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Abstract

In this study, we aimed to develop functional vinegar with different levels of black garlic through two stages of fermentation. Black
garlic vinegars were prepared from black garlic and water (w/w) mixed with 1:2 (BG3), 1:5 (BG6), 1:9 (BG9) and 1:11 (BG12), and
adding the sugar by adjusting the soluble solids content to 14 °Brix. The alcohol content of black garlic vinegar was 5.2-5.5% after 7
days of alcohol fermentation at 25°C. Acetic acid fermented was at 30°C for 25 days and samples were taken at 3, 6, 9, 12, 15, 20 and 25
days. The pH of black garlic vinegar was not significantly different among the samples, but acidity was increased during fermentation.
Total polyphenol contents showed irregular changes with the fermentation periods and were higher by black garlic content. At 25 days
fermentation, total polyphenol contents were 18.96-56.56 mg/100 mL. Acetic acid content of black garlic vinegars was higher than other
organic acids. S-allyl cysteine (SAC) contents of BG3 and BG6 were 13.03-14.54 and 1.69-2.20 mg/L, respectively. However SAC was
not detected in BG9 and BG12. In 25 days fermented black garlic vinegar, the major mineral was K with a content ratio of 61-68% of
total minerals. The DPPH and ABTS radical scavenging activity of 25 days fermented black garlic vinegar were stronger at higher black

garlic content.
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1. M & 2ol = citric acid, succinic acid, lactic acid, tartaric acid

5 3 &3l FAHQA TCA cycledlAl & & A= tiFEEe

A2E FAYY dEH BEAFORE HAES o f714ko]l gHaEo] o] Al =2 UleA Er]|FHo=
&5t FRY AEAS et e oY dEES A 28l 7hssid, Al el wel a3 2=
¢3E 3l 24 BEAA A= (Hong SM 5 2012a). A AgE = Aok =3 e YA #3S FAIs
Az FRE A4S It A4F AV EE HUtste <H 5] He Aol o] ARAFOE A2 HHA
T ARG 7, AL T2 ol8ste] TaA (Son SM 1992), ©<= ZH|E 7|5olA vlAl= ARSS
7l FERAZE OEEH(YI MR 5 2014), ¥R 2= 24 AR Hol LHlEo] G453 S7HE AL JTHPark
HFE 30% ol Fishe ALY F=S 4% o HI T 2014). A% &4 £33 Fo|u Frv} FEA
SHrehe S22 2R 753 UAThBeak CH 5 2013). U §E8AES et Y F33H(Kim DH 1999), vl
Hzes Az A dE9 T/, A, day 2 3 (Ko YJ 5 2007), Zx(Park MH 5 2005), AF¥KKang
fr AEEY T wet 553 FrE JUehiH, 2 BH & 2011) 59 #AF 2% FZ(Kim HC 2011),
< 240 b I AR E, vEY A4F frIat AlPKKim KE & 2001), S<=(Jang HJ 5 2013), ok
A ooprieal B, | o thdet ]l osl 274 (Lee MK 5 2012), 214HAnn YG & 1999) 52| T}k

HtiJeoung YJ & Lee MH 2000).
2zl 8 AR F714F T oF 50% = F4tolH, o]

He Az5e 2o

AZEE 088 Ax7} B3| BT AT Y, of

w15, 24k Balo] WE wz
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3530 A4, sHAset vy T AW A,
ZH2HE As, AAY A Ze nefth Aged
(Jeong YJ 2009, Hong SM -& 2012b, Sung NH & Jeong
YJ 2013)& AYE ACE BiEil

oo WAl BhE 2dslr] sl EAE 3RS &
&3 7FarkEel Srbs2 vhs AR ARl 97 amino-
carbonyl HE-3-ol oJ3l ZAWMEZ] A= A} AA W
SHA H a1, Tto] FrbetH whso wie gtoluh e 7t
431A "tkShin JH 5 2010a). Wby Aolso) nl3)
AF7F Bolstrg FEEolu 229 FHE oY Tk
2F FHol A7t A7bg-ol o] FoiA 1 U=H], Snt
54 718 &A1A|(Shin JH 5 2011), %73(Park CH 5
2014), H(Shin JH % 2010b), A(Kim MH 5 2008) 2
T-ZE(Shin JH 5 2010b) T°| /W= St} Snis
SAEE HHE AXEA ZEHERY T Skt
™, S-allyl cysteine(SAC)™ 22 T84 FFolr] =4t
diallyl sulfide(DAS), triallyl sulfide, diallyl disulfide(DADS),
diallyl polysulfides 5¢] A-84 E&o| falg o= (Lee
JO %5 2009, Kim AJ & Rho JO 2011) A& &Ao] 7}
gtk ol gt AEEY tlEo] Ao AHE ZHER
of oJ3) ARt w gikst DS YERT 9F o
W, ZE2EHE Ast, sWAS A, AES a4
st2Eg 29} HHEE F4 oA 2 FEF 24 59
a37F BuEo] QQtkShin JH 5 2008, Tak HM 5

flo fo o

= j=4
=gl Qo 27] T FFL YA =] 9
sho] MRt R WYSI YIE WA Thy A BE
ARkl mHE Erhs Az FASAHE ARSI A
WES F Svhs 4z A s4e HAstus
sk,

