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% Jx Jft 1% % (Liquid Chromatography-tandem Mass Spectrometry, LC-MS/MS ) [) B | & iy 45 i 4 10 # A & F %
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TAHRAL, PR ORER T ERATT TR FH R SRRV 2% AR5 4 T B TH - K (80:20) 1AV,
20 mg NH,-MWCNTSs 4§ 4 440 7] B A AR AT AL I 420 10 AP A F X A 1-20 pg/kg SEE N & HE X A RAF, 7 ikeiid
$ F& (Limit of Detection, LOD ) 7 0.04~0.19 ug/kg 2 i8], % &% (Limit of Quantitation, LOQ) & 0.13~0.63 png/kg %
], AnARE M Aol AT AR £ 5 A A 70.33%~111.67% F7 0.55%~9.60%. %7 kR MR, K KR%EET T4
AT AR ALY . ARG ENE, ER TR SR L AF SR NE.
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Abstract: Mycotoxin contamination in oilseeds is of particular concern because of their potential adverse effects,

hence reliable analytical methods are required for detection and quantification. This study aims to develop a rapid method for
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the detection of ten mycotoxins in oilseeds using amine-functionalized multi-walled carbon nanotubes (NH,-MWCNTs) as

adsorbents for dispersive solid-phase extraction (d-SPE) coupled with liquid chromatography-tandem mass spectrometry (LC-

MS/MS). The structural and morphological characteristics of NH,-MWCNTSs were analyzed using X-ray diffraction method,

fourier transform infrared spectroscopy, and transmission electron microscopy, confirming increased surface defects after

modification. The optimal pretreatment conditions were identified as 2% (V7/V) formic acid in acetonitrile-water (80:20) as the

extraction solvent and 20 mg NH,-MWCNTs as the adsorbent. The 10 mycotoxins exhibited good linearity within

1-20 pg/kg. The detection and quantitation limits ranged from 0.04 to 0.19 pg/kg and 0.13 to 0.63 pg/kg, respectively. The

spiked recovery rates were 70.33%~111.67% and 0.55%~9.60%, respectively. The proposed method is simple, rapid, and

environmentally friendly, substantially reducing pre-treatment time and organic solvent consumption. Utilization of NH,-

MWCNTs could be an effective approach for determining various mycotoxins in oilseeds.
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(RISEME o DR ORar I 25 SR (R R A 1, DA ZBAE i A 2
B B A 2802 B 8 o b B 2 SR A TR R . 4
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M A B R R G bR S W (AFB,. AFB,.
AFG,. AFG,) ; T K/REIEE (ZEN) 5 it 5 5
FAOTA) ; i ER R B(OTB) s T2 8% (T-2),
%179 100 pg/mL T 285, 1 mL ; R %3 %K B, (FB,) ;
KR53 % B, (FB,) ¥4 100 pg/mL T HEE, 1mL.

NG HEE. HER (BN MmIgaD, fEE R
NF] TKERERES. EALEN (OdralD, EZAEML
FAFNARAF .

112 BBELH%E

LC-30AD 7= U AH i A, H A A Al
QTRAP 6500 = H PUBLAT i, E AB Sciex 2
F] ; MSA225S-CE HL ¥ K °F, ## [F Sartorius Group
AT IKA-MS3-basic JWiEIRA14%, {8E IKA A ;
CR22G My X mid 250 HL, 18 E Eppendorf A
Milli-Q Reference #2ii7K#5, 3% E Millipore A A .

1.2 REF %
AR R Y B
SR ARSI PR K (1D B

MiREZE 1 pg/mL, P53 FBE SR OB EC R A 1. 2.
5.10.20 pg/kg TS HIFRHE TAEIR, RACHLA -

1.2.1

ITHBFE e, LR RS FE AR R ), B
Ja, KRR FRA @S 0.22 pm JERE, SR
MR A RIS E T ESAE N T 24 h, 53
NH,-MWCNTs.
123 H&eRREF1b

WA IS, FEFFREN 5.0 g (0.01 ) T
50 mL FIE0A R, TN 20 mL ZJE /7K (80:20,
R B0 2% MR W, FIZLRBE 1 min s
BEE M 4 ¢ ToAKBRERBE, 1 g &ALEN, JIZLHR
Jig 1 min, 8 000 r/min & 0> 5 min. H{ 1.0 mL b
HEWOF N 20 mg NH,-MWCNTs, i 2439 iE 1 min
Jaid 0.22 um JEMEE, £F LC-MS/MS 7347,
124 LC-MS/MSH#r &t

i 24 : XDB-C g # (100 mmx2.1 mmx
1.8 um) ; VifE: 0.25 mL/min; #:iE: 40 C; i
PR 3pL; Jshil: A AREIH400.1% MHEE -
KT, B AR F S %0 0.1% ) FFH R — HP 1 V8 ks
A B TR RS B 2R 1 o

