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Development of Determination Method of Deoxynivalenol and Zearalenone
in Whole-Crop Rice Silage by LC-MS/MS

SUZUKI Chika®

(* Sendai Regional Center, Food and Agricultural Materials Inspection Center)

This paper presents the results of a validation I have conducted for developing a quantitative
determination method of the concentration of deoxynivalenol (DON) and zearalenone (ZEN) in
whole-crop rice silage (WCRS) using a liquid-chromatograph atmospheric-pressure-chemical-
ionization tandem mass spectrometer (LC-APCI-MS/MS).

DON and ZEN were extracted with acetonitrile-water (21:4), and the extracted solution was
centrifuged. The supernatant (1 mL) was then diluted with acetonitrile-water (21:4) to a volume
of 20 mL. The diluted solution was purified with a SPE column (InertSep VRA-3, GL Sciences
Inc.; Tokyo, Japan), and the purified solution was used for LC-MS/MS determination of ZEN. As
for DON, the purified solution was further purified with graphite carbon to obtain a sample solution.
Sample solutions thus obtained from each process of DON and ZEN were respectively injected into
a LC-MS/MS to determine the concentration of DON and ZEN. LC separation was then carried
out on an ODS column (InertSustain C18, 3.0 mm i.d. x 50 mm, 2 um, GL Sciences Inc.) with a
gradient of 2 mmol/L ammonium acetate aqueous solution and 2 mmol/L ammonium acetate
methanol solution for DON; and 2 mmol/L ammonium acetate aqueous solution and acetonitrile for
ZEN as a mobile phase respectively. In the MS/MS analysis, the negative mode atmospheric
pressure chemical ionization (APCI—) was used.

Recovery tests were conducted on WCRS.  WCRS was added with 0.2 and 4 mg/kg of DON, and
0.04 and 1 mg/kg of ZEN respectively. The resulting mean recoveries ranged from 97.9 % to 107 %,
and the repeatability in the form of the relative standard deviation (RSDy) was less than 3.9 % for
DON, while the mean recoveries ranged from 100 % to 110 %, and RSD; was less than 12 % for
ZEN.

Key words: deoxynivalenol; zearalenone; liquid-chromatograph tandem mass spectrometer (LC-
MS/MS); atmospheric pressure chemical ionization (APCI); whole-crop rice silage
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Deoxynivalenol (DON) Zearalenone (ZEN)
(4S8, 12E)-15,17-dihydroxy-4-methyl-3-
12,13-epoxy-3a,7a,15-
oxabicyclo[12.4.0]octadeca-12,15,17,19-
trihydroxytrichothec-9-en-8-one
tetraene-2,8-dione
CisH2006  MW: 296.32 C18H2205  MW: 318.364
CAS No.: 51481-10-8 CAS No.: 17924-92-4

