( . 2553)

(Giffel, Meeuwisse, & Jong, 2001)

HACCP (Hazard analysis critical control point)

(Griffith, Davidson, Peters, & Fielding, 1997)

(Kvenberg & Schwalm, 2000)

2.1 (pathogens)

Painter et al. (2013)
17 ( 2.1)
46% 67,709
3,259 1998-2008

Poultry, 179%

Beef, 12%

Fruits
Nuts, 11%

2.1

(Centers for Disease Control and Prevention, 2013c)



Listeria monocytogenes,

Salmonella Typhimurium, Escherichia coli Staphylococcus aureus (
2550)
21.1 (Escherichia coli)

Bacterium  coli 1885
Theodor von Escherich (1857-1911) (£. coli)
(rod-shaped) 1 pm 2 pm 10-40°c

35-37°C ( , 2009)

(pili)
(Enterobacteriaceae) facultative

anaerobe Salmonella, Shigella Yersinia

(opportunistic
pathogen)

6 (coc, 2012)

Enterotoxigenic E. coli (ETEC)
(Heat-stable toxin, ST) (Heat-labile

toxin, LT)

Enteropathogenic E coli (EPEC)

Shiga toxin-producing E coli (STEC), Enterohemorrhagic E coli (EHEC)

Verocytotoxin producing E coli

(hemorrhagic colitis)

Hemolytic Uremic syndrome (HUS)



10 2011
£ colio104:H4 EHEC
£ colio1s7: 7 STEC
Enteroinvasive £ coli (EIEC)

Enteroaggregative £ COli (EAEC)

Diffusely adherent E.coli (DAEC)

Centers for Disease Control and Prevention (2006a)

2006-2013

STEC 0157:1-17 , STEC 026 sprout STEC
0145 , STEC 0121
2.1.2 (Staphylococcus aureus)

1pm
35-40 °c pH 7-7.5
143.3°¢c 9
2-3

( | 2549)



2.1.3 (Salmonella Typhimurium)
.. 2428
Salmon Smith “hog cholera bacillus” Salmonella
choleraesuis
Enterobactiriaceae
facultative anaerobe 0.6x1-3 pm
' 35-37°C ' 8-45°C pH 4-9
1
1
(enteric fevers) Salmonella Typhi
5. Paratyphi A,B C salmonella
5. Entendis . Typhimuriam (septicemia) salmonella
. Choleraesuis
( ,
2549)
2.1.4 (Listeria monocytogenes)
1926 E.G.D. Murray
circling disease
(G , )
L. monocytogenes
1-2 pm
(Bhunia, 2008) 25°c
37°¢ - (
& ., 2553)

(10%)

(pH 4.1-9.6)



(I-45°c¢) L. monocytogenes L. seeligeri

L. ivanovii (hemolytic; (Bhunia, 2008)

L. monocytogenes
Carpentier and Cerf (2011)

L monocytogenes

Listeria spp.
Listeria spp. 6 L. monocytogenes, L. innocua,
L. seeligeri, L. weishimeri, L. ivanovii L. grayi L. monocytogenes
listeriosis L. ivanovii
L. seeligeri L. monocytogenes
L. ivanovii
L. monocytogenes O-antigenic 13
I/2a, 1/2b, I/2c, 3a, 3b, 3¢, 4a, 4b, 4c, 4d, 4e, 4ab 7 98%
1/2a, 1/2 4b 4b L. monocytogenes
ribopattern 3 (lineage)
Lineage |
Lineage I
Lineage 1l
L. monocytogenes
(H antigen) serogroup A, B, C, D E
1970 L. monocytogenes
listeriosis

(gastroenteritis)

20-30%
50% ready-to-eat
100 CFU/25¢g
ready:to-eat 1998-1999
101 15 6 hotdogs 2000

deli meat 30 4 3



2000-2001 (Queso Fresco)
! ! 12 listeriosis 5 North Corolina
2003 2005

deli meat 4b

(Bhunia, 2008) G6mez, Arino, Carraminana, Rota, and Yanguela (2012)

2 (mini roller) L monocytogenes
69 26
31.9% 0.17-2.75 log CFU/cm 2
26.1% 0.28-5.83 log CFU/cm 2

2.1.5

(Frank, 2001)

2151

(Rogers, 1979)

