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Abstract: In order to effectively detect the biological toxins in maize, 80% acetonitrile -0.1% formic acid aqueous solution
extraction, QUEChERS purification, methanol —0.1% formic acid +5 mmol/L ammonium formate aqueous solution using
C,s column and gradient elution separation, electrospray positive and negative ions simultaneous scanning, and multiple
reaction monitoring mode synthesis method of gathering data were applied to simultaneously determine nine mycotoxins
including aflatoxin B,, aflatoxin B,, fumonisin B,, fumonisin B,, fumonisin B, vomitoxin, 3-acetyl-deoxynivalenol, 15-
acetyl-deoxynivalenol and zearalenone. Results showed that, the linear relationship of 9 kinds of mycotoxins were good in
the concentration range of 0.25~250 pg/L, the correlation coefficient was above 0.9999, the detection limit was 0.079~
1.8 pg/kg, the quantitative limit was 0.26~6.0 pg/kg, the recovery rate was 80.2%-~113.8%, the relative standard deviation <
7.7%. Nine mycotoxins were detected in 240 maize samples in Jilin province by this method, in which the aflatoxin B, B,
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were not detected, but the other seven toxins were detected. The detection rate of zearalenone was the lowest (14.6%) and

FB, was the highest (98.3%). This method is simple, sensitive, reproducible and accurate. It is suitable for the simultaneous

determination of mycotoxins in maize.

Key words: UPLC-MS/MS; maize; mycotoxins

LB B 32 (Mycotoxin) XOFREE BE 85 22, S EL PR 7F
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TEARI L GRS ] BE R L R R 3R V5 L,
E R A E A S, U AN SRR,
w7 i1 2£ 75 2 (Aflatoxins, AFT) 2124 & LAY EETEH
SRR E PR R, B hE Ay A fhws -2k,
AFTB,. AFTB,. AFTG, 1 AFTG, PUff e HE 21
ARFERSy, Hoh, AFTB, I3 TEfsn™ . IR S#ER
(Fumonisins, FB) 2= 222 HH &3 Bk V] 5 )@ B ==
Y —JS 5 B AU MR Y BLE #E 3R, FB, . FB,. FB,
Je HARRME LAy, Hob, BV R 5119 FB, & H 2
AT Xk B R (44 W 4RSS T Sk D T e e
Deoxynivalenol, DON) 1 KARE7/4H (Zearalenone,
ZEN) =2 VT RS B3 ™ A2, J2 H AT IEXT R
VGG YRR R T, B R TG YL e BR Y A]
B, AT A 42ER 72 SEZKM 18757 A7
eI TIRRS, &I FE S A2 BIAS R B (Y B PR TS
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T A 3 2 BB X R R SRR T AE ) S A AR 7 i 1
V5L, SRR AR A SR BRI

TR AR AL ™ i v BL TR 3 3 i ORI B AR,
SRR KA T A R E RS YUK I T
B, SRR R R AL il A v N W R B RE R
it T FEAE — BT IR SRR, X F KA b d
SRR & R A AR . HAT, B R 2R A
1 F BT WA SR T SO REER T | BRI A
PEWZ RSO T2 gkt R i - HR G
JELIO O A R b LB RE E T I — R e
SRR S AT BEA T [ FH AR B, AN AR AE o R 2B,
JASHE e A ), I EL AR ARSI S A v [ e e 5 22
Sl s AL EEAIA UPLC-MS/MS #l1 QUEChERS
IO, TEAR SR Sat I, sy T PR AR 17
M e FK A 9 FRELIHTER M5

A A By VS SO 213 - FR R BT A, e X
PR B ek, DU R a3 | RS AR AR ARG
AL, B fEdE S oKW AFTB, . AFTB,. FB,,
FB,. FB;. DON. 15-ADON. 3-ADON #ll ZEN 9 ff
L PR 2R A B ARSI ) — e 887 1%, S KA ™
B PR RE R ARSI L ¥ I R XU DA P R R
.
1 MR5RE%
1.1 #MRSEE

