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Collaborative study of Determination of Aflatoxin B4, B2, Gy and G, in Wet Type Pet Foods by LC-FL

Tomoharu NOZAKI"' and Noriko IWATA™
("'Food and Agricultural Materials Inspection Center, Nagoya Regional Center
Now Fertilizer and Feed Inspection Department),
P p

"2 Food and Agricultural Materials Inspection Center, Nagoya Regional Center)

1 #

777 hXTU0E, »DOEFEDO—FET, Aspergillus flavus J2 O8N Aspergillus parasiticus 12 & - TPEAE X
NOAERZKNAHEN THD. CNODOEIIRMT V7, A8, 77 PN%EOBG KO
MRS K ENC A A L TR Y, HIRESCKEFEREWICT 77 Fx v iRz EZ L T0n5. A
B, FETRHBINZNMERIE, 9B A5Z L, NFAFETHD V.

T 7T bRV ATEBEEROCEBAMEREO SN TS Vo enh, FETEERNED N T
BY, FREICBITL2ELTORE L, BT 77 FX 0N 10 pgkg LT E SR TW5. ik
DOFFEILHEDIZT 7 T b 2w B Ao AELA RN 0.01 mg/kg LA, £ OBl A fFET 0.02
mgkg LT EENTWD., SREESNTE=ENABWAGE (UITF [y h7—FK] &\nwH. ) H
DA VIS EERE 10 %ITHE L7 b DI LT 0.02mgkg AT & Shi-. 2B, s#4ED
BRI O FEHEIIORE TR T 77 F¥ 2 LT 20 ugkg LT, EUTIEZT 75 %2> B & LT 10
ughkg YT VL2oT05.

BAE, ENABRAEESEORAE DB SN TWD, 775 b0 O43HT ki &6
RIAKDPEI RTAR-ETHY, vy NG ZEHEHE & T2 0WMETNE S L TH RN, 4
[, SR 21 RIS () AARBRM O Y =PRI Ly 2y MR EZNRET2T7 77 M
> By, By, G MG, Dtk r m~ 75 712X D EESHTE DA%, B2 A B EREHE O kA 1L
ELTHHMREEZEZ b2 L0 n, ZYMEMEROME L L TIERRZ FEm L 720 T, oM
BrmE+ 5.

i

2 EERAZE
21 & B
ENAEMAERIRHAY =y MUK OWHY = v ML EZ 7 — 7 m ko 3 Tk L Tt
AEHE LTTHWE.

TOMSTATECE N MK EM B it vy — B 4 —, Bl RRESRRE SR A,
OMNIATHOE N BMOKFENB L RN 4 — AR —
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B, TNEFNICERINTWIZEME % Table 1 1253 L7,

Table 1 Ingredients list of the pet foods

Pet food types Ingredients

Wet type Chicken , Corn , Barley , Soybean , Pork ,

for puppy and mother dog ~ Minerals(Na, P, Cl,Ca,P,Fe,Cu,Zn,I, Mn, Se),
Vitamins(B, , B, , B¢, Bj», D3, E, Niacin , Pantothenic acd ,
Folic acid , Biotin , Choline) , Coloring agent(Iron oxide)

Wet type Pork liver , Pork , Chicken , Corn , Wheat , Corn starch ,

for adult cat Cellulose , Animal fat , Chicken extract , Rice , Yeast ,

Vitamins , Amino acids(Taurine , Methionine) ,
Coloring agent(Caramel) , Thickening polysaccharide

22 K
1) 777 ¥ B EHER

777 hF v B (C7H;06) FEHES (Acros organics B, HiE 99.5 %) M IEFEIZ 10 mg A -
ToNATZTE =Y v 2mL ZEFEICNA THENL, 777 F% 22 B EEHEFIKZ 08
L7z (o 1mLl%, 777 F%3 0B &L T5mg&aah (f=0995) ) .

