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Monitoring of Ochratoxin in Alcoholic Beverages

Joongoo Lee, Youngwoon Kang, Jihye Jeong', Mijung Noh', Ensook Ahn', Kwangho Lee, and Meehye Kim*

Food Safety Evaluation Department, National Institute of Food & Drug Safety Evaluation
'Hazardous Substances Analysis Division, Gyeongin Regional KFDA

Abstract This research was conducted to monitor ochratoxin A in wine, beer, makgeolli and fermented alcoholic
beverages to estimate the exposure to ochratoxin A in the assorted alcoholic beverages. The analytical method for
ochratoxin A was based on immuno-affinity column clean up followed by HPLC-FLD. Ochratoxin A was detected in 30
samples of 177 wine (17%), 25 samples of 106 beer (23.6%), 11 samples of 74 makgeolli (14.9%), and 7 samples of 74
fermented alcoholic beverages (9.5%). The average levels of ochratoxin A were 0.039 ng/mL in wine, 0.010 ng/mL in
beer, 0.023 ng/mL in makgeolli, and 0.014 ng/mL in fermented alcoholic beverages. The daily dietary exposure level of
ochratoxin A estimated by using the report on national health and nutrition survey were 0.039 ng/b.w.day from wine, 0.010
ng/b.w.day from beer, 0.023 ng/b.w.day from makgeolli, and 0.014 ng/b.w.day from fermented alcoholic beverage.
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L AZEA A= Aspergillus ochraceusSt Penicillium verruco-
sumol|l 28] F2 A== FF0|54ZA L-phenylalanne?} iso-
coumarin 7FE2844ke] otuto]|= A oM, ©FEL A, B,
C, 4-hydroxy-ochratoxin A5 1782 A7 €84 Aok(). ©]
Z 71F 540] ket oATEA A= FEAAA AAESA, 15
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PhenylalanineS Z33tal = #2274 54 wfEo] wld 944
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gk o}l B W FFEe]), HAF 9 gF oA 3EE
Al A7V AEETE At lou(14), o I7E o AT
o] mujate], o]l thet AAZQ LFAE ZAF a3t}

e AZEA A s glFEEe FH A SngmlE HEFE
2 A e, FFHNA 3-50ng/mL Z ALENA 5-300 ng/
mLe] 71EE AT Ark15). SEuEleE S5 2 o2 o
T7HEE S ugke, AT B EHS A 5pgkg, ASHE
71919141 10 pgkg, MIF=olM 20 pghke, AE7FFOIM 7 ngke, &
T2, TN 2 pgkg, AEE] tiel 10 pgkedl 715 A
Aale] #sla Atk EUAM = 9lel] ths)l 2.0 ng/mLe AA
3to] )5k ot £3] A30%F Codex alimentarius commission
(2007)0llA ko1l eIaEtEA A Q¥9S sl Fole FoF

of AHHINE b 5 FAROE sjolel b o] BE =
28 7)gola .
NEETETE
METE W Al
B A7E 98 skele) A% ZPamr), BA@IA), PIFE0

2), olgleh11z) % 7lek HrjolM YArE shele gt

F 1772 SRS WR) e 9T uE 237, 5

AT 107, VI GAAT 071, FF AAUF 07 5 207)

3 5 1060 SRS 9y 2 BT, FFE AL, o
Y7, 4%, AF ) HEAE FHoR 3 7

THOE A7 747S RS

o

, Aok &89S 913k PBS tablet(Phosphate buffer solu-

tion, Supelco, Belleonte, PA, USA), PEG(Supelco, Belleonte, PA,

USA), sodium bicarbonate(99.7%, sigma, St. Louis, MO, USA),
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acetonitrile(J.T.Baker, HPLC grade, Philipsburg, NJ, USA)3}
methanol(J.T.Baker, HPLC grade, Philipsburg, NJ, USA)S A}-8-3}
Sk A F AR immuno-affinity columne Vicam(Mil-
ford, MA, USA)®] ZHS ARS8t 299 oFA]= What-
man(Maidstone, Kent, UK)2] filter paper #413} GFI/A glass
filters A&t}

