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1-1 Campylobacter B

Campylobacter J&1X 1963 4F, > —R/L M & T = T8V | YK Vibrio JBIZ/3FA S LTV
72 V. fetus 3 XNV, bubulus @ 2 Ffi%z &> THID TIRBINZHEBETH DL, TD%, 2020
11 ABUE, Campylobacter J& 1L 33 FHEIZ /7 FH STV 5 (LPSN: Genus Campylobacter,
2020),

Campylobacter J&FIINE 0.2~0.8um, £ X 0.5~5um, [~%L[EMRE L T\ 5 7T AR
ThHY, —UmEITTmCHEL AT D, MELEHNLTars 227U 2 —kk (58K
DIEESER 2§ 5, 5~10%FEFAFIE T CO AT AT RE 22 A < CTh 5 (B AR S
W=, 2018) . Campylobacter B X, % < OWHFLI K NSFEOHELE , gy, ORENITIA
AL TWD, b FORRYYEITEIZ FTRYESCHE ME T, BRMED B F I S 2 i
\Z. Campylobacter jejuni, C.coli, C.lari, C.upsalitensis, C.jetus 3% % (FA7A,2019),

1-2 Campylobacter B H3

Campylobacter B Z & 2 B TR T B OB PEHE AW COLE, B,
HIUEHE BICHIEOT T EAELTEY (Figure 1), 2003 £ 5 2021 4E £ T 19 4FEiif:
THIEMER R FOIRAEME | AL A L T D, %< OYEEEEIZI T Campylobacter £
HERITIIMERIC S 0 . HIERBIBECIX, B4 4~5 BAOBRERH S5 L HR SN Tad

(Ruiz-Palacios, 2007) , & 7=, Campylobacter B # I X HE & DOEIUTHIET 5 & =41 (Teunis,
2005) , SE£FAFAEBIOWRE L 2\, Campylobacter JBHEIZIEY: S LT- i &A% 1~7 B (°F
%)3 H) T, AL NEE. BEL 3R, 2FBRREOERSED OND (BRRELEEAR,
2006) , Campylobacter BHFHEH DL ITERIBI L, TH b BRI CRAIZIBR A LEL L
RGBT, Campylobacter EFFIZ X D THNIENTH D & i, Shik, &mlnE X
FTREOIRT LB T, BUEL R D560 85 (RMEEZEESR,2015), BOERITEL
BOE L 72 o T2 B O TR TS i B SUTEAFIED A Th o7 & Sh, BOERZ 0.024% &
HEE L7k OS2 8% (Magaz-Martinez, 2016) , A 0HE & Uik, BME, AFZe. RAAE
%, BilkZe, BARIR, ¥ 7« N —JERRE (Guillain-Barre Syndrome) 72 &AL 29 2 L3
b, F7 2 NU—EGERHT, FRO LU, B, SITREER &2 5] <k Z9RKHH
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MR ETH Y | JRKOK 3 EIE Cjeuni \IZ X DD L SN TN 5, AHHESRERIT, BIK
I RAUFFE TR ITEm L Wb OO BHE ORENATEOE 2T S, A%RfAE FEER
BRFHELEZEZ DN TWD, LHOEFIRELZ RTIEED 1 5 TH2D DALYs (disability-
adjusted life years : [ EFRIEALFAE) O HAICEIT S 2011 FEFORFFER L LT, BiHED
C. jejuni / coli \Z X 5 JEYSE D DALY 1% 6,064 DALYs & #igt Sz (B4, 2022),
728, Salmonellasp.i 3,145 DALYs, IH& HImPE KA 1% 463 DALYs, / 2 7 A /L A% 515.3
DALYs LH#fF SN TRY., A LBYYEDOF T b K& RPEIHRARICR>TnD, 20
£ 912 Campylobacter EH 7L, AN DL SOOI LT, WREOEZ I H & EEMEN
HLTHEY, ZOTHRROMENSHE L SLD,

Campylobacter JEH D > HAEFEFEODRIK & 72 2 E/R WX C. jejuni LY C. coli THY |
1982 4EICEAE (B EAHE) 1B W TZ 02 HENETHEICIEE SN TW5, Cjejuni
I OMKIE (37°C) LV & BEHOIRER (42°C) CISHHET 52 &0 0, miRtk
Campylobacter (Thermophilic Campylobacter) &I T2 (=1%, 2013), C. coli IZTEHE,
FHEVE, AACFHIMIRDS Cjejuni (ZFBLT 5, C. coli IXIGIREEIENMAK S fRZEREM: T d 5 A
T. C. jejuni LERNTRETH D, C. jejuni KON C. coli 1IFHE. F & . HHEEMCE L)
W7x EOBENICERS L, REBIME S IIRIET D Z L <fFE L OLARRE k> T
%, C.jejuni %N C. coli DIEDRERIT, £ DMOEZI T HIRE RN D T 5 & IEH
RS, FBIZIIT D Campylobacter JEH D43 BERIL, 0~100% & NT DENRRKEV, 7
KTl C coli B3, 4 TlE C jejuni BERICHBES N D,
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1-3 Campylobacter B F 3D FBHxI5R

Campylobacter DA ZBGIET 2 720I121%, BSONEN S A SR O TR, ¥
BICEDLTRARL 7 — FFx2— OFKEBERWT, MAEMORZAEGYIEE XY | HERTO
T3 TN K D BEMREI R A LD Z ENEETH D,

PR PEBERE C I3 AL AR ER 5 OIS A (i FR MO AR PR A E O T TR O FIEDH
H R OB BRAEICRT 2768 (1991 4) ([ZRSWTPBXIRBIThR T\ D, SHic &
SRR 31T D HACCP H3UC K DA FHESE) (1992 4F) T HACCP %17 9 &5 D1
WAL, BRSROMAEMBRIRO LY —@ORELK T, 2021 4 6 HETIca
TORGLIRYT HACCP ([ZIh - 1o fiAE O EmMARZE T b, BT HERICED
Campylobacter B F 3 FEEUL 901 {4 (2020 4F) . 764 £ (2021 4F) & 1,000 HELLF & 72 o7z
D, ARIRE LT oMM E R 3 & il U CHEAEDI L, 2021 fFRT ARG (B4
T, 2022) T, RIKE D C. jejuni / coli Th HF3AEE] (154 1) @ 5 BIRK & 5 A
B L 7= 556 (48 1) T, RINBGHEL RS, 7oz, = U=xR) 23354% (17 48) . gk
FHEL OINBCRA+43, IRIRFHEE 72 &) 2% 64.6% (3L 1F) 7257z, MRENOIHYFEREA A L
TS (UNEF,2014) €. HREBA D 61.0% (94/154 K{K) 75 Campylobacter J&H 2377
iz, HREBIT, 1.5~1.91og MPN/100g DFERDS 13.6% (21/154), 2.0~2.9 log MPN/100g
DIRIEDY 19.5% (30/154) | 3.0~3.7 log MPN/100g DA 7S 16.9% (26/154) . > 3.7 log MPN/100g
DIFIEN 9.7% (15/154) . FHIIRFARGE OMARDY 1.3% (2/154) 12o7-, ZDZ Linb,| ApE
EtBEC D Campylobacter J&HTHYARIBHEE D A TlX, Campylobacter B %+ TFT
HZLIFTET, EERMBUBEDO T — R = — VB TOTFIIIRNBLETH L,

AEFEBEHELARE OB PR T XIR & L CL BB O R ZEVEYHMEI A A %) & S d (BRI,
2013), AZFEGYLIE. PRE OB REN WS O3 HREDERN S OIZHEMT 5 Z & T
RIET 2159 C, b MR, HESEEZN LTI 5, B2, AERRE CRUEMIG Y L
TAERZ TR L7256 A L ER, AT FIIMEMIIRZEZLREIND, T bk
Vet « ZHET, O EROFAETHEH L 726, EZOBMMNEREND, ZDiHY
LT2 B D5, INEE O RBP4 TEE T 28 Th o T lma, B BIGRRRE L 72w
e FOENIER L, P EN AT DR L 225, ZAEBRZ RIRPIET 2720120,
il O X 2 YR X, TR X e &I 1T 95 D i T &SRB L A
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D, FEOME, Fin, B ARG - RET 57 L0 RS B ORUK N LB L
END, D& A B EIS I 2 R0 L, ceEe L 0 RN AER AT S 9 2T
154 L7= Campylobacter JBH % fHE & U, IGRARER A F T 5 70 IGYMERE O FERE L L
2T HZEMENTHY, VAISHXI AL NMIETDI AT EARA L M T —4 &
LTI D, —#%IZ Campylobacter &% 13 International Organization for Standardization
Technical specification (ISO/TS) 10272-2 (ISO, 2006) \ZiE®H 5 ERESHN LD Z L%
Vo 2L, Campylobacter BFEII KK PICREZ IND &, RHICHPEZ bEAMRNHER
RICEL &, #HLHIZ VBNC (Viable But Non Culturable cells: 4 & TV 5723, AN THEHITC
FEf CEIRWMRSEIRAE) & 725 Z &2 (Hong, 2007), ZERELH ECilEET250OC (Moore,
2001), BEEAM RS 5 Z EHEL < (Ricke ©, 2019, Yoymi 5, 2017), 5L T
E AR5 Z LI LV, T ORERE S LT real-time PCR (qPCR: quantitative Polymerase
Chain Reaction) % W70 A TFRIFIENRE I TE 72 (Kojima B, 2016, Toplak &,
2012, Bojan &, 2017, Sabaike ©, 2018), qPCR iEIFFF#E L 0 RENE < . BT
x5, LML, qPCR IEITARE L FEEDIXINR DD &SRB MRS Y 7L PCR X
JEEPRET S Z L DNA IR FERMLETH L Z R ENREE SN TE L, &
ST, BT EDFRBIN DI N 7Y o ZIEOB%, SEHE OB /N T D TR0
872 qPCRIEDBFEN KD BTN D,

Xl R R PR B E P ZEE CTIE 2016 550 B Offi{# 72 Cmapylobacter J&H O
B - EEEOBFICEY MA CE Tz, BRI RS & PCR )G Z MAA DR T-/R
HEERE T, RHERESTERKER LODORBREZITH & & bic, BEETICRITS
Campylobacter J&#H D LR ERAIFIAT 5 Y —L & LTOEMEORIELZIT> TE 7, £l
IFAEVETIE 3 BULEDDD C. jejuni DA 1.5 HIZHEHE L, 1.0 log CFU/mL @ C. jejuni
OREHRATRE T 2 LWy Lz (M, 2017) 28, BA%E L 7o TR L 7o EEBREMERA A
WET, FEREDAX NV K DRREIZHEN H > T, & OREMROT- DRI IX, FREE
OEEAL & RHEEE R B & S FREICED A gPCR JEE A X —H L— 3 EN B
AT IVEA L= a AEICEET D L LB, BUBHEKR2>H DNA fili 72 L C qPCR 23 A HE
72 PCR JUSPHEMMED & 553 28R LTz, BRI TV XA B =2 a AEDTT

A ~—+7r—7 & LT TagqMan®MGB BEIZ B F » ;X LightMix*Modular Campylobacter
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Z W5 Z &R PCR SUGBAEM D & 5 KAPA3G Plant % V5 Z & T, DNA flitH#{E%
B, o, BB, @, REtEEm ESE YA TERA A MORLERR—R T A
VT — A IUEIZ qPCRIEDTEHAIRE CTH 5 Z & A E L7e (J8%5,2021), UL, BanFRE
NEENDRIRF D Campylobacter JRHE % E T 5 & TR MY M HEEE#S° PCR Mt
WCWBERFTZERNH L2, YU T IVORIHLEE LR 8O TIRSOBFD M EE 7,

