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ABSTRACT: During the process of growing, storage, transportation and processing after picking, fruits and
vegetables are easily contaminated by pathogenic fungi which invades fruit and vegetable through surface wound or
natural pores, leading to the rot of fruits and vegetables and accumulation of a large number of mycotoxins. Rotting
fruits and vegetables can cause huge economic losses and threaten human and animals’ health through the food chain.
In view of the harmfulness of mycotoxins in fruits and vegetables, this paper summarized the main pollution of
toxins, pollution status, hazard and detection methods of mycotoxins. In recent years, chromatography, mass
spectrometry and other chromatography-mass spectrometry instruments could be accurate and quantitative detection,
but the cost of materials and time was high. With the increasing demand of screening and detection of large-scale
samples, high throughput rapid detection such as immunoassay and surface-enhanced Raman spectroscopy (SERS)
had been attracted attention. This paper aimed to provide references for the prevention and control of mycotoxins.
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IKIEFNEE SR NS E SRR AT ZORIE, S A REE
ZRLT LA 0 R AT S E SR R
KHifE, HTKSERER. BRFER, AV, SHEAT
TREE i 35%~55%M R X SR Y I EL A Y
REP AT REMEERER . ER R R A IR
FACE =8, A FLEE 32 AT AR BEAR J0 T R (Alternaria
toxins) . ## 25 5 2 (ochratoxins) 1 J#& 7 2% &K (patulin, PAT)
FHEFER, XL HEHERAMUS PECRE AR, &
TR, @& RE T LR, @ s ARG, &
feg R AMAGIZEEL . PR . S8 B IhRe s . SBumfie
PEREIN RN P R AT o SRR ) LR A R TR
ROT SRRy, W) AR T R R 0 B LA SO
TG LA B R IR Tl 1 R SR A N R AT I
BT L ARSI RS P R R R 5 E
LK JURD FZEL R R A Ik R, DU SR
TR R R RN kSR AN AR S

1 RFEDPENEESRESRHPELEM

B AR LA R R R RS B R |
AR R R 8 2, DS L B R A Rk P TS e
LI 1,

1.1 $#%igRER

HERABE AR . FhF L R KRS AES
FA 50 HP AR T AL S A TR T SR v 27 R K 30 R
TE AT B B U A 77 1 — e A% 0 75 R, A0 35 58 Gk 400 1y
(alternariol, AOH) . % %f 1 Wy 5 B K [t (alternariol
monomethyl ether, AME) . 4Hi 52 5% 0 5 [l % (tenuazonic acid,
TeA). ZC5EHIM (altenuene, ALT), %% % (tentoxin, TEN)
MACHEMIAE R 1, 11, I A KIERR TR . pH Ak
TR AR SR A MU EE N R, HAPoKiEE 4,
I pH XHEER L5 R A E Y& B i K. POSE 4121
EFFAREFRIL PRI TR (6. 15, 21, 35 °C)FIK AT E
A,(0.904, 0.922, 0.954, 0.982)%FHEH& 1B K IR, BFFT
BRI A (20.954) %M N 5 TeA. AOH il AME,
Hg #4450 TeA (21 °C. 4,=0.982). AME
(35°C. A4,=0.954). AOH (21 °C. 4,=0.982), KATRIN %
12207 e W ] R R SR I I R B pH>5.5 B, B fl 7
FE(AOH. AME. TeA)R)" AL/ sl 2 2406, T pH 7E
4~5 X [a)E, R A KRGS H .

A% 0 R AE R S A T YR AR T,
WSEIR | Al AT R R SR R A
AEUEYE . AREE . SRR | s d e AR A AR

FH, AOH Fl AME 2Pk s 55 (H B A BRI, TeA FEME
RS AR, B R K SRS Y T
EERARE X, ME A B 8 K 75 YR 48 o vl Rt
St X (40 E AR D) B S A R FE R R, Har, &
] X % A 10 B 2R T LA B, Bl 22 A TP A LA A His,
X% IR PR bR

