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Development of the Simultaneous Determination Method of Deoxynivalenol, Nivalenol,
HT-2 Toxin and T-2 Toxin in Pet Food by LC-MS/MS

Hironobu TATEISHI", Koichi KATO™ and Masayoshi KUWABARA”
(" Kobe Regional Center, Food and Agricultural Materials Inspection Center)

We have developed a simultaneous quantitative determination method of the concentration of
deoxynivalenol (DON), nivalenol (N1V), HT-2 toxin (HT-2) and T-2 toxin (T-2) in pet foods using
aliquid chromatograph-tandem mass spectrometry (LC-MS/MS).

DON, NIV, HT-2 and T-2 were extracted with water-containing acetonitrile. The extracted
solution was purified with a multifunctional column (MultiSep 227 Trich+, Romer Labs,;
Getzersdorf, Lower Austria, Austria), and injected into a LC-MS/MS to determine the
concentration of each mycotoxin. LC separation was then carried out on ODS column
(ZORBAX Eclipse XDB-C18, 3.0 mm i.d. x 150 mm, 5 um, Agilent Technologies Inc.; Santa
Clara, CA, USA) with a gradient of 10 mmol/L ammonium acetate solution and acetonitrile as a
mobile phase. In the MS/MS analysis, the negative mode electrospray ionization (ESI-) for DON
and NIV, and the positive mode electrospray ionization (ESI+) for HT-2 and T-2 were used.

Recovery tests were conducted on dry food for cats, semi-dry food for dogs, formed jerky for dogs,
dried jerky for dogs (soft and hard), confectionary (biscuit for dogs), milk powder for cats and wet
food for dogs. DON and NIV were intentionally added at the levels of 0.1 and 1 mg/kg for the
pet foods except for wet food, 0.02 and 0.2 mg/kg for wet food respectively. HT-2 and T-2 were
added at the levels of 0.04, 0.1 and 0.5mg/kg for the pet foods except for wet food, 0.01, 0.02 and
0.1 mg/kg for wet food respectively. The resulting mean recoveries ranged from 81.6 % to
106 % for DON, 64.9 % to 145 % for NIV, 96.0 % to 113 % for HT-2, and 87.7 % to 117 % for T-2
respectively. The repeatability in the form of the relative standard deviations (RSD,) was less than
13 % for DON, less than 20 % for N1V, less than 9.3 % for HT-2, and less than 7.1 % for T-2.

.Key words: mycotoxin; deoxynivalenol; nivalenol; HT-2 toxin; T-2 toxin; liquid chromatograph-
tandem mass spectrometry (LC-MS/MS); electrospray ionization (ESI); pet food
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Deoxynivalenol (DON) Nivalenol (NIV)
12,13-epoxy-3a,7a,15- 12,13-epoxy-3a,4B,7a,15-
trihydroxytrichothec-9-en-8-one tetrahydroxytrichothec-9-en-8-one

C15H2006 MW: 296.32 C15H2007 MW: 312.32
CAS No.: 51481-10-8 CAS No.: 23282-20-4
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HT-2 toxin (HT-2) T-2 toxin (T-2)
(3a,4B,8a)-12,13-Epoxytrichothec-9-ene-3,4,8,15- (3B,40,8a)-4,15-Diacetoxy-3-hydroxy-12,13-
tetrol 15-acetate 8-(3-methylbutanoate) epoxytrichothec-9-en-8-yl 3-methylbutanoate
C22H3208 MW: 424.48 C24H340g MW: 466.52
CAS No.: 26934-87-2 CAS No.: 21259-20-1

Fig. 1  Chemical structures of DON, NIV, HT-2 and T-2
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Table 1

Ingredients list of pet foods used in this study

Pet food types

Ingredients

Chicken raw meat, dryed chicken, coarsely ground rice, pea protein, brown rice,
chicken ail, alfalfa meal, potato protein, beet pulp, linseed, protein hydrolysate, oats
fiber, soybean ail, yucca extract, vitamins (V. A, V. B1, V. B2, V. Bg, V. B2, V. C,

