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Research progress on pretreatment and detection methods of deoxynivalenol
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ABSTRACT: Wheat and grain products, as the main diet on the table of Chinese, are often contaminated by various
fungi and produce toxins. Deoxynivalenol (DON), in particular, is a monopterylic compound, mainly produced by
Fusarium in the infection of wheat and other cereal crops or storage process, warm and moist environment more
promote the generation of DON, has cytotoxicity and carcinogenicity, affecting the health of people and animals. At
present, it has been learned from the website of the State Market Supervision and Administration and other media that
the pollution rate and level of DON in wheat and cereal products are high, and the situation is relatively serious.
Therefore, in order to better ensure food safety under the supervision of the State Administration for Market
Regulation, it is a top priority to adopt more efficient, simple and rapid pretreatment and detection technology. This
paper systematically described the pretreatment and detection methods of DON, and discussed and analyzed the
highlights and potential application value of emerging detection technologies, in order to provide reference for food
supervision work of DON.
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AN RNAS R A R R R B s ik,
LA G B T2 BRI o X SE ] & b REAS I
HAEEE R, HA RS 7T R A5 ] T A LA R
WY RE ) — Fh K ik B 5K —— B A S5 e D TR 0
(deoxynivalenol, DON)!!,

DON J&— Pl B i R, (%40 3a.74,15-
ZFREE-12,13 WA R A BE-9-H75 -8B, 431Xk CisHy00s,
FAXS I3 FHoh 296.32, L5109 RIE 1, HAR A VERRE, HAY
TEA L T L TR . AR R e PEREY, T i A
ARMEREIR, — B AR i i R b i BBt
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Fig.l Structure of deoxynivalenol

AMLFLE, DON V5 Y /N2 K43 Wy il e 4Bk
S22 0, SR R MER VF 24T X DON V5 YAk A fff 55 146
R BB A Y FE H ) 52 B R A 40 00 R 45 B e,
FBUNE KA TR AR E KBRS A R R
ST BRI A DONUY, e J5 S0 e A hin T it e i
T B FREA 2L DON A ™ %) e AAE v i)
X LR AIT R i X DON 5 444y =& DON HA
M MEoEE, SolEmet . HHR . EIE .
) 0 I 9 5 5 Ul R R AE WF 5T WLAA (International
Agency for Research on Cancer, IARC)SI % 3 ZKEURE
Pyt DA A SN S U I A B R 2 B 4 (Joint
FAO/WHO Expert Committeeon Food Additives, JECFA)%;
56 2 CH DON M4) H i Kt 22 52 0 1 pg/(kg bw-d).
I, JECFA 42, £1%F DON K HAT Wi a ik 5%
AR 8 ng/kg bw-d). BRERFEIIAE, 1ER FARI/NE K
BWHh, DON &AL 750 ngke!, K E GB
2761—2017 (L hbEAEEhAE i b AT R R ) M
FE T /N FE R RN Ry FR K 7 2 1 B 440 1000 pg/ke,
AEAR A/ NAZ B L S AN REAE ik R AR e AT 3

AR, B RSN E IR A SIS TIENA
W hnas, A T b R B R e R, RS T
Y W B TR JRTE 2015—2020 41 T A% 5 il 2 25 S,
/NFE K DON HbrimZEth, 5 b 76.60%!", 2017

AR TR 2 B W TR 1 AL A S ARG T AR 1
HER/NZE K DON K th HL & s bn 5 A% [A4E P58t i X
WA 2 #Lk/NERF DON # H#AR 2 £, 2018 4L
AT 1AM R DON A kAR 2 510, Hod AR SC i 2
W3t @R DON J5 YLy ™ &, AT i S P8 25 04 1
2014—2018 4E B Jp 1T 48 /NFE FI/NFE K o DON (75 ek F,
WFFE L /INEE K/ NAZ 5 FR DON A H 25 100%, (H &
T [ BR b vt o )R 2 B B2 Y () R 358 0 ) T 0
AR NG T DON &k, /NERy h i S i KT/
W T iz f A A AR . s fE SRR 2019
AN HI AT DON #EAT 7 XU W, 45 B8] 7
AR 1513 LW A DON #6 Hi R TE 3.9%~51.6%78
Bl 25l R T 2020 45 R4 sk DON
A, 45 5R FIAE 5 DON [ FHPEAREAR 2 80% LA I, i
B S BB % . T DON 5 YL F1y5 Y /K -
e, AR R EIN T A . R A R X
AR IL RS Y A T DON 4R BRI I 2 3E #
EEM . A SCE XS AP S L 5 F s i DON
A AL BRI vE A T LR R, FiAb PR 8 LA AR AE I . 1
PEEFIACH . ZI0REAE . BRI . T ENIE AR
PERAUE ATy, B B A R I AR W S8 2
i MEECGRRE . AR . M . R ETE . W)
AE €0 T VA €0 1 - S IO T T A i, 3 X A ARG
T A 2 IR RS I B AR 17, RG] ) 30 e i A
PR, (FUR RS | R R A . B
S PRSI 1y A7 A BRI E 4 | R4, (A5
AL BF I S 95 00 AR A A B v DR A Ty 9 TP 11 [
A LK PR AG I 5 K TR SR AR SG A, 8 e R I 54
i, BEAAE A ot D0 2o S A N, RT3 2R 1 e
WER o Ao S L A 22 i A By 3 BRI B, X
th DON Wil sl 35 p il 2 58 TAEIRIE S,

1 H@EEMRER

DON A it i Ak P S 2GR UIE F AR A RO 4
W, ikl AR ER—E . HAR LT,
BRI AR PR o T ARTA BEEOR AR # B, 45 TR
PR AT O DAY LR R AL PRE AR, LG EARACIR . 2
NREAEHL | PR FIAL | 237 BN A S R U8 55 57k

1.1 EHEEE

¥ AH 2% B4 A (solid-phase extraction, SPE)J&3:F SPE
B ECR SRS i B s b &9 S RER DT, %A
PR SR ST A8, TR VR R, 58 4 B A 4k
Hirfb 5P B Y. WAAEBURE S TS &8 NED)
R, TERERN AT 5 A IR E A H AT T
il DON (¥ [ AH A URE 24 RERCAE | florisil AL, Cgall
Cig SO B ARZE R | B Fac bk, DR ig T
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MycoSep227*#1 Bond Elut Mycotoxin (BEM)E A& BUH: .

K I BEM HE L ACR AP, BICE R A 90.1%~106.2%.

