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Abstract

Listeria monocytogenes is a foodborne pathogen inducing listeriosis in human. We compared two different culture
methods for detection of L. monocytogenes and validated two commercial kits, VIDAS® and REVEAL® for Listeria.
L. monocytogenes was inoculated into various food samples to generate partial positive samples. The inoculated samples
were enriched in half-Fraser broth for 48 hr at 30°C. The enriched samples were streaked onto Oxford agar at 24 and 48 hr
postincubation followed by biochemical confirmation and concurrently analyzed by using the two commercial kits for com-
parison. When the enrichment period was extended from 24 to 48 hr, the numbers of positive samples were dramatically
increased from 6 to 52 out of 80 samples tested using the culture method. With the commercial kits, the numbers of positive
samples were also significantly increased from 10 to 18 and 1 to 18, respectively, when the enrichment period was extended
from 48 to 72 hr. There was no statistical difference between the 24 hr culture method and VIDAS® or Reveal® with 48 hr
enrichment. In conclusion, the 24 hr for the culture method was insufficient to detect L. monocytogenes in various foods.
The commercial kits could be adequate means for presumptive screening of L. monocytogenes in food.
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3 AL oF 30% F=E wf$ ETHO' Grady ef al.,
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(Ramaswamy et al., 2007). T3+ QHFA%E AR E 743
e 2248 Zshe FPME 2928 7Fsiol 3l
tHOravcova et al., 2008). 53] AL A A4 5o 4
& o] ks HoA] wApe@o] Bt FA
E dodEe A9Vt 2k L monocytogenes= THE WY
A ik 2] ARoME o] e B4E 7
o 37°ColA A3 TrRT} 4°ColA] 4 Fo ¥
Aol o 73 Roew I UTHKim et al., 2002;
Ramaswamy et al., 2007). ©]&|3t 72| 402 <ls) 7}
Aol erAsitin AAEE WERSA 59 2ol o
Z} AZal AA AZFNME L monocytogenesd] 23+ 2
o] A & Ut

53] RIE A%< Beo] AFse AWM e L
monocytogenesoll &3t 2155 WA 7FeAdo] B3] £
B2 L monocytogenestte] HEL HFAATH FFRA
Q) &l lojA Fasithar & F St

A AFAM L monocytogenes®] A& AL 8 Y
2Rt opg} ula, £ §9 IR 25g9] A%
AZ BPES 7122 ki JtKKim er al., 2007).
olo z+ ugte] ZHA|#oA = HHI e L
monocytogenes®] 5738 1E T 484171 dB] STHE 7]
22 3 AEHS A Utk @A SAEeE B8
& L. monocytogenes 732 USDA-FSIS(US Depart-
ment of Agriculture-Food Safety and Inspection Service)2}
FDA<A 7|8 Bacteriological Analytical Manual (BAM)
method®|THKim er al., 2006). °1& H&EYZ A -2
Vet A1Zg Ao AHo] e L monocytogenes FHEH
9] Apolxg o] FTAIRIH], USDA-FSIS®} BAME-
4871791 Wk A EFAHL 9-f, AAE, 7HE AE 2
TR AE9] A 244170010k ey A HEE A

¢

T2 BY, L monocvtogenestS A3 Ael= EFE
2k31 QQar, AlFo] EAjshs rlAES o8 T B
o] gdgFe o} HWAAIQ L monocytogenesEth U] el
b= v HYA Listeria spp.oll 913 9] A47go] s
o] H& wro] WA o] EAF o ¢ 4 At

-2 4 okil 3HkOraveovd er al., 2008). ©]23F v A
AEHE 2% £49 AW Yo 7hA HAad 599
712ko] Hasin] o) A% 78U AR ke T A
7ro] wo] A9ElE wol 9uk(Barocci et al., 2007).
A 2148 AALE 918le] U)= Food and Drug Admini-
stration(FDA) SollAe= 391% wigol o3l ASHE 7|
& A3 AT EY /3R 7Y ARS dARskL )
thSeo er al., 2006). A da] 22o]x A= HAXA
Z AL EE AR dElE o83 Aol BTk 1 4

