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Abstract

The effect of combined ozonation and UV-C treatment as well as their individual effects were
investigated to compare their microbial inactivation efficacies on a model liquid food containing caramel
color and salt. A batch-type prototype of the O,-UV combination treatment was constructed with a
circulation flow rate of 5 L/min and equipped with an O, gas generator (with a constant flow rate of 2.0
L/min) and a 4 UV-C lamp pasteurizer at the wavelength of 254 nm capable of adjusting two UV-C fluencies
(i.e., 1.44 and 2.88 kJ/mz). The selected model microorganism was Escherichia coli DMST 4609. Salt
concentration was varied at 1, 10 and 20% (w/v) and caramel color was used to adjust the absorbance of the
model solution (at 0.03, 0.06 and 0.13% caramel, which are equivalent to the absorbance for 0.25, 0.50,
1.00 OD,s,..» respectively). DI water was used as a control sample. In the case of DI water treatment, UV-
C pasteurization was the most effective treatment as evidenced from the fast E. coli reduction, achieving
more than 7 log reduction within 2.5 min. E. coli inactivation by ozonation was rather steady and slow
comparing to the UV treatment; only 4.7 log reduction in 30 min. The combined treatment was able to
improve the slow initial microbial reduction via UV but the O, fine gas bubbles nevertheless hindered the
UV-C light penetration ability, resulting in significantly sluggish microbial reduction than the UV-C
treatment alone. Salt content in the model solution increased the level of soluble solids and affected the
efficacy of the UV-C, O, and the combined systems. While the effectiveness of the UV-C treatment depends
on the transmittance of UV-C in the model solution, the ozonation was very sensitive to the salt
concentration, which highly affected the ozone solubility and microbial inactivation. The effect of caramel
color addition was two-fold. White it clearly altered the UV-C light transmission in the opaque solution, the
caramel dissolution also changed the total soluble solids content of the solution; the effectiveness of UV-C
treatment was significantly compromised and the high soluble solids also had a negative impact on the O,
solubility, rendering ozonation less effective. A response surface analysis was performed to evaluate the
interaction of caramel color and salt. When both interferences were present, the benefits of combined
ozonation and UV-C treatment became apparent. The combined treatment outperformed the individual
treatment where the ozonation was the least effective and the UV-C treatment offered only mediocre

microbial reduction. The combined treatment utilizing beneficial characteristics of the two technologies



VI

would improve the E. coli inactivation by increasing the contact time. The individual and combined effects
of these AOPs set the generated OHe level and consequently the degree of microbial destruction. Both O,or
UV-C alone were ineffective. The H,O, mist resulted in some E. coli/coliform inactivation that was varied
with concentration. 4. niger was more susceptible to H,O, mist than E. coli/coliform. Photocatalyzing with
UV-C light did not significantly improve the E. coli/coliform inactivation with the H,O, mist. Substantial
inactivation of A. niger was achieved with 1% H,O, concentration. Complete annihilation of 4. niger was
achieved with 10-min fumigation of H,O,; however, 2-min fumigation was adequate with the addition of
UV-C photocatalysis. This result illustrated that UV-C activation of H,O, mists (combined UV-C activation
and H,0, mists) generates powerful oxidation of OHe. O, of H,0, mists most improved its efficacy for E.
coli/coliform inactivation compared to the other treatments. Adding O, to the 5% H,O, mists applied for 8
min was able to completely destroy E. coli/coliform. O, also enhanced the destruction of 4. niger. When
H,0,/ UV-C/O, activations were combined, the reduction of E. coli/coliform was accelerated at all
concentrations of H,O,. A 4-fold reduction in the fumigation time was still effective for bacterial
disinfection. At 5% H,0O, treatment, the fumigation time was reduced from 8 to less than 2 min. The
application of combined O, and UV-C treatment totally disinfected both bacteria and mold with just 1%
H,O, mist. Hence, it is possible to use a minimal H,O, concentration, making residual chemical from this

combined scheme minimally toxic due to rapid disappearance of the highly unstable free radicals.

