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M OE: B oy W s SO A 5k - 5 B T (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)[RIRF K /INGE | F oK | R4y . Fom Ak S oA ™ i 40 F B R & R 2000
Tk TR AWIREA SR ZOKRE 1%V V)RR LIS RS, RGN 2 1%(V/V) H IR NI VAR L,
FALBARTOK IR BT S, B ISR ARZE T, 5RIEL 5 mmol/L BEMRE/KIF-ZIE(80:20, V/NE K, ik
Jo EALE, Gk B VAR R 2 T E T . R 40 R LR R TERS H AT B MM R R AT,
HRFEG)=0.99, K HBRATE R0 0.2~10.0 pg/kg Al 0.5~20.0 pgkg. K. H . & 3 ASEIIKF
T, 5 AR AT 40 FPCREE R A ISR EICR T 71.8%~118.6% KIHEN 1.2%~16.9%(n=5). &
ATy AR RPUE R SEAMSR, SAT/NE . B A BAASER LA M 40 P EREER
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ABSTRACT: Objective To establish an analytical method for simultaneous determination of 40 mycotoxins in
different agricultural products (wheat, maize, rice, tomato and pench) by ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The grain samples were extracted with

water and acetonitrile containing 1% (V/V) formic acid. and tomato and peach samples were extracted with
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acetonitrile containing 1% (V/F) formic acid. After salted out with sodium chloride and anhydrous magnesium

sulfate, an aliquot of the supernatant was dried by nitrogen gas, re-dissolved by 1 mL water containing 5 mmol/L

ammonium acetate-acetonitrile (80:20, V:V), filtrated and analyzed by UPLC-MS/MS. Accurate quantification was

achieved by matrix-matched calibration curves. Results.

Good linear relationships were obtained in respective

linear ranges and the correlation coefficients (+?) were greater than 0.99. The limits of detection and the limits of

quantification in different matrices ranged from 0.2—-10.0 pg/kg and from 0.5-20.0 pg/kg, respectively. Recoveries of

40 kinds of mycotoxins in five kinds of agriculture products at low, medium and high spiked levels were ranged from

71.8%—-118.6% (n=5), with precisions in the range of 1.2%—-16.9%. Conclusion This method is simple, rapid and

practical, which is suitable for quantitative analysis of 40 kinds of mycotoxins in various agricultural products.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; mycotoxins; agricultural

products
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2.1 UESEHF

R R A 0 1S AL (35 B Waters /2 A ); TRIPLE
QUADTM 5500 = H PUZFTF BTG (GEE AB SCIEX A H);
5804R 5.0 HL(HEE Eppendorf /A wl); HSC-24B E M AL (i
HESTIESA R E); Milli-Q # 4l /K {% (3£ E Millipore
3 l); AL104 F3 87 R G- AR FE R 2408 FR A |);
SK8210LHC #B 7 i i YEAL(F iR 2l A AU A A B A HD);
BJ-800A £ d A EHL (WU M AETE FEAS 2 A TR D)o

HEE, . FIR. BERRE(fikal, f5E Merck 2
A, oK. Fba(ngsl, 2£F Sigma-Aldrich
NHED); 40 B EC G EE R AR AES A S R 2 bR ISR 1al
JE¥IRTF 99%, [ Romer 2AH]); LI /ML . FK,
FEAY . ot AR RE S I AR B T L A P A B
Y1, Biweie T4 °CH~ATT
22 EWHE
22.1 AW HEFATEL R B

SRS IGE AL 40 P B BE R AR E AL F ST R Lk
JE R 10 mg/L (FRHEN AW, PR G A o v S5
1 mg /L BRARUE TAEW, F 20 °CRATE; BB BGE = 5
Pl I 2 bR b, I Z I ECHIAL PC - 8 5 K B, .
PCo- MM ERR A, PCis- IR HE B, PCis- AT Rk
JIHEEEA P C o~ FR IR B B B4 310 5. 100, 200,
500 F150 pg/L MRE NFRFRIE TAER, F-20 °CHRAF.
222 HmETAE

BT S22 i I 9T T A A My i O T AT 2
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AW FREL2 g RE1HF] 0.01 g)ikE T 50 mL &0,
A 200 pL [ R NARIR A FRAE TAEIR, TEIBTHE
LhJa, A 5mL /K, 120 5 min J5, #ATHEH 40 min, #R

JEIMA 8 mL & 1% (VWHRK G, AHERS 30 s
Jei, FRAEHEE 40 min, A 2.0 g T/KBRREER 0.5 ¢ Eib
A, SrRIRIZIREE 30 s, M5 10 min, UL 8000 r/min 2.0
5 min, W 4 mL BiEB, F 40 CFASRT, A1 mL
5 mmol/L FERRE/KIEWL - I (80:20, V:V)f#b%its, WlE
30s, £ 0.22 pm LIS, FHLINE.