2 L monocytogenesAEE 93+ A-8319 JE F 9Y
A8 -85t HHFA FPHkE(enzyme-linked fluores-
cent immunoassay, ELFA)Z ©]8&3} VIDAS® Listeria
monocytogenes T(LMO2)(BioMérieux, France)$} Listerial|
EolF9l A9} et Pxtel HARHEZ o] &3
REVEAL for Listeria(Neogen, USA)E= AOAC2] Q1&&
1S A 3EE- o) T (http://www.aoac.org/testkits/testedmethods.
html). Wt B Ao 2950 e Adu|AES
o] 71 24z T2 -5, EAA], TR, duj=et 2
A Zo)) ZASH= L. monocytogenesE AZ3H=t] o 7
A 2427t S wjo] FEIA] HFIHEIL ool T2
ZWellA 74 Bol AHEETE 28R/ A&HE T1ES
iR g vlwsA FES HrisiRaa) gk

R

= HiQF

Listeria monocytogeness= 1= FDAMD, USA)I|A &
% wrol A Ao BAdla Y| dFE AT €
#HUH(-70°C) TFE =9 0.6% yeast extract(Neogen,
Lansing, MI, USA)’} X3¢ wyptic soy agar(TSA, Difco,
Franklin Lakes, NJ, USA)Q] TSAYE®] =#ste] 37°Ce]
A 18AIZE ESE wieksis ek & A= JEE oA 0.6%
yeast extract7} E3HE tryptic soy broth(TSB, Difco)?]
TSBYES A 37°C, 18717 SHHlF ST TSBYECA]
2 Ad] wjudgk 8-S phosphate buffered saline(PBS,
pH 7.2)0l 108f=2 F4Js}ed TSAYES] 100 uLE =%
aka 37°Coll 18217 wjdsie] g Elsiitt
Fe Yo 2o wHoz Had wrjt} FR1EGTH

A
=

4 e 1 Bt fzEgelks: A 715 F
S, B A7delr Fus AFET AaE A
Qlell WekSeo er al, 2006) FA ol Z8]
7b Bol Ha wApe e dod WErh w2 AFE A
galact. AE HEL A, S T, EAA
o], dg|=oj o] AF HMEL BF MEA| BT oA
o] digriEoM FHSATE HE A 2z AFol S}
€ % AdsE 57987 sl 4 AF AF 25 B
25 mL9| buffered peptone water(BPW, BioMériex) 225
2 3715} stomacherE o] 8-t 3053t d&3FEIG
o FEsHA A& F, 100ulE st 108FE 348}
Ak A4z f, FH, A dole 1, 2¥ AT wjA]
2 Adyes 3, 4, 53 348 vlX]E nutrient agar(Difco)
of =aste] 37°CollA] 24413t st mid & J=
F5 Aol B F AaTE S48 FATE 24
& A3l F 200025 gAUEHE WA HF AAE 500 ol

e Rl

-
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FHE L monocytogenesE HEIFITH FHlE H-&
AF dH EAgke PIAE wFdd el g8 -
=4 AES 48 7 A= HEYo) dEiFe A¥H
2 13 Y4 FHol| 43 CFU/500 g9+ 31 CFU/
500g, A Hojol 27CFU/500g, AH =] 664 CFU/
500 g, -9l 59 CFU/500 g& 22t HE3c). tl2de
37 9 717t s Evlstt). 94 Uiz B¢
ANe 2F 25 gol Ut® PBSE 100 uL HFsba, %A
gizToll= 2% 2590 L monocytogenes 10° CFU/mLE
100 pL HF3H. ZE MES 18-24117F 53t 4°C] 3
7oA B@Fo 2N AA AF ALY FABIES A

g P2 AR

SRS

oy 5 249

HEE AF 50025 2447} 2532 25 mL) 2 & o]
20709] stomach bagol] half-Fraser broth(Difco) 225 mL2} &+
A Qe t}E stomacherE o]&3l 30%7F @AsH 4
o} o|2A dASH 20009 AF MEH 42 & AN A
A% (A, 24)S 30°Ce] wigTIelA 244)7L )
FETh. AF MES F 4843wkl e s o et
24X3L, 487170 42t AE-S A F s AE-S J3sisiT)

