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Summary

1. Patterns of contamination and tracing the sources.

This study was performed to characterize the patterns of contamination and to
trace the fundamental sources of contamination of Listeria spp. and Salmonella
spp. in pork processing plants using randomly amplified polymorphic DNA
(RAPD). Samples were collected from carcass, pork on processing, surfaces of
equipment and environment from two small plants (80~100 carcasses

processing/day) and two large plants (600~800 carcasses).
1) Survey on the procedure condition in pork processing plant

The results of survey showed that processing time was a minimum of 15
minutes and usually 25 minutes, but it took two hours in some case. The
temperature of inner pork carcass appeared 54C as a mean value, including a
minimum of 1.0C and maximum of 81C. The processing room temperature was
18C as a mean value, including minimum 15C and maximum 25C. Processing
time, processing room temperature which showed high variability were selected

as controlling factors.

2) Isolation rate of Listeria spp. and Salmonella spp.

A total of 782 samples were collected from carcass, pork during procedure, surfaces of
hands, equipment and environment. Of the 244 Listeria spp. solates, L. innocua, L.
monocytogenes, and L. welshimeri was 26.91%, 14.7%, 2.4% respectively. Listeria spp.
were found in the carcass 22.7%, pork on processing 35.3%, final pork 51.5%, equipments
46.3%, and environments 54.7%. Serotype 1 was a dominant type (94.8%6) of the L.
monocytogenes isolates. Isolation rate of Salmonella spp. was 2.0% which was too low to

characterize patterns of contamination and to conduct DNA fingerprinting to trace the

,12,



contamination source.

The contamination of equipments and environments before operation due to ineffective
washing and disinfection activity, easily disseminated microorganisms through out the
processing line during procedure and affected the safety of final pork.

When we compared HACCP plants and non-HACCP plants, the contamination rate of
Listeria spp. in final pork was 16.7% in HACCP plant and 38.9% in non-HACCP plant.
This high prevalence required more stringent HACCP audit and HACCP system to be

used widely.

3) Tracing the source of Listeria spp. using RAPD

Contamination of microorganisms such as Listeria and Salmonella is a threat in pork
processing plants, because no Kkilling steps during the procedure. Random amplified
polymorphic DNA (RAPD) analysis performed to investigate the origin and routes of
Listeria contamination, showed 35 composite types of L. monocytogenes and 55 composite
types of L. innocua. It was found that the first source of Listeria contamination was
incoming pork carcass contaminated during transporation from slaughterhouse to
processing plant. It required more strict inspection for incoming carcasses. The second
source of contamination was the remaining Listeria strains throughout the processing
environments. The remaining strains of L. monocytogenes and L. innocua throughout the
processing line revealed that the sanitation standard operating procedure should be
implemented to minimize the risk of colonization in the workplace. When we used L.
innocua together with L. monocytogenes during RAPD genotyping, we could get useful

information to figure out the patterns of contamination.

2. Exposure assessment and development of Microbial Hazard Exposure
Model

This study was performed to develop a model system which can be utilized

to predict and estimate a real-time prediction of the contamination level of

Salmonella spp. and L. monocytogenes in pork processing plants by the

application of Microbiological Risk Assessment.

1) Development of primary models
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(1) Construction of framework model

On the base of CF, framework was designed as a series of unit operations
that included the initial contamination level of cold storage pork after
slaughtering (node 1), the growth and cross-contamination during processing
(node 2) and the growth and the contamination level of cold storage pork after

packing.

(2) Transfer rate and response surface regression model

Adherence rate to pork and to contact surfaces (stainless steel and Conveyor
belt) and probability rate of survival and growth were examined for measuring
the transfer rate for Salmonella spp. and L. monocytogenes in pork processing
plant. Adherence rates were tested from pork to pork and from pork to contact
surfaces. Probability rate of survival and growth were examined for carcasses,
pork on procedure, and the composite of pork, employee, pork contact surface.
Based on this results, we could determine time and temperature as an
independent variables and design a surface regression model using a transfer rate

as a dependent variable.

(3) Estimation of survival and growth

Model was developed to predict the survival and growth of Salmonella spp.,
and L. monocytogenes in pork. Experimental conditions for model development
was full 5-by-7 factorial arrangements of temperature (0, 5, 10, 15, and 20TC)
and time (0, 1, 2, 3, 18, 48, and 120 hr). Gompertz value and Growth Kkinetic
were calculated based on growth data. From them, Response surface analysis

equation for predictive growth was produced.

2) Development of Microbial Hazard Exposure Model

,14,



(1) Exposure simulation model and development of software hard core

Software hard cores for the estimation of hazardous microbial contamination
level in pork processing plant constitute three nodes in accordance with
framework model. The initial input variables included the microbial contamination
level during cold storage of pork carcass, the temperature of the processing
room, and processing time. The output was the prediction of contamination level
during cold storage after packing. This hard cores included transfer rate model,
growth predictive model, and probability distribution functions. Input variables

were constructed to Excel spreadsheet as an exposure simulation model

(2) Application of Microbial Hazard Exposure Model in pork processing plant

The MHEM simulated with @RISK and compared the contamination level of
Salmonella spp. with L. monocytogenes for initial contamination of carcass,
processing procedure, and storage steps in pork processing plant. Contamination
level for L. monocytogenes during procedure was fluctuated but not for the
Salmonella. This results showed that L. monocytogenes could grow better than
Salmonella spp. Sensitivity analysis showed that Salmonella spp. had low
correlation coefficients and did not show much difference of the parameters. But
L. monocytogenes had high correlation coefficients at the initial contamination
level, cold storage time, and processing time. Therefore, these factors were
considered as Critical Control Point. We compared the contamination level of
Salmonella spp. and L. monocytogenes between HACCP and non-HACCP plant.
The level of Salmonella contamination was not much different between them, but

L. monocytogenes was contaminated less in HACCP plant.

(3) Evaluation of Microbial Hazard Exposure Model

MHEM was good enough for real-time estimation of contamination level of

Salmonella spp., and L. monocytogenes in pork processing plants using only
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initial contamination level, processing room temperature, and processing time.
Also, this tool could be applied for the risk evaluation of the hazard factors

identified during procedure and their control.

3. Development of molecular typing, detection and enumeration method

We compared molecular typing methods for the differentiation of Listeria spp
and Salmonella spp. The results typed by RAPD were compared with those
obtained by ERIC, ribotyping and SSCP. As for Listeria spp., the discriminatory
power of RAPD typing was the best of the methods examined. RAPD typing
with two different primers for 13 Listeria spp. reference strains did not
differentiate all 13 reference strains. Composite of two separate RAPD (lis 11 and
primer 6) results or RAPD (lis 11)/ribotyping-PCR differentiated all 13 Listeria
spp. reference strains. As for Salmonella spp., the RAPD had the greatest
discriminatory power of the methods examined, and was the single most
discriminatory. RAPD typing did not differentiate all 57 reference strains.
Combination of two different typing methods generally increased the
discrimination of salmonella strains. Discrimination using a combination of RAPD
(primer 1 or primer A) and ERIC was the most discriminatory and could
differentiate all 57 Salmonella strains. For the specific detection of Listeria
monocytogenes, we chose hlyA gene of L. monocytogenes encoding 58 kDa
listeriolysin O which has been tested for the specific detection of L.
monocytogenes in various foods. For the specific detection of Salmonella spp.,
invA was chosen. Competitive PCR was used to develop a direct enumeration of
L. monocytogenes and Salonella spp. in pork. Known amount of competitor DNA
was coamplified with L. monocytogenes or Salmonella spp. total DNA isolated
from artificially inoculated pork. Since the relative amounts of cPCR products
generated from amplification reflect the relative initial levels of the two different
kinds of DNA, the colony forming unit (cfu) of microorganism could be easily

estimated by comparing the intensity of the two bands after electrophoresis. The
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hilyA gene was cloned and was 148-bp deleted to produce L. monocytogenes
competitor DNA. As for the L. monocytogenes, the detection limit achieved was
860 cfu per 0.1 g of pork. The invA gene was cloned and was 82-bp deleted to
produce Salmonella spp. competitor DNA. As for the Salmonella spp., the
detection limit was 700 cfu per 0.1 g of pork.
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Ald dyige 28X

$ebete] A

S7bst o, ol % 2000 thel Aok #t
Toll= ddAFE 24 ARTE vFete] FAAFE] AJAAFAAM AA s TS
sl & g gtk 28y SRAS STkl BlEste] SkE AR ASH s
S7bstar glemz, Avjol Hlgste] A5s B g =Ed ThsA A =
Gha st whebA] SARE ] Qb SR IR B ApddA AbE Ao w
G TR AR Aol v (A F o] of b A, 1998; 2005).
e S ook MevE da edd fan el A 2 23S
ZE3al Qlof =Al aol A Al&F Fdd fEo]l a7En. WTO A Alstol A A%
of /WHEEA ZAnAFe] <tdd FRE fste] =2 FE 14 993 (Codex,

CAC)= SPS @Al Adud nket ol 2F9 <bdAd#gE $3 HACCP
system &S L738 grh o9k A mu[ASHA AL FFA] bHA oFE
Brsk7] g1k AEe] b el #ek AAAR] AE'E QA HAL, 4
232 F E3] 29| AEL v dynamicd}e] Microbial Risk Assessment(MRA)e]
of gk AAAQ kA kel da o] A7 HATHCodex, 1993).

HACCP system< 7 &4l <tdA FWHo=z AR HAAAHLRE
oA g Aok 1Yy A LA TIsA Bl a9 He= FiEo] =EEHI
Utk (D) AFerdzzadl A gt S22 oz AAe 8=
gol AAsA Zsto]l AT vAEo] o 2w =X7F n e (Pritchard,
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el A ASALRS Jhdeta, (2) GGGl tHE exposure assessment
Al = o7  Microbial Hazard Exposure
Model(MHEM) & 71%38kH, (3) ob22] MRA <7 ZA4stdl "od A F% Ads
Hop A A& st A8 Ve ds 540w gt
o

S AR

O ¥Ax7A 4 9 Frame-work 29 24
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LHE 2 B BESY T4
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%3 Salmonella spp., L. monocytogenes E4 X3 o499 >
4

& 98 A E exposure simulation model ¢t #HA

N

O
O
O
O
O L. monocytogenes A &A% 2 AFst 7=/

<3 @A> gt o= Al2~"l 2 Microbial Hazard Exposure Model 7143

N7 ek

&

O Salmonella spp., L. monocytogenes .G A of| S§ 43 E 9 of
O &2AE2+ 4 ¢ Microbial Hazard Exposure Model 712

O Salmonella spp. A&5AE 2 A&st 7=/

,26,



1. 348z74 224 9 Frame-work =9 7| (F3, A1AH)
=

. Controlling factor(CF) #4 2 A3
o A E CFol mE 29 Frame-work =224

2. CFAlA Salmonella spp., L. monocytogenes 24X 0]&(TR) 4 (A 1A4+)
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GAZ 2% B 7 27 94T

i, - i=
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3. AW Salmonella spp., L. monocytogenes®] A& % zb7 A (A1AY)
7V AQ s Z AN A Salmonella spp., L. monocytogenes AE % =2 23

L. monocytogenes 29 X L BEXEAN BN (F3)
N
=

7}. Frame-work model ¥ #4548 3183 monitoring A1 d Z2 A
T g 29 Salmonella spp., L. monocytogenes 2.

oo 2] w4 % sARE

+
N
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1}, Exposure assessmentE ©]-83 CCP/CL #4
- Sensitivity analysis

- Scenario analysis ¥ CL Z#A

7. Salmonella spp., L. monocytogenes L @A oS8 AXEY O d47|&E
A (A1A)
7h B B S nd s
24 Ho]&(TR) £4AH}E vB oz e9gdo] Frd 7
CFol W& Response Surface Model (RSM) 72+
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8. 2} 4 Microbial Hazard Exposure Model 71 (%)
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- A9 - 5, HACCP A A/m AR 244 edas nlais
- Genotype? EXEA 3 o9 F3
. ¥73% HACCP system® CCP H ¢ 294e] EA13 A A
t}. A& Microbial Hazard Exposure Model %H43

N

9. Salmonella spp., L. monocytogenes® fingerprinting 7]& X< (A244-)
7}. FingerprintingS $1 3t template DNAA ZZ7A 714
1}, Primer design % ¥rgx7 &4
t}. Molecular typing methodE 9 713ty A3
- RAPD, ribotyping, repetitive PCR, SSCP
2}, PCR ¥F&o| ot inhibitor 7 test

]

10. Salmonella spp., L. monocytogenes A <75 2 ksl 7)1 (A24 %)

7}. Competitive-PCRA| standard® A}-&3}7] €3+ Target sequence]
cloning

1}, Cloned target DNA9] modification ; 5% A|gtaie AA &
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A2 =W TleAd %

A1d s A-EAT

1. MRA/Exposure assessment

1983\ H-E] w]=r2o] National Academy of Science/National Research Council=
ToAdE AT gk Microbial Risk Assessment(MRA)E 38R AT, A5 2] F
= 59 olfF=E A risksE FASA FEtal 49 A AT Wl gid 7] 2A
A

| &= 13T

a9

KeX
=

2

x)

19951 National Advisory Committee on Microbiological Criteria for foods
(NACMCFEF)= =7 2 7hawioAe] ¥adrdes Sddds 913 MRA 7&70
°of To45 AVIeda, MRA 7ldel vgh $d& ol FAa s3itt. ol Codexol
A 199 HeAd mAE 5 AFY 14 - 7= AA di$ Risk Analysis®] =
Y& AL AL(FAO/WHO, 1995), ©f =3} #32 2000d Codex F3|ollA HF

o] F FAAA ol A= HACCP Zq)#hs dez #3hAQl 8|57k A <
A9 s Asetr] fleiA Addd SlsiwE VledA s 913 Predictive

]

microbiology 7] 7/lE3 5445 44 flaids Hrhstzl 913 MRA A4&
Z&ystar 9tk (David, 1998; McNab, 1997; Notermans, 1997, Peggy, 1997; Richard,
1997).

olg]gk 7Nt v 22 Au7F e, () dAsEHe AErly
AAe] FEF W=, (2) oA AN HAdAY g EA4 54, (3) F4W <
FEAH AEste Qg 1A fsA EA e, FE FitE FEIS TR
o] iofel ¥ AF7F Wy Folrh

a8y MAZE FEHoZ MRAE 9% 7 2AE7F v § 25
NA EA euAES ddeR st dFERA oA m g A
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2. MRA/QRA #H A4

[o3

A A 9PRrte FAHes 1 g 2 P27 AFsEotn Jde F
Aottt giFEe] oA H7EARl Aded A AF7E A8 Foll dar, A= A
Aol A A3} FEE AEYsIA) 7] ¢l 2™ (Nortermans, 1996), MRAE A =&}

34 e Fu AgHelw AAAeR Belss] I

)

Codex - 2% =AluY F7h= AFvi/] BAdTe FHsls dd= A%
AWE S7HA171aL dol AElE 7S 913 Risk assessment ©]-8o] wA|AL3] oA &
T vk 53 SPSEA wel WTO ol tisiA 2F5 el gt
717 AAA #38H2A Q Risk assessmentd F3& 275 9

Codex+= A FolAe] wAEsHA fjsfacle] hhdk QRAWRE WIS $sto]
2000 6¥ AEQAHEI 322 Codex Committeel X ‘Joint FAO/WHO expert
consultation on Microbiological Risk Assessment(JEMRA)'E T4 &}t

Al FAstel FZEE AAHE flste]l Codex HEL7timolds Al
Salmonella enteritidis, 7}= 52 Salmonella spp., Ready-to-eat foode] L.
monocytogenes 5ol t3$ MRA modelS 71&38F 3, MRA Ea7|d oy 4%

HAAE AABEL ATHEE, 2001).

" - 1997d0] FaE HEHO Food Safety Initiative:= 2#E¢td Zx =2
Adek=d Aol MRAS T84S A2 skA skt Tk AE<kd A fde] e
E A7 A=A Inter-agency Risk Assessment Consortium< A H3eA 3

o] Z1AAI Y2 Predictive Microbial Model® 7]E} th& MRAETES 7E3H7]
Al A5 FHTFoEZN MRA oks A7l =d A sda it vl ZF
T H5o2 farm-to-tableo] A HFH < MRAWH S X3ste Algt 2 A Fo A9
Salmonella enteritidis®] risk assessment® €53 t}h. L3k ground beefdl A 2] E.
coli O157:H7, =4 23FRTE)IA9 L monocytogenes, 3ol =X Vibrio
parahamolyticus® ™3 A2 MRAE 33+ tH(OECD, 2000).
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718} =7} - EU+= Scientific Steering CommiteesZhi= 7] 75 $4 92 MRAZ
BAA 7 gor, MutsE AEHAH(CFIA)WE SHH Y382 Decision-Making
Framework (DMF), Risk Analysis Framework(RAF)E A% MRAZ A7 93
i Atk 71EF &5, diEE Codex ® 979 MRA WH % ZAiE IgE Z& B
¢heto] &-8-skar ATHOECD, 2000).

3. Molecular typing@ =3} 4 7|&

)

Molecular typing 7155 ©]-&3to] AT5 WA Ao Asxals: F43 4=
ol (Laconcha, 1998, Soto, 2001). & Zolx= HAAM| Y ES
°] MRAE #A438l7] 913 HAH o2 o]&% odEx Hiurl 5i 3th(Destro, 1996).
Fingerprinting® 7% RAPD fingerprintingS ©]|&3lo] o2 FAWATFo 2R E +
detaat e Al Fol o o2 x7] AgtdAle]

AR F¢E A9d4d YoM real-time PCR 52 o]&3te] 33 o E0]
2 H(Nogva 5 2000), o}z o]& o]&3le] MRA &E&3tt= His
7R s ol BE R fieldoll A AR o] &strldlE EAVE dE AoR

g
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Fobo] mlAEW MRA A7/ & o @wa 2 Aow daud.
SeEle] Z97) o] AWl wske] Ao dxemz 1 7
o

I} farm-to-tableo] ©°]2+= FEXM S g FAHFH JxAE FHLS 0 oy
A Zﬂ.o_

A 7golt}, wEbA national baseline study®l 72 Al M| ZALE X% =2
=9 ot vk A% MRAS 22 #sha A fJ7bek b x4
BAANA FHAA= AAE 2UT F 7] "WiEolt

E4 ein e die A BAURY Ay @43t Eoke oidwH, &
84 wet g A7 gk MRA A7 0% ddiHdd £ o A8 LE9A
ol gk FEFH EAMY Jhde] g2 olr] ujitoltt

n A&l g fingerprinting 7] oln] A FEolANE A oA
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A EEE Aol g Bt AFE e ARl et A E 8
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ZH, F 9 7 Hel @A &8 st A94E dauxA etk 2 e
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A3F  AGAe] edwa 54 2 edq B4

Salmonella'= 1Al fsidol 71 2 A4FTAHY Aoy, 7I&9 A

AAHZToRE EASHAAN =S5 A A AR e oA AEEAE L
AN}, Listeria monocytogenes%:‘ 4G HAHA A= A2 ATz 5%

e eddBRG= FAETE R AYEAoA Fa eddor AR 5
8] 5°Colste] A2oM AE 9 FAo] 7tedtnE HAE ARl FasH
el ojop g flsin g E ol

EFE FAHANALY vAE 2 FE chilling® cutting 4 oA “LO] sy, &
3] cutting FANAL HIYAAQ HAPoz A3 2 YPo] FUIehE AR HiHS
th o] AL 7FFAe] cold and wet HFA A Listeria®t & Zi%*é Aol A
F3 S o] 7tEsr] WEel Aow dHA At} (Elzen, 1993; Johnson, 1990).
Aol FAE S L9l TS A% A FAxAE odd 24
of ARl HHE AFI Fu. HACCP system= o]glst 5o ASHH AP
A A2 control point A3} critical control point A% 2 o AFAHE 7=
T olom, AnA oz HACCP system® %5 =d & qlth

s Aol te serotypinge A EHo FRI AWE FA EaH,
phage typing®™= EE #FE typing® F & v ofyet AN Lo A AdA
g = dute dAlo] k. HSds Fad £ =
o] molecular typing°] o] A= glow olzfst FHHS A U
5 Hofsted =wol He ARE Al v L
fingerprinting &8 =&oAe =5 - EAAARY FAE, &7
&3 oy FFHY JFEAE e R st 9ow, Salmonella spp.¢ Listeria
monocytogenes’} &2 H]F S X3 At (Destro, 1996; Gaya, 1998; Pritchard,
1995; Rorvik, 1997, Samelis, 1999).

A

7beatAl stme skl

s
olgfgt WHogE= A HAry|FgEEAel gt AMA DNA 4, Pulse-field gel



electrophoresis (PFGE), Random Amplified Polymorphic DNA(RAPD), Repititive
PCR fingerprinting, Single-stranded conformation polymorphism(SSCP), A Z3%
DNA probeE ©]83F Southern blot hybridization®} 16S ribosomal RNA sequence
E BA3= ribotyping 5°| Atk

o]2] DNA fingerprinting W% <olA RAPD WH S AE 42 PCRel Hl&| 2
Az wEd® #HLS primerE ©]&3]4 genomic DNAE FE3%ozx DNA
polymorphism& Ztol+= W o] th(Williams, 1990). 3H|7F A &3t Apgo] g9
Sta Al &8l Avke] DNAZE &<l 71e3sk, 3k DNA sequenceol| tsh xR 7}

28 e AR Aot & AU A2¥E ATHAA 89S Eole A

d& T3t Listeria spp.©l subtypingel &3S &2lsta, wepa odd F
S 913 RAPD #4128 A28 %5 A7HY 7|& AEES wol =3Pt}

HodAge ¥FES 73S daeAd JuidAiy sHeAd uels 98%
A By 3G, HEH5 24 AFEeE FEsta, B4 2 =5, =57 AF
HEzo] Q= A L v, B8 AHANA Listeria®t SalmonellaE AZE3t1, 29 &
S A edYs BAAY. S FAA - T MFH - A5 A9 HACCP
A AA L} HAAGATTY LAFFS vt g3 i vl sfANES A
Al st ok
A1d FTAHAxA Y

1 2 4=5% Ad34 4

EIAES M 3 A EE <Fig. 3-1, Table 3-1>3 Zo} ¥F =8 FAHLS 28
ZA9 AEHR JduEsd JFEEe Xz uEtA dREAE use 274 #
oz FRtET FAETTAY T At =S VEHS EETAHoEY
B dEXA7 A-AHE A duydd da BHaEe, W =YAEd $X
st TR 7hdS dEAZE WA ge R htyo] HdAdd JaEh o
g TFES ¥ A dEEA JuoMEE AFEY. JduE dEEAE
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24 5o AL AA AFHow

Raw Pork (Butchering)

l

Storage (24 Hours)

|

Cutting

l

Boned

I
Trimming

l

Packaging

l

Storage (1~3 days)

Fig. 3-1. Flow diagram of pork processing procedure.
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Table 3-1. Major function of pork processing plant by procedure

Processing Description

- Wz Aol AE et 28
Pork slaughter

2B %A)

=T o =1 =1 o
Storage - 2% A4~0T, AUEE 90% FEo oAy 2443 BT
(dy) - ASFLE 0~5CHA

- ==7F A9 10cm

3 -7} 2E 15T o8 §4

- ne, BE, slnE 2

3wEA - orthel el 57w 62w ALl
- ATk 2o R
—ere] 79

Ak AA, 7tsw 2 Z2Hda AA, 28] AA, S,

S, ek A5, =AM AA, Gk AlA,

al =~
o B AA, G4 B, by B, gulm AA L A e,
D walw AA, S AR, S, S A
- stk B
S AA, AvF AA, A2 A0, A2 AA, dED AA,
5w AA
- g Re) AY(AE, e E)
43 - BERS AW ARSI AY, AN 49, 4y 49
- svke e 49
%3 - 49 RES PE 24 (AFAEY FD)
wgwg  TEREAE 02T MY me
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Table 3-2. Changes of processing time and room temperature in pork processing
plant during procedure

Min. Mean Max.
Processing time(min) 15 25 120
Carcass temperature(C) 1.0 54 8.1
Processing room temp.(C) 15 18 25

30
e—— P ork central
e Pork processing environment
o= emes Pork surface
Q 20 4
e
: o
3 159 aeeseeseeeieeet
@ o
< e
OEJ ..... 0ot
" O reeeeseeeeettt
"] —me—————— T T T T
-
-
-
__——————_——
° T
° 10 15 20
Time (min)
30
—— P ork central
259 feeeeees Pork processing environment
e= eme= Pork surface
~ 204 et
S o e
e | et
S ------- [
B 15 .ceesescsvescsecte®t
[9]
<%
£
)
[ 10
___-———__————_
-
—————————————_——
5
0

Time (min)
(B)

Fig. 3-2. Temperature changes of pork carcass and processing room in HACCP and
non-HACCP plant.
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Table 3-3. General information of pork processing plants cooperated for this

study

Plant

Carcasses

80~100 800~1,000 60~80

800~1,000

processed/day

from slaughter

Connection line
~house

Connection line
from LPC

Transport by
cold storage

vehicle

Connection line
from LPC

Carcass supply

Excluded after

1st year due to

financial

HACCP

2001. 12.

2004. 6.