1.2 HEhESHR

AT REMMER . FEE MR HESFZME
WA —R 2R ARG . ERMEREE AL
B. CZ&h, #EHh#EEFEE A (ochratoxin A, OTA)EH 15 Y&
P ERFEE . GERRMEREGERD L e
MEF LA OTA WA FE R g, T8/ w k&
(Aspergillus ochraceus). S8 (Aspergillus nige), Pl
% (Penicillium verrucosum) F1 Wi & ¥ % (Penicillium
thymicola)?®", fhEZ77 4 OTA =B AL PRI P i X,
SCHMIDT-HEYDT %% 8, OTA 7 A 13& B A& 1 b
25~30 °C. W2J¥ 98%. pH 6~8. 75 &A@/ 55 A A il 8
R AN, JEA XA EEY b OTA FE M E & 4EP),

OTA [ IZfFET&LERY T, Rk ILH &+ OTA
B4 G 8 B4 v e 2 B L S AN A L AT
BRI, S B R AN G R B S S I E AL, TbE
SRR A N s o I &R KM OTA 7 AE4RIE T R
TR

OTA HA Gy rith , wifeahk . Mhaaatt . Suitk.
B R A R FCO Y, R i B R R R
1k Ao A0 BL T #E &, [ bR E A 3T ML A (International
Agency for Research on Cancer, IARCY¥: HIHZ5 0 2B 25808
P, (B AR L MR8 2T . OTA X . /MR
MARMEEEOSEEBRREY, 2Ean B0t
(median lethal dose, LDso)43 514 3.3, 20~30, 48~58 mg/kg,
HX OTA &%) | mgkg Af, 7= R T %; M4 OTA
XK B AR 27 A R PE L, i 4 iRtk 28
ASIRFE . F/ N RIZE SR GG IR | IR 3 AR S AR AR
FRIMNZE 51 43 (European Union, EU)HLE T TR A1 OTA 5
FREEN 10 pe/g, HZTH A OTA FeibR N 2 pg/L™l, 3%
E HATxFAREE - OTA MBR B B E, X OTA 1)
R B NS PP A e B 2 . SRk R LA B OTA ol
B XS IS IR A 5T A FI T OTA FREEFRHERTIE

1.3 BEEZ
BEBEZETH 60 FRANFEMER 4, Y BEH

(Penicillium expansum) ., [1.E 8 (Penicillium leucopus) . 561
B (Penicillium crustosum) . B B¢ (Penicillium patulunm)FIE i
B (Aspergillus clavatus), A3 &2 w0 B BE = A
PAT WY, PAT 2Rk K, ¥ REeE
7P PAT FUBRGEIRIE N 20~25 °C, HiRiRF(4,=0.95~0.97)
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A FIT PAT (7 4E 18 PAT P 4= (95558 pH Hy 4~58¢,

PAT B4 AE T /K S R Al i P B, st A
W F . A R §h PSR FE R Tad A, AR
MK SRR bk, %R RSB RRITH. 1QBAL %1
Xof LI A R AT UEA TR, & B PAT PHEREARZN 71%
PAT E-¥ 4% i Jy 466 ng/kg, e KM N 1100 pg/kg; J1 25042
RIE MR, 65%MTCIER TR R IIE] T PAT, PAT V¥
B 131 pg/kg, FRORWE 277 pg/kg, BT, B . EREK
1 24 5 W B A L) AN R S P T SRS S
EHEEZNBREREN 50 ng/kg™, XTHRT . Wed4m BT,
SESE A AR [ SRR S R R EOR), BRI
JL PAT S BREER 50 pg/kg; A ELHz B A3 SR A
SRR AR R AR 5, BRI FLE i s R R 25 ng/ke.
F T4l LA S R A AT R S R, R R4 L
A FETBR SHA R 7 B 10 kg

PAT eI/ — R R BUAE RIEATTE, (BRI
F7E s HXP A AT R, PAT AT i #20p 40 S
T BPEMES A AE RS, ARG Ktk S A
1%, 386, PAT i HAT Rz dptl | ozt | SOwtE R
GARYE, H i TC BB UEH 2 e X A2 HAT SO PR

