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'11'W~~tJih~~n'l11U9~tJ1'Wnlnnl:;~(p)llfl:;nlnn(?l1ub'f)~'6fd-J"lJ'el'l Pseudomonas fluorescens TISTR 385 U'W 

~'W~'d~d-Jer~'ellV11J 1~lln md-Jlrul~'ell~d-J~'W1'Wnlnnl~~(?l 'elruV1Jlnllfl~lm~'1"lJ'f)'1~lJ'f)1V11J ~'elnlnn(?l1ub'f)~'6fd-J
q 'IJ 
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ll~'W'Vl(P)~'elu1~dJ'Wlr;)fll 24 ~r;) bd-J'I ~U~1~91'W'd'Wlanfl'6f 3.72 ± 0 .34 log CFU/cm
2 llfl:;~91'W'd'Wlanfl'6fU'Wll~'W'Vl(?l~'elU 

:Wln~~(?lV1~'191nnlJtid-Jll~'W'Vl(P)~'elu1~ 48 ~r;)bd-J'I ~U~l~rh 5.05± 0.18 log CFU/cm
2 llfl~1'W~1l1'd~~~l~'f)91'W'd'W 
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.. ~n~l'f)n<mJln 20 llfl:; 15 C b(P)tJ~rhl'Vhnu 4 .97± 0 .22 ,4.85 ± 0.18 llfl~ 4.22 ± 0.20 log CFU/cm

2 ~ 24 ~'db:W'l 
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(9l1:W~1(?)U ~'d'WnlntJ~tJ'WmJfl'llm~'1"lJ'el'l~lJ'ellV11J (~lln~'eltJfl'el(?ll~'f) 'f)1V11n~tJ'Il~'elTSB llfl~~lJfl~flltJ soiling 

agent (beef meat 5%w/v)) ~U~l nln91'1J"lJ'f)'1lanfl'6fU'Wll~'W'Vl(?l~'f)u1'W'ellV11n~tJ'Il~'f)TSB llfl~~lJfl~flltJ soiling 

agent (beef meat 5%w/v) ~nlnltJ'Ibanfl'6fb~:W91'W'd'W1~bbfl~hJ~nlnb(9ln~1'1n'Wd-JlnUn lti'f)'191n~~lJ'ellV11J~ 

~:W\Jnll 1'WnlJ~n'l11tJJ~~'VlfiJll~"lJ'f)'1~lJ6J.h l~'f) 1~bln ~lJfl~flltJ ban l~tJd-J1e:rbtJ ~fl'elhvlllfl~nJ(P) ltJ'elfJ'eln~ ll'f)~~n1'W 

nlJfl(?lt,J1d-Jlru Pseudomonas fluorescens 
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ABSTRACT 

Factors affect attach and Biofilm formation by Pseudomonas fluorescens TISTR 385 on stainless 

steel grade 304/2B under different condition were studied. The ability of bacterial cell to generate biofilm on 

stainless steel coupons was studied for a total period of 48 hour, under three different experiment treatments : 

(i) initial inoculums (8 log and 3 log CFU/mL), (ii) incubation temperature (15, 20 and 30 C) , (iii) growth 

medium (0.85% NaCl , TSB, soiling agent ). It was found that at 0 min bacterial cell can attach and growth on 

coupons .The influence of incubation temperature and initial cells inoculums were studied together.The result 

showed that at initial load of 3 log CFU/mL, no cell can be deteched up to 9 hours but at 24 and 48 hours the 

number of the bacterial cells is 3.72 ± 0.34 and 5.05± 0.18 log log CFU/cm
2

, respectively . The experiment 

using 8 log CFU/mL gave similar results . The number of the bacterial cells on coupons at 28 C was higher 

than 20 and 15 C, respectively . Whereas, cell could attach and form biofilm nearly the same in different 

medium (0.85% l\JaCI, TSB, soiling agent) . 
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, , 


... <V !V !V, <V octl ... n ~ tr= !V 

'V1d~[?1Uw.n~~"lJ~"lJ'W1?l1'l1n'W~u'W~'d~1 30 'W1'V1 (ud~1ru~sn~~~d~I?l'W 8 log CFU/mL) ................................... 33 


4.14 91'W'd'W~sn~~"lJ'f)'l Pseudomonas fluorescens 1'W~1d~~~1mn~'f)(P1'd1d-,I~oif~oif'W~'f)t.J~~ 0.85 
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(m~1rubsn~~b'1~~'W 8 log CFU/mL) ................................................................................................ 42 




d'~UU~'W1iJ1'W~~'f)'l9(?}vl11~bbri d'~UU GMP (Good Manufacturing Practices) ~11~'dtJn1d'9(?}n1Hb~~fl'dUfl~n1n,J~l?l
~ . 

'el1'1)11d'ltX1J~'f)(?}.rltJ bb~~ d'~UU HACCP (Hazard Analysis and Critical Control Points) ~'ldJ'Wd'~uu1Jd'~n'W~runl'l"1~1'W 

fl'd1~1J~'el(?}.rltJ"lJ'f)'l'f)1V!1d' (Shia and Zhu, 2009) 1'Wn1d'~~l?l'f)1V!1d'ltX1J~'el(?}.rlmr'Wn1d'vl1fl'd1~~~'f)1(?}i:!fl'd1~~1~ClJ'f)tl1'l 

~1 nV!1 ni:!n1d'vl1fl'd1~~~'f)1 (?) hJ b~tJ'l~'f) "'l ~vl11~i:!n1d'~~~~"lJ'f)'l bbU flY! b1tJ bb~~bn(?}nld'~¥1'l1Ul'f)~~~U'W~'W~'d bfli'f)'l~'f) 

bfli'el'l1-ii1'Wnd'~U'd'Wn1d'~~l?l 

1tll'f)yj~~ (Biofilm) dJ'WUClJV!1~~1~ClJVn'l~I'Wn1d'~"lJl.nU1~1'W'ld''l'l1'W~l?l~1V!ndd~'f)1V!1d' bti'f)'l"'llnnlHn1~~(?} 

"lJ'f)'l bbU flVl b1tJ bn (?) b1J'W1u l'el~~~"'l ~vll1~ bbU flVl b1tJ rlnn19(?) 1~tJ1 n b~d1~~1~1d'rlVl'WVl1'W!Pi'f)~1d'vll fl'd1 ~ ~ ~'f)1 (?) bb~~~1d'~1 
'U 

b~'f) (Garrett, Bhakoo and Zhang , 2008) 1Ul'el~~~~1~1d'mn(?}~'W1~u'W~'W~'dl'W1N'lI'W~l?l~1V!ndd~'f)1'1)11Hri'f)~'W~'d 

~'ln~1'd~I'W~'Wl?l'f)'Wnld'vllfl'd1~~~'el1(?}V!1'f)n1d'~lb~'f)hJ~~'f) 1(?}m'U~1~~'W~'d~~~er~'f)1V!1d' b"1l'W ~,r'l ~'W vl'f)~1~'l 

~'W~'dr)~~tJ1'l ~1tJ~1'Wn1d'~~l?lbb~~bfli'f)'l~'f)bfli'f)'l1-ii1'Wnd'~1J'd'Wnld'~~l?l dJ'W~'W (Kumar and Anand, 1998) nld'vll 

fl'dl~ ~ ~'f)1 (?}U'W~'W~'d~~~ er~'f)1V!1 d'i:!fl'd1~~1 ~ClJ'f)tl1'l~1 n 1 'Wnd'~U'd'Wn1d'~~ l?l'f) IV! 1 d' bti'f)'l"'l1 n dJ'W~'d'W~i:!n1d'~~ er~nu 
'f)1V!Id'l(?}tJl?ld''l D1~'WE1'd~~er~i:!m~lru"'l~'WVl1tJ'f)tl~1nn"'l~i:!~'d'Wl'WnlH~~m~lru"'l~'WVl1tJ1tXnu'f)1V!1d'

• 'U • 

n1d'~¥1'l1Ul'f)~~~1~~ (Wiedmann et al., 2000; Olofsson, Ahrne and Molin, 2007) 'f)1"'l"'l~9UV!1'f)1JnU'f)'l~~'WVl1tJ~ 

ri'f)1~bn (?) ld'fll~d''f) (?)~~ l?l'f) tll'W~ ~~1~ 1'Wbb~fl'd1 ~1J ~'f) (?}.rltJ"lJ'f)'l'f)1'1)11 d'i:! fl'd1~~1 ~ru'f)tl1'l~'l Dl1ul'f)~~~ bn(?}~'W"'l1n nld' 
'U ~ 

d''d~t9l'd"lJ'f)'l~~'WVl1tJri'f) td'fl~i:!'f)1V!IHU'W~1'1)1~ b"1l'W Listeria monocytogenes bb~~ Salmonella spp. bU'W~'W Oulahal bb~~ 

flru~ (2007) d'ltJ'l1'W11 1ut'f)~~~"lJ'f)'l bbU flVl b1tJ vl 11~bn(?}U ClJV!1 ~1'W~"lJnl~~'lltXfl'd1~~1 ~ClJ b~tJ'dnUnld'~n'l11 n1d'bn(?}1u 

t'f)yj~~ bb~ ~n1d'n19(?)1ut'f)~~~ '1)11 n~~'WVl1tJri'f) td'fl bV!~1d1J'Wb~'f)'W1'W~~ l?l.rlrusv1'f)1V!1d'n"'l~vll1tX'f)1V!1d'i:! fl'd1~hJ1J~'f) (?}.rltJ 

!Pi'f) ~u'11nfl ~'lJ'Wfl'd1~~ ~'f)1 (?}"lJ'f)'l~'W~'d~~~ er~'f)1V!1d'i:! fl'd1~~1 ~ru bU'W'f) tll'l~1 n 1 'Wnd'~U'd'Wn1 d'~~ l?l'f)1V!1d' nld'~ n'l11 
'U ~ 

11J 'l'f)~~~1'W~l?l~1V!ndd~'f)11t11d' l(?}tJ b'U~1~1'Wbb~ fl'd1~1J~'f) (?}.rltJ"lJ'f)'l'f)1V!1d' "1I'dtJ~ (?) fl'd1~ b~tJ'l"lJ'f)'l ~u'1tn fl"'l1n nlnn(?)td'fl~ 

bn (?}"'l1 n n1 d'u'1ln fl'f)1V!1 d' bb~ ~~ (?) n1 d'1J'Wb~'f)'W"lJ'f)'l"'l ~'WVl1tJ~ ~~ l?l.rlrusv1'f) 1V!1 d'~'l"'l~vl11tX'f)1V!1 nt.h b~tJ 
q 'U 
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!)1~1:i' LL~~nl:i'~~'knd:]'Wlub!)~~:W[l1tJl~~[)1'd~(?)l-:111~LLri :i'~tJ~b'd~l ~ru~1J:W m:WlruL~!) "1lU~"lJ!)-:I!)l~l:i' ~'d'W~~!)-:I~ 

rrI?lCllh~~-:I~b~!)~n~lU:i'~~'Vl~[)1~"lJ!)-:I~1:i'6JJlb~!)1'Wnl:i'v'il~ltJ~1!)~~m:Wlrub6Jl~~~:i'~bb~~ Pseudomonas biofilm U'W 
q 
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d 
'U'VI'VI 2 

..... QJ "'" "'" !V
b'fl n~1~bb~~..:J1'U1tCiJ tJ'VI bn tJ1~'fl..:J 

1 U td'l'llU!:-J~~TllVll dTll"'l ~ nl nhH~TluoiJl~"'ll nrr~CJ~u ~ueJ'J~~ nl d~~ er~TllVll d 'V'fWn'llUnld!:-J~ ~ dJu~u 
tK'ltTu~'l~Tl'l~nld~"lnJi1Jl~h'l'llUTllVlld~~ nldVl1 ri'Jl~~~Tll ~ bb~~nld6JJl b~'fluu~ueJ'J6Jlil~ (?]1'l1 b~tJ b'U~l~~ueJ'J~~nld 
~l-Jer~nUTllVlldb~tJ ~N b-nU ~ueJ'J~undclbb~~bri1Tl'lnTl~1-nlunld!:-J~ ~ vlTl ~ltJ~l'\.Jnld!:-J~~ dju~u ~ri'Jll-J~l buuVlln 

· I ~ueJ'J tK'l m;h'J~ ri'Jll-J~1 b1JUnl dvll ri'J 1l-J~ ~Tll ~Vl1Tl nl d~l b~Tl~l~ b~tJ'l~ Tl"'l ~vll1,x btl ~ nld~ ~~l-J"1JTl'l"'l~uVl1tfbb~ ~ b"'l1-CU 
q ., 

1un d~u'Junld!:-J~ ~TllVll d~~~~ CJ ~u dJUb~Tl~~1 hJ~l"'l ~dJu~~W nVl1Tl b~Tl (?]1'l1tTUTl1"'ln, ~uVl1tf~vll1,xTllV11d 
bt.h b~tJ bb~~vll1,xbn ~hriUUb~TlUTltJVI~ltJ6Jlil~ 1und~'U'Junld~~iu!:-J~ ~.nrusvlb~Tl~~1bV1~ln Vll n~nld~~~l-J"1JTl'l"'l~UVl1tf 

'II q 

~~'JU"1JTl'llu~ ~"'l~vll1,x bn ~nld~'l ~lUb~Tl"'l~UVl1tJ~!:-J~ ~.nru6}'l1~ 6Jlb!P1 L~ bbU~ bUU"'l~UVl1tfn~~VI~'l~~l flCU Vl1 l,xbn ~nld 
q qj qJ q q QI 

b't..!1 b~tJ"1JTl'l !:-J~~.nrusvlb~Tl~Wrbb~ ~~ ri'J 1~~l~ldbllunld~11'lluLTl~~~ nl nn ~6JlL~Ll-J bb'W~luLTl~~~~~ueJ'J~~ er~TllV11d"'l ~ 
'II 

lu bTl~ ~~ b1JUU b1!Vll~ ~ 1 flb1!Vll'l ~lUnld~"1J1Jiul~1 U LN'llU~ ~ ~1V1 n nl-JTllV11 d bn'fl'l"'ll n nl nnl ~~ !P1"lJ1l'l 

bb'U riVl b1tJ bb~~bn!P11'U L'fl~~~"'l ~vll1,xbl n rh~~l~tJl n b~d1~~l~l dblVlUVllU(?]'fl~l dvll ri'Jl~~~'fll ~ bb~~~ld~l b~'fl bb'U riVl b1tJ 
'II 

~11'l11JL'fl~~l-J b~'flU'fl'l nu~'J b'fl'l (?]Tl~l d~l b~'flVl1'fl~ldvll ri'Jl~~~'fll ~ bb~~b~'fll~'VlUJll'J~bb'J~~'fll-J(?]1'l1 (Garrett, Bhakoo 

and Zhang, 2008) lUb'flYl~l-J~1l-Jldblbn~~ul~'Uu~ueJ'JluLd'l'llU~[9l~lV1ndd~'fllV11nri'fl~UeJ'JtK'ln~l'J~lUiu[9l'flUnldvll 

~'Jl~~~'fll!P1V11'flnld~lb~'fll~~~'fl L~m'U~1~~UeJ'J~~l-Jer~'fllV11d (Kumar and Anand, 1998) nldvllri'Jll-J~~Tll!P1UU 
~UeJ'J~~l-J er~'fllV11d~ ri'Jl~~l ~b1!'fl tJl'l~ 1 n 1 und~'U'Junld!:-J ~ ~'fllV11 nti'fl'l"'ll n dJu~'Ju~~ n 1 d~~ er~ n'U'fllV11 d b!P1 tJ [9l N 

rh~ueJ'J~Wr~~m~lru"'l~u'Vl1tf'fltJ~lnn"'l~~~'Julunln~l-Jm~lru"'l~u'Vl1tJ,,xn'U'fllV11d Jessen and Lammert (2003) 
q 'II q 

dltJ'llU~l VI~'l"'lln nldvll ri'Jl~~~Tll ~ bb~~6JJl b~'fl~UeJ'J bri1'fl'ln'fl bri1'fl'llflund~u'Junld!:-J~ ~ bbeJ~ ~'JtJ~ldvll ri'Jll-J~~'fll~ 
i'Jl-J n'U~l nJ d~n'fl'U ri ~'fl1UVl1'fl~ ld!:-J ~~"1J'fl'lleJL~db"'lUbU'fl f'fl'fl n lsn ~n1J nd~ bU'fl fbbTl~ ~ n ~'U~1 tJ'l~'U bb'U riVl b1tJl-Jl n n'l 

3-4 log CFU/cm
2 ~'l nldVl~'l bVI~'fl"1J'fl'l"'l~U'Vl1tfD'fl dJU~l LVI ~VI~'l~vll1,xbn~nldU'Wb~'flU.zrl~~!:-J~ [9l.nrusvl'fllV11dl~

q q 'II 

l'ULTl~~l-J ~'fl n~~"'l~u'Vl1tJ~ bnl~~~UU~UeJ'J bb~~~'l~'J'fltJJlltJl~~ldn~l-J~'fl~ b~Tlf~"'l~U'Vl1tftTu~~1'l~Ubb~'JVI~'l
q q qJ q q 

1.

TlTlnl-J1U'flnbsn~~bsn~~ b1tJn~ldn~~i1~1 Extracellular Polymeric Substances (EPS) (Costerton and Lewandowski, 

1995; Garrett, Bhakoo and Zhang, 2008) bn!P1~ubri'fl~UeJ'JtK'ln~1'J~nldvllri'Jl~~~'fll~Vl1'flnld6JJlb~'fll~b~tJ'l~'fl vll1,x 

bn!P1nld~~~l-J"lJTl'l"'l~U'Vl1tJbb~~b"'l1-cun~ltJdJulUb'fl~~~ (Marshal, 1994; Flint, Bremer and Brooks, 1997) ~'l~l~ldblq ., 

bn!P1~ul~uu~ueJ'J6Jlil~(?]1"11Ubd'l'llU~~~lV1ndd~'fllV11d b~tJb'U~1~~UeJ'J~~er~'fllV11d b-nU~UeJ'J~unnt1bb~~bri1'fl'ln'fl 

~lflunld!:-J~~ vl'fl ~ltJ~lunld!:-J~~ bUU~U (7)'ltTunlnnl~~~'UU~UeJ'J~~~er~'fllV11d"1J'fl'l'~U'Vl1tfbb~~b"'l1-b1!bUul'UL'fl~~l-J 
~ ri'Jll-J~l flClJ (?]'fl bN'llU~ ~~1V1 n ddl-J'fllVi1 d b tiTl'l"'ll n bU'WbbVl ~'l ~~~~, ~U'Vl1tJbb~ ~ bUU~l bVI!?J'fl 1"'l"'l ~ bn!P1 nldUUb~TlU"1J'fl'l 

bb1J01Vlb1tJ~vll1,x'fllV11n't..!1 b~tJ bb~~bbU riVl b1tJ~vll1,xbn~bdri 1~ ~'l"'l~~'l!:-J~ l,xbn~nldUW>~TlulUd~VI~l'lnd~U'Junld!:-J~[9l 
bb~ ~VI~'l nd~'U'Junl d!:-J~ ~vll1iX'fllV11 d'fll"'ll~u~'fl ~.ntJ (?]'fl ~U1-bJl ri bb~~~'l!:-J~ n d~'VlUvll1~bn ~ ri'Jll-J b~tJVlltJlUTl~~lVl nnl-J 

'II q 
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nd~u')'Wn1d~~1~lu'i:If)~~d-J1r'U~(?l dJ'Und~U')'Un1d~ di(?l~'ULV€'l~ltJ~tJ'UlltJ~~ [9l~1f) (?ll,)~1 (Dynamic process) 

tJd~nIf)U~')tJ 3 .rr'U[9lIf)'U l~mi n1Hn1~~(?lu'W~'U~,)"1lIf)~~~'U'Vl~tJ n1Hn(?llu'Wn~d-J"1lIf)~lsn~~ ll~~ n1H9~ClJlu'Wlu'i:!l~~d-J 

Vl~d-Junl1 
'lJ 

~tJ~ 1.1 nd~u')'Wn1d~~1~lu'i:If)~~d-J• 
Vld-J1 : http://img.photobucket.com/albums/v159/skdevitt/biofilm_formation.gif 

m:W1ru~1dIf)1V!1d 

~,)1:W lu'Und(?l (?h~ 

!l ruVlJl:W 
• 'lJ 

~,)1d-Jlu'Wle1'i:~d 'i:Ylun 

'i:~N~~1~"1lIf)~~1d EPS 

"1i')~n1H9~ClJ"1lIf)~~~'U'Vl~tJ (Garrett, Bhakoo and Zhang, 2008) 

http://img.photobucket.com/albums/v159/skdevitt/biofilm_formation.gif
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; 

nlnnl~tl (?)"lJ'el'l ~en~~u\J~\J~'J"lJ'el'l'ellV11j"V(~'elr)~ ~~~:I-J er~ nU'ellV11d'ell"'l btl (?)~\J1~"'l1 n ~'J ben~ ~Vl1'el nldnd~vll"'ll n 

JlltJ\J'eln f11 dJ\Jnlnnl~tl(?) ~~uu ~b~~~~ (passive) "'l~~n(?)~\J"'ll nbbd'ltil:I-Jbi'J'l"lJ'el'lt~n bb~~bbN~bn(?)~\J"'lln"lJ'el'l1V1~~'el~
'U 

d'el1J1U1b'Jn,Hen~~1~b~ri ~bNiUb~~'el\J"lJ'el'l"lJ'el'l1V1~ (fluid dynamic force) b~~~bbNiUb~~'el\J"'llnnlnb~~ (diffusion 

dynamic force) '6'l'J\Jnlnnl~tl(?)bbUUbb'el~Vl~ (active) bn(?)~\Jbti'el'l"'lln~ru~:I-J~b'U~l~"lJ'eN~'Jben~~~i1'6'l'Jw_h~n'elu~"'l~ 
b~l~[?]'elnlnnl~tl(?) b"11\J ~~~~nb"'l~~l (flagella) 'W1~(pili) hh~\J~"11'JtJ1\Jnld~(?)\.nl~b~'el(?)~~\J (adhesin protein) b~~1J~~ 

(capsule) bb~~1Jd~'1~'el~U1b'Jru~'J~en~~ nlnnl~tl(?)"lJ'el'l~en~~mJ'l'el'elndJ\J 2 d~tJ~ ~'el (n\JnV1~~ Ylf~~b"'l1blJ~~, 2550) 

., , 
d~tJ~Vl1 nlnnl~tl(?)bbUUer\Jn~u (reversible adhesion) ~en~~bb1J~Vlb1-tJ"'l~bn(?)~\Jfi~'el~1'lre)'el\Jn1JY1\J~'J ~\Jfi~Vl 

bn(?)~\J1~b~ri bbNb~'J\J~(?)'elf'Jl~~ (van der waals forces) electrostatic forces ~b~~ hydrophobic interaction 1\Jd~tJ~~ 

ben~~bbU~VliSmr'l~'li1nln~~'el\J~1m(?)tJdJ\Jnln~~'el\J~b~UUUdl'JoJbiltJ\J (Brownian movement) 

d~tJ~~ 2 nlnnl~tl~HbU1JhJer\Jn~1J (irreversible adhesion) ben~~bbu~Vlb1-tJ"'l~i1nld~~l'l~\Jfi~~bb~'lbbN 1~bbri 

dipole-dipole interaction ~\Jfi~1e:lt(?)n"'l\J (hydrogen bonding) ~\Jfi~t~'Jb~\J!?l (covalent bonding) bb~~ hydrophobic 

interaction nU~\J~'J t(?) tJ'el 1 ~tJt~d'l~~l'l"lJ'el'l ben~~b"11\J bb~~ nb"'l~~l (flagella) ~:l-JbU1-tJ (fimbriae) Yl1~(pili) dJ\J~\J 
\J'el nr.nn~ben~~"'l~i1nld~~1'l1~U1~ (fibril) b~'el dJ\Jnln~'el:I-J[?]'eld~VI~l'l ~en~~bbU ~Vl b1-tJ nU~\J~'J~n ~'JtJvll1,xi1nld'~ (?) bnl~~ 

bVliltJ'J bbU\Jn~11\Jd'~tJ~bbdn ~'l nldr'h9(?)ben~~bbU~Vl ~1-tJ1\Jd'~tJ~~'el'eln11Jvll1~tJln~\J 

'1~\J'Vl1-tJ1\J~\J!?l'el\J[?]1'l1 t(?)mb~ (?)'l ~'Jl:I-J~:I-J~\Jfi"lJ'el'l b~d'l~ (?) bnl~nUd~tJ~'lAl'l"lJ'el'l ben~~nU~\J~'J nril'J ~'el b~'eli1~ld'ell"v11d 
"v1~'lb"v1~'elU\J~\J~'J"'l\Jbn(?)bU\J~~:I-J"lJ'el'l'ellV11d' (conditioning film) ben~~"'l~\J'Vl1-~~~d~~'el~1\J~Jll~bb'J(?)~'el:I-J"'l~b~~'el\J~b-n1

q 'U 

"v11~\J~'J "'l\Jb~'eld~tJ~'lAl'ld~VI~l'l ben~~nU~\J~'J:l-Jlnn~l 50 \Jl t\Jb:I-J!?ld ben~~"'l~bn(?)nlnnl~tl(?)nU~\J~'J~'Jmbd'l'el~l'lre)'el\J 

b"11\J bbN bb'J\Jb(?)'el f'Jl~~ b~'el ~'J~1 eJl\J11J ben~~"'l ~b-nl1n~~'J:l-Jl n~\J"'l\Jd~tJ~'lAl'li1(P)l 10-20 \Jl t \Jb:I-J!?ld bbN~(?)bnl~~\J"'l~ 

b~:I-J~\J ~'l~'el'ld~tJ~~"'l~bU\J~\J!?l'el\J"lJ'el'lnlnnl~tl(?)bbUUer\Jn~u1~ "'l\J1\J~~(?)b~'eld~tJ~'lAl'ld~W;)1'lben~~nU~\J~'J~(?)~'l~1 
n~l 15 \Jl t\Jb:I-J!?ld ben~~'1~\J'Vl1-~bVlril~\J"'l~bn(?)nld~~l'l~\Jfi~'W b~~bn(?)bU\Jnlnnl~tl(?)bbuuhjer\Jn~u ben~~[?]1'l1 b"v1ril~\J 

"'l~i1nln"'l1blJb~:I-J~1\J'J\Jbb~~~W-J\JlbU\J1ut'el~~:I-J[?]'el11J 

n\JnV1~~ 'Vlf~~b"'l1C1J~~ (2550) d'JUd'J:I-J'l1\J~9m~tJ'JnUU"'l9tJ~i1~~[?]'elnlnnl~tl(?)"lJ'el'lben~~'1~\J'Vl1-~U\J~\J~'J 

~U~lU"'l9tJ~i1~~[?]'elnlnnl~tl(?)"lJ'el'lben~~'1~\J'Vl1-~u\J~\J~'J1~~bri 
(1) "1lcW(?) bl.~ ~t~ d''l ~ ~1'l "lJ'el'l ~en ~ '6f ~en ~ '6f~~'L1 ~Yi ~1-tJ ~~[?] ~ ~"1lcW(?)i1 ~'Jl:I-J ~ 1:I-J 1d'tl1\In 1nnl ~ tl (?)~\J~'J1~ ~~!?l n [?]1'l n\J 

~\J'el~nu~n~ru~"lJ'el'lt~N~~l'lU\J~~'el~:I-J~en~~ ~"11\J ~hn~~b~en~~lh~ (lipopolysaccharide) "v11'el LPS t1Jd~\J~~'el(?)~~\J~~~~ 

t1Jd~\J"1lil(?)~\J nd(?)1'Vlt~~n (teichoic acid) ~U\J~\J t~d'l~~l'l\'''v1ril~'''l~b~~(?)'l~'lte:lt(?)dt~un (hydrophobic) "lJ'el'lb~~~'li1 

