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WM &ETER By, Byy Gy Gy FKIREIGN S AV EE BRI HT L. FE U 84%(V: V)ZIETE N IRIGH
M, FEMMABI G 2 — X 2 D REEH AT A0 5 HE 8 = 80RO 35 - = T DUAR AT B Y, R Cis BiiAT:
8, R H TS B - Ui (electrospray ionization, ESI)FNZ &z i Wi il =K (multiple reaction monitoring mode,
MRM), TEIE ., 78RR R E M il . 28R 5 PV EMEER HAR I YITES B 5Tt D e vk JiE
W, KRB PRI r°>0.999), JrikE fBRR 0.10 ~ 4.00 pgkg, MFREIES 73.5% ~
112.5%, MXARERZE /N T 15%. 8530 Z kAT PIRAE R (8, RUE s, e E0Er, nIiexH e 28
77 it R 22 L R AR (] ARSI (14 R

KB OB 0 - = OB BRI BT E RARE N, EWHR, gk

Simultaneous determination of 5 kinds of mycotoxins in the grain by ultra
performance liquid chromatography-triple quadrupole mass spectrometry

ZHANG Shu-Qiong”

(Xiamen Institute for Food and Drug Quality Control, Xiamen 316012, China)

ABSTRACT: Objective To establish a method for simultaneous determination of 5 mycotoxins including aflatoxin
By, By, G|, G, and zearalenone in the grain by ultra performance liquid chromatography-triple quadrupole mass
spectrometry. Methods Grain samples were extracted by 84% (V: V) acetonitrile solution. Samples were
homogenized, and then the extracts were further purified by one-step clean-up columns. Five types of mycotoxins in
the samples were determined by wultra performance liquid chromatography-triple quadrupole mass
spectrometry(UPLC-MS/MS) with C,g chromatographic column separation, electrospray ionization(ESI) source and
multiple reaction monitoring mode (MRM) under the positive and negative ions mode at the same time. Results  All
of 5 types of mycotoxins had a good linear relationship (r >>0.999). The quantitative limit of the method was
0.10-4.00 pg/kg, the recoveries were from 73.5% to 112.5%, and the relative standard deviations(RSDs) were less
than 15%. Conclusion The proposed method is fast, accurate and sensitive, which can be applied for the
simultaneous determination of aflatoxin By, B, G}, G, and zearalenone in the grain samples.
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HL.IH 7 X (mycotoxins) 2 [l 75 [F (Aspergillus) . 2 1
(Penicillium) . §J& 7] B (Fusarium)Zs ] 7 2 it B B 75— & 37
BT R GEAR Y, SR R X S B B R X A
HeAayaErml, FRULMAERSRAHMESER
(aflatoxin) . T >K 7% %% 4% [ (zearalenone) . #% il 5% 7 &
(ochratoxin) . JIi 455 & 4ik J) B 75 7 (deoxynivalenol) . k™
7% % (fumonisin) , 424 % & (sterigmatocystin) . JEH B =
(patulin) Lk KA 75 % 2 (citrinin) 5 . MRS SR TR 2 5
TP I ARy, (ERRAS AR Y AE AR AN S80I 0] 45 )
Z R EE AT Y, T R RS Y B A7 e, I
UNEE RO, A ROK . SRR G ERAS KRN
FH RIS Y R iy e B

