
.., 
'.UYIYI 4 

~ftfl1'i~imLft~illlt.h1U~ft 

~ ~ .,,, A" 
4.1 Nan11"mt1n1::u'J"n1·u1aGlN'1na1Ltiil s. subtilis TN51 

~ .:Ii S.- .:" 1 A" S.. I 0 l 
4.1.1 i'tfl1:t1fl"i::tJ'J"fl11'LGl1'UIJfln1Ltiil s. subtilis TN51 "LtJil'1Gl"flil""1 t.I 

'1GM"1Lfi"na1Lii'o11iGlN'1LL'1'1 

~ ..r ..r ..,; . ""' '!!l.O 4.1.1.1 Nnfl11'i't fl1:t1if Gl"ail1Vl11'Ln U'1Ltiilfl LVllJ1::iflJLLn::1'1fl10 mTt il Lti 
~ ~ 

~ .,,, ~ 
LGl1'UIJfln1Ltiil s. subtilis TN51 

• I"' ""' • I .. .. .f .f 'I 
~nnnTl'Yl~G:iEh'ILu"H.J1JL'YHJtJu1::a-'Y11i1l1VmTH'Vn::uuhWJHl B. subtilis TN51 L'U. 

tn'Vl11Lift1\IL:lm'V\a1~L~1t111-;i1nml.1 3 "lfU~ fi8 LLtJ\151L'V\a8\l"lfU~~m"llir'U.L~11 LLtJ\l"li11Li1 

."I ... 1 .. ."I 'I ... ... 'I .r .r .r 
LL a:: LLu\I ff1 a ~ t1n11L~ 11 LLu\I L 'U.8~1118 ti a:: 20 L 'U.81'Vl11LG:i tl\I L "lf 8 ff~1fi'U.;j1'U. (BSM) 

'IJ ... 

• .... ... ... .r .r ... . .r 
Lu1tltJL 'YI t1unu 81'Vl11La tl\I L "lfm 'VIG:i1'Yl1\ln11m Trypticase soy broth (TSB) 'VitJ11 L "lf8 

.. WI "!:!"! .r .K ..l ""' .°I ~ .. 1 B. subtilis TN51 ITT1111flL';J1ty L~~lL'U.81'Vl11Latl\IL"l5m'Vla1'YIL~1tl11';11nLLu\l'Yl\I 3 "jj'U,~ ~ti 

~11';J'VitJLLtJflnL1t1,f\l'Vl1l~ (Total viable count, lVC) miluib\I 6.50 - 8.88 log CFU/ml LLa:: 
'IJ 

~11';J'VitJLLUflnL1t1~iia'l.l8f,f\l'Vl1l~ (Spore count, SPC) 8cilwrl1\I 5.79 - 6.93 log CFU/ml 
'IJ 

(111'Vi 6) 

10 

l -E b 

OTVC J2aSPC a 

b - 8 ::::> 
IL 
0 d 

. . . a c 

Cll 
0 

6 :::;:.. ... c 
";:i 
tr 
~ 
;t 

4 (('I; 
r.o• 
;t I 
C" 

~ ;t 
.i; 2 

I 
0 ~-

TSB BSM SFM WFM RFM 

fl1Tt 6 1.l1mm lVC LLa:: SPC hi.a1'V111Lift1\IL:lm'V\a1a-~1-Yfu;nu~L~2JLLtJ\151L'V\a8\I 
'IJ ... 

... ... ... ... ... ... ... .r .r 
(SFM) LLtl\I ff1 a (WFM) LLG:i::LLtl\1"1111 (RFM) Ltl1tl1JL 'YI t1unrn:n'Vl11LG:i tl\IL "15m 'VI G:i1'Yl1\I 

... .r .r .r 
m1m (TSB) LLa::tn'Vl11LG:itl\IL°.ll'8\!~1'Vi'U.!1'U. (BSM) 
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LL1l.nf\I 3 "lfii.~~L~2J 1 Utl1'V\11Lt F.J\I L if a H~1i4'u;;1u"li1F.Jff\ILH12J1 iLL1.JflfiL1m ~1ruhi 
'II ... "' 

... • .,f .f .f 1 .,f .f t1"' ... t1"' ... ... 
~n11El1'V\11Li:W\IL "lftlff~1Vm;;1u ~ F.Jtl1'V\11LflF.J\IL "lfm 'V\a1~1nLL \lff1aLrn::LL \1"1111L~1~d1~ 

'II ... 

-wutl12J1nmuflfiL1mf\l'VI 2J~ Lrn:: LLUflfi L 1ri~ ii atl af H\I ni1 a1V111Lt F.J\I L if a a~1i4' u;;1 ua £i1\I ii 
'II 'II ... 

UFJ ~1fl'lJ'Yl1\lafi~ (P < 0.05) ~1'Vlf1.J El1'V\11Lt F.J\I L if aL'V\a1~1mLJ\151 L 'VI aa\I LL3.ii1 LL1.JflfiL1F.J 

rf\l'Vl2J~~9111~-wuiit11mni.il'a F.Jni1mV111Lt F.J\IL if aa~1i4'u;;1ufi a 6.5 L rl1 LL~iitl12J1tu."ll a\I 
'II ... 

... ... .,;.,. ti ,:; • .,f .f .f .. • 'I "" ... .f 
LL1.Jfl'Y1L1F.J'Y12Jff tld'Yl\l'V\2J~ff\lfi11tl1'V\11LaF.J\IL"lftlff~1'WU;;1Ufl\I 12.9 L'Yl1 LUm1~rn~~\lna1L"lftl 

'II 'II ... 

ITTL1~1tlITTV1fuV13Tntr1Li.i1lufl~d'ia\lm11iLLUflfiL1F.J~L~1ruar.ilu1tl~iiatlaf2J1nni1L'lJaa 
'II "' 'II 'II 

tin~ L iia\1~1natl af ITT 3J11fl'YlU~ Elfl112J LL i\I LLa::fl113J'ltlUff\I 112JJ\l'YlU~ an11L ti~ F.JULLtla\I 
'II 

'71 a.:ii\I LL 1~a a11li~ni1 L 'lJaatln~ ~\l~::fl1LiLLUflfiL1F.J ITT2J11fl'YlU~ an1::u1un11~ ~~n a1 L if a 

ITT L 1~1tl"l5ii.~ ~\I~ i El\! ~1un11au LL i\l~fl112Ji'aua\ILLa::a11111ri L 'Via ma~ 1 U~\I LL,j\I~ LLi\l Lu 
'II 'II 

1::V1i1\ln11Lnui'nH1 li 

El1'Vl11Lt F.J\I L if a L 'VI a1~L~1F.J 2J~1n LLJ.:1"1i1 F.J ff \I La111l iLLU ffnL 1F.J ai'1\I atl afli~ni1 

a1V111LtF.J\ILifm V1a1'Yl1\ln11fl'1 TSB ar.i1\liiuu~1i'l!'Yl1\lafi~ (P < o.o5) 1~u-wrn'lJaa 
...... .,; ... -1 ,:; 'I .,f .f .,; ... t1"' ' .,f .f 

LL1.Jfl'Y1L 1U'Yl ITT1\lr.iutl1'Yl\l'V\2J~ L Utl1'V\11La U\IL "ll'm 'V\a1'Yl L~1U2J~1n LL \lff\ln11 tl1'V\11La F.J\IL "lf m 'VI a1 
'II 

... • .,f .f .,; ... t1" ... 'I ... .,f .f 
'Yl1\lfi11fl1 6 - 17 L'Yl1 LLa::tl1'V\11LaU\IL"ll'm'Vla1'YlL~1U2J~1nLL \IITTaff12J11flL"ll'L'W1::LaF.J\IL"ll'El 

LL1.JflfiL1u B. subtilis TN51 li~~ff~ 1~u~d1~'W1.JLL1.JflfiL1F.JJ\l'V\2J~LUtl1111ni.~a\lni1a1'V\11 
• 'II 

.,f .f ... • ...... .,; ... ti ,~ • .,f .f 
LaU\IL "ll'El'Yl1\ln11m 12 L 'Yl1 LLa::~11~'W1.JLL1.Jfl'YlL 1U'Yl2Jff tld'Yl\l'V\2J~ff\lfi11El1'V\11La F.J\IL "ll'El'Yl1\I 

'II 

n11fl'1111nil\I 17 Lfi1 Lrlmt11urnfiuu1::V1i1\lm'Vl11Ltu\ILifmV1a1~L911u11~1mLJ\IJ\I 3 "ll'ii.~ 
.,f .f .,; ... t1"' ... ... 'I .,f .f 

m'Vl11rn F.J\IL "lfm V1a1m~1F.J2J~1mL \la1a11fl11m 'Vl2J1::a2J L un11L -w1::LaF.J\IL "ll'El B. subtilis 

