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Study and Design of a Small Germinated Brown Rice Machine for Home

Genrunated brown rice product is rich in nutrients and it has gained a great deal of attention. Recently, the low

quality of germinated brown rice producf(GRB) was found, which cause lack in controlling process. Besides to consume

fresh of GRB gave higher of nutrients than dry of GRB product. Thus resulting in higher qualities of GRB, the aim of this

study was to design and construct of a small GRB machine for home. In addition, the optimum process of GRB was also

investigated base on the physicochemical properties of GRB product. The capacity of GRB machine was 8-9 kg/day and

the cubic size 40x60x40 cm. consisted of bucket, time controller, spray unit, baskets sample and solenoid valves for

controlling water on-off. At room temperature condition (27 ± 2°C, 60± 5%RH) resulted in good physicochemical properties

when soaked brown rice in water for 4 hr combined with incubate process at the same condition for 20 hr. During the

incubation process, water was sprayed every 4 hr interval which showed lowest in growth microorganism, whilst there was

4 times greater for GABA content compared with brown rice. At this condition was observed in good quality ofGRB after

cooking such as good flavor and soft of texture.
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1. fll'lh
'li'n&uV1lfnlf~f1hh~l'i1::f1lJlvWl'yh,rlJ

If1 fH~lJVllf1~ lf~f1'UV'IfllJ ff1lJ i lftlii lJIJiJfl1f11V 1~(J

~11J(i'l 1~1Jf11nll'li'l1lJ1l1'lh~'I.ll~lJF-I~\91.nWcv1~1'1'1 i lJ

lf~lfllf~1(J1'1.l11UU 1I1l~,jlJ~UnflfliJl~unflfl'li'111.y;(J'I
, , ~

lVlvm1lJVlJl'yh,rlJlf1f1l1~I~l1lJlJ1fhu'l~'Itlw'l.l~:: i(J'lfu. ~ ~

fl1'1<'] n1l:: M1l1f1'1i'11'1fU'f1,rlJ'l ~'I,rlJ~'I i~lfifl'lllJ1~(J

.;. "1'1 '1 lJ 1f11J1 (Jll'i V1J1\91 VU fflJ V'I f111lJ \91 V'I f1 n 'U v 'I

"""'1 i ' J, I .a d"''' d d~U ~ flfl lJ ff1lJlJ V(J1 'I \91 VllJV'I'b' 'I'lJl1f1~'O'I'IVnf1l1J lJ

Vnlf~'IF-I~\91.nwcv1~n1~'II~lJ~U(JlJI~V'I'l1mmGABA

.. ~ ""1 d ""'b''IllJlJm'f1V::lJ lJ'YIF-I~\911l1nm::1J1lJfll~decarboxylation

'U V 'I fl a f1 ~ \911 iJ f1 i fl (J1J 'I.l! lJ 1 WI~lJ lJl n ~lJ l~ V'111

'li'11nav'Ii'l.l~llJm::U1lJm~'IVn [1] ff1~ GABA l11

lflj'1~I~lJff1~~V'I11'1.l~::ff1'Y1 1'f1(J1l::l'hlflj'1~i'mJ1fflJ~~

i di ,,~ "... 0 i" ""lJ fflJV'I'Yl 'f1mf11~m::'J lJ'b''I1l::'lf1(J'YI1 If fflJtHlnfl f11~

~VlJfI~l(J11~::lJVlJlf~UffU1(J~'f1f111lJ~lJim1\91 11~::

'1f1(J1,r~:: ulJ'Iiuci 1(J~~lJll~::~ ff1tity ~flV\91 ~1f11~ I~(J'I~V

hfllJ::15'1 lJVn1l1f1,rlJ GABA iJ'I'li1(Jfl1UtllJV1m~

i~f1,"iI,,!~llvi''I [1- 3]

i lJm~F-I~\91 F-I~\91.nWcv1'Ii'11 naV'1'1 Vf1,j'V'I ii n n

1UtllJlI1l ~lJlf~l(J<'] lI1l~lJi lJ m::U1lJfln F-lii\911fl(Jl~l'i1~

~lJlf~n vlJ'I.l~::nvui'l.l~1(J 'I.l!lJ1wfI11lJilJ~
Q ", d CIo

llflJ1::fflJ VWlffllJ 11~1 1l~::f111lJ(J11'UV'I1llJn'U11'Yllf1fl. .. ..
~lJ~~WJNm::U1lJmHVn [4-6] 1l~1I11~,:rlJl~V'I1I1f1

1~lJ F-I~\91 ifWcv1~1~lJ ~U(JlJV V1'1 ~ 'I ~'I,rlJ ~'I ii n 1~ F-I~\91
a I QI t " GI ~

1l1lf'Ul(Jf1'UV(J1'1f111'1'U11'111~::'U1'f1lf~fllnW"¥1nnfl1UtllJ

Q ddd 01"1".e::t. Q,t .,,,, "

m::U1lJm~F-I~\91'Yl'f11l'l'Yl1 If flF-l~\91flW"¥1'U11nM'I'IVf1

~1JfJW1l1YllliffJ1lfflJV lJ Vn1l1f1ci'mmnflfl'li'11naV'I

'I Vf1fffllf~V'Ii'11 n a V'1'1 Vn ~ ili ~llJm::u1lJ f11 ~ l1111,r'I

VVlJ '1~tlW fl1'Y11'1 V1lf1~~~'I n'h'li'11 nav'I'Ivn~~llJf11 ~

VUll11''1 ~'I ,flJ,rf11~(Ji'llfifllllJ1f111lJftfl ilJnnvv nllUU

" .ct Clt."''' d.d Clo

1l~::ffn'llfl~V'lF-l~\91'U11n~V'l'lVf1'UlJlfH~f1ll'iVnnF-l~\91

F-lii\91 nWcv1'1i'11f1aV'I'I tJ f1 fffl ~1JfJWfllYlff1lfi'uunflfl i'U

f1i'11~VlJ vf'lci'I~Vi,n~'Ii'11f1li'tJ'I'ItJf1ff'f1~1Jff1~GABA
," ..

