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ABSTRACT: Objective To establish a qualitative screening method for 29 kinds of mycotoxins in grains based on
QuEChERS dSPE EMR-Lipid and liquid chromatography-quadrupole time of flight-mass spectrometry. Methods The
sample was extracted by 20 mL 70% acetonitrile (containing 1% formic acid), purified by modified QUEChERS
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method, electrospray ionization, positive ion sweeping, sequential window acquisition of all theoretical mass spectra.

Results

The established method included a database of primary precision mass, secondary mass spectrometry, and

retention time. This method enabled rapid screening of 29 kinds of mycotoxins in soybean, corn, rice, and wheat. The

screening limits of detection of ranged from 0.005 to 0.050 mg/kg. The method met the basic screening requirements.

Conclusion The method is simple, specific, stable and reliable. The method enables the processing and qualitative

screening of large volumes of samples from soyabean, corn, rice and wheat in a short time. It has high application

value.

KEY WORDS: liquid chromatography-quadrupole time of flight-mass spectrometry; QUEChERS; mycotoxins;

grain; qualitative screening
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AR, B ARTE Z R BR, Jo7% R ARk,
i LC-Q/TOF-MS YRy e £1E, 45& & MR
32 BT % % 2 (sequential window acquisition of all
theoretical mass spectra, SWATH), #J# T 29 F E T E R
FRHEPE, JESLHRERE BoK | SORFNA S 29 Rl
BEFR WP Ay kAT T2 0 R SR A 1Y) LA 75 28 0,
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1 MR5ERZE

1.1 #R5ERF

WK BoR KK DN BENLIMRRE &

FEL. 20 B . CREk(Eigsl, 75E Merck 2AH]);
HEE (4 g MgSO,. 1 gNaCl, 1 g FEmsh. 0.5g =K
B ATERR AR (b al, i g St RN B A IR
7); 15 mL Bond Elut EMR-Lipid dSPE it (3£ [E Agilent
NS

20 FhEEEBEREARE: 15- T30 E0 S I e )] o M
(15-acetyl-deoxynivalenol, 15-A-DON), 3-Z RN A 2 S
ik 71 45 W% (3-acetyl-deoxynivalenol, 3-A-DON) . AFB,, %
X B, (aflatoxin B,, AFB,). HIhEER G (aflatoxin Gy,
AFG)). %% & G, (aflatoxin G,, AFG,). AFM,. 24k
19 (alternariol, AOH) . 4%l 5. FF fi (alternariol monomethyl
ether, AME) . B4 % %5 Z (citreoviridin, CIT) 4% % (citrinin,
CIN). FRVCFIJE R (cyclopiazonic acid, CPA), DON, —Z
Tk 48 S LR T B 5 % (diacetoxyscirpenol, DAS)., R L#E
B, (fumonisin By, FB,), tk&& & B, (fumonisin B,, FB,).
{R T3 2% B5 (fumonisin Bs, FB;) ., #it JJ F i X (fusarenon X,
FU-X). Ak 7] E 4B (neosolaniol, NEO). & &k /I #i
J’ﬁ@?(nivalenol, NIV)., OTA. B EHZEB (ochratoxin B,
OTB). ¥ i (penicillic acid, PA). H =B & A (penitrem
A, PEA), #JI§E: 2% (RSF-resiniferatoxin, RTX)., Z4{fl%E
Z (sterigmatocystin, ST), T-2 #Z (T-2 toxin, T-2), BEHE
(tentoxin, TEN) ., 4l 38 £t & [ R (tenuazonic acid, TA)(JFi &
WePEYh 50 mg/L, KERT/RIERHH RAR).

