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Simultaneous detection and analysis of 16 mycotoxins in rice
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ABSTRACT: Objective To establish a convenient and accurate method for the determination of 16 mycotoxins,
including aflatoxin, fumonisin, nivalenol, deoxynivalenol, zearalenone, ochratoxin A, T-2 toxin, HT-2 toxin and
sterigmatocystin by liquid chromatography-tandem mass spectrometry. Methods Rice samples were extracted by
70% methanol aqueous solution after homogenization, purified by PriboFastBM226 multifunctional purification
column, determined and analyzed by multi-reaction monitoring mode of liquid chromatography-tandem mass
spectrometry, and quantified by internal standard method. Results The regression equations of 16 mycotoxins had
good linear relationships (r > 0.99). The recoveries of the 3 spiked levels ranged from 85.2% to 102.8%, and the
relative standard deviations ranged from 2.05% to 4.75%. In tests of 61 rice samples, 5 samples were found to detect
mycotoxins, and 5 species of mycotoxins were detected. Among them, nivalenol, fumonisin B, fumonisin B,,
15-acetyl deoxynivalenol were detected in one sample, and aflatoxin B, was detected in 3 samples. The detection rate

was 8.33%, and the five mycotoxins were detected in the range of 0.69-71.47 pg/kg, which did not exceed the limit of
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mycotoxin limit specified by the national food safety standards. Conclusion The detection rates of mycotoxins in

rice are low, and the contents meet the requirements of national standards. The detection method is accurate, reliable

and convenient, and can be applied to the detection of multiple mycotoxins in rice.

KEY WORDS: mycotoxins; rice; liquid chromatography-tandem mass spectrometry; multifunctional purification

column; Yunnan
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FE AT AT | AR 6 RIRE: €00 33 - R S e W Bk
TRORH 3 - HR A2 AR, LA AR 3 A9 BE )
M2 T, AUARS LI 283 X R e S RV, X
sh Al ARG TE AR AR R, VRRE €01 - AR I BT Rk B R
B MERRIEL . 2R TR A T AR AR S sk BT
B ARG I IR B AR ARG vk SR A X B
—RECTHFE R AR, SCHRIRE R R R AL 2R )
AL T, R T AR P B R R AR FR AR ) TR 2
BRI H

ARSLHG AR 2018 47 5 A 4 XU W AT 55
o ROK AR A3 BT, R AR I8 B, A e A
o - BB RS FEI AR 16 FhE R R AR, &
PRALAES P SEIR BE, AR SCER T IR ROK I B SR A AR
HE

2 MHERE

2.1 X |

1290 Infinity I SRR AH 35 -QTRAP 4500 ST
j (32 [E Agilent Technologies /A Fl-35E AB SCIEX /],
BCA HIBE %5 85 6); XS205DU + 7 50 2 — 43T KRG+

il

Mettler Toledo /A ]); KQ-500DE B m i vere (1l
AR A PR A F]); Arium pro D1 27K A FF 2 s B (£ [
Sartorius /A #]); PriboFastRMulti-Toxin IAC 3% 35 Flid 4k
FE(SEIE Pribolab 23 ]); 3HI6RI B AE £ 2\ Rs & R B O AL
(A AR R 28 A BRA FD)
22 | F

16 R ELHRERARMEY) ST # i 2& 5E% B, (aflatoxin By,
AFTB,). #EH#&E # %K B,(aflatoxin B,, AFTB,), #HHE &G %R
G(aflatoxin G,, AFTG,). #Hi#&E & £ Gs(aflatoxin G,,
AFTG,). Ik T] BB (nivalenol, NIV) . iS55 55 5 7
B M B (deoxynivalenol, DON) ., 3-Z Pt 3 B 480 55 JE ik U1 14
fi(3-acetyl-deoxynivalenol, 3-AcDON) ., 15-Z Bt 5 i S8 5 15
i T A 45 B2 (1 5-acetyl-deoxynivalenol, 15-AcDON), £ K7k
F5 Ji i (zearalmone, ZEN). i %5 2% A(ochratoxin A,
OTA) fk & # &£ B,(fumonisin B,, FB;) . k & # &
B,(fumonisin B,, FB,) . fk &8 2 B;(fumonisin Bs, FB;) ., T-2
%%(T—Z toxin, T-2), HT-2 %?(HT—Z toxin, HT-2), et
7 B Z (sterigmatocystin, ST) . 15 # [6 i & N #5 :
C,7-AFTB,. "C,-AFTB,. "C,7-AFTG,. “C,;-AFTG,,
BCs-NIV . PC5-DON . "C;5-3-AcDON | "Cs-ZEN |
BCy-OTA ., BC3y-FB,. PC34-FB,y. PC34-FBy. PCyp-T-2,
BCy,-HT-2, Cs-ST([E Pribolab 23 ]); KK FHAFE(E
E Romer Labs A wl); HEE . Z Mg (figa, 3
Sigma-Aldrich A H]); S5 H AT K A KB F K.
23 # #®

