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Abstract: In this study, a new adsorption material magnetic mesoporous zeolite was prepared by modifying the me-
soporous properties of zeolite. The extraction method of aflatoxin B, ( AFB,) from peanut was established by magnetic dis-
persion solid phase extraction combined with high performance liquid chromatography. The physical and chemical properties
of the materials were analyzed by field emission scanning electron microscopy (FE-SEM) , Fourier transform infrared spec-
troscopy ( FT-IR ), Brunauer-Emmett-Teller ( BET) and
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zeolite-b composite materials had less impurities, more
holes, larger inner diameter and more obvious pore struc-

ture, and the pore size was concentrated, the average pore
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liquid chromatography-fluorescence detector ( FD). The results showed that the mass concentration of AFB; was 2. 00—

20. 00 pg/L when the addition amount of magnetic mesoporous zeolite was 25 mg, the pH was seven, the sample volume

was 1.0 mL, the extraction time was 1 min, the elution agent was acetonitrile, the elution volume was 3 mL, the adsorption

time was 3 min, and the chromatographic peak area of the target object had a good linear relationship with the mass concen-

tration. The coefficient of determination ( R*) was 0.976 8, the detection limit was 0.05 pg/L, and the quantitation limit
was 0.16 pg/L. Under three different mass concentrations (2.00 pg/L, 10.00 pg/L, 20.00 wg/L), the recoveries of
AFB, were 81.3%-92.6% , and the relative standard deviations were 2.2%~3.4%.
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WA B S AR AR N A B R A RS
Al AR R B ARES W A A e R A R
BABRA A, SKEALE (FeCl, - 6H,0) -E/KFRR
WAk (FeSO, « 7TH,0) , 2 /K (NH,OH) , & & 1L B
(NaOH) il (C,H,0) , =5 H k¢ (CHCL,) | L1
(CH,CH,OH) #4243 #7 4li ; B i ( CH,OH ) 1 2, i
(CH,CN) ¥y Ry ok afi
1.2 RIS

HR30-TTA2 BlA= 442 4= 45 (75 5% ¥ IR 4 b e 7%
ARAF A MOQL-61R HI4 R % 18 K (36 FIA
BN P2 ) (KQ-2200E RUE S % BEAL (F %16
IRFFFP AR BRA F =) .
1.3 NIL#ANEE

B 40 g RIRWE A M N A 200 mL 2 mol/L#)
NaOH I, K IR A WAE 115 C PO S b,
7@2[]@%‘75‘1\%1[)(12 000 r/min, 10 min), HEE
TR E WU R 2 A 0B 2 9,120 C F T4
12 h, 525 FLs G A1 kL IEHE zeolite-b,  [R] LIA
T NaOH ¥ V& 19 R 4R b A B A7 AR R34, 1EAE zeo-
lite-a,
1.4 HHEHEASEAMBEMNER

S0 1 g ASTR]EE A7 A4 ) (zeolite-a F1l zeolite-b )
7 10 mL B 27K HflE 75 20 10 min, 28 36 A
¥ 3 g FeCl, + 6H,0F12 g FeSO, + 7H,0%F 100 mL
Bk RN 80 °C ARG Z1E A 25% NH,OH
VW, MR B A B (pH =11 /2
A) JEREMEORL BT, 43 SRR S0 oA ik 2
Tl A7 5, B6PE 20 min J5 R R SE N, FRERR HEAT
B 53 B, UOUE FH B 20 22 88 T K U ik, L3 2 v ik
FE75 C T4 3 h, flAFREHEANFLE A 2 G AR, 43
HICAE Fe, 0,/ zeolite-a ( A& F] NaOH ¥ W 21 |
Fe,0,/zeolite-b ( ] NaOH ¥ W)
1.5 #H@mHl&

B 4 o AEAE0REEA TR B, E AL 2R R AR s
80 ng B MNEFFER B Aniflfd , R AR E S5 B 10
mL $REOR (HEE : K=7: 3, KB, EXETH
7 20 min KRS F12 000 r/min .0 10 min,
B ISR E A 2 50 mL, & H

1.6 EEMEEMEEET 2

¥ 25 mg REPENFLIE A R A EIMAZ] 1 mL
PIAEAE SRR P I A SRR AT pH o 7, IR BESR %
1 min, 12 000 r/min&.(> 10 min, & FIEW, K5
A5 min & % W AT VR, € 4R % 5 min,
12 000 r/min®.0> 10 min, W HL 0.2 mL F3E W, fin
0.8 mL ZEM/K , HEAT RO (A38% (HPLC) W22 |, 43
Br AFB, By,
1.7 EHESEBHUE

