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T GEEEHN (HFRIE)

EREFHERGER AN RRABE LI ELRZHERTE - £ES
=B E T HEIGEE 0 2 B S B i s i B SE R s T e S
e MELMEYEE T REMREE  REZRUIT S TE SR RE SR
VAR5 BRI E S R HE S NERER e ERm R -
St R & B RGR I M AV S AR S o] FIAR MR & 2 aB A T B AR R el
B « T2 - BOMBL S AT e & & B S5 B A S I LI & b2 = b
B T5E SRV E A MR TS B B AR PR R T LB A i T
FELERIE - 5550 WS B R XA B B R 2 Ry st bR A 7
B/ INRL R SE 5t BRAR SEOR 5 5 e LM A W) B P 1M S L B P e
TR PRV EEE HIRL AR EMEYISAUEE - K BINE SRS
J& SE R R SER 1 > A AR e ARE AR Bt S B M R 2 -
o DEBINAT s T Z B A S st B A E ~ A\ R IRATERAIPRA] -
FTS&E SR RBETE I I AT R 2 B T EE SR ST - INIE > A0 Ir i Ry se B 2 2
eI R R E  WESA AsR EGER TR 55 Eha AT B
NS &5 A N E TR E I DR R E (PR AR R AR DU ST 5
SEGR ERT /KR AE P B A TR - IR A BN S A E > f)
T RN e > BIA R ATE A TS -

RS BB SR B R B == 5 A P B S B B T I R B A 2
[EFR ARG ~ RETT I » MRS SR e 7RSS R s - T HARAAE
AR BIP228 R S i K B RG T AR5 5 2 A - RE LI B SE e h 2 S
TIAIRAE RABSRIE M SAIR M AT B S Z G T o AR T R S e i
NGB S5 R B B s 5 2 I BIMKEE T T B e s (B NS
ANBBEYMEEERETE ) ZMHBEMEHE 101 £EEENEMMEHEKE (Murdoch
University) A" RE B2 b L SRR AT 388 R AR bR R 107 |

1



By FRENTEETH L2 - B TEE 100 4 7 H 13 HEefZ AB275 10000434771
SRRZ AR - RN BN mmE R SR TR E &S - R eEREE
=35 ~ TS KA 2 OHENE KA AT e e TS - ZDUER 102
3 HEENEMAEE -

PP EAE 2 R B N B MR £ 2% i 2 — (EFSA, 2014;
WHO, 2013) » YDA EEAF AN e AP0 PIREI S E Y 12 2 72 /NEE
AR BRI T S R R - FOEARELEE MR ~ S R ER o ARSI T - Rl
EFYEFER A B REGHEN B 5 IR iTRE & B A R S BB R & S
A & (CDC, 2015; Ellermeier & Slauch, 2006; WHO, 2013) - H Wt FCeF{h
(Majowicz et al., 2010) ®IEREFEHIIFIREATE KA S X ZEBIZTAE 9,380
B AR 11,5 B ASE T - HEBRIHFZERIELTHP o0 (The Centers for Disease
Control and Prevention » CDC)HEfED PR B A SEBIFFLYIE R 120 H ARG -
HrAr 450 ASET(CDC, 2015) » HoPrid sl &R 1A 49358 37 {87t (CDC, 2014) -
TEEE » 1986 = 1995 HIRBSE e PHEEGTAH 5. WAt/ PR E TS R
(Pan, Wang, Lee, Chien, & Horng, 1997) o SFEL/DFIK EEA RNV ERTE
AR LS 554 320 B JT(P. L. Chen et al., 2012) » ZA0f » THEXSEEIHY
I3AT 0 BRI AL - R EINEEFTR2RE] -~ (e 2 BRSO R
KIAEENTIZAER - AN - SREEHEE e NPT REE R AR < —
(ESR, 2010; FAO/WHO, 2007; Finstad, O'Bryan, Marcy, & Crandall, 2012; Mead
et al., 2010; Morar, Imre, Nichita, Colibar, & Sala, 2014) - HriEEEA
RS E e s ZE IR E T2 A (EFSA, 2014) » a5 F 28 0 E
S22 & P (Chotinun, Rojanasthien, Unger, Tadee, & Patchanee, 2014;
Goksoy, Kirkan, & Kok, 2004; Rasschaert, Houf, & De Zutter, 2007;
Rasschaert et al., 2008; Zutter, Herman, & Heyndrickx, 2005) - fE&E -
BAEREWNEMAREPHSE % P ANEFEN 31.9 A (GFAEREDH

ZHY 42.2%)(COA, 2014b) - 2RI @ BIHET IR AR M ARAGEER S
2



[t PR RS AR RO 5 A I AR B e BV R BRI S A TR AT
BUSTARERN T 2 it - I ATOEERUE EFE RSN Z A T
Bz AN e EftE S BT MR 52 A 2 Ele A TSGR E S
B 5 BB A L DR IR VS A REE R i > WA HAR 8 2 S S5 AT B
(A S& 25 » RERLHT TS BRI A I GV 8 S2 50 5 e R e e e B iy 5 2% 7
FE o

A~ WiEEE

ARIHEE Z W FE LBy BRI RER ST - S8l e TR 5B &
EHEDFIRE TR TR RGN T Z A 5 a5 AT R R 28
RS B VP IRAREROUT R 2R A -

| BB E R S DP IR B S A TR R GR35
1.1 kR J57%
1.1.1 BBsass 2 e
REENTEEEZR B GEEaYIiEEm (LU NS ) &% 2%
BREEG TR FEN B S - BT - B - DA S EI ES
[BRFHRER IR T 45 REEBSEH(2013 4F 33 52 2014 4F 33 52 » Horr 21 ¢
FIERE) > B 45 XBEEGENTEREENLecEFBZEN 91.6%
(BAPHIQ, 2015) @ a2 F 5 2 IR Eifst RlE 1.1 - BEREFELAE
R BB = A A [F] - R R E TR Bl B — =5 - [R5 FEE D ERIK
FraaeSy - Brited - HGESHRZE - 208 ~ S - ZEEE - BAAL
BN - BiateE - BRUEEETHS - AR RRRESIRIESE - B35 2 B akiA
FBAEEEERF S VRS AT E B S A M 2 54 ~ 24 REWWIEH 2 BUE -
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BIF A LA USSR EEN R —E 2 FE R E AT S 2 BB =8 Z L pliH
o - stEHEES B S EREAIHLE - SRR E R BXEH
SRS & REBRAVER AR A E 2 b Ete AN 2B - XEHY
B2 B EEN R G 2R EF (USDA-FSIS) Z Fr Bk fT#Y J5 74 (FSIS,
2011) > MR & 5 & B AGHYIR LR T AWMU R e I DR A T 2 o B bR SR

PRIF N BRI T8 - WHEREE T iRl S RV E T - Frabiinfah
Wit FiRkEE &5 R 5215 2 B S A A A A B e L 2 AR IR Y~ 5 B oy V) LT
FY R R R B AR 2 AR A 5 6 R i T FH e B RS T 2 R R i A — (]
3.5 AFHATY Stomacher- type FREELSA - FIA 400 ml 0.1% BPW AR MURI 28R
& - R R IR 30 (&Y —77#8) VIR FEE LR B AR 4D - BETRHUL B
e IR R e JFR G S AR R T - BRERSE A G nT P 2 Al
T OFPRR R AR ~ HEEHY) © BRERTR » BREE A B G IRIERZ B S e SRE R AIER B
Ty~ SREEEA - BESMEiREERSE - BERE - BEGFEC - B
FREEE ~ CAS REEEHAy ~ 15022000 3Ra5 A4 ~ #EERHIGH « FEEZRIFH
HERENE - EMRBRTH - AR SAEESE - LAIREIERE -
BUKEREAS ~ TIEABRAE - WigRET - 2850 IRETA R EHE
HE 21 HANRFFIECER o (R SRIRIE P S8 IR BRI LR an Y 4°C UK
MR - WP E R EIC A B TR E - i N B TR MERER
24 /NI Z N SERIAR M ©

L 1.3 PR B 7l B A B8 1

Fit A B i & (R USDA/FSIS Z ¥ 4= %) B & = 15 % T it (USDA/FSIS
Microbiology Laboratory Guidebook) (FSIS, 2014)Fr&CItry 74 KBS A E
I EEZF & (Association of Official Analytical Communities, AOAC
INTERNATIONAL ) 2 5% /7% (Andrews, 1998) #Ef /DI E 77 - FTA e ot

NI 30 ml BPW 2 30 ml BRI EREE > FFRA 1:10 BFsRE T =081 BPW )R &
5



®AAE 3SCHYBBANETHE - #EEZH 50 ¢l WERMNE 5 ml 1Y
Rappaport-Vassiliadis broth (Oxoid)fY 42°CHEE 24 /NEF(Andrews, 1998) °
FE1% 7 Rappaport-Vassiliadis broth &RV EREE H G o7 BB PREARE N E
g EL (Xylose Lysine Desoxycholate, Difco, BD) ~ JESElEls N FHIEAE RS E A
(Hektoen enteric agar, Difco, BD) MFEHEFE/IFIK FHEEIEER (Sa/monel la
identification agar, CHROMAgar, Paris, France) =fEiEAE: FilEfT4HE B E
MR A A B PTR AR MRS R E R A EHIRAL %
FALECR U e RN A E RS OETR HETE T
AL R B UR L R ARHERZ P PIRFEE e ERE FHIRREREEFE /MK
BRI RS - A2 F I Be RS P 0L APT 20E(bioMe  rieux) Al PR &
4 IS S B OMRE - B — ik — E s —(# DL R % B A ALY bFT
IR R B B SO BRI 1 « 48 B IORE PP i R DT IR BRI P MR AR i > R — (I
FE/cHE Kanf fman-White scheme J57£(Grimont & Weill, 2007) KJ/PPHEEMLH
AU EE4H (Difco, BD) » M/ PFIERE O DU A1 FORE PP H DR LA
TEMERIA « 2B By A DA AR At R B ST B DR E B T » 5T A
TRATHRE - F—HRS ik mTA 1 (E= 1 E2 ERmEPPIRES R » %

PR BB sk Rbt -

o

£l

1.1.4 fEba R R4t

EAERET - ageB At KBS 2 PR E T A4E AN E R A+ (3t 21
o F#RFE 1L DGUE 2 (univariable) K Z BRI (Multiple
logistic regression) #E{TRIFEEL 3T » S —PEERHVEE —BIH T (R IL RS — B
— IR R RIS (Level -dichotomous) » BE—EEFTIEEEBILIANET 10%5
JHA(Arsenault, Letellier, Quessy, Normand, & Boulianne, 2007; Dohoo,
Ducrot, Fourichon, Donald, & Hurnik, 1996) » FH#S—(E%E (univariable)

PIEFHIEN(chi-square analyses)sfatis% SIEE S Bt EEE 2D
6



FIRE 2055 » RAZBEEEMXER ZPMIRETTHA 2 20§ (Pearson
X-test, P <0.2) » A &l A S R B DL 2 S R R I R 43 AT (Mul tiple
logistic regression analysis) ZE=CHETT SR+ 2 bhig (Mickey & Greenland,
1987) « 55 P& ERHy 25 BT R B o AT U DA IR 1 12 P IR AVAZ P (s tepwise
backward elimination procedure) ~ JRERE4FET#IE M (significance of Wald
statistics) Hosmer and Lemeshow ZHEFC/E (Goodness of fit)ff5347(Hosmer,
o FEEAR A - 4 p(E/INR 0.05 % ARG EA
FEEME 2 =5 (Ansari-Lari, Shekarforoush, Mehrshad, & Safari, 2014) - &

Lemeshow, & Ebooks, 2000)

B B RHMALL SPSS ®#iE (Version 21.0; SPSS, Inc., Chicago, USA)#E{T

53 <

# 1.1 Univariable analysis : association between exposure variables and Salmonella

status in broiler batches at slaughter

Definition of Number of .

