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L "lia'VI 'nu u11';) u fl a ffYl1a1'Vl11La U..1 L "lia'YlL 'VI l.11::: ff11 1:::Yl1J".l.I a..i LLu..'l'Yl L 'V\111::: ffll unTH Yl1U11 

'll 

t11V111LV1a1 
• 'II 

.. ... .K .... .... ... .K 
aYJ "lia LLa:::11ifi11Ln1J1fiM1 L "lia 

f'" 6'.d I lg.,.., 
1.4 f;l'itJ 

1.4.1 if 
'll 

1.4.2 'ti £.1..1 L if L 'VI a1111n LL,j..1 
'll 

111 ... .. ... .K 
1.4.3 B. subtilis TN51 

1.4.4 u1V11atf1L if a111nLLJ..i 

1.4.5 



'lJ 't1 't1 2 

. .... ... .... 
2 .1 fl 'H 'VHHh'l 'VUJn 

51 b Eh'l VI :WmbU'1 <in bll'Yl°lJ eJ-.H .ff 'Yl1 r.f iVI :Wn 2 th:: bll'Yl (Teng' , 
Lin, & Hsieh, 2004) 

1. (ltohiki Natto V11ei Natto) 

<il111<il111 (Oawadawa) (/ru) (Kinema) °1JeJ'1U1::b'Yll'I 

';J'1flflbb';J'1 (Chungkukjang) bb1il::51bU1 (Thua Nao) °1JeJ'1L'YlLJ , , 
1u111w 1 

2. (Hama Natto) (Douche) 

ii1"D":: (Miso) (Tempeh) 

't13J1: Teng, Lin, & Hsieh (2004) 

qJ 1 um::U1Un11VI :Wn51 b eJ'1 ;i el B. subtilis bUUbbUflri b1LJ 

0.7 - o.s U1il::m1 2 -
'IJ 
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1'1 
'U 

(InV'l 2) 

111v. 2 LffU (A) (B) '11El.JLL1JffYiL1ri B. subtilis 
'U 

fi3.11 : iJri111rn Ei'Yiri111rn 
q q q q 

(2555) 
'U 

U U1:: L 'Y1 f'f ") if uiJ nu L °liu 1 U 

EJu1111'1nu'JJ111(j] ri u '111 1 u m1u1111'151 L J.Jn 1 u 
q 

i.rw 
I IL.< I Q..o> d &> 

- v-rrn 

Cil::i.flf 'V\ei:IJLL'il.J bbt'l :: m::l'Yir.i:IJ n'l.l. 

nui11lV1ii.r.11 

- u:nnflnui111<11r.1<il1.J 

iJ1'l!:: lliil::'l!ii 
" 

- L'li'l.l. 

LLG'l::'l!1 

- L'li'l.l. iJL'l!:: 
q 

il1mt'l m::LYir.1mLiil :: 'Y11m1V13.lnm'l.l. 2-

3 1'1.l. futl1::mmi1'!.l.ei1V111V1in 

Ltlm'IT'Hl1\la\I 

Sundhagul, 

Smanmathuroj & 

Bhodacharoen ( 1972) 

Kiuchi & Watanabe 



Yl111-\I 1 
...: ... 

TI 'l L 'VI iUh1 

'VlaJTI 

il111il111 

n1'U.1 

Lm'l'la 

i\a.n : Dajanta (2010) 

6 

Tamang, Sarkar,& 

Hesseltine (1988); Nout, 

Bakshi, & Sarkar (1998) 

Omafuvbe, Abiose, & 

Shonukan (2002) 

Kwak, Lee, & Park 

(2007) 

' \.l.1 Li]un11,.,3Jn 

511 ,.,a l lYi1 u ,.,a t1 luYl luVi11 
1 1 

11uY15u 2-3 1u 
1 

13.IL Utl a flnL1l1W"lltJ..1tf1L ,.,aa-\l,.,3Jn 
1 

L«ll a U1'1flf-\I a111 an11tlu1fl au11 a hfl 
1 

ifau;«'Yln .. B. subtilis 
1 1 

m1fl°"Yi La an3.11 m.h..1m w1:: 'Yh l a3.1fu111nvr1 tan 

lu111w 3 
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{A) t11L'l'laeh1 {B) t11L'l'laeh1 

CIJ 4 r: .! A , 

fWlLiilE1m3JiilflCl"lL'l'liila;imu91::um;iuiil:: 

1 !" ,:ii ""'.... "' A 
LL'll'U.1'Yl1lfll.'1'1113J'l'IEl;J 'U.1'U.'lJ13Jfl'U. . .. 

-!.-
""' .: '" L "..l L" - 2 'U.'1Cl"lL'l'liilEl'1 'U.'1'13.JEl'U.'1111!.J flfl"l13Jtl'U. (retort) 1.5 kg/cm 

'U.1'U. 20 'U.Tn 

11n'il511'l'laa" 25 - 150 s • 

' n1w 3 t.i.1 (A) (B) 
..a 
nan: Chukeatirote et al. (2006); Hosoi & Kiuchi (2003) 

51 L 'VI a11flJ..Z1 fon uamnn l-id]u , 
LLN'1 tl'-11 lui1 F.J ITT'la1V11'lf1 ii Tl mfi1'Y11-11t11iru1m'la-11V1 iil1 F.Ju'l::L11'YI i-11d 

, q 'II 

2.2.1 uaITT:: (free amino acids) 

51L v1ii'l1Tl1tln 51L tl\lff1 F.JWUnnTlfi'1"1J El\ll 'YIF.J L "liu 
'II q 

Lif F.J-11 l'Vl1i 60 mi'a F.Jiil:: 39 "JJ a-11 a-11ff u7::n (Dajanta, 

2010) 51L 'l.l.Elff'l::v1i1-11m El F.J 
'II 

aii11 L da-11'11n l u51L V1aa-11'1::rin rJ a F.Ji1 F.J Lau Laav1L :la LLlJTlfiL 1F.Jai'1-11 
'II 

if u l "'l::'VI i1\ln1'l'VI 3Tn L tl\l'VIJJnii'lffir1 aia F.JTI N1 F.J n lJ i:.l\l'n'lff6i1-11 L flu 
'II 
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(Tseng, Lee, Li, & Mau, 2005) 
'II 

'11n11£J\11U"llEl\I Dajanta, Apichartsrangkoon, Chukeatirote, & Frazier (2011) Vi1Ji1 

.. B. subtilis strain TN51 
q 

51L 2 L 'Yh uaH1:: l u51L 

L"lii..t. LDL LLa:: 

El\! hTl'V1£l si1\13Jmuu hTI 

(Hermansen, Sondergaard, Hoie, Carstensen, & 
'II 

Brock, 2001) ua ITT:: l u51L unun1::u1um1'Vl3Tn 

ITT £Jfi'i..t.f"ll EJ\151 L 'VI a El\! El\! L 4a'1 au 'Yl1tl° LLa::tJ1m nl."lJ a::ii1 'I.LB ITT:: LU 
, q 

51L il1LLa::51L 'Ylfll L 2 

2 a::ii1 UBITT:: l u51L U1LLa::51L 'VI 'Ylfll 

n'1'11o::ijf 14oft'1':: 
., I 1 

tl1L141 iHbn2 111''l1fl111
1 

Q.lllR&lQ,,' • • \l'91f11::
1 

Ala 0.12 - 4.44 4.73 0.12 0.40 0.66 

Arg 0.10- 0.52 0.22 0.15 1.02 0.17 

Asp 0.22 - 1.53 6.25 0.15 0.50 0.84 

Cys 0.10- 8.62 <0.01 0.03 0.51 0.00 

Glu 1.13-6.11 21.06 0.12 4.58 4.12 

Gly 0.25-1.07 5.08 0.11 0.51 0.72 

His 0.29- 1.76 4.25 0.07 1.07 1.70 

lie 0.12-1.69 6.22 0.12 3.62 2.10 

Leu 0.27-3.70 9.50 0.22 7.73 4.56 

Lys 0.35-4.40 8.23 0.18 1.30 3.24 

Met 0.13 - 0.63 3.15 0.03 1.43 1.24 

Phe 1.01 - 3.56 11.82 0.14 5.74 5.26 

Pro 0.00 - 3.24 3.54 0.15 0.12 0.30 

Ser 0.05-0.70 3.24 0.15 1.49 0.44 

Thr 0.08- 0.55 2.79 0.11 0.06 0.62 

Tyr 0.42 - 2.19 4.86 0.09 1.88 3.77 

Trp 3.92 - 21.30 <0.01 0.03 

Val 0.26-2.47 7.05 0.13 2.19 

MN1ULM91 : (-). hh::uialla . . .. 
fia11 : 

1
Dajanta, Chukeatirote, & Apichartsrangkoon (2011); 

2
Sarkar, Jones, Craven, Somerset, & Palmer (1997); 

3
Dakwa, Sakyi-Dawson, Diako, Annan, & Amoa-Awua (2005); 

4
Lee, Park, Jung, Park, & Kim (2005); 

5
Nikkuni et al. 

(1995) 
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2.2.2 la1snvhn11u (isoflavone) 

la 1snwa1 l1u (ll1'V-l 4) l1um1'11 1snwa1 l1u 
1 

12 auwulf humti..'ILUU 4 mill') a:: 4 auwulf 
1 1 1 

... 

