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Abstract: Zearalenone (ZEN), a mycotoxin, is produced by Fusarium graminearum and Fusarium roseum
growing primarily on corn or hay exposed to high moisture and threatens to food safety and public health.
Children are more vulnerable to ZEN than adults. Sensitive, accurate and rapid analytical methods with
new strategies for signal enhancement are needed for detection of ZEN. Therefore, a novel enzyme linked
immunosorbent assay (MNPs-HRP-AuNPs IC-ELISA) using magnetic nanoparticles (MNPs) and double
labeled monoclonal antibody complex (Anti-ZEN-HRP-AuNPs) was prototyped and used for detecting ZEN
in cereal samples. The detection signal was enhanced which in turn improved the sensitivity of the assay.
The lower limit of detection using MNPs-HRP-AuNPs IC-ELISA was 0.03ng/mL while the IC50 was
0.22ng/mL. The linear working range was 0.05-0.89ng/mL. The cross-reactivities with zeralenone
analogues (a-zearalanol, zearalanone, a-zearalenol, B-zearalenol and B-zearalanol) were 19.2%, 11.7%,
8.3%, 1.2% and 4.3%, respectively. No cross-reactivity (<0.01%) was observed with other co-occurring
mycotoxins (AFB;, OTA, FB,, CIT and PAT). The recovery rates in spiked corn, wheat and soybean samples
were 81.6%-113.5%, and the intra-day and inter-day relative standard deviations were <10%.
Simultaneous analysis of commercial samples (corn, wheat, and feedstuff) showed a good correlation
between MNPs-HRP-AuNPs IC-ELISA and liquid chromatography tandem mass spectrometry (LC/MS-MS).
Hence, this new method can be used as a rapid, sensitive, and less time-consuming method to determine
levels of zeralenone in cereal and feedstuff samples.

Key words: zeralenone, magnetic nanoparticles, gold particles, horseradish peroxidase, monoclonal

antibody

H®AE % (mycotoxins) A EL I =L 1 /Ny (zeralenone, ZEN) % J] & J& W& A4k )
TIRGACHE =8, I E2) 14 )52 3 5 Fusarium graminearum FIA}£1 8k JJ ¥ Fusarium
FRVGY, Hh & E Aspergillus PV JJE roseum 77, B AMEMEIEM:, 1962 FE 1 X
Fusarium )16 5 5 0 "™ 3 (Skrbica et al. 2012; KA T 43 2543 2 (Tanaka et al. 2007) . ZEN
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N, B LE L2200 %, i TLAZE ZEN
()45 H 5 K 52 5k 0.5pg/(kg-bw-d)( Efsa 2004;
Dellafiora et al. 2015; Knutsen et al. 2017), ZEN
R E SRR, nhZe. K&
UK AR, Sy bt A= 9 v ) 22 9 46
295 Y A RLITEL (Ul Hassan et al. 2018). A&
bR DR DV b e 4r, A ZEN PR R
BB R I g v B A JE R

FUAT, ZEN AU T B A5 ACEE AN G
TS e M A WIS (ELISA) L iE
A< Yo B SR AT ANAL 2 O R EL S (Cha et al.
2012; Wangetal. 2013; Sun et al. 2014; Dong et
al. 2018). ELISA HIRAA <G G 5 S b 75 fEARAE
CA N T REREARRIIE, RBUEH R,
Ao B G R e, BAR 5 B 5y ™ AR R 2
MM SEM S5 A s AHEC e oy Aridk, (T A
HRBE & t T REACHT AL B R A 2 % N #

PN G AMSCER K EESRA g, 3 LAHE) ™ (Zhang et all.