e Mgl AMstAT. AES Al
A vk vlE] AP 5858 1:2(BG3), 1:5
(BG6), 1:8(BGY) = 1:11(BG12)2] H]&(wiw)E E3tat]
723} ety #EsE ks EHEY 1P E T
Z¥7} 14, 6.8, 5 2 4.6 °Brix%.2-™(data not shown), 7}-&
A AR ol 7P =Y BG39 oA AP Tt
|4 1FE FEFS Y 2H] flstd ARE
7Fell 14 °Brix® ZHsAh o|AES 27 4 kg A 5 L
BTl Fol 99°Col A 1083 Atstal Srks EE
ol & E(Saccharomyces cerevisiae)e 5% &3t 25°C
oA ¢IE LEATE 77U dIE LE T IIE
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Sohso] Hls gelR A% B95y 17
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FFo] 5.2-55%%0 TEES AU A7)0l 1% LAES
Shshe WMol 20 v Ao A Acetobacter pasterianus Tt
S 33U AT T2E 2.5% BT AS 0YAE 3
30°ColA LBAZ|HA L& 15Y7HA = 3Y HE o=,
T o)FE 5 HFeE ASE AHSY LaET|Tte]
£ AolE A3

2. pH, Atz 2 = =X

NE 5 goll FFHFE 718l 50 mLE T g3 2 &3
gk & oA (No. 2, Advantec, Tokyo, Japan)= o3k
AR AEE k] pHE AHMEE AFHA7(G20
compact titrator, Mettler Toledo, Greifensee, Switzerland)
£ ol&st FAlol A8 A4 == 0.1 N NaOH
£ (Daejung, Siheung, Korea)>.Z AlZe] pH7} 8.47}
2 w7kA] AAHste] 24 o E ST dEE Al
sSHE IAF FHstd Ae=HEITEA(PR-201a, Atago,
Tokyo, Japan)Z 33 HHE =23} t)

3. & Edlul= EEe MY

Z 9= e e EYvsd E2< phos-
phomolybdic acid®} ®¥H&3le] A& Uehle WE=
Folin-Denis®(Ragazzi E & Veronese G 1973)°l wie} Al
E9% 1 mLel 2 M Folin-Ciocalteau A]2K(Sigma Co., St.
Louis, MO, USA) 0.5 mLE %3 38 % 10% Na,CO; &
9 (Daejung, Siheung, Korea) 0.5 mL2-S &35te] 22
9] ehA A 1A HA S o3 B33 =A|(Libra S 35,
Biochrom, Cambridge, England)E ©]-83}%] 760 nmol|
Al FBEE SFsAt EFEEE gallic acid(Sigma
Co., St. Louis, MO, USA)E AH&3ted Al=9} 5 W
How At d2 HIFHCEREH F s I

<= Artsiith

4. S—allyl-L—cysteine(SAC) &ZF EM

Z¥zte] A SE filter paperZ 33 & A& 0.22 um
membrane filter2 A ]33}e] HPLC-PDA-MS/MS(TSQ
Quantum LC-MS/MS, Thermo scientific, Waltham, MA,
USA)Z £413}9 T} Analytical columna Agilent Zorbax
SB-C18(4.6x250 mm, 5 um, Agilent Technologies, Santa
Clara, CA, USA)E AM&319aL, ©]5/d &= positive
mode®| 4] 0.1% formic acid containing water®} 0.1%
formic acid containing acetonitrileS A]Ztoll we} gradient
2 ZA3Ah 0]54Y £5% 0.7 mL/min, NS FY
e 10 pL, scan type> SRM modeol| A #2418 2 A}
Ak SAC EFEAS MRS YT xolA BA5te
HEE AEE vlas)] gRlstden, = HdEAo
2HE I S AFESiaTh
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ZyzZye] A8E filter paper2 I3F F 0.45 um mem-
brane filter2 A oJ3}5}d HPLC-DAD(Agilent 1260 infinity,
Agilent, Santa Clara, CA, USA)Z £4J3}% Tt} Analytical
column< Watchers 120 ODS-BP(4.6x250 mm, 5 pm, Daiso
Chemical Co., Tokyo, Japan)E AR8-3FAL, 0.1% H;PO4
TEHEG o] 5O R dted 30°ColA 3083 AT
o] 542 4%+ 0.5 mL/min, AlS FYHFS 10 L= 3}
5o DAD(Diode Array Detector)Z 210 nmollA HA=
sFAch F 1152] f7]4KCcitric acid, oxalic acid, tartaric
acid, formic acid, malic acid, glutaric acid, lactic acid,
acetic acid, fumaric acid, succinic acid, propionic acid) 3
FTEEE NES YT 24 At HEE AR
= Hlwsl st om, A47e] HF=dowiy 19
R
6. F7IE & 24

F71&E2 Lee SJ 5(2010)] el we} &8 Z2
239 AR 1 g& F3td 23 F4HDuksan, Ansan,
Korea)¥ %3¢t Z4HDuksan, Ansan, Korea)= Z+2} 10 mL
A Z}E 2 718F th3 heating blockol Al T+ o & HE o)
A Balshenh RS e ol FRE 1
50 mLE A-83 A& o373 F ICP(Inductively Coupled
Plasma, Optima 7300DV, Perkin-Elmer Co., Norwalk, CO,
USA)Z #4319 th o]ul, RF generator= 27.12 MHz,
RF power= 1300 W, plasma argon 15 L/min, auxiliary
argon flow rate 0.5 L/min, nebulizer argon flow rate= 0.8
L/min, sample up take= 1.5 mL/min®.Z 3} Tt}

6.25-100 mgmLe] =7} HE= =
=48 NRYoE AgIETh
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DPPH(1,1-Diphenyl-2-picrylhydrazyl) 2tz A2AEA
< DPPHO| tht AAgo G4 E Yepd A0 E AR
3} DPPH €-9(5 mg/100 mL methanol)& FHCo 2 &
et o AeoA 2083 WA F BREEA
(Libra S 35, Biochrom, Cambridge, England)E ©]-83}<]
525 nmollA FFEE SHSATHBlois MS 1958).

