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Control of central nervous system tissue (CNST)
dissemination on beef and Improvement of
safety of chicken during distribution
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V. 97708 23 5 & ds 19

Harzlep AsAlFe TFAFAZXH(CNSTILEEE A&
= 0.1%°|t. A=A 0.1% o]dle] F£A+= negative (-)E o)A 2e] 4X & positive
(+)2 da=Ho X tH(Hajmeer 5, 2006). @723 FAYETSH F 74 47 FA
d F ASAAT 01%0] 42 LEEE ERey, F
o1 0.1%8 HETFAREYG ¥ A& UEUIY. & d72HAE 53 +U459 F
FRABAZH(CNST) LA =7 BA HEd ZAeE Hol 25 W EAste 53407

A

(CNST)2L =7l WA vetd ALE Hol & U EA3= AAxF

& Atk SHNFEASRME 27 |,
H3, I NadA AEEAD 01%01439 & F32AAAEF(CNST) LAE)
AEFHRT JAHoz AYnrt I3 ¥ Aoy 2 48R YA, 7, 9F, A,
A NEAME LY9E7T 01%°13tE2 FEHAH

= "X E%%W]'ﬂ b 2 AREEE 24 (penetrating captive bolt
gun=PCB)¥} ATE E==7d 4 AlE5+E B3 (Non-penetrating sledge hammer=
NPH) 5 7FA 7129 7Ee] AEH EFWY &A% 234 7474];“7“ (CNST)e &
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_ AEHP <
g e} AE EAABEA o Wol 2dH Yo EAAZERRY

PRaEIe] By AHos EAFARET FAE § olFe] TAlCMe TR A

£
) 2AEE ZAAZTKPOO0L). 60E7HA AN Zre FEAAAZR

Belo) A8 FRAAAZACNSTS SAEE 74
NEE ZHEGS T 4 AAATEP<00D), =4 1, 3 BYAAE 25
(CNST)®] LUEE ZANZD $= 9t 53 4%} gz 28 A3 e
HELAAd & SFAZAZZACNST)S L9EE nud 27 28 A HFAA
g 9% 29 =4 &3} wgE A BeA 2T 232074422 (CNST

o] 2= FHagAI e vl¢ EHRHYS & F AATHP<0.01).

B

AR HE F ARY e AT

HYAd vAAEd diE 2 JHA HIbES d7 84 EIE paper discH L
ZA8H . 729 Nisin, 71EAL lactic acid, acetic acid, butyric acid& /9|4

£l Bacillus cereus(ATCC 11778), Bacillus subtilistATCC 9372), Pseudomonas
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aerugina(ATCC 21636), Salmonella typhimurium(KCCM 11862), Escherichia.
colilATCC 25922), Staphilococcus aureus (ATCC 10537)0] thgt dHFEIHE discH
o2 ZA3Gtt. Salmonella typhimurium®] st FT 8L acetic acidolA] &3
E YUE A2 Staphilococcus aureusd| w3 A2 nisine] & YEHO=E
A4 EIE HEPRLT lactic acid® < T2 94 &5 IAIAR2H F8&4
ZNEAL B3 oA 2HE UEWAY. Escherichia colidl ©
acidol M & JAEE Rt Pseudomonas aerugina®l ©d FFEAL acetic
acid® A e A% =& JAEHS Jehd e ®3, Bacillus cereus® Bacillus
subtilisof & A 7FA F714e A 237t 718 & Aoz yehyd,

Agir] W3 AZ70 ¢ H7te Ago] e nAESY dHdE #43)
7] 98t ©a17]e skin EH HNES A st WYA v|ABEQ Escherichia

coli, Salmonella typhimurium, Pseudomonas aeruginosa®l 33 A &3S zA}bs}

R, HI7TEL acetic acid, butyric acid, lactic acid, nisin, F8A471E4F EGCG,
garlic §& 247 1%9 2% F=2 A& Edd 2 vhg 4T JF2AsNA 0, 3
6, 99 &< 3Y€ TFHE HILEA P o3 WA PlAE dAEZHE TEIH A,
AeEizlel ¥ A7 <k JA7bE Ay 9% uAdE A E3= butyric
acid$} acetic acid& A st& W Escherichia coli 47 A&/} 714 =4
el =3 A 9945 EGCGE garlics Ad&RL W Escherichia coli 33
AA &7} VEIY e Jactic acid, nisin® chitosang *#E9 S Wz x50}
Vel T Salmonella typhimuriumi®t Pseudomonas aeruginosav~ Escherichia coli
o} v 7HAZ butyric acid®} acetic acidE AT sHE W 2 A YAEHAE B
=g

Ae 7] B3 A7 ¢ 2ANEY JAAFHFE ool o ¥Yd nAE
AAEHE ZASH7] Y8t H317]9 skin R A7E @5 EL& F71x] ojA )
& Adean 394 AR g0 W3 AR B¢ A4S A 4G
€ vX = F AT Escherichia coli, Salmonella typhimurium, Pseudomonas
geruginosa® AM&8lgth TAMHE FFEAN AFEASL ALsgon ASNE
< acetic acid, butyric acid, T84 ILEA 71E4 EGCG, garlicsS 447 2% =




=2 A3 EWel Y o 4T WARAFNA 0, 6, 129 5 69 TR E H
A UAE dAZTSE BT FHES 95 2 F A oA HigA Y o
o1 Escherichia coli, Salmonella typhimurium, Pseudomonas aeruginosa 3% <
A&dE= 57142 butyric acid®} acetic acidE H s HES vt &7 EAI RAF
A9 S W ZA FAFd9 e HI)LE chitosan, garlicet EGCGE @22 A&
stede wol 3F ¥R AE EASAL v chitosand PIAE IR EaAI =A4
Uelyt oy garlicet EGCGE W2 FTo|Rdoh. Eg H7FE chitosan, garlic®
EGCGEE W& AR e W & 4 3 EAZASNE W Escherichia coli,
Salmonella typhimurium, Pseudomonas aeruginosa 3% A EZH+E chitosan
garlic, chitosan® EGCG, garlic®} EGCG F7HA wl& A=) o3 v|AE dFa7
7} dEow AYSHS v B & $£F2E2 YEINeH chitosan® garlicd
EGCG 371A 25 Wi HEsA e we ugEel AY AR ol =2 HAE
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SUMMARY

I . Title

Development of control of central nervous system tissue (CNST) dissemination

on beef and Improvement of safety of chicken during distribution

IT .Objectives and Rationales

The objective of this study was to present methods to prevent central nervous
system tissue (CNST), BSE infectious agent, contamination from beef carcasses
and to measure the microbiological safety of additives and packaging condition

for the reduction of pathogenic microorganisms on chicken skins during

refrigerated storage. BSE is a degenerative disease that affects the central
nervous system of adult cattle and characterized by the accumulation of an
abnormal isoform of the cellular prion protein (PrP°®) in CNST. Dissemination of
the CNST on beef carcasses can occur during carcass splitting. Therefore, some
methods should be developed to avoid the CNST dissemination at slaughterhouse.

Prevention of CNST dissemination on beef carcass 1s essential to ensure

consumer confidence and allay consumer fears of BSE in meat products.

M. The contents and scope of the study

1. Control of central nervous system tissue (CNST) dissemination on beef
A. Detection of CNST level on cut surfaces of imported fresh and frozen beef

sub-primals
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1) Detection of CNST level of the fresh and frozen beef sub-primals imported
from Australia, New Zealand and USA

B. Detection of CNST level on cut surfaces of commercial Korean beef
sub-primals and meat by-products

1) Detection of CNST level on cut surfaces of commercial Korean beef
(sub-primals, grade)

2) Detection of CNST level on meat by-products

C. Comparison of dissemination .of CNST on the beef carcass between large and
small scale slaughterhouse

D. Examination on the effect of spinal cord removal before/after splitting and

washing procedures on the CNST decontamination

1. Improvement of safety of chicken during distribution

A. Antimicrobial activity of pathogenic microorganisms and screening of natural
additives

B. Antimicrobial activity of natural additives on pathogenic microorganisms of
comirercial chicken during storage

C. Inhibition effect of pathogenic microorganisms on natural additives and

packaging condition of commercial chicken during storage

IV. Results and recommendation for application

Results for control of central nervous system tissue (CNST) dissemination

on beef

1. Detection of CNST level on cut surfaces of imported fresh and frozen beef

sub-primals

The detection limit of the kit was 0.1% for CNST contamination in meat and

__11.....



its by-products. Values falling below detection limit were considered negative
and those above it were positive (Hajmeer et al. 2006). CNST was detected
above 0.1 % in two samples of Ribeye (0.10%) and top blade (0.10%) from
Australia. Other than two samples, CNST on cut surfaces of imported fresh
and frozen beef sub-primals was detected below 0.196. These results
suggested that most of imported lean meats or dressed meats on the domestic
market may contain very low concentration (below 0.1%) of CNST. This
means that retail meat used in this experiment did not contaminate with

| specific risk material (SRM).

2. Detection of CNST level on cut surfaces of commercial Korean beef

sub—-primals and meat by-products

The level above 0.196 of CNST in domestics beef products was detected on
only one sample of eye of round (0.14%). Other than one samples, CNST on
cut surfaces of Korean beef sub-primals was detected below 0.19%. These
results suggested that most of Korean lean meats or dressed meats on the
domestic market may contain very low concentration (below 0.1%) of CNST:.
This means that retail meat used in this experiment did not contaminate with
specific risk material (SRM). High levels of CNST were detected above 0.1%
in spinal cord (0.719), brain (0.639%) and ileum (0.51%), which are classified as
high specified risk materials (SRM), while the large intestine, liver, lung, spleen
and heart content less than 0.1%.

3. Comparison of dissemination of CNST on the beef carcass between large and

small scale slaughterhouse

The CNST contamination—positives were 25 (83.3%) in the NPH stunning
group (small scale slaughterhouse) and 30 (100%) in the PCB stunning group

(large scale slaughterhouse). The statistical analysis did not reveal any
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significant difference between these two stunning methods in terms of the
frequency of occurrence of CNST contamination in beef carcasses. The level of
the contamination from the penetrating captive bolt (PCB) stunning method
resulted in a higher level of CNST contamination than non-penetrating
sledge-hammer (NPH) stunning (P <0.001). The majority of the CNST
contamination and the higher level of contamination occurred on the interior
surface of carcasses along the vertebral area. In the ventral region of the

interior, a portion near the front leg was more contaminated.

4, Examination on the effect of spinal cord removal before/after splitting and

washing procedures on the CNST decontamination

The results showed that the level of CNST contamination was significantly
lower after the washing than before the carcass washing (P<0.01). The
increasing washing time to 60 sec did not affect the reduction of CNST
contamination. The results showed that the automatic and manual spray
washing after spinal cord removal decreased of CNST contamination especially
in part 2 and 4 of carcass (P<0.01), however, it was not able to remove all of
CNST on the part 1 and 3 of carcass surface. This results showed that spinal
cord removal using the vacuum suction device prior to splitting could be very

effective to minimize CNST contamination of beef carcass (P<0.01).

Results for improvement of safety of chicken during distribution

1. Antimicrobial activity of pathogenic microorganisms and screening of natural

additives
The additives were tested for antimicrobial activity using the disc diffusion

technique on solid media. Additives were examined for antimicrobial activity:

butyric acid, acetic acid, lactic acid, nisin, water-soluble chitosan,

_13..



epigallocatechin gallate (EGCG), and garlic. Pathogenic microorganisms were
tested against Bacillus cereus(ATCC 11778), Bacillus subtilis (ATCC 9372),
Pseudomonas aerugina (ATCC 21636), Salmonella typhimurium (KCCM 11862),
Escherichia coli (ATCC 25922), Staphilococcus aureus (ATCC 10537) by using
agar diffusion method. Antimicrobial activity of Salmonella typhimurium and
Pseudomornas aerugina were shown high activities in the acetic acid.
Antimicrobial activity of Staphilococcus aureus were higher in the nisin and
acetic acid. Antimicrobial activity of Bacillus cereus and Bacillus subtilis were

shown high activities of three organic acid.

2. Antimicrobial activity of natural additives on pathogenic microorganisms of

commercial chicken during storage

Antimicrobial activity of natural additives were investigated the antimicrobial
effect on pathogenic microorganisms of commercial chicken during storage.
Additives were examined for antimicrobial activity: butyric acid, acetic acid,
water-soluble chitosan, epigallocatechin gallate (EGCG), and garlic. Pathogenic
microorganisms were tested against Escherichia coli, Pseudomonas aerugina
and Salmonella typhimurium. Chicken skin(20cr’) inoculated with each
pathogenic microorganism was exposed to 1% or 2% natural additives during
-storage at 4C for 0, 3, 6, or 9 days. Treatment of 1% or 2% EGCG, or garlic
powder reduced the numbers of £. coli. In the same condition, butyric acid and
acetic acid inhibited the growth of E. coli. Treatment of 2% lactic acid

reduced Salmonella typhimuriumi or Pseudomonas aeruginosa.

3. Inhibition effect of pathogenic microorganisms on natural additives and

packaging condition of commercial chicken during storage

Antimicrobial activity of natural additives and packaging condition were
investigated the antimicrobial effect on pathogenic microorganisms of
commercial chicken during storage. Packaging condition was used in the

storage experiment with antimicrobial papper and air packaging. Additives were
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examined for antimicrobial activity: butyric acid, acetic acid, water-soluble
chitosan, epigallocatechin gallate (EGCG), and garlic. Antimicrobial activities of
combination of three specific additives (chitosan, EGCG, garlic) were also
investigated. Pathogenic microorganisms were tested against Esc:heriéhia cbli,
Pseudomonas aeruging and Salmonella typhimurium. Chicken skin(20car)
inoculated with each pathogenic microorganism was exposed to 2% natural
additives during storage at 4C for 0, 6 or 9 days. Growth inhibition effects of
Escherichia coli, Salmonella typhimurium and Pseudomonas aeruginosa of
antimicrobial papper and vacuum packaging were higher in the butyric acid,
acetic acid, chitosan. Antimicrobial activitis of combination of three specific
additives (chitosan, EGCGQG, garlic) of antimicrobial papper and air packaging
were shown higher in the chitosan plus EGCG, chitosan plus garlic and
chitosan plus EGCG plus garlic, but not EGCG plus garlic. Growth inhibition
effects of Escherichia coli, Salmonelln typhimurium and Pseudomonas

aeruginosa were very higher in the combination of three additives (chitosan,
EGCQG, garlic).

