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Abstract: A mass spectral library of 18 mycotoxins was developed based on ultra performance
liquid chromatography-quadrupole-time of flight mass spectrometry (UPLC-Q-TOF/MS) , which
was used to establish a non-targeted screening method for mycotoxins in rice and wheat matri-

ces. Eighteen mycotoxin standards were separated on an HSS T3 column, and data were col-
lected for both positive and negative ionization under the MS” mode of the UPLC-Q-TOF/MS.
Details including formulas, retention times, theoretical exact masses, measured exact masses
of the adduct and fragment ions, and ion abundance ratios were recorded to establish the mass
spectral library of the 18 mycotoxins in UNIFI Software. Analyte detection was based on a
retention time deviation of 0.3 min, and the exact mass deviation of the adduct ions and
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fragment ions was set to 5x10°°. The screening detection limit (SDL) was used as the main
threshold for verifying the screening method. In the validation process, 18 mycotoxins were
classified into two types: with maximum levels ( MLs) and without MLs. The results showed
that the mycotoxins with MLs could be accurately screened at their limited level, and the myco-
toxins without MLs had a range of SDL concentration from 2 to 800 wg/kg. The matrix effect re-
sults showed that 14 mycotoxins in rice and 11 in wheat had moderate matrix effects. Finally,
25 batches of rice and wheat were purified using QUEChERS and HLB columns after acetonitrile
extraction and screening were performed by employing the established method. The results re-
vealed that aflatoxin G, (AFG,), aflatoxin G, (AFG,), fumonisins B, (FB,), and sterigmato-
cystin (ST) were detected in one batch of rice, FB, and ST were detected in another batch of
rice, FB, and ochratoxin A (OTA) were detected in two batches of wheat, and no other myco-
toxins were detected. This method is characterized by high throughput, simplicity, rapidity, ac-
curacy, and can be applied to accurately screen mycotoxins with concentrations higher than the
SDLs and qualitatively screen various mycotoxins in rice and wheat without standards.

Key words: ultra performance liquid chromatography-quadrupole-time of flight mass spectrom-
etry (UPLC-Q-TOF/MS) ; mycotoxins; rice; wheat; database; screening and confirmation

HLIH B R (mycotoxins ) /& — 2 i 7™ 5 H 3 7F
R AR IREE T 7= A 1A B IR AR = 4, Xt
BYEY) 015 Y = 5 T AR P S &
S Ay EA R B R A AR, A R
ST SR N & AR S5 554k, LSS 2L A
FET R, faE AREED

HETRIECE IR F R D, 2 12 PR E
FHON LA T A e D R RE B ST AL
¥ (IARC) E ¥ E h &8 K5 0 1 28BU@Y K ih
MRS KB8UEY"Y , BT eHR KLl
] GRS R T A A ) B A B B IR o o ARG
Tk o ARREE B M FLA R R SRS A R, T
AR B B B R AR A A 7= I T 3 38 S AT
TN RETEERE

Wi 25 0 I A P AN DRI BT, TR A € - AR IR
i (LC-MS/MS) # ik 2 5k B A i 1 1 19 J7
P BUAR LC-MS/MS BT %5 v i 3 i e %
P AR R P R B ), ik i B B
BRI IR H R T RN R, AR A A
T v B Y TR A RO IR K R TR A
Bt  sebRE  An s ih E RE R I (M E R B,

) WAl m B, AR X S R S PR
T A — A PS5 T L p T A TS0 1 A 6T R S
HEATRE T, JE TR IR BOGE BE A DL A () B B 2R AR
(EISHS

Bl TS H AR B & R | T AE SR BRAR A €6 13-
TR FHAS AR e Bt LA KA B TR T AT RICR A 4K
PF TR T ZIETE T o BRI AR KR, =3
itk (HRMS ) REfE 76 A4 T R A8 2 I iy
R 40 B0 I RE M LT JE IR B Y
TG, BT S A [ B o i R A R AR
A2 i AT AT e I A AR
o R AR R R ET , HRMS ] LA A
SHRUER LA YA T HEf A i T

A SCHE ST T AL 18 B LA # & 1Y UPLC-Q-
TOF/MS {553 BB ik B4 1 , ARE A% R/ INZZ A R ot
FEXT 4, il QUEChERS 7 HUER 145 & HLB ik
AT A B 5 % AT 07 A F 9, 00 g o L 1R 7 R
FEREAY /NEE TR i Ak R (SDL) |, e #%  1
N T T RS R/NE W ER R IGE ., AT
TR AT SZETCAR I I DT X BB R R ) T A
B A P R SR

SRR T, T, BT, R AR BT R R AOROAR 3 DO AR AT AT I 18] B R LA W P 18 R B R AR

17 i 5 50 PO B RiE 7. €44l , 2023 ,41( 1) :66-75.