(1) acetyl glycoside l$LLTi acetyldaidzin, acetylgenistin LLa:: acetylglycintin 

(2) aglycone l$LLTi daidzein, genistein LLa:: glycitein 

(3) glycoside l$LLTi daidzin, genistin LLa:: glycitin 

(4) malonyl glycoside l$LLTi malonyl daidzin, malonyl genistin LLa:: malonyl 

Aglucones 

Daidzein Rl•H R2=H 
Glyeitan Rl=H R2=0CH3 
Geaisteio Rl•H R2=0H 

AceCyl Daidzin Rl•H R2=H 
Acetyl Glydtin RJ=H R2-0CH3 
Actdy Geaistin Rl•H R2-0H 

HO 

H 

ft, 0 

Daldzin RJ•H R2=H 
Glydtia IU=H R2-0CH3 
Geuistin Rl•H R2-0H 

Orr 
0 0 

6"-0-Malonyl-
8-Glueosicles 'IP'" I 

Aa 
OH 

OH ft, 0 

Malonyl Daidzin Rl=H R2=H 
MalODy Glydtin Rl•H R.2=0CHJ 
Malonyl Genistin Rl•H R2=0H 

nan: Griffith & Collisn (2001) 

la 1snwa1l1u iilfl1\I a-f1'1 LLa::n11a 

a-11111rt L "lf't191 LL (phytoestrogen) l91L u 'VI tY\I 

(Setchell, 1998) 

la 100 EJ'11t1'Vl1!9! 

OH 
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(Makela, Pylkkanen, Santti, & Adlercreutz, 1995; Eden, 1998; Kim et al., 

2006) .. nh::L l1i"!l l1 £.1iim1i'bL t 1u 1u11hi t1..imV111Ltf111lu11T11flLL YH ,, 
i1..intanf11a:: 30,000 u1't1 n11fu1h::'t11u genistein 1ut11111m 54 

6-12 l l ,, 
(Morabito, Crisafulli, & Vergara, 2002; Crisafulli, Altavilla, & Marini, 2005) ut1m:nndu..iii 

11£.1..i1uflti..iii'11lt11'lfwa1 Tdwli1£.1Jt1..inuhT111::L1..i (Jung, Park, & Park, 2006) 

hTILl.l1'Vl11U (Liu et al., 2006) (Park, Jung, Rhee, & Choi, 

2003) (Park, Jung, Rhee, & Choi, 2003) Lrn::iiql'ln .. , 
(Georgetti, Vicentini, Yokoyama, Borin, & Spadaro, 2009; Dajanta, 

Apichartsrangkoon, & Chukeatirote, 2011b) ITT1lt1T'lfwa1T1uluna11 aglycone LUU , 
tl'U. wuiffi iit11:: t t1i1..in1 £.1111nfi £.1i1..in1 [J Gf11111{1 ut11111 m111n LL a:: , , ,, 

11n11t1uwuif5u 'J 2.i'nwul u51 L 'Via L 'Via t1..ifll1i , 
L'rl'U. (Wei, Chen, & Chen, 2008) LLa::'1..1TITILL'1..1 (Kwak, Lee, & Park, 2007) '11n , , 
i:.ia..iTt.1/h)mrn..i Dajanta, Chukeatirote, Apichartsrangkoon, & Frazier (2009) wu1151LU1 

flV13Jni1 £.1na1L if t1u1tf't1n .. B. subti/is TN51 'rl1m L una11 , , 
aglycone 111nn-J1ft1 £.la:: 300 Lrl fi £.ll.Jrll.J51L 'VI a t1..ifll1i 

2 L fi1 

2.2.3 

51L'VIati..1'VI3J n lif u n11£.Iti1lf ll l1 L fl 'U.LL 'VI a ..1"JJ ti ..1 ff11i1 'U.tl tin-if L 'U, fl ff1 fl ID ., 

hrn Lu w1:: t1 r.h ..i fi..i «11t11:: n t1 uw ut1 a LL a:: «11lt11'lfw a1t1 u ii11 £.1.;i1 u w u 

Gf11tJ1::n tll.JW'U.tl a LLa::ql1n°i1ut1 t1n-if 1 u51 L 'VI a tl..1V13Jn111nn-J151 L 'VI a 

'Vlii'n t1..i«11i1ut1 u51 L ii1 LLa::51 L 'Via t1..iV12.i'n 

3 



I 1 tl1Lit.1 B. subtilis TN51 

Bacillus species 

..... 3 
flit.ll1 B. subtilis DK-W1 

.. 
Aspergil/us oryzae i.11 

11 

lei 1'll'vh:n 11ii.m1:: 

a-i11h:: n el uvn it.a fl 

lei 1'll'v·hn 11it.LLa:: 

a-i11h::neiuvn ii.afl 

a-i11h::n 

anti-DPPH radicals, 

total antioxidant 

anti-DPPH radicals, 

LDL oxidation 

- anti-DPPH radicals, 

metal chelator, LPIA 

lei 1 a111ii.ua:: hhiiii. 50% inhibition of 

DPPH 

1011ULM" : LDL = low density lipoprotein; LPIA = lipid peroxidation inhibition activity 

i\1.11 : 
1
Dajanta, Apichartsrangkoon, & Chukeatirote (2011b); 

2
Kim, Song, Kwon, Kim, & Heo (2008); 

3
Moktan et al. 

(2008); 
4
Wang et al. (2008) 

L ii1 l 

Hurn l:iJL \tu u1"nf"t1T;iiim1L ll1LNmrn:: • 
ii fl113JL iu" fi11'U'U.L fl El U '1 au 'Yl; £i ri El t 1fl ii11 £1"1\l. n11iJ UL fl El ULLUflflL ;u ri El t 1fl • 

LiLLri Bacillus cereus, Staphylococcus saprophysicus, • 
S. epidermidis, Micrococcus luteus, Pseudomonas aeroginosa, Enterobacteriaceae, 

coliforms LLa:: Escherichia coli fiitm (51mat1" 

(Jideani & 

Okeke, 1991; Nout, Bakshi, & Sarkar, 1998; Dike & Odunfa, 2003; Leejeerajumnean, 

2003) t u uiJ1::L n uliii .. . 
AG.ooo a,.. A ... .f .s:i o ._., .... A ._:. A Q.i ' 

n111'1 rnt1nna1 L "litl'YlL L ,. 
L"liu LLa::'1"flflLL'1" • • • 

(Tamang, Sarkar, & Hesseltine, 1988; Sarkar & Tamang, 1995; Tamang & Nikkuni, 1996; 

Omafuvbe, Abiose, & Shonukan, 2002; Lee, Park, Jung, Park, & Kim, 2005; Omafuvbe, 

2008) n11 t ifni.t1L if t1u1a-nfit t1"".d1 m t1tMm a • 
'II • 

t1u1a-nfi .. B. subtilis TN51 :1J11"151 ii.1 • A I ..:. I ,J .... ... A' A ,J .cl I .! I ,J A A.cl A :: .cl 

'll'"WU11rl1 L a L "15tlU1a''Ylli:IJfl L U1'Yl :IJ'Yl"'Y11" Lfl:IJ • • 
n1 £Jll1W n11£J t1:1Jfu'11n a-aun1"i1uth::a-1ni:1J «a-

'II 
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(Dajanta, Apichartsrangkoon, Chukeatirote, & Frazier, 2011; 

Dajanta, Apichartsrangkoon, & Chukeatirote, 2011a) 