TN51 111n~ H~ 1~ U~d1~'W1.JLL1.Jflfi L1urf\l'V\2J~ LLa::LL1.JflfiL1u~ii atl afrf\l'V\2J~ ff \lni1 tl1'V\11 
• 'II 

Li F.J\IL if m 'V\a1~1mLJ\l"li11Li1LLa::LLJ\151 L 'VI aa\la V1\liiUF.J~1fl'lJ'Yl1\lfffi~ (P < 0.05) J\ld'a1~ 
d]u~ a~1 nfl nl.ff2J1.J1l'Yl1 \IL fl ii"ll El\! LL,j\I~ iifl112J LL~ n ~1\11~ F.J LL,j\151 L 'VI a El\! L fl ULL,j\I~ iil tl1~ U • 
LUUEl\l~tl1::nauaJ1nni1LL,j\IITT~LLa::LL,j\l,j11fiai'aF.Ja:: 38-44 10-11 Lrn:: 8.9 91111~1iu 

(H2J"11'1U tl1::1111~. 2535; El1ElU\I~ UU1na, 2550) ltl1~utr1L'V\aEl\liin1~a::iJ1u~afiu~\I • 
Lflua11a1V111~,j1 LUU~ an11L~1Ill'71El\I Bacillus ~ aui1\1~1"1ltu.::~1t11~u 1 ULL,j\I H1~fia 

"' 
ln a a::~uLLa::n a L ~ii. u ii a\I~ tl1::n au"ll a\l~afiu ULLa::~afiau~ au1i1\I a\I i'1~ u ~\Im~ H\I ~a 

'II 'II 

~am1L~1ru~~ni1"11a\I Bacillus li uan~1nU"ll'ii.~Lrn::t112J1tu.'71El\IJ1~1a~\ILLUflfiL1F.JLiLflu 
"' 

I ft " I I A .al I .... .r., .:f,td; 

LL'Vla\lfl11uaunm~H\l~a~an11L~1rumL9ln~1\lnuu~1 F.J LLUfl'YlL 1F.J B. subtilis a11111ri 
"' 

L~1rulifilumV111~iia'1~tl1::nau"11a\IJ1~1aaa1::l~F.Jm-w1::ar.i1\lfl\111w-WluaLLa::a~1-ilaa 
"' 

L Utl12J1nl.H\I LLa::a1~'VI F.J~ n11L ~1rua\I Lrl aiit112J1 nl."11El\IJ1~1a'lJ1fl1Hff\I L nu ltl (Taira, .. .. ., ,. ,. 
Tanaka, Saito, & Saito, 1990; Taira, 1992) L°liu J1~1a lt11~ULLa::n1~a::iilu"lfii.~~h\I ') 
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~ .... ~ ~ !1 .,...; q 
4.1.1.2 ernn1"i~fl1:t1"itc.;'!Uf"l'J13JL!l3J1.1"1.lth1LLJJ\lff1iUILM3J1::fflJ L"fl1"i 

... .f .f 
LGl"iUIJ fl1M1"iLit U\IL1fil L Mit'J 

.J' .f 'l .J' .f .d "' t1"' "' -;nnn11Lrn::uu.hn"lrn B. subtilis TN51 itEl1'Vl11La£J\IL"lHlL'Vla1m~1£111-;i1mL \IITTa 

~ ~'\ALLU1'11111L"ll11"llit 3 1::iufiai'a£Ja:: 30 40 LLa:: 50 ~mU.'Vlllii 37 El\1~1L'1faL'ii£J« '\.t1'\.t , ,. 
..!1 .f .. .. .... 'l .J' .f .d 

72 "11'1 11.\1 ~11';JW1JL"ll'EJLL1J'1'YIL1£1 TVC LLa:: SPC ~.\ILLHYl.\I '\ATl1W 7 El1'V\11La£1.\IL"ll'EJL'V\a1'YI 

.. t1"' .. ... ... ... .. 'l .J' ,,k 
LY11£111-;i1mL '1«1a'11111L"ll11"llit1EJ£Ja:: 40 11'11111L'Vl111::«11 un11Lw1::La£1.\IL"ll'El B. subtilis 

TN51 111 n~ «Yi 1Yi [Jyj1'J-;JW1JLL1J flfiL 1£Jvf.\l'VI lJYI «'1ni1 El1'V\11Li [J.\I L if m 'VI a1~ LYl1£111-;i1mLif '1 , ,. 
a-1af11111L"li11"llui'a£Ja:: 30 LLa:: 50 a[j1'1iiit'm'1fi'ty'Yl1.\la'TI~ (P < 0.05) tl1111ntLLU'1fiL1£1 

::. .d 'l .f .f .,;..,. t1"' !'I ' ... .. 
'Yl.\l'VllJYl'YIWlJ '\AEJ1'V\11La£1.\IL"ll'El'Yl11LL .\1Lu'\.tff1'\.t~ff111El£Ja:: 30 40 ua:: 50'1El 7.62 8.46 LLa:: 

7.4 log CFU/g Y1111~1iu 

10 .. CJTVC ~SPC 

- a e b b -:::> 8 
IL 
0 
g) 
0 

::::::. 
6 ... ;:i 

f"9 b ~ 
~ 

((t; 
c;o• 4 ~ 
C"' ..... 
~ 

oi; 
2 

0 ---,- ·----r-····-··-· ---, 

30% 40% 50% 

.f .f .d .. t1" .. ... ... ... 
El1'V\11La£J.\IL"ll'EJL'V1£11'YILYl1£111';J1nLL .\lff1£1'11111L"ll11"ll'U.1El£1a:: 30 LLa:: 40 ~11-;JWlJ 

LLU'1fiL1£J~iia-tl afvf.,,'V\11~ LliLL~n~1.\lnu. 'Yl1'1«ii~ (P > 0.05) LL~ii1fim nt«'1ni1 E11'V\11Li £1\1 ,. 
Lifm'Vla1~LYi1£111-;i1mLif.,,a-1a'11111L"ll11"llui'a£Ja:: 50 ~~Luu. 24 LLa:: 22 L'Yh ~111~1iu n11 

~LLU'1fiL1£Ja-11111m-;i1ru 'l u.a1'V\11Li £1.\IL if a L 'VI a1-;i1n LLif '1L~LLYin~1'1nu. if u.a1-;i Lflu.~a-;i1n 
"' 
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..... .K .t .K .'i .,; . ..... 1 .t .K 
1::Y1u~11 l!"lfU"ll ehrn1V111rn £1'1 L "If m 'VI a1-;:J1mLu.\l'Yl LLY1n~1'1nu YI £J tn'V111La £1'1 L "lf m 'VI a1-;:J1n 

LLJ'1i.na~11llL"lill"liwfa£Ja:: 40 iifi1~113.1ifuL~lliUi'El£1£l:: 64.41 ~'1ii~11l!L 'V\ll1::RllntJn11 

A 'ii ..... ' .t .K .'i .. ... ... ... 
L-;:J1ty"llfl.\I 8. subti/is TN51 LYIY'lfi11tl1'V\11Lfl£1.\IL"lftlL'Vlfl1';J1nLLu.\lff1£l~11llL"llll"lJU1El£1£l:: 30 

.d#111 .r .:::...... 0 ............ 

LLa:: 50 'JJ.\lll~1~11ll"lf'Uff.\IL1ll~U1El£1£l:: 74.56 LLa:: 53.92 ~1llfl1Yl1J ffflYl~flf).\lfi1J11£1'11U 
'II 

"llfl.\I Zhao, Hu, Huang, Liang, & Zhao (2008) ~li1::u11fi1~11llifU"llfl'11RYl'VlaJnLL1J1J solid , , 
state fermentation ~L'Vlll1::ffll~Eln11L';J1UJLLa::a-i'1'1RUfff"llfl.\I 8. licheniformis Elci~1::iu 

.. 'II 

• • I .t ,K .'i .. o .., .f 
91111.\1 8 a-1uu1::nfltJtn'Vl11Lfl£J.\IL "lfm 'Vlfl1';J1nLLu.\IITTflITT'V111JL vn::La£J.\I 8. subtilis TN51 

riflui.i.1lu~a~Lilu~.\lmr1Liffl 

a1\uh:mau 
..... 

