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liquid chromatography-tandem mass spectrometry, UPLC-MS/MS)Bus BRI AE A= e A= i P B &/ K B,
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BRI AFB, (7. S8R MRRERSTE 15 min 53 AFB, (PG IREGSfE . 5 UPLC-MS/MS BXHH, 7%
TG FITE 0.1~50.0 pg/L, FibfRA 0.04 pg/ke, EwFRHz 0.14 pg/kg, AHXTHRUEN 2 (relative standard
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Rapid determination of aflatoxin B, in peanut and peanut oil by an
immunomagnetic beads purification sample pretreatment method combined
with ultra performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To design and synthesize a functional immunomagnetic beads, and combine with ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) to quickly extract and detect
aflatoxin B, (AFB,) in peanut and peanut oil. Methods The samples were extracted with methanol-water solution
(70:30, V:V), enriched and purified with 1.6 mg immunomagnetic beads, and eluted with 1.00 mL methanol, the
samples were separated on a Waters ACQUITY UPLC BEH Cg column (50 mmx2.1 mm, 1.7 pm), and the content
of AFB, was analyzed by an electrospray ion source in positive ion mode. Results The material enabled rapid

extraction and purification of AFB; in 15 min. When combined with UPLC-MS/MS, the linearity was in the range of
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0.1-50.0 ng/L, the limit of detection was 0.04 pg/kg, the limit of quantification was 0.14 pg/kg, and the relative

standard deviation (RSD) was 2.2%. The method established in this study was applied for the determination of AFB,

in peanut and peanut oil with the recovery rates of over 80% and repeatable data meet experimental requirements.

The performance of the proposed method was compared with that of the national standard method based on

immunoaffinity column, and the results were basically consistent with that of the national standard method.

Conclusion This method is simple and can be used to detect AFB, in peanut and peanut oil.

KEY WORDS: aflatoxin; immunomagnetic beads; ultra performance liquid chromatography-tandem mass

spectrometry; sample pretreatment
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(International Agency for Research on Cancer, IARC)E # 12§
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#:(liquid chromatography-mass spectrometry, LC-MS). 15
SO A 2, 3% 725 (high performance liquid chromatography,
HPLC). FHEE 455 1 (enzyme-linked immunosorbent assay,
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performance liquid chromatography-tandem mass spectrometry,
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#M&EREER B (98%, JniA R MBI ABRA R, #
M8 R AR AR °Cip-AFB, (>98%, 0.5 pg/mL, ¥
W E IR A TRA FRAF]); AFB, B g PR L 5 H i
AR A BRAF]); SN HER(EISAE, 52 EFERR KR
BN Fl); WElR 9% vhER 5 K (phosphate buffer saline, PBS)
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Z:2 SRRy T A P S2E BT K 35—k .
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Waters-Xevo-TQ-MS #8 = B A €415 - = 51 DUAR AT Ji
7% . Waters ACQUITY UPLC BEH Cig fA3#H:(50 mmx
2.1 mm, 1.7 um)(3& [#] Waters /A F]); 3 mL-25 T B &7 %
B G 3 AR (R HE TR AR W RHE AT R 22 ] ); KQ-500E
P B i P AR A B WD ); MINL-Q 258 F K R A=
#%(3£ [ Millipore 23 ]); CR21GIIT K2t i iE & O AHL(H
A% Hitachi 22 wl); QL-866 IATETRA X (7 HAK DL /R
il A R A F); HH-100 fEE IR S B AR T8 A
(FNEID
1.3 EMEEEEN

B 5%t Waters ACQUITY UPLC BEH Cjq f&jk):
(50 mmx2.1 mm, 1.7 m); #:3: 35 °C; FEAERLE: 15 °C; i
Beid: 5 uL; WEIAE: A: 0.1%HER; B: 2, BREEUEmL S
0~1.0 min 15% B; 1.0~1.5 min 15%~95% B; 1.5~1.8 min
95%~95% B; 1.8~3.0 min 95%~15% B; 3.0~5.0 min 15%~15%
B; Jii#: 0.3 mL/min,

1.4 FR%ss

BT %S 2 7 (electrospray ionization, ESIY);
Ko g5 =: £ 50 Wil (multiple reaction monitoring, MRM)

