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if11'Vi'lJ1~lJu.n.:J~~lU'Uif11Hlh~U1";;11L'VIi:itJ1LU'Uif11~tJ~nlJ1n t 'UL"IJ\IIi4''l.I~~.:JVl'l(;lL'Vi'!l':i\!·ml 1~~if111''Vifl!1iilJu.n-3 

~~LU'Uif11~iifl~'U'VI~lJ tfilJ·Ul.lt'l1':i'VI~lJ 2-acetyl-l-pyrroline (2-AP) "IJ~-3if111~'Vifl!1alJu.n.:J~Lfiu~1~~1.:Jif111il1nt'la~LL'VI~.:J 
Lvn~tJ~nfia 'il1ne1U1mh\ll'U11~.:J'VI1~L'Vi'!l':iU':iru LL~:::e1U1m'll1A'a~~'VI1I'1L'Vi'll'1U':iru iiu.'l.I11UlJLvi2Jl'I.:Jt'I~ujaifTlm~lil 14 

" 'II 'II \ill q 

1'UU.~:::~~~1(j~Iil'Uii~if11Lif1~"j::lEJ::: fl1'1LfiuL~mtfilJ1rut'l1"j'lllall~~L~lJoff'l.l 1~EJ'lR1I1rut'l1"j'VIalJ~.:J~~~LfiulJ1'i11nlJ.'IIItl.:J 

L'Vt1:::tJ~fl~ 1 "!Ja~e1Lf1aJ1111'U11L~t);;11£11~1il14 11.1 iitfi1l1ruG'I1'~'VIa2JLVhnu 620 ng/g tJ1lJ1ru GABA "IJa~;;11H'Vifl!1gilJ 
u.n-ll1il1naa~LL'VI~.:JL'Vi1ZtJMiitfi2J1rutn~Lfi~-3n'U1~EJ'Viu'lRlJ1ru GABA "'.:Jt'I~~U.'\IIf;i.:JL'Vi1z'I.1~n~ 5 "IJa.:Je1U1aL'lI1;)aiitJ:SlJ1ru

'U 'U " 'V 

Lvhntl 50.9±0.58 mg/100g :U1nfl1iPim~m1~1"IJa.:Jfl1"j.:Jan !'l11lJLiflJif'U"IJv.:JLnaa LLfl::l{.:Jau.nlJlJ1 ~VtfilJ1rut'l1"j'lll~lJ u.~::: 

GABA 'ViU'~hL1~1fl1i~af1IJ.(j:::!'l11lJb;;lJif'U"IJa.:Jbngia~vi1t~tfilJ1ru"IJ€I~ GABA \1~,!~fia 24 i'11ll.:J U.~:::!'l11lJLiflJif'U"!J€I-3LngiaVi 

180 mM 1~EJiitfilJ1ru"!Ja.:J GABA L'lIhti'u 62.50 ± 0.60 mg/100g LLGlZ 92.53±O.91 mg/lOOg ~1lJ~1~t1 tfi1l1rut'l1i'VIEllJ~ 
'Vitl1'l.1;;11vtl~{Ufl1101EJ{~au.nlJ1I1~u";hi1tfi2J1ruLfjlJ;j'U"nI'l112JL;;lJ;;'U"IJa.:J~.:Jau.nlllJ1 1'U"1.:Jnt1Un'UtJ:S2J1ru~~~u.n2JlJ1~ 
Lvill;i'U'Yht~tJ:SlJ1ru"IJa~ GABA a~fl.:J1~~tfilJ1ru~-II~u.nlJlJ;;1vi1tl1£'f1i'VIalJLvilloff'U£'f~t'I~fi~ 20 Gy 1~~iitJ:SlJ1rut'l1i'\lla2JLvhnu" , 
10,160 ng/g b~lILU'U 23 L'Yhu1m.yjEJtlnuif11vtl1ie.i1'Uni:::U1'l.1fl1':itl1EJ~.:Jau.nlllJ1 
';'1a'lfi'tJ!: .v11'V1'Y1~:uu.n.:j 2-tlL'IlVlft-l-l'VIha'U fi';iflu.n:U1J18tiil'Uihmn (m\J1) fl1~01eJ~~~U.fl:U:U1 

Abstract 

Pa-yah Leum Gaeng rice is the upland rice and as the sticky rice and most favorite cultivars at 

Phetchabun province. Pa-yah Leum Gaeng as the fragrant rice variety, two different cultivar region (Nam Nao 

and Khao Kho) were cultivated for quantified of 2-aetyl-l-pyrroline (2-AP). The 2-AP content from two 

different cultivar region are likely to increased and the highest amount 2-AP at 14 old days and then lower 

until rice into harvested stage. The highest concentration of 2-AP obtained from Nam Nao first field (620 ng/g) 

of 14 old days rice. The GABA concentration of Pa-yah Leum Gaeng from two different cultivar region are 

similar amount and the highest amount of GABA obtained from Khao Kho fifth field (50.9±O.58 mg/100g). 

Germination time, salt concentration and Y-irradiation were studies according to the GABA content and 2-AP 

content. The suitable germination time and salt concentration for highest amount of GABA at 24 hour (62.50 

± 0.60 mg/g) for germination time and at 180 mM (92.53±0.91 mg/l00g) for salt concentration respectively. 

The increased of 2-AP contents was found in the irradiated rice but the gamma ray was reduced the amount 

of GABA contents when compared with non-irradiated rice. The highest of 2-AP contents was found when Pa­

yah Leum Gaeng rice subjected to gamma dose at 20 Gy with the amount of 10,160 ng/g and higher 23 fold 

than non-irradiated rice. 

Keywords: Pa-yah Leum Gaeng rice, 2-acetyl-l-pyrroline, y-aminobutyric acid (GABA), Y-irradiation. 
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fl ~'UVleJlJ'lJeJ~-H11LnVl~1nn1"ie.JeflJe.J~n'U'l~VI';h~ef1'l';i~LVltllJ1nlJ1tlVla1f1'lJUVl'Vi"lL~Ln~fl~'U~LtJ'ULeJn"flmU 1~tlYitrhil 
lJ1nn'h 100 'lJU" ~'ULLtl'S1tl911lJ'lJUVl'IJa~Yr'U~LLfl~~'U~LYi1~tl~fl-H11 (Tsugita, 1985) 9l1'e)~h~L'IhJ Bullard LLfl~ Holguin, 

1971 'Wtrh;m.n'lt:l9l'l1~i~~1'l';i~LVltl lil1fl-H111~ 70 'lJil~ lil1fl,!U Yajima et ai, 19781~;jfl'l;1'lJil"'lleJ~~1'l';i~LVla~'WuL'U 
-H1'l~~~,,!fl L~tl~1lJ17tl'WUG'f17'l~LVlfI,;)1fl-H11~~~,,!mLa1lJ1nfl'h 100 'lJilWl ~~tl';i~fl'e)u1tl~1afl~lJ'lJeJ~hydrocarbon 13 'lJU~ 
fl~lJ'IJ'e)~ aldehydes 16 'lJilVl milJ'lJeJ~ ketones 14 'IlilWl n~lJ'll'e)~mWl 14 'lJil~ n~lJ'lJeJ~ ester 8 'IlU~ milJ'lJeJ~ phenolS 