10 n1ll 

1uLL9la'L6ii£JlJL91Ln1~1L-;:JUf'Jfl«L v-Ja­

,., 1ULL91RL6if£Jl!Ln 1911L-;:JUf'JflRL v-J~ 

..... 
0.5 n1ll 

..... 
o.5 n1ll 

... .. 
LLU'1i.na 400 fflll 

1,000 iiaaa~1 

d ... ... 
4.1.1.3 NftTITiffTI1t1ftn11::f1L'M&11::tnJ11'TI1"iLTt1::Lih1'1LWtl s. subtilis 

TN5111'£l1'M1"iL~ U'1Li'm'Mft1'11 mLi1'1ft1D 

,. ..... ...,; 'l . .K ... .K 
LY'lflfi~1Elnl.'Vlllll'YIL 'Vlll1::ffll Un111JllL vn::L "lff) 8. subtilis TN51 ~1£1fi11LVn::L "lff) 

, 'II 

'l .t .K .'i .. ... ... ... . .K .,; 
8. subtilis TN51 Utn'V\11Lfl£1'1L"lfm'Vla1';11nLLu.\lff1£l~11llL"llll"lJU1El£1£l:: 40 1.JllLVn::L"lffl'Yl 

Elnl.'Vlllii~El.\I (u1::mm 30 El.\lfl1L'lJaL6ii£J«) 37 LLa:: 42 El.\lfl1L'lJ£lL6ii£Ja- LLff~.\ln11LU~£J'ULLU£l.\I 
, 'II 

U1ll1 nl."ll fl.\!';) au 'Yl1£i-rf'1'VI llYI 91£l ElY11:: £1:: L 1 a1n11L vn::Li £1'1 72 -i11ll'1 L Ull1'V-l 8 , 
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_._ RT (30°C) ~ • 37°C _._42°C 

8 16 

. . - .. ~ --. .,,..-______ _.,,-

24 48 72 

ti.. 'l ~ .r t1"' ... ., ., ... 
1l1ft 8 ·nnnt. total viable count 1.Hl1'Vl1'lrnrhn"lHlL'V\a1~1mL '1ITTafl1111L"ll11"llU'lmrn:: 

40 'l u 'l::'VI i1'1TI1'lU11L vn::ff ti nt.'VlllilLL~TI~1'1rlU 
q 'II 

~au Y11Ef vf.,,'Vl11~ 'l ua1'Vl1'lL~r.1.,,L -Im "V1a1~1mLJ.,,a1aL ~11-;i1u 1ua r.i1.,,,-1~L ~1 'lwli1'1 , 
24 ii1l11'1LL'lTI"lltl'1TI1'lU11 l~r.1iit11111nt.L~11;fu~1ntl1111nt.L~11iu 2.46 - 3.04 log CFU/g 

fl~LUU 25 - 30 L n1"11t1'1tl1mnt.L~11iU 'V\a'1~1nii1111.,,ff 24 ~UTI'1ii1111.,,ff 72 "lltl'1TI1'lU11 

tl1111nt."11 t1'1~auY11Efvf.,,V111~L ~11.;f uLifoi.tar.1 l~r.1iit11111n1.L ~11.;f u o.5 - 0.1 log CFU/g , 
L n1J u tint. 'Vlllil'l um'lti11ii ~a~ tlTI1'lL~1ru"ll tl'1~ au fl1Ef vf.,,'V\11~ L Utl1'V\1'lL~ r.1'1 L -la L 'V\a1~1n 

1 1.1 ., 11 

uJ.,,a1aar.i1'1-i~L~u'lwli1'1n1,-ti11Lvn:: 16 12 ii1111.,, l~r.1n1,-u11ff an1.'V111il 42 
q 'II 

tl'1 '111 L 'If a L ;f r.1 «~'l1~'Vi1Jtl1111 nt.~ au fl1El yf_,,'VI 11~ a''1Tii1TI1'lU 11ff tint. 'Vlll il5ua r.i1'1-i~ L ~U Lrl ti 
q 'II q 'II 

iua-~n1,-ti11 12 ii1111.,, ~auY11Efvf.,,'Vl11~ 'l um'Vl1,-Lir.1.,,L -Im 'Vla1~1mLJ.,,a1aiitl1111n1.ar.i 
q q 'II 

'l::'Vli1'1 9.43 - 9.87 log CFU/ml 

tl ..l t1 t1.. ... ... ..i ... t1 n ~ .r t1"' ~ 
LL«~'1TI1'lL ar.JULL a'1 'l2J1nt."lltl'1LL1JflflL'lr.Jfl11« m Utl1'V\1'lL!;W'1L"lftl~1nLL '1H1a LU 

1l1'Vi 9 tlnt.'VlllilL UTI1'lU11L 'Vi1::L 4aii~a~tJTI1'lL ~11-;i1U1U"lltl'1LL1JflnL1r.1ff iia-tlafi.,,LL~ii1111.,,ff 
, 'II 

8 ua::iin1'lL ~11;f u«'1«~ 'luii1111.,,ff 24 "llt1'1n1,-ti11 l~r.1iit11111n1.t1r.i'l::'Vli1'1 8.06 - 8.34 log 
'II q 'II 

CFU/g 'VI a'1~1nJut11111 nt."ll tl'1 LLUflfiL1r.1ff ii a-ti tiff\ t!Wn1'1fl'1fi~Ufl'l1JL 1a1TI1'lU 11 L vn:: 72 
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10.0 
- ,._ RT (30°C) -II · 37°C 

- 9.0 e -::::> 
LL 
0 8.0 
en g - 7.0 c 
:I 
0 u 
CD 6.0 ... 
0 
12. 

"' 5.0 

4.0 

0 8 16 24 48 72 

'l 
.f ,f ."I .. ... ... ... 

1l1W 9 tJ1inm spore count 'U.El1l'\11LGH.h1L"JfEIL \U'l1'11nLLu~a'1L'lfl113JL "llll"ll'U."HH.Ja:: 40 

'l u 1::l'li1~n11ti11 L vn::ri am l'\11 iifiLL~n ~1~nu . ,. 

• .f ,f ."I .. ..; .. ~ ... , .. 
n111J3JL vn::ml'l11La £1~ L "lfEIL l'!a1-,i1mLu~ITTartt1otl'\1l3J 42 a~~l1L'lfa L·D £JR 11u1111m , ,. 

"llt1~LLtJfl'nL~£1riiia-tJafa-~ni1n11ti11L vn::riaml'!11ii6u~aa~-ih~n11ti11 a - 72 -i1111~ ,. , ,. 
L "liuL~ £11nu ~ an11~11-,iwu,j1u 1u-,i au ri~Ef,,f~l'lll~ hunw 9 i~if u~1u 1-;l£Jd~~La an 

• 
.. ..; .. ~ • ,f 'l .f ,f 

Elotl'\113Jfl 42 El~fl1L'lfL'IL'lf£1a'L'U.n11lJ3JLW1::L"Jftl B. subtilis TN51 'U.El1l'\11LL'l£1~L"JfEILl'IL'l1'11n , ,. 
LLiJ~ITTafl113JL "li11"liuft1£1a:: 40 riau i\1 ltJ~a~~~n~1L ifa~El ltJ ff1Wi°'lJL1L'l1 L Un11ti11li 

LaanriL1a1 24 -i1111~ L iia~-,i1mfluL1a1riLLtJflfiL~£1iia~11m1L ~11,j1u1u lia-~a-~ma::L~3JL "li1 ,. . 
~"lh~m1L'11qj'lu1::£1::fl~fi (stationary phase) uan-,i1ndtl'~Lflun11tJ1::l'\EJ~L1L'l1LLa::wa""~~1u 
'lun11ti11ani1£1 

~ ..... il ..;.. I ... 9" !K 
4.1.2 e.aan1·nrn~116TI1"Hl1.JLL \lflaJNaflDTI11'NaflN\ITia1L'Dil 8. subtilis TN51 

'l 
.f .f ,f ."f .. ' o 'ii• I .. ."I .."I " 

um1a~fl113J"Jf'U."lltl~ El1l'l11La £J~L "lfEIL l'!a1-,i1nLLu~a-1anau u1 Lu~a~L11'U.L11'U.~~LL l'I~ 

lifi1n11L ~ 3J LLiJ~ a-1afi ~-hun11tt~ L 'U. l'\aJ att~fl113Ji'U. l'I ~afi ~1'U.n11El lJ L 'U.i EllJ LLlJlJ a lli'aua~ ,. 
'l 

.f ,f .... .f ,f ..; .. .. 
'U.El1l'\11LL'l£1~L"JfEILl'\L'l1l'\L'l~n11LW1::La£J~L"Jftl B. subtilis TN51 fltlotl'\113J 42 El~fl1L'lfL'IL'lf£1a' . ,. 

u1u 24 -i1111~ 'lua~11 1 :1 LLa::u1ltJti11~ariaml'l11ii 42 a~fl1L'lfaL.n£Ja- u1u 24 -i11ll~ . ,. 
-,i1nifuarnL~~LLii~'luiarnLtJtJalli't1ut1ml'!11ii 100 a~fl1L'lfaL.]i£Ja- -,iulif11 water activity 

