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Abstract The objective of this study is to compare and assess the effectiveness of
real-time polymerase chain reaction (RT-PCR), loop-mediated isothermal
amplification (LAMP), and the selective agar plate method for the detection of
Salmonella spp. and Listeria monocytogenes in ready-to-eat (RTE) foods. In RTE
foods, the detection performance of the three methods (RT-PCR [SureTect™ kit and
PowerChek™ kit], LAMP [3M MDS], selective agar) were similar at 0-10, 10-50,
50-100, and 100- CFU/mL of Sa/monella spp. and L. monocytogenes. We found
that with RT-PCR, the Ct value of salad was significantly higher (p<0.05) than other
RTE foods, indicating that fiber plays a critical role as an obstacle to the rapid
detection of Sa/monella spp. However, the Ct value displayed a mixed pattern
according to the inoculation level of L. monocytogenes. The use of rapid detection
kits and machines mostly depends on the user’s choice, with accuracy, ease of use,
and economy being the primary considerations. As an RT-PCR kit, SureTect™ and
PowerChek™ showed high accuracy in detecting Sa/monella spp. and L.
monocytogenes in RTE foods, showing that they can replace the existing RT-PCR
kits available. Additionally, LAMP also showed excellent detection performance,
suggesting that it has the potential to be used as a food safety management tool.
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I 2 AHsh] dizol Aes Alte 8 Aut viAA =
il SA4FAEC] o3t AlS=o] A&H o g Wdst
UoH AS= At A9 Aol HESHA HarE il 9l
tHJeon &, 2022). SAAHFAE A3l gt A=
Aol Q3 AU A5= Algtoll oJgt Ao 2 A &
o] Ayt ol ifZ ApAJstaL glom, QAo I Al T
55, 76, 5o 49 59 dgs fEstr]o] 5E%
27t @9t AS5E M oA % Salmonella spp.9]-
Listeria monocytogenes= AP 4 &, A, A0 39
FIoHA ExEshs Bed At g, ol Ffok FAHE, 18
2 HFZo] kgt AjRIoA XJAR&o] %2 salmonellosise}
Faoy] mEo] EEg ey ado
(Chlebicz®} Slizewska, 2018). ©|&3t Saimonella spp.
9} I. monocytogenese 74 Bisto| tigt &g 5Ho|
ot Q] QR Yo rRE YEZ 7HsHA o
+ 32k A 221 p8E(biofilms)E AL
o] A% 7I5d FEEANA &St QA= "]EC’}‘:}
(Aryal¥} Muriana, 2019). 21%7] W&o, SHHHAE
of &Aol= Salmonella spp.2}t L. monocytogenes®)
AFel ofgt 2S5 Asia thtE S 2] isiA
= AFE F7 ARlA Agsta 443 A& 39 A%
= Alete] G4k 2719 Apdst= {887 B4l
A FoA B Aes AldtE HESH] 3 EEAIY
HE =2 /S HolA|9 299 A%ARl B, &4
A wiRlof A} £, Heo] Aot 9 FHsHA 2%
1 SAE A7)0l 2t 7Y o] AlZto] AQEo] 4
S5 ool Algskar axbAQl g el & 4= gltk
(Rodriguez-Lazaro &, 2015). watA], TEEASE Y
L5 HekHo|a A)7HY SIS BYsto] 4143 AES &
o A= ALY S FHAdlehe AE HHOE, DNA
FTES 7|HIO R Sl BAETH S U SHRAd
98 H(real-time polymerase chain reaction, Real-
Time PCR)Y} 5-2&Z5H(looped-mediated isothermal
amplification, LAMP)o| 7ft=]o] AREE 17 It Garrido-
Maestu 5, 2017). g FAAY]
DNA $5Z &9l 455 Ao /5 =
2, AR "ol 5, SRt A9 gl x% A A
59 AL 7L Qe @A Y AlEFANA = AeE
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Alet A& W oE A9 HixE ARG EEAIET T 9
7 real-time PCRY] AME-S 3]sl Q1o 32 7]3kof
Ae LAMPO] ARG T3 58510 Qlof RAMEESH AE
kit@} g4 o] ARgo]l lojA] AREALS] MElS ThefolA| ©

Atk Becherer &, 2020).