l,"lJlJ1fl~lJ [1] i'f1 (J'Ii'11nli'V'I'ItJ nYi '1~'111~tJ'I~llJ m~

VUllM'I vmf'llfl~v'Ii'lnci111l::1~lJlfl~tNijv1 lJm~F-lii\91
"" d~QI 4 Gli 0:"'''
'U11f1~V'I'IVf1'b''I11J'U1\91Q'f1UlT~n'Uf11~'Yl1lJ1'U11n~V'I'ItJf1

i~ i'lI~'Um~ff'Ilff!lJf11HhF-l~\91.nWcv1~'U'l ~lfi'f11l1f1
"" ., "'U11n~V'I'IVn L'f1

_I ~ ""'<'t
2. ijufl'HUHtl:::ltifll'a't1V1tlij.:j

Q

~

111 n m ~ 'Yl 'f1~ V'I 1 lJl'U V'I~ lJ YlU'll 'li'11f1 li'v 'I

1,,"" ""
ff1lJ1~f1'1Vn flfl'Ylfffll1::un(J1f11i't' (27±2°'b', 60±5%RH)

11 ~:: 1~V1'J v 'I fI'U f1 1 ~ 11l! ty I~U i \91 'UV 'I ~ iilJ 'Yl~ V'UW ~
.J Q d.d'ev t I I CIo

m ::U1lJ f11~ 'IVf1 'b''I~~lJ m lJ'f1'1 n~111l::ff 'I F-I~\91tl f11~ln'f1

f1~lJ~ ili~ 'I 'I.l ~:: ff 'Itlll~::1ifVft1J ~ff~~V(JtlWfl1Yl flU

fi1VV1'1 F-I~\91.nWcvi''Ii'11nav '1'1 Vn ~'I,flJl~V~fllltym
lVl QJI" V",,:
'f1'1n~11 \911V(J1'1'U11n~V'I1l::~n~1'1fl1lJ'Ulff::V1'f1~n

, ~

4-6 i11lJ'I 1l1f1'1i'V1,!~VllJ!llJ,j'lf1ci11i'll~lJlIlI~(Jlf~f1

i 'U f11~'111 I 'I.l VV f111U Ull~:: fffl'llfl~ tJ'I F-lii\91'1i'nf1atJ'I'ItJn
i fl (J1JtJ'Itl'l.l ~:: nv U If~n'UtJ '11 fI ~V'I F-lil \91 'Ii'11f1 atJ 'I'ItJ f1

d ~ i .Id ".1 'j) ~ ~ .;.
'UlJ1f11~n\91'111ff'f1'1 'U~1J'YI 1 'b''I1J~::ntJUfl1(J mO'llfl5tJ'I

'I1'f1f11utllJl1m 'I1'f1l'itJffl'l.l~VJ1 'I1\91\91::11m'lm~~fi1VV1'1
" " :",'U11n~tJ'I 1l~::'I1flfl1UtllJf11~ltl'f1-il'f1'U1'f11lJ~::UU

Solenoid Valve

2.1 li.TVlflYUnJUlll:l~llF-l'Uf11':i'YIVl'HlU.
1ff~ lf1lJm~ 1~1~lJ 'Ii'111'I.l~tJ n~lJ i 'lJ11'f1 tJ n

~ ,
..::::t, d. Cleto" ,

lJ~~ 105 lJfI11lJ'lflJl~lJ\91'U 12 ± 1 %wb. f1tJ'Uf11~'Yl'f1fftJU

0" _14 .. ICI " d
1l:: 'Ul 'U 1111.1 ~ tJ f1lJ 1 f1:: 1'Yl1:: llJ ~ tJ f1'f11(Jl fI '.i tJ 'I n:: 1'Yl1::

(NW 2000, TURBO) ll~::IWf1llJ~'f111flf1l1f1 1llJi~'Ii'11
d d d ~ 1 'j) d '0 .,~ 11 'j)
l\91lJllJ~'f111"::If1mnlJ1 lJ~W'U (4± 1°91) ~'Uf1111l~lJ1 LlJ 'If

~'IililfilJ 2 1'1,1 1fllJ1'Unu'Yl'f1fftJul~tJlTlfffl11::~

111 1J1:: fflJ 1l'U 'I m~'Yl'f1 fftJUVtJ f1l~'U 2 ~'U~ tJ'U ~'I11ff'f1'1

i'U1'1.l~ 2
~

• 'lilJ~tJlJll~ n'Yl'f1ffVum::U1lJ f11~ 'ItJf1 ifl(Jll'li'li'11f1li'tJ'I

l'UJ1~~W'H'lJiJ,rv'I (27±2°'b', 60±5%RH) 1~'U11~1

24 ;r1 ilJ'I (2) 1'l.l~(JUln(Juflum~1l'1f'li'11f1li'tJ'Ii'UJ1~

fffll1::1~(J1f1'U 2-6 i'1ilJ'I 'hlJfiUf11~,jlJ 18-22 ;r11lJ'I

(3) 1'f1 (J 'hiiJ f11~ ffl'l.l ~ VJ1 1l~::'Ii'11f1 li'tJ 'I~ ill ~1'Um~

'Itlf1 (1)

• ~lJflV'U ~ ffV 'I '111 ff fll1::~l111J1:: fflJl lJ~lJ ~ V'Ull ~ f1

'~fl1\JfJIJI1Q

'"lJ1i't'n1l1~

~llJfi'1V

1~!tyl~U'

~

't1'1l1lJ'f1~·

20°91 fI11
~..