FEiiEZ P H ] Clenert PEP (60 mg/3 mL)[EAHZE UMb
HRE &SP DON, [EISCR KT 70%, SR04 3 22 4
FEARSRH WondaSep A1 B Ak fk- 2 KAt ek, AR LR T
WA R, SPE VBN —Fl IR AL 1%, REMSRAMRRE
L THL. &4E DON. el R, £/ REek
MR T Tz f N o (R A e F T — sk R 2R
BRI RE B (AR S ATAC L, FEPERR B 24  RERT | AR i A5

1.2 HiMHEMEZEE

Tk [ A 25 BUE; R (magnetic solid phase extraction,
MSPE) & — Rl LA AR Ay W B 700 £ [ AH A BB, 3
TP 2 Fros, ZEIGH AR ) B W R R S R G B AR Sy
Hron e B4R, AR TESNIRRESAAE T B bR M s 45
Gy GREG R, e NG PR R BRI T SR S T
ASCHRAGHIN T2 SR A 5 F T A2 4 A AR B AR AE 3oL
BAE PRI A B, TR AE IR B, O HBE TR
Wi 70 T e A P AR S, A DO A At R R B R AT
KARAMIOSBOO #5001 Fey0, Jy RGN, HF5E 1T HX
/NEERyHh DON IZEHCIERE, 205 ki — DRI S
FRIRIE S8 B A LB S i S FZ A Al 5 ik, HUA AR
B WU R A PLEES D RAMRSE A . LEE
401 DON B og BEPTIRIE I ZE R M 90 K BORE |, B FH T3
Ykl DON BAEI 1% 5 R R AR 5 min 2247,
SR R i o U R R AR T —Fh TR AR

O T B35

® Hiratyy
AdEBRTY
L7373

P2 R AR A T AR
Fig.2 Schematic diagram of MSPE procedure

1.3 ZIhgert

Z HEF: (multifunctional column, MFC)J2&— #5411
A AEIUINEE,, — M AR L R DA R B 58 Sk SE A
IR, AT VEREPE R B AR S v b B T, R 2R SRR
J5t, DON AT LA i o B2 HAR A (AT 51, 30 s 3 vl LASE Ui
AR, AT B EZ AR, RRAT . ke .

MASAYOSHI 45 1 Z ) e LA L% 43 9t 20 Fif
F R P47, FEERLE 71%~106%78 Bl . MycoSpin
40024 Mycosep 2261%1 | MycoSep 225894 £ o GEAT # i
FIT DON KHATAWMIIE, [FBF RGBT 0973k m ik
AT FUE MFC BARIEH T2 R# R, HERMER R,
RN & 2R B R RE Al i AL SUR A
14 SREFEME

H 8 2E A1 (immnuoaffinity column, TAC)H) FHL AN
PURIRE RESS G, iR SRR AL M 4S5 G, Tkt
HEFE S PR IO A S R ML, AR B ARG W i AR
T o B Ja GRS HE AT UE L, AL RETS B 4lifk 5 kR
a7 TAC R AT Rl . R AT R A

B PR IAC HEATEfk, MK EE R A GB
5009.111—2016 { B i & A= E 5 bR E £ h B S g 9 )
PREE R L AW A A E ) v e F O E SR AL JZ BT
W E 2P K HAfil T DON A RILE, AT LA A2 /N2 by B HL
il i e DON (AN T 3K Pk 145 PR I TAC ¥k R i, 3&
AR E EARSEREEY BRI, (B2 TAC A B4 AT
P e, A HCAE SRR I 23 32 31— i BT
1.5 S FENEREA

S FENl R (molecular imprinting technology, MIT)
) A% 0> 2 1 & 43 F BD 6 R & 9 (molecularly imprinted
polymers, MIPs), 4 EIil 4> F 55 438 A9 D BE H 14 K S B
IR Z AR EAE IR R G, 7S 2 0 5 R Bl i
OrFRBR, BEIR S WY FEE R AP, cHOL
FIE DON A3 FAEAERITE LT, K R 3 20 A 3R A 514
Gt i B A T 4 Bl SR kR (MIPPy) R, SR 5
NG« WA X A TSR R, DLRBRR AW
JEAF ) DON 43 FFIHAMZ M. NATALIA % P1gE$% BSA
YRR 2 R & PIEE SRS A0 S 2R . FIHZOE
FALRERZ BT AE R, ST /NE RS
eG4 0 R A e R K R i M T 1) 22 T G B W 407
1.6 RIEZEBIE

445 € (immune ultrafiltration, TUF) 15— 254 IH
R ke T A T I, KRR SR AR IBOR T i B PTIRIR B S,
BB, R RE/NEIAT LGB R RS G A
Y. AR AR B R, AP -BU AL S B s,
FRE A AL, oA A 43 ),

BOHM 512 Yk TUF Ay —Fiide (b SRS 7 13 5l 43
Br o g, ) R T A e AR MR T ROk P
DON, ZJ7 i B Rl 93%, FrifEfi2Ely 10%. 5
WL R FZHTAH I, 7€ TUF H, HUiRA SRR S FEEs 6,
T A BB S, 45 R UERA TUF 4lifb -5 6 i 5 Sz
FRARESEA T A Al A HAT A ) A e
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1.7 QuEChERS

QuEChERS (Quick, Easy, Cheap, Effective, Rugged,
Safe) & I AP [ - 5 B 4R 7 il B 46 I 1) — I
Ao ARRACHE %5745 B PG ) /N A2 7 DON 434 o 1
TR A AT 58 — B alifk, FRIFBRRREER Cs Ik
edl, PAGIK T2 LS A K PR (E . AMIRAHMADI 45141
PiAk T MgSO4 Ml Z, — B -N-TN Fk % 5% (primary  secondary
amine, PSA)W R EL, & 1:0.3 (m:m)BY e BiliefE, /15
BTG Y BR AT PR HE 25191 i QUECKERS 42U
&, EERTAL PR ] 4645 2 10 min DL, 05 BRI 1
DON f#J#6; 4 FR (limit of detection, LOD)>A 17.31 ng/mL, 7] F
FS2mf, KRB 19 DON. JETTANAJIT 2007
JF% QuEChERS Jriif, fifh 1 4 Fhh(wimess . S,
FEBEIR A KA YRR R R AN K A ) AR A R 7l (1
JNBE ARG . — R R AR ) E B, iR IR IFAY
L E BRSO AR BRI 1.4~25 pe/ke, (RTEA
HE BIBRAE 200~1750 pe/kg, IR R 81%~101%.,

M F IR RS vE T LU e R R A R A 3 A R A
F R AHAE U MATAE ey, (HRRT R 22 5L 5+ ) DON
LAVRCRAEE S FTLAR T S iRk et 0, BT mTAL 3y an sy
TFENI . GBI AE IEAE AR 2 ok, & 1 RIR TR
FIACFE I BISAR R, DL A A B R BT

2 KNSR EMRIER

21 ERBIEE
)2 {43 15 (thin layer chromatography, TLC)/ 2 fx 7

T DON g —F 53, sk 25 Uk 0 IR BT At R B 3k — 5k
2, MR EAM BB, DON RBEAF L, @HF
F AICI; W25 677 A4E W (Ao, 2R IR % A
HEAFRIEY ) KR GB/T 8381.6—2005 (it ek e i 45
TG IR E WR AR ) PRI TLC WA
D ke DON YA HEBR A 1 mg/kg.

