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WE ALH & T A Fe,0,-Si0,-HPG-COOH L& # 4k AE A Bl & AL H 4k, 40 Bl & sk it R # 85 (HRP), 2 A T 2 &
o KB (ZEN) 09 B 3 A RS 2 eh2n 0) ki XS K ATH A A2 36 B B0 F R AR ik xF B & AL HRP # 47 48 3098 T
HRP # %2 B & f2 84k £ 41 & 89 28 R L BR Fey0,-Si0,~HPG-COOH A A3 4 49 R Fa 3k | B 3T 89 53 b o 42 9% 09 B
T be e BEACAR ) 25.80 emulg, T3 422 A 103.15 nm, 5 B B4R L Bl 2 A HRP LA & & 64 ot 82 ais Ao A8 2 M R iE
pH AL 6.5 32 % 3] 7.0, iE R E M 30 CR 2] 35°C, Fabrk B 24 HRP &8 T ZEN B/, # A2 W & £ 5% KL
B A ERE Rk pH AL BB BT R 5 ZEN Bt R X A SR AW R B R E 35 C, i AL SR JE 26 mmol/L,
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o S 4 SR H I (HPG ) B BN 9K k73R 11, HPG
S HA ARSI S o AR, B TE 44K
EYHAEEREGY, A KEMEERE RIFM
KRGy RN, I JUAR  F2 S b i v 2k At
20T B TR E A, REE T g A SRS
ShA RO T AR G 1 Ak D VR Y T A A s Bl
] 22 b e B P K A AR Y TR) 8,
ZEE 1201 3 7 W AR TR I 0 —NH,, 5 1) [ 22 Ak 7 4o ad
EDC 5% A0 i i P 2 i I, ol A 10 1) [ 2 b A
XoF TG 7 b AR e [ A = 36%

AR 56 K il 45 Y Fey0,-Si0,-HPG—-COOH 1
KR, IFKE HRP A [ 76 B 1k g oK ok I
X [ A B AT RAE 200, BT ZEN BB i
FE I 38 [ 5 fb HRP A e 1 A &2 0 4, DA
ZEN PR bR, BF5E [ € Ak HRP X R %5
W Hh ZEN (AR o R B PR 2R S S B A S
W W pH A A SR B | R B[R] A g
FESAF, R i SbE L bR ZEN $2 S Ak 4

Kazenwadel

1 MREH*E
1.1 MRS F

PR 1 4 1k W) B (HRP, i CHS EC 1.11.1.7,
fifg 55 P> 300 units/mg) , [ 2 so kAL BHE A BR
IS ZEN BRAESh (FE8E>99%) 4 K H i A Ak
By . & % FeCly-6H,0 FeCl,-4H,0, T —FRHAT .
H,0,(30%) , ! B 40 (CH:0K) , & 7K (NH;-H,0) , 1-
B-"HHIEHNH)-3-4 Fmm — W £h i £
(EDC), 2 [# Sigma—Aldrich 28 7] ; L5 (4359 ) ,
HHBE (B35 ), 05 (kg ), e b2l R 348
ST ai g, IO i — AL aliAk B AT A T
12 NHB{5EH

AXTDSA &5 2ELOHL, T 45 S 58X
A PR E] s MixPlus BURE iR 2 5 4%, BB A SR
B2 284 PR 7] ; SB25-12DT K 75 I 3 e HIL
TUE T 2 AR R I A R A ) s MTN -28000D
BRI WM a4 B R BB SE R A A FR A A 5
TQZ-312 AU R 4R 7 55 9548, FIRE 2 A R
Agilent—=7104 &5 8508 AH 354, 22 H L HERRHE
FH IR T F=7100 BIZEGAE M AS , H A H LA A
BRUKERTENSOR-27 21 #h 6 %A%, 7 [ A5 5 v
3 ) JSM—-6610 AU L+ Wi, H AR HEA

H ;NANOPHOX %! #% 2 # & #4 5 i1, 26 B Mi-
croSense A ) ;Siemens D5005 #Y X Hf 2k fi7 841,
% E FEI 2> A ; CIB-DS % 8 52 i w1 Bt $ 4%
H M e AL 2% 4 A BR A A HYL-1076 B3
BLEE AR AN, PEAR T IS R A BRA ]

