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2
2.1
AB QTRAP 5500 AB Sciex Shimadzu LC30AD
Milli-Q Millipore Thermo
Biotage +Waters Oasis HLB 200 mg 6 mL Cis
500 mg 6 mL Waters o
. LC-MS Merk HPLC Merk HPLC Sigma
Milli-Q o
DON  199.9 +2.78 ug/mL Smart 3-Ac-DON  100.5+0.6 pg/mL .15-Ac-DON
100.1 + 1.4 pg/mL .DOMd  50.5 + 1.3 pg/mL “C,- “C,s-DON
100 pg/mL.  “C,3- “C,,3-Ac-DON 100 pg/mL Sigma o
2.2
50 wL DON 100 pL 3-Ac-DON 100 pL 15-Ac-DON 200 pL
DOM4 10 mL 1000 pg/L -18°C 6
1.0 mL 10 mL 100 pg/L o
100 pL”C,-DON  "C,,3-Ac-DON 10 mL
1000 pg/L -18<C 6 o
2.3
2.3.1 2.0¢g 0.0001 g
5 min 15 mL - 84:16 V/V 20 min
- 84:16 V/V 20.0 mL 10000 r/min 10 min 10.0 mL o
2.3.2 10 mL 20 min 5000 r/min
5 min 45°C 5 mL HLB
5 mL 5 mL 1 ~2 mL/min 5 mL 5 mL -
5:95 V/V 5 mL 45C 1.0 mL
1 min 0.22 pm LC-MS/MS o
2.4 -
2.4.1 Waters Atlantis® T3 150 mmx2.1 mm 5.0 pm Waters
35C 15C 5 pL 0. 35 mL/min 0. 02%
A B 0~5 min 90% ~30% A 5 ~6 min 30% A 6 ~6.1 min 30% ~
90% A 6.1 ~10 min 90% A.
2.4.2 4.5 kV GS1 50 PSI
GS2 50 PSI 500°C CUR 40 PSI N .
S MRM 1.
MRM-DA-EPI EPI
IDA 5000 CPS EPI 10000 Da/s
m/z 50 ~400 Da 1 ms EPI CE 20 35¢€V,
3
3.1
Waters Atlantis® T3 150 mmx2. 1 mm

5.0 pm - - -
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1
Table 1

ESI-MS/MS conditions for deoxynivalenol DON and its derivatives and metabolites

Parent i Product i C ltage Collisi 3
Cnmpounds drr(‘ill'l/zl()n IO r:ll>z on one \\;0 age 0. 151(;1{] energy
265.1° -16
Deoxynivalenol 295.1 -100
DON 138.1 -20
3- 307.0° -15
3-Acetyldeoxynivalenol 337.2 -100
3-Ac-DON 173.1 -15
5. 150.0 21
15-0-Acetyl-4-deoxynivalenol 15-Ac-DON 337.2 219.1 -100 15
249.0" -12
. 279.2 -100
Deepoxy-deoxynivalenol DOMH 231.0 _19
e 279.1° -15
Cis 310.2 -110
13¢5 Deoxynivalenol  *C s DON ' 145.0 24
Be,3- 323.17 ~16
Be 3 1 wvalenol 3C..3 354.2 -110
17 3-acetyldeoxynivaleno C;73-Ac-DON 230.0 o5
* Quantitative ion
- 3.01r 4
LC-MS/MS 25l 2
14 17 E
oo20p 1
0.01% ~0.04% .
0. 02% z
% 1.0r 3
= 05t k
1 O 1 1 Il | 1
° 3.5 4.0 4.5 5.0 5.5
3.2 MRM-DA-EPI EPI ¢ (min)
LC-MS/MS |
MRM . . . -
R Fig.1  Multiple reaction monitoring MRM  chromato—
grams of mixed standards solution
+20% 1. Deoxynivalenol DON 2. deepoxy-deoxynivalenol
DOMH 3. 15-O-acetyl4-deoxynivalenol ~ 15-Ac-DON
4. 3-acetyldeoxynivalenol 3-Ac-DON .
2 MRM-DA-EPI MRM
EPI IDA 10 pg/L o CE 20
35 eV o 4 EPI
MRM-DA-EPI MRM
4 CE 20eV EPI EPI
o MRM
MRM EPI
MRM o
MRM S
3.3
3.3.1
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LAr ppios.i0) CE(20) a 5ol ~EPI(337.20) CE(20) b
~ 1.2F ~ .
2, 2
< 10 S5t
(=) =) i
X 0.8 X
;» 0.6+ }’ 1.0r
£ 04f £
Z ost
= 02f I ’ =
0 1 IJ\\MI‘\L‘ I I L 1 0 1 I |IMI“I|I|I [ |
100 150 200 250 300 350 400 100 150 200 250 300 350 400
m/z m/z
_ —EPI(337.20) CE(20)
4.0 ¢ 6.0r _EpI(379.20) CE(20) d
- T 7 50F
= 3.0f &
5 250 g 40r
X 20 X 30b
£ 15F =
z z 2.0F
g 1o 5
0 L N ||\I.‘ h\ “. A I 1 0 L | \1‘\Il|‘ l I L ]
100 150 200 250 300 350 400 100 150 200 250 300 350 400
m/z m/z