2 REFHWEREESRZAENGE

SRER LT BE R BRI 7 i 32 AR E A I (n
@ ) LR — S el AR i s A
ARANGRED: . RMISRS 2 OCHEESF) . POE I AR F 2
FHT DU P s £ A0 2 Bk A, T €385 B 44 A
DU P S S M RS AN, 2 2 8 T R A oK
R | O RIRBE P BB RE R R A CR R
FE o N E B PO A AN 7 VR EOARSE, B
B B 2 AU B P B M — R H R S

x1 REREFRDERERSZERNSEER
Table 1 Contamination of mycotoxins in fruits and vegetables and their products

BER AT R DU KR P EZPUN
B i 2 RIS T B PAT. AOH. AME. ALT. TEN. TeA LRl [3-4]
GiVTINE S AOH., AME, TeA, TEN | [5]
- [ [P E L A PP
A R R A T AT L AT OTA ok BT [6-10]
R HT . AT OTA il [11]
T S OTA HRA [12]
B, M. ERE . G OTA RRA [13]
¥R, FRE PAT FEvE [14]
Bt EER PAT 7T [14]
[ ﬁ%ﬁ%ﬁ%% PAT FEIRYE T, [15]
F PAT r [ [16]
HiA PAT ST 4 [17]
TAERT PAT ] [18]
Fz2 BIEEAMRIEERNRETINERS S
Table 2 Determination of mycotoxins in fruits and vegetables by chromatography and mass spectrometry
x5 v TR IUAE BRI ozt PR [BICER /% 225 3k
HPLC M T OTA 0.07 ug/kg 94~10.4 [45]
IR+ 3.2 ug/kg 82.9~102.2
TAERT 7.5 ug/kg 83.3~88.1
HPLC.UV l.l,! %? PAT 2.7 ug/kg 88.0~91.7 [42]
Hi%g T 3.8 ug/kg 102.0~118.5
RS 2.6 ug/kg 75.6~80.7
B 3.5 ug/kg 86.5~96.1
HPLC-FLD RAERT OTA 0.2 ng/mL 94.6~96.5 [46]
AOH 1~100 ng/mL 80.5~95.9
TeA 5~500 ng/mL 82.3~91.2
UPLC-MS/MS e AME 0.1~10 ng/mL 83.1~96.6 [47]
TEN 1~100 ng/mL 85.9~93.4
OTA 0.1~10 ng/mL 80.3~95.6
LC-MS/MS % TeA, AOH, AME 0.03~0.21 pg/kg 82.8~102 [48]

B AWM 2 % 9% (high performance liquid chromatography, HPLC); & &% i Al 2 1% - 28 &1 & M 35 (high performance liquid
chromatography-ultraviolet detection, HPLC-UV); 0K AH (4115725642 (high performance liquid chromatography-fluorescence detection);
R TR AR € 1% - 5 BB 5% 922 (ultra performance liquid chromatography-tandem mass spectrometry, UPLC-MS/MS); JAH (43 #f B BT i vk (liquid

chromatography-tandem mass spectrometry, LC-MS/MS),
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2.1.1 FZECRAEEE

HPLC F1 UPLC 25k I A= 2 1 A E AR,
HARR . SRGE . S T a0 S '’
BRI AT B S s B A B AT AL B, BN R AR T
B B bR EL A B R NS R RE S R R Ay B Al S R,
R it T Ak R 5 G 0 2 SR A R R AT SR . H R,
B R FH AR S AL 3 A 4 T AE ZE B (solid phase
extraction, SPE), 438K -7 1A% B s (liquid-liquid partition,
LLP). % 3% FlAE 4l 4k (immunoaffinity column, IAC).
QuEChERS £4192 OTA £ HIMRE S ATAL I SPE,
IEAEHEEC OTA s FE P R R e . APELL 205
T B TR -B- WG - R & BT i, RE X FibA il
i SPE ZifbAL, (ERIZI AT OTA M lRIRAR m
GF3H 77.0%~89.4%F 69.1%~86.5%), HEHA T il 45 0%
gl fb AT AT AR ACRE i b R Al P OTA L