Varizbles Level-dichotomous batches %positive  OR 95% ClI p-value

Sampling year 2014 199 55.8 0.949 0.625-1.442 0.808
2013 163 57.1

Sampling season warm 235 60.9 1.682 1.088-2.600 0.019
cool 127 48.0

Branch of BAPHIQ southern 264 52.3 0.531 0.326-0.864  0.010
northern 98 67.3

Slaughter speed >2100 211 41.2 0.204 0.127-0.326  <0.001
(birds/hour) =2100 151 775

Slaughterhouse age >9 233 43.8 0.206 0.125-0.339  <0.001
(years) =9 129 79.1

Birds slaughtered = 1million 310 52.6 0.297 0.147-0.600 <0.001
annual <1million 52 78.8

Certified Agricultural yes 224 42.0 0.184 0.112-0.301 <0.001
Standards no 138 79.7

Certified 1SO 22000 yes 161 48.4 0.559 0.367-0.852  0.007
no 201 62.7

Time in lairage >120 68 63.2 1421 0.825-2.448 0.204
(minutes) =120 294 54.8



Time of scalding >90 127 33.1 0.223 0.140-0.353  <0.001
(seconds) =90 235 68.9
Temperature of =62 156 71.2 2997 1.927-4.663 <0.001
scalding ('C) <62 206 45.1
Time of plucking >60 112 66.1 1.798 1.131-2.857 0.013
(seconds) =60 250 52.0
Evisceration type manual 124 75.8 3.646 2.248-5913 <0.001
automated 238 46.2
Total number of >3 71 60.6 1.240 0.731-2.105 0.425
chilling tank =3 291 55.3
Concentration of =30 193 43.0 0.299 0.193-0.464 <0.001
chlorination (ppm) <30 169 71.6
Clean with hot water yes 148 43.9 0.423 0.275-0.649 <0.001
no 214 65.0
Total number of >40 190 38.4 0.195 0.124-0.308 <0.001
workers =40 172 76.2
Types of viscera detached from carcass 93 47.3 0.612 0.381-0.983  0.041
hanging attached carcass 269 59.5
Types of scalding tunnel 221 48.0 0.404 0.259-0.631 <0.001
tank 141 69.5
Types of plucking tunnel, or tank & tunnel 204 39.7 0.187 0.117-0.299 <0.001
tank 158 77.8
Bird type white 177 37.9 0.213 0.136-0.334 <0.001
colored 185 74.1
1.2 455

1.2.1 PRI E RT3 R AR 5340
AR (2013 4 2 A2 2014 4F 11 H)FrEeey 1810 @i - A 2 {HE
nEE 1808(ZKH 362 HLHEE) -

FERSE
R 0 FTEA

AR SR o
OFEA R A

ST AR o
fiz > Forfr 589 ki AP (32. 6%,
Ly 883 {1
ROk 925 14
TSR A BB R (x=177.36, p<0.0001) © #

95%CI :

30.4-34.8)

95%CI :

15.1-20.2)

43.7-50.1)

EEION S YA
o DI EREIEE] Y
B 155 M RbatE(17.6%, 95%CI:
Horpr 434 (- RB51E(46.9%,
DIt R R BRALL

' H
' H
*
ARy 362 it



Koo Horp 204 HERFSME - (56.4%, 954CT: 51.1-61.5) - DIFEEMIEEY > AN
HEA RS IRy 177 > o 67 R R R5ME(37. 9%, 95%CT: 30.7-45.4) » A
OEE ARy 185 £ > Hoeh 137 M RF5ME(74. 1%, 95%CT: 67.1-80.2) » WY
TR A AR E 52 (=48220, 1<0.0001) ©

AT 589 EFZ Mk S ME SR E - Horp 11 BR(1.9%) BESEE - FIT 578
PR Ry 24 FRIMUERL (R 1.2) - Hohi A =RMUERI A By Albany 5 187
PR (31.8%, 95%C1: 28.0-35.7), Enteritidis A 80 #(13.6% : 10.9-16.6),
Typhimurium & 57 #R(9.7%; 7.4-12.4) o DIZEERESS » 3 AZE 155 BBIERE
aatF 0 2 BR(1.3%) ASEE - RN 153 #Ra[ K 15 MEMERY » HEar i RHY 3
MEMFRL ARy Enteritidis A 41 #R(26.5% 5 19.7-34.1), Albany H 34 %
(21.9% ; 15.7-29.3), Typhimurium & 19 #£(12.3% 5 7.5-18.5) - Ba%E 434 [5
PERRSLHR > 9 BR(2. 1%) SASEE - RIS 425 BRATor Ry 23 FEIUER - A R
MY 3 FEMEE 5T A By Albany B 153 #8(35.3% 5 30.8-40.0), Enteritidis A 39
R(9.0%: 6.5-12.1), Montevideo, Schwarzengrund, Tennessee, Typhimurium

=5 38 F£(8.8%: 6.3-11.8) ©

# 1.2 The serotypes of Salmonella isolates from all abattoirs

Serotype Total number %
Albany 187 31.7
Enteritidis 80 13.6
Typhimurium 57 9.7
Schwarzengrund 44 7.5
Montevideo 38 6.5
Tennessee 38 6.5
Hadar 35 5.9
Livingstone 24 4.1
Newport 16 2.7
1,4,[5],12:i:- 11 1.9
Livingstone var. 014+ 8 1.4
Agona 7 1.2



Derby 6 1.0
Cremieu 5 0.8
Virchow 5 0.8
Cerro 4 0.7
Kentucky 4 0.7
Potsdam 2 0.3
Stanley 2 0.3
Bardo 1 0.2
Haardt 1 0.2
Mbandaka 1 0.2
Muenster 1 0.2
Vejle 1 0.2
Non-typeable 11 1.9

Total 589 100.0

1.2.2 feheNT-53#
£ 21 EVBHEEkaA T > REE—SIRN TR > A 18 (ERURELRE

B2 2 DPIR B SASER AR (0<0.2) » 5ERFR T - 15 18 (EBIHFHEER R A%
SRR TR > WY 4 [EZBIH Re N (p<0.05) » BLEsRiR3El -~ B
@it R o e - HEE RN RS (R 1.3) Bk 14 HRRE
A+ (confounding factor) (£>0.05) « M@k A o » JREEREIREE(SHE
TH)ZMREREIFIRESERSNERFEH (T HERFEL
H)(p=0.010) 5 B35 AL Bite/m 10 s migeg (BlE sy 5 o /a) Hitt
RERDMIRE AR SN R B & & (5 TR & E) (2=0.006)
FBRe 2B/ NREFR 900 BB HMRERDPIRESAREN AR 90 &
(p<0.001) 5 g ZMRBEDFIRETER S H AN ZE(0<0.001)

# 1.3 Final multivariable logistic regression model for risk factors for contamination
of broiler chicken carcasses by Salmonella spp. at slaughterhouses (362 batches).

Variables Salmonella-positive batches (%) OR 95% ClI p-value

Sampling season

10



warm 60.9 1.948 1.175-3.230 0.010

cool 48.0 1.000
Branch of BAPHIQ
southern 52.3 0.452 0.256-0.797 0.006
northern 67.3 1.000
Time of scalding
>90 seconds 331 0.198 0.118-0.332 <0.001
=90 seconds 68.9 1.000
Bird type
white 37.9 0.214 0.132-0.349 <0.001
colored 74.1 1.000

OR, Odds ratio ; CI, confidence interval.
Hosmer and Lemeshow goodness-of-fit test: x* = 7.611, d.f. = 8, p = 0.472

1.3 &f5m
1.3. 1 PR R TR RME R A
AREERSEE > GUE—Fm B - BEAMREBE MR ERTEE

32.6% (95%CI: 30.4-34.8) - HNEE &SR T 20 5 E AR G
T 5 DI RS ) LIRS 2 A B G 2 D PIR R BA T8 Ry 17.6% (95%CT :
15.1-20.2) » H@HE 46.9% (95%CI: 43.7-50.1) » WifEdE A f A B g 7 5
(x=177.36, p<0.0001) o ZATM > 5 L gEAEEL MR 5200 5 - 220y & FH ZEfE - AR
WZEE R FOETEHR & R MR R EYE ML - B AR E R 2 A%

FERSDPI R B B A TR M B R L - SR S BINER TR S N4 PEHE (2%)
(ESR, 2004) ~ ZEE(3.9%) (FSIS, 2015)LARZRE](9%) (Padungtod & Kaneene,
2006) » M ETEK B S (B HY 0-22.7%) (EFSA, 2014) FH{EL (BT #EER (42 7%)
(Bae et al., 2013) < ZAM » ELLECAETEEEERET - DU E R FIAVEREE
IR E BT A I RE R B R R 4G R - AERBERIGE S 2013 £ 2 AR
2014 £ 11 H - HE&ESEEE S, -P. Chen et al. (2004)5 2000 42 2002 £ 578
W 14 5% H R B =5 AT Y B RS VP IR B TR R & 45 R (2000 52 4. 5%
2001 4 0.7% » 2002 5 1.7%) 2% S - HRNAERRSLS. -P. Chen et al. (2004)

11



S[ENTRESE PaprYSEdiiEspay Fab-v > JA it ORE =1 Vv iRy S=v SUEASIN
KA OMIRERTEA S > A8 > S.-P. Chen et al. (2004) Z3H&E W RS
G R A T o T S ALLBIT F RV PIRE S RN - EEA
FEREBEAE ARSI 7] AR 0 e R -0 1 DMBUR R E B e 5 AY E T2
LS

