
~1~mn~'Uci'1VI-r'Ut:-J~I'lnrus;lt:-J~ 1~~bb '\.J'j~'\.J'I!em~~\91 (minimally processed) ~iim1~li1\91li1~\91'JO~flfl1'j 

-ru'IJ'j~VI1'U 1~~'Um~l'i'B~b~'~~ ~~bfl~ ~~~~iifl11~1'l'j ~VI'I!n 1 'Ub~B~ii1'1Jm'V'l!i1'U 1 "ii-ru'IJ'j~VI1'Ut:-JG'11m 'Um~1ru~ • 

'j1~ 1~~1fl~'U~~iim1~?1'W 1"i!~bb?I'J~VI1t:-J~ 1~'1JU\91 1VIlJ"l-ru'\.J'j~'Vl1'U 1191mO'V'l1~t.m 1~bijeJ~~fl'U fl1'j'1Jmm .ff1~ 

l'lm\91e.J~ 1~?1\91~\91bb~~~ii~~ri1t:-J~I'lnrus;l?~~ (Premium price) J'U"ii~b1J'Ufl1'jb~m1~ 1~VIn'lJli'jfl"iJ 1~~1fl ~~ ... ... . 
m'jiim'jG'i~b?l~~ 1 Vliirn'j'1Jm~lii'1'U1'Utrt:-J~~'~e.~~ 1~~~m~~ 1 V!~1fl~'U b ~ B'li1m ~~l'lm\91~~BB n'llB~t:-J~ 1m 'Vl~ 1~ ... 

t:-J~I'lti'rus;it:-J~ 1~?1\91~\91bb~~'1lm 1 'Vl~~vi1fl1'j~~flflfl,!'U 1~bbn~~~~flfl b~1~ bb~~~uVi~ ~~?11~11f:l 

G'i~BBn 1 '\.Jf!~ 'IJ1~bVIfW 1 'j'\.J &t!'Ubb~~BB?Ibl'l'jb~mba1J'U bb~B~1~ 1 'jtll'l1~~'~m\91~1~'\.J1:::b 'Vll'llbB~~~iim1~ . ... . 
l'i'B~fl11e.J~I'lti'rusfie.~G'11~?1\91 1 'U~'\.Jbb'U'U 1 VI~ "l1~WbQ'V'l1~fl~1~~~t:-J~ Wb 'lll'l~fl'U b~m"ii1flrlTU~~ 1'Um1 

-ru'IJ1~'Vl1'Ut:-J~ 1~~b 1J'U exotic fruit iiflfllrl1'Vl1~fl1VI11ii?l~ 1 'UU"i!"ii'IJ'Uiib 'Vlfl1 'U 1~~~cl'1fi'rum~-rum1 , \1 , ClJ 

Processing: MP) ~'J~tl'lJfl1'j'LJ1)~bb'U'U'IJ-ruu1'jV1fl11'll (Modified Atmosphere Packaging: MAP) bb~~ 

fl1) Ul'U -r fl'l~1~ e:J UJVI.flii ~ 1 ~~'li'J ~~\91 fl1) b 'IJ~ ~'Ubb 'IJ~ ~flfl!fl1'V'lVI1~ fl1~.fi1'V'l bb~~?l~'jiVI V1'1Je:J'I (:..Ja 1~ii1\91 ~\91 bb~ ~ . ... . 
bb~B~1~1 1n~'~1~ ci'1V1-rut:-J~ 1m 'Vlm1J'Ut:-J~ 1~biiB~~e:J'Uiim1~VI'J1'U~1n vi11 Vfbn\91fl1)b~B~b~m~B~"ii1n 

"ii~'U'Vl~m~~1£J 1191mo'V'l1:::~?~1'1bb6'1~11 trth~nBum1t:-J~I'lt:-JG'1 hl?~191~\91bb~~~1~,h~?~uuru'V111 'Um1vi11'l6'11\91 . ... ... 

'lle:J~t:-J~I'lnru.fi f!~ ~?~1~1)(l~~Be:Jn1 '1Jf!~~1.:~'\.J'j~bVII'llmn~ 11~ b 'li'U m~~rn bbfl'U1m VI~B-rli1b~£J b~B~"i11n 

t:-J~I'ltlUJ;iiim£Jfl1'Hfl'U~'U fl1'jfl'J'lJfl~fl11'1J'Ub~e:J'U'1Je:J'I"ii~'UVI~m 'U 1 1~'11'Ue.J~I'lvi11~ 'lJ'j~~'UVI~~ bb~fl~ ~ • • • 



6'11l.J1'j{) flTU fll.J 1~~.:1\-1l.J~ Yl'l.rJ1ii f111lJ"'l.JoW'U~n'U 'j::t-111.:Jml.J1UI~~'U'Vl~~ b~l.J ~'UU'U~1e.JG'I W nue:m.Jn1'j , , , 

Lnu-na.:~e.~" 1~a~~\91 bb~.:~ ~.:~,!'Urn'j~1.:~e.~G'I 1~na'Urn'jtla rmJ~an~::vh 1 ~"~~1'U1'U~~'U'Vl~~".:~ 1~m'j 1 -if , 

6'11'jbflffi 'Uf11'j~1.:! b '!i'U flG'IeJ~'U ,j'UG'I1lJ1'j{)G'\~U~lJ1UI~~'U'Vl~Jl 'Ue.JG'I 1l.Ji,~ bb~flG'I eJ~'UiiflUIG'Il.l~n~n~eJ'U ' , 

?11'jbf\1iit-1~a15'Vl1.:Ju'j'jlJ"lJ1~~'U ~ ~::·1h f.J 1 ~e.J~\91D Ul6fl'1~-rurn'jf.JeJlJ-rulJ1n~'U ~.:~ci'.:~G'I~fh 1 oif~1f.J 1 'Uf11'j~eJ 

a1'j bflii ~'U btl~ a.:~ bbG'I ~ b tl'UiJ \91 'jnu~.:~ bb 1~~ al.J B n ~1 f.J 
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f11'jb0U b~f.J1"neJ.:!e.JG'I 1m~ ~.:~ ci'.:~iJe.~G'I"!l~~a~a f11'jb tl~V'Ubb tl~.:J'Vl1.:!?l~'j1'VIV1~1.:! ~ 1~ vl11 ~e.~~ 1~iim~f11'jbtlU 

V11'U1'U~'U bb~a~1.:~ 1 'jtl\911l.l ci'.:~iirn'j~n'\~1e.J~-na.:~m'j 1 itl1~eJ'U 1 'Ue.J~ 1~a~~~bb~.:~ 1~mm1n 1~mu'rl1::e.J~ 1~ 

1 'VIV 1 'U~1'U"nel.:lf11'j 1 .ff?l1'jbfl~eJU~1 tl b 'li'U n'U ii.:J1'Ui~mb?I~.:Jfi.:J~ nV.f11Yl"neJ.:J f11'j 1 .ff?l1'jbfl~eJU~1-rutJ'j::'VJ1'U 

1~~1.:~ ~ 1 'U f11'j~~m~ f11'j Lnu-na.:~e.J~\91n Ulsvle.J~ 1~6'1\?1~\?1 bb~.:J 1 'U1::~u~a.:~tliju11 rn1 bb~ci'.:~ 1lJii.:~1'U1~v 

Le.JmL'rl~lJ1m1nLL~::.:~1'U~b~f.J1nurn1tl'j~~nl'11ia11bfl~au~b~1.:~~ bt-1~1tTl'Ue.J~I'1Ji'Uisvi'~e.J~I'11'U1::~u 

~1'1?11t-1m1l.l1'Uu1'j~nU!svJA1tl~n .:J1'Ui~f.Jdiivu1tl1~a.:~fi (Target) oneJ.:~rn11~m~mdlil(l!t-11'Vl1.:1~1'U 

f1 Ul.f11Yl bb~ ~ f111l.ltl ~a l?l n f.J"n a.:~ e.J ~ 1~ a l?l ~ l?l bb~.:~-na.:~ 1 'VI f.J?I eJ \?1 fl~ a.:~ nu f.J'Vlul"11?1 1'11 f11'jU-r'\.J 1m .:!6'1~1.:! bl"11~=o nlil , , "' 

~tl1::neJU f111b ~a b ~l.lf111l.JG'I1l.l1'm 1 'U f111 bb ~.:~-tl'Uona.:~tl1::b 'VI!"'' \91G'I1\?l 1 'UU1~b 'VI!"'' ba.:l 1~iJe.J~\91DUI,l~iiflUI.n1Yl 

iimv f11'jbnU'U1'U~'U .:~1'Ui~ f.Jd~::~.:~ b?l~l.J 1 ~m~ f.Jiim1l.l~bbG'I~tl1::?~u f11'j'UI1 'U~1'Udl.l1n~'UbbG'I~e-~"~1n 
' 'U 'U 

b ~a 1 m~5rn1~1-:!e.JG'I 1~neJ'U f111~~ bb~-:1~1vtl1~eJ'U~b t-1lJ1::G'IlJ nue.JG'I 1~6'1\?l~~bb~.:!-na.:~ 1 'VIV1 'Ubb~G'I~"lliil?l 

bbG'I::e.JG'I"neJ.:If111U1::Vn\91b oiftl1~eJ'U~eJf111b U~fl'Ubb tl~.:JflUI.f11Yl"neJ.:!e.J~\91JlU!ftie.J-G'I 1~6'1\?l~~bb~.:l"neJ-:!1 'VIV 1 'UG'I.f111~ , , 



19 

1.1 ~~11::~::ne:~ 

1um';i~rrt~1ffii11::~::mrwu5 \Jan 1~~1CJ ';i::m~an~em~:: 7o-so (~btJ~amuu~L Vl~e:J\lLneru • • 

11::m:naa~!Kvm~\l 1 ib 1m 1 'W f11'jt1'1t:.J~1J::~::nmn mnu il~\lVle:J\ltJ5tmm';i~~:a11'VltJ1'lleJ\ltnf11"111 

b'Vlf11 u 1~~fl1'je:J1Vf1'j mu::b 'Vlf11 u 1~~ 11VI11'VlmatJ11VI1611';if1111 1 1ubbfl::vhb 'Wum';i'Vl~~m1 u1ui1~ 1 tJ~uVi 

fl1'j'Vl~flmi1 3 fl1'j'Vl~f!a\l fiatub~au ~\l'VI1f111 \9lmf111 bb~::6u11f111 2550 v11m';ia1\lbb~::b\9l~CJ1Jt:-~~ • 

\Jam tJ~eJmb~ ::IK~ bb~\l b U'W~'W 

u 
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v ' 

3. ~1..:~~1tJ'I11nr:r'UvruVl.niJ 4ooc 
' " 

v ' 

4. ~1..:~~1tJ'I11nrr'UvruVl.niJ 5ooc 
' " 

v ' 

5. ~1..:~~1tJ'I11nr:r'UvruVl.nil 6ooc 
' " 

'111~~n.1~m:: nv~~1'Wf111~1..:~ t 'Uf11'JV11'1G'1€J..:JI'i1..:~ 'l 'l.Jvm LJ~vn~1tJlJI'l~f1:1.J ~1'Wf111~1..:J~1tJ611'JG'l~mtJ 

flG'le:J~'U 100 mg/L VJflfl~..:Jb~m~:w'l.Jvn~n1Vll.J l'll'lbbl'i..:JbU'U~'U'lJ'U11'l'lJ':i~:l..l1ru 2x8x4 em U':i1~1w:nl'l PET 

(Lertsit industry, Thailand), tl1Vi'l1mnl'lG'1~ 200 g U'J1~1'WVJ~:w'Ylm61&in'1l'UI'l PD 900 (Cryovac, USA, 

2 ~I dl 1.1 v ~ 
oxygen transmission rate of 3,000 ml 0 2 I day m atm at 23°C) ul'l~'Uf1!911tlfl11:W'Je:J'U bbG'l~bflU 

-rmJ11'W\ii\~'W~ 4 oc bl'ltJilm1:W~'W~:W~VJ5 95±5 % ri:wl'11mh..:~~Vlr;r..:~u'J':llil (0) 2, 5, 7, 14 llG'l~ 211'W 
" ' ' 



bb~~~1e:Jci1-:J:U~~~ne:J6'l~~~bb~.:JL'Ubb~m~en~mibfh.J 1oij~-wci1-:~ 25 g b~e:J~1-:Jn'\..J 0.1% peptone water 

tl~:U11'1i 225 ml bb~~b~e:l~1-:J~-:11'11:U~1~'\..J~b'VI:U1~6'l:u 
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1. 1bfli1~~~1'U1'U~~'U'Vl~~'I!'I..J1~~-:~VI:u~ (total plate count) 1mfi"Ue:J-:J HFPB Canada, (2001) 

~1CJeJ1V11ib~CJ.:Jb~eJ Standard methods agar (PCA, Difco Difco Detroit, USA) ti:u~ 30 oc b'iJ'Ub1~1 

24 i11:u.:~ 

2. 1b!Pli1~~~1'U1'U ~6'l~bb~~i1Lmfi"Ue:J.:J HFPB Canada, (2002) ~1CJeJ1VI1ib~CJ-:~b:ffe:~ Dichloran­

Rose Bengal-Chloramphenical Agar (Difco Detroit, USA) ti:u~ 25 oc btl'Ub1m 36-72 i11:u-:~ 

3. Enterobacteriace bb~~ E. Coli ~1CJ Violet Red Bile Glucose Agar (Criterion ,France) 

ti:u~ 35± 2°C b'iJun~1 18-24 i11:u-:~ bb~~~u~u (confirm) ~mm:u1fi"UB.:J MFLP43 (HPB, Canada 

1997) 

Enterobacteriace bb~~ f. Coli "Ue:J.:Jn11'Vl~~e:J.:J~.:J 3 replicate ~~'Vl'I..J';h ~~1~~:u~~~nmie:~u~1-:1 'Vl'\J 

~1'U1'U~~u'Vl~~'l!u1~~.:~VI:u~ bu~CJ 5.178 Log cfu/g ~6'l~bb~~i1~-:JVI:U~ bu~CJ 5.377 Log cfu/g bb~~'Vl'\J 

Enterobacteriace btluu1-:~~~ n1i'Vl'I.Jbtlu~n't!fru~a:ubb~~i1a1u'li'e:~CJ bb~~1~'Vl'\J E. Coli 1u~~:u~~~nmb~ • 

~6'l~LL~~i1 (p~0.05) ~.:~1oij'n~1:U1n ~.:J6'11:U1if:I~~~1'U1U~~u'Vl~~~-:~1~ tb~b~e:JLotle:JW'VIflii 30 oc mib~:u . . " 
L1~11umi~1-:~1~n~~1~mi~~~1u1u~~u'Vl~~bbl'1n~h.:~nu (p~0.05) 
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"il~'U'V1~6uu1~-n~VilJiil 
.. I ns 

Enterobacteriacae 
ns 

f.I6'1Vlbb{;l~11 • 
(log cfu!g) (log cfu/g) (log cfu!g) 

0 d 
B1l1'Vl 1 6'1. fl. 50 4.73 ±0.56 

a 
5.14 ±1.01 3.53± 1.78 

l;' d 
B1l1'Vl 2 Vl.fl. so 5.64 ±0.87 

b 
5.61 ±1.16 2.80 ±1.62 

l;' d 
B1l1'Vl 3 'B.fl. so S.17±.87 

ab 
5.39 ±0.93 2.82 ±2.17 

11lJ (N=24) S.18 ±.843 S.38 ±1.01 3.05 ±1.83 

5t~~ (V~111~~ 2) lliltJbQ'V'l1~ ~1'Ud'U86'1~bb{;l~11 bbf!~ ~1'U1'U Enterobacteriacae ~.:J6'11lJ11t1fl.:J1~u':i~mru 

2 log cfu/g bbfl~bi1e:~H'b1fl11'Lim1~1.:J'U1'U~'U"il'U~.:J 10 tJTVi6'11lJ11t1 filii Enterobacteriacae 1~"il'Uhi 

6'11lJ11t1 l'l11"ilUU1~ (<1 log cfu/g) 
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l911~1.:J~ 2 rl1bu~CJ~1'U1'U"ii~'U'VI~~'U'Ue.Ja~~a~na'Vl~~"ii1nm~~\:~~e:mJ'VlfllJ 30 40 so 'Vl~a 60°C btl'Wnm • • " 
I 

m~'l 

... "'~ I d 0 A td. fl 

~{;l'U'VI~£.1 f!1bu{;l£1~1'U1'U~{;l'LI'VI~£J log cfu/g* • 
b1{;111um~t11.:~ Cu1Vi> 

Treatment 1 2 5 10 

Total plate count Unwashed 5.178b 5.178c 5.178b 5.178c 

30°( 4.622b 4.563b 5.118b 5.116c 

40°( 3.908a 4.421b 4.173a 4.013b 

sooc 4.725b 4.123b 4.076a 3.727b 

60°( 3.776a 3.523a 3.06a 2.856a 

Yeast &mold Unwashed 5.377 5.377d 5.37l 5.377d 

30°( 4.741 cd 4.81ld s.osl 4.606c 

40°( 3.823ab 4.123b 4.406b 3.908b 

sooc 4.437bc 4.273bc 3.2sl 3.402b 

60°( 3.704a 3.369a 3.08l 2.6sl 

Enterobacteriaceae Unwashed 3.048( 3.048b 3.048( 3.048( 

30°( 2.801 c 3.103b 3.043( < 1 

40°( 2.145bc 3.021 b .7050a <1 

sooc 1.695b 2.527b 1.965b <1 

60°( NO*** NO*** NO*** NO*** 

I .J 1 .. .J IQJ 

*fi1LQ{;lCJ"iJ1fi 3 f11~'VI~{;l8~ 'Ub~B'U'VILbl9lfW11~fi'U 
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m-a~\~e.J~vl1EJ~1~erwi6~1.:J~ ~e:Ju~:mru~~'W'Vl~~'U'Wb{imJ~~~fle:Jr.'l~~~bb~.:J -a~vd1.:Jfl11bnurmn 

e.J~ll~~~ne:J~~1'Wfl11~1.:J~1EJ~1e:Jru'Vl.ni1~1.:J61 '111ll1bbU11UbU'We.J~I9l.li'rutfir.'l~~~bb~.:J bb~~ibfl11~~ 
, '\1 I '\1 

U~ll1UJ:U~'W'Vl~~ti'U1~~.:J'Vlll~ ~r.'l~bb~~11 Enterobacteriacea bb~~ E.coli L'Um-aPimnV'l'U11Wi1m1 
' 

U'Wb~e:J'W'Iffi.:J E. coli 1 'Wb.Qe:Jll:::~:::ne:Jr.'l~~~bb~.:J r.'le:J~flae:J.:Jn'Ue.J~fl11'Vl~~e:J.:JL 'Wb u~e:Jfl bb~~Yl'UU~ll1ru 

Enterobacteriacea Ue:JEJlJ1n bb~:::m::::U1EJ\911ll'U1.:J~'le:J~1.:J 1~i1bb'W'lLUll"lle:J.:Jfl11b~ll'Vl~e:J~~ ~.:J1ll1~'111ll1 
A ff QQ. 

1bfi11~'Vl'V11.:Jr.'ltl\91 

e.J~"lle:J.:Jth e:J ru'Vl.ni1~1.:J 61 bb~::: b 1m 1 'Wfl11a1.:Je.J~ll:::~::: ne:J~e:J b{ie:Jll~~~ n e:Jr.'l~~~ bb~.:J~mEJ m1Ln'U 
, 'U I " 

Water Temperature (celcius) 

Unwash 30 Celsius 40 Celsius 50 Celsius 60 Celcius 
6.00 ....-------,--y------....--r--------r-.------.,...------, 
6.00 

4.00 

2.00 ~~-
~i. 

unw 1 2 5 10 
ash rrin min min min 

unw 1 2 5 10 
ash min min min min 

unw 1 2 5 10 unw 1 2 5 10 
ash min min min nin ash min mi"1 min min 

Washing Time {min) 

v ' 

Yl.:J'Vlll~'U'Wll~~~ne:Jr.'l~~~bb~.:JVim~m1bn'U~1.:J~ (1''W) 

unw 1 2 5 10 
ash min min nin min 

en 
5 
iil 
co 
CD 

Ul a. 
~ 
(/1 
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ru enflf11'Hnu~'U., lil1'W1'U"il~'UVl~~iru1~~~VllJ~ bba~~?l~bba~·n1'WlJ~a~na?J~~~bb~~~~1'U 
' I ' 

f11i~1~b1a1~1~11lJbb\9ln~1~n'W lJ~a~na?J~~~bb~~vn~"il1nt:JalJ~a~na~~1~~1f!tl1 60°C ,f'UijliJ1'U1'U 

"il~'UVl~mlJbb\9ln~1~n'U bda 1·ti\ 1mmi~1\lbb\9ln~1~n'U , 

Water Temperature (celcius) 

Unwash 30 Celsius 40 Celsius 50 Celsius 60 Celcius 
8.00 ....------..-------..-------..,------..,------, 

6.00 '; 

Washing Time (min) 

ll1V'l~ 6 t:Ja"lla~aru'Vlllihl1eC) bba~na11'Wmi~1~ ('W1Vi) t:Jal.l~a~na~alil1'W1'U~?J~ua~i1U'U 
, 'U 



28 

... 
2.4 e.t~"llv.:ivW'VI.nihl1~1.:~ . .. 

n116h:nl1~'hiiim1l.l~m.1 bb~~ 1lJiiG111~1b :ffa 1lJiie.t~ 1 'Un116Wl~1'U'J'U~~hJ'Vl~~~~ 1~ 

ula1-ffmu'VI.niiG1~~'U 'V'l'lrJ1'VI~~\110~1~~~bb~~bb~1 lJ::~~oaG1~~~bb~~\11oe.t~~e.h'Um1a1~~ . " " 

(p~O.OS) 

3. m-a1Lfi11:::~'V11.:i'lh:::'611'Vlr;Yl.le4''61 

3.1 15m-a1Lfi11:::~'V11.:i'lh:::'611'Vl«l.le4''61 

b ~e:J~\110 ~a~m11 m~-ife:Jl.l~ n11b '\.J~ tl'Ubb '\.J~~'Vl1~'\.J1~G11'Vl~l.lerG1•(Je:J~f.J~ 1lYG1~~~bb~~~b\9l~tllJ 
" 

\110f.J~ 1lY~~1'U n11~1~~1 tJ16~1~ 1 r:hiifJW~ o~ru:: t~~b 'lJ~tJ'Ubb '\.J~~ 1 'lJ bb~~iin11b '\.J~ tl'Ubb U{;l~ 1 'lJ1 'U'\.J~l.I1W 

LVh1~ 0~tJ~~b~Bo1-ffm1'Vl~?le:J'U'Vl1~'\.J1~?11'Vl~l.lerG1bb'U'Ub"8~'V'l11W'U1 (Descriptive analysis) b~ao16~ 

~~bb'I.J~~\110 Qualitative Descriptive analysis: QDA (Stone, 1992) n11'VlVI~e:J~b~l.I\110Vhm1-r'U?IlJPI1 

u~\91LJ~qjqj1\91~ 1 'Umfl1"!11 b 'Vlfl1 'U 1~ vm1m'VI11bb{;l~ 1.n"!!'UI'l1G1\911 flru~b 'Vlfl1 'U 1~v l.Jvt11'Vlm~tll.I'VI1G111fl1l.l 

1~~?1'Uh 65 fi'U vhm1fl~b~e:JO~'V1V!Gie:J'U\911l.l16"1le:J~ ASTM; Guidelines for the selection and training 
" " 

of sensory panel training member (Meilgaard et al., 1999) 1iL1a1flV!b~e:Jn~'VlV!Gie:J'U 2 b~e:J'U 1~~ 

'VlV!?Ia'U ~1'U1'U 14 fi'U~iiflru?ll.lmlG11l.l11(lbbtJmbtJ~fl11l.lbb\9lo~1~'Vl1~LJ1::?11'Vl~l.lerG11m'U1::~'Uf'ia'U.U1~~ • 
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lil1f1~'UVhm~tlm.h.J~'VWt6'leJU\V\1lJ15 QDA (Stone, 1992; Stone and Sidel, 2004) 1~~tb~"!lll 
~ ' 

~~bb~-:1 1inm~~'U1fh~vrv'i~Tvl-rull~G'l~f1B6'l~l'i'~bb~.:! 3 session 1~~1'Ubb~G'l~ session 1inG'l1 60-90 

'U1Yi L~~1id1'Bll~{;l~f1B6'1~1'\~bb~.:!1'VI,j (lj Total soluble solid ~~'VI'J1.:! 11-15 obrix) bbG'l~U"!ib~'Ubtl'Ub1G'l1 

3 1'W1'Wm~~~'U1fl1~vn-1 

bdeJ L~fl1~'V'IVi~.:~'VIlJ~bb~1 ~1fl1~'V'IVill11 ~~'VI~6'leJUfl~baelf1L~fl1~1il~ 1m 'Uf\1~6'1~1.:1 bb UU6'leJU(l1:W 

b ~ e11 bfl~1~~rmm1'V'I'VI1-:~tl ~~6'11'VIalleY6'l"!JB.:~lJ~{;j ~n BG'l ~1'1~ bb~.:~ ~ e1 1 tJ 
' 

aJ 0 aJ d,t 
3.2 ~G'lf11'a'W~'U1fl1AW'VI'VI.:!'VIll~ 

fl1 ~'V'IVi lil1 f1 m~tJ ~~"!Ill~ ~'U1 fl1 ~'V'IVi.ffioU'V'I~~ W1 B5U1 ~ Gl n~ru~ 'VI1.:!tl~~6'11'VI~ll er6'l"!.l B.:! 
' 