A ETA B2 =2 Ao} EolAQl HERE <
S A% ArdolA 7 ”iol AR SO 131
L, SAHFAES ofe] ARARE AR AlxET
ot 9hRohe Auat A Hdshe WES (matr1x)7}
golste] AFE AldtS B840 & FAEoh= o & ot
=1 Qlthjayan 5, 2020). WA, ol SE5tY B&4
A AES & 4 9= IS WS H5ZOE Real-
Time PCR¥} LAMPY] 7jA 3t A9l AFo] o|FofA 1L
At £ As SAHFAFHERA], 2A1R], FHA, 4
w wlolH, AeE)o| EAsk=s Salmonella spp.2t L.
FAYESA o R

r

monocytogenesd AES Y3l
real-time PCR¥} LAMPE A5 —i— el A
HjA] = v 9 grisigith Eg AEo Alsket
TerE AREHS ooyos HE 5{_ =015} HjoF 74
2 AFE 1 real-time PCR, LAMP, A8 vjz]9] HZ
=8 v w3t A& W EZ AT} real-time PCRY Al

4
A2l PAE 9L AL,

Olt

2. Mz S diH

2.1. Mg #F ¥ W X

Salmonella spp.(S. Enteritidis ATCC 13076, S
Typhimurium ATCC 14028)2} L. monocytogenestATCC
19111, ATCC 19115, ATCC 15313)%= American Type
Culture Collection(ATCC)ollA & o} -80T oA 30%
glycerol stock(w/v)oll EiFotn Aol AREslth e

ZF+= 10 mLY tryptic soy broth(TSB; Difco, Detroit,
MI, USA)] 0.1 mLE & F 37C, 160 rpm?] AZ
w7104 12A17F B9 13} vijF &, 24417 53 St
Z70l|A 22} wjeFstel EGAIFH. 2479 EdotE o+
2 FYst v|gE &% & phosphate-buffered saline
(PBS; Oxoid, Basingstoke, UK)2.& 0-10 CFU/mL, 10-
50 CFU/mL, 50-100 CFU/mL, 100- CFU/mL 50&
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s|Asto] ARdof| ARESHYoH, FE TEE FRlst] fls)
Salmonella spp.= xylose-lysine-deoxycholate agar
(XLD; Oxoid)°ll L. monocytogenes= polymyxin-acriflavine-
LiCl-ceftazidime-aesculin-mannitol(PALCAM; Oxoid)
of =Estal 37C A 48417t &< HidRt o FAE A
=2 AlFsiaith

22 ANE FH ¥ 0/45 5F

Ao AMEE AR(HERA], 2AIA], WA, A5, H]
ojx, MY t)= HOF oA Fufsto] AMESHRITE A&
ASE Al 292 gRlshy] s HSEA &2 AF 25
g¥ 225 mL9] PBSE E§sto] stA Nget o2 HiA|
TIH0 g ASE Al fFE gRlstgion, 3408
19 AES AT 4 AlRE AECE 25 g¥
AF ko] Bt vl (whirl-pak, 1930 cm; Nasco, Fort
Atkinson, WI, USA) ¥i 0-10 CFU/mL, 10-50
CFU/mL, 50-100 CFU/mL, 100- CFU/mL #&°=2 3]
¥ Salmonella spp. = L. monocytogenes w A&
HE 1 mLA HEIIHT}. Saimonella spp. & FE53 A=
o= buffered peptone water(BPW: Oxoid) 225 mLE
L. monocytogeness JE3St Almol= 24 Listeria
enrichment broth(LEB) selective supplement(Oxoid)
2 B33 24 LEB(Oxoid) 225 mLE g0l 287t 7oA
ZEeE &, 37CoA 24X7 5 S+ Bigste] A

