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Abstract

We produced the apple vinegar with only apple fruits, no adding sugar and others through two
stages fermentation(alcohol fermentation and acetic acid fermentation). At the first stage, apple wine
contained 5% alcohol was produced at the 5th day. And through the second stage, acetic acid fer—
mentation, apple vinegars of which total acidity is 5.88% were produced. In comparision with com-
mercial vinegars for physicochemical quality, it was the lowest in total acidity. But contents of oxalic,
tartaric, malic, citric, suceinic acid in it were higher than other vinegars. Especially the content of
malic acid in it was higher 5 times than other vinegars. Malic acid was known that it was abundant
in apple fruits. Also the contents of free amino acids were distinctly high such as 21.97mg% in two
stages fermented apple vingars. Potassium content in it was higher 4 times than other vinegars. So
it was supposed that two stages fermented vinegar had much higher quality than commercial vinegars.
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Fig. 1. Changes of sugar concentration and alcohol con-
tent during alcohol fermentation of apple fruits.
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Fig. 2. Changes of acidity and pH during acetic acid
fermentation of apple fruits.
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Table 1. Sugar concentration, alcohol content, pH and
acidity in apple vinegars

Physiochemical Samples

properties Al B C D E
Sugar conc.(’Brix) 50 50 69 106 64
Alcohol(%) - 030 070 023 050
pH 314 242 271 246 268
Acidity(%6) 5838 711 678 1413 642

YA was apple vinegar by two stages fermentation.
B, C, D, E are commercial apple vinegars.
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Table 2. Comparision of colors and turbidity in apple

vinegars
Phys_ioche— Samples
mical D
properties A B C D E
L 7263 9868 9600  96.23 90.21
a -036 -08 -34 =303 -194
b +30.15 +631 +2268 +2251 +459%0
4E 40.69 6.49 2326 2303 4693

Turbidity 0198 0018 002 0011 0009

Y Abbreviations are the same as in Table 1.

Table 3. Contents of organic acid in apple vinegars

(mg%)
. . Samples
Organic acids m
A B C D E

Oxalic acid 64.8 335 28.1 236 234
Tartaric acid 383 - 217 - 131
Malic acid 4271 83.2 37.2 368 123
Lactic acid 421 2297 1260 2249 1973
Acetic acid 46017 57584 16744 107394 13%3
Citric acid 89.9 86 59 6.4 95

Succinic acid 67.8 420 85 520 174

Y Abbreviations are the same as in Table 1.

zZtol & ik wlebA malic acid®] ko2 He A}
Az FHE A IS S A 02 A%
o] 7 7l o2 A7t &, malic acid®] o] =
SFE AL Holgko] B2 Ao® AAH) Lac-
tic acid®] & 421~229Tmg% 2 25HA L E o o
g AR FlA 71 dokoh Al AlekA) 2ol A lactic
acid®] §hsko] A Yehd Z-& Alx0] A4t 4 B]FE&
a8 HA7LEY] AME el Ao AE) Leest
Choi(2)ol] wt2w Alrte] 5 {714 £ 22 malic,
citric acid”} .25 ¢l.2 5, Jo(16)%= malic acid &=
Sl Al E F AR 2l A P Eow o FEgS
2302~2.466%2 ¥ 33tk weba] o] 3 Almpa] 29
EFAANRE 723 o AAEL e}AEe] ¥])3)] malic
acid¢} citric acid ¥=Fo] A sHA Foho}.

Fralofo| it

Table 4014 f-8]olv] x4t ek 1.64~21.97mg%
2,254 H A ofs] Az AAFe] M =sheH,
B, C, EAl &9 A% frelolvul x4t ghaFo] 45mg% o]
312 A A s}A skoh Moon 5(17)& A bl 2.9
] o}ul At geko] 17.87~2064mg% el 2Etclw B
zstgdont, B AFolA AAET DAZS A9stn
£ Z Fol7t oot mE obul st 246 9lojAlx
A &2} FFeoll whe} 2po] 7} 9lol A, AR Eoll A= tyr-
osine®], B, C, DAl &l A& aspartic acid”}, EA] &
A& cystine®] geko] gk},

A Zzoll 59 ol Al gHeko Az o] EFol

=

aet 2 Aol 7} glelAl, Bol & A 29] A S

Table 4. Contents of free amino acid in various apple

vinegar (ug/ml)
. . Samples
Amino acids D
A B C D E

Aspartic acid 51 82 52 675 ND
Threonine 9.7 31 1.1 101 35
Serine 123 29 15 116 42
Glutamic acid 228 65 - - -
Glycine 85 1.8 1.0 6.2 1.5
Alanine 323 39 1.8 19.1 35
Valine 179 39 1.0 158 1.4
Cystine - - - 45 53
Methionine 6.0 1.2 - 3.1 -
Isoleucine 152 24 06 13.0 05
Leucine 26.2 4.6 0.6 160 09
Tyrosine 598 23 36 154 -
Phenylalanine 39 2.7 - 4.0 -
Total 219.7 435 164 1863 208

Y Abbreviations are the same as in Table 1.
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Table 5. Contents of mineral in various apple vinegars

(ppm)
. Samples
Minerals 5
A B cC D E
Cu 040 115 0.40 0.10 022
Fe 201  3.68 3.15 121 0.84
K 43689 9451 10659 11962 12920
Na - 1092 3276 1.01 2.45
U Abbreviations are the same as in Table 1.
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