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Development of 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 (NIV), HT-2 toxin (HT-2) and T-2 toxin (T-2) in pet food using a
liquid chromatograph- electrospray ionization-tandem mass spectrometry (LC-ESI-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 pm, 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 respectively.

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), confectionery (biscuit for dogs), milk powder for cats and wet
food for dogs. DON was intentionally added at the levels of 0.1 and 1 mg/kg for the pet foods
except wet food, and 0.02 and 0.1 mg/kg for wet food respectively. NIV was intentionally added
at the levels of 0.1 and 0.5 mg/kg for the pet foods except wet food and milk powder, 0.5 and 1.0
mg/kg for milk powder, and 0.02 and 0.05 mg/kg for wet food respectively. The resulting mean
recoveries ranged from 80.2 % to 108 % for DON, and 85.5 % to 102 % for NIV respectively. The
repeatability in the form of the relative standard deviations (RSDy) was less than 15 % for DON,
and less than 17 % for NIV.

Note that HT-2 and T-2 were excluded from the analysis because of their tendency of excessive
recovery.

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,48,7a,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,80a)-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 C24H3409  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, dried chicken, coarsely ground rice, pea protein, brown rice,
chicken oil, alfalfa meal, potato protein, beet pulp, linseed, protein hydrolysate, oats
fiber, soybean oil, yucca extract, vitamins (V. A, V. Bi, V. B2, V. Bs, V. B12, V. C,

Dry food for cats . . S L .
V. D3, V. E, choline, niacin, pantothenic acid, biotin, folic acid), minerals (K, Cl, Se,
Na, Mn, I, Zn, Fe, Cu), 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,
i Zn, Fe, Cu, Mn, I), thickening stabilizer (glycerin, casein sodium), quality improving
Semi dry food . L . .
for d agent (propylene glycol), preservative (sorbic acid potassium), pH regulator, vitamins
or €ogs (choline, V. C, V. A, V. E, nicotinic acid, pantothenic acid, V. B2, V. Bs, V. B1, V.
B,, folic acid, V. D), food color (titanium dioxide, yellow 5, red 106, blue 1, yellow 4,
red 102), color former (sodium nitrite)
Chicken white meat, vegetables (potato, carrot, green peas), sugar, chicken liver,
Wet food for dogs chicken wingsi .soybear? oil, oligosaccharide, §a1t, refined ﬁs.h oil containhg DHA and
EPA, chondroitin protein complex, glucosamine hydrochloride, plant lactic acid
bacterium K71, thickening stabilizer, minerals, taurine, vitamins
. Beef tongue skin, chicken, wheat starch, soy flour, modified sugar, dietary fiber, salt,
Formed jerky . .
sorbitol, propylene glycol, polyphosphoric acid Na, food color (red 102, yellow 5, red
for dogs
106, yellow 1)
Dried i
ried 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

. Wheat flour, glucose, shortening, cornstarch, sweet potato, oligosaccharide, yeast
(biscuit) for dogs £ & P g Y

Milk (powdered skim milk, casein), oils and fats (plant oil, animal fats, y -linolenic
acid), soy protein, egg yolk powder, oligosaccharide, L-carnitine, minerals (Ca, P, K,

Milk powder for cats Mg, Fe, Cu, Mn, Zn, I, Co), emulsifier, flavor, vitamins (V. A, V. B, V. B2, V. Bg, V.
B, V. D, V. E, V. K, nicotinic acid, pantothenic acid, folic acid, choline), taurine
22 R OK

1) 7 hr=FUn (LC-MS/MSHIERFDEEEERR DA LC-MS - (B -7 A /L AFOLHEEER) )
KLORA S ) — 33 - PCBRBIH Z Wiz, BT > E=v AIEBRIK 7 v~ K
77 7H (1 mol/L &k, &L 7 A /v LROEHMEER) 2 vz, Kix LC-MS Mok
(BLE7A v LREHEER) 2 M.
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DON, NIV, HT-2 & O T-2 OFEHE N, X4 T Trilogy Analytical Laboratory ., i 98.0 %D %,
Dz H .
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3) B EAE YRR

22 O QNIRLIETFROE N NETE RT7A4 7 v 7/, BESNZEOTE M=K U L&
ZTCENL, FEEREZRE L (D OFEREFE 1 mL X, £200% & LT0.1 mg %
EETDH. ) .

