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Abstract This study investigated the antioxidant activity of Aronia vinegar during
acetic acid fermentation. As a result of acetic acid fermentation at 30C for 30
days with different initial ethanol contents, it was found that adjusting the initial
ethanol content to 6% was optimal, at which 4.1% of acetic acid was produced.
During fermentation under optimal conditions, the total polyphenol content
decreased, but the content was higher than that of the control brown rice vinegar
but lower than that of grape vinegar. The contents of flavonoids and tannins
showed a decreasing pattern as acetic acid fermentation progressed, but they were
ﬁ OPEN ACCESS higher than those of brown rice vinegar and grape vinegar. The DPPH scavenging

activity was higher than 95.7% in all test groups, indicating that it would be
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oM 2 A=t Aul7t v A Golgt thad) AlEE &
oi7p A&oluf g o® S8 1 2H(Chung, 2014),
SO A T ZdstA A=l QUeh. ot2Yoks EeHlE
7} EEEolEE o] TFst o™ (Jeondt Kim,
2020), 3] tEAJoMd TFgFo] 45| wol FHAEE &
A8 IHKahkonen &, 1999)¢F &34 4 AEHA &
Sofl 384 qItE Hol= AoE B1H HE lrkSikora
5, 2012). 11 9 998 5743 & d¥(Handeland 5,
2014; Hwang¥} Hwang, 2015), 94594 &3¥(Ohgami
5. 2005) 5ol W AFE HIFHI Qlrh

AuiHA ] et Fdo] IHAIHA otZ2YoE
229 X E(Hwang? Thi, 2014), SF2E E=dA
(Park 5, 2015), &3} A(Park 5, 2016), 22| (Lee 5,
2014), 2719 (Park, 2014), 4/®(Yoon 5, 2014)3} &=
Ot 7HsAlEe] EE Qlon, ofgYole] tiFEal,
U9 AFAI 9] &gstet 1SRl 344 g &
ZAoZ 7|dHct.

2 AFZ2 of2Yot] &8/ griet 7|54 A+ ¥
3toZ oRolE A|Z3t & ¥ao wE ZAWSIE 2Qlsto]
B35 8} 9l 0 (JangT} Choi, 2019), ¥ d+Loj|A&= o}
2Yo} olRloE AR E ZdYste] Fakst &L gl

Seict.

2. Mz & Uy

2.1. M2 L A9

AE F3at AAHA 2021¢9] =88 of2Uots
AR] BAA wjdste] -70TC oA HIAstHA AFo| A
BoFtt. €I Hao| AME ERE Sacchaomyces
cerevisiae KCCM 11215(°13} S, cerevisiae), ZAPL R
of AgH AR Acetobacter pasteurianus KCCM
12655(°18} A. pasteurianus)s °©]-&sFGal, 11 9 B4
of o] &5 Al nF EFA|Yo|}]

2.2. OfZL[of 4= HZ
olgyol= Helo g 27| %7} 20 Brix/} HEE
et & S cerevisiaegs 3 t0] 18CoA 10€7H &3

2 WA 5 ofuke olohe AR/ AR AgH

=
3

E

24 9EE QRHE SER) ofzUo} ATS WEAL
U3 ol 4, 6 U 87k = SAsle] ¥, 4

pasteurianuss °]-&sto] m|g] wjoFst 25 10%((v/v)7}
=HA HET F 100 x g2 WHISFAA 30ToA 309 &<t
7% ofz ol 428 AAsHon, o Solet o

-
& T 24 AFe S 2] dEL AFE 2

7T o2 T

of

A3t o Axoto] hRFZ AL

2.3 Mk, pH ¥ 272 5 5

FAEE AR 10 mLE F3A7I=E 283 0.1 N
NaOHY mL & F% A= 2 ottt &, A& | mLol
ZA|2FC 2 1.0% phenolphthaleing 2-3H& ¥ o2
0.1 N NaOH=Z 33} Z7slo] acetic acid%)Z EHAFFA
t}. pHE pH meter(Orion 3STAR, THERMO, Waltham,
MA, USAYE o|&5to] =204 S4sth ¥4i& 5k
= A& 100 mLE S/ S7AE& 2 70 mL Lo
THTE A7 100 ml7HA] HES 34519l 349
< 255 BT oF AR I4FE S47I(PET-109,
Atago, Tokyo, Japan)?t B8 FHAZ FHIRE °]

g3lo] AT FEE ZAAT.