Dry food for cat
i oreats V. D3, V. E, chadline, niacin, pantothenic acid, bictin, folic acid), minerals (K, Cl, Se,
Na, Mn, I, Zn, I, Co), amino acids (taurine, methionine), antioxidant (mix tocopherol,
rosemary extract), green tea extract, spearmint extract
Meat (chicken, etc.), sugars, beans, starches, grains, fishery products, oils and fats,
vegetables (carrot, pumpkin, spinach, etc.), dietary fiber, minerals (P, Ca, Cl, Na, Mg,
. Zn, Fe, Cu, Mn, 1), thickening stahilizer (glycerin, casein sodium), quality improving
fSerr:jl-dry food agent (propylene glycol), preservative (sorbic acid potassium), pH regulator, vitamins
or dogs (choling, V. C, V. A, V. E, nicatinic acid, pantothenic acid, V. B12, V. Bs, V. By, V.
By, fdlic acid, V. D), food color (titanium dioxide, yellow 5, red 106, blue 1, yellow 4,
red 102), color former (sodium nitrite)
Chicken white meat, potato, carrot, sugar, green peas, chicken, chicken liver, soybean
Wet food for dogs ail, salt, oligosaccharide, chondroitin protein complex, glucosamine hydrochloride,
lactic acid bacterium, thickening stahilizer, minerals, vitamins
Formed jerky Beef tongue skin, chicken, wheat starch, soy flour, modified sugar, dietary fiber, salt,
J sorhitol, propylene glycol, polyphosphoric acid Na, food color (red 102, yellow 5, red
for dogs
106, yellow 1)
Dried jerky for dogs
Deer meat
(hard type)
Dried jerky for dogs ~ Chicken (white meat), glycerin (humectant), propylene glycol (quality maintenance
(soft type) agent), antioxidant (nitrite Na)
Confectionery . . .
(biscuit) for dogs Wheat flour, glucose, shortening, cornstarch, sweet potato, oligosaccharide, yeast

Milk powder for cats

Milk (powdered skim milk, casein), dils and fats (plant ail, animal fats, y -linolenic
acid), soy protein, egg yolk powder, oligosaccharide, L-carnitine, minerals (Ca, P, K,
Mg, Fe, Cu, Mn, Zn, |, Co), emulsifier, flavor, vitamins (V. A, V. B1, V. B2, V. B, V.
B2, V. D, V. E, V. K, nicatinic acid, pantothenic acid, folic acid, choline), taurine

o K

1) 7k hr=HrVU (LC-MSIMS RITER DIEBEHR DO LC-MS H (& £ 7 A /L L FDEHEER) )
A S ) — VTR SR - PCB B2 AWz, B 7 =y AdmEiRik s o~ 7
774 —MH (1 mol/lL &R, &L7A/VLFeHEERE) 2 vz, Kix Milli-Q Element A10
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Table 2 Mycotoxin standards used in this study

Name Manufactures Formula MW CASNo. Purity (%)
FUJIFILM Wako
206.32  51481-10-8 .
DON Pure Chemical Corporation C1sH2006 %.0
NIV solut|on' N FUJIFILM.Wako  CisHuOr 31330 23089904 .
(100 pg/mL in acetonitrile) Pure Chemical Corporation
FUJIFILM Wako
- 41253  26934-87-2 .
HT-2 Pure Chemical Corporation CaH20 970
T-2 FUIFILM Wako CuHyOs 46652 21250201 980

Pure Chemical Corporation

*:100.2 pg/mL (certificate of analysis)

3) B MUK

NIV % Table 2 1277 L 72 i iR OFEMERR 2 B2 #E 5K (100.2 pg/mL) & L7z. DON, HT-2 KO
T2 IIBARHESL B mg Z EfEICE> TENEN 25 ML DEET T AZAN, 7T =HFI L
EMZTEIL, TITERE CRBEZ M CTHEERKZRE L7z (2D OFEERIK 1
mL X, £ 0FELT02mgaEaHaT 5. ) .

4) POFRAEER

FEREFRO —EEZRAL, 7T = IV AV TEMBICHRL, 1 mL FICENVOFEE LT
2510 ZEH T HIRAIERERIR 2R L7z,

EHIZE LT, BRAEERRKRO —E&EZK—AF¥ /) —L—7Er=KrJ/L (18+1+1) TIE
WAL, 1 mL PIcK2FE LT 05, 1, 2, 4, 6, 8 10, 20, 40, 60, 80, 100, 200,
400, 600, 800 K% X 1000ng # & A 7 DA HER 2T L 7.