TR0 T AR
4, 3L 240 5 25 B KRR

2019 4EFK WIS Y SR 4 E 75 A
AL EE 2018 AEKG

I BE A7 B0 JC A W85 315 YL 00 TOKBE SR 1 0% nifE
Wi AFTB,(2.02 pg/mL) . AFTB,(0.502 pg/mL) .
ZEN(100.2 pg/mL) . FB,(50.1 pg/mL) . FB,(50.0
pg/mL) | FB;(50.3 pg/mL) . DON(100.0 pg/mL) .
15-ADON(100.1 pg/mL)#1 3-ADON(100.3 pg/mL)
ROMER AFl; Z G . FEE. Fig  Aigg, EHE
Thermo Fisher 23 7l; ZAEUELIEEL R 4 g TC/KAREREE .
1 g SALEN. 1 g FPEmREN — KGR 0.5 g Al —
& EE Agilent 22T,
QTRAP 5500 JFif ZEE AB Sciex AF); LC-
30A = & W AH 2% X H 4% Shimadzu 2\ A
GENIUS 3 {iER5I8s  f5E IKA AR MULTIFUGE
X3R &.00HL  ZE[E Thermo Fisher 2\ F); HZQ-C &5

KW PRG o R THARITZARA A FW-
100 s T BERT AL JE Rt KOG B F XA A FR

INFE o

1.2 XFEE

1.2.1 FEAATAEE B AR, w5 O i LR i
18 BT, IR47, FREX 2.00 g T 50 mL 2.0 7, Jin
A 20 mL 80% ZHE—0.1% HFRR/KIF, THIRIR 4%
NP ZHEHL 30 min, ITAFEEAL, 7 2 min 51k,
10000 r/min 250> 5 min, B 35 2.0 mL T4 7Y,
50 °C KA ZEIT T, A 1.0 mL H B KIS (viv=
1: 1) %, WRE 1 min, & 0.22 pm JENETRE SO N,
5 AL

1.2.2 ARdEA WAL

1.22.1 HAREWAIECH  F2HL FB,. FB,. FB; biife
¥y 54 10 uL, DON. 15-ADON. 3-ADON #l ZEN
PRUERI 4S5 uL 43 S S E 255 10 mL 25 50
N, B2 B AFTB, fr#EY) BT 120 pL FH H Bs e 45 %)
5 mL BN, FBHL AFTB, FRUEYE 200 uL i H
B iE 28 #) 2 mL 2P, BB 9 FPEETEE 91
AR 50 ng/L BIEASRIAR -

1222 RAHERENEABE B 10 mL 2280
1 H, Sy B HER 2 A FB,. FB, Fll FB; bR 5 I35
£% 100 pL, Bl ¥ B A7 0.50100. 0.50000. 0.50300
pg/mL; 2 A DON. 15-ADON. 3-ADON #1 ZEN #x
HESL B W A4S 50 L, BLdlHe B2 2 0.50020. 0.50020.
0.50060 pg/mL; 2 A AFTB, bR SIS 200 pL, Bt
THIME A 0.04004 ng/mL; AFTB, FRAESFME 400 pL,
B0 i M B2 A 0.02008 pg/mL; JH F B8 25 2 20 3,
—20 °C P17 S

1.2.2.3 RAWETAERMECH  HUES B FORRE A,
Fe R 1.2.1 WA, 495 25 [ BOREL TSR O, AR R
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9 PP EERAE BTG T AR N AR, FHZS L] FB, .
FB,. FB;. DON. 15-ADON, 3-ADON #1 ZEN Ji &
Wl 6,25, 31.25, 62.5, 125, 250 pg/L, AFTB, it
EHEESN 0.5, 2.5, 5. 10, 20 ng/L, AFTB, ik )&
S 0.25. 1.25. 2.5, 5. 10 ug/L BYIRAPRE T AR,
HHBAC

1.2.2.4 FRUMEMIZRZEH]  SRAHZS 1 FARE S HE B T
Sy E i) Al 3R 9 R T BR S A . HoH FB, L FB,.
FB,. DON. 15-ADON. 3-ADON Fl ZEN ¥ J& 2
6.25~250 pg/L, AFTB, ¥ & 2y 0.5~20 pg/L, AFTB,
HeEESN 0.25~10 pg/L, LAFEZR U (X0 S Al b,
THFROY) AR, SAE PR .

