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SUMMARY

(BT 8 %E)

Conventional methods for Salmonella detection and identification involve prolonged multiple
enrichment steps. Some immunological rapid assays are available with sensitivity comparable
to those of the conventional methods. One common rapid detection method is based on
impedance characteristics of electrodes and a medium where bacteria are resides. Impedance
measurement method analyzes both the resistive and capacitive properties of a medium or
electrodes. Many researches have been conducted with conventional impedimetric method,
which has been focused on the changes in electrical impedance of a medium resulting from
the bacterial growth. Impedance changes of the medium are resulted from the release of ionic
metabolites from live bacteria. Some researchers measured impedance changes of both the
medium and electrodes. Even though the impedimetric method reduces the time for the
detection of bacteria in food, it still requires hours of incubation time to detect bacteria.

Recently, biosensors have shown great potential for rapid detection of foodborne pathogens.
They are capable of direct monitoring the receptor—analyte reactions in real time. Among the
biosensors, impedimetric biosensors have been widely adapted as an analysis tool for the
study of various biological binding reactions because of their high sensitivity and reagentless
operation. The impedimetric biosensor, which was devised to increase the selectivity and the
sensitivity by incorporating a biologically functionalized detection layer on the surface of the
electrode, usually measures electrode or interface impedance. The impedimetric biosensor
enables qualitative and quantitative monitoring of bacteria by measuring the changes in the
electrical impedance.

In this study, an impedimetric biosensor was developed to detect Salmonella in food
samples. The impedimetric biosensor was fabricated by immobilizing Salmonella antibodies
onto the surface of an interdigitated microelectrode (IME) sensor. The IME sensor was
designed based on simulation and fabricated by using micro-electro-mechanical systems
(MEMS) technique. To increase sensitivity of the biosensor, different antibody immobilization
methods were devised and tested. The first immobilization method used streptavidin—avidin
reaction and the other method used self assembled monolayer (SAM) of thiol bonding.
Developed impedimetric biosensor was evaluated by performing Salmonella detection in PBS
and food samples.

The results of this study are as follows:
1. Simulation of electrical model for the impedimetric biosensor showed that the biosensor has
the best sensitivity at 3 pm of electrode gap space. The biosensor was designed to have 3 um

of electrode gap space and 10 um of electrode width based on the simulation results.

-11 -



2. An impedance analyzer was also developed in this study. The impedance analyzer produced
the best sensitivity at 100 Hz of input frequency.

3. The impedance biosensor showed linear relationship between concentration of Salmonella
and impedance signal.

4. Detection limits of the biotin—avidin based biosensor in phosphate buffered saline (PBS)
solution were 10° CFU/ml and 10° CFU/ml for S.entertifdis and S.typhimurium, respectively.
Detection limit of the SAM based biosensor in PBS was 10 CFU/ml for S.entertifdis.

5. The impedance biosensor showed high selectivity. The biosensor successfully detected Salmonella cells
when E. coli was coexisted in the sample.

6. The impedance biosensor successfully detected 10° CFU/ml of Salmonella in chicken extract.
Detection limits of the impedance biosensor in pork extract were 10° CFU/ml when swabbing

was used as a sample preparation method.
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A1 AR e e

9= 1998 1999 2000 2001 2002 2003 2004 2005 2006

as 119 174 104 93 78 135 165 109 299
A 4577 7,764 7,269 6,406 2,980 7909 10,388 5,711 10,833

P il 38.5 44.6 69.9 68.9 38.2 58.6 63.0 52.4 41.8
S-evtete] A AA7A Salmonellad ©13+ » %= (Salmonellosis)o] Tha 3F 29 o] A&
Hog W1 9o EUY A$o% Salmonellad] &3t 2155 Al wAo] x|&x o7 Al
Ha vk (F 1-2, 1-3; Aok Jaa s SAd S, 2006). 20049 v A 25(CDO)NA &

E3 A7 ot Salmonellad] 23 255 SAASE 1A oo R o2 <lste] wid 5009 o]
A Salmonellas EHQ ATE5ToZ2 $-2LfEHEvE oly

q
=
gt A Ao RE Atd AFEe] T ddo] Hal slvk(ard ], AA D, 2004).

E 1-2. $9vet 9= Salmonella A %= 24 &3
Ax 2001 2002 2003 2004 2005 2006
T 13 25 17 23 22 22
KIS 561 589 416 839 753 576
¥ 1-3. EUY =¥ HF5 9 Samonella 255 A dS}
Ax 1999 2000 2001 2002 2003 2004
e R
298,436 309,179 323,235 306,184 292,393 396,524
ARAASF
Salmonellosis 164,696 161,672 151,415 143,736 140,020 192,703




Salmonella spp.= Gram <S4 Uve® ORE AR/ EA8tn, 8= dord,
Enterobacteriaceae ©| %3t} o] 1 species®] thi-ito]l Ay AF 55 Fsto] QA AW
= TEATIE dEAY Asndor de A Advk AATA Salmonella= 252371 ¢ €A

s, 2005), °] T 230001F o]o] AtgelA AFEES FEdit
u) = A E o] eFE b A ol A ST (2006).

Salmonella= ¥& T3@d baRolAEs Fug, stebe ¥, 2REFE, 2F olgzy 79y
TS, At AlE FEF2 e 59 salmonellosisE FHste] 83 AW o=

ol =1 9t} SalmonellosisE #F%8lE xE Al TF O 2= Salmonella enteritidis, Salmonella
typhimurium, Salmonella heidelberg, Salmonella infantis 2  Salmonella hadar %5 ©|
Salmonellosis®] +8 YAdo= %‘E:]Z% UTE. S. entertidis$t S. typhimurium-> = U o}y e}
Hadwoz QAT 9o S typhimuriums Salmonella
S A} Salmonella= SN A9} 279 F3 o AJEsE

29 1-1. salmonella entertidis

AEo 2 Q% Salmonella® 7t
CFU/ml A%=9] A& 7% 433

o o
2%, TE, BE A4 D 24 9

il

=
Asm B A mEW S/F 2 O bEFEol M =2 Ass FRAFoR ATs #dxke of
A 719} FGarlolM Salmonellad] 23 255 LA&o] =

50065 AAFL Atk 53 &7
A

5
e HollA 93 AFEor ERH Ak s, A9, 2004).
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i vl oAl FRE B, A4, dW Fol Ak woleAAE o] &3 MAR AE PP
Eash A B AN ol gete] ALA WS S HAru, F2 olgHE WHE Ba

a2 9= (Enzyme-Linked Immunosorbent Assay, ELISA)S &

QLAANE o] &3 MAE A=F3IA=

AE AE (0. Lazcka et al,

ofo
ofr
L
s

¥ 1-49F Pk,

2006)

Pathogen Detection Limit Sample Type Detection technique
10" CFU/ml Culture Impedimetric immunosensor
E. coli 10° CFU/ml Culture SPR biosensor
10° CFU/ml Ground beef ELISA
10° CFU/ml Milk PCR-ELISA
Salmonella
10" CFU/ml Culture and water Amperometric biosensor
10° CFU/ml Beef PCR
Listeria
10" CFU/ml Culture Amperometric iImmunosensor
oe] 74 uhel oA FelA UuEs AL AR FALAH AFL B BHT 5 9
E ETEA B RoklA BEH0] grh U MM FHe BYe Wi 4 g &
4 udEe] duds veS BAgo RN Az A gIsA BT & due Aol ®
& A7 RdYE B3 AAe] WEE o]BHoR AT & vk A= AYal o] &
AR, AR WA, FAA, A=y Bee, REA, BHE 24, 7 v 0w ARAne 54
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& FAste 54 AEARSY vES RASHE dIEx Ho] e AA T B Eoke] Aol o]
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19 3.1-11 Schematic diagram of a modified immuno-biosensor for simulation
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3£ 3.1-1 Simulation results of total capacitance of an impedance biosensor

