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Development of Determination Method of Melamine in Pet Food by LC-MS/MS
(1) Study of Determination Method for Dry, Semi Dry and Wet Food
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We have studied a quantitative determination method of the melamine concentration in pet food (dry,
semi dry and wet food) using a liquid-chromatograph electrospray-ionization tandem mass
spectrometer (LC-ESI-MS/MS).

Having added acetonitrile-water (1:1) and melamine internal standard solution to a sample,
melamine was extracted by homogenizing, and the extracted solution was filtered. The filtrate was
then diluted with acetonitrile-water (1:1). The diluted solution was purified with a solid phase
extraction column (Oasis MCX, Waters Co.; Milford, MA, USA), and injected into an LC-MS/MS
to determine the concentration of melamine. LC separation was then carried out on a hydrophilic
interaction chromatography column (SeQuant ZIC-HILIC, 2.1 mm i.d. x 150 mm, 5 pum, Merck
Millipore Inc.; Burlington, MA, USA) with a gradient of acetonitrile and 10 mmol/L ammonium
acetate solution as a mobile phase. In the MS/MS analysis, the positive mode electrospray
ionization (ESI+) was used.

Recovery tests were conducted on five kinds of pet foods. Dry food for dogs were added with 0.5
mg/kg of melamine. Dry food for cats was added with 2.5 mg/kg of melamine. Semi dry food
for dogs was added with 1 mg/kg of melamine. Wet food for cats was added with 0.5 mg/kg of
melamine. Wet food for dogs was added with 0.25 mg/kg of melamine. The resulting mean
recoveries ranged from 90.2 % to 106 %. The repeatability in the form of the relative standard
deviation (RSDy) was less than 0.6 %.

A collaborative study was conducted by 10 laboratories using dry food for cats, semi dry food for
dogs and wet food for dogs, all of which were added with melamine according to the following
specifications: 2.5 mg/kg for dry food for cats, 1 mg/kg for semi dry food for dogs, 0.25 mg/kg for
wet food for dogs. The resulting mean recoveries ranged from 93.8 % to 107 %. The repeatability
and reproducibility in the form of relative standard deviation (RSD; and RSDg) were less than 3.5 %
and less than 12 %, respectively. The HorRat ranged from 0.44 to 0.85.
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This method was thus validated as useful for inspections of melamine in pet food (dry, semi dry and
wet food).

Key words: melamine; liquid-chromatograph tandem mass spectrometer (LC-MS/MS); electrospray
ionization (ESI); pet food; collaborative study
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1,3,5-Triazine-2,4,6-triamine
CsHeNe MW: 126.12 CAS No.: 108-78-1
Fig. 1 Chemical structure of melamine
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Table 1  Ingredients list of pet foods used in the present study

Pet food types

Ingredients

Dry food for dogs

Grains (corn, wheat flour, wheat bran, corn gluten feed, corn gluten meal, etc.), beans (defatted soybean),
oils and fats (beef oil, chicken oil), meats (pork meal, poultry by-product meal, chicken extract,

powdered beef bouillon, etc.), fishes (fish meal, etc.), vegetables (spinach, etc.), minerals (Ca, P, Na, Cl,
Zn, Fe, Cu, Co, Mn, 1), vitamins (A, Bi, B2, Bs, Bi2, C, D3, E, K3, choline, nicotinic acid, pantothenic acid,

folic acid, biotin), antioxidants (tocopherol mixture, rosemary extract)

Dry food for cats

Chicken, rice, corn gluten, corn, animal fat, soybean, chicken extract, cellulose, yeast, fish oil, minelals
(Na, K, Cl, Ca, S, Fe, Cu, Zn, I, Mn, Se), vitamins (A, Bi, B2, Bs, B12, C, D3, E, f-carotene, niacin,
pantothenic acid, folic acid, biotin, choline), amino acids (arginine, taurine, methionine), antioxidants

(tocopherol mixture, citric acid, rosemary extract)

Semi dry food
for dogs 1

Grains (corn, wheat flour, etc.), sugars (high-fructose corn syrup, sucrose), meats (poultry by-product

meal, beef meal, powdered chicken breast tender, etc.), beans (defatted soybean, powdered soybean, etc.),
animal fat, fishes (fish meal, dried small fish), brewery yeast, cellulose powder, vegetables (spinach powder,
carrot powder, pumpkin powder, etc.), cheese powder, propylene glycol, minerals (Ca, Cl, Cu, I, K, P, Zn),
emulsifier, preservative (potassium sorbate), malic acid, food colors (titanium dioxide, acid red, tartrazine,
sunset yellow FCF, brilliant blue FCF), vitamins (A, B1, B2, Bs, Bi2, D, E, K, choline, pantothenic acid),

antioxidants (tocopherol mixture, herb extract)