2018a; Zhangetal 2018b),
AER, hfdm R, AR (5 5
948 SRS A I T 9% e 5“2 AR I 5 vk R ST,
B R B ERE RG . SRRbRICE . KR
(magnetic nanoparticles, MNPs) ‘& £ DL J 145
Rk 22 K A A 2 (Wang et al. 2013; Zhou
et al. 2014; Yao etal 2017; Lietal 2018; Wang
etal. 2018). AIKEEBRKLAR /N HHAT @ MTHEE,
TERE I ] G R A, S e 1)) oy
HIC, T 2 T T (103 A 2 141 55 A S ot A 1K
AILE MLy AR R R SEBLH FR 4 5 i) PR ad 73 125
(Smith et al. 2011; Wang et al. 2016). i,
AN B DK R R R RS,
ST ZEN e R BRI T, AR YD RO,
FE R P 1E] b 9F T K KA # (Zhang et al.
2015b) ¢ I, A< BN Tk <5 HORE A B I 4 AL
VIR ic Uk, DT TR B R R
By MY PRI vy R B RE AT Ty Vs, % 7V e MR A
M, IR IIZE HRP EA YRS
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KNigsgag, —H RN, ¥R (FE5% 2018).
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1.1 #H#

1.1.1 FEAGH . RILE 0 9K 2k M270
(15305D) I F Thermo ) ; AN E 5 £
WS RIS A (BSA). 1-3- &N
H)-3- L3k W KRR (EDC). N-FRIETEH
BEM e (NHS)\ FrAR RN AN A 4%, 1 1 Sigma
AF]; BSA ZILEHIA (Anti-BSA) W H gk
TAY TR AKRAR; ZEN 5B bk
(Anti-ZEN). TBIEPTE (ZEN-BSA) Ry AR SZIG %
AU 2% s HRP PRadb i 7 0 04 1 30 M 5 6] A=
WRHEE AT ELISA BOJEY 3,3',5,5'-PY /i
SR (TMB) T [ 1L 4R 5F jE 28 R R R
A B 2w s A AR DGR 5 T 25 5 4k 2R
FIA BRA T 2B PRI R AR BEAS TV A8 K 06
R Bh 2 B 5T B4 it

1.1.2 T BAUE: SpectraMax M, BRIl H 3% [
Molecular Divice A 7], 96 FLAR/K - HRIHE IR 2%
(QB-9001) W H ¥ [T HEAR DLRAX 2% i3 A7 R
AT RSO (D-37520) A Thermo 24
"]y EP EHE NI (MS-12) W H £ [H Bangs
laboratories 2~ s 96 LR FC S il 1A JC s Sk AR 51
K = I

1.2 YKRHEER-ZEN BEINIEE S (MNPs-BSA-
ZEN) RY#I&

ATFCK W 205 % MNPs-BSA-ZEN . 2
—3, WY UAE S5 MNPs-Anti-BSA. K
RIS A KRR, PUAR I 2 2 5 AL IR
KA 4551 Y Bk e 3L i 454 20 3R dn
N BRI AEW (30mg/mL) #8937 30s, HYL
100puL ‘& T EP &, WM, FELWk,
NZERFR IR 2h 22 3 (25mmol/L, pH5) T
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&, ERVES 3 K B 50uL VA1) EDC FIT NHS
TR (50mg/mL) N 28 R 2R & 4% 9 1 Ak
30min, F&M FIRAH R AN S 3 Ik HL 100pL
Anti-BSA PUIAHIR (0.6mg/mL) INZE AL )
MRk, 2R 2h JEYEE: 3 G I 100pL
KEEMW (50mmol/L Tris, pH 7.4), =P
V. 15min, VKA RN IFRAE, B HL 100uL B
EheZ i (PBS, pH7.4) FE, ACIRAFEEM.

0, BBIBPUR ZEN-BSA 5 I
MNPs-Anti-BSA §¥ &, JERAMNZ U ZEN fRECHT
JR YK REER 2 A1) (MNPs-BSA-ZEN) . #4E 20
BRANR . B sopL % M4 K EBR-BSA £ il BT
WEAY) (MNPs-Anti BSA) T EP &, ity
B, WERREIRZEMIR (10mmol/L, pH7.4) ULk 3
X ; 200mL ZEN-BSA ¥ ¥ ( Sug/mL) Jin %
MNPs-Anti-BSA H1, 37°CHR#% I H 30min J5 & T
e REVE S B, TE VRGOS VERA SR 3 IR 5 i
BAH EP 8, FRIGTEST, 100pL BERR R
ZE 0 (10mmol/L, pH 7.4) T &, F“HI% ELISA
WEE, ACIAEH.