Ss = 25x10 °m’
ds = 6um ds = 4.5um ds = 3um
Number of
. Cin) AC(n) Ci(n) ACi(n) Ci(n) ACi(n)
antigens(n)
(CFU) (pF) (pF) (pF) (pF) (pF) (pF)
1 48.0582 - 71.2643 - 137.8086 -
10 48.0586 0.0004 71.2652 0.0009 137.8119 0.0033
100 48.0625 0.0043 71.2739 0.0087 137.8444 0.0357
1000 48.1019 0.0437 71.3603 0.0865 138.1648 0.3596
10000 48.4761 0.3742 72.1870 0.8267 141.3014 3.4928

¥ 3.1-2 Simulation results of total capacitance of an impedance biosensor

(continued)
Ss = 10°m?
ds = 6um ds = 4.5um ds = 3um
Number of
. Ct(n) ACt(n) Ct(l'l) ACt(n) Ct(n) ACt(l’l)
antigenstn) | o) (bF) (bF) (bF) (bF) (bF)
(CFU) b b p b b b
1 1.9224 - 2.8507 - 55127 -
10 1.9228 0.0004 2.8515 0.0009 5.5159 0.0032
100 1.9267 0.0043 2.83601 0.0086 5.5481 0.0355
1000 1.9613 0.0389 2.9371 0.0770 5.8453 0.3326
10000 2.1154 0.1930 3.2967 0.3597 7.4663 1.9536
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19 3.1-16 Photo of Impedance Sensor

w AT Algdeld Ay drdet FAS HEsks A 2312 F ASAele] A7t 45
el A7) wEel = A5 Abole] Al 2m, A= F& 10m= A AFsgivh AA = 10m
x10mm =7]e] A2 Aoy foll v d=o2 AzEglon, &9 - A wkso] dojrp= F-2 9
A= Aol bmE AZsdth A= 2RSS lmx1lme] FAMAE S vHEo] AAe] JNeE =
A e B3 e A2 F AEF At

AIE 2 npo] 2 AA =
545 B4
HES = B217](4294A, Agilent, USA)E o] &
W2 A 3mQ~500MQ7FA] UA¥EAS =23

= A 4714

Z 3957 40Hz~110MHz

AAste] QA Amdedel @%
AwE AsEs A gnhs gre

stol e

_19_

. AgilentAt2] 4294A+=
EIEE =

sy Aol dvEs A
o 31-17¢

=4 7hs



19 3.1-17 Photograph of Agilient 4294A precision impedance analyzer
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29 3.1-20. Stability of a semiconductor sensor in various pH concentrations
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19 3.1-21. Stability of a semiconductor sensor in various electrical conductivity
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19 3.1-22. Impedance sensor image
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29 3.1-23 Simplified schematic representation of the impedance biosensor
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19 3.1-24 Process of semiconductor
sensor, (1) Photolithography, (2) Metal

Evaporation, (3) Lift-off
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19 3.1-25 Antigen and antibody
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a9 3.1-27. Immobilization process of the biosensor
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a9 3.1-29. Detection of Salmonella entertidis in PBS with antibody immobilization by
Biotin-Avidin method & Self Assembly Monolayer (kQ, at 100Hz)
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29 3.1-30. Detection of Salmonella typhimurium in PBS with antibody immobilization by
Biotin-Avidin method & Self Assembly Monolayer (kQ, at 100Hz)
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a9 3.1-32 Block diagram of impedance signal amplification module
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19 3.1-33. Impedance signal amplication module
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a9 3.1-34. Loss angle vs salmonella concentration in 1KHz
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19 3.1-35. Loss angle vs salmonella concentration in 10KHz
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9 3.1-36. Loss angle vs salmonella concentration in 100Hz
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19 3.1-37. Frequency characteristics of an impedance sensor (represented as signal ratio)
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19 3.1-38. Detection of Salmonella entertidis in PBS with Antibody
immobilization by biotin—avidin method. Error bars represent standard

deviations.
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9 3.1-39. Detection of Salmonella typhimurium in PBS with Antibody
immobilization by biotin—avidin method. Error bars represent standard

deviations.
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19 3.1-40. Detection of Sa/monella entertidis in PBS with Antibody

immobilization by thiol method. Error bars represent standard deviations.

39

37

Impedance (kR)

35

33

31

29

s

$

|

> v > v % © A ®

)

Salmonella typhimurium in PBS (Log CFU/mL)

a9 3.1-41. Detection of Salmonella typhimurium in PBS with

Antibody immobilization by thiol method (antibody 1.0 mg/ml). Error

bars represent standard deviations.

<2 PBS WA biotin—avidin Wl H|te] AggHo] s Bl §-
= AEAAIY G2 Aol 93 7HA

B AFE AR 599
[e)

Al gl o
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drde A58 dyds ol eAlM 7 ARyl tieiAd SolAom HEAS ZHAL 9
=7te dAFet7] fleted ATs o TolA P W&ol & Escherichia coli®t W32 Q1 A2

A A=t Listeria monocytogeness ‘A7 3te] Salmonellattoll tgh 3@ 2 nlo] Al A 9]

7}) Biotin—avidin 124 3} WH

E coli7t 9A4% ¥%(10° CFU/mL)2 o] & PBS HWHd A= o2 =%(10°% 10°
CFU/mL)9 SalmonellatS &3 v, vlo]QAAME o] &31o] I A WHIlE ST

22
2ot
()]
(@]
S 20 |
©
a
E 19 B
18
PBS E.coli (108) S.entertidis (108)  S.entertidis (109)
+ E.coli (108) + E.coli (108)
(CFU/ml)

9 3.1-42. Detection of Salmonella entertidis and Escherichia coli in PBS
buffer with antibody immobilization by biotin—avidin method. Error bars represent

standard deviations.

Biotin-avidin < ¢]&3te] FAE 2
colitt E91d+= A B9 E coliZ SalmonellattS £33 A BolAe duddx WHEE
#, E coli7t 593 F2(10° CFU/ML)E Sl de Al &dA Salmonellatt®] s=7F 748
s vlol QMo Heio]l F7hels Aoz 2AEAT (1d 31-42; E coli 10° CFU/mL
36.9%, E. coli 10° CFU/mL + S. entertidis 10° CFU/mL 65.6%, E. coli 10° CFU/mL + S.
entertidis 10° CFU/mL 100.0%).
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o
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a4 4
E
T

Aesit A4S A 2 AFoAE vro] A e Aed s g2ty fste] 2 A<}
A WS ARESEAA T Olsen 5(2003)9] ol A= Magnetoelastic biosensorg ©] 83}
SalmonellattS Ae A o2 4317 93t vdF& FAE AAMel 1GAZ F S typhimurium

S HEAT vle]l Al el Meigd s &Rlstr] fske S, typhimurium¥ E. coli O157H7E &
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SR 77 A3 2 Magnetoelastic biosensore S. typhimurium®] thste] A& 4 o] ¢t=
ARE Bx3AY. Zhang 5200609 AT AE immuno-biosensor®] Salmonella 7 =7 &
= g2

qAE AT & FolA SalmonelladS 7391t o)Wl immunosensor

i

°of Aelds syl st S typhimurium™ E. coli® 10°CFU/mL s:2 &3 st
immuno-biosensorg ©|&3to] AESAY. 1 A S typhimuriumTbs AES SAFY S
typhimurium® E. coliE& Z33t doA A& S0l LN 22 immuno-biosensorell

H
Al Salmonellatts A8 Aoz A& F Adohe 7te S AASA T AL Basks]

Salmonella =8 dIH2= AAME o] &dto] E colic]9]e] vh& HAA ol sk H=
olAdS Feldty] Yoto], A AFE Ho® EAANYIL YE L monocytogenesS A A s}ol
EolA HE ANFS F712 AA ST Ade PBS WHd E coli, L. monocytogenes 2 S.

