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Abstract

Samonellosis is an important worldwide foodborne infectious disease that is transmitted by many food vehicles including
raw and processed animal products and fresh produce. In this study, the effectiveness of automated ELISA (VIDAS®) and real-
time PCR in the detection of Salmonella spp. in steamed pork and raw broccoli sprouts was evaluated by comparing their
resultswith those of aconventiona culture method. Bulk samples (500 g) of steamed pork and raw broccoli sprouts were inoc-
ulated with various levels of Salmonella and divided into 20 samples (25 g each). All the samples, including the controls, were
analyzed using a conventional culture method, VIDAS®, and real-time PCR to detect the presence of Salmonella. In addition,
thelevels of background florain the steamed pork and the raw broccoli sprouts were determined. In the steamed pork that con-
tained less than 100 CFU/g of aerobic bacteria, all three methods detected low levels of Salmonella without a statistical differ-
ence in their performance. In the broccoli sprouts with high quantities of background flora (ca. 6.7x10” CFU/g), however, all
three methods were unable to detect low levels of Salmonella, and real-time PCR and VIDAS® more sensitively detected Sal-
monella than the culture method, with significant statistical differences. In conclusion, VIDAS® and real-time PCR could be
superior to conventional culture methods in detecting Salmonella in food with high levels of background flora.
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o]t}(Oliveira et al., 2003; Catarame 2006). Salmonella=
Samonellosis®] ARJNAZ F=2] & Holl Alstar e
o T2 QHHE AF ol Ao E HutEtiWang et
al., 2004). A3} 2F F 7P I A o 9E En
71V 7FE SR0FE, =5, el H2 Fdolut
ofalef] oM = 2lF=o] HAE vl rk(Bansd et al.,
2006). ZAMAT} wlsell A= wid 2,000,000719] gz 8}
B 2155 32 1 thS- 0 2 1,340,00071¢] Sdmonellosis
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A A7t BaE]an QIok(Korsak et al., 2004). -2luet
A AA] AFs ARA F =2 vlola =t W tig
T T2 2 SalmondlaZt =& HIES 2HA8kaL glom uj
W ks S71dS YERaL ltk(http://fm.kfdago.kr/).

Samondlas HAEsh= WY & ETEHS 252
Aoz A v} AFTHAYAE olHg vixE
o] &g Whgol TAlE] Aok viAPHL o¥] S, &
i, @A EEjfg o2 o]Fox glo] Salmonella®
2% BASPIA Holw 598 22817 Hrk(Bohaychuk
et al,, 2007). Z1gJar o] WL WA=} vl B2 kF
g3 o= 3] "t RasA AEHA sz &
#A] 2tHD'Aoust et al., 1992). wEbx] HZ viAY 9
o A& g A= 7Fed IEo R WY 3P0l
U fA o] AU gor 1 B8] 718
AT} (Shearer et al., 2001).

A7) de] 201 JE Samondla AEASIE= A
kg A& o83 Flo] Wrt. 1 diEAR] o= AF
shel A4 EA8 AE A FP3-(enzyme-linked fluor-
escent immunoassay, ELFA)S- ©]-8-3+ Vitek-immunodiagn-
ostic assay Salmonella(VIDAS® SLM; BioMrieux, Lyons,
France)’} Itt. o= © =ke] SPR(solid phase receptacle)
o Z&=o] 9= Samondlae] O &7t H a+dol] T3t
A2} stripol] FHE AEo] ¥Rt FFS W= o
g2 93 A 3 TR v & AlElA 549
23S vuste] Samondlagl F5-5 AAsE d=2
o]&-FtH(Uyttendaele et al., 2003; Walker et al., 2001). ©]
WS B2 o] AE o] rhsstar 2Y9xte] S &
HE AIZE el i HEe] 7Fsstte Aol Utk

A2 7 Ho 2= A red-time polymerase chain re-
action(real-time PCR) 7o 714 w21 A=A e =
Moz aeix] QltK(Catarame et al., 2006; Maorny et al.,
2004). o] WL 71E9] PCRYE B A719%2 34
o] Fg8 glo] fHAe T35 A TiEe ¥%4S BUH
FollA Arlzre g g & 4 vk o] dtk(Hein
et al., 2006). WEtA [7|95el o3 LES =ola A
= AR =Y 5 don AR BA7MA TFssit
T3 AZEIAT} 0|24 1 CFUI5 g2l vi$- vz HhY

|22 AL o] 2974 & 7Fs3tch(Bohaychuk et
al., 2007; Hein et al., 2006; Krascsenicsova et al., 2008).
olglgh g oz 3| rea-time PCRY] &-8-2 thekst &
ofoll A F7FkaL U= “dsdoltt.