1.3 & FALANERAR I & 4 B AR I 1 1K
( Anti-ZEN-HRP-AuNPs) K9l &

PATTRERAR Anti-ZEN A S 3T A
2 Zhang et al. (2015a) ik 720 52 ik oE
R J3 4 5.73x10°L/mol,  — MEIA by 5% RLHY $ o
107-10"L/mol [HHiAASEF J1 7 (Schell et al.
1993), 1%Ly BEPUATH L SR I 7K . AL
FRAC TR 1) il 4 R 5 2 2 A 1A A I 0 e 3 1)
SCHRBEAT (FESEAF 2018,

1.4 EFYKRBIRFBFRIDIEED ZEN FHE
( MNPs-HRP-AuNPs IC-ELISA) H9# 3L

RO J5 DAL P 1o TR R S A i B
PR PR ZEN-BSA BLBE T2 KRG ER K 11, R H
Ta 4 NS, BEER BN P K R AR AR 3%
G S NN g 4y, [ A XU il P ik CAnti-
ZEN-HRP-AuNPs) HEATHEAL 200, 4 mykin I R

£, SEHL ZEN PRy PR sy 2 B A

FLARK IS BN R« (1) FRRE S (10 hG 2R A 1k
FUREAY) (MNPs-BSA-ZEN) A 96 LA

(10uL/fL), 3 AT, 250uL BRI ZEN
PRt Sh S 250Ul 4 0RO 1ok 4204k A it SRR
CPiK (Anti-ZEN-HRP-AUNPs) Z5ARFIR &) J5
AN ALH (150uL/9L), 3 NPT, 37°CKF
WAER: () RNETHE, FIH 96 fLIRACE
T VE R e R B . TEVR A EE, YRR
10mmol/L PBST (200uL/fL), #E{X Smin, 3t 3
W (3) FFLII 100uL TMB Y, & T 37°C
FKAPFIR A 2 A5 7min J5 I 50uL 2mol/L H,S0, %
1BV, BEARACEEE ODasoo  H1T-4E MNPs-HRP-
AuNPs IC-ELISA #JlI#=0H, MNPs-BSA-ZEN #lI
Anti-ZEN-HRP-AuNPs ¥ 1 ] 5 341 & 52 W 5 24 11
Rl 45 5, MNPs-BSA-ZEN i £33t il 1 548 I
e, RS R AR BRI

Z7% Jiang et al. (2012) W71, RAME
75 B2 %) MNPs-BSA-ZEN Fll Anti-ZEN-HRP-AuNPs
(IVE R R P BEATA4E . MINPs-BSA-ZEN H B 15 4k
MK h 1:25. 1:50. 1:100 Al 1:200, MFRiCHLIAE
Anti-ZEN-HRP-AuNPs ¥ L6 F R 5 5k 1:50, KK
% LU BE 22 1:6 400 £i% o 1L HU - MNPs-BSA-ZEN
F1 Anti-ZEN-HRP-AUNPs {f: 9 & (OD4s0 21T 1.0
XD JE LA TE e S N I TH) o 18 B 5 4 B TR VK
4 15. 30. 45 Fl 60min, 355 SN N5
AP, Rl S .

A UL ) B A 45, ZEN A i iR B A
7.8ng/mL WK EEA R 21 0.015ng/mL,  [A]I %
BB UE SRR ORI 5 0.05% i g Wk ) PBST 45
A R G B WOAE A B PE ST B, Anti-ZEN-HRP-
AuNPs FIERVE 5t F0RE I 45 AR BRI & W AR O
IR, BENIKREE 3 A PAT. LL ZEN R EXT
HONREARFR . HHIZ AP ARFR, #44 MNPs-HRP-
AuNPs IC-ELISA FrfEth 4k, k19 M2 )7 FEFIAH
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Fig. 1 Schematic presentation of MNPs-HRP-AuNPs IC-ELISA for the detection of zeralenone,

