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Adherence Rates of Salmonella Typhimurium and Salmonella spp.
in Pork Meat Contaminated during Processing
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Abstract This study was performed to determine the adherence rates of standard type Salmonella Typhimurium (ST) and
wild type Salmonella spp.(WT) in pork after the following contact types and times at 10°C: pork meat (2, 6, 24 hr),
conveyer bdt (2, 6 hr), stainless stedl (2, 6 hr), and cutting board (2, 6 hr). After 6 hr of pork meat to mesat fat contact,
the adherence rates for ST and WT were approximately 4.21 and 26.87%, respectively, and after 6 hrs of pork mest to
red meat contact they were 16.40 and 27.48%, respectively. However, after 24 hr of both types of contact, ST and WT
showed 100% adherence rates. The adherence rates for ST after 2 hr and 6 hr of pork meat to conveyer belt contact were
1.34 and 0.60%, respectively, while the adherence rate for WT was 5.14% after 6 hr of contact. After pork meat to
stainless sted contact, ST showed adherence rates of zero and 1.59% after 6 and 24 hr of contact, respectively, while the
adherence rates for WT ranged from 0.17% after 2 hr to 5.01% after 6 hr. On the other hand, neither ST nor WT offered
adherence data following pork mesat to cutting board contact. These results suggest that the adherence rates of ST and WT
after pork meat to pork meat contact or pork meat to processing surface contact were significantly affected by the contact

time and WT presented much higher adherence rates for both types of transmission than ST.
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Smondla 2]E%E x5S 24510, o] vlE e E SAmondla
Aoz gk A AANA &4 H]EA4 Roh 52 1996
9] 739 AA Samondlae] ZA=e] AlaE Fxp4ee] 15089
S Fshs 177,000 (21 7tHH] 03902 FHeP L, 22 <13
S22 371k 509¢(GDPY] 0.002%) 0.2 F43te] n=3} H
skl RASIATH2).
Slmondla= 179 77l 3ol = &= wf T2 2
= olgo g2 AAZeRE EAXNEE URE Ados v
2 UglollA B Aol 2gt 255 AlydAE 7t
wol #EH Utk SEUEtAM = Al1E AGHAAZE A
g=lo] lom, FE|FA 9 FEEFEAE WAYAIZ|ZL, S Typh-
imuriumz} S Enteritidiss 32 455 HIA=ZA 2y
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o] 9 7ksgel 7] el WA eoE At ol vl
Aol et 29L& defske A2 A ok 3 9859
AEF7E o o5 7Haek AlFel HAAdnAEe] odvlks
AE Zolth Swanenburg(19)= =A19] w22 =
4 Foll ZHNAZTE SAmondlasto] A LH= = Flo
ARl FAEA, W =5 Ak Alxs} 2 A=
HHE dEHA e Fdo FHFHARE, 2H|RRAA o]
w5AFe] F23 el i AYS TREAol o AYS
etk =5 A5 =50 e 24 9FE F= Al
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EHEASE 34 T 2% 5 AR mE Smondla Typhimu-
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At mes) ) 24 (red meet) AR 5 17 o2
FLEE AU FAT ofol 2 AT olgdtel HPUZ et
Shth LUk ER2 /F5d W Ak AT 27)(5x5x2

cmE Aosty, Bgdo g xAsie] 5°C WA (incubator =
cooler)(Sanyo MIR-533, Sanyo Co., Japan)= X A3} Th. 3HH,
54T AN AP AFHEES st 2
FHEFRHOZ ARE A 2EE]2 28 (Sainless ged, Type
STS304), A|&-21kg | o]o sl E (Conveyor bet, SL Type), &
g FHErHMginC&C CO., Ulsan, Koreg)s AA33sllom -~
Helgl 283 AvlololEE =8 FAZHAN ARSI Q)
= A LS A Ag AFIAETE v} AL B
EANEE 7 oy 3HER 33 wHEste] Y319
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S Typhimurium IFO 14193 #F++ KCCM(Korean Culture
Center of Microorganisms)ol]A] E-Fiigkon, o Re|lgFe =
& {7 A 2l SAmondla spp. KSM04E 7hid]
Sl AFAHF oA Bl ARSSIGITE olF # e 10%
glycerolZ 3713 tryptic soy broth(TSB)ol| o] —70°C F549%
S(VWR 4503C, VWR Co., USA)dl| BARZEEA T, @5 &
AujFs st FARER 7S WAHEAA 9 & TSBel
HE3te] Smonela spp-> 35°CollA 24A1%F ZdulstaL, tryptic
sy agar(TSA)Il =TAiFate] 24417F wjefsilet. TSAell 4
3 7S WFolE ARGt A A Gl dEsie] 27
F(6.0x 10-1.0x 109mL) S 2d3lo] AM&-31%]

