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Study of Ochratoxin A Determination Method in Jerky, Confectionery and Milk Powder
for Pet Food by LC

FUNAKI Norio*, NOMURA Tetsuya” and NAKATANI Takumi*
(* Kobe Regional Center, Food and Agricultural Materials Inspection Center)

A quantitative determination method using a liquid chromatograph with a fluorescence detector (LC-
FD) was studied to determine the concentration of ochratoxin A in pet food products such as molded
and dried jerky (hard and soft types), confectionery, and milk powder.

Initial analytical methods examined did not yield satisfactory results for jerky made from pork liver
and milk powder. Therefore, appropriate analytical methods were found for each of the samples
by changing the sample volume, extraction solvent, and extraction methods.

Key words: ochratoxin A; jerky; confectionery; milk powder; pet food; liquid chromatograph with
fluorescence detector (LC-FD)
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Ochratoxin A

N-[[(3R)-5-Chloro-3,4-dihydro-8-hydroxy-3-methyl-1-
0xo-1H-2-benzopyran-7-yllcarbonyl]-L-phenylalanine
C20H18CINOs MW: 403.82 CAS No.: 303-47-9
Fig. 1 Chemical structure of ochratoxin A
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Table 1  Compositions of the pet food

Pet food types Ingredients
Meat (beef, chicken), cornstarch, defatted soybeans, D-sorbitol, glycerin,
Formed jerky for dogs fragraTlce, sodium 1actate., pH adjuster., seaéonir?g, phospha.te (Na, K), .
antioxidants (extracted vitamin E, sodium vitamin C), coloring agent (sodium
nitrite)
Dried j for d .
ried jerky for dogs Ezo deer thigh meat
(hard type) 1
Dried j for d .
ried jerky for dogs Pork liver
(hard type) 2
Dried jerky for dogs Chicken breast, salt, moisturizer (glycerin), antioxidant (propylene glycol), color
(soft type) former (sodium nitrite)
Flour, sugar, vegetable oil, tapioca starch, milk (milk powder, high fructose
Confectionery (biscuit) condensed milk), chicory extract (contains dietary fiber and oligosaccharides),
for dogs lactic acid bacteria, minerals (Ca, Na), leavening agent, flavor, emulsifier, yucca

extract, antioxidant (vitamin E)

Milk powder for cats

Milk (casein, skim milk powder, whey protein), fats and oils (animal oils,
vegetable oils), lactose, egg yolk powder, docosahexaenoic acid powder, dry
yeast, milk oligosaccharides, minerals (Ca, P, K, Na, Cl, Mg, Fe, Cu and Zn),
emulsifier, vitamins (A, D, E, B;, B,, B¢, By,, C, niacin, pantothenic acid, folic
acid, B-carotene), amino acids (L-arginine, L-cystine, taurine), flavorings,
nucleotides
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. WERET B =v AEdliEiR s o~ b 277 7 1 mol/L KIFIE (&L 7 A v AFneHti L)
Z M7=, Kix Milli-Q Advantage (Merck Millipore #4) 12 X 0 ¥EM8 L 728K (JIS K 0211 @
5218 IZEFR S NIZBMIAK) &AWV,
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4) AT T 7 )V H— : HLC-DISK25 (FL£& 0.45 um, E£E 25 mm, #/KPE PTFE)  BIHAL
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7) LC : Nexera X2 o Hfl{/EfT
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1) # H

IINTRRE25g B - TS00mL OIS T AF v 7 58 (LLF TPPHRIZKEZR LWvwo. ) ITA
L, 7Eh=hrU =K (3+2) 200 mL =M%, 5/rMEE%, 30 0RHEY EE Tt Lz,
i L7z Z& 15 mL 77 2AF v 7 8m 0k (DL PP RF2—7) ). ) ITAL,
2000xg T5 SMELSEML, EELEEZA LT T 7 42— (FLE045um) TAHl LT,
A 4 mL % 50 mL @ PP 8T = — 7 IZIEMEIZ AL, PBS THJ 10 mL IZAR L, 7 LB
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e BRI & L7z, MR Y A O 725A1E, EIZPBS #4950 mL &£ T 7-1%,
7 AMAKTAHBL, AEDED PBS THE LK E LT T, 7 L0UBIZHT 5
AEHERIR & LTz,

