EHUE) Y IR R h 00 SE(E R RGO BHTE OB %6 1

1 EMPYRAAMPOEERKGEHOBRLEEZORRE
TR BT, mOR RE—TL, L OET, RS EET?, B B2, RFE ERT
Development of Fecal Coliform Detection Method for Pet Food

KONDO Masaru*!, SAIKI Masakazu*!, INOUE Tadashi*!, OSHIMA Shinji*?,
NOMURA Masayo*? and TOKITA Kana*?
("' Sapporo Regional Center, Food and Agricultural Materials Inspection Center (FAMIC),
*2 Fertilizer and Feed Inspection Department, FAMIC)

We have developed a detection method of fecal coliforms in pet food.

Having added 0.1 % (w/v) peptone salt solution to a sample, it was left at rest for 30 minutes. After
the stomaching treatment for 5 minutes, 1 mL of the diluted solution was inoculated into five EC
fermentation tubes respectively and cultured at 44.5 °C for 22 to 26 hours. One loop of the EC
fermentation tube that produced gas was inoculated onto an EMB agar plate and cultured at a
temperature range of 34 to 36 °C for 22 to 26 hours. One typical colony on the EMB agar plate
was inoculated into a lactose fermentation tube, and cultured at the same temperature range for 24
to 48 hours. Similarly, the colony was also inoculated into a standard agar slant and cultured at
the same temperature range for 22 to 26 hours. If the lactose fermentation tube exhibited yellowing
and gas production, and the colonies on the standard agar slant were identified as gram-negative and
non-spore-forming bacilli through gram staining, fecal coliforms were determined positive.

A bacterial inoculation test was conducted using Escherichia coli NCTC 9001. The E. coli was
added at levels of 0.5 to 8 CFU/g (0.25 to 4 CFU/test portion) to six types of pet food, and three
types of heated-processed meat products (packaged after heating) and three types of dry-processed
meat products. Heated and dry-processed products are required to meet fecal coliform
requirements specified in the Food Sanitation Law. The result of the bacterial inoculation test
showed that the LODso (level of detection at 50 % probability of detection) was calculated to be
0.41 to 0.54 CFU/test portion for pet foods and 0.45 to 0.90 CFU/test portion for meat products
according to ISO 16140-2:2016. Thus both results are at comparable levels. The matrix effect of
each sample was evaluated using the POD (possibility of detection) curve, which is indicated by the
correlation between bacterial concentration d and POD, and no significant matrix effect on detection
sensitivity was observed.
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Table 1

Ingredients list of pet food used in the present study

Pet food types

Ingredients

Dry food for cats

Grains (corn, sweet flour, corn gluten meal, etc.), meats (meat meal,

chicken liver powder, beef powder, etc.), beans (soy pulp,

defatted soybeans, etc.), seafood (fish meal, fish extract, white fish extract, etc.),
oils and fats (animal fats, etc.), beer yeast, eggs (egg powder), vitamins

(A, D3, E, K3, B4, By, pantothenic acid, niacin, Bg, folic acid, biotin, B,5, choline,
inositol), minerals (Ca, P, Na, K, ClI, Fe, Co, Cu, Mn, Zn, 1), amino acids
(methionine, taurine), food color (food red no.102), antioxidants

(rosemary extract, mixed tocopherols)

Semi dry food for dogs

Grains (wheat flour, etc.), meats (chicken meal, chicken extract, beef meal, etc.),
sugars, potatoes (sweet potato, etc.), vegetables (carrot, pumpkin, spinach,
etc.), propylene glycol, minerals (calcium phosphate, calcium carbonate,
potassium chloride, magnesium sulfate, sodium chloride, iron sulfate,

zinc carbonate, copper sulfate, manganese carbonate, calcium iodate),
thickening stabilizer (glycerin), preservative (potassium sorbate),

vitamins (choline, C, E, nicotinic acid, pantothenic acid, A, B¢, B4, B, folic acid,
B1,, D), pH adjuster, amino acids (L-lysine hydrochloride),

antioxidants (sodium erythorbate, mixed tocopherols, rosemary extract),

food colors (titanium dioxide, food yellow no.5, food red no.106,

food yellow no.4, food blue no.1)