REBERSBRAERRE RAVMREMER S S. Albany (31.8%,
950CI: 28.0-35.7) » iB&ERHL Lin et al. (2008)7¢ & /B AZEAIATIE - i
T R M TERER N Y b o BT ARV D PR B 2 B B R IIE A 45 3R — 50 - AHEL
B N E R PP ERE A ZIHY 73T > S, Albany WFFE FZMMIER (Chu et
al., 2009; Torpdahl et al., 2013) > 55ER#E Lauderdale et al. (2006)
G B ME 2 ox B e P ER BRI S P o B DT R B 2 T E B 7 AT 3
i 1998 222 2002 4 S, Albany FrflibLBIE 4. 5% @ BEAERIER S EREFTT
BEE] S, Albany Ryfe RAVOPIRBEIMIEM 2 ERAER - HEHM S Enteritidis
Ko 8. Typhimurium REIUER CAGEE A G UE I A SRR D P I EE i
R AMER AT (Chu et al., 2009; Lauderdale et al., 2006; Torpdahl et al.,
2013) » 1> 2009-2010 e b W et f 75 28 5 At AOMR 0% 8 33.7% K2 22.8%

(Torpdahl et al., 2013) > EBHEAEEREFSERATTEER] S. Enteritidis

W

e

Je S, Typhimurium WA 78 f 0% &4 73 45 13.6% (95%CI:10.9-16.6) & 9.7%
(95%CI:7.4-12.4) AR - EHHVEEREDT - £ B EK BB AT#R
Y DF TR R A o AR B SR R A TR A A — 80 B G PR R S A il E
BIE I ARG PP IR EE L E RIS -

-

1.3.2 kRT3t

AEERIIHTEE R B TURIR T EIPREE (B RRINH 2+— F) Zt B
DFIRESRRS R ERFEH CRER R+ A ZRFLH) (p=0.010) - EE
GimlmE st HEE ST 27 ER (Willians, Ebel, Golden, & Schlosser,
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2014 B ESFT 2 BEREERE (Ayaz, Ormeci, & Oz, 2010; Cohen, Ennaji,
Bouchrif, Hassar, & Karib, 2007; Huang, Zong, Zhao, Zhu, & Jiao, 2016;
Zdragas et al., 2012)HViHE—2 > % FEREEHFOMRIFE (LHEEF)
BRIV PIRERETREN RS (LA FR) BT RO MIRES
RERAVRFE AR > — AR RE P PIREARAVRE f 35-43°C(Ellermeier &
Slauch, 2006; FAO/WHO, 2007) - ifi G/EHYE K2 0 SR HY R SRR i /)
FIRE AR » A48 > Wilson (2002)EFEBIFTIRIH S ERIRITEEEIR - IREST
ZEEFHRBRIMIRE SRR EENE—F(—E2=H) SRHAMZE=E -
IR B > 153 58 BT B N B BB B IR & e e R SR T B R & b
Hil AR SR & B B et (H0 AR R e U2 R -
51 BRES T E H e B B S S T RS BRI ST (EFSA, 2010) 80 - &
R DMK BT AR TR R B L IR -

Fo 7R EYIiteE KA ab e & T > DiteEbk TES IR ERR © 5
SMEBIIEIESS  RCUBAT R 4 {8775 (www. baphiq. gov. tw) » Bl 57 fmEE
#EERE AL ~ Frdt ~ B - B - TOEG SR e TR E T
oy eE S ERERE T BRI SRR E ST ey BB REES
i~ LR - iR MG BT R E TR SRR EEE
FATH ~ ST B - SRR RS S BT - B0 Rl B R B
JBsE 2 R A lm AT - AE R TS REUR B = G R ite mALE o EEE
(B FED /R TR BB FIRE S ARSI E s EEEE
G B REHETE) (p=0.006) » HEIEFRAARE > mEE L HFHE T - 2
sTiE BRI B NN R 5 2 B s R EIRES —A R NS5
HNENESGNEREEEZGIUEZ AR Z FEEIERM T i —E8A/
SRR R RO B R RER - 281 > BEER A BE B IREE G
VR RN E R R —20 Bt LA RE IS RN B S G I B E R e =

MR RER AT RERL B A VP IR EV S e R S (R 230 - By T RS (VB ERYE
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HUE RS HAR ViR &0 mE AN B Z BT EHEZEET
i > SAERZ T PAE 7 2ai a2 A AT R IS iR & B RS 5 A Z Bl S AR A R
RS EFS i - MLEEAE MR AN B AFTREE - R At S 8 B U5 iE &
HAEE Y 2% DIERERMRE 5% -

2T XRT  KEBRISZEIORETL 50-65°C ZEME T LIEPIERR
AR (FSANZ, 2005)  (KIBARE BV - GIEMIE & EI5mE
My BRE R 57-64°C B ARBFELMAEE 43 CliEE 66°C - ERAEXRS
FE& sE A RE TP SE —(E20 BRGE T A R WAV R (B IE H & & 7 A &K
Hh o PR Ry i e [ B 32 BB (E ) S P Y (ReE BGE 2 B B8RS AR 2 v LR SE
R AR ETREE LD BRE(F N2k (Henry et al., 2012) » ‘EZ2ERETHI/KILIE
RENHVECE R HKORA & DI TEIR R B » L9 IR B AT B A L 20 BR 4 RE A e Al
fEImaE 2 - NI BRIEA BT - A I RE S B YA U5 (ESR,
2011; Finstad et al., 2012; FSANZ, 2005; Russell, 2012) - —f&ifi=S ° &
P B RE R E - 2 al DARRRE RS B AV IR (FAO/WHO, 2007) Fef#r A FE R
(Zweifel, Althaus, & Stephan, 2015)ZF2 - {540 » Byrd and McKee (2005)
BB s BT B e EHVES AR (Campy lobacter ) i ESIE EHVZ B2 0] [#(K 2-3
logl0 : ifif Geornaras, Jesus, Zyl, and Holy (1997)HYRHZE B4 i & 1y %2
TR LDPIRE ARG ERIE(R 38% 5 5340 Dan et al. (2013)AVHIZEHL 28
tHEL 56-60°C HYZK0RZZE 3 70 » Al oy Bl Re8 A w8 0.75 1ogl0 cfu/g ~ K
BRI R 1.05 logo cfu/g SR 0.67 logw cfu/g °

ZRHDRIEE— R E R R R SRS I BRI ANV E A R — el
Ry 0 S 2 B ] DUA S (R4 Y B2 (FSANZ, 2005) © Yang, Li, and
Johnson (2001)#F Salmonella Typhimurium and Campylobacter jejuni P
T2 E/Kp f g & B aG EFE DUREA [FDR BB A R B E AV ROR &5 R
LLSO°CH2E - Al hllE(& C. jejuni FE7KHEE 1.5 loge cfu/mL K JEHs B8

/0 1 logw cfu/cm’ &[EE S. Typhimurium F7KFEE/DH 0.5 logo cfu/ml
14



e JERS FEE/DEY 0.5 logo cfu/em’ {HFEERH 60°C 2 A5 HIME(E C. jejuni
TEKPEE 6.2 logn cfu/ml KBRS FEEZ 2 logo cfu/cm’ KFFE S.
Typhimurium fE/KFEE/DH 5.5 logo cfu/ml KB LEEZLH 2 logo
cfu/cm’ o fE4h » Byrd and McKee (2005) EEEEBERENH 58- 60°C BARHK
Salmonella F:. Campylobacter WIS & A R AIREE -

PRI > MR SRR T DR 2 EE B AN B S AR - (HEia B
R R R e 3% R AR - SHEBHG E A A (ESR, 2011; FSANZ, 2005; Lohren,
2012; Zweifel et al., 2015) - Kim, Slavik, Griffis, and Walker (1993)
DLREEE R WO P 322 (mi crotopog raphy ) sf i i 2% e DM IR EEE
H X A 4Ry BRI B RS EHAY 2 EoR S alE - 0L 52 K 56°C ZHrriFaR
FeHy5eEE - B2 EREE 60°C 2Bl RIFGHIRFR g - WIS
o E R K o Z Bt IEEE TR RS THAC H 60°C 2R BNy
FERS Hoip &% im FAY PP R E S 48 52 K 56° CE2REEATHRELI1.1-1.3
logs o AN » ZESEHGHIB AN EEIAIIREE - 7Y 54.5 C AR N&E 2 70 - Al
K2 TR RAL - 1 5 2R b HI R G e B R 1R Y B S2 1B AE B B oA 4%
TR RS ATHAMER > R - SHE R EL 5% HAETEEs
= ERER - B ARV E IR ETH RIS B HFEAVRCR » AIREIRTER
P& E IS RIS HY A SO 5 A (Rus sel 1, 2012) » AEEgLIE — IR A4S IR
REAKRIAEER 62°C 2R 1 B i Ham 442 fn ERY DI RE B TR & &8 H/
1 62°C ZEEIEATERS (p<0.001) Bl A FERE 15 (e -

PrZEIRESS » BEIFHEN G B2 BAYRUER KA 2B EDE Y
T2 - IRIBAERIVHEE - GBS E =M E IV ZERHE R 20-140
b —fi = (e R 2B G RECER R K2 2 E e R I R - Fries
(2002) EEZ TR se v W45 SAHRA I B » BN Z B0 A (PR E A&
(BRI EIBDEEVHE - 4SRN KL 1 log PPIRERER 65.7°C %2

EORE NI 1270:60.4°CFRF 120 #)5 55.1°C FF6F 1200 #0o1fij Yang et al.
15



(2001) BB Fese et 45 Hi 6 [R5 2 "B R (BRI T = P RSB 5 2 R - T A
B BRI By 2 B IR B R AT > R B AR DT T IR B 5 AR A I ]
AR (p<0.001)  EEREUREARZERF VNI ZFR 900 M Htt B MR EDS
FEREHIRN 90 M8 e B R ] FEERDFIRE TR - H&K
PR R B R R AT R o RS RN R AR R R BN T HER
IPIRE SRR EAK -

