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Table 1 Classification of common mycotoxins and their toxigenic bacteria and contaminated food
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Table 2 Sample pretreatment and detection methods for simultaneous monitoring of multiple mycotoxins
o B AR 4 2 ) o ¢ oo o 2
A o B4R B AR A £ A A B A 4L 22 Ho il I % .
E S &3 Sk
4L 2/6 FwEELE M EEE LLE+{K% 18 & A& HPLC-FLD [40]
A AT A
BAL K, 2/6 EES RS LLE+= 47 fe ¥ HPLC-FLD [41]
Xk ZRTEBATA
4+ 5L 722 FWEEL HUESEL FEWEL KEH LLE+Z@®MER  HPLC-MS/MS  [42]
. ERFEHMAE A LA B EERIBES (QQQ)
P EE ¥
XxEim Bk 6/11 FwEFEE MU EELE RS X EAFE LLE+ET R ER  HPLC-MS/MS  [43]
b K bR b WEE A £ BEERREHALEE (QQQ)
S 4/8 EhF MuwEELx ewEL FFH DLLME HPLC-MS/MS  [44]
e (QQQ)
ER ES A 4/8 FWEEFLE HEEELT FER AT RAEL DLLME HPLC-MS/MS  [45]
K AR R FE & BT B
e A5l 8/14 Ehit MwESE LewEL KT SPE UPLC-MS/MS [46]
. EZRFEHME AN LB ELERIBES (QQQ)
HREHEZ FERSE
Uik 3/3 L*ﬁé%ﬁﬁl%\ﬁ%@gé%\%gfﬁfr%\ SPE CE-UVD [47]
NI 3 5/13 WEFF RLAF ERKAEHIA A £F SPE HPLC-MS/MS (48]
h kBB ERAREEL (QQQ)
R#E 5/8 %@ﬁﬁl;"cﬁ%‘\@aﬂiﬁ“ kr &M % & F W w SPE UPLC-MS/MS [49]
WEEE HUWEEL FEREL (QQQ)
EX AP 3 5/21 HhLEE, HwELEEALPBEEREE SPE UPLC-MS/MS [50]
WkkEE ERAFERRAEEE (QQQ)
5 2/5 AREmEHAEEL ERFEHIAELSE SPE UPLC-MS/MS [51]
* (QQQ)
A4 i 3/3 REEF ERFFEHER MW EFE SPE UPLC-MS/MS [52]
(QQQ)
& 2/2 WEEE ERAENR SPE HPLC-DAD [53]
Bty 9/20 %&J FhEE #HwEEE FEHB AL W QuEChERS UPLC-MS/MS  [54]
hEEE RWMEALT wAARITEDEE (QQQ)
. ERFEHER A A B E LB IAE K%
RS 4/10 WEEE MO EELT FEDAF S BK QuEChERS UPLC-MS/MS  [55]
E X3 (QQQ)
4 9/25 WHEEET HUEEFE RDE X FEH A QuECKhERS UPLC-MS/MS [56]
. ERAFEHTF A £ B £ LB IAE K% (0QQ)
kEFT EwEL SBKEEE
A4 4/7 FwEHEE MW EEELE ERAFAEHBP B E QuEChERS UPLC-MS/MS [57]
P E AL EL (QQQ)
* L 10/42  wwEEF #wEEE FEHEL FW Y QuEChERS UPLC-MS/MS [58]