23 IEE R UG A
1) ##et% - ZM 200 Retsch . (EBRE 1mm 227 U —>, fifi FHEF[AIE5% 14000 rpm)
2) 7—K7rtyHh—:MK-K8 /F =yl
3) IRE O B = —H—MW-DRV B ARHEAMF T35 (ff AEHE & 9 % 300 rpm)
4) %HgHET T A 0 MultiSep 227 Trich+#% — ~ U v 2 Romer Labs
5) LC-MSIMS
LC-MS/MS 1
LC B : ACQUITY UPLC System Waters
MS B : ACQUITY TQ Detector Waters H
LC-MS/MS 2
LC {6 : NexeraX2 e B /E T il
MS#5 : LCMS-8040 &t /2 iy Al
24 ERIIE
1) # H
i Uy ML
ST 25.0 g 2> T 200 mL D3 =M 7 7 23 |Z A, 7 =KV —K (21+4)
100 mL A%, %k L T 60 °C T 60 7y[M#E %, 60 /MR EE THlt L7, #ittiikz 50
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mL O3k OB 12 Ay, 1000xg C© 5 rfimOonf L, EERERO—EREZ 72 h=1KV
V=K (21+4) TIEREIZ 215N L, B 7 LB HT 230BHAR & L7z,
i U=y M
TR 25.09 & > T 200mL DI =7 T A3l A, T h=FUL—/K (21+4) 70
mL Zx, 30 43[RV IS Tt L7, 10 /& L7-. fhiHig s 100 mL o gm0k
JAE T AFL, 1600xg T 5 Jrfffim OBl L, EEARE 200 mL ORET7 7 A Az, e
EOEEE 27 b= FUJL—K (21+44) 70 mL THE L, WEEIEREOLRE=/M 75 22
WZB L, [FIERIC 30 43[R 0 IRE CTHEM L7=. AW % Yoo ek DIk & 12 A, 1600xg T 5
o LTEEL, ERARETEORET T A2IIMA, FIZEET T AIOERETTE M=
FUL—K (21+44) EIZ, BT DLPRCHES 2BRAR L LT,
715 DALER
RBHAR 2 ZRE D 7 LI AN, OO 3 mL 2T, TO%OFMHIK 3 mL (¥
=y MIFBTE 5 mL) % 10 mL ORBEICZ T, 20D 2 mL (V= v LTI 4
mL) % 50 mL O FIE T 7 AT EMIZAI, 50 °C LLFOKIBTIEEAEEETLET
WERME L%, BRI AZ2E-oCHELEZ., K—2XX /) —=1L—7T+% br=FU /L (18+1+1)
1mL Z EREICIMZA TERBMZENL, ZOWRE 77 AF v 7 W 0IEE (& 15mL) (I
AU, 5000xg T 5 4y LorhE L, EEAMEE LC-MSIMS (2 X 2 Il E IS5 2 BUBHATR &
L7z,
LC-MSIMS (T & % Il 7E
ABHE e O DO FRIR A HERET 4 10 uL &2 2.3 D 5)D LC-MS/IMS 12V EA L, BIRESH
H (LT TSRMJ &WnWH. ) e~ N7 T L5257, WESRM%Z Table 3-1 X 3-2 IZ/R LTz,

Table 3-1  Operating conditions of LC-MS/MS

Column ZORBAX Eclipse XDB-C18 (3.0 mm i.d. x 150 mm, 5 pm), Agilent Technologies
Mobile phase 10 mmoal/L ammonium _aceta.teacetonitrile (19:1) (hold for 1 min)— 15 min
— (2:29) (hold for 5 min)
Fow rate 0.2 mL/min
Column temperature 40°C
| onization Electrospray ionization (ES)
Source temperature 120°C
Desolvation gas N2 (800 L/h, 400 °C)
Capillary voltage Positive mode: 3.5 kV, Negative mode: 1.5 kV
Cone gas N2 (50 L/h)

Cadllision gas Ar (0.25 mL/min)
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Table 3-2 MS/MS parameters
Precursor Product ion Cone Callision
Target Mode ion Quantifier Qualifier voltage energy
(mlz) (mlz) (mlz) V) (eV)
DON B 355 265 - 10 15
- 295 10 10
NIV B 371 281 - 10 15
- 311 10 10
HT-2 + 442 215 - 20 20
- 263 20 15
T-2 + 484 15 - S =
- 305 20 15
4 i =
BONT SRM 7 0~ b7 T Liph E— 7 RO S &R THREME (ER L, 3BT o

DON, NIV, HT-2 KON T-2 B2 EH L7-.
B, SiEOEE % Scheme 1 [Z/R L7z,

Samples except for wet food Wet food

Sample 5.0 ¢

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

—— swell sample at 60 °C for 60 min

— shake for 60 min

—— centrifuge for 5 min at 1000xg

— dilute supernatant with same volume of
acetonitrile-water (21:4)

Sample 25.0 ¢

——add 70 mL of acetonitrile-water (21:4)

— shake for 30 min and allow to stand for 10 min
— centrifuge for 5 min at 1600xg