FH T B P 7 2 AP R R A B 1 5 i 1 A
PERNE, GB 2761-201 7 & il &4 AR B S P R H R
B ) Wt S I B AR By TR 6 FlE
R R MR EAREIAT T HE . B, X EWE R
W) 5 3 A8 I BE 4 2 3% (enzyme linked immunosorbent
assay, ELISA)™ | 3 2 2 M 8 3% ¥ (thin layer
chromatography, TLC)® | A0 (%1% (gas chromatography,
GO | W sk W AR 8 3% % (highperformanceliquid
chromatography, HPLC)!" "2 | 5 2 ¥ A €00 335 £f 10k S 3% %
(high performance liquid chromatography tandem mass
spectrometry, HPLC-MS/MS)!*131 26 - 6 i o Fil A% ¥ 1k
-HPLC ¥ LC-MS/MS JEIT4F A FL 2 R A Y H 7
%, T RZEBEEHERN . LC-MS/MS 5 iAHE
i B VROR R R G AT A, ARSI haE s B S
P EETFEFNMmE e, e, EiEaR
FERAE . R S SRR (AL R E R A T N B
T T LA SRR SR AL AT S AL, SRS SR FNAT AN
e 5t, H AR X R — B R TR e, R
A 7 AR B — o AR T — R Ak 5 vk
W 22 1 R A — 20 20 AT e A S AR A a3 - =
DU AR AT IO 1 6 D () B0 2 AR A 77 il 25 o L TR B R 1 Tk,
AT REARAG I B A, 34 A U@ &, TR AR BN E
T L AT 2R 114 [ o A A

2 MRERE

2.1 X5

1290-6470 748 55 50 AH €233 - — B DU AR AT 2 135 Bk A
(£ Agilent 24 H); CT293 Jie KR bl B (P12 FOSS 430t
g8/ E]); AH30 i fs . AutoEVA-20Plu 4 [ Sha R He 4R
AL T 18R FD); TGL-10C 5 3 B UL LI 22 52 Bl AY
fe ), MS3 WA IETR A1 4% (T 1H IKA 23 \l); Milli-Q

Tntegral3 B2k 24lifk 45 (32 [E Millipore 23 F).

ISR R By By Gy Gy RGBS EY)
BTG o2si PG AT); FEE F ORI BRI AR o
Vs AR R R E T B )

N Wkl fEEIREAR]); IKCER . LRER
(O3 Hr 4, EZE4ER]); MycoSep™226 £ IREHF LA (£ H
ROMER /A l); ®EMERAEEMAE . TR 558 5
FIAEGmL, 3E[E Beacon ). SEHHRK . T ORFEA I
F M T
22 LWHE
221  ARER G B

ERB B E SR B, By, Gy Gy IRAVEHNE
YT 1.0 mL Jz HYEE b K R A4 RV R EY T 1.0 mL
T 10 mL A, AOEER 2205, Bl R G ek
W, Hoh s ithadE R By, G kE N 100 ng/mL, B
#HE By, G N 30 ng/mL, T KR N
2.0 pg/mL, (EFR, W AR BRI 46 37 S A B R A
TR B R SR TR TR o
222 AT

(1) A&

FRE AR Sl B R MR A R A B, 2 0, A O A2
INF 2 mm, IREWIEEH45rE 100 go

(2)FH

B 840 mL ZJEMA 160 mL /K, 14, il 84%
(V- VOIE W PR S 4% 25.0 g, A 100mL 84%
KR, ¥J5 3 min, 6000 r/min &.0> 10 min,

34k

B0 L 8 mL, A 80 pL IKZBR )G, %
AL B T R AT IR A B, TR
AR RS R . BB FEL 4 mL, 45 °CH
SIRT, 400 pL HITR IR SNAHE %5 .0.22 um JERES I8, HERE.
223 RAEELEH

{3 ZORBAX Eclipse Plus Ci5(2.1mmx100 mm,
1.8 um); Hii#: 0.4 mL/min, F:i: 40 °C, #EFEE: 4 uL; 7
A A: 5 mmol/L ZFREE-/KIEW, B: HEE, BEEEPENL: 0 ~
0.5 min, H 20%(V: V, T [A]) B—40% B; 0.5 ~ 4.5 min, 40%
B—45% B; 4.5~ 5.0 min, 45%B—95%B; 5.0 ~ 10.0 min,
95%B; 10.0 ~ 10.1 min, 95% B—20% B, J5iZ4T 3 min,
224 JRiEEA

I B 37 125 F 5% 2 H I 25 15 1 (electrospray ionization,
ESD), 1E. METFREW, 23RN EMNER; 57 5EEE:
300 °C; THFE: 7 L/min; F4LSUET: 40 psi; #<UR
BF: 350 °C; HYSME: 11 L/min; B4 HE: 3500 V; H
T ER R (H)400 V, (-)200 V.