1.3 REH*

1.3.1 Fe;0,-Si0, i HPG i L SR IEL B 4% 18
Deng %20 J7 2 i %5 Fes0,—Si0, M40 K 5,
IR, # Fey0,-Si0, #E4T HPG 1% 1k, Bk
LIRUT 8 0.1 g Fes0,~Si0, MA 30 wL. CH;0K
A 2.5 mL BRI W, 7R 50 °C, 100 1/min
ZAFFBEFER N 1 h, JINA 10 mL JE7K 5N,
F 95 CRNE, SRIG &1 1 W i m 2.0 g 467K
Hl, I RHR S P ORI FE 4 b A H RS HL, R
FHRE AT B, R I S A2 gk, 45 21 0 [ R Sk 7
L MEAE R TR 12 b 1535 FH 3% I R I 1B 1
Fe;0,-Si0,-HPG, ¥ 0.1 g Fe;0,-Si0,-HPG Jil A
100 mg = Z & F1 10 mL — F 35 Y I B R 5 V5 T
M 70 mL T R KRR G R RER AR
SCRIE TP FE 5 h, BEJS 0 0 M R R ki
7=, I R EE Pk 3 WK [EARY) 5 7E B A g
TR 12 W

1.3.2 BT S P EE Y el B 1 g bR
U B EAKTE 50 mL PBS 2% #h i & (100 mmol/L)
R 24 h, W E)E, ZEIMA 25 mg/mL 1)
EDC, 7EIRJE 50 °C, %% # R 100 r/min i 5518 T $ik
$£ 2 h, FEINA 400 U/mL HRP %, BEJ5 LA 50«
min W55 AR 45 CCFHEFE, IV S h e, AL g2k
Iy B WCAE G oK UL, FH Wl 1 5 2% i W Ok U4 [T
b HRP B 22 R 454 B , 15 21 (9 [ & /LB AE 4 °C
AT A .

1.3.3  BURRAET

1.33.1 HABFRBHM5E (SEM) =% 55 ¢
DI Jy ik BUE BRSO A, SR TR 4 BUfE
SHUIE b, 2 B AR X R S R AT B 4 A0 R A
FHH A 8 820 /) A2 72 1) JSM-6610 #4744 fi B
WL ZE W PR it [ AT S BB AR AR 1

1332 HHEM-LZIAMEIE 8T (FTIR) 2% Fang
SRR Ty AT I 2R IR K DR AR L IAE 55 CE =S
THEF D TR R EE, O HEOR T8 S # 200
mg KBr # A F1 2 mg LA il 4 A9 AL 5 (200 CF i
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K AL 3 24 h) TR G BFEE 5] A6 10 kPa (9 R F
P B 1 mm &, HAAR 13 mm )&
FHET AN EREAAE 235 (25 °C) &4 F |, F 400~4 000
em™ P BBl I 32 YO OB L
1.3.3.3 XAt (XRD) 2 M 5 =%
SRy 1 TSR RE R AR 55 CCELZS Mt EH
WEEE 100 mg FF 5t il B0k A S5 R BT T, X G 4R AiT
SHXAE Cu ¥0,Ni 38 3 ,Si—Li #2700 %% ,40 kV x40
mA , I 2 15~80°, F 4 3 B 2 20 /min, YU ]
A5 1) B P 2804 R A it R D9 3T HE B 4544
1.3.3.4 RSN S8 Xia 0I5 vk BUE &
R W RE SRR AR T, S R A
F, 10 min FEAT 53180, B 4 10 5 0 B S
AOCAT A AT R
1.3.3.5 HETERE S BEZEMEILPIR O ik o DAk
B ARG T 2 A R [ A I LA L R R A i B
A Ay i i B G T P 6 s, 23 AT R o P B 1 i L A
A — B 7 mm AR 2 (8 BOREE ) — ity B R R S
FEH PR AC RS 55 — it JEAE | 3 3 9% 3% A R
TREATIAE
1.3.4  [TE 1M 4% B8 Tonami 55 PY(H) J7 vk
I AR 2o S TR 0 g 0 AR 0 M, T Bl ) A
XPiE M . RS AT LA HOR BT AE I K 510 nm &b
I 5 WG — A B ) S R N 30 Tl
1 min LA 1 umol 1 A 3 BT 1 46 1O Bl it

- - E ) it ]

