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Determination of Deoxynivalenol in Dry and Semi-dry Type Pet Foods by LC-MS
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An analytical method was developed to determine deoxynivalenol levels in dry and semi-dry pet
food using liquid chromatograph-atmospheric pressure chemical ionization-mass spectrometer
(LC-APCI-MS).

Deoxynivalenol was extracted from pet food with acetonitrile-water solution (21:4 v/v).
Twenty five grams of pet food was added to 100 mL of acetonitrile-water (21:4 v/v) and heated
at 60 °C for an hour before extraction. The extract was diluted to two-fold with acetonitrile-
water (21:4 v/v). The diluted solution was purified with MultiSep 227 Trich+ multifunctional
column (Romer Labs Inc.; Union, MO, U.S.) and desolvated. The residue was dissolved in
water-methanol-acetonitrile (18:1:1 v/v/v) and analyzed by LC-APCI-MS.

Spike tests were conducted on four kinds of pet food. Adult dry dog food, adult dry cat food, all
life stages dry cat food, and small breed adult semi-dry dog food spiked with 0.1 or 2.0 mg/kg, 0.1
or 1.0 mg/kg, 0.1 or 1.0 mg/kg, and 0.1 or 1.4 mg/kg of deoxynivalenol, respectively. The mean
recoveries of deoxynivalenol ranged from 88.2 % to 108 % with relative standard deviations of

repeatability of not more than 6.8 %.

A collaborative study was conducted in eight laboratories using four kinds of pet food. Adult dry
dog food, adult dry cat food, all life stages dry cat food or adult semi-dry dog food was spiked
with 2.0 mg/kg, 1.0 mg/kg, 0 mg/kg (without added deoxynivalenol) or 0.2 mg/kg of
deoxynivalenol, respectively. The mean recoveries of deoxynivalenol were 97.3 %, and both
repeatability and reproducibility in terms of the relative standard deviations (RSD, and RSDy)
were 6.5 % for adult dry dog food. These values were 97.1 %, 5.7 % and 7.2 % for adult dry cat
food and 97.6 %, 2.8 % and 6.3 % for small breed adult semi-dry dog food. For naturally
contaminated all life stages dry cat food, the average quantitative value of deoxynivalenol was
0.225 mg/kg and RSD, and RSDg were 6.6 % and 9.4 % respectively.

This method was validated and established for use in the inspection of pet food for

deoxynivalenol.
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Fig. 1 Chemical structure of deoxynivalenol (DON)
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Table 1  Examples of ingredients list of pet foods
Pet food types Ingredients
Complete and balanced Grains (maize, rice, wheat flour, unpolished rice, etc.),
dry type for adult dogs meat (chicken, beef, etc.), plant protein, oils and fats (palm oil, soybean oil,

sunflower oil, etc), alimentary fiber (beat pulp), dehydrated protein, soybean,
xylose, vegetables (carrot, tomato), green tea extracts, powdered milk,
vitamins (A, By, By, Bs, B12, C, D3, E, choline, niacin, pantothenic acid,

folic acid), minerals (Zn, K, Ca, Cl, Se, Fe, Cu, Na, Mn, I, P),

amino acids (glycine, methionine, cysteine), preservative (potassium sorbate),
colorant (caramel), antioxidants (mixed tocopherol, rosemary extracts),

pH adjuster

Complete and balanced
dry type for adult cats

Wheat, poultry meal, cone gluten meal, beef fat, dehydrated protein, egg,
fish meal, tuna meal, bonito meal, sardine meal, lamb meal,

beaf meat meal, potato, powdered milk, powdered cheeze, cereal bran,
vegetable meal, minerals (Ca, K, Na, Cl, Fe, Cu, Mn, Zn,

I, Se, Co) , vitamins (A, D, E, K, B;, B,, pantothenic acid, niacine,

Be, folic acid, biotin, Bi,, choline, C), amino acids (taurine, methionine),
colorant (food red no.2, food yellow no.4),

antioxidants (mixed tocopherol, rosemary extracts)