—transfer supernatant to 200 mL volumetric flask
——add 70 mL of acetonitrile-water (21:4) to residue
—shake for 30 min and allow to stand for 10 min

— centrifuge for 5 min at 1600xg
transfer supernatant to 200 mL volumetric flask
and fill up to 200 mL with acetonitrile-water (21:4)

MultiSep 227 Trich+

——waste 3mL of elute

—— collect the elute 3 mL (5 mL in wet food)
—transfer sample solution 2 mL (4 mL in wet food) to eggplant-shaped flask
—— evaporate to dryness under 50 °C

——add 1 mL of acetonitrile-methanol-water (18:1:1)

—— centrifuge for 5 min at 5000xg

LC-MSIMS

Scheme 1

Analytical procedure for DON, NIV, HT-2 and T-2 in pet foods

25 LC-MSIMSHIERMIZE T DA A ALIEDORKET
220 YD NIV BHEFIRE 7+ b=k VL CEMICAR L CHRR L 72 250 ng/mL 0B iR %,
LC-MSIMS 1 Z T 2.4 D 3)DPESANF D ESIHE K CRGEALYA 4 Ak (APCl) #ETHIEL,
A FAMEDENERIE LT, £72, %L LT, RAEkK%E 23 ® 50 LC-MSIMS 2 % T
APCIHETHIZE L, LC-MSIMS 1 & ORFER OMEZ RFEL /2. LC-MSIMS 1 KT} LC-MS/MS 2
(2B D APCIEIC L 5 & o F DB RO EHB OB E 4k % Table 4-1 T8 4-2 W ONZ 5-1 O}
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5-2 2/~ L7

Table 4-1  Operating conditions of LC-MS/MS 1

lonization Atomospheric pressure chemical ionization (APCI)
Source temperature 150°C

Desolvation gas N2 (900 L/h)

APCI probe temperature 450 °C

Cone gas N2 (50 L/h)

Coallision gas Ar (0.25 mL/min)

Table 4-2 MS/MS parameters

Precursor Product ion Cone Callision
Target Mode ion Quantifier Qualifier voltage energy
(mlz) (mlz) (mlz) V) (eV)
281 - 25 22
NIV - 371
- 311 20 13

Table 5-1  Operating conditions of LC-MS/MS 2

| onization Atomospheric pressure chemical ionization (APCI)
Nebulizer gas Air (4 L/min)
Drying gas N2 (3 L/min)

I nterface temperature 330°C
Heat block temperature 150 °C
DL temperature 180°C
Collision gas Ar (230 kPa)

Table 5-2 MS/MS parameters

Precursor Product ion Collision
Target Mode ion Quantifier Qualifier energy
(mlz) (mlz) (mlz) (eV)
281 - 14
NIV - 371
- 311 12

2.6 WHNENNERER
22 O HTHES> TR L =P OFRBAEERKZ 7 b= b UV CIEMICAR LB AW,
7oy MG LIS DOFEHZ DON L VNIV & LT 0.1 KN 1 mglkg F24 & (&R EHATKR T
25 K% 250 ng/mL) , HT-2 XN T-2 & LT 0.04, 0.1 T 0.5 mg/kg ¥4 & (E&EREHAK T T
10, 25 (X125 ng/mL) , 7 = v b DON ZTONNIV & LT 0.02 %218 0.2 mglkg tH24 & (5
FEFBHANE ¢ 10 &£ TN 100 ng/mL) , HT-2 T8 T-2 & LT 0.01, 0.02 %0 0.1 mg/lkg fH % & (i
BRI T 5, 10 X 50 ng/mL) 12725 K HICEREFRIRME L IRA L, —KiFE L7z
BICARIEIHE - THRMNEIGRER 2 FhE U, EHIEIEE K OMGR LR E & R 7-.
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MAEETH L Z L0, RRFHIREWTIL ESI a7 52 L L L. B2EETIZ, 25 Ik
DX, LCMSIMS 2 D APCIIEIC X W IEAEM L7 L 2 A, SN HlE 4831 & 72 0 BEFEf TN
PR BT,
32 E=H—AFUDOEE
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Fig. 2 Mass spectrum of DON, NIV, HT-2 and T-2
A: DON, B: NIV, C: HT-2, D: T-2
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Fig. 3 Product ion spectrum of DON, NIV, HT-2 and T-2
A: DON (precursor ion: m/z 355, collision energy: 15 eV)
B: NIV (precursor ion: m/z 371, collision energy: 15 eV)
C: HT-2 (precursor ion: m/z 442, collision energy: 20 V)
D: T-2 (precursor ion: m/z 484, collision energy: 22 eV)