2.15.1.1 (capsules)

acidic

divalent ions (Beveridge & Graham, 1991)



acidic residue uronic, hyaluronic, acetic, pyruvic, glucoronic

glutamic acids (Joklik, Willett, Amos, & Wilfert, 1988; Sutherland, 1985)

Q. . Costerton, Marrie, & Cheng, 1985)
hydrophilic

hydrophobic
hydrophobic (Ofek & Doyle, 1994)
2.1.5.1.2 (fimbriae) (pili)
( 7-11 ) (1-4 ) 0.5-10 pm (Ofek
& Doyle, 1994)
nonpolar side chains hydrophobicity (Corpe, 1980)

2.1.5.1.3 Outer membrane polymers

lipopolysaccharides lipoproteins lipoteichoic acid

lipomannan hydrophobicity (Neu,
1996) (wild type) polysaccharide
lipopolysaccharide (Ofek & Doyle, 1994)
hydrophilic streptococci A

lipoteichoic acid hydrophobic (Neu, 1996;

Wicken, 1980)
enteric Lactobacilli

(Adlerberth et al.,, 1996; Henriksson, Szewzyk, & Conway, 1991)

2.1.5.1.4 layers

layers glycoproteins
Pseudomonas
Aeromonas Bacillus Clostridium (Austin, Stewart, & Muray, 1990; Beveridge &
Graham, 1991) layers electrostatic

hydrophobic interactions (Beveridge & Graham, 1991)



2.15.2
(Neu, 1996)
polysaccharide slimes
slimectins (Ofek & Doyle, 1994)
glycocalyx Serratia marcescens
lipopeptide hydrophilic
hydrophobic (Matsuyama et al, 1992) hydrophobie
2153
Brown and Williams
(1985)
2.1531
Staphylococcus aureus hydrophobic hydrophilic
blood agar hydrophilic
coagulase-negative staphylococci (Malmo, Rozgonyi, Brown,

Hjerten, & Wadstrom, 1987) McEldowney and Fletcher (1986)

Singh and Vincent (1987)

Pseudomonas fluorescens Enterobacter cloacae Flexibacter sp.
hydrophobicity Kim and Frank (1994)
L. monocytogenes tryptic soy broth

peptone



2.15.3.2 stationary phase ( )

phase

stationary phase

hydrophobicity

(Dawson, Humphrey, & Marshall, 1981;
Hermansson, 1984; . Kjelleberg, Humphrey, & Marshall, 1983)
(1977) log phase pseudomonad
(polystyrene) stationary phase
hydrophobicity Salmonella
L. monocytogenes Escherichia coli

(Dickson & Frank, 1993)

stationary

Kjelleberg &

Fletcher

Typhimurium,

2.2 (Biofilm)
, 1
(Extracellular polymeric substances EPS)
(Biofilm)
(J.w. Costerton et al.,

1987)
221
2211 2

2 (Marshall, stout, & Mitchell, 1971)



(extracellular material)

3 (Busscher & Weerkamp, 1987)

long-range force

long-range force electrostatic interaction

15

Long-range forces electrostatic van der

forces hydrophobic interactions

Hydrophobic interactions

Hydrophobic interactions
Rosenberg and Kjelleberg (1987)

7 Hydrophobic

Waals forces

interactive chromatography (HIC),

50

20

short-range

hydrophobicity

Bacteria

adhesion to hydrocarbons (BATH), Salting-out aggregation test 3

Adhesion to polystyrene, The

specific for hydrophobic surface components,

use

of molecular probe

Determination of contact angles

two-phase partitioning Gilbert, Evans, Evans, Duguid, and Brown (1991)

hydrophobicity E coU epidermidis
epidermidis E coli mafu, Roy, Goulet, and Savoie
(1991) hydrophobicity L. monocytogenes 22 strains
hydrophilic (free energy)
" hydrophobicity
Paul and Jeffrey (1985) proteolytic
enzymes hydrophobicity Vibrio proteolytica
hydrophobicity 1



13

hydrophobidty

Conditioning film

conditioning film

, hydrophobidty (Garrett, Bhakoo, & Zhang, 2008)
hydrophobidty 3 Chmielewski and
Frank (2003) hydrophilic (
) hydrophobic ( s )
2.2.1.2

(microcolony)

(Poulsen, 1999)

2.2.1.3 )

2.2.2 )

) (Chaturongkasumrit,
Takahashi, Keeratipibul, Kuda, & Kimura, 2011)

) Listeria monocytogenes



15°c

"

Stepanovic’, c¢c" irkovic’,

Salmonella spp.