4) NOFERGEER

FEEREO - EREEZRAL, TR =RV LTERICHERL, 1 mL FIZEN»PEFEE LT
10 pg & A3 DIRGARMERK 2T U7z,

EHIZE LT, BRAEERKRO —E&EZK—AF /) —L—7r=KrJ/L (18+1+1) TIE
fEIZAIN L, 1 mL FIZEEE LT 05, 1, 2, 4, 6, 8, 10, 20, 40, 60, 80, 100, 200,
400, 600, 800 K& TX 1000 ng % & T HiRAGEMERZ TR L 7.

23 HEEROEGE
1) KBy - ZM 200 Retsch B (ABE& 1mm A2 U —2, i HFFE#ER%% 14000 rpm)
2) 7—F7oety¥—:MKK8 N FV=y sl
3) IRE O FIFA Y = —H —MW-DRV B AT (f ARHRE & 9 %% 300 rpm)
4) EIRFEE  FC-410 7 RV T v 78l
5) ZH%RE T A : MultiSep 227 Trich+#% — kU »» ¥ Romer Labs
6) AT I T ANHE—
DISMIC-13HP (L% 0.2 um, EfE 13 mm)  HEFEKHR
Ekicrodisc 13CR (#L£% 0.2 um, [E# 13 mm)  PALL
7) LC-MS/MS
LC #F : ACQUITY UPLC System Waters
MS i : ACQUITY TQ Detector Waters
24 TEEIFE
1 #h
i U=y MG
IINTRREL25.0 g B> T200mL DA =7 T X alZ AN, T r=FUL—K (21+4) 70

mL 2001 %, 30 43[R 0 IR CTHI L7=#%, 10 & L7, fiHiEZ 100 mL o deeim ok

BIZALL, 1600xg T 5 Ot L, REAREE 200 mL O2E T 7 A 2l Afz. e

DIREE 72 F=h U b—/K (21+44) 70 mL T L, WiEEZIEREO-E =47 7 22|

B, [FERIZ 30 R 0 IR Tt L=, WA etk DL EAE I AL, 1600xg T 547

M B L, EBAREEOEET T AIMA, BICRET7 7 ATOERETTE =1

Uv—oK Q1+4) =Nz, 717 LAERIZHT H3EHAKR & L.

i Uy ML
SHTRREL 25.0 g &> T 500 mL O3 =MA 77 232 A, 7 =KV —K (21+4)

200 mL 2Nz, #HE L T60 °C T 60 /yMahiEs%, =i T 60 /3R IR Thitk L7z, fliHik

% 50 mL O e LILEE I AL, 1000xg T 5 im0l L, EEARiRE B 7 MLEIZ g

DRBHER & LTz,

2) T LHLER
AREHAIR & 2687 7 KM ARL, WIDOWMIK 3 mL 2T, ZO%OWHK 3 mL (7= > b
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R TIE 5 mL) % 10 mL ORBREICZ T, Z0O 2 mL (Vv ML TE4 mL) % 50 mL
DIRFH T T A ZERMIZALL, 50 °C LLFOKIBTIEE A EHLET 5 £ CRITLRM L/-1%, &5
HA o CHE Lz, K=2A% /) ——7% =1/ (18+1+1) | mL % ERECHIZ CREY
BEWINL, AT T 7 4N —%HNTAE L, LC-MS/MS 12X 2 HIEIZHT 2 50HANR &
L7-.

7B, HINZIZOWTIE, LC-MS/MS 12 X HMEICHES 23 EHAR O —ER/EAK— A X ) —
N=TF F=hFU (18+1+1) TIEMEI 5 HEARL, Bk, NIVEEHOREHERKR S L.