33 &Mt

22 O DKLV FAHU L BN VOFHESEER O 10 uL 2 LC-MSIMS I[ZHEAL, Bohi-
SRM 7 i~ 77 Lnb B — 7 mfEAR Om & & W TRERR & /R L 7.

BonzmERO—FITFg. 4D THY, DON KNIV iF 2~1000 ng/mL (FEAEE L
T 0.02~10 ng #H% &) , HT-2 KO T-2 1% 0.5~1000 ng/mL (7 A& & L T 0.005~10 ng FH4 &) o
P CEMIEA R Lz, 22k, UEBREROBEGHAIL, Uy MERELSCIE DON KO NIV
% 0.008~4 mg/kg, HT-2 & O* T-2 % 0.002~4 mg/kg AT 23k, ©= v ML TIX DON KO
NIV % 0.004~2 mg/kg, HT-2 &U“ T-2 % 0.001~2 mg/kg & 7 2 5k 2 ARJEITHE VI U 72 o
FABHA I T O OV i EE RIS 35 .
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Fig. 4  Calibration curves of DON, NIV, HT-2 and T-2 by peak area (left) and peak height (right)

3.4 ZRERE T L) DT H 4y DO WeRR
24 O DHE-> TP L7H 7 2T 5 R A5 A KOy = v Mg (RA)
DOFRBHAIZ DON, NIV, HT-2 XO'T-2 &£ LT, ZNZ14 1 mglkg & U4 0.2 mglkg fH Y & %
WML, ZHED T L0 LOREE S 2R L. TORET Table 6 DEBY THY, K74
LT =y MG E Y 3 mL DLEOHES CRARBINETH 72728, JFRL IEDO LB,
NI A TIL3~6 mL DE5y7276 2mL 28, U=y MG TIE38mL OEGNDH 4mL &
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Ry 22L& L7

Table 6  Outflow pattern of DON, NIV, HT-2 and T-2 from MultiSep 227 Trich+

Concentration (%)?
Types Target
(ng/mL) 0~1mL 1~2mL 2-3mL 34mL 45mL 56mL 6~7mL 7-8mL 8~9mL
DON 125 371 89.9 100 104 984 95.6 103 105 97.9
Dry food NIV 125 - 313 79.2 90.6 94.9 84.9 102 104 101
for cats HT-2 125 322 80.6 91.8 90.8 95.6 89.6 935 0.7 91.9
T-2 125 43.9 74.2 84.4 86.8 88.1 86.2 91.2 90.3 90.7
DON 25 52.2 66.5 713 984 8.1 92.0 859 83.3 84.9
Wet food NIV 25 255 72.6 89.6 94.5 103 921 984 97.4 101
for dogs HT-2 25 63.5 839 96.5 99.2 934 923 98.3 102 103
T-2 25 54.6 82.6 912 95.6 984 98.2 95.0 9%6.6 99.8
n=1
—: Not detected

a) Quantitated concentration in sample solution after column treatment / Concentration in sample solution
before column treatment x 100

35 WiEWHEOME
KIEOBRREL AT 2720, 8 MBEOEIHWHEGE (K785 ) , BEI R/ 3
i R, v= MG (CRA) , Yy —F%— (RH) , EFMEREy—F— (h— 1%
A7 (KW OV 7 s247 (KM ), £ (RAEX7y ) kOB Ivy H) 4%
1RRIR) IZ2OWT, KRBT LI E A, BEEZHTHIE—7IERBOLNRNh-o T,
7B, BN SRM 7 a~ 7T A —f#l% Fig. 5-1 K8 5-2 [ L7z,
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Fig. 5-1 SRM chromatograms of standard solution and blank sample solutions
(without wet type pet food)
(LC-MS/MS conditions are shown in Tables 3-1 and 3-2. Arrows indicate the retention time
of mycotoxins. The baselines were shifted for display.)
A: Standard solution (25 ng/mL each as DON and N1V, 10 ng/mL each asHT-2 and T-2)
B: Dry food for cats
C: Semi dry food for dogs
D: Formed jerky for dogs
E: Dried jerky for dogs (hard type)
F: Dried jerky for dogs (soft type)
G: Confectionery (biscuit) for dogs
H: Milk powder for cats
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Fig. 5-2  SRM chromatograms of standard solution and blank sample solution (wet type pet food)

(LC-MS/MS conditions are shown in Tables 3-1 and 3-2. Arrows indicate the retention time
of mycotoxin. The baselines were shifted for display)

A: Standard solution (10 ng/mL each as DON and NIV, 5 ng/mL each asHT-2 and T-2)