2. Recommendation
Prevention of CNST dissemination on beef carcass is essential to ensure
consumer confidence and allay consumer fears of BSE in meat products.
Therefore, this study was can be utilize for research to enhance the safety of
animal food and to present methods to prevent central nervous system tissue
(CNST), BSE infectious agent, contamination from beef carcasses. Based on the
above results, the microbiological safety of additives and packaging condition
for the reduction of pathogenic microorganisms was very higher in the
combination of chitosan, EGCG and garlic on chicken skins during refrigerated
storage. It will greatly contribute to develop the new additives preventing
pathogenic microorganisms by growth inhibition of Esqherichia coli, Salmonella
typhimurium and Pseudomonas aeruginosa. It also might be very useful for the
treatment and prevention of pathogenic microorganisms of commercial chicken

during distribution.
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A1 AF/ERAHe] e

A 243 dsde] Hg A

HZ 4% 715 FHEBSE, Al, 7Al9, 2FAgY)oz dste] aH[AEe] A
e Exe] FdE 459 &¥E ASHIL e AF Ao 53] 417]9
A% dF89 EURZHS Hl=, Avd Zgal olxueid] &A= BSEZL 44
st A5 &5 vt Ul 2HAEY LMY dE £ SIHE
T v AAelt BSEY 999 ZE2(Prion)@ A& FFZA(CNS)H &) 3t
of =4 HaA AFo LFG=Ho E=ATFEA AHA7tA] LEE 7heAe] At |
3 FElvEre BE AL FE(R)AA ZE7] ol9d Hu Ao Ze ERHAEE

EZAHE HERe goE AvAY HE A GANA Evn F 5
ERAAEZDY HAYE F4A9 s, 439 # ks
sl & daHdo] FHI =E5FAM Aidste EFCAd FFABAZA(CNST)O]

=2

29 W2 7S ALsn AEnr] 45 5 AN T JEy ALz FNS
(red meat)® ¥ AS(white meat)o] 3 FqHQQ gdAA S H¢re FYE

e A7k 2 Aol



1. 7l€4 &9

A2 4E 712 AW wEo] AuAE ASd g Balo)
3 2:r]9] A4 BSEZ Q8] AW ASe mr|iulo W Boto] ZrkEm glo]

ol
t]
o
=
A,
il
o
HT
=
tio
2

- o B A7 Aol Hojop grm B
BSE9] 991¢ Z&(Prion)@ AL F3ARACNS) &Acte =4 BgrA] A

Sell odE 7ol ad. A EE5FAA Aiste BAd FF4AHl LFF
Al A dhe Tlee] Nde] Eastt. 53 wue B4 =He €9 BSES #
dE 2EA A9 FFAAAZACNST) LG58 SGAAS #e dF7F AF

sl Ao % F r HTAQ A7 e ojop gt

AAFE 7S 272 Fdlgte T4 AT gF F7HAdAM FHdsie A4
Aol WAsts A2 dHA Udn ol wAEE2 10To|3e WAz~
Yerishina spp. 2 Listeria spp. 5% €% & A&sty @AT e FAE AAHA T
Pseudomonas spp. & Z& ASAMNTELS AX 73] AHAFo2N 5% F4
& fEse ARLE HIuHI Qo dASAMNE d¥F R FHIATL
Pseudomonas, Acinetobacter/Moraxella, Lactobacillus spp. 2 Micrococcuss 3 %
& I¥EA Aed 289 AT FoA IESAE ATl 0% ol w2 vle

2 EASE Aoz oA A a¥ SHTOR ALY 4sRYTd

Pseudomonas+= P. geniculata, P. fragi, P. rugosa, P. fluorescens, P. mephitica,
P. putida 5°] 5% FAMCl AHoA dbd oz FHE AR dejA Q2
o olE AT TA(HE) oW AT EHAd date] A £33 A4S yER
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€ A2z g3 A4 o ¥ garl R A59 A4S AN Fd¥Fe viAle A
Et8 AAE 3714 & RAAT (Pseudomonass spp.5) 2 BLA AF5TY
g FHoz 4¥A ok Fiavle AR 4 AAedE BEAC rAEE
AA7E F2T Aotk HAE 29 WAE AT o1FgH § AHYTY H
ga Bdude A Jdse 435 444 guolE 4ERY B

b f2ED Uk o @ olfol 71t EAAF B4

2003 ml=olA AT BSEe fEivel sRAE A9 HAg] Jo &
& 37) Ao 50%el 2 A ml=4t 37| 9o
237 HEAe, dAA)] A7 7E E2F5 F a5

= g v A% g o2 v A e AHAES e AUIAAR A%

2 Y 79 fle 40 A¥sa o uEN A M T AL mo &
Asta 2HAEC] AT 5 dE 2 FL FFHE AT JHEA 26T F Ye
7o) wrEs ool ok Ro|(REAY, 2006 2¥). 2 EE EA FF A
BAZAH(CNST)Y &9 7Me4de ADHFLEAN Hiv] A5 2H|A 28A ke

A 2@ AE B BSE(RSH)0] dAe 43



< EU ¢ "=, At 283 dEdM7AE BSE 71 ZASHAA AIHELS
BSES H¥A W&ol SFHA07F AZ4sA E33A o] AL Ayt 2uAEe] ¢
T g7l FEivetd A AAE L Qe Hav)diE 28 o] AL QA &
g7tshe oA WEolth A7 mny v oaw $etel o] BSE o 2
d &7 & g E e Udgdae 394l ofd glenz Foo] 44d 5 ¢l
o Basta Yuh FAFGAEZ)FOIR) N AdA #e &4, 7] & ¢

dstha B3 glew, B¢w 29 ¥, A%, SNNFA, 07, AR, w0, o

o

7 5 99sita wastn ok AT S ARdEe] FANE 29 B3
7] o9l ERNPRASRM) o Aol FLEA YL APFEL B 5 Yok
et SHAYEASRM) o AE B8 s, 44T F999 AARY, AAY

=R YSASRM) o Ay 52 Wez Aok d(EAY, 2004).
d HAARA BN FEHOE Ao}

g Aot ot WA FAHow BSE A¥BVAS AT 2AY BEAY 2AA
2

A
253 g7 ROy, BgAstn A 2e JHE TAZ = BAL FE
1 A8S FEVT. 45 F J71Y SAEc] BSERHRH chaste AbgE

A2 o} gito] AAcH(u|EAY, 2005). wekA BSE ZA9d £2Q Hury F
FA7B %2 E(CNST) A8t 7] A& g R PE AT Lot ek
BSE wAlE 759 €AY 83 olyd 2ujAe] BRI EA ol7|® 7] wEelth.
3 7% T V| Ul S/ ARV nAEERY tAsite ALY A
A2]e] g $s] Fodtth AW 19989 olF sm F4 R I FAie Ey
T2 AFE Azt F7hetn glow uEE Ha o Ad JAA 4TS5 Aln

22.2% R 21} 989 30.3%, 99'A 43.4%, 20004 65.9%,
2001 707%, 20023 27%E AT Ao AAGUG. S BAGE A
FE dd7e Andde F9 vEged, FN TRATTFLE JAHJLY o}
2 AATFE WA EF A+ 20013 397A(FAS 3,380%), 20023 2674 (FAFE
1282)0.2 Zkz} 415%9 333%E AAsta o A& 5] FFHL HFA
dedtel wel gavle 4F AU edFEer ol &) Ha glow A
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o] 4L AFoBA AAT UoldEE fa AYEHIL JY. AW tE #EE
It AHE w9 JAF Aoh AF7F F45 SUHE R U vw ZEE AR
(Calorie Control Council)ol] &]3lH AlgEo] AXW AZRY AEe MHHAE F3I
AF #HEFS AMEstL gloer dEE AFT v B3 33n. B3 A9 90%
7t AR, AZEY AFES TUY FHol AT fn B3 st @Y EY H| R
g A4S etz . @A S4 AE, SAAde] &, 7tsdd e HotEE

A3 A A7 B
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=

A7 AZA(CNST) A Bo] AT
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ZZ(CNST)ol S5¢l 2ddud AFef <2 9lo vlg s25e FEolh
#HdE FFABAZZACNST)O] HAEFAF FFdA 295 dAe F=
FHBSE #EE £2EFA, SI7HETAETY ALY F& JM5E V1EE o
T4 @do] UvhH(Helps F, 2004; Schmidt §, 1999). FFA 3 AZ2(CNST)ZF &
MEd Zoje dfd(PrP)e 2 e 7 Aok 8L JAEPAM & &
171 W&l 2
A FFAAAZHCNSTIO] EAe Edol Hol egslo] EAE F@sly)
Al TFAZAZH(CNSTIE AAGAY £8 HA A #F AF=EE8°] &
I ok FHAME HIo EA AUARHAN AFHoE 2AEE FAHs}
Rew ESFqM AdEE Be 2vd F5A%A 29 LH9e WA W
Hol FRHAA L e, AT el B4 & HIMAAN FHo A7}
zolp oloh e Ak AR AA .
FRAF7E 19899 HEE Azke] HHTE AE FAANE SR olgHE A
02 FAF o]F FHAY EU A= 20008 A F SAHNFEA] o] &5H=
73

o

Nl

Z2 A 2 ZWE JFoB Fog AE2E & o] B AAHL A

1L

P
B

rir

172

e FANZG. AT U A4 252 Wi} A5 gL FREAAA
2 (CNST)®] 2dAA B& FHol gt Aolm AA WEE EFFIA
=39098dol AAYD YA @& AFolM MU H% P} gL 2RV
NFo] FEHC AuAEA BHL JE Aol Aotk WA LEAAA
F2AAAZACNST)Y 2AE 2 2dAA B3 AE A= AF7 Dad A
golty, E¥ ARFEse] SHHNYEAGRM) o A8 FF3 du, HAY 2
o AAWH, AAT SANYESAGRMY AP 5 Yo AN Iy RE
w27o e ERPEAGRM AA 2 Ao B FHL ABstelor & Aol
=3

S, AR FEF FAA B 71E AT A 33 Fur) 2 489 9

(Psueudomonas spp.5) 2 HYA AFE w9 o493 A2 ¢d4HA it

gu719 §F5HR TS ARLEL EAA AAEs L9 F




g3 o) 7IAste A 2 T uAE L9E FA4EIHE A HA E8 A,
3t S AF Wyel g A7 FAHT ok Kim(1998)o] =it B3
gariel A ¢ o5gH aga nA=dH d7E AAT vl YstE =
A Eofd 2 AvF 5 22 4CHH F¢ SAAF g8 AEH 2

971540 Be Ae2 RIFAT. 19973 oA HIAE LD B3
£

o,

st 59 ¥y, FHEE, 247+ £ &
A ZFAEY AL ZATAH T 2A PAES LGATE 8%
2 He B4 T ASte Ao IHE

71 A MAE g A dAdolgtes AL & ¢eA Aoy, AP FHE
o Ao 7|dste HF A" Hiarvle w8H(AE ¢ AZAE Fav w8 H
a3t 53 Haride g Hsd v& gedised deATAd 8 F st
T Bxs A4 @] 23 WAFES AZY A4S0 wEA dojyn, &
x4 ¢ 7ME5E He ALE 4EA Y. BEA ¥F 34 ¥ TE L9H
= QFL 2y A 2| Pseudomonas,Acinetobacter /Moraxella, Aeromonas =

ko

ol o A4 ¢ (gram negative bacteria) ¥ Microccocus, Staphyloccocus % ©]

8

AT (gram positive bacteria) 22 E RS 31 FHYI FF9 oI Row

2

B A, w3 Harldle Salmonella spp., Campylobacter spp.,
Staphylococcus spp. Escherichia coli 59 AF$5To F2 249531 o
H o= Listeria monocytogenes® 2 9°] & ALE HIFHIL Y, oF
HAFo X Fo AoX gL E3F| Salmonella spp. L Campylobacter spp.
gl A7l 2 HADVIEQRE T ol T YULR e HAFFY v
AEFLEAMN FA7|7F 2 DHLE #AH93a e AR dHA U JEALS
AAAANA AEESFLE hFoE Bl EAste 97y HA EZon F4HF9
Add ol FREA A& J19e & ohAEs s A& & U JESL AF
2 HZEZ o] FopdlA o]go] Hi e Fits dZH2HE, F25Y, o
4 S8e Ad A2 dHA o 53] A45AF ol&HE 7
Ede 2 v Ass dAstes & vAE A3V Hojd AoZ 4 A
o} #Hste 7IEAMY] EAF wE ¥ wmAdEZ addd g A3t 73
o AEe S SIHA7I7] fs RAT wrelElol A A9 ol dhE g

ru[o

off’
> I
i)
M
rlo
)
ol
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LAE AEEA HAdA zEz FA mAEE JAETIAT HEF =g E] 2

HAgo. AFE EHEAEA FYHLE HXE o|&F bacteriocin®] nising 1900
dd] 7)o Moz LAFHAG AT o AFAHE bacteriocinE S ThEFH
259 peptide GAAEL EASE £o]2A, lantibiotic 59 class I, F1 &9
St 3 petideE 9 class O, 28]l X Fo] m1 ol EAHI Gl AEQ class
mz 8% 49 A YA F classol| &3t B2 bacteriocing 2 4 FWAlA vt
FASHA] F PAEEY AFS HAET] HE ERHCR o] &E +UH. 2y
x| class I9] %3} nisin %ol AP F oz diFoz AiE F FEFHOE AA
Hol AF BREANEA o]88 F UEFE SI/EYY. dF d7FdAE g4l
AE B9 2Elde A AAX, ZHIFTZE AAA Y wiener 2AIA Q] B 0l A
& 9AgYr BT YFE 54 SFAFN EZ cultureEA bacteriocing A
AbslE AAE S EFES oE RATE T8 AA v A E T (compeitive
microflora)E FH7tste WHEC] o|&HI . A Fd ®ol o|&FHE w/7|Ad=
acetic acid, lactic acid, citric acid’7} =4 FDAE F7]4& GRAS & ¢HA S 4
FHIER JAsT o EFFY nAE AF AdAAE 2Zojn Ut FSISE
acetic acid, lactic acid, citric acid7} =& A9 /F3AgAAR Fof A8, 715
&, BAEe AFA e A olHA HAS A o] &2 F AuL FUSAT. A5
o HAZ YL YRE =E2FHAH TH FAAAM o]Fo|XEH  Sumonell,
Campylobacter, Listeria 5°] 9. f713te] dv|AE WSS H=@83 W pHE A8}
NA BYEA PAEY 84 BaEta, sgA R YA PR ABA)] S84 T
Ao Husn gk & AR sodium lactateE A2 S F AY 71HEd) pH7}

49l v4EA 7} YT Brewere SUWDL Bustgort Kemp $(1989)&
al
O -

=

£ P4 plh BasE st #37 FR0 D waalch 4F 24 4

) 24 AES oFE nAEoY s QYEZAZRE Woldte Aot LES

O
NED
Z]

L

9JoJ)= EAzE nAEoYddr AHfE dAANINE AL, B T FE(water
vapor), 2, @d B VIet FEF Fol vk oA AREZFE FYS T
A3 A Rel 7158 e
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W A EA A FUH] 7F TU EF FAREA 23 Alxat A7)
WASH Ys&ES AF K E a8 C vtE FoA Fdste A 852 AREsATh