KEFEE RAELEE KLBAEZ . ERAEH
B A EABERERAERELEEE, e

(QQQ)
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& . A4k B AR £ A # o A 4L 22 H il 7r ik .
HIEHF XAk
B )L 6/12 KHEELT HEEELT KRDIAF ERKE QuEChERS+ UPLC-MS/MS  [59]
AR A £Ae B BRI FEH A ERE IAC (QQO)
WL, BA 2/12 FwEELE EAFEHRAELEL IAC UPLC-MS/MS [54]
L (QQQ)
EX 3 6/12 wwEEE HWEEL RLE L ERAE IAC UPLC-MS/MS  [55]
WA A EAe B R EBIMERAEEFT (QQQ)
E S SN 3 SN 2/2 LR AN o S % 7% TAC HPLC-FLD [56]
N E
A B 4R A 3/6 Tl E AL M EET B RSN IAC HPLC-FLD [57]
A AT
& B 3/4 ERAEHER A LB EERRERAEE IAC HPLC-MS/MS [60]
* (QQQ)
A E R 6/10 FHEEET HOEELT RSB F . ERFFE TACHSPE HPLC-MS/MS  [61]
Nk WiEA A £Ae B £ R EHkEFE (QQQ)
B BOU A 6/11 FwEEE HUEELT RDE L 2RAAE $KIAC HPLC-MS/MS  [62]
3 VB A EAe B R EBTAEH AR AL (QQQ)
43 4 5/8 s EEE MU EEL KEwEL ERAK IAC UPLC-MS/MS [63]
EWE A KA BEERIERREEFE (QQQ)
By Fe 3/9 FwEEL M EEL ERKEHT IAC HPLC-FLD [64]
7 S KA F AT A
-4y Fe 4 212 #l A A B ORI A AR i 3 A GICA [65]
ES 3/3 e HEEE Wl EEL ERFENHR R ¥ 308 GICA [66]
2k 3/3 HhEEE EZRAESR RDE £ A 4R IR GICA [67]
E 6/8 W EEE HUEELT RDE L EAFE MERR LI [68]
WER A kA B R EMmIBREH AL EE
& 5/6 FWEEL HUEEE ERFEHR AL FHERR A% H [69]
o B EfaBEH kR EE
ERA 4/4 KHEEL, ERFEHF A £ B LR HLRR A SR [70]
JoE Wik kA E
ok 6/7 FMESFE RDAE HOEELT A EFB HERER /NS [71]
EEnRERAELELT ERFEHT
R 6/8 W EEL HOEEL RDA L ERAAE FHERR A% K [68]
B A KAe B R EoRTAF kK EFE
44+ 4/4 W EEE AW EELT ERAKRENHR B E FHERR A% [72]
Pk EH AL EE
A # 317 ERE S PR R b I o S SPE+DLLME HPLC-FLD [73]
AL F 4T A
2k 1/4 FWEEL IAC HPLC-FLD [74]
ZRTBATA
ES 3 4/7 FHEELT MEEEL ERFEHA B E IAC HPLC-FLD [75]
EamEm AL EE AL F 4T A
i 7/23 FwEELE HUEELT KRDE L . E2LKE QuECKERS UPLC-MS/MS [76]
W A kA BREBTMEH R EEL, ~BS (QQQ)

IR 3 A
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A 8/15 FwEEE HUEEET KDEE FERE BERR UPLC-MS/MS  [77]
F EAFEWHR NBMKEEEF AXPB A (QTOF)

43 A 6/15 FWEEE HUEELT KRB LT ERAFE MERR UPLC-MS /MS  [78]
WER A £Ae B EEnFAE R EFEE (QQQ)

RS - I Yo b7 6 A 47 IR UPLC-MS/MS  [78]

(QTOF)

2+ Jgj 4/9 FwEEE HUEEL ERFEHT B E QuEChERS UPLC-MS/MS  [79]
LSS P EE T (QTOF)

N E - I Yo b7 0 EEX:3:1 UPLC-MS/MS  [80]

(QTOF)

ES 6/11 FwEELT HWEEL KDLH L ELAKE QuECKERS UPLC-MS/MS  [81]
Bl A £ B R ERENELEEE (QTOF)

vt 10/42 wwEEFT HOEELT RDIEE . ERAF SPE UPLC-MS/MS [82]
MhE ke wEE FEREAXPB RER (QTOF)
RERAESEE SBKERE R EEE

Fak 5/9 W EEL MW EEE ERFEHT A X QuECKERS UPLC-MS/MS  [83]
CRES R RS (QQQ)

4 # 2/7 AEMBEREREHAEREE ) 32 R GC-MS/MS [84]

(QQQ)
& &, 2/8 AEFBEEBRESRELEEE QuEChERS GC-MS/MS [85]
(QQQ)

MR 7/14 FwmESEE HWESEEL KLHEE . F5EH QuECKhERS UPLC-MS/MS [86]
. ERFEHR A E4 B LI E % (QQQ)

A Ak 6/11 whEELT HUEET REE X . ERFF QuEChERS UPLC-MS/MS  [87]
WA A KA B REBBER R EEL (QQQ)

% 3/15 FWwEEE. ERAEHA B EERIAEN QuECKERS HPLC-MS/MS  [88]
HEEFE (QQQ)

WA 1036 wwEEF HWEELT RKRLE L. FEFH QuEChERS UPLC-MS/MS [89]
E EAAENSR RIALAF A LB EE (QQQ)
mIFEHAEEL REWEL LA LD

AT 8/15 FWEEL HWESE KRB E . FEH QuEChERS UPLC-MS/MS  [90]
F ERFENR RAEEET AU WRES (QQQ)