B: Wet food for dogs

36 ~ VU w7 AR OMER

24 O )6 QX VALY =y NEGLANOT T 7 BBHEKIZ DON, NIV, HT-2 &
N T-2 & L T4 0.1 mg/kg tHY & (R&BHARYF T4 25 ng/mL fHY &) , V= vy NGO T Z
> 7 REHATIZ DON, NIV, HT-2 TN T-2 & L T4 0.01 mg/kg fHY% & (&R EHARY T% 5
ng/mL FHY &) 2ZNEFNRMLTEE~ Y v 7 ZAFEHERIZOWT, 2.2 O HITHE-> THRE L=
FREOENOFIEERICHT 28— 7 HELEER L. BRIT, Table 7 B0, FEiiz

Py —%— N— K& A7 (RH) ICHEML7 DON, B3Iz GER) I2EmL7 NIV KO
NRCOREICHRMUTZ T2133 B~ U v 7 R X2 ENRNH - 7.

BB~ R w7 AL VEENH -2 NIV LN T2 oI vy GEH) iconwT, 7527
REHAR DO FREEIC L > THERBEOD LNV ERHLIZEZA, T2 Tl 5 EaRICK -

T Sn7eny, NIV TR I0ERIRIC L > TheE s o7z,
Table 7 Matrix effect study
Concentration Matrix effect ”
Types in matrix standard  in sample ? (%)

solution (ng/mlL) (mg/kg) DON NIV HT-2 T-2
Dry food for cats 25 0.1 108 109 105 121
Semi dry food for dogs 25 0.1 29 A 106 116
Wet food for dogs 5 0.01 101 0 108 119
Formed jerky for dogs 25 0.1 106 93 107 119
Dryed jerky for dogs (hard type) 25 0.1 112 103 105 125
Dryed jerky for dogs (soft type) 25 0.1 107 102 104 121
Confectionery (biscuit) for dogs 25 0.1 110 88 108 117
Milk powder for cats 25 0.1 102 163 110 125
Milk powder for cats (5 times dilution) © i 0.1 % 135 o7 82
Milk powder for cats (10 times dilution) 25 0.1 100 125 91 L

n=3

a) Converted from the concentration in matrix standard solution
b) Ratio of peak area of mycotoxin in the presence of matrix to that in the absence of matrix
¢) Blank solution (milk powder) diluted by water-methanol-acetonitrile (18:1:1)
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3.7 IINENEER
6 IZ L VIINERER A FME L. ZORERIL Table 8 L3V, DON dFH[ENL =X
81.6~106 %, Z Ok UK 1T EEHERR 2 (RSD,) & LT 13 %LLF, NIV OFEEEIERE X
64.9~145 %, RSD, & LT 20 %LL F, HT-2 ®FEHENL T 96.0~113 %, RSD, & LT 9.3 %LL T,
T-2 O FEIEILER T 87.7~117 %, RSD, & LT 7.1 %L FOEMERESNZ. NIV Z 7 = v MY
(KA #Br< 7 EEOZEIY AW T, RENEOTEEINE L /eo7z. T-2 13 K7
A B O ROEMEREY v —F—— R A7 (KH) TEBEINEL R 7. ZOMmoR
BRI IX B BB MBS O s Y 11 ERBRIEO M MEHRIE (BUT TRBRIE D 224 MEfERR
Bl LWwH. ) ICEDONTEEEROCIHMTHEEO BIEEL - T RIGRERTH-72. NIV D
REZZHERE D T L KO~ R U v 7 AR ORKGE CRIBEREN > 72 2 &bl FIEO W R A
METHDEEBEx LN, £z, BBI2 (OfH) © NIV oEIE, <~ 8Y v 7 AR TH
A LERmRBEIC BN THUERRBO LN DT D, OEOWBENMLETHL EEZ
bz, 7B, BN SRM 7 r~ 7T LAD—fil%E Flg.6-1 KN 6-2 12 LTz,
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Table 8 Recoveries for DON, NIV, HT-2 and T-2
) Dry food Semi dry food Wet food Formed jerky
] Spiked for cats for dogs for dogs for dogs
Mycotoxins level B 5 B 5 B 5 B 5
(mg/kg) Recovery RSD, Recovery RSD, Recovery RSD, Recovery RSD,
(%) (%) (%) (%) (%) (%) (%) (%)
0.02 - - - - 99.2 7.8 - -
DON 0.1 106 8.6 96.7 71 - - 103 3.6
0.2 - - - - 984 32 - -
1 103 0.8 933 17 - - 895 16
0.02 - - - - 845 8.8 - -
NIV 0.1 80.2 52 69.8 13 — - 71.8 12
0.2 - - - - 95.8 32 - —
1 79.4 7.3 76.8 1.8 — - 70.3 25
0.01 - - - - 106 53 — —
0.02 - - - - 96.0 4.2 — -
HT-2 0.04 102 6.5 110 55 - - 107 39
01 105 37 104 4.0 9.7 17 106 52
0.5 107 12 107 19 - - 109 21
0.01 - - - - 88.9 4.4 - -
0.02 - - - - 934 25 - -
T-2 0.04 106 25 105 20 - - 108 22
0.1 114 38 104 4.0 89.6 14 108 6.4
0.5 101 19 96.2 24 - - 102 27
] Dried jerky for dogs Dried jerky for dogs Confectionery Milk powder
~ Soiked (hard type) (soft type) (biscit) for dogs for cats
Mycotoxins level 3 5 3 5 3 5 3 5
(mg/kg) Recovery RSD, Recovery RSD, Recovery RSD, Recovery RSD,
(%) (%) (%) (%) (%) (%) (%) (%)
DON 0.1 90.5 13 816 11 99.0 13 103 9.5
1 935 17 855 31 925 16 98.5 16
NIV 0.1 64.9 20 27 6.6 845 6.6 145 9.1
1 737 13 731 10 72.0 27 108 25
0.04 110 48 104 74 113 28 106 53
HT-2 0.1 109 2.8 103 3.6 108 51 108 9.3
0.5 108 23 100 35 104 19 109 1.2
0.04 115 59 103 12 106 24 111 23
T-2 0.1 117 21 108 33 105 28 110 1.6
0.5 96.0 32 87.7 4.3 88.7 7.1 101 1.6
—: Not tested
In dark cell, mean recovery (spiked level: more than 0.1 mg/kg) is less than 80 % or more than 110 %.
a) Mean (n = 5)

