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Determination of HT-2 toxin in Feed by LC-MS

Takayuki ISHIBASHI', Masatoshi YOSHIMURA " and Daisaku MAKINO"
(* Food and Agricultural Materials Inspection Center (I.A.A.), Kobe Regional Center Osaka Office)

An analytical method for determination of HT-2 toxin in feed by liquid chromatograph-mass
spectrometer (LC-MS) was developed.

HT-2 toxin was extracted with acetonitrile-water (21+4).  The extract was purified with a
MultiSep 227 Trich+ and analyzed by LC-MS.  The LC separation was carried out on an ODS
column (ZORBAX Eclipse XDB-C18, 3.0 mm i.d.x250 mm, 5 pum) using gradient with 10 mmol/L
ammonium acetate-methanol as a mobile phase.  The determination was performed in a selected
ion monitoring (SIM) mode using [M+CH;COO] ion at m/z 483.

The mean recoveries of HT-2 toxin from 2 kinds of grain and 2 kinds of formula feed spiked
at 15, 20 and 200 pg/kg ranged from 98.0 to 113.3%, and the relative standard deviations (RSD)
were within 8.7%.

A collaborative study was conducted with formula feed and barley spiked with HT-2 toxin
at 200 pg/kg in 7 laboratories.  The mean recovery of HT-2 toxin in formula feed was 106%,
and the repeatability and reproducibility as the relative standard deviation (RSD, and RSDg) were
2.9% and 8.5% respectively, as for barley these were 104%, 2.6% and 9.6% respectively.

Key words: 2>U'# mycotoxin ; HT-2 k% > HT-2 toxin ; fi#l feed ; A7 a~ 277
7 G #5yHrEt liquid chromatograph-mass spectrometer (LC-MS) ; K%L A 4 v 1bik
atmospheric pressure photo ionization (APPI) ; K& JEAb % A 4 > {biL atmospheric
pressure chemical ionization (APCI) ; L[R]3k collaborative study
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SR BT HEYE OIZiE, T2 FER T UDOEREL LTHEZ u~ N7 TEESIE "ROA A2
nv b7 7% VYBRRE SN TWSR, HT-2 bF LU OERBEIZNE SN TE LT, b a2
FEZXEEF O HT-2 hX T U DOERIELZMNT LI ENAKE ERoT

FITEHRDIL, T2 MRy Uik ru~ W77 7EEMIE D2, SHED T 220
TR n~ N7 7BEESIFHC LD ERIEEZMRF LI L 25, BUREEN G OO THE
T 5.

Re R Ry Ry R l\gﬁlﬁr MW CAS
Type A T.2 toxin OH OAc OAc - OCOCH,CH(CH;), C,Hy0o 466.5 21259-20-1
HT-2 toxin OH OH OAc - OCOCH,CH(CH;), C,H;O5 4245 26934-87-2
Type B Deoxynivalenol (DON) OH H OH OH - C,sHyOs 2963 51481-10-8
3-Acetyldeoxynivalenol OAc H OH OH --- Cy;H,,0; 338.4 50722-38-8
15-Acetyldeoxynivalenol OH H OAc OH --- C;H,O; 338.4 88337-96-6
Nivalenol (NIV) OH OH OH OH -- CisHyO; 3123 23282-20-4
Fusarenone-X OH OAc OH OH -- C7H»,O4 3544 23255-69-8

Fig.1  Structure of HT-2 toxin and other trichothecenes
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Table1  Example of component of formula feed

Kind of Cla'ssiﬁca'tion of Ratio Ingredient
formula feed ingredient (%)

Formula feed  Grains 59 Comn

for layer Oil meals 25 Soybean meal, Rapeseed meal, Corn gluten meal
Animal by-products 1 Fish meal
Brans 1 Rice bran
Others 14 Calcium carbonate, Calcium phosphate,

Paprika extract, Feed additives

Formula feed  Grains 63 Corn, Milo, Barley

for beef cattle Brans 18 Wheat bran, Rice bran, Corn gluten feed
Oil meals 10 Soybean meal
Others 9 Alfalfa, Molasses, Calcium carbonate, Salt,

Feed additives
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1) HT-2 bF > U fEHER

HT-2 h & %M, (Sigma Chemical #) 1 mg Z# IEfEICE > TS5 mL DAL &7 7 A2
WA, TEF=FIAEZMZTENL, BICERE CRIBEEZMNX7Z (20K 1 mL 1L,
HT-2 FFv 2L TC02mgaa BT 5. ). FIZZOERDO—EEEZT ¥ =K VU /L TIEMIZ
WL, ImLHIC 25 pg &A% HT-2 Mo UEERIRARR L. 7ok, EERKITA
HUE (-20°C) THRIFLT-.

