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Determination of zearalenone in Triticum aestivum L powder by molecularly
imprinted solid-phase column purification-ultra performance liquid
chromatography-tandem mass spectrometry

XU Xiu-Qin’, LING Shu-Ping, ZHANG Hao

(Ningbo Academy of Agricultural Sciences, Ningbo Key Laboratory of Testing and Control for
Characteristic Agro-product Quality and Safety, Ningbo 315040, China)

ABSTRACT: Objective To establish an analytical method for the determination of zearalenone (ZEN) in Triticum
aestivum L powder by molecularly imprinted solid-phase column purification-ultra performance liquid

chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The ZEN from Triticum aestivum L powder

samples were extracted with acetonitrile/water containing acetic acid, purified by a ZEN-specific molecularly
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imprinted solid-phase extraction column method, eluted with the mobile phase of 5 mmol/L ammonium acetate
solution and acetonitrile, separated on the Luna®Omega Polar Cg column (100 mmx2.1 mm, 3 um) at a flow rate of
0.5 mL/min. The analysis was conducted using UPLC-MS/MS and then analyzed in negative ion mode of
electrospray ionization source with multiple reaction monitoring mode for qualitative and quantitative analysis.
Results In the range of 1.0-50.0 pg/L, the peak area of ZEN was linearly correlated with the content, and the
determinationn coefficient (+°) was 0.9997. Meanwhile, the average recoveries of ZEN in Triticum aestivum L powder
were 80.2%—95.8% with the maximum relative standard deviations of 7.6% at the spiked concentration of 3.00, 6.00
and 30.00 pg/kg. The limit of detection was 3.0 pg/kg. Conclusion This study establishes an efficient detection
method for ZEN in Triticum aestivum L powder using molecularly imprinted solid-phase extraction purification. This
method effectively removes matrix interference and enriches ZEN in the sample, demonstrating high precision and
accuracy. The research results provide reliable technical support and experimental data for establishing detection
standards and quality control guidelines for ZEN in Triticum aestivum L powder.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; molecularly imprinted

solid-phase column; zearalenone; Triticum aestivum L powder
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F K IR B 45 Wil (zearalenone, ZEN)J@ T — F Hy & 43
W RIR B R AN, 2 T A BN A 2RI
ZWNTFEMN, HRGMA R 4-F73-4-5-1m[-3,2¢]-0lL
WG -2(6)-H, AHXT 4> sk 318.36, HLKSr 45 = an
Bl 1 iR o ZEN J&—Fl i 4k 7 6 8 (Fusarium spp. ) ELE, 7
FH Ji) G fifh 9 3o Rt P 7 A 1 — Rl £S5 RSO S R L
FO T AR AR S L S O ME B E AR, ZEN fE
B S8 e Pk b M R B2 RS A, DRI SR Z A i R
W, TN RS, KIS AR ZEN 5
R yainel, TSN EEEREEEL . i
WAL R L 2 AR M Bom KD

OH o

HO

1 ZEN g5t

Fig.l Structure formula of ZEN

JINFZ A Ay 4 TR o R B A A R R DR 22—,
HA K FHAE IS5 5 2 BV T TR P A2 S, S ZENT5 4411
KO T4 [ B G I PR, A4 LR 41
2 MR TAHLRL P E . B EEEEF X, ¥
Xt AVRRL R ZEN A f e BRSO T A R 3
EIATH GB 27612017 B M Z & FEE Rl &5 R

TR ) , W/ T ZEN B 60 ng/ke.
FEth, & Rriifee R . SRt . SRCEN ZEN &
DEEAR, X FOREEARERE A LR B2 4 . GEP A A |
P 3 O AT 4722 Jre HLA 22 G i S Y I 5 T SO I e
T EED

HHi, ZEN [ 32 3 I Jr ik S AT o /a0 A A €63
54 BX BT i 75 (ultra performance liquid chromatography-
tandem mass spectrometry, UPLC-MS/MS)!'¢181 | I 28
W B (enzyme linked immunosorbent assay, ELISA)!2%1
JisE A 4 40 9% J2 AT 15 (lateral  flow immunochromatographic
assay, LFIA)?"™22 & 0 M (5 3 - 2¢ % A I 3% (high
performance liquid chromatography-fluorescence detector,
HPLC-FLD)* 2445 | HPLC-FLD 2 2\ H v 72 i 2 il
ERFAR, K0P % A (immunoaffinity column, TAC)¥4
5, EEBRATE 10.02 pg/ke™), & AT UM EE; 755
PR A U, ELISA GEASHRAE G 3 A il 0, Il
FARETE 85%~110%Z [8], J& A KA I, LEIA W LIHAE
FEVESCIL T 10 min A IS PR B E A I, 4G s PR 2
60 pg/kgll, UPLC-MS/MS FEAK Hil & (5 S0k . R
FE AR ) 22 5% BA Rl B A3 Be T, OB Y i & 2 ik i rh
JR AL ZEN LA AE Y 430 04 7 s o O TR AR AT A
MRALGe kil T BAE A b REUE AR . TR 155
BRI, TN TR AR e R H R
55 XU TPA o