b) Relative standard deviation of repeatability
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Fig. 6-1 SRM chromatograms of standard solution and spiked samples
(dry food and semi-dry food)

(LC-MS/MS conditions are shown in Tables 3-1 and 3-2.  Arrows indicate the retention time of
1: NIV, 2: DON, 3: HT-2 and 4: T-2. The baselines were shifted for display.)

A: Standard solution (The concentration is 250 ng/mL of DON and NIV each (2.5 ng as injection
amount) and 125 ng/mL of HT-2 and T-2 each (1.25 ng as injection amount))

B: Dry food for cats (spiked at 1 mg/kg of DON and NIV each (2.5 ng as injection amount) and
0.5 mg/kg of HT-2 and T-2 each (1.25 ng as injection amount))

C: Semi-dry food for dogs (spiked at 1 mg/kg of DON and NIV each (2.5 ng as injection amount)
and 0.5 mg/kg of HT-2 and T-2 each (1.25 ng as injection amount))



92

fEHIFFE RS Vol. 44 (2019)

>
IS

3

2 7500 2

£ ¥ £ 80000

A% ¢ o 60000
o =]
S 4500 i \l’ L

= 40000
g 3000 ) lﬁ| %‘
7] =

£ 1500 | “ & 20000
S =

0 0

5 (7] 7 8 9 10 i1 12 13 12 13 14 15
Retention time / min Retention time / min
B 3 4
£ 7500 @ %

= NE £ 80000
5 2 =
. 6000 =

g 4§ ‘L £ 60000
— 4500 JJ 1' 5

2 40000
‘G 3000 ol 2

5 I }| § 20000
T 1500 -
= e E

0 0

s 6 7 8 9 10 11 12 13 12 13 14 15
Retention time / min Retention time / min

Fig. 6-2 SRM chromatograms of standard solution and spiked sample (wet food)
(LC-MS/MS conditions are shown in Tables 3-1 and 3-2. Arrows indicate the retention time
of 1: NIV, 2: DON, 3: HT-2and 4: T-2. The baselines were shifted for display.)
A: Standard solution (The concentration is 100 ng/mL of DON and NIV each (1.0 ng as
injection amount) and 50 ng/mL of HT-2 and T-2 each (0.5 ng as injection amount))
B: Wet food for dogs. (spiked at 0.2 mg/kg of DON and NIV each (1.0 ng as injection
amount) and 0.1 mg/kg of HT-2 and T-2 each (0.5 ng as injection amount))