FEHICE LT, BEFRERO —TEEEK—AF¥ /) — L —7T& =1V (18+1+1) TIEREIZ
FRLT, 1| mLHIZ HT-2 hF > & LT 0.001, 0.0025, 0.005, 0.01, 0.05, 0.1, 0.5 K1
ng EATHE HT-2 b v U ERER 2R L 7=,

2) AF =, TEF=FMIAKROERKITEE v~ b7 T 7HREEZH W, 2o, %F
AL L TV D LIS o el BT R Rl 22 FH U T2
2.3 IEE KOG E
1) WiKk7 a~ k27 F 7 . Agilent #  Agilent 1100 Series & O\& HERAAEFT R Prominence
2) BHEHOWE : Agilent . Agilent 1100 Series MSD SL M OVt B/EFTHL  LCMS-2010EV
3) IWEOM XA T v LT a2 —H—SR2 KD
AN TR AU S = — 7 —MW-DR A

4) L orBEEs  ARHEPEER 5200 & OV KS-3000P
5) .E,ﬁé ELABERE AR HEPEERE KM-15200 & OVH SERERT#L SCT15B

6) LT NAKR L —F— o R bFER CVE-3100
7y m—H Y —x R —&—  FOTE R N-1IN Y
8) ZH&HEH 7 L : Romer Labs il MultiSep 227 Trich+

24 EEIFTIE
1) fil H
SFTaREL 25 g RS- T 200 mL o= AT T A AN, T = % Un/—7J< (21+4)
100 mL Z /0%, 60 73RV IEE CTHIH L7z, R 2 358 m 0k B IS A, 1,000xg
(2,000 rpm) T 557fMEOoBEL, EEAWEE T LALEE ﬁt@“éaﬁtﬂ%{rﬁk L.
2) 1T LKL

AREHATR 2 ZHERE ) 7 DT AL, FIDOMHIK 3 mL 2 C72. 10 mL ORBREZ 7 LD
TICEE, TOHOWMHKO 3 mL 25T 7. JiHi#K 2 mL Z EfEIZ 50 mL O T8 ~7 F 22
IZAIL, 50°C LR OKIBTIEE A CRET 2 E TRUERM L7k, ER T AL % THE L
7.

K=AH /) ——=TEr=KrU/L (18+1+1) | mL Z# EREICMX CHEEWEZENL, ZOHK
D—hE 77 AF v 7 W OWwEE (& 1.5 mL) IZ A, SOOOXg (10,000 rpm) T 5 47fH
mOGEEL, EEARERE v~ N7 7 7 ERESITEHC X 2MIEICHET 2 REHA R & L.

3 K7~ 7T 7EESHFICEZUE

AREHA IR K OF HT-2 b & R 5 uL 2RIk 7 v~ N7 7 7 EHE&EnHratiZiEA L, SIM
vua~ 7T NEERL, t"—&ﬁﬁx HE S L REFO HT-2 P v BERH L.

B, TEEOWMES Scheme 112, WAk~ ~r7 77 (LLF TLC) EWH. ) KOWVEE
SrEE (AR TMS) &S, ) OMIESM % Table2, 3 KT 412" LTz,
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Sample 25 g

—add 100 mL of acetonitrile-water (21:4)

— shake for 60 min

— centrifuge for 5 min at 1,000xg (2,000 rpm)
Column (MultiSep 227 Trich+)

— apply supernatant

— drain the fraction of 0~3 mL

— collect the fraction of 3~6 mL

Sample solution 2 mL

— evaporate to dryness

— dissolve in 1 mL of water-methanol-acetonitrile (18:1:1)
— centrifuge for S5min at 5,000xg (10,000 rpm)
LC-MS

Scheme 1  Analytical procedure for HT-2 toxin in feed

Table 2  Operating conditions for LC
Column ZORBAX Eclipse XDB-C18 (3.0 mm i.d.x250 mm, 5 pm)

Mobile phase 10 mmol/L. Ammonium acetate-methanol (4:1)—15 min—
methanol (5 min)

Flow rate 0.5 mL/min
Column temp. 40°C
Injection volume 5 pL

Table 3  Operating conditions for MS (Agilent, Agilent 1100 Series MSD SL)

Ionization Atmospheric pressure photo ionization (APPI)
Mode Negative

Fragmentor 100 V

Nebulizer N, (55 psi)

Drying gas N, (7.0 L/min, 350°C)

Vaporizer 300°C

V cap 1,500 V

Monitor ion m/z 483

Table 4  Operating conditions for MS (Shimadzu, LC-MS2010EV)
Ionization Atmospheric pressure chemical ionization (APCI)

Mode Negative
Nebulizer gas N, (2.5 L/min)
Interface Temp.  400°C

Heat block temp. 200°C

CDL temp. 200°C

Monitor ion m/z 483
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F1g.2 Mass spectrum of HT-2 toxin

32 BREMROIERK
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o~ N7 7EESHFHCEAL, S50z SIM Zua~ 7T A5 E— 7 mE X dE S &R
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33 ZHEED T L ORFT
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AL 103~123% TH Y, POERZYEFETHE -7 TBO LR T,
IO ENG, KETEEE LEERIELFRIS, #1DOMRMIE 3 mL 24T, TOROMH
#3~6mL 2RI HZ L & L.