FA-

e
2

EO-I_ ﬂg

LIEA A EFES benzene-acetic acid(99:1, viv) £l
50 pg/mLE WHEo] WeHASH AMGSIlem, FF8H-S HPLC
o5 R B3t ARSI HEHS 47H«] o thsf 3
3% ZAste] st

Linear Fit ax+b

a=0.000205301
b=0.0866911
Goodness of fit (%): 0.999792

717184

F7Y eamEAl A B4E 918l JP/NANOspace SI-2 HPLC-
FL(Shiseido Tokyo, Japan)& ©]&-3l5lom, eastsdl A9 A&
< XFAI AR WEE AR vlaste] Ik g
LC/MS/MS+ US/API4000(Applied Biosystem, Foster City, CA,
USA)S ol&3te] HFHOFE FRlstth(Table 1, 2).

FRe 2325M MY

9JRle] A4 AOAC(15)9] A4S o] &3l¥ Tt AlE 10 mLe
100 mL B¢ flaskel] ¥32 10mL 4 24-8-%(1% PEG+5% NaHCO,,
pH 83)°.2 38|43} 3057}t shakingdt ¥, glass filterZ o] 3}3}
Sk A7l F 10 mLe immuno-affinity column®] 10 mL load-
1ng 3112 H, washing -84 (2.5% NaCl+0.5% NaHCO,, pH 8.1)
# FFF 4 smLE AFE, WEs 2mLE &E3I3Th ©]
A F53AL 1mL o] e=E 51 £ 02 um filter2 o3

ot K~

Table 1. Analytic conditions of LC/MS/MS

Q1 Q3 DP CE CXP
239.10 61 35 4

4042 261.00 61 21 8
358.10 61 27 6

Table 2. Analytic conditions of instruments

Parameter Value

injection volume 20 pl

detector FLuoroscence
HPLC-FL column Shlseld(? Capcell-pak C18, MGII
flow rate 1 mL/min
mobile phase ACN:D.W.:acetic acid
P 99:99:2
Ionize mode ESI positive
IS 4500 eV
LCMSMS ~ MobilePhase ~ ACN:D-W:Formic acid
95:95:1
EP 10eV

operation mode MRM

slo] AlggdoR FIGt) 3FES 02%AoH, HEIH(LOD)
of A wFetA 1( 0Q)= ZHz}t 0.0024, 0.0048 ng/mL ] AT},

W] 749 AOAC(16)9] BARE o83l AlFE 20mLS
100 mL 4§ flaskoll Y32 20mL 3|XgH oz 34319, 9
o3} e WO Z oSk T immuno-affinity column®] 30 mL
R loading 33k o]%& 9].?_];} 7+e whHo g XHLNs XA
sATh 348 95%R o™, HESA(LOD), A FTA(LOQ)=
Z}Z} 0.0085, 0.017 ng/mLO]Qil:]-

wdele] 749 o BaE BAWH17)E ARSI AR
10mLE 500mL A& flasko] ¥ 3% sodium bicarbonate 90

S H7hste] 3%7F #ASketal Whatman #41 A2 o2
3k (&Y Al Whatman GF/AZ A|J3}) immuno-affinity column
o 40 mL< loading 3}SITh. PBS(Phosphate buffer solution)2} %
F 42 10mLE AlFE vk 2mLE 853 § 7AbE
313 1mL °]53eE =49 02 um filter2 o373} A]3-g-
o2 gt FFES 97%9 2, LoD, LOQE 27t 0.023,
0.048 ng/mLe] AT},

AT B ofFe] 49 F3lol] HiE EAH(17E AR
on Alg 10mLS PBS 90mLE 3Ast2 HA| Al immuno-
affinity column®] 40 mL<- loading 31329, ] 342 =hAz]
o] o g 3otk 3FES 89%31om, LOD, LOQE 77}
0.047, 0.094 ng/mLo]1t}.

