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Determination of aflatoxins in vegetable oil by liquid chromatography-mass
spectrometry with magnetic solid phase extraction
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ABSTRACT: Objective To establish a method for the determination of aflatoxin in vegetable oil by magnetic solid
phase extraction combined with high performance liquid chromatography-tandem mass spectrometry based on magnetic
multi-walled carbon nanotubes. Methods After adding n-hexane, the samples were extracted with acetonitrile-water
solution with pH of 3.0 and volume fraction of 12.5%, then MWCNTs-Fe;O4 was added for magnetic solid phase
extraction. The conditions affecting magnetic solid phase extraction were optimized, such as extractant selection, the
amount of MWCNTs-Fe;0,4, adsorption time, eluent solvent selection and eluent time. Results Aflatoxin AFB,,
AFB,, AFG, and AFG, showed good linear relationship within their linear range, and the correlation coefficients were
all higher than 0.994 The limits of detection and the limits of quantitation of pesticides were in the range of 0.02—
0.05 pg/kg and 0.08-0.15 pg/kg, respectively. The average recoveries at spiked levels of 0.10, 1.00, 5.00 pg/kg

ranged from 75.1%-96.5% with relative standard deviations between 3.2%-6.2%. Conclusion This method is
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simple, fast, efficient and accurate, which could be applied to the determination of aflatoxin in vegetable oils.

KEY WORDS: magnetic solid phase extraction; aflatoxin; multi-walled carbon nanotubes; high performance liquid

chromatography tandem mass spectrometry
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5 Hh 7 75 & (aflatoxins, AFTs)EREMEMRAY—2EHH
BERR, 2 H M A A A R R A A SR AR LAY = B
YRR N ok AEAE L ROR A S AR T
HC SR A L . S S AR, WS TR L R
AT R AR Y, ™ iz 85 g . Hat k3
8 BB 15 K 2 20 280, CHESS A 17 FP, 5L
£ aflatoxin B,(AFB;) . aflatoxin B,(AFB,) . aflatoxin
G (AFG))H aflatoxin Gy(AFG,). HPI#ih&HE B, &
PRI, A DA AR RE RSN E R T 2808
WP, Bl B L AR HOR B RS, R4S [E AF TS il
TE T A R AT, BR Y B i R B R
EExt i g S S i 4 2, EARHE RS A . B2
1R L R FL A A B B i i & 2R R W IR EER LR E T
P, AFB, (R EE K 2.0~12.0 pg/kg, AFB, . AFB,. AFG,
Hl AFG, MIBRIE(E A 4.0~15.0 pg/ke™, T AR R
YEDIGT MBS & Hf S AFB, A BRI PE L, Horh
P MAG AR . R IMBRST), AFB, BREAE N 10.0 pg/ke;
AR . B 20.0 pg/ke; BRI EHT & RER AFB, .
AFB,. AFG, fll AFG, i & 57 PRI 2K .

B B R 2 A0 bR oG I 9 ) 3 S v AR A £ 3
P A A R RO € 3 - R I T 1O IR S M
BEFI s v U e A SR T 0 T R RS I i o
FOMEEET: — HESESRIK, WAL EE, ML
AERIE; — . X PRI T /NAAE S, LR &R
PIARTE, (HRPIARRI R SR B, Ak o LA B 5 — L FF
AT 2%, MR A KSR E . IR R AR
SISOt 5 s BT, BRI M A R AL, thas 5
X AR T AR o IR G A M M AE e I BA . R A
FEAG . FERAS S . BRI A, HaT R GE
Fr B e . DR, o A R O v I A AE
SR AL B AR AR R T I, i LAR IR 5 2
PR VRO €20 i B R I i ke o B I R T 3 R AL B vk R
4. QuEChERS 7511 [ A% B gk U0 4 i o Ak
0TI Sy vk T A X R R H A R B AR, Bk
INEE L ROK L RIBESE

W4k [ AH A5 B (magnetic solid phase extraction, MSPE)
FiARUOT JUAR SR TR 7 180 &2 A SEAACRE il i A 0 1) FF 55 44
Ao LR R W B R A TR SR AR B R S B AR
FEAT A, 8y O H AR AR B R RS

