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B F: B @ [FRRIEESET 18 RIS R M S AORAE - B BT (ultra performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)/ T ik FiE  FEMZ 80% LBV IR IUR, it
T A 2 IR HEBR 2% T T4, i R A 2T )5, R Acquity CORTECS UPLC Cis (i HE5r 5, 1
mmol/L Z MR ¥ - FRENE I s AR BEA TR0 BEVE IR, FRLIBE 55 1E 7 g R B, 22 PO M R A, Rk A v 4k
PRAE R, GR 18 R R RS AMREETER N B R AT SR (7>0.99); £ 3 AAEIR IS A9F- 27
FRIESCRIITE 77.1%~105.4%22 18], AHXTHRUERZE A 0.48%~6.98%. FIFASZIH T A9 ikt 40 13 Tk #E
A IEATRIN, JEAT 35 My AR A S PHME, Aih 6 FhILINTE R . SR Jrh AR S, BT, Pasar
HE, EAVERE, RIWE XTI D 18 Bh R AR R AR AR

REA: B R, B RORO E - AR IR BT T DA

Simultaneous determination of 18 kinds of mycotoxins in tomato paste by
ultra performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a rapid and accurate method for simultaneous determination of 18 kinds of
mycotoxins in tomato paste by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS).
Methods The samples were extracted with 80% acetonitrile solution, cleaned up on a homemade SPE column and
blown to nearly dry by nitrogen, separated by an Acquity CORTECS UPLC C;g column with a mixture of 1 mmol/L
ammonium acetate and methanol as mobile phase for gradient elution. The mass spectrometry was operated in
electrospray ionization+, electrospray ionization- modes and multiple reaction monitoring mode. The samples were
quantified with the external matrix matched standard calibration. Results The proposed method showed good linear

relationships with the correlation coefficients above 0.99. The recoveries spiked at 3 levels were ranged from 77.1%
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to 105.4% with RSDs of 0.48%~6.98%. Based on the experiment, a total of 35 samples of tomato paste were positive

in 40 samples, and 6 kinds of fungus toxin were checked out. Conclusion The method is sensitive, simple, rapid,

reliable, and repeatable, which can meet the requirements for detection of 18 kinds of mycotoxins in tomato paste.

KEY WORDS: mycotoxins; ultra performance liquid chromatography-tandem mass spectrometry; tomato paste;
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Tk 25, FECR I R aE . WORIE MR S e s
T it A AR ) R AR 58 A s A 2 T T e, e 4
TEHTHIRE T A AR A S SR SN 1l i s B s G 1) N %
MW AT, HE. PSS EN,
X H A AMUSE RS R, B2 HE#H R,
A FEFERS 7 Z (alternaria toxin), #FHIEZTEZE A(ochratoxin
A, OTA), T2 #% . HT-2 %% JJE#% X (patulin, PAT)"*
&, Hr OTA BEERANMUEAS . SECRARIY | SRR
ZGL5F, PAT R 38 i 52 M 40 JI58 £ 385 2o P ] e b 5 | e A IR
W S 8 B O B I B 2 R A s MR AN AR sh
VRN 2R 11 ORI R B4 RO R 78 s R 4P

H i P9 A0 26 F i il i P R T B AN ik 32
TEAY T IR S W R e (BELISA)!M Y B i At iy U |
T RO (33 - kU 219045 | Ackermann 25U OV Sy TR
BATTREFIZZ VORI 2 Pl ELISA BRSO 77 v, A6l B 43 5]
H(35+6.9) pg/mL FI(59+16) pg/mL. 4% 75412 i F [ AH
2 B - 1R RO £ 1 - BRI B I 8 T A T Y PAT,
FEEL 2 Strata-X BAHZEBGELACFE, #:HBRA 0.03 mg/L .
EEEN 0.1 mg/L, FIHRTE 90.2%~95.6% Z 1. Noser
DI Sy — 0 7 TR R €2 33 - BB T i 32 T[] A
Tt S Fonm il i P AN A BEAS L R 5 Ho A S b RSBk
o WOHH o % - T T g A o R I,
{EJEFE S RTAL PR R VE B . A0 P B LA [ A 2 B TR 48
LWL . VDERREES TR, M LA R R B i Y R A
AN B SR BOR B 2R T A 1Y SPE EAHAEEUL,
FEMsE . vedE, SEI T — Ak, HLHEAL PRAS S ) EE P
I, PRAERIE, & F IR AL b 18 R 2 R W
FE AT

2 MH5REE

2.1 HRSRA

F ALK TAC R & IO . R RE R HRAR S .