«:::!. d Q.l Q c:;: clt.l 0 0 

e.J1b~~Ull'U111 t:nbll~'VI~1U 6'16'lllbb~.:! 1l1'U1 

~1 b~~u b tlaBn~1'U'UBnlj~b 'VI~B.:~aB'Utl'Ub 'VIaB-:~ 

" " ..:=t.d c:t.c::.. ~ dll adOQ 

e.J1b~~ullm\9lbl'lm 6'lfl{;11Vbbfi~B'VI e.J1ll'U1b~ll 

('lill) ~~1~~llbb~.:~btl~BmJ ijJ1bf11~~~1 ~1bb~-:J 
' 'U 

bbG'l~b~~u 'lill:ff'U 6'1~ 6'1~16'1 , 
f,~ ~ "'"""'l i1x 

"!Jl"!.l~~bu'UblJ~j 6'llJ1b6'llJelf1'U lJb6'l'U~~el~ 'Ub'Uel 

1 I .d..,. "' ~ .. d 
'U6'11'U'VI\9l~f1UblJG'l~lil~lJWB"!.I11j 

U1-:Jci1'U"!.Iel-:1~11il~ 16'1 j.ff1 jlJB-:Ib ~'Ub tl'Ub~'U1~ 
'lilJJ1 \,j\hJ1 ~b'VIaB.:~1Gi~~~Uiil'U~bb~.:!~lJ 
' cJ d .c!i1 cl ~ II d t 
~~lJBlJb'VIaB-:~ G'l'U lJblJBn 6'l~lJ'U1 u'VI.:~b'VIm AG'l1 



n~m"~bfim 1 'Utl1n 

• 1 o u dd4 111 
3.3 fil1ufl1AV'l'Vl'Vlb"8fl ~ 
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m~1d! n~'U~ n~'Ubtl~m n~'Ul.l~"~n8 
n~'Ub~'U n~'Ub'VIii8'UEJ1~?1"8~ EJ1~e-~"1d! n~'U1ll~ 

n~'l.ltln~~ bb8"nmm~ 'VI8l.I'VI11'U el'll 
' ' I oCit. A I ~ 

b'U1 n"'U'VI8l.ll.l~"~n8 n"'Ub 'U1b?IEJ 

... ~ ., 
~1flfl'U'VI11'U88fl'lll.lb"fl'U8EJ 

tlu bdmbtl'U1lll'i'1'Ubb~~n~ -du~1 1llb"~ , , 

n~~1v n~bb~1'll1~88n~1nn'U1llih~v'U 
i1fl11u"~b5v~~'U 'll1~mv1'Uflf~b~v11ll~~~'U 

bd8~CJn~mn 1ll~~tl1n b'VIm1 ~'1..1~'1..1 bd8~CJ~ 
'V111'U~~tl1n 'VI11'U~~fl8 'VI8l.lfl~'Um~u~"~n8 

n~'U~1CJ 'liufl8 btl~v1t11n ~~flmanti8v i1n~'U~'U , 

~\jfltJ~1 'll11 ~'1..1 n~'Um~~~t11n "~"1V1'Utl1n 
n~'U~~t11n ~6'1bt!~v1~~~'U fl~'U'VI8l.ll.l~61~n8 
'VI11'U~~~'U 'VI11'U~~~'U i1J1~11 'Utl1n ~'1..11"18 
b'VIi'.imfla btl~v1&i~t11n i18:!hbfl~eJ'llb'Vl~1'U 

~ II dl .:!1 0 d 

'VI11'Ub6lfl'UeJCJ 'VI11'U~~1 b'VIl.I8'U'U1mm~a~1~ 

u1n1 ~?l'V111'Utuu1n'Vla~ 1?l'VI11'Uti'U'lllli1~1 

'VI11'U~~b'VIiia'Ui1J1ti'U 'VI11'Ul.l~"~nmJu ~~ 
~~ 'VI11'UtJ~1'll~bb~l.l'll:m~u 1llf18EJ'V111'U 

btl~m1 'llubanti8v 

n~u~'VI~?la'll1~~1ll n'Ufi'~b~a nf11Pi'Vll'1~1 mbl9i61::'VIl.l1~ b ~81 m 'Ufl11?1~1~?lbn"tl1::bi3'U 

fl UJJl1'Vl'V11~tl~::?l1'VIa'l.l~?l'll eJ~lJ :161:1 naa ~~~ bbl9i~ 1 'U bbl9imm1~'VI ~" 8~ bb61:1~1l.l n'UtJEJ1lJfl1Pi'Vll1~ b~ 8 n 1~ 7 , 
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n~hJ'VIe:JlJlJ~"~na 1 ~~lJlJ~"~nath'~LiJ'Un~'U'VIe:JlJ"lle:J~lJ~"~na"il1n31lJ1n~G'I~ hJ5~ hl31n~'U 'VI~ a • 
' d 

na'ULL 'I.J"m.J"e:JlJe:J'U 1 

~~lJ '\J';i~LiJ'U~dfall~"~n a 1~~f11';jlJe:J~m~ 1"il1f1~~l.laa'U1 'I.J5~~LL~~G'I~ 
I .J' .d~ Q.l I Jf X dQ t Jt 1· I II 

f'l11lJ'lllJ'll'U'Vle.J1 ~" f1'1:}UJ~fl11lJ'lllJ'll'U"ll a~ L 'U alJ:m :::na'Vle.J1"il1 f1"lllJ"ll'UlJ1f1 G'l~lJ1 n u"il'U LL 'VI~lJ1 n 
Cl 'U , , 

f'l11lJG'I~ ~fl11lJG'I~LL"~';i~~\Jf11';iL~e:JlJL~m~alJe:J~~.fl1CJ'Ue:Jf1 "il1f1G'I~L'VIije:J'UU8f1'U1';i"il 
~ . 

1 'VIli1 U"il'U5~i1Lijelf1 31-;i1U-;i1f1!] 

';it'~ ~lJL;j'e:JlJ~"~f18LL"~'\J';i~LiJ'U';it'l"ll1~1~~';i1lJ "il1f1G'I~~h~CJlJ 1'I.J"il'Ufi~LL~lJ1f1 'VI1f1 

v'l'ui1m';i L~alJ L~m~alJa~~mm.mn1 ~'\J';i~ LiJ'UL tl'U'I.J!) Lt'luVi"il~~lJ 
""' J{ .I ""' .J (:: d )1•1 "' fl11lJ'VI11'U "lllJL 'Ue:JlJ~"~f1mb"~u';i~blJ'Ufl11lJ'VI11'U"il1f1'VI11'UlJ1 f1'VlG'I~ 'U1L "lle:JlJ u"il'Ut:l~ 

' 
:a~ 1~31-;jt'J 

fl11lJLL~~'lJa~Lda~lJert'l '\J';i~biJ'Ub~an~Lb"~b~~T'il1mb~~lJ1n1'1.J\J'U5~~lJ bb"~b"~ 

" Lb"~1~v11f11-;it'l~1~t'1Lnm~1'VI-r'IJ'I.J-;i~bi3'U 1~~ 1-tlt'lbf1"L~'U~';i~ fl11l.lm1 6 i11 (15 em) (Stone 

1992) 1~~t'ILn""il~i1~~'VIlJ~ 9 fl~LL'U'U L~ll\11n'lia~~t'l~ 'VI~a1~31 1~31fl~Lb'U'ULvhn'U o 1'1.J"i!'U5~lJ1n~t'l~ 1~ • • 

i1fl~bb'U'U 9 fl~bb'U'U 

"'" 1"' ~ IV d ~I 1" Q.l C' C' t Clll4 dctd 
t'IG'IlJ "llm~~1'1:}"!!1';i'Vlt'le:J~'VI'U1t'lbL~~t'l~ Lu'Ufl~bb'U'U 9 bb"~ "lllJ~"~f18'V'I'U5~8"bb"'U~('Vl~Lu"e:Jf1'VllJt'l 

~lJ) dJ'Ufl~bb'U'U 1 

fl11lJ"lilJ~'U~t:b 1iLdalJ~"~naG>~nt'l~oW'w5~amL"'U~~G'In lOOo/o 'I.JamL":::~~LU'U~'U"il'U1~ 2x2 U1 ' . . 



bb~'I1VIli bU'UA~bb'Ut! 9 l-l~~~nB~'UbU'Ufl:::bb'U'U 3 bb~:::lJ~l:'l:::nmt11b~mtJt~A:::bb'U'U o 

m1lJVI11t! 1.ff?J1'j~~mCJ6il1m?J 18o/o bU'UA~bbt!t! 9 bbl:'1~1.fflJ:::~~nB~'U bU'UA~bbt!'U o 
" 
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e:fvt~?lB'U~~'lh~ biJ'U\?l1 BEi1'1lJ~l:'l~ nB \?l~ bb~'IVI~Vl blJ'U \i] ~1'161 1 'Ubb~l:'l :::B1cJn1'j bfhJ ~1V1-r'U 
" I ' 

n1'jVJ~?lB'U,!'U11'1bb~'Un1'jVJ~l:'lB'Ibb'U'U Balance block design (Stone, 1992) 1~CJi1~vt~?lB'U;alJ 11 fl'U 

1 Vl~VlblJ'U\il~:_-:ije:fvt~?lB'U;alJ 4 fl'U ;al-l1'U~1'1bdi:'11'j~VIi1'1 16:00-18:00 'U. 1'Ubbvl~:::-J'U~fl'j'lJB1CJn1'jbfl'U " , 

"il1'U1'U 2 :fit~ (tl1VJ'l1mJ'j:::lJ1ru 35-40 g) 'lJ'j'j~l:'l'l1 'Utn~l'lm?l~n6ilil~ PET "il'U1~ 8.4x8.4x4.5 em 

(KCFresh, Thailand ) 'lJ'j'j~1'UVj~lJ'V'lm?l~n'1lil~ PO 900 (Cryovac, USA, oxygen transmission rate 



Vle:m.Jnu~ f11'H 'Vlrlb 'U b~ ~e.J1V!1'i blilCJ'i~Wh~~leJ~1-ltl1V!'Uiil1 Vl~'Vllil61eJ'U f1~lthn\9llCJJ161~ eJ11ilrleJ'l.!~hJ 

~leJ~1-ll'ieJ 1 Ll 

~ bnu 

I I .,j tJ .::.,q • d d ~ 
A'"J1jjbb(;ln(;l1-l'lleJ-lfl1bt:l~CJiildCJl5 Duncan's New Multiple Ranges Test 'Vlrl'"J1jjb'lJeJjj'U 95% n= 44 

l"lu11~mCJm'ibnu o bb~~ 2 i''U \ille:J~1~j.J~~~ne:J1'U'Vln'Vl~'Vlbj.J'UI'liifl~bb'U'U~m~ru~'Vl1-1Ll'i~611'Vl~j.J~?II9i'1'U , , 
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d Ql QIQII/ Q 
3.5.1 m·n tl6'1tl'lUb \J6'1~6'1n'tiN::'VI1~\J'l::~1'V1~3Je.J~~,'Un6'1'U3.1::6'1::na 

1 um'.i~\:tbtl'Ub 1m 1 bb6'1~ 2 u1Yi'VInvru'VI.nilm'.i6h:djm'.ib tJ~tJ'Ubb \J6'1-:t~n~w~~1'U 
' • 'U 

d d d_ ~ ~ 0 Q.l I I qQ.I 0 CV 

3.1~6'1~ fl€!6'1~6'1-:t bb6'1 ~ b3J eJ m~ m '.i bfl'U b 'Vi3.1'1l'U fl6't'U3.1~6'1 ~n €!6'1~6'1-:t\9113.16'11~'\J bb6'1 ~ bb\91 fl\911-:t eJ CJ 1-:t3J'UCJ G'l1flt\J'VI1-:t 

a~~ (p~o.os) bb6't~~mt~m'.ibnu 17 1u 3.1~6't::nv1u'Vl1'Vlb3J'U~ 1a.i6i'1-:t 6i'1-:t~Bru'VI.nil 30 so bb6'1~ 60 oc 1u 
• • 'U 

Wash water 

Error bars: +/- 2 SE 
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d ., •• ., ., !II ~ 
3.5.2 n1'H tl'61 ti'U u U'61.:!'61fl'MW::'VI1.:! u~::~1'VIal!~a~1'Ur~'tlel~ll::'61::ne 

b~eJmanTHn'Ub~l.l~'Ur;im~ru::~al.l"llml.l::a::neJa~a·reJci1~ii11mh•1ru 1'U1'U~ 14 ' ~ 

0 .. d t ., 0 l;' ., tld ~ .. ., d l;' 
~1~"lleJ~l.l::a:.: n eJa~a~m n'Vl~ ~ ~ae.J'Vl~~eJ'U1::'U'l1l.l::a:: n eJ'l!1 b~ bba:: b a ti'Ub u'U~ bb~~ LLa:: m1a1~'V1'U1 

' 'U ' 

Error bars: +/- 2 SE 



Ill 
Ill 
Q) 
c: -Ill "(5 
::!: 4.0 
c: 
Ill .0 
Q) 

::!: 8.0 

4.0 

.0 

8.0 

4.0 

.0 

Storage days 

~ 

~ 
Wash water 

Error bars: +/- 2 SE 

~ 
Ill 
::r 
:r 

(Q 

-t 
~-
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0 2 

Storage days 

5 

i 
Wash water 

Error bars: +/- 2 SE 

7 

~ 
Cll 
::r 
3' 
cc 
~ 

~· 
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tl
d tl Ql tl Ql Ql .., Ql • 

3.5.5 meaL ~ti'Ubb ~o~~~n~ru::'VI1.:J -a::~1'VI~11~~~1'U"a~'tla.:J11::~::na~~(JI~bb~.:J 

LdeJmEJnTlLtiuL~l.l~u£;i'nt;ru~VI1-!!tl1~?11'VI~l.ltr?t~1'U1?111::a~naa~a~mh.:~~ 
' 

'l!EJ6hl"i'ty Lb(JIL'Uf'U~ 0 LLa~f'U~ 2 ~'U1~LL(Jifl~1-!lfl'U LLa~tufu~ 14 ~Ufl11LU1baEJ1~EJ~11if'U'IJ1.:Jb'UU1.:J 

vl1eJ~1-!Iej'VI~?Ie.JU~-!!tli1b?t5~~~'il11 bba~fl11"\~~J1e.J(UVI.fliJ 30 °( ijfl11~~a.:J111fl~?l~ L~EJ~Uij11if'U b 'U 
'U dJ , 'U , 



·~~ ! ':, ' -::"':: ~ . 
. ·, l~~ ·~ ·~ 

~:;',/.; 

Storage days 

Wash water 

Error bars: +/- 2 SE 
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Wash water 

Error bars: +/- 2 SE 
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Storage days 

Wash water 

Error bars: +/- 2 SE 
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A ~ ~n 1 .cJ V I d I II II d ~ I d 
m~'lU"l~1:::VIeJ-!Iflu~:::nau'Vl1-!lbfllJ"I.Ifl-!l~.t:::(;l:::na61~Wl~bb~-!I'Vlt:n'Uf11~(;11-!lmti'Vl~'VILl.I'U~~1-!I~ L'Vlfl 

Pin~1e.J(;I"I.Ifl-!lfltu'VIfli1~1 bb(;l:::b1(;11L'Uf11~~1-!l~el'ml.l1tu"l.lfl-!lbb~-!1~(;1:::(;11ti1~~-:~VIlJ~ (Total soluble solids: 
• 'II 

TSS) tl~l.l1rum~~-:~VIlJ~ 1~tt m~ 1~Lm'Vl tl~l.l1ru1~1ilu~ bb(;l:::r11fl11l.lb .Uum~-~1-:1 bb(;l:::f11~b tl~EJ'Ubb U(;l-!1 

. 1 il'i'Te:J81-:~~L Vl~m:nnm~'Vl~61a'U'Vl1-!llil~'U'Vl~~bb(;I:::'Vl1-!!th:::611'Vl61l.le1'61 l'i~L .Uu;ffub~n., u~~lil 1 'Ut~-!leJ(;IiJb'i1ttl.l , I , , ,. 

(;11ilbu'Vl ("l.la'Ubbn'U'Vlm61lb'Vlfl "il1n~) 1~vu~~lilbbttn1'Ubb~(;l:::u~~lil.nru'o/\1lJ~1l.ln'U bb"libb~-:~~aru'VIniJ -2o oc 
, 'I 'I \1 

m~1bfl~1:::~tl~l.l1tu"l.la-:lbb~-!l(;l:::mtt1~~Wll-1~1 otlbfl~fl-!1 Digital refractometer (BRX-242 

Refractometer, ERMA, Japan) ~1l.l1~"1.18-!l AOAC (2002) 1~tJ(;I:::mm-d'alJ:::(;I:::f181ii'18~1-:Ilil1f18tu'VIfliJLb"li 
• 'II 

tl~l.l1tu'1JmLL ~-:~~(;1:::(;11ti1~~-:~VIlJ~ 1ulii''la~1-!ll.l:::(;l:::nm~l.I~'U1lJL vhnu (7 -9 OBrix) btl~tl~ 

10.24± 1.41 oBrix bb~'Vlu11m~btl~tJ'Ubbtl(;I-:~'1Ja-:~Lb~-!l~(;l:::mv1~~-:~VIlJ~ 1'W1u~ o 2 5 bb(;l::: 71lJLL~n~1-:~nu 

bb(;l:::1lJ~1-:~ ~1-:~~ 1 2 bb(;l::: 5 u1mlJLL~n~1-:~nu i'iLb'U11-U'lJ~liJ:::L~lJ;ffuLdamvm~LnuL~lJ;ffu LL(;I:::L~lJlJ1n , 



unwashed 

.f! 
0 
1-
c 
co 
Q) 

:2: 

1 min 

Washing Time 

2min 

Wash water 

Error bars: +/- 1 SO 

5min 

en 
() ... 
I» 

<.n Ul 
(1) 

c. 

~ 
--4 

.... 
ol:loo 

e.J" m11 bfl11~~'\J~l-l1 ru nwt~~'Vll-lV~1 off m1 bl'l~tJl-l~1 mh~b "!i'U b~m ntJ m11 bm1~~ml-l1tu'lle:J~ b~ ~~ 

"~mv1~~~'Vll.!VI1i~1e:J~1~J1l.l~"~na 2 ml b~l.ltl1tl~'UI;'InVI1aaa'U 18 ml 11'1bi'I1'Vln'll 0.1 Normal 

42 

1bfl11~'VlLVItJm111'1bi'I1'Vle.J"'l1tltl11fi1'U1tu~~1~bbl'ltl~1~n'U (mon~ 18) bb~ijbb'U11't!l-l11brle:~mvm1bn'll 14 
' 

" 1'Utl~mrumV~Vi'~'Vll-lV~1~bbl'ltl~1~n'U 1 'UVJnam1~m1a1~ (p~o.os) 



Wash water 

Error bars: +/- 1 SO 

L\9\~tJ~6'1TH'1~f11tJm~rvi'li6'1n~119l1iJ1..!61il:uL'iienJ~fl~na 1~tJtlL'lJ\9\m~'rlB6'1'rlB~n (Merck, USA) 15 ml 

fl~fl18L1..!m~B~~~n (Merck, USA) 40 ml LL~~,J,r-,Gi'1..1 200 ml u-r'Uu~~119l1L~m'IJ 500 mlL1..! 

volumetric flask bb~'Jn1e:J~ L~~tl~6'111~~~1tJ119l1iJ1..!~~1\9\1~11.J 1im~LLB6'1fle.J1un (L-ascobic acid, 
"" 
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Merck, USA) 0.05 g fl~~1t1L1.Jm~vhi6'1n~ 45 ml u-r'Uml.nm1~fi1'\J 50 ml1u volumetric flask 

L\9\~tl~6'111~~~1tJB'UL~Vl1.Je:J~ 1i2,6 dichlorophenolinedophenol (sodium salt, Merck, USA) 0.625 

g ~~mtJ1uth-,Gi'1.J 62.5 ml ~ffi'11L~ttl.I1'1Jfi11'1Jm1.J\9\ s2.s mg u-ruml.l119l11~m'IJ 25ml1'U ~1mh 

nGi'1..1 t11~1e:J~1~l.l~~~fle.J 10 ~~~~1ml1Lt~~LL~1 L~l.l6'111~~fl1ttm~vhi?ln~ so ml 'lhhJ~'U~Idtt Votes 

mixture Ltl'UL1m 3 u1Vi LL~1me:J~~1tlm~m"\ime:J~ (Whatman, USA) L\9\L\9\TVl?l11£;'1~£;'11tJnU?l11~~r;ntJ 

B'U 1~~1..! e:J~ '<il1.J m ~~~ 1~a"lll.IV'I eie:J'U L m tl'\J L Vitt'IJ Numl.l1\9\1"lle:J~6'111{;'1~fl1tl1 miJ1.J~l.I1\9\1~11.J 
~ "" 



unwashed 1 min 

Washing Time 

2min 

Wash water 

Error bars: +/- 1 SO 

5min 10 min 

mg/g L\l~fJ~ 0.73 ± 0.26 offa~~fl'J1~LL'\J~'\J~1'lJ'vi1~~~a11iJUJbotle-!~"lltl~6'Lfl1'J~n1'~~\:J otl~Liil'U LL~'V'l'U 

LL 'U'J 1 -u~ ~a 1-ffaruV\l.nrrl 'Um~a1~a~~'ULL~~L 1mm~a1~'U1'U~'Uiil~vh 1 '\XaruL~EJ'\J~~1ru1~1i1'Um~~1n n-J1 
Cl \1 'U \.1 Gl 
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~"~ 1" d ) ~::~1t:.1 ~~'Vl~'Vll.Wl "l!Lfl'Hl~ pH meter (pHSl 0, Mettler T oredo, USA 

unwashed 6.030 
4.0 '.~ ... • . 

""' 2.0 ··w. ·. 

6:83JD'" 4.0 iff 
2.0 ·~ 

J:6:8LJ."' 
~ 4.0 ~.-
(1) 2.0 f? 
:iE •rc 

6:8u 40 
·~ 

. ;y~ 

2.0 i 
6:8

80
:-
~-4.0 {f. 

2 0 
.,·} 

. I< 

.0 ,. 
c: (,o) .flo. Ul (» 
:J 0 0 0 0 
~ ()()()() 

"' :::r 
(1) 
a. 

1 min 

c:! J .t J. J, 
:J 0 0 0 0 
~ ()()()() 

"' i6 
a. 

Washing Time 

2min 

Wash water 

Error bars: +/- 1 SO 

5min 
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10min 



46 

d q QJ I d1 II I I 0 Q td~~ .N 
Lll€1 L~':itlllll~G'l ~fl€1~ ~~ ~ LL~~ ';u 1fle.J G'lll~G'l~ fl €l'VIe.JTUfl1-:ia1~~1~ 1 Yl'U11 ';u 1'U1'U~G'l'U'Vl':itl L Ylll"!.I'U 

~G'l€1~€11tlfl1-:iLn'\J e.J1tlfl1-:iLn'IJ~ 2 1'Wi1"iJ1'U1'U';u~'U'Vl% iJ'UL~~~'Vlll~ V~~LLG'l~':i1 LLG'l~ Enterobacteriace • • • 

'Vl1flL~Bn1iLnru'Y'lmt~m':iLn'IJ~1llflt:U.fl1Yl'Vl1~-;u~'U'Vl~6"!.1e:J~€11'Vl1-:i~~LL"liL~'U UK Refrioerated , , , ::, 

Foods Association (UK Refrigerated Foods Association 2002) 01'Vl'U~1~~~'U'Vl~6ir'UL~~~'Vlll~1~Ln'U 

SX10
4 

cfu/g 'Vl~B 4.7 log cfu/g -;u~Yl'IJ11 'Vl1n1~~1~e.JG'l'Vl~e:JtiJ1~ru'VlJJil 30 oc -;u~Ln'IJ1~ 21'U 'Vl1n1i 

€lt:U'Vl.flilll1flfl11'Vl~e:JLVhn'IJ 40 oc -;u~Ln'UL~ Si''ULL~i'J.'U~1€1~1~~~1~LU'UL1a1 10 'U1Vi-;u~~1ll1-:imn'UL~ 7 
• 'U 

~~LL~.:! ~~.QL~€J~';u1flfl11~ biofilm G'l:!G'l1tl€1€lflll11~ vh1 ~~1ll1-:if;JD'UL~€l'Ull1EJ~i1B~tl5'1J1ifl11L~ll1fl~'U 

Lrim~tJ:! nmm':iLn'IJ'U1'U~'Uvh 1 ~flrum'V'I'V11~tl1:!~1'Vlaller~"~"~ m':i 1 iJ1~€l'U~e:Jru'Vl.nil~~ LLG'l~ 
, , \J \J 

L1G'll'U1'U vl1b ~Ln~fl1-:iLtl~tJ'ULLtlG'l~L~ll1flfl11 'V'I'Ufl1-:iL'!.hL~tl~ll€l~L~'U L~'U\'lfl~1 €1~1~'Vl~~';u1fl 14 i''U 

€l~fltl-:i~fl€1'\J'Vl1~Lfli1"!.1B~ll~G'l~fl€l~~~~LL~~'Vl~~-;u1n~1~(€11tJfl1-:iLn'IJ0 i''U) LLG'l~ 21'UL~LL~fl~1~tl'U • 

L~vl1b ~ll~G'l ~ fl €1~ ~ ~~ LL~~ L tl~ tl'U LL tlG'l~~1'U~ fli.'Jt:U:::'V11~'lh::~1'Vlaller~ LLG'l:: e:J~Rtl-:i:: fl€l'U'Vl1~ Lfli1 LL~ L~i1e.JG'IG'l~ 

"ii'1'U1'U';u~'U'Vl~~"~1~ LriB1iBru'Vl.nil~~LLG'l~nm1'Um':ia1~ ~ s 'U1Vi ~1ll1-:i{1G'l~"ii'1'U1'U';u~'U'Vl~~'IJ'Ue.JG'l 
, , 'U \1 , 



47 



48 

1. 1~~h:~ (rntlfl:U) 

2. ~1.:~~bmlTth~'IJ1 8W'l-1fli1 30±2°C . , 
" . 

3. ~1.:1~1~'111n~'U~WWJi1 40°( 
., . 

