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TSI FEOMETFLINE; L MOSIAAME. ZHHYE T ANEIfDEH K2
APy BEEHE BT

Abstract This study investigated the levels of sugars and mycotoxins in 41 commercially available
fermented vinegars. The validity of the analytical methods was confirmed through evaluation of the
limits of detection, limits of quantification, linearity, and recovery rates for both sugars and
mycotoxins. The sugar content of the fermented vinegar products showed large differences by
region. Among the sugars, glucose and fructose were high predominant. In contrast, sucrose, lactose
and maltose were present in smaller amounts, while raffinose and rhamnose were not detected.
Among the fermented vinegars, apple vinegar showed a total sugar content that was 5.7 times higher
than brown rice vinegar and 7.1 times higher than persimmon vinegar. Regarding mycotoxins, none
-Gy Gy,
ochratoxin A, fumonisin B,, deoxynivalenol and zearalenone. However, fumonisin B, was detected
at a trace level of 1.84+0.03 pg/kg in one apple vinegar sample (V15), which is significantly lower

of the 41 fermented vinegar samples showed detectable levels of aflatoxins B; - B,

than the maximum limit specified in the Korean Food Code. Therefore, this study provides important
data on the sugar and mycotoxin contents of fermented vinegar distributed commercially in Korea.

Keywords commercial fermented vinegar, sugars, mycotoxin contents

1. M2

WRAEE F2 YRS 73 o)A S o=l os) 4AHOR olgolA 9I¥ T
270] ueh wa AE %, 71 4 AR 50 G FAL BYIEA, vrol 94 okl St
e 542 AASe ABS B0 2 IS T4 4 YrHTak 5., 2024).

EAE 3 LENEE 3T RAL YRS Sfof AR o3} Yol YTLE WAL 24T
o o) YTLo] 2O AR WE FHL o Az, AN PPHL 243}
Lo 71 YR, oAk, ester 52 HRStel HEU WA A% 7ML Zoj4E0R Uy

AFRE] T QItHChoi 5, 2018; Jeongd} Lee, 2000). £3] LR A X AZ A A7lete Y=o ot
Y= ZAL o] Qfo] TRt AR 71548 480l k3t B4, B E 5HAS} oY, o i nlg
A, AR A4 83} 5 gt AgAo] BaEo] daAxe AR E AHIREY TME
27kt ek (Hwang 5, 2016; Jeong 5, 2016; Ting Xia 5, 2020). o3t 2]z i3t AH|ALS]
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N 2

Aol W 7154 SR WSSNA TRz Sa%t P
3] Z7F5ko], 2021 Az AAEF = 2hg Al x7) 95.8%S A}
J8ta 20179d0) B3] 13.5% Z7F5H7] % SHATHEFIS, 2022).
ok Az APl A, AR, B, AR, EE, SRIE, 1
T, 524, QUi 59 BAS AR AR FE o]F
I, Yo7t A EAREE 2835 Zaju|g A HRAZRY §
715 98 9 H7FEol fle A7 Az U3t 8 7=
QIgt AEe] 13 U CosElee AT Z7FSHITHChoi
5, 2018; Song, 2020).

ol IR A% 4n|9] F7lof| TRF Al Bl FUioflA
FEI e TEAE AERo T3t 3R gl digt £4
oA &= H] &3t AAgolt}. &3] AlAEA7]SHWHO)OlA = &
T AFHE 19 28 ol9AY 10% vete s H3stes d
JSHIL QO H(WHO, 2015), UM E 3372 AFHE
FoUA] HF=Y 10-20%= Algketal QUTHKNS, 2020). ©]
A QA or g 47, 487 S7ISHL e HRARF
of tiet G AHE AlE-S 297 SHAAE 997} 9l
3 A7k

2 Fgolo] ojs) AAEE GAEA F BHolSaE
g UElo] QAlof flsfsh AlE] 4ol & JF=

9IcHNan 5, 2022). TheFe A1 EoA YAEE Bl

oA

>

mr
A

3 ik
EAE & Aspergillusss, Fusarium?s 18|11 Penicillium&:
ol Yol == 22 HARIER, SN FEstAY 4]

9 Az, 7k 3 & R E EE 4 Urh(Wan
5> 2020). S U= 7 5 o & FolA HEAY
st Algeli=e] 7MY} Wol A& 548 HiE ot
(Kim 5, 2013; Lee 5, 2022). 1% oZEAIL Aspergillus
flavus, QLATEA A= Aspergillus ochraceus 5, G2 A UT
= A= 52 52530 |(Fusarium graminearum &
E3HA), FRYALS F verticillioides 5°] 8 I%o|th
(Desjardins, 20006).

