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51 L ~a El\l~aJn i91LUUEJ1~T'Hf"llll1Wfiiin111J1Lllf1El£i1\ILL wi~ a1 [.IL u ~a1 mh::L Ylfl , 
t~wiiiim1[JnfiLL~n~1"nu~13.1na"riu fia ir~ t~:: (nhJu) ~ii.3.11 (auL~[J) 9111191111 .. , 
(Ln1~~) LLa::51L\l1 (lYl[J) li-;11nm1~3Jn51L~aEJ'1i1m4a Bacillus subti/is iiam~nt.:: 
ffL ~aEJ\lfli11..lunrniiam ~itmLam.tamLa::iin~UL ~iiU"11El\ILLEl3J L3JL it[] 51 L ~a El\l~aJn"ll El\ll YI[] 

\t[J3JtJ1Lllfl l u~ a1 [Ji'1Wl~Yl1\11l1fl L ~na t~ [] l i'Li1ULfl~EJ\11..l1\11Lf"ln~l ua1~11vf uLii EJ\I~ a1 [] , 
"lfit~ Liia"-;i1n51L~aa"~3Tnii1Lf"lf1~aia[Jfla1[JntJ~""lf'" 51L~aa"~3Tni~Li1ua1~11fiii 

'II 

flnt.fi1Yl1\I Lll"lfU1n11Lf\IL da\1';11nLUULL ~a\l"lJEl\I t1..11~u t~ mu w1::a t.i1\I fl'1n191 a::iit ua Lf1::fi 
, 'II 

li-;i1nn11~3Tn£iEJ[.1"11EJ\IL;fa-;iauY11afi1l~n"n1[J~~.n3Jli~1[J -;i1nm1f1m~n"11a\I Dajanta, 
, 'II 

Apichartsrangkoon, Chukeatirote, & Frazier (2011) wtJi1d1L il1iin1~a::iit uaITT::"lfit91 

;i1Li1u (essential amino acids) 3.11nni1d1L~aa\lfihhhun11~3Tnii'1 7 Lfl1 uan-;i1n-d' 

d1L ~aa\1~3Tn tl''1Li1uLL ~a"W'l~ru"llEJ\IITT1i1uaan'1iL9li'uLLa::au3.1a aLf1:: fi aITT1la L'lfwa111u 
"' , 'II 

LLa::ITT11..l1::natJwuaa L9lmuw1::ari1'1fl\IITT1la L'lfWa111ulu11..l"11EJ\IEJ::lna Lflu (aglycone 
'II 

isoflavones) -if \IL fl UEJU wufi'fi ii1..l1:: fo"lfu~ EJi1'1n1 [J3J1nfi Lf~ LLa::i1\ln1 [] ITT3J11TI91~.jj3.1 l911 U 
, , 'II 

1..113J1nt.fiLf\ILLa::11~L 113J1nni151 L ~ati\lfihi ~hun11~3Tn (Dajanta, Chukeatirote, 
'II 

Apichartsrangkoon, & Frazier, 2009) m1tJ1Lnfl51L~at1\1~3Jn"1f1[]fm~1LLa::Jt1\lnuhflfi 
a1~ty liLLfi 3.J::L 1'1Li1U3J 3.J::L 1'1~tl3J~n~3J1n LLa::3J::L 1\la1 li (Gotoh et al., 1998) 

hfl~aEJ9ILat19loi1h (Potter et al., 1998; Park, Jung, Rhee, & Choi, 2003) hflL1J1~11u 

(Liu et al., 2006) hfln1::91nw1u (Potter et al., 1998; lshimi et al., 2002) hfl 
'II , 

flEJLaLfL~tldtla luLatl91Lf\I 113Jii\ln11L"lf,tl L'lfWa1t1ULUUITT1Yl91LLYIUvtln3JULWfl~tll\IL u~ru\I 
'II "' "' 

1[.1~3J911..11::;i1L~EJul91ani1[J (Morabito, Crisafulli, & Vergara, 2002) 

n1::tJ1un11~a9151 L ~a El\l~aJn"ll ti\ll YI[] L u1..l;-;iuutl'\ILUUn11~ a 91 LL1J1Jvf uu1ui\IL~3J , 
fit1n11~3Jnd1 L ~ aa\lfii3JLfn LLa1 L u~::ni'1 l3J1~ LLa::fla 3Ji1 [JL1J~ t1'1~1ti1Lf915u ti3.1fi 

