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Abstract In this study, we investigated the physicochemical characteristics and
antioxidant activity of fermented vinegar using onion and black onion. When the
onion and black onion were fermented in alcohol for 8 days, the alcohol content
in both onion vinegar (OV) and black onion vinegar (BV) increased, whereas their
sugar content decreased. The alcohol content was higher in OV than that in BV.
When the onion and black onion were fermented in acetic acid for 20 days, the
pH of both OV and BV decreased, whereas their total acidity increased. After
fermentation, the main free sugars of OV and BV were fructose and glucose, and
they were higher in BV than in OV. The major organic acids in OV and BV were
acetic acid and malic acid, and the content of acetic acid was higher in BV than
that in OV. In addition, OV and BV increased 1,1'-diphenyl- 2-picrylhydrazyl
(DPPH) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) radical
scavenging activities in a dose-dependent manner. Furthermore, DPPH and ABTS'
radical scavenging activities were greater in black onion juice than in onion juice.
The BV showed a higher DPPH and ABTS" radical scavenging activities than OV.
Therefore, BV is the more suitable antioxidant functional vinegar through radical
scavenging activity.

Keywords acetic acid, antioxidant, black onion, fermented vinegar, free radical

AzxE Q# 7|7 B o] & H I Qi R HaE F shvolH, B5 Cl
F2 Al A& H7bdhHLe 5, 2015). 4&2E g9y og gHY
1 Qe YR aHFE HEote] IS YAE Lok, o= Qs A

ZA ZALEEES %E‘S}% JMoﬂ oJel] AxErHLe 5, 2015). °|%
xﬂé% Azl 24 f714L oAl 9 ZHg JFELE TRk Ao HIES]
5, 2014; Le 5, 2015). &3] A%E *é%éﬁ% o AWolA EEE A, g RA,
A GA; 7H*d_ 59 50| Hiugo| e} 754 Az ARt 7154 ol Tt At
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Antioxidant effect of black onion vinegar

k5| o]Fojx]1l QItkBudak 5, 2014: Kondo 5,
2009; Shishehbor £, 2017). o]& AL 945}?1 B2,
o, g 59 HAE 49 2A0l= EEE
ojlt F&Z okl Ao, olg= ]33}"4 Xﬂfﬁ?l s
’9.—%% % S50 g it 4ol F7tok= AR
AHBang 5, 2020; Kim &5, 2018; Park 5
2012).

S Allium cepa L)= HFTe] £ol= AN A==
A AAHCE Wol o] e AAE F9 stUE,
quercetin, kaempferol, rutin, diallyl sulfide 52 /3
ABo] A5t 9lo] FFaks) A= A AN, Fug
T 59 TR e a5 UEhdthal dEA o
HGalavi 5, 2021). I3 Sut= EL9] A=A 0] 3RS
uvebdo] wet, g A=A g £017] Ak
AU A 2SS oldste] @o] o]&E Jith
(Galavi 5, 2021; Yang®} Park, 2011a). ©roFst Z2q)
W SolA 12 9@ AAS FrolA e AGSHA =
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7t 54& Yehdti(Yang®t
Park, 2011a). 8¢ ojye}, S0} FE2E2 41t 25

o v|5l in vitro systemO|A radical 245 S7HAIA,
AR gl w2 Ao E HuH v )ltK(Yang®} Park,
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1.5% agar) MjA1S AMgatlom, wjx 24o] Wag 7
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A8 4E DifcoAt Al&E(Becton Dickinson and Company,
Detroit, MI, USA)Z AREsITh. 1,1'-Diphenyl-2-
picrylhydrazyl(DPPH)+= Alfa Aesar(London, UK) AFollA]
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Kimpo, Korea)ollA 3,000 rpmC.2 1587t QA&
lﬂ /}}—‘50“2 Fst] pH meter(Jenway, UK)E‘ AR5t