F 10" CFU/mL 552 HE3 tg vol oA S o] gdte] dueds MeE
w7k 10° CFU/mL® 24 % PBS v3oA 9 <lud
5=

Jm

l

Jut
¢

r
il

2 W3 s AL T FAd3 TR L monocytogenesis®t S. typhimurium® U3~ W
o)

impedance (kQ)
N
(@)1

10 r

s

E.coli (109) L.monocytogenes (109) S.tyohimurium (109)
(CFU/mL)

29 3.1-43. Detection of FEscherichia coli, Listeria monocytogenes and
Salmonella typhimurium in PBS with antibody immobilization by biotin-avidin

method. Error bars represent standard deviations.

A8 A 7 o] TUe 10 CFU/mL s=e A daw 2 vlol e aA e S, typhimuriumel
gt Meldol E colist L. monocytogenesiﬂr T2 AoE YElyt (S typhimruim 100%, L
monocytogenes 35%, E. coli 7%). wWetA ofg] HAA To] EXst= AR Ade dadx
Hho] @ AlA7F #=& AEAS 7Hx A Ardads HEE 57 U AeE RAEAY (2F"

3.1-43).
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1}) SAM (Thiolation) 11733} W

E.coli (108)  S.sphimurium  S.tyohimurium — S.yphimurium
(109) (109) (107)

w w w w
- N w &~

Impedance (k@)

w
(@]

N
©

(CFU/mI)

19 3.1-44. Detection of Salmonella typhimurium and Escherichia coli in PBS
with antibody immobnilization by thiol method. Error bars represent standard

deviations.

SAM A3} WHS o] &sle] A ZeE Judd s wpo] QAR E coli$t S. typhimurium®] &

gtel ABolA S typhimurium= 7AE3 A3 biotin—avidin el H|3te] e FHro 4wy

AFe AAHoR AEAAT (19 31-44), old@ Ashe o|vo] BFd Aol odw 4F
A ASolE B Aol AuE ANHs ulel QA E o] g3t Amdehiube HEH o
2 4% ¥ 5 Auhe AsAe ANe Fu o

2k s mlol o AlA By 9 QAR Vs

g2 DAHIAA A2 A~ vo] QLA E HEZ T Yol AMA mHo] S 9xA &
B35 Salmonellat 1 Z0l AH&¥ Q@2 vlo] AIA = AAEHE AA H
2 Avrts AR 5, HEFE AYAA Samonellatt AE AAED 5 3

AN AEE A BHE 100 mM glycine-HCl (pH 25)& AFg3tdt) o] A

B oEe RS AF 10008 o4 whol oA e A% Abgol sdsitt.

Salmonellait-& WEH o2 HAEsto] =7 Astd A= w2 143t 2458 25 A7
g 5, OLH 71 A nAst B er HEFE AFsAd. AA xHe] frles s Al
0CelA 523t
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B oAFE ALARIA A A Q3w vhe] o A4 7k

“%ﬂézbﬁvl%ﬂ@ ‘}%éﬂaﬁﬂ:”%ﬂélﬁ

& ¥LE =431, SpectrophotometerE ©]-&3te] <y wl A Hlo] 9 4

] A
o AnEs SAA0E ARAS neete] FAR AN 3R AQste] FEgow
3]
A%

L s A& HeEs 9

o
td
1
oy
e

7h Ad mAEe vt

oA Ag

Cultures, $+=A& 3%

= AMITTgAdTd F4x23 KCTC(Korea Collection for Type
t

T % 3

T4 AEAJAE)ANA BSFDE Salmonella entertidis KCTC 12400,

Salmonella typhimurium KCTC 124018 Al&3th E4d 55 B 5470x29 Ao,
Fo] PBS &% 1.0 mlE #713to] Sodium Selenite Agaroll 3 ujFste] #2429 colony =

stolsl ot Aeufx|ol A #FE 23 = colonyES Brain Heart Infusion (BHI) brotheol] 7t

wjoksle] o] gtk Al 2L Al A 37 CTollA 18 - 24A17H53F 120 rpmoll A

vl Fatdom, Fanke] A9 37 CTollA 48A1%F wiFal3lth

19 3.2-1. Salmonella spp.
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v Ad 0| AE(S typhimurium, S. entertidis)®] w4+ =74

AEe s 7IE mAds AN xedAHIMSES ol&stel @I F

Spectrophotometer®} U I 2 vlo] @ AMAME o] &3to] d4& FHste] AFAFAE vl us o

¢

o

FHE o] &3t
ATFE A, A F A IH o R 4% Salmonella 7<% Spectrophotometer 2
=

Aoz vlol o MAE o] &3 AS AREe] X FOoE AHSSALA, 4 Wt 10 £ 05 x

W
~
<
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3
g
3
S
3
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>
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M
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=
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1. 54 Ax% o PBS 949 10ml 3A3 3 Salmonella AR (Selective

Agar for detecting Salmonella spp.) ©l strikingS 2 A3}, 37 CTolA 48A17F vl &F35HA
T}
2. 4724 ColonyEs Q1% &, Wgol& o]&sle] 1WFolE EF35te], BHI brothol #&

|
gk = 37 C, 1207130 rpmoll Al 24A17F vl 31
3. 22 Al wjgste] &4 3tE Salmonella 10 ml (in BHI broth)E 942 o] cell
down A7t} (3,000 rpm, 15min)
4. FZ N AAS F PBS oz 23] AHsIe] wA 9 o]ES A A

5. %9 Salmonellad] PBS &% H4S H7}3819] colony count method& A A] Htt,

\]
Wi

Fom IR e AAAZoR 71 de olg¥m g Ao AAI HFR A"

o3 2o
1. BHI brotholl Al &% SalmonellaZ 3,000 rpmol A 1587 A28 84t}
2. AT AA A E)S AAST F PBS &5 N oz 23] washing gt
3. PBS &kZ = g 7hste] wigels weth
4. 10ml tubeol Eit¥ PBS €% 9ml % EF3te Fn0]dc)
5.7} tube o 1 mlS A7}, voltexing 3 & thA] 1 ml & tS tubed] EF3Ht).

