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Abstract: It is known that deoxynivalenol (DON) has immunotoxicity, organotoxicity, inhibition of protein synthesis and teratogenicity.
Grain under improper storage conditions is easily contaminated by mold which produces DON. DON can cause serious health problems after
ingested by humans or animals. DON is stable and difficult to be destroyed and removed in the processing process, which is an important and
potential safety hazard in the grain production and processing. There is a serious problem that DON exceeds the maximum residue limit in grain
in China. Therefore, accurate and efficient DON detection methods are of great importance to ensure grain safety and human health. In this paper,
the main methods for the detection of DON in cereals in recent years were summarized, including thin layer chromatography, high performance
liquid chromatography-mass spectrometry, enzyme-linked immunoassay, lateral flow immunoassay strips, Raman spectroscopy, electrochemical
method, surface plasmon resonance method, etc. The advantages and disadvantages of these detection methods were discussed and compared.
At last the development trend of DON detection methods was prospected. It could provide theoretical support for the development of new
detection methods, and is conducive to promoting the application of accurate and rapid detection methods in food safety detection.
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WA S S i J) 4 (deoxynivalenol, DOND,
W20 30,70,15- =525 BRI -9-Jd-8-H, 7r+ 2\
N CisHagOgs XA F504 296.32, HALZEEEH) i
1 ffi7n. DON J& HmflF ik a4, FEHARS
W RS JIE . BERERIE . BT sITE.
MR SRS E AN, KA
151~153 'C, ZiET /K. LEESEER, st se,
FATR ME. TR, mikfr&faetbae™, i
TSR MRS, — B E A I TR
HERA,

DON B4 st AgumtE, 551kt A48
B, Bk, I8 SpEmH AR, mikch
WXt #E R, B EPREAER AL (International Agency
for Research on Cancer, IARC) %1]J9%5 3 58501,
DON | I AFE T B A, BS54/ Nz  RFz
TOKEREEY), AFZEREH DON {531 &
Ve r=tE] iz NEEE RN . DON # 5 H B H
7, wEiiEER, LRV RERIEY), SEANERE]
DA S ™, [ 04548 T T 3 B HL R TE
2015~2020 “E[HYHOBTEMEEIR 2R, NS
MR R R EA R E# R AR, H DON & =libni
R, HEEE 76.60%. DON HEFRECAME,
AR N AR JH SR R R BRI R R
X NI BRI AR KB 751k BERG il

HC 0 SOH

—Qllny
jas)

=}
T

[&] 1 DON {LZFLEHIK
Fig.1 Chemical structure of DON

DON X R ™ B 5 e n | 1 8 1) i B S,
K GB 2761-2017 (BB FARME &R
BRRE). EEaMARREEHER (FDA) Ak
HHEIRRAZL (FAO) ¥JHE DON [ KIREAE AN
1000 pg/kg; KKEIHIE DON FIKFEEATFHELE 750
ng/kg™o IRRE R e 4, 4EPEBRERGE, HERR
MK DON & &EXTHfE DON 5 4L FEfE 2 0 2L
FEBU A H 23 DAL e U R A8
AT B SIFBORIE SR A DON By n] kil
Mo R, AT H P DON y5 4%, (R 544,
TR R PO IR I AR IS AR B TEFh
M AP, AUESEHT ) DON 549K, ik
ok, THRFN I ACREROGHE, T E R
TR AR TR H 25 . BEERIBAR AW &
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JEFED, EAPREH DON RTIN 7 VbR ik 2
U211, 2017 SEEZ 25 s B R SIE T ()
an PO T VAP BORRNTED, J97F K DON gt
WTTIEFRAE T RAERRE o AR SO LI P A
WTHEHAT RGER, & EMAE NS DON TR
RrT7E,  JUH R AR e i g i Asr B A AN
ik, FEMARE. EZE AL Cthin layer
chromatography , TLC). i AH i - 5T 1% (liquid
chromatography-mass spectrography, LC-MS). =20k
A 3 - B % vE ( high  performance  liquid
chromatography-mass spectrography, HPLC-MS).
1 B AE A - 5 1S vE Cultra-performance  liquid
chromatography-mass spectrometry, UPLC-MS). P
. % 7% ( enzyme-linked immunosorbent assay ,