Fish (bonito, etc.), beef, vegetable oil, vitamins (A, B4, B, Bg, By, E, K,
choline, niacin, pantothenic acid, biotin, folic acid), minerals (Ca, Cu, Fe, I, Mg,

Wet food for cats . . . .
Mn, P, Zn), taurine, polysaccharide thickener, seasoning, EDTA-Na,
color former (sodium nitrite)
Meats (chicken, beef), rice bran, modified starch, wheat flour, propylene glycol,
sorbitol, sucrose, salt, preservatives (potassium sorbate, sodium dehydroacetate),
Formed jerky for dogs P P 4 )

pH adjuster (sodium polyphosphate, citric acid), antioxidant (sodium erythorbate),
color former (sodium nitrite), food colors (titanium dioxide, food red no.106)

Dried jerky for dogs (hard type)

Beef

Dried jerky for dogs (soft type)

Chicken, glycerin, humectant (propylene glycol), sodium hexametaphosphate, salt,
preservatives (potassium sorbate, sodium dehydroacetate, sodium nitrite),
antioxidant (sodium erythorbate), binding agent (sodium polyphosphate)
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Table 2 Ingredients list of processed meat products used in the present study
Processed meat product types Ingredients
Pork, starch syrup, soy protein, salt, milk protein, protein hydrolysate,
seasoning extract, casein sodium, polysaccharide thickener, phosphate,
seasoning (amino acids, etc.), antioxidant (vitamin C), liquid smoke,
color former (sodium nitrite), cochineal dye
Pork, chicken, pork fat, binding materials (starch, soy protein),

Ham
(heated processed meat product
(packaged after heating))

Sausage sugars (candy powder, sugar), salt, chicken extract, spices, modified starch,
(heated processed meat product seasoning (amino acids, etc.), phosphate, preservative (sorbic acid), pH adjuster,
(packaged after heating)) antioxidant (vitamin C), color former (sodium sulfite), spice extract,

cochineal dye, enzymes

Steamed chicken breast
(heated processed meat product
(packaged after heating))

Chicken, salt, seasoning (amino acids, etc.), pH adjuster, antioxidant (vitamin C),
color former (sodium nitrite)

Meats, etc. (pork, pork tongue, beef heart, beef fat, beef, pork fat), onion,
binder (breadcrumbs, powdered vegetable protein, egg, powdered egg white),

Hamburger steak granulated vegetable protein, sugar, onion extract, beef seasoning, spices, salt,
(heated processed meat product vegetable oil, starch syrup, reduced starch syrup, kelp extract, soy sauce,
(packaged after heating)) fermented seasoning, protein decomposition product, modified starch, seasoning

(organic acids, etc.), pH adjuster, phosphate (Na), caramel color, casein sodium,
antioxidant (vitamin C), polysaccharide thickener, flavor, spice extract
Chicken, sugar (starch syrup, sugar), meats (pork, beef), pork fat, gelatin,
Dried sausage soy protein, salt, spices, starch, collagen, yeast extract, seasoning (amino acids,
(dried processed meat product) etc.), liquid smoke, phosphate, antioxidant (vitamin C), monascus color,
preservative (potassium sorbate), color former (sodium nitrite)
Beef, sugar, beef extract, salt, powdered soy sauce, yeast extract,
Beef jerky protein hydrolysate, sorbitol, seasoning, antioxidant (vitamin C),
(dried processed meat product) polysaccharide thickener, caramel color, spice extract,
color former (sodium nitrite), acidulant

22 K

1) KX Milli-QIX 7005 (A7 8) (1T 0 KR L 7o K557k X I% AQUARIUS RFD240RA (B Y
ERTERL) 1T X 0 R L7788k (JISK 0211 @ 5213 ICEF S NT-REAK) ZHV, LEIZGEL
T 121 °C TIS pMEERKEE L, WEKE L THW, ok, RICHWRIEL, Sk
WD H DOILFR A Nz,

2) 0.1 % (wiv) <7 b NEREEA UUF T#8iK) v ). ) NF R 1 g ROMIE
FRU T A8S5gHES TAKI000mL IZIEN L, HiEE (1mol/L) XIiF/KEE(LT U 7 A% (1
mol/L) T pH % 6.9~7.1 IZFHE& L7=%#, 121°C T 15 /@ EARME L.