HRE F3olshe sFeFog QbAste] &yt A A7}
o oYL, 4317] AFofl, MY Ao}, 7t - 5 °IT
w9 552 4o o Qlof, F8ols4a0 digh 3
Heel sfdom <lste] QoA 387|E= Hsto]
TE5H= AAo|th(Han 5, 2012; MFDS, 2022). o]o] =i
A FeHI e HRA R Ugt FFolsa F M A Y
27 o EEHEAlL RATHEAL A, HISAIYLE, AEd=, F
HyAlo] dfsf FFEAl0] Basit

TR A %20 Fgol=4o] gt ALolA] Majerus 5(2000)
Z Rl A% 3871 F 197104 @A=EAl] AEEHY, OF
WAl A ZoA @ FetEAl0] 7 A4 A&EY, Markaki
500 Az AR 157]0)A 3 etEAl0] SaE %
AR A% 3704 QT EHEAl0] 7MY Erhal Hrsteith
B 2T A Zo|A ofEEEAl o] AEEH L, 59] 429

i o
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Az % ALGUE W 2AMLE H4o] oNEREA B Pkl
Tojstty B %It Heshmati 5, 2021; Kumar 5, 2017).
FZoll= 7h Al AlxolA shEY QT4 o] A
A2 1Dilek 5, 2023), 3714 ZAH 57 A2 At}
L gHo g Qg ZTo]=4 Ao dojutty IFHA 7=
°]'MT’}-

wehd 2 AFolE RIHolA A4 & ol 9 o
AHA| SOl Al grolu 9fs] =4 0] Heks HESIIAL, FujolA

%%54 Qi WHAZE 415 = A2 15%, A% 11
£ 9 a0l4% 1550 ol 759 95 4 059 Bgols
2 Basg

2.1. H&

B FPEYTLOIA 5T A
(7(}%45 5%, /‘15/76‘715 2%, BAEAF 13%, Ao 105
FAE 1IHE FEHIL e T EJE%‘Z 20239 4€ 7
4102 A 2R 15,
15_,_o§ Zb 334 ZTFHlom,

e SES=S
BT e i s A

F5 EFEQ I(fructose), EEH(glucose), AT (sucrose),
wWolt(maltose), -3 (lactose), 2} A (raffinose) & HiA
(rhamnose)y= Sigma AldrichAKSt. Louis, MO, USA) A&
ARES19 T, FolEA HEE £ ofZEEAl Mix(aflatoxin
Mix) 2 FR YAl Mix(fumonisin Mix)&= SupelcoAlBellefonte,
PA, USA) A&, A& w=(zeralenone), HEZAYL =
(deoxynivalenol) @ Q@ F&EAl A(ochratoxin A)= Sigma
AldrichA} 152 ALBEIITE. 1 o] A7) ) B0 77
o] AF83F A2kl acetonitrile(ACN), methanol 5-& HPLC
o o1 E AloRE ARSI, Alm &0 ARSE Bl
normal-grade A|°FZ ARSI AlRE ofHstr] #isf 0.45
um HE Q1 WE|(MF-Millipore, Sigma Aldrich)E AME-5}%
onf, AA TE= 02 um®| 13 mm APA| gA3 I
(Minisart RC, Sartorius Minisart RC, Géttingen, Germany)S

AEot L, EAED AL 2L Isolute Myco(60 mg/3
mL, Biotage, Cardiff, UK)E AR&-5}%ct.

2.2 Rl 45

g5 9 Igo]E49 7 FF LN s g XA|5)
of A 2ot ed, 181 gF 9 FgolEA7 A&
A k2 A%E olgsto] A5 AA R utet A8
S THE & A 2o Qs Ao 28iE st &,
73] EA5t0] dojA EEHAe} 7|78 RO AETH
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o AFHAE ot & ARESIITh ojnf HEH
(limit of detection, LOD)2} A&t (limit of quantitation,
LOQ)= A3olA 2o chromatogram © 2 5E] 7} BAZE
ZFH peak?] AT /5S(signal/noise, S/N)Q] H]E0] 3.30] 3fjga}
= 2479 F=E ASRME SH2H, SNH] 109] sk 242t
9] FEE HHMHAE AABIATHICH Steering Committee, 2005).