1.2 UE5REF

X500R & AH (335 - DU AR AT R AT B[R] B (6 [ AB
SCIEX A fl); AL204 ¥ % 7 K- (F % 0.1 mg, Fi L4
FRFERI Z /3 7)), SDC-4000 I8 HENR AL (RIIE 154 W4
ARAERAF]); Allegra X-30R E# AR E.OHLGGERE I 755
JRIRAFLS wi)); Milli-Q e 4l7K & A= 2 (1 [ BR 52 23 v)); AUTO
EVA-60 WA (L (EFHERIO A R F]); 0.22 pm 2%
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/K PTFE A HLug B ( b1 2235 SE o BB & 4 BR 2 WD );
ACQUITY UPLC HSS T3 i #1(150 mm»2.1 mm, 1.8 um,
& [E Waters 23 F]).
1.3 HmALE
131 HRER

TERRFRER 5 gOBHIE 0.01 @A RE., FXK. K
Ko NFERFET 50 mL B.OEH, A —PE B R,
BIA 20 mL &% 1%H R 70% 5 KW (V:V), IENR
3 min, 9500 r/min &[> 5 min, WH F IR ZE 50 mL 0058
W, B30 CYKAA % 1 h S INAZEEGR A, TRIETR Y
3 min, 9500 r/min &5.0> 5 min, FHET FIERE 15 mL 2

DT, 40 CHEIHKS BT T 5 mL, ZJFEA N 5.00 mL,

’A, frigbe
132 % 4

BB 5L 2 15 mL Bond Elut EMR-Lipid dSPE ¢
AL (ff FHFT, A 5.00 mL 7K, IRBERAT 30 s idfh), TRiE
VE4) 2 min, HIHAE 10 °C 19500 t/min FES.L> 5 min, WHEHL
FiEWGE 0.22 pm FALIEME, fft LC-Q/TOF-MS il .
1.4 {UERFMH
141 &#EH

{384 ACQUITY UPLC HSS T3 (150 mmx2.1 mm,
1.8 um). FihtH A: & 0.1%F KR, WA B: % 0.1%
FREY 50%Z G BEATR(V:V). BEEEVRANARRE: 0~3.0 min, 5%
B; 3.0~5.0 min, 5%~40% B; 5.0~9.0 min, 40%~99% B;
9.0~15.0 min, 99% B; 15.1~20.0 min, 5% B; §#i34: 0.3 mL/min;
HEEER: 10 L.
1.42 JRig&t

RAEM IEB T, BISEHE: 5500 V; B URIEE:
550 °C; ZALSE: 0.379 MPa; 4B F: 0.414 MPa; X,
AR 0.241 MPa; HHiER: SWATH/TOF- MS/TOF-
MS/MS, TOF-MS Z4: REEVEH 150~785 mvz; L Jk:
80 V; HifEAE: 20, 35, 50 eV, TOF-MS/MS Z:%: RAETL
[l 50~785 mvz, MRHELFRAAN, PR 10 B, 55 4
HERESEA T — R B B HE
1.5 HIENIE

FLiEEE . Tk SR AR A PR T SCIEX 0S 2.0.1
AR, RES SRR A WPS 2024, 4R Origin
2022, HAFEMIBEFITER 6 1K,

2 HR5SH
2.1 BIEHNRE
% Waters ACQUITY UPLC HSS T3 (150 mmx2.1 mm,

1.8 um). Agilent Poroshell 120 EC-C;g (100 mmx2.1 mm,
2.7 um), Shimadzu Shim-pack Velox C;g (100 mmx2.1 mm,

2.7 pm)R, 29 FE R RTE 3 Fh Cis HIYE R HI IR
FsrE, VIRABINRR, BARE, WhRRITT K. 29 e
BRI ARG, DAY b, % &S|
Waters ACQUITY UPLC HSS T3 (150 mmx2.1 mm, 1.8 pm)
e Crg BEA MBI A, 58 %A% M4+ A SRR R
A1, MK BARY R ORER B, AT DLHERRE A T4,
R A PR T G AT ZE IE R N A TR I
2.2 RENEAVIERE