225 AR KRR
IR VA VR 00 Uk T 50 A 28 G TR L ok B 3R 91
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SRR OB (T - — T DU AT i 1B [T e MRS S Bl P Y

SPERER 1603

FRUERSIR, el i it &5 % B, .Gy: 0.20.0.50.1.00.,
2.00. 5.00 ng/mL, #M#EFHFE B,. G:0.06, 0.15, 0.30,
0.60, 1.50 ng/mL, F AKFFEMME: 2.0, 4.0, 10.0, 20.0,
40.0 ng/mL. PRAEEIRAEDLALIS WA . B 454 T UERE,
AR B0 1 75 2 R VR BB X O R AR A, 757 I B 1A B 2R Uk TRT
LY Ak, 2l bm i 4% .

3 HEREHR

Bk & fHa0iksE

Bl 1pg/mL [ 5 Bh B RERARAER R, >R AP A
HHERE, Tl BSTALES IR BIEIE 08 AT TAE, %
255 PRI LR R A . SR, SRR B,

By. Gi. Gy fE ESI'MLESI T 7/ [M+H] IE# ¥, T ESI

3.1

BIsU N AR — R s, FORAREEGTAE BSIHL IR T
JEAE IM-HT U T BRTAE 5506 Hh BT ik ik 2R 0 L 972 1 [)
Wy AT, XM E#ER B, By G Gy FIEK
FREFI TR S )1 H EST M ESTAE A8 PR, 43511
m/z313.2, 315.2, 329.2, 331.2 F1 317.1 RRF& FH7 =
P2, Ak B g4 1 O K (fragmentor) A1 Alf 1 H,
(collision energy)“F FUi%S4L, F0fe & 1A 5 A~ F
BEMTFET, UEAAFERSNTE T HERSET,
H-TFETFNEWET. HEEHR B, By, G Gy Ml
FORTREIEI LB 1 B BB X S BN D LR
(fragmentor) FIfilf i H1, JE (collision energy) 558 W3 1., 7E
PRALZET, 5 FhE B 2R A AR B A % - Tk
BETFIRE LA 1,

F1 SHENERSENRIZSHRES
Table 1 Parameters and conditions of mass spectrometry for Stypes of target mycotoxins
(M/2) (M'2) ms EENEAY \Y
p— 313.2 285.1% 25 160 23 positive(EST)
=28 R 1
(AFT By) 313.2 241.1 25 160 30 positive(ESI")
HMESEE B, 315.2 287.1 25 150 20 positive(EST")
(AFT By 315.2 259.1% 25 150 25 positive(ESI")
EMESE G, 329.2 311.1 25 160 24 positive(ESI")
(AFT Gi) 3292 243.1% 25 160 30 positive(ESI")
D 331.2 313.1% 25 160 22 positive(ESI")
= R 2
(AFT G) 331.2 245.1 25 160 38 positive(ESIT)
AR 317.1 175.0% 25 190 25 negative(EST)
(ZEN) 317.1 130.8 25 190 33 negative(ESI)
O T
10* +/-ESITIC MRM CID@** (**—>**) STD4.d — —
x10 O m %
24t £ = N
22 < 2
20
% 1.8 F
O 1.6 |
= 14}
o
1‘21 1.2+ N
= 10} S -
0.8 = [
0.6} < <
04}
02}
O C ~-

1
Fig.1
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Total ion current chromatograms of 5 types of mycotoxins
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3.2 REEHSMmK