2139 A AR AFY FEZIRE Hell Al&SHAl
o]Fojxjof k= HollA 2w AZES AQshe HiAY
Boh HE A7 Wl 9E 7Fse B VY EE red-
time PCRHY} 22 41 AZSHY] 877 7kt ik
olggt 4l& HEHo] HFWHY A WHOoE AL
71 feliM= AArEH ] E)l H7Hevaluation) % AT

o

(vélidation) S AH =A|F] A&} 3430 SR
wojof gt} wEbx AR AES7|ERT 2EHS vl A
Fote A7 &Es] 8= e Ad8o|tH(Cheung et
al., 2007; Uyttendaele et al., 2003; Yeh et al., 2002). L
Hu AAFoz Qdd AMES o] 83 oo AZTAT
© B o9 Axrt B, 98w HE
3 AZE o] 83 AFATFIME A sl =&
FE(100, 10, 1CFU25 )5 HF3197] wWEe] @ &
Lo 24 tsiAe AFel FEEAT dE =
Uyttendaele 5(2003)¢] ATollXE AHddoE o &
Foll A vl H3} VIDASTHS Blwdton, Cheung 5
(2007)2] ATelx= SHAE 100CFU/25 g =2 &
=9 SamondlaE 33kl red-time PCR(BAX system)
I} HiA S o] 83t AESH AYE vl 53] F
= =230 A f-23 Samonellart Escherichia coli
O157:H70ll 2.3F AMoklE B3t 255 Al 71
Sl Aol Eetal A Al 7 B oy
Adekafel] EAlshE AsEw HAEH tigh Hlwsd

© A MAHSEE FE3 AFso|th(Shearer et al.,
2001).

wEla 2 AFoAE Samonela A&EAESHS HlwA
F3t7] S8t AT 7t AL 15y B2 HEIFN
o] Salmonella ¥ =5 TAEE &g & 2070
o] HiAH, VIDAS®, red-time PCRS AH-3}
SalmondlaE AE3IAL, 1 F viAPHI 7 T/ A&
AEH F3 HEES A7 5AsH o2 o zH
VIDAS®#} red-time PCRY] AEEZ Hlu 7HEstom
F7H o2 7} 2% SRk AT 77 HEE o
H P PA=7HE Hrrs

£
offt

Al

0

T Y Q¥

Salmonella enterica subsp. enterica serotypes Enteritidis
(SE)2} Typhimurium(ST)2 w]= FDA(MD, USA)oA &
o o} AP HASTL YA FFE AESAT ¥
FHB(-70°C) Ho] YW FFZ =4 tryptic soy broth
(TSB, Difco, USA)ell A} 37°Coll 18417+ St Hig3lsiTt.
Hj k3t )-8 phosphate buffered saling(PBS, pH 7.2)°]
102 3]495}] nutrient agar(Difco laboratory)el] 100 uL
£ =Tekar 37°Cel| 18A3E Hikste] et 5 RISk
o} # S 9o 2 wHow Bad Hri Slsidr.

AH= 2,<_H| ol M=

== X Ho

EE AlE THle o 2380 A3EAH. S-S
By BREdds Agsialar 25 e B30T &
Aol B vRECAM ST A 45 fal 4
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E AZ 500gS B stomaecher bagel]l il SES}F ST &
SHA] FS HES F 200 (25 gAE)E ol 4 AE
Hel ARE vt JEFS 24 AF e =
(<15 CFU/500 g), %3t 5 =(15-100 CFU/500 g), =& 5=
(100-1000 CFU/500 gyE 717} HE3t9la BEFedele
>1000 CFU/500 go] 718 =& w52 F71 HEsldtt 3
Z3 FAlo HES TS nutrient agar(Difco, USA)©ll
TElal 37°Col|l A 2407t v & g FE Ao HE
539 FAe FHIEHA
Hit stomacher bag

