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Abstract

The quality characteristics of black garlic vinegar produced by acetic acid fermentation were analyzed over a 25
day period. Black garlic vinegar was produced using black garlic 3, 6, 9 and 12 folds with water, and initial
alcohol concentrations of 6~12%. The pH values of the vinegar samples were in range of 3.85~4.46 after 25 days
fermentation, and the sugar contents were highest after 9 days of fermentation (12.00~13.50 °Brix). The total polyphenol
concents of vinegars were in the range of 20.65~52.04 mg/100 mL 25 days fermentation. Pyrogallol and vanillic
acid were detected in the completely fermented vinegars, and their contents increased with black garlic content.
Five organic acids (lactic acid, acetic acid, citric acid, succinic acid and propionic acid) were detected after 25
days of fermentation, with the total amount of organic acids being 5,327.34~6,307.64 mg/100 mL, and the total
abetic acid contents beging the highest of the organic acids at 4208.90~5,570.29 mg/100 mL. After 25 days of
fermentation, the total minerals contents were higher, and depending on the quantity of black garlic added. Of
the minerals, the of potassium content was the highest (366.23~1,619.67 mg/L).

Key words : vinegar, black garlic, organic acid, phenolic compound, S-allyl cysteine
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o, 219} 28] FRE] Y glycogens TTHIA &5

71573 Zel E371F ATke). vlvte] 21 %2 acetic acide
TCA 329 &35 o} ZAakRs| S Z%135}aL, aspartic
acide 92 35 835 AduhR). ¥3}2 4 %= gamma-
amino butyric acid(GABA) 30| o} AW o wla} A4
67]4 gy =3 34(7)7} o] o:q OO]N_]_L
acetaldehyde =5 S50 &3 a4 E37} e A
Huxo] ITh®).

b (Allium sativam L)< %3}, F-39F e W
(Lilliaceae)® AlliunPl) &3 thd 2 ZE2, A4X+= 7\1
Hrofalo} B FgoprotzA] aide] o|n] A 53l At
A AE Sl vt = a2 BolA e 3o
2 4 ATh9). FEvetel A A= e vhe
T Aol A A== A 7]20] T A A
A=l dAF o2 FEE & ded, AP A,
Ak oA Fol FAR| oA, AR e FARA = T, Al
g To= el 011—/}(10) vhE& WA ST, atshe)
e «] Ae]7]5de] sl la(11-13), ¢4,
a2, Al FetE ol Fo thekst g =4
55 dreha dth(14).
eSS4 7 Sk o AR HeA 3
, AWEZ 3 S-allyl cysteine(SAC) & TH3taL 1o
% FelzElE Aot & A, ArgEEe] o, 7
st 7 9 7Ied = 7HA R ATh15-17). Svkss O]
SHAFLRE Suks &2 HUke 9R118), SrkE
Ho|~EF A7 8(19), Srhs FEES HUK 7
0), SV A7 A=73@21) Fo] Balo] gt o] 1
gt AFe = Bk, Srse] e Ay 540 ute s
I3l o] 2Fol H8A1717] f1gt AT o= v &
Aoln 53], ZulsS o] &3 A& ARE fd AT+
2 FHEAY A A= O]'X H3H vt gl o]
2 AT Snkse] HrERe 2k 23 A =%
3t o] 7] 9 %015} oro] MElo 7 HFslo] gL
171 & 240 0| 7]k mE FAT-E QAAE Hlude
24 Suks ’LL% AZE g 712285 SEstaat 513l
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],

ok H & Tl A%l e mlE] F oudd AR
(Saccharomyces cerevisiae)s 2.5% &3t 30T &=
< UEE AT dEE IR VIR Bt 1% dEEE
SR8t @olFEd XA Acetobacter pasterianus I
A3t F st 25 TRl e, o] & A4
= AV dE Suks E8Ed 5% HET v
5] £9eh 2= 0YAE A B R Stod, 30TlA S4417]
9, 18 & 25dcl AEE FH3I%

