TR JB2 5 35 (00 T v 1 - v TR €03 - £ BB I 93 7 ) I ARG 00 KB op 10 i B 2 R —— X 5K L 4

RBHEARL 7k

BE IS5 15 (05 1A - 1 SO (38 - £ R A
[ s A 00 < KB 10 b B B 3R

XK, AHE, R
(ATF4 e &mRRNE, T AMFE 110015)
i E.BM ARG EGES-LE R EE-B A% (UPLC-MS/MS) Fl &l & % k& P 10 A % 1L
AR EEI N F iR, HiE HBPHBEFLESYEZTHE-K0:10,V/V) IR, K EM EF R A AARELEF
BRLURLEB- AT (1:1,V/V)ER, BRERIRGEE#H I, FRKRE G 21T 0.22 um BAEBLIE, KA
Waters ACQUITY UPLC HSS T3 (2.1 mm x 100 mm,1.8 pm) & &4 5 &, £ Lt E & & K (ESI) # % & % al
(MRM) 7 X FmE, R KRAARERIFENT,IOFAAEFFTEABRTCAAARFHERE LR L MXZ
3 40.9959~0.999 8,10 AF A FEZEE DR PO EETHRA0.003 ~1.2 png/kg, ZA KK T 44 A7 =ik
%3k 71.3% ~91.3% , #5345 448 £ (RSD) h 3. 1% ~13.2% . 8518 %5 ki BMIF 3AE M 22 4 R A, B
EHGERNTERDTSHAAEZ M,
KB :mbEeid; BRIXRMEE-PRME; AAEL; 2ED; RBFEH; o0l
hE S EERISS XERARIRAD A X EHE :1004-8456(2016)06-0763-06
DOI:10. 13590/j. cjth. 2016. 06. 016

Simultaneous determination of ten mycotoxins in corn flour by gel permeation
chromatography-ultra performance liquid chromatography-tandem mass spectrometry
LIU Jia-yang, ZHANG Yue-hui, JIA Hong-xin
(Liaoning Institute for Food Control, Liaoning Shenyang 110015, China)

Abstract; Objective To establish a method for detection of ten common mycotoxins in corn flour with gel permeation
chromatography ( GPC ) pretreatment and ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). Methods The samples were extracted by acetonitrile-water (90: 10, V/V) and evaporated to dryness
under nitrogen, reconstituted by cyclohexane/ethyl-acetate mixture (1: 1, V/V), then purified by GPC and concentrated.
The reconstituted solution was filtered through 0. 22 wm nylon syringe filter. Chromatography was performed using a Waters
ACQUITY UPLC HSS T3 column (2.1 mm x 100 mm, 1.8 pum). Quantitation was performed in the electrospray ionization
mode and multiple reaction monitoring (MRM ). Results Quantified by matrix matching external standard method, all
mycotoxins had good linear relationship within linear ranges, the correlation coefficients of the standard curve were 0. 995 9-
0.999 8. The limits of quantitation ( LOQ) of ten mycotoxins were 0. 003-1. 2 pg/kg, the recoveries at low, middle and
high spiked levels were from 71.3% -91.3% , and the relative standard deviations ( RSDs) were 3.1%-13.2% .
Conclusion The method was high sensitive, accurate, safe, low cost, simple and suitable for determination of mycotoxins
in corn flour products.
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R WK, 5 3% 07 1 7 B A A R S A A
7 2R B SR B SLRE L T AR T R BB, N B
b BE 4 LA, o s S UL & — VRS, AR Xk £ 21 4
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A 5 00V 838 - £ 6 3% (UPLC-MS/MS) J5 % A
LIRS T VRV | A AR S S 2 410
I 237 465 4 k)N o T TR R A R L T R
EOE 21 R

BEI B B 101 (GPC) A g — Bl B 24 (9 BE bt 1
T8, E B A SR w4 P X PR 8
T5 Y /b ELA P22 4 0 g 11 00 Al 255 8 L R 6 8 1 o]
W R 2 o A ] A R R T, A TR T T A
Koo RRBEHE T GB 2761—2011( & fh % 2%
PRUE A R S R R,
FEVRIN T KB b B B A LA A A S
R, T I R B B A B BT AL B A 7 5K, 45
£ A TR O 3% - £ 156 DY 2% FF IR 3% A 48 4 57— A
U LA S A0 R B R A K RS
T L 53 BT BRI 7 1