N f
(62}
il

7} 23 EAlshs F Al 5 5783 S8l 7 A%
AMZ 2592 Wi stomacher bagell Hal buffered peptone
water(BPW, Difco laboratory) 225 mLE- 37}l laboratory
stomacher blender(Interscience, USA)S ]85} 3037t
TAsteIlh. 1 %, 100 uLs Fste] 102 348}
31 nutrient agarol] =@5ke] 37°Coll A 24x17F vl st
Wi & et 58 Ao Ha F Ald 5 3k

od| 37 24

HEH AZ 500gS - ZslA 242 25902 1}
o] 2079] stomacher bagell BPW 225 mLe} 3] ¥
T}2- laboratory stomacher blenderS o]&3f 307 &
SHAl ARk oA ddskE 2079 2F MEF 7+
g A AAE R (E, o)y 37°CollA 24x7T HY
&t

HiX|Hof| 2|8t Salmonella spp. HE

Z 2219 AES v v 3, EYuYS fs) A9
B %]?1 Rappaport Vassliadis(RV, BioMrieux, France)2] 10
mLoll o8] Z7E BPW 100 uLS HE3s)e] 42°Col|A] 24
A7 v skt vt RVE xylose lysine deoxycholate
agar(XLD, Difco, USA)ell HE3}al 37°Coll ] 24417 H)
AT XLDAA o] YAle= AN HeS triple
sugar iron(TSl, Difco, USA) dantsoll dE3}e] 37°Coll A
2471 wiF § “07¢} “H” &A(Difco, USA)E BHES
gl

ME HE F|EQ| EM - VIDAS® Salmonella test
(VIDAS® SLM)
VIDAS = 7|1E Ao = Aol we} A=

ol ZreFs] aoksid v 2k oA Mgt diE o
H| S7E BPW 100 uL v9S 10mLe] RVe}F Muller-
Kauffmann tetrathionate with novobiocin(MKTTn, BioMrieux,
France)oll 4ZE-ste] 42°Coll A 8AIZ vieFetaint. v 5 1
mLe] RVe} MKTTNE Z+2; 10mLe] M broth(BioMrieux,
France)oll 453l 42°CollA] 20~|17F F7} vl skt 1
% F 789l M brotholl A 1mL# 43t g FHo| &
o} 100°C A 1583t 7198t} VIDAS®E A|3é}7]
Al a°cell sl A Aok F 71ES wE] Ao
Ao =31 automated VIDAS® instrument(BioMrieux,
France) ™= v2] AFstet. shube] AlZol z42h g 79
VIDAS® “SLM" strip} VIDAS® “SLM” SPR®(the solid
phase receptacle)s ARE-SFATE AES 418H7] Ao W
A cadibratings sl 4|7} oF Fo™ SPR} dripS
A0l 71 Bz 2424 stripell 500 uLe] 7FEE M broth
£ ¥a #43 AlARRIT. A= test vaueR 21135131
om 005 oo FA7F ved Fder #AsAH
Test valuest A1E-2] RFV(relative fluorescence vaue)s i
E Aleke) RAVE VR 3tg et

DNA =
Red-time PCRE 9J3F DNAZ F1)517] Y3l o8] =7
H 1mLe BPWE 15mL FHo| 4T MZo] E0i3
B A o

.
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m
z
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2 & pdlel] PrepMan™ Ultra Reagent(Applied Biosystems,
USA) 200 uLS HoiFo] pdleto] &2 wj7}b#] vortexing
SIATE 1 ¥ 100°CollA] 1087F 71gstar, 28 Eot
F-ol A 218l § 16,000xgoll A 3E7F A AR
AEE7E BUH JSAS A2 FH &7 DNA
2t o]2EA 3% DNAE -20°Col| Hw o]
red-time PCRS 3 uff ARE-H AT

