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Abstract

This study was conducted to develop a high-acidity vinegar production (over TA 10%) technology using grape
juice to reduce the importation of high-acidity vinegar. The manufacturing condition’s effect on the quality of high-acidity
vinegar using pure grape juice without the addition of other nufrients for fermentation was investigated. Twelve
percent acidity in vinegar was obtained from grape wine with 6% alcohol content. The acetic-acid yield from grape
wine decreased when the wine’s initial alcohol content was high, which extended the induction time. The pH value
was similar in all the treatment groups. The sugar content of the 1st-stage fermentation (1st AAF) was proportional
to the initial alcohol content whereas in the 2nd-stage fermentation (2nd AAF), the sugar content was highest in
the 6%-alcohol treatment. The major organic acids of the high-acidity grape vinegar included tartaric acid, malic
acid, and citric acid. The acid content of the high-acidity initial alcohol group was higher than that of the low-acidity
initial alcohol group due to the alcohol content added by the fed-batch and acetic-acid yield difference. The ethyl
alcohol content was 364~6,091 ppm (the main alcohol while the others had only traces in all the groups). In conclusion,
it was possible to manufacture 12% high-acidity vinegar without the addition of an external nutrient source to grape
wine containing 6% initial alcohol content. Finally, a complementary study will be required to shorten the fermentation
period through the fed-batch-style addition of alcohol for the purpose of industrialization.
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ATHE-8). o] g A5 VYEhe A Ed & UE
29l E2 & resveratrol©] .21, o] 2]o|| %= phenolic acid,
catechin, flavonoid, proanthocyanidin 5-©] T}FalA| )3t
tH9). A xE AF9] S EYFE s A, TaIH
oA AGE =5 W) 4lnkE 7R e dlEAQ] dEs
Folth10). 53] =S 98E A WA Az ojg
glo} o5 ZHu AW EAHERA didele JoRT AR
gom 1 3k} gto] uff- Solate] x| § A xR Fol
AREE I AL, =W A A2 20099 VEo R
T2 % 389%, AL & 32.5%, FEH E 21.4%, T84
% 70%, 718t 6% = WERk o 117 ol] gk AH]A} Q14 o]
EoHA wid U F FE M Hg 2 Zof gk 2]
7} 7kt e FAlolth12). A% Abwe] EFo uel
4~5%2] AAE, 6~7%2] IR, 12~14%<] 28] A=
2 18~19% 3ul] A 22 Ve 4 glom ke ALt
T 10% °©)’hHe] AF oln|-olF s B AZE HEeR
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ARREA] a1 o FEEO R 29 g o

T Az Az 21E 2AIA ST

AEME o AT

B Aol AHE 2k F5(72°Brix) 2 (F)FHl 423
A FAIY oA Al g ol WA Haste] 3o ALg-st
Aok AFAFAR)NA LEA ] $58 dZLUE A7
Saccharomyces cerevisiae Fermivin(DSM Food Specialties,
Seclin, France)< £}2171 F2]o{Wine Kit Korea Co., LTD.,
Seoul, Korea)ol| A T-13}9t}. ZARtS Acetobacter ponorum
KJY 8(KCTC 10173BP)< aAuj =] ol A 30°C, 48413+ Alth
Hj ket - 4CoA WA ASAA ARRSHI

FRE IEFEd2 [0°Brix® 3]A8le] 121°Col|A 15
2 A7 TS ER 002%(wiv)E FFste] 3Feu)ek
7](HB-103-2H, Hanbaek Scientific Co., Bucheon, Korea)©l|
A 30T, 24r7bE<t ARG AA AEF] 5%viv)E
AHESIA AL, AR AMRE T2E XE 43S UE
NS A T 5%= 5|48 = A pomorum KIY 8%
AFste] 30Tl A 250 pm o= wHFsle] 5U7F vj Al A
Az 10%(v/v)E AHE-3ETH

[¢]

IC LIS gl M=
1 @A 22850 Algd 458 Wg AL 20°BrixE
A = FEHdo| FRE 5%(viv)HER] ]l

(HB-103-2H, Hanbaek Scientific Co., Bucheon, Korea)©l| 4]
30T, 59 Bt AAF AR oA, e XA A2E
A f7H] A7HE dEE Tg IS 30°BrixE 48 ¥
T sFdd FRE 5%(vivA Tt A7k 2e e
2 Axujek AJA LE FE F 10,000 ppmOE 55 F<t
Arlde] A7 s 745 AHEsk] g 3 20%
R =% wAystel Agad