4. ~1.:!~1~U1n~umu'l-1fli1 50°C . , 

bb~~b'IJ1~ubVi~unum"a~1.:!~1~ Chlorine 100 ppm b~~~:u1~"1n Na0Cl2 ~iJ free chlorine 5.25% 

w/v ( Chlorox, USA) dJunm 5 u1Vi 1~~8W'Vlfli1J1bU'U 30 oc ~ pH 7 lbr111~~'1J~:u1Wr1~8~'U~1~ ' , 
Hatch Test Kit (Model CN-66, Hatch, US) 

1~mb'IJ"ab1m1um"a~1-:J bU'U 1, 2, 5 bb~~ 10 u1Vi 1i -eh.:~~iim1mur~:uaru'l-1fli1bb~~iimuJ1acl1.:~ ' ' , 

U1Vltl~:U~~1'Un11~1.:!~1.:!1 bbn~b:U~~ tl11~1'Utn~ PET (Lertsit industry, Thailand), J1Vl'l!nm~~~ 

150 g tl11~L'U'l.:!'Wa1?1~n PO 900 (Cryovac, USA, oxygen transmission rate of 3000 ml 0 2 I day 

14 bb~~ 211'U 

3. 

b Vl:U1~fi:U 

1. lbr111~~1il1'U1'U~~'U'Vl~~'!!u1~~-:J'Vl:U~ (total plate count) H15"Ua.:~ HFPB Canada, 

(2001)~1~ Standard methods agar (PCA, Difco Detroit, USA) -J:u~ 30 oc bU'Ub1"1 24 "ll:U 

2.1br111~~1il1'U1'U mfl~bb~~11LmTI"ll8.:! HFPB Canada, (2002) 1i 81'\-111 Dichloran-Rose 

Bengal-Chloramphenical Agar (Difco Detroit, USA) 'li:u~ 25 oc bU'Ub1a1 36-72 "ll:U 

3. Enterobacteriace bb"~ E. Coli ~1~ Violet Red Bile Glucose Agar (CriteriOn, France) 'li:u 

~ 35± zoe bU'Ub1~1 18-24 "ll:U bb~~ confirm ~~~1:u15"Ua.:J MFLP43 (HPB, Canada 1997) 



t:J"f11'jPimnvfu E.coli b'U'W'U1.:J~Til~1.:J LLm&~1'W1'WU'il~ ~.:J11.11~'111l.I11Lfl'j1~~t:.~m'm6'1~~ 

~1'il~1.:JffiiJ1~8'W ~ 40 oc L'lJf11'j~1.:J,f'W hJ'V'lu E.colil'W'Vln~1'il~1.:J 
' 

6.00 r----.-~=------------------------, 

5.00 

4.00 
3.00 

2.00 
1.00 

0.00"""==~~~;==============~=::::=====1 Ci 6.00i 
"3 5.00 

0 4.00 
CD 3.00 
g 2.00 

~ 1.00 
:I 0.00 ....L-~........:::.....:.;""""" .......... ~ 
8 6.00 .,--::;:~;;;::;--:----:::r:=-----------------~ 
~ 5.00 
I'll 4.00 

0:: 3.00 
-; 2.00 

0 1.00 
1- 0.00 -'----'-'-"'"--""'-"-"'"--='""""~.__= 
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"C 
0 

6.00 

4.00 

2.00 

0.00 

E 6.oo 
~ 
1/) 4.00 
C'll 

~ 2.00 

6.00 

4.00 

2.00 

r-------~------------~------------------------~ 

unwashed 1 minute 2 minutes 5 minutes 10 minutes chlorine 100 
ppm5min 

Washing Time (min) 

w 
0 
0 
CD 
r; 
2' 
1/) 

50 

l'i1-:Jtl'WeJ~1·:1i1irm~1f1'qJ L'Wfn'j'VI~~B.:~U fn'jLotlfl~eJ~'W 100 ppm(mg/U 1~e.J~fn'j~~h1~1n~~~ i~EJ~~~.:~ 

u'j::~1ru 2 log cfulg Li1eJ hiijA~eJ~'W 1'Wtl1 ~ruvuJiiJ1~ 60 oc a1~1'j{l~~:S1'W1'W~~'W'VI~m~1l1nn-h so 

40 bb~::: 30 oc 

.J .J 
'VI~'~ (mvm 22 bb~::: 23) 

LrleJti~ruvuJiitl1~ 30 oc nmm'j~1.:~1lJiie.J~~V~:S1'W1'W'l~'W'VI~m~Lb191nl'i1.:~n'W (p~o.os) L'Wfn'j 

~1-:!e.J~vt'IJ'Vi~~1EJtl1eJI:UVI.nii 40°( b'iJ'Wb1~1 1 'W1Vi 2 u~::: 5 tnVi fn'j~~:S1'1..!1'Wiil~'W'VI~Vti\J1~~-:!VI~~ 
• 'U , 

u":::Eia~bb":::'j1bibb191nl'i1-:Jn'U~1eJ~1-:J1ll~1-:J ci1'Wb1mnT~~1-!lbiije.J~~~ Enterobacteiraceae bflmVim.Jn'U 

1Ji'1mh.:~1lJ~1.:~ (.n1'1"l~ 24) 



c:n 
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~ ,. 
CD 
"'I 

-t 
CD 
3 

'C 
CD 

iiJ ,. 
c 
"'I 
CD -C') 
CD n c:· 
!!. 

UCJ~1ft'qJ ulm ViCJ'Utl'U~1acl1.:~ 11-i~\:~ nT~~1.:JL U'UL 1"1 1 o 'U1Viilr.t""~~1'U'J'U~~'U'VI~6"-:~acl1-:~iltimhft'qJ 

LL"~uia1iaru'VI.nij 60 oc G'l1ll11Cl"~~1'U'J'U~~'U'VI~6ti'U1~~-:~'VIl.l~ vG'l~LL"~11".:~1mli~1.:Jn'Um11i~"e:J~'U . ~ . 
100 (mg!L) 
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5. e-J~n1'j~~lij1'U1'U~~hJ'Vl'iJl 'U t11~~Vi''Uti11ttn::~v1~ n1'jtfl'U~h.:J ~ 

vhnT~~mnm1U'Ubt)B'U"llB-:!\l~'U'Vl~6\110bU~Bn~'Uti11 fl1~'UBfle..J6'16'1-:Jl:ib11~~~'Uti11bbfl::bU~Bflbb6'1:: 
• 'U 

e..JG'l"l!B-:!fl11~1-:!e..JG'lvl1Vtj',~B'U1fi~1-:! '1 ~BU~111CIJ~~'U'Vl~m 'Ub11~~~'U'Vi11 1::Vd1-:Jfl11bft'U~mn 'V'l'U'hb11~~ 

~'U'Vhmn::iim1U'Ub t)B'UfiB'Ui1-:J~-:J b ~B-:!\11fl~B-:Ibbfl::vl1 ~ijB BBm tl'Ub11~~ '1 vh 1 ~ffiBmi.'IU'Ut t)B'U L~111fl 

ofi'U ~~'U'Vl~~~'V'l'U L'Ub11~~~'UVi11ffilJ~1'Ufl11~1-:Je..J6'1 iilij1'U1'U111fl (> 5 log cfulg) ~~~111~~ 5 

\l~'U'Vl~~lJ'U Lvl~-:!VIlJ~ 
.. ~ 

Enterobacteriaceae • ~l.'llilbb6'1::11 

(log cfu/g) (log cfulg) (log cfu/g) 

' 'ihVi 1 5.fl. 50 5.058 ±.1.19 5.57 ±1.02 4.384± 1.41 
" ' 

'il1Vi 2 lJ.fl. 50 5.929 ±.933 5.603 ±.872 4.658 ±.127 

11lJ (N=48) 5.4933 ±.1.15 5.59 ±.944 4.520 ±1.18 

djB1 bf\11::~ ~1'U1'U ~~'U'Vl ~ 6 U'U b tJ B'U 1 'U blJ ~ Vl~'UVilJ bbfl::\11 fle..JG'l~'UVilJ~ ~ 1'U fl11~ 1-:1 ~1-:1 'l'V'l'U'"l1ii fl11 

U'UbtJB'U"llB~\l~'U'V1~6iJ'U 1v1~-:J'VIlJV1 Vl.'l~bb6'1::11 bb6'1:: Enterobacteriaceae 'V'l'U E.coli L'U~1Bci1-:JblJ~Vl • 

~'UVilJ\11fle..J6'1.ffilJ~1'Ufl11~1~ bb6'1::fl11~1~~J1~CUVIJJlJ 30 oc b'Vi~-:!~1Bci1-:J6'1:: < 2 log cfu/g LlJ'V'l'U1'U 

~1B~1-:!~'U 'lBfl blJ~Vl~'UVilJbbn::\11 fle..J6'1~~1'Ufl11~1-:!vl1~J1BCU'VIfll1 ~1~ '1 ii~1'U1'U\l~'U'Vl~~1l.ibb~ fl~1~ 
. • 'II \.1 , 

n'U (p ~o.os) bb~l.'l1lJ11t16'1VJlij'1'U1'U~~'U'Vl~6"-:~1~ 'I.J1::111ru 1-2 log cfu!g bi1mVi~'Utl'UblJ~~~uVil.l\11n 

~1e1ci1~ 1lJ~1-:J fl11~1-:Jvl1~fl6'1B~'Uiilij1'U1'U\l~'U'V1~6iru 1v1~-:~VIlJ~6'1V16'1-:J 1v1lJ1fl~l.'l~ 1 'U~1e1ci1~~bfl'U~mn 1 'U ' , 



Storage days 

0 2 5 7 14 21 

.C """' N lll 0 CD 
w .... ·E 
"' 0 ~ -c: J:: " (.) 

.c r N 1.0 0 CD 
Ul .... ·E 
"' 0 ~ -c: J:: 

" (.) 

Washing Time (min) 

bl1mn~n1'Hfl'Ub~l.l~'U ~1'U1'U~~'U'Vl~~ir'U 1\9l~.:~VIl.l~b~l.l~'UB~1-:d:itrm111"i'qJ (p sO. OS) 1~CJm~ 

n1'~bfl'U 0 bb"~ 2 1'UhJiim1l.lbb\9ln~1'1fl'U ~1'U1'U:U~'U'Vl~~U'UL\9l~.:~VIl.l~b~l.l~'Ubn'U bntu,rl1VI'U\91'1JB'I UK • 

53 

Refrigerated Foods Association 4.7 Log cfu/g (UK Refrigerated Foods Association 2002) VIGl'I:U1n 

~~\91 ("\9l".:JLI9i'th~l.l1tu 3 Log) bb"~VI1n1ib1"1milK1'1b~l.l~'Ul:l1l.l1itt"\91L\9ll.l1n~'U (m'V'l~ 26) bb~~B 

V1Gi'.:~:u1nui'U-rmnH 7 1'Ue.~"mi"191hlbbl9ln~1.:~n'U 
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Storage days 

Washing Time (min) 

0 • .C:: 3 d ~ .:::. ~ I ~ 1.1 I ~ ~ Q .d d' 

~TUTU EnterobactenaceaebV'lll"ll'Ublle:Je:ntJm'HnubV'lll"!l'U bb\9lbV'lll"!l1fld1tJ6'1\9lbba~·n bba~~a'U'V11CJ 
' ' 

'11u1~~.:1'1-11l~ V1~.:~~1n 71'U lii'1'U1'U Enterobacteriaceae 1'Ubll~~VIuVill1~bb\9lfl~1-:ln'U1'U1crm1~1.:~ 



Storage days 

0 2 5 7 14 21 

Washing Time (min) 
Error bars: +/- 2 SE 

6. n1'a1Lfll'a1~~'V11.:!'1.h~t'I1'Vl~~t:1t'l 

1. 15m-a1Lfll'a1~~'V11.:!'1.h~t'11'Vl~~t:1t'l 

1 i15L~m fl'U fl1'~1 bfli11~,'V11~tl1~6'11'V1~11 er6'1'lJB~1J~a~ f1B6'1 ~Iii'~ bb~~f) B 1 i15~~~bb tla~~1f1 

Qualitative Descriptive analysis: QDA (Stone 1992) 1-tl~'V1~6'1B'UbU'UU~Iiltl~qjqJ11il11umfll1'll1 

l 'Vlfl!L u1a~m1m'VI11bba~ 1.n'll'Wi2116'11il4 1l'VI11'Vlm"' tJ1l'VI16'111fl111 vl1m1fi'~L~ an~'V1~6'1B'Uiil11115'lla~ 
" 

ASTM; Guidelines for the selection and training of sensory panel training member 1-tlba1 

fl~b~Bf1~'Vl~r:IB'U 2 L~B'U L~~'V1~6'1B'U ~1'U1'U 14 fl'Uvl~fl1Wr:l11~6'111111mbtlf1Lbtl~fli1111Lblilf1~1~'V11\l 
" " ' 

tl1~6'11'V1~11er6'1h'll.u1~1ii'LJfiau-b'1~~ lU'WU~Iil.ffutJvi 4 vl~m~~~wi1~ 19-22 tJ LiJu'VI~~ 6 fl'W LV'W'll1EJ 8 

fl'U 1~mllilf1~1~~1ner'V1~6'1a'U'llB~11~a~na6'1~1ii'~Ll~~ (ltl~vu 'll1EJ 1 fl'W) 
" 

~1ntTuvl1f111~m.Juer'V1~6'1a'Uiil11115 QDA (Stone, 1992; Stone and Sidel, 2004) 1~EJ'I.h~'ll11 " . 
n~~n'WL~a~~'W1fi1~'V'l\'ll~aa5'U1£Jflru"'mtru~'V11.:!ti1~6'11'Vla~~6'1 (Descriptive terms) 'llB~b~~~Vi'uVi11 • • 

55 

lbn~1otlL1a1Yi~'W1fi1~'V'l\'l 3 session 1~EJ1'WLL~a~ session 1iL1m 60-90 'U1Yi 1~t~1-tl'l~~~Vi''UVi1lbbf1~1'VI~ 

(lj Total soluble solid 15-18 brix) LLa~bL'1M'WlV'Wb1a1 31''Wb'Uf111Yi~'U1fi1~Yl\'l 
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~ 0 0.1 ' 6.2 e..I~01~W~'l.!1fi1AW'VI 

1 t.!n1~'VI~a a~d er'V1~61au'W~t.!1fh!"i''V'I'Vll~~TU1'UUeJI:l n111"111"i''V'IVivtl-tia5u1t:Jl.l::a:ma b ~a~~1n 
'U 

~1 a~1~~U'Vil.l hifiat:Jijfl11l.l'Ha1n'Ha1t:Jl.l1 n'\J n Lba::~'V1~61au 1l.l '1~-ru'I.J~::'V11'U~UVil.l61 ~ b U'U'l1~::~1L "!i'Ue.Ja 1~ 
'U 

~'U 1 b~eJ 1~1"111"i''V'IVi~~'Hl.l~bb~1 u11"11l"i''V'1Vil.l1L ~~'V1~61aufi'~L~an 1~1"11~~:: 1-&1 'Un1'~61~1~bb uu61eJUC11l.lb vJa 

1 bfl'n::~fl UJ.fl1i"''V11~'1.J 'j::611'Vlal.J ~61'1Jel~ Ll-J~ lflli'UYil-l LLn::~eJ 1 tl • 

~1'j1~~ 6 1"111"i''V'IVi~~'Hl.l~~~'V1~61eJUL-ti'V'I'j'jUJ'U1an1Sru::'V11~tb::611'Vlal.l~61 (Descriptive terms) 'lleJ~bl.l~~ 

~UVil.JLbn:: 

;:1 ..: I I 'l ;:,dd 
b u'Ubl.l~ 'j'J'U 'll'U bbu:: t61 b'H'UeJ::'H'U~ b u'Ubi:JeJ 61 • 

..:::11 c:t d ~ C::: C::: .d I ~ t: 
"!ll.li"' 61Lb~~ 61'1l11 l.lbl.la~ LiJ'ULm~ L'HG'II:ll.l "!ll.l u1'U1 

'U • 

~.:! b~I:J1 ~'JU1.:J i1.J1b'Ub:iJ~ .ff1 flJ1 ~1:1 b~eJ bl.J~~ • 

'Hell.J~1~1 'HeJl.J~'HalU 1:11-:J 1~ n~'Ub'I.J~eJn na'U'lll.J 

flel n~'Uth~ 'Hell.Jl.J~I:Jl.J n~'U1u1~ na'Ub'H~1'H~n 

"' "' L~t91n ~ULb"'1UtJ1n LL~~ ~1lJ L~~1Lbtflfl~~LtJ1::: ijti1 

L~a~~~'U "H11'U~~fla LL61Ufla LL61Ua'U 611nrm r.J1~ 

bfl~autl1n 

'H11'U'l1::bbrll.l ~~ 'H11'Ub'Hija'l.!u1ma61~ L~eJ~1.:J 

f.J1~ L'iJeJ'U '1JlJ Lfll.J b'I.J~m 
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tl 
o u .. d 4 '1 II 

6.3 ~~ f'l1A'VWIVIbfileJnt~ 

rwh..Jer'VI~G'Iau 1#1~-;n .. H1t~ ~~ b~ a nfi'1~'V'l'V1~ 1mb~"~VllJ1~ L ~a 1m"' m16'1~1~6'1 bn"th~ bilt~flru.rn'V'l'VI1~ 
• '\1 • 

iJ 

fl11lJbb'Vl~ 

fl11lJVI11'U 

1~~l..lblJ~~~uVil..lth~biJt~n~t~VlalJ"!leJ~~1ni1l..l1n~6'1~ 1t15~hli1n~'U Vl~an~'U 
d 

bbtl"mJ"al..lat~1 
• 

th~ biJ'U~ b tlal..l~"~ na 1~~f111l..l€1~~1~ 1~1n~bb~~ 1 tJ5~~~~ 

bb~m"~ 

~1~~'\J"!l a~fl11l..l bb ~~~~1 blJ~~~uVil..lbbn~ ~1mb~~ 1 '\.J~t~5~b U'Ublia n 
'U 

~l..lbtlml..l~~~uVil..lbbf1~bbm:'\.J1~biJ'Ufl11lJVI11t!~1n'Vl11t!l..l1n~6'1~ (~1b~al..l) hi 
' 

bb"~1#\'vhm16'1~1~6'1bnm11Vl1'uth~bi3t~ 1~~1-tlG'Ibnm~t~m~ fl11l..lm1 6 d1 (Stone 1992) 1~~ 

G'lbmr'il~ni~VllJ~ 9 fl~bbt~t~ b~lJ~1nt!a~~6'1~ Vl~ahli1 t~nfl~bbt~t~whnu o 1tl~t~5~lJ1n~6'1~ 1~i1fl~bb'U'U 
' ' 

9 fl~bbt!t! 

'1'11m1!ine.Jt~er'VI~6'1au1mi6'1bnm.b:niJ'U1#\'a~1~f:ln~a~ 1inman 2 session '1 "~ 90 t~1'Vi 1~£J1i 
" " I 

n~t~VlalJ ti~1~uYilJ 1oo% ~11Yiilln btlt~fl~bbt~'Ubvhnu 9 blJ~~~u'Vil..lbbn~1Vll.i biJ'Ufl~bbt~t~bvhnu 1 

bb"~blJ~~~uVilJ~u bU'Ufl~bbt~t~bvhnu o 

~bb~~ 1"li~1~uVilJ too% ~11Yiilln btlt~fl~bbt~t~bvhnu 9 blJ~~~uVilmn~1Vtl.i bUt~fl~bbt~t~bvhnu 1 bb"~ 

blJ~~~uVilJ~u btlt~fl~bbt~'Ubvhnu o 

fl~bb'Ut~bvhnu o 
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m1l.!Vl11'U1mi.J1~uvb.t 10o% 1'1~1ViU1n bV'Uf1~bb'U'Ubvhn\J 9 bl.J~~~\JVil.Jbbn~1vt1J bV'Uf1~tb'U'Ubvhn\J 1 

bb{;l~bl.J~~~\JVil.J~\J btl'Uf1~bb'U'Ubvhn\J o 

'Vl~?l€J\JJ'U11'1bbt:J'Uf11~'Vl~{;l€J'Ibb\J\J Balance block design (Stone, 1992) 1~tJij~'Vl~?lfl\J"Iil.l 11 f1'U 1 

'Vl~'Vlbl.J'Utk~~ijer'Vl~a€1\J"!il.l 4 f1'U "Bl-l1 'U-ci1.:~nm~~V111.:~ 16:oo-18:oo 'U. L'Ubb~{;l~-r'U~f1~\JmtJm~bn\J 1~tJ v • 

m~bl'l~tJl.lt'11€1~1'1bl.l~~~'IJVil.lbbn~HJ1vti!mJ~~l.l1W 35-40 g \J~~~{;1'11'Um~ Styrofoam ~"ll11 

"ll'U1~ \J~~~L'UVl~l.l'V'Im?l~n"lltJ~ PO 900 (Cryovac, USA, oxygen transmission rate of 3000 ml 0 2 

I day m 
2 

atm at 23°C) tJ~t:Jilnt1bt~m1l.l~€l'U bb{;l~Lnu1'mn1'U~b~'U~ 1~tJij ~l.ll'l1€l~1'1~ vt~'I\J~~~ (0) 
v • ' 

2, 5, 7, 14 bb{;l~ 211'1..! 

~fl.:~tlij\1"~ m~b 'Vlf1L 'U L{;1Vtnvt1~ 1~m~vt11.:~~1€1~1'1n1vt'U~ 1 ~~'Vl~?l€1\J n~1tl1n~1t1.J1a~m~ rifl'U"!il.l 

1'11€1~1'1~€1 1 tJ 

t:J{;j m~1 Lm1~~~ ru.n 1'W'Vl1 .:~tl ~~?l1'Vl6Yl.leY ?l"ll€1'1 bl.l~~~\JVil.l bbn~~1 nt:J{;l~rK1.:~~1 tJ am1 ~~ 1.:1 11 'U LL~ 

{;l~mtJ m~Ln\J bLa~.:~1 'U.fl1'V'I~ 28-32 €Jruvt.nuJ16i'1.:~bL{;l~nm 1 'Um~rK1.:~ijt:J{;j~mrm~ru~'Vl1.:~tl~~a1'Vl~l.le1'a , , v 

~\JVil.!LLn~~1m.J(;1LlJ6\'1~U{;l~rK1'1~1tJf1(;1€J~'Uij~n'liru~'Vl1~'lh~a1'Vl6Yl.leYa~1'Un~'U~n11am1~m~6\'1~~'U'l 

bb{;l~brl €l€11tl f11~b n\J b ~l.l~'Un~'U{;l ~{;1'1€1 ~ 1'1iji!tJ611f~'ru (P <005) bb{;l~er'Vl~?l €1\J L ~'II €1~'1 Lnl'lrJ1bl.J~~~\JVil.!Un~ 
~ ., \1 • 
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Error bars: +/- 2 SE 

fl1~Lrl'U~1~'1 (fl~LL'U'U 9 fim.nn~~Wl LL"~ 1 hJ~lJ10~61~ vnnfl~LL'U'U~1n--J1 3 LLG1~-:d11lJLU'U~rlfllJ-r'U 
I ' ' 

'\.JijLG'lil~lil:::'dll (unmarketable/ reject to test) 



4.0 

4.0 

. on....u-t=r.wru:;=ru.ru WTL'T"-ii-'-"i-'-"i-"'if.U U.fUi-'"'+'-'-fL'+"T'-1 .......,.,.....,:.J.Y-~..u u.........ru..:,.u;ru-r.....,_. 
"' "' "' 0 0 0 

~gf'lnnfl 

[ 3 
~ 

Wash water 

Error bars: +/- 2 SE 
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10min 

fl1'V'l~ 29 e.J~m11bm1~~6ln~ru~'V11-:Jtl1~ff1'Vl~~erff~1'U~bb~.:~'lla.:~b~~~~\rvh.Jbbfl~ ~1-:~e.J~~ffm'l~bb~~m~ 

fl11bth.J~1-:J'"' (fl~bb'U'U 9 fia~1n~ff~ bb~~ 1 hJ~~1fl~ff~ Vt1flfl~bb'U'U~1fl11 3 bbf!~-:~1111JbV'U~tla~-ru 
I ' ' 

tl~bG'lli~"'il~'ll~ (unmarketable/ reject to test) 

d.c~ d C::d 1d Gcva ~ ..:::.Jd GcvA 
fi~'U~ffm1~€l'U 'l m ~ fl11bfi'U~e.J~\9lelf!'llel~ ~~~'Vlu'Vl~bbfl~m~ fl11bfi'U b Yl~'li'Uff'llm b~~~'Vl'U'Vl~ 

btl~ti'Ubb tl~.:~ el~1-:~ih!m11fi'ty(P<005) 



.!!J. 