E3 Zuled FHEH % T UL otEAE U AANAH Y] )R TY
ste] gz ARESITh BEF F9EA S WASE 4 T £ 264 ¥ESES
-20 C £ 1 ¢ 285 A& 747 745ty 43S #& AHSH A

v A

a7l W FFABACNS) L9=E HEAU7] A AETFAQ] Glial
Febrillary Acidic Protein (GFAP)e] ZAEd] 93 HEH+d (Hajmeer &, 2003)
o] GFAP ¢ AZEAMS 3] dutyg oz da Al€5H+ Ridascreen risk material
10/5 (R-biofarm AG, darmstadt, Germany) test kit & o}&3lo AHE 433N

—1

t}. o] kit:® microtiter plate®] Sandwich enzyme immunoassay(ELISA) W& &
oz 3l FHRAAACNS) LEEE HEHE & 3o 82 A 42
719 FFAFAZAY LEEE HAEdter o] #Wol o & O 'Callaghan, 1991,
Hossner %, 2006; Yesibag &, 2005;, Bozzetta %, 2006; Hajmeer %, 2003, 2006;
Schmidt 5, 1999). & #4191 & kit W Ridascreen risk material (R-biofarm AG
darmstadt, Germany) Manual(Art. No. R6703) of wal 3= Tt
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1) AE <

H A7l W& (Fisher Scientific, Huston, TX)& ©]83le] H17] A2 Y 712

o Mz Z+Zt 53 EAE ¢S swabbingd F 05% SDS sample dilution
buffer(dmD7t €A E 2ml A& test tubefol A HWEE squeezing(Ruo]) ¥t
Z}zte] ME2 EAA well B 508 A8 Ridascreen risk material test kit
A A|&E standards solution T AlFd] od FEIT +9 7 zHED well

€ microwell holderel 7]-&t},
2) &9, A §E&E °o]&F ELISA test

CNSZA A Ho] 24z} 0%, 0.1%, 0.2%, 04% S99+ standard solution I} 4]
3 AMEo] 7 4Z9 test tubeERE welld] 50uE BFEH4T. enzyme
conjugate solution Souls A EE FHIIL U+ well o FYZ I plated: &0
PEA EHEA FERA A 20-BE2 1087 WEARAT wellsth §4E W
3 wells o] §AE 43 AASY Ho}ai 74 Fol& Hteel Z 3 microwell

holder< 7Z4slAl T3 & Z} welldl 250409 washing bufferE o] 83l JFF H
ol buffer& ©A B o]AE F W o WHEIAT. 28I Tetramethyl-
benzidine?} 3= A+ substrate/chromogen solutionS Zt welldl]l 10044 3

493 4 T ddAA 20-2B=F2 58 wiFAIZ T oW enzyme conjugated]
o& H-& A Chromogene] FEMOoZ uHAA HeEdH ZF welle] 100442 stop

o2 EFIH FE=EA HArk o] v stop regentd]
O3] FEMo|] =@M o 7 vy A =l

regent solutiong 23l plateE

3) Microtilter plate spectrophotometer =4
Stop regent solutiong H7}Fg A 1568 o] microtilter plate spectrophotometer

(Microplate Reader 550, BioRad, Hercules, CA, USA)E o] 43}l 450nme] E3 &
£ Standard® 77t Har|zA e TFAZAZH(CNST LPEE =439 0.

_13_



4) BAEA

Standard curve ¢ R value™ SigmaPlot ¢ 3D Mesh Plot& ©¢]-8(Anonymous,
1999)8te] 2x A4S T3 F Ridascreen risk material test kitellA A F €
standards solution®] §#E=g<S &Asto $E S A2 Ul FFAFAX
Z(CNST) €A+ 5F & FstAh

TU H4sAFd 78 A ¥ e FUE G L N vE 94 78ty A&
2 AREEGY. 28 gUd 5% FU ASFAAER VIEE sAE EuAlA
T SATARLEREH TS vHe A ANEER AESAT BT sdx
A sl WAAEHG C t 28 FA%] 4Ee 98 NE2 AEHA

o AP

Huzld FFABACNS) LB=E Hedur] HsiMes Axr7d  Glial
Febrillary Acidic Protein (GFAP)Sl ZAEo s A=Wl (Hajmeer 5, 2003)
o] GFAP ¢ RAZHEAL 93] dutye=sw 3¢ A&+ Ridascreen risk material
10/5 (R-biofarm AG, darmstadt, Germany) test kit & ©o]&3ly AES +3P3H
t}, o] kit® microtiter plate®] Sandwich enzyme immunoassay(ELISA) W& &
Ho 2 3o FFAZEACNS) LEEE HAedld & Jor FH2 £3HAA
718l 2FNAAZAY 29EE A& o] Wio] o] &3 (O’'Callaghan, 1991;
Hossner &, 2006; Yésibag <, 2005;,, Bozzetta &, 2006; Hajmeer &, 2003, 2006;
Schmidt %, 1999). & B4 kit W Ridascreen risk material (R-biofarm AG,
darmstadt, Germany) Manual(Art. No. R6703) < wig} =3 =i}

1) ME &1

H A7 AW E(Fisher Scientific, Huston, TX)S o] &3l 7] A|lgxH 7=

...14_



o Az Z4Z 53 BAHE IS swabbing¥ F 05% SDS sample dilution
buffer(Im)7} EY19 ¥ 2ml test tube WA HE-S squeezing(Rule]) BUH.
Ztel AEL BEA A well & 50d= AHE3FSA T Ridascreen risk material test kit
A ATH standards solution I A Fo) PRI 28I o JA7 ZHH well

€ microwell holder®] 7]t

2) 9, YA e o&3% ELISA test

CNSZ A A Bo] Z+zt 0%, 0.1%, 0.2%, 0.4% E9) 30+ standard solution® 4] ¥
ANEZo] 27 279 test tubeZEE welld] 504S EF3 T} enzyme conjugate
solution Soul& A BEE I3 Ae well o] TYI T plateE €22 71YHA &
YAA F=gdA 43 20-25CE 0BT WFAZAS. wells & B2 wellsh
o] £e A3 AAY) 98] F4A Zo|2 vlghe] 23 microwell holders
A FEY & ZF welldl 250489 washing bufferg ©]-&3te] i+ % ©] buffer
E A Iz olRAE F ¥ o)A whEIEY. a#lZ Tetramethyl- benzidine©]
335 o] 9+ substrate/chromogen solution® 2} wello] 100p4R o] 94H3S] 4
T dAHAA 20-25TCE 5&7F WA FHT o]W enzyme conjugate)] €3 HL& A
9] Chromogen®¢] FEMoZ vl A Hed & wellol 100409 stop regent solution
£ ¥ plateE €22 =3 RZYHA 4T o] W stop regentol] &3 FEA
o] =@Mo= uHA doh.

3) Microtilter plate spectrophotometer =7
Stop regent solutiong 7}t X 15% Wl microtilter plate spectrophotometer

(Microplate Reader 550, BioRad, Hercules, CA, USA)E o]-£3}d 450nme] &3 =
2 Standard®} Z}Zye} Har|ZA e FFABAZA(CNST) LE9EE SAH A
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Standard curve ¢ R value:® SigmaPlot ¢ 3D Mesh Plot2 ©]8-(Anonymous,
1999)8le] 2xpbA AL 3 F Ridascreen risk material test kito]lA AlEE
standards solution ¢ FJ =S FAlste &4dd s Anrizd 0l FFUE7
ZZ(CNST) EAFFE &< stid.

3. dyRe AR E5F U & =AAANY FFAZAZZ(CNST) L9%

7t A¥A s A

ZU 7R 27E E5F4AM EFE & EA F 6057 AEE AHEEHA
o 005774 =EE715 T diE =57 AF dA & EFsed MR €29
o] £ 5= % 7Y (penetrating captive bolt gun=PCB)& ©]&3 7]ddgo] AL &5
I 3F4 1007 mHez EF 5@ AR ESFY A¥ BF¥(Non-
penetrating sledge hammer= NPH)-& o] &3 7]2%o] AL HIUT ABANHE 29
13 Zo] o] B AT =4 HF 45919} vPgE 489 F 8797 A EH U

A) Interior - B) Exterior

Fig. 1. Schematic diagram of the 8 parts swabbed on the split beef carcasses. -
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L AR

37 W FFAZACNS) Ld=E ASHH7] A AxrtAd Glial
Febrillary Acidic Protein (GFAP)el ZA & 9 HE=H=d (Hajmeer 5, 2003)
o] GFAP 9] AZFEAMS 98] gutzd oz 49y A4 5+ Ridascreen risk material
10/5 (R-biofarm AG, darmstadt, Germany) test kit & ©]&3}o] AL 53319

t}. ©| kit microtiter plate®] Sandwich enzyme immunoassay(ELISA) #H¥ & &
ex slo FFRAFACNS) LEx=E HASSY & o S8 F3d94 2z
71 FFNAAZZAY LEEE HAEse=d o] Bo] o] & ¥ (0’Callaghan, 1991;
Hossner &, 2006, Yesibag &, 2005;, Bozzetta %, 2006; Hajmeer %, 2003, 2006;
Schmidt %, 1999). 2& EX & kit W Ridascreen risk material (R-biofarm AG.
darmstadt, Germany) Manual(Art. No. R6703) o wal 3= 9o}

1) AE 4

H A Zl H%(Fisher Scientific, Huston, TX)S o]-&3ld A7) A|EEHI 712
8} AE Z+Z+ 53 EAE v} swabbingd F 05% SDS sample dilution
buffer(ImD)7} £ = 2ml test tube WX W& S squeezingste] 2ot ZHzHe]

AZL BA A well B 5008 AF28t9T A5 Hadt 283 =9 847 =
B ¥ well € microwell holderel] 7|8t}

2) &4, &A we<= o8 ELISA test

THE AEol 1 A7 test tubeZFE welldl 50u& EF3AT. enzyme
conjugate solution Soul-& AlEE TH3L Y= well o] FUF F plateE €02
BEA BN FEYHA A3 202552 1087 vl SAIFH ) wellsd] £9E W
T wellst 8] &< &A% AAS7] st F44 FolE vtgo] Z1 microwell
holderg 34l F=d & Z} welle] 250xL9] washing buffer® o] &3le] g7 =
°| bufferg ©A W I o|AHE F ¥ o WEFIY. a8la Tetramethyl-

benzidine¢] #-#5 e A& substrate/chromogen solutiong 2zt wellel 10048 ¥

_17....



gHs e T JAdA 20-255F 587F wjIA AT oW enzyme conjugated]
o8] H2 A9 Chromogeno] FE&Mo =z utHA H=dl 2} welld 100x£9] stop
regent solutionS Y3l plateE €22 &3 F=HA AU o] o stop regentdl]

o3 FEMo| FMoZ uly A Hrl
3) Microtilter plate spectrophotometer &7

Stop regent solutiong& H7}%F A 158 Wl microtilter plate spectrophotometer
(Microplate Reader 550, BioRad, Hercules, CA, USA)E o] £3}o] 450nme A
A Zzte] Hamr)z3F e FFAFAZZ(ONST) L95E S48t

4) TAEAH

EAEA S SAS(2005) program= T3] F JHA 7AW & EAFEHA £
Aete FEAAAZZHCNST) A Ao L dHA U E(frequencies)®] 2§ z}o]7t
QEAE FQst A Chi-square B4 o] AN 71 AWy} 2x5ef 2 799
A9 2 gAY = (frequencies)®] XFo]E #<13}iLA}t Fisher's exact test 7} AME-H
A, T3 EAEHY QAT AolE Fdstaa 2AEA(ANOVA)E 3T
% Factor 744 GxE #AdtiA} t-test 9} tukey’s test 7} A&EH AT

4. 2ZFFNA FFAQAZF(CNS) 2495 9  d& =4 A Yoo 4

7H AFEAA & GIdd A wE FFAZAZACNSD L9448 A A& TH|

ANE F9d g4XF AR EEFOA AEE FRIAEH LE =55
743 dal o] &=+ £2 Y (penetrating captive bolt gun=PCB)E& ©¢]-&3% 7|34y o]
Ag g, =&Y A" AESFA7I(Hyundai slaughter machinery Co.

...18...



Korea)¢t +5FHAX(PA® T47 INOX, Italy)7F 482 93 AL&EAT. ALEH
71 A& 4 (water pressuré)% 100 bar (1450 psi) ol e HAFAAE H8 4
€ vacuum suction cleaner (KARCHER NT 65/2 Eco 1750 W, Germany)& ©]-& 38}
of =X olEY F FHSFE AASAG. T FFAFAZACNSD 2L94A4E A3
CAFEAEeg AMREHE QY &Y (Young Jin Chemicals Co., Korea)S ©}-83}o
ol A & EAo 20&37t EASH. o] W Alxd UAAEEAY FFL FHAA
7B Bol d9E 12%(wt/voDRH. Al5AHE 28 13 Zol oA =4 4
45-917F AREE AT A BEAEH A4S oS3 2o () 20 5 5TA WS
T Fo =AE EH, (i) 20, 40 283 60F F¢ 5TA WFE 554
To EA¢E EH, (i) HFAA F 5CA FFE FHEFAQIR)Y AE5F4(20
2)% Fo ZALH 1Y, (v) HFAA §F 2%AAF 8o 202 5 F5F
e T =X¢rE FW.