2005. 1.

certification

difficulties
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2. N EAF H AN

Aeael 9AAHE setal] 9% monitoring AL 24 A4S o 2
fol mpebd 4~83) AASAT AY4FY 2N frame-wor

k m
duAE S Edle] a4, d =5 2 HTS, o] 9 S dgt A

5ol Sanitation Standard Operating Procedure
(SSOP)ell o3 dAd A= A8 Te7t o] Folx= Ao vus a3tk &=
gk HACCP A7 # - 59| AFFE vladle @y Fol A4t 714 A B
= e s vl sqdh

AR EA, 2dd, 2, Zo], WAz, wd=7], 97|, ME ¥ uigolA o Alm
AHE= 30 me buffered peptone water(BPW, Oxoid Ltd., Basingstoke, Hants.,
England)ell A41 2 x 2 inch gauze® 7} A|E5-9E swabsto] Fodd o= )33t
o b =5 das, FES, JT5H52 25 ¢8-S 4 FAHCAA AASAT AR

47 A ShA A, =FAIEE 225 me] BPWe}L
=3t —ﬁr stomacher 400(Seward Ltd., Thetford, Norfolk, UK)2 2 2%7 & 3}s}
of Aol Abg-st3dt.

e

@)
l

?l
i)
A
[@))
>,
)
S
it
i1t
frt
Mo
=

3. Listeria %3 % A

Listeria %28 ¥ A& nj= FDA 9o F3to] e @ oz 2AA5A
BPwWaloeg #AFFAZ AJE 1 mlE listeria enrichment broth(LEB, Difco Co.,
Detroit, MI, USA) 9 méol] HE3F & 30T 48A1%F vl &5t vl S A=afx| el

oxford agar(OXA, Oxoid)?} PALCAM agar(Merck, KGaA 64271 Darmstadt,
Germany)oll &A1 Ewalo] 35Tl A 484 7F w3t & A
A2 oz EgMe] Jdv FHEES 7 AdguiA|dA

= Ls

agar(TSA, Difco)oll 35C 24A17+ & wiS3tch B8+

=23 Doolzo] 238 A =

B

m

walo]  triptic soy

rlo

blood agar(Komed,
Co., Sungnam, Kyunggido, Korea)olA [f-hemolysisE® #H®3tH Gram 23
| <1

PG dT S A9l catalase 4 HES AlE, 25T oA

o

A=}
BT EE58E
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013593 o1 API-Listeria kit(Biomérieux, 69280 Marcy I’Etoile, France)® 543}
t<Fig. 3-3>.

dH8 &1 L. monocytogenes w2 TFE TSADifco)o| HFT ths 35T
o A 24x17F ¥ F viSE S fluorescent antibody buffer(FA buffer, Difco)
of F3te] McFarland No. 32 w#H4¢] Fx& ZAstal, 80~100TelA 1417k
b Zbdsilth 7EEE F 3000 rpmell A 203 €A EEste] A ods AlAg

S FoldE buffer2 AFFAA ddoz ALEstAth &8 A (poly, type 1, type
4, Difco)& 0.8% € A7 2 d<4(saline solution)E ©]-&3}e] 1:200.2 343k
Zko]l 39y} slide agglutination test® A A&t 75% o4 <& W A
P oz At

o o

4. Salmonella ¥2 4 53

AHE A FEE BPWE TAIAF)| 3BTolA 24X 7 5373 H, selenite
cystein broth(SC, Difco)oll 1ml HF T 35ColAl 24A17F wjkstar, Aejufx]o] =
ato]  35TColA  24A17E  wiekste]  Elekivh. AEMiA 2= Brilliant Green
agar(BGA, Difco), Salmonella Shigella agar(SS, Difco), MacConkey agar(Difco) 3
7HAE ARESEA T BGACl A= FAgke] £33 et SSell A= FAgke] 24
A&, MacConkeyoll A= 4 e Aeisiqieh, Aeufx|o| A o4 &= o] &
g A &2 A SC brotholl Al 35T 48A17F ©f #l gt & ohA] Aelu)x]o] Z=gs}
gt AdeE FEe Triple Sugar Iron agar(TSI, Difco)®t Lysine Iron agar(LIA,
Difco)oll AlthFF 3ol 35T Al 244 3F v kst & TSIol A alkaline slant/acid butt
o] A#E vEtdla LIAYA alkaline slant/alkaline butt® YelUl= @55 &<lst
i1, API 20E kitE Ab83te] HFH 22 Salmonella spp.E 743t th<Fig 3-4>.

5. DNA #3 A=A

DNA &8 AA= A2 AFgAe A7 478 EdE F5o= 43S Y3
ot B3 Listeria 7AZHE DNAZS E#37] 93] guanidine thiocyanate/
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phenol/chloroform methodES AF&3t3 Tk oF 05 ml9 Listeria vl 0.25 ml2]
solution D(4 M guanidine thiocyanate, 0.025 M sodium citrite, 0.5 % sarcosyl)$}

0.5 m2] phenol-chloroform(1:1)& #7}ste] oF 1A1ZF J X tumblingAl 7132 U4 &
DNAE isopropanol® I HAZ T Aojzl pellets

date] F8AFL HEH F
=z

70% ethanol= A X ¥ F AxAA FFol =0 ths PCRel A3l

2~
-

Pork 25 g + 225 m¢{ BPW

Swab sample

| Homogenized 25 g of pork in 225 m{

of buffered peptone water.

Inoculated at listeria enrichment

broth(LEB)

! | Incubated at 30 C for 48hrs.

Selective agar - PALCAM

Selective agar - oxford agar

| Incubated at 35 C for 48hrs after

streaking onto selective agar

Suspeted colonies with dark

brown color or black halo
| TSA, blood agar([i-hemolysis)

Identification

| Gram staining, catalase test, motility test

Confirmation
| API-Listeria kit

Fig. 3-3. Isolation method of Listeria species.

,45,



Sample with BPW

g

Overnight

g

Inoculated at Selenite Cystein broth

g

Brilliant Green

SS agar MacConkey agar
agar

U U U

Triple Sugar Iron agar, Lysine Iron agar, Urease

g

API 20E kit

g

Confirmation

Fig. 3-4. Isolation method of Salmonella spp.
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6. RAPD-polymerase chain reaction(PCR) =7

RAPDell AR primer2+= A2 JEdAoNA A3 primere] AAA 3 &2
MR d S 7 Ay 317§ HE 2EEoe] F9kd Al w ¥e X DG 122 primer
(5"-AGCCAGGTCA-3)¢ DG 107 primer(5’-CCCGTCAGCA-3)E A ¥35t3

Zyzyol PCR ¥rg9eli= 10 mM Tris-HCI(pH &83), 50 mM KCl, 1.5 mM
MgCl2, 200 uM dNTPs, 2.5 units Tag DNA polymerase, 100 pmol primer®t DNA
template’} HEEE sty F FIE 50 wrb HEE ST A4 AlEE
thermocycler (Perkin-Elmer 2400, Foster, CA)ollA &% cycles A|&sl7] Zol 9
4T A 587 DNAS HAAANZ & cycle® YA dFom 45 cycle 573
T T2TCoNA 7T AN A7 T 9hgE FEEAT 2 cycle> 94Tl A 1#7E
denaturation, 35Col A 2%7F annealing, 72 Co A 287} extensions A Al &Ath =
Z ¥ PCR AFEL loading buffer(30% glycerol, 0.25% bromophenol blue)9t £33
10 mg/ml ethidium bromides 713+ 2.0% agarose gelS TAE bufferitol A 7]
S AA% ¥ UV transilluminatorg® AF&3ste] 4380 EH9E LS ZF primer
HZ DG 1228 AH83 genotype® DG 1072 o] 83+ genotypel® ¥H ¥+
combined}o] a3

,4’77
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AEH

1. IFES 713 FNA Listeria spp.d] £d &

AA 782719 AZJolA 34471(44.0%)9] Listeria spp.”} 3 FR, EHH
Listeria= L. innocua 21071(26.9%), L. monocytogenes 11571(14.7%), L. welshmeri
1971(2.4%) <=0l vk <Table 3-4>.

7 A9 22070 AlsmolA EElE 10371(46.8%)°]  Listeria WX L
monocytogenes 557 (534%)e. 2 7V Wk L. innocua 4371(41.7%), L.
welshmeri 531(4.9%) ol FRE=A A 2719 L. monocytogenes?} ] ¥ ]
I, HESE L monocytogenes 87, L. innocua 570 g Atk Aud A=
L. monocytogenes 337, L. innocua 177, L. welshmeri 27°] 851, SHA =
ol = L innocua 177, L. monocytogenes 87, L. welshmeri 174 0] ¥8 ¥ At =
= A8l AM L monocytogenes7} A&EXow HEFIL o 5
monocytogenes L AFEL TE 713 4HT Zof AHAE E47 27 HAT.

7FEA BE 182719 Al RlA 1247(68.7%)2] Listeria o] o] 29 =7}
7b E=okow T R0l L innocua 1007(80.6%)C.% L. monocytogenes 2471

9.4%)ell HlaiA e ¢ HlFol w=th 53] FuHlo 9] yHE wWeki(653), v
°] A (137) 01Ut Au et AL AT AFHAE wFo] i, A
B2 o] b AlFR S ANATE glo] #Hert A

7FEA Ce 2207 AEEA 23 2071 (11.1%)% AEFH & 77 vls]A
Qo] wrekty L. jnnocua 137, L. monocytogenes 2719 BXE HSl WA [
welshmeri= 5710] AZEFAth L welshmeri= g9} 44 F2 HEFATH

7t DeE 20079 A=A 9771(485%)9]  Listeria o] #E =3k L
innocua 547, L. monocytogenes 3471°] HAE5 3L, L welshmeri= 97°] A&
ATk EAE AL BE A|FOA 37HA] straino] BT fAEEHo] eddo] vt

s

4o grke] edfzol Aol AAW FAo AANWA AEFA o] F
hehe BBl vehted, ot EHES 34 S4% T
Aol o.gite]l 9w, eqol waskel ool Hatu7]
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2. @A Y'Y Listeria monocytogeness] X

A
e
rlr

EIFES HEE 4304 29 115789 L. monocytogenes EHH
<Table 3-5>¢} 7t}. Serotype 1°] 1097 (94.8%), type 4+ 671(5.2%)°] At}
AZAHAFAEZE JBZEA, 7MFF5, 34X HEH L monocytogenes
5 type 10]%1aL, type 45 HFTH3 oA 242k 3xdo] FAHAH. AT
A Zel g b A, ColM = type 1RFe] 25 Aar, 74 Bl %
3 Hlol A type 47F 51 HEHAAL, 7he Dol = Aulell A 173¢] type 47F

gl At

2 AFate] zAbA el vlusRd ¢b 5(1998)0] =5 7FE Aol Ee e
FFe WHYS 1228 TEF 17 4b7F M BT, o] (20000 715 AL H}
A A2 RE 283 L monocytogenes® 93.1%7F type 1o]2dt}h. 3 Byun

S(2001)°] =W A8l HAE3 L monocytogenese] 75%7F type 10|tk H

E Faslda, FYeo| BE3E L monocytogenes®] serotyped type 1o HZEF o]
A )= 2

vt Aadc} Serotype 1°] AEoA 714 Bo] BEyyE AL 73
HAE = Aoz 84 @ (Schonberg, 1989).

Ae) listeriosise] 90% ©]Aro] 4b, 1/2a, 1/2b A7FA] A&l gt Holw o]
% 4dbell gt Aol @ oz FAHACW, FAHY 1/2a, 1/2bo] ot
serotype 12 T2 A& 2AET Jth(Jay 1996; Swaminathan, 1995). Serotype
10o] F2 HEHE U FAEFFAE 3] listeriosisE FEetE 4 1/24,
1/2b8] <& 7hs7de] doermw A AAdwe AFste] dade] AdAHA.

= L. monocytogenes?} 1471(21.9%) #HE5
e, fE % drizdds SAEuH fde] Ad $HF A% addE =
Tota =Sl AFm WASA Listeria 2550 Hil HA e AL GxAL

A Listeriax= 9wt APl 2dE A 7] WlEQl Aom ddEvh(A Ry,
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2005). v]=re] A FE wAH o) o3tH, listeriosistE Campylobacter, Salmonella®
ofgk AFERET YAEE AN A go] vfg- ol AR & salmonellosis®l
gAML Frob FAE FEoR I AAAS dEFa Ak ool weEbA m=
L. monocytogenes©ll ™3t =729 2] risk assessmentE AASt= 5 T2 AT
g idow Astar Jrh(Walls, 2005). #uvete =A4 202 #4lo] Eolrbe=
Listeria 1o 3 F2 A Z Ao 2AAE monitoring 255 SAfo| A o3}
ZALE FE3] AAlstel A gotdt A AAg w2 A7F dasiva 3
et
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Table 3-4. Distribution of Listeria spp. contamination in pork processing plants

Sampling Listeria o Listeria spp.
Plant point N Spp. 70 LM LI LW

Carcass 22 2 9.1 2 0 0

Pork on
processing 30 10 33.3 4 4 2
A Final pork 24 13 54.2 8 5 0
Equipment 104 52 50.0 33 17 2
Environment 40 26 65.0 8 17 1
46.8 55 43 5
Total 220 103 o) 34 @) (4.9)
Carcass 22 10 455 4 6 0

Pork on
processing 24 9 375 0 9 0
B Final pork 16 11 68.8 4 7 0
Equipment 88 72 83.0 7 65 0
Environment 32 22 68.8 9 13 0

68.7 24 100

Total 182 1247 qo0) 94 (806 0
Carcass 12 1 8.3 0 1 0

Pork on
processing 24 2 8.3 1 1 0
C Final pork 12 3 25.0 0 2 1
Equipment 108 10 9.3 0 7 3
Environment 24 4 16.7 1 2 1
11.1 2 13 5
Total 180 20 q00) 1000 (650) (250)
Carcass 32 7 21.9 3 4 0

Pork on
processing 24 15 62.5 4 10 1
D Final pork 12 6 50.0 2 3 1
Equipment 100 51 51.0 17 29 5
Environment 32 18 56.3 8 8 2
485 34 54 9
Total 200 T a0 G50 GBI 9.3)
Carcass 83 20 22.7 9 11 0

Pork on
processing 102 36 35.2 9 24 3
Total Final pork 64 33 51.6 14 17 2
O "Equipment 400 185 46.3 57 118 10
Environment 128 70 54.7 26 40 4
44.0 115 210 19
Total 82 M g0 334 (610 (55)

N: Number of sample, LM: L. monocytogenes, LI: L. innocua, LW: L. welshimeri

Sampling point: 1)pork sample - processing pork(de-boned, dressed), cut-meat 2)swab
sample - carcass, equipment(boning machine, skinning machine, working tables, conveyer
belt, knives, sharpener, gloves), environment(floor, wall).
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Table 3-5. Serotype of L. monocytogenes isolated from pork processing plants

Sampling A B C D Total
point 1 4 1 4 1 4 1 4 1 4
Carcass 2 0 4 0 0 0 3 0 9 0
Pork on

processing

Final pork 8 0 1 3 0 0 2 0 11 3

Equipment 33 0 5 2 0 0 16 1 54 3

Environment 8 0 9 0 1 0 8 0 26 0

Al 5%} 0 19 5 2 0 33 1 109 6

a: Number of samples positive/number of samples tested(%)

Sampling point: 1)pork sample - processing pork(de-boned, dressed), cut-meat
2)swab sample - carcass, equipment(boning machine, skinning machine, working
tables, conveyer belt, knives, sharpener, gloves), environment(floor, wall)

3. EZES 71FFANA Salmonella spp.o £ &

AA 78279 NRTFT 167(20%)9 Salmonella spp.”F 3= A, =4 2 7+
S A 57(2.0%), FA3HANA 1171(21%)°0] & H U h<Table 3-6>. FTIFHE
Aggdel A= 7HEE A, C TollA 7% Aoﬂfﬂ Salmonella7t 7%= A
eFoko) e R JtEA ColAE 27(1.1%)°] A=A 2R A%
5% B, DellA= 42 721(3.8%), 3711(1.5%)°] H Atk ot o] TFEF ThE

nE
wott}. Salmonella 298 F
H o

Foll A9 Salmonella 2.9 20% +Eo 2 2 EHo
A #EEEY, ¥IFES Ve IS A e BEHede 2 JhesAdo] vton A
HAME LGPy 54 2 odds F437|d+= &2l 77 4A0



ANEAFHEYE Salmonella S A EE= <Table 3-7>
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4.46%(Pala, 2004), Vg &= ZAwjd HAojdAle] o9 FF 5-40%(Berend, 1998)l
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Table 3-6. Distribution of Salmonella spp. contamination from pork processing

plants

Plant Number of sample Salmonella positive (%)
Pork Environment Total Pork Environment Total
Ist 17 36 53 0 1 1
Z2nd 17 36 53 0 0 0
A 3rd 21 36 57 1 2 3
4th 21 36 57 0 0 0
sub-total 76 144 220 ! X 4
(1.3) (2.1) (1.8)
Ist 11 30 41 0 4 4
2nd 11 30 41 0 0 0
B 3rd 20 30 50 0 3 3
4th 20 30 50 0 0 0
sub-total 62 120 182 0 (5_87) (3.87)
1st 12 33 45 0 0 0
2nd 12 33 45 0 0 0
c 3rd 12 33 45 2 0 2
4th 12 33 45 0 0 0
sub-total 48 132 180 ( 4'2% 0 (1. 5
1st 17 33 50 2 0 2
2nd 17 33 50 0 0 0
D 3rd 17 33 50 0 0 0
4th 17 33 50 0 1 1
sub-total 63 132 200 2 ! 5
(2.9) (0.8) (1.5)
Total 24 028 e <2.0§ <2.111> <2i)?
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Table 3-7. Isolation and serotype of Salmonella spp. by sampling point from
pork processing plants

Plant Sampling  No. of  Salmonella

point Sample positive (%) Serotype
Carcass 22 0
Pork on
procedure 30 0
A _Final pork 24 1 (4.2) unknown (1)
Equipment 104 3 (29) unknown (3)
Environment 40 0
Total 220 4 (1.8
Carcass 22 0
Pork on
procedure 24 0
Final pork 16 0
B : Sal. rissen (1),
Equipment 8 6 (6.8) Sal. benin (1), unknown (4)
Environment 32 1 (3.1) Sal. tsevie (1)
Total 182 7 (3.8)
Carcass 12 0
gfgge on 24 1 (42)  Sal typhimurium (1)
C Final pork 12 1 (8.3) Sal. typhimurium (1)
Equipment 108 0
Environment 24 0
Total 180 2 (1.1
Carcass 32 2 (6.3) Sal. rissen (2)
Pork on
procedure 24 0
D Final pork 12 0
Equipment 100 0
Environment 32 1 (3.1) unknown (1)
Total 200 3 (1.5)
Carcass 88 2 (2.2) Sal. rissen (2)
5195(13{6((1)31” . 102 1 (1.0) Sal. typhimurium (1)
Final pork 64 o 31y ok wphimurium (1),
Total unknoyvn 1 .
Equipment 400 9 (23) Sal. rissen (1), Sal benin (1),
unknown (7)
Environment 128 2 (1.6) Sal. tsevie (1), unknown (1)
Total 782 16 (2.0)
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Table 3-8. Changes of contamination level of Listeria spp. before and during

procedure in plant A

. Before After
Source Sampling N
point 1st 2nd Total 1st 2nd Total
03/28  06/27 O 03028 0627 0%
Carcass 10 0 0 0 0 1 1
Pork on 6  NA NA NA 0 3 3
Pork Processing
Final pork 3 NA NA NA 0 1 1
sub-total 19 0 0 0 0 5 5
Work table 6 0 1 1 0 6 6
Knives, 6 0 2 2 1 1 2
sharpner
Gloves 4 0 1 1 0 1 1
Conveyor
belt 6 0 0 0 0 2 2
Environ Boning
“ment . hine 1 0 0 0 0 0 0
Skinning 3 0 1 1 0 3 3
machine
Wall 4 0 2 2 0 1 1
Floor 4 0 0 0 1 0 1
sub-total 34 0 7 7 2 14 16

HACCP certification ; 2005. 1.
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Table 3-9. Changes of contamination level of Listeria spp. before and during

procedure in plant B

Before procedure During procedure
Source CAMPHNG (TG0 Brd dth Ist 2nd 3rd 4th
point total total

12/09 12/16 02/22 07/06 12/09 12/16 02/22 07/06
Carcass - "3/7 1/8 0/10 0/10 4/35 4/7 3/8 0/10 10/10 17/35
Pork on NA NA NA NA NA 18 58 06 56 11/

Pork DProcessing

Final pork - NA NA NA NA NA 06 46 1/3 2/3 7/18
sub-total - 3/7 1/8 0/10 0/10 4/35 5/2112/22 1/19 17/19 35/81

Work table 7 1 3 0 4 8 3 5 1 4 13/28

Knives, 1 1 0 3 5 4 3 0 1 828
sharpner
Gloves 4 0 0 0 4 4 2 0 0 1 3/16
g;?veyor 2 0O 0 01 141 1/6 o 0 01 11 1/6
Environ Boning
“ment ok O 0 0 0 0 o 0 o0 1 1/3
Skinning O 0 0 0 0 o 1 1 1 34
machine
Wall 4 O 0 0 0 0 2 0 2 2 6/6
Floor 4 1 4 0 0 5 35 4 0 3 1017

sub-total 30 3 8 0/2912/29 23/118 14/31 13/30 4/29 14/29 45/118

" Listeria spp. positives / number of sample

HACCP certification ; 2004. 6.
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Table 3-10. Changes of contamination level of Listeria spp. before and

during procedure in plant C

Before procedure During procedure
Source Samphng N Ist 2nd Ist 2nd
point total total
03/06/17 05/07/01 03/06/17 05/07/01

Carcass 10 0 0 0 0 0 0
Pork on 6 NA NA  NA 0 0 0

Pork Processing
Final pork 3 NA NA NA 0 0 0
sub-total 19 0 0 0 0 0 0
Work table 7 0 4 4 0 1 1
Knives, 6 0 2 2 0 1 1
sharpner
Gloves 8 0 0 0 0 0 0
Conveyor
belt 4 0 0 0 0 1 1

Environ Boning

“ment . hine 1 0 1 1 0 0 0
Skinning 3 0 0 0 0 1 1
machine
Wall 3 0 0 0 0 0 0
Floor 3 0 0 0 1 2 3
sub-total 34 0 7 7 1 6 7

HACCP certification : 2001 12.

,61,



Table 3-11. Incidence of L. monocytogenes and L. innocua before and during

procedure in pork processing plants

Sampling Before procedure During procedure
Source ) Plant
olnt LM LI Total LM LI  Total
A 0 0 0 0 1 1
Carcass B 2 2 4 14 3 17
C 0 0 0 0 0 0
Pork
A - - - 0 4 4
Pork B - - - 9 9 18
C - - 0 0 0
A 2 3 5 4 10 14
Equip D 2
B 5 13 18 9 20 29
—ment
Environ C 0 7 7 0 4 4
-ment A 1 1 2 1 1 2
Environ
B 1 4 5 2 14 16
-ment
C 0 0 0 1 2 3

* ok

LM : Listeria monocytogenes. LI : Listeria innocua.
Y Includes 2 cases (from work table) of Listeria welshimeri.

