
.... ... 

I 

"" 1.JYIYI 3 

3.1 'lGUlGl1J 

3.2 

• 
3.1.1 Lifa 8. subtilis TN51 Lifiy;nn ~~.'11. Lani'rJ "1fLnrJ1~h~u ll~11'YlrJ1arJ 

'II 

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

LLll'Vh~ a1\I ~\1~1'1 L "lfrJ\111 rJ 

3.1.2 uJ\IITTaLEli.t.m.h::ff\I~ ('111L"lfEl~;f1, u1'.Jnfi\IH iiaa\I ,J1n'1) 

3.1.3 LLJ\li11Li1 ('1nibm1'1, u1H'nL'YlrJ11W'1 hh~mf ,J1n'1 (ll~1"1fi.1.)) 
'II 

3.1.4 LLJ\151L ~aEl\l"lfii.'1fiii1112Ti.t.L~ll (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 El1~11LarJ\IL"lfEI Plate count agar (Merck, Germany) 
.t .f 

3.2.3 El1~11LarJ\IL"lfEI Potato dextrose agar (Merck, Germany) 

3.2.4 El1~11L~rJ\ILifa Trypticase soy broth (TSB) (Merck, Germany) 

3.2.5 ii1'11a'lfl~nff ('1Tiii'11~a. u1H''Ylii1'11aii'11~a ,J1n'1) 
'II 

3.2.6 ll.lLL'1ffL'1irJ11L'1Llll'11L~i.t.WElffLWff (KH2P04) (Merck, Germany) 

3.2.7 L'11ULL'1tU'1irJ11Llfl'11L~i.t.WElffLWff (K2HP04) (Rankem, India) 

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

3.3.1 Lfl~El\l-i\ILW;f1 'Yl~UrJll 4 Yi1LL~U\I (fiia KERN ; ALJ 220 - 4NM) 

3.3.2 Lfl~El\I 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... ~ .. ... ..I~ .... ~ t1" ... ... ti... .. .. 'l ,¥ ..t ..t 
LL ~rl1L'l'laa~"lfU~'Yl11 L"1111UL~11 LL ~"1111L';J1 LLa:LL ~ITTa L~11a~ UeJ1'1'\11LaEJ~L"lfelff~1'ViU;i1U 

(basal medium, BSM) (~111~ 7) 'lua~11i'aEJa: 20 

ib~na '111fl1a-.. 
1tlLL~ffL'1f mJ'~ 'ti 1~1L';JUWelffL W~ 
'~ 1tlLL~ffL'1fEJ11,tl 1~1L';JUWelffLW~ 
ti .... . ..t'l .. 

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

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

.. ..t .. 
(2) n11L~1EJ11L"l5el B. subtilts TN51 

10 

0.5 

0.5 

.. .. 

,,r ..t B .,. 1 ,,r ..t ) ' 
L'Vi1:LaEJ~L"lfeJ . subtt1IS TN5 1JUa1'1'111LaEJ~L"l5el Plate count agar (PCA 1J11L'Vi1: 

..I ..9 ~1 :; 0 ..t"'tl 'l ,¥ ..t 'YI 37 a~fl1L'1JaL•nEJff u1u 24 "151 11~ -;i1nuuu1L"l5a L L'Vi1: um'l'\11LaEJ~L"l5a Tryticase soy 

broth (TSB) 5m1f-, U:1JL'Vi1:fi 37 a~fl1L'1JaL'1iEJa- u1u 24 i'1111~ 'ini1Lifafiihltl'Yl~a-a11 
""''l ,¥ ..t ... 

n11L';J1ID Ua1'1'111LaEJ~L"l5aL'l'\a1-;i1mLtl~ 
"' 
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.. .r'l ,: .r "' 
(3) nTl'YI~ Lf£l'l.Jn1"H';J1ty"l.1£l-:IL "lHJ U£11'V\11La Eh'IL °lim 'VI a1';11nLL'l.J-:i 

L~llnir1L 'if ariL~1r.illLITTwna (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 ~'11 113J'Yl-3 £11'V\11La r.1-3 L "li£l TSB LLa::£11'Vl11rn r.1-:IL °li£1~'11WUj1U (BSM) L w a °liL1JW~'1 

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) 11-:ILL~Un11'Yl'1aa-:iLL'l.J'l.J 

Completely Randomized Design (CRD) 1Lfl11::~fl113JLL'1n~1-:1"1.1£1-:!~1Lu~r.ii1r.1 ANOVA 

LLa::L'l.J1r.irn fimrn113JLL'1n~1-:i"l.la-:1~1Lu~r.ii1r.1 Duncan's multiple range tests (DMRT) Yi 
... 