=
dFEA7E 01 3t T—aﬂ %%i?} = #< 30 mLof
ZBTE goll ol O 72 -5—],0:]
Y=g 7% Al(MT-830, Atago Co., Tokyo Japan)E- ©]-&-3}
o 43I B =390
Zyzkol A|gE o FA| Z(filter paper No. 2, Advantec,
Tokyo, Japan) ©J3}3t o A& AR 2 3}o] pH meter(720,
Thermo Orion, Waltham, MA, USA)E- o]-&-3le] =431t}
BEE AEds AT FHeto] A= 9= (PR201
, Atago, Tokyo, Japan)Z 33| o]/} ¥t&E =743}

o

£ EoldEs stetE U HisstetEel Eolnt At

z %Jﬂh—_ 5]_-61-‘34 6}.1];4 _zﬂl"—/ﬂ A=y 3 10] phosphomolybdlc
a01d91r HFS-3lo] A A8 JeEl & Y8l E Foiln-Denis W
(225 o]tk AFHA R AFG AEH 1 mLel
Foline-Ciocalteau A]2F 0.5 mLE ¥ 11 3% & 10% Na,CO;
£ 05 mLA S 713k & a3ksle] Aeo] obAldA] 1At
A3k th5 334 = (Libra S 35, Biochrom, Cambridge,
England) 2 760 nmol|A SH=E St AL =
gallic acid(Sigma Chemical Co., St, Louis, MO, USA)E A}
sto] A58t FUS WHo R FAsle] A HPHoRR
H F ds ssee] de Adtetanh

gt gsd 54 25%*? x5 ARE sto] #=3)
FEe 9l FFetaAt A4 Amde 4 FH ot
0.45 ym membrane filter2 ]33t & HPLC-DAD(Agilent
1260 infinity, Agilent, Santa Clara, CA, USA)Z #2413}
418 A2 Zorbax SB-Ci5(4.6x250 mm, 5 pm, Agilent
Technologies, Palo Alto, CA, USA)E A&-3151 1L, o] &%
L1 0.1% formic acid G823} acetonitrile®l] &3l gt
0.1% formic acidg AlZtel we} E3| &g 24 stHA
A3 o] 544 5 0.7 mL/min, A& FUFS
10 1L, UV AZ719] 342 280 nmellA] &35t =
e T 1750 RTEAS T 2AA 24D
Anzi g 2 gl

¢

¥

S-allyl cysteine(SAC) &zt 24
2y7ke] A8 8 AR 2 o Tgt F oA S FH3ke] 0.22
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im membrane filter2 2} <] 75t HPLC-PDA-MS/MS(TSQ
Quantum LC-MS/MS, Thermo scientific, Waltham, MA,
USA)Z A3ttt 48 ZHLS  Agilent Zorbax
SB-C3(4.6x250 mm, 5 pm, Agilent Technologies, Palo Alto,
CA, USA)E AH8-319 11, ©]57% Sl positive mode©l] A]
0.1% formic acid fﬁ%onﬂ- acetonitrile®]] £33 0.1%
formic acidS AlZtel whet E3H]E5 A shAA A6t
At o] 539 £E= 0.7 mL/min, Al S FU S 10 1L,
scan type< SRM modeZ 3}%th. SAC(Tokyo Chemical
Industry Co., Tokyo, Japan) ETE2-& A5} FLe =7
oAl EA5te] W FE AT vlwsl ZRlstslon, 7tz
o] AFFHAo2RY 1 TS AHEsAth

25 A E A T AHZ Hdtq 045
um membrane filter2 2} 23t T} HPLCE £4151%1th
A2 A7-S Watchers 120 ODS-BP(4.6x250 mm, 5 m,
Watchers, Daiso Chemical Co., Tokyo, Japan)E- A}-8-5}51 1L,
o] &% &7l 0.1% HsPO, 4;%@4 < 05 mlymin®| &%=

