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C ) o
( ) 1. . .
( Fisher ) Milli-Q o -20 C
- - (95: 4.9: 0.1 V/V)
2.2
5.00g = 0.01 ¢ 50 mL 20 mL - (84: 15.9: 0.1 V/
V) 1 min 1h 20 min 1 . 10000 r/min
10 min 1 mL Mycospin 400 2 min
5000 r/min 1 min o
60 °C 1500 r/min o 0.25mL - - (95:4.9: 0.1 V/V) 1 min
5 min 13000 r/min 10 min o
2.3
Acquity UPLC BEH C (100 mm x2.1 mm 1.7 pm Waters ) 40 C
0.42 mlL/min 10 pL. A 0.1% - B 0.1% - o c 0~

2.0 min 95% A; 2.0 ~4.0 min 95% ~90% A; 4.0 ~12.0 min 90% ~25% A;
25% ~1% A; 12.1 ~14.0 min 1% A; 14.0~14.1 min 1% ~95% A; 14.1 ~16 min 95% A.

1

Table 1  Standard compounds of 26 mycotoxins

12.0 ~12. 1 min

CAS number

Concentration in

Serial Analyte Formula Purity ( %) stock solution
(mg/L)
1 Deoxynivalenol ( DON) C5Hy00g 51481408 99 5
2 Nivalenol ( NIV) Cy5H,, 0, 23282204 99 5
3 BI Aflatoxin Bl ( AFB,) CppHp, 0, 1162-65-8 99 1
4 B2 Aflatoxin B2 ( AFB,) CpHy, 0, 7220815 99 1
5 Sterigmatocysin ( STE) CigH»,Og 10048432 99 1
6 G1 Aflatoxin G1 ( AFG,) C;H,,0, 1165395 99 1
7 G2 Aflatoxin G2 ( AFG,) C;H,, 0, 72419849 99 1
8 }g:AcetyldenxyniValennl ( 15-AcDON) CirH 07 88337966 9 3
9 g:Acelyldeuxynivalenol (3-AcDON) CirH 0 30722388 9 3
10 Methylergonovine ( MET) CyoHys N5 O, 113428 99 1
11 T2 T2 Triol ( T2 Triol) CoH;, 0, 97373212 99 1
12 Diacetoxyscirpenol ( DIA) CioHy6 0, 2270-40-8 99 1
13 Roquefortine C ( RC) Cy Hp3 N5 O, 58735-64- 99 1
14 Neosolaniol ( NEO) C9oHy Og 36519252 99 5
15 Citreoviridin ( CIT) Cy3 Hyp Og 25425424 99 5
16 HT=2 HT=2 toxin ( HT2) Cy, Hy, Og 26934872 98 5
17 T2 T2 toxin ( T2) Cyy Hyy Oy 21259204 98 1
18 Verruculogen ( VER) Cyy Hi3 N5 Oy 12771924 98 5
19 Ergomaizeine ( ERG) Cs3, H39N5 Oy 564363 98 1
20 2-bromo-alpha-ergocryptine ( BrERG) C3HyoBrNsOs 22260514 95 1
21 Zearalenone ( ZEN) CigH5, 05 17924924 99 5
22 a- a-Zearalenol ( aZEL) CgH,, 05 645572-8 98 5
23 B- B-Zearalenol ( B~ZEL) CigHy O5 71030419 98 5
24 Zearalanone ( ZAN) CgH,, 05 5975980 99 5
25 a-— a~Zearalanol ( a-ZAL) CigHys O5 26538443 97 5
26 B B-Zearalanol ( B-ZAL) €15 Hys 0 42422684 97 5
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( ESI) 150 C 450 °C N,
900 L/h 20 L/h, 1~20 (ESIY) 21 ~26
( ESI') 0.75 kV. ( MRM)
N . 2,
3
3.1
3.1.1 - (50: 50 V/V) ( Combine) 26
o M+H . M+NH, * M +
Na °* M-H ~
( MRM) ( 2)o
2 MRM 26