'6'l'J\J~1~blJ1\Jnlnnl~tl(?)U\J~\J~'J i1d'ltJ'l1\J~1~bU~Vl~1-tJU1'l6Jlil(?) ~"11\J Escherichia coli b~~~ Listeria monocytogenes 1-n 

~~~~m"'l~~l Yn~ ~~~~t1Jd~\JU\J~~'el,x:I-J ~~~~1\Jnldbnl~tl(?)~\J~\J nld'~ru ~~tJt~N~h'l bVlril~i1~~1\Jnld'~(?)~'Jl:I-J~l:I-Jld'tl
q 'U ~ 
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1 'Wnl nnl ~~ ~u'W~'W~'Jul'l"llil~ 1rJl ~ltJ'll'W~ 1 ~U'el f~l ~1Hl bnl ~~ ~U'W~'W~'J 1rJl~ n~l b6Jl ~~bti'el'l~l n~ ~'Jl~ dJ'W 

1e:rl~~1~un~'lbb~~~'J"lJ'el'l~u'elf~~mj'ru~dJ'W"lJ'W (hairy surface) 

~mj'ru~"lJ'el'l~~~~ b1tJn~1 conditioning fi 1m ~~~ ~'l n~l'J~~~ B-J~ t9l'el nldbU~tJ'WbbU~'l~~u'1l'Vll'l b~iJ bb~~nltJJll~"lJ'el'l~'W~'J 

b-n'W ~1~~'l'l1'W~~~~"lJ'el'l~'W~'J (surface free energy ) ~'Jl~bu'W1e:rl~~1~unsn~ (hydrophobicity) bb~~U~~'"lJ'el'l~'W~'J ~'l 
'ell~~'l B-J~ D'l nl ~bnl ~~ ~"lJ'el'l~ ~'W'Vl1tJ iJVl~ltJ'll'W';)~tJ bb~ ~'l1iX b~'W~l ~1 ~~'W'Vl1tJ1J'W~'W~'JJ''W~oJu ~'W'WliX~~'W'Vl1tJbnl~~ ~ 

q q q 

u'W~'W~'J1rJl~~'W bbt9l'eltJl'lhn[9l1~ Ul'l'll'W';)~tJ~ltJ'll'W~l ~1~~'W'Vl1tJ b-n'W 'W~bb~~bU~~'W'W~iJB-J~l'Wnl~~~nldbnl~~~"lJ'el'l 

Salmonella Typhimurium bb~~ L. monocytogenes 1rJl 'W'eln~lmJ~~tJ"lJ'el'l~1~~'W'Vl1tJbb~'J ~ruVl.1Jn ~l~'Jl~bu'Wn~~-bU~ 

"lJ'el'l~Jll~ bb'J ~~'el~~ bVl~l~~~tJ'l~'l B-J~t9l'elnldbnl~~ ~ bb~~nldbn ~1ub'el~~~rJl'JtJ 

" " " 
(3) ~n1j'ru~bb~~fJ ru~~u'1l"lJ'el'l~'W~'J 'e1[9l~1 nldbnl~~ ~"lJ'el'l'~'W'Vl1tJu'W~'W~'J bbt9l~~"llil~ bb[9l n t9l1'ln'W~'W1lU~n1j'ru~ 

'Vll,.:mltJJll~"lJ'el'l~'W~'J 1rJlbbn ~1~~'l'l1'W~~~~"lJ'el'l~'W~'J ~'Jl~bu'W1e:rl~~1~unsn~ ~'Jl~b1tJu~'J (roughness) bb~~U~~'U'W 
~'W~'J nlnnl~~ ~"lJ'el'l' ~'W'Vl1tJbn ~~'WU'W~'W~'J~iJ~~'l'l1'W~~~~~'lVl1'eliJ ~'Jl~1 bUtJ n~11rJl~ltJ (b-n'W b'Vl~~'el'W (Teflon) 

1'W~'el'W (nylon) tJl'l (buna-N rubber) bU'W~'W) bbt9loif'el~~u~'ln~l'J'ell~liXB-J~~1:l.hu'WfI'Jl~~~'l b~~'el1u ~Ul'l'll'W';)~tJ~U~l 

bbU f1~ b1tJU1'l"llil~~1 ~l~Cl~ ~ bnl ~U'W~'W~'J~ iJ f1'Jl~ bu'W1e:rb~~b~u n~l n n~l~'W~ ~'J1e:rl~~~~ n 'W'el n~l n~tJ'l~~ltJ'll'W~l 

~'W~'J~n1j'ru~bU'W~~~'W hJ~~lb~~'el iJ~'elmbtJn ~~.yhliXbn~nldbnl~~~1rJl~n~1~'W~'Jb1tJu
'lJ q 

• 


Vl~'l~l m6Jl~~iJnldbnl~~ ~l'W~~tJ~~ 2 nldbnl~~(?muuhJ ~'Wn~u bb~'J b6Jl~~~~iJnldb~~ClJ bb~~bb1J'l b6Jl~~t9l'el1Ub~tJ 

l-n~1~'ellVll~~iJ'el~~'elU11'W~'lbb'J~~'el~ vll1iXbn~nldb~~~1'W'J'W~'Wn~lmu'Wn~~"lJ'el'lb6Jl~~"lJ'Wl~b~n (microcolony) ~'ln~~ 

"lJ'el'lb6Jl~~~~~"lJtJltJ1Vlbk!bb~~bnl~~'J~n'W~'Wbni?lbu'Wi'W"lJ'el'lb6Jl~~ (layer of cells) unfl~~U~b'Jru~'W~'J microcolony 

U~~n'el1J rJl'JtJn~~"lJ'el'l bbU f1~ b1tJn~~1 b~tJ'JVl1'elVl~ltJ1~ltJ~'Wf ~'W'el~nu"llil~"lJ'el'l bbU f1~ b1tJ~~'el~~'elUn~~1 b6Jl~~ n~~"lJ'el'l b6Jl~~ 
"lJ'Wl~b~n~~~b6Jl~~'el~ 10-25% bb~~~~l~ Extracellular Polymeric Substances (EPS) ~'lbU'W~l~n~~~'el~b~'elf~b6Jl~~Vl~'l 

'el'eln~lbb~~Unfl~~'eltJ~~h"lJ'el'lb6Jl~~ 75-90 % (Poulsen, 1999) ~~-n'JmJ'el'ln'Wb6Jl~~~ln~Jll~bb'J~~'el~~1~ibVl~1~~~ b-n'W 
q 'lJ 

n~~ b6Jl~~b~~~l'W'J'W~'el'W"r1U n'Wbb~~ bn ~ bu'Wi'W"lJ'el'l b6Jl~~JlltJl~~l~ EPS ~~ bn ~ nl~~(9J.J'Wl bu'W1Ub'el~~~ bb~~iJ 
bfl~'l~~l'l~Ub~~ (mushroom-like shape) (Jessen and Lammert, 2003) bfl~'l~~1'l"lJ'el'l1Ub'el~~~~b~~ClJb~~~'ell~bU'Wi'W 

'n'el'l b6Jl~~b~tJ'li'Wb~tJ'JJlltJl~f1N~ltJ"lJ'el'l EPS ~~~n1j'ru~bU'W~~~'W (porous) Vl1'el bu'Wi'W"lJ'el'l b6jj~~Vl~ltJi'W~'el'Wn'Wl~tJ~ 
nldb~'el~n'WrJl'JtJ EPS bb~~iJ-n'el'l~lVlfU~l b~tJ'l~l (water channel) n~~~ltJ'el~~'J1u 'W'eln~ln~l~ EPS ~~iJm,Jl~~l~ClJl'W 

nl~b~'el~btJ'l b6Jl ~~JlltJl'W~ ~~~'JJll~ bb~~~ ~ bVltitJ'J b6Jl~~nu~'W~'J bb~'J tJ'liJ f1'Jl~ ~1 ~rul 'Wnl ~'el tJ ~'el ~"lJ'el'l~ ~~~'JJll~ rJl'JtJ 
., 'lJ 
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EPS nVl~l~'tA'r)~:Wlltl~nnlnU~l~'r)lVll~l~lnunnlsntl~Jllt.Jl'W~~:W~'dJll~"ll'dt.JU'r)'ln'Wlsntl~91n~Jll~ll'd~~'r):w~1~lVl:Wl~~:W 

l"ll'W ~'dl~llb~'l ~ln~nI?l1'l1 bU'W~'W 

lul'r)YJ~:w (Biofi 1m) lUW:rbk!Vll~~l (p)bk!1'W~ !7l~lVlnn:W'r)lVll ~ ld'r)'l91 mU'WllVl~'l~~~:W"lJ'r)'l'~'W'Vl~~ ~'l 'r)199~ln ~ 

nl~U'W6~'r)'W"lJ'r)'lllU ~Vl b~t.J~v'hl~'r)lVlln'j,.h l~t.J lltl~ll1J~Vl b~t.J~vll1~ln~1~~ leX ~'l9~~'l !:-Jtl1~ln ~nl~1J'Wl~'r)'W1'W~~1)j~1'l 

n~~U'd'Wnl ~!:-J~!7llltl~Vl~'l n~~U'd'Wnl~!:-J~ !7lvll1~'r)lVll~'r)19l~Utl'r) ~nt.J I?l'r) ~u~lJl ~ lltl ~~'l!:-Jtl n~~'V1Uvll1~ In ~ ~'dl:W l~t.JVllt.J 

1'W~ l?l~lVln~~:W'r)lVll~leX 

nl~~~~:wlul'r)~~:wu'W~'Wn'd~ulrX1'WVltllt.JU~l'dru"lJ'r)'llN'll'W~!7l~lVlnn:W'r)lVll~ leXlln ~'W vl'r) ~tlt.Jl'l (rubber 

seal) ~lt.J~l'W (conveyor belt) ~ll!7l'Wltl~~~tl 6U'W~'W Garrett lltl~~ru~ (2008) ~'dU~'d:Wl'r)n~ln~t.J'dnUnl~!7l~'d9~U 

9~'W'V11~u'W~'Wn'd t~t.J l'U~1~9~'W'V11tJn'r) tJ~ lltl~"llU~~vll1~ In ~nl~l'j,.h l~t.Jn~:W9~'W'V11tJ~~U~1~n~h'llu1'r)~~:W leX lln 
q q q q 

Pseudomonas, Salmonella, Listeria monocytogenes , Enterobacter, Flavobacterium, Alcaligenes, Staphylococcus 

~~~~ Bacillus 'r)!7l~lVlnn:W!:-J~!7lnru6V'h~i'r)'l~:W ~ulul'r)YJ~:W91mlu~Vll1t.Jn~:w Flavobacterium, Acinotobacter, 
q q 

Bacillus, Pseudomonas, Alcaligenes II tl ~ Achromobacter ~!7l ~ 1 Vl n ~ ~:w !:-J ~ !7l nru ~ 'W:W ~ U 1 U 1 'r) ~ ~:w 91 n 

Streptococcus thermophilus ~l~i'r)'llltlmU~t.J'W~'dl:w1'r)'W (heat exchangers) ~!7l~lVlnn~I!:-J~!7lnru~l~'r)~!7l1 l?l'd'r)~1'l 
1 'W!:-J~ !7lnru~~!7l1tJ n ~ulul'r)~ ~:W91 n llU ~Vll1t.J n~:w Salmonella,Campylobacter, Yersinia enterocolitica 

Staphylococcus aureus and Listeria monocytogenes (Poulsen, 1999) !:-J~!7lnruSV11~n~'r)n ~1Jl1Jl'r)~~:W91mlu~Vll1t.J 

n~:w Listeria monocytogenes, Escherichia coli 0157:H7, Salmonella spp. ~~~~ Pseudomonas spp. (Antonia et al., 

2008) 

nl~!7l~'d9~U'~'W'V11~~ d'l ~1 'WtJ'l'll'Wnl~!:-J~ !7ll~'r)~!7l1 :Wlnn~11'r)t.Jtl~ 70 "lJ'r)'lllU ~Vll1t.J~'lVl:W ~ l~t.J !7l~'d9~U 
U~l'dru~'W~nl~!:-J~!7l ~unnl1lltl~l~i'r)'l~'r)~ l~t.J'd-if'r)'l nunl~!:-J~!7llltl~~:w er~nU'r)11)jl~ 91nd1t.J'l1'Wnl~~9t.J 1?l1'l1 (Garrett, 

Bhakoo and Zhang, 2008) 9~l~'W~ll~'r)'~'W'V11~:Wln:Wlt.J~n!7l~'d9~UU'W~'Wn'd~:wer~'r)lVllnltl~ln~nl~~11'llu'Wlul'r) 
YJ~:wleX ~'llsntl~~'r)~Jllt.J1'Wl1J1'r)YJ~:W9~nnl~uf1J l?l'd 1?l'r)~Jll~ ll'd ~~'r):w~l~ lVl:Wl~~:W 9'Wvll1~n ~'dl:W ~1'W'V11'W1?l'r)~1~~ll~'r)

'IJ 

nl~~ lsntl~'~'W'V11~Jllt.Jl~u1'r)~~:W~1:Wln1 ~1'W'V11'W1?l'r)~1~~ll~'r)leXl~:W~'W In ~91 n 

(1) ~1~~'r)~ l:W'r)f~ lsntl~~11'l~'Wun~~:wl~n !:-Jtll'Wnl~tl~U~~~'V1fiJll~"lJ'r)'l~l~~ll~'r) 
(2) nlnU~t.J'WllUtl'l~njj-ru~'V11'lnlt.JJll~"lJ'r)'ll6Jjtl~ 

(3) ~'dl:W91n~"lJ'r)'l~l~'r)lVll~n !:-Jtl1~lsntl~ln ~nl~ufu l?l'd lltl~-nnUll-ifl~~Jll'd~l~1tl ~ 
'IJ 

(4) ~'dl:WVl'Wl m,l'W"lJ'r)'llsntl~Jllt.J1~YJ~:W~'dJll~~nnl ~!7l'r)U~'W'r)'lI?l'r)~l~~ll~'r)leX ll!7ln 1?l1'l n'W 

C?1'l,r'Wnl~vll ~'dl:W~~'r)l ~ lltl ~nl~~ll~'r) eX'dt.J~~U n ~'r)19l~ l~t.J'l~'r)1'Wnl ~vlltllt.J lltl~nl~r'h9~'~'W'V11tJ~U'Wl~'r)'W 

u'Wn'd leX nl ~vll ~'dl:W ~~'r)1 ~1 'Wnl ~Vl tl'llVl~'r)9~'W'V11~ ~'l nl ~Vltl'llVl ~'r)"lJ'r)'l9 ~'W'V11~~'r)lU'W~llVl !7lVlii'l~vll1~ In ~ nl ~ 
q q q 
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Psychrotrophs ~1d-Jldm~1C1J1rX'f)th'ld,)~l1')luln'f)~rwf~~ruvl.1J~ 2 - 15°C (Gill and Newton, 1997) ~')ul~rk!~'lJ:l-J1n 
lU'f)I~ld~ ~ In'f)~[Plrfrrl1'l 1 ~') nvh! ernll~~e.J~1m~m'U~I~'f)I~ldll·lil~u lti'f)'l~1 n~~ltJ~ltJ~uflUUll'lJ fD)Vll~mJ d~lfl'Vl'VlU 

fD)') 1 d-J l~Ull~ ~~1 d-J1 dl.l ~¥I'll'f)U16Jld-JlrX L1JUll'lJ fD)Vll1-tJ~v'i11'lX'f)I~ld~~ltJ"Jjil~ l't.,h l~ tJ ~ e.J ~ n d~'Vl'lJ 1Pl'f) n 1 dlU ~tJUllU ~N ~ rufll~ 

Ahrne and Molin, 2007) 

, ~ 

(Planktonic) (Chavant, Gaillard-Martinie and Hebraud, 2004) lil'f)'l~lnnld~f?J-JUI'VlI'l~u~nddd-J~Un'lJnldlnl~~~'lJ'W 

~U~') ll~~nldll~'l!fl')lUfll,)~~ luu1'lJ t'f)VJ~d-J ll~~ln ~ nlduf'lJ!fI,)'VlI'l ~IU~n11ru~u dl n{] U'f) n~1 n~nldll'Vldn~:l-J"ll'f)'l~ld 

~ll~'f)l-if11ulu1'lJt'f)VJ~d-J5'l\'uuu~~tJ~;1'l~'l~un'lJ"Jjil~"ll'f)'l~ld~1.jf nldlnl~~~'lJU~U~,)~~:l-Jer~'f)I~ld"ll'f)'l'~U'Vl1-~l\'~~ 

l~1C1J luu1'lJt'f)VJ~:l-J~ fD),)Id-J~1 ~C1J 1Pl'f) h'l'lIU~ [Pl~I~nddd-J'f)I~ld lti'f)'l~1 n L1JUll~~'l~~~d-J"ll'f)'l'~U'Vl1-~\'\'~~'f)I~~~ln ~nld 

UUl~'f)u-ifI:l-J"ll'f)'ll~'f)~~U'Vl1-~~e.J~[Pl.nrusvl'f)I~lnldr'h~~l\'~~vll~ltJ1ut'f)VJ~:l-J
q OJ 

~U[Pl'f)ulunl dr119~ ll~ ~nl dvll ~ltJ1'lJt'f)VJ ~:l-JU d~ n'f)'lJ ~') tJ nl dvll fD),)I:l-J~ ~'f)1 ~ (cleaning) \'l~~nld~1 \'~'f) 

(sanitizing) ~')ul~rk!C~':l-J~,nnldlojf~I¥'f)u~1'f)~'l~U~''l~'l~nUdnlPll'l1'f)'f)n~,n~u~') ll~~l~fi'Vl''lnltJfll~ l"llU nldi~~ 
i,):l-Jn'lJ~ldvllfD)')I:l-J~~'f)I~ dJU!?lU ~1'l~,)U~ lUU~ld~U'Vl1-~~ ~'llltlU'f)'f)n1u ~1 mru~ ~lojf~ld~ll~'f) l-iflvll~lm6Jl~~ 

~~U'Vl1-~ nl~ldvll fD),)Id-J~~'f)1 ~16J~Id-Jldl.l~I'l~ld~U'Vl1-tJl~~:l-J ~ ~1 d~ll~'f)~ ~16J~1:l-J1 dl.l~:l-J ~,ul-if,1uvll~,tJ~~U'Vl1-tJl~
q q 

!?1'lt1unld\'~'f) n';)finldvll~ltJ "Jjil~ ll~~fD),)I:l-J \'-n:l-J-nU"ll'f)'l~1 dvll fD),)I:l-J ~~'f)1 ~ \'\'~~~1 d~1 \'~'f)~ l~:l-J1 ~~:l-J d,):l-J D'ld~tJ ~ l,) ~11U 

nldvllfD),)I:l-J~~'f)I~~'lnfD),)Id-J~IfD1C1J'f)tJl'l:l-Jln (9d~l~"Jj :l-J1~1, 2551) nldr119~l\'~~nldvll~ltJ1'lJt'f)VJ~:l-J~I:l-JldmlU'l 

'f)'f)nlUU 3 ';)fi 1~\'lri 

1. ';)fi'VlI'lnltJfll~ 

nldvll~ltJ1'lJ t'f)VJ~:l-J ~')tJ';)fi'VlI'lnltJfll~~I:l-Jldl.lvlI1~~~ltJ';)fi ,;)fi~iltJ:l-JlflU'VlI'l~ [Pl~I~ ndJ':l-J ~'f) nldlojf lld'ln~lu 

nldi~~'f)n1'lJt'f)VJ~:l-J lllPlhh~:l-JI~n'lJ~U~,)"llt"lld~ tf9"Ju~'l1~nnldUd~tJn[Pl1.jf,;)fi~U1i,):l-J~')tJ l"llU nldlojffD)~Ul~tJ'l 

(sonication) nldl.jflld'l!?1U~'l (high pressure) lUU!?lU U'f)n~,n~nldl.jf~I~~ru~1J~~'llUu~n';)fi~;1'l~lmunldr119~lb~~ 
vll~ltJ1'lJt'f)~~:l-J1~ 

http:ll~'f)l-if11ulu1'lJt'f)VJ~d-J5'l\'uuu~~tJ~;1'l~'l~un'lJ"Jjil~"ll'f)'l~ld~1.jf
http:1d-Jldm~1C1J1rX'f)th'ld,)~l1')luln'f)~rwf~~ruvl.1J
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"""j "j 

2. 'Jnnld'Vll'H~~ 

nldfll~[9lll~~vll~ltJ1Ul'f)~~~tJd~n'eJtl~'JtJ nldvll~'Jl~~~'f)l ~lll~~nldBJJ"ll~'f) (?)'1t!'W~'1~'Jn~'f)n1-n~ln~n~ 
lVl~l~.;;q~ loiJl·1htJ~'W[9l'f)'W"ll'f)'1 nldvll ~'Jl~.;;q ~'f)1 [9l~lI,U'W~'f)'1 rh~[9l1,Vl1M'f)1V11nl~~.;;qld;S'W'Vl1~(9]1'11 ~"J1'JtJ1'Wnln91b1J"ll'f)'1 

9~'W'Vl1~(9]'f) 1tJ .;;qldvll ~'Jl~~~'f)l [9l~~~'1 ~'f)'1n ~ru.;;quu~1'Wnld~ [9ll,l,d'I ~'1 ~'J vll1m"ll~'Wnd~91tJ [P]'J'f)'f) n 1,1,~~tJ'f)tJ.;;q~ltJltJd~'W
q q 

",,,j "j 

3. 'Jnnld'Vll'16Jl'JJll'1"j 

nl d1ojf1fi'Vll'1~'JJll'1"j lU'W'Vll'1l~'f) n 1 VlJ.J~1~~u ~'J 1 ~.;;q'W191 'WU 99U'W lti'f)'191 n ~U11Jl ~'f)1V11d~'J'W1VlnJ11.X 
q 'IJ '" 

~'Jl~~l f1b1J l~tJ'J n1J ~'Jl~tJ~'f) [9l.ntJ"lI'f)'1'f)1V11d~1 n~'W 1~nnldI11.;;qld~'JJll'1"j 1,"J1'W ll,U fll'Vl'f)11'f)~'W (bacteriocin) ~n~'Vlt 
tJU~'19~'W'Vl1~ ~11ojf l~~'f)UU'W~'W~'J~r5~ er.;;q'f)1V11dl,~'f)tJU~'1 nldl,nl ~~ [9l"ll'f)'1I,I,U ~Vl1,1tJ I,U'W~'W 'W'f)n91n.;;qld1'Wn~~ 

q q 

ll,U ~ 1,'Vl'f)11'f)~'W1,1,~'J 1,'f)'W16Jl~I,U'W.;;ql d~'JJll'1"j n ~~VI~'1~ ~ n I,~'f) n1oif1'Wnl dvll ~ltJ1u1'f)~ ~~ l'l"jdl ~ I, 'f)'W1sn~~1~ldbltJ'f)tJ .;;q~ltJ 

.;;q 1 d;S'W'Vl1~l,l~~' ~'W'Vl1~17l1'111~ vll11.XntJ d~~'VlfiJll'1"j1 'Wn 1 dn 1~ [9l EPS I,I,~ ~1ul'f)~ ~~1~ ll(9] l'f)'W1sn~ll,i?l~ ~6Jlil[9l n 

~'Jl~~ll'l"jl~nu.;;qld;S'W'Vl1~Vl1-'f)'~'W'Vl1~1,1,[9l n (9]1'1 n'W ~'1noiJ'f)~l n[9l1'Wnln~'f) n10jf ~~lI,U'W~'f)'1I,~'f)n 11.X~ll'l"jl~nu6Jlil[9l"ll'f)'1 

.;;qld;S'W'Vl1~Vl1-'f)9~'W'Vl1~~.;;q~1'111Jl'f)~~~,r'W (n'WnVi'l"j~ 'Vl~'I"j~1,91run~,2550)
q '" q 

bVl~nni11f~cQ3J (Stainless steel) 

l,VI~nn~lU~il~ VI'1'f) .;;q1,[9l'Wl~.;;q t!'W 1'W'Vll'11~Vlndd~D'f)~llU'Wl~VI~B-J.;;q~I,VI~n ~nl~nntJ~'f)tJl'1iJ'f)tJ~~[9l 10.5% 

I,ti'f)'191nl~VI~B-J.;;q~(?)'1n~l'J 1~i lu'W~il~'fY'Wl,ti'f)'1~191n nldvlltJBmtJln'Wd~VI~l'1 'f)'f) n~ 19'W1'W'f)lnl Vl1nul~nntJ~1'W1,~'f) 

~l[9l'Wl~~ In[9llU'W~~~Ul'111,~~'f)U~'J1~ vll11.XlVl~n~1~ldbl~1'W'Vll'Wnldnlnn[9l.;;qil~91ntJBmtJl'f)'f)n~I,[9l-n'W (oxidation)1~ 

1[9ltJvllV1iJl~1JmJ'f)'1nlnn[9l~'Jl~ll~mt11tJ11.Xntl[P]'JI,~'f).;;qI,[9l'WI,~.;;q1~l,u'W'f)tJl'1~ tJnU'f)'1nlnn[9lnldn[9lni'f)'W (Corrosion) I,I,~~ 

1J.J~1~[9lVl'1'f)~nni'f)'W~ltJ'f)tJl'11~VI~vi''J1tJ Vl1-'f)nlnu'W.;;qil~~ I,U'WB-J~~191 nm~l ru1~nntJ~1'W1,~'f) I,VI~n I,VI~nn~lU~il~~'1 

I,I,[9lni?l1'191m1t1~nndd~[9l1vi''J1tJ~nnldU'f)'1n'Wnldn[9lni'f)'W~'JtJnld6Jl1J Vl1-'f)I,~~'f)U~'J;S'W'Vl1~.;;qld 1,"J1'W nln~~'f)U~ I,U'W~'W
q 

nldn[9lni'f)'W~'1 ~'11J.J l,u'W.;;qil~ 1,1,~~1J.JvlltJBmtJlnu nd[9lll,~~ Ln~'f)~n'f)~1'W'f)lVnd n~'W~'J 1,1tJU 1,1,~~n ~'Jl~ l,u'Wn~1'1~'11J.J ~[9l 

~~d.;;q1[9l1 'I'll ~'Jl~.;;q~'f)l [9l1~~lml~~~nVl~n'f)'Wl~tJ1'W'VJn~'W[9l'f)'Wnld1ojf 'Vl'W~'Jl~~'f)'W ~'Jl~ I,~'W I,l~~nlntJ~tJ'W~ruVl.1:Jill[9ltJ 

ryyu'I"j~'W1~~ 

I,VI~nn~lU.;;qil~mJ'I'f)'f)mu'W 4 6Jlil[9lVl~n ~'f) 

1. I,nd[9l'f)'f).;;qlr?lil~n I,I,~il,Vl~n[9l[9l1~i~[9l 'W'f)n91n~'J'WB-J.;;q~"ll'f)'11~nntJ~18 % 1,1,~'JtJ'Inilln~~"J1'Jm~~I~'Jl~l~l'W'Vll'Wnld
'IJ 

n[9lni'f)'W I,VI~n6Jlil[9ldB-J~ [9l1~~ltJ~'1 l,u'W~'W'f)tJ~'f)tJl'1n~l'1"ll'Jl'1 

2. I,nd~ll,yj'f)fi~n 1,1,J.JI,VI~n[9l[9l~[9l n~'J'WB-J.;;q~"ll'f)'1~lfU'f)'W~l 1,1,~~nl~nntJ~l,u'W~'J'WB-J.;;q~VI~n ~'f) tJd~~lru 13 % "v11'f)
'IJ 

