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mass spectrometry, UPLC-MS/MS)ill & /N K Hoilil i 2R BB R . AiE T2 g #E0 A 10 mL 80%
SRS 1%H IR IRARIL, S 1R, B0 MARKE G, R %5 2 7 (electronspray ionization,
ESD#FATIE 8 F R, /N2 Ry B BARHERh 2R S bRk g it o SR 7 P LI R AL — € MY BT Wk BE VS L Y
PR R R, JuE ZBODKT 0.998, & RN 0.40~7.70 pg/kg, 3 A/KFF BIIAR EIBCR A 77.9%~109.2%,
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ABSTRACT: Objective To establish a method for the determination of multiple mycotoxins in wheat and its
products by direct extraction-ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS).
Methods Samples (2 g) were extracted with 10 mL 80% acetonitrile-water solution (containing 1% formic acid).
After ultrasonic extraction, centrifugation, nitrogen blow-drying and reconstitution, the analytes were detected using
an electrospray ionization (ESI) source in both positive and negative ion modes. Quantification was performed using
the external standard method calibrated with a wheat flour matrix-matched standard curve. Results The linear
relationship of the 7 kinds of mycotoxins was good within a certain mass concentration range, with a determination
coefficient (r?) greater than 0.998. The limits of quantitation were 0.40—7.70 ug/kg. The spiked recovery rates at the 3
levels were 77.9%—-109.2%, and the relative standard deviations were 0.9%-9.0% (n=6). Conclusion The method

has excellent precision and high sensitivity, it is suitable for the determination and high-throughput screening of

mycotoxins in wheat and its products.

KEY WORDS: mycotoxins; wheat and its

chromatography-tandem mass spectrometry

0 35
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& 14009.9 TR NG e A R E R L A AR,
R CE T, R, NERER . 2RSSR ENEL
AP A SO R TS Y A, L U RS
Bl T R (L 44 MK B3 2%, deoxynivalenol, DON) ., &% il 25
B % (aflatoxins, AFs). ## il %8 % (ochratoxin A, OTA)% fix
HEICT, HEEREMMER . IWE . HEESL
RITRAEE B AR R S5 N, T A B R s IR
R, xR Hog Pdee b . dEbEm AR, ol
Wil EEE BRI, MIEANGRERS . MAERR, SHA
NS R A R A R, THIE R BBRACES, EEREA
PR At R, BFTEIESE, MR AR BRI AT
WA, REARE LIS L 87.76% MR 2
Rl ERERBEAT5YL, Zhao ZEHIIESIAFIMLIX /NE 7
MR RIAAIG, FILE @Rl M. SRR
M, XA mEA/NE B/ N 0 B S5 YR | B
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Yoo B, AENGERAPTRT, T B Ars: Z T8 RIRE.
B AL g b B, RUEAI A HERR . BT, ENAh
O T EE R AT AL O 3 A A e R A
(immunoaffinity column, TAC)!™ | [ AAAEIUEE | - 2K HL
LM QUEChERS AR S50 o v s S R 15 FifA
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Fh LT B R IR BURCR TR o AN 876 W -1 2 BCR AR A
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direct extraction; ultra performance liquid

e, PRABZEIGE R 0 H ], s ALY R, AR
AL BR, LIS 7 Fh G RE R 4 [R]ASI

FLI 2 AT B AR 32 ZAFE 2 (i ik |k
PEWBRHEEUS | S Gk U RO (%R S . BT, K
3R AL Y 552 36 2 5 P IORH €33 -2 e 28 AN TA 25
HEE AT A R G P02, R A e SR R . — D i, i
Ao e FALERE BB, VLR R AL, R RER
ity VETCAS (RIS 4, A R B IC | RORAR; 5 — i, &
HeFETI Gy 7 R AR T, R EUBRBH RS AR, e Sk nT
FEPE. GB 5009.209—2016 (& hh & E AR ME BhThE
KA IR E ) A GB 5009.111—2016 (b4 4 [
GEARUE EE it v A5 T 0 D R I A S AT AR
D5 ) S5 R TR 52 38 AR 325 2 k1) YRR €0 3% - P R B i
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LC-MS/MS), HAREER ¥ R BRI T, (HFEFEF
TERTAEFRAE Fe, HOBUAS B Il R, LA J A 1
rh 2 L I R Y PR A R

AW A 0 R - A I DO A A T G U (ultra
performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)Z i i FH 25 fl & 5t h 2 Fp
FUIR R R MO 22, XA v ) 2 TR 2 A 2 H i
AT R Y S AR ST BT X B TR 7 3% A9 A B AR K
A L RICRAR . MELATH R R O A 1 (], SR AR
WRTAE R, L/NEH 7 R ML 2R 0 BiRY,
%54 UPLC-MS/MS Imitfetk 5 R g%, @i /hE
Wy BE bR 2R AR v 8 R LI B R A EOAR, DL 2
INAZ FUBEE 305 G B DR i 2 5 52 5 75 e XU B #2555K
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INFERI G T