Z R EPIRBIE A E D TLC X DON #4743
B, LREIAE At A A R AN IR {HR TLC 3B
Wi EHK, BT RE, JCkXT DON HERR I .
2.2 FEgEXfeEiei

it B 4 % #6: 1 (enzyme  linked immunosorbent assay,
ELISA)Z % WL E BT AR s bt J5o0 22 J5 7% o 124 ELISA $R H
AEUEER . RERE S DREUOTE | ORTRE A SRR A
SRS, AHMBRNMEESTPER T I ZN A,

EFEECYIRF ELISA HEAR M G 1 3 [ 35543 b X TR |
Fok. WE ., RUELIREAY A DON 75 55
M 25 RPN FK . THRMELERR B AR UE 1000 pg/kg 1Y
L. SANDERS 45Dl /N FiA A i) DON JF &
T —FPRE 4 5, &% ELISA 55 T e ny 32 i 4
B AR IR (surface plasmon resonance, SPR)IA: # )2 T
# (biolayer interferometry, BLI) 3 Fifi AR, 7FREEE . FEM
JIREARGON 5 AT T HUAL, % ELISA I BLI J5 ki
rTRAE., & PUEIER B ELISA Jrikfedf 16 A~/NEHEk
KR B 27 20 FE S /NS IR 2 vh, ik Rt S R R
U NI T PRSI £ T R R BUE A DON Py BB IA,

®1 TREETLESERLLE

Table 1 Comparison of different pretreatment methods

Tk R VIR e B
) e TERE i JE R T . 79 DON. —
RS, ST i P M S S B o A B
T T S HLB. Cio. G BEFTKMAUE, fEftidcd " AR,
i : AT BERT . R R
SR oy st T AR RO A
e REVEAR IR 2850 B . i, TR
s gy e o SR R B s ieers, mineas s iosn
R i) FL BRI 55, — Mt
FIF e
B R
o DCHEVEHE TS R BRELUR RAENR SRR SRR,
ok o Bl e X2 AT OB S LR
DON AR 4> F B i/, B 55 %E
BORABLARAER Bk SRR . WIS, %5 A YR TAC RERY
S B AR ” . )
Sy At PELE 4 A L B T L e
R
‘ PSA. Co. 1HML G . WA AT . SR . LR ALE | A
QuECHERS BT _—— R . B i
- o WMEERE, SR SRR
iR -4 MIP HATRAFAEFEEE, I FLI S TR T
4 ENin E‘/‘,% 5 ,v_\z,.;‘?},f \/ﬁzn’ 2k ¢
L T e e B SRR, A
VR
L 1 9 T b . PR | o I Y 2 i R
s s TORCIIER BRI, A (SR, GRS

fA1E

S R, SEmRA
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FEEE ST T I35 4 ELISA B kil Jy i o kol i [ 43255 4
ELISA A5 ik R & . 45 RAr %, alt— 0 FHF/
G YA DON 15 42 AN, i DON Ry ie 2 kil
HARMF & 2932 Fohh . ELISA BSRIRAERT(E | R, A
FRRPERZE, A5 BB EN:, RGNS RN
2.3 EYRREE

He ) P TR A S — B X RO I B A, HLA g St
W AR5y F A EAE T, HEA TThRic . s pr e
REER . AT ERE A RES RS

ZHENG 2PV 48 1 — Rl 3 2 18 7 1 700 4l 1 4 K
TiO, i i A HLAL 4 R A W% AR FH T DON BAG . #6
YL A 0.05~5 ng/mL, R 1.67x107° pg/mL.JOSHI
ST L T —Fh R AL B9 SPR etk MR I 5 w4 i
WA v, AROEE AT SPR B WAL RAE 1 i 20 Bt
R E AL S B 1, 8 A AR R R i LR
A JTHE S BT R0 DON [ 5/ . PAGKALI 250591 %
T —F AP E OTE AR Sy DON B Tehric et i
SR, ARSI AL, TR 85%~115%., WEI 250
SPR A = K FI/NZZ ) DON, 44 52 360 B0H- 5 i RO €2,
i - B I O i L O OIE A AT 45 R AT H A, RIS R A
ZHAO 25k 44 7Rl FOF1-ATP BG4S #5815 57
T WAL, T DR R i 425 T e ] B I 1% i
G H R ATIK 107 mg/mL A A K2 20 min, ‘& B
P fRTBAPEFIEBURE, 75 DON 28/ NYFAb A M r ke v H
AT R AR RIS o A A5 R B R — B SRR B AR,
WEARENZ I, (AIEREE b . A8 LA
PHOPE L S, BUAETE 2 (AR s SRR | A k)45
HAZE G, FEE b2 AR ST K P Bk b T L A 1

2.4 SNBSS

ZUAMETE— BN T & P o0 T AS R, R
Y25 I SGRA o o3, HoA o be bl AR B 0

IFIEDAT . ROERs . AR AT TR 22 4 4y
el o XUBEHISIE T/ Th AL AN TR AR AT R/ NE | T
¥ B EB il DON 3 R P oA e, Herh e 2r b
SGIBTE 6722, 5145, 4727, 4322 cm™ 2 BRI W i fl
A[YER DON JEm R AFE SR . Far T —FhmT LAgE/h
2 K oAl i i DON P oA 1 e i A .
25 SHEERE

SAMEREEAT AN DON EF TRE 1 LA B e s i 43 #r, (3
1T DON Ay s di i, T g ezt A e B A ),

FARECF AR ISR DON, %7 ke flAs
BN 20 pg/kg, [EIBCRTE 80.83%~90.65%2 (8], R .
S 7 I S OO Y = Y LA Joe R sk /N O- A = FY B 7k 3 2 Tk
Jiie/ = W B SRk b (3:3:2, Vv IR A Ak #), 1l
RTX-5MS B4 H(15 mx0.25 mm, 0.25 pm)53 &, %51k
A B 0.01 mg/kg, DON 4 i 7 81 i % 43 51l 78
92.6%~96.6%, W& (A 1A X HR HEIR 22 34/ 6%