17% 
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3 

n~l'l ~m11hnojfvh~'el:W rJ(?) lfli'el'l~'el~li7l(?) ll~~lfli'el'l~~v.ln'j'~'W1 ~'lrJ~ru~:wUill~'WL'Wnl'j'~h'Wvl1'Wnl'j'~nn~'el'W 

ll~~Wn:w ll~'lllNV1'WV11'W 

4. In 'j'(?) (?) l~ ~ nsf ll:hllV!~ n (?) ~I ~ (?) rJi:flN~ ~1'l t:-J~:W'j'~"dl'll~'elfbflll~ ~'el'el ~ ll?11 'W!?l rJi:flnrJtl:w t:-J~:W'elthh~:Wl ru 
~ ~ ~ 

corrosion cracking resistance) 

lV!~nn~lU~U:wi:(?)tl~'JhJfiil~'el~L'W 3 6flU(?) LV!'1!1i:(?)mlU'l1?11:W6flU(?) ll~~ill':Wlrui:~V!~~ t:-J~:W~'l1u ~'llu'Wi7l'JnlV!'W(?) 

i:flN~~1'lV11'li:~V!~~V1tll 1?1~'el (?)fiil'W~ ru~:wu~h~'ln~ ~ru~:wullV11'lyj~n~ll~~fl'Jl:W !?l1'WV11'Wnl'j'rl(?)n~'el'W~'l1?11n'l~ 2.1 1~ 

ll~(?)'l~'el:Wll?1'j'~l'W~ln~ll~~lch'Wu'j'~n'elui:(?)tlU'j'~:Wlru"ll'el'l~ll?1'Wl~~~~~ (U~'11'V11V1tlir'e)flsf~~~ r.hrl(?) , 2006)
d.9 

U'j'~lJlV1"ll'el'llV!~nn~lU~U:w 

d 
"l1'el:Wll?1'j'~l'W~ln~

d.9 
'ch'WU'j'~n'elUlflrJi:(?)tl~'J1u 

6flU(?) 1V1tlil'elnsf TISI AISI JIS EN10088 fllfu'el'W 

1'VI tl USA r~u'W tlhu ., q q 

i:flU'el~ Udl~ i::w~u~tr:w 

l~'elfi~n TNX SST 430 430 1.4016 0.05 

SC17 430 

16.5 - -

'el'el~lI?1U~n TNX SST 430 430 1.4016 0.04 

S189 304 

18.5 - -

'el'el~lI?1U~n 

t:-J~~Ii::W~U~tr:w 

TNX SST 316L 316L 1.4404 0.025 

LM 316L 

1811 

17.5 11.5 2.0 
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~U~'d"lJ'E)~ bVl~nn~lH~u:wi1V1rlltJ"1lU(?1 t(?1tJi1~~"1lU(?1 b~l bVliJ'E)Un~~9n bbUU~hu bbUU b1tJUVl1-'E)i(?1~'d ~~bbt?lrl~~U~'d 

~1:Wl~b11ojfi'd:wnut)~f?l~uVl1-'E)1ojf~U~'d"1lU(?1t?l1~11~~bbrl~hJbb!?lmXn ~~!?l1~1~~ 2.2 1~bb~(?1~"1lU(?1"lJ'E)~~U~'d ~n~ru~ fl'dl:W 

20 0.1 - 0.03 13 

2B 
" ~ Q; I ~ ~.t:::::Io d ct 21 

~(?1btJU, 'E)U'E)'E)Ubbrl~~flflrl~: ~'db~l"lJUbrlnU'E)tJ 

91nnl~1(?1 b~U'E)'E)n b1JU~ b'Vll 0.03  0.02 22 

BA 0.02 - 0.06 

No.4 <1.0 

HL 0.1 - 0.03 

NO.8 

(mirror finish) 

85 

*fl'dl:W b1tJU VI:WltJ D~ fl'dl:W b1tJU"lJ'E)~~U~'d~~t)(?1~'dtJhhYJrl trli:l b!?l'E)f 

**46% ~1V1~1Jbyj'E)fi~n 

~:Wl: U~';'Vl1'VltJ{l'E)fl6Jf~~rllO(hn(?1 (2006) 
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h'l'llUV'l'd~9~~91~rulb~'eln1ojf~1~~lb~'elrJ1'dtJ~lnV'ln (chemical disinfectants) 11Xb'V!~1~~~~1V1fubb~~~~'dU'l1'W 
bti'el'l91n~1~~lb~'elbb~~~"1lil~n9~b~U9~rJ1'eltJ~1'lnu1tJ ~l~~lb~'el~~~'el'lnV'lru~~~hjb'lJU~M hJvll11Xbn~nl~~nn1'elu

q q q 

i.I 11 11 'i.I 'V 

iU[9lre)unld~l~vll(P)'dl~~:::1)I~~b~~6J.Jlb~'f)~~n 5 ~\'&[fl'f)u~~n ~'f) i\J~'f)'Wnldvll(P)'dl~~~'f)l~ 3 iU[9l'f)Ubb~~ 
'V i.I 'V 'V 

iUI?l'elUnl~~lb~'el~n 2 iUI?l'elu cP1'lU 

nl~n19~~'l~ntJ~n (soil or dirt) "lJul~1V1riJrJ1'dtJ~~n~ b"IlU nl~l1~ n'dl~ t:1 i~Vl1'el"1l~~1'lrJ1'dtJ~1~~'ell~ b'lJ'W 
., 'IJ 

~'W 


nl~n19~~'l~ntJ~n~bVl~'el'el~rJ1'dtJ~1~"1l~~1'l (detergent) 


I ~ 2.1 2.1 ~ I.::!J " " 
nl~6JJl b"1l'el ~'dtJ V'l'dl~~'elUVI~'el~l~6JJl b"1l'el 

nl~~l'l (rinsing) ~1~~lb~'el'el'eln91n~U~'dbV'l1'el'l9nnb~~~tJnnl1 

~1?l'dddM~ 18 b~'el1ojfdJu~1~yJ'eln~1u~I?l~1V1ndd~~'l'Vl'el 119'UUnnl~~1~1~tJ~~n'eluV'l~'el1U~11ojfb'L1U~1~~lb~'el1'W1N'llU 
'el1?l~1V1ndd~'ellV11nb~~ilmJ1ojfnu'elth'lbb~1V1~ltJ

q 
b"IlU 1ojfb~'el~lb~'el1UbbVl~'l~1 1ojf~lb~'elbV'l1'el'l:n'el Vl1'el'eltJnnl1~n~u 

q 

~'d~~er~'ell1t11~ 1ojf;U~yJUbV'l1'el'l:n'el~~wil'ln~~U'dUnln.J~I?l'ellV11n~'el~~~lU'dU'~U'Vl1tJ bUU~U 

V'l~'el1Ubb~~~1~tJ~~n'eluV'l~'el1u1u~tJ bbUU ~1'l11rJ19~11XbUU~1~tJ~~bJl'Vl~ b1tJ n~l "Generally Recognized as 

Safe" (GRAS) cP1'ltTU9'ln V'l'dl~tJ~'el ~JltJ~9~~11tJ1oJf1u'f;) 1?l~1V1n~~~'ellV11~tJ~~ bJl'Vl ~1'l1 ~'l~n1-n' V'l~'el1UVl1'el~1~tJ~~n'elU 

V'l~'el1Ub~'elt)I?l~tJ~~~'lV'l1unl~~lb~'el'~U'Vl1tJ U'eln91n~tJ'lnnl~1ojfV'l~'el1u1u~l?l~lV1n~~~tJ~~bJl'Vl~U1 b"IlU ~1?l~lV1n~~~ 
n~~~lM 'el1?l~lV1n~~~~'l'Vl'el 'el1?l~lV1n~~~nl~e.J~l?ltJl bUU~U 

