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Value augmentation to sesame sprouts through production method improvement and roast process
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i'll-JrlumnJl-J 20-22 .ff''ltl-J'l~'ilru'l-lJJijL~l-J Lc;)mlliEJULYiEJUeJ~m:lL1J~EJ'ULL1J~'lf'1ru111'Y'l'IJ'1l'l'lI'l'!ln~lMu-llhJc.h'U
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ml-Jlru~l:1GABA 'Y'lU~IL1J'1lfL~'U~mN'!ln~~~'lL~'!lLL'll-lll'U,f'~~ri'f')')Il-JLtJ'Um~~'l(pH 4) 'I-IlnLLr;i~LL'U'lLiJl-J

L~l-J;;-'WL~'ilLL'llLl-J~C;)'lll'W,f,(pH 4 LL~:: 6) i'll-Jrlum:lUl-J LL~::lilri'~'ln~lmrun1:1LL'llLl-J~C;)'lll'W,f'LY;EJ'l.ff'W~'1l'WL~tJ'l

L~£Jlilml-Jlru~l:1 GABA ~'l~~ 47.27 ij~~nfl-J/100 n~l-J ~M''l::LL'llLl-J~~'lll'W,f,2 .ff''lLl-J'li'll-Jrlum:lUl-J 22.ff''lLl-J-l
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ABSTRACT
The germination of cereal was causing changes in the biochemical by starting at

increase water content and to improve nutritional value. A product of seed germination,
sesame sprout is of special interest due to its use as a raw material or ingredient in various
food products. Even roasted sesame seeds are consumed as a snack. This research was
undertaken to study changes in the physicochemical properties of sesame seeds during
germination at different conditions with the aim to create greater value to the sesame seed
product. In the experiments, black and red sesame sprouts of local variety were tested by
soaking in 4-6 pH-controlled water at room temperature (27±2°C) for 24 hours and condition
of soaking for 2-4 hrs combined with incubation at the same temperature for 20-22 hours.
The physicochemical properties of sesame sprouts and sesame (original) were subsequently
compared. The results indicated that moisture content rapidly increased during the first 4-6
hrs after soaking and remained relatively constant afterward. However, moisture content of
sesame seeds slightly increased in incubation condition. The percentage of germination was
decreased after soaking ·of sesame seeds at 4 pH controlled water. The condition of soaking of
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sesame seeds combined with incubating produced higher gamma-aminobutyric acid (GABA)
and percentage of germination than that of mere soaking. In addition, soaking of sesame
seeds for 2 hrs combined with incubating for 22 hrs gave the highest GABA content of 47.27
mg/I 00 g. However, the GABA content was reduced to 12.04 mg/1 OOg after roasting at high
temperature (100°C) for 60 min, which was, nevertheless, still higher compared to sesame
(original) under the same condition (5.85 mg/1 OOg). Moreover, sesame sprouts showed
reduction in whiteness, redness and yellowness values (p<0.05) after soaking in comparison
with sesame (original). The study results indicate that, with proper quality control, sesame
sprouts contain more nutrients than sesame (original).
Keywords: Cereal, Sesame seeds, GABA, Soaking, Germination
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L~'1l.,']"l1mu'WV;'ll~iJ~mJm'\'lL'WmnJ~Ii1LL'Cl~m11i1'Cl111l~~ (~1trn.,']1'WLI'\11:tlin"lm1Ln1:tm, 2552) 'W'1ln"l1n;f.,']1tJ.,']LU'WV;'ll. ...
~iJ'lJ'W1I1lL~~I1lL~m.J1mLIii'1lI1l~hJ~'l£.lflruI'i1Yl1.,']u,'ll'W1m1 L-D'W ';jmij'Wu jj1Ii1L'\oI~n 1'1lL'1l~U ~.,']n~~ Yl'1l.,']LLI1l.,'] LLfI'ClL:n£.l~" ,
~'1l~~'il~~hJj;)~L~£.I~ L£.I'1l1'\o111 ~~1Rrut.lhJ1ruLLI'1'ClL~£.I~L'W.,']1iJ~.,']n'h'W~(i.,'] 3 LVl1 L~'ilL'VimJL'Wm~1ru~LVl1n'W

~ .
(Elleuch el aI., 2007) m11j1u,1'1.,']1"l~-D'lEJL'Wm1tJ'il.,']n'WL1f1I'1'ilYi'1ln ihNL~'il11l U1N~'l'\oltr.,'] LL'Cl~U1Nm~t'ln LL~~Yi'W"" ,,~