HiX{&Holl 2|8t L. monocytogenes A=

M@l A Qe T AR ZEueE 94,
FAE, HF 4F B 4 4B g s

Aele, FA Ao, 448 F5 2 f APS A
=) reFs] aokstH Thed Z2ThFig. ). $A Aedh
=Z F 22709 A4E-S half-Fraser brothe} 30°C2] #7340
Al ob] S F, Eejuldg 18l A=ulA]Q] Oxford agar
(Neogen)ol| HZE3t9 ). HEH Oxford agarE 30°Ce] Hj
710l A 48217 B2t vl L monocytogenesE £ A

e AL A9 Hvke TSAYEY HIstA. ol o
Al 30°ColA] 48712 w| ek & 3Ae] 22 9 s
gl ilEE dd e HFTIAAS 93k
Microgen™ Listeria ID system(Microgen Bioproducts Ltd.,
Camberley, Surrey, England)g A|ZA}o| A #A53 A
o] whHe) whe} AlPEtt). o] BRE e Zzte] o]
ST 21324, 48217l met WYkt

N 2% 7|so| B4

VIDASP® Listeria monocytogenes lltest(LMO2) (VIDAS)

VIDAS®:= 71E iAol 9= 330 g} Fig. 19 &
A=} e dE Aldsided HEE) okstd vt
2t} 9k M43 iZE half-Fraser brothol| 4] &jn] Z=H&
AR AEZ o 0.1mL 72 10mLe Fraser broth(Bio-
Meériex)oll HE31] 30°ColA 24417HS v dslsdt). & 48
AIZE ui gt & FUHH 02 24X7HE O] Hldale] 48412)
HjRHET 247 vk AES HlustATh

VIDAS®E A&7 918 4°Cel] Bgsjo] l| Al f
71EE vg] AUe] A9 =31 automated VIDAS in-
strument(BioMériex)== V2] AFUT}. shte] AFol| 24zt
3 719l VIDAS "LMO2" strip¥} VIDAS "LMO2"SPR®
(the solid phase receptacle)2 A3t MEL B3}
7] Holl HA calibratingS 3}3 F=H17}F TF H210H SPR
# strips AR 71 v Z4] stripel]l 500 uLe] Y
OFH Fraser brothE 21 4S AlZASHATE A3 test
valueE EQISI10™ 0.05 o9 #x)7} YW g
2 g3t

Test value = Sample RFV/Standard RFV

(RFV, relative fluorescence value)

1) S\ e a8 18-24 hr.
XTor 300C ac 30°C 35~37°C

o e [ e s

2 hr. 307
2)

Sample Half fraser 24 hr. 30cc|  Fraser
syme | [ Hlter oo
100 uL

21 hr. 300x

3) Buffered Listeria
enrichment broth

24~26 hr.
=G, | VIDAS®

Positive

— or
Negative

21 hr. Positive
30°C or
Negative

Fig. 1. Flow chart of 3 different detection procedures. 1) Culture methods for L. monocytogenes in milk, dairy products, processed
food and sea food, 2) VIDAS®, 3) Reveal® for Listeria.
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REVEAL® for Listeria (Reveal)

Reveal®S o83 HEL Ao wel Fig. 1o =
2Ee] e UE AlEHed olF teFslA f.oks)
A 27} 20} Reveal® 7)Eo Z8E buffered Listeria
enrichment broth(BLEB) #jAlo]| B¢ 2FF 10 mLE
7hete] =) thg, 7)o @A) ov] SE vR half-
Fraser broth HjF 0.1 mLE FHEsPsict wiAH-g =&
A 2o} 30°ColA 21A)7F W) vk & e
2 mLE " wbeE &7 80°Col|lA 2087 713t H)
ZE 7|EE njg] g2 AUFULE 718 w4
24 2%l g5 o|EE gle dedozyt 135uLE
st 71EQ] FRiFol] Holrmy 15208 & s 9
31t} A (control line) £]9) testilo] Yeh} & 2%
o] o} A7 Ao w: IS

T18]3 BLEBOIA 24A13HE F7e|ofste] Al AlAlH
AL oA ghH AR, F 48A1ZL wijekA kel 72417 )
FAAE HlskH.