FEEEE - R R HRHERER & B NHIRA O > RIBRERg 2 2013
FHRETMFIREREN HNEEREEEYR 186 HEE AEHER 103 HEE(C0A,
2014a) - LA EERE AT RS S — G B B R VMR B S AR e RN 1 R
AR - SREUNE ORI ER P IR EV ARSI HAZE(p<0.001) -
PRI > ENHE R OB M B SEF R AR > S Ll - B2
2 GRS A AR Sl T U NSRS A T E BN R AIFER
KA HFTHE— B - BREEIRT S > Arsenault et al. (2007)FHfEifBEZEE
BN EYZ PP R E KSR E R TRAG A 15435 iR K g
a2 TN AR TR AT (E T8 Ry S B T e AR i B N B B I e R Pl
DL 2 5 B AL T v 7 e B 2 IR B o 7 ORI 2 3 B A A T HL AR Rt
I B8 B L RH i YIRS T HIL = S 3 O RO & T T8 - A 278 B A ZERY_E T 2l
Ky 5-6 #8l - A CHER 12-15 BHE(C0A, 2014a) > AERGERE A O
RERVPIREVSAR G H A - 75 DU (A RS 7 H A EE ) YA 2R BT
BAS/DMIR B SRR S AR 48RS — 2 5 & Arsenault et al. (2007)
IBFE G (EERERVRIIFEH S (EFSA, 2010) s R BURZile A N A P
REVTAR S (R FRAERE - 5551 > Nunes (2013)HUNTFEaR &5 38 s B e d b 2 4e
ROGAREREAL(BIAVNA—20) - PR & B b Ss T I BRIRT IR & 3 T R e e (R
HE TS AR - O PR B A e A - HE A 2 AR 3 R B AL BT RA
EAERTERIIXERESZ 0N — 2 > N 5 OHE AR R

Ry 12 215 Bl - RE SR S [E — A E 2 A E HER I NAZ SRR R
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Nunes (2013 )HIFFEIIRE » ot R MEA (Bl 1 B DI B S s
ST s

. BIEFREREEGEE KRR DM IRARRESOUT R A
2.1 ML TR
2.1.1 BB
72 2014 > &7 EZ A 2 84 KR BB L REILBEL 281 HEEH
& REHEF TR > AR LR HER R 35-40 X5 196 HEE A
(B HE S 80-110 K)fhi 75 HE S (BAPHIQ, 2015) - AERAE G 84
FBREGTRA RN EE AT - BT - Bt E - s A Rt 2R
EPREEL 6 REEGHETEIRGE > BERESIEABTMGETERE2.1 -
B TEREBEFDRRFEaHERY - Brlted - BUESLHEE - 205 - BB
i ~ ZEERRE - FIILEEPAE - Bitfed - BROFAEHS - R AAMEEIE
st - 45 sEakts AR AT alite BATHIE B AR L - L2 K
BVHEFZHE © B 6 KBS HEFELHIBEENMN S BEE 2 GHEE #
MFEREEER 46 OHEE > NS EFEEEN 16% (BAPHIQ, 2015) » %3
JBeE MR EaRAE RIE 2.1 ¢

# 2.1 Information on the six abattoirs sampled

~ Broiler Location in Evisceration Chlorination in Slaughter speed Annual
Abattolr type Taiwan type chilling tank (heads/ hr) production
A White  Northern  Automated Yes 6,300 17,000,000
B White  Southern  Automated Yes 8,400 21,000,000
C White  Southern  Automated Yes 4,000 4,500,000
D Colored  Central Automated Yes 2,000 2,000,000
E Colored  Central Manual No 2,000 1,500,000
F Colored  Central Manual No 50 150,000
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2.1.2 B KBRS
FTE R SRS B2 2 B i A T EREE AT 2014 £ T £ 8
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BRIt RE SEAT— N HIEREESE 8 - B s T S AN S B =5 E O S —itE
SEAEE IR SE U © AR PREER > B E ABMRUER T2 > WERE T
(R anfRs E O IR T8 - FrAatiin > EE B e R RmiEEUE - HAHE
REVK ~ BEOZIER N EEE - BREEIR G LL 4CHRY RN 24 /N A X
EEIENRSEREITE b (BR b ) B = Tl - £ 5 A E R
Bk EEAER B R R R 2.2 -

2.1.2.1 B

BRI Ao PR B B S AL 52 U & B S G [E] P B Y St s s iR > &
aTIRER - NS - BRERAE Y TE - AR M A S DL
KTEATE - BBV RE T (REAS RERREET | T 2 BREE ( Food
Safety Inspection Service ; USDA/FSIS)ZHIZE » 55LL 10 em’ x10 cm’ A/
B ERRE R FERA > HHSA 10 nl 0.1% JH{L&EH & (buffered
peptone water, BPW, United States Biological)fEE Y /E4RHE (Whirl -Pak
Speci-Sponge, NASCO, Fort Atkinson, Wis.)PAZE B J5[HEL/KFE 5 [E &R A
TR Bl s < Rl BRHEE GBI B RE DR RN - BB
FRA2TORE T o 7Y 24 /NS N [l B B = A TR E IR - SOTREE BB SE T S B
SERTESE T 2 AE017K 500 ml S5 AR - BREEAAI/K 2 [FRE LB
(Pocket Colorimeter™ IT, Hach, Loveland, Colorado)stikaZiim B K H

HHEREH TR -

2.1.2.2 HE{FRE 5
(R B PR 1Y 5 U T P B 1 7 SE A 2 1 ) O FE R BREE K
&) 1 e E(FERAEHUILEE NRE -

2.1.2.3 B bRR D
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s B Z UEPER - BElRER - AkRE o THAE T AR
ERENRERE A EERE A K/EBERRIA—ME 3.5 ATHH
Stomacher-type FAELA « FIA 400 mL 0.1% BPW AR R eR1% - REREE
SRR 30 (&Y — i) W& LU R R ae S - BEIR U B ARG S =7k
RSOt A FURAE B A BB R > PRI SE R RE e il AL AR o Ol
FofiEER ~ HEEHY)  (ERERREE P SRR R AR SRR S ERY 4 C KA IR AT
M PR & R AR AR Ay [ B R - il A SRR s E PR IR 24 /NFZ
PSERAR A -

2.1.2 YhPIE B R R e
ARHRST BRSPS B M R LR TR 113 M - MRSy B
B {4 BB B B B D P G AT -

2.1.3 M ARE K T R TP o3 1 R A

R AR Z D P R EPREIFF #E—25 K3 Pul seNe t ATfeff YRS PN B2 PFGE
VRS2 (PulseNet PEGE of E. coli 0157:H7, E. coli Non-0157 (STEC),
Salmonella serotypes, Shigella sonnei and Shigella flexneri Y#E{T/PPY
BR324 (CDC, 2013) » HAR(ERAERZA T © PREUEE — 7S REfE AR
({EER&E O K i ERE: (Trypticase soy agar, TSA) @ 37°CHEZE 14 & 18 /N\ift.
DISEE A E R B A RS - 0% Cell Suspension Buffer (100 mM Tris:100
mM EDTA, pH 8.0) » DASHEEERHAIER R 610 nm ZROC{HFHEEEIRRBEER
OD610 fE Ry 0.8—1.0 < HL 400 11 ERZE 1.5 ml fEBRLE > TIA20 ¢l &
B K(20 mg/m)AEE  FFIDA 400 1 1 B{E&EDRZ S6°CHY 1% SeaKem® Gold
agarose » HREUE G ARIE AR S » JUEREMR 15 78 4C 5 ik
sEPEB R - BB BEEFHEA S ml Cell Lysis Buffer (50 mM Tris; 50

mM EDTA, pH 8.0; 1% Sarcosine; 0.1 mg/ml proteinase K) » B 56 C/KA
20



FEPITRBIER 1.5 2 2 /0N BR &EEZEH% - IR lysis buffer » DATH
B S6CHYRESI/KE R =R > BLATEENE S6'CHY TE buffer (10 mM Tris: 1
mM EDTA, pH 8.0)7&VUR - SEpE T BRI R (riF&H TE buffer HIH
BEELET - B 4CIRFHE -

B UIEI R EL 2 mm ZS#EA (slice) > BA 200 w1 AY 1 fEFRHIES
(restriction enzyme)&&ENRH » FFE 2R N 5 708 - RPREENK - F0
AEH 20 unit Xbal [REEGZ 1 (EIRMHIEGEER 7Y 3T CIERISE 1.5-2 /N -
FRE KB - HPRIEHIESSEER - FEA 200 « 1Y 0.5X TBE buffer » Z R
B 5 otk o B R R EEREZZ KT BERIBSE R KPP LR
(comb) > IS FLEBRAVES 1~ 5~10~ 15 FLALE - TRE DL Xbal VIE|Z Salmonella
Braendrap HO812 ELREE DNA | B R tE e & HFEEE (reference size markers) »
Z &M E R EE e E B ARMEEDR 2 56'CHY 1 % SeaKem® Gold agarose
B =00 20-30 738 » FFEAGSE R A% - RIANE Tk - BB R ENREEIA
2 AFF 0.5 % TBE buffer » WifFEHEZE 14 CHAREEKET > BEIRGRGEE BT
Y BE SR AT (Initial switch time)2.2 ®b > F4XBASERFE] (Final switch
time)63.8 sec > FE (angle)120 J& » EEE 6.0 volts/cm» BEIKIFREIHE 18 /NEF -
BEksektE  BBHLL 1 png/ml By ethidium bromide 2 20 438 - FHLA ddH20
BRI 1 /N GEBREEHUK 2-3 X) > BAGRERRIME MHIEEFE < Ai5Z DNA
Bz % DL Bionumerics software (Applied Maths, Kortrijk, Belgium)F
F UPGMA (unweighted pair-group method with an arithmetic mean) J7z(iE
{7 PFGE ZUREELYS - sZEEHITT=UADL = /Y DNA | B2 2 R sl E A H e 25 B i
PFGE BIREHYZ B4 » 20E[E— B =5 N m P A BE R R D P IR E R A
HHIEJHY PFGE BYREZ » RIFHIE Ryl B AHIEIHY Bk -
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% 2.2 Results of the samples collected at different processing stages and the frequency of detection of Salmonella spp. in six abattoirs

Sample stages

Number of samples (+ve/total samples)