Ao 1 ROKAE: i R 25 B 45 M RS Tl o A TR S 4R
ft, 2N 3 A BHATREN 8 1, UM 1 ANHT#F TR
3, T 7 A BT RN 16 7, HPIH 2 4 H
WATREERN 3 MF, VLT 1| AEPEFTREN 8 1, KIEH
11 AEFATREN 16 14, FEWN 2 MEFATREN 6 14,
S IOKFE R 60 11
24 WA
241 FREBRA TS

A3 16 B LA R H CIEM BN 2.0 pg/mL i [A]
W, ARG 16 i ELRR 5 R AE BT 22 SO M I (multi- reaction
monitor, MRM)AZ T Wi R 3 AN — B, BI— @ &
[FT VB3 B s e AT i 2 500 SR B Ak, Ao B —
TRFY 16 Fh FLTA 75 R A —ARAERE & T 10 mL 25,
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N ERBZE, FASFE R B 0TR A b e i A5 T,
KR —E BN 15 P& AR RO R NAREA
FsmLERMEP, HOERBERZZE, RAREMHEA
FREEERA EREERMEN TR, SEMESEER
RN EAEZ AR R 0.01 pg/mL, (R BFE B,. B; Ik
MEHER A WFEMEANREE N 0.2 pg/mL, Hp B
RZW AL ENARHREIS A 0.5 pg/mL, 2 BEEOGAEE T
20 °C&MH T
242 BEIERGHE

TEIFRE S5 g SORIEFECRBIE] 0.01 g)F 50 mL B0
B, MA 20 mL HEE-K-FR(70:29:1, (RFLLL), WE
1 min, S HEE 20 min, RHETEH IR 30 min, B EH
B REDHLEL 10000 r/min B0 5 min, B 10 mL {5
il PriboFastRM226 ZIfgfbAL, AR B 2,
# 50 °C N HASRZZ IR BIRREZIET, MA 20%1
CNE-KEW 0.5 mL %%, A 20 pLIRA B R R
AR AR, o 0.22 pm JEARE, HEDNCTEH] .
243 EEEN

a4 Waters HSS T3 Cig (R 50 mm, AENE#E
2.1 mm, ERPRIAZ 1.8 pm), FEIREE 40 °C, A AL
FEVEL, AAH: 20, BHH: 0.2% B /K (IE 8 ) F1 0.2%
LUK (B TR R, W R 0.3 mL/min, FE&UEREAS
15 pl, KIZ1THT A 8.0 min.
244 Jrigitt

LSS B 1 URE B T RC(ESTH), 228 7ROV A,
BRI 550 °C, BT i%% Hi JE (ionspray  voltage) i
5500.0 V, A ACH 30 psi, Z5A0SH 55 psi, HHBISHR 55 psio
245 LR

K 16 Fh FLRR R 2 DA K 1S Rl IR 2 AR 4351 26
BB BRI 400 pg/L, LA 7 wl/min (437 306 37 30 i 5 69
75 3 43 51 R BUIE 8 F 0 £ s A A7 — 253 (Q1
MS)HH#, FHER LSRR F, ZH5Ei% Product

Ton Scan(MS2)33 i 2 B0 B f i B 6% 5 88 A ol 8 o 8
T, DBBERENE TR EEET. H MRM B 5
Pt BFRALE P4 FLE e . RETE B 2 55 TG 25 1,
TR B BIRE SR I 0 BTS2 4L, 3R 1 s,

3 HREHR

3.1 HWNEXRIRE

WX 16 FHEL B2 A 15 FhEA7 B AR BRI+ K%
FEFMTI, BAAST G W IREE R FALR s A E
1B R o I, AR B TE IE B R A R
Wel o7, T LA S5 T e 0 TR A e % [ 7 3 N AR e AR £ 8
v a1 B SR B o £ 1 S i R W 21 8
3.2 BIEEHANIEE

TSRS BITERE T 20 HEEAVE A ML, 0.2%%0K |
0.2%F R K L 2liKVE KA, AT G R E 4R, 455
R IE-02% 2 KA GRS FRAMBEARBIE, &
JiE—0.2% H B AE A IE B F R AR = sh A, B AR T IRy
BRI AR 5 g R BE DL R AR O B A, I AR
TR VR F Y 0~1.0 min, 80%B; 1.0~2.5min,
80%B~40%B; 2.5~4.5 min, 40%B~0%B; 4.5~5.5 min, 0%B;
5.5~7.0 min, 0%B ~80%B; 7.0~8.0 min, 80%B, i LILLT
H IS BHS S R T T, £ HIRERER MRM A%
A BIILE 1.
33 ZMXARRYE

A 16 Fh ELH #5700 MRM BT A 2 80k 0
Wi 7 58, I 3 %) s A VR B ) A A [ e 32 Y TR TR
WER R, DASS D ECR 75 3 i B U IR A bR, X0 Y
FTRAE (ng/L)y B AR IR HE RN 2R, LA 3 55 LE(SIN)
4 S PR (limit of detection, LOD), 10 fi5{ZMe Hb it
E R (limit of quantity, LOQ), ZMEXRSHINFE 2.