L utJ;-;iuun11i:.1§ t:-1\ln a1 L if a 8. subtilis L UL ff1'Vlf11n11t:-1§ 'VI ati\I , 
'Vlif niiL w r.J\I t:-1\ln 'Ylfl 1 

t A .... 41,I ,r 0 .... A .... 1 .. tl ff' ..r .... ff'-i 
UL"lf\ln11fl1 tl1'71tl\IL"lftl 8. subti/is ff1r.JWU1l'YI , 

fl ... LL [Jn 1111 [J Lu W1:: L Uti\l';J1 n iifl11 ll'YI a ff aa ll iitl1111 nt.L if a a rj 
'II 

tl 8 tl .. ... 't" ... .r . 't"' ... 1::111m 10 ff a11n111 n11 "lf\11u111mwr.J\la::a1r.J 

t:-1\lna1L if at u J1i11amLa::flannu51L V1at1'1i11 anih 't m111wLLa::tla , , , , 
tlA .r ti:i! .... .cl .... .... 1 A 3 4 tl ff' .... .... .r .:I 

10 -10 ff a11n111 

1 nf11a11111TIL-i'Vlifn51L'Vlat1\1Li111ni1\I 1 n1anf11 (Teng, Lin, & Hsieh, 2004) ITT'Vlfu 

t:-1\ln a1L if a H1L ff1'Vli°'U'Vlifn51 L U1'71 tl\IL 'YI [J tJ\I 'l:1.iii11 [J\11U 1111£1\1 tJ\I 'l3.iiin11 
'II 

i.i.1i1r.Jna1L if UL i\IW1rli."lf tl° itu , , 
8. subtilis TN51 

.d A .... .r o ._. A .... .f .... A 

1111 r.J\11un11i:.ia a1 L "lfti a1V111'VI 11nwu111u 'VI a1 

L'rlu (111nt.fi"lf1 £l11lfl1 LLa:: 

fl1L1r.J\I fiwn1uu'Yi, 2539) , , 
2543) Luuiu L'rlu n11 , 

L-iff11W r.J\I LLa::n11'Yi1LL i'1i1 r.J1iin11LL "liLLii\I LL1J1J1::L L if ai1 r.Jiiin11 l-i , 
a11w r.J\I Luu iiin11rliiiu 'YIU 1 unTma L iia\l-;i1n 'lii i ti\I t ii a.fuff\lfiii11fl1 LL W\I 

, , 'II 

L r.J 1 ti r.J LLa::n11'Yi1 LL i\I i1 r.Jinn11LL "liLL ii\I LL1J1J1:: L tl\l L if L 

spray dryer Lrn:: freeze-dryer -;i1n11r.J\11U'tltl\l"lf9iU"lf (2543) fi'li , , , 
tl\I LLJ\lri L 'VI ll1::Hll L un11iL1111 't -iLUUH11W r.J\ln a1 L if mLUflfi L1mLa fl ITT'Vlfu , 

3 uJ\lii11Li1 LL1l\lii11L'VIUr.J1 LLa:: 

LLJ\lii11Li1 'VIUr.J1 W1Ji1LL,j\l..,f\I 3 ff1ll11TI L ifLUUH11W r.J\lfi&hh L iL if a , 
LLuflfiL 1r.J if a 1 UTI\I 

'II , 

1 waLafiau LLEl::TI\11 ii.mJWtl mf-rl1 r.JfnH1 'VI tl\I L if a L 1 
, 'II 

'liu1u 20 1uluant.'Vlllii 4 ti\lfl1L'll'aL6ifr.Ja fl1tl1::Lff1;; 
, 'II .. 

(2524) wui1 solid state 1-iL'Vlll1::trn 

ri aunTl"'Yi1 L LL i\li1 r.Jn1'l"L ff1'l"W r.J\lii1 [J L 'Vl,i t:-1\ln a1 L if ariiifl nt.1l1W LLa::ff1ll11{1Ln1J , , 



13 

LLJ" L il1H1111 rltl1::n aui1 rJ au ln -;iu LLa::a an'15L -;iu 1 u 

6: 10:5 (C6 H100 5 )n 1fl« ;fi" 
'II 'II 

1.h::naui1rJ anhydroglucose unit glucosidic linkage rlfl1fuau 

LL 'VI autla1 rJ"ll a.\I «1 ml.la L 1rJni1 
'II 'II 

reducing end group 2 fia 
'II 

(LLaiilaa-) LLa:: w (LLaiilaL rJ11.\li1LULLu1ffli1 LLJ.\1'11nLL 

el?l11 (f')U"lJ a.\ILLaiila ffLLa::LLaiila L t ,.;fl nl.ff11U1i"ll a.\I LLJ.\I , 
(a1au.\lff urJ1na, 2550) , 

... .. 
2.5.1 LLtl.\la-1a 

"li11ff1a (wheat) Triticum spp. 1u 
'II 

tl1::L 'Ylflawhu a fitlClf n1n LLa::tl1::L 'YlflL U 'YlitlrJ ht! Li"llm ') , 
"lla.\I fan liLLn (T. aestivum) hit 

'II , , 

(T. durum) (T. compactum) , 
L V1111::ff11 1 ut11::L 'YlflL 'YlrJ 'YlflL L "li1 

'II 

"li11 «1 a'Vl1a LLJ.\I «1 a-;i1 n 'Ylfl L UrJ fl a fitl?tLU11 tu. liiin11\l1 LLJ.\l-;i1n"li11 ff1ain1 i' , 
Lfla au t ,.;LL ii" L Yi a 1 iff1111fuvi 1 utl ... -;i-;iuu hiiin11i.l1 LLJ.,, a-1a1111it11::1rJ"lfu , 
111a1 rJi1u L ".du 1 

'II 

a" LL,j" 1?1 Lan-;i::L "li1 lt11 u".da.\li1.\11::V1i1" Liu LrJ"ll a" L da 

LLJ.\l"llU L 'VI ni-;i::Lfl a au "1 1 ua?t ff1'VI n1111 rJ1 LL a:: ITT a1.\I LLJ.\I a-1a1 ,r "' , 
... ' ' A ..I .. .. A ,..< ... 'ti 'I .r ti R L lJ Uff1 ff11 a rl1.\I 'VI U.\I L Ua.\1'11n11 ff"ll11 U1ff'Yl liLLa:: L lJ u a.\I fl 1::n au Lu n11"ll U 1 L11 []1 

, 'II 

H1'VI fu ff1'VI n1111 a1'V111liiin11\l1 LLJ.\I «1 a1111i't11::1rJ"lfU'11 n fl ni.a-11 u1l n11L UUL , , 
a tu. 'VI 11 a L Un au 1.-i6fi.\I L UUa ... n 'JYtu.::Lu W1::"ll a.\I LLJ'.\I ff1 afi1 ff11111fl 
, 'II 'II 

nmfiu a1n1flL 1liLLa:: 1,.;'fl1111W a.\li1 L rJ'VI a.\ln11au L i'Luuft-1utl1::n au , 
1 rJ'TfUil LiLLn Lfln "1JU11tl":i Luuiu LLJ.\I ff1aa.\I1 i'L uu un11 , 

') L'rlu (dialdehyde starch) a-911f1fLL'llUL'YlClf 
'II 

(starch xanthide) L un11V13Jnn1.-i au 'Yl1cl'an111n111 rJ uan-;i1nda.\I i1n11 L "lf .\11U , 
1ua91a-1V1n11115u ') L".li'u wallpaper Luuiu 'J 1uL11a.-i , 
... .. 'I ... ' .. .f ft ... "ll11R1a 4 (mntu.1.\lfl t1111a91 LLa::LnaQa urJ::'1a11"ll1qj, 2546) 



au 

.r 
Tl1111°15U 

LLiJ\I 

l"ll3JU 

Lfl El L£.1 

14 

14 

64 

12.5 

1.65 

2.5 

1.75 

3.6 

1TI (glycoprotein) 

vm1 'YILL'lfU .J1\ILUU WEl uii1 ElT1mamHu.::n11 
1 

(gluten) Lrn::n11a11n1ir'l.un11au 
'II 1 J 'II 

iiT11111i1firuJ°'1 'I. ui1uT1 mfi1'Y11\I a1'11\11 1'1 £J Lu w1:: 11.uhu"ll a\llna 
., 1 'II 

1111i1nuLfluna v'liir-rn 'I. w11u11tJ-:, 
'II 

... ... ... 
2.5.2 

LL J'l-ii11 Yi a1 Tl"'ruri'I. ir1" a-1 'Ill n n11 a1 '11111 'I. utJ1:: L 'YI 'YI £J ii'lll a1 £J"lrU'1 LiLL Ti 
.. 1 

LLiI'li11Li1 LLiI'l°li11vJ1\I LLiI'l°li11L 'lllu£.11 LLa::LLiI'l°li11'11\a1111::a 