AHWFFETIX, qPCR EZ HW THUE OB EEOE &S FRER FELZRRRE L (G5 2
), ZOFETHIREA T O Campylobacter J&HE DR IE BZFTV ., MHIUKEE & K5 %3¢
fiL7e (563 %), £LTCT7— RF=—r NROMBERIZIT D Campylobacter JEH D4
BN G GAE R EZ A ST 5720, B LIeFEZ HWIZE T ViBEL SR HEE L,
TGRARTERCRE - WL DHEOAEZREZH LI L (B4 %8),

S HABIFE TS LTz qPCRIEZ HIW T kA 2GR A48 L2 7 VB ERO E&T
—HENETDHZ LT, VRITERARA Y MIRERR—ATA T — 22 ER L, B
TRIEMEEDO—Bh T 5,



H2E Direct-gPCRIEIZ K D Campylobacter & D EEBRIMRHIED
B %&

2-1 HM

TR RIEE DA PEELIE T, Campylobacter J&H DG %% miRIZZ T 2 G S Tn
% (Igimi ©,2012, Kojima.%,2016, Misawa, 2012), £ F17 0 JFRTBEELATHE K OE
ARG RIC L D & THEBME T Campylobacter J& 215 Ye S AUT= F5 P % £ O MR HE I OVIMEAA
BT, FTITFAE T OB ARRIC K D IGRSNTZHBRN O LG L Sihvd  (Callicott
5,2008, BARGMMEAERS, 2018, Nauta ©, 2005, Yokoyama, 2017),

AEPERRIE . A BALERER IS TIX. Campylobacter J&HE DI5Y % T8 < 2 LidT&ian

(Kittl ©,2013), L72%3-> T Campylobacter FH 5% TR 5729I1%, {HEBRSTOIMEL
A PRALERDS D TR B HCO T B ERF O #R B2 LT IG RMB R O E RN Y X 7 5 i T — ¥
BER—=2ANZ LT Y AT TRBEAA L NBMETHD, F72. Campylobacter £ EITHE ~H
TH OIKE & TIHIET S D C (Hayashi &, 2013, Teunis &, 2005). &b OKEED
Campylobacter J&H 7 B2 B E TR TE 52 FENEEND,

Campylobacter J&H DR « E&FEIL ISO/TS 10272-1, 102722 (AR, F8ik) 230 |
H ATl Campylobacter jejuni / coli FEERRERE ([ENT & b £ db A A AF 58T, NTHSJ-02:2019)
PIES FAVBA TS, L U5 2 & (HERE £ TIC 5 BRRED) . BN
T EIRP T uE e 572 2 & (Teunis 5,2005) . VBNC SiEE 7 508 (Igimi, 2012)
78T, BERRIBIC X DA EEREITEEL V.,

INETRATRFZERFREHAEFZMEETIZ, 77— FF - MiiZB T2
Campylobacter JEH DAEFE M MEREDEREA AL NI T B 72012, il - fifEICKE RO E
BOFRERTFELZRFE L TE 7, qPCR THOH D Cr EIFRUBHE DR #kR EE & ) o B
FRIEICH V| CrfE & ERIRE THRERAERT 5 2 L T, Crflid b B FE T 2 [Ff
EHOWC, REOEERENNETE S, L, 7— FF=— U T CHBA%LZER LT
W5 C. jejuni JEE IXIKE & (10°~10° CFU/g) TH 5728, qPCR CTEEATRE/REEXICT D
OWITEARAIR E 72D, £ 2 CH BT EZ O FED D BERTOE K 2R 5720
OERERRAEERT D & &b, CriE»bEBEER LT 2EIFRAER L. 10" CFU/mL
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LI ED C. jejuni B THIUE, BHEATD C. jejuni HEZFHAFRETH D Z & HEEFFMIZ
16 FFRIRIE CTH 5 Z L 26T Le (FH,2017), LasL, KRBT ER % (C DNA
T 27290, BIECERIEFEOREMNBLETH L Z L 0NiEIE 72, £ 2T, #£¥I% DNA
Zph T R R AR 1R O B A EBE PCR SUGIZHET D Direct-qPCR LA A, Rt %
LT, A =T =y a ENONA TV XA B— g SEIZERE LT, PCR X
JEFAEEIZ PCR BUGBLER D & % KAPA 3G Plant, 77 A ~—/7 17— 7| LightMix*Moduler
Campylobacter <> TaqMan®MGB i85 758 v & HWT, C. jejuni RIHERE T 5 k%
T s Sz, (35,2021), LU, AT D Cjejuni HEZRIERT D L&, CriEm
MBS/ DA DD e ETRENE S 72, ZHUTR SRS OFHEY (7= AiE BB
DIRE) DT T A~ — ORI DNA R Y A 7 —BRISHER B L2 LI2XD
HDEE 2 BTz (Schrader, 2012)

THRFRI D Campylobacter JEFIE, IR AHR L, WEITIZE A ETHG S TR
GHEEROHEFIT, £l 66% (CEEEO T YLHE: 2.4 log CFU/g) . W& 27% (0.3 MPN/g
Aiii)) (Kathrin &, 2006), % Z CHN R 2 MREHA T IA T Campylobacter J&TH % [A]IX
T 557 AL (Wrap JLEE) ZBR3 L7, Foxld Wrap (LR CH o 7Y 795 &
PERDIE (Homogenization ALFH) X 0 IEEEZNZRN M L35 2 L 2B 6N L (FHED,
2019), Warp ALBHIT &SR NI 04T 2 BdnZK i D Campylobacter JEE Z A2 L7 <. &
Pl ENDEEEDE RN LIZ W, & 2T Wrap ML CTH o7 ) 7 Uizilkb 2 4
Fik7#& L. qPCR UG T CriE & 9% qPCR LA A% L7z, A qPCR IEILFIEA fEi{E{b,
TEZERFH 2 BT S 7260 DNA filiHHiE 9712 BURHE A B2 PCR BUSICi9 % [Direct-qPCR
5] Tho,

AREETITRAL T D Campylobacter & % E &A% Direct-qPCR 1EIZ OV THAI
% & &b I, Wrap ALBE O HIURG L0 HY B 55 28 %) %R &2 Homogenization ALBE & FLlg U 7=, £ 72,
Direct-qPCR {5 THF B Cr il HHERT S AU 7- BB R B % & 551k CllE L= Atk &
L% U, Direct-qPCR 140 fE &b B 2 34 L 7=,

2-2 FHiE
2-2-1 BERIBIC X D2 HWHEERATZ OEEHROHIE
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BT TP I KIFE TR E PR D T2, Campylobacter J& HEFEER & A L
HEE (FT YY) 2ilElE L ISO/TS 10272-1, 10272-2 % — A H L= ik T
Campylobacter BH Z i ER Lz (BLF, 55#&1E),

A AR LA YER X, Campylobacter J&E O H TR TG HHE D @\ Campylobacter
Jejuni (ATCC 29428) % F\ 7= (Scherer &, 2006), FEHEREIIMHH T 25 £ T-80°C T~ A 7/ 1
N7 (4TS, W) ITRE Lz, fEY¥EE L Preston Campylobacter selective
entichment broth (LT, 7L A k> 5H#) ~C37°C, 24 BifEERG R L2 b D% U ik E
#% (0.1 mol/L Phosphate-Buffer Saline, pH7.4, LA T, PBS) TN L CEERIZHL L (BLTF,
TEYERE )

R (6 /3y 7 DFE :340~390g, 123y 7 DOHH 3 :330~380g) ITMAHINOD
TS CHEATL ., -20°CTERICHET 2 F CHERE L. ERICMHER T 5r0C 4°CTHREM
U7z, R OB 1T Campylobacter BT ST, —ERKIL. $ET
3.71log CFU/g, ¥ 2 C 4.301og CFU/g TH V. BHA/INERH OaRERH OREfaE &
LCiti L C»7z (Ueno 5, 1995), FHPFEHT 501, 502, 50°, 50%, 50° {2 BEREATRR L 7 A%
YERTRIC 1 pMRIE L CHEE L. 10 0 A7 > L A8 (130 mm x 190 mm) O _EIZFFE L
Too Ny 7120 1~5 E OB A RTIR O 15 THER, 24 HOXE L 29 HOY I &%
BRiCHE U7z, % OREE 25 g I LA b ooBEH 100 mL Z01%, A b~ v H— (E-Mix
primo : ASONE) T¥J—{b L CilkHig & L7= (LLF. Homogenization #LFE) (Figure 2),

BT AEERZNET 5720, #BHK 0.1 mL (Figure 2 (a)) % mCCDA #€R B2 ik
L. Ny:83%, Or: 6%, CO»: N%IZFHE LIZ~LFH AL F 2_X—% — (MCO-5MUV :
Panasonic) C 42°C, 48 RFHIMU 552 LTz, ¥5481%, Campylobacter JEHF % %D a2 n=—%
v b L, WEEERNERES S Lz (Figure 3),

BN (Figure 2 (a)) &2 L. 37°C, 16 [R5 2 L /- R OE % ERt &R T
FHECTH 7> b L, BRERER%AREE Uiz (Figure3), 155 U7 BABERT - 8918 0% 4 w50
BRI, EEELO, B (CUF, HEERR) . RS T L7,

2-2-2 Wrap ALE
BEGEHC & £ 5 B E I FEYE KO PCR SIS EME OB BEE WD T 27290
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Campylobacter BN % < AFAET D BRI OWAEW 2 BT 5% 7Y o 7L (LT Wrap
WBE) ZARRE LT, AEEFHMIT D728, FEUER AR Lo BRERE 25 g 22— B (0Ub
7°100%, 110x110 mm, A 7 % a —K&th) TaH 10 0%, >— P27 VA b
g (7 Fy A rva, BUVEWESSIERT) LR, F5T 1 oAk U CRUEE
&3 L7= (Figure 2, Sample solution (b)), #AEHEH (Figure 2 (b)) @ Campylobacter J&
O, HE BT 5% O LT Homogenization ZLER & [/ UFNE  (Figure3) CTaHHAIL
R, EERAEH L, #EERREER L,

(A) Homogenize method (B) Wrap method

—

A 4

Chicken meat 25 g
(liver or breast fillet) f ;

Paper sheet

&

Wrap up in shee‘r for 10 min

SR

.=

Preston broth 100 mL

r%ﬁe

Homogenizaiton 1 min

Paper shee‘r
Homogemzaﬂon
1 min

Put into
. Sample solution (b
Sample solution (a) Puchitto-Campylo P )

@ ‘_
TS

Figure 2. Procedure of sample solution preparation from chicken meat using the homogenization

procedure (A) and wrap procedure (B).
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Sample solution (a) or (b)
Culture method
Day 1 ‘ ‘
Spot onto mCCDA Enrichment at 37 °C for 16 h
Culture method Direct-qPCR method
| |
Dav 2 Incubation at 42 °C for 48 h 111 Spot onto mCCDA D]Iec.T ~QPCR
ay “a microaerophilic annosphel‘e_'_i Enumeration Cr value
[Estimation viable cell coum]
before enrichment
) . .
oy \Incubation at 42 °C for 48 h in |
Enumeration colony count | | ) o
| a microaerophilic atmosphere |
Day 3
Viable cell count
before enrichment
-
—
Enumeration colony count
Day 4
Viable cell count
after enrichment
-