ZHANG Luxing, HUANG Zhaohui, LUO Shuging, CAO Lin, XIE Ying, QIAN Jiang. Establishment of non-targeted screening data-
base and confirmation method for 18 mycotoxins in grains using ultra performance liquid chromatography-quadrupole-time of flight

mass spectrometry. Chinese Journal of Chromatography,2023,41(1) :66-75.



- 68 - gl

i Fa41E

1 SEIGERS

1.1 UBE5RE

SYNAPT G2 MS DU FT-&AT e [a] 55 43 3¢ o i
1 ,ACQUITY UPLC i /= & AH €23 {1 . MassLynx
V4. 2 TAEN; UNIFI Bl 2415 B2 & 5t ( 32 & Waters
vl 5 Milli-Q HighiK 2lifk &4t (32 E Millipore 23
) ; SB 25-12 DTN # 7 By Ve (T U 2 49
B A RRAHD)

ELHH BE R AR E A TRORIBRE S L 1, QUECh-
ERS # Bk 10 [ 35 E L 518 /A 7], Oasis Prime
HLB %4 A% 10 B 35 [F Waters 2 &), 3256 F K N
Milli-Q #8 2l Kk, F . 2B (i 2l ) i F 1
Merck Al , LR H R, LR EE (i 4l ) W [ B i
Tk A A,

1.2 &Ry
1.2.1 UPLC 4

%4k Waters HSS T3 C18 (100 mmx2. 1
mm, 1.8 um) #1140 C, WshH A b & 1% (1K
AR Z R S mmol/L Z sk /K s e, TR sh A+
Bl Wik . 0.3 mL/min, BB VEBEARF. 0~
2.0 min, 10% B; 2.0~ 3.0 min, 10% B ~ 20% B;
3.0~7.0 min, 20% B~24%B; 7.0~10. 5 min, 24%
B~30%B; 10.5~13.5 min, 30%B~60%B; 13.5~

15.0 min, 60% B~70% B; 15.0~18.0 min, 70% B
~75%B; 18.0~18.1 min, 75% B ~95% B; 18.1 ~
21.9 min, 95%B; 21.9~22. 0 min, 95% B~10% B,
FEMEAEE A 3 L,
1.2.2 Q-TOF/MS 4%

ESI 1F & F 1. BAH4E HLE 3,00 KV, #EfLH
JE 40 V, B FIREEE 110 C, A FIS R EE 450 C,
HEFLALHE 50 L/h, A7) 800 L/h,, ESI it
B B R 3,10 kV, HEfLHLE 40 V, B
TR BE 110 T JRE IR 450 C , HEFLH
50 L/h, 75770 i % 800 L/h, LockSpray ¥4 ¥ :
SER R IGMERK (1IEB T m/2 556.277 1, 0B T m/z
554.2615) ;R HEA A, MS® R, R AL .
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Table 1 Standard and mixed standard solutions of the 18 mycotoxins