'l!UVl fl~lJ'lJeN pyridine 3 'lJil~ LLa::fl~lJ'll'e)" pyrazines 6 'lJilWl 'UeJml1flm'U-H11~,,!nLLa1~"ilfl1';itlci'e)tlLLnG'f ~1Yi1n 
hydrogen sulfide, ammonia LLa:: LLnG'f CO2 Elfl~1tl (Obata LLfl:: Tanaka, 1965) 'U'e)fl'il1flm'U-H11U1"G'f1tlYr'U~'WU11il 
~1'U1'U'lIil~'lJ'e)~~177~LVltllJ1flfl11 114 'lJilVl (Tsuzuki et 01, 1981 LLa:: Buttery et 01, 1983b) LLfi,;)1fln1'~;jfl'l;1'!leJ" Yajima 

et 01, 1979; Suvamalatha et ai, 1984; Widjaja et ai, 1996 LLa~ Vanavichit LLfl~ Yoshihashi, 2010 YiU11'i1::ilG'f17V1eJlJ 

7::mU9l1V1~~~,;)::Yi'LJL'U-H11V1'e)lJ'I'ln'llUWI hi11'i1::LU'U-H11V1tllJ Basmati 'lJ'e)~fl'UL~tJ -H11V1'e)lJ Goolarah LLa:: -if11V1'e)lJ YRF9 

'lJ'e)'leJeG'fL917b~tl LLfl::-HTlVIelJ Jasmine 'lJtl~lVlEJ ?m9l1'!'Unfie 2-acetyl-l-pyrroline (2-AP) ~"bU'UG'f1';i9l1L~cJ1frU~'Wut'U 
LtlLI'lU LLIJI"l'UtULIJIV'i1::ijI'l11lJLiJlJ-HU~'lfl11iJ11'lh::6nru 10 LYh (11G'fU1, 2538) ?l1';i 2-AP LtJ'UG'f1';i t'UfI~lJ pyrrole ?l17 2-AP 

,;)::~f1~'lLfIl71::Vl1'U1~ polyamine LLa::ilm~e::ii1U proline b tJU~17~",j'U ~'lm7LL?I~'leen~~mh1~nI'l1UfllJ~1t1Ei'U~eCJ 
badh2 (betaine aldehyde dehydrogenase homologue 2) VI~ilau Os2AP 1~CJtlfl~EiUL~'U 8adh2 'i1::Ltl~CJUG'f1';i y­

aminobutyraldehyde (GABald) LtJU y-aminobutyric acid (GABA) LLIJILi'l'e)Ei'U~.:Imh1Lii~n1'ma1mtJuEi'U~ilU badh2 

iJ1'l~::Ltl~U'UG'f1';i GABald LtJuem 2-AP ~'lvl1t~-H11iln~uVltnJ (Bradbury et ai, 2008 LLa:: Vanavichit LLfl:: Yoshihashi, 

2010) 1~Utfi1l1ruG'f1'l 2-AP 'i1::ilfll1111L~tl';itl71uLtJumh.:llJ1fl 'l1flfl1';i;jm~1t1il.:l (uru'ii91, 2548) 'WU11tl~1I1W'lJil.:l~17 2-AP 

tU-H11V1'e)lJ~enlJ::~ 105 ~~mnUlJ1'i11n 40 mULtI~~'lfla11a.:lt~ijtfilJ1ruG'f17 2-AP ~LLlJlnIJl1.:1n'U ~.:I'!'U'i:1'i1~tJ~1'U 
6'fm"'LL1f1ilelJLL"'::f'JWm'Wtle"LLVI~"~tl\'lnile.l",~etl~lJ1W?l17V1tllJtU-H11 lil1nfl1';i~mt1'ijB" Yoshihashi et ai, 2004 'Wuh 
... .,. .01. 1 'I • ... 'I" .. • d. I 'I .,. .4 ., 1'" .01 ~ 
'ij11V1illJ~eJnlJ::a 105 VI u~fl ~UL'ij9l'l'l"flfl17'e)" LVllil::lJfIl11lJVlBlJlJ1m1V1u~n L'UU';iL1WBU'lJ'e)'lu'l::LVlI'l ~flU'aL1WVI~'U'U~'lJ\Jl'!le~ 

vl.:jnaT~/€l'lL~,,::il?lmYitl'e)'l~ULUU~U'V171CJ LLfl:: LL~'lLLa" ilfll11lJPl~1IG'flJtl';icltl'e).:I~u~1~'l'll1lil::LtJ'U'i:1'i1~CJvl1t ~-H11ilfl1';i ?I::~lJ 
'I " , 'U 

'lJil'l proline lJ1n;i'U ~~ proline Ltl.:lLiJU?l1'l~",j''U1Ufl17~~LI'I'l1::~G'l17 2-AP LLa::iJ11V1BlJ~1'ltl7::LVlI'lBn'llil~VI~,,~il~fl'I;w:: 
L~tJ1nufi8 -H11V1'e)lJ Basmati 'ije.:jii'UL~tJ LLa::tl1nG'fmU ~~LtJ'U-H11V1eJlJ~iltl~lJ1ru"llB.:I?l17 2-AP ~.:I~1m'llun'U n'WU11-HTl 

'lJilWI'd't.i'1tlan~'U1J~L1W~L~Uf)11 Puniab 'i1::iltfilJ1U.1?11';iVlilll?l.:ln11tlaflLUU~L1W~UtleJ~tl';i::LVlI'l (Sinoh, 2000 LLa:: Itani et 
'U ~ 'U V ~ 

ai, 2004) LLfl::l'Umru;jmt1iJ11G'f1U~U~ Aychade (Oryza sativa L.) 'lJil"tl';i::LVlI'l~~.:ILI'l?l'Wu11ilm';iLtl~tJ'ULLtla.:ltfl1l1ru?l1';i 
Vl811 LLfl:: GABA l'UV1fl'li1.:1il1CJ'IJ'e).:I-H111f1CJtl~lJ1ruG'f1'aVlelJG'I.:I?lVlLde.u11b-H1ri'll1~fl1'abiiUb~CJ1 LLa::tl~1I1U.1 GABA ?I.:IG'I~Li'leJ 

• , V1 \I v. 