=5 % AEHSEH MEHe x|

=99 e F2eo] gl AAFE(naive microflora)S A
Asl7] 18k 70% EtOH(Junsei Chemica, Tokyo, Japan)= %!
sto] AFAEsia o ZE)RlE: 283 AwojojdEE A3
Aol 42 20x70x1 mmz dAetalar, ZEele]s 2 1
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NaOH(Yakuri Pure Chemicals, Tokyo, Japan)&<ioll 2417} %
ste] 12} A|F s, AvolojlEE 617 AXsle] 12} AT
T SHTE 3] T8I AlFsY FEFY JeE NaOHE NS
AAsG ) AEHER A A (greese)E A AS] A 2
2} Al A dll= aceton(dunsei Chemica)S AFE3le] A7 A3},

FrE AHsle] AL Axd F 2HdYA Y I
71d 7] (HICLAVEM HVE-50, Hilayama Co., Japan)oll A
121°C, 15% "aata, AulolojdllExE 70% EtOHol H7MFo] A
axglsle] A3tk Trks polyehylene A2 E ZEjE
(430x 35x1BMM)CE H AR FtdiEo] e It
(MginC&C CO., Ulsn, Koreg s A3t om, 22 ZElE] 2~
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5CollA] 24A 7 BAdt =8 UAT A7|(Bx5x2 cm)E
Hdtste] 10°C w71 (Incubator MIR 252, Sanyo Electric Co.,
Jepan)oll Xl 70% EtOHO! HAAM FE531 e === 100 rpm
o 5E7F Aekujr](Sheking Incubator JSIL-R, Jeil Scientific
Ind. Co., Goyang, Koreg) ¥istix sl B45/RTE
33] AlFe & A2oA 0% T =SEH] FEo] £xd3d] Al
AL 7K AZAHT AZRE =58 AYst S Typhimurium
E2HT % Smondla sop. #EH75 AlETE el 27t 5
7y AR ] 2713577 oF 56 log cfulg = 56 log cfw/surface
7 HA Skt =5 2T T8-S Bt #£54
HE vH-5 HEY A AgdEoz Ads] flste ™
BZ2Z(70 rpm) BAZXACRE o] AFsIGlon HER2EE
AYAg FHS 10°CE I HEAIZR =571 o g
t&2 oy dolx e SAEAMIZHT TP o R thr]F
2 IHE 2, 6, 24X 2 Ao, 2H|elg]A~ 2
Aol EE £ EFFATE IEste 2, Ao E A
Jatich =5 2 ZEHIdE L 29, ool E Foxe] J
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(destination)® 2] H&EA Thy 2](2009 ¢J3] A=kt
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Adherence rate(%) = (CFU on degtination/ CFU on source) x 100

o £

7 27004 AE] § =55 AYAETE 33 AlHEL, dean
bench Wellx Ald 3712 =5EHA AHe= JIFE T8
ol AAE F UESF AXAZT AxE =55 2+8 JAE
o]&-3}o] somacher bag(Pyxon-20, Elmex Co., Tokyo, Japan)ol]
Y37 255 %=%7](Ddta Dilutor, UL Ingruments, Barcelona,
Span) =S ARg-ste] AR 109 3418k, somacher(Mas-
tercator Silver Panoramic, IUL Ingrumentg) 2 30%, #d3}3}e]
7k A Qa5 AdrE S48 S Typhimurium = SAlmo-
ndla sp.o] #57E 54371 9135t xyloe lysne deoxycholate
(XLD) agar(Becton, Dickinson and Company, Sparks, MD, USA)
£ o83, XLDuiA= 35°CellA] 24417k o]’ standard plate
W (212 ©]83t] coonyTE 3 em, 33] o] WhE3)t
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Table 1. Comparison for adherence rate by meat type of the
Salmonella Typhimurium and Salmonella spp. from pork meat
to pork meat at 10°C by shaking

Log,, CFU/surface
Meat (Adherencerate, %)
Organisms -
type 9 Initia Contact time(hr)
inoculum 2 6
Red Standard 6.28 4.68(2.30) 5.51(16.40)
mest  Wild-type 6.91 6.27(24.90)  6.32(27.48)
Fat Standard 6.28 4.86(3.43) 4.92(4.21)
meat  Wild-type 6.91 6.23(24.80) 6.31(26.87)

YMeans with different letters in the same column are significantly
different (p<0.05).