(10w &)
=R MY B Salmonella Aol 100 WA 3t =gk},

7. A A S 37 TollA 4847 wiF 5, feE Avtste] d

S}

L
o
i)
X
r>f
rlo
Lot
2
N
1Y
o

Q

R A7k 30-30070e] HEE P 3709 plate HEtE
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1. 10° v 34

2) Spectrophotometer
TE ANEE 450 nme] FFEAAA F%

3.2-3, 32-4 ¢} #r}.

oL

T oujekE wAE 2. 10" v 34 5wl
3.10° v 3|4 = wjotw
2 32

st o Salmonellas FEE =2 7

AN
o
i)

0.6

0.5

0.4

03

02

0.D.(450 nm)

0.1

0 w———8——n———=n

—0.2)0

Salmonella entertidis in PBS (Log CFU/mL)

rr

% 3.2-3. Detection of Salmonella entertidis in PBS by Spectrophotometer

at 450 nm
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0.D.(450 nm)

A=

3.2-4.

Salmonella typhimurium in PBS (Log CFU/mL)

Detection of  Sal/monelia

Spectrophotometer at 450 nm

PBS 2+& o A Salmonella®] 3 =5 &
=7} Z7v8k . WA SpectrophotometerE o] &
2 10° CFU/me 017391 Aoz whabs e},

= A=

N
-
&
3
@)
>
Q
=
S
AN
o
o

¥ 3.2-1. Salmonella =

HA 7)), HAAZ(F-7), R

38 g AF AR

= A4

43l SalmonellaE =% 3t
0071/:] }\] _4 %

ANEz Agat

_12

=3 2

HE

oft
o

=1
=

A 34

typhimurium

Wz =438 247 10" CFU/mE-E =

3te] SalmonellaS 533 749,

in PBS by

off

Ry

o o

_llN'
ol =2
N
s
olr
FSL ]]‘,1011

A AE A BE Salmonella )

AA N Salmonella Q0.2 13514
AE AR BAY 54 19Ed

PP A B (GTHE)E A8

Food Sample Method Reference
Carcass Sample 25 g Crudjoe, K.S. & Krona, R.
. — add peptone water 225 ml 1997. Inter J. Food
Juice . . .
. — stomaching Microbiology
Chicken S o
Chicken - S ad egtone water 295 ml Brunette, C.N. & Yoon, K.S.
breast” P p. 2004. Food Sci. Biotechnol.
— Stomaching
Pork Pork® Sample 25 g AR 5. 2006.
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— add peptone water 225 ml

; g 4] F 7} 843 %)
— stomaching
Sample 25 g Peng, H. & Shelef, S. A.
Beef Ground Beef — add modified broth 225 ml 2001. Inter J. Food
— Mixing Microbiology

Sample 25 g AT =
— add Distilled water 100 ml  ° ° % ©°- 2003 J K.OWCM
. Soc. Agric. Chem. Biotechnol
— Stomaching

Cheese S o
ample g 9=
— add PBS buffer 225 ml ggj‘, ;E_';g?;w
— Stomaching
Milk Sample 10 g A. Agarwat et al., 2002.
product Butter” — add Peptone water 90 ml  Molecular & Cellular
— Stomaching Probes
Sample 0.3 - 10 g
— add water 40 - 1,000 ml Caselunghg, M. B &
Infant Formula — Sonication 15 min Lindeberg, J. 2000. Food
— Centrifuge 15,000 rpm, Chemistry
10 min

Sample 25g

Egg Egg yolk — add peptone water 100 ml E. Thomas, 2006. J. Immunol
Egg Shell — Centrifuge 15,000 rpm, Methods

25 min

dvE s S o AR

. Salmonella &3S A% A A5 AA 2] W

Hge] wAE MPES S Astel ohule] T MWL ol kel 1A

1) Stomacher method
2% A5 PBS &F3 (A m5Fe 99))& 7Fgt ¥, StomacherE ©] 8314

387
AR E filteringdle] 10¥12 345l =¥ E Colony countingS AAste] #4+5 S35

2) Swab method
Hid Whoz A% HHo 22 rAES I £22 ZX2 F PBS 599 Yo 10

Wi 34 3 = E Colony countingg AAsle] w45 A4k
3. Non-specific binding A 7&}7] 93 29
AT vlol A E o]gste AFAEWNY Samonellas AT A5, AAe mHdl
Salmonellai?3} specific-binding3}+= ™Al non-specific binding®] @A sle] Az 7} A sFE AL

blind H & d4o] A HAFHAY. o] 4357 95+ non-specific binder?} 74 Aste] A
S W st= Blocker BSAE 05%, 1.0 %, 20%% A& H7ksk & Adyedx 25 Hils =
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f
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3R

i

Aste] AFEARS AFF A4 s 44

A=
d A]) s x]27] oA 9] Blocker BSA 7l 5% ZAA

1) Detection in Pork ; Blocker BSA 0.5%

24

Impedance
N
w
(6]

PBS Control 1 Control 2 Control 3 Control 4

19 32-5. Detection of impedance in Pork with antibody
immobilization by biotin—avidin method : Blocker BSA concentration

0.5%

2) Detection in Pork ; Blocker BSA 1.0%

24

235 1

23

225

Impedance

22

215
PBS Control 1 Control 2 Control 3 Control 4

18] 32-6. Detection of impedance in Pork with antibody
immobilization by biotin—avidin method : Blocker BSA concentration

1.0%

3) Detection in Pork ; Blocker BSA 2.0%
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Impedance

22

215

PBS Control 1 Control 2 Control 3 Control 4

19 32-7. Detection of impedance in Pork with antibody

immobilization by biotin—avidin method : Blocker BSA concentration
2.0%

H =] 317] Al5eA Blocker BSA #7F ¥=o m& Qdudx~ Aseo wWslE A3 Ay,
Blocker BSAE 05%¢% 2.0% #H7tetidS ol ddad=9 A3 A=t 571 (28 3.2-5, 3.2-7) 8
Aot 1.0%E H7tstds WE Aso Wz Ao Ak (19 32-6). &, AFANEE UHd
2 AT 2AHgoF A3 T non-specific bindingS #7387 Y3e] Blocker BSAE 1.0%
A7 & o Agsla g E dud s A ATE YeElYornz B A BE AF A8
A FAo 1.0%2 Blocker BSAE #7133t}

°1N %01'

Em

- 47 -



4, Fu7)o A9 Salmonella typhimuriumo] W3 dd X~ A5 W3 A= A3 B4
7V Sl A Salmonella typhimuriumol] 3 d3d X~ Als =4

1) Salmonella typhimurium in Chicken buffer by Swab method

Biotin-avidin method® A4 FWES A Qdudx wlo] A TE H izl A
Salmonellas =& 7Fe@7ke] o5& ddstr] A8k, f& 9 warl A3 A AE 2
D7k AS sl Swab WO E Sampling 39th AA AlEE 500 rpmel A 587 AAEY
S ASsdd S typhimurium & FEEE FFSY HES AZSAY. #Hnv]e HE S
typhimurium = 10" CFU/ml ©]4%-€ AZo] S}, S typhimurium <& G714 42 o)
ZTANAE HE 2137} baselined] Hlste] Ad3] =A vEST (29 3.2-8). ©]|& non-specific
bindingell 9| d&Fo =z MAMEH  Salmonella ©1919] o=atA] & BHEe] ¥aE = 4
< omgitt olyg #A

o
=
non-specific binding A3} E2AS Ha7] gZFdo] H7lete] AHAHES A A &9}

23
22 1
21 1
20
19 r
18 r
17 ¢
16
15 r

13
PBS Control 4 5 6 7 8 9
Salmonella typhimurium in Chicken buffer (Log CFU/ml)

HH

HH

i

)

i

Impedance (kQ)