FEE, oG, PlR(GiSal, EEFER G REE A
Al); & T HE-N-TA FEkE % (primary secondary amine, PSA)
FAL R | Crg L R R B AN SE AR BHE A IR HDD;
4l K (UM I i s AR A RS D)5 0.22 pum AL IR 1
WZELmB R AHAERAA) Ewi&EHEHR B
(aflatoxin By, AFB,), B [%# X B, (aflatoxin B,, AFB,),
HMESTE G (aflatoxin G, AFG,)) . #HHEHEZX G,
(aflatoxin G,, AFG,). % 5 &5k ] %5 (deoxynivalenol,
DON). #fHi%E5ER A (ochratoxinA, OTA). F KA E M
(zearalenone, ZEN)(JFi -3 & 100 pg/mL, J7 538 GRS B0y
AR F]).
1.2 (UEEFRE

H-class # = S0R A (3% (32 [E Waters 242 H]); Triple
Quad 5500+F X (3£ AB Sciex 24 )); TGL-16A ¥4 5
DAL URHE A R v, BE-2600 245 R iEiR & &
(it [T AR DL RAL SR il i A B A H] ), TYS-MO1 Z D) RER
TR UBH A A BR S Fl); MEV-24 FIRMEAEL (T M 1528
IR RHE A R FD; YP20002 HLF RKF-(RE 0.01 g, [iff
MU IR BR A F]); 2D Re At (RIIE S AE Y
ARA FR/A ), Acquity UPLC BEH Cig f43%45(2.1 mmx50 mm,
1.7 um, E[E Waters A #)s
1.3 XWHE
1.3.1 ik B

¥ 7 FhERE RS AR B AFB,, AFB,,
AFG,, AFG, IRG##& M, FUEWKE N 100 pg/L; DON,

OTA 1 ZEN IR 45 TR, JRHW )y 500 pg/L, BT 4°C
UKFEETAE, 08 FF T FH /0N 22 6 OV A o S 24k B 1) 1A
WHTF EHLA T
132 Hmaras

B 500 g /NERE SR Z Z I REM PR S KRR, 20 20 HSLES
i, WA EE TR S . /N R IR A R
FRIC 2 g Memy/NERESS T 50 mL B0, A 10 mL
80% L E KB (& 1% R), IR JE A EH 40 min,
8000 r/min &[> 5 min, ¥ 2 mL FIEW, 45 *CEAREIET,
FVIIRHR AR R 1 mL, 1 0.22 pm AHLIERE 5 EHL.
133 MELEH

(D) 3 2514

Waters Acquity UPLC BEH C 3 fAi%E(2.1 mmx50 mm,
1.7 pm); #ERERE 2 pL, KRR 35 °C, WBhAH: A MR 0.1%H
BR KW, B AHA 0.1%H B2 FH B, Ji3H 0.3 mL/min, #f
VR A2 1.

Q)BIE A

FHL I 2% 2 T~V (electrospray ionization, ESI), 1F & F15
UESI)MEZE HL R R 5500 V, 18 R (EST)WE 55 LU
—4500 V; BFIRIREE 350 °C, AT 35 psi, BFIRAMER
Gas IFll Gas 1435135 & 4 50 psi Fil 55 psi, #ill 7= HL %
7 Wi (multi-reaction monitoring, MRM), 1E i1 & F-[m] i 45
i HARFTRES O 2.

1.4 BB

B¥E R4 AB SCIEX Analyst Version 1.7 T /Euk,
FEMR A RAE 3 WK, FEIESIEALPER SCIEX OS Version 2.2 T.
ek, R Origin 2022 JE47 5 /b FE R 2010

*®1 BERRER

Table 1 Gradient elution program

— i [8] /min
0 2.0 6.0 8.0 10.0 12.0 12.1 16.0
7K(0.1%H BR)/% 75 75 45 45 20 20 75 75
I EEE(0.1% Y 2)/% 25 25 55 55 80 80 25 25
®2 THEESENRESH
Table 2 Mass spectrum parameters of 7 kinds of mycotoxins

