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Contamination patterns of Listeria spp. in pork processing plants using
random amplified polymorphic DNA
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Abstract : This study was carried out to understand the contamination patterns of Listeria in pork processing
plants. A total of 402 samples were collected from carcass, pork during processing, surfaces of equipment
and environment, and 238 isolates of Listeria species were identified. L. innocua was found in 64.7% of
the isolates, L. monocytogenes in 33.2%, and L. welshimeri in 2.1%. Random amplified polymorphic DNA
(RAPD) analysis performed to investigate the origin and routes of Listeria contamination, showed 21
composite types of L. monocytogenes and 26 composite types of L. innocua. It was confirmed that Listeria
contamination begins with contaminated incoming carcass and ever-present contaminants in the processing
environments. The persistence and dissemination of the same strain of L. monocytogenes and L. innocua
throughout the processing line revealed that the sanitation standard operating procedure should be
implemented to minimize the risk of colonization in the workplace. Molecular subtyping of L. innocua
allowed us to tracing the possibility of cross-contamination during processing.
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= 857 =, Listeria w typingol]l E8-5+ 71
O 2=+ pulse-field gel electrophoresis(PFGE), ribotyping,
random amplified polymorphic DNA(RAPD), single-
stranded conformation polimorphism(SSCP), restriction
enzyme analysis, PCR-based hybridization 5-°] 1t} [25,
29, 30]. ©] FollAl PFGE7} =i e]ellA] tha AF4 e
2 ZEHI o, o fEli e EEA Fe =24
St el el DNA A7 dosta a7k FHE AR
Slof ke oM B2 AlEE tFE 3]y routine
typyingoll= #2138t} [19]. ®bH RAPD 72 A%
22l PCRO| 8] 2492 widE &L primerE ©]&
3l genomic DNAE 5-%39 24 DNA polymorphism
< ZohllE WHOR [39], B2 AlEXE 7 golata
47| DNAZE 891 7153 DNA sequenced]] tgh
AR7FEQ gl A4 o] o) vlE AP A7 pattern
AGYRANAE Tha BAZE Y Ao By 9
ou}, F2 oA PRGES] B2 3te] olg oM 4
Aoz g3 it [10, 21, 23, 27]. 53] RAPD ¥
B 7t ARl Aitm AGUAHE Mg B
o wEbA s &8 7HX7F At [15].
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Agdz enkslglal, BPW 225 mlE &£
stomacher 400(Seward, UK)2.2 237} 2 3}sle] 4
o] AMg-3t3ict.
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Listera 22| ¥ 33

Listeria 3] 2§72 V= FDA %ol Fsto] o
=3 o] AAEAth BPWE #2831 AlE 1 mliE
listeria enrichment broth(LEB; Difco, USA) 9 mlel H¥
gk - 30°C 48417k wiFstaith. wi el & ARl
Oxford agar(OXA; Oxoid, UK)2} PALCAM agar(Merck,
Germany)l] A4 =@3}o] 35°CoA] 48417k vl g3t &
g mefo] gk 24 e A2 o7 e 9l
= e 7 AR oA A3t triptic soy agar(TSA;
Difco, USA)lA] 35°C 24A17F i slSich #2lv-2
blood agar(Komed, Korea)oll4] B-hemolysisS ¥ 3} 3L
Gram ¥4 TS A B3t catalase test, motility test
& API-Listeria kit(bioMérieux, France)Z 574 3}53 T},

=2|7e 8Ny 3

L. monocytogenes 2] d-FE TSA(Difco, USA)l A
FToFaL 35°CollA 2447 wiFsE F wiSE s
fluorescent antibody buffer(FA buffer; Difco, USA)ol
-3} McFarland No. 32 #9¢] T=2 4392,
80~100°Coll A 1A17F &<t 7FEsk3itt. 7FE g 5 3,000
rpmell A 2027 ¥ EeElste] FTAE A =
HolSlE buffer? AF-frAlA Ao ARSIt &
&3 (poly, type 1, type 4; Difco, USA)S 0.8% D4
YAEFE 120 M F FFY FLF slide
agglutination testg A8l 75% ol SFREES B
A AL P A3