T ARERRESAEEE
I FFe E K 5/11 ke wEE, ERAKEHIF A £/ B EHEHE QuECKERS DART-MS [91]

A BRI R R RE 0 LR R U, 28 B0 AR RIS BRI 5 LLE O 25 B ; DLLME : 43 HOB IR I 2E B ; SPE 5 [ AH 25 B TAC : AR g
AR s HPLC-FLD « 5 R 03— AL I s HPLC-MS/MS : 13 2508 AH €6 3% — 5 BE T % s UPLC—-MS/MS « 8 25 R0 A €00 1% — 5 16 5 3% s GICA

e % 4z G 3 S AT s DART-MS - 5206 BLEE /37 =38 5 QQQ = — T DU AT G M 45 5 QTOF - U 4l AT s & AT I il K 0 4
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B P AR i )RR I VR Y B B R B
FLEO A L A A VRS A A AT 4R R, O E
TR B T e O o A AR I R 2 o i
o e AR R 2R T, BN, X ROk ROK AN
v P H =K B IO, ) = U B 64T IR LLE
AT DA AR RE S e g BT S AFT A1 OTA 1Y
]I & AR S5 4l Ak, EOM %5 AR AL Y 2 5 $ BUK
G E oKk 4 b AFT .3 Fl FBLOTA ZEN |
DON.T-2 % 6 X4t 11 MAERE#HERG, MHEC
LESEAT NG , S T k™ LLE J5 ik AR R AR
B B[R] B g AR B P BT R ER | 006 AR L
FI A K H 5K il b 4T 2 ik, H LLE
A ML R R, AE AR SR S R
JLZZTF 0 LT 7R 7 A B A ot 300 55 KT
R F PR 4[] 85 fim™

43 WO W AE B (Dispersive  liquid —liquid
microextraction, DLLME) 1E&—F 8 8 1 LLE,
B S N 1| B ) B S T
FU kA3 BIOR) B VR T 2K OGRS R 5S4
fid, T AR OR 2 e TR RE R A BRI R )l
WA LT R A R e B SR T R B 42
BRI R AFT ST ,OTA \MPA 45 4 253E 8 Fif
L 5 ZE T 800 L AEHUH] (& H k) A
866 L 73 ¥ I (LK )™, Han A5H1R FH R 4l Bl (4
DLLME 2 , X 60 wL Z B3] (=& K M) LA K&
1 500 L 23 B (HCL) , B a] S 8GR 7 AFT
OTA CIT Mg G ERE 4 KL I MAEWER
B & % ik, DLLME 8% LLE 763k /0 A HLE
R A T, (S i a] ][] B Ak B A
i O | RIRE O A B & 0 TR

SPE fEly— 2 EZ ML ST A B4R
AR U B 55 5 B bRl s BT A5G, ITTA B E
Ll AL RE A AR, RTRAEE B 12 17 .24 75 96
FUAR R it Ak R 2 O [ A 3 1224 5% 96 A4~
FESL B2 LLE 1 DLLME %5 i AH A% 3 | Ho Ak 3
R it R A R A I AR AR . Deng
ZEDIR Li AEPOR H 96 L SPE 32 43 i & 7 1 [ i
% Ak kb B2 NIV . DON.3 —ACDON .15 —ACDON,
DON-3G .DOM-1 #il ZEN .ZAN .a-ZEL 8-ZEL .
a-ZAL B-ZAL WEE A A 1k, HETEZ
2 TR 75 2 (0 R U SPE 3k B 22 Hl = % N

TR B A T LAV AR B, WOER SPE VR AL TR
TG 2250 M, HZ2 R M i AR SPE /AE, il
C18 FEnJ DLW B 25 i v i e 5, T2 it v AFT
OTA .FB.ZEN ST .CIT . A/B 2 P 3t i1 55 5 i 7%
R HRAEEEER ARMEHTERS 10 208 42 F
ELTH B R 2 5% B At DI AR b R B T
SE A0 R S5 A R 5 R A B Myco Sep 226
Z Y e A0 A o] T A8 2R TR R E ORI T AFT
ZEN FB A/B 2 B vy 460 75 M e 7 R 5 5 254k 13
il EL TR B 3R 1Y [A] I #4619 Oasis PRI ME HLB 4
A AW BHRAS FLRE S s  h  T, f ELE E
FEREIL B, B T VR AT
f) AFT ,OTA .FB .ZEN ST .CIT A/B 2& B 3 ) 75
IR EE R AE 8 I 14 Fh B TE B R AT,
B JCT5 24T SPE A& (LR, RS 4T
A G IR IC T R KOR TRk 1 A i A 31 3o el
T 5% SN 3% UK 2E IR F #7 (Hydrophilic ~lipophilic
balanced, HLB)5 i & #5520 BH 2+ 38 #t (Mixed -
mode cationic exchange, MCX)2 FIEEHE A 1E R
W R IECRE A T SPE AR, SEELT G SR R i AL
TP A RO B, ST T TR S A I A
& OTA (CIT A% R RFEANMIL 5 K E
WEEE ML,