P BB 119 R A1 L A o [ AT 236 ) v (VR R S B
FESRIIE U PE . AL BAR B EE R 5 R, BRI
HT A R B AR LA R M IRECCR . B E s R
ARG Hp A I B R R 2 ZE AR, T K AR A T —
Rl () BRI R 1 N R 25 4, S Fh L B AR TK
MR B AR BB B 2R A T AU 2 AR L R R o, S
HERT NG WEE. CRROHE . IR 4 FhEZBGEFIXT S F
FUH R IRBCICR . 256 BRI, 2 X B
R B WRBGR, HE & T HAJLAREBGH, B
WE . ZNEE AT REARAK A o B, 8O Rk 2 4
YIRAFWOK, MHERE, RiEid, NS EIUiEE
FVE . SEEG4E S TR NG AR BCSCR AL T I PR
TR b0 BRAE 5 5 Ak A 5 10 72 43 i Rz ik, 7R 4R B 7] o
T — 72 FL B K RE, (RE v AL S (R R 5 e e R 1
G Ak R 35S 84%(V: V) VAN E RO, % 5 Fh
H AR I LR B R AR T R AR B
33 BUIENMK

WASFEN LTS 2%, MuERARBUE BRI, NXTAE
PEEOREA T HE— 2 1Ak, DURE G0 52 2% A il 35 3R B 7= 2
) S5 SO 50N X T 45 SR s, (R e T AT LA R o Ay 1
A, ARLTE] S R G E R 1 DR, AR UE 45 SR 1) 28 AR o
. ARSEHE SR A (U IORAE AR, SEAT bR SEss, X
HUS B HIARFE R G2 S5 A gk ik f— e X 2 o ki
ek 2 By s T . SR A A R I TR Pk
ST SO, R EBRAG S I — X0 R SR,
P K AT LSRR 2% B, {E X 1 ol el S5 P 1 0 A S
2R A P SR A BV TR AR R A e e, DRIk
Vb Oy R SR, REAT K2 R T S AR R S B .
G PE A AL AR 58 IR e s 2 (S R X B — i R R 04
TR BR, XELLSCEE 2 FheE R W e, I B s B e, R
RKE . —HRZINREGAE, a2 R, Hop
PE L AR R B T AC 0 AE 2 S B RESE A O A W BB
SEFE B A, 33k b IEURE AT LA £ b W B AR A P B TR
F . BORMEREE FER, R H AR AR
WP, T K B A R E A B U AR SR R

MycoSep*226 FEFEA Tk, FESMTEL: 84% MK T W EL
J5, WA A RORH AT ATHEA S A R SR IBOR A 1A o,
MR A IR R P ) BURsl . AP as ot by, &

JITA BRI AR A R SIS R R,
Dbl A TR A 2 BR AL R A R, o B Ar B 7R 25 25 0 B
R, DS 5 SR SR R e A ik DGR AR 2 (3R 2) I
PRAE TS AL BRI AR Y, S A AARRRUD, ol A 1 5 R AT 3R 3]

TS B Y, AT AR R4 5 SC B B a]

£2 REFMEMSIEEUE 2 MELARTHEVERSE

B 2R b 5

Table 2 Comparation of recoveries using multifunctional
clean-up column and immunoaffinity column

A= ZIREREFAG% R SERRESE/%
##&#HR B, 81.1 88.9
HM&ERFR B, 79.9 81.2
HMERFR G 83.6 88.8
HMERER G 82.3 89.9
T KA A 85.4 84.9

3.3 AERZMREZR

R Hi A5 2] 0y 28 P B0 0 R R 4% R U L TR A R A 2R
PEASC RBGHAT 0T, MRAE 10 A5 050 LT3 0 i iy
R, R 3. Z5 IR, 5 P BT B K AR AR L VR EE
T LR PR TE AT, AHSC R B ()BIRT 0.999, &
PR 0.10 ~4.00 pg/kg, W R AT ESK
34 [EWERKIEEELE