? Includes 1 case (from knife) of Listeria welshimeri.
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Table 8-12. Comparison of contamination level of Listeria spp. before and

after certification of HACCP

Before HACCP

After HACCP

Plant Sampling certification (%) certification (%)
point N Listeria positive N Listeria positive

carcass 22 2 (9.1) 20 1 (5.0

pork 54 23 (42.6) 18 18 (22.2)

A equipment 144 52 (36.1) 52 14 (26.9)
environment 40 23 (57.5) 16 2 (12.5)

carcass 22 10 (455) 35 17 (48.6)

pork 40 20 (50.0) 46 18 (39.1)

b equipment 88 72 (81.8) 85 29 (34.1)
environment 32 22 (68.8) 32 16 (50.0)

,65,



Table 8-13. Changes of contamination level of Listeria spp. before and after

certification of HACCP - plant A

Before HACCP

After HACCP

sampling Ist 2nd  3rd  4th  sub Ist  2nd  sub
Source
point N 2003/ 2003/ 2004/ 2004/ total N 2005/ 2005/ ~total
11/06  12/09 06/15 06/29 (%) 03/28 06/27 (%)
2/22 1
Pork carcass - 0/5 0/5 0/6 2/6 10 0 1
(9.1) (5.0)
pork on 10/30 3
- 1/6 0/6 3/9 6/9 6 0 3
processing (33.3) (25.0)
final 13/24 1
- 1/6 1/6 5/6 6/6 3 0 1
pork (54.2) (16.7)
25/76 5
sub-total -  2/17 1/17 8/21 14/21 19 0 5
(32.9) (6.6)
Enviro work 13 6
6 1 0 6 6 6 0 6
nment table (54.2) (50.0)
knives/ 10 2
6 1 0 5 4 6 1 1
sharpner (41.7) (16.7)
8 1
gloves 4 1 0 4 3 4 0 1
(50.0) (12.5)
conveyor 12 2
6 3 0 3 6 6 0 2
belt (50.0) (16.7)
boning 1
1 0 0 0 1 1 0 0 0
machine (25.0)
skinning 8 3
3 2 0 3 3 3 0 3
machine (66.7) (50.0)
8 1
wall 4 0 2 2 4 4 0 1
(50.0) (12.5)
15 1
floor 6 3 4 6 5 4 1 0
(62.5) (12.5)
75 16
sub-total 36 11 6 29 32 34 2 14
(52.1) (23.5)

HACCP certification ; 2005. 1.
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Table 8-14. Changes of contamination level of Listeria spp. before and after

certification of HACCP - plant B

Before HACCP

After HACCP

sampling 1st  2nd 3rd 4th 1st 2nd  3rd  4th
Source Total Total
point 2003/ 2003/ 2004/ 2004/ 2004/ 2004/ 2005/ 2005/
(%) (%)
11/13 12/04 04/16 05/08 12/09 12/16 02/22 07/06
10/22 17/35
Pork carcass - 55 565 06 06 4/7  3/8 0/10 10/10
(45.5) (48.6)
pork on 9/24 11/28
- 3/4  2/4 2/8 2/8 1/8 5/8 0/6 5/6
processing (37.5) (39.3)
final 11/16 7/18
- 2/2 1/2 56 3/6 0/6 4/6 1/3 2/3
pork (68.8) (38.9)
30/62 35/81
sub-total - 10/11 &/11 7/20 5/20 5/21 12/22 1/19 17/19
(4834) (43.2)
Enviro work 23 13/28
7 5 7 6 5 3 5 1 4
nment table (82.1) (46.4)
knives/ 22 8/28
7 6 5 5 6 4 3 0 1
sharpner (78.6) (28.6)
12 3/16
gloves 4 4 4 1 3 2 0 0 1
(75.0) (18.8)
conveyor 8 1/6
2 2 2 2 2 0 0 0/1 1/1
belt (100.0) (16.7)
boning 3 1/3
1 1 1 1 0 0 0 0 1
machine (100.0) (33.3)
skinning 4 3/4
1 1 1 1 1 0 1 1 1
machine (100.0) (75.0)
6 6/16
wall 4 2 0 3 1 2 0 2 2
(37.5) (37.5)
16 10/17
floor 4 4 4 4 4 3/5 4 0 3
(100.0) (58.8)
94/120 45/118
sub-total 30 25 24 23 22 14/31 13/30 4/29 14/29
(78.3) (38.1)

“Listeria spp. positive / number of sample

HACCP certication ; 2004. 6.
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Table 8-15. Changes of processing room temperature in pork processing plants

(1) Plant A
12 22} 33} 4 5} 6}
03/11/6  03/12/9  04/6/15 04/6/29 05/3/28  05/6/27
Pre-cooling before work - - - 5 3
room during work 3 2 3 1 5 1
Processing before work - - - - 9 20
room during work 15 18 15 17 12 16
(2) Plant B
1st 2nd 3rd 4th 5th 6th 7th 8th
03/11/13 03/12/4 04/4/16 04/5/8 04/12/9 04/12/16 05/2/22 05/7/6
before
Pre-cooling work ) 7 0 10
room  during 2 12 13 7 6 5 18
work
_ before - - - 12 13 9 11
Processing  work
room  during 12 14 15 12 13 10 18
work
(3) Plant C
1st 2nd 3rd 4th 5th
03/3/18 03/3/25 03/5/27 03/6/17 05/7/1
Pre-cooling before work - - - 4 9
room during work 2 3 3 3 7
Processing  before ork - - - 18 20
room during work 14 14 16 17 13
(4) Plant D
1st 2nd 3rd 4th
03/3/11 03/4/9 03/5/13 03/6/10
Pre-cooling hefore work - - -
room during work 2 3 3 6

,68,



Processing  hefore work

room during work

14

17

20
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A48 FRES AEFY oA 24

EAES JFEAo A 85 & 115709 L. monocytogenes straing primer DG
1229} DG 107& Ab&3te] 43 A3} 3552 RAPD composition typeo] #z¥ S
C<Table 3-16>. 7} o] E ¥ composite types Lm252 5071¢ & F7}
EHgom BE Az HEEAT &2 Lm3 670, Lml 571, Lm2, Lml4 471 &
ol UmA= 1~-3709] EeF7F &sto] 44 7t dEs Tt B e 544
2 S ARRE Teotetr] o H A
T4 RAPD typed ¥+ <Table 3-17, 3-18, 3-19, 3-20>¢ U
Composite type Lm25= 7F&4 A% B, Lmd: 7F&% B¢ D, Lml6& 7154 B¢}
CollA FEdoz EAste el FolAr 37 7183 olddA FEedoz &A%
= typed It Z4 7hEE ALEStE AR REAY A 5ol MR v=2a, &
FAE Mz AR o] Ael® wFzE Ao fi7] Wil Aow AdH AT
a8y g A SAAJ] AR 7Hed B e AV &
o] EEHFoREY 7MY d5 EAE Fawa Adflew, a2 sk
composite type Lm257F 7F&3 AE 4274, 754 BE 8A o
Ao A E ATt
7FE AE 55719 L. monocytogenes w24 10%2] composite type®] #*
Zw Al Composite type Lm250l= 7H4 B8 42709 EEF7F &8t = oG+
€ ARA HEHer odd Ad8=A9 Fdoz FZAFAA 24
Aoz FAHATG UmA typeel= Z42F 1~2714 ¢ EeF71 &8
AlQlst = Ayl o oA MHAHERE oju] tekgt Fre sl <)
Ho] FEs e o dEd
Va3 BE 24749 L. monocytogenes strain®l A 12529 RAPD composition©]
B E Ak Lm25el = 870 ®#e]F7F SR ow, UmA type E5F 371 olste] &
gF7F A HAT Lm25s Av] 2 S4WAAT HAEHo 7 Lo
8 #FE FAHAY. AY e gEAer AEHa Eede] 52 #E2
=

Foli} A golnel Aeeo] B #iol uaA En FAN Ao T @

,70,



o
o - S
il o ool e
T PSR .
e e o o= P i =
3 = ) T ok X oR % £3
: %M%%ﬂw %%?Hﬂ%@ﬂ
Y ey R ~ 1 T o) B b i 5 _ 3
=~ ﬁiwz.lﬂ - %%%ﬂ%
o) _ —_ o) ‘mﬂ k) N 1 1 E 1__/|L § i
: TNy il d o W 1 ol 2P
~ ) : . :
m.w : : w ® 3 - = -~ ol Mo o o 0
) iy T g T = g & M de "
ofr w@um_h@g nggﬂ%ﬂw
e = M g o - m %ﬂﬂ&ﬂ%#
~o — [ ) 1:‘_ W wWI w x - 1
m._ = m_m_ e oE K & ! e
ﬂr%czﬂw:_ﬂ@ov ﬂ%ﬂw%@%ﬂmm
" Lol X - zo M HH R
ﬂﬂ%Alx&d ~ T -
) S R K =5 .
=5 " e h e P B A
B T T R g o YW &
: ] : - - w o] . Mo ~, o
1M@:Ta, mﬂ%%g@ﬂﬂ%?@
o W wx iy ™ - xr o M oF e i ,.M_m ﬂ%
T ! oA o) ® T % 33 i
e B o} ) 5 0 = S
aﬂﬂp%myﬂ%ﬁiﬂ@mﬂo%yﬂz%
%Hoemammaru.ﬂﬂA%@a%mmﬂn
3 ZT e g 2 JI - W - ~ o) Ho X =
L%ﬂﬂhLWW ﬁu_x_/mﬁpnﬂ%w
- il - hoow Ll = % .
Mo P J ) 2 N o MM W 2 * 3 :
4 g o X o4 Iz oF Lk o S X o f p—
0 e o N — I o = i =
=5 W NS o m o o o X K i :
%&r%ﬁr%Bﬂmwudu%wmﬁdwckﬂﬁl
& = © 35 A ] of of R DNy :
= % X T X g — % SCICIE IR - Wno
wo mO . E W = T T 9 o oF R R eyl
I N i
w@moonmmquwwmw?mom
—_— . _ O :
N- T > T R %o = N mO %o Ho r mo 5rx
Npo % g Mo o 0 <z 5 A
TSN o N ¥ - - L
~ B8 7 N - : = WL .
o g 1_% N
o W K o
XM

,71,



Table 3-16. Distribution of L. monocytogenes RAPD genotype isolated from

pork processing plants

Primer Composite  Sero- Samphrfg point ' ‘
DG107 DG122  type type Carcass LTk on - Final - Equip= Environ-
processing  pork ment ment

1 1 Lml =(5) 1 1 - - 4 -
2 1 Lm2 () 1 2 1 - - 1
3 2 Lm3 (6) 1 - 2 - 2 2
4 2 Lm4 (3) 1 1 - - 2 -
5 3 Lmbs (1) 1 - - - 1 -
3 4 Lm6 (2) 1 - - - - 2
3 5 Lm7 (1) 1 - - - - 1
6 6 Lm8 (1) 1 - - - -
3 7 Lm9 (2) 1 - - 1 1 -
3 8 Lml0 (1) 1 - - 1 - -
3 9 Lmll (1) 1 - - - 1 -
7 10 Lml2 (1) 4 - - - 1 -
8 11 Lml3 (3) 1 - - - 3 -
9 12 Lml4 (4) 1 - - - 2 2
10 13 Lml5 (1) 1 - - - -
7 14 Lml6 (2) 1 - - - 1
4 5 Lml7 (1) 1 - - - 1 -
10 7 Lml8 (2) 1 - - - 2 -
10 15 Lml9 (2) 1 - - - 1 1
10 8 Lm20 (1) 1 - - - - 1
10 11 Lm21 (1) 1 - - - - 1
10 2 Lm22 (1) 1 1 - - - -
10 5 Lm23 (1) 1 - - - -
10 16 Lm24 (3) 1 1 - - - 2
2 17 Lm25 (50) 1 2 7 27 10
11 17 Lm26 (2) 1 - - 1 1 -
12 18 Lm27 (3) 4 - - 2 1 -
12 19 Lm28 (1) 4 - - 1 - -
13 19 Lm29 (1) 4 - - - 1 -
2 20 Lm30 (1) 1 - - - -

14 21 Lm31l (1) 1 - - - 1 -
2 22 Lm32 (2) 1 - - - 2 -
11 22 Lm33 (2) 1 - - - 1

2 23 Lm34 (1) 1 - - - -
2 24 Lm35 (1) 1 - - - 1 -

x(): Number of isolates.
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Table 3-17. Contamination patterns of L. monocytogenes RAPD genotype - plant A

Plant 'No. of Primer Composite Sero— S Samphr.lg pomt — ——
isolates G107 DG122 type type Carcass ork c?n Final Equip Environ
processing pork ment ment

4 5 Lml7 *(1) 1 - - - 1 -

10 7 Lml8 (2) 1 - - - 2 -

10 15 Lml19 (2) 1 - - - 1 1

10 3 Lm20 (1) 1 - - - - 1

A 55 10 11 Lm21 (1) 1 - - - - 1

17 Lm25 (42) 1 2 4 7 25 4

22 Lm32 (2) 1 - - - 2

11 22 Lm33 (2) 1 - - - 1

23 Lm34 (1) 1 - - 1 - -

24 Lm35 (1) 1 - - - 1 -

#(): Number of isolates.
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Table 3-18. Contamination patterns of L. monocytogenes RAPD genotype - plant B

Sampling point

Hant iljo(iét(;fs DGL07  DG122 Corg’%ime Sg/?e Carcass pligféscs)& Final  Equip=  Environ-
o pork ment ment

B 24 2 Lm4 *(1) 1 1 - - - -

7 14 Lml6 (1) 1 1 - - - -

10 2 Lm22 (1) 1 1 - - - _

10 5 Lm23 (1) 1 - - - ) .

10 16 Lm24 (3) 1 1 - - - 9

2 17 Lm25 (8) 1 - - - 2 6

11 17 Lm26 (2) 1 - - 1 1 -

12 18 Lm27 (3) 4 - - 2 1 _

12 19 Lm28 (1) 4 - - 1 . )

13 19 Lm29 (1) 4 - - - ) .

2 20 Lm30 (1) 1 - - - - 1

14 21 Lm3l (1) 1 - - - 1 -

#(): Number of isolates.
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Table 3-19. Contamination patterns of L. monocytogenes RAPD genotype - plant C
Primer Sampling point
No. of Composite Sero-
Plant isolates  DG107 DG122 tylz)e type Carcass igiiscs)inn Final Equip~ Environ-
o pork ment ment
C 2 10 13 Lml5 *(1) 1 - 1 - - -
7 14 Lml6 (1) 1 - - - - 1

*( ) Number of isolates.
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Table 3-20. Contamination patterns of L. monocytogenes RAPD genotype - plant D

Primer . Sampli oint
No. of Composite Sero- ampung poin

Plant Pork on Final Equip-  Environ-

isolates  pDG107  DG122 type type  Carcass :
processing pork ment ment

- - 1 -
2 1 : - 1
- 2 : 2 2
- - - 2
1

D 34 Lml =(5)
Lm2 (4)
Lm3 (6)
Lm4 (2)
Lm5 (1)
Lm6 (2)
Lm7 (1)
Lm8 (1)
Lm9 (2)
Lml0 (1)
Lmill (1)
Lml2 (1)
Lml3 (3)
Lmil4 (4)
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*( ) Number of isolates.
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2. Listeria innocua® RAPD typing

8 F L innocuas AA 210A°]Q 3L, L. monocytogenes®} vFzE7FA 2 primer
DG 1229} DG 107& AF&3te] E2¢k A3 5559 RAPD composition type®] 2
Ha, ol= L. monocytogenes® composite type®th © thekd TS BT
<Table 3-21>. 7}F4 F=#2 composite typed Li6bE 77719 B8 F71 &3 o,
I o] Lig4 1670, Lid0 77N, Li64, Li79 670, Lid6, Li52, Li72 570 <o)t} Li65
T Auiet @AolA 7g Wol HEHAN, Ligdw W 2 upgd} 22 2k ol A

o FEAHoR F¥E composite type <Table 3-22, 3-23, 3-24,
Bi= Lid6, Li65, Li82, Li902] 4FolA AAstar 9o,

TEAOR AENEs we FFE UAUCh Lisd: 713 A Liss: 7183 Be
Fa o gaFoldh e 1~379 FEFFE wAHAOL, AHNES
of gEAoR AEet FFEAu BT FE gt

z

7FEd A9l A 4379 L innocua B FOA 1159 typeol ®FE L, Lig4
F &8s, =AM L innocua?t AEHA &= A
= TR FAEAT 7 B 100719 2ol A
17 2] composite type°] &<el¥ A, Liesol 718 we 75719 E#F7 &3
Li6o= =A] 5 AA8d e ARl HEss AoR Hof, 7hed B 2
TS & UM WA HYF type 2 FHEY dFEE BT AUk

7b& CE 137 4% 9] typeo] #AE5 o] L monocytogenese 27 AZol v]&H
FHAoR eHAFES F e oy, o9 5AS gofdvtet S oy
o S EA AW fAs= b el &-8kar L monocytogenesoll A 3t

=

=3 2
e R Eiﬂiﬂ ool WA EE, £5%
al

W

ro

composite typec] 3
o= ek o d Ay #4A

ol
i
o
1o,
Sh
AL
=
N
=2
2
[\
O
ofN
lo,
=
o
F_QL i)
o2
<

_78_



Table 3-21. Distribution of L. innocua RAPD genotype isolated from pork
processing plants

Primer Sampling point

Composite

DG107 DG122 type Carcass pgﬁiggg Funal pork Equipment  Environment
15 25 Li36 (1) 1
19 25 Li37 (1) - - - 1
15 26 Li38 (4) - - - 2 2
16 26 Li39 (3) 1 - - 1 1
18 26 Lid0 (7) 1 1 2 3 -
19 26 Lidl (1) 1
20 26 Lid2 (1) 1
21 26 Li43 (1) - - - 1 -
27 26 Lidd (1) - - - - 1
28 26 Lid5 (1) - - 1 -
30 26 Lid6 (5) - - 2 3 -
16 27 Lid8 (2) 2
20 27 Li49 (1) 1
37 27 Lis0 (1) - - - 1 -
38 27 Lisl (1) - - - 1 -
39 27 Li52 (5) - 1 1 3 -
15 28 Li53 (1) - - - 1 -
17 28 Lisd (1) 1
15 29 Lid5 (1) 1
18 30 Li56  (2) - 1 - - 1
19 30 Li57 (3) 1 1 - 1 -
20 30 Li58 (2) - - - 1 1
23 30 Li59 (1) - 1 - - -
24 30 Li60 (1) 1
25 30 Li6l (1) 1
26 30 Li62 (2) - - - 1 1
27 30 Li63 (1) - - - 1 -
28 30 Li64 (6) 1 1 - 3 1
30 30 Li65 (77) 6 7 6 50 8
33 30 Li66 (3) 2 1
37 30 Li67 (1) 1
39 30 Li68 (2) - 1 - - 1
18 31 Li69 (1) - - - 1 -
20 31 Li70 (1) - 1 - -
21 31 Li7l (2) - - - 2 -
29 31 Li72 (5) 1 3 1
15 32 Li73 (1) 1
18 32 Li74 (7) - 2 - 5 -
19 32 Li75 (1) - - - 1 -
21 32 Li76 (2) - - - 1 1
22 32 Li77 (1) - - - - 1
28 32 Li78 (2) 1 1
30 32 Li79 (6) 3 3
17 33 Li80 (3) - - 1 2 -
25 34 L8l (2) - - - - 2
30 35 Lig2 (3) - - 1 1 1
31 35 Li83 (1) - 1 - - -
39 35 Li84 (16) 1 2 5 8
30 36 Li& (3) 1 2
30 37 Li86 (1) - - - 1 -
32 38 Lig7 (1) - - - 1 -
34 39 Lig88 (2) - - - 2 -
35 39 Li&9 (2) - - - 2 -
30 40 L9 (3) 2 1
39 40 Li91 (3) 2 1

x( ): Number of isolates.
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Table 3-22. Contamination patterns of L. innocua RAPD genotype — plant A

Plant 'No. of Primer Composite Sero— 5 Sampling point — ——
isolates DG107  DGI22 type type Carcass ork on Final Equip- Environ
processing pork ment ment

A 43 16 26 Li39 =(1) - - - - 1

30 26 Lid6 (3) - - 2 1 -

39 27 Li52 (5) - 1 1 3 -

30 30 Li65 (2) - - - - 2

39 30 Li68 (2) - 1 - - 1

28 32 Li78 (1) - 1 - - -

30 32 Li79 (6) - - - 3 3

30 35 Li82 (2) - - - 1 1

39 35 Li84 (16) - 1 2 5 8

30 40 Li% (2) - - - 2 -

39 40 Li91 (3) - - - 2 1

() ; number of isolates.
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Table 3-23. Contamination patterns of L. innocua RAPD genotype — plant B

Plant 'No. of Primer Composite Sero- 5 Samphng pomt — —
isolates  DG107  DGI22 type type Carcass ork (?n Final Equip Environ
processing pork ment ment
B 100 30 26 Lid6 *(2) - - - 2 -
37 27 Li50 (1) - - - 1 -
38 27 Li51 (1) - - - 1 -
20 30 Li58  (2) - - - 1 1
25 30 L6l (1) - - - 1
30 30 Li65 (75) 6 7 6 50 6
33 30 Li66 (3) - - - 2 1
37 30 Li67 (1) - - - - 1
25 34 Li81 (2) - - - - 2
30 35 Lig2 (1) - - 1 - -
31 35 Li83 (1) - 1 - - -
30 36 L85 (3) - 1 - 2 -
30 37 Li86 (1) - - - 1 -
32 38 Li87 (1) - - - 1 -
34 39 Li88 (2) - - - 2 -
35 39 Li89 (2) - - - 2 -
30 40 Li90 (1) - - - - 1

(

) ; number of isolates.
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Table 3-24. Contamination patterns of L. innocua RAPD genotype - plant C

Plant No. of Primer Composite Sero— Samphng pomnt i i
isolates  DG107  DGI22 type type Carcass Pork on Final Equip- Environ-
processing pork ment ment
C 13 28 26 Lid5 *(1) - - 1 - -
28 30 Li64 (6) 1 1 - 3 1
29 31 Li72 (5) - - 1 3 1
28 32 Li78 (1) - - - 1 -

#*( ) ; number of isolates.
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Table 3-25. Contamination patterns of L. innocua RAPD genotype — plant D

Plant 'N% tof e CortnpOSite Ster(r Pork or? amplgfla?omt Equip Environ
isolates ype ype - -
DG107 ~ DGI122 Carcass processing pork ment ment
D 54 15 25 Li36 *(1) 1 - - - -
19 25 Li37 (1) - - - 1 -
15 26 Li38 (4) - - - 2 2
16 26 Li39 (2) 1 - 1 -
18 26 Lid0 (7) 1 1 3 -
19 26 Lidl (1) - - - 1 -
20 26 Lid2 (1) - 1 - - -
21 26 Li43 (1) - - - 1 -
27 26 Lid4 (1) - - - - 1
16 27 Lid8 (2) - - - 2 -
20 27 Li49 (1) - 1 - - -
15 28 Li53 (1) - - - 1 -
17 28 Lis4 (D) - - - 1 -
15 29 Li55 (1) - - - - 1
18 30 Li56 (2) - 1 - - 1
19 30 Li57 (3) 1 1 - 1 -
23 30 Li59 (1) - 1 - - -
24 30 Li60 (1) - - - 1 -
26 30 Li62 (2) - - - 1 1
27 30 Li63 (1) - - - 1 -
18 31 Li69 (1) - - - 1 -
20 31 Li70 (1) - - - -
21 31 Li71 (2) - - - 2 -
15 32 Li73 (1) - 1 - - -
18 32 Li74 (7) - 2 - 5 -
19 32 Li75 (D) - - - 1 -
21 32 Li76 (2) - - - 1 1
22 32 Li77 (1) - - - 1
17 33 Li80 (3) - - 1 2 -

#(): number of isolates.
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Table 3-26. Distribution of RAPD composite type of L. monocytogenes and L. innocua isolated from plant A

g Sampling L. monocytogenes L. innocua
O point Ist ond 3rd Ath Ist ond  3rd Ath
Carcass - - - Lm25(2) - - - -
Porkoon p ed - - - Lm25(4) - - Li68, Lig4
processing Li&4
cut meat - - - - Li78 - - Li52
. B B Lm25(3), . . . Li52,
Final pork Lm25(4) Lm34 Li46 Li46 Li&4 Lig4
Equip- bonlng B B N Lm25 _ _ _ _
ment machine
skinning  LmlS§, B B B Li52, B
machine  Lml9 Lm25 Lm25(3) Lig4
working - - Lm25(3), Lm25(3), _ - Li84, Lig4,
table m Lm33 Lm35 Ligl Ligl
conveyor B . B Li82, Li52,
belt Lmi8 Lm?25 Lm?25(4) Li79(2) Lis4 Li90
knives - - Lm?25 Lm25(2) - - - -
sharpner - - Lm?25(3) Lm?25 Li46 - - Li%0
Lm25, . ) Li52, )
golves - - Lm?25Lm32 Lm32 Li79 Lig4
Environ- Li65, . Li68,
ment wall - - - Lm25 - Lizg ~ Li%d Lig2.Lis4
Lml9, Li39, Li65, LiR4(4), .
floor Lm20 Lmol Lm33 Lm25(3) Li79 Li79 Liol Li84(2)

(

) ; number of isolates.
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Table 3-27. Distribution of RAPD composite type of L. monocytogenes and L. innocua isolated from plant B

g Sampling L. monocytogenes L. innocua
ouree - oint Ist ond _ 3rd 4th Ist ond 3rd 4th
Lm4Lml6, Lm24 - - Li65(2) Li65(4) - -
Carcass
Lm22
Pork on — eq - - - - Li65 Li65 1i83 -
processing
cut meat - - - - Li65(2) Li65 Lis5 Li65(2)
. - - Lm26,L.m27(2), - Li65(2) Li65 Lig2 Li65(3)
Final pork
Lm28
Equip= boning - - - Li65 Li65 Li65 -
ment machine
skinning - - - Li65 Li65 Li66 Li65
machine
working - - Lm25,Lm?27 - Li46(2), Li65(7) Li85(2),1.i86, Lid0,Li65(3),
table Li65(3) 1ig7 1iss
f;e’ﬁveyor - - - - Li65(2) Li65(2) Li65(2) Li65(2)
knives - - Lm29 Lm26Lm3l Li65(3) Li65(2) Li65Li66  Li65
sharpner Lm23 - - - Li65(2) Li65(3) Li88Li89  Li51Li65(2)
golves - - - Lm25 Li65(4) Li65(3),Li58 Lig9 Li65(2)
VIR Lm24 - Lm25Lm30  Lm25 Li65 - Li66 -
“ - Lm24 Lm25(3) Lm25 Li61Li65,  Li65(2), Li67 Li65(2),
oor Lig1(2) Li58 1i90

() ; number of isolates.
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Table 3-28. Distribution of RAPD composite type of L. monocytogenes and L. innocua isolated from plant C
Source Sampling L. monocytogenes L. innocua
¢ point 1st 2nd 3rd 4th 1st 2nd 3rd 4th

Carcass - - - - Li64 - - -
Pork on =y ed - - - - Li64 - - -
processing

cut meat Lmlb - - - - - - -
Final pork - - - - Lid5,Li72 - - -
Equip- boning 3 3 3 B _ _ _ _
ment machine

skinning - - - LibALIT2 - - -

machine

working B B B . . B B B

table Li64,Li78

conveyor B - B B B - B

belt

knives - - - - Li72(2) - - -

sharpner - - - - Li64 - - -

golves - - - - - - - -
Environ= oy - - - - Li72 - - -
ment

floor - - - Lml6 Li64 - 1Li64 -

(

) ; number of isolates.
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Table 3-29. Distribution of RAPD composite type of L. monocytogenes and L. innocua isolated from plant D

g Sampling L. monocytogenes L. innocua
ouree point Ist 2nd 3rd 4th Ist ond  3rd 4th
Lml, B B Li36, . . B
Carcass Lm2(2) 1i39 Li40 Li57
Pork on L140, Li49, .
processing boned Lm3 Li56 Li57 Li7d
Li42, Li59,Li73,
cut meat Lm2 Lm3 Lm3 Li70 Li74
Final pork - - Lm9,Lml0 - - - - Li40(2),1i80
Equip- bonmg B Lmi3 B _ _ _ _
ment machine
skinning - Lml4 - Li38 - Li74 -
machine
working - - - - Li48(2) Li40,Li57, Li60,Li71
table Li74(2) JLi80(2)
conveyor Lml Lm3 Lm4Lm9, Lml4 Li38Li39 Li40 Li43,Li74  Li41,Li69
belt Lmi13(2)
knives Lml(2) Lm4 - - - - Li75 Li71
sharpner Lml Lmb Lm3 - - Li40 - Li62
golves - - Lml?2 - Lib3,Li54  Li37 Li74,Li76 Li63
Environ= i Lm2  Lm3Lmé - - Li38 - - -
ment
Lm3,Lm6, B Li38Li55 . . . )
floor - Lm7 Lml14(2) Lis6 Li76,Li77 Li44,Li62