-H11eJ1CJ1~ 47 iu 'UemJ1f)i1~'l..,tl11Lrletlafl-H111UG'I.fI11::~il Lnii eJf'l1111L-HlJ-H'UG'f.:lvl11~tl~2J1WG'l1'aVialiL vill;i'U . " " 
(Poonlaphdecha et ai, 2012) 

y-Aminobutyric acid (GABA) 'Uiln'i11n'i1::Ln~'i11fl1ti polyamine LLil1~~bfi~1iJ1f)m::'lJ1Ufl17 decarboxylation 

'lJil.:lmWln~1JI1ijn (glutamic acid) 1~CJ1-HLe'U1"1f21 cytosolic glutamate decarboxylase (GAD; EC 4.1.1.15) (Bouche et 

ai, 2003) luY4'1l'Vltl11 GABA L~m-H€l.:lti\Jm::\J1Ufl1'jI>l'€l\J?lUil~Vla1CJ'e)fh~'!l'€l"Y4'1l L'Ii'Ulu?lm1::vii1f111111LtJumWl VI~tlLtJULUG'I 
~.:IluG'fm1::~Y4'1lilfll11lJLfIl~tJ~ Vl1ill'Uafl')1::il1fl1I'lL~'ULtJ'U,j'U (Baum et al, 1996; Shelp et ai, 1999; Bouche Fromm, 

2004 LLa:: Renaul et ai, 2011) GABA G'f1lJ17tlYiu1fi1.'UVla1CJri1'U'lJe~,j'uiJ111'ULlJ~f1 LL"::LlJaf1-H11~111"~.:IeJn"1fl.:l1'U1~tJ 
•• r.;! ~ 3'1 4 II .01

"lIil'l Kuo et ai, 2003 LLa:: Chan-Ho Oh LLa:: Suk-Heung Oh, 2004 'Vltl11u'SlJ1U.1'IJ'€l'l GABA IiJ::LYilJ~"'lJ'U~'ULlJaWl'IJ11V1 

111".:i.:itlf) LLa::'Uef)~J1fl;j~.:Iil'l1'U1~tl~G'fUtlff'4uii~'S::~u GABA ~LvilJ~.:i;i'U'IJ€l.:l-H11fla'e)~~~1'Um::tl1'Ufl1'a"iln Ltl~eJtlLViuu 

nu-H11m1a.:i-vtwJJ1'Uf11·Hilnlf1eJm7;jfl'l;1'lJa~ Komatsuzaki et al, 2007LLa:: Ohtsubo et 01, 2005 

'i1tL':;U1~11tfilJ1ru?l1';iVleli 2-AP LLfl:: GABA ilfl17Ltl~u'Uu.tla~1'UVJfl'li1~mtJ'lJ'e).:I-H11 fl17Ltl~U'ULLtla.:iflt11lJL-HlJ-HU 

'ija.:lG'f17~~?I'e).:iLU-H11~.:iile.lalJ1'i11f)G'fm1::LL1Wla'e)lJ~u.~n~1.:1nU'lJ'€l'lLLVlci.:lL"'1ttl~fl~1U ~.:I'!ulu'l1ul~CJdt;;;jmntl~lJ1U.1G'f1'S 
VI'€llJ 2-AP 1'U7tVl11.:ifl17L"~'l!L~tl191'ije.:l-H111'iYi'l!1alJLLfl'l LLfI::e.la'lle.:lf"aLLfllJlJ1 lJIiltfilJ1rua1'lVlillJ LLat GABA 'ijil.:l-H11 

II 

'IIilWlU 
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13.t'lLilUn1'3'iiv 

1. m';i~(Jl1eJlIl;he:Jci1'1 

1.1 ~1ati~"lIa.:soiJ11HWqj1~1II.1.n.:s 1UfI1~Am?J1m1l1W"'1'i'\lltl1l1'IJ"lb.:sel1~~h"'1 
~1€lci1.:s"lltl.:s.u11-;)1nl.l.'\IIa.:sL'W1::'ll~mh,mnhvIU11 l.I.a::ehLfleL'!I1t1a~.:s'VI1~L'W"lI~\!'3'cl 1~m~t1.u111u"lb.:se1~ 7 1'IJ, 

:: .. 1 ~".aI I .od -'141'U, 'i::mm(Jlnne, ~::eJ:::(Jl.:s'VIa", 'U1Ht'laL(Jl1l'VI, 'i:::eJ::flfln'i1" (~fln), LLa::'i::tI::'1nLLfl'Vma'i~:: (L1Ia(il) 

1.2 fI1~Afl'\?J1emlJfl"~"~LLflll1l1~€lm1l1rum'U1 uW1rua1'3''VIflll LLa::"lIil~"lIfl""'1~~::L'VIeJ"lIeWV111~'W'U1~lILLn" 

LlI~~'!I€Wih11~'W'U1~lILLfl"eJ1'Unwvhf'l1111"'::fl1(il~1CJ 0.1% sodium hypochlorite Lu'Urm1 30 min LLa:: 

'VIa"1iI1n,f'IJa1.:s~1Cl,110"''U 'tl1ii'1tlth"L1Ii\(iloiJ11vl~.h'IJfI1'i'Vi'1t'11111"'::a1(ilLLa1 (f'l1111:a'UUSClO'h 13%) 1'lleJ1'IJfI1'in1eJ~"~ 
LLflll1l1vlm1l1W~"i1 0 (controL), 20, 40, 60, 80, 100, 150, 200, 250 l.I.a:: 300 Gy 1~tl1iiii'1tlEh.:sLlI~!Plii11 50 g IJifl'VI~.:s 
t111111LoiJlILoiJ'IJ'!Ia,,~.:siil vlm.i1t1'U~fI1~fI1'iil1eJ~.:sihLfl1l1l1 ~'U6Ltll~a"iifl1'V1EJ11'11"'j;l{ 1I'V111'V1E11aeJLn~':it'11"'(Jl{ (u'VIa.:sfhLil(il~"i1 
LLfl1l1l1 LU'U 137-cesiumbba:: dose rate bvhn'U 3 Gy/min) 

2. m':i'VI1'll~1I1rua1'i'VIflll "lIfl.:sii11H'Wqj1~lILLn.:s 

2.1 fI1'iL(Jl~all"'1'ia::a1Cl1l1(Jl':i!1'IJ 2-AP 

2-AP (95% purity) -;)1n'U~';'V1 BOC Sciences (New York, USA) L(Jl1eJ2Jt'l1111Liill.u'IJL~1I~UL'Vhn'U 5mg/mL 1~1il1fl 
m~L~lI methanol:toluene (1:1) 2 mL 1'U 2-AP 10 mg '\IIa"1il1nt!'UL~tl-;)1.:sa1':ia::a1eJ1~iitll1111LW<U'ULVhn'U 0.01, 0.05, 

0.1, 0.5, 1.0, 2.5 mg/mL ~1eJ ethanol m1v1111(Jl'i!1'UL~i7t1111~1il1fl 10 p.L "lItl.:sulJia::f'l111JL<U1Jii'U"lIa'l 2-AP LLa:: 10 J..ll 

'!Ie" 2,4,6-trimethylpyridine (TMP) (intemal standard) LLa::'ll~'Um1J1(Jl'iLU'U 760 fll ~1t1 ethanol 

2.2 f1'1'i",nfl 2-AP "il1flil11 

ii'1flti1"'!Ia"<U11vi11~a:aaeJ(ill(ileJ1-til'IJ1(Jl':iLIil'UL'VIa1~1v CryoMill (Retsch,ermany) -;)1flt!'U-8'.:s~1flci1.:s'll'i::1I1ru 0.3 

g 'tl11'lla::a1CJ~1V 760 fll 'T.I£I.:sa1'n'l::a1EJvlii 0.01 mg/ml "lm.:s TMP 1'IJ ethanol vi11~~1'ieJalln'ULU'ULdtlL~tl11~ml'l~tl.:s 
vertex mixer 'tl1~1flei1,,1'lli1'Uvlfil1111L~1~h~1eJ Bio RS-24 vertical rotator mixer (BIOSAN, Latvia) LU'UL1al 2 ~111J.:svl 
£IW'VI.flij~tl" 'VIa.:s~1nl'l'i'Ua£l,:ji111l.:s'tl11'lli1'IJ~ 13,000 rpm 10 'U1Vi ua1L~'ULtl1a1'U1",1'i1'V1~'U1Lt'I~1::"''VI1'i'll;1I1ru'''1'i'VItlll