FAsIN o, L% = 301 7\] 319 AL, 10 Lo Al
25 FYste] 210 nmel A UV =715 ol &3t A=t
Gt Z 1139 714K (citric acid, oxalic acid, tartaric acid,
formic acid, malic acid, glutaric acid, lactic acid, acetic acid,
fumatic acid, succinic acid, propionic acid) ¥FE2 S A&
S AT 2] BH3le] I8 AR vlas) Helat
gom, zizte] AATHoRIH 1 FAL AEITh

28 g 24

F71EE Lee 5(23)2] Wil uheh 88 Feh2aA0
S7dol ¢hRd A x 1 g= ot X3 ikt Ag Aaks
247} 10 mLA 2|2 7FgE T3 heating blockell 4] -0 2
WA wj7kx] Fafstit wellsta W JdE SFHRTE
50 mLE &% & o#g F inductively coupled
plasma(ICP, Optima 7300DV, Perkin-Elmer Inc., Waltham,
MA, USA)Z £23519it}. o] u), 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/minS 2 3}%)

Tabe 1& Fobs 4% AZE 3le] Sobh 4458
ol 2@ F 5T I AYE wYT ARee)

-
=
=75 Tk wobd A Srkes 128 &gt

A23d A1Z (2016)

A< w14 °BrixZ2 7MY F=7F £3%4, L1112 8IS
+= 3.5 °Brix 9th
]# o] &3] 7°1{ <

e el 180 w ol 24
O

Fzgo] YYAAS

Table 1. Ingredients and mixing conditions for the manufacture
of black garlic vinegar

Sample code BV35 BV-5 BV-7 BV-14
Mixing ratio (Black garlic : Water) I:11 18 L5 12
Mixture concentration (°Brix) 35 5 7 14
Alcohol production volume (%) 6 7 8 12
Bobs Axe| pH
Srbzol & &l w4t 35,57 B 14 “Brix®

3 =
TEE 2Elste] Az Svks Az TE 7|t <t
pHS| W3} Table 29} 2t} &g %7] Svls £3t&Ee
7t 7P =949 BV-14 Al 59| pHE 442% oJE} AR
o Hlaf fojH o R wgkot HR7It F 460 FEZ Eo}
A7h HE 25900 = THA] 4460 % Yolx] &g 27] °ﬂ
H3) Fre] A<l zfo]7F QAT WA Bl £94EC] 5
7} 7 °Brix ©]at® Wokd el Adwre] Af- %‘;3:5&71
pHE 46 =& Egkon, Wa 9d At 496~5.629 W9
2 EolA Tl 2 o] $HEE T astel BE 2590
= 3.85~3.882] 9L, o5 A@=te] pHE FolH<d

Aol 7k Aot

Table 2. Changes in the pH of vinegar supplemented with
different amounts of black garlic during fermentation

Fermentation period (days)

Sample code

0 9 18 25

BV35  469+0.03%)  56+0.13°  4630.14%  3.87+0.06
BV-5 463:005° 5201003  444006™  3.85+0.07*
BV-7 463:0.03"  496+0.14%  470:0.16®  3.88+0.08"*
BV-14 4404008 4641006™  4.60:001"  446+0.07°

DAll values are meantSD (n=3). Means with different superscripts (a-d) within the
same row are significantly different (p<0.05). Means with different superscripts (A-D)
within the same column are significantly different (p<0.05).

Zobs AZe| QE

Zols Az 44 5 9RO WlE BAY A
Table 33} Zo] WEZ7] YL 5~10 °BrixZ ZvHs9]
Hrhepo] Be5E RoH0R Bk, ol Byol
U e= 1HE o v P* Aol EFE o] s B
o] Y vIHy] o T AEHHT) Svbs 4o P
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= g 9Yatel] 1200~13.50 °BrixE Z7}ale] o] & wkg
AP AA sl =], 0] 45 LR 259
5.50~9.50 °Brix$iT}.