2) 777 hFXT v B EUERR

T 77 h¥T v B, (C7H1406) FEHES, (Acros organics B, HiJE 98.5 %) 2SIEMEIZ 1 mg Ao
TeRXATZT'E M= Y b 2mL ZIERICIA T®NPL, 777 X2 v B BEAERIE 2 18
L7 (ZO1mL X, 777 F¥+ B, & LT05mgaaAa (f=0.985) ) .

3) 777 hFxvrGEER

777 X2 Gy (C3H,0,) FEHESL (Acros organics B, #iE 99.0 %) M IEfEIC 1 mg Ao
TeRXATZTE M= b 2mL ZIERICINA THENPL, 777 X2 G EERIKZ 1R
L7 (ZO1mL X, 777 %G L LT05mgZ&H (F=0.990) ) .

4) T 7T hXT v G EUERR

777 h¥T 2 Gy (C7H140,) HEHES (Acros organics B, HiE 98.7 %) M IEMEIC 1 mg Ao
ToNATZTER=MY v 2mL ZEFEICNA TENL, 777 bx T2 Gy R HERIE 2 i Y
L7z (o 1mLlE, 777 F%3 2 G ELTO05mg2aHa (f=0987) ) .

5) IREIEMER

ERICELT, &7 77 XU UERERKO—EEX EMIZED, T M= UL TIEHKIZ

FIRL, ImLIZHKET 77 hFo e L TENRENSOng ZEH T HFIRAIEERZRH L7,
6) VU iR E A A K (PBS)

U PR AR A K A (Fnye ksl PBS Tablet) 2 f#l 2 200 mL O &8~ 7 A 2|2 A,
AKHI 150 mL A0z, EEEEEHEE O CHEMR L. BITERE TKEMZIREAL, U
TR AR R KZRE L.

7y U 7 alEER
V7= TN KRYUvFHE ReagentPlus, 99 %
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8)

2.3
1)
2)
3)
4)
5)
6)
7)

2.4
1))

2)

3)

TR M= bIMTHEERS v~ 7T 7T RS2 -z BRRE L TW D LIS oRERIZ oW
TITFrk 2 Ve,
HE KO E

Wik 7 o~ 75 738 - AARSEHE LC-2000 Series

RO #1475y /8l Ly Fas=—h— SR2W
0—X%J—xT/KL—4%—: BUCHI # R-200

OB - ARHREFR 5200

AL T 7 4=2FT4—HT 5 (IAC) : HBEEFHR AFLAKING
DRSS 27 R H-51

H T AHEHETERS © Whatman ®!  934AH

E 'k

W

IATElE 50.0 g 2 o> T 300 mL OBk — A7 7 A3t A, T = kU L—K (9+1)
70 mL 0%, 15 3RHE Y IR Chit L7=% 5 o fl#sE Lz, fhiii %z 100 mL o $e 5 Ok
JAEIZ AT, 1,600Xg TS5 DB L, E¥EARKE 200 mL O2&ET7 T A3l A, 3t
BmEOIEEE 27 b=k UL—k (9+1) 35mL §-> T 2 mIPeH L, Yok z NER J: 018tk
ST T ACKL, FEEIC 15 SRRV IEE Tl Lz, ik & e o kem OIS I A
A, 1,600Xg TS5 orflimLalEL, REBAREZEOEREY 7 A2ITMA, BITERETTE L
= RUJL—K (9+1) ZMZ7. ZOWSmL % 25mL ORET 7 A2 TIEMICAN, ERET
PBS Z M A 721, HT7 AMHEARKTHBL, HEN T LB HT 5EHAR & LT,