3) EC R  EC K (/N— L7 EC Kifll “SRAF” , MM b HR) 37 g 27K 1000 mL (20
Z, WKW TIEAL TENL, ¥—7 28 (i o6 mm) Z A7 HiBRE 1Z 10mL 372
SE LT, 121 °C T 15 RE@EEAKME L. WE%, EbIiAKTamL, ¥—7 0%
IZRENBA S TN L 2R L.

4) EMB ZEXE:H  EMB Hiih (VS—)L=7 EMB & “Sa” , Seifb2RE) 40 g 27K 1000
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mL (ZH0 %, BRI TMEVL CE L, 121°C TISHRIEEARKHEE L. ZhiE 7T A
F o ZRPEE Y v — VI HRICIEN D £ D12 20mL 3 iE L, AKFEICEE L CREE S 7-%, #
BLTSEZ2bT0CT 5 L, 35~37°C T 1 BpMHE L CREME w2 il S8 72,

5) HMET A 3 UREE O HMET A I UM (= a7 MY A 3 R R, SRR
M) 18g /K 1000 mL ([ZH1 %, WK TMELL CIEn L, ¥ —F AE 2 AN PilRE
[Z10mL o7 L7, 121°C TS mEARKIRE L7z, Wk, EHIZAKTRaML,
=T NEIZKIAN A S TN L 2R LT,

6) U UEEfEmEABERE K (LT TPBS) &), ) PBS ¥k (7% =7 1« 7™ D-PBS (—)
MR, BEEAT T ) AT 47 AH) 9.6 g &K 1000 mL (Z¥E2> L, 121 °C T 15 WM& ERR
WE L7,

7)  REAESE R AR) i B FEER R B (VN — L o TAEHESE RREH “S SRk
23.5g Z/K 1000 mL (20N %, KB TMEL TEP L. Zha PRBREIZ 10mL 3°2o%
HEL721%, 121°C T 15 ol @EAKIE L, Al EEE S S,

8) 7 T LYK T2 AN—G (BEXAT 7 ) AT 47 A8) oYtk A (87 NV T 7
=), B (B2 ) U =& ) —UR) ROYREEB (77 =) .

9) KIGHE UMK  BIOBALL HIGHDOSE 10K Escherichia coli NCTC 9001 % (&4 A U = —#4,
10320.0 CFU &% T 10004.0 CFU) 1 1 % B E A 1000~1200 CFU/mL F£/% & 72 5 X 5 PBS TIAf#
L, KIBERMEIRE L=, KIBERMERZ PBS TX HICAIR L, HEEEN 200 CFU/ML,
100 CFU/mL, 50 CFU/mL, 25 CFU/mL &% (" 12.5 CFU/mL F&J¥ & 72 25 X 9 KIGHE RINIE % 5 5
L7.

23 WEKUOGHE

1) A bk~ v 5— : EXNIZER400 A /L7 / Hl

2) Abvwoh—% . MEREHFRYSE (400mL) A0 H

3) fEIRAKHE : NTT-2200 FRE bkl X% TRW-42TP 7 XU

4) A F 2~—H%— : LTI-700E XX LTI-1001ED  HUr B Ak 2

5) Zofth: ABICHWZSHED S B, Bk, A OERICEMAT 201X, ThthaEt)
FHETHE L0 E2 v,

2.4 HERITIE
1) #BHE O 7R
ST 25 g o TR b~ v —IRICAN, WRIE 225 mL 21 & 72 1% 30 53 [ #fE L7z,
INEA M~y —4WB (200rpm, 540f) L, #EHkE L7,
2) EC BEMEIC L DE#E
HMEHE 1 mL A Ay T 5 KO EC BEFIZZNLZNAINA, HIEKER T 445 °C
(£0.2 °C) T 22~26 FERIRG#E L7z, Bk, S AT R TCUCHT ARAEZBORWES, EFERK
I REREME & E L.