i S oox dlo

Real-time PCR

Red-time PCRS 93t ¥h-g-Ho] 242 Tagman gene
expresson Master Mix 12.5 uL(Applied biosystems), foward
primer(300 nM); A& (5-CTC ACC AGG AGA TTA CAA
CAT GG-3)2} reverse primer(900 nM); A< (5-CTC ACC
AGG AGA TTA CAA CAT GG-3) 133l probe(200
nM); A& (5-Cy3-CAC CGA CGG CGA GAC CGA CTT
T-BHQ3-3)E 77} 25l 27, A= DNA 5uLz %
o] 25uLe] HA vt Salmonella spp.oll S-o]Z<l
primerse} probe= 94-bpe] tir geneS ZFEZIILE A|FH
A THGenBank accession no.AF 282268)(Maorny et al.,
2004). Rea-time PCRS ABI 7500° real-time PCR System
(Applied Biosystems)g- AFE-3F3 0 Wkg- Z27-& 50°Co]]
A 28, 95°CollA] 1087t REgAIZ] F 95°Cel A 15%,
60°Col Al 1iE-5 132 3t 40cydes WHEAIZTH Ct
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(threshold cycle) 3tS &3371He} 9x]Xo] vhl= cydle
o2 ABI 7500° software(Applied Biosystems)Z #2435}
Act.

SHEH 24

HjAW, AZ7)E, red-time PCRS =af3e] ¢ kA
ANE 5 A9E nigo® SAZZ 3] GraphPad Instat
(GraphPad Software, Inc. San Diego, CA, USA)S A&-3}
o] 95%9] A1E|FHAE zE3l Fisher's extract test2 E3l 2+
W ko] SAISH FelxH(pat)ye Rttt pakel 0.05
nel 739 BAS R Foaprt & A oE et

A3 9 1

]

5714 A AEE) 47} e Bgs negede
WE2 AYsgor el A 1 85 ZYadch 2

Tablel. Comparison of the number of background micro-
flora naturally present in steamed pork and broccoli

sprout (n=3)
Food the number of background microflora
(CFU/g+SD)
Steamed pork <100 CFU/g
Broccoli sprout 6.7(+1.5)x10” CFU/g

Ay HEL 5714 IMTFEFS 471 100 CFUlg ©]st
QoM BEZFRL 6.7x10' CFU/GE "¢~ 2 Xtol7} 9l
tH(Table 1). BRI, A& A= 7]1E, red-time PCRE
o] &3t WG HZ IR QHoz HFT
Salmonellag AESH A= Table 27} 300 242 A 2]3t4l
t}. 72 A& W2 Samondla A&l AE SA T
tizwe] At 247 $4, R Yo r=g
dolle 77 fidTHEH vAN). 7 HEHE H
3171 fsiME 207 AE T Adk A= o
HEsh= Aol sk AEd wet B83 A=
AABHA zFol7F AUt TFHQL viAHAA 207] A
Z At Ax Aol oA st o3 HAEEE
AT 471 g @ 100 CFU ©]3K(Table 1)¢1 HAS-¢] 7
43 CFU/500 g(Table 2)7} 32 CFU/500 g(Table 3)$1 1t
, AT 477} 6.7x107 CFU/g(Table 1)2 B-& H =2y
o] 7390l 1635 CFU/500 g(Table 2, 3) 0.2 wj$- =2
FE4) ol BEEFH] EA)sks AAlte] Salmonella
o] A& JAlst HEHo) YT vIAE HoZE oA
Aw o]9} TAH A9 3 o2 De Medici 5(1998) <]
AT Aol oJstd 7haSel I91H o= 10 CFU/25 g9
Samondlag HE3 & VIDAS®S} viAHS Blwsk Ay}
Al et BA glo] F WA Y AdE UE
U1 A9r Citrobacter freundii7} =& =52 ZAsh= Al

o
O

)

>

Bl
oo o ox

;

(d o e e L ofy

Table2. Comparison of a culture method and ELISA (VIDAS®) for detecting Salmonella in artificially contaminated steamed

pork and broccoli sprout

Food Inoculum level Positive sample/tested sample PyalLe
00 value
(CFU/ 500 g+SD) culture method VIDAS®
low (15+2.5) 13/20 13/20 1.2589
Steamed pork middle (43+2.8) 12/20 14/20 0.7411
high (336+4.5) 20/20 20/20 -
low (12+2.1) 0/20 0/20 -
Broccoli sprout middle (45+3.5) 0/20 0/20 -
high (312+2.6) 11/20 20/20 0.0012
extremely high (1635+2.1) 8/20 20/20 <0.0001

*|f p<0.05, the culture method and VIDAS® are significantly different.