Salmonella spp.
) L. monocytogenes

heart infusion broth)

Hyde, Alberg, and Smith (1997)

(
(Klebsiella pneumonia, Salmonella choleraisuis

contact angle

(18MP) peptone water 0.1%
106 cell/m| contact angle
hydrophobidty contact angle
angle contact angle 41.5, 101.3,
contact angle 3255+—8515
contact angle
26.8

hydrophobic

Ranin,

14

and Vlahovic (2004)

L. monocytogenes

(tryptic soy broth

(brain

316

Escherichia coli)

contact

98.5-101.8 38.5

87.8-96.5 29.5

36.3, 87.3, 85.3-93.8

contact angle

contact angle

15-20

atomic force

microscopy 200x

carbonyl hydroxyl

microscopy

contact angle

scanning electron

(ionic bonding



15

van der Waals)

2.3 (food contact surfaces)
2 (open)
(closed) (primary pipework)
(conveyors)
- (solid-liquid
interface) (attachment) (colonization)

- (solid-air)

- - (solid-liquid-air)

(dehydration)

) (

) (Verran, Airey, Packer, & Whitehead, 2008)

2.3.1 (stainless steel)

. 10.5%

(chromium oxide film :Cr02 passive film)



Association)

70

27

60

(Austenitic)

16

(Ferritic)

(Martensitic)

12 -14

0.1-1

(Duplex)

19 28

(Thai Stainless Steel

300

0.15

0.2-1

16

Development

10.5-



17-4
17 4

2.3.2 (polyesterurethane)

(polyesterurethane)

(polyester polyurethane)

(Chaturongkasumrit et al.,, 2011)

17

2.4
(Holah, 1992)
(cross-contamination)
(Bhunia, 2008)
HACCP
(Legnani, Leoni, Berveglieri, Mirolo, & Alvaro, 2004)

(hygiene
swabs) (sponges) (gauze) (polyurethane
foam)

2.4.1 (hygiene swabs)

(cleaning)
(disinfection)

(cotton)

(rayon)
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(polyester) (coton-alginate) (Dacron)

(diluent)

(calcium alginate swab)

(sodium hexametaphosphate)

(Clemons, 2010)

(fiber) 2
( 2.2)
(cotton) ( 44 4%
6.2% 49.4%) anhydro-d-glucose (C6H 100 5)
2.1 (-OH) 3
( , 2543)
(rayon) (polyester)
(nylon) (acetate) 3
(
2004) 2.1
H OH
HO H H
OH H
H Oi
H O :
CH:,OH
2.2 ( , 2543)
2.4.2 (cellulose sponge)

L monocytogenes E coli 0157:H7 (Lindblad, 2007)
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Biocide-free (3M

Thailand, 2557) ( 2.2)

2.4.3 (gauze)
( 2.2)
B v "-
2.3 (A) (B) 3M (C) (3M Thailand, 2557)
2. 1 (

2543)



2.4.4 (polyurethane foam)
(polyurethane, PUR) (thermoset)
(polyurethane, PUR)
(polyol) (polyisocyanate)
2.4 2
(polyester)
(polyester polyurethane) (polyether)

(polyether polyurethane) (Akutsu et al., 1998)
(foaming agent)

( , 2552)

(Polyisocyanate) (Polyol)
NOCN-R'-NCO + nHO-R-OH
‘condensation

Urethane bond

2. 4 (PUR) (Akutsu, Kambe, Nomura, & Nakahara, 1998)

2.4.5

Food and Drug Administration
10 cm X 10 cm

30 cm X 30 cm

10

2.6

2. 5 (A) (B)

(3M Thailand, 2557)

20

2.5



LTTLYETTET

2. 6 (A) (8)

Thailand, 2557)

2.4.6

Rose et al. (2004)

) Bacillus anthracis
4 (cotton) (polyester)
(macrofoam)
Bacillus anthracis log 5 CFU/mI 100 pi

phosphate-buffered saline

(PBST) 5 ml vortex
91.7 (p<0.05)
4 304
5 log CFU/mI 500 pi
(14.3%)
vortex sonication
agitation) vortex
43.6%, 41.7%, 9.9% 11.5%