,. .. ,. f 

~1ni1 o.6 LLa::u'1 'l~'Lflu~~a::La £1'1i1 mfl~a~u""utJaa'1L if ai11 'l l'lii~~n~1L if ariiiam~m1.::d'.1u 
~~LL~~i~LL~'1~L'U.111W 10 
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• • •• . . • 
• 

fl1'W 10 in~m::t:-1\lna1L;fa B. subtilis TN51 

mm11~11-;iiLm1::~ tl1mm-;i i=iu 'Y11£f rTu'VI 3J~ LLa::LLuflfi L1tJ~ ii ~tlafl. ui:-1\lna1 L ;fa~ i:-1 i=i ~ , 
Li-;i1mLif\I ~1a~ ~1itm16.IJ1 L ;i'ai1 tJ1n~LL~n'ii1\lnU Y-llJl1 1nn116.IJ1 L ;i'mLif \I ~1aL '"'VI 3J ait\I 

fl113J iu-.d1 tJ ~\I L~13Jn11 L -;i1ru"ll El\! B. subtilis TN51 Li~n11n11arnL i'11uimrn3.1f au 
~ ~ 

1 tl
.. 'l ... .f • ... 

~tJY-llJ 13J1nli TVC LLa:: SPC Ut:-1\lna1L".1rn 7.14 LLa:: 7.71 log CFU/g ~13Ja1~lJ (ll1Y-l 
~ .... .r -I A..,.... t1""' .c1-l t .r.... .... .... 

11) "llnli::'Ylt:-1\lna1L"15El'Ylt:-la~ L~';11nLL \1~1a'YlSJJ1L"15El~1tJ~EllJa3J1ElU~n-;iy.iu TVC LLa:: SPC 
~ 

'lu,J1u1u 7.02 LLa:: 7.48 log CFU/g ~13J~1iu J\IUEJ1';1LUUt:-ia-;i1nn11Ltl~tJULLUa\I 
'tl .. t1""' .c1A.1 • .r ........ f=ll .... d .... 

El\! fl 1::n EllJ'Y11\I Lfl 3J"l.I El\! LL \I ~1 a L3J El t:-11Un116JJ1 L "15El~1tJfl113J1ElULu tJn"ll El\l'VI 3J EIU\lfl113J~'" 

·rh 'liLfi~m1LL~ni1"11a\I ITT1<ii113J rnn a"l.lu 1~ L~n~"li1 tJ ~_, L ~13Jn11L -;i1ru"ll a\I LLUfln L1tJ~~n11 , ~ 

fl113Ji'auLLi\l"ll a\liaua 3.1f au LLUflnL1tJ 'l ui:-1\lna1L ;fa~ i:-1i=i ~Li ml'l u1tl"11a\I L815 mf~ ii ~tl af ~_, 
~ ~ ~ 

-"' .. · 1... ... ... ... .r ~ n... 1 ..i ,.,i ... 
Luitt:-ia~ ~ an11 "15\11ULLa::n11rnu1n~1 t:-1\lna1L "15 a L 1 "15\11it u1::tJ:: tl11L ua\l-;i1m'15a a 'Y1 ~11\1 

~tlaf ii fl113J'Ylit'ii an11L tl~ tJULLtla\l"llEJ\I ~\I Ln~a a3J fl113.1f au~\I LLa::fl113J LL '\A'\! Li~n11 L815a ~ 
~ 

tin~ (vegetative cell) 
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-Q> 
:::> 
LL 
(.) 

Cl g 
";a 
~"" 
~ 

(<ZO 
(i'r 

;;f 
(" 

;;f 
r 

•(i' 

9 ~ 

8 l 
1 

7 1 6 
! 

5 -j 
l 

4 i 
-1 
' 3 ...; 

I 2 I 
1 i 

1 0 

0 total viable count 

. . . . . . . . . ........ . . . . . . . . . ........ . . . . . . . . . ........ ......... 
. . . . . . . . . . . . . . . . . ........ ......... . . . . . . . . ......... . . . . . . . . 

30 

~ spore count 

........ . ....... . . ...... . . ....... . . ...... . . ....... . 
. . . . . . . . . ........ ......... . ...... . . ....... . . ...... . . ....... . . ...... . . ....... . . ...... . ......... . . . . . . . . 
........ ......... . . . . . . . . ......... ........ ......... . . . . . . . . 
........ ......... . . . . . . . . ......... ........ ........ . . . . . . . . . . . . . . . . . ......... ........ ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ 

',K'I t1"... ... ',K'I ... ... ""' .... ' '1!'111"' fi11'.IJ1L '!Hl L 'U.LL \IYl1tlfi111.l.\l'IJ1L "lHl L 'WV\11 e:JU\lll1tl LYlfl1111YIUUe:Jml1ml::"lr1 ti L'VI LYI 

~\lna1L 4a~ihhu 1ULLUflfiL~tl ff\I LLa1 a\I LUU 1in11~l i'L 1 a1 iuLLa::J1 ti~ an11 L "li\11U i\li.f'" ,. 
L vi af11111a-::Y11n l un11f11ufl11n11tlaaYiL 4a l un11~aY1~\lna1L 4a 1111..f\ln11tl1::V1aYiL 1a1 

~ 

.... 'I 0 A A .... ..r.. .S A.. o ,K t1" .. ... A o ,K 'I 
LLa::Y.la\1\11'1.L L1.l.fi11Yl1L'" U\11'1.L \11U1~ tlU~\ILa an11in11'1J1L "lraLL \lff1aYl1 tlfi11U\l'IJ1L "lre:J L'" 

V1~ait\1111t1l~fl1111ii.i.~ 121 a\lf"l1L•1rnL'1it1a- u1u 30 u1fi riauibLtl~a-11nrn4alua1V111 
..r ,K t1"' .. ..i ,K' •'lllt1 ""::, ..... ,K 

Lat1\IL"lrm V1a1~1mL \la-1aL vrnaY1f11111"lrunauu1 L arnL'Vl\I L w1.1uY1aun11~aY1~\lna1L"lra 

~aLtl 
..r ti .. .,,K 'Ill" 

~1n~an11'YIY1aa\1Uff11111ria-1 n1::u1un11~aYi~\lna1L"lra a. subtilis TN51 LYI 
~ 

i\I LLffYl\l L Ull1'Vi 12 LLa::a-11111TI\l1ii '111a~,~~1fi\11U1it1dfiu~Y1 aui'Yl~U~1 (La"l.I~ ,. ~ 
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.f 'I .f .f .'I .. ., ., ., 
Lvn::L"ll'El 8. subti/is TN51 LUEl1'V\11LGl[J.\IL"ll'm'Vlii11";11nLLu.\IITTiilff'l13JL"ll3J"lJU1m.Jiil:: 40 

,,!, 
ti11L vn:: 1.uiti11an1.V111ii 42 a-11mL'lJm6ii£Ja- u1u 24 -i1 L11-11 

'I.I q 'I.I 

,,!, 
L~3JLLJ-11wi~~~1un11d-11'J.i1L4a1.u'Vl~Elii.\lfl113Jiuant'Vl11ii 121 El.\lfl1L'lfii!L6ii£Ja- U1U 15 u1fi 

q 'I.I 

LUelYl11 1 :1 

,,!, 
tiaJL vn:: 1.uiti11ant'Vll1ii 42 El.\lfl1L'lJiilL6if£Ja- U1U 24 -i1 L11-11 

'I.I q 'I.I 

,,!, 
arnLi-111.uiamLi-11u1.11.1iil11i'auan1.V111ii 100 a-11fl1L'lJii1L6ii£Ja- u1u 3 - 6 -i1 L11-11 

'I.I q 'I.I ... 
(fh water activity "118.\ILLU.\I < 0.6) 

,,!, 
t1..:u1.id]uH-11ii1::La£JY1 

~ ~ 0 ~ 
e.t'1na1Ltiil s. subtilis TN51 ff1L"i;J'n.I .. 