1.5 MNPs-HRP-AuNPs IC-ELISA #& il 5% 4% & 14
ST

Iy ERE ZEN iR, BLFE o- TOK IR
B W o- K K I & M B
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B- L K IR 8% I (B-zearalenol) Fl KK I %% i
(zearalanone). 5 1% 85 % B, (AFBy). i 1%
Bk A (OTA), R EEE (FB. FE &% (CD)
MEHHERRE (PAD MERNESPUE, BLH A
Rl RS, M 1Cso (H, #2548 ) M
- (PMHEF 2015):

AT XN 2R (%)=(ZEN 1Cs0)/(Z1BH) 1C50)x100%
1.6 MNPs-HRP-AuNPs IC-ELISA 72 & 141X 18

AHFFER T 37°C s il 40 ) e A W g v
R E Tk o KT & L ER 25 MNPs-BSA-ZEN
FIXUBRIC HUAK Anti-ZEN-HRP-AUNPs ‘& - 37°C 1H i

» 2T 7. 15, 30d HUHE, sRAG g R AN
*H?%?%Z DAV RS g v R v, SO0l OR A7 1 o
1.7 ERFWAYER

Ry BRA AR HR R v A LI 75 R0 AR5 A A AR
ESPr NSRS SOp sl PV E QIR A I il N
DRI B s et vy, PRSI R R . AN 0K 26
DR AR R (1:1, 1:3. 1.7) Gk
ZEN FrifEfh, Zeilk s inbnvE dh 2k, fiibAE

( a-zearalanol ) .
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A (HEE:K=7:3, V/V), RIZIPP 20min
J5i, 4 000xg B25.0» 10min, _iF 28 B S 41 4 yE 4K
g, EEAKRRE S AT R .

T K AR A W B A A (28 LC-MS/MIS B 1IE )
oL, BT 60°CHUA TS, I ZEN
PRUEV IR, TR A Ja TBCE I AR A o AN R INARFE A
WHE 3T, HAFEBREZ N E 3 K, 75
TS [ SC 38 R AH A B 7 O 2
1.9 MNPs-HRP-AuNPs IC-ELISA 5 LC-MS/MS LE3%
I

X RARFEA CEFE K N ZEFNGEDEL [N
K H MNPs-HRP-AuNPs IC-ELISA FI LC-MS/MS ¥
BT AT R o

2 R 500

2.1 RMIR-ZEN BEMEE S (MNPs-BSA-
ZEN) RYyH|&

Oy VA B A K WG ER (MNPs) . 9 K i Bk
BSA £ i BEDUAMIELY) (MNPs-Anti-BSA) LA
g K WE Bk -ZEN R BT 25 Y ( MNPs-BSA-
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ZEN), fdi FIfighx ZEN B 50 H1 44 (Anti-ZEN-HRP)
AT ELISA %5, SR 1.4, FRICT=PI ODaso
Lyt ez KT 2.1, 78 MNPs-BSA-ZEN il
#IETh (K 2),

357 s MNPs-BSA-ZEN

B MNPs-Anti-BSA
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iy
oo

rJ
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WOk RE
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0
MNPs-BSA-ZEN MNPs-Anti-BSA  MNPs
B AR AR Anti-ZEN-HRP{E ]
Anti-ZEN-HRP as the detection antibody

B 2 PREHK-BIRINEE SHH ELISA ¥ 7E
Fig. 2 Identification of the ZEN conjugates coated magnetic

nanoparticles.

2.2 MNPs-BSA-ZEN. Anti-ZEN-HRP-AuNPs 1 ik
FE N5 S35 B (8] B9 €

T 7 PR B (ODaso #1T 1.0 XD, iffi e
MNPs-BSA-ZEN Fl Anti-ZEN-HRP-AuNPs ()7 B 15 51
MUK A 1:100 FiT 1:800, 564+ & I L0465 5 00
Bl 3, Zr& VIS TRIRI R B, i A 45min.

L5r I ZEN (+)
- B ZEN ()
8 1.0+
=
= w
R E
= 8
5 05
a
<
0.0
15 30 45 60
kg 7 1 )

Incubation period (min)

3 K@% % & MATE X MNPs-HRP-AuNPs IC-ELISA #&1)
eI

Fig. 3 Determination of suitable incubation period by
MNPs-HRP-AuNPs IC-ELISA with (+ ZEN) or without (-ZEN)

addition of zearalenone.