ELISA). fllyi %) Z#T1% (lateral flow immunoassay
strips, LFIAs). $ii 2k, Hib2EE. RIS ST
JHRiE (surface plasmon resonance, SPR) %5, i8I X
PRI T VR A G R R AN A BT
X, SRR E A AMIF UG, 73T & T EAAAE 1 A R
i th LA Pod A I & 07 ey, N IF R B A REE
e ERREE TR, (B PUEAT I VAT AT R

DLEAF i H i R AR B R DON Al 75 SR I i

1 ‘g%
1.1 EEEiEE

)28k (thin layer chromatography, TLC) %
VLI 8 AT T AR R AR I v B ST E
AR S RIT R (R ShriEY (i I
ReARTEGIEATINGE o 12 - TARE R, F2K,
R4 KAt DON [l E - DON 7EH K 365 nm
MG RGO, SR R, THEIEE RN,
TLC VAR RN AR A T B AT 1, Rl A
IS BRAETRERATAL RS 2% . BRI, 2R 3% 7).
WE I 32 J8 FEI AR, TS 48 RIHETEZE . R%E
Ko ZITIEAERE AR B AL N A R IR YE,
ST FH TR R AL DON (1) R s 2 RIS A I,
W7 AE D

1.2 Ak

157 AR AH 3 vk Chigh performance  liquid
chromatography, HPLC) &AM NFBIAH, KM S
R RS, F BAS R AR B — R B AN [ L A3
TRAVE ) SRR A RN [ 8 AH 1 354
TEFEN S B G, RIS CERAMaIES |
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JRABRTINEESE) BTN, & DON Al br-R H
Ji%. KA HPLC VEAS IR &+ Y] DON 75 ZEXHFE
BHTHTACEE, RBREFRTIW, BEKSFHs], E4
H bR Tk = 7 i e - £ 48 HPLC %)% DON
FRIRE St T A EE— R AR B, H AT 7N A%
BRI R T B 7 DR TG e, 40 Karami 25
fEH Fe;0O4 HATEGNKALF (magnetic nanoparticles,
MNPs) %I DON #T& &, HRH HPLC-%4Mailli%
X FAT /3 HT, AR DUk 5%, AIPR (limit
of detection, LOD) iK% 45 pg/kg, A T/NERES
H DON FI4 Bt o 27 5 s 1OV e P AR AR - s
ROBAR AL /N ) DON #H7 TI5E, 45 3%
BHAZ AU 7772511 DON [BEIIIL 2] 90.12%~106.25%,
FHAF PR ZE (relative standard deviation, RSD) N
4.51%. HIZHERIFEEG Vb 75 EARYE AN R AR 1)
HWFZERAARNE, BEE S K. fig
e ARFELEA DON I, EHX PR3 E
R, FERER Rt BNk, LR
f5 HPLC VAR RE -

RO 3% (UHPLC) 5efiR 74448 HPLC 2>
BRE I ZE . T BB IR G, UHPLC A3 FH 5 /R
7 (<2 pm) PIEIAPRRIE R HER A R R, LA
RS EE S (513000 bar) Ui ER e BLE AL

&gk ’ Il Y

H&Mm RS sl UHPLC 1 &o #
2, FrLA UHPLC 55 Armias 45 & om0
PR, ASTERE AT [R] N B[R] 434 2
FE, AP MKM LoD Mg &R,
HPLC/UHPLC-MS/MS frill R 5y, {HiZ 7 iERTAL
P EEB. oAmE . BRG, SORIK, RFRIE
GIREMEHE R RIGYRE A, (TR Z S = HE
JUHfRAE . PROE. R v

2 ®EE
2.1 EEEK%Z

i Bk 50 9% W B 7% (enzyme-linked  immunosorbent
assay, ELISA) J&tHT ai-Hifa i) sedie s SRR i
WAERANA G RRIENE AR, FiE2, B
P LERE LR ER R AR, TR s-SiiAs
G, SNEINIREJRY), SRR =),
W 2b fos. WORES TR, $R4E T R vEN
Mt EAES, T THEBHEER AR S T SR B
. HTHTAMN DON #u i, 7330 s
[Pk, FHER DON HEEFUEEEN DON-EHE
BRI EPUAR . LEPUAREEE E R, el DON
FEA B AH R 2 .
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K}
A 2929 5909 . YYY@Y??b