ARBFSE R AL TR UPLC-MS/MS 0l 52 B 1) 5 80
[ 8, A Pk Hb B2 R 4 B R A 25 B (molecularly
imprinted polymer-solid-phase extraction, MIP-SPE)# R 5
UPLC-MS/MS 55 ] . MIP-SPE $ AR 72813 it AL 470 1A 31 51
MLk, PIXTE 2Rl & ZEN T E 4 . ik, B
ARV R 0% 5 A8 g I 7T A AR I ZEN I (1) R SR L A
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FENH R WG K AR EL . MIP-SPE # # B L s,
UPLC-MS/MS #FA TN 5E o 515 55 1) S5 2% AT i 353 [l 41
FEIUREAH He, MIP-SPE ALY X ZEN HAT B 5 A e 1 o
o, ARUS MR LB/ NG ER . B EAR
SO QBRI 8 AR B, T4 . 120 1R
RE T UPLC-MS/MS SFEst: . 25% B R Hr i fe s,
N iE i MIP-SPE W a4 B AL, {75762 24500 P R ag
TR EM ARG 5 f PR, AT A2 5 76 1 0 o i 2 4k
XTI ARG g e R

1 RS

1.1 MR5RF

INERR B TR TR . ARE

ZEN FRUEFR . PCo-ZEN [N R NARRHER (T 1
C JFF# BC R ZBUR)LEEE>99%, iRl as
AT, CRREE . NG MBI, EEB A ), LR
FH7K R Mili Q R4 KAL IR 4K, KRR Hral, 1H2
£ LAERRA ).
12 UFE5EE

Acquity UPLC-MS/MS #8 =5 R4 IR AH (233 - 5 BB ST i A
(36 H Waters 23 )); SIGMA3KI15 Z.0HLAL T A T4 R
Z3al); Mili Q #R4lK X (3E E Millipore 22 /]); KS4000ic fH
YR 4% . GENIUS3 JEiRIR & #n (FEE IKA 2AF);
N-EVAPTM 112 A MAX (3 [E Organomation 2\ 7]); XPE205
+ 52— T RFEGR L Mettler Toledo 23 1]); ZEN 431
B A A (b a0 A A AR A R A ) (A
Luna®Omega Polar C g f4i#:(100 mmx=2.1 mm, 3 pm)(3#
[£] Phenomenex 3 ) ).

1.3 XLWHE
1.3.1  AR/BER A ELH)

(bR ARG 5T

VRS U HE MR B2 2l 100.00 mg/L #9 ZEN K H: N ARHR
VAT 0.10 mL, PAZAE WG RERIEZR S 10.00 mL &
Bk, PSRRI E R 1.00 mg/L, ZE/KET
—18 LI AR P ity AN 3 1.

Q)FRUE A

K FHE IR I SAHVE A R B 7 (1 -5 mmol/L £ iR B
=5:95, V2P), MRIFRRE A BT 1.0, 2.5, 5.0, 10.0,
25.0. 50.0 pg/L R ZEN fRifE TAER R, & TR+
NN 20.0 pg/L () ZEN AR, BUECELA .
1.3.2 #Henaras

(DR S I

AR 5.00 g /NERET 50 mL B0 K, mdp
JIA 100 pL [ 2R NFRER . IRHENRY | min, EEHE
15 min, B/ A 20 mL $2BUAFI(70% L IE/K & 1%L R),

FRIRIER S 1 min, BEFHEIT 30 min RFGHRE, HREE
RS, LA 6000 r/min (985003 B0 10 min, W4E 4 mL |k
HWH T Es0b.

Q)FEdh ik

43 B 320 [ AH A 5 FH P R I V(2 T - R =129,
VV)eE 1%k, B3 mL: JFIHEE 3 mL ik, WT;
A 3 mL ZJIEFT; K Wik ERAAEI AR IR 5 mL InAF]
10 B ARFE R, - AR SR8 i A F (344 0.3 mL/min),
W FEAEK | mL AT, T HRER (R
WE=1:9, V:¥) 3 mL YR, WCERVEBE, 40 °CESWKT, 1 mL
WA AR, 3 0.2 um SR DU Z A UENE, _EHLIGR,
133 BBELH

(D)W A 3 251

R 5 uL; BRI E N 40 °C; R H
Luna®Omega Polar C g fi%4:(100 mmx2.1 mm, 3 um);
B R 5 mmol/L Z (A S ZIEB)A R, KA
VRIS, FRTRBIRE T I3 1.

®1 BERRRERF

Table 1 Gradient elution procedures

I [8] /min 38 /(mL/min) A% B/%
W 0.5 95 5
1.0 0.5 95 5
2.0 0.5 60 40
3.0 0.5 30 70
4.0 0.5 0 100
6.0 0.5 0 100
6.1 0.5 95 5
7.0 0.5 95 5
Q)i A

IRERAESHIL BT BEFFEREN 150 °C; B4
EHIEREN 3.5 kv, BUEFISWEDN 1000 Lh; EEH
SR E SN 500 °C; kA £ S B M W (multi-reaction
monitoring, MRM#E Ui T8 HE R4, ZEN HE H: B
W3 5% 111 % F i (electrospray ionization negative, ESI-): ZEN
TE B BT 317.1>130.8(Riff# AR & 30.0 V, #EFLHIE: 30.0 V);
ZEN EME X 317.1>175(R g R 25.0 V, HEfLHLE:
30.0 V); ZEN WARHL 2 ESI-, ZEN WRE & 5 FXf
335.1>185(fiffERERE: 15.0 V, HEFLHE: 30 V).