2 Z4sltt. FAE L Y4 BEdt AR 1 mLE pH
8.210.177}11 ZA71E © 229 0.1 N NaOHY| &H]
mL 5 5kl o oA et do] AT

Total acidity (%) = 0.6 x 0.1 N NaOH (mL)

25 235 24

S §7]4H2 HPLC(Agilent 1200 series, Agilent
Co., Forest Hill, Vic, Australia) 7]7]& o]-&s}o] EA35}
Aok FEFE EA45] 96 A= 5 goll & 25 mLE 7t
5to] =9] & acetonitrile® 50 mL7A] YTt o] 8H
< Sep-pak NH2 column(Waters Co., Milford, MA,
USA)®} 0.45 pm membrane filter(Dismic-25CS,
Toyoroshikaisha, Ltd., Tokyo, Japan)@& o33t HE
Al gHog AREsT F E4 column(Polyamine
I, 4.6x150 mm, 5 gm, YMC Co., Kyoto, Japan)©]
AEE&A 20 plE FYstL 35CoIA o5 &
[acetonitrile:water = 70:30(v/v)]& 1 mL/min £E&
o] 5A|7|HA] refractive index(RI, Agilent 1200 series)

HAE7] BolM g2 dEstaltt

26 SIIA 2A

F714F £4Z o AEE dAEZ7]91A 3,000 rpm
o= 1587t AHET & 59
filter(Dismic-25CS, Toyoroshikaisha, Ltd.)Z oj¥}s}
of F714F BAS ARt AlRE FH[ok T A A2t AR
20 #L& TSK gel ODS-100V column(4.6%250 mm, 5
pm, Tosoh Corp., Tokyo, Japan)o] Z2Fe HPLC AlA
dof stz 30ToA olE7d &m(0.1% 16 phosphoric
acid)E 1 mL/min $EZ o]BA7|HA UV A27|E °]

&35to] 210 nmoA 714k AESHT f71AR 22
2707 FAT BE 17149 AR v wsto] FFs
Art.

HS- 0.2 ym membrane

2.7 EE2h= 52 =&
ZF A& 100 pLe 10% Folin-Ciocalteau’s phenol
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reagent 200 ¢LE &313F H 700 mM Na,COs 700 pL
£ 412 § 3087 A2 WAt ¥hgo] Ed ¥
650 nmoA FF=E &

AZFA T} vwste] mg gallic acid equivalents(GAE)/g
o8 F H& dFE "}E}Wi’iq(Gutflnger, 1981).

Ao, gallic acidg o]&3t

2.8 ZECHEL0/E BIEF X

7+ A& 150 pLet 5% NaNO, 75 plE 412 & 627
A 2o A Hx|etioH, 10% AICk 150 L& H7Fete] o
Al 5EZF w8k 1 3 1IN NaOH 750 pl 8 &3ts)
o] 1587 ¥HgA1Z]l th 492 nmollA FEEE S4ot9
ot FEZH o= SHFLS querceting ©]-&3t HFAIT}
H| 3} mg quercetin equivalents(QF)/g2. 2 UEHY
At (Moreno 5, 2000).

2.9. 1,1°-Dijphenyl-2-picrylhydrazyl(DPPH) radical £7{
By =X

Z} 5= & ethanolo| &9 A|&E9}F 60 M DPPH &
< 274 100 plA SFoE S3tsto] A2ofA BHEA]
ot 3023t WA REEHE 540 nmoflA GloMax
microplate reader(Madison, Wisconsin, WI, USA) 7]
71& ol&sto] §¥LE 745t DPPH #HHZ &A=
AFEsHAtH(Hatano 5, 1989).

0

12

2.10. 2,2-Azino-bis(3-ethylbenzothiazoline—6-sulfonic
acid (ABTS’) radical 27 & =&

7t sEHE S750] =91 A9t 2.6 mM ABTS™ A|oF
= FFOE EFsto] AL2o)A 3087 §HAIZ 11 F,
HhS-H-Z 600 nmOA GloMax microplate reader 7]7]
£ ol&sto] SFEE 5795t AR ABTS' &tz &7
52 AESIIHRe 5, 1999).