715 DALER

AL T T74=T 47 LNORFEZ KIS TAAIO Bl #E T 2 F Tt S ¥ 724,
PBS 6 mL Z /1%, RERICHH S, BT 2120 P—_—2HliE L, #EHAK 10 mL % Ef
W%, WENFETAHO EEGIZET S £ T S72. PBS 10 mL #1%, RERICHH S
7o BWIZAK10mL 20z, FERICHRE S 2%, EEL CaELiiil ¥, 50mL 0722 L
TIAAENTLADFICESE, TR b=FI 1 mLEZDTAIMATET 77 FXU U EE
HEw7a%, SoMEE L. Eic7e b= I A2mL &M%, 777 ¥ o Z2EHSER
%, HIELTRE2EN Y, FEMRROSICT 23 HAK & Lz

FHEARA

B 2 40 °C LT OKIBTIZ & A EHZ[E T 5 F THIERM L2, ER T ALK TH
L7z, BEWIC N 7 A aliik 0.1 mL 2 BN, R LBE7 7 2az2ERkL, EVRYE
et 15 pHFE L, LICK—7T8 F=1FU/ (9+1) 0.9 mL #5077 LIE 7 7 A 2 IZIEMITM
ZTIRVIEE. Z D% 5,000Xg (10,000 rpm) T 5 43z DoBE L, EEAREZRIEZ 0
~ N7 44— T HRENER & LTz,

[RF LT, TR G AEHERR 10~400 pL O OEEZ Z L S0mL D72 LT 7 A 2| TIEfMIZ AR,
BRI A EoTHE L72%, MY Z7AF afEiE 0.1 mL Z EMICINA 7. LUT, BUBHA#K & [
FEICEREL, 1mLHIZT7 7T b&%F 22 By, By, G LG, & L TENEI 0.5~20 ng FIY &%
BAET OSIERER A TR LT
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4) Wik a~ b NTT7 T 40—
FEHATE B O IR A S YENR 45 20 pL 2k 7 n~ ~ 77 7123 A L, Table 2 ORIESAEITHE
STrsu~w I hE5T-.

Table 2 Operating conditions of LC for analyzing aflatoxines

Column Kanto Chemical mightysil RP-18(4.6 mm i.d.x250 mm, 5 um)
Mobile phase water-methanol (3:2)

Detector Fluorescence detector (Ex: 365 nm, Em 450 nm)

Flow rate 0.8 mL/min

Column temperature 40 °C

5) it B
sonlra~ N7 A0 0 =7 E S THBEZ RO THRERZIEKRL, AEHP0&T 7
T hXYUoEAFEELE.
7k, EEFEOWE % Scheme 1 IZ/R L7=.

Sample 50.0 g

add 70 mL of acetonitrile-water(9:1)
——shake for 15 min

allow to stand 5 min

—— decant supernatant

| |
supernatant percipitate
centrifuge for 5 min at 1,600 xg

decant supernatant

|
supernatant percipitate

add 35 mL of acetonitrile-water(9:1) (two times)

—— shake for 15 min
—— centrifuge for 5 min at 1,600 xg
—— decant supernatant

supernatant

percipitate
——top up to 200 mL with acetonitrile-water(9:1)
——dilute 1:5 with PBS

—filtrate with glass filter

AFLAKING

prewash with 3 mL of PBS

apply 10 mL of sample solution

——wash with 10 mL of PBS

—— wash with 10 mL of water

elute with 1 mL of acetonitrile (3 times)
evaporate to dryness under 40°C
derivatization

add 0.1 ml of trifluoroacetic acid
allow to stand 15 min

add 0.9 ml of water-acetonitrile(9:1)
—— centrifuge for 5 min at 5,000 xg
LC-FLD

Scheme 1 Analytical procedure for aflatoxines in wet type pet foods
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3 HBRRUEER
3.1 JL[AIEER

RIEOBFHBREE 2 AT 5720, Hmslkhic X 2 LR % 5 L 7-.

