Korean J. Food Preserv.
Vol. 16, No. 6. pp. 965-970, December 2009

Ass - R 80
shReixiz{ol el Al Bistel A

At
€& EU=UENTBATYY
THE KOREAN SOCIETY OF FOOD PRESERVATION
o . -
glo| HAMMZ HE Hlu It
Ag 205 - 22F
. 'SHtEm SEXl Y Enisn)

Comparison of a PCR Kit and a Selective Medium to Detect Pathogenic
Bacteria in Eggs

Dong-Ho Kim, Hye-Jeong Yunl, Hyun-Pa Song, Sang-Yong Lim, Min—-Ho Jo
and Cheo-Run Jo”

Department of Radiation Biotechnology, Korea Atomic Energy Research Institute, Jeongeup 580-185, Korea
' Department of Animal Stience and Biotechnology, Chungnam National University, Dacjeon 305-764, Korea

Abstract

PCR technology has been widely used to detect and quantify microbial pathogens in foodstuffs, because the technique
is rapid, sensitive, and selective. In this study, detection of contaminating pathogenic bacteria on shells of chicken
eggs was performed using both a commercial multiplex polymerase chain reaction (PCR) kit and a viable count
method employing a selective medium. The PCR kit was capable of detecting Campylobacter jejuni, Escherichia
coli O157:H7, Staphylococcus aureus, Bacillus cereus, Vibrio parahaemolyticus, Listeria monocytogenes, Yersinia
enterocolitica, Salmonella species, and Shigella species. Using the PCR method, five bacterial species were detected
from 30 samples (33.3%) of 90 batches of eggs commercially available in a market. PCR products from B. cereus,
S. aureus, L. monocytogenes, Y. enterocolitica, and E. coli O157:H7 were detected, and the numbers and frequencies
of positive samples were 17 (18.8%), 12 (13.3%), 15 (16.6%), 16 (17.7%),and 4 (4.4%), respectively. None of
any Salmonella species, C. jejuni, V. parahaemolyticus, or Shigella species was detected in this study. The results
of PCR testing were confirmed using a typical viable count method employing a selective medium. We suggest
that the multiplex polymerase chain reaction (mPCR) assay is a rapid and reliable method for detection of pathogenic

bacteria contaminating eggs.
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microfloras A|&2 02 FUEF sfjof it AT F8a
235 PR Salmonella®l 2]E+ Salmonellosis?! 2.2
2 geA o, o|e} #elste] Salmonella enteritidisS
V&3t S pyphimurium, S heidelberg 52 WUV A&
2| o]ZRE fagt AFTE WA AR BaEo]
ATHE-Y). LeH A 59 ol 5 < AT 24
A& 213 A} Staphylococcus sciuri, Bacillus cereus,
Eischerichia coli, Proteus mirabilis, Enterococcus faecalis 5
o] ¥2= A Salmonellas AZEF A &Pkl B a1ste]
AT ZHH salmonellosis ©]2]9] 255 WAJo] 7h53t
S AAGE v} Utk SHH, FHT wjAlEe] 93t A5 Wil
= A3 WSt Salmonella ©|2oN%= E coli 0:157,
Camphylobacter jejuni 52| V15°] A} FolA|a Jlom
=2 AR 8B} fFEoXE Bt thekst Wed Ay
o tig 94 2 A9#rE 7= JTh10).
AEo] vAE LEE A= FIAE delu)]el] ok
) A& 7 Z % (viable cell count method)©] 7H dwkz <l
HhH o g ALg-E o] rh(11-13). L3} viable cell count
W AAY AAE, nAE S R e, 538 44
ol Ha 5~6d AE ATto] Anl=H wj=|] Azt
v =] wdol] B2 =S B = sk Aol Atk
(14,15). 39, PCR 7]&2 &S] DNA 983 Q1913 e
2 UF SFA= AEFE 7e2 5] gom,
o= Al&stal AEs nAlEe] HET|sEE S8
ATH16,17). 53] PCR 7|&-2 4o} Q= AT o}y
2} olu] 2 HAEZAE HE0] 7Fs3EE viable cell
count 'HOZ= & F glv ] 34 o) f4m
AE LAZ/A AT & de Aol Atkas). 1Y
PCR o] AF5-S HAE3h gRlsh=t 71&9] ujA|
H, Aser B4 9 A hHET o9 A&t
Agsi, HEE Mo BEas & F g19H PCR -3
& agarose gel electrophoresisl= 2}l 4] cross contamination
o] dojd 4= Q= 59 SHAIE 7ML Utk B3k AFEst
oA FAHS 7R Atk WA o] dHS 1Y
ste] AREE= WHol A fAA A AE Ve
(Real-time quantitative PCR)©|T}. Real-time PCR-2 7]&2]
PCRe] HI3] BIE 317}o] AHE ARg-sljofslt A 79
o] Ao zN QA9 7hsAdo] wolA|ar, &1l
295 Al7ro] golxth gk 7w 9 A" Ado] Holut
I A=A A0 7hesh, ke AES AEd  Ue
FHo] Ao AFeAA AFeEde] AE F ol Bol
o]-&5 1 Itk(19). ol FAA FF At st
BEE FA Q4SS M3t AR A A=A
PreMix JE|ZH AFHOZA AE NS HA4sE &
Ao, 159 rAdEo] obd oy Fof mAES FAll
&8 4 & multiplex polymerase chain reaction (mPCR)
kitZ} Tkt H2 02 F8slE|o] o5 B 2EAY ok