F1 16 HEESER 15 MR EAIRE MRM EX TR RIESH

Table 1 Mass spectrum parameters of 16 kinds of mycotoxins and 15 isotope internal standards detected in MRM mode

HA#HE BB T (miz) FEF ()  SEEEE /ms fREEHE /min HEFLEE/V fili i BE/V
309.9% 50 115 34
ST 325.0 3.99
281.0 50 115 50
238.9% 50 120 31
OTA 404.0 3.81
341.0 50 120 25
352.4% 50 220 47
FB, 722.4 2.93
334.2 50 220 52
336.2 50 112 47
FB, 706.4 3.21
318.4 50 112 50
336.4% 50 118 49
FB; 706.5 3.20
354.2 50 118 43
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k1
HH#R BB (mlz) TET (miz)  FEEEHE /ms  EEEE /min HEFLEE/V Rl fig/v

257.2% 50 100 40

3-AcDON 339.0 5.89
174.9 50 100 28
137.0%* 50 90 21

15-AcDON 3392 5.09
261.0 50 90 16
233.2% 50 95 28

ZEN 319.9 2.97
203.9 50 150 32
241.0% 50 121 48

AFTB, 313.4 3.16
269.0 50 121 40
240.9% 50 120 47

NIV 313.1 3.14
268.9 50 120 40
259.0% 50 124 39

AFTB, 314.9 2.99
286.9 50 124 35
243.1%* 50 120 36

AFTG, 329.1 2.97
215.1 50 120 42
245.0% 50 122 41

AFTG, 331.3 2.79
257.1 50 122 41
305.1% 50 80 44

T-2 484.0 3.67
185.0 50 80 32
263.0% 50 75 35

HT-2 4253 3.44
245.0 50 75 33
BC-ST 343.0 327.1 50 3.96 112 34
BC-AFG, 346.0 257.2 50 2.98 111 37
BC-T-2 508.2 3222 50 3.68 40 19
3C-FB, 756.4 356.4 50 2.93 133 54
BC-0TA 424.0 250.0 50 3.79 70 33
3C-FB; 740.4 358.3 50 3.18 123 50
BC-ZEN 337.1 197.0 50 2.95 93 33
BC-DON 311.8 216.2 50 3.16 78 22
BC-NIV 328.1 186.1 50 3.27 98 22
BC-AFTB, 330.0 255.0 50 3.14 128 51
13C-3-AcDON 356.0 227.1 50 2.89 93 20
BC-HT-2 4472 278.1 50 3.25 73 14
BC-AFTB, 3322 303.0 50 2.98 118 37
BC-AFTG, 348.0 259.1 50 2.78 100 42
3C-FB, 740.4 358.4 50 3.18 132 51
137.8% 50 -63 23

DON 295.0 3.45
173.0 50 -63 -38

N E RS T, DON & 13C-DON Jy i B 7=
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Fig.1 MRM chromatograms of 16 kinds of mycotoxins
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Fig.1 MRM chromatograms of 16 kinds of mycotoxins
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Table 2 Linear relationships and limits of detection of 16 mycotoxins
HE#HE Mk AR B r kI B/ (ug/L) K H B/ (ng/kg) 7E 2 Y/ (ng/kg)
AFTB, Y=3.20293e¢4X+122993.71922 0.9956 5.32~199.50 0.05 0.15
AFTB, Y =5.35556e4X+4023.75829 0.9976 1.40~52.5 0.10 0.30
AFTG, Y =24794.91696X+3163.39172 0.9939 5.32~199.50 0.05 0.15
AFTG, Y =14492.76686X-964.62416 0.9991 1.40~52.5 0.10 0.30
T-2 Y =64.78417X+243.41978 0.9996 5.32~199.50 0.20 0.60
HT-2 Y =35.84587X+359.71506 0.9991 5.32~199.50 0.20 0.60
NIV Y =5.05709e4X+25048.04712 0.9964 5.32~199.50 14 42
FB, Y =889.18537X-180.91251 0.9984 5.32~199.50 0.20 0.60
FB, Y =20038.64168X-3.75851e4 0.9979 5.32~199.50 0.50 1.50
FB; Y =3.84924¢4 X —7.73070e4 0.9982 5.32~199.50 0.50 1.50
DON Y =4.59601X+246.38327 0.9945 5.32~199.50 2 6
3-AcDON Y =164.03317X+453.56416 0.9940 5.32~199.50 2.50 7.5
15-AcDON Y =203.17591X+181.47666 0.9978 5.32~199.50 3 9
ZEN Y =4578.87350X+640.96826 0.9946 5.32~199.50 1 3
ST Y =9.16759e4X+6.09659¢4 0.9982 5.32~199.50 2 6
OTA Y =839.3833X-3905.13663 0.9986 5.32~199.50 0.10 0.30