1.3.4  AAmunic i

3 PR B B SR S R b R R, R 3 R
B 3.00.6.00 F130.00 pg/kg, kK FEHFT 3 KEE
FEMZE T0%ZIEK (S 1% BR)IRBUS, R 1Bl [E
AEFE AT ARAL PR, B S A SR AT . e AR RS
D235 SR B3 4% b ok B 79 1 247 ] g 238 B R Xof A Y i 22

(relative standard deviation, RSD),
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1.4 HIELLIE

S IR B SR A 5 4 BT R ] Waters Masslynx 4.1 T.4F
SRR GE, B R R ] WPS 365 (L HBEATAL B
o o Y 2 T o B RS HE VR B ST 3 IR E SR AR,
MR A I T 3 W R A5 e 1 AR i S AR T 3494
HA7o

2 #ERE5HR

2.1 #H@mErEEENRE
2.1.1 RIURAGLF
ZEN {50 F B85 P40 & — i K M A K38 P9 TG B A
— MBI R, X IR R R A R, E
B, 2l AR T R Can b SR AR ) k5 AR R A AR (a4l k )
X ZEN ROV A BEIANBIAR . H SR (9 A HILI 700 R
G S HE R S KR A SRPE IR AL B 9 ZEN, Bh
MR . AFRFZRET 10%LEKE
K. HEEOK ., BB, 285X ZEN BHRIBGCR, H3 kES
SEEGEY R RN 2 fis . SRERZE SRR, RBUR Kk
EES O WAL NGNS AR ATE I 3 8 9y -
A=, R KREKEMERIZE . BEAR L R AR ERR N % TR
Yy, BRAR IR BE A RAL ZEN BiA R, R/ MEix e
TP RS, AT R B, R R AR A B OB A
RBUR A 5 AL, FEERBOR &G KRR, Y58
FIAE gk TR IR R A, RIS, T 205 A1
P F B, 7R A2 M E I 3 R I, W BRUTVESE 2
H 2, AR AR Y Bt b, Rt b ROR
Pio AKBIIMANALIENT TIEFI SR, 57 B F 455
TR A A LRE, (i EAR Y S P R e . SR,
AR KA i 22 52, B2 T BUR IR A 3 i 48
%;mﬁkﬁm T A R i BRI . 50%
Wi v BE A, S EUR RA a5k, T DA AR A T
zmq%%%ﬁﬁﬁ,EW%%%;%%L%%%L%,%
BUREB IR, YONEUEE R 80%H), MK F] 91%;
BAHH 70%ZIE/K & 1%L BRE R TR, BRAGTETE
ALHHR T ZEN 2bF 5 FRIE 4 FE, 4 B TR
FEYI AN RE R L Se 24y, F— B {EiF ZEN MR, 251 %
B, Wi 70%Z MK S 1%L RIFRI TR, [nl R hx

i, AIIEE] 95%, AW ET 70% /K 1% BRE
WA R IO -
2.1.2 ZIERETIE) 6y ik

AR . ZBRTFKBIRE R (10% 2 /7K

T 1%L RREROVE I AT, 255 3R 7 i) [ % i pr e
TIRBUSCR AN . SEIRTE SRS N AT, SeXTmbReE
TR IEIR A, DATRARAR S 5 2R ORI FE e . B,
BB A E R EUSTE] (5. 10, 15, 20, 30. 45 min), 3F%/45

=t

%208 . I/

ANEHELE AT 3 IE A S8, TSR EE, WA 3,
LY R BN, B PRI R A AR, AL sk R 2 R
T MIRBUSTEI M 5 min ZEK ZE 30 min B, BIEER
E%ﬁ%mww)%ﬁ MR ER I A 1 30 min 5, ZEHL
BORETEEW, H— P 9E K E 2 45 min XF FIICR K2
F IG5 L*IJL?RTU\@ TRAETL Bl ) 2 ML E
TR . AR M B, ¥ 700 5 R O I 22 Ml 1 oK 7247,
HARA A3 (e i 225K, S BUL FTgh J1oi, AT IR AL HL
AR AT i 2 ER R . BE A MG R HETT, FEAHT E
FREL o BOVR FE BB AIS, B R 8 . Y RGE T
BT ARASE, FESLAE T B AR 0% B 5 2E O
AR T B S T3, LB RS K AR T Rl
TCk U R AR 72 B, DR T [ 05 258 A i s () 484 T oy 2
8Tt LRA T IRAE AT X T4 5h ISR A 52, ASBFSR
TPEEEARHLAT ]2 30 min,

100 b a

HEE 2 70%  50% 80% 70%Z /K
HEEK Bk ZHEIK F1%4HR

PEHAH
i AR/NG FRER R 22 53 .35 (P<0.05).
B2 ARSI B SRR L (n=3)