() ; number of isolates.
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Fig. 4-1. Frame-work design of model simulating the probability of contamination level for Salmonella spp. and L.
monocytogenes of raw pork in pork processing plant.
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ol g FAo AFEHE NPT TE ATouT9 =S 7te3gdodA A B2 ofATTE AMES AT e T
KCCM(Korean Culture Center of Microorganisms)oll Al #9%Wke Salmonella typhimurium IFO 93(o]3} RFETFE
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ol T¥FES 10% glycerol® #H7He tryptic soy broth(TSB)el ¥el -70C 49 iL(VWR 4503C, VWR Co,
USA)oll sZHE &, AEAlols WA olA HQ * TSBel HEste] Salmonella™= 35TolA 24A17F, L.
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< Adago] Aejd A AdAYAA Sl AAY vk 53], 2Ed s 223 HuolojlE:= Ay do Z
20mm x 70 mm x 1 mmzE Awdta, ~EHAd# A~ 288 IN-NaOH(Yakuri Pure Chemicals, Japan)-& ol 24417 %A
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Table 4-1. Level of independent variables in experimental design for trend
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analysis of transfer rate from pork to pork, conveyor belt & stainless
steel, vice versa, in pork processing room

Variables Symbols Level
Time (min) X3 30 60 120
Temperature (C) Xo 5 10

Table 4-2. Fractional factorial design by RSM computer program for trend
analysis of transfer rate from pork to pork, conveyor belt & stainless
steel, vice versa, in pork processing room

Treatment Time (min) Temperature (C)
1 30 5
2 30 10
3 60 5
4 60 10
5 120 5
6 120 10

Table 4-3. Level of independent variables in experimental design for trend
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analysis of transfer rate from skin to skin in pork precooling room

Variables Symbols Level
Time (hr) X 2 6 24
Temperature (C) X 0 5

,97,



Table 4-4. Fractional factorial design by RSM computer program for trend
analysis of transfer rate from skin to skin in pork precooling room

Treatment Time (hr) Temperature (C)
1 2 0
2 2 5
3 6 0
4 6 5
5 24 0
6 24 5
2) A
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PG, @ Fo2 Abde] AaAeld =55 25 o83t 22 240 em x 1 em x 1 em)o2 ATEstAA HE319 0
WAL, PG, Zoll tist A 5AHE =5 - Zvf > Z — wWEe] A9 e Wy

AL ZZ1 em x 1 oem x 1 em)e 2 AasbAA 2AAg AL Dickson(1990)9] Holg& A9 & W o F3sla H

Fag 9 Hdolg BAAAS vzl BE Alsv dASHA FAREA & #E AASY] st dr FAAHA SRT
3] o] MAHS AAgE F AlFo] gdRE AIEE o] &3] sampling 3T samplingS =59 7§ stomaching
3 Auo]oME = AAE swabsle] Al8E AAY. ZH2be] AlE2FE AJgE&d 01 ml

1=
< Fsko] wjAel] =k shglom, o]= 33] o]/ wkEsie] At

=g o sgoas 29, AuoloME S BERY Samonellas L monocytogenes®) HALE AwE ZA
(source)®] Z7|#FFel thate] 2 T F(destination)® #59 H|&=, do]&S x50 thete] # ol(destination)
d do vER ta Aol oal A&l

Adherence rate(%) = (CFU adhered on destination / CFU on source) x 100

Transfer rate(%) = (CFU transferred on destination / CFU on source) x 100
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T EF =59 Al A F9lel 100% F-2&
S YeER 3L, Salmonella= ©]°l| vldte] nlud &ukshk o2 1}
Salmonella®t L. monocytogenes E5F T FHUF ofATFY

o= PRAT FALRY ol Aol 2
o]z Qlstel AgEAnT H:r|EH O HolFo

4
Qao] 7o) g Adet Ao AnHT

o
o,
H
fo

Table 4-5. Adherence rate of Salmonella spp. in pork at 10T

(Logio CFU/surface)

=
Fo] A2 Eo} ofAFFo HSHol w2 A
4 (p<0.05), °]=
] =t}+= Dickson %(1990)9] 2¥

Initial Contact time
pork type Salmonella )
inoculum 2 hr 6 hr 24 hr
4.68 551 6.42
Standard 6.28
(2.30) (16.40) (100.00)
Red meat
6.27 6.32 7.81
Wild-type 6.91
(24.90) (27.48) (100.0)
4.86 492 6.56
Standard 6.28
(3.43) (4.21) (100.0)
Fat meat
6.23 6.31 7.70
Wild-type 6.91
(24.80) (26.87) (100.0)

% () Adherence rate (%)
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Table 4-6. Adherence rate of L. monocytogenes in pork at 10T
(Logio CFU/surface)

Listeria Tnitial Contact time
Pork type
monocytogenes  inoculum 2 hr 6 hr 24 hr
6.29 6.58 777
Standard 6.34
Red . (74.52) (100.00) (100.00)
m
cd mea 6.3 6.95 7.69
Wild-type 6.44
(79.22) (100.00) (100.0)
6.13 6.69 8.10
Standard 6.34
Fat . (70.21) (100.00) (100.0)
ab mea 6.27 6.87 8.23
Wild-type 6.44

(65.09) (100.00) (100.0)

¥ (). Adherence rate (%)

TFESY] $AsES A9EY =5 A 28=AR dyded axo] sage vidy wadn oju gt
olF, =AY AEFIN Foz AHAYA FAYH HEFALol WAHER, FAGE FFe 2AHs HAste =%&

shaking(70 rpm)&}x F-2&8 H|wEA th<Table 7, 8. Salmonella spp.2] 7% shaking% AATBE b I} AR AR 9] o

giste] Tt oI Tl A, 183 non-shaking®] ok T T EF 24417 HEF = 100%9 F2E&S JERT 7
U non-shaking®] R TolAe =59 A AHARELAA E5F 380%, kT T 13.2%, 25.7%2] W& HFI&&
el T}

L. monocytogenes®| 739 shaking 59 J#g§lo] 24X HAEF F F ¥ EFoly R ofATT BT
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100% F-2&S B =5 F9d, #58 F2E9 Aol A4S ofstA Front, A= shaking %310l A
Il

[e}
&
, L monocytogenesﬂ- Salmonella Rt} F-2&o] =9kt v glole] EZXH HF& oA

F2Eo] ofh ESk

Listeria?t Salmonella®.tt §-#&0°] &t Sinde 5(2000)8] 723 = & A7 vzato], A4 2dEo= AA
Adgule] eddAe]l o o oS & Ak ddolAe] S AR LE 5o JauE uw ojv] odE Y8
CAE Fote] dol9f FFo] dojuyrnz =FeA dudz QJurE YA ug AT Fa4S e T
T AAT

Table 4-7. Adherence rate of Salmonella spp. in shaking and non-shaking

condition of pork at 10T
(Logio CFU/surface)

Contact time 24 hr

Non-shaking Shaking
Salmonella Standard Wild-type Standard Wild-type
Initial
542 573 6.28 6.91
inoculum

Red Fat Red Fat Red Fat Red Fat
Meat type

meat meat meat meat meat meat meat meat

4.00 4.00 4.85 514 6.42 6.56 781 770
Adherence

(3.80) (3.80) (13.2) (257)  (100.0) (100.0) (100.0) (100.0)
% () Adherence rate (%)

Table 4-8. Adherence rate of L. monocytogenes in shaking and non-shaking
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* (

condition of pork at 10T

(Logio CFU/surface)

): Adherence rate (%)

Contact time 24 hr

Non-shaking Shaking
Organisms Standard Wild-type Standard Wild-type
Initial
538 564 6.34 6.44

noculum

Red Fat Red Fat Red Fat Red Fat
Meat type

meat meat meat meat meat meat meat meat

6.47 6.47 6.47 6.47 07 8.10 7.69 828
Adherence

(100.0)  (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)  (100.0)
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Table 4-9. Adherence rate of Salmonella spp. on the surfaces of conveyor belt
and stainless steel

Initial Contact time
Salmonella _
inoculum 2 hr 6 hr 24 hr
4.69 3.82 4.15
Standard 6.51
Conveyor (1.34) (0.60) (0.33)
It 5.93 5.23 6.97
be Wild-type 6.5
(32.04) (5.14) (100.0)
1.99% 2.99* 4.78
) Standard 6.51
Stainless (0.00) (0.00) (1.59)
Steel 3.75 5.23 7.01
Wild-type 6.55
(0.17) (5.01) (100.0)

* Detection limit value
(): Adherence rate (%)

Table 4-10. Adherence rate of L. monocytogenes on the contact surfaces of

conveyor belt and stainless steel

- 109 -
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Listeria Initial Contact time

monocytogenes  inoculum 2 hr 6 hr 24 hr
3.89 472 3.09+
Standard 6.67
Conveyor (0.15) (1.11) (0.19)
5.04 5.23 5.83
belt Wild-type 6.41
(4.34) (6.77) (28.55)
5.12 4.23 4.30
. Standard 6.67
Stainless (2.63) (0.33) (0.39)
1.99+ 567 5.79
Steel Wild-type 6.41
(0.00) (18.53) (24.42)

* Detection limit value
(): Adherence rate (%)

Midelet 5(2002)& Ewe] AEetA wo] 4Fom dolgx met el £t AFEUe WAE FE, AL
oste] M gEe] RAY) ASUhn nugeh AAD WD AT 2~6AAE AT LA S AEI Fo}
B2 AgAZt QA4 Y L 4Quy] Ang 24 5 Ax9A et 27A, odd 4L gl THES

L. monocytogenes Scott

Aol zglel~ 2" g F2&S 543 Norwood (20019 AFZAdpel| A Ao Fa&e 18°C°]91F_, Scott
A EFHEG R T FHol F Aow BIuHH. o A= B ATolA oW FIF FEFFEYG FFHol o
Avks AR v AFS HER AT B3 Herald 5(1988) 5ol A@3 L monocytogenes® Z=HQlg]2~ =9 xW|

- 110 -



ok 28 FFETF ofATF BT 35T(A8~2447h), 21TC(36A17F), 10T (2~3L)oll A sidst A3 e ZHA B
Foll A MEZF FAE A= Bl gyttt ARHOE L monocytoeness EE EW FHo FAE S 9gJom AFA
o] f Zgt Ede Wo] FaE =, AEEEAA AMEstE AEHFHOR M 25l =& Flo] oo HE )

S Al edEAY AE Tt
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4-12>3 2t}

Salmonella - Non-shaking®] 7% Z &5 27|75 log 542014 24417 A3 3 ~® g~ ~EHo 3t 7 2&e
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FAES Btk W, shaking®] A4 EETTE 24A3F A3 & duo]olMEE 033%, ZHAE 2 29 1.59%]
Bags Geugda, ofgdFds ~HddEs 29i AuolodE mT 10009 PALS Mol Haawe Hsto]
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EoA 0.19%, kAT 2855%9] F-&E&S Btk ZEHIJY s 2HE RFEET 0.39%, P T 24.42% = 2w ool
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5TColA 2413 F9ke] E&olA Zulzel B34S B457] 9l =5 9
<Table 4-13>¢} Zom RE #5F W RE HYo|r] By e Aoz eyttt

Table 4-11. Adherence rate of Salmonella spp. on the contact surfaces of
conveyor belt and stainless steel in shaking and non-shaking
condition of pork at 10T

(Logio CFU/surface)

Contact time 24 hr

Non-shaking Shaking
Organisms Standard Wild-type Standard Wild-type
Initial
5.42 5.73 6.51 6.55
inoculum

Type ConV SS ConV SS ConV SS ConV SS
5.49 3.99 5.97 6.04 4.15 4.78 7.70 7.81

(100.0)  (3.34) (100.0) (100.0) (0.33)  (1.59)  (100.0) (100.0)

(): Adherence rate (%)
ConV: Conveyor belt, SS: Stainless steel

Adherence

Table 4-12. Adherence rate of L. monocytogenes on the contact surfaces of
conveyor belt and stainless steel in shaking and non-shaking
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condition of pork at 10C
(Log1o CFU/surface)

Contact time 24 hr

Non-shaking Shaking
Organisms Standard Wild-type Standard Wild-type
Initial
5.14 5.61 6.67 6.41
inoculum

Type ConV SS ConV SS ConV SS ConV SS
3.99%  3.99x% 4.21 3.99% 3.99x 4.30 5.83 5.79
(4.21) (421 (721) (233) (019 (039 (2855) (24.42)

Adherence

* Detection limit value
( ): Adherence rate (%)
ConV: Conveyor belt, SS: Stainless steel

Table 4-13. Adherence rate of Salmonella spp. and L. monocytogenes on cutting

board exposed to 5T
(Log1o CFU/surface)
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Contact

time 24 hr

Salmonella spp.

L. monocytogenes

Organisms Standard Wild-type Standard Wild-type

Initial

512 554 541 513

mnoculum

Adherence
0000 (000  (0.00 (0.00) 0.00)  (0.00) (0.00) (0.00)

*( ). Adherence rate (%)

Mafu 5(1990)& Eej=Z==ddl o] ¥Hgolrp g Fom Fzpo] AlZtE =], 27| 7} %] @A Tl BHH g ol=
oFgl Q1o = W #o] Jurt =84 statH 3o] xwe] wH ol AEE BIZFGAH R FEW £ o Augk A
o] wAsta, dF o= FRE AMEel wlo]ledE WEZ A FAo 93k exopoly- saccharides7b FAdE W L
monocytoenes7h 208 i 1A73 go] HE HEA F F A LEUT, 0004 RE EW S0 HRE 5 9
O wustel, B ApAsel Aol Ak clel@ Aok X ATe] zyom: HAE BB W AVHE W
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Table 4-14. Transfer rate of Salmonella spp. from pork to worker in pork
processing plant by various gloves and hand
(Log1o CFU/surface)

Initial Cuttin
inoculation g Knife Glove Bare hand
board
to pork

Polyethylene 779 5.94 5.01 6.21 0.00
glove . (1.66) (0.20) (3.11) (0.00)
591 5.96 7.25 4.48
Cotton glove 766 (1.79) (1.99) (38.80) 0.07)
6.07 5.95 3 5.90
Bare hand ( (1.97) (1.50) (1.35)

()i transfer rate(%)

Table 4-15. Transfer rate of L. monocytogenes from pork to worker in pork
processing plant by various gloves and hand
(Logio CFU/surface)
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Initial

inoculation Cutting Knife Glove Bare hand
board
to pork

Polyethylene 737 594 5.19 554 0.00
glove : (3.79) 0.67) (1.51) (0.00)

594 5.02 7.64 4.36
Cotton glove 48 (2.90) (0.35) (100.00) (0.08)

5.85 5.63 3 6.03
Bare hand 763 (1.68) (1.00) (2.51)

( ): transfer rate(%)
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Table 4-16. Transfer rate of Salmonella spp. from worker’s hands to food
contact surfaces in pork processing plant
(Logio CFU/surface)

Initial inoculation Cutting board Knife Pork
Polyethylene glove 002 ) o2
Cotton glove 782 00015 (©60%0) ©0118)
Bare hand 00015 00015 (00181

() transfer rate(%)

Table 4-17. Transfer rate of L. monocytogenes from worker’'s hands to food
contact surfaces in pork processing plant
(Log1o CFU/surface)

Initial inoculation Cutting board Knife Meat
Polyethylene glove ©017) @D 0o
Cotton glove 798 (0.60%) 00011 005
Bare hand 00012 00011 00011

(): transfer rate(%)
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=5 2 7, 7R dolg
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D oy 2o d8=Azt 101 Hol& 2 4

0C A A ZAZT Salmonella®] A o]l&2 247 & 0.12%E YEFH O 6417 Fol= 0.10%, 24417F o= 0.06%
2 A 7o)l A vzt wet #ZAstE AES YElNATE. L. monocytogenes® Salmonella®t ¥]523 AFS Wk mE
Salmonella®t L. monocytogenes 55 0C<F 5T AHoldE Zol7F AL ATt Salmonella®] B Aol &2 0.085% %=
L. monocytogenes®] i Ho|& 0066‘701] Hlglo] tha =oy SAIA R FoshA] 2 Ath(p>0.05)<Table 4-18>.
=9t AHS SYHWSE A3 2o 9] Salmonella A ol&ol Wk 23} 3] 722> <Table 4-19>9} 7o o]

3

= pud

=
AR o

21 S niglo g Ao A =5 EJJE"% B =S 3929 Salmonella spp. Aol&od that AL Z7]|o] Holg&e
Foid oz =k ut Ajgte] AapelA, SE7F el weEl dol&d AUy om vrolx = AIFES YEHU<Tig.
4-2(A)>

L. monocytogenes Aol&ol w3t 22 37 2]& <Table 4-20>3 #omw Holgol whst HIFE4 ZAi}= <Fig.
4-2(B)>1 2l z7)oll& dol&o] AUAoR EARE AA e} 2EAgFe] mebA dol&e AUHoR o=
12 )

dEoIlen, ofF A B =T FSshHA v EokA = A¥dS Bt

Table 4-18. Transfer rate of Salmonella spp. and L. monocytogenes from pork
carcass to carcass during precooling storage
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Transfer rate(%)

Bacteria Treatment Timethr) Temperature(C) N
Mean SD
1 2 0 8 0.12 0.13
2 2 5 8 0.09" 0.03
Salmonella 3 6 0 8 0.10 0.09
Spp. 4 6 5 8 0.13" 0.07
5 24 0 6 0.06 0.02
6 24 5 12 0.05" 0.02
1 2 0 8 0.11° 0.03
2 2 5 8 0.09 0.04
Listeria 3 6 0 7 0.02" 0.01
monocytogenes 4 6 5 8 0.09 0.07
5 24 0 12 0.03" 0.003
6 24 5 12 0.05 0.01

Different letters within columns indicate a significant difference in transfer
rates (P<0.05)

Table 4-19. Model of transfer rate of Salmonella spp. from pork carcass to
carcass during precooling storage by RSM program
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Dependent variables The second order polynomial

TR = 0.101202 + 0.004226 x X; — 0.00089%5 x X

Transfer rate (TR) )
— 0.000255 x X;© — 0.000008638 x X; x X,

Xi: Time(min), Xo: Temperature(C)

Table 4-20. Model of transfer rate of L. monocytogenes from pork carcass to
carcass during precooling storage by RSM program

Dependent variables The second order polynomial

TR = 0.122906 — 0.016417 * X; + 0.003045 * X>

Transfer rate (TR) )
+ 0.000515 * X;© —0.000136 * X; * X,

X;: Time(min), Xo: Temperature(C)
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Transfer rate (%)

Transfer rate (%)

(A)

Fig. 4-2. Response surface transfer rate of Salmonella spp. (A), L. monocytogenes (B) from pork carcass to carcass
during precooling storage by time and temperature as independent variables
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AlZkol 3ol webA el =7}
olA = AgS YEFNY<Fig. 4-3(A)>. L. monocytogenes2 7A-9-%= A7 3}
o] ¢ Wi EolHth<Fig. 4-3(B)>.

A 7ol

Aol e Aol gL vropx i)

Table 4-21. Transfer rate of Salmonella spp. and L. monocytogenes from pork to
pork in pork processing plant

. i .. Temperature Transfer rate(%)
Bacteria Treatment Time(min) .

() Mean SD

1 30 5 8 0.39 0.45

2 30 10 10 0.74° 0.62

Salmonella spp. 3 60 5 16 0.14 0.08
4 60 10 8 0.10° 0.04

5 120 5 4 0.19 0.09

6 120 10 4 0.18" 0.04

1 30 5 8 0.02* 0.02

2 30 10 12 0.15° 0.14

Listeria 3 60 5 16 0.16" 0.17
monocytogenes 4 60 10 16 0.44" 0.33
5 120 5 16 0.42" 0.39

6 120 10 16 0.36" 0.30

Different letters within columns indicate a significant difference in transfer

rates (P<0.05)
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Table 4-22. Model for transfer rate of Salmonella spp. from pork to pork in pork
processing plant by RSM program

Dependent variables The second order polynomial

TR = 0.748337 — 0.022325 x Xi + 0.071528 x X»

Transfer rate (TR) )
+ 0.00163 x X;° —0.000848 x X; x X,

X;: Time(min), Xo: Temperature(C)

Table 4-23. Model for transfer rate of L. monocytogenes from pork to pork in
pork processing plant by RSM program

Dependent variables The second order polynomial

TR = —0.786164 + 0.017933 x X; + 0.068667 x Xo

Transfer rate (TR) ,
— 0.000066025 x X;° — 0.000602 x X; x Xy

Xi: Time(min), X2: Temperature(C)

- 124 -



Transfer rate (%)
5

2
o)
©
ol
kol
@
c
®
S
Pt

N
S

o o

(A)

(B)

Fig. 4-3. Response surface transfer rate of Salmonella spp. (A), L. monocytogenes (B) from pork to pork in pork
processing plant by time and temperature as independent variables
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0.013%°l A4 0.003%= vrolx =¥k 10Tl A= 0.004%4 0.009%2o= Zgo 7t FAE EAth. Salmonella®t L.

monocytogenes® B3t Hol&e& ZZt 0.063%, 0.009%FEA  Salmonella?} L. monocytogenes
W EFSETHp<0.0001)<Table 4-25>.

Table 4-24. Transfer rate of Salmonella spp. and L. monocytogenes from pork to
conveyor belt in pork processing room

) Time Temperature Transfer rate(%)
Bacteria Treatment . . N
(min) (C) Mean SD
1 30 5 6 0.064 0.052
2 30 10 2 0.035" 0.0007
Salmonella spp. 3 60 5 10 0.136 0.132
4 60 10 12 0.067" 0.033
5 120 5 12 0.052 0.027
6 120 10 11 0.013" 0.007
1 30 5 8 0.015 0.006
2 30 10 3 0.006 0.004
Listeria 3 60 5 10 0.015 0.022
monocytogenes 4 60 10 10 0.006 0.006
5 120 5 7 0.002 0.001
6 120 10 3 0.00007 0.00003

Different letters within columns indicate a significant difference in transfer
rates (P<0.05)

Table 4-25. Transfer rate of Salmonella spp. and L. monocytogenes from pork to
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stainless steel in pork processing room

Bacteria Treatment Time  Temperature Transfer rate(%)
(min) () Mean SD
1 30 5 8 0.045" 0.036
2 30 10 6 0.031 0.028
Salmonella 3 60 5 11 0.016" 0.010
Spp. 4 60 10 9 0.028 0.020
5 120 5 12 0.015 0.007
6 120 10 12 0.031 0.024
1 30 5 5 0.013" 0.007
2 30 10 7 0.004 0.002
Listeria 3 60 5 11 0.007" 0.004
monocytogenes 4 60 10 10 0.008 0.007
5 120 5 5 0.0003" 0.0002
6 120 10 3 0.009 0.006

Different letters within columns indicate a significant difference in transfer
rates (P<0.05)

ol 3k 22} 3] A4S <Table 4-26>9} 2t} Hol& L
A 2=Wd g B XA A7t
Jo.2 wW3le] Zo] ZQIti<Fig. 4-4(A)>.

3 22 3 AAS <Table 4-27>3 #ow o] A&
S 2EoME Z7|dE Aol&o] EARE ATlo]

SbATh A F ohAl okgh kol AFS vpElT

FeAe] E=wolA HuololME R o] Salmonella #°|
A2b wolAthrh 80~90% 74 Ha e o]2w, o] ThA|
W7 9 #How, 28 xdAE A4S FAE oY

~2~"H 29 Salmonella? Ao]&ol
3 dolgo dWid AgE <Fig. 4-4B)>3 Erh

NS

x|

1l
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=Fo2RE Aol EZ O [ monocytogenes Aol&o] thd 23 3|72 <Table 4-28>3 2t} Hol& A
Ao s 7] Edort Azro] AdssE vt AestdA doled A or Yol AEgs dEW
10CAA = 2710 Hol&o] g vre e AT 60-8074 °FiF A5atthrl Al7ke]l A v A oAl ZHA skl oh<Fig.
4-5(A)>.

Table 4-26. Model of transfer rate of Salmonella spp. from pork to conveyor belt
in pork processing room by RSM program

oy

Dependent variables The second order polynomial

TR = 0.0233446 + 0.004776 x X; — 0.013865 x X3

Transfer rate (TR) )
— 0.000034721 x X;° + 0.000044133 x X; x Xs

X;: Time(min), Xs: Temperature(C)

- 128 -



Transfer rate (%)

Transfer rate (%)

Fig. 4-4. Response surface transfer rate of Salmonella spp. from pork to convey belt (A), stainless steel (B) in pork
processing room according to time and temperature as independent variables

Table 4-27. Model of transfer rate of Salmonella spp. from pork to stainless steel
in pork processing room by RSM program

Dependent variables

The second order polynomial

TR = 0.087240 — 0.001573 x X; — 0.002528 x X,
Transfer rate (TR)

+0.000006758 x X;> + 0.000051433 x X; x X,
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X;: Time(min), X2 Temperature(C)

Table 4-28. Model of transfer rate of L. monocytogenes from pork to conveyor
belt in pork processing room by RSM program
Dependent variables

The second order polynomial

TR = 0.026783 + 0. 5 x X; — 0002673 x X
Transfer rate (TR) 00267 0.00003699% > Xi — 0.002673 x X»

— 0.000001789 x X;* + 0.000017249 x X; x X,
X1t Time(min), Xo: Temperature(C)
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=

Transfer rate (%)
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Fig. 4-5. Response surface transfer rate of L. monocytogenes from pork to conveyor belt (A), stainless steel (B) in
pork processing room according time and temperature as independent variables.

=50 23H 2 s 2829 L monocytogenes Aol&ol gk 2% 3742 <Table 4-29>9 7t} o] &2
AygstAr FE3] ol 227 AEstHA HS Ao)&2 wkon) Al Ao

uebs sk whH e A9l AdS BT <Fig. 4-5(B)>.
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Table 4-29. Model of transfer rate of L. monocytogenes from pork to stainless
steel in pork processing room by RSM program

Dependent variables The second order polynomial

TR = 0.021019 — 0.000199 = X; — 0.001946 *X

Transfer rate (TR) )
— 0.000000476 = X;” + 0.000032502 * Xi * Xp

X;: Time(min), X2 Temperature(C)

AEYEANA EFone) Wolge EHN AFPFHo e dolgurt wi Uehdth (p<0.00D. AFHZW
A EFORS] Holg MuA] ZAH o] | zElels ~dHn =9kom (p<0.001), &3 Bl A= Salmonella s
pp. (0.659%)7]- L. monocytogenes (0.607%) Bttt 27t =90 th(p<0.05). AZFE 2 308 HEA] 7 =k, Al3F 7 3o
el FAFAE BAT (p<0.001), ==& 107 5CE A < =2 dol&S YERTE (p<0.001)<Table 4-30, 4
-31>.