23 ETHNAKRBIRAFARFRICH K MNPs-
HRP-AuNPs IC-ELISA 23] ZEN 75 % B3 3L

el 1.4 ThPTIR, #5E T MNPs-HRP-AuNPs
IC-ELISA ] % 45 11 : MNPs-BSA-ZEN F1 Anti-ZEN-
HRP-AuNPs [ R B % 20K A 1:100 1 1:800,
S A 45min.

PLTEr PR ZEN A i 1094 B0 250k A A
br, DA AL bR, 101 GraphPad Prism 7
RAFL I 2k (B 4), et T FE N y=0.491x+
0.8228 (R*=0.9914), £k [ 4 0.05-0.89ng/mL,
Kl R PR 0.03ng/mL, “EEHIHIE (1ICso) A
0.22ng/mL.

c o =
o ® O
T T 1

(=]
=
T

i) %
Inhibition rate (%)

o
[N

0.0 — . .
-25 -20 -15 -1.0 -05 00 05 1.0
oK AR TR B ZEN TR 0T 4
Log [concentration of ZEN (ng/mL)]

Ly
o
1

y=0.491x+0.8228
- R?=0.9914

2 9 @9
L= (a2} [+
T T

i) %
Inhibition rate (%)

o
8]
T

(=]
=
o

-1.5 -1.0 -0.5 0.0 0.5
T 2K AR B N AR ZENIR R 0 B
Log [concentration of ZEN (ng/mL)]

4 EFYRBEBRFIAR IR ZEN AR 7555 3 41
BZk (A) FHNEIRLMEST (B)

Fig. 4 Competitive inhibition of ZEN in MNPs-HRP-AuNPs
ELISA (A) and linear analysis of percent inhibition against ZEN

concentration (B).
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FERT AT S, ST bu g s i e 5%
4 ELISACIC-ELISAD K T FR (1C10) 24 0.12ng/mL,
FHANHIZE (ICs) A 1.24ng/mL, K IK:Z
2h (EJodlA 2011); He TP d i 4 oK 1
K- SR M E AL (MNPs-bsELISA) Al
TFR (IC1p) 4 0.04ng/mL, F-EdlHZ (1Cs)
4 0.37ng/mL, FEI %) 1.5h (Zhang et al. 2015b),
AT 1C-ELISA F1 MNPs-bsELISA, AHIF5T #3711
MNPs-HRP-AUNPs IC-ELISA % (/% 5 i (ICyo:
0.03ng/mL; ICso: 0.22ng/mL) H ¥E Iff 5 44
(45min),
2.4 MNPs-HRP-AuNPs IC-ELISA %l ZEN 45 5 14%
Vi

XA TR e e oy M g R AR W], L
MNPs-HRP-AUNPs ELISA X 5K 7 244 lid 2 ALl 4
( a-zearalanol

zearalanone . a-zearalenol .

B-zearalenol Al B-zearalanol) [IAZ X ¢ WK Ik
H 19.2%. 11.7%. 8.3%. 1.2%F1 4.3%, X HAl
AR i R WL B % OTAL AFBy. FByy CIT FlI
PAT ¥JIGAE RN, g et o
2.5 MNPs-HRP-AuNPs IC-ELISA 2 & % By 38 i

T B 1.6 Hh TR0 7 R AT AR A
4E LRI MNPs-BSA-ZEN Fl1 Anti-ZEN-HRP-AuNPs
7 37°CIRCE 30d Jo, il R IR NFE, X
ZEN 175 AE R S PR A H o AR 56 UE B ST 1
MNPs-HRP-AUNPs IC-ELISA Fas PEdT, #Hocdl %
Z/b4E 37°CLRAT 30d, AR AEAE, T 40
Al REE IR A1
2.6 ERMLHIHERR

MNPs-HRP-AUNPs IC-ELISA L 5250 N 43 #7 45
RUE 5 R FAK, AR GIRIGR, &
Al K 1:3 5 F0RE 5 A IR 2k s InAs v h 25 5 b
AEHNEI 2 (PBS MikE) FEAAHI, BHEHEE AL
PEIEATYBR, WS SRR R I, SRR
1:3 FEFRE S R RT A I
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A
1.2 r—=PBS
==Corn extract 1:1 dilution
—=—Corn extract 1:3 dilution
0.9 f==Corn extract 1:7 dilution