-., A .... ~ .c1 .... ..,.., A...,J' 
fl1Tt 12 LLHUH.\ln1::1.11un11HiilYIH.\lniil1L"ll'El 8. subtilis TN51 'YIW~U1 L~-;J1n.\11U1-;J[JU 

.... .r :r ,mi .cl A '1 9' A ..... .r a:t 8 1A d d 

H.\lniil1L "ll'fl-;J1nLLu.\IITTiil'YIHiilYI L~-;i1n-111u1-;i [JU3Ju13J1nt"llfl.\ILL1.lfl'YIL 1[] 8. subtilis 

TN51 1. u1tl"ll a-11L'lJii1a~iia-tlaffiaui1-11a--11i1 m 'Ylfl Lu Liil fin11HaY1~L1isiu'll'auLLiil::iu 'Ylu~1 1. u 
'I.I 'I.I , 

m1il1H-11na1L 4a ttl1.1f1 un11V12Jmr1L u1~uV11ni a-11m11. iiit11111ma-~Yi1£J 1. u51L 'Via a-11d-11a-n q q 

1.utl1mm 103 
- 10

4 
L'lJiilatn-i'11"11a-1151L V1aa-11L "liuL~£J1nun1.1n11HaY151L V1aa-11V12Jn"l1a-11nh.iu ., , 

V11auY1LY1:: (Hosoi & Kiuchi, 2003) -;i::ia-111.iH-11na1L4at11mm 1 n-i'11~a51LV1aa-11d-11a-n 1 , 
nLiilnf11~-11u1.111 Lilut11m m ~i!a £J mn 1. u&Ju~-11 L ilutl1:: L 'YlfliULLl.ll.l L un11'Vii11u1 LLa::iin11 ., q 

Ha~ H-11na1L 4a~1L1-;i1tl1!1V1 u1 £J1. uL-n-11n11~1tiiin11HaY1H-11na1L4a~1V1f1.1V12JnuY1 LY1::i1 £J 
'I.I 

L 'Ylfl Lu Liil fi~fnH1a-111w"ll a-11-;iau 'Yl~fo1i~fia11fn11'Yl1LL i-11 a-ti afi1 £J L 'Ylflitfl freeze-dry LL~11f 
q 

ttiiL 'Ylfl Lu La fin11HaY1~fi awli1-11'11'1.1'll'auLLa::iu 'Ylua--11 tl;-;iuutl1::L 'Ylflti1Juii1.11H''Yl ~HaYI LL a:: 
q 'I.I q vq 'I.I 

1!1V1u1£JH-11na1L4a ~1L 1-;i1tl~1V1f1.1V12JnuY1LY!::1.uL i-11m1~111£J 1.V1nitl1::mm 3 1.11H''YI L~ £Jii 
'I.I ., 

._, A ..., ..... ' .... ..f 1. .... _. ..., ..Al, ..., ' 
n11fl~Lii1ElnLLa::wi11u1ITT£JWU1i"llEl.\lna1L"ll'El 8. subtilis 'VlaJiilnHnt::Luw1::LuuLanam~nt"llEJ.\I 

1 

YIULEl.\I .\11'1.l. 1i£Jtt~-11Lflu-;i~L~3J iu ~~L un11vi~u1n1::1.11un11HaY151 L 'VI a El.\l'V12Jn"llfl.\I' 'YI £J 
q 

L ~a 1. iwim1trnn1::i1.1fln1.111wLLiil::n1::1.11um1HaY1-;i1n1fi~uu1uam1HaY11. uL-n-11w1m1f£J1i 
q 'I.I 

J-11vi1-11 L'lfn1::1.11um1~aY1 
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4.2 Nftfl1"ifffl'it1tl1UTITHfi°ui'n'it1~hmi\'1L~tl s. subtilis TN51 • 

.J1ui-;J£.Jitl'1;im~1m':i':iEJ~'iii~"llEJ.JLLUflYiL~£.J a. subtilis TNS11ui:-1.Jna1L~EJ~U':i':i";J 1u • 
tl.J v-an ~~n 1irn~::ri.J a~ii L ii.£.111v-Jmil ( 111'V'l 13) 

• , 'IJ 
1un1-:i"Lnufn1Y1~aru.V111ii 37 LL~:: 4 

, 'IJ 

El.Jfl1L'l5~Lsii£.J~ dfo.-:i::£.J::L1~1 90 lU 
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16 

14 (A) 

-~ 12 0 --c 

.... .... .... .... 
Cl) 10 -c 
0 u 8 
f 
:::J 6 -ti) 

.... ........ --- -- .. ----- ... 
0 
:::E 4 

2 

0 

0 30 60 90 

16 

~ 14 

12 -~ 0 - 10 
1: 

(B) - ·- - . -- --· 
ID - 8 c 
0 u 
f 6 
:::J -ti) 4 0 

:::E 
2 

0 

0 30 60 90 

rt ... ... 
L 1ft1LfltJ'iflit1 {'114) 

n1Tt 14 nTntl~[JULLtla\I moisture content tu~\lmf1L4atw~::'Vli1\lnTnnlJfm~nfiamv111ii , ,. 
37 El\lt"l1L'DaL.Jf[Ja' (A) LLa:: 4 El\lt"l1L'DaL.Jf[Ja' (B) U1U 90 1u 

fl\l 'Via1 a-~n la-LLa::fl\I a a iiL ii.m.1't'J a mfa1111i-mnlJfmfl LLlJ flfiL1[J B. subtilis , , ,. 
t ~L 'VI aai-El~ l~L utJ1ll11U filli LL~n~1\lnU t ui-::'Vli1\ln1i-LnlJfmflfi El1U'Vl1l ii 37 LLa:: 4 , ,. 
El\lt"l1L'DaL.Jf[Ja-u1u 90 1u (111'V'l 15) ~111~1ilJ LdaT1i-rn1a1lun1i-LnlJfnHTvmi1-;J1u1u 

-;iawn1cl'rf\l'Vlll~a~a\I 1.7 - 2.2 log cycle LdmtJ1[JlJLfi[JlJnlJt:-1\lna1L4miaun1i-LfilJfnH1 , 
("lf~ o 1u) fi~Lflufewa::n1i-L'Vlaai-a~ (%survival) 68 - 75 LLa::'V'llJi1am'Vl11ii 4 , , ,. 
B\lf'l1L'DaL.Jf[Ja- ITTmi-mnlJfnH1na1L4al~L'Vlama~lYimnni1fiam'Vl11ii 37 El\lf'l1L'DaL'1i[Ja-, ,. 
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Lanum.I 1'1 tl'VI ir..im1L nufn'M1i:.J..1na1L4a~1Jjj';) t 'U.f:l\l'Via1 Li~n LLiLLa::m aaiiL ii.mJY'J a mf flj1J 
, , , 'IJ 

90 1u 5jt11111rn-;iih1.'Yl1rfJ..i'Vl11'1L'Vl~ma'1a[j 5.08 Lrn:: 5.16 log CFU/g '113J~1iu "llrn::~ 
q 'IJ 

m1Lnufm!l-1~arn'Vl11ii 37 a..ifl1L'lrnL'1it1Li 5jtl1mrn-;i~u'Yl1rfJ..i'Vl11'1L'Vl~ma'1a[j 4.64 LLa:: 
, 'IJ , 'IJ 

4.66 log CFU/g 

8 
-~ th1Yl1.naiin , (A) 

"iii - i ::> 6 LL -0 -C> 
0 

:::::. 4 

1 

-c 
::I 
0 u 
CD 2 :a 
'11 

> 
iii ~------·-·--------, - 0 0 
I-

·-, 

0 30 60 90 

"' .... .... L"unmuimt1 ("lt4) 

8 ' ! (B) 
7 -C> -::> 6 

LL 
0 
C> 5 g - 4 c 

~ 
::I 
0 3 u 
CD :a I 

'11 2 ~ > 
iii 1 ~ -0 ' I- I 

0 + 
0 30 60 90 

"' .... .... L'lft1LTI1J1fllt1 ("lt4) 

... ... .... 
37 Cl\lfl1L'D'aL'lftJLi (A) LLa:: 4 Cl\lfl1L'D'aL'D'tlff (B) 'U.1'U. 90 1'U. 

i:.Jan1w111-;iiLfl11::i{ spore count (fl1'Vi 16) 5jn11Ltl~t1'U.LLtla..ifla1t1fl~..inun11 
Ltl~ tJ'U.LLtla..i"lJa..i total viable count 1'1 t1ri..i'Via1R~n LRLrn::ri..iaaiiL ii.t111v-Jamfa11111mnu 

, , 'IJ 

fm!l-1na1L4a 8. subti/is TN51 ''11naLfitJ'1rl'U. LLa::~af:U.'Vlflii 4 Cl..1fl1L'D'aL'1itJRITT3J11mnu 
, 'IJ 
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fm!l-1LL1JflfiL1£J B. subtilis 1~L'Vlatrrn~l9imnni1~mu.v111ii 37 El~fl1L6lrLWU£J«LW£J~Lamt'a£J 
, 'IJ 

Lrhifu V1a~uiufnH1ffm 90 1u -;i1u1uLmfliiL1£J~«f1~«uafiil~iil~th::111m 1 log cycle 

'Vl~aiJ1:::u1m 10 L'Yi1Lrlmu1£Jrnii£Junu~~m~'1L:lariaun11LnufnH1 (-.n~ o 1u) fi~Lflu , 
fa£Jiil::n11LV1ama~~a~LL1JfliiL1£J 72 - 83 uamnnd'tl'~vmi1~~na1L'1fa~~~~l9i'9!11-;iy.iu 
~«~Lrn::111uu1mm~~1ni1 10 CFU/g 9liila~m£Jm1LnufnH1 90 1u , 

-c 
:J 
0 
u 
f 
0 
Q. 

