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FERET B A YT ) AFB, |, #F 1 -5 S A0 (43 BRI Pk ik (HPLC-MS/MS) 254, TR0k | R RN
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B4 B 4R S R F H & R- £ 2 ( Gly-HCI) 22 Mg %] Ab-Si0, @ Fe, O, 7355 5 £ 1) AFB, HEATUEY, B BRI IR
WO R, SR A RO - B B TR A, AR AR E T, P il AFB, MMl 2~ 50 png/L, MK &
B(R?)>0.99, K HFR A 0. 04 pg/kg, ERFR N 0. 13 wg/kg, 1E 4 NAFEIMFRKFE T, AFB, 7£ 3 Fh 489155 (1Y)
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Abstract ; In this study, a magnetic nanomaterial antibody ( Ab)-SiO,@ Fe,O, was synthesized,

which was employed to absorb aflatoxin B, (AFB, ) in complicated grain matrices. The Ab-SiO,
@ Fe,0, material was then paired with high performance liquid chromatography-tandem mass
spectrometry (HPLC-MS/MS) for subsequent accurate detection. The Ab-SiO,@ Fe,O, material
has a specific adsorption capacity for AFB, because of the stable and specific biological binding
between antigen and antibody. This process can achieve the identification between the material

s B #1:2022-03-03
# {8 LBE & A.E-mail ; chenyiping@ mail. hzau.edu. cn.
ELTE #5255 5050 R BHIFE T ( 2662020SPPY014) 14 B B U A 52363 RMIFTE H (NZ2021036) .
Foundation item: Fundamental Research Funds for the Central Universities ( No. 2662020SPPY014 ) ; Laboratory of Lingnan
Modern Agriculture Project (No. NZ2021036).



5% 8 1 ARG 4 T Si0,@ Fe, 0, MIRETEG A HRL 3 B B £ A Y h IR i ¥ I B % B, - 695 -

and food matrix quickly, thereby completing the separation and enrichment process. Then, high
sensitivity and high accuracy HPLC-MS/MS were employed for signal readout and actual quanti-
fication, which can significantly increase the detection efficiency and enable high-throughput
detection of numerous samples. In the pretreatment process, Fe,O, was first synthesized by mi-
crowave-assisted hydrothermal synthesis within 1 h, and Ab-SiO, @ Fe,0, was then produced
using the enhanced Stober’ s approach. This material with high adsorption performance was
synthesized under relatively mild conditions and short time. To obtain Ab-SiO,@ Fe,O, materials
with uniform particle size, magnetic properties, and dispersibility that met the requirements,
synthesis conditions of Ab-SiO,@ Fe,O, and conditions for capturing the AFB, target were ana-
lyzed. The findings demonstrated that the best effect was obtained when the dosage of FeCl, -

6H,0O was 10. 0 mmol, the heating time was 40 min, and 100 pL tetraethoxysilane was em-
ployed for SiO, coating. The AFB, antibody was then combined with the surface of SiO,@ Fe,O,
under several conditions. The findings revealed that the best coupling efficiency of Ab could be
obtained when the concentration of 2-morpholinoethanesulfonic acid monohydrate (MES) was
10 mmol/L, pH was 6.5, and the molar ratio of 1-(3-dimethylaminopropyl) -3-ethylcarbodiimide
hydrochloride ( EDC) :N-hydroxysuccinimide substances (NHS) was 2 :1. The coupling buffer
was then selected as phosphate buffer (PBS) with pH=7. 4, and 8 mg Ab-SiO,@ Fe,0, was em-
ployed to separate and enrich AFB, at 37 “C for 10 min. In the actual detection, acetonitrile-wa-
ter-formic acid (85:10:5, v/v/v) was employed as the extraction solution. After ultrasonic ex-
traction for 10 min, Ab-SiO,@ Fe,O, was employed to separate and enrich AFB, in the extract.
The supernatant was dried with nitrogen and reconstituted with 1-mL acetonitrile. The solution
was then filtered through a 0. 22 pm filter and detected using HPLC-MS/MS, thereby realizing
the quick and quantitative detection of AFB,. AFB, had an excellent linear relationship in the
range of 2-50 wg/L under the optimal analytical conditions, and the correlation coefficient was
less than 0. 99. The LOD was 0. 04 pg/kg, and the LOQ was 0. 13 ng/kg. The spiked recoveries
of AFB, in three grain matrices ranged from 76.21% to 92. 85% with RSD <5.29% at four differ-
ent spiked levels. The approach was applied to the determination and analysis of AFB, in 30 real
grain samples of rice, corn, and wheat. The findings demonstrated that AFB, was detected in
one wheat sample and two corn samples, and its content was 0. 38, 0. 13, and 0. 47 pg/kg, re-
spectively, and no toxins were found in other samples. The approach combined Ab-SiO, @
Fe,0, magnetic nanomaterials with HPLC-MS/MS, which could obtain high-efficiency separa-
tion and enrichment of AFB,. Furthermore, the low-cost Ab-SiO,@ Fe,O, could be stored for
more than a week and complete the pretreatment process within 30 min. This effective pretreat-
ment process combined with HPLC-MS/MS could realize the analysis of several samples within
a short time, and had a promising application prospect in the detection of AFB, in grains.