AR5 A Venusil MPC18( HAZ M 5 wm, 5
JE XK BEN4.6 mmx150. 0 mm) A1 K 40 °C |, i shAH
FHIBE-7K (45 + 55 AKF1EL) N 1.3 mL/min, SR
FREEYefb 2= A ki # i & 2 R B, 1z Iy
DI R AR RN IR T T, 2O YRR Bk
BV R RN, T T AL & 5 38 5 A A
[GNFS 5% NI R S VA 7/ ) L 1 o = B S Z-B U g al|
RS AT LA B S SR S G R, N T
TG 5 2 R B, BOCAb A A 2 0 AR
WHE R 254 nm; FHASOGAIN ke Ok K Ry 360
nm, KK A 450 nm, #ERER R 20 L,
1.8 SHEFEMHE (IAC)FE

¥ 5 mL HEES K (RFRLE K7 ¢+ 3) A 35 mL
BERRER R v P, IR AL s 1 AY T
SRR AR, 25,1 15 mL BEIRER 2 ek K BEI%
KX ¥ AFB,FH 1.5 mL Z RS 6EIE 30 T4 8 /M
H, F L mlL AR GG GO Al K i — R B B U
W, BE R 50w, I ERA T AFB, YFR AR
2 HR500r
2.1 Fe,0,/zeolite-a 1 Fe,0,/zeolite-b HIR1E
2.1.1 Fe,0,/zeolite-a F= Fe,0,/zeolite-b #3144 2 vt
LLoh kg EAE SR A ST I LL AN (FTIR ) R AE
Fe, 0,/zeolite-a Fl Fe, 0,/zeolite-b 3 f1 i B HE A ,
Kl 1 4 Fe,0,/zeolite-a Fl Fe, 0,/ zeolite-b {37 i
CIAMEIE, B 1 RTLUE H 7E3 427.37 em b
HH B A RRAE I | 1R R I P R PR sh 5 A 1Y), AR 1
WA SR R IT B 1, 3K 156 B A R TR A7 AE R PR 0 7
1 631.00 em™ &b FRFAE IR FR T8 5L 09 25 i PR 30 5
B, A3 427.37 em™ 4B FTT 631.00 em™ &b il 45
TV & T A1 45 A K M RRAIE I, 7E1 033.66 cm ™' b
FRIEIE S T Fe,y 0,/ zeolite-a PEBAN X FR 14 f 46
PRBND1EM, 7E 828. 76 em ™ AbAFF ARG T3k A4
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3429.78 cm AL FI1 632.45 cm' Ak, I H W Wi i i
(AR5, XS A NaOH ¥ T el M I 1) R 1 0 41
JEAS B2 /K B 2R | 78 828. 76 em ™ AL AYRRAE I FS
% 810.92 cm™ &b, NaOH ¥4 V& BT 5 A (R R AIE 0
FHEE TP RTIETE Hh AR B AR 15 71 H 2% 2K, i
VA 283 etk 5 B T 245
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WRPE RGNS AL AR

B 1 Fe;0,/zeolite-a Fl Fe, 0,/ zeolite-b A1 32 AT LT 531 E
Fig.1 Fourier infrared spectroscopy diagram of Fe; 0,/ zeolite-

a and Fe;0,/zeolite-b

2.1.2  Fe,0,/zeolite-a F= Fe,0,/zeolite-b #4244 &
Bk AE  HE 2 AT 51, Fe, 0,/ zeolite-a 2% HHLES , 77
VFZ/NHIRIKIE , B 0 R B AL, Ze i %
MM EJEARAFLI] 2833 NaOH 2 )5 9 Fe, 0,/ zeo-
lite-b HHBAR 22 (MR, BAT BT 22 A4 FLAR, A il 2 1 22
ES REME/IDt o1 VIR LNk A v e ]
AE A2 P g 2 T 7Y A1 SRR B 56 52 31 NaOHL 5 ¥R 1 ¥
fift, L AL FE2 1SS 6] B 301, NaOHL 35 98 8 T 7%
fifp 4 IR A1 BOAR 2R, b B OH B e A
FLIE R, 10 41 N BRI, W BR 1WA fLIE S R Y
AR S5, (T H ARG R F IR , FLIE 454 S 2

2.1.3  Fe,0,/zeolite-a F= Fe,0,/zeolite-b &9 Yt & &
M 3K A AE Fe, 0,/zeolite-a il Fe, 0,/ zeolite-b [
FER AR SRR LA I 1, [ 3 J2 Fe,
0,/ zeolite-a il Fe, 0,/ zeolite-b 1% 4 W& ¥ fiff W S5 7

a:Fe; 0,/zeolite-a; b: Fey 0,/ zeolite-b, Fe; 0,/zeolite-a, Fe; 0,/
zeolite-b LA 1 1,

