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Design and fabrication of a germinated sesame roaster

OJ ,

'U't1fl~tlf.)

1FlfJtl':i~ff-ltl'UV-l·:nu i~lJii' fiv VV flll1J1Jll€l:: ffr1~1f1~V~~1-l1':Wnll1J1Ji1-llf1J'Uf1111J~ 1 tn€l nf1J ~11Tl~V-l

tl
"cv~ ~ V Clt,Q,I" dill" Q,

':i:; nV1J¥l1lJ ()~mm ~m:;1JVn 111J1JffV~'ll1..ImtJ1'U n~mlJ~ 'U1'U1lJlf'Un'UT1111J':iV'U 1JLff'UN1'UijUtJf1'11-l 38.4 L'lfU lPll1JlPl5

1l€l:;tJ11 35.5 1'lf'U~I1JlPl~ lmri~YH;~~lUT1111JrV'UL~'UilPlllPlV{II1J1JTli1J 'U'Ul~ 1,000 1lPl~ ~1'U1'U 2 If'lV¥l ~¥l~-l~~

~':i -l'li'11J I~Vnu m::1l1tJl'Itl-l.:J1UUV n1l1nii'mtJ1'U ~lP1~-l~::ll m.:J~1~'U ~tl'Y1 5.:J m:;1JVf1l'h1l1nffll~ 'UL€lff'U'Ulfl5 lPl::llm-l
~ ~

" t I" I

0.5 ii'l~L1J~':i 'Il'UlPlV'Ufll':iVV flll1J1J1Tl ~v~ti1.:Jl~V niiyju!1'U1l1f1fll':i'Y1¥l 'IV.:Jti1~1.:JVf1 1'Um::'Y1::',rf1111Jrv'Un V'U 11'1::
• r " • I

'Yilfll~'Y1¥lffV1Jtl':i::ff'Y1~ml'l'UV-llTl~v~ti1.:Jl~Vfll¥ltJYi1l15rulfjf.Uff1JU~11.:J'Y11~flltJ.flll'lll€l::T.fl'll'Ulfll':i'UV-lI1JglP1-l1.:JvnYii~
d ,..!i.~ " JJ" I Q d 0

'If.:Jl'I1J11LmMfl1ff11Jl~()ff~ 1~T111m v'Ui¥l1Jlnf111 100 0'lf 1l€l::ffl1J1HIT111Jfj1J~f.U If 1,) 1J'UV~L1J€l¥l-ll.:Jvn 1'U'Uf.U::mfll5

~1~':i::~mh.:J'l "riifl111Jff~lm1Jvi~ ~1Fl::llnH~1ffl1Jl':i()tli'1JT1111JL~1':iV1Ji~~.:Jll~ 1- 21 ':iV1J~v'UiYi T1111JL~1':iV1J
d OQ.l ~d <l!t I d d ~d d.., Q

'Y1m1Jl::ff1Jffllf51Jfll':iT1111J€lfln~VnTlV 16 ':iV1JFlV'Ul'Y1 mWfll':i'Y1lPlffV1Jfll':ifl111J€llPl~1.:Jvn'Y1':i::¥l1Jt:lf.U'H1,)1J 100°'lf 'W1J

ilN~Flnf.Ucyf~i~~fl'WV~ L1JglPlL~-l 1I€l::iin~'Ul1V1J 'Uvn1l1nii'v.:Jl'I1Jill~ m~1Jl1m1'U fll':i~1 1,r'Ul'U~'U ri -l N'I~Vfll':i€llPl€l~
.z:. 1 d' ~ '" • ~ '" .. '~ ",%,'UV-lT1111J'lI'U fllT1111J'U11 'U'UW::'Y1fllf1111JL1J'U fflllPl.:J (a-value) fllT1111JL1J'U ffLlf€lV.:J (b-value) 1l€l::fllfl111JL1J'Uff'UllP11€l

(Browning index) iithi,jltl~tJ'Ulltl€l.:J M1nYi1l1':if.Ultl~1Jlf.Uff1':i GABA 'W1Jiliill'U11W1J€llPl€l~I~VVf.U'Hflm'Ufll':i~1ff.:J
,,~ . "