%m: KRB 2 gOREHEE) 0. 01 g)ikkE T 50 mL 2.0
B, TEEFHE 1LhE, A 10 mL & 1%/ P RE)
LB, WIHEIRST 30 s J&, #BFSH2HL 40 min, JIA 2.0 g
TOKBRIREER 0.5 g EALen, ST RVRIZIPRTR 30 s, 5
10 min, LA 8000 r/min &5.0>» 5 min, #H 5 mL FiEW, T
40 °C TASMT, A 1 mL 5 mmol /L BERR KB -2 NG
(80:20, V: V)W fRRIE, IWHE 30s, £ 0.22 um JEMEIESE,
EALIIE -

2.2.3 UPLC-MS/MS #&m &4
O3 44 (OiEH:: Agilent Poroshell 120 EC-Cyg (4,3

(100 mmx=3.0 mm, 2.7 mm); WahAl: Wahl A K
5 mmol/L ZRREIAL, WA B MR BEIEVERL R
0~1 min, 5%B; 1~5 min, 5%B~100%B; 5~6 min, 100%B;
6~6.5 min, 100%B ~ 5%B; 6.5~8 min, 5%B; i #
0.4 mL/min; JEFEE 3 uL; ALl 40 °C.

T A5 0 SR FH L WE 55 F S U (electron  spray
ionization, ESI)IE 1 & 7 A RN 448 546, HiBh <
HrEalias R, miEEACh RAR; SR 50 Psip HBIAC
50 Psi; Z5ALIRAE: 500.0 °C; W55 HLE: 5500 V; W55 HLE
AR 35 Psi; MEAES: 8 Psi; i £ i W I (multiple
reaction monitoring, MRM#: X%} H AR fb & #3172 1t . 40
P EARFLIATE R S 5 FIEIOL R AR ORI I] . BEES 7
TEF . MR ESERIESBILE 1, 40 FHEHTERTENR
HERR P 9 MRM B SEFEL B T B A 1 s