Fig.2 Comparison of recovery rates of different extraction solvents

(n=3)
100 } a a
I
b
80 i
C
S 60r 1
E 40}
(S
20f ’—l—‘
0
5 10 15 20 30 45
PRI [A]/min

3 AR I ] A B BUICR o (n=3)
Fig.3 Comparison of extraction effects of different
extraction times (n=3)
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2.13 Atk Rehin

TSI BT ZEN f9E B m e, H R E i
S B AR I B AR S IOV R . R, R e
HAkAk ZEN (% UPLC-MS/MS 4317 )7k, AR5 R 5% 52
ANRER SWMF LG, ETEGSEE . BE . miy
TREE S RE AR PRI TR, DASCHINT ZEN B R AL,
#5301 o ZEN 43F i B S il 1L 5 e B8 TR IR
AIM-HIEF, Bie B4 Fl izl fe, B8 pH i
A H 5 TR KT R AR A M R 22, e rh 2 K
HL I 55 1L R P IR B AR (LS B R Ak . W R A L AL
N, — 7 AT AR B AR Y, ZEN S5 RS
Wy e i AR MR BR S 7E 1% 4, INIMTEE 5 O H i,
F— M, BEEEATE RN AN Z R e AT R R R T ZEN
BFASCE, BRENHIER T, AR AET 4 %
VIR R AT Y ATGE, LS 0.1%H RS 5 mmol/L Z
FREG KSR A M, DAHRES A B A . FEERE i
WIE R 50 pg/L (1 ZEN ARUER IR Hr ., DL G A B
PRI ZRARAG T S O B AT AN B v AR BB, IRl 4 FROR.
P—EFF A, KA LME-5 mmol/L ZERE /K IEIRET, M
NAH | AFEROR | IR M A, B AR T,
R0 o e s . SE LR, BT & BL 2 G e R
FIHER, ATEE AR LA R YRR ZEN, AR RS R
JEFYEIRAE A B, X438 ZEN B HL4h 2y
WA R . CNERFREE M. RS, AR TR
BTk, EwpEbIIng O e B 2 EIRE: 1A G &
T RoE pH DASGEOREE I A B | i B xR ek
BT, I AT AR IE i TE BURE 5 0 -G 00 A 3k i 0 1]
I JEAG B A 14 U R LA T B A 14 R A

—— 5 mmol & %%/ 2N
350000 —— 0.1%H R/ i
—— 5 mmol & R/ F i
300000 —— 0.1% H iR/ H it
250000
£
i 200000 -
o
= 150000
= 100000 | J
50000 J
0 -
4.0 45 5.0 5.5 6.0 6.5

{4 B4 B ) /min
K4 Bsh ks
Fig.4 Selection of mobile phase
2.14 HAGE
ZEN (95> TR p-10 IR 13 1 PN I 3 R ) e 2
HAT—5E (W, TERRBRIR Il e K A2 KA s A 4K
TERBUS TR, LR CIAE R b S A HLA ), BEA 2K

KM ZEN; A ZEN TEZIE R RS E TR T2l 2, 5
LT IR S X SR IR W R A E A, SERsn A hiE
HARSCE R IEE AR . SIS RM, f ZEN BF &
T0%LMEIKE 1% LRI, T 4 CCROLIRAF 7 d, HFE
fRAAR T 5%; MEAh, BEREAWRAE 15 °CRCE 24 h G #EA T
S, RMERIRENFESEMMASE . D EESRREY], #%
PR P A SR 2R AE B LS S I (RIS BBl N TR BF ZEN iFasE
P, SR BUSCR SRE A R A AT S
22 ERYMN

INERE I —Fh R e R R, R E S EN
BT, R, SRR, AR BRI . R YRR LT
AT R AT RE S| A Z . BB 20t 5 Al fb AL 3, A7)
AT REAEAE S ZEN 256 AE L al (7 B I ) A S i SR i 4, 78
WAHR G5y B 5 ZEN — [R] R i bl o 7 )5 820 Fe 555
B, S Y2 5 B AR S SR E R 1 Y
Hfr, A8 ZEN A RGE TIe g, oMbk
e —25 4y 28, N5 K B2 1B T il ason; o HLAARm
T, HKE G BRI S (NBER . APLRR . EhJE . b
KR ZIK%) 5 ZEN FRHEABEFIRE, Eflaibidt
A BRAYHL BT, S30 ZEN AU TR T R, 46
WE S22 . b, N E & B AR AR
AR RS R B T B E . b, RBUERIR
PRI N7 B 2% ok 4 B S5t P RE TR 2t R AR T,
80 R SR RS X T A AR A, ARG R A ZEN 43
T EP 0 AR X SR PR ORI T Al . AT IR BRI R
HEARBIFEIRET ZEN 437, [ 4 R 250 T Yo e it
i, bSO B3, AT IR OB MR AR T [, 7
FE AL BERY B, AAFFTE S I ZEN [ 28 ARV Tt
— AR IE I RN o BT R B N FR-S ZEN [ fk2g L
TR A —E, HACKE S Ab R R B T A R v B T 1 B R
BN BAae 3 @R B AR S AR R
VTR LU B AT R e 40 HT, AT R G IE AR R 2 A ) 4 ack
TP B R R STV I o ASBIFSE R L BT AL
W Al F(matrix factor, MF)PEAS 3L TR, % T XL
> B AR A B SOV S A ) v A e O U T FR LR, 3 —
i, @A ZEN S5HFEMRNFREF MF EE, 32N
FRIE—4k MF o f1 90 2 A 40 % 38 S s _B AR, 2% e T
F R ZEN JT 32 (B ST o PP R 2 IARAR IE 3K
W& AT SE M, ASIFSE L NAR IS —4k MF 1) RSD—EPAE 5 &R
$(variable coefficient, CV){E N &TiHR. CV /), FH
FLITON) 8 A SR R S IS, kTR, AR
WIS CV 2 3.8%, T RN 24 a8 38R 2 S 0 B 4L
ER 15%. HFEFEEFE S 5.1% ., REERESh T
60%. IZAERFRM, S Bl EAHAT A 4R SR TR I SR 3R
HLHI REAE = RO BRAE S T PR 0, S5 R PR b3 B 5
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JE IR Xt A3 AT (4 S, DA TR DR T 204 3k (A 288
St
23 (UBEFEHMHMK