(f}%j\{i@ '\}Cu_,’ f {L"g

~=%-- A

P 229 9990 D o9

& Jj
|
@DON Y ponyifh
@ Y
¢ T R Hoph

&2 DON FERENERR: HiESES (A) MEE=ES B)
Fig.2 Main immunoassay models: direct competitive (A) and indirect competitive (B)

H AR DON il 22 £ il ) B 155 4 il
Bt % 9% 75 ( competitive direct enzyme-linked
immunosorbent assay, cd-ELISA), 41 2A fizx, Fi
) £ 55 4 B BC % 9% ¥5 ( competitive  indirect
enzyme-linked immunosorbent assay, ci-ELISA), 1]
2B fli7ne cd-ELISA BATRENESF. H5mihom. R
JEREE AL BER VPN RN, &SR E T
DON B BRI /7%, Han 250V 37 T cd-ELISA
W& AR R DON kR &, H & M EA
1.00~113.24 ng/mL, LOD 4 0.62 ng/mL, 1% Kl
MK E (ICsp) N 661 ngmL, “F3EUKE A

77.10%~107.00%, RSD } 4.20%~11.90%. 1% &
AARRMER. Bty AR0RK. FERERT
AN S, TEF TR R DON fbus ik . H rEk
syl ELISA 87 & O fE a8k L1820 FI B,
H, (BZB0RF SRR A 2 S A 3 st
DON 7558 SR N5 77 TR A A PR, BRI T L SERR R
IR, T SRR — R, Zhang PR R T —
il cd-ELISA SRAM DON, Ff & A HH FRTE 0.15~0.48
mg/kg Z 8], KT DON TEF E 1 55 K5k 57 PR B bt
ci-ELISA B PRIE, 5 B 25, Li 2220y
T ci-ELISA P, REEREH 1 DON. %J7i%
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f{) ICso N 61.10 ng/mL, LOD & 6.12 ng/mL, FH]
ci-ELISA VENEMR BT fEtE. Fis b, HutH
T DON #ar ) ELISA 1RG0 3- 2 B JE- i 4205 Jig ik
JIH M (3-Acetyl-DON, 3-AcDON). 15-ZFfi3-
it 420 S Bk J TR (15-Acetyl-DON, 15-AcDON).
A A S S8R @I (DON-3-glucoside,

DON-3-G) HIAZ X Mitkrm, 4 #ERR) LC-MS/MS
VERZ 0 RING AR DON #4740 4TI,

ELISA {0 1) e 8 5k 100%, 15 DON #EL
HERf e BRI, A, BT RRETE N Tt e DON
SRR HATEYIIER (3-AcDON, 15-AcDON 4%),
AT RA RN, T AT PR D X R AT
A=W, H T ELISA V2 - ARE XX BT A s e T
RPTRAE BAG A B, R e XIS E
PR ESE A AT, ELISA 328 53 s DON K%K
AL, BHRESRPAINT. R, DON AR &M
ZIE W E VT A AT, £EX DON RATAEY)
SR ITFIATRERRS I, 276 VPH DON K ER

A~

il

o

ELISA REUE S R mthis, oA, & wHE,
ATENPN TR, AT E Ak, H
MR 1SR B PR, By, W e A R
AR ELISA iR &P, JHErit: . A Iive Ee sy
THS BN, AT SR A SCRe, el
ST A R H ] SRS R0 T S i 5 R B A B
B . {H ELISA VEWAEEA B AL, BT ELISA &
PSR RE LS & TR I, ELISA 11
RESPUARE YRR S FHAHOC, DON 254 MG &
H55 Ko+ 8 A T RS A 2= A e ik, S8
T FE A2 B A 17N 73400 0 48 e % i i th A 2 R e
e URATHUARIEZ D, AR, ez, F8UE
FHRAS 57 o T B R F B A B 1o T SR AR L A,
RERR T8 B R R R AR ISR A
A, WnERLR. BB R AR e R AR
BTG HRE S (BRI, o R T R R AR N T
ik, DA BRI PR £ 7

22 U SR AT

ML % JZHTiZE: (lateral flow immunoassay strips,
LFIAs) J&RRr TR S B E TR AT 4 3B S — X
i Bz TRAEIRA 4R — iR AR IS,
TERAEMIRIER, FE iR 4E R A AT 50,
G50 2 [ e A PUAR I DX, o S R R B
SRR AR R S, R R G S
et Al X IR 7R — e B, AT SR S 1

322

G BEIL W, 55 T AR S PR B, ]
S5 s BT R S T ARIE B TE T
AR, TEXTHREE B E 1gG Rk buiA-bricy,
FEATHRZRAE SR, Wk 3 .