wp REB st EAE  gaoin pmmy  WRE e BRI
/min Y% A% Y%
DON 0.81 Ci5H3006 100 296.9 [M+H]+ 249.1 17 231.1 20
AFB, 5.17 Ci7H 1,06 155 313.1 [M+H]+ 285.1 33 2413 52
AFB, 4.55 Ci7H 1406 155 315.1 [M+H]+ 287.2 37 259.1 41
AFG; 4.04 Ci7H1,04 150 329.1 [M+H]+ 2432 38 215.2 44
AFG, 3.34 Ci7H1407 157 331.1 [M+H]+ 245.1 42 189.1 58
OTA 10.19 C10H;5CINO, -80 402.1 [M-H]- 358.1 -29 211.0 -38
ZEN 10.66 CisH1,0s -139 317.1 [M-H]- 175.2 -34 131.1 -39
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Fig.1 MRM chromatograms of the 7 kinds of mycotoxins
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FIRFNGL A H B9, S A [R) 5 7 3 AR BOGCR .
AWFGRXT T 2 D RE b A (55 S e SR R R S PR A H,
PR T I it 2 A0 LR 77 3) . QUEChERS 74 Rl 77 L H2 4E HL
SRR E AR 2), Hoh, Z )RR B A TR 2
Tk YRR AE, A IRIIB H A R ; QUEChERS L T
PSA Ml Cig S5 fbA R, ik 4s B8 OTA 1 ZEN K42
BUBCR B 22 T 0 B 2 Bk 20 BR T B, AR ERAI, [l
WCRAE U L S5 A R S T R R AR Bk Ak

DON AFB, AFB, AFG, AFG, OTA ZEN
EENLES

B2 ASIRIRE AT AL 3T 200 7 Fh LB RE R G ISR #
Fig.2 Effects of different sample pretreatment methods on the
recovery rates of 7 kinds of mycotoxins

N R R A BILER B R, R R
R TER . R A 2 A AR ok, SO T
Yo 200 SR IS Bk £ 5 1 A HLERBOA . BT
T T AN 7] 48 B R - 2 T L A5 (70%/80% ) FITAS [7l 8 7 st
[E](30 min/40 min) M PSEH 24, K 3XFH T 7T MEE R ER
FEA I FT AR FRAL A 25 1 T IR AR RS B, 70% 2 G 1
R ERBGA RIS, SR 7 FhEE R HARY T3 GRS
85.5%F1 84.1%, 80%ZJEMEAERBUAIRT, F-3y Mk s
T 90%. LA 80% LI VE AR EUE I, #5740 min B4
FRBUSCR e, 7 PR BE R I MRl 79.4%~105.7%

"DON AFB, AFB, AFG, AFG, OTA ZEN
BREA

AL T0%Z I 30 min; B. 70%Z #7740 min; C. 80%Z il
#7530 min; D. 80%Z E# 5 40 min; E. 90%Z JE# A 30min; F.
90% LI 75 40 min.

3 TR L 5] i 7 B )% 7 D TR 3 3R 0 DGR e
Fig.3 Effects of different solvent ratio and ultrasonication time on
the recovery rates of 7 kinds of mycotoxins
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OTA S5ty & A BRI LA, 75 i Ak 2 rp o Jod e AR B
VR pH, T AR A i BERE S 1Ak, $R R AR E
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23 ERMN _ 1o}
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BB T B TV T R Oy kR . B # L

GB 5009.22—2016( £ ik 22 4= [ S brofie £r 5t v i 7 2 2%

B A G IR E ) SR AR ME T, TR € - FR TR 5 —3or

4R )3 2 PO A B DS R0, P A o 20 75 2 -40r . , , . . ,

PLRNIEAG —, HRAR R, AlEEE T ZRILET
FILTTRON o 4350 FH/INZE B3 225 FURE L 5 R) B 7 sl A
Fo AR,  EALE I, 458 ALY /%= (FE T
A 2 Ak 3 5 0 A A i R R -1) < 100%%, T3 3
SOV EUE, 45 ILE 4., OTA 3 SR (H N -36.9%,
AFB; (LN N 22%, 3% 2 il BL T 7 2877 16 H S5 3L TR
N, oA FLTR R R TN [ BN T 20%, Sk 55 TR
N PRI, ASBIFSRE SR S 1 35 I Vs YR T Tl b e i 2k ] 5 4
T I3 5 28007 15 | A 1 45 SR AR 25 1 [ T, R A AR A1 S 36 B
A, R AR R K
24 FHEFWIE
241 ZMEXFZ,. BRI ER
FERACF AR ST, RS MM, B/
F2 K325 FARE A FE AR VA TR0 I e v 3 M R AR R (X, /L),
AT L PR 15 7 €0 06 1) e TR AR AR AR (Y), 22 il B
B3R 04 L bR v I 2 o HLARZR M DG 3R S5 45 R AN 3R 3 I o
iR R, 7 FhECE S R Lt A, 2 R
0.99858. DIFLELRMEFS ) 3 % (SN=3)Hff & J5 245 H FR (limit
of detection, LOD)# 0.12~2.32 pg/kg, DIZELRMERE Y 10 5
(SIN=10)#fi & 5 ¥ & & BR (limit of quantitation, LOQ) K
0.40~7.70 pg/kg, 7 FhE B R 1Y E & R T ECH
(European Union, EU) . [ Br £ & % Mt 2 51 25 (Codex