Complete and balanced
dry type for cats in all
growth stages

Grains (maize, cone gluten meal, wheat flour, bread crumbs),

meat (poultry by-product meal, powdered beef, powdered pork), fishes (fish meal,

dried bonito fish, bonito extracts, powdered small fish, powdered white bait),
oils and fats (palm oil, chicken oil, beef oil, y -linolenic acid),

white meat chips, defatted soy bean, oligosaccharide, harbs (thyme,

dill, fennel), vegetables (tomato, carrot, spinach), powdered cranberry,
minerals (Ca, P, K, Cl, Cu, Zn, I), wall of yeast cells, pH adjuster,

amino acids (taurine, triptophan, methionine), vitamins (A, B1, Bz, Be, E, K,
nicotinic acid, pantothenic acid, folic acid, choline), colorant (annatto pigment
food red no.102, food yellow no.5, food blue no.1, titanium dioxide),

antioxidants (mixed tocopherol, rosemary extracts), glucosamine, chondroitin

Complete and balanced
semi-dry type for adult

small dogs

Meat (chicken, etc.), saccharides, beans, starch, grains, fish, oils and fats,
powdered green tea, alimentary fiber (powdered cellulose), vitamins (A, D, E,
B, B2, Bg, B2, C, nicotinic acid, pantothenic acid, folic acid, choline),
minerals (calcium phosphate, calcium carbonate, sodium chloride,

magnesium sulfate, ferric sulfate, zinc carbonate, copper sulfate,

manganese carbonate, calcium iodate), emulsifier,

thickening stabilizer (glycerin, casein sodium),

quality improving agent (propylene glycol), preservative (potassium sorbate),
pH adjuster, colorant (titanium dioxide, food red no.106, food yellow no.4,
food yellow no.5, food blue no.1), colorant (sodium nitrite),

antioxidants (sodium erythorbate, mixed tocopherol, rosemary extracts)
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Table 2 Operating conditions of LC-MS for analyzing deoxynivalenol

Column ZORBAX Eclipse XDB-C18 (3 mm i.d.X250 mm, 5 pm)

Mobile phase 10 mmol/L ammonium acetate solution-acetonitrile (19:1) (1 min) -
10 min - (1:1) > 4 min - (1:19) (15 min)

Flow rate 0.5 mL/min

Column temperature 40 °C

Ionization Atmospheric pressure chemical ionization (APCI)

Mode Negative

Nebulizer gas N, (2.5 L/min)

Interface temperature 400 °C
Heat block temperature 200 °C

CDL temperature 250 °C
Monitor ion m/lz 355
4) 7 H

SBont-®mRAs A vtz a~ 77 5035 DON O — 7 HEZ KO TREREZIERL,
B> DON &2 HH L=,
B, EEIEOEE % Scheme 1 (TR L7z,

Sample 25.0 g

——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 1,000xg

— dilute supernatant with same volume of acetonitrile-water (21:4)
MultiSep 227 Trich+ multifunctional column

— apply sample solution

——waste 3 mL of elute

—collect the elute 2 mL

—— evaporate to dryness under 50 °C

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

— centrifuge for 5 min at 5,000xg
LC-APCI-MS

Scheme 1 Analytical procedure for deoxynivalenol in dry and semi-dry type pet foods
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Fig. 2 Calibration curve of deoxynivalenol by peak area
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Table 3  Quantitative value relative with dilution of extract solutions

Sample solution Undiluted solution Diluted solution (two-fold)b)
Pet food types Quantitative value (mg/kg)a) Quantitative value (mg/kg)a)
Dry type pet food for dogs A 0.047 0.067
Dry type pet food for dogs B 1.23 1.31
Dry type pet food for cats 0.090 0.098
Semi-dry type pet food for dogs 0.067 0.072

a) n=2

b) Extract solutions were the same origin of the left column.

3.4 HhH AT O IR O ES
MEHIER L C—HOMH R 7 A4 58T, By AR L7 %ICEIE K OWIE USRS O T A3 R
bhiz. LrL, ThboiEtzMnTh, REFMNZIREFRERNGEONTEY, £z, WTh
DFEIZBNTHMH LIEER, el 7 JEMEITRO 6o Tz,
IO, o AR LN YEEEHTM S OB AR Z 0, DON O % 8515 7= 7 HE
PEZ B, IRE D M ORTNIZING - BEEEZ N2 5 2 & 2Rt LTz,
DON (Z X 2V5 Y358 btz 5 B O Z B AR CRA N7 4 80 2 B8, MA N7 A
R 2 FEEE ORI FIA8 1 5 [2onT, ok 10 g lc7E b=k L—K
(21+4) 100 mL Zh1 R 7=, EHIZIRE 5 (Raotrt o #—1k) LA L 40, 50, 60
IE 70 °C IZERE LI-1HIRME T T 60 o RIFHE Lz, IRESMHLEEA L OERME L L
72 (—EEREHZ DWW TIE 40 LV T70°C 28/ LT=. ) .
ZOFERITFig. 30LBY THY, RAKOHHO K7 AT, #IRE 5 HHORNITINET 5
LKV EWERENEONDIRER -T2, 72, BEICXDZEERMBEOEIIZOWVTIT,



66 fREHFIEHE Vol. 37 (2012)

50 )CLLET—ETHoz. WA THE 78 = U EkiE, Wit 76.5 °C TAMK 16 %
OIWIREME 2D Z LD, BREOT-DMHFTONMBIEEIX 60 °C & L.