2.11. Exgs

B AR 24T A Bamean)tEEER
(standard deviation, SD)E Ye3lon, B4 nz 7
9] Statistical Package for the Social Sciences(version
25, IBM Corp., NY, USA)E o]&3to] 4

of variance, ANOVA)S %t F, Duncan’s multiple

AFEL A (analysis
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7RAE AlE BolA Haad o
LARS amino-carbonyl ¥Hg-2
FIA717] Y wol o]-&E 1L 912, Maillard reaction
of s BdH ZMs EHL T%*J; f&%ol U= AoE
Hislo] 2 4 4o gt
Y= Ytklee &, 2005; Lee &, 2010). Z =
0|83} 7FEAE & tHAQl Sulso AL AufsS o
e =0t Fk stolA £4 9 YRAZCEH vlE0]
7}X]—1— U= 7Y A=AQl g vjggto] AaE, ©

Z7tE9l o, &30 A Sallyl-cystein(SAC) =}
< FEAEC] F7HEo Auksko JAtsl d95 &
FHAHE Ast 2 HY A 59 a50] YEhd A2
2 BIEYHChung &, 2011; Kang® Shin, 2012;
Shin 5 2008; Tak & 2014) old Aol ofstd, Juh
£ &4 9 $H8A7l SYu= 3,4-dihydroxybenzoic
acid, quercetin 59 A& EZE Faola JloH,
E3] gut o WS in vitroolA DPPH ¥ ABTS'
aA50| F7tsto] F4kst &40 FEE AL
2 R 1EcKYang¥} Park, 2011b; Yang 5, 2012). w
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(A) 12

Alcohol contents (%)
o

0 1 2 4 6 8
Fermentation time (days)

(B) 30

—+0V
—e—BV

Sugar contents (°Brix)
o

0 1 2 4 6 8
Fermentation time (days)

Fig. 1. Changes in alcohol (A) and sugar (B) contents of onion
vinegar (OV) and black onion vinegar (BV) during alcohol
fermentation for 8 days.
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B 5 2097 24 %ﬁi 16§6+°ﬂ or, A ¥a I
] g. 201 YEhHoIH. TE
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£ 2749 27HFig. 28), Wa A Pz @
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3 S A9 3t 94 4 Shsed, ¢
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FE e A Seo &, 2016). & ﬁ:uloﬂlq oFubAl 2
Z7|AHE 1.99%0014 A 2094 5.2% FA & F7F6tS

A
@
35
3 -
25
L 2
15
—0—-0V
Tr —e—BV
05
0 . . . . . . . . . .
0 2 4 6 8 10 12 14 16 18 20
Fermentation time (days)
®
5 F
R4}
2
33
©
s
o2t
= —o—ov
1 —e—BV
0

0I2I4‘6I8I10I12I14.16I18I20
Fermentation time (days)
Fig. 2. Changes in pH (A) and total acidity (B) of onion vinegar

(OV) and black onion vinegar (BV) during acetic acid fermentation
for 20 days.
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=4 o]= Ytz AR Al Z7JAHE 1.59%014 HE 10
Aof| 5.39%F UEFH o] d ATl FARE A& UEFY S
thShin 5, 2002). Ale: 27] 93E =& 9 %7] Al
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o GFL Wiy, ol YTL WS A ¥ LR HE
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THTable 1). §A FopEd SYHEY & 99 TF 5
A Azt 27} 239.6 g/L ¥ 211.2 g/L9] A& HEhfo]
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FuE & FHT ATol © =T I € ST
9 fEd F8 A2 AT A7, FE fructose ¥
glucose &R AZ & & AUSATh 53] fructose AT
S50l Hlof SFuEol o %o H, glucose TS