19 3.2-8. Detection of Sa/monella typhimurium in Chicken breast with Antibody
immobilization by biotin—avidin method (Food Sampling method : Swab). Error

bars represent standard deviations.
2) Salmonella typhimurium in Chicken buffer by Swab & blocker BSA 1.0%

S 7] A9 non-specific binding A& 312371 913t4] blocker BSAE 1.0% % 7}3te] S.
typhimurium< AZ3tATE o] WA= H7tEA XHE Swab & S el blocker BSA
1.0%E #7tst &, S typhimurium < SLABAA LI Hx AAAA 5] M7IE 43T
olF wir7]el AH Salmonella spp. 5 A4 EE

2okt

fr
ro
:cg
4
o,
b
i1t
i}
A
pasa
2
{0,
o>
i
Ach
r

ol
X
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15
13
E1n b
(b
o -
S 9
D
Q 7
£
5 j
3
Control

Sa/mone//a typh/mur/um in Chlcken buffer (Log CFU/mI)

19 3.2-9. Detection of Sa/monelia typhimurium in Chicken breast with Antibody
immobilization by biotin—avidin method (Food Sampling method : Swab & blocker

BSA). Error bars represent standard deviations.

Blocker BSAE S a7]o 1% H7Fste]l S typhimurium TEEE AITHE

il

A A3

baselineQ! PBSell ]3] txwtQl Ha17] Atole] A5 k= Aozt dASHA Aste] 1% BSA

= Hrrste Agstdd. 1 A3 S typhimurium 2 FE7F SUFEFEE A S

S7beAth (29 32-9). webA 2 Aol A sidE °U1 H2 nfo] @ AlA €]
HEA #AEFAE 10" - 100 CFU/ml Stk

&

7 A &EH o7

bt

2 3117] Salmonella
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3) Salmonella typhimurium in Chicken buffer by Filtering (0.2im) & blocker BSA 1.0%

50
48 |
46

44
42 t
40 t
38 f
36 f
34 f
32t
30

PBS Control
Salmonella typh/mur/um in Chicken buffer (CFU/mI)

Impedance (kQ)

18 3.2-10. Detection of Salmonella typhimurium in Chicken breast with
Antibody immobilization by biotin—avidin method (Food Sampling method
Filtering 0.2um & blocker BSA). Error bars represent standard deviations.

gha7]e| A Swab WS
2]¥ 9l Stomacher WHS o]& 0}04 Ay s AT E FA43A T Sampling 3 E7F52o] 108] 2]
PBS & 78t § Stomacher ®H & AH&akith # @3t A4S A F FSANE HE 49 A4
AER ds dIEs nlo]le i1 Aol AFs = 5 ol ARAAF0.2 mS AX 5, S
typhimuriums 2 GAA AlA e A5 a7 S typhimurium® HE
57k

7= 10° CFU/ml ©] 4921 Z7keder (19 3.2-10).

A HE= ’\]ﬂ'ol 12*]&01915}. a8y B AFoAE AAre s gdur|Udd A Salmonella 5

F2 249 A0 /1E AN W] wg A&stts el Atk
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. 71 AHAE HE o] &3 Havlo e Salmonella typhimuriumo] W3 A& A3}

1) Salmonella typhimurium in Chicken buffer by Swab method

0.D. (450 nm)

0.001

Control 1 2 3 4 5
-0.001 |

-0.002 |
-0.003
-0.004 |

-0.005 |

-0.006

-0.007
Salmonella typhimurium in Chicken by Swab

(Log CFU/mL)

19 3.2-11. Detection of Salmonella typhimurium in Chicken breast

by Spectrophotometer at 450 nm (Food Sampling method : Swab)

SpectrophotometerE ©]&3le] H7tEaolA S typhimurium® SRS Al

se] SalmonellaE ZAA 7AZ8A = 10° CFU/ml ol et (19
7

methodS ©]&

HEE P S

%3 A3 Swab
3.2-11). =3 o

o] & AEuiAE o] & Afol= AEFARNML FAo] et ont, dut

Wi 2| M= Salmonella ©1€19] Sa7]d i dutAlT oz Qlsle] FA o] 75313}

2) Salmonella typhimurium in Chicken buffer by Filtering

0.D. (450 nm)

0.3

0.25

0.2

0.05

&— —— <>
hd —— \ g —&- 4 v

Control 2 3 4 5 6 7 8
Salmonella typhimurium
in Chicken by Filtering 5 um (Log CFU/mL)
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138 3.2-12. Detection of Salmonella typhimurium in Chicken breast

by spectrophotometer at 450 um

S 7)o A Stomacher WWog HAAYI} T S pphimuriums TEHRE LIANN F
Spectrophotometer® Z743d A3 107 CFU/ml ©]9 ExoA FFwrt Z71siglr (19

3.2-12).

5. A A7l M 9] Salmonella typhimurium®] W3 A3 A5 A8t AS A3 &4

HAA L7 M = e FA g3t WS ol 8ete] S typhimurium 0| HE EEA

=
1) Biotin—avidin 124 3} W

7V) Salmonella typhimurium in Pork buffer by Filtering (0.2im & Blocker BSA 1.0%)

: |
: ol
g b

24 1

23 1

Impedance (kQ)

——
——
—t—

22 |

——

21

20
PBS Control 3 4 5 6 7 8

Salmonella typhimurium in Fork (Log CFU/mlI)

a9 3.2-13. Detection of Salmonella typhimurium in Pork with Antibody
immobilization by biotin—avidin method (Food Sampling method : Filtering 0.2um

& blocker BSA). Error bars represent standard deviations.

g A 27] Ao 10vfe] PBSS 718l Stomacher methodE 2 A1E & 0.2 mol A filtering

&

o T

=
FEsdoll S typhimuriums FEEE FHUste] dods AE s SASY. A 23 H
171X S, typhimurium 9 A& A1= 10° CFU/ml 2.2 ga17] ¢ vt A& 7~

A

t} (28 3.2-13).

A
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2) SAM (Self Assembly Monolayer) 1243} W

7V) Salmonella typhimurium in Pork buffer by Swab method

Biotin-avidin method& o] &3le] H X a17] A JA S typhimuriums SEHE A& 3
T o2 A A3 Wy thiolation cross-linkerE ©]-83 SAMAHZ AA WS 17435}
o #xar| A S typhimuium® AE FEE =33t Swab method® A 23k o,
Blocker BSA %+ 1.0% o]t #a7]o] Axg\as g s A a7)o A4 S typhimurium

= SAAA 1023 Aol WA §, FHS Swab sto] ¥Ex A5 E AS6S]

m

75

Impedance (kQ)

65 45

PBS Control 3 4 5 6 7 8
Salmonella typhimurium in Pork buffer (Log CFU/mL)

13 3.2-14. Detection of Salmonella typhimurium in Pork with Antibody
immobilization by thiol method (Food Sampling method : Swab & blocker

BSA 1.0%). Error bars represent standard deviations.

A3} biotin-avidin method? Al &= Salmonella &%=7} 7145 A& Al7)7F S718FA
hiol method®] 7% 10° - 10" CFU/ml Atelol A H%=7b Z7batit 10%0] 4] 5ol 4]
skt gloleh (19 3.2-14).