18 FEE R ARMEM: M 2T R A(ochratoxinA, OTA) .,
i Hh % 3% % B(ochratoxinB, OTB). T-2 # 2 (T-2 toxin, T-2) .
HT2 # % (HT-2 toxin, HT-2) . # i 7% %k /1 4 M@ A%
(neo-solaniol, NEO), . Z BEEEF T HIGEE- IR /R
(diacetoxyscirpenol, DAS) . 3-Z Wt i 5 25 &5 4k J1 i 4 B
(3-acetyl deoxynivalenol, 3-AcDON) . 15-Z. /it 4025 5 5k )
T M % (15-acetyl deoxynivalenol, 15-AcDON). 4 JJ 45
(fusarenon-X, Fus-X). &7 % % (patulin, PAT), FHHE
(citrinin, CIT), 2R (mycophenolic acid, MPA), 8 H2
(penicillic acid, PA). ZZHEfM (AOH) . 32 4% 76 M 5 HH ik
(AME) . ACHE 6 BT B2 (TEA) . 38 HE LR (ALT) . 5 8 %
(tentoxin, TEN)X AR EA, W H 2 F Romer A H]); &
i AR . WBE . CRRE(B N ETEal, 3¢E Fisher 2A]).

A 2K B 2 RS L 2R K SR IR 1 AE A I R
(hydrophilic-lipophilic balanced, HLB, %7 40~60 um). [H
B F A3 6 % 0B (mixed-mode  cationic exchange, MCX,
RLBE 40~60 pm), W AILRTH A AF .

22 UFES5RE

Acquity TM 8 = 0B AH B 15 -Xevo TQ-S HHIKBTIEY
(3£ [E Waters /A H]); N-EVAP-112 1L (3EE Organomation
25l 3-30k AR B O LR Sigma 2 F]); Milli-Q A10
Ak (3E [ Millipore /A H)); VORTEX-BE1 iR HEIR & 4%
(I T AR DURAER H 35 BRA R .

23 EWHE
231 BRAARAE R B

18 FhEE RAMMERE VAR AR 1 mg AR MA
Wb s, OGRS, BAZE 10 mL FEMF, Bl
BB 100 pg/mL AR HE &, B EH R R T
20 ‘CokA .

18 P RIRA TR A ER RS | mL MR 1
pg/mL ) OTA, OTB, AME, MPA &F 10 mL &,
M NERmREZIELZ, Hil4 A AIRAW, H¥ OTA OTB,
AME MPA Y& 47 0.1 png/mL; 4 BEAH )25 BRIEA THAE, 4
10 ug/mL (% T-2, ALT. TEN. CIT #i4 i B 4IRS,
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BN 1 pg/mL, 0 50 ug/mL f) AOH, PA, HT-2. Fus-X,
3-AcDON, 15-AcDON, TEA il & C HiR&W, WEHN
5 pg/mL, 40 100 pg/mL B PAT. DAS il 458 D 4R &,
HeRBEH 10 pg/mL., NEO #BE £ 50 ug/mL.

S RIET RS A IR AW . B HIRAW . C HIREW .
D HIRA T 50 ug/mL NEO bRt 4% 1 mL B T 10 mL &
o, HOEMmBERZIEL, 4 18 MERIREG TIER
H:H OTA, OTB. AME, MPA #J¥ 75 0.01 pg/mL, T-2,
ALT .TEN . CIT %% % 0.1 ug/mL, AOH ,PA HT-2 ,Fus-X,
3-AcDON, 15-AcDON . TEA ## 4 0.5 pg/mL, PAT ., DAS
HPEN 1 ug/mL, NEO ¥JEH 5 pg/mL.

232 HoudE

2 T2k, RIE MRS S gCREHh % 0.01
g), H T 50 mL HIERL.LE T, IMAE 1%V IR &
/7K (80:20, V:V)RBUK 25 mL, IRHEZEIRAI, 150 r/min
HIRIR S HEE 30 min J5, 10000 r/min £.0> 10 min, WL 4
mL iV % SPE A, Akt SPE A1, WARRINA,
F 60 CTAMREIET, 5REHIE/KER30:70, V&
7, WAJER 0.22 pm GALUERE, AL S 8Os - Rk
J5i %% (ultra performance liquid chromatography- tandem
mass spectrometry, UPLC-MS/MS)J %€ .

P R 3R D7 RS PR, QERRA I E] 18 FPE
PRBE R 2 (R T i e R ] 4 R TR T I
W EHATIARR IR, BOS SRS AR R R A 3
2= HRE T, FEOMRG G AT IS SR P

=1

A
34 A Acquity CORTECS UPLC C5(100 mm x 2. 1
mm, 1.6 um); FE:iEA 40 C; HAEEFUN S uL; WA N
| mmol/L Z g%k, Wz B NHEE, BRI &1 #Iih
WA A 95%, 145 0.5 min, SRJGTE 6.5 min PIZEIERE
£ 10%, {45 0.5 min, BESSTEO0.1 min AT+ 2 95%, FHREF
1.4 min; ¥k 0.3 mL/min; E3847HHE 9 min,

Ui B F IR IE 771 58X (electrospray
ionization+ (ESI+), electrospray ionization- (ESI-)); B4IE
HLJE: 2.5 kv(ESI+)F-1.5 kv(ESL-); SAKIREE: 400 °C; £
FIRTEE: 800 L/h; B o (U A 3 £ &1L,
2 0 Wil (multiple reaction monitoring, MRM); 18 Flt F. 14
FFEM MRM SHULE 1.