2.6 EHEBIEE
BOARERERE A R Yol e . ERVELREE
M, BT TR B A aife . R,

RRORAH AR ) TAREF AN, L3R 2, 2l Rl
TEFXIAFEETT Y DON HEATR-NAS, SR T R 470 ml
W, —MERTE 70%LA b meflAi B BR LA E S IR AE S5 3]
15 pg/kg M1 60 pg/kg, TSR DON Kz, H
FIXTFRE IR ZE R/ N T2 T 10%, A 45 . fH & DON
AN AR AR S A MEHAC T A R, K24 220 nm, 1]
HIXF M S KT E S, T2 AR
FL AP R AR BT 75, A RECRIESS R AER PT 5 . i8] LA
FIXRUR GRS IMER i A AR, BOHM 2 DR
ARG F AT DON i1, FBERAEREZ
F S Will(multiple reaction monitoring, MRM)#X} DON
WEATREPE, BAT T R M T B E RO

®2 SNRESEIENTEERTRESERIEBENLLE

Table 2 Comparison of deoxynivalenol in different matrices by high performance liquid chromatography

FE i g iRSIE | BT /% LOD/(ug/kg)  LOQ/(ng/kg) Ky s
- - HPLC
INE Cistt K §1.4~100.9 51 100 o
(100 mmx2.1 mm, 1.7 pm) (20:80, V:V) A7
. Agilent Eclipse XDB C 5k FH /7K HPLC
Eok KF 80 20 -
(150 mmx4.6 mm, 5 pm) (2:8, V:1) L EEE
A - HPLC
Tk Waters C g # (4.6 mmx150 mm, MK 86.9~100.6 170 560 APLC
5 pm) (16:84, V:1) e R
KFE . /N Hypersil-ODSC #1: HPLC
. 25K (129, 7 70~100 150~480
% (250 mmx4.6 mm, 5 pm) R " YAN 2166
i - 5 HPLC
o Inertsil ODS-SP #(250 mmx Bk 90.45-9423 20 g5 HPLC
4.6 mm) (16:84, V:7) Ji] )
Agilent C g R/ G K HPLC
= (4.6 mm*250 mm, 5 pm) (10:80:10, V:V:V) 85.4~128.2 2 ZEJRAfL68
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FE [Ny iRk BT 3 /% LOD/(ng/kg)  LOQ/(ng/kg) LoRIIDIRES
HEB N Agilent Cy R/ 2 K HPLC
EZVES (4.6 mmx250 mm, 5 pm) (10:10:80, V:V:V) TAT1049 2 o0 X1 g A7)
1 £
ok Waters Symmetry C,s (4.6 K/ 80.77-91.92 23.05 76.8 \ I:?;(%?ol
mmx250 mm, 5 um) (90:10, 7:7) WhEE
S Cis (il ZIEIK HPLC
q{ 3 ~ . -
el (250 mmx4.6 mm, 5 pm) (16:84, V:V) 88105 100 200 VEAI R

2.7 RHEGE-BEERIEE

YRR 0 1% - R I T T R R VRO 3 43 8 EL AR IR,
FRER S A T e AT — ARSI e, Hoa R L &
HBRAG. PUTPLRE SRS, DUARAT BRI TR
FAf & MRM A, BRIP4 [R5 DON 7T LUK
HARAY 0.50 ug/kg AR HBRAN 1.67 ug/kg AYE R VURRATES
TR T A AT R R AR — AR (Target
MS/MS), AT A3 b /INEU S UL A b ARG B A s 1 X1 8,
X} DON et m ot S8k R ATV 4Y 25 25 R0 AT
PABE AT 3 BRI A i = T R R R
B RS A MR AN TR A BTN . AR A2 T3
53 PO R o I FHAS: N DON (1 403k 3.

FETRPETLLE R AR, AR S AR R AL
B RFAE/NT B SR, LC-MS/MS J& T AT [ sk B 1 XL s,
Ko F AL B AL SR Ly, ST A R R R,
T HALERAE B 5, ANl A ORI R A Pt

3 ZERiE

DON 7E/INAE B 2 Wil i vp 38 A5 P2 ST e, B dhdd
OSN3 2 Ty 4ci0p - I P F O oy | g =
LRV HIRTE T, B % DON FidbPRE: A K
FE R AT ARG B,

ARSCEER T B T DON Rij A B A FAG I A,
Sy BT HO AT A5 i A B R R R ARG B AR I Bl s . %,

1E DON i FE g flad A B OCEE e ML A [T AR A I
Tk SR JEREI FUAL, T 2 D REA AT RSB S AL
P S ORI R i LR, (R A R IR
NS IR B3 55 205 BRI X B4 2 R AR A L
BT A T B, 201 BN SR W D O e PR
PERE DL BT KA A AT 5, X 2> T BB R &Y IT &,
U] B S b A TR A T 4 AL AL B 5 v R T R [ R A
AR A Ay FE PR | 2 (0 S AR BASSE AL AT, 72 DON ARG
AT LA, AL i A R B R b 28 e, B R AR S
P RERE 7 W B 7R) 0 35 21 %) 22 L 2 2 [ I ACHU H Y
Uk, 75 DON RN FE P, WA (3 K (A3 ER IR 5
T R b s P SIS HAT S ABRE fr, G ) BRAFG A
PEUFSFOUS, (HRXTRTAL BRI R | A ER A%
£ B LR 2 R 1 Wi o BT B B R B R A
SRR S RIS 5, T LU S I RE R
5 I ERRARR DN S SR 5 1 S BAT A STt . P A R A
BRI EIG SIS DON (WA AT B, Wk fiz
IEMAEYLIEAREOR DI | R . A0 T I s Bt
i o (FURARA RS, 755 M BLEIYE, SPERIIZE R
ANHER R 2 A R G, ATl R e U R I A
R SE PR B S T EOR, FFEEXT AR | RS |
TCIERE0E B AF MU TRlc, T RA RO . &AL
it A /NSRS, LA 2 DON B3R 1 PR A
Ko MCAMELAGIN 74T A CTEASI M B 0] LASEBURE b
ARSI JCAATE LR M, & DON 5 3 WA 1 & et

®3 RHEEESKREENAEERTRESERIESENLR

Table 3 Comparison of the detection of deoxynivalenol in different matrices by liquid chromatography tandem mass spectrometry