T TA B 2K I A o R R AT R S TR A T,
WRIAE S T TS . PRKDEE . HI Tl s S5
Toik AT B kil &5 . A BR L BT T4, HPLC/UPLC AT B
B TIN5 LR A B T R v 2 B B R
ATIRIEHAGI . 4 APELL %5 PTHGAfoff FH o s ook €233 A oe
G 7 65 I 4] 40V ARG A T Y OTA, A5 B i B T
Porb, alifbReR e, R Se A OTA Fl £ K R Eg 1
fifl (zearalenone, ZEN)AY[RINHAGI . HASSANT 204 ek
HE (R RO (1% - 5 AN O, TR 2K ROk
AR b B R AR, s g i, %05k
TR TR OB R OTA . PAT 1Y [RIEHAS . 1
A, AT S 2 AN [R] P €8 A R 25 Sk i v A I 174 2R A RE A
HEFtE . ARMUTCU 25504 B RN ASTR] (14 €30 A (A s 58
e FOH L BRAK SR KRIE RN T A ) 2o S [ 1 43 AR
MSEA BN TAC, FFR 4k = 80 A €47 (2D-HPLC) X
SRR h OTA K, TZ AR LM TE Fl K 45(0.5~20 ng/mL N),
¥ BRAK (21.2 pg/mL), RIS E(104.34%~107.33%), #
S FREM 22 /0M:(0.21%~1.31%) . Tl R R | HERETELT,
AL LA R A TR A BT, (PR AR A R LB
e . RUALIRAE 22 A5 BRbG, Tk s e PR O 2 1 K
2.12 SR EE- gL

£ iR AT R B T HPLC M, if Al 5 RS
A, T WO e o B R RE L e L R R S RN R
SEF AT S A 53 5 52 e 19 S 34 . CAMPONE % P°CR
T2 T R 2 - 1o ROV €13 - H DR B 15 X A 530 T OTA
YEAT A ST 4E . TR A R BN E, %O A RN . R
TR | IEPEVEAT o ILAb, SRR A R S ACE, H
T, SRR R PR 2 2 ARG A 9 0 2 [ B ARG 22 41 90 1)
&, U Z FhaE s # 8E R 1 [RlBF £  . BERARDIS
ZEBTfifi Fl QUEChERS L4 U T T HIKCR ™ 5l FP Y TeA

AOH. AME %488 R, HMIBRE LC-MS/MS Fik
[P SE, 1207 2 ARG BRI (1~80 ng/kg), Anbx M4y
(63%~109%), A1 G H LA R AN RES % &
LC-MS/MS 37l |, GOTTHARDT U8 &4 2 [l A%
BN AOH, AME 5 &7 T fo#r, It
FHB i A L e TR UE, 455 SR8 I R e i A A HE PR
0.01~1.36 pg/kg, TEB N 0.02~5.56 pgkeg, B RLE
95%~111%2Z |f]

5 Bl €8 £ 7 19 €0 3% 0 R I o iR O ik, iR PT
ORGP BT B 2R AR R B AR R T i B S A b R A
R, DONG %13 T UPLC-MS/MS 437K Al
BFRPHEEASERSE, BRNET 7 EFEEEERED
g R R A AR, A5 R, BT AR AR T AOH
M AME, HZ KBNS, HAaP K AOH A1 AME,
FAR IR TEA, HLREI T ) (1 GE 4 85 28 7 i 2
Hm .

UL Ak, BEE BRI MBI SR, TR RAEY
(molecular imprinted polymer, MIPY/E h—Fi& W32k, HA
BT AL, PUNRE IR . BEREME R AR, TR
O3S AR IR | 25 AL S D AR B T I R
FHEO FU 2SR P 5 43BN 58 -1 (magnetic molecular
imprinted polymer, MMIP)5 HPLC A#1%54, # 7 T s &
Rt EEERNERGERE %, R CERT . 4
AT BT RS YRE h, 20 A AR pg/kg), JnFE
[ 15 % 5 (86.44%~95.50%) . PERNICA 25102152 FY 8 3 50k
3 - o B M 4F B 51 (ultra performance liquid
chromatography-photodiode array, UPLC-PDA)¥XF MIP £
AR E R FRYOR ) PAT FI 5-32 B LA, 78 50~
1000 ng/mL 5 FBl A 2 K47 (R?=0.999), PAT #6: Hi BR Al iE
B3 51A 4.9~6.6 pg/L il 16.1~21.8 pg/L.