~ 
0 
Ill 
Ill 
Cl) 
c::: 
.!: 

Storage Days 

Ill 
Cl) 

.t .0~~=======: ::==~====~ :=::=::=::::::::::: :::==~====~ r------, 
c::: 
C'a 
Cl) 

:!!: 4.0 

.0~~~=: :=:=====~==: :=~~=: ~~~=: ~~~=: 
8.0 

4.0 

. 00-'-',...,...,.....r'+'u..r'-' '-"r"f'Li""+"..,_...,"'-' L.L-flJToUTUrYLLT'-' '-'+"'T"-i"""'f'J'T"'i"-' U~llfll;..u.TI.Lj-U 
~ ~ g; 

~Qnr.{)fl 

i~ 
Wash water 

Error bars: +/- 2 SE 
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.fl1'V'l~ 30 e.mnT~·~hm1~t.1~n~tu~'V11.:!\h~?I1'VlG1:W~?I~1'Ufi11:Wb~.:J"lle:J.:Ib:W~~VlUVh.Jbbn~ a1.:Je.J!;I~?I.fl11t:bb!;lt: 

enEJm1Ln'U~h.:~., (~PJ~bb'W'W 9 fit~mn~?l~ bb!;l~ 1 1~~:w1n~?l~ 'Vl1n~PJ~bL'W'W~1n';h 3 Lb?l~.:~-h1~LU'U~ 
, J q " 

EJv:w-ruu!)L?Io~~~:a:w (unmarketable/ reject to test) 

IP111:WL~.:!!;I~!;I.:!e:JV1.:Ji1um11f"i'qJ (P<005) fl11a1.:Je.J!;I~ 10 'U1Vi vi11 ~L:W~~Vi'uVi:WLLn~i1fi11:WL~.:!UtiEJ!;I.:Jfl11 

~1eJci1.:J~'U1bdtJen~m1Lfl'IJL~:W~'U L'U~1vci1.:J~a1.:J~1EJ\Pl{;ltl~'U 100 mg/L LL!;I~~a\~hli1fl11:WLL\ilfl~1.:! 

n'WLL!;1~1liLL\ilfl~1.:!1'W"li1.:!~'U"lltl.:JB1Elfl11Lfl'IJ (2-5-J'U) • 
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Wash water 

Error bars: +/- 2 SE 

d .Q. GQ.I al cu cv t1 1.1 C:: cv oC1t. II d 
Jl1W'VI 31 e.JG'ln1'~1 bfl11~'VlG'l n~ru~'V11'l u1~?11'VI?Ille.J?I~1'Wfl11llbb '1/Wl.le:J.:mJG'l~'VI'U'VIllbbn~ G'11'le.JG'l'VI?I.fl11~bbG'l~ 

mtJn11bn'U~1'l61 (fl~bb'W'W 9 fiamn~?t~ bbG'l~ 1 hi~ll1n~?t~ 'Vl1nfl~bb'W'W~1n11 3 bb?l~'l111libtl'W~ , I , .. 

tle:Jll-r'Uu!)b?tli~~~-all (unmarketable/ reject to test) 

. 
t Q.l I .::!1 

n11~'le:Jtl1'le:J'W 1 
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m';i1ithrm.~ ~so oc LL~::fl~B~tJ too ppm ije,J~~~:51tJ1tJ~atJVI~~tltJL~BtJ1t.~LlJ~~\'i'uvhmn:: 

1~B~1~lj'\Jmh!"1qJVI~~m-;itiBmL~~b~~~lJ LLI'l~~tJVI~~?I1ll1';im~~qJL&iu 1~L ~ll~tJLrlBm~ n1';ibrl'IJ L ~ll~tJ 1 tJ 

L~B~~1nm';iLLn::e.J~\'i'uVill~B~1iijmlll~?lll1n e.J~\'i'uVillB1~~B~ljll1~';in1';i~tJL~m1B~ntJm';itltJL~BtJ 
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nT:i~n'l~ntTiotl~'Hl~1-3~GU-31~G'I~Yi\.tq11-3b~mJ lil1n€hUlB'U1G'I11brl'lJb~f.n1~'VI11-3 L~B'UYiq~.fl1fUJ 

5-3L~B'U mn!J1fll.l 1-ffL'iJ'U~1B~1-3L-31~L'Uq~ (in season) LL{;I::Ln'lJL~I:.I11::'V111-3L~B'UO'Utm.J'U L'lJ'U~1B~1-3 

L-31::'Uann~ (off season) L-31~G'I~f:ln "ll'U6"1-31il1ne.i'~~~1~1:.1~1-3l.l11il1nhw~"1~ b'U~-3'VI1~l.I'VI1G'I11r11l.l 1-tl 
or~ ~ ~ 

1::1:.1::L1m 1 A'UL~Bl.l15-3ci'-3~a-31J~'lJ1im1mr~1"1l1L'VIr~1'U1"mm1m'VI11LL{;I~t.n"ll'Uf'I1G'I~{ r~w::L'VIr~1'U1"~ 

l.I'VI11'VII:.I1~1:.1l.I'VI1~11rl1l.l 

... 
n11'VI~{;IB-3L-31~Vl-3~{;1 



1un1';i'Vl~~B-!!ll~1''Ufi1LL'U~thil1n'li'n1-.5'u~L~El-!1 ~.:~1~tJ-r'ULLe.J'Un11'Vl~~el-!IL~m~l.ln111oUG'l11~~~1EJ 

f1~el~'ULi1lJ1~1lJ~1EJ LL~~~~L1mn11~1.:1 1 'U1ViBBn ~.:~1~LLe.J'Un11'Vl~~el-!l~-!!d 

1. 1lJ~1-!I (f11'Uf1lJ) • 

2. " ~1.:1~1m!1f1~B~'U 100 mg/L 

3. 
II tJ Q., .o::tt. 

m.:~wwn~u Bf:l.!'Vl.fll.l 30±2°C • " 
4. " ~1-!1~1EJt11n~'UBf:l.!'Vl.fliJ 40°( • " ... 
5. ~1-!1~1EJt!1n~uBru'Vl.niJ 50°( • " 

" ' 
6. ~1-!1~1EJt11n~'UBf:l.!'Vl.fliJ 60°( • " 

" Vi'.:~G'IB-!I~'ULL~n~1-!ltl'Ul.l1n • 

' 
225 ml LL~~L~ml1-!l~-!1~1l.lci'1~'UViL'VllJ1~G'llJ 
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1. 1Lf111~\·hl1'U'l'U~~'U'Vl~~'li''UL~~-!I'Vll.l~ (total plate count) 1"!i15"!leJ-!I HFPB Canada, 

(2001)~1EJB1'Vl11L~EJ-!IL~B Standard methods agar (PCA, Difco Difco Detroit, USA) 'lll.l~ 30 oc Ltl'U 

L'lm 24 i11l.l.:~ 

2. 1Lf111~~~1'U1'U ~G'l~LL~~111-ff15"tJB-!I HFPB Canada, (2002) ~1r.JB1'Vl11L~r.J-!IL<ffB Dichloran­

Rose Bengal-Chloramphenical Agar (Difco Detroit, USA) 'lll.l~ 25 oc Ltl'UL1~1 36-72 -B''lLl.l-!1 

3. Enterobacteriace LL~~ E. Coli ~'lr.J Violet Red Bile Glucose Agar (Criterion ,France) 

'lil.l~ 35± 2oC Ltlunm 18-24 i'lLl.l-!1 LL~~~'UEJ'U {confirm) e.~~ml.I1G"!lel-!! MFLP43 (HPB, Canada 

1997) 1Lf111::~LUV'11:: 1'U~1el~1-!IL-!11~G'l~~~LL~-!I 
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e.JflL.:!1~'1..!elOC]~ih]1'U1'U~~h.J'Vl~~vY.:~'VflJ~ LLfl~~1'U1'U~G'I~LLfl~11LL\9\ ntJh.:!~1 Oe.Jf!L,n:: L uq~ {p~0.05) 
') ~o .c:t. d.-~ d do d .. d 
b~c.M1~'UtlnCJ~l.1~1'U1'U ~fl'U'Vl1tJ'Vl.:J'VflJ~L\mtJ 8. 71±0.23 log cfulg lJ~1'U1'UtJ?II'Hbfl~11bufltl 7 .28±0.52 

log cfu/g b.:J1~1uq~i1~~'U'Vl~~vY.:~'VflJ~Lu~tl 6.72±0.27 log cfu/g i1~1'U1'U~?I~bbfl~11L\l~tl5.68± 1.17 

nu (P>O.OS) 

\9\1~1.:1~ 8 n11fl~fi.:J'Uti~~~'U'Vl~~u'U1~vY.:~'VflJ~ (log cfu/g) 'U'Ue.Jflb.:J1~'Vf~.:Jn11~1.:Jtl1~G'Iil11~vi1.:J1 

("lit~~f1~1nl9i'1ti~1~L~1~ 3 J1m1'Vl~flti.:J n=8) 

Reduction relative to unwashed (log cfu/g) 

Wash water Min Sample off season Sample in season 

treatments 
Total count Yeast Mold Total count Yeast Mold 

Unwashed (log cfulg) 8.18±0.14 6.93±0.22 6.45 ±0.31 4.03±0.13 

cr100 mg/L 2min 2.54±0.13a 1.54±0.80a 2.21 ±1.81a 1.09±0.25a 

30°C 2.40±1.86a 1.19±1.11a 2.10 ±0.76a 0.23±0.84a 

40°C 2.31±0.52a 1.34±0.85a 2.24 ± 1.23ab 0.53±0.27a 

50°C 3.80±1.10b 2.28±1.45ab 2.92 ±0.62ab 1.83±0.07a 

60oc 4.31±0.93c 3.37±0.91c 3.79 ±1.55c 3.20±0.66b 
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~1-a1~~ 8 fl1'j(;l~(;l~"!Je.J~'l~h.t'Vl~6tiu1~~~Vll.l~ (log cfu/g) 'U'U~(;lb~1:::Vl~~fl1'j~1~thviG'!m1:::\0h~1 

(oUe.JlJ(;lliJ1fliK1e.J~1~b~1::: 3 eJ'1fl1'j'VJ~(;le.J~ n=8) (\0\e.J) 
'II 

Reduction relative to unwashed (log cfu/g) 

Wash water Min Sample off season Sample in season 

treatments 
Total count Yeast Mold Total count Yeast Mold 

Unwashed (log cfu/g) 8.68±0.19 7.13±0.23 6.70 ±0.30 4.63±0.13 

Cl.100 mg/L 5 min 4.84±0.53b 1.84±0.20a 3.81 ±1.61bc 0.49±0.77ab 

30°( 3.40±1.32a 2.39±0.11b 2.05 ±0.77a 0.63±0.34b 

40°( 2.91±0.72a 1.74±0.25a 3.29 ±0.22ab -0.08±0.07a 

50°( 4.80±0.10b 2.23±0.15ab 4.92 ±0.66c 1.03±0.16a 

60°( 6.21±0.53c 6.47±0.92c 4.99 ±0.95c 2.30±0.86c 

Unwashed (log cfu/g) 8.75± 0.31 7.43±0.75 6.73±0.31 6.73±0.31 

Cl- 100 mg!L 10 min 5.11 ±0.58b 1.92± 0.58a 4.24± 0.93b 4.63±0.12c 

30°( 3.18 ±1.32a 2.47± 1.32b 2.13 ±070a 3.67±0.82b 

40°( 3.41± 0.72a 2.24±0. 72ab 3.38 ±0.29ab 2.20±0.36a 

50°( 5.08± 0.27b 2.63±0.27b 4.89 ±0.69b 3.32±0.52ab 

60°( 6.58 ±0.89c 6.67±0.89c 4.90± 0.51b 4.33±0.81bc 

' ' 
b~e.Jlj''U 95% 
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tJtll.l-ru1~ (bnru,lm~nT~bnuml.lfltui11'VlVl1~~~h.!Vl~~'lltl~tl1VI11?1\9lbb"llb~'W UK Refrigerated Foods 

Association (UK Refrigerated Foods Association 2002)) b~tltl1~n11bnUb~l.l~'W ,]1'W1'W~i1'WVl~~'ITu1~ 

~~VIl.J\9lb~l-l~'Wmh~~,rmh~'ry (p ~o.os) L\9ltJm~m"abn\J o bbG'I~ 2 1'Whl~m1mbV~n~h~n'W ~1a~1~b~1~ 

~~1~1'11tJflG'!ti~'W 100 mg/L ~U~l-l1tu~i1'WVl~~ b '\.J~tJ'Wbl. tlG'I~fl~~V~G'Itl\91t11~ m11.n\J l.~t!~:U11tu1:U1 nm~ 

m1u~u 7 i''W~ej\b~naum1~mm1 'Vl\Jn11m1~1~1'11ml1flG'Iti~'W l.bG'I~tl1t!tuVI.fliJ so oc btl'Wb'JG'\1 5 
~ ' ~ 
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Wash water 

30 Celcius 40 Celcius 50 Celcius 60 Celcius 

Min 

Error bars: +/- 2 SE 



Wash water 
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Wash water 

Error bars: +/- 2 SE 

lil1f1f111'Vl\9l(;le:J.:!Yl'U11 b-:!1~'Uan~~iim1tl'Ubtla'U"!l8-!!~i;'l\iibb(;l~11btl'U"il1'U1'Ul.l1f1 bb(;l~f111~1-!!~1f.l 

f1(;!8~'U ~1aruV1fli1 3ooc 40°Cbb(;l~ so oc 1~i;'l1ll11t1(;!\9llil1'U1'U~i;'l\iibba~'l1(;!-!!L~af.I1'Uwru6Vi~f.la1l-r'U1~ (3 ' ~ ~ 

.,j OJ 1 II .,j ) 
'Vlf.J81J'l'U (91 (fl1'V'l'Vl 36 
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~ c 
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"i11flfl1'Vl~ 37 e.J(;tfl1'~~\!!~';lE.) J1fl(;te:J~'U J1~tuVlJJiJ 30oC 40°( bb(;t~ 50 °( hJG'11l.l1'ati(;IVI 
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Wash water 

Min 

Error bars: +/- 2 SE 

b,:n~L'W'j~m"ihhu1'W~~r;bb":::~1.Uemn11b\l1:::'tmnq~ m~~1\lbtltmmL.W£J\l 2 u1Vi~w1 

~1'W1'W~~r;bb"::!~11111h.ibb(;l n~1\l~1n~Tmh\l hJ~ 1\l b~B 1 otlb 1a1b ~l.I~'Wbb"::!BW'VIflijb ~l.I~'W~1'W1'W~~r;bb":::~1 
• 'U 
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m~1-tl'rt"e:J~'U 100 mg/L bU'Ub1m 10 'U1Vi&'11:U1~fi"W~"il1i.!1i.l Enterobacteriaceae 1~ 

e:J~1.:~~irmh~'QJujmViuunum~1if1"e:J~i.l 100 mg/L bUi.lb1"12 bbm~s u1Vi bb"~"W~"il1i.!1'U1~e:J~iu~~~u~ 

c.~e:J:u~u1~~Uufi.:~mc.~m~bnu 71u 1ummn~Lnu 141uiJ"il1u1uhlLLVln~h.:~~U1n~1e:Jci1.:~hl~1.:~ m~1-HJ1~ , . 

~e:J'U~ 60 oc G'I1:U1~fi"W~"il1i.!1i.!1~:u1nn·:hm~~1.:~G'Im1~~i.l~ bb"~~.:~b~:Ub1m1um~~\:~btl'U 10 u1Vi 

l:I1:U1~flfi1U rt:U"il1i.!1i.l 1~1ilufi.:~iul:IW~m CJ m~ bnu~ mn • • • 
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L~ f.J Lrler€1 fl!'Vl.flii LL!;l~ L 1 (;11 L ~:W~'U f1Tm~..J1'U1'U'l~'U'VI~6 b ~:W~'U a th~ih!mh9 n 1 'V11~G'I ~~ bb!;l~d1'Vli''U~1eJ ~ 1~ , \J 1 D~ 

b~1::' f11'S1-tlaru'Vl.niith~ 50 Lb!;l:: 60°( G'I1:W1'St:l(;l~..j'1'U1'U'l~'U'VI~ffi~:w1f1~G'I~ , '\1 , , 

L'l~rub~'U L\9l"!Ja~'l~'U'VI~6 b U'U 1 t11~~1f.l ~" b~1::~"!J'U~bb!;l::~~'U~~1"!J'S"!J'S:: LU'U~Lm::~~"!la~'l~'U'VI~ffi~a~1~~ " , , , 

L~1::'UeJtw~ ~..S1'U1'U'l~'U'VI~6:w1rm11L~1:: 1 'Ufl~ ~~.nb U'Ub i"''S1::L~1::~Lrh.J b~tn 1 'U'1h~'Uann~~..S1'U'"J'Uuaf.J vi \1 q ul '\1 ul \1 

a1'Vl1'Sb~f.l~b ~eJ~ bbf.l moi"'1::th::b.n'V11:w 1~ ..S1b '1"11~ b '11~'1~ b U'U species !ii'~,!'U 'il1'U1'U~~'U'VI16~m1:UU'U 1~ 

m'l b U'U'l~'U'VI16~11 u'Vl~a'l~'U'VI1m 'jfl~"!J~~a~\911:W5'S'S:W"!J1~ L .01~~ 1 'Ub u~ am~1:: 1~b U'Uel'U\9l'S1f.JvieJ:w'U~6 , , " , 

s.1 i6n1-a~1L iltJm-am-a1Lfl-a1::~'V11~tl-a::~1'VIfl':wer~ 

f11 'Sib fl 'S1::' ~'V11 ~tl 'S:: G'I1'VI ~:W er G'IL mfi b ~ V'"J flU f11 'Si bfl'S1::'~'VI1~tl 'S::" G'I1'VI ~:W er G'l "!J a ~:W:: !;1:: f1 el6'1 ~ ~ ~ LL vi~ 

~eJ1m6~1ii'~LLtl!;l~:U1f1 Qualitative Descriptive analysis: QDA (Stone 1992) 1-tl~'VI~?IeJ'ULU'UU~\91 

'VI~G'Iat.J\911:W15"!Ja~ ASTM; Guidelines for the selection and training of sensory panel training 

member 1iL1!;11\9~L~an~'VI~G'Ia'U 2 L~a'U 1~~'VI~G'Iau ..S1'U1'U 14 fl'U~~flfl!G'I:WtmG'I1:W1'SmLf.lmLV~fl11:W 
'IJ 'IJ , 
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bb\9lnt'h-'l'V11-'lth~~1'Vl~l.lil'~H1hJ-:i~~ul"lel'ui1-'l~ btl'Wil~\9\.&'Uu~ 4 ~i1en~1~vr;i1-'l 19-22 tJ bU'WVI~-'l 6 fl'W 

bU'W"!m.J 8 fl'W ("!Wib~mnu~'V!~~B'Ul.l~~~neJ~~wi'~bb~-'l) 
• 'U 

lil1ntY'W'~11n11~mJ'U~'Vl~~€l'U\9\1l.l1fi QDA (Stone, 1992; Stone and Sidel, 2004) 1~mh~"lll.l 
'U • 

3 session 1~EJ1'Wbb~~~ session H\·nn 60-90 'U1Vi 

\9\1'j1{1vi 9 Fhl"i'~~~-'l'VIl.I~~~'Vl~~B'Ubi~11UJ'W1~n"Mru~'Vl1-'l'lb~~1'Vl~l.lil'~ (Descriptive terms) 'lffi-'lb-'l1~ 

~~bb~~b-'l1~~1?1~1?lbb~-'l 

~1?1 b~-'JtJ1 n~lJ 1 i1:ul?l~1~t.J~ bb~-'l n~lJ-'lB hl1n b~m tJmEJ-'lB'U 
' 

1 1 ~ d d Q ~ d q~ 
"!J'U l.lbb"!J-'l ~flb-'l1~b'VIEJ1 "!J'Ubb"!J-'l l.lb~~EJ l.lliii?I~'U1\9\1~ "!J'Ub-'l1~"!J11?1 

" ' v v v 
dO 4 d do dO II do t d d 1.1 

l.I'W1bfl~B'U l.I:U~~I?I1 ~'U1\911m"!ll.l ~'U1\9\1m'W1 t-1~1 n~l.l1 "!l'W~l.l 
' 

"!J'UitlJ~~1b~lJ€l t.J~b~-'l ~1"!J'j"!J'j~ "!J'Ub-'l1~bb~-'l "!J'Ub-'l1~bb~-'l bb~-'l 
' 

b'VIi1B'W1 ~~1n b\JaBnu1-'l b\JaBni1:u~ i1b~'W~1nm-'l b~El1l.l1n 
' 

~b'VIi1B'WLI?I'W1~~1n ~"!l'W~I?I ~~1?1 ifluUJbb~-'l ~~1 ~~1'1i1 ~b~EJ1 

:U1nlci:u1nLfl'W ~b~El1BB'W ~bb~-'l~~ ~bb~-'l\J'W~1 ~bbl?l-'lb~EJ1 ~ 
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~1'51~~ 9 f'11Mvn1~-:~'Vl:u~~~V1~6'1eJ'U1iYl~~ru'U1~n'liru~vn·nl~~"1V161':wer6'1 (Descriptive terms) "lle.l.:IL-:11~ 

6'1~bb"~b-:11~6'1~~~bbl'i.:J (l'ie.J) 

n~'U 1 u~e.J.:Jl-ie.J'Vl:Un n~'UL 'Vlile.J'U:U~Yl~11 n~'U'Vl11'UL 'Vlile.J'U\hli\1" 

"~ n~'UR~1CJ'Vl~1LU1 n~'UL'Vl~'UL'lJ~m n~'ULU1 n~'UL'lJae.Jn1l1 
~'U n~'ULUae.Jn:u~Yl~11 n~'U~'U~ n~'UJ1:w~Yl~11 n~'UL'Vlile.J'U 

~ai:u1~'U n~'UL-:11~6'1~ L'Vl~'UL~CJ1 n~'U'Vl~1 n~'U1uhlLL~.:J n~'U 

L'11~11i:u n~'Un~1CJI1i:u n~'U 1 u~a'll-iB'Vl:un n~'UJ1~1" 1'Vll! n~'U 
L'VlileJ'UL'lJaan:u~Yl~11BB'U n~'UL-:11~ n~'UJ1~1"t:J" 1l1 L'Vl~'UL<8m 
n~'UL'VlilB'U 1 u~a.:~ 1'Vl~ n~'UL'Vlile.J'U 1 u~a-:~6'1n n~'U 1u~mLL ~'I , 

n~'ULU~CJ1L~m!aCJ n~'Ut:J"i1~u L'Vl~'U 1'Vll! n~'ULU1t:J6'1:U n~'UW 
1~~'1J 

"ll11'1i'U "ll111:uLU~.:JLLE;'I~.:J ~'1..111" L'Vl~B.:J'U1" ~RJ1 iJJ1bn1~ ~ • 

Lb~naa ~CJ 1lJE;'I~ L~BCJ ~'URB n~CJ1n L,j'mjCJ ~:UL"~ 'Vl'U~ ~~ , , 
.. G;1 ~I "'GJ X 4 Jt I ~ I G .dl 

-n'U LLCJnLu'UL6'l'UbCJ L'Ue.l'Vl'U'IJ1 L'UBL~.:JE;'I~ L'Vl'UCJ1'4:W LL"ll-:1 L'Vl:Ue.l'U 

l'U:U~Yl~11 L,i'a1lJ~~L:U~~ L,j'e.JL"~ L,j'e.JLU'UU1''U1 iJL:U~~"ll11~~ 
I I II II 

:w1~1CJ LU'U~:u ~'U Lilem L~CJ1~1CJ R"'1CJl'ULL~.:J Ltia~~L:u~~ • 
'IJ1~Re.l n~'U~1CJ L'Vltim~~U1n ~~~'U ,h\11 "li:URe.l 'Vl11'U~~Re.l , 

n~'UEJ.:!BCJL'U~:Un 'li1LYl~1'U~'U 
" " 

'Vl11'UU11J11"!;1~ Lu~mLth LU~CJ11l1Lu1 LmCJ1B:W'Vl11'U 'Vl11'U 

~~u1n 'Vl11'U 'Vl11'U:w1nn11Ltl'i'CJ1 'Vl11'UL.:J1~'Vle.J:U eh~L'Vlile.J'U 

LU~e.Jn:U~yj~116'1~ L~B'U LU~CJ1 'Vl11'UL'Vlile.J'UJ11J11"11i':u ,hJ1 



... 0 

6'1~11 

fl11l.J'VI1TU 
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U'a~d1u~b u~elnb.:J1~~1n 1~11~~11 u~ufi.:J~~1flci'1 m'a"ll1~1mL'a.:Jn'a~bb 'VIn bb 'a.:J 

n~~'IJ 'VI~B~'ULtl'ULLe.J~L'li1 

U'a~Lil'U~ L U~Bn 1~~ n1'al.JeJ.:J(;l'a.:J 1~1n~Lb~.:J 1 ufi.:J~~~ 

~an~w~m~uBn"llB.:JL'l.J~BmL~~"ll'U ~1n~"U'Uml.JL.:J1~6'l~tJ'a'al.l'll1~ 1ufi.:J"ll'U 
" .d .. ... 
b'VI£!1 bU~Bmb'VI.:J 

u'a~Lilu~d1B ~1n~"ll11'lluan~w~"ll111l.J 1 u'a.:JLL6'l.:J 1 u~ufi.:J L'VI~mLL~~fiJ1 
' 

..;, ~ I 

n~'UL'VIl.l'UL'U1 

;al.!Ldm.:J1~LL~~u'a~Lilum1l.l'VI11'U~1n'VI11'Ul.l1n~a~ (J1L~al.J) 1u~ufi.:J~~ 1~ 
' 

bb~~1~vhm'a6'l~1.:J6'lbn~~1'VI~'IJU'a~Lil'U 1~~1-B'aLnm~'U(;l'a.:J fl11l.l~11 6 d1 (Stone 1992) 1~~ 

mn~~~i1~.:J'VIl.J~ 9 fi~LL'U'U L~l.l~1mJa~~a~ 'VI~ a 1~i11'1Xi1fi~LL'U'ULVhnu o 1u~ufi.:Jmn~a~ 1'1Xi1fi~LL'U'U 
' ' 

9 fl~bL'U'U 

d ~I , v 
b.:J1~6'l~'VIbb~.:J6'l~b u'Ufl~bb'U'Ub'VI1n'IJ 0 
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.,.Jf Jf ., '"'" 0 ~ '"' Jf .,J,.,. """ "' 
&'lb'Ue:l b'Ue:JL.:J1~LLmavtll'II'U~'Jt:Jm~~1"B"ll1'j~ LU'Ufl~Lb'U'Ub'Vl1n'U 9 LbG'l~L'Ue:JL.:J1~'Vlb'U1b&'lt:JLL(;ld&'le:Je:lnL'VIG'le:l.:J 

LU'Ufl~bL'U'Ubvhti'u o 

..,: Jf :1 ~I ' "' Jf .1 "I ' ~I ' "' Jf ' "" " nG'l'U L'Ue:JL.:J1~m~ue:l.:J Lu'Ufl~LL'U'UL'Vl1n'U 9 L'Ue:JL.:J1~ue:Jn b'VIll Lu'Ufl~LL'U'UL'Vl1n'U 7 LLG'l~b'Ue:JL.:J1~L'U1L&'lt:JLbG'l'J 

LU'Ufl~LL'U'ULvhnu o 

5.3 t:JG'ln1'j1bfl~1::~flru.f11'V'l'Vl1.:JU~::~1'Vl~lle1~"lle:J~L.:J1::~~~~u~.:JL'ULb~G'l::e:l1f.ln1~bnu 
' ' 