q q 

nl~1ojfV'l~'el1Ubb~~~1~tJ~~n'eluV'l~'el1UbUU~1~~lb~'el iltJ~bI?l1tJ~1u~tJ"lJ'el'l~1~~~~ltJ~nV'l'dl~b-if~-if'W"lJ'el'lV'l~'el~U 
~~~~l?ll~~~'el'lnl~ l~tJ V'l~'el~Ubb~~~1~tJ~~n'elUV'l~'el~UvlltJljmtJlnU~11rJ1n~~le11tJV'l~'E]f~ (HOCl) cP1'l~~nl~ 

C12+ H2O ~ HOCI- + H+ +CI

2+ 
Ca(OCI)2 + H2O Ca + H20 + 20CI ~ 

~Ca(OCI)2 + H2O Ca(OH)2 + 2HOCI 

HOCI OCI... ~ 
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nld1o1f~ld1Jd~m)'lJ f1 ~'f)1'W1'Wnl dVl1 f1'dl~~~'f)l f?1 bb~~~l b~'f)'~'W'Vl1tJ ~'l"'l~i1 nl db~~1'WJ1~101f1'Wnd~U'd'Wnld bf?1tJ 

1~bbU'lf1~'f)1'WbU'W 5 n~~1vm.h ~'f)f1~'f)1'Wb~~'d ~lnh~n'f)u1fjhJf1~'f)h~ (hypochlorite) ~ld'f)U'W'Vl1tJf1~'f)d1i1'W 

(inorganic chloramines) ~ld~'W'Vl~tJf1tl'f)d1i1'W (organic chloramines) bb~~f1tl'f)~'W1f?1'f)'f)n1sn~ (chlorine dioxide) ~'li1 

lh~~'Vlfilll'\A1 bb!?1n!?ll'ln'W 

f1~'f)1'W"'l~vlllJBmtJ1d'"J~C9l'd nublJdb!?1'\A1~l~~~"lJ'f)'l bsn~~'~'W'Vl1tJ bf?1tJ b-nl1lJ1lJ bb'Vl'W~lfjbf?1db"'l'W'f)~!?1'f)~1'Wn~~'f)~iJ 

b'W btl f?1 bU'W~l nh~n'f)u~'W1~~ ~'f) f1~'f) d1 i1'W ~'l bU'W~ld~ bU'W~'l:I'!?l'f) bsntl~'~'W'Vl1tT f1~'f)1'W"'l ~vll1~ btlVl nl d!?1n !?1~n'f)'W 
ojf?1"lJ'dl'l nl dvll'll'W"lJ'f)'l b'f)'W1sn~~~1 ~rullltJ1'Wbsn~~ bb~~tJUJ'l n1 d101f n~ bf1~"lJ'f)'l b~'f)"'l~'W'Vl1tT (n'WnVi'\AItJ 'Vlf'\AItJb"'l1'ru n~,

QI qJ q Q,I q 

2549) 

~ld~~~ltJ b!?11tJ~1~"'l1 nlJBmtJ1d~wj1'lbsn b~tJ ~1e:J Vld'f) n 1 sn ~bb~~ f1tl'f)~'W1 'WJ 1 bu'Wn ~ ~"lJ'f)'l f1 ~'f)1'W~UtJ ~1o1f1'W~ !?1~l~ndd~ 

'f)l~ld~ln~~f?1 bti'f)'l"'llni1f1'"J1~ bU'W~'l:I'~l btlVllJBmtJl1~b~'"J vlltl1tJ'~'W'Vl1tJl~~~ltJ"llUf?1 bb~~dl f1l ~n i1~~~vh)f)~ bb!?li1 

-n'e)b~tJ ~'f) nf?1n~'f)'Wb~~~Ul'l"llUVlbbtl~lJd~~'VlfiIl1'\A11'Wn1dvl1~ltJ"'l~'W'Vl~tJ~Vl~'lb~'f)i1~1d~'W'Vl1tJlJ~lJ'W1'W~ldtl~~ltJ U"'l"'lU'W 
q q 

tsn b~tJ~1e:JblJ f1~'f)h~'l b1j'W~ldlJd~n'f)u f1~'f)~'Wi1~~u~n'Wnldvll~ltJ'~'W'Vl1tJl 'W 3 ~1 bb~ll'l ~'l!?l'e)1lJ~ (~f?11'\A1d 

bVltJU~~f~, 2545) 

~'"J'W~bU'Wb~'f)~~ bsn~~ 1~ bbr1 t:-J11'l bsn~~ b~'f)~~ bsn~~bb~~b~'f)~~~lJ'f)f ~'l bU'W~'"J'W"lJ'f)'l t:-J11'l bsn~~ ~ldlJd~n'e)uf1~'e)1'W
q q q 

~1~1 dblvl1~ltJ bbU f1Vl b1tJl~tVl tJ nl dbn VllJBn1tJl"lJ'e)-:) f1 ~'f)1'Wnu tlJ d~'W1'Wb~'f)~:J.-1 bsn ~ ~ vll1~ bn f?1 n 1 d~ 11'l ~1 dU d~n'e)U 

N-chloro ~'l1lJdU n'd'Wnd~U'd'Wn1db~!?11U'f)~~~"lJ'e)'l bsntl~ vll1~f1 ru~~u~nl df1'dU f1~ n1d~1'Wb-n1'f)'f) n"lJ'f)'l b6Jl~~~ru b~tJ1u 
q q 'lJ QI 

~ 'd 'W ~ bU'W "lJ 'f) 'l b~ ~ 'dill tJ1 'W b6Jl ~ ~ (protoplast) '\AIU ~ 1 ~ 1 dlJ d~ n 'f) U f1 ~ 'e)1'W1lJ vlllJB n1tJ 1'f)'f) n~ bVl-n'Wnu ~'d'W 

tlJdt!?1'\A1~l~~~"lJ'f)'l b6Jl~~1f?1tJ b'U'\AI1 ~'f)th'l~'l~'d'W~ bU'WblJd~'W bf?1tJ~~1lJ!?1n !?1~n'f)'W~'d'W~ b'U'WtlJd~'W"lJ'f)'l bsn~~ ~ldlJd~n'e)u
·1 f1~'f)1'W"'l ~1lJvl1lJBmtJ1nU~'d'W~ bU'Wsn~ t ~ f?11'~ (sulhydryl) "lJ'f)'l tlJd~'W bn f?1 n1 dd'U n'd'Wn1dvl1'l1'W"lJ'f)'l b6Jl~~( ~ f?1l'\A1d bVltJU 

~!?1f~, 2545)
q 
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• 


~'dU~ lUUl'E)u1~~ ~l~U ~~n'E)U fl'l:'l'E)1U~U n'dUn1~vl1~lU"lJ'E)~ l'E)U1~~ll'l:'l ~tJ~ ~1 J.J1 Hlvl1'1:'lltJ l'E)U1~J.J1cX~ n cX'dtJ 

l'E)U1sn{jlUUtU~~U ~l~U~~n'E)U fl'l:'l'E)1U~ lolJ11ulUl~'I:'l~vl11iX In !?ln1nU~tJUllU'l:'l~tflN~~1~Vi1'E) In !?ln1~~'d~lrJI'd"lJ'E)~ l'E)U1~~ 

,,11 1 iX ~~u U n 1 ~vl1~ 1 U"lJ 'E)~ l'E) u1~ ~ l u ~ tJU1u l'E) u1sn ~VI 'I:'l1 tJ"ll il!?l~1cX~"'J!!-J 'I:'l n ~~'Vl'l.J 91 n fl 'I:'l 'E)'1u l"IlU Triosephophate 

dehydrogenase, glucose oxidase, transaminase, succinic oxidase dJU~U 

n'i~HtJ'fl~'fl'fln~bb'fl~&in (Peroxyacetic acid) 

n~!?llu'E)f'E)'E)n~ll'E)~~n ~'E) lU'E)f'E)'E)n1sn(?)"lJ'E)~n~!?lll'E)~~n ~'1ru~J.J'lJ~dJU~1~'E)'E)nsn1!?l6Jl'E)th~llN 'I:'l~'I:'lltJ~11cX~ ll'l:'l~ 

~ fl'd1J.J lolJJ.JolJU~~~n~u'Uu t!?ltJ~'d1U~~1~fl~ rJI'd !!-J~J.J'E)tJ cX'dtJ U~~~'VlfiJl1~n1~'Vl1 'I:'lltJ l~'E)'I:'l !?l'l:'l~ b~'E)'E) ruVlJl~~~ ll'l:'l~l~'E)~n1~
qJ q qJ q ClJ qJ 

n~!?llu'E)f'E)'E)n~ ll'E)~~n ~1J.J1drl'vl1'1:'lltJ lsn'l:'l~ll1J flVll'1tJ1~!?ltJ n1n1J n'du~ufi~snu1eJ!?l1''I:'lll'l:'l~sn'l:'ll~'E) flutu ~~U~'llUU 

~'duuj'~n'E)u"lJ'E)~ l'E)u1~~ t!?ltJvl1V1iJ1~ lUU~l j''E)'E) nsn1t?l6Jl ll'l:'l ~tJ'l~l J.J1~b1vl1uDmtJ1 flU tU~~U~'llUU~'dUU~~n'E)u"lJ'E)'l !!-Jt!'l 

lsn'l:'l'i:f U'E)n91n~n~(?llU'E)f'E)'E) n~ lb'E)~~ntJ'l~1J.J1~b1'Vl11iXtU~~Ul~tJ~Jl1~ ont?l"lJ'd1'ln1~"lJU~'l"lJ'E)'l !!-Jt!'ll~'I:'l'i:font?l"lJ'd1'ln1d'Vl1'llU 

"lJ'E)'l b'E)u1sn~~91lUU(?]'E)n~~'lJ'dUn1nJ.J ~1'lJ'E)~~J.J"lJ'E)'l bsn'l:'l~ ~1J.J1 ~b1~'lJn'dUn1~lolJ1'E)'E)n~ l~'E)~J.J lsn'l:'l~'l~1J.J1~b1tJU~'l n1~ 

191'blJ"lJ'E)'lll'lJflVll'1tJ ll'l:'l~"hliXlsn'l:'l~~nvl1'1:'lltJlu~~t?l (Kunigk and Almeida,2001) 

l~'E)~l~'I:'l~'I:'lltJn~t?llU'E)f'E)'E)n~ll'E)~~n~'I:'lltJrJI'd 9~1~~1 'E)'E)nsnl9u bl'l:'l~n~t?lll'E)~~n ~'llUU~1~~hhUU~111U'E)1V11~ 

bl'l:'l~~'lll'd!?l~'E)J.J U'E)n91n~tJ'lhJvl"lliX In(?lt~J.J ll'l:'l~~1~U~~n'E)1J~'E)~ l~~ ~1J.J1~b1ln !?l1JDmtJ11u~ln~~~l'l ll'l:'l~tJ'E)tJ~'I:'lltJ 

1~'Vl1'l~'dJl1~ 
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d 
'U'Vl'Vl 3 

Stainless steel "1lU~ 304 No.2B 

1Jlfur.nnn1j''f)~b~j'1~i'"l1nu~<JYl1YltJ{J'f)~i~~~ ~1n~(~Vl1"1l'W) 

Trypticase Soy Broth (Merck Laboratories,Darmstadt, Germany) 

Trypticase Soy Agar (Merck Laboratories,Darmstadt, Germany) 

Pseudomonas Agar Base (Merck Laboratories,Darmstadt, Germany) 

Nutrient Agar (Merck Laboratories,Darmstadt, Germany) 

Sodium thiosulfate-pentahydrate (Na2S2
0 

3
.5H20) AR grade 

Sodium chloride (NaCI) AR grade 

Potassium iodide (KI) AR grade 

Potassium dihydrogen orthophosphate (KH 2P0
4

) AR grade 

Di- Sodium hydrogen orthophosphate anhydrous (Na
2 
HP04 ) AR grade 

Acetone ((CH)2CO) AR grade 

Absolute ethanol (C H 0H) AR grade
2 5

Sodium hypochlorite (NaOCI) (Merck Laboratories,Darmstadt, Germany) 

Peroxyacetic acid: POA (Peroxy Thai, Thailand) 
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~'e11J~:W~'e1'W (Hot air oven) (Memmert i'W 600, Germany) 
'IJ • 

bf11'e1'l Spectrophotometer (t'W Genesys 10 UV, USA) 
, , ... 

bf11'e1'l-n'l"J1V1un Vl(P\oWtJ:w 2 ~1bbV1oJ'l (Sartorius t'W BP31 OOS, Germany) 
, , ... 

bf11'e1'l-n'l"J1V1un Vl(P\oWtJ:w 4 ~1bbV1oJ'l (Sartorius t'W A2005, Germany) 

bf11'e1'l pH meter (Eutech t'W Cyber Scan pH 1000 Bench,Singapore) 

bf11'e1'l Vortex (Labnet t'W VX 100, USA) 

bf11'e1'l Autoclave (TOMY Autoclave t'W SS-320, Japan) 
... 

~U:WL~'e1 Incubator (Heraeus instrumevt i'W B6)
'IJ • 

... 
~U:Wb~1~b~'e1 Incubation shaker (Mennert t'W LINE-LAB, Germany) 

bf11'e1'l Centrifuge (Zentrifugen t'W 40G257, Germany) 

d . 
Lf1~'e1'l Colony counters (Suntex, Taiwan) 

~ Laminar flow cabinet (BVT-123, Thailand) 

bf11'e1'l bbn'J bb~~~U n~rul?h'l1~~1 LlJ'W 

3.1 .1 n1nl?l1-tJ:Wben~~ Pseudomonas fluorescens 

bl?l1-tJ:w Len~~LL1J f1,yh1-tJ'"l1 mb1Jflvh1-mJj'~Vlt~ b~1~L~tJ'l~'JtJ'e11V11n~tJ'l b~'e1"1loW(?1 Nutrient Agar (NA) L~tJ'll'WV1~'e1(?1 
Vl(?1~'e1'l (slant) (bn1J1~~~ruV1.1Jij 4 'e1'l(p\1ben~b~m~) l:(?1tJ~1m~'e1 1 ~U~'l1'W'e11V11nV1~'J Trypticase Soy Broth (TSB) 100 

ij~~~I?l~ b~1~bitJ'l1(?1tJn1n"llth 150 rpm ~~ruV1.1Jij 28 ±2 °c dJ'Wb'J~1 16-18 ~'J1:W'l '"l1mr'WbbtJnl?l~n'e1'Wben~~1(?1tJn1~ 

V1~'WbV1~tJ'l~f1'J1:Wb~'J 3500 rpm dJ'Wb'J~1 15 'W1Vl ~~ruV1.1Jij 28 ± 2 °c bn1J~'J'WI?l~n'e1'W:W1 resuspension ~'JtJ 

0.85%NaCI U~'e1(?1b~'e1 m:W1l?ld 1 0 ij~~~l?ld "J11u1'(?1\phn1d(?1(?1n~'Wbb~'l~ 600 'W11'Wb:Wl?ld bb~~uf1Jlm~y;i1(?1(?1n~'Wbb~'l
'IJ 'IJ 

Ud~:W1ru 0.3 '"l~1~b~'e1bi:w~'W~ 9 log CFU/mL bl?l1-tJ:Wf1'J1:Wboif:woif'W"lI'e1'lm:Wlruben~~~'l~'W~~'e1'ln1d 1(?1m9'e1'"l1'lI?l~n'e1'W 

bsn~~~'l~'Wl'W 0.85%NaCI U~'e1(?1b~'e11"LX~f1'J1:Wboif'Woif'W"lI'e1'lI?l~n'e1'Wbsn~~ 9 log CFU/ml ~1V1f1Jn1dVl(?1~'e11Jm:W1rubsn~~~'l~'W 

d~(P)1J~'l (8 log CFU/mL) ~1V1f1Jn1d'Vl(?1~'e11Jm:W1rubsn~~~'l~'Wd~(P)1J~1 (3 log CFU/mL) b9'e1'"l1'l1"LX~f1'J1:Wboif'Woif'W"lI'e1'l 
f?l~n'e1'Wbsn~~ 4 log CFU/mL 

3.1 .2 n1dU1Jm:W1ruben~~ Pseudomonas fluorescens 

1?l~'J'"lU1Jm:W1rubsn~~bi:w~'W "lI'e1'lbb1Jf1Vlb1-tJ~'JtJ';Jfi spread plate technique t(?1tJUbU[?lb~'e1bi:w~'W 1 ij~~~f?ld 1~ 
V1~'e1(?1Vl(?1~'e1'l~'l~ 0.85%NaCI U~'e1(?1b~'e1 m:W1f?l~ 9 ij~~~l?ld b9'e1'"l1'l1"LX1~d~(P)1Jfl'J1:Wboif:woif'W~~'e1,:m1d '"l1m!'WubUI?l 
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~ld~~~lm~'E)~~'E)'"ll-:jtfhn{?]d 0.1 n~~~{?]d~-:j1'W'"l1'W~'Wl~~~'E)~iJ'E)I'V11nitJ-:j~~'E) TSA 1'ihvvi-:j~~nrnJ~'flVl~~'E)~n~m~'E)1~~':l 

~':lVliil'E)lVlld 1J:w ~~'E)~'E) nmlln 30 .5 °c dJ'WVd~l 24 ~':lL:W-:j l1U~l'W':l'WL~L~ilu'W'"lI'W~'WI~L~'E)~iJ~l'W':l'WL~L~ild~Vl~l-:j
q qJ 

~ 

3.2.1 nln{?]1-tJ:w~'W~':l'VlVl~'E)U (stainless steel) 

~{?]1-tJ:W~'W~':l~lfl'Wnld'VlVl~'E)U l~LLri stainless steel LnJVl 304 "ll'W(?l 2B f1rn:WVl'Wl1JJ~:Wlru 1 ij~~~:W{?]d L(?ltJl?1(?l 

~'W~':l1~n"lJ'W1Vl 1Xl ~1]'W~~:W{?]d vllf1':ll:W~~'E)lVl'lVlm~"1l~~eJ'W~~{?]'WL~~~~~l'W'E)~~'l{?]'W (acetone) L~'E)~l-:j~d1ul"lJ~'W'E)'E)n 

30 'Wl~ ~1-:j~':ltJJ1~1'E)'E)'E)1'Wi (deionized water) 2 f1f-:j L~"1l1'Wnd(?llfj'lVld~~'E)1n (HCI) 5 N LU'WL':l~1 15 'Wl~ ~l-:j~':ltJJI~ 

l'E)'E)'E)l'Wi (deionized water) 2 f1f-:jLL~~LL"1l1'W~ldvllf1':l1:W~~'E)lVl 30 'Wl~ ~l-:j~':ltJJI~l'E)'E)'E)l'Wi (deionized water) L~'E) 

n19(?l~ldvllf1':l1:W~~'E)1(?l~Vl~~ 1,'VI~'E)'E)tJL~~~1~~-:jl'W1l1"Il'W~~~n':l ~ltl(?lUlhJ6JJ1 L~'E)~'E)ru'VIlln 121 °c L':l~l 15 'Wl~ 
qJ q qJ 

3.2.2 nldVlVl~'E)Unlnnl~~Vl (Attachment) "lJ'E)-:j Pseudomonas fluorescens 

9 log CFU/mL m:Wl{?]d 1 n~~~{?]d 1~~-:j1'W'VI~'E)VlU~'E)Vl~~'E)"lJ'W1Vl 50 iJ~~~{?]d '"lln,:r'WU1LLeJ'W~'W~'lVlVl~'E)U~L!Pl~~LbeJ'W~ 

b(9l1-tJ:W~'W(9l1:W1fi 3.2.1 1~~-:j1'W'VI~'E)Vl~-:jn~1'l U:W~'E)ruVllliJ 28 ±2 °c 'lVltJmJn':l~11'Wnlnb"ll dJ'WL'l~l 0 n-:j 120 'Wl~ L~'E)
q qJ 

, , 
.c::. .c:!4 ~ 0 0 I.o:::::t. 2.1 i.I 

Vl(?l~'E)Unlnnl~(9l(?l"lJ'E)~ Pseudomonas fluorescens b:W'E)f1dU(9l1:Wb':l~lVlnlVl'WVl'Wl~~!:J'W!:Jr:l'VlVl~'E)U:WI~I-:jVlr:ltl 0.85% NaCI 

U~'E)Vlb~'E) 2 f1f-:j L~'E)~l-:jLI]~~~l~l~Lnl~~VlU'WLbeJ'W~':lVl(?l~'E)U'E)'E)n ~~~r:ll1um:Wlru~I]~~~bnl~~Vl(9l1:W1fil'Woif'E) 3.3 ~l'V1fu 

nldVlVl~'E)Um:WlruLI]~~~-:j~'Wd~~U~l (3 log CFU/mL) vl"IL"1l'Wb~t1r:lnU~n~l':loifl-:j~'W 

3.2 .3 nldbflVl'l'E)~~:W (Biofilm formation) 

~l'V1funldVl(?l~'E)Um:WlruLI]~~~-:j~'Wd~(9)U~-:j (8 log CFU/mL) t1LU(9l~ld~lnb"lJr:l'W~'E)m6jj~~1'W'E)lVllnVl~':l~ 
b(9l1-t1:W~'W{?]1:W1fil 'Woif'E) 3.1.1 ~-:jnf1r:ll:W Loif:woif'W"lJ'E)-:j ~I]~~ 9 log CFU/mL m:Wl(9ld 1 ij~~~{?]J 1~~-:j1'W'VI~'E)VlU~'E)VlL~'E)"lJ'W1Vl 

50 n~~~{?]d '"lln,:r'W'l11b~eJ'W~'W~r:lVlVl~'E)U~~f?l~~L~eJ'W~~(9l1-t1:W~'W(9l1:W1fi 3.2 . 11~~N1'W'VI~'E)Vl~~n~lr:l U:W~'E)ru'VIllij 28 ±2 
q qJ 

°c LiJ'W~r:l~l 30 1'Wl~ ~1-:jbl]~~~1~1~Lnl~~(?lU'WLbeJ'W~':lVlVl~'E)U'E)'E)n~r:ltl 0.85%NaCI U~'E)Vlb~'E) 2 f1f-:j ~~~':l9-:jUl~~eJ'W~L(9l'W 

b~~~~~lul~l'W'VI~'E)VlU~'E)Vlb~'flVl~'flVll'V1~~n'E)lVllnitl-:jb~'fl TSB 1 0 ij~~~(9lJ U:W~'E)ruVllliJ 28 ± 2 °c dJ'WLr:l~l 48 
q qJ 

~r:l'i::W-:j '"lln,:r'W'l11~beJ'W~r:l'VlVl~'E)U:Wl~1-:j~r:ltl 0 .85%NaCI U~'E)(?l~~'E) 2 f1f-:j b~'fl~l-:jbl]~~~r:l'Wbn'W'E)'E)n bb~r:l(9ldr:l'"l'tTum:Wlru 

Pseudomonas fluorescens ~'E)~U'WbbeJ'W~r:lVlVl~'E)U (9l1:W1fi 3 .3 VlVl~'E)-:j 3 ~1 ~l'V1funldVl(?l~'E)Um:Wlrubl]~~~-:j~'Wd~(9)U 
, , 

~1 (3 log CFU/mL) vllb"1l'WL~t1r:lnU~n~lr:loifl-:j~'W 
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3.2.4.1 ~m~nnlnn~1ut'e)YJ~:w"lJ'e)~ Pseudomonas fluorescens UWbb~'W stainless steelLnJ~ 304 "1lU~ 2B t~t.J 

vhnlJVl~~'e)~bori'Wb~t.J~nuoll'e) 3.2.3 bbl9ib1J~t.J'W'e)ruVlllilr.nn 'e)ruVlllil28 ±2 'e)~i'illb"1l~b~m~ b'lJ'W 15± 2 bb~~ 20± 2 'e)~~1
q III q qj 

3.2.4.2 ~m~nnlnn~1ut'e)YJ~:w"lJ'e)~ Pseudomonas fluorescens U'Wbb~'WVl~~'e)UVlnbbVl~~"lJ'e)~'e)1V11nbl?lnl9l1~n'W 

t~t.JvllnlJVl~~'e)~bori'Wb~t.J~nuoll'e) 3.2.3 bbl9ib1J~t.J'W"1lU~"lJ'e)~'e)1V11n~'e)~b~'e)91n TSB b1J'W 0.85% NaCI1J~'e)~b~'e) bb~~ soiling 

agent (beef meat 5%w/v) t~t.Jl·ifb~'e)b1:w~'W 8 log CFU/mL Vl~~'e)~ 3 ~1 

~1~1J~'e)~b~'e)n~1~u'W~'We1~Vl~~'e)U~bn~nlnnl~~~bb~~~¥1~1ut'e)YJ~:w "lJ'Wl~~'W~ 1 l?llJl~b"1l'W~b:Wl?lJ ~bn~nlJ 91m1'W 

L.Jl1~~'W~1~11Jl~1'W 0.85% NaCI1J~'e)~b~'e) bb~~~'WltXbollln'W~~mfl~'e)~ vortex mixer ~r1~l:Wb~~~~~~1JJ~:Wlru 1 'W1VlL.Jl 

~lJ~~~1t.J~1~ 1 il~~~l?lJ :Wlb~'e)91~~~t.J 0.85% NaCI 1J~'e)~b~'e) m:Wll?lJ 9 il~~~l?lJ lm~J~(?)Unln~'e)91~~vll1~ 

~1:W1Jbll?lJ~9t1Ub~'e)1~'Wori~~ 30 D~ 300 tr1t~u bb~~th1Jl?l~lJ~~~lm~'e)91~ 0.1 il~~~l?lJ :Wlb~1~b~t.J~U'W'e)lV11n~t.J~b~'e) 

TSA ~~t.J~; spread plate technique U:W~'e)ruVlllil30.5 'e)~i'illb"1l~b~t.J~ dJ'Wb~~l 24 ir.lt:w~ l?lJ~9t1U~1'Wr.l'Wtr1t~UU'W91'W 
q 'IJ 

~m~n1JJ~;:qVlfi1l1~"lJ'e)~~lJ6JJlb~'e) 2 "1lU~ 1~bbri ~lJ~~~1t.Jt"1lb~t.J:w1e:1hJr1~'e)1J'Vl (sodium hypochlorite: NaOCI) 

t~t.Jn active chlorine 6-14% bb~~nJ~b1J'e)fJ'e)n~bb'e)~~n (peroxyacetic acid: POA) r1r.ll:Wboll:woll'W 5 % b~'e)~~m:Wlrub6Jl~~ 

"lJ'e)~ Pseudomonas fluorescens b~'e)bb"lJ~'W~'e)t.J'e)tJl'W'e)lV11n~t.J~b~'e)"1lU~bVl~~ 3 "1lU~ ~nm:Wlru~lJ~'WVl1tJ~l9l1~n'W 1~bbri 
'IJ 

~lJ~~~lmn~'e) (0.85 % NaCI), Tryptic Soy Broth (TSB), soiling agent (beef meat 5%w/v) t(?)t.Jl-nm:Wlrub"1l~~bi:w~'W 

J~(?)U~~ (8 log CFU/ml) 

nlJVl ~~'e)~ l'Wnl JVl (?)~'e)iJ1J J~;:qVlfi1l1~"lJ'e)~~lJ6JJlb~'e)1'WnlJ~ (?)m:Wl rub~'e) t(?)t.JL.Jl ~lJ~~~lt.J6JJlb~'e)~J~~u r1~1:W 

boll:Woll'W~~'e)~nlJ l~l'WVI~'e)(?)u~'e)(?)b~'e) "lJ'Wl~ 50 mL m:Wll?lJ 9 mL 19l'e) 1 VI~'e)~ UbUl?l~lJ~~~lm"1l~~~bb"lJ~'W~'e)t.Jl'W'e)lV11J 

b~t.J~b~'e)~bl?l1t.J:w~'W 1 il~~~l?lJl~1'WVI~'e)(?)9~1~r1~1:Wboll:Woll'W"lJ'e)~b~'e)b1:w~'W~(?)~~ 1 0 bvh ~'e) 8 log CFU/mL 91m1'WvllnlJ 

Ub1Jl?l!?l~'e)tJl~~lJ~~~lt.J~~n~lr.l:Wl 1 mL ~br.l~l 0 1 5 10 20 bb~~ 30 'W1V1L.Jl11Jl?lJ'd9t1Ub~'flJ'fl(?)~~l?l b(?)t.J9~vllnlJfiuJ~ 

1JBmt.Jl"lJ'fl~r1~'e)1'W~9~nf,J~l9i'flb~'flri'fl'W~r.lt.J 0.5 % sodium thiosulfate (NaOCI) ~'d'WnJ(?)b1J'flf'e)~~~n 9~VI~~1JDmt.Jl 

~'dt.J phosphate buffer saline (PBS) pH 7.2 ri'e)'WL.Jl11Jvl1 serial dilutionbb~~l?lJ'd9t1Ub~'fl Vl(?)~'e)~ 3 ~1 

http:9~VI~~1JDmt.Jl
http:t(?)t.JL.Jl
http:W1VlL.Jl
http:bbl9ib1J~t.J'W'e)ruVlllilr.nn
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3.4 .1 ~mj-1ud~~'VlfiJl1'W"lJ'el-:j~1d~~~1tJl~l~tJ:w1~hj0l~'elhvf (sodium hypochlorite: NaOCI) lWn1d"r11~1m~~~ 

Pseudomonas fluorescens 1'W'el1'\;nn~tJ~l~'el~U(PHVI~'d 

'Vl(P)~'elUUd~~'VlfiJl1'W"lJ'el-:j~1d~~~1tJl~ l~tJ:w1e:11U0I~'elhvf1'Wn1d.yh~ltJ l~~~~ ll"lJ'd'W~'eltJ1'W'el1V11n~tJ-:j ~~'el~iJ 

m:W1 ru~1 d~'W'Vl1tJ~ (?]1-:j n'W l(P)tJrl1V1'W(P) 01'd 1:W lojf:wojf'W"lJ'el-:j~1 d~ ~~1tJlsn l~tJ:w1eJlu 01~'elhvf ~ 100, 200 ll~ ~400 ppm 

~1V1fun1d'Vl(?1~'elUnU~1nl"lJ'd'W~'elm~~~ Pseudomonas fluorescens 1'W1J1:W1rul~~~li:wi?l'Wd~(P)U~-:j (B log CFU/mL) 

Lri'elil1~1nl"lJ'd'W~'elmsn~~1'W'el1V11nVl~'d:W1~:wer~ nU~1d~~~1tJl~ l~tJ:w1eJtu 01~'elhvf ~'r:lruVlJJn 2B± 2 'el-:jP11l~~ l~tJ~ b1J'W 