£: LR, T HPLC, HPLC-FLD/UV il LC-MS/MS
SEAARR A MERR R . RS IRRAG . LT | IR A
PEFA, L TFIRE T UL R 2 0 S I SR A

2.2 REEW

221 REAAR X

TS TS AR T SRR, (AAE ARSI Ao
IR B . TERTRE SR T Al SR L,
R B R R U . P AR ERE R A, T
VER—FEAT vk . o i WL BB S U s K it e
PEME . YAO ZE N4 THT AOH (R Fieiik, #r T
— P e IR Ak 2 2 GG H P 43 M (competitive  indirect
chemiluminescence enzyme immunoassay, ciCLEIA)., % /715 R
FRORE B (6 B 0,068 ng/mL), £ 0.11~1.23 ng/mL,
H ARV YL (1.2~13.8 ng/kg)dy ciCLEIA #Z5HY5 LC-MS/
MS SIHTas R BA BRI DCHE(7=0.9539), % kAT I F



1290 1% A T R A

13 E

WE R . FERFNTEN A AOH o BEFE S0 98 72 KGN e ] 4
FeRMEeR . REUES . W RBERER, CAERMME
2E I g Tz R, AR BT A A R S B
ABEZ AT RIS AT A o MR S 2 814K (lateral
flow immunoassay, LFIA) LA #{H , Bl A | o] RIIRAI |
ARSI A, T2 R T2 . PRI AN £ 2 4
RO AL G 1 LA 4 AR JBORE(AUNPs)TE R 5 54441 1 LFIA
GIPERER S . REENR . P BE RN, mirE4a
K74 Ak #F B} (magnetic gold nanoparticles hybrid materials,
MGNHSs)J&—Fi BUE A REG AL, R B HAT A
Fobt, BT E5 LFIA 4 0rEae”, HAO 28
Wil T —FlBr RN RERE M & 9K A, ¥ H AT
LFIA , K02 OTA W&, %07 2% i vh
OTA 18 2 BUA I BR 2 0.094 ng/mL, Jil AR =] i 2 4
92.31%~108.97%, =5 ZEAE 12%LL T, UiH] MGNH-LFIA
X OTA HA RIEFMEREME. BRI, A0 LFIA FELIg
KA R R e AL, A RETE A A, TR
PEREME R A5 ShRic R [HEE I A5 S5 158 7 =02
AR R T
222 RB\IEIZILT KE

x| M 5 B2 ¢ % (surface-enhanced Raman
spectroscopy, SERS)&—FIGRI IS HrHiAR, AT LAFR AL fff
TEYUKEJE L BAR D FIIEHGE R, SRR AN
fi ik B YGE . REUES . WAL, 2T HREES.
W 2 S O, A B A LR A ) AU ) — D AR
A BRI T H . PAN 2V AR T (AgNPs)TE R
Yy, #3T —FhEET SERS PR E ARSI AOH 151 .
W E BT K (3.16~316.0 ug/L), ¥ HBRAK(1.30
pg/L), Wik N TR T 7 3K G AL SRR N T B
AR h AOH R B 8, JF5 HPLC #4738 LR IiE,
S5 IRRW], SERS TEAL A7 i th AOH Iy et Al v B A
ERVEALERN M E . ILoh, Rffk SERS BEFEMEE 221
JRBRE, T MIP (45 SR R R A1 SERS M5 SR
Frbe gl Aok 7 ZHU P854 3 T BN R A Y1 (MIP)
B e B SERS AR M gk, B h T — FloB B 1
MIP-SERS Ji¥), HIFHRM ISR . Ml Ry HE b
W) PAT, ZJr ik ERE ML, Rk, BT E &R0
TRALEE, wIVE R —Fh bk . R0 B TR A U ik
223 MHRZE

fEIRGn T HAA AU & . R PR . R
BRPEMRI A . AR/ N SR S, 72 H R/ R A 15
BTz R T

(DHAfL =R

NAN 23D R A QA B A R0 4 9 K B0k g S, 57
T — AP E OTA W RPN AL A, G R A4
A B A OG i OTA MR, [PII#4(90.56%~104.21%) R

UF . FRetEsR . RS, ATHEST N T AR R AR
Th OTA BIKIN . IE4h, HUANG 25753 1431 Ei iy
P EAL IR PAT, SR H R 3 R A 4 Al v
PAT (NE, SEIRTE . A THRE L R I i [ iR (43
FIH 99.8%~113.0% . 95.4%~104.8%), FKIIZILEMHA
R AT AR PR AN Y B PR e e, W TR
PAT [AGI . HIAL 2 AL I AR I BRAR . Pty .
AR, TR E# R/ Pl b BA —E i, H
F P IR TR R IR E AT A RS