Figure 3. Procedure of calculating viable cell count from bacterial enrichment culture using the culture

method and direct-qPCR method.
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2-2-3 Direct-qPCR D FE

WG R% O C jejuni #EHK%Z DNA filiti# 22D FEE PCR SUSICHT 2 (LUF,
Direct-qPCR) 72, PCR Jiik#8IZ PCR A v b B X — (i1 73 % % KAPA 3G Plant PCR Kits

(KAPA BIOSYSTEMS) (LLF. KAPA 3G Plant) %#3#7E L7z, ZOKITIZPCR A b EX
— Tt Z 5> KAPA3G Plant DNA Polymerase % & A CV> 5 (Kapa Biosystems, 2016), 77
A ~— 7 a—71% Campylobacter J&H DR BT OHIERIY % 5T LightMix*Moduler
Campylobacter (Roche Diagnostics K.K) % 1\ 7=, PCR mixture {213, B 1 pL & premix
15 uL (DNA Polymerase 0.6 uL, PCR Buffer 8 uL, 1.5 mM MgCl, 0.8 uL, LightMix®Moduler
Campylobacter 0.5 uL) Z R4 L7z, 1% O PCR mixture (% LightCycler96 (Roche Diagnostics
K.K) %M\ TPCR KUSICHE L7z, PCR J&I3 initial denaturation (FIHIZEPE) 95°CT 15 %
1To 7%, HMERL (annealing and extension 60°CC 15 >, denaturation 95°CC 4 ) % 50
A 7 W4TV, LightCycler96 )& @ Software Vresion 1.1 (Roche Diagnostics K.K) THET L |
CriEZ it L7,
2-2-4 Direct-qPCR 1k L BEBIE DA FE O g

FEVEWR A Al L 72 %5 % Homogenization ZUHE | J OY Wrap LB CENENY 7Y 7
L. B % . Direct-qPCR 1K QN5 #8IE T Cr . M OVAERER (log CFU/ML) %#457-, 15
bz CriE & AEWEE SRR EER L7z (LUF, Cr YR . Ak OB E R OBl
X EERRR) L Cr RGO 2 SOEYFAE AT, Cr i) b aUEHE F O A B

CHERTEREE) ZHEGH L7z, HERH L72HEREATAERE (log CFU/g) & REFRIETHIE L7
ERIAEE S (log CFU/g) D 43Afi &2 F ONF I Cos L7z,
2-2-5 FREHARAT

FE, AHEIMRER, FEONTIXIfEHT, t BRElX IBM SPSS statistics (version 27; SPSS INC.)
ZHIWTHRHT LT, BRIETRONTARRE CrfE THEE Sh - ARERT, 1 gd
D D4R (CFU/g) TR L7,

2-3 fER

2-3-1 FERETHONHEREERORHER, EEER, EFX
FEHETR 2 Fi 7% Homogenization ZLEEFS LT Wrap JLELCENENY 7V 7 L7-alE
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D Campylobacter JHEIERE . Criliz Table 1,2, MR, TEE% Table3,4 (TR L7-, ¥
T ORI M OVE BRI Wrap ALEE Tl 100%., 75.0%., Homogenization ZLEE Tl 95.8%.
58.3% & Wrap ZL#H7% Homogenization ZLER I V) & fE72 5 72 (Table3), ¥ I O = & OVE
T Wrap ZLEE T 100%., 75.9%. Homogenization ZLEETIE 100%, 82.8% & 72 V) . Wrap AL
P & Homogenization ZLBR L[R5 72> 7 (Table 4),

B AT - BB R O AL 0 VERR L 72 B R A Figure 4 A~D (12377, HHBEAR 2T 0.85
~0.93 72 o7, HEHT & HE 16 FFEHE O AR B DA FEFEE) OFE)E (log CFU/mL) 13,
Wrap JLEED & & FET3.16 +£0.33, $H I T3.48+047 /257275, Homogenization ALFH
DELE, FETO081+039, V¥ IT256+£0327-7, FF, I & HIT Wrap LEEA

Homogenization 4L 2 V) ¥ EU L EETE > 72,
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Table 1. Number of viable Campylobacter spp. before and after enrichment culture of liver samples
inoculated with standard Campylobacter spp. using homogenization and wrap procedures, and Cr

values of the solutions after enrichment culture

Dilution Before enrichment After enrichment
rate® (log CFU/mL) (log CFU/mL) Crvalue
Batch  (times)  Homogenization Wrap Homogenization Wrap Homogenization Wrap
a 50 3.61 4.14 4.35 7.28 37.52 25.05
500 2.82 3.34 3.00 6.78 38.91 29.29
5000 2.30 2.87 NA® 6.31 NEG* 30.75
50000 <104 2.28 ND¢ 5.36 NEG 32.00
b 50 3.61 4.50 4.11 6.84 37.09 27.28
500 2.98 3.22 3.18 6.07 NEG 31.25
5000 2.26 2.80 2.85 5.48 NEG 32.26
50000 <10 <10 2.65 4.92 NEG 35.87
c 50 3.39 4.05 4.35 7.49 38.51 27.10
500 2.56 3.15 3.80 6.48 38.51 30.95
5000 <10 2.51 3.24 6.15 43.56 32.40
50000 <10 <10 242 NA NEG 33.69
d 500 2.90 3.22 NA 6.51 42.16 31.24
5000 2.28 2.48 NA 6.04 NEG 33.20
50000 <10 <10 2.85 4.61 NEG 36.00
500000 ND <10 NA 3.95 NEG 36.50
e 500 2.90 3.59 3.74 6.57 NEG 28.41
5000 <10 2.45 <10 5.80 NEG 32.16
50000 ND <10 NA 4.38 NEG 36.58
500000 ND <10 NA 4.42 NEG 35.42
f 50 4.26 4.44 5.60 7.46 33.32 27.83
500 2.99 3.53 3.96 6.34 36.97 28.82
5000 2.15 2.86 3.45 5.86 NEG 31.33
50000 <10 2.16 3.18 5.56 NEG 32.70

“ Dilution rate of inoculated standard bacterial solution.

b Not available; colonies could be observed on the medium but could not be counted due to swarming.
¢ Negative

4The number of colonies was less than 10.

¢ Not detected.
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Table 2. Number of viable Campylobacter spp. before and after enrichment culture of breast fillet
samples inoculated with standard Campylobacter spp. using homogenization and wrap procedures and
Cr values of the solutions after enrichment culture

Dilution Before enrichment After enrichment Cr value
rate’ (log CFU/mL) (log CFU/mL)
Batch (times)  Homogenization Wrap Homogenization Wrap Homogenization Wrap
a 50 4.10 4.32 6.76 7.61 30.83 27.71
500 3.14 3.42 5.97 6.94 33.59 28.19
5000 2.29 2.67 5.18 6.03 37.13 32.7
50000 <10° <10 4.21 5.19 40.69 36.66
500000 <10 ND¢ 3.39 4.22 NEG? 39.21
b 50 3.59 4.05 6.40 7.08 30.54 27.05
500 2.78 3.46 5.73 6.75 33.9 28.35
5000 1.98 2.42 5.04 5.76 36.04 32.58
50000 <10 <10 4.09 5.41 38.11 34.12
500000 ND ND 2.98 3.86 NEG 38.42
c 50 4.07 3.38 6.56 7.07 28.63 2591
50 3.99 3.25 6.55 6.81 29.85 25.61
d 50 4.02 4.24 6.82 7.56 28.30 2591
50 4.12 3.86 6.87 7.08 27.97 27.28
e 500 2.00 <10 5.16 4.32 38.14 39.62
f 500 2.10 <10 5.12 4.54 37.60 38.32
g 50 3.31 3.09 5.26 6.18 36.20 32.65
h 50 2.88 <10 5.23 5.27 37.44 27.40
i 50 4.05 3.56 6.35 7.71 30.56 29.00
500 2.56 2.59 5.16 6.79 40.17 39.04
j 500 2.75 3.06 5.14 6.41 27.94 34.17
k 50 4.22 4.12 6.50 6.23 30.83 25.06
50 4.26 4.19 6.53 6.49 32.02 25.14
50 3.19 3.30 5.40 5.92 33.85 26.79
1 50 4.26 4.47 6.51 7.78 30.72 26.95
50 4.57 4.78 6.73 8.06 31.12 26.84
500 4.07 4.10 6.33 7.69 34.65 27.71
5000 2.31 2.88 4.83 6.60 37.59 31.20
50000 <10 2.06 4.10 5.48 NEG 34.83

“ Dilution rate of inoculated standard bacterial solution.
b The number of colonies was less than 10.

¢ Not detected.

4 Negative.
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Table 3. Detection and quantification rates and viable cell counts of Campylobacter spp. in liver

samples inoculated with C. jejuni sampled using the homogenization and wrap procedures

Before enrichment After enrichment

Sampling method =~ Homogenization Wrap Homogenization Wrap
Sample 24 24 24 24
Countable 14 18 15 23
Uncountable 7 6 8 1
Negative 3 0 1 0
Detection rate - - 95.8% 100%
Quantification rate 58.3% 75.0% - -
Viable cell count 3.05+0.60 3.20+0.71 3.85+0.74 6.35+0.63

Countable: The number of samples where the colonies could be counted.

Uncountable: The number of samples where colonies could be observed on the medium but could not
be counted due to swarming, and the number of colonies being less than 10.

Detection rate: (countable + uncountable) / sample. Calculated using the results obtain after
enrichment of the culture method.

Quantification rate: countable / true positive. Calculated using the results obtain before enrichment of
the culture method.

Viable cell count: average + SD.

The viable cell counts before and after enrichment culture of chicken samples inoculated with the
standard bacterial suspension sampled using the homogenization and wrap procedures are shown in

Table 1.
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Table 4. Detection and quantification rates and viable cell counts of Campylobacter spp. in breast fillet

samples inoculated with C. jejuni sampled using the homogenization and wrap procedures

Before enrichment After enrichment

Sampling method Homogenization Wrap Homogenization Wrap
Sample 29 29 29 29
Countable 24 22 29 29
Uncountable 4 5 0 0
Negative 1 2 0 0
Detection rate - - 100% 100%
Quantification rate 82.8% 75.9% - -
Viable cell count 3.36+£0.83 3.51+0.71 5.55+1.05 6.31+1.13

Countable: The number of samples where the colonies could be counted.

Uncountable: The number of samples where colonies could be observed on the medium but could not
be counted due to swarming, and the number of colonies being less than 10.

Detection rate: (countable + uncountable) / sample. Calculated using the results obtained after
enrichment of the culture method.

Quantification rate: countable / sample. Calculated using the results obtained before enrichment of the
culture method.

Viable cell count: average + SD. The viable cell counts before and after enrichment culture of chicken
samples inoculated with the standard bacterial suspension sampled using the homogenization and wrap

procedures are shown in Table 2.
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Figure 4. Distribution of viable cell counts before and after enrichment culture of chicken samples
inoculated with C. jejuni (ATCC 29428) suspension.

Samples were prepared from livers inoculated with C. jejuni suspension using the homogenization
procedure (A) and wrap procedure (B). Samples were prepared from breast fillets inoculated with C.
Jejuni suspension using the homogenization procedure (C) and wrap procedure (D).