&2 Fe;0,/zeolite-a #1 Fe,0,/zeolite-b BII B E R
Fig.2 Scanning electron microscope images of Fe; O,/ zeolite-a

and Fe;0,/zeolite-b

R RIFLAR oA P S80I R e 0 25l i 2 (1
3a Kl 3c) Al LLA i, Fe, 0,/zeolite-b Fl Fe, 0,/ zeo-
lite-a 249 J& T IV BUSFR 2R, A7 W1 2 1) H3 B35 36, 1k
FAXSFEFIAE] 0. 43 Z 5, 1 LB A0V BE,
R - ZE AT A, L S 30, B Fe, 0,/ zeolite-b
Fl Fe,0,/zeolite-a FELEAFLEEHE AR FLAZ 531 1A
(K 3d) AT LAE i, Fe, 0,/ zeolite-b LB 74 31 5]
HAVERNESD SFHLEH79. 783 1 nm; HIE 1 AT
V&, 5 Fe,0,/zeolite-a Wi A1 HH Lt , Fe, 0,/ zeolite-b
4 LU 2% T AR FLAR RS AT T i, (EF R LA
F19. 385 5 nm BN F9. 783 1 nm , J i DA 2 7 i 1
PR AE 115 °C NaOH W P #1454 5.5 h
Je FLBSE I HIE K, TR B SO 114 235 S5 M BRS 35 ) 7K
TR, T ALAR 2SR

#£ 1 Fe,0,/zeolite-a 71 Fe; 0,/zeolite-b {4 Lt RETFR, B FLE TR Fn

EHFLE
Table 1 Specific surface area, total pore volume and average pore

diameter of Fe;0,/zeolite-a and Fe; 0,/ zeolite-b

HeR A SRR PR fLAR
S At o

AR (m?/g) (em*/g) (nm)
Fe;0,/zeolite-a 91.794 1 0.226 744 9.3855
Fe; 0,/ zeolite-b 92.217 9 0.228 049 9.783 1

Fe;0,/zeolite-a Fe; 0,/ zeolite-b WHE 1A,

2.1.4 Fe,0,/zeclite-a #= Fe,0,/zeolite-b # & it 4
Mgk ieE K 4 BIR, Fe, 0,/zeolite-a 3 £1 Fl Fe,
0,/ zeolite-b Wi A1 B4 B B AT B SR LM, Fey 0,/ zeo-
lite-a FY 1 FIREAL SR BE R 1. 03 emu/g; Fe,0,/zeolite-
b % 16 FRE AL SR A 0.90 emu/g, 45 2R KB,
Fe,0,/zeolite-a Fll Fe, 0,/zeolite-b 3 H.A i Pk
1M, VR S 5 T LAAR 25 o b 36 o S I e 3 D TR
Yrrb oy ik
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Fig.3 Specific surface area analysis of Fe;0,/zeolite-a and Fe; 0,/ zeolite-b
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Fig.4 Vibrating sample magnetometer ( VSM) curves of Fe,

0,/zeolite-a and Fe;0,/zeolite-b

2.2 WEMEERZEREGMMRL

221 EEEEANILR B A ASMHA TN A T E W
FHE B AR RNGHh N T E R
SRR & W AT BT R M LS G A MR
(Fe,0,/zeolite-b) TS A 1 mL fEAFE S EEBGE
WEEA LW A 2 A MREY &2 53 508 10 mg | 25
mg .50 mg .75 mg.100 mg. 125 mg, R AT pH A
%,({%ﬁffﬂ%?}} 1 min, 12 000 r/min &0 10 min, X [
TV, W0 AN [) P O 300 g O RRFRICR |, [T A R s
Fr ol Pk B REYE WS A7 (Fe, 0,/ zeolite-a ) VEXT HR | 45 5 I,

K5, RS WTLUE Y SEAT 2OrE i REPE A FL s £
B A EL(Fe,0,/ze0lite-b) X AFB, W [ 2 B i /55
FRIATECERIRE T A (Fe,0,/zeolite-a) , BUPERE
PE R RETE T AN AFB, BB RE 7, F IR Ay e e 1
Iy A LR R/ IN(ER 1) il AFB, 545 5 i A
A ALAR, TG I T 3k A0 % AFB, B B A7 58, Fe,
0,/zeolite-b X AFB, I {2 bl 5 W 1R A L A &2
BB BRI T, 78 25 mg Ak W R 3R A 3
97. 07% , 2 J Fifi 45 W% B 750 FH 6 33 o, W o 58 728 A A
K, Fe,0,/zeolite-b BJiE B HE M 25 mg,

_100.00

&Q ./._—i—f—l\./.

o 90.00f

=

= 80.00F

R 70.00

g

< 60.00]