[ X 55 P (% ) = !@?E%Tﬁﬁé'%g%g@@jﬁ x
100 (1)
1.3.5 FFAE MRS BESE T AS IR B AT pH
(B 251 U 2 ol R [ AL S M 25 5 . DAL B
s R 2 AR il pH (B P 200 T K it 5 il F
il 7 At W 3 0l 78 A 8] 3 2R (20,30,40,50,60
CHIHE 1 h, 7570 R B 2 £ 9% vl %5 ¥ (100 mmol/L,
pH 7.0), 580 T A [R) BET WlEE M 0 2800 28
DL pH {E 52 R 2, fEfcliil B T, A pH
{H (4~8) 1 W 2 1 22 ik (100 mmol/L) Hr 3 17 il
TR A5 2R A pH AR B M AR08 28,
1.3.6 [ @ LEEREf ZEN (BN K2 Bk
FH 216 il & Jot 8 W< B 2 500 pg/ml (9 ZEN 1E 8
R, RIGMOEHERBEZE —E W,
FE-20 CHEEGIRAE  JSEI ZEN 1 155 5 B A, %o s

£ (SN IR IR pH E i AL Sk
RSB ) HEATAR AL . ELRERE T R R £h 22 ol
(100 mmol/L) | 7K Al — 5 ¢ FE 19 3 48k & 41
BRI, ¥ ZEN AR WA AR T R R
F, ARG 5B WO EREFE 30 s IR 3 min
il 2 2, BEFES A 0.6 U/mlL 19 [ & 1
B R RUE T TQZ-312 BUE IR IR % 55 32 46
H 7E 150 v/min (9 BUE S8 HE T K, 43 ) 18 U
MR E 25,30,35,40,45 °C, i A AL AWK E 13,26,
39,52,65 mmol/L, % ¥ pH {8 4.0,5.0,6.0,7.0,
7.5, I B E0,30,60,90,120,150,210,320,
480,1 440 min, {55 %F ZEN [ fift SR A9 5200,

J N 5 TR T Ao R A o S T AR 26 1k
B, 0.5 mL &5 A E] 1 mL FE 5 b 9605 e
FF 2 min, ST EEZ A3 W, BRRIE A HLAE
SR S 20 min, AR A A 9 U0 A RO T
HH 1 mL OWEERE, Zid 0.45 pm A HLJE B
U, VA RGHE OB B SR 2% (HPLC—
FL) #EAT R A i 00 AN W 55 440 R ZEN (19 F%
fif % A I E A 3 IR,

ZEN M BR R E(% )i A3 (2) 115

E(%):%xloo 2)

i

K, Z—— R B ZEN B0 4R B vk
JE (ug/ml) s Z—— W 5 ZEN 1) $5c 28 S5 o e i
(pg/mL) .
1.3.7 ZEN £ A5 800F  ZEN & &l 2%
QR it 22 A T b i — B i o 6 K IR 25 s T Y
5E ) (GB 5009.209-2016 ) 13§ Ff 1F & 2k, I H
HPLC-FL I 5E # & H ZEN &3t

s 5 F . AiE o Agilent Zorbax Eclipse
Plus C18 £, # 1K 100 mmx4.6 mm; st . 21 :
FHE K (46:46:8,V/V) 5 i sh A ¥ 1 . 1 mL/min;
YRR 10 L, KRR .35 °C ;8 17 fE] . 7 min; 266
K 0 2% B 38 % P K 270 nm, & B K 455 nm,
ZEN I3 0 55 UE S O E-PE BE o BT il £k A C &R
B AR (LD) & 5 BR (LQ) M JEE
1.3.8 [ k] EE MM S H s E ik
it () A T A M RS MR EAT 7 W R I E R
B AN R AR B B e ARG, SRS 2B KRN
Tl 1R 3 2% b % (100 mmol/L, pH 7.0) ¥E % 3 ¥k, LA
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FBR VB N VS, AR YR Lk e T i i
it 1% 1
1.4 HEHITHH

P A iR — 3 =y, 85 SR R OR O O B 45
HEDR 227, Beda=R A Origin 2018 BEAT /0 M FN22: i,
i SPSS 26.0 #4777 20 #1, I #E41T Duncan’s
test(P < 0.05) LAVEAR £l 22 5 09 b 1k

2 HR5HW
21 HAREEHWMRBIRILE
2.1.1 FTIR 5+ #7  Fes0,-Si0, Fe;0,-Si0,-HPG -
COOH .Fe;0,-Si0,-HPG -COOH -HRP .HRP ) f§
B2 AMIE AN 1 IR, 575 em™ Kb A5 X N
T Fes0, 1 Fe—O MM 474 5,3 420 cm™ b 2K
—~OH AW IS | UE B Fes04 41 50 47 7E , 3X I Feng
ZERIRYAIF ST — 5, 799 em™ Fl 1 089 em™ Ab4 51K
Si—OH Fil Si—0-Si I X % FlAS X % e 4 i 311 W e
W UL Sio, W Rif, BT RAE, L
(b) 12860 cm™ FI1 2927 em™ 4b B T HPG 1Y
YR RE R W Y i IE R HPG B R ket 9 HLAE
1730 ecm™ Ab 8L TR C=0 MMzl , M
FRIET 2 I M B Ak e