R, BRI 150 °C; BANAEHLIE: 1.5 kV; HEFLHLE:

30 V; EHEFIEE: 350 °C; EIFFIAE: 650 Lir,
AFB, R NFRIFHES LS R ILE 1.
1.5 #HmNE

TEAERE B RIS, TS g #RT 50 mL RN
JEHP FEAR ARG BRI S g, JILA 50 mL SN . 6
He FAE AR SEA TR AR BIANA 20.0 mL FIBE- /KA
(70:30, V:V)IRTEIRS], WA IRA 20 min, 6000 r/min &0
10 min, FiEWRAH 2 mL FiFREMNGE T, F 10 mmol/L
#) PBS (pH=74)ERZE 1.0 mL J&, IMASERIEROREE T
1.6 mg, 37 °C 55 5 min JE#EST 25, 555 FIEW A 1.0 mL
H B EdR Y 10 min. #5702 R B ISR, 3 0.22 pm A HLIE
JE, $iME 1.3, 1.4 4F UPLC-MS/MS EHLINE

1.6 HiELIE
By L A PR VA E e, BRI E R UL, &
UPLC-MS/MS F ¥ b BEER 4 Masslynx #4745 4 28

2 HER5HH

2.1 REHAMEREKIREUS F GRS

Ga PR PE R T T B AR R A 28 G A T s A
1k, B TR AP S5 G S5 1 3 sk 9 & A 5L
BOR . T B SCERARAE ), LIRS A R 8
1 pH N 6~8 HIRURIRITF, pH 1 s s RARK e 54t
RIZEARES, BRI HPUR . SO pH 8 7.4, I
T J5 252 B S 6 FR AR 9T th %8 pH=7.4 Y PBS 14 SN 28 i
VWL X HUR TR ZE SR, S H PR SPUALE AR
JEMUREIFE 15~40 °C ], JREE L& S8 mbi s vk, Ao
WP 37 °C YENBUSHURLE AR NIRE . fELL EART,
ABIFSE NGRSO ) FH A . BRIBURHIRT . DR S et
BFIR] 4 A5 TN D5 PR A TR . S0 1 Je o T SR Rl
BRI BRI 520 . 3E8E 0.1~2.0 mg SfE iR,
JIA 5.0 pg/L AFB, (1.0 mL), {#£IES AR N 1.0 mL, 455
WA 1a F7R. M SRR R 0.1 mg 3]
1.6 mg, AFB WK BRSCRZRHTHEN, (FLIE: G P ek P
#il 1.6 mg ZJ5, AFB, R ILT AR, Ik
1.6 mg GERETEER F & .

SRR — A5 2 5T W BRI )Xo B EZE SRR R 43 )
PeHE 5. 10, 15, 20, 30 min KISV EFIR], Z5RANE 16 fF
7o B 16 FTLAFE Y, 5 min IHUFEE s B4, W3R
5 98%, [HIL N —5 i B B R B K 5 min.

A P R RS R BUA ) B 145404, ImflifS AFB,
TEGRPEREERER LR Rk . BIL, fEIRB i mes, [F
HEXTEE THEE . 206, HEE-Z 861, ViV) 3 Bk evt
WRAICR . 25 A B, A0 2N s e, DERAR
69%; HMEL-ZIE1:1, VIVIB], PRI S 49%; fd i H
T R ORI I, BEIRUSCR AR IS 1A 5] 84%, FIrLAEREH
FEAE VeI A o 72 LA b SERt b, E— XA e ] 2t
17k 2 BIEESE 1. 3. 5. 10, 15 min AFYPEBER ], 25
TINE e FiR. Z55%EM, 10 min BFHAEHAT B9 DEAEE
PR TAI T 10 min B, SERRACRFEAL . nTRE R T HF At
BUREUAAE BAE R B & R, AR EERAE A T Bk
RHAEVE, ¥ AFB, 3[Rl S s R A v B A
AT T Ak, TR T AR BAABL(E 1d)%T AFB, BEBACE
ISR . S5 REW, ST 1.00 mL I EEZERL T, Bt
Vel R B, A 84%, HILHRE EATI N 1.00 mL.