The viable cell counts before and after enrichment culture of chicken samples inoculated with the
standard bacterial suspension sampled using the homogenization and wrap procedures are shown in

Tables 1 (liver) and 2 (breast fillet).
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2-3-2 Direct-qPCR & TH b7z Crfl & B IE TH O NI AE B OAHBIBILR & BIF
Homogenization #LEE & Wrap JLEECH > 7V o 7 L7=akEHI %95 Direct-qPCR %0 Cr i
B % Table 5 278 L7z, Wrap ALEE Gl £, 93 & 112, CrEREERIT 100%72 - 7=,
WE#% OAEEBE CrEDEFR % Figure 5 A, BIOR L7-, FHBIMREKIZFET0.95, 43
TO091 EEWHHBENRD B, o7V U TIRIZE D CrfED N T DX 3D T, 7T 7
IR LTS, BERBALRI, O 7Y U BRI 7 ay R LEERATH, @R
D bz (¥ E : Homogenization #LPFE R = 0.81, Wrap LB R =094, ¥ ¥ I :

Homogenization #LZE R =0.92, Wrap #LE R =0.80),

Table 5. Detection rate of Ct value by the direct-qPCR in enrichment sample of liver and breast fillets

inoculated with C. jejuni sampled using the homogenization and wrap procedures

Chicken meat part Liver Breast fillet

Sampling method Homogenization Wrap Homogenization Wrap
Sample 24 24 29 29
Positive 9 24 26 29
Negative 15 0 3 0
Detection rate 37.5% 100% 89.7% 100%

Positive: The number of samples for which Cr values could be detected.

Negative: The number of samples for which Cr values could not be detected.

Detection rate: positive / sample

The viable cell counts before and after enrichment culture of chicken samples inoculated with the
standard bacterial suspension sampled using the homogenization and wrap procedures are shown in

Tables 1 (liver) and 2 (breast fillet).
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Figure 5. Distribution of after enrichment bacterial concentrations and Cr values of samples prepared
from retail chicken liver (A) and breast fillets (B) inoculated with C. jejuni (ATCC 29428) suspension.
Closed circles (@) and triangles ( A) represent samples prepared using the homogenization and wrap
procedures, respectively.

The Cr values and viable cell counts after enrichment culture of chicken samples inoculated with the
standard bacterial suspension sampled using the homogenization and wrap procedures are shown in

Tables 1 (liver) and 2 (breast fillet).
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2-3-3 Direct-qPCR IEIZ L D HEEBAE R & BEBIBIC L 2AFER O LR

FEA8 15 THIZE | Direct-qPCR {£ THER L 72 M B AT %X (Table 6, 7) 00 5341 Z 55 ONT X C Figure
6 |27k L7-, Homogenization JLEECH> 7V > 7 LizWe, BEa1ED AR & Direct-qgPCR %
THERH LA BUCH B R AT N o728 (FE 0 p=0.68, HH I : p=0.76), Wrap LB
EHWEGE, T IO CHEENRO LN (p<0.01), KL THIE L4
# 4% & Direct-qPCR 15 CHERF L 724 #11%. Homogenization LW TH > 7'V 7 LI=FE L
P X TR 57225, Wrap LD 5E 133 T 0.72~1.10 log CFU/g (R fE7Z - 72,
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Table 6. Viable cell counts obtained via the culture method and viable cell counts estimated by Cr
values obtained via direct-qPCR for samples of liver inoculated with standard bacterial suspensions
and sampled using the homogenization and wrap procedures. Only samples with detectable viable cell

counts obtained via the culture method and Cr values obtained via the direct-qPCR method are shown

Dilution Homogenization Wrap

rate’ (log CFU/g) (log CFU/g)

Batch (times) Culture Direct-qPCR? Direct-qPCR
a 50 431 3.97 4.25
a 500 3.52 3.75 3.02
b 50 431 4.03 3.60
b 500 3.68 NEG¢ 2.46
b 5000 2.95 NEG 2.17
c 50 4.09 3.81 3.66
c 500 3.26 3.81 2.55
d 500 3.60 3.24 2.46
d 5000 2.98 NEG 1.90
e 500 3.60 NEG 3.28
f 50 4.96 4.63 3.45
f 500 3.69 4.05 3.16
f 5000 2.85 NEG 2.44
Average ratio? - 1.01 1.27

“ Dilution rate of inoculated standard bacterial solution.

b Viable cell count estimated from Cr values.

¢ Negative.

4 Average of viable cell count obtained from the culture method divided by viable cell count estimated

from Cr values.

22



Table 7. Viable cell counts obtained via the culture method and viable cell counts estimated by Cr
values obtained via direct-qPCR for samples of breast fillet inoculated with standard bacterial
suspensions and sampled using the homogenization and wrap procedures. Only samples with

detectable viable cell counts obtained via the culture method and Cr values obtained via the direct-

qPCR method are shown
Dilution Homogenization Wrap
rate’ (log CFU/g) (log CFU/g)
Batch (times) Culture Direct-qPCR? Direct-qPCR

a 50 4.80 4.58 3.32
a 500 3.84 4.03 3.23
a 5000 2.99 3.32 2.40
b 50 4.28 4.64 3.44
b 500 3.48 3.96 3.20
b 5000 2.68 3.54 242
c 50 4.77 5.02 3.65
c 50 4.69 4.78 3.71
d 50 4.72 5.09 3.65
d 50 4.82 5.15 3.40
k 50 4.92 4.58 3.81
k 50 4.96 4.34 3.80
k 50 3.89 3.97 3.49
g 50 4.01 3.50 2.40
i 50 4.75 4.63 3.08
i 500 3.26 2.71 1.22
j 500 3.45 5.16 2.12
1 50 4.96 4.60 3.46
1 50 5.27 4.52 3.48
1 500 4.77 3.81 3.32
1 5000 3.01 3.23 2.67
Average ratio® - 1.00 1.40

@ Dilution rate of inoculated standard bacterial solution.
b Viable cell count estimated from Cr values.
¢ Average of viable cell count obtained from the culture method divided by viable cell count estimated

from Cr values.
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Figure 6. Distribution of Campylobacter spp. in sample using the homogenization and wrap
procedures as determined using the culture and direct-qPCR methods. Samples were from livers (A)
and breast fillets (B).

“Homogenization culture” indicates sampling using the homogenization procedure and viable cell
count determined using the culture method.

“Homogenization qPCR” indicates sampling using the homogenization procedure and viable cell
count determined using the direct-qPCR method.

“Wrap qPCR” indicates sampling using the wrap procedure and viable cell count determined using the
direct-qPCR method.

The viable cell counts of sample using the homogenization and wrap procedures as determined using
the culture and direct-qPCR methods are shown in Tables 6 (liver) and 7 (breast fillet).

* p <0.01 compared with the homogenization culture method.
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2-1-4 E%

IR & 16 FERTHE B O BRI B CUERL L - E M ER (BUR=0)  (Figure 4 A, B) D#H
BIfREL IS (R=0.95,091) 72-o7z, HWEZIFITABIOMALN 7)) Tk TR -T2
23, Wrap ZULBRIIHY B &3 € T4 235, T 091, Homogenization ZLEL L 0 %
< ¥4 L 7=, Homogenization LHL CTH > 7 U v /4% & % LV I THEBRICEN D -
723, Wrap (L ClX Z O# 3/ &)y > 7=, Homogenization JLERIT A h~ v % v 7 #{E TR
Bt o) — b T o720, TZAESERREFEO M NIRRT 525, Wrap LB TIXR MK
FOEEPDIR | RSN T holo LB 2 bz, £72 Wrap B HHER, E&R L
HIZEfETZ 5 7= (Tables 1, 3),

Andrew S I3E MY 7L 2 E RS . DNA filiH LT qPCR 217V, a8k & A% 0k
HI¥C Cmapylobacter JEH % W L= L& Uiz (Sails ©,2003), FA7= HiX Wrap QLEECTH-
7Y T L, 2o PCR UGB Em M 2 £ a3k 2 HV T Direct-qPCR #1772 & Z A,
XE, I L HIT 100% D R T Campylobacter J& 15 % FilH L7~ (Table 5),

F o E % AERE (logCFU/ML) & CrED I @B DEIFXDMF S, Crins 25
DR AR T, HEATERERZHEE T 5 2 N TE 7, Wrap LB TH 7Y 7 L72ik
BEFOHEFHER S, HRIETH O AEREE LY 0.72~1.101log CFU/g 1&ffi7Z - 7= (Figures
6. A, B), Wrap ZLERIZFEI 1 O Campylobacter BE Z AR T 5V 7V v 7ETHY .
A BLZAFET D Campylobacter BT D 2 /ey, Lo LEHIEE 100%TH Y . Wrap AL
WD Z & TRAEEO PCR USHERF OB AL, ER&Rzm ST L
NAHETH D, EIEOAER EHEDO T (FF 1127, 3 1 1.40) 24K EL
THEEHMHEIZR U2 & 2 A AR E HEEHEIZA B AT E) > 72 (37F:0.44 £0.25 log CFU/g,
p=0.62, B 3:052+0.341log CFU/g, p=0.29) (Tables6,7), L7=0~7T, #egtSni=4
BEBUARE 2 e UV RIE L FREOAREB A RO D Z LN TE L, ZOZLENBARE
IXLERMGRERERE CIEHSIAIUIE, VA TERAA MIBETHIENTEDLEEZ
bz,

HMGEATRIC K DARE KERORER, Wrap JLE7E & B BIEORIIRT (<10) OV T vinh
B ATRETZ 272 2 L 5| 1.00 log CFU/mL Afifi IR & T 6 Cr Ik rlae72 & 250 o
7=, (Tables 1,2)
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BIE TIREBARF D Campylobacter J&HE D EERIRRH

3-1 BB

Campylobacter BEHFEIZINT, EORGLIRZ FFE T 5 DIXREE e Z L ALV, EOER
HE & LT, BT OBEREES DN & BRI 2 iR 2~7 B
7= OJRR BT S TORWD), BT OE IS 5 VTR L, Bihh S O 3B IA
HTHDHZ R ENRBLOND, BPERE L TRICIEEDLEROIIHRA T, IR OR
B OGP OB AREN 2 ER G S Cad (RmMZEEER,2015), BHHW
WZHEDBFREFHIAEN D & ARPERGZ K - TEBIBIEER LDV | HmOHILENNONEY 1
77 L4720 105~10° [HOBE A S5 (Berndtson, 1992), = D X 9 2 {RE B & AL
HIGITIA SN D & kR 2R U THR TR 1G4 A E 2 U (Corry, 2001, Son, 2007) ., it
&L CHIRBROIEYHEITE < 724 (Ono 5, 1999, =% 5,2003),

ARFETIE, BA%E L7- Direct-qPCR 5% W T/NGEE TlGE L T B IR O C. jejuni
EEBRHL, MHERCEERZHEIECL DR L ik LT,

32 Hik
3-2-1 BRBICEDHBEBAOY 7Y V7, RUEEREIC X 2AEEOHE

FEHE 2019 4R 6 H 725 2022 42 9 HIZH T THIF TN O/NGEE CHEA L7 iIREBH (%
T 30 iR, VU2 24 BRIK) B 54 Bk E VW=, RIS 25 g A Homogenization JLEE &
Wrap #LH (Figure 2 28) TENENV 7V 7 L, BEE (2-2-1 2) CTHERE/TL O
WA % A B A U E LT,
3-2-2 Direct-qPCR D FE