~ • ~ d A ~ I Q 1 d Q.I":" QJ

'U'Ull€l::n€ll'Ul'U VtJl-ll':ifllP111J1J'U'W'U!1'U'UV.:Jm::1J1'Ufll':iT11l'11J11 tl':i1Jlf.Uffl':i GABA 'UL1J€llPl.:Jl~Vn'H€l.:Jfll':iT11tJ-lfl.:J

~~fl~lL1JglPl.:Jl~i,j~l'U fll':i .:Jvn

;. Predicting

(February):

. , .
00,", 4 QI QI

flTil'lflty: lfl':iV.:JTl1~1.:Jf)n .:Jl.:JVfl ffl':iflllJl fll':iTl1

actions in

he vehicle

cheduling

lUmber of

'od Centre:

. I Scientific

e, (March):

Abstract

This research is to design and fabrication of a germinated sesame rotary roaster which has a capacity of 1 kg.

The roaster is constructed using double wall cylindrical chamber and wrapped with rockwool. The outer dimensions

of the roaster are 38.4 cm diameter and 35.5 cm length. Two 1000 Watt are using for the energy source and installed

opposite of the rotary roaster. In addition, cylindrical material chamber is fabricated by stainless wire mesh of 0.5 mm

diameter. Ideally, the roaster concept was prior estimated using conventional criterion based on pan roasting which is

considering of the physical and nutrition properties of germinated sesame seed. The results are shown that, the roaster

could be heated up over 100°C and the temperature could be also controlled at steady state during roasting process.

The rolling speed could be adjusted at the range of 1-21 rpm. It was noted that the best speed of the roasted germinated
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(eyw ~ : Sesame roasting machine, Germinated sesame seeds, GABA, Roasting

:esame was 16 rpm. Regarding the experiment at 100Ge of the roasting temperature, germinated sesame seeds

>rovided a good quality and flavor. Besides, the moisture content and whiteness values were decreased with roasting

ime increased, while color value (a-value and b-value) and browning index (HI) of germinated sesame seeds were

10 difference. The trend of GABA content of germinated sesame seeds was declined with higher and longer of roasting

emperature and time, respectively. However, the GABA content of the germinated sesame seeds was higher than

.esame seeds without germination.
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1-2 U1::flV11f11V (1) "::llflH'lIlJ,Um~fl'j::11VfltY111'j1J

lff~1Vth~~l~Vfl Ifl tlfl11~lJ,1.1111 lJ~vu 114V';l tli lJ flU.
fl"11111V'W~fl~16 fh~1::1111.:1fl":ifi1 (2) 1111~~'W~.:I~llJ

BI = [100{x-0.31)]
0.17

. __~(a_+_l_._7S_L...;.)__
1f1tlii X =

(S.64SL+a-3.012b)

(I)



.c::. i .c::..c::.
t6 fl1':illf1':i1::"''YIl~tHl~

11m l::li'.utl1,ltll'fHJ'l;ru':i um1Jfltl1J~1191tl{ ~

i::f1UfI111JI191n~1~'YIl.:Jl.Yi1~ 95% (One-way analysis of

lariance (ANOVA)) I1tl::-.1101':ilmfJUI'¥ifJuTi1m~mll1J

rn'\Jtl.:J Duncan New's Multiple Range Test (DMRT)

"" .. ~H'fll~'YIYltlt).;jAm~1m"HU
•• " • 9J

Ifl~tl.:JftlnH)fluI1l'\.JlfI~tl.:J91'\.JUUU'YI'flfftlU'IJ'\.J1'fl

~fl~tlV flUUUlJ1l~V'1~tiu~91 ff1'11 m ':i1J'l'\.J f1~11~V 'U~ij

l~.:JOlHlil9l1.h::1Jll.U 1000 fl~1J '\Jtl.:JllJ~'fl.:J1.:JVnl.Y'fl~V

f.:J'l'U Ol':ik1 f1.:J,!'\.J O1':i 'YI'flI.YVUU':i::~'YI~ fll'Vl'\Jtl.:Jlfl~ tl.:J