• 'U 

2.3 f)1~1LI'l'i1::"''VI1'll~1I1W 2-AP ~1CJ Gas Chromatography-Mass Spectrometry (GC-MS) 

fl1'S1Lt'I·.i1::"'~1m1l1W"lItl.:s 2-AP 1,mlii Gas Chromatograph 450-GC ua:: TQ mass Spectrometer 320-MS 

1~tJlii~1~a::mtJ"'18th~<U11vleJ1'IJfl1l"'il~"1fl"'1.u£l 2.2 m1J1~'i 4 ilL 1'i1'V1~'Ufl1~1LI'l'S1::'" 1~eJ1ii DB-Wax capillary 

column "lI'U1~ 60 m x 0.25 mm Ld. x 0.25 flm film thickness "lItl.:s J&W Scientific, Folsom, CA 1'i1'V1~'Ufl1~'VI1 

m1l1ru"lltl.:s 2-AP 1~CJfl1'i'VI1i4''lJvtt~fl''a1v1~::'VI'h.:slatla'U''lItl.:s 2-AP (m/z 83) bLfI:: 2,4,6-trimethylpyridine (m/z 79) LLa:: 

fi1'U1rum1l1ruIil1flfl"a1v1111\J1~~1'U'T.Ifl.:s 2-AP 

3. 'VI1tn1J1ru Y-Aminobutyric acid (GABA) "lI£1~.u111~'Vi'U1allUn.:s 

m'l1LI'l"a1z"''VI1m1J1wlcti1i5fl1'l'Vi'1111Liifl'''1'iL~.:s;;£I'IJn'U Phenol LLaz Borate buffer 1"EJ~flLL'lla.:s1J11i11n1i5'!l£)'l 

(Zhang et al, 2014) 1(ilvl;;ii'1flEh.:sii11 0.4 ml ua:: 0.2 ml 'T.Ia~ 0.2 M Borate buffer pH 9.0 1 mL "lIfl.:s 6% Phenol 

LLa:: 0.4 ml "lin" 9% sodium hypochlorite !illlvl 90°C 10 'U1Vi 1il1nt!'ULb'1lt'U,11LL.zi.:s 20 'lJ1Vi"'lJa1'ia::a1t'JL'll~tJ'U"1n1", 
1~iiaLu'IJ~,11L~'IJ ,j11'll1~fhn~~~fl~'lJLL"'.:svl 645 nm 'VI1m1l1ru GABA "lItl~.u11ii'1£1Eh'l1~"1nm'S"'~1~n'i1v1111(Jl':i%,1'IJ"lItl.:s

~ Q 

GABA bbG'l::H~\JI'lfi1'IJ1rum1J1W GABA 'iJ1flm1v1111(Jl~,;i1ufll£) y =1.28x - 0.024 (R2 =0.994) 

fl1"aAfl'\?J1i1';)~tI~ii~a~£)tn1J1ru GABA 'tl1~1il~wif111'lleJ1'Un'iz'U1'Um~"flflvlL1a1~h.:sn'Ufiiil 0, 12, 24, 48, 72 

LLa:: 96 -8'1111.:s 1il1flt!'U'VI~~fl1'i.:s£)nl(ilCJfl1~~.:sLu'UL1a1 5 'U1ViLLa::,j11'll'VI1'll~1I1w GABA (Jl11116vlmh1111 na1"l1il.:sfl1'i.:sflflvl 

'Vh1~1I1ru GABA \,!'l~,,'tl11tlAm~nil'lf'l111JLeHlIi'U"lItl'lLflaS (NaCO vlilul;wistA1I1W GABA 1"u1.ut'l111JL<UlIeH'IJ'!lS'lLflas~ 0, 

10, 20, 40, 60, 80, 100, 120, 140, 160, 180 ua:: 200 mM NaCl ~1a11'IJfl1'S.:sflfl bLa::t'l1111L.u1l<U'IJ'T.Ia.:sLfl~flvlL'VI1J1::"'1J~'Vh 
1~m1l1ru GABA ~"q~'tl1hfl-til'lJfl1~Afl'I~neJa"lltl"~,,flUfl1J1J1.iatn1l1W~1~'VIfl1J ua::uw1ru GABA 

N~n11ii~~aza~U1'ltiNa 

1. m1l1W"'1~'VItl1J 2-AP 1'U"li1.:smt!.i1.:s'1 "lItl.:sii111~'Wqj1~1Jum 
m1l1W"llfl'l 2-AP 1'U"li1'ln1t1~h.:s6\'IIn'loiJ111-:i'Wf\l1~lILLfl'l 1uu'VIa'ltlaf)i11~1Lflfl,11'V1'IJ11 «(Jl1~1.:svl 1. u~t:'J'llvl 1.)• I"~ 'U 'U 

LLa::vlL~'U1I1-;)1flumi,:jL'W1::tlf'lmi1LflflL'!I1t1£) «(Jl1':i1.:svl 2. uf'l::~'llvl 1.) 1~v'Vi'U·;hm1l1ru'm.:s"'1'i'VIElll 2-AP iitn1l1ru",,,,,,~
v 'U v " 

1'U"li1.:soiJ11tlltJ1~ 14 1'U LLfI::'VIa,:j1il1flt!'lJili1J1ru'llfl.:sa1~~alllil::a~a'l ua::Lvill~'U~flfilf'luitli11tlEJ t 'IJ"li1.:sL1lfi~~fl'VI1,,~1'i:: ~.:s 
• 'U , 
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LtJ'U1tJ'l.'UVifl1V11-!1L;\I:J1ti'J"lIeJ..:!lWlelm~,)11"1n 3 LLVI~.:nvn~t1~n"lleJ-!lei1Ll1eJ.J1V1'U11LL~~"1flLLVlcl.:)wn~t1~fl~ 1 "lIeJ.:)ehLl1eJL"lI1fleJ 


LLIJi~1eJfiwif11~L~'UJJ1"1flLLVI~':)L'Vi1~t1~fl~ 2 "lIeJ.:)ei1L11m"ll1fleJtRJJ1ru"'1~VleJJJ~':)~l'lt'U"Ii1':),)11eJ1~1~ 64 1'1.1 (610 ng/g) (l'U 


D.:j!'l~) LL~~~1~l'It'U'lh~')1,)Cl1~1~ 7 1'1.1 (210 ng/g) LL~~LLVla.:JL'Vi1~t1~fl,)11vh~tRJJ1W"'1~VleJlJ~.:J~I'IYI'Ut'ULLVlcl.:JL'Vi1::tJ~n~ 

1 'tleJ.:Jei1Ll1eJ.J1V1'U11 (620 ng/g) LLfl::LLVI~':)L'Vi1~t1~n,)11v1'1.~mJJ1ru"'TI\IleJlJ~1~I'IYI'Ut'ULLVI~':)LYl1~t1~fl~ 3 "lIeJ.:)a1L11eJ.J1 