z1 WMERSER S MENZARNRIESH
Table 1 MS/MS spectrometry parameters for 40 mycotoxins and 5 internal standards
W HR £ PREAE/min - BEE Tz TETme) RilERE eV BTE
i &7 & B (aflatoxin B,) AFB, 5.54 313 241%/269 50/43 +
i &7 % By(aflatoxin By) AFB, 5.40 315 287%/259 34/38 +
W2 E X Gy(aflatoxin G)) AFG, 5.21 329 243%/311 35/38 +
W EE R Gy(aflatoxin G,) AFG, 5.05 331 285%/245 37/40 +
H B FEE M (aflatoxin M) AFM, 5.06 329 273%/259 31/30 +
W& ZE My(aflatoxin My) AFM, 5.05 331 216*/189 48/54 +
F 0,1l 2 2 (sterigmatocystin) SMC 6.91 325 310%/281 38/50 +
BC,-# M5 K B, ("°C)r-aflatoxin B)) 13C,,-AFB, 5.54 330 301%/255 22/38 +
2% A(ochratoxin A) OTA 5.89 404 358%/239 26/30 +
## i % % 2% B(Ochratoxin B) OTB 5.40 370 205*/187 28/48 +
##% B 7 C(ochratoxin C) OTC 7.07 432 358%/238 25/42 +
## BB & a(ochratoxin a) OTa 4.88 255 167%/211 30/30 -
S 45 761 5 4% (altenuene) ALT 5.51 293 257%/232 20/29 +
J# 75 % (tentoxin) Ten 6.24 415 312%/256 30/40 +
20 A8 4% 78 7 Tl R (tenuazonic acid) TeA 3.40 196 112*/139 30/30 -
JEWR 2 A(destruxin A) DA 6.39 578 437*/178 40/48 +
PET 7 B3 )R (verruculogen) VER 7.04 512 352%/313 24/24 +
B 5 B % A(Cy-ochratoxin A) 13C,-0T A 5.89 424 240%/377 22/12 +
kB 2 B, (fumonisin B)) FB, 5.49 722 334%/352 55/50 +
KB 2 B, (fumonisin B,) FB, 6.28 706 336%/318 54/46 +
1k &% B; (fumonisin Bs) FB; 5.91 706 336%/318 50/53 +
g JE # Z (diacetoxyscirpenol) DAS 5.62 384 229%/307 21/15 +
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gk 1
HA#HE 95 PREEE/min - BB TFmz) FETmez)  WEdRE eV BTR
B 19k 76 B B (neosolaniol ) NEO 433 400 305%/215 17/24 +
JKi %7 % (gliotoxin) GLI 5.63 327 215%/153 31/38 +
IAPEFI JE R (cyclopiazonic acid) CPA 5.74 335 140*/180 35/35 -
T-2 # % (T-2 toxin) T-2 6.43 484 185%/305 27/19 +
HT-2 & (HT-2 toxin) HT-2 6.13 442 263%/215 43/43 +
13Cys AR T2 By (*Cs-fumonisin By) 13C,s-FB, 5.48 756 356%/374 36/32 +
I8 48 25 JES 9k 00 TRT 5 9 (deoxynevalenol ) DON 3.72 297 203%/161 23/31 +
ik J] T8 K i (fusarenon X) Fus X 4.25 413 353%/263 13/21 -
15@?%111%%%%%%)}@%@5 15-ADON 4.87 339 261%/137 16/15 +
(15-acetyl-deoxynivalenol)
3@@;@%%;@@7} TR B 3-ADON 4.87 339 231%/203 16/19 +
(3-acetyl-deoxynivalenol)
3%%%1@5;&%@%%7}%%@ D3G 3.68 517 457%/427 18/40 -
(deoxynivalenol-3-glucoside)
T %7 Z (patulin) PAT 2.91 155 95%/81 18/20 +
475 55 % (citrinin) CIT 5.57 249 113#/205 15/25 -
7 2% Wy Bk (mycophenolic acid) MPA 5.55 321 303*/207 12/30 +
UCB'W%;"%’%%H%&%@ " C15-DON 3.72 312 263%/216 14/10 +
(°Cys-deoxynevalenol)
T K IR EE M i (zearalenone)) ZEN 6.73 317 175%/131 35/40 -
K AR EE i (zearalanone) ZAN 6.65 319 205%/161 32/38 -
o-F K IR BE M W (a-zearalenol) a-ZOL 6.59 319 174*/130 38/45 -
- K AR B 5 B (B-zearalenol) B-ZOL 6.31 319 174%/130 38/45 -
- A TR B W (a-zearalanol) a-ZAL 6.50 321 277%/161 31/40 -
B-E KA (B-zearalanol) B-ZAL 6.18 321 277*%/161 31/40 -
%582 (penicillic acid) PCA 3.80 171 125%/153 17/11 +
BC1g- T K IREZIR A (PC g- zearalenone) 13 Cy5-ZEN 6.73 335 140%/185 26/30 -

TE N ERE T

3 #R55%

3.1 REYIREIEE

40 FETE R EAMER R TR MRM S FLEE
TN 1R, W] LA BT X 4 BE R GF
3.2 ERYN

HVEN RN, AR BT RiE 2 4 5 v )
PRUERMZRPRM LA S T HARSERIE/INE . oK. Fidr
F oA Bk bR fF S 4G 9 B0 R R ORE (signal
suppression/enhancement, SSE). SSE {H7E 80%~120%2 [i] 3
BB BTROVEMAN K, R T 120%00 75 BT 3800,

LHART 80%HT R IEF IO, gk 2 Fiz, 40 FL
EERAE/NA L TR RAT . FAAIBEALTT Y SSE 39k
10.1%~121.4%, 2.2%~106.7%, 10.2%~137.5%, 5.0%~197.2%
Fil 2.0%~143.7%, RYIR T in-FR AR I R BUBGR AT SE
JBL . PR (RIEHERR T, AR Bpn i fh A T
AR, SRTTELBRIG, A4 SS9 ISR A RE N
SERIITSR, PR R AR PP TREE . 4 5 A
(R R AR ISR 40 FhELERRE R AL ISR T HLAL,
HBCAE AT AP AR FLRTEE R A A, FHRAESIE XL
bR BT A B R AR5 S BT, LA 2L B0 D2
Lo WISRBERESL ICH AR IE R AT ARSI R A i, SICRIL
FETRIE M MR E
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: A: MRM &%, B: IEBT, C: B+