3) EMB ZERE:HIZ L 5B #%

EC BEEICL D #EEL, VARENRD LN EC BEEE LD, TORERE 1| A& HE
FRELL T EMB ZEREF MU B B L, & L T 34~36 °C T 22~26 FEfHIET#E L 7=,
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4) HMET A T REEE K OREERE KRR I K 2 K%

EMB FEREGHI TR %, #ERKBGEMEOEMNNEE (RAO&E IR - IIREREA)
I L, FHMET A I REEE (R K IR R R R I TR L, £ T 34~36 °C T
24~48 B & Y 34~36 °C T 22~26 FERIRE % L 7=,

5) 7T LY

HOIEREE KPR ECTRE LEHEEZSEL, 274 FZ7 7 A LI FLEBEEAK 10 ul
CIRFN LTz, HoERtR, KREE LB IC iR A ZHa 7Bl P L, 1 RERE L. Y
IR % Jii K CBERME N EHED D B 720 X5 IZF0 Ik, BEAK TREIR A OFARE
JH S b Ol Lz, BEaRE FERICKER, BHmcRakB 2 HaE&l L,
1 I E U, Ytk 2 RERICKTER, AMTAKRESEHRY, LFREMSECBE L. 72
B, AT7A4 KT TRE, =& 7= IZ—B EREL, KXTERIHESD, iELicbDr i
AV

6) FE{HRKIGEERE DM E

FLBET A 3 U RBEE IS L DG, W ARENED LN, ZHIUTKIE T DA AR KA RS
FOEN T T ABEEOESFREE Ch o756, BERKGEEGEE L, £othogai3k
P& E L.
7ok, B FIEOME % Scheme 1 1278 L7-.

Sample solution preparation
weighed 25 g sample in bag for stomacher

added 225 mL of 0.1 % (w/v) peptone salt solution and left at rest for 30 min
shook for 5 min using stomacher (200 rpm)
EC fermentation tube

inoculated each 1 mL of sample solution for 5 tubes of EC medium containing a Durham tube
incubated for 22~26 h at 44.5 °C

EMB agar

inoculated with a loop to a plate of EMB agar from EC fermentaion tubes observed gas production
incubated for 22~26 h at 34~36 °C

Standard agar slant Lactose fermentation tube

inoculated a typical colonies with a wire to a
plate of standard agar slant

incubated for 22~26 h at 34~36 °C
Gram staining

inoculated a typical colonies with a wire to
lactose fermentaiton tube

incubated for 24~48 h at 34~36 °C
Gas production

performed gram staining and observed under a
microscope

Detection of fecal coliforms

Scheme 1 Analytical procedure of fecal coliforms in pet food inspection method

2.5  KRIGHEEINFER

1) FEHR OFR R
2.1 DT EL 25 g # B> CTA M~y I —WIZAN, REFPOEBENS, 4, 2, 1 XT0.5
CFU/g (LU'F, BREOREWENO d~ds &35, ) L7258 91222 0 9) TR L7z KIBER
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IR ZE 2 1 mL ¥ L, MR 225 mL 2Nz 7=, 30 pMEE L. Zhid A b~y
Z—4LEE (200 rpm, 5 4rfH]) LU, EC FEBEEICHFES 2 RIGERMNAEHK E Lz, T, K
IBEZ T LU2nWT 2 o 7 3 REHR b il L 7.

7B, REHIFRE T I0fFIcmRan<TsY, 20 10 AR L7 kEHE 1mL %2 5 KD EC
HEEEE IR T 2 Enn, BlicERSR e (LU TRBREAL) V). ) FoRERE
I GREFFEIRE -10X5) 75 &, di~ds ZZNER 4, 2, 1, 0.5 & 0.25 CFU/RBRED
&%,

2) EC EEEEIC L D580 b B R KB EREOH E

RIGETMAEHE L 7 Z > 7 3R, n=6 CTiBR%E FhE L7-.