ok Hot

TR eATHEA AS S Hrts] el TR
A=A A H eHFES AEsaL, 20059 F= =1l
P FRE 19 19 RS FRE 19 oA
A1 AS] dYHFHAFHH (EDL: estimated daily intake)S 7Al4Hsh
Rom, FFHe] AFY HHZFE 2R A wE FF7 AHF
54 Tt Ael=te] U4 A ZH(TDL: tolerable daily
intake)S F3 FHA HHE A

it o:i 1

N

2n e o
=4 M

AOACE H|ES IR 9 75 £3lof] s 4
o olshH FFgdMe] ZA A Toluene-Acetic acid(99+1,v/v) T
Benzene-Acetic acid(99+1, v/v) 802 FFANS ZA|sl, &
TYAL 2-10 pgmLe] FEZ X% & A4FFH § HPLC ©]
TR A o Gufix|ge] HAAHS AXA HSUr) SRR
ol gufje] X gz ‘ﬂﬂiﬁ"] 1o, & &7} 25 & 4
O]& AcetonitrileS ©]-83fo] HFYNLS vlZ 3|4 sle] ALE-3}
W oL Hspl FE8YE v F AT

),

-h _1%

FRYE DUEHE dnt
okl 1774& EUEH & A3 30404 23zE4 AV
0.0091-0.91 ng/mL, B 021 ngmLE AZEJoH, =7Pd A&
Fo Zakaak 9lolo] 024 ng/mL, oEE|olit 2kelo] 0.091 ng/
mL, 2t glo] 046 ng/mLe] B+t HETFS HATHTable 3).
9Rle]l FH WE HEES AHEW red 901 1434 F
267401 AZHo] 182%Y) 74% 24, H 026 ngmlLe A&
ST WA white 94918 3474 F 470] AEHO 11.8%
«1 ﬁggi/ﬂ, Ha 0.012 ng/mu Z;-%%Lg B THTable 4).
olle] Xx EFFHE 7EES AFEW F 1859 FF F

Cabernet sauvignon EF22 e ¢RRIoA 3774 5 671(16%),
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Table 3. Analytical results of wine