Wt
Rt
i

W) 224, 5o HFAAd nE FHRAFAZZ(CONST) QLEFAARZE A3t A1 4]

F 3079 ESTHE Bt AUdEE AEd 9AE AFESFAA AEe
TR AF =3 MY dP o] &HE F 4% (penetrating captive bolt
gun=PCB)& ©¢]&% 7@ o] ALRHUT 28 A MZTAF AS H49 HF
A& AAs7] H& 2dulE Air puﬁlp Al2glo] g 1x vacuum suction device
(Kook Bo Tech Co. Ltd,, Korea)7} AH&EHAT £ 28 3 AFLAAE s8] A&
® 14 vacuum suction device (Kook Bo Tech Co. Ltd, Korea)7t AF& ¥t} &
A olE L 93 A}%QL’ 59 7% band saw (Jarvis Buster V, Jarvis Products
Corporation, Middletown, Conn., U.S.A)7} AFEHAY 28 & =3+ 3 bary F
Foll A 5CA W42 FASGETY. AEAHE 2 17 Zo] o]BEA% T & 4
T o vpgE 479 F 857 AMEE AT
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A) Interior B) Exterior

Fig. 1. Schematic diagram of the 8 parts swabbed on the split beef carcasses.

o A

A7l b FFAZBACNS) L4928 A&7l Al AERFY Glial
Febrillary Acidic Protein (GFAP)e| AA £ 93] AE&=£d (Hajmeer 5, 2003)
o] GFAP ¢ AZEALS 98 9wtz ez gz ALLHE Ridascreen risk material
10/5 (R-biofarm AG, darmstadt, Germany) test kit & ©]&3te 2L Y33
o}, o] kitE® microtiter plate® Sandwich enzyme immunoassay(ELISA) #H& 2
to 2 e FFAABACNS) LE9:E HEdE 4+ on FES 2744 41
719 F5AZAAXAY 2dEE HAEsted o Wwyo] ¢] &8 (O 'Callaghan, 1991;
Hossner %, 2006; Yesibag &, 2005;, Bozzetta 5, 2006; Hajmeer 5, 2003, 2006;
Schmidt 5, 1999). =& ®2¥2 kit W Ridascreen risk material (R-biofarm AG,

darmstadt, Germany) Manual(Art. No. R6703) ¢ w&} 8= o).
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D AE E¥

H 7 A1Z] A E(Fisher Scientific, Huston, TX)& 01%‘5‘}04 A7) AEEH I8
o Nz ZZ 53 EAE S swabbingd F 05% SDS sample dilution
buffer(lml)7} 09+ 2ml test tubeW ol X WH-E& squeezingdste] VUt 479
MEL BA A well B 50ule AHEEEh A8 Fad 223 49 dAst =

B 5 well-2 microwell holderd] 7]gt}.

2) &4, &A ¥g& o]&37 ELISA test

FHE ATo] G 737+ test tubeZH-E welld] 50ulS EF3H Y. enzyme
conjugate solution So& ABEE T YT well o] FUT F plates o2
A E2iHA FEHA 432 20-25= 2 1083 Hﬂ%h"]?&f]r. wellsl 4 & B g
3 wellst ¢ %Ji &A3] AAG7] st F74 FolE Higel 23 microwell
holderg 78tA F=d & Z} welld] 260409 washing bufferE o]-83te] 3o+ 4
o] buffer& vAl HEa o|AZ F ¥ ol vEIXUTH il Tetramethyl-
benzidineZ7} &% ¢+ substrate/chromogen solutionS Z+ wello] 1002 &
4es] HE F GAANA 20-25CTE 583 MEFNAT. oW enzyme conjugateo]
o8] B& M9 Chromogenel FEMo=m uiyA H&d 4 welld] 100189 stop
regent solutiong Y3 plate® €22 E3H F=HA AUt o] 9 stop regent]]
ofs] FEMo] =@M o 2 vlHA Hoh

3) Microtilter plate spectrophotometer &7

Stop regent solutiong& A 7Fs X 158 W9 microtilter plate spectrophotometer
(Microplate Reader 550, BioRad, Hercules, CA, USA)E o] &3l 450nme| 3}#AHd
M Zrzrel 2 u7)E2 e FFAAAZZ(CONST) L9558 S35

4) FAEY
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TAEAL SAS(2005) programe %3] Factor e #eAE Eelstaxt
one-way ANOVA ¢ Tukey's test 7} ©] &5t

A2 ARFRS)AA - AG/] 8 5 AL IV dF

1. 48 A&

WA ABEL Bacillus cereus(ATCC 11778), Bacillus subtilistATCC 9372),
Pseudomonas aerugina(ATCC 21636), Salmonella typhimurium(KCCM 11862), E.
colil ATCC 25922), Staphilococcus aureus(ATCC 10537)& $=u] B EH 3] A T
8l AF-E3} T} Nisin, 71E4LE butric acid, lactic acid, acetic acid< SigmadlA
AR FEAINEA(T0%, MW 30,000~50,000)3 71EL223(70%, MW 15,00
0~20,000) GRAFNM FUSATE.

2. oA S4(H2= ¥H)

JEZ tHdE 87x16mm, BEZO23E 37 3mmE AH&sdied 2xzvra ¥
ZIEFA &5 AFE A4 121TC, 168 1 "9 F TE8 Ad2AAA A AlS
stgdct, o oodg wEY] A% 44 wXEE Tryptic soy broth(Difco) 2}
Nutrient broth(Difco)E AI£3l9 3 ST o] 8d FFE 37CHA wlgs )
AAS FFE Ad wjokste o]&8 3ttt ZAWREE nutrient agar® ZFHA Al
R e

3. 517l A& FH

ANae WA fq8E AAS Gur1(12~15kg)E @AY FEEAZRE T
A3te] 0C-4C YFA BB AM 1AZE ojdje] AR AHEaRew w7
skin & 20af/piece® ZIHA YAFE A A48T A HHLS 2000
/piece® A& H17] skin 2742 100ppm X olga4te] ©H1i 0EAHE HAE FH
H 33 2F,E 29 AFHS g HAsHE 2HAH A Ak 583 FA §
E712 AAE o ALY Harle AZ2AL 4T WAEdsAA 0, 3
d T 3d AR ZASIKITHL

o
0o
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4 M= R H7tE AE

HAAME uAEL Escherichia colil ATCC 25922)¢+  Salmonella typhimurium
(KCCM 11862), Pseudomonas aeruginosa(ATCC 21636)8 Alg3lgon @17
skin ¥%(20cr/piece)ol ZtZ 1x10%/ml¥ HFs gt H7FE L acetic acid(Sigma),
butyric acid(Sigma), lactic acid(Sigma), nisin(Sigma), FE&AFIEAHL R A ),
EGCG(Sigma), garlic powder(| )5S 44 1%9 2% 552 A5 EHY F31F
Y te A% 7130 T HtEA A o HdAd vAE QAZHE BEHIS

gi7] AEE T 30mizt €4 3-587 #3F & pH meter(Corning,

USA; Model-530)& |83t pHE =# 3T

WY vAEL Escherichia coliATCC 25922)9  Salmonella typhimurium
(KCCM  11862), Pseudomonas aeruginosa(ATCC 21636)% AMg3tglon w1yl
skin EH(20cr/piece)d] 2z 1x10°/miR @%“5%1‘3} A7MES #7143k acetic
acid(Sigma), butyric acid(Sigma)e Algsgon HAWAANEZE 484 A
chitosan(®] 2] u}o}l 2 &) EGCG(Sigma), garlic powder(tHA)EE 2% =T 3 A
Edo ExF B uF A 71 ¢ HIFEAEd gF HYA uAE JA A
HE BEAT. HA HILE w ol 9 ¥dY v AE A &= EGCG, garlic,
T84 IEA chitosanS T AV F /) F2 A AE wFgee BFsACT. 23
A gaAE (F)AUIEAY FHEAE AL ow AT EIALE ATS
International Co.2] A¥F EXA7|E AL&34

7. MBS R4

§aL7] 20cr/piece®] A EE 10mle] Had A G ¥ 187 shaking §
& 0Imle] A RE F3sto] EAd ol&3 At 24 Ass 278 ALY GFd
get FE(1/10, 1/100, 1/1000, 1/10,0000)8 wAE FHAstd Ewsigcl
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Escherichia coli® 4 E. coli€ 3M Petrifilm(Microbiology Products 3M Health
Care, USA)Y 1mlE AHF3dq 37ColA 24-48X 7 &<t 7174 wjY7)o A Y

3 BAMslg o, Salmonella typhimurium3 Pseudomonas aeruginosa®] T4Al<

nutrient broth(Difco)el x| ol Al 35C, 24-48A17F vk & EA&9ct Zrzbe uiXA
QoA dAE AF4+E Log CFU/anr 2 $H4Fsle] EA] 8 o)
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A 24d 745

Al 1 AFAA - Hurle F5 ABAER L4EA ZledT

1. A9 #% $U 9 9%, ¥F da79 ¥4 s54EEE 295 54
7}. Standard curve ¢ R value

Fig. 12 SigmaPlot ¢ 3D Mesh Plotg °]-8(Anonymous, 1999)3l% Ridascreen
risk material test kitlA AFH FFNAAZACNSDE ##3ln QY& standards
solution ¢ Standard curve ¢ R value #& L}E}‘gﬂ J o}, FHAET FTFA7
AZZ(CNST) &2 =0 v EvE A& ¢ F ARy =2 AABAR value =
0.999)E uYEISUTE o]+ Schmidt 5(1999)¢] 3¢ CNST HEo| st 58 %
W7 Hotel F3Es Aot

Standard curve
2.2 -

2.0 -
1.8 - | y =4.6x + 0.169
1.6 -
1.4 -
1.2 A

1.0 - Corr. Coeff: 0.9999

slope=4.6

Optical Density

0.8 -
0.6 -
0.4 -
0.2

0.0

0.0 0.1 0.2 0.3 0i4
CNST (%)

Fig. 1. Calibration curve for the standard GFAP ELISA detection of CNST.

Optical density was measured at 450 nm using a microtiter spectrophotometer.
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b AFe) $5F £99F, WEHRY 2 44 2449 FFARAZLOSD

Azl A=Az ol FFARZAZACNSDLEEE AEsked §lo] HEMe
01960]tk. AE3HA olste] A= negative2 Pl A= positive® AFEH AT Hajmreer 5,
2006).

Table 12 AT F% F BAH7Y FH9d FFAZAZACNSDLEE
£ Yl ZJH 54 FAH AL F AEAAT 01%01dY LE9EE B
Fom F AEE A EE AlRd I 01%Y HEFAEYG & A& YE
Uk 0.1%0]4 2 LEEE B ANEY BF & E504 T APEEF 7|E%

£ o] &3] Z|AAINAY EEFE o§dd B FAHANAN FFRAFAZE
A(CNST)O) 4ol 29sol FSel7x JF ve Aoz AEHY SR
THAIMNE E5ZNAYg AS FAME FFABAXRACNST)O] &2 =
A Al ol AN edEtt Budtn glvh Table 28] F$+ AlFd 7%
FNAAZACNSTILEEE Yed A 39

A& YAt Table 3 € FYU2AIA Y F5AF A
A w388 EE A8 Slo] 01%e HEWA
AT AT FaE vx4 Harle A vlF
oA AT FFHAHNE QA3 F£Yo] FUHEHT] o]Hd A|gE o]Edlo FIPH A
4t A7)l Y90 vl A" ojFdE B A7 AlE ook

)
] ;g

~

L
89 4
ME
rlo
ain'i
L
AUl
=
2
Auf
gu

able 1-3. A9} Zo] A Fo] HF FU ¥, ¥EHLY] FL 24
AN AEEAY 01%0l5te +37k AETol & A7A%E

59 FEAAAZAQBDLE} WA deg Aoz uol 2§ o &4

e 022Ae 2 APl YEE 22T 4 AT, ok AWE +U 1oz

o] SRM (SA9AE )] o3 295 Psiche 2 FAY & YAk
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Table 1. AlFd 5 £ ¢4 ¥ASHY HF2¥E ONST 295 (unit=%)°
B9 Az AV B C D E Means SD
Australia 000 000 000 001 000 000 0.00
ragt) New 00 000 000 000 000 000 000
| Zealand
USA 000 000 000 000 000 000 000
Australia 000 000 010 000 000 002 004
B3 AF New 000 001 000 001 000 000 001
Zealand
USA 001 000 000 000 000 000 000
Austraia 001 000 000 000 000 000 000
AL New 000 001 000 000 000 000 0.00
Zealand
USA 000 000 000 000 000 000 000
Australia 000 000 000 000 000 000 0.00
2 ) New 000 001 000 001 000 000 001
Zealand
USA 000 000 000 000 000 000 000
Australia 001 000 010 000 000 002 004
=2 New 000 000 000 000 000 000 0.00
Zealand
USA 000 000 000 001 000 000 000
Australia 000 000 000 000 000 000 000
OF ] New 00 000 000 000 000 000 000
Zealand
USA 001 000 000 000 000 000 000
Australia 000 000  0.00 0.01 000 0.00 0.0
> N
E%7) W 000 000 000 000 000 000 000
Zealand
USA 00l 000 000 00l 000 000 001

A B, C, D, E : Retail market
“Kit detection limit is 0.1% and values falling below detection hmit are considered negative and those

above it are positive (Hajmeer et al. 2006).
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Table 2. A5 % % Y Y459 948 ONST 2495  (unit=%)*
5 2 AR AY B C D E Means S.D
Australia 000 000 001 000 000 000 000
Zhy| N
- Y000 001 000 001 000 000 001
Zealand
Australia 0.01 0.00 0.00 0.00 0.00 0.00 0.00
A A N
' 001 000 000 000 000 000 000
Zealand ~
Australia 000 001 000 000 000 000 0.0
AHEN N
V000 000 001 000 000 000 000
Zealand
Australia 000 000 000 000 000 000 0.0
=4 New
000 00l 000 001 000 000 001
Zealand
Australia 000 000 000 000 000 000 000
A |
New 000 001 000 000 000 000 000
Zealand
Australia 000 000 000 000 000 000 000
FA] New - |
g 000 00L 000 001 000 000 001
Australia 000 000 000 000 000 000 0.0
5 |
New 000 000 000 000 000 000 000
Zealand

YA B, C, D, E : Retail market
*Kit detection limit is 0.1%96 and values falling below detection limit are considered negative and those

above it are positive (Hajmeer et al. 2006).
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Table 3. A5 % F Y £A|R Y CNST 2 9% (unit=%)*

A B C D Means S.D
sausage (USA) 0.01 0.00 0.01 0.00 0.01 0.01

sausage (Argentina) 0.01 0.00 0.00 0.01 0.01 0.01

YA B, C, D : Retail market
%Kit detection limit is 0.1% and values falling below detection limit are considered negative and those

above it are positive (Hajmeer et al. 2006).

7}. Standard curve ¢ R value

Fig. 12 SigmaPlot ¢ 3D Mesh Plot& ©]-&(Anonymous, 1999)3t4] Ridascreen
risk material test kitelA AFE FFRAFAZACNSDS Fwdlal U= standards
solution 2] Standard curve ¢ R value &€& UEY Z#fZolt) F3rs FF47
AZA(CNST) 32 550 vEgddE AL ¢ 5 dNed 22 AAAAR value =
0.999)& YEUR T o] Schmidt 5(1999)¢] 48 CNST A& g && %
N8 Hob FEHe 2ol
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I Standard curve

2.2 -

| 20- . ' r
1.8 - y = 4.6x + 0.169
1.6 ~

1.4 -

1.2

OpticaTDensity

1.0 Corr. Coeff: 0.9999

0.8 slope=4.6

0.6

0.4

0.2

0.0 T ' ¥ ] T
0.0 0.1 0.2 0.3 0.4

CNST (%)

iy

Fig. 1. Calibration curve for the standard GFAP ELISA detection of CNST.

