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Abstract

This study was carried out to examine foodborne pathogenic contamination from 1,080 samples of cooked hams and sau-
sages at 10 Korean processing facilities in 2010. The samples were collected from the six primary and additional steriliza-
tion products in same lot. To detect Salmonella spp., Staphylococcus aureus, Listeria monocytogenes and Clostridium
perfringens in those products (n=1,080), the domestic standard method for Processing and Ingredients Specification of
Livestock Products was used. As a result, Salmonella spp. was not detected in all 636 ham and 444 sausage samples. How-
ever, L. monocytogenes was detected in four (0.6%) ham and eight (1.8%) sausage samples from five manufactures. S.
aureus was also only detected in 4 (0.6%) ham samples from two manufacturers, and C. perfiingens was detected in 3
(0.5%) ham samples from three manufacturers, the contamination levels of these pathogens were less than 100 CFU/g. In
conclusion, the results of this study indicate that the additional sterilization step of processing manufacturers could not assist
to control the foodborne pathogenic bacteria.
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Fig. 1. General manufacturing procedure of cooked hams and sausages in Korea.
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S. aureus7} FAEH A8 5l toxin TS HAF
317] 9135le] VIDAS®(BioMerieux, France) Staphylococcal
enterotoxins kits ©]83}] A, B, C, D, E toxinol| T3+
23y HARE AAlsHAT
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agarose gel(Cambrex, USA)OA 7|9 E35le] SZ/FE

289},

N

PFGEO| 2|st L. monocytogenes2| ST EM

L. monocytogenes 2] T1F7He] A S olrr] 9
&}e] Graves and Swaminathan(2001)2] WS- ARE-3}o]
PFGEE AHAleat. &, #8l¥ 55 &% [Biomeriux
Vitek Colorimeter, 10%(0.Dy,,=1.4)]°1 ZrAl FH]s}
agarose plug(1.2% Seakem Gold Agarose)S | 2}5F3it}.
Lysozyme 10 mg/mLS H7fste] 9E2r-2E AME-st
o] 35°Col A 100 rppm o2 HHS-A)A cell lysisE AABFA
of. & A AE 3 Proteinase K(20 mg/mL)S *|&]3t
= 54°C FeFgzo)A 53] 158 B AlFstdnt. Al
Sra A W22 Apal(200 unit, Takara, Japan)©Z 37°C
oA overnight 3}3th. *2]¥ A& CHEF MAPPER™
(Bio-rad, USA)E AME3}a] 6 Viemoll A 1% agarose gel
0.5xTBEZ 7|95 AAISIATE 14°Coll A 4%04 40
Z7HA] pulse time= 7FA linear ramping factor= 19A]7F
o2 A8319 . PFGE profile2 Bio Numerics software
version 6.6(Applied Maths, USA)S A3}, maximum
optimization 1%=Z 7} vt} As/dS vlaste] ¢an
&8 ZAlste] EA181tHHunter and Gaston, 1988).
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interval, C.L)S A FA3IAT 3 Alg57) = A
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= VN AZ3ALAA BAReE §1 471(0.6%, 95% C.1. 0.01-
1.2%)°] AgolA HEHNeH, 1 F 37102 13} 7184
RS X3k AFEA(0.6%, 95% C.I. 0-1.2%), Y=
1€ 23} 71EAF7EA] 283 AJEol| 4 (0.2%, 95% C.1
0-0.5%) ZtZt AZF AL vFA 2AAF{ AFA= S
aureust©] HEEA] ko) Hule-=rol 95 95% Al
ko] ABgko] 0.4%EA R Ay SEY
o e} 2AXFY HEEN= FYS zol7t fiiTh
C. perfringensc= 37 AZ3|ALY] 7 37004 HEH A
I(AZEE 0.5%, 95% CI. 0-1.0%), 2AAFINME A
HA] &Skth. o]F 12} 71AIRES A g AlFA 1
7(0.2%, 95% C.L 0-0.5%), 22} 7}GAT71A] & A3
A 2710](0.4%, 95% C.1. 2FTZE 0-0.9%) HEF AT
L. monocytogenes= 57 A ZIJ|ALNA UF 4A(HEE
0.6%, 95% C.I 0.01-12%), &2AAF 8AHREE 1.8%,
95% C.I. 0.6-3.0%)= EZste] F 12710] HESHUTE 1
Z 788 12} 719k 22 AFE)A(1.3%, 95% C.I.
0.3-2.2%) YA 5712 22} 7FEat7EA] A 2lgk Aol
21(0.9%, 95% C.I. 0.1-1.7%) Z}Z} HES ATt o] wia}
o Salmonelld= B2 ABoA & 3 A% ASHA] Lt