3) LC-MS/MS (2 Xk B HlE
AREHAR K O MO BIR G E R4 10 uL 2 LC-MS/MS IZHFEA L, B|IROSHE (LT
[SRM| &\W95. ) ra~<w 778557, WES NS Table2 KO3 ITR LT,

Table 2  Operation conditions of LC-MS/MS
Column ZORBAX Eclipse XDB-C18 (3.0 mm i.d. X 150 mm, 5 um), Agilent Technologies

10 mmol/L. ammonium acetate-acetonitrile (19:1) (hold for 1 min)— 14 min

Mobile ph: ) . .
obrle plase — (1:19) (hold for 10 min)— 1 min— (19:1) (hold for 9 min)
Flow rate 0.2 mL/min
Column temperature 40 °C
Ionization Electrospray ionization (ESI)
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)
Collision gas Ar (0.25 mL/min )
Table 3 MS/MS parameters
Precursor Product ion Cone Collision
Target Mode ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
DON B 355 265 - 10 10
- 295 10 10
NIV B 371 281 - 10 15
- 311 10 10
HT-2 + 442 21> — 20 20
- 263 20 15
T2 N 484 185 - 34 22
- 305 20 15
4) B

HFoi/e SRM 7~ 77506 E— 7 HBEAONE I ZRO TRERZERL, 3B
DON, NIV, HT-2 KON T2 &% H L7,
7k, EEEOHES Scheme 1 [Z/R L 7=,
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Samples except for wet food

Sample 25.0 g

——added 200 mL of acetonitrile-water (21:4)
— swelled sample at 60 °C for 60 min

Wet food

Sample 25.0 g
——added 70 mL of acetonitrile-water (21:4)

— shook for 30 min and allowed to stand for 10 min

TEORE 57

— shook for 60 min — centrifuged for 5 min at 1600xg
— transfered supernatant to 200 mL volumetric flask
——added 70 mL of acetonitrile-water (21:4) to residue

—— shook for 30 min and allowed to stand for 10 min

— centrifuged for 5 min at 1000xg

— centrifuged for 5 min at 1600xg

transfered supernatant to 200 mL volumetric flask
MultiSep 227 Trich+ and filled up to 200 mL with acetonitrile-water (21:4)
— wasted 3 mL of elute

—collected the elute 3 mL (5 mL in wet food)

——transfered sample solution 2 mL (4 mL in wet food) to eggplant-shaped flask

—— evaporated to dryness under 50 °C

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

— filtrated through membrane filter (PTFE 0.2 um)

—diluted 5 times with water-methanol-acetonitrile (18:1:1) in case of determining NIV in milk powder

LC-MS/MS

Scheme 1 Analytical procedure for DON, NIV, HT-2 and T-2 in pet foods

25 AUT T T 4N —OE L
K=ALZ ) —=n—=T% =1V (18+1+]1) THE L7z 25 ng/mL ONUHIRSIEERZ H, R
PRI L Y PALL /DA 7T 7 402 — (ME : PTFE) (2L T Al L7 ARER & A L7
WIEHER A LC-MS/MS IZ XV HIEL, Bon&ENn0HEO Y — 7 mfga ik L.

26 vxv MDA AR E Lz JFRL OO B THW I ERE
FMHMEY ¥ —F — — RZ A FIZE 0 OF & LT 0.1 mgkg #2482 Lotz
WT, BAFO D)ICHEDEK 3 A0MT CHEIEL, &4 OREIGEA g L7z,
1) ekl 25.0 g 2> T 200 mL O =A 7 7 23T Ak, 7 h=KU/L—/K (21+4)

100mL Z0 %, ZA L T60°C T 60 MEE%, E|IET60 MR BT T Lz, fhiHak
% 50 mL O3 OIREAE I AL, 1000xg T 5 rfmaO gL, EEARO—EEET & b
= kU JL—oK (21+4) TIEFEIC 2 7R L, 7 20 I+ 23 BHAKRE L=, LKL 2.4