U) 

7 

6 

5 

4 

3 

2 

1 

0 

7 

6 

3 

2 

1 

0 

l 

0 30 60 

0 30 60 
ft .... .... 

l'Jft1LTI'U1TI1t1 ('>") 

(A) 

90 

(B) 

90 

n1Yt 16 n11Lu~£JULLUiil~ spore count tu~~na1L'1fatu.,-::V1i1~n11LnufnH1~amV111ii , 'IJ 

37 a~fl1L6lriilL'1i£J« (A) LLiil:: 4 a~fl1L6lriilL'1i£J« (B) 'U.1'1.1. 90 1u 
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-;nnmm1,-<il,-T;J'V'l1Jtl~111rn total viable count LL~:: spore count hu:-1\lna1L.:ffl~~1u 
n1,-Lnufm~nu1u 90 l'U. 'Yi1L~~1111,-r1~,-tJi.~i1~\lna1L.:ffl 8. subtilis TN51 ~~~<il-;J1mLJ\I , 
~1~~1111,-ri Lnufm~n i.1't uri\lu,-,--;i"11ii.~'V'l~1~~n1~Vi1flfl~iiL it£J aJv-lfl £J~1~fl ~1\IUfl £J 90 1u 

, , 'II 

LL3JL3J Lnufmfl 1 Uflnl. 'Vlllii ~Lif U~\l-;J::'Yi11 ~ ~::~1n LL~::~1 [J ~fln1'jU1~\lna1L ;ff) i.t11 "li'11'U.';J~\I 
, 'II 'II 

I .., I I 

4.3 e..i~n1'i9lntt116n1'i\llaJnn1L'l-i,1~1ue..i\lna1L~ilLt.l1uuLfiuuAmn1wnun1L'l-i,1fie..iiG1 • 

\11u1i'£JUL~'Yl~~fl\lmrn51L il.1~1£J~\lna1L.:f fl~~~<il i.~-;i1mrfl 4.1 1 u51L 'VI~ fl\1~~1u 
n1,.~3JL~~n1uJ1L~fl~'U.1U 4 -i1taJ\I (BTN) LL~::51L'V\~f)\l~i1\11~~n1u'Vl~fld\IT1113JiU~ 121 , , 
fl\1~1Lsn~Lsi5£J~ u1u 40 u1Yi (ATN) 1uel'<i1,-1i'fl£J~:: 0.1 (w/w) Vi1fl1-i~'1na1L.:ffl 1 nfaJ~fl 
51L'Vl~fl\l~n 1 nt~nfll Ltl1£JULTI£J1Jn1'j'V\3Jn51LU1LL1J1J~WU1U~\l~~<il t~£Jn1,-~aJ51L'Vl~fl\l L ~ , 
~n 1 uii1L~fl~'U.1U 4 -i1 taJ\I mf\l-;i1nm,.~::L~~J1'Yi1m,-V13Tn51L'V\~fl\IL U<il::nf1i.aJL~LL~:: 
• 
tlnT1~3J~1'VIU1~1£JL1J<ilfl\I (control; CTN) (111'V'l 17) 'Vli'1n1,-tlaJ~flrnV111ii 42 fl\1~1L6U~Lsi5£J~ 

• • 'II 

';J'U,TJ'j1J 24 -i1taJ\l'V'l1J'h51Lil.1 ATN LL~:: BTN iin~U'Vlfl3J"llfl\151L'Vl~fl\l'VlaJnLL~::iin~UL'V\iju 
"llfl\ILLflll tm itm ~[J\I L~nUfl[J 51L il.1 ATN iiLiiflm'Vlit£J1tlnT1~3J L3J~~51L 'VI~ f)\I LL~::iiiJ1m~ • 

tjl I I Q;' ,=lcJ I .J ca,,, A' t.I .4 ,;:ii ,ci "ia; 
L"ll aJn11 BTN fl []1\1°1!~ L';J u "llnl.::'Ylrl1L'U.1'Yl'VI3JnLL1J1J'V'l'U.1J1U 'V'l1JL3J flnL 'VI 'U.[]1 L 'V'l [J\I L~n'U.fl [J 

(111'V'l 17) 
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(A) (B) (C) 

111'W 18 
~1.c:la G.! A Ii.I ...,..., .,,,,f 

(B) BTN - fl1LU1'Yli:.J~<;J-;J1nfl1L'Vl~Eh1'il:tJffm'i:tJn~11E.1i:.J\ln~1L"l!'El 8. subtilis TN51; , 
(C) ATN - 51LU1~i:.J~'il';l1ntf1L'Vl~El\ld\lffnLu'V\3jart\1~11:tJiU'VlaJn~1E.li:.J\ln~1L;1'El B. subtilis , 
TN51 

51LU1 ATN V'IULiiElnL'VIUEJ1i"lJ11iJn~~:tJL:tJ~~«1:tJ1nn--:h51LU1 BTN LL~:: CTN , 
a £!1'1-i~ L-;iu ti'1:li1-;i~u 'Yl~cl' ff1:1J11ri L-;i1ru LL~::Ln~m1V13Tn L~~1 u51L 'VI~ a\l~d_, ffn~1 EJ'VI :tJad\I , ., , 
~11:1Jiu LEI Liiam'Vlitm~V'l'l.JL u51L'Vl~El\l'VlaJn;la~1u"lJE1\I LL~U615~"1JEl\I LL'l.J~iiL~EJ Bacillus ~rin 

~ ~ 

iJ~~iJ fi a EJa an:tJ1 L u1::V1i1\ln11V1 aTn iJ1::n auLiJ~1 EJ L V'la L:tJaf"lla\ln1~n ~ 'il13j ~ LL~::a Lnu 
~ 

(levan) (Kunioka, & Goto, 1994; Ogawa, Yamaguchi, Yuasa, & Tahara, 1997) 

Lii an L 'VI itE.11"11 a\151 L 'VI~ El\l'VI aTnri ml 1 :tJ1 L i'LUUL nru.'tin11iJ1:: L3jumu.111V-1~~"1l El\l U'il L 'il::"ll El\! 
~ , 

.d.i .... !'I ..1 ... 1 1 .. . . 1 . ., .d ."I ., ~ ' .... 
ru lJ ULL~ ::-;i ~ L lJ u ff11'Yl :tJ u1:: EJ"l!'U'il El11\I n1 El ~ E.l 'Y11'VI u 1 'Yl L lJ UL ffU L El LL~ ::"1!'1 El~ ~1:: ~'LI ., , 
~ElL~ffL'ilEldEl~LUL~El~L~ (Tsuji & Tsuji, 1986) . . 

<;1111\1 9 LLff~\I~ nl.111V'l'Y11\l';l~;i11'Yl E.11"11 El\l tl1Lii.1ii i:.J ~ 'il~1 E.1n11:1JinLL'iln <il1\lrlU , , 
51LU1~i:.J~'il-;J1nt:.1\ln~1L;1'aJ\I ATN LL~:: BTN iiiJ1:tJ1ru. total viable count Lrn:: spore 

count mnni151Lii.1~V13Tn~1E.1inffuu1u (CTN) a£l1\liium~1~ty'Y11\lffii~ (P < o.05) ~_, 
LLff~\l L ~L~ui1n11L~:tJt:.1\ln~1L;1'a Luun11L ~:tJiJ1:tJ1ru."1J El\! L ;1'm~:tJ 'ilu 1 un1::u1un11V1 aTn LL~:: 
B. subtilis TN51 L-;i1ruL~~1u51L'Vl~El\l~'il:tJ'Vl~Eld\lffn'Yi1 LV1"li'n~1 L un11V13Jn51L u1#uni1 ., , 