Key words: high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/
MS) ; magnetic nanoparticles; aflatoxin B, (AFB,); grain; antibody ( Ab)
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B R G fF izl FE b A % 2 3 B R
FRIGY, HMESERIENREERNARMEZ
— JEES R IE E I R EUE Y b i il A
T F B,(AFB,) N [ 830m Y, B e | B AE AT
AKE AT B BUFIEAZ 468, NI 5 & e, e S
fir. M7 AFB, BYH] B EEERN, GB 2761-2017¢ &
i A E AR E B LR R R B ) TR TR
b iR R R A, IE TR SRR/ INE
AFB, 73 WIS #2010 F15 pwg/kg'' . L, B
AEAYFE G DR R A 7E 1Y AFB, | Hag bR
BRAM, BAYHEABEZHTER AR, X G5
BEINT R S BRI 4 A XE EED SRR A P A R
AFB, SEAT 7850 Uk BRI, o G 0] o Bt 1 ARG 00 2
REFEE NP ST —Fh I T 0 Ak B
ARIGHEF /BT T AP P IR & AFB, AR AT
HEREY,

HAl, A%+ AFB, WA 7 ik R E R HEA
T | BRIBG O 3 W B ik ( ELISA) | 780 A50TR0KH (5 33 2
(HPLC) 155 250 A €533 - £ B 5T 3% 1% ( HPLC-MS/
MS) 4500 i R (03 ok ) AR A A, SR
BRVERoh S L PR 2217 T EK G 8 W B T
B YR, FERT AR K'Y HPLC £ 2R I 48 41 6
2 R U AR, 1 HPLC-MS/MS #4 J5 5% 4E g 46
i E R T, R HA S e s R R S
HPLC W53 2 M, Befl SC L AFB, 1 = 250, HE |
R E R E PRI, T % b HPLC $2 R 9 A
JEU BRI R ROR €2 - R R 6
Z Ky AFB, SEATRLIN , 455 Won 2t R AT HHE R
B(R) KT 0.999, % mFRHM 0.1 wg/kg, HImpxH
W] Ik 90. 3%, H AT B i A i AL 385 2k A A
Y BEAE A [ A AE U/ A R g S R b T
TFREPEAA A BB 55 W55 /0 B 45 SR
PR O A AL R A7 e ik, oA 28 T 3K (334, 6+
18.2) ng,BiJ5 454 HPLC 3% 71 i AFB, #E47
ST s Zhao G5 ORI 2 8 R A R A,
454 HPLC-MS/MS SEHL T H 25+ 6 Fh EL I 5 %K 1
[F) Fsp A 900, 4G HY FR (LOD) & 7 pg/mL, & & R
(LOQ) & 20 pg/mL, IR %y 3% FIKE GRS 4 4 b
SCHR G AFB, M3RIUSCR | (RILSAAR =, PR k4t
XA IR AFB, MRA5HF & —Fp i op P %
A B A AL B 2 AR AR T — Rk
(Ab)-SiO, @ Fe, O, fiPEAKA KL HAREL ) AFB,

PR TT LLSE [ 38 WURE T 69 AFB, BG4 895 7T
SCHLEFR AT AFB, 55 RF 5 A T e 4
B RO R TR R

T I, AW 52 A Ab-SiO, @ Fe, 0, it 4%
Kbt b X 28 W RE i 1 AFB, R T G B4 S
B OBHZA R R 9 AFB, BRI F 3k, 454 HPLC-
MS/MS ¥ KK K /N 3 TS YIRE S i) AFB,
ST R ORI, ZREAE K AR LA £ B 1
2550 Z Bk A B P A A, ELE T R4
BT AR A A BT R A R O O (8 T 2 vk
B, Sha 45 4y v 4 o 2 7 2R A L 4 8 A R
B SE B3 T 17 B e A T B

1 SEIGERS

1.1 SRk F S e

SiO, @ Fe, O, #EMEA A BEHIE B iE i Zeiss
Gemini300 &4 LT W358 (TEM) 47 RAE, Bifz
it Nano ZS A GHUN ( DLS) #H47RIE, b2 1k
Syt 1S50 {8 B o AF 4 21 S 65 (FT-IR ) #E47
FAE, SuperMag 4 P 7 2 42 W [ 3% [ Ocean
NanoTech A7), MKX-H2C1 ik & WA B 5 &5
] A B AR A BR A ] . Xevo TQ-S HAH
- BB IR BT 1B B AY 0. 22 pm A7 HLUE I [ 26 1
Waters 2\ A, 5240 H7K S Milli-Q Y 4li7K 8 4lizk
P A 3£ [E Millipore 2\ w], MX-S A H=CTR 510
A FE S AR PR A BR A ] BX O R U I AL
WA 1 T I S T B 3 A PR W], NDK200-2N
RUEIRAUIE A BT KRS A B2