AR ORG L & WAT L TR RS 8 % OBUEHA I % Direct-qPCR £ (2-2-3 2) T CriEx
WE L7z, CrfEdfG ol Z Campylobacter BEGERA S Lz, CrfEIFASE S
S 72 3553815 C mCCDA Bl 12 Campylobacter & % %6 5 2 v =—NEF L7-alBHE, £
?O v =—% APl Campy (bioMérieux) ClalEMA % FhE L 7=,
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3-3 fER
3-3-1 HHEREA D Campylobacter BEBRHE NVEE

TR E ., Y9 X D Campylobacter J&F £ F %L % Tables 8,9 12, f HFH L OVE & F % Tables
10,11 |27~ L7z, Direct-gPCR T CrfE M H S av7=alkh, £ 7213, #eFRER T Campylobacter
B L FE SNk 2 EoBERE E LT, HoBEaR M Lz, £, Hiikican
== ESNTR O 9 B #EE (swarming) 72 EIZ LV, an=—Rh v N TE e,
STEE BRO T o =—H008 10 R OFEZ RN T, EREL2HFH L7, Wrap QF T
TN T UG EOBREFEIL, 553815 K O Direct-qPCR £ TE - 72 (FE : 100%, 4
2 :85.7%), Homogenization LLELCH > 7V 7425 &, Bk (5T :95.7%, V¥ .
92.9%) 1% Wrap JLEL & [A%72 > 7273, Direct-qPCR 7% (3 : 30.4%. V9 :35.7%) TIK
l72 572, Wrap JLBETH 2 7Y 7 LI EE&FIL, Direct-gPCR 15 (FE : 100%, ¥ :
85.7%) TREME., Ki&lE (T :13.0%. V23 1 0%) T - 7=, Homogenization ZLHE T
P 7 LT BB, Direct-gPCR 5 (- :30.4%, V¥ I :35.7%), K5&%iE (€
4.3%. P 1 0%) T& HITMETZ 572, Crih bR L2 A OHEEHE (log CFU/mL)
IZ. Direct-gPCR {ETHEK OV H I & Wrap LEECTH 7V 7 LIEGA. £Eh 037
~3.14, 0.64~3.17, Homogenization ZL¥ TIZZ N ZI 3.39~3.84, 1.50~2.54 725 7=, FF,
B & HIZ Wrap LEICH 7 U > Z L7z & & Homogenization ZLEE X 0 {5 & % IE C
&7,

BERECERTEERENRFIET | U T ADOBThHo7oT-0, BERIEIC L 2 EH L
Direct-qPCR ¥5(Z L D HEFHED ZEIZ W TIE, sl CE o7,
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Table 8. Number of viable cells before and after enrichment culture of retail liver samples using

homogenization and wrap procedures and Cr values of the solutions after enrichment culture

Before enrichment After enrichment
Cr value
(log CFU/mL) (log CFU/mL)
Sample Homogenization = Wrap  Homogenization Wrap Homogenization =~ Wrap
a ND¢ ND NA® 2.77 NEG¢ NEG
b ND ND ND 4.09 NEG 36.97
c NA NA 3.85 TNTC? NEG 30.86
d NA NA 5.58 TNTC 35.32 29.50
e ND ND NA 3.28 NEG NEG
f <10° <10 TNTC 3.79 NEG 33.72
g <10 ND NA 4.57 NEG 37.56
h NA 2.10 3.96 4.78 36.25 33.35
i <10 <10 3.43 4.63 NEG 38.63
J ND ND 2.62 3.00 NEG 36.08
k <10 <10 NA TNTC 36.77 30.28
1 <10 ND NA NA NEG 32.61
m ND ND TNTC NA NEG NEG
n <10 ND 3.18 3.65 NEG 39.89
0 ND <10 4.48 NA NEG 35.50
p ND <10 <10 4.40 NEG 34.72
q <10 <10 3.00 5.00 NEG 32.17
r ND ND NA 4.51 NEG 31.89
s <10 ND TNTC NA NEG 36.25
t ND ND NA NA NEG 37.70
u 2.67 1.78 4.84 NA 33.90 32.65
v ND ND TNTC 2.18 NEG NEG
w ND ND ND ND NEG NEG
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X ND ND TNTC ND NEG NEG
y >10 >10 NA 5.00 NEG 38.79
z NA NA TNTC TNTC 40.98 31.17
aa NA NA 2.32 NA NEG 36.73
ab >10 241 3.92 5.71 40.28 31.40
ac ND ND >10 2.02 NEG NEG
ad NA NA NA NA 38.38 28.93
“ Not detected.

b Not available; colonies could be observed on the medium but could not be counted due to

swarming.

¢ Negative.

4 Too numerous to count.

¢ The number of colonies was less than 10.

/Not tested.
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Table 9. Number of viable cells before and after enrichment culture of retail breast fillet samples using

homogenization and wrap procedures and Cr values of the solutions after enrichment culture

Before enrichment After enrichment Cr value
(log CFU/mL) (log CFU/mL)
Sample Homogenization Wrap Homogenization =~ Wrap Homogenization =~ Wrap
a ND* ND NA® NA NEG¢ 40.45
b ND ND ND ND NEG NEG
c ND ND ND 1.78 NEG 39.80
d ND ND ND ND NEG NEG
e ND ND ND NA NEG 40.62
f ND ND <104 2.19 NEG 38.06
g ND ND <10 ND 42.71 NEG
h ND ND 3.34 3.29 41.37 41.16
i ND ND 2.54 2.85 42.50 30.65
] ND ND 4.20 4.12 37.53 35.26
k ND ND NA NA NEG 44.29
| ND ND NA 2.32 NEG NEG
m ND ND 2.97 2.48 NEG 42.89
n ND ND NA 3.53 NEG 42.99
0 ND ND 3.33 NA NEG NEG
p ND ND NA ND NEG NEG
q ND ND NA 3.15 NEG 42.41
T ND ND ND ND NEG NEG
s ND ND ND ND NEG NEG
t ND NA NA 4.21 NEG 38.37
u ND ND ND ND NEG NEG
v ND ND 2.02 2.98 NEG NEG
w ND ND NA ND 43.32 NEG
X ND ND ND ND NEG NEG
“ Not detected.

b Not available; colonies could be observed on the medium but could not be counted due to swarming.
¢ Negative.

¢ The number of colonies was less than 10.

¢ Not tested.
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Table 10. Detection and quantification rates of retail chicken liver tested for Campylobacter spp. using the culture or direct-qPCR method

Culture method

Direct-qPCR method

Before enrichment After enrichment

Sampling method Homogenization Wrap Homogenization Wrap Homogenization Wrap
Sample 30 30 30 30 30 30
Countable 1 3 11 12 7 23
Uncountable 16 12 11 11 - -
ND 13 15 8 7 23 7
True positive 23 23 23 23 23 23
True negative 7 7 7 7 7 7
True positive rate - - 95.7% 100% 30.4% 100%
Quantification rate 4.3% 13.0% - - 30.4% 100%

Countable: The number of samples where colonies could be counted using the culture method and Cr values could be detected using the direct-qPCR
method.

Uncountable: The number of samples where colonies could not be counted due to swarming or other reasons, and the number of samples with fewer
than 10 colonies.

ND: The number of samples where no colonies were detected.

True positive: The number of samples with Ct values detected via direct-qPCR or identified as Campylobacter spp. in the identification test.

True negative: The number of samples where no colonies were detected or wherein colonies were detected but not identified as Campylobacter spp. in
the identification test.

True positive rate: (countable + uncountable) / true positive. Calculated using the results of the direct-qPCR method and after enrichment of the culture
method.

Quantification rate: countable / true positive. Calculated using the results of the direct-qPCR method and before enrichment of the culture method.
The viable cell counts before and after enrichment culture of chicken samples inoculated with the standard bacterial suspension sampled using
homogenization and wrap procedures are shown in Table 8.
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Table 11. Detection and quantification rates of retail chicken breast fillet tested for Campylobacter spp. using the culture or direct-qPCR method

Culture method

Direct-qPCR method

Before enrichment After enrichment

Sampling method Homogenization Wrap Homogenization Wrap Homogenization Wrap
Sample 24 24 24 24 24 24
Countable 0 0 4 9 5 12
Uncountable 0 1 9 3 - -
ND 24 23 11 12 19 12
True positive 14 14 14 14 14 14
True negative 10 10 10 10 10 10
True positive rate - - 92.9% 85.7% 35.7% 85.7%
Quantification rate 0% 0% - - 35.7% 85.7%

Countable: The number of samples where colonies could be counted using the culture method and Cr values could be detected using the direct-qPCR
method.

Uncountable: The number of samples where colonies could not be counted due to swarming or other reasons, and the number of samples with fewer
than 10 colonies.

ND: The number of samples in which no colonies were detected.

True positive: The number of samples with Ct values detected via direct-qPCR or identified as Campylobacter spp. in the identification test.

True positive rate: (countable + uncountable) / true positive. Calculated using the results of the direct-qPCR method and after enrichment of the culture
method.

Quantification rate: countable / true positive. Calculated using the results of the direct-qPCR method and before enrichment of the culture method.
The viable cell counts before and after enrichment culture of chicken samples inoculated with the standard bacterial suspension sampled using the

homogenization and wrap procedures are shown in Table 9.
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3-4 EBE

HEERRE (T, ¥ 3) D Campylobacter J& % % Direct-gPCR 15 THit « & L
7oA, Wrap WETH TV 7Lz & FET 100%, VT 85.7%DilEN 6
Campylobacter J& T 755 & #17- (Tables 10, 11), Homogenization ZLFL TiX, (% 30.4%.
Pt UL 35.7%72 o 72, Wrap IEITIEHICEET 2 & B 2 8 EDIRAD D72 <
HWEDEOER TN Z 02 <, KEED Campylobacter JEH T HHERITIRH - EE&ETE 72
&% % %, —J. Homogenization ZLPRDORE HHEITFE, H I & H 1T Wrap LB L 0 (KAl
STc, ZHUE, BB ENEEZIMEI L7720 PCRIUSEZHEF LI Z LR ENFEREZ
Hi%, Homogenization JLFR7Z & F, H JIFRFEOR TR 57203, Wrap ALBL7Z & 4
P INFELVIERVRHRTZ 7, 2L, U IREOKDENFELD DR o727,
Wrap AU TIE Campylobacter JREDENY S AU IpoTole 2 LB R billz, HBRIEOE
FRIL, Wrap LB TlE, FE T 100%, Y9 I T 85.7%72 - 7273, Homogenization ZLEE T3,
FET43%, HHITO0%Zo72 (Tables 10, 11), TR YR D202 &b
BEERIECOMEMNNETH Y | BEFICE EN L MELEWENRKE CTEEENMETT 5
EEAbND (Willis, 1997),

T A G B AR & D Campylobacter JEHE Z it « & 572, Wrap AP T
Campylobacter J&H ZEREL L, B E:#1% . Direct-qPCR £ THiH - TR L= & 2 A, Bk
&V BT Campylobacter J&H % R H T % 7=, Wrap 4L#L ) O Direct-qPCR i£% % Z & T
Campylobacter JEH )Y 1.00 log CFU/mL F2EEVGY L= RN A ERATRE TH D, 4. OB
i P UFEBREEH D Campylobacter B Z 1Mt « E8T 5 H5iEE L THERAREIR SN D,
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FA4E FEETTNVEBRIZE D Campylobacter BTHE D EERIKRH