4

ﬂ'ﬂ 5000 1 1 1 1 1 1 J
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T B 75095 0 B (mg)
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A
Fig.5 Effect of different amounts of magnetic zeolite adsor-
bents on adsorption effect of modified magnetic meso-

porous zeolite
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2.2.2 WA AR A R EAEE B AR olite-h) X AFB, BT R B W T R SR T RkoOME A R

A Re ORI W R e A 1 3 JE I [R] K 25
mg AT PE A LI A0 5 AR (Fe, 0,/ zeo-
lite-b ) FRANEY 1 mL FEARE SR FRIBGR 9 e 18] 73
55 0.5 min, 1.0 min.2.0 min.3.0 min.5.0 min,
7.0 min, RHAT pH BHTT, A IEIR 1 min, 12 000
r/min &> 10 min , W EER , T 5 A ) 0% T ) )
PES L A7 R BEE SR, TR] I LA 44T 0 e 1 s 1
WA (Fey 0,/zeolite-a ) YEXT IR S5 WL 6, K 6
A LA IR BERT 0. 5~7. 0 min B, 4720 9
wETEAN LI A B AR (Fe, 0,/ zeolite-b ) X AFB, [
W oA AR B 8 o T R AT SO A REVE W A7 (Fe, 0,/
zeolite-a) , Fe,0,/zeolite-b & & M B X} AFB, )T
I 5 o 8 P T ) 4 v T 4255, 76 1.0 min 2B
BE 4K 99. 25% , 22 Je il 5 b JE P i) 47 S <, W
FRASAN I G FL Y 8 BERT (] 2 1. 0 min, 1 A
Akt ) /G YE Wk A1 (Fe, 0,/ zeolite-a ) 7E 3.0 min A&
A o 3k B e v (L, LW BT 30 B R AR T e i M A
FLEAT PR 16T O R 02 4 v W B A VR A
P

o

100.001 rH\.——.

90.00r
80.00r
70.00F

60.00r

50.00 1 1 1 1 1 1 J
0 1.0 20 30 40 50 60 7.0

W BR8] (min)
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AR B, KR (%)

Fe;0,/zeolite-a Fe; 0,/ zeolite-b WL 1,
Bl 6 7 [E)imnE A iE o Bt Rt A 7L i3 A R B S SR B 2 0
Fig.6 Effect of different vortex times on adsorption effect of

modified magnetic mesoporous zeolite

2.2.3 pH MR AEMFH b EEE B ARGY A

R T W E W SFHR S B A pH K 25 mg $EA T RCE Y
WEAEA L A0 525 B8 (Fey O,/ zeolite-b ) T M E] 1
mL AEAAE SR IOR T InERR T pH S 2.3 4.5,
6.7 RiERG 1 min, 12 000 r/minZ.0 10 min, X I~
T, I 5E AN TR) pHL XS R s 750 182 o o i 2 7 3% B, Y
BRI DR SR T VR I REPE B A1 (Fe, O,/ zeolite-
a) VEXT IR S5 2R WLIEL 7, i 18 7 af LU Y, #95 pH
J& A TR E R REYE N LW 52 G B (Fe, 0,/ ze-

P A ( Fe, 0,/zeolite-a ) , 2 1 e 42 & BE M W A X
AFB W FRFE 7, B PR Ry et 386 hn 1 A i LA
R/NVRIEEZR IR 1), IS fn T34 AFB, 4 1% ff
75, Fe,0,/zeolite-b X} AFB, W [t g 71 & pH
AYIG RN I, 76 pH o 7 B W B e K 3k 3] 97.
27% W ISR S A pH N 7

§ 100.00
g 80.00
=
S 60.00
s
56 40.00
i
B 20.00
=
i 1 1 1 1 1
% L) 3 4 5 6 7

pH{E
—a—Fe O /zeolite-a; —e—Fe,0,/zeolite-b
Fe;0,/zeolite-a Fe; 0,/ zeolite-b WE T,
7 [ pH {EX BUEREE /v 7L i3k A R B SR 9 2 N
Fig.7 Effect of different pH values on adsorption effect of

modified magnetic mesoporous zeolite
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modified magnetic mesoporous zeolite
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Fig.9 Effect of different sample volumes on adsorption of mod-

ified magnetic mesoporous zeolite
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Fig.10 Effect of different desorption agent types on desorption

of modified magnetic mesoporous zeolite
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tion of modified magnetic mesoporous zeolite
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Table 4 Results of magnetic solid phase extraction and immunoaf-

finity column (IAC) quantitative analysis of peanut sam-

ples with different mass concentrations
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Table 5 Comparison of the proposed method in this study with other reported methods for the analysis of aflatoxin B, in cereal products
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