M} 2AR] AZFAR F 1z} 7 o) AFH G A
59} 23} 7T $ofl AHS AFAA AEFE 7HA
AF= Al el BEAFCE oA JeEAS EA
A3}, Table 20149} o] HARE 2E Alf &=o) tis}
o] &} 7FERE AEsk AlFely 231 7FE7A] A gt Al
FA  AEEle AoVt sl AoE AU
>0.05). T DAAZRE 2F5E 7o) HEH AZR3AL
o] g AEFEEE T 19 AE T 1570 AR (78.9%)
7} 10 CFU/g ®]Rko]Qlom, Y= 47] A&+ 10-100
CFU/g®] 55 YERHUTH(Table 3).
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Table 1. Prevalence of foodborne pathogens from cooked Table 2. Prevalence of positive samples after 1°* and 2" steril-
hams and sausages in ten manufacturers izations
Ham (n=636) Sausages (n=444) After 1 sterilization  After 2™ sterilization
Manufacturer  No. No. No. No. (n=540) (n=540)
samples  positive samples positive Pathogen No. of No. of
A 36 D positive Prevalence positive Prevalence
- - 0, [\
B 72 - 108 - samples (95% C.L) samples O%CL)
C 60 1 24 B Staphylococcus 3 0.6% | 0.2%
b 72 - 60 - aureus (0-12) (0-0.5)
E 84 - 12 -

Staphylo— F 96 3 48 _ Closn.’idium | 0.2% 5 0.4%
coccus G 108 - 12 - perfiingens (0-0.5) (0-0.9)
aureus H 12 - 48 - Listeria 1.3% 0.9%

I 12 - 9% - 7 } 3 ]
monocytogenes (0.3-2.2) (0.1-1.7)
! 84 _ 24 _ i 2.0% g 1.5%
Total 4 0 Tota 0832 (04-2.5)
W.Prevalence 0.6% 0%
95% C.I. 0.01-1.2)% 0-0.4)%
° ( )% ( )% Table 3. The contamination levels of food borne pathogens in
A 36 B 12 B cooked hams and sausages (CFU/g)
B 72 - 108 -
C 60 1 24 _ Staphylococcus  Clostridium Listeria
D 72 - 60 - Manufacturer aureus perfringens  monocytogenes
E 84 - 12 - <10 10-100 <10 10-100 <10 10-100

Clostrid- F 96 1 48 - Hams N B B B N
ium per- G 108 1 12 - B S ’
Jringens H 12 ) 48 ) ausages - - - - -

I 12 - 96 - C Hams 1 - 1 - - -
J 84 - 24 - Sausages - - - - - -
Total 3 0 D Hams - - - - 1 -
W.Prevalence 0.5% 0% Sausages _ _ _ _ _ _
95% C.I. (0-1.0)% (0-0.4)%