4-1 BWY

Campylobacter B XK FE & OB THRIET 5 & =41 (Teunis H, 2005), (GRS 7-H
P 2 FEMB ST B TR L 72, FHER T O BB CTHAE L 7222 215 Y 3 LUK C
FE4 5 (Callicott B, 2008, H AR A AERIZ, 2018, Nauta ©, 2005, Yokoyama, 2017),
Campylobacter 7 TBixIR & LT, HERFOZEB R AT 2 2 03 G8 e Sh Tk
D (BRA1,2013) ZHE TG GARER 2 NE T 2 T 7 VER I S TE7z (Yao
5, 2021, Verhoeff-Bakkenes, 2008), L 7L ZAVHIEATHFRIC L D & IGRBLRAN S F
NOGYYRFE T 2.7~23.9% 15 5% LT2Fs HIHBLGE s S o ~OIGAERERIT 0.8~9.5% & |
FHEET M K o THHREIERITIT DO E N H LN D, LR, JHEREIIZHRR DT,
IGYACTRR R 5 I BN T 2 FR 2T /UL, BENCERE Y IR LITWT
— B EEET L ERMELRD,

FATZ BITARE & D C. jejuni % E&T D728, WHERFE % O WK 2 &b Y 0 PCR A
VBB TS L7 PCR KGRI A T gPCR (Direct-qPCR 5) %17\ PCR fa
B (Cr ERIFR) (TINA., BEEREEE % 00 A B & HE 1R 5 48 A 0 A2 B [ 3 2 Y i [a]
JRA W CH B RTO A HERH 2 HIE & BRE L7z (DHED, 2019, 552 %), HERET
DI LT, BRIHEO R OB A DR TEH I L >0 DNA A REE L LTz
ZEDPRETH D,

AREFETITFHEET VEREIT, Direct-qPCR 15% AW T C. jejuni B ZFHAI L, 1545
FEREPALNIC LIz, I OIZRE - BFHEET VEREZIT > T, Cjejuni DMEJRT 2 Hi5 % A
z 5t LTz,
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4-2 Hik
4-2-1 BB L Cjejuni HYERR O TR

C. jejuni (ATCC 29428) % 7 L A KU H:HI7C 37°C, 24 FEHEE LS L. Z A B HERE IR
& LT, 2 OFFEHERIR (6.0~7.0 log CFU/mL) % %3k 3 2 FNEUERS b L— D5 I FV =,

W (220°C) A7 L7 iIROBAREL (T4 1 60~80g) ZFEABMHTL, FEUEREIKIC 1
SERE L, 10 M AT U AMEO EIZFE L2 2 C jejuni 1G9V LTET IV
EBRICHE U7, 2 O, EEMERRIERT & M L CEERICHEENE L, T OE A I ERAT
A& (mL) & L7z,

4-2-2 ZRIGHFREET L (model 1)

C.jejuni {595 X & TR (FFELY V- X OB ORI 9 £ 2 IZUhARE A, B
TEERT, AT THOT S RICUAZZ AN, BT OETHEZMATLIZRNS, HiL
&I T) L. A Ui B (F2k. 8T, F8) (2 Cjeuni 2553w (U
T, ZWREG), ZhoDmBEEHANWT, £, 32 TrIiE>nAZE S (65~75g) %M
b, £7213E 9w 20 (100~110g) i) (RS 2~3mm), T8 (Rl 2 mm BREICHD]Y
% Mt 2mm (ALY ) . ELED (REOIZ 20mm FEEY) 572, 90°ClER S ¥ THI%) LTC
Jejuni GG ST (LR, ZkIGY) . S RMITERE L7 C jeuni WL, #EHE ($2iK)
% 37°CC 16 If[#15#81% . Direct-qPCR V£ TEIMHHI L7z (Figure 7), 7 /VEBRIT 9~14 [A1T
WV EWRIGHER (ZRIGYEEL — TG YR 100) L IGYIEAER (ZRIG YL R
BRIEE.x100) ZFH L7z, Cjejuni 5%V I D4R (—RIBYRER) 12, EERFREROM
FHE (mL) | TEEHEREIREE (log CFU/ML) %% U CHH LT,
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< First contamination >
Chicken
breast fillet

C. jejuni

— »| Inoculation
(ATCC29428) "y

< Secondary contamination >

( String
(Preparation for cooking)

Cutting .
board Knife | Hand
I
v v v

< Tertiary contamination >
Raw Boiled
spinach | | spinach

V ! I ¥

Cut mto HCu‘r mto HRound Hlulienne H Chop ‘

Cucumber

four four slice

L 2

Quantification of C. jejuni.
Sample preparation

Enrichment (37°C, 16hours)

Estimation viable cell count
by Direct-qPCR method

Figure 7. Procedure for tertiary contamination cooking model.
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4-2-3 BRE - ZEET /U (model 2)
100 fEA7 R U 72 FE YER 1R (4.0~6.01og CFU/mL) 1 mL % L — (A7 > L A 150x200 mm)
I T L7tk LLFOET VEREZIT>7- (Figure 8),
(a)5 & A CRHlAT 150x150 mm, HFIEZRE) ZEMAIZ4 5P H LT, maeZLx T2 =

i)
O)FEEA] (EFHTZ J—L 76.9~814vol%, BEL7A N T a—/4I0)0) 2mL %
L 1 D E%. ()L RBICSEATRERS

()R HFA (BRMETEMK A MEFRIRE 30~40 ppm) 2 mL 2/ L 1 S ER. ()&
[FREICSE A TRERD
()= =&AL (VL7 218 x 230 mm, AR Lo 7)) ZEMAIC 42970 L,
FEMEE IR 2 Wt . AR (=X —)L) 2mL Z#MF% L 1 pfEE%R. (a) & Ak
SETATHERD
()= "= FNVEEMAI 4O U, IR R 2 W%, & EH (FRVEEEK) 2mL
L 1 oMEES. (L RBICSEATRERS
@~@E)DETNVERTHEHLIZSEZAITWT N ORE LIRED SO L PBS 2 mL Tl
SEREOLOEMFEH Lz, FL—, ST AEE LT C jeuni #HEIX, EHEKR (#4ik)
% 37°C, 16 RFH15# 1%, Direct-gPCR LTI L 72, (a)~(e)DE T /L EBRIL 8~12 [FIfTV >,
REBMOBIC L —FRI3S X AAEE L C jeuni DEIS (AFkR) LAKREER (C
Jejuni AR K FEBRIEIEx100) 2 FH L7,
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Tray

( AT%{%;Z; B) Inoculation
a b c d ¢ e ¢
( Absorbtion with
paper towel ‘

v v v v
Spray Spray Spray Spray
electrolyzed electrolyzed
ethanol water ethanol water
v v v v

( Wipe with a duster ‘
(dry, or wet by 2mL PBS)

v v v v v
Quantification of C. jejuni.

Sample preparation

Enrichment (37°C, 16hours)

Estimatiton viable cell count
by Direct-qPCR method

Figure 8. Procedure for sanitization and disinfection model.
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4-2-4 ZRIBYREET MBI B C jejuni DEER
1) FBIFAR L BRIEIC X 2 EERIE

EINALE I ROE Y H VICZRIEY LT= C. jejuni DEEIEIE ISO/TS 10272-2 2T
TAT o T2 B 25 g 127 LA N B 100mL Nz, A k< 5 — (E-Mix primo, AS ONE)
TH)—fb L. 3K & L7= (Homogenization ZLH), 2-2-1 (278 L7- 8538752 VT, slBHK
DA & MR AR L WE LT,
2) Direct-qPCR EIZ & 5 CrfEHIE

2-2-3 |Z78 L72 Direct-qPCR £ T CrfEZHIE LTz, EF7 NVEREMHRIEmT 5720, 77
A ~— « 70— T IERA S HA A 22l TR O B TagMan®MGB s 758l v b (¥
—ET 4P AT 4T v ) T, C jejuni DFFRBIRT THD ccoN DIEIEES

(Toplak ©,2012) & A 726 D% V7=, PCR mixture (213, #E % BHER 1 pL & premix
14 uL. (DNA Polymerase 0.56 uL, PCR Buffer 7.5 uL, 1.5 mM MgCl, 0.75 uL, TagMan®MGB Probe
1.4 pL, Primer Forward/Reverse 0.6 uL) ZR4& L7z,
3) WEERN

BT VFERENIINC, ZWRIGYFHIEEE T L/E L Homogenization /LEE THUBHR ML, KE
T CHEBIE Ui, 155 A7 BB A AR B AL & S 28 14 AL R B O o . B OY BT [
E (S A
4) CriERERZ

3) DI ERT &% OB % Direct-qPCR IZHE L, Cr & HIE L7z, Ml S47z CrfiE & H
FE MR AR BECT, MR O Cr R A 1R L7z,
4-2-5 BRE - BREETMIBIT B C jejuni DEE
1) FBLOF & BERILIC K 2 HBHIE

HEMWBOSEAETTF v Ml A, 1 DT 2 —7 2 8H8—b L. #BHK
& LTz, b U—RRmEICATE L= C jejuni 1% Pro-media ST-25PBS (/L A w7 A) TR L,
MREkSENEZ 7T M e rIZ AR, [FRRICE— kL, 3BHIR & L7z (swab ALEE) , 2-2-1 12
R UTE#IEZ VT, SBHR O BRI & MR AR E WE LT,
2) BRI

4-2-4 3) L [FIRRICERIA - BT VEBR%Z, WEH0 L TR L 7R R o B R R 1AL B
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K L AR AR R TRER L O, R R A R L T,
3) CrEER=

4-2-4 4) L FIBR D LT, HEER % OEHK 1 uL % Direct-qPCR (2t L, Crfll & HEEHE%
AR CRERR L O Cr il ElR A fER L7,
4-2-6 HFF SN TCHERERIMARRKORY M

FAERIR R O Cr YRR SHERF S 7= BB R AR B0 . BE280E TR L -1
R RTAE WAL & SRS 5 720 BT R A AER L 72,
4-2-7 KEEHRHT

B YRR E CrERYR=UL SPSS VY 7 b =7 (IBM) % MW T, FHBIGREA f#T L7,
T-test X OFHONTKIOIERL BRI Y 7 b D7 = 7 TIT 572,

4-3 KER
4-3-1 CrfED> b HEF S N7 B SR AT A B OFEE

BEAR L CIIRE U 7 BB i AR 5 & B AR BB C AR L 72 Rl =, Direct-gPCR T
HE U7z Crfil & BB 2 A B THERRL L 72 CriE R4 Figure 9 (=7R{5 YA #EE 7 /L (model
1)), Figure 10 (BRE « X EE7 /L (model2)) (TR L7z, MIET VL HEWHBNGED b

Too ToTE L. WEESRATAEREED D70 < BEHK 0.1 mL D C. jejuni Bk (mm =—%)

BB

i

25 10 CFU K O 7 — Z 1Z[al@ RAERIIZ AV Ta7puy (IS0 7218, 2007), 2 SOfElFER%
P THERT L7 BB B p AR AR S A CHIE L AR E i Lo b 2 A, ZRIGY
FHELET /LTI, B5IAI3 ) 2.61£0.70 log CFU/mL, Direct-qgPCR 7513 2.61 £0.48 log
CFU/mL CAH B RZEITEN>72 (p=0.99) (Figure 11), B « FHETT LTl BRIEITFE
¥J3.07 + 0.64 log CFU/mL, Direct-qPCR {£1ZF-# 3.08 + 0.49 log CFU/mL CTA & 72 2213 )
o7 (p=0.99) (Figure 12), f-E7 /L & 1T Direct-qPCR £ b #ERT S 41 2 B E B pi 2B B
BTG R/IE L RS2 572,
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Figure 9. Distribution of viable cell counts before and after enrichment culture and distribution of
viable cell counts and Cr values after enrichment culture chicken samples inoculated with C. jejuni
(ATCC 29428) suspension sampled by the homogenization procedure.