A3ttt

2.3. Real-time PCRS 0/28t AIF = A= M7 ZZ

AE 3ol EAol= Salmonella spp.2t L. monocytogenes
£ real-time PCRZ AZ3}7] A3 SureTect™ kito}
PowerChek™ kitE A+85F3t} SureTect™ kit= 10 uL
o] St MIFHE AlEo] 55 lysis tubeo] 71 &
SimpliAmp™ Thermal Cycler& ©]-&3}0] lysateE 34|
sttt 4% lysate % 20 pl= PCR tubed| A% &
ool wet ARSE|QIA, 24 RO R 20 pLo] SHiA|
£ 8319tk AEE 9% DNAQ) 222 QuantStudio™
5 Food Safety real-time PCR Instrument(Applied
Biosystems, Foster City, CA, USA)E &9l o|Fo|x|1,
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RapidFinder™ Analysis SoftwareE &850 daj7t &
A %]9lt}t. RapidFinder™ Analysis Softwared]4], &%
A= FPL +, 4L -2 E&H A PowerChek™
kit DNeasy Blood & Tissue kit(QIAGEN)E A}&-5}o]
DNAE &% & 5 ¢1.9] % DNAE PCR premix tubeO]
A Mol wet ARESle, 34 R = 5 uld
94 THRTE ARSI HES I3 DNAY F352
QuantStudio™ 5 Food Safety real-time PCR
Instrument(Applied Biosystems, Foster City, CA, USA)
£ 59) o]F0]A]3l, Design and Analysis Softwares &
&oto] A7t BAE QI ARARIA Algshs Bty 7E
of @}, Ct 33 olstoflA SFo] UBZ AF FH2&
g5t

24. LAMPE 0|85t 45 & 455 M7 &=

A& Fo|| EAol= Salmonella spp.} L. monocytogenes
£ LAMPZ #HZE317] 9ol 3M Molecular Detection
Assay(MDA) Sal/monella kit®} L. monocytogenes kitE
ARE5FR 9™, 3M Molecular Detection System(3M MDS;
3M Food Safety, St. Paul, MN)& &-&slo] E45}ich
St 8iFd 20 «LE 3M MDA kit9] lysis tubeol] ¥l
100CY 719 E50A 158 &% BHAFH. B &
lysis tube® ¥zt ES0|A 582 HZAIZ] F, lysis tube
O] 45N 20 uLE Foto] Z42+9| Salmonella spp.2t L.
monocytogeness B0 2 Sl= reagent tube®]] £5}
I sigsto] Setsioitt. Y 24 tixaE A5
o St WYN Al Sa/monella spp.E BPWE L.
monocytogenes= 24 LEB 20 uLE reagent control¥}
negative controlo] £55}tt. SH|H E AEL loader
traye] Y3 3M MDSolAl DNAS ZEAzoH 3M™
Molecular Detection System Softwares &-&5}0] 24
5ttt 3M™ Molecular Detection System Software©]|

A, 5% Aie 2 + 242 -2 =EEH

2.5. M HXIZ 0/F5t AF & AFF M &

Uy

Salmonella spp.2} L. monocytogenesE A vjA| 2
k=3

A2317] 919 S vHrl S PBSz Al Sl
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£ Fste] Zzte] A9 Hix|Ql XLD E+= PALCAM HiA]
3] Uiro] Tetolet. Ut il 37T oA 48412
vjeFstal  wjx|o PAHH Saimonella spp. Ev L

monocytogenes?] H@AQ =g 7ot

2.6. Salmonella spp.8} L. monocytogenes 29! A&
real-time PCR, LAMP, A} HjA|oflq ¥ #HH Al
£ o= Aok Hiol mhe 2ol AdlS X3stsitt
Z ¥ N 10 pLE Brilliance™ Salmonella Agar
(Oxoid) Ex= Brilliance™ Zisteria Agar(Oxoid)?] streaking
T, 37TofA 48A17F &3t Hijgsto] Yk AR B
e A= F Salmonella spp. £+ L. monocytogenes
AgAQl A 3708 AEsto], Salmonella spp.=
Microbact™ GNB 24E2 .  monocytogenes=