11J n 0-.11'~1'fl fJf1l':i Vi 1)1 ':i l.U 1TJ l.UillYl'IJtl.:JNill'ltlw en
"" "Q.f ~ 9J .:A Q.I I d "

l.:Jtln'YI 'fl'l1tl~ nlHl1'fll fJlfl':i tl.:J'fl.:J ntl1l 'll'.:Jim·ltlnl':i

3.1 Nl:Ifil':i'J1Vltn)UN1:l~.nW'l1.nU)fl,.,li'~m':ikli'Um::'J1:::
~ '1 QIIV "do

f1lHl1.:JNtlfl '\.Jm::'YI:: 1J1I91tlU':i::I.Y.:JfllYltl'l11

I.Ym1::~ m1J1::ff1J'1'\.J flWU 1'lUtltl fillUUlfl~ tl.:Jk1.:J1.:JV fl
QJ .d. ,d

Utl::l1ff'fl.:JfHlfil':i'YI'fltltl.:J'fl.:J1911':i1.:J'YI I YlU11l1Jtl'fl~Htln

d I "d d' J A t c:.. d <Q

1JfI11Utl Wlf'U 91 f1111J "If'U tl\Pi MI1J tl N1 'U fl 1'j f11 'YI ~ l.U 'l1 JJ 1J. . .
I d c:l <Q Q.I I I

I1tl:::lltl1f11.:J'l 'If.:J'J1 ~l.U 'l1fJ1Jfil':i m\1.:Jff .:JfoItll'l tlO1':i tl\Pitl.:J
1 ~ Q.I ., ~

'\Jtl~f1111J'li'U [13] I1tl:::~lfl1l11'l':i~1'UfoItl91ill.U"lN1fl1

\Pl11JI1UU 1Jf-I'li. ~1~~1'Un1'jk111~lm':iiim11J~'\.J'lliln'\.J
" . .

5%wb. f1.:JU'U fil':iri1~1.:Jtlfl'l1tll.U'l1il1Jff.:Jn"h 100°'ll'
• 'U 'U

'U11Jfl-J1 25 'U 1'l1ff11Jl':i Otl\PiTi1IUtl{lci'\.J\,lf1111J~'U'l'fi1'U
, 'l~ d <Q ~

'lf1.:J ]-5%wb. \Pi hJ'lJl.U:::'Yl~l.U'l11J1Jfll':im 70°'ll' 11m

fil':ik1'l'U'lh~ 25-30 '\.J1'l1 f11ml1J~'\.JV.:J\1.:Jn-J1Ti11J1191':i

~ 1'\.J 'U tl n ill 0rltltu 'l1 il 1J11tl::: 11 tl1'1'\.J fll ':ik1 V.:J ri.:J foItl~ tl
.. • 'U

fil':i Iu~ fJ'Ul1 Utl~f11f1111J 'Il11 (L-value) Utl::Ti 1ff'\fV~

11J~91.:J1'lVfl (a-value, b-value) 1\PiUYlU11 f11f1111J'U11'UV.:J

11J~91'l1'ltlflk1~~tu11fJ1J 70°'ll' lltl1 25-30 'U1'l1 'l,rTi1~1

rI'fl'l'\.J'lf1.:J 24-26 I1tl:::'llill91 fl~l'l'Yll'lffii~ (P>0.05) 1'lf'\.J

l~u1tiUf11ml1J'U11'l1fll':iri1~tu11fJ1J 100°'ll' 11m 25-30

'U1'l1 YlU11'l,jUl91flI'11'l'Yll.:Jffii~ (P>0.05) l'li'Uti'U mh.:J'l':i

f119111Jlrlmm fJUl'l1U'

.:J1'ltlflf1V'\.Jrl1 YlU-J
.,A Q I

lLtl:: 1'IJ tlYl il1':i W1fl-

'YI1.:Jl.Yi1~,jYlUm1'

11~.:Jk1 mh'l'hnf11

ijU'\.J1LU'IJl~'IJ~'U
Ytil1':itu1tll Bl (Br

tltu'l1il1Jf)l':irl1 70
• 'U

'l'U'YI1'lffi1~l1n1'l,j

tH111::0l~11

mil (tll~i) \ I

·nillflltlf1

-
25

-

f-

30
f--

'" .abc nml':i'YIlLl91fW

DMRT(mean±

3.2 Nl:Ifil'i'Ylm

'l1"'l~1
~ 0 d

f)'j::'Y1 ~ '\.J 1111'1:

f1.:J'iU~ 1 IW~

1'\.Jfl1':iihn~t

~1'ULfl'liU10'

f)l':i'YI'flffVUlf

YlU11 fl1':irl1
..,;. gI .d

1':i'IJI91'U'YI 300
d

fl11'IJ1':i1':itll



~1'I1lJlrlm'l.!'5 CJlJrnCJlJrl1f111:lJ'1J11'IJ V'l-:ll'l Vf)'I1 ~-:I~1 lW:;