LLiJ'l°li11Li1 '111111£.lfl\I .J1\li11Li1"1J11'111111£Jfl'I i11fiLflu 

i11'11\"'n'lll1atJ a1 £Ji11 L tJaa nL -;i°'1 CJ 

Oryza sativa L. LLiJ'li11Li1 LU'U.LLiJ\1"15U'1'lllii'lfiil£.111'1. "151 un11fi1"1Ju11l 'YI £J LLa::a1'lll11 

"lllJ Li £.111'1 £.IL EllJ'll\ a"'n 'I. UYl1 "1JU11'11\ a1 

a"'n Mm:: 'Ill Tl nl.111 w L i1 "l tJ n11W El\! Tl 1111"liu 'I. ff"ll El \IL ,j'1 LL J\I L i1'" ff1 Tl"'ru 
1 .. 

th1 ntllJ 111 £.I hu11 a'1°1i11 L i1 LLff'1\l L U'1111\I 5 

2546) 



T1113J'lu 

LLJ\I 

hiilu 
., 

un 

15 

2 

79.2 

7.0 

0.4 

0.5 

1. unTrna91 LLJ\l"li11 Li11. u1h:L 'Ylfllmnf u TI\l-;i:d]un11 hiLihrn 

i\ILLtJam..la El 3J 1. VIID El tinrnLJ\I a91nn1.'Yf d]utJ1:L11'Y1Wa1Tf .. . 
(rice flour) • 
El1V\11';J: 1. d]u i.-;i,, L "lfu Lrlm.t1 ltJ'YI 1. \KT1113Jfi1ElULLii\I • 
Vl;mrlm.h'ttJil\I (L"lfu Liu'Vlrl) 

r.i,r1 ltJla.i L V13J1:a-3J1. LLa:iitJ1111ni.a:iila 

LLJ\la-91Tf"lf (rice starch) fian11a-n91 La1 a111. ULLil\IWa11fa an-;iu 

diauV11191 tJ;-;iuu 1. utJ1:L 'Ylfll 'YI LLa1 (na1n1.1\lff 
' 

LLa:Lfiana ilr.i:-;ia3J"n1ru, 2546) . ., 

._, A 

2.5.3 LLU\lfl1L V1aa\I 

LLJ\1«1L Via EJ\l'ti-;i1nn11u91«1L Via «1L VI aa\lfiLLr.Jn l "llii'UEJ an LLa1191 r.J 

fl1VI U91"1JU 191Tl113J a: LB El\! LLJ\1«1 L VI a El\li1 LLJ\I «\IL VI a EJ\1-;J:i 3J1911;j1U 
" 

100 97 Lflumh.;iuar.i 

r.JLLJ\1«1L VI miiaunrnLJ\lff1a lnauau (globlin) • • 
(Smith & Circle, 1972) 
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1. (defatted soy flour) 

LtlaamLiil!: L "lJiJit.a eJnLLL'f 1 LiLi]u L iiiL"lliJU umm·:hfmrn:: 1 

2. (full fat soy flour) 

1 i iil!:La 41'1iitl1m 

18 

3. LLJ''1tf1L (low fat soy flour) L ULL,j'1 

4.5 

4. (lecithinated soy flour) (lecithin) 

iil'1 L 'U.LLJ''1tf1 L 'VI a '1.3.iii'l 11iJu l 'Vliit.11111 w. fa t.J iil!: 15 

"J 6 

6 "J 
... A' 

'1.11iJu Liu.L£J 
... eJ-3 LLU-3 fl1111"1f'U. Lfl1 .. 

f:l1L'VliileJ'1 42.6 11.0 20.0 5.3 5.0 

uJ'-351L 46.6 5.0 22.1 2.1 5.2 

LLJ'-351 L 'VI a L3.iiii. "llaJ'U. 59.0 7.0 0.9 2.6 6.4 

LLJ'-351 L 'VI a 48.6 5.5 16.4 2.2 5.3 

rla11 : Smith & Circle (1972) 



.... ... 

I 

"" 1.JYIYI 3 

3.1 'lGUlGl1J 

3.2 

• 
3.1.1 Lifa 8. subtilis TN51 Lifiy;nn Lani'rJ 

'II 

I"' ........ ,;ii 

a1\I L "lfrJ\111 rJ 

3.1.2 u1'.Jnfi\IH iiaa\I ,J1n'1) 

3.1.3 LLJ\li11Li1 ('1nibm1'1, u1H'nL'YlrJ11W'1 ,J1n'1 
'II 

3.1.4 LLJ\151L (full-fat soy flour) ('111'1ElrJfi1, u1H'Yl'1ElrJfi1 

... 
ft1"iUUI 

3.2.1 Lth.Jl'1i.t. (Merck, Germany) 
.t .f 

3.2.2 Plate count agar (Merck, Germany) 
.t .f 

3.2.3 Potato dextrose agar (Merck, Germany) 

3.2.4 Trypticase soy broth (TSB) (Merck, Germany) 

3.2.5 ,J1n'1) 
'II 

3.2.6 (KH2P04) (Merck, Germany) 

3.2.7 (K2HP04) (Rankem, India) 

.=I A ff 
3.3 Lfl"iihHJilLLiU:m.Jn"im • 

3.3.1 4 (fiia KERN ; ALJ 220 - 4NM) 

3.3.2 Water activity meter (Decagon Devices, Inc., Aqualab 4TE, USA) 

3.3.3 iauaui'ai.t. (Hot air oven : Memmert UM400, Germany) 
'II . ... .... ... 

3.3.4 Lfl1El\11'1n11'1Yinai.t.LLff\I (Spectrophotometer : UV-VIS Model UV - 1700, 
'II 

USA) 
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ti... .. ... .... t1" ... ... ti... .. .. 'l ,¥ ..t ..t 
LL LL LLa:LL 

(basal medium, BSM) 7) 20 

'111fl1a-.. 'ti 
ti .... . ..t'l .. 

111 pH = 7 'Ll1L"l5a u autoclave u1u 15 U1'Yl 

.... 
'tU.11: Farzana, Shah, Butt, & Awan (2005) 

.. ..t .. 
(2) B. subtilts TN51 

10 

0.5 

0.5 

.. .. 

,,r ..t B .,. 1 ,,r ..t ) ' . subtt1IS TN5 Plate count agar (PCA 1J11L'Vi1: 

..I ..9 :; 0 ..t"'tl 'l ,¥ ..t 'YI 37 u1u 24 "151 -;i1nuuu1L"l5a L L'Vi1: Tryticase soy 

broth (TSB) 5m1f-, U:1JL'Vi1:fi 37 u1u 24 
""''l ,¥ ..t ... 

n11L';J1ID 
"' 
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.. .r'l ,: .r "' 
(3) Lf£l'l.Jn1"H';J1ty"l.1£l-:IL "lHJ U£11'V\11La Eh'IL °lim 'VI a1';11nLL'l.J-:i 

'if (2) a'111far.1a:: 2 a-:i 'l ua1'V111Lir.1-:1L 'if m 'Vla1';11mLJ-:iJ-:i 

,: .r ,: .r .r .a 'l"'-"1 
3 113J'Yl-3 £11'V\11La r.1-3 L "li£l TSB LLa::£11'Vl11rn r.1-:IL (BSM) L w a 

fl1'l.JTlll U3JLW1::Lir.1-:1L'ifariam'Vlnii 35 a-:ifl1L'lmL'1ir.ilf u1u 48 -i11ll-:i Yhn11'111';JU'l.J 
q q 'II 

Total viable count LLa:: Spore count mll1fi"lla-:i AOAC (2000) 

Completely Randomized Design (CRD) ANOVA 

LLa::L'l.J1r.irn Duncan's multiple range tests (DMRT) Yi 
... 

p 0.05 3 'li1 

L'11r.ill m'Vl11L Yi 1.1.1 
.'I ..; .. 'l ,: .r .r "' .. ., .. ... .r 

"l.1£l-:ILLu-:l'YIL'13J U£11'V\11LarJ-:IL"lf£llf'11WU;f1U 3 fl£11£lrJa:: 30 40 LLa:: 50 L'13Jna1L"lf£l 
'II .. 

..... ... .. .r ..... "' ..; 'l ,: .r 
B. subtilis TN51 (11in11L '11r.I llna1 L "lf£l'Yl1 L r.11nu'1 au 'YI 1.1.1) a-:i ua1'V\11La r.i-:i L °lim 'VI a1 

·;nmLJ-:i 'l Uel'1Tii'ar.ia:: 2 U3JLW1::L'ifariam'Vl1lii 35 £l-:lfl1L'lfaL'1irJH U1U 48 -i11ll-:i rhn11 
q 'II 

'111';JU'l.J Total viable count LLa:: Spore count '11ll1fi'ila-:i AOAC (2000) 
' ' .al A ft' I I ,cit .... 