1 ESTIE G A BB, B 1.0 me/L 19 ZEN K4
BRI T R T LA A RS S o e R 5 SR 35,
8 FAEE N A [M-H] 8 F(m/z=317. 1) /2 M ] 55 78 119 B 25
Fo X—RIRAIEHEAET ZEN o FE5/h B Ry
TRk, TR, HA T aT DU o
TEREATRIR B, MRS T Ha A, (A5 1454
SERRE . HELZN, IEEFERECFR SR MAH], HIER
fof BRI ERF L, RN 2 . 7R AT
H, BT R ARCRE S s IR E R IR OC

BT, HARBEEER, 8T IR RS TE
WAL R B R i 2, BRI = (558
B TR, XA S AL . BRI . A
FISTHE . B R . BUATRIRESESE0 T &
ZHfEHELHL RS 30 V., BFIRIRE Y 150 °C. WIS
T A 1000 L/Hr, KRN 500 °C, AERALIS HmiiE
RE(30 V)T, XWE A B FH T g, wHFEER
15 A B8 40 AR S e S T, LA R
PURERERE, AR . FRUEMA TRARRE, Finkskc
HZ 20 FEOASERGE TG, SHEAE I T, B
2, RIS 5 mmol/L LIREL-ZIEVEN TSI, B2kt
FEVRIRR T L3 1.

%2 MRM &4
Table 2 Conditon of MRM

ey’ {5 B2 1} [] /min B8 T (m/z) FEF(m/z) I B ] /s HEFLH R /V filfi {2 F e /e V
ZEN 4.86 317.1 130.8* 0.050 30.0 30.0
ZEN 4.86 317.1 175.0 0.050 30.0 25.0
ZEN R 4.86 335.1 185.0 0.050 30.0 15.0
T NERE T
24 EMSERM 330000
4.86 v T e s
FFALIE B 2 I3 1 BRI 2, X kv 300000 —gﬁﬁg P
i 50 wg/L ZEN KRHEVENS 20 ng/L 1 ZEN [ 2 kR 250000 T
(PCo-ZENYAFIE, 1535 ZEN K ILAbs @isE e 5. 4o i 200000 -
] 5 i, ZEN 7E Polar Cys (43S FAOM-EII] Y 4.86 min, g 150000 -
ZEN 5T a4 B R — AN, B Ak 5 & ook |
SR 0 PR AR L, TS B L B B so00ol
SEL 1o R 2 B ME 0 HUAT L 01 p L ROV R ARk S 3, . __J L

fiif3 ZEN RB M5 2% B i 35 o LR Al 1 JB A O 1Y) 255 TR 2
RPAR S R, RIBRBL . XFRI kg, M
AT HEf O B AUE M AT o X /N2 M B R i O Ve
10.0 pg/kg), L4 F LRl AR GALIE, 5 8MbREE i
aikE, W 6.
1800000 -
1600000}  4.86
1400000 -
1200000 -
1000000 -
800000 |
600000 |
400000 |
200000 |
0

— bR
— IR

M J37 588 % /cps

4.8 5.0 5.2 5.4 5.6 5.8 6.0
£ B 5[] /min
5 ZEN KEPNFR AR AR O TE R

Fig.5 Chromatograms of standard solutions of ZEN and its
internal standard

48 50 52 54 56 58 60
{4 B4 Bi5f 18] /min

Pl 6 SEBRAE R ZEN KIL Pt ik
Fig.6. Chromatogram of ZEN and its internal
standard in samples

I 6 A, SEIRAEE N TP ZEN Y H W Bs 18] S AR o T AR
WARIR, 924 4.86 min, AIYERZP)AHR IS . LA,
TIRR L TR b A3 P S s o SR s e A TR AR R ks, UE
BT MIP-SPE 4 ARALERE 4 WL oAb Tl (9 = etk 5
WP
25 FEEER
2.5.1 MBS HR