AFB, ##i & #ER A(OTA) B4 i ol T
J#BE(DON) | KK AREE AR (ZEN ) Al i W 3 L6
Ja A B H A BR A W 4l KT 98%; Ab (2
mg/mL) A8 Al K2 ] 58 24 0% B S0 0 4
o (3-ZFENHE) = AR (APTES) | IFEfERR
LBk (TEOS) #g [ LBl 7 T A= ARk A3 A FR
ONEl, HEE NG H R kol i A 7 E B
/TSI I 3 T S R AR ST I B i B B B TR
FOK L ERFIINZE 3 AR PIREAS 17 DAY |l i 37 W) 3K
FE, BT -20 CHRAE,
1.2 Ab-SiO,@Fe,0, I
1.2.1 Fe,O, M 4 K Bk B9 & Ak

R BRI B i Fe, O, B4R
KL, K 10. 0 mmol 7S/K 55k (FeCl, - 6H,0) 4.0
mmol — /K& B R £ ( NaAc + 3H,0) il 3.0 mmol
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T e LA R 4N (SDS) W AE 25 mL &
PEHE R S W% 3 50 mL S U Y 2 4
B O A B IS B, B — IR BE e
150 C T 20 min, 25 N # B A 200 T F it
40 min, W HIEEIE 10 mL £8 T /KK B
RV T, B T TR P IR

1.2.2 SiO,@Fe,0, 1 &

TN Fe, O, Mg K BORL Y 26 K M 1 F
Ja 3 A B, SR FH 3R 2 I g B ( PVP) X
Fe,O, WETEANKISURL 1) PEAR AT R, BEJS 217 =
SALRER A . L 10 mg Fe, O, M4 K B0k
51 g PVP 1 20 mL 27K e i 1 h, JH 75% &
Ve, A1 mL &K . 100 wL TEOS, JH Z Fef B
#) 10 mL, %P 30 min, B HEATRE5r B T AF
& FEH IR N ORAE
1.2.3 Ab-SiO,@ Fe,0, #y#| 4%

1 — 53 Si0,@ Fe, O, REMEA K HA K
HA 10% (v/v) APTES 7K %5 i Ho g 34k | Fifi 5 ik
AP, 7E Si0,@ Fe, O, BEMELN KB
A 40 pL 1-(3-ZH L 3L ) -3- £ F e — W0 e R i
H (EDC, 5 mg/mL) .20 pL N-¥ 338 71 Bk 0 iz
(NHS, 5 mg/mL) 1 440 wL 2-( N-NGHEmk ) 2 fif ik
(MES) % (10 mol/L, pH=6.5) ,iRZJJE LA 100
ng AFB, Bk, 7E 37 C T #l41R 2] 60 min, /)5
FH#E IR £5 2% vk (PBS, 0.05 mol/L, pH=7.4) ¥t
BB EAREE G PUAR, T 4 CTRAE, R,

1.3 Z#th AFB, BJIREL

¥ 10 mL ZfiE-/K-HR (85:10:5, v/v/v) I
IMATFK EK NEE 3 Iy A e (32 5 g) ik
VR AT, M 2 EL 10 min, 7000 r/min T 8.0 5
min, R A5 K 10 mL PBS(pH=7.4) &
%, T 4 C T8,

1.4 Ab-Si0,@Fe,0, INEE

M 1.3 A FE 10 mL E#BGE T IMA 8 mg
Ab-Si0,@ Fe, O, #EPEGIKM B 7E 37 C F kiR
2110 min, #r B e 75 LW, RAH 1 mL H &
fR-: W2 ( Gly-HCl) 2% #p ¥ (0.1 mol/L, &% 2%
Tween-20) "' it 43 25 J5 F 43 1 Ab-SiO, @ Fe,0,
BEPEGNR MPRHEEAT VR, B Al R 1Y) AFB, BT
Ko BHISTFRRBE S B, LI WA R ZIE T, H 1
mL ZHEE %, i3 0. 22 wm JERE AR BERERI
1.5 Ab-Si0,@Fe,0, EEENITE

Ab-SiO, @ Fe,O, W 1E4 K KX AFB, 4

ARAES iR T
Qe =
m

XH, Q. N Ab-SiO, @ Fe, 0, BETEA KM RIIL R &
V- I (A AR RE T (mg/g) , C, NI AFB,
AR IR E (wg/ L), C, A ik B P17 I
W4 AFB, (5T WL (ng/L) , m HE N
Ab-Si0,@ Fe, 0, BiTEA KB BB (mg) , V
AFB, W PAF (mL) .