1.1.1 CRD ANOVA 

DMRT Yip < 0.05 3 sfi1 

A A ..,.,; 'l ,1 
1.1.3 flnH1am'Vl1l3JLLa::na1n11'Vlllnl'lL 'Vlm::Lfll un11L w1::Lar.1-:i B. subtilis TN51 

q 'II 

'l U£11'V\11Li r.1-3 L if a L 'V\a1';11n LLJ-:i 

"' .1 "''l ' .r "' .. un11'l.J3JLW1::L°li£l 3 fl£) 
q 'II 

A.... .tell A ,;;I I .... I .... I 

£lnt'V\1l3J'V\£l-3 (30 £l-:lfl1L'lfaL'lfrJLf) £lnt'V\1l3J 37 LLa:: 42 £l-:lfl1L'lfaL'lJr.IH Lf3J'11£lr.11-:l'V\a-:ln11'l.J3J 
q 'II q 'II q 

LW1::L'ifau1u o 24 36 48 60 LLa:: 72 -i113J-:i Total viable count 
.. ' (AOAC, 2000) LLa:: Spore count (AOAC, 2000) CRD 1Lfl11::'VI 

fl113J r.ii1 rJ ANO VA LLa::L 'l.J1r.irn Yi r.ii1 rJ 
. ... 

DMRT Yi p < 0.05 3 '111 
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A=I I; .f A.al.::l Q..I A .... 

(1) 8. subtilis TN51 1.1 

(2) e:i L \l.El1'V\11LtEJ-\IL ifm 'VHn) i1 E.Jilin11'111 Lif e:i 

121 EJ'1fl1L'IHWUE.Jff '1.1.1'1.1. 15 'l.l.1fi m1::n11e:iu'l'l.l.ie:iua11i'e:i'l.I. 
'II 

e:itU.'VITlii 100 El-\lfl1L'.llaL'ifE.Jff \1.1\1. 2 -i1 l11'1 
, 'II 

... .'I 'l ., 'l ,¥ x 'l ., 'l .... • x (3) WllEl (2) a-\! \l.El1'V111LflE.1'1L"lfm'Vla1 WllEl (1) 1:1 
,¥ x _,.... 'l"'"" .... 'I 

'i!El'1El1'V111LflE.1'1L"lfm'Vla1LLa::u11.Jff1l11:: 'VILrnm11V111mmu solid state fermentation L'l.I. 

iti11e:imV111ii 42 e:i-\lmL'.llaL'iiE.Ja- '1.1.1'1.1. 24 -i1 l11'1 -;nnif 
'II , 'II 'II 

EJtu.'VITlii 100 EJ-\lfl1L'.llaL'iiE.Ja- water activity 0.6 
, 'II ' 

.... 'l.I. 8. subtilis Total viable count, Spore 
x .... .. ' count LLa:: Tl111l"lf\I. AOAC (2000) CRD 1LTl11::'V\Tl1111 

ANOVA DMRT .. 
P < o.o5 3 'fi1 

c: .... .,.,:' 
GIB\Ul 2 t1fl1t1il1llfl1"iLnU"ifl1t1J.l\lfln1L2fil 8. subtilis TN51 • 

8. subtilis TN51 1 u11'ilL'l.I. • 
1l1"lf'l.l.::U11'il 2 (Polyethylne, PE) 

, , 1 'II 

PETNPP ii 3 .ff"Utl1::ne:iu'l.tli1E.1 Polyethylene Terphthalate (PET) Tl1111'Vl'l.l.1 12 µm .ff" 
na1-\ILU'l.I. Nylon Tl111l'Vl'U1 15 µm Polypropylene Tl1111'Vl'l.l.1 70 µm) Lnu 

1 

4 LLa:: 37 El-\lfl1L'.llaL'iiE.Jti 
, 'II 

.... .f .... • • .... 
15 1\1. 'il'l.l.Tl11.J 3 Total viable count, Spore count LLa:: , 

A ft I JI AA 

Yeast and mould AOAC (2000) 

CRD ANOVA LLa::Ltl1EJULTIE.llJTl1111 

DMRT p 0.05 3 GJl1 

"o"fi 3 

.f "' 
""U1" 

' .. .., A 

3.1 

60 1"ii1 "1" 16 -i1111" 
1 

51L'VlaEJ-\IEJElnLU\I. 2 1 4 -i1l11'1 

2 121 EJ-\lfl1L'.llm'i5E.Ja- '1.1.1'1.1. 40 'l.l.1fi (Dajanta, Chukeatirote, , 
& Apichartsrangkoon, 2011) 
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.... .... "" 
3.2 n11'V\3Jfirl1L 'VHHl\I 

LLtl-:1tf1L 3.1 aamih1. 2 H1U 1Y1£.JH1wri 1 tlfia£.J'l'l-f • • 
A ..... A ..r ... O ..... ..!. d ... t .=I 

LnYlfi11'V\3JnLEJ\l'i113Jli113J°ll'1'il'il13J1lil"IU1.J1U (°lf'i1Tl11JT13J) t1'1'V111Jrl1L'V\GlEl\l'il3Jt1'1WYI 2 LLGl:: • • 
tf1L 'lu mf att-:1T111aJiui.t1 L if au Yi 

1 LUel'il11 1 1 nfonfaJ • • 
42 U1U 24 -i1taJ-:1 

'II • 'II 
' 

'Yl'ilGl El\l L U111V'i 5 LLUU CRD £) 

ANOVA DMRT p 0.05 ii1n11'Yl'ilaEJ-:J 3 
... 

1Ji1 

.d1 ... .d .... 
'1.4'3 

a a 
'n 121 8'3fl1L"1fGlL"1ftlff 1.41\4 40 \41'n 

...:..s .... 1d A ... .r 
fl1L'VliH1'39lllimff1\4'n 2 L9llJH'3na1L'!fEI 51L if a 

' ' 
n1L'V\aa'39illan«1'!.4n 1 • • • 

e)91n 1 nfll151L'Vlaa'3illan 1 fi1anfll 1 nflll51L'V\aEJ'3i1'3an 1 fiLanfll • • 

tl1Lil1 CTN tl1Li.l.1 BTN 

fl1'1 5 if ii £Junu1iivf uu1u • 
d ..:. I .:ii ..... Ill A.ctA' Ill 

CTN Tl El r11LU1'Yl'VI 3Jfi'il1 £J1lil"IU1J1U 1UJ1ULMG\ • 
A ..:. I .J A a,} A ... ..... Ill ._, .r • 

BTN TIEJ B. subtifls • 
TN51 

ATN fia tf1L • 
Lifa B. subtilis TN51 
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1.1 Total viable count (AOAC, 2000) 

1.2 Spore count (AOAC, 2000) 

1.3 Yeast and mould (AOAC, 2000) 

1.4 Coliform (AOAC, 2000) 

1.5 Escherichia coli (AOAC, 2000) 

1.6 Bacillus cereus (AOAC, 2000) 

1.7 Staphylococcus aureus (AOAC, 2000) .. 
2. Tlnt111'Vi'Yl1.\I LTl1J EJ1l1'Vi 

.... .... . ...... _. 
2.1 Colour L a* b* Minolta 

2.2 pH value (AOAC, 2000) 

2.3 Total sugar Dinitrosalicylic reagent method (Miller, 1959) 

2.4 Reducing sugar Dinitrosalicylic reagent method (Miller, 1959) 



.., 
'.UYIYI 4 

.,,, 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 B. subtilis TN51 L'U. 

3 fi8 LLtJ\l"li11Li1 

."I ... 1 .. ."I 'I ... ... 'I .r .r .r 
LL a:: LLu\I ff1 a 11 LLu\I L ti a:: 20 L 'U.81'Vl11LG:i tl\I L "lf 8 (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 3 

(Total viable count, lVC) miluib\I 6.50 - 8.88 log CFU/ml LLa:: 
'IJ 

(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 
'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) (BSM) 
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LL1l.nf\I 3 1 Utl1'V\11Lt F.J\I L if a iLL1.JflfiL1m 
'II ... "' 

... • .,f .f .f 1 .,f .f t1"' ... t1"' ... ... 
F.Jtl1'V\11LflF.J\IL "lfm \lff1aLrn::LL 

'II ... 

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

UFJ (P < 0.05) El1'V\11Lt F.J\I L if L 'VI aa\I LL3.ii1 LL1.JflfiL1F.J 

F.Jni1mV111Lt F.J\IL if a 6.5 L rl1 a\I 
'II ... 