Key words: Escherichia coli/coliform, Advanced oxidation processes, UV radiation, Ozone, Brine solution

and caramel color / Hydrogen peroxide solution
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at a wavelength of 264 nm.
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2.6.4.5 M3 ¥ 1o Tsurvaamitelu Cooling Tower dmTuAToalsuomevuia lvajiioldaul

(% [

a 1 a 1 1 I o A Y Aa A
HIUN i]$LﬂﬂﬁTWi”lfJ‘UiL’Jmﬁﬁuﬂigﬂﬂﬂﬁﬁﬂ L‘IJ‘L!?f”lLﬁﬂﬁ?ﬂﬂmﬂﬂﬁﬂizﬁﬂ‘ﬁﬂ”lwﬂluf‘l”li

o

szeaNuTeudas mamsgdedszansawlumsiiueims

9 o A 9 a v A 9 ?:’ = 1 [
2.6.4.6 M3 1410 lyuivanau Mmaibuaz Tavzmin 1 laaninde 159ugad NI TUA1 15U

A '

a a I ~
Tsanuwangs Tssnunaaemisnseilos uag Tssauondou Wudu 175msae Raviu

901 = k) ' Y A = %’ A A a A oA
ToTwuaslilwings udrlasslianazneu vsemsviaa luindenunnaissunssnasay

E4
Tushuagensuviuase
VR d
2.6.5 nalnlumsdugsgaunsdveslolau

143 1976 assnsinilesdaadeunrisansgeniini (U.S. Environmental Protection Agency, U.S.EPA)

a

1 v 4’4’ a ~ Y .. . o [ Y 1 dy
WU O, ﬁWNWiﬂle%@ﬂqﬁuﬂiﬂqﬂ (Antimicrobial agent) uazimmmmﬂaaﬂnﬂumﬂﬁvq HUPDIA

q

E4 1 % 1 v a
uviselui 1@ (USEPA, 1999) 5wiRedniesnn1so1msiazeuneanigeniing (United states food
.. . 1 Y 1 dy a a J = o Y
and drug administration U.S.FDA) #ou5ums e 0, lumsainreyaunsduazinnulasanslunsly
AUBINIT 2 81115 (Food additive agent) (U.S.FDA, 2001) #aoadus181umsans1 lag U.S.EPA 111l

"3 A (% Y 9 = a A o dy
2007 WuH1 1o Ty (Ozonated water) NTZAUANUILNIU 6-10 ppm HiszanTmnlumsaadiuiumo



4
wuANISe  Bacillus atrophaeus, Staphylococcus epidermidis 1azl¥e31 Rhodotorula mucilaginosa,
Y H v
Penicillium brevicompactum Na¥ianasates 1duas liadaaesld 99.99% lunar 24 ¥1Tuq

(U.S.EPA, 2007)

= = 1 | S A = 2 =
ﬂ'lﬁﬁﬂ‘]&l'l!ﬂ%f]ﬂl‘ﬂflﬂﬂﬁ"ﬂ@\? 03 ﬁ@ﬂ')'lﬂ@gif]ﬂ"]]ﬂﬂllﬂﬂ‘ﬂﬁﬂ Escherichia coli Tﬂmﬂ?ﬂumfmﬂumimu
d‘d wa 1 dy .. d‘a FY 1 dy IS W=} 1 %’ o dy a A
NUFUUANUYD (Disinfectant) WH8M1T1Uﬂ1§m1L‘H@LLUﬂ1’IL§ﬂ WU'J']H']I@T"HH“VI']a']EJLG]fﬂl!‘Uﬂﬂliﬂ E.

Y 1 = . [ . .o 9 a aan a

coli 199N1AADIY (Chlorine) nazseaoansilrlean (Ultraviolet radiation) ﬂ’JEJmiLﬂﬂ‘]J;]ﬂiEﬂﬂﬂﬂ%

J o A 9 4 Aan A £ = ' A v s A A Y < o 9 A
WP UNUVIDHNIFAQAVOILUANLITY Nﬂﬂﬁjﬂﬂ"lﬁ\lN']U!fl@ﬁllLclfﬁﬁﬂl@ﬂllﬂﬂﬂﬁﬂqﬂﬂﬂ'mi'lﬂlﬁj TITGlﬂLEl@
Y s a wa g A A ' a '3 3 ' Y 7 A A
Tjﬂl%ﬁaqtylﬁﬂﬁuﬂﬂﬂ'lﬁl,ﬂul,ﬂ@l,ﬁ'E]ﬂNTLl Lﬁﬂﬁllﬁ]ﬁf_lﬁ'liu'lllﬁgﬁ'\iWaiﬂl‘ﬂfﬁallﬂﬂﬂﬁﬂllﬁﬂiu%f;fﬂ