(fI11lJ'lflJ

111 'l'l.l11fl

""""2.1 11inl

~ , ~

fl1VlJ1'1'IJ

24 ;r1ilJ

~ , .
fl1tJlJWIJ

iu1jmf1t

J11l~lJll

~Ul1~11'
~ ,

ll~::fi'l.y
~ • I

\911 tJlJ1'1'1

v~iJd1m..
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'--__: ilfln:lIfjWl'l1J1J91111~n1Dml'lllfl:m~lfIii :

: Moisture cooten~ Color (L', a', b'), Total plate count, GABA :

~········-------·----t------------·--··--······~

I l'l~UFlflm11191fllH I

.d I d " .,., 4
'))'.:jf11fl11lJll'll.:j'U~.:j'U1111.:j ~n'Yl~1YtJ'lJll:; .:jm1f11fJ1fl:;~.:j

lnstron Universal Tester Machine ~llJ11im:;nflll'IJ'IJBack

extrusion [9]
~

.1'" oS 0

2. L3 u:;lJ1tum:;~flC)f1J'U1 (Water absorption). ~ .
..;r.:j~ltJri1.:j'li'112 ni'1J 1~1JU1ntl'U 20 iJ'Iiiii~:; 1ri1'U'I1'1~~

::'I .1" 0 co 1" ".;" d'Ylfl'ltJ.:j uflI'ol1f11fJff1'1 l1m11J:;tJ'Ul:;1J~U'Yl 97- 99°'))'

1 ""~ .~" ~
U'I11J~~lJl1Jl.Illmlflln'IJnml1.:j~1J (Cooking time) l1'1.:j

'il1fil!U U1'11'1tJfl'Yl~'Wm 'If1U J11thn;'U -viLllu 11'11

11:;::1J1W lO l.I1~ ll'l::t1tJfJ"l ~'UJ1tJ~n'J1n'H'I~~'Yl~'I~.:j

~ri1.:j:;::1Jfl:;::1.:j ~l1J~htJfil:;fl-:hmltJ~'Ylfl'ltJ.:j'H hwil~
, " .. "

~lmh~ 11:;::1J1tu 45 l.I1~ ntJ'U'J::.;r.:jU1'11,rn'li'11lil'Vl1J~'U

fifll~uni'1J'U~.:jJ1~flfl9ilJ~tJni'1J'U~.:j'li'11 [9] 11~1J1w..
A d."""l " A

~'I'U'Yl:;fJ lflfJn1J (Total plate count) tJ1.:jfl.:jm::'IJ1Ufil:;

'Ylflff~'IJ'il1nlJl~:;!lU [10]

2.1.4 t11ff (Color) lfl~tJ.:jii~~1~'Um:;11m1::l1

t11ffftel Color Difference Meter (Model JC80I, Tokyo,

Japan) :;lfJ.:j1l.1~'ItJ~n1J11l.1i:11'UtJ.:jL*, a*, b*

2. 1.5 11~1Jltu GABA: V'1.:ji).:jn:;::'IJ1l.1fi1:;
Q,I I "'j/ d. I

'V1flfftJ'IJ'il1nlJl~:;!lU [11] m~tJ1.:j'U11n'ltJ.:j.:j~n'Yl~lU

iJ iJ " ~ d

fil:; ~ UII ll.:j 11 'I 1'IJ fl fl1 fJlfl:; tJ.:j 1J fl fl111J 'I::W fJfl 0.5

Solenoid valve

",co
2.1 11ifil'l'YIVli;H)'IJ

"2. 1.1 11~1J1tufl111J'iI'U (Moisture content). ~ .
~1~ri1".u'11n"~.:j.;r.:j'\.h'l1'l.rn 30 ni'1J tJ'IJ~tJW'I1.fliJ 130°C)f. "
24 i'111J.:j [7]

• d co
2.1.2 fl1fl111Jll'U.:j (Hardness value) l~:;tJ1J

~1~ri1.:j.u'11'I'p~nI'Wi'.:j~1tJri1.:j'li'1125 ni'lJ 1~1Jlf1ni'U

''Uiimn~{'Il'U1~ 100 iJ'Iiiii~:; 11.:j1'U'I1~~'11.:j'li'Tl~m:;~

J111~1J1~:; 300 - 400 iJ'Iiiii~:; f1tu'l1iJiJ 99-100°C)f 1~1J

~'IJn'l111iln'IJn'llm:;'11.:j (Cooking time) [7] ilfl1Y1~'Ii'
" " ~.

ll'l::~.:jii.:jH 10 'U1~ 'I1tl.:j'J1n,r'UU1iinlnd~m:;~

~1~ril,,'Ii'l1d1'IJ'U~::llm.:j11l'Unm 45 'Ul~ 11'l::iI~~1fJ

~~iJLi1fJlJvl~fJfi''J'Un11'J::U1i 11H'Ylflff~'lJfhf1111Jll~.:j [8]

"d " " .. I "01J1ffn'l:l1 ~'I'IltJ.:jfJtum'Y'l'Ul1n'l ~.:j"~ n'il1nm:;fflu:; tJ'U1