... ... .,;.,. ti ,:; • .,f .f .f .. • 'I "" ... .f 
LL1.Jfl'Y1L1F.J'Y12Jff 12.9 L'Yl1 

'II 'II ... 

'II "' 'II 'II 

L af ITT Elfl112J LL i\I LLa::fl113J'ltlUff\I an11L F.JULLtla\I 
'II 

'71 a.:ii\I LL L a1 L if a 

ITT L i El\! LL L 'Via 1 LLi\l Lu 
'II 'II 

1::V1i1\ln11Lnui'nH1 li 

El1'Vl11Lt F.J\I L if a L 'VI LLJ.:1"1i1 F.J ff \I La111l iLLU ffnL 1F.J ai'1\I atl 

a1V111LtF.J\ILifm V1a1'Yl1\ln11fl'1 TSB (P < o.o5) 
...... .,; ... -1 ,:; 'I .,f .f .,; ... t1"' ' .,f .f 

LL1.Jfl'Y1L 1U'Yl L Utl1'V\11La U\IL "ll'm 'V\a1'Yl 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 \IITTaff12J11flL"ll'L'W1::LaF.J\IL"ll'El 

LL1.JflfiL1u B. subtilis TN51 
• 'II 

.,f .f ... • ...... .,; ... ti • .,f .f 
LaU\IL "ll'El'Yl1\ln11m 12 L 'Yl1 1U'Yl2Jff F.J\IL "ll'El'Yl1\I 

'II 

n11fl'1111nil\I 17 Lfi1 3 
.,f .f .,; ... t1"' ... ... 'I .,f .f 

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

TN51 atl ff \lni1 tl1'V\11 
• 'II 

Li F.J\IL if m L 'VI aa\la (P < 0.05) 

nfl nl.ff2J1.J1l'Yl1 \IL fl ii"ll El\! iifl112J n F.J LL,j\151 L 'VI a El\! L fl iil U • 
38-44 10-11 Lrn:: 8.9 

(H2J"11'1U 2535; UU1na, 2550) • 
Bacillus 1 ULL,j\I 

"' 
ln a a L u ii tl1::n au"ll au1i1\I a\I u H\I 

'II 'II 

Bacillus li 
"' 

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

F.J LLUfl'YlL 1F.J B. subtilis a11111ri 
"' 

"' 
L Utl12J1nl.H\I n11L Lrl aiit112J1 L nu ltl (Taira, .. .. ., ,. ,. 
Tanaka, Saito, & Saito, 1990; Taira, 1992) L°liu ') 
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.... !1 .,...; q 
4.1.1.2 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 \IITTa 

3 1::iufiai'a£Ja:: 30 40 LLa:: 50 37 '\.t1'\.t , ,. 
..!1 .f .. .. .... 'l .J' .f .d 

72 "11'1 11.\1 TVC LLa:: SPC '\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 «Yi 1Yi [Jyj1'J-;JW1JLL1J flfiL 1£Jvf.\l'VI lJYI «'1ni1 El1'V\11Li [J.\I L if m 'VI LYl1£111-;i1mLif '1 , ,. 
a-1af11111L"li11"llui'a£Ja:: 30 LLa:: 50 (P < 0.05) tl1111ntLLU'1fiL1£1 

::. .d 'l .f .f .,;..,. t1"' !'I ' ... .. 
'Yl.\l'VllJYl'YIWlJ '\AEJ1'V\11La£1.\IL"ll'El'Yl11LL 30 40 ua:: 50'1El 7.62 8.46 LLa:: 

7.4 log CFU/g 

10 .. CJTVC 

- 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 

(P > 0.05) nt«'1ni1 E11'V\11Li £1\1 ,. 
50 24 LLa:: 22 L'Yh n11 

'l u.a1'V\11Li £1.\IL if a L 'VI a1-;i1n LLif if u.a1-;i 
"' 
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..... .K .t .K .'i .,; . ..... 1 .t .K 
l!"lfU"ll ehrn1V111rn £1'1 L "If m 'VI a1-;:J1mLu.\l'Yl YI £J tn'V111La £1'1 L "lf m 'VI a1-;:J1n 

40 64.41 'V\ll1::RllntJn11 

A 'ii ..... ' .t .K .'i .. ... ... ... 
L-;:J1ty"llfl.\I 8. subti/is TN51 30 

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

LLa:: 50 74.56 LLa:: 53.92 
'II 

"llfl.\I Zhao, Hu, Huang, Liang, & Zhao (2008) solid , , 
state fermentation 8. licheniformis 

.. '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 

a1\uh:mau 
..... 

10 n1ll 

v-Ja­

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

..... 
0.5 n1ll 

..... 
o.5 n1ll 

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

1,000 

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

U'1Li'm'Mft1'11 mLi1'1ft1D 

,. ..... ...,; 'l . .K ... .K 
'Vlll1::ffll Un111JllL vn::L "lff) 8. subtilis TN51 "lff) 

, 'II 

'l .t .K .'i .. ... ... ... . .K .,; 
8. subtilis TN51 40 1.JllLVn::L"lffl'Yl 

(u1::mm 30 El.\lfl1L'lJaL6ii£J«) 37 LLa:: 42 El.\lfl1L'lJ£lL6ii£Ja-
, '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 , 



-e 
3 11.0 
LL 
0 
Cl 10.0 g -c 
::s 9.0 
0 
u 
CD 
::0 8.0 
«I 

> 
iii 7.0 -0 .... 

6.0 

0 
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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 '1ITTafl1111L"ll11"llU'lmrn:: 

40 'l u 'l::'VI i1'1TI1'lU11L vn::ff ti 
q 'II 

Y11Ef 'l -Im 1ua 'lwli1'1 , 
24 ii1l11'1LL'lTI"lltl'1TI1'lU11 2.46 - 3.04 log CFU/g 

25 - 30 L 24 72 "lltl'1TI1'lU11 

tl1111nt."11 uLifoi.tar.1 u o.5 - 0.1 log CFU/g , 
L n1J u tint. 'Vlllil'l um'lti11ii au fl1Ef L r.1'1 L -la L 

1 1.1 ., 11 

16 12 ii1111.,, an1.'V111il 42 
q 'II 

tl'1 '111 L 'If a L ;f r.1 au fl1El yf_,,'VI a''1Tii1TI1'lU 11ff tint. 'Vlll il5ua L Lrl ti 
q 'II q 'II 

12 ii1111.,, 'l um'Vl1,-Lir.1.,,L -Im 
q q 'II 

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

tl ..l t1 t1.. ... ... ..i ... t1 n .r t1"' ar.JULL a'1 'l2J1nt."lltl'1LL1JflflL'lr.Jfl11« m '1H1a LU 

1l1'Vi 9 tlnt.'VlllilL UTI1'lU11L 'Vi1::L 
, 'II 

8 ua::iin1'lL 'luii1111.,,ff 24 "llt1'1n1,-ti11 8.06 - 8.34 log 
'II q 'II 

CFU/g 'VI nt."ll tl'1 LLUflfiL1r.1ff ii a-ti tiff\ 1a1TI1'lU 11 L vn:: 72 

ii1111'1 
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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 "llll"ll'U."HH.Ja:: 40 

'l u L vn::ri am l'\11 . ,. 

• .f ,f ."I .. ..; .. ... , .. 
n111J3JL vn::ml'l11La L "lfEIL 42 L·D £JR 11u1111m , ,. 

a - 72 ,. , ,. 
L £11nu 1u-,i au hunw 9 an 

• 
.. ..; .. • ,f 'l .f ,f 

Elotl'\113Jfl 42 B. subtilis TN51 , ,. 
"li11"liuft1£1a:: 40 riau i\1 ltJ ff1Wi°'lJL1L'l1 L Un11ti11li 

LaanriL1a1 24 L "li1 ,. . 
(stationary phase) 

'lun11ti11ani1£1 

..... il ..;.. I ... 9" !K 
4.1.2 \lflaJNaflDTI11'NaflN\ITia1L'Dil 8. subtilis TN51 

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

El1l'l11La "lfEIL u1 

lifi1n11L 3J a-1afi L 'U. l'\aJ l'I lJ L 'U.i EllJ LLlJlJ a ,. 
'l 

.f ,f .... .f ,f ..; .. .. 
B. subtilis TN51 fltlotl'\113J 42 . ,. 

u1u 24 1 :1 42 u1u 24 . ,. 
100 -,iulif11 water activity 

,. .. ,. f 

o.6 LLa::u'1 £1'1i1 if ai11 'l if 
10 
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• • •• . . • 
• 

fl1'W 10 B. subtilis TN51 

tl1mm-;i i=iu 'Y11£f rTu'VI LLa::LLuflfi ii ui:-1\lna1 L i:-1 i=i , 
Li-;i1mLif\I L ;i'ai1 Y-llJl1 1nn116.IJ1 L ;i'mLif \I '"'VI 3J ait\I 

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

1 tl
.. 'l ... .f • ... 
13J1nli TVC LLa:: SPC Ut:-1\lna1L".1rn 7.14 LLa:: 7.71 log CFU/g (ll1Y-l 

.... .r -I A..,.... t1""' .c1-l t .r.... .... .... 
11) TVC LLa:: SPC 

'lu,J1u1u 7.02 LLa:: 7.48 log CFU/g 
'tl .. t1""' .c1A.1 • .r ........ f=ll .... d .... 