Conc. of Purity of  Conc. in mixed
Compound Abbreviation standard solution / standard standard solution Source
(png/mL) substance/% /(png/L)
Aflatoxin B, (#M%EZ B,) AFB, 10 - 5.0 Welch
Aflatoxin B, (%% B,) AFB, 10 - 5.0
Aflatoxin G, (HHIEZE G,) AFG, 10 - 5.0
Aflatoxin G, (EHER G,) AFG, 10 - 5.0
Ochratoxin A (# % %) OTA 50.4 - 15.1 Sigma
Sterigmatocystin (2@ EHHFE) ST 50.1 - 10.0 Romer
HT-2 toxin (HT-2 # %) HT-2 100.4 - 50.2
T-2 toxin (T-2) T-2 100.4 - 10.0 Alta
Fumonisins B, ({k %& % B,) FB, 100.3 - 100.3
Fumonisins B, (k& # % B,) FB, 99.9 - 99.9
Deoxynivalenol 3-glucoside DON-3G 10.0 - 2000.0
B0 0 B 70 T 0 - 3- A A )
Acetyl-deoxynivalenol ( 15-Z. Mt 3E i 52055 16 5k 71 5 M i) 15-ACDON 99.9 - 799.2
Patulin (JEHEHR) PAT 100.0 - 1000.0
Deoxynivalenol ( JIii % 25 &4k J1 2 4515 ) DON - 99.62 5000.0 Fermentek
Nivalenol ( 5 /&% J1 12 Kl ) NIV - 100 4000.0
Zearalenone ( KRB M5 ) ZEN - 99.24 300.0
Citrinin ({5 HHR) CIT - 100 100.0

Conc. : mass concentration.
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Table 2 Maximum levels (MLs) of mycotoxins in this study

MLs of mycotoxins/ ( ng/kg)

Mycotoxin GB 2761-2017 EC No. 1881/2006
Rice Wheat Rice Wheat
AFG, none none total: 4.0 total: 4.0
AFG, none none
AFB, 10 5.0
AFB, none none
OTA 5.0 5.0 3.0 3.0
DON none 1000 1250 1750
ZEN none 60 100 100
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Table 3 Database of the exact mass of the 18 mycotoxins
Molecular Theoretical Experimental . to/ m/z error/
No. Compound CAS No. Ion mode precursor precursor Product ions (m/z) ] 6
formula . . min 10
ion (m/z) ion (m/z)
1 AFG, C,,H,,0, 1165-39-5 [M+H]* 329.06558 329.0655 311.0525, 43.0659, 283.0544 13.91 -0.24
2 AFG, C,,H,,0, 7241-98-7 [M+H]* 331.08123 331.0801 313.0673, 285.0701, 245.0842 13.55 -3.41
3 AFB, C,,H,04 1162-65-8 [M+H]* 313.07066 313.0699 285.0716, 270.0477, 242.0516 14.55 -2.43
4 AFB, C,,H,,04 7220-81-7 [M+H]* 315.08631 315.0851 287.0900, 259.0551, 241.0777 14.27 -3.84
5 ST CsH,04 163391-76-2 [M+H]* 325.07066 325.0706 310.0475, 281.0443 17.52 -0.18
6 OTA C, HsCINOg 303-47-9 [M+H]* 404.08954 404.0883 358.0783, 239.0052, 166.1944 16.71 -3.07
7 T-2 C,,H5, 04 21259-20-1 [ M+NH,]* 484.25411 484.2565 245.1135, 305.1354 16.22 4.94
8 FB, C3HsyNOys  116355-83-0 [M+H]* 722.39575 722.3990 334.3086, 352.3222 15.79 4.50
9 FB, C3yHsyNOy,  116355-84-1 [M+H]* 706.40083 706.4034 336.3198, 336.3263, 318.3171 17.52 3.64
10 CIT C;;H,,04 518-75-2 [M+H]* 251.09140 251.0922 205.0828, 191.0692 14.55 3.19
11 15-ACDON C,;H,,0, 88337-96-6 [ M+NH, ]* 356.17043 356.1701 321.1331, 279.0944 12.05 -0.92
12 DON C,5H,,O4 51481-10-8 [ M+CH,;COO]~ 355.13985 355.1409 295.1158, 265.1033, 247.0968  4.95 2.96
13 NIV C,sH,,0, 23282-20-4 [ M+CH,;COO]~ 371.13475 371.1353 311.1050, 281.0974 3.36 1.48
14 ZEN CsH,, 05 17924-92-4  [M-H]~ 317.13945 317.1382 273.1464, 175.0364, 149.0561 17.08 -3.94
15 DON-3G G, H3 0, 131180-21-7 [M+CH3COO} 517.19265 517.1905 457.1694, 427.1625 5.10 -4.16
16 HT-2 C,,H;, 04 26934-87-2 [ M+CH,;COO]~ 483.22355 483.2249 59.0111, 141.0143 15.50 2.79
17 3-ACDON C;H,,0, 50722-38-8 [ M+CH;COO]~ 397.15040 397.1516 337.1325, 307.1198, 173.0569 11.94 3.02
18 PAT C,HO, 149-29-1 [M-H]" 153.01932 153.0189 109.0329 2.87 -2.94
3.0
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Fig. 1 Total ion chromatogram ( TIC) of the 18 mycotoxins
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FEST) 5 R T BT R 25 AN T 5% 10707
AN A 25 8 T B F (m/z 307.12097,
173.062 71) Al RERY S5, a0 E 4 R,
24 THEEFEFIIE