G R, PR R S R B D, R RO,
Je ks BRI AR B 550 R ok . MSPE £ R 5 fik 11458
FAHZEBCR ARLE T AE . 0B nE R R e . Sk
BT, PEBUHCR VR AR R TARIBOR, FRAR T
Pl R WA N PO a4 R LR ST BV E
MSPE £ #48 F W R i sy Ab B0 . RIS L. H R A
T EC A E A By v R [ R A R 2 DA S b
ROy B L BRAKAT L TEESE . A BRI R R
SRR REAE M B . AW S AR I 22 BERR AR AT 1) Ik
fift F R HALTORE L H] 5 MWCNTs-Fe;O, fEPEK Rk, #1)
FHZRERRANAAE 5 BARMN non AHEAER] . S A E AR
SEVERI T, ek e R B 550 o5 2 it 5 7 R e PR, A I
Hh B A I E SR T — AR AT B R

1 MR5RE%

1.1 XBE5RH

T 1 KO AE 8,15 (Y . TRTracer100-AIM-9000 1.4k
HiEAL-£T A AR (H A B H# A F]); AB SCIEX-API3200
S PGAT B BTG (3EE AB SCIEX /A +]); Thermo
Helios G4CX i, T & 5% (3¢ & Thermo Scientific 22 7]); H
R FIRYKH & AN T RG(EE CarlZeiss A H)); &
B FRAE (W AR AN AR AT B A W) 25 TR (R LTl 28
RRAGEAT PR HD); AL AR (TR 1 IKA A w]); ZRE
RAIK A (—COOH, 20~30 nm, > 98%, H[EFRl¥ R mH
BB BRA Ao

100 mg/L #iHE58:% AFB,. AFB,. AFG, fll AFG,
PRV (T 538 B T A= ) TR A BRA |

HEE . KO, ZRROHE. N, 8. =W OMR
(f, 3% 2fi, 35 B Thermo Fisher 4\ H]); FeCly*6H,0 .
FeCly*4H,0 . NaOH(4-#r4li, [ 24 4 1k 2432851 BRA ) o
1.2 KWHE
1.2.1 WCNTs-Fe;0, # %] &

K A 3L 0T 3E Bk il & WONTs-Fe;0,: FREL 5.2 ¢
FeCl3+6H,0 1 2.0 g FeCly»4H,0 % F 25 mL BREE/KH, il
A 1.0 mL 12 mol/L HCI fil#iz i, Pl B AL Fe* W45 i
F 250 mL 1.5 mol/L NaOH ¥ I A 2.0 g WCNTs-COOH,
HAZSHUM, £ N YR T 85 cCARB £, 30 min J5,
¥ P EIRBIE A, 22, MWCNTs-Fe;0, K Bk,
SRR T R R A B R R, FE 25 ORI, 25 B K R
HE pH=7.0, )ik MWCNTs-Fe;0, BT 50 °CEZs T4
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FA T4 24 he
1.2.2 ARG B

TRAARE MW TAERLH: # IR 100 mg/L
) AFB,. AFB,. AFG, fl AFG, FHEVE 4 B 2 G5 4%
Tk, WOt EHLHOE N 1.0.5.0.,10.0.20.0. 30.0, 50.0 pg/L
i) AFB,. AFB,. AFG, fll AFG, IR SFRIEIEIR, HHLE
TR F R E 2
123 Hmaras

(H¥EH

FREUEYH 5 g(R5H % 0.01 g), A 3.0 mL IEC48(E
FRAEA I 2= 0T, AR A it 280 P ol W B SR e Py e,k
W B B U A A B R ), TRAT 3 min R, FEIIA 10.0 mL
pH K 3.0 AT E N 12.5% 89 2 -/K W, IR HEIR S .

(2) R P[RR AE H

JILA 50.0 mg MWCNTs-Fe;0,, fEEIRGWIT 15 min J5
FHBR G T REE R 7R, 3725 LIEWL A 5.0 mL ZJiEHR
GivkI 5 min, PENSEEEIE R PSR BE R BT, %% th BRI,
RWGET, FHFEERZE 1.0 mL, HPLC-MS/MS _FHIA .
124 #ABEHE- B RAELH

(DBAR TS 21

Bt Shim-pack XR-ODSII-C g A 4:(2.0 mmx75 mm,
22 um), WM Z I (A)-0.1% H B 7K (B); i & :
0.30 mL/min; FEFEIARFH: 5.0 uL; F:iR: 40 °C, WA 3RS
BE VR LR . 0~1.0 min, 2%(A)-98%(B); 1.0~5.0 min,
75%(A)-25%(B); 5.0~5.5 min, 75%(A)-25%(B); 5.5~8.0 min,
2%(A)-98%(B).