Q) el s

AR AR Ry — bR | % | AR 40T 5,
SEGPPE ST R R PR R I 43 A
HEER . MAN 257 FH 4 94 KUK (GNPs R A [7] v
JER AR AR R AME, IS /MG AR BE T HLRE I
W GNPs MBEAR, FFA T —Fiogh B 45 L a5 i 4y
Witk TERAERMT, AN AR G THLRUZ BRI 1
I AME RARAE 205 12.5 pg/mL F1 200 pg/mL, FHEI
AME FZKERFE S BEFT 20T, BEAIMDETETE(91.19%~94.15%)
FIVES RE TR 15 22(90.63%~93.9%) #f 5 BILAR 5 A [l i %
AU AT UL, % ke T . R RS A 4 R
DE A EEAS F 7 3R AME 1935 4.

IR Yo P A A PR R, (L)Y A £ T I A 1R
SRR T B SRR E EEAY . (RS TR S AR . BB %
ST T — A SR TETT K o

(3)id P A I

I PC A2 X H AR B A R A R R e i — B
DNA 5 RNA J751, il ad 8 50E N A RSk (systematic
evolution of ligands by exponential enrichment, SELEX)4%
AR A K GERGAT R b A )RS S A Ry —Flfb
DUk, HABME R AEE S T i, &R
ARy o FRBRE, TEAR AL -5 ERATRKm
RIEWHI1 .

KHAN 5B T ST 9O0ME K Y PAT 3 i Ve J8&
TGS &, K HBR R 0.13 pg/L, EEMRHR 0.41 pg/L.
07 ¥R R T AR B SE R E AR SR, PAT [l R
96%~98%, %5 iFidE 5 I T B PAT HYE H 704 o b,
FETFHE P 1 (strand displacement amplification, SDA)F
DNA G-WEA RS & 5 (aggregation-induced emission,
ALE), Kl PAT 3% Fo AL e B VR R Uik
SRS IR M PAT AOMLIEER S R B U & A 5
PEGF K BRAR IR A, /N TR R AR SR At T — 4>
FE P RERF- 5, TEREFE G PAT RO HA AR Y
JHME . HeAh, OTA I& FCAAAL Jdkfi A R 1L Ry A
TAGHDISI % VS 1 T —Fh 3L F AR M bR fih & VR Sh 3R 1Y
(rolling circular amplification, RCA)fY B Ak 218 B AR L S84,
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FTFME OTA, 1ZJr X AR &g THFESh i OTA MlE &
I AR RE, IR ECE R 92%~103.2%, HHXTFRifE
2R 3.15%~7.5%LAN . BT, A IREZAEEHTERIZE
BOAA, 5 56 3638 B P S 2, I — 25 i e 32 TC AR 11 5
T, RS ERRR E RS

3 Z5RIiE

BT H TR DR R | M s R R
RN E, HETERIGRA T AN AR, A 0]
({12805 N 280 5 LTRSS N o B ot SR S )
A RS I T SRR S B A ) o R B AR A
7k Ry O U SR ARSI A v 3 B PR AN R
AT IIALAG 3 . FOEASE, BARKHE R, (A A
e, FLIGIA N R S B o P P e S A D05 DR AS DU 45 S
BEo AT . RTIE BRI SO A MG RENE S, E2T
B PR G A5 0~ 5 B A o R SEBR I P P2 D 1 AT
ANTE, NP R R IR S Ak, PR
Rt A e — SR B | HUMAH] o i A A R R, D] e
BT R K BRSO, 3R S AT i 3 R
FIFRAFE . — O R f) O 7 3G I 5 R AR R L
TR A, ARG S R | 2Kk 745, i, R
AAWIT R FNSEF R I SR BT Y R o A
HR, B A BeA FriRiE.
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