AR5 00 5 2 1k O A, DRI . 60 O

500

400 4
‘E 300 4
2 200

100 3

3-ACDON

Intensity
&~ o
< < <
1 |
o

o
<
|

Intensity
[ £ (=)
< < < < <
| 1 |

ad

L

Pom Y VRN I RN B I B IS S

5

T
10 15
t/ min

Y
L B

B 3 3-ACDON HiFE S ik E
Fig. 3 3-ACDON screening chromatograms
a. 3-ACDON [ M+CH;COO]~ m/z 397. 1519; b. fragment ion
m/z 337.1312; c. fragment ion m/z 307. 1210.
Acquisition mode; MS® negative mode; mass extraction win-
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Fig. 4 3-ACDON screening mass spectra in low
energy and high energy channels
a. retention time: 11. 8437 min, collision energy closed (low
energy) ; b. retention time: 11. 8437 min, collision energy of 3—
40 eV (high energy).
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Table 4 Spiked levels, detected numbers and screening detection limits ( SDLs) of the 18 mycotoxins in rice

Level 1 Level 2

Level 3 Level 4

No. Compound Content/ Number Content/ Number Content/ Number Content/ Number SbL/
(ng/kg)  detected”® (png/kg)  detected * (png/kg)  detected* (png/kg)  detected” (ng/ke)
1 AFG, 0.5 13 1.0 24 2.0 25 4.0 25 1.0
2  AFG, 0.5 18 1.0 24 2.0 25 4.0 25 1.0
3 AFB, 0.5 19 1.0 24 2.0 24 4.0 25 1.0
4  AFB, 0.5 18 1.0 24 2.0 24 4.0 25 1.0
5 OTA 1.5 19 3.0 24 6.0 24 12.0 25 3.0
6 DON 500.0 19 1000 24 2000 25 4000 25 1000
7 ZEN 30 25 60 25 120 25 240 - <30
8 ST 1.0 20 2.0 24 4.0 24 8.0 - 2.0
9 T2 1.0 - 2.0 16 4.0 21 8.0 24 8.0
10 CIT 10.0 - 20.0 15 40.0 18 80.0 24 80.0
11 FB, 10.0 16 20.0 24 40.0 24 - - 20.0
12 FB, 10.0 15 20.0 24 40.0 24 - - 20.0
13 NIV 400.0 18 800.0 24 1600 25 - - 800.0
14  DON-3G 200.0 - 400.0 21 800.0 24 1600 24 800.0
15 HT-2 5.0 - 10.0 18 20.0 22 40.0 25 40.0
16  3-ACDON 40.0 21 80.0 24 160 25 320 - 80.0
17 15-ACDON 79.9 - 159.8 17 319.6 19 639.2 24 639.2
18  PAT 100.0 - 200.0 15 400.0 23 800.0 24 800.0
—: There is no need for statistics. * in 25 samples.
x5 ISHERSEAE/NMERHMIRKE A& H A HUR TR FER KR
Table 5 Spiked levels, detected numbers and SDLs of the 18 mycotoxins in wheat
Level 1 Level 2 Level 3 Level 4
No. Compound Content/ Number Content/ Number Content/ Number Content/ Number SbL/
(ng/kg)  detected”® (png/kg)  detected * (pg/kg)  detected* (png/kg)  detected” (ng/ke)
1 AFG, 0.5 15 1.0 24 2.0 25 4.0 25 1.0
2  AFG, 0.5 16 1.0 24 2.0 25 4.0 25 1.0
3 AFB, 0.5 18 1.0 24 2.0 25 4.0 25 1.0
4  AFB, 0.5 16 1.0 25 2.0 24 4.0 25 1.0
5 OTA 1.5 20 3.0 24 6.0 25 12.0 25 3.0
6 DON 500.0 20 1000 24 2000 25 4000 25 1000
7 ZEN 30 25 60 25 120 25 240 - <30
8 ST 1.0 21 2.0 24 4.0 25 8.0 - 2.0
9 T2 1.0 . 2.0 19 4.0 22 8.0 24 8.0
10 CIT 10.0 - 20.0 14 40.0 19 80.0 24 80.0
11 FB, 10.0 16 20.0 24 40.0 25 - - 20.0
12 FB, 10.0 16 20.0 24 40.0 24 - - 20.0
13 NIV 400.0 18 800.0 25 1600 25 - - 800.0
14 DON-3G 200.0 - 400.0 22 800.0 24 1600 25 800.0
15 HT-2 5.0 - 10.0 19 20.0 24 40.0 25 20.0
16  3-ACDON 40.0 19 80.0 25 160 25 320 - 80.0
17 15-ACDON 79.9 - 159.8 19 319.6 22 639.2 24 639.2
18  PAT 100.0 - 200.0 16 400.0 21 800.0 24 800.0

