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ABSTRACT: Mycotoxins are small, toxic metabolites of fungi, which have no acute toxicity due to their trace
concentrations in matrices. However, long-term intake of them will lead to cancer, mutation and malformation owing
to their accumulative effects, which threaten the safety of people. This review mainly introduced the origins,
chemical structures as well as toxicity of aflatoxins, ochratoxins, fumonisins, zearalenone and their metabolites,
trichothecenes, ergot alkaloids and so forth with relatively high toxicity. Many mycotoxins have similar chemical
structures and trace concentrations, therefore it is essential to apply selective, accurate and fast quantitative methods
on mycotoxin determination. This review concluded and compared traditional and novel determination methods in
terms of mycotoxins, including thin layer chromatography (TLC), high performance liquid chromatography (HPLC),
gas chromatography (GC), immochemical methods, aptermers as well as application of liquid chromatography
coupled with mass spectrometry (LC-MS/MS) in multi-mycotoxin determination, serving as a reference for related
researches on mycotoxins.
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Tablel Information of typical aflatoxins
CAS
B, Ci7H 1206 1162-65-8
BZ C17H1405 7220-81-7
Gl C17H1207 1165-39-5
G, C7H140 7241-98-7
M, C7H1,04 6795-23-9
M2 C17H1407 6885-57-0
P, Ci6H100s 32215-02-4
Ql C;H,,0, 52819-96-2
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Aspergillus. nomius, A. pseudotamarii A. bombycis , ( 3 ,
(23] , FA, FA, FB, FB, FB; FB, FC,
R FC, FC; FC, FP, 11 , B,(FB,)
B,(FB») 2
“ FB, : :
(TLC) (HPLC) , FB,
- (HPLC-MS/MS) FB, s
>8] HPLC-FLD
22 #EEEE (ochratoxins, OT) HPLC-MS ELISA (aptamer)!'?!
, 24 ERIFENHHE(zearalenone, ZEA)
(Fusarium)
A B C( 2), R (F. graminearum) (F.
A(OTA) , tricinctum) (F. culmorum)  ZEA ,
-tRNA , > ( 4 ZEA
[91
, OTA a- p- (a-
R OTA s ZEA )[13]
) o- ﬂ_
o B- [14]
o] (HPLC) (GO)
( 9
2.3 KRG & (fumonisins) )
- ZEA >
[15]
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Table2 Information of typical ochratoxins
CAS

0
HO o]
(o] o
A C,oH 5sCINOg R 303-47-9
Q Cl
OH
§
B C0HsNOg @/1 4825-86-9
Ko~ 0 H

0.
C CoHxCINOg 0 OHHNTY T 4865-85-4

« C11HyClOs Hom 19165-63-0
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Table3 Information of typical fumonisins

CAS
o
OH
H
NHy on | Yoo
B, C34HsoNO;5 /J\(\N\/JVJVI\QN 116355-83-0
OH OH 0.0
0
OH
H
o
o}
OH
H
NH, O o
B, C34Hs5oNO 4 )\‘/\NV\)\)\QN 116355-84-1
OH OH 0.9 5
OH
H
o
o}
B; C34HsoNO14 136379-59-4
OH
F4 ERFEFMEETERHEVEREK
Table4 Information of ZEA and itstypical metabolites
CAS
OoH O
(ZEA) C1sH:05 © 17924-92-4
HO & 0
OH O
o]
(ZAN) CsH2405 Ho 5975-78-0
o]
oH O
Q
o- (a-ZOL) C3H,405 36455-72-8
HO # "'OH
OH ©
O
a- (a-ZAL) C1sHy605 26538-44-3

HO “OH
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25 HigmEBEiREFE(trichothecenes, TRICS) ’
TLC
HPLC GC ELISA
s 12,13-
s LC-MS/MS
-9- , 12,13- [s]
A B CD A 26 Zfat(ergotalk aloids)
T-2 HT-2 ;B ( (Claxiceps)
, DON) (NIV); C s
(crotoxin)  baccharin; D G(satratoxin G) ( 6 R
(roridin) ( 5) DON s ( )
, ( )
DON , ( )7
2004 , 37 R
DON R ) -
R5 BinRBREEFREER
Table5 Information of typical TRICs
CAS
T-2 (T-2 toxin) C24H3409 21259-20-1
HT-2 (HT-2 toxin) CxHj3,04 26934-87-2
(deoxynivalenol) C5H5004 51481-10-8
(nivalenol) C,5H,004 23282-20-4
(crotocin) C9H2405 21284-11-7
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CAS
Baccharin ngH}gO“ 61251-97-6
(satratoxin G) CyoH36010 53126-63-9
A(roridin A) Cy9H4909 14729-29-4
*6 EZAWEBTREER
Table6 Information of typical ergot alkaloids
CAS