Microbact™ Listeria 12LS ARg3to] & wA359ich

1o

2.7. A 2/

HE AR 33 v fEglon AY Avs Bodt
HEZHAE Ye et A Aik= SPSS Statistics(IBM
Corp., Armonk, NY, USA)E ©o]&dlo,
ANOVAZ §94 AAL 49511, Duncan’s multiple

range testZ & (p<0.05)= YERHAT

rr

one-way

3. Znt ¥ 1%
3.1. Real-time PCR, LAMP. A1Ej WX/ ZIE &5 Hla
SAHFAZHMERA, 2AIX], FHA, A4, Hol,
AYE)o] I9He s HIH tFet 5L Saimonella
spp.2] A& A5E real-time PCR, LAMP, A€ vjx&
ARgste] Hlwstlth. 1 23, 0-10 CFU/mL, 10-50
CFU/mL, 50-100 CFU/mL, 100- CFU/mLZ H$H &
E MENAN Salmonella spp.7t FALZ A=HUH
(Table 1). 443 A1E0 £A5l= Salmonella spp.2
HEE 99l real-time PCR, LAMP, A€ wjZ] H& v
S v WSt A} AH O R Salmonella spp. & JAETE Al
F5o|A 37HA] HE BRI A5 Aol= AT 44
AZMERA], 2AIA], WA, 4 Hlold, A2E)d] QI
Aoz HAFH gt 559 L. monocytogenes] A
&< real-time PCR, LAMP, A8 vjA]& AR&5to] v|wsh
A3}, 0-10 CFU/mL, 10-50 CFU/mL, 50-100 CFU/mL,
100- CFU/mLZ #SH H= AEoA L. monocytogenes
7 Fgo g AEFJAHTable 2). S4HF A&l &4t
= L. monocytogenes?] HES Y3 real-time PCR,
LAMP, A9 wj7] AZ 9PHS Hlwet 2, QIYH0 = /.
monocytogenesg JET ARIA 3714 A& HHY 4

9] Aol glgieh

Table 1. Comparison of real-time polymerase chain reaction”, loop-mediated isothermal amplification?, and agar plate method for

detection of Salmonella spp. in ready-to-eat® food (n=3)

RT-PCR

LAMP Agar plate

SureTect™ kit PowerChek™ kit

MDS XLD

Inoculation level (CFU/mL)

Inoculation level (CFU/mL)

Inoculation level (CFU/mL) Inoculation level (CFU/mL)

0-10 10-50 50-100 100- 0-10 10-50 50-100 100- 0-10 10-50 50-100 100- 0-10 10-50 50-100 100-
Sandwich 393 3/3 33 3/3 3/3 3/3 33 3/3 3/3 3/3 313 3/3 3/3 3/3 3/3 3/3
Sausage 3/3 313 33 3/3 33 33 33 3/3 3/3 33 33 3/3 3/3 3/3 33 3/3
Hamburger 3/3 3/3 33 3/3 3/3 3/3 33 3/3 3/3 3/3 33 3/3 3/3 3/3 3/3 3/3
Kimbap 3/3 3/3 313 3/3 3/3 3/3 33 3/3 3/3 3/3 313 3/3 3/3 3/3 3/3 3/3
Bacon 3/3 3/3 313 3/3 3/3 3/3 33 3/3 3/3 3/3 313 3/3 3/3 3/3 3/3 3/3
Salad 3/3 3/3 33 3/3 3/3 3/3 33 3/3 3/3 3/3 33 3/3 3/3 3/3 3/3 3/3
YRT-PCR, real-time polymerase chain reaction.
2LAMP, loop-mediated isothermal amplification.
9RTE, ready-to-eat.
“Means the number of detected samples among three iterations.
https://www.ekosfop.or.kr 265
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Table 2. Comparison of real-time polymerase chain reaction”, loop-mediated isothermal amplification?,

detection of L. monocytogenes in ready-to—eat” food (n=3)

and agar plate method for

Real-time PCR

LAMP Agar plate

SureTect™ kit PowerChek™ kit

MDS PALCAM

Inoculation level (CFU/mL)

Inoculation level (CFU/mL)

Inoculation level (CFU/mL) Inoculation level (CFU/mL)