p ~ 0.05 rhm1'Yl~aa-:i 3 'li1 

L'11r.ill m'Vl11L 'V\a1';11mLJ-:i°liit~Yifl°'~Laan';J1nn11'Yl~aa-:i'1au Yi 1.1.1 ~ULL'l.J11::iu 
.'I ..; .. 'l ,: .r .r "' .. ., .. ... .r 

"l.1£l-:ILLu-:l'YIL'13J U£11'V\11LarJ-:IL"lf£llf'11WU;f1U 3 1::~'1.J 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 "lfUL~ 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) L'Vljj°aun11'Y1~aa-:i 
' ' .al A ft' I I ,cit .... 

~£1U'YI 1.1.1 11-:ILL~Un11'Yl~a£l-:ILL'l.J'l.J CRD 1Lfl11::'V\fl113JLL'1n'11-:l"l.1£l-:lfl1LUarJ~1rJ ANOVA 

LLa::L'l.J1r.irnfir.iufl113JLL'1n~1-:l"l.1£l-3~1Lu~rJi1r.1 DMRT Yip < 0.05 ~hm1'Yl~aa-:i 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 "' .. ~ULLu1£lUL'V\1l3J un11'l.J3JLW1::L°li£l 3 1::~'1.J 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 Ly;£JYl11';11Lfl11::~ Total viable count 
.. ' (AOAC, 2000) LLa:: Spore count (AOAC, 2000) 11-:ILL~Un11'Yl~aa-:iLL'l.J'l.J CRD 1Lfl11::'VI 

fl113J LLY!n~1-:l"l.I £1-3~1 Lu~ r.ii1 rJ ANO VA LLa::L 'l.J1r.irn Yi r.l'l.Jfl113JLL'1n~1-:l"l.I £1-3~1 Lu~ r.ii1 rJ 
. ... 

DMRT Yi p < 0.05 'Yi1m1'Yl~aa-:i 3 '111 
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A=I I; .f A.al.::l Q..I A .... 

(1) L~1E.111mnL"lrn 8. subtilis TN51 ~11111i'YITl~Ltu:imnnm:i 1.1 

(2) L~1E.JllLL~'1lhHl~Lif e:i ("lfU~L~E.11rllJ~L~ll L \l.El1'V\11LtEJ-\IL ifm 'VHn) i1 E.Jilin11'111 Lif e:i 

L'l.l.'Vl~e:ii1'1111EJ'liT11111i"~ 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) L~llLLu-\1 WllEl (2) a-\! \l.El1'V111LflE.1'1L"lfm'Vla1 WllEl (1) \l.El~11 1:1 LWElfl~Tl1111"lf\I. 

,¥ 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 w1l1LL~-\1111e:irnLi'1'l"Uie:iua11i'e:i"U~ 
'II , 'II 'II 

EJtu.'VITlii 100 EJ-\lfl1L'.llaL'iiE.Ja- 'il'l.l.Li~1 water activity a~a-\1~1n-b 0.6 LLa::u~'liLU'U~-\1 
, 'II ' 

a::LBEJ~i1mT1~El'1U .... 'l.I. 'li~'1na1Life:i 8. subtilis fi1m1~11'i1UlJ Total viable count, Spore 
x .... .. ' count LLa:: Tl111l"lf\I. ~11111i'i!El-\I AOAC (2000) 11-\ILU·mn11'Yl~flEl-\ILL1.JlJ CRD 1LTl11::'V\Tl1111 

LL~n~1-\l'i!El-\1~1Lu~E.Ji1EJ ANOVA LLa::Ltl1E.JrnfiEJUTl1111LL~n~1-\l'i1El-\1~1Lu~E.Ji1EJ DMRT ~ .. 
P < o.o5 fi1n11Y1~ae:i-\I 3 'fi1 