-:l1~Vfltivu~1 l'llJ11fll'j~1-:11ri -:I~I'I1,rfilfl11:lJ'II111'1~(;l'l

1ll'l::lrlvvhmf.U1rl1f111:lJlilU ~lIfl~ (a-value) tilJ 111'1..1

'YI1~ ffil~11'filJfl11:IJ1l1'I fl~ 1-:1 (P>0.05) 'IIV-:I n~-:ltivUll(;l::

'I1~-:I~1 VV1-:1'b~1'I1:IJrl1 b-value 'I11Vrl1f111:IJlillJ ~lt1iiV-:I

iJlllJ 11,r:lJl'~lJ ~lJld Vl~:lJ 11(;l111 (;l:: VW '1111 inu fll'j ~1. ..
.yj1)1'jW1rl1 BI (Browning index) iJrl11U'lf1-:1 175-184 ~

~f.U'I1JJiifll'j~170-100°'])' lillJmn 25-30 lJ1li ~-:I'YilJ11

1lJ'YIl-:lffil~lli;11il111l'lfl~1'lfllJ(P>0.05) JUflVfJW'I1t;lii .

~1 '*'Y1 ~ ffVlJ fl1'j ~1 '111 II \91 fl ~ 1-:1 fl lJ m flUflll C1 ::l1m'lJ

fl1'j ~1'111'1..1 llJ:lJ1 fl1)lJ ti viMinI'! fll'j l'l.!~1JlJll'l.! ,,-:I ~'IJ V-:I

1:lJ~~m'lVn:lJ1flJlJW-:l VV1-:l'b ~\911lJfl11~1~Vtu'l111iJff-:l. .. ..
~91ld d d'" 'lf d

(130 0'])') l'I1f11ff'IJV-:lI:IJ(;l~-:ll-:lVfl'YIflVU'lJ1'1f1m Im::llJI'I~

-:Ill~:lJiJ fl~ lJ!'I1~ uimi' 'fi'l J lJ~Vw'I1lliJci~ -:li~ !'11m::. ..
ff I'll f lJ fl'j::lJ 1lJ fll 'j~1-:1 1'1 Vfl ~ -:I fll 'j l'l.!~ (llJll'll (;l'lrl liY

'IfV'lI:lJ ~fl-:l 1'11~ 'l1) 1 flfll'j~1JlJlnl'l1)l fl'l.!~n~(11 fll'j In \91~
y

U11'11" 11l1::fll'jUV(lff"l(1'\JV-:ll'JV ff1l'J~.yj1'l1lJl:IJ~1'!'l11ilu

ff1f1ty[14]

abc ~flll 'j~ 1l\91 fl~ 1-:1 fllJ'lufl tl~:IJ1.rl~ (11 flU iJ f111:IJ 11111 flvl1-:1 flU Vv1,:!ii,:rVff1rltyt'l'Yll'l ftil~ (P<0.05) lrlm'l.!'5 tllJlli tllJIf! tI

DMRT (mean± SD)

::, V 31 I d Q,I

lJlJl'11 ~I'I fll'j'YI1'l ffVlJlllJ11lJ :lJl'll'lJl~V1fllJ fll'jrr~ IYViJ

fll'j~11lJf))::Y1::Jufltl rllfl11:IJ'lJ11(;l1'l"'1V~1U'lf1'l16-. .
21 lijmlitllJfliJ'll-:1Vflff~1flVUf11(34.07±1.l6) 11l1::V'liJ

lllJ11,r:IJI'I\9I(;l-:l [15,16] :lJ1flfll1fll'j~11lJfl'j::'t1::~'l;i

d QI~dl I

b-value 'IJ V-:I 1:IJ"~ 'l1-:1 Vfl'l1(;l-:lfl1:lJfl1" 1'1 1'1-:1 II" ::UVl fW11-:l