2) HT AL
IACIZA by T ay 7 Z 01T, RFEAZIKELFTETAFO BiglZ#ET 5 ETHRRE S
TR Z W & 7. PBS 3 mL % IAC IZ AL T &, B2 PBS 3 mL % IAC IZ A#L
Tl~2mL i Sz, VHF—"—%2H0 7, REHEIRESES IAC IZ A, KA FE T A A
O EWICET S ETH F (BARR F S, LEICN U Ti#E2Y 1 mL/min F2EIZ7225 K5 W5
FIFEE L. LRREER. ) S8, ABHEKDO A>Tz PP 8F 2 —7 % PBS 3 mL T
DT 3 [\ L, WRAIEXR IAC (2, RERICHEE S E2. Big, REHERO A>T\
PP F = —7 % 10 mmol/L FEfE 7 & =7 LK 3mL 5T 3 mIEH L, WK AZIER IAC IZ
Mz, FERICHEHSEZBY F—"—%24 L, FELTEERTRESE. 15mL © PP
Fa—TENTLOTICEE, A% —/L—FE (49+1) 1 mL ZMx TRED T TAHO L
UICETHOETCTMFLTAZ 7 bR AZBHIEL. SOBEEL, TIZAX ) — /L —HE
fg (49+1) ImL $© 2 TC2EIEH S E 7%, EFEL TEEEH IS, BHK%E 45°C LT oK
WETEEN A ZE->THEL, 7 h=hFUL—K (1+1) 1 mL ZIEFEICINZ CHREY Z IS
2L, 5000xg T 53 OmHEL, EEAIKE ANTEHLEEFE A T IZBE L, LCIZX DM
ENHET DA & LTz,

3) B/ me~ NI 7 04—
WEHRIR R O A7 7 hF vy AEWERA S0 uL 2 LCIZEALZ v~ 7T L %157,
TESM % Table 2 (T8 L7z,

Table 2 Operating condition of LC

Detector Fluorescence detector (excitation wavelength: 335 nm, fluorescence wavelength: 480 nm)
Column Mightysil RB-18 (4.6 mm i.d, 250 mm, 5 pm), Kanto chemical
Mobile phase Acetonitrile-water-1 % (v/v) phosphoric acid (230:230:1)
Flow rate 1.0 mL/min
Column temperature 40 °C
4 F K

Bonl-r7o~ N7 A0 b =7 HELOE S 2RO TREREERL, REFOA7 Z
Fe v AEZEME L. LT, 3.1, 32 KO33 1 —7 HECOREA2LH L1,
0k, FEEOWEZE %A Scheme 1 128 L7-.
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Sample 25 g (500 mL PP wide caliber bottle)
——added 200 mL of acetonitrile - water (3:2)
——allowed to stand for 5 min
——shook for 30 min
——centrifuged for 5 min at 2000xg
—filtrated through membrane filter (PTFE 0.45 pm)
——transferred 4 mL of sample solution to 50 mL PP tube
—diluted to about 10 mL with PBS
(diluted to about 50 mL with PBS and filtrated through a glass filter paper (Whatman GF/A)
and washed by small amount of PBS, if the filtrate is cloudy.)
OCHRAKING (immunoaffinity column (IAC))
—— leaked preservative solution of IAC
——washed with 3 mL of PBS
——washed with 3 mL of PBS
—— (when 1~2 mL of PBS leaked, placed a receiver on IAC)
——applied sample solution
——washed the PP tube with 3 mL of PBS and eluted (3 times)
——washed the PP tube with 3 mL of 10 mmol/L ammonium acetate and eluted (3 times)
——removed the reservoir
——drained all solution in IAC by extruding with pressure
—placed a receiver (15 mL PP tube) under IAC
——eluted with 1 mL of methanol-acetic acid (49:1)
——allowed to stand for 5 min
——eluted with 1 mL of methanol-acetic acid (49:1) (twice)
—— eluted all solution in IAC by extruding with pressure
——dried with nitrogen gas under 45 °C (water bath)
——dissolved in 1 mL of acetonitrile-water (1:1)
—— centrifuged for 5 min at 5000xg
LC-FD

Scheme 1 Analytical procedure for ochratoxin A in jerky and confectionery for pet food
except for ones made from pork liver
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D # M
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figF /L 100 mL Z 1%, 10000 rpm T 5 3MATYF A A LTt L7z, il L2k % 50 mL
@ PP #F = —TIZ AL, 2000xg T 5 sy OmE L, EBAROENEE T FVIE 2 KRB 1
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2) RIRSTE
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KIBIZpH <2172 £ THfE (1+1) 2R, KB IZHET 230K & Lz,
3)  WRIR SIS 1T