24. F=EC/h= 315 24

2299 FF2 Folin-Denis¥(Gutfinger, 1981)&
#gsto] £4st9ct. #%E 1.0 mLol 1.0 N Folin-
Ciocalteau A%} 20% Na,CO; €4 27+ 1.0 mLA
TAYE 7R o A200A 308 5% HRAK &
UV-Vis Spectrophotometer(UV-2450, SHIMADZU,
Kyoto, Japan)& 765 nmoA 3L=g ERletth. &
HAFA-L Gallic acid(Sigma Chemical Co., St. Louis,
MO, USA)E 0-200 ppm L2 THAEE AH|Roto] A=}
Y o R HAsto] A2 F o] o] &5l Alm &
=9 FH= =S AXSFAL, gallic acid equivalents

(mg GAE/g extract)® YWEFHALE.
2.5, £52120/E g5 5&

FETHLolE T2 Jia 5(1999)9] WS dH HY
Slo] 243tk AlZH 250 pLlofl 5.0% NaNO, &% 75
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pLE A7ksto] 204 52 Bt 9RFAIZ & 10% AlCk
150 pLE 7Fstedet. o] €90 1.0 M NaOH 500 L}
S5 275 plE 3H7FeE & UV-Vis Spectrophotometer
£ o]&sto] 510 nmolA FFEE SHolen, & A
FHAL cateching EFEZE 319 0-1,000 ppm9 =
T Aol Fgot] A2 F, o]E HIFORE AR FE
gt o|E S ARSI

2.6. DPPH radical £7{ 2t =&

otz o} 9}Ql9] DPPH A-fett|dol oiet g
Blois MS(1958)9] W& w2t 45 ofgk=ol =<
200 ¢M 1,1-diphenyl-2-picryl hydrazyl(DPPH)-&<
800 Lol A4 A= 200 pLE L5 7ot 158
B9t "-SA1Z1 &, UV-Vis Spectrophotometer® 520
nmoA FFEE SFSHAH. 4 A= 589 DPPH
2tz AAY/(EDA) ofiet o] YeRoitt.

Blank O.D. - Sample O.D.

EDA (%) = x 100
G Blank O.D.

2.7. Tannic acid g'3f 5%

Ehd 3HF2 Duval® Shetty(2001)9] ¥Hiol whet =4
it ofzuYot A x5 AHED st AT5HS T AR
1.0 mLo| SF+E & 7181 A3, 5% Na,COs &
1.0 mLe} 1.0 N Folin-Ciocalteu phenol reagent 0.5
mLE 73 kg A2olA] 603 et M-S AIZ BE A
29 W89l FUT I8 St 67 B)4ste] 2

2.8 5z

= A2 33] o4} WM S7sto] AiglS Wt #
THARE Ytk 2 & Aol R4 HSZ IBM
SPSS Statistics 20 (IBM Corp., Armonk, NY, USA)=
8519091 one-way ANOVA AL AdPsto] 5214
o] Uehd %% Duncan's T A (p<0.05)< °|-85
Skof s},
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3. 21t { uH

3.1. 7= gz Mx Hsf

A. pasteurianusE &3 F 30CA 309 &% AN

52 AotuA WEs7o] B2 ITL P AR Y

& ERES
ARt Zog FAHA & 7] $EE o%E 2ET
RIS AFZ FFE Fig. 1(A)0AY 2ol 24PEa 159
£ SASEL ATt 209400 2.8+0.1%
HAT A4S YEhdloH, olF ¥ Fastel Ea
30979 1.3%5 Ueto] 4.7%9] ¥3-go] wad] &
g8 Zog HaEth 27 L5 4%2 24T ol
A 3 ST 2 6% 24 ATt fARE
h A% Bgo, Ia 30949 0.5%5 YEhdl &
3.5%9] galZo] zAMERO| AMEH AoR WHET
8% AFoM = HF LZE FE7F 6.7£0.2%% AT
A7h 9gstA dojuA] o, ol sk dIE
FFgoll sl 2Akto] Aol ALsHA] Eotlr] el A
o7 Atz
27) g3 FFE 2t o2 Yo} 919 R 7|7t
£ AME H3k= Fig. 1(B)o]l YEhd vkt o] ¥3& 3
T g E= el S Hol 27] 432 FF 6%l A
AF Aol 7 st Aog BRIFE QI &, iE 159
Aol 0.6+£0.1%F Uehd & F43] S71ste] A 2094
de 3.7+£0.1%5 YEZeH, Ha 30¥AdE 4.1+
0.1%& UERgTh 27] &7 4% AFMT v &
et 24 Aee BAo 3T 3.540.1%2] 2Ato] A
BEed 13oH, 27] ¥43E 5 8.0% oML AT
AFEZE 1.1£0.1%2 Aol vulet A0 Yepdtt. &
AAZTE v o o|F UYL 27| ¢FZ FFE %
2 A5t 1Yokt Lee 5(2018)9] MAFet SH|
215 olgsto] Tagt A2 ALt 7.14%E YEHTth=
B9k= Zpo)7h e, ol TE #Fet 2 7Y
Zo] 5ol 71leke Aoz weEn, g5 otz Yol A4
I XY EA {7, TE 24 Fol B3 A R A
gP=]ojof 3 Z o2 AbrHET} Park 5(2014)2 ¥HEH
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Fig. 1. Changes in ethanol, total acidity and pH of vinegar made with aronia (Aronia melanocarpa) during acid fermentation period.
Values are meantstandard deviations of triplicate determination. A, ethanol content; B, acetic acid content; C, pH. @-@, 4% ethanol;