1.6 SXHEHEEIL-BBERIL LG

3% 5 . (3% 4 ACQUITY BEH Cl18 %
F(50 mmx2. 1 mm, 1.7 wm) ;H:iEHK 35 C; dEEE
42 pL, 3~ 0.3 mL/min; W E1AH K& 0. 1%
HER I NG , 55 FE VR MG, JIr A5 3 2 AH 6 08 FH i 38 2ot
0.22 pm JERE U8 IFAER IR,

Jo i S« B IR Ry FELE 55 LB IR BT A
HH 2 S W ( MRM) A5 555 HL Rl 4.5 KV,
Wi LN 8 wA; #5 N, (99.99%) , Uit B 35
L/min ; A N, (99. 99% ) | it 5 L/min; 2 1
R B IR S 300 C; BN HE 16 V.,

2 ZERETE

2.1 Ab-SiO,@Fe,0, AR EHRHA
2.1.1 SiO, & & &t fh

J T A RHEREL S Fe, O, RETELDN K kL, R
F 3 B RSB R} FeCl, - 6H,0 B (IRE N
200 °C , iFIa] g 40 min) P Kz 32 BB BE (585 —fm i
K BE) A BsHE] (IR A 200 °C, FeCl, - 6H,0 &
4 10.0 mmol ) F1E & ( FeCl, - 6H,0 {8 K
10. 0 mmol , 5[] 24 40 min) #4774k, 1 DLS
FCBEA TR 4618 5 4 1Y Fe, O, T M 40 K Uk ki
oA, 45 R KW, Fe,O, WK 1Lk #%E FeCl, -
6H, O FH 1zt Al A B (1] (g 384 Jon 1fif 38 i, 3X 55 22 /i 1)
T2 FEARL ) A e 4 B 7K A B Az i
FKAT5 ik B AR ) B 42 ) i L3, I H X FeCl, -
6H,0 fi4 154 10. 0 mmol ( VL& 1a) 55 — gy
B AR TE] 2 40 min( WL 1) I HA AR 42
FRRIAR A A W SERE 7S L T Fe, O, Rl 40 K Bk Y
AR BE A 5 A B A B 3 in B R e in
S VB INI R B 3R F TR e T S IR RS 4 1
SV AR B N R EAT , AT N 38 e A% P4 I B A
AR AR RN R R, S R SR AR R A RGP
YRR T 0SB A A ORAS I S B A 4t

xV (1)
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Fig. 1 Effects of (a) FeCl; - 6H,0 dosage, (b) time and
(c) temperature in the main heating stage on
Fe;0, magnetic nanoparticle size distribution

PR (LA 1), B BERE 200 THER A MR
B AEX— S R #4589 Fe, O, BETEA0 K Wk ki 42
SIAIS] Sy RLHELE AR TR 2R Si0, R IET,
SR IR R A3 B AR AR

LA Fe, O, 240 K WOks Ay JEORLE — 25 & i T
Si0,@ Fe, O, PGB EL, Horh Si0, fE 2 1R
FEXT MR REYE A MR A — 2 s, FRATTR
Fsh 86U 245 R [A) TEOS & 380U 2 (60,80,
100,120 pL) F& MK Si0,@ Fe,0, fIRiFE 515 il
28, NN 52 SiO, AL 78 J2 114 JEE B RURE Bt 2 2 1 5
EB T —E &) Si0, @ Fe,0, Bl A 0. 01
mg/mL HJIEW, B 10 mL SiO,@ Fe,O, ¥ T4
SR HTA T Y Si0, @ Fe, O, BEMES8 KA1 R E
RIS TR AMINRE A WA AE T 58 A TTRE BB i 75 1 i
[ 1 A o 5 ) FH DA S5z IR ke 0 K b s %) i
A, RY i Ao (R A 150 I 1 8 Kb ) 1) G 12
WUk, B 2 AL BERE TEOS H i i 38 g it
L TTRA S (B2 T 38 i, 32222 R TEOS 1) H &
Y5 Si0, G178 )2 5B AR 56, DA 52 0 0k 4 T
REBfE], 242k TEOS BN 100 pL B, RiA2 5

E 2 TEOS A&xf(a)Si0,@Fe,0, #ifZ4 %
(b) BB ERFMmE(n=3)
Fig. 2 Effects of tetraethoxysilane (TEOS) dosage on
(a) SiO, @ Fe;0, particle size distribution and

(b) magnetic separation time (n=3)

MYIA] W58 B A5, 47, 18% 1) Si0, @ Fe, O, k44
KA RIAR S A AE 270 ~290 nm Z ], HAE 4 s
PRI AT LS8 UG 0 5, EAA B i 3 S VRGP B
2.1.2 JEREIA LA

UV A0 (0 B 2 fc hy S A i — 5, AR S o i
BCA 2 ¥ B2 I 2 i8] & %) SiO, @ Fe, O, i3k 11
PrAESEAT I, 4 0 X B FE h EDC 5 NHS
YRR E 2 MES () pH {i . MES )¢ )% L & A5
BCRs H) 2 A7 itk Wi Bl 3a iR, Ab 5 SiO, @
Fe,O, BEMEAUR A BHE (R BCR I B 272 5] EDC 5
NHS iy & Z L a2 0, 24 EDC :NHS 2 2 :1
B, BRI Wi N, B 5 Si0, @ Fe, O, B4k
MRS A BT IRZ B, RECR AT 35 5] 76. 47% ~
90. 58%,, X /& Tk LR IEAER L EDC f1E
AT AT DU AN ) rh (|44 1 NHS 7] LS
% BRSBTS A 10 35 1 R B o 7 R 0 KR
T, T S BB AR BB B, i EDC & Head
1%, 23X Hh AR (8 T8 B 1 — g s e, Bk 5
SiO,@ Fe,0, MIMHILACHE T B, 5 LA T MES
RN E pH {H.(6.0.6.5.7.0) DL K A[E] MES #e )&