Al 1
Fig.1

PRI 40 AP ITEETE 9 MRM B HLE B T8 (100 pg/L)
MRM and total ion chromatograms of 40 mycotoxins in standard solution (100 pg/L)
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3.3 &M, KWHIRFIESR
BB R ARV P e i, e 2.2.2 HAEHl&
25 HEE B IBUR B 1 1Y 40 P E R R IR AR AR
AR A NAR TAERIR A, 25 H 3L SR OB B2 )5 15 2AS [H]
e RS P SE AR MEVS TR, AT 40 AP ELIEEE R WAL
HEM 2 o LA Ml B 19 3 £515 1 L (signal to noise ratio, S/N)
1 2 A6 A (6 HE BR (limit of detection, LOD) ., & &3 iE HY
10 1515 M EL 8 2 16 A 9 19 5 & PR (limit of quantitation,
LOQ). 40 FIETHFERAEANRR FH L IEERE . M
R K B RAE BRI 3 FiR . 45 EoR, 40 Rl
PR A R AEAS LR EE B 4 6 R AT, MR R B0
>0.99, HAEZS FURERUNE | FoK R4 A FIBk P Y LOD

FRUEZ W 40 FP T RE R A9 MRM S ALE B 73K (100 pg/L)
MRM and total ion chromatograms of 40 mycotoxins in standard solution (100 pg/L)

1 LOQ 23514 0.2~10 pg/kg 1 0.5~20 pgrkg, M FE R M
A7l A G PR R v KR

R2 AWMERSEEFRRRPHERYX
Table 2 Matrix effects of the 40 mycotoxins in different
agricultural products