Hams 2 1 1 - - -
A 36 ) 12 - F Sausages - - - - - -

B 72 - 108 2 g
C 60 - 24 - G Hams - - - 1 1 -
D 72 1 60 - Sausages - - - - - -

Listeria - -

Sausages - - - - 5 -

monocyto- G 108 1 12 - g
genes H 12 - 48 - ] Hams - - - - 2 -

I 12 - 96 5 Sausages - - - - 1 -
J 84 2 24 ! Total 3 1 2 1 10 2
Total 4 8
W.Prevalence 0.6% 1.8%
95% C.L (0.01-1.2)% (0.6-3.0)% A% v} Fig. 20149} 2o] 155 AQJ3h 115004 &
A 36 - 12 - AEom, ZF profileS2 12-16702] @ oz A
g 2(2) - 12048 - 3180 kbollA] 1,200 kb Atolell A RE3IP oM, T 7k
D 7 . 60 . 1101]/\1 49 J-1, 12, I3 d#FE 13, 14, 15 455
E 84 - 12 - 2 80% o] =& AEAS /R AowE Yehdth
. F 96 - 48 -
Salmo- G 108 ; 12 - .
nella spp. H 12 } 48 ) o &
I 12 - 96 -
J 84 - 24 - Z LA 6] & A== o W) o] ©
Z4F2)Z M9 L. monocytogenes FHEE-L 7)o 9] &
Toa ; ; NEEF 1G AE AT dAAeE ddge
W.Prevalence 0% 0% ol
95% C.LI. (0-0.3)% 0-04)% A F= AFNA A2 4.90%9F 13.71%2 AL
W.Prevalence: weighted prevalence (%) CH(Uytteendaele ef al, 1999). T3 og-g]oto| x| 71

95% C.I.: 95% confidence interval AL AXA] &= A H dkg LA KA XS] L. mono-
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Fig. 2. PFGE dendrogram of Listeria monocytogenes isolates from cooked hams and sausages in four manufactures.

cytogenes®] HEE-S 27; 38.9%9} 152%2 Bttt
(Cesare et al., 2007). Qo] 71AAZHAHL AR SA=
9] L. monocytogenes HEEL 3.7%% YEIGoH, 1 F
o] M= 53] 10CFU/g o1 =& 59 HE2 0.5%
2 2AERQ o, 53] ddsh= 759 AdalA| e 7
$ol 1.56%%} 6.65%2] AEES YERI O] J3dst Aols
HA=H, ol 733 F 29 9t Aoz A
o]Fd F7HHQ LS e AS T8 B/ AE AA
SIS tH(Noack and Joeckel, 1993). ¥ Aol dA]e] I}
S Axe FURt A7t 2AIAFE L monocytogenes
o] 2d&°] 7217} 0.6%, 1.8%% FAKE|] <=toA] Ha
st HEERTE Y2 235 Yehgdth

A G=rol| A Nichols and Louvois(1995)= Z2] %A
o A1 g WA 18670 A=l thald Salmonella
spp. LAHE ZAEE vl 13670(17%)7F QAT Ao E
Huskit. 8k old#Al=2] cooked meat A|BONA 0.1%,
raw meat A|ENX Salmonella spp.2] FAZE°] 0.9-1.2%
2 BEchJordan er al. 2006). SY2] ETA}AHL A
2 RYollA S aureus®] HEES 11.1% T8 Halst
9 tH(Atanassova et al, 2001). ¥ ATl S aureus$:
Salmonella spp. AEE°] 2 1.1%8} 0%=2 ZAFHO =2
A AR 3 E AAIRFO LAES 5l Hlgte] v
< ZoF Yesith