FE i WA FIE /% LOD LoQ K i
/(ug/kg)  /(ug/kg)
Bl Agilent EC-Cys H ZIE10.1% 5 KA 87.1-119.8 08 20 UPLC-MS
B (2.1 mmx75 mm, 2.7 pm) (5:95, 7:7) : ‘ ‘ ‘ T 450
: & HPLC-MS/MS
B Waters Symmetry Cs £E(4.6 KIS 105.56~113.48 0.502 1.67 e T0)
mmx250 mm, 5 pum) (90:10, V27) e
. ) %% = LC-MS
T %ﬁl ] Cig 0.244}3{47J(/Z,HH 82.192.3 06 20 L 2
(2.1 mmx100 mm, 1.8 pm) (20:80, V:1) RFHIT S
N Luna Cyg H K HPLC-MS/MS
5P NN (150 mmx2.0 mm, 3 jum) (2080, V-7 67.5~93.8 1 1 ZU0 47
Hik ACQUITYUPLCBEH Cg & ZNE-K-H R 95.3 6.0 18 UPLC—ESI-ME/NLS
(50 mmx2.1 mm, 1.7 pm) (80:19:1, V:V:7) ' ‘ TARAZONA %04
0.1%F R F1 5 mmol/L F
iz B AT UHPLC-Q-EO MS
Tk LunaOmega Cig (50 mmx2.1  BREE97K/0.1%H BRF1 5 2908 21 6.4 Q

mm, 1.6 um)

(80:20, V:)

mmol/L R4 %) H it

TOLOSA %




100

B dn 2 A R R A

1 13 %

SE

[10]

(1]

[12]

[14]

[15]

P, W2, XSRS, S TR ) a0 e e (b R LR
R R TR T RS [T]. bR, 2020, 41(19): 281-289.

TANG YQ, PAN YY, LIU CD, et al. Advances in understanding the
biotransformation of deoxynivalenol and its masked forms [J]. Food Sci,
2020, 41(19): 281-289.

Wl 0SS A R AR LR M R TR o B 42 S5 S Sl T R A
KT Y M D). | BRI, 2019.

YANG PP. On-line determination of deoxynivalenol sudden pollution in
drinking water by flow injection chemiluminescence and emergency
warning system [D]. Guangzhou: Jinan University, 2019.

WANG L, LUO YP, LUO XH,
detoxification by ozone treatment in wheat grains [J]. Food Control, 2016,
66: 137-144.

YOSHIDA M, NAKAJIMA T. Deoxynivalenol and
accumulation in wheat infected with Fusarium graminearum during grain
development [J]. Phytopathology, 2010, 100(8): 763-773.
HERNANDEZ NIJF, BAENZIGER PS, ESKRIDGE KM,

Differential accumulation of deoxynivalenol in two winter wheat cultivars

et al. Effect of deoxynivalenol

nivalenol

et al.

varying in FHB phenotype response under field conditions [J]. Can J Plant
Pathol, 2012, 34(3): 280-389.
ANNE C, CAROLL N, FREDERIC A, ef al. Fusarium species and DON

contamination associated with head blight in winter wheat over a 7-year

period (2003-2009) in Belgium [J]. Eur J Plant Pathol, 2011, 130(3):
403-414.
JRI I AR5 T Bl ) T AR BE(DON) Y 22 A it S LG & g PR 52 [D].

Tes: LRIREE, 2018.

ZHOU HY. Study on the multi-generational and combined toxic effects of
deoxynivalenol (DON) [D]. Wuxi: Jiangnan University, 2018.

SKRERYR, TKFAg, BRAIE, S5 ANEEREA TG BATR EE T
e R Xt R AR REOLAHT[I]. AR iR 554, 2020, (4): 33-39,
58.

ZHANG NN, ZHANG SM, CHEN LR, ef al. Analysis of fungus
contamination and deoxynivalenol accumulation of wheat during
important growth and warehousing [J]. Qual Saf Agro-prod, 2020, (4):
33-39, 58.

R, BRSESE, TR, S NN T KRR A i R A
WFFE[I]. FE#H, 2018, 47(3): 28-32, 37.

ZHAO MF, SHAO LL, NING H, et al. Study on the concentration and
distribution of deoxynivalenol in wheat during milling processing [J].
Grain Storage, 2018, 47(3): 28-32, 37.

AFR, KT, B, S R B AT R i) B XU TR Y
JE[T]. hERRIhEER, 2020, 35(9): 179-186.

LI S, LIU NJ, CAI D, et al. Recent advances in prediction of the risk of
deoxynivalenol contamination in grain [J]. J China Cere Oils Assoc, 2020,
35(9): 179-186.

YAN PP, LIU ZZ, LIU SQ, et al. Natural occurrence of deoxynivalenol
and its acetylated derivatives in Chinese maize and wheat collected in
2017 [J]. Toxins, 2020, 12(3): 1-15.

JIANG DF, CHEN JD, LI FH, et al. Deoxynivalenol and its acetyl
derivatives in bread and biscuits in Shandong province of China [J]. Food
Add Contam, 2018, 11(1): 43—48.

KONG DZ, WU XL, LI Y, et al. Ultrasensitive and eco-friendly
immunoassays based monoclonal antibody for detection of deoxynivalenol
in cereal and feed samples [J]. Food Chem, 2019, 270: 130-137.
ENNOUARI A, SANCHIS V, MARIN S,
deoxynivalenol in durum wheat from Morocco [J]. Food Control, 2013,
32(1): 115-118.

KIM KY, SHIM WB, KIM JS, et al. Development of a simultaneous

lateral flow strip test for the rapid and simple detection of deoxynivalenol

et al. Occurrence of

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

and zearalenone [J]. J Food Sci, 2014, 79(10): 2048-2055

M, AR, CAC, B, JEE S ER A b R R B AR Y
Z5HT]. BaREERARYAE, 2019, 37(1): 10-15.

SHANG YE, YANG WM. Variation analysis of cereals mycotoxin limit
standards of CAC, EU, USA, and China [J]. J Food Sci Technol, 2019,

37(1): 10-15.
REM, TN N IRt BE A WA 4RI, BN T, 2020,
4(1): 76-79.

ZHU YL, WANG XP. Exploring the regulation of vomitoxin detection in
wheat [J]. Grain Process, 2020, 4(1): 76-79.

THSRFAGE. N IRnE BRI 2, A, FAAA,
% K & & b 5 [EB/OL]. [2020-04-03].
385210086_120638280 [2021-09-01].