ABTS(2,2-azinobis-3-ethylbenzo-thiazoline-6-sulphonate)
gz 2AEHL 7 mMe] ABTS £ potassium
persulfateE 2.4 mMo] HEE 8347 T LA A
12-16A17F <k ¥HAIZL 3 415 nmollA F4=7) 1.57F
HEE2 ZF54E 243 ABTS 9S8 A3t ABTS
| FF| A5de Estal A4 183 9§
A7l O £33 = A|(Biochrom)E ©]-83F] 415 nmol| A
F=E Z43UHRe R 5 1999). DPPH % ABTS 2}
P AAZAEE AE TRV e ARV &
HIZ ALbste] %= JYER T

=

o Y

o O oo
b

o

=%
mE
H-E
A
AR 3

o
=
)
il
1=

R

A
n

]

b

L 33] o] HhESte] AAJsIgom Ao
& A3}= SPSS 12.0(IBM, Armonk, NY, USA)
to B4t AAX e AP H+rEE

AERaL, FAA o8 HAS AR 4
d(one-way analysis of variance)= ¥ & p<0.05 T
oA Duncan's multiple range testS A|33H T FL3H
5 Yo AEZY] fFoAH= Student rtests B3l p<
0.05 sF=ollA ASsIAH

f
@

=

=F
=

o

I, za

1. pHe| HE}
ksl Atge €

& F pH WZh= Table 13} Xt 43& E A5

s 229 pHE 4.47-4.569 ¥R F

Eoll wE Fox7t e, &

P
i
‘:011
AN
L
e}
ja!
i

Table 1, Changes in pH of vinegar added with different levels of black garlic during fermentation period

Fermentation period (days)

Sample code

0 3 6 9 12 15 20 25

BG3 45440037 4.1240.08°  4.01£0.08?  3.94+0.11°"  3.9040.07°*  3.81x0.02°°¢ 3.82+0.01°  3.81x0.01°
BG6 4.52+0.03° 4.15£0.09°  4.02£0.07*  3.98+0.08°® 3.94£0.07™® 3.7240.01*  3.67£0.01**  3.66+0.01*"
BG9 456+0.07°  425+0.09°  4.11£0.09""  4.03£0.07°*®  3.99+0.05""  3.78+0.02®  3.72+0.02"®  3.67+0.03*
BG12 44740100 42540.09° 415011 4.06£0.07°®"  4.0240.06"  3.84+0.03°°  3.75:0.01°°  3.67+0.02*

D *" Means with different superscripts within the same row are significantly different (p<0.05).

2 A Means with different superscripts within the same column are significantly different (p<0.05).

All values are mean+SD (n=3).
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}§ FEok BAGo] R pH 4.5 oJ3t2 FAH AT
E_L(Lee HH & 2010)= & d794% L3 FFol

s A%e] a7t WE pHe HEVF X8
taste AEdS Eoiottl g x7] pHO| FAE
o o]z o2& ofd ¥ 2Z(Kwon WY 5 2014)

olZUo} 2 Z(Park HJ 5 2014)2] -9} U3
a7t el wet 24k 2 {7 =7t
pH7} 2439l 7] wiEo &2 Azttt pHo
Srbso HUbeel wet tha Zpolrzh lof
SHE Snls9 Hrieo] 7FE AL BGI2TEL
A7 ol 71 B-e BG3wol HlE] oA o= pHIL &
gt 2gr) 989 25Y0E= BG3TO] 3.81 2 24
O F pH7} %3, A ATl A= A= o
o7} fisith

Na HS 5(2013)2 987} o2 A% 2Hg4xe pHE
=% A 2%3.60), T3 H FR2A%(337), &
2132(2.62), AFH2Z(2.54), A2 Z(2.53), w4 2(2.39)
O 82 AR Aolaliist, ole A2 Az AHEH
Fo W zolgta H1g n U

¥
s it -‘101 —@

%
e oy

(e} .l

B o
ni >
o ot P Lo
13t
fu

zi' JN g e o

Z v}

10

2. AEo| Wt

e 2z WEVZT e s WHsE £4
P}= Table 29} 71%213% Suhse] HubEol BeT

713to]l AAEFE s Fo|HoR FUkehe

B %Ezﬂ Srls9 HrtEe] BETE 4k
==t ol Suks &AL A% 4Hd(Yang SM
2011)3_% A=7) 7] WEoZ AAHET

g z7] Al E 0.79-1.22%°]8 Zo] g 25U
5.87-1.50% = &7zt el tEo AEHoE f
AE Ho|WA F7REIYET, ol =4 #HE A F

/K

B
.

ullg

Jl'mr_r[

o

3ot fE i
He f"l°

Olﬂ H'i oM,

o rlr

o

Sukso) Wk Deat Az FA5Y 19

= 2014) At=HT
Fuks Az Az AR AHESE BEE 4

gHo FrhsHe AFE BYOU pHE WE 15U/
£ folHoR sl 1 ol FREE felH Ho|
B BT & glo] Y 717 54 ol FHEE HEe F