Table 2 Optimized MS/MS parameters of 26 mycotoxins

Serial Analyte Rettie;rlizon Precursor ion Product ions Cone voltage C;ll{::;;n Dwell ‘time
( min) (m/z) (m/z) (V) (V) ( ms)
1 DON 3.83 296.90 M+H * 249.05" /231.08 18/18 12/14 25
2 NIV 1.97 312.5 M+H * 175.17 /214.1 25/25 20/22 55
3 AFB, 9.11 313.10 M+H * 284.86" /241.04 46 /46 22/36 12
4 AFB, 8.74 315.16 M+H * 287.05" /258.98 44 /44 26/28 12
5 STE 12.01 324.85 M+H * 310.017 /253.09 40/40 22 /44 11
6 AFG, 8.52 329.10 M+H * 242.94" /199.76 38/38 26/40 12
7 AFG, 8.14 331.10 M+H * 189.00" /244.95 48/48 40/30 18
8 15-AcDON 7.32 338.60 M+H * 136.96" /261.07 18/18 18/10 63
9 3-AcDON 7.29 339.02 M+H * 231" /203.1 24/30 12/18 63
10 MET 5.46 339.95 M+H * 222.94" /207.56 18/18 24 /34 25
11 T2 Triol 8.95 383.17 M+H * 156.54" /144.99 12/12 26/22 12
12 DIA 8.96 384.15 M+NH, * 307.16" /105.01 20/20 10/24 12
13 RC 8.79 389.92 M+H * 192.99° /108. 19 36/36 26/40 12
14 NEO 6.64 400.17 M+NH, * 184.99" /215.09 18/18 20/16 25
15 CIT 11.67 403.09 M+H * 297.12" /285.13 30/30 14/16 11
16 HT=2 10. 06 442.20 M+NH, * 263.12" /215.05 14/14 12/14 17
17 T2 10.78 484.19 M +NH, * 305.26" /185.11 18/18 22/12 12
18 VER 12.03 534.02 M +Na * 392,117 /435.17 26/26 14/16 11
19 ERG 8.70 562.18 M+H * 208" /223.11 32/32 44 /36 12
20 BrERG 9.89 654.05 M+H * 346.05" /206.97 38/38 26/54 17
21 ZEN 12.12 317.22 M-H - 175.06" /187.12 38/38 26/26 11
22 aZEL 12.26 319.04 M-H - 159.92" /174.18 40/40 30/28 11
23 BZEL 11.52 319.04 M-H - 159.92" /174.18 38/38 30/24 11
24 ZAN 11.96 319.08 M-H - 205.11° /107.02 40/40 26/32 11
25 oaZAL 11.95 321.15 M-H - 277.58" /259.27 40/40 24/24 11
26 B-ZAL 11.27 321.15 M-H - 259.27" /161.15 38/38 28/24 11
* ( Quantification ions) o
3.1.2 0.1% - /0.1% - (A) .0.1% - /0.1% -
(B) .0.2 mmol/L / (C) .0.2 mmol/L / (D) 4 26
o 26 A B
A B 3-AcDON.15-AcDON.HT2.T2.VER
A B 5~10 ; NIV BrERG C D
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OTA OTB
o 16 min 26
1 o
3.2
3.2.1 - - (95: 4.9:
0.1 V/7) ( 345
6 7 10 11 12 13 17 19 20 2 5 10 25
100 ng/mlL; 1 28 9 14 15 16
18 21 22 23 24 25 26 10 25 50 125
500 ng/mL)
1
° (3456 7 10 11 12 13 17 19 20
( Rz) 3 20 peg/kg 100 pg/kg)
R’ 0.99. Fig.1  Chromatograms of quantification transitions of blank
° maize matrix-matched standard (20 pg/kg for3 4 5 6
26 7 10 11 12 13 17 19 20; 100 pg/kg for others)
3 R

