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Monitoring Ochratoxin A in Coffee and Fruit Products in Korea
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Abstract

This research was conducted to evaluate the occurrence of ochratoxin A (OTA) in coffee and fruit products in

Korea. A total of 388 coffee and fruit product samples were collected from retail or outlet markets; 177 samples were
coffee and 211 were fruits or their products. Analytical methods including AOAC and Comité Européen de Normalisation
(CEN) were selected and modified by method validation to detect and quantify the OTA in samples. All samples were
analyzed by liquid chromatography with fluorescence detection. OTA was detected in 3.9% of 177 kinds of coffee and
0% of 211 kinds of fruit products. The levels of OTA were 0.7-4.6 ug/kg in green coffee, 0.3-4.8 pg/kg in roasted coffee,
1.4 ng/kg in mixed coffee, and 0.4-0.6 ng/kg in instant coffee. However, OTA was not detected in liquid coffee, dried
fruits, or grape juice. OTA levels of all samples detected were less than the European Union legislation of 5.0 pg/kg in
coffee, 10.0 pg/kg in raisins and 2.0 pg/kg in grape juice. Therefore, the risk of OTA in coffee and fruit products in Korea

is relatively low at safe levels.
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Table 1. Analytic conditions of instruments

Instruments Conditions
Column CAPCELL PAK C18 UG120 (4.6x250 mm, 5 pm)
Injection volume 20 uL
HPLC-FLD Flow rate 1 mL/min
Fluorescence detector Ex: 333 nm, Em: 460 nm
Mobile phase ACN:DW:Acetic acid=99:99:2
Column CAPCELL PAK UG C18 (2.0x100 mm, 3 pum)
Tonize mode ESI (electrospray ionization) positive
IS 4500 eV
LC/MS/MS Mobile phase ACN:DW:Formic acid=95:95:1
Flow rate 0.3 mL/min
EP 10eV
Operation mode MRM (404.2—358.1, 341.0, 239.1)
Mz Aoy
A= N Ochratoxin A
U FEEAL = A9 9 AR 7S 20089 3YFE -
1090 Ax A&, 271, £33, 39, A&, A, AF, dds = .
e gl B9e FAo® AY 1777, FAFH EE 21, .
38802 sk B AR B4 ENS FAF A -
& et AEF AFE AA AR wet AFHSAL, &
AT AME T WAL HEF THEES B4 A BE -
E‘_—‘d-o]-}\)\"\:]-, “1 ‘ t
INETETE S

Aol ARg-g QA=A A EFEES SuplecorKSupelco Inc.,

Bellefonte, PA, USA)IA 7915t0] AM&-311.0m sodium bicar- Fig. 1. Chromatogram showing ochratoxin A peak after

immunoaffinity clean-up procedure in coffee product spiked at

bonate(Sigma Co., St. Louis, MO, USA), PBS tablet(Supelco 10 pg/ke.

Inc.yS ARSI, A ©]-83F 7}ER]A= phenyl SPE col-

umn(Waters Co., Milford, MA, USA)$®} immunoaffinity col-

umn(OchraTest, Vicam Co., Milford, MA, USA)S A}&3}ith. |dg FEHo=2 O}oi‘:]' A ’\La.(" AAY, EEFE 25
FEY99 A= WhatmanAhe] filter paper No.4¢} GF/A glass s Fste FE289 75mlE FE & E_‘E’_él"’% |EA71AL

filterS ARE-EIATE 282 2 W] AJeFolu} acetonitrile, methanol
5ol &rie ACSHE AHE-SIRITh