l'd~1 0 ,5, 10, 20,30 'W1v] .yhn1d~:wlPl'd'eltJ1-:jl~'el1'Wll(?]~~L'd~1t!'W 1 n~~~lPld ll~'d-W11ul~:W~-:j1'W~1d~~~1tJt~l~tJ:w 

1Vll'eli~l~I?Hojf:wojf'W 0 .5% ~~~~1tJ'el~1'W PBS U~l~'elf1 n~~~l?ld b~mruJ-:ju:omtJ1"lJ'el-:j0l~'el1'W~~~1uiJe-J~1'Wn1dvl1~1tJ 

l~'elri'el'W~~~vl1n1d serial dilution l~'elVllL~~~~J'el(P)(?]'el1u ll~'dvllnldlPld'd~'I1U91'W'd'W Pseudomonas fluorescens lPl1:W 

~fi 3 .5 

Vl (?1~'elUUd~~VlfiJl1'W"lJ'el-:j nd(?1lU'elfd'eln~ ll'el~~n 5% 1'Wnld"r11~ltJ l~~~~ ll"lJ'd'W~'eltJ1'W'ellV11n~tJ-:j l~'el~U(?1lVl~'d~iJ 
m:Wlru~ld~'WVl1tJ~(?]I..:Jn'Wl(?1tJrl1V1'W(?101'dl:Wlojf:wojf'W"lI'el..:Jnd(?1lU'elfd'eln~ll'el~~n~ 25 50 ll~~1 00 ppm ~1V1funldVl(?1~'elU 

nU~lnl"lJ'd'W~'elm~~cl' Pseudomonas fluorescens 1'Wm:W1rul~~~li:W~'Wd~r;)U~..:J (B log CFU/mL) lri'elilll~~~1'W'ellV11d 

lVI~'d:Wl~:wer~nU~ld~~~ltJb~l~tJ:w1eJtU0I~'elhvf ~'elruVlJln 2B± 2 'el..:JP11lsn~b~tJ~ l'L1'Wl'd~1 0 ,5,10, 20ll~~ 30 'W1v] vll 
• 'IJ 

nld~:w!?l'd'eltJl..:Jb~'el1'Wll(?]~~l'd~It!'W 1 n~~~lPld bl~'dil11ul~:W~..:J1'W~ld~~~1tJ~'el~b~lPlU~L~'elf (PBS) pH 7 .2 1 n~~~l?ld 

l~'elVl~(p)ulimtJ1~~~1uiJe-J~1'Wn1J'V11~1m~'elri'el'W~~~'V11nld serial dilution l~'elVl1bsn~~~J'el(?1(?]'el1u ll~'d'V11n1dI?lJ'd~'I1u 

91'W'd'W Pseudomonas fluorescens 1?l1:w~fi 3.5 

~~1-:j1ut'el~~:WU'Wll~'W~'W~'d'Vl(P)~'elU ~U(P) 304/2B lPl1:w~fiojf'el 3.2.3 ill:W1'Vl(P)~'elUUd~~'VlfiJl1'W"lJ'el-:j~ldBJJll~'el 
t(?1tJUbUlPl~ldBJJll~'ellPll:W0l'd1:Wlojf:wojf'W(?]I-:jl 91'W'd'W 30 iJ~~~l?ld 1~1'WVI~'el(?1U~'el(P)l~'el"lJ'Wl(P) 50 iJ~~~l?ld l(?1tJ1.jfuln~u 

U~'el(P)l~'el~Ulb~'W~'W~'dVl(p)~'elU~ln(?111Jb'el~~:Wb1J'Wl'd~1 24 -B''dt:w..:J Ll6Ji1'W~ldBJJ1l~'elr;)..:Jn~1'dLU'Wl'd~1 0 ,1 ,5 ,10 ,20 ll~~ 30 

'W1v] Vl(P)~'elU~'r:lruVlJJiJ~'el-:ju:o~n1d (2B± 2 'el-:jP11l~~l~tJ~) In'el0ldUl'd~1~rl1V1'W(p)1.jfu1n~UU~'el(?1l~'el ~Ull~'W'Vl(P)~'elU 
'E)'E)n~1nVl~'E)(?1~IJBJJ1L~'E) ':Wb'W~ld~~~1tJ 0.5 % sodium thiosulfate (NaOel) b~'E)b~'E)tTuJ..:JulimtJl"lJ'E)-:jfl~'E)1'W~~~luiJ 

e-J~b'Wn1d'V11~1tJ l~'E) b'Wnnn~IJBJJI b~'el bU'W~1J~~~1tJtsn l~tJ:w1eJtu 01~'E)hvf ~'d'WnJ(P) bU'elf'el~~~n~~VltJ(P)ulim-tJlb(P)tJ,:Wb'W 

phosphate buffer saline (PBS pH 7.2 ) 'V11~1 2 01f..:J ~1nt!'Wb.jf~1~~'WU~ltJ1if1J~'f)(?1l~'ell-n(P)U'Wbl~'W~'W~'d'Vl(?1~'E)U 
r;)-:jn~I'd bb~~I?lJ'd~'I1um:W1ru Pseudomonas fluorescens ~bVl~'elJ'f)(P)U'Wll~'W~'dVl(P)~'E)U lPl1:w~fi 3 .5 'V11nldVl(?1~'E)-:j 3 ~1 
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3.5 nl~(Pl~'d~,r'lJm:~.nru Pseudomonas f/uorescens ~bVl~'f)~'f)(?1~~(PlrJ)'dtJ~fi Spread plate technique 

(Pl~'d~,r'lJm:Wlru Pseudomonas f/uorescens ~bVl~'f)~'f)(?1~~(Pl b(?1tJnl~ubtl(Pl~lnb"lJ'd'W'tl'f)m~'f) 1 ~'tl~~(Pl~ bb~'dl~ 

1'W'6<11~'tl~'tlltJb6Jlb~tJ:w1'Vl b'f)~'tl byj (Pl b-n:w-n'W 0.5% ~'tl~'tlltJ'f)tJl'W PBS uyj byj'f)f (n~ru'6<11~6J.Jl b~'f) bU'W'6<11~'tl~'tlltJb6Jl b~tJ:w1fjbtl
'lJ 

~'tl'f)hvf ~'d'Wn~(?1b,J'f)f'f)~~~n 1.n' PBS pH 7.2) m:Wl(Pl~ 9 ~'tl~~(Pl~ b9'f)~1~lmrJ)~~~'lJ~'dl:Wb-n:w-n'W~~'f)~nl~ ~lmr'Wtlbtl(Pl 

'6<11~'tl~'tllm~'f)b9'f)~1~m:Wl(Pl~ 0.1 ~'tl~~(Pl~'tl~1'W~1'Wb'V'11~b~'f)~:n'f)1V11nitJ~b~'f) TSA loifbbvi~bLfhtl'tl'f)(?1b~'f)bn~m~'f)l1X~'d 

~'dVitil'f)lV11~ U:W b~'f)~'f)ruVlJl~ 30.5 °c dJ'Wb'd'tll 24 -B''d 1:W'l ,r'lJ~l'W'd'Wb~ 1'tlii'lJ'W~1'Wb'V'11~b~'f)~:n~1'W'd'Wb~b'tlii~~VI~l'l 
q 'lJ 

~'d'Wn~ru"lJ'f)'l1'lJb'f)yj~:wloif1~~w;h~tl'tl'f) (?1 b~'f) n'dl (?1 b-n(?1'tl~'lJ'W~'W~'d'Vl (?1'6<1'f)'lJ~'W~tl~~:Wlru 1 (Pll~l'l b6Jl'W~ b:W (Pl~ t111~ 

~'W~1~1tll~1'W'6<11~'tl~'tlltJl6Jl b~tJ:w1'Vl b'f)~'tl byj IJlb-n:w-n'W 0.5% ~'tl~'tlltJ'f)tJl'W PBS uyj byj'f)f n~ru'6<11J'6J.Jl b~'f) bU'W'6<11~'tl~'tlltJ 
'IJ 

16Jlb~tJ:w1e:Jltl~'tl'f)hvf ~'d'Wn~ru'6<11~6J.Jlb~'f)bU'Wn~(?1btl'f)f'f)~~~n loif PBS pH 7.2 ~'Wl1Xb-nln'WrJ)'dm~~'f)'l vortex mixer 

~~'dl:Wbf'd'6<1'l'6<1(?1tl~~:Wlru 1 'W1Vl Ul~1~'tl~'tlltJ~1rJ) 1 ~'tl~~(Pl~ :Wlb9'f)~1'lrJ)'dtJ 0.85%NaCI tl'tl'f)~lb~'f) m:Wl(Pl~ 9 ~'tl~~(Pl~
'lJ q 

l1X1rJ)~~~'lJnln9'f)~1'l~vll11X'6<11:Wlnl(Pl~'d~,r'lJb~'f)1rJ)1'W·lh~ 25 Ci'l 250 l~b'tlii bb'tl~Ubtl(Pl'6<11~'tl~'tllm9'f)~1'l 0.1 ~'tl~~(Pl~ 

:Wlb'V'11~bitJ~'lJ'W'f) l V11nitJ'lb~'f) TSA rJ)'dtJ~fi spread plate technique U:w~~ruVl.Q~ 30.5 'f)'lY'!lb6Jl'tlb~tJ'6<1 bU'Wb'd'tll 24 

-B''d 1:W'l (PlJ''d~,r'lJ~1'W'd'Wb~ b'tlii'lJ'W~1'Wb'V'11~ b~'f) fll'W'd ruVllm:Wl rub~'f)~ bVl~'f)~'f) (?1~'lVl:W (?11?i'f)~'W~"lJ'f)'l~'W~'d 1 (Plln'l 
.., 

b6Jl'W~b:W(Pl~ vllnl~'Vl(?1'tl'f)'l 3 ~1 

3.6 nl~~b~~l~'t-fm:Wlru Available chlorine (Iodometric Method) (n'WnVl'V'1tJ 'Vlf'V'1tJb~1'run'tl, 2549)
~ q 

Ul~'d'f)tJl'l'6<11~'tl~'tlltJb6Jlb~tJ:w1e:Jltl~'tl'f)hr?1~~'dl:Wb-n:w-n'W 100, 200 bb'tl~ 400 ppm ~~'f)'lnl~~b~d1~i.fVllm:Wlru 

~'tl'f)1'W tl~~:Wlru 150 ~'tl~~(Pl~ 'tl'll'W"lJ'd(?1~tl"1l:W~"lJ'Wl(?1 250 ~'tl~~(Pl~ b~:W glacial acetic acid b~'f)l1X~l~'tl~'tlltJ:n~l pH 

'f)tJ~~VI~l'l 3-4 bb~'db~:W'6<11~'tl~'tlltJl'V'lbb'Vl'6<1b~tJ:w1'f)b'f)1(?1r?1tl~~:Wlru 1 nf:w l1'WVl rh'6<11~'tl~'tlltJ:n~bVl~'f)'l11X1(Plb(Pl~'VlrJ)1tJ
'lJ 

'6<11~'tl~'tlltJl6Jlb~tJ:w1nl'f)~myj(Pl 0.01 'W'f)flJ'tl11'WVll'W~1~:nbb'6<1'l91 ~'WbU'W~bVl~'f)~~l'l ~~b~:W~lbbU~'tl'l1tl 1 ~'tl~~(Pl~ 

'6<11~'tl~'tlltJ~~:n~~1 b~'W~1'lVlltJ1tl ~ (?1u'WVinm:Wl(Pl~"lJ'f)'l'6<11~'tl~'tlltJ16Jl b~tJ:w1nl'f)~'tl byj (Pl~loif1'Wnl~1(Pl b(Pl~(Pl 

http:n~ru'6<11J'6J.Jl
http:n~ru'6<11~6J.Jl
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~1V1~\J~1J~~~1tJ~ dJ'W Blank loif~1 ni'Wbb'Vl'W[?],)'Elth.:j bb~')vhn1J1 brln~,xb'lhH~tJ,) flU [?],)'Elt.i1.:j n1J~1'W,) CWVl1 

available chlorine ~1~1dt:l~1'W')cw1rJl"'l1n 

Available chlorine 

V
1 

= m~11?lJ (i1~~~l?ld) "lJ'El.:j~1d~~~1tJ'i:snb~tJ~1n'i:'f)enm~l?l~loif1'Wn1d1I?lbI?lJI?l[?],)'Elt.i1.:j 

V
2 

=m~1I?ld (i1~~~l?ld) "lJ'El.:j~1d~~~1tJ'i:snb~tJ~1n'i:'Elen~b~l?l~loif1'Wn1d1I?lbl?ldl?l Blank 

N = rl,)1~ b-Ir~-1r'WdJ'W'W'f)f:W~"lJ'El.:j~1d~~~1tJ 'i:sn b~tJ~1n'i:'f)en~ b~ I?l 
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d 
'U'VI'VI 4 

n1 :nn1~~ (P)~1l'l' ~'W'Vl1tJu'W~'W~'donu(P) !?l1'l11'W bN'l1'W~ (9l~1Vl n n:W1l1Vl1~ b(P)tJ VU,~1~~'W~'d~:W er~1l1Vl1~~1l'l 

9~'W'Vl1tJ 'V111'IXdl (P) n1~~~~:W~1l'l9 ~'W'Vl1tJll~~l91'run~1tJ l1J'W1u b1l~~:W ~~tJ~ l'd~11'Wn1nn1~~(p)~1l'll~1l9~'W'Vl1tJl1J'Wtf99tJ
q q Q.I q 

m'lXul'n1~1l1Vl1nu'W1lth'l:W1 n (?)'l,r'Ww)9tJ9'll~1l n~~tJ~l'd~1~lfl'Wn1~'Vl (P)~1l'l ~'lll!?l 0 'W1Vl (r.i:w ll~'W'Vl (P)~1lU ll~'dtJ n~'W 
'" '" q 

~'WVl) l1J'W~'Wl1J l~1l~m~nn1nn1~~(p)~1l'l Pseudomonas fluorescens u'W~'WE:h~:wer~1l1Vl1~ ~1l ll~'W~l(9l'Wl~~~~~ 

onU(P) 304/2B ~'llU'W!?l'd ll'Vl'W~1l'l~ l(9l'Wl~~~~~ ~1'ihu'W~'d'W1VlnJl'Wh'l'l1'W1l(9l~1Vlnn:W1l1Vl1~ b(P)tJ.yhn1~r.i:Wll~'W'Vl(P)~1lU~'l
... q q 

0- 120 'W1Vl b(P)tJ(9lj''d9~1lU91'W'J'Wl6Jl~~U'Wll~'W~l(9l'Wl~~~~~ ~'dtJ1~ spread plate technique ~u~"ll'W~1~~~~1tJ 

Tryptic Soy Broth (TSB) ~ihB:W1rul~1l 8 log CFU/mL ~~'d~1 0 'W1Vl (':Wll~'W'Vl(P)~1lUll~'dtJn~'W~'WVl) ~1:W1~b1(9l~'d9~U 

l~1lU'Wll~'W~l(9l'Wl~~~~~ l.h~:W1ru 3.44 ± 0 .13 log CFU/cm
2 ll~~Vl~'l91n 0 'W1Vll~1l~1:W1~mn1~U'Wll~'W~l(9l'Wl~~~~~ 

1~:W1n~'W ~'lln(9l1~91nn~TVn'WnJ 4 . 11'W"1l'd'll'J~1 0 - 15 'W1Vl iJ91'W'd'Wl~1l9~'W'Vl1tJl~:W~'W1lth'l~'d(P)l1'd ll~~rll~'l 
'" q 

ll~'W~ l(9l'Wl~~~ ~~111'W1l1Vl1 nU'Wl'd ~1'W1'Wn9 ~iJ91'W'd'Wl~1l' ~'W'Vl1tJln1 ~ ~ (P) ll~ ~ 191't1JU'Wllt:J'W~ l(9l'Wl~ ~ ~ ~~ l~:W:W1 n~'W~'dtJ 
ll~~~l'd~1 120 'W1Vl (9l~'d9~U91'W'd'Wl6Jl~~iJ~1 4.87 ± 0.17 log CFU/cm

2 (lU~ 4.1) 

6 

5 

""8 4 
u 
;33 
w... 
u2 
01) 

o 
- 1 

-r
rr r= --% rT -+ 

o 
o 5 15 30 60 120 

Incubation time(min) 

tU~ 4.1 91'W'd'Wl6Jl~;~1l'l Pseudomonas fluorescens U'Wllt:J'W~l(9l'Wl~~~~~ ln~(p) 304 onij,(P) 26 ~,:wl'W1l1Vl1n~tJ'Il~1l 

TSB ~iJm:W1n,U~1l 8 log CFUI mL ru l'J~1!?l1'l1 n'W ~~ruvr.1JiJ 28± 2 1l'lV11l6Jl~l~tJ~ b(P)tJ1~ spread plate technique 

~1Vlful'W~1~~~~1tJ TSB ~iJm:W1rul~1l 3 log CFU/mL ~U~1~l'J~1 0 - 120 'W1Vl hj~1:W1~b1(9l~'d9~Ul~1lU'W 

~'W~'d'Vl(P)~1lU~'dtJ1~ spread plate technique ~'1~1~1~ll~(P)'l~1hJiJl6Jl~~~1l'l Pseudomonas fluorescens m1~U'W 
ll~'W~ l(9l'Wl~~~~~ b(P)tJ~U~1iJbAb~n~1l'l Pseudomonas fluorescens U'W91'Wl~1~l~1l ll!?liJ91'W'd'Wl6Jl~~i\1ltJ:W1n ~'l1l19 
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bu'WhJ1~11~fi~hj bVl:W1 ~~:w1'Wn1~[?l ~'dfiilVl1 b~'f)U'WbbeJ'W'Vl (?1~'f)U~nm:W1 rub~'f)~~~U ~1 bti'f)~fiil1 n b6jl~~C~:w~'Wnm:W1ruU'f)tJ 

n1nn1~~(?1"lJ'f)~b~'f)U'WbbeJ'W~b!?l'Wb~~~~~1'W·lh~~~tJ~~ 0 - 120 'W1Yl nn1nn1~~(?1bbUUVI~'d:W1 b6jl~~bbU~Ylb1-tJfiil~~'f)~101fb'd~1 

1'Wn1 ~~~1~ bsn ~~bb~ ~ b~ :W~1'W'd'Wbsn~~ 

fiil1nn1~'Vl(?1~'f)~-n1~~'W vl11~'V'1U11~b'd~1 0 'W1Yl rh.wtJ~'V'1'f)~fiil~vl11~ Pseudomonas fluorescens ~1:W1~bl 

bn1~~ (?1U'WbbeJ'W~ bf?1'Wb~~ ~~~1~'0''WYl ~~~'W1'Wnl ~'Vl (?1~'f)~.j'W~'f)hJ9~~:W bbeJ'W'Vl (?1 ~'f)u1'W~1 Hb"lJ'd'W~'f) tJ b6jl~~"lJ'f)~ b~'f)t~:Wl ru 

b~'f) 8 log CFU/mL bti'f)~fiil1nnlHnl~~(?1"lJ'f)~bsn~~U'WbbeJ'W~b[?l'Wb~~~~~~b'd~1 0-5 'kI1Yl hjn~'d1:Wbb!?ln~1~n'W:W1mrn 9~ 

b~'f)n~:W~lnb"lJ'd'W~'f)tJb6jl~~ 30 ~'W1Yl b~'f) ~'dl:W~~(?1'd n"lJ'f)~ ~'dl:W~'f) bti'f)~1'Wnl~vll nl~'Vl (?1~'f)~ bb~'dtJltI1~'f)lV11HitJ~ b~'f) 

VI~'f)(?11V1dJ~~1~[?l1:w~~tJ~b'd~1 48 -B''d1:w~ ~~e.J~n1~'Vl(?1~'f)~'V'1U11n1~f?1~'dfiilm:W1rub6jl~~"lJ'f)~ Pseudomonas fluorescens 

U'WbbeJ'W~bf?1'Wb~~~~~ bn~(?1 304 "1lU(?1 2B 1(?1tJ~fi spread plate technique 1'W·lh~b'd~11- 8 -B''d1:W~bb~n 'V'1U11 ~l:Wlnl[?l~'dfiil 

'V'1U~l'W'd'Wb6jl~~U'WbbeJ'W'Vl(?1~'f)U nV'il 3.56 ± 0.09 - 4.27 ± 0 .07 log CFU/cm
2 VI~~fiil1mJ:WbbeJ'W'Vl(?1~'f)u1~bU'Wb'd~1 24 

~'d 1:w~ 'V'1U11:W~1'WfJ'Wb6jl~~ 4 .97 ± 0 .22 log CFU/cm
2 bb~~n~1'W'd'Wb6jl~~U'WbbeJ'W'Vl(?1~'f)U:Wln~~(?1V1~~fiillnnl~iJ:WbbeJ'W 

'Vl(?1~'f)u1~ 48 -B''d 1:w~ 'V'1U11nV'i1 6 .00 ± 0.12 log CFU/cm
2 (pJ~ 4 .2) 
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Incubation time(h r) 

tU~ 4 .2 (A) ~1'W'd'Wb6jl~~Ylbfiil1ruU'WbbeJ'W~bf?1'Wb~~~~~ bn~(?1 304 "1lU(?1 2B bn'f)~:w1'W'f)1V11HitJ~b~'f) TSB ~nm:Wlrub~'f) 
8 log CFU/mL bb~'dtJ1tJ1u1~1'W'f)1V11~ TSB VI~'f)(?11V1dJ (B) ~l'WfJ'Wb6jl~~~d~"lJ'f)~ Pseudomonas fluorescens JlltJ1'W 

'" '" I

'f)1V11n~tJ~b~'f) TSB Yl~ruVl~n 28± 2 'f)~~lb6jl~b~tJ~ 

.1 
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1'W"lJru~~ml-llruL~'e)L1l-1~'W 3 log CFU/mL ~L'J~l 1 - 9 i'Jtl-l~ ~~'J'"lhj~UL~!lU'WLL~W;H~'WL~~~~~ ~'JtJ~fi 

spread plate technique ~~!l1'"l LU'WL~~l~~l L~!l~~(?ll-llU'WLL~'W~ L~'WL~~~~~U!ltJl-Ilm6Jl~~~nlnnl~~(?HLUUV!~!ll-l1 ~!:,J~ 
Y111'IX L6Jl~6V!~ (?l!l!l n'"ll n~'We:h ~l-Ier~1~~ltJ LL~~VI~ (?l1tl!ltJl'W!llV11n~tJ~ L~!l ~~ ~!l~!ll~tJ ~~tJ~L'J~l~!l~:W ~'J ~~ L~!l L~l-I 

q q 'IJ 

oQj ""', oQj 2
1~ 
fluorescens 'VHnl~~(?lU'WLL!:,J'W~L~'WL~~~~~ (?l 2.09± 0.10 log CFU/cm 

V!~~'"llntl~ILL~'W'Vl(?l~!lu11LU'WL'J~1 24 i'Jt:w~ ~U~l~~l'W'J'WL6Jl~~ 3.72 ± 0.34 log CFU/cm
2 U~6j~1'W'J'WL6Jl~6 

U'WLb~'W'Vl(?l~!lUl-Iln~~(?lVl~~'"llnnl~tll-lLL~'W'Vl(?l~!lu1~ 48 i'J tl-l~ ~U~ln0il 5.05± 0 .18 log CFU/cm
2 (Xtl~ 4.3) 
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!tl~ 4.3 (A) ~1'W'J'WL"ll~6~L'"l~b1JU'WLL~'W~L~'WL~~~~~ Ln~(?l 304 "1lU(?l 2B bn!l'"il-ll'W!llV11n~tJ~b~!l TSB ~nm:WlruL~!l 
3 log CFU/mL LL~'JthtJ1tll~1'W!llV11~ TSB VI~!l(?llV1~ (B) ~1'W'J'WL"ll~6~~~~"lJ!l~ Pseudomonas fluorescens 1l1tJl'W 
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bnmmtJUbVltJU~I'W'd'Wb"1l~~~ml~~~U'W~'W~'d'Vl~~'elU ~~~'"llmJ~lbb~'W'Vl~~'elU1~dJ'Wb'd~1 24 ~'dhN 'WU~1 nld 

'Vl~~'elUtfhJ1rub"1l~~~~~'Wd~~U~\I (8 log CFU/mL) n~I'W'd'Wb"1l~~ 4 .97 ± 0 .22 log CFU/cm21'W"lJru~~md-Jlrub~'elbid-J~'W 
d~~U~I(3 log CFU/mL) ri~bb~11~i,'d~1 1 - 9 ~'dbd-J~ (9ld'd"'l1~'WUb~'elU'Wbb~'W~b(9l'Wb~~~~~ bti'el~'"l1nnb~'elnlfdd-JlruU'eltJ bbl?l 

'WU~1 bn'elUd-J bb~'W'Vl~~'elU1~dJ'Wb'd~I'Wl'W~'W ru b'd~I~ 1 0 ~'dbd-J\I nnldb~d-J~I'W'd'Wb"1l~~ bb~~'!)I~\I"'llnUd-Jbb~'W'Vl ~~'elU1~dJ'W 

b'd~1 24 -B''dbd-J~ n~I'W'd'Wb"1l~~ 3 .72 ± 0.34 log CFU/cm
2 

bn'elbmtJUbVltJU~I'W'd'Wb"1l~~~ml~bb~'W'Vl~~'elUbb~'W~b(9l'WL~~~~~ Lnd~ 304 "1lil~ 2B nU~I'W'd'WL"1l~~~dJ'W~~d~ 

JlltJl'W'f) 1 '!)I 1 dL~tJ'I L~'f)nmd-Jl ruL"1l~~~ LL(9l n l?l1\1 n'W bL~ ~\ll,x L~'W11 md-Jl ruL"1l~~1'W'f)1'!)11db~tJ\I L~'f)nd-Jl n n~I~~Id-JldC1 

(9ld'd"'l~~1~U'WLL~'W'Vl ~~'f)U bb~~ bn'f)n nldUd-J bb~'W'Vl ~~'f)1J1~ btl'Wb'd~I'Wl'Wd-Jln~'W~I'W'd'WL"1l~~~~1d-JldC1(9ld'd"'l~~1~nU~I'W'd'W 
L"1l~~1'W'f)1'!)11db~tJ\I L~'f) ntJ\lfl\l LL(9l n!?lI\1n'W ~~~Lti'f)\I"'l1 n L"1l~~~nnldbnl ~~ ~~'W~'d bLUu1~ er'Wn~u b"1l~~~nnldbnl~~ ~ Lb~'d 

'"l~nnldb~d-J~I'W'd'Wd-Jln~'WbL~~'f)I"'lW~ ~'f)'f) nd-Jl btl'WL"1l~~~~d~(planktonic cell) 1'W'f)1'!)11db~tJ'I L~'f)1~ ~'1J''W~'1(9ld'd'''l'WU 

~1'W'd'WL"1l~~1'W'f)1'!)11db~tJ'IL~'f)1~d-Jln (Kumar and Anand, 1998) 

vll nld~m.11 'Lh~n'f)UnU~I'W'd'Wb~'f)1'Wfiddd-J"1l1 ~~1~ L'Vl1 n'W~'1nfl'dld-J~1d-J1dC11'Wnl dbn~1Ub'f)Yj~d-J1~LL(9lnl?ll~ n'W nld'Vl ~~'el'l 
1'Wflf'l~1~L~'el n'f) ru'!)lJliJ~ fld'f)U fl~d-Jn d~U'd'Wnl de-J~ (9l L~'f) ~(9l'd1'W-E''W(9l'f)'Wn1 dl91~,x'We-J~ (9l.rlrusvlb~'f)~W) L"ll'W LLE1d-J btl'W~'W ~'f)

q 'IJ • 

'"llnnld'Vl~~'f)~-ifl'1~'W vll1iX'VlnU11~b'd~1 0 'W1Vl('d-JLL~'W'Vl~~'f)Ubb~'dtJn~'W~'WVl) Pseudomonas fluorescens 

~1:Wl dC1 Lnl~~ ~U'WLL~'W~ L(9l'WL~~ ~ ~~1~~'WVl ~~J''Wl'Wnl d'Vl ~~'el\l-E''Wl?l'f) hJ~'1'd-J LL~'W'Vl ~~'f)ul'W~ldLL"1J'd'W~'f) tJ L"1l~~"lJ'el~ L~'el 
L~tJ'I 30 1'W1Vl LL~'dtJltJ1tll~'f)1'!)11db~tJ'IL~'f)'!)I~'f)~1'!)1~~'11~(9l1d-Jd~tJ~L'd~1 48 ~'dbd-J'I ~'1"'llnnld~m~l'WU~1 fl'dl:WL-n:w-n'W 

"lJ'f)'1L~'f) 8 log CFU/mll'W"ll'd~L'd~1 1- 8 ~'dbd-J~LLdn 'WU11 ~1d-JldC1(9ld'd"'l'WU Pseudomonas fluorescens Vlml~~~U'W 

LL~'W~L(9l'WL~~~~~1~bL~~~Id-JldC1(9ld'd"'l'Wu1~d-Jlnl'W"ll'd'lL'd~1 24-48 ~'dbd-J'Il'W"lJru~~md-JlruL~'f)Lid-J~'W 3 log CFU/mL 

'WU~I~L'd~1 1- 9 -B''dbd-J'I (9ld'd"'l1~'WUL~'f)U'WLL~'W~L(9l'WL~~~~~ ~'dtJ1fi spread plate technique ~~~'f)I"'lLtI'WL'Wd1~~IL~'f)~ 

~ ~:W1U'WLL~'W~ L(9l'Wb~~~ ~~U'f)tJd-Jln L"1l~~nn1dLnl~~ ~ LLUU~~'dd-J1 n e-J~vll1,xL"1l~~~~ ~'f)'f)n"'lln~'W~'d~d-Jer~1~~ltJ LL~~~~~ 

1tl'f)~1'W'f)1'!)11db~tJ'I L~'f) ~'1 ~'f)'1'f)1 ~tJd~tJ~L'd~I'W'f)~d-Jfl'dd~ L~'f) L~d-J~I'W'd'W ~'1"'l~(9ld'd"'l'Wu1~ bLl?l bn'f) (9ld'd"'l ~'dtJ1fi Pour plate 

1'W"ll'd'lL'd~11 0 ~'d bd-J~~Id-JldC1(9ld'd'"l'W1J Pseudomonas fluorescens ~ ml~~~U'WLL~'W~ L(9l'WL~~~~~1~LL~~~Id-JldC1(9ld'd"'l 

'Wu1~:Wlnl'W"ll'd'l b'd~l 24-48 ~'dbd-J'I ~'1'f)l"'lnrh'd1~~1 nL~'f) ml~~~u'WLb~'W'Vl~~'elU bLl?lL~'f)~ml~~~n~1'W'd'WU'eltJd-Jln'"l'Whj 

~1d-JldC1(9ld'd"'l~~~'dtJ1fi spread plate technique ~1-nn'Wb~tJ~'d11J1~ 

http:nld~m.11
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!?l1a-J~1~'lJ ~'lJ~1~~'d~1 24 ~'dbd-J'l ~lt,l'dt,l~BJl~~'lJ'W~~~t,l'Vl(P1~'el'lJn~l 4 .97± 0 .22 ,4 .85 ± 0.18 ~~~~ 4 .22 ± 0.20 log 

CFU/cm
2 ~'l~~t?1~~'elru~Jllj"'l~l~!?lnt?11'lnt,l~~~~~'lJ~1~ ~'d~1 48 ~'dbd-J'l n~lt,l'dt,l~~'eld-Jln~~(P1 n~l 6.00± 0.12 ,5.05± 0.12 

q 'IJ q 