°"" A' ..., ~ 1 d .c:i. t..i A.cl .A' .,, ..., .A' .::. a'a .. I ~ A' a tt 
n11'VI :tJn LL'l.J'l.JV'IU'l.J1U fl1L u 1'Yl i:.J~ <;1~1 E.111lV'IU'l.J1ULL~:: i:.J\ln ~1 L "lf El'l.J1' ff'Yl]):IJ n11'uUL 'LI EIUL "1f El El ff'il , 
LL~::11~1L-riUL~mnu 1~E.IV'l'l.JL;1'ElDff~LL~::11~'Vl:tJ~~1ni1 10 CFU/g 'Vl~E1~1ni1 1 log CFU/g มห
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.clA .!, 1.dA t.1.f 
'il11"1'1 9 flnl.111VfY11'1';la"lJ1TYH.111JEl'1rl1L'U.1'Yl~Hi'il';l1fi~.,')fia1L"1Hl B. subtilis TN51 , , 
L i.r~m.J L fi £Junui1i~uu1u 

CTN 
BTN 

Total viable count (log CFU/g) 8.99 + 0.14c 9.95 + 0.07b 

Spore count (log CFU/g) 8.64 + O.OOc 9.16 + 0.09b 

Yeast and mould (log CFU/g) ns <1.00 + 0.00 <1.00 + 0.00 

Coliform (MPN/g) 886.67 + O.OOa 33.20 + O.OOb 

E. coli (MPN/gfs <3.00 + 0.00 <3.00 + 0.00 

S. aureus (log CFU/g)ns <1.00 + 0.00 <1.00 + 0.00 

B. cereus (log CFU/g) 5.63 + 0.50a 3.67 + 0.25b 

ATN 

10.13 + 0.04a 

9.29 + 0.08a 

<1.00 + 0.00 

<3.00 + O.OOc 

<3.00 + 0.00 

<1.00 + 0.00 

<2.00 + O.OOc 

- fh l'U.fl1TI..1LU'U.fi1L'1~V ± fi1Lflt1..1LlJ'U.ll19l'lfl'U. (n = 3) tl'lDn"M'lfl1'N1D·'lnC\'l~flLLflnfi1..1n'U.l'U.utnLtiv-:in'U.Ufffl..1fi1f111ll 

Uflnfi1..1n'U.llV1..1ii,rvi'"lfi'tlJ't11.:IRTifi (P ::S 0.05) U1'1:: ns Ufffl..1fi1f111llLliUflnfi1..1n'U.EJti1.:1ii,rvi'"lfi't1J'l11..1Riifi (P > 0.05) 
d .:. I .d .... .... .... • .r ... d .:. I d A .:. d ... .... .... .... .r 

- CTN tlll tnL'U.1'Yl'Vlllnfl'lV'ltil'l'U.lJ1'U.; BTN tlll tnL'U.1'YlH1'1fl'11ntnL'Vl1'1ll..1flll~n'Vlllnfl'lm-1..1nL'nL'lfll B. subtilis TN51; ATN 

fia tf-:iLu1Ylr-iafl-;i1n5-:iL'Vl~ll.,,;t.,,Rnl'U.'Vl~ai1.,,m1lli'U.'Vlainti-:ivr-1..1mfo~a a. subtitis TN51 • 

.!. I -' A .... A41111111 ,¥ 'II ,cl 41111111 I I .!. I _;, A. 

ri1 L 'U.1'Yl ~ ac;i~n £J11iW'U.lJ1'U.'il1"1';1WlJLL1Jfl'Yl L 1£Jna11 coliform 111nn11ri1 L 'U.1'Yl ~ ac;i-;i1n , 
~'1na1Lift1u1a-'Yli .. fia BTN LLa:: ATN ~'ilLU'U. 26 LLa:: 294 Lfi1 c;i111a1iu LLH'i1'1L~L~'U.i1L'U. , 
1"::'Vli1'1fi11"~ ac;i51LU1 LL1JlJ~'U.U1'U.El1';l~n11"U'U.Lfl El'U.11 E1'1 LLlJflfi L1£Jna 2J coliform -;i1n t1iJn1ru , , 

..1'1!1 .... • "'WI~· 'I ..I .!'I ..I .. 
LLa::111it'U.::'Yl L "Jj L'U.fi11"'V\2J m "Jj'U, c;i::n11 L2J LmLa:: LlJ'il El.,'! 'Jl'.,') El1';1 LIJ'U.ITT L 'Vl'ilfi11"L HEl2JLHmLa:: , 
n~UL'Vlii'U.11EJ'151LU1 5-:1Lu1...f'1 3 i1t1ri1'1'i11"1';1WlJL4t1 E.coli ~1ni1 3 MPN/g '11'1LLH'i1'1L~ 

R .. "' _;,~ A ~ .r A .,r :1 41111111 .cl "' - a=( I .f I 

L 'Vl'U.rt'1H11amYnt::'Yl'il L un1::u1um1~ac;i 'Yl'1'U.L ua'1-;i1m -.na E. coli LuULLlJfl'YlL 1"£J'il"lJ'U. 'YllJ'1it11 , 
~n11"U'U.Lfl El'U.El';l';l11"::.J1'1 El1';1LL wi111-;i1mi1 aiJn1ru rh "lJL 'U.n11"~ac;i LL a::~ ~ac;irtH11 El'U.1aJ£Jlli~ 

, , 'II , 

Lrta~-;i11n1.1iJ1111ntLLlJflfiL1£Jna11rit1 hfl fia Staphylococcus aureus LLa:: Bacillus , 
I .!. I ~ 4V I ~ : I .. I .¥1 

cereus WlJ11rt1L'U.1'Y1'1 3 'il1El£J1'1'il1"1';1WlJL"lJEI S. aureus c;i1n11 1 log CFU/g 'll''11J'1"1J11 

~~ac;i~a-11inHm::rifilu1::'V1i1'1n11~ac;iJ.,'JitLiit1'1';11nLLlJflfiL1£J S. aureus ~LL'V1Gi'1EJ1fl£J'il12J 
'II , 

1i1111111~ a ric;i111~1'Vlu'1 Lrn::u1.-iLL~ari Lflu 'Vl'U.t1'1 51L u 1ri~ac;i~1 £Ji1i~uu1u (CTN) c;i11-;i 
'II 

WlJ B. cereus '11'1LU'U.LL1JflfiL1£JH1L 'Vl'il hfl'tit1'1i1'1LLa::t11L~£Ju111nrta-c;i L'1£J~iJ1111n1.111nni1 , , 
51Lu1 BTN '11'1LU'U.51Lu1ri~ac;i-;i1n51L'VlaE1'1~2JL"li°'U.L~£J1rl'U.i1'1 130 Lfh 11m::ri51LU1 ATN 
... ... &! ... ... 'I ... ... .... ..r 'I .... ~ ' 
'll''1~ac;i-;i1nri1L 'V\aEJ'1'U.'1Hn L 'U.'V12JEl'U.'1fl112J'il'U.'i11"1';1WlJL -.na B. cereus L'U. 1::.-iuc;i1n11 100 , 
CFU/g -;i1n~an11nc;iat1'1';l::L ~ui1n11~11 a-n51L 'Via t1'1 t wii1L~ ac;ia1-;i lli a-11111ri-rha1 £J , 
LLlJflfiL1£J B. cereus l~J'1'V12J'il J'1dLiit1'1-;i1n B. cereus LU'U.LL1JflfiL1£JrtITT1111ria-i'1'1HUt1ffi 
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'Yl'l.I.~ Elfl1111i'El'l.I. l.i~ LLa::El11iJV\Gh'.I L VI a El El tinu51 L Via El"li11tmff"li:.Ja Li 51L U1~i:.Ja~1il1n51L Via El"I 
~ , 

~mmJ'111ii4'uu1u (CTN) LLa::i:.1'1na1Lifau1ff'Yl~.-(BTN) ~111i!Virnifa a. cereus lu1fimm~ , , 
ff"ln--h51 L ii.1 ATN ~'1i:.ia~1i11n51ma a"lii"lffn l uV1a.iai1'1ri1111iu uan1il1ndtl''1 a11i1iin11 
~ , 
uuLfl awn a"ILLurifi L1ti°ll'u~d1il1n~::ni'1 l111.~ LLa:: lu~a"l~l °ll'L um1i:.ia ~t1L il.1.i1 ti11ii4'uu1u 

ii1li~111i1Virnifa a. cereus lu1.l1111m~111nn-h51Lii.1 BTN ~'1Luu51Lii.1~i:.ia~li1i11n 
51L Via El"li11L "li'l.l.L~tJ'lrl'l.I. '11'1.1. 1-;ltittLLff~"l LiL ~'l.l.Elti1'1-i~L1il'l.I. i1n11it"151L 'VlaEl"l Li ffni1 tJ , 
V1a.iait"lfl1111i'l.l.LLa::n11 L ii:.1'1na1L if a B. subtilis TN51 "li1m ~11ri1111uaa~rl'mLa::fm~.n 
flm111V'l11 a"I i:.ia~rl'm'l'f 51 L Via a"IV13.lnV1~a51L ii.1 hit~ tin11a~u1111n1.1i1au 'Y11cl°ri at 1" LL a:: , , 