D 2), KO HIHENEELT.
2) DOEIEDHI L, He=/A 7T 2% 200mL 7>5 300 mL |
3) 24D )i, 2), LT HITHENVER L.
2.7 By IV BB IR O ARG S O Fest
240 DER2NZLVAK LM IV OT7 T 0 73 EHARRIZ, NIV & LT 0.5 mg/kg FHY &
(AU C 125 ng/mL FHY &) ZRINML7Z~ b U v 7 AEHER L OO~ NI v 7 AE
Wi K— A% ) —L—TF r=F U/ (18+1+1) TIEMEIZ 5 EFKO 10 54 L7 3EHAK %
THELL, 2.2 O HITHE- TR L - RIEE O NIV AZER ISR 25— 7 I 2 iR Lz
2.8 WINEN R
2.2 ® 3)? DON HEHEJFHK K O NIV ARk 2 7 2 b= F UL TIEMEIC AR LA v 7z,

AR L, FROBIEEZIT-T-.
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DON & LT, = FUFLIADFENT 0.1 T 1 mg/kg MY B (R fEFUEHAT € 25 KOV 250
ng/mL) , 7= v MEE (FE#) (20.02 %0001 mg/kg A4 E ([7 10 2T 50 ng/mL) , NIV & L
T, I ROT oy MRS DS OFENT 0.1 KT 0.5 mg/kg MY & (A 25 L TN 125 ng/mL)
¥y L2712 0.5 OV 1 mg/kg A4 & (A 25 OV 50 ng/mL) , 7= v ML (FY) 12 0.02 KO
0.05 mg/kg FHY & ([A] 10 2 O¥ 25 ng/mL) 12725 L2 IZENENEMNZ LSRG L, vy Nl
LM O W T — K ERE, 7y FUTIZHOWTIE 30 DI EEHE LI-%IC, RKECKE-T
WINEN SR & F2 i L, SRR & OIR LR &2 R 7.

3 BWRERUBE
3.1 s

220 HIZE AL KIRAIEAER 10 uL 2 LC-MS/MS IZIEAL, 57 SRM 7 12~ b
I AN E— 7 mEELOE S & WD CTRERR A ERC L 72,

DON } O NIV [ 2~1000 ng/mL (7 A& & LT 0.02~10ng #H24 &) , HT-2 T T-2 1% 0.5~1000
ng/mL (JEA&E L LT 0.005~10 ng tHY &) O THEMMEZ R Lz, ok, SE%BREHRORE
#PHIX, V= v NULELIATIE DON L TNNIV % 0.008~4 mg/kg, HT-2 &N T-2 % 0.002~4 mg/kg
GHET Lo HFEE, Uy MUK TIEDON K UNNIV % 0.004~2 mg/kg, HT-2 & TNT-2 % 0.001~2
mg/kg EA T D N BB 2 ARTEICHE VT U 72 e i RUEHATR R O & D OV IR FE & H IS4 9 5.

32 AUT T U7 4 NE—DORKE

AT W T, IfERUEHATRIE 5000xg T 5 Ay Dy BEtg O EERR E L TWian, 20k
HRABHAIR Z LC-MS/MS [ZIEALTEEZ A, BT LADFEEFVRA L. £ 2T, REREHE
W ORERR Y DBREBAEIZONWT, BLSEEND AT T 7 4V H—IZEEL, 2.5 20
BEMOHFOREDHELZHER LT, TOMGIL Table 4 DBV, KAV T T T4 LE—DE
— 7 WFE L, APEIERILT 97.0~101 %, PALL #iX 94.8~103 % THYV, AT T 7 4 V5 —
~OWAEIZ L DEEBIIME2 VLD Th o7,