M2k (d)H 2 959 em™ &by Z&4H7 1% T HRP-
NH, fHif4R s, 76 1655 cm™ A1 1310 em™ 401
R A 06 55 T e 1 N P Mz 1L 4R Sh A S A AT o6, B
R it S8 Ak 4 il [ 5 7 Fe;0,-Si0,~-HPG-COOH Ji7 ,
M2k () #E 1393 em™ &b H 5 55 1) Tk B 4 AiF 19
F B HRP B3 [& 7€ 76 2K I, iX Fl Basem S5EPUY
5T —34
2.1.2 XRD #r  Fe;0,=Si0,. . Fe;0,-Si0,—HPG -
COOH FI Fe;0,-Si0,-HPG-COOH-HRP #J XRD
TEANE 2 FT7R o 3 Tl g KORL - 1) AT 565 e o7 & R i
JE 25 SRR 55 0 R AT G bR R KA 22 S B R
(JCPDS-19-0629) 145 i £ Hli AH — %, 7 5IAE
30°,36°,42.5°,53.5°,57.3°,62.7° H BLA B 1 4 AiE
W ZBLGUE W] 3 R G PE GO T 5B Fey0s,
[F] Bf 1 2 IR AL Si0, 0Pk 2 [ 52 £ HRP 1Y ik
T GO 1 AR SR AR R AR SR T Tk
PEFRIRIBG IR 2 BA — 8RR, HEah i 4s A
REAIRE,
2.1.3 SEM 43#r il 3a i, &R FesOu—

aFe 0,810,

Sy 7 amoan
b.Fe 0 Si0,-HPG-COOH

zzzzz

©Fe 0 Si0,-HPG-COON-HRE,

Transmittance (a.u.)

d.HRP
zzzzz

331838
1 1 .,
4000 3000 2000 1000

W
Wave number/cm™

B 1 #HmE FTIR tigE &
Fig.1 The FTIR spectra of the samples

@am
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(a)FcJQ‘-Si()z

ﬂ \
(bchJO,‘-SiOz-II PG-COOH

(0)Fe304-5i0,-HPG-COOH-HRP

R

Intensity (a.u.)

i 1 1 ']
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20/°

B2 #mi XRD &
Fig.2 XRD images of the samples

Si0, 4Kk T NERIE , Rife—MEAE 90~120 nm /2
i RERCN M, /Bt g 22 X 5 A Ak ik
HAETEFRHA G, FRHE 2 R A U A R RIS T 40
KR F 2Z M 438 . B 3b A Fey0,-Si0-HPG-
COOH #H AR FRMIEA, MEI T A LLE 2k 5
BB ORI, A /DB A R 4 X 0] RE S TR
Fe;0,-Si0,.~-HPG-COOH & & # A L m 5| A T &
I HA BN — R AR 28 1A 3 T A Sk LA LT
AN B M AR Y 2R T B R A R T E Ak
M 3c i  HRP 28 [ 2 4k )5 3 43 & A A 3R 1,
X AT fE & T A B b 3R Y 28 AR
FH TS ARATS R A R4 00 43 OPE A R [ AL
R KA

2.1.4 WiVERE  Fe;0,-Si0,, W1k Fey0,-Si0,-
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(a)Fe;0,~Si0,

(b)Fe;0,~S10,-HPG-COOH

(¢)Fe;0,~S10,-HPG-COOH-HRP

3 Hmm SEM Bk
Fig.3 SEM images of the samples

HPG-COOH & & #dk | w1 [ 5 /b HRP 1Y 4 1
PERE W 4 FF 7R, Fes0,—Si0, 1) 1 Al B 58 i N
(31.70+0.60)emu/g , T #i 1 5 5 Fe;0,~Si0,-HPG-
COOH #% {4 Fn #i P [ 5 16 HRP 1) 1 71 8% 5% £ )
51 4 (25.80+0.60 ) emu/g £l (24.60+0.80 )emu/g, 3
o 0 A 290 K 0 0 e ANV P ¥ Sk O, i [T
AW SR RF G M A R E S 2 ARG
PEBI 28 LR Fes0,-Si0, £ 5 oh vk A [ 52 1k
HRP J& , FCAR R Ak (W A R AR i 67 28888 )i 47 nl
PATESM MG T AR i i R4k, 78RN R R by
AT DDA AT T BRL ) 43 B R