®1 RESH
Table 1 Mass spectrometry parameters
ay AR 43 o B8 F(m/z) T BT (m/2) HEFLHE/V [0z ENEAY
313.15 241.19" 50 36
AFB, 312.27
313.15 285.09 50 20
13C7-AFB, 329 330 255" 50 20
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Fig.l Optimization of immunomagnetic beads conditions (n=3)

22 FFEMEEMR

el AFB, i ##(100 pg/L), JHFH EERG FE AR 51 o it
WeE0.1, 0.5, 1.0, 5.0, 10.0. 25.0. 50.0 ug/L)AIARAENL
PV, UEREREUR S uLo DAMREE (ng/L) WA A bR X, W1
R AR bR Y, 24 AR v 4R, A5 B4R Mo R
Y=3825X+2277.2 . ZHEIE IR 0.1~50.0 ng/L FIAHKE RECH
0.9980, LA S/N=3 1Tk R, 24 0.04 pg/kg; S/N=10 151
FEMR, R 0.14 pg/kg BB EVEE N 1 pg/L 1Y AFB, Fi0,
SEATINRE 6 IR, FHXTBRUEN 22 (relative standard deviation,
RSD)H 2.2%.

N T RAEIZ T A A, BOEA FAE AL TR A, LA
B ot K 3 AOREKE(20, 10, 2 pg/kg) kRS HIIA
AFB,, iFATAE S DR H RSB 00T G 25 1 P AR
PRI 25 F 43 L3R .

il UPLC-MS/MS kil S5 o3 tr 45 5L W& 2. B
AR IPEATINE 6 Uk, W A8 A AL AL T 1 259 [Tl
90 81.97%~95.06%F1 95.48%~104.47%2 [, [0 fir%
0T A R G ARG 5

®2 TREIRERE AFB, BN & S AFB, B E (n=6)
Table 2 Determination of AFB; in spiked samples with different
mass concentrations of AFB; (n=6)

HE bk B /(ng/kg) B/ % RSDs/%
20 81.97 3.05
1w 10 93.29 6.62
2 95.06 5.72
20 95.48 1.41
AEE 10 104.47 6.02
2 101.37 7.85

23 AR

N T IR G 3 e SRR A Uy ke S B AR i )3
PE, ARSI, RG0S T B R bRk ik i e n
A8 W P R A AT A AR, o k43R A A I AR AR AR
TFRRES:, 2 BIHIA 20, 10, 2 pg/kg AFB,, s S5 FIkE )
IR TSR GB 5009.22—2016 ( & i e e EZARE B
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ml R TR R B R GG E Wik, AFRSERUE, %
AFESIH, #8747 UPLC-MS/MS I8 . & 3 J&Hys 3R Al
G WEPE BRI A BIAL BE 7 5N AFB, (AL BRASTE] | 4G

PR K BRI . Q0% 3 FEas, RS 1 RS HH BR A 1
RWATH R 225, IR A Grs mi M ek iE T 4R BOm vk
45 BLSLRE SR EE Y AFB) .

£3 TETMLEEHET AFB, HHXEH(n=6)

Table 3 AFB;related parameters under different pretreatment conditions (n=6)

A 3k FE i TINAKE/(ng/kg) i &b 3R ] /min G HH B/ (ng/kg) [T/ %
20 40 101.26
piZas 10 40 0.03 101.13
o 2 40 93.30
Gy A
20 40 89.36
A= 10 40 0.03 102.68
2 40 114.01
20 15 81.97
piZas 10 15 0.04 93.29
o 2 15 95.06
G RGPk
20 15 95.48
A= 10 15 0.04 104.47
2 15 101.37

3

g 5itie

ABIFER AR 1) AFB, RRERENERER, AL TR

W AFB, 5038 i PE SRR AL BE4E A UPLC-MS/MS i #6:
T ke 5 EGARMET AR, b 1SR A H BR 7 i
A EER, HEZRETEFEIHBY 40 min, Wi
AT 15 min, AWF5T S 09 07 AR BOAHIb FH I B 4,
HEVERAEADE, BAEWME, a8 2 RaHE MR
iA1= B N S = VAl 1 s 2 e = S B DK T I =
H A5 g IR BGR L IR 525
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