ZEIERG 55 HE T Si0,@ Fe, O, MRETEAKI By B E £ AR it R B, - 699 -
100 100 100
] n(EDC):n(NHS) ] pH ]
90: a [ — | 90: b 6.0 902 C %
7] — ) 7 /365 ]
X 1  2:] X 1 % 70 ES 1 4 %
2 80 o 80 5 804
£ b 5] ] £ b
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o] ] @] ] O ]
60 — 60 — 60 —
50 : 50 ] 50 ] li—l
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Fig. 3 Effects of (a) the ratio of the amount of EDC to NHS, (b) pH, concentration of MES and
(c¢) coupling time on antibody coupling efficiency (n=3)

EDC: 1-(3-dimethylaminopropyl ) -3-ethylcarbodiimide hydrochloride;
oethanesulfonic acid monohydrate.

NHS: N-hydroxysuccinimide substances; MES: 2-morpholin-

(10,50,100 mmol/L) X HL BRI 52, 25
Bt MES ¥ B3 in , RIS SB W A1%, 2ok
J pH=6.5 N 10 mmol/L Y MES 1 A 1k 22
PR IR e B M A A E LR, 1 KR AT Lk |
88.79% (VLK 3b) . HweJ XA B MK R [R1A5 T 406
1k, il 3c fiw, B A ZE K SR 7E Sio, @
Fe,O0, L AYMBIKAZEHHE N, 7E 60 min B34 K AR 52
2 ,Ab 5 SiO,@ Fe,0, fi1E4 KR A2, Ak Tl
A, PR B 60 min A Ry e B XA A]
2.2 Si0,@Fe,0, HIRIE

43 5% Fl TEM . DLS .FT-IR %} SiO, @ Fe,O, H
TE A FE 3 A FURLAR 3 A AT R AL, SERA AL R B
Wa s, MK 4a 7] 41, Si0, @ Fe, O, 43 Bk 48
U R EAERR, B2 2 280 nm, SiO, AL 21
JEEEZ A 25 nm,, & 4b M RHRAR A L, K2
68.3% I Fe, O, 4 1k 240 K JURL (1) BL 42 43 41 78 260
nm ZEA47, BT e s, BB R Fe, O, k140

KIURL o A BN ¥ 5], 2 44.6% 11 SiO, @ Fe,0,
(RRAZR A3 A 7E 275 ~ 285 nm Z [A], #F— 3 T
SiO, £ Fe, O, BV A BRI (1 i a5 ()8
JE KN 25 nm, 5 TEM B9 R AE45 xR, & 4c
g Fe, 0, REPEANKBURL Si0, @ Fe,0, 1 Ab-SiO, @
Fe,0, WIZL /Mg, Si0, @ Fe,0, £ 1026 cm™
1098 em™' 4b B T Si—O % 45 3% 3 1%, Ab-
Si0,@ Fe,O, 7 1 652 cm ™ &b BT /A i) Bk Jrie 5
(R, J& T mel 14, Jii Sio, 7F Fe, O, BETE48 K
O b 1 LTI AT B BT ARG B A T
Ab-Si0, @ Fe,0, HTJ5%: AFB, MBS & 4.
2.3 Ab-SiO,@Fe,0, 3t AFB, *EEEEZGHMRHL
231 WAL

Ab-SiO, @ Fe,O, Xf T AFB, 4> 5 & £ &M
SE S A AL FH 5 1 2 AR 3, A S5 43
%457 FifF PBS (1) pH | & 421 J¥ . Ab-SiO, @ Fe,0,
TG A KA A R S R X AR T WA 3R ) 5 i)

30 -
] Ab-SiO,@Fe;0
25 _: b _ Fe§O4 z@ 3Uy
] -~~~ Si0,@Fe;0,
204

°
2z SiO,@Fe0,
5§ ]
® =10
; E ] Fe;0,
‘ & 5]
; : ] 110%
7 04— —
e : 100 150 200 250 300 350 400 4000 3000 2000 1000
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E 4 Si0,@Fe;0, i (a)ESTETFREME. (b) SIFKHHMN(c) EEM TSN RIERE

Fig. 4

(a) Transmission electron microscopy (TEM), (b) dynamic light scattering (DLS) and (c) fourier

transform-infrared spectroscopy (FT-IR) characterizations of SiO, @Fe;0,
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i 55 40 %