Sguksol s Fuksel o =
A AFtolA AL ool o
fructose, glucose, sucrose® HE ISt A} FASH A&
L}E}‘H‘”‘:}(Suh 5. 1996). ¥t SuHE olgsto] W
Xﬂ Sl _"ﬂ %E]Tj- 01-% 7~Z—] 73_,4‘ oh_q- 1z U_
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oAl 29l FQ AEL fructose(42.6 g/L) U
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AdS & 5 AT E3h S¥HEY A sucrose ¥
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=

UCOSG

53



Antioxidant effect of black onion vinegar

Table 1. Free sugar contents of onion juice (OJ), black onion juice (BJ), onion vinegar (OV), and black onion vinegar (BV)

Free sugars Contents (g/L)

Not fermented Fermented

oJ? BJ ov BV
Fructose 101.545.44% 124.446.22 19.7£1.10 42.6£2.40
Glucose 127.545.14 82.1£1.20 21.441.36 37.5+2.30
Sucrose 10.60.30 3.5¢0.37 4.8£0.17 -9
Lactose - 1.2+0.17 4.8+0.53 -
Total 239.6£1.71 211.2£0.99 50.90.86 80.14.70
Brix° 27.5 25 54 9.8

0J, onion juice; BJ, black onion juice; OV, onion vinegar; BV, black onion vinegar.
2Values are meanzSD (n=3).
INot detected.

3.3 YmAIx L ZQmAIES RI/A BEF Hs f714F ol Rot=dl, ol SduEe] ¥ukEd

ofn}E 5okl ofmpAl: Wl SofubAl%o] 87]AF Bt vl 9.7]AF Sho] S 232 UEdT SAKsE Anke
F= ST AT Table 29 2t ¥us, S90S, & Ul 2 Aol Jupdlx 9 B9 ”Jr —%-4 +8
oAz 9 BT 2] F {4 S SR A & F714R acetic acid ¥ malic acid¥d<e & 4+ A9
ZF 11.04 g/L, 7.53 g/L, 71.70 g/L ¥ 56.10 g/L9] +X] o] HALAE JufAlxo] £Q Q8 7]ARE acetic acid,

Az malic acid, succinic acid, citric acid2 EI1% v} 91O
A og, 2 Ao fAR 235 Yt (eong®t Cha,

3 q 2016). ¥ A3 AIojA Fupaxo= acetic acid7t
7]Ato] EL;—O}%_] ﬂ—?@r -rr/\}@ %S Uetl AH(Jeongdt 37.6 g/L, malic acid7} 33.6 g/L T4 W STt
Cha, 2016). T3t £ Ao SFTA 2= Fupi]xo| 2+ acetic acidE 45.9 g/L, malic acidE 9.73 g/L S+

Table 2. Free organic acid contents of onion juice (OJ), black onion juice (BJ), onion vinegar (OV), and black onion vinegar (BV)

Free organic acids Contents (g/L)

Not fermented Fermented

oJ” BJ ov BV
Oxalic acid -2 0.01:0.00” 0.02:0.00 0.10:0.00
Citric acid 0.40£0.02 0.25£0.02 0.50£0.03 0.32+0.04
Malic acid 9.760.18 6.13+0.43 33.60£1.36 9.73+0.30
Succinic acid - - - -
Lactic acid - - - -
Acetic acid 0.88£0.05 1.15£0.1 37.60+1.47 45.90+1.64
Total 11.04£0.13 7.53+0.35 71.70+2.85 56.10%1.72
Acidity (%) 1.50 1.57 4.45 5.12

0J, onion juice; BJ, black onion juice; OV, onion vinegar; BV, black onion vinegar.
2Not detected.
NValues are mean+SD (n=3).