2 10 peg/L EPI CE 20 eV

Fig.2 Enhanced product ion EPI  CE 20 eV specta of deoxynivalenol and its ramification and metabolite
in standard solution 10 pg/L
a. EPI spectrum of DON b. EPI spectrum of 3-Ac-DON ¢. EPI spectrum of 15-Ac-DON d. EPI spectrum of DOMH.

o Waters Cis 200 mg 6 mL .
HLB 200 mg 6 mL HLB 200 mg 6 mL 4
5 mL 5 mL - 5:95 V/V 5 mL o
3.3.2 DON
12 17
- 84:16 V/V .
3.4
3.4.1 . 1~
300 pg/L “C,;-DON DON ®C,,3-AcDON 3-Ac-DON.15-Ac-DON
DOM- Y X
2, 1 ~300 pg/L
0. 999 2 g 20 plL
100 pg/L 1.0 pg/ke 80
S/N>10 S/N>3 .
0.1 pg/kg 0.3 ug/kg 2
14
3.4.2

5 50 200 pe/kg
6 RSD 3. DON 97.5% ~101.7%
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2 DON.3-Ac-DON.15-Ac-DON.DOM-

Table 2 Linear equations correlation coefficients

~

LOD and LOQ of DON 3-Ac-DON 15-Ac-DON DOM-

~ ~

C | Linear range Regression Correlation LOD LOQ
ompounc wg/L equation coefficient g/ kg g/ kg
DON 1 ~300 Y=0. 033X+0. 00646 1.0000 0.1 0.3
3-Ac-DON 1 ~300 Y=0.0399X+0. 00923 0.9999 0.1 0.3
15-Ac-DON 1 ~300 Y=0.014X+0. 00219 0.9999 0.1 0.3
DOMH 1 ~300 Y=0.0347X-0. 00579 0.9999 0.1 0.3
1.4% ~3.3% 3-Ac-DON 94.1% ~101.4% 1.0% ~
3.0% 5-AcDON 95.6% ~100.5% 1.4% ~4.4% DOM-
81.3% ~93.9% 1.0% ~4.3% 3
DON o
3 n=6
Table 3 Precision and recovery of the method n=6
Rice Wheat flour Beer
Compound Spiked level Recovery RSD Recovery RSD Recovery RSD
pg kg % % % % % %
5 101.2 3.3 99.3 2.8 97.5 2.2
DON 50 101.0 1.4 100. 1 1.7 100.5 2.5
200 101.7 2.3 100.4 2.2 100.8 1.8
5 94.1 2.5 98.2 3.0 96.1 2.5
3-Ac-DON 50 99.0 1.0 98.9 1.6 100.0 1.0
200 101.4 1.6 99.9 1.3 99.1 1.0
5 96.5 3.8 97.2 2.7 95.6 2.2
15-Ac-DON 50 99.0 4.4 100.5 3.1 99.0 2.5
200 96.5 2.5 98.4 2.7 97.9 1.4
5 92.8 4.3 89.6 2.8 81.9 3.8
DOMd 50 93.9 3.9 90.4 2.2 82.0 1.6
200 87.8 1.0 91.5 1.6 81.3 1.5
3.5 4
3.5.1 FAPASS Table 4  Detection of positive quality control samples
FAPASS Found Quality control RSD
4 Compounds (g;rf: indication % n=5
Hee ne/ke
DON.3-Ac-DON. 15-Ac-DON DON 645.9 517 ~1032 3.8
3-Ac-DON 139.9 103 ~249 1.7
15-Ac-DON 144.4 111 ~267 4.7
<
RSD<5.0% DOMA FAPASS DOM y y y
3.5.2 10 N N N N
2 DON 3-Ac-DON 15-Ac-DON DOM 0.2 ~5.0 ng/kg
MRM-IDA-EPI 3.5 min 2
EPI EPI
Fit
100 RevFit Purity
® 5 DON o MRM
1.2 pg/ke DON o
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EPI t=3.5 min