1 , , 

Elnl.~llii~ El\! El1fl[Jn11~aJn £i El [J';J1nL ;f a-;iau Yl1[]1 Ulid13J"lf1~fi1..lud1 EJUEJ £in1J L3Ja9151 L ~a El\! 
, 'II , 'II 

~1an1"1fu::fi'l "lfL un1::tJ1un11~ a ~fi1 l ~1i~ a~n ni.'ff fiiifl nt.1l1W hi Lf~1 L Lf3J a;f ua £i ntJ 
, 'II 

Lf"llam~ni.::"lla~~a~ iin~u"lla\ILLa3J L3JL itmiaui1'1LL'" tJ1\lfl.f"m-;iLn91m1L il1Liim da"-;i1n 
, 'II 

iin111..lud] au"ll a" L 4a-;iau Yl1a LL a:: tl'" L~[J"~ a e:lu~11[J-;i1m4a-;iau Y11an at 1fl~ a1 [J"lf\t91fi , , 
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iJi.uflaulu1::V111.:in1::u1un11~a<il (Nout, Bakshi, & Sarkar, 1998; Dike & Odunfa, 2003; 

Leejeerajumnean, 2003) Lrn:: L ~ mm'1 °1.IU..,qj'Vl1i1ll.Lfll au 13.J ti Tl113JGf~1LtU.IEl°l.IEl.:l~a <illl rn'lf 

LLa::L ~ aiJfuiJ1.:in1::u1um1~a<il li a-a<ilTILf a.:inum1~a<il l uLii.:1a<i1ITTV1n1111 ';11 n ~a.:11u n11 
1 1 

ii't1°1.la.:1 <il1.Lamfo "lfLnm~h';Ju 11V11i'Ylt11imL1i..:l1V1a1.:1 liTl°"'<ilLLtlm~a B. subtilis TN51 
'II 

';J1n51Li.i.1vfuLiia.:1 LLa:: Dajanta, Chukeatirote, & Apichartsrangkoon (2011) li'Yl<ilaa.:ili 

Li]unLf1 L ~al un1::u1un11~a<i151 L i.i.1 l u i a.:11Jfiu1in1wm··.h51 L 'VI~ a.:1fiV13Tni1 m ~au1~'Ylfi .. 
'Viii Ti rn111'V'lfi~ni151 L i.i.1-Yi ~a<i1';11niifi.:1 L~11~.:1'Y11.:1 LT1iin1 t1111 'Vi n11t1a11fu';J1n ~u111rn 

1 'II 

';J1nn11'Yl<ilGfEllJ'Yl1.:li1uiJ1::ITT'Yli11~a- n~u1a-fi1::L'Vlt1li (Dajanta, Apichartsrangkoon, & 

Chukeatirote, 2011) LLa::ITT1El1'Vl11'fiiiiJ1::1t1"lfU~ ai1.:1n1 ti L ifu n1<i1El::ii1 uaa-1:: (Dajanta, 

Apichartsrangkoon, Chukeatirote, & Frazier, 2011) ITT1la 1'1r~a1l1u"lfil<ila::lna 1Tiu 

(aglycone isoflavone) (Dajanta, Chukeatirote, Apichartsrangkoon, & Frazier, 2009) 

ITT11J1::nauY1uaa LLa::fi1n';Jn1111n11i1uaan'1iL<ili'u (Dajanta, Apichartsrangkoon, & 

Chukeatirote, 2011) 1::V1i1.:in1::u1un11~a<il (Nout, Bakshi, & Sarkar, 1998; Dike & 

Odunfa, 2003; Leejeerajumnean, 2003) LLa::L~mm'1°1.1iJ..,qiV11i1ULfl!Elll.1aJtl Tl113JGf~1LGf3.!El 
°1.IEl.:I~ a <illl nt'lfLLa::L ~ aiJfuiJ1.:1n1::u1un11~a 'ii Li GfEl<ilTI Lf El.:lll un11~a 'ii L UL ii.:ia <ilITT'VI n173J 