HIERIURo] 3 du & H7lgh A 2ME dx
g 29 A 124 °Brix®E 7F¢ =gty 28 7|zt
ZA7stel] whet 7HAE e 7S Vet Baiso] Sl
t(24) ol= & A7 Aot FAkgE A Ekol ATt

fr L

FF o ar

Table 3. Changes in the sugar content of vinegar supplemented
with different amounts of black garlic during fermentation

(°Brix)
Sample code Fermentation period (days)
0 9 18 25
BV-35  500£000™" 12.00:000"  400:000*  550:0.71%
BV-5 500+0.00™  12.00:000%  450+071  5.50:0.71%
BV-7 6.00£000°  1250:071%  500£000°  650:0.71™
BV-14  1000:000" 1350:0.71  7.00:0.00°  9.50:0.71"

DAIl values are meantSD (n=3). Means with different superscripts (a-d) within the
same row are significantly different (p<0.05). Means with different superscripts (A-D)
within the same column are significantly different (p<0.05).

% Zo|us setge MY
Fubael 27193, 6,9 % 2 S48 F
Ny HLE_ 717F Zot Al x9] = Ze)d= 33
ZI}= Table 49+ 2t 2288 A %
) ) ﬁ}?‘g%_q 3}HeF-2- 19.67~50.46 mg/100 mL2] ‘ﬂ”ﬁ
RoH, Srhse] Fert S7HEeE e e
=, Svhe2 Avksol vlsl oF 2.6v)
t =2 dwstdadt 55 6 2 EehieclE SE
HuE5)E vlFo] = w ks Ax
=9 & Zehls e TS vk dudA 7Iklske

Hp7l 2 Aoz gotdn

Na %(7)% 7_}’ D§}__,/]_ o]:z A )\17\_/] ;a_lﬂ&r_ d—%ko]
Z}7} 48.51, 32.10, 28.41, 8.39 mg/100 go] 2t B a3 o

ﬂl}o

N'E

F

Table 4. Changes in the total phenolic compound content of
vinegar supplemented with different amounts of black garlic
during fermentation

(mg/100 mL)

Fermentation period (days)
0 9 18 25
BV-35  1967t059") 14961.80* 1300118  20.65+2.03™
BV-5 1979+0.00"  1985:1.62"  18.1520.74®  25.48+1.33"®
BV-7 28.10+0.50°  2831+0.50  28.58+0.00  29.38+0.82
BV-14  5046:0.59 5656+133" 56524221 52.04+336™

Sample code

DAl values are meantSD (n=3). Means with different superscripts (a-d) within the
same row are significantly different (p<0.05). Means with different superscripts (A-D)
within the same column are significantly different (p<0.05).

™, 2 nlsatel eyt 2060 EejHE de 47
1547, 2.31 mg/100 mL, B-5-2} 2] %= 25.19 mg/100 mL2]
Ze]uEo] HrEe] dtka Baiso] lvk27). oF Ef
£ Arketo] HEZ Ao F Eejus e oF v
o] A7 kol S7be ol wet folHow —ﬂb&ib— By
28)=]°] l=Hl, o5 AT AFHE 2 AT A}
A sh= 74 ol ATt

Sulso AU H|EE dElste] SA4 gsd A% 7
=4 siteS A4 248 23 Table 59 21t
7t =2 F 1759 BT E
A v B 4319 24 pyrogallol#} vanillic acid 2%
gho] gl lom, F ke BV-1494] 8.72 mg/100 mL
2 7P =3tk Pyrogauou gh2ke 0.17~0.32 mg/100 mL
2 u|o] o} vanillic acid= 5.25~8.40 mg/100 mLZ

é‘-‘f,
g
b
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o
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o
LA ofx
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O r
53]
b

pyrogallolel] H]&ll < 268)] U] =& FolTt. Snks A%

=9 & ZdllE el Svke dRolA 71k, 4
Fd 0|5 Eo| & Zelvx g3 17-33% 3=l
g o g B, ofE IR & HE EAE
T OF EREe dE Aoz FHH
ARt o7 |z SRS Aoy HY, HAF Tl B
01 2121 (29), ©] % vanillic acide thi-E2] ¥
%E* AT FAP1(0H)E 7 2 9lo] T
Fe A S 7 ol g Ao ot
Vo, 3 S} 2o ekl oke|dA S < Ve
o+ 2] 91th(30,31). PyrogallolS 21A1o] nbs
;L Z A4+ polyphenolZl 2HEZA F7]
oA A AstE] 7] wol] SA| A
o] B 2 o F2 Zo] HEA| 9
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Table 5. Phenolic compound contents black garlic vinegar fermented
for 25 days