3
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N

(@)
a
o
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Table 4-30. Transfer rate of Salmonella spp. and L. monocytogenes from
conveyor belt to pork in pork processing room
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3 (0]

Bacteria Treatment grllrlrrlle) Temi)%r)a ture N g/[rea;;sfer rateS( I/)O )

1 30 5 8 0.117° 0.065

2 30 10 8 0.102° 0.073

Salmonella 3 60 5 12 0.053% 0.019
Spp. 4 60 10 12 0.040 0.023
5 120 5 12 0.087" 0.084

6 120 10 12 0.026" 0.007

1 30 5 8 0.086° 0.026

2 30 10 8 0.079° 0.047

Listeria 3 60 5 6 0.096° 0.035
monocytogenes 4 60 10 12 0055 0.022
5 120 5 12 0.052" 0.027

6 120 10 12 0.030" 0.017

Different letters within columns indicate a significant difference in transfer

rates (P<0.05)
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Table 4-31. Transfer rate of Salmonella spp. and L. monocytogenes from
stainless steel to pork in pork processing room

. Time Temperature Transfer rate(%)
Bacteria Treatment (min) () N Mean 3D

1 30 5 8 0.067° 0.031

2 30 10 8 0.047 0.030

Salmonella 3 60 5 12 0.014" 0.006
Spp. 4 60 10 12 0.040 0.031
5 120 5 12 0.055% 0.030

6 120 10 12 0.030 0.017

1 30 5 8 0.119° 0.067

2 30 10 8 0.133° 0.066

Listeria 3 60 5 12 0.057° 0.024
monocytogenes 4 60 10 12 0.042° 0.021
5 120 5 6 0.010° 0.004

6 120 10 12 0.065" 0.026

Different letters within columns indicate a significant difference in transfer
rates (P<0.05)

AvolojME M E& R Salmonella Hol&oll W 23 A4 <Table 4-32>9 2l Z7]o djHo=
AR AJgbe] AWA, Lm=7b FeIuA dolge JHom
o5 ARl AYEA gAl EobAl= AE¥FS dEUH<Fig. 4-6(A)>. AHSIE A 2" o7
Salmonella o1& 22 3|# 24 <Table 4-33>3 2t} Z7]ol= 0~10TolA Hol&o] =A velytoy, A4 3
el dol &2 Fu wopA Tt AAATHE0~80E) dHA THA] EmokAl= AFdFS Bt <Fig. 4-6(B)>.

oftl  Hif
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Table 4-32. Model of transfer rate of Salmonella spp. from conveyor belt to pork
in pork processing room by RSM program

Dependent variables The second order polynomial
TR = 0.198648 — 0.003467 x X; + 0.002465 x Xy
+0.0000025050 x X;* — 0.000117 x X3 x X»

Transfer rate (TR)

Xi: Time(min) Xo: Temperature(C)
Table 4-33. Model of transfer rate of Salmonella spp. from stainless steel to pork
in pork processing room by RSM program

Dependent variables The second order polynomial

TR = 0.087156 — 0.001818 x X; + 0.003083 x X

Transfer rate (TR) )
+ 0.000013717 x X;© — 0.000052519 * X; x X»

X;: Time(min), Xs: Temperature(C)
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Fig. 4-6. Response surface transfer rate of Salmonella spp. from conveyor belt (A), stainless steel (B) to pork in
pork processing room according to time and temperature as independent variables

BB =80 29 L monocytogenes Aol &l that 231 3724 <Table 4-34>3 £t} Hol&L %x7]
kel mel ol b AAestuA dolek Aduldom volA= AFS UEW
4-7(A)>. 2=HQlg]lx 2"oA =& o729 L monocytogenes Aol&o] W3t 23 3922 <Table 4-35>3 #Zomw =
71elli= 0~10Toll A 5 dojgo] w kARt Algbo]l AupiA A 48k dvt <Fig. 4-7(B)>.
Table 4-34. Model of transfer rate of L. monocytogenes from conveyor belt to

pork in pork processing room by RSM program

3T AN
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Dependent variables

The second order polynomial

TR = 0.114888 — 0.0000055841 * X; — 0.003462 *Xo
Transfer rate (TR)

— 0.0000001966 * X;* — 0.000014626 * X; * X
Xi: Time(min), X' Temperature(C)

Transfer rate (%)

Transfer rate (%)

Fig. 4-7. Response surface transfer rate of L. monocytogenes from conveyor belt (A), stainless steel (B) to pork in
pork processing room with time and temperature as independent variables
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Table 4-35. Model of transfer rate of L. monocytogenes from stainless steel to

pork in pork processing room by RSM program

Dependent variable The second order polynomial

TR = 0.290920 — 0.005809 * X; — 0.005381 *Xo

Transfer rate (TR) ,
+ 0.000026452 * X;

+ 0.000117 = X; * X

Xi: Time(min), X2: Temperature(C)
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Table 4-36. Validation results for response surface models that predict transfer

rate of Salmonella spp. and L. monocytogenes
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Relative error (%)

Model Organism -
MARE® median minimum  maximum
. SALs* 1.067 0.073 - 0827 16.250
From_ skin
to- skin LMOx 0.930 ~0.150 - 0901 95.894
SAL 1271 0.009 - 0728 8.332
From pork
to pork LMO 4733 0.396 S 9409 30781
SAL 3314 ~0.028 - 0718 53.045
From pork
to conveyor belt LMO 2.186 0.218 - 11873 10.784
SAL 2.853 0.127 - 059 49.809
From pork
to stainless steel LMO 5.006 ~0.075 - 0923 70.381
SAL 1.007 0.060 - 0616 14.809
From conveyor belt
to pork LMO 0.472 0.138 - 0589 2577
. SAL 0.829 0.396 - 0,690 4016
From stainless steel
to pork LMO 0.499 0.143 - 0397 2171

x SAL: Salmonella spp., LMO: L. monocytogenes
©® MARE : Mean absolute relative error
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5) A9 fitting¥ parameter AF4 W 2d HZ

o TFE HETT AFoNAM Aol et 2= WM curve fittings AAEA oW, =342 PRISM Ver
[e)

4.0 (GraphPad Software, San Diego, CA, USA)°|A non-linear regression program s U292 Gompertz equation<
o]8-3}4] fitting SF T}

Y=A + Cxexp(-exp((2.718+*mue/C)*(Lag-X)+1))

where A = log initial number of cells, C = difference between initial and final cell numbers, Lag = delay before

growth, same units as X, mue = maximum specific growth rate, X = time, and Y = log cell number.

Fitting 23 2F&49 C, mue, and LagES ©]&3}o] Gompertz parameter (Buchanan et al, 1990)% B, M< At&3s}a
°o]& SAS response surface regression analysis(Statistical Analysis System, ver 8.1, Cary, NC, USA)o| %83} B,
Mol tfst Z+7}e] response surface models A8ttt HEHo=2 A C, B, M& Gompertz function (Buchanan,
1990)°] A &3}e] EGR(exponential growth rate, Log(cfu/g)/hr), GT(generation time, hr), LPD(lag phase duration, hr),
MPD(Maximum population density, log (cfu/g/hr))9} %9} A|Ztol] w& ofAliE2E] Salmonella®] 37t (Log cfu/g)E
ApESEA T 2 dFtelA Jitd R ok HEe AR@H A5 vuz AASAT w3 EE datas

SAS(Statistical Analysis System, ver 8.1, Cary, NC, USA) GLM 49 23l FAAS FAAS A58 tHP<0.05).

1}, L. monocytogenes
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Aldet o ol& Agste] 27|d5E A s

7y Z2AEE wdd =88 Ao Y1 0.1% buffered peptone water® 108 34138t stomacher® w23} st
ZyZke] ANm2HRE FAEs}E g9 100 uLE FH3dte] Oxford listeria selective agar %ol Spiral PlaterE o] &3}
plating st ¥ 25°coﬂA1 48417 wfFstelal, s AbEsisivh AT AFA A= SASS] ANOVA Duncan 317

5) A9 fitting¥ parameter AF4 W 2d HZ

E&o Mo L monocytogenes RAFHAE AIFANE nleo® Gompertz equationo] o8] AAdF T Gompertz
equation?] E"‘;—’F?l A, C, B, M2 Guass-Newton iterationS Z8A1Zl SAS®| non-linear regression ZZ 1O F
AT b= A, C, B, MS ]3¢ <Table 3-37> 2ol 94 443 8& (EGR: exponential growth rate, Log
cfu/g/hr), A THAIZHGT: generation time, hr), ZE7]7HLPD: lag phase duration, hr), & #<(MPD: maximum
population density, Log cfu/g/hr)E& AAsIE T B, M SAS? response surface analysisol 23] 2% wE
s|ARAA S AbEsta, o FAWAEAS Gompertz equatione] A -&3dte] 2Ee} At wWE L. monocytogenes®©]
A rE AEEAT AeE 2d HFS Smith-Simpson 5(2005) SollA AF&-3F WS o] &3o] GT, LPD, EGRel
gt AAxA d53ke] nus Fotol AAEA

Table 4-37. Equations for Gompertz function and derived growth Kkinetics values

- 145 -



Gompertz's function

L(t) =A + C exp(-exp(-B(t-M)))

L(t) = Log count of bacteria at time (in hours) t [Log(cfu/g)]

A =Asymptotic log count of bacteria as time decreas es indefinitely
(i.e., initial level of bacteria [Log(cfu/g)])

C = Asymptotic amount of growth that occurs as t increase indefinitely
(i.e., number of log cycles of growth [Log(cfu/g)])

M =Time at which the absolute growth rate is maximal [hr]

B =Relative growth rate at M [Log(cfu/g)/hr]

Derived Growth Kinetics E quations:

E xponential growth rate (EGR) =BC/e [Log(cfu/g)/hr]
Generation time (GT) = Log(2)exp(1)BC [hr]

Lag phase duration (LPD) =M -(1B) [hr]

Maximum population density (MPD) =A +C

7 EHES FAZANA Salmonella spp.ol A d S 2d

1) =5l A2 Salmonella spp. 737
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R 0TolMe= WaZE QA aP>0.05), 15 20TolAME Algto] A= 93|y Hidte AEFS
YEFATHP<0.05). 28 5, 10T 2 A9+ e AdS BIuh(P<0.05) <Table 4-38>. EFd 5= 0CANA Ea 59
PP R Fos RS dEhA e m(P>0.05), 20CE ALst A 2moA s HYTHP<0.05).
XU FE o] &3 A8 A= Mann 5(2004)2) Aol FAFE AT 28y o EYFE

BRI 5T 10Tl A oFzte] 43S vebdl=d, ol g Afol= #59] 2ol Q1%

il
A=)
HU 1.0
fz
£
2
o

oA Fol 5T 10CoAe A4 non-linear Gompertz equationo] o8] fitting ¥ Att<Fig. 4-8>.
Agadel diF Rghe 5TolAE 09846011 10TolME 098662 e} ESolA opdReFe 4% datat
non-linear Gompertz equationo] 2+ @ Ao 7 EFYTE <Table 4-39>< growth curve fitting™ Gompertz function©
o&) MAH ofMETF9 growth parameter =, C, EGR, LPD, GT, MPDE YEld Aot} Gompertz C value:x= 5T <}

10C 7S] Aol7F A9 ¢l= 0.72 log cfu/gl @ YEYY. ol F 2% Aol A E & 2ol7t gle Aoxw B £
Ao mekx MPDE A% SAIFCRE FostA ¥ F(>0.05)22 YERT o= C& MPDE %9 d3&
Aol Wkx] = Ao R oA Felw Gibson $(1988)3 Buchanan $(1990)¢] AT #e A¥E HAY. A2

iﬁﬁ}oﬂjﬂ C value?] ztol ofF & AL A Aol dojuriE dHAIvt ol vrom Hd AH% 1 log cfu/g °lst=
AEAJY. LPD 4% 2%7F 5ColAET 10CoNA ¢ =2 RAoZ yvEsor, <Fig. 4-9>2] predictive modeldl 4 =
%57} 7 etH A LPDE EolAl= Aoz Yebgsd, ol ARde] v 2XolA AFIE ok T SR

Holof st Aot} AT EGRY GTY 7%+ tE predictive modeloll 4 #4338 A3 FAF A3E B, EGRe
A5 ke Hvlgsta GTe 4% wHl#sts Aoz yetwth webxs 45 759 45 LPD= 1 o] ARl

)

ALY &% 7o S WAt WO 2= background florad] PSS WE Zo® HE John 5(1969)¢]
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AFARE Fusopd, B Ao H9$ AbA background florag o= A
AABA gkt LPD= Mann 5(2004)9] viaddd Aol #Zo] v ghad Ao .
PMP(Pathogen Modeling Program, Ver 7.0, USDA, ERS)E ©]&3%F Gibsion 5(1988)2] @3} H|WA] 10T 4%
LPD 361 hr, GT 115 hrol #lgte] & AelM ARE3 ofdEels+= 4 wE LPDe GTE udedlled o=
FEdTot ofAE YT 28 a brothet =59 Aol I Fow E F 9]
<Table 4-40>+ =S HEH o Fo] W3 Gompertz function =5 B} M7kl ™3+ response surface
regression BA A3t W& R® o] ¥ deAE RyA BAFeR foF Ao YEhgthP<0.01). o] WAL

2

Sv
4
)
ot
i
i
frt
&
12
o
il

Gompertz2l ol H-&AA <Fig. 4-9>0 A9} Zo] EAHLEA Azro] wE Salmonella spp.8] BAAEE FAHS
g AFdErde sl Zdo ik AA8E Sarah 5(2005)9 WHHE HAL AT o=z HuE E3)o
AAEA T 1 A= <Fig. 4-10>04 H& vkel o]l A3z a} a3kl £05 log cfu/g oA dAsta o] 7ds

=
wuo AnAHe £ Aow wuHn

(B)

Fig 4-8. The Gompertz-fitted growth curves for wild-type Salmonella spp. on pork surface exposed to 5C (A) and
10C (B). R* for growth curve fits are 0.9846 and 0.9866, respectively. These curves were fitted using the Gompertz
function by nonlinear regression of PRISM V 4.0.
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Fig. 4-9. The predicted response surface model of growth for wild-type
Salmonella spp. on pork surface exposed to 5C through 10T.
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Fig 4-10. Predicted versus observed growth values for wild-type Salmonella spp. on pork surface at 5C and 10TC.
Dotted lines represent 0.5 log CFU/pork.
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Table 4-38. Difference of reduction and growth of wild-type Salmonella spp. and
standard type S. typlimurium IFO14193 on pork exposed at 0, 5, 10,

15, and 20C.
Population (log CFUIg) ©
Native type Salmonélaspp. KSC101 Sandard type S. fyphimunum IFO14193
Time(h) 0 5 10 15 20 0 5 10 15 20

0 334A 334A 334A 334A 334A 28A 285A 28A 28A 285A
1 323A 324A 328A 347A 342A 289A 306A 307A 303A 3.16B
2 338A 337A 333A 324B 323B 280A 296A 301A 294A 330B
3 348A 350B 364B 327B 322B 282A 257B 28A 259B 328B
18 335A 401C 400C 291C 196C 271A 244B 235B 246B 375C

? Different letters for values in same column indicate statistically significant differences (P<0.05).

Table 4-39. Estimated growth parameters of wild-type Salmonella spp. KSC101
inoculated on pork surface (MeantS.D.)

Temp. A* c* I;)r(ﬂ: ?;i:; ngrzzzie Generation MPD***
(C) (log cfu/g) (log cfu/g) llog (cfu/gyhr] (hr) time (hr) (log cfu/g)

5 3.34+0.34 0.72+0.20 0.14 +0.04 1.92+1.05 1.12+0.61 4.01+0.13
10 3.34+0.34 0.72+0.66 0.30 + 0.07 204+046 052+087 4.11+0.37

* A Initial level
% C: The number of log cycles of growth
sk V[PD: Maximum population density (=A+C)
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Table 4-40. Response surface models for effect of temperatures (T) on B and M
values of Gompertz function of wild-type Salmonella spp. KSC101 on

pork surface

B [log (cfu/g)/hr]

Pr>|t, F*

Parameter —p trate ¢ (F)* Pr> |, F*
Intercept 1.8378 1.50 0.1762
T -0.4849 -1.38 0.2090
TXT 0.0442 1.89 0.1008
R? 0.8245 16.44* 0.0023*

0.0058
0.2313
0.3938
0.0085*

U IHES FAZANA L monocytogenese] A& 2

1) =892 L monocytogenes 37

A L. monocytogenest= 10T ©]3te] Wy A

1988; El-Shenaway, 1988). wlx =59 A

monocytogenes+= =2)0] 7}sslRE =5 A

flo
F
fr

oy m
Mo o ol

X

ol
3
lo

—

olN  m

L. monocytogenes7}
Fol ofg] A =itof
A A HGrau,

A5l Fa4ol



9ieh B 1509 20T A$E 1847 ol FREE Yo A F7sts 20w ekt

Table 4-41. The growth of L. monocytogenes inoculated on pork during storage at different temperaturel>
Time Temperature (T)

(hr) 0 5 10 15 20

0 2.74(0.01)4 3.49(0.02)* 3.75(0.03)*4 2.40(0.03)* 3.87(0.03)%

1 2.71(0.18)4 3.50(0.15)% 3.53(0.05)4  2.58(0.20)4B 3.84(0.27)4

2 2.74(0.10)4 3.53(0.09)* 3.45(0.07)* 2.51(0.16)4B 3.96(0.08)*

3 2.61(0.14)8 3.52(0.07)* 3.69(0.09)4 2.64(0.05)8 4.56(0.08)"

18 2.62(0.16)% 3.57(0.07)4% 3.65(0.18)4 3.99(0.12)° 4.91(0.10)8
48 2.40(0.15)°¢ 4.17(0.06)" 4.40(0.14)" 4.59(0.05)°

120 5.36(0.05)°¢ 5.78(0.04)°

v Log cfu/g, Mean(S.D.), different letters within columns indicate a significant difference in microbial counts (P<0.05)
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HAdn A&l AAo] #3 RULS  probability-based model¥} Kkinetics-based model®] ¥ MR 2 FEHT

Probability-based model& F& EAF Aol Z-83H, kinetics-based model& H|EX}E A 3o 2 &3tk (Buchanan,
1992). wtgbA vl EAE A2l L. monocytogenesel] ™8] A kinetics—based modelS AF-&3F3th. Kinetics—based modelell
= square root, linear Arrhenius, non-linear Arrhenius model 5©¢] 921, o] X4 F square root modele] 7} %
HEA 45 o] gkt Square root modelS A Fo] BASE o] <R FoA &
7o HAA A 2=z Hd A growth rate®} lag phase duration®tg AF&Ed = Q&=
1993). 9] REE2 2% T e AANS o] &t RlolAw o5
25 1837 Yshe] polynomial & response surface regression
S Yel7] 93 non-linear regression®] H&Eoz ozl vt CxtE
o] @ol o]&%a qUth

<Table 4-42>= S5 d YA AT %o @& "best fit"¥ Gompertz #olW A, C, B, M @3 o] & &3l
A& ¥ EGR, GT, LPD, MPD Zteltl. 0C <9 A%+ A4S 34 &2 no growth® YEY Gompertz #< &g &
Atk LPD= wAEe] A2e sl ASsta AdS Al&tst7] flste] F918k4d A&st= 7[itezw & 5 vk &
Aol A LPD= 5Tl 7Hd =2 4332 AlZbs vetdlal, %71 S7hedas Ak gaste] 20TolA = 1654170
Efyith ol Ay BTEATFE AL 5TCoA pre-incubationA]Zl & THA] 5C tryptose phosphate brotholl A LPD
& 543 Buchanan 5(1991)9 A¥<l 36.8+12.0 AlZF¥} o= AL FAS Aoz & 5 glou, 20TolA= 1657 A
7+ &2 Buchann 5(1991)¢] Z 31 36.7+3.7 AlZE T Bl UYEyH o] ZFdTo ofATF 183 brothot =59
zpolm Qlgk Ao AtgHth GTO 4% LPDS wiz7tAl 2 2= x7o] Zolbda5 I gro] A3 voiAl= 4

wou, EGRO A%+ ¥dE 2w7F Eoldaes HAH oA 4AES veit MPD=

A= Ao od 4= 9dAvk. GT, EGR, MPD: LPD¢ 24 broth oA EE=TFFE o] &3 AAdARE7 FAS AT

=1 O
Eia=3

i
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Gompertz 3 B2 ME o] &3le] 252 F9 37 AAE AAT surface-response 4 A= <Table 4-43>9F 2t}
0

2 A3 (RY)e] Mgke]l 4%

frel s tHP<0.01). ©]  HhgA

9482, Bakel A%+ 09266 22 =4 yElgtew T M, B # EF SAHLER BT
Gompertz 2ol AEAA EAHAAAA =Wsle wE YHAES A L

N
=
monocytogenes & d S EAE S o] sfts)e

Mo o

L) = A + C exp(-exp(-B(t-M)))

A = Initial contamination level

C=MPD - A

MPD = 9 Log cfu/g

B = 0.046687 + (0.018544 x Temp) - (0.000260 x Temp x Temp)
M = 76.563928 - (4.328653 x Temp) - (0.073900 x Temp x Temp)
t = Time

Temp= temperature

gARE 3 1 AFHL AF 3]
of e AFPRES F AR e £ JEU O shbs 548 2049 VAR 34 ge E
= Aol e mde 34 ga A4 A A% A3 @

%

H
H
ek ol 2 Aol e it mdo] oigk A5 e s GT, LPD, EGRel tigh A3Agkat o535
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sttt 1 A= <Fig. 4-11, 4-12, 4-13>0) 4 HE= npe} o] Ad gkt o =3zko] o= AL X
ek A Ao] =S Aow FAudEd F GTY A$ oA () = 099324, =9 A4 (R2) = 0.9865
= r = 099835 R2 = 09967, EGR®] A%+ r = 099291, R2 = 0.9859= E}yti GT, LPD, EGR =%

R

3} tHP<0.01).
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Table 4-42. Effect of initial number of L. monocytogenes at different
temperatures on growth Kinetics of pork

Temp. Gompertz value? LPD EGR GT MPD
(Log (Log

() (hr) (hr)
A C B M cfu/g/n cfu/g)
s 3.73 5.27 0.15 50.01 43.32 0.29 28.83 9.00
(0.03) (0.06) (0.03) (1.25) (0.60) (0.05) (0.33) (0.02)
10 3.75 5.37 0.21 38.15 33.33 0.41 21.17 9.12
(0.07) (0.05) (0.04) (1.58) (1.04) (0.02) (1.65) (0.05)
s 2.40 5.73 0.28 28.13 24.5 0.58 17.04 8.13
(0.14) 0.11) (0.01) (0.17) (0.14) (0.03) (0.22) (0.06)
20 3.78 5.55 0.32 19.68 16.57 0.65 14.01 9.28
(0.03) (0.10) (0.04) (1.54) (0.73) (0.05) (1.01) (0.01)

1) A = Log cfu/g, C = Log cfu/g, B = Log cfu/g/hr, Mean(S.D.), M = hr.

Table 4-43. Effects of temperature on growth of L. monocytogenes in pork by
Response Surface Model
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M =76.563928 -4.328653 *Temp -0.073900 *Temp *Temp

R2 =0.9482

F value : 22.47

Pr>F :0.0014
Parameter DF Estimate Standard error t Value Pr> |t
Interce pt 1 76.563928 15.074346 5.08 0.0010
Temp 1 -4.328653 2.272186 -1.91 0.0932
Temp*Temp 1 0.073900 0.072718 1.02 0.3393

B =0.046687 + 0.018544 *Temp -0.000260 *Temp *Temp

R2 =0.9266

F value : 13.14

Pr>F :0.0067
Parameter DF Estimate Standard error tValue Pr> |t]
Interce pt 1 0.046687 0.101641 0.46 0.6582
Temp 1 0.018544 0.015321 1.21 0.2607
Temp*Temp 1 -0.000260 0.000490 -0.53 0.6103
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Fig. 4-11. Comparison of observed and predicted GT (hour) for L. monocytogenes at various temperatures (@: 5T,
v 10C, W 15C, € 20C). r = 0.99324, R* = 0.9865.
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Fig. 4-42. Comparison of observed and predicted LPD (hour) for L. monocytogenes at various temperatures (@: 5C,
V. 10C, l: 15C, €: 20 C). r = 0.99835, R* = 0.9967.
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Fig. 4-43. Comparison of observed and predicted EGR (Log cfu/g/hr) for L. monocytogense at various temperatures
(@:5C, W: 10C, I 15T, € 20T). r = 0.99291, R* = 0.9859.
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Beta: Beta distribution

p: the number of positive samples

n: the number of total samples

V: sample volumes
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Raw pork

Pi Prevalence of SAL, Beta(p+1, n-p+1)*
LMO in pork
Ci Concentration of SAL, cfu/g  =-LN1-Pi)/V”
LMO in pork
CL Contamination level of cfu/g Poisson (Ci)
SAL, LMO in pork (node 1)
Cutting plant
t Processing time Hour Triang(0.15, 0.42, 2.0)
tm Room temperature (¢ Normal(14.5, 4.1)
Pst Pork surface temperature T 6.043+1.087tm-0.019tm*
Environmental
contamination
Pe Prevalence of SAL, LMO Beta(p+1, n-p+1)°
in environment
Ce Concentration of SAL, cfu/cm® =-LN(1-Pe)/V"
LMO in environment
Cle Contamination level of cfu/cm® Poisson (Ce)
SAL, LMO in environment
Ep Cross—contamination
(Transfer model) % Poisson (CLe x Formula ( )?)
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(Continued)

Variables Definition Unit Distribution/Model
Growth during
processing
Gp Growth model Log cfu/g Formula ( )¢
Packed pork
Pf Contamination level of Log cfu/g CL+Ep+Gp
SAL, LMO in packed
pork (node 2)
Storage
St Storage time Day Triang(1.0, 1.5, 3.0)
Stm Storage temperature T Normal(2, 5)
Growth during
storage
Gs Growth model Log cfu/g Formula ( )¢
Storage pork
Sf Contamination level of Log cfu/g Pf+Gs
SAL, LMO in packed
pork (node 3)

a) Beta distribution on initial contamination, p: the number of positive samples, n: the number of total samples. b)
LN: Natural logarithms, V: sample volumes. c¢) Beta distribution on environmental contamination, p: number of
positive samples, n: number of total samples. d) Transfer model. e) Growth predict model.
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Fig. 5-1. The result of simulated initial contamination level of Salmonella spp. in pork processing plant.
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Fig. 5-2. The result of simulated initial contamination level of L. monocytogenes in pork processing plant.
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Fig. 5-3. The result of simulated environmental contamination level of Salmonella spp. in pork processing plant.
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Fig. 5-4. The result of simulated environmental contamination level of L. monocytogenes in pork processing plant.
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Fig. 5-5. The result of simulated contamination level of Salmonella spp. on pork after packing

plant.
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Fig. 5-7. The result of simulated contamination level of Salmonella spp. on pork during storage after packing in pork
processing plant.