Q)T %1

BT WIS E ESI(+H); B FIRE: 550 °C;
LB SE LR 5.5 kV;, KA A ETI: 55 psi; FEALRIETD:
55 psi; PV E F7: 55 psi; AR MRM £ 5 W
ML

2 HERE5SR

2.1 FREFHMK
IR A T i R RE R AR ERRSC A 200 p/L R

RS ARV TR, BB EAE, 1 e AR
e, mEtawnsFET, B rs et
F, 4T — & W REHE BE i ARG SR, ST RS T
VR R . TN 2 AT 8 1o i R e e B
BHEF, LR E P e E e K, AFB,. AFB,.
AFG, il AFG, B BT Al S 5003 1.
T B35 MWCNTs-Fe;0, BIRAE
MWCNTs-Fe;04 ©.4742 44

4 1.2.1 B 45 MWCNTSs-Fe; O, 41K B0k, 15 4 75
AP 2 BRI E, AR RE 1 PR, H
B LRI, ZRERRAK A B RAE SR RGN K Fe; O JH FH, M
PARSEHE UERTE, SEXRIAEN 43 nm.
2.2.2 MWCNTs-Fe;0, 4L} 648

MWCNTs-Fe; 0, M 751 2 M [ AH 26 B4 BUSCR 19
PRIUE o ABIFFE R FH 2 & R 3 (-~ COOH) I 22 BE ik A K A,
- COOH W5 Afli ZEERRYKRAE R BB L& R 454 1
HRA KT, WAHRNS, 68T 08 A ILE
Feh, (i Z2BERRAOR AT RE S 75505 Fe¥ ik, R85
YRR, B ZLAMERE R (] 2)RT 1, FE 1300~1400 cm™
MHEA - C=0 WM4i RN, 3300~3400 cm ' [l A - OH
HIAR AR P 5 .

2.3 FEMEIEZEREERRA
231 FIRA ik

ZE TP ) AR P RV B 2 E AR RE AL B AT L
MM EEE R, EMESEESBTHE. CHEEA,
I, AR A TR BON 12.5% . 30%. 50%F1 100%
1) 5 - 7K i R - 7K VR Ry 2 BB B %ok 2 ph 2 2 2 IR 1Y
R, SRS AAEA AR S R AFB, . AFB,. AFG,
M AFG, IR SRR TIEEE, WK T8 10 png/kg. 4553
DL 3. B 3 AL (DR BRI S SR, DS B A
RETE 60%LA I3 QMF M HOBTT, RIVHEEH 2% 1ok i
15, BRI -5 R TR A5 U %) W B S 4l b, i 3
SRR, 12.5%I0 ZHE KRR ZEBGR T, s . A4
WFREFE 12.5%09 S -KAR RAE R 2R

2.2
2.2.1

*1 EHESERERNSH

Table 1 MS detection parameters for aflatoxins

i3 4 B4 Bt 8] /min B85 F(m/2) T F(m2) Tl A eV L E/evV
AFB, 4.07 313.2 285.0%/241.3 36.0/38.2 75.0/74.6
AFB, 3.98 315.2 259.3%/287.4 30.5/31.2 80.3/80.0
AFG, 3.88 3293 243.3%/311.3 30.2/34.1 90.4/91.2
AFG, 3.75 331.3 245.3*%/313.4 24.0/33.2 85.2/84.3

e RS R T
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Bl 1 MWCNTs-Fe;0, 43 H 45 &
Fig.1 SEM image of MWCNTs-Fe;04

110

70

4000 3500 3000 2500 2000 1750 1500 1250 1000 750
WeE/em™

2 MWCNTs-Fe;0, £L/MES E
Fig.2 Infrared spectrogram of MWCNTs-Fe;04
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Fig.3 Effect of extractant on extraction efficiency of
aflatoxins (n=3)

232 HIRF pH #9%h

BN R R AR A P AR A . N, T
HEBGRI R FE I BRI T A, DAGRIEAEBUOR . AT
T 12.5%E-/K 2G5 pH {45120 1.0, 2.0, 3.0, 4.0,
5.0, 6.0, 7.0 BFAAEBCRCR, BREE X B 5% i DL I 4.