TERZBE BT, LFIAs 880 1 38 0 A% T
ELISA®. 5T 3% LFIAs [ REUE, 25K HuE
BTGRP EIISIN, SRhifPeiREEEE, gk
WKL (nanoparticles, NPs) HAMUERII#EE, e,
WEVERIE T, RIS B AR IR, RS
KON AR TR, 75 59 SERUBAR FRAS IR « 5 A
DB BRI 5 w3 ) R AR o 8 FH T LFIASs [ NPs GLH64H
k4 (AuNPs) P 87/ (quantum dots, QDs) ™,
W 4 W YNOK UL (prussian blue nanoparticles ,
PBNPs) PO JoiE EghRRes. Yu &8 @ 7R
M. A KEASH) LFIAs, [FRHGH DON. (A 5%
# B, (fumonisin B,, FBy) 1% & # % B, (aflatoxin
Bi, AFB)) . FIHBAAE T AuNPs 1E R 5 Hric4,
AT G LFIAs 7%, 12355 DON. FB, fil AFB,
f) LOD 4354 10.00 ng/mL. 30.00 ng/mL A1 10.00
ng/mL. Ay T BB HEE R EUE, Tian 25 PBNPs
& AuNPs {Evbrics, H TGS ERCR . @it
PG S PBNPs BAESEES, FIH
PBNPs A E B E ML TMB R EHTES
K. fERESMET, PBNPs-LFIA iR4844 HIShAK:
MYEEAN 10.00 pg/mL~1.00 ug/mL, LOD Jy 10.00
pg/mL. ZTEAEHE, REL AR &
1] DON, 7EAL 45T AuNPs 1EbRiCIRIFERt
REPPEEIN T I 1000 fi5o 247 SZEL DON I A6
DB R 2%, Lin PNy 7T ERETHL
) 58 B AN, LFIAs 4, %144 T AuNPs
AR S Heotek, arEsE, PudbillEmRah 2
FHEEFEE, % DON K LOD N 0.32 pgkg, B
1E 84.00%~110.00%. HFTEA(ESHFiH AuNPs Hf
A%, WEM—DIFRFEUE SARC RS sl
REE,

oy THRTAERI

. ) Jj . M@@
] g L ‘ .
s ‘4{"!:1’7‘. g ~-. 3

KL ek

® Y Y ° X

AuNPs DON#ifk 55 —4Hifk DON  DON-BSA
& 3 MR R BRI IER
Fig.3 Structure and detection mode of lateral flow immunoassay
strips

LFIAs VA H R T REACEYNE, Ba
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ITRARHR BB, POR(ERE, BEETRRIR E R
HAS ISR AT, B2 (BAFFEBUB AN
G BEVE RS T . FEXT S RGEAT IR IS LT
HI T ICVE MRS SR SR L AR L, 3 LASEBILE ke
W, FEHUR T 1~2 DRI REEL . B it
EEARRIAE, Feabe B RETILIE A, TR,
RN E A5 S AR LA W TEate R AR, ARRET
X FF R AH R FAL APP X LFIAs 15 517 R (A 5
REAT PR AT ATE LI, X LFIAs (7SR d
AIRKHES . [FF, DON HUik 4 & A e T
HifA5 DON MIEAEFMIAESY, HE A5t
FRET IR SBURFATESS R, AR s i i RE
AR PE TE

3 ik

31w gtk

BESGIRITE - TR R ABU, M it
507 RA R, WK SRS, XF
SRR S, itk rh R B ] SRR AR
R TS5 EE, AT T RS, 7
BIARFIVII . H B SO 73 51 R LM
BEFEM 100 A0 107, SRPMIE REIZHIZ) T 4 2
P, N T R RS S, ATRIRLRE SR &R
TSR 47 R TH 1 5% b7 2 6% (surface enhancement
raman spectroscopys SERS), i HAMIFRHE S 1 4~10
ANEEER, TEYITRYSER AR o 7T R os B
Kt A,