717} pH Wistol] FaFS wX|A] gkt H*Eﬂ 7t &
olZU o} Az Z4t A wEl pHYE AsHE
A ol oy v AR ThASA = dgkon 24k A
dFo] o w2 AIEOM pH7F O A Uehd A=
ANITL(Park HI 5 2014), &Ar] A Zo|AE 24HS B
sk kst ?—__JOM ANt Al Eeta
pH7}F 3534 &1 FAEHATGT BRuE §loj(Beak
CH % 2013) ¥ A7<] Ao}l 5L AFo= 2% &
Fol o] pHeL 4H=7} MAEVIZES] A et TEo] AR
Al F7F B ASHA] Ges & 5 AdTh

TAHE A Zxol| QoA FEAH F A AgoR
AR EE 24ko] tifEel ol Fd Wl Fa% 4
o] 3 ZE(Ko EJ 5 1998) dWbd oz = 2x9] &
Ab AL A0 ZA 4.0-20.0 w%(HAZE 2.6 W%
ol/hoz FA3t JA=u|(Ministry of Food and Drug
Safety 2015), ¥ A7 A= 20 ol LEAS
) S} 5.19-721% 2 A2 748 S5 A %9
2b= zpol= 7 2lze] EHEA, sk 989 R
oF & A=Y 9 XM= Fof uhet EPOJE& AIE Ho|
Etl(Jeong YJ 5 1998, Na HS & 2013) ogh&3} A 52|
A7 e 2AFSEE 2t ZPRE AZ(5%
ohHE AT FE A1, FHE3% olshoE AEE
F= oI(Keum JH 1999) 27] 427l E&54E 41%9)
7+ 92 &8 9= o Hold ZoE AdHch

Zabgo] %S Yol WA J1AR ALgI 2 FEE Aze) ghat Pol FFL FEddo DI F
e THY RIHS AHAAT A B3 BB 2014, Fukse ANFS s AR P 14
of 719l Pl AA TN WELE(Lee K “Brix® Z2Ase] WA Frks Axo] Way|te]
Table 2, Changes in acidity of vinegar added with different levels of black garlic during fermentation period (%)

Fermentation period (days)

Sample code

0 3 6 12 15 20 25
BG3 1.22+£0.02""?  237+0.06™  3.56+0.00°  4.63+0.04"  535:0.01°°  6.13£0.050  6.44+0.062°  7.04+0.06™
BG6 0.92+0.04™  1.89+0.03°C  3.07£0.02°  4.41£0.02°°  5.05+0.11°C  5.85£0.05C  7.21+0.025°  7.50+0.09"
BG9 0.81£0.03*  1.29+0.03"  2.09£0.02®  2.96+0.03""  3.69£0.06®  4.27+0.02"  580+0.04*°  6.33+0.04"™
BGI2 0.79£0.03*  1.20£0.06"*  1.80£0.08""  2.47+0.03**  3.08£0.05" = 4.17x0.03"  5.19£0.07** = 5.87+0.03"™

1) ah
2) A-D

All values are mean+SD (n=3).

http://www.ekfcs.org

Means with different superscripts within the same row are significantly different (p<0.05).
Means with different superscripts within the same column are significantly different (»<0.05).
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Table 3, Changes in sugar contents of vinegar added with different levels of black garlic during fermentation period  (°Brix)
Fermentation period (days)
Sample code
0 3 6 12 15 20 25
BG3 7.50£0.71°"?  8.50£0.71%  8.00£0.00°  8.00£0.00°C  7.00£0.00°C  7.00£0.00°°  7.00£0.00°°  7.00+0.00™
BG6 6.00£0.00"  5.50£0.71"®  5.00£0.00®®  5.00+0.00"  5.00£0.00®®  5.00£0.00®  5.00£0.00"  5.00+£0.00™
BG9 5.00£0.00™Y"  5.00+0.00"®  5.00£0.00®  5.00£0.00°  4.00£0.00"  4.00£0.00* = 4.00£0.00"  4.00+0.00"
BGI12 450£0.71"  4.50+£0.71%  4.50£0.71%  4.50£0.71"  4.00£0.00"  4.00£0.00"  4.00£0.00*  4.00+0.00"

1) ad
2) A-C
? NS : Not show a significant difference within the same row.
All values are mean+SD (n=3).

g B9 Wsts 54T Zie Table 33 Ak &3
< 0E d Age Thele 78 13E FFE 395
A 2AsAEAE BTk, 43S TE A% IES
4.50-7.50 °Brix® zfo|7} AU SvhEe| Wbl =
=75 Frks Y2 9EIF w3d=t, vk s57t

=2 BG39 BG6TH 7 & BG9H BGI27-ol A
o] gx {siedo]l A=Z Zol7) JUTE F, BG3TY F
TE= 24 2E 39 F 850 °BrixE YA|AOE Z7}3H

0]3 8.00 °Brix2 ol W& 12¥9)] 7.00 °Brix& 7+
4%k o] SRE = Zol7t fITh BGOTH BGI127E] 7
S 2E 9U7MA= WUt glopk B E 12d el e
2 ZAsI9a, 1 o]FHEE 47| 2 o)zt
N
BA AN

A3} 3 SR
T olF A3 AASA Re ERY HFOE FFo
SEPE R ER: EX s LI RERVSE D B
WA WE AR BRI ASEA 9] wiEe] $a]
e Aol W Ffol7t gl AR BTk

Means with different superscripts within the same row are significantly different (p<0.05).
Means with different superscripts within the same column are significantly different (p<0.05).