XHA I R 3.0 ng/kg B PEPEIARAR Sk HEAT RGN,
T TR E M L (S/N) . SETF RTINS S/N L
KT 3 MR A5, 8 I 57 A I 52 0 2% (R G 1 B
H 3.0 pgrkgo BEAG HE BRAE IEAR FIRAR (3G 15 ng/kg™?
I S vk Y 8.61 ng/kglO 4K 43 Ie A AL R 1 1Y



120 B il 2 A iR A I A 4

FH1TE

10 pg/kgP'le SRAWARIE & &, PR TR EER ZEN
FRUEVEWE (1.0, 2.5, 5.0, 10.0, 25.0, 50.0 pg/L){&HhR
HELAERN L F ZEN 5 MR W T AR 1) LUABAE y Yl ZEN
W (ng/LWER X B TR RIS o IS ZrE I RN
7=0.7213X-0.2704, P R E 7 H 0.9997, SLHe4E R FH,
ZEN 7 1.00~50.00 pg/L FJFa 8 X ) 9 2 A RIFZk
PRI R o
252 EHEAAEEE

SR FE IR RIS A4 ik 4 06 UE S 06 14 e B8 NG 2 B
HEWRFREL 5.00 g BEdh, WIN 3 /KPR ZEN SR i (4
24 3.00, 6.00. 30.00 pg/kg), PEATIREC, Hik . BAR
A ATINGE 3 Wk, FAMRE R IFE 3K, #H7a
e BFRES R R SFHEILESN 80.2%~95.8%, 1M
ZITIRAER R K T ¥ 2 RPNtk e, REAT 4L
SRLRE G P I B E i M S RSDs £F 4.9%~7.6%Z [,
R SLIG TG E RAF, Bl s, fF6 e T
R B K
2.6 SERRFE BTN

ia A G T ST 1 A B 5 i, X AT 3 BRI Y
50 HEU/NZERFEAR AT TAGIIEAL . Zeprah aee ], Horp
12 #ERANEMAEA PRI E] ZEN WAETE, HaaN
3.60~980.00 pg/kg; HiAx 38 fRAEA R LI ZEN K i
LAWK, ZEN & BRI/ NE K U /N,
ST AR R R NG Y RIS TEAR T Ik A AT S8k,
SRH LS/T 6133—2018  HEMAH 16 FrEHE R E
TR (03 HR B TR 3 ) AT IX 50 FEUR/NE MRS B BEATIGAIE,
S ZEN &4 3.15~920.00 pg/kg, Frigs BT A
WFFERFTAR4E R, %A LS/T 6133—2018 454 [0 i # 75
75.2%~89.6%22 8], K57 EE RSDs TE 5.2%~9.8%=2 7], H:[nl
R SR LT A %, s8R A, LS/T 6133—2018
PRETT RS IR E A, KRR 74> R BR A i s
BRI AR T . X R 44 Ak B 25 |k B S B R,
e H AR B e W A5 A HERR P, NI S BOMAR 113K
TR o B, AWESE T 1 TR 7R A B FORS 25
JHEIE AT bR

3 &

AT WIS, T —Fh T o FELE B E 5
fb45 G UPLC-MS/MS #4311/ i ZEN [ S A4
Tr ko 8 I PR A B AR R A (0 S G o B A1
BT RGN, MR T LUEA RERIC ZEN HNARIYE
WAL, BERS T INEERYE S, ERIK
BRIk R, BICRAE 70% 08K & 1%L BBIERN
GRS, ZEN M3 R, ik 95%, R
SRR R MRS I — 2 R, FE 15 °CA&MF M IR

17 24 h, BHERYIEER LY A WLETR R0, BETZ vk H
A RAFRRE S AT RS E e . BRI SE R A R A
T EZ RS, AEFEE] A S B AR X 3 0K
P PR AL o 20 5 | A S EN3 W ARAE S Tk Ak,
T A TP IR ZEN (R SR RE F7, BRI
TR TR, AESLTTALN CV #EHI7E 3.8% AN, Ik
FALG ELISA . LFIA Ry 2 AR
- i B W A o W R ) = O 8 B 0 o (AR ]
EARES, R M HET M S H R DTk . R,
ZRTA PR AR HA TR AR . A7 . B
TR AE A R 2 S T P L R I, A B SR
TSN B 22 F G e A AR R AR 2 G, R A il 48 4 XU M
SR R AR SR SRR 10 o R B A A G
iR REAREM ST S IR TR BRI, £
1 224 JRURE: WA 5 42 i 45T AT A e F 1 T T 5%

3Rk

[1] Je3cm, E/h2, BE, & S0 EILN E K b E KRR
FR[T]. B SL, 2023, 29(5): 133-135.
FANG WM, WANG XL, JI DY, ef al. Determination of zearalenone in
corn by high-performance liquid chromatography [J]. Modern Food, 2023,
29(5): 133-135.