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

·rh ITT1<ii113J rnn a"l.lu tJ L -;i1ru"ll a\I LLUfln , 
fl113Ji'auLLi\l"ll a\liaua 3.1f au LLUflnL1tJ 'l ui:-1\lna1L i:-1i=i ml'l u1tl"11a\I L815 ii af 

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

ii fl113J'Ylit'ii an11L tJULLtla\l"llEJ\I a3J fl113.1f LLa::fl113J LL '\A'\! L815a 

(vegetative cell) 



-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 

ff\I LLa1 a\I LUU i'L 1 a1 iuLLa::J1 an11 L "li\11U i\li.f'" ,. 
L vi af11111a-::Y11n l un11f11ufl11n11tlaaYiL 4a l 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 an11in11'1J1L "lraLL \lff1aYl1 tlfi11U\l'IJ1L "lre:J L'" 

121 a\lf"l1L•1rnL'1it1a- u1u 30 u1fi 

..r ,K t1"' .. ..i ,K' •'lllt1 ""::, ..... ,K 
Lat1\IL"lrm \la-1aL vrnaY1f11111"lrunauu1 L arnL'Vl\I L 

..r ti .. .,,K 'Ill" a. subtilis TN51 LYI 

i\I LLffYl\l L Ull1'Vi 12 LLa::a-11111TI\l1ii ,. 
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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 

,,!, 
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 

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

H.\lniil1L "ll'fl-;J1nLLu.\IITTiil'YIHiilYI [JU3Ju13J1nt"llfl.\ILL1.lfl'YIL 1[] 8. subtilis 

TN51 1. u1tl"ll m 'Ylfl Lu Liil 1. u 
'I.I 'I.I , 

m1il1H-11na1L 4a ttl1.1f1 un11V12Jmr1L a-11m11. 1. u51L 'Via a-11d-11a-n q q 

1.utl1mm 103 
- 10

4 
L'lJiilatn-i'11"11a-1151L V1aa-11L V1aa-11V12Jn"l1a-11nh.iu ., , 

V11auY1LY1:: (Hosoi & Kiuchi, 2003) -;i::ia-111.iH-11na1L4at11mm 1 1 , 
Lilut11m m £J mn 1. L ilutl1:: L 'YlfliULLl.ll.l L un11'Vii11u1 LLa::iin11 ., q 

H-11na1L u1 £J1. LY1::i1 £J 
'I.I 

L 'Ylfl Lu Liil a-11-;iau i-11 a-ti afi1 £J L 'Ylflitfl freeze-dry 
q 

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

1!1V1u1£JH-11na1L4a 1.V1nitl1::mm 3 1.11H''YI £Jii 
'I.I ., 

._, A ..., ..... ' .... ..f 1. .... _. ..., ..Al, ..., ' 
8. subtilis 

1 

YIULEl.\I .\11'1.l. iu L 'VI a El.\l'V12Jn"llfl.\I' 'YI £J 
q 

L 1. uL-n-11w1m1f£J1i 
q 'I.I 

J-11vi1-11 
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4.2 s. subtilis TN51 • 

a. subtilis 1u • 
tl.J v-an L ii.£.111v-Jmil ( 111'V'l 13) 

• , 'IJ 
37 4 

, 'IJ 

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 moisture content , ,. 
37 El\lt"l1L'DaL.Jf[Ja' (A) LLa:: 4 El\lt"l1L'DaL.Jf[Ja' (B) U1U 90 1u 

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

1.7 - 2.2 log cycle LdmtJ1[JlJLfi[JlJnlJt:-1\lna1L4miaun1i-LfilJfnH1 , 
o 1u) (%survival) 68 - 75 LLa::'V'llJi1am'Vl11ii 4 , , ,. 

B\lf'l1L'DaL.Jf[Ja- 37 El\lf'l1L'DaL'1i[Ja-, ,. 
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Lanum.I 1'1 tl'VI ir..im1L t 'U.f:l\l'Via1 LLiLLa::m aaiiL ii.mJY'J a mf flj1J 
, , , 'IJ 

90 1u 5.08 Lrn:: 5.16 log CFU/g 
q 'IJ 

37 a..ifl1L'lrnL'1it1Li 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) 

tJ'U.LLtla..i"lJa..i total viable count 1'1 LRLrn::ri..iaaiiL ii.t111v-Jamfa11111mnu 
, , 'IJ 

fm!l-1na1L4a 8. subti/is TN51 ''11naLfitJ'1rl'U. 4 Cl..1fl1L'D'aL'1itJRITT3J11mnu 
, 'IJ 
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fm!l-1LL1JflfiL1£J B. subtilis 37 
, 'IJ 

Lrhifu 90 1u 1 log cycle 

10 o 1u) , 
72 - 83 

10 CFU/g 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 spore count , 'IJ 

37 (A) LLiil:: 4 (B) 'U.1'1.1. 90 1u 
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total viable count spore count 

90 l'U. 8. subtilis TN51 , 
i.1't it£J aJv-lfl £J 90 1u 

, , 'II 

LL3JL3J Lnufmfl 1 Uflnl. 'Vlllii [J ;ff) i.t11 
, 'II 'II 

I .., I I 

4.3 • 

4.1 1 u51L 

4 -i1taJ\I (BTN) 121 , , 
u1u 40 u1Yi (ATN) 0.1 (w/w) 1 

1 L , 
1 4 -i1 taJ\I 

• 
(control; CTN) (111'V'l 17) 42 

• • 'II 

';J'U,TJ'j1J 24 -i1taJ\l'V'l1J'h51Lil.1 ATN BTN 

"llfl\ILLflll tm itm 51L il.1 ATN f)\I • 
tjl I I Q;' ,=lcJ I .J ca,,, A' t.I .4 ,;:ii ,ci "ia; 

L"ll aJn11 BTN fl L';J u "llnl.::'Ylrl1L'U.1'Yl'VI3JnLL1J1J'V'l'U.1J1U 'V'l1JL3J flnL 'VI 'U.[]1 L 'V'l [J\I [J 

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

111'W 18 
G.! A Ii.I ...,..., .,,,,f 

(B) BTN - 8. subtilis TN51; , 
(C) ATN - B. subtilis , 
TN51 

51LU1 ATN BTN CTN , 
a L-;iu ff1:1J11ri L-;i1ru u51L EJ'VI :tJad\I , ., , 

LEI Bacillus 

fi a EJa an:tJ1 L u1::V1i1\ln11V1 aTn iJ1::n EJ L V'la 'il13j Lnu 

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

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

ru lJ ::-;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 ::"1!'1 ., , 
(Tsuji & Tsuji, 1986) . . 

<;1111\1 9 E.11"11 El\l tl1Lii.1ii i:.J E.1n11:1JinLL'iln <il1\lrlU , , 
ATN BTN iiiJ1:tJ1ru. total viable count Lrn:: spore 

count (CTN) (P < o.05) 

L Luun11L El\! L 'ilu 1 un1::u1un11V1 aTn 

B. subtilis TN51 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\ln L "lf El'l.J1' ff'Yl]):IJ n11'uUL 'LI EIUL "1f El El ff'il , 
10 CFU/g 1 log CFU/g 
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.clA .!, 1.dA t.1.f 
'il11"1'1 9 B. subtilis TN51 , , 
L L fi 

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 ± fi1Lflt1..1LlJ'U.ll19l'lfl'U. (n = 3) 

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 B. subtilis TN51; ATN 

fia a. subtitis TN51 • 

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

ri1 L 'U.1'Yl £J11iW'U.lJ1'U.'il1"1';1WlJLL1Jfl'Yl L 1£Jna11 coliform 111nn11ri1 L 'U.1'Yl ac;i-;i1n , 
.. fia BTN LLa:: ATN 26 LLa:: 294 Lfi1 c;i111a1iu , 

ac;i51LU1 El'U.11 E1'1 LLlJflfi L1£Jna 2J coliform -;i1n t1iJn1ru , , 
..1'1!1 .... • '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:: , 
5-:1Lu1...f'1 3 i1t1ri1'1'i11"1';1WlJL4t1 E.coli 3 MPN/g 