A7
I gHe AETA /7RO o 2R 5%
(MFDS, 2021b)°]| w2} EASHtH WA A& 5 g& JYUs
o} 274 25 mLE 7}5H0] 85°C $220]4 2587t 7h25}0]
BRE 229 TR, WASI] 045 um WE el B2 of3}
stol AIEoLo R AHEIIRL, T BAS RI 42717} 2
% HPLC(Waters, Miliford, MA, USA)Z 415199t} Column
92 Luna® Omega 3 pm SUGAR 100 A(4.6x250 mm,
Phenomenex, Inc., Torrance, CA, USA)S &5l 25

—

:
2 ZeF0 AEEY 20 LS FYSRAT S FF B4
9fstol 94 7% FREH, L=, A, dobg, 5, el
2 9 ) BEEC] BEDN(100 mymL) 247 A2
 BYB] FRAE S, B HEEE Azl GF
o EXFEOT G 1T BE ARE 33 9 14

ATt

T

24 Z8oE2 F4

TEolEA T HEAYE S AEsA0 uet Z45H
THMEFDS, 2021b). A& 20 gofl 574> 100 mLE 7}5tal S&
7t #ASRE 3 YARE(10,000 xg, 205)5HL AFSHL o),
A5kl oL EYEY 3 mLE &7 th 50°CoA] AA
7 Axsph. AaEd] ols4 1 mLE 715t 59 F 045
um WEFHQ L2 ofzsto] HPLCE EA319ch & UV
220 nmof|A columnC & Cg(Capcell pack C18, UG120, 4.6
mmx250 mm, 5 pm, Osaka soda, Japan)= AR&-5}0], o] 54}
(ACN: Water=17:83, v/v)Z 1.0 mL/min §-£° 2 Z#F310
o] FHE A 50 uLE FAske] BASIET ol Hl&Al
Y s2 o] 50 R 853t & H 52 Sl4sto] AF
g Adstant.

1 9 FolsaE AE3A F oFESEAB), By, Gi, Gy,
QITEA A, A=, FRYX(B,, By) BAIEAH(MFDS,
2021b) 0.2 A|RE AAFst] LC-MS/MSE E4319itt &
TASRE A= 2-5 gof] FE8Y 20 mLE 71StaL, 3023t
E3 F 3,700 xgolA 1087 YR elT, A5AE o,
A 0.1% oliks et oFNEYER &4 2 mL, 1|
B2 4 mLE €A% T 50°Co|A AAE ATstyct o] A
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TE] 0.1% 7HrAkS a3t 50% HEhe 89 1 mL7t HEE
LA 71 F ojsie] LC-MS/MS(High Performance Liquid
Chromatography Mass Spectrometry, ultral00-triple QUAD
4500, AB-Sciex Instruments, Framingham, MA, USA)Z 54|
B3I oju] BAZAL Table 13} 27, 0] BHo|S4
BZES WHE El opEUELR G The, 0.1% 7fv]
AHS SRS 50% WERS Ao g 247} 0.05-10 pg/mLE F
Aste] AP LR Hste] AR A ESF 2
£ A29) BYolEAE 33 v BAsholr

2.5, SHx{2/
A% A= Statistical Package for the Social Science
(SPSS, Version 25.0, SPSS Inc., IBM, Armonk, NY, USA)&

Table 1. Analytical conditions of LC-MS/MS for the determination
of aflatoxins, ochratoxin A, zeralnenone and fumonisins

Instrument Condition

HPLC Column Cig (Capcell core C18, 2.1x150 mm,

1.7 um, Osaka soda)

Column 40°C
temperature
Mobile phase A: 5 mM ammonium formate, 0.1%

formic acid in distilled water
B: 5 mM ammonium formate, 0.1%
formic acid in methanol

Gradient

Min Flow rate A (%) B (%)

0-0.5 0.4 95 5
2 0.4 60 40
9-11.5 04 0 100
12-50 0.7 0 100
Flow rate 0.4 mL/min
Injection volume 20 pL

MS/MS Ionization ESI Positive, Negative mode

Ion spray voltage 4,500

Ion source 500°C
temperature

Collision 9-30
energy (V)

Ton source gas 1 50

Ion source gas 2 50

Gas N,

https://doi.org/10.11002/fsp.2025.32.6.1156
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ol-gsto] Pt} EEHA mean+SDYE 5t oW, 7 Fk 7t
A xS AAS] Ydta] one way-ANOVA % Duncan’s
multiple range tests Z-835MAH. BA4 F-YA= p<0.059]
oA AR