~1'U~ltJri1.:j.u'nl'Jn 4-12 i'111J.:j l~tJff.:jln~~'Im:;

l'il~tyl~'IJ1~'IltJ.:j~ii'U'V1~6 (4) ''Ull~'I::m::'IJ1'Um:;

Q,I I "" ..di"
~1~fJ1.:j'U11n'ltJ.:j.:j~n'V1 ~'J1nn1:;'Yl~'Ifl.:j

" ".Q.I t ~ '" ~ .e::to

m'l11Jfl ~l'Um:; 'I~fl111J'Il''U ,11fJ1m tJ.:j~'IJf11Ufl1Jfltu '11 111J.. "
.lQlQJ" cd .: "

20°'))' f111lJ'Il''UfflJ'Y'I'Y1'Ii 50% 'V1f111lJ'lf'U~fl'Yl1fJ12± I %wb.

(f1111J4'U1Yhn'IJ.u'11n"~.:j~il1~l'Um::'IJ1'Um:;.:jfln) ntJ'U

U111111fl'n::l1fJtuff1JiJ~m.:jmfJfl1'Y'111'l::fll.:jlfliMv i 11

,.
>

•i.
/

~ "
'Yi'U~'Un~~n

~'Ufil:;'Yl~ff~U

." "
Wll'li'U11n'l~"

:ZH) 1~'Ull'11
" ~ .

InM"''UU1~

18-22 i'111J.:j

l~il1~l'Um:;

..
fl:;tJ.:jn::lm::

l1n 'J'U M.u'11

y.i1'J::U1i11'~

~ '111 ff ill1 di
!fH)'U~.:jllff~.:j

~ ~ '"
lfJ ~l1mlm~.:j

.:jUn~~1~ri1.:j
~

o "'U1fl1tJ:;::UU

" "1'Il1 ~.:j.:j~n

~

0" "11'Il11n'l tJ·mJn

." "111 'Il11n'l~"

''))',60±5%RH)

'" 4"1'l'U 'Yl'HJ'UW::

'H-l'lFiflm:;ln~

cHI fJ Will 'VIIlU

.1~~'Ifli:J\!!1l1
~

"hff::fl1fl l'Jn

.~'Ui:J'J~tJ'I1tln



ii",ilUJfl'I ritltnl11J1ffn~A'1tJUtl",mHHl"'tl50% 50°91

til 'Ul'IJV1A'1tJlfl~tl'lI'IJthtlW'I1flii50°C))' IlJ'Ut1"'l 20 'U1Yi. ~

CLI ~ cd ,., d cd d
'11 '" -3 'il 10 'U 'Ul '111 tJ'l UtJO ~ 1 tJl fl 'I tl 'I 1'111 tJ'l fl11 1J l'I 1 'j -3

(1350g) 20 'U1Yi utJmh'U1ff~'Mlm1:,.yth GABA A'1tJ..
lmM GC (Gas chromatography)

.q J ~..:::..

2.3 0l-S11fl'n:'I1'Y1VHnJVI

.. ..., 1 1"1- 1 .. d'11fl'I1:'I1'IJtl1,!'" ~tJ 'Il' umOnJfltllJ'Vl11fltl'I

~~Ufl11lJUf1fl']1'l'YmffO~95% (One - way analysis

of variance (ANOVA)) u",:n10l'IlmtJUllitJtJfhm~tJ

fl11JTI'lJtl'l Duncan New's Multiple Range Test (DMRT)

"'" ,
3. f-lt1fll':ifl~t1e1-3Ut1~1m':iW

4 oQ"" d1 ~ ...
1mtl'l ~"'\9l'IJ11fl'"tl'l'l tl fl'IJ'U 1rU"fl 'Ufl'I11'I tl'U

ifllJ 'U1fI~ tl 'l;{'U UUU 'YI fl fff.J U'IJ 'U1fl 1~ fl ~tl f.J fl UUU1J11~ tl

1~nU~f1ff111 O'I'IlJ1 'U flf11~tl'U ~ii fh~'l0 1'I ~ilf1 8-9

nl", flf1J'Ii'11 fl~tl'l'] tl l'U 0l'I 'VI f1fftlUU'I: ff'Yl~fll'Vl 'lJtl'l

lf1~tlHn1J1'I fln1 i~1fltJfll'I'VIflfftlUU'I: ff'Yl ~ fIl'Vl'IJtl'l

Q Q.I ¥7I "
m:U111fll'I 'If.Jfl1m:fJWfl1'Yt'IJtl'l~'''\9lflW''Y1'IJ11fl'''tl'l'ltlfl

~,~'ill Ofll'I ~n\9l~1 tJlfl~tl'l~'l flci11~'l111'~'" fll'I 'VI~"'tl'l

f1'l\9l1n~Yi 1-2

3.1 fll 'I'YIVltHIU O'):U1'W OlHtl fl'I :'1111'1 m'Hl';Utl:
"v 'q ,

''i 1'll',)'l"'OUf)l,)U"''YIl1tl1m.:J9

'il1fl~M1'I'Ylfl"'tl.:JUfffl'l~'lf11'I1'l Yi 1 'VlUl1fll'I

." '" GI ~ I I ~ .: I tid tI
U'Il''lJ11fHltl'l L'U'U1ff'I ~"'f1 tl 0l'I1'Vl1J'IJ'U 'lJ6 .:JfIlliJ tl'II91'U fl

~.d 'CLI IjJ" : ~
fl111J 'Il'll91 -3 'Yt U11'l1 '" 'I fll 'I U'Il''IJ 11 fl '" tl -31 'U 'U 11U 'U 11'"1

24 i11lJ'l fhliJtl{1%'U~fI111Ji'Ul~lJ~'U'il1flfhl~1JA''U

11.68 ± 0.37%wb. 'il'Um:'¥i''liirlll'l11lJi'UllJ'U 33.69 ±

0.94%wb. 1'Ii'Ul~ tJ1nu fll'I U'Iii 1lJ nu fllnj1J'Ytul1rl1
" . " I. "

fI111J<jJ'UL'Vi1J~'U1'U'li1'l 34-36 %wb. 9f'lfll'Il'i1lJ~'U'lJtl.:J

eLI do' GlQ do Y .4
tJ'l 1J ~'" f1 tl fJ Wff1J U f1 'VI 1 'llfl 1J U,,: fl1 tJfl1'Yt f11'U tl 'U '1

~'lff'l1flf1 '~'il1flfll'I1U~tJ'UUiJ"''lrl1f111lJ'lJ1111''':rl1iY'lJtl'l
d., ., 1 I" 'JJ di"

l1J"fl'IJ11 fl'" f.J'l fltJ'YtU11'IJ11fl"'f.J'l'Yl lJm'U m:U1'Ufll'I

'ltlfl1,rrl1m1lJ'lJ11~1~f1(58.13 ± 1.62%) U"': i1iUf1fl~l'l
, "

e::t.oQ CLI CLI , " " d' t 0

'Yll'lffflf1 (P>0.05) flU\9l1tltJ1'l'IJ11flM'l'Yl~1'Ufll'IU'Il''U124

i111J'l (58.97 ± 0.35%) 1'U'\Jw:~1,r~"'Uf1fl']1'l 'Yl1'l

QQ QI CLI I "" .d ,
ffflfl (P<O.05) flUfl1tltJ1'l'IJ11fl"'f.J'l'lf.Jfl'Yl~1'UflU

u'liJ1i1lJnUfllnJlJ tlV1'l i'Iflf11lJ'il1flfll'I'Ylfl"'tN'VlUl1. " ,
I V" .:::..dCl

fIlfl111J'IJ 11'IJtl'l 'lJ11fl"'f.J.:J 'ltl fll 'VllJ'IJ 'Ul1J tl 'I: tJ:11"'1 fll 'I
" -I d 0 QI I I.SI"

UlJ'U1'U'IJ'U ff111'IUfll b-value 'YtU11fll'Hl'll''lJ11fl''tl'l

1'WJ1i1lJnUflln;lJ~t1"'1,]1.:J'l1,rtll b-value 1'U'li1'l

GI .d" 'jI cdi"18.03-18.87 L'U'lJW:'Yl'IJ110"'tl'l'Yl 1J~1'Um:U1'Ufll'I

'ltlfl111'th b-value 1J1flfll1 (19.63) -i'lifflmiJ~tJ'UllU"''l
• " t " "

Yi lnfl~ 'U 1nfl 'ill fl 11 'il ~tJl1~flfi tl fll 'I 1Vi lJ ~ 'U 'lJtl 'I fl11lJ ~'U
o ".0::. .:A cd d d dQ

'Yll 1 'I11flf1 fll 'I lfl '" tl 'U 'Yl'U tl 'I l1J fl ff (Pigment) 'Yl m'Utl'l
d9Jd'j),dl II Cld

l1J '" fI 'IJ 11C))'lJ1'IJ 1 'jllJ '" fl ff 'I ~'" \9l tl fl1fl11lJ m", tl'l 'Yl (l \PI '" 'I

1'U'lJW:~rl1f111lJ'lJ111~lJ~'U
" " I I

fl'I:U1'Ufl1'I'ltlfl'IJtl'l'IJ11fl"'tl'lff'l~"'\9l6fl1'I

I d d"" QI

"'fl"''l'IJf.J'lfllfl11lJU'IJ'l'Utl'lllJ'''~'lJ11fl'''tl'l'l1''''lfll'I'I1'l~fl

, d
fIlfl111JU'IJ

·26.92± 0.3

~iJ'I:lJlW
"

u'li1'Uth 2-

"l~U 'U.,
'lJW:"1'lf12.:

.,
O"'tl'l'lUfl '

fll'I'VIfl"'tl'l

g water/g
d

(P<0.05) 'VI

m:U1'Ufl'

fll'IVtltJffi

.,
fl"'tl'l'ltl0:

24 i111J~

,):'I111'lfll

" " ,~ .. ...
'Yl'l 'Ul'Uf.J -3 ,

nUllJ~fl1t..
l1Jtl'):tJ:l~

'lJtl'l~~\9lnl

3.2 f)l')'YIv

2

3

4

5

"...
fl111J'lf'U

(%wb)

11.68' ± 0.37

33.69b ± 0.94

34.14b ± 0.37

34.67b ± 0.39

36.00' ± 0.26

tllm11J'1111

(L*, %)

58.13' ± 1.62

58.97'" ± 0.35

62.53' ± 1.27

62.00' ± 2.21

(b*)

19.63' ± 0.25

20.33' ± 0.55

18.87b ± 0.15

18.80b ± 0.36

18.03' ± 0.15

, d

fllfl111JU'II'l

(N)

26.92' ± 0.35

21.97b ± 1.14

18.49' ± 1.35

17.70' ± 0.86

16.39' ± 1.48

", ... 0

fllm'i~f1911J'Ul

(g w:ter/g rice)

4.50' ±0.18

5.94' ± 0.10

4.04d ± 0.16

5.37b ± 0.16

.. .. d'

~"'ll'Yl'i[J

(log cfulg)

5.21

5.99

6.66

6.41

6.38

Vll',mn 2

2

3

4

''''Iiml1n1l"n911~riu1UflvaIJlfl~tl1riujjf1111J1l"n911~riUDlj,~jjUUlilfityii~llmlnii (P<O.05) (mean'TlSD)

'(1): {11n~v~; (2): llY 24 'IIIJ.; (3): u,; 2'111J. +tilJ 22 'IIIJ.; (4): u'Ji 4 'IIIJ. +tilJ 20 'lIlJ.;(5): llY 6 'IIIJ. + tilJ 18 'IIIJ.

abc.. ..i
Vn~H'111'"

" "'(1 I: 'lJl1nav·



6.14

6.31

5.87

5.21

a d~

~,,'Wmv

(Jog cfu/g)

5.52' ± 0.25

5.60' ± 0.17

5.48" ± 0.39

~

Thnn~~~1JU1

(g water/g rice)(N)

d
TllTl111Jll'IJ~

19.86' ± 1.04

22.81
b

± 2.18

26.92" ± 0.35

. . ~

ii'i::~u,:rmhtity 0.05 119i m'iL'~1J ~1'W 1'W fl i'~ 'Iltl-:l m'i

ffl'l.1'i6J1 l1~tllJfl 4 4111J~f1"tl~m:::U1'Wn1'i-:ltlfl 24

4111J~ 'Viu:hMfi1 b-value ~1~~ (l7.80±0.57) llt'!:;1,r. .
~"iillfl fl9i H'YJ1~ ffil~ ii 'i:;~U ,:rtJ~ltity 0.05 nu nl'i
~. "

m'l.1'i6Ul'Vlfl 12 i111J'Il1~tl 2 fli''I fl"tl~m:;m'Wm'i

'Itlfl24 4111J-:I 1\Pl[Ji'ifi11~1J~'WIlJ'W 19.03 ± 0.421'liUI~[J1
QI I d d" IV dd I

f)U fl1 fl111J II 'U 'I 'U tl 'I'll tl ~ 11J" fl 'U 11'11" 'I fl1 'i "1-:1~ fl'YI1Jfl1
• " " I "

t'!fI"~ Ijjtl ~1'W1'Wfli''I'Utl~nl'iffl'l.1'i 6U11Yl1J~U
"

111 fln1'i'YJ ~ fftlu~ilu 'YJ~ 6'ri-:l l11Jfl~-:l1f)fl '~11
" " "m'iffl'ih6ul~j:-l"~tl~1'W1u~tiu'YJ~6 l'i~U1l1nmmn[JU

lii[J1J'j:;l111~m:::'IJ1'Wf11'i'ltlfl~~1'Wllt'!:;'hj~1'Wf11'iffl'l.1'i6J1

'il1flfl1'i1'1~ Illt'!:;f11'i1~~ 2 'ViUl1m'i'YJ~t'!tl'lllUUffl'l.1'i6

J1ri~ ~,,9i tl m'i ~ll 'W 1114'1J~ "\Plt'!~ 'UtI'I ~lU 1'W ~ ti'W'YI~ 6. "
lf1tJYl'il1'iW1Viffm1:;m'i'YJflfftlUI~tnn'W fitl 1l'li.ij'111wU1

m'i ffl'lh 6J1~1'W.,j'11JUff~~,,~tl ~ti\Plilf.ljcv1.,j'11f1"'tl~~tln

~ ~fJI.ll111'Vi~1~ ~ J'W m 'i'"l~l1~tl m'i m'l.1 'i 6J1 ~1'W 'li'11

~~ ~11lJU tl til ~t~ 111n~"m 'i'YJfl" tl ~ l~ml1'1i'l1n~tl ~ ~lU

m:;mumm'li~ 4 4111J~ 'i1lJnUm'iD1J 20 4111J~ 1f1[J
~ .

, .I~O ~1 9"
'i:;'I111~m:;U1'Wf11'iffl1J'i[JU1'YJf14-12 'lf1 1J~ 1'l1~"f11'i .

'YI~"tl~llff~~~~1Pl1'i1~ii 2

'I.1~1J1W fl111J4'W1'W 'i:;l1':;'~ m:;m'W nlnJ1Jt!u
I ." I

·hJi'immJ~tJ'Wll'l.1,,~ 1u'Uwdim'iffl'l.1'i61.hi'i~m)ci1~V-:l

~tlf1m'l.1~[J'Wll'l.1"~'Utl'lfi1f1111J'U1111,,:;fi1 b-value 1l1f1

m'i'YJflM~'Viu"h m:;mum'iffl'l.1'i6J1lJf1 4-12 4111J-:I

1,rrhm11J'U111'W'li1'1 60-62% ~'IhJlllPln9i1'1nU'YJ1'1ff()~

(b*)

19.63" ± 0.25

17.80' ± 0.75

fl1Tl111J'lJ11

(L*, %)

62.10' ± 1.47

58.13b ± 1.62

61.63' ± 1.64

60.50' ± 0.70

~..
Tl111J'lI'U

(% wb)

11.68' ± 0.37

36.25" ± 0.30

35.16b ± 0.31

35.15b ± 0.57

2

3

4

'J/ d I~. I <c:lo QI ". "

'U f.lj:; "1 ~ f1lJ 1J~"tl [J 1-:1 [J'I fI tl fJ W111 'Vi 'U tl ~ ~"f1 fl f.lj C)'1 'U 11
~ ., ~