Optical density was measured at 450 nm using a microtiter spectrophotometer
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U, Al & F9 895 2d 53 FFABAZACNSD L9% 534

718t AKAFAAN FFEAAAZACNSDLEEE HAesied do A&F
AE 01%clt}, A&E3A ©]8te FX = negative (-)& olA4e] X+ positive (+)
AFH oA} (Hajmeer 5, 2006). Table 12 AlFd F5 9 FFA59 HI
FHFEANFAZZCNST)LEEE Yed 23 SFAY 3 #9(0.14%)& Al
5t BE AlRYdA 01%9 AETAERY ¥2 sXE& HEAH. 01%°]49 &9
58 B AR A 2 EXAY F AAREF APEE ol g3td s
U BEEEE o] &3t o|REI e HAHAA FFABAZXZAHCNST)] A5 H
ol AKo7tA JFTFE UHE ALE ARHW FEE EAAMAE ZSFAAY

AAZACNST)o] & EZE7]H A o]B T FA A

B S 27

E4, Table 2= AZo 45 39 98 $39 FFUFARAOSDLYE
g Vs 2ukiH 2539 ERA4 @ $9014%)8 ANE BE NN A2
AQ 01%cl8t2 A&l AFe #F U #359 39 SRM (5R9F24))

8 ed¥A go} ddshE Ae FAY & Uk
4% A Table 1-2. A Zo] AFo] #5
RBA FEVAL 01%018e FH7} $
RGNS FFAAAZHOSDLES #A tehg Ro2 vop 2% U A%
L

_31_.



0.02

0.06

0.00
0.03
0.05
0.03
0.07
0.01
0.00
0.03

0.05

007

0.00
0.00
0.00
0.00
0.04

0.00

0.02
0.03
0.00

0.14

0.03

0.01
0.00
0.01
0.06
0.04
0.04
0.06
0.07
0.06
0.00
0.00
0.00
0.00

YA B C D, E F : Retail market

Kit detection limit is 0.196 and values falling below detection limit are considered negative and those

0.02
0.04
0.02
0.03
0.02
0.00
0.04
0.02
0.00
0.06
0.05
0.00
0.00
0.00

0.00

above it are posifive (Hajymeer et al. 2000).

D

0.06
0.08
0.00
0.00
0.00
0.05
0.00
0.01
0.02

0.05

0.00

0.05
0.06
0.04
0.00
0.03
0.00

0.00
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E

0.01
0.06
0.00
0.00
0.03
0.03
0.00
0.01
0.00

0.00

0.01

0.04
(.00
0.03
0.00
0.00
0.00

0.00

F

0.02
0.05
0.00
0.00
0.00
0.02
0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00

o] 918 CNST L ¥% (unit=%)*

Means

0.02
0.06
0.00
0.03
0.03
0.03
0.02
0.01
0.01
0.03
0.02
0.04
0.03
0.03
0.00
0.01
0.01

0.00

S.D

0.02
0.02
0.00
0.05
0.02
0.01
0.03
0.01
0.02
0.02
0.02
0.03
0.03
0.03
0.00

0.01

0.02

0.00



Table 2. Al1F9 7% 5 ¢5+5 55E CNST 249% 54 (%)
' 1+ 1 2 3V
1 0.01 0.01 0.03 0.01
2 0.01 0.03 0.14 0.01
3 0.01 0.07 0.02 0.01
4 0.01 0.05 0.03 0.01
5 0.01 0.06 0.01 0.01
6 0.01 0.06 0.02 0.01
7 0.01 0.04 0.06 0.01
8 0.01 0.06 0.03 0.01
9 0.01 0.05 0.05 0.01
10 0.01 0.03 0.02 0.01
11 0.01 0.04 0.02 0.01
12 0.01 0.04 0.01 0.01
13 0.01 0.04 0.00 0.01
14 0.01 0.06 0.01 0.01
15 0.01 0.01 0.01 0.01
16 0.01 0.06 0.01 0.01
17 0.01 0.02 0.01 0.01
18 0.01 0.06 0.01 0.01
19 0.01 0.04 0.01 0.01
20 0.01 0.01 0.00 0.01

Means 0.01 0.04 0.02 0.01
S.D 0.00 0.02 0.04 0.00
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O A 7% T AFFAEY FFABAELACNST) 295 &4

NFd #5 29 A§RAEY 2FAAAZACNST) LUES 243 A9
Table 3. o YElUIUTh EFYPEASRME a7 o, H4 3% A4 2
Z379 0.1%014e e 2FAAAZACNST L4957 A&59n Jugoz
APt 38 e Aoz & LA U, 3, 9%, A AR ARAHE o dE
b 01%clst2 AEHAL. B3 WHO 19909 2a® Auzed zdA
(Infectivity)s] e SAHNYED(SRM)S BEFoA 3o 244 AR Q9%
E BIFL YA & d7E4H HY AL L 5L L9
=AY A4 3% A&7 SRM (SR9PER) 98 e do] dolte A
oz AREY. oA HEzAW 2 ade TN
A Bz 298 sHEAel JonE AEA4E AAe Fost aTdgy
AeHt B QT8 E84 BSE €90 o =L wuAs duo] 9=
ERPEA(SRM)L 3071€ ol4e 2o A48 FAF, o, 43 A F3(H
AZHAY FAZ J3e) vj$ THS A4 AZP), & A=A, H4, 4322 23
(H5o) AdZAY H3e] vl ZHE AANLTE), RS A9 20N 4D 3
4 BO(FRe 9F) BT EAY B SAs Idgow YAt Asde o
Astte Z3e AwAsT QrHSmith, 2005).

Table 3. CNST levels on meat by-products purchased from the retail market
(unit=%)"

Means’ 007 063 071 051 001 004 009 004

S.D. 0.03 0.02 0.04 0.04 0.01 0.01 0.01 0.01

*Kit detection limit is 0.1%6 and values falling below detection limit are considered negative and those
above it are positive (Hajmeer et al. 2006).

"Means of samples (n= 15)
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3. AFES} 2R E5F U 2 ERIAY F2ARA
24 W

PN

A(CNST) 29 %

7b F7EAL 71 e S5 A A2 A (ONST) 95 Bl

ZZ " (penetrating captive bolt gun=PCB)3} €}7Z % (Non-penetrating sledge
hammer= NPH) F71A 7|@W{zbe] AEX JHHo EAgte FFAZAZRI
(CNST)e| LGN E(frequencies)E Blutsk 77} Table 19 WEMUQITE EfHH S
AN & EA9 ogdANTe AL 25F(83.3%) BHHo] FAWo g s A

2 B LgEANEe F9 305F(100%) EFAAM SAHEHUY.

Table 28 2-¢ F 7FA 99 49 & =AM ARG 871A] FHolAe g
ANEE Uel I ged dAdtdos EXQE 7 v z2E Heroh o A
E7F O 23T BF, FAHES o83 A BS EAHSE o] 8% sAvd
BHo f 2 LEYANIEES YERAAIRE 724 Ao]lE HAFR = KAt

Table 39 4¢ £8d =4 U, 9F THAH AT o FHo A & EAE
Hol EAgts TFABAZZ(CNST)Y La85FS Yl Al FFAAAZE
CNST)®] ed4%0) 744 B& $9E 274¥e2 72N EALSY 19 29
AL I FAE 063%AT 21T FAPH gAY /AN EANN =4 v}
RERQ 5,6, 78 FART EA FBE 1,2 38 B97t o we £A8
Qi) Wald £ uEE RYgut 55 oE 2o FFAAAZF(CNST) 9
2G5eFol Fogor o EJTHP<0.001). EA ¢4F YA L |, 3H 39 2
A7t ¥ 9 AL g £ v}, Ed AwrFHo® AL o] L3 /AU
ol AR ol &% JAWYEY 2dFFol ¥ e AE & F AUk

A SHEES o &3 VIHWYo BAYE ol & JEANYHRED FRAAAZ
ZI(CNST)Y d4sF°] ¥ 55 ¢ & e FFRAAAZFHCNSTY o4
e HREE 23U v JXeE EASGZERY ¢ Zo] 2¥=H AU =
AAEZEFEL FoA dvhe] 2 FA7F 2 o Bo] 2959 AU, =A<t
ZAMN H{FFHEYI Q957 o &L olfE & EEFAHAA JlaAwon} &

FEL o4 254 BY Fo g8 4%S ¥y EY Ao Awyd

=
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Table 1. Contingency table for chi-squared test for the number of contaminated

carcasses detected with each method

Method NPH" PCB?
Counting 25 30
Expected proportion 0.5 0.5

Chi-squared = 0.4545, df =1, p—-value = 0.5002
D NPH : non-penetrating sledge-hammer stunning

2 PCB : penetrating captive bolt stunning

Table 2. Contingency table for method and part

Part

PCBY 30 22 28 18 22 25 6 5

Method
NPH?” 16 13 18 5 9 3 6 2

p-value = 0.1232 according to Fisher's Exact Test
D PCB : penetrating captive bolt stunning

? NPH : non-penetrating sledge-hammer stunning
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Table 3. The effect of stunning methods on the level of CNST contamination on
beef carcasses (unit: 96)

Methods
Area  Part NPH" PCB? Total
Mean SD Mean SD Means SD
1 0.42° 0.28 0.63 0.11 0.53 0.23
2 0.27 0.19 0.47° 0.21 0.37° 0.22
Interior |
3 0.45 0.24 0.40* 0.29 0.42 0.26
4 0.03" 0.03 0.04° 0.04 0.03 0.03
5 0.14" 0.13 0.19% 0.18 0.16% 0.16
Eter 6 0.05° 0.04 0.29% 0.26 0.17° 0.22
XiEerior
7 0.05° 0.03 0.08 0.06 0.07™ 0.07
8 0.02° 0.02 0.06™ 0.06 0.04 0.04
Total 0.18 0.23 0.27 0.27 0.22 0.25

ab,cde

for each column having the different superscript letter are significantly different at
the 5% level, according to the Tukey’s test.
Y NPH : non-penetrating sledge-hammer stunning

% PCB : penetrating captive bolt stunning
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o}, 9] A S 300-350kg, 350-400ke 1
FolvH EXFY AF =AY FF274
M (P<0.01) 350-400kge] Z=AF2 ZA$¢ HFFHd YAtz Qe 1, 3H 297}

RUEN Y BLL & 4 YUAT 9H o] LAY &= Q)

ije

Table 4. Dissemination of the CNST level (%) in different hot carcass weights at
Korea abattoirs (unit: 96)

Hot carcasses weight

300350 350-400 >400 Total
Area  Part (n=112)  (n=216) (N=124) (n=452)
Mean SD Mean SD Means SD  Means  SD
1 0.50° 0.26 0.54° 0.24 0.47* 0.27 0.51° 0.25
2 042*% 025 0.33** 027 020 020 0.32° 0.25
Interior
3 034 030 045" 095 0.40° 031 041 028
4 004° 003 006° 009 004 006 005 007
5  0.14™ 0.11 0.14% 0.15 0.08° 0.08 0.12 0.12
6 010 008 021¢ 027 0.08" 0.11 0.15° 0.21
Exterior
7 0.06° 0.06 005 006 0.02° 0.02 0.05% 005
8  0.03° 0.02 0.03° 0.04 0.02° 0.01 0.03¢ 0.03
Total 0.20 0.24 0.23 0.26 0.17 0.23 0.20 0.25

abede tor each column having the different superscript letter are significantly different at
the 5% level, according to the Tukey’s test.
AP for each row having the different superscript letter are significantly different at the 5%

level, according to the Tukey's test.
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4. EZ2FNA FFAFAZACNS) 28 €4 & I+ =4 A= P =4
7t HEAA F g FSAALT gl wE S A ZH(CONST) LEAAHEY

a9 28 AFH FEFAAGY g oY & F EAUAFRY FFAULAZF
(CNST) 2GAARZAE YvehdojFa Jed ANH LR Z=AFTAREYG FHE
# o9 =AY FFAFAZH(CNST) LIEE #H2ARTG (P<00D. =4 2¥
Belol AL QATE FAaAEY ol M EFHoa 60&7A FAA T
Z7te FF3AAAZHCNST)Y L85 Zad off¥ %S 71XA Fdrh. &
FA9 A EA 2, 4 YA EA FFAAFAZ
ZA(CNST)Y LYGEE ZaA7ed ERFYE ¢ F UAAAT (P<0.01) =4 1, 3
REeME 5532473 A2FACNST)Y LYEE A2 & YA
e olBAE E=AdZY HFAASFT 5 AFFAd BE FFAFAZX
A(CNST) LGAAERE JeudFa gled FFABAXACNSTIY AHegA
271295 47 070% (=4 1¥), 043% (=4 29), 0.70% (= 39H) 283
025% (=4 48)F 3 o] EAT o]F HFAAY AFQOX)H TFTACIR)E X
A A3 odE 056% (=4 1), 0.02% (=4 29), 067% (=) 39H) a8
003% (A4 4W)olct. Awtdez dgzirc AT A FFUAAZE
(CNST)Y LEE& FaAZIed E3AH oA (P<0.05). s-Avt Y28} nh371A]
2 2A 2 4 FAHdA EAY FFRABAZZ(CNST)Y L9EE FaAdled £
g & ARAT (P<0.05) =A 1, 3 FHAME FFAHAZA(CNST) 4

4»4.

rl
~
b
_E‘
ey
ol
%
N
off!
£
mby

&
i)
o

rlo

I8 4% HFAA F QAL FAHE o8 =AY FFABAZAH(CNST)
Qe Z2EHE vegd AQdd AMEE 12% JAE &4 o] &3 A aF
Y FFAZAZACNST)Y LEEE FHAaA7ed ERH oA 3t

...39_..



%

1SNO

40 (menual) 60 (manual)

Fig. 2. The effect of automatic and manual washing time on interior carcass for

pt illustrate

rl

u
Ll

£ Means with different supersc

A

=15).

CNST decontamination (n

. The control

0.1% and values fall

L4

ukey’'s test

T
e

differences among treatments (P<0.01) according to the

ing

1S

£

11711

tting. Kit detection li

1

fter spl

Ing a

1s without wash

1VE

t are considered negative and those above it are posit

*

11m1

L]

below detection 1

2006).

+

t al

(Hajmeer e

- 40 -



0.80 A

0.70 A

0.20

0.10

0.00

1 : PART 3 4

r E control BTl |

Fig. 3. The effect of combination washing methods after spinal cord removal on
interior carcass for CNST decontamination (n=15). *® Means with different
superscript illustrate differences among treatments (P<0.05) according to the
Tukey’s test. The control is without washing after splitting. T1 is with
automatic (20sec) and manual (20sec) washing after spinal cord removal on
splitting carcass. Kit detection limit is 0.1%6 and values falling below detection

limit are considered negative and those above it are positive (Hajmeer et al. 2006).