China Consumer Reports. Wheat flour sampling report: "vomiting toxin"

https://www.sohu.com/a/

exceeded most, Xiangmanyuan, Wudeli, Qimin food on the list [EB/OL].
[2020-04-03]. https://www.sohu.com/a/385210086_120638280 [2021-09-
01].

AT SRR C MRS AT R A SR TR DON #3878
[D]. J7IM: AEmgfll K2, 2018.

DIAO X. Enantiomers of tebuconazole and hexaconazole affect DON
produced by Fusarium graminearum [D]. Guangzhou: South China
Agricultural University, 2018.

AT, BB, B, 4. 20142018 4FEEIBTTA /N RN B e
AU T TR RS YO A AT, e A R R 2 4T,
2020, 11(12): 4011-4015.

REN SY, ZHAO W, ZHAO L, et al. Investigation and analysis of
deoxynivalenol contamination levels in wheat and wheat flour in
Heilongjiang province from 2014 to 2018 [J]. J Food Saf Qual, 2020,
11(12): 4011-4015.

WhoRE, J5RR, ERUR, 4. 2019 YT & PR A S
TEEEXURLIE ). B Tolk, 2021, 42(4): 501-504.

FENG RH, LAO CY, WANG ZN,
deoxynivalenol in Shenzhen flour product in year of 2019 [J]. Food Ind,
2021, 42(4): 501-504.

R, TRy, W, 4F. 2020 4FSARA SRR 4 Bl R R
FIGYLRLE ] BHCGEIE, 2021, 53(5): 122-126.

LI MC, DING YL, TAN L, et al. Investigation of four mycotoxins
contamination in feed in Guangdong Province in 2020 [J]. Anim Husb Vet
Med, 2021, 53(5): 122-126.

BRI, RN ELTE R E T 1 B S B A T A 7 R B 19 D]
Kt RHERHERAE, 2014,

HAN XW. Analysis methods development for three mycotoxins and

St L

et al. Risk monitoring of

application in liquor production [D]. Tianjin: Tianjin University of Science
and Technology, 2014.

BHMS, WRIEAT, E8), 5. [AHZEBOHIAE- m8oor sl e /s
F A S IR REE]. Rk, 2015, 36(20): 222-225.

LUO YP, CHEN ZX, WANG R, et al. Determination of deoxynivalenol in
wheat grains by HPLC using solid-phase extraction cleanup column [J].
Food Sci, 2015, 36(20): 222-225.

FmLE, MR, LN, S5 BAHZEBURAE - (- HR I BT
A i T 525 S ) TR A T S HATE AR R K AR BRI, £
TR, 2017, 38(14): 31-34.

WANG LJ, KE RH, AN HM, et al. Determination of deoxynivalenols and

zearalenone in pastry by solid phase extraction coupled with liquid

chromatography-tandem mass spectrometry [J]. Sci Technol Food Ind,
2017, 38(14): 31-34.

SEEEHE, BK, LI, S R OO (- BRI BT IR AG I A A
it 455 IS e ) O B R AT AR . BT B =, 2020, 39(6):
715-719.

WU QY, ZHAO F, YANG HF, et al. Simultaneous determination of 5

deoxynivalenols in wheat grain by ultra-high performance liquid



LERE Ul e

WF, 45 B4 S TR 8l T B TG B A B R AS I Jy B 5T kR 101

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

chromatography-tandem mass spectrometry [J]. Chin J Anal Lab, 2020,
39(6): 715-719.

JIANG Q, LIU Q, CHEN Q, ef al. Dicationicpolymeric ionic-liquid-based
magnetic materialas an adsorbent for the magnetic solid-phase extraction
of organophosphate pesticides and polycyclic aromatic hydrocarbons [J]. J
Sep Sci, 2016, 39(16): 3221-3229.

ZHENG X, HE L, DUAN Y, et al. Poly (ionic liquid) immobilized
magnetic nanoparticles as new adsorbent for extraction and enrichment of
organophosphorus pesticides from tea drinks [J]. J Chromatogr A, 2014,
1358:39-45.

XSy, TR, MR, S BRI AR A O (B
[7]. 3BTt 4R, 2015, 34(7): 860-866.

LIU Q, HE LJ, YANG 1J, et al. Research progress on ionic liquid-based
magnetic solid-phase extractio [J]. J Instrum Anal, 2015, 34(7): 860—866.
KARAMIOSBOO R, MAHAM M, MIRABOLFATHY M. Magnetic
nanoparticle solid phase extraction-HPLC-UV for determination of
deoxynivalenol in wheat flour [J]. Anal Methods, 2015, 7(24): 10266—
10271.

LEE HM, SONG SO, CHA SH, et al. Development of a monoclonal
antibody against

deoxynivalenol for magnetic nanoparticle-based

extraction and an enzyme-linked immunosorbent assay [J]. J Vet Sci, 2013,

14(2): 143-150.

2R, ?%’% ZYIREFHEAL-UPLC/MS/MS 10 E FR 244 vh 8 P ELTA
HE[ JLE ST, 2018, 35(6): 60-64.

LI HC, LI L. Determination of 8 mycotoxins in Chinese herbal medicine
by UPLC/MS/MS with multifunctional purification column [J]. Stud Trace
Elem Health, 2018, 35(6): 60—64.

MASAYOSHI T, NAOKI M, YASUSHI N, et al. A method for
simultaneous determination of 20 fusarium toxinsin cereals by
high-resolution liquid chromatography-orbitrap mass spectrometry with a
pentafluorophenyl column [J]. Toxins, 2015, 7: 1664-1682.

AT, R, R, A ZUTREREG - S OO % H R
BREIE G R 11 AR ] BUCREERHE, 2015, 3107):
342-346.

LI XL, TAN GL, LIANG B, et al. Simultancous detection of 11
mycotoxins in aquatic products using multifunctional column clean-up and
ultrahigh-performance liquid chromatography-tandem mass spectrometry
[J]. Mod Food Sci Technol, 2015, 31(7): 342-346.

A, WA, fRin, 4. UPLC-MS/MS 5 B 4h LA+ P £ i 4
TG R B R KA A (0], o DA KRR, 2015, 25(17):
2860-2862.

HE JY, PU YL, XU H, et al. Determination of dexynivalenol and its
based complementary foods by UPLC-MS/MS [J].
ChinJ Health Lab Technol, 2015, 25(17): 2860-2862.

B, ARG, AR, 5F. ZIVRBHAHE- m OB G R A
&ﬁﬁJquPE’JﬂEuiﬂ#? [0]. £ fh 224 BT R0 A U 44 4, 2014, 5(3):
776-782.