%

Inhibition rate (%)
o
(=)

0.0 )
—2.5 -2.0 -15 -1.0 05 00 05 1.0
F 2K 7 55 4 A ZEN AR E 3 8

Log [concentration of ZEN (ng/mL)]

B
1.2 pBs
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= Wheat extract 1:7 dilutio

o
o

o
o

i) %

Inhibition rate (%)

o
w

0.0
-2.5 20 -1.5 —10 05 00 05 1.0

TR AT IR AHZEN R X 4
Log [concentration of ZEN (ng/mL)]
C

[ ==PBS

=—=Soybean extract 1:1 dilution
-=-Soybean extract 1:3 dilution
| ==Soybean extract 1:7 dilutio

i)
Inhibition rate (%)
o o
[+2] w

o
w

0.0 !
—25—20—15—10 05 00 05 1.0

A R B R ZENAR B o 4
Log [concentration of ZEN (ng/mL)]

5 £K (A). B#H (B) MXE (O REUAERFME
R 36

Fig. 5 Matrix interferences of extracts from corn (A), wheat (B)
and soybean (C) spiked with zeralenone and diluted in
different ratios with phosphate buffered saline as measured
by MNPs-HRP-AuNPs |C-ELISA.
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2.7 fnFREIR IS

Y 1.7 Brid Uy vk, BUZEN BHPEROK. N2
AR GREARTEAT AR5, ZEN S EAKIR N
1.25. 2.5, 5 il 10pg/kg. f# I 2 37 /) MNPs-HRP-
AuNPs IC-ELISA filll, #¥KkfE 3 P17, HEXR
3R, VR FIA S HL .

EILRW, AWFSTHEL ) MNPs-HRP-AUNPs
IC-ELISA [ IR DS AE 81.6%-113.5%2 [H], [
W TEAE O b E A 22 20 0 A 4.5%—8.2% Al
5.1%-9.4% (3K 1), FFAHR BA I R AH DG bR #E,
ARSI 7 R e e v HASE PR, ARG
()55 FH PR R AT S8
2.8 MNPs-HRP-AuNPs IC-ELISA 5 LC-MS/MS #8 3%
e

iz H  MNPs-HRP-AuNPs IC-ELISA Al
LC-MS/MS %, X 66 1 RARFEAH ZEN HEAT
ATise, HrhBHPEFEARR e Ea R WK 2, JF4
RPN 0T (K 6), LRPEIRIATTFE A : LC-MS/
MS=1.0098 MNPs-HRP-AuNPs  IC-ELISA+0.1596

R 1 FEACHYINAR [ U R AN A HE B A X AR R

(R?=0.8728), % Jj 1LY LC-MS/MS A M 4T,
AL A SEBRFEAS T ZEN ARSI R R
3 b

FOK ARG (ZEN) FAT R 9 10 A= 5 B 1
SRR M B E, KIAE A ZEN SRR
Y, oAU O™ EAG . A v IR A A
LA A %, 5 B RV £ I R, R H £
EASE WU P 2R AR S e, A 5 Wi A 1)
SEAs b, R P R G S5 A W RO ARG R AR R A
e, G G UPKHEER AR il PR, d@EA T —Fhit
XfZEN PR e R BRI TV, AR
JPEEREEE, v B e R AT BRI

AT FORE T K AR B 45 B A3 R PT J5L (ZEN-BSA)
BT RILE MK EEEE (MNPs) RiiT,
K IR R PR A% (MNPs-BSA-ZEN) 5
SAFRIFEA TP B 2y - S5 S 4 A DA, TR A5
Wi, A I N B A HLR U E S (Hu et al
2010), [AINF, ZEN HLycfEdiik (Anti-ZEN) 224

Table 1 Recovery and relative standard deviations of samples spiked with different levels of zeralenone by MNPs-HRP-AuNPs