N T A R HEEARE T,
TER T & MR GRS R B8 0TS 5 34T 1Y
5, 1 Tegegne & T B 2 UG USHARGK A 7
¥iresit) (AgNCs@PDA) XHflkld DON #H7 e &
il AgNCs@PDA #ii# PDA 722 (1.60 nm) 4}
L E AN - YERUERIGSE T DON R, 2
TAHERIR N, BRIk 1.82x107, LOD k&
KK (0.82 fmol/L). Li 2P e A B — R Rk
1 BH B S AL ER TR 5 AuNPs, il 4% 7 A8 HRSE Y
3D-SERS #:Ji8, =HEGNKAEHISE SERS FEJE AT LASEIL
FoKHT AFB FoKFREMER (ZEN) F1 DON R[]y
Tehmickl, LOD 4354 1.80 ng/mL. 47.70 ng/mL
F1124.80 ng/mL . i%FE K B A 2.3 1) SERS RN AIE 1,
AEBAPEE ToARCAEIIT] SERS JK. N T SLEL
DON fIBRIERI, Liu 255U FIROE 7R &kl 4 7
200~600 nm IGIAKFERESINE SERS FEJRE, it 3%,
S NTIERT A A B R R T PO % 5. SERS &

JRAVEIAEXHE SRR R H 2, H R HERE
SERS VAR EmARMIERE . HIEESHIEE . 20E.
R IR T A, BEEMEAPRI AR, M
Ffk SERS JEJEOR ARG S AE A VR i, 58
7 o SEBUE AN S S g%, R AT STk

32 WLt E

LT AN (near infrared spectroscopy, NIRs)
ARSI IR I ADRE AL B o 531 S5 R I
PHRTIE A, BA S ARBA L 2 455 (RIS
S, TENHT R S5, (DL Al
D91, Peiris 2510 i (i LM AS HOE 21461 (FT-NIR)
KN FZ WK RLRE St DON & & HEAT V-4, 7E
1000~2500 nm YEHEJEH], SIS i DON & 217
A RH R™=0.62, TULITRIEZE N 8.01x10°,
XK/ = DON 5 & /N 22 19 20 R UE i 2 53 3
60.80%~82.30%7F1 82.30%~94.00%. FT-NIR 7] LA T
PO N5 G Liang 265 R HI W] I NIRs
FREHE NIRs PRIE. ToAkill 52 7R 22005 4L n 11 pl
[PI/NZEHy, R RATRILE A, FRE S e &
WL, Z 570 DON BRYSHIbR /N 2R 4
PIERZIEE] 96.00%. He 52| H AT -NIRs Flit
HHAL SR AR 7 IEH/NZFI5Z DON {542/ NEFF
PLTELR IR RS, 7 12T RS SR RE 2k
PR A AL AL, AR I HETR 253 00 95.06% 1
91.36%, T DON 5 4«/NZ e, BA
AR SERR N FHAMME -

Heik B REL IEE. . SERTRIEA, A
TES . REHL Rl B AR E R, RTE R
FEEAT ACER, RG] B R TS 4, R
B EIEHBSCILERE . TopiR. (RIS, S56 RN
ARy SR AT AT ST« SR 28 W I ARG 7 A
R = 1 bk, BARSRRSERR B ME.
SEPRR AR B R, FEARMRR, e, AR
(X YERHE 5 T, gL mass Ry (1 BRI
PR, KR E AT AN S bRl & AT A
R A RBERAN TR RERRI R, R E
H DON J5 45 e 8U% , AR &1 DON & /it
TR REALFIAIAI T, X DON 5 Y ffE E 5 i
AT BV, EARSRK R M. 2 i sk
. DIResest Mg or, HELLOE N IRE & ATk
KIBATI I ELR . Kk, R EER 2602
L =E s iR o IN AN PSE: o

4 EYMRRERTE
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IR R EPDE AL Gl Bk 1%
B ARIBYE) (ENEMIURIETT, R EARELR
R FPEROREINES . A RO, (L6 e
BT, I ST RS
5 LR S USRS TT2 R, KR SR I B
SESEI L S RS, TR BT 12
540 LA B T A BRI T
BT IR

