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Abstract

There have been great efforts to develop a rapid and sensitive detection method to monitor the presence of patho-
genic bacteria in food. While a number of methods have been reported for bacterial detection with a detection limit
to a single digit, most of them are suitable only for the bacteria in pure culture or buffered solution. On the other
hand, foods are composed of highly complicated matrices containing carbohydrate, fat, protein, fibers, and many
other components whose composition varies from one food to the other. Furthermore, many components in food
interfere with the downstream detection process, which significantly affect the sensitivity and selectivity of the detec-
tion. Therefore, isolating and concentrating the target pathogenic bacteria from food matrices are of importance to
enhance the detection power of the system. The present review provides an introduction to the representative sample
preparation strategies to isolate target pathogenic bacteria from food sample. We further describe the nucleic acid-
based detection methods, such as PCR, real-time PCR, NASBA, RCA, LCR, and LAMP. Nucleic acid-based meth-
ods are by far the most sensitive and effective for the detection of a low number of target pathogens whose per-
formance is greatly improved by combining with the sample preparation methods.
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3 o et al., 2009).

olgigt AFEZ 3], A FAPEIME A= AE
of 2 #AAS Holi jlon, AEF A MAEEE
Salmonella species, Escherichia coli, Listeria species?t 7}
2 Eas] AEojA 2 9lth(Ha, 2007; Liébana et al.,
2016). L A3} A5 AE7|E9 7ol HE w4
Al EAEAL Ao E BTt AA AF AEERE 7

AES AEshe P oA vAE wg 2 F2Y
7heH W ojEstaL low o= A&EHF SloiA
Fo AYEZ #8432 ATHKim et al, 2010). whA],
THEE AFORRY nAES A&sa A8sA HES
7] flsiAe AF AlBolA BEld T 3lehy oz
HAES §9A 02 1553t BAl7F dal s ofof &

THKim & Ha, 2006). &2]¥ vAES EolF oz HE3}
7] flair e MY =rt =& A5E7]4(PCR) 710k 7]
287 JTtHLim et al., 2016).
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oz 22l=s= 7=

2ol A& HE 7l oM, ARRRH vAdE
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T8 Egst= W2 ZA immunomagnetic separation
(IMS) 53 22 A9z E2|W¥H 3 centrifugation 53 7+
2 v e B o] lth(Stevens & Jaykus, 2004).
A RISHY @E% O|E2%t O|ME B2|s= 7=

Sy o]l AR YAe} 2323 (superpara-

12po] HE o7 2}7] % (magnetic field)ol
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2~ Immunomagnetic particle

olafjA wiola® ¢ s =
om olg & ﬂ:rL%E gs] 218
meier, 2006). B}l RIAES} Bolxoz
247 e B9l 71538t 2}
(immunoaffinity) ¥Fo]|AZYJALE o]
2RH 2y 52 A48 flo] EeElske Wil
Atk FHZoll= ol WIS 7]vke] w4
S immunomagnetic separation (IMS) 7] ©]
3 AtH(Skjerve et al., 1990).

o] Al="o] 2F 7]&e vy At WA, A wlol
A2 JAre] FH e A ES Afete dAES
A 3FA1A immunomagnetic particles Y] dth 22]3 E}f
A wAEo] E3E A5 EHo immunomagnetic particle
< #H7tste, Ad9-#FA ¥H&E F3 immunomagnetic
particle?t EHAl W=7k Age =gt 2§, A4
S ol&al Bl A= AF3) nle]aR Yas Ex e

3L, AR NS AAG F AHEg &8 Holete] &
a7 == ZlolthFig. 1). oI %ﬂ% gt 2FS
T Ardepdg g 237 BAE ]S ™ (Cudjoe et

A
al., 1995; Hyeon & Deng, 2017) %3t B-A < (Bacillus
anthracis)®] XAE B A+ I S tHGatto-
Menking et al., 1995; Waller et al., 2016). Tl&o], 2]F 2
Z2HE S48 A FoM E. coli O157:H7S E8]3 o
T A= BRI EJATHLim et al., 2017).