DNA &2| HH|

Listeria dAZ5-E] DNAE £2]517] $18] guanidine
thiocyanate/phenol/ chloroform methodE AF&-3153 T} [13].
Listeria ¥ ¥ 0.5 ml°] solution D(4 M guanidine
thiocyanate, 0.025 M sodium citrite, 0.5% sarcosyl) 0.25 ml
7} phenol-chloroform(1:1) 0.5 ml& H7tste] <F 1A 7F
4% tumblingA| 713 A4 el F& F& 35
3t & DNAZ isopropanolZ HHAIZ T AR pellet
= 70% ethanol= A 23k - AZAA FFpel =31 v
+ PCRel| ARE-3F3ATE

RAPD-PCR =7

RAPDE 9]¢} random primer= 9 5(2003)2] primer
AR E2g Hadgolx 7Pt £ o] 94
10-mer®] DG 122 primer(5-AGCCAGGICA-3)¢} DG



RAPDE o] &3+ =2 71249 Listeria 9.9 % 147 361

107 primer(5-CCCGTCAGCA-3)Z AM&-313it).

7}7bo] PCRHFS- O] 10 mM Tris-HCI(pH 8.3)
50 mM KCl, 1.5 mM MgCl,, 200 M dNTPs, 2.5 units
Taq DNA polymerase, 100 pmol primer$} DNA template
7t HEES 8lE £ Fue 50 Wt HES ST
Z} Al &% thermocycler (Perkin-Elmer, USA)o A &%
cycleS AZH317] Aol 94°Col4] 5%7F DNAS WAA|
71 & cycleZ FYSHA 3FHLH 45 cycles TR &
72°CollA] 77k g AIZ & WhE-S FRSIITH
Z} cycle 94°CollA] 137} denaturation, 35°CoA] 28
7F annealing, 72°Col|A] 247} extensions A 33T
ZZ% PCR A2 loading buffer(30% glycerol, 0.25%
bromophenol blue)2} &3 10 mg/ml ethidium bromide
S 3718k 2.0% agarose gel2 TAE buffer’doll A 7]
5 AAF F UV transilluminatorS AFg-3le] F
primerd & EF{3l F5sle] skt

2

=] J1330M Listeria spp2| B2lg

ZAA 4272 NEF 2387(59.2%)9] Listeria spp.7}
HAEEHNCH, L innocua 15471(64.7%), L. monocytogenes
7971(33.2%), L. welshmeri 571(2.1%) <=°]AtH(Table 1).

AZGAANA AER 11179 Listeria spp. X<
L. monocytogenes 5571(49.5%), L. innocua 5171(45.9%),
L. welshmeri 573(4.5%)°1 3L, 2] &-& 373 65.0%, 3
TH 62.5%, A B Y] 54.8%, 7S 36.7%, A
EXA 91%welAth AEEAS] 27 BF L
monocytogenes®| L, YA = L. monocytogenes
7F 3370e® 7 Wol EEHAAL, A RN
L. innocua’} 177102 Hgl&o] =94t} HFHolA
= L. monocytogenes 871, L. innocua 771°] £2| =
ATk BAAZNAME 12749 Listeria spp7t 2l = e
), L. innocua?} 10373(81.1%)2-2 74 Ho| A% 9]
3L, L. monocytogenes= 2471(18.9%)°| At} 2] &
A = AuloA 7 Eof 731(83.0%)°01UL 1 F
L. innocua’t 6671010 th. g BE Al8oA L

monocytogenes Rt} L. innocua w2]&°] wl-$- =S4t}

A [isteria monocytogenes®| &£=E

E2¥E 79719 L monocytogenes®] BHE EIXE W
W serotype 1°] 93.7%, serotype 4= 6.3%C|ATE 95
TA|, 7HE, 330X B serotype 101303, FE
S| A= serotype 1©] 81.2%, serotype 47} 18.8%R2
w, Al gl oA serotype 12 95.0%, serotype 47}
5.0%=Z UEFSETHTable 2).

Table 1. Distribution of Listeria spp. isolated during processing from two pork processing plants

Listeria spp.