(Osmotic bursting) sa‘fauaﬂﬂugﬂﬁ 4.5 (Cho et al., 2010)

Chlorine Dioxide UV irradiation

H 1 [ 4 4
gﬂﬁ 2.5 NIWD1Y Transmission electron microscope (TEM) uam53ﬂﬂﬂm%ﬂamwmmg%ﬁ'uwaa

HuANITY E. coli MMNHAVI O, (¢) fFoutNeunuesiall chlorine (b), chlorine dioxide (d), UV

irradiation (e), 1AZNQUAILAN (a)

! aol o 3 a g’; a {
Murray tazang (2008) Wi le lsuawsoate laialdvateriia fesiianligeiy (Enveloped

viruses) ALY ﬁﬂﬁ"lﬁﬁqaﬁ'u (Non-enveloped viruses) 1aun herpes simplex virus type-1, vaccinia virus,
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9
adenovirus type-2, L481% influenza A virus H9NIINUU Thabet aZAMUL (2007) INUIN O, LRERER NIRRT

VI,GUI"IJ?N‘WEH% Schistosomiasis mansoni blu‘l/ilﬂ@a]}

D) P P2 Z . . o = .
ﬂ'lﬁi%ﬂﬁ%TfJ%u‘ﬂ'NﬂWﬁL!Wﬂ‘t’Jle!‘] UY Oizumi LAZAUE (1998) ﬂWﬂWﬁﬁﬂBWiuﬁaﬂﬂﬂﬂaﬂﬁ (In vitro)
< & 3 o '
uaasliiuanuniiull 18 lums i Te Teusnnuazeiaiu Celiberti tazame (2006) WUIAT 1%
%,l o T ' A Qy 1
uﬂeiﬂvummmﬁzmﬂﬁu"lumwaclm ﬂﬂﬁWﬁLﬂaﬂUﬁu (Enamel) ARDAIUAUNTINUYDITUNIU
H [ a oA o 1 501 Q‘{
denture alloy 119 u%091)10 (Suzuki et al., 1999) nsnaasslueslfiiamsdamuinirle Teuligns
4
AFBLUANISY Streptococcus. mutans, methicillin-resistant Staphylococcus aureus (MRSA), (18 Candida
9
albicans 1182119 Biofilms Yo u¥euuAfize Legionella pneumophila, Mycobacterium spp., Pseudomonas
aeruginosa, 0% Candida spp. 14 (Arita et al., 2005; Murakami et al., 2002; Estrela et al., 2006) Tae i
1 1 k4 . . ] o 9y %
TINANDLYAA Epithelial Glu%mﬂmmmmgyﬂ (Huth et al., 2006) Baysan ttagame (2000) 19191 7o Ty

9 v ;4
Gl‘L!ﬂWi‘I’W]ﬂﬂiiﬂJ‘l/]'l\‘lTluﬁﬂiiiJW‘]J'J'lﬁ'ﬂﬂiﬂEJ‘]JfJ\‘Iﬂ'liLi]iilluLWNihu'JueUﬂQL%@LLUﬂﬁSSUiL?ﬂJU1@LLWﬁ

[ 4 Y
M1fFe aamsaaouuaiissvouiiofunienadld (Rickard et al., 2004)

Y
Tagna lnmsshaeoranetuld 2 anvae edrusnae TuanavesTe Tswd lvkgnsen Taeas ey
A A ' J a A J . = (g A o a
darsaiinegluadyaunsd (Hunt Az Marinas, 1997) asdNaNyuzAD oYYadINA1NDeIY (free
3 @ o a o o 1 1 4
radical-mediated) 1ud911a18 3101398 Taeng ldwudn Teloulinademadivuusy e
g o s a ¢ o 7 a v o g ¢
Tawaradu Tusau nagguves lviuluwadyaunid il lsauluwadinansiuauiudou wad

Y
(9% 1 o . J o
uan v1easanudnTeleuazid1vinarsseuuniele (Respiratory system) Y0415ad AaoAIUTiIATY

<3 o w o = J = o 4
L’E)uhl“]fll‘ﬂﬁW ﬂﬂumimswwmmmaa uaz”lummmiai%u%mam DNA 11ag RNA vadlgaa

Y Y
I’E]T‘Slfut’fnﬂ‘ii‘lfJ“]JENﬂTiLi]‘iimeIﬁGU@QL!UﬂﬁL ﬂqﬁﬂﬂllﬂiﬂﬂﬁﬂllagllﬂiﬂaﬂ (Restaino et al., 1995)