=4 SRES AEA 4 FxEoI%E 24t
AMHER ksl 47 39t 288 3t AEEAE
A7 deA QoW (Ferreres F 5 2009), o8] 71A] 2%
of dg] ExFo] glo] MR A RA Y] TS T
THChung BH & 2010). ]9 &2 HLoly =)
2ol A 23l AgEo] ol AAl F4E g fled &
I T84 FHE A5t Aol F571 8o
A o] gAo] FXEI o= ISt diks) 28-S 7Y
g &= 2tHAlonso AM 5 2004, Jo DI 5 2014).
Srtse F7ES gt Alxd Axe] warizt
of W2 F ZvE 3FE FHS SHI 7= Table
491 oy 24 E 2] Fubs Az T EYHE 3t
= FFE Suks9 Hrbge] 2&E o E°F BG3
T € 59.50 mg/100 mLo] 3L, BG123oll A 7Hg &
S FFOF 2023 mg/100 mLo|At}. F ZHE 3
=

=
Holthr}h wHE 25U 18.96-56.56 mg/100 mLo] 9]
2 eshs AT HE 2719 FAs Frksel

Table 4, Changes in total polyphenol content of vinegar added with different levels of black garlic during fermentation period

(mg/100 mL)

Fermentation period (days)

Sample code
0 3 6

12 15 20 25

BG3 59.50+1.18°"  64.58+2.18°  60.92+0.12° 59.81+0.21°" 58.25+1.30°P 51.71+1.89"° 57.94+1.09°P 56.56+2.56™

BG6 31.4842.27°%  2938+0.53° 28.75:1.00™C 32.77+2.62°C 33.29+3.95%C  35.13+0.59C

BG9 22.5241.86™  26.75£1.12®  20.88+0.59™

BGI12 2023027 17.00£1.00**

26.38+1.36%"

26.60£2.62°  30.21+£0.24"C

27.13+1.18®  30.10£2.39® 2321130  27.17+0.71°®

16.54+1.65  21.08+0.12**  17.60£1.68" 23.67£236™ 20.46£1.94°" 18.96+0.35™*

1) a-e

2) AD

All values are mean+SD (n=3).

2016; 32(1):16-26

Means with different superscripts within the same row are significantly different (p<0.05).
Means with different superscripts within the same column are significantly different (»<0.05).
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A7VFol WErE o =4 AU

Kim SH 5(2012)& A3 A5/, 38, &2, &
B2, A, &4k AlE Az F ZuE 39Ee
ko 38.06-87.25 mg/100 mLe] HWHE ALEH YUF9
u %’7}3* 2 X%IZH“%'M upe} 28 o] Apol7} Uk
AT AAdAE F FEHE 3

iPOl—E Azl Fvpze] Aol TS

=

n:?L‘
il
oo 1o
ﬂ?‘J

>
P
¢y o o
2 on Ml o&,“
Y )
30,
32
2

ok 4
o
I
i)
NPF
QL'
o
o
N
P>
9{&
nrr
il
o
]

H
2000, Jo DJ & 2014) &

A

S 1} (Andlaver W 5
e = :@‘rﬂgol 408 B B
HolAgt 44 &S FAEATh o= St
dt-3& Sl ST AHel
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5. S—allyl— L—cysteme(SAC) Stk

Suks ArbES 2Elste 428 gas daE F9
SAC g2 EU} o] Mgl nlgste] Sw } o A7}t
o] 7P Be BG3TolA 13.03 mg/LR 3L, BGoT-oll A
+ 1.69 mg/L7} AZH o s AUkl 42 BG9
T3 BGI2wol A& SAC7F A=A U THTable 5).
BG379 SAC TFe Z4F #E 2597H4 13.03-14.54
mg/LE FAAR] FA7L glo]l FA=HA o™, BGow9]
SAC #aFe IE 129704 oAt glovh 2E 159
o] $RE 1 ghEFol F7kslr] AlFte A 25U = 2.20
mg/L T} Tak HM 5(2014b)-2 probioticsE &3 W&

gol4 Frksel 7l B/l BESE SAC IIE %

rulr kolv

Supso] A7t e Az Huss 2]

$tha Bastgedl ol B A7 Adels dX|skE
7 akol Aot

SACE &Frtsol gHrEol e thaEzdl g
o8 Pk, sy, HAFH, HAAMEZRE F9
g4 x]HF'J](Amagase H 2006), 5% ZA A ajoene,
diallyl sulfideT &3 A o8] 7FA] dddel o8 f+d
He & TS dAsk, AduAE 2-ste] 85 F
H2EE TS AsA7a, 4 S48 A3lE A
gt g4 AEE dAlske 2ol o AxHeE AY
A A g o &371 AthKim KM 5 2001).