o} o] Z7PE W LAIAF AlFel JoiA] olHgh
AEeET LEE Aole AFE, 18a vAE FTRE

717k Bl r1Ee) Aole] &3 Ao AmH. &, =
o] Af-ol= F49A)|Z(Ready-to-eat; ©|3} RTE) A=
5 SAIFANA Salmonella spp., S. aureus, L. mono-
cytogenes, E. coli O157:H7, Vibrio parahaemolyticus 2
C. perfringens & 6% AT o402 714= AU
THAnimal, Plant and Fisheries Quarantine and Inspection
Agency Notification, 2011). ©]9} Blusle] FHo M= =
AAHAANEA Net] Salmonella’s n=5, =0, m=0 CFU/
2502 TSl Q. T3 L. monocytogenesol| T3 7]
T2, SAIEY B4 ek 52 #RIsk L monocy-
togenes7} 737 = = SHAFHANFLE 7HlA n=s,
¢=0, m=0 CFU/25 g, Fhl7dollAd n=5, c=0, m=100 CFU/g
o]31, L. monocytogenes’} AAE = Qv SHHFELS
n=5, ¢=0, m=100 CFU/g&X] 27" H o2 HE3IAA A
3lal 9l= Aot (Commission Regulation, 2005). &5
9} FA M=M= Coagulase positive Staphylococcit= 3
THOZEA n=5, c=1, m=100 CFU/g, M=1000 CFU/g,
Salmonella(n=5, ¢=0, m=0 CFU/25 g), L. monocytogenes
(n=5, ¢=0, m=0/25 g)o} BI7}LA|F] 3}t E. coli(n=5,
c=1, m=3.6, M=9.2 CFU/g), S. aureus(n=5, c=1, m=1,000
CFU/g, M=10,000 CFU/g), Salmonella(n=5, ¢=0, m=0 CFU
125l tigk #ejrlEe]l 474 AR Eol ATH(Food
Standards Australia New Zealand, 2001).

HsollAs SAlEel st 5302 A8EHe nA
&9 7IE A2 flod Z4 Al wet rrEA T
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EEAAAZYE Al T AT A el oA
ST TAES Aostar Aok FL Y L8 A (critical
control point)$} HACCP Z&130o]| A3 efe} A3t
et 7} s Algol A-8star olol] W flaid 7 Hrisk
assessmentyS =3Pl SAIES 71E E vE AFES
2 FEst Ak 7HEAES] Bl Salmonella, L.
monocytogenes 27302, H|7IEA|ES] H$-ol= Sal-
monella, S. aureus enterotoxin, E. coli O157:H7, L. mono-
cytogenes 10| ZAAAE 25 g& 2702 colony ©]&}o]H,
RTE A& tialjA]= zero tolerance 7]&=C. 2 AA3}1
ITH(Food Safety and Inspection Service, 2003). Q-] A
£ 59 FAE 257} 63°CA0E FE S50l &Y
o] = WHo = ek Ee|~3l, 223, vlainr]A],
FHAFZEIANA], Wo|A T TMEASAFS B9 2
A% NMEAET 7S EAAFOCR BRI THS
7Y A IE doJA= Coliforms 243/g, Clostridium spp.
g3 1000 CFU ©J3t=, 7}8% EZAF2 E. coli +73/0.1
g, Salmonella spp. &73/25 g, S. aureus g 1000 CFU ©]
=2 #Ag]7]5o] AA|E L JA(Japan Ministry of Health,
Labour and Welfare, 2012).

THAME LEH FABH ol 2AIAF it
Aol @48 FHES AXAA AL YA Ae=mdt
o ¥ s FFoh] dlstd 1A e 2 A
o] o] 2242Q1 ZtAANtAEE stal = 78 o1TH(Jung,
2011). 7FEHEE AR oy AAAFAAE 12+ 7HE
Al TAHE 2571 63°CollA 30 o GAE|HERE U
T Al APdEn) SEAIRE B Aol A R Al
3ate] Jlt AAIRF AlFOlA 23F 7HE A $ A
Aol LEE A 12k 71 Al &3] AFEEA] e
B Aol ZHEsEAY, 12} 71 F o 34 Al
T =% B I AM 9 o2l o3t Zo ' Als
HthBeumer et al, 1996; Cesare et al, 2007; Gormley et
al, 2010; Kathariou, 2002; Tompkin, 2002). 3+H,6 &
TolA 2AAF7L HRES AFs A HEE] B =
Al Uetst=t olelst A= AlF 959 74 Ao 2A4
FHT= 2AIAF7E AHF o E & o] Yo, AE 5