¥
& A =

% ] = Y Y a A ] ,3 ISu=1 dy [ Y
FIUMITTNUITONUBDLLUANL Elllﬂﬂ’w “]Ji%ﬁ‘l/l‘ﬁﬂTINGI,uﬂﬁ“lﬂL“])'f]mJﬂﬂliﬂﬂlf)di@jcﬂuﬂlUfJQﬂUﬂ’ﬂN
CY o =

Yy 9 A o = A g X X '
L“lJiJGULlGU@QI@IGBu FEYSINNTUNTNULIEDLUUANLTYUASTNIN pH MY UNTAVDIDIMITAYUFOIS B

9 Y
1 To Twusinyounnnise laauy (Kim et al., 1999a; Khadre et al., 2001)

a A 1% Aa v o » A a A ¢
2.6.6 E)‘V]ﬁWﬂ‘llE]\‘iﬁﬂ1W!nﬂﬁﬂﬂJ°ﬂNNﬁﬂﬂﬂ1§ﬂUﬂQ!‘Uﬁl§ﬁHﬂ§ﬂﬂl9\‘iiﬂi"m’!

b4
Y "o

dy o A Y o =R =K @ g‘/ a =g dy
ﬂﬁuﬂﬁ] EWW]’f]\?ﬂ’luﬂﬂ\iﬂﬂ'lllﬁ'lll'ﬁﬂcluﬂ’]ﬁﬂﬂﬂﬁﬂﬁuﬂﬁﬂm@ﬂiﬂi%uﬂlu@gﬂﬂ
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2.6.6.1 QU

A S g = o q ¥ Yt a8 a &
gurigiueseMseurenanatinaiin 1 le lauazarwlaa Uszansamlumsanior:

P4
=<

= [ % Y1 Lﬂ' a da!
gy luvagRednu e Tsuazaaisdi Iadeiogungiigaa
I ]
2.6.6.2 ANMYUNTAAN
=\ v A g A ~ I 1 a (%
To Tyuaz IanuAIdunuuInUu e pH anas 7 pH iiluarsazinamsaateaivesle oy la

] 2 a A R a S J 2 A ' <
Ny Yszansmmlumsnnwegaunidvedlo lsuazgavy oog luanizilunsa

A

2
2.6.6.3 ANUFUTUNNT

9
o v @

Aa A 1 dy a A J dg! 9 g‘; = dﬂl [ 4
YszanTamlumsanyogaunsdved 1o Tyuazgaunun1o s uulnINFUTUANT e A9y
A ~ o ' A o
91111301 A, geazlinnw TanuTe Taumnnaieinsiil A, i
) 2 A
2.6.6.4 ANUADIN1TVU049 1o o1 1U014115 1089190
~ g dy aAa ~ o Y Y
Tuanmitesimeureldunsdasge ANAeIN15 1o 19U (ozone demand) vz gean l1ildae
Aa A ] dy a =4 1 A = 9
UszansamlumsanreaunidvesTo Txuazanas ualugnmi lulinnudesnisves

¥ Y
To 14U (ozone demand - free) 1o Ixuagannsnainyoraunsd launiu

a ~

v = X P
2.6.6.5 ﬂ’JﬂJﬁHJﬁﬂ"lJENIE]Tclfuclumil,"lnmlflf’ﬁli;auﬂ i)

A do

dy a I 1 9 a a [] 49’ 19
DUBVIAUNTY ‘]J@]’JUJ‘L!ﬂfqlllﬂi’)uﬂizﬁVI‘ﬁﬂTWﬂli’NTi’)T%’uﬂluﬂ”li%ﬂl%i’)ﬂ%ﬁﬂﬁﬁ AN

¥ a A I @ ] o . ] ¥ v g Y
l,glﬂfif]i]l UNTYUNITNTIEVIIAIDDNN LYY N1TNT Ultrasonic treatment Taimuﬂgmn%mmuu%
A
U

NeVY

2.6.7 35m39 Helylumswanlelasu
4 ~ ~ o o g o a ' A R Aa o
1199910 O, l@desdeluul Ifuvraaednduilumayesndou lade Ta5933a (Half-life) 12 %2 Ta9
! Bol . 1
luns5019 (Horvath et al., 1985) tazifiod 20-30 W1iMInaza1eog 1111 (Kim et al., 2003) #30na1