O-0O, 6% ethanol; Y-V, 8% ethanol.

A o]&3k ofRYot] AR A
&F 7.78%, 7] A &
19.39%°] A x7ol2tal H gk v glo U%
< eI E A S Xﬁo AN 7] 9 E 5=
6%, % I 5%, Ta2T 30C7 7P 53513tk &
ALt FARRE 435 Bargt B Qi
27] g3 FFE Gl of2 Yo} 2Rle] Wg Y|
o2 pH H3R= Fig. 1(O)°] HERHAT 27] 32L&
2 %= AT 94019 AP FO| WE pHE WA
pH 4.1& Yegryglon wart Asdo] uat 4
sto] &g 209419 2.7+£0.12 YeERH & o oAt
£ HolA] ¢h= Ao = IRIHQIH. ol HZFE ol&et
Al pH7} 9F 2.872& UEtH it 23HOh &
2017)2 EH2]E o] 83 4% A|Z A pH7l 2.80-2.92
@H‘”E}—L— ZiHLee 5, 2018)2} FARRT 3ol it
S 4%2 273 2RI 6% ALt FA
u% 8% A 2|79 A% 27| pH 3.7°14
pH 3.3& Uetlo] WPt 718 A5 &
. pHe} At W3S Hlws) B F4ke] &
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o| HlFHoz IAoHA| P& &I
%‘ﬁé‘ﬂ —Erf?H of o5 S7Hd HWelo|=
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3.2. EEo/l=E g3 SECHEE0/E BE Haf
okzUo} gjele] TS YL (%R 2WY

5 ZAN
AE AYsHHA FEedE T Wl AnE Anks=
Fig. 20 UeRA ue} Zho] dhav} Aol whet Zhashs
el g By &, $ax7|9 2EYHES 95.4+1.3
100} 2 2
g E 75 - d
)
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Fig. 2. Changes in contents of total phenolic compounds of
vinegar made with aronia (Aronia melanocarpa) during acid
fermentation period. BV, brown rice vinegar; RV, red grape
vinegar. Values are meanzstandard deviations of triplicate
determination. Different letters (a—e) indicate significant
differences (p€0.05).
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mg GAE/g extract® UEHH IO H HR 2093 3094
= 27 76.7+1.13 73.4+0.3 mg GAE/g extract® &
AU of2Yol A9 EfHlE dFE EEAZR
(97.5+1.5 mg GAE/g extract)Eth= gFo] Wkor}
|4 2(7.0+£0.1 mg GAE/g extract) Bth= Ad5] =
< ZA0E uyEyth ERAAZRY FEYHE Tl
38.01 mg/gl & AZM} =t 3t Park 5(2012)9)
Huer oF 9 A7l wh FxRAZY FEHE ol
Z71oto] Fd| 41.46 mg GAE/g extract@th= Kwon
(2014)9] Ha1e} H|ws & off, & AFZ3} ofZLo} 4]
9] EjuE o] AHoE w2 AoE YR} £
FAEE &/do] 7l Er. of2YolE YRR XAME
APt FEetH ol eFo] WIS SQlst At
Fig. 301 Yetioitt. 2art Aaydof| wat ko] i
of Zd¥EY HAWEI FARE HIE Hol= A= U
Bt &, 8 27]|9] SftHkolE AR 28.5£1.5
mg CE/g extract® WEIH A OH Ha 2097} 30¢9A=
77} 20.2+2.09F 19.14£2.5 mg CE/g extract® ZRI=|%]
th g2EE ARSE dujA)%(0.8+1.5)9F TEA2(8.2+

S @ P o
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Total flavonoid
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Fig. 3. Changes in contents of total flavonoids of vinegar made
with aronia (Aronia melanocarpa) during acid fermentation
period. BV, brown rice vinegar; RV, red grape vinegar. Values are
meantSD. Different letters (a—f) indicate significant differences
(p€0.05).
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0.2) ¥ olis o of=Yot A %29 STtk ol 3
o] 4335 =A UEs=t, ol olRYolES J7IESE
AR 7HSARY STt ol o] STt
el AR Aot {Hwangd Lee, 2013).