Plant Sampling point No. of samples No. of isolates (%) ™ T o
A Carcass 22 2(9.1) 2 0 0
Processing meat* 30 11 (36.7) 4 5 2
Equipment' 104 57 (54.8) 33 22 2
Environment* 40 26 (65.0) 8 17 1
Final meat 24 15 (62.5) 8 7 0
Subtotal 220 111 (46.8) 55 51 5
B Carcass 22 10 (50.5) 4 6 0
Processing meat* 24 9 (37.5) 0 9 0
Equipment’ 88 73 (83.0) 7 66 0
Environment* 32 24 (75.0) 9 15 0
Final meat 16 11 (68.8) 4 7 0
Subtotal 182 127 (69.9) 24 103 0

Total 402 23(?0((?.?)52) (373?2) (61:.‘;) (;1)

LM: L. monocytogenes, L1: L. innocua, LW: L. welshimeri..

* deboned meat, dressed meat, T boning machine, skinning machine, working table, conveyor belt, knife, sharpener, glove,

 floor, wall.
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Table 2. Serotypes of L. monocytogenes isolated from two pork processing plants

Sampling point Total Plant A Plant B

Serotype 1 Serotype 4 Serotype 1 Serotype 4 Serotype 1 Serotype 4
Carcass 6/6(100.0) 0 2/2(100.0) 0 4/4(100.0) 0
Processing meat* 4/4(100.0) 0 4/4(100.0) 0 0 0
Equipment” 38/40(95.0) 2/40(5.0) 33/33(100.0) 0 5/7(71.4) 2/7(28.6)
Environment! 17/17(100.0) 0 8/8(100.0) 0 9/9(100.0) 0
Final meat 13/16(81.2) 3/16(18.8) 8/8(100.0) 0 1/4(25.0) 3/4(75.0)
Total 74/79(93.7) 5/79( 6.3) 55/55(100.0) 0 19/24(79.2) 5/24(20.8)

* deboned meat, dressed meat, boning machine, skinning machine, working table, conveyor belt, knife, sharpener, glove,
¥ floor, wall. ¥ Number of samples positive/number of samples tested (%).

AZA Ao M= serotype 190 2] F 3, BRI
ol A= serotype 1> 79.2%, serotype 4= 20.8% 2] F]
AT}, Serotype 4= Bl Al 2 1|9} HF 5
ARE EE = AT

Listeria monocytogenes®| RAPD typing

Primer DG 122, DG 107& A}§-3te] & 7971 9]
L. monocytogenes straing 243+ A3} 2171 €] RAPD
composite type®] = A Th(Table 3). Type Lmlell

= 7P B8 50709 EEl57T S, L monocytogenes
FoAA KA F AGHel FEHoZ EAEHAT
Lmll, Lm12°lE 3709 25, YA typeoll= 1-271
Aol FeF7t LA

AAgEE B, AFRAFAAM = 55719 L
monocytogenesI~ 10712] RAPD composite type®] 3
2= 91tk Composite type Lm1dll= 42719 #2571 &
Fgow 2] typedll= 22t 1-2149] EE57F 7

Table 3. RAPD types of L. monocytogenes isolated from several sampling points in pork processing plants

Primers Sampling point
Plant No. of Composite Serotype s -
isolates  DG107 DG122 type S ro:]iilng Equipment Environment Final meat

A 55 1 1 Lml (42) 1 2 4 25 4 7
2 2 Lm2 (2) 1 - 2 -
2 3 Lm3 (2) 1 - - 2 1 -
1 4 Lm4 (2) 1 - - 3 - -
3 4 Lm5 (2) 1 - - 2 1 -
4 5 Lmé6 (1) 1 - - 2 - -
2 6 Lm7 (1) 1 - - - 1 -
2 7 Lm8 (1) 1 - - - 1 -
1 8 Lm9 (1) 1 - - - - 1
1 9 Lm10 (1) 1 - - - -

B 24 1 1 Lml (8) 1 - - 2 6 -
2 10 Lmll (3) 1 1 - - 2 -
5 11 Lm12 (3) 4 - - 1 - 2
3 1 Lm13 (2) 1 - - 1 - 1
2 12 Lm14 (1) 1 1 - - -
4 12 Lml5 (1) 1 1 - - - -
2 5 Lmlé6 (1) 1 - - 1 - -
6 13 Lml17 (1) 1 1 - - - -
5 14 Lml8 (1) 4 - - - - 1
7 14 Lm19 (1) 4 - 1 - -
1 15 Lm20 (1) 1 - - - 1 -
8 16 Lm21 (1) 1 - - 1 - -