REHAK & ST O 3R FICR L, SEHARDO A>T\ =7 T A a #fifExF /L 20mL T
Vel L CoikimFicimz, 10 MRV IBE-%FHEL, KE (THE) 2xo=f77 X3
A, BTV (LJE) Z8AKEET NY v A30gx ANn/iRHI@E L Tk S En 5
100 mL 2987 Z 2228 L. KEZ SRR L, BEHEROAS> Tz =A7 7 X
2 ZEHR T F L 20 mL T L, SEIEHIIZ T 10 0BHE 0V IRE - %EE L, REOERE
ZiTo7=. W EOWEET BV U A ZEERTF L 10mL THEEH L Tk 2 o237 7 2 a
2B L, 40 °C L FOKIB CTRUEIRME L, EHREE®R, 7 h=1FU/ 20 mL (25 g REUFRIZ
10 mL) % EMEICMZ CEREWMZRL, 10 mL (A 2 mL) % EMEIZ & > T 50 mL @ PP 5
2 —7IZ AKX, PBS THISOmMLIZAIR L, 7 2 24 53 BHAW & L7-. PBS TOAR
RRICH Y DR ONTHAEIE, I AMARICTAB L%, A&V EDO PBS T L, %
WaEabET, 7 LB 23 HAK & Lz,

IF, 2410 )00 HICHS>TEREEToT2. 7ok, EREEOME %A Scheme 2 1277 L7,
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Sample 5 g (or 25 g) (500 mL stainless cup for homogenizing)

——added 100 mL of 0.5 mol/L phosphoric acid - 2 mol/L NaCl (4:1)

——allowed to stand for 5 min

——added 100 mL of ethyl acetate

——homogenized (10000 rpm) for 5 min

——centrifuged for 5 min at 2000xg

100 mL separating funnel A

——20 mL of ethyl acetate layer (10 mL of ethyl acetate layer in the case of 25 g sampling)
—— added 20 mL of 2 % sodium carbonate solution

——shook 10 min
|
Aqueous layer (lower layer) Organic layer (upper layer)
added 20 mL of 2 % sodium carbonate solution
shook 10 min
[ 1
Aqueous layer (lower layer) Organic layer (upper layer)
|
waste
200 mL Erlenmeyer flask
—added HCI (1:1) until pH < 2
100 mL separating funnel B
——added 20 mL of ethyl acetate
——shook 10 min
|
Organic layer (upper layer) Aqueous layer (lower layer)
added 20 mL of ethyl acetate
shook 10 min
[ 1
Organic layer (upper layer) Aqueous layer (lower layer)
|
waste

——through 30 g of sodium sulfate on the funnel

100 mL eggplant flask

——added 10 mL of ethyl acetate to sodium sulfate for washing

——evaporated under 40 °C and dried with nitrogen gas

——added 20 mL of acetonitrile (10 mL of acetonitrile in the case of 25 g sampling)

——transferred 10 mL of sample solution (2 mL of sample solution in the case of 25 g sampling) to 50 mL PP tube
——diluted to about 50 mL with PBS

(filtrated through a glass filter paper (Whatman GF/A) and washed by small amount of PBS, if the filtrate is cloudy.)
OCHRAKING (immunoaffinity column (IAC))

(Same as Scheme 1)

LC-FD

Scheme 2 Analytical procedure for ochratoxin A in jerky for pet food made from pork liver
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D #hoH

IHTERE 5 g Ao TS500mL D AT L ABKREDF AP —HHA L v FIZAN, 1 mol/L Y
Vg 20 mL A%, 10 2rREEE%, 90 °C LL ok £ 10 SRIME%, Km Lz, 7& b
= kU8 mL FO~FH 2 30 mL Z %, 8000 rpm T 5 pMAEYFHA AL THIH L.
200 mL D=7 7 2a%x7 7 F—}OFIZES, KL AH (5 7 B) TRl AE LT
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2) RIS
BN Z & L Lt b U 7 A 10 g 2 A7z 200 mL O 3R HI2nx, SREHER O
A>TWEZAT7T7 2327 b=F) L 5mL TG L, RiKz2REHRKICAEDER. 105
MR VI %EHE L, HlT NI vat2EhKkE (TH) 2V Trs7E =M L)E
(FfE) %200 mL D2&E7 7 AaZ AN, BT R=FIVLVTERLEZ. ZOH 20 mL %
IEfEIZE 5 TS50mL @ PP T = — 712 A4, PBS TH S0 mLIZARL, BT LB IZHT 5
HEHER & L7=. PBS TOMMEFIZE Y DA ONTHEIX, T A®AKTAHEL, AL
B PBS T LB E &b T, 77 ALHEICHT 23 EhAIR E L7z,
VT, 24102000 - CERBEITo7-. vk, EEEOME % Scheme 3 1Z7x L7-.