Table 4  Adsorption of each mycotoxin by membrane filter

DON NIV HT-2 T-2
Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
Toyo Roshi Kaisha, Ltd 101 L5 97.0 7.3 100 4.3 99.8 4.9
PALL Corporation 98.4 83 103 9.4 96.8 6.6 94.8 2.1

a) Mean (n = 3)
Ratio of peak area of mycotoxin after filtration to that before filtration

b) Relative standard deviation of repeatability

3.3 fhiH S ORE
ATRICB T, vy ML O NIV ORI RERE O 24 R E O B %2 FE 5
fER Lo RRIE, HEHEICH T 2REESCHHRAE RN Y TIE <, BVIBENRA+4074k
CICE DR TICHERH D EEZ LN, 2D, 2.6 1TV, T BIER O
BENORBRBEBEEEZT, FRMECBT AR L g L 7.
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Z OFERIT Table 5 D LBV, NIV OENE I ES & 200 mL & OF #5455 500 mL Offi
FEIZBNT 905 %L 72, A& B L TRAFRFIR TH o7, 72, DON DEULFIZHON
Th, 102 %e BAREERNME O, —F, T2 13&MEAECBNCHEEIR E 2D, Fi,
HT-2 2B W T H i ENOMH [ T > 72,

DL DORRNE, U=y MG DSOS TR A S 200 mL & VA FRA & 500 mL (2
EHEL, P4 b HT2 KON T2 R4 LT, B 2175 2 & & L.

Table 5 Recoveries for mycotoxins in dried jerky for dogs (hard type)
under various extraction conditions

Spiked level Extractant volume Flask volume Recoverya) RSDrb)

Name
(mg/kg) (mL) (mL) (%) (%)
200 78.6 7.4
100
DON 0.1 300 81.3 8.5
200 500 102 4.0
200 68.7 3.8
100
NIV 0.1 300 71.8 6.7
200 500 90.5 4.0
200 114 2.6
100
HT-2 0.1 300 108 2.8
200 500 109 3.4
200 138 6.1
100
T-2 0.1 300 129 4.5
200 500 127 3.8

In dark cell, mean recovery is less than 80 % or more than 110 %
a) Mean (n =3)
b) Relative standard deviation of repeatability

3.4 By I T RBHEE O AR R OMET

ATRICBWN T, IV O~ b v 7 Z8ERABRTIX NIV (220 Tl B O H A3 7 5 du7z.
A, HHEEEZZFTE L2 LD, NIVISHT 28 07 sEHEIR 1 O FHER T I RS 5 A
FACARE DA 2.7 ITHEWRERR L7z,

ZDOFEFIL Table 6 D LBV, WEHAKZ AR L7202 7o B4 TImEIR O 23 7 5z 23,
FRTHZEICED, v~ Y v 7 2AOEENMRI T,

UEDOFERNS, I A2 O NIV OERICEBWTIE, 77 2% O Z 5 EaRL
TLC-MS/MS IZffkd 52 & & L7z,
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Table 6 Effect of matrix effect on NIV detection in milk powder for cats

NIV concentration Matrix
Dilution rate in matrix . " effect”
(-fold) standard solution n samp’e
(%)
(ng/mL) (mg/kg)
no 125 0.5 136
5 25 0.5 112
10 12.5 0.5 98.1

n=3

a) Converted from the concentration in matrix standard solution

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

3.5 ZHEREN T L5 O TR E 4y DO FERR
K785 (H) 250 g% 24 O 1) ilc X VFRE L0 7 2082467 2 50K IZ, DON
JLOYNIV & LT 1 mg/kg fH4 B2 IR0 (sl EHAIR P C 250 ng/mL FH4 &) L, ZH%fED 7
LMD ORIy AR Lz, T ORI Table 7 ® LB THY, DON KO NIV (X7 HTE 3
mL LA E D4y Tl 88.7 %Lh LDt 2380 7=, Zd7-®, JFRLEE FHICY = v MG LIS
SN T ;‘cfﬁﬂbf)@{;mﬂj«ﬁz 3mL ##T, ZO%D3~6mL O35 2mL 8T 5Z & & L.
kB, v=xv b ZOWTIEATER THERR W A D T2 O EHI A L7z,