(mg/100 mL)
Phenolic compounds
Samples code —
Pyrogallol Vanillic acid Total
BV-35 0224000 6.500.04" 672
BV-5 0.2040.00° 5.25+0.54° 545
BV-7 0.17+0.01° 5524003 5.69
BV-14 0.32+0.01° 8.40045° 872

VAl values are mean+SD (n=3). Means with different superscripts (a-c) within the
same column are significantly different (p<0.05).

S-allyl cysteine(SAC) &H&t

Sabsel M7t vl&S delste] a4 x| sa
FS B43 A3 Table 63 2ok 20HES HE3
BV-3.59} BV-59|4 = SAC7} HEEA] &L} BV-

w2
e
2 Hop mok

~
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A& 112 mg/L, BV-149|A & 13.12 mg/L7} &5 Enf
=9 H7bel whey 1 el ztol7k ik EE 9Ll
FroJHog 1 ghge] STk oY 1 o] HElE frolF
Ql Wigh7} glo g Z7|9F frAke MYSith

SACE &, &3k, ksl WASH, 3an
I, Fu¥, HABAELES 5o &
Hago] th34). lung S(35)S ikt Banks F&
E & SACY| Fo] MR SA| §2 thxT-ol| Hlste] 4uf
e e FEFs Uit 23 g oup glow,
probiotics & ©]-8-3to] LE I EnhEo] SACE WA A¥
W 7|zke] AEdeE SR Rax Jtk36). &
Age] AFoM e HE 7| T SAC TS B2 S
SH= Belov 2E Ao Hlel ¢ 45 o= F94
Q1 Apol7} glo] o5 AHREH Foldt Aol ol
At Ao MR EA Alolo] WE o R FHHE
=3

1=
o
o
ot

Table 6. Changes in the S-allyl cysteine contents of vinegar
supplemented with different amounts of black garlic during
fermentation

(mg/L)
Sample code Fermentation period (days)
0 9 18 25
BV-3.5 ND" ND ND ND
BV-5 ND ND ND ND
BV-7 112£005%  2742036™  1.72:005"  15120.16"
BV-14 13124099 17.56t1.04® 13442020  14.184095"

I)ND, not detected.

PAIl values are meantSD (n=3). Means with different superscripts (a-b) within the
same tow are significantly different (p<0.05). Means with different superscripts (A-B)
within the same column are significantly different (p<0.05).

S8 g
2 Zof| QoA G F AEE ke ikt
2h-g0 2 AYAE T ZAte] giRitoln o= F4 WA
T83 AR R dukd oz ) A% 4L 24k
kS 4~20% 0.2 FAS L YTH3T)
Sulse] H7PES gelste] Al 2o waszt

>~

T 71t FFsE 54 A3 Table 73 2t &
1159 #7148 B3 A3 Suls 4 XA+ lactic
acid, acetic acid, citric acid, succinic acid & propionic acid
559 frlake] AEHATE 7714k FRl wel g
7170 ghee] Ws} ol ' Aoletsie, lactic acid
£ 28 x7] 129.96~868.48 mg/100 mLo] T/} BF&E
182 ]| 511.68~793.32 mg/100 mLE 7} %9k 1 o] 5o
Z+28te] 100.45~396.12 mg/100 mLo| 1T} Acetic acid
uE %27] 888.03~1477.39 mg/100 mLo|=H]|, L&}
P 1 FFS TVkeke e B B8 25

2 0w O

e e

A23d A1Z (2016)

& 4208.90~5570.29 mg/100 mL=E 73 &8 o9tk
Citric acid= BHE 9o 149.72~688.60 mg/100 mLE A] &
Zrol| 5u) A o] gF 2ol & B, Suls A bkl
2245 1 geFo]l ¥ =4tk Succinic acid 2 propionic
acid= citric acid®} 5Lt 3o 2 LRI 5 B S
S Bov B8 259 Folle Snkse] HrhEel =
=TE I FEE E3h