2 ATE Tl SACY TS 24 IEE T A
st gas & T A=, IS 98 FE ol
AHgEte] BREES AXT A9 Az 78S Aslst
U B2 £ T Ue AR Jgdnh

oX

0

Soks A7 viEg 2Eie Az ¥R F A4
FS B3 2= Table 63 2Tk Suls %9 8
F714FO. 2 acetic acid®] FEFo] 7HE Wom, o]ojA
citric acid, lactic acid, succinic acid % propionic acid®]
=0l AT} Acetic acidi= WE7|7te] gt wel G}
O o] FUkstel W& 25%Uol= 4189.71-5413.51
mg/100 mL WA vlstE AFY Arlees &
glale] A3 2]%o] F7]4FCZ lactic acid?} acetic
acid7} 98% HEE 2ZAITFTE= Yi MR 5(2014)2] R
o} B-EA} 4 Z(Hong SM & 2012a)2} FHohal 2 Z(Woo
SM & 2007)01]/\1 FQ Tr7] A2 acetic acid2tal HalE
o] &d AFlA Frbs A2 F8 FUIREE 9
=9 ?_:rlgl' FL3 AAH

THE IATIE 98-S Sk succinic acid EF
acetic acid®} Y3 73 309_ "}?‘._7]71-./] 7 3}9} v]Eo]
A2 Z7kske] HE 2590l 156.05-375.28 mg/100 mL2]

Table 5, Changes in S-allyl-L-cystenine content of vinegar added with different levels of black garlic during fermentation period

(mg/L)
Fermentation period (days)
Sample code

0 3 6 12 15 20 25
BG3 13.0320.82™Y 13294053  13.14%0.76  13.32+0.86  13.71£1.00  14.05:1.02  14.54£0.89  14.45+1.30
BG6 1.69+0.24"  1.88+0.18" 1.74+0.16" 1.71+0.07* 1.8140.10°  1.9940.17"  2.00£0.18"  2.20+0.17°
BG9 NDY ND ND ND ND ND ND
BGI2 ND ND ND ND ND ND ND

Y NS: Not significant.
2) a-b

% ND: not detected. below 0.01 mg/L.
All values are mean+SD (n=3).

http://www.ekfcs.org

Means with different superscripts within the same row are significantly different (p<0.05).
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Table 6, Changes in organic acid content of vinegar added with different levels of black garlic during fermentation period

(mg/100 mL)

SEE esremizion Lactic acid Acetic acid Citric acid Succinic acid Propionic acid Total
code days P
0 519.12+6.2189°Y  3787.80492.52°  545.86x6.14C  257.98+12.47°C  77.09+12.85®  5,187.85
3 450.91+1.90"  3925.95+33.84"  521.92+0.59"° 301.65+1.24% 7633532 5.276.76
6 419.88+528C  4120.35+29.37°  522.47+5.36°° 321.71£0.68° 76.17+4.15°  5,460.58
9 415.71+1.48% 4335.68£0.74"  518.20+8.64™°  346.42+0.38% 72.07£321°¢  5,688.17
BG3
12 405.76+0.54° 4541.82+7.23° 507.32+2.06"° 346.38+4.26° 73.1244.36™ 5,874.4
15 402.35+0.47°P 4755.62£2.180  514.55+6.18"°  358.04+0.02*" 70.49£1.97°  6,101.05
20 401.64+£0.54°°  4886.29+20.17¢  521.9244.24°®  368.06%5.54° 68.07+0.94°  6,245.98
25 397.19+1.90°° 4950.08+1.59¢ 540.94+3.71° 375.28+8.08™ 65.36£1.03  6,328.85
0 532.62+9.40° 2441.72+2.81°® 262.88+0.40° 146.01£12.33® 5426£9.53"®  3.437.49
3 276.07+3.83 2870.31+6.25° 253.07+1.54% 148.33+0.23 47.124043™C 35949
6 216.00+0.29C 3392.09+0.04° 100.34%1.00°® 172.21+2.87° 45.44+0.00™°  3,926.08
9 214.96+0.51°C 4050.45+6.45% 93.49+8.598 193.66+4.99° 38.34+5.38%® 4,590.9
BG6
12 215.75+0.54"C 4433.1120.25° 94.16+7.57® 196.49+3.38° 43.23+0.66°C  4,982.74
15 218.70+1.80 4730.98+5.25™ 53.63+1.58™ 202.5440.59°¢ 40.89+0.13°C  5,246.74
20 92.28+3.20% 5230.82+20.92%° 82.04+2.68" 209.92+6.06%¢ 41.41£0.01°°  5,656.47
25 90.97+1.00* 5413.51+12.40™ 54.16+0.11* 217.70£1.61¢ 45.48+030™°  5.821.82
0 455.37+4.31® 1448.87+7.76 188.88+3.938 95.74+2.04* 11.15£0.09**  2,200.01
3 314.1242.35€ 1992.36+3.40"" 158.5043.17" 106.04+1.77°* 11.37£0.09**  2,582.39
6 167.46+0.20" 2363.374221®  154.72+1.72"¢ 127.87+0.25® 11.84+0.07°*  2,825.26
9 161.36£0.39® 2082.71£2.12"%  153.86£0.49" 174.1442.57% 13.1740.10°*  3,485.24
BG9
12 70.72+0.16 3117.96+0.69°2 152.54+0.79* 180.10+0.16°® 13.82+0.19*  3,535.14
15 72.12+0.41%8 3492.28+1.13®  193.95+1.20%C 189.54+1.84™ 13.8320.09*  3,961.72
20 72.26+0.38" 4295.67+0.67%%  189.57+£0.41°% 179.96+1.17°® 14.6120.16*  4,752.07
25 73.90+1.13*® 4818.43+3.25™ 194.41£0.13°¢ 189.6240.47® 16.14£0.01™ 5,292.5
0 408.52+0.42°* 1401.64+4.67** 85.52+0.76™ 90.80+1.51* 20.10+5.19"*  2,006.58
3 200.38+1.48% 1625.73+0.04%* 80.26+1.91°* 103.21+0.00"* 22.47£126™®  2,032.05
6 117.07£3.17* 1800.09+7.79%* 75.89+1.14% 122.88+1.15% 2436£0.10"%  2,140.29
9 116.73+1.61* 2236.06+0.73% 53.51+0.04™ 150.22+0.16% 11.88+0.71* 2,568.4
BGI2
12 50.78+0.75%* 2704.22+411.97"  72.54+1.70"* 148.68+0.96%" 26.65£032®  3,002.87
15 47.34+£0.23" 3048.67+6.60™ 70.22+1.32" 153.49+1.59™ 24.01£2.41*%  3343.73
20 47.33+1.49* 3671.68+13.40%" 70.36+0.09** 147.46£1.27% 21.66£031"®  3.958.49
25 46.83+1 .47 4189.71424.44™  74.10£0.97°*" 156.05+0.43%* 229143.11°%  4,489.6