1.2.3 s

12.3.1 @M @iktE: C (2.1 mm x 100 mm,
1.7 pm; )5 AR : 40 °C; i : 0.3 mL/min; #F 4¢3
3 pL; WslAH: A—0.1% H AR+5 mmol/L H FR % /K %
W, B-H s AR EEVEIASC LR 1.

w1 MUY

Table 1 Gradient elution procedures

i i) Wi FH i i Wi B
(min) (mL/min) (%) (min) (mL/min) (%)
0 0.3 10.0 10.5 0.3 60.0
2.0 0.3 10.0 13.5 0.3 60.0
3.0 0.3 20.0 14.5 0.3 95.0
4.0 0.3 21.0 17.0 0.3 95.0
5.0 0.3 26.0 18.0 0.3 10.0
7.0 0.3 26.0 20.0 0.3 10.0

1.23.2 Ui scM B 70 v BSIIE; 347 X
Scheduled MRM ™ SRAEAE, TE T 25 IR A 41485 25
TAbLHL I IEREE 5500 V, A —4500 V; AT
30 Psi; F LR : 550 °C; 540 55 Psi; B
55 Psi.
1.3 B

K H Analyst Softwaer 447 KL L PE; H
MultiQuant 3.0.2 FRAFHFTANER, A< ST SR AT
e EA R BARFORIE S Geit s i g

PE 7K S 347 5% ] Excel Jp 23 814 5 2 I AR AF %
Orign8.0 FA AT,
2 RS9
2.1 {UEERFEHMHL
211 AL # o PR TR ARSI, 4>
SiE AT IR B SR AT RE I HOE R
FEEAH S B, e A DR IR BT A
etk "l H1, AFTB,. AFTB,. FB,. FB,. FB;, DON,
3-ADON F1 15-ADON ZE1EBL=0F [M+H] R & &
Ferms, 1 ZEN FEIERICT [M-H] B8 E K. i
REREE TR, MRS I T A T RS,
Wif 52 HoF 88 1, BJm Xl 4 fE i (CE) 25 i i &
(DP)PEAL, W5 9 FhELIATE R Uik S5 ansk 2.
TE—RUERE AR R, R T W TR 22 19 25 X, SR
JH Scheduled MRM™ SR AR X, Tl A% B8 B 18], 76
SIS TRI BT 11 AR AR P B F5F, R dr i i as
PRI, &5 G PRl e e, SCEL T —URIERE, 1F
TSR] SR AR, i T A 53 BT EsTR]
2,12 EGEAMEAL e C g (iAo B AE; il
T A BRI AVRS BE VAR =, e b AR
VEMASEZCT, o (i 43 B SO s 43 St FH FE e
FZREST X O PP E BB, 45 o, 76 W s ik
TN 0.1% HERFI 5 mmol/L W iR E%R, A ) T8 4>
Hrea 4y B T1k; 3-ADON Fll 15-ADON TE @i AR 45 B4
Bsf 1) A 1), (BB 3% S5 A4 AS [R], AS 5 2 P e 1 4,
i FB, F1 FB; 7E 51 b 14 BE 25 7 17 25 AR ], 78
{0,135 o AT BAR 4y 40, DRI AN 5 ) 2 vk R
SrT(E 1),
22 FEFER
22,1 FEMLYEER KR AoEER  EER R
FER R (X0 R AR AR, IETHIFR (Y ) MAARER, U5 PRifE
HZk, 2113 3. 9 P BB 2 EARXT N 19 2 P 6l
N, R AT, AHOCEREII KT 0.9999,
MEME L S/N=3 B #fi 2 4 HH R (LOD) , {5 Mk Lk
S/N=10 B #ffi %€ 7€ 1 R (LOQ) , ZEN £ Hi FR > 0.73
ng/kg, E R 2.4 pg/kg; AFTB, Fll AFTB, [ F:

2 FIESF
Table 2 Mass spectrum conditions

R AR LR EA B[] (min) WIS Xk Hi#EEERCE(V) L% FEDP(V)
AFTB, iE 4.0 313/285";313/241 31549 150
AFTB, iE 3.7 315/287%; 315/259 35;39 150
ZEN il 6.9 317/175%317/131 —32;-38 —140
DON ik 1.9 297/203°; 297/249 22;16 110
3-ADON iE 2.7 339/203; 339/231 20; 16 120
15-ADON iE 2.7 339/137%; 339/231 11;16 120
FB, iE 5.6 723/334; 723/352 55; 50 150
FB, 1E 6.9 706/336"; 706/318 50; 55 150
FB, 1E 7.6 706/336"; 706/318 50; 48 150

T RN ERE T,
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1A “1 B
30F 30+
2.8+ 2.8+
2.6 2.6
24+ 24+
22+ 22+
20 20
1.8+ 1.8+
1.6 1.6
14+ 14+
12t 3-ADON | 12}
Lok 15-ADON 1ok
08}t FB, 0.8t
0.6 FTB 0.6
04t FB, ‘| | 04k
02f  DON|| IJ 1 ' 02t
0 Y W LV . ]ll | .LJI\_. . . . 0 N I G
1.0 20 30 40 50 60 7.0 80 9.0 10.0 11.0 1.0 2.0 3.0 40 5.0 6.0 7.0 8.0 9.0 10.011.0
A7) (min) B[] (min)
K1 9FEEERES TR
Fig.1 Ion flow diagram of 9 fungal toxins
TE: AR 8 P ER 5 R IR G AR MER LG B FIEL, B 2 ZEN ARUER s il
3 ITIRHZAMETE L K R A E RERR
Table 3 Linear range, detection limit and quantitative limit of the method
BR Frifeh 2k LML (ng/L) P (()) LOD(ug/kg) LOQ(ng/kg)
ZEN Y=3003.6 X+4.1x10* 6.25~250 0.99998 0.73 2.4
AFTB, Y=11183.3 X-2731.5 0.25~10 0.99995 0.079 0.26
AFTB, Y=15592.1 X-5794.9 0.50~20 0.99997 0.14 0.48
FB,; Y=371.1 X-6009.7 6.25~250 0.99991 1.3 4.3
FB, Y=551.1 X-6475.4 6.25~250 0.99995 0.26 0.86
FB; Y=477.3 X-6153.3 6.25~250 0.99993 1.8 6.0
DON Y=120.9 X-519.0 6.25~250 0.99993 1.4 4.6
3-ADON Y=339.3 X-1819.6 6.25~250 0.99998 1.1 3.8
15-ADON Y=355.4 X-1652.3 6.25~250 0.99999 1.1 3.8

HBR 4391 A 0.079. 0.14 pg/kg, & & RN 0.26 Fl
0.48 pg/kg; FB, . FB,. FB; MUK R 1.3, 0.26.,
1.8 pg/kg, EHFR M 4.3, 0.86., 6.0 ng/kg; DON, 3-
ADON #IT 15-ADON A HIBR > 1.4, 1.1, 1.1 pg/kg,
ERFRA 4.6, 3.8, 3.8 ng/kg, iR LK 3,

222 JTIEMERR R ORGSR HRUES P RO, n
AR [R]HE B TR A AR vE T AR, SFATIIE 6 1k, 1T
B [ RCR AR i 22, 45 R 0LER 4, 9 P K
W R A 3R AE 80.2%~113.8% |, RSD 7&
0.2%~7.7% ZZ.[a], = BHIZZ 7 12 v A B FIOkG 28 BE I8 85
It IR E R TR P

223 BEFRRUN 43BN RE A P R K S S R A I
IR S PR TAERAN 50% FP B /KSR e I iR &
FRUE TAEW, THE g m AL L aT 458 o Fh B F 2 Ay
FTOVE. AT