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

~~~~'1na1Life:i 8. subtilis TN51 i1E.Jilin11~'1.i'il1nn11'Yl~ae:i'1~El"~ 1 u11'ilL'l.I. • 
1l1"lf'l.l.::U11'il 2 "lfU~ ~El tl-\1Wa1a-~n'la- (Polyethylne, PE) LLa::TI-\IEJaiiLii.E.111WEJE.1~ ("lfU~ 

, , 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 Lrn::.ff'l.l.L'l.l.ff~LU'l.I. Polypropylene Tl1111'Vl'l.l.1 70 µm) Lnu 

1 

fmf1~Eltu.'Vl1lii 4 LLa:: 37 El-\lfl1L'.llaL'iiE.Jti f1m~nn11L'V\aEJ1EJ~'i!El-\ILLlJTITIL1EJ hw~11 
, 'II 

.... .f .... • • .... 
~'1na1L"lfEJ'Yln 15 1\1. 'il'l.l.Tl11.J 3 L~El'l.I. LWEl~11'il'l.l.lJ Total viable count, Spore count LLa:: , 

A ft I JI AA 

Yeast and mould LLa::~11'i11LTl11::'VITl1Tl1111"lf'l.I. ~11111i'i!El'1 AOAC (2000) 11'1LL~'l.l.n11 

'Yl~flEl-\ILLlJlJ CRD iLTITI::~Tl1111LL~n~1-\l'i!El-\1~1Lu~E.Ji1EJ ANOVA LLa::Ltl1EJULTIE.llJTl1111 

LL~n~1-\l'i!El-\1~1Lu~E.Ji1EJ DMRT ~ p ~ 0.05 fi1m1'Yl~flEl-\I 3 GJl1 

"o"fi 3 fintt116n1"iMaJnii'lL1h~'lt1J.1\lna1L€mtl~t1mnuunuii'lL1"1flJ.a~G1i'lu16 
.f "' 
""U1" 

' .. .., A 

3.1 n11L~1E.111tl1L'VlflEl-\I 

LL"liL11a~51L'V\aa-\IITTE.JwwifLiiEJ"'l'Vlli 60 1"ii1 "1" 16 -i1111" 'Vl~-\la-::L~~ii1LLU-\I 
1 

51L'VlaEJ-\IEJElnLU\I. 2 ~1\1, 1~m:t.151L'V\aEJ-\1~1\I,~ 1 i11'l'l.l.ii1L~El~\l.1\I, 4 -i1l11'1 LLa::~1\I,~ 
2 i1'11ia-nL'l.l.'Vl~EJi1'1Tl1111i'l.I.~ 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 'Vl~a-:iiaJa-n:;i1nia 3.1 aamih1. 2 H1U 1Y1£.JH1wri 1 tlfia£.J'l'l-f tf1L'Vl~EJ-:1iaJa-n • • 
A ..... 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 'Vl~a-:ifi~hum1\1-:i 'lu mf att-:1T111aJiui.t1 LtlL~3J ~-:intf1 L if afiL'il~£J3JLi:;i1nn11'Yl'ilaEJ-:i'il au Yi 

1 LUel'il11 1 nf3Jltf1L'Vl~El\lt1'n 1 nfonfaJ u11:;itf1L'V\~EJ-:JfiL~3Jn~1LifmL~1'lunfia-:iwa1a-~n • • 
tlaEJ'ilL~mLa::tlaJ'lu~tl3JLV'i1::~EJ{l.l,'V\1lii 42 El\1~1L'D'aL.Ji£Ja- U1U 24 -i1taJ-:1 LLti'il\ILL~U«-:im1 

'II • 'II 
' 

'Yl'ilGl El\l L U111V'i 5 11\ILL~Un11'Yl'ilGlEl\I LLUU CRD 1LTITI::~Tl113JLL'iln~1\l'ilEJ\IT\1ma £!~1 £) 

ANOVA LLa::Ltl~£JULn£JUT1113JLLYin~1\l'ilEJ\ITi1LU~£Ji1£J DMRT ~ p ~ 0.05 ii1n11'Yl'ilaEJ-:J 3 
... 

1Ji1 

.d1 ... .d .... 
'1.4'3 \4'VllJEl\4'3fl11ll~\4 

~ 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 'V\aa'3i1'3am~llH'3na1L if a 1~~ei9ln ' ' 

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 LL~u«-:i1iin11~~'iltf1L i.i.1:;i1n~-:in~1L if au1a-'Yl~Ltl~£Jrn 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 r11LU1'Yl~a'illil1nri1L'V\aEJ-:1'il3Jt1'n'Vl3Jn'il1£J~-:1na1L°ll'El B. subtifls • 
TN51 

ATN fia tf1L i.i.1~~~t;1:;i1ntf1L'Vl~EJ-:itt-:ia-n LU'VlaJatt-:1T111aJiu'Vl3Jn~1£.J • 
~-:in~1 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 LL~::n1 EJ1l1'Vi 

~ 

.... .... . ...... _. 
2.1 Colour L a* b* 1~~1mT11tl.\11Yla" Minolta 

2.2 pH value (AOAC, 2000) 

2.3 Total sugar ~1EJ Dinitrosalicylic reagent method (Miller, 1959) 

2.4 Reducing sugar ~1EJ Dinitrosalicylic reagent method (Miller, 1959) 
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