54 https://doi.org/10.11002/kifp.2022.29.1.49
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Skl At mEbN SFTA 2= kA2 H|S] acetic
acid §Fo] =9to ™, ¥ malic acid §HF2 W2 A&

R

3.4, YWAE Y SYLIAEY S22
St2F
oo

Belvs 4RO AAR 99 24 FRE0 A o
49 FAT B LA o0, AYE | 27T

(Myburgh, 2014). %E}EiolE A2 EH=o
Ue BEEHA, AR HAE 2o EgE|o] Ut
(Koztowska2} Szostak-Wegierek, 2014). ol quercetin,
kaempferol, rutin 59 Z¥HE ¥ S0l A&
o] 3fe Aow Hiug vt YrkGalavi 5, 2021). FoH

R
hydroxyl 717} radical 246 2+ ZACE HIE
|

F EUE, PR L SYT R $EevE 4 B
ehioS PG EHT US Table 30 tehfoinh

Fubg, SIS, Gtz 9 ST 20] SEYYE o

Els : 1.37 2 90.31 mg
GAE/g9] A& Yetlo] &t 31 ‘E‘JH}WQI H|5f &a
St Az0] E2dHEs JEo| thA

.
= o
AT A2 T 5 Aok W PEF, SYE, FIY
Y+

= = H

2 3 S92 SETEECIE dFe SAT 2,
TE B Azl v 47 Sdus B S 2ot
AR =2 %E}EiolE FFE UEiRloy BE AR 1

£ vehi sttt ol Aol &
o 20 oM S S FEBE U] Bl 4
B

o] 40%7HA) Zashe A0E Bugo] whet Az A

)
s

uhg 71491 ol EAsE ¥kgo] o]9 %‘ﬂﬂﬂ% g0l
Jr A4S Ao 2 AR HTHAndlauer &, 2000). kAl

z 9a7)7t 59 2t ol gHFo] thA TASIAE
4|, o+ gute] £ EetH wo]= AEOl rutin?} quercetin
diglucoside”} A% ¥R 7|7to] Z718E A ZAo=E
AFEETHCheun &, 2005). ©] gollz, Fubilx Ax Al &
Ag]= quercetin diglucoside, quercetin monoglucoside
T EPHELolE Ao §ME AEH= AR Hig

0|

et AT {5 2 A A7 kiR e
ol 3hF Wdto| YIS wHE ACE ARHTHCheun
5, 2005).

3.5, YOAlE L SOFAIES DPPH radical A5
DPPH radicalZ nitrogens EZgot= M43 FE|9
free radicalo|™, 343t 242 DPPH radical?} §H3-}
of A% E= $4AE AEethHatano 5, 1989). o] 24
oA He}do] DPPH AJ9F2 A 0 2 HistE] o] AR
AR 24 AE SET & e, Ttdsta 7t
Y &40l 7Fs38ted in vitrool A AAE B2 iZH_J AL
3t &4 Hrtote d 98 AHEEI UtH(Hatano 5,
1989; Gulcin, 2020). %u+%, SUutsE, Yoilzx U 5
Fubr] 2 9] HE¥ DPPH radical £7%< Fig. 39 YEr
ot 4714 Alg BE 5 891202 DPPH radical
2750 F7HHE & 5 Atk 53] SIS S
of vg] BE EXofjA /894 0= DPPH radical &7%
o] 5_7].3].@1-4. T3 %]:ﬁJrNi o] _%_oc}:jjrxli‘_—_ 7_11-7_11- ookﬁjr
4 Soful&o] Hls| DPPH radical A7s°] S715t0] 4]
FElZ A Al Fol HIS) A8 /ol == A2
& AUk I 2= 100, 250, 500, 1,000 #g/mL
oA 22 19.27%, 44.17%, 66.21%, 79.42%2]
AE Hetdid=d, ol

o_?l‘,L

-l> 1o a2 l-)l' EIN

% 100, 250, 500 xg/mL]

Table 3. Total phenol and flavonoid contents of onion juice (QJ), black onion juice (BJ), onion vinegar (OV), and black onion vinegar (BV)

Contents

Not fermented Fermented

oy’ BJ ov BV
Total polyphenol (mg GAE/g) 08.7942.49*? 99.09+3.772 91.39+2.32° 90.3143.1°
Total flavonoids (mg QE/g) 0.1420.01N3 0.1520.01 0.13£0.01 0.1520.00

0J, onion juice; BJ, black onion juice; OV, onion vinegar; BV, black onion vinegar.
Nalues are meantSD (n=3). *®Means with the different letters are significantly different (p¢0.05) by Duncan's multiple range test.