oA & ofFste] %% o g ARt

A

EE8Y =K

Q=L A EFFS benzene-acetic acid (99:1, viv) 2ol
50 pg/mLZE FHEo] WERASHA stock solution®E AME-SI
on, FFENLE HPLC o] F4CE 0.1-10ngmlL F02 3)4
alo] ARE-BIITE AL 0.1-10 ng/mLe] 9F2HEA AS] HPLC
azulEad 13 WAoo zRE AL 74 o] Ja H
2ol e AFde 239 A e ﬁl*PélL y=6814.7x-
556.65°1 3, A= 0.9997°1 30T},
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goll FZ8-ull (methanol: 3% sodium bicarbonate, 1:1 v/v) 100 mL
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FZ9S PBSE 3|43} immunoaffinity column(OchraTest,
Vicam Co., Watertown, MA, USA)S F3A17]3 PBS 10 mL9}:
R4 10mLE ZPL = AFI F e 2mLE %
AA LAZHEAS BASIh ol A A ARRT, F2
A, ZAAY], JAEHEAT] I tisix= A A glass microfiber
filter2 S+ ¥ ¥ o33k & immunoaffinity column®Z A5}
o 5% - A" AEE A F53HL o157 1 mLe &34

A FV] BEE sk ¥ 7171846 AHgsac

717184

L I#EL A 7171842 HPLC(@IP/Nanospace SI-2, Shiseido,
Tokyo, Japan)E ©]&-3}9om, AFE-3 ZAHE& CAPCELL PAK
C18 UGI120(4.6x250 mm, 5 pm)°]™, o] 54 E ol EYEY:

ZAF (99:99:2) E3FHENS ARE-Ste] 3 HE7](Ex: 333 nm, Em:
460 nm)= FHE313TH20-26). AEE 2354 A= LCMS/MS
(US/API4000, Applied Biosystem, Foster City, CA, USA)E ©]&
slo] gelslitt. 29 CAPCELL PAK UG C18(2.0x100 mm,
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Fig. 2. Total ion chromatogram and mass fragments of
ochratoxin A by LC/MS/MS.

3 um)S AR5, ESl(electrospray ionization) positive, MRM
(multiple reaction monitoring) EE=(m/z 404.2—358.1, 341.0,
239.1)Z A5 TH27). HPLCSF LC/MS/MSS] 717184 2712
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W
H
RS dF FAs AE FFE Ieg 2 AEnE
AL A g st AAEFITH?20-26). AlE
Z A AFAT, F2A9, ZAAT, JAZHEAD)9] BAH
L 7]¥ AOAC oAM= AA| ZgolA] phenyl SPE column}
immunoaffinity column?] ¥ 7FA] ZHo g GA|g= FH S A
A Hel(23,24) 3580l 65-70% FEZ 9 UeRd W,
A #7 Z phenyl SPE column 37 th2l glass microfiber
filter2 73132 immunoaffinity column®Z &+ ¥ A= W
Ho= FAsle] At A3} 3]5E0] 85% oFeE e o]
= A AY BAYeRA ARStHFig. 3). AEe] HEH:
of w} A AT, F2AT, ZAAT, JAEHEAT)9} o
AT, xR Y, EEFEE re] AHA 3 HESAI(LOD),
AFA(LOQ), g APS AN AR daASF
(PE 0999 o]0, LOD, LOQE XA #A¥, A% A, ¥
EFEAE 712E 03, 1.0 ugkg, O ATNNE 212 02, 0.7 pg/
kg= SAEIAT IFE&S 2 2 F 3, Spgkeg TELE
LAEA A BEFS AUt 72 24wt 63] Wk A
Alsted 8%k A3, IA A9 352 85-90%, WY AT
90% o7, Az HLL 80% o1, TEFEE 86% oIFe®E

ERstH(Table 2).

7imle] 23254 A &2 ZAL

U FEE A= AY @ 2 7HEe] e3EE A 0
FFS HPLC 24RO R ZAFEl] Table 30 VFERHATH A5
237 ZF 270lM 23EER AVF HAEHNOH, QAFES 0.71-
4.61 pgkel 2 YeEsTE H2AAE 647 F 47904 AZEU
I QPFFEL 032-4.78 ngkeolAtt. ZAAVE 194 5 A=
H AL 1dolen 1 gk 143 pugkeol ek J2HEF Y] 51
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Fig. 3. Chromatogram obtained from modification of ochratoxin
A method in coffee products. (a) before, using phenyl SPE
column and immunoaffinity column, (b) after, using glass filter
and immunoaffinity column.

