � ��

�� conventional wine�� malic acid� 
�� 3,446 ppm�
�� ��� CM wine� �� 
��. � free run wine�
2,077 ppm��, pressed wine� 2,275 ppm���(Fig. 2). ��

�� ��� �����. B-wine� malic acid 
�� 1,980
ppm��(Fig. 2), � ��� CM wine� ��� �����. �
� ���� ������ malolactic fermentation� ����

��� ��� �� �� ��� ���� 
�. ��� ��

wine� ��� ��� �� ��� ���� malic acid� 

� �	� �� ����� � ��� �� �� ����. CM
�� malic acid� 
�� �	�� �� 	�� �� �� �
��� ����, ��� malic acid� ���� �� � � 

� ���� ����.

Citric acid� ���� tartaric acid� malic acid� ��� �
���� 
�� 
��� ��� ���� �� �� ���

��� �� ��� ����. � ���� conventional wine
� 1,880 ppm��, CM wine�� �	 ��� �����. �
free run wine� 2,011 ppm���� pressed wine� 1,266 ppm
���(Fig. 2). ��� CM� citric acid� 
�� �� 
��

�� ��� ����.
Acetic acid� ������ 	�� ����� ����. �

�� Acetobacter spp.� ��� �� �� �� ���� ��

�� ��� ��� ��� ��(3). � ����� acetic acid
� 
�� conventional wine� CM wine�� �� 
��. �
conventional wine� 281 ppm���, free run wine� 411 ppm
���, pressed wine� 350 ppm���. �
 ���� ���

acetic acid� 
�� �� 
� �� ��� ��� ����

��� ��� ����. �� ��� B wine� 3 ppm�� �

Table 1. Total acidity and pH of conventional and CM wines

Wine Total acidity (%) pH

Conventional wine 0.79 3.3
Free run wine 0.82 3.6
Pressed wine 0.79 3.6
B-wine 0.66 3.4

Table 2. Amount of alcohol and acetic acid in conventional and
CM wines

Wine Alcohol (%) Acetic acid (ppm)

Conventional wine 14.3 281
Free run wine 6.5 411
Pressed wine 8.1 350
B-wine 12.0 3

Fig. 2. Concentrations of organic acids in wines.
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� ���� ���(Table 2).

Alcohol ��

Alcohol� must� � 
�� ����. � �
��� � 

�� ����� 51.1%, ���� 59.0%� alcohol� 	���

(13). ���� ��� alcohol ��� 11%�� 13%��. ��

� alcohol��� 11% ��� ��	 ��� ��� 24% �
�� ��� ��
, �� Campbell’s Early� �� � ���

15% ��(4) ���, 
�� ���� ��� ����� ��.
� ���� conventional wine �� � must� 
�� ��

�� 25%� �
����� alcohol ��� 14.3%�
 ���

CM��� ��� �
�� ����� ����� alcohol �
�� 
��. � free run wine� 6.5%���, pressed wine�
8.1%���(Table 2). B-wine� 12%���. �� �� ���

� 
�� 24%������ 
� � 
�� �
���� �
���. ��� CM��� �� ���� alcohol ��� �


�� ��� ����.

����

	� ����� pressed wine� conventional wine� free
run wine�� ����� ��� ���� � � ���. ��

(Brightness)� conventional wine� CM wine� pressed wine�
free rune wine �� ��� ���. ����� ��� ��

conventional wine�� free run wine � pressed wine� ���

�, ���� ���� ���. ��� alcohol�� conventional
wine� ���� ���. �	� �� �� free run wine �
pressed wine� conventional wine�� ���. ����	 ��

� conventional wine� free run wine � pressed wine�� �
��(Fig. 3A, Table 4). ���� ��, ��, ��� conven-
tional wine� free run wine � pressed wine�� ���, ��

�, �� �, �� � ����� conventional wine� free run
wine � pressed wine ��� ��� ��� � � 
��(Fig.
3B, Table 3).
����(Table 3)�� CM wine� ���� ��� ��, �

��� conventional wine� 11.22��� pressed wine� free
run wine� 6.39	 5.86���. �� conventional wine�� CM
wine� ��� �� ����� �� ����. �� conven-
tional wine� 	���
 ��� CM wine� free run wine�
pressed wine �� �� ���� �� ��� ���� ��

�����. �� ���� ��	 ��� 
���� ���

��. � conventional wine� pH 3.3���� free run�
pressed wine� �� pH 3.6�� ���(Table 2). pH	 ���

� ��� ���� free run wine� 10% citric acid� ���

� pH� 
� �� �
� ��� 	��	� pH 2.8���

��� 	� ��� ����. ��� CM wine� �� ��

� ���� 	� ������ ����� ����� ��

�
� � �� ����� ����. ��� �
� ����

���� ���� ��� 
��� � �� 	�� � 
�

�� �� ���� � ���.
��(Aroma) ���� ��� ��	 ���� pressed wine

� free run wine� �� conventional wine� 
��. ��

CM�� �	 � �� ��� �� ������� ����.
�	� ��� ��, �� �� � � ����� conventional
wine� �� pressed wine� free run wine� 
��. �� con-
ventional wine�� alcohol 
�� ��(Table 2), yeast� ��

����, ��� 
�� �(Table 2)� ��� 
�� ���

�(Fig. 3A, Table 3).
�(Taste) ���� conventional wine� ��� ���� free

run wine � pressed wine �� ��� �� ��� ���. �

Fig. 3. QDA diagram of sensory quality of wine.
A: Aroma, B: Taste.

Table 3. Sensory evaluation of flavor in conventional and CM
wines

Conventional Pressed Free run

Red color 7.6154 8.2923 7.6654
Brightness1) a11.2269a0 a6.3923b a5.8654b

Aroma
Sweet 6.3192 7.7038 7.4846
Alcoholic1) a8.6615a 6.4192b a6.5923b

Grape 6.9269 7.5346 8.3769
Fruity 7.0154 7.4923 7.8885
Yeasty2) a6.6923a a,b5.6000a,b a,b5.2423a,b

Acidic1) a7.8846a a5.9115b a5.8615b

Taste
Sweet 6.0769 5.2731 5.1423
Bitter 7.2423 6.2346 6.8577
Astringent 7.6154 7.3308 7.5192
Grape 7.1385 6.4923 6.8654
Fruity 6.1423 5.9462 6.7808
Acidic 8.2846 7.1692 6.5769

Preference 6.1846 6.9077 6.4538
1)p<0.01, 2)p<0.05.
Different superscripts are significant in the same row.
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�� ������� ��� �� ��� ����, ����

�
� ����� ��(9). �
�� 
 3%� tannin� �


�� 
��� �� 	� �
� ���� ��	 ���� �
�� ��� � ��� �� �� ���(8). 	�� ��	�

�� 
�� �
� �� �� �	� 	��� ��� ��

��. ��� ��	��� �
�	 ��� �
� ����.
CM��� ����� �� ���� ��� �� 	� ��

���� �� ��� �� �� 	�� ��� 
�. � ��

��� �
� ���� ��, ���� 	� CM �����

� ��� ��� 	�� ��� conventional wine�� CM
wine�� 
��(Fig. 3B, Table 3). Baldy(2)	 Jackisch(12)�
����� �	 ��� ��� ��� 
�.
���(Preference)	��� conventional wine� 6.18��

pressed wine� 6.90, free run wine 6.45�� �	� ���

CM wine� ���� ��� ��
�(Table 3).
�	 �� carbonic maceration vinification process� 	��

���� ��� ��� �� �� 	�� ��� � ���

��� ����.

� �

��� Campbell’s Early �� ��� ���� carbonic
maceration vinification process ���� ��� ���� ��

� ���� � ��� ���. � ��� �	� �����

������ �� ��	 �
 �� ��� �����. ��

� �� yeast� ���� ��� ��� 77%� ��� ��

� �� 76%�� ��� ���. ������ ���� ��

�� ���. CM ���� pH� 3.6�� ��� ���� 3.3
�� ���. ���� 0.79%� ��� ���	 ��� ��

�. Tartaric acid� ��� ���� 1,813 ppm�
 ��� CM
�� ��� free run wine� 4,691 ppm�� pressed wine�
5,633 ppm�� CM wine� ����, malic acid� ��� ��

��� 3,446 ppm� ��� free run wine� pressed wine� �
� 2,077 ppm� 2,275 ppm�� ��� ���� 
 2/3 ���

� 
��. Citric acid	 acetic acid� �� ��� ���	 �
� �����. Alcohol ��� free run wine� 6.5%���,
pressed wine� 8.1%� 
� ����. ��� ������ �
� ������ ���� �� ���. � ����� ���

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