Ql I, xut, A, Wold, {, 2t A W iz Aof ff
3 LOD 2 LOQE: ZH7F 0.035-0.087 /100 g & 0.107-0.264
g/100 g0 & Uehto, o5 T HIFAY] ARALR)E
0.9995 oJA}o & o}F Fodt AL YehfI, 97.7-
102.1%9] 3583 YeRHA

83 FgolEA 9821 ofEEEAIB,, By, Gi, Go), 23

EA4 A, AEd=, FEYAB,, By) ¥ A YEH o] of
3 LOD 9 LOQE Z+7F 0.045-0.173 pg/kg 2 0.136-0.523
ngkgO 2 Uehgon, ol Figol5Aa] 7+ Hgdo 444
2R 0.9987 o]AF9] F A4S YERRY I, 99.7-104.1%2]
F53t 3lgS e S sttt BR F e, 2hY,

Table 2. Analytical method validation for sugars and mycotoxins

Mg 9 o gk LODE 0.001-0.016 g/100 g, LOQ=
0.001-0.017 /100 go]il, 3|4&E 95.6-102.3%2H= KL
(Won -5, 2016)Et} o5 FFol that AETHA U HFetA 9
Hee ¥ 38 Hele AR BHE F3ols4 F of
EE4] By, By, Gi, Go, 23HEA A, F2YAI By, By, A
g 2 gAY EEso] tigt LODE 0.1-3.0 pgkg, LOQE
0.3-10.0 pg/kg, 5L 70.45-111.11%H= HI(Kim 5,
2013)E ok HEHA 2 AEFRA L et 1 348 M
5 Jzskeith

3.2 EE4XF9 &F &E

ARt oz AEoA 7] dF2 STRE AvistH, 4

Al
Fol Adog WAlstAY 7Hg ol F7bokes BRE 25 o
ot o IRl Hg, 2= o|FRe AT, Wophd,
FS ZFRIHWHO and FAO, 1998). o]0 Wa A xH9] ot
FEAE 05 5839 9 7EoE g s W LA 2

&=
WA ATE T Qs HHAZEE s ALY 2 JAE, A
21B7\%, BYEAZ, A 4 FHE A0 FEdt]
AARY U RS YR FTLLAYG TNYRZ AZE
A1, ol TEAEE 1559 A4Z, 11

Compound LOD" LOQ? Linearity 129) Recovery (mean+SD, %)

Sugar (g/100g) Fructose 0.067 0.202 0.9999 101.3+0.2
Glucose 0.066 0.201 0.9998 101.4+0.4
Sucrose 0.087 0.264 0.9998 99.7+1.1
Lactose 0.055 0.166 0.9999 100.2+0.4
Maltose 0.041 0.123 0.9995 99.94+0.9
Raffinose 0.043 0.129 0.9998 97.7+0.8
Rhamnose 0.035 0.107 0.9998 102.1+0.3

Mycotoxin (pg/kg) Aflatoxin B, 0.050 0.151 0.9996 99.8+0.7
Aflatoxin B, 0.045 0.136 0.9999 99.7+1.0
Aflatoxin G 0.084 0.256 0.9987 102.8+1.1
Aflatoxin G 0.056 0.170 0.9988 104.1£1.6
Ochratoxin A 0.127 0.385 0.9997 101.1+2.8
Zeralenone 0.173 0.523 0.9998 100.5+2.2
Fumonisin B, 0.101 0.307 0.9998 101.5£1.2
Fumonisin B, 0.123 0.372 0.9997 101.6£1.9
Deoxynivalenol 0.151 0.459 0.9999 101.242.7

YLOD, limit of detection.
JLOQ, limit of quantitation.