Table 2. Recovery of ochratoxin A added to coffee and fruit
products

Added Mean

2)
Sample concentration recovery" R(§/]3
(ng/kg) (%)
G ff 3 90.6 83
reen coriee 5 88.8 6.6
3 85.7 2.6
Roasted coffee 5 28,5 73
Mixed cofi 3 87.2 3.7
txed cotlee 5 88.1 5.9
Instant coff 3 86.5 9.6
nstant cotiee 5 85.8 6.8
Liquid coff 3 90.6 2.4
'quic cotiee 5 93.6 4.4
. . 3 80.5 2.5
Dried fruits 5 316 39
G . 3 86.4 3.7
rape juice 5 87.3 3.6

YMean recovery: average of six determinations on separate extracts
?RSD: Relative standard deviation

A e 3R AZF AEEA GUL, A miRke]
Foz o949 7o] 3710F 1 QUFFL 043-0.56 ugkeol
ok AT 207X = SAEEA AV AEEHA Skt
A9 9@ AFFEEe] LAEAL A BRUEY AHE s}
A AT 1777 F 74004 23FEA ATF AEEY] 3.9%2 A
82 BN, ZAAY, AZHEAY, A4 Ao Yoz
2 7Rgago] H& AT, Fe2AToA ] AENE 2 HETo]
A Ueiyith. 2458 A9 85%7F AT Boavo A%
HRem, AT 174904 4.61 pgke, HeAY 1700 E 4.78 ug/
kgl WA =& AEFE Ho||= 9o ol EUdA A
A AE 7159 5.0 pgkg Bk $e 2 HFFolATHRS).
2 AFeX Y A F AWTHE F AA T B L3H8E
T 0.139 pgkeg= EU =71He] AT & 23854 A 34
A o] 0.724 pgkgE B E U, 2006 2] oFd
AA AE F 0TTEA A HEHRANIA AT o TEE
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Table 3. Occurrence of ochratoxin A residues in coffee products

Occurrence of ochratoxin A contamination

Sample No. of positive Distribution Range (ng/kg)
No. of samples ’
samples LOD-LOQ >LOQ
Green coffee 23 2 1 2 0.7-4.6
Roasted coffee 64 4 5 4 0.3-4.8
Mixed coffee 19 1 0 1 14
Instant coffee 51 0 3 0 0.4-0.6
Liquid coffee 20 0 0 0 -
Total 177 7 9 7 0.3-4.8
Table 4. Occurrence of ochratoxin A residues in dried fruits and grape juices
Occurrence of ochratoxin A contamination
Sample No. of positive Distribution Range (ug/kg)
No. of samples
samples LOD-LOQ >LOQ
Raisin 16 0 2 - 0.3-0.5
Dried persimmon 12 0 0 - -
Dried jujube 21 0 2 - 0.3-0.4
Dried mango 14 0 0 - -
Dried fig 14 0 2 - 0.4-0.9
Dried banana 14 0 1 - 04
Dried strawberries 25 0 1 - 0.6
Dried apricot 12 0 2 - 0.8-0.9
Prune 18 0 0 - -
Dried pineapple 20 0 3 - 0.3-0.7
Grape juice 8 0 0 - -
The others 37 0 4 - 0.4-0.9
Total 211 0 17 - 0.3-0.9
Table 5. Comparison of PDI of ochratoxin A from coffee and fruit products with TDI suggested by EC
Ochratoxin A PDI" . N
Sample Avera(gi g?k{s level (ng/kg b.w./day) O(cr?;]:(gjxérl;v A/d’gl}?)l
Total Men Women o
Coffee 0.139 0.00987 0.00955 0.01049 5
Fruit product 0.041 0.00291 0.00232 0.00381 -
YPDI: Probable daily intake
Ib.w.: body weight
ITDI: Tolerable daily intake
A A 29 ol 0.608 pgkeelAA Zlol] BISHH W FFol] 17(0.39 pgkg), AZB715F 257 F 171(0.62 pgke), AT 1271
A qH2,15), I AT} & jMoﬂH EU 71% 5.0 ugkeoll =4 = 271(0.72-0.82 pg/kg), ATINZS 204 F 371(0.32-0.74 pg/