PLAS FARORR A IRRE S, 7EAK . Th A 3 AN K R ik
bR B2 B, $52.2.170E & BT AL BE 5 1k Ak BREE &)
DI AR 1 €033 038 S (R 0 AR, 28 AR & T IAR A 5 19 5
RGBT EWME 2, BAIERACE R TIAE 6 1k, 5
3 AOKET Y [E1 IR RT A X B UE A 22 (relative  standard
deviations, RSD), Z5HAUNEE 4 FoR . K AKAE G 5 i 55 55
% By. By. Gy, G, FIEKARESGE R FISCEAE 73.5% ~
112.5%22 18], RSD TE 3.2% ~ 14.7%. 45 R %K W, %k HA
RIS R RORG 25 B, AT LU AR A 287 P 5 R A
BEE HH WA ER

®3 SHARSENRMSE. HXRK. E2R

Table 3 Liner equations, correlation coefficients(r?), limits of quantitation(LOQ) for 5 target mycotoxins

et By MR 2B BR/(ng/kg)
HIEER B Y=17846.9X+1014.5 0.9997 0.15
HMEER B, Y=14716.9X+180.4 0.9999 0.10
HIMEER G Y=15819X+867.1 0.9998 0.15
wEHER G, Y=11565.9%X+274.0 0.9998 0.10
K AREG M Y=1549.4X-66.6 0.9993 4.00
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x103 +/-ESITIC MRM CID@** (**—>**) BLANK SAMPLE.d
1

30
2.5
2.0

1.5

i) )3 {B/ICPS

1.0

0.5

o:

05 1.0 15 20 25 30 35

x10¢ +-ESITIC MRM CID@** (**->**) SAMPLE ADD.d

1
35

301

AFT Gl

251

i )3 {B/ICPS
)
o
AFT G2
AFT B2

1.0 F
05

N

0= 1 "

40 45 50 55 60 65 70 75 80
A [] /min

85 9.0 95

AFT B1

B i

ZEN

05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
i} ] /min

9.0 95

2 ZSERERL L IARRR S A BT R T

Fig.2 Total ion current chromatograms of blank sample and spiked sample

F4 5 MENERESRERKPRMEE YK ZENIEZE (n=6)
Table 4 Spiked recoveries and relative standard deviations of the
5 kinds of mycotoxins in rice samples (n=6)

TPRUEIE PRyl

latey] lug/ke) % RSD/%
0.15 81.2 8.7
WM ERGER B, 0.30 80.1 6.6
15.0 92.4 32
0.10 78.9 126

W& E B,
0.20 85.7 8.9
1.0 93.5 5.6
P— 0.15 73.5 10.8
0.30 91.0 9.6
15.0 92.4 6.9
0.10 97.2 11.8
HIhEHR G, 0.20 87.4 7.4
1.0 88.5 6.7
4.0 1125 14.7
F K AR R MR 8.0 98.5 9.5
40.0 94.9 4.8

3.5 ZFRHEmRNE

DU I AT T B ROK . EORMERR 4 15 AT
Mg, 76 1 BFmPORFEM R L i8S R B, TR
0.26 pg/kg, TE 1 By<FoREEFE S AR H K o5 55 T,
SN 6.74 pg/kg. WHE GB 2761-2017 HXf KK B K
il P R R By R K R B T B R AE
FIE MR, X 2 Oy 5 B A TR R By R ROK IR A i
Kiabr . HoAh 28 (ARSI RR B E M TR B, B,
Gy Gy K E KRR

4 FHiL51R

AWEFEE ISR R RAR 2R | I A F S EORIAE dh
AR, S T —FR AT AL R RSO (-
R DU R I S KA SR A 5 R B T R Y
Jiikie ZINEBARA IR R P . REBJER . E
P R VR A, P ERRAT JS B Al PP LT T R A PR
HER RS I A 75K
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