AR 29 P WFRAELNEK . FE-KF 50%
WG 7R - 7K B AR AR R KA A LA H 344 500 s
0.1%H R . 0.005 mol/L LREZ(F 0.1%H R, pH 414 3.2)
#10.005 mol/L ZIR%k(:% 0.01% PR, pH 294 4.5)]f0 (43
Oy BRI T LUFSY . EARRITRSIAH S T HER L5
WIS AR, HBTSm NGRS AN N 76 F EE sl
WERT, KRZEYWRETR, 48 B AHXT B, HAF]
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Bt (AFRA S5 A R 4y B R A2 . 50% /R R
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Fig.l Extraction ion flow chromatogram of the 29 kinds of
mycotoxins standard solution (100 pg/L)
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AR MNELET 6 FIRBUAFN: ZI5/7K(50:50,
ViV). ZIEAK/HR(50:49:1, V:V:V) . 217K (70:30, V:V)
ZIEPK/RBR(70:29:1, V:VV) . LK (84:16, V), LI/
IR/ TR (84:15:1, V:V:V), %t 29 Fi EL & 35 76 86 & /P B9 AR
(0.100 mg/kg) I AAE Iy thAcHabr . WA 2, 455 3%M, &
i 7 LB R, G TR 2 8 R AR (S ISR L
70%H1 84% MR BUR AN IF FARFLEL 50%1) Z i FE BT
Tt 45 T RBACIF AR IR 2 58 %, BR FB,. FB,. FBs.
DON., AME, DAS. PA, AOH AY4EHaI R EAE, HA
19 FEEZ I EIBCRIGIE L T 60%. fedk @ LI 2.
&K/ R(70:29:1, V:V:V),

if Iy 1
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X
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ikl

1. ZHE/7K(50:50, V:V); 2. ZHE/K/H R (50:49:1, V:V:V);
3. ZHE/K(70:30, V:V); 4. ZHEK/HR(70:29:1, V:V:V);
5. ZNEK(84:16, V:V)); 6. ZIEIK/HBR(84:15:1, V:V:V),
P2 ASIR] SR IR 79 ) S BT 75 2 11 [T i
Fig.2 Recovery rates of typical mycotoxins in different
extraction solvents
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EMR-Lipid J&—Fi B M5, &85 G T ABUHERH A0 b
F5 KR W6 B RE A 2 (8] RSk AE A, P BE 50 R B v
o RS A AL A W) (BRI 2 B DT R i = R AN

HE5E), A7 BT SL B AT B m i g i A0
ASHIEGE IR il B 5T A T BT RS R i, T Ak
LA M2 ARG . 5% TR BUK 2 EMR-Lipid
dSPE BRI ft sl Ak (35 —41), R&d b (s ), &1L
%t QUEChERS(HEBUAMA 900 mg MgSO, ., 150 mg PSA FlI
150 mg C;s dSPE ¥ by K ) fb (5 =4) 5, R H
LC-MS/TOF BEAT 24415 2 i E 35 AT L 45 R s
(WL 3), S—dL T34 A0 L 0T 2 BR AR
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— g4l

121 —
— =

—_
(=)
T

{5530 (x107)