Y 9 = 9 ~ I o Y < 1 L4 o A
llﬂ')’lﬂ’lﬁslﬂf O, UliJiJﬂ’li@lﬂﬂ’l\?ﬂﬂ$L‘]Juf]u@]i’lﬂiﬂ q a8 ﬂi$MUﬂ@1MWU31ﬁ1ﬂu1§HEJ‘Vinl%ifu o,n

[ Y Y o o Y a A = A Y ~
FLAUANVANIUAT (0.1 ppm) Tlelﬁix‘U‘]JVINMH‘VHEJ%]SW‘IWL?‘I’EN, ‘]J’Jﬂﬂi“lelz, ﬂ’c‘lullﬁ, LUAagDUIYU

= (% 9

; - y
18 wSennldsufiszaunududug (> 6 ppm) 3z1Aan1121oADINIT (Pulmonary edema) 18

1 < [} o 3 [ H
(Horvath et al., 1985) dawalimsaine o, uazinu 13e liaunsaild Sedesadaviu o unashoz 19

a v A ax

s 33manienlslumsnan To TauluTagiiui 4 35 (Barlow, 1994)

Q



2.6.7.1 Corona Discharge

3 AaA o ] a 9 [ v J o
Hudsiasesmaia o, amdsingmsiirilusssuanalasldnszua i anuandndgaiiae
Tutanaves 0,187 qaﬂ‘waNmeaﬂaaqmmaa”lmﬂﬂmﬁumﬂumm Tuanadendnudase1d

a

Y H ] [
flu o, lufiga F3Hdeulduniigaiiosnindunudwazadie o, 1innaneluns 19use Tondis

9
N33R
2.6.7.2. UV radiation

3 AaA o a 1 A Yo A A 2’1 A & =\
WUIT1909n151NA O, 1uﬁiiu%1ﬂﬂﬁnﬂ@1%ﬁﬂﬁ uv ﬂ’JTJJfJTJﬂauﬁuTﬂEJ IRNIEN 254 nm HBISY

o { o q ¥ ' Y 3 &  a a Y] ¥ Y, 1
waqqmumwaﬁﬁ]wﬂﬂmaqamm O2 hlmﬁ%ﬂihlmﬂuilllﬁQﬁ@ﬁ]ﬂ%t%ﬂ@ﬁiglm’ﬁﬂﬁﬂﬂ O3 Ulﬂﬁlﬁll

2 HEAT

an

Aoy a vy J
FUY ‘Ll AUFIAEHDN O, hlﬂu’f)ﬂﬂ’lﬂ

— ELECTRODE

—— DIELECTRIC
02 ) DIS%HS,RGE » 03

—— ELECTRODE

; HEAT

ﬂﬁ 2.6 UNUANUEAINTEUIUMTAS O, #1833 Corona Discharge

2.6.7.3. Electrolysis
9
FriimTaoldnszua i 3adudni i aauzsluve unad (Electrolyte) 151 1 wie H, SO, 7%

flszansamlumsnan o, Wadidesmsmsiiannse

2.6.7.4. Radiochemical

v [ I 1 [ 4 I A { a =
Tdesnuiuaied (Radioactive) 1l uuvasndsauiensn Tuana 0, Wuisanaa o, 1dSuauin

AunuaadelinInuguauasaisnane
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Y A o \J (% v =
2.7 mﬂﬂmmmimamimnmzmngmaziaimu

A J

9 Y Y
Tumsshauswnuszniegivaz Telsudwwaliiasulsz@nsamlumsdususegaunisdasae lail

2.7.1 Usz@ansammsmIavesnszuIums 0,/ UV :unuinaziilszansnmganimsman
a ' v A A .. 2 1 1%
msmmmwmTahuuazﬁﬁg’smEJ’J (Prado and Esplugas, 1999) YU1AUDIND synergistic HIANA1INY

Y F H
Tvuegnuasuilounitauls (Prado 1az Esplugas, 1999)