'YI1'1ffil~ (P<0.05) nlJl:IJ~1'I'I1-:1VflflVlJ~1VU1'l'h~fl1:IJ

IriV.yj1)1'jf.U1rllfl11:1J1il'WiYJ'Wl11.'l (Browning index) 'I1~tl

. . .
.:!:l. IV d .0::9 &!i -=0 1

IlJ V-:I:IJ11)lfll1mfll'j fl1'Y1Ul'W 'lJU I:IJV'Yi 1)1'j W1m a-value

II":: rl 1 b-value l'llJ 11'h.H:ifl11lJ 1111l fl ~ l'l fllJ 'Yll-:l ff il~

(P>0.05) IdVl'll~VlJlli (llJ~ffm1:: fll'j~1~1'l'l 1I~fi1

. ,
... OJ

3.2 N£1fll":i'flVlll'el1JlfI'HI~m~1~30

'11 ~'11) 1fl fll'j 't1~ IYtllJ fll'j~1-:11-:1 Vfl1'1..1 fl'j:'YI:: 1)'1..1
~ 0 d jI dI ~

f)) :'YI-:1 lJ1:lJ1,]), -:I fll 'j tl VfllllJ lJII11:: ff'j I'llfI 'j tl-:lfl1-:1 1-:1 Vfl

'fi'l~'ll~ 1 II":: 2 'jl:IJ~'li~.yhfll'j'YIl'lfftl'lJ'l.!'j::ihl~ml'l

llJ fll'j ~l-:11'l VmY;V'l,ft~~~flfiw CY)-:I 1-:1 Vfl~ iJl'JW ml'l~-:I

~1lJl.n 'Il'U1fll'j11I1::1'JWff:IJU~'YI1-:1 fll1Jll1l'l~-:Ii~11 '111'~lJ

fll'j'YI~IYVlJlfl~tl'l~l-:11'lVfl'fi'l~'l.!~ 3 1)1 fl f.l(;l f)1'j'YI1'! ffVlJ

'Yi'lJl1 fll'j~1-:11'lVfl~VW'l1.niJ 1000'])' 'l.!~:lJ1f.U'I1'lVflffl'!. ..
1~:IJ~lJ~ 300 1m:: 600 flflJ I1m'llJfll'j~l 50-60 u1li ~

f111lJl~11V'lJllJflnmfl.J'lJV-:I()'l~112-16 'jVlJ~VlJ1li

tilil
.

fffll1::mHll'lfffllJ f1111J;'iU

11111 (ulii) flW'l1lJii ('ll) L a b BI %wb.

~1'l1~lUfllHfJn 29.20"' ±0.35 7.50'" ±O.36 8.23' ±O.15 167.72"' ±2.03 6.95' ±0.15

34.07' ±1.16 5.80' ±O.35 10.07'" ±0.40 166.41' ±0.59 44.86' ±OJ5

70 24.43
d

±l.99 7.47" ±1.70 8.50' ±1.56 183.82" ±9.53 8.11'±O.19

25 100 27.27",d ±1.l8 7.47'" ±O.71 8.47' ±O.87 174.47"' ±5.06 4J2 d ±O.71

130 30.53' ±1.36 9.10' ±1.83 12.I3'±1.07 195.25' ±6.38 2.85' ±O.03

70 25.83 <d ±3.35 7.80'" ±2.29 9.13' ±2.60 184.37 ,. ±15.78 5.14 d±O.67

30 100 27.90"' ±2.38 8.13 ,. ±1.l9 9.80" ±1.91 183.96" ±9.96 3.26' ±O.II

130 29.60' ±1.22 8.40" ±1.04 10.37'" ±1.78 183.66'" ±11.26 1.35 r ±O.OI

.;
rr

0'])' 111'11

.1l.t01:rr:
• tI ~
~ fltl°W '111

~th:mvn
<l
"'l~n:HJfl

d ...

mJw'I1JJ:IJ

01'Hl~M

.. ~

W"Y1~1f11

~lJi111fhJ
1 100°'])'

,4Ui"'lJ

,
Fl1

Y'lffM1V

~lihltl'l

'lJl1'1JV'l

1Mfh~l

)5) l'lfU

1 25-30

V(h~h



fila .1
fffll1::m1'Y1~fftl1J t1111J'lflJ

,hm!fHHtln
d b BI (%wb.)fl111Jln1tl1J mn L a

(ni'1J) (1tl1J~tllJlyi) (lJ1Yi)