1) Salmonella typhimurium in Pork buffer by Filtering
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0.25

0.2

0.1

0.D. (450 nm)

0.05

0 —*= *
Control 2 3 4 5 6 7 8
Salmonella typhimurium in Fork by Filtering 5 um
(Log CFU/mL)
% 3.2-15. Detection of Salmonella typhimurium in Pork by

Spectrophotometer at 450 nm (Food Sampling method : Filtering)

10°

e
<
X
rir

8|

AMS o] gsle] A L7|ANA S typhimuriumS AE3I A A

pud

it

3=

CFU/ml o]} (19 3.2-15).

ool
Ao

2) Salmonella typhimurium in Pork buffer by Swab method

0.005

0.004 -

0.003 |

0.002

0.D. (450 nm)

0.001 |

Control 1 2 3

-0.001
Salmonella typhimruim in Fork by Swab (Log CFU/mL)

1% 3.2-16. Detection of Salmonella typhimurium in Pork by
Spectrophotometer at 450 nm (Food Sampling method : Swab

method)

Spectrophotometer® ©]&3te] Swab WHoz #HAn7|A] S typhimurium= 7

AZSA= 10° CFU/ml ol9u (13 32-16). 2% A ZolA S typhimuriume 1%
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et
o,
o
wn
=

o

o

= 10° CFU/ml ol38lollA] AEHoor stz x| a7|o| A S. typhimuriume 1%
method:= A A&} #] &t}

ot} A a7 M e Salmonella typhimuriumo] W3k A= Ay 24

SpectrophotometerE ©]-&3le] a71e} =X aL7|o A Salmonellas A& 7
He AFEA HE AL 100 CFU/MmI 12 em, Swab WS AHEAIE 0]
Hdz mlo] R AME o] g3te] Hav|e A 7N Salmonellas HEZ 7 b
Stomacher W =E5% A&gstgict. wabd A ar)edA S typhimuriumsS HEE A

Spectrophotometerell H]3}o] AI A~ vlo] oMM e AE AR a8 =)

rot

t |

% QU s vl AME ol &F HE WAL H1IIQ AR S whimurium 10° CFU/m,
S X|17|9 &S biotin—avidin methodE 0|83t & 1F3E & MME 10° CFU/mI,
SAM ¥ S 0|83t0 X LHEE AR MAME 10° CFU/mI olen, 71&e] mAE HEY
91 Spectrophotometer2 ©] &3t 7 &0 v]slo] UAFE 2~ vlo] QMMA 9] AEEo] =gk}

6. FEHE A2 Salmonella ° e dvdx ANE W3 AS A3

7}, BZWE A9 Salmonella o 93 dFAx~ A5 W3}

1) biotin—avidin 114 3} WA

7V) Salmonella typhimurium in Peanut butter by Filtering (0.2 zm)

19

18

17

16

15

y j
13

Control
Sa/mone//a typh/mur/um in Penut butter (Log CFU/mI)

Impedance (kQ)

a9 3.2-17. Detection of Salmonella typhimurium in Peanut butter with

antibody immobilization by biotin-avidin method (Food Sampling method :
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Filtering 0.2um & blocker BSA). Error bars represent standard deviations.

GIHE = A4 E3 Aol d2e 2 PBSO 108 84 5 Salmonellas FEEE LA

=43 A3, 100 - 10° CFU/MmIdA sxo wet dues NEgwrt F7hean (2

2-17). mebA AT A JhdE I d s vlo] AN = FAbE 9 7HE A E Y] Salmonella 7
== A8 F ASs Ao= AztHrt

2) SAM 1143} "5

7}) Salmonella entertidis in Peanut butter by Filtering (antibody 0.5 mg)

50

49

48
47 +
46
45
44
43

Control
Sa/mone//a typhimurium in Peanut butter (Log CFU/mI)

Impedance (kQ)

3 3.2-18. Detection of Salmonella typhimurium in Peanut butter with
antibody immobilization by thiol method (Food Sampling method : Filtering 0.2
m & blocker BSA): antibody concentration 0.5 mg/ml. Error bars represent

standard deviations.

W} Salmonella entertidis in Peanut butter by Filtering (antibody 0.1 mg)
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39

36 I
35
34 |
33 I
32

Control
Salmonella typhimuium in Peanut butter (Lo CFU/mI)

Impedance (kQ)

a3 3.2-19. Detection of Salmonella typhimurium in Peanut butter with
antibody immobilization by thiol method (Food Sampling method : Filtering 0.2
m & blocker BSA): antibody concentration 0.1 mg/ml. Error bars represent

standard deviations.
A T8-S SAM 1A WHS o] &3+ Salmonella 345 7472} 05 mg/ml, 0.1 mg/ml
s

TR A3} 3 F S entertidisoll 2FE WIEWEHES =AUt (29 3.2-18, 19). dukzE<l
q

[eXe=]
- I
thiolation cross-linker WWHo 2 A& 143 & H$ 01 mg/ml A= S. entertidis’7} =5

. 71E AESHH S o] &3 DI E A Salmonella A& A}

035 1 |—e— S.sphimurium
03 | | T®— S.entertidis

025 r

015 1
01 r
005 1

0.D. (450 nm)
o
)

Control 4 5 6 7 8
Salmonella in Peanut Butter (Log CFU/mL)

a3 3.2-20. Detection of Salmonella in Peanut butter by

Spectrophotometer at 450 nm
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Spectrophotometers  ©]-&38te] WFWE el Salmonellas HA=3F A3 HETA

CFU/ml o|¢t} o] @AFZe dudx wo] o AlA e HE43< 100 - 10° CFU/ml o
]9 =& gFolt) (Y 3.2-20). wEtA wF B E oA Salmonellas A& A, HE

el M F3 Sl vs) dulds vte]edd AWl B a&Aolgta A4

7. $Fol M2 Salmonella ) W3 Audx AT W3 A= Ay}

E

7 ol MY Salmonella o thak Qudx AS H 3}

1) biotin-BSA A3} W
7V) Salmonella entertidis in Raw Milk by Filtering (5.0 m)

17

15 1

13

11
9
7j
5

Control
Salmonella entertidis in Milk (Log CFU/mL)

Impedance (kQ)

19 3.2-21. Detection of Salmonella entertidis in Raw Milk with
antibody immobilization by biotin—avidin method (Food Sampling
method : Filtering 5.0 gm & blocker BSA). Error bars represent

standard deviations.

_58_



W) Salmonella typhimurium in Raw Milk by Filtering (5.0 (m)

22
20 1
— 18
<
» 16 B
o
@
S 14 F
®
Q
£ 12
8
PBS Control 5 6 7 8 9

Salmonella typhimurium in milk (Log CFU/ml)

9 3.2-22. Detection of Salmonella typhimurium in Raw Milk with
antibody immobilization by biotin—avidin method Detection of
Salmonella typhimurium in Raw Milk with antibody immobilization by
biotin—avidin method (Food Sampling method : Filtering 5.0 mm &

blocker BSA). Error bars represent standard deviations.

Biotin-avidin methodZ ©]&3}lo] Salmonella 3AS 1143 A7l 7%, biotine] E°] U+
F ABAA HE Ug=rt gus ©@dol Stk 79 A9 biotino]l FHEIHAl Ei9)
SalmonellaE AE387)dE Astsl#] gt gt 9 28 biotine] SUE AE A8

=
79 thiolation cross-linkerZ ©] &3 SAM A3} HHS AF&3S )

2) SAM 1143} W
7V) Salmonella typhimurium in Raw Milk by Filtering (0.2 zm)
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28
27

26 T

25 T

24

°l .
L m

Control
Salmonella typhlmunum in milk (Log CFU/ml)

kQ)

Impedance (

13 3.2-23. Detection of Salmonella typhimurium in Raw Milk with antibody
immobilization by thiol method (Food Sampling method : Filtering 5.0 um &
blocker BSA): Antibody concentration 1.0 mg/ml. Error bars represent standard

deviations.