Fig. 1 Chemical structures of DON and ZEN
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2) DON FEHER
DON HE#Ef (8 £ 7 A L AFEHSERE, HIEE 100.0 %) 2 mg Z IEfEICE > T 20 mL D& &
T AZARN, TN EMAZTENL, FICERE CRES %% T DON fEHEH
WaERB L (Z0 ImLi%, DON & LTO01lmg%2aH) .
fEHICER L C, DONEHESHE 1 mL % 50 mL D4 & 7 F X 2 |ZIEMICAN, EICERETT
T h=hU—7K (21+4) ZMZ T, 1 mL FIZ DON & LT 2 ng 25 H T HIEHER 2 L
o, ZOEUERD —ERE, K—AKX ) —L—TE r=FU/ (18+1+]) TIEMIZHRL, 1
mL FIZDON & LTENEN 4, 6, 8, 10, 20, 40, 60, 80 KO 100 ng % & A 5 &K= UEHK
A L7z,
3) ZEN HE#ERK
ZEN BEHES, (87 A v AFeMisRed, H0 100.0%) 2mg 2 EfEICE > T20mL OL&EY
FAIZAN, TE =M AEMZTENL, FICERE CRVEE 22 C ZEN fE%¥EK
ZHB L7 (ZO 1mLIiE, ZENELTO0lmgZzah) .
ERICES LT, ZENAEHESHE 1 mL %2 50 mL O & 7 5 X 2 |ZEMICAN, EICE{RETT
T h=hU—/K (21+4) ZMZT, 1 mL FIZ ZEN & LT 2 ug 28 H T HEHER 2R L
o, ZOEWRO—ERE, T h=FU =K (21+4) TEMIZHRL, | mL (2 ZEN &
LTENENO0.1, 0.2, 0.4, 0.6, 0.8, 1, 2, 4, 6, 8 10, 20, 30, 40 L' 50ng &5 HT 5
FAEAEIR & R L7z
23 HEELUOEHE
1) FyRet - ZM-200 Retsch 8 (ABI& 1mm A2 U —>, ffi fFFEHER3K 14000 rpm)
2) IEEIHE: Abvr T A B —SR2DW ¥ A 7 v 78 (i HEHE & 5 %% 300 rpm)
3) ZHEHREN 7 & : InertSep VRA-3 (U HF—N—F&E 6mL) ¥—x/Hh A = 2Hl
4y AT T2 7 4 HF— : 13HPO20AN (FL#& 0.20 pm, EE 13 mm, AU T h T 74 v==F
L) BRSO
5) LC-MS/MS :
LC #B : Nexera X2 SEf/ERTHL
MS #F : LCMS-8040 oy i {2 i il
24 ERFGIE
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TR 25.0 g Z B> TS00 mL D3R =A 7 T A3l AN, T R=hFUL—7Kk (21+4)
250 mL &z, 60 ZyME YV IEE CHH L. iK%z 50 mL ok 0 &eE ic A,
1600xg T 5 Rl Ly BEL, EEZE ImL 2 20mL O&E Y 7 A |ZEEICAN-. 287
TFAADERETTE b=FY =k 21+4) ZMZ, BT 2N 23R & LTz,
2) 1T LHER
REHAR 2 e 7 DT AL, PIOOWHEIKR 1 mL 8T/, 10 mL ORBREZ 1 7 LD
TICEE, ZOBOFRMIR 1mL 25%F, LC-MS/MS (2 X% ZEN OHIEICHT 23R E L
72, HIZ, Bl 10 mL ORBREZ S T LD FICE S, ZO%OFHMIE3 mL 251, KRt
TORBHEIR L LTz,
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3) FE
HWEHARREZH SN TD T T 7 74 M —AR2 200 mg # A7z 15 mL O LT = — 712 Af,
1 3R D IRE 72, 1600xg T 5 srfiliE OB L, E¥EARK 2 mL % 10 mL ORBRE IZIEMEICA
N, B@FENTAZE>THELE. K—2%/—1—7% h=hKrU/L (18+1+1) 0.5 mL % IEfE
WA TR EENL, AT T2 7 4 0F—TAiL, LC-MS/MS (2L % DON OHIEIZ
g 2 3BHAER & LTz,
4) LC-MS/MS (2 X 5 HIE
ABHANR, 4% DON AEYEHR K O ZEN FEYERR 5 uL % LC-MS/MS I[ZIEA L, BEIRSISHRH
(LLF TSRMJ W9, ) 7ua~ 7T L%557-. WESRM% Table 1 2 OY Table 2 |[Z/R L 7.
k7 v~ 872 7EICEBV T, DON LT ZEN OIRBER D&% 2, Tablel D B Zi
ZRIABER 1 KO 2 O THIE L.