VlU11L"Ii'UL;\1:J1n'U (20 ng/g) 


2.mlJ1ru GABA "lIeJ.:),)11L~YlqJ1filJLLfl':) 


t'Ufl1~Vl1mlJ1ru GABA 'lJeJ':)~1eJfi1':)')11~L~'UJJ1"1flLLvrrl':)LYl1~t1~n 5 LLVI~':)'lJeJ.:)ehLl1a.J1V1'U11 LL~~ei1L11aL'!l1fla 
~~Vl1I'1L'Vi'll~\!~ru YI'U"hU~1ru'tla.:J"'1~ GABA il~rlu"Ii1.:J 42.3±1.23 i:i.:) 59.7±0.23 mg/l00g (~1~1':)~ 3.) 11'lI:JYI'U",htRlJ1ru 

GABA 'lJeJ':)LLVI~.:)t1flfl,)11Llliifl11lJLLlPlflIJi1.:)n'UlJ1fl "'':)'''I'I~mlJ1ru 59.7±0.23 mn /l00o ~':)YI'U~LLVlcl.:)'ll~fl,)11LLVlcl.:)~ 5 'lJ€J':)
ttl V4I 5' ~ cu 

LLVI~.:)t1~fl~ 1 LLVIcl.:JtI~fl~ 2 LL'VI~.:JtJ~fl~ 3 

2-AP ng/g 2-AP ng/g 2-AP ng/g 

7 140 130 170 

14 620 430 550 

37 310 110 340 

64 51 140 300 

82 90 120 20 

110 140 300 180 

I 

LL'VIcl.:)tJflfl~ 2'111.:JCl1eJ. LL'VI~.:)t1~fl~ 1 
" 

(1'1.1) 2-AP ng/g 2-AP ng/g 

7 240 210 

14 280 470 

37 230 510 

64 160 610 

82 80 250 

110 120 350 

3,e.Jfl'tl€J':)L 1fl1fl1~':)eJfl LLfl::f111lJL,)lJ,)U"lIeJ.:JLfl~€J (NaCt) ,ja mlJ1ru GABA "lI€J.:),)11 HYlty1iilJLLfl':) 
.J • 4 ..::: .3 0 ft. " ...:! ~ .J ~ T ... 

lil1nIPl1~1':)V1 4. YI'U11LJJeJL1fl1'tla':)fl1~':)eJmYllJ'lJUVl1b'VImlJ1ru GABA LYllJ'IJ'ULLfl::~':)~I'IVlL1fl1 24 'lI1~':) (62.50 ± 
0.60 mg/100g) 1iJ1ntf'UtJ~lJ1ru GABA fll'l~~LLfl::~1~~~L1fl1 96 i1:bJ'I (26.80 ± 0.66 mg/100g) t'UflT;!~fl'\~n!'l11lJL;;lJ;;'U 

.eM ';QI I ... ~ - ~ .., '1 I 4: .. I ~ ~ 1.,J ., .,
'lJel~LnfleJ (NaCt) VllJ!!.Jfl~eJu~lJ1ru GABA 'lJa':)LlJ~~'lJ11 L~'V'/ty1~lJLLfl~LlJeJ!!.J1um~'U1'1.Jn1~.:)aflVlL1m 24 'lI1 lJ'I'VI1'I11lJL'UlJ'tl'U 

4 Q,jI .J I _~ " II dI ~ tN c! 3 .c! ,rJ " II' 4

'tla':)Lfl~al'l~1Pl1~1':)'V1 4. 'Vl'U11LJJeJI'I11lJL'lJlJ'UU'lJa':)LflflmYllJ'lJ'UmlJ1ru GABA LYllJ"lI'U LLfl::L'VllJ~~~I'l'VIfl11lJL'lJlJ'lJU'lJa'lLflflil 

LVl1n'U 180 mM 1~aiimlJ1ru GABA Lvhn'U 92.53 ± 0.91 mg/100g LLfl::~f111lJL')1J')U'lJa'lLflii€JLtJ'U 200 mM 1iJ::iim1J1ru 

GABA -UeJeJ~~1'l (54.10 + 0.61 mg/100g) 

4. f.Jfl'UeJ'I-r':)~LLnlJlJ1IJiam1J1ru GABA Ufl:: 'UilJ1ru"'1~VleJ1J'lJa~')1'J1~YlCY1iilJLLn~ 

L~eJ1l1 L1J~1'l')11bi't'lt1l1~1JLLfl'lb'lIej1Ufl1~Q1tl-r.:J~LLf1JJ1J1~fl,)11JL,)lJ,)'U"lIeJ'I-r.:!~~1.:)n'U 'Vi'U11m1J1ru"'1~'VIalJ 2-AP 
" ~. .. ~ S ""'.r!:!'" ~ (d "" .. ....r!:!'lJeJ'I'lJ1'h~YlCY1").lLLmLYllJ"lJ'U'VJflf'l11lJL'lJlJ'lJU"lJeJ.:)u~lJ1ru~~l;1LLfl).l).l1 20 Gy t).:) 300 Gy) LlJm'V\tl'Ufl'Uu~lJ1ru'IJ€l'la1~\IleJlJ'lJa'l 

http:lJeJ'I'lJ1'h~YlCY1").lLLmLYllJ"lJ'U'VJflf'l11lJL'lJlJ'lJU"lJeJ.:)u~lJ1ru~~l;1LLfl).l).l1
http:59.7�0.23
http:59.7�0.23
http:42.3�1.23
http:lIeJ.:)a1L11eJ.J1
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;;'1~'bj~''lJm'jo,ai'-IIi1u.fl2J2J' (0 Gy) LLa::f'l112JL;;2J;;'lJtI'€l-lli'-IIi1~vhl~tI~2J,rui'l'~VI'€l2JL~2J2J1fl~~"fi'€l 20 Gy (10,160 ng/g) 

l'IJ"Uru::~m2J'ru GABA n'lJ~'lJ11'VJflf'\112JL;;2J;;'IJ"U'€l-lli'-II~LLfl2J2J1 (20 Gy ij-ll 300 Gy) 'Vhl~tI~2J1ru GABA a"a-llL~'€lLV1tJ'lJn'lJ 
L2J~~;;11Hvt'Yl~hl1.Ln.;JYiW1.;;~''lJfl1~Ola1'.;JaLLmJ2Jl (0 Gy) Ll'laf'l112JL;;2J.u'Utla.;Ji'-IIaLLn2J2J,~vhlmn2Jlru GABA ~l~q~fi€l 

.J
200 Gy (33.31 mg/l00g) 1JI'~1.:J'VI 5. 

I?l1n~~ 3. LL""'lm2Jlru GABA "Ua'l;;111~"'Yl~2JLLm 

... . " 1?'11tlm-lltll1 m2J1ru"lJ'€l.:J GABA mg/l00 g m1l1ru"lJ'€l-ll GABA mg/l00 g 
" tI€l,:j~1'€l~l-11e31lJlmh\ll'IJ11 "lJ8.:J~1a~1'le31L.fle:JL"lJ1Aa 

1 43.7±0.93 50.2±0.55 

2 50.9±0.58 42.3±1.23 

3 54.5±0.55 55.9±0.55 

4 47.4±0.49 47.8±0.46 

5 49.7±0.45 59.7±0.23 

9\1~1'l~ 4. LLi'lI'I~t:,Iatl€l-llL1fllfl1~-II'€lfl (.a-1L11'l) LLaZt:,lfltl€l'lf'l112JLoU2JoU'IJ"U'€l'l NaCl (mM) fi'€lm2J1ru GABA "U'€l-llii11H .. 