“A” indicates the distribution of viable cell counts before and after enrichment culture.

“B” indicates the distribution of viable cell counts and Ct values after enrichment culture.
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Figure 10. Distribution of viable cell counts before and after enrichment culture and distribution of
viable cell counts and Cr values after enrichment culture trays inoculated with C. jejuni (ATCC 29428)
suspension sampled by the swab method.

“A” indicates the distribution of viable cell counts before and after enrichment culture.

“B” indicates the distribution of viable cell counts and Ct values after enrichment culture.
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Figure 11. Box-and-whisker diagram of C. jejuni counts determined by the culture or the direct-qPCR
method in a tertiary contamination cooking model.
¢ Culture method average: 2.61 + (.70 log CFU/mL

> D-qPCR method average: 2.61 = 0.48 log CFU/mL
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Figure 12. Box-and-whisker diagram of C. jejuni counts determined by the culture or the direct-qPCR
method in the sanitization and disinfection model.
¢ Culture method average: 3.07 + 0.64 log CFU/mL

> D-qPCR method average: 3.08 = 0.49 log CFU/mL
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4-3-2 ZWRIBELFREET L (model 1)

IFOoNAZE D (Table 10) 1 XFE2WND 5.38% (ZiT). 3.07% () @ C. jejuni 75 ZIki5
el @T725 1.10% (ZT). 043% (). F2rb 1.21% @&T)., 1.01% () =R L7,
SWRIBYRERER T D & —IRIEY LT C. jejuni D 7.69%MEHiTIIE D LAZ D ITIHEYE L,
451% PN EDIE I NAZE DB LT (Figure 13), 1Z 9 NAZ 9 2 UEIT 584, 2icolF
DA XD &SI T Cjejuni H> =IRTGG UTo G YR AT F DY 92.9% (i T) L 100% (4)
TE»o T,

X9V (Table 11) O=ZYIGFYHRIL, ERRAD 3.92~5.18%. @ TH 5 0.80~1.69%,
Fnb 146~223% & ERMMAE N7, T 9D O THTEARRD S O =ZIRIGYFR)
5.08% & @mM o1, AT BT 0.80%E Ko7z, ZRIBYRFREFBH LI ZA, ¥ )
DZTUIL- & &, —RIBY LT C jejuni D 821%03& 9 DIZIHEY L, HLYIT 7.67%. i
)T 6.58%7- > 7= (Figure 13), 1HYRAERTIT, £2T 90%LL L, FUILZE x2aT
NOARET DMERP R BIK< 45.5%72 72,
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Table 10. Model 1 (Spinach): Viable cell count of C. jejuni, contamination rate, and contamination occurrence rate in spinach after the tertiary cooking

model experiment

Contamination phase

Contamination rate‘ Occurrence rate’
First¢ Secondary Tertiary ?

(log CFU*SD) Material Boiled/Raw (log CFU*SD) (%) (%)

6.62 £0.41 Cutting board Boiled 5.20+0.31 5.38 92.9 (13/14)
6.29 £0.22 Cutting board Raw 4.66 +0.41 3.07 100 (10/10)
6.69 £0.47 Knife Boiled 4.46 +£0.33 1.10 75.0 (9/12)
6.32£0.24 Knife Raw 3.76 £ 0.36 0.43 77.8 (7/9)
6.46 £0.23 Hand Boiled 441 +0.40 1.21 80.0 (8/10)
6.36 £0.27 Hand Raw 424 +0.41 1.01 70.0 (7/10)

“ Average viable cell count of C. jejuni contaminating breast fillet. (n = 7-13)

b Average viable cell count of C. jejuni contaminated with spinach after model experiment. (n = 7-13)

¢ Average contamination rate of each model experiment. The contamination rate was calculated using the following formula. “Viable cell count of

sample after model experiments / viable cell count of first contamination *100 (%)”

4 Number of model experiments in which Ct values were detected / number of all model experiments *100 (%).

46



10 1

|

|

i i
0

Boil Raw Round Julienne  Chop
slices

Tertiary contamination rate (%)

Spinach Cucumber
n=7-13 n=>5-14
m Cutting board O Knife ®Hand
Figure 13. Model 1 total tertiary contamination rate by food sample and preparation method.

The bars showed the sum of the tertiary contamination rates of the samples.

47



Table 11. Model 1 (Cucumber): Viable cell count of C. jejuni, contamination rate, and contamination occurrence rate in cucumber after the tertiary

cooking model experiment

Contamination phase
Contamination rate? Occurrence rate®
First“ Secondary Tertiary ¢

(log CFU*SD) Material way of cutting” (log CFU*SD) (%) (%)
6.72+0.34 Cutting board Round 4.88 £0.85 4.24 100(9/ 9)
6.44 £0.41 Cutting board Julienne 5.03+£0.35 5.18 100(14/14)
6.51+0.39 Cutting board Chop 5.03+0.51 3.92 90.0(9/10)
6.73+£0.27 Knife Round 4.46 £0.55 0.88 77.8(7/9)
6.56 +£0.29 Knife Julienne 4.21+0.39 0.80 45.5(5/11)
6.69 +0.39 Knife Chop 4.62 +0.43 1.69 70.0(7/10)
6.72 £0.34 Hand Round 4.54+0.52 1.46 100(9/ 9)
6.43 £0.34 Hand Julienne 4.54+0.52 2.23 63.6(7/11)
6.65+0.31 Hand Chop 4.58+0.35 2.06 70.0(7/10)

¢ Average viable cell count of C. jejuni contaminating breast fillet. (n=5-14)

b The way to cut cucumbers.

¢ Average viable cell count of C. jejuni contaminated with cucumber after model experiment. (n=5-14)

¢ Average contamination rate of each model experiment. The contamination rate was calculated using the following formula. “Viable cell count of
sample after model experiments / viable cell count of first contamination *100 (%)”.

¢ Number of model experiments in which Cr values were detected / number of all model experiments *100 (%).
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4-3-3 BRE « REET /L (model 2)

5 & A (Table 12) OAFRFEIL, (a)5 & A THEEL TiX 2.497%., 2.942%., (b))% / —/LIg
% U CRUBUE TI 1.485%. 1.551%., ZDffi(c). (d). ()T 0.002~0.085%7 > 7=, —=4 J—
JSPFEME BRI K 0 | 5S& ADAEFRRITAD LToD 0%IZI3 72 b oo, HYEIK
ERNE D207 & (a)~(c) . TXTDSE A Cjejuni WEE L=, —T., WHik%
WL 71, RREAIEMERE L7281 ((d). (). 14.3~571%D 5 & AT C. jejuni NEFE
L7,

~L— (Table 13) DAFRIE, ()5 ATREUL, (b)=F / — /g L THREIR ., (o)igM:

AR S L TR TR S 7zns (RFRR 0.001~0.034%) . ~—/3— & A /L TIRNER
DEVEZEINZ D & (). () Cjejuni (TRHSNIgh otz Fiz, BPEEMK CRE LK

((¢)) b L —IZAEE LEEEIID L AR AR LT,
Fro. WEWMVITHWESEADRTIZ L - T, AFRRICAITE) > 72 (Tables 12, 13),
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Table 12. Model 2 (Duster): Viable cell count of C. jejuni, survival rate, and contamination occurrence rate in duster after the sanitation and disinfection

model experiment

Contgrrpna;ed Procedure for sanitation and disinfection Viable cell count® Survival ratec Occurrence rated
Model C. jejuni model
(log CFU+SD) Stepl Step2 Step3 (log CFU+SD) (%) (%)
5.19+0.92 Wipe dry 2.90 + 0.60 2.942 100(12/12)
(@) . . Quster
5.45+0.92 “gﬁzt:;et 2.96 + 0.64 2.497 100(11/11)
5.28+0.92 Vgg:tgrry 2.25+0.49 1.551 100(10/10)
(b) - Spray ethanol Wi :
5.28+0.92 dﬁ:t:f 2.21+0.46 1.485 100(10/10)
6.02 +0.30 Spray Vgg:tgrry 2.64+ 031 0.058 100(9/ 9)
(c) — electrolyzed Wie wet
6.02 £ 0.30 water dﬁster 2.56+0.22 0.041 100(8/ 8)
5.64 +0.99 Absorb Vgg:tgrry 1.58+0.19 0.085 40.0(4/10)
(d) with paper ~ Spray ethanol Wi ;
6.04 = 0.34 towel pe we 1.61 +0.34 0.004 40.0(4/10)
duster
6.09 + 0.38 Absorb Spray Vgg:tgrry 1.70 £ 0.36 0.004 57.1(4/7)
(e) with paper electrolyzed Wie wet
6.06 = 0.00 towel water dﬁster 1.31 £ 0.00 0.002 14.3(1/7)

¢ Average viable cell count of contaminant C. jejuni on tray. (n=1-11)
b Average viable cell count of C. jejuni in duster after model experiment. (n=1-11)
¢ Average survival rate of each model experiment. The survival rate was calculated using the following formula. “Viable cell count of sample after
model experiments / viable cell count of first contamination *100 (%)”.
4 Number of model experiments in which Ct values were detected / number of all model experiments *100 (%).
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Table 13. Model 2 (Tray): Viable cell count of C. jejuni, survival rate, and occurrence rate on tray after the sanitation and disinfection model experiment

Conta.lrr.nn'f.lated Procedure for samtatlo? and disinfection Viable cell count® Survival ratec Occurrence rated
Model C.jejuni mode
(log CFU+SD) Stepl Step2 Step3 (log CFU+SD) (%) (%)
477+2.23 Wipe dry 1724 0.29 0.034 45.5(5/11)
duster
(a) - - Wi :
6.15 +0.20 C;pe We 2.07+0.25 0.009 33.3(4/12)
uster
5.68 +0.92 Wipe dry 238+0.75 0.003 30.0(3/10)
duster
(b) - Spray ethanol Wi :
5.63 +0.88 dpe We 1.77+0.23 0.006 50.0(5/10)
uster
6.03 £ 0.30 Spray ngl’:tgrry 170 £ 0.43 0.010 55.6(5/9)
(c) — electrolyzed Wi ;
6.23 £ 0.00 water dpe we 1.23 £ 0.00 0.001 12.5(1/8)
uster
N/A® Absorb vgpe dry ND/ 0 0 (0/10)
R uster
(d) with paper  Spray ethanol Wi ;
N/A towel C;pe We ND 0 0 (0/10)
uster
N/A Absorb Spray ngl’:tgrry ND 0 0(0/7)
(e) with paper electrolyzed Wi ;
N/A towel water dﬁ:t:;e ND 0 0(0/7)

¢ Average viable cell count of contaminant C. jejuni on tray. (n=1-5)

b Average viable cell count of C. jejuni on trays after model experiment.