20

£ B8 5[] /min

3 GNIRV AR IR I A A G I L
Fig.3 Comparison of full scan chromatogram with
different pre-treated samples
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Table 1 Mass spectrometry informations, retention times and limits of detection of the 29 kinds of compounds
o yEFTR
S 4l TR MR WRERR memEg dveogeyr 0o RO
/min /(ppmymDa)
1 15-A-DON  Cj7H,0, [M+H]+ 339.1438 339.1438 231.1027, 137.0606 8.66 0.0
2 3-A-DON C17Hx0; [M+H]+ 339.1438 339.1438 231.1028, 175.0766 8.66 0.0
3 AFBI1 C17H 1204 [M+H]+ 313.0704 313.0707 285.0767, 214.0635 9.28 -0.9
4 AFB2 C17H,405 [M+H]+ 315.0858 315.0863 287.0921, 259.0620 9.15 -1.7
5 AFG1 CyH 1,0, [M+H]+ 329.0654 329.0656 311.0554, 243.0657 8.94 —0.6
6 AFG2 Cy7H,40; [M+H]+ 331.0810 331.0812 313.0716, 245.0820 8.79 0.8
7 AFMI CyH 1,05 [M+H]+ 329.0654 329.0656 311.0554, 215.0712 8.94 -0.6
8 AOH C14H 1005 [M+H]+ 259.0598 259.0601 213.0557, 185.0609 9.85 -12
9 AME C1sH1,0s [M+H]+ 273.0753 273.0757 230.0590, 184.0534 10.53 -1.5
10 CIT C23H3005 [M+H]+ 403.2114 403.2115 297.1492, 139.0398 10.21 0.2
11 CIN C13H1405 [M+H]+ 251.0912 251.0914 233.0816, 191.0708 10.26 -0.9
12 CPA CaoHyN,O3  [M+H]+ 337.1544 337.1547 196.1114, 182.0821 10.66 -0.7
13 DON C5H2004 [M+H]+ 297.1330 297.1333 231.1025, 175.0761 1.65 0.9
14 DAS C1oH2605 [M+H]+ 367.1753 367.1751 307.1549, 201.1275 9.35 0.6
15 FBI1 CyuHsNO;s  [M+H]+ 7223959 7223957 704.3903, 546.3655 9.13 0.2
16 FB2 CyHsoNOy  [M+H]+ 706.4007 706.4008 688.3968, 512.3628 9.56 -0.1
17 FB3 CyuHssNOy,  [M+H]+ 706.4017 706.4008 688.3909, 336.3270 9.38 1.2
18 FU-X C17H,05 [M+H]+ 355.1388 355.1387 229.0867, 137.0602 7.97 0.2
19 NEO CioHy0s  [M+NH4]+ 400.1966 400.1966 305.1398, 185.0973 8.04 0.0
20 NIV CisHy0; [M+H]+ 313.1283 313.1282 175.0744, 115.0527 1.65 0.3
21 OTA CyHisCINO,  [M+H]+ 404.0897 404.0895 358.0847, 239.0107 10.25 0.5
22 OTB CaoH NOg [M+H]+ 370.1280 370.1285 205.0494, 131.0485 9.88 -13
23 PA CsH 004 [M+H]+ 171.0647 171.0652 125.0584, 110.0350 8.02 ~0.0005
24 PEA CyHuCINOg  [M+H]+ 634.2930 634.2930 5582416, 332.1214 10.78 0.0
25 RTX C37H4000 [M+H]+ 629.2748 629.2745 311.1648, 223.1130 10.93 0.4
26 ST C1sH 1204 [M+H]+ 325.0698 325.0707 310.0463, 281.0440 10.49 2.6
27 T-2 CuHyu0s  [M+NH4]+ 484.2539 484.2541 215.1052, 169.0995 10.03 —0.4
28 TEN CpH3ON;  [M+H]+ 415.2331 415.234 312.1715, 256.1807 9.89 2.1
29 TA CioH;sNO;  [M+H]+ 198.1120 198.1125 153.0893, 125.0220 9.59 —0.0005
A ~ B 400000 - 325.0698
3000000 F 10.494 300000
200000 |
& 2000000 %’f 100008 - 3260738
N i 1
oo sz —100000
4T 1000000 F 2200000 |
~300000 |
0 L ~400000 L . . . .
95 100 105 11.0 115 324 325 326 327 328
{5 B BT 7] /min it He(m/z)
¢ 325.0715|310.0466
311.0506
50
S 283.0546%
S, 2280425 7 |
i ! [ I
;H_
-50
100 150 200 250 300 350
AT He (m/z)
B4 e RN RIS -G E(A). TOF-MS (B)fll TOF-MS/MS (C)f5i &l

Fig.4 Parent ion extraction ion chromatogram (A), TOF-MS (B) and TOF-MS/MS (C) mass spectra of sterigmatocystin
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DRI 49 J5 ) i A 5 o DA S DU R 0 - 1R 43 B T 9
(LC-HRMS) ) H ¥4y 25 H 8 5514 0 RAE S B B4~ Hm
YIEARDT 5 ARAER B9 MREOR: ([FREIL(SN)IATE
i, B SIN=3; BEERTE: —H BT miz=200 B,
HAR W ZE N <10 ppm; — BT mvz<200 B, HAxt
22N <1 mDa.