- 181 -



X>1
95%

X >-13.03
5%

Mean =-2.231384

Kouanbauig annejay

Log cfulg

Fig. 5-8. The result of simulated contamination level of L. monocytogenes on pork during storage after packing in

pork processing plant.
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Fig. 5-9. Comparing of contamination level of Salmonella spp. for initial(CL), packed(Pf) and stored(Sf) pork in pork
processing plant.
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Fig. 5-10. Comparing of contamination level of L. monocytogenes for initial(CL), packed(Pf) and stored(Sf) pork in
pork processing plant.
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Table 5-2. Correlation coefficient for sensitivity risk factors affecting the final
contamination level of Salmonella spp. on pork during procedure in
pork processing plant.

Rank Parameter correlation coefficient
1 Cross—contamination 0.029
2 Initial contamination level 0.013
3 Storage time 0.009
4 Processing time 0.008
5 Storage temperature 0.006
6 Environmental contamination level 0.004
7 Processing room temperature 0.002

Table 5-3. Correlation coefficient for sensitivity risk factors affecting the final
contamination level of L. monocytogenes on pork during procedure in
pork processing plant.
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Rank Parameter correlation coefficient

1 Initial contamination level 0.322
2 Storage time 0.271
3 Processing time 0.175
4 Processing room temperature 0.077
5 Storage temperature 0.052
6 Environmental contamination level 0.029
7 Cross—contamination 0.013
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- 191 -



(2) YAAGAZ

WA =09 L monocytogenes® HZEHQA o4 F
simulation 2o A] o5 §8 WFE A= WA A W=
Al 24 skth 2719
, 2,3, 59% YdHste] W =%Ae L monocytogenes®l HEHR o FES FASAoH, 2 Ad= <Fig.

g = 05¥E AN IHFE=FY HF ATedTeTS -1492 Log cfu/gel™, 192 A4
A9 -1468 Log cfu/g, 2422 443 A4+ -1315 Log cfug, 39& HAT A9+ -1012 Log cfu/g, 5=
943 4% 0911 Log cfu/g® YERSTH WAARZAZS 05%3 19z7tdlE 2 Zolrb gigler yuix
WAL R ol = & Akl 7 el E R WA 7| 1Y o2 dAetE Aol upgrAle oz eyt

W =5lM e L monocytogenes®] HE 24 %Oﬂ gk 7k Aze]l dEs Felstr] $18ke] exposure simulation
RdoA ol5 9 WaE dHow WIAIA WAHESAY L monocytogenes® HFH 29 FES vl
of thgh Alvtel e EA oA e} 7EL°] e 212 agE FAstHA 7k AIks 22 015, 05, 1, 2

O
FATI o 1 Ay <Fig. 5-13>3

AN7re 2 QJEsle] WA ELolA el L monocytogenes® HZEZ < od &S

2ok TSNS 01641702 A8 A9 WHESolAY HE i L9+ -147 Log cfu/g, 05 Alte e HAT
A= -1.38 Log cfu/gelH, 1At 2 AAET HA9E -1.30 Log cfu/g, 2A e g AAT HA9E= -1.25 Log cfu/g®
vUebgth dAAoR 7F Qg wedE 2 Aole gy AoR Hol FElgh ARAS VES AAY 7 e o=
Helvh webA] ZREAIEe] A9 GAIY dAS nEete] Thsgh wE AU #Zgo] o] FAAAEE sk Aol 7
bk A gk QA Fe] W oln, oW AFHQl VEAA = A W our) gleE Zo® FuE T

- 192 -



sim#2mean=-1.468

."? 0.8 +
-g sim#1mean=-1.492 —V/
Ke]
O 0.6+ sim#4mean=-1.012
Q
[ )
= sim#3mean=-1.315
-
8 04 +
=]
€ . )
£ sim#5mean=-0.911
=2
o 0.2+

0 T }

-2.5 1.5 -0.5 0.5

Log cfulg

Fig. 5-12. Comparing of simulation result of contamination level for L. monocytogenes in cold stored pork by storage
time (Sim#l: 0.5, Sim#2: 1, Sim#3: 2, Sim#4: 3, Sim#4: 5 day)

Fig. 5-13. Comparing of simulation result of contamination level for L. monocytogenes in cold stored pork by
processing time (Sim#l: 0.15, Sim#2: 0.5, Sim#3: 1, Sim#4: 2 hour).
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Fig. 5-14. Comparing of contamination level of Salmonella spp. for initial(CL), packed(Pf) and stored(Sf) pork in
HACCP pork processing plant.
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Fig. 5-15. Comparing of contamination level of Salmonella spp. for initial(CL), packed(Pf) and stored(Sf) pork in
non-HACCP pork processing plant.

Fig. 5-16. Comparing of contamination level of L. monocytogenes for initial(CL), packed(Pf) and stored(Sf) pork in
HACCP pork processing plant.
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Table 5-4. Comparing of predicted values from MHEM and observed values for incidence of Salmonella spp. in
packed pork

Predicted Observed
Range Log cfu/g Cases Log cfu/g
5% -6.05 1 -2.13
mean -3.28 2 -1.81
median (50%) -2.85 3 -2.29
95% -2.05 4 -2.06
Maximum 0.30 Total -2.42

Table 5-5. Comparing of predicted values from MHEM and observed values for incidence of L. monocytogenes in
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packed pork

Predicted Observed
Range Log cfu/g Cases Log cfu/g

5% -13.03 1 -1.62

mean -2.56 2 -2.13

median (50%) 0.00 3 -2.29

95% 0.00 4 -1.54

Maximum 0.30 Total -2.01
MaARE F§8 4BGe FedAe] BUHY A3 F ESTFEHNA AF T4 ES g dAEA ol
ARE mY pmel ol §3A @e Amelth o Amt YA L9FEL UEARE oo 43 o] g3l

QL = -LN(1-Beta(p+1, n—p+1))/V

QL: Quantitative level

LN: Natural logarithms

Beta: Beta distribution

p: the number of positive samples
n: the number of total samples

V: sample volumes
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Temp., Time, Conc..
| P i i | | Monitoring (raw, processing, final) |‘
Tnpur | Epidemic |
| npu | | Frame-work model |
A
| Transfer Ratio |‘
Storage
. ) . HE> Predictive Microbial Model (RSM)
Cutting Microbial Hazards
Boned Exposure Model
(MHEM)
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: MS-Excel Program
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Exposure Model « 5 Quan.lt)t
Storage (fingerprinting)
l v Verification
| Output | Simulation

(Scenario analysis)

(Sensitivity analysis)

\ CCP/CL
—

Risk estimate

| Contamination Level

Fig. 5-1. Basic scheme of MHEM model application.
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Fig. 5-2. Application of MHEM model.
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7)ol AAE] 8], 2 AFolAE competitive-PCRE o] &3] A #Fslste= WS

A1d Y v B E 9 molecular typingS ¢ &

fingerprinting 7] & H ¢

B Ao AL8H Listeria 755 £ 1329 EF7F <Table 6-1>0|H o|F 7%2 [Listeria monocytogenes©| 1 t}.

53 o Fokdlol TSBY ujA| (Tryptic soy brothell 0.6% yeast extract® 713 Hix|) T
Brain Heart Infusion WA (BHD|A wj st & AbE319 Tt 3k Salmonella 5% SRR AATFYLY A RASH

ATFYo A F 57F9 EFETF <Table 6-5>=
sto] ARE-3FS T

S Eokdlol LBulA] (tryptone 1%, yeast extract 0.5%, NaCl 1%)ol A wjj oF

[e]

1}, Primers

E g A3 primers <Table 6-2>° A 23}l c).
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t}. DNA #32 2 AA

s FAZ5EE DNA 225 $8lA guanidinethiocyanate/phenol/chloroform Wi S AFE3FA Tk o] & 7HEF3] 7<%
3 oF 05 mle A wjEHdd 025 mle solution D (AM guanidine thiocyanate, 0.025M sodium citrate, 0.5%
sarcosyD) ¢t 0.5 ml9] phenol-chloroform (1:1)& #H7}sle] ¢k 1A A% A7 A EYsl] F8HA=S 353 &

DNAZ isopropanol® HAAZH T Qo)A pelletS 70% ethanol® A3 3 wWelx ZFHF =59 polymerase chain

reaction (PCR)°l AF&-3}% .
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Table 6-1. Listeria spp. strains used in this study?®

n?lf;fé . Species Strains Serotypes Isolation
1 L.monocytogenes ATCC19113 3 human
2 L.monocytogenes ATCC19114 4a
3 L.monocytogenes ATCC19115 4b human
4 L.monocytogenes ATCC19117 4d sheep
5 L.monocytogenes ATCCI19118 4e chicken
6 Lmonocytogenes  HPB#410 1/2a
7 L.monocytogenes ATCC35152 guinea pig
8 L.ivanovii ATCC19119 sheep
9 L.innocua ATCC33090 6a cow brain
10 Luwelshimeri ATCC35897 6b decaying plant
11 L.seeligeri ATCC35967 soil
12 L.grayi ATCC19120 chinchilla feces
13 L.murrayi ATCC25401 corn stalks and leaves

dSource: Adapted from Choi and Hong (2003).

Z}. PCRY =4
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7tzkel PCR wkg-<felli= 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCly, 200 uM dNTPs, 25 units Tag
DNA polymerase, 10 pmol primer$t DNA template’} THHEZF sty F F3& 50 wt HEF s 4 A8+
thermocycler (perkin-Elmer 2400, Foster, CA)olAl &Z cycle2 Al2F5}7] Aol 94°Coll A 583F DNAE WHAAAZ &
cycle2 4 sHA 3+
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Table 6-2. Primers used in this study

] Ty value
Primers Sequences (5'-3") . Reference
()
DG99 (OPLO02) TGGGCGTCAA 28.9 Mare et al. 2001
DG100 (OPLO03) CCAGCAGCTT 28.9 Mare et al. 2001
DG107(primer 6) CCCGTCAGCA 33.0 Chansiripornchai et al. 2000
DGI109 (Rib-F) TTGTACACACCGCCCGTCA 55.8 Kostman et al. 1992

DGI110 (Rib-R) GGTACCTTAGATGTTTCAGTTC 46.5 Kostman et al. 1992

DGI111 (ERICR) ATGTAAGCTCCTGGGGATTCAC 55.8 Millemann et al 1996

DG112 (ERIC2) AAGTAAGTGACTGGGGTGAGCG 56.9 Millemann et al 1996

DGI113 (PB1) GGAACTGCTA 24.8 Giovannacci et al 1999

Giovannacci et al 1999
DGI114 (PB4) AAGGATCAGC 24.8

Byun et al 2001

Giovannacci et al 1999
DG115 (HLWL74) ACGTATCTGC 24.8

Byun et al 2001
DG116 (OPMO1) GTTGGTGGCT 28.9 Gravesen et al 2000
DG117 (OPM13) GAGGGTGGCGGTTCT 53.3 Martinez et al 2003
DG118 (P-2) GTTTCGCTCC 28.9 Martinez et al 2003
DG119 (UBC155) CTGGCGGCTG 37.1 Detro et al 1996
DG120 (UBC127) ATCTGGCAGC 289 Detro et al 1996
DG121 (Lis5) GCTGGAGTCA 28.9 Giovannacci et al 1999
DG122 (Lisl1) AGCCAGGTCA 28.9 Giovannacci et al 1999
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1) Random Amplification of Polymorphic DNA (RAPD)$} Ribotyping

7} cycle 94°C 1%, 35°C 2%, 72°C 2802 391, 45 cycled 72°Col A 7H-7F extensionA]Zl & WSS Z 2314
o},

2) Enterobacterial Repetitive Intergenic Consensus (ERIC) fingerprinting

7t cycle 94°C 45%, 55°C 45%, 72°C 45x= 3911, 30 cycle$ 72°Col Al 7%t extensionAlZl § WH&-S T3
=3

3) Single Strand Conformation Polymorphism (SSCP)

7t cycle 94°C 45%, 52°C 45%, 72°C 45x= 3t911, 30 cycle¥ 72°Col Al 7%t extensionAlZl § WH&-S T3
=3

vk PCR 2 whe] 4

SSCP¢} pulsed field gel electrophoresis (PFGE)Z A 2|3 PCR% =% 3 DNAZZS agarose gelS o] &3le] 7|
F3lo] E73 F ethidium bromide® PA3tar AFAS Ho] band patterng H| w3ttt SSCP= mini—protein 1T

electrophoresis unit (BIO-RAD, Hercules, CA, USA)Z o] &3le] #2439t PCRE A8 E foramided FX7} 95%7}
HA 24 AL FE oA 557 AP & S 43 v 10% polyacrylamide gel (150 V' ¢F 4A]7H) & o] &3}
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o Bysldt. d719% % gele plusOne silver stain kit (pharmacia Biotech, Uppsala, Sweden)E o] &3}o] <44
band patterns W] u &} St}

=

ko3
T

v}, Pulsed-field gel electrophoresis (PFGE)

PFGEZ 93] genomic DNAE L. monocytogenes ¢ 7% Xho I £+ Hind 2 2ndete] A= BamH I ==
Hind M2 2% % FIGE Mapper Field Inversion system (Bio-Rad)< o] &3te] H719% 3 th. genomic DNAE=
CHEF bacterial genomic DNA plug kit (Bio-Rad)E A}-&3}o] =413

A}, Data ¥4

discrimination indext™ ta A& o]&3le] A4FsIth (Hunter, 1998).

Dzl—m Zi] nj(nj—

o]17]4 D numerical index of discrimination, N& AF&% 5 %4 s RAPD type?l &, n j typeol &3le
Fo| £AE vt

2. Listeria®] E4%44 93 molecular typing el A3 K9

7}. ERIC fingerprinting

ERIC fingerprintingS $&4 = DGI111 (ERICR)¥ DGI112 (ERIC2) primerEs AH&3t3lil <Table 6-2>¢] 13F 9

Listeria ¥ +2 9714 3oz Ead = AUt <Fig. 6-1>. 238y 77FA] L. monocytogeness 37FA 7} & A3k

pud
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o

38 B9 L innocua, L. grayi, L. murrayiE T2 %3514}

M1 2345567 8910111213

Fig. 6-1. ERIC-PCR performed with 13 different Listeria spp. strains. Lane M, 100-bp DNA ladder as a standard.
Each strain was noted as number in Table 3-1.

L}. Ribotyping-PCR

Ribotyping-PCR< 9314 = DGI109 (Rib-F)9} DG110 (Rib-R) primerE A}£3t9131 <Table 6-2>, 13% 2] Listeria
¥FTE TR o2 B £ ddu <Fig. 6-2>. AAFSE L monocytogeness ATCC 191149 ATCC 191157}
Td oA, ATCC 19117% 19118 AA] FLd-RFFoldtt. L. monocytogenes HPB#410, L. monocytogenes ATCC

35152, L. ivanovii, L. seeligeri 94 543 F+3& =)

o2
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M123456738 5810111213

Fig.6-2. Ribotype-PCR performed with 13 reference Listeria spp. strains. Lane M, 100-bp ladder as a size standard.
Each strain was noted as a number in Table 6-1.

tt. RAPD

RAPD #2412 & 79 primers ©]-&3lo] 999 DNAZXZS .
patterne ©]&3}9] Listerias 73 4 At RAPD typinge E##Ho| o] A <
gHgo] £& Aow A PFGES M3 Ao® ®Hi ¥a (Kerouanton, 1998), 11%¢] A A =9}
DNA 282 1719 #HHE 973+ PFGE Hl&) A 7F A1 Aoz H74 o83 ]

= e VEo
S &34 2% RAPD typing & & & primersS QA7) 98kl gzl REAF 135S W2 £ 317HA
primerE¢] RAPD H#]# & H|udle] Hgka o]F DG1229] o3t A3E o= AA AT <Fig. 6-3>

2= RAPD 412 H&d 23] o AAste] ZAAsdan dFEe 45 L4717, 4 =3 delx= RAPD
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pattern< A @A o] ATt 2HY FY FF9 FY primergl T oln] RiH & group? RAPD patternZ}i=

zkel & Heol= A% AT (Byun, 2001). o= PCR x11o] ¢kt th27] wfitd]l Aoz fAakett ¥ & 1744 primerit e

® RE Listeria BFTFES BYE 5 QAUAT 2 7R primerE o] &3] RAPDE 3 & o]2 334 A

St AMAAG BE Listeria 20755 A #3 F At AHEE primergs 19 #El#H2 ul$ zol7F AR F
F28e B3 A3E <Table 6-3>° A2

317}A] primers Hl a4 &7} 12 147}A] primer]

o]% DGI107 (primer 6) Awdlgle] RAPDo| &3 ¥ nlE= 9l oY (Chansiripornchai, 2000) L. monocytogenes2]
RAPDA = &3] 2 vt itk 2 A3 43 DGIO7TE L monocytogenes® RAPD typingel £& A3}E HolFo] &
2} L. monocytogenes®] RAPD #40o] o]&= Zo| 7@t 13y o]v] Salmonella®] RAPD typing®l AF8-% primer
S F9d primer 1, 2, 3, 4, 5 (Chansiripornchai. 2000), OPL12 (Mare, 2001), OPB-6, OPB-17 (Lin, 1996), S (Williams,
1990), OPS-19 (Laconcha, 1998), OPG04, OPGO08, OPG10, OPHO04, OPH13 (Milleman, 1996) %< DNA segment®]
amplification®] ¥ A ¥AY HFt} st El= band”’F gulstAY B #o] £X ¢o}l L. monocytogenes2] RAPDo = 43
shA] 2 gkt
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M1234567 8910111213

Fig.6-3. RAPD performed with 13 reference Listeria spp. strains. Lane M, 100-bp DNA ladder as a size stabdard.
Fach strain was noted as number in Table 6-1.
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Table 6-3. RAPD typing results of Listeria spp.

# RAPD profiles Cumulative
Listeria RAPD
pe DG DGIO0 DGIO7 DGLI2 DGII3 DG14 DGLIS DGLIG DGL7 DGIIS DGII9 DGI20 DGI2 DGI22 o
1 Al Bl C DI El _F__ Gl ®Wm 1 J KLl M N 1
2> A2 B2 C2 D2 E2 F2 G2 H2 12 ]2 K2 12 M2 N2 2
3 A2 B3 C3 D3 FE2 F3 G3 H3 1B J2 K3 13 M3 N3 3
4 A2 B3 C4 D3 E2 F3 G3 H4 1B J2 K4 13 M3 N3 1
5 A3 B2 (5 D3 E2 F4 G4 H5 12 J2 K5 14 M4 N4 5
6 A4 B4 6 D4 FEl F5 G5 H6 1 J1 K6 15 M5 N5 6
7 A5 B4 (6 D5 E3 F5 G6 H7 1 J1 KI_ 16 M6 N6 7
8 A6 B5 C7 D6 F4 Fe a7 H8 B J3 K8 17 M7 N7 8
9 A7 B6 (8 D7 E5 F7 G8 H9 16 J4 K9 18 M8 N8 9
10 A8 B7 C9 D8 B6 F8 G9 HI0O 17 J5 KIO 19 M9 N9 10
11 A9 B8 CI0 D9 E7 F9 GO HII I8  J6 KII L0 MI0 NIO 11
12 A7 B6 ClI D7 B8 F7 G8 H9 16  J4 K9 L1l M8 N8 12
13 A7 B6 Cll__D7 E9 F7 G8 H9 16  J7 K9 18 Ml NIl 13
Dvalue 0923 0923 0974 0923 0910 0935 0948 0961 0935 0871 0961 0974 0974 0974

“The numbers are the strain numbers given in Table 6-1.
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oA vwd] ¥ primers 5 DG112 (ERIC2), DG113 (PB1), DG114
(PB4), DG115 (HLWL74), DGl16 (OPM-1), DG117 (OPM-13), DG118 (P-2),
DG119 (UBC115), DG120 (UBC127), DG121 (Lisb), G122 (Lisl)& °o|#] & A+
ZEo] ok E2 [ monocytogenes spp.2] RAPDE 9&] A &3k v} 9l o (Byun,
2001; Destro, 1996; Giovannacci, 1999; Kerouanton, 1998; Martinez, 2003), ¢|& *
Ao A&k primergl W ARAA QoksH <Table 6-4>¢F 2t} o] Ay}

E
E BAE BH opATFo A9 HASE F T 55l W3] RAPD patterng=7F & A
3 AHed ol L TF7F ¥rE B HU To2 HY. Discrimination

indexWF S 2 primer?] #3288 Hlwstd DG107, DG120, DG121 183 DG1227}
8ol 71 vhal DG116% DG1197F the 2 Fom DGI18e] 7F i Aoz
eyt 28y AAR ol & typingel A& B$E 7HE3HH band scoring®] W
o] =7} discrimination indexWhE F 23 #Adr|Foz 28T Aoz HIAT 53
DG115%} DGI119¢] 7%+ discrimination indext DG107, DG120, DG121, DG122¢]
Hle] "ojx A%k band7t WESHAME band® AR AHFste] @ zEH P o}
RAPD typingel "% &3 primergtiz a5t webA discrimination index,
band®] %A}, band scoring @ol%E T& FTFHoE 1T w DGIO7 (primer 6),
DGI115 (HLWL74), DG119 (UBCI155), DGI120 (UBC127), DGI121 (Lis5), DGI122
(Lis1)7F YAl 257 primergs Bt Y2 primer® 9 YTt ks E A
A= X+ 13755 9] 8319 primerE 9 performanceE W3] £ A3} primerol

w2} 9-11709] RAPD pattern®©] 4918 S = U+ 67 primers A5

=)

2}. PFGE

¥ 137+ %5 L. monocytogenes T+E ©]83l9] genomic DNAE '—j"io}
Hind Il == Xho 122 A& thg PFGEE 3ttt 22t oA Hlwdk of& o
HEo] vla] Ajzto] Bo] Ay AAR fieldod| A ALg37]dE 1dEe 71&S &

Treko] mlalthadel A A9 sty = skl
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SR

M

vl Typing WHE <
vlugk 37Fx] WHe Ditel o] 271#] RAPDZF EF 09743, ERIC

fingerprinting©] 0.9230, ribotyping-PCRe°] 0.88462.2 RAPD~} ERIC fingerprinting
¥} ribotyping-PCRel| H|3] &2 D#S R At <Table 6-4>.

Table 6-4. Typing of the 13 Listeria spp. strains

# CompositeZ)

e TC maone D S G
1 i a Al B1 al bl cl di el f1
2 il b A2 B2 a2 b2 2 d2 €2 2
3 iii b A3 B3 a3 b3 c3 d3 e3 £3
4 iii c A3 B4 ad b4 3 d4 ed 4
5 iii c A4 B5 ab bb 4 d5 eb 4
6 iv d A5 B6 a6 b6 b d6 e6 5
7 v d A6 B6 ar b7 b d7 eb 6
8 vi d A7 B7 a8 b8 7 ds8 e7 7
9 vii e A8 B8 a9 b9 8 d9 8 8
10 viii f A9 B9 al0 bl0 c¢9 dI0 €9 9
11 ix d Al0 B10 all bll cl0 dil el0 f10
12 vii g A8 B11 al2 bl2 8 di2 ell fl11
13 vii g All Bl11 al3 bl3 cll di2 ell fll

D value 0.9230 0.8846 0.9743 0.9743

Y The numbers are the strain numbers given in Table 6-1.