1 MRE5AEE
L1 F2Ae 50

T AW R (R k- HR K Y T BT RO X
[ Waters ACQUITY H-CLASS TQD, il 45 Hi % 2% Hi, 25
(ESI) , & Waters | \ 4> H 3l BE 5 7 G135 (WA
Hshi#tkE R 40,254 nm 2840 K6 ) 2%, Bio-Beads S-X3
ok, & [E J2 Scientific) | AT H 25 B e % 7% KA (i
& Buchi) JATERR 7 % H 7 G PEAS LAWY R F
(J&HE 0.000 1 g) .50 m R PUF L o 2508 .

Wh % &% X B,.B,.G .G, IBAH b EM
(LCO7224V) Fraf fih & # 2 M, (CRM46319) ¥y A
i SUPELCO, ¥ & 4» %4 1.0.0.30.1.0.0. 30,
0.50 pg/ml; HT-2 # % (LI5S093H) ., T2 # %
(L14152T) J& ¥ 8 & (L13561P) it 405 ) e 7 14
IEBE(LI6123A) | RoK AR 8 s i (L17133Z) ¥ H

K [E Romer, V& £ 34y 100 pg/ml; I L . L2
LT RO e UK R ¥ 0 o 2 X 50 F K O
4K,

1.2 Fik

1201 JE 5 VG b o ih 2 i 1 &

T fE A 25 W« 43 0 #fE B U2 B 0. 10 ml HT-2 #
FT-2 B WA iR T TR B R OK IR 0 T
BEHEZMENET S ml fFAE RS, A F
ERINES HT2 R T2 HR BATEHRIIE
I K O T LR T R R b R A WO R
2.0 pg/ml, #EMHEHE B, .B,.G, .G, M, F5ifi:fiF
B URRT FH AR A SV TR A B A TRCT R R O IR
B AR AT

P o T () V2 W B — A U A A T IR —
10 mlAz (8 25 s b, A W B 25 01 42 50, {1 B i
HHER B HMMERER G AMEERE M, HT-2 &
T2 B E WA T R T TR B R OK IR R 0 T
T B R bR AE T Rl WO B O 80 ng/mll, i il % #E R
B, .G, prifE Mk B 24 ng/ml,

SE AR A 2 O 7 B B R Y B R AR
2T A B 7 R A B B0 S TR, AR W IO [
A A 1 e TR VRO A SR BT 2 I R o o R T R
B &R G, mlhi&mER M, £ KR 5
1 35 5 s o i 4% 5 L A 0. 10 ~ 40 ng/ml, HT-2 &
F.T-2 %R A G G R T R R AT
PR TG A 0. 40 ~40 ng/ml, W B R B, K
AR #2670 O 0. 030 ~ 12 ng/ml, ¥ il 7 5 R
G, B Ar M ZuF4 0. 12 ~ 12 ng/ml,

1.2.2 FEAARIUS

HERR PRI 28 3L BE A AR i 5 g (RS 21 0. 01 g)
B 50 ml BEPUG LA w5 B O T I S -K
(9:1,V/V)IRABERZE 25 ml 25, UK RS &
HEPE PSR E 2 min, B T 40 C /KB RBAEIG R
FEPEEL 10 min, G E 5 ming WS ml G
A 10 ml PG A5 B0, T K 45 CTRA
WEE T, WEFMA S ml RO ke-Z MR L5 (1:1,
V/V)IRG W T 40 °CoK i A5 I Ui 4% i 753 min,
IER G 3 min, i 0.45 wm A HLE A T 5 6
Wb, W EE LW T KW 45 C, H & E
2913 000 Pa Jigh% 78 & Z i T, # M A 2.0 ml £
fE IR G IR G WARIR G W T /KB 40 CHAK
T, H 1.0 ml 3 B AH W E 5 i J5 3k 0. 22 wm A HLUE
&, it UPLC-MS/MS il %2 .