IC-ELISA
FEA ZEN ¥ JiE #EA L1 [EEES
Sample Concentration of ZEN (ug/kg) Intra-assay RSD (%) (n=3)  Inter-assay RSD (%) (n=3) Recovery rate (%)
JnFz K
Spiked Detected
Tk 1.25 1.09 4.7 5.8 87.2
Corn 2.5 2.14 5.3 6.1 85.6
5 5.17 4.5 5.9 103.4
10 11.35 6.8 6.3 113.5
INFZ 1.25 1.19 5.2 7.8 95.2
Wheat 2.5 2.37 7.3 6.1 94.8
5 5.41 6.9 7.7 108.2
10 9.23 5.7 7.4 92.3
K& 1.25 1.02 4.6 5.1 81.6
Soybean 2.5 2.07 7.2 8.5 82.8
5 4.81 5.1 7.3 96.2
10 9.17 8.2 9.4 91.7
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% 2 BZE MNPs-HRP-AuNPs IC-ELISA FA LC-MS/MS 3 X §&
AR ZEN ESHINER
Table 2 Quantitative detection of ZEN in natural samples by

the developed MNPs-HRP-AuNPs IC-ELISA and LC-MS/MS
FEARG S G KREER RONbR e Pk WA — 2R

Sample IC-ELISA LC-MS/MS
No. MNPs-HRP-AuNPs IC-ELISA  (ug/kg),
(ug/kg), MeantSD Mean%SD

1 5.24+0.39 3.81+0.55
2 11.74+0.73 14.01+0.45
3 7.32+0.51 9.99+0.08
4 22.32%1.25 19.35+0.15
5 6.19+0.35 4.05+0.16
6 18.96+0.93 16.67+0.05
7 14.71+0.86 17.52+0.29
8 12.64+0.77 14.27+0.15
9 24.8310.94 27.03+0.31
10 16.12+0.69 14.84+0.28
11 12.83+0.52 10.91+0.28
12 18.26+1.43 21.25+0.11
13 13.07+1.08 14.41+0.35

0T y21.0098x+0.1596

= _ 25 R?=0.8728

=¥

= ‘?g 20+t

g5

2

O I I I L |

0 5 10 15 20 25 30
SR B R AN AU HU A1 C-ELISA
MNPs-HRP-AUNPs IC-ELISA (pg/kg)

6 MNPs-HRP-AuNPs IC-ELISA 5 LC-MS/MS #&il| 25 58 #9 +8
KIS

Fig. 6 Correlation of results obtained by MNPs-HRP-AuNPs
IC-ELISA and LC-MS/MS for ZEN detection in natural samples.

SR R R 3 AR A P Bl XA A0 T T 2 B8 HRP
F4Y) (Anti-ZEN-HRP-AuUNPs) {45 5 P Ik
B A . A B R 3 T O R) 4% 5w 4 ELISA
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CIC-ELISA) T 4 K 1 B A5 ) 25 - 516 0 25 A 32
(MNP-bSELISA), iZ A5 v I 40 K A 3 FH XUb 1
UK 3% (MNPs-HRP-AUNPs IC-ELISA) H.A7 7
R AR 0 B L A, Rl T R A #
0.03ng/mL, SERRFESALHIR A 0.6pg/kg, FEAS
INFREICRAE 81.6%-113.5%2 ], H.5 LC-MS/
MS 35U ARG, BERE AT SRR A S ZEN
{1 BT A 43 B
AHIETC LA AR B Ay T AR 28 A, A7 < RkeE
FUBAR Ik A A B OURR T 1) 5 g BEPLAAR, 37 11
ZEN S B TR G e RSn U 7 9%, A A R S DU B [ )
AN 7 RS, WS 96 FLRALEER
T P DO O AR TR B, R, TR ER
PIREAR BRI IR, EAT ARG 16 Y FH AT 55 o REBRAR R
PRI A W) BRI PR 1 A, HAS
AR TR RS (I SCRE, 5 I ELISA JEACHH
[F], S T L B 1 R 75 SR 100 3 2 R e A S AL
R R = o L ANE Ut B 5 T2 RIS
AN, B ZEN = R A T
BRI, 32t I g oK Bl B AU B AR 45
A5 Y 045 - 39 i R s s g At L 5 B 55 Bl
T E BRI T 2%,
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