3.3. DPPH radical 4715 Hia}

ofLjo} ofolo] LTL L 6% 2UT T 2AY
a5 ZdstHA DPPH radical AAEAIQ] Wl A0E
A¥= Fig. 401 UeRhd vie} o] e o] eyt ¢
TE AFFAA 54.9-56.0%2] AATAES YERITH
2= ARSE Fu|A 2ot R A 20 A8 747 22.7+
0.5%2F 39.9+0.7%% UEF} otz otz A x5t A]%9]
DPPH radical £74%5°] @n[4]%e} L A]Z0] H]s] {29
HOoZ &2 Aog AU Yoon 5(2017)-> DPPH
2 27452 otzYot H7kgol vlE|ste] =4 Heh,
ot UYolto & A £ QloA 91.9% o] =& At
3} &Ao] Q= Ao g B gt v} Qltt. DPPH radical &
AeS 5787 &2 A Wi A} E= A2 28l 2l

HEAISH= hydroxy radical T+ superoxide radical %

4
3
£,
o

100 |

93]
o

DPPH radical scavenging (%)
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(days)

Fig. 4. Changes in DPPH radical scavenging activity of vinegar
made with aronia (Aronia melanocarpa) during acid fermentation
period. BV, brown rice vinegar, RV, red grape vinegar. BHA,
butylated hydroxyanisole. Values are meanzSD. Different letters
(a—d) indicate significant differences (p{0.05).

995



Antioxidant activities of aronia vinegar

< AAN = TAESS B71E W A= AH(Lee 5,
2011)E DPPH radical &750l 23t g4s &4 4%
%9] 2EZey|¥, St ol Syt DS WA} ok
3 Bi(Kwon 5, 2014 Hf 9loH, Stella 5(2011)%=
QA FAA FHE dFo| 22T FASHsol ==&

< Haeh v Qi

3.4. Tannic acid 2l&f

AIE TS %= AT ofF Yo} Q19| AT F I
A] tannic acid $F W3k= Fig. 50149 Zo] &a 044
o 79.5£0.5 mg%s YEHIoH Hart 3o ut
AR} Frasto] HE 309 Aoll= 40.0£0.6 mg%E UEFL
o} &322 AFRE ETA129] tannic acid® 40.0+ 0.5
2 9E 309419] of2Yo} 4|20} FARE TS UERL
o #uj4ZE= 3.010.2 mgh= AJFo] RA UEE
2 Aol 271 ' 9hgol =A Yt olf+= ot2Y
of A4, Z7HA & Aot 5o] T TREHUA AEE 7]
22 Ao E Alg . o] Ade FARE ARt B
oA BdE £4o] ALEFE 584 ©doE HeEq
S4%0] otk A7 AR A4aEA Tart A%

100

[4)] ~
o [

Tannic acid (mg%)

N
&)

0 10 20

30 BV RV

Fermentation time
(days)

Fig. 5. Changes in contents of tannic acid of vinegar made
with aronia (Aronia melanocarpa) during acid fermentation
period. BV, brown rice vinegar. RV, red grape vinegar. Values are
meantSD. Different letters (a—e) indicate significant differences
(p€0.05).
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2 sttt of2Yol 2RI 27| YFE AT
gesto] 30TolA 30Y B9t 2AMIREE Xt 23, =
7] 3E TS 6%E A Aol 4.1%Y AR A4
sto] 7 AgelAtt. ol 6%z 27| ¥FE TFE 23
sto] AR E et 23, FEYHETES AR
7F Aggof| w2t Aastelon, 2l Au|A2ET=
EOoU XA %0 Hoke o] W2 AS SRIE I
ZetHolEot ¥ 2 AMIE 7L Aol wet
atts flE BYou, tR27Ql dAn|d et R xH
=2 7102 Yehgtt DPPH radical 24842 wra
o] 13t FAglo] H= AlTEolA 95.7% ol o= EA
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