Stk Aglof| 2Jet DIME 22| - 55 71
A F¥e] 7R 38 EAS @“5’}@] £
Yo EAlet= EAES H5ol4 52 71 i
A Elte dFEe] YU & LHOﬂ Atk =
A3 A FHHY] A v Ed A (Van der
Waal’s force), 721714 *}3 218 (electrostatic interactions),
244 43 2-8-(hydrophobic interaction)®} 4 AT
(hydrogen bonding) 5| UtH(Glantz et al., 1999). 2]3F o
At MAES AFWY AEET 29 3 dHE

€D Bacteria

Fig. 1. Schematic representation of immunomagnetic separation of target bacteria from sample solution. A: Addition of immuno-
magnetic particle to sample solution containing bacteria, B: sepecific interaction between magnetic bead and bacteria, C: collection of
magnetic bead-bacteria complex by magnet, and D: concentration of bacteria.
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AEW Ao A4S FEdhe
o] | ZAHteichoic acids), ©
WA 23 geskE AJE-ESo|tH(Meylheuc et al., 2002).
kA, AF o2 RE nAES 23] fEiM e A4
T A4S 9 AFo2NY Ut Lol s
ajoF it

FE] PAEES pH 5.0
(net charge)’t +< UERdTH S43HE H= vAES
AtE g 2E W Awsd 23 F Ak ojd a4
< o] &3te] o] THASE 7H o] w8 FX(ion
exchange resin) 5= ©]&3t PFIAES AEENEH T
4 UthFig. 2) (Payne & Kroll, 1991). &% nAYES
o] wg FAZRY FE st F5A7]7] e =
3| Ao AeFE FTTMAFTH HIA, nAES] AE] F
QatA] B2 Afe AEE S Y9 IFes THE
2 tH(Lindahl & Bakken, 1995).

o2 W& FA o} ] nAE FE-55 & AR
QA EZ=ZE 3% F4tstE(metal hydroxides)e] S
74 FAkstEe] xHe EAlstE 437 (hydroxyl
group)2t WA= A EZH | EAfsts opn|=itate] A9E
FEstal F7H4Q AR E Fal ASZEEH nAES
223 = A IrkDwivedi & Jaykus, 2011). B2 25
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=c|d 2ol e[t D|d=E 22| - sF 7=
Al EAlstE M ES

Atk 2 W= Y4 EEH (centrifugation)t o]

(filtration) 5°] ATt I FollA AT HS
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i
M 1o
ofN
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A4 &2 9 (high-speed  centrifugation), A
(differential centrifugation)3} =71l A4 2] % (density
gradient centrifugation)®] ) THHopkins et al.,, 1991). B A]
oF Zre wedk A4e] A A RAA MAES 5]
AafiM e @es] A TS I7tekdnh ol & A-8-5he

i R] T8 MALol A FolA Clostriduim welchiis 2|3t

A77F B 5 A thDarby et al., 1970). 23 A4EeHe
HFol| EAete 2ol A7]eh Dol wE HAAE
3l =2 Eelote o, ddiEe £55 A St
AA MEE 710 wet Zelske AL 7o =w gt
(Catsimpoolas, 1977). AIZZFE E. coli O157:H7S £

ghell Slo, - A el o8] A WA skl
A ES By A3t B E A S (Meyer et al., 1991),
X Campylobacters A3 &2 5 &gt A7}
B 5 tH(Wegmiiller et al., 1993). D=7 LAY
< A EE R AR FRE A4S FETF oA
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Fig. 2. Schematic representation of some ion exchange resin for bacteria separation from sample solution (Guo et al., 2009).
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= 295 FuE FAs, AEE FUE] A8 E Al
gotRe W rAE S AW SAske 7E 2 S0
THe EEe FUT U PHFORE o]Fdte] MES
PAst= delE o83t W ol tH(Catsimpoolas, 2012). 0]
o g X2} $F25H Shigella flexneris H2] 3

71 B2 (Lindqvist et al., 1997), 7t Alﬂi—r

El E coli O157:H7S #8|§ A+7F HAL= A TH(Uytten-
daele et al., 1999).

FXU= (dielectrophoresis 0| 2[5t DS =2 -
%195 (DEP, dielectrophoresis)= 44 3FA] k2 7]
Gl A dzke] 3918 Alofshe A& Eeth(Gascoyne
et al, 1992). F-A9 52 253 A7) 2Jsix &4 Ul
of ZAlste PAES A5o= 94 F
of ot T/ v EC] EAlste A5 2H7He] wAgEol
7He =84, stek A et &
(Coakley, 1997; d'Amico et al., 2017). Markx 5ol <]3}4,
NA wiR| oA Bl FE Bacillus subtilus®} Micrococcus lutes
E FHY9F gsiA Eelg A4 H7F BALE A th(Markx
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71HEO 2 Sl 7]&ol|A] AlZFste] ALA) S 7Rk
<2 WA E THCady et al., 2003). A4 7141+

TS 7)ol WA R, A Ze QlojA] Al
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o] zloll A A3l ok st A o] 52 o] th(Min et al., 20
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Tis-222TES OIS st AN

1900 zﬂTEi AEZZHE dike Bls)r] 913 W

Eo| g AFEHAA e, ol F
& (phenol-chloroform) FZHe] 714 dwk
gith A FEZEES o|fslo] A
et eSS Aste] S A o= AT
55 4 SltKado & Liv, 1981). &9, o-22
719ke] A AA| - w5 HS A8S] 7t A
ofstH, ARE-A}e] A g 7]% %%O] [TE A A7) F
o] Adth= ©ie] vk &, {718 ARl 93 @

A Al o] 9-E 7 UTH(Leff et al., 1995).