A SN %
EACEEN — -
MNEER BB & B
AFB, 794 157 184 146 2.9
AFB, 578 274 550 801 465
AFG, 73.9 17.5 188 792 14.8
AFG, 80.9 612 1030  18.1 51.0
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8% 34 EWERIEEE
e IR SRTUIMBR IS Bk 6 O R AR 15 . YR
L A BE R N . (= i
INFE P I E S B FEFRES, FEK. B B 3 DAOEIIAE B 40 FREH R
B A o R 2 e R T 1 .
AFM, 653 L6 689 00 473 ik E#iﬁfﬂuJzE‘{i%EHﬂIEILBIE‘jwanfﬁ%ﬂ‘im{ﬁﬁﬁ?:‘?ﬁitt
H ARG % BE RN H (RDRS 28 BE o B A A — RS 5 RillE S
SMC 640 69 400 >0 20 SAEX AR D 22 (relative standard deviation, RSD). 40 FlE.
OTA 85.1 oLl 103.4 1.7 67.2 W B R/ DE P EMCES 75.8%~111.4%, H PR
OTB 74.8 46.9 93.8 144.5 733 BN 1.5%~13.8%, HIEREEEN 1.6%~14.9%; £ EKH
OTC 87.5 22 91.0 459 51.3 ?iﬁjlﬁﬂl&& 73.7%~117.8%, H W%%ﬁﬂﬂ 2.2%~13.5%, H
OTa 1120 1054 1057 60.4 79.8 I 5 5 E O 1.7%~15.0%; A5 A A% i I OF 3 Ja] iR
75.2%~111.6%, HPNKEEE R 1.7%~13.7%, HIEKEZEE R
ALT 97.3 87.2 89.5 443 113.0
1.7%~16.0%; EFA T TFH 1 Zh 75.0%~116.4%, H
TeA 65.2 91.3 89.7 32.7 83.8 i) S B |l R 71.8%~118.6%, H N K %5 B R
DA 70.1 580 883 1297 1058 1.2%~16.9%, HIAEHE N 1.4%~15.4%. Kk, %05
VER 83.6 6.6 61.8 48.6 143.7 TR, AR/ . Bk, R . TR AR A = i i S
AN iall
FB, 95.6 62.6 88.7 322 60.6 2L
FB, 1214 454 1375 509 38.0 3.5 SEFRAEEaRAL
FB; 92.9 50.8 91.9 345 54.9 MR Y8 A I8 S B 53, ok B Vg H XOAS [
[ =2k (N oz 3 I s N SN
DAS 109.5 96.5 47 65.0 3.8 ' kﬁfﬁ%%ﬂf&%ﬂ? 50 {34 ff(']\%‘ Tk, B
NEO 023 as 23 laa 16 FRRAIBESS 10 O1)IEFT T 40 FhEHERDE, 450 INE 4
' ' ' ' ' JR o SRR IR #E T, Ten 76 100%/N5E L 40%FE 73 Fil 10%
GLI 84.3 78.9 840 101.1 90.5 @E*%ﬁﬁm,?i@mgiﬂ 064"‘3526 ug/kg’ TCA D—I\UE 100%
CPA 54.0 42 55.5 21.6 3.9 AT 60%F5 AN 70% 8k Rk, SE3MRE N 5.01~19.58
T2 873 772 92.4 96.3 33.1 ng/kgo IR EFZR T, FBy 7E R KR 2R 30%, “F3uk
= sz H TS ~
HT-2 855 734 750 713 460 Faik 333.97 uglke, AEIUAG™ iR A 90%-~100%,
DON 62.5 58.4 35.6 23.1 52.1 PRI 3.00-59.28 ughke: By iz XKL FIH
‘ ' ' ' ’ ek, K A3 100%. 40%. 90%F1 100%, i
Fus-X o4 9LT 695 189 527 FB; MIE/NE i Rk o, 6 H 435150 100% . 60%
15-ADON  92.9 71.9 60.0 66.6 422 F1100% . 1L4h, DON F1 3-ADON 7E 100% 1) /N2 HfG R
3-ADON 97.2 74.2 60.8 68.0 423 BES3 52 63.8 Fl 4.43 pg/kg; ZEN 7E 1 {5 FRME S AR,
D3G 104 781 188 434 147 HeEH 5.93 pg/kg; SMC. OTA., OTC FI CIT NZE/ b &%
AT e 1067 700 4o 257 FES R AR E BRI AR . BEi, RiEHX
' ’ ' ' ' A7 b P EEAS T B R AR DR R IS YO, 15T
CIT 60.9 30.0 91.0 94.1 24.4 P
MPA 10.1 7.1 10.2 8.0 9.8
Q:I:\ —] \\ X
ZEN 262 72 415 403 28.5 4 HZRSR
ZAN 34.5 132 46.2 483 23.2 AWFSEET T UPLC-MS/MS [RIBTR /N . Eok
SN e Jk A2 3% |7 =1 e g A =
w.ZOL 167 61 6 250 164 a4 TR R WA= h 40 M ERE BRI T 5
RGITEME, AR BRERR . . SEMIE
B-ZOL 24.9 7.1 36.9 442 19.8 AR e X
SETCRR AN . I IR UE e SE R S AN 45 SRR I i
ZAL 39.7 10.9 493 50.8 243 ; " - P .
* DrER R R . TTRE . SCFIMESR, AEAS T AOCE A
p-zAL 352 13.0 342 379 195 ATAbARE R EESR, MR S E B H R T Qe MR T
PCA 95.0 101.6 88.7 80.9 53.8 R EE . AR 2
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Table 4 Determination results of 40 mycotoxins in real agricultural products
NE ESPS iRy il B
&
TEEE me P B g B g B g, B9
A(ng/kg) /(ng/kg) N(nglkg) I(ng/kg) /(ng/kg)

SMC - - - - - 10% 8.62 - -
OTA - - - - - 10% 0.24 - -
OTC - - - - - 40% 0.43 - -
Ten 100% 35.26 - - 40% 1.80 - - 10% 0.64
TeA - - - - 100% 19.58 60% 9.60 70% 5.01
FB, 100% 59.28 30% 333.97 100% 6.03 90% 3.02 100% 3.48
FB, 100% 6.99 40% 90.62 - 90% 3.04 100% 3.47
FB; 100% 9.08 - - - 60% 6.08 100% 3.45
DON 100% 63.80 - - - - - - -

3-ADON 100% 443 - - - - - - -
CIT - - - - - 20% 0.30 - -
ZEN - - 10% 5.93 - - - - -
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