~'Y1fl2JLLfl~ 

L1al"lJa-llfl1~ m1J1ru'1Ja'l GABA NaCl m2J1rutla-ll GABA NaCl tI~1J1ru'IJeH GABA 

·:Je)fl (.a-1111-11) mg/l00 g (mM) mg/100 g (mM) mg/l00 g 

0 42.90 ± 0.30 0 41.00 ± 0.62 100 61.97 ± 0.15 

12 47.20 ± 0.79 10 42.80 ± 0.26 120 64.27 + 0.45 

24 62.50 ± 0.60 20 48.80 ± 0.36 140 69.00 ± 0.79 

48 46.33 ± 0.47 40 54.57± 0.74 160 82.43 ± 0.57 

72 39.87 + 0.21 60 56.20 ± 0.72 180 92.53 ± 0.91 

96 26.80 ± 0.66 80 61.03 ± 1.10 200 54.10 ± 0.61 

y-doses m1J1rutltl-ll 2-AP ~lru'!ltl-ll GABA 

(Gy) (ng/g) mg/100 g 

0 440 64.56 

20 10160 51.28 

40 3570 59.35 

60 9120 57.79 


80 
 4850 57.79 


100 4940 51.80 


150 5570 35.92 


200 7410 33.31 


250 5580 40.86 


300 6870 48.68 




•• • 
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m3J1ru~11V1eJ3J 2-AP U~::\J~3J1ru~11 GABA "IJeJ~-U11iif11~b\J~atJbb\J~~eJ~~~eJ~n~1~~;l~tJnU~.fl11::U1~~mJ bb~:: 
-d1~eJ1~"IJeJ~~tJ-U11 (Gay et 	ai, 2010 bbfl:: Poonlaphdecha et ai, 2012) ~n~1v~1~b-dtJltJfm\1Pln'~nl'IJ-u11~1ai'IJ~ 

) .1"" cl d "I" ~.x!'l.'" " ... d dAychade (Oryza sativa L.u13J1ru'lleJ~ 2-AP 'VILnU"il1nLU'f./11 LTi3J'!J'lJLtJ'II1~'VI'II11U~nnmN1::EJ::LnULf1El1"il1n 4444.60 

Ilg/Kg ii~ 4729.80 Ilg/Kg \J~3J1ru'f./v~ GABA nLVlijeJ'lJn'IJt'IJ1::EJ::LL\P1nneJ'f./eN-U1'~m3J1ru GABA ~Ylul'IJ"tJ-u11iiu~aJ1ru 

1002.3 Ilg /g LLfl~b~El-U11,r~V1El~'I.I~3J1ru'lleJ~ GABA fl(;JiN3J1~ 682.7 Ilg/g bbfl~L~3J~'lJilm~aL-U1~-d1~~nUtl'VI1~li'I~~:: ii 
m3J1t\Jbvhnu 855.9 J..lg/g (Poonlaphdecha et ai, 2012) ufl::ltJ~1tJ1~EJm~Pin'l!J'1~3J1ru'lleJ~~1'meJ3J 2-AP t'IJ-U11eJ1~ 
7 1'IJ, 14 1tJ, ~::EJ:lU\P1nnEl, ~::EJ::~~VlEl~, tUii~fl~L~3J~, 1::U~eJElm1~ (~Eln), IJ.fl::~:ltJ:::anLLtl'VI1.:Ja~1:: (L3Ja(;l) 'lJv.:J-U11H 

YlflI1~3JlJ.n.:JL"EJLnU~1eJ~1.:J3J1f\l1mhl.fI€1111V1'IJ11 (3 UVlG;.:JLTi1::\Jfln) LL,,::81L.f1eJL'II1REl (2 1J.~~~LYl1::'I.I/;ln) t'IJ~~Vl1"LYI'II1mru.~ 	 v 'U 'U 

;)1n~1eJV1~-U11~~aeJ~ehLfleJ~3J1ru"llv.:!eI11V1eJ3J 2-AP iin1~LU~UtJLL\J/;l.:Jhl'VIn-d1':!eJ1tJ'IItN-U11L(;lu'li1.:J81tJ~iiu1::3J1ru&11~ 
VleJ3J&1::a3J3J1n~'1(;lfi8-d1':!eJ1~ 141'U \J~3J1ru 620 ng/g f\l1nLLVI~.:J\J\1n-U11~ l1tJa1L.f1mhl-ttJ11 (~111.:!Vi 1.) 1I1lml1mJ"m~ 
'VI(;JaeJ~"il::L~'lJ1~11LLtJ1L,j3Jm~L\J~EJ'UbL\J".:J~3J1ru"lleJ.:Ji'l1':iVl83J 2-AP iilJ.'lJ11U3Jmmn;i~.:!n'IJ1'U 3 IJ.VI~.:Jt'Vn::\Jan'll8.:!a1bfl8 

'II 

:: 	 '.1 cI • . ., (cI d 'l .r;! ... ~.x "" tJ1V1tJ11 LLa::;)1nLLVla.:JL'vn::uan'VI 1 "IJ8.:JeJ1L.f1aL"IJ1fleJ ~1':i1.:J'VI 1. Lm:: \P11':i1.:J'VI 2.) Ll'1tJu~3J1ru~1':iVleJ3J3Jfl1·nYl3J'II'U?f.:!a\11L3JeJ .. 	 v • 
eJ1EJ1~ 14 1'IJVla.:J,nn,r'U\fl3J1rua(;la.:Jf\l'IJ~1i'1"1tJ-U1~-U1188MleJn (eJ1tJ 82 1'IJ) LLfI::~3J1rui'l11V1eJ3JnaUL~3J~'IJt 'IJ-U1.:J-U11i'1n 

LLtl~1.:Ji'I~~:: IJ.~IJ.'U11-u3J"IJeJ.:Jm~b\J~tJtJLL'I.I~N~eJ.:Jm3J1Wa1~Vl83J1'UUVI~.:JbYl1::u~nvi 2 "IIeJ.:J81L.f18b"111ReJiiu'lJ11,j3JIJ.\P1n~Wil~n 
LLVlfi.:JL'W1::\Jan~.:J 4 UVlfi.:J 1\11~\J;1J1M111V1eJ1J"IJa.:JIJ.Vlg;.:JL'W1::tlan~ 2 "IJ8.:J811..flm'!J1;)eJii'l.l;3J1ru~11V1eJ3J~~elI1lL~a-U11el1EJ1~ 

" 	 'U 'U " " 