SAM 143 W& ol&st] $folA S wphimuriume AESH A, HEF FAE 10°
CFU/ml °|em, w7t Z7tstel wel duds NsFert S7hskdel (19 3.2-23). #H 2
#£% R. S. Lakshmanan % (2007)3 R. Guntupalli 5 (2007)¢] &7 ¢]&}¥, magnetoelastic B}

ol AIME o]&ste] i 1\15:;01]/\1 S. typhimuiums T=EZ A& 7§_Y+ AE: dAE 10
CFU/ml °olglem, A4 Fag= 159 Hz ol vt Basilh & dAgolA AR dauds9
FoFE 100 Hz2 & o 22 d4dA 574 7tsstdon, A5 TE 9A 7159 vho] 2 AlA

o WMae W o EAY s FEld
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L 71 AEUHES ol 838 FolAM Y Salmonella 3& 23

1.98
1.97
1.96 1
1.95 1
94 r
1.93 1
1.92

0.D. (450 nm)

—— S. lyphimurium
1.91 | | —m— S.entertidis

1.9

Control 3 4 5 6 7 8
Salmonella in Milk (Log CFU/mL)

a9 3.2-24. Detection of Salmonella in Raw Milk by

Spectrophotometer at 450 nm

Spectrophotometer® ©] &3} oA Salmonellas HZE3 A3} Eo|H o7 Salmonellas

A= 5 e (2" 32-24).

AM TA 3 o2 ouyA Hlo]QAAE o
Al gol M S typhimurium< & 7} biotin-avidin methodZE o] &3+ W
A A=7F FMEe AFESE Bk wHA SHAIRAdA Salmonellas: HEE A
Spectrophotometer .t} = %]J]‘:di Hlol @ MM 7} Agsty A EWH AHEHOZE  thiolation
cross-linkerE ©]83 SAM WHo] g&xolgt AztAct T3 /2 Salmonella A% * SAM
WS o]&sto] FAE F’—Xéﬁ}/\]ﬂ A nlo] @ MAE 10° CFU/mIF-E 23571 Z71akdt.

Thiolation cross-linkers <83k
s

3
ko
N
e

o

iy

8. AlFAA 2 Salmonella ] Wgt A= A5 Wl A= Ay

20061 79 m=re] APz Yol A WRARE T AlFAANA Salmonella’t AEH ] A 3]

| Aol ZAskY. 3aE AleAs AYES ARE ARSEEY, o] AES v= 9 iyt

di o A AARE FEEJY FFoIAt whEbA wsr AF ol FE bAoA w AlLEl

A ek A W AR il A71AQl HARAE LA BE vk (FDA, 2006).
<]

2
-

ojgF A S EdRE 2 Al duds npo]l Al E oSt
of °jste HA «d=

L
=
- Agk Ho = Swab WHE 01%0}04 oJuel A npo] 9 AA AZE A

B
A
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>
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Ha vte] el HAE Al Ao Al st W2 5 biotin-avidin methodE ©] 8383t

7}. Salmonella entertidis in Spinach by Swab method

30

28

26

24

Impedance (kQ

22

20

PBS Control 5 7
Salmonella entertidis in Spinach buffer (Log CFU/ml)

1% 3.2-25. Detection of Salmonella entertidis in Spinach with Antibody
immobilization by biotin—avidin method (Food sampling method : Swab &

blocker BSA 1.0%). Error bars represent standard deviations.

L}, Salmonella typhimurium in Spinach by Swab method

22
21
% 20
@
2 19t
©
3
o 18
E
17
16 ‘ ‘ ‘ ‘ ‘
PBS Control 4 5 6 7

Salmonella typhimurium in Spinach (Log CFU/ml)

19 3.2-26. Detection of Salmonella typhimurium in Spinach with Antibody
immobilization by biotin—avidin method (Food sampling method : Swab &

blocker BSA 1.0%). Error bars represent standard deviations.

Auldx Al FWHe| biotin-avidin methodE ©]&3te] Salmonella FAES 1LAZAZ ZF
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Swab method® WA g g Alge] AU~ AETE SAFA

Salmonella®] 2 2F Al&x EHS
EEHEE HFo] Vtestder, AsAE

o T 79 Salmonellas) A
VeSS A FrhE T (19 32725, 26). meEbA 2 AlA AdE sz nho] el
=

o] 259 Salmonella AEANE A4S & Y& Ao AZAFHEARA © 10°

ki
g
3

.}

>

Q,
)
off
ki
N
o|\
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A 34 2% # 4

rt

A7 vUuE SAE Salmonella 2145 A AE 71es Adste], Ao Y FE

LEnstaal skl

2 EdRAA A oM 7 F EAVF Hi= Salmonella A S 5TS A& HES 5 dE oA
@2z vpo] @AM B SAHA RS JfEstlnt. o] & o] &8st AR Fol A Salmonellattg 4l
&3 A& F AEE Samonella Y - A &Y AE RIS FEHHL AR AHHA
74 syt o2 9ate] ke mAE A2 9F AMA TW Salmonella 39 - 3HA
WSAE st Salmonella 2% HES A% AR APAE 7S st on, Ao
T4 SXE g EANS VS JhEesith R Y ds vl AN e HEA TS Yt
Rom HEHLE ARTFAARE dads Asrt epr| b4 A8 5= AlZES 10 & oW
ATh

1. Salmonella &9 + @A W&o W& A7]4 54 W3tE ol &3 vAd=s HE 7

Salmonella 39

% A
o gl Wi, AF% ALt ke AT FAEFol
al

1o,
il
%
=2
R=)
i
ol
2
oo
g
Lot
>
ftd
o)
o
2,
i
v g
jule
=
utt
[>
2
>,
9
>
2
Y
rN
44

Z8 249 AA =43 MEMS 544 ddzxoz A% 7453 da374%

o
gt 7 A= Alole] AP S, =9 FE& 10m= AASFATE AAE Tmx10mm A7 = A A

Kl

Holow, dd-3A Htgo] dojuy= AF9 Zol= 3m=E AT HAH A5 EEES 1lm =
o] AXAHE e AAe MNEE ST F e HHE AAY & AEE 9
SN 2"l FutrEE AR oMo FHE 100Hz <ol 10 Hz, 50 Hz, 100 Hz, 200 Hz,

7]
300 Hz, 400 Hz= 7tel5HAM SAHE = duds 9bes S48k ez #3833 43, 50 Hz

Biotin-avidin 273} WHS AFEgE Jd¥d 2~ o] o AlA o] PBS W I d EAjst= M AF
e Sentertifdis® 7<% 10° CFU/ml,  S.typhimurium® 7% 10" CFU/ml °] 1t}
Biotin-avidin 11783} W3} wpx7tA 2 At ] s=rF S7hgkel whel fduld o] gho]l Frbetod,
Ao 2 vpo] AA ol o] 8k Salmonellatt©] A ZE°] 7Fedhe & o AATH SAM 143t Wy 9
79 biotin-avidin A3} We] nlate] e ww(10° CFU/mDY Alito] EAlstE Azl A%
E2 dyds wstE YERITh