IRRERENZ DWW TR, RA R A S ROMH R 7 4 854 1 FEEEZHY, 3008 60758 %
B L 7e PRsBR (n = 3) OFER, EEMEICHEIZZR S, MHHMEERZETRA FT A 825 T 30
57 :98%, 6043 4.7 %, WHRZAET304:72%, 6057 :55%& 60 3N L7z 74
TS VHRA AR D o7, 60455 & L.

0.5 -

0.4 - & <> @ =&=Dry type fordogs A

== Dry type for cats A
. / -

Semi-dry type for
02 Pg?-_. dogs A
=>&=Dry typefordogs B

0.1 1 == Dry type for cats B

Concentration of DON (mg/kg)

0.0 . . . . .
RT 40°C 50°C 60°C 70°C

Temperature of swelling before extraction

Fig. 3  Concentration of deoxynivalenol (DON) in pet foods derived by
several temperatures of swelling before extraction
(40~70 °C: Samples were swelled at each temperature for 60 minutes before extraction;

RT: DON was extracted without swelling of samples.)
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111 %, BEH BT A "G T 86.2 %, EMEEMEIMH FT A Wi T 74.3 %M ORCRE] - MERF /N
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Table 4  Recoveries of deoxynivalenol from four kinds of pet food

Pet food types
Spiked level of Dry type for cats in all Semi-dry type
d§0xynivalenol Dry type for dogs Dry type for cats ” g};f)wth stages for smarﬁ] d}(I)I;S
(mg/ke) Recovery” RSD,”  Recovery”® RSD,”  Recovery ™ RSD,”  Recovery”® RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
2.0 92.6 2.5 - - -
1.4 - - - 96.5 1.8
1.0 - 97.0 25 93.8 4.0 -
0.10 108 6.8 92.4 2.5 88.2 2.5 90.0 3.7

a) Mean (n=5)
b) Relative standard deviations of repeatability
¢) Blank value (0.04 mg/kg) was subtracted in calculation of recovery.

d) Blank value (0.11 mg/kg) was subtracted in calculation of recovery.
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Fig. 4 SIM chromatograms of deoxynivalenol (DON) in selectivity and recovery tests
(Arrows indicate the peak or retention time of DON.
Scale of Y-axis for B is ten times larger than A and C.)

A) Blank sample of dry type pet food for cats

B) Spiked dry type pet food for cats (Spiked level was 1 mg/kg for DON)

C) Standard solution of DON (0.125 ng equivalent per milliliter)
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8 REBRE) IR\, KRBTV ILFERER %2 £ L7z,
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ZORERIT Table 5D LBV THY, RHFT ARG TITPEHEINEIL 97.3 %, £ O LK
FE R OVER [ TR BURS BE 13 2 A HE (R 72 (RSD, &Y RSDR) & LT 6.5 % 6.5 %THY,
HorRat (X 0.45 Th o7z, MH K7 A 85 A TiE, FHEIERZ 97.1 %, RSD, XU RSDy %
57 %&TN72 %THY, HorRat 1% 045 Tho7o. A N7 A8 B T, ‘FHEEMIL 0.225
mg/kg, RSD, X T) RSDg 1% 6.6 % &1 9.4 % TdH YV, HorRat £ 047 Th-o7o. RHEI N7 1
i Cl, “EHIEILERIL 97.6 %, RSD, & (X RSDg 1% 2.8 %% 11 6.3 % Tdh Y, HorRatld 031 TH-o
o, Wb B = EEEEN G LN,

BEDYD, FRBRECHEA LIRE s o~ 7T 7E &V R ORTEY % Table 6 127 L7z,
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Table 5 Collaborative study results of deoxynivalenol