1) a-h
2) A-D

All values are meantSD (n=3).

2016; 32(1):16-26

Means with different superscripts within the same levels of black garlic are significantly different (p<0.05).
Means with different superscripts within the same fermentation days are significantly different (p<0.05).
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HeRom Fnhsd Hrbo]l BSE 1 %] ¢
=T

Alzb gl gloja o WAje] Qo] H=(Jeong YI &
Lee MH 2000) lactic acid®] 74-¢- &gl wat 7438}
T AFeE Iaxdd vluste] IE 2599 lactic
acid ZHEE2 BG3wollA] 76. 5%01 W BG6, BGY Y
BG127& 22} 17. l%, 162% 2 11.46% =% Znl=2] A
7}Eo] 7<4 L4E AE=LE Ukth ZAF A FF AL
H7] B¢ TFEE YEEe] EFEY AT acetic acid
7} obd FAFEZ M lactic acid7} A4 = A K (Woo CH 5
2000), HE Z7|AAfA Aikto] Y53t lactic acid
£ A3t H3(Yoon SR 5 2010)7F =, Srl=
= F7lele A% A xAA s BE] lactic acid
gteFo] Zrashe Ao E Hol g Z7|d= A4kt
lactic ac1d7} AAEY o BEr)7re] Aol o

ARl Ahtgrl o 2R AHA} lactic acid7}

Hart g5 Suks Az FUE IS B4
A= Table 73 2ol WPQ A7lFo] BeHE X
F= Zol BG3TolA F 2,511.26 mg/L7F FHFEH Ao
BG12To A= 645.46 mg/LE AHekglo] ok 259, 3o
Bttt 71 ol =& Ko A= Snpse] J
Zhegel] S ol BG3wollAl 7P gheFol =0t 1,707.33
mgLA3, A F71E2 68%E A s AYEE 1
9] NBIAE Ko] AA F71E F 60.9-65.2%= &3t
ar MOiE‘r E‘r—oi ?}%l =Ud P«l 73‘—%1‘—; 5°‘f&

Srks A2 FY %171%% TJE J —ii }EOM 71010}
2 K3 po] 7Hg ©ol gtE o

90% AEE A, 1
+= Kim BM $5(2009)2] X

Sukso] WbFS 9ea A xo) FU5Y 23

u{u

a1} YA A

Az A Ko S doldr] A ZxE 158.20-97.22
mg/L(Joo KH & 2009), H-&A} 22 A= 1,686.25 mg/L
(Hong SM & 2012a) Q0] Az A= 1,560.75 mg/L(Hong
SM 5 2012b)i A= o] Az F Fr]EclH, 11 9
9 1at AR A& Ax A JVHE dsEdd net 2t
kil B o] gltk(Jeong Y 5 1996).

8. a3t 2y

DPPH =z AAGAEL ofx32RI4E 9 EFHE,
polyhydroxy W&FEetetE, W& oflRfol o Aat
FAE Wol Byl Aoz kg3t EAE PAsta Y
oo we} J2 o] galx = edglo|M ABTS 2}
O 27%2 potassium persulfate9}o] ¥Hg-o 2 AAlw
ABTS" 7t ltjzo] Alg ulo] dxlsl EdaRE &
S Aol ¢S EFZ HIEHEA U EGe
FEANLE GA He BEE 088 A=, E}El%bl 5
Foll me} Agsle dAsEde 77 t27] wiol
DPPH % ABTS &Ze] &AZAEL zlo|7t drkal B
5o Iti(Chung BH 5 2010, Hong SM 5 2012a).

Srtse HrtES % 3tal Hgsted] *g*PHt &5
< FEE %‘-"E‘%Hﬂ 2% o 2593t A HESHY
2+3} 84S DPPH 2 ABTS 2ozt &
Ase 3 %Xé 3% TH Table 8). Srb=9] H7HHEo]
=952 338 B4o] ¢ =91, DPPHRUF= ABTS
gz aASH o §- 6}04 23] Hrigto] &ttt
Sulze] Hrleo] 7 B3E BG3TES 100 mg/mL &
=2 H71ES o DPPHSF ABTS &tz &AEA 9]
ZY7t 90.56%S}F 98.98% = 71 =9ty Sulse] vl
o] 7} A& BG127e] 4§ 5Y FEA HHZ &
AEAL 2+t 47.85%2F 54.06%° 35Tt