BAO L, WU ZX, SHI YY, et al. Determination of deoxynivalenol in grain
and grain products by multifunctional column clean-up and high
performance liquid chromatography [J]. J Food Saf Qual, 2014, 5(3):
776-782.

JAXE, TRANE, TRUTE, GF. SRR AR - - ER IR B
W KRB P S 1 3R (0], WLV SR (11 SRR AR, 2021,
40(2): 128-133.

LU YB, ZHANG XJ, YAN ZY, et al. Determination of microcystins in

water environment by ultra performance liquid chromatography-tandem

derivants in cereal —

mass spectrometry and cleaned up by immunoaffinity column [J]. J
Zhejiang Ocean Univ (Nat Sci Ed), 2021, 40(2): 128-133.

7. TAC-UPLC L5/ NAE K o LA T IS Bl ) B i 7 TR E 5 ]
i 2e 45T, 2020, (33): 101.

ZHAO F. Determination of deoxynivalenol in wheat flour by IAC-UPLC
method [J]. China Food Saf Magaz, 2020, (33): 101.

[39]

[40]

[46]

[47]

(48]

[49]

[50]

(51]

[52]

[53]

T, HIR, TR/ S iR - OB 3 PRI 5 oK e
H AU B ) R I TEARLT]. RO RLEE, 2018, 2: 29-31.
SHEN P, JIANG C, WANG XP. Immunoaffinity column clean-up-rapid
determination of Fusarium oxysporum in maize by high performance
liquid chromatography A preliminary method for the determination of
deoxynivalenol in Fusarium oxysporum [J]. Shanghai Agric Sci Technol,
2018, 2: 29-31.

FR, P T BN HOR K
2315-2323.

WANG Y, LI N. Molecular imprinting technology and its application [J].
Chem Ind Eng Prog, 2010, 29(12): 2315-2323.

XU ARFTR IS BB R A il & . BT LI AT D).
dext: dentkll KA, 2020,

LIU J. Preparation, application and mechanism analysis of lignin-based

[0]. f Tk, 2010, 29(12):

flavonoids molecularly imprinted polymers [D]. Beijing: Beijing Forestry
University, 2020.

CHOI SW, CHANG HJ, LEE N, ef al. A surface plasmon resonance sensor
for the detection of deoxynivalenol using a molecularly imprinted polymer
[J]. Sensors, 2011, 11(9): 8654-8664.

NATALIA B, PIETERJAN L, MICKAEL T, et al. Bioimprinting for
multiplex luminescent detection of deoxynivalenol and zearalenone [J].
Talanta, 2018, 192: 169-174.

XUEE, S, WAE. B R HR  T IR B (DON) M AT A WK 0 s 22
RIBFFE ). BanRla, 2021, 42(15): 1-17.

LIU H, WU Y, HUANG H. Research progress on analytical methods for
determination of deoxynivalenol (DON) and its derivatives [J]. Food Sci,
2021, 42(15): 1-17.

MRS BT IE AL OB o s S e
HT RAFND]. BE: BE R, 2021,

CHEN ZY. Establishment and evaluation of a novel diagnostic method for

BT IZ W AR

liver cancer based on aptamer centrifugal ultrafiltration separation and

fluorescence quantitative analysis [D]. Nanchang: Nanchang University,

2021.

BOHM C, CICHNA-MARKL M, BRENN-STRUCKHOFOVA Z, et al.

Development of a selective sample clean-up method based on

immuno-ultrafiltration for the determination of deoxynivalenol in maize

[J]. J Chromatogr A, 2008, 1202(2): 111-117.

ARRACHE ERS, FONTES MRV, BUFFON JG, et al. Trichothecenes in

wheat: Methodology, occurrence and human exposure risk [J]. J Cere Sci,

2018, 82: 129-137.

AMIRAHMADI M, SHOEIBI S, RASTEGAR H, et al. Simultaneous

analysis of mycotoxins in corn flour using LC/MS-MS combined with a

modified QUEChERS procedure [J]. Toxin Rev, 2018, 37(3): 187-195.

HE Q, PENG H, YANG J, et al. QuEChERS extraction followed by

enzyme-linked immunosorbent assay for determination of deoxynivalenol

and zearalenone in cereals [J]. Food Agric Immunol, 2017, 28(6):

1477-1495.

JETTANAJIT A, NHUJAK T. Determination of mycotoxins in brown rice

using QuEChERS sample preparation and UHPLC-MS-MS [J]. J

Chromatogr Sci, 2016, 54(5): 720-729.

F’“SC BHARE, TR AT R ] R IR IR PR 1L B R
FERAN(TLO)N]. & e BE 4, 2006-12-03(13).

CHEN W, HUANG YQ, WANG ZX. Prevention of poisoning by

deoxynivalenol and its thin-layer chromatographic detection (TLC) [N].

China Animal Husbandry and Veterinary Journal, 2006-12-03(13).

Lmdh, VFHE, BRIRDS, 5. BUA TR R ISEERI, alfh R i de

[T, HR PR AR, 2017, 37(9): 1771-1777.

JIANG YJ, XU W, CHEN XF, et al. Extraction, purification and

concentration determination of deoxynivalenol [J]. Chin J Vet Sci, 2017,

37(9): 1771-1777.

BRILL, 4 3CH.

JINZ TP B G T TR NIV ) U 4805 T e ) Tt



102 B dn 2 4 R R I A 4R 513 4
(DON) Y32 il 2 k], R EE S DAL, 1994, (1): 19-22. Development and application in agricultural products and feed stuff [J].
WEI RY, LI WY. Thin-layer chromatographic method for the Food Agric Immunol, 2017, 28(3): 516-527.
determination of Fusarium oxysporum and deoxynivalenol in wheat [J]. [671 JEIE. fakld DON )75 YLt i 45 & DON i & 1. Z: 5 [D]. e At
Chin J Food Hyg, 1994, (1): 19-22. A KA, 2014.

[54] THF, SKIEAE, 20, 25 FRIEH 5 H X A4 v i 42025 T ik ) B A & ZHOU C. Contamination surveys of DON in feed stuff and the preparation
R AT[T]. EAREE2E, 2019, 40(2): 105-107. craft of DON [D]. Nanjing: Nanjing Agricultural University, 2014.