Salmonella %8 Y32 vlo] L AM 7 Salmonellaitol talA o4 AEAHE 714
AE7FE #HF57] Ystke], E coli$t L. mocytogenesES A A 3Fe] Salmonella®] ™3 J3d 2
oA ] Aelde FAATE A% Fx9 E colist TEE T2 3 Salmonella?t A
ANGEI} E colitt EAT=E AlF3AA dydx WsE 43 23 E colitts AEIS W B
ot E. coli7t EAstE A=A Salmonellats AEPS W] A2 gho] ¢ AA FHHIAU
o T3k U9 w29 E coli, L. monocytognes 2 S. typhimurim©] SR8 Al g2 A9 A
W WH3lE :.2*7‘0} A3 Styphimuium® JI)Hx H37F AASHA =St oo = SAM

MG o] gdte] A3 Jdydx vlo| MM E E colist S typhimuriumo] EF AR
typhimuriums %3 23}, biotin—avidin WHel| H3te] @& T Salmonella A&

AEsto] Hoh 2 A9AdE Ad Ao YERH

=

( jur)
rﬂ—‘ -

o

FI A2 vpe] S AIME o] §3to] AFAIRAA Salmonellas 543 29, 2% Als U9 o
Eo osle] dyd A Alsrt F7FsFA T ©] & non-specific binding @A 2, o] FES H YT}
99 blocker BSAZ AEA 2o] srde drlsle] AuEs As

o] Wzl s #AS AT A A7 dFd2 o] QAAE o] §3te] A FAIRNA Salmonellas

=4 Al non-specific bindings &40 & Ad 4 9= blocker BSA &+ 1.0% ©]At}.

S 7] (F7FEA) A Styphimuriume =743 23 Stomacher method X U+E Swab methodE

o]&3te] AAYE ¢ AlgoA wEEH JdIdx 257 F7HE T Biotin-avidin methodE  ©]

g3te] A nARE AR JIYAx wol oMM HE UM FrRE Fare A 10°

CFU/ml oo, A& A AR A AlZbs E3bsto] AA7F A= A9 Ak 7] &

shulo] @ MM Z o] &3] Harr] Wel A Styphimurium< 4 AlZko] 12417kl ST}

(KH. Seo 5, 1999). W&l H A Aits 7)E2] vlo] MM o vla] Tar7|olA Salmonellas
oA A= 5 Urh

i
2
o
o
[N

A aL7)el A S, typhimuriums 5783 23, biotin-avidin method& ©] &3t A E 1A SHA|
71 % stomacher method® Held AlZo|Ae] HZEo] 7k ®%E 100 CFU/ml ol Ath
Thiolation cross-linkerg ©]&3to] A& 137l § Swab methodE ©]&3t] A2 d A
g9 AHFel sbed wEE 100 CFU/Mml olflth  71E9 wAE

SpectrophotometerE ©]43te] Al2E A3 Ax 10° CFU/ml o] oA =Ao] 7} =]
Az AAE A a7]A Salmonellas AE=sted A5 Wd=S ASA A EZ&Adol =5

o},

off N

g3te] H Salmonella 202 A3kl A7 HYH v E o A

A s Hlo] Q MM E o
S. typhimurium% 7Z&3s9t 1% A7 10" - 10° CFU/ml o3l A AZEe] 7bsste] wl$ w7t
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3t AZ&5 o] 125 9 tH(Spectrophotometer s 72384 107 CFU/ml).

S W Salmonella spp.2] Y32~ A5 E =3 23 thiolation cross-linkerE o] -&3le] A
2 aAHFAZ M FAEAE 10° CFU/ml ]2t} Spectrophotometers o] 43le] 7Z&3 7
T FHE AR A8 FH4o] EVFsdd dIds vpo] QA2 = FH o] 7hHs st

AT E 2 vl QMAE o] &3sle] AlFX A S typhimuriums AP oH, AESAE= 10°
CFU/ml o]t} uwpepa] o] oq;!.oﬂ/q 48d JdIdx vlo] L MM E o] &3 Salmonella BEY
Hol A A% o] 99 AaFolAE H=o] 7Heshth

ode A Hlo]Q A S o] &3] ZAFEA A Salmonellas AZE3 A3, 71F9 HAEH< ZEY
AAFHl vl @Az Wol] FA o] Zhsattks Aol Avh B g AF ARolA d9d

[>

vlo] @ A A 2} SpectrophotometerS ©] &3}l SalmonellaS T=E =2 AE3 Ay 7|&£9 &3

[©)
Sl vlste] dvd s vpole Mo AEdd a&dol Uk

!
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M4 & SEEMHdZT 3
A AFEE P FrrARRbH e J474e Ay EERe] G4 W BH ol s
o] 7o®= & 7=
1. EXEAE
T ' @ TF AT ESR a7 WE 2 e
-HAE AE AES AT AAAAY Ve
- AR A A Ee - gt 54 wE duds g4l
Alge vAE HE AAY FgRE A3 AR AMA
A 7)ENE
21 & 9] Salmonella - AVARRES HAstE 9% A=Y st 54 %
A& AE2s A% =3t (pH, 21¥F9 §%)
At A g 71 - A7IHEEY FHAstE fg A= =83 54
F73 (B4, 2%
-HAER AS HAES A 2E 75
nAEe A& HAEE 98 FA =4 g9
- S 21 H AA ALY 23
12 d% -Salmonella A WS&E 4 HH array A4
(2004) 71 Al H A array® prototype®] 7|54 el
95 dyds 5489

4714 €
o] &3 MAE

AE Neng

-Salmonella &# 98 &
<A HEE] AVNEA (I B4

-&A BHSE array A dYEx EA QA
-AdYE A Fo5 2N 3 HYA vAE HE
71 &N

- T BAS F3 vl

o

12414 9] H7]% ]l Rerjet

-Salmonella §°¢]3 GdZE A A=
-FA02 FEH(Fab’) AZ¥HHY FH
-Fab’ 133} 71& &

-BEgg 143 Ve &4

-Fab’ A= #4 2 3LE 4
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2. A7H7Fe] Hery

> 2
2} ok A} o (%)
O HES MAE A% AL AF AdAY /& AL (3H)
- A A%l AEHAET (20)
- AEAES 9% V%0 AAAET (15)
0 A7 HA WHE ol &F MAE AEIE AL (3H)
AR (2004) | - A9 2A71&0] AWAYET} (15) 100
- mAge e W2 UuHs FuAi B oozt
(20)
O Wl FE A BH o P nqsel Jlse] FP=
=71 (30)
O YW~ ZHY VAT PEF 2

o~ =
—
-HAE FE

- e MAES AEs] e de] MdE A= (15)
- AN ADEE #8517t (15)
2 (2005) 19l AEnE aesE et (19 100
O MEMS 7|5 |83 AL HE4A4 W (50)
- ANAY] HAERE SEHFS AT AANFZAEATE o] FolHETt
(25)
- mpolaR Alad FEF 9 AS Alzde] AdEAETE (25)
O U~ Ags F+5 (25)
- AAA AFAEE FAS] A LTS AU} (25)
O MEMS 7S ol &3 "AE A& dE Alz=d A (75
32 = (2006) €% <)% e A% e A e () 100
- Hho] R AlA BT o] FHHUAETE (25
- MEMS AlA 327k A7 - A% =7 (25)
- MEMS AlA AztgA el Sy 3d=7E (25)
O Al AsA3E (100
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