1.2.3 U0

UPLC % f4: Waters ACQUITY UPLC HSS T3

(2.1 mm x 100 mm,1. 8 wm) &34 & 35 °C,
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# 0.4 ml/min, FFFER S wl, WA A B 2N i 3h
A B R K B VR AR JF:0 ~2.8 min, A:10% ~
32% ;2.8 ~9 min, A;32% ~68% ;9 ~9.3 min, A:
68% ~10% ;9.3 ~13 min,A:10% ,

BB 15 3% S5 1 BE S HE UKL Bio-Beads S-
X3 A RO -2 R g (121, V/V) 5 i ik
5.0 ml/min; A & 5.0 ml; 58 A0 K W & o K

254 nm; 3] 0 ~ 5.0 min; Y & Af[E] 6.0 ~
18 min; {EPERTTE] 19 ~23 min,

JEC i 25 - LB 55 L B R (EST + , ESL-) A& iy
N2 BN I (MRM) , B4 oL R 2.9 kV, %
R EE 480 °C B i 7 U0 i 900 L/h, #fE LA
it 10 L/h J5E B2 150 °C, f s Iy =X W D0 s 1% Al
AR 1,

F 110 R B Y B R AR S 8

Table 1

Mass spectrometric acquisition parameters of 10 compounds

P =i oz b B i S n Sl L
HEEE 1 3t /tj?;?/iﬁ At/f’?:/iﬁ %&?&?E Eﬂﬂ%\lﬁ;&%
WM& HR B, ESI + 313.0/284.7 313.0/241.7 56 48 38
Wi EHFE B, ESI + 315.0/259. 1 315.0/287.0 56 38,44
HMEEE G, ESI + 329.0/242.9 329.0/283.0 52 36,33
HIWEHE G, ESI + 331.0/217.0 331.0/245.0 55 51,48
WIMEEFEE M, ESI + 328.9/273.0 328.9/258.9 48 20,26
HT-2 & % ESI + 447.0/344.9 447.0/284.9 48 24,18
T2 HE ESI + 489.0/245.0 489.0/386.9 52 26,20
BHEZ ESI- 153.0/108. 9 153.0/80.9 16 11,7
I8 45 i e D T O ESI- 294.9/264.9 294.9/137.9 26 14,10
oK IR it 04 B ESI- 316.9/174.9 316.9/130. 8 56 28,24

2 ERESH
2.1 WMk S5
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a6 J W SR B HL o B AR R
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RO THH R S A BRIk A 22 17 R S A o
A 0. 1% [y F I R 38 8, € A 0 1 A2 3 25
Y5t B B o B AR JE A s A K

HL RS Y 3 P LT AR R B R R R A [ R Y
o T — IR BERE BE S 58 B 10 B R0 75 3K A9 I E
I FIE B A 608 TR A R b B R
U f5e 2R 1 SN 7K A DA s 28 £ 3 - 3
B . TERCAIE T, 45 BB T 5 A B 10Uk 1B AL
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ek BAT — E B M 45 Ak, DRI AR 3 6 2R X T A
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Figure 1
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Positive and negative ionization TIC chromatograms of 10 mycotoxin stands under MRM

UE 10 A H AR B It 3 B 18], A< 256 7] B >R 1 43 Bl
AR T I 5 1Y J7 2 LS U, AR 5 AN (8] R[] Bk
P JET 3 A 5 5 B 0 T B A A A A TRD, RAG U
RWFE2, MR 2 AT 10 FP 2 H 8 RGP
IR 29287 ~ 17 min, f AT IR 25 B 0 Ar W
Z2 0t it 2 A0 43 B A o I R AR 7 2T 15 45
REA -, BEHEARRXRK GPC R LR 1] B
K FEEE] 0 ~ 5.0 min Y AL B [H] :6. 0 ~ 18 min; i
VERTE] 119 ~23 min, GPC &4k it E] 3 23 min,
2.4 RPN LR

T BT 7 3R A Ak A 4 4 3 e 5 B AR,
AR 0 T R K S E KR R R T
b B RS , I >R F HY EE-7K (80220, V/V) , K-

200
0
-100 } ; t }
00:00 05:00 10:00 15:00 20:00
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B