~1~ tlnff~ritllJfi'1 34.07 ±1.l6 5.80 ±O.35 10.07 ±O.40 167.72 ±2.03 44.75 ±0.95

50 17.90'±1.44 4.23'±O.60 5.53 b±O.42 172.69 a±4.94 2.87
d
±O.52

12
19.13b<±O.86 4.53b<±O.58 5.53 b±0.4260 168.93 a±7.59 1.58 '±0.11

50 18.87b<±1.66 4.90b<±0.30 5.80
b
±1.67 I75.94

a
±27.68 2.23 d<±O.ll

16
21.00 b±1.I 5 5.23

ab
±O.47 6.70

b
±0.50 175.27 a±3.4960 1.45

e
±0.06

50 18.50 '±1.48 4.77b<±0.47 5.50
b
±1.l0 172.46

a
±18.08 9.25 b±0.36

12
4.67b<±0.30 6.90 b±1.9560 19.47b<±1.20 185.32

a
±30.04 4.62'±0.06

600
20.20b<±1.05 4.93b<±O.l5 5.93 b±1.06 9.29

b
±0.5650 170.23

a
±13.33

16
5.27b<±O.55 6.40

b
±O.7860 19.07'±1.25 173.l1

a
±24.26 4.97'±O.56

be trOf! 'S~ll fl n~ 1-:JnUilJfl tJ~lJ ,rl~ 61flU iifl111JUfl 0~1'l fllJ tJVHii il'mhtity~'1'YI1'1ffii~(P<O.05) lrlm ill6'lJljj6'lJifl fJ

)MRT (mean± SD)

fi 1iYi~ 6'j1 1J 'l'i 'lJ 11ili11~ ff tl11:: n 1'j 'YI fl fftJ 'lJ iflili 'l'i 'lJ

f1111JU91mh-:J'YIl'lffii~ (P>0.05) 'j::1I11'1.:m6nnm.Jfi'1

llt'!::'11'1tJn11~-:J~1 utJml1niffi111'l.h~iifl111H'htityli'Ju

6V1'1~-:JfitJ fl1lUtJ11~U~m1lJ~U'l'i'lJ'hf)l'j~1'11'1tJn~
" ~ ~

U11J1Unj111il'n 600 ni'lJ il'ufi11UtJ11~U;i'fI11lJ;1UlI~-:J

f)l'j~1tJ~iU'Jf1-:JU'j::lJ1W5-9%wb. ~'1,,!-:Jn11fi1lJ1f1'j!lU
" .

1l~1I1nt'!flUilJ1WU111il'nt'!-:Jli 300 ni'lJ 'l'i'lJ11fil
.? ., Acs,J I ~~.a

\utJ'j fl11lJ'lfUlJi'llfl1n11 5%wb. 'YI-:JUllW'IlJ11l1n
t .:, do J d

~::1I11'1n 1'j fl1lJ f)l 'j 'j::'lJ16fl11lJ 'lfU tJtJn 111 f1l1Jt'!91 -:J l-:JtJ n

1J1n~U iif)l'j'l'i il nfi1'lltJ'IllJ~91'l1 i~tJ V1-:J~1~-:J trwdtJ'I
~ . ~

1J11l1n~ujjiU f)l'j 'j::'lJ16lJ1n~U ilitrflllli U 111 mnUlu

(GABA)

1l1nN"f)l'j'YIflfftJ'lJfi'l~U~4 'l'i'lJ11f)lHtJn'll{H
~ I t .4 J

1Jt'!fl-:J1ff'lNt'!9Wf)l'Sl'l'ilJ'lJU'lJ6'1ff1'j GABA 1110 5.85

V'! ri'l Nt'! ~ tJ f11 'j t'! fit'! 'I'll tJ'Ifl 11UtJ11~U;i'f111lJ ~U~16

I QI ~" J
1'b'U nu [I5] 1l1n f)l'j'YI~ ff6'lJ f)l Hl1'11'1 tJ n91161m 6'1

'i" I ~i ~~J'l'i'lJ111l:: 'lf11t11U1Un11f)lHl1 um::'YI:: mU1UtJ-:JlJ1

111 n n n ~1 iu m:: 1'l::,1U llJ ~fl'llnlJ Nffifl691 'I 'I fl'lJ r:h
'1

fJJ "'.c! t i'" "m ::'YI:: 11fl11lJ 'I tJU 11'1 ff'l Nt'! 11 f11'H1l6ll'l fl111J'S 6 U

<Q J I did':" i "4 d
lf1fl'IJUtJ61'1nfll'j1 U'lJw::'YIf)l'Im fl6'1'l11mV-:J 11Jt'!91'l1