641'IJ~~LtI'IJ-U1~~-U11n1a.:J,r.:JVl8.:J Lbgj::m3J1W1ll1':iVleJ1J~1'1~el~"I.'U'li1.:JeJ1~ 71'U ~:::L~'lJl~11\J~3J1ru~1lVlv3J"IJ8.:J-u111i'W'Y1 
~3J Lbn~~bi\\J~1nIJ.Via.:! \,'W'l~'I.I~nviU\P1 n~1~n'Uii'l.l~3J1ruel1'lVleJ3Jvi LbVl n~1~n'lJ ua::iiLb'U'lL-UlJ'tIel·un~b'I.l~V'lJbL'I.Ia~'tIeJ~'I.I~3J1ru~ 
LLVln~1~n'IJt'U\J1.:JIJ.Vlfi.:JL'W1::\Jan 1'lJn':iruPifl'l!J'1-U11~1EJ,"'IJ~ Aychade "IIeJ.:J'I.I~::b'Vlf'1eJ~.:Jbf'1e1'WU11 LrlDiin1~\Jan'!j11e11EJi'IJij;l

'U" 	 " 't 

"I cI... " " .. cI '" • 'I ". I" "'" ~.: • OJ'. I .. 'l "" '" " 
b'l..leI.fl11::'VIlIfl113JL"113J'tItJ"IJeJ.:J Lna eJ'VIlJ.\P1 nn'IJf\l::'VI1 bVI u13J1ruel11V1el3J"IIel~"II111111VTi'U~'lJLb~nVl1~ntJLu~1EJ LfltJ L1JeJfl113JL'II3J"II'IJ 

'IIEl~Lflii8L~3J~'lJ\J~3J1~11V183J;)~L~3J~'U~1lJl\JJbtJ f\l1n 592 Ilg/Kg LtI'U 733-998 Ilg/K) (Poonlaphdecha et ai, 2012) 

Lbgj::t 'Umru-u11V1eJ3Jfleln3J::~ 1 05 ~.:JLt1'U-U11~iiLLVlG;~1.'W1z'l.l~nn1::;')1EJa~~1'1.1~::L'VIf'11'VIti LL~U~L 1ruvlvi1 t~<i111V1a1J~eJn1J::i; 
.... 1.. d...·.1 'I .f .J. '" 'I" 1 .. . "I .f .J • 

105 3Ju~3J1ru1ll11V1eJ3J~.:J'VI'lfifleJLbVla.:JLYn:: u~n b'IJ'W'IJ'VI 'V.!~fla1':ieJ~ LVI fltJ Yoshihashi et al, 2004 aii\J1a11 b'IJb"II~'W'U'VI'V.!~ 

na1.;'8.:Jt~ii\J;3J1Wfl113J~'IJ~1 lJ.a::iiflru.fl1'W"IJeJ~~'lJm.ut'Um1L'W1::\J'8fl~1~.:Jti1;')::LiJ'IJ\Jf\l~V~1''ht~m1J1ruel1':iVleJ3Ji.Hfl11
" • \i 	 \I 

U;L1ru~'lJviiifl113J~'IJ~.:J ua::ii~ru.fl1'W"lJeJ.:J~'Uvi~n11 ~~f\l1nbVl'le.la;l'Vhl~eJG\J1vl~ii.:Jf'l113JLb~n~1~n'IJ'!Ja.:J\J;3J1ru~1~VlEl1J 
'IIeJ.:J-u111i'Wty1~3J LLn.:J~LnU1J1f\l1nLLVlfi.:JL'W1::\J~nviLLVI n~ 1':!~.:Jiilll.fl11::1J.1(;lael3J viu~ n~1.:Jn'IJ LLa ::~ru.fl1Y1"lJ8~~'IJ"IJiJ.:JLbMa:: 

UVla.:JL'W1::'I.I~nnLbVln~1.:Jn'IJ~1tJ'v'ht ~ijm3J1ruel11V183JvluVln~1~n'U1'1.1 ua:: t 'lJmru LLVla~L'Vn::'I.I~nvi 2 "lJ 8.:J 81bflElL'II1;)aviii 

LL'lJ11-U3J"IIeJ.:J'I.I;3J1ruel1~VlD3J LLVln~1~;')1n IJ.Vla.:J L'W1::\Jan~'Ua1;')bi1a.:J3J1lil1 n1'lJLL~/;lz'li1.:Ja1tJ'IIEl~<i111ttJlJ.Vlci~L'W1~'I.Iaflm~i'U 
'II 	 • v 

m3J1ruJ1LL\P1n~1.:J;)1mLVla.:JL'W1::'I.Ian~1JUa::;')1n.:J1'IJ1~tI"IIa.:J Yoshihashi et ai, 20041~LbtJ::'11111t'U'li1~~-u11n1a.:jaeJfll1leJn
v 

LLa::LiJ'I..Il.3Jal1l~eJ-U11"111I'1J1'il::v'ht~m3J1W1II1~VleJ3JL~3J~'U 
m3J1ru GABA 'IIeJ.:J-U111iTi,"1~3JlJ.fI.:Jvibilu3J1"il1net8~uVlfi.:jL'W1::'I.I~nfiiJ f\l1nLLVlcl.:JL'W1::'I.I~ntl1LfI aJ1V1'U11 U/;l:: 

tl1L.f1ElL"II1;)eJ'W\J11iif'i1LLVlnM1.:Jn'IJ LL~iif'i1tn~L;iv.:JntJl~vm1l1ru·lrn.:J GABA \'I.:J'1~1~"il1nlJ.Vla.:JL'W1:::\J\1n~ 5 '1JeJ.:J81I..f1ElL"IJ1Ra 

ilf'i1L'Vhnu 54.10 ± 0.61 mg/l00g (Vl1~1.:JvI 3.) m3J1ru GABA ~lJ.l1If1~1.:Jn'U1'ULI.~a::LLVlg;~L'W1zu~n~1lJ11f:IeJG\J1tJ1m'IJ 
vi1'Uel.:JL~mnUm3J1rui'l1lVleJ3JLfl~-U11vi\JanLtJUVla.:Jb'W1::'I.IMviU\P1 fI~1~n'IJiilll.fl1'lZIJ.1flaeJ3Jvlul1In~1~n'U lJ.a~iif'lru.fl1'W"IJa.:J .. v 	 , 

~'lJvibbl'ln~1.:jnm'htvrtR3J1ru'f./a.:J1II1'j GABA I.Ll'ln~1~n'IJ lflfJl'1..1,n'IJ1~EJ"!leN Poonlaphdecha et al, 2012 'WU11L~eJ'I.I~n<i111 
Aychade l'UlII.fl11::~iif'l113JL-u3J-u'U"IIa.:JLflflelLb~nl'h~n'IJ~11tvriim1~::i'l3J'1Jel.:J1II1' GABA t'Ub1J~~'f./el.:J-U11~1tJitJ~;lbL~flM1.:Jn'U 
1'1.1~1V 

LiieJ'\11L1J~~-U111i'Wty1~3JUfI~1t1~htJm:::\J1'IJn1~tl1v-s.:JaLLn3J3J1 1J.~1'U11t1V11\J~3J1W"'1~VleJ1J 2-AP Lb/;l::tI;l.l1ru 

GABA 'IIeJ.:J-U11vi~1'1..1 uazlll~1'Um~u1'Un1~tl1v-s~aLLn3J3J1'Wu11 \J;3J1rua11V1a3JL~1J,y'IJ'V.!nm3J1rufl111JL-U3J-U'IJ"lJEl.:Jr~a 
LLflll3J1 U~\J~3J1W'lla~ GABA n\Jiif'i1afla~ L~mViEJ'Un'U<i111vi'l.~vh'l..lfl'j::U11JflTmltJ1~ftLbn3J1I1 (l'l1':i1~v1 5.) lflEJYI'U';h~ 
~3J1Wr~ab'Vhnu 20 Gy tvrm3J1ru~11V1eJ3J~~~flfie:J 10,160 ng/g ~.:J\'I.:Jn11I.3Ja\11"IJa.:J-U11vtw~1'Um::\J1tJm'jtl1tJi'.:JalJ.n3J3J1 
. 23 wh el1~VleJ3J 2-AP Qflt'l.;'1.:Je,h'IJ1!l polyamine lfltJiimfl8::ii1'IJ proline biJ'Uel11,r~~'U Ll1ltl GAbald lil~iim1b\J~tI'lJl'1..1 
ela.:JVif'1'V11~fiaL~8be'lJl'l1l1 Badh2 'Vi1.:j1tJl~f\l::b'l.l~tI'lJa1~ GAbald LtJtJ GABA LLI1I1.'IJ'f./ruzL;itl1n'Utl1mruviL~'lJl'11l1 Badh2 

vi1.:J1tJ13J'1~ GAbald ;,)::\lm\J~V'ULtJ'lJa1':i 2-AP t'IJvi'1~ lflm~'U1'11l1 Badh2 \!nf'l1Ufl3Jn1lLL"'(;l.:Je:Je:Jn~1tJa'l..l 8adh2 

(Bradbury et ai, 2008 Lba:: Vanavichit uaz Yoshihashi, 2010) "il1f1n~ruv1iim':iL~1J~'IJ'f./e:J~~11V1el3Jl'U-u11v1~1'IJ 

http:LLa::LiJ'I..Il
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m::'lJ'l'Uf11"iQ1tJi'<lalJ.fllI1I1€l1\lL~tl,:j1l1\l1mnflm111Nfltln~;1'UntJ~'U Badh2 ~<lri<lt.Jfl'l'111V1Lil'Ul'tili Badh2 hlf'(1111'ltl'l'11<l1'U 

1~'I'111Vliitl~1l1ruf'(1"iVleJllLvlll;1'U LLa:::1'U'VI1<l~"i<ln'Uif11lLi1mJ~1l1ruf'(1"iVleJllLvlll;1'U1'U1~ L~tJ1ti'U~'Vh1VltJ~lJ1ru GABA fl~fl<l 
,1'ULeJ<l LL[;l"l'Un"iW'tleJ<l GABA ~"Iil",:j,1'ULi1eJL;jmJtitJtJ1111ru'IJeJ<l GABA l'Ui11;j"Wl~~1'Um:::tJ1'Um"iU1tJi'<laLLnlllJ1m"ifilila,:j 
13.i1l1mvhntJm1l1ruf'(1"iVltllJ~L;l1l;1'U eJ1\lL~~N1I1lil1n GABA mfl~'Ul'Um"if'(-!1<l~1E1 L'll'Uf'(1111"iflf'(-!1<l1l11il1f1m:::tJ1'Un'l"i 

decarboxylation "!J~Hm~n~~1iifl (glutamic acid) L~tJ1iLeJ'Ul'til1 cytosolic glutamate decarboxylase (GAD; EC 

4.1.1.15) (Bouche et ai, 2003) 

tJ1111M'I1"iVltlll 2-AP ~<l'l1il1'Ui11Hrlty1~lJl.l.fl<l1~!il1nuVI'cl<lL'vn:::tJ~n~ 1 "lltl,:jej'1L.flaJ1V1'U11LliltJiim:U1ruLyh ntJ 

620 nglg ua:::m:U1ruf'l1'lVleJ:uiim"iLtl~El'UutJfl<l1'U-d1<ln1"iLlil~tyL~tJL~'tIeJ<li11L~HJm1l1ru~<l"lIilYitJLi1eJif11eJ1~1~ 14 l'U 

tJ~1I1ru GABA "!JeNif111~YiqJ1~llUfl<l~LfitJ:UT~1n'VlflUVl~<lLYi1:::tJ~fliim1l1rulflaLfliEl<ln'U LIilEl~<l'l~~LLVI~,:jLYi1:::U~fl~ 5 "!JeJ,:j 

ej'1L.fltlL"ll1~eJiim1l1ruLvi1ntJ 59.7±0.23 mg/l00g lil1f1llJfln1"i~m~m1a1f11"i<ltlfl f111:ULif:uif'U"!Jtl<lLfl~€l ';€lU~:U1ru GABA 

YitJ11L1a1m"i<leJfI~L'mJ1:::f'(1l~YhlV1m1l1ru GABA ~,:j'1lilfieJ 24 .ff1Lm ua:::Li1€lLilJfl11:ULif3J'uu"!JeJ<lLflfleJ~mnn'l"i<leJn 24 

.ff1Lll<l'l'111V1m:U1ru GABA L;l:u;1'U ua:::L;l:Uf'(<lf'(Iil~f111:ULi:uif'U"!JeJ<lLnflmvhn'IJ 180 mM (NaCl) u.i't:::lil1nm"i~mi1t.J""!Jtl,:ji'<l~" . 
LLnlJlJ1';eJtf"i1J1ru'tleJ~f'(11V1£)1l 2-AP LLa:::mmru GABA 'ntJ11'V1nfl11:ULiflJif'U'!JEl~1,:jftu.mJ:U1iillJf'tv'hlt1m:U1M111V1El:U'!J£)<l-il11. 

1~'nty1~:Ul,lmLii:u;1'U LL';'I'111mJ~1I1ru GABA i'tlilfl..:j 

olil9im'llJ'lI1:::mfl 

..:j1'U1IijtJdt~i'tJ f11"if'(ll''IJ'VI'Um''i1IijEl';J1fl '" 1ll' fltJ~VlT':iLfI"i<l flTSf111a,:j L"'~:U f11111ijtJ1'UeJ 1il1l~f)'M1 U.fl :::-nlllJ'U11lVl11'V1CJ1aCJ 

1..ij'CltLVlgl<l'll1W '"1ll'n<l1'Uflru:::f)"i"i1l n1"if111~1il1lflff)'M1U1:::,htJ<ltJtJ"i:::1I1ru 2558 u.a:::lJVl11'V1tnaClt'VIf1t'ULa ~"i1'lllJ.:j l'lacr'l!'4~ 

Lilnft1"ilh"ii" 
... ... .. ... '" ~ ( ) ., .,,, • ..£..1 .... '1,:'1'. .. .1.1.1tJru6fl~ i'tVlVl"iVl'U"ifl'M. 2548. fI'l12JftllWU5"aZ'M'l1{1S{lnu"aznStJLLitZfl1TMSlI 2 -LLil1f"it-l-~""a~"ait LLit:::fI1'iL'uitV'ULLuiH 

"S" ftllUiiL"ft9i""iI{I;;1'l.w'U~"1'l"SnllZfl 105 "a:Vl11<ln1"aLntJ;n\i1. 1'V1E11ilYi'U~lJVl1Uru"~"lVl1it..:jmru 
:UVl11'V1V1aa. 
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