Table 7  Elution patterns of DON and NIV from MultiSep 227 Trich+

0/\)
Types Target (%)
0~ImL 1I~2mL 2~3 mL 3~4 mL 4~5mL 5~6 mL 6~7 mL
DON 35.7 84.6 110 90.5 91.5 93.9 95.2
Dry food for cats
NIV 0.1 23.5 61.0 88.7 98.7 101 109

n=1
a) Concentration of the target component in efflux after the column processing / that in

the sample solution before the column processing % 100

3.6 WEWEOKGE
vy NUSLLSO 7T RRIEE R, KRB R LZREHAR 2 LC-MS/MS IZHEAL, 55
NI SRM 7 u~ b7 7 AEfERLIZEZA, WTFROREHIIB W TS DON KU NIV DR
T HE—=2 13RO oo lc. Uy MERIZOW TIXHETH CHEGRFE A D 7o O REHTA I
L7,
7B, BOHNZSRM 7 u~ N7 T Ak Fig. 2 IR L7z,
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Fig. 2 Typical Selected Reaction Monitoring (SRM) chromatograms of DON and NIV
in standard and blank sample solutions

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

A: Standard solution (25 ng/mL each as DON and NIV)

B~H: Blank sample solution (B: dry food for cats, C: semi dry food for dogs, D: formed jerky
for dogs, E: dried jerky for dogs (hard), F: dried jerky for dogs (soft), G: biscuit for dogs,
H: milk powder for cats)

3.7 v U v 7 AFOMR

24 ® )i, 2JFO N K VAR LT = v MU DA O EIiEY HEAE O 7 F v 7 SUBHA TR
\Z DON & LT 1.0 mg/kg fHY & (RA&FEHA T T T 250 ng/mL #H24 &) , NIV & LT 0.5 mg/kg
MY E (F125ngmL Y E) Z2ZNERRMLZ. BI/LZ ONIVIZOWTIE, ERRRINER
EK—=AZ ) ——=TF F=hrU/L (18+1+1) T 5 EMR L CTRAAERENAI T 25 ng/mL 434
BLLEA~ MY v 7 AEUEKR ZER L, 2.2 @ HITHE-> THEL L 7R E O O FE UK 12
KT HE—VHBEEHELIZEZA, Table 8 DEBY THY, {1 OFITRAE~FY v 7 X
WCERDREREEEZZITHZERHEREETH S T2,
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Table 8  Matrix effect study
Concentration Matrix effect ”
in matrix standard  in sample ¥ (%)
fpes (ng/mL) (mg/kg)
DON NIV
DON NIV DON NIV
Dry food for cats 250 125 1.0 0.5 102 100
Semi dry food for dogs 250 125 1.0 0.5 89.8 97.2
Formed jerky for dogs 250 125 1.0 0.5 95.1 101
Dried jerky for dogs (hard) 250 125 1.0 0.5 89.3 94.9
Dried jerky for dogs (soft) 250 125 1.0 0.5 94.5 89.1
Biscuit for dogs 250 125 1.0 0.5 94.6 97.7
Milk powder for cats 250 25 1.0 0.5 99.6 112

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

3.8 WANEI A ER

2.8 12 &0 WML ER R & F2htE L 7=

ZORERIL Table 9 @ L0, DON O EHJ[EIIT K X

80.2~108 %, Z DR UAEE IXFERAE R # (RSDy) & LT 15 %LL T, NIV O FEEJREIE X
FRERVE O G HERIEICED b LTz
B R OPHMTHE O B (B : 80~110 % (BSIEEEA 1, 0.5 X 0.1 mgkg OHH)
60~115 % (FRIPREED 0.02 KT 0.05 mgkg DIGE) , FE 0 16 %L T (RINEE D 1 mg/kg O
BA) , 22%LL T (BSINEEEAY 0.5, 0.1, 0.05 %10 0.02 mg/kg DIFE) ) Ziiz LTz,