# 1 ERER TORENEREIRIE R E

Table 1 Gradient elution procedure of the mobile phase in
positive-negative mode

122 HAAEAM S BRI KT 6% & BX w1/ AEBHAE ) BX w1/ AR )
A PMRIF S 7 4 A 2 BB K TR AP B% A% B%
EHEHAME, BB Bk, M= R T b 30 boos b
A% 20 mg COOH-MWCNTs. 0.1 g 4i & 71 — 5 257030 25 8
CULRE % (Dicyclohexylcarbodiimide, DCC) Al pap >° 2 P |laoo 35 5 09
20 mL Z —fi% (Ethylenediamine, EDA), [ J5# /= 7 2B 73 505
KEFE 30 min, HIX S AME SIS BORR S . BEELE 7eo 7030 8% b
120 CoshHEATINHY . R SERUG, FITGK ZEg o0 50 05 % D
=2 10MERSENRILESH
Table 2 LC-MS/MS parameters for the ten mycotoxins
AddE RYE/min XHEGE/NV RERT REAT BT RAEX
B BNV B BER/V
AFB, 4.65 110 313.1/285.1 33 313.1/241.1 48 ESI"
AFB, 4.58 140 315.1/287.0 35 315.1/259.1 42 ESI"
AFG, 4.57 130 329.1/243.2 35 329.1/215.0 42 ESI'
AFG, 4.5 110 331.1/245.1 42 331.1/189.0 55 ESI"
FB, 438 60 722.5/334.3 55 722.5/352.3 49 EST"
FB, 4.48 70 706.4/336.2 55 706.4/318.3 55 EST
T-2 5.01 50 489.1/245.2 25 489.1/387.1 21 ESI"
ZEN 5.39 -118 317.3/174.9 -31 317.3/131.0 -33 EST
OTA 5.38 -85 402.2/358.1 =27 402.2/166.9 -50 ESI’
OTB 5.24 -84 368.1/324.0 -23 368.1/214.9 -32 ESI’
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1710 cm™ &b R FEM W& 2%, 1 625 cm™ Al
1 585 em™ o A7 H B 06 R Ik e R 6 [T PR ) C=0 fd
AR BNUEF N-H 45 4R 200, 1 141 em™ &b I T
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. k4h, COOH-MWCNTs Al NH,-MWCNTs E4
FHAL ) 21 40 1, 3R BA ) £ 5 NH,-MWCNTS (1) 5&
AREER A KAEZA
2.13 FHeFEMEN (TEM)

Bl 4 8 se BB 1T J5 2 BE B 48 oK & F 3% 5
M B S B AHSE . B 4a. 4b I LLE H
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7~10 EA s B pk, RIMAIR 28, XN
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BRI B H A5 2 T4
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Fig.4 TEM spectra of CNTs
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Fig.5 The effect of extraction solvent on extraction
efficiency of mycotoxins (n=3)

7E: A% d-SPE £4F: 20 mg NH,-MWCNTs.
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Fig.6 The effect of adsorbent types on extraction
efficiency of mycotoxins (n=3)
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Fig.7 The effect of NH,-MWCNTSs amount on extraction

efficiency of mycotoxins (n=3)
iE: HE d-SPE £ : 2% KA 4y T ER 4 T - K
(80:20) ; NH,-MWCNTSs 4% 4 #4671 ,

BE 5, F% 123 778k, DA EZEekr At %
%2 7 A A NH,-MWCNTs & (104 20+ 30, 50 mg)
X 10 PR R IRDUSCERM R . 45 5 wE 7 R,
TR, IR B FIA IR A 10 mg H9 0% 20 mg B,
10 FREFEF R EICR 20 ETHEY, X—0RE
ZANTHEEBFERTN o B FREMENRD, X—
FEVE DN SE 1 2% 5T 5 W M R 18D ) e R BMAE AT, A
k2> T e B A 2R R H AR TR
SR, W B 70 A Bk — 2P 38 m 42 50 mg I, H AR
AP RIS T 60%, X AT A& K Ak &1
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NH,-MWCNTs S B B s 3, s ;428
Rz PR, EWRB R A 20 mg B, 10 FhR
WA R AR RIS, 28 AR, AR5k
20 mg NH,-MWCNTs {£24 d-SPE [t 7).