( ): Number of isolates.
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Table 4. RAPD types of L. innocua isolated from several sampling points in pork processing plants

Primers Sampling point
Plant No. of Composite Processin
isolates DG107  DGI122 type Carcass meat & Equipment Environment  Final meat

A 51 9 17 Lil (20) 2 7 8 3
10 18 L2 (6) ; 3 3 ;
9 19 L3 (6) - 4 1 1
9 20 L4 (5 1 3 - 1
10 21 Li5 (3) ; 1 ; 2
9 2 Li6 (3) 1 1 1 ;
10 2 Li7 (2) - - 2 ;
10 17 L8 () ; 1 1 ;
10 19 L9 () - 2 - -
1 21 Lil0 (1) - - 1 -
12 18 Lill (1) I ; ; ;

B 103 10 22 Li7 (76) 7 50 7 6
13 2 Li2Q) - 2 1 -
10 23 Lil3 (3) 1 2 ; ;
10 21 Li5 (2) - 2 ; ;
14 2 Lil4 (2) ; | 1 ;
15 24 Lil5 Q) ; ; 2 ;
16 25 Lil6 () - 2 - -
17 25 L7 Q) - 2 - -
10 17 Li8 (1) ; ; - |
10 19 L9 (1) ; ; 1 ;
18 21 Lil8 (1) ; ; 1 ;
14 20 Lil9 (1) ; 1 ;
19 20 Li20 (1) - 1 - -
20 20 L2l (1) - 1 - -
15 2 Li22 (1) ; ; 1 ;
19 2 L23 (D) ; ; 1 ;
21 17 Li24 (1) 1 ; ; ;
10 26 Li25 (1) ; 1 ; ;
2 27 Li26 (1) - 1 - -

( ): Number of isolates.

F Aot BRI FAN = 24719 L. monocytogenes©l
2 1271¢] composite type®] YEFSTE. Type Lm1o]
= gl a8 F7F o, Lmll, Lmi12dE 370
o EEF7E YA typedll= 22t 1-2704 9] 2
F7F HEE A

Listeria inncua®| RAPD typing

A 154719 L. innocuas 4k A3 26711 €] RAPD
composite type©] ¥Z= %13, Composite type Li7-> 76
Mol Ba)FE 71 B9 tHTable 4). AR ANAE 51
A9l L. innocua* A1 117012] composite type®] 2= 3]
om, Liloll= 20709 257t &8t 7 WAL, Li2,

Li3ell 67, Li4l 57H, Lis, Li6ell 37HSASL, WA type
ol Zt7t 1~oiR e EEF7 EIE AT BRIl
A= 103749 L innocua®l A 19 type©] FEE R, Li7
o] 7670¢] ®-2F, Lil2, Lil3ole 3719 857 v
2] typedll = 12718 9] ®a)F7} Za= k. Lis, Li7,
Li8. Li%= + A4l vehbe 3840 4558 &

A=A
o &
A F40l fl= F_ T AR L9
Listeria & 15°Ce] ZAJs7] Z7ox A4:3]¢ A&
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I} F2)o] 7kt FYU S genotype2] L. monocytogenes
7b 245 AGgNA AEHH o= AEET [34], 4°C
oalof|A] HFRl A FofM & 35 o)A AES = A2
2 42 7] Wi [16], AHH 25 ZgA oF
ZFe)e] A FAT|Aeto|),