Bacillus anthracis

vortex 43.6%

Pearce and Bolton (2005)

excision , (polyurethane (PU)
acetate sponge) 2
2 4
1 5 cm2 ( 5 mm)
bag) 2
1
(maximum recovery diluent, MRD) 10 ml
100 cm 2 10 1
2

2

Enterobacteriaceae

(rayon)

tween

83.8%

0

sponge

80 0.4%

93.9, 93.4

(4.4%)

(minimal

cellulose

excision

(stomacher



MRD 100 ml stomacher
pour plates technique (violet
red bile glucose agar, VRBGA)
PU sponge excision cellulose acetate
sponge 2 excision
sponge
Enterobacteriaceae excision
100 cm 2 excision
5cm2 Gill and Jones (2000)
Moore and Griffith (2007)
(wetting solution) (5. aureus E coU)
100 pi ( 1000 CFU) wetting solution (
11 ) vortex 20 pour plates
technique 30°c 48
4°c 6 24 letheen broth

buffered peptone water

(p<0.05) 1.5 log 6.5 log
6 24 E coU 5. aureus
6 1.67 log 0.99 log
E cou 5. aureus 24
6.17 log 4.02 log 4°c
24
5 (cyto-brush-textured spatula

cyto-brush-textured swab rayon-tipped swab Dacron-tipped swab

cotton-tipped swab)

5 2 x 104 CFU/mI
5 ml 5 10 vortex 20
pour plates technique
20 pi (5xI03CFU) wetting solution
10 ml vortex 20
cotton swab (2.03 @) cyto-brush-textured spatula (2.07 g)

cotton swab
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rayon swab E coli 5. aureus
1.18 - 1.59 8§ CFU/mI 2.03 - 2.27 log CFU/mI

brush-textured swab/spatula

cotton swab
5 cm X 5 cm
12.5 |_ 1( 10 5 1045 103)
wetting solution (zig-zag
pattern) 20
1 10 ml
vortex 20
E coli 55 - 77%
cotton swab (74.56%) cyto-brush-textured spatula (64.69%) rayon swab
(60.63%) Dacron swab (54.99%) cyto-brush-textured swab (54.77%)
31 - 84% cotton swab (64.54%) cyto-brush-
textured spatula (28.42%) rayon swab (27.27%) cyto-brush-textured swab (10.63%)
Dacron swab (9.93%) .aureus
cotton swab (74.56%) cyto-brush-textured spatula
(64.69%) rayon swab (60.63%) Dacron swab (54.99%) cyto-brush-textured swab
(54.77%) cotton swab (74.97%) rayon swab
(58.94%) cyto-brush-textured swab (56.79%) cyto-brush-textured spatula (52.09%)

Dacron swab (40.06%)

wetting

solution

cyto-brush-textured swab
Van Florn et al. (2008) 3 ESwab ( , Copan
Diagnostics, Murrieta, CA) MaxV ( , Becton Dickinson, Sparks, MD) BactiSwab
( , Remel, Lenexa, KS) (aerobe anaerobe)

(3 -6 log CFU/mI) 100 pi 15 0

15 MaxV BactiSwab

roll-plate method
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60 ( )
ESwab Amies transport ( )
vortex 5 spread plates technique
aerobe anaerobe ESwab
60.5-85.5% 45.9-87.0% MaxV BactiSwab
aerobe 4.2-7.5 5.6-14.6
anaerobe 4.2-9.8% 7.0-13.3%
ESwab vortex
MaxV BactiSwab roll-plate technique
Clemons (2010) 4 2
Listeria monocytogenes Brochothrix thermophacta 4

Microbial-Vac system (MV) 1 cellulose sponge (SP), polyester swab ( )

composite tissue (CT) 5
open hinge flat top belt conveyor mesh conveyor belt L. monocytogenes
2 (10 CFU/900 cm?2) (100
CFU/900 cm?2) 20 4°c
MV SP
cT L. monocytogenes
) (p>0.05) MV CT
L. monocytogenes — (p<0.05)
62.97% 17.34% (p=0.0086) MV
L. monocytogenes cT spP
MV L. monocytogenes open hinge flat top belt
conveyor Sp (p=0.0004) 8. thermophacta
10,000 CFU/surface 25 cm?2
20 4°c
8. thermophacta
MV
8. thermophacta 4.29 log CFU/25cm2 Sp

CT 4.12 3.25 log CFU/25cm 2
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