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

L 'Vl'U.rt'1H11amYnt::'Yl'il L 'Yl'1'U.L ua'1-;i1m -.na E. coli LuULLlJfl'YlL 1"£J'il"lJ'U. 'YllJ'1it11 , 
El'U.El';l';l11"::.J1'1 El1';1LL wi111-;i1mi1 aiJn1ru rh "lJL LL 

, , 'II , 

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 

S. aureus 
'II , 

a Lflu 'Vl'U.t1'1 51L u (CTN) c;i11-;i 
'II 

WlJ B. cereus '11'1LU'U.LL1JflfiL1£JH1L 'Vl'il , , 
51Lu1 BTN 130 Lfh 11m::ri51LU1 ATN 
... ... &! ... ... 'I ... ... .... ..r 'I .... ' 

'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 a-n51L 'Via t1'1 t ac;ia1-;i lli a-11111ri-rha1 £J , 
LLlJflfiL1£J B. cereus J'1dLiit1'1-;i1n B. cereus LU'U.LL1JflfiL1£JrtITT1111ria-i'1'1HUt1ffi 
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Elfl1111i'El'l.I. LLa::El11iJV\Gh'.I L VI a El El tinu51 L Via El"li11tmff"li:.Ja Li 51L Via El"I , 
(CTN) a. cereus , , 

ff"ln--h51 L ii.1 ATN a"lii"lffn l uV1a.iai1'1ri1111iu uan1il1ndtl''1 a11i1iin11 , 
uuLfl awn a"ILLurifi LLa:: °ll'L um1i:.ia il.1.i1 ti11ii4'uu1u 

a. cereus BTN 

51L Via El"li11L '11'1.1. LiL i1n11it"151L 'VlaEl"l Li ffni1 tJ , 
V1a.iait"lfl1111i'l.l.LLa::n11 L ii:.1'1na1L if a B. subtilis TN51 "li1m 

flm111V'l11 a"I 51 L Via ii.1 'Y11cl°ri at 1" LL a:: , , 

..!. I .d A .., .f d -! -k I :' dA C' :' 

ri1L '"1'Yl °11'a11m1L Vi111l'l.l.11El"lfl1 pH 
I ..! I d A .., Ad. z .., I -'I-., 0 .... AA 

(P < 0.05) 10) 

total viable count LLa:: spore count 9 

ati1'1fl'151L V1aa"li1'1an l uV1a.iait"lri1111iu (ATN) iL i1m1it"lan , , 
, ., 

an51 L VI a El"l L '1.1. J1 LL a:: L '1.1. 1::'Vli1'1n11'VI aJnLLlJflfiL 1til.i ai'1'1 L El'l.I. «LLa:: , 
a::l11Laaaan111tiatJ LL1JflfiL1tJ B. subtilis 

iiri1111 ff11111ri l un11ai'1'1Lau l'lr111.iV1a1 ti aan111 l u1::V1i1'1n11V13.ln 

51L (Visessanguan, Benjakul, Potachareon, 

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

51L Via a"lfi an11V13.ln tia ti ffii1 l a::ilt'" 

a m::aanmff '1i:.JaLi51 L VI a El"l'VlaJnihff°l!'1 tlfl mil (Yoshida, 

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

a::il1ul1.lLuuai1Lrn11111L ilmLa::ii1 l i51L V1aa'1 ., 

V13.lniifi1 pH L 'I.I. (Ohta, 1986; Steinkraus, 1991) LLa::«11LLEl1l 1m 

ff111::L VI l i51 L VI 'Vlii'l.I. liLrlafi1 pH 1JEJ'151L Via El"l'VI 3.lm «'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. ...,,&' 
10 B. subtilis TN51 

ti1 pH 

ti1if L * 

ti1if a* 

ti1i b* 

, 

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 ± ti1Lilv'ILtJ'l.4111fl7!1'1.4 (n = 3) 

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 8. subtilis TN51; ATN 

fiei 8. subti/is TN51 • 

(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*) CTN LLiil:: BTN '1£.11'13J , 
-Uviifl°"ty'Yl1""i19i (P < o.o5) b* 10) 

'1'1'Vlaj ai1'1Tl113JiU"l.IW.::i1'1 «n51L 'VI a '1'1'Yi11. 51L 'VI a a'1iiJ L °1i3J ,. , 
, 

m1i1'1«n51L111a a" 1. u111aj -NL 1ii11iuni1n11i 3J51L 111a a" 1. u , 
1. :!a a. subtilis , 

TN51 'l1'Yi11.1111"1fL 1ii11 L um11112Jn51 L u1Lfuni1 i'1,!un11\1'1 «n51L 'Via '1'1 LU ., , 
111aj ait-:i 'V13J1::«3JL "lf a1 L :!a , 

uL i'1w1tit".1Hf un111. i'11ULLa1 tl'" , 
«13J11flfl11JTl3J Tlnl.111W"l.I '1'1 W.'Yl1 La'3J a tJ iii au at 1TI , , , 

u11. utJ1mw.mn Li 



...l 
1J't1't1 5 

ft"itl ua::::ti fl Lft"D LL":::: • 

4" .,_ A' 
5.1.1 fUUJil'3TI1"ii'1 TI'.lt1 TI"i::tJ'l" TI1"iNa GU.J\lna1 L1ftl 8. subtilis TN51 

.1"" "" • I ... A ..f ,¥ 
1:.rn,-i1nnT'r"Yl'1fHhmTnu1arn 'YI au u7::ff'Yllil11Wn11L vn::Laa.:iL irn B. subtilis TN51 

t'" if m 3 1fU'1 'rl1 £Jff.\I L«111 l ., 

... _., ... .,.,., ... 'I ..f ,¥ 
LY17£111'11nLLu.:i«1af!1111L1.1111.1u1ei aa:: 40 11fl1111L V1111::«11 L un11L w1::rn £1.\IL 1ffl B. subtilis 

TN51 , . 
B. subti/is TN51 i1£Jn11LW1:: , . 

,¥ 'I .f ,¥ ... "" ... ... ... ' .r 
L1f8 B. subtilis TN51 L'U.fl1'V\11La£J.\IL1fm'Vla1'11nLLu.\IITTafl1111L"l.111"1.IU1fl£Ja:: 40 1J11LW1::L1ffl 

(u1::111m 30 ei.:it111L'lfaL'1ia«) 37 LLa:: 42 ei.:it111L'lfaL'1i£1« wui1 , . 
42 ei.:it111L'lfaL'1i£1« u1u 24-i1111.:i l'1a.-i11,-i , . 

, . , . 
',¥ ... .......... ',., ...... •'I .., ... 

n17'Ll1L 1fBLLu.\IITTa LU'VllleJU.\lfl1111'1U1f1£J L'VILLllfl'YIL 1m,-i1ru LUff1111:: solid state L'1 ., 



42 

ct .., 
5.1.2 s. subtilis TN51 

, 
aaiiL itt111vl a mfaa::ani.'Vl11iit 4ari 37 Lrn:: 4 

, , 'II , 'II 

LU'U.1::t1::na1u1u 901u wui1 , , 'II 

8. subtilis 'VI aa1a.-i t 
' 37 LLa:: 4 'U.1U 90 1" 

, 'II 
A .. At... id ,cl.ct .:ii ... 

(%survival) "11 68 - 75 LLa::11f111a t1a::n11L , 
ti

.. .... ' ... ..r..; ... ll ... .,. .. ttl .. 
ff m 72 - 83 '" 

...... 
tl1 tln11LnlJ1n'M1 , 

i3JL L 4 -i1 LLa::tf1L L 121 , , 
'U.1\.t. 40 'U.1fi 

-lat iL 1ai t 'Via 

iin§iu L3JL 
..!. I .:ii A tU A.t ,¥ .., 

t11L 'U.1'Yl tl1liW'U.1J1'U.LLa:: 
... ..r ... ... .. .,. ti A' ..r .,. .. 

"1fau1ff'Ylli3Jn11 \.I.LU a'U.L '!fat.I LLa::11 E. coli LLa:: S. aureus , 
t Allill ..... I ..!. I .:ii A ... AA tU ,cl -C I .i=i .id. 

t.J1n'U. L 'U.1'Yl coliform LLa::LLlJfl'Yl L 1tl , 
riahfl 8. cereus 

L7t.J ni1m1i11ffntf 1 L 'VI a t'" J 1 a.-i 'Via t 
fll 'I . 'I 

.. , , 
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