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Research progress on ochratoxin A contamination in wine and its
analytical methods
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ABSTRACT: Wine is a significant contributor to the economies of many countries as an alcoholic beverage.
However, the product is easy to be contaminated by mycotoxins produced by some fungi, among which the most
concerned one is Aspergillus carbonarius which produces ochratoxin A (OTA). OTA is the main mycotoxin occurring
in wine, which seriously affects human health. Therefore, risk monitoring and exposure studies of wine are essential.
This study focused on the research of OTA biosynthetic pathway and regulatory mechanisms, as well as introduced
the change of OTA during winemaking procedures and the methods of control and detection of OTA, aiming to
provide some theoretical reference for ensuring the quality and safety of wine products.
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Fig.1 Molecular structure of the OTA and its derivatives
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Fig.2 The biosynthetic pathway of OTA



5374

B dn 2 4 R R I A 4R

81

3 ERINEEETHEESE A NSRIE!

AMTER T H 1 KIRE T OTA MFETELISK, A&
E AT T — RN KA % OTA 75 G (1 KU I
T VLA T I 10 4ER BRI A H OTA ¥5 JL i TR 2 4540
1 PR, AP OTA 15 &4 KW, 1H OTA
AR/ 2 B R R A [ SR 3% E R BR AL (2.0 pg/kg) o A
[FIEZ K OTA & A B K E R i i 5 E K 4
W% OTA 154 HAR ™, X o] fg 5 s e g P,
Ubeda 252\ R g 300 X 95U AR & AL X,
HFIF 7= OTA E A& K FEG N KA 5 riEa i
BRI OTA FIEEZRTE 72%~100%2 17, k&t
h 1.56 pg/kg, H-BAT RS B ARMERLE (B it K- o (A
PHERAE, 7638 E AR R, 2 LT A
OTA il T BRI K-« e b A 7 A — 100 i rpr 2
RI, 77 LA OTA FHERE L 57%, fmlih
5.65 pg/kgo [HFE S —IARFEO R, & AR I A A EE A
B REARXT 24, B OTA BAMER HE 45%, &

JEFIFE 0.01~0.98 ng/kg Z[Al. [IEE, 3 1 ATLIEH, P
P w B A EL KRR, s, FEIL
PR, | B PG I 2 25 [ SR b X A 2T 4 578 OTA KP4
IR, A 233 B H 1Y 22 A [l R

BRULZ AN, H19e 1 AT, AT A2 15 Y dn ™ B 1 X 5
TR KA o 16 B0 35 A R A S R R B AR
OTA &Mt BREE(H, S {Es 30 2.3 Fil 8.6 pg/kg. il
B, TGS M B X s A AS ], 2088 285 W L p R T 2 T
PR RA SRR 2, SRR D0 T RE S ERIE T2 0 T
PR TR R, E SR A A AR S AR, MR RN
RO B BEE T, RE G TR B TR 21 %
T BN SR B AR T — 292 M LK . Lasram 2502 % 4 %
FE o2 OTA 1 FZERIF o T ik FHR 5t il B — e = iR A 4
FAFNHET, TEMEATIDRE & R IRl A i T BB Y
AR OTA BT

B BRI F AT ) OTA WREEAME— A EfIG
HIZK, (2% 5] OTA MIfEHE M, WFFE A IR kLl X
X — bR AR B A A5 T 7 5 (4 BT 4 .