LU'W~'W 1'l~ii~L'WL~~t'l.,']1iJJ11J'WL1'Jl.l~'l'Wlh~n'ilUlh~~1ru45-50 L1J'ilfL-Dl.lvl (Y;~'I:t{ LL'Cl~ 'il1mmru, 2549; Sirala el...
aI., 2001) ~'lm1"l"l';'Wm~LL~fI'l1~il£.l~L~mnUn11u'1u,fI'51'\o111L~'1l~'lJmYiL~~~1n:n'W '\oI~.,']Ll.l,rl.l ~'1l "~1'ln~'1l.,'].,']'iln", ,

~.,']Ll.lL~~11l~1'ln~'1l.,']~rJ1'Wm~U'll.lm1.,']'1ln"l~~.,']~'ClIii'1lmn1J~EJl.lLL1J'Cl.,']Yl1.,']~'lLAi:! LL'Cl~m1L~~:nl.l'lJ'il.,']~11'51"vm 1'l~(i~

iJ~11~1'W'1l~l;J'Cl~M~ LL'Cl~~~1RC1!mn~~:n'W'lJ'il.,']mI1lLLn~~1'il~m'Wij'lmn (gamma-aminobulyric acid, GABA) ~.,']

"l~-D'l£.lL'Wn11tJ'1l.,']nl.lm1Lnt'lL1f1~~L~.,'] LL'Cl~L1ALU1'\o1'l1'W LU'W~'W (Kawabala el aI., 1999; Komalsuzaki el aI., 2007;

Oh el aI., 2003)

"l1m1EJ.,']1'W';j~£.I~rJ1l.lm'\'l1J11m~U'll.lmN'iln'lJ'il.,']L~~t'lflC1!V;'ll L-Dl.l L~~I1l~'lL'\oI~'il.,'] L~~t'l~1'l~1~ LLf'l~~'l

L~m ~'~11C1-D'lm~~l'lrul'i'Yl'.,']'1l1""1~,n;~'W (Finney, 1978; Chauhan et aI., 2007; Dave et aI., 2008) 1'l~(i.,']L~'il

L~~ I1lflC1!V;'llrJ1l.ln1~U'll.lmN'1) mL~'l tJ.,']~.,'] ~'Cl ~L'WLL~'lJ'il.,'] I'lru'ifn'l:tru~'Ym m W11Yi ~'l m -Dl.lnl.l j;).,'],rl.lL~~ t'l.,']1~.,'] Lu'WV;'ll~n

'llilt'l'l-l~.,']~ti1~'WL"Ll.lmn:mnrJ1l.lm~U'l'WmN'1lm~'1lL~~AruI'i1Yl1.,']'1l1'1-111 LL'Cl~~.,']L~1~Lili:!m1..J111Ju1L.nA~1n:n'W,
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L-Dl.ln'W 'ilti,.,']hnm~",nm1~n'l:t''lJ'1l.,']~';j~EJYiU1, n1111£.1~1l.lr.J'ClLMmnum~U'll.lmN'fln~i:!r.Jf'lPl'1lL~~t'l.,']1,r'WtJ.,']hjiJ

~'il~f'l~i(i\L"'W L(;l£.lL~Yi1~'1lti1.,']~.,']m~U'll.lmNtln~'l)JnUn11rr'l~i:!Pi'flflrumYi'lJ'fl.,']L)J~t'l.,']'L~'ilm1..J111J1J'1U,A,rl.ltJ.,']hi. ,

1Jnn{] Cii.,'],rl.l.,']1'W';j~£.I;f~.,']~'1).,']m1~fij.Jl.l1m~U'll.ln11r.J~1i1r.J~li1nrui.,']1.,']'1)n~'l)Jnum1rr'lL~'1lm1L~)Jl;Jf'l..hr.J'Clr.J~Ii1Yl1.,']

n11Ln'l:t1i11 L(;l £.I I'll t'l",,).,']11L)J~1'1.,']1.,']'1)n~ rJ1l.ln11~'l,r'W" ~tJ~ f'1.,'] fI rul'i1Yl1.,']'il1'1-111'ilti LL 'Cl ~.,']1'W';j~£.I;f"~LU'W~ 'il )Jf'lil.lli1'W
" '\I '\I '"
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.!; CII....' a:
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(n) L)J~t'l.,']1~HLUl.l'llill'l.,']1~1-LLt'l.,']~'WfiLn'l:t1i11il.lLiJ'fl.,']..J1mYi11'l'l1)J~~'il1t'lLl'lmL£.Ini~I'ILr.'i'il1J'W'il'ilnYi~'fl)J, ,