233

3 ERES
3.1 EIERERMmL

TEW B BIREHE b, A A8 2R A7 By 40 8 A A
NPy B, SR HAE AR G P A OR B, Dol (3 0 )
MRS, dGEEE . INA—ENRR, 8% i3 H iR
M RE, TRV AR 400 T A A 5 D A e O T, (R A A
14 P R I 2= AR B ) B R R DR B B T 1
mmol/L ZIREAF A shAl, R AIRBEE VL, 385K 15 1
Ao fE, 18 FhEE TR USR8, HIYRESATHBUr
IR

18 MEESZEHNRIESH

Table 1 MRM parameters for 18 kinds of mycotoxins

HEHER  BFEEX AEEEmn) S8 m2) EEEFme) MEEENV) EWETFmz) BEREV) fEfLBE
PA ESI+ 2.85 171.1 125.0 12 153.0 7 30
AOH ESI- 5.75 257.0 147.0 28 2127 32 40
MPA ESI+ 5.09 321.0 207.0 24 159.0 30 30

15-AcDON ESI+ 4.25 339.2 261.1 10 137.0 20 30

3-AcDON ESI+ 4.24 339.2 231.1 12 203.0 14 30
FUS-X ESI+ 3.55 355.2 247.1 15 229.1 10 30
DAS ESI+ 5.24 367.2 307.2 10 289.1 10 30
OTB ESI+ 5.01 370.2 205.1 22 187.1 36 30
NEO ESI+ 3.72 383.1 245.0 10 305.1 10 55
HT-2 ESI+ 5.88 4422 263.1 20 401.0 20 30
T-2 ESI+ 6.27 484.2 305.1 8 245.1 9 30
AME ESI- 6.85 271.0 256.0 35 213.0 20 32
TeA ESI+ 2.45 198.2 125.0 18 139.0 20 22
ALT ESI+ 5.09 293.1 257.0 14 239.1 20 16
TEN ESI- 6.03 413.2 141.0 24 271.1 17 30
PAT ESI- 2.11 153.0 108.9 7 81.0 11 16
OTA ESI+ 5.59 404.1 239.1 26 358.2 20 24
CIT ESI+ 5.08 251.2 205.2 24 191.1 26 22
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3.2 FFEEM
32,1 &MEEL5EER

AR G D e T e G A 7 2 S e G D 25 SR TR 2R I
RZ—, N T kS TN A R MR R, AR S R HUEE
WIE MR THER E R . B 18 PR RIRAERI, LA
2.3.2 FEARI R AR R A R AR A SR OB AR
RIS, RN 7 AR AKCIE, A SRS E il
2., Hh OTA. OTB. AME, MPA: 0.1, 0.2, 0.5, 1, 2.5,
5. 10 ng/mL; T-2, ALT. TEN. CIT: 1, 2, 5, 10, 25,
50, 100 ng/mL; AOH, PA, HT-2, Fus-X, 3-AcDON
15-AcDON. TEA:5. 10, 25, 50, 125, 250, 500 ng/mL;
PAT, DAS: 10, 20, 50, 100, 250, 500, 1000 ng/mL; NEO:
50, 100, 125, 250, 500, 1250, 2500 ng/mL. 43L&
TR(X R OOME D TAEMZR, 25K B8R, 18 FhE R
BRMEMXRRL, HIXRHCH 0.9932~0.9999. LI 10
fEE ML (S/N) 3 B BR (limit of quantitation, LOQ), 18
FhEHBZMERRERN 0.1~50 pg/keg(EE 2). HE5RATA,
TR RAF . R PRAS, BEWE AR S B R R
T2
322 FeAREl R Ay B S

W 2.3.2 RE M BEERMAS A FINFERE SR, G,
W3 AN B 18 R R R R IR A TEW, A
A IACEEEZ M RE 5 K %7 R E Fhdeh 18 FE iy

F R Y RIGTE 77.1%~105.4%:2 8], %7 e
FN 0.48%~6.98%(FK 3), L5REH, AN FExFHFMEHA
[ty 18 b L P BE 2R A X HL A 458 8 1Y) IO RORG
3.3 EPREEmEN o

e B R B AL 505 KO TR G, R 40
By, B T OTEM B AR, R R O HE T RERE
Who FUFASEEG HENT I 3k, RERESRUEAT ARG, 25 R,
35 AR BAYE, LR 6 R, HoA TEA K
R, SRAE 17~341.9 pg/kg ZIil, AOH, ALT. Fus-X.
DAS. AME (&8 7E 0.4~24.5 pglkg Z 8], H4x 12 FhEH
BERIBARK (K 4).