WANG D, ZHANG ZZ, LI N, et al. Detection and analysis of [68] ZRIRFE. /INAE FP AR5 AR ) TR A TS 10 RO €8 A I 55 Ml (R 4 s
deoxynivalenol content in cereals in some areas of China [J]. Foreign Med SR L], PR E S, 2018, (19): 149-151.
Sci, 2019, 40(2): 105-107. LUAN ZX. Comparison between the determination of deoxysnow

[55] SANDERS M, MCPARTLIN D, MORAN K, et al. Comparison of fusariumin wheat and the analysis of colloidal gold paper by liquid
enzyme-linked immunosorbent assay, surface plasmon resonance and chromatography [J]. Mod Food, 2018, (19): 149-151.
biolayer interferometry for screening of deoxynivalenol in wheat and [69] XUWE, BLLEE. /NFEAFRL AR I A 25 65 i T TR M B A AS I S 43 A F 5[],
wheat dust [J]. Toxins, 2016, 8(4): 103. AR 5475, 2018, 43(6): 83-86.

[56] FMIET, ZEFHME, MR, % MRS EH] FIGR T BTN 4 LIU J, MAO HX. Study on the determination and distribution of
JelaE3E 4 ELISA ik ar[)]. W E B EE, 2021, 41(4): 689-696. deoxynivalenol in wheat seed [J]. Grain Sci Technol Econ, 2018, 43(6):
SUN YN, LI QM, YANG SZ, et al. Preparation of monoclonal antibody 83-86.
against deoxynivalenol and establishment of indirect competitive ELISA [70] Wk, vy, AT, WO EIE L FIRBIH A T K v iy B A S
[7]. Chin J Vet Sci, 2021, 41(4): 689-696. JE iR IR B LA [T]. HR IR, 2019, 38(1): 164-169.

[57] ZHENG H, KE Y, YI H, et al. A bifunctional reagent regulated ratiometric YAO X, NIE L, LAN RR, et al. Comparison of two detection methods of
electrochemiluminescence biosensor constructed on surfactant-assisted HPLC and LC-MS for the deoxynivalenol in corn [J]. China Brew, 2019,
synthesis of TiO2 mesocrystals for the sensing of deoxynivalenol [J]. 38(1): 164-169.

Talanta, 2019, 196: 600-607. (711 VPRIEE. ERNE RN Ly gt 2 R i RF5E[D]. A ITRg Lol K

[58] JOSHI S, ZUILHOF H, VAN BTA, et al. Biochip spray: Simplified 2%, 2017.
coupling of surface plasmon resonance biosensing and mass spectrometry XU LL. Research on the contents of deoxynivalenol in maize germ and its
[J]. Anal Chem, 2017, 89(3): 1427-1432. products [D]. Zhengzhou: Henan University of Technology, 2017.

[59] PAGKALI V, PETROU PS, MAKARONA E, ef al. Simultancous [72] SFHIT, FEfE, RS, 4% QuECHERS- [ # B N b7 : - IR AH 41
determination of aflatoxin B, fumonisin B, and deoxynivalenol in beer HR B T e ER I R T e AR S T B T B A R
samples with a label-free monolithically integrated optoelectronic H2E4H, 2020, 11(12): 3976-3981.
biosensor [J]. J Hazard Mater, 2018, 359: 445453, WU DH, ZHOU M, ZHOU TT, et al. Rapid determination of

[60] WEI T, REN P, HUANG L, et al. Simultaneous detection of aflatoxin B, deoxynivalenol in biscuit by QUEChERS coupled with isotope dilution
ochratoxin A, zearalenone and deoxynivalenol in corn and wheat using internal standard-liquid chromatography-tandem mass spectrometry [J]. J
surface plasmon resonance [J]. Food chem, 2019, 300: 125176. Food Saf Qual, 2020, 11(12): 3976-3981.

[61] ZHAO Y, WANG P, WANG F, et al. A novel biosensor regulated by the [73] ZUO HG, ZHU JX, SHI L, et al. Development of a novel immunoaffinity
rotator of FOF1-ATPase to detect deoxynivalenol rapidly [J]. Biochem column for the determination of deoxynivalenol and its acetylated
Biophys Res Commun, 2012, 423(1): 195-199. derivatives in cereals [J]. Food Anal Methods, 2018, 11(8): 2252-2260.

[62] XU, /NA2 e HLh) i B Tl S Kk 2 3R 75 Y DR Ny iP5 (D). [74] TARAZONA A, GOMEZ JV, MATEO F, et al. Potential health risk
t Tﬁf‘ﬂM 2ZK2#,2018. associated with mycotoxins in oat grains consumed in Spain [J]. Toxins,
LIU X. Research on rapid methods for mold and deoxynivalenol 2021, 13(6): 421.
contamination detection in wheat and its products [D]. Nanjing: Nanjing [75] TOLOSA J, RODRIGUEZ-CARRASCO Y, GRAZIANI G, er al.
University of Finance & Economics, 2018. Mycotoxin occurrence and risk assessment in gluten-free pasta through

[63] ?&Eﬂa BCE, TREEME, S NER R BA  E ) BRTE(DON) 8 % UHPLC-Q-exactive orbitrap MS [J]. Toxins, 2021, 13(5): 305.

UM SR I e 5 205 Y R BR[N], A 2GR A, 2018,
39(4): 33-39. ( 4}%$EF %ﬁ;ﬁf‘ é% o él)
ZHANG ZW, CHENG W, SHEN HM, et al. Determination of
deoxynivalenol (DON) toxin in wheat flour by gas chromatography and
analysis of toxin pollution removal [J]. Pestic Sci Adm, 2018, 39(4): 1/'5%%{'\
33-39.
i o | DU A% /NS e i 4 2 TR 1

[64] zfﬁﬁ%;imﬁ N TR AR TS ) TR B TS Y R 22 D], S . Wt SHTEN TEHR
YU BZ. Contamination surveys of the deoxynivalenol in wheat from four HEARGRESHTRN.
provinces in China in 2005 [D]. Changchun: Jilin University, 2006. E-mail: 48022246@qq.com

[65] JHHE, A, PRUR, 55, BANEAE-SUM GRS E S P IR T
Bl D O TR TR B D R R R (). PR AR SR, 2012, 48(12):
1441-1443.
TANG JW, ZHOU C, LIN Y, et al. Determination of deoxynivalenol and E &, B, 8%, TEMRAE
nivalenol in cereals by capillary column-gas chromatography [J]. Phys HAEBRESHRN, HRELERR.
Test Chem Anal, 2012, 48(12): 1441-1443. E-mail: yanrui-1981@163.com

[66] YAN Z, JIAN Y, YANG L, et al. A competitive direct enzyme-linked

immunosorbent assay for the rapid detection of deoxynivalenol:




