
~ 
'lJ 't1 't1 2 

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

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

1. 51bV1~eJ'1V11ln 1~ri1"15b.ffmbuflrib1ri i.~bbn ~1'Yl5nu~1~:: (ltohiki Natto V11ei Natto) 

°1JeJ'1~~u <il111<il111 (Oawadawa) Vl1ei~~ (/ru) °1JeJ'1LU~b1LJ ~ii~1 (Kinema) °1JeJ'1U1::b'Yll'I 

bUU1fHb1il::~Ub~LJ ';J'1flflbb';J'1 (Chungkukjang) °1JeJ'1bn1VI~ bb1il::51bU1 (Thua Nao) °1JeJ'1L'YlLJ , , 
bb~~'1im~H11i::51m~ei'1V11lmbuui;\1'16J 1u111w 1 

2. 51bV1~eJ'1V11ln 1~riLib.ffei11 L~bbrl enu1u~ 1~:: (Hama Natto) 1~~ (Douche) 

ii1"D":: (Miso) bbiil::b'Ylm~ (Tempeh) 

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

bb1Jflrib1ri~iiu'Yl1J1'Yl~1~ qJ 1 um::U1Un11VI :Wn51 b VI~ eJ'1 ;i el B. subtilis bUUbbUflri b1LJ 

brn1~u1n 1tJ11'1'Yleiu°1Ju1~n1'1'1 0.7 - o.s i.~ 1f11b~~1 U1il::m1 2 - 3i.~1f11b~m in~rn:: 
'IJ 
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1'1 huuuEJ1~11Liri-:iL.:ffEJiJin~rn::n~:JJ ~~EJil1t111.;il.lJuuuEJu iJ~hciuLL~::~1u ~'11:JJ 
'U 

"ilitii-:i~J1~n~ (InV'l 2) ~EJ.Jm1EJ1mf'l1um1L"il1qi V-lul.~r11l.t11u~1-:i'JJ11LL~::L:JJ~(j]fiqi~"15 

111v. 2 in~rn::1'1 LffU (A) u~::1t111w1rnff (B) '11El.JLL1JffYiL1ri B. subtilis 
'U 

fi3.11 : m~m1(i11iwm,1i1"15-iri f'l11iri~vr~u1, iJri111rn f'l11iri~vr~u1, Ei'Yiri111rn u-~11i.J 
q q q q 

LL~::LEJn-iri "15Lnri1~h"ilu (2555) 
'U 

n111J1Ln'151L~~EJ.JmJn1 U U1:: L 'Y1 f'f ~1.J ") if uiJ '111:JJLL~n ~1.J nu L °liu 1 id~ U 

L'1~EJ.Jtl1.;i1~~ ~ EJu1111'1nu'JJ111(j] ri ~1.J u ~(j].J '111 mL~n ~1.J 1 u m1u1111'151 L ~ ~ EJ-:i~ J.Jn 1 u 
q 

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

- 'VleJ'Vl :1mmL'l.l.1~~:1mrnmrn 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 
" 

- u1LnflLU'\.l.bfl~el.JLflr.J.JLfl~el.J~:IJ L'li'l.l. 

~1Ln LLG'l::'l!1 

- ~~:1JLfl~ei.,itl1.,i1~~'\.l. L'li'l.l. iJL'l!:: Ln~ei 
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 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



Yl111-\I 1 (~a) 
...: ... 

TI 'l L 'VI iUh1 

'VlaJTI 

il111il111 h~L°imLa:: 

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) 

' n1::u1un11~~Yitl'11 \.l.1 ~ih.n 1rn::Y1111Y1111iit~hHni.:: lna1~t1-\lnu Li]un11,.,3Jn 

511 ,.,a a-\l~ll«n l u11111u::~,.,1 lYi1 u11~a::rf u ~ tlnfla3J~1,.,it1tf11 ,.,a a-\1~1 t1 luYl a-\1,.,~a luVi11 
1 1 

11uY15u tl~at1li1nYin11,.,3Jn~1mifm1~un~t11u11113.1111~1ilu1::t1::11a1 2-3 1u 11ul~ 
1 

tf1maa-\l,.,3Jn~iin§um~U"lltl..1LLtl3J 13.IL Utl a LLa::1«1J1~LUW1::i1 flnL1l1W"lltJ..1tf1L ,.,aa-\l,.,3Jn 
1 

~lYi11i «~1 L«ll a U1'1flf-\I a111 iin111\.l.11tit1ua::iif1113.11it1'1~ an11tlu1fl au11 ~" 'Yl~arl a hfl 
1 

.J1..1LLYln~1..1nUUYl 1Yl::~dhm11,.,3Jntf11 ,_,aa'1~1t1na11 ifau;«'Yln .. B. subtilis «1t114'uif~~1u 
1 1 

m1fl°"Yi La an3.11 m.h..1m w1:: 'Yh l ,.,1~ ~ ~Ylr1ni.&yj~iin§u1rn::1«"11'1~~l~fum1t1 a3.1fu111nvr1 tan 

LL«Yi'1LL~U~-\ln1::u1um1~~Yl~LLYln~1-\lnu"lla'1tf11u111a::uY11Yl:: 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:: 

nTilfl~;JLLtliilm.Jaa11aami1n511'1'1aE1;i 
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 ll'flun1vm::fl1~'1'1;a • 
Cl1M7::fl1~1'Y'l~fflfl7'U. 

' n1w 3 LLi:.1iur-11m'li:.ia~t11L t.i.1 (A) Lrn::ir~ t~:: (B) 
..a 
nan: Chukeatirote et al. (2006); Hosoi & Kiuchi (2003) 

51 L 'VI ~a-11V13Tni~Lu1.unV11'lL ~aa"JJ111v-iv1hii'lJn1'lF.J a11flJ..Z1 fon uamnn l-id]u , 
aiV11'lL~117air1~ LLN'1 tl'-11 a~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 n'l~a::iil uaITT:: (free amino acids) 

51L 'Vl~th'ILUULL 'Vl~\l"lltl\I lu'l~U v1ii'l1Tl1tln 51L 'VI~ tl\lff1 F.JWUnnTlfi'1"1J El\ll 'YIF.J L "liu 
'II q 

Lif F.J-11 l'Vl1i 60 £itu7~uLuua-11ffu7::nalJu'l::111 mi'a F.Jiil:: 39 "JJ a-11 a-11ff u7::n arnZ-11V111~ (Dajanta, 

2010) 51L 'Vl~a-11t1i:.J1un1'l'VIJJnLUULL'Vl~\1"1J El\ln'l~a::ilt 'l.l.Elff'l::v1i1-11m F.JITT111'lfl~~sif1JLLiil::r.l El F.J 
'II 

aii11 F.Jli~1F.J L da-11'11n tu'~" l u51L V1aa-11'1::rin rJ a F.Ji1 F.J Lau l61r11"t1h~ Laav1L :la LLlJTlfiL 1F.Jai'1-11 
'II 

if u l "'l::'VI i1\ln1'l'VI 3Tn Ut1n'11ndtl'-11"1i1F.Jl~51 L 'VI~ 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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"Hi°lf1~"llch'lnH1a::ii1uaH1::na~niiT1LLa::LLEJH1h~n (Tseng, Lee, Li, & Mau, 2005) 
'II 

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

5·:mb~'V13Tni1£Jn~1L4au1H'Ylfi .. B. subtilis strain TN51 iin1~a::ii1uaH1::tf\l'Vl3J~3.nnni1 
q 

51L il1~'Vl3Tni1m4a~1111i1111°151~i1" 2 L 'Yh n1~a::ii1 uaH1:: l u51L 'V\aa\l'VlaJnii1h::1mn!~a 
i1\ln1£JLi..t.i1un11fm~nhTl'Vl£l1£J°lfit~ L"lii..t. "li1£Ja~tl1mni.TIEJL£lHL~El1El£l"lfit~ LDL LLa:: 

l~1nih'1Ja h~L maa~ ~\ILUi..t.n11a~T1113JL~£J\l"ll El\! hTl'V1£l El~Laa~i°11" si1\13Jmuu hTI 

LL'Yl1n'liaulu~iJ1£JhTILlJ1'Vl11i..t.li (Hermansen, Sondergaard, Hoie, Carstensen, & 
'II 

Brock, 2001) "lfit~"lla\ln1~a::ii1 ua ITT:: l u51L "V1aa.J'VlaJnLL~n~1.,,nuif unun1::u1um1'Vl3Tn 

ITT £Jfi'i..t.f"ll EJ\151 L 'VI a El\! LLa::°lfit~"lJ El\! L 4a'1 au 'Yl1tl° LLH~.J"lfit~ LLa::tJ1m nl."lJ EJ\ln1~ a::ii1 'I.LB ITT:: LU 
, q 

51L il1LLa::51L 'Vlaa.J'VlaJn"lJa\1~1.,,tl1::L 'Ylfll L u~1n" 2 

~111\1 2 °15it~LLa::tl1mni.n1~ a::ii1 UBITT:: l u51L U1LLa::51L 'VI aa\l'Vl3Tn"lJEJ\1~1.Jtl1::L '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 : fi11.u.i1TI~LL~fh'ILUWl41t1 nf1J9ianll'lnf1J1.hv11XmL~~; (-). 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) Luua-111um~11wa1 l1um1'11 1u51L'Vl~E1'1wula 1snwa1 l1u 
1 

12 auwulf humti..'ILUU 4 mill') a:: 4 auwulf ~El 
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 anri't1~~ir1t1e!ai111uLaa-hnL~U"llEJ\IL 'V-l~'VltY\I 
a-11111rt L "lf't191 LL 't1Ufi11"1119l'Vl~EIUEI t1a\1"11EJ\le!EJil:11uLEJff1911L~U (phytoestrogen) l91L u 'VI tY\I 

1t1'Vl1!9!1h::-;i1L~EJU (Setchell, 1998) ii11t1\11ui-;lt1'Vla1t1uurna-umm::i1n11u~lnfla-1~ 

la 1snwa1l1u1ut1~111m 100 iia~nf11 9ia1u"151va91n11::hi~'1tl~::a-\l~"ll EJ'11t1'Vl1!9! 

OH 
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1h::1i1L~t1uli (Makela, Pylkkanen, Santti, & Adlercreutz, 1995; Eden, 1998; Kim et al., 

2006) ~ .. nh::L l1i"!l l1 £.1iim1i'bL i1i:.ia~nm't'11t11'lfvhn t 1u 1u11hi t1..imV111Ltf111lu11T11flLL YH ,, 
i1..intanf11a:: 30,000 u1't1 n11fu1h::'t11u genistein 1ut11111m 54 iiaanf11~t11u 

~~~t1nuu1u 6-12 L~t1w;i::n1 l 'i1::irn.i1~1a l uLat1~a~a..iLLa::ii111an1::~m ~11ifu ,, 
(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) a~T1ma«L~t11t1aLuLat1~ (Park, Jung, Rhee, & Choi, 

2003) Jt1..inun11Ln~m1na1£.1wumit1..iL'Jfaa (Park, Jung, Rhee, & Choi, 2003) Lrn::iiql'ln .. , 
i1'U.t1t1n-iiL~-iu (Georgetti, Vicentini, Yokoyama, Borin, & Spadaro, 2009; Dajanta, 

Apichartsrangkoon, & Chukeatirote, 2011b) ITT1lt1T'lfwa1T1uluna11 aglycone LUU , 
tl'U. wuiffi iit11:: t £.l"lrU~ t1i1..in1 £.1111nfi "~ t~ £.1i1..in1 [J Gf11111{1 ~~.n11l~1 ut11111 m111n LL a:: , , ,, 
11~L 11n11t1uwuif5u 'J 2.i'nwul u51 L 'Via t1..ifl~hun11V12.i'n111nn1151 L 'Via t1..ifll1i ~hun11V12.i'n , 
L'rl'U. ir~ t~:: (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 ~11tJ1111U1."JJtl..1ff11lt11'lfWa1t1'U. L una11 , , 
aglycone 111nn-J1ft1 £.la:: 300 Lrl mtJ~£Jl.JL fi £.ll.Jrll.J51L 'VI a t1..ifll1i ~hun11V13JnLLa::L ~1JITT1lt1 
1'lfWa1t1'U.~..1'Vl11~111nn1151L u1flV13Jni1£.1ilf~L~11£1..i 2 L fi1 

2.2.3 ITT1t11::nt1uwut1aLLa::m1i1ut1t1n-iiL~-iu 

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 ~,f '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 n11~11,-, w u 

Gf11tJ1::n tll.JW'U.tl a LLa::ql1n°i1ut1 t1n-if L~-iu 1 u51 L 'VI a tl..1V13Jn111nn-J151 L 'VI a t1..ifll1i~1un11 
'Vlii'n LLGf~..i"lrii.~"JJ t1..i«11i1ut1 t1n-iiL~-iuLLa::ql1n°i1ut1t1n-iiL~-iu1 u51 L ii1 LLa::51 L 'Via t1..iV12.i'n 

"lrii.~5'"'l lu~111.;i 3 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



~ 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 eiu~lii.afl 

anti-DPPH radicals, 

total antioxidant 

anti-DPPH radicals, 

LDL oxidation 

- anti-DPPH radicals, 

metal chelator, LPIA 

lei 1 'll'~ 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) 

n1::u1un11~a~51 L ~a tl"~"n~uLi'it!""n Lilun11~a~ LLUU~UU1U ii1 l ~Li 
~a~.nm't'i"~iiflmn1wllia-~1 Hurn iin~uL ~iiuim"LLtl:IJ l:iJL \tu u1"nf"t1T;iiim1L ll1LNmrn:: • 
ii fl113JL iu" ~El 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 • 
LLa::ITTL~~n11Lii.1Liu~a1u15\t~ LiLLri Bacillus cereus, Staphylococcus saprophysicus, • 
S. epidermidis, Micrococcus luteus, Pseudomonas aeroginosa, Enterobacteriaceae, 

coliforms LLa:: Escherichia coli lu~111~111 (51mat1"~"n1.1t1"L'U.~L~a) fiitm (51mat1" 

~"n1.1t1"auL~mLa::mtha) LLa::51L~at1"~"n1.1t1"lna~~a~t~u1~i{uu1ui"L~:1J (Jideani & 

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

2003) '11nu""ru~1n1"i1ua'tlam~•m::i"mh1ii1 t ~1 u ~a1 uiJ1::L n~11:1Jff"u1::L n~l n uliii .. . 
AG.ooo a,.. A ... .f .s:i o ._., .... A ._:. A Q.i ' 

n111'1 Ufl~ rnt1nna1 L "litl'YlL ~:1J1::a-:1JLrn::u1:1J1w~u1 £Jn1::~un1::u1un11~a~r11 L ~ at1"~:1Jna-,. 
nTrna~lu1::iut1~a-1~n11:1J L"liu n1::u1un11~a~fiii.:1J1 ~111~111 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 un11~"n51L ~a t1"".d1 m ~:1Ja-11m~11fiihh:: fo15u~ t1tMm a • 
~a1£J"l5u~11mf"m1ut1:1Jfu1.1t1"i:ru1lnfl'11nm11h::Liiuflrnll1wn1"iJ1::a-1ni:1Ji:l'a- Lh~fu 

'II • 

51Lii.1'1.iiin11~n'.IY1it1ni.t1Lif t1u1a-nfi .. B. subtilis TN51 :1J11"151 un1::u1un11~a~51L ii.1 • A I ..:. I ,J .... ... A' A AC"~ ,J .cl I .! I ,J A A.cl ~ A :: .cl 

'll'"WU11rl1 L U1'Y1~:1Jn~1 a L "15tlU1a''Ylli:IJfl Ul.1l1W'Yl~n11ri1 L U1'Yl ~a ~'11n1li~" L~ :IJ'Yl"'Y11" Lfl:IJ • • 
n1 £Jll1W n11£J t1:1Jfu'11n i:ru1lnfl'11nn11n~ a-aun1"i1uth::a-1ni:1J «a- LLa::a-11t11~11 

'II 
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fiiitl1::1r.J"lfU~t1i1\ln1r.J (Dajanta, Apichartsrangkoon, Chukeatirote, & Frazier, 2011; 

Dajanta, Apichartsrangkoon, & Chukeatirote, 2011a) 

L utJ;-;iuun11i:.1§ ~ t:-1\ln a1 L if a 8. subtilis L UL i\ln11~1 ff1'Vlf11n11t:-1§ ~tt1L 'VI ati\I , 
'Vlif niiL w r.J\I t:-1\ln a1LifaITT'Vlfui:.ia~u-~1~::L 'Yh~u m~::L 'Ylfl 1 ufoam1i:.ia~tJ\ILUUfl\ILUUfl11ll~1J 
t A .... 41,I ,r 0 .... A .... 1 .. tl ff' ..r .... ff'-i 
UL"lf\ln11fl1 t:-1\lna1L"lftlff1'Vl11Ji:.la~u~ ~::L~1r.Jll';J1nff 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 u~ a ff 111wLL1~ aa ll L~~LLa:: iitl1111 nt.L if a a rj 
'II 

tl 8 tl .. ... 't" ... .r ~ . 't"' ... 1::111m 10 ff a11n111 n11 "lft:-1\lna1L"lftlLWllfl1111a::~1n~an11 "lf\11u111mwr.J\la::a1r.J 

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

1ll1nt.L"lftlL1ll~U'YIL'Vlll1::ffll'tltl\ln11'VlllnU~ ~::fltl 10 -10 ff a11n111 ~\IUUt:-1\IL"lftlLWr.J\I 

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

n11i:.i§~ t:-1\ln a1L if a H1L ~-;i,-t] 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 

~a~t1L i.i.1i1r.Jna1L if au1ff'Ylfi~1'VIU1r.JL UL i\IW1rli."lf tl° ~\l~U\11U ~hir.Jd~"""L itu ri-;i::~f11U1 , , 
n1::111un11~§~~\lna1Lift1ITT'Vlf11V13Jn51L i.i.11~r.J'lil'Lifa 8. subtilis TN51 

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

1111 r.J\11un11i:.ia ~n a1 L "lfti ~" ITTV1111n1::111un11~a~ a1V111'VI 11nwu111u 'VI a1 r.J"lfU~ 

L'rlu ~\lna1LifmLUflnL1mL£lfl~nITT'Vlfun11~a~'VIUEIL,j'Ltlfr.J1 (111nt.fi"lf1 £l11lfl1 LLa:: 

fl1L1r.J\I fiwn1uu'Yi, 2539) ~\lna1LifmL11flnL1mrnfl9inH1V1fun11~a~tla1i11 ("lf~u"lf , , 
a-;i1~. 2543) Luuiu ~\lffl"::111un11~§~~"na1LifaiiV1a1r.Jiii L'rlu iiin11v.Ju~ar.J n11 , 
L-iff11W r.J\I LLa::n11'Yi1LL i'1i1 r.J1iin11LL "liLLii\I LL1J1J1::L ~~ n11~§~ ~\lna1 L if ai1 r.Jiiin11 l-i , 
a11w r.J\I Luu iiin11rliiiu 'YIU 1 unTma ~~1 L iia\l-;i1n 'lii i ti\I t il'Lfl~a\I ii a.fuff\lfiii11fl1 LL W\I 

, , 'II 

L '1fuL~ r.J 1 nuiifn11v.Ju~ ti r.J LLa::n11'Yi1 LL i\I i1 r.Jinn11LL "liLL ii\I LL1J1J1:: L ~ ~ ~\Ii tl\l L if L fl~tl\I 
spray dryer Lrn:: freeze-dryer ~1ll~1~1J -;i1n11r.J\11U'tltl\l"lf9iU"lf a-;i1~ (2543) fi'li , , , 
flnH1"1fU~'tl tl\I LLJ\lri L 'VI ll1::Hll L un11iL1111 't -iLUUH11W r.J\ln a1 L if mLUflfi L1mLa fl ~n ITT'Vlfu , 
~§~tla1i11 1~r.JnTnfULLU1"1fU~'tltl\ILLJ\I 3 "lfii.~ ~a uJ\lii11Li1 LL1l\lii11L'VIUr.J1 LLa:: 

LLJ\lii11Li1 ~HllLLJ\lii11L 'VIUr.J1 W1Ji1LL,j\l..,f\I 3 "lfU~ ff1ll11TI L ifLUUH11W r.J\lfi&hh L iL if a , 
LLuflfiL 1r.J LLafl~niiEi~.,-1n1.,-.,-a~ria" uan-;i1ndr.J"'\lwui1n11LnufnH1~"na1L if a 1 UTI\I 

'II , 

1 waLafiau LLEl::TI\11 waLafi~Uu11Jt1£liiL ii.mJWtl mf-rl1 r.JfnH1 Ei~11n11L 'VI amti~'tl tl\I L if a L 1 
, 'II 

'liu1u 20 1uluant.'Vlllii 4 ti\lfl1L'll'aL6ifr.Ja LLa::-;i1nn1'lflnH1'tlt1\IL~llW\IH fl1tl1::Lff1;; 
, 'II .. 

(2524) wui1 n11n1::~uliLifmL11flfiL1mLafl9im-;i1qilua111w solid state 1-iL'Vlll1::trn 

ri aunTl"'Yi1 L UU~\I LL i\li1 r.Jn1'l"L ~ll ff1'l"W r.J\lii1 [J L 'Vl,i t:-1\ln a1 L if ariiifl nt.1l1W LLa::ff1ll11{1Ln1J , , 
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LLJ" L il1H1111 ulm~1~ rltl1::n aui1 rJ ~n{u au ln 1~1L -;iu LLa::a an'15L -;iu 1 u 

a~11~1u 6: 10:5 iia-~1Lfliil~mr1hl~a (C6 H100 5 )n LLJ.\ld1uwa~Lirnf"lla.\lna 1fl« ;fi" 
'II 'II 

1.h::naui1rJ anhydroglucose unit L~a11~anui1rJ~Uli:: glucosidic linkage rlfl1fuau 

~1 LL 'VI U.\l~'VI rt.\l'Yl1.\li1U~ autla1 rJ"ll a.\I «1 ml.la ~L11afii'VIu1rJna1fl «~iim.i aa~lnClf L 1rJni1 
'II 'II 

reducing end group LLJ.\lt11::naui1m'ia~L11af"lla.\lnalfl« 2 "lfit~ fia wa~L11afL~.\ILiu 
'II 

(LLaiilaa-) LLa:: w a~urnfL ~"fl" (LLaiilaL Wfl~U) 1~ rJ11.\li1LULLu1ffli1 ~" LLJ.\1'11nLL 'Vl~.\I 
~1.\lnu-;i::ii el?l11 (f')U"lJ a.\ILLaiila ffLLa::LLaiila L Wfl~ULL~n ~1.\lrlU t ,.;fl nl.ff11U1i"ll a.\I LLJ.\I LL~a:: , 
"lfit~LL~n~1.\lnu 1~rJa.\lfi'tl1::nauV1an1nrJLuLii~LLJ" (a1au.\lff urJ1na, 2550) , 

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

"li11ff1a (wheat) ii~a1'YlrJ1fl1ff~fh Triticum spp. iitlani.\ILL~«ii'rllu11ni. 1u 
'II 

tl1::L 'Ylflawhu a fitlClf n1n LLa::tl1::L 'YlflL U 'YlitlrJ ht! ~a111 Li"llm rJ~wrilt1~111ft-1u~1.\I ') , 
"lla.\I fan "li11a-1a~itrJ11tlan liLLn ~uf~1i'ii1"11u11t1":i (T. aestivum) ~uf~1i'ii13Tnn:: hit 

'II , , 

(T. durum) LLa::~uf~1i'ii1"11u11Lfin (T. compactum) Liia.\l-;i1na-1nwa1n1flLLa::~u~~hi , 
L V1111::ff11 LLJ"-511ff1a~"hiLuu ~itrJ11tlan 1 ut11::L 'YlflL 'YlrJ i"~utl1::L 'YlflL 'YlrJ~"ia"i.l1 L "li1 

'II 

"li11 «1 a'Vl1a LLJ.\I «1 a-;i1 n ~1.\IU1::L 'Ylfl L UrJ fl a fitl?tLU11 tu. liiin11\l1 LLJ.\l-;i1n"li11 ff1ain1 i' , 
Lfla au ~1 ~itu t ,.;LL ii" L Yi a 1 iff1111fuvi a11"'11~ 1 utl ... -;i-;iuu hiiin11i.l1 LLJ.,, a-1a1111it11::1rJ"lfu , 
111a1 rJi1u L ".du 1 ui1un11'1fn1~ l~1i'LLJ.\la-1a1un11Lflaau~11,.;'mi'Yl1.\I 1~rJa1fl°'rJfl1111 

'II 

LL?tn~1""11 a" Lii~ LL,j" uj?tLLJ"~fi"llu 1?1 Lan-;i::L "li1 lt11 u".da.\li1.\11::V1i1" Liu LrJ"ll a" L da ~1 
ff1ULii~ LLJ.\l"llU 1~ L 'VI ni-;i::Lfl a au ~h'VI "1 ~1 1 ua?t ff1'VI n1111 rJ1 LL a:: Lfl~a.\I ITT a1.\I LLJ.\I a-1a1 ,r "' , 
... ' ' A ..I .. .. A ,..< ... 'ti 'I .r ti R L lJ Uff1 u~ 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 a~ ff1'VI n1111 a1'V111liiin11\l1 LLJ.\I «1 a1111i't11::1rJ"lfU'11 n fl ni.a-11 u1l n11L UUL ';}a~ , , 
a tu. 'VI 11 ii~1 LLa::n11Lfi~n a L~U 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 U~~?lrltu.'tfa.-in1 rJ'VI a.\ln11au L i'Luuft-1utl1::n au , 
1 u~§~r1ni.'lim11111111a1 rJ'TfUil LiLLn Lfln "1JU11tl":i Luuiu LLJ.\I ff1aa.\I1 i'L uu 1~ri~u1 un11 , 
~§~rnJ.\ILLtl11tl~1" ') L'rlu Li'!LLaa~lnClfa-.-i1f'll (dialdehyde starch) a-911f1fLL'llUL'YlClf 

'II 

(starch xanthide) LLa::19lri~u L un11V13Jnn1.-i au 'Yl1cl'an111n111 rJ uan-;i1nda.\I i1n11 L "lf .\11U , 
1ua91a-1V1n11115u ') L".li'u n11~~91n11~~ wallpaper Luuiu a.\lfi'tl1::nau~1" 'J 1uL11a.-i , 
... .. 'I ... ' .. .f ft ... "ll11R1a LLff?l.\IL'U.~111.\1 4 (mntu.1.\lfl t1111a91 LLa::LnaQa urJ::'1a11"ll1qj, 2546) 
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El\l~t.h::n au 

.r 
Tl1111°15U 

LLiJ\I 

hh~u 

l"ll3JU 

Lfl El L£.1 

14 

14 

64 

12.5 

1.65 

2.5 

1.75 

3.6 

LLiJ\la-1~iia'l~1.h::nau"1Ja\llna 1TI hh~u (glycoprotein) '11'ILfi'1~1nn111111i1"1la\I 
1th~unrn vm1 'YILL'lfU .J1\ILUU WEl aLL~nT11l 1~~a::a1£JL'11 uii1 iiirn~ ElT1mamHu.::n11 

1 

fj'1'111E.ilt"lla\lnaL~u (gluten) Lrn::n11a11n1ir'l.un11au hh~u"l5it'1~1\I ~ ~iimi'l.uLLiI\la-1~ 
~ 'II 1 J 'II 

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

1111i1nuLfluna L~" uan~1nd'11.h~uu1'lirii.'1 v'liir-rn ~ an11Ln~ 1'ii1~1a 'I. w11u11tJ-:, 
'II 

... ... ... 
2.5.2 LLU\1"1J11L~1 

LL J'l-ii11 Yi a1 Tl"'ruri'I. ir1" a~ a-1 'Ill n n11 a1 '11111 'I. utJ1:: L 'YI ~l '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 Lflu~u 

LLiJ'l°li11Li1 '111111£.lfl\I LLiJ\l~L~~1n'i11Li1"1J11 .J1\li11Li1"1J11'111111£Jfl'I i11fiLflu 

L11a'1L~11 i11'11\"'n'lll1atJ a1 £Ji11 fil.J~1nn11if"li11 L tJaa nL -;i°'1 iJ'~El'Yl1\IW CJ n1f~1 a-~fi1 
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 iLUU~1utJ1::n EllJ'll\ a"'n 'I. UYl1 ~ a~11"'m'Yi "1JU11'11\ a1 £.1"15U'1fifi1~1n LLJ\l~::ii 
a"'n Mm:: 'Ill ~El Tl nl.111 w L i1 "l tJ ~111 n11W El\! ~"'1 Tl 1111"liu 'I. ff"ll El \IL ,j'1 LL J\I L i1'" ff1 Tl"'ru 

1 .. 

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

fl£J::~a11"1l1ty, 2546) 
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T1113J'lu 

LLJ\I 

hh~u 

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 LLiihh~uLLa: 
i\ILLtJam..la El 3J ~1U 1. VIID r.J&.\1~91 El tinrnLJ\I ~\liru~ a91nn1.'Yf fi~a91,91~\j d]utJ1:L11'Y1Wa1Tf .. . 
(rice flour) n11~a91Wa1Tfii.r.13J1.i-i11tJ1:L11'Ylfiiia:iilaa-a-.;i J.;idL~11:Lrlmt1ltJtJ1:nau • 
El1V\11';J: 1. \K~m~ni.:fi d]u fi-vi\l~El i.-;i,, El\l~U1111Tl L "lfu Lrlm.t1 ltJ'YI El~';!: 1. \KT1113Jfi1ElULLii\I • 
Vl;mrlm.h'ttJil\I Lfiua\l-;i:Lfi~LL~uVJa'3J (L"lfu rhm~r.11 Liu'Vlrl) ~1u"li11V1EJ3J3J:afi1.i 
u1111T11~ r.i,r1 ltJla.i L V13J1:a-3J1. i~a91wa1Tf LLa:iitJ1111ni.a:iila a-~1 ~1un11~a91 
LLJ\la-91Tf"lf (rice starch) fian11a-n91 La1 ltJ1~ULLa:i\ILLtJantJa a111. ULLil\IWa11fa an-;iu 

diauV11191 tJ;-;iuu 1. utJ1:L 'Ylfll 'YI m~3Jiin11~a91LLJ\la-911f"lf-;i1n"li11nuu1\I LLa1 (na1n1.1\lff 
' 

fl~1El91 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 El\ll"llii'UL~3JVl~El «1L VI aa\lfiLLr.Jn l "llii'UEJ an LLa1191 r.J 

fl1VI U91"1JU 191Tl113J a: LB r.J~"ll El\! LLJ\1«1 L VI a El\li1 LLJ\I «\IL VI a EJ\1-;J:i El\1~1U91:LLn1\l 3J1911;j1U 
" 

"nu1~ 100 L3J"lf~~LflutJ13.11ni.i'ar.ia: 97 Lflumh.;iuar.i LLJ\1«1LV1aa\ILL91n~1.;i-;i1mLJ\la-1a 

1~ r.JLLJ\1«1L VI aa\lhiii1tJ1~U"lfU~naL~U miiaunrnLJ\lff1a LL~iiltJ1~U lnauau (globlin) • • 
LLa:tJ13.11ni.ltJ1~ULLa:l"llilufimnni1 (Smith & Circle, 1972) 
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1. ml1tf1L'V\aeJ'1"1fii.~i.3.iiii."1JiJu (defatted soy flour) i.i-;nntf1L'V\aa'1~1~n~LL£m 
LtlaamLiil!: L "lJiJit.a eJnLLL'f 1 ~1UnTm~ LiLi]u LU~l111°1i eJfl1'Vl'U.~LLiil!: L iiiL"lliJU umm·:hfmrn:: 1 

2. LL,j''1tf1L'V\aeJ'1L"1JiJUL~11 (full fat soy flour) i.ff~1ntf1L'V\aeJ'1LL£.Jmtlaan~1wffu~au 
nTfU~ 1 i iil!:La £]~LUU i.t1~111°1i elfl1'Vl'U.~ 41'1iitl1m w.1t11~ULLiil:: L"1JiJit.~1111i1111"1f1~L~ £Jtln~~:: 
iii."11iJui.3.i~1ni1fa£Jiil:: 18 

3. LLJ''1tf1L 'VlaeJ-3".lfii.~ L"lliJit.~1 (low fat soy flour) i.i~1nn11L~11i."11iJit.iil'1 L ULL,j'1 

tf1L'V\aa'1tliila~i."11iJul'Vliit11mw.i."11iJu~111ia'1m11~atln~~::liiil"lliJut11::111w.fat.1iil:: 4.5 

4. LLJ''1tf1L'VlaeJ'1"1fii.~iiLiil4i~u (lecithinated soy flour) 'li~1nn11L~1ILiil4i~u (lecithin) 

iil'1 L 'U.LLJ''1tf1 L 'VI a eJ'1"1fii.~ '1.3.iii'l 11iJu l 'Vliit.11111 w.rn4i~u~111i eJ'1n11~UTI'1tl1::111 w. fa t.J iil!: 15 

LLff~'1eJ'1~tl1::nmJ"lleJ'1LLJ''1tf1L'V\aeJ'1"1fii.~Yi1'1 "J L'U.~1TI'1 6 

~111'1 6 a'1~tl1::nm.J'Yl1'1Lflii"lla'151maa'1LLiil::LLJ''1Yi1'1 "J 
... 

1t11~u 
A' 

'1.11iJu Liu.L£J 
... 

"lfii.~"lJ eJ-3 LLU-3 fl1111"1f'U. Lfl1 
~ .. 

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

uJ'-351L 'V\aa-3".lfii.~ '1."11iJuL~11 46.6 5.0 22.1 2.1 5.2 

LLJ'-351 L 'VI a eJ-3".lfii.~ L3.iiii. "llaJ'U. 59.0 7.0 0.9 2.6 6.4 

LLJ'-351 L 'VI a eJ'1"1fii.~iiLiil4i~it. 48.6 5.5 16.4 2.2 5.3 

rla11 : Smith & Circle (1972) 
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