HHE(19)¢} 2e v o7 othA Wgof o3k uAte F
E=A2E AzEt 19 2t Ee e 928 3E

10%(v}v) 353} Jar-fermentor(KF-5 L, Kobiotech Co.,
Seoul, Korea)ol| 4] 30°C, 500 rpm, 37| ¥ % 0.5 L/min=
AN GG 29 AR E 19 AP g ] A Ak
=7t 6AIZE B Hst gle AIERE s 43S U8
HS 7 o2 HubeliA] ARAETL 12%¢ =2dte
A7RA] 8= ] o ofu] H7bEE 197 TR iy
A Ao dRE G 02%7F HIHE =S dH T
S 8T dato] e FAE e G g
FHW), 27| ZAPEFNIAAF), 19A ZHd & (1st
AAF), 297 240 E9(2nd AAF)C.2 3] 43}
[e=]

AN

on

o ¥ LIS

Y= digital refractometer(PR-101, Atago Co., LTD.,
Tokyo, Japan)E AH&-dto] Sttt ¢ TS A=
100 mLe S/ ths FHAE ol &dto] 343 @<
Gay Lussac tableZ Z4Fste] 4F&Esk3itt

HyMz % pH

A== A8 1 mLoll 1% phenolphthalein A A] <F-&-

2~34-g "ol v 0.1 N NaOHZ 53} 23sl] ¥=
v

FEd D G 2 47 $E AL artaric acid® 4t
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Stelal, IAtE AP E N S daud 43S 3 2
AP FNL acetic acid(%)Z  FH4tsI Tt pH= pH
meter(Metrohm 691, Metrohm UK Ltd., Herisau, Switzerland)
2 A S8k

M

A} = = UV-visible spectrophotometer(UV-1601, Shimazu
Co., Kyoto, Japan)E ©]-8-3}o] Hunter scaleol] &|3F W=
O, A= @ 5 FH= ()2 HErleH, ofu) tha
= $5F9 (L=100.00, a=0.02, b=-0.10)2 A}-&3}31t}.

71t et

F71AHe A| B2 Sep-pak Cg cartridgeol] B3A17] ThL,
0.45 um membrane filter2 ©J32}3}] high performance liquid
chromatography(Waters 1515, Waters Co., Ltd., Milford,
MA, USA)E EA3a9th19). f714F B4 column
Atlantis™ dC 5(3.9%150 mm, Waters Co.), mobile phase:
20 mM NaH,PO,(pH 2.7)& A}&3}91 1L flow rate= 1.0
mL/min, injection volume< 20 uL, detector= UV(Waters
2487, 210 nm)E AM&-3}3 T

N g 432 24 T E NS membrane filter(pore size
0.45 pm, Advantec MFS, Japan)@ ©]3}3+ 3, o 2}l & gas
chromatography(Hewlett packard 5980, Palo Alto, CA, USA)
£ o83t AT ¥4 column HP-INNOWAX
capillary column(30 mx0.25 mm>0.5 ym, Agilent, MA, USA)
E A3, oven?] 2EZ 2L 40T 287 #
A8 T 3 2TCH 130C7H] 524171 F 133 HER]
t}. Injection ¥ detector ==+ 2HzF 250 2 260C, split
ratio= 10:1, flow ratex= 1.0 mL/min, carrier gas©= N,
detector= flame ionization detector(FID)E A}-&-3}%1

SAHAzE

BE ARE 33 whEete] 34 Fd I EEUAE
Uehllon zb dddate] thak A4 2 SPSS(18.0,
SPSS Inc., Chicago, IL, USA) B4 T2 135 o] &3} th
(p<0.05). FEolA LA BAHEAHS Aldstn
Duncan’s multiple range testZ 2} A& 2] Hx] ko]
Fo7 o)z Az,