Table3. Comparison of a culture method and real-time PCR for detecting Salmonella in artificially contaminated steamed pork

and broccoli sprout

Inoculum level Positive samplef/tested sample .

Food - Pvaue
(CFU/'500 g) culture method real-time PCR

low (7£2.5) 6/20 6/20 1.2689

Steamed pork middle (32+3.1) 12/20 15/20 0.0506

high (336+3.2) 20/20 19/20 1.0000

low (10+2.1) 1/20 1/20 1.6667

. middle (62+2.4) 4/20 15/20 0.0012

Broccoli sprout .
high (758+3.5) 3/20 10/20 0.0407
extremely high (1635+2.5) 8/20 17/20 0.0079

*|f p<0.05, the culture method and real-time PCR are significantly different.
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o A= 1.9 CFU/sample HF Al 5 W Z5FollA 54
= Jehich 2 9]o) Bohaychuk(2007) 59 A
o3P ohul|3=o] 1 CFU/sampledl] HE313 BPWoA]
24713}, RVS TTOIA 24213F W) = W X%} real-time
RS2 HE3E 27}, serotype Typhimuriume] 73-9- 5
N F Uil AEo], serotype Lichfidde] 729~ o7fe] Al
Zo] Yo AZ HUh oA ohAABL TiE 4

=2 iy

3

Fol Hlal H2 57 QEojoF A AHE IS F
A, o= okfoll B TR AFEHo] S9E H
Folle A At 2eEve AS vt 1 o
°1& AE Y EAhs =2 w29 Al 8 S
P A AFEd e F2o] AdfE7] Wl A= o
X1},

VIDAS®E ©|-83}e] HEo|A SamondlaEs HE3 3
HiA 7} B wdk Ay}, $he 51 (15 CFU/500 g)ollHe
W BT 20 F 130 AES AESIHeH, 1 =
(43 CFU/500 g)oll 4] BiAHL 1271, VIDAS®E 147)), &
35 (336 CFU/500 g)oll A& 207 BE AZo] T Hhyo|

A oz AEHAL. 3 HEEE EF i
VIDAS® 7+e] A3 FoJ27F YehdA] Eth(Table
2). ols} FAF ATEIE FFROFES, =5, )M
semi-solid mediumiyS o83+ v VIDASTHS v
W3 O AT AdHez dH 120719] A&
A 95%2] YAEZ Samonelart AEFATh=s 27y B
1= AtH(Uyttendaele et al., 2003). ©|2}3t Axg m]Fo]
8w Aol v HE rEEik el s 2% vl
AW Rk ofle} A&7 EME BAISHE foAt glo] F
U3t HEFER A5S 1S HET F e A= AR

Hge] B oA gAlde] =4 e BEFR
5 o Lo 3% (12 CFU/S00 g)¢ 23t 5%
(45 CFU/500 g)S HEAES woll= YoM A ule} 2
o] = v TZ oo7fo] AZ oA BE 24 AFE HY
t}. it & H% (312 CFU/500 g)¢} 7FE =& 55(1635
CFU/500 )2 AZHL wolle T Wizt $A4839
2] 2H(p<0.05)E Ko, VIDAS™IA 1 B AZo] 7
ZHASH =2 FEAA wiAHE 20 AE 5 1,
VIDASPE 207)], 718 =2 EToAE wAHL 87,
VIDAS*= 201E #Z3Hth(Table 2). BeFe|¥a} 2
o] AT F7F B AE E5F] 87 AZA

=] o
099\5

VIDAS®9} Ao 2 Salmondla® AZESIYS o) 2 ¢
T} AR 2ot Yel=d], 5 18719] A1 F VIDAS®

7h WiAe] wlal 4 T B %Y AZS A% s9d
(Yeh et al., 2002).

oJAC® mTo| Ho} HAME BA AlFEe] B
of o3l olu] FHEHA Salmonellad] A7do] #3)E
oA e ole) B g AR A
salmondlla o141 o] FAHE Ho] A7) wEol