25 E AR R (A ) F0 28 5 5 B P OO 47 W (B) GPC (3% 5]

Figure 2 Chromatogram of standards (A) and extract of blank sample with standards (B) after cleaned-up by GPC
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Table 2 Eluated situation of 10 mycotoxins by gel permeation chromatographic
16 D15 5 58

HEER 6~19 7~19 8 ~19 9-~19 10 ~ 19 11~19 13~19 15~19 17~19 18 ~19

min min min min min min min min min min
HihEEE B, 4031 4 002 3155 3052 2245 2 307 2 051 1208 56.2 60. 6
WM GEEHER B, 11 508 11 016 9 925 8 752 6 662 4 537 4 285 3903 257 80. 7
WM EER G, 23 818 23 756 22 375 21 058 18 909 17 533 16 656 2983 89.2 105
HWEHEE G, 1 308 1321 1138 1105 925 854 587 255 57.5 58.8
WIMEER M, 82 151 82 197 78 526 70 945 58 933 42 172 18 531 5055 339 84.5
HT-2 H % 4285 4301 2 307 958 235 248 188 78.9  66.5 68.2
T2 HE 52 019 51935 44 588 17 056 2 807 749 610 214 58.4 60. 0
B EE 1878 1821 1563 1 508 1142 443 326 108 54.5 61.8
8 4T T A ) T s B 2507 2 461 2185 1523 320 78.4 60. 4 68. 1 66.7 73.8
T oK R B A T 30 108 29 355 15 476 17 231 2526 891 489 284 82.9 58.6

K(80:20,V/V), HEE-7K (90: 10, V/V), ZHE-/K

(90: 10, V/V) AR A W 5 1 1. 2.2 20 38X [A] — 3%

STRE S AT A BRI 5 5 0, AR R U 4 R UG T

A M7 e, W 3 Fros, WFR S b 2 1 -
7K (90: 10, V/ V) i $2 BUROR B 5 o

18 000

17 000

16 000 +

ﬁ: 15000

14 000

i 13 000 F

12 000

11 000 F

10 000 L " . )
FRRE-7K Z -k FRE-ZK ZliE-K
(80:20) (80:20) (90:10) (90:10)
TREUE I

B3 A [l BB W 1Y 10 ol 0 2 3% e TG AR 2 A

Figure 3 Sum peak area of 10 mycotoxins from different

extraction solutions

2.5 R4 FKAFRYIEEE

AR IS 5 T AR [ BE AN ) 25 B ok 4 2%
PR X 10 Fh B P 3 2 00 1Y 5% ;3 i oR A 35
40 .45 .50 .55 C e 45 il & (B 25 [ ), 9 000,
11 000,13 000,15 000 .17 000 Pa .75 i ( ¥k 4 i B
[ 5E ) #EAT LA, B SR 35 .40 °C vk 43 I 32 1 3R
Cht-CROBE (11, V/V) IRz T 218, H 2w

B EAREMRAR T8 51, >k ] 50,55 °C B i W 75 T 3
FET & P, 78 & = 5E T R I AL E DL AR R
45 °C 78 ik B B R] DL DR OE 0 75 T B RN TR
BT A HLAHESE . 7E 9 000,11 000 Pa FL75 B 45
W ZE T R W ok (R HT-2 T2 B &R
SEIURFRE , 20 00 1% A6 00 vk 44 44 B % S F H
Yo A5 5o B 0 B B8 B AIK . A€ 15 000,17 000 Pa
AR TR TS, ainf K, kA
13 000 Pa 75 B B AE 5 W0CHE T 388 0E 8, Wk 4 42
B 22 I i R A 5 o B I R o DR O AR K e ¢
K H 45 C 25 TR EE, 13 000 Pa FL75 B AE 4 b b
b2 MR E R e
2.6 ZRPENEIE A BRI R

Shy 00 ) 5 S A5 T AR 0 A T A B v
T 1 M0 B, A 50 SR Y AH 07 356 5 A o il 4R 4 b
R, ) B A AR T OBE R A S P IR Y o
FE o BEBOURKS BB 3 0 EOR AR A IR 1. 2.2
ABRAL PR A 1.0 ml 3 SR IR e S B 3 R
25 VW, WEHROAS () o 79 7 9 o R A 58 T 2 1
VW, 28 8 1 AR AH 0 3% - I 3% A Y A5 3] L 5 o v
M2, 3 3 0 b o il 2 op A A R B A MRM €8, 3%
L, 1207 T R B LOD (S/N > 3) Filsg i T BR
LOQ(S/N>10) , HAR WL 3£ 3, 13 3 fin, 4 H &