Table 1  Operation conditions of LC-MS/MS

Column InertSustain C18 (3.0 mm i.d. x 50 mm, 2 um), GL Sciences

Mobile phase 1 (DON) 2 mmol/L ammonium acetate aqueous solution-2 mmol/LL ammonium acetate methanol solution
(19:1) (hold for 1 min) — 9 min — (1:19) (hold for 5.5 min) — 0.1 min
— (19:1) (hold for 4.4 min)

Mobile phase 2 (ZEN) 2 mmol/L. ammonium acetate aqueous solution-acetonitrile (7:3) (hold for 1 min) — 4 min
— (1:19) (hold for 7 min) — 0.1 min — (7:3) (hold for 4.9 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Atmospheric pressure chemical ionization (APCI)

Mode Negative

Nebulizer gas Air (DON 2.5 L/min, ZEN 4 L/min)

Drying gas N2 (DON 6 L/min, ZEN 5 L/min)

Interface temperature DON 400 °C, ZEN 350 °C

Heat block temperature 200 °C

Desolvation line temperature 250 °C

Collision gas Ar (230 kPa)

Table 2 MS/MS parameters

Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) V)
295 265 - 11
DON

355 - 265 15
131 - 29

ZEN 317
- 175 23

5 7t ®
BON7Z SRM 7 e~ h 7 T AL E—ZHBLEAOES I ZRO THREREZER L, EHF O
DON & K N ZEN &4 B H L7-.
B, EEEOMEZE %L Scheme 1 (2R L7-.
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Sample 25.0 g (500 mL Erlenmeyer flask)
added 250 mL of acetonitrile-water (21:4)

shook for 60 min

centrifuged for 5 min at 1600xg
1 mL of supernatant (20 mL volumetric flask)

|—ﬁ]led up to 20 mL with acetonitrile-water (21:4)
InertSep VRA-3

applied sample solution

discarded 0~1 mL fraction

|
Collected 1~2 mL fraction (ZEN) Collected 2~5 mL fraction (DON)

I
ENVI-Carb 200 mg

shook for 1 min

centrifuged for 5 min at 1600xg
2 mL of supernatant (10 mL test tube)

evaporated to dryness with N2 gas
added 0.5 mL of water-methanol-acetonitrile (18:1:1)

—— filtrated through a membrane filter (0.2 pm)
LC-MS/MS LC-MS/MS

Scheme 1 Analytical procedure for DON and ZEN in WCRS
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DON [, DON #E¥#GL (8 L7 A L AROEMZER, #E 100.0 %) 9 mg % IEfEIZH - T 20 mL
DERETZ T AZAN, T =RV LEMXTEIL, FITERE CRIEEZ % T DON &
IMAEAE G 2 L7 (Z0WE 1 mL X, DON & LT 045 mg 2 54) . FEEREZ7 M= F
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/225 DRITE VIT-72. £72 DON & LT 9 mgkg YN ERIMLZEA, KR BHAR TR E
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in standard and blank sample solutions

(LC-MS/MS conditions are shown in Tables 1 and 2.
of mycotoxins.)
A: Standard solution (8 ng/mL as DON)
B: Standard solution (0.4 ng/mL as ZEN)
C: Sample solution of DON from WCRS (blank)
D: Sample solution of ZEN from WCRS (blank)
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Typical selected reaction monitoring (SRM) chromatograms of DON and ZEN

Arrows indicate the retention times
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2R LZEZ A, Table2 DEBYVTHY, E0VEITHAE~ N v 7 RTLDKRERE
BrzibbsZ Ea{HIERRETH T

Table 2  Matrix effect study

Concentration of mycotoxins Matrix effect” (%)
Mycotoxins i trix st : a)
7 in matrix standard in sample” WCRS 1 WCRS 2
solution (ng/mL) (mg/kg air-dry basis)
DON 80 4 102 97.1
ZEN 10 2 106 111

n=3
a) Converted from the concentration in matrix standard solution

b) Ratio of peak area of pesticides in the presence of matrix to that in the absence of matrix