0-10 10-50 50-100 100-  0-10

10-50 50-100 100-  0-10

10-50 50-100 100- 0-10 10-50 50-100 100-

Sandwich 33 3/3 33 3/3 3/3 33 3/3 3/3 33 33 33 3/3 3/3 313 33 3/3
Sausage 3/3 3/3 33 3/3 3/3 3/3 3/3 3/3 3/3 3/3 33 3/3 3/3  3/3 33 3/3
Hamburger 3/3 3/3 313 3/3 3/3 3/3 3/3 3/3 3/3 3/3 33 3/3 3/3 3/3 33 3/3
Kimbap 3/3 3/3 313 3/3 3/3 3/3 3/3 3/3 3/3 3/3 33 3/3 3/3 3/3 33 3/3
Bacon 3/3 33 33 3/3 3/3 3/3 33 3/3 3/3 3/3 373 3/3 3/3 3/3 3/3 3/3
Salad 3/3 33 33 3/3 3/3 3/3 33 3/3 3/3 3/3 33 3/3 3/3 3/3 3/3 3/3
YRT-PCR, real-time polymerase chain reaction.
2LAMP, loop-mediated isothermal amplification.
9RTE, ready-to-eat.
“Means the number of detected samples among three iterations.

A AEFTHoNM = BEAIEHI A £ ESH A& AER 9 ARGl qlo] AlEol EAsk= Xlt‘* o

49] AHEZ 585kl Qlof, HRt 39 Aol EAfst
= A5 Aty A5 Ao AS "AEHY AR FEAo]
B7E A, o]F sk 't At sk AL QL
= -‘?—X}*“%d A2 B4 A5 Ao 1Ret d71A
& SEH17]0] EolA HEo| 7hestal, S+ Wi 1
o] ZFEEF HAEo] 3lof wfe- A2 ¢ ndEe] EA
Stefete A4t HEo] 7hsstrh. 137] do] syt
Aol A7k &H|7F & BEAIFYHS thAlske] A&t 3
2 B0 E TRt EopoflA EEEHI Jlow, TIFA
% Taq DNA polymerase® AH&ol+= real-time PCR¥}
Bst DNA polymerases AMEok= LAMPH Y] H|w7F 7H3F
ghits| o]Fojx] 1 IthKim &, 2010; Law &, 2015).
T8y, AESANA BEAIEHHES FAHCE ARE H]
AE YA YA, EAYESHE B4 7ol =aeltt

={
o.

2 AAFL 7] whe] B4 kit L AH] 5L A3
9ol Ao F3a Azo] olZoAof Ttk R el

S

&= SureTect™ kit, PowerChek™ kit, 3M MDS kit
SAHHAANF &A= Salmonella spp.2t L.
monocytogenes® AE0| AT 5539 A& A
= Ho] ERAYESHY B4 kitE AHgo] AAgt Ae=w

wehE

rir

266

A
4, 77154, 27} gol= 59 40| DNA9 FZ2 A
Skl AlF HEY % 55 Alatd] 34 Wofste, A5
= Al &9 4EAR AAE Wefishks Aol 8471 HaL
Qlth(Schrader &, 2012). 981402 real-time PCRH
< AF0 EAsks 249 FF= ot DNAY F3o] v
¥ RIZSHA whgste] Fedat vig/do] AsfErtal Har
== BH, LAMPHS 3 DNAE 52004 SEA17]1
47§ o449 01474*— AHE5t719] real-time PCR ¥}
HI W3S o A3F9] Aol Y2 AA e A= Hiy
1 It Anupama &, 2021; Schrader %, 2012). 18
1, Liu 5(2021)7 Law 5(2015)°] ©=% LAMPY ES
AE9 1718 Ex= ol YA primer?] 437 DNAS
SE 380] Adid & Qe ACE HiuHy oy & A+
O] A3}, Salmonella spp. B L. monocytogenesi 3
9 ME0A real-time PCR¥} LAMPH O] A& A5 At
gl —)F AA7, A& AHEo| real-time PCRI}
MPH9 DNA £Z9] n|X= g9k =gt Ao = ot
o, 01% A]F /JEo] w2 Real- Time PCRZ} LAMP
Mol A& 59 Aol= Qithal B gt Techathuvanan
% D’'Souza(2020) % Zhang 5(2011)9] A7et= 5
Sttt

mlm
_Il?_, lj::

o]