1 1 

A._.. .f.c1 4 .... al ... ~ A ,c:::ru1::ill A ... .r A o Ft al 
.:11\l.1';ltlll.';J.:13J1<ilflu7::Gf'1Tl'Yl';J::flmY111m11~a<il~'1na1L"lfEl B. subtilis TN51 "lfll.<ilL'f1L7';17u 

1 'II 

L ~al "lf1 un11V13Tn51 L 'VI~ a..1 L ~a t1n1::iun1::u1un11~a<i151 L 'VI~ a.:1V13Tmmuiiivf uu1u.f.:1 L ~11 
~n11~ a 'ii L UL ii.:l'Vi1 m"lf a~-3L\I.1::iui Gf1'VI Tl';J"lf3J"lfll.LLa::1::ilJ El 'ii L'f1'VI n713J 1<il ti L~ an Li 
'II 1 1 

L 'YITI 1 u fa fin11~a 'ii~" L ~mLuu~1 mrn::iu'Ylu~1 L ~al i a-11111ri°l.l m t1 ~a~n11~a<il l uL ii.:i 
1 'II 
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I A ... 

1.2 vf;l3J\l'M3J1U11il\lfl1'i'HJU • • 

B. subtilis TN51 

1.2.2 L v1 aflnH11:::iu".l.I a..i LL,j..'l~L m..n:::a-111. un11LYl1r.111 aTV\11L 'V1a1~1V1fun11LYl1r.111 

na1Lifa B. subtilis TN51 

1.2.3 L v1aflnH1a-1111:::~L'Vlm:::a-111.um1L vn:::L~r.l..'IL if a B. subtilis TN51 LUE11'Vl11L V1a1 

111nLL,j..1 

1.2.4 Lv1aflnH11fim1arnLJ..i~L'Vlm:::a-ll~an11~aY1~..iLifa a. subtilis TN51 
A A Aa=I .... .:. A ..., ... ,,¥ 

1.2.5 L'V'la~nH111in11V111mnmaa..iYl1ri~..ina1Lira B. subtilis TN51 
..I ... ~ ... .K 

1.2.6 L'V'la~nH1t11r.im1mu~..ina1L"lia B. subtilis TN51 • 

1.3 11il1JL1191fl1'i~\lu 
...... .t . ., "" .. ., .K ..4 ."I """" 

..11U11lr.l'\.l.11..1LUU~nH1n1:::1J1Un11~aYl~..1na1L"lia B. subtilis TN51 'lJ..1LuULL1Jfl'YlL1U 
• 

~Tl'Yl Lmn111mr1Lu1-vf uLii a..iLLa:::li'YlYl a-aufl'n r.1111'V'l 1. un11'VI 2.lmr1L 'VI~ a..i111 LLa1n au 'Vii! 1it 

L v1a li'Lfluna1L if a 1. um1~aYltf1L 'VI~ a..iV12.ln 1Yl aflnM1a-1111:::~L 'Vlll1:::a-ll 1. un11~aY1a-tl af".1.1 a..i 

.K • r ... ... .r .K ..: .... .'I ..: t ... 
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 ~a".l.la..iamV111ih:::V1i1..in11L'V'l1:::L~u..iLifa ~a".l.la..i1nn11'1i1LifmLJ..i~ii~an11 
• 'II 

.. ... .K .... ~ .... ... .K 
~ aYJ ~..imnL "lia LLa:::11ifi11Ln1J1fiM1 ~..ina1 L "lia 

f'" 6'.d I lg.,.., 
1.4 ih:auw\m~1f;l'11v:: f;l'itJ 

1.4.1 'ti~..ina1L if aITTL1111tlITT'Vlfum1~aY1tf1L V1~a..iV12.ln 
'll 

1.4.2 'ti ffYl1El1'Vl11L~ £.1..1 L if a"liii.~ L 'VI a1111n LL,j..1 
'll 

111 ... .. ... .K 
1.4.3 LY1n1:::u1um1~aY1~..ina1L"lia B. subtilis TN51 

1.4.4 LYl1fin11~~Yltf1L u1V11atf1L 'Vl~a..iV12.ln111n~..ina1L if a111nLLJ..i 

1.4.5 