Z o
z o
S A E2HE
/\] dl

i o

IHME 0|t dt HM-=5 7=

A2k GA)-557]ES Table 1914 H2lE 71E€E=2 U
Fo Awd 4 ot WA, B3PS 25 (aromatic group)S-
2 2UE 715z A AAE ARSI it &
Aehs RS AA D FFchs Wl ek A7 A8
=] ATHMcCormick, 1989). SFAIRE, LA delA] H4kS
A - FFshe 7w 9 VIR AAHL = A
7} EZ2 3 ¥(chaotropic salt)S o]& f?_ SAF A v
t}. o] HHMH-E Boom S| ¢af ¢t
Aol ofaf A+ VIES =7}t ‘6‘-"]5] A4S 9]

71 °]thBoom et al., 1990) EEx JEYa H9=
8 JLAFe] ®Ho| EAlde B2 AAE, A7t
4 253 & Fol EATE X FHE =M
< 3T AHEF o=, o] FE 58 He
s Ako] F=stel AFe] THd FEo] 7heskAl "k
(Min et al., 2011).

Charge Switch Technolohy (CST)= 718y Al&HS
982 3= PEG (polyethylene glycol) ¥ & A18-31A
BOoHA Hike] 3 588 THAX 7IERE, A £
el S48 pHE o] &5t /AT wlo]AE YA}
=2 Abgal= W2 o] th(Sohni et al, 2008). 0] 7]&-& E}E—
ofg} BAL ARR-EIA] om, gele] pH zzqoﬂ
AA TR FA 2 YsAgr AARS
(Fig. 3) (Lee et al., 2008). Flo|Z & Yx}e] FH| =
HE 22 F2 pyrimidine 52 imidazole} 732 Wk
= otz nty 3l§tEol] o] g-Hr

Solid Phase Reversible Immobilization (SPRI)S LA
FH kg FEE A7) flEiA TR ERY 4 Al
AWt 7} PEGS AM&-3th(de Angelis et al., 1995). SPRI
M= FHEAZIE FHo] JHAEY e IAY 2AE

o 8 o r\o oZi

(N ﬂl[ﬂl
e

.

Table 1. The properties of solid-phase nucleic acid purification technology

Technology Type of solid surface Solvent Reference
Boom Silica (Hydroxyl group) Chaotropic salt Ethanol Boom et al., 1990
CST Aromatic group No specific salt - Sohni et al., 2008
SPRI Carboxyl group NaCl, PEG Ethanol de Angelis et al., 1995
CCT Sand-Clay Mg, EDTA Ethanol Hoopes & McClure, 1981
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Fig. 3. Schematic representation of nucleic acid purification using Charge Switch Technology (CST). A: Cell lysate, B: binding of
DNA to negatively charged microbead, C: removal of unbound cellular components, and D: DNA elution from microbead by switching the

charge of microbead from negative to positive.

Table 2. The properties of nucleic acid amplification technology

Technology Target nucleic acid Polymerase Temperature Reference
PCR DNA, RNA Taq DNA polymerase Changed Saiki et al., 1988
Real-time PCR DNA, RNA Taq DNA polymerase Changed Heid et al., 1996
RCA DNA Phi29 DNA polymerase Isothermal Lizardi et al., 1998
LCR DNA Taq DNA polymerase Changed Barany, 1991
NASBA RNA T7 RNA polymerase Isothermal Kievits et al., 1991
LAMP DNA, RNA Bst DNA polymerase Isothermal Notomi et al., 2000

AFE3L7] W ol $he pHolAME EHo] A9 HAES 2t
3 =2 pHolM = 53 He= S 7 Er ol
S LAY Ao FHAEE 2Este] ks IAY &
Hell F2A 7| AY @242 4= ATh(Xu et al,, 2003).
Cation Complexation Technology (CCT)= AR