B, 777K MW EC BEFEIC K DHEICEWT, HANRELELZNE &%Eﬁ
WTE YD, KRIBEBMBREHEIT 2.4 @ 2)F T3 L, EC S TOH A ELEDHEEIC
DL OBEEZHE L. £72, &0 EC BEEE CHADOELENBEO LT H D) %%
TRIE 1 RZMAEA IR, 2.4 O 3)5) &2 Ehi L, BERKBEEOHERERTZ L 2B LT,

3) LODso DH

) THME &HIE S =i B 2> 5, 1SO 16140-2:2016 1231 A EliEIC L W LODsy 2% H L
7= BAREJIZIE, ISO 16140-2:2016 T/REALTWAH U =7 A k (http://standards.iso.org/iso/
16140) LW & u— KL/ LODso RO 7 wL 7 7 A WIT, KRIBEGINGEE, Bk
HAEANDLEH L.

728, LODso DFtERIL o) XBHW LN TV D, ZhuE, &7 V00 OAK0 6E N
Btk & 72 = (probability of detection, POD) % K& % b)=\iZ POD = 0.5 Z{RA L, HIRE d
ZROLANCER LSO THD. Fio, o)k b)RXFITIE, BRHEEICRELY 5 2 530
B, $hbbv ) v 7 AR EZBIMEF BEASNLTEBY, F=10F, HBH&EE~D
2 U T ADEBIRNE NI LIRS, FIE, EERNRBRIZE T 2ERNEE d TOB
My % DO HRERAUTRA L TR LN D.

In0.5
AoF

b) POD = 1 —exp(—4,Fd)

a) LODgy = —

yid; _
2 Z(exp(A Fd;)—1 (6_yi)di>_0
Ao RBHE, d: FIRE, vy BEREL

4) ~ bV v ZBFEOFE
Wilrich 5288 OL TWA HIEEZBRL, 3)D b)iNTHEIND POD & HIEE d & OB
DRSS NVDMBIHEER (LT TPOD H#hifk) &5, ) #HWT, ko LBh, FERKGEE
REBRIEICB T 25RO~ MY v 7 28R &2FHE L 7.
3D b)yRXAEHNT, WHRE d Ik LT l-exp(-dgFd)x 7y v 952 L2k, £ ED
POD M A ER L7z, Zol & D F X, 3)THLNIE~Y M) v 7 AR F #Hwiz. EIZ,



8 fAEHFZE S Vol. 50 (2025)

POD 3~ FVU v 7 ZADEEEZ T WHARNZRE (F=1) 260EL, Z0O8%4E0 POD i
(LLF TEEAY7: POD HIER] W09, ) D95 %EFHEXMEZ LN e)uaE AW THEH L-%,
%D POD Hi#R 23 M 5% 95 %G X OEPEN L AR L. 7238, LW e)XickiTH,
~ MUy 7 AR F OXEEWE £ (f=0) OREEERA SD OFHICH > TiE, HEZH
7-.

d) p(d)rower =1 — exp(—Aodexp(f + 25D))

e) p(d)Upper =1- exp(—AOdexp(f - ZSD))
1

f) sp=
J . 6(AyFd)?

i=lexp(AyFd;) — 1

f1= MY w7 2R F OREAHRE
(D) ower : FRARBIZRIRREIZ IS 1T D 95 %IEHEX[E D FERD POD
P(Dypper + BARRIZRRAEIZIS1T D 95 %IEHX [ D LR POD

3 BRERUER
3.1 LODso (T & % ft

25D DEO2DIC LY KIBHEEIRABREZ £ L, 2.5 D 3)I2X Y LODsy 2% H L 724 F 13 Table
3K U Table4 D LB THY, L@ LD LODs 1% 0.41~0.54 CFU/RBEREAL, BRI O
LODso 1% 0.45~0.90 CFU/BRBRENL TH - 7=

fhoORGMOFEFE LT, TED DX, HEAMO LODs % 0.42~0.81 CFU/RBRERNL & #i4 L T
W5, ARBRTHOLN-ESEh RO LODso 1%, BRI O LODso & O FHE S O & [
BREOKRETH- .