41 wAF*

A 5740 A2 AR VA VR rh A 5 P H A S ot B
HASEEE, @ e AHAL, S, R ESH
S 5PNV 2 TS R EE . b, X4
Gy AT S PR 8 B AT T, A R RS U A =
4 FR. WAESINE R =R RS, B
TAEHM W EARFIZ LAk G Sl 77 v
H: fEMMRZEE (cyclic voltammetry, CV). ZE43 ikl
fR223% (differential pulse voltammetry, DPV). J7 AR
4% (square wave voltammetry, AWV). HLL2ZBHIT
37 (electrochemical impedance spectroscopy, EIS) &,

- >

QY TR

Z LR

T @vpoN Y @ sk
B 4 BLERMSRFEIIER
Fig.4 Structure and detection mode of electrochemical analysis
WAL B RBUE & BRI ROVIRH S
e, TERA A, PR RN AN IR I 35 4sk L 22
BEN T Z MR . Valera 25 DON ZE4Thfi
TRREMERI T (DON-BSAMP) A1 CASNP-DON {4 H,
WAEGURAREE ST R S A e AR AR Al DON,
CdSNPs R4 &5 172 TAF R Bt )R, Jfisid
FHAR AWV (L (E S, LOD 4 342.40 ugkg, 1k
TECEAER) DON ARG IR E . v 7 kit
e, —RAE LAE MR MBI DI REAT R, X EE T REAS
BHEM, 5271 T LA % R0, [N e
Pt PUASCERCAE R I R, BEmie
R % . Lu 6 DPV 5% Fkrh DON i
TR RECHRI, FIH AuNPs-ZRIERE-IE 5 1k
FEIRANK R GBI AR, R EWIRea R €
Pk, SG9REREYENE. fEREFRMT, %

324

J5125%F DON Kl (1) 2 PE3E A 0.05~1.00 mg/L, LOD
N 8.60 pg/L. 1ZAEIEARATIE 2 M R IF I PR R
PERII DON, I 5 REGEEFITUEE TPt RE . R
— HFRYRIN 7 PR T BAEIERNE, B R E
ML B ATEES % DON BEAT P 7 2 . Wei 2547
FERT 3D JTEI s B AR R s, JF R
BN AT 4/ B B B A 2 5 R A KB IR B
RLUFIN T fE, BEARLFENTE 8 8T8 22 W B R A LA L,
18] EIS 323K f4 DON. 3-ADON A1 15-ADON [#5
P, &I DON. 3-AcDON F 15-AcDON [{JIKJE7E
0.10~10.00 pg/mL. 0.05~100.00 pg/mL F1 0.10~10.00
png/mL & Bl I, XM LOD 43514 0.07 pg/mL.0.10
pg/mL F10.06 pg/mL, %7920 LAV B B R 45
GEME, $EE TREIIRCE.

et A A b, FEAL A L fRT R
STk, HEA AR RS B,
Wi S IH PR 2, (H LSRR T RRE
PEZESEE A TR, R, AR LT
SRR W QDs. BRAUKE . £ 84
MNPs. 9KREWSEZH| T ZEW, BgL4L
it =4t (3D) EIRGSHF I IRTATLL,
TG RIAK AR TR R A 2 R, ST
YR LA 27 G2 A SRR T KR ARSI 1 2 P A
SRR SZ B DGE, T SIE AL A I A
AEEVE, RO HAL S S YR BT BE R 2 A 9T,
FEMRB AR VERE . A ER M. BEEM
Gy RS AR, RER AR R R A
B, BEEVE B WA RIS R A
—/T e RREA AR SRR, FEICRAR .

42 RWEHT KA

NSPELL— 8 NG RS B R TN, 5%
St dEESeROETRE TS, BT
WORAETAT T @R n Es), KAERMEERT
fR4EYR (surface plasmon resonance, SPR), W&
(E4 )RR 2 380 SPR 4 A8{k,, B SPR AR
AR, 40fE] 5a . 24 DON 5 SPR A& 8%t 1 |
PURBE SRR A1, 25l R R SR
A, PR SPR S SR, W1 5b AR,

SPR HARBA SHE SR, MR B, s,
IS W DUAMECRE AV FESEA A, RN T TR 45 B
ft91F F . Choi %5 PUFIHI 4> F 13 ( molecular
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Fig.5 (a) the schematic diagram and (b) senorgram for the
direct SPR detection of DON using antibody coated chip
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