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Abstract: The present study aimed to establish a pretreatment method for specific and rapid enrichment of zearalenone
(ZEN) using metal-phenolic network (MPN)-modified immunomagnetic beads (IMBs) for efficient detection of ZEN in
grains and feed. Surfaces of Fe;0,@SiO,-NH, magnetic microspheres were coated with MPNs to enable directional
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immobilization of anti-ZEN antibodies via metal-phenolic hydroxyl coordination and hydrogen bonding. The results

revealed that at pH5.5, 80 pg antibody immobilized per mg magnetic beads, and 10 min incubation duration, the IMBs had

a saturated adsorption capacity of 35 ng/mg, with the Langmuir adsorption equilibrium constant K; of 595.1 L/mg. Spiked

recovery tests performed in corn, wheat, and feed matrices, with recoveries >90% and coefficients of variation (CVs) within

1.3%~4.5% at spiking levels of 30~60 pg/kg. At the elevated spiking level of 120 pg/kg, consistent recoveries of 81.0%,

83.7%, and 77.6% were maintained with CVs<<6.5% across the three matrices. This method demonstrated excellent anti-

interference performance towards interfering substances such as starch and pigments in complex substrates, including corn,

wheat, and feed. When this method and the immunoaffinity column method were separately applied for sample

pretreatment, the results showed a relative standard deviation of <7.30%, indicating good consistency between the two

methods. By achieving synergy between specific recognition and controllable dissociation, our strategy provides a reliable

solution for efficient ZEN enrichment in grains and feed.
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BAF, IR HE I B 52 17 e 4 9 R, PR IS A 4 B J2 A
RACSAIN_L- 75 o ZEN ¥R BEE, 38 1 X AN R df vk B
A R R EREERZ I ZEN B VERETFSE, 7 T W B
SPEEHARZR H ZEN ¥ (C,, mg/L) 5 FAHK B2 (q,,
mg/g) IETRFEZR (U 4() FT7R) o HERA T itk
FRFBILHI, R Langmuir S5 07 BEASEHRY X S 56 K i 2 E
TTHIE ST . BIESRUNE 4(b) BN, CJq. 5
C. B R AP LR AH G, 27 12 y=28.568x+
0.0048, FAIEZ %L R*=0.9939 , SRR EASH,

ZRIEWEERIT ZEN 1Y FIWE B 25 5 8 35 ng/mg,

K, fE°4 595.1 L/mg. &5 R REERFR PR S
ZEN J3¥-[0] BAG B8 B R F T, 3 S8 Sy Je 200
PP REER N T 2 RS T H 2R BB
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Fig.4 Saturation capacity of ZEN immunomagnetic beads
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5 5 FH R S IEAH G . Y H B R IR T 80% B,
Ve RCR AE R AR ARIK O (<80%) 5 ik BE H2 T %8
90% M, R A B S 25 2 87 % 1 5K FH &l FR i, ¥k
W IR BN RS 92.8% 0 JET ILICIGLE IR, Mhffs
SEBRAEASAG N B4 T SR, e aseral FE A ik
BV, SR O A SR U - AR A EDE, AT 5K
B E AR s =4 i
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VEMRCRICH] AR, ST Ep (O b 2A PSR SE 508
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AEALR 95% LA RBEIRACE, SRR AR s
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2.5 FHEAFER

2.5.1 HFRENR ) ZEN Sesmsee s b aiab e
712 B RE AR FEAT AR 1 a5, S5 R an 3k 1

BT 78, JIRR He BE Sl 30~60 pg/kg B, 0] Wi 3K T

90%, 75 3 RETE 1.3%~4.5% Z [6]; 2 Inbr ik BE
120 pg/kg B, = Fh A A 19 [543 551 S 81.0% .
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Table 1  Spiked recoveries and coefficients of variation
for samples

Bk ik LioalllFz 313 Ml AR R
(ug/kg) (ng/kg) (%) (%)
30 29.5 31.1 324 103.3 3.8
/S 60 58.6 545 56.1 97.5 29
120 97.1 100.0 111.5 81.0 6.4
30 29.5 28.7 324 100.7 2.0
INEE 60 57.2 57.3 58.8 96.3 1.3
120 97.0 109.6 94.9 83.7 6.5
30 27.2 30.3 28.3 95.5 4.5
ket 60 53.4 51.2 55.6 89.1 33
120 93.1 98.2 89.1 77.6 4.1

(R 2B FZEPTAT ) FTEST ) ZEN s ii ik & e
AEHTAL R T X0 Bk L /INZ2 | DB EAS A TRIT AL BT,
JE X L PR AT AR B ARSI 25 5, PP AT R AL
HROT R —30E . ANk 2 iR, FEECK ., /NEE | 35T
Fel R A mppsl B BT v PR AN T A 3 7 1 A X AR v D 22
S35M 1.83%~7.10% . 3.56%~7.30%. 1.31%~3.14%.
2.19%~4.04%, DA 45 FUERA T PP RTALER 5 1 4l
Rk R4, ZMRETEPRS Zhang 4507 #REM A
B SR EERE R -HPLC B FH B2 A (U7 7% ] i 22 <10%)
FHYIE S

# 2 PRI IR IR AE R A
Table2 Comparison of immunoaffinity chromatography
column and immunomagnetic bead purification result

FE SR GREEMEINE  RIERERINE MR R 2
25 (ng/kg) 258 (ng/kg) (%)
K1 25.59+1.73 23.15+2.06 7.10
FoK2 34.10+1.19 31.54+1.83 5.53
FK3 41.25+3.89 40.2142.06 1.83
/N1 39.07+3.11 37.17+1.82 3.56
/N2 35.34+1.92 31.89+3.04 7.30
INAZ3 21.09+2.10 22.95+1.42 5.93
RN 87.86+5.27 84.09+5.68 3.14
Rk 120.3749.75 119.22.412.8 1.31
AL 63.75+6.04 66.01+4.67 243
Atk 76.31+1.83 72.11+5.80 4.04
X2 112.67+8.89 109.28+8.93 2.19
XSRS 53.06+3.51 50.17+5.90 3.99

3 g

ARWFFE LA Fe,0,@Si0,-NH, HJILJE, I A BT
R(TA) S zr*, RIS TR EAT A RBA N, A%
I #E Fe;0,@Si0,-NH, 3 1 11 78 4 J& W) 1 I 2% i
JZ. Fe;0,@Si0,-NH,@MPN A] DL i &0 i . 8 1
A EAE F ARG KA EAE S B E S PR,
£ 30 min PNSEEMBTARGE AR HAE . mRlBEk. LA
BEAFERR A T —FPE Sk, IR ENY T R
K INZE R AR B SRR A R ZEN S s R iR AL
B, S 2 [\ A S5 5] 81.0%~103.3%., 83.75%~
100.7%. 77.6%~99.5%, A% 53 & 43 B R 2.9%~
6.4%. 1.3%~6.5%. 3.3%~4.5%. ZITIE S50
ARV A T EEXT 2 SR R, PR ERARIN 25 SR A AR X
PEIRZE <7.30%, B RAFn)—3rE, aResRE
BHASBH ST ST 1 e RERE IR & AE v A T AR B 7238
FREELAEAH ZEN Skl
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