Am
ME = — x 100
As

K49 FERRER I CR AT % (n=6)

Table 4 Average recovery and precision of 9 mycotoxins (n = 6)

#R i (pg/kg) I (pgke)  [EER(%)  RSD(%)
ZEN 250 255.8 102.3 77
AFTB, 10 8.3 83.4 0.2
AFTB, 20 19.2 95.6 0.5
FB, 250 227.6 80.2 2.2
FB, 250 253.9 101.5 0.8
FB, 250 2449 97.9 2.9
DON 250 268.4 107.4 73
3-ADON 250 284.4 113.8 5.4
15-ADON 250 2723 108.9 7.6

X ME: S50 (%) s Am: 25 P 358 51 B i1 19
TRAA AR R TSR T FY; As: 50% HHE7K s u e il
PR A AR MR i e T A

4 ME=100% B, ¥ A 3L 5t 8 W 5 24 ME<
100% B, R R BNl 20 ; ME>100% B, Sk 56 0T 4
SN o SEBRAI L FR H, AR MEFETE ME=100% [1)
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FRAEIRAS, ME TE 85%~115% Z[a]i, BTN ALk
RN ANHH

Kl 2 25 R 9 P PR RE R BTV 45 R . H
&l 2 AT, 9 Fh B BE R EA FETRLN, Hod FB, .
FB,. FB; fil 15-ADON & Jii %4 b 43 531 A 110.05% .
106.96%. 107.67% il 89.29% JTE 85%~115% =Z A,
FEHAFLTRON AN i s DON JEJRELN N 125.57%, H
45 DON JyAL R340, 1 ZEN, AFTB, . AFTB,,
3-ADON LN 5351 63.87% . 71.34%. 56.68%
1 83.85%, AL Y /INT 85%, 2 3L Jo #1114l %K
R, AFTB, MM e o A SE R R Hr,
PEHAS H FOKREL TR BOR AL HIFRMER W, SRk &
S RE AR BT HRIA50N () 5 )

BTN (%)
O
(=]

*

ol
«\&% ?g‘b” gg’\ <8" <8’“’ <87“' Qo’% Qoé QO%

P T
RER

P2 9 R R 2 ST I ]

Fig.2 Scatter plots of matrix effects of 9 mycotoxins

224 SEBMUERTIEXTH B (BRI,
¥ 25 pg/kg MR, HIBEHPEAE &, 53 3F% 8 GB 5009.
240-2016<E mh PR S EER AIIE )P GB 5009.22-
2016 & fh e th B2 8 2 B AN G % gl s )3,
GB 5009.209-2016 CE iy H TR AR ERIAER A0 e Y41,
GB 5009.111-2016CE il I 4S5 B 0T T s e S H:
ZTBARATT A= Py i) YT e (g VRORH €83 - HR I T 15
FIAEIATINE, SPATIE 6 K. S5 IR 5.
RIR, AS Ty 1 5 BRI 28 S 2
(P>0.05), FHAA T 2 BEUERG T 5, VIs2nl 17, MIE
SRR FHE S et i (R ARSI 9 Flskisr) o

22,5 FESWRZIN R7FHAS B0 AR 7 240 43 ok
FE S BEATAS I, 2521 2 BE, 240 Uy FE S, AFTB, il
AFTB, RAK H, (HASFFEELEAG HY ZEN, DON, 3-
ADON, 15-ADON, FB,. FB, fil FB,, H:" ZEN £
H N 14.6%, &1~ 9.9~13530.5 pg/kg; DON £
H SRR 52.9%, & H A 9.5~1806.3 pg/kg; 3-ADON
KrtisRM 30.4%, &84 10.1~205.6 pg/kg; 15-ADON
KRN 45.1%, &8~ 11.0~1472.2 pg/ke; IR 3
FEK R i, FBy & H 5K 5 96.7%, & =N
14.5~23270.1 ng/kg; FB, & H Z 4 98.3%, & &N
29.8~5877.1 ng/kg; FB; K H F ok 85.8%, & & N