~~~~4.55 ± 0.28 log CFU/cm
2 Vl'eJru~.1Jlj 28,20 ~~~~15 'el'l~l~BJl~~~m~ l?lld-J~l(.?)jJ ~~~~d~'el~d-J~~~t,l'Vl(P1~'el'lJlt,l~l:i' 

~~"lJ'dt,l~'elmBJl~~"lJ'el'l~~'elrl'dld-J~oifd-Joift,l 3 log CFU/mL ri'elt,l"'l~tJltJ1tJl~'ell~ln~tJ'l~~'el~~'el(P11~~ ~'lJ~1~~'d~1 24 .ft''dba-J'l n 

o tr I 

"'l1t,l'dt,l~BJl~~'lJt,l~~~t,l'Vl(P1~'el'lJ4.97± 0.22 ,4 .86± 0 . 18ll~~ 4.22 ± 0 .22 log 
2 ...J .... 

CFU/cm 'Vl'eJruVl.l:Jd-J 28 , 20 ll~~15 'el'l~1 

lBJl~~~tJ~ !?lld-Jih~'lJ (~i.J~ 4.4) 

7~--------------------------------~ 
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Incubation time (hr) 

ti.J~ 4.4 ~lt,l'dt,llBJl~~"lJ'el'l Pseudomonas fluorescens 'lJt,l~~~t,l~ll?lt,ll~~~~~ In:i'(P1 304 "llil(P1 2B l~'el~a-Jlt,l'ell'V11n~tJ'l~~'el 
TSB ~nma-Jlrul~'el 8 log CFU/mL l~~'dtJltJ1tJl~1'W'ell~1:i' TSB ~~'ell?l1~~ bl?ltJUd-J~'eJru~.1Jlj 28± 2, 20± 2,15± 2 

'el'l~l~"ll~l~tJ~ vllnl:i'l?l:i''d'''lU'lJbl?ltJ~fi spread plate technique 

C~d-JrXt,l"lJ'el'l Pseudomonas fluorescens :i'~('?)'lJ~'l (8 log CFU/mL) "'l~vll1iX Pseudomonas fluorescens ~ld-Jl:i'tl~l?ld-Jl 

n'lJ l~~t,l~ l!?lt,ll~~~~~1~ ~1a-Jl:i'm"'l1'1Jll~~l~d-J~1t,l'dt,l'lJt,lU~t,l~ ~!?lt,ll~~~~~1~~ 1t,l"lJru~~ l~'el ~id-JrX'W:i'~~'lJ~l (3 log 

CFU/mL) rl'dld-J~ld-Jl:i'tllt,lnlnnl~~ (P1d-Jl'lJt,l~l~t,l'Vl(P1~'el'lJi1'eltJ ~'l rX'el'l'ellfltJ:i'~tJ~l'd~11t,lnlnlU'l r?l'd l~d-J~lt,l'd'W ~'l~la-Jl:i'tl 

!?l:i''d'''l~'el'lJ1~ 

(maximum temperature) l~~~'elru~Jllj~l~l?l(minimum temperature) ~'ltll'e)ru~Jllj~~'l~~'el~ln~ld "'l~t,l'Vl1tJ"'l~1~
q CIJ q q cu ClJ q 

~la-Jl:i'tl ~"'l1bkJ1~ ~'lJ'W'eJru~.1JiJ~ ~~d-Jl~~a-J~1~f'lJnln"'l1bkJ(optimum temperature) ~'l bbl?lnt?11'lnt,l'el'eln1i.Jl?l1d-J ~~t?1~~"llil(P1 

"lJ'el'l'1~'W'Vl1tJ ~l~f'lJ Pseudomonas fluorescens ~'lJ~1~"'l1bkJ1~~~'eJru~.1JiJ'VI~'el~1tJn~1 Psychrotrophs b(P1tJori'd'l'eJru~1:JiJ 

~l'VIa-Jl~~a-J'el~:i'~~~l'l 26 - 30 .5 'el'l~ll"ll~l~tJ~ ~~t?1'f)tJl'lhnl?lla-Jlt,l'eJ!?l~l~n:i':i'd-J'f)l~l:i' n:i'~'lJ'dt,lnlnid-J~t,l"'l'Wn:i'~~'l()'l 

tJ~ltJ'Vll'ln rl'dld-J l7i'ellti'f)'lnt,l~Ut,l~ nben bl?ltJ e.J~ ~~ !?l~1~"'l1 n.frt,ll?l'f)t,lri'f)t,l'VIi11"'l~1-if ~u'W1l?ltl~'lJ (raw material) ~l'V1f'lJ.frt,l!?l'f)'W
'IJ q 
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~ fOl'Jl:W ~11'l n1 d~ 1 d111V!1 d~ t?l1'1 n'W nld~~~ld'fllV!ld:Wl nV!1-'flU'fltJ bb!?l n t?l1'1 n'W '"l ~~ t-J ~ t?l'fl n1 db'"l1'blJ bu'W1u L'flyj ~:wV!1-'flhJ 

r;1'1t!'Wnldbtl~tJ'Wbbtl~'1~il~"lJ'fl'l'fl1V!ldt?l'flnldb91'blJ1UL'flYl~:w bll'WU9~tJ~~'fl'l'Vhnld~m~n ~'1'"llnnld~m~n~~l'W:Wl ~U~l 
Pseudomonas fluorescens ~1:Wldmnl~~~bb~~b91'nHu'W1uL'flyj~:WU'Wbb~'W~b!?l'Wb~~~~~ bnd~ 304 ~il~ 2B ~l1tJ1i.J 

~ ~ 

'fllvndbitJ'Ib~'fl TSB 1~~d~tJ~b'J~1 1-48 -B''J L:W'l ~r,ltJnld!?ld'J'"l~'fl1J~1i.J'Ji.Jbsn~~~'JtJ~fi spread plate technique Ui.J111V!ld 

TSB r;1\lt!i.J~i.J!?l'fli.J(Y}'fl 1tl9'lvhnldbtl~tJi.J~il~~ld'fllV!ld'"lln'fllV!ldbitJ'l b~'fl TSB ~'l bUi.J'fl1V!1 d~~~ld'fllV!ld~:wunWbV!:Wl~ 
~ 

(Y}'fl nl db'"l1'blJ"lJ1)'l~~i.J'Vl~tJ bUi.J~ l d1)lV!ld'"ll n ~'J n~l'l"]jil~ bv!~'J"]jil~~i.J 1 L~tJ nld'Vl ~~1)'l fOlf'ln 1~ b~1) n 1-n~ld111V!1 d~~ 

1)'l~tJd~n1)Ut?ll'l 1 ni.J1tl ~'lbb(y} ~ld~~~ltJbn~l1bbn'ltJ~l1~b~1)fOl'Jl6-lb-n:w-ni.J~1)tJ~~ 0.85, 1)1V!ldbitJ'lb~1) TSB bb~~ 

~1d~~~ltJ soiling agent (beef meat 5%w/v) '"llnnld'Vl~~l1'l ~U~l b~1)btl~tJi.JbbV!~'l"lJ1)'l~ld'"l1n1)1V!ldbitJ'lb~1) TSB bUi.J 

J1bn~1)1J~1)~b~l1fOl'Jl:WL-n:w-ni.J~1)tJ~~ 0.85 (0.85 % NaCI) ~1J~1 tJ'l~nldb91'blJ"lJ1)'l Pseudomonas fluorescens bb~~ 

~U~l~b'J~l 24 -B''JL:W'l ~l:Wldbl!?ld'J'"lUUbsn~~ Pseudomonas fluorescens 1~ 5.03± 0.07 log CFU/cm
2 bb~~~~li.J'Ji.J 

5.33±0.06 log CFU/cm
2 b~'flvllnld!?ld'J'"l1~~b'J~1 48 -B''JL:W'l (ttl~ 4.5) 
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Incubation time(hr) 

b~1)btl~tJi.JbbV!~'1"lJ1)'l~ld91n'fl1V!ldbitJ'Ib~'fl TSB btl'W soiling agent (beef meat 5%w/v) L~tJn1dtJ1b~1)mqj1i.J 
J 1 ~ 111 L1) 1 'W i tl ~ 1) ~ b~ 1) ~ 1 ~ 'fl 'I n 1 d tl 'W b~ 1) 'W ~ 1 d ~ 'W 'Vl ~ tJb U i.J ~'J n ~ 1 'I "]j il ~ bV! ~ 'J ~ 'I ~~ ~tJ fOl1 ~ ~ 1t.!19 ~ '1'111 ~ bsn ~ ~ 

Pseudomonas fluorescens ~n1dbn1~~~bb~~b91'blJbUi.J1ubl1yj~:w1~~~'1~i.J t-J~n1d'Vl~~1)'1 ~U~l n1db'"l1blJ"lJ11'lbsn~~1Ji.J 

bb~i.J'Vl~~'flU b~d1~~U~1~1i.J'J'\.Hsn~~~b'J~1 24 -B''Jb:W'l ~~1 5.29± 0.15 log CFU/cm
2 bb~:; 5.99± 0.24 log CFU/cm

2 ~ 

b'J~l 48 -B',)L:W'l!?ll:W~lt?1U (ltJ~ 4.6) 

http:5.33�0.06
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tU~ 4.6 r.l1'I"r.l'WLBJjfl~~V"l~tlJuwmh..l'VlrMl~U L~~':hJ~~1'W~1d'fl~fl1tJ soiling agent (beef meat 5%w/v) ~~ruVl1J~ 28± 2 
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8 24 48 

tU~ 4.7 LmtJU LVltJUr.l1'W'J'WLBJjfl~~ V"l~tlJU'WLleJ'W'Vl t?l~~U L~~~n1nU~tJ'WLLUfl'l LLVI~'I"lJ~'I~1d'~1V11d'·11'nt?l f?11'11 ~~ruVl1J~ 

28± 2 ~'I~1lBJjflL~tJ~ 

n1 d'lU~tJ'WLLU fl'l"llUt?l"lJ ~'I~1V11 d' LLf?ir.l1'W'd'WbBJj fl~U'WbLeJ'W'Vl t?l ~~U niT'I ~'I i:J n1d'bliil~tlJ 'Y'J ~~:hJ-0''I~ n1d'bbU'I bBJj fl ~b~ :hJr.l1'W'd'W1~ 

bbfl~1:w~ n1nblPln f?i1'1rl'W:hJ1mrn L~~ bU~tJ'WLlVl~'I"lJ~'I~1d'1iil1 n~1V11nitJ'H~1l TSB Ltl'W~l Ln~llUflll(P1 L~~ ~'J1:hJ l-tr:hJ-tr'W~lltJ~~ 
I I I i.I 

0.85 (0.85 % NaCI) 'Y'JU~1 iT'I~n1nliil~b1J"lJ~'I Pseudomonas fluorescens Ltl~'I1iil1n~~1d'1l1V11d'~t?l:hJ1 biJ~b'd~1l~:hJ~'WIiil~ 

l~'W~'d1:hJ lLlPln (?]1'11~~th'l..ot?llliil'W Iiil ~L~'W1~~1~VI~'I1iil1 nU:hJ bleJ'W'Vl t?l~~'lJltl'Wb'dfl1 48 ..o'd 1:hJ'I n1nliil~b1J"lJ~'I bBJj~~U'WLbeJ'W 

'Vlt?l~~'Jl'W~1bn~~U~~t?ll~~~'d1~lb-tr:hJ-if'W~~tJfl~ 0 .85 (0.85 % NaCI) li:hJ-n1~'I Lbf?in1d\,Iiil~tlJ"lJ1l'lbBJj~~U'WLLeJ'W'Vlt?l~~ul'W 
~1V11nitJ'Ib~~ TSB bbfl~~1d'fl~fl1tJ soiling agent (beef meat 5%w/v) ~n1nLU'IbBJj~~b~:hJr.l1'W'd'W1~ bLfl~hj~n1nblPlnf?i1'1 
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nlnn~1'UL'e)~~:l,J'vhl,xnl:fnl~~ bsn~~bb'UfO)Vl b1tJ~'e)~1'W~~:l.JVll1~tJln:l.Jln nldVllWn:l.J~~'e)l~~l:l.Jtln~hj~l:l.Jlnl 

nl~~1~VI:l.J ~ 9 ~~'e)~1-n bbd~'Vll~ nltJfll~"1ir;)tJl'Wnl dn 1~~ 'W'e) n91 ndbb1J fO)Vl b1tJ~ b9~t1!1'W1'U L'e)~~:l.JtJ~ iJ fO)r;)l:l.J~l:l.Jl dbll'Wnl d 

~l'W'Vll'W~l dVll rtr;)l:l.J ~ ~'e) 1~ (Costerton, 2005) bb~~~ 1d~l b~'e):l.Jl n n~19 ~'W'Vl1tJ"1lU~ b~ tJr;) n'W~ 'e)tJl'W~1 d~~~ltJ 
q 'II 

(Planktonic) (Chavant, Gaillard-Martinie and Hebraud, 2004) nld'Vl~~'e)~1'Wrt~~diJrr~~1Jd~~~~b~'e)~m~ntld~~'Vlfifll~ 
"1J'e)~~ld~lb~'e) 2 "llU~ ~'e) ~ld~~~ltJLsnb~tJ:l,11e1Ltlrt~'e)hvl (sodium hypochlorite : NaOCI) bb~~nd~btl'e)fd'e)n~bb'e)~~n 

(peroxyacetic acid: POA) l'WnldVll~lmsn~~"1J'e)~ Pseudomonas fluorescens b~'e)bb"1Jr;)'W~'e)tJ'e)~l'W(?]r;)n~l~"llU~bVl~r;) 

3 "llU~ ~iJill:l.Jlru~ld~'W'Vl1tJ~[9h~n'W 1~bbri ~ld~~~lmn~'e) (0 .S5 % NaCI), Tryptic Soy Broth (TSB), soiling agent 

(beef meat 5%w/v) L~tll-nili:l-Jlrubsn~~b~:l.J~'Wd~~'U~~(S log CFU/ml) l'Wnld'Vl~~'e)'Utld~~'Vlfifll~"1J'e)~~ld~~~ltJ 

Lsnb~tJ:l.J1eJLtlfO)~'e)hvl nlV1'W~fO)r;)l:l-Jboll:l.Joll'W~ 100 ,200 bb~~400 ppm nld'Vl~~ll'Utld~~'Vlfifll~"1J'e)~nd~btl'e)fd'e)n~bb'e)~~n 

nlV1'W~rtr;)l:l.Jboll:l-Joll'W~ 25, 50 bb~~1 00 ppm (?]r;)n~1~"1lU~bVl~r;)~111:l.Jl'Vl~~'e)'U~~ 3 "1lU~ iJfO'ilrtr;)l:l.JbU'Wnd~-~l~ (pH) bb~~ 