https://www.ekosfop.or.kr
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39 Az 9 15%9 dnj4xa FEsSto] EA45Htt
71 A3} Table 33} Zo], o] ©hE HaAZ Y B+
O Apoli= FAKWA G AQfstar 24 Uehgeh Ha
Az S AR 1559 & TF B4R 3.86+1.10 g/100
g, A4z 1550 T TF WG 0.67£0.23 g/100 g, 4]
% 1159 F 9% WAah 0.5420.14 /100 gO = Lyehgt
olAd I 57 Aol PAtE]= AFHAE, dv|Ax 9 7
AZ oA AR 2L M 2 G e UEIRlAL, 59
AP 2= @RA 2T 574, ZHAZETH: 7.0 o9
=2 T TFE UG ol Az AR A H71eE &0
e g
Haaxd F S HIeEE, AR 15F F 152
At 145004 ol HEESIoH, o] F 3FU AlR(V6)
12.41 g/100 g, Al (V4) 13.35 g/100 g, AlE(V12) 16.20 g/100
gO R & 9 e Ut A 20N+ B4R §
o} 2.07£0.04 g/100 g @ LT} 1.75+0.03 g/100 gO& =7
UERG A, A @ Wolho 0.00-0.04 g/100 g0 7 4% g5
dom, 4, Soes 9 HeAs A HEHA Fokth
ETH AR R R 155 5 23004 Tdo] ASEHA EUhe
U, 13FA= Bgo] 0.11-7.13 g/100 g =22 FHFHU
om, 7%0A ZEFo] 0.28-9.07 g/100 g THREPOH, 1
Q] 8FolA= ErFo] BHEE U AR 2 Fo|A A2
30 A5t 0.03-0.31 /100 g& HGom, Wolke [Zo|4
0.04+0.00 g/100 g AZE|ATE E3] 15F A Z2F70)A o]
T 9T Al g A 9 Rl HleAls AHE Y
SEA Aokt weEbA AR 2R ThE ARl Bls] BT
2 o] 7P gol EAIste] &2 RS YERAL A4
Z AlFol weh et 2r=Fo) FF Aol7h AA UERETh
W A2 11F F 75 AAR0NA 2ealt FeAs
ALJet 5E9 FR7E AEEUCH, olF AIE(V22)7h 2.30
g/100 g0 & 7HF &2 F e HEglth xR 5 2
T 630 BHECIUAL, 5TIAT HEHUeH ¥
T+ 0.28+0.01 /100 g Fo] HEH U} EFF HF2 759
AR AEH AL Bt 0.2420.01 g/100 go] FHFE Ao A
< 23004 181l Wopdd R ZF 15 AlEelA 0.010.00
g/100 g oJHjZ o} w|gko] AEF It wheof| gl A 9
Heie A2 115 BF FSEA it S 342 W 2
Td ggo] 7P gol FREL AR A% FEes ¢
F ST Al B RO A = T, 2EFO] 7MY =4 &
FEAT=(Kim 5, 2013) Rt FARE FFO g A%
A g, 2Ego] 7MY A TRE o, Aa]Zof His)
g 9 2 gEro] 9-128) Fk RA SRE] o 3
AoE Uehds € & AUt
H duXzR 15F 5 352 AYe 12304 gol AEH
o, O]F Al&E(V31)7} 4.09 ¢/100 gC2A 7MY 52 T &

ol

o

lo

g
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ZS Btk #njAlx | B RS 0.55£0.00 g/100 g, T}
F=Z 0.09£0.00 g/100 g, AF=Z 0.02+0.00 /100 g, 7T &L
ol (.01+0.00 g/100 gO & Yepor), gujiA U i
A AESEA T & drdRe 2] 7MY ol ok
HAou, AR 2ETE AA|, AR ET= BA EA5H
o} &3 AujAxs 153 F 10294 ZEgo] 0.05-3.91
g/100 gC & Jtgo] & 2jo]& KL, AH|A|Z 45004 AT
°] 0.02-0.11 g/100 g & UEpton, du]ji]% 35of4 o]
0.05-0.70 g/100 g& Bt} 8|1 2Z0]|A] Wopd U 8cto]
) AEHA} & Az 9 7420 thEA] dnjizo|
Ae Z2Ego] 7P B2 AFoA AEEI 7P =4 HRE
AUt ol Ao v EAokes g W ZEFOE QUS| ARt
Az 9 A 204 o5 Aol 7MY B W (Pinu 5, 2016),
@n| A zoA = 2EFo] 7H wol 3hEE & & Ul o]
25k F 9] Aol Az AR Al H7Iet =4 d=el An
£ o} woff AREEA 2ol Ui, URTt XPEA 7 o
FolA Aolg HERd 5= Stks Hi(Na 5, 2013)9F AR
BEFOE BAEAY. 11 AR 15 E Ar]Ax 235004
3] 0.05-0.13 g/100 gO & o} u|go] HEE|qIrh UrHA
02 A%9] HF AEole fol A FREA FAY Hir
B Aok=t, ol YREA R et 35 B4 FE Xy,
I, A & dopdof gt £A 0 & o]FolR [ T Hf
S A=7F BES A 7]QIet) B3 YR AT AE] o
ok A9 Az ARIoA Y] dE TFolu A2 IR &=
4 59 & 7hsAdel ek g9lo] "asttal AlmHrh