Table 2. Adherence rate of the Salmonella Typhimurium and
Salmonella spp. from pork meat to pork meat by shaking and
non-shaking at 10°C during pork processing after 24 hr contact
time

Log,, CFU/surface
(Adherence rate, %)
Non-shaking Shaking
Organisms Standard  Wild-type  Standard  Wild-type
Initial inoculum 542 573 6.28 6.91
Red 4.00 4.85 6.42 7.81
Meat  Mesdt (339 (100.0) (100.0) (200.0)
type Fat 4.00 5.14 6.56 7.70
mest (339 (100.0) (100.0) (200.0)
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3] JEFAIZe] 17 o3t wjs Ao zRE o] Ho|Ei
EA|7ko] Aoje] wE} AFr|2HE o Zo] olHrial Bl
3K S Typhimurium ¥4} Salmondla sppaldol] &
HE ESS 10°ColA] shaking(70 rpm) -5l W& 2477+ {3
3 H1zgs B3 A3E Tdle 2o YeRth S Typhimu-
fium EFEdTe SHIFR9 APEA BT 334%9] dA 8] w2
2285 Yei oy, Snmondla sppiteldF= sheking 659
Aol 217 HE A T M9 APEA 2T 100%
48 Aog Yeh Z3dFet EEldTe @A 2ol Y
W 2 tH(p<0.05).

ER0M ZIH[O[0{HE U AHQlZ|A ARIZO| REAE

XEdF S Typhimurium 2 22145 Smondla sppoll 24
H E502RE AZPE(2 6AHE Zuo]olEe} AEQlE X
2" E o] FAES ke Ads= Taole 37 2ot S Typhimu-
riumell SH¥ =50 RRE AWo]oHERS] B HEA|
7 2NZF FeE 13%s S7HES YERlou, 6x7Solle
060%2 Fahgo] 7HAsls 4TS Jely, 227 Smondla
JpE HE 6A7kl FEHgo] 514%% Vel wEkA, 718 o]
o Eo| st Fag2 oRY#T SAnondla ppt EEHFT S
Typhimurium Bt @ASHA F-3H&o] =7 Jelstth v, 2
Holgx 2go A9 HFEFF S Typhimuriums= 647F HE
Fox Hzhgo] AF gllen EIlgF Sdmondla sppE HE
A7 2 BAIZE Fofl FARgo] 017%, 501%= ZH7 S7Hslsich
2 A3A3 okddF SAnondla spopot EEAF S Typhimu-
riumell HjE] Awlo]odE g XH]RlE]X 2d] tiste] Hx|st
A =& B2 YoM T BT ZHRIEE 2YHUE
Awoloj Ee] H2hgo] A yrERsiTh

Middet (25)52 EHo| LFE vAEC] AFOZE HolH+=
FEL HERHY vAE T, 31 EFEA) g nAE
B A9-Hrka Bsla, Hood(26) e ZEIQlE S 2~
gl tigt Pseudomonas fragi, S Typhimurium, L. monocytogenes
cdls?] F2-8 =AL A3, P fragieh L. monocytogenestl = recon
stituted skim milk, 1% sucroseS ¥ wiA oA A0S o 7}
T B2 F7h ZERlES 29 BAESA, S Typhimurium
M A= tryptic soy brothellA] A4sI9S ol 78 =4 F2H=19)
o Btk @A oR =5 EFAGAAA dEd AlRF
7} 2-6217F A& H7] d&el AFAIZIe] oA AT} =
o BER MYMEH LAY H Adr] A =24 9
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Table 3. Adherence rate of the Salmonella Typhimurium and
Salmonella spp. from red meat to conveyer belt and stainless
steel at 10°C by shaking

Log,, CFU/surface
Instrument (Adherencerate, %)
Organisms -
type g Initia Contact time (hr)
inoculum 2 6
belt Wild-type 655  593(3204) 5.23(5.14)
Sanles ~ Sandad 651  1.99( 0.00) 2.99(0.00)
sted! Wild-type 655 375 017) 5.23(5.01)

YMeans with different letters in the same column are significantly
different (p<0.05).

YMeans with different letters in the same column are significantly
different (p<0.05).
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Table 4. Adherence rate of the Salmonella Typhimurium and
Salmonella spp. from pork meat to cutting board at 10°C during
pork processing after 24 hr contact time

Log,, CFU/surface
(Adherencerate, %)
QOrganisms Sandard Wild-type
Initid inoculum 512 554
. 0.00 0.00
Cutting board (0.00) (0.00)
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