R

FolofE

& AlEsAl =30

IR JIESEC 2328 #E A

2 A7olM s AR EEe o2
ZAF AE Table 40 YERQITE AXES ¥]ESH 2
ol XeFag T F 211 tiE RUEHIS
gom 1 A3 eIEA As AEHEA °“2M o,
167 % 271(026-046 pgkg), AtF 214 5
k), A7t 147 F 271(036-0.90 2 gkg), Avht 1471

A#FEAL A7} AEHE S, 4
ek A= 20099 5¥ 7°‘ QIHEA A9 AE F
715 2 4 NEe B3 EgHow oTELl] sk Jdral

L=y
% 271(0.25-0.36 ng/ 7{o| 9 AR
3

kg)ollAl BFRA mInte]

ERER S SIREELRI
d 2 eI A7} 84

A wgke] vre oz Uepdon HulhE
EUCA AAst Qe Ax: 7E IOOHg/kg %
—%OIOiE‘r(zs) HAF

2 0.041 pg/kg= %14494 B vshA
LE FELRE iﬂ}%{ﬂ A $PoTHE QA

2.0 ugkg Hr} @
B QAgtEA &

= <
A3t 3L ATH(15,29,30).
73

71_7,/] h=A ) Lﬁ_

JtBES 2IREM A 1Y M3
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0.90 ug/kg*

&) & AA %
1)
=~

)=

2 2-2PDI)
NNEEe 9IFEAN A 1Y AFHFAPDL



79 9 A5 g 2EN A FE 267

Probable daily intake)S v L IEFEAl A Shk(ugkg)dl 191 1
d Hi AR 3¢ F Hd BRAKkg=E ol A
o, Hd FFAE ARAALE TlExsde] A5zt el
ARG AL A8E FaLste] Hd 62kg, A 67kg, At
57kgs ARESITIGY). & AT AFelx] eATEA A9 o
o] ERIE 79 % FAF 7HFe] eaAEN A W FFH
olg THHE 19l 1Y et HAFLENE AET TS A
19 HAFFFHPDDS H= Het, A, x| A2 o
Table 59 JERIATH32). & AFE 53 AYE &3 2IIE
A A 19 AHFFFES 0.00987 ng/kg bw./day, FAF 715-E2]
19 AH5FH3FE 0.00291 ngkg bw./dayS 2 UERTE ol& 3
=Qlo] AFe o3 emElEA S 1Y HAFAY 0397 ngkg
b.w./daye}t ¥l B A ] A9 25%, FEF HEES] AT
0.7%2] H]&o) sFEE grol™, E=3F JECFA(Joint FAO/WHO
Expert Committee on Food Additives)?] 2254 A 57
41%5]-8-%HPTWI; Provisional Tolerable Weekly Intake)S! 100 ng/
kg bw(1¥ AFHs&HFog F25H F 14ngkg bw./day)}
EC(European Committee)ollX] #ildk= 2azt&54 A 1€ HHS
£-2K(TDI; Tolerable Daily Intake)?! 5ng/kg b.w./dayoll Blsl A
3] W FEoR, A sEvete AY B MR EES T
g oAEELl A Qo R RE HwA Qbdsitiy AT
ATH2,28,33).

3
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U A¥ 2 AAF RE 5 T3S FF =AM 96
A BANE g9ste] 7o AR/ 7HEF F 3887
S BUEPE A3 770N eaetEAlo]l AEEAT A9 177
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