¢ Average survival rate of each model experiment. The survival rate was calculated using the following formula. “Viable cell count of sample after
model experiments / viable cell count of first contamination *100 (%)”.

4 Number of model experiments in which Ct values were detected / number of all model experiments *100 (%).

¢ Not applicapable.

/Not detected.
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4-4 B

C. jejuni Z & o3kl 4 16 RERIE TSR T 200 - RO EIKIRED O . @&V B O [
K& G, WMEDEREP > T-OiE, EEY L CHUBHFRR U7 FRE - €7 /L T (Figure
10) . Homogenization V£ T U 7c =k {GYLFHPE T L TIHED > 72 (Figure 9), ZAUE=
WIB YR ERE 7 L Cld, MR L 72 MBS RS F 72 1388 T 2 = & BB D A 3 B B %h

\ZBET LI EE BN,

Cr &R T E VAR O CrEER = (Figures 9B, 10B) 235 H 7223, 7 /LR Tl
DOIEE NEIp -T2, 2T ZRIGYFHEEE T L TR BEINE N C jejuni HEN D2
<, BWHEREEZIT> CTHEEN 4~61ogCFUMLIZE EF 0, T—X /I BB 7= 2 &
K TH D,

BEA 1L TR L 72 A # %k & Direct-qPCR & THERH L= AW A bk L7= & 2 A (Figures 11,
12) . ZRIGYRERT T L CIEEs 815, Direct-qPCR i & ISR FHIME K 0 RfEIC, B
W - BT T LTI R EIEIGEVE & e o7, WET L& HITHRIEO LR H &
Direct-qPCR {EDHEFHED /3 AT TFEBI L TH V. AEEDN 72 < Direct-gPCR 5T, KFH&ET
BIGR LI ERATR LICEEN T TE D 2B b,

SRIBYHBE T N T ERIBYERERDIZE ZAH, FRMNEE W H VIT 3.92~5.18%,
HATHHEEY I DIZ0.80~1.69%., F1DHX w9 DIZ 1.46~2.23%D C. jejuni 73 —IRIGH L
7= (Table 11) , C. jejuni O ZIRIEHIRIZHOVTIE, Yao B E RN D & @ 5 V1T 1.20~1.80%.
WTRBEY H DIT 480~6.80% (Yao, 2021), Verhoeff-Bakkenes & 72t/ 6FF 7L
— VYT HIE] 0.08%, FNHF X2 7 —I YT FIFE 0.16%6E T 5 & Wi Lz
(Verhoeff-Bakkenes, 2008) . FiPE 7 /L M ORE, ERIEZR BN RR D 72D IEBITHEE L U,
PHELEEED Y A7 T2 A A N CTREROT, A UHEETET VEREBRDIE LT, &
DFNED VU A7 BE\ - OnEIZT 5 Z & Th b, Direct-qgPCR LT HuHE - flfEICET L
FERZEVIR AT ZEMNARET, VA TEAAY M LIZEETH D, -8 FH
FEFH O I 2 L—ya VERIZIEHAT 5 2 LT, AT HEORREAELCEIERE O
IZHEHATE 5,

E D NAZ D ~O ZIRIBYRIL, i COEX Y EfEZ>7- (Figure 13), 4 CT5HZ & Tl
INAE D DRGFEIIEZ . ZIRTGYLR & ORI IS 2 & & HIZ, KOEERENIIZ
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X0 C jejuni MefE LT WERIEEE T2 8B 2605,

X)) CIHEREI L ONELDI L D, FOILE & IS =iGYREN &> 7= (Figure 13), T
EEw 90 L OEMEMARE NI ENER E B b, FRBEERIT, v 5V & TH)
L7z & EETOD 45.5%, FRBMNHIE 100%72 -7, ZHUFTFUL-sE, BT LX)
D OBEMERE TSV, TULEBROE 9 5 VITERIREBEMT 2R RE NI LN
WBLIZEEBEZOND, HRIEAEFRIT=IRIGHER & AR MmO B i M2 R E v &
FL D LRI T,

BRI - A ET B W T IEREIR I E o725 & A D Cjejuni AFEHFITHNK 2.942%
EARRIZ STy, BT ARMEIZ LD ORGP, S ARSI D C jejuni 8T
ER RN D o722 ENRKEF 2 BT, HREKE RO T2, BRERZEET D &
k L—IZ C. jejuni 13457 LTV 7o 72 (Table 13), LML, S E Bl 725 & AT Cjejuni
75 1.5log CFU R2EEAEFR LTV (Table 12) . SEANHLRRLERDLV A RHL L, 5
XD PNHERT D 2R/ T DT — 203G 60T,
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BSE KREEH

B RBYSE D PRIRI R EZ#H LD LT VAT TEARA L NIEETH D, UAZ T
AA L PTIR, BREGREEAEDOEROFMALEL 2D, L UIREE CEET S
Campylobacter BHFHD ) A7 707 7 A BT, BE-CHBVEET OB HEDE
BT —ADDRNZ ERMETH D,

Campylobacter J&H O E&RBRICIX, FIZH;HEE (direct plate counting method) <> MPN £

(most-probable-number method) ., qPCR {ENHWV ST 5, FHE1ES° MPN {EIZEHE T
LERHEEICTEL LT, KK HVWLA TS, LinL, ENHDOHFIETIE, BHEORRZ
155 DIZ5~6 A, S HICHMOFEE TIZIEL 10 A2 225, Zb 0 Z &5 qPCR 14
R, mEEE, RFRMEO SO FIEL Y ARITH H, A TIL qPCRIETIRE L &
AUTUWN BB OB A MR T 5 2 & T/ha< L, BEEE M B/ i @ PCR UG LY
B OBREDT-®HIZIT ) DNA i TR ZE L, x T, BMERSICE 5 HEREHE K
O PCR JGPHFR O EE Ve T LW 7 U 7EEBRT 5 L L b, PCR
BB B TR 2 5O R A UL SGERITARES B D Campylobacter JE W % it - E &+ 25—
BFEABE L, VAT 7 EA X MOLEKGRR) 72 E ERREE 2 B L7,

B LR SR RIS PCR SUS ISR E RIFTZ ENEBEZLNZOT, Bnlkz2 v —
~ CHLTe Wrap ALEEC Campylobacter J@&# %W 7V v 7 L, HEEERERTH O AR A NIE
L7z, Wrap ALE T A 5h 300 O A D[R T & 5 72 D HEK O Homogenization ZLHE 1 V) HAEE R
T D 7o T2 h3, B %A ST Wrap JLEED )7 7)Y Homogenization ZLEE K VW o7z,
T AL Wrap ALBRZ K0 BT OMEEREMENRBA SIS <20 | #HEZhED M L
ZEEBILTWS (JHES, 2019), 7o, FEICEEND Fe ITHIHE O DNA #1864 LIHHE
PRES 2 (R 5,2008) 72 L, FE|3HEAERD A2 < FTehS, Wrap LB TV I &
R DB ENRIZ e 572, 2D X 51 Wrap JLELAZ WS Z & C, BBAOERNLIC X 2 HE %)
FOFER DR TEDZ RNy MoTz, Lnd, Crfik 1% Wrap 4L Homogenization
WBRE D Ehode, HEMEREW LI, BRMHKSIZED PCR KGHEEZ V72T
Xl EBEZ LN, L L., Wrap LBRIZNERD Campylobacter J& T Z 2 LIZ< W, L
MU, $R%5% F U 5 Z & T Homogenization ZLHL & S5 1L CRIMI L7l E M L 72 5 Z &8
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bhotz, ZD X 91 Wrap JLHE L Direct-qPCR {EZ A S DR D Z LT, WEROEHREL
FEOBHERNTE D Z LB Dhole, AETMHENSEFH THRIHERTE5Z &
BUYRITEAAV MIET LT =22 RHETE L, & DITEAEREMEN O ZER R
BEREIZHBWT, B LIEARELZTEHT 5 2 L TET AV EREZHEIFEM L CEET — % 1%
HZENERRERD, VR TEARA Y MBI —ATA T —HEEETX D,
TSR D Campylobacter & % Wrap ALEE & Direct-qPCR EDFAADE T, HWE
BRTHINT 2 2 &N TE e, TBGBRITIGRERD DN LB EERIE TOMIE A
HpZ %<, HEBETHLRMLTICE ENIHEEMFWEEIC LV REERMELS 25,
BEAR1EC am = — 53 10 EARSORMIN D6 TH Direct-qPCR £ T CriE & T2 2
& THARBAHRTT 2 2 LN TE e, TR OTHEYERER A % Direct-qPCR IETIT S 2 &
T, INETRY BIREEOIGRERLAAETE D, ZOMELMRBAIITVD, X—R2 T A
TSR, VAT TR AA L MIEMT S 2 & T I5R Y R 7 Dm0 RO AL
IR EEFETE 5, ZDOX ) ITIKE & THRAET D Campylobacter J& £ T3 O TEix ik & 5%
U5 ET, 1.00 log CFU/mL £ D Campylobacter J&# % Bl T& 2 AIEIIEATH 5.,
SWRIGYHEE T VERIZ LY | ZRIGREDRR @R T2 DIXE R TH Y | 1543 E
Fhmmnolo, WERNLREEZR O GG, FRIROUES - BREEITH) ZENEETHLZ LN
I ST, £72, TERRIRE OBAREAE AT ETG 3R (G AR L IZEmN T &
R2 DI LT, BRE - BAEET VERICEY, FL—fEEN RY v 77 ETHR L
EET AN FELZSES ATRE LRI, REAZESET 52 LT, B2l ERmE)
O Cjejuni ZRHE - RE CE D Z L 2R LT, HEEGR RN OO =RIGREHES N Y v 7z
L5759 E, BEORFTERERINE LTEZLNTEY ., Direct-qPCRIETY I = L—
a VERT D Z LT RTEOFRIEICUER O RMRILICIE T TH D,
AAFFETIE Wrap LEE & Direct-qPCR {E % A AW % 2 & T Campylobacter J&H O
BaHER L, ZAVE TARBRETS o 7o THIRE S DTG G0 BB P D AR FR FERE A R C & 7, &
FIREETOHLRMAETHY, FIENEECTHL Z DMV IRLERL, 7 VERICE
W C. jejuni % 58 IZBRIE « B CTEX 722 LR TE 5, Campylobacter £ 72 1 1K H &
DOEITHRIET D Z b, EMESPHERICTELIARIEZTIV AT ®AA L 2D D
ETERED, 6, NEFMOBTEHEEOEEMIBRTIZICHATEETH D | thoFHEEIC
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ONWTHETNVEREZHE LT —F 2 WETHE, BRPERETVIOLDODOY 27T X
AL R ~OEBPEHESND, 20X IR T — FFx—2 FROAERERERD B2 5105,
HEFESC—MEBEICHT DI A7 ala=r—va el KELLTORTH
TRHICEMTE D LB 2D,

56



e Z BN

EEFE, SR Campylobacter jejuni TE #1512 KL 2 G YA ERO b, 4 HEF=KT
KFBHE LGRS (2021)

S, U TV A L PCR &\ T2 Campylobacter jejuni TE &% D B%E & ARFRIB YL ERED
fBIR, 40 i RS RER S BHE LR 3 (2017)

GHER ., A, Vv uanNs i —. UV a ORI D ZIRIG Y L R - &
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