Sample 5 g (500 mL Stainless cup for homogenizing)
——added 20 mL of 1 mol/L phosphoric acid
——allowed to stand for 10 min

——heating above 90 °C (water bath) for 10 min
——cooled ti room temperature

——added 80 mL of acetonitrile

——added 30 mL of # -hexane

—— homogenized (8000 rpm) for 5 min
—filtered through filter paper (No. 5B of JIS P3801 under reduced pressure, receiver: 200 mL Erlenmeyer flask)
——washed with 30 mL of acetonitrile

— transferred sample solution to separating funnel
200 mL separating funnel

——10 g of NaCl
——shook 10 min
I I
Acetonitrile layer (middle layer) Aqueous layer (lower layer) n -hexane layer (upper layer)
I I I
200 mL volumetric flask waste waste

—filled up to 200 mL with acetonitrile

— transferred 20 mL of sample solution to 50 mL PP tube

——diluted to about 50 mL with PBS

(filtrated through a glass filter paper (Whatman GF/A) and washed by small amount of PBS,
if the filtrate is cloudy.)

OCHRAKING (immunoaffinity column (IAC))

(Same as Scheme 1)

LC-FD
Scheme 3  Analytical procedure for ochratoxin A in milk powder for pet food

2.5 WINEICGERER
220 ) TIHBIL, ImLHICAZ T hF U AL LTI0ng 25/ T DO 8%, Tk b
=k U—7K (1+1) TIEMECAR LA AWz,
ZmEYAFAE O Yy —%—, EFHEHEOHILZIZOWT, 7T hFv v A LLTER
Z10.01 mg/kg MY E (BERBHAE T T 5 ng/mL) 225 X2 CimML TESBAL, &k
B L7 RICARIEICE > CER L, [BILEERDT-.
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3 BWRERUEBE
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22D DICE VAR LB MEBEBRIERAAZ 7 bF 0 AR 50 pL % LC ICHEAL, &5
Nierzu<x 77506 E—7 RO E S 2 W THRERZER L7

BONTRERO—FIIXFig. 202380 THY, 4% 0.25~20 ng/mL (FEA&E L LT 0.0125~1 ng
FHY &) O CEMEL R L. 2k, YEREROREGEHIT, £277 %> A %
0.0005~0.04 mg/kg & A 3 2 i Hakkt & ARk (M ERIE, KL =gk RO v 7 55 8TiE)
WCREWTHERL U 72 e iR BBHRIE T O A 7 T by v A BEHPEICH YT 5.
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Fig. 2

Calibration curves of ochratoxin A by peak area (left) and peak height (right)

32 WRBIEC KD PR

Y v —F%—, BMEEYYy—F— (h—FR&ZA7) 1 kO 2, EMEEY vy—F— (V7
NEAT) , EAEEOBIALZIZONT, 25 IC6WA7 T hFv v AEREREZRML, 2.4.1
DOWERBIEIZ L 0 IRINEGRBRZ 1T o7, TOREFIL Table 3 D LB THY, FMEHEY v —
F— (N—KEAT) 2 RO I NI ZRWVEAEREHZOWT, Eoi@iW A RS ORBRE VE
11 BRBRIEOZYMEMZRE (UUF TRBEOZYMMERIE] L), ) KEDLNEEDH
FEME (0.01 mg/kg TiX 60 %LL E 115 %L T) Zi7e T RFRARTH o7z, R RBHEL I
inole 2 BHZIOWT, A7 7 X0 A FEERZRINETIC IAC LIEFTE TORTABE 21T
W, EORICA T T MR ARBRERERMLIZE Z A, BT Table 4 DL B0 B4FTh -

T2 &b, IAC TRE COME TRICHE NS D EEZ b,
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Table 3  Recoveries for ochratoxin A (method for jerky for pet food except for
ones made from pork liver)