Semi dry food
for dogs 2

Grains (corn, wheat flour, etc.), meats (poultry by-product meal, beef meal, powdered chicken breast
tender, etc.), sugars (high-fructose corn syrup, sucrose, oligosaccharide), beans (defatted soybean, etc.),
animal fat, brewery yeast, vegetables (beet pulp, carrot powder, pumpkin powder, spinach powder), herb,
fishes (dried small fish), propylene glycol, glycerin, minerals (Ca, Cl, Cu, I, K, P, Zn), emulsifier,
preservative (potassium sorbate), acidity regulators (malic acid, citric acid), vitamins (A, Bi, B2, Be, Bi2,
D, E, K, choline, pantothenic acid), food colors (titanium dioxide, acid red, tartrazine, sunset yellow FCF,
brilliant blue FCF), antioxidants (tocopherol mixture, herb extract)

Wet food for cats

Tuna, whitebait, oligosaccharide, minerals (Ca, P, Fe, Cu, Mn, Zn, I), vitamins (A, D, E, K, B1, B>, Be, Bi2,

niacin, pantothenic acid, folic acid, biotin, choline)

Wet food for dogs

Chicken meat, beef meat, rice, oligosaccharide, polysaccharide thickener, minarals, emulsifier, vitamins,

color former (sodium nitrite)
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Table 2  Operation conditions of LC-MS/MS

Column SeQuant ZIC-HILIC (2.1 mm i.d. X 150 mm, 5 pm), Merck Millipore

Mobile phase Acetonitrile-10 mmol/L ammonium acetate solution (17:3) (hold for 7 min)
— 8 min — (2:3) (hold for 20 min) — 8 min — (17:3) (hold for 7 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Mode Positive

Ion source temperature 150 °C

Desolvation temperature 400 °C

Capillary voltage 0.6 kV

Table 3 MS/MS parameters

Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
. 85 - 46 16
Melamine 127
- 68 46 22

Melamine-13C315N3 133 89 - 50 18
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Sample 1.0 g (50 mL centrifuge tube)
——added 20 mL of acetonitrile-water (1:1)
——added 0.5 mL of melamine internal standard solution (1 pg/mL)
——homogenized for 1 min
— filtrated through diatomite and filter paper (No.5B of JIS P3801) under reduced pressure
I
residue
added 10 mL of acetonitrile-water (1:1)
homogenized for 1 min

filtrated through diatomite and filter paper (No.5B of JIS P3801) under reduced pressure

——filled up to 50 mL with acetonitrile-water (1:1)

Oasis MCX (500 mg / 6 mL)

——washed with 5 mL of 0.1 mol/L sodium hydroxide methanol solution
——washed with 5 mL of 0.1 mol/L hydrochloride methanol solution
——washed with 5 mL of acetonitrilie

——washed with 5 mL of 4 v/v% formic acid solution

——applied 3 mL of 4 v/v% formic acid solution and 2 mL of sample solution
——washed with 5 mL of acetonitrile

——washed with 5 mL of acetonitrile-diethylamine (499:1)

——-ecluted with 15 mL of acetonitrile-diethylamine (49:1)

——evaporated to dryness under 40 °C

——dissolved in 4 mL of acetonitrile

——ultrasonic treatmented for 5 min

——filtrated through a membrane filter (PTFE, 0.2 um)

LC-MS/MS

Scheme 1 Analytical procedure for melamine in pet food
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Fig. 2 Internal standard calibration curves of melamine by peak area
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Table 4 Recoveries for melamine

Dry food for dogs Dry food for cats Semi dry food Wet food for cats Wet food for dogs
Spiked level for dogs 2
(mg/kg) Recoverya) RSDrb) Recoverya) RSDrb) Recoverya) RSDrb) Recoverya) RSDrb) Recoverya) RSDrb)
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.25 - - - - - - - - 106 1.0
0.5 90.2 2.9 - - - - 102 0.6 - -
1 - - - - 96.5 0.9 - - - -
2.5 - - 97.3 2.6 - - - - - -
-: Not tested

a) Mean (n =3)
b) Relative standard deviation of repeatability

3.2 JL[AEEER
22025 0 HFEFEBR A L L 72 FE R Table S D LB THhHo72. 1 BR=EICBWT, §XTO
REFCHRR LI FENSOBRBN H > 72720, YR BREOR RIXR Lz, EHEI R
93.8~107 %, RSD; I 2.1~3.5 %, RSDgI% 7.0~12 %, HorRat /% 0.44~0.85 T& ¥, RERIEDZ Y1
ERIEICED DN BRI HHREEO BAEME (K7 /85T 28 %L T, I K74 85T 32 %2
T, vy MU T39%) &L Tz,
B, 2ELLTHERRECHEA L7 LC-MS/MS DRSS % Table 6 (277 L7=.
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Table 5