B 1 mL AFB, bRV (10 pg/mL, % T pH=7. 4
() PBS) , fEAN Rl S5 N BE 1. 4 45 Tk 2B BR kA7
AFB, /)48 & %, % A HPLC-MS/MS ] 52 [a] i
K E 5a ik, Ab-SiO, @ Fe,0, %t AFB, ()1l
WA 22 i pH B A3 Jn s B 5E 3G I 5 98N Y
G X FEIRRE THR SHRE b & T BA
WA ZE A 30R I E 82k pH=17. 4 ) PBS &
WA RS vhys e, WK Sb Al %, B4R TR E N 37 C
I AT R A s, X T 37 C 2 R SN Y A 3k U
B B Se 45 R R B % Ab-SiO, @ Fe, 0, fifit
YR IAREFH (38, AFB, ¥ W1 TR0 180 R 328 i 4
I, M A E] 8 mg Ji, FICR N F A& A B i AR
b, KL % % 8 mg 1E ki f£ Ab-SiO, @ Fe,O, H
i, [ 5d ik B AT T AT S ] E 4R 10
min 5 [EICRE TF-22 R TR R ARSI
PEFE 10 min 1E R & FERF ],
232 REFEWNMRA

A [5] Sk WA, Gly-HCL R AL AT A2 k4t 5
PURE G YRS, HLES I — 2 Wk BE i 305 7 ]
— AR THR AR . IR REAE 0. 1 mol/L 1) Gly-
HCl Z i w A 1% 2% 5% .10% (1) Tween-20
5 0. 5% 1% 2% 5% 1 SDS, #IT A I 4 AFB,
FIPEESCR . U1 mL AFB, FRifEIATR (10 wg/mL,
W pH=7.4 %) PBS) fEA[R] 55040 F #1814 5
WAL BRIAT AFB, 153 2 & 4, >k H HPLC-MS/MS
D R 25 3R B 7F Gly-HCL 28 s W h i
Jin 2% Yy Tween-20 B, AT DLk 1) fe A R 4 2R, ol
R K 96. 57% , P IL R & F 2% (1) Tween-20 (1)
Gly-HCI 2% b # ¥ Ab-SiO, @ Fe,0, 7} &5 & £ 1Y
AFB, VU Tk, 175 22855

100 100
1 a B 1 1 Db =
80 % 80 E
] = ]
X 1 X 1
~ 60+ ~ 60+
z 1 z 1
z z ]
g 40 g 40
~ 1 ~ 1
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0 0
4 5 6 7 8 9 -4 20 37
pH Temperature / C

2.4 Ab-SiO,@Fe,0, By HEEIIE
241 S EEEEN R

K FHAH R I T 0K AFB, ok sy 54 5 21
FIEAL AR Fe, 0, 144K UKL Al Si0, @ Fe,O,
REME DR BT AL I, B T Ab-Fe,0, 1 Ab-SiO, @
Fe, 0., B 1 mL AFB, b (10 wg/mL, &
T pH=7.4 1) PBS), 4 %>k /] Ab-Fe,O, F1 Ab-
Si0,@ Fe,O, # # 1. 4 5 ik Jy kil 1750 B & 4,
K H] HPLC-MS/MS #4175 f, 8t P Fh 44 k) Xf
AFB, s M4k, WE 6a frox, KA B[] (1 5
Jit, Ab-SiO, @ Fe, O, AH%f T Ab-Fe,O, H A H m 1Y
Ml HXF AFB, HA TSR AE 1. H AL
(1) ER T, TE R AER & 4T, Ab-SiO,
@ Fe,0, WHETEAIRMBIXT AFB, 15K 5 445
68. 283 mg/g, X Tl (5 & 4 At 1 9 K T IZ 6 R XF
AFB, BuiAs 4 & 34 i, S5 30007 5 AR
B LN AFB, 4540812,

&+ OTA . DON ZEN 3 Fl H. 3 % 2 /E 8 T4k
YK IAIE Ab-SiO, @ Fe, 0, B 1E 44 K b Kl %F AFB,
HIRE SR SE S PERE . AnIEl 6b FEBA  7EHH [ A mbs ik
JER TR KA R X AFB, /Y [RIISCR KK T
Hopth 3 M EE TR, ULIZAM BT AFB, HA @
(PRI ORI i S W AR RTE ST 1
TR A AT AR R el /b HAh EL 5 B 3 19 T4, 5
B AR HE R A I

FIE Ab-SiO, @ Fe, O, #EMEGN KM BHE B 24
AR BT A S IR RE TR 5 g NERE
SRR EU R4 S 0. 1.,0.5.1. 0 ng/mL AFB, #5
WEVATR, 47 B 8 S, SR P TRt K 92 VR o3 T 7 o ik
WY AFB, & A 5 R, 45R KW, %M RHE

100 100
1 ¢ E3 1 1 d
80 I 80
2 ] == ]
= J N J
2 60 < 60
g ] 2
g ] z
= 40 - S 40
2 1 &~ .
o ] ]
20 20
0 0
2 4 6 8 10 12 0 2 4 6 8 1012 14

m(Ab-SiO,@Fe;0,) / mg Adsorption time / min

5 (a)ZEmik pH, (b) EEBE. (c) MEIAERN (d) £ EX AFB, BIENZIE(n=3)
Fig. 5 Effects of (a) buffer pH, (b) enrichment temperature, (c) material dosage and
(d) enrichment time on the aflatoxin B, (AFB,) recoveries (n=3)
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) N -
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Fig. 6 (a) Enrichment capacities of Ab-SiO, @Fe;0, and
Ab-Fe; O, and (b) specificities of Ab-SiO, @ Fe;0,
materials (n=3)

OTA: ochratoxin A; DON: deoxynivalenol; ZEN: zearalenone.