2 Composite procedures are (1) RAPD (DG122) and ribotyping-PCR; (2) RAPD
(DG107) and RAPD (DG122); (3) RAPD (DG122) and ERIC; (4) RAPD (DG107)
and ERIC; (5) RAPD (DG107) and ribotyping-PCR; (6) ERIC and
ribotyping—PCR.
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= = =] S
EEE 29

GAdHH o 2 1374 Listeria &1t
etk 28y RAPD  (DG122)¢h  ribotyping-PCR  27FA S EgstAY
(composite 1) 274 RAPD 235 F&ato] dAted 45 (composite 2)= 137H4]
FHor BT ®Byd £ Atk<Table 6-4>. W RAPD (DG122)¢} ERIC
fingerprinting®] ZA¥E F%¢¢ A$ (composite 3), DGI07S o]&3 RAPD$}
ribotyping-PCR& Z&3% 4% (composite 5), Z¥]i ERIC fingerprinting™}
ribotyping-PCR& £33 729 (composite 6)ol= RAPDE WZ o=z A3 A
7R AR 17HA] R 28 ¢ dArk =3 RAPD (DGL07)¢ ERIC
fingerprintinge ¢ 4% 1 o2 FEg 4 U}t (composite 4).
AEA o R Listeriait® 4% 2t ¥HE& d=xo® T 9+ RAPD7} ERIC
fingerprinting©] 4 ribotyping-PCR R.t} &z #o] FHoJu typingdl o Agst Ao
2 gaEy o] AR 13X E BEF gE
RAPDE ribotyping-PCR¥} ®38)3lo] A&7 27FA primerE o] 83fo] zhzho
RAPDE 3 F o5 TdHez #dd 49e 17 E BF vE fFidez &
gleks Aol Zhsstsinh. weEks RS E o83 typingol= 27F4] RAPDE T
AU DG122E5 |43 RAPDS Ribotyping-PCR A5 FTFe)A Adsts 3o

f4% Aoz wud,

o] =
A=

Il
z
s
N

N

ooy % AN

%

J
o

—

3. Salmonella®] 54%4S 93 molecular typing WH el A3 H

A A=A 7eE Salmonella®l Eiol A Eskal 3tk PFGE, RAPD,
ERIC, SSCP, hybridization, Ribotyping-PCR%°] ¢7]d <3ty &3] RAPD
fongerprinting® ERIC fingerprinting, ribotyping-PCR¥} SSCPE& o] &3}e] stz
AlE AFHor FPs wk JormF (Giovannacci, 1999; Helmuth, 1994;
Kerouanton, 1996; Kostman, 1992; Lehner, 1999; Martin, 1997, Millemann, 1996;
Tsen, 2000), ©ol5 A ESHA 7]es o] &3 WSS HwsjH & A2 Het
o] 7hse A AFuoyrt a3AQ typingWHS 7] Y3 F 577FA 9 et o
2 A2 #de] gl Salmonella ETTTE AHEst] 47HA] ERUHES Bl

Bkt
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7}. RAPD

Salmonella®l RAPDE 81X = 41 57 #F & 16 #F5 |83kl 207k 9
primerg 9| 34 wluste] (Y, 2003) ol 7F4 W2 37FA primer (OPL-03,
primer 1, Primer A) & X¥3lo] t}2 fingerprinting®™ 'y ¥ v Lo A3}t
durz o7 AAHAHE F 9 AFko]l 2@ ¥} 57 Salmonella E5wF25-E
OPL-03Z= Al&8 729 427F#¢] RAPD fingerprinting<, Primer 19| 7%+ 51714
9] fingerprinting<, 18]I primer AE AI8d 9= 5471A9] fingerprinting
patterne 2 F AATE D value:= 2H7} 0.979, 0.994, 0.996 o]t} <Table 6-5>.
oo g trEXTE olE primerZ ¥ HE 1-8701¢ band’} #EEHAJG. 2z
band®] =7]3= °F 400-2000 base®] W¢IE BTt <Fig. 6-4>. ©|%& 37k primer

je=y

o)
=< Aol FEHete F97F g o2 FH dojx Z#}E combinationd 75

577YA 52 557F4 9] patterno.2 EF3 4= 9l th<Table 6-5>.
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Table 6-5. Molecular typing of the 57 Salmonella serotypes

Sero— RAPD Composite procedure
# Serotypes Ribotyping ERIC SSCP
group 03 Prl PrA 1 2 3 4 5 6
S. typhi
1 ATCC19430 DI Al Bl C1 I 1 DI Al Bl ClI D1 El1 F1
S. paratyphi
2 ATCCLI511 A A2 B2 C2 I 2 DI A2 B2 C2 D2 E2 F2
S. enteritidis
3 ATCCA931 DI A3 B3 C3 I 3 D2 A3 B3 C3 D3 E3 F3
S. schottmullert
4 ATCC10719 B A4 B4 (4 I 4 D3 A4 B4 C4 D4 E4 T4
S. choleraesuis
5 ATCC13312 Cl A5 B5 (b I 5 D3 A5 B5 C5 D5 E5 F5
S. typhimurium
6 ATCC14028 B A6 B6 (6 I 6 D2 A6 B6 C6 D6 E6 F6
S. gallinarum
7 ATCCO184 DI A7 B3 C7 I 6 D1 A7 B7 C7 D7 E7 F7
S. london
8 ATCCR389 El A8 B7 C8 I 7 D3 A8 B8 (C8 D8 E8 F8
S. enteritidis
9 ATCC13076 DI A9 B3 (9 I 8 D2 A9 B9 C9 D9 E9 F9
S. schwarzengrund
10 IVK BO1177 B AlI0 B8 Cl10 I 9 D4 A10 B10 C10 D10 E10 F10
11 E‘Of{ggf@d’ VK Cl All B9 Cll I 10 D5 All B11 Cl1 D11 Ell Fil
12 S. uppsala B Al2 B10 Cl12 I 7 D4 Al2 B12 C12 D12 E12 F12
13 S. ohio Cl Al3 Bl11 Ci13 I 11 D2 Al13 B13 C13 D13 E13 F13
14 S. budapest B Al4 B12 Cl4 I 12 D2 Al4 Bl4 Cl4 D14 E14 F14
15 S. wien B Al5 B13 Cl5 I 11 D2 Al5 B15 C15 D15 El15 F15
16 S. virginia C3 Al6 Bl4 Cl16 I 6 D6 Al6 B16 C16 D16 E16 F16
17 S. muenchen C2 Al7 Bl14 C17 I 13 D7 Al7 B17 C17 D17 E17 F17
18 S. cerro K Al6 Bl15 CI18 I 14 D4 Al18 B18 C18 D18 EI18 F18
19 S. nigeria Cl Al8 Bl16 C19 I 15 D3 A19 B19 C19 D19 E19 F19
20 S. blegdam DI Al19 B3 C20 I 16 D2 A20 B20 C20 D20 E20 F20
21 S. yeerongpilly E1 A20 B17 C21 I 17 D3 A21 B21 C21 D21 E21 F21
22 S. give E1 A21 BI8 C22 I 18 D8 A22 B22 C22 D22 E22 F22
23 S. hadar C2 A22 B19 C23 111 19 D9 A23 B23 C23 D23 E23 F23
24 S. essen B Al9 B20 C22 I 16 D2 A20 B24 C24 D24 E24 F24
25 S. ruanda Al19 B20 C22 I 20 D2 A24 B25 C24 D24 E24 F25
26 S. nieukerk C4 A23 B21 C24 I 21 D2 A25 B26 C25 D25 E25 F26
27 S. benin D2 Al8 B22 C25 I 22 D3 A26 b27 C26 D26 E26 F27
28 S. sereman D1 A24 B23 C26 I 23 D10 A27 B28 C27 D27 E27 F28
29 S. kentucky C3 Al6 B24 C27 I 6 D3 Al6 B29 C28 D28 E28 F29
30 S. djugu Cl A25 B25 C28 I 24 D2 A28 B30 C29 D29 E29 F30
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Table 6-5. (continued)

Sero- RAPD Composite procedure”
# Serotypes OPL b . Ribotyping ERIC SSCP
group 03 Pr.1° Pr.A 1 2 3 4 5 6

31 S. meleagridis E1 Al6 B26 C29 I 25 D3 A29 B31 C30 D30 E30 F31
32 S. hillindon D2 Al19 B20 C22 1 26 D2 A30 B32 C24 D24 E24 F32
33 S. istanbul C3 Al6 B27 C30 I\Y 16 D11 A31 B33 C31 D31 E31 F33
34 S. lindenburg C2 A26 B28 C(C31 1 27 D5 A32 B34 C32 D32 E32 F34
35 S. derby B A27 B29 C(C32 1 28 D2 A33 B35 C33 D33 E33 F35
36 S. mbandaka Cl A28 B30 (C33 1 29 D2 A34 B36 C34 D34 E34 F36
37 S. haardt C3 A29 B3l C34 1 30 D3 A35 B37 C35 D35 E35 F37
38 S. schwarzengrund B A30 B32 C35 1 31 D4  A36 B38 C36 D36 E36 F38
39 S. stanley B A3l B33 C36 I 32 D10 A37 B39 C37 D37 E37 F39
40 S. virchow Cl A29 B34 C(C37 1 33 D3  A38 B40 C38 D38 E38 F40
41 S. montevideo Cl A32 B35 (C38 1 34 D4  A39 B41 C39 D39 E39 F41
42 S. weltevreden Bl A33 B36 C39 1 35 D2 A40 B42 C40 D40 E40 F42
43 S. bareilly Cl A34 B37 C40 I 36 D3 A4l B43 C41 D41 E41 F43
44 S. rissen Cl All B38 (41 I 37 D5 A42 B44 C42 D42 E42 F44
45 S. senftenberg E4 All B39 C(C42 1 38 D2 A43 b45 C43 D43 E43 F45
46 S. bardo C3 A35 B40 (43 I 39 D3 A44 B46 C44 D44 E44 F46
47 S. anatum El1 Al6 B4l C44 1 40 D3 A45 B47 C45 D45 E45 F47
48 S. richmond Cl A36 B42 C45 1 41 D4 A46 B48 C46 D46 E46 F48
49 S. uganda E1 A34 B43 C46 1I 42 D9 A47 B49 C47 D47 E47 F49
50 S. ahmadi E4 A30 B44 C47 1 43 D4 A48 B50 C48 D48 E48 F50
51 S. dublin D1  A37 B4 (48 1 44 D2 A49 B51 C49 D49 E49 Fb1
52 S. hindmarsh C3 Al6 B46 C49 I 45 D2 A50 B52 C50 D50 E50 F52
53 S. pakistan C3 A38 B47 C50 1 46 D3 Ab1 B53 C51 D51 E51 F53
54 S. eingedi Cl A39 B48 (b1 1 47 D10 Ab2 B54 C52 D52 E52 Fb4
55 S. braenderup Cl A40 B49 C(C52 I 48 D3 Ab3 B55 C53 D53 E53 Fb5
56 S. infantis Cl A41 B50 C53 1 49 D3 Ab4 B56 C54 D54 E54 F56
57 S. heidelberg B A42 B51 CH4 1 50 D3 Ab5 B57 Ch5 D55 E55 F57

Number of types 42 51 54 4 50 11 55 57 55 55 55 57

D value! 0.979 0.994 0.996 0.167 0.993 0.799

? Composite procedures are
(2) RAPD (pr.1) and ERIC; (3) RAPD (OPL-03) and RAPD (Pr.1); (4) RAPD
(OPL-03) and RAPD (Pr.A); (5) RAPD (Pr.1) and RAPD (Pr.A); (6) RAPD

(Pr.A) and ERIC.
" Primer 1.
¢ Primer A.

4 Simpson'’s index of diversity.
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(1) RAPD (OPL-03) and ERIC fingerprinting patterns;



M 3 4 5 T 10 15 16 20 2T 38 45 53 56

M 2 5 f 10 14 16 25 33 38 42 47 51 &7

= L k] %
. -4 1]

M 21 26 2B 29 35 37 41 47 S0 51 32 53 -

1000bp
H0bp=

Fig. 6-4. RAPD patterns of Salmonella strains with three different primers. (a)
primer OPL-03, (b) primer 1, (¢) primer A. Lane M, molecular weight marker
(100bp ladder). The numbers on each lane are the strain numbers given in Table
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1}, ERIC

ERIC primer® DNAZ =Z3d ¢

o] &3HA ¥H 22 3 7}A primerE AHE

=

M
rlo
p

=9 Toats 2zt 27FA primers
A e 2kolA #st= RAPD Kt
Addol =& Ao 7. e AAAAS Fast= dl oF 6A)7to] 2253

o

t}. ERICS 33td 57 A F2HE 5074 ¢ ERIC fingerprintinge] o]t}
<Table 6-5>. ¥ W&t 6-117] HE2] band’} dojxew o|F UK bande &
2l A vebstth <Fig. 6-5>. 21X bandE el =7]:= 200-1200 base A=t ERIC
fingerprinting®] D value: 0.993°] %1t}

M1 234060678 910111213

Fig. 6-5. ERIC fingerprinting patterns of Salmonella strains. Lane M, molecular
weight marker (100bp ladder): lane 1, S. schottmuelleri; lane 2, S. typhimurium
ATCC14028; lane 3, S. schwarzengrund IVK B01177; lane 4, S. ohio; lane 5, S.
muenchen; lane 6, S. blegdam; lane 7, S. hadar; lane 8, S. ruanda; lane 9, S.

istanbul;, lane 10, S. haardt, lane 11, S. rissen; lane 12, S. senftenberg; lane 13,
S. braenderup.

t}. Ribotyping-PCR

AA AL S o 6AF AE AR 577HA REATFEREH @4 47t
A v Ribotyping-PCR pattern©] oJxlt} <Fig. 6-6>. Ribotyping-PCR] D
value® 0.167¢]1tF <Table 6-5>. el we} 2-4702] band’} VoI % i =L band
£ =7]E 600-2000bp A =Tt
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M1 2340678910

Fig. 6-6. Ribotyping—PCR patterns of Salmonella strains. Lane M, molecular
weight marker (100bp ladder); lane 1, S. choleraesuis ATCC13312; lane 2, S.
essen; lane 3, S. hillingdon; lane 4, S. virchow; lane 5, S. infantis; lane 6, S. give;
lane 7, S. derby; lane 8, S. mbandaka; lane 9, S. haardt; lane 10, S. richmond.

2}, SSCP

SSCPE F#d&t+= He BE 10X BE7 2850 % 5 15% agarose
geloll Al Q1 Al EFE 5705 EFEHE o3 27|90 284 bp DNAE &<l

4 22t} (data not shown). 95% formamidedtollA ¥MAl % polyacrylamide gel®

w213 & silver staing &3 Ay ¥+ 57 o F2ZHEH 117F#] thE SSCP pattern
S #AFAE = AUt <Table 6-5, Fig. 6-7>. SSCPel W3k D value:x 0.799% th.

u}. Composite analysis

A3} <Table 6-5> ribotyping-PCRS AF&3S wf 27

7b 2 HA4 gdnh AR 2 3R ol primer AE AHEEE RAPDZF 7HE &2

go] =t} PFGEE Salmonella ¥+ 147FE ©]839] genomic DNAES Bam

HIo = Ze} Al&s] ®gkory gho] mluwgh Wil ns| 7ol ojeffol Bk
3

I T3] 2ol Sk JigietE € W EshH] & kti(data not shown).
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2(HH) bp =

LM b =

Fig. 6-7. SSCP patterns of Salmonella strains. lane M, molecular weight marker
(100bp ladder, not treated with formamide and heat); lane 1, S. typhi; lane 2, S.
paratyphi; lane 3, S. enteritidis ATCC4931; lane 4, S. typhimurium; lane 5, S.
gallinarum; lane 6, S. enteritidis ATCC13076; lane 7, S. ohio; lane 8, S. budapest.

Martin 5 (1997)2 primer AS A1-83 RAPD7} Salmonella enterica G group<
ZH Bttt AS Bk vk 9ltd. ey RAPD fingerprinting W o2+ 57714
= Y. dwetdgdo=r tE 2714 typingWH S
= o # 248 + Ao Composite 1&

=0
A3y ¢} ERIC patternS combinationdt 2 0.2 557}
I

=
M
4
N
il
td
r
ML
Ach

OPL-03% ©]-&3te] 33+ RAP
Al 9] composite profilee] Ao]x WFH composite 22} 62 primer 1 ¥+ primer AS
Abgdl 9& RAPD ZA#¢ ERIC patternS combinationdt H 2 E 57 composite
profiles <9< < 9JAtt. 271%x] RAPD fingerprinting patterng combinationgt
composite 3, 4, 59 7 -$= Z}ZF 557}A] composite profiles €& 4 ATt 2B Y
RAPDS} SSCPE combined 4% ©wA] 487}A] H+= 537}A] composite profile?F<
AS 4+ dAtt (data not shown). ERIC fingerprinting@ SSCP pattern<
combinationd}®] = 557}A] composite profile®] Ao} Xt} (data not shown). ©] 24
Bl primer 1 X+ primer AE ©]&3tod RAPDE 3 A3} ERICY ZH¥4E
combinationst= Zlo] 7HF #FE5 1Fe| zolE & &St 57784 Salmonella

FE 577 typel® ERE F A & T AN
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A3 fingerprinting patterng Hol: #E78E FAZRE
lolgta Azt ey o] 22 FAME o' WS A&k Ao et
l]ﬂﬂj 3]

g2oa Gy ol vk 4714 typing W
o
H

>,\1

KeX
=

. °]= RAPD¢} ribotypingS Proteus mirabilis 2] 50l =
Zholl A3 LAt ® il (Bingen, 1993)¢ Legionella pneumophilad] Z &

$o] "¢ =UYvlE= B (Gomez-Lus, 1993)¢}E= tha & Axtolt). &)

2AE 9 o] & Aolg Hole A &zl vbe gloyv #FIhe] A AolE

o] &g W Holx Aoldt AAALLE 47HA o E Ve 9
af ZAE= A4 AelE sty ofs)rl = d o2 RAPDe SSCP= ZdA
d fingerprinting®ll A& %= target ¥$17F ©F2 3 ribotyping-PCR-& rDNA
B2 =23l ERICY 7 9= repititive consensus regions<S ZZ3}7] wj&-o|t}.
JHd = EF3ta 3714 primerg ARE3F RAPDO}F SSCPe A= S essend S
ruanda 1211 S. hillingdon”F 593 RAPD pattern®} SSCP profiles HJorF
ol FHAoR Wl Aol wE ZAoER FAAG v B 4y F dA
ERIC fingerprinting®te] ol & 37k w59 Zel& 7Fest Ao o5 A=
2 MHELS 2 daAalo]l gl7] wWEd combinationd A-$ B EHE ¢ mo]FS

1 RAPD®} ERICS combine® A% sl#o] of WA =t}
e}

O

Typing WHE°] driy ¥ &8 % AA = discrimination value! D S 7AlAks}
S o=

W w7} 7Feskth Hunter 5 (1988)2 Dgkol 09 o]Atol EaHo] &
Wt vl ok o] 22 V)FEelA R 37FA primerg AFE3 RAPD 4 ERIC
typing> WEo=m%  Arudete]  typingel f&sttti wdEn H|E ERIC
fingerprinting®] ZAFe|E W Fol 7 £ WS olUA W 5T REdTE
5071 patterno.® 73] typingol F&3% wWwelgt dAdETh 1y
ribotyping-PCR o2 e Dts Ho] 9gxil T &&st7]de ¥4
strhal g gleh o]= RAPDY ERICH Hl&] o & REH FE& F%317

o2 HAY ¥y Kerouanton & (1996)> 3270 S. Dublin 5258 7744
ribotyping patterns AT B Millemann & (1996)2 5671 S
typhimuriumi 2% € ERIC-PCR<& 27}A] patterne X .91 24 ribotyping pattern
2 9714, RAPD= 77FA] patterne H.vha @i Atk FAHRAM = o o] 2

}_
o] Aitd At ygk=A BHsiA = wod Ad4HdE ol AHE® ERIC-PCR]
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Z710] ttEZ1l ribotyping®=3 PCRW Al hybridizations #&317] wjEoz vk
=3

Aol A= RAPD®F ERIC fingerprintingS combinedlte] A}M-g3pd Abmda)
TFES & 9T 5 AdS Aojdte AE Hoerh adBgE dA AR o] Zo

m

—_

combineste] AFEE Z1& At RAPDS} ERICS AAZ F3s7]% i 53
TR e APMNME A FAD 5 dom ATkl HA A= sldol
t}. Primer 1 X+ primer AE A}83to] RAPDE 33t Aol ERIC ZA¥YE
combine 8H'd Salmonella®l 2 AHLS Wi ZLeld w5 o dEAd £ 4f

Yol b5 Ao wawch
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A2d  HAsuAE AEHE R AHE VleAd

—_
2
ll
et
ol
e

7}

=
=1

=2
N

2 Aol AMSH Listeria w59 Salmonella 5% A|17o] 71+% viep 2o
<Table 6-1, 6-5>. E. coli S-15 (026:K60:H46), S-19 (055:K59:H-), S-22
(O111:K58H-), S-23 (0114:K90:H32), S-28 (0O119:K69:H27), O157:H7 ATCC43894
T ol e EFRkal E coli O157:H7 438883} Yersinia enterocolitica
277292 T HRAAFYNA E coli K12 (23736)2> =P TTATY Fd423
Ao A FEokwrol A 838t Shigella flexeri 9199, Shigella sonnei 9290,
Staphylococcus aureus 399} 402 ZFAdstuo] A EFwrol AL&3ATt Mg A
A= L monocytogenes= TSBY agarell platingsle] 30°Coll Al wi3st 3 Most
Probable Number (MPN)®H o &2 A%38}4 1L, Salmonella= LB®| Ao 34 &
2 3 plate®] Zro} 37°Coll Al overnight & Al4FsFS T,

Y. Primers

B Ago] A}&3 primergE<S <Table 6-6>°| At th L monocytogenes)
A9 L. monocytogenes©]| Eo|d Ao g 241z (Choi & Hong 2003) hiyA 4=}
(GenBank accession number X15127)& A}-838}1t}. primer design?] primer®] 5 o]
A& Basic Local Alignment Search Tool (BLAST)Z checkdl$ltt. Salmonella®)
A Salmonella®| Eol3 Hoz L#HF(Rahn, 1992) invA F73A (GenBank
accession number AL513382; S. typhi CT18) ¢ EojAd & XAISE & A}831<)
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Table 6-6. Primers used in this study.

Primers Sequences (5'-3") Polarity Tm(oxéazlue Reference
DG69  GTGCCGCCAAGAAAAGGTTA sense 573 Ch012<(8;z0§{ong
Choi & Hong
DG74  CGCCACACTTGAGATAT antisense 504 2003, Golsteyn
Thomas &
1991.

DG75  GACCGCAAGGTTGAAACTCA sense Ch‘”zf;‘oé{o“g

DG76  CAGCCTACAATCCGAACTGA antisense Ch‘”z‘g‘oé{"“g

DGI31  GCTGGTCTGAGAGGATGACC sense 61.4

DGI132  AAGGGCACAACCTCCAAGTC antisense 59.4

bels  GTGAAATTATCGCCACGTTCGG ntisense 6854
GCAA

DG147  TCATCGCACCGTCAAAGGAACC sense 62.69

DG158  CGGATCTCATTAATCAACAATA sense 52.8

DG159 CTCTTTCGTCTGGCATTATC antisense 55.3

DG164  CACGCGGATGAAATCGATAAGT sense 58.4

DG165  AGTATACCACGGAGATGCAGTG sense 60.3

DG166 ~ AAAGATGGAAATGAATATAT sense 45.0

DG167 TCTGGAAGGTCTTGTAGGTTCA antisense 58.4

DG168 GCAACTGCTCTTTAGTAACAGC antisense 58.4

DG169 CACTTGAGATATATGCAGGAGG antisense 58.4

DGI70  ATTTCAAATAAACTTGACGGCC antisense 547

DG171 TTACGGCTTTGAAGGAAGAATT antisense 54.7
CTCCGCCTGCAAGAGCTCAGAC

DG191 GCCAATCG sense 73.6
CATCTTTCCACTGATATCTTT .

DG192 ACTGCOTTG antisense 64.0
CAACGCAGTAAAGATATCAGT

DG193 GCAAAGATG sense 64.0

belgs  GGGAACTCCTGGGGATCCTCG isense 621

ATTAAAAGT
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t}. L. monocytogenes hiyA A9 dF7F AA = plasmide] A%

A hyA frAARFEH 148 base’t 24¥ DNAE Q9jdow wE7] 93
X EcoR V siteE et} hlyA F2422 EcoR V sitex overlap extension
Hoz WERY. o& zhus dwstd uS3 #Zuh DG191¥ DG192 primer’d S
1 83te] EcoR V¥ olyg} vzl subcloningo] AF&E Sac I 7} upstream Z:ol
fHEoiA Al DNA 2718 SEatlth. E3 DG193% DG194 primer®S o] &3]
EcoR V® olyg} subcloning®] A3 BamH 1 7} downstreamZol] w507
DNA =7& F%ath. %% DNAE 77t PCRquick-spin'” PCR product
Purification kit2 AA 3 & dslo] DG191 DG194 primerd o2 tA] FE31 v},
ZZ¥ DNAZZS Sac 13 BamH 1 342 Z2F o]Z EcoR 1 sites vl ¢l
pGEM-4Z plasmidel cloning3}3th (pGEM-4Z LM). ©]% pGEM-4Z LM< EcoR 1
I} EcoR V& %2} Klenow fragmentE ©]83}l9] gape "<& % ligationdt $& ©|&
3t DH5aoll ¥ o501 EcoR I # EcoR V site7} EA]3t= A&

5 & DG6E9E primer® 319 sequencingslte] EcoR IH-EH EcoR Vel DNA7ZE #
Hu7t HE clones AAth HAF clone> pGEM-4Z LMARI-RVEta W9 <Fig.