SAEE 24

FAZE 19! GraphPad Instat(GraphPad Software, Inc.
San Diego, CA, USA)S ARE-3e] 95%2] MEFAE 7
I A Rk g Ak sl AelME 24
A7V} 484171e] djn) Z=FA)7be] whak okAlel AE S
Aol s Btttk A&HE 7B HEole 2447 B
48N 7 WA 487 R 7207 Al ASFEE Sa)s)
o d& P4 AE A wReR T Ay 0
oby An} 52 vlwsigth. 2 A7) ujekrzke] W
sl W Ane Hlwsldck ol zh why ko] £
3 fro)2kp e HlastRt. p gkl 0.05 wTl A
FATHCE feapt & Aoz il

- k)

UhX|& Ol&8t L. monocytogenes = o] & Al
H[ I
Wizl WE L monocytogenesAEN = S &

4 zTe] A3t 242 84, FHoE yeht B A9
of AFAE dFIATHET vIAA. 2 21Fed EAst
= AR & doe Aol 5= 100 CFU/mL ©
8f, $-f= 67 CFU/MmL, #8=E 5.12x10° CFU/mLE &
A=A

2 A AH8E o] ZExe] AE AEAA 2R V&
AEFF A AAE 24X TR BF o] B 484171 Wk
Al L. monocytogenes %3 BE2] 71 &9 €A 2713}
Ah(Table 1). FAFIY] 759 2447t vlFEh S Wie <k
do] HEFR AAANE 48A710 R wig AIZME ERHS
W= L. monocytogenes ¥ AWE 7 w2 Z718H4c)
A8 FRE 24X7 e M= L monocytogenes7t &
2] fgkont wikAZRE w8t 10719 4 AEol AFE
Hh 2 el ffrellMe il 1T R, A EolA
= SRelM 171E A AEFTT IR 29E A 5
ANRTHTable 1). FAQ0], A4& F5, ¢, dej= 2
7 HiQEAIZE The] A3 Zpolof] lojA] BAEAQ oAt
7v AR A2 Ve THp<0.05).

THE L. monocytogenes Z0) FATE & o= A}
AZ AT & Aok o]FA s wet HEE
7t #A8] detd § Avkes AR A4 Halrbge] of
H S ARRSE=U) wiet A kdEelE Aldish
FEE VA = AT AlsETh 4877 Bl gslor g

BE 5 Ue BEL 14AT viksle] AR
A 9 4 AnE 0398 4 gl 7] wEolo
et dx) EuE) AETA e 5, FAF, 7H
2F, A AE HEEHE 2407 S e HAF
A= L. monocytogenest2] HA10) AdEA] e
oft}. &3 FDA, USDA, International Standard Organization
(ISO) &7 & th& AMzlxe AEgtx 99 7189 4
& Ao ofu] F Algto] 48217} ooz AR
© ROF Mol L monocylogenes®] E&7Q AEE 9
A= 48413 So] =R Hasi)

Table 1. Comparison of the number of L. monocytogenes positive samples when each artificially inoculated food samples was
enriched for 24 hours and 48hours followed by culture (KOBAM) methods

Sample Inoculum level Enrichment for 24 hr Enrichment for 48 hr P val
: value
(background microflora) (CFU/500 g) positive sample / total sample
Smoked salmon (<100 CFU/g) 27 0/20 9/20 0.0012%
Tofu (<100 CFU/g) 43 0720 1020 0.0004%
Milk (67 CFU/mL)" 59 2/20 17120 <0.0001%
Salads (5.1210° CFU/g)” 664 4120 16/20 0.0004%
1)S.D.: £1.155.
2)S.D.: #4.701.

3) The statistical difference between the number of positive samples when enriched for 24 hr and 48 hr is significant.
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%u]i_?_ A 75])\]-1]]/%1%3:0] g & TE= ml% 100 o]
3kl Al %:4?'—, -LM]OMQ} 22 7HEAEAME 20009
AZ T GFE H AES 71 A APl 100 CFU/
500 g o1&t w9~ Ao} HAnEEe] F&(10° CFU
/mL or g o]’d) M=ol M= 500 CFU/500 g olA4o = 33
23] E=Uthe RAolthdx vlAA)). uebd B Ao A}