K1 SPE 12 78 0] 02 B O A £ o i B TR R
£, Mccullum Z50F il () 58 2 BB U 2 19 FesO4 4
KSR R Dong S5 S il 1Y) 22 BE i 44 K A8 fig 43 5l
WeRE AFT 5 A Kl R i I i R G H R R .
WA XUZ Si0, 1Y Fes0, 40 K J0RE B2 H1 28 46 i
{14) i 1k 22 BE e 40 K A5 5388 W] AAE Ry 5 2001 L 1 7
FWLBR AL, 4300 AT LA S B R 9 h FB, ZEN A
OTAPILL Ko /N2 R AFB1 il ZENPIf [] ip & 4, HL
T 1 P B R S AL B Cog BT N=TR 6 & %
(Primary secondary amine, PSA) W Fff5504H L, A~
IS T BRI s B R0% i T R g S R
6] YL VP AT ) DR 5, 48 T Rt A R ] 4R
1M, T4 5L 3 R 45 R & AN AR TR] H i
(1) SPE A1 A7 1 XT38 43 288 Tl ) L 7T 5 3 G BfEE P
e |l WSO AR A [ i, W B 57V 4 SPE R 1 %
O, AT RIS HE AT 2 Rl D) e A& M, £ HE T 4R 5 5t
IKAER - SEAE L ) SRR S AN TR 4R
HILBR S IR 22 Folr 20 7R 5 25 109 [ B g 28 W
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QuECHERS 2 /& 7 2 Fl 11 b 5 2 [ B Az ) v
NS R T3z B R i b R 7 v L %O iR s — R
Ha PRI A 25 B W PO RE ST b BT VS B
it CRE X RE S AT RIS 1 4 B S I e L
b K AH AN HUAHER AT 432, BE TS 1) LS o i e
MG, Mmikslgih, s€£ B0, KT
LLE 5 SPE W45 G, ik mw 2 1 TR 251
B, xR A RN E B EA T AL S AR 2 R A
PR BE 2 1 IR g fb i N H 25 )2, 7
N T B R AR e R I R
JIAE BER , DAl 5 A 2 IR FE A1) OTA Fil FBs £
Fr A T, 5 4R R, AT PRI A s 1 TET i
RO B J N A TE KA R B K B AT AILAH T K 4
A SR AR R 1 25 b L TR RE 3R A LR TN R
BRI B K, BJRFIH Cs PSA 2k 5
fk 1% B (Graphitized carbon black, GCB) 4§ W fff
FUBR LA HLAH T B B8 T A LR R 3R A i
— R BRI H . Colli 5] F§ QuECHERS
A (A 3 B ¥ AL e 22 A Al P Y AFT OTA (ST,
PAT FB ZEN, HEH& 5 3 3 | A/B 25 g ] 55 5
HEHEREMBRAESTERF 10 XL 2 MERTEER
WA T AL B, SR G A R A sk
P T AR, I B H BT RE SEGE
60~70 >,

QuECHERS I ARBAFFE— & 1 sy BR A%, n e
FH AW B 500 b PSA B Wl FB, Fil FB, 45 1% M
B, 1M GCB W 5 T W B FL A7 7 T 45 44 1) BC 1A
R &, 040 AFB, AFB, AFG, AFG, I ST, & i %f
XL H bR Y SR AN I R AR o
PO ool ot b R ) D NI EN i TS
BEAR BORE SR 43T QuECHERS 5 He 5 BBk
Bl EOnT B Lk B W B R AR Ak 2 R 20
HEFRMHEM, Bessaire %524 QuECHERS 7
55 4 5 SR AR (Immunoaffinity column, TAC) %
AR, AT &R AFT OTA ZEN FB A/B 25
iR IR RS 6 KIt R ARG RN ITE
BREA AT, O vk R T xR L A
R LR