Spiked level Recovery
Samples
(mg/kg) (%0)
Formed jerky for dogs 0.01 82.7
Dried jerky for dogs
0.01 83.0
(hard type) 1
Dried jerky for dogs
0.01 38.2
(hard type) 2
Dried jerky for dogs 0.01 318
(soft type)
Confectionery for dogs 0.01 76.5
Milk powder for cats 0.01 34.0

n=1

Table 4  Recoveries for ochratoxin A spiked after the extraction step (method for jerky
for pet food except for ones made from pork liver)

Spiked level Recovery
Samples
(mg/kg) (%)
Dried jerky for dogs 0.01 855
(hard type) 2
Milk powder for cats 0.01 94.5

n=1

3.3 HHGIEORE 1 KL N—40MTik

OV N—IZIEA 7 T FX2 2 ADEREPRBDOOLNDLZ END 9, BMEEY vy —F%— (h—
REAT) 2 DEHIZ, TNEEFEMEETL VY —F—12Oo0 T, FICHOWIEORENEKD
BNTWVAEN, 32 OFETIEREINEKRZ 722 Enb, BRBRIESITRLISEEZRFTS 2
L& L7, Table3 HUV4 OFERND, TIAC TREE TOME TRICHER S D EEZEZ N0,
T T REX VU A ICBRDMOME FEERELZLEZA, 7T FFvr A ZBERMENGTCH
Bsstic Lo L, —B7 A0 ) THRHE, WEEZBAEICR LT BOVEEES TRt
LIFERRESNTEY DD, iAW BB OV T, Z7rrdkrs D, FigEx T
O E 7 v iy A EFRREF VOO 9% HW B3 H - 7z,

T, BEERRE LEALD o@E DRI, BV IREHMHEZ ST VS A Xz, BF
PEDmW T B RV LAEFIRTF VICENENET L., EMEREY y—F%— (h—FKZ A7)
21220WT, 25120 EWA 7 T FF v AEHEREZIRINL, 242 O L S—20H1EIC 0 dshnE
B 21T - 72, 728, REHREREZ 25 ¢ L LESALCIRVIREHHOSA LR LE. £
DOFER, TablesS DBV, WEHREUE S g KOKRE VT A A OSEA R b BRIFefER & o
7.
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Table 5 Recoveries for ochratoxin A (method for jerky for pet food made from pork liver)

. Amount of
. Spiked level ] Recovery
Extraction method sampling
(mg/kg) (2 (%)
Shaking 0.01 5 43.4
. 5 91.8
Homogenizing 0.01
25 77.6
n=1

3.4 fHHEORGE 2 - B IV s ik
BRIV Z bR ANtk aEAcE a0 Lz 24, BERE L7, ZORKE L
T, B I AT ITI3KEMRD D2 < & Ei, TREMERD DL WKL AN— S 382222 R LT
mHEEZLNZ. £ZT, WA 7 T FERv v A Stk RIS, HEREOZEE LD
MATREOEBEM GUEtEELSE, BIABTEZEDCTDH20) SE2iTo72. BHINLZIZoO
W, 25ICEVWA T T MR v AR A IRINL, 2.43 O I V7 SRS X0 IRINENGRER
BiTo7. 2O, U UBFNEROMBAEMICOWT LR Lz, ZOfE, Table 6 DL F
D, TRTOFRMETRBIEOZYEMRIBEICED LN EEO B (0.01 mgkg Tk 60 %LL L
15 %LU T) 2l THRTH o720, RBEIMEOFEN>72 Y 20 mL RN, 10 5 NEVE £
A+srz &L

Table 6  Recoveries for ochratoxin A (method for milk powder for pet food)

Addition amount of

Spiked level ... Heatingtime Recovery
Samples 1 mol/L phosphoric acid
(mg/kg) (mL) (min) (%)
20 10 84.4
. 20 15 70.5
Milk powder for cats 0.01
40 10 76.2
40 15 69.2
n=1
4 F&OD

EZHEMYAREO Y ¥y —F—, EFHEEOHMIANIFTOLE T T FFT 2 A IZOWT, Bk
ZHIZ, LC Z AW EREOE BV HAGESEOREBEE~OIREHEO A FICONTHRFLEZLE Z 5,
UTORRRE L.

1) Yry—F—, EFEEOHINZIZOWTHERRIBICL D RMEGRER 21T o 72/ R, KL
—ZEMEHCEA L D Z R Py —F — K OEFHIZOWTIE, BAREIERE LN
D, ML AN—ZFEMEHIER LYy —F — KU IV ZICo0 T, KERETH -T2

2) ML AN—ZFEMEHCHA LY vy —F — IOV TITRBHERE DL T, MG HEDLEE, 1E
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