Number positive/total

A B C D E = collected (%0; 95% CI)
Environment-before processing 22/125 (17.6; 11.4-25.4)
Plucking machine 3/3 2/3 0/3 1/3 2/3 3/3 11/18 (61.1; 35.7-82.7)
Evisceration machine/table 0/3 0/3 0/3 1/3 1/3 0/3 2/18 (11.1; 1.4-34.7)
Gloves of a carcass trimmer 0/3 0/3 0/3 2/3 1/2 0/3 3/17 (17.6; 3.8-43.4)
Shackles/conveyer belt 0/3 0/3 0/3 1/3 0/3 3/3 4/18 22.2; 6.4-47.6)
Chilling tank inside surface 0/0 0/9 0/3 1/6 0/3 0/3 1/24 (4.2;0.1-21.1)
Chilling tank water 0/3 1/12 0/3 0/6 0/3 0/3 1/30 (3.3; 0.1-17.2)
Environment-during processing 41/131 (31.3; 23.5-40.0)
Plucking machine 2/3 0/3 1/3 313 1/3 0/3 7/18 (38.9; 17.3-64.3)
Evisceration machine/table 0/3 0/3 0/3 0/3 0/3 3/3 3/18 (16.7; 3.6-41.4)
Gloves of a carcass trimmer 1/2 1/3 0/3 2/3 0/3 3/3 7/17 (41.2; 18.4-67.1)
Shackles/conveyer belt 2/3 3/3 0/3 3/3 0/3 3/3 11/18 (61.1; 35.7-82.7)
Chilling tank inside surface 0/0 1/9 0/3 1/6 0/3 1/3 3/24 (12.5; 2.7-32.4)
Chilling tank water 0/9 3/9 0/6 4/6 2/3 1/3 10/36 (27.8; 14.2-45.2)
Carcass 86/246 (35.0; 29.0-41.3)
After plucking 0/5 4/5 1/5 5/5 5/5 4/5 19/30 (63.3; 43.9-80.1)
After evisceration 0/10 5/5 1/5 9/10 2/5 1/5 18/40 (45.0; 29.3-61.5)
In chilling tank 0/5 2/16 0/10 5/5 5/10 7/10 19/56 (33.9; 21.8-47.8)
After chilling tank 0/20 0/20 0/20 15/20 7120 8/20 30/120 (25.0; 17.5-33.7)
Feces 7/120 (5.8; 2.4-11.6)
Cloacal fecal swabs 0/20 0/20 2/20 0/20 0/20 5/20 7/120 (5.8; 2.4-11.6)
Number positive/total collected 8/95 22/129 5/99 53/108 26/95 42/96
(%; 95% CI) (8.4;3.7-15.9) (17.1;11.0-24.7) (5.1;1.7-11.4) (49.1; 39.3-58.9) (27.4; 18.7-37.5) (43.8; 33.6-54.3) 156/622 (251 21.7-28.7)
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2.1.4 GatEooth

AREER A AR G B EAL - SERFEIFIRERITREUEEESZ
[ e 25 R S22 2 PRI AC R bR > 3% S L DA RO IEAZR (OB s e (LA 2 X 2
RIBMIELRL - BAE—BE/NR S B > AILAFisher’ s exact test fifgi€) » 401
pAE/INIR 0.05 & - RER R4t B A E =R -

2.2 &55%
2.2. 1 IR ERRTR

BEG = AERIELE 6 BT RS 622 (fkdn Hdr 156 (25, 1%;
95% C1: 21.7-28.7) Ry/bPIREIGM: « 2B SE SR Z /PP R E TRy
AR A 8.4% (3.7-15.9) * B 17.1% (11.0-24.7) > C#5.1% (1.7-11.4) >
D5 49.1% (39.3-58.9) » E#527.4% (18.7-37.5) » F 5 43.8% (33.6-54.3)
BES 2 OPIR BT R EAEEMN AR (1=90.8, df: 5, p<0.0001)(F
2.2) » FrAfRm AR ERIRRE 7y - VPP TR B R TRIRE (EIE 73 5l R B (A hh
5.8% (2.4-11.6) » SRR 17.6% (11.4-25.4) » B2 IR 31.3%
(23.5-40.0) » BRIZMRERS 35.5% (29.0-41.3) « AEIREEL & Z fE H DM

R TR EABEMERR(=42.9, df: 3, p<0.0001) (¥%2.2) -

2.2.1.1 BEIERES

NESEZH  AEBNE 6 REFSHLRE 125 FREMRES > P 22 ¢
(17.6%; 95% CI: 11.4-25.4) /PR EEGIE(£ 2.2) - S EBEHBSERIFTERA
R PP B TR Al By A %5 20.0% (4.3-48.1)°BE59.1% (1.9-24.3)
C35 0% (0-18.5) » D#525.0% (9.8-46.7) » E323.5% (6.8-49.9) » F 15 33.3%
(13.3-59.0) - BESM 2 PPIREETERNEABEENER (" 9.9, df: 5,
p = 0.0769) « FTA BE=RIFTEIVERE G DR [F B 0 BRE Sy > IO IR BT

HARESEL BRIt 7 B B B 61.1% (35.7-82.7) > N REI%ER 11.1%
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(1.4-34.7) » BEAERE Y T 17.6% (3.8-43.4) » BESHAsGEE 22.2%
(6.4-47.6)  FEATENIE 4.2% (0.1-21.1) » FAARE 2 A417K 3.3% (0.1-17.2) -
RE s B a2 PR PR B TR A B E M 2 R ( ¢y '=31.5, df: 5,
<0.0001)
RESET AERI 6 REFSH RS 131 (FREAES Hf 41 #:(31.1%;

95% CI: 23.5-40.0) F/bPIREEIGIE(R 2.2) - BE=5E S PATERIVEIRE G

Z VPR B RATER S BB A 35 25.0% (8.7-49.1) » B35 26.7% (12.3-45.9) » C
55 4.8% (0.1-23.8) » D5 54.2% (32.8-74.4) » E 5 16.7% (3.6-41.4) > F 5
61.1% (35.7-82.7) - BESM 2 VMR EETREEEREEEER( v 22.6, df:
5, p=10.0004) - FrE = ARIVEEEIE DA E B S BE 5 OPIRER
TTRIRESES B B BT T 38.9% (17.3-64.3) » HNBEHEEIE 16.7%
(3.6-41.1) > BEEEBEE Y TE 41.2% (3.6-41.1) > EEEHEHZENEESE 61.1%
(35.7-82.7) » THAME N 12.5% (2.7-32.4) » FHA# 2 541K 27.8%
(14.2-45.2) - FEEBESBEEFEL B EIPRERTRAFEE 2R
(r=14.6, df: 5, p = 0.0120) - ft4h » EBSEPRVEREEEE S 2PN BRI TR
B SN B SERTER R ( v7=6.5, df: 1, p = 0.0110) -

2.2.1.2 BROR R

RESET » RERIE 6 RIBESTILRE 246 (FERIZ R - B 86
4(35.0%; 95% CI: 29.0-41.3) F/bPAREGE(R 2.2) - SRE=HBERATH
(B B2 R L 2 D PR B A TR Al Ry A 85 0% (0-8.8) » B 35 23.9%
(12.6-38.8) » C 35 5.0% (0.6-16.9) > D #5 85.0% (70.2-94.3) » E 3 47.5%
(31.5-63.9) » F35 50.0% (33.8-66.2) - ESEHSM /PR ERITREAEE
MR 7 90.6, df: 5, p<0.0001)  FrA B SEHATERIN B IS 20 L AR
FRE =L R&E S IWPTREEITRIRE =B R% 7 BIRER 63.3%

(34.9-80.1) » fNkER 45.0% (29.3-61.5) » THAREF 33.9% (21.8-47.8) » TH
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A% 25.0% (17.5-33.7) - REBEA BRI RS 2 E PR BT
REAFHEEMEZR( y=17.7, df: 5, p = 0.0005) > HZ%HEBITRIREZSE
FeABNEFPAR IR -

SR — B BRI R 2 BRI 2 UOF IR B TR R b - &R
TN BE AT B AT R R 63.3% (43.9-80.1) » HABERIV TR R 45%
(129.3-61.5) > W EEIHBIEE( y=2.3, df: 1, p=0.1284) - 2470 > #52A
AR MILE - SBTBAHN(BERER XA NER) VEBITER 52.9%
(40.6-64.9) » FHABEVEITER B 25.0% (17.5-33.7) » Wi > fHH BH &7 5
(x=15.0, df: 1, p=0.0001) e

BEAN - BRSSPI B eSS B - A HERESE55(A ~ B
K OV HF A% BREZ R RO PIRE M - MNA GBSO~ B
R F) HIEA% 2 BRI S PR B 2 P MRS 2 50.0% (36.8-63.2.) »
HAREA TR BRIZRREM O PIRE Z G R EREE SR
(1=28.6, df: 1, p<0.0001) e

Bf%o GEREE FrA R R R S 2 PR BT T%(35.0%; 29.0-41.3)
B = R E A BRI S D PR B B AT (17.6%; 11.4-25.4)( r*=12.1,
df: 1, p = 0.0005) » {H B FE 5= (Y BRER AR 2 VD PTG B B AT 26 (31 1%;

23.5-40.0)WHEEEEMEZES( y=0.5, df: 1, p= 0.4738) °

2.2.1.3 BE{EREH

R L% - RERRIE 6 RESESHLERE 120 (HERANEERS
Ho 7 44:(5.8%; 95% CI: 2.4-11.6) B/ bPIREGE(F 2.2) - #EFHESET
PREREVE(ERE S (E C35(10.0%; 1.2-31.7) K F #5(25.0%; 8.7-49. 1) H 3Bz
FIECES » Hék A~B-D K E Z B R IatE(Ih 4 852 AT B 0% 0-16.8)
Hrp C 5L 4 e Mg 2 EERSDPIREB TR R (7 2.1,

df: 1, p=0.2436) » HELF G RmaEE AR (7 1.7, df: 1, p=0.2037) ;
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B F B2 ZERMIPIRERITREAEES) 4 K5 5.7, df: 1, p=
0.0236) -

5590 o BB LLE ARE(3.3%; 0.4-11.5) BLA (AR (8.3%; 2.8-18.4)%K
&5y WEZDPIRE R TR MBI R ( =14, df: 1, p=0.2195) < 1AL
SRR > FrA SRR PR RAITHR (5. 8%; 2.4-11.6) & RIFTHA B
RIS Z Y PIRE RS T(35. 0%; 29.0-41.3) (=36.1, df: 1, p<0.0001)
B g sE P BRI S VD P IR T (31 . 1%; 23.5-40.0) (¢'=26.3, df: 1,
p<0.0001) -

2.2.2 IR BE Z AR K PROE Z ZURE 3 AT

REBEFTARmT R 156 MOPPIRE » WEEZ FEIR T RIER 15
TR B i AT 4 TS AR 70 LR S. Albany (41.7%:33.8-49.8)
S. Schwarzengrund (20.5%; 14.5-27.7) ~.S. Kentucky (12.8%; 8.0-19.1)
S. Tennessee (5.1%2.2-9.9) » 5FHFK 2.3 « 540 - EERGEREH > FrE 6 %
B SEIG A 4y EEH, S, Schwarzengrund @ 1 S, Albany HERAEE T 4 52 » Hithfn
ERIA DR EE IR 1 822 KBS - I — 25820 S. Albany /£ A ~
D K F & haE RMER - i B SmcE FEV A S. Kentucky » C &5 S.
Schwarzengrund * E 5k S. Tennessee © i@ 2 15 MEAUERF > FEEHH
R HPRFE(S. Albany & S. Schwarzengrund) » [ BSERAVFEREERES L L H
IREH 6 f#E(S. Albany ~ S. Hadar ~ S. Livingstone var. 014+~ .S. Muenster »
S. Newport k2 S. Schwarzengrund) - fH¥HY » B2 P HERIEE b0 N AR ILIR
BRI or BlsEE 12 K 13 FEimERY -