(sand-clay)E #&3¢t HHE o] &alH F2Hd S W&
g u EDTAE AH&sl= 540l St diks

ul-/klg J-/H z]—_&o o].La} Mg2+-v]' 7o 27]- Ool:o]_?__
=2 ste] SAEHE W HLHe idﬂ]% r

<

g ske]l W2 Ay IAAG 2H 7& A5l Mg*
Zre 27} kol ATS AAY ¢ UE ZHolE EH
EDTAE o]&-3it}.
Aol BZ J|&E

A FF e AN ETH A DNA 7= 2
X 7 &3t AHE-El= 71EM, PCR (polymerase
chain reaction) 7]%¢] R0 82 I SLgFolr}t Fuju
ATHGill & Ghaemi, 2008). PCR 7|&S ©|&3 DNA =
2 7y dwe] g, fdA A9 gL 5Ho=

8537 ch(Foglietta et al., 1996). T o], it F=

712 wiEEoh B npol o] HEel| oM w2 5o
73t /LEE AL AFsh] Wil 3T Aol Yol

7|2 o]8ET Q E}(Belgrader et al., 1999; Mao
et al., 2016) A, i FZ 7|EZ JdE T s
o] 9= PCR, RCA (rolling circle amplification), LCR
(ligase chain reaction), NASBA (nucleic acid sequence based
amplification)2} LAMP (loop-mediated isothermal amplifi-
cation) 7]&E0l A YotR TS 312 tH(Table 2).

PCR (polymerase chain reaction)

Mullis 5ol <]l 1980 thol] 7Hare FHEA A W
S(PCR, polymerase chain reaction)y> +d=2-& 323}
of et Aret H=3 HO]E Aol tFeA &
H 32 vhKSaiki et al, 1988). TFa A A wrgow
DNAS] 574 F9ut 5% —’F °lE} o|& fslA —‘—%
H7IMLEE el EtE F N &S oligonucleotide”} D
o) olF1 a3 217t 243 Slolok ek, 177 DNA %
slgdo] g o g F3 DNAY AR Z Q] dAr7|Mde 7=
TL7b DNAS FHgstel % sletel DNAZ $5bl €
t}. PCRE EHA ;r,].x% é%l—;q.z% Z=3%} ure Ao 3ok
A wERoE FAFoR T DNAY 54 292
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2" M2 FFaHA "k B9, PCRE DNA F& 9| %

Aol ohlel RNAZ FHO.2 sl LA
A5 o] 83 JHAL WES A3 S 2 cDNA (Complementary
DNA)E A ste JdHdAETas 94 ¥ (RT-PCR,
reverse-transcriptase polymerase chain reaction)S.Z %= &
HtHLanciotti et al., 1992).

Real-time PCR

AANZE TFE4L A3 WS (real-time polymerase chain
reaction)< PCR 7|¥re] Aoz AHA7to= %4
DNA®] % 9 F3EAES] g 4T 5 AUrh(Heid et
al,, 1996; Vuong et al, 2016). =% DNA AHES A
2o 2 glshy]| aliMe FFEZLe] I o=z ARgH
o} =23 AAake] AL 93 AR = FFEZL T
T 7HIE WA = vk WA, SFE DNAY o]s Al
T-Zo Agrete] WFsh= SYBR Greeno] ©]82 o UL
574 DNAS @714 EE A4 ete &3l A
ste] o] & ¢ k. FFE A AHES
Fal7] sl HEAE BA T RS
kA el HhHo|t}, IS real-time PCRE &
2 AR Adste] mRNAE A FH o
E 8 FITHPfaff], 2001).
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RCA (rolling circle amplification)

RCA (rolling circle amplification) ¥ PCR¥H I} ]
oA FHo] o]FolX e B 2% i FE 7]E0]
TH(Lizardi et al., 1998; Jiang et al., 2017). RCA= St 7|
T Ae7Re] primerg AHE-ste] €& (circular)®] DNAE
e r FFeE 7ol B FAke] 5479
AE primer= 5B BEHAFAAR2E FE A Q] DNA 7o)
T 3, ¥ DNAZ} gHgol7] w2 T3 ¥+ DNA
7+e¢] 5”4‘”—8— %7] primer’t 433} A A o]
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Al €l DNA T@a4E 7]S9 EA3l= DNA 715
3 DNAZRE EI|(displacement)S Al7|HA Al
HF-S-S o]o] U7lkth RCA WS 204 &2
o] X|3L o]F7tete] DNAS T 7hete] DNAZ
hj]—;G o7 o]ﬁ_%
splacement gio] F7]
9 thHDean et al.,
PCRE# &2 th
dojutr] wiof] F2] A4ke] o] 2 o
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LCR (ligase chain reaction)