3.3 IRIENRGAER
2.5 1KV EINENEER 2 e L7z, & ORERIX Table 3 ® &Y, DON (22 TIX )[R
R 97.9~107 %, € DOMIR UKEEIIMHERERZ2E (RSD) & LT39%LLF, ZENIZOWTIXFY
B 100~110 %, RSDy X & LT 12 %LL F OIS B Ay, SRk R 3R 3 ORBRIED %
YIEHERBIETA RT7A4 2 (LR TZYMHMBIETA RTIA4 ] L), ) CEDLNTEEELD
OHMTHEED BIEME (B 70 %LL 1120 %EL T, FSEE : 0.04 mg/kg Tl 22 %LA T, 0.2 mgkg T
13220 %LLF, 1mgkg TiX 16 %LL T, 4mg/kg TIX 13 %L F) Zilil-+TRIEFREETH - 7=,
7B, BN SRM 7 a~ 7T AO—fl% Fig3 2R L.

Table 3 Recoveries for DON and ZEN

Spiked level WCRS 1 WCRS 2
Mycotoxin (mgkgasfed Rec overyb) RSD,” Recove ryb) RSD,®
basis)” (%) (%) (%) (%)
0.2 105 3.9 107 1.8
DON
4 97.9 2.8 98.0 2.6
0.04 100 12 107 9.9
ZEN
1 108 2.7 110 4.2

a) The mycotoxins were spiked to air-dried WCRS samples one night prior
to extraction. The spiked levels were 0.4 and 9 mg/kg as air-dry basis
for DON and 0.08 and 2 mg/kg as air-dry basis for ZEN respectively.
The levels of mycotoxins as fed basis were calculated with following
equation on the assumption that the moisture content of WCRS samples
was 60 % as fed basis and 10 % as air-dry basis.

The levels of mycotoxins as fed basis (moisture 60 %)
= the levels of mycotoxins as air-dry basis (moisture 10 %) / 2.25
b) Mean (n = 5)

c¢) Relative standard deviation of repeatability
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Fig. 3  Typical SRM chromatograms of DON and ZEN in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the peaks of mycotoxin.)
A: Standard solution (60 ng/mL of DON (0.3 ng as injection amount))
B: Standard solution (10 ng/mL of ZEN (0.05 ng as injection amount))
C: Sample solution of WCRS (spiked at 1.3 mg/kg as fed basis of DON (0.3 ng as injection amount))
D: Sample solution of WCRS (spiked at 1 mg/kg as fed basis of ZEN (0.05 ng as injection amount))

34 EERTREOHH TR

PRI ELAR M 2 R L 72 #PH, DON (2B W TIE 4~100 ng/mL O Figflir & 72 5% (WCRS
R T 0.4 mg/kg tHY & (R&REHAKRTIRE 8 ng/mL tHY &) , ZEN IZBWTiE 0.1~50
ng/mL @ FIAHIT & 72 2 2 (WCRS EEZH T 0.08 mg/kg A1 Y4 & (& aEHE T £ 0.4 ng/mL
FEY &) ) OBMENGRBROERIIRGTHY, HBohio—27 0 SN 2 10 L ETho7o7
», DON KT ZEN OE & FIROEE X WCRS OB TENEI 0.4 T 0.08 mgkg & L
7o, ZOEEIE, DON KT ZEN @ WCRS FOEHEMEME (DON (225 CTlddx b IKVE) o &
WA (2 mg/kg) ICxLTERZEN 1/5 LN 125 TH Y, ZUMEMBIETA K74 102
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ED SN BEME GEHEEO 1/5 LLF) ZHiz LTV,

ARIEOK FIRZ MR T D720, WNMEIGRBRICL VGO —27 O SN WS 3 Lir bRk
RO, TOREE, B TRIXEFZS < DON 0.1 mg/kg, ZEN 0.04 mg/kg TH Y, REEIZZ
UYEMERRIE A R A4 VCED b AR E (AM¥EO 1/10 LIF) &z LT
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