Z< 2.3 The serotypes of Salmonella isolates in all six abattoirs

Serotype Count (n=156) % isolates Abattoir
Albany 65 41.7 AD,EF
Schwarzengrund 32 20.5 AB,CD,EF
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Kentucky 20 12.8 B,D
Tennessee 8 5.1 E
Livingstone var. 014+ 5 3.2

Muenster 5 3.2 AB
Newport 5 3.2 AE
Haardt 3 1.9 D
Lindenburg 3 1.9 B
Enteritidis 2 13 D
Montevideo 2 13 D
Typhimurium 2 13 CD
Livingstone 2 13 D
Hadar 1 0.6 A
Havana 1 0.6 E

REBFTIRERINY 156 PROPIREEHRE EIX TAE T T AR %
SEIA 24 FR(B5HY 14 £k S. Kentucky & 3 #k.S. Lindenburg * D35AY 2 £ S.
Livingstone PAK F #BHY S #k S. Livingstone var. Ol4+)EE$E R PFGE
RIRE - Y 132 #R778 S50 f# PRGE HURE » HpAmae AR 2.4 - i &k PFGE
HIBE A28 » S, Schwarzengrund S-4-D BUEEAVEfR K S. Albany A-1-F ZUgE
NEPRERE R (BA 14 BRoBERR) - R0 i By (0 hlik 8 K 9 pRiktE
BEEEER ) o S5 - BRI R AL I R S T VBRI AR i B A 8 T PRGE BURE
RN B S RV ER I AR i - [EIRRHY > S, Schwarzengrund S-1-C BIREHVEFR K
S. Albany A-5-F BIREHYEEPR T BISEERTY C 85 5 F 5 2 F (i an - oy Al E s
[FIG IR BRI K B BRI R Z ikt BB D> 7 78 PRGE AR (A-1-A, A-6-D, K-1-D,
S-3-D, Te-1-E, N-1-E K A-3-F)AVEPRI A HER G RS2 mii B i o S
Al LA W (P B DAY B 2 IR AR mE B e R R - B E 0 A
14 7& PFGE BYREHY BRIMR A 38 BT R G = DR Ak dm H HLaZ B Bk m il 22 8 =2 il
BB h Z BRIk O o 5981 0 TR D 5B SR KB S P TR A T N R R R E
S. Albany A-3-D BIRRHYEIRE - FAVIBZ LB D 58 S2 5 ) B 2 Z il &

PeEmE o IERES] S. Schwarzengrund S-4-D BIBEHYERK - EER&ERMEETH - 5
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f& PFGE BUBE(A-3-D, Te-1-E, A-1-F, A-3-F K A-S-F)AYEREH R A TE A FE iy
BHe ~ THARNER KT ATENSAl/KR D « 5590 » FREeRIBEAVER/R (11 1) R
IR B &P B BITE S 18 1Y FE Ae i o -

2.3 55m
2.3. 1 PR ERITR

A BILRERN 6 B - NEREE KRGS —MHER =R
Al > 3 E—RB R 1R SE B sk i R ot SOM 3 LAF < E(EE R SONTE
TESERY H VS ZERR A 2 Fil R SEFTiE o 2 Bl 5 DA 0 5 AL 1 BB SE NV EE S - 2RI
KRB 6 ZEBELTH 5 R SERIHVEREA fn A Al DPI R B - B
B 5 ZEBEGN RO S BEREAE R FONE LI BB E OB
Je LUBFRIERTD PR ERY S  TTEEREN ERU 5 RAVERIR P B In R 52 R3E -
M5 B SERINERED 55 AT P S B Gia e 88 = & L MR
RXFI - iEfEY45 L Kudirkiené, Buneviéiené, Brendsted, and Ingmer
(201 1) VS HHDL » R EE R ER AR RO E TAEARZETRIISERAFE K » 7]
RE AT (50 FIAH R B R S B 2 A - (58 R B B S s 2 R B e R IRE R i
HECBRALE -

RERRET - ARSI EERRVERREE ST - B R =D
FHECETTR(61.1%) i@Bi Rasschaert et al. (2007) & Olsen, Brown, Madsen,
and Bisgaard (2003)Hy#E4EHR AR - EaTER B EAVIRIE THE 2 451 A
B - R R i AR T i RIS P & & 0 R R R T B RS - B S (0
PIBEECE YR SR R H R - BIEE R e T 250 - REBEFISER
BRI N Bl Z M EMEN AR - (A L RESEEY 2 PE
17 75 2o 78 o Y P B B A WY E & i b PR B R E R IB R th 2 (7 RE T
(Kudirkiené et al., 2011) - EA#GmIFHEE VL - BB THENRRE

[0 A 1% g (o EL AR A PR T SR AR > Fes PRI R R I 3B Sl 5 - 4
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RARKZENHT  EGEBELEMER N IR BR B TR R E R
EROGZL(ESR, 2011; Fries, 2002; FSANZ, 2005) -

BEAh > AEEREIRA S RAVERE M T - RIRER ZERNGREHD
FIRERTITHR(63.3%) @ ERUNEM K S BRI T 2 i BRI BRI AN R E
PEEL - IERRAVEE R Z FIBIR AV i S SO Fr > R F STl IR TR IS RE R X

T & ES (Byrd & McKee, 2005; ESR, 2011; FAO/WHO, 2009; FSANZ, 2005;
Hinninen, 2010; Morar et al., 2014) - :EfEAVEIRTITIE 7 ARE N ESEA]
AYERST R e TR B SR = AV D PIRE R TR 2GR S RAVE R A e
ERIREFS BRI ST, -

AR EPE B A A X055 EEF T A Rigby et al. (1980)FrasHiAVAS SRR
e SR EE R ENVIE LS T 2B RIERE L FEIN 'L
M2 A7 75 Y PIE FTRE R AR B IE BoR Al s B ARV EE AR - F5& > JO BHY
VIR EAERR B PG B 2 RBANIRRR - 1T ELPE EeHIARHE 45 B R AG Ay 12 il m] DUSE
[ERE I AR B H AR ECTIR I E A - N R B e T R R KSR R
HA YRR (Byrd & McKee, 2005; Hinninen, 2010; Sofos et al., 2013) °

PR THTEFEELSL > SR RIS R SOT A EH 2 2 — (Byrd & McKee,
2005) - AEBERNENRERIIERA 45%2F /0 FIRE T4av& R 7%
s © 1l Brizio and Prentice (2015)#E—2b45 508 B S22 IS RUE AR C
ST A B R T RE 2 1 1 A Bty 265 15 A2 8 i ol R Z i & HLR B K B R
VIRt o ERRA TR ANME SIS RGZ ISR THY - TETTAE SER I AL 5
53R EESENIZERf (Russel 1, 2012; Sofos et al., 2013; Van Immerseel
et al., 2009) - EEeHVEwmHREEGET 1] U A E RN F SRR =RIHE NS b
FTERSEAVEREE A S 8 B DP IR FEAE - (BR8P R P Bl DR EREERY 3
(EFR SR sy 23 OPIR E R - AE SRS R F B R PR BRI TR
PIBEHITEY 63.3% (43.9-80. 1) E T A Reli P R AR By 45%(29.3-61.5) > {HW

RS M A R - SRS R REIEIRT FE H S (Morris & Wells,
29



1970) R N gl BRE B RS <V DF TR R TR A e A2 EnV&S SR - Itk
Sh - BRI TEERE D Sk RA 8 B =510 F B B biesta e - B iass R4
BN N B2 AIPEEL 10 (RRERSER A 9 14(90% 5 55.5-99.7) 2 2 HP PR ES
M - AN FEIRE R A R E SE S E A T RERY E & F 55 3 5 e i
B ER 10 (FRERSIE{EA 3 (30%: 6.7-65.2) & 2B PP EIGNE - WAE
Eprh S B B ESE MR & 12 2 15 Al Bt BB E R/ NE
FARK - EEEMVEEREL Nunes (2013)UIHZE RS Eek— 20 ZIEEHVIETEH
FHET H B bt AR - BRSO A THRINREILE N 9054 i BAEETR
& B HERE B A AR L (BRI —20) - PR B B bR S A s i b
NEBHSHEE (E RAE 5 4AVAEE - [EIfEAY > Brizio and Prentice (2015)#—2F
FRHIANSR E — 2 & 2 B/ TEOBRAE L I% - PO b S I Y BB S R AR R R AT A
P H P R S A2 -

AEER ST BRSSPI R ST R A Va2 B =212 P (K P AR Ry g 35
M ELTE 4 1% 19 B RS A S 0 P IR B T R B (R T A AT AT IR B S A L -
Bilgili, Waldroup, Zelenka, and Marion (2002) K Demirok et al. (2013)
o BRI PR S TR R R A g2k B R A T R B RGN R » i
KB 6 B TH A o A0 =) 7O ~ e 4 M o 5028 R A e T BT
AhsRE ERSHE R © HEAh » IR SeRifIiHFe e (Demirok et al., 2013;
Lillard, 1990)&~iEkb PR E R TR IV A gE R vH 2/ T /2 4l /K InE0s
HAHM - NERBTH 4 xEFES (A B C kD) ZTHAMET RAVKEINE S -
1B st AU B AGTH 2 A Z PP E B TR Ry 50.0%(35.5-64.5) » 1M fBH#GTH
1% Fy 18.8%(10.9-29.0) » BRESTHAHIR ZPFIRERITREHERZR (1"
14.1, df: 1, p=0.0002) » ZHRFSEATEISS -

KERE 6 HEBFGIRETR 1% BRRmIUIEEES 2 PP IR ERTR
By 25% » EfZ S ERGE ENEEA ~ B & C35) AGHED E K F ) Al

HEATRIT A R EWNHER 0% (0-6.0) » 1A CH R 50% (36.8-63.2) - AEERH
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R1& R EEZ VDP TR BB TR B P RE (2%) (ESR, 2004) - BXEREIR (GRE T
0-22.7%) (EFSA, 2014)LARZER(3.9%) (FSIS, 2015)48{EL » i HARNZ=E(9%)
(Padungtod & Kaneene, 2006) FzE&ER(42.7%) (Bae et al., 2013) - 2R > &
EEEEA [EIHFEAR45E SR T B A FIHERER 5 =R A B il 7 A AT e s 28
BAREE R » b R R e A B R IE £ A & HZEE - MR 7R &R
W - SEETCEHE R & R MR R R A B RHS L -