LCR (ligase chain reaction) "*H-> PCRE ¥ ©2] primer
SE 7R EFHY e —.*L %% 7]<°|t(Barany,
1991). ©] 7«9 A & ligaseE A3l

4 ]"1@ o] (single
base mutation)> FHo1g & ﬁlE}(Flg 5). P 3 DNA
o} £A3HE primerE 7|HoE F LE’\Oﬂ ]'3]1’\1 3l 2ko]
ZZ 5= W oA Tk LCRS 2t primer Alo] T @714
o] EA 2|35} primer ligationo] &Y= 7] wjifol]
A A7IMLEY AolE FRltat & W IRbHo R ARG

£ 7)< o]ti(Wiedmann et al., 1994; Gibriel & Adel,
2017). A9 ligaseol| €]&37] wjitel SAF S35 &S50}
2o, SEE 4] o7k AR AlEA| 9F xfol 7t A
2| 7] Wil FF AHES glske dAVE vtEA] He

3t

3
0,
oZi

n& ﬂ

NASBA (nucleic acid sequence based amplification)

NASBA (nucleic acid sequence based amplification)+
S04 RNAS S5 = 3= 7€ Hlojgls 3 &
olle UAE AZo 83 WY ol thKievits et al,

AR

1991; Clancy et al., 2016). ©] A|2=§le] 54L& AM-E &=

Fig. 4. Schematic representation of multiply-primed rolling circle amplification. Oligonucleotide primers are hybridized to the circle.
The 3’ ends of the DNA are shown as arrowheads to indicate the direction of polymerization. Thickened lines indicate the position of
original oligonucleotide primer sequence in the product strand. The newly synthesized DNA strands through the elongation of the primer
displace the product strands ahead of it. Secondary priming events occurs on the displaced DNA strands. Repeated cycles of priming,
amplification and displacement generate a large amount of amplicon in short period of time (Dean et al., 2001).
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Complementary Target

8" Globin

1. Denature DNA, 5
94°C. Anneal
oligonucleotides,
65°C.

2. Ligate with S
thermostable
ligase at 65°C.

3. Repeatcycle20 5
or 30 times.

Mismatched Target

BSGIobin
T
5L 5 9
=T
. T
‘ 2 s
A
5 K ] 3
—TF—————
=
= ol =3 5
5cC =3 3
————7————
S——o>——
3'r 1 5

Fig. 5. Schematic representation of Allele-specific DNA amplification and detection using ligase chain reaction (LCR). Thermostable
ligase will covalently attach only adjacent oligonucleotides which perfectly complementary to the template strand. The ligation products from
the first round of ligation reaction serve as the target for the next round reaction, and the number of ligation products increases exponentially

(Barany, 1991).

primere] @71 E o] T7 RNA a8 47}t Agate] vk
23 & A& T7 promotor G714 LS 7R 2L A tH(Leone
et al, 1998). NASBAE F 709 primerE AHg-3hH, st
o] primer= %% RNA®} &3t 5, AHALE A0 o)
Al DNA7} 3 €th ©+50]% DNAY] F71H3 02 + W
A primer’} &/33t=™, £/435}€ DNAYl= T7 RNA &
Fairt vs-S o] o} anti-sense RNA7F Z3HE7)
Hr}. o] wkgo] Ao FerH Tl RNATF &
FEu2 vpo]g 2 9 AollE vl Ee] AEo] 71ssH
Ak vAE] AEzde EA8kE T RNAE FAE
o] AbE} A w2 AIZF el &7 Hog Aolle
nAES FQ vlA(markenZ & & St} FA| N
NASBA ¥ & th<=¢] & A(RT-DNA %3 & 4, RNase
H, RNA SHRA)E AHE-8H] wjiEol] ¥hg-z71e] 7ithE
o= @ o] ti(Niemz et al., 2011).

LAMP (loop-mediated isothermal amplification)
LAMP (loop-mediated isothermal amplification)= Notomi
o 2laA] 2000t kel ALE oz T ¥
e SEAZE & JE 71€olth(Notomi et al., 2000; Oh
et al, 2016). LAMP= 719 PCRY 3 FAFSIAIRF Taq
DNA Z38 4 th2l Bst DNA @84S AMEE) o)&

LAMP7} &0 A 3|4ke] FZnh-go] XY= B ZE phi29
DNA Tgasel FASH DNA ARE displacement €43
o] & DNA 8847} 8757] w&o|tKTomita et al,
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