'e)~~tld~nll'U"1J'e)~~ld~'W'Vl1tJ1'Will:l.Jlru~1~n'W 

"llU~"1J'e)~ 19lr;) n~l~ rtr;)l:l.J bu'Wnd~-~l~ (pH) 'e)~~tld~n'e)'Ubb~~ill:l-Jlru~ld~'W'Vl1tJ (% w/w) 

~ld~~~lmn~'e) (0.S5 % NaCI) 7.3S ± 0.04 NaCI 0.S5 

TSB 7.32 ± O.OS Ltld~'W 17.037 

1"1J:lJ'W 0.10S 

rtlfi:'U1m~d~ 2.50S 

soiling agent (beef meat 5%w/v) 6.69 ± 0.12 Ltld~'W 0.25 

http:b~'e):l.Jl
http:fO)r;)l:l.J~l:l.Jl
http:W~~:l.JVll1~tJln:l.Jl
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4.5.1 ,j'i~~'VlfiIl1~~'fl\l~1'i~~~1tJ1~b~tu,J1er1,jFl~'fl1'iv1 (sodium hypochlorite: NaOel) 1un1'i'Vh~1tJb~~i 
Pseudomonas fluorescens 1UrPl";ln~1\1v1b~~i~~u'Vl~tJbb~'JU~'fltJ'flti

q cu 

nl~Vl ~~'E)Ulh~~VlfiJll~"lJ'E)-:J ~1~~~'6'ntJ16] b~m.-Jl~hJ f)~'E)hvf1unl ~vll~ltJ~l nb"lJ')U~'E)tJ b6]~~1U!?l')n~l-:J"1lU~ 

bVl~,) 3 "1lU~ ~ihJ1~lru~l~~UVl~tT~[9]l-:Jnu 1J1bbri ~l~~~~lmn~'E) (0.B5 % l\jaCI), Tryptic Soy Broth (TSB), soiling 

agent (beef meat 5%w/v) 1~tJnlV1U~f),)1~boif~oifU"lJ'E)-:J~1~~~~ltJ16]b~tJ~1mu'E)ff)~'E)hvf ~ 100, 200 bb~~400 ppm 

~lV1¥unl~Vl~~'E)UnU~lnb"lJ')U~'E)m6]~~ Pseudomonas fluorescens 1um~lrub6]~~b~~!?lu~~cKu~-:J (B log CFU/mL) 

d~ml1~lnb"lJ')U~'E)m6]~~1ur?l')n~1-:J"1lU~bVl~,)~1~~ler~nU~1~~~~ltJ16]b~tJ~1~hJf)~'E)hvf ~'E)ruVlJln 2B± 2 'E)-:J~lb6]~b~tJ~
q 'IJ 

dJUb,)~l 0, 5, 10 , 20 bb~~ 30 U1Vl nl~~~ !?l')'E)th-:J~1~bb"lJ')U~'E)m6]~~1U!?l,) n~l-:J"1lU~ bVI~,)1Ubb[9]~~b,)~l,rU 1n~~~t9l~ 

t111ub~~~-:J1u~1~~~~ltJ1"1lb~tJ~1Vl1'E)an~by.jlmoif~oifu 0.5% ~~~~ltJ'E)~1u PBS uy.jby.j'E)fm~lt9l~ 1 n~~~t9l~ b~mr1Jt1-:J 

UDmtJl"lJ'E)-:Jf)~'E)~U~"'l~1u~e-J~1unl~vll~lm~'E)ri'E)U~"'l~vllnl~ serial dilution UU~lU,)U~~UVl~tT~~'E)~[9]'E)1u bb~,)vllnl~ 
" " ,

t9l~,)"'lUU~lU,)U Pseudomonas fluorescens UU'E)1V11n~tJ-:Jb~'E)"1lU~ TSA e-J~nl~Vl~~'E)-:J ~U~l d:J'E)b6]~~ Pseudomonas 

fluorescens bb"lJ')U~'E)tJ'E)tJ1U~l~~~~lmn~'E) f),)1~ boif~oif'W~'E)tJ~~ 0.B5 bb~~1on~1~~~~ltJ16] b~tJ~1mu'E)ff)~'E)hvf ~ f),)1~
'IJ 

boif~oifu 100 ppm ~l~l~rlvll~lm6]~~"lJ'E)-:J Pseudomonas fluorescens 1U~1~~~~1mn~'E)~-:JVI~~~-:Jbb[9]b,)~1 1 U1Vl 

VI~-:J"'lln~~er~~l~~lb~'E) cK-:J~u~ 4.B bb~~JU~ 4.9 
'IJ 'IJ 

9 

8 r=

7 

...-l 
8 
~ 
~ 
u 
co 

..9 
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2 

--=

0 

OA 08 5 10 20 30 

exposure time(min) 

~1~~~~ltJ16]b~tJ~1~1Uf)~'E)h~~J~cK1Jf),)1~boif~oifu 100 ppm (m~lrub6]~~b~~!?lU B log CFU/rnL) ~~ruVl1Jn 2B± 2 'E)-:J~1 

b6]~b~tJ~ 1~tJ 0A ~'E) m~lrub~'E)b~~!?lU Os ~'E) m~lrub~'E)b~'E)~nln~~b~'E)u1~Vlt1u~lJ~lb~'E) bb~,)vllnl~~~!?l')'E)tJl-:Jb~'E) 
Q/ "'" 

VlUVl 
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exposure time(min) 

tU~ 4.9 ~!ltJrl~nld'rl~rl-:J"llll-:J lsnrl~"ll!l-:J Pseudomonas fluorescens l'W~ld'rl~rllmn~!l rl'dl~l-if~-if'W~!ltJrl~ 0.85 JlltJv!~-:J 

v!~-:J~~er~~1d'rl~rlltJtsnl~tJ~1pjbUrlrl!l1n1 ~d'~r;rUrl'dl~l-if~-if'W100 ppm dJ'Wl'drll 30 'W1Vl (lli~lrulsnrl~C~~~'W 8 log 

CFU/mL) ~~ruV!.QiJ 28± 2 !l-:JVJ11lsnrll~tJ~ b~tJ 0A ~ll m~lrub~!ll~~~'W 0B ~!l m~lrub~!lln!lnnln~~l~!lU~~Yl'tl'W~ld' 
~ll~!l bb~'dvllnld'~~~'d!lth-:Jb~!l~'WVl 

l~llU~~Yl't Pseudomonas fluorescens (l~lll~~~'W) rl-:Jl'W~1d'rl~rlltJbsnb~tJ~1f1bUrlrl!lhi ~'d'W"lh-:J~~ll-:J 9~lU'Wb'drll~n 

nl d'b~ ~ ~1 d'rl ~rll tJ l~llU~~Yl 't rl-:J 1'W~ 1 d'rl ~rll tJ tsn l~tJ ~1f1tu rlrl II1d'i lb~'d vll nld'~ ~ ~'dll t11-:J l~!lr1'WVl V! ~-:J91 nn nl d' 
q q 

bl'V'dnd'~91tJ ~'d"llll-:J bsnrl rl1'W~ld'rl ~rlltJ ~U~ll~llnm~l rurl ~rl-:Jr1'WVl bnll ~~ er~ nu ~1 d'rl ~rll tJ bsn b~tJ~1f1bU rl rlllhill!?hrill 

Yl~~llUUd'~~YlfiJll~"llll-:J~ld'rl~rlltJtsn b~tJ~1f1bU rlrlllhi l'Wnld'vllrllm6Jlrl~ Pseudomonas fluorescens ~ bl"ll'd'WrllltJl'W 

1l1V!ln~tJ-:Jb~1l TSB (~U~ 4.10) ~U~lUd'~~YlfiJll~l'Wnld'~lb~llrl~rl-:J ~ll~1d'rl~rlltJtsnb~tJ~1f1tUrlrlllhi rl'dl~l-if~-if'W 

100 ppm 

fluorescens rl~rl-:Jb.wtJ-:J~lltJrl~ 13 .98 91nm~lrub~lld~~'W (8.21 ± 0.24 log CFU/mL) bbrl~brillb~~rl'dl~b-if~-if'W"llll-:J 
~1d'rl~rlltJtsnb~tJ~1f1bUrlrlllhi rl'dl~b-if~-if'W 200 ppm ~U~l~b'drll 30 'W1Vl v!~-:J91msnrl~ Pseudomonas fluorescens 

~~er~nU~ld'rl~rlltJt6Jl b~tJ~1f1turlrlllhi nhJ~l~ld'blvllrllmsnrl~~-:Jv!~~ b~msnrl~rl~rl-:J~lltJrl~ 14.89 bbrl~b"Jl'Wb~tJ'd n'W 

brill b~~ rl'dl~ b-if~-if'W"llll-:J~ld'rl~rlltJ b6Jl b~tJ~1mUllfrlrlllhi bU'W 400 ppm nhJ~l~l d'blvllrllmsnrlrllJ)V!~ ~JlltJl'Wd'~tJ~b'drll 

30 'W1Vl ~l~ld'blvllrllmsnrl~"llll-:J Pseudomonas fluorescens rl~rl-:J91nlli~lrubsnrl~~~~'Wb.wtJ-:J~lltJrl~ 17.59 
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!JJ~ 4.1 0 ~l'W'J'Wbsn~~"lJ'el'l Pseudomonas fluorescens 1'W'ellV11dbitJ'lb~'el TSB ~~'el(PI~';jt91V1~'l~d-J~~~l~~~~ltJtsnb~m.J 
1eJtJJfl~'elldvl ~~~~Ufl'Jld-Jbolid-Joli'Wl?il'l1n'W (md-Jlrubsn~~bid-J~'W 8 log CFU/mL) ~~ruV1.1Jn 28± 2 'el'lf'1\lbsn~b~tJ~ t(PItJ 0A ~'el 

md-Jlrub~'elbid-J~'W DB ~'el md-Jlrub~'elb~'eliJnldb~d-Jb~'elu1-~Vlt1'W~1~BJJlb~'el bb~'Jvllnl~~~I[?]'J'elt.h'lb~'el'0''WVl 

20 
18 

16 7 
c 
.3 14 r - ::: 

0 
;::l 12 , 0100 ppm I 

"0 
~ 

~ 
10 

r :;:. 0200 ppm I 

bJl 8 _C"': 0400 ppm 
~ 
~ 0 6 

4 

2 
0 

OA 08 5 10 20 30 

exposure time(min) 

~1~~~~ltJtsnb~tJd-J1eJtJJfl~'el1n1 ~~~~Ufl'Jld-Jbolid-Joli'Wl?il'l1f1'WdJ'Wb'J~1 30 'W1Vl (md-Jlrubsn~~bid-J~'W 8 log CFU/mL) ~ 

~ruV1.1Jn 28± 2 'el'lf'1\lbsn~b~tJ~ t(PItJ 0A ~'ellfid-Jlrub~'elbi~I~'W DB ~'el md-Jlrub~'elb~'eliJnldb~~lb~'elu1-~Vlt1'W~1~BJJlb~'el bb~'Jvll 

~~h'Wnl~vll~ltJbsn~~"lJ'el'l Pseudomonas fluorescens b~'elbb"lJ'J'W~'eltJ1'W~1~~~~ltJ soiling agent (beef meat 

5%w/v) ~'JtJ~1~~~~ltJt6Jjb~tJd-J1e:1tJJfl~'elhvl ~fl'Jld-Jbolid-Joli'W100, 200 bb~~400 ppm (tJJ~ 4.12)'V'11J~lhJiJfl'Jld-Jbbt91nl?il'ln'W 

nuJJ~~~VlflJll'V'11'Wnl~vll~ltJbsn~~~bb"lJ'J'W~'eltJ1'W'ellV11dbitJ'lb~'el TSB b'V'1~l~~l~b'J~l 30 'W1Vl V1~'l"'llnbsn~~ 
Pseudomonas fluorescens ~d-J~~nU~1~~~~ltJbsnb~tJd-J1eJbJJfl~'e)hvlhJ~1d-Jlnlvll~ltJbsn~~~'lV1d-J(PI bb~~~'eltJ~~nl~~(PI~'l 

"lJ'el'lbsn~~b~'el~d-J~~nu~1~BJJlb~'eliJmd-Jlru~ln~1'ellV11dbitJ'lb~'el TSB 

"'l1 n t:,J ~ nl ~Vl (PI ~'el'loli1'l ~'Wbb~ (PI'I~lJJ ~~~Vl flJll'V'1"lJ 'el'l ~1 ~BJJ 1 b~'e)~'WnuJJ1-d-J 1 ru~ 1 ~~'WVl1tJ~JJ'Wb~'el'W1 'W'ellV11 ~ 
b(PItJ~l~BJJl b~'el"'l ~iJJJ ~~~Vl flJll'V'11 'Wnl ~vll ~ltJ bsn~~1'W~1 ~~~~ltl bn ~'el1~~ n~11 'W'ellV11 ~bitJ'l b~'el TSB bb~ ~~1~~ ~~ltJ 

soiling agent (beef meat 5%w/v) (tJJ~ 4.13) 9~~b(PI6fj d-Jl~1(2551) d1tJ'll'W~l nl~1-n~1~JJ~~n'elUfl~'el1'W b"ll'W 

bsn b~tJ~11eJb1J fl~'el ldVl1'W~Jll'J~~iJ nl~JJ'Wb~'el'W~l ~~'WVl1tJ~'l,r'W"'l ~vll1~JJ~~~Vl flJll'V'11'Wnl~vll ~ltJ b~'el"'l~'WVl1tJ~ (PI~'l ~'l~ 
'lJ q 
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~ct'E)~"'il n ~ ~'E)1'WU 1~ ~'d'W"'i~yhUBmtJ 1 ~ ~'E)1b'W-n'W~l~ ~'E)'E) n6B l~-n'WnUVI~'E) ~ijt'W"ll'E)~ ~ 1 ~~'W'Vl1tJ r?1~J'Wnl ~l.if ~1~~ ~~1 tJ 
~ ~ ~ 

'i' ... 1 'i'. I 1 ~ ... ~ di "'0 I "" "" '1 0 ~ 
bsnl~tJ~ eJ bU~~'E) ~'Vl b'W'E)1V11n~tJ~l"ll'E) TSB ll~~~l~~~~ltJ soiling agent "'i~~u~~~'VlnJll~ b'\.ml~'Vll~lm"ll'E)~~~~ l~n~ 

~1~'E)1V11dl?h~11'W'E)l';jln~tJ~ l~'E) ori'dtJ~uu~~'Wl~~6Jl~~~~'W'Vl1tJ~'f) ~~1tvl ~l~~~"'i1b1J1~ r?1~J'Wnldloif~l ~Ud~n'E)U ~~'E)h~~~ 
nd~1eJhJ~~'E)f~ (HOCI) blJ'W'E)~fhJ~~n'f)1J~l~ru ~~~U~~~'VlfiJll~1'Wnl~yh~ltJ~~'E)"'i~'W'Vl1tJl'W~1~~~~ltJJ1Ln~'E)1~~n~1

'" . 
'1 ... 

~ 

~ 
~ 

b'W'E)1V11n~tJ~~"ll'E) TSB ~~~~~l~~~~ltJ soiling agent 

10 .r---------------------------------~ 

9 
8 FEFE~. 

p::a:~ ~.~ 

~ 7· 
: 0 100 ppm8 6 
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U 
0400ppmbll 4 
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o 
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expos ure time (min) 

~U~ 4.12 91'W'd'W~6Jl~~"ll'f)~ Pseudomonas fluorescens l'W~l~~~~ltJ soiling agent (beef meat 5%w/v) ~d'E)~~~~VI~~
" 
~~er~~1~~~~ltJt6Jl~~tJ~1eJ'i:u~~'E)hv1 ~~~r?1U~'dl~~_if~_if'W~1~1n'W (lli~lC1.H6Jl~~b~~~'W 8 log CFU/mL) ~~ruVl.1:Jij 28± 2 

'E)~~l~sn~l~tJ~ 'i:~tJ 0A ~'E) lli~lru~~'E)l1~~'W DB ~'f) lli~lrul~'E)ln'f)iJnldl~~l~'E)U1~'Vltl'W~1~BJJll~'E) ll~'dyhnl~~~l9l'd'E)~l~ 
~ 

~ <V ... 


l"ll'E)'Vl'W'Vl 

18 

OA OB 5 10 20 30 

expo sure time(min) 
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!U~ 4.13 ~mtJU~VltJU~'f)tJ~~nld~~~~"ll'f)~ l6Jl~~"ll'E)~ Pseudomonas fluorescens l'W~ld~~~ltJ soiling agent (beef meat 

5%w/v) JlltJVI~~~~er~~ld~~~ltJ'i:6Jll~tJ~1eJhJ~~'E)hv1 ~d~r?1U~'dl~~_if~_if'W~1~1n'WdJ'W~'d~1 30 'W1Vl (lli~lru~6Jl~~~1~tX'W 

8 log CFU/mL) ~~ruVl.1:Jij 28± 2 'E)~~l~6Jlm~tJ~ 'i:~tJ 0A ~'E) lli~lru~~'f)~1~~'W DB ~'E) lli~lrul~'E)bn'f)iJnln~~~~'E)1J1~'Vltl'W 
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n1~~~1~r:l~r:l1tJ1"1l~~tJ:wl[JhJr1r:l'E)hvf ~r1'd1:w~-n:w-n'W,1 00,200 ~~r:l~400 ppm hJ~1:W1J'bll11r:l1m~'E)1~~:w!?) ~'l~'E)1"'l 

~ti'el'l"'l1 n:W1"'l1 n n1J'~r:l1tJ lPl'd'elth'l J''d!?) ~1'd"lJ'el'l ~1 J'r:l ~r:l1tJ 1"1l ~~tJ :wl[JhJ r1r:l'E) hvf (NOel) ~'lij r.Jr:ll111 iX n1J'bl[?l n lPl'd 1~ l'lJ'W 

nJ'!?)l[JhJr1r:l'elf~ (HOCI) ~'l~l:Wl~blrr!?)l~"'llm_J1:Wlru available chlorine ~ij'E)tJ1'WJl ijr1'dl:WL-n:w-n'Whj~'E)l9l'elnlJ'l1lr:lltJ
'U 

~'lt!'Wnl J'~r:lltJ lPl'd"lJ'el'l~l J'r:l~r:lltJ1"1l L~tJ:wl[JhJ r1 r:l'E) hvf ijU"'l9tJ~ii'l~~1 ~'1J lLr:l~ij r.Jr:l 19l'el nlJ'~r:lltJlPl'd ~'el r11 pH ~'l"'l~nr.Jr:l 
19l'E)tlJ'~~'Vlfi[l1~l'WnlJ'vllr:llm~'E) ~'lnlJ'1Lr1n~~~lm:Wlru available chlorine ~~'E):W~'l[?lJ''d"'lrr!?) pH "lJ'el'l~lJ'r:l~r:lltJ 

lsnl~tJ:wlmtl'elfr1r:l'E)hvf~r1'dl:Wl-n:w-n'Wl9l1'l1 r.Jr:lnlJ'1Lr1n~~~1~LL~!?)'l1'W [?l1n'l~ 4.2 

Pseudomonas fluorescent Vl'elru~[liJ 23± 2 'E)'lV11Lsnm~tJ~
q 'U 

m:Wlru available chlorine (ppm) 

100 

200 

400 

7.38 ± 0.06 

7.57± 0.08 

8.72 ± 0.05 

5.27 ± 0.06 

8.46 ± 0.08 

20.85 ± 0.02 

~U~1r1'dl:Wl-n:w-n'W"lJ'E)'l~1J'r:l~r:lltJtsnL~tJ:w1[Jttlr1r:l'E)hvf~r1'dl:WL-n:w-n'W 100 ppm ijr11 pH 7.38 ± 0.06 

t!?)tJtlJ'~:W1 ru Llr:l~m:Wl rur1r:l'el1'W~1 Lr1n~~l~ijr1l 5.27 ± 0.06 Llr:l~Ln'fl L~:W r1'dl:W L-n:w-n'W"lJ'E)'l~lJ'r:l~r:lltJ tsn l~tJ:wlmtl'elf 

r1r:l'elhvfL1J'W 200 ppm ijr11 pH 7.57± 0 . 08llr:l~m:Wlrur1r:l'el1'W~I?lJ''d"'lrr!?)1~ijr1l 8.46 ± 0.08 lLr:l~rfll~:Wr1'dl~ll-n:w-n'W"lJ'el'l 

~1J'r:l~r:l1tJtsnL~tJ:w1mtl'E)fr1r:l'E)hvfdJ'W 400 ppm ~U~lnr1l pH 'el~~ 8.72 ± 0.05 LLr:l~m:Wlrur1r:l'E)1'WYl1Lr1J'1~~1~ijr1l 

20.85 ± 0.02 ~'lijm:Wlrur1r:l'el1'WL~:W~'W"'lln r1'dl:W L-n:w-n'W 100 ppm ronnr1l pH ~~r:l~m:Wlrur1r:l'el1'W~1lr1J'1~~1~~ij 

r1'dl:w~:w~'Wn1'WnlJ'~.h ~~'E) 

nl~'Vl!?)~'E)utlJ'~~'Vlfi[ll~"lJ'E)'l nJ'~Htl'E)fJ''E) n~ LL'E)~~n 5% 1'WnlJ'l1lr:lltJ~1J'bl"lJ'd'Wr:l'E)m"1lr:lr:l1 'WlPl'dnr:ll'lsn'W!?) L~r:l'd 3 

"ll'W!?) ~ijm:Wlru~1~~'W'Vl1tT~l9h'ln'W l~LLri ~l~r:l~r:llmn~'E) (0.85 % NaCI), Tryptic Soy Broth (TSB), sOiling agent (beef 

meat 5%w/v) l!?)mll~'W!?)r1'dl:w~-n:w-ir'W"lJ'E)'lnJ'!?)btl'E)fJ''E)n~bb'E)~~n~ 25, 50 bbr:l~1 00 ppm ~l~funlJ''Vl!?)~'E)'lJnU~lJ' 

bb"lJ'd'Wr:l'E)m"llr:l; Pseudomonas fluorescens l'Wm:Wlrubsnr:l;b~:W~'Wd~~U~'l (B log CFU/ml) bn'E)Ulbsnr:lr:l1'W'E)1~ldbW6'l'd:Wl 

~:w~~nUnd!?)btl'E)fd'E)n~bb'E)~~n ~~ru~JJiJ 2B± 2 'E)'lV1lbsnr:lb~tJ~ dJ'Wb'dr:ll 0,5 ,10, 20 bLr:l~ 30 'W1Vl Lb~'dvllnld[?ld'd"'lt1u 
iI iI 

o .QIj QI ~ 

"'l1'W'd'W Pseudomonas fluorescens UW'E)lV1ldbr:ltJ'lL"ll'el"ll'W!?) TSA 

r.Jr:lnld'Vl!?)r:l'E)'l~U~l Lii'fl Lsnr:l~ Pseudomonas fluorescens LL"lJ'd'Wr:l'E)tJ'E) ~1'W~l dr:l ~r:llmn~'E) r1'dl:W b-ir:w-ir'W~'E)tJr:l ~ 