NS, non-significance.
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Fig. 3. DPPH radical scavenging activity of onion juice (0J),
black onion juice (BJ), onion vinegar (OV), and black onion
vinegar (BV). Values are means#SD (n=6). *“Means with the
different letters are significantly different by Duncan’s multiple
range test (p{0.05).

SEoAE tE A= Hls) foH o= 7H) &2 DPPH
radical &7 @45 YEUH. oA Ao 9o, 5
¥ § FEES ¥ § 2800 H|9) DPPH radical
AAS0] L& Aog HiEo] B A1LATe} SASH At
= YeFRAHYang?t Park, 2011b).

36 YWAE Y SYTAYES ABTS' radical AHS
YE, STHE PE 92 SPE xR s
ABTS' radical 27462 Fig. 40 YeFIL: 4714 A&
BroEA 07 ABTS' radical £7%°] 371o%
‘3}. E35] Fupgol Hls) SduhE9] ABTS' radical 275
o] E3ton, JuE X SUYE Hls) FaTYS AR
oFufAlx W ZofulA] _73:-4 ABTS' radical £4%°] ¥4 4
: , SgukA 2= 100, 250, 500, 1,000 xg/mL
9] XA 27 8.09%, 20.71%, 40.34%, 69.04%2] 4
g UEHSl=t, & A& Hls] 593 sZA
ABTS' radical £750] 9402 7MY &2 A& & ¢
UALE. o]H Aol A= 100-1,000 ﬂg/m L9 529 5
P FEEZ TYY w29 J FEE] H[Y
radical &7%50] &o} &Ast &Ajo] L4351 Aog Bl
go] & ALt FARE A ERld & %%E}(Yangﬁ}
Park, 2011b). W&tA] & AF A2 EF
T, SYE 9 dAx0] H9 in VI[I‘Ooﬂ/"] radical &
AE ST FARE G40l fett Ao ' AlgHYh 2 A+
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Fig. 4. ABTS" radical scavenging activity of onion juice (OJ),
black onion juice (BJ), onion vinegar (OV), and black onion
vinegar (BV). Values are meanszSD (n=6). “*Means with the
different letters are significantly different by Duncan’s multiple
range test (p{0.05).

oA Jut % SYTE AZXE AXFS ¢ HEAQ FAS}
S48 ¥eA Qe 3EYYE € ST kolt RS ¥
B 74451994 DPPH ¥ ABTS' radical 2762 Z71et
IS YER AT oA AFtollA] Jut EE] Bl It
A1 %0 A taurine, proline, alanine, citulline, valine,
cystine, phenylalanine, f-alanine, f-aminoisobutyric
acid, y-amino-n-butyric acid, histidine, anserine,
ornitine 52 &0l F76tHoH, o5 e Ao
A GASE gAJo] HaiH vE Itt(ung® Cha, 2016). o}
ZhA ol A& WIE ) Ak o] FUHE AeR
/\}iﬂcﬂ XWr OJ”Jr 5’1 91°omr9P O]E 01515}04 7<1]Z§l Rlans

%@,ﬂ B3} A o Lol o TohE

8U7 FIL WAE AANAL ), AL FeFo] F7I5)

=2 .
oF 24 WRE 20U7H AT AW, F AT S0
o pHVt gasigion, gaast Stz 4 ol

u
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S F2 fructose?} glucoseP-S E0l5tF o, Fubrlz
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T A Gk x E SR £ [7]4R acetic
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acid ¥ malic acid¥

5 Tz 9 ST 20| A 84S EsH] @
3] DPPH ¥ ABTS' &A5S &
500, 1,000 xg/mLe] XA 5= J&HOZ in vitro
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