K5 AT ERITEM KSR (n=6)
Table 5 Comparison results between this method and GB
method (n = 6)

M2 (ugkg™)

==
E Ak bk r
AFTB, 24.36:0.92 25.53£0.95
AFTB, 25.47+1.22 25.89+1.08
ZEN 25.09+1.57 24.59+1.48
DON 25.11£1.75 25.02+1.68
3-ADON 24.70+1.31 25126114 TO05EFR
15-ADON 24.83+1.91 24.7241.32 o
FB, 24.80+0.26 25.42+0.38
FB, 25.47+0.59 24.74+0.46
FB, 25.45+0.98 25.51+0.73

17.3~3365.5 pg/kg; BARLEIR UL 6. 1 H—"FE5H
drEI AR T LRPRE R IR e 2, 3R 7 45 AR s T ]
ARSI 5 FhEE 31 I, 2EIH MR FOKAF7E BB

FERIRATTYLRE,

F6 240 i EAMER T A HR ST RV,
s/ IME B AR
Table 6 Maximum and minimum values and detection rates of
each toxin content in 240 maize samples

£ R (ngke)  FFERHA(pgke)  BHFR%)
ZEN 9.9 13530.5 14.6
DON 9.5 1806.3 52.9
3-ADON 10.1 205.6 30.4
15-ADON 11.0 1472.2 45.1
FB, 14.5 23270.1 96.7
FB, 29.8 5877.1 98.3
FB, 17.3 3365.5 85.8
AFBI / / /
AFB2 / / /

T AR RKH o

3 g

>Rk QUEChERS R %37 UPLC-MS/MS [E]As
W F oK 9 FhELEERE R 7k, Ak T i (o
%A, I RO B A5 i 7 155 55 A R0
D TORFESN A FE R THE . 7 0.25~250 ng/L e ETE
I 9 P ELPA 73 FRAHOC R EHIAE 0.9999 L I, ki
BRAE 0.079~1.8 pg/kg Z[a], EHFRLE 0.26~6.0 pg/kg
Z 8], AR TE 80.2%~113.8% =2 [A], A Xt 45 Ui
2% < 7.7%, BEEEEHE] 10 min N, 9 FhELETE RIS TR
UF53 B, 2T VR E TR A O AT REBUE . 47
s BE B, 3 T B2k o FhE B 5 Z [RIHAGI, 7T
AR T Z2 20 5y LB TR R T GRS A SRR S
WP . BEALTT 7 BT 240 4y KL S HEFT R I,
5 LRI, LR &L AFTB, Fil AFTB, KA K,
{H °R [6] £ & & 44 ZEN. DON. 3-ADON. 15-
ADON, FB,. FB,. H " FB, £ i1 2 % &, ik #)
98.3%. RUAF MY KA ERFMBERIR S ITH

I\ET‘]/*E@‘ o
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Table 7 Maize samples with 5 toxins detected simultaneously

BEfh ZEN AFB, AFB, FB, FB, FB; 3-ADON I5-ADON
M5 (ng/kg) (pg/kg) (ng/kg) (ng/kg) (ng/ke) (ng/kg) (ngkg) (pglkg)

33 586.6 / / 23270.1 550 89.2 26.9 126.6
34 7858 / / 1162.5 53.1 127.0  18.1 118.0
35 1314 / / 5313.0 62.6 147.7 18.0 50.2
38 135305 / / 786.2 588 2518 799 365.4
39 26213 / / 16348 57.5 2002  46.2 229.7
40 1008.0 / / 2399.6 569 484 38.2 51.3
63 485 / / 1008.7 61.8 172.1 177.6 764.1
69 175 / / 5109 180.6 3202 344 157.9
70 319 / / 2346.6 682 170.6 140.1 1472.2
84 1274.8 / / 1420 622 946 24.1 64.2
85 77.0 / / 26172 59.0  40.1 18.2 59.4
86 508.1 / / 6229 684 279 20.4 80.9
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