AR S PR AR PR R 5 1w S BE T, IR
81.34% ~89.96% (WL 1),3F H& LWl H)E 8
Ab-Si0,@ Fe, O, Wi PE4 KA1 LA AFB, 119 [ 150 %
AU K, RSD <4. 96% , Ui B4 R4 5 52 1 FH 1 i
Hif, Kk, Ab-SiO,@ Fe, 0, BitE4 Kb kL EA %
UF R 53 B AR RE ) R 3 AR S E R AR
FL A A NI R,
242 fEHFHERRIE

HIKHIE Ab-SiO, @ Fe, O, TG KRIAE 4 T4
T BEAAIRR 230 7E2s 1.3.5.7.9.11 d %1 1. 4
THTAR BN 1 mL AFB, AR (10 pg/mL, T
pH=7.4 1) PBS) #1773 B & & , IR A A A 7] RAEL
JEM ALY AFB, 19 & ERCR AR, R 1 mL
PBS A& (pH=8. 0) X AT EHEATUER , NI R4 8}
FRAPUARTEEDME F e, 7 BoR,5 1~7d
PR, R TS A R 0 3, W BRI B AR A T3¢
RFE BRI TAESR 9 d AT 11 d 349 BUEH (R B AIG
A HENE Ab-SiO, @ Fe, O, BEMELN K AT RHEEL Y
PRI P B 2 B ) () 2R T TR, DRI i sk T
FEZD T d NREF R E R,

&1 Ab-Si0,@Fe,0, BiEH KM B ENZERPH
O ERESERN
Table 1 Recoveries and reusabilities of Ab-SiO, @Fe;0,

magnetic nanomaterials in wheat samples

Repeat Spiked/ Detected/  Recovery/ RSD (n=5)/
time (pg/kg) (pg/kg) % %
1 0.1 0.086 85.86 4.36
0.2 0.165 82.73 4.07
0.5 0.446 89.26 3.95
2 0.1 0.094 83.95 2.98
0.2 0.166 82.92 3.01
0.5 0.444 88.73 3.62
3 0.1 0.087 86.82 4.18
0.2 0.163 81.51 4.29
0.5 0.450 89.96 4.32
4 0.1 0.085 84.57 3.15
0.2 0.163 81.34 3.67
0.5 0.448 89.61 4.96
5 0.1 0.085 84.61 3.75
0.2 0.161 80.58 2.84
0.5 0.4382 87.64 3.08
100
95 1
< 905 Ea <} {» %
g 85
S 1
& 804
75
70

1 3 5 7 9 11
t/d

B 7 FAEREXRHT Ab-SiO, @Fe, 0, #itEHK
43T AFB, FIEKE (n=3)
Fig. 7 Recoveries of AFB, by Ab-SiO, @Fe;0,
magnetic nanomaterials under differ-
ent storage days (n=3)

2.5 #YIH AFB, FIREUESMREK

TE AT SCHRA I B SEA B, AIF5E T R IBGA R 1L
TR IR AT o $ BORCR g 52 e 2220 R S0 2%
2T RIF HE B S iE-/K- T IR X AFB, $2 R Y5
M, 38 e R RO (- A IR B 33 X 5 i AFB, A e
Al 5 ng i 925 R AL P AR BT ) AFB, #E475E 1
KR E SRR, I 8 AT, — 5 ik A K AT LA
fEst AFB, A5 52 B i o g 4R 5, 1 Bl 2 7 1 He 491
BT SR EBGR S USCRIZ A5 |, I
A 7ROF R R ™ A= 1 s BEAE T, AT RAEAER 17 FH PR 0o L
T 3R A IO I IE [ R, 53 80, X e T AR
SRR PR SR SR BOBCR | BB 20 07 0 45
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E 8 AREMEMILEIZEE-K-PEXT B+ AFB,
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Fig. 8 Effects of different volume ratios of acetonitrile-
water-formic acid on the extraction efficiency of
AFB, from grains

Y AFB, FOERBCR Jy 56. 80% |, 1111 48 7 77 ¥k A 4 B
K 92.63% , 5 22k H £ M- /K-F R (85 :10
5, v/v/v) A BRG] B 10 min 1 5% 44 %
FER Y AFB, HEATHREL,
2.6 FiETEM
2.6.1 L MESEE AR R