£ HEF B 290 94 49 ofu] 49 2 w7}

2 Aol BAGE ATFL nelste] AEST. o)
3 AMIES SHNR O 4T Y AFE 7 AF

ZATY] Aol Be FFE viHe AL L F Yo B
t AlFFo]l ol EXste HIZtE AFH FAE T4
NEANES B 2T A AT w04 8o
7V & Atk wEkA] AldE 7 B B7kE 28
A L. monocytogenesS AEE 730l 3] =g iU
Alro]l £8% Ao=E AlgHT)

HHX[Hat A% ZE F|E9 ot |

Hi ol M el Azl A AE F|EQ] A= Table 2
of Aot BAHS AF-FHAN - 24A]7¥‘ﬂ7+ 24A]
ZF F7) ujFgt 482171 Bl S ARSI ASHE F)
Ex= AR 2 48A1ZPH T 2447 S HH%@ 72
AZPEE ARSSl st 94 tlzTe] 74 VIDAS®
ollA] test valueZ} 0.05 o]Ate. g2 UdAFPAo] Lhgrom,
Reveal®Me AW & £9 #Rlo] vehgth 4 o
ZTL VIDAS®IA test valueZ} 0.000.82 S-4Jo] 1}gko.
™, Reveal®f X tixAe] g @ivh Yebdth webA
AR Ao 4F3E YS3IAT

AAE FHRAXS v A Ho|A] 242]7F wllSE A] 07), 48
A ZE weE Al 20 A AlZFo] Uk, VIDAS®SH
Reveal®f| A B B SFab4<Q) 4847 vigS A3
= o 019 ¥ ATt Usta 72x ke R 5 A2
A7} Yth(Table 2). ©)& HEFo| Juldoz YA
(0.062 CFU/g) AR Fd AES] 47} thE AgoAn
o HA U Aog Ht) ol2igt Aol BB ),

2l

A
=
e}

SEY AR WA 4gAZEO B WS AL 2

Fo7 QAH L monocytogenesd] 7A&0] 2E3}R £}
= AMS ¢ 5 ok

A=A E wAHE ©

1838 735 242w A

47), 48217k vk Al 16709] L. monocytogenes ¥4 Az}
& L33, VIDAS®S} Reveal®oll e Zzt Beff a3y
Q) 4313k HlEE NS | 2t 07l ke b 2
W} welFAD 2170 A B T b BF 16
Ne] L. monocytogenes A HES A& 5 AtH(Table

2). AEAE J1ENA v FFA

HE 2 4820 HET

=

A

= =
]
24A13F 58 A ARAY) g AT S5 RS 2
OFkA]
[o 3]

I FAIte] F7lgel we) =z
AlA 1670, IRA 16702 Z7tels RS

[}
Reveal®s] 482131 Wi} A3k P4 AF 47} BF o
Xi:
E

9t et wiAHe) 48A1%b MR ok A

7t 242+ 107)

@ % glek

=

TR A wAHe 24x7F wld A9} VIDAS®S}

VhE el viAHe] 2
A ATHp>0.05, Table 2). WS A= Hix|H o] 244]7F
v AT} BlwgS W SAEHA oAb} It 48 A
i AEOlX Wi AT VIDAS®SY] GAANE 4 119
FASE Fz7F QIGAITE, Reveal®¥h= SA48H 9]
2 HATHp<0.05). Tt VIDAS®oI A= 71& 484171 i
FHHA 2N Wi A 8 ARE v $E o p
valueZ| 0.09582 §-2xp7) gle Aoz L]-E}‘;l'ob} Reveal

A=

==
=

o i

ol N

7 E=
Sy

el il £ e

FOR7} 2 Ao YBTH(p<0.05). F A5

NES A MERS B P4 A 7474 167n
2 Al AeIA 48A7 ARFRE sk $LE Ao} vl

ST

olgigt ARE T &

|
I

), VIDAS®:= F(species) T

X AZ 7153 WO L monocytogeness 7353}

glol] vl E7FQ) Aoz Hojx wix|He] thAY
S 7 AMgslr|o] & B s 42& Helth Reveal®

= 27499) 714 AL glo] Wl Aldssta sk
T = AHo) A= WhAE, Listeria 47 (genus)