~1'VI~'U n1'jU 'j~ Lil'U fl rufl1~'Vl1.:JU'j~ &'l1'Vl«ll tr &'l"lle:l.:J L.:J 1::&'l~~~ LL~.:!~'U 1 off e!'Vl~&'l e:l'U an mill ' , , 

ll~'U1t:J'U-mn~1fl~ 2551 1~vtlncJ'Um'jtoff&'lbnG'lnu~'Vl~&'laun~~moffL1m 3 «u~,~ ~'Vl~&'laui1~.:Jvtll~ 11 

fl'U bU'U'lf1t:J 3 fl'UbU'Uvt~.:~ 8 fl'UbU'U'l!n~n"B1.ff'UtJ~ 4 1"U'lfru~~'U 

e:i'Vl~&'lBu~~u'j~bllwli'1B~1.:~b.:~1~11i'~bL~'~'Vl~'Vlb~'U~~,.:~611'Ubb~"~mvm~Lnu ~,vt-rum~ 
" I , 

'Vl~&'le:J'U~'U11'1Lbe.J'Un1'j'Vl~G'lf.l'lbb'U'U Balance block design (Stone, 1992) 1~vi1~'Vl~&'lB'U"li~ 11 fl'U 1 

'Vl~'VlL~'U~~::ije!'Vl~&'lB'U"li~ 4 fl'U "lj~ 1 'U"li1'1b'JG'\1'j~'VIl1.:! 13:00-15:00 'U. 1 'Ubb~G'l~1'U~fl'j'\Je:J11:Jn1'jbrl'U , . 
m'j1 bfl'j1~~'Vl1.:JU'j~&'l1'Vl«~tr&'l 

~1e:J~1.:JL.:J1~~~~m!Pl~t:J~~?n~15~mh1 bL~11 'U.ff'U~'U ~1'Un1'j~1.:J~&'lfl11~~1.:J 1 L~e:Jfl'j'\J 

tl1t:Jn1'jLfl'U~::thli'1e:J~1'1b.:J1::~1bU~t:J'U1~m"!l'U::b'V'l~~"ll11 ~~!il'Jt:JYlall~m&'l~n"!lti~ PVC 1&'l {'U~~'Vl , , 

'Vl1'UIP1~1'U ~1n~) nB'Un1'j'Vl~&'lf.l'U 10-20 'UTVl 'V!1nn1'j~1Lti'Un1'joH1n11~'U~~bfl'U~n"B111~ 4°C ~'Uni1 

~~~1n1~'Vl~&'lf.l'U ~'Vl~&'lf.l'UU~::Lil'U\Ii''Je:J~1.:Jfl1t:J11'i'LL&'l'l~'lf111'U"l!B.:J'Vl~&'lf.l'ULLt:Jn~1'U"lle:l.:J~f.l'IUnu1Jm~ 

L'Vlflb'UbG'l~mvt1'j 11ilv~~vt11.:J~1e:J~1.:Jri'1vt'U~1~e:i'Vl~&'laun~1u1nlii1ml1&'l::m~na"U"lill~1B~1.:J~a1u , 



Storage Days 

0 2 5 7 14 

:aa~~m=3"""""_~ 
~ ::aa~~~, m;o 
I :BBmimmm,m;o 
~ :Sti3~~~' m;o 
:jl J ,,,, liT~, T, ~~ U ~~~~~~~~~m~~~~~~~"m;o 

~gnnnn ~gnnnn ~gnn nn ~gn0nn ~gl"'!nnn 

;;;3 ~3 1&3 ~3 i3 
~~ ~~ n~ c~ c~ 

Wash water 

Error bars: +/- 2 SE 
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Jl1'W~ 42 t:-J6't fl1'Jl Lfl 'J 1 ~ ~~fl'ttru~'Vl1 \l 'lh~~1'Vl61':We1~ ~1'Ll~~1'Ue:J\l L\l1~6'11'1\Pl \91 LL~\l~e-J1'L! fl11fK1\l~6'1Jl1l~ Lli:1 ~ 

B1~fl11LnU I?h\l'l (A~LL'Ll'Ll 9 ~e:J:l:Jlfl~~\91 LL6't~ 1 hJ~l.Jlfl~~\91 Vl1flfl~LL'Ll'Ll~1fll1 3 LL~\91\lllhhtJ'Ll~ 

tlu:w-ruuijL~li~~~~:w (unmarketable/ reject to test) 
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1'11a~1\lb\11~?1~1'i'~bb~\I'VI~\1~1\Ibbfl~mvrn1brh.J 2 1'u hJiJrn1bU~t!t!bbUfl\l~bUtJ~~h"lla\lbU~Bf1b\11~ , 

1uvm?~m1~rn1~1\l vmi'urn1~1'11i11ml1~au 60°C ~\lbb~ 5 tJTvVffu1u t~vvnr:h "lltJb\11~b'tJ~vubtltJ~ , 

Storage Days 

0 2 5 7 14 

::i]~~mJ~""~'h'd 
~ :-ml}J~~~•m;o 
~ :-~~~~:;Jm;o 
~:-~~~~sm;o 
8.0~~~~~ 
40JJAJWW ~ lWOOOVJ ~ ~lOmin 

.0 ~ 0 ~ ~ ~ ~ < ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ;; ~ ~ ~ ~ 
~3 ~3 ~~ ~3 ~? ~~ Q~ 1~ Q~ ~~ 

Wash water 

Error bars: +/- 2 SE 

.n1w~ 43 t:-.~flfl11ibm1~~~m~ru~'Vl1\IU1~?11'Vl~:wir?~!i11tJ~bb~\l~b'tJ~an"lla\lb\11~?l~!?l'~LL~\1~~1tJfl11~1\l~ 

?f.fl11~Ufl~mvrn1bfl'U~1\I<~ (fl~LbtJtJ 9 fiamn~i:'f(?) bLfl~ 1 hJ~mn~a~ mnfl~bbtJtJ~1ni1 3 bbi:'f(?)\111hJ , I , , 

bU'U~tJa:w1'u'tJi)b?15~~~oa:w (unmarketable/ reject to test) 

~mv rn1 b,fl'U'VI~\1~1\1 ( o l'U) hJiJfl11:W bb(>ln~1\lli11'U~bb~\l"llB\I b u~an"llB\Ib\11~i:'!~l'i'~bb~\l~?fm1~ , 

fl11~1\1~1'11 (P<0.05) bbfl:~1~~1\ltl'U~ 2 l'U b~BB1~fl11bn'Ub~:W~t! bV'U 5 7 bbfl~ 141'1..! 'Vl'U~bb~\1"/JB\1 
b\11~fi~E;l\l bbfl~bb(>ln~1\ltl'U 1 tJl'UIJ.~fl~?f.fl11~fl11~1\l b~amvrn1bfl'Ue.i1'U 1 'tJ 14 l'U ~~bi1tJ11b\11~~e.i1'Ufl11 , 

~n~ru~'Vl1\IU1~1:'11'Vl~:Wir?IJ11'Ufl11:W?f~"llB\Ib\11~?1~\?l~bb~\lfl~fi\IB~1\IiJUtJ~1~rub~BB1tJn11bfl'U ... , 

b~:W~'U(P<0.05) ~B1t!fl11bn'U 5 l'U~~bi1'W11i111!?l'1a~1\1~~1\lbUtJnm 5 bbfl~ bbfl~l'UI'i'1B~1\IHJ1~B'U~1\I , 
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~~~~UJ~'V11\Itl~~t11'Vl~l.JiJt1~1'Ufn1l.Jt1VI'lJB\IL\11~t1VI~VILL~\ILLI'lf1~1\llil1fl~1B~1\I~'UB~1\IiitJmi1~qJL-d'Utl'U 

L~BB1CJn1~LnU 14l'U ~1B~1\I~\I'I-1l.JVI~~1\I L'\J'UL1m 10 'U1Vi fl11l.lt1V~aV~a\llil'Uii\I~~~UffiliCJBl.J~U (J11'V'I • 
~ 44) 

Wash water 

Error bars: +/- 2 SE 

. ' ' 
.111'V'IVi 44 (:..1 a n1 'Jl LA'Jl ~~~ fl~ill~'Vll \11.h~t11'Vl«l.JiJ t1 Jflu Al ll.J 61 VI 'liB \1 L\11 ~ 61 VI~ VI LL \9) \!Vi ~l'U n1 'J~ 1\1Vit1.f111 ~ 

LLa~B1tlfl1'JLrl'UI'i1\16J (A~LL'U'U 9 ~Bl.llfl~61VI LLa~ 1 1li~l.l1fl~61VI 'l-11flA~LL'U'U~1fl';h 3 LL61V~\1111liLU'U~ , I , , 

CJBl.l1'UtlflL615~"il~~l.l (unmarketable/ reject to test) 



0 

4. 

8. 

Storage Days 

5 

Error bars: +/- 2 SE 

7 

d .:;:t. ~QJ tl ClJ Q.l tl ci J' Q.l I d I tJ d 
.fl1'VWI 45 e.J~nTnbfl11:::'Vl~n~ru:::vn-:~ 1:::~1'Vl~~e.J~~1'U~b'Um-:~1:::~~\9l~bb\91-:J'Vle.J1'Um1m-:~'Vl~.nT:J:::bb~::: 

enttm1bnu~h-:~., (fl:::bb'U'U 9 fim.nn~~~ bb~::: t1ll~mn~~~ vnnfl:::bb'U'U~1n'h 3 bb~~-:~-·h1llbtl'U~ 
, I , " 

tte:J~rut15b~li~~:::"lil.J (unmarketable/ reject to test) 
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1 mln 

... 
0 

"C 
0 
c 
1':5 
G.l 

:E 

Wash water 

Error bars: +/- 2 SE 

d A f'O.J al CLI Q.l tl ..::: Q.l I d1 1J d 
ll1Vl'VI 46 e.J ~ f11 ':i1 bfl':i1~VI~ fl'l!}t;lJ~'VI1\I u':i~6'11Vl6'1l.Je.JG'I~TLJn~'U'lJ€l\l b\11 ~6'1 ~ 1'1 ~ bbl'l\I'VIe.J1'U f11':i~ 1\IV16'1i111~ bb~ ~ 

mt~m':ibnU~1\161 (fl~bb'U'U 9 ~Bmn~G'I~ Lb~~ 1 'W~l.l1n~6'1~ Vl1nfl~Lb'U'U~1n';h 3 LLG'f~\1~11~b'lJ'U~ , I , , 

EJ€ll.l1'utJfiLG'15~:u~"tll.l (unmarketable/ reject to test) 

~ fl'l!}t;l.!~'VI1\IU':i~G'f1Vl61l.Jer G'f ~1'Ufl11l.JVI11'Ub\11~6'1~~~ LLI'i\l~e.i1'U f11':i~ 1\IG'f ll11~1'i1'111~Lbl'l n\Oi1\l n'U 

LL~dim1llVI11'Umn:u'U5'1mt~m':iLnu 71'U ~mt~m':iLnu 141'U ~1€1~1\IL\11~·"'~~~LL~\Iil~n'l!}ru~tJ':i1nn • • dJ 

:e 
I» en 
::r 
:I 
Ul 
-t 
3 
CD 



Ill 
Ill 
Cl) 
c -Cl) 

~ en 
c co 
Cl) 

~ 

0 

Storage Days 

5 

Wash water 

Error bars: +/- 2 SE 

7 

d <Q ~QJ al Q.l Q.l 1.1 QJ I d I tl d 
fl1'W'VI 47 f.J~fi1'~1bfl'.i1~VI~mmJ~'VI1~ u'.i~?I1'VI?Il.Jf..l?lm'Ufl11l.J'Vl11'Ub~1~?1Wl~Wlbb~Wlf..l1'Un1'.i(;n~'VI?Ifl11~ 

bb~~enE.Jn1'.ibn'U~h~., (fl~bb'U'U 9 f1Bl.l1n~?IW~ bb~~ 1 hJ~l.l1n~?IW~ 'Vl1nfl~bb'U'U~1n11 3 bb?IW~~11hhtJ'W~ , I , , 

f.JeJl.lf'U\Jfib?lo~':iJ~~l.l (unmarketable/ reject to test) 

~n~ru~'VI1~\J'.i~?I1'Vl~l.ler?I~1'W ab deJ n~'W bb~~fl11l.l'Vl11'Wb~1~?1W~~W~bb~~~tJ1'Un1'.i~1~?1m1~~1.:! 11~ 

LL~n9i1.:!n'W LW~f.liil~llm1l.!LL~n~1.:!':i11n~ 7 LL~~ 14-l'W LW~f.l1'Umf.lm'.iLn'U 14-l''W ~1'W1'VlruL.:!1~?1W~~W~LL~.:! ' ~ 
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'l!m.1rrh 5 'U1m~vh1~1l~a~nmwl~~LLI'1.:~L't.J~CJ'ULL't.Ja.:~~1'UamJru~'Vl1.:J'\J1~6'11'Vl"'1le1'6'1u.a~a.:~fi'tJ1~nauvn.:~ 

LfliiLL19fb.iii~aa~~1'U1'U~a'U'Vl~~a.:~1~ L~a1-Haru'VIniiii'I.:~LLa~nm1tJm1iK1.:~ ~ 5 'U1Vi 6'111111t1a~~1'U1'U 
, , 'U 'U 

Lba~ 1 i~a'U'Vl~~~LU'U indicator "lle:J.:Jfl11 1~C.Je:J111''U Pimn 1 'U~'lli1~1~f1Wm'V'l~'U 61 boU'U '\J~111U.fh•nii'U~ 
' ' I 

'\J~11 1 Wbb e:J'U ~a an~ LL~'UVI Lba ~ m1 L '\J~ CJ'U LL '\Ja .:J'V11.:16'1~11'Vl t11 Lba~ 1~'Vl1 m1 Pi n'l31 n 11 CJ a111''U"ll e:J.:J~'U~Lflfl 
'U 

1. Lbe..J'Un11'Vl~aa.:~ 

~1n~a.:J1'U1~CJ~ 1 rl1VI'U~oU1.:!"lle:J.:!e:JWVIfliiJ1~1.:!bU'U 40-60 oc L1a11'Um1~1.:!bU'U 5-10 'UTVi 
' 'U 

3. fl11a~a.:J"lle:J.:I inoculated E. coli 

4.1~~'Um1t~a111''U"lla.:~~'U~1nfl~1'UI'11.:~1 

5.m1~11VIa"l!e:J.:IBLafl1m1aVi (Electrolyte Leakage) 

6.m111ru1vnii'U~ 

7. m111ru antioxidant 
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~1'5'1-:Jvi 11 ~\I fl1'j"Vl~~eJ\IG'11VI-r'\J bbf;.J'I.Jn1'j"Vl~~f'J\Ifl1'j~n'\~1f'JruVI.fliJbb~ ~ b 1m~ b Vll.J1~?fl.J 1 'Ufl1'j 1.fftl1~f'J'U~~ 
, \J 

lii'1'W1'U~~'UV1~6'1J'Ub~f'l'W1'Wl-l~~~nf'l?f~~~bb~\l , 

Run Factor 1 Factor 2 Run Factor 1 Factor 2 

b1m ('U1Vi) f'l(lJVI.fliJ (0
() 

, \J 
nm ('W1Vi) f'J(lJVI.fliJ (0

() 
, \J 

1 6.25 55 9 7.5 40 

2 5 60 10 7.5 so 

3 10 40 11 7.5 60 

4 5 40 12 5 so 

5 8.75 55 13 10 40 

6 7.5 so 14 10 60 

7 7.5 45 15 10 so 

8 5 40 16 10 60 

~~ 1.5-2.0 kilog 'IJ'UG=i\ll.J1tl\I~\IVIl~'IJf'J'Ubbrl'U bb~~lJ1l.JTVllfl1'j"Vl~~eJ\I~l.JVI11Vltn~tll.JVI1?f1'jfl1l.J mtJ1'U 

nm 48 -ri'11:w\l brif'll-11~\l~~eJ\I'IJfilli\rn'j:w~~~nf'l?fm~1l-11n ~\IL~fl11l..l?ln~80 -90% 1 'Ufl1'jb~~tll..l fl1'j d..J , , 
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3. m-a inoculation 

3.1 ~1~.Wu6 E. coli 

H' E. coli ~~'Vl:Win 5 ?11CJ~'U5 ci'1~'U~ 1-4 1~1il1n tli'U~Iil~'UVl~~ acnuu1~~1'VlEJ1tli1G'I~iLL6'1~ 
' " , 

1. Tistr 074 W. Daengsubha (Human stool) 

2. Tistr 117 P. Disayaboot (Sensitivity test of medicinal plants) 

3. Tistr 780 Rubia Co.Ltd ATCC 8739 

4. Tistr 887World Med.Equipment Co.Ltd. ATCC 25922 

5. G'l1tJ~'U5~LLtJO 1~1il1m1'U1~tJ~ 3 L~1~?1\n~lnLL~~ 
' 

e.colt) 

0 • v d' 0 c:v d Cllq • 

'U1 E. col1 ?11tJ'V'l'U~m~nu'Vl 1-4 m:Jnlil1n stock ampoule ~1:w1Li"lleJ~ T1str, MERCEN ?11tJ 

~'U5~ 5 eJ~'U'U Aoar slant lil1n~'U subculture dJu:il1'U1'U 2 fl~~'U'Utl1'Vl1'SL~CJ~L:ffm'Vlm Nutrient 
, " :> 

broth (Criterion, USA) LL6'1~thJ~ 37 L\J'UL16'11 24 i11:w~ b'U~i\.i:w~~ln~~Lfl~eJ~L"ll~1 fl11:WL~Tm'U 175 
" 

rpm lil'U1~?11'HL"ll1'U~e:JCJ"lle:J~L:ffe:J (suspension) fl11:WLoU:WoU'U~ii Optical density ehuLVhnu 0.4 (00600) 

'Vl1nEi'~1:w1~ 00 tl~'U~1CJ Nutrient broth 'Vl~e:J?I1'SLL"ll1'U~e:JCJ"lle:J~L:ffe:J lil1n~utlcie:JCJ~~11l~e:JtJL'Ue:Jtu'Vlflil " , " 
-s~WJ1~ 12-18 oc L~e:Jm-stl~u~1 LiJun~1 4 i11:w~ L~e:Jfl'S'UL1m 'l11L:ffe:Jma1~1m~ pallets 1~nvm-s~u 

d d ... ( . !'! d .d ... 
L'Vl1CJ~'Vl 40000 g nu 0.1% Peptone water 01fco, USA)L u'UL1~1 15 'U1'Vl'Vl 4 oc ~~~1c.1n~u 

(resuspened) ~1CJ 0.1% Peptone water ~ii Hose serum 5% Hose serum(Difco, USA) 'lJ~:W1~'S10 

ml 'l11 suspension "lleJ~LL~~~?I1CJYl'U~tl~:w1~'S 5 ml e-t?I:W'S1:Wn'U L~e:Jiil1~~1CJ 0.1% Peptone water 

500 ml L~e:J1m~ lil1'U1'Uiil~'U'Vl~~LiJ'U 10
8 

cfu/ml (Allande et al., 2009)~'UEJ'Uiil1'U1'U E. coli ~1vm-s , 

vh dilution plate 'U'Utl1'V11'SL~CJ~L:ffe:J Nutrient Agar (Criterion, USA) ti:w~ 35 oc 24 i11:w~ 
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3.2 mea inoculation \J'L!e:i'Jbtliian3J::~::na 

mea inoculate 1-tli~vn suspension 'U'U~1btla8n b~8.:J~1nmcaVl~~8.:Jbif8.:~9i'Uvh~vh~13J15 

"1.18.:1 Allande et al, (2009) ~.:J~'\J(:.I~~.:J(:.I~~.:~1'U suspension ~13J~~~n81-&'b1~1'U1'U~.:J~~bb~.:J ~.:~1~ 

~~bbtl~.:~1-ff ~1n8"11\J~8~b~8 (~1b~8~ 121 bU'Ub1~1 15 'U1Vi) ~'U suspension bba'JV11'U'U~'lb\Jaan 

d II , d I Sl 0 q CV I c:u::lcv ClCV d 
bb(:.I'Un1"a'Vl~G'l8.:J b3J8G'll.:J'U1Vl?f.fl11~m.:~1bbm vnmcab\J1"a'CJ3J3J~G'l~n8a~~~bb~~m3Jmca3J15~~~1'U1~CJVl 1 

.J 
(i11'VlVl 1) 

A tf A ~ d 

4. mea'Jbflea1::'Vl"i!~'L!Vl"atl 

1-&'~18~1~ 25 g b~8~1~n'U 0.1% peptone water mm~ca 225 ml bbG'l~b~8~1~G'l.:J~13Ja1~'U~ 

b 'Vl3J1~({3J 

1. 1bfl"a1~v1~1'U1'U~~'L!Vl~~,J'Ul~~~'Vl3J~ (total plate count) 1m5"llm HFPB Canada, 

(2001)~1CJB1'Vl1"ab~CJ~b~8 Standard methods agar (PCA, Difco Difco Detroit, USA) U3J~ 30 oc bU'U 

nm 24 -8'113.1~ 

2. 1bfl"a1~v1~1'U1'U ~al'lbbG'l~ca11m5"!.18~ HFPB Canada, (2002) ~1ti81'Vl1"ab~tl~b~8 Dichloran­

Rose Bengal-Chloramphenical Agar (Difco Detroit, USA) U3J~ 25 oc bU'UbdG'l1 36-72 ~113.1~ 

3. mca1bfl"a1~v1~1'U1'U E. coli 1 off 3M™ Petri film ™ E. coli and Coliform count plate \9113.115 

"1.18~ AOAC 991.14 U3J~ 35 oc 48 -8'113.1~ 



5. e.~am-a1:ijru 

5.1 e.~a'Ua-3~tu'VI~ihta::t 1a1 1 'Un1'itl1-3~mhw1'U'!i!i'U'Vl~eJ 

f .tnn-+--

CI g 
E ~-~~========~==~====~~~~==~~==~========~~==~ 
:I 
8 4 nn-+--f.'.'~-=-...,..,...,.-

en 
0 
ill cc 
CD fJ <11 0 

c. 
~ ~-~~========~======~==~~~==~~==~======~~====~ 

Ill 

'Zi 

~ 0 
~ ~ 

~ ::;~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ g 
" " CD CD 
If 0 
~· ~-

Treatments 

Error bars: +/- 1 SE 
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.01\1~ 49 ~m"lla-3aru'VI.nihJ1 (°C) tL!;l::mn1'WnT';i~\:~ ('U1Vi) L'ULifm.J~!;l~nmwwi'V~LL~-3~a-;11'U1'U~a'U'Vl~eJ 
' 'IJ ' 

tJ'U 1~~~'VIl.IVI (log du/ g) 

'WLt\9ln1Jh~n'U tL~iJe.Ja!;1V~-;11'U1'U~a'U'Vl~m~~mJn111Ji'1mho:~~'U~aEh~il'l!m:;1R'qJ (P~o.os) 

mEJm'Hnuile.J!;l~a-;11'U1'U~a'UVJ~e1 (P ~ o.os) LnamEJnTHnuL ~l.I~'U ~i!i'UVJ~ei''l!u 1~~~'VIl.IV~L ~~n IL~u 11911~ 
, , llj llj D~ 
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0 
Ill 
'< 
0 

~ 0 
Ill 

't; '< 
Cl "' g 

C/l 
"0 -0 0 

:IE 0 Dl 
~ IC 

"0 ID 
c Ul 0 Ill 

1ii ~ Ill 
Gl 
>- 0 c Ill Ill '< ID 
:IE ~ 

0 
~ .... 
~ 

Treatments 

Error bars: +/- 1 SE 

111w~ so c.J~"IJeJ,:jeJUJVIil~J1 (0 C) bb~~b1m1'Urn~~1,:j ('U1Vi) 1'Ubifm.~~~~nmww1~bb!?i,:j~Jlmh'U1'U~~'U'Vl~EJ 
• 'IJ • 

't!u1~~,:jVflJ~ ~?f~bb~~~1 (log cfu/g) 

.,j ) tJ 41::11 0 4::111 ~ 1" I q QJ ,$ Q.l d 
~1nc.J~m~'Vl~~e:J,:j (m~'Vl 49 VJn?fm1~m~m,:jl.Jt:.J~~~~1'U1'Uf.l?fl9lbb~~~1 ~e:Jf.l1,:jlJ'Uf.l611flqJbl.le:J 

bi!if.luntJ~1€1~1,:j1l.J~1,:j bb191'1l.ll1m1l.lbbl9ln~1,:j~~VI11,:j?f.fl11~m~~1,:j~,:j 16 ?f.fl11~ 

m~m~bnul1c.J~~Jim11'U1'U~?f~bb~~~1 (P~o.os) b~e:Je:J1~m~bnub~l.I~'U~?f~bb~~~1b~~qJb~u11911~ 
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c 
Ill 
"< 
0 

c 
~ 
N 

en 
0 

c iil 
Ill cc 
"< CD 

'(II c 
~ 

c 
Ill 
"< .... 

c 
~ _. .... 

" "' 0 "' "' "' 0 0 0 0 
~ 3· a :l. 3 :l. :l. :l. :l. :l. " " 8 " ... ... ... " " " " ;;r .... 0 

"' 
0 0 "' "' 

.... "' l!l "' ~ g 0 0 0 0 0 0 0 0 0 0 

" "' 0 CD "' " 0 0 0 0 £ 0 "' 0 CD 0 0 .. .. "' .. "' s;· 0 s;· n ~- ~- n 0 0 0 0 0 
~- ~- ~- ~- s; s;· s;· s;· 

Treatments 

Error bars: +/- 1 SE 

(log cfu/g) 

Q.l 1.q a d :::1 o d ..J t dcv Q.l o . 
\J\WibL\Jl.:JlJlJ1nfl'l 8. 94±0.31 'II.:Jb u'U~1'U1'U'VllJ1n 'II.:J1~VI11.:J'Vl"'lm€llJ~61~n€lVI61.:!~1n'Vl1n11 1nnoculate E. 

coli b~lJ~1'U1'U~'U~1n~rhVI'UW~ ;.:~Wj..ij'm1.:~LnVJ1~~1nn~'ULVI~'U"ll€l.:JL~€l~~hL\JiiBnlJ~61~nB 
" ' 

lJ1cJ.:JL tlB t:-J61~1nm11-;ij~~~ 1~'l111 \JLL u::'tl1L U'ULL 'U1'Vl1.:JlJ1Vl1ji1'U~1VI~'IJ\J~u~h ~B61W~m1\J'UL ~B'UoH1lJffi~ 

bL61~LrlB~1.:Jt:-J61~1~J1~€l'UG1.f111::~h.:!1 "'l'Ui1611lJ11t161WI~1'U1'U E. coli 1~B~1.:JlhJmh~qjVJn 

61fl11~L~€lbU~tJ'IJLVitJ'Ufl'IJ~1€l~1.:J1lJ~1.:J (P~0.05) LLvici'.:~i1LVIii€11€lWI€l~ L~€l€l1tln11Lfl'IJ1'nli1L~lJ~'U £. " . 
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6.1.1 m";itl";i::biiti'VI1~th::~,'VIfl'11er~ 

fl1~'VIVIG'IeJ~ffi otlfl1";i'U~~ bi1'U'VI1~'th~611'V1611!e'r61 LL 'U'U fl1~'VI V161el'U m~ f.l el1!-r'U"llel.:l 

~'U~Lflfl1tl~1tl ~n'\Sru~'th1n!)LV!f.l11l.l (Appearance)~ (color) n~'U (Aroma) 161 (Taste) LLG'I~n11 

f.lel1!-ru1V~V1111 (Overall acceptance) 1-tl'1tl 9-point hedonic scale (ISO 4121:1987) LV!f.lfl~LLtltl 9 

LVhtl'U "f.lell.J-r'Ul.l1n~61VI" "il'Ui1~fl~LL'U'U 1 b'Yhtl'U "1lJtJeJ11-r'U111nvi61VI" LLr;l~"iJVI cutoff .yi"il~ hitJeJ11-r'UfieJ ' , , 

~fl~LL ti'ULVhtl'U 3 L vhnu "1lJtJeJ11-r'U" 

vi1n1";i'VIVIG'Iel~ 3 i'1m~'VIVIG'Ie:J~.yi LLI'iG'I~fl11'VIVIG'Iel~ 1-ffe!u~L.nmh'U'l'U 20 flt!L'Un11 
'U 

fl11LI?l~tll.l~1elV1~L~elfl11'VIV161e:J'Ufl11tlell.l-r'U'VI1~'lb~611'VI61l.le'r611off1tJm~L~tl1tl'U~1'U1..rtJ~ 

1 1LR11~~fl11l.lbL'thtb1'U"lle:J~.ff-al.lr;lLVItJ1off Lti~Lbn1l.l SPSS version 14.0 LLG'I~Ltl~f.I'ULViV'Um1l.ILLI?ln\Oi1~ 
'U 

' d 'i 'I....,... d ... d ... 
"llel~fl1bOG'ItlbV'Itlb"ll15"lle:J~ Duncan's New Multiple Range Test 'VI1~VI'Um1l.lb"lle:Jl.I'U 95o/o 

6.1.2 t:Jr;ln1";i'VIVIG'Iel.:l 

t:J[;lfl~Lb 'U'U m1tJBl.l-ru ~ 'U~n'\Sru~'VI1~tl1~611'V16ll.le'r61~1'U ~ n'\Sru~tl11n!)LV!tJ~111 

(Appearance) ~ (color) n~'U (Aroma) 161 (Taste) LbG'I~m~tJe:Jl.l-ru1V~tJ~1l.l (Overall acceptance) 

LL61V~~1t~m'V'l~ 52 ()~ 561'U1'U~ o "ll-a~m~m~d1u (VI~~tlan) ~n'\Sru~'V11~tl~~611'VI6ll.le'r61~1tll'i1~'11~-ru 

m1tJ-al.l-ruLLI?lnl'i1~n'U 1 'U'VIn61m1~"lla~ m1a1~ LV~tJ 1lJijLL 'U1L 'til.IL~-a~t:JG'I"lleJ~-aru'VI.niiLLG'I~L 1G'I1 m111 
' ' 'U 

LLI?lnl'i1~mh~nuf.lri1~tlJ'VI1~61()~ (p< o.os) LnV!"il1n~1-a~1~via1~ J1~-a'U 6ooc LiJ'UL'lG'\1 1.s 1.11m~ 

fl~ LL ti'U fl111'J e:J11-r'U'tieJ fl~GlVI LLI'i61fi11~~'U '11lJ LL\?1 n\Oi 1~ tl'U ~~.Q'L tl'U L 'V'l11 ~~1 el V 1~l.J~G'I~ nmL\Oir;l ~'-IG'Iij 

~n'!Sru~'VI1~tl1~611'VI6ll.le'r61LL~nl'i1~ ti''U ~~mufll.lfl11l.J(;'I~1L(;'Il.Je:J 1~mn LLI'i-a~1~ 11nml.l fl~LL t~'Um11'JB1!-ru 
1 

VI~~ Lfl'U L~f.ld fY~ij n11L tJ~ f.lt!LL tlG'I.:!'VI1~61~11'VII'J11 tJ1 'U'VI1~ L~ e:J1JL~I'J \?lG'IelVI1 ~f.l~ L1 G'\1 Lnu-r n'IS1 

VIG'Ilf.l~1eJ~1.:~111i~-rum11'Je:Jl.l-ruvi mi'Jm1Lfl'U 7 1'1.1 LLG'I~~ 141t~'VIn~1mh.:~ll.J1~-ru , , 
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(n=20 ~1n 3 rep'Licates) 



100 

c 
Ill 
'< 
0 

c 
Ill 
'< 
N 

f; 
c ~ Ill 
'< CD 
U1 c 

Ill 
~ 

c 
Ill 
'< 
~ 

c 
Ill 
'< 
~ 

"" 

Treatments 

Error bars: +/- 1 SE 

I d d I QJ I V QJ d 1a I d I Q.J 1 0 IV 

6'lfl11~\Jl1.:J61 'VIa1tlfi1'Hn'l.Jbb\Jlfi\Jl1-:Jf1't.J f1~bb'U'U 9 b'VI1n'l.J "ti'Ell.I1Umn'VI6'l~" u"il'Um 1 b'VI1fiU " l.ltiCllJ~U 
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l.l1n~6'l~" L~'Ua1-:Ja.:JLL6'l~.:J f1~LL'U'Uwhnu 3 "1lit~al.l~u" 
' 

(n=20 "il1n 3 replicates) 

7 .1.1 m~1 LA~1::~m~~1l 'VI~"lla~iiL~A 1\Jl~lt=~'VI 

m~1Lf1~~~~f'11m~~11vta"lla.:J8Lanma'U'vh1m~tJ~~LLtJa.:Ji5"llCJ.:J Cottee et al. (2009) Fan 

and Sokorai (2005) LLa~ McCollum et al. (1995) 1-tl cork border "ll'U1~ La'W~1'Uf!l'UEJna1-:J 4 mm 
" 

b"il1:ndeJl.l::a::mm~a::'VI'1'VIbl.l'U~ bbm~t.J1'U\Jl1l.l"ll11,:jL~Ltl'U~'WU1-!11 vt'W1tJ~~l.l1W 1 mm 10 ~'U ~~.:J~1CJ 

l116'ln~1aaa'Wml.l1\Jl~ 10 1 f1~~LLa~LL"livi,:j111.'W l116'ln~1CJae:J'W tJ~l.l1\Jl~ 10 ml1'W 16'1L'U"ll1~tl~t.J1 (screw 

cap bottle) vi.:JH 30 'W1Vi "il1n~'WL'VIl111riiimnCJ{ 1'~f'11m~t111~vh (conductivity) ~1tJLf1~a.:~1~ 

conductivity (Hanna HI 98303, USA) LU'Uf'i1m~~11vtt=~L~l.l~'U"il1n~'W'l11J1n~ufi'W"ll1~ 'l11ltJ 
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"' .... mam-atnu c1u> Run a1am-atnu ( 'J'LI) Run • • 
0 7 14 0 7 14 

1 23.67±0.56bc 35.20 ±0.56bc 37.0 ±0.46 
b 

9 21.73±0.6t 32.20 ±0.56 
ab 

43.67±0.56 c 

2 23. 90±0.53 c 45.20±0.12 
d 48.11±014 cd 10 24.50±0.12 

d 
34.20±0.23 be 41.11±0.53 

be 

3 23.50±0.46 ab 30.50±0.22 a 32.15±0.21 a 11 23.89±0.32 c 39.20±0.11 
cd 

54.10±0.21 
d 

4 22.61±0.02 a 29.20±0.01 a 30.23±0.31 a 12 22.87±0.14 ab 44.00±0.30 d 47.12±0.22 
cd 

23.40±0.16 ab 33.10±0.32 b 36.21±0.11 b 24.56±0.52 d 
cd be 

5 13 38.20±0.44 42.61±0.07 

6 23.98±0.07 c 29.30±0.11 a 31.55±0.31 a 14 23.98±0.41 c 49.20±0.11 e 54.22±0.32 d 

22. 73±0.27 ab 36.10±0.56 c 40.25±0.61 be 24.12±0.14 cd 43.20±0.32d 
cd 

7 15 47.11±0.11 

8 22.61±0.82 a 33.50±0.14 
be 

36.2±0.13 
b 

16 24.51±0.16 
d 44.20±0.26 d 46.25±0.04 

cd 

abc .. 8n~~~bb~n~h~n'Ub'Ubb'U1~~bb?IV1~5~m~bb~n~h~n'Utl~1~ih.Jaci'1flqj~)~~'Ufl11~b~tl~'U 95% 

uarl1fi'qJ LViaun'U~1eJ~1~L ila~~~~nB?~V11lia1~ (20.40±0.16) LL~~m~m1LnuL ~~~'Uljm1~11 vt~"llB~ 

ab~flL~1L~~L~~~'Utl~1~ljU'mh~'qj (P<0.05) 

7.1.2 m11Lfl11::,.;ma.~1w antioxidant 

1m5m1'VlVI6'1B'Ut'J'Vl~m1~1'UB'4lJ~B6'11~L-d'B~~'U~1EJ15 DPPH Radical Scavenging activity 

vlV11.1.'l1~~~1n15"llB~ Brand-Williams et al. (1995) 1.1.~~ Dasgupta and De (2006) 1i6'111~~~1tJ1vni1'U~ 

L V'Ua.11\ll);i1'U .. 
1i~1B~1~LtlBa.~~~~nB 3 g 6'1nV1~1EJ 80% methanol 25 ml ~1ntf'U~'LI~~~~nmtJuL1~1 5 

.. t.l 0 ~ it d d d .. "' I 1- ~ I ,j 
'LI1'V1V11EJ Homoginizer 'LI1LUu'LIL'VI1tl~'Vl 15000g 'V1 4 ·c 20 'U1'V1Ln'U6'11'U supernatant 11tft11~'VI6'11'U'Vl 

\lln~~nB'U'tl1a.I16'1nV1Bnflf~bL~~11a.In'U6'i1'ULL 1n L~~tl~G'I11~~~1El 2,2-diphenyl-1-picrylhydrazyl :DPPH 
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(Sigma-Aldrich, USA) LV~CJi~ DPPH 0.004 g 1?t"':u volumetric flask "ll'U1VI 250 ml u.~-n.J-r'Utl~111~1 
... 1... de~ ...... 
V11CJ methanol ~~ VI DPPH 'Vl1lfl111lb"ll1l"ll'U 0.1 mM 

m11bfi11~'VI1i?t11?tnV~11~~~nmB111~1 0.1 ml vhtlfin~mn'U DPPH tl~1.11~1 3 ml L'Uvial 

b"ll~1~?11JL~boU1tl'U~1mfi~B~ vortex mixer "inn,!'Ub~~CJlJ control ~1n methanol 0.1 ml vhtlfime.n 

nu DPPH m1.11m 3 ml L'U'VI~BVI'VIV~~m ~~vi~H~€lru'VI.ni1~€l~L'U~i1V~ btl'Ub1~1 30 'U1Vi bb~1't111tl1V~fh , , 

(]'Vl~m11'11'U'€l~\J~a?l1~(o/o)= ((Ao-Ae)/Ao) x100 

DPPH Radical Scavenging activity (%) 

Run B1f! n11bfl'U ( -!'U) Run B1tln11bfl'U ( -!'U) • 
0 7 14 0 7 14 

1 60.25±0.11 
b 

50.26±0.11 c 46.32±0.14 c 9 63.20±0.3i 50.30±0.51 c 47.65±0.45 

2 53.56±0.54a 52.21±0.23 cd 50.22±0.74 cd 10 65.23±0.14 
cd 

55.23±0.74 
d 

51.23±0.14 

3 60.33±0.05b 54.30±0.32 
d 

50.14±0.85 cd 11 57.56±0.75 
ab 

52.20±0.02 
cd 

50.23±0.02 

4 59.56±0.32 b 46.30±0.41 
b 

40.36±0.11 b 12 53.56±1.01 a 48.20±0.31 
be 

43.65±0.16 
be 

5 65.33±0.45 
cd 

46.30±0.02 
b 

47.55±0.02 c 13 60.21±0.11 
b 

49.50±0.41 be 47.51±0.75 

6 63.56±0.04 c 46.20±0.08 
b 

43.52±0.35 
be 

14 61.22±0.56 be 50.11±0.05 c 43.65±0.14 
be 

7 56.56±0.75 
ab 

34.20±0.11 a 32.15±0.41 a 15 60.23±0.74 b 30.33±0.47 a 30.21±0.95 a 

8 67.49±0.14 
d 

50.30±0.03 
be 

51.07±0.01 cd 16 53.41±0.16 a 30.32±0.89 a 31.22±0.65 a 

abc .. an'l!t1~bb~n~Jh~n'UL'Ubb'U1~~bb?IV~~~~m1bb~nl'i1~n'U€l~1~ihTmh•)qj~1~~'Ufi111Jb~€l~'U 95% 

m1'VlVI~'€l~m.-nm1'VlVI?IB'U'J'Vl~m11'11'U'€l~\J~a?t1~b-d'€l~l'i''Uv11CJ15 DPPH Radical Scavenging 

activity LV~tJfin'l!t1fi111J?l11J11ClL 'Un11~'U '€l'43J~8?11~"ll'€l~ 2,2-diphenyl-1-picrylhydrazylLVICJ'VI1n?l11 

?I nV~i1\h~i;'Vl5.flTrlL 'U n111'i'TU€l'U1J~ a?t1~1J1 n~~b tl~ CJ'U~"llB~?l11 ~~mCJ DP PH ~1 n~:U1~ b oH11~1~~~ b \J'U~ ,, 
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l>i1'Ue:J'Ul.l~~c;11:::~191a~1.:~ih!CJG111"1n• b Viuun'UI'i'1e:J~1.:~b-d'mJ:::~:::ne:~c;1191 'W6\'1.:~ (88.40±0. 85) bb~:::mtJm1b~'U ,~ 0~ , 

' ... .. 
bVhJ;i'U'J'VIGn111>i'1'Uel'l~lJ~~c;11:::~19l~.:!e:J~1.:!ih!tJG111"1qJ (P<0.05) 

n111bf111:::~tl~l.l1fi!1(;11i1'Uil.im11(;1b(;l'.iVI tl'Uc;111~:::mtJ 2,6- dichlorophenol­

indophenol b(;l~tJl.lc;'l11~:::~1tJn1191vi'1 i6'1nl911(;11i1'Uil. 'Ub de:~l.l:::~:::ne:~ L191tJUb '\..](;! ml9l'V'le:J6'1'V'le:J~n ·(Merck, USA) 

15 ml ~:::mtJ1'Uml9le:J:::~~n (Merck, USA) 40 ml bb~:::J1ni'U 200 ml ti~'Utl~l.J1(;111~m'U 500 ml 

1'U volumetric flask bb6l1me:~.:~ b(;l~tJl.lc;'l11~:::mtJ1(;11i1'U~l.I1\911~1'U 1iml9lbbe:J6'1f1e:J{un (L-ascobic acid, ... 
Merck, USA) 0.05 g ~:::mtJ1'Uml91vi'1i?~nl91 45 ml ti~'Utl~l.l1\9111~m'U 50 ml1'U volumetric flask 

b\91~tJl.l6'111~:::~1tJ~'UL191Yl'Ue:J~ 1i2,6dichlorophenolinedophenol (sodium salt, Merck, USA) 0.625 

g ~:::~1tJ1'UJ1ni'U 62.5 ml ~ffi'llb~tJl.I1'Umium'U\91 52.5 mg ti~'Uml.l1m1~f11'U 25ml1'U ~1tJJ1 

ni'U '1111'i'1e:J~1.:Jl.l:::~:::ne:~ 10 ~~:::mtJJ1bb~'lbb~1 b~l.l6'11'.i~:::mtJml9lvtli?~nl91 50 ml '1111ti~'U~1CJ Votes 

mixture dJ'Unm 3 'U1Vi bb~1me:J..:~~1tJm:::m~me:J'I (Whatman, USA) 1\91b\911VI6'111~:::mtJn'U6'111~:::mtJ 

~'U L191Yl'U e:J~ \l'U m:::vi'..:~1 ~~'Ul.I'V'lel e:J'U btl~ CJ'U b Vi CJ'U n'Utl~l.l1\91 '.i'U e:J'I6'111~::: mtJ1 mi1'U~l.l1 \911 ~1'U 
~ ... 

(;11'a1-3~ 14 tl~l.l1ru1\911i1'U~ (mg/g) 'Ue:J-:ndvl.l:::~:::nv6'11911'119lbb~'I~~1'Un116l1.:~6'1m1:::~h..:~1 

1~1il'U~ (mg/g) 

Run il1f!n1'n~u (1'U) Run il1f!n1''n~tl (1'U) 

0 7 14 0 7 14 

1 0.83 ±0.56 cd 0.58±0.56 c 0.32 ±0.56 b 9 1.12 ±0.86 de 0.86 ±0.55 d 0.76 ±0.51 
d 

2 0.59±0.22 ab 0.32±0.14 
b 

0.21±0.11 
ab 

10 0.84 ±0.56 cd 0.56±0.02 c 0.51±0.21 c 

3 1.13±0.14 de 0.75±0.55 cd 0.65±0.21 cd 11 0.49±0.11 ab 0.32±0.11 b 0.48±0.36 c 

4 1.32±0.68 e 0.86±0.21 d 0.45±0.32 be 12 0.71±0.15 c 0.45±0.22 be 0.36±0.41 b 

5 0.76±0.45 c 0.32±0.31 b 0.21±0.11 
ab 

13 0.91±0.11 
d 

0.43±0.10bc 0.37±0.09 
b 

6 0.76±0.55( 0.42±0.04 
be 

0.11±0.32a 14 0.35±0.25 a 0.19±0.32 
ab 

0.20±0.14 
ab 

7 0.93±014 
d 

0.88±0.25 
d 

0.75±0.11 
d 

15 0.63±0.36 
b 

0.22±0.11 
ab 

0.15±0.05 a 

8 0.91±0.03 
d 

0.05±0.91 a 0.10±0.09a 16 0.64±014 b 0.12±0.06 ab 0.22±0.01 
ab 

abc .. B'm~t1~bb\91n~1..:~n'U1'Ubb'U11'i''~bb6'119l.:Ji1.:~m1bb\91n~1'~n'Uv~1'~~titJG11~qJ~1:::~'Um1l.lb~vli''U 95% 



104 

fl11l.J bb\91 fWh\l"ll tl\ID~l.J1 ru11'11iJ'Um 'Ul.J~fl ~ ne:J~~~ ~ bb~\1 bb ~fl ~ G1Jl11 ~ n11~ 1\1 b U'Ul:.J fl ~1 fifl11l.Jbbl'l n~1\l 

"lle:J\Ill'ltl~u bb~mh'l11nml.l'WUbb 'U1 1'11l.l-hvnn 1 iBruVl.niJ?!\I~'U'\.J~l.l1ru11'11iJ'U~~~ii n11G1ru b~m ~l.l~'Ub~e:J 
, , \1 'U 'U u 

(P<0.05) 

8. 

