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Wine and cider vinegars were experimentally manufactured from commercial grape and apple juices,
and differences in fatty acid components were analyzed among fermentation stages. Following alcoholic
fermentation of Bailey A (a grape variety for red wine) juice, the increase in the proportions of palmitic and
stearic acids was found to be accompanied by relative decreases in those of linoleic and linolenic acids.
Reversed phase HPLC analysis showed a notable increase in a peak corresponding to oleic acid during acetic
acid fermentation, although changes in fatty acid components were slight compared with those during
alcoholic fermentation. In the case of Koshu (a grape variety for white wine), no significant difference was
observed in fatty acid composition between the juice and its fermenting liquid (wine). However, after acetic
acid fermentation, the vinegar produced had a fatty acid composition that was qualitatively and quan-
titatively similar to that of Bailey A. During alcoholic fermentation of apple (Delicious variety) juice, an
increase in oleic acid and a decrease in linoleic acid were observed, followed by increases in palmitic and
stearic acids after acetic acid fermentation, similar to changes observed during wine vinegar manufacturing.
Thus, we found that juices with characteristic fatty acids produce vinegars with roughly corresponding
compositions. Moreover, capillary-GC analysis of fatty acid methyl esters showed that cis-vaccenic acid (an
oleic acid isomer) originating from acetic acid bacteria can be transferred into vinegars made by the acetic
acid fermentation process. cis-Vaccenic acid was also detected in ten varieties of commercial wine and cider
vinegars with cis-vaccenic acid/(cleic and cis-vaccenic acids) ratios of 0.07-0.59.
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Table 1 Fatty acid composition (%) of commercial grape and apple juices
used for vinegar production analyzed by reversed phase HPLC
Grape
Fatty acid Apple
Bailey A Koshu Kivomi*®

Cis.0 (Palmitic acid) 19.7 39.3 28.8 24.1
Cis:1 (Palmitoleic acid) 0.1 13.5 1.0 2.1
Cis:o (Stearic acid) 2.7 11.5 2.3 4.7
Cis.1 (Oleic acid) 13.5 19.8 7.0 23.4
Cis.» (Linoleic acid) 40.4 7.3 46.9 41.4
Cis.3 (Linolenic acid) 22.0 6.7 13.4 2.6
Cu .o (Arachidic acid) 0.6 g2, 0.6 1

SFA/UFA 0.32 111 0.46 0.44

*Obtained by free-run after crushing kivomi grape berries.

SFA and UFA indicate saturated- and unsaturated fatty acids, respectively.
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Fig.1 Changes in fatty acid components during wine

and cider vinegar manufacture
A, Bailey A ; B, Koshu ; C, Delicious apple.
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Fig. 2 Capillary GC profiles of fatty acids in juice,

wine and vinegar made from Bailey A berries
Fatty acid methyl esters were prepared from total lipids
extracted from juice, wine and vinegar made from
Bailey A berries. GC analysis was conducted using
Hitachi 3000 gas chromatograph provided with a flame
ionization detector and a fused silica open tubular
column, CP-Sil 88 (0.25mm id.xXb50m, GL Science Inc,
Tokyo). Column temperature was increased from 80°C
to 160°C at 10°C/min and then to 200°C at 2°C/min. A,
juice ; B, wine ; C, vinegar. Peak numbers (1-8) shown in
the chromatograms indicate palmitic, 4’-hexadecenic,
A%hexadecenic (palmitoleic), stearic, oleic, cis-vaccenic,
linoleic and linolenic acids, respectively.
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Table 2 Ratios of cis-vaccenic acid to oleic and cis-vaccenic acids, and total fatty acid concentration

in commercial cider and wine vinegars

Cider vinegar

White wine vinegar

Domestic USA [taly France Germany
A B 2 E F G H [ dJ
Cis:1"(Cia: *+Cre- i) 0.17 0.19 0.59 0.35 0.38 0.19 0.20 0.07 0.47 0.11
Total acyls™ (nmol/100 ml) 58 61 82 90 102 355 171 268 99

*Cited by references 4 and 7.

Cis.i'" and Cys.," indicate cis-vaccenic acid and oleic acid, respectively.
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