[2] AR, DEE, FHEE, F SRR SO GG E
FORTREFIET]. BALK I (T 22400, 2009, 45(11): 1323-1325, 1328.
ZHANG HZ, MA AIG, LI HY, et al. Determination of zearalenone in corn

W

by immunoaffinity chromatography purification high-performance liquid
chromatography [J]. Physical Testing and Chemical Analysis (Part
B:Chemical Analysis), 2009, 45(11): 1323-1325, 1328.

(3] BLER, TREF, 228K, & AR 3 Rl KRR L R AR

S FOG R 8 KU AR (9], 60 2 2t R 2441, 2025, 16(14):
24-29.
WEI YX, ZHANG SJ, ZUO J, et al. Development of determination
procedure and dietary exposure risk assessment for 3 kinds of zearalenone
mycotoxins in maize flour [J]. Journal of Food Safety & Quality, 2025,
16(14): 24-29.

[4] X R, BENE, B ST EEEROBIERD]. T ARRLR
2%,2012,39(19): 115-119.

LIU FL, ZHAO ZH, XIE J. Research progress of mycotoxins in cereals [J].
Guangdong Agricultural Sciences, 2012, 39(19): 115-119.

[5] WANG S, NIU R, YANG Y, ef al. Development and evaluation of a rapid
immunomagnetic extraction for effective detection of zearalenone in
agricultural products [J]. Food Control, 2020, 110: 106973.

[6] HE Y, AHMAD D, ZHANG X, et al. Genome-wide analysis of family-1
UDP glycosyltransfer- ases (UGT) and identification of UGT genes for
FHB resistance in Triticum aestivum L. [J]. BMC Plant Biology, 2018,
18(1): 67.

(7] RARN, INGERE, RAFTE, 55, /AR 3R A F ORI BT S 7R 8
R OE RAFFE[T]. M S5iAg, 2017, 30(7): 105-108.

WU BG, SUN BS, XU CK, et al. Study on relationship of DON content,
ZEN content and gibberella damaged kernels in wheat [J]. Cereals & Oils,
2017, 30(7): 105-108.

[8] ATEER. FRERIE/NAE MR N L 4 o B SR i 0 A5 (D). AR :

TR LAl K2, 2016.

HE HH. Distribution of fungal toxins in wet-processed products of wheat



5512 4]

VEFER, S5 01 BV [T ARAE: v A - o AR (- R DR v I s /N2 53 v T oK R e il 121

(91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

scab [D]. Zhengzhou: Henan University of Technology, 2016.

WEI T, REN P, HUANG L, et al. Simultaneous detection of aflatoxin By,
ochratoxin A, zearalenone and deoxynivalenol in corn and wheat using
surface plasmon resonance [J]. Food Chemistry, 2019, 300: 125176.

XU, TR, XUPPTD, S5 BRSO ARSI 7 i e
JE[1]. B S AEEOREAE, 2021, 40(5): 12-20.

LIU M, ZHANG JX, LIU SS, et al. Research progress on detection
methods of zearalenone in grain and oil crops [J]. Journal of Food Science
and Biotechnology, 2021, 40(5): 12-20.

X, EBEHs, AR, % HPLC il BT h F KRR M A ] iy
ACER 7 R USR], £ k%4 5], 2025(17): 66-68.

LIU M, WANG XW, ZHU DW, et al. Comparative study on different
pretreatment methods for determination of zearalenone in grain by HPLC
[J]. Journal of Food Safety Guide, 2025(17): 66-68.

SRPF%, BRakIE, TEOY, AF. M e AORAT LR HRER T R R E R
ORI/ INZZ T A IR B ) K AR B A - 1 4- AR A ARG v Ay
ST EEALAAAR, 2024, 40(4): 86-91.

CAI YL, ZHANG ZQ, DONG F, et al. Establishment of a method for
simultaneous determination of zearalenone and zearalenone-14-glucoside
in corn and wheat by UPLC-MS/MS [J]. Acta Agriculturae Shanghai,
2024, 40(4): 86-91.

CHUN HS, CHOI EH, CHANG HJ, et al. A fluorescence polarization
immunoassay for the detection of zearalenone in corn [J]. Analytica
Chimica Acta, 2009, 639(1-2): 83-89.

HU M, GE W, LIU X, ZHU Y. Preconcentration and determination of
zearalenone in corn oil by a one-step prepared polydopamine-based
magnetic molecularly imprinted polymer (MIP) with high-performance
liquid chromatography with fluorescence (HPLC-FLD) detection [J].
Analytical Letters, 2022, 55(3): 343-354.

RF, Mg, A, S5 SRR A A SAH - mRORR - HR TR
T - A BRAR 10 PR AR TR 0 0 R o KR B R[], B A,
2020, 41(24): 267-272.

WU Y, YE J, LI L, et al. Accurate determination of zearalenone in grain
and oil by automatic immunoaffinity column purification coupled with
UPLC-MS/MS using uniformly '*C-labeled internal standard [J]. Food
Science, 2020, 41(24): 267-272.

R, Ha&B, A, % OO G- PR AT R BT
SESNPIEE LRI ILPY P R OK AR BT B HE R R ). S AR
i, 2025, 37(8): 5514-5523.