TAC B3 FHUR SRR R4S A B,
FE TAC AF PR TG T BB B 2R A S DR i 3
BE YRR S B BORGE i AR, o B R

B 5 E0RE [ BEG BY DO R S PR 45 5 B s AR I
SRR B, BB TAC ¥ 2 A4 B PR
IAC HEEMI A, &4 TAC WPKE £ Fh B 1# 7 % 0
SeRESUARIL R A E U L BB P A g ok
FHE, W0 34 e S B0 22 b B0 5 8 R 1Y Rl sk v Ak
M, WE TES IAC HE R EUR — B &R
4 Jmy B JR 0 B g %) o P i e e AR I
TAC, g % 52 BT AR B 4 5 T OTA F1 ZEN'SLL K
& . kR L& & AFT OTA FB,
ZEN (A/B K M fil 25 I R 8 2 5 6 283k 11 M E
R R S s R, TAC 5 SPE MG
fdi FH Al S2 B AS i AFT OTA \ZEN FB A/B 25
Uiy A0 M R 7 R AT 6 28k 10 P o B 3 09 [ B
FeAk A RO T AR ISk, Zhang S5
FIH BRI O M- — AR AN BT EALH] il & T
4 ZEN,DON,T-2 Fl HT-2 4 Fili Ziik =2
A TIAC A, FHF IOB RE S T AR EE ) TAC Y44 H bR
Yo s A m R vk s R LA
A DA TE B L S BRAE SR I TR, 2
T FE AT A A R AT AV AR e | H T B o R SR b
W2 R 5 1k (& 3 TR ), R TAC A AE
FHE 5 22 0k Sk I ab 2 v ads 5 1 i ek, 388
J B Bt AR R L . MM RN
B R F AR, 7 AR O L [ AN R 25 A
AP , 330 TAC AE A A iUA B ey, ELASE T BR
B RS ZE R SR ER BRI T TIAC IE )
N

3 EIMKNEMEERSENTGE

w3 i, HEn S pEEIR
ARG A vk £ Ay N 2 26 SRBE AT I RN
2
31 REESWIE

o 27 o W W T AR 4 (i i RN 2
MR GEhR e RS, 3 PR SR S 4G
A5 7 A B R B 1 AR X TR B R AT A
7SR A5 O 1R 3l B AR 4 AR AR 4 e Al — B
Rz R ST XS YR AFB, ZEN \DON () [A] B}
a1 Y Ul B2 INE R v T 7/ e 2 DA E I X el 7y Tl
() G 8 AT IR £ Hh B 2 A M ) B £ 1 45 S 5
A3 HER ], Duan 5L FRCLIEHE AR LIS TR H
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Table 3  Current standards for simultaneous detection of multiple mycotoxins in China

B 474
iE A E¥iEiel B4R B AR ATy X, A gy & R
R#E
AR B ] 12 FB,.FB, IAC UPLC-FLD LS/T 61302017 (it #o 3 42
P HRDEE BB, M A
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Research Progress on Simultaneous Detection of Multiple Mycotoxins in Food

Liang Sihui?, Xu Qian*¥*
(‘Suzhou Center for Disease Control and Prevention, Suzhou 215100, Jiangsu
“School of Public Health, Southeast University, Nanjing 210009
‘Key Laboratory of Environment and Medical Engineering, Minisiry of Education, Southeast University, Nanjing 210009)

Dai Hairong'?, Wang Chunmin',

Abstract This is a common phenomenon that multiple mycotoxins simultaneously exist in food which may heighten con-
cerns about human or animal health owing to the combined toxicity of mycotoxins. Therefore, the detection of a single or
the same type of mycotoxins can no longer fully meet the actual needs of ensuring food safety. There is an inevitable
trend to develop a rapid and efficient method for simultaneous detection of multiple mycotoxins. This review sketched the

characteristics of mycotoxin contamination, moreover, the research progress of sample pretreatment methods and detection

techniques in simultaneous detection of multiple mycotoxins was also introduced. Liquid-liquid extraction, solid-phase ex-
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traction, immunoaffinity column and QuECHERS are widely used in the simultaneous extraction, enrichment, and purifi-
cation of multiple mycotoxins. Ultra high performance liquid chromatography coupled with multi-level, high resolution
mass spectrometry hold a unique advantage in the simultaneous detection of multiple mycotoxins and untargeted detection.
This paper can provide reference for the research and application of simultaneous detection of multiple types of mycotox-
ins in food.

Keywords mycotoxin; multiple detection; sample preparation; detection method; food safety
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