#3 10 FhEE TR AL MR D5 A OC R B A R E R R

Table 3 Linear ranges, regression equations, correlation coefficients, LODs and LOQs of 10 mycotoxins
HIHEE ML/ (ng/ml) EYEpx r LOD/ (pg/kg) LOQ/ (pg/kg)
& HER B, 0.10 ~40 y =165. 02x +28. 825 0.998 0 0. 004 0.01
&R B, 0.030 ~12 y = 1483. 6x +120. 87 0.997 6 0. 001 0. 003
HIMEER G, 0. 10 ~40 y =934.93x +385.79 0.996 3 0. 001 0. 003
HMTERER G, 0.12 ~12 y =198.35x —1.2531 0.998 5 0. 004 0.01
WMMAEEE M, 0.10 ~40 y =4052. 7x +385. 74 0.999 0 0. 001 0. 003
HT2 &% 0.40 ~40 y =102. 58x +20. 10 0.999 4 0.1 0.3
T2 H & 0.40 ~40 y=573.41x +7. 2645 0.995 9 0. 05 0.15
EHEE 0. 40 ~ 40 y =24.457x -2.0153 0.999 5 0.4 1.2
it 455 i e ) T 0. 40 ~ 40 y =32.405x - 5. 3233 0.999 5 0. 05 0.2
ok R T 0.10 ~40 y =654.25x — 16. 424 0.999 8 0.001 0.003
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BRUAYENE X R R4, MR E r HIY A
T 0.995 4 H BR RN A2 1t T PR B 0 A% T & R AR I
STt v 2% e L TR R R 1 R KR B PR R K
2.7 J5iEARE RS R

AR R FH 0B [0 2 20 AT o B R RS
BRI, ERMAEEESEEAC R TRAM
FORMIAE Ry 25 (1 BE AR i, R R R I IR AR P
ANV BE AR AOI B [ 0, AN KOE AR A W S T
M7 6 Yk FE AR5, B IR it [7] B 4803 o A v T 4%
G 45 B TR b TR R Y Il R RRG % B
SEOLFRUY 10 Fh A B BE R E =N INBR K P 14 5F- 3 TR
WL R 71.3% ~91. 3% , A0 X 5 A 22 (RSD)
K3 1% ~13.2% (HARWFR 4, BERFWAARITEN
T B RO % R AT

4 T RE S P bR T BB RRS B (n=6,% )

Table 4 Spiked recoveries and RSD in corn flour products

0.5 pg/kg 4 pg/kg 10 pg/kg
SLE FHE RSD T RSD THE RSD

i % i % g
WM& &R B, 83.5 6.2 90.5 3.9 91.3 3.1
WM& # R B, 80.2 10.6 82.8 8.2 8.8 6.2
HHERER G, 78.3 8.3 8.1 6.5 90.8 4.0
HIMEHEE G, 71.3 13.2  78.3 9.7 80.4 7.1
WIMGEER M, 80.6 6.7 87.6 3.9 90.2 3.5
HT2 # % 75.4 10.8 79.4 7.7 825 9.3
T2 #HE 74.7 9.4 8.5 58 817 7.2
EHEE 71.5 12,2 79.6 82 82.4 5.3
WA RS T WA 73.6 10,7 80.7 7.3 85.8 5.8
K I B 5 T 79.9 7.3 835 4.7 90.3 3.8

2.8 SEBRAE S HY DN E

BEAL e 302 BH T R b AL T AN R B T 3 vh &
KB RERD 8 iy, MK BEAR Tk BEAT AR I . KA b
A PR LT R R ETE AR BT 37 b B AL i
(Y — 0345 B AELE AR A T B i B 7 K B, ORI
1.3 pg/kg,

3 NG

AL T BEIE I T Al - e OB 3 - R
R B3 5 KRy i 10 Bl LR R A7k IR0
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