Table 6. Analytical results of beer

C Analyzed Positive ~ Range (ng/mL) (mean) Analyzed Positive ~ Range (ng/mL) (mean)
ountry | | Country | 1
sample sample  LOD-LOQ 1.0Q ©]4 sample sample  LOD-LOQ  1.0Q ]
France 7 25 0.0091-0.91 Ko.rea 23 3 1 0.017,0.019
(0.24) China 7 1 - 0.037
Chile 41 1 - 0.46 Belgium 6 0 - -
USA 30 0 - - 0.017-0.29
laly I A 0.010-0.27 Germany 19 7 3 (0.024)
(0.091) Mexico 3 0 - -
Austrailia 8 0 - - Czech 0 - -
Korea 4 0 - - 0.021,0.024
South Africa 4 0 ; ; USA 9 4 2 (0.023)
Argentina 5 0 - - 0.018-0.028
Holland 6 4 1
Morocco 2 0 - - (0.024)
0.0091-0.91 Austrailia 6 0 - -
Total 177 30 0.21) Ireland 1 0 ; -
Philiphin 3 1 - 0.028
Table 4. Occurrence of ochratoxin A in wine by color Austria 3 1 - 0.038
Color Analyzed  Positive Percent Mean Car}ada 5 2 1 0.052
sample sample (%) (ng/mL) India 1 - - -
Red 143 26 182 026 Singapore 2 - - -
White 34 4 118 0.012 Japan 6 2 2 -
North Korea 1 - - -
Table 5. Occurrence of ochratoxin A in wine by grape Italy ! B . B
— France 1 - - -
Grape Analyzed ~ Positive Percent Argentina 1 } } )
sample sample (%)
Total 106 25 10 0.017-0.052
Cabernet Sauvignon 37 6 16 (0.028)
Malbec 3 1 23
Merlot 25 5 20 Table 7. Analytical results of makgeolli
Chardonnay 13 1 8
iti Range (ng/mL) (mean
Montepuiciano/Moscato 1/1 1/1 100 City Asnail};lzd I;erligr: ge (ng/ml) z
Unlabeled wine 55 25 45 LOD-LOQ  LOQ ©]7]
Seoul 13 0 - -
o . Daej 12 2 1 0.081
Malbee E22] g1910] 371 5 171(33%), Merlot E5¢] 9}olo] acjeon
= 200 yol el i Daegu 13 0 - -
2571 % 510%)°] AEES BATh 223 XEFFo] HA 0.054-021
A 9L 9RlellA 557 F 257(45%)°] AEES HATH(Table 5). Busan 17 3 ! 1(0.12)
olu] ??}3173 uke} 7o) red wine_ol white wine 2t} & AE Gwangju 13 2 - 0.069-0.57
&7 AEFS BENoH, 53] AEF7IE & W f¥ AsEl Gangneung 4 0 - -
Ar=e] FURINN LATEA A AEe] & AS & F Jeju 2 2 - 0.19-0.22
AATH18). 0.054-0.57
A A . .
Total 74 11 2
o] 79 20005 1067s RUEE e, 0.017-0.052 (0.13)
ng/mL, H+ 0.028ng/mL HAEHFS EAth A HEs A=
& 4% oI, F7PE A2 ES AvnE WPE, F, B P2E 2L B 5 ok ot 3 tad Ao 2meEA
o Z¥7} 66.7%, 44.4%, 36.8%°] AEES BIoH, Wit AEF AL & AEE BAE B 5 e, 58] @] At 71F
£ 0.024, 0.023, 0.024 ng/mL°)ATHTable 6). Ao g ofFe) FupHol Qlo], I2thEe o] HEAAEE,
BAele] A AFEAS AN 21 F 24 BE ASH o5 Ao njd N&H mUHPL Ea 0d4Ee skt

Rom, ke, A/, FFATAG AAlA 247 294,
167, 154%2] #E&S Btk =3 A& ZH7F 0.19-0.22,
0.05-0.21, 0.08, 0.07-0.57 ng/mLe] HEFFS BTl Fad/ek
o] A= FFAAY AibA 263%, HNA/FH, dHAEE
Aol AatollA Z17E 83, 7.7%2] HEES HIoH, HEHFS
0.11-0.19L, 0.21, 027 ng/mLe] HAEFTFS HATKTable 7). 22
ZHE2 A9 AS- uHdelet ekt AEEIS AvEd A
T, BF el S A9 FRA Bel HAEHE T 9
ZA G| Ak FHRNAM eTEAl A7F AUl oz ol

Zark sk

St AAS| Aol A 3 A37] S RIA7Y F2AH2005)
£ 58 F79 19 1d HaF HHFS ARy ol H$-
=tollA 04 mLe HFHFHFS Bom, Idxie} ozl A-$-
Zkzb 03, 0.5mLe] HFAAFAFS BT B HAee A+
303 mLe] HHAHFS Bon, Il ozke] A 747t 413,
192mLe] AFHFE ATk 95 g Fxie} AAxte] HHF

FRo oSnsN 1Y MUY
F A



238 =2 Z 388 X] A| 44 WA 2 & (2012)

Table 8. Analytical results of fermented alcoholic beverages

Analyzed Positive ~ Range (ng/mL) (mean)

city 1 1
sample  sample [ OD-LOQ 10Q °]4
Seoul 4 0 ) )
Daejeon 12 1 ) 021
Daegu 13 1 ) 027
Busan 9 0 B )