—: There is no need for statistics. * in 25 samples.
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Fig. 5 Matrix effects of the 18 mycotoxins in rice and wheat

2.6 EBREESED

R AR SCEEST 7 i T 25 HIERE Ay /A2 itk
177 18 FhEL TR FE R W /3 i A g ik, 25 0t 2 1l 2 0y
FHVEREM 1 I f 4 hia Y AFG, (AFG, \FB, ST, 1
WREA TR FB, (ST 2 /N2 sk FB, \OTA,
HA F BRI AR, UU—10 K ST BIRE A FE
i RG] R A o R A BRI 5 e P2 v A £ B I TE]
TING 4 8 R R B8 1 RS At o i B0k A T e X, ST
)4 B (0135 P R o 181 43 30l DL BT 6 RN &l 7, 78
B E Y R G0 AR PE AR T 0 A R A
2RI BR B R, 76 v RE B, v LA 2] 2 B
WER BT (m/2 310. 0455 281, 043 6) XF Jif FY) £5,3

600

ST

S

=)

S
1

Intensity

(=]
s 3
PRI
L

Intensity / 10°

100

Intensity
wn
<

1

400
300 7

Intensity

200
100 3

0 5 10 15 20
£/ min

B 6 skigsh ST HFESHTEILE
Fig. 6 ST screening chromatograms for rice
a. ST [M+H]" m/z 325.0705; b. fragment ion m/z
310. 0455; c. fragment ion m/z 281. 0436.
Acquisition mode : MS® positive mode; mass extraction win-
dow . +5x107°.

g AR B I] (17. 48 min  17. 47 min) #1 ST [ M+
H]" &Y e+ 0% B E (17. 47 min) —3, 7
Bk AR RE s, A [ M+H ] NG9 s 1k
e TR AR 325. 070 47, 55 H: B ORE 1 0 4 40 0 22
0. 6x107°, A 1Y) 5 Rl 1, A RRAE R
BT m/z 281.043 60, 5 BRI 0 5 B KU 22 N
2.4x107°  FUIN G Y0 e+ 5 08 A B DU ARG ff o
RS HEIORE O TEREOYAE 5}10° LA, Sidbm/z
281. 043 60 X/ 7 B - AH XS =F B 505 HE I TR X
FEER M2 KT 30%., T RERZ e R B A =F
JE 2 1) PR R B ARG AR & AR M AR
[ 5% ) Bz H AR BE 7 B T B R R (S/N <
15) 1 FERI S Y, P TR AR R R U Y B A

2.5 4

= g

n =

1 I
f~]

o
1

b

=)
o
| |
I

f=3 —
oo =3
| L.

o

f=
[}
|

<
'
|

Intensity / 10°

=
383
L

260 280 300 320 340 360 380 400

m/z

B 7 Kigs ST W& S RiLE
Fig. 7 ST screening mass spectra for rice
a. retention time: 17.4780 min, collision energy closed (low
energy) ; b. retention time; 17. 4780 min, collision energy: 3—
40 eV (high energy).