314 A22A A1ZE (2015)

EE 559 ¥ AnS wado ZISY

X ghgo] w2 AT A RE AF3] Yl I =
595 20 B 30°Brix® 217} 5 A5te] FERE 5%(v/v)
HAET & 43 TaA7] #8599 ¥ FZ9(20°Brix)
o] FAEAS A3 A3 Table 13 2t} 20°Brix ®
3|43 L= gEde AHY4= 0.7%, pH 3.9921 Park
50)2] AW Campbell’s Barly X% £352] A X =+

S o]

Az Ao ditd oz Bg d ¥=Fe] AT E=
06~0.8%7} A &&ti pHE 32~3.60] AGslttn By
o] AGiteE dXEH oY pHeE B AT tha #fo]7}h
AR 2l G2 fructose 8,582 mg%, glucose 7,749 mg%,
sucrose % maltose= =7 &= UEFSETH(data not shown).
IR g Ao P Z7]G = 20°Brix 7-7H 6.4°Brix,
30°Brix 77HS 12.6°Brix® Sold i 43S e g
o} whaFsted 20°Brix 7+7t] 10.8%, 30°Brix T-7t°]
16.6% = YERGT A4t e 742F 09 2 1L1%% 3L, pHE
247} 35 2 412 YEPFTE o= Moon S(21)2] 4%
JEE o83 x=Fo] vy EAA Saccharomyces
uvarum Lalvin WISTFE HF3 TeF0] APrer}
0.99% % JEIY fASEH AAE BH O\ Saccharomyces
cerevisiae Epernay 11752 W3 X =Fo] AP E=
0.74% = et AbEat ol whet E=50] A4
& nA = oz YEIT E3t Iverson(22)9] <491 W
T 7tolEdl TxF A AEE 0.60~0.65%7F 2 DS
31 pHE 32~337} Hojokgtth= W83} Hlwal] & u thi
= oy AgA o 2ahtgy) A3 w7] wio] et
dol g MeAde §lg ez dAdE

2g7] Aol F3lo] 194 AR E 27
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Table 1. Comparison of physicochemical properties of grape
concentration and grape alcohol fermentation for vinegar
fermentation

Grape concentration Initial sugar content (“Brix)

(20°Brix) 20 30
Sugar content (°Brix) 2000,0" 6.420.0 12.6:00
Alcohol content (%) ND 10.840.1 16.6+0.1
Titratable acidity (%) 0.7+0.0 0.9+0.1 1.1£0.0
pH 3.9:00 3500 41400

DValues are meansSD (n=3).
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ARdE 4 2 dESFE
27] 45

=
o] gAME FASA F AR4E Wg 3 =
ZAV3E A31= Fg 1 2 Table 29 2t} 194 2A4HEg 7]
F &)t ALt E = e8] SUhete] 19 A AT E (st

7, 8% A7V E 47 64% 2 74%, 27 LIE 9% A
= 54%2 JElgY 24PA%EE2 77} 639, 59.2, 61.3
9 375%=, 27] ¢3E& 6% H7b oA Mg =9kon
9% A7} Foe BEr) AeEs Aoz AZET Kim
232 M S o] 83 225 HES o] 4FE 6% A7t
Tl A vk 7LA 65% 24 7MY =& AHEE YERIZS
H, 8 @ 10% A Il E Aert 238 B Jehy
2719HE BE7t 6%Y uf AL EI M gl R
AP, A= HeE slojudd 340 Tdart &
TH7 getha Baug A7 fARE A YERdlo] 13F
1go] 438 FLE 6~8%2 ARslo] 2vA AR
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Fig. 1. Changes in titratable acidity of grape vinegar fermentation
by initial alcohol content and fermentation stage.

W, grape wine; IAAF, initial acetic acid fermentation broth; Ist AAF, Ist stage acetic
acid fermentation broth; 2nd AAF, 2nd stage acetic acid fermentation broth. Values
are meanstSD (n=3). Means with different letters (a-d) above the bars of each fermentation
day are significantly different (p<0.05) by Duncan’s multiple range test. NS, not
significantly different.

Table 2. Effect of initial alcohol content on the grape vinegar
production yield

Initial alcohol content (%)

6 7 8 9
Acetic acid
fermentation ~ 70.3x0.1%2  67.7:0.0° 67.5£0.0° -
yield (%)

"Values are meanstSD (n=3).
DMeans with different superscripts (a-c) in the same row are significantly different
(p<0.05) by Duncan’s multiple range test.
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AL AR A Azl 2] SRE 6% H7brE 24T
F& 703%2 71 =4 vEisths A7kel A5k h
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Fig. 2. Changes in pH of grape vinegar fermentation by initial
alcohol content and fermentation stage.