2% PR SCHRER, AN BT A
IERER B TR EMZE<S ppm(BHE T m/z<200, 4%}
%<1 mbDa), {48 <2.5% R K@ 0.5 min), 45
TR R 22 5 < 10%, “FAEHME =80%, 4 4
KHEA T 5 BISS 30%. 30%. 10%. 30%, HALESA3h
LEAT A AMET 90 40 BTN, BT 29
FhELBE 7 R AR ORE AR 1.3, 1.4 PEATAI, BARibs
YIEE180 0 91.4~99.7 43, FRiS&sRKF & thifid
M A 53(90 43
251 ARFARKE

ST A 3 BT AN 22 AT A A A 4 5 ) S Ak
BOERFTEL, RIME TR IR TEE . K
Ko Tk NEZRYEEFRON, TE AR RIS [ 3 TR O
RS IR TR, oA B PR AR Sl A L R R (55
1 T AV /77N WG 7 9 i G o W s o Ul 35 183 VA
(matrix effects, ME)/%=[(J& i VG Fe A% i th Ze b3/ 4l 5 AR
HEMZR R F)-11x100%, [ME|<20% K 55 3L B3k ng, A Z.0%
T I R BAME I ; 20% < [ME| < 50% 4y v 25 75 i 5L
BURE, IME[>50% A 5 JE JBT A4, 250 R BCHE Jih A b A% 25 JoT 3%
RiB%32 DAS. NEO, RTX. PEA FEH A 5L MY 55 500,
HoA T H RPN IL TR . 29 FEWERAE 4 Frt
5 HP A R SR AN T L 2 2(FHIME |, RV R AL )
Ak T i BB RO R S R BOR P A TR 4y, (AR A
IME|}¥) KT 20%, HiAASE DAL B PEFe A o
252 HAhkk

AT ERE . TR, KOk ANERIITIIE
IR, % 1.3 BTARBR T RRAE, BB RS
Mr, G5B 4 FILFURTETERT 29 R E R FE =L
FERBH AL S
253 Hdim

SRR . Bk, JOK ., NER AT,
INASEMATIR SRR IR, # 1.3 FF AT 7 &
TIRERE IR, VARFG o P45 S0 7 vk ke i 45 5 09 eI
iU AR AR R . S5 5REREH, NIV £ 4 P P i
PR 0.050 mg/kg, 15-A-DON £l 3-A-DON 7 4 FhJ& i fpAS:
FR 0.025 mg/kg, AFB,, AFB,, AFG,, AFG,, AFM, 1L 4
Fh L5 RS R 0.005 mg/kg, HAELH B ZAE 4 PR
¥t BR 0.010 mg/kg.

2.6 SEPRFFEmSHT
RGBT RE . KoK KK hES 10

HEWR, SR ARG 1 v AT 29 Fh I BE R 11
A S HT, S5ARFW: 22 HEUORA At DON, 4 Hh{E
0.02~0.10 mg/kg; 7 LW A K FB,, # i {H
0.02~0.06 mg/kg; 5 HYHA T H FB2, Kith{E 0.03~
0.05 mg/kg; 6 HLUHRATH#GH FB,, Kith{H 0.01~0.05 mg/kg.

®2 29 MERSRE 4 MERFH MEs(%)
Table 2 MEs of 29 kinds of mycotoxins in 4 kinds of
different matrices (%)

ey WARE KK BN N
15-A-DON 23 28 31 24
3-A-DON 21 26 27 26

AFB1 18 16 22 18

AFB2 22 14 19 18

AFGl 25 14 22 23

AFG2 15 12 20 19

AFM1 24 31 30 30

AOH 31 29 29 30
AME 20 18 13 22
CIT 14 16 25 38
CIN 25 37 33 37
CPA 40 31 35 29
DON 16 20 25 28
DAS 23 27 32 30
FB1 25 29 28 40
FB2 16 10 10 17
FB3 25 33 33 19
FU-X 18 28 26 26
NEO 27 36 33 34
NIV 16 15 18 19
OTA 28 20 26 29
OTB 21 24 15 26
PA 16 11 11 10
PEA 20 12 16 15
RTX 31 26 40 31

ST 30 31 37 40
T-2 15 20 29 24
TEN 23 31 31 21
TA 25 20 27 18
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