'J/ ~dl 'dQlQl IV

n"tl~~tlf1 'YJ'IU ff~j:-l"f1tll'Wtlff1Jj:-lffl1"~nl'i"1~~n 1I1nj:-l"

"nl'i'YJ~"tl~'ViUl1fi 1'1.1~1Jlf.lj nl'i~~c]f1JU1~fiU :;l1':;'~ 4-6

fi1m11Jll~~'Utl~'Ii'11f1'"tl ~~ 'h;~lUm'i ~tl f1 1,rfi1~ ~ "!fI

26.92 ± 0.35 N eJi~t'!fI"\Pltlci1~i'h![J~hfity'YJl~ff()~ (P < 0.05)

~'I.1'i:;1J1f.lj 16-18 N l~tl'li'11f1"'tl~~lUm'i~tlf1~1[Jm'i

ll'Ii1uJ1 2-6 4111J~ h1JnumnJ1J 18-22 4111J~ 1Pl11J

~l~U U tl mll n ifV~ 'Vi U ':l1fi 1'1.1~1J1f.lj f1 l':i ~ fl eJhnI1

.:!l I I d IV 0 QI <c:lo.c:l.

g water/g rice 'If'lllflf1f11~tl[J1-:11JU[Jff1flty'YJHff(1f1

(P<O.05) iiffm1:;m'i'YIflM'I'i:;w:h~m:;U1'l..lnlm'li1l":;

abc lin~1~UPlnfil~n\l'Ufl!lli'lJU1;iv1n\ljjfl1llJ;IPlnfiHn\l!ltj,~jhrVliltill!~~11l~nii;; (P<O~05) (mean'll SD) •

*0): il1m\'!l~, (2): U,; 4'1SIJ+1jlJ 20'lS1J. spray Ulljn 4'1S1J. (3): UoV 4'1S1J.+UIJ 20'lS1J. spray Ulljn 8'1S1J .• (4): UoV 4'1S1J.+1jlJ 20'111J. spray Ulljn 12'1S1J.

• " , o:9Q1'''''CS
'i:; l111~m'i fl1J 'Vi U11"fI ,,-:I 11J tI f11t1 [J1-:1'U11 fl" tI'I'lJ'i:; [J:;

" " .
nmflull'liiuU1'ffU ff'llf11Pl i~1l1fl~1tlci1'1Vi 3,4 11":; 5

" " I "."

'ri'l U114tl 'I 11 1fln1'i 11 'li'li'111 'WU1ItlU m'i IYl1Jfl111J;f'W1,r

~ di I~" d

f1UI1J"~ .. U 'i:;'1111 'I m'i 'Itlflll'lfltl'lll11Jl:;ff1Jllt'!:;I'Vi[J'I'Vitl

Irttl'i:; [J:;nmJufl111J4'W 'hitVi [J'I'Vitl~ 'Iff~ ~,,9itlfJf.ljm'Vi

'Utl~~ilflill.llC)'11~ .. .
_I ~ 0 .c::::1 ,

3.2 fll'i'YJ~HH)Ufll·Hn1J·W'W1'YJn1:l1V11.:19

9itll~tlH1flnl'i'YJflM'I"I..l;h'li'tl 3.1 'ViU11

m:;m'W m'i;11.:1tl fl.ij'l'Jn~tl'l1f1[J'I.1'i1ff1l1f1m'i"'1~l1~tl

~ ~ .
II IV I IVd0:9" I

m:;U1'W nl'i 11 'If'i 11J f1U m'iU1J 'YJ 'I UIU tl'l~ 1[J'i :;'1111'1
.d 'J/ ~ ".: d

m:;U1U f11'i 'Itlfl'YJ'I.1'i1ff1l1flnl'im-:ll1'itlnl'iffl'l.1'i[JU1 1J

fll':icitl[Jff"1[J'Utl'l1m'lff~H i'l.1'i~U [5] ll":;ln~m'i
~ J ~ .c:l. d-' IV ~ Cl' "d"

1'Yi1J'UU'Utl~'I.1'i1J1W~"Um[J ~~'W'Wll'lff'l~" 1l1l1Jt'!~'U11

fl'"tN-:ltl fl~ fl~ UI~tl m:;1J')U m'i 'I tl fliu ,,!~t'!-:I1U'li1'1

24 4111J~ 11" :;'I.1~1J1W nl'i~~c]f1JJ1'Utl~~1t1ci1-:1'1i'11

,!
fI111J'lfU

ii~1'Utl~

~iit'!~t'!~

"J11nt'!tl~
e 1u'lh~

U1Unl'i

i[JUll1Jt'!~

, ~ "
111'HJIPlU

~

ll'lh1124

.
~lUnl':i

Itl ~ 'Vn.r:h

~..
LJ'U'\.J'IH)~

" "1'U1111t'!1

.
f11~ 'YJH

..
1UtlU'l

:r;'ff'Utl~

:U1unu

Jllfln9i1~

33.69 ±

vnr:hrh

,
1t'!f1tlnl'i

; cful

5.21

6.41

6.66

5.99

6.38
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4 i'1111~ :hlJnuf11'jlllJ 20 i11lJ~ l11fl'b,hi'lf11'HY11.h6J1 .

i,rtl~mw~ii'U'YI~6-vf~'I1lJ~ 6.41 log cfu/g

3.3. ~Hlfl1'JYI VI «eJ1Jtl'hn Wfl"HIllf))J)J lIteJin 'Uihn~ f)