_41.._



0.80

0.10 1

0.00 -

| mControl &T1 |

Fig. 4. The effect of Trisodium Phosphate washing after spinal cord removal on
interior carcass for CNST decontamination (n=4). The control is without washing
after splitting. T1 is with Trisodium Phosphate washing (20 sec) after spinal
cord removal on the splitting carcass. Kit detection limit is 0.1% and values
falling below detection limit are considered negative and those above it are

positive (Hajmeer et al. 2006).
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. B8 A, Fo FeAA wE TFU% 74]2’-‘4(CNST) LFAAR] L

a3 59 62 A AFEF uvgEe B8 A Fo FHFAAd BE FFAUEA
ZA(CNST)Y SE=E HEZG Aot I8 bdlMst 2ol £ & HFAAE
g A EA 4E 1, 2 3HESAA 01%0]4e 2HdE7F BEHY L A7 £
g A HFAAE FPF A FFAAAZZACNST)Y L9E &0 EAGH
1-491 BE R oA 0.1% " te F3& EIATHP<0.01).

B8 & HFLAAY WE =X wgEFY FFABAZACNST)Y 29=E v
gt Aol 19 69 UeRY el =X u2E 5 6 7d FHAA 01%0]89 L8 E

FX7F FFHAC AT =X wpgEe B8 A HFAAE 8T A5 0.1%09]
8ol A& VERATHP<001). ¥ dFZ2FHE T #¥ H vacuum suction
device® o]-&8d HF9 HFAE AAT A$ =& AES HgE A A

FFAAAZACNST)Y L9EE FAFLE ZAAAZHT (P<001). wEtA £

A ALAAE FT A 2 249 FHAAAZACNSDY LPEE H23A
Aled e aRdde & 5 AU '
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Fig. 5. The effect of spinal cord removal before and after splitting on interior
carcasses for CNST decontamination (n=4). Each carcass )was spray washed after

AB Means with different superscript illustrate

splitting with cold water.
differences among treatments (P<0.01) according to the Tukey’s test. L - left
half, R - right half, INT - medial surface. Kit detection limit is 0.1%6 and values
falling below detection limit are considered negative and those above it are

positive (Hajmeer et al. 2006).
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Fig. 6. The effect of spinal cord removal before and after splitting on exterior
carcasses for CNST decontamination (n=4). Each carcass spray washed after

AB Means with different superscript  illustrate

splitting with cold water.
differences among treatments (P<0.01) according to the Tukey's test. L - left
half, R - right half, EXT - lateral surface. Kit detection limit is 0.1% and values
falling below detection limit are considered negative and those above it are

positive (Hajmeer et al. 2006).
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A 2 AF-(EHS)HA - BF7] 7F F AAAL F7E AT

1. A H7E9 ‘ﬁ“l"é* s g%k 3 8 54 (in vitro)

7k garle] Qb ZME 919 A HREA A4S 93 B 24}

JEREEIEREREEERE SR B PR IR S
o g

2 9¥A Utk B9 AEAA

0|38 A & AHHPFT AFT FA AT FAd 7|Aete HF PAE Havle 7
A FUA AR 247 FEEH T Yot o] g g o froll 71E e AT M PE 2 ¥ S
=45 og 7HA 84, &8FA & AFH WRd dE A7t e gl
Kim(1998)0] =4t W& Hiir] o] A4 F<t o] 88t4 azjn v EE A& A A%
Hho] 9 8lH EAY, Trld 2 2o 5 2812 4C Y3 S FAA G & FFA
2o fFd7tsAdo B AR Bk Ad 1998 olF g F4 ¥ N F
Axe o TR AFH At Frbea dlew tigs Ha Yok A AA
ASE AL F ga g4d ¥ A FE 222%320 989 30.3%, 993 434%,
2000 65.9%, 20011 70.7%, 20023 27%E AAH Aoz AAFY $-2vtelel
A A E AFE A4S drdes 9 vEged, 4 EEATIELE F
Aoy oz AdTE& WA BT A4/ 200149 3974 (A 3,38019), 2002
BA(RASF 1282002 247} 415% ¢} 333%E ARt QA FA A, 2004). 1997
d olglz §urlE 28e YAKY £&2Y AREE B WA 50 AgH
7l WEe] ZuUdk ¥F Hurle FA#E #BIAFE gasit #e x9, F
&8, E47F 2 EAF ZFAEY 4L 2AFE 5 A0 vAES L
QA7 2% g9oltt, mapx AT AU Wies §& =4sa E 4§
Aol 71 71EAQ vAE LA dAolge AL F dA °‘<>Ur 7}
&3 FAAGY FAG 7l HF AAdE g7 FEHA T AR FL
7} fEE v (Knn 1998 ; Kim%, 1999). §3] ®irlele o & 4K 4l

glegdlAt5 e A5t aFste EX3 A4 o] w1 WAHES A
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AsEsrl maA dojuw, 53 dAE T 7tEE He A2 dEA A
(Ahn 5, 1995 ; & 5, 1995). A ¥z 34 F TE L99E Ad2 &4 A

s} o] Pseudomonas,Acinetobacter/ Moraxella, Aeromonas %< 1% AT

(gram negative bacteria) @ Microccocus, Staphyloccocus ¢ I1# YT (gram
positive bacteria) 22 E&3x FHAST TFd g RALE RIuHI v EF
21 7)9 = Salmonella spp., Campylobacter spp., Staphylococcus spp. Escherichia
coli ¢ AFEHo] 2 9= gom FHId T Listeria monocytogeness] 2.
go] ¥ AoE HIFHT Atk o]E WAFY Ao YolH LFL
Salmonella spp. 2 Campylobacter spp.2] 29°] Hd17] € HA /KR =1
olE TS Ao 3 AFTEY viAFOEAN WiZ|ZF A TUHLE HHIL
JE Aoz dalx JHETFAF AL, 1997).

Ok

7}) 71EAL
FNEALL AAANAN AEZGE Lo s Bo] EA4%E tdFe A9 4o
D45 BAd Bo] R U 7IHE & oA Edd gy d& F do. JE

T8 3 FHA B2 VT EAE XU AR 4HA Ao, E3] A &AF
B

2 4HA o] o9 #HESl FIEASY BEAHY ME 3 v|AEZH S digh 4
F7F [YgEa Y= =, 2003; Kim et al,, 2000, Youn et al., 2000)

(Bredholt, et al., 1999; Vignolo et al., 1998, Winkowski, et al., 1999). A& HE&A
2EA AYdHoez HxE o|&F bacteriocin®] nisin® 1900 x7]d Aoz &
A ZAikdo] o3 MFAE bacteriocinEL THYS T/ peptide JAAE
< FAsE &9 2A, lantibiotic £ class I, 2 ol AAT petideE 9 class

I, 283 ExF] a3 Qo AT dBEEQ class IE FEF 4+ vk A
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A F classol &3t B-& bacteriocinE& A F oA ulgxslx g uAyE
€9 A< 9As] A8 EHH oz o888 4 gk a8y ©X class Io] &8
< nisin To] AYUHoE diFoE AAE F REFHOZ AHAHN HE REAZ
A o148 & JYES 875tk o], 2000). €5 ATAAE wHEHL Al A
S (Winkowski et al,, 1993), 59 e de] AAA A (Schillinger & Lucke, 1980) =
FIAT2E AAX 9} wiener &A A(Degnan et al., 1992)¢] Z4 pAEL o A3}
I g 3ZAE F4 SHAZY BE cultureEA bacteriocing AAbslE RAALF
= £ & ZiATsEE FA-E AR 9 AEZ(compeitive microflora)g X 713}

g Eo] o] &5 JATHAT o], 2000).

o

rlr

o) 714k

A Fo o] o]&EHE F7]4te= acetic acid, lactic acid, citric acid7} Q&)
FDA= 7|42 GRAS &
A% dAAZR o] A Code of Federal Regulations, 1993; FDA, 1982). FSIS&
acetic acid, lactic acid, citric acid’} £%3% A59 7FHYHH Fo] HK, P2
5, FAEe ZFAEd BEIAoHAM (AIA olfE £ Yutm FUAsHG
(Federal Register. 1996) 449l w48 Zge ot E53g0ht £4 H504
o|Fo| x| =H| Salmonella, Campylobacter, Listeria S°] Ut} §7]4te]l oA E
A7l &S A d74 U pHE ASAA BHA4 vAEY &4 8 39353, 3=
b By nARe AWA &3¢ FE= A2 BuHw YoHGill and Newton.
1982). &5 &AA 9] sodium lactated AT F A7 F<tel pHZE #F23 <
o AEA &7} Qhi Brewere $(1991)L B udtg ey Kemp $(1989)& A3
¥% @A pH7l FAstd sty EHfFH7 FoHivta Rk

AT AEHIIER AAstn Jeon =54 vAE

v A ArbEe] ¥ vidEd] AT ¥ Y 3

A 789 Nisin, 71E4}F, lactic acid, acetic acid, butyric acid® H LA AEQ
Bacillus cereus(tATCC 11778), Bacillus subtilistATCC 9372), Pseudomonas
aeruginalATCC 21636), Salmonella typhimurium(KCCM 11862), E. colilATCC
208922), Staphilococcus aureus(ATCC 10537)o] tigt JTERE FSAsA{T HE
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O#+E 87x16mm, Ed23E A% 8mmE AHEESed Exdaa ¥ JEAR
T AHE Ao 121T, 1583 3¢ B F FE3] d2AAM A AT &
oJorale TrEy] Y% =48 A EE Tryptic soy broth(Difco)®t Nutrient
broth(Difco)& AH&8tE T FTEAC o448 FFE 37CAA HEHT7 AAS
F42Z A vjgste o] &3att. EAW A EE nutrient agarE ZEH A A&

Salmonella typhimurium®| st F7|1443 nisin, 84 71EAI 7J|IESE 199

g E8AL Table 1 o] YeERAT. acetic acid’t 1% A FE E3E YEH D
3%9 BTZAdAE 7HF JdAZEl FolA 238mmée JAES FA SR Nisin,
T84 JEAY AESHIZAAE FH JA EIHAE Ho|A HsiH.
- Staphilococcus aureus(ATCC 10537)¢] dWidk AL &A3 ZHAI(Table 2),
Acetic acid®} Butyric acidolA e FEd wgl A3 S3¢E Holx Lo} Nisin
E 3% d&Aow oA F3AE JEY oy Lactic acid®E 3%9 F£FAA 713 =
< 13mme] oA && ISR H. T84 JEAF JIEEE YR EFE 2000ppm
AMFE A ZHE YHENE 53] J| B2 uT2 2000ppme] F= o] Fdl=
A 2ae] WH3lvE fIUT

Ecolidl g a8 SAHAZAHAE AHEY {74k Nisin, 71E&d 1%
AT AoA AAEFAE A Rolx| Fpov} 3% lactic acide FF AAE
& H{Y, T3 =84 FIBEAGAME 3000ppmIF 4000ppmol At ksl oA &S
e L TH(Table 3).

Pseudomonas aeruging®) ™3t T84 L Table 49 Yehligictl, Acetic acid
AL e A% 1%9 SEAHE 133mme] JAZL B ++ £F9] FFAHE B
A FEAY YgEHLE FFEFHE UBo 3% FEAAE 225mme A EH
E YEdY £ 22 FX9A Butyric acid?} Lactic acidE. v} A &/do] Hf
Ao g ZAgS BT ¥ Nisind ¢E&A7|EA JIESE 132 AF A&7
E Hol|A 3T _

T3t Bacillus cereus®| H3AE Nisindd TEAINEA J|IESH TGS a3y
€ HE Holx oy {714t acetic acid®] &I/ M & AR yehyt
(Table 5). £ HA2LAHNFEE acetic acid & F$ 1%2 5= Yl A
T 5L Bacillus 99l % Bacillus subtilis®] W& ¥ E = Bacillus cereus®]
279 ES BT NisindlAE 1%0]49 +FdA ITdaH3E BYa E3

rlo

|
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A7 §71E 25 AAEHAE BEAT+HFE). JIEAR JEESYHILYE
3000rpmol A +FF2 dAEE Bal o3 FFEHE UEUQtHTable 6).

B A7 4d, g7ty 71EEY g, £E8A471EA Nisine]l 2 WA v
AE 53 FFEHE HojA e ggoy nAYE Eol¥go FJFEAHAE
HE Aol TR deix EF mAEY JAE HdA oS Ze Faad
Jellle 49 Al a1 349 Fa4o] Aga st

it

_50_



Table 1. Antimicrobial activity of organic acid, Nisin, soluble chitosan,

chitooligosaccharides on Salmonella typhimurium (KCCM 11862)
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Table 2. Antimicrobial acfivity of organic acid, Nisin, soluble chitosan,

chitooligosaccharides on Staphilococcus aureus (ATCC 10537)
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Table 3. Antimicrobial activity of organic acid, Nisin, soluble chitosan,

chitooligosaccharides on E. coli (ATCC 25922)
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Table 4. Antimicrobial activity of organic acid, Nisin, soluble chitosan,

chitooligosaccharides on Pseudomonas aerugina (ATCC 21636)
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Table 5. Antimicrobial

activity of organic acid, Nisin,

chitooligosaccharides on Bacillus cereus (ATCC 11778)
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Table 6. Antimicrobial
chitooligosaccharides on Bacillus subtilis (ATCC 9372)
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2. $37] A 717 B2t WA vlgEe] st B AR g 5 2=

7} A7 R o§ WA MAE JAE
Agar7) B AA7Z ¢ UAESE AL BAsy) 95t sm] o
skin EWH 20cn/pieced] H7IEE AEste HYA vlAEQ  Escherichia coli

Salmonella typhimurium, Pseudomonas aeruginosa®d AZAAAEZHE XA

7HE 2 acetic acid, butyric acid, lactic acid, nisin, 847 EAF, EGCG, garlics
& A% 1% 2% v 2 A5 B9 B ohg 4T A=A A 0, 3, 6, 9¢
¢ 3¢ AR HILEA P 3 HAA vAE dALHAE FFEH P