2.5 HEFHM

AAR TG KT AN [R]HOFF o RE CIERRFF . 22T
CLACKE) (B TRUS AT T VP4, SR R s e
25 5 5 750 B A it 28 0 EUAE SR VAN 2R 28 (MED,
4 ME )46 6B 7E 0~20% 0 BBl YA Ch A2 55 35 7 2%
R, fE 20%~50% 30 N 9 i &5 5L i RN, 24 ME
>50% B A A i . R 3 AT Al
AFB,. AFB,. AFG,. AFG,. ZEN. OTA 7V FR¥f.
FEACKFATBRAL ALK A IR N, R T T BRI
RONE I RE MR, A T v SR FH 36 A vf i 2 3R AT 5
EH .

® 3 =BT AR S ENERYE

Table 3 Matrix effects of mycotoxins in three
kinds of oilseeds

HR AL
A EE 5 =
T JRAT % RAEAFA=/% LI %
AFB, 12 91 75
AFB, 10 89 71
AFG, 11 99 38
AFG, 75 71 85
FB, 25 35 35
FB, 28 20 42
T-2 16 23 39
ZEN 43 65 75
OTA 62 21 86
OTB 25 24 46

2,6 FEFHE

KHFTRBAEER., Tk

A 78 R 25 5 UG L A A5 v R B AT 8 & 4 AT
DA RAEIETAR (YD) SR (X0 HEATLREIRNE
1 1~20 pg/kg SN, SFREEEFERNELEXRRR
Uf, MRRE (R ¥IKT 0997 8. AW KH 3
5 (5 e L (S/N=3) A1 10 {515 M b (S/N=10) 1t
BAZJT A R (LOD) MIEREFR (LOQ), LA
AR 45 SR AR P AT AT 52 % . LOD A1 LOQ 43 7 N
0.04~0.19. 0.13~0.63 pug/kg. 10 F H k7 b4 i £k
PEJTFE. A A%, LOD A1 LOQ W3 4.

2.6.1
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*4 HRSRENZLMEAE. A, LODFILOQ

Table 4 The linear equation, correlation coefficient,

LOD and LOQ
AHAE &M R J@Z) @%ﬁ
AFB, y=3.57x10"x 09978  0.05 0.16
AFB, y=1.88x10"%  0.9996  0.05 0.17
AFG, y=2.05x10"%  0.999 5 0.05 0.17
AFG, y=6.00x10°x  0.999 1 0.06 0.20
FB, y=130x10"* 09998  0.12 0.4
FB, y=1.77x10% 0.999 6 0.14 0.5
T-2 y=1.66x10"x 09979  0.06 0.19
ZEN y=7.19x10°x  0.999 5 0.04 0.13
OTA y=1.45x10"x 09990  0.17 0.56
OTB »=3.93x10% 09979  0.19 0.63

2,62 FSudghirE R

3 1) 25 ZEAEFFAE TR IR MG (1.0 pg/kg)-
H(5 ngkg)s B (20 pg/kg) = AN E HIIR A B
#E &, F A LC-MS/MS 470l 52 6 Ik (n=6), it
56 YN A A3k 56 (1) ~F ¥ [R] AL R R A 6 A v i 2
(RSDD. 45 W% 5, 10 Bl B 8 2 (1 °F 33 [
I ZAE 70.33%~111.67% 2 [8], [A] i 2 1) RSD 7E
0.55%~9.60% (n=6).