=

Y
2.7.2 NIEUYIUMT O,/ UV i'nJﬂ'LliJ1J3$ﬁﬂ‘ﬁﬂ']WiJ']ﬂ%UiUﬂ']ﬁﬁ%WQﬂHHaqaﬂiﬂﬂcﬁaNTﬂﬂQW
= v A 99 9 9 a o A o a £
NITUIUNT H,0,/ UV %iauﬂu!,waslwmmLmuﬂluﬂlﬁ)maﬂmﬁ]ummu !u@\‘li]’lﬂﬁllﬂigﬁﬂﬁﬂ’li
A ~ A 1 ' = Y 3 1o & 9y
amaum@ﬂmaqa%q 0, N 254 LﬂquJ@ﬁ UANWINNNTDIUNIUBY H,0, Glfﬂl,l,ﬁﬂﬂwmumm!ﬂumﬂ
o o

= 9 a oA A A Y a o v o o
llﬂ')’lllﬁlllﬂ]@\?ﬁ\iﬁg Gl’]ﬂ'ﬂﬁi@ﬂ%iﬂm H202 ‘V]gﬂﬂ')’]LW@ai’N@‘lslHahlaﬂiﬂﬂ%alﬂﬂﬂﬂuﬁ’lﬂiﬂ

AFTUIUMITNITDIY (Glaze et al., 1987)
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UNN 3

ﬁﬂQﬂﬂiﬂ! HAZMIAVHUUNIUIY

I5mMsnaassvesnIdemiaeamily 2 aiu

= = a a A A
1. ﬂTﬁﬁﬂ‘]sﬂlla$Llﬁﬂﬂlﬂﬂﬂﬂi$ﬁﬂ‘ﬁﬂ1WﬂWiaﬂ%11&’31&1%@%au‘ﬂﬁt’lﬂlﬂiﬂWﬁi%T@T“ﬁu 0, g3-c1

[

(UV-C) tag To TusamnugI-& (O, with UV-C) Tunuusiassveunadrniidmsunanazinge
3 4 Y A Y = A o Aa [ =\
Huesdisznov Tasldinsesdunuunyuiouveuradionsims lva 5 aasaoui

= ~ a a a o g}; a a
2. msanywazfieuieumnanazestoyyadase leasondalumsdugimssyay Taves
s I {
nuadiizenazs Taems e lalasmunlesoon lad (1,0,) ToTau (0,) nazrasagd (UV-C) ¢

SELAUANVTUIUAII

2 ad a I 1 ' v 1 ;
51ﬂﬁ%!i’]ﬂﬂT.Iﬁﬂ1§3!ﬂ51$ﬂ‘lu!!ﬂa$ﬁiu!!ﬁﬂﬂﬂﬁﬂiﬂﬂu

a o L a d
1. msfAnymazSeuieulszanimmmsaadnnusegdunidvesmsiFleleu (0,) g3-3 (UV-C)

P
(4 A [

)
Hasa ansAouIN ARALATOINHA

uazTelausuAueI-& (0, with UV-C) lunmuudraesveavadiifidgmsuanazinaeiiuesiilszneu
Av o 1 A 9 = A o
NuItesInanlaaiesdunuuryuiouveunalnonsing |

ToTwuazA1unuens 1M Inaved To Tsui 2 Gasaouil tazrasagINaueIAAY 254 U1 TuwAs

A Yo 4 A o Y dy A @ 1

ATRIE ) ummmmmmwmauma w4 vaea neiSinauagiimudh 1 ludesaveanian

d’ o = = o A a 1 o o g

NazMMsANET 2 52AUAD 1.44 LAz 2.88 N laganansunas imstaesmsdudleulumsazare
A = ] . o o 9y 9 ]

NABLATATAZABAAITUNANIY E. coli TaallTuszavanuduiuvesasazatsmnaniy 1, 10 tag

v
=

20% (w/v) HAZANUTUIUYBIATAZAEFAITUNANTEAU 0.03, 0.06, 1AE 0.13% (w/v) 1ieilasua

% A A 1 A Y I o w g}/ dy 9 90}

MIQATUYI-F 1uFI9AINe1IAAY 405 W1 Tuas 1Ty 0.25, 0.50, uag 1.00 a1y Nt lHin
I % 1 4 = Y] { = =

Us1e91n lesswiludrednaruquiionSeuisununan 1d lunsdlvesasazarodaisuuanay

A = a 4 [ dy
RFGHGREIGR] Iﬂﬂima&@ﬂﬂﬂﬁ’uﬂﬁ%ﬁuﬁﬂﬂﬂﬁ@@qﬂu

A AHq Y
1.1 uuanizen 1% lumsnaaed

- Escherichia coli DMST 4609

A oA o
1.21A50vi091/nTal
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- 1AT9I%4 0.0001 g (Metter Toledo Model AG204, Switzerland)
- IAT99%9 0.01 g (Metter Toledo Model GG4002 - S, Switzerland)