2.1.5 KR4 HT BEME S A O RGP E b
HRP HRLAR I e 25 R R 5 i, & Sa nl A,
iV Fey0,-Si0,—~HPG-COOH & & 2 4 F ¥4 ki 72
A (103.15+1.90)nm, 43746y [l & 79.40~118.88
nm, KLAR BN A fE S /N R AR A
4 o 1 A Y L R T AR, AR R AR
SR B A< O vi e RS IR R S v e A |
FE AL HRP BRLAR 4341 J ¥ 50 0 RLAR 43 A 31 L Ry

Distribution frequency/%

90 95 100

105 110
Rz
Particle size/nm

(a)Fe;0,~Si0,-HPG-COOH

115 120 125

40 -

30

20

il 58

Magnetization intensity/emu-g™

(€) Fe,0+Si0,-HPG-COOH-HPG

(b) Fe,0,-8i0,-HPG-COOH,

(3) Te;0,-Si0,
1

40 1 1 1 1 1 1
-6000 -4000  -2000 0 2000 4000 6000
% I3 X
Filed/Oe

B4 HmiuiteEsw

Fig.4 Analysis of magnetic properties of samples

93.02~131.03 nm, V- ¥k 42 4 (109.20+1.10)nm,,
ity 22 [ 72 AL i P SRR O, R AR Al L 18] A B8
3l KA A2 LR B HRP 28 )8 B 17 480 31 i v 2 A
J:o

5377 9 2
Distribution frequency/%

95 100 105 110 115 120 125 130 135
Rt
Particle size/nm

(b)Fe;04-Si0,-HPG-COOH-HRP

5 H@mBKZESW

Fig.5 Particle size analysis of samples
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22 EHEMRSH
221 e R R A S A S
SEO AN 6 Fros o Ui 25 i Y Jol I ol 30 °CL 4
e IR E KBS 35°C, ME—FMEAR, S
T T S SO G TG o DN AT 2 R R T 30 °C
BF, U0 25 HRP 935 1 200 R B i[5 22 £k HRP (%)
TR U 2218 T R I A HRP ) 5 308 YR i
fitf = , B TS R BRI S B BTG
T HRP 5 F iz sh G 1, DL A 4210 F R AR bR
PR b [0 2 A it L i 25 R A T G () AR E M
2.2.2 fwidi pH  pH X iF B A E AR of 424k
B AR T TG PR R S W 7 R, R Rl LR
P, 2R P B e R s D S A N [ Ak g ) A
X P ARG L 7E pH B R 6.5 1 7.0 B 37 25 it A ]
FE AT I e R LT . 5 pH fER 6.5 I
7.0 AHEL ,pH {H A 8 B, i 25 HRP Fll&E & HRP 1)
e RGP ) B BRI T 24 30% 0 10% ., il 7 R
PR L[5 5, 26 HRP 78 3 %6 (1% pH {H3E
BT PN 2 300 O3 10 O e,k P Oy [ b il
it (A G AT — s BR A, DT AR AP 1 il 14 25 ) 2544
W55 Clarissa P WFIE— 2L,
23 EEUHRIEEANYEHEMEIARP
ZEN REEXWHER
231 N EEXT FOR AR R AR R s
U W v 1 AL VS R 0.6 U/mL, 3 A Ak &
W 26 mmol/L, K pH {E Ky 7.0, S g B [8] 2
480 min AT, BN I FE XS ZEN B fift 52 1) 52
i DL 8

E 8 Frs ,ZEN B i 2 bifi 2 Ik B2 1) 7 i 22
STt E BRI YR EEAE 25~35 CHY,ZEN
ok i 56 B 5 UL E ) T TG R, 3 AL Ay R T
e (AR A FR B 2K P 3 g 2O 0 TS AR REREAIG,
PNIE: N 5 G M D SRR I O 1 5 %853
=N 64.35% ., 4R 35 CJR Rl RO i
BT, ZEN BB 5 SO T B X il TR
1o R BRI A S A AR TR O R AR A I TR
A 35 C,
2.3.2 i A Ak R B X TR K IR B O A R A R R
M) AR R v A AL B R IS 0.6 U/, 2
MR N 35 °C, W pH fEN 7.0, SN E A
480 min M5 1F T, 1 F AL SR E X ZEN B fif