X A= rAE AE7]|eE BaEi

2 d7s @A frF T AR mAE LHdHE
A]2+=] = multiplex polymerase chain reaction (mPCR) kit=
AALstaL o] & AR E ©]-8-3F viable cell count 7}
Hl 3o 24 Ho} 4l&st Aol 944 2 vl =38
A SE 71E AR VIRARE AlFetaAl she 53
o7 FYPHIJh

Mz HdY
Al B
ARk Alg= 97 SAre] Al AlES 5 3 A
2 g AN THsslen M AE R
A&E ZH SR AFET 10448 S TS 2 A st
ARSI AR AlRe] H FHE 70 £ 52 g ©10er
AR mdE AR} PSR A9S AR 7Y

Al A8

)
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PCR Kit& 0|83t 2t 2 D|dE Z&

9 group®] Al@TollA 242 1070 9] AlS FA9=2 %
B 329 v 22k o] WAE S AIdd el Al
< spfiste] It deks AA -, 2 BES 3]4s)
Ak v E HEE AlE= IS0 6579 (2000 F3ke]
ety &, 34" ooe dzte 7t ddd
poly-vinyl bagell ¥ i 2] (NaCl 0.85%) 50 mLE
F7¥eted blenderoll A 103 nRkgh TR, W2} A2 A1
o 1 mLE tryptic soy broth 10 mLol| &3 & 37°C A
2477t Sl Kenrichment) 3l  PCR-&- DNA £ 9
g mAE AR E FHISIATE Dario 5219 Wl whet
A E B gdol A DNAS #E]atqinh WA, Saul g
1 mLE A% 3514 (14,000 xg, 102) P|AE #AS
Slrskar et 4 A(NaCl 0.85%) 2 23] AlH 83t 3
T8 FAE Fi4 200 uLol] S F 100T oA S
et 7hgste]l Aol FFdS mPCR W39 template
DNA A|Z2 AH-3}9TE PCR kit= Al PHE= PowerCheck ™
Multiplex-Pathogen Detection Kit (ZA10}o] @ B)E Al-8-3}
%t} PowerCheck™ Multiplex-Pathogen Detection Kit:= 3
TF HYA MAES HEE F T primers XS}
o™ Z} primer set= A& T2 Zo]Z 717 DNA
ES SRS A E o] itk PCR ¥R F]
¥} Zo] 7+ g wAE dPs= DNA T <)
oR-E glste] Alg el B vAEe] A o
AAsHAl A}, [Campylobacter jejuni, 127 bp, E.coli
0157:H7; 208 bp, Staphylococcus aureus, 264 bp, Bacillus
cereus, 303 bp, Vibrio parahaemolyticus, 375 bp, Listeria
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monocytogenes, 454 bp, Yersinia enterocolitica, 551 bp,



PCR Kité} HeujA| S o] &3 Al

Salmonella spp.; 678 bp, Shigella spp.; 825 bp]. PCR H+3-<1
£ kitol] ¥ 0] = 5x PCR buffer 5 ul, primer (50
pmol) 4 ul, Taq polymerase 1 ul (5 UpL)oll Algtol| A &2
% template DNA 10 uL$} 557 5 uLE 93] FHISHA