Table 5  Elution pattern of HT-2 toxin from MultiSep 227 Trich+

(%)

Fraction volume /mL Barley ¥

0~1 49"
1~2 108
23 115
3~4 104
4-5 115
5~6 117
6~7 123
7~8 116
8~9 105
9~10 103

a) Extract from barley spiked with HT-2 toxin at 100 pg/kg
b) Mean recovery (n=2)

3.4 WiIEWMEOKF
MAfE (BMI1A, M35 , L9420, vAMu, KE, 4%, LKk, BAXK, X
W, BT ROHRI=—7 4 — RIZDOWT, KEICH ST SIM Z a2~ 7 F A &E{EK
L, HT-2 N XY VO EREZYETLHE -7 OFEZHRF L. ZORE, HT2 XY OER
EETHE—ZITREO N T.
B, hEDWEOBRNTELNTZSIM 7 e~ 7T AO—fl%E Fig. 31ZR LT,
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Fig.3 LC-MS chromatograms of sample solutions
LC-MS conditions are shown in Table 2 and 4.

(A) Sample solution of formula feed for beef cattle (not spiked)
(B) Sample solution of barley (not spiked)

(Peak assignments: HT-2 toxin)

3.5 WRINENGER
AVEIT K 2 BIEE K OWRR U RS B & fe 3R 30 2 72 D I RN E IR B & 20 L 7=
Table 1 @ 2 FEEHOEL AL, &£ 98 AT LEUKEIZ HT-2 ¥ & LT 200, 20 XL 15
pg/kg Y EZFM LR EHZ DWW T, RIEIZHES T 3 BIONTEZ4TV, £ ORI K 0GR UK
FEraRD., ZORE, Table 6 LBV, HT-2 bF v OFHEILERIT 98.0~113.3%, T Dk
W UK IS AR R 22 (RSD) & LT RI%LL T CTh o7,
7B, WMEIRBRTE SN SIM 7 n~ 75 50— % Fig4 (R LT-.

Table 6 Recoveries of HT-2 toxin from 4 Kkinds of feed

%)
Spiked level Formula feed Formula feed
Corn Barley
(ng/kg) for layer for beef cattle
200 101.27 (6.9)” 100.6 (4.4) 107.4 (8.7) 103.2 (5.1)
20 108.0 (2.0) 107.3 (7.3) 112.7 (4.7) 113.3 (8.6)
15 110.7 (0.60) 107.1 (5.2) 98.0 (3.1) 106.9 (6.4)

a) Mean recovery (n=3)
b) Relative standard deviation (RSD)
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Fig. 4 LC-MS chromatograms of standard solution and sample solution
LC-MS conditions are shown in Table 2 and 4.
(A) Standard solution (The amount of HT-2 toxin is 0.5 ng.)
(B) Sample solution of formula feed for layer (spiked at 200 pg/kg)
(Peak assignments: HT-2 toxin)

3.6 & FREOEH TR

AKEOEETIRE OB FIREZMHRT 5720, KEIZC HT-2 hF & LT 15 KO 10 pg/kg
FAY R Z ML I2RBHZ DWW T 3 MHMT O 21TV, Joilc e —27 O SNz Roiz.
ZORER, HBoNTE—27 O SN M 10 LR D]EITX 15 pgkeg TH Y, KEOERE FRIT 1S
nglkg L EZ BN, ok, TOVHEULERIT 107.1%, M UK E X E ¥R (RSD) & L
T52%THoT-.