DON AFB, AFB, AFG, AFG, OTA ZEN
BERMA
&l 4 N[ EL I RE 3R 1 SRR

Fig.4 Matrix effects of different mycotoxins

242 EIKRERMEE

FEARERENTE R 25 N AE R, W 3 AT
WK EFERERIR AR, o AFB,. AFB,. AFG,.
AFG, IFRHEEAT 310 2. 4. 10 pg/kg; DON ARV E Ky
20.,40,100 pg/kg; OTA Fl ZEN HIIIFRIE 1 8,16 .40 pgrke,
BRI 6 YOFAT, 1T B AR 1 -3 [l i ZEFIAH X A
Al 2 (relative standard deviation, RSD), W3 4, A HH)
JInFRIEISCRLE 77.9%~109.2%2 ], RSDs 7£ 0.9%~9.0%2
IF], 25 RAF, 55 GB/T 27404—2026 52562 sl
TG £ S FRALAG I ) X S 2 R R
2.5 EErMEmRNE

R 30 1/ NZERI/INGE R, FEARIF SR A B I A LR
FE R, HA SO AR ARAG, 25 (/N RR AL R 4
MR, KSR 5. FFEFRRS IR GB 5009.111—2016
(B EZRE &5 PR S ] W EEE L
AT EYIE ) $AT TR, 45583, DON KRN
13.3%, ZEN K558 3.3%, fath & f4A9 T GB 2761—2017

xR3 THEESRMEMEXR. LODs 1 LOQs
Table 3 Linear relationships, LODs and LOQs of 7 kinds of mycotoxins

&Y Ry i LMEVE B/ (ug/L) HeERZE(r)  LODs/(pg/kg)  LOQs/(ug/kg)
AFB, Y=4.179¢4X-6596.3749 1~50 0.99962 0.12 0.40
AFB, Y=3.5030e7X~1595.2865 1~50 0.99934 0.12 0.40
AFG, Y=3.2734¢7X-7111.0780 1~50 0.99858 0.12 0.40
AFG, Y=1.0903e7X+2784.9404 1~50 0.99971 0.27 0.89
DON Y=1.6906e6X+13917.0718 2~200 0.99938 2.32 7.70
OTA Y=1.3610e7X-5906.7884 2~200 0.99984 0.30 1.00
ZEN Y=8.3838¢6X-890.2178 2~200 0.99979 0.40 1.30
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Table 4 Additive recoveries and precision

A0 hbikr PBERE oo WhRKE  PEEIRE  RSDs MARKE  PEERE oo
/(ug/ke) 1% (ug/ke) 1% % (ugrkg) 1%
AFB, 2 100.0 7.1 4 93.3 32 10 91.5 5.0
AFB, 2 94.2 7.1 4 86.3 4.8 10 89.9 2.7
AFG, 2 109.2 4.5 4 101.7 5.1 10 98.9 2.5
AFG, 2 95.8 9.0 4 95.8 7.9 10 102.5 2.0
DON 20 107.0 3.6 40 93.4 2.8 100 83.1 0.9
OTA 8 98.3 3.6 16 101.5 3.7 40 93.3 3.3
ZEN 8 71.9 2.4 16 85.9 2.6 40 78.0 3.2

*5 EFRERNELR(ng/ke)
Table 5 Determination results of actual samples (ng/kg)

&Y Fefh 1l RES 2 RERN 3 KRN 4 PR

DON 14.0 312 70.0 35.0 1000
ZEN 6.00 ND ND ND 60
H: ND S ARHH

CRbh A E ZEhRE £ bl v U B 3R R XN RN
o b ECR R A BREEHLE o /I rpoeG Y A e e ) A
DON, X 5 3CHR[31-34)5F MR FE 48 R — B, TE/NE Je/hAZ
By it B A v, B RN DON B A B4

3. 4 ¢

AW, T HEEZEB-UPLC-MS/MS #:/N 32 K/
Ay 7 AR DL FLIAEE R TR o R R UL /INAE BT
[l R R i M kL | s ey U IR VA4
bRk A B WA, f#2k T QUEChERS ¥:X} OTA. ZEN
P IO BRI A, 7 R U ARG I 2 R 5 v it e A i
T, Z R ERF A KA R A AR T R SR =
WEHMF.

B 5SSy PR, QA% 88 T /INFE T /N oy B
— LT AR ISR, A AR & S R RS, HOSCbR
FE SRR B AT B, AR 4 AN [ 77 X B 22 Sl A T &R
Gt R, AR Z R VEY), WA A7 DR,
PR OTEME Y. 8 TN B R R R AR
0L, T e LR b, LU gk /N M e R 42,
A R g SORMp IR R & m ~, NEP AR R
R AR, /N R AR S FE R E A
PP SR, ORI/ N e 4
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