=
=
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3.2 AE HES/AG OIE real-time PCR Z= /i
A

A& HEZ A0 T real-time PCRY) H& WA H]

E Y3 real-time PCRY Ct valueE

Table 3%} 40l YRRl A& HlE=Z A0 THE Real-

Table 3. Ct values of Salmonella spp. analyzed by real-time PCR on different food matrix

H A

LN |

o3 =
& Y-S

Inoculation level (CFU/mL)

0-10 10-50 50-100 100-
SureTect™ kit Sandwich 23.5241.204P 23.3240.24° 22.72+1.20/82 19.7140.428¢
Sausage 17.92+0.21%84 23.08£0.45%4 18.26+0.14"¢ 17.86+0.46"%4
Hamburger 19.76+0.79%¢ 21.43£0.3445 21.80£0.58"* 21.34+0.08*°
Kimbap 25.8742.46M° 19.87+0.53%¢ 19.78+0.18%° 19.50+0.375¢
Bacon 19.2040.23"8° 18.77+0.8148 20.98+0.15*° 19.86+0.47"¢
Salad 30.7240.52*° 27.80£2.8582 21.7943.93%° 25.29+0,98"82
PowerChek™ kit~ Sandwich 15.38£0.3454¢ 18.28+0.68"" 17.93£0.34"° 17.9141.307°
Sausage 15.48£0.16"¢ 14.0240.295¢ 14.04£0.38%¢ 13.63£0.445¢
Hamburger 15.58£0.92"8: 16.12+0.05"° 16.570.43"° 15.80£0.22"°
Kimbap 22.2042.437P 16.06+0.51%° 16.39+0.275¢ 16.19+0.40%°
Bacon 16.3740.314< 15.4840.248¢ 16.1740.24%° 16.10£0.614°
Salad 26.53+0.62*° 23.8142.1182 21.10+1.66% 20.84+1.18%2

Each values are mean with standard deviation of three replicate. Different letters in the same row (*%) indicate significant difference (p¢0.05)
between inoculation level at the same food and different letters in the same column () indicate significant difference (p{0.05) between foods
at the same inoculation level.

Table 4. Ct values of Listeria monocytogenes analyzed by real-time PCR on different food matrix

Inoculation level (CFU/mL)

0-10 10-50 50-100 100~
SureTect™ kit Sandwich 19.3240.87" 19.8740.18*° 16.80+0.218¢ 16.92+0.265¢
Sausage 19.79+1.39"820 23.03£0.55"° 22.00£0.27482 19.87+0.36"°
Hamburger 19.0740.515° 20.29+0.03*° 19.72+0.17/820 19.00£0.375°
Kimbap 21.27+1.674° 18.64+0.38"¢ 18.190.44/8° 17.1240.398¢
Bacon 19.27+0.54° 20.26£1.16*° 19.10£0.41482 18.99+0.418°
Salad 20.40+0.1182 19.86+1.408° 20.57+1.96% 23.011.10%2
PowerChek™ kit Sandwich 15.80+1.03"% 13.0140.895¢ 14.01+1.27/8¢ 14.56+0.43"8°
Sausage 17.58+1.82° 18.7310.817% 17.84%0.617° 15.33+0.395°
Hamburger 15.96£0.69*° 15.7740.55*° 15.76£0.14° 14.73£0.548°
Kimbap 18.43+2.374% 16.0740.85"8° 15.43+0.555° 14.89+0.728°
Bacon 17.87+1.64" 18.1242.18" 16.1441.255% 15.54+1,25%0
Salad 16.85+0.18%° 15.36+0.86%° 17.03+1.68"%2 18.68+0.78"*

Each values are mean with standard deviation of three replicate. Different letters in the same row (*%) indicate significant difference (p¢0.05)
between inoculation concentration at the same food and different letters in the same column (%) indicate significant difference (p¢0.05) between
foods at the same inoculation concentration.
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Time PCRY W3S v|wst 2} Sa/monella spp.Y
79 SureTect™ kitZ #4319& 1 0-10 CFU/mL,
10-50 CFU/mL, 100- CFU/mLZ #ZH A& 5 3=
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