110 -

100

90

80|,

HH XS P
Relative activity/%

70

60

50

40

m % m W %
53
Temperature/C
TE B P 2SD " R oR o AN TR R A B
PE2E 5 (P<0.05), T,
El6 HEBMEELHENREEE
Fig.6 Optimal temperature for the free
and immobilized enzymes

110

"
100 | — 2
b

90 -

80 -

70

A 3
Relative activity/%

60 -

S50

g

40

: s 6 7 s
pH
B7 HEBMEELBHREPH
Fig.7 Optimal pH for the free and immobilized enzymes

70

- 60 ®
50 |
40

30 F

R R I U R A
Degradation rate of ZEN/%

20 L 1 1 1
20 25 30 35 40

R
Temperature/°C

8 KIEIRFEX ZEN BREZEA N
Fig.8 Effect of temperature on the degradation of ZEN

Ry SZ i WL 9.,
Wik 9 P, B i SR A SRR Y 38 0, ZEN
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R fif R S S T IS RRAR A R 5, Y S Ak Ak
4 26 mmol/L I, ZEN R 8 w4 65.67% ., 43k
AL A W T 26 mmol/L J5 ,ZEN [ it 2R % W
TR SR SR 0 A B A AR b AR e A Ak
Py R SR T > i e Ak S0 B o s B 2o A Ak
An] DL it S AL BB YR HRP ) K 58 H4) 42 1 fif il
I F T PR DR AR Y 5 W o A Ak S e AR R
A 26 mmol/L,,

2.3.3 VR pH (X T K 2R B A TR AR A 23 1) 52
TR 5 8 v [ AR B VRS I i R 0.6 U/mL, N
TEE Ry 35 °C, ik Ak S0 BE R 26 mmol/L, S5 v B
] 24 480 min Y4514, %W pH {E X ZEN [ fig
RIWE UL IE 10,

WE 10 Jrs , ZEN 1 R fift 350 Bl W pH B

WA a3 Se T Tt e TR, 2 pH A
/NT 7.0 B ZEN R 2 B W pH A A 385 it fnd
FTE MU pH (HN 7.0 B, ZEN 11 R i % 4
R 63.96% , BEVE TR pH (HAKLERE N, ZEN [ i 5%
TR IR W ARk 1 X R g i S A
AT BE S T pH E (14 4% £k 23 5% i) il 1) A X 3% 4 A
it 3 P v O S R R B 1 L B TR 20, 4RSS i pH
1B 2 5 30T 7 1A T 1 0% A I IR0 DRI e A 78 3
H e pH R 7.0,
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Studies on the Removal of Zearalenone from Maize Using Magnetic Immobilized

Horseradish Peroxidase
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Abstract In this paper, magnetic nanoparticles Fe;0,-Si0,—~HPG—-COOH was prepared as immobilized carrier to cova-
lently immobilize horseradish peroxidase (HRP), and applied to the degradation of zearalenone (ZEN). The immobilized
HRP was characterized by Fourier transform infrared spectroscopy, X-ray diffraction and scanning electron microscopy,
which verified that HRP was successfully immobilized on the carrier. The prepared nanoscale carrier Fe;0,-Si0,-HPG-
COOH has uniform size and shape, good dispersion and strong magnetic properties. The saturation magnetization value
was 25.80 emu/g, and the average particle size was 103.15 nm. Compared with free enzyme, the magnetically immobilized
HRP indicated higher acid—base tolerance and thermal stability, the optimal pH value was increased from 6.5 to 7.0, the
optimal temperature was increased from 30 C to 35 °C. Magnetic immobilized HRP was applied to ZEN degradation, and
the relationship between solution pH, reaction temperature, hydrogen peroxide concentration and reaction time with ZEN
degradation rate was investigated using single—factor experiments. The results showed that under the conditions of reaction
temperature of 35 °C, hydrogen peroxide concentration of solution 26 mmol/l.,, pH 7.0 and reaction time 480 min, the
removal efficiency of ZEN was 68%. The immobilized HRP had good repeatability, and the relative enzyme activity re-
mained above 79.85% after 5 cycles. This research shows that magnetic immobilized HRP has good degradation ability to
ZEN.

Keywords horseradish peroxidase; magnetic immobilization; zearalenone; removal efficiency; reuse