RO N AR (7= M) 2 FEE (RAKOWHH) 128777 b LT
ZTNEI 2.0 pg/kg ARG EZTIN L 72 30@Eael 2 v, RSt iER 7 v — 7R QE v #
—, BAN LA S L Rt gE T, WMENEAN B RSO v ¥ — 2 BT, MEEA~A =
N U A S, MSTATEOE NRMOKEEN B Z 2t o & — Bk 2 A, FRfLgt v
Z—, Wliatry—, AMATREE 2 —, AMEEL 2 —kOFE®@RE 2 —0 10 fi=E ot
[ kR 2 it L 7.

777 hF¥T B TORERE Table 3 IR L. KW = v MG TIE, R ER T 84.0 %,
Z O FE MR UK B K& OV ] BUR BE 1T 2 L2 VA e IR R 22 (RSD, X O RSDR) & LT 4.8 %
K13 % THY, HorRat 1% 0.60 Th-o7-. MH Y = > MLLTIE, FHEIEIL 86.8 %, LD
FE PR U E R VR H SR E I Z 2 RSD, KT RSDg & LT 1.7 %KY 12 %TH Y,
HorRat 1% 0.53 ThH o 7=.

777 h¥ B, TOfERE Table4 /R L. KA Y = v MG T, SEHEILER 1T 84.0 %,
Z OHENMIR UK L OV S BURE E 1X 224U RSD, L OVRSDg & LT 1.9 %K TN 12 %TH Y,
HorRat X 0.54 Tho7-. MH Y = v ML TIE, FHEILERIT 84.7 %, T DOENMBEIE UK E &
OEMFBREIXZNZIRSD, K XRSDg & LT 1.8 %&X W12 % TH Y, HorRat (X 0.57 TH -
7.

77T hF¥TU G TOREREA Table 5 (2R Lz, KW = v ML T, SEHEIRIE 84.3 %,
Z DBENMGR UNEFE K VSR B E X2 24 RSD, X (N RSDr & LT 4.9 %K N10 % TH Y,
HorRat |% 047 Th o7z, MHY = v ML TIE, FHENEIL 87.4 %, Z DOBENMR UREE K
O W HBEREIZZN T RSD, LORSDg & LT 2.6 %&%109.5%TdH Y, HorRat |% 0.43 ThH -
7.

TT7T7 hXT G, TORERE Table 6 (IR L7, KA Y = v MG TIE, EHEIR T 84.3 %,
Z DN UNEE K OV B X2 2 RSD, X O'RSDr & L T23 %K UN82%TH Y,
HorRat |% 0.37 TH-o7=. MHY = v MG TIE, FEHEIRIL 852 %, * DRENMEIER UKE &
OEMHBREIXZNZRSD, K XRSDg & LT 1.5% %1088 % TH Y, HorRat (X 0.40 TH -
7.

nk, ZEORD, HFREBRETHEH LICREREA o~ 77 7 OFES % Table 7 128 LTz,
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Table 3 Collaborative study results of aflatoxin B4
Lab. No. Pet food types
Wet type Wet type
for puppy and mother dog for adult cat
(ng/kg) (ng/kg)
1 1.77 1.76 1.73 1.76
2 1.47 1.41 1.75 1.77
3 1.27 1.44 1.36 1.44
4 1.65 1.63 1.72 1.73
5 1.78 1.82 1.80 1.85
6 2.12 2.03 2.17 2.11
7 1.62 1.63 1.61 1.61
8 1.89 1.63 1.71 1.74
9 1.46 1.51 1.56 1.52
10 1.91 1.79 1.89 1.88
Spiked level (ng/kg) 2.00 2.00
Mean value ¥ (ug/kg) 1.68 1.74
Recovery ¥ (%) 84.0 86.8
RSD, ” (%) 4.8 1.7
RSD; @ (%) 13 12
PRSDg ¢ (%) 22 22
HorRat 0.60 0.53
a) n=20

b) Relative standard deviations of repeatability within laboratory

¢) Relative standard deviations of reproducibility between laboratories

d) Predicted relative standard deviations of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 4 Collaborative study results of aflatoxin B,