LEARWY, pH 0 3.0 I IO R . pHHARZEHE R, #0
o A RE R, PRI IR A R A S P, ABF
FEREFE AR pH 2l 3.0,

—=— AFB, —e—AFB,
100.0 | —o- AFG, —o— AFG,
80.0 |
S
=
E
60.0 |
40.0 1 n 1 n 1 n 1 " 1 n 1 n 1

1.0 2.0 3.0 4.0 5.0 6.0 7.0
pH

P4 pH X h 2 1l i

Fig.4 Effect of pH on the recoveries of aflatoxins

2.3.3 R M EFIE] 49w

W BB RS i AL TR B R 2 —, SEEEA AT
FRFERT 1] B BB v IO B 38 S RE T A4 A BB B) . 7€ pH=3.0
W) 12.5% G- KVERZEBGARIAA4ET, B8 T W 43
B 1, 3.5, 10, 15, 25 min WX e 35 2 ECR 5
Wi o 25 5 VLI 5 B I 5 T 441, 1 min 2 10 min i, AFB, \AFB, .
AFG, Fll AFG, ) el 22 b 25 B ] 35 i34 K, 15 min B 4 Fip
F T R A DR IRF] 85% ~ 95%IA], FEAR 1K 51| -
i, BEZE R Y AEK, AFB, B9 AR IEAR S, AFB,
AFG, Fll AFG, i InIS AL, 1T REJRE 2 AFB, 50k PE R f
71l MWCNTs-Fe;O,4 FIE R J7AHXT FHAlh 3 Fhim i di =0
o ZE G, WA R 15 min.

100.0 -

80.0 -

—a— AFB, —e— AFB,
—0— AFG, —o—- AFG,

40.0 -

n 1 n 1 L 1 n 1 L 1
0 5 10 15 20 25
fist ] /min

Pl 5 IR SIS i) o o 22 2 3 [ 4 0 5 )

Fig.5 Effect of adsorption time on the recoveries of aflatoxins

2.3.4 MWCNTs-Fe;04 B W 7 A B 49 %7k
T 4 FhEgih & SR MWCNTS-Fe;0,
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R AEAE W G, W R 4 P S AR ORCR AT B R
M o A 5T 255 1 R BRI A 543518 5.0 10,0 50.0. 100,
120 mg B AYAEBUECR: . S 2s S 0L 6, 2 1 BT+ )
B, 4 i w200 RSO R G K A Ak B B
15, HC IR R0 A 50.0 mg o it 25 1R 50 5 P -6k 2 1 o
BB 7 2 0 PBCR B RRAIC ., LA DR AT R 2 T I 7R
A2, 1 pe e R, o e TR . Bk, TR0 A

R 50.0 mg.

100.0 +
80.0 -
o\\"’
=
& —a—AFB, —e—AFB,
60.0 | ——AFG, —o-AFG,
400 1 L 1 L 1 n 1 L 1 L 1 1
0.0 20.0 40.0 60.0 80.0 100.0

W2 B 551 F L /mg

L6 WIS s e
Fig.6 Effect of the WMCNTs-Fe;04 amount

2.3.5 RBLA GG LE

VR ARk B R Ve . AR LN
HEE. OMROER. AP L M TRIE e, 5l
BOR, UL 7. 5 AR BERRACR A 20 > Wl > 2R 2
Bi > & W EE > N, st GaE =y h SR G, v
MR MR, PRI AR R . PRI, AWFIEERES N
ML

1200 - —p ==
COLIRZE: wm — 5
[====ToN]L]
100.0
80.0 [
RS
= 600
=)
400
200
00 U
AFB AFB AFG AFG

1 2 1 2

7 BRIBHN B A R 2R RSO AR (n=3)
Fig.7 Effect of the elution solvent on the recoveries of
aflatoxins(n=3)

2.3.6 RBLAT IR 9%k

T A 1008 SR BT ) S [0 i 338 1 B B2 AR E, kB0 BsF ) 3k
K, &S8O SWBIE D E PR, B mIeR T
W AP T YRR R4 500 1. 5. 100 15, 20 min
BT 4 8 i 25 75 2 IBCR 52 . il 8 R 5 min B,
4 P R R W RICR R R, TR BT, 4ksin
VR R AR I H 2 5580 AFB,. AFG, #l AFG, fy[ul
WAL, B 5 min B AEVEBLET ] .

12001 —=— AFB,—e— AFB,
—o— AFG,—o0- AFG,
100.0 -
&
=
=
80.0 |
" 1 L 1 L 1 L 1
0 5 10 15 20

VMRS [E] /min

8 PRI i) A5
Fig.8 Effect of elution time

24 FHENZMTCERGHR

Bol k4> 1.0, 5.0, 10.0, 20.0, 50.0 pg/L #Y
AFB;. AFB,. AFG, fil AFG, WIR-SIRIEE T, WUkl
T R LR 9. DABTIG I I AU AR bR, B R0
W RE MR AR R VELRME IR, [l 5 AR L 2Rk Rl AT 22 R
Bz 2, AFB,. AFB,. AFG, fl AFG, 7E 0.5~50.0 pg/L
JEN R RIFMAMECR, MEREIITE 0.9941 UL k.
S3AILA 3 A5 AF R LR 10 A5 M U X 07 A ¥ A R
WM S ge, 15 B R B 7 vk K B BR (limit of detection,
LOD)l 0.02~0.05 pg/kg, & & KR (limit of quantitation,
LOQ)} 0.08~0.15 pg/kg,
2.5 [EERKRIEEELE