~~~~bb~\1 

n11'1'i tJ1 mru e:Jt\JV!.IliJ bbfl~ b 1fl1~ b Vll.J1~G1l.J 1 'Un 111 itl1~tl'U ~ 1\le..Jfll.J~f!~ne:J b ~tl n11bl'l~fll.Jl.J~fl~ne:JG1~ , " 

~~bb~\ltibbe.J'Un1Wl~fle:J\IbbUU Response surface, D-optimal 2 '\J~~fl 1it'I.J1bbn1l.l desisn expert 7.0 

(Stat ease) 1~t~rl1Vl'U~bnru'V11'Um1V!T'il~~b'Vll.l1~?!l.l ~.:Jd , 

~ QJ 

1.1 El1tln11bfiU 0 'J'U • 

Los reduction "lle:J\1 ~~'UVl~vuu h'l~\IVIl.l~ v?!l'l bbfl~11 bb(;l~ E. coli b U'U 2. 97 2.15 

bbfl~ 3.80 cfu/s 1'11l.l61'1~U Vl~\1~1·\1 (i''W~ 0) ~ruVIJJiJbbfl~b1fl1~bVIl.l1~?!l.l~'l"lc.nmru'1~i'ie:J m1~1\lvi'li 

~ruWJiJ 60 oc bU'Ub1fl1 10 'U1Vi 1~t~iirh Desirability "lle:J\In11Vl~(;le:J\I~\I~~~ whnu 0.801 

OesQl-Expert® Software 

X1 ::A; Tma 
X2=8: Terfl) 

55.00 

c 
50.00 E • 1-

ir. 

45.00 

5.00 6 .25 7.50 8.75 10.00 

A: lime 

.01'1'i~ 57 Contour plot "lle:J\1 Desirability HruV!.niJbbfl~b1m1'Um1(;l~~~'UVl~~m1~l.l1n~G1~1'Wmt~m1 , 'U , , , 
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Log reduction "llB~ ~~'W'Yl~~il\Mi'~~vtl.l~ ~~~bb~~11 bb~~ E.coli1ur'W~ 7 LU'W 1.92 

0.19 bb~~ 3.61 cfu/o 1'11l.l~1#l'U Bruvt.niJbb~~nm~LVllJ1~~lJ~YlEJ1mru'1~fiB rn1~1~ffiit~ruvt.nlJ 60 oc 
:;:, , '\1 , \J 

Oe~-Expert8 Sottw.e 

~~y 

i:~~~· 

X1 .. A;. rrne 
X2 · B: renll 

c 
E 
Q 

1-
ti: 

60.00 

55.00 

50.00 

45.00 

40.00 

5.00 625 7.50 8.75 10.00 

A: Time 

.n1w~ 58 Contour plot "lltl~ Desirability ~ruvtJJiJLL~~L1m1-unT'.i~~~~'W'Yl~~~-l1~lJ1n~~~1'Wm~m1 

bn'U 1 1'W 

2.1 t~1trnT'Hn'U o 1'W • 

fl~bb'W'Wf111E!Bl.l~'U1 'W~n~ru~'Y11~th~~1'Yl~l.l~6'1~1'W ~n~ru~th1n!J ~ n~'W 1~ Lb~~rn1 

trBl.l~'UL~EJ11lJ~~~Yi~~ Lvhn'U 0.87 8.50 8.40 8.62 LL~~ 8.16 1'11l.l~1#l'U t~ruvt.niJbb~~nm~bvtlJ1~~lJ 
'\1 , , " 

fl~bb'W'Wfl11EJBl.l~'U1 'W~n~ru~'Y11~th~~1'Yl~l.l~~~1'W ~n~ru~th1n!J ~ n~'W 1~ bb~~m1 

EJBl.l~ut~EJ11l.l~~~Yia~ bvhn'U 4.43 4.66 3.81 4.06 m1~ 4.63 ml.lci'1#l'U Bruvt.nl3ml~nm~bvtl.l1~~l.l 
~ , , \J 
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<{}.00 
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5.00 625 7.50 6.75 10.00 

A: Time 

.f11'Y-I~ 59 Contour plot "l.le:J.:l Desirability ~ruVlJJ:Wbb6'1~b1m~fl~bb'U'Uf11 'H.JeJ:W.:rum-:JtJ~~~1'Vl~:Wt1'm.nn 

~a\911'UmCJm~bnu o i''U , ' 

55.00 

c 50.00 E • f-

a 

45 .00 

5.00 625 7.50 8.75 10.00 

A:nme 

il1'Y-I~ 60 Contour plot "l.IB~ Desirability ~ruVlJJ:Wml~b1Gn~fl~bb'U'Uf11~CJa:w.:ru'VI1~tJ~~?f1'Vl~:wtra:w1n 

~a\911'UmCJm~bnu 1 -r'U , . 