38 EEMM (TIR) KOBHRA DK

KD ONFE ORI EARME 2 R L2 %P, DON KOV NIV 128\ Tk 2~1000 ng/mL @ Fuift
T EHRE (7= MRS T 01 mgkg FHY & (Ui f&alEHR P IRE 25 ng/mL FHYS &) |, ¥
= v MG T 0.02 mglkg #8247 (BofRURHE IR EE 10 ng/mL FH4 &) ) , HT-2 XN T-2 1280
TIE 0.5~1000 ng/mL @ Fiffir & 2 D ¥E (7 = v MU LIS T 0.04 mg/kg FH24 & (e #&aE)
PR 10 ng/mL A4S &) , v = v MG T 0.01 mg/kg FHS R (i RUEHE IR E 5 ng/mL AR
WE) ) OFMENGRBROMKENS, BTSN EOEERED 10 F& R BELZ KD,
ZOREHR, DON L ONNIV OFE &R (FR) REIZY = > MRS T01mgkyg, 7=y Ml
i C 0.02 mg/kg , HT-2 X O* T-2 O F&RAR (FIR) WX Y = v MG LISNT 0.04 mg/kg, 7
= v MUS T 0.0l mgkg THo7=. 728, Table 8IT R L-E BV, YEETERA (FR) A
(2B D EINEILGRER RS 5213 DON, HT-2 O T-2 1% 8 a4+ X CoEmgm Akl NIV XK
TARE, B2y PO =y MRBIZEW TR TH- T2,

BHBR AL, EFREINEIGRERIC X0 15 6 N 72 oW E O (R 21 Student @ - % 3 U 7-fE
D2fFE LIz, ZOREER, DON KO NIV OR R IT Y = » MG LISV T 0.06 mg/kg, 7
= v MU T 001 mgkg , HT-2 KO8 T-2 137 = » NG LIAAT 0.01 mg/kg, U = v MG T
0.002 mg/kg T > 7=
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4 FEH
ZoEMAFEEI T O NY a7 R OE 4 fBE (DON, NIV, HT-2 KO T-2) {22\,

JFRL 1% FE1Z LC-MSIMS # W e [RIRFE EiE A T L, LA ORI HE LT,

1) MEAMIE, DON KNIV (X 2~1000 ng/mL (A& & LT 0.02~10 ng tHY &) , HT-2 X T* T-2
I% 0.5~1000 ng/mL (FEAf L LT 0.005~10 ng fHY &) O CEMAEZ R L. B, Y%k
BROBER@MIT, vy FMULLISLTIE DON KON NIV %2 0.008~4 mg/kg, HT-2 O T-2 %
0.002~4 mg/kg & H T 5k, 7= v ML TIZ DON & NIV % 0.004~2 mglkg, HT-2 &} T-2
Z 0.001~2 mg/kg & A 2 5l 2 ARIEITHE VI U 72 St S UBHE IR HF O 4 > OV i FE i PR L2 A3 24
T 5.

2) AEFAWIZEEHZOWT, KB TR e~ N T AL, EEBEHTFL2E—71X
B BN T

3) DON KO'NIV &£ LT 01 KO 1 mgkg FHY & (7 = v MG TIE 0.02 LT 0.2 mg/kg FH
), HT-2 X' T-2 2 LT 004, 01 %005 mgkg fH4 & (7 = v MRS T 0.01, 0.02 &
0.1 mg/kg tHY &) ZIRINL, RIECHES T 5 AT HONT A EM L, [ENE K O UK 45k
W& Z A, DON KON HT-2 1% 8 AT X COZEMW &L, NIV IZY = v MG, T-213F
TA BB OEMGIEY ¥ —F—— 2 A T 2R 6 EOZ g AFHI W T, Rk
DY MEMEFRIEIZED DT B R OO TR E O BIEE 20 7= 3 BAF i s b iz,

4) AKyEIZE D DON KOYNIV oFE&BER (FFR) 1X0.1mgkg (7= > ML Tl 0.02 mgkg) |,
BRI L 0.06 mgikg (7 = v MRS TIX 0.01 mgikg) , HT-2 XX T-2 OEERK (FIR) |
0.04 mg/kg (7 = v ML TIE 0.01 mgkg) , fRHIFRSAIEL 0.01 mg/kg (7 = v MG CIE 0.002
mg/kg) Th - 7=.

5) T-2 O@EIIZOWTIE, REEROFRNAED EEZ BN, NIV ORENIZSWTIE,
~ hU v 7 AR TR LEARBIEICB O THEEERRO BN ho e 2 E0vh, ko
BERVETHDL EEZ DT, £z, NIV OEEIIZOWTIE, ZHH ﬁ7A&UvF)y7
ANBOBFT CHIENED N2 oTzZ e, M FEOHERLETHDL EEZEZ LN,
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