1% RERN B PR R I 2 PP E R TR S N B 2R
HIERSEE RS oL - IE RN SRR TR A S YA - R AE R EIRTER
R Z VPR RS TR = N B AR A R R o BB R
IH#%%(Chotinun et al., 2014; Goksoy et al., 2004; Rasschaert et al., 2007;
Rasschaert et al., 2008; Zutter et al., 2005) Z#HZZ—50 » BREURNESER
R34 BAGHIAE S55, -

2.3.2 PDFIREZIMIER K PRGE 2 RIRE 34T
AEBR OB EE RANLPMREMBELR S S Albany K S
Schwarzengrund ° iB455HEL Lin et al. (2008)fE A EHIE AZEAIHTHE ~ IEFER
MFERER NSV ST sE P e 8 VPR B Z s REVIUE B 2 S5 R —20 - Ih4h > R
FERFTRES] 156 #ROFIREF - HAr S Enteritidis k& S. Typhimurium {£5%
2 BR(73 & 1.3%) - 28T e AR A 2 el Ry /A E SV AR PP
i g RAVIERI A (Chu et al., 2009; Lauderdale et al., 2006; Torpdahl
et al., 2013) » EREAVERETUT - 1EQEHE & B T i B PR E
IE Y A B N R R IE BN A — 20 15 SR I R & 2 a3 E &V & A
SRR PP BRE £ SRS - IEAh » R A B 2 I A o B v s SR ] o
Fror Sy bR E /8 15 MEIMEE - ERA 6 A4 (Albany, Hadar,
Livingstone var. Ol4+, Muenster, Newport, f Schwarzengrund)BVEIR{FLE

BB SERT (KB AT — KB SERAVE R 5O ) R R hn - AR B S2 Ay ER
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KRR R A 10 HUERFAE - ERURSEEME R PR E R
SHHRROHBREFIRIRGES S » I HAERE T EATET] -

fREAE R/ VPR E 2 PRCE BIRR /I ATHYAER - 9437 8 H8 PFGE BIREZ Pk
AMMEFAER BB SERIHVERST R an > IR0 B 52 PRI iR an M B R R
an - JE B TS S LR B 2 iR h WY K B G 2 VD P IR BRI S AYIR B R B =2 R ER
Bie A 1L CH5 e F a5 3 (H ik an o BEE R R e PFGE BUREHYERITR(S-1-C K2 A-5-F)
WO R IR AR [R5 1% SR B Seirti K B e bk i b B AE R LB =2 EL
YOI R R i & T LUS R % BB RGHY 5 5 - 1B B 35 B B S R A R R 5T
& (Corry, Allen, Hudson, Breslin, & Davies, 2002; Nogrady et al., 2008;
Olsen et al., 2003)JF({ » BB/ DFIR B EERHVHEEL 2 8 2R e —H E A5
FeI o B 1 AR B == E VP I B B R S G R B G S ALY R R
&£ (logistic slaughtering) et Ry — {8 AT DARERGL RS A HIFEIE (Bve s,
2004; Van Immerseel et al., 2009) - HI7EGETA EESENHEE > NEE
AIMERm e O VPR el - BB S5 & H B SE A EIHEREVEEER - R0
SEVPIRERREAVEERE - PSRRI iR B =2 > MRIRETRIRY 2000 -5 fi €
s B syl o RS R B SR MR 2P IR ETT AR TRE 9%
(Van Immerseel et al., 2009) o

ANE SRR 7 18 PRGE BIRE 2 iR AFAER B 52 AIHVER TR s B (o
AR R (ERE e DA _E 2 R =2 P BRES B o S B B R PRRR o - BB
fatt EsdE A FME A S A DMIRE Z X055, - |51 > 5 14 #& PFGE
RIRE Y R B R = Rk o - 6 AT DUE IR B B 52 AT eE S8 R RV ERIR AR o
BN B SE 45 5 (Corry et al ., 2002; Lillard, 1990; Olsen et al.,
2003; Rasschaert et al., 2007; Rasschaert et al., 2008; Rigby et al., 1980;
Rigby et al., 1982; Zutter et al., 2005)¥ 883 B = s A B SEAZ 1]
DUR Ryl 5HACIR - A LL PRGE BURE Z BEARAERl— 5t Loy il B SEpil K B 2 &9

e (A07E D S THATE B SR A-3-D BURREIIR S it BA% LB EIey S-4-D &Y
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REERHR) » o iE LR AR HEOF R BB E IS - 540 KB
BB 4 78 PFGE ZURE MR (A-3-D, A-6-D, Te-1-E J A-1-F)fF{ER TS
TS TR 2 BB RGIR S RR o » RIRHEAE TR 2T TR Y2 AR R an Bt - IS ke
B EA 4SS (Lillard, 1990; Lopes et al., 2007) g2 IREiESA1/K

BTH &R B A ] BRI RI AR &1 AT RE IS R B AR A U5 5,
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Z< 2.4 The PFGE patterns of Salmonella isolates at each processing stage

Xbal Number of Salmonella isolates at each sample stage
PFGE pattern® Before processing During processing
Abattoir (number of
iSOIatES)EEI—UEI—mE%Egl—oEEI—E
50 60 70 80 90 100 a U O »® OO0 L a 0w oo »n O O o O
R — A N-1-A (1) 1
A Mu-1-A (1) 1
—— A A-1-A (3) 1 1 1
— A A-2-A (1) 1
A Had-1-A (1) 1
A S-1-A (1) 1
TSI R
B Mu-1-B (4) 2 1 1
S-1-B (1) 1
50 e 70 g0 9 00
— C Ty-1-C (1) 1
[ C S-1-C (3) 1 1 1
L C S-2-C (1) 1

Continued on following page
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Z< 2.4 The PFGE patterns of Salmonella isolates at each processing stage (Continued)

Xbal

10 20 30 40 50 60 70 80 90 100
A

—
-

[ ]

Abattoir

Number of Salmonella isolates at each sample stage

PFGE pattern®

Before processing

During processing

(number of
isolates)

PM

EM

GT

SC

CTW

CT

FS

PM

CAP

EM

CAE

GT
SC
CTW
CICT
CT
CACT

O 0O 0000000000000 0o o oo

Ty-1-D (1)
A-1-D (1)
A-2-D (1)
A-3-D (9)
A-4-D (1)
A-5-D (2)
A-6-D (5)
K-1-D (5)
K-2-D (1)
E-1-D (1)
E-2-D (1)
Haa-1-D (2)
Haa-2-D (1)
Mo-1-D (1)
Mo-2-D (1)
S-1-D (1)
S-2-D (1)
S-3-D (2)
S-4-D (14) 1

2 4

Continued on following page
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%% 2.4 The PFGE patterns of Salmonella isolates at each processing stage (Continued)

Xbal Number of Salmonella isolates at each sample stage

PFGE pattern® Before processing During processing

Abattoir (number of
isolates) =

s = O F =
20 30 40 50 60 70 80 90 100 & i ] O O
celern b b b b b b e |

CAP
EM
CAE

n = o
L a O ow

GT

CICT
CT

A-1-E (4) 2 1
A-2-E (1) 1
A-3-E (1) 1
A-4-E (1)
Te-1-E (4) 2
Te-2-E (4)
S-1-E (1) 1
S-2-E (1)
S-3-E (3) 3
S-4-E (1)
Hav-1-E (1)
N-1-E (3) 1 2
N-2-E(1)

h ]

m m m m mM M M M M M M M m

= | CACT

1

Continued on following page
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Z< 2.4 The PFGE patterns of Salmonella isolates at each processing stage (Continued)

Xbal Number of Salmonella isolates at each sample stage
PFGE pattern® Before processing During processing
Abattoir  (number of
isolates) = o " > 5
20 % 4? 5? 6? 0 0 9? 100 E 5 6 8 6 5 2 E 8 E 8 6 3 G 8 3 S
F A-1-F (14) 1 2 2 1 1 1 2 1 3
{ F A-2-F (1) 1
F A-3-F (9) 1 1 1 1 2 3
[ F A-4-F (2) 1 1
447 F A-5-F (8) 5 1 1 1
L F A-6-F (1) 1
F S-1-F (2) 1 1
B K-UT"-B (14) 4 3 1 1 3 2
B Lin-UT-B (3) 1 2
D Liv-UT-D (2) 1 1
F Livi4-UT-F (5) 1 2 1 1

PFGE patterns were indicated by numerical and abattoir sampled suffixes after a capital letter indicating the name of the serotype (e.g., Hav-1-E refers to the
serotype Havana collected from abattoir E).
*UT, PFGE typing non-typed.

PFGE pattern detected in isolates from this stage.
PM: Plucking machine; EM: Evisceration machine/table; GT: Gloves of a carcass trimmer SC: Shackles/conveyer belt; CTW: Chilling tank water; CT: Chilling
tank inside surface; FS: Fecal swabs; CAP: Carcass rinse samples after plucking; CAE: Carcass rinse sample after evisceration; CICT: Carcass rinse samples in
chilling tank; CACT: Carcass rinse sample after the chilling tank.
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R MR ER B R R D PR E B 5 TR - B HEERIZ
LT =y RIS

(6) EEED W 5¢ 2 FRAY 5 8 B G Bt AR BUBHE 2 U544 il DUE AP A an e
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Introduction

Poultry are an important source of meat for Taiwanese. White (marketing
age: 35-40 days old) and colored broilers (80-110 days old) predominate the
poultry meat industry with approximately 300 million chickens slaughtered
each year. Chicken carcasses can be contaminated with pathogenic
bacteria during slaughtering and processing potentially leading to food-
borne diseases in humans.

~ Objectives of the Study
» To investigate the prevalence of Salmonella spp. on the surface of broiler
chickens and in the slaughterhouse environment.
» To determine risk factors for Salmonella spp. contamination of broiler
chicken carcasses and the environment at slaughterhouses in Taiwan.

~ Materials and methodology

» Samples collection
Six slaughterhouses with different types of broiler and slaughter systems

were selected, and each slaughterhouse was sampled once during June
to August 2014 (Figure 1 & 2).
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» Salmonella isolation
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Figure 3. The procedures of Salmonella isolation.

» Salmonella spp. serotyping: All the Salmonella isolates were serotyped
according to the Kauffmann-White scheme of a previously published
protocol’.
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Preliminary Results
» The prevalence of Salmonella on carcasses and surfaces at different
slaughterhouse were significantly different (Table 1).
» More than 13 serotypes of Salmonella spp. were detected, with S.
Albany and S. Schwarzengrund being most prevalent (Table 2).