F72, BHIEE d =4 CFU/RBRENL (8 CFU/g) DB, & TOREIR IR TONE T (B
F 100 %) &7V, ZAUIEiEHEE &K O EREE CREROER CThH - 72,

Table 3  Number of positive results and LODsg of the spiked test for the detection of
fecal coliforms (pet food)

Positive rate per each inoculation level® Blank Matrix LODy,
Pet food types effect .

d, d, ds, dy ds level F (CFUltest portion)

Dry food for cats 6/62 6/6 6/6 3/6 0/6 0/6 1.65 0.42

Semi dry food for dogs 6/6 5/6 4/6 4/6 4/6 0/6 1.52 0.46

Wet food for cats 6/6 6/6 4/6 3/6 2/6 0/6 1.46 0.48

Formed jerky for dogs 6/6 6/6 3/6 4/6 1/6 0/6 1.27 0.54

Dried jerky for dogs (hard type) 6/6 5/6 6/6 4/6 1/6 0/6 157 0.44

Dried jerky for dogs (soft type) 6/6 6/6 4/6 5/6 1/6 0/6 1.68 0.41

a)di=4,d>=2,d3=1, ds =0.5, ds = 0.25 CFU/test portion

b) Number of positive results/Number of measurements at level di
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Table 4  Number of positive results and LODsp of the spiked test for the detection of
fecal coliforms (processed meat products)

Positive rate per each inoculation level” i
Processed meat product types - Blank I;Af?(te:i( LODsp )
d, d, d, d, ds level E (CFUftest portion)
Ham? 6/6) 6/6 56 36 16 0/6 1.54 0.45
Sausagea) 6/6 5/6 3/6 2/6 0/6 0/6 0.77 0.90
Steamed chicken breast? 6/6 6/6 4/6 4/6 0/6 0/6 1.33 0.52
Hamburger steak? 6/6 6/6 3/6 3/6 1/6 0/6 1.13 0.62
Dried sausage® 6/6 566 46 26 206 0/6 1.04 0.67
Beef jerky” 6/6 6/6 3/6 2/6 1/6 0/6 1.01 0.69

a) Heated processed meat product (packaged after heating)
b) Dried processed meat product
c)di=4,d2=2,d3=1,ds=0.5, ds = 0.25 CFU/test portion

d) Number of positive results/Number of measurements at level d;

32 ~ MU v REEOFM
2.5 D M XV AERK L7z POD #h#RIL Fig. 1 ® BV THh-o7-. £ ToO POD R A HAEA 72 POD
HIFRD 95 EHEXMOFEHN TH 722 &nn, HENRRE (F=1) ORIITENSILT,
ZHrEh ) AR L OB LG O 2REHI B W T, MHEE~OFER~ N v 7 AORE TN
EEZ LN

== = == p(d)Lower

- = = = p(d)Upper

Dry food for cats

Semi dry food for dogs

Wet food for cats

Formed jerky for dogs

Dried jerky for dogs
(hard type)

POD

Dried jerky for dogs
(soft type)

Ham

Sausage

Steamed chicken breast

Hamburger steak

Dried sausage

0 T T T T T T T
0 1 2 3 4 5 6 7 8 9 10

Bacterial concentration (CFU/qg)

Beef jerky

Fig. 1 Correlation between bacterial concentration and probability of detection for ideal condition
and each matrix
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4 FEOH
HHERRAGEREGABRIEIC X 0 B5dh AR L Ol g & L TR 2 AV CRIBET MR
ekl 25, LTOMENRG L, e e & i TR 5 miEk <, Rl

WE~DOERER~ N v 7 ADEBLROONRNhoT72Z LD, 7K EERBRIE O % i)

Wy Bk~ i F K OV Bl A il L3 DA IE A~ DI A FTRE CThH D L B2 bivT.

1) ELidEhi AL ORI, KIBE A 025, 05, 1, 2 KON 4 CFURBRIAL 72D X 51
W UARER U7- /b5, E i@ KD LODso 1% 0.41~0.54 CFU/RRBREAL, &AL D LODs 1%
0.45~0.90 CFU/RBREN. TH Y, RRETH 7=, 7o, MOBRLOFRER & LEBRETH -
7.

2) KIGE IR O RN O 674300 POD Hift & FRARAY 72 POD #hfi 2 Hoils U 7= #5 3,
42°CO POD #h#R 23 B4R 72 POD iR 95 WEFEX M OFMHNTH 722 LD, BHERE~
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