.,f.,']U11"lL~C1.,']Yif'l1~~n'lJ'W11'11J1~)J1ru 1 ntf'ln~~Iii'flC1.,']LLfl~Lnu1~L'W~'flru",.nij~,1J1~)J1ru 4 'fl.,']1'\1L'lIf'lL~m~ L~'fl1'iln11
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S24, S2+IN22 LL~:; S4+IN20 li-iri11'1..l'll'N 12-14 LL~:;1).jLLf;lnlih~rl'l..l1'1..lYl1~~Ci~~1:;~'lJoJtJ~1rlC1J 0.05 Lrimh'l..lmm'll

1'1..l~1~i1n11tJ1'lJR1Fl,)1).JLiJ'I..lm~-r;h~4 LL'i'!:; 6 m).J~1~'lJ Lri~l;"l1CU1R11'l,)1).JLiJ'I..l~LL~~ (a*) Yj'lJ~1M1,):; S24 i~hJ

~1~i1R1Fl,)1).JL\J'I..lml'l-lih~7:;~'lJ 4 LL~:; 61i-iR1Fl,)1).JLiJlJ~LLI'I~'ll')~ 1.3-1.7 ~~LiJ'I..lR1~~1n~1nn11m7LL'lli')).Jrl'lJm7

u).J (S2+IN22, S4+IN20) 'll'fl~i~Ml~1:;~'lJR11'l,)1).JL\JlJml'l-r;i1~LL~I'I~R11'1..l'll')~ 2.03-2.23 ,j'l..l'\.l).J1tJl'l,)1).J~1 ~1~~~~

lii'flm7~~~~'ll'fl~R11'l,)1).JL\J'I..l~LL~~i~lfl~Lnf;l1~"l1nL;j~~ (pigment) ~LtJ~'flm).J~Vl~1L~).JYi"l:;i1~R'fl'l..l~1~1'l:1"llJ~~

~1 L~'fl"j1).J1LL'llllJ~1~~L\J'I..l~').yh~:;~1uYhli-iL;jVl~Qn'll:;~:;~1tJtJ'I..l'fl'flm.n~~).JllJ~1~LL'llL).J~Vl~1~~J'I..l~1 ~~i1~l'li1

~'I..l ~~~~1i-iR11'l,)1).JL\J"lJ~LLI'I~(a*) 'll'fl~L).J~1'I~1f'l~~~ Lri~LYitJ'lJrl'lJ~1~1'I (Seed (original))

"l1n~~m1YlVl~'fl'lJR1 L* LL~:; a* Yj'lJ~1~'flM~~~rl'lJR11'l,)1).JL\J'I..l~L'\.I~~~'ll'fl~L).J~1'I~1L<d'l..lrllJ J'I..l~~ L).J~Vl~1

flVlli-iR11'l,)1).JL\J'I..l~L'\.I~'fl~ (b*) 6.07±0.291'1..l'llcu:;~Lri~L).J~1'I~1eJ1lJmm'll~1~')tJR11'l,)1).JL\JlJm~-r;i1~7:;~'lJ4 LL~:; 6

1'1..l'Ylnfl1n'J:;m1YlVl~'fl'lJYj'lJ~1r11f'l')1).JL\J'I..l~L'\.I~'fl~~~~~ 'flrh~hnm).Jl~Lnf;lYj'lJ~11:;tJ:;mnn1m'llLL~:;m1u).J 1,)l-J~~

r111'l,)1).JLiJ'I..lm~-1ii1~'ll'fl~~1~1:n LL'll i1~Ylfi~~i')).JIii'flm7f'l Cr)fWlJ~~ R1 b* ~~Lri'fl r111'l,)1).J LiJlJmCr)'lJ'fl~~1~H LL'll~~ (pH

4) li-iR1 b* ).J1nn~1'flth~i1oJtJ~1rlC1JYl1~~Ci~(p<0.05) rl'lJR11'l,)1).JLiJ'I..lm~'lJ~~~1~HLL'll~1(pH 6) Lri'fll;"l17CU1

fl1m:;n17YlI'I~~'lJLL'lJ'lJn1m'llL).J~Vl~1 (524) Yj'lJ~11i-iR1Fl'J1).JL\JlJ~L'\.I~'fl~~~~'I..lL~n\J~mri~LYitJ'lJrl'lJmm'lli') l-Jrl'lJn17

Ul-J (S2+IN22, S4+ IN20) i~lf'fl1"lL~'fl~ l-J1"l1mri~n1nL'llL).J~1'I~1~')m:;tJ:;L,)~1~'I..l1lJLLliil).ji1n17LtJ~tJ'I..l~1 Lri'fl

1'l,)1).J;f'l..lL~l-J;flJLL~:;M1,):;L'\.I).J1:;~).J ~~ltJm:;~'I..ln11'';1~1lJ'll'fl~''l~'I..lYl16''l'l..lLiiVltJiimmn11'\.1:Un 'fl1"lL\JlJ~1L'\.If;l'\.l~~~
~ , d.J "