SHH FleAs dgHE F2 Jdojy T A4 4o
TREO] A%, 54204 v AEEV]|E oF(Kim 5,
2016; Li 5, 2014), e AE ZAHEA ELo HFog L
qE AHEGoE F, v, EEFY 59 fAFe FRA
FE YA, d@njdzoA vF HEEHUHT B1(Kim 5,
2009)E o, HEAZF 41504 = s 9 e AT}
HF EAEE0] o] E1ok= Aol YESIth. E3F Al
Az 150 A% 45 9 drjdz 354 75 =t
HE HEEA G9k=t, ol A% AR Al ¥R go] B+
o] &E|ithal wetE|H, FRAof| tiA|Fo] M7 IAY T
40 AHH 79 0|99 thE BRI EAste] 429 gt
= %S FUoU BB} HEHA g2 AR A
Z}E| Itk Cho 5, 2024).

wepA] DR A 2R & T2 Yo OE Zjol7} 24
e ow, AR AT 415004 852 AQgt 4ZA4 Bl
SAEIALL, AA R, AR E A X 0= o 9o
=2 9 5 A

W

3 YENZEY FHOISA Y

TR 2T 4150] it F8ol=4 9F(°FESHEAl By, By,

https://doi.org/10.11002/fsp.2025.32.6.1156
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Table 3. Sugar contents in commercial fermented vinegars (unit: g/100 g)

Samples Content (RSD %)
Type (n) No Region" Total sugar Fructose Glucose Sucrose Maltose Lactose Raffinose Rhamnose
Apple vinegar A% GW 0.18+0.00°  0.18+0.00>*® ND¥ ND ND ND ND ND
(15) (0.5)
V2 0.26£0.00°  0.26£0.00°  ND ND ND ND ND ND
(12)
V3 ND ND ND ND ND ND ND ND
V4 SG 13.35£0.24° 6.23+0.17°  6.86+0.07° 0.26+0.01" ND ND ND ND
@7 1. (1.8)
V5 GS 1.35£0.02"  1.06+£0.02" 0.28+0.01° ND ND ND ND ND
1.7 (1.8)
V6 12.41£0.19" 6.76£0.03%  5.65+0.16" ND ND ND ND ND
0.4) (2.8)
V7 051001 0.51£0.01"  ND ND ND ND ND ND
(1.0)
V8 436009 239£0.05°  1.66:0.03' 0.31£0.00' ND ND ND ND
(22) (2.0) 1.0)
V9 JL 1.39+0.05" 1.39+0.05"  ND ND ND ND ND ND
(33)
V10 0.11£0.00°  0.110.00° ND ND ND ND ND ND
24
Vil 2.95+0.07° 1.40+0.05" 1.55+0.02 ND ND ND ND ND
(3.5) 1.3)
VI2 cC 16.20£0.18" 7.13+0.09° 9.07+0.09° ND ND ND ND ND
1.2) (1.0)
V13 243£0.06" 126£0.05™  1.18+0.02° ND ND ND ND ND
(3.6) (1.6)
V14 2.40+0.04" 2.40:0.04°  ND ND ND ND ND ND
14
V15 0.07+0.00 ND ND 0.03£0.00° 0.04+0.00° ND ND ND
(3.4) 1.6)
Total average 3.86+1.10  2.07+0.04 1.750.03  0.04+0.00 0.00+0.00 ND ND ND