(GABA)

il1flfl1'JmnleJ~~~llff~~i'U~tl~ 3 Yl1Jl1
~

.,j'11f)"'eJ~ ~l'Ufl'j:;1J1'Ufll'j~fJfll~flU'li''UlhfHlfJ~ 24

i111J~ nfll'jl~lJi'U'utJ~tl5mWff1'jGABA il1fl 20

g 1~'U 53,34 mg/kg ~~il1flflm1~lfl~YlUl1~il1,!fl.,j'11

ln~f11HfJfll~fliifl111JfJ111~,A'UlgflUfJfl« 1 jJ~iil)Jm)

ll~lrtfJ 'YIYl~fJ~ 1~ flfll'j U'li~ltJ[h~.,j'11fltl'fJ~ i'U J1'i 111 nu

fll'j1l1Jl'iUl1i,rflltl~mwff1'jGABA lvilJi'Ui'U'li1~
QI QI d ..::::.

77-88 mglkg ll~:;ff~lflfl~flllW:;fll'j~fJfl'IJtJ~lll~~lYllJ
~ .

1J1fl~'U ;ifJ m1lJfJ11'IJtJ~illJfl.,j'11litl'j:;1I1W 1-2 iJ~iilllfl'j
"

(~tl~ 4) 'UtJ fl ill fliffll'j ffltl'J 6J11~tJ~~tl51J1Wflmil~qj

l~U lfl 'lJfJ~~ii'U'YI~6'j:;'I111~fl'j:;m'Ufll'j ~tJ fl ri~ f.I~~'YI1~

" ~ 'i i"'" ~fl1'U~W 'lflll W:; 'I'll ~ f11 flfll'VUll fl'U tJ fl L,W '11 ffll~:; fl ~ 'U

1~'U ~~~l'HJ' illl~ fl~Uri ~ f.I~~tJ f11'j~~~~"lltJ~tl~mw ff1'j

GABA tl'J:;lJ1W 10 mg/kg ~~,f'UYlUl1m:;m'Ufll'Jf.liifl
"" ".,j.,,,,, d '1"
'lJ11fl~ tJ~~ tJ flfl1fJlfl'j tJ.:I f.I~ fl 'IJ 11 fl~tJ~.:IfJfl'IJ'U 1~1~ fl il:; ~. ~

e::t. .., .."" .c:1.c:1 .c:1 QI

f.I~flfl W'Yl'IJ11 fl~ tJ.:I.:I tJ fl'Y1lJ ~Wfl1Yl~'YI.:1 '1'11.:1 fl1 flfl1 YlU~:;. "'" "" '1v I V V.o::lo 4
lJ'j1lJtN llfJWfIl'Yl1.:1tJ1l11'J"llfJ.:I'IJ 11fl~ tJ.:IlYlll1l1fl"ll'U

(tl~1J1W GABA) lrttJ~l'Uf11'jf.lii\9l i'Uffm1:;~ll11J1:;ffll

~.:ImYl~lmh~.,j'11fltl'tJ.:I.:ItJ fl~iJfJWmYl~llffll.:l i 'U~tl~ 3

4. (,f'J1J~Hlfll'J'fIVlt'l3~•
~ e::t."" d Q.'.:! J

lfl'J tJ.:If.I~fl"ll11fl~tJ.:I.:ItJ fl'IJ'U1~1~fl i Ufl nl'JtJ'U'U

ff1lJ 1'j tl f.lii fl.,j'11 fl'" tJ.:I.:I fJ fl~iJ fJ Wfl1l'i ~~ '1~lrttJ l'il fll 'j

J:.Iiifl i 'Uffm1:;~ll1lJ1:;fflJ fitJ f11'jll'li.,j'11fl"'tJ.:I~fffm:;
~ ~

e::t. " QI. ~
flWl1fJlJl1tJ~ (27 ± 2°'lf, 60± 5%RR) il'Um:;mmUJ')j''U

tl'J :;1J1W 35-37%wb. 'I1~~il1fl,f'U~.:Il,j'l~m:;1J1'Uf)l'j1l1l
I , I JJ

lifffll1:;1~lJ 20 i'1111.:11~fll'jfl 4 i'1111.:1iif11'jffltl:iVU1

~1'U 1~tJ~~tJ~1J1Wf11'jlil5tyl~1Jlfl'IJtJ~~ii'U'Y1~V il1flf11'j. .I Clo Q.' tI"" di" '" .,
'Y1~ ~tJ ~YlU11f.1~flflW "VI 'lJ11 fl~ tJ.:I.:I tJ fl'YI ~il:: lJ fl ~'U'I1tJlI

ff'IJ 11 1iftJ fflJ ~ff~my ~~ fll'j 11.:1 ~flll~:; '1 ~flltl51J1W
GABA lvi1llJl fl i'U il1fl.,j'11 fl tl' fJ.:I ~ 'hi ~1'U Ill:i.:l tJ fl

tl'j:;1J1W 4 l'Vll

n~~m'J~1J'J~fllf1

"lltJ'lJtJUfJW "hI!fl~l'U fltJ.:Il'j'UffUUff'4'Ufll'J 1~fl

~lflfJflff1l1n'j'j1l 1flHfll'J1fl'j .:1.:1 1'Utlfl ff1l1 m 'jlJ"hl1i'u. .
tl5tyqj1fl~ tl'j:;~liJ 2552 ~ffUUff'lfWfll'Jfffl1l1Yl~fJlI-vf.:l

'YI'U 1~tJf11'J~~l111ff,wtlmw i'Ufll'J~11'U'Uf)l'j lfl'j~.:I1'U. ..
~ ~

fli'.:IU
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