W, grape wine; IAAF, initial acetic acid fermentation broth; st AAF, st stage acetic
acid fermentation broth; 2nd AAF, 2nd stage acetic acid fermentation broth. Values
are meanstSD (n=3). Means with different letters (a-b) above the bars of each fermentation
day are significantly different (p<0.05) by Duncan’s multiple range test. NS, not
significantly different.
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T Ao g AztEw, HE(19)9] IAhE AR X A 2
=29 A A E oA Grt 343 SUkklE s 23
ol UX|3}FA

27) d3E 6, 7, 8 B 9%l e ate 2w
o) @AM FAEA T Aol WalE ZARE A3} Table
39 2tk WEL)E TEZIZE T WellA] 30~37, 1st AAF]
A 37~472 F71819 21 2nd AAFIA = 23~272 H7
3] gasisitt 27] d3E kel mE M= wel
A 1st AAFZRA & 27] 432E FFo] EeFs Hert
kgl ot ond AAFIA = Wil o] 7Jgko 2 vyt
ole 27 ¢RE FFo] HeFE UM WigE Sl
b SaE EE e Hrke] Bor f7hH ujge ol
BE7Es7] &l Ao AT AME@E T
2 Wrkehe 7] ZAPLEIAAR) M Algstae 1E
3] S7keklaL, A Eb)E HEst 22 Aot 7]
G Tl wE A= B FAEE 2 2]} giieh
AExeFo] B 5AS XA Kim 5252 Muscat
Bailey A ¥%2] M%7} 14.70~17.27, A %7} 40.28 ~
4353, A7} 21.45~24.932 2 ESEIL, Bae 5(26)
AEET PE7} 20.04~19.14, A L7} 42.45~49.15, &
AE7} 1257 ~15.602 2 YRt 2 A79] Wz v
a = wf HAre] #A7} vSe YegeH, £ B
oA} 2 2|9 FEAIQE o] wol thE ol vt
AME F27F =34

Table 3. Changes in color of the grape vinegar fermentation by
initial alcohol content and fermentation stage

Initial alcohol Fermentation stage”

content (%) IAAF  Ist AAF  2nd AAF
6 36.740.1%%  37410.1" 475:00° 232:02°
L 7 331:0.1° 386102 438:02° 259:0.1°
8 302:00° 3112010 372:0.1° 272:02°
9 306:0.1°  329+0.1°  38.1+0.0° -
6 422020 404100° 44.1£00°  450:00°
7 443:01°  403102° 48.0:00° 481:0.1°
Color a . . ’ )
8 47010 433:00°  499:00°  49.8+0.0
9 342015 448100°  49.900" -
6 18520.1°  17.10.1%  209:0.0"  155:0.0°
\ 7 181:00° 17700  2L.1300°  173:00°
8 174101° 174200 215:0.1° 182:0.1°
9 17.1:00° 173100  223:00° -

hw, grape wine; IAAF, initial acetic acid fermentation broth; 1st AAF, Ist stage
acetic acid fermentation broth; 2nd AAF, 2nd stage acetic acid fermentation broth.
DValues are meanstSD (n=3).

IMeans with different superscripts (a-d) in the same column are significantly different
(p<0.05) by Duncan’s multiple range test.

NS: not significantly different.

T ZAAFEEES] ] A2 A1E (2015)

Oalc 5.0% Oalc 7.0%

120 ' maic 50w mAlk oo0%

100 | b .

o
=}

5.0 a

Sugar content (*Brix)

20

0.0 . : . —
W IAAF Ist AAF 2Znd AAF

Fermentation stage

Fig. 3. Changes in sugar content of grape vinegar fermentation by
initial alcohol content and fermentation stage.