Persimmon vinegar V16 GS 0.12+0.00*  0.12+0.00™ ND ND ND ND ND ND
(11) 0.9)
V17 ND ND ND ND ND ND ND ND
VI8 1.07£0.04™  0.34+£0.018 0.67+£0.03" ND ND 0.05£0.00° ND ND
(22) “4.2) (5.5)
V19 ND ND ND ND ND ND ND ND
V20 JL ND ND ND ND ND ND ND ND
V21 0.31+0.00" 0.31+0.00%  ND ND ND ND ND ND
0.5)
V22 2.30+0.109  1.18+0.04' 0.98+0.06" 0.14+0.00° ND ND ND ND
3.1 (6.5) 0.7)
V23 ND ND ND ND ND ND ND ND
https://www.ekosfop.or.kr 1161
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(continued)
Samples Content (RSD %)
Type (n) No Region" Total sugar Fructose Glucose Sucrose Maltose Lactose Raffinose Rhamnose
Persimmon vinegar V24 cC 1.58+0.04°  0.31+0.00®  1.26+0.03' 0.01+0.00° ND ND ND ND
an (0.8) (2.6) 7.1
V25 0.26+0.02% 0.13+0.01>  0.08+0.01® ND 0.06+0.00° ND ND ND
9.2) (7.6) (0.0)
V26 0.28£0.015  0.21+0.00%  0.07+0.00° ND ND ND ND ND
(1.8) (5.8)
Total average 0.54+0.14  0.24+0.01 0.28+0.01 0.01£0.00 0.01£0.00 0.00+£0.00 ND ND
Brown rice vinegar V27 GW 0.13£0.00° ND 0.05+0.00* ND 0.07+0.00° ND ND ND
15) 1.9) (2.9
V28 0.33+0.01' ND 0.24+0.01° 0.09+£0.00° ND ND ND ND
(3.2) (0.6)
V29 SG 0.11£0.00° ND ND 0.11+0.00° ND ND ND ND
(2.2)
V30 GS 2.20+0.04°  0.60+0.03! 1.54+0.00 ND ND 0.06+0.00° ND ND
(4.8) 0.3) (6.4)
V3l GS 4.09+0.02  0.05+0.00°  3.91+0.01™ ND ND 0.13+£0.00° ND ND
2.4 (0.4) (1.6)
V32 0.61£0.01  ND 0.61£0.01° ND ND ND ND ND
(1.0)
V33 0.03£0.00°  ND ND 0.03+0.00° ND ND ND ND
(54
V34 ND ND ND ND ND ND ND ND
V35 JL 1.55£0.02°  0.70+0.01'  0.85+0.01* ND ND ND ND ND
(1.5 (0.8)
V36 ND ND ND ND ND ND ND ND
V37 0.31+0.01" ND 0.31£0.01Y ND ND ND ND ND
(1.5)
V38 cc 0.07+0.00°  ND 0.05£0.00® ND 0.02+£0.00° ND ND ND
(3.4) 6.3)
V39 0.64+0.01' ND 0.62+0.01°" 0.02+0.00° ND ND ND ND
(1.9) (3.1)
V40 0.06+0.00°  ND 0.06+0.00 ND ND ND ND ND
2.1
V41 ND ND ND ND ND ND ND ND
Total average 0.67+0.23 0.09£0.00  0.55+0.00 0.02+0.00 0.01£0.00 0.01+0.00 ND ND