AZ 717 &<t A7LE Ao 2§ Escherichia coli, Salmonella typhimuriumi <}

il

Pseudomonas aeruginosa®l W3+ table 7-9¢F 2tk #HZE Ao %
Escherichia coli® ZAVe A3 1% 2% butyric acide} acetic acidE A2 3H <
w ol HlE] ¢ 4.0 log CFU/crr 748t Escherichia coli /37 A&7} 7}
d = detsten o] A A= A ARVIGE T AS ASHAA. =F A
A 99 1%} 29%2 EGCGY garlicE AP L w tlzFo uls) < |2.3 log
CFU/crt A3 oW, 292 lactic acid, nisin¥} chitosang #8598 S WE ¢F 19
log CFU/ct A3t (Table 7). #A7FLE Aol o3t Salmonella typhimuriumi<}
Pseudomonas aeruginosav Escherichia coli®} vwlZ7FA 2 1%9F 2% butyric acid
9} acetic acidE XN #sg<S o dE2Td w3 2z ok 359 42 log CFU/cr &4
E Roly 2 A% JAERE EIRLeH o AL T H ARVIS T
A& =9t lactic acideE 2% FX9A Salmonella typhimuriumi®} Pseudomonas
aeruginosad] 3 AZAGA EHAE YEeElW o o]d ¥ nisin, chitosan, EGCG,
garlics ¢l H7FEE A E We AF JAZHAE B 4 1 (Table 8, 9).
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Table 7. Changes of Escherichia coli in the chicken treated with additives during

the storage at 4C

Storage days Log CFU/ctt
Treatment 0 3 6 9
Control 458 6.11 747 7.33
196 4.24 4.20 3.83 3.12
Butyric acid
2% 4.14 3.88 3.16 3.16
19 4.14 4.30 3.26 4.07
Acetic acid '
2% 3.93 4.16 3.15 3.04
196 4.26 4.85 6.09 6.20
Lactic acid
2% 3.99 3.72 b.72 5.38
19 4,14 5.93 7.40 6.24
Nisin
226 4.04 4.90 6.24 h.66
196 3.88 5.34 5.83 6.75
Chitosan
2% 3.64 3.91 5.89 H.02
1% 4.02 5.67 6.86 5.15
EGCG
296 4.00 4.78 6.98 4.78
196 4.12 4,94 6.01 5.20
(Garlic —
2% 4.26 4.90 6.60 4.60
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Table 8. Changes of Salmonella typhimurium in the chicken treated with additives

during the storage at 4C

Log CFU/crf

Storage days
Treatment 0 3 6 9
Control 451 6.96 1.72 7.40)
1% 3.81 2.51 2.60 4.89
Butyric acid '
2% 3.62 2.91 2.50 3.08
1% 3.95 3.10 2.719 3.66
Acetic acid
296 3.24 4.08 2.00 3.30
196 3.93 6.80 7.35 7.30
Lactic acid
296 3.18 5.00 5.79 5.99
1% 4.23 6.83 6.02 7.21
Nisin
226 3.23 6.89 6.16 7.06
1% 3.83 5.94 5.98 7.21
Chitosan -
226 3.96 5.30 6.07 7.15
1% 3.79 6.17 5.99 6.28
EGCG
2% 3.96 4.98 7.03 6.00
1% 4,30 5.60 5.96 6.26
(zarlic
226 4,00 6.36 H.18 7.00
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Table 9. Changes of Pseudomonas aeruginosa in the chicken treated with additives

during the storage at 4C

Storage days Log CFU/cf
Treatment 0 3 6 9
Control 457 6.98 7.24 71.53
196 3.84 5.30 2.30 3.60
Butyric acid
226 3.11 351 2.20 2.78
1% 3.03 4,15 4.00 3.30
Acetic acid
| 226 3.56 2.93 3.08 3.26
1% 3.99 6.24 6.26 7.24
Lactic acid ' |
226 2.89 4.86 5.45 5.83
196 2.83 6.35 7.73 6.79
Nisin
226 3.25 5.57 7.35 6.26
196 4.15 6.90 6.86 6.90
Chitosan
22% 2.95 5.88 6.09 6.49
196 3.83 6.07 6.00 7.01
EGCG '
2%‘ 3.38 7.09 5.36 6.51
19 4.09 6.06 7.45 6.83
Garlic
2% 4.09 6.68 5.95 6.94
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U, #71E s H94 nAE o8 pH ¥

7] A7 B YA AED WE A @ pH W3 E RAS}HS
HAA v AEL Escherichia coli Salmonella typhimurium, Pseudomonas
aeruginosas AHE3F o, H7IE L acetic acid, butyric acid, lactic acid, nisin,
A7 EA EGCG, garlicsS 44 1%9 2% 52 A8 EdHd 4 oL 4T
JZFzA3A 0, 3, 6, 99 T 3¢ BFo=2 HIEAZ g Hdar]e pH ¥

38 2R3 9t). Escherichia coli A3 A butyric acid$} acetic acid® Az =

1
\J

F $718a5 dETd vl8] ¥& pHE FA 38R Escherichia coli 4739 A
2371 A JvEtwth. 28y EGCGE garlic A&l 23 &2 Escherichia coli /3
AAA &7 &R pHA Sk 23k A o) O}l{E‘r EGCGS} garlic powderdto] 713
52 FrdE E¥ dEolstn FAHAW(Table 10). Salmonella typhimuriumsk
Pseudomonas aeruginosa®l 4] pH ® 3= butyric acid$} acetic acid9] A8 H%7}

F7HEFE dxTd wE ¥ pHE A7 94 < AFHLE FA&H T

Salmonella typhimurium®} Pseudomonas aeruginosa 373 A 371 423 A
ey, o] dHE] lactic acid, nisin, chitosan, EGCG, garlics 2l #H7l&E<& A8l
F& "W AZ7IL 94A pH7 Asdte AR UEGow ojg9 AFAA &
7 g1tk ol A3 butyric acid®} acetic acid Xl <& pHel AsL7E HAA 7
AE AFGA JHA %S vt FFZEHJAH(Table 11, 12).
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Table 10. Changes of pH in the chicken treated with additives on Escherichia coli

during the storage at 47C

Storage days pH
Treatment 0 3 6 9
Control 6.64 0.2 6.72 8.34
196 5.52 4.82 5.82 5.42
Butyric acid
2% 5.77 4.37 4,29 4.56
19 5.85 4.33 4.66 5.01
Acetic acid
2% 452 3.99 4,33 4.71
1% 5.9 4.8 6.36 7.4
Lactic acid
2% 6.26 4.12 _ 497 6.78
196 5.94 4.33 5.63 7.12
Nisin
2%% 5.47 b.44 4.23 5.31
1% 6.01 5.71 6.16 7.2
Chitosan
296 5.97 597 6.02 76
196 5.01 5.51 5.32 7.17
EGCG
2% 4,31 4,71 5.36 6.09
1% 6 6.43 6.14 7.69
Garlic
2%% 6.26 6.51 6.33 7.46
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Table 11. Changes of pH in the chicken treated with additives on Salmonella

typhimurium during the storage at 4C

Storage days pH
Treatment 0 3 6 9
Control 5.9 0.13 6.38 7.6
1% 5.04 4,65 4,61 5.0
Butyric acid
2% 4.62 4.62 4.24 4.58
1% 5.07 4,32 4.87 5.62
Acetic acid
226 417 3.97 3.9 448
196 H.24 b.b 518 7.44
Lactic acid
2% 451 4.11 4.06 6.11
196 B.75 4,96 .27 7.31
Nisin
2% 4.52 4."79 4.36 6.81
196 6.35 6.02 6.26 7.09
Chitosan
226 6.1 h.72 6.08 7.24
1% H.62 4,63 4.84 7.25
EGCG .
296 4.32 3.52 3.94 0.74
196 6.17 5.9 6.04 7.4
Garlic
296 6.1 .72 6.08 7.92
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Table 12. Changes of pH in the chicken treated with additives on Pseudomonas

aeruginosa during the storage at 4T

_61.“

Storage days pH
Treatment 0 3 6 9
Control 6.13 H.79 6.19 8.13
19 491 4.49 453 5.25
Butyric acid
296 452 4.4 452 4.72
1% 494 4.6 H.25 575
Acetic acid
296 4.46 4.17 3.93 4.53
196 4.87 5.58 5.1 7.62
Lactic acid
296 4.56 4,31 3.96 6.82
1% 5.15 5.08 6.21 75
Nisin .
226 4.19 4.46 5.29 6.38
1% 6.07 5.76 6.12 8.09
Chitosan
296 6.17 H.66 H.87 7.59
196 5.21 5.51 H.64 7.12
EGCG |
296 4.25 4.16 4.99 6.52
196 6.01 5.7 6.35 7.92
- Garlic
226 6.07 6.05 6.3 7.64



3. 17 A% 717 B9 A AL} TFWY] 9@ vgElA B
7). AQAIAE o] o FAH AR JAE3}

AErz] B3 A7 < JAAH7EE diFel o3 BY94 mAE AR E
ZASH7] 18t B 37]19] skin W 20cn/pieced] HNE @E EL& wlE AR
o ¥ TAEL 517 33 AN ¢ A48 A IFE vAE
B} A7 Q) Escherichia coli, Salmonella typhimurium, Pseudomonas aeruginosas
AE3AT, A7ME & acetic acid, butyric acid, -84 TEA 7| EAN EGCG, garlic
5¢ 747 2% FEE AR EW 23 tg 4C WAZASA 0, 6, 129 B 6
d AR HVMEAE 2% #HAdA vAE qAEHE #FSAC A 7|t
¢ AHIME A oSt Escherichia coli, Salmonella typhimuriumi®}
Pseudomonas aeruginosa®] W3} table 13-16%F 2t}

47hE 9E e @Al % Escherichia coli 4 ARTE 712k
butyric acid®} acetic acidE X TR o thxT d|s] Z+Z oF 637 64 log
CFU/art 743l em™ o] JAEde= A AAZ7IS Foto AS AFHHJUT £
A 1294 A7}ME chitosan, garlic®d EGCGEFE U522 A& o R4

g8} Z+zF oF 3.0, 0.9 09 log CFU/cr Z4a3t¥Ne™ H7ME chitosan, garlic®t
EGCGE< Wi AestRe W thxad H|3 chitosan® garlic #i g Aol <3
¢k 3.1 log CFU/ctt, chitosan® EGCG g A 2ld] el&f ¢ 3.3 log CFU/c, garlic
# EGCG i Aol &3] oF 2.0 log CFU/cr, chitosan, garlici} EGCG #l g A &
o o8 F 7.0 log CFU/c 72515 tH(Table 13).

Salmonella typhimuriumi®] A7IE 95 L& wiPgA el <% R AA| &
714121 butyric acid®} acetic acidE A 3RE& W thx2To) vl 47 ¢ 559
54 log CFU/ai ZAstgew o] dAETRE A AR7|AE F8t9 Als ASHU
o}, =3 AR 1294 H7FE chitosan, garlic$t EGCGS S 95202 sy S W
gz vl 42 ¢F 20, 039 04 log CFU/cri #4385 o™ H7HE chitosan,
garlic?} EGCGES wWiEd A#saS u izl Hl 3l chitosan® garlic ¥l g A &
of 93] ¢ 24 log CFU/art, chitosan®} EGCG Hig& A glol el ¢k 2.2 log CFU/
orf, garlic® EGCG w1 A o) o8 ¢ 1.0 log CFU/cr, chitosan, garlic®} EGCG
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djg A g o8 ¢F 6.2 log CFU/crt Z+A 3 oHTable 14).

Pseudomonas aeruginosa®l A71E 95 2 g gd &3 AA A gHd+s
712kl butyric acid®} acetic acid® A SHE W fFzF w3 27 ¢ 529
50 log CFU/ari #2383 2e™ o] JARI}= A AR7|LS & AE AEHIY
ot =3 A% 1294 H7ME chitosan, garlics} EGCGE S @522 A3y S o
ol Hle] zZtzk oF 1.8, 029 03 log CFU/ar #238328 H7HE chitosan,
garlic} EGCGT < Wl AesiS o dizxdd 88 chitosand} garlic ¥l §F A &
of &3 ¢k 2.0 log CFU/ci, chitosan® EGCG ¥l A g s <oF 2.2 log CFU/
arf, garlic®} EGCG vt A&l &3] ¢ 0.8 log CFU/crt, chitosan, garlic®} EGCG
a3 Aol o8 of 6.2 log CFU/crt 7431 % th(Table 15).

Ae7] W3 A7 ¢ JDH7E wdel o HEAd vAdE gAEHs)
A 7VE chitosan, garlich EGCG 371A 25 dj8t A8 9€ W Escherichia coli,

Salmonella typhimuriumi$y Pseudomonas aeruginosa?] P|AAE AAa¥}} MR =2

Al YEFSEE
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Table 13. Changes of Escherichia coli in the chicken treated with additive

combinations during the storage at 4C

Log CFU/cxt

Storage days
Treatment 0 6 12
Control 473 7.05 8.93
Butyric acid 3.23 2,08 2.60
Acetic acid 3.30 2.95 2.48
Chitosan 3.97 b1l 5.98
Garlic 481 - 6.22 8.06
EGCG 4.65 6.19 8.05
Chitosan+garlic 3.85 4.93 5.79
Chitosan+EGCG 3.70 470 .63
Garlic+EGCG 4.48 5.93 6.98
~ Chitosan+garlic+EGCG 3.30 2.90 2.00
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Table 14. Changes of Salmonella typhimurium in the chicken treated with additive

combinations during the storage at 4T

Storage days Log CFU/cr
Treatment 0 6 12
Control 4.62 7.08 8.19
Butyric acid 3.70 3.18 2.70
Acetic acid 3.72 3.40 2.3
Chitosan 4.08 .74 6.22
Garlic 453 6.95 1.93
EGCG 4,33 6.81 7.81
Chitosan+garlic 3.98 5.54 5.79
Chitosan+tEGCG 3.90 5.30 6.00
Garlic+EGCG 4,18 6.26 716
Chitosan+garlic+EGCG 3.83 3.00 2.00
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Table 15. Changes of Pseudomornas aeruginosa in the chicken treated with additive

combinations during the storage at 4TC

Log CFU/cnf

Storage days
Treatment 0 6 12
Control 4.70 6.96 8.18
Butyric acid 3.90 3.48 3.00
Acetic acid 3.85 3.30 3.18
Chitosan 4.18 6.16 640
Garlic 4.54 6.79 7.99
EGCG 4.40 6.80 7.88
Chitosan+garlic 4.04 - 5.98 6.20
Chitosan+EGCG 4.00 5.90 6.02
Garlic+EGCG 420 6.65 7.40
Chitosan+garhictEGCG 3.95 3.18 2.00
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. AQAIE wEs g7 TY) o0 ¥ nAR JAa

Agar] ¥ AZ7L T AAHZEE T FdA EF o3 WA w4
E QA 3HAE FAE7) At #2719 skin BH 20cr/pieced] HIME 95 S
Y At HEAd HAES "gar] 33 AZVIE S A A P
&8 nx= B M T Escherichia coli, Salmonella typhimurium, Pseudomonas
aeruginosa® A&t oA EXFE (F)AUIEAS ITAE AHEENLH
A7FE L acetic acid, butyric acid, 84 IEA 71EA, EGCG, garlicsS 44
2% TEE2 AN T BY v 4T WAZRAsAA 0, 6, 129 5 6 DAL
Z H7LEAA g WA mAde AARIAE BESUH. AR 7 L HIL

=1

2 AP 93 Escherichia coli, Salmonella typhimuriumi®t Pseudomonas
aeruginosa®l ¥W3l+= table 16-187 Z T}

oA A4 AVE 5 & 8| §A- YA 3 Escherichia coli 373 A&
£ 47149 butyric acid®t acetic acidg& A2 dt{ S W tZLo vl&) 247 <F 4.2
7} 39 log CFU/cit #2852 o] dAlgdE A ARZ7E F3lo A& A&
At =3 AA 12494 HIJIE chitosan, garlicet EGCGE S YEo 2 AHEdu
o gz ulal zZtzk ¢k 25 089 09 log CFU/crt %53}9\12“4 A 7}E chitosan,
garlic®} EGCGE & Wy A sAE o &t v]38] chitosand garlic Wi g =] &l
o o8] ¢ 2.8 log CFU/cr, chitosan®} EGCG vl A&ld] 93] ¢ 3.0 log CFU/
ci, garlic®} EGCG W st Qe o8 ¢ 1.2 log CFU/cdf, chitosan, garlic®} EGCG
g Ao} o8] 2 45 log CFU/crt 743893 tH(Table 16).