2597 A" Euls A %9 DPPH ¥ ABTS ozt
A2ABANE [Csoip o2 343 A3+ Table 99 2t} &
nhE9] H7MHIEo] ESTE ICspt< B ¥er, Snt

Table 7, Mineral content of 25 days fermented vinegar added with different levels of black garlic (mg/L)
Minerals
Sample code
K Mg Zn Na Ca Mn Total
BG3 1707.33+16.5°"  111.57+0.96°  2.18+0.09°  606.77+8.25°  34.60+0.82°  47.91+3.12°  0.90+0.02° 2511.26
BG6 769.97+9.08°  56.41+0.92°  0.22+0.01°  307.10£1.18° 23.75+2.82%  23.84+3.61°  0.33+0.00° 1181.61
BG9 515.40+21.55°  43.80+1.25° ND? 227.40+7.37° 15522039  9.96x1.41%  0.16+0.02° 812.24
BGI2 392.8349.19*  33.70+0.87% ND 182.93+0.92* 19.62+7.85"%  16.33£3.26°  0.05+0.03* 645.46

1) A-D

? ND: means not detected.
All values are mean+SD (n=3).

http://www.ekfcs.org

Means with different superscripts within the same column are significantly different (p<0.05).
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Table 8, Antioxidant activities of 25 days fermented vinegar added with different levels of black garlic

Concentration Sample code
Items
(mg/mL) BG3 BG6 BG9 BGI2
6.25 30.8643.32°V? 9.69£0.60" 20.661.83 20.75+3.38%°
+3 Be + Ba 4 Ab + Ab
DPPH radical 12.5 42.23+3.89 15.22+1.77 21.77+0.27 22.55+4.23
scavenging ability 25 54.86+1.93" 26.75+1.30* 26.85+3.10™ 28.49+2.84™
0,
(%) 50 71.60+1.17> 38.91+1.26™ 35.15+1.23% 34.14%3.00%°
100 90.56+0.03™ 60.17+2.31% 54.11+0.98" 47.85+0.98™
6.25 27.50+0.29™ 17.09£0.12%° 13.73£0.61° 10.74+2.54*
4 Bd + Bce n Bb 4 Ba
ABTS radical 12.5 42.25+0.04 25.25£0.33 19.18+0.82 16.070.41
scavenging ability 25 62.83+0.29% 37.05+0.25% 26.84+0.78 21.15+0.41<
0,
(%) 50 85.53+1.02™ 55.494+0.08 42.62+0.08° 30.45+3.07™
100 98.98+0.04" 81.84+0.29™ 66.97+0.49" 54.06£0.37"

1) ad
2) AE

All values are mean=SD (n=3).

Table 9, ICso value of 25 days fermented vinegar added with
different levels of black garlic (mg/mL)

Sample code

Items

BG3 BG6 BGY9 BGI2

DPPH radical scavenging activity 20.17 84.69 81.57 94.54
ABTS radical scavenging activity 17.25 42.46 70.65 101.63

= 2]%&+% DPPH ]zl I3l ABTS 2tz 479 T
a7t A=, BG3T2 ABTS &z 4750l thsh
ICso3k 17.25 mgmLA Tk DPPH Uz &AZA 0 o
3 BG6T9] ICs50%k-S BG3woll Bl oF 4.2viu} ] =3t
Sl BGYTH= WA UERA] ot Srkse] Ut
H|go] oA Hl#H A O 2 [Csgke] 1.4-2.40 744 Z7}
sH= ABTS &HHZ &A% 3= 2o)7) AAth

V., Qo A A=

Frts 3

(BG12)9] Hl&

af ¥
% )

£2 1:2(BG3), 1:5(BG6), 1:8(BGY) B 1:11
(W/W)E Egste] w3  HEE 7t
= 14 “Brix® SUsHA 2AskaL, 743t

& HEst

=

Sl ]7 S Acetobacter pasterianus
A EAIFIEA TR 0, 3, 6, 9, 12, 15, 20 B 25
/\]g_% Hatel FHELS HHO}?\"?\‘:}. g 7]3to]
Hoto] Wt pHE oA o2 ZHAsal At
2 Z7lele AEe Rt %_Li% e A

l:l

oo 1 2 ne
B

o & 2
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Means with different superscripts within the same levels of black garlic are significantly different (p<0.05).
Means with different superscripts within the different concentration are significantly different (p<0.05).

4.50-7.50 °Brix& }o|7} Yom Enlso] Hy)ako)
‘—%”i TEE =30y 1E 12¢ o|FHEE T
oA Ql zfol7t qiltk & EEslE SEE
g Z7]o Sukse UM BETE
Wg7)zke] el gEe EFFg S0
Holgr} g 25Y0lE 18.96-56.56 mg/100 mL2)] E'.H
. Brls Az fU)4LO BE acetic acide] &0
7V =3kom, S-llyl cysteine2 SPh=9| 7 H]E0]
=S5 © o} BG3TolA= 13.03-14.54 mg/L, BG6
T AE 1.69-2.20 mg/Le] WHa, el AdFoA=
AEHA ) 2w A5H *‘é«l FNELS Ko ¥
2ol 7P Fol A F71E9] 61-68%F AAFHLH,
Soks9 HA7MIEo] =&55 DPPH ¥ ABTS oz
2AZGA0] O skt o3 ARE B Suiss
17% ©1’& AMg-ste] 225 AxE ¢ 7714k SAC &
g 9 ksl o] FUtske] Axe] FH|9h 7]%‘3%
Zasted =98 & 4 JS FoZ JgETh
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