Fro, M TRIZSNIN 3 LD REND Spgkg & AFED b/,

3.7 HREEER

KEOBEEEZREST D720, BHEEGER M RKEIZ HT-2 FF & LT 200 pugkg
Y2 I L7z @ a2 F VT, RS S AR T 4 A R I S B RO o X # =
—YR— ¥ —, REBEEBFEGESS T2 —, MEEABREL ST ¥ —
ZEE AT, MEIEA~A 2 bd v oA ns, M ATERE AR AR (B () Bk
PEMHE Rt 2 —) R, RRKRFGHHT (Bl RMEEs 2 —KRREBT) kKOMLIEES
AT (B et 2—) (7TRBRE) ICB W TAREICHE > TR & FhE L7z,

ZTOFER, Table 7D LB, FHE AL O HT-2 F %2 > O FEYEIINERIL 106%, TiLh O
IR UK B K OV T T BRSPS (XA A HE R 72 (RSD, &2 OY RSDR) & LT 2.9% K% N 8.5%ThH 1,
HorRat |£ 0.42 THo7c. T, KREZIZBWTIE, FHEIUEIL 104%, Fi5 OMGR U E KO
22 T P B (XA R AE R 2= (RSD, & OF RSDR) & LT 2.6% K Y 9.6%ToH Y, HorRat I% 0.47
Thol-.
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Table 7 Quantitative value of HT-2 toxin in collaborative study
(ng/ke)
Laboratory number Formula feed for layer ¥ Barley ¥
1 215 223 220 214
2 211 205 198 201
3 224 241 226 241
4 220 229 207 195
5 211 211 206 207
6 175 181 171 173
7 215 215 223 220
Mean value (pg/kg) 212 207
Recovery (%) 106 104
RSD, ”(%) 2.9 2.6
RSDy “(%) 8.5 9.6
HorRat 0.42 0.47
a) Spiked with HT-2 toxin at 200 pg/kg
b) Relative standard deviation of repeatability
c) Relative standard deviation of reproducibility between different laboratories
Table 8 Instruments used in the collaborative study
Ionization LC column
Lab. No. LC-MS Instrument Polarity Mobile phase (i.d.xlength :rticle size)
Monitor ion (m/z) G- Iengt, p
Water ESI Acetonitrile GL Sciences
micri)rilass Quattro Micro Negative Methanol Inertsil ODS-3
483.2 10 mmol/L Ammonium acetate (2.1 mmx250 mm, 5 um)
Waters ESI . Methanol GL Scj‘lences
. Quattro Mi Negative 10 UL A . ot Inertsil ODS-3
micromass Quattro Micro 483 3>58.7 mmo mmonium acetate (2.1 mmx150 mm, 5 um)
Agilent Technologies g:;:tive Methanol (Sjtzllp?:elz(liloPak C18 AQ
1100 Series LC/MSD SL 433 10 mmol/L Ammonium acetate (3.0 mmx150 mm, 5 um)
APCI Agilent Technologies
I%ISI{/I}/ISAZIDO?BJEV Negative 11\/([)@:1}:1?1l (;}L Ammonium acetat ZORBAX Eclipse XDB-C18
- 483.2 © O ACCRE 3 ) mmx250 mm, 5 pm)
. . APPI Agilent Technologies
Agilent Technologies . Methanol .
. Negative . ZORBAX Eclipse XDB-C18
1100 Series LC/MSD SL 4832 10 mmol/L Ammonium acetate (3.0 mmx250 mm, 5 um)
SHIMADZU AP(.X Methanol SH.IMADZU
LCMS-2010EV Positive 10 mmol/L Ammonium acetate Shim-pack VP-ODS
442.2 (2.0 mmx150 mm, 5 um)
ESI Agilent Technologies
Waters Quattro Mi Negative ll\/(l)ethan(;}L A . at ZORBAX Eclipse XDB-C18
micromass Quattro Micro 4832 mmo mmonium acetate (2.1 mmx250 mm. 3.5 m)
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4 FE&H
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T UOEREYET A2V —27ITRO NN T
5) 2@%®ﬁﬂﬁﬂ&wzﬁﬁMﬂyﬁﬁ4’anL#vytbf%M%mzm,mZﬂﬁw
pgkg Y EZWM L, KRB > THRMEIUFER 2 FhE L7z FR, & 0 FEE R E I
98.0~113.3%, & DI UK TR ERERZ (RSD) & L TRI%LUFThoT-.
6) ARIEICED HT-2 FF v oEaE FRITEEIH T 15 pg/ke, M TIRIZ S pgke & AES 61
7.
7 BBHE AR L ONKFEIC HT-2 b > & LT 200 pgkg Y &2 RN L7 dbmae 2 Huv
T, THRBREBIZB W CRIEICHE - TIEFESHT 2 T L 7.
ZORER, BHEGEE O HT-2 F¥ 2 OFHEUTET 106%, FIL5H OffuR UK E &K V=
] P BRSSP L AR o P YE (R 25 (RSD, & OY RSDgp) & LT 2.9% K& O 8.5%CT& Y, HorRat (X 0.42 T
bolz. F, REZEBOWTE, FHEUEIT 104%, Z105 O UK K OVE M 53U E 1
FHRAZ R 722 (RSD, X UYRSDR) & LT 2.6%&%109.6%TdH ¥, HorRat i 0.47 ThH 7.
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