W — 8 W BB B bR ifE AFB, W (0.1.,1.2,
5.10,20,40,50 .60 wg/L) MIAZS A RKHE S H,
B AR RN R ROROR - R IR I o, DA
MR Y) MR, AFB, B BHIE (X, ng/L) N
B AR BRI T AE 01 H 5347, AFB, 7F 2~ 50 pg/L i
FINEA RIFHZM R M RE(R?)=0.999,
WL (S/N) 439k 3 i1 10 Bt aff 5 K6 H BR (LOD)
e 2 R (LOQ), 43 5l o7 0.04 pg/kg Al 0.13
pg/ kg, AR T E AR HLE 1 10 g/ kg iR H
EFr GB 5009. 22-2016 2 — % & S0 AH (L 154 5
FTAE TR AR RVRE 45 10 IO S s BR R s 2 B 49l oy
0.038 wg/kg F10. 145 wg/kg, BiHAA J7 42 i i ik
F Si0,@ Fe, 0, Mt 5y B & 4 f 4 & = S0Ror 62
T FR I TRk T DA B 5 45 v R Y A AL
S ELTT A5 T a7 o 2%, AT A S B i
JRERI TR
2,62 EWREFRFEE

SR IBIEIZ 5 A 52 A W R T ks ) oA
FIATEEME BRI 3 PR WA (FOK BRI/
(725 FURE B, D AR [ HR BE 19 AFB, B TR T, 46
1.3 TERIUR 1. 4 94 B8 s AL IR IG ERERRY  1F
SRR R R OKCEEE E 5 Kk, ARk

2 TN 127 15 B0 R E FEL 76, 21% ~ 92. 85%,
RSD<5.29%,

&2 AFB, E3WHEWERF 4 MKETHMIREWE (n=5)
Table 2 Spike recoveries of AFB, at four levels in
three grain matrices (n=5)
Food Spiked/ Detected/

Recovery/

matix  (pekg)  (pe/kg) % RSD/%
Rice 0.1 0.089 88.75 4.88
0.2 0.164 82.06 2.86
0.5 0.393 78.57 3.16
1.0 0.892 89.15 5.19
Corn 0.1 0.083 83.25 4.55
0.2 0.152 76.21 3.28
0.5 0.434 86.71 2.81
1.0 0.818 79.45 4.94
Wheat 0.1 0.093 92.85 3.69
0.2 0.172 86.03 5.29
0.5 0.454 90.87 4.21
1.0 0.886 88.56 3.95

2.6.3 LFRAE SN E

MABTTREHLIE K 30 By A PIFE S, AL KOk &
KAV E 10 1y, 42 BEBT A 57 19 07 16 %1% 30 435K
PRATPIRE &L R (G AFB, ST, S5 BoR, 7F 1
ASNZERERAN 2 A FRFES PR T AFB, , & 54
Jilh 0.38.0.13.,0. 47 pg/kg, KA 1L [F 545 #E B
FUE 1 BR 8 AR, AR S ARk AFB, , R H
GB 5009. 22-2016 25 =1 R OB AR (O i - A SR AT AR 1%
Xof bR B A SR R AFB, R gEAT S, A5
AFB, i & 094 0.37.0. 11.,0. 48 wg/kg, i W]
2T O B B R T

HT Si0,@ Fe, 0, Mfk /2 & Hid BRL5 A =L
WA €0 18- B3 B B3t vE 5 GB 5009. 22-2016 45 = i
T R O 3 - 5 AT AR A L, 38 TR BRI AE L
TIUANTT T — SRR PRk | s SRR 1 Ak 72
TE 2.5 h VI, 3T Ab-SiO,@ Fe, O, F /B &
2T FRAE 30 min PRI RTPREE SE AL, T4 80% LA I
(RS T s A VR T 2 i R R A R R T DL S
SR FE SRR AT B, TO 22 U o A B B A
= BINABAR, Ab-SiO, @ Fe,0, 4 il 5 R i A<
1%, B IME M IR, B AFB, A B i 5
PEUZERE 7, PTak 3 R A7 53 B AR 0 T feie 5%
FREANAS By Bt X LA R O s A ot AR ARSI 75 2K 5 Pl
SEAE R N ER , R ] Ab-SiO, @ Fe,0, AALAT LA
TR EN A A0 B AR AR ST N e Y AR R, HL
L HPLC-MS/MS %5 4 7] DLk B 45 5 i i i 1, mT
SEIASYIRE L R i AFB, B ERUT



48 2 % 36T SI0,@ Fe,0, MIBKHEAK BRSNS

EEAYTIREE TSR B, - 703 -

3 #ig

AR SR 0 il B K #95 G LT Fe, O, HETE
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PORLXT 3 B ke S i AFB, #1745 B8 5 4, 45
4 HPLC-MS/MS i g A5l , 8 57 1 — P i 450k I
AFB, 5% 207 EN 5 T 9% O Y 18 38007 2
w4 B Ab-Si0, @ Fe,0, 5 & fi{ i & iy HPLC-
MS/MS 256k etk 5C & K PR A 52 PR 55 7
DEEAEAR I BE T AR A Y AFB, 19 SC BRI A,
ARG G AR 1 2R AR , iy A Lo 2 7 b
ARG o R R A, T 3 I AR R
TR A WA LT KU DA FnsF 3 e fg
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