43R B FHVRRH . FEA TR A FORIM G 28 IR R PE R
FERT, W3 ASAREACE R IR R, K 1.2.3 T
niHTALEE, FH] HPLC-MS/MS ~FATE 6 Ik, THE IR
DL R AN B Ui 22 (relative standard deviation, RSD), HE.{&
R 3,
2.6 LRRMERNE

XF TR AR b 30 By CHErh ARG 10 . &
Kb 10 R AIAE L 10 AT, 5 GB
5009.22—2016 (& ib EaEEKRE BinhE &R B
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TN G IR 5 ) e 1 e 8O € - A A kAT T 3.53 pg/kg, 2 FhJrE 45 R EA 5, T IE GB
XFHo K 1 AR AR AR S B AFB,, SR WS 5 A I 27612017 B (A BR B 20 pg/kg. HiAy 19 G35 AP
B0 3.88 pg/kg, o S0 AR (1% - AL 10 AT A2 V5 4G DU AE 4 Fheg th 27 AR
4.07

3.2¢4
3.0e4
2.8¢4 |
2.6e4 -
2.4e4 |
2.2¢4
2.0e4
1.8¢4
1.6e4 -
1.4e4 |
1.2e4 |
1.0e4
8000.0 |
6000.0
4000.0 +

2000.9 ‘
00 L. SRS PN
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
53 i8] /min

HHR R BE /cps

9 &SR HPLC-MS/MS &% &
Fig.9 HPLC-MS/MS chromatograms of aflatoxin

*2 EHBESZRMEEFE. KMEE. BXAR. RURMEER

Table 2 Linear equations, linear ranges, correlation coefficients, limit of detections and limit of quantifications of aflatoxins

k& Bl )= 5 A e T/ (ng/kg) A RHL K B/ (ng/kg) PR/ (ng/kg)
AFB, Y=391.05X+52.302 0.5~50.0 0.9987 0.02 0.08
AFB, Y=129.37X+105.19 0.5~50.0 0.9941 0.03 0.10
AFG, Y=51.485X+30.458 0.5~50.0 0.9955 0.05 0.15
AFG, Y=61.541X+45.502 0.5~50.0 0.9962 0.03 0.10

*3 EYHERTERHESRNDINERN=6)

Table 3 Analytical results of aflatoxins in vegetable oils samples (n=6)

P—— BT (k) £ F A R piaaRli Tk
BN &I RSD/% [T /% RSD/% IR /% RSD/%
0.10 83.2 4.6 79.5 5.4 84.1 43
AFB, 1.00 81.4 3.9 83.7 6.2 777 44
5.00 86.2 42 83.5 5.5 87.8 43
0.10 80.4 5.4 82.9 438 81.2 4.1
AFB, 1.00 79.8 4.5 81.5 6.1 75.4 5.5
5.00 82.4 53 82.6 54 86.8 5.4
0.10 79.3 4.9 75.1 49 76.8 47
AFG, 1.00 88.0 4.7 77.9 5.0 82.4 52
5.00 82.3 4.6 88.5 4.6 95.2 43
0.10 84.2 3.8 80.6 49 89.2 3.9
AFG, 1.00 85.7 5.4 81.4 6.1 78.5 4.4

5.00 96.5 4.1 91.2 3.9 84.1 32
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X AR AL 30y PR IA RN 10 /. £

KTl 10 3 FIAEAE T 10 O )BEATARCI, A6 1 AR A TR
& AFBy, SRFAGHS )i 3.88 pg/kg, (IR THE
GB 2761—2017° L R B {E 20 pe/kg. Hidx 29 (3FE
i 4 FhiE il B R AR .

3

2 it

A5 R 1 A0 3 0 ) A 1 e 1 AR A O B 5

MWCNTs-Fe;0,, A7 T HEPEF AR LS A HPLC-MS/MS
For i & FAR o b e i S R A vk . O AR
A AT AL BB AR SR8 . A MLV RE D | AER S0 A, TR
i ph R R A A IO 43 B A e AR AR, BRAIC T S AR R
HRETEY T . BT . AR, IR 0 RO
K A BB 5, RE OSR]I A 0l v B R A
MR, BB S FHME

SE MR
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