Table 3 Slope and R’ of solvent and matrix-matched calibration curves

Matrix-matched calibration curves

. Solvent calibration curves Maize Soybean meal
Serial Analyte /
Slope R? Slope R? Slope R?
1 DON 74.05 0.9993 48.04 0.9995 44.05 0.9922
2 NIV 5.21 0.9999 4.06 0.9921 2.15 0.9946
3 AFB,; 1240. 61 0.9985 931.55 0.9977 771.84 0.9910
4 AFB, 447.70 0.9999 282.05 0.9971 297.31 0.9973
5 STE 697.42 0.9993 49.08 0.9908 277.18 0.9987
6 AFG, 1045. 44 0.9986 975.93 0.9989 471.28 0.9907
7 AFG, 313.70 0.9998 239.05 0.9985 121.66 0.9941
8 15-AcDON 168.51 0.9986 115.83 0.9990 69.99 0.9909
9 3-AcDON 78.87 0.9991 57.64 0.9990 40.59 0.9980
10 MET 3256. 60 0.9991 2970.11 0.9992 2515.87 0.9902
11 T2 Triol 83.85 0.9992 49.88 0.9958 46.74 0.9916
12 DIA 276.22 0.9988 200. 56 0.9998 189.95 0.9910
13 RC 4096. 63 0.9926 496.62 0.9976 1202. 45 0.9947
14 NEO 263.63 0.9996 261.60 0.9998 247.43 0.9991
15 CIT 52.00 0.9961 17.01 0.9959 44.36 0.9939
16 HT=2 223.20 0.9999 126.37 0.9988 83.65 0.9938
17 T2 808.78 0.9999 268.16 0.9965 256. 46 0.9909
18 VER 104.92 0.9969 4.92 0.9941 10.72 0.9936
19 ERG 2069.72 0.9945 787.24 0.9929 1486. 00 0.9962
20 BrERG 1029.90 0.9992 239.45 0.9918 133.79 0.9932
21 ZEN 87.90 0.9999 14.34 0.9947 32.09 0.9920
22 aZEL 20.61 0.9985 3.81 0.9902 10. 66 0.9909
23 B-ZEL 25.40 0.9990 11.52 0.9962 15.04 0.9939
24 ZAN 66.02 0.9990 13.29 0.9907 24.26 0.9932
25 a-ZAL 19.91 0.9997 5.82 0.9924 9.28 0.9968
26 B-ZAL 80.37 0.9982 9.20 0.9946 29.61 0.9901
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3.2.2
2.2 1 mL  Mycospin400 0.25mL - - (95 4.9: 0.1 V/V)
1 ~100 pg/kg( '3 4 5 6 7 10 11 12 13 17 19 20 21)
5 ~500 pg/kg( 1 2 8 9 14 15 16 18 22 23 24 25 26) .
10 ( S/N) ( LOQ)
R’ 0.99 4,
4 26

Table 4  Performance parameters of method such as LOQ linear range average recoveries and RSD of 26 target mycotoxins in