3.4 RIRCIRTSIERIRSE

R SR R 01, 20 B e T 2 oK e R oK AT
FERRHREL, 2B R IR 70% H K SR IR 455 1 S IR,
[ ARG, 5 R RORRE AT . BEA A B TARROR,
K PriboFastRM226 Z W) REF- LA FLRE M, SEonE R
N, FERZRBETU/DN, $RAEMERE, i fbderem.

3.5 [EWERREZRE

FREL 18 ffy 5.0 g KOKHFESL, AR 16 Fh BB & K 765
REFR BRI R A, AR TR 10, 30, 50 pg/kg 3 Rk
VAT R R B BRI S, e B i TR
AL, BERPEAT 6 AAKCEINRE, T AR XA o D
EPAT IR 5L, 16 B E B R MY [RICR I BN
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85.2%~102.8%, AR HRIESN 2L/ N 2.05%~4.75%, Si5
ZER W2 3 R,
FREEH
SIAFRECS gCRIRE) 0.01 o) BLIATE R T 3 4,
MR B S AT A FR 3R AT AL B ARG I (B I A A v E A5 2
K, GURILER 4. SCIRBE R W], OKKE i BRI R 7 kR

3.6

3.7 EBRHEmIQN

TE 61 PFRORAESAGIN b, AT 5 fRAR S Hh FL T
Z, KMMFIWEHEEA 5 f, HP NIV, FB,. FB,.
15-AcDON #5745 1 fhFERh A, AFB, A 3 fFkH, B
oy 8.33%, iy S AL EER & AE 0.69~71.47 pg/kg,
R £ it 20 4 [ bR £ i b FL D o R PR AR L JRR 43
e R A A o 1 B SR UL, SOk BE S R B L R R R,

Bugtb o bir, BATRGS HRBUICR, e L BT

Table 3 Recoveries of mycotoxins (n=6)

HARFT & FRAEARHEZOR, B m R RO 5.
R3 HESHENMIREEN=6)

Jinks 10 pg/kg

Jindw 30 pg/kg

Jnkr 50 pg/ke

o BN &7 RSD/% B/ % RSD/% B/ % RSD/%
AFTB, 90.3 3.54 90.6 3.25 91.5 3.08
AFTB, 90.7 4.19 91.6 4.05 92.4 3.47
AFTG, 89.8 458 90.7 461 92.3 4.26
AFTG, 90.3 3.87 92.1 3.45 92.6 2.47

T-2 85.2 4.32 85.7 437 89.1 3.49

HT-2 85.6 3.81 85.9 458 86.8 3.67

NIV 86.5 2.07 87.5 3.62 90.4 3.27

FB, 923 3.32 95.1 3.77 101.5 4.26

FB, 92.1 4.05 94.5 432 99.8 4.69

FB; 93.4 3.78 95.7 3.41 102.8 4.12

DON 85.9 4.25 87.4 4.24 923 3.51

3-AcDON 86.1 3.89 91.4 3.31 92.5 4.62
15-AcDON 85.7 426 87.9 475 91.4 4.42
ZEN 92.6 2.86 95.7 2.62 97.7 2.05
ST 87.7 4.03 88.7 4.18 90.6 4.07
OTA 92.8 3.29 96.4 2.18 96.8 2.84
x4 EREHIEug/ke)
Table 4 Accuracy data (pg/kg)
2R DON FB, FB, FB; AFTB, AFTB, ZEN OTA
LioRlBEL R 812 632 151 79 3.7 8.8 85 6.8
T U ] 757 ~885 589 ~745 135~ 177 67~ 111 2.9~57 57~11.9 80 ~ 89 53~7.7
x5 EESREAERDIFS
Table 5 Detecting details of mycotoxins content
HWHR GRAIN-01 GRAIN-40 GRAIN-46 GRAIN-47 GRAIN-57  Z%[M{H/(ugkg)  KiH%/%
15-DON - - 14.35 - - 1000 1.67

NIV 43.67 - - - - 1000 1.67

FB1 - - - 71.47 - 1000 1.67

FB2 - - - 14.45 - 1000 1.67
AFBI 436 0.69 - - 0.95 10 5

T =R
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