Yi 5(26)2] AFolA g niEHEe] H7P &S 30,
35, 40% = 2elato] Az A2 {742 E lactic
acid®} acetic acid’} ot AEH Yt B3l v} JE=H),
E AFA TN Zuks 22 F8 f7]4H acetic acid
2 959] el won, 1 9 f7IMEY e dAkE
Ho]x] ekkt} Lactic acid®] o] =S 7% o3 <l
o] ¥71x= 3h=H|(38), ol =AM R o] A3l 5
o] APE7] Bt FHEE FFEC] EFE5H acetic acid
thal FARER lactic acid7} B AM39), & 27] 3
o] A53te] lactic acidE A4 H3 7] wolgta A
UTH40). & AT = 2APER 2l8go] &3l acetic
acidg A2t f714ke] e fAke 9, Snkse]
A7} HlEo] U EAY w2 A$ 3|8 it A&
o] AaEE AT F AUATh

27| &=z

Bnbso] Frbga 27) 928 IS gl 25Ut
2o HEe & FU)E geks B8k tTable 8). & 8%
(K, Fe, Mg, Zn, P, Na, Ca % Mn)9] F7]E&°] A& 3lom,
Bols Hrlego] 7P B8 BV-14TollA] HA 77 E ek
°] 2,369.08 mg/L= 7Hg =4t} ks Aol 7
A0 BV-357004 60271 mglLE F-718<] ko] 713
Aol Snpgo gy 715 2 v e,
ol& Bl Suks A% T FIES Suks AAl T
Fo] W Aol agz &&H HAoz FrrHdh

Sulso] A7k wEh &pol 7t QAR BE AlRoA K
>P>Mg >Ca>Na>7n>Mn>Fe o0& To] g-f%o]
AREH, 7HF o] =2 K AA 718 &F gy
60.8~68.4%5 Ffroti UL F WHAR S P
25.7~260% W =Z |5 F71Eo] A9 85% o= A
skal QISAT). o] 7 Bk Feo A Snks HUb
o] 2 AlgoXNe= AEHA ¥skon, Suks o] =
E BV-1479 A = 0.55 mg/LE 1] & sk o] Sl

Buls Fo] £7)152 Ko} Po] AA| F71E2] 80% ©]/d
= AfetaL lom tFo 2 Mg Cad olgta Bl
@nse] ded, ol # AT Jnks Hx T TE
T U3 AT, Juksl] FrE0] AR Fo=

i ol H A= oAl FAFE 5 Uk

Woo 5(42)& el 2| 3elA §71=& Kol 7H =11,
U592 Na, Ca, Mg, P9] =o|2}tal 3191 21, Hong 5(43)
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2 QolAxo] F71EL KO FEFo] M =, thEo R Buls A %25 2587 2AhEE A7IEA ey S E
Mg, Ca 2 Na®| 0], Fe, Mn 2 Cu: W&k 3He-x]o] A5 B4 a8 #FAJAE FA8S T pHE TR
AT Hagh v Qi) dvjd 2o E 24 Ed s = T AAk aste] 259 Fol| 3.85~4.46% 3, GE= L&
715 o] K¥ Polghs B = glo] Axe] F8 9 Fofl 12.00~13.50 °BrixZ 7} =3O} o] & thA]
F7ES KO]U{ LEA H7ME = ARolA 7IQlste= Fraste] daxr|eh AR AT & ZYuE 8
AN5e] TR/ 534 wet 77159 240 A& Aol 5 ke 28 0¥kl 19.67~50.46 mg/lOO mLo]d Ao]
Aoz AyztHE, #Z 25Ul = 20.65~52.04 mg/100 mLe] W= v|&F 7}

Table 7. Changes in the organic acid contents of vinegar supplemented with different levels amounts of black garlic during fermentation

(mg/100 mL)
Sample code Fermentation period (days) Lactic acid Acetic acid Citric acid Succinic acid Propionic acid Total