AZAE| Listeria spp. w2l &2 YEF 9.1%, 7H
£ 36.7%, ATF 62.5% TEoIAL, BEEE-S 27t
45.5%, 37.5%, 68.8%= e}, T 247k o d4
Foll zpol= YA Fo] AFYHAA HF oA &
Hol F7lshe F540] Utk ol FAAA N A
eAI7E flo] el Lddol FYEE wxtede
2 Qlsle] o<do] gt 7] wiEel Ao FetE o
He A= QF F (3], 8 F [7]°] Eag HEEA
Aol 29 F7kek dAISHH, Rorvik 5 [33], Fenlon &
[18]°] 24 A H 2 AGol| = B8 Listeriato] &
Aol Al B FAQYETol| AEHFH R AYEsI
g fFgte Bioks A-EEny stk 2%
APgoRe] QA Y A, 99, A& =%
S 5 AR ggseR bt daA o
oy} wEbA FAAe] wAed wAlS AN
T e el 8y E=T, 4% HACCP #997%
NME ZAAF FHL &3, &, 2o, Zrj
HalA, FAR EIE AZY oS St A8 9l
A 7wk} Aol @Al ik fse] st

27 A1 B e} 2430l AM 9] Listeria -2
£0] 548~83.0%% ES ZEZQ o]fE FAUA - T
o] MFH I} o] AHMUR A3 AAXA SAY
A a5E stE 3] eddo] EAE =7}
Bo Al o )] 29 EA9) HEET. Listeria
= ZHRIZ S, FEkaY, £585% X, vhdd 9

B R, TRel] @ $AY 5 2l A, 4

Ho to o

S

g
o], WAgstel] F-2ste] AL 7hsido] =2 E4S 2
3 47] wistolt). 53] vt 7)o WE = =857l
w7157 Fol Listeria?t EAIE 7Fs/d 0] =2, ©]
gk A FRA R AHI} Ao golslA] got
ZHFR71EC] A O Z AAHA] ZIERE AL 2
4oz 288 7t Er vig HolX HAEHE=
Listeria= 23730 S8 o2 s =d), o]
= AlFE S 250l HAS] A gt A%E B

SiEdl=
oo} o] AlAZgH] & A tigt M3 A%
2 T E5 oHFT AFA)] TS A
Fatol] gith gk e dgFo] YW Ete WA
oflA] B7|7ke] AojAFH A2 Ald2 521°] 7t
SRR Syl 2AA4ge S 2T TSR A

-
AT

717y A7 5o A7 d8% 2o R Addn

B AN FF TAS 4079 NEF 1271(30.0%)
oA L. monocytogenes’t AEH ] & LHYTTS
Elflon, 33 FEagselr 2 B 29 9
o] FEstar gk aRlol = Batal S AEs By
FAON Listeria 2l550°] Bl FA] & AL AFE

WA Atz A A E2l9] gl 2FERA] &
7] W 2ol At 2], Hegh nl=e] 7358} 2ol Campylobacter;
Salmonella ol &g+ 2F=ol BlsiA WA Eo] w5
7] giEel Ao 2 AlgEn) v AL E listeriosise
X -8-0] salmonellosis F2 2 2 7102 HI o]
ZHEo] fAEE Y T8 R HFUA TR
aL Ae [38].

2 AYoA EEE L monocytogenese] A
93.7%7} serotype 122, =1l T2 AFAE9 E3
ZAHA A} ST [3, 4] AR listeriosise] 90% ©|
3ol 4b, 12a, 12b A7EA] Bl €]k Zloly o] &
4bol] 93k WAfo] e Ao 7 FAIEoH, FHY 1/
2a, 1/2b°] 38= serotype 1> F2 2]Jof|A AR
At [26, 36], WA serotype 1°] T2 HEE = =W
Z2HE 2 Ao = listeriosisE F2ds A 1/2a, 1/
2b8] A 7FsA0l e E AYA e Astkel
ool AT s

RAPD typingS 9] HiEE o]Foiz T primers
o]&-3}9] PCR $%= AlA genetic DNA polymorphism
< AEshe 7R, AL tha oA |7t
At EElgo] Fom B ARE WE AZF el
A 4 o] L9 FA oI AL T FAA
Z5e ARgo] ZltiET) [9, 10, 21, 23, 31]. o] & A
FolX= o 5[5, 6101 A primerke] £ A9
9! ERIC fingerprinting¥} ribotyping@}e] H| A A =
& 2HES 1S DG 1229 DG 107 7 7] primer
S AR, 2 A 2218 79979 L monocytogenes
oA 2170¢] composite types 2 = YAk