2.63 R AT k65T BT

N TV MR A A R, FRATE S
A7 1) £ it 22 A ) 5% bR ARG W 75925 B i R 1) T Ak 2R
TraAT T . BRATE TR R, mr
WO ER DT RPN, A AL R & 5 EoR &
R H PR &5 AN 7 AT TR, R 6 28 T
X,

GB 5009.22-2016 £ —7% 5 GB 5009.96-2016 5
— R0 R H B A RS (SPE) A4 35 F1Z AT
RIRHC. AT AL EERE &, 5% G0 A A BE T
I, AWK d-SPE 7L f k. &
Wi EWREEIR, B KRR B sk b 1 A AL 7 7
F& (20 mL), [AIR R4 RE 7 AT AL ERRS (], HEASSL
IO RETE 10 min 2 P58, 45 G 2 B 7 45 B g |
R R RN, 1% 07k F NH,-MWCNTs &
HMERE T H BRI (Csv PSA), 5 Cpn
PSA #HLL, M2 BEIRGIKE (NH,-MWCNTs) 1F
R Rk R, R EE 2 . LK,
SR i IR A T B S SR R B B 0. TR, AT
A AR S d-SPE MR R X Ah ANV e
BEFTE], EREPRAAT IR, [FB 7 — @ FE B g
T TH AR i A RSB 1 1S

* 5 EESZHMERERZERRSD

Table 5 The recoveries and RSD of mycotoxins (n=6)

s 1.0 pg/kg 5 ngkg 20 ng/kg
e =E /%  RSD/% = E/%  RSD/% =A% RSD/%
AFB, 76.13 3.35 83.30 2.41 87.57 2.01
AFB, 80.97 2.97 81.70 1.65 85.80 445
AFG, 80.33 7.08 102.00 0.98 106.33 6.40
AFG, 79.72 6.88 105.37 2.01 111.67 5.09
OTA 79.01 5.80 86.00 3.08 104.33 9.60
OTB 70.33 2.17 78.00 5.88 72.97 0.55
T-2 91.67 5.38 103.67 6.84 93.83 7.19
FB, 82.37 2.81 89.03 425 87.63 2.98
FB, 83.67 421 91.80 2.00 83.00 9.50
ZEN 94.67 3.71 100.67 5.10 101.33 3.74
% 6 EMUAFTALE T EXSLE
Table 6 Comparison of similar pretreatment methods
KR ER MAEF % AN /min AAGEFAE/mL  BHCE/% R R/(ugke) AF ik
B4, B SR SPE >60 >30 — 0.03 [24]
54, AR A BRFREANE >30 >100 — 1.0 [25]
ok BB o d-SPE >45 >20 72.70~126.30 0.1~15 [26]
3 AT At d-SPE <10 20 70.33~111.67 0.04~0.19 Arik
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Table 7 Detection of mycotoxins in real sample (#=3)

AR 52 FRAE oA (ng/kg)

#%  LRAF1 RSDY% LARFF2 RSD% HRFLHA= 1 RSD% HRiEH{=2 RSD% %it#F 1 RSD% 4Lit#F2 RSD%

AFB, ND — 0.15 9.43 ND — ND — ND — 0.19 7.66

AFB, ND — ND — ND — ND — 0.17 9.17 0.32 9.70

AFG, ND — ND — ND — ND — ND — ND —

AFG, ND — ND — ND — ND — ND — ND —
FB, ND — ND — ND — ND — ND — ND —
FB, ND — ND — 2.21 5.46 ND — ND — ND —
T-2 ND — ND — ND — 2.62 4.73 ND — ND —
ZEN ND — ND — ND — ND — ND — ND —
OTA ND — ND — ND — 0.91 3.67 ND — ND —
OTB ND — ND — ND — ND — ND — ND —

JE: ND Al 4 X F LOQ.
2.7 92 173 # B E’/‘J EZ Al beers and spices using a multi-mycotoxin LC-MS/MS method

MR ALt T 32 0 S B SRR F - FEAE KT AN
ZLAERT, 6 ML URE A, SRR TR E H 10
MEE RS E, BMERBPATIE 3 Ik, 4
WK 7 HroR. GiAREMW, Frsil ey 6 SRR,
W R R B, & EL /DT 2 ngke, FFEREK
I X il S A P PR B R R By IUBREZEK

3 g

A S SF F NH,-MWCNTS 75 W B 77, 2 57
7 d-SPE Al LC-MS/MS 1 FH [ B Az il o 4o 6k 22
PR W R R . MK ET, EREEN
P i & &M R AF, R AE 70.33%~111.67%
Z [8], RSD N 0.55%~9.60% ; J5 % [ ¥ tH R 7E
0.04~0.19 pg/kg Z I], &€ EFRLE 0.13~0.63 ngkg <
6. SAEGATAE AL, 1% EAM R E m
FRAAE AR, 1 HEE S T KEA VUSRI RE, #E
MR, 25 LR, %A
T JTERE B R 0T B 2 A DR A K
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