";11i-ir111'l,)1).JL\JlJ~L'\.I~'fl~~~n~1mrun1m'lli')).Jrl'lJn11u).J ~~l).jLiiCr)tJ~mmn1'i''\.I,rrl L~tJl;"l17CU1"l1nn11Vl).Jn~'I..l

lJ~n"l1nlf'\.l1nl;"l11CU1n1ntJ~tJ'I..lLLtJf'l~R1~LVlm')).J"l1n~'IlljR1f'l')1).J'll1,) (Whiteness index) ~'lJ~1~Ylfi~f'l

'll'fl~ m:;'lJ,)'I..ln11Yl ~ ~~'lJm N~ n'lJ ~~ L).JiI ~~1~fl1n'):; 1ii1~11).j~'lJ 1'l')1l-J LLf;l n 1ii1~mh~ i1oJtJ~1 rlC1JYl1~~Ci~ (p>O.05)

'\.I1mLIiii1LLlJ')L\Jl-Jn17L~l-J;f'l..l'lJ'fl~~'Illjr11f'l')1l-J'll1,)'ll'fl~L).J~Vl~1Lri'fln11Yl~~'fl'lJ~M11'):;n1m'll~,)l-Jrl'lJn11U).J ~~LL~~~l'1..l
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Figure 4 Changes in whiteness index of sesame seeds after soaking on various treatments.

ab: letters indicate differences among each treatment (p < 0.05)
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"l1nn17~mt1n11LtJ~UWLLtJ~~R1mI1\LLn).J).J1~:;mlJu')mFl (GABA) 'll'fl~L).J~11\~1~~n Yj'lJ~1'll,)~'i':;tJ:;L,)~1n1'i'

~~n 24 i')L).J~ LLfll'l~~~ Figure 5 n1N~n'll~~L).J~Vl~1~~~~Iii~n1'i'L~).J~'I..l'll~~ GABA 1'1..l'll')~ 32.18-47.27



ijfl~n1w100 n1~ ;~~1nn'i1L~~11l~1~11l (P<0.05) ~i:irh GABA LYi£J-l 5.85 ijfl~n1~/100 n1~ Lyh,J'U LI1l£J1~eJflm1

Y111l~'1l1JL'll'UL~mn1J Liu et al. (2011) Lri'1l';'''l11ru1A,)1~LLlilnuiwlJ'1l-lrh pH 'lI'1l~J1~HLL'llL~f\11l-l1 ( pH 4 LLfl:; 6)

'Yl1J'i1Yi~Jl1,):;n11Y111l~'1lULL1J1J S24. S2+IN22 LLfl:; S4+IN20 L~~"'-l1-ltlni:i";1GABA LLliln~h~n'UYl1~~ii~(p<0.05)

1'U'I'lnmru '1l£h~hiilil1~mnJ1~HLL'llL~~11l-l1i:i";1A,)1~LtJ'Uml1lti'1l'U1 (pH 4) 'Yl1J'i1>1«~n1m'llLtJ'UL,)fl1 24 i,)L~-l1~

I'll GABA ~1n'i1m1LL'll1'UJ1i:iri1A,)1~LtJ'Uml1l~1(pH 6) ~L,)fl1L~mn'U ;-lmru11n«1J~-leJflIilNn'U~1~n1Jm1H

LYll'lilAm1LL'll1')~n1Jmnj~ ,J'U~'1l mm'llL~~11l-l11'UJ1ri1A,)1~LtJ'Uml1lti'1l'U1 (pH 4) LYi£J-l 2-4 i,)L~~ri'1l'UU1hhj~~n

20-22 i,)L~~ n«1J1~ri1~11 GABA ~-ln'l1 mm'llL~~11l-l11'UJ1~i:iri11'l,)1mtJ'Uml1l~1(pH 6) ~L,)fl1L~mn'U i-l11'1l1"l.
L~'1l-l~1"l1nmm'llJ1~i:iri1A,)1~LtJ'Um"'~-l~,)£JL,)fl1~i'U1 "l:;'ll,)£Jn1:;~'Umn11-l1'U'lI'1l-lL~'Ul'l1,r LL'C-1:;Lri'1lU111.hj~;11

1~L~f\11l-l11Mu'1l'1ln:nL"l'Wmnn'i1mm'llJ1LYim'1lU1-lL~m C;\-l,J'U~-l~-leJflui'1l'1ililnn11>11£J1"lLLfl:;m1U'1l£J~11'1l1>111

ui1-l11'WL~~11l LLfl:;i:im1£J'1l£JL1J1~'Ul~ n111l'1l:;m'W L'll'W n~Iil1L~1il ;-lLtJ'U~11i-l~'U~~11'1'1!~1>1¥1Jm1~-lLAn:;", GABA

vi'1l11J (Hemalatha and Prasad. 2003)
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Figure 5 GABA content of sesame seeds on various treatments

ab: letters indicate differences among each treatment (p < 0,05)