AZFA72] 79~ L. monocytogenes composite type Lm1
o] 2F(76.4%)= 7P ol = S Gwo| o, e
HEEA, 7159 =5, AT A 2 ), 8 5
oA FE =l ASEA 0] 0Fo = APl FUE]
o] IAIFAAN LHE e AR I+ 3
Tk Lm2~Lm10°] 3|93l genotypes 242} 1251t
o] AZHIL i Z| 9} S0l W E=m} o
u] theFst ARE 2] FYEH FEIE #o 2
A=A} L innocua S E2 composite type Lil®] 20
F(392%)% 7P Boko; o> AR=Al ] frefsiA
2okt Li2~Lilloll a3== vk genotypeo] AEH

ot rlo



RAPDE ©] &

= A0F Hol & AAde] AdFA 9 o A+
o2 FALYAN FLst 0 Fo] FHEAE XAt

BA47e] 79+ L. innocua composite type Li7¢]
8 ooy, AREAZNE AYEA, ¥4, A
TEA] AEZHOZ QAT = A= UrF/PXx”jr
Lil2~Li26°] ©]2+& t}dst genotypeo] HAEHE A
BAYES AEEAE oY E5HORRE FF7] o
ol 2ol ¥ Uehe Ao R aiA =T
Lml2 AZAA3 2ol L monocytogenesS] T8 A
#FAo, AREA M E AEHA 2UTh B
2 TR XEHA] = VAR A
AT 2] dEEANE AFoR LR A
eI ol A o WA ThHsA ol ERkaAL, Al
uol] oJslH Aol A ZgAge] x| w
e FA o =Ae] AE7} v 2= A9-7F U
3, At o9E £02 TX|7} oA BE 3
Lgo] HAE= Ao=R votu ).

Listeria 72 vi¥zg oA v A2 L innocua’}
L. monocytogenesEth O $-A|5HA| AAAdslezg, 24
Al gl Aol SANAM Q] L innocua F2&S L
monocyfogenesBTE T =AU & A FollA FAlol A
Z5 7% 3ty [8, 22, 24]. WEHA L. innocua= V1Y
ol AR =& 7 Listeria v LHY F2 0l v
T e AEFYS AT T AU HESE AS
o7 QAANYE ++F Lml, Lil, Li7> Al 2
P AT BANA A&H o2 HEE =l v
£ SV AFTESIME AR EAE 7t
A0l E2 #FE AtEA.

o] AE FFE B HE XS] 29
&% A A ek A9999 Lmish g

r'l

Ao Li7 745 98 5A9 ed+to] AY938E AX 2
N2 29A7Z IR, AZFF Lils 2F3A-
FESE 2ol APl wAe P o R HAEE
Aoz sjotadn. £ AER0 29U $AL 9

p

A= L. monocytogenesTHO-Z = 1531

g Ao WYstel B3k o] U F A%E
A2 & YL AT 4 Yk

2 =

ES7Fege] AREA GINARE THL 7Het
9] HolH ABEA, 715, AFS, A A4

2 ] AN Listeria €& ¥23l32 RAPD W

N

=

d
ﬂi

o7 BAsle, ZFAAWY Listeria L G2 SR 21 A
2 Jolsiitt. AR 402700 Listeria £2] 82 59.2%

o

Kow Listeria innocua 64.7%, L. monocytogenes

3 =& 72RO Listeria 8.9 g £ 365

33.2%, L. welshimeri 2.1% 0]t} L. monocytogenes
o] YL 93.7%7} type 101Ut A S HFE
ol Z}°]E °1£14' 340 YU HFF] 290
F7HIthE S Boled, ol ST

Aol A TAITE §lo] AHF wALFe R

stod 9ol gt wjEgl Ao R netE AT
E21E 79709] L. monocytogenes= 2171€] genotype

O 2 154719 L. innocua= 26712] genotypel 2 H-F

ek HAF EAFe] 2He F U AR=E urEM
=, 98=AZ el FAHIM TN &

Qo) WE Aok Aol A 2 Pol
TGS ek Aoz vttt me 29
Ao wated WS AT flEiM e A
o] MAHT ko] v Fa3 dAE o, St
AH9s TALY &3, 7, Aol Tubel g
EHH axo] Jastdrt. A9 odd w4
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