. 0.11-0.19
Kwangju 19 5 2 (0.14)
Kangreng 11 0 B )
Jeju 6 0 ) i

0.11-0.27
Total 74 7 2 (0.18)

Table 9. Average intake of alcoholic beverages per day

Alcoholic Intake (mL)

beverages Total Men Women
Wine 0.4 0.3 0.5
Beer 30.3 413 19.2
Makgeolli 8.1 15.5 0.8
Fermented alcoholic beverage 0.3 0.4 0.2

Table 10. EDI of ochratoxin A in alcoholic beverages

Alcoholic Mean  Ochratoxin A PDI (ng/b.w.kg/day)
beverages (ng/mL) Total Men Women
Wine 0.039 0.00025  0.00018  0.00034
Beer 0.010 0.0049 0.0062 0.0034
Makgeolli 0.023 0.0030 0.0053 0.00032
Fermented

. 0.014  0.000068 0.000084 0.000049
alcoholic beverage

ANA B zelE BeloH, 53] W] Ay F 19 1Y HF
2F F 4998 AAE e, 20009 A5 AdF ol 102.6 mLE
AHAF 2918 Evh. =Ee] A9 A 8.1mL, @A 15.5mL,
o2} 0.8 mLe] BHFHAFE HAon, FAF, k5o AHe A
= 03mL, FAF 04mL, <& 02mLe] HFHHAFES Aok
(Table 9).

FHE 5 _‘P_EE}EN A9 AIHHFYFED)S Bt &
o FH AHZFmL)E FT

B w5 A(bw. kgE Wrolx] Axteton, Pt 557

61%4%4%}94 71X =2l JAAX|F FAAE(2004)
Fste], Hit 62kg, HAF 67kg, oAb 57kgS AREEA
olFA At kol olgk FRe ot eFEA A dIHFAF
Z ZHEDI)S 0.0082 ng/b.w.kg/dayZ A £Felo] 0.00025 ng/b.w.ke/
day, W13 0.0049 ng/b.wkg/day, =F(2HA2]) 0.0030 ng/b.w.kg/day,
4 /2FF 0000068 ng/b.w.kg/day$i TH(Table 10).

=
T

ﬂ!lﬂJ rlr -101'

FRe 232154 A HFHd @It
garelel 2z0) ola S5 A SAIATYY] 0397

ng/b.w.kg/day(14) 1S ks F T3 oTHEN A =&
& 02%°1H, F79] THEE 9‘rL, W, S5, JJr*‘
% gl oFEE 247 006, 12, 08, 0.02%S] =EFUS L 3
Atk EUA Aalste 23 Bliﬂ A 19 A3 SAKTDI)7}
Sngbwday & AP AF F FR7F AAShE HlE©] 45%

o)
=

2 sk 2HE Fo HAE 93254 A Yol BU
A3 TDIEE] 4.5%%1 0.2

ng/b.wdayell HlEt] ER A& goz

0521
U bR Ao fuE,

QT8 Bl F o, 9T, FFCHE), 397 9

AeE 290, SRS 021 ng

mL, BFE 0.028 ng/ml, FF(HA)E 0.18 ng/mL, PR B
0.18

ng/mLe] Hi AEFE Bow, EUClM A3l
]‘i": 20ng/mLP_\:]- %/y‘ 1’]'0 }‘20]0’]]:]. ]_X]D]— Oa]

Ualel 7159} Aele] S4e sl 1 T dEA o)

A
cq

AR E FRe) 9ITEEA Ad tE Qg A 23
ojfofxol & Aow Aztdr) L3 F{HE T ATE
2 A9l AFHFEFF 0.0008 ng/b.w.days EUSIAM Axshs =8}

%ﬁ A YYAFTAHIDD F FFHE T A3k ead=
A1 A9 TDIZHY 4.5%2) 02 ngbwdayoll HEle] AN 2 oF
o2 Pyl FHo 93 ea=EAl Al uisled st

al

—_

[95)

W
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