' 
rn".i'Vl~~'El\1?1\IVi?l~ b·vhn'U o.121 " , 

De~SSoftW80'e 

Desi'obl!y 

r~-· 

X1·•A:. Tme 
X2• B:Teit,> 

c 
E 
Q 

I-

Ii: 

60.00 

55.00 

50.00 

45 .00 

~ ... 
3.2 'El1f.Jn1'Hn'l.J 7 1'W • 
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Desirability 

5.00 625 7.50 8.75 10.00 

A: Time 

~?l~bb~~tJ~~.nru1vniJ'U~?I\I~?I~ ~\llJrl1b'Yhn'U 28.12% 51.19% bb~~ 0.46 mojo \911~~1~'U 'Elru'VIflii 
• "' .. :::> ::> , \1 

bb~~b1m~b'VI~1~?1~~'Y'lmmru1~~'El fl1".i~1\l~'li'Elru'VIfliJ 40 oc bthJb1~1 7.67 u1Yi L~f.llJrl1 Desirability . " 
' ~ 

"ll'El\lfl1".i'Vl~~'El\I?~\1Vi?l~ bvhnu o.756 (m'Y'l'Vl 62) " , 



Desig1-Expert€1Softw~W"e 

X1 • A:.flne 
Xl • B:l'"" 

EO.OO 

55.00 

c 
E 50.00 
Q 

I-
Ii: 

45.00 

40.00 

5.00 

4. mu'Vi.nilbb6'1::b 'l6'11Vib 'Vi:U1::~:u 
' 'U 
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625 7.50 6.75 10.00 

A: Time 

f11J'I'W1 mru'Vi1Bru'Vi.nil bb6'1~b 16'11~1. VIJ.n~?l:u L~Yl ~ 1 ~ 1.nru'V'l-u eJ-:~til-ud~v\'1 mJi bf!J1~~~-:JVI:UIY1 
' " 

0 IV Q,.IJ,I ~ CV ~ .::,1 d 0 

?11VIJ'UVI6'1-:!6'11-:J el1~f11Jbn'U 0 'J'Welf1!VI.fl:UbL6'1~b'J6'11'VlLVIJ.n~?IUYl?I1J.J1Jfi6'1\Yl:U1'WTU 
' ' " 

:U~'W'Vl~f1'11i1:u1n~?I\Yl iifl~bb 'W'W f11J ~el:u-r'U'Vl1-:!UJ~?I1'Vli1':U~?I:U1 n~?I\Yl bb6'1 ~ bn ru'V'lfl rum'V'l~~?I\Yl L vh nu " , , , , 

eJruVI.nil-ueJ .. nJ1~1-:J 50.43 oc l.b6'1~~1-:JI.U'Wb'J6'11 10 'W1Vi L~Yl~iif'l1 Desirability <ueJ-:!f11J'VliY16'1el-:J?I-:J~?IIYl 
'I "' \1 , 

1.vhnu o.592 

LIYlf!iiA1 Desirability <uB-:Jf11J'VliY16'1B-:J?I-:J~?IIYl 1. vhnu 0.582 lil-:~tT'Wm:unci11 11i1nm BruVI.nil1.1.6'1~nm~ 
\J , 'I "' 

bVI:U1~?1:UAB 50.43-52.63 oc nm~1-:1 5.03-10 'W1Vi 



~Sofl.were 
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i:~· 
X1•A:.Trte 
X2•B: Ter11) 

Design-Export f) Software 

Overel Acce~enc:e 

I
• r;o;:r •~nts 

1 .65 

x1. A:. nne 
X2,.B: T~ 

c 
E 
Q 

t-
0: 

60.00 

55 .00 

so.oo 

45.00 

40 .00 

5.00 

55.00 

c so.oo E 
Q 
t-
0: 

45 .00 

5.00 
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625 7 .50 8.75 10.00 

A: Time 

625 7.50 8.75 10.00 

A: nme 



ue:m n11 5 't.nvihJvh 1 ~ L.:J1~?1V~~V~ LLI1i.:J L tl~ ~'WLL tla .:J~hw.r n"~Sru~'VI1.:Jti1~?11'VI~1l~?t LL~ i~ije.JaaV~ ~ 1'W1'W 

"il~'W'VI~~a.:J1~ Lrla1iaru'VIflij?t.:J~ 50-6ooc LLa~na11'Wm1~1.:Jl.nnn11'VI~mvhnu 5 'W1Vi ?t11!11~aV~ 
" " '\J 'U 

"il~'U'VI~~~dJ'W indicator "!la.:Jm11~~a1!1'u fimn1'W~"Ilu~1V~flUJJl1Vl~'U61 L'li'W n11Lti~~'WLLtla.:J~1~ 
' ' I 

tl~1l1ruimij'W~ LLa~m1f1 1 'VIa"!la.:JB La flL~i 1a~LLa~ 1.~vhmifim~1f11i~a1!1'u"Ua.:J~u~1flflL ~a 1 iL U'W 
'II 

1. LLe.t'UnT~'VIV~aa.:J 

"il1ne.Ja.:J1'W1-:il~~ 1 rl1'VI'WV~'li"Wl.la.:Jaru'VI.nij,J1~1.:JLU'W 50-60 oc L1m1'Wm1~1.:JLU'W 2-5 'W1Vi 
• 'II 

1~~VI~.:Jf11i'VIV~aa.:J~.:I'VI1JVI 16 f11i'VIV~aa.:~ (Design expert 7.0, Stat ease) 

~1~'!lU~UJJl1Vlffii (Response indicators) ~a 

1. n1iaV~a.:I"Ua-:~~1'W1'W~~'W'VI~~~u1~~.:J'VI1JV~ 

2. f1116lVI6l.:J"!Ja.:J~1'U1'U~?t!'lLL6l~i1 

3. f11iaV~a.:J"Ua.:~ Inoculated E. coli 

4.i~~Un11~a1l1'U"!la.:J~U~Lflfl~1'U\111.:!1 

5.m1f11'VIa"l.la.:I~Lafl1~11m1 (Electrolyte leakage) 

6.f11iL ti~~'WLLtla.:J~1fl111Jcia.:~?t11.:~ (L value) 

110 
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~1~1~~ 15 ~.:~mi'VI~"B.:I~TVI~'t.Jbbe.J'Un1i'VI~"a.:~mi~mnaru'lllflljbb"~L 1m~L '111111~?1ll 1 umi ti,J1~B'U"~ , \) 

~1'U"l'U:U ~'U'VI~ vuuL ~au 1 u L.:!1~?1 ~tK~LL~.:~ • 

Run Factor 1 Factor 2 Run Factor 1 Factor 2 

b"J"1 ( 'UTVi) eJUJ'\IIfllj (0
() , \) 

b"J"1 ('U1Vi) eJW'\IIfljj (0
() . \) 

1 2.75 57.5 9 3.5 50 

2 2 60 10 3.5 55 

3 5 50 11 3.5 60 

4 2 50 12 2 55 

5 4.25 57.5 13 5 50 

6 3.5 55 14 5 60 

7 3.5 52.5 15 5 55 

8 2 50 16 5 60 

2. 

1iL.:~1~?1~~uifl i.:IL~f.l'U :U1fla. 'U1&ni ~.:~'1111~~i1'1;rltnUl uq~m" Ln'ULMm 1u~"J.:~L~B'U'V'l'J'I;fl1!PllJ 

2552 LL-J.:~Ltlu 2 "ll~1mumi1Lm1~~:u~u'VI~v LL"~~u~ 2 'llu~.:~lJ1:U1na"JuL~mnu1~mn'ULMm'lll~.:~:u1n , , , 

3. 01~ inoculation 

3.1 fl1f.IW\.u5 E. coli 

ti E. coli ~.:1'\lllJ~ 5 ?11f.l~ut5 L~'UL~f.l"Jn'Umi'VI~"a.:~~ 4 L'Ull~"~naa~tK~LL~.:~ mi L!Jl~f.lll , 

b;fa vl1l~f.IU1 E. coli (.'f1f.l~'U~"1~'U~ 1-4 aan:u1n stock ampoule mlJ15'llB.:I Tistr, MERCEN (.'f1f.l 

~'U~~ 5 a~'U'U Agar slant :U1f1,j'U subculture Ltl'U~1'U"J'U 2 !Pl~.:I'U'Ua1'\111ib~f.l.:lb;fab'\II""J Nutrient 

broth (Criterion, USA) bb"~oUlJ~ 37 Ltlunm 24 i"lllJ.:!L'U~oUll~~~~.:~b!Pl~B.:Ib'll~1 !Pl"J1lJL~"JieJ'U 175 
\) 

rpm :uu1;Ja1ibb'll1'U"Bf.l'l!B.:!L;fa (suspension) !Pl11lJL-b'lJiu~ij Optical density ehuwhn'U 0.4 (00600) 

'\111flrJ.:!1lJ 1;{ 00 U~'U;J"Jf.l Nutrient broth '\ll~eJ(,'f1ibb 'll"J'U"'elf.l'll'el.:lb ;fB :U1fl,!utlciBf.lvl.:~111:1-1a~ 1 'U~WWJjj 

~~wi1.:~ 12-18 oc L~Bmitl~'UtK"l Ltl'UL"lm 4 i"JLlJ.:~ u:ia!Pli'UL"l"1 'l11L;fam~1.:~lm~ pallets 1~f.lfl1i~'U 

L'lllif.J.:~~ 40000 g n'U 0.1% Peptone water (Oifco, USA)Ltl'UL"Jm 15 'U1Vi~ 4 oc "~mf.lfl~'U 

(resuspened) ;J1f.l 0.1% Peptone water ~ij Hose serum 5% Hose serum(Difco, USA) 'lflll11Jli10 



112 

ml tl1 suspension 't!B.:Ibb~~~G11tlfr'U~tl~111\Jl1 5 ml [:.JG11J111JO'U b~Biil1.:!~1tl 0.1% Peptone water 

500 ml bvlB1m~ "'ii'1'U1'U~~'UVI~6btl'U 10
8 

du/ml (Allande et al., 2009) ~'U~'U"'i!1'U1'U E. coli ~1tlfl11 • 
vh dilution plate 'U'UB1'VI11b~tl.:!b<ffB Nutrient Agar (Criterion, USA) D1J~ 35 oc 24 i1111.:~ 

3.2 01-a inoculation 'U'Ue.J~L~1:: 

~~~1mh.:~L.:~1~~~~ inoculate 1m~~n~i1"ll'U1~G1~1b?I11B bb~~~h:~~1mf1tl1~tl1 Btu'VI.nii 30 ., . ., 

. 
Q.:! stomacher bag Vii1m~1tl Sterile filter Stomacher bag (Seward Ltd., UK) bb~1bVI suspension 

~.:!L'UU.:! tJ~[:.JUnbb~~b"ll~11~vf1tl1~111ru 1 'U1Vi ~.:!~-:!11 15 1..11Vi ~.:~L~bb~.:Jbtl'Ub1~1 30 'U1m'U~tl~B~b<ffB . ., 

111 1~vhm1~1.:~nB'U tl1l tl~1.:!\Jl11lbb[:.J'Ufl11Vl~mN b~a~1-:JJ1~G1m1:::~h.:J1 bb~1 vhm1b\Jl~EJ1lb~1:::11i'~bb~.:~ 

\Jl11lm'nJ16~~-!11'U1~t~~ 3 (m'Vl~ 33 ) 

U1[:.Jm~1:::~~1'Un11~1-!I~G'I.fn1:::~1~1m1~1'Um~ PET (KCFresh, Thailand), J1V1unm~~::: 

100 g (•th:::1J1ru 3-4 em) 'U11~L'UQ-!!Yl~1G'I~n PO 900 (Cryovac, USA, oxygen transmission rate of 

2 :;-1 ,. 11 11 a .., 'l 11 a d 'i .. X 
3000 ml 0 2 I day m atm at 23°C) u~[:.J'Unmt~fl11111B'U bb~:::bn'U1n'l~1b'U~bti'UVI 4 °C b~tll.lfl111l"ll'U 

~1lfrVI5 95±5% &'i1111i'1mh.:~~ 'VI~~'U11~ (O) 2, 5, 7, 14 bb~::: 211'U • • 

Q. dCrt. tt::Jd 

4. 01'a1 bfl'a1::'VI~~'U'VI'atl 

1-&'11i'1B~1-!I 25 gb~B~1.:!fl'U 0.1% peptone water tl~111\Jl1 225 ml bb~:::b~B~1~~'1\Jl11Jch~'U~ 

b'VI1J1:::G11J 

1. 1bfl11:::~"'i!1'U1'U~~'U'VI~6u'U1v1~.:~'VI1J~ (total plate count) H16"l!B.:! HFPB Canada, 

(2001)~1fJB1'VI11b~tl.:!b~B Standard methods agar (PCA, Difco Difco Detroit, USA) D1l~ 30 oc btl'U 

n~1 24 .a-1111.:~ 

2. ::ibfl11::-H"'i!1'U1'U ~G1~bb~:::11LtrJ5"lJB.:! HFPB Canada, (2002) vl1EJB1'VI11b~EJ'Ib<ffB Dichloran­

Rose Bengal-Chloramphenical Agar (Difco Detroit, USA) D1J~ 25 oc btl'Ub1~1 36-72 ~1111~ 

3. m11bfl11:::-H"'ii'1'U1'U E. coli 1-&' 3M 1M Petri film 1M E. coli and Coliform count plate \Jl11116 

't!B.:! AOAC 991.14 't.J11~ 35 oc 48 i1111~ 
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e.J~-;}1'LJ'J'LJ~~'LJV1~ m 'LJL.:)1~1.'1V~9l'VI LL~.:)~ L~~Ell.J'<il1f1e.J~ L.:)1~~~1'LJ f111~ 1.:)1.'1fl11 ~~1.:) 1 ~.:I LLe.J'Uf111VlVI~eJ.:) 

LLI.'IV!.:)L'Ufi1'V'l~ 65-67 e.J~f111VlVI~eJ.:)'V'l'U11 '<il~'LJV1~~iru1~~.:)'VIl.JVILL~~~I.'I~LL~~11L~l.JI'i'LJL'Ue.Jm.:)1~ij-;]1'LJ1'LJ • 

1.'1.:) L~el'lJ1 L.:)1~l.J1 LL th1'\.J L U'LJL.:)1~1.'1 V~91' VI LL~.:)'V'l'U f111'1J'LJL ~ el'LJ'ii'1l.J~.:)l.J1a e.J~ ~.n ruEfl1~ LL ~ 8V1.:) 11 n ~1l.JV1f) 
\1 " \1 • 

l.'lfl11 ~"!)8.:1 f)11r;i1.:)1.'11l.J11tl~VI,]1'LJ'J'LJ~~'LJV1~m~el V1.:)iiirmhfl'ty L~m Vi EJ'U nu 91'18 V1.:) 1~~ 1.:) LL~~ 1~ LL~ f)~1.:) 

tl'LJ L 'LJ1~'VI11.:)Vl~V1Ll.J'LJ~ 

8.0 c 
I» 
'< -C) 
Q - .0 ::J .... 

u 8.00 c 
C) 

.2 4.00 --
I» 
'< 
1\) en c 

::J 
0 
u 

-0 
c 

.., 
I» 

I» cc 
Cl) '< CD -co Ul c c. .0 

"iU -
I» 

'Ul c 
0 
1- 4.0 
c 

I» 
'< 
...... 

co 
Cl) 

::!: c 
I» 
'< 

4.0 ...a. 
~ 

.o 
()1 N .,. w N w w w N ()1 ()1 ()1 

::J ~ :3. :3. :3. i-J (, :3. (, (, (, :3. :3. :3. :3. ~ ()1 ()1 
:3. Q) ::J ::J ::;, :3. ::J :3. :3. ::;, ::J ::J ::;, 

"' :3. 0) ()1 ()1 :3. ::J ()1 ::J ::J ::J ()1 0) ()1 0) 
:::r ::J 0 0 0 ::;, 

()1 ()1 0 ()1 ()1 0) ()1 0 ()1 0 
(I) ()1 0 0 0 ()1 ()1 N 0 0 ()1 0 0 0 0 0 0 c. -..j (I) (I) (I) -..j 0 (, (I) 0 0 0 (I) (I) (I) (I) (I) 

(, 0 0 0 (, (I) 0 0 (I) (I) (I) 0 0 0 0 0 
0 c:· c:· c:· 0 0 (I) c:· 0 0 0 c:· c:· c· c:· c:· 
C1l "' "' "' C1l c:· 0 "' c c:· c:· "' "' "' "' "' 0 0 "' c:· "' "' "' c:· c:· "' "' "' 

Treatments 

Error bars: +/- 1 SE 

fi1V.~ 65 e.J~"!J8.:J~fi!VIlJiltl1 eC) LL~~L'Ja1L'Uf111~1.:) ('LJ1Vi) L'LJL.:)1~1.'1VI9l'VILL~.:J~el,]1'LJ1'LJ~~'LJV1~~'l1u1~ 

~.:)'VIl.JVI (log cfulg) 
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c 
~ 
Q 

c 
~ 
N 

fiJ 
S' 

c .. 
Dl 

Dl cc 
'< CD 
Ul c 

~ 
c 
Dl 
'< .... 

c 
Dl 
'< .... 
~ 

" "' "' "' :... 3. ~- 3. "' 3. 3. 3. " "' 3. "' " " " " " ., 3. "' "' "' " "' "' "' "' ::r " 0 0 

"' 
0 

"' "' "' 0 "' 0 
(I) 

"' 0 0 0 "' "' 0 U1 0 0 0 0 0 0 a. ..... (I) (I) "' ..... (I) (I) "' "' (I) "' 0 0 0 0 

"' 0 0 0 "' (I) 0 
0 (I) "' "' 0 0 0 0 0 

0 E" E" E" 0 0 "' E" 0 0 0 E" E" E" E" E" 
(I) II> II> II> 

~ E" 0 II> E" E" E" II> II> II> II> II> 

0 II> E" II> <II II> 
E" E" <II ., II> 

Treatments 

Error bars: +/- 1 SE 

cfu/g) 

e-J"\l1'U'd'UVG'II'i"bL"::'nL'Wb.:!1::1G'f~~~bL9i.:~~b~~m..J:U1tu·mL.:~1:::~~1'1.Jn1';iGi'1.:~G'f.n11::1~1.:!~11i'.:~LL~'Un1';i'Vl~"B.:! 

ua~.:~L'U.fl1'V'I~ 66 ~"n1';i'Vl~"B.:!'V'I'lrh 'VlnG'fm'd::'lJB.!lm';i"Gi'1.:~a1l.l1';if:l"~\l1'U'd'WVG'II'i"bL":::';i11~mh.!lii • 

'l!mf1fl'qJ (P<O.OS) ulBLViCJunu~'dB~1.:~'WGi1.:~ ~1mh.:~~a1.:!bU'I.Jbd(l1 2 'W1Vit!'Wii~""~1~uBCJn11~1B~1.:! 

"" B'U~ 

ulBB1~n1';ibfl'UL~l.I~'U'I.fll.l1f11VG'f\91LL(l:::';i1~.:!'VIl.l~b~l.I~'UB~1.:!iiiJm11fl'qJ (P<O.OS) B1~n1';i"Lfl'U 0 u"::: 

2 1'Ut!'Wii-o.i1'U'd'WVG'f~LL(l:::';i1hlLL~n9i1.:~n'W mCJm1Lnu~ 14 1'Wiitl~mrul.l1n~a~ 1~m~l.I~'WLn'W';i:::\1lu~ , , 



115 

c 6.00 
4.00 2.00 . ··~ 

0 

.00 ::====::::========:::::============~======~===; -6.00 
~ 4.00 ~~~~~~~~~~~~~~~~~~~~~~~~~=c~~~~~~_, -5 2.00 

c 
·. fll 
''< 

N 

m .oo~-;;:::==~~~===:::~~:::::~~~=~~~==~====~:=:==: 
0 :::. 6.00 c 
·;; 4.oo ......,...,....~m"'""'="..,.:f.:!'h-:::=::::-::::i:::~~~rn::.r=~-=r---:=~~Fii',._::::-"P'!!!~--1 
0 2.00 

~ 
c.n 

w .001~========~~======~==~====~~======~==~==~ ; 6.00 c 
~ 4.00 ~-~~"':;::::Z==="""',..r,:ili'!h4-o....,.,;;i::::;-1~1-F.i'!3-:::::c:::-F;!~--==-:::::o::::-1"1--=-:--..,..-'==---'~ 2.00 .J! 

..... 

.00·~=:::::::!====:::=:==================~ 6.00 c 
4.00 1--+~f-::---,::=~~.p;~_,.,:--::~-........ ,..._F:::;::r;:::=-=,....... ....... -st;To~--~ri~--l 2.00 J! 

...Jo, 

~ 
.oo~--~-U~~~~-U~~~~-U~~~~~~~~~~~U-~LT~~~~ , 

:) 3 3 ln i.n 3 i.n i.n ln 3 3 3 3 3 :E 5. 5. 3 ~. 
5. 

~- 3 3 5. 5' 5' 5. 5' m 3 Ill U'l U'l 5. :) U'l :) 5. 5. U'l U'l Ol U'l Ol -:;- 0 0 5. 
U'l U'l 0 U'l U'l en U'l 0 0 U'l 0 

(I) 0 0 0 U'l U'l N 0 0 U'l 0 0 0 0 0 0 a. (I) (I) (I) --1 (n (I) (I) (I) (I) (I) (I) 

ln 0 0 0 i.n 
0 Q. 0 0 0 0 0 0 0 0 ro 0 

(I) (I) (I) 

0 c:· c:· c:· 0 0 ro c: 0 0 0 c:· c:· c:· c:· c:· 
(I) Ill Ill Ill (I) E" 0 Ill E" c:· c:· Ill Ill Ill Ill Ill 

0 0 Ill c:· Ill Ill Ill 
E" c:· Ill 
Ill Ill 

Treatments 

Error bars: +/- 1 SE 

cfu/g) 

en ... 
0 ... 
~ 
(g 
CD 
c 
~ 

411 
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6.1 m~tJ~~tihwnnh~fl1'VIa3J~fl 

nT~'VI~~ eJ·rffi oU m~t11~Llh.J'Vl1.:JU1~?11'Vla3Jtra LL 'U'U n11'VI~G'IeJ'U n11tl eJ3J~'U 

"!JeJ.:j~'\J~LJlfiL'U~1'U Gl'm~w~t1110!JL~EJ113J (Appearance)~ (color) n~'U (Aroma) 11:1 (Taste) LL~~m1 

EJeJ3J~'ULVIEJ113J (Overall acceptance) 1-b15 9-point hedonic scale (ISO 4121:1987) L~Elfi~LL'U'U 9 

L'Vhn'U "EleJ3J~'U3J1n~a~" 'l'Uil.:jfi~LL'U'U 1 L'Vhn'U "hjEJeJ3J~'U3J10~?1~" LL~~'lVI cutoff ~'1~1UEJeJ3J~'U 
' ' ' 

fleJ~fi~LL'U'UL'Vhn'U 3 L'Vhn'U "1UEJeJ3J~'U" 

'Vi1n11'VIVI~eJ.:J 3 ~1n11'VIVI~eJ.:j~ LL~~~n11'VI~~eJ.:J LoUt:r'U~LJlfi~1'U1'U 20 fl'l.lL'Un11 
'U 

v v v 

LL~~~n11'VIVI~el.:J hM1l.Ut:r'U~LJlflfi'UL~hJ~.:jVJ3J~ (n11'Vl~G'IeJ'UUiit:r'U~LJlfiL oU1~1l.J~.:JV!l.J~ 61 fi'U) 
'U 'U 

m1t~~t~l.J~1a~1.:jL~amwJ~aa'Um1EJal.J~uvJ1.:jtJ1~a1'Vlal.ltra1-b15m1L~t~1n'U 

.:j1'1J1~EJ~ 3 1Lfl11~~fl11l.JLLthtl11'U'IJel.:JoUeJl.l~L~EJL.ff Ltl1LLn1l.l SPSS version 14.0 LL~~Ltl~m.JLViEJ'U 
'U 

6.2 Nfi'ln1~'VIW!fileJ.:j 

t:-J~ fi~LL 'U'Un11EJeJl.l~'U 1 uGl'm~ru~'Vl1.:jtJ1~?11'Vlal.ltra~1'U Gl' n~w~tl110!JLW~tJ11l.l (Appearance) ~ 

(color) n~'U (Aroma) 11:1 (Taste) LL~~n11EJeJl.l~'ULW~EJ11l.l (Overall acceptance) LL?IVI.:JL'UJl1'V'I~ 68 i).:j 

72 
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Treatments 

Error bars: +/- 1 SE 

d V"l CV I d1 II II l:u I d 
ll1V.'VI 72 fl~ bb'U'U n1';it.Je:Jl.l-;i'U b~f.J11l.l'lle:J.:Ib·:n~a~\fl~bb\fl.:llil1mo~m.:~1~'Vlt:.t1'U n1';iGn.:l~1t.J'U1-;ie:J'Uam1~m.:~'l 'Vl 

mt.Jn1';ibtl'Ubb\fln~1.:~n'U fl~bb 'Uti 9 bvhn'U "t.Jvl.l-r'Umn~a~" 1 tllil'Uil.:~ 1 rvhn'U "hivvl.l-r'Ul.nn~a~" b61'U • • • 

B1.:1~.:1bba~.:~ fl~bb'U'Ubvhn'U 3 "1~tJ€Jl.l-r'U" (n=20 lil1n 3 replicates) 

n1';i1bf1';i1~l1fhm';i~11vm'lle:J.:!Bb"f11\fl11"vi vi11m~tJ~~u.tl".:~1fi'lle:J.:I Cottee et 

al. (2009) Fan and Sokorai (2005) bb"~ McCollum et al. (1995) 1-tl cork border 'lJ'U1~ ~61'U~1'U 

~ J/ tl"" o .cl ~ IV .I 'i 1-' ~ ,J: 
~'UtJmn.:~ 4 mm blil1~b'Um "e:Jnb.:11~~b\fl"~m'Vlbl.I'U\fl \fl~'ll'Ue:Je:Jmb"~v-~1'U\fl1l.l'll11.:1b'VI~1J'U'lJ'U'U1.:1'1 'VI'U1 

\h~l.11W 1 mm 10 ~'U ~1.:1~1tlll,an~1aae:J'Uml.11\fl1 10 1 f1f.:lbb"~~b"li~.:~11t'U than~1e:Je:J€l'U tnl.11\fl1 

10 ml ~'U 1aL'U'lJ1~tl~~1 (screw cap bottle) ~.:~H 30 'UTVi lil1ntf'Ub'Vl'lh1~.Umne:Ji 1~fhmith1'rlvh 
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(conductivity) ~1tJLfl~eJ.:J1~ conductivity (Hanna HI 98303, USA) btl'Urhm1~11vmb~:U~'Uii!1ntY'U'th 

thmr'U~'U"111~ 'l11hl Autoclave vt 121 oc 25 'U1Vi v1.:JH~U'Ub~'Uvtem.t'VI.nu~a.:J bb~11vwhm1'l111vlrh~n . " 

ij n11'U1~b ~'U"lleJ.:J b ~"ci"'V!~eJfl11:Ubfl~ fl~ b ~:u~'U 1~ml1~eJ'Ubb":: m1u a nijr:h'Uvi11 ~ b ~"cl" Ln~fl11:U bfl~fl~ 1~ 

LLmre:n~m1Ln'UL ~:u~'Uvi11 ~ijm1L ~:u~'U"lla.:Jm1~1 1 'VI"a~1.:Jijtiflt'i'1ri'cy (p< o. OS) 

~nn~vt 16 m1~11'VI""lleJ.:JBb"fl1m1m-1 (o/o) "lleJ.:Jb.:J1::~~bb~.:J~~1'Um1~1.:J6'lm1::~1.:J1 

m-a~11'VI""llt~.:!Bb"fl191-a1"'Vi C%) 
~ ... 

t~1fln1'nn'U C1'U) Run tl1fln11bn'U (1'U) Run 
' ' 

0 7 14 0 7 14 

1 13.52±0.22 
b 

25.40 ±0.46bc 37.0 ±0.46 c 9 13.56±0.42 
b 

22.44 ±0.56 b 33.37±0.56 b 

2 14.25±0.55 c 25.20±0.22 b 38.11±014 d 10 15.67±0.12 
cd 

24.42±0.23 b 31.11±0.33 a 

3 16.50±0.26 d 20.50±0.42 a 32.15±0.21 ab 11 16.89±0.72 
d 

29.24±0.13 c 34.10±0.91 b 

4 12.35±0.52 a 29.20±0.41 c 30.24±0.31 a 12 16.40±0.04 
d 

24.02±0.30 
cd 

37.12±0.23 
cd 

16.47±0.47 d 23.1 0±0.62 b 36.41±0.13 c 18.69±0.58 e 28.28±0.34 c 
ab 

5 13 32.61±0.17 

6 16.80±0.87 de 29.50±0.81 c 31.55±0.31 a 14 19.56±0.11 e 29.00±0.41 
d 

34.22±0.31 b 

16.45±0.07 d 26.10±0.16 be 30.55±0.11 a 17.89±0.14 de 
b 

37.11±0.21 c 7 15 23.210±0.42 

8 12.40±0.12 a 23.50±0.16 b 36.21±0.11 c 16 19.21±0.18 e 24.20±0.16 
b 

36.25±0.25 c 

aoc .. e1n~1vtbb9ln~1.:Jn'U 1 'Ubb 'U1~.:Jbb6'l~.:J5.:Jm'abb910~1.:Jfl'UeJ~1.:Ji1tiflt'i'1ri'ty~-a::~'Ufl11:Ub ~mY'U 9 So/a 

'l11btl~am.:J1:i:U11~fi1ruvm1-tl-a::'U'U1~~~'Ub9ltl1 (Hunter Color System) vl1tJLfl~ti.:J1~~ 

(Minolta Chroma meter CR-300, Japan) 1-tlluminous source ~tl 065 1~b.:J1::1'U'U11~firu'YI1'Ubb~"~ 

~.:J'VI~"ti.:J 3 "n 1~"n"~3 lil~ lil~":: 3 fl~.:J n=27 11EJ.:J1'UbU'Url1fl11:U?iti.:J6'111.:J L value a value b 
\J \1 , , 
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Treatments 

Error bars: +/- 1 SE 

L·:n~iim·nu~t~'ULLU(;l'l~'l-1~'1'nmh:~ 'V'lUfl'J1nTHU~ti'ULLU(;l'lfh l vaue LL(rln~1'1tl'UB~1'1ii 

t1'm;'1f'ln IL 'Ubb~(;l~fl.fl1'l~n1~~1'1 ~'li!b.i'V'lULL 'U'l 1 '!i'l.l~b U'U~(;l'l!B'IBUJ'I-1.flii'l-1~abdm b ~B..:J"i11nb-.11~ii'll'Ubb(;J~e'J'J •a: ' \J 

LU~Bn'll~'ll~~ m~Lotlbfl~B'IiiB1(rl~mi'!-1~nm~~m'l-1'llB'Ibb6'1'1Vh1~-b'alJ(;liifn1lJLLU~U~'J'U bL~B~1'11~n(rl1lJ 
' \J 



I~ 

" 
!-' !-' "' "' :.., :3. :l. :l. "' "' "' :l. :l. :E "' g: :3. " " " :l. :l. :l. " " m "' "' "' " " " "' m "' :r " 0 0 0 0 

"' "' m "' 0 "' (1) 

"' 0 0 0 "' 0 0 "' 0 0 0 0 0 0 a. ... CD CD ~ ... ~ 0 0 0 ~ ~ CD CD CD 0 

"' 0 0 "' "' 0 CD CD II> 0 0 0 
0 c:· c c:· 0 0 CD c:· 0 0 0 c:· c:· c:· c:· c:· 
II> .. .. .. CD c:· 0 .. c:· c:· c:· .. .. .. .. .. 
0 0 .. c:· .. .. .. 
c:· c:· .. .. .. 

Treatments 

Error bars: +/- 1 SE 
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N6'ln11'Vl\91~B.:!n11LU~f.J'ULLU6'1.:!fh~Lb\91.:! a value (fi1'W~ 74) LL6'1~n11LU~f.J'ULLU6'1.:!fl1~ 

LVIaa.:~ (mv.~ 75) LtltJ1tJammJ~L"!i'UL~f.J1m1L'll~f.l'ULLtla.:~l"i1m1ll?ia.:~~11.:~11'1f.J1'ULL~a~~m1~"lla.:~m1a1.:~ 

LLI'ln~1.:!fl'U LL6'l~Ldamf.ln11Lfl'UL~ll~'Uiim'JLU~f.l'UbbU6'1.:!ll1n~'UeJ~1.:!iiti'm11firu (P<O.OS) 
• u 

,.r.:~-d'm'IL U'UL W11~thratJvh 1 ~e:b L.:!1~Lnl'1fl11llb~f.JVI1f.lvi'11~~"lla.:~L tlaam.:~1~ii~~fiJ1a.:~ L ~a.:~'l1nm1fi1'U 

J, LL6'1~1 .:~fl11'1 Cl?i1'U 1 Vlru "1. 'Ub tl~ am.:~1~L U'ULLB'U 1 'Vl11ijf.l1U'U 1.:!fl1 l'lel n~ll-d''~~" nvi'1a1f.l 1~41f.l 1 'Un1~'U1'Un11 
• _, , .. \.1 

u'IJ'J'j'IJeJ1VI11 L"!i'U m'J1iaruVIflil~.:~ fl11l!L"lll.l"li'U"lleJ.:!tl11'11~~.:~ pH ml'1a~il1'U n11'1LLB~flai-Dn ua~ 
'\J • \1 \.1 'U 

.tl11~~iiaan~L'l'U ~.:!'1~ 1 tlL ~.:!eJ1'111L ~1"ileJ.:!n1'j~a1f.lvl1"ileJ.:!LLB'U 1 'Vl11ijf.l1U'U(u5m,2549) vi'1l ~iifi~LL 'U'Ufl1'j 
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bb(Pln~1.::Jfl'U 

b~t-J'UnT:iVIVl£'1€l.::Jbb'U'll Response surface, D-optimal 2 il~~tl 1mu·:mmlJ design expert 7.0 (Stat 
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~ "' 1.3 tl1f.Jn1''HO'U 0 'J'LI • 

Log reduction 'lm-:~ ~a'LI'Vl~6l!u1~~'~\-1:W~ ~a~Lb~~~1 Lb~~ E. coli ~lnn~a~LU'LI , , 

5.60 4.38 bb~~ 5.24 log cfu/g m:w~1~u \-1~'1~1'1 (1'LI~ 0) aru\-1niJLL~~b1~1~b\-1:W1~a:w~r~c.nmru1~~a 
, 'IJ 

~xperili> Soffware 

o...-~. i: Pms 
X1• A:. rrne 
Xl • B: T""4' 

c 
E 
Q 

f-

· li: 

60.00 

57.50 

55.00 

52.50 

50.00 

1.4 en~m~biiu 7 1'LI 

2.00 275 3.50 4.25 500 

A:nme 

Loo reduction 'IJ8'1 ~a'U'Vl~6l!u1~~'1\-1:W~ va~bb~~~1 bb~~ E.coli ~mn~avlbU'U :;, , , 

3.90 3 .55bb~~ 3.77 log cfu/g ~1:w~1~u ~ru\-1JJiJLL~~nm~b\-1:W1~a:w~r~~1mru11i1~a m~~1-:~vTii 

aru\-1niJ 60 oc LU'UL1m 4.56 'U1Vi 1~~ijrh Desirability 'IJa-:~m~'VlV~~a-:~a-:~~a~ whnu 0.865 . " " " 
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2.00 275 3.50 4.25 500 

A: Time 

fl:::bb'U't.!nTHJa:w-rub~n~ru:::'VI1\IU';!:::f!1'Vl~:w~avi'Tu ~n~ru:::'\J';I1n!J ~ n~'U ';Iff Lbmm1';1 

~:m:w-ru11iltJ';J'J:W~f!\l~f!lil bvhnu 8.14 8.07 8.36 8.22 bbl:l::: 8.32 1'11:w(;\'1~u aru'VInilLbl:l:::b'Jl:ll~bVI:W1:::a:w 
'U , , '\J 

~'Ylmmru1vi'~a fl1';J~\rvhiaru'VIflii 58.27 oc bU'Ub'Jl:ll 2 'U1Vi Llilf.lijrh Desirability 'l!B\Ifl1'mlill:lB\If!\l 
, " 'IJ 

~alil bvhnu o. 704 (m'Yl~ 78) , 

fl:::bb'U'Ufl1';iCJv:w-ru1'W~n~ru:::'VI1\IU';I:::f!1'VI~:w~avi'1'W ~n~ru:::'\J';I1n!J ~ n~'U ';jf! bb(;l::: 

fl1';jtJa:w-ru11ilm1:w~a\l~f!lil whnu 4.99 4.95 4.01 4.88 bb(;l::: 4.58 1'11:W~1~'U aru'VInilbb(;l:::b'Jm~ 
~ , , ~ 

b'VI:W1:::f!:W~Y4f.l1mru1vi'~a fl1';1~1\lvhiaru'VIflii 58.81 oc LU'Ub'J{;l1 2 'U1Vi LlilCJijrh Desirability 'l!B\Ifl1';1 , " 
d I ClJ d 

'VIIil{;leJ\If!\I'VIf!lil L'VI1n'U 0.774 (fl1Y4'VI 79) " , 
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275 
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3.50 .25 500 

A: Time 

n1~'1'l cnmruvt1EHU'VIflii bbl:'l~ b 1m~ b Vl~1:::61~ hm 1 '!Xbnruo/i'lJB~~'lJ.Q'~y\'1 n1~lbfl~1:::~~~VI1WI , " 



De~8Sottwere 

Xt· •A:. Tine 
X2•B:T~ 

X1•A:.Tme 
X2 •B: TCftll 

c 
E 
Q 

1-
li: 

c 
E 
Q 

1-
li: 

57 .50 

55JJO 

52 .50 

60 .00 

57 .50 

5500 

52.50 

50 .00 
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A: Time 

2.00 215 3.50 4.25 500 

A: Time 

d "" '1 ... d d "' ' 1 ~ ll1W'VI 83 Contour plot ~WVIJJl.lbbfl~b'Jfn~tJnT~fn'I'VIbl-1lJ1~alJ'VI~I'l'lle:J'Ib'I1~6WWHilbbVl'l um~m1Lnu 7 

1u 
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ftltlbb~Zbft'Ue:Jbb 'UZ 
.. .,..~ g ~~~~~~ ~ 0 .. ""~tl -!1 "I ~ 

1. ~~.:11'U1~V'VI 1. fl11'rlmm.J~fl1'H'U'U11'e:J'U L'Un11'~~~1'U1'U~~'U'Vl'lll 'Ubue:J'U L'U3JZ~Zfle:J'Vl.:l~~ 

u~::3J::a::nea~~~bb~.:l 

m,.~-,:~~mJ::a::ne:~~1vJ1~iimw'V1fli1 30oc 1~ii~a\Jie:~m,.a~~1'U1'U:U~'U'Vl~611u1~~.:~'VI1.1~ . " ' 
~&'ll'i'tta::)1 bba::~1'U1'U Enterobacteriacae b~m Vivuti'um,. ~~1-:1 fl1)1 imw'VIfli1&'1.:Ji:i~a\Jie:~m,.a~~1'U1'U 

' " " 
:u~u'Vl~v m,.t iJ1~e:~u~ 6ooc ii~at um,.a~~1u1u:u~u'V1~61Ju 1~1.11 nn-;hJ1~e:~ru'VIfli1~u 61 ~m,. t i 
, , ' " I 

e:Jru'VIfli1J1~1.:J so tba:: 60 oc na1fl1)~1.:~ii~a\Jie:~nTm~~1'U1'U"Ue:J.:J :u~u'Vl~viru 1~~.:J'VI1.1~ ~&'ll'i'tta::)1 
' " . 

" ~am,.1-H'l11~e:~u61'1-:~~e:~n1,.a~~1'U1'U~~u'Vl~mu1.1::a::ne:~a~~~u\Ji.:~ • 

11u 1~~.:J'VI1.1~ hltt\9ln\J\1.:~ti'u fl1)~1.:~b tJuna1 1 o u1Vivi'1 t ~ii~~'U'VI~V'U'U1.l::a::ne:~&'l~~mt\Ji-:nYmlfl11b1a1fl1) 

~1.:!~'U., e:J1Vfl1'HRuii~a\Jie:~~TW1'U:U~'U'VI~V11'U1~~.:~'VI1.1~ ~&'ll'i'tLa::11 bta:: Enterobacteriacae tu 
I ' ' 



133 

I .3 d.c::t. J/ CV CV 0 Q..l I I q Q.l 0 CV 

f'1111l"IJ1l"lllJ'Vl~1 f'1111lfl~ <,if! U.6l~f'1111l'VI1TU blJ8f!1J~f!6'1~6l\I\011116'11~'Ubb6l~bb\Olf1\011·:1'elEJ1\11llJf.lfl1f"lqJ'Vl1\l 

ail~ (p~o.os) 'Vi'Uf11c.ib'li1b~f.I~~'~Ln\011mu'Vln~1a~1'~'VI~'~-:u1mnu~n'l!nH 141u m"Ja1\1~1ml1aru'VI.nij 
• • • \J 

30 bba~ 40 oc 1~flLiL16'11U8f.lni1 5 U1Vi'b.ivh1~1l~a::naa~~~LL~\ILU~f.luu.tla\1~1l.!~m~ru::'Vl1\l\h::a1'Vl 

~1l~au.a::a'lfitl"J::nau'Vl1\1Lf"lii u.911.l.iii~aa~~1l.!1'Uo:uau'Vl~Va'l1~ ulat iaru'VI.nija\ILLa~ na1tum'Ja1'1 
, , 'U v 

111nn-l1'VI~mvhnu s u1Vi fi1111"Jtla~~1u1u~au'Vl~vuu~a1J::a~na1~a~1'~iiirm11~qJ 

'V11f1b~ anti bf1 UJGfl81f.l f11c.i bn'U\0111Jf"l UJ.fi1'Vi'V11\IO:UalJ'Vl~ V"ll 8\181'VI1c.if! ~ bb 'li b~'U u K 
, ' ' 

Refrigerated Foods Association (UK Refrigerated Foods Association 2002) rl1'VI'U~L~~al.!'Vl~viru 

1~~\I'V111~1l.iLnlJ 5X10
4 

cfu/g 'VI~8 4.7 log cfu!g o:u::'Vi'Ul1 'V11n1l.ia1\1~6l'V1~8LiJ1~WVIJJij 30 oc o:u:: 

Lnu1~ 21u 'VI1n1i aru'VI.nij1J1nn11'VI~mvhnu 40 oc o:u~Lnu1~ s 1uLL\011u~1a~1\l~a1\ILtJunm 10 
• 'U 

2. 

~a~uVi111~~1\ltl'U8~1'1iiirm11~qJ 1um"J'Vl~aa\ld m"JLif"laa~u 100 ppm(mg/U 1~~am'Ja~1~111n 