'llii~nlJNfflfl691Hfl'lJU11~'1'l'i~'1'11Um1lJftJu ri'lN"~tJ
.c::r. CIt. I QI .c! i" J 4

U'S::ffl'l1ifll'l'if)lHI161'YI'l'it'!'1'11U M 'b'11t'!llJ1U'lJU1YW

i ~" J d d ... ~
11191 m llJ 'l1lJUt'!::fJ WfIl'l'i 'IJ tJ'IllJ t'! fl'lllJ 'YI1'YI1ll'l6lJ nlJ

[17] tJV1-:J'l'S~911lJtJ11l1nfl.,j'tJ'l'in'l'i'itJ-:J~ui~lJri1U 'IltJ-:J

fl1fl 11lJ'll11'IJtJ-:JUJ~fI'I1'1tJ nii 11U 1 iU1JMIt'!'1tJV1'11M U

'l "~fI'lffl

llJlJ 47.27 u"iioi'lJIlOO oi'lJ 'IJtJ'IllJ~fI'IlritJ'U'ItJOU"::
QI OOl.J ~l oQ,i",a

lIM'ItJOflllJt11f1'lJ 9l'lff1'j GABA IlJUmfltJ::lJ lJl'lN"91

1l1nm::'lJ1Uf)l'j decarboxylation 'lltJ'ImflO\l911UO [1]

ffnGABA l'i111U1~1i'J'Uff1'j~6U1U'j::ff1'Y1lfl61l::l'i1

" .d OJ

lIlJ1m nf!lfflJfj

l'i liMfflJ tJ -:J In fI f

m1lJ~lJim191 11
QI • .d

t'!f1tJ91'j1f)l'jlffO·

'li16f11'lJfJlJtJ1f11

ff1'j GABA 1J01
.:, d

f)lHl1 'I 1'1 tJ nll'l

f)l'S~1'11'ltJniu

~1'1'l fi-:Jllff'Mi

n"lU1U (130 (

GABA tJlh'ln

'li~llJf)l'j 'ItJ 0

100 0 91) 'l'i'lJ11ll

GABA ll~a'lfl-:J

'11'ltJnntJuti1

U tJn1l11
~

d ~

llJt'!fl'll'ltJO 'YI'

U'S lOUi'U1.U~

l'!1nn1l1'IW11

~" d
f)l'jfl1f110lm

'lJlli 'l'i'lJ11fl 'I I

flm1'1tJt1fltJU'

1Jl0011f11Hl1

'll6'1W1

'" ~l'lffU1Jff~U'I'J

~lliJu im'l'll

fIlfll'l111fl1f

1'Y101~ml'lfll

lfl~6'1ijtJ 'QUf



rtGl,.m~U~::t'!l1 t_~I~~m ~GM.uh~L~~m.v16~~L~Il.M.

lbo001 rtlHl.mBIl.~::tIA.UGt_Lt_l6~rtlll!!Il.G.LH~lA.tLU::lm
b ~ F' p ':"

IA.LItG16Il.Qt 91 Ql!! UQt_Lt_l6~rt1WtLUll.tHL.LUt~::LrtHl
~, Ji7 p,:" 11)0

IA.Il.QtttlrtLtl!! IA.Lt1.G16Il.Qt lZ; -1 1611t_l6~tIl.Qtttj
F' 1=' S:O. I Z",- P

rtLWIl.£I111tLrtL~t~Hi.m::16t~ ~lart~IL~~rtLW~N

l, t_L ~Il.~::t ~t¥UU L~::mlb 1t1.Uat_Lt_~~ rtll'a lbrsU HmB

rt~ll.tlmtLrtL~::~11Jbo001 LtUULrt~t ItQtrtLtl!!l'Lt~
I t'li ~ t'li t'li

lltLrtL~wt_(nl!!ILtll.M.t_lb ~t lA.uat_Lt'~l1rtlt_GlbUULItJblJl
':' If I 'P't'liIJlf' P

::111lM.LlJflLUt_LIA.t_1t~Ltrtmm!.L&~fl~l UQl'Lt_t~t-G~l!!1
" . ,

t_GfI,M.LlJ ~1A.~::t I1Il.G~~lA.tLUL~::111l ::IA.::W IttUGl'Ll'

t ~t_ G~~ IA.tL UUL ~M.L KM.~ ~ll.ll.llU GQ tLU M.G 16 Itl,Iofll61. " "
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