Pet food types
Lab. No.
Wet type Wet type
for puppy and mother dog for adult cat
(ng/kg) (ng/kg)
1 1.61 1.60 1.56 1.62
2 1.55 1.54 1.75 1.69
3 1.44 1.42 1.32 1.38
4 1.60 1.62 1.69 1.70
5 1.76 1.78 1.80 1.83
6 2.11 2.06 2.14 2.09
7 1.58 1.59 1.55 1.52
8 1.75 1.70 1.70 1.72
9 1.54 1.51 1.52 1.57
10 1.97 1.86 1.87 1.85
Spiked level (ng/kg) 2.00 2.00
Mean value ¥ (ug/kg) 1.68 1.69
Recovery ¥ (%) 84.0 84.7
RSD, ” (%) 1.9 1.8
RSDg ¢ (%) 12 12
PRSDy ¢ (%) 22 22
HorRat 0.54 0.57

a) n=20
b) Relative standard deviations of repeatability within laboratory

c¢) Relative standard deviations of reproducibility between laboratories
d) Predicted relative standard deviations of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 5 Collaborative study results of aflatoxin G4

Pet food types
Lab. No.
Wet type Wet type
for puppy and mother dog for adult cat
(ng/kg) (ng/kg)
1 1.82 1.79 1.77 1.81
2 1.48 1.69 1.90 1.74
3 1.24 1.45 1.36 1.45
4 1.64 1.64 1.70 1.74
5 1.81 1.81 1.85 1.87
6 1.89 1.83 1.92 1.90
7 1.72 1.73 1.70 1.69
8 1.84 1.66 1.81 1.87
9 1.50 1.54 1.55 1.54
10 1.87 1.78 1.90 1.88
Spiked level (pg/kg) 2.00 2.00
Mean value ¥ (ng/kg) 1.69 1.75
Recovery ¥ (%) 84.3 87.4
RSD, ” (%) 4.9 2.6
RSDg ? (%) 10 9.5
PRSD; ¢ (%) 22 22
HorRat 0.47 0.43

a) n=20

b) Relative standard deviations of repeatability within laboratory

¢) Relative standard deviations of reproducibility between laboratories

d) Predicted relative standard deviations of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 6 Collaborative study results of aflatoxin G,

Pet food type
Lab. No.
Wet type Wet type
for puppy and mother dog for adult cat
(ng/kg) (ng/kg)
1 1.69 1.69 1.68 1.70
2 1.58 1.66 1.76 1.76
3 1.50 1.46 1.38 1.45
4 1.66 1.66 1.74 1.74
5 1.79 1.82 1.86 1.87
6 1.83 1.79 1.85 1.81
7 1.72 1.72 1.67 1.66
8 1.64 1.55 1.67 1.59
9 1.52 1.57 1.55 1.55
10 1.98 1.88 1.91 1.89
Spiked level (ng/kg) 2.00 2.00
Mean value ¥ (pg/kg) 1.69 1.70
Recovery ¥ (%) 84.3 85.2
RSD, ” (%) 23 1.5
RSDg @ (%) 8.2 8.8
PRSDy ¢ (%) 22 22
HorRat 0.37 0.40

a) n=20

b) Relative standard deviations of repeatability within laboratory

c¢) Relative standard deviations of reproducibility between laboratories

d) Predicted relative standard deviations of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 7 Instruments used in the collaborative study

Lab. No. LC LC column
(i.d.xlength, particle size)
Kanto Chemical Mightysil RP-18GP
(4.6 mm x 250 mm, 5 pm)
Kanto Chemical Mightysil RP-18GP
(4.6 mm x 250 mm, 5 pm)
Shimadzu, Pump LC-10AD GL Science Inertsil ODS-3
Detector RF-20A XS (4.6 mm x 250 mm, 5 pm)
Showa Denko Shodex C18M4E
(4.6 mm x 250 mm, 5 pm)
GL Science Inertsil ODS-3