~~~ 1~f.la~a\l tl"J::111ru 2 log cfu!g Lda1l.iiim11lL'li1l"li'W"ll8\lf"laa~utuJ1a1\l m"J1i~ruVIJJijJ1~ 60 oc 

a11J1c.itla~~1'U1'Uo:uau'VI~m~111nn11 so 4o Lba:: 3o oc m"Ja1\l~a~uVi11~1ml1aru'V1.nij 4ooc LtJuL1a1 
' ' 'U 

1 u1Vi 2 bba:: s u1Vi m"Ja~~1lJ1'U~au'VI~viru1~~\I'VI1l~ bba~~a~bba~"J11l.iLL\Oln~1\lnu~1€1~1\11l.ia1\l a1u 

L1mm"Ja1'11l.iii~aa~ Enterobacteiraceae ulmVif.lunu~1tl~1'11l-ia1\l 

e.~f!n1<,it-l/J,it~ua1\l~t~n1c.ifl~,j,u1u~au'VI~muUJ~~..ruVi1lLbn:: 

~a f11c.i'VI~6l ti\I'Vi'Ul1 L1la~~'UVi1JU.f1~ii f11c.iU'UL ~tll.!O:Ua'U'Vl~ vrit~u"li1\lf!\l L ~€1\l':il 1 n9i €1\1 bbf1~~1f.l 
' 'U 

~1'~1 ii~1u1u~au'V1~fl"ll-iLL\Oln~1'~nu (p ~o.os) LL~fi1111"Jtla~~1'U1'U~au'VI~va'l1~ tl"J::111ru 1-2 log 

duls LlimVif.lunuL1Ja~~uVi1Jo:u1n~1€1~1\11l.ia1\l m"Ja1\1~1f.lf"lat~~uii~1'U1'U~au'VI~viru1~~'~'VI1l~a~a'~1~ 
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cO I Ql 

~fl11~LL~n~Jnmu 

~~n1~11iJ1~aut11.:J~af>lwll1~'VI1.:Jtl~::a1'VIa~e!a'tla.:Jt~a~\1''UVilJttn:: 

~fi!VI3JljJ1,h:! LL~~b 1a 1L 'I.Jn1'j~1-:! 1~ijt:~a~ a a n~ru~'VI1.:JU'j::?f1'VI"'~N?I~Tl.l~ bb~-:!'tl'El-:1 L~a~ 
~ . 

Vi''UVi~ LLn:: ~ fi!V13Jihl1~1-:~ Lta:: L 1m 1 'U fl1'j~ 1-:~~t:~a IJi mi' n~ru::'V11-:Jth::?11'VI"'~il'?I~1'Un~'U fl11~L!Ji-:~ 

fl11~LL ~-:~ LLa ::fl11~'VI11'U"Ila-:~ L~a~Vi''UVi~ LLn::(m'V'l~ 28) 1~vm'j 1 -tie ru'VI.nij?f-:~ LLa:: L 1a161-:J~'Un~'U~::a~a-:~ 
, '\.1 "' 'U 

(P<OOS) L~a ~Vi''UVi~ LLn::~1 nt:~a 1~~ 1-:1 LLa ::~1-:1~1 v fla a~'U~"' n~ru::'VI1-:~th::611'VI"'~il' 61~1\J n~'U~ n'i1?1.n11:: 

m'j~1-:J~'U1 LLa::t~am~m'jbfl'UL~~~'Un~'Ua~a-:~ati1-:~~'11va1fi'qJ(P<OOS) Lta::~'VI~?Ia'U1~-n'a"'-:~Ln!Jl11 

3. 
...... d 

~~{11\J'J~ti'VI 3. 

~am'j11iJ1~'El'Utl1.:J~am~a~liJ1'U'J'U~~'U'VI~V1'U~aL-:~1:: 
' 

~'Uti-:~m~m'jLfl'll 7 1'U n1'jLotlflaa~'U 100 mg/L LU'UL1a1 10 'U1Vi LLa::m'j1iJ1~EJ'U~ 50 oc bU'UL1a1 

10 'U1Via~lil1'U1'Ua-:~1'U Enterobacteriaceae 'j::l'i''U~tla~1''U1~~'U(i-:~ 81tJn1'jbfl'U 7 1'W fl1'j11itl1~'El'U~ • 

60 oc ?11~1'jt'Ja~lil1'W1'U1~~1nn11m'j~1-:J61f111::~'U1 LLa::~-:~b~~bda11'1.Jm'j~1-:JLU'U 10 'U1Vi ?11~1'jt'l 

fld'llfl~lil1'U1'U 1~~'Utl-:J~'U?I~ m tl fl1'j bn'U1'n~1 • • • 
~ 

~am~lcti'lh~a'U~1.:J~af!W.n1~'VI1.:Jtl~::a1'VIa~e!a'tla.:JL.:J1::a~~~tL~-1 

aru'VI.nijJ1~1-1 bba::na11 'I.Jn1'j~1-:Jijt:~a!Jia "'n~ru::'Vl1-:JU1::?11'Vl"'~er"~1'U~M1 att~-1 LLa~ 
• \1 

'U1Vi'r111~ijm'ja~a-:~"lla-:~an~ru::'VI1-:~tl'j::?f1'Vl~~er"t-:~1::?1~~~LL!Ji-:~mn~~~ 

81tln11Lfl'U~t:~a!Jiaflfi!fi1'V'l'Vl1-1U1::?11'Vl~~N~'El-:IL-:11::?1~~~LL!Ji-:J ~81fln11Lfl'U 0 2 LLa~ 5 • • • 

1'U "'n~ru::'VI1-1U1~?11'VI~~er ?1~1'U a L .Q' 8 n~'U Lba~fld1~'VI11'UL-:J1::?1 ~~~ LL!Ji-:J~~1'1.Jn1'j~1-:!?lfi11~1Ji1-111~ 

LL~n!Ji1-:~n'U 1~tJ1'Wm~m·nn'U 141''W ciTu1'VIqjL-:~1::?1~~~LL!Ji-:~LthL~V 
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a1J~&'I~TU ~fl'l!mJ~U':i1n!J a n~'U ':i&'l bb6'l~n1':i~81li'UL~~':i11J~~~~~~ bnW'f1fJWfl1'V'Ivh~iiti~111Wn1':i 

~11 V!a"lla~~haflLt'l':i 1av'i~1~a~ n'VJ~m':i(il1tJBtJ1Jaaa':i~a~~a~LLa~m111W1mijtJ~a~~a~ LLa~iim~m':i 
, "I , \.1 "' , "' , , 

Lnu 71tJ botlbbe.J'Un1':i'Vl~aa~ Response surface, 0-optimal 2 i1"..ij~ 1mtl':ibbn':i1l design expert 7.0 

"1i1~i1"..ij~~Pin~1~aawV!.nij1tJm':i~1~ 50-60 oc LLa~L1m1tJm':i~1\l 5-10 tJ1Vi e.~arn':i'V'Immw1~ 
, 'U 

5. 

bb~~ 

n1':i'V'ImmruVI1eJWVI.flijLLa~b1a1~LVI111~a111~~1-ffLnw6f1 fl1':ia~~1'U1'U (Loo reduction) "liB~ , " ::. 

"~tJ'Vl~6'l!u 1~~~VI1l~ 8al'i'LLa~':i1 LLa~ E. coli ~111n~a~fl~LL tJtJ m':i~a11i'u 1 tJ~ n~w~'V11~tl':i~a1'Vla1J~a , , 

Response surface, 0-optimal 2 u:u..ij~ 1mthLLm1l design expert 7.0 "li1~u:u..ij~~Pin~1~8~WV13Jij 

1'Um';i~1~ 50-60 oc LLa~na11tJm':i~1~ 4-5 tJ1Vi e.J6'ln1':i'V'Immw1~ awVI.nijLL6'l~L1m~LVI111~a1l~a , " 

1. 

11~a~na L~1~ LL6'1~l1uVi11 L~aa~m':itltJLti€ltJ"lla~~~tJ'Vl~6~h~~:u1nC:bLtlaan1tlv~e.~~t'lnw4ia~~~LL~~L~a 

n1':i~~aan 1~~ 1111 otl&'l1':ibflii LL~e.J6'1n1':il..ij~"lla~l1uVi1JLba~~ 1~L ~'Ui1"!i1~UiiJ..ij'~~Laan 1m 'Un1':i1..ij~ ll.iiit.Ja 

1 tJm':iG'l~Lvh 1~'11n LLa~e.~mnnm':i1..ijmLa~~ 1 ~L i1tJ115~LLm -tlawV!.nij~a~ 1 tJm':i~1~LL6'1~ 'V'IU11a1111':ifla~ 
• 'U 'U 

~1tJ1tJ:U~tJ'Vl~m~a~1~ii'l!mh~n'LL~VI1niim':itltJLtiatJ-;:nml1~1~1tlv~ Lifae.~aW :u~tJ'Vl~6a1111':ima~ . ·~:: . 
;i1t'JLL6'l~L:u~fYL~u 1t'lan~a 1t11~ 
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e.J~ Wvi'brt~~1.:t'VI~mh~\:J 'VI~a1-tlnTH'IJ~v'U~.:t~e:J 

mlJ1W~a'Uvt~tlb~lJ~'U~e.J~~8U~~avt5m'Vlm~~1.:t b.:t1~'Uvnn~~vi1n1':i~mn~mlJ1W 
' "I~ 

1-tlm~iim~'IJ'Ub ~8'U~1n~~'Uvt~cl'~i1.:~ ""]lJ1n 

~.:tfl1~~~'U1~1'U pre-post harvest ~1lJ~1tJ b~lJI"l11lJ~~m~ 1 'UbbU~.:t LL~~~~w;h.:~m~ 

bih.JL~m bb~~1-tltJ1~~m~a1'V!~'U~~m~e.Jal11e.J~ m~'IJ~~~n111i.-tl~~'U'U Good Agriculturing Practice 1t~ 

Lb 'IJ ~.:!~ ~ ~1lJ1~ t:l fi"J'U fllJ~'lJ8'U1JJ tJ bL~ ~ G'l ~ m~'IJ'U L ~ 8'U 1~~lJ1 n • • 