AMEHIX|E 0|88t 2t 2 n|ME &2

4719 Al A FHIE Gzt AlFH AE RS Eit
21 A4 (NaCl 0.85%) 5 ©]-83} 1/10 ¥ SAEZ 3]X3}
a1, ZF Al | mLE F3t] vAEE agar AHEIA 15
mLo] pour plating%t Th, ©|& 37C9] 7)ol 4] 48413t
Hj k] A E colonyE countingdle bacteria®] 9=
£ Bristdoh AdduiAexe] 8 mdE #Ee
Salmonella$} Shigellax= Salmonella-Shigella agar (Difco
Lab)oll A 742t e BEEAS YeEhE colony=,
Bacillus cereuse 10% egg yolk®] %718 MYP agar (Oxoid)
oA AL 7 32 colonyZ, Staphylococcus aureus
= Baird Parker agar (Oxoid)o| A FH3+ 3-8 713 53]
colony® 4 &4t} Yersinia enterocolitica, Listeria
monocytogenes 2 E, coli= ZYZ} Yersinia selective agar
(Oxoid), Listeria selective agar (Oxoid), eosin methylene blue
agar (Difco Lab)oll A &84, 24 4l 5825 Yehll=
colonyZ A3 W Vibrio parahaemolyticuss TCBS
agarol| Al dE4-5 YEPH = colony= G5t S+,
Campylobacter jejuni= A 23S 5 antimicrobicsS 347}3F
Camptlobacter Thioglycollate medium®l] FHE3F T
BBL"'CampyPak ™8 T3} jaroll Ho} 42Tl A 48417
HijFate] AAAE H23 314 colony 2 78 A8

Az} 9 DE

PCRE 0|85t HZt 29 D|ME AHE
PCRS o] &3t Algte] oA vAE HES Iib3d
Al 2] ol A ] viable cell count H*H 3} Hlw ko] HAVSE
ATh PCR A13-S Al# 391 PowerCheck™ Multiplex-
Pathogen Detection kitg ©]-&3}] AA|314SH, PCR
product®] -4 A¥}= kit A AlFE 2+ v]AE2] control
DNA Z71& 719502 Hlusly AEHFE HG3H3
thFig. 1). Fig. 16l YERH vfe} o] A A|EF9] 75
A3 A 59} A8 A8+ L monocytogenesSt Y. enterocolitica
o] ERIE O™ A4A|E= L monocytogenes, Y. enterocolitica
83l E coli 0157:H7°] AZHATh B A8 45,
B-3, B4, B9 A5 A A& v]A4E DNAYE &=
t}. o83 PCR WS Fat Ald d2e] v e

i}

of WA HE vl Bt 967

i

AR A3 Table 19 A28kt & 90709 A A&
748 & 71 ool wlage] A% ARARE 3070
Z A RS HE QEEE oF 333% oItk AR
TREEE C AT AT 7P ok 10719 Al 7he
ol 67H¢] AlgolA mdEC] AEEHAeH AEHE R E
o] FAJAE 16502 7P =UTh C AlF7 o]
F Aol A 570, AT A @M= 4709] AlFolA
AEW vId=o] EJAFHAT. ol Hlst] H AT+
1712 A8 B cereus 152 vAET AEE oA,
J A= PCR kit HE A VA&l AEHA ot
8= BAolM = Hlwg AR AlH B Ataiol
IFolHl S-S 91 5 AT vAEo] =9 30719
15 7kt AEUd v 155 AE5E A= 870
Fom 2% HE AlFEE 1N, 3% AEA8E 1070, 28l
4F AZAET V2 ZAFEITHTable 1). vIAEE A&
W% = B cereus’t 1770 A E(18.9%)°14 AEE o] 713
S HEE BYOH Y enterocolitica= 1671(17.8%), L.
monocytogenes 1571(16.7%), St. aureus 1271(13.3%), E. coli
O157:H7 47(4.4%)°] HEWEE B Th(Table 2). $HA,
£ AYo| =¥ PCR kite] AE o PIAE 9T 7l
Campylobacter jejuni, Vibrio parahaemolyticus, Salmonella
spp., Shigella spp.= EE A8 HEF A stk
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Fig. 1. Results of PCR amplifications of the Multiplex-Pathogen
target genes performed in DNA extracted from shell eggs.