[l
|




5514

BB e I FH AR (0 - DU T AT B ) R i e 7 8
18 T 2L 7 745 22 A 00 i A 5 o B A <75

F OOV C B AR = B i 2 1 BER AR 4 7 4% .
NAE A8 7R AR, #B L 30% Itk — 2 18 A I A7 40 A
Wi, Dokt s 28 AT 3 e 8 R i A B ) S R i
G A A5 5 AR R, P B A X S Y i 22 0
TTVPAl . A2 SRR W] Wi T SDL Wk BE 1) FU TR 25
R Rk O TR BEY) BT i XU 4 T AR A
Fl, AR, FATIN MK AR R — 2 i MLs,
XPTR I E R SRR E R IREZ D 87 LC-
MS/MS 17Tt ,

3 #ig

ASBIR TR s B (- DU B AT~ s T
1o 3 BRI (SO 37 T TR R AR AR 1) T A S
FFET X RE AT e/ IN A2 B T AT 07 48 07 vk B T A Mg
E, 55 %05 6 T T AR R A SN e b LR 7
RN, ]l SCBCARE A BT X B 7 2R 1
PG AE kA Rl A S PRBE R SRR
TR /N b 2R B R A E PRI [
AR 1A I N B34 2 A o s A 8 I T 2 X A
ni G B LR, R A FP %) L T 7 2 O A A e 2
BB SR WO AR SRR S

SE

[1] HuQR, Cao P, Cong Z X, et al. Chinese Journal of Chro-
matography, 2019, 37(11): 1241
EATSET, W, A, S AL, 2019, 37(11): 1241

[2] Wang WJ, Sun S Y, Ye J, et al. Journal of Food Safety &
Quality, 2019, 10(4) : 837
ESCH, PN, 4, SRR A TR I AR, 2019,
10(4) . 837

[3] Tsagkaris A S, Prusova N, Dzuman Z, et al. Toxins, 2021,
13(11); 783

[4] Arce-Lopez B, Lizarraga E, Flores-Flores M, et al. Talanta,
2020, 206 120193

[5]

(6]

[7]

(8]

(9]

[10]

Lu Q, Ruan H, Sun X, et al. LWT-Food Sci Technol, 2022,
161, 113401

Zhao D, Gao Y, Zhang W, et al. J Chromatogr B, 2021,
1178 122730

Sun J, Li W X, Zhang Y, et al. The Crop Journal, 2014, 40
(4). 691

IME, ZERE, KO, 55 fE2, 2014, 40(4) : 691
Yibadatihan S, Jinap S, Mahyudin N A. Food Addit Contam
Part A, 2014, 31(12): 2071

Liang J, Dong Y, Yuan X, et al. J Sep Sci, 2019, 42(13) .
2191

Bessaire T, Ernest M, Christinat N, et al. Food Addit Con-
tam, Part A, 2021, 38(6) . 978

Al-Taher F, Cappozzo J, Zweigenbaum J, et al. Food Con-
trol, 2017, 72 27

Habler K, Gotthardt M, Schiiler J, et al. Food Chem,
2017, 218, 447

Kunz B M, Wanko F, Kemmlein S, et al. Food Control,
2020, 109: 106949

Wang H B, Yuan G W, Mo Z M, et al. Food Research and
Development, 2018, 39(22): 91

TR, RORR, RN, & MU 5Tk, 2018, 39
(22):91

Rocio F, Maria L, Thierry D. Toxins, 2020, 12(3) . 206
Qiao Y S, Wang J H, Qiu Y J, et al. Chinese Journal of
Chromatography, 2020, 38(12) . 1402

0T, ERIE, U, 45 @R, 2020, 38(12) : 1402
Zhou X J, Chen Y, Yang S J, et al. Chinese Journal of
Chromatography, 2017, 35(8) . 787

JAFH, BT, ML, 4F. i, 2017, 35(8) . 787

LS/T 6133-2018

EC No. 1881/2006

GB 2761-2017

Masia A, Suarez-Varela M M, Llopis-Gonzalez A, et al.
Anal Chim Acta, 2016, 936: 40

SANTE/11813/2017

Eysseric E, Gagnon C, Segura P A. Sci Total Environ,
2022, 822 153540

Guo Z, Huang S, Wang J, et al. Talanta, 2020, 219.
121339