'U'1ln"l1n11"l1nm1Y111l~'1l1J£J-l'Yl1J~n'i1Fi1A,)1~Lu'Wn111i-11i1-l(pH) ~u'1l~,f1~1~LL'l!:1CJfl~'1lm~1PJmI1lLLn).J'.n'fl:;

m'Uu')mn i-l11mm'llL~~"'-l11'UJ1~i:iri1A,)1~LtJ'Wml1lti'1l'U1(pH 4) 1~ri1m~1rumI1lLLn~~1'1l:;m'Wu')mm~~:f'U

Lri'1lmm'll'1lu1'U~Jl1,):;~L>I~1:;~~ L~'1l-l"l1nn1:;1J')'UmN'1ln'll'1l-lL).J~I1l~'U€"l:;L~m~'1l-ln1Jn1:;1J')'Un11~-lLAn:;"'~11~. ,

~1LtJ'Uui'1lm1Yi1-l'IU'Jl'1l-lL'llfl~ m:;1J')'Um1U'1l£J~fl1£J LLfl:;m:;U')'Um1~1L~£J-l~11'1l1m1~Lnu~:;~~1~ u111J1:n~1>111J

m1L"l1C1!L~1JLIil'll'1l-lL~~u1L'1l 111-l,J'WJ1~Yif'i1m1~LtJ'Uml1l'ii'1l'U1 (pH ~1) "l:;LtJ'U111')~'ll,)£Jm:;~'Wmn11-l1'U'lJ'1l-lL'1l'Ul'l!,r

ui1-l11~":h1J5mmn1.J«l1'1l1>111Jl1£J1'UL).J~I1lUi~;111~'1ililnm1LeJ1t.Jfl1C1!~11'1l1>111L~).J:f'ULnl1ln11~~1-lml1l'1l:;m'U
- 1'J' .J ....J ... - 1 ...J..J ' :; 1 ''ll'U'" >I).J'lI'U).J1 'll-lWII'1l,.,1-l LA~ 1il1~'ll'UI1l'lJ'1l-l ~11'1l1mmfl:;L '1l'U 'll).JYI·o,)£J£J'1l£JMl1£J~11'1l1>111'U'U1 'U1:;>I,)1~mN'1ln

'lI'1l-lL~f\I1l~'U~ 111~,J'U~Jl1,):;~L>I~1:;~~~1>111Jn11t.J~1il-l1-l'1lnL~'1l1~1~mli'lLLn~~1'1l:;m'Uu')mn (gamma

aminobutyric acid. GABA) ~-l~li'I ~1).J11();111~L"'£Jmm'llL).J~li'I-l11'UJ12 i,)L~-l~~ru>lJJij1J1:;~1ru 27±2 '1l-lf'l1

L'llflL~£J~ 1').Jn1Jmnj~~~ru>lJJijL~~LtJ'UL,)fl1 22 i')L).J-l '1lU1-lhiilil1).J~'1l-l~1lj-li1-l"lruJl1'Yl1ii1'U;'U1 'lI'1l-lL~f\"'-l1~'1ln

1J1:;n'1l1J~')m'll'Un'U



Table 2: Nutritive values of seed (original) and sesame sprouted (S2+IN22, (pH4)), (g/100 g dry weight)

Treatment

Seed (original)

S2+IN22 (pH4)

GABA

5.85

47.27

Protein

19.14

13.1

Omega3

155.76

0.09

Oleic acid

19.57

10.06

Linoleic acid

21.46

11.23

Calcium

1.49

0.99

"1 nr.J~nl1Ylfil ~t)~Y1 ~'l \J1J'l W1J~ lnl1~ f)n'iltl~ L~a V\~lij tJ~ vi 'f} nl '1L~ 1.J~'lJ1I'f}~ n,~ LLn)J1.Jl't)~ijt \Ju"Jmn
(GABA) 'iHh~hnm),JI'l'l~HlL~U'ElttJ LL~rniu'i1'l1L UUflru~'ll~ii~11'1l1'lo111'Elti),J1n).J1tl'loltnnmntl'llU(;l l'l'liUL~'El