Lane M; 100 bp ladder, Lane Cl; control DNA(from bottom to up, Ecoli O175:H7,
208 bp, Aacillus cereus, 303 bp, Listeria monocytogenes, 454 bp, Salmonella spp;
678 bp), Lane C2; control DNA(from bottom to up, Campylobacter jejuni; 127 bp,
Stapliylococcus aureus, 264 bp, Vibrio parahaemolyticus, 375 bp, Yersinia enterocolitica,
551 bp, Shigella spp.; 825 bp), Lane 1~10; tested sample.
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Table 1. Detection of the pathogenic bacteria from the egg shell
using the commercial PCR kit

Detected Microorganisms by PCR kit Number
Sample Y L s Eal O
cereus enterocolitica monocytogenes aureus 0157:H7

A3 - + + 2
A4 - + + - + 3
A8 - + + 2
A9 - - - + 1
B3 - - + 1
B4 - - + + 2
B9 - - - + + 2
C1 + + - + 3
C2 - + + + 3
C4 + + + 3
C5 + - - + + 3
C-6 + + - - + 3
C9 - - + 1
D-4 + 1
D-7 + 1
E2 + - + + 3
E-8 - - + + 2
E3 + + 2
F4 + + 2
F-6 - + 1
F-7 + - + 2
F-9 - + 1
G-5 + - + + 3
G-7 + + - + 3
G-10 + + + 3
H-8 + 1
I2 - - + + 2
I3 + + + + 4
I-8 + + 2
I-10 + + 2
Namber of 7 16 15 D4 @

MEHIX|E 0|88 HZt 2 D|ME &2
Autz 9l AMelufx]o] A9 viable cell count A& 2
< o] &3t Ade] WA vAE HE Ade} vlus}
t}. Viable cell count B2 53 Alek Wzt 2 ¢v]
AAFAZE Table 39 A28+t PCR B L o] 83
Ho] v E QEE ArAME F 90719 A E 7H-
o] g 7}A] o] mAEo] HEH ARAIET} 3071 R
1} viable cell count HH oAM= 277112] Al oA v Eo]

oz o
Mo ¥@

AZEH A AAES HAE SHEE °F 300% FolA
THTable 2). A|&E 2=, PCR WA rlAgEo] HEHA
9 D4, F-6, H-8 A7} viable cell count A| oAM= HE
% HAEC] ER1EA] GO H(Table 3), HEE PYEF
9] F& A= PCR WA= 6470] 2.1 viable cell
count HH A= 537402 BAE Y tH(Table 2). o}
PCR "ol th3} viable cell count B 2] VAYEE HE
WE W= B cereus’t 1770 AE(18.9%) A 1470
(15.6%) A BZ, Y enterocolitica= 1671(17.8%)°1 4 127}
(13.3%)%, L monocytogenes= 1570(16.7%)A] 137}
(14.4%) 2, St aureus= 127](13.3%)N 4 1070(11.1%)= 7+
2390 W, E coli O15THTS F 7HA] AEWHTEe] 2}o]
7} JERA] 29} THTable 2). 3H4, PCR kitE ©]&3 HE
el A o mAEe] AEEA] 22 A&7} viable count
Axe HEHe A5 UehbA 43ko™ PCR B3
vl 7 A Z viable cell count WHON AT Campylobacter
Jejuni, Vibrio parahaemolyticus, Salmonella spp., Shigella
spp= EE AFAA AEHA LAtk

Table 2. Comparison of the PCR kit and selective media in a
detection frequency of pathogenic bacteria from egg shell

o PCR Kit Viable Cell Count
Microbial
contamination Number of ~ Rate of Number of Rate of
samples ~ samples (%)  samples  samples (%)
Uncontaminated egg 60 66.7 63 70.0
Contaminated egg 30 333 27 300
B cereus 17 189 15.6
Y enterocolitica 16 17.8 133
L. monocyrogenes 15 16.7 144
St aureus 12 133 11.1
E. coli O15THT 44 44

C jejuni

Salmonella spp.

§&388& >3558 %

4
ND
V. parahaerolyticus ND
ND
ND

Shigella spp.