YGW, Gangwondo; SG, Seoul/Gyeonggido; GS, Gyeongsangdo/Jeju; JL, Jeollado; CC, Chungcheongdo.

DAIl values are meantSD (n=3).

Means with different superscript letters (*“) in the same column are significantly different at p<0.05 by Duncan’s multiple range test.

YND, not detected.
Gi, Gy), 232541 A, F2UY4 B, B, HEA YL E, Al

dl=)0] B4 A= Table 49} 2t HEZ AYAHE AL
Z7F 153594 = oFEeEA4l By, By, Gt 2 Gy, 23 EHEA] A,
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FRUAL By, BSA T, AL T 859 B
olEAL A FEHA RO AHAE 1FVISIIA F
2UA Bo] 1844003 pgkg AEHAE HY FAH o

| ofl
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Table 4. Mycotoxin contents in commercial fermented vinegars (unit: pg/kg)

Type (n) No Region”  Content (RSD, %)
Aflatoxin B; - Ochratoxin A Fumonisin B, Fumonisin B, Deoxynivalenol Zeralenone
B GG
Apple vinegar V1 GW ND? ND ND ND ND ND
as) V2 ND ND ND ND ND ND
V3 ND ND ND ND ND ND
\Z! SG ND ND ND ND ND ND
V5 GS ND ND ND ND ND ND
V6 ND ND ND ND ND ND
V7 ND ND ND ND ND ND
V8 ND ND ND ND ND ND
V9 JL ND ND ND ND ND ND
V10 ND ND ND ND ND ND
Vil ND ND ND ND ND ND
V12 cC ND ND ND ND ND ND
V13 ND ND ND ND ND ND
V14 ND ND ND ND ND ND
V15 ND ND 1.84+0.03 (1.6)" ND ND ND
Persimmon V16 GS ND ND ND ND ND ND
E’lifll‘;gar V17 ND ND ND ND ND ND
V18 ND ND ND ND ND ND
V19 ND ND ND ND ND ND
V20 JL ND ND ND ND ND ND
V21 ND ND ND ND ND ND
V22 ND ND ND ND ND ND
V23 ND ND ND ND ND ND
V24 cC ND ND ND ND ND ND
V25 ND ND ND ND ND ND
V26 ND ND ND ND ND ND
Brown rice V27 GW ND ND ND ND ND ND
E’lifsligar V28 ND ND ND ND ND ND
V29 SG ND ND ND ND ND ND
V30 GS ND ND ND ND ND ND
V3l ND ND ND ND ND ND
V32 ND ND ND ND ND ND
V33 ND ND ND ND ND ND
V34 ND ND ND ND ND ND
V35 JL ND ND ND ND ND ND
V36 ND ND ND ND ND ND
V37 ND ND ND ND ND ND
V38 cC ND ND ND ND ND ND
V39 ND ND ND ND ND ND
V40 ND ND ND ND ND ND
A0 ND ND ND ND ND ND

YGW, Gangwondo; SG, Seoul/Gyeonggido; GS, Gyeongsangdo/Jeju; JL, Jeollado; CC, Chungcheongdo.

IND, not detected.
JAll values are mean+SD (n=3).

https://www.ekosfop.or.kr
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A, Aba}, A=A A B0l =4l ofESEAl 2¢0] Hil
5910 UK (Feméndez-Cruz 5, 2010), 15%0] Aapa] o] AL
olEEEAIS AEHA Y%A, 2IHEA A, HISAIYLE
= 2 Agd= FFe As FEHA otk 22y At
AR e AEFS e B 429 oFEEEAl B 9
2YAlo] 9% 4 9lth= B I(Carbonell-Rozas 5, 2024)9}
FAFSHA, Atka oA FEUA Bo] vl HEHUH F1
YAl ot 7R A5 1 7RSEE LAAIH A AlA A
F 299 70%E AAot= #8054 E(Chen 5, 2021), ¥
gluet A 340 ot S W 5 T AP Ao
50% o i FF7FEES AS FEYAl 7IE(B1, B9
FOREA)Z | mykg °lstE Fg= o] st UTHMEDS,
2021a). WA ARFA 204 HEE FHYA B9 T 4
F549 7% ot ofF HFd= & 4 St

I83 A% 11F 2 uAR 15594 = F80l=
o] Mg AESEHA Uk olA" oA Pike 41
TR %= ol FBol5a7t A9 AEHA g ¢
a = ¢ 5 A

meba 2 A= 570 AgEE RSk FulolA f-6
I SlE 4159 HRAZRR AR X, A42 E dH|4 2

gt 759 G 3 959 FFol=4 g At AE AF
o

oiN b

2 & e Ta HAARA gty s 8] Hafe] Hiet
HE AFo2A ofof7t tkal e

2 AN 41F Al EEA R AR 15, 34
4 ArjAz 1530 B8 BF % F8olsL FES
Ak FHet FLolE4 T HSAIYEEES HPLCR
o 1 9] FHolE4E LC-MS/MSE BA3Igt g7

iE A A Eodt B3 FaAx 5 AR
3.86%, AUAZ 0.67% D A% 0.54% £0 2 =2 o glef
= Hlom, Al 20 B dAnjd2HTt 578, A ZET
7.1} o]}9] w2 FF TS YEHSITh 53] AR
(V12)= 1620%E 7P &2 39 T2 Holxl dvjizx
(V3D)e} A1 2(V22)oll A= 42 4.09%2F 2.30%°] 7H &=
< 3T TFE AL, AR RoF A 2E 2L g} 7o)
@o] erEAoY FnAzs Xl 7MY Wol FE L
w4159 IRAEF W F3ol=40l ofESHEAl B,

B
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By, Gi % G, 2IFHFAL A, FEUAL By, &AWz, Al
el A8 HEEA FAR2H, AR 1F(VIS)IIA F
HYA BiO] 1.8420.03 ngkgO & wFF HEHUOH $-2ut
2 AF549] 7|EEY ofF FdE & o AT mEhA
2 AT FHoIA feEe TRAZRR Ut B € 5%
o= el Hiet AE AT % TadpgelM AYEE T
A=A grolut sl ol et gt JH AlgozA
ool 7RIt SHlH.
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