~ .
'Yl(;l~'1lU'loI1m),J1ru~11'1l1'lo111'llUI1l~UL~),JL~),J~'l1~L~'1ln'Yl(;l~'iluriU'l1'l'1ln~1~m),J1rumI1lLLn),J),J1'il:;;JLUU'lmn ~'l~~111. ,
iUR'1l M1'l:; S24+IN20 'lJ'1l'lm:;U'lUn11LL'I!1uJ1~iiA1~'l1),JLUUm(;l-C'i1'lL'Yhriu 4 Lfilm;1n11LmtlULYltlm:;'loI'i1'l'l1

~fil (Seed (original)) LL~:;1i:i~~n11'Yl11l~'ilULL~I1l'lI'l'l Table 2 YlU'i1 n11ri1'l'1ln'1J'1l'lL),J~11l'l1~'l~~~'1ln11L~),Jm),J1ru'1J'1l'l

~11 GABA n'i18 L'Yh (Kyauk et aI., 1995; Hahm et aI., 2009) 'ilEh'lhnm),J niU~'l~~~'1ln11tl(;l~'lL~tl'lL~mJ'1ltl

'lJ'il'l Protein, Oleic acid, Linoleic acid, Calcium LLf'l:;f'lI1lM'ilU1'l),J1n'lJ'1l'l Omega3 .,.f'ldLti'1l'l"l1m),J~l1lflC)JY;'llLritHJn

ri11i:i'l'Eln"l:;iin1mJ~tlULLtJf'l'l'Yl1'l~'lLFlii"lJ'El'l LLU'l J1mf'l1'lJ,yuLL~:;hh~u1uL),J~11l ri11i:iLi;fil~11LFlii'llU(;l1'lo1,]1 L'I!U

un),J),J1'1l'El1'll1U'Elf'l (gamma-orazynal)L'YlLFl~1'Elf'l (tocopherol) L'YlLFllV11~U'1ltl (tocotrienol) 1')),J.,.f'l~1mn),J).J1'1l:;;JLu

U'lmmL'El:nn 'loI1'El~11n1U1 (gamma-aminobutyric acid, GABA) ~'l~11'1l1'lo1111h:;LJ1'Yl Protein, Omega-3, Oleic

acid, Linoleic acid LL~:; Calcium ~'lULL~LUU'El'lr11h:;n'EluU'Eltl~11'1l1'lo111'lo1in1uL),J~(;lflC)J~'ll~'l'1l1"lLUU~f'lri1HI

m),J1ru~111'l'lml1,)f'll1ltl'l
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Figure 6 Comparison GABA content of sesame seed (original) with Germinated sesame (S2+IN22, pH4) and

roasted sesame.

atl: letters indicate differences among each treatment (P < 0.05)

"l1n~tln11'Y1fil~'1lulii'l Figure 6 y;u'i1n11'l'iln'lJtl'lL),J~(;l'l1~'l~tl~tln1n~),J~U'lJtl'l~11 GABA "l1n 5.85 LUU

47.27 ijf'l~n1),J/100 n1),J 'lJ'1l'lL),J~(;l'l1ri'1l'W'ltlmL~:;'loItf'l'ltlnm),J~1liiu ~'l~11 GABA Lu'Wml1l'1l:;;JL'W~~~V1"l1n

m:;U'lUn11 decarboxylation 'lJtl'lm(;ln~mijn (Komatsuzaki et aI., 2007) ~11GABA 'ri1WW1~LU'W~11~'1l\:n

tJ1:;~1'Y1 Lfiltl"l:;ri1'lo1\J1~1mt1~).J~~1u~),J'1l'l~lMun11m:;~'W~'l"l:;'I!'l tlri11i:i~),J'El'lLnl1ln1 nJ'El'Wf'l~1mLtl:;'W'ElU'loItfu

~U1tl tl(i)Fl,)1),JI'l'WL~~11l LLtl:;'l!'ltl1i:i1:;Uuiu(htl~~'WLL~:;~~1AC)J~(;l-al1lnn11L~tl'l~'1lhFl),J:;L~'l 'W'1ln"l1niu GABA ~'l



('11) 'W1L).J~(i)'Il~(i)'VI(i)~'1liJf'1'l1).J:f'W~).J~'Wri'1l'WL~1~m'::iJ'l'WmnYn::'I'1ln Hf)fim~mlil~~l'W AOAC (1995). ~

L(i)EJi'lL).J~(i)'I1~(i),fl'\.nrn 2 n~).J '1liJ~~ru'\.l1Ji1105 '1l'lP\1L'lIm;nEJ~ LU'WL'l£'l116 i'lL).J'I bL£'l::Al'W'lruAlf'1'll).J:f'WL'W'\.I'L.!'lEJ