maize and soybean meal

RSD

. Linear range Spiked levels Recovery _
Serial Analyte LOQ ( pg/kg) ( pg/ke) (pg/kg) (%) (% n=6)
1 DON 10 10 ~500 25 100 500 90.0~112.3 2.9~8.9
2 NIV 25 25 ~500 25 100 500 75.6 ~85.1 1.4~5.9
3 AFB,; 2 2 ~100 5 20 100 71.8 ~97.4 2.9~18.6
4 AFB, 2 2 ~100 5 20 100 77.4 ~103.6 2.8~11.8
5 STE 2 2 ~100 5 20 100 83.5~101.3 7.0~14.0
6 AFG, 2 2 ~100 5 20 100 73.3 ~106.8 2.5~17.7
7 AFG, 2 2 ~100 5 20 100 78.4 ~109.2 5.9~15.8
8 15-AcDON 10 10 ~500 25 100 500 81.8 ~106.3 1.4~5.4
9 3-AcDON 10 10 ~500 25 100 500 98.0~117.1 2.7~12.8
10 MET 0.5 1 ~100 5 20 100 73.8~93.0 1.7~7.3
11 T2 Triol 5 5 ~100 5 20 100 88.7~99.9 9.0~15.2
12 DIA 2 2 ~100 5 20 100 88.4 ~104.0 4.1~16.6
13 RC 2 2 ~100 5 20 100 61.9 ~87.5 3.9~12.1
14 NEO 10 10 ~500 25 100 500 93.1~102.4 0.8~11.6
15 CIT 25 25 ~500 25 100 500 99.2 ~119.5 3.4~11.1
16 HT=2 25 25 ~500 25 100 500 91.5~113.8 1.4~9.6
17 T2 2 2 ~100 5 20 100 94.2 ~115.6 2.1~8.1
18 VER 25 25 ~500 25 100 500 87.7 ~111.1 6.7~7.2
19 ERG 0.5 1 ~100 5 20 100 67.4 ~84.7 3.2~8.4
20 BrERG 2 2 ~100 5 20 100 76.8 ~90.8 5.8~18.4
21 ZEN 10 10 ~500 25 100 500 74.6 ~107.8 4.8~15.1
22 a~ZEL 10 10 ~500 25 100 500 91.7 ~115.5 4.0~12.2
23 B-ZEL 10 10 ~500 25 100 500 86.6~99.4 4.7~12.2
24 ZAN 10 10 ~500 25 100 500 67.3 ~107.6 5.5~13.5
25 a-ZAL 10 10 ~500 25 100 500 78.3 ~98.3 6.3~13.1
26 B-ZAL 10 10 ~500 25 100 500 74.1~94.8 4.3~8.9
3.2.3 o
N 6
61.9% ~119.5% (RSD) 0.8% ~18.6% 4,
3.3
2013 76 84 26
o 710 4 AFB, T2 DON ZEN
7.9% 0% 76.3% 39.5% 4.8% 0% 66.7%
38.1% s AFB, ZEN N 0o
DON DON 1000 pg/kg 13.1% 2.4%

DON 1000 pg/kg- ERG
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Determination of 26 Mycotoxins in Feedstuffs by Multifunctional Cleanup
Column and Liquid Chromatography-Tandem Mass Spectrometry

WANG Rui-Guo SU Xiao-Ou~  CHENG Fang-Fang WANG Peidong FAN Xia ZHANG Wei
( Institute of Quality Standards and Testing Technology for Agricultural Products Chinese Academy of Agricultural Science
Key Laboratory of Agrifood Safety and Quality Ministry of Agriculture Beijing 10081 China)

Abstract A rapid high-throughput method for the determination of 26 mycotoxins involving multifunctional
cleanup column coupled with liquid chromatography—tandem mass spectrometry ( LC-MS/MS) was developed
and validated for the determination in feedstuffs. The feedstuff samples were extracted by ultrasonic treatment
for 1 hour and the extraction solvent was acetonitrile /water/formic acid (84: 15.9: 0.1 V/V). 1 mL of the
supernatant layer was purified by a commercial Mycospin 400 multifunctional cleanup column then dried and

re-dissolved by 0.25 mL water/methanol /formic acid (95: 4.9: 0.1 V/V) in a vial for injection into the LC—

MS/MS system. Chromatographic analyses were carried out on a reversed phase C;; column and using a
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gradient elution with 0. 1% formic acid aqueous solution and 0. 1% formic acid methanol solution. The mass
spectrometer was operated in a multiple reaction monitoring ( MRM) mode that selected one precursor ion and
two product ions for each target compound. Validation studies were carried out in maize and soybean meal as
representative matrixes. The most target compounds had different level of matrix effects. So matrix-matched
calibration was adopted for quantification. Mean recoveries from spiked samples at three levels ranged from
61.9% to 119.5% with relative standard deviations of 0. 8% —18.6% . Limits of quantification ranged from
0.5 pg/kg to 25 pg/kg.

Keywords Liquid chromatography-tandem mass spectrometry; Feedstuff; Multifunctional cleanup column;

Mycotoxins
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