Collaborative study for melamine

Lab. No. Dry food for cats Semi dry food for dogs 2 Wet food for dogs
(mg/kg) (mg/kg) (mg/kg)
1 2.23 2.26 0.867 0.835 0.264 0.266
2 2.49 2.41 0.953 0.958 0.243 0.247
3 1.74 1.88 0.821 0.874 0.219 0.202
4 2.53 2.58 1.00 1.01 0.269 0.264
5 1.87 2.12 0.944 0.896 0.336 0.312
6 2.53 2.57 0.953 0.945 0.256 0.267
7 2.49 2.47 0.999 0.992 0.276 0.280
8 2.43 2.47 1.04 1.02 0.301 0.289
9 2.63 2.53 0.972 0.995 0.251 0.271
Spiked level (mg/kg) 2.5 1 0.25
No. of labs ¥ 9 9 9
No. of outliers * 0 0 0
Mean value (mg/kg) 2.35 0.949 0.267
Mean recovery (%) 93.8 94.9 107
RSD: (%) 3.3 2.1 3.5
RSDg ¥ (%) 12 7.0 12
PRSDx © (%) 14 16 20
HorRat 0.85 0.44 0.62

a) Number of laboratories retained the outliers were removed.

b) Number of the removed outliers

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/MS LC column
(i.d. x length, particle size)

1 LC: Alliance2695, Waters SeQuant ZIC-HILIC, Merck Millipore
MS/MS: Quattro micro API, Micromass (2.1 mm x 100 mm, 3.5 pm)

5 LC: Alliance2695, Waters SeQuant ZIC-HILIC, Merck Millipore
MS/MS: Quattro Premier XE, Waters (2.1 mm x 150 mm, 5 um)

3 LC; Prominence, Shimadzu SeQuant ZIC-HILIC, Merck Millipore
MS/MS: AP14000QTrap, AB Sciex (2.1 mm x 150 mm, 5 um)

4 LC: ACQUITY UPLC System,Waters SeQuant ZIC-HILIC, Merck Millipore
MS/MS: Xevo TQD, Waters (2.1 mm x 150 mm, 5 pm)

5 LC: 1200series, Agilent Technologies SeQuant ZIC-HILIC, Merck Millipore
MS/MS: 6410, Agilent Technologies (2.1 mm x 150 mm, 5 um)

6 LC: ACQUITY UPLC System,Waters SeQuant ZIC-HILIC, Merck Millipore
MS/MS: ACQUITY TQ Detector, Waters (2.1 mm x 150 mm, 5 um)

7 LC; Prominence, Shimadzu SeQuant ZIC-HILIC, Merck Millipore
MS/MS: TSQ QUANTUM ULTRA, Thermo SCIENTIFIC (2.1 mm x 150 mm, 5 pm)

g LC; Prominence, Shimadzu SeQuant ZIC-HILIC, Merck Millipore
MS/MS: AP14000, AB Sciex (2.1 mm x 150 mm, 5 um)

9 LC: ACQUITY UPLC System,Waters SeQuant ZIC-HILIC, Merck Millipore
MS/MS: ACQUITY TQ Detector, Waters (2.1 mm x 150 mm, 5 pm)

4 FL&&H
ZEEM AR OBRERBERT DA T IOV T, CERI IEOBREE~OIE O /[ K 2B L

2L A, UTOMENGELI, SEOWREBEFEIIEET LI LT, WHENAETHI EEZX L.

) BERIZATIVERAT I UBGPN; OB — 7 HfEH 0.1~40 (27 22 & L T0.5~200 ng/mL
(FEAREE LT 1~400 pg) ) OfiPH CTEMMEL R L.

2) wBEOWEHEICEETLHZLICLD, HRRIBEKICBIT 52 A7 I VEOKEAED b,

3) ATIVELTRIAEE (KA 1I205mgkg Y E, N7 85 A 12 2.5mgkg Y
2, EIFT7AA8E CRH) 21 1 mgkg fH4E, vy M (FH) 1205 mgkg, V= v b
R (KA 12025mgkg Y & (U =y PRGRITOTR LR HPIRE) 23N L 72302 v
T, mBOEHEICHEE L ET, CERI BIZft>o TER L L Z A, FEHEINE T
90.2~106 %, RSDr%‘i29%L)l—F“C“§>o7’:.

4) ATZIVELTRIARMIZ25mgkgHHY &, I 7RI ImgkgHYEZ, RAV=
> MLHIZ 0.25 mg/kg AR B A RN L 723 0EH 2 V0 T 10 BRI B W TARIEICHE W LR &
Ehi L7z 2 A, RERIEOZ Y IEMERRIEICE D b2 B FHHAE R O B AR % 9 72 97 B AF 2ok R
DL,

B  #
RIS L T T 720 72 i R BRSNS A S8, — A% B R s A AL 7 0 B AT AT ZE A A O
P, MHEA~A = b REs, MEEANRARRL ST o 2 —EMOF7EET, —M
R BT BARRRUE 2 e OFERITE AN B AR A B EHR A ) 2 B A B TE & o 2 — 1236 1T 2 BIFRE 4%
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