L1.ML~'W~~1'WLtJEJn
~

.ffml'fl'Wn'l'::iJ'l1.J n1'l'~~ 0l'l1'1'fl n
, , ~

LIil1EJ).J~'l'1lEll'1L).J~(i)'I1~(i)Yl&h'Wnwvi1f'1'l1).J~::'1l1(i)LLfh i'l'Wl'\.1"iXn 300 n~).J 'lA'1l~'lEJL~~1'111'liJl'1LIil1EJ).Jl~

~l'\.1~iJm~'VIt1l£'l'1l'lL'W'\.I~'I ~'l '1l Ell'1 "llnm~~ m~l U"l~m.,~n~~'1l'l L~EJ'l~'1l'l rliJn5'::iJ'l'WmH.J~ Iil L).J~ (i)fl'l!Vh'l'1ln A'1l

f'1'l1 ).J:f'W J'::EJ::L'l £'l1 LL£'l::'1lruWli1~ L'\.I).J1::~).J ~'IJ'WL'Wm'::iJ'l'WmnJ~ Iil 'I1'1 '1l n11~'Il~ mJ'I.ff'WIil'1l'WmJ''VI (i) 'i'l '1liJ'1l'1l n L1J'W~'1l'l, .
t .... d t ~ J' ~ cJ d ,d ....... -=:1"-=4 ~ d' dl

'11'WIil'1l'WVI£'ln f'1'1l '11'WIil'1l'WLLJ'nmn'j'j).Jf'1'll).J'lI'W bL£'l::'11'WIil'1l'W'VI~'1l'lf'1'1lm~iJ).J 'lI'1'11'W'l"lEJ'W).JmJ''VI(i)'i'l'1liJ'VI'I~'W 3 M11'l:: f'1'1l

1. Ml'l::mJ''W1L).J~(i)'IlhJLb'l!L'W,fl (Soaking) ~ruVl1Ji1~'1l'l (27±2 '1l'lP\lL'lI£'lb;nEJ'i'l) LU'Wb'l£'ll 24 i'lL).J'I ~'1

Hi'l!~m:tnr "S24" L'Wm~'1lfiiJ1EJ&J£'lmJ''VI(i)£'l'1l'l~'1lhJ

2. 'i'lf11'l::n1J''W1L).J~(i)'11hJLb'liL'W,f1 (Soaking) 'ilru'\.l1Ji1~'1l'l (27±2 '1l'lP\lL'lI£'lL~EJ~) LU'WL'l£'l12 1'lL).J'I

i'l).JrliJnlJ'U).J (Incubate) ~~ru'\.l1Ji1L~).Jf'1'll).J:f'Wl).J';~lfi(60±5%RH) LU'Wb'l£'l1 22 i'lL).J 'I ~'IH

l'l!~n~ru "S2+IN22" L'Wn1J''1lfiiJ1EJ&J£'lmJ''Yl(i)£'l'1l'l~'1l1u

3. ~f11'l:':n1J''W1L).J~(i)'111ubb'l!L'W,f1 (Soaking) '1lruVlJ1i1~'1l'l (27±2 '1l'IP\lb'll£'lL~EJ~) bU'Wb'l£'l14 1'lL).J'I, .
i'l).JrliJn1J'U).J (Incubate) ~'1lruVlJ1i1L~).Jf'1'll).J:f'Wl).J';'Ylfi(60±5%RH) bU'WL'l£'ll 20 1'lLm ~'1H, .
l'l!~n~nr "S4+IN20" L'Wn1J''1lfiiJ1EJ&J£'lmJ''Yl(i)£'l'1l'l~'1)1u

i'l11"llnm J'~ n~l~'1l~£'lLif'1l'l ~'W'j'jiJ ~1A1f'1'l1).J Lu'Wn ~(i) -liil'1'11'1l'l,flL'W.ff'WIil'1l'Wm nb'll 51 &J £'l ~'1l m':':iJ'l'WmJ"l'1ln

'll'1l'lb).J~(i)fl'llY;'Il ~'IJ'W'Il'Wf)~EJti'~'Il~'I11nl J''Yl (i)£'l'1l'l Lb'llL).J~(i)'I1L 'W,fl~51 n1J'U~iJ Alf'1'll).JLU'Wm't1l -liil'1'11'1l'l,fltlhEJm'(i):n

t1l1nL'W'll'l'l4 (pH4) bb~:': 6 (pH6) 1il1).J~l~iJ ~'1J'W~'I~rul~1151mJ''YlI1l~'1liJi'li'W6 ~'l'1lEll'1 'j'j~'1l).Ji'lLmEJiJLYlEJiJ

flru'i'l).JiJ1i'11'1l'lb).J~(i)'Il'1'fm~1~rliJL).J~(i)'11~(i)~hj&Jl'WmJ"l'1ln (Seed (original))~'1bb~(i)'1.ff'WIil'1l'WmJ''VI(i)~'1liJL'WFigure 1
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Figure 1 The flow chart of sesame sprouts under various treatments.