E AgA Yehd AlF o vjAES HENE
Moon 5(22)9] A& & Alde] gt nAE QA% 3
AR 41.3% R Lee 5(23)9] AT S AE 4.7%
FrARSE ol dHA, B Aol A= IRl Alde
4 HAANREZ LHRA Salmonella7} AEF A Eh=
o] ol IUldl -5 F< AT LEATS E8 247
Staphylococcus, Bacillus cereus, Escherichia coli, 5°] ]
=L Salmonellax AEH A khrhal Hig 7 5(9)9)
At XA o] H 3 BEFS Salmonella ©] 9]l =
E. coli 0:157, Camphylobacter jejuni 5o 2|3t 2155 2AY
HlFo] Al F7Fetal e =l dsH(10)3 AR AolSd

o X
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o o] Al YT} FEAXE Kot Theket B
3 A=l gk HAAert oS Wl Aol
g & ok

o]/Fe] Aujel A AuE nfel o] PCRE o] &3 B
A v A& 7AE WYL viable cell count WHECH =7}
oo & T Uk o] g A= viable cell count HH 2
A5, Al5e] A2} pour plating Il 2GR A E2]

Table 3. Detection of the pathogenic bacteria from the egg shell
using the viable cell count method on a selective media

Detected Microorganisms by viable cell count method Number

Sample gy L s Ecli O
cereus enterocolitica monocyrogenes aureus 0157H7

A3 _ + + 2
A4 - + + - + 3
A8 - + + 2
A9 - - - + 1
B3 - - + 1
B4 - - + + 2
B9 - - - + + 2
C-1 + 1
C2 - + + + 3
C+4 + + 2
(O] - - - + + 2
C-6 + + - - + 3
Cc9 - - + 1
D-4 0
D-7 + 1
E-2 + - - + 2
E-8 - - + + 2
F-3 + + 2
F4 + + 2
F-6 0
F-7 + - + 2
F-9 - + 1
G5 + - + + 3
G-7 + 1
G-10 + + + 3
H-8 0
12 - - + + 2
I3 + + + + 4
I-8 + + 2
I-10 + 1
Namber of gy 1 13 0 40

PNot detected in the detection limit (10% CFUlegg) of this study.

sl o= Qs AT 1712 dztel 24 100 cell 0]/
A o] £X T wjol|vt HEo] 7153ty wiel Yehd
Aolg} AtEE k. $HH, PCR *H-2 viable cell count W5 ol
Histe] wgEe] k4, TEe) A&, gt rAE
SAAE 59 FHAAA 7Ied 948 7HAY vAE
A o] offar 717]9 HEAdo] 8=

gol giet. whebA PCR 727 viable cell count "
oo wet A e AsH AAS GA8HE Ao

2
k)
o

5 22 Al Hadw LAFEE AT multiplex
polymerase chain reaction (mPCR) kitZ 7A}3+ 23},
9071 €] AAMA R 7He-H g 7HA] o)de] mEe] HEE
AT E= 30/ Z, AR HAE S A%= oF 333%
Foldth MAEE AE VT B cereus’t 177] A&
(189%)A A== 7P =& HEE Hon Y
enterocolitica= 1671(17.8%), L monocytogenes 157}
(16.7%), St aureus 127](13.3%), E. coli O157:H7 471(4.4%)
o] ASHEE Btk $HH, MR E ]St viable cell
count A= 2771 8] AlFo|A n|AyEo] AEE o] 7
AR HAE S HEE oF 300% FEolAom, nAlE
W AZ ¥EE B cereus’t 1770 A 2(18.9%)°0 4 147)
(15.6%) A BE, Y enterocolitica= 1671(17.8%)°1 4 127}
(133%)2, L monocytogenes= 157)(16.7%)N A 137)
(14.4%) 2, St aureus= 127](13.3%)°N 4 1070(11.1%) = 7+
23R O™, E coli O15THTS 5 7HA] AEWHTE] 20|
7b YehA skt AE o s 9% bl
Campylobacter jejuni, Vibrio parahaemolyticus, Salmonella
spp., R Shigella spp= 7 *H A AEHA dth
oo} Aol A Ao uie} Zo] PCRS ©]-&-3F M4
v E2] 7AZE WH-L viable cell count WHET =7}
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