F1 XTLKEENLIEEBENEEEENETERE
Table 1 Main surveys regarding the worldwide occurrence of OTA in red and white wines
B3] X FEPAE AR T B8R i B FHAE /% FrRE I/ (ng/kg) 0y 27 3CHk
ARG EaplL RRA 40/40 100 0.08~0.71 2016 [23]
41/57 72 NA~1.56 2015 [24]
12/12 100 0.005~0.286 2013 [25]
16/17 94 NA~0.941 2014 [26]
8/8 100 0.050~0.353 2012 [27]
PP 12/12 100 0.001~0.104 2013 [25]
2/2 100 0.064~0.138 2012 [27]
% LT 6/20 30 NA~0.24 2018 [33]
12/12 100 0.004~0.061 2013 [25]
110/110 100 0.003~0.163 2019 [34]
7l 17/22 77 NA~0.71 2014 [35]
12/12 100 0.004~0.212 2013 [25]
| 13/14 93 NA~0.237 2012 [27]
11/12 92 NA~0.088 2013 [25]
eI EB 12/12 100 0.084~0.045 2013 [25]
2 Je 14/18 78 0.09~0.94 2013 [37]
PL ) 12/12 100 0.004~0.065 2013 [25]
+HIL 12/12 100 0.003~0.101 2013 [25]
RKF 3/6 50 NA~0.072 2012 [27]
[} 12/16 75 0.03~0.62 2013 [37]
g 28/31 90 NA~2.1 2017 [28]
i 44/77 57 NA~5.65 2013 [29]
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&ZR1
HAy HhIX PR T SRR T 3 PHE /% i/ (ng/kg) A 275 SCHk
1 8 HARA 15/15 100 0.02~0.11 2016 [23]
b B H T 2/6 33 NA~0.19 2018 [33]
i i 27/30 90 NA~2.3 2014 [35]
e 6/7 86 NA~1.5 2013 [36]
AL} 1/7 14 NA~0.03 2013 [37]
B 7/10 70 NA~8.6 2017 [28]
L 1/34 3 NA~0.07 2013 [29]
B P 8/32 25 NA~0.5 2019 [38]
Hh 101/223 45 NA~0.98 2014 [30]
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WH KT —FFET BSA-ZRAEHAL M EAHZE RO %, 18y
A 1 ) B A £ T 4G I P YR . QUEChERS ¥ Je ) 2
FHFAR 2558 88 Ay 430700, HUSHLY SPE Al HPLC A
le BRTE R AT BRAL Z AN 5 b Z R i i 42
HUfnE k. Fernandes %71 % T —Fh 3T QuEChERS ¥
RIS HPLC-MS AT R A, %R R, v, iR
AR, P I HAE HF A S OTA Ry E AL, "TLLH
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AR, AR AR IEREORTE /N o) R D AR AT T
B B, F B A W) KT 75 (enzyme-linked
immunosorbent assay, ELISA). Hi{k2%7% (electrochemical,
EC) . A4 % J2 M (gold immune chromatography assay,
GICA) I FEHBE 43 #r: (fluoroimmunoassay, FIA)SE X £k
IR AR U R, REREZAR. AT
ENil R AWy alial ik, AERREMETT & R TAC —FEA S A
OTA W ZFGb Ik . ELISA WEHRAEMRIS, SR, A%
S BB A L 2T 25 P5R L ELISA 06 i I K™= X Ay

AT I OTA B st A TR, [BISCRAE 97%~111%22 JH],
BN 3.54%, SR BEWE RN, 2> FHLEREY
(molecularly imprinted polymer, MIP)/E h—#p A T4 JH)
SYEMEE G MR, RS R R ZE & B AR 7. MIP
P RO AR (R, b2 R e i, I H 5 T w Rl
7. Cao HPMRI T —FIL T FEDBRAYIEN SPE
PR BRI A AT 2 . T 5 HARBIAS 5 1%, 107 ik vl
1t HPLC 254 % 6K (HPLC-FLD) & #i 27 H i) OTA
T, MH, &9 FRMTFERTYE, BTHTHBRS
Y1ty SPE (3 AT vl LAEE S fd F 270 143K, DASE LS BRAF iy
H OTA ([ R i 80%; Yin 25 OUG T B0 T —Fh Y
A 355 T 3 AR A L €8 26 ) 7 Sk 2 T AT TP Y OTA
T, R AR R B K ORISR I, S AR
OTA, FikizsRAE, XM ERAE LT (3 15 4 1 25 £k ] L3
1o PR X5 1) sl s 43 o BE T A et A OV P
G B RE TR AR AT R AT OTA I P
i

*2 HEEE OTA KIUESE
Table 2 Methods for determination of OTA in wine.

AR (OB UIR7S x5 v BIcR/%  AHXTARHER2ZE/% KR /(ug/l) B30k
EAR ikl BSA-based SPE HPLC-FLD 98~107 <8 0.017 [48]
FARC E Rl G 58 2 - R T T A v £k HPLC-FLD 95~105 <15 0.2 [54]
EAR KR QuEChERS HPLC-MS 87~103 <9 0.1 [57]
FARG Rl o3 F BN 5 A ) A Ak HPLC-FLD 91~103 <5 0.025 [59]

AWIEEk R L] QuEChERS HPLC-MS 93~102 <4 1.0 [62]
2T IAC HPLC-FLD 89~96 <0.7 0.007 [63]

WS kR LR S 95 23 T ] AR A6 HPLC-FLD 88~99 <5 0.05 [64]
LI HIEWmRE LC-FLD 92~99 <5 0.39 [65]
P A 2 HIEWRE LC-FLD 94-~100 <7 0.08 [65]
EARG KR} IAC HPLC-FLD 88~94 <10 0.006 [66]

WIS ER ] Fag R 2 EL R UPLC-MS 88~108 <9 0.1 [67]

AWIE Lk R L] SPE UPLC-FLD 102~105 <4 0.01 [68]
FARG R Rl FE T35 (A /NH, Janus J5ORE 114 8 B5CE A0 22 K00 15 84 96~100 <10 0.1 [69]
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