Table 2. Comparison of detection pre-enrichment time related results performed by culture (KOBAM) methods and rapid

detection Kits
Sample Pre-enrichment Culture method VIDAS® Reveal
(inoculum level) period (hr) positive sample/total sample
24 0/20 ND PV NDV
Tofu 48 2/20 0/20 0120
(31 CFU/500 g) 1
72 NDV 2/20 2120
24 4/20 NDV NDV
Salad 48 16/20 10/20 17207
(664 CFU/500 g) 1 3
72 NDV 16/20 16/20%

1) ND: Not detected

2) The statistical difference between KOBAM method (48 hr) and Reveal is considered extremely significant. The p value is < 0.0001.
3) The statistical difference between enriched for 48 hr and 72 hr in Reveal is considered extremely significant. The p value is < 0.0001.
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oM HE3h= o Z AZ ol Bl L. monocytogenes
7} obd A ) o2 Mito] EA13Hs % Reveal® 7]
EoMe 9ol vE 7he el ok WA L mono-
cytogenesS HEIA] B2 Bl HEQ 24 HEEZo] ut
EA] A EAEojor sl o u] %A A (presumptive
screeningyS dh= E2X 02 AMgdle Ao] F& ggueh
o= Hr}

A AlE g2 AFES W, L monocytogenesdl)
& mini-VIDAS LMO®} 522 1SO 11290-1%H-&
gk A= B 4= Qlth(Vaz-Velho ef al., 2000). X33
o8 049 A BT A ME F 2950 F
mini-VIDAS LMOYIA = A 870, 24 27370, 9144
170, §1 5744 3708 237 vgieh w1 18O 11290-
12 AE3E de Y 1070, 248 28470, A8 S
Ade 242 Tk o] AdollA B 4= gl%o] VIDAS®
9 AEHE 7|Ex HE Aol By o hdsia A
&3 A&l Jhsditie o] ok 3 MEZQ )
AL o] &3 AEPRTE g MEY 571 208X
T FAE frofxks glohs A4S &+ A ol#id
Z¥= Beumer(1997)9] Aol M= 18 = Qo) L
monocytogeness &3t o 7pA] WY = STk
Aol A7 23k dho] Al 7 aubHel
AINE YeEPYthBeumer et al., 1997). Waka] E A3
AT SIS VAR FAEA AL 4%
AEFTAHT 2L iAol A&ERE T EYRY 4%
Al ok AN B2 A S S8 Hygonw
Beumer(1997)9] A+4-9} AX3HS & 4= Ut}

OE 255 MlgolAe] 739, Escherichia coli 01579
A wj A A& HE7)|EQ Reveal® 71EQ] vlmel
g A7 B 8} Uti(Chapman et al., 2003). HE
250 CFU/25 go|d 4] 327119 AE F, CT-SMACHIAY
A= G A7) 3270, Reveal® 71ExE 3070, Q&
25 CFU/25 gol® Zbz} 289} 227K, &% 2-3 CFU/25 go]
A 247 2570, 102w & 9 gL ARE U
ERHATH Chapman ef al., 2003). 53] HF %] ZolEW
A AT AEHETE Zhe] Ax AJo)rt o] ®ol b
= A& & F Utk B Ao A HEeke oln
o 0 A Yoz 2e AR B FEIE FS wA
HellM 4 AE 71 2ol UL AL A3 dArss d
Aal= Azt & 4= JATHBeumer et al., 1997; Chapman
et al., 2003). 3 Salmonella spp.2] 7% VIDAS®$}
Reveal®e] 717159} Eo|mZE ol grs uf zbzt wizke
= 96% 0|4}, Bolmi 100%E el THFahey er dl.,
2006).

HAEXoE P A3 Aol HlFo] B v xHolA]
oH] F3t Al7to] 244171 ul= AE s}t BAR, o

o

& A% HE 7BV sl 2ol F AIRES 484
sed 238 o Hold #E AHE Hole
& g Atk mEb A AEsE AAFE dA
o] WAIEO] = ofH] Ft AIZHE 24417 0l A 484
2 599 1o} o G350 F L monocytogenes 735
& 4 & Aom BT Tu wiAYE JEE sh=
AEHL #RIAA T4 A7 XM NEHoz
AlZto] Bo| AQHM, AR AT A= doldes
TolXRE HE0] 7Fsslthe @o] UtH(Choi er al., 2007).
HE 71E9 AN HE WAL ddsin
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