£ A57t a7dAle] 7] wiiel] 2F ThsAdol
Eo¥S HoE detEnh

Rivoal 5(2010)2 429 7}agox 5U3 757}
AsAoz W F Aoz T4 PRUALL AR
™, Thevenot 52006y UFHO ZFE L monocytogenes
ol 7Hgo R 2 Eo] HIS=E pulsotyped] =] A
E5= AL A, olgg Al #EE fsixe o
5 A9 #eje} BEo] Aol e EAG &
=3 AHE Axska ok B ATl 5 §U4y
ol Ak AFEolA Ads7do] =2 L. monocytogenes
o] HAEAH7} ol AMS SN ST FoE AlE

Hoh FelXE A7 2AIR| 9} 2 AlFe JoiXe £
FAAe eds 9] S8 o] HFE IFoE AH
Tl AAEAY, EFEANA A 2 9E Jhs
Hol Q= AFE QT F, TAo] Bk ol g543°C
o] LEIA W 7HEE 23 ARS AAISkL TH(Jung,
2011).

2 ATl ol R B AT ATl
22t 7HES FTHCE AAElE 4 AsE Alds ¢
A Aofsk=d] oA FAIHC] e o= Vet
o} AFEare] g AE fEiie FAROE =5,
PAF 5| ARE THC) A4, A% 717 L =
GANMFE 71 A Y] wap 2
gt A e et A 2UEHY

Alg"t}. £3), L. monocytogenesS}t 2+
WdEelA 477 FsskaL, biofilms 343

gt 7hsAdo] EAIE 4 oE= olof tigh &S st
ojol & Aolt}, o]e} &) S aureus®} CL perfringens®]
A%l AN BUAA B B AEo
A 29E 5 J= v, do] FAEHHA Bse =
Aol oJ3)| AlFEo] WAL wiEol] f=ellxek o] ¢
14 T7lol S1xsle] eE A1z A4l Bad Aow
T

o OfF
) =

AR = DR 3T AT AZRT NN ATE 4
ol digh Alojte 2 A 13} 7tgat o] AFEA
SANA 22} 7HEARTS F7H R AAlstal o o]
o & ATeAe 2010 295 11€9704] =] 107] &
7FEAZ3IALNA R 537 FET AR 3TN F5
o] Y REo\A 12} 7tE A58} 23 7HE7HA] AAIg
AEE 742 o/l AFHst SAHEe] 7RIS 2 AR
Aol Wt Salmonella spp., S. aureus, L. monocytogenes
9 C. perfringens 2155 At L9 A5 ZARFATH
Ml AAIRF F 1,080490 oigt AAY A S aureus =
DN AZ3|AL A ABARSE 3 470 AlFOlA HEELOH,
I F 30 12 7FEAIENA U A 1de 23 7HEA
W7k A2lgk AFolA HEE AT L. monocyrogenes=
S AzSAPIA T 47, BAAF 81S 2t F
12710] AZHUCH, 1 F 714 12 7HE A g AlF
of| A, UHR] 572 23} 71E7HA] A2lst AlFelA 22t
AZHAY. C perfringens= 37 AZZA L] AR 1747
AR 27394 AEEHACH, 12} 7FETE g Aol A
17, 22} 7FE7hA] & AlFelA 2730] 242 AZH AT o
ol ¥l Salmonella spp= 3+ A% AZH A &t} 1
2k 7yt AlER 12k} 23 JHEAT AAS BT A

=
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e wE vlashd 374 435 Aol AEEC 9
ol zJo|7} Qle Ao E EAEATHp<0.05). L3, A%
L] gat AARFol A B2l L. monocytogenes 15
£ ddoE f34 bgdds 2R $Iske] PFGES

o HiFo] & W 3 Bl 2AAF AEBAeA ATF Al

ool Ak 0@e oier] A% A 9Bl
AAF TUHDS Fokd AAHA A5 Aldel ek
B FASjelor & Row PR,
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