4 % R

R R AR 3 - FR DR T T T 4 R A [ A A TR
FE, N7 T R T e 18 i LR B A PR
I, R RN RIS TE 77.1%~105.4%2 6], FEXAR 22
9 0.48%~6.98%, EEBR N 0.1~50 pg/kg. 5 BTN E LR
B2 A R 33 9 AR ZE O AR B, %0 TR R TR 0
PR Ak, LA v R R R R RS R, O HLK R
RS T E R RLAS, AR5 18 G4 A T8 il & b 2
BE R R4

F2 EMER IBHMERSRENKMER. AXRRCGOMEER

Table 2 Liner ranges, correlation coefficients (+°) and limits of quantitation (LOQs) for 18 kinds of mycotoxins

HA#HE 2R VL Bl (ng/mL) eyt s LOQ (ng/kg)
OTA 0.1~10 Y =4107.1X-200.359 0.9963 0.1
OTB 0.1~10 Y=6596.08X-299.765 0.9964 0.1
AME 0.1~10 Y=16768.9X-360.289 0.9990 0.1
MPA 0.1~10 Y=1573.07X-9.35443 0.9986 0.1

T-2 1~100 Y=1254.38X+432.72 0.9978 1.0
ALT 1~100 Y=8197.61X-58.3587 0.9980 1.0
TEN 1~100 Y=7393.09.X-23.9004 0.9996 1.0
CIT 1~100 Y=1306.77X-118.078 0.9992 1.0
AOH 5~500 Y=2116.27X-125.387 0.9993 5.0
PA 5~500 Y=9345.36X-520.337 0.9980 5.0
HT-2 5~500 Y=2958.77X+16.2367 0.9995 5.0
Fus-X 5~500 Y=4329.96X-86.9432 0.9990 5.0

3-AcDON 5~500 Y=20677.7X+39.835 0.9999 5.0

15-AcDON 5~500 Y=16210.1X+186.195 0.9998 5.0
TEA 5~500 Y=6731.32X+1874.67 0.9939 5.0
PAT 10~1000 ¥=3895.95X+211.693 0.9932 10
DAS 10~1000 Y=2291.07X+84.279 0.9996 10
NEO 50~2500 Y=586.969X-45.7825 0.9971 50
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Table 3 Recovery rates and precisions for 18 kinds of
mycotoxins in tomato paste (n=5)

Fhnd
HERR  BIUKFE/(ng/g)
FHER%  RSD/%

OTA 0.1 87.4 2.67
0.2 101.0 3.94
1 100.5 1.97
OTB 0.1 89.2 3.65
0.2 101.2 4.94
1 89.6 2.37
AME 0.1 86.9 6.11
0.2 104.0 2.02
1 93.2 1.29
MPA 0.1 88.8 0.72
0.2 83.7 1.33
1 98.4 2.66
T-2 1 91.6 1.78
2 105.0 0.91
10 95.0 1.56
ALT 1 82.1 1.55
2 104.4 4.23
10 94.2 2.03
TEN 1 93.1 1.06
2 102.2 0.91
10 96.4 1.32
CIT 1 78.5 3.96
2 87.6 5.97
10 89.6 1.34
AOH 5 89.4 2.37
10 99.3 4.70
50 98.3 2.52
PA 5 85.5 1.14
10 88.2 2.54
50 97.8 3.74
HT-2 5 82.5 3.09
10 97.1 2.65
50 92.2 2.84
Fus-X 5 83.1 1.79
10 80.2 6.26
50 89.9 2.83
3-AcDON 5 88.1 0.48
10 98.3 3.45
50 90.5 1.95
15-AcDON 5 87.1 2.68
10 100.9 6.98
50 92.8 1.68
TEA 5 84.3 2.60
10 105.4 4.51
50 91.9 2.56
PAT 10 77.1 3.03
20 86.8 3.11
100 85.4 1.32
DAS 10 79.8 2.66
20 105.1 3.38
100 88.0 2.33
NEO 50 77.6 1.91
100 93.5 6.13
500 84.1 4.20

®4 ZREMEREYLER(n=5)

Table 4 Determination results of real tomato paste (n=5)

R AR ER%)

R K E (ng/kg)
wRME B/ME EWE

TEA 85 341.9 17 101.8

AOH 425 10.2 2.5 4.6

ALT 2.5 1.2 1.2 1.2

FuX 2.5 24.5 24.5 24.5

DAS 2.5 11.2 11.2 11.2

AME 62.5 6.5 0.4 1.4
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