Table 1. The prevalence of Salmonella at all six Table 2. The distribution of Salmonella spp. in
slaughterhouses

the six slaughterhouses
Percent tve Serotype ‘Count {n=156) _% (solates _Slaughtorhouse.
Shaghisrhouse Sample(0) (95%Cl) Odds ratio (3% CI) b, 3 e ADEF
0 8 G0N e BREREN | 3; ’gz "C‘E'E f
¥ % OB@MNS UREEBIS i o s an f
E ] 2737(1872,3748)  708(258,1938)" s 5 o AB
B 12 1705(11.01,2467)  387(141,1061)  Cromiou by 208 AE
A @ B42(371,1592)  173(054,545) et 3 1% 0
c ® 505 (165, 11.39) 1000 f:""" ; :z E
Total 2 25.08(21.72, 28.68) Trphimaram 2 17 oo
Hador 1 054 A
B0, E. F were sgnboandy drentwit A P valve: <0.0001 Howrs 1 054 E
London 1 064 E
Urtypoabls. . 1667 80

» Univariable analysis: There were significant differences in the prevalence
of Salmonella on carcasses and the environment between
slaughterhouses (Table 3).

Table 3. Univariable analysis: Association between exposure variables and the prevalence of Salmonella
on carcasses and the environment of the six slaughterhouses

Saimonella
Variable c""""lf""‘“ achoumes; - Wamber of Percent +ve Odds ratio (95% C1) P value
i ity % @5 CI
Staughtorhouse  Norhemif] % 80207, 159 01006029 <0001
location Soutem (B+C) » NBA(7% 1675) 020012031
Cental(DE+F) 29 4047 (3358, 47 64)
Source farm location Norhe (A+E) 77 1BGA@,1961)  012007,021) <0001
Cental(C+E+F) 8 H58Q107,3269)  029(017,048)
Souer (D) 1 55,95 (44 70, 66.76) 100
Typeofbroller  Whie broiker{A+B+C) 2 10847651475 018(012,02) <0001
Colored broderlD+E+F) 2 4047 (3485, 4621) 100
Age of broller (days) == 100 days(E+F) 156 ST18959,4521)  AGSQ81771) <0000
80 days(D) o 5954470, 6678) 999 (560, 1781)
<40 days (A+B1C) 51 1128 (769, 15.80) 100
Body weight of Z3kgwE+F) 156 I1BR959.4521)  AS5Q81.771) <0000
broller (Kg) 23k D) o SBKEEAT 6678 999 (E6, 1781
=2kgw (AB+C) 7 1128769, 15.60) 100
Number of birds  <100,000 F) % QT50364,542) 500288878 <0000
slaughtered per 100,000-1,000,000 (C+E+D) 02 7812284, B2 249(157,3%)
month 1,000,000 (A+B) 2 1339922, 1856) 100
Number of birds <1,000 (F) ™ 4615 (34 79, 5782 674374, 1215 <0 0001
slaughtered of the 1,000.10,000 (E=D)} 182 Q5B 0B 583(355,958)
first batch 10,000 (A+B+C) 57 128769, 15.60) 100
Type of evisceration  AubmaiclA+6+C+0) o WQUET,A5) 046032068 00001
ManualE +F) 191 3560 (28 82, 42 84)
Salmonella state of ~ Saimonella positve (AvBvD<E+F) 316 WAEIQ, M) 1249E83 4073 <0000
environment before  Saimanaila negative (C) 61 492(103,1371) 100
processing
Areas of Diry zone 3 545541816605  39Q27.685) <0000
slaughterhouse®  Preclean zore 136 NE2@INA0M) 1520097238
Clean zone. ) 2333 (18,65, 2854 100

"Dty zone nchuded larage, hangng, suning, bleeding, scading, and plucking areas. Pro-clean zone moluded eviscerabon, meal
nspecton, viscena and Garcass timing areas Clean zone ncluded carcass washing and chiing, and package ares
Conclusions

» Positive samples were more likely from:

« Smaller slaughterhouses « Older (larger) birds
« Smaller batches of birds « Slaughterhouses in the south
« Slaughterhouses with manual evisceration

» In Taiwan, small poultry slaughterhouses are characterized by
slaughtering small batches of colored (older and larger) chickens using a
manual evisceration process. This may result in a higher risk of
Salmonella  contamination in  processed birds from these
slaughterhouses.

Future investigations 5
All the Salmonella isolates will be typed by Pulsed-Field Gel Electrophoresis
(PFGE)? to identify source of original contamination within slaughterhouse
and the slaughter process.
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Introduction

Salmonella-contaminated chicken meat is
recognized as the major food source of human
salmonellosis. Carcass cross-contamination
mainly occurs during the slaughter process.
More than 119 million colored chickens (native
chickens or native chicken and white broiler . :
hybrids, Figure 1.) are slaughtered per year in | igure 1. Twomain kinds of colored
Taiwan; however, most studies only focus on | broier
white broilers. As such, little is known about the contamination of carcasses
and the abattoir environment in relation to Salmonella prevalence on
colored chickens.

Chintision Lin

Objectives of the study
» Investigate the sources of Salmonella contamination in colored broiler
chicken abattoirs.
» Investigate when and where Salmonella cross-contamination occurs in
colored broiler chicken abattoirs.

t Materials and methodology

» Sample collection: three registered colored broiler abattoirs in Taiwan
were selected, and each abattoir was sampled once during June to
August 2014 (Figure 2).

95 environmental  sponge
samples (facility surfaces,
10610 cn) and 24 water _
samples (chilling tanks, 500 mi)
before and during processing

299
60 cloaca fecal swabs (19 | | samples
per swab) from the first batch

flock

120 carcass rinsing samples |
(400 mi) during processing

Flgmlﬂeaboﬂowamwmmlswﬂesmwlemhammdmnsmmemd
during processing. The fecal swab samples from the birds processed and the carcass rinsing samples
from the different stages were also collected.

» Salmonella isolation: all samples were processed for Salmonella isolation
according to the methods described in the USDA/FSIS Microbiology
Laboratory Guidebook' and recommended by the AOAC International2.

» Salmonella spp. serotyping: Salmonella isolates were serotyped according
to the Kauffmann-White scheme as per standard industry practice®.

» Pulse-field gel electrophoresis (PFGE): Salmonella isolates were
subtyped by PFGE according to the “Standard Operating Procedure for
PulseNet PFGE of E. coli 0157:H7, E. coli Non-0157 (STEC), Salmonella
serotypes, Shigella sonnei and Shigella flexneri *. Isolates with the same
PFGE pattern from the same abattoir were considered to be the same
strain/type.

Reference
1. FSIS. (2014). Mmmmmmummmmeel poultry, pastemzedegg and catfish
and carcass and envi sponges. Laboratory

2. Andrews, W. H. (1998). Microbic methods. In P. Cunniff (Ed.), Official methods of analysis of AOAC
International (16th ed., Vol. 1, pp. 1-122). Gaithersburg, Md.: AOAC International.

3 Gmwm PAD eld (2007). Antigenic formulae of the Salmonella serovars. Paris: World Health
[o] Center for Ref and Research on Salmonella , Institut Pasteur.

4.CDC. (2013). Shndud operating procedure for PulseNet PFGE of Escherichia coli 0157:H7, Escherichia
coli non-0157 (STEC), Salmonella serotypes, Shigella sonnei and Shigella flexneri: CDC (Centers for
Disease Control and Prevention).
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Table 1. The distribution of Salmonella spp. in the three

Results and discussion
» Intotal, 121 of 299 samples
(40.5%; 95% Cl: 34.9-46.3) ~ alors "
were Salmonella-positive. P R £ i
Twelve serotypes of pesee : 5
Salmonella spp. were detected,
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Livingstone var. 014+
Newport
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4
with S. Albany and S. i H I
Schwarzengrund being most ~~ Liinsstere : bod
prevalent (Table 1). e i 1 o

» Characterizing the isolates by PFGE resulted in 37 pattems being

identified (7 isolates were non-typeable, Table 2)
Table 2. nnprcspammsox isolates at each i

'2! E E! ii !gg i E: i§ hé

A »nu

» Seven types (red) collected from the carcasses and the environment
during slaughtering contained the same types as those detected before
processing. This indicates Salmonella contamination originated from the
abattoir environment prior to processing.

» Type A5-C (green) derived from the fecal samples was found
subsequently in environmental and carcass samples. This highlights that
chickens from Salmonella-infected flocks can cause subsequent
contamination of carcasses and the abattoir environment (Figure 3).

» Six types (purple) were only present in environmental or carcass
samples at two or more stages during processing but not found in the
environment before processing or from fecal samples. These findings

indicate the occurrence of cross-contamination at different stages during

processing (Figure 4).

Flgun 4. Cross-contamination during processing.
on the evisceration table. B: in the chilling tank.
after chilling.

Figure 3. Fecal conlam‘mﬁon

Conclusions
» Colored broilers processed in Taiwan had a high level of Salmonella
contamination.
» The abattoir environment and feces of chickens were important sources
of cross-contamination in colored broiler chicken abattoirs.
» Cross-contamination with Salmonella occurred at various stages during
processing such as plucking, evisceration, chilling and post-chilling.
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ABSTRACT DETAILS
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Title: Contamination of carcasses and the environment with Salmonella during the slaughter of colored
broiler chickens in Taiwan

Introduction: Sa/monella-contaminated chicken meat is recognized as the major food source of human
salmonellosis. Contamination has been demonstrated to mainly occur during the slaughter of chickens. A
total of 119 million colored broilers (native chickens) are annually slanghtered in Taiwan: however little is
known about the contamination of the carcasses and the environment with Sal/monella during the slaughter
process.

Objective: This study provides the data on: the sources of Salmonella contamination in colored chickens
in Taiwan: cross-contamination of carcasses: and potential risk indicators for contamination.
Methodology: Salmonella were isolated from samples collected at three commercial slaughterhouses in
Taiwan and subtyped by serotyping and pulse-field gel electrophoresis (PFGE). The risk indicators for the
contamination of carcasses and the environment with Safmonella spp. were identified using the chi-square
test and odds ratios.

Results and discussion: In total, 121 of 299 samples (40.5%; 95% CT: 34.9-46.3) were Salmonella-
positive. The overall proportion of Salmonella-positive samples varied (p<0.0001) between sample sites
with 60.8. 8.3, 27.1 and 45.0% of carcass rinse fluid. fecal swabs. environmental samples before
processing and environmental samples during processing positive. respectively. Twelve serotypes were
identified from the 121 Salmonella isolates. The most prevalent serovars isolated were S. Albany (50.4%)
followed by S. Schwarzengrund (21.5%) and S. Tennessee (6.6%). Characterizing the isolates by PFGE
resulted in 37 patterns being identified (7 isolates were non-typeable). PFGE typing of isolates confirmed
that the potential sources of cross-contamination in the slaughterhouses included the environment and the
feces of the processed birds. Three potential risk indicators (type of evisceration process, the average age
and weight of broiler. and the temperature and time of scalding) were found to be significantly associated

with Salmonella contanunation (all p < 0.03).
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