6-8>3}aL Listeria monocytogenes 73 %ol AM&31%)

o

F:.:

E ¥<3ste] screen

2}. Salmonella invA 7329l 457F A4 % plasmide] A%

AAY invA FAAZEE base’l 24" DNAZS AdYdoz w7 98] ¢4
EcoR V siteE TFEA T invA A9 EcoR V sitex overlap extension HH S

2 BEQY. olE 7hus] dHetd oS3 Zvh DGI’7H DGI8S primerd S o]
3] EcoR V¥ o}yl =9 subcloning®] AF8E EcoR I 7} upstream Z9l
Eo|xA] DNA ZZ+S ZZ3kdth. T3 DGIK9YE DG190 primer®S o] £3f
EcoR V¥ o}yl subcloningdl AF&& Hind III site 7} downstreamZ o] RHEo] X
A DNA %=7Z+& %%5}@ . ZZ3 DNAZ 7247} PCRquick-spin'™ PCR product
Purification kit®2 gAg $ st DGI87¥ DGI190 primer’d .2 thA] F23} T},
23 DNAZZS EcoR 13 Hind I &42 gk o]E& pGEM-4Z plasmidell
cloning3lil sequenceZE 3¢9t (pGEM-4Z invRV). ©]% pGEM-4Z invRVZ
FP o7 o] 83} overlap extensiong ©]8§3te] Nru I siteE W& & DG215

29 oo

L

ol\
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¢} DG217 primer %S o]&3to] Nru I ¥ olY2} Eco R I siteE upstreamel] &
3 DG2162 DG218%S o] 83t Nru I ¥ olYyet Hind I site’} downstreamoll
WS A A s ol F o] 27k4] DNAE o]-&sto] DG2173 DG218 -5 primer®=
ste] WA hlyAEFE3 3 EcoR 13} Hind M2 Z2 pGEM-4Z vectorell ligation
3o de& ZFRYE PCRE o] 8319 screend * sequencingl ® #2139t}
(pGEM4ZinvRV-Nru). ©A] pGEZ-4ZinvRV-NruE EcoR V¢ Nru 122 7 A9
Adr= gl 3 o]l E ligationdt] hlyA= EcoR V& Nru IFHo] AA4% plasmid

2 dgla o2 pGEM-4Zinv ARV-Nru#lil <Fig. 6-9>3}3 Salmonella®] 7 2ol

N L

ECuR 1 ECoRY bz ™
e

hiwA
S 1 — rard
IR

fac &

pGEM-4Z LM AEI-REY

AN

Fig. 6-8. Construction of pGEM-47Z LMARI-RV encoding L. monocytogenes hlyA
gene. A DNA segment containing hlyA gene sequence was amplified by overlap
extention for creation of EcoRV site and was cloned into pGEM-4Z vector (in
which EcoRI site has been removed). The resulting plasmid was cleaved with
EcoRI/EcoRV and was gap-filled. The final clone was designated pGEM-4Z LMA
RI-RV. PCR with primers DG69/DG74 amplifies L. monocytogenes specific 488
base sequences.
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vl DNA #32 2 A=A

nAE  TFAZEEH DNAE EIsr] 98] guanidinethiocyanate/phenol/
chloroform W& AR&SIATE o] & (FeFs] 7lsstd A9 ow fads HEA
2 =5 01gol 0.25 mlel solution D (4M guanidine thiocyanate, 0.025M sodium
citrate, 0.5% sarcosyl)®} 0.5 ml9] phenol-chloroform (1:1)S X 7}ste] oF 1A A
T dgx]7]n YA s #8d & 349 & o]E 400 pLe] chloroform o 2
11 o F%3 & DNAZ isopropanol® I HAAZH T Aoz pellets 70% ethanol®
AH g & B FRFe 5o PCRO AR&-stSith

vk PCRO] =4

Zt7ke] PCR WH&9el+= 10 mM Tris-HCl (pH 83), 50 mM KCl, 1.5 mM
MgCls, 200 uM dNTPs, 25 units 7ag DNA polymerase, 10 pmol primer2} DNA
template’t FHFHEEF stH F FIE 50 wt HEE A 4 ARe
thermocycler (Perkin-Elmer 2400, Foster, CA)°lA =% cycleg A|Z 37 Ao
94°Coll A 5%7F DNAZS WHAAZl ¥ cycleZ2 YA 3ttt ZF cycle2 ZF cycle
2 94°C 45%, 52°C 45%, 72°C 45% = 3l 30 cycle$ 72°Coll 4] 7%t extension

A F e Fasta
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Fig. 6-9. Construction of pGEM-4Z inviRV-Nru encoding Salmonella invA gene.
A DNA segment containing nvA gene sequence was amplified by overlap
extention for creation of EcoRV site and Nru I site. It was cloned into
PGEM-4Z vector. The resulting plasmid was cleaved with EcoRV/Nru 1 and was
ligated. The final clone was designated pGEM-47Z inviARV-Nru. PCR with primers
DG146/DG147 amplifies Salmonella specific base sequences.

2. =59 L monocytogenes P&

olu] &#H 3 listeriolysin O (hiyA) 73 A2] 97|44 (GenBank accession
number X15127) (Domann, 1989)= o]&3lo] 10719 primerE A A3t} primer
set DG6Y/DG74= & AFHAA L. monocytogenes®] Aol F&3sttta ojn 1
23 vl 94 (Choi, 2003) L. monocytogenes©l £9°]3F 636 bp DNAS FZ 33
t}. PCRE $13% v Y42 primers 27| $18 16 primer setE AF&3le] PCRS 3 %
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% band?] Z=E ®lusdtt bandel = primer setol] wel B AolE: W
+dl DG69/DG74, DG164/DG168% DG165/DG171°] t& primer sete] Hl3l] vl #
S DNA copyE wE9] 23 bandE #&s 4 AT <Fig. 6-10>. sHA 9 HE
A 55 vus] 2 Az o] 3714 primer setztol & XpolE AT 4 gl o]
"l DG69/DG74 set’t TE Listeria® FH+ 3 bandE AAdstA @i L
monocytogenes®| 5]t 636 bp bandE AT SlHo] Jormz 5o Ay
< DG69/DG74E AH-&3te] dstadtt.

H U2 DNA F= WHS 27 f& fe= B AN dF FAHT
guanidine thiocyanate-phenol-chloroform ®H 3} 27} A] 3 (
Genomic DNA extraction kit®} Wizard Genomic DNA purification system)& H|xl
ATk ey 37k W B HEDAI7F 172-430 copy = AF He] Aol & FHA|
XY <Fig. 6-11>. 28y A 89 &3 FAf =5 48 455 st +4
¥ guanidine thiocyanate-phenol-chloroform %% o] 7} U& Aoz Aty o] =

Fo Age BF o WEe A

1o 111213 1415 16

Fig. 6-10. Gel electrophoresis profiles obtained with 16 primer sets. For the PCR,
the pGEM-47Z LMRI(-) plasmid DNA was used. Lane M, 100-bp DNA ladder;
lane 1, DGI164/DG167 (636 bp); lane 2, DG164/DG168 (670 bp); lane 3,
DG164/DG169 (718 bp); lane 4, DG164/DG170 (748 bp); lane 5, DG164/DG171 (871
bp); lane 6, DG165/DG167 (577 bp); lane 7, DG165/DG168 (611 bp); lane 8§,
DG165/DG169 (659 bp); lane 9, DG165/DG170 (689 bp); lane 10, DG165/DG171
(812 bp); lane 11, DG166/DG167 (528 bp); lane 12, DG166/DG168 (562 bp); lane
13, DGI166/DG169 (610 bp); lane 14, DGI166/DG170 (640 bp); lane 15,
DG166/DG171 (763 bp); lane 16, DG69/DG74 (636 bp).
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Fig. 6-11. Gel electrophoresis profiles with three Listeria monocytogenes template
DNA isolation methods. For the PCR, DG69/DG74 primer set was used. The
colony-forming units (cfu) were determined by MPN. (A) Modified
guanidinethiocyanate—phenol-chloroform (B) Wizard Genomic DNA purification
system (C) G-spin'MGenomic DNA extraction kit (for bacteria). (A) and (B):
Lane M, 100-bp DNA ladder; lane 1, 1.72 x 10° cfu Listeria monocytogenes; lane
2, 172 x 10° cfu; lane 3, 1.71 x 10" cfu; lane 4, 1.72 x 10° cfu; lane 5, 1.72 x 10
cfu; lane 6, 1.72 x 10 cfu; lane 7, 1.72 cfu (C): Lane M, 100-bp DNA ladder;
lane 1, 4.30 x 10° cfu; lane 2, 4.30 x 10° cfu; lane 3, 4.30 x 10" cfu; lane 4, 4.30
x 10° cfu; lane 5, 4.30 x 10” cfu; lane 6, 4.30 x 10 cfu; lane 7, 4.30 cfu.

AW WgE S4E 8 #2432 =5 0.1gel L. monocytogenes 8.6
£ FFotaL o= FE DNAE A4 53 § ol o]&ste] PCRS 13
sttt AEdAE =5 860 cfu/0.1 golY I <Fig. 6-12>, ol FHA &
Fo A #E 10° cfush 52 2k oItk (Choi, 2003; Moon, 2003). 33] wH& A
3t A Aol Egkth PCRY cycleFE 5032 8 AY tA 30 cycles 581
o} % sensitivity7} € Wolx A ¢kkth. BHI #iX & 208 3|38 3 30Tol|A 154
e = 5d Ags P Fe 0lg =FOE2EEH 5 cfubAE HE 7Hest
9131 <Fig. 6-13> Slsﬂsl Al F 292 1 cfudll siFshes = HE0l et
TSBY wlj#] ol A &= A¥3E 45 F AN (data not shown).
o} 1212 PCRoll A}&3to 2 =8 2 H9% L monocytogenes
NS (oF 5AI7E o) AEE & AATE 7 ATelA shdE WS HACCP
system® control point monitoringA] A @3 H]LoT  AE3I] HAFA L

.

.

32

monocytogeness A4 A& F Adv WHAS ASTE = 3
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Fig. 6-12. Detection limit of L. monocytogenes in pork. 636-bp PCR products
were detected from 86 x 10° 86 x 10° 86 x 10°, 86 x 10° and 86 x 10°cfu of
L. monocytogenes per 0.1 g pork (lane 1-5). No band was detected from 86 x
10 cfu (lane 6) and 8.6 cfu of L. monocytogenes per 0.1 g pork.

Fig. 6-13. Detection limit after growing in Brain Heart Infusion (BHI). Artificially
inoculated pork was diluted 20-fold with BHI and incubated at 30°C for 15 h at
150 rpm. 0.5 ml of cultured broth was taken, and the DNA was extracted and
then PCR was performed. The inoculum size was 10° (lane 2), 10" (lane 3), 10’
(lane 4), 10> (lane 5), 10 (lane 6) cfu Listeria monocytogenes. Lane M shows
100-bp DNA ladder as a size standard.
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3. E5NAY 29H Salmonella 7%

Salmonella® invA A% Salmonella®) 5eolstthal oln] Hiig np 9l
(Rahn, 1992). 12} A £ A7 Solgtrta Hauw ASE JAZ testd] B
W ogE #FE5H v 5014 WS Hol= A97F ol PCRA Hl 5] bands 34
st 2S5 oY akd A2 vk ok wEbA oln] &4 S typhi CT18Y invA
A2} (GenBank Accession number AL513382) @714 ¥& o] &3] primer DG146/
DG147¢F DGI58/DGIS9E A8t ¥ U DNA F& WHe 2] f&id &
Ao A dF A3 guanidine thiocyanate-phenol-chloroform ®H3} 2714 A
#5A AE (G-spinTM Genomic DNA extraction kit®} Wizard Genomic DNA
purification system)< primer set DG158/DG159% o]-&3le] w3kt e 3
7hA e RE AE3AIY 146-580 copyE HE zbolE 2HA] E3v}l <Fig. 6-14,

Fig. 6-15>.

Fig. 6-14. Gel electrophoresis profiles with Wizard Genomic DNA purification
system. For the PCR, DGI158/DG159 primer set was used. The colony—-forming
units (cfu) were determined by MPN. Lane M, 100-bp DNA ladder; lane 1, 1.46
x 10° cfu Salmonella typhimurium; lane 2, 1.46 x 10° cfu; lane 3, 1.46 x 10" cfu;
lane 4, 1.46 x 10° cfu; lane 5, 1.46 x 10” cfu; lane 6, 1.46 x 10 cfu; lane 7, 1.46
cfu.
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Fig. 6-15. Gel electrophoresis profiles with Modified guanidinethiocyanate-
phenol-chloroform and G-spin. Lanes 1-7, guanidinethiocyanate; lanes 8-14,
G-spin. For the PCR, DGI158/DG159 primer set was used. The colony-forming
units (cfu) were determined by MPN. Lane M, 100-bp DNA ladder; lane 1, 5.8 x
10° cfu Salmonella typhimurium, lane 2, 5.8 x 10" cfu; lane 3, 5.8 x 10° cfu; lane
4, 58 x 10 cfu; lane 5, 5.8 x 10 cfu; lane 6, 5.8 cfu; lane 7, 0.58 cfu; lane 8, 1.46
x 10" cfu; lane 9, 1.46 x 10° cfu; lane 10, 1.46 x 10° cfu; lane 11, 1.46 x 10" cfu;
lane 12, 1.46 x 10% lane 13; 1.46 x 10% lane 14, 1.46 x 10

a8y Algel G FAA =5 A8 ASE n#ste] 4% guanidine
thiocyanate—phenol-chloroform W o] 7F4 US Aoz dAuro] o] Wiy ow b

Fo] HAYE gkt olE ol &t Wi 87FA| e Shigella 2, Yersinia 1%
Listeria 13% 3} Salmonella 56% % Ao 2 dto] DG146% 147°] A48t band?l
EolAd & xAbsL T i Shigella, Yersiniadl DNAYX E. coli 165 rRNA
el s Fsk= DG1313 DGI32E ol&ste] T%et= 4-F 5ol bandE d453
1 <Fig. 6-16> Salmonella = & =719 bandE F A3t} (data not shown).
Listeria®] 7d-%-%= 16S rRNAC| sjgst= DG75¢ DG76S o]&3te] 3 Al
421-bp EolbandE FA ATt <Fig. 6-17>. 28U S DNAE Salmonella invA
of i@t DG1463} DG1475 ©]-&3te] 53X Al Salmonella®to] X7 o33k =7
9] 284 bp bandE A g WA <Fig. 6-18, Fig. 6-19, Fig. 6-20, Fig. 6-21, Fig.
6-22> UWA #E = WA, Shigella, Yersinia, Listeria 5< 284 bpel Eo9]
bands A8 AgskA ektrh thwt did & O119%ko] °F 450 base®] H] 5]
bandE P o]& o] e AFA = ¥HER AFRE HTE o]&E wF
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o] 2 o 01199 ¥7I18d<¥ F DGI467 DG1479] 2% homology S H.©

EAste Ao dAdHEY SEHE band? A7)7F g2z HA pdo

3 Atz g ks 23] Ade DGI463 DG147S ol &-3ahe] &kt
AP NPEE 487 98 #2342 =K 01gdl 7.0-70 x 10° cfu?]

I
17

S. typhimuriums 91802 HFS & o|ZFE DNAE HFH FE¢ F ol 9
&3] PCRS sttt A&E3Al= X127 01 g 700 cful o™ <Fig. 6-23>,
ol HA fret EgoA BHE f3 WABS] AZHAA 10° cfudt B L=

[
_|_,

ol tk (Choi, 2003; Moon, 2003). A&¥E& 3WS WEFIT AHAAH o] Fkt
PCRE cycled& 5032 @AY tFA] 30 cycle® & Hol% sensitivity’} © 4
o} A ekttt LBulAI R 20w 3] 4] 3 Tl 15217 st & Y AgS

F 30
AT A4S EF 0lgdlA 39 A% F 28 1 cfu IANE AFo] At

(data not shown).

Fig. 6-16. Gel electrophoresis of amplified DNA products of 16S rRNA. For the
PCR DGI131 and DG 132 primer set was used. Lane M, 100 bp DNA ladder;
lane 1, E. coli O26; lane 2, E. coli O55; lane 3, E. coli O111; lane 4, E. coli
O114; lane 5, E. coli O119; lane 6, E. coli O157:H7 43894, lane 7, E. coil O157:H7
43888; lane 8, E. coli k12; lane 9, Shigella flexeri 9199; lane 10, Shigella sonnei
9290; lane 11, Yersinia enterocolitica 27729.

- 206 -



Fig. 6-17. Gel electrophoresis of amplified DNA products of 16S rRNA (Listeria
spp.). For the PCR DG75 and DG 76 primer set eas used. Lane M, 100 bp DNA
ladder. The numbers on each lane are the strain numbers given in Table 6-1.

Fig. 6-18. Gel electrophoresis of amplified invA gene product. For the PCR,
DG146/DG147 primer set was used. Lane M, 100-bp DNA ladder as a size
marker. Lane 1, E. coli O26; lane 2, E. coli O55; lane 3, E. coli O111; lane 4, E.
coli O114; lane 5, E. coli O119; lane 6, E. coli O157:H7 43894, lane 7, E. coli
O157:H7 43888; lane 8, E. coli K12; lane 9, Shigella flexeri 9199; lane 10, Shigella
sonnei 9290; lane 11, Yersinia enterocolitica 27729; lane 12, Salmonella typhi
14930; lane 13, Salmonella paratyphi 11511; lane 14, Salmonella enteritidis 4931;
lane 15, Salmonella schottmulleri 10719; lane 16, Salmonella choleraesuis 13312.
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Fig. 6-19. Gel electrophoresis of amplified invA gene product. For the PCR,
DG146/DG147 primer set was used. Lane M, 100-bp DNA ladder as a size
marker. Lane 1, Listeria monocytogenes 19113; lane 2, Listeria monocytogenes
19114; lane 3, Listeria monocytogenes 19115, lane 4, Listeria monocytogenes
19117; lane 5, Listeria monocytogenes 19118; lane 6, Listeria monocytogenes
HPB410; lane 7, Listeria monocytogenes 35152; lane 8, Listeria ivanovii, lane 9,
Listeria innocua 33090; lane 10, Listeria welshimeri 35897; lane 11, Listeria
seeligeri 35967; lane 12, Listeria grayi 19120; lane 13, Listeria murrayi 25401;
lane 14, Salmonella typhimurium 14028; lane 15, Salmonella gallinarum 9184; lane
16, Salmonella london 8389.

Fig. 6-20. Gel electrophoresis of amplified invA gene product. For the PCR,
DG146/DG147 primer set was used. Lane M, 100-bp DNA ladder as a size
marker. The numbers on each lane are the strain numbers of Salmonella given
in Table 6-5.
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Fig. 6-21. Gel electrophoresis of amplified invA gene product. For the PCR,
DG146/DG147 primer set was used. Lane M, 100-bp DNA ladder as a size
marker. The numbers on each lane are the strain numbers of Salmonella given
in Table 6-5.

Lk T T oy » o F 1 B B

-

Fig. 6-22. Gel electrophoresis of amplified invA gene product. For the PCR,
DG146/DG147 primer set was used. Lane M, 100-bp DNA ladder as a size
marker. The numbers on each lane are the strain numbers of Salmonella given
in Table 6-5.
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Fig. 6-23. Detection limit of Salmonella typhimurium in pork. 284-bp PCR
products were detected from 7.0 x 106, 70 x 105, 70 x 104, 70 x 10° and 7.0 x
10%fu of per 0.1 g pork (lane 1-5). No band was detected from 7.0 x 10 cfu
(lane 6) and 7.0 cfu of per 0.1 g pork.

4. Competitive PCRE ©] &3t =804 L monocytogenes 73 %

oA Aol DGEY/DG74E ol &3ste] PCR S%A] WAMY SHUAL=
FAE hiyA Eo]5-97F 30 cycleFol = o] A 3] exponential tange®l] S-S
Atk (Choi, 2003). 1¥EZ cPCRE M= Td&dF =0 AMEsAT L
monocytogenes® AES fd AYHoE HFTF =FOo=ZHE DNA

g F
A5 43 d+= AA plasmid DNASI pGEM-4Z LMARI-RV e} $HA| &ZA]

ZAth

74 A plasmid DNAQ! pGEM-4Z LMARI-RV+= 2 primer set?l DG69/DG74¢+ A
ghak B ooluel 148 bpE vl AAAIA Eo} L. monocytogenese Y DNASF +
o] 7hgstth o] F kA thE DNAS % 582 T4 primer/t ¢ @7 <

of AgHe] FEHEE PFrh @A zole ZAAE 148 bpitelth FEF A A7)
cPCR 2t=9] 42 F 7FA th& DNAY9 iﬂg] AUARl Fs wrdestEE L
monocytogenes®| cfue= 7195 ¥ F band® ZEE Bluste] fHA FHo| 75

st AAZ o] e AMES 2t ¥ DNAC 741 2F€l DNA copy ¢+ MPNW
ow 3 cfurk A ZA JEbuth <Fig. 6-24>.

# <+ real-time PCR& ©]-&3}% L. monocytogeness 74t 2o 7bestthal
B QAT (Nogva, 2000) real-time PCR W% 317be] Anje} Alefo] H Q3
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o] gtk B AFoa fdE WHe =& 9% L monocytogenes A
Ak

JHoz At wyel ouz, ABAA ol w%

g ol AdE WRe EHoz PCRe 7E2E £ Ao MolglE
I 2 ds A Forng dARHE Al AAEY A B o UE T
gt A2 AEZF9 MoldE L monocytogenesE RT-PCRS o] &3t #HAE7t%
sttt AUl 8-S Fagthd (Klein, 1997), %22 RT-cPCRS ©] &3 =8¢
monocytogenes 2.9 A#o] 715 Ao w AlgHT)

QoFskd, hlyA +Ad7HE cloningslal A8kl o]& cPCRell AH&gozs =
of 9% L monocytogeness 2143 AT = Ak B AFolA JiEE v
2 HACCP system®] control pointell w3t &2 2] monitoring¥} o] & 7ol A
A& HAAZE a9t Agol &840 dnkal A EATh

oL Ho ~

Lo

4 5 6 T &8

o e gl e

Fig. 6-24. Agarose gel electrophoresis after cPCR. The upper band (636 bp) is
derived from artificially inoculated L. monocytogenes (ATCC 19113) DNA and the
lower band (488 bp) is from pGEM-4Z LMARI-RV standard DNA. (A) 4.0 x 10
cfu L. monocytogenes (B) 4.0 x 10° cfu L. monocytogenes. Lane M, 100-bp DNA
ladder as a size marker; lane 1, 4.0 x 107 copies of standard DNA (pGEM-4Z
LMARI-RV): lane 2, 40 x 10° copies of standard DNA; lane 3, 40 x 10° copies
of standard DNA; lane 4, 4.0 x 10* copies of standard DNA; lane 5, 4.0 x 10°
coples of standard DNA; lane 6, 4.0 x 10* copies of standard DNA; lane 7, 40 x
10 copies of standard DNA; lane 8, 4.0 copies of standard DNA.

- 211 -



5. Competitive PCRE ©] &3t =52] Salmonella 7 %

L. monocytogenes®] A#EHS ¢J&l PCR 34 WAME L9422 ZTA 3 hiyA
Eo] 97} 30 cycledol = o] 43| exponential range®] S-S H<l vl At} (Choi,
2003). 1el B2 Salmonella®l 8% 913 cPCRS A% sd3 =0S A83
ATt Salmonella®l &S 18 9oz HEd =5 Oi—ra DNAE F%319
ZAE 2l A= AA plasmid DNARQI pGEM-4ZARV-Nruel 4 A AT, 7
A plasmid DNAS! pGEM-4ZARV-Nrux 22 primer set?l DG146/DG1472F 2
sk 8 oolyg} 82 bpE H|El AAAA Fol Salmonella®l ¥ DNASE 10| 7]’%
il o] F 71X & DNAY F% 382 Y primer/} 59 A7 g ZA3S
of FEEuR Zry 94X zol= AAdE bpioeltt T AW A cPCR =9 #F
< 7 7HA & DNAS =719 oAl #F& wdst2®E Salmonella®l cfus A
71%9% ¥ F band® A=E nluste] fGA FAHo] bty AAlR o] WS AL
£3% A3 % DNAS A4bel DNA copyoF MPNWHH o= 73 cfuzt 7] 27
eyt <Fig. 6-25>.

o2 7}A] 2 Fo| 9% AA| SalmonellaE PCRZE 4 @3tttz =72 Rag #f
gtk oz A7 FAME Samonellar= AEAFHE ATEnz Ao A

o TES AT AT PP AEW vAn A7
=

-

N

Listeria®l 73
o] otal dATE T EgE o] 733}% Xo}'j]' real-time PCRS ©
b primer7b = 2t

oo sd WS V|EHo =R PCRe| 72E € ASE Listeria® 74%
aopgle I £ #S FHEEA gorg AAHT Uk B gor UL S
Atk L monocytogenes®l 75 wpz7EA|E RT-PCRS &8t Aokl
Salmonella®rS A #sl= Aol 7bsslrz, o7 RT-cPCRE o] &3t =50
L AH Salmonella A3te] AHFARQN Aol 7hsd Ao = Alm T

ofo
ol
2L
Q2
ox
of
ol
2L
£l
2L
of
20

S

=3
1=

Lok, invA A AE cloningdle] F738to] ©o]& cPCR AlEdo2H =5
of 9% Salmonellags 2143 A7 = AAoh & AFdA 7iddE Sy 9%
o A control point TE]A] A14:3F monitoring®] 7FsdtRE EFZFHOE o)gH
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Fig. 6-25. Agarose gel electrophoresis after cPCR. The upper band (284 bp) is
derived from artificially inoculated Salmonella typhimurium ATCC 14028 DNA
and the lower band (202 bp) is from pGEM-47Z ARV-Nru standard DNA. 7.0 x
10" cfu S. typhimurium was inoculated. Lane M, 100-bp DNA ladder as a size
marker; lane 1, 7.0 x 107 copies of standard DNA (pGEM-4Z ARV-Nru): lane 2,
7.0 x 10° copies of standard DNA; lane 3, 7.0 x 10° copies of standard DNA; lane
4 70 x 10° copies of standard DNA; lane 5, 7.0 x 10° copies of standard DNA;
lane 6, 7.0 x 10° copies of standard DNA; lane 7, 7.0 x 10 copies of standard
DNA.
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TAY IFAHEF A F 2%) 279 g Salmonella, Listeria®l A& 2 A
HAgy A4 sk A3 =

L. monocytogeness 243 &3t AIFsste= 7S NEsEA =

7ol o] 7=

Fingerprinting W9 A4 &2 2944 299 55 doto] w9 &3k,
7 A= HACCP AEA faEAle] B3ty 2AE Adsid, &

critical control point 9121 A3 ol ¥-& Hst=d 7lojgtt ol &4
o] A2 FoAE AS AEshe Ao=E Algd
2dAdel & 9@ AFdZ model> IuUollA HEx=2 AAY
AN A=l e LdHolE E S EAUY
Hhgro ® g wdsfd 7y SH ol 7]ofskalth

12PA =9 Frame-work model ¥ & R} 22pd%o] ool 4
A4 7ol EU2 s ESEAFAHANAMY  Salmonella spp., L.
monocytogenes 292 FA3% 4 9+ exposure simulation model Z<¢HS ZF
AstAtt o]# 3k A= microbial risk assessmento] Z4% 9 @RISK Z &
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