0 129.96+0.17*" 888.03+1.68"* 111.12:001"™  7086+1.04" 93424049 1,29339

BVAs 9 94.26+0.15 1309.35+0.72"* 149724020 10491£0.01% 86.44+1.58" 1,744.68
' 18 512.80+8.57™ 1463.14+1.55® 88.7520.11* 21.199,68" 107.48+3.43 2,19345

25 100.45:0.15 4828.11+1.15® 153.06:027*  136.10:029™ 109.62+1.31% 5,327.34

0 188.53+1.10° 1144.3145.40° 19025023 87.15+1.19" 123.75¢9.95** 1,733.99

- 9 123.98+0.44 1641.00+4.56 204.11+1.39%  1462140.10% 118.6241.73® 223392
18 793.32+1.79% 172643176 152.49+5.24° 18.73+1.28"* 127.730.72* 2,818.70

25 128.96+0.31" 5570.29+2.60" 182324027 145.00+1.65% 132.05+2.53® 6,158.71

0 330.02+1.06° 1477394071 27378+027°  103.492.00 184.78+1.78" 2,369.46

- 187.87+1.04 2316484333 319624172 217.64£1.53% 176.38+1.79° 3217.99
18 578.83+0.96™ 2459.99+7.01° 238.19+147C  53.161.02°® 214.78+16.10" 3,544.95

25 211.10£0.19 5434.671.26" 30206+052C  147.25+2.78% 212.56+4.17°C 6,307.64

0 868.48+4.90™ 1227384574 35874%5.15° 15091026 397.80+21.75° 3,003.31

- 9 352.607.81° 2092064669  688.60:387°  420.58:096™ 377.98+1.74™ 3931.82
18 511.68+325% 388420:224%  525.99:0.87°  164.91+1.08°C 445.85+7.77F 5,532.63

25 396.12+1.51™ 40890+148° 38196131 160.20%0.17C 384.10+4.822D 5,531.28

YAll values are mean+SD (n=3). Means with different superscripts (a-d) within the same row are significantly different (p<0.05). Means with different superscripts (A-D) within

the same column are significantly different (p<0.05).

Table 8. Mineral contents of black garlic vinegar fermented for 25 days

(mg/L)
Minerals
Samples code
Fe Mg In P Na Ca Mn Total
BV-35 366.23+2.84"" ND? 2633324 L17+009"  15690:141°  1550+2.16°  36.40+17.73  0.08+0.03° 602.71
BV-5 478.3045.37° ND 0264127 221#063°  200.631085°  2435¢198°  3345+175°  0.18+0.02° 78138
BV-7 760.13:9.98°  0.10£1.05°  65.28+1.5%  1774077°  289.83+188  26.89+323°  5220#5.18°  0.38+0.01° 1,196.60
BV-14 1619.6714.52°  055+1.13"  10475¢4.24°  225:011°  556.70:6.16'  35.91+345° 4834576  0.92+0.03° 2,369.08

All values are meantSD (n=3). Means with different superscripts (a-d) within the same column are significantly different (p<0.05).
ND, not detected.

e o dart 4% 44 ¢ad o
9 B3 2

b

Fopo 73 Gelalel 3,69 2 i} Hesel  FU=ES @

A Zzol| A HEmsgtE S
2} pyrogallol?} vanilic acid”7} &% %01,
7F £S5 2 el 9 =33t Sallyl

3
o] DAL LEAA 27] AL EESE-12%) Dejagr  cysteine(SAC) T oM oGO | E SrkE A

E
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ZoX e HEHA &%, Sukse] A BlE sk
71 o] wgked wE 7|7t mE ko] Aol A%
o 714 & 5%l AEEHAe, AEE 1t F
acetic acid®] o] 717 ol Ev} SR 25UA AR
oA 4,208.90~5,570.29 mg/100 mLo| 3L f714ke] FeFe
5,327.34~6,307.64 mg/100 mLe] WA} Lg 25U &
Suls A zo] F71&E g2 K] 366.23~1619.67 mg/L=
7V =%, Snkse] Aol 255 F %l ¢

=T
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