NI
il
m

FeslA He Ao Belth 18y VIDAS®
HAA RV MKTTnS 25 o3tk
o & & 3H M brotholl A EFS =

o, A= g 3 A B
o] g3 A& Holng TE AlFe] 9 d wom
A Salmondlla A& 73k Ao =2 HQITH

Redl-time PCR#} B A& ]85} H-8oll4 Salmondla
E AZsta vludt A4y, Y2 F5(7 CFU/500 g)oll A=
T WY BT ol AES HAEsIHoH, T 5 (32 CFU/
500 g)oll A BRAIRH-2 127H, red-time PCRE 157}, =2 &
5=(336 CFU/500 g)oll A= v A*H-S 207} real-time PCR=
190 AEo] FHo=Z HEFUT VIDAS® Afe} o]
3 W FETE BT wiAHE FASH Foxpt vE
U] 2skth(Table 3). Red-time PCRS A|3)3F T2 A+
oJ3hA, S-FZo] 100 CFU/25 g2] SalmondlaS H= &}
3 BPWOA] 20A|7F, BHIOA 3A17F % 3 real-time
PCR(BAX system)#} HIAH-S o]-8-5t &g AAE H]
wlS W, ¥iRPH red-time PCR 27 44 A%E o
ERHSATHCheung et al., 2007). L €] Bohaychuk 5-(2007)
o ofepd it /S, 95, ©5)° 1CFU/sample
S AT * BPWOIlA] 24X]7F, RV} TTollA] 24417 u)
¥ = wjAH7} red-time PCRYS.E HE3H A7, S/
50 5 o BT At vEigt &, 2 A9 2
o} FABH SFAZ = v59 W TS HE
S of ¥R real-time PCR7ES] AEE= Aol7}
A7}, wElA real-time PCREE 21&7|EH T o] A4
Aol vlad AL 71kl A WA H T xlo]
o] &A= AFETS HEL T e A o= AAXIL

HAeshs g H2ZS o] 83 AdMe e T
E(10 CFU/500 g)ollM= + W =5 207 A& = D
AERb] S UEllloH, W TEE AL =
HE sTolA F i itel] FAEZR I} (p<0.05)
Kol red-time PCRoA O B2 A1Z&0] HEH AT
(Table 3). &7 %= (62 CFU/500 g)ol|A] BlAH-S 4] redl-
time PCRS 157)], =& &% (758 CFU/500 g)oll A v A"
£ 3} red-time PCRS 107, 7} & % (1635CFU /
500g)°ll A= WiAH-2 87) red-time PCRS 17718 =
ShATh Zd F ok AF oA Aldst ThE Aol o3}
™, SalmondlaZ 1, 10, 100 CFU/sample(25 g)& HESH &
real-time PCR(BAX system)d} v x|H-S o83t &3}
A4S o) 8 AT} real-time PCRe] SYUsH AEES HY
the A7237} Atk (Shearer et al., 2001). 124 ©lE
9] ¥5= gold-gtandard 2 Z nalidixic acid resistant strain
S AFgEke] ndidixic acid7} ¥£3E XLDE HE3 Ao
2 02 AR Mol 9 A g fgEE7] wiZol
HiZHo] PCRH¥Z 5t HEES HQl o2 oAA
H ol AA &S whdstA| etk sV ok 1

o]
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Au 2 A= wild type 755 AREIOEA R
I 22 S AR o™, 1 Ax AR 2ENA red-
time PCRYo] AT Fx= Ueplim wiAHET 5
53 AEES YU

2 A7 29E FElE o A U AL d3s
I 2 FAEEAFAAE e HE sRdXE
MZ o] A=EHYorm VIDASHoIY real-time PCRHES
ARSI W= AT HIAHE T FATH o E fAlgH A
HE 4 F AT 2y ARlTe] B BRI
I 2L oA FoNME B TEE HETAS wole &
/do] A= FA| skar wiAHel| Bigl VIDAS®HOIL redl-
time PCRY?] t] 3 A&ES Yedct. 2&%5 0
Z VIDAS® 22 21&7|EHOIY red-time PCRY} 2
2 71HE ol &shd WA F5% WHER A
21F A Samondla HEo] 7Fs3tH, 53] Aol B
2 ofA] 2)Fe] 9ol viAHE AA Al <3 A
Zo| MalHBR olht AA AT JFS 9 W
VIDASPH oL} red-time PCRES o]-&3f ASs=
o] ol EHHolgtal & 4 Ak TS o]y gt 4l
S o] g3hH 7]E9] 5Y o]ito] AQEE HiAY
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