) & .
- Sﬂ‘ﬂﬁ@ﬂlﬂfﬂ (DWYER Series 0325, USA)

e

ARG (New Brunwick Scientific, Enfield, CT)

1
oAt

—
=

W 4°C (Hitachi 35S 1, Japan)

EEQ £3Q

1 (Memmert Model ULMS500, Japan )

©
=N~

A% (Becthai and Hirayama Model HA300D, Japan)

=
pamd

®
- Microplate reader (M965, Metertech, Taiwan)

- 96 — well flat bottom microplate (Corning, Tewksbury, MA)

- 96-well U-bottomed polypropylene plate (Nunc, Rochester, NY, USA)
- Multichannel pipette (Biohit, Bohemia, NY, USA)

- Mechanical stepper (Biohit, Bohemia, NY, USA)

4

dgl A
1.3 9111310891 %0

- Trypticase soy broth (TSB, Lab M, UK)
- Trypticase soy agar (TSA, Lab M, UK)

A
- 1na® NaCl

~ <
1.4 MIATINOINITIUN

3 Aq Y a o Y} Y} A o '
@'lﬂ'lillf’ll\ﬁ/ﬂ%bluﬂ'liﬂﬂﬁ’f]ﬁgﬂl,ﬁiﬂlﬁ]'lﬂwxi agar Iﬂﬁlﬂ'lilﬂllﬂclﬁﬂ'J'liJi'f)HLW’E]ﬁ$'ﬁWEJWQ LagNINITNI

a A

dy A a [e) I = o kS 1 Y = o)
IONYUNYY 121°C Wua 15 wn ‘Via\1GUTﬂuuﬂﬁ@chlﬁQﬂ!ﬁﬂhﬁﬂﬁ%ﬁﬁﬂﬂﬁ%ﬂ?ﬂ! 4599 50 °C

U

91n10 1% Mechanical stepper o1 agar N5za19s 500 LU a9lu 96 — well flat bottom microplate §19

waaalugiii 3.1 UdeslW agar gungiind iieds hildenuiufiguugiszinm 4 °c



317 3.1 Uk polystyrene NUMIANDINIT TSA

=~ o ~ 4
1.5 MITATINIFABMAL media 1% 1UMITNAADY
~ o
1.5.1 Msasevran

j’ a Q‘{d' a
1%® E. coli DMST 4609 ‘Uifc;f‘l/l‘.ﬁ‘l’l"lﬁlﬁ]’lﬂﬂill’J‘VlfJ’lﬁ”lch]%ﬂﬁ!l,WVlff (Department of Medical Sciences

4 v
a a Y

] 2 v 1
Thailand) § streak A9UUDINIS tryptic soy agar (TSA, Lab M, UK) tie 11 1&ieiaennusqns antiu

Q

T
= v 1

&I A 9 o 9 A oA 1
1BIAEIAING1IIZYNVEAIY loop A1114BIMT TSB YT 100 ml @zl udUATOAVEIN 200 rpm 1y
{ a I o y A 5 J .
Nguigd 37 °Ciiluman 18 9 Tue terius v maad 19 a1l szura 10" CFU/mI (Hayashi taz

Yamasaki, 1998; Karoonuthaisiri et al., 2009)

1.5.2 IS8 media 1% 1un1snaaes

o ' = 2 A = v . X A - X

Ared1NETazaIedAIT uNaLaz UNAY NN BUAI8NT spiked t¥ad 11/ Tuasazarenlsuanre

A Y 7 @ ] = a 4 . =

FNAY 10" CFU/mI uazdrvgnimsdseiiufSunausad £ coli 90 9 2.5, 5, 10, 15, 20, 25 1ag 25 W19
a A w a a ¥ [y

TagdSunausaaniuld (CFUmI) ¥4 E. coli gnilsziiinTasnis 1dmatianisimiziseszdugania

(MIC) FeITMIV0a Supanivatin et al., 2010; Khueankhancharoen et al., 2011 ﬁﬂl!ﬁﬂﬁﬁ\igﬂﬁ 3.2
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//*']
_~ Serial dilution (20 : 180 pL)
._‘;;,.\\\