0.B5 bbr:l~l.jfn~!?)btl'E)f~'E)n~bb'E)~~n ~r1'dl:Wb-ir:w-n'W 25 ppm hj~l:Wldblvllr:llmsnr:l~"lJ'el'l Pseudomonas fluorescens 1'W 
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~l~~~~lmn~'El~~'J;1:W~[l1tJlw~~tJ~b'd~l 30 'W1Vl d~'ElVOl~Ub'd~l 30 'W1Vl'J;1~~91n~:W~~~1~~lb~'El ~U~l ~'EltJ~~"lJ'El~nl~ 
~~~~iJfil 65.04 (lU~ 4.14) bb(?ib~'f)VOl'dl:Wb-n:w-n'Wn~~bU'Elf~'Eln~bb'El~~mU'W 50 ppm b'd~l 5 'W1Yl rh~tJ~~'el~9~vll~ltJ 
b6Jj~~~bb"lJ'd'W~'eltJ1'W~1~~~~ltJ~1 bn~'El1~V!:w~ bb~~b~'El b~:WVOl'dl:Wb-n:w-n'W"lJ'el~n~~ bU'Elh'eln~bb'el~~mu'W 100 ppm bb~9~ 
vll~lm6Jj~~ Pseudomonas fluorescens 1~:Wln~'Wn~1~VOl'dl:Wb-n:w-n'W 50 ppm bb(9]nhl~1:Wlnlvll~lm6Jj~~1~V1:W(9)~~bb(9] 

'W1Vlbb~n t~tJvll~lm6Jl~~1~~~V1:W~V1~~91m6Jl~~~:w~~nU~1~"JJlb~'elbU'Wb'd~1 5 'W1Vl 

b~'El~91~n,l1D~ b'd'~'n1'Wnl~~:W~~b~'El bb~~VOl'dlJ..Jb-n:w-n'W ~U~l ~VOl'dl:Wb-n:w-n'W 25 ppm D~ bb~rhJ~1:Wl~C1vll~lm~'el1~ 

JlltJ1'W~~tJ~b'd~1 30 'W1Vl bb(9]~U~l b~'elb6Jl~~~:w~~nU~l~"JJlb~'elbU'Wb'd~l 1 'W1Vl ~1:Wl~C1vll~lm~'El1~~~~~1~D~ 46 .85 % 

iJill:Wlrub6Jj~~bV1~'el~'el~~~(9l~b'd~l 1 'W1Yl4.47± 0 .24 log CFU/mL 91nill:Wlrub~'elb~:W~'W 8.41 ± 0.051og CFU/ml 

1'W"lJru~~VOl'dl:Wb-n:w-if'W 50 bb~~ 100 ppm D~bb~9~vll~lm~'f)1~ 100 % V1~~91n~:W~~~1~"JJlb~'f)bU'Wb'd~1 5 'W1Yl b~'f) 

~91~rul~b'd~1 1 'W1Vl ~U~l~VOl'dl:Wb-n:w-n'W 50 ppm ~1:Wl~C1vll~lm6Jj~~1~~~~~1~ 54.89 % iJm:Wlrub6Jj~~bV1~'f)~'El~~~(9l 

3 .82 ± 0.12 log CFU/mL 91nm:Wlrub~'Elb~:W~'W 8.45 ± 0.10 log CFU/mL bb~~~VOl'dl:Wb-n:w-n'W 100 ppm ~l:Wl~C1vll~ltJ 

b6Jl~~1~100 % v!~~91n~:W~~~1~~1 b~'f) bU'Wb'd~l 5 'W1Ylb6fl'Wn'W b~'f)b6Jl~~~:W~~~l~"JJlb~'f) ~b'd~l Os (m:Wlrub~'f)b~'eliJnl~ 

b~:Wb~'f)U~~Vlt1'W~1~~lb~'El bb~'dvllnl~~:WlYl'd'f)~l~b~'f)~'WVl) ~1:Wl~C1~~ill:Wlrub6Jl~~1~D~ 52.31 % 
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0100 ppm 
_ . 

OA 08 1 5 10 20 30 

exposure time (min) 

tU~ 4.14 91'W'd'Wb6Jj~~"lJ'El~ Pseudomonas fluorescens 1'W~1~~~~ltJ bn~'ElVOl'dl:Wb-n:w-n'W~'eltJ~~ 0.85 ~~'f)~~~(9lV1~~~J.,I~~ 

n~~bu'elf~'f)n~bb'El~~n ~~~(?)Uwn:Wb-n:w-n'W(9]1~1n'W (m:Wlrub6Jl~~b~:W~'W 8 log CFU/mL) ~~ruV1.1J~ 28± 2 'El~~lb6Jjm~tJ~ 

t~tJ 0A ~'El ill:Wlrub~'elb~:W~'W Os ~'El ill:Wlrub~m~'f)iJnln~:Wb~'f)U~~Vlt1'W~1~~lb~'f) bb~'dvllnl~~:WlYl'd'f)th~b~'f)~'WVl 
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025 ppm 

o 50 ppm 

0100 ppm 
i 

: 

20 

0 
OA 

I 
OB 5 10 20 30 

exposure time (min) 

!U~ 4.15 lmtJU lVltJ1J~!ltJ~:::nl:r~H9)~'l"lJ!l'llsn~~"lJ!l'l Pseudomonas fluorescens 1'W~1:r~:::~lmn~!lf)11:l;.H"if:J.JoiJ'W~!ltJ~::: 

0 .85 .nltJV!~'l~:J.J er~n:r(pHu!lf:r!ln~ ll'E)~~ n ~:r:::~u f)11:J.J loiJ:J.JoiJ'Wi?l1'l1n'WdJ'Wl1~1 30 'W1Vl (m:J.Jlrulsn~~li:J.J ~'W 8 log 

CFU/mL) ~~ruVjJJ:W 28± 2 !l'lVJ11lsn~l~tJ~ t(P)tJ 0A ~!l m:J.Jlrub~mi:J.J~'W Os ~'E) m:J.JlrWl~!ll~!liJnln~:J.Jl~!l1J1_~'V1't1'W~1:r 
BJ.Jll~!l ll~1V'11nl:r~:J.J !Pl1'E)tJl'll~!lovl'WVl 

fluorescens 
c/ 

'V1 

ll"lJ1'W~!ltJ!l~1'W!l1V!lnitJ'll~'E) TSB 'V'JU~1~f)11:J.JloiJ:J.JoiJ'W 25 ppm ~1:J.JlnlV'11~lmsn~~~'lV!:J.J(P) 100 % .nltJ1'W:r:::tJ:::l1~1 30 

'W1Vl r.nnm:J.Jlrul~!lli:J.J~'W 8.42 ± 0.0410g CFU/mL l~'E)l~:J.Jf)11:J.JloiJ:J.JoiJ'W"lJ'E)'ln:r(p)lU'E)f:r!ln~bb!l~~n l'lJ'W 50 ppm bl~::: 100 

ppm 'V'J1J~1~1:J.Jl:rClV'11~lmsn~~1~V!:J.J(p) 100 % 1'Wl1~1 5 'W1Vl (:ru~ 4.16) 
'II 

10 ,------------------------------------~ 

9 

......J 
E 6 

2 5 
U 
OJ) 4 
.2 

3 -

2 

OA 08 5 10 20 30 

exposure time (min) 

025 ppm 

o 50ppm 

0100 ppm 

!U~ 4.16 ~1'W1'Wlsn~~"lJ!l~ Pseudomonas fluorescens 1'W'E)1V!lnitJ~l~!lTSB ~:r!l(P)~1L91V!~~~:J.Jer~n:r(P)bU!lf:r'E)n~ll'E)~~n 
~:r:::~1Jf)11:J.JboiJ:J.JoiJ'Wi?l1~1n'W (m:J.Jlrulsn~~li:J.J~'W 8 log CFU/mL) ~~ruV!.1J:W 28± 2 'E)~VJ11lsn~b~tJ~ t(P)tJ 0A ~!l m:J.Jlrub~!l 
bi:J.J~'W Os~!l m:J.Jlrub~'E)b~!liJnln~:J.Jl~!lu1_~'V1't1'W~1:rBJ.Jll~!l lb~1V'11nl:r~:J.J!Pl1!ltJl~b~'E)ovl'WVl 
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l~'el~IOlIJ'n,l1n'll'd~11'WnlJ'~~er~l~'elll~~V'I'dI~b-if~-if'W (ltl~ 4.17) ~U~1 V'I'dI~b-if~-n'W~ 25 ppm n'lll~IOl~~I~lnl 
v'h~lm~'el1tJ).rntJl'Wl'd~1 30 'WIYl W?i~U~1 lri'ellsn~~~~er~nU~IJ'~ll~!)l'U'Wl'd~1 10 'W1Yl ~1~lnrvll~lm~!)liX~(?1~'11~n'l 

, ~ 

"l "'" i-' i-' 0~ c!i 1i-'Qj

57.13% b'W"lJru~'VlV'l'dl~l"lJ~"lJ'W 50 ll~~ 100 ppm r;Nll~IOl~'Vll~lm"1l'el (?1100 % 


J'~tJ~l'd~l 5 'WIYlll(?h~'el~lOllJ'rull'd~l~ 1 'WIYl ~U~l~V'I'dl~l-if~-if'W~V'I'dl~l-if~-if'W 50 ppm ~1~lnlr11~lmsn~~1iX~(?1~'11tJ) 


56.08% ihJ1~lrulsn~~l'j,!j~!)J'!)(?1~~t9l 3 .72±0 .06 log CFU/mL IOl l nm~lrul~'el(~~t9l'W 8.47 ± 0.11 log CFU/mL bb~~~ 


V'I'dI~b-if~-if'W 100 ppm ~1~1J'(1r11~lmsn~~1iX~(?1~'11tJ) 67.41 % iJm~lrubun~~lVf~!)J'!)(?1~~t9l 2.77± 0.05 log CFU/mLlOlln 


m~lrub~'el~~t9l'W 8.50 ± 0.17 log CFU/mL 
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ltl~ 4.17 bmtJUbYltJU~!)tJ~~nlJ'~(?1~'1"lJ!)'1bsn~~"lJ'el'l Pseudomonas 
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/, 
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~~ 
~~ 

30 

25 Ppm 

o 50 ppm 

r.J 100 ppmG
 

fluorescens 1'W'ell"v11nitJ'Ib~!)TSB 1l1tJ"v1~'1~~~~ 
nJ'(?1bu'elfJ''eln~bb'el~~n ~J'~r;)UV'I'dl~b-n~-n'W[p]1'11n'Wb'fJ'Wb'd~1 30 'W1Yl (m~lrubsn~~b~~t9l'W 8 log CFU/mL) ~~ru"v1.1JiJ 28± 2 

!)'1f'l11bsn~b~tJ~ l(?1tJ OA ~!) m~lrub~!)b~wJl'W OB~!) 1J1~lrub~'elb~!)iJnln~:~.H~!)U~~'Vltl'W~1J'~ll~'el lb~'dr11nlJ'~~r?l'd!)~1'1 

.J 
fluorescens 'Vl 

bb"lJ'd'W~'eltJ!)~l'W~IJ'~~~ltJ soiling agent (beef meat 5%w/v) ~U~l~V'I'dl~b-if~-if'W 25 ppm ~1~1J'(1r11~lmsn~~~'l"v1~(?1 

1 00 % 1l1tJl'WJ'~tJ~b'd~1 30 'WIYllOllnm~lrub~mi~t9l'W 8.6 ± 0.17 log CFU/mL b~'elb~~V'I'dl~l-if~-if'W"lJ'el'lnJ'(?1bU!)fJ'!)n
~bb'el~~n dJ'W 50 ppm ~U~1~1~1J'(1r11~lmun~~1~"v1~(?1 1 00 % 1'W1,'d~1 5 'W1Ylbb~~l~'elb~~V'I'dl~b-n~-if'W 100 ppm n 
~1~1J'(1r11~lmsn~~1tJ)"v1~(?11 00 % l'Wb'd~l 1 'W1Yl (~U~ 4.18 bb~~ 4 .19) 

b~!)~lOllJ'ruln'lb'd~11'WnlJ'~~~~b~!)bb~~V'I'dl~b-if~-if'W ~U~l V'I'dl~b-n~-n'W~ 25 ppm n'lbb~IOl~~1~1J'(1vll~lm~'el1~ 
!lltJl'Wb'd~1 30 'WIYl bb[P]~U~1 b~'elbsn~~~~er~nU~lJ'~lb~'elbU'Wb'd~l 10 'W1Yl ~1~1J'(1vll~lm~'elltX~(?1~'l1rJ1n'l 63.02 % 

l'W"lJru~~V'I'dl~b-if~-n'W 50 bb~~ 100 ppm n'l bb~IOl~r11~lm~!)~ bb"lJ'd'W~!)tJl'W~lJ'~~~ltJ soiling agent (beef meat 5%w/v) 

1rJ1100 % "v1~'llOlln~~~~~1J'~lb~!)1tJ)1l1tJl'WJ'~tJ~l'd~1 5 'W1Yl bl[P]b~!)~lOllJ'rull'd~l~ 1 'W1Yl ~U~1~(P1'd1~b-if~-if'W~V'I'd1~ 
b-if~-n'W 50 ppm ~1~1J'(1r11~lmun~~1iX~(?1~'l1rJ1 57.79 % iJm~lrubsn~~b"v1~'elJ''el(?1~~t9l 3 .18 ± 0 .5710g CFU/mL r.nn 

m~lrub~'elbi~t9l'W 8.6 ± 0 .17 log CFU/mL bb~~~V'I'dl~b-if~-n'W 100 ppm n'lbb~~1~1~1J'(1r11~lm~!)~U"lJ'd'W~!)tJl'W 
~lJ'~ ~~ l tJ soiling agent (beef meat 5%w/v) 1rJ1100 % "v1~'11Ol1n~~er~~1J'~lb~'elbU'Wb'd~1~ 1 'W1Yl b~!)~lOllJ'rul~b'd~1 DB 
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( b'Jrl1~iJn1n~~b~'f)U~~'Vli1'W~1j'6J,hb~'f) bl~'Jv'i1n1j'~~lPl'J'f)th'll~'f)~'WVl ) ~1~1nlrl~m~1rulsnrlrl1~D'I 52.31 % iJ 

tJ1~1rul~rl~~l't~~'f)j''f)~~11?l 4.10 ± 0.06 log CFU/mL '<il1ntJ1~1rul~'f)l1~~'W 8.46 ± 0.17 log CFU/mL 

l~'f)-W'<il1j'ru1~1fl'd1~bu'Wnj'~-~1'1(pH) "lJ'f)'1nj'~bu'f)fj''f)n~lb'f)~~n "V'IU~1iJ~1 pH ~'f)'W-if1'1 bu'Wnj'~ ~'1bb[P]rl~~'J1~ 

b-if~-if'WiJ~1 pH 1?l1~~bb~~'11'W1?l1n'l~ 4.3 

1?l1n'l~ 4.3 ~'d1~lu'Wnj'~-~1'1 (pH) "lJ'f)'1nj'~bu'f)fj''f)n~ll'f)~~n ~~'J1~b-if~-if'W[P]1'11 vl1n1j'rr~~~ruV1.1:JiJ 28± 2 'f)'1~1 

b~rlb~tJ~ 

~1 pH 

25 3.86±0.02 

50 3.63±0.01 

100 3.47±0.01 

"nn(?l1n'l~ 3 '<il~L'th,l~1~'J1~b-if~-if'W"lJ'f)'1nj'~mJ'f)fj''f)n~weJ~~n ~~'J1~b-if~-if'W~'1'<il~iJ~1 pH iJ'f)tJn~1~1~'J1~
'U 

b-if~-if'W~1n~1 r?l'l,r'W~'1'f)1'<ilbu'WlrM~~1~'Vl~"V'Irl"lJ'f)'l pH 'f)1'<il'<il~iJe.Jrl1'Wn1j'vl1rl1m~rl~"lJ'f)'1 Pseudomonas fluorescens 1~ 

f ~n~1~1j'rl~rl1tJl~b~tJ~le:mJ'f)f~rl'f)ln1~iJ~1 pH bU'WbU~ 

10 

9 
p:=~

8 
~ 

[ -.....l 7 025 ppm 

a 
6 ~ o50 ppm--.... : 

;::J 
w:... 5 r [3 _KlOpp~U 
01) 4 ~ - ~ ~ 
0 

3 
: 

2 
I 
0 

OA 08 5 10 20 30 

exposure time (min) 

tU~ 4.18 ~1'W'd'Wb~rl~"lJ'f)'1 Pseudomonas fluorescens 1'W~1j'rl~rl1tJ soiling agent (beef meat 5%w/v) ~j''f)~~11?lV1~'1 

~~er~nj'~lu'f)fj''f:ln~lVel~~n ~j'~r?lU~'d1~l-if~-if'W[p]1'11n'W (m~1rul~rl~l1~~'W 8 log CFU/mL) ~~ruV1.1:Jn 28± 2 'f)'1V111 

l~rlb~tJ~ l~tJ 0A ~'f) tJ1~1rub~'f)b~~~'W 0B ~'f) m~1rul~'f)l~'f)iJn1n~~b~'f)U~~Vli1'W~1j'BJ.J1b~'f) bb~'dv'i1n1j'~~lPl'd'f)th'lb~'f) 
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OA 08 5 10 20 30 

exposure time (min) 

n Id _F.'! "'" 21 .- "1
!u'Vl4.19 lU:i'tJ1J bYlt.JU:i''f)t.J'iN~nl:i''iN~'iN'l"lJ'El'l b6Jl'iN 'iN"lJ'El'l Pseudomonas f1uorescens 6'W~1:i''iN~'iNlt.J sOiling agent (beef meat 

5%w/v) Jllt.JVI~'l~~er~n:i'~lU'Elf:i''Eln~bb'El~~n ~:i'~~U""'dl~b-if~-if'W~1'l1n'WlU'Wb'd'iN1 30 'W1Yl (t~~lnH6Jl'iN~b~~tX'W 8 log 

CFU/mL) ~~ruVlJJ~ 28± 2 'El'l~lb6Jl'iNb~t.J~ l~t.J 0A ~'El m~lrub~'Elb~~tX'W Os ~'El m~lrub~'Elb~'EliJnln~~b~'Elu1~'Vli1'W~1:i' 
BJJlb~'El bb~'dvllnl:i'~~!?l'd'f)tJl'lb~'f)~'WYl 

• 
'fllV11~ 

~1:i'BJJlb~'f)~1fl'Wnlnll?\'iN'El'l1~bbri ~1:i''iN~'iNlt.Jl6Jlb~m-l1eJlu'''''iN'f)hvl (sodium hypochlorite : NaOCI) l~t.JiJ active 

chlorine 6-14% bb'iN~n:i'~HU'f)f:i''Eln~bb'f)~~n (peroxyacetic acid: POA) Vl1'El~'f)'Vll'lnl:i'fll~1 Proxitan@ ""'dl~b-if~-if'W 5 % 

~~1'l1ul'f)~~~u'Wbb~'W~'W~'dYl~~'f)U "1lU~ 304/2B 111~1'Vl~~'f)UU:i'~~'Vl~Jll~"lJ'f)'l~1:i'BJJlb~'f) l~t.JihUl?l~l:i'BJJlb~'f) 
l?l1~""'dl~b-if~-if'W~1'l1 91'W'd'W 30 ~'iN~~l?l:i' 1~1'WVI'iN'f)~U'iN'f)~b~'El"lJ'Wl~ 50 ~'iN~~l?l:i' 1'ihhn~uu'iN'f)~b~'El~Ubb~'W~'W~'d 
'Vl~~'f)u~bn~1ul'f)~~~bU'Wb'd'iN1 24 i'dl~'l bb"1i1'W~1:i'BJJlb~'f)r;)'lnrh'dbU'Wb'd'iN1 0 ,1 ,5 ,10 ,20 bb'iN~ 30 'W1Yl 'Vl~~'f)U~ 

~ruVlJJ~lX'f)'lulJ~nl:i' (28± 2 'f)'l~lb6Jlm~t.J~) b~'f)0\:i'Ub'd'iNl~nlV1'W~1oifuln~UU'iN'f)~\'~'El ~Ubb~'WYl~~'f)U'f)'f)nr.nnVl'iN'f)~~l:i' 

BJJlb~'f) ~~11'W~1:i''iN~'iNlt.J 0.5 % sodium thiosulfate (NaOCI) b~'f)b~'f)~U~'lUlJn1t.Jl"lJ'f)'l0\'iN'El1'W~9~1uiJe.J'iN1'Wnl:i'vll'iNlt.J 

b~'f) 1'Wnnn~1:i'BJJl b~'El bU'W~l:i''iN~'iNlt.Jl6Jl b~t.J~1eJbU'f)f0\'iN'f)hvl ~'d'Wn:i'~bu'Elf'f)~~~n9~VI~~UlJn1t.Jl1~t.J1oif phosphate buffer 

saline (PBS pH 7.2 ) 2 0\f'l 91n~'W1.n~1~~'WU'iNlt.J1irU'iN'El~b~'f)b~~U'Wbb~'W~'W~'d'Vl~~'Elur;)'lnrh'd bb'iN~l?l:i''d9'l!Ub~'f)~bVI~'f) 

fluorescens 

nl:i''Vl~~'f)UUJ'~~'Vl~Jll~"lJ'f)'l~1:i''iN~'iNlt.Jl6Jlb~t.J~1eJ1U0\'iN'f)hvl (sodium hypochlorite: NaOCI) 1'Wnldvll'iNlm6Jl'iN~ 

"lJ'f)'l Pseudomonas f1uorescens U'W~'W~'d~bl?l'Wb'iN~~~'iN bnJ'~ 304 "nU~ 2B ~iJ'f)l~ 24 i'dl~'ll~t.JnlV1'W~0\'dl~b-if~-if'W~ 
100 200 bb'iN~400 ppm 1~t.J1«tul'El~~~~~er~nu~1J''iN~'iNlt.Jlsnb~t.J~1eJ1U0\'iN'f)hvl ~'ElruVlJl~ 28± 2 'f)'l~lb6Jl'iNb~t.J~ bU'Wb'd'iNl 

q 'lJ 
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40 

~0)'Jl:Wl;r:w;r'W 100 ppm ~1:Wlrbl~'HP)91'W'J'WV1j~~1rJl1B . 70 % JlltJl'Wr~tJ~l'J~1 30 'W1Yl t(?)tJih6Jl~~bVl~'elr'el(?)~1(9l 4.0 ± O.OB 

log CFU/cm
2r·nmR:Wlrul~'el~:w!?l'W 4.92 ± 0.10 log CFU/cm21'W"lJru~~0)'Jl:Wb;r:w;r'W 200 ppm ~1:Wlrbl~(?)91'W'J'Wb6Jl~~1rJl 

21.31 % JlltJl'Wr~tJ~b'J~1 30 'W1Yl b(?)tJ~b6Jl~~b~~'elr'el(?)~1(9l 3.95 ± 0.04 log CFU/cm2 '"llmJ~':Wlrub~'elbi:w~'W 

5.02 ± 0.02 log CFU/cm
2 bb~~~0)'Jl:Wb;r:w;r'W 400 ppm ~1:Wlrbl~(?)91'W'J'Wl6Jl~~1rJl25 . 25% JlltJl'Wr~tJ~l'J~1 30 'W1Yl b(?)tJ 

~b6Jl~~b~~'elr'el(?)~1(9l 3.70 ± 0 .10 log CFU/cm
2 '"llm.B:Wlrul~mi:w~'W 4.95 ± 0 .11 log CFU/cm2 ~~'1'"lln~~:Wr~~lr 

6JJll~'elltl'Wr~tJ~b'J~1 30 'W1Yl (nJ~ 4.20 bb~~ 4.21) 
'IJ 

6 ~--------------------------------~ 

I o 100 ppm 

I 
o 200 ppm 

IJ 400 ppm , 

10 20 30 

exposure time (min) 

!U~ 4.20 91'W'J'Wl6Jl~~"lJ'el'l Pseudomonas fluorescens Biofilm U'W~'We:J'J'V1(?)~'elU ~r'el(?)~1(9l~~'1~:wer~~lr~~~ltJ 

t6Jlb~tJ:w1e:!bU0)~'el1n1 ~r~r?1U0)'Jl:Wl;r:w;r'W~1'11n'Wbtl'Wl'J~1 30 'W1Yl ~~ru~JJ~ 2B± 2 'el'lVl11b6Jl~b~m~ b(?)tJ 0A ~'el m:WlnH~'el 

li:W!?l'W 0B ~'el m:Wlrul~'elb~'el~nln~:Wl~'elu1~'V1tl'W~lr6JJll~'el lb~'J'~.-11nlr~:wtK'J'eltll'1l~'el'0''WYl 

30 


25 
 ~ I;/;:
s::: -~ o 100 ppm.S ~20 ~ U ;- ~ r 0200 ppm;l :%:

"'d 
15(!) - ~ 

13 400 ppm~ 
01) r7..s 10 -
~ 

5 ;% 
;%IT~ ~ If ~0 

OA 08 1 5 10 20 30 

exposure tilne (rrlin) 

!U~ 4.21 bmtJU bYltJu~'eltJ~~nlr~(?)~'1"lJ'el'll6Jl~~ Pseudomonas fluorescens Biofilm U'W~'We:Jr:J'V1(?)~'elU ~r'el(?)~~(9l~~'1 
~:wer~ ~lr~~~ltJb6Jlb~tJ:w1e:!bU0)~'elhvl~r~r?1U0)r:Jl:Wb;r:w;r'W~1'11n'WbU'Wb'J~1 30 'W1Yl ~~ru~JJ~ 2B± 2 'el'lVl11l6Jl~l~tJ~ b(?)tJ 

0A ~'el m:Wlrub~'el~:W!?l'W 0B ~'el m:Wlrub~'elb~'el~nln~:WL~'elu1~'V1tl'W~lr6JJlb~'el lb~r:JYhnlr~:wtKr:J'eltll'1l~'el'0''WYl 

http:1:Wlrbl~(?)91'W'J'Wl6Jl~~1rJl25.25
http:1:Wlrbl~'HP)91'W'J'WV1j~~1rJl1B.70
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Pseudomonas fluorescens 

nld'Vl~~'f)Ulh~~'VlfiJll~"ll'f)~nd~mJ'f)fd'f)n~lVEl~~n (peroxyacetic acid: POA) l'Wnldvll~lmsn~~"ll'f)~ 

Pseudomonas fluorescens u'W~'Wn'd~bl?l'Wb~~~~~ bnd~ 304 "llU~ 2B ~iJ'f)ltJ 24 .r'dhJ~ 'l~tJnlv!'W~~'dl~H-if:w-if'W~
q 

bb~'dl?ld'd91u'l'f)~~:W"ll'f)~ Pseudomonas fluorescens ~b'd~l 0 1 510 20 bb~~ 30 'W1Vl t:-J~nld'Vl~~'f)~ ~UrJl ~~'dl:Wb-if:w-if'W 

25 ppm ~1:Wlnl~~91'W'd'Wbsn~~1~ 41.63 % Jllt.ll'Wd~tJ~b'd~l 30 'W1Vl 'l~tJiJlli:Wln,lbsn~~bV!~'f)d'f)~~';jI?l'f)~ 2.86 ± 0.45 
'lI 

log CFU/cm
2 91nlli:Wlrub~'f) b~:W~'W 4.90 ± 0.12 log CFU/cm

2 bb!?l'f)~1~hnhJ~1:Wldblvll~ltJ1u'l'f)~~:w1~v!:W~JlltJl'W 

d~tJ~b'd~l 30 'W1Vl bn'f)b~:W~'dl:J.-lb-if:w-if'W 50 bb~~1 00 ppm ~1:Wldblvll~ltJ1u'l'f)~~:w1~Vj:W~ 100 % (d1J~ 4.22)
'lI 

"E 25 ppm-2 
2 050 ppm
u 
01) o 100 ppm ~...9 

6 ~------------------------------~ 

4 

3 

2 

o 
OA OB 5 10 20 30 

exposure time(min) 

tU~ 4.22 91'W'd'Wbsn~~"ll'f)~ Pseudomonas fluorescens Biofilm u'W~'Wn'd'Vl~~'f)U ~d'f)~~';jI?lV!~~~:wer~nd~bU'f)fd'f)n~bb'f) 
~~n~d~(?)U~'dl:Wb-if:w-if'Wl?h~1 n'WdJ'Wb'd~l 30 'W1Vl ~~ruV!.1Jn 28± 2 'f)~f'l11bsn~b~tJ~ 'l~tJ 0A ~'f) lli:Wlrub~'f)b~:W~'W 08 ~'f) 
lli:Wl rub~'f) bn'f)iJ nln~:w b~'f)U~~'Vltl'W~ld6JJl b~'f) bb~'dvllnld~:wi?l'd'f)~l~ b~'f)v1'WVl

q q 

bn'f) bmtJubVltJuUd~~'VlfiJll~"ll'f)~nd~ bU'f)fd'f)n~ bb'f)~~n~d~(?)U~'dl:W b-if:w-if'W~~ 3 ~'dl:W b-if:w-if'W ~UrJl ~~'dl:Wb-if:w-if'W 

25 ppm hj~1:Wldblvll~ltJlLl'l'f)~~:w1~v!:W~JlltJl'Wd~tJ~b'd~1 30 'W1Vl (?)~,r'W9~b~'f)nlojf~~'dl:Wb-if:w-if'W 50 bb~~1 00 ppm 

~1:Wldblvll~ltJ1u'l'f)~~:w1~V!:w~ 100 % JlltJl'Wd~tJ~b'd~l 30 'W1Vl ~d~tJ~b'd~lb'Vhn'W (?)~,r'W9~~91drul~b'd~1 20 'W1Vl 

~UrJl ~UrJl ~~'dl:Wb-if:w-if'W 50 ppm ~1:Wldbl~~91'W'd'Wbsn~~1~ 44.60% 'l~tJiJlli:Wlrubsn~~bV!~'f)d'f)~~';jI?l'f)~ 2.72 ± 0.12 

log CFU/cm
2 91mE:Wlrubsn~~b~:J.-I~'W 4.91 ± 0.10 log CFU/cm

2 bb~~ ~~'dl:Wb-if:w-ifU 50 ppm ~1:Wldbl~~91'W'd'Wbsn~~1~ 

53.77 % b~tJiJlli:Wlrubsn~~bV!~'f)d'f)~~';jI?l'f)~ 2.33 ± 0.03 log CFU/cm
2 91nlli:Wlrubsn~~b~:W~'W 5.04 ± 0.03 log 

CFU/cm
2 ~~9~b~'W1~rJ1Ud~~'VlfiJll~1'Wnldvll~lmsn~~"ll'f)~nd~bU'f)fd'f)n~bb'f)~~n~d~(?)U~'dl:Wb-if:w-if'W 50 bb~~1 00 ppm ~ 

b'd~l 20 'W1Vl bb'VluhjiJ ~'dl:W bbl?ln!?ll~n'Wb~tJ (?)~,r'WV!ln 'ld~~1'W'f)
q 
1?l~1V!ndd:W'f)1V!ld9~b~'f)m11 ndl?l bU'f)fd'f) n~ bb'f)~~n1uloif1'W 

nldvll~ltJ1u'l'f)~~:W91n Pseudomonas fluorescens 9~~'dn~'f)nlojf~~'dl:J.-lb-if:w-if'W 50 ppm b~dl~9~·lhmJd~V!tJ~nldlojf 

~ld6JJlb~'f)bb~~~~~'W'VJ'Wl'Wnldt:-J~1?l bb!?lnl~'f)~nldb'd~11'Wnld6JJlb~'f)~'f)tJ1 ~'dn~'f)nlojf~~'dl:Wb-if:w-if'W 100 ppm b~d1~ 

~1:Wldbl~~1E:Wlrub~'f)'1~'W'Vl~tJ1~ 45.04 % Jllt.ll'Wb'd~l 1 'W1Vl V!1'f)'f)19b~:W~'dl:Wb-if:w-if'W:WlnnrJl 100 ppm n1~ 
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~jJ~ 4.23 bmtJubVltJu~'f)tJ~~nld~(9)~'l6JJ'f)'lb6J1~~ Pseudomonas fluorescens Biofilm UU~U~,)Vl(9l~'f)1J Vld'f)(91~~(?l1if~'l
'II 

~:wer~n:i'~mJ'elf:i''eln~bb'el~~n~:i'~~UfO)'dl:wboif:w_li't,\[?h'l1n\Hth,w.l~1 30 'W1Vl ~~ruV!JJ~ 28± 2 'el'lYl11b6Jl~b~tJ~ l~tJ 0A ~'el 

m:Wlrub~'elC~:w~'W 08 ~'ellB-:wlrub~'elb~'eliJnln~:wb~'elU1~'Vltl'W~I:i'~lb~'el bb~r;)v'hnl:i'~~I~r;)'elth'lb~'el~'WVl 

ronn!:_J~nl:i''Vl ~~'el'l9~b~'W1~rJl b6Jl~~ Pseudomonas fluorescens ~1:W1HI bnl~~~U'Wbb~'W'Vl ~~'elU bb~~bn~ b1J'W 

1u1'el~~:w1~~'1 nl:i'~~~:w"lJ'el'l9~'W'Vl1tJJlltJl 'W11J 1'el~~:W~I:Wl Hl'Vl'W'Vll'W!?l'el ~1 :i'~1 b~'el:Wl n nrJ 19 ~'W'Vl1tJ"1lU~ b~tJr;) n'W~'eltJl 'W 
q q 'IJ 

~1 :i'~~~ltJ (Planktonic) bti'el'l91 nnl:i'~W-J'Wl'Vll'1~'W~nn:w~'Wnu nl nnl ~~ ~U'W~'W~r;) bb~~nl:i'bb~'1 ~r;)1'WJllr;) ~~ blJ'W 

11Jl'el~~:W bb~~bn~nl:i'1Jf1Jr?lr;)'Vll'1~I'W~mj"ru~lhln!l Kumar bb~~ Anand (1998)1~'el~UltJrJl nl:i'~b6Jl~~Jlltll'W1Ul'el~~:w 

~1:Wl Hl'Vl'W'Vll'W!?l'el ~1:i'~1 b~'el:Wl n nrJ19 ~'W'Vl1tJ"1lU~ b~tJr;) n'W~'eltJl'W~I:i'~~~1 tJt!'W b~:i'1 ~n~:w b6Jl~~~9~"lJ tJltJlvmJ bb~~bnl ~ 
q cu q Q..I 

:i'r;):wn'W9'Wbn~ bU'W"B''W''lJ'el'l b6Jl~~ (layer of cells) 1JnfO)~:wU1br;)ru~'W~r;) b6Jl~~9~!:_J~!?l~I:i'n~:w~'el~ b:w'elfbb~r;)V!~'1'el'eln:wl'W'eln 

b6Jl~~1JnfO)~:w~~r;)"lJ'el'ln~~lb6Jl~~ b1tJn~l:i'n~:W~rJl Extracellular Polymeric Substances (EPS)) 9~·lhmJ'el'ln'WL6Jl'tl~91n 
~Jll~LLr;)~~'el:w~1:!JLV!:wl~~:w Lori'W fO)r;)I:wLLiX'ILL~~~lnfO)iJ!?lI'11 Lori'W ~1:i'vllfO)r;)I:W~~'ell~ LU'W~'W bL~~nl:i':i'r;):wn~:wn'WLU'W1l'el'W 

lV!'1i~njj"ru~'Vll'11fO)N~¥I'1 n9~dJ'W~r;)i~"lJr;)I'1 nl:i'~:W ~1'W"lJ'el'l~I:i'~1 L~'el Lb~~nl:i'~¥I'1 L'el'W16Jl~'el'eln:wl~~1J:i'~~'Vl~Jll~"lJ'el'l 
i.

, Qj 

~1:i'~IL"1l'el 

'W'el n91 n~nlnL'Vl:i'n~:w"lJ'el'l~I:i'~1 b~'el Loifl11Jl'W1u l'el~~:W~'1 LU'Wth~tJV!'d'l~'1~'Wnu"1lu~"lJ'el'l~I:i'~loif nlnnl~~ ~U'W 
~'W~r;)~~:wer~'ellV!I:i'''lJ'el'l9~'W'Vl1tJLL~~L91ruLU'W1ul'el~~:wiJfO)r;)I:w~I01ru!?l'ellN'11'W'el!?l~IV!nn:w'ellV!l:i' ~'1t!'Wnl:i'~finlnll~~

q Q.I IV q 
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d 
'U'Vl'Vl 5 


~'itJ t!J~ n1'i1rcrtJ bb~~,r'fl b~'U'fl bb 'U~ 

q 

1 1'W~Jl1r:l~~ih~'f)~1'W'"J'W~J1n (S log CFU/ml)Lr:l~l 0 '\"nVlnL'~tJ'I~'f)Vl9~v'h1~ Pseudomonas f/uorescens 

~1~1~mn1~~(?lUWLL~'W stainless steel 1~LL~~Lri'f)Lr:l~1'W1'W~ln~'W n~1~lnWl~r:l9~U Pseudomonas f/uorescens 1rX 

~ln~'1~'W~lV1fu 1'W~Jl1r:l~~ihR~lruL~'f)~'f)tJ(3 log CFU/ml) ~U11~Lr:l~1 0 - 120 'W1Vl hj~1~ldf:1~dr:l9Y-1UL~'f)U'W~'W~r:l 
Vl(?l~'el'JrXr.ltJ1fi spread plate technique ~'l'd1~1rXLL~(?l'l11hjihsn~~"ll'el'l Pseudomonas fluorescens Ln1~'J'WbL~'W~L~'W 
L~~~~~ t(?ltJY-IU11~tr1 t~i1"ll'el'l Pseudomonas f/uorescens U'W91'WLY-I1~L~'el LL!?l~~l'Wr.l'WLsn~~~'f)tJ~ln ~'1'el19 bu'WhJ1rX 

"ll'el'l Pseudomonas f/uorescens 91nn1dVl(?l~'el'l Y-IU11'elruVlJlij 2SoC Pseudomonas fluorescens ~l~ldmih.l~l'Wr.l'W 
q 'IJ 

TSB LL~~~ld~~~ltJ soiling agent (beef meat 5%w/v)) Y-I1J11 n1n91'b1J"ll'el'lLsn~~U'WLL~'WVl(?l~'f)u1'W'el1V11nitJ'IL~'elTSB 
LL~~~ld~~~ltJ soiling agent (beef meat 5%w/v) ~n1nbtl'lLsn~~b~~~l'Wr.l'W1rXLL~~1~~n1nbl?ln!?l1'1n'W~lmrn Lti'el'l91n~ 

~ld'el1V11dVl~~unJ 
'IJ 

2 . n1n~'eln"1lil(?l"ll'el'l~ld~1 L~'el L~'el1oifl 'Wn1dv11 r1r.l1~~~'el1 (?l~'W~r:l~~iJ~'f)1V11 d~r1r:l1~~lLU'W~ln ~'el'l L~'eln1~~ 

r1r:l1~ LVI~l ~~~nu ifm1ru~"ll'el'l'l1'W~9 ~1ojfvl1r1r:l1~~~'el1 (?l 91 n n1 dVl (?l~'el'l~U11 ~ld~~~ltJtsn b~tJ~1eJhj r1~'el1n1~ 

th~~VlfiJl1Y-1 ~ Lri'el1~~~1 d~'WVl1tJLo1'1 ~lU ~U'W LL!?l Lri'el~ ~1 d~'WVl1tJU ~U'WL01' 1~lvl11~U d~~VlfiJl1Y-11'Wn1 dvl1 ~ltJ Lsn~~~ (?l ~'1 

n1d~lL~'el~'el'l1ojfLr.l~1'W1'W~ln~'W ~r.l'Wn1dvl1~ltJ1ut'el~h~"~"ll'el'l Pseudomonas f/uorescens ~'1nd~tJ~Lr.l~l 30 'W1Vl1~ 
LYitJ'IY-I'el1'Wnldvl1~ltJ1ut'el~~~ ~r.l'Wnd(?l LU'elfd'el n~ bb'el~~ n ~Ud~~VlfiJl1Y-11'Wn1d~1 \'~'el1~LU'W'elth'l ~ ~ld~'WVl1tJ1~~e-J~1'W 

n1d~ (?lud~~VlfiJl1Y-11 'Wn1 dvl1~1 tJ Lsn~~"ll'el'l nd(?l LU'elfd'eln~ LL'el~~ n LL!?l~'1n~'el'l L~'el n r1r:l1 ~ L-li~o1''WLL~~d~tJ ~Lr.l~11'Wn1d~~iJ~ 
0

L~'el1~bVl~1~~~ 
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1. ~'d~~m~nnlnnl~~(?)bb~~dl(?)1U1!l~~~L'W~Jll'd~~nb~!lb~~~h.'\nm~lruU!ltJ (3 log CFU/ml) bYl!lb~tJ'WbbUU 

~Jll'd~nlnJ'Wb~!l'W"lJ!l'l b~!l~ ~'W'Vl1tl bti!l'l91 n L 'WLd'l'lI'W~ [9l~I'1Mln~!lIV11~VI ~'l91 n nl~v'h ~'dl~~ ~!l1 (?) bb~~~1 b~!l~'Wtj'd 

b~i!l'l~!l b~i!l'llfl'Wn~~u'd'WnlHJ~ [9l VII niJnl ~~IWn~~~!lI(?)hi b~tJ'l~!l~~'W'Vl1u~VI~'l bV!~!l9~bn (?)nl ~~~~~ bb~~~I~I~bl 

~~1'l1uL!l~~~U'W~'Wtj'd b~i!l'l~!l b~i!l'llfl'Wn~~u'd'Wnl~!;.J~ [9l1~ 

2 . ~'d~iJnl~~m~nU9~tJ~'W1 ~n!;.J~[9]!lnlnn(?)1uL!l~~~ 1~bbri "1lil(?)"lJ!l'l~'Wtj'd~~er~!l1V11~ b"11'W tJl'l ~~I~~n bb~~ 
~ b~'W!?l dj'W~'W b~!l b~ tJ'W bbUU~'Wtj 'd~l.nl 'W LN'lI'W!l [9l ~ 1 VI n n~!l1 VII ~ bb~ ~"1lil(?)"lJ!l'l9 ~'W'Vl1tl~ b'U'WU CUVllL'W L~'l'lI'W 

q q., 

3 . ~'d ~nnl~'Vl (?)~!l'l ~~1'l1UL!l~~l.J~n~~'W'Vl1tlVl ~ltJ"1lil(?) b~!ll~n~n11ru~ln~b~tJ'lnu1uL!l~~~1'WLd'l'lI'W 

!l [9l~IV1n~~~!l1V11~ bti!l'l91 n1uL!l~~~~iJnl ~tl'Wb~!l'W1'Wh'l'l1 'W!l [9l~IV1nn~ ~'d'W1VI nJu ~~n!lU ~'d tJ9 ~'W'Vl1u!;.J ~~VI ~1 tJ"1lil(?)
q q QJ q 

(Mix biofilms) 

4. ~'dl~ b-n~oif'W"lJ!l'l~1 ~~1 b~!l bb~~ b'd~11'Wnld'~~ er~~1 ~"lJ'f)'l11JL!l9f!~~U'Wbb~'W'Vl (?)~!lU~1~91 n nld''Vl (?)~'f)'l~ 

~1~I~bl')'11tltld'~~ n [9l1fl'Wnl~~1 b~!lU'W~'Wtj'd ~~ er~!l1V11d'[9]1'l11 'WLd'l\lI'W~ [9l~IV1 nd'd'~1~ bb[9]~'l.n~!l\l~'W'f)~nu"1lil(?)"lJ'f)\l• 
9~'W'Vl1tfJlltJl'W1u 'l'f)9f!~~ ~'dtJ bti'f)'l91 n 1uL!l~~~~nnl d'tl'Wb~!l'W1'WLN'lI'W!l [9l~IV1 n ~~~ ~'J'WLVI blJUd'~n'f)U ~'d tJ9~'W'Vl1tf!;.J ~ ~ 

q q QI q 

VI~ltJ"1lil(?) (Mix biofilms) ~\l!l19 n ~'JI~ ~1'W'Vll'W[9]!l ~1 ~~1 b~!l bb[9l n [9]1'191 n1u1!l~~~"lJ!l\l~ ~'W'Vl1-ub~tJ\l"1lil(?) b~tJ'J (Single 

biofilms) 



45 

"lJ'f)'1'IJ1~~~~ ~b~tJ~ ~bb~yjYn~V'l'f)n~~ 'f)'f)b~tJ~ bb~~mJ'f)fml:::~(?1"lJ'f)'1'IJ1~~~~ ~~tJ~ 'IJ'W~'W~')~:wer~1l1V!ld. 

1Vl tJlih"l'Wfitfh)d '1Jl :WV!lUrusVl~ [11 V'l1"ll11VltJl ~1~ ~fbb~:::bVl V'l1'W 1~~nld'f)lV!ld :WV!11VltJl ~tJ bm1~d~1 ~ ~f. 

~d~b(?1"ll :Wl~1 . 2551 . nldbfl(?1bb~:::nldV'l,)'IJ'1:w1'IJ1'f)Yl~:W"lJ'f)'1 Salmonella U'W~'W~,)bV!~n~bb~'Wb~~.1VltJlil~'Wfi 

mrurul1'VltJl~1~f:WV!lUrusVl~ [)1V'l1"ll1 bVlV'l1'W1~~;,)[11~ IOl~1~'1nnU:WV!11'VltJl~tJ. 
... ... 	 q 

'IJ1'';Vl1VltJir'f)V'lsf~ ~~ "hn(?1(:WV!1"ll'W) .2006 . .n'f)dJ~ bV!~nn~lU~il:w. b'f)n~ln~tJ bb~i. 


~(?11~d bVltJ'IJ~[?lf~ .2545. nldbmtJ'IJ bVltJ'lJlh:::~Vlfi[)1~"lJ'f)'116Jl b~tJ:w V'l~'f) h~bb~:::V'l~'f)~'W1(?1'f)'f) n16Jl (?11'WnldYil~ltJ

q q 

Escherichia coli bb~~ Sallmonella Typhimurium 'IJ'W.nl')1~(?1e:Inll'f)'Wbb~:::V!tl'f)1if~*'1 . 1'VltJlil~'Wfim'1J'1Jl 

:WV!lUrusVl[?l [)1 V'l1"ll11VltJl ~l~~fbb~:::bVl V'l1'W1~~nld1l1V!ld :WV!11VltJl~tJ bni1~d~l~ ~f. 

~:wruSVll 	 rJ(?J,J'W~'Wf ~[)itJ b~'f)'W,)~~'dddru n:w~ 'LJi1'IJ1 'f)~ru l.h'l~d:::Q~'W'Wvl n11~~ btllb;tJ'd"lll'1JfllOl bb~:::~1'VltJ fl'l 

bbn') . 2548. ntJ'Il'Wnld1~tJ. nld1.Jd:::biJ'WV'l'dl:W b~tJ'I bb~~nld~~l'1qb~tJ'd"lllru~l'Wnld1h~biJ'WV'l'dl:W b~tJ'I ~lV!f'IJ 

tl'W[?lntJtJd:::b[)'Vl'~'W'Vl~tJ Salmonella spp . 
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f11~eJ'U'Jn ~ 

n1'i1L~'i1~~m3-J1t'1.! Available chlorine 

1. ~1f~~~;ntllsnl~m-Jlfil'Eli~lyJ(?1(Sodium thiosulfate) V'lfJ1~b.n~.n'W 0.1 'W'Elf61~ 


~'llsnl~m-Jl'Vll'Elsn~lyJ(?1 (Na S 0 .5H 0) m:l-J1ru 6.25 nf:l-J ~~~1tll'WJ1ni'W~l9l:l-Jl~b~'El~1t.nJ1 bb~'db~~J1ni'Wl,xiJ
2 2 3 2 

m:l-J1~fV'lfU 250 n~~~(?1f bnulr)' 2 'El1Vl(?1tJlb'~''d standardize nU~lf~~~ltll'Y'lU'Vl~l~tl:l-Jl~l~n:l-J(?1b.n:l-J.n'W 0.1 'W'Elf61~ diu 

~1f~~~1tl~1~~tln1n~:l-JV'l~'ElhyJ'Elf:l-J~'l1tJ 2-3 n~~~~f 

2. ~1f~~~1tll'Y'llb'Vl~b~tl~1~l~n:l-J(?1(Potassium dichromate) ~'d1~l.n~.n'W 0.1 'W'Elf61~ 


~'ll'Y'lll'Vl~l~m"l~ lV'ln:l-J~ m:l-J1ru 0.4904 nf:l-J ~~~1tl1'WJ1ni'W UfUm:l-J1(?1fl1J'W 1 00 n~~~(?1f ~'dtlJ1ni'W 


3. n1f standardize ~1f~~~1tllsnl~tl~1'Vll'Eli~lyJ(?1 


l~:l-Jnf~snm{~'m.n~.n'W (Cone. Sulfuric acid) m:l-J1~f 1 n~~~~f ~'l1'WJ1ni'W 80 n~~~(?1f ~'l'EltJl'W"lJ~blrhnJ"ll:l-J~ 

'IJ 'IJ 'IJ 'IJ 

"lJ'W1~ 250 n~~~(?1f UbU(?1~1f~~~1tll'Y'lbl'Vl~b~tl~1~l~n:l-J(?1 V'l'd1:l-Jb.n:l-J.n'W 0.1 'W'Elf61~ 10 n~~~~f ~'llu bb~,)~'lb~:l-J 

l'Y'lbb'Vl~b~tl:l-Jl'Ell'Ell~~ (Potassium iodide) m:l-Jlru 1 nf:l-J U~,ntll'lb"lJtJl bb~'dbnulr)1'W~:w~ 6 'W1Y! U1:l-Jl1~b~f(?1nu 

~1f~~~1tllsnb~tml'Vll'Eli~byJ(?1 ~'dl~b.n~.n'W 0.1 'W'Elf61~ l~tlloilJlbbU'lblJ'W~'W~bV'lb(?1'Elf 

~,)1:l-J b.n:l-J.n'W"lJ'El'l~lf~~~ltllen b~tl:l-Jl'Vll'Eli~ byJ (?1('W'Elf61~)= 1OX'W'Elf61~"lJ'El'l~1f~~~1tll'Y'l bb'Vl~b~tl~l~l~n~(?1 

n~~~ ~f"lJ'El'llen b~tl:l-Jl'Vll'Elsn~ bvJ (?1~loil1'Wn1fl~ b~f~ 

4. ~lf~~~ltllenb~tl:l-Jlfil'Elsn~bvJ(?1(Sodium thiosulfate) ~'d1:l-Jb.n:l-J.n'W 0.01 'W'Elf61~ 
" b~1tl:l-Jl~tlUbU~~lf~~~ltllsnb~tl:l-Jlfil'Eli~bvJ(?1 V'l'dl~b.n:l-J.n'W 0.1 'W'Elf61~ m~l~f 0.1 n~~~(?1f ~')tl111n~'Wy!l9l:l-Jb~'El~ 

5. ~lf~~~lmbU'l 

.ft''lbbU'l (Starch indicator) 1 nf:l-J ~~:l-JnuJlb~ni1'Eltl bb~,)b'Vl~'l1'WJ1l~'El~Uf~:l-Jlru 200 n~~~(?1f V'l'Wbb~,)~'l0h'l~'W 1'W 

b'El1~')'Wl~ bnul~tln1n~:l-Jnf~sn1~len~n m:l-J1ru 0.25 nf:l-Jbb~~~'l~V'l~'Elh~ m:l-Jlru 0.8 nf:l-J 
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111fl1tJ'U'Jn -:J 

1Pl1'i1-:Jbb~~-:J-n'fl3J~ 
q,.o 
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1l1f1e.JU'ln \I 

1?l1'i1\1LL1t(P)\li'fl~~ 

1?l1~1~Yl ~ 1 ~1'W,)'W1,6Jj~'Zf"lJ1l~ Pseudomonas fluorescens (planktonic cell) ~~1l(P)~';)I?lV!~~~:hler~~1~~~~1t/l6Jjb~tJ:J.J1elhJ 

~~1lhvl ~~,)1l-Jb-li:J.J-li'Wl?h~1 

\ 

' .. 

~'"J1~L-ii~-ii'W(ppm) L'"J~1 ('W1V1) 91'W'"J'WL'll~~Vl~!l~~';Ji?l (log CFU/ml) 

~1~~:::~1tJ Ln~!l TS8 soiling agent 

100 

°A 
08 

1 

5 

10 

20 

30 

8 .25±0.06 

5.24±0.06 

O.OO±O.OO 

O.OO±O.OO 

O.OO±O.OO 

O.OO±O.OO 

O.OO±O.OO 

8.26±0.14 7.68±0.12 

7 .84±0.13 7.68±0.12 

7 .79±0.11 7 .68±0.12 

7.62±0.14 7.68±0.12 

7 .51±0.13 7 .68±0.1 0 

7.43±0.13 7.68±0.12 

7.31±0.09 7 .68±0.12 

200 

°A 
Os 

1 

5 

10 

20 

30 

NO 

NO 

NO 

NO 

f\IO 

NO 

NO 

8.33±0.08 8.36±0.14 

7.68±0.12 7.87±0.12 

7.62±0.13 7.78±0.10 

7.52±0.19 7.65±0.13 

7.28±0.07 7.60±0.12 

7.18±0.13 7.44±0.14 

7.09±0.14 7.32±0.02 

400 

°A 
08 

1 

5 

10 

20 

30 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

8.30±0.06 8.61±0.17 

7.61±0.10 7.85±0.10 

7.47±0.11 7.66±0.11 

7.37±0.07 7.51±0.11 

7.19±0.06 7.43±0.14 

7.08±0.06 7.35±0.11 

6.84±0.16 7 .29±0.10 

Vl:J.J1mV!~ ~'l'W,)'Wb6Jj~'Zf"lJ1l~ Pseudomonas fluorescens (planktonic cell) ~~1l(P)~';)1?l1J'W1l1V!1~ TSA v!~~~:J.Jer~~'l~~~~'ltJ 

t6Jjb~tJ:J.J1elhJ~~1lhvl ~~,)1:J.J1,-lil-J-li'Wl?h~1 ~~ruV!JJ~ 28± 2 1l~~11,6Jj~b~tJ~ 

t(P)tJ 0A ~1l illl-J1rul,~1l~:J.J~'W 
0B ~1l illl-J1rub~1lI,~1liJn1n~l-JI,~1l1J1~'Vlf1'W~'l~6J.h 1,~1l 1,1,~')vh n1~~:J.J rPl,)1lth~ b~1l~'WYl 


NO ~1l not determined (1~1~vhn1~'Vl(p)~1l~) 
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l?l1d1'lVl 'l2 ~'e)tJrl~"lJ'e)'ln1j'rl~rl'l"lJ'e)'l~1'W,)'WL':1lrl~"lJ'e)" Pseudomonas fluorescens (planktonic cell) ~j''e)~~~[?l~~,,~~er~ 

~1drl~rl1tJb':1l L~tJ~1e:JhJ flrl'e)1nt] ~ fl,)1~ L-n~-n'WI?h'l1 

rl'Ji).Jb-if).J-ifU(ppm) b'J~i (UiVl) ~'EltJ~::::ni~~Vl~'l"lJ'El'lr.liU'JUL"lI~~ 

~i~~::::~imn~'El TSB soiling agent 

°A 0.00 0.00 0.00 

0 6 36.48 9.28 5.08 

1 100.00 10.60 5.69 

100 5 100.00 11.57 7.75 

10 100.00 12.41 9.08 

20 100.00 13.37 10.05 

30 100.00 13.98 11 .50 

200 

°A 
0 6 

1 

5 

10 

20 

30 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

0.00 0.00 

7.80 5.86 

8.52 6.94 

9.72 8.49 

12.61 9.09 

13.81 11 .00 

14 .89 12.44 

400 

°A 
°8 
1 

5 

10 

20 

30 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

0.00 0.00 

8.31 5.86 

10.00 6.94 

11 .20 8.49 

13 .37 9.09 

14.70 11 .00 

17.59 12.44 

~~1m~~ ~1'W,)'WL':1lrl~"lJ'e)" Pseudomonas fluorescens (planktonic cell) ~d'e)~~~[?lU'W'e)1~1d TSA ~~'l~lJer~~1drl~rl1tJ 

b':1lL~tJ~1e:JbtJflrl'e)hvl~fl,)1lJL-n~-n'WI?h'l1 ~'flDm1JiJ 28± 2 'e)"~1L':1lrlL~tJ~ 

b~tJ 0A ~'e) m~1ruL~'e)L~lJ!X'W 
0B ~'e) mlJ1ruL~'e)Lri'e)nn1n~lJL~'e)u1~Vlfl'W~1j'GJJ1L~'e) LL~')v'hn1d~~t?l,)'eltJ1"L~'el~'WVl 


NO ~'el not determined (1~1~v'hn1j'Vl~rl'el") 
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L9l1J'1'J~ '17 ~1'UfJkW1!~~"lJ'e)'J Pseudomonas fluorescens Biofilm 1J'UbbeJ'U'Vl!?1~'e)1J VI~'J~~er~nJ'!?1bLl'e)fJ''e)n~bb'e)~~n (peroxyacetic acid . POA) ~f1fJl~boif~.jJ'UL9h'J1 

peroxyacetic acid: POA (ppm) ~1'U'd'Ub6Jj~~ (log CFU/cm2) bb~:::: b'd~1 ('UIVl) 

I 

°A OS 1 5 10 20 30 
I 

I 

25 4.90±0.12 4.B2±0.13 3.75±0.06 3.66±0.OB 3.22±0.04 2.97±0.07 2.B6±0.OB 
i 

I 

50 4.91 ±0.1 0 4 .59±0.OB 3.44±0.12 3.22±0.10 2.99±0.12 2.72±0.12 O.OO±O.OO I 

I 

I 

100 5.04±0.03 3.60±0.07 2.77±0.10 2.72±0.OB 2.66±0.06 2.33±0.03 O.OO±O.OO 
I 

--

VI~lmVl~ ~1'UfJ'Ub6Jj~~1J'U~'U~fJ'Vl!?1~'e)1JVI~'J~~er~nJ'!?1b'l.J'e)fJ''e)n~bb'e)~~n ~f1'dI~boif~oif'U 25 50 bb~:::: 100 ppm 

~1V1f1J11Jt'e)Yl~~'e)ltJ 24 -B'fJ t~'J ~'e)ruVllliJ 2B± 2 'e)'JVl\lb6Jjm~tJ~ L!?1tJ 0A ~'e) m~lrub~'e)1J'UbbeJ'U'Vl!?1~'e)1Jb~~~'U
• • 'IJ 

Os ~'e) m~lrub~'e)bn'e)iJnln~~b~'e)1J1~'Vlt1'U~IJ'~lb~'e) bb~fJl11nlJ'~w~TfJ'e)th'Jb~'e)~'UVl 

~..- \ , ... 
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Inl:i'l~.y) ~8 ¥'EltJfl~"lI'El~nl:i'fl~fl~"lI'El~~l'W'd'Wb6J!fli"ll'El_:l Pseudomonas fluorescens Biofilm U'WbbeJ'W'V1~~'ElU ~~~~~er~n:i'~btl'ElfJ''Eln~bb'El~~n (peroxyacetic acid : POA) ~~'dl~boif~oif'W 

~1~1 

peroxyacetic acid : POA (ppm) 
o (f'" 2 a,I 

fOll'W'd'Wb6J!flfl (log CFU/cm ) bbfl~ b'dfll ('Wl'V1) 

°A 0 8 
1 5 10 20 30 

25 0.00 1.63 23.47 25 .31 34 .29 39.39 41 .63 

50 0.00 6.52 29 .94 34.42 3910 44.60 100 

100 

- -- - - -

0.00 28.57 45 .04 46.03 47.22 

----------------

53.77 

-----

100 

~~lm~1n
q 

~1'W'd'Wb6J!fliu'W~'W~'d'V1~~'ElU~~_:I~~er~n:i'~btl'Elf:i''Eln~bb'El~~n ~~'dl~ boif~oif'W 25 50 bbfl~ 100 ppm 

~1~fulut'ElYJi~'ElltJ 24 i'dt~_:I ~'eJDm1JiJ 28± 2 'El_:liDllb6J!m~tJ~ t~tJ 0A ~'El m~lbWb~'ElU'WbbeJ'W'V1~~'ElUC~~~'W 
0B ~'f) m~lbWb~'f)bd'EliJnlJ'b~~b~'ElU1~'V1fl'W~I:i'~lb~'El bb~'d.y]lnl:i'~~~'dmh~b~'Elr1'W.y) 

, ... 
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