Salmornella typhimuriumi®l H7IE o5 & wdAgd os A% A 8=
714k butyric acid®} acetic acidE AHE3tH S W iR vld ZZ ¢ 459
48 log CFU/cr Ha3tRem o] AAgxnes A AR7ILE Fdtd AL ASHIY
o, =3 AR 1294 HIJME chitosan, garlicst EGCGE S @502 X8ty S d
hzFd 88 27 oF 1.8, 0.29F 04 log CFU/er #4388 ey HA7ME chitosan,
garlic?} EGCG5 < W& A stRS W tiFE o v]8 chitosan3d} garlic s] & A ¢
of <l3] ¢ 2.0 log CFU/cn, chitosan®} EGCG wig A4l 23] ¢ 2.3 log CFU/
ci, garlic® EGCG Wit Aol <3 <¢F 0.8 log CFU/crf, chitosan, garlic?} EGCG
st X gl ojs} ¢F 5.1 log CFU/crt 748k oh(Table 17).

....67_



Pseudomonas aeruginosa®l H7[E W Z2 ulgA gl 23 A3 JAEH=
714k butyric acid®} acetic acidE A @8RS o AZ 1244 &L v &
Z} ¢ 4739 49 log CFU/crf 743893 H7HE chitosan, garlic$t EGCG%% g
02 AYsaS W dixgo 88 2 ¢ 0.9, 069 0.8 log CFU/cri 435 o
H7FE chitosan, garlic®} EGCGT & wid A& e o o vl chitosan¥
garlic Ml A 3] ¢F 2.0 log CFU/cr, chitosan® EGCG ulg Ao 93l oF
1.1 log CFU/cu, garlict EGCG wig A& 93] ¢F 1.2 log CFU/cif, chitosan,
garlic®} EGCG wlg A gl 23 ¢ 52 log CFU/er’ 7348} o (Table 18).

Aeir] ¥ A7 ¢ Fd 2R JAHE widdd % Hdd A
= A&7t HI7FE chitosan, garlic} EGCG 3714 2% a9l A Esgs o
Escherichia coli, Salmonella typhimuriumiSt Pseudomonas aeruginosa®] VA E

AA &7 7 A ey
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Table 16. Changes of Escherichia coli in the chicken treated with additive

combinations and antimicrobial packaging during the storage at 4T

Storage days Log CFU/crf
Treatment 0 6 12
Control 4.73 5.40 0.22
Butyric acid 3.23 2.60 2.00
Acetic acid 3.30 2,73 2.30
Chitosan 3.97 - 418 3.74
Garlic 481 470 0.40
EGCG 4.65 443 5.30
Chitosan+garlic 3.85 3.54 3.40
Chitosan+EGCG 3.70 3.48 3.18
Garlic+tEGCG 448 4.30 4,98
Chitosan+garlic+tEGCG 3.30 2.710 1.70
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Table 17. Changes of Salmonella typhimurium in the chicken treated with additive

combinations and antimicrobial packaging during the storage at 4C

Storage days Log CFU/ qnf
Treatment ' 0 6 12
Control 4.62 5.93 7.22
Butyric acid 3.70 2.95 2.30
Acetic acid 3.72 3.08 2.00
Chitosan 4.08 4.81 4.93
Garlic 453 5.51 6.98
EGCG 4,33 5.18 6.81
Chitosan+garlic 3.98 4.65 479
Chitosan+EGCG 3.90 454 4,54
Garlic+EGCG 4.18 4.98 6.19
Chitosan+garlic+EGCG 3.83 3.40 1.70
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Table 18. Changes of Pseudomonas aeruginosa in the chicken treated with additive

combinations and antimicrobial packaging during the storage at 4T

Storage days Log CFU/cri
Treatment 0 6 12
Control 4,70 5.98 1.24
Butyric acid 3.90 3.30 2.18
Acetic acid 3.85 3.18 2.00
Chitosan 4.138 5.19 5.95
Garlic 454 5.79 6.94
EGCG 4.40 0.63 6.79
Chitosantgarlic 4.04 4.98 5. 78
Chitosan+EGCG 4.00 4.90 5.73
Garlic+EGCG 4.20 5.04 0.98
Chitosan+garlictEGCG 3.95 3.18 1.70
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o MAR7HE g 1AE 24 o HAdA vAE JARH

A7l 33 AB7I1 4 HQFATHE i@ A3 2R 3 HdA PAE
AAEHE A7 A8t §7]9] skin EW 0ar/pieced] F7ME @ F& )
& At BEA vAES Bl WA AV 7 AAAH ABAFA FF
& viAe FAANLE Escherichia coli, Salmonella typhimurium, Pseudomonas
aeruginosa® A&t AF EFL ATS International Co®] & EZ7E AME-
gaon HIIEL acetic acid, butyric acid, 84 1LEA} I EA, EGCG, garlics
S 474 2% v=EE AR E¥d B OF 4T ¥3xAsA 0, 6, 12€ &< 6¢
HFo2 HILEAN Y g HYA vAE JAEHE BEAH. A 71 F<

A7FE Ayl 93 Escherichia coli, Salmonella typhimuriumi$t Pseudomonas
aeruginosa®l W3E L table 19-213 7t}

g ¥43 ANE 45 5 agA g & Escherichia coli 87 A LI =
$%714F¢1 butyric acid®} acetic acidE A SIFE W dixatd ]3] Z+Z} oF 473
44 log CFU/crit Z&3tgen o] AAEHE A AR7E T3 AS AS5HR
b, £ A 1294 HIJME chitosan, garlic®} EGCGS & 9522 AEsEes 4w
diz=aol ws] Z+z oF 23, 1.2¢9 1.3 log CFU/cn AasdtH e H7bE chitosan,
garlicet EGCGS S W3 AR g o dE=To vidl chitosan® garlic Wi g A
of oJ& <F 24 log CFU/CHJZ, chitoéanﬁ’f} EGCG wig Azl o8 ¢ 25 log CFU/
o, garlic} EGCG ®#ig A gd &3] ¢F 1.7 log CFU/cn, chitosan, garlic} EGCG
wig Jelol o8] o 50 log CFU/cr 722819 vH(Table 19).

Salmonella typhimuriumi®l A-F EAI HJE 45 S @A o 4%
AAEHAE= F714H butyric acid$} acetic acidE HeeHS& W dFRL] vl &
Z} oF 39¢ 39 log CFU/ert AR em of dAEIE d ARVILE S5t A
& A&y, £33 AZ 1294 HIJME chitosan, garlic®t EGCGE = @FLE A
g4 e W xRl v 4z ¢F 1.0, 029 04 log CFU/ar #HA&3HR e H7M=
chitosan, garlictt EGCGEE g Aesde& o d=xFol vl chitosan¥ garlic
g o] o <ok 1.1 log CFU/cr, chitosan®} EGCG wig Ao} <] < 1.4
log CFU/ctt, garlic®} EGCG v g M| 2d] o 05 log CFU/cr, chitosan, garlic
3 BGCG 3 Helol 8 ¢ 52 log CFU/ar 7243k tH(Table 20).

o
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Pseudomonas aeruginosa®l AF EXAI H7IE ©F =2 i@ 93 A%
AA &A= F714kQ0 butyric acid$} acetic acidE& AU S o dx2T v 4
7t oF 399} 39 log CFU/ar Zadtgoen o dAagds A AR71e 39
& Z&EAT B3 A 1297 H7FE chitosan, garlic®t EGCG% Z0=
gt A S W izl vl 47 ¢ 1.8 029 04 log CFU/af ZFadtGom A&
chitosan, garlic®} EGCGE& g AHTYSR{E v fE79) ¥3] chitosand garlic
aj gk Ao &3] <F 1.8 log CFU/c, chitosandt EGCG wllg A &lo] ¢Jd] <k 1.9
log CFU/crt, garlic®t EGCG wWi& A& &3 ¢F 0.6 log CFU/cf, chitosan, garlic
7 EGCG g Mgl ofs] ¢ 55 log CFU/crt 743} tH(Table 21).

Azl ¥ A7 g A5 234 JAFH7EE aigel od HaA mAE

AAEH7} H7}E chitosan, garlic®t EGCG 3714 EF a1 AHsg e o

tlo
i

Escherichia coli, Salmonella typhimuriumi®} Pseudomonas aeruginosa® v|AAE

AAEI7F 78 ZA HERRT.
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Table 19. Changes of Escherichia coli in the chicken treated with additive

combinations and vacuum packaging during the storage at 4C

Storage days Log CFU/crf
Treatment 0 6 19
Control 4.73 5,81 6.70
Butyric acid 3.23 3.43 2.00
Acetic acid 3.30 - 346 2.30
Chitosan 3.97 4,16 4.41
Garlic 481 5,11 b.46
EGCG 4.65 4,93 5.41
Chitosan+garlic 3.85 3.96 4.29
- Chitosan+EGCG 3.70 3.98 4,18
GarlictEGCG 448 4,75 4,98
Chitosan+garlic+tEGCG 3.30 3.45
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Table 20. Changes of Salmonella typhimurium in the chicken treated with additive

combinations and vacuum packaging during the storage at 4TC

Storage days Log CFU/cif
Treatment 0 6 i2
Control 4.62 5.88 6.93
Butyric acid 3.70 3.30 3.08
Acetic acid 3.72 3.28 3.04
Chitosan 4.08 4.83 5.95
Garlic 4.53 b.74 6.74
EGCG 4.33 5.59 6.54
Chitosan+garlic 3.98 4.81 h.79
Chitosan+EGCG 3.90 4,05 5.54
Garlic+EGCG 4.13 4.98 0.47
Chitosan+garlictEGCG 3.83 3.18 1.70
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Table 21. Changes of Pseudomonas aeruginosa in the chicken treated with additive

combinations and vacuum packaging during the storage at 4C

Storage days Log CFU/ctt
Treatment 0 6 19
Control 4.70 6.40 7.16
Butyric acid 3.90 3.81 3.26
Acetic acid 3.80 3.74 3.23
Chitosan 4.18 4.98 5.40
* Garlic 454 5.93 6.99
EGCG 4.40 5.88 6.79
Chitosan+garlic 4.04 4.81 5.32
“ Chitosan+EGCG 4.00 4.60 .26
“ GarlictEGCG 4.20 5.54 6.05
Chitosan+garlictEGCG 3.95 3.30 1.70
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T Rl FAREFR gALE 9 Jloge
Algel e < | O Ul #F F9 e Harle FEAEA ZFCNST) 23
- Hlsh |15
apygel |- RO FRARAOSD 29E W]
ZZANAAZA 095 | = TFE FFUAAIRACNST) 295 &1l
e 27 O NZo] HE 3 £Be FHRIBAEY 0FE
el 18 T | o garle A% 7RkE B W3 MARY o WA ¥t
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e sojAof i) Eg, PAAA e L3 e E A FEE FEIY S
RE ESFAAM ESHE & EAOA HY Ao 22 SHAYAFEER AAA B
qRAgolREA] ERAYEL AAANE 3 24N Ed d¥E =57 f A4 9
F3E B stejol ste dA wHF Frote RR ESFAAN FA T Ao,
E Ad74HE B8 £2FAE 5 EAAEEZC A AYE HF8 ANE + 3
on, E AFZAFANA AMAE E5F W & EAAXMY FFAFAZZHY LGEA
E 948 ol8E dId =AANYHEE HHE &3 FAAF] dHAY FH
=gl € Aol
£, 7hES 7% A g8 A7 kAl A VIS gaAFEY Ve
of ol&3tn e Aot HZ IFUYFH ez vy HAF JHEr]ed dig
BAlo] Eold ZoAHT Qon B A7 AAE wgoz 71389 nAEHH
A i FA H7E A Jle AEE Biazly A% 4% 71 % #3
n| P B Aojrl&e AUEE A% FEY AEE 4" F A& Aot a8n #
171 % F ¢AAL FHEAYAAN g mAES A T + Je FE HMES
AE) sty AA Fdanr] 7HF KA 8T & I Aotk B A7 A A

g A7led MEE BdA AN Ve

o
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4 AF5E T F U9 2RE Tt d7EA=ES A5 FEE AFolH.

SRS Fotel £ AT AREB U AT BHLS @ & 9Qen od @ 3
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Al 6 & A+ 7HE B HollA =F et sl wst

= B

O H A AAALE Microbial risk assessmento] st #AH A g Aol = F
"X FAO/WHO Al risk assessmentdl] thdt o4& ®Husty JQrHFAO/WHO,
2002).

O Salmonella’s AAHLR 713 E&A BRuge AEv7] A2¥ezs 197494+
108 4 9 14~1208 22 vt vi=e] 3¢ 1409 casert LAY 164307
o] MY XNEE WL 582 0] At RAOE YERT s 96%7F 4 Fo
8lgle] op7lHEe A2 FAHUY HFLE viEE SalmonellaZ 213 2 5y
o A &4nl&o] 23204 BR ul E{T JhERIE AN Salmonella
2 deody F8 9L 33 glorE oE "5‘017_] 23l broiler chicken®l] Al
Salmonella®] 3733 QA L vA= AE Hrlele Aol o sth(Mead et
al., 1999).

O Hi7|dA Salmonella®l =% =53 Ae AdAAANA Al&AstE food chain
S B35l SalmonellaZ7l 29" H17|9 olFodA AlFHI LA, WA 7}
Aol AZANLH 7 AN EAe 2EAFA g3 Salmonella’t LA AT
1 B 339t Lammerding AM. 1997).

29 4% AAE s Ao @A FoATA B2 dFE°l AYH]
A3 Pt HF A B3d 984, Sallam F&, vEe] a7l &AR AZ7IT
¢ Fas R MAE A A AU eE Hus(Sallam et al, 2004)
trisodium phosphate(TSP), acidified sodium chlorite(ASC), citric acid(CA)e &
g AZ7|17t §< Pseudomonas A5 A3 A7 e B33 §iH(Elena et al,
2007). .
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