Table 5 Library search for positive suspicious sample’s EPI matching ¢=3.5 min

EPI Name Formula ~ Molecuar weight Fit ReFit Purity CE
DON CI5H2006 296. 1000 86. 804 88.090 82.663 20. 000
DON CI5H2006 296. 1000 70.313 79.922 61.360 35.000
4
UHPLC-QTRAP-MS/MS
MRM-DA-EPI QTrap DON 3-Ac-DON 15-Ac-DON  DOMA
MRM EPI
HLB 4
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Analysis of Deoxynivalenol and Related Derivatives and Metabolites in
Cereal and Cereal Products by Ultra Performance Liquid
Chromatography-Quadrupole Linear Ion Trap Mass
Spectrometry with Isotopic Dilution

LIU Zhu' HUA Ying® XU Xiao-Ying' CHEN Wan-Qin' ZHAO Chao-Qun'
LIANG JingJing' DING Yu-Qi' LUO Jin-Wen"'
"' Zhejiang Institute for Food and Drug Control Hangzhou 310052 China
* Zhejiang Chinese Medical University Hangzhou 310053  China

Abstract A method was established for the qualitative identification and quantitative determination of DON
3-AcDON 15-Ac-DON DOM- in cereal and cereal products based on solid phase extraction and ultra
performance liquid chromatography-quadrupole linear ion trap mass spectrometry UPLC-QTRAP-MS/MS
with isotopic dilution. Samples were extracted by the mixture of acetonitrile and water 84:16 V/V
degreased by hexane saturated with acetonitrile and purified by HLB solid phase extraction cartridge. The
target analytes were separated by Waters Atlantis® T3 column with gradient elution by mobile phases which
consisted of acetonitrile and 0. 02% ammonia water. A scheduled multiple reaction monitoring MRM in
negative mode as survey scan and an enhanced product ion EPI scan as dependent scan in an information
dependent acquisition IDA  experiment were adopted in mass spectrometry acquisition. On-ine lab-built
MS/MS library as well as the isotope internal standards was employed for the identification and qualification.
For each analyte the correlation coefficient was above 0. 999 in the linear range of 1-300 wg/L. The limits of
detection LOD and quantitation LOQ were 0.1 pg/kg and 0.3 pg/kg respectively. The mean recovery
was 81.3% —101.7% at three spiked levels of 5 50 200 pg/kg. The relative standard deviation RSD was
no more than 5% . The proposed method was successfully applied to the analysis of FAPAS's QC samples and
five representative samples. This method was simple fast and precise and suitable for the determination and
confirmation of deoxynivalenol and its derivatives and metabolites in cereal and cereal products.

Keywords Isotopic dilution Deoxynivalenol and its derivatives and metabolites Ultra performance liquid

chromatography Quadrupole linear ion trap mass spectrometry
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