85.5~102 %, RSD: X 17 %L FTOKRENEOLNTZZ &b,

7B, BFOHNTZSRM 7 a~ v 77 AO—Bl% Fig. 312" L7z,
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Table 9  Recoveries for DON and NIV
) Dry food for cats Semi dry food for dogs Wet food for dogs Formed jerky for dogs
. Spiked level
Mycotoxins a) b) a) b) a) b) a) b)
(mg/kg)  Recovery RSD; Recovery RSD; Recovery RSD; Recovery RSD;
(%) (%) (%) (%) (%) (%) (%) (%)
0.02 — — — — 89.8 14 — —
DON 0.1 106 6.2 106 4.2 101 1.5 108 5.0
1.0 89.2 2.2 100 15 — — 80.2 8.7
0.02 — — — — 85.5 11 — —
0.05 — — 87.9 5.3
NIV
0.1 97.1 11 102 3.0 — — 92.7 1.1
0.5 90.7 3.7 89.1 17 — — 94.9 13
Dried jerky for d Dried jerky for d
TieC Jerky "or cogs T Jerky “or cogs Biscuit for dogs Milk powder for cats
) Spiked level (hard) (soft)
Mycotoxins ) b) 2) b) a) b) a) b)
(mg/kg)  Recovery RSD; Recovery RSD; Recovery RSD; Recovery RSD;
(%) (%) (%) (%) (%) (%) (%) (%)
0.1 83.7 4.7 82.1 2.2 88.4 5.5 104 3.4
DON
1.0 100 1.9 98.0 1.2 102 0.4 89.3 2.8
0.1 90.9 11 91.9 3.2 85.9 14 —
NIV 0.5 99.4 1.6 92.3 2.7 95.8 2.3 88.6 9.1
1.0 — — — — 89.9 2.6
—: Not tested

a) Mean (n = 5)

b) Relative standard deviation of repeatability
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Fig. 3  Typical SRM chromatograms of DON and NIV in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the retention time of
1: NIV, 2: DON. The baselines were shifted for display.)
A: Standard solution (The concentration is 250 ng/mL of DON (2.5 ng as injection amount)
and 125 ng/mL of NIV (1.25 ng as injection amount).)
B: Dry food for cats (spiked at 1.0 mg/kg of DON (2.5 ng as injection amount) and 0.5 mg/kg
of NIV (1.25 ng as injection amount))
C: Standard solution (The concentration is 25 ng/mL of NIV (0.25 ng as injection mount).)
D: Milk powder for cats (spiked at 0.5 mg/kg of NIV (0.25 ng as injection amount))

3.9 EERES (FR) K OWH R ORME

DON K ONNIV O AR SR 23 ELARE 277 U 72 $iPH, 45 2~1000 ng/mL @ Fiaflir & 72 2% (DON
WZBWTIEY = v MDA T 0.1 mg/kg FIY & (Rl EHAR T C 25 ng/mL /A4 &) , V= v
MRS UE®) T 0.02 mg/kg MY E (A 10 ng/mL AH4S &) , NIVIZBWTIZH I LI KDY =
v MDA T 0.1 mg/kg F Y & (B fERURHE RIRFE 25 ng/mL FHY &) , ¥y I/ 2 T 0.5 mg/kg
YR (A 25 ng/mL Y &) KOVU = v ML (JRY) T 0.02 mg/kg FH2 & (A 10 ng/mL #84
&) ) OWMENGREBROFER, B o0 EOFEERAD 10 5L R DRELZKRD .