1 Agilent Technologies 1100 Series

2 Agilent Technologies 1100 Series

4 Agilent Technologies 1100 Series

5 Hitachi Lachrom Series
(4.6 mm x 250 mm, 5 pm)
6 Waters, Pump 1517 Kanto Chemical Mightysil RP-18GP
Detector 2475 (4.6 mm x 250 mm, 5 pm)

Kanto Chemical Mightysil RP-18GP

(4.6 mm x 250 mm, 5 pm)

Kanto Chemical Mightysil RP-18GP

(4.6 mm x 250 mm, 5 pm)

Kanto Chemical Mightysil RP-18GP

(4.6 mm x 250 mm, 5 pm)

Shimadzu, Pump LC-20AD Kanto Chemical Mightysil RP-18GP
Detector RF-20A XS (4.6 mm x 250 mm, 5 pm)

7 Hitachi L-2000 Series

8 Agilent Technologies 1100 Series

9 Agilent Technologies 1100 Series

10

4 F&EOH
ENABYAEE (Vo y ML) FOT 7T FF o0 T, ot ¥ —EOENAEY

FEEHE ORBEILE~OE A O GE2Ret T 5700, ZUMEMEOME L LU ChRIRBRE FEiE L7 &

A, WORRERT.

1) ZNAEMAEE (7= PG 2FEICT 77 FFL 2 LTENTN 2.0 pgkg A4S &%
w7t 2 HO T 10 RBE CARKIC L 2 HFERBREZER L. 777 hF > BTk
W, RAY =y ML TIE, FHENIEIL 84.0 %, T OENMEK U K V=M FIEE X
N NFARHE R 7% (RSD, X (X RSDg) & LT 4.8 % &N 13 % ToH Y, HorRat |d 0.60 Th - 7-.
WYy MR T, CEHEIER T 86.8 %, T ORANMEIK UKE R OEMBFIEEIZTLEN
RSD, X O*RSDg & LT 1.7 %M 112 % T&H Y, HorRat 1X0.53 Tho7=. 777 bF T2 B IlH
W, RAD =y MG T, EHREILEIL 84.0 %, € ORENMR UKEE KOS M HERBEIZL
NZIVRSD, L UVRSDR & LT 1.9 %K% UN12 % TH Y, HorRat(£0.54 ThHo7=. MY = v P
o UL, ERIENNERIT 84.7 %, £ DN UK K OVER B EIXE £ RSD, X T RSDg
ELTI18%NTNI12%THY, HorRat £ 0.57 Tho7o. 777 hF 0 GIcBWT, RHY =
v MG TR, ERHEINERIL 843 %, F DOEWN#K UKSE K OVEMBEIEE XL £ RSD, &
ONRSDg & LT 4.9%MTN10%TH Y, HorRat 1X 047 THo7=. MA Y = v ML TIX, FHE
INERIE 87.4 %, F DENMIR UKGEE KOS M B EIX£ 4 RSD, XKTPRSDr & LT 2.6 %K
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WM9.5%THVY, HorRat 1£ 043 ThoTc. 777 XL G IZBWT, RAY = v M TIT,
FEIENT L 84.3 %, T OENMIK UK &K VS EHREIXZ 24 RSD, LT RSDg & LT
23%&TUN82%TH Y, HorRat 1% 037 Thotz. MAY = v MR CIX, FHEIEIL 85.2 %,
Z DBNMK USEE K OV B X2 L Z I RSD, X O'RSDr & L T1.5% K88 % TH Y,
HorRat 1% 0.40 TH o 7=.

Bl iz
R W I W TR S B E R 7 v — 7 K4 QE B % —, HAN LA S
RAFFEET, MEENBARBSSITE v 2 —ZBEHF R A OMEEAN~ A 2 b % U REHS ORER
BOXNIEHHOBEEZFE L F7.
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