Pet food types
Lab. No. Dry type for dogs Dry type for cats A
(mg/kg) (mg/kg)
1 2.05 2.03 1.16 1.07
2 1.81 2.03 1.00 0.984
3 2.10 1.81 0.984 0.891
4 1.90 2.00 1.05 0.955
5 1.93 1.99 0.984 1.03
6 2.07 1.74 1.01 0.858
7 1.99 2.11 1.06 1.07
8 2.03 2.02 1.05 1.02
Mean value” (mg/kg) 1.98 1.01
Spiked level (mg/kg) 2.00 1.00
Blank (mg/kg) 0.03 0.04
Recovery” (%) 97.3 97.1
RSD, (%) 6.5 5.7
RSDg ¢ (%) 6.5 7.2
PRSD;, © (%) 14 16
HorRat 0.45 0.45
Pet food types
Lab. No. Dry type for cats B ?eml-dry type
or small dogs
(mg/kg)
(mg/kg)
1 0.232 0.239 0.247 0.240
2 0.220 0.188 0.208 0.200
3 0.214 0.249 0.234 0.233
4 0.236 0.238 0.210 0.227
5 0.212 0.209 0.212 0.219
6 0.194 0.215 0.242 0.230
7 0.213 0.224 0.214 0.219
8 0.243 0.269 0.235 0.233
Mean value” (mg/kg) 0.225 0.225
Spiked level (mg/kg) - 0.20
Blank (mg/kg) - 0.03
Recoveryb) (%) - 97.6
RSD, ¢ (%) 6.6 2.8
RSDg ¢ (%) 9.4 6.3
PRSDy © (%) 20 20
HorRat 0.47 0.31

a)yn=16

b) Blank value was subtracted in calculation of recovery.

c) Relative standard deviation of repeatability within laboratory

d) Relative standard deviation of reproducibility between laboratories

e) Predicted relative standard deviation of reproducibility between laboratories

calculated from the modified Horwitz equation
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Table 6  Instruments used in the collaborative study

Lab. No. LC-MS EC column
(i.d.xlength, particle size)

! Shimadzu Agilent Technologies ZORBAX Eclipse XDB-C18
LCMS-2010EV (3.0 mm x 250 mm, 5 um)

5 Waters Agilent Technologies ZORBAX Eclipse XDB-C18
Quatro Premier XE (3.0 mm x 250 mm, 5 pm)

3 LC: Waters 2695 Alliance Agilent Technologies ZORBAX Eclipse XDB-C18
MS: Micromass Quattro micro API (3.0 mm x 250 mm, 5 pm)

4 Waters Agilent Technologies ZORBAX Eclipse XDB-C18
ACQUITY TQD (3.0 mm x 250 mm, 5 pum)

5 Shimadzu Agilent Technologies ZORBAX Eclipse XDB-C18
LCMS-2010EV (3.0 mm x 250 mm, 5 pum)

6 Shimadzu Chemicals Evaluation and Research Institute L-column2 ODS
LCMS-2010EV (3.0 mm X 250 mm, 5 pum)

- Agilent Technologies Agilent Technologies ZORBAX Eclipse XDB-C18
1100 Series G1956B (3.0 mm x 250 mm, 5 pm)

g LC: Agilent Technologies 1100 Series Tosoh ODS-120A
MS: Applied Biosystems AP12000 (4.6 mm x 250 mm, 5 pm)

4 F&EOH
EHEMAGE (K7 A REKOEI FTARE) FOTAF =L —1IZ20T, LC-

MS ZHWe gt v & —IEORMBEEO MA@ R L, BiThbanmERIEZ Mz =5

EEBRRL, EE AR SEOREE~OEHAOAIFIZONT, ZYUEOEREZITV, ROMSER

DEOLNTZZ G, EHNAIETHDL EEZ X T,

1) #R&EDHIHRATZ 60 °C T 60 MR - B SE 52 LIk, RAKOHHO K7 484 TX
D EWERMENE LN DB D bz,

2) MERIE, 0.01~1 pg/mL (FEAE L LT O0.05~5ng) OFPHCHEMRMEZ R LT,

3)) By 2 —iElcBnT /e RV A EZBETHERT AR I X T LI =T AT
K ORERBEZ AN L, MR E 2 (SAREBICZHERED 7 2 X DR AT, BICHiH a7
- BHEBEEZ N2 TH, EE—27 38T, BREOHEZEZ L T\

4)  ARIEIZ X0 BINBEIGAER 2 Ff U 7o R, M OHMTRE ORMEL G- L Tz,

5) AREOEE TR, 3B 0.1 mg/kg, #BHRRIE 0.03 mgkg Th o7z

6) AJEIZE Y 4 FEOFEE VT 8 BBR= T FIFBR 2 M U 7oAk 8, S 1 B0 B o BLYE &
7L Tui=.

#o
IFEBRBIZSI LTV 20T M A AR R v 2 —ZBERFJERT R OV A A Dbk
HIRAFIEATIC B 2 BRE SR H OB EZR L £ T,
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