..!. I .d A .., .f d -! -k I :' dA C' :' ~ 
ri1L '"1'Yl i:.ia~1i11ni:.1'1na1L °11'a11m1L Vi111l'l.l.11El"lfl1 pH u1~1a1~1'lrLLa::u1~na'Y1'1V111~ 

I ..! I d A .., Ad. z .., I -'I-., 0 .... AA 

mnn11ri1L'l.l.1'Yli:.Ja~~ntJ11iVi'l.l.1J1'1.1.EltJ1'111UtJff1fltlJ'Y11'1fffl~ (P < 0.05) (~111'1 10) 

ffEl~flaEJ"lnu1.l1111m total viable count LLa:: spore count ~LL«~"IL'l.l.~111'1 9 t~muVi1:: 
ati1'1fl'151L ii.1~i:.ia~1i11n51L V1aa"li1'1an l uV1a.iait"lri1111iu (ATN) LL«~"ll iL ~'" i1m1it"lan , , 
51LV1aEl'1LWV\a.iait"lfl1111i'l.l.ii1Li51LV1aEl"lffnUmf1i1'1LLa::"li1tJLiLL1JflfiL1m1il1ruli~ni1n11 , ., 

~11 an51 L VI a El"l L '1.1. J1 L~ El~ LL a:: L '1.1. 1::'Vli1'1n11'VI aJnLLlJflfiL 1til.i ai'1'1 L El'l.I. l'lr111u1~LEl «LLa:: , 
a::l11Laaaan111tiatJ tiJ1~ULLa::J1~1alu51LV1aEJ"lli11~L ~1ni1 LL1JflfiL1tJ B. subtilis 

iiri1111 ff11111ri l un11ai'1'1Lau l'lr111.iV1a1 tJ°ll'U~LLa::ua~uaa ti aan111 l u1::V1i1'1n11V13.ln 

51L V1aa'1t~muVi1::ati1'1fl'11u1~LEl«LLa::a::l11Laff (Visessanguan, Benjakul, Potachareon, 

Panya, & Riebroy 2005; Chukeatirote et al., 2006) UDfi1ti1V1an~di~if u1::V1i1'1n11V13.ln 

51L Via a"lfi an11V13.ln tia ti tu1~u11a'1Lau l'lr111u1~La ffii1 l V11~1u1~uLu1.ll 'Yl~LLa::n1~ a::ilt'" 

a m::aanmff '1i:.JaLi51 L VI a El"l'VlaJnihff°l!'1 ~Elia tlfl a1tJi:.1'1°1!'1ff'Vl~El~L1tini11aa mil (Yoshida, 
~ ~ 

1998) VI a'11i11nif 'l.l.LL1JflfiL1tJ1il:: l in1~ a::ilt ULU'l.l.LL 'Vla"l'tl El"lf!Tfoau l un11ai'1'1Via'1'11'1.1. L '1.1. 

n11L1il1ruL~u t~Lt"li:.ia liLn~n11Lu~tiun1~ a::il1ul1.lLuuai1Lrn11111L ilmLa::ii1 l i51L V1aa'1 ., 

V13.lniifi1 pH L ~11ff"l;f 'I.I. (Ohta, 1986; Steinkraus, 1991) LLa::«11LLEl1l 1m UtJlil::LU~tJ'l.l.LU'l.I. 
~ 

ff111::L VI tJ~ii1 l i51 L VI aEJ"l'VlaJniin~'l.l.L 'Vlii'l.I. liLrlafi1 pH 1JEJ'151L Via El"l'VI 3.lm ~11 «'1 LU'l.I. 
~ 

8.0-8.3 (Campbell-Platt, 1980; Sarkar, Snibbe, Tversky, & Reiss 1993) 
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A ~ 1.i:J.A. ...,,&' 
~111'1 10 TIW.111W'Yl1'1LT13JLLiil::n1v111w"l.la'1f11LU1'YJ~.rn~~1m.i'1mnL".!Hl B. subtilis TN51 

ti1 pH 

ti1if L * 

ti1if a* 

ti1i b* 

, 
LU~E.Jrn fimH1u1ii~utl'1u 

CTN 

6.75 + 0.14b 

1.36 + 0.12c 

3.61+0.08b 

52.28 + 1.49b 

9.20 + 0.71a 

22.24 + 0.96a 

BTN 

7.45 + 0.03a 

1.56 + 0.04b 

3.54 + 0.04b 

54.67 + 0.25a 

8.77 + 0.45a 

23.87 + 0.28a 

ATN 

7.55 + 0.02a 

2.09 + 0.03a 

5.09 + 0.21a 

45.91 + 0.71c 

8.99 + 0.33a 

18.93 + 1.36b 

- fh l1.4fl171'1LU'l.4ti1L\l.~tJ ± ti1Lilv'ILtJ'l.4111fl7!1'1.4 (n = 3) ua::f11Eim~,.rn1!l1Ei'lnt]1!1Yluflnth:11i'l.4l'l.4um19iv1n'l.4uRfl'lti1 

m111u91nfi1'ln'l.4eiv1,,:0'lt'vi-it1qrrn""fifi (P ::;; o.os) 

- tnll1tu.ii1fl1£1;fi1•1faa::ii1f11aJ'l'l'lllflLLfffl'll\4'1'1\.btJLtleiiiott"U.tfii1'1'1°1t'nLi]vn 
A ~ I ..& ..... ... .......... ... A .:. I ..& A ~ A ... ..... ... ... .r 

- CTN flel tl1L\41'Yl'l'lllfi911V11Jl'i\41J1\4; BTN flel tnL\41'Yl~£191v1ntnL'l'l£1el'lflll~'l'lllntl1tJ~'lna1L'!fel 8. subtilis TN51; ATN 

fiei 51L\.bYl~aflv1nlf1L'l'l~D'liiiRnl'l.4'1'1JjeJif.'ltn11lfi'l.4'1'1aJnfi1tJ~'ln~1L4ei 8. subti/is TN51 • 

51Lu1~~a~~1n51L111aa"i1"«n1.u111aja\t"T1113Jiu (ATN) iiti1T1113J«i1" (t°i1 L*) , 
I I I I ... 

1.s=l,dl I 0 llVt.ilA .... ,di .... CV 1#111 

LLiil::Tl1«L'Vlii1'1'1 (Tl1 b*) ~nn11f11LU1'Yl~iil~~1nf11L'Vliil'1'1~3J«n'Yl'1 CTN LLiil:: BTN '1£.11'13J , 
-Uviifl°"ty'Yl1""i19i (P < o.o5) "l.lrn::~iiti1iL111aa"1111ati1 b* 1.naL~v"n'" (~111" 10) ..f"ii'a1~ 
LUU~ii1~1nfl113Ji'aua"'1"1.I '1'1'Vlaj ai1'1Tl113JiU"l.IW.::i1'1 «n51L 'VI a '1'1'Yi11. ~ 51L 'VI a a'1iiJ 1~1iil L °1i3J ,. , 
ni151L111aa'1~i3J«n1.uii1L~a~ff'1~ii11.~51Lu1~~a~'l.iiiiJ1~niilL"li3Jni1i1v , 

m1i1'1«n51L111a a" 1. u111aj ai1'1T1113JiuLfluiiim1~1. -NL 1ii11iuni1n11i 3J51L 111a a" 1. u , 
ii1L~a~LLa::«i3J11ri'Yi11. ~51L 111aa'1«n~uU3JLi~ni151L 111aa'1i3J~'1H'1~iil 1. ~L :!a a. subtilis , 
TN51 L~1ruLia £i1'111~L 'l1'Yi11.1111"1fL 1ii11 L um11112Jn51 L u1Lfuni1 i'1,!un11\1'1 «n51L 'Via '1'1 LU ., , 
111aj ait-:i Tl113JiU~'1LUU1iin11~L 'V13J1::«3JL un11'1l1'l.tJtJ1::E.Jn~1-Ni13Jnun111. "lf ~'1n a1 L :!a , 
u1«'Yl~t un11~a~tt1Lu11. uL i'1w1tit".1Hf 'i1"uan~1n~::J1vLLii1::«::~1n1. un111. i'11ULLa1 tl'" , 
«13J11flfl11JTl3J Tlnl.111W"l.I '1'1 ~a~zi' W.'Yl1 ~iifl113J «~1 La'3J a tJ iii '1~tl£.1~1n~ au 'Yl~rJfi at 1TI , , , 
tJ1::111EJ~L1a11. un11~a~LLiil::ITTm1ri'Yi1n11~a~tt1L u11. utJ1mw.mn Li มห
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