(ergocornine) C;31H39N505 564-36-3
(ergocorninine) C3H39N;505 564-37-4
(ergocristine) C35H30N505 511-08-0
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CAS
(ergocristinine) C35H3oN505 511-07-9
(ergocryptine) C3,H4N5O5 511-09-1
(ergocryptinine) C3,H41N505 511-10-4
27 EMEERFHEEFRT) ’
2.7.1  #%# % & (citrinin) ( )
’ [19]
’ 273 R4:30.%E %% (alternaria toxins)
' 40 :
[18] 7
272 & %% (patulin)
, ) ( )
(Aspergillus clavatus) (Penicillium ( I I
expansum) )
[20]
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Table7 Information of other mycotoxins
CAS
OH
R 8]
(citrinin) C13H1405 OH 11118-72-2
(8]
O
(patulin) C7He0s4 e o 149-29-1
H
(alternariol) C14H1005 641-38-3
O
NH
(tenuazonic acid) CoH5sNOs o 610-88-8
o H
I (altertoxin 1) CyH;607 56258-32-3
HM o
(tentoxin) C,,H30N,04 \l/go,ﬂ e 28540-82-1
N
- N™ 0
\n/’\H
(0]
TLC , 3~50 ng’kg  pg/L
3 EESFZREERNAZEENR
31 BEREIL ’
TLC
(TLC) , (HPTLC)
’ ’ (OPTLC)
21968  AOAC [23-25]
, Teixeira 29 IAC
[22]
- OTA
’ ,LOD LOQ 02pug/L 08 pg/L Welke 7
(GB/T 19539-2004, GB/T 5009.96-2003) TLC

(GB/T 5009.185-2003)

(GB/T 5009.25-2003)

b

14 pg/L
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32 BEMEMEEILEMHPLC) ECD ., A TRICs ,
ECD >
Eke Y N,N-
A B TRICs s FID
3 TRICs
,GC-FID LOD 0.30~0.47 mg/kg, GC-MS LOD
pH [28] 0.05~0.35 mg/kg T™S
HPLC UV) s
(DAD) (FLD) (MS) ; ; N.O- (
(EC) 12030 ) (BSTFA) N,N-
(TMSDEA) N- N<( )
(MSTFA)  N,0- ( ) + +N-
FLD Uv ( Fluka Il ) Kinani (42]
10~1000 B 4 ;
( ): BSTFA>Fluka II>TMSDEA>>MSTFA
( ) Amelin QuEChERS ,
( ) GC-ECD OTA T-2 DON
[32] ( ) ZEA R
341 Shepher 1 ,ZEA LOQ 50
60~75 C pg/kg, RSD 8%
; , 34 mEBEHFL
[34]
Quinto ! HPLC
- , AFB, AFB, AFG, AFG, [44.45)
> (LOD)  0.035~0.2 pg/kg, (chemiluminescence-immunoassay)**”
(LOQ)  0.1~0.63 ng/ke, 0.99~1.23, (electrochemical affinity biosensor)*®
2.27~5.38
T-2
HT-2 ,
(OpA) - 1- Zheng ¥
3 [37.38 [39] 4 ,
3 Asta 3 ELISA AFB, AFB, AFG,
8 A [40]B TRICs ,LOD AFG, LOD 2.5 ugke,
0.2~1 ng/kg  Xue UPLC-MS/MS 4~40 pg/kg Santos B IAC ELISA
T-2 3-
, OTA
15- » LOD LOD  0.025 pg/kg, 63% OTA
2~5 pg/kg
[51,52].
33 StaEitE ,
( ) 31] GC Abhijith (53]

ECD FID MS,

B TRICq >
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AFB; , HPLC-UV , HPLC-MS/MS
0.5~20 pg/L(+*=0.994),  HPLC-UV ,
3 ~200 pg/L(r*=0.99),
, LC-MS/MS( ) LC-TOF-MS
, LC-Orbitrap-MS
Pizzutti 1621 dSPE ,
UPLC-MS/MS 36 , 35
, 70%~120%, RSD 20%,
134 NIV Jia 63 -
s s - (UHPLC/ESI Q-Orbitrap)
58 ,58
Li B 0.001~100 pg/kg, LOD  0.001~0.92 pg/kg, RSD
- 6.4%
, AFB; ,RSD  1.2%, , ,
AFB; 0.1 ~10 ug/L, LOD  0.01 pg/L ,
N 4 I 2
35 ZEREEC IR
[56,57] [58,59] , ' pg/mL,
s ; , pH s 6
Yang ¥ DNA -
A OTA
, ELISA
DNA OTA ,LOD , LC-MS  GC-MS
1.6 pg/L , LC-MS/MS GC-MS/MS
S 3k
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