.ff'UI'l'tl'Um~YlI'l?l'tlu~ru?l~u'11Yl1.:ln1W)1YiLL'i'l::~ruI'i1Yl1.:ltfl'll'U1n1~'tl.:lL3J~1'I.:l1

n) tfhnrufl'l1)J:f'U (Moisture content, %wb.) ~'l'1lEi1.:lL)J~1n.:l1i.:l,f1\.,.Un 2 n1)J '1lU~'1lru"'flij 105 '1l.:lPl1, ~

L'lIflL;m'l16 i'lL)J.:l (AOAC, 1995)

'lJ) LU'1lfL~'UvlmN'1ln (Germination, LU'1lfL~'Uvl) ~)Jvi'l'1lEi1.:l1'ULLvifl:;t'lfl1'l:;mTYlIn~'1lunT:;u'l'UmN'1lnc;i.:lu~ln.:l

1'1.1 Figure 1 41'U'l'U 100 L)J~1n m'l"ltiumN'1ln'lJ'1l.:lL)J~1n.:l1~f'I'l1)JtJ1'l'lJ'1l.:lnnUT:;)J1ru1-2 ij'i'lfiL)JlnT Yl~'1l)J

~i\ntl.:l1'U~flmTYllnt'l'1lu1'U",,,i'ltJLU'1lfL~'Uvl Yhn'lTYlli1~'1lu.f141'U'l'U 3 flf.:l

f'I) rh~ (Color) LL'i'l:;rhc;i'llUf'\'l1)J'lJ1'l (Whiteness index) Lf'li'1l.:lij'1l~H1'UmT:jLf'lT1:;~rh~~'1lColor Difference

Meter (Model JC801, Tokyo, Japan) T1t1.:l1'U~rl1'UlU'lJ'1l.:lL*, a*, b* ~.:ll'hi~ 3 I'hdJ'UmTLL~In.:lmT-rlnl'h~

L'UYi1:;L"l1:;"l.:l LL'i'l:;A1'U'lru"'1rhc;i'llUf'I'l1)J'lJ1'l (Whiteness index, WI) ~.:lLmtlULY1m.JmTLU~t1'ULLU'i'l.:lrh~

Llnm'l)Ji.:l'l-l)J1n LlntlH~)JmT

WI = 100-[(100-Lf+a·2+b·2
j05 (1)

.:l) m)J1ru~1TmlnLLn)J).h'1lm)Ju1mn (GABA) ~1.:l:S.:lm:;U'l'UmTYlIn~'1lU"l1n~1j;1T'li1'UMustafa et al. (2007)..
LlntloW1~'lflEi1.:lL)J~ 1n.:l1Ulnlii'ltJLf'li'1l.:lUM~1)J'i'l:;Lfltlln 0.5 ij'i'l~L)J m ri'1l'UoW1m~fllnlii'lmflYl1'U'1lfl 50

LU'1lM'Uvl, 50 '1l.:lPl1L'lI'i'lL:nm'l LL'i'l:;oW11UL'lJEi11ii'ltILflifl.:lL'lJEi1'1lru"'lJij 50 '1l.:lPl1L'lI'i'lL:ntl~ d'J'UL'l'i'l1 20 'U1Y1

'I-li.:l"l1mf'UL",~t1.:lLLtinlii'ltJLf'li'1l.:lL",~t1.:lf'l'l1)JL~'l~.:l 20 'U1Y1 LLtJn~'l'U1t'l~1~1u:jLf'ln:;~l'hmlnLLn)J2.hflij

L)Ju1mn (GABA) ~'ltILf'lifl.:l GC (Gas chromatography, t'U GC9710)

"l) m)J1ruLu~~'U (Protein), LflL)Jrh 3 (Omega 3), mli1Lfl~~f'I (Oleic acid), mli1~L'Ufi~f'I (Linoleic acid) Ufl:;

LLf'lflL:ntl)J (Calcium) o1l1.:l:S.:lm:;U'l'Um1Ylli1fl'1lU"l1nmj;11'li1'U AOAC (2005)..
~ L

'lJ'U1'l'tl'Um~Yl 1n?l'tlUn~::U1'U n1~f'l1.:l1.:l'tl n

Y;"l1~ru1"l1n~'i'lm TYl In 'i'l'1l.:l1'U.ff'Uj;1'1l'ULL~mL'i'l:;i'Ulnfl'U~t'l'1l.:l (mm'Ilu'i'l:;mnJ)J) L~flml'l'1lEi1.:lL)J~1n.:l