Z O A, DON OE&ERA (FIR) REZY =y FGLSAT 0.1 mgkg XOU = v g
(JR4) T 0.02mgkg & L7z, ZALH O IIE LB DR O L YEE O e b ARWE G -
Lpg/g) X LT1/10 (V= LD KOVL/S (7w FELEY) TH Y, HBRIEDOZ Y
WIEICED b BAEE CGEEEED 1/5 LN (U= y MERESL) , EEEO 12 LT (T =y
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R OKDERR 10 %A LZLoiIcxt L) ) ) &L T\, £/, NIV OTE&ER
SOCFRR) REIFH I ROT = v ML LIS T 0.1 mg/kg, #3302 T 0.5 mgkg K'Y = v
N (FRY) T 0.02mgkg & L7z,

REOKRM FTREZHERT 2720, EFREMEGREBRIC XD 55072 00 E O R AR £
Student D t-fEZF U7 HED 2 5% RO T7=. ZOF5E, DON ORHBERREIXY = » MG
T0.03 mg/kg, 7 =v MU (F¥%) TO0.01l mgkg & L. T D OHEEIZEZTEY RSO
HEWEEOR HIERVE A 1 pug/e) X LT 1/33 (v y FRGBEAN) RO /11 (7 =y
i) TH Y, REBREOZYMEHRIEICED b BIEE GEH¥EO 1710 LT (7= v ML
o), BEEO1BUT (V=y ME OKDEAEI0%ICHE LZbDIZLT) ) ) &k
LCTWe. NIV OfHBREEITIR I V7 KT = v ME LISV T 0.05 mg/kg, ¥I/v27 T 0.2
mg/kg, V= MG (JF4) T 0.008mgkg TH o7z,

723, Table 9 IR L7z &Y, YUk &R (FIR) REIZR T D IRINENGERRS R 1T R 4F
THoT-.

4 F&EOH
@ AR O N U a7 R0 OEO DON, NIV, HT-2 KON T-2 [I22W T, RifE RIS

LC-MS/MS % H 72 Rl R§ 1E B O B DeBh i) B L DR E~ DB H O F S IZ OV TRET L7z & 2

A, BIHRGONNEE 4 FEMS 2 (DON LN NIV) ICAHE, g L O i A s &

DEL, BINTHO NIV O~ b v 7 R K HHBEZIRT 5 72O RERENEREY 5 BART

HZET, UTORERELN, BHNARETHLIEEZ L.

) 7088, I T8, Yy —F— EMLEBESYy—F— (VKA TKDY T
FEAT) , BFRIECICHINZIZONT, KEZE>THELNTZ SRM 7 r~v M7 J Al
%, BREZHT 58— 138O o7z,

2) AREZHENELNTZFHEHEKIZOWT~ b v 7 R R A2 MR L72F5 %, DON KO NIV L&
Bt~ MY v 7 AR DREREEEZITHZ L RMEARTH ST,

3) DON &£ LTV = v ML OFEHZ 0.1 KOV mg/kg FHY &, 7= v MG (JF) 120.02
KV0.1 mgkg FHY &, NIV & L TH IV KOT =y ML DAAOFREHT 0.1 X T 0.5 mg/kg HH
i, I AZI205 LK 1.0 mgkg fHYE, vy MG (FEY) (2 0.02 2T 0.05 mg/kg A2
AWML, REIZWES TS mOHMTo0 2 3 L, FEIEEE O UEE ZRkoi- L 25, 3Bk
LD A VEMEFBIEICE O BV HE R OHMTRHE O BIEEZ - R RERBHF O

4) ARED DON OE&ERA (FR) WREIXY = v ML T 0.1 mgkg, V= v S (%)
T 0.02 mg/kg, MRHBABEEZY = MR LIAAT 0.03 mgke, V= v MG (F#) T 0.01
mg/kg, NIV OERRERR (FR) BEIHILVZ KO Y = v MRS T 0.1 mgkg, ¥y /L7 T
0.5mg/kg X O =~ ML (FE#) T0.02mgkg, BHBFREEIIH I L2 KT = v ML
AT 0.05 mg/kg, #3I/V27 T02mgkg, V=v NG (JE¥) T0.008 mgkg ThHo7o.

RE L7 DON OFE&RA (FR) ROM R E, SBREOZ S PEMRIEIZED it BAE
B2 LT,
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