W, grape wine; IAAF, initial acetic acid fermentation broth; Ist AAF, Ist stage acetic
acid fermentation broth; 2nd AAF, 2nd stage acetic acid fermentation broth. Values
are meanstSD (n=3). Means with different letters (a-d) above the bars of each fermentation
day are significantly different (p<0.05) by Duncan’s multiple range test. NS: not
significantly different.

fr714 =

27] E3E FH6, 7, 8 B 9%)°] THE AtE FAhT:
ol WA FHEG T A4t &= HElE Ak Ay
Table 49} 2t} 2 7142 acetic acid, tartaric acid,
malic acid ! citric acid=2 &= A th WA A = 271
S-S FheFo] ool whet 1714k ko] A vER e
 2nd AFFIlM = 71 J7HF 9 24 B8 58 A=
A3t} 27] ¢FE Fo] FSFE A HEHJUY &
3], acetic acid®] 73-%- st AFFollA & 27] &332 9% A7}
TRt 4,837 mg% = /S TE7 18] o] 2nd AFFE
A ZTE 2nd AFFIIA & 27] 932 6,7 2 8% 7
B 10000 mg% ©1’d AZEE U Oxalic acide 2 71t
oA g AV} AYPDG5F mo= AT K 2]
AFE gfoll M2 2 Aol gL 28 EEol| 23k
P2 FA5E 2AFS Kwon 5(Q27) L2 %9
T8 {714 AE O 7 acetic acid, tartaric acid, citric acid
2 Jactic acidE H.adl on] B Aox B2 ZH lactic
acid7} AZEE|o] thar xfo]& Bt} ol A o|H
S B, AR F2e) AP U g LA
Aol W Ato]l = AYZHE T

rr - fo

e TN (27 SRE FF 6,7 L 8% nF
& 213 A= Table 594 2ol 22 %9
& /332 methyl alcohol, 2-methyl-1-propanol %!
51T}, Ethyl alcohol S 9] &+ 7
27] Gais Tkl g Aol
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Table 4. Changes in organic acid of the grape vinegar fermentation by initial alcohol content and fermentation stage

Initial Organic acid (mg%)
Fermentation stage” alcohol content

(%) Oxalic acid Tartaric acid Malic acid Acetic acid Citric acid
6 15.9+0.87% 132.1£1.6° 173335 ND?Y 171.3£9.4"
W 7 17242.6° 133422.0° 194.7£3.3¢ ND 178784
8 3390.1° 146.2+8.3° 23440.1° ND 180404
9 33.0£0.0" 158.6:0.6' 235.140.6" ND 185.5+1.1
6 24320.0° 13224519 167.245.5° ND 152,117
AR 7 27.1:0.° 121106 146.8+1.1° ND 1589412
8 31.8+0.1° 144.141.4° 203.2+04° ND 163.248.6
9 343413 159.6+6.0° 21294127 ND 154.1£39.2
6 40.820.8° 14924138 147249.5¢ 5,539.4+10.0° 1147440
Ist stage 7 5401.1° 155.610.3 129,765 5,596.317.8" 1205102
AAF 8 559+0.2° 146,605 166.7£2.2° 7,649.3£26.0° 1110155
9 59.410.2° 154.5+16.5 182.5:0.4° 48373257 12384838
6 51.3+0.7 208.0:9.4" 317469 10351.4+15.8° 311.77.6"
2nd stage 7 67.6+1.7 234479 30524125 10,136.2+19.0° 287.9+28.3
AAF 8 59.4+0.1° 27,0412 308.1415 10,085.6+5.0° 279.9+18.3

9 - - - -

I

e}

)
)
)

@

4

Table 5. Alcohol component of the grape vinegar production by initial alcohol content

'W, grape wine; IAAF, initial acetic acid fermentation broth; Ist AAF, Ist stage acetic acid fermentation broth, 2nd AAF, 2nd stage acetic acid fermentation broth.
'Values are meantSD (n=3).

Means with different superscripts (a-d) in the same column are significantly different (p<0.05) by Duncan’s multiple range test.
'ND, not detected; NS, not significantly different.

Initial alcohol

content (%) Alcohol Acetaldehyde Methyl alcohol 1-propanol 2-methyl-1-propanol ~ Iso-amyl alcohol Eethyl alcohol
component (ppm)
6 ND” 27242.3 Iy 2310, ND 364.612.9°
7 ND 465427 ND 2.3%13 ND 533.9426.6"
8 ND 52.7+0.0° ND 2.5+0.0 TR 581.0432.0°
9 - - B B -

UND: not detected.
Values are meantSD (n=3).
)

©
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TR, trace; NS, not significantly different.
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