_ﬁ\ 20 plL of enrich g%:'— (\)/iell

Lo sample into Al-H1 X
plate pre-

100 ml filled with
180 plL of

107 CFU/ml 0.85% NaCl

10 ul of each sample dilution
| transferred to corresponding well

| | incubate at 37
v ol Ul ector12-16h

2 3 4 5 6 7 8 9 10 1 12
Vv

T ©® -~ m ©O 0 © »

TSA

A 96-well U-bottomed polypropylene
well plate prefilled with 0.5 ml of TSA
agar media

M Y 2
51U 3.2 uaasiuaoums ldmatia MDPT lumsvidSunansod1e81113 TSA

U

o) [ a dy . A dy o A Y 1A
AINTUINAUA spread plate (B® E. coli nf5uauwe 7 log CFU/ml QﬂﬂWﬂTi!fﬂ’ﬂﬁ]N{lW’ﬂﬂﬂﬂigiﬂﬂl 10

LTl

2

Y H
~ 10’ CFU/mI 51105150 0.1 ml ¥oauaazAuduIUgN spread TABATIAIULINANG 41T TSA (31

[

#13.1) dwisumatia MDPT Nf5anause 7 CFU/mI gniinsineans (107 - 10°) aauanaslugali 3.2

9

Tagtulado8139 20 LU aalu 96 — well flat bottom microplate N luuaag well Hiundonududu
v
0.85% $119% 180 U 91nHUH1N15199919699819078 Multichannel pipette §115UN1TIAT BUIWNAN
1 . Ay Y v Xy a v =
11113 TSA 1ag LAY 96 — well flat bottom microplate 11 1ATIM3aiuFoudY griANAIB 11T TSA delu
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{ < v, . X a a @ 1
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< . .
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2 . . .
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d‘ [ 9 a (Y é a % [ . . ) 9 a A
AauDan3 TsiaNdINugIdIHanInaIlasdya e piezoelectric g 1FIuNIHAANNONHIO
A Y a 1 g’/ dy 9 a v g’; ~ J [
azoovavenilsznoulidreeyyadaszaieg niilldnszurunseondmdurugeiuanaianuly
'
vwaregUnuulumsadweyyadasz lagn1inszaiealvesazedlignilunisinaeendadugs
o dy == . . . . dy . . A A a Y
FITONDVYOUUANLIY Escherichia coli / coliform UALI¥®O I Aspergillus niger NIATYUUNINU
A o ¥ 2 Y, o s 72 o
nszuIUMIBENFIMFUIUglsznoualsdisazate laTasmuleseon laq (1, 3 uaz s nlodigud
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- IAT99%9 0.01 g (Metter Toledo Model GG4002 - S, Switzerland)
) & .
- @ﬂaem% (DWYER Series 0325, USA)

ARG (New Brunwick Scientific, Enfield, CT)

1
eﬁe

W 4°C (Hitachi 35S 1, Japan)
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EEQ £3Q

1 (Memmert Model ULMS500, Japan )

©
=N~

A% (Becthai and Hirayama Model HA300D, Japan)
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pamd

®
- Microplate reader (M965, Metertech, Taiwan)

- 6-microwel plate, Costar, USA

- 96 — well flat bottom microplate (Corning, Tewksbury, MA)

- 96-well U-bottomed polypropylene plate (Nunc, Rochester, NY, USA)
- Multichannel pipette (Biohit, Bohemia, NY, USA)

- Mechanical stepper (Biohit, Bohemia, NY, USA)

- Auto pipette volume 10 microliter, Autopipette, USA

- Auto pipette volume 200 microliter, Autopipette, USA

- Auto pipette volume 1000 microliter, Autopipette, USA

- Digital camera, Olympus SP 570 UZ, Indonesia

- Plastic petri dishes

- gamswanazeesane lalasauleioon lad

2.3 01msuasasnin 1y
2.3.1 9msude ligumz (Non-selective media)
- Trypticase Soy Broth (TSB), HIMEDIA (Ref M011-500G), USA

- Plate Count Agar (PCA), Difco, USA

2.3.2 9IMTUINTUNIE (Selective media)
- Potato Dextrose Broth (PDB), HIMEDIA (Ref M403-500G), India
- Potato Dextrose Agar (PDA), HIMEDIA (Ref M096-500G), India

- Chromocult coliform agar (CCA)

2.3.3 lalasounleseon lod (H,0,), Merk, Germany
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2.5.2 Plate count agar (PCA)
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2.5.4 MI5IATIN Chromocult coliform agar (CCA)
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