SUO DC, XIAO ZM, AN ZX, et al. Determination of zearalenone and its
hidden forms in animal feed, blood and muscle by liquid
chromatography-quadrupole linear ion trap mass spectrometry [J]. Chinese
Journal of Animal Nutrition, 2025, 37(8): 5514-5523.

HE QR, PENG HW, YANG JY, et al. QUEChERS extraction followed by
enzyme-linked immune-sorbent assay for determination of deoxynivalenol
and zearalenone in cereals [J]. Food & Agricultural Immunology, 2017,
28(8): 1477-1495.

HUANG LC, ZHENG N, ZHENG BQ, et al. Simultaneous determination
of aflatoxin M,, ochratoxin A, zearalenone and a-zearalenol in milk by
UHPLC-MS/MS [J]. Food Chemistry, 2014, 146: 242-249.

Fl FORTREMREIFMR TR By S vd TR ) o5 K LI Sy it
B AR BT A EENT (D] J5: SRR, 2024,

WANG T. Preparation of monoclonal antibodies against zearalenone and
fumonisin B, and establishment of ELISA [D]. Suzhou: Suzhou University,
2024.

YANG QQ, ZHU JG, MA F, et al. Quantitative determination of major

capsaicinoids in serum by ELISA and time-resolved fluorescent

[21]

[22]

(23]

[24]

[25]

[27]

[28]

[29]

[30]

(31]

immunoassay based on monoclonal antibodies [J]. Biosensors and
Bioelectronics, 2016, 81: 229-235.

fa g7, TG, AR, A5 AP R ER R AR R 4 Gy
JEFRAIET]. &dh Talk, 2019, 40(5): 308-311.

HE FY, WAN YP, CUI YT, et al. Determination of zearalenone residues in
cereals by colloidal gold immunochromatography [J]. The Food Industry,
2019, 40(5): 308-311.

BRI, BEUR G fe e R TR A I A W B A R R . FOROR
BEAGH KR RERE[I]. AR, 2019(10): 46-49.

HE LL. Rapid detection of aflatoxin, zearalenone, and deoxynivalenol in
cereals using colloidal gold immunochromatography [J]. Journal of Food
Safety Guide, 2019(10): 46-49.

EICH, i, FIEN, S SRR - RSO k-SRI
I 2L Z M rp FOR IR BRI S f [J]. I DA TR, 2025, 24(6):
801-802, 805.

LI WJ, GUO J, LI ZG, et al. Determination of zearalenone content in
medicinal material euryale ferox by immunoaffinity column purification,
high-performance liquid chromatography, fluorescence detection [J].
Chinese Journal of Public Health Engineering, 2025, 24(6): 801-802, 805.

DRZYMALA SS, WEIZ S, HEINZE J, et al. Automated solid-phase
extraction coupled online with HPLC-FLD for the quantification of
zearalenone in edible oil [J]. Analytical & Bioanalytical Chemistry, 2015,
407(12): 3489-3497.

e, IER, FRAk, S5, SRR AR - mSORO G E U
P FORFRBEIE A S [T]. P RO R R BE 2, 2025, 34(5): 40-42.

QU HT, LI ZG, CHENG Y, et al. Determination of zearalenone content in
white hyacinth bean by immunoaffinity column purification, high
performance Chinese  Journal of
Ethnomedicine and Ethnopharmacy, 2025, 34(5): 40-42.

R, WS, B, SF. ICURE S R ATI DE i FORAINE Ok
FRERIILT). RN E A, 2011, 19(5): 43-45.

MOU J, PAN B, YANG J, et al. Rapid determination of zearalenone in

liquid chromatography [J].

corn and wheat by colloidal gold immunochromatography [J]. Science and
Technology of Cereals, Oils and Foods, 2011, 19(5): 43-45.

SO, Wb, IR, 4. SeEmEsk il A [ SRS G s o
BRI B o R & DT SRR, 2024, 36(11:
7454-7466.

MO F, YAO T, HU S, et al. High-throughput automatic purification
combined with HPLC for rapid determination of zearalenone in feed [J].
Chinese Journal of Animal Nutrition, 2024, 36(11): 7454—7466.

LUCCI P, DERRIEN D, ALIX F, et al. Molecularly imprinted polymer
solid-phase extraction for detection of zearalenone in cereal sample
extracts [J]. Analytica Chimica Acta, 2010, 672(1-2): 15-19.

LIU G, HAN Z, NIE D, et al. Rapid and sensitive quantitation of
zearalenone in food and feed by lateral flow immunoassay [J]. Food
Control, 2012, 27(1): 200-205.

X, XUMEHE, AxmPH, 5. FRREREA THURE MR L bk
L], 3 HTRESEAR, 2006, 22(1): 1-4.

LIUY, LIU XJ, YU XY, et al. Synthesis of zearalanol artificial antigen and
preparation of polyclonal antibodies [J]. Journal of Analytical Science,
2006, 22(1): 1-4.

SUN S, ZHAO R, FENG S, et al. Colorimetric zearalenone assay based on
the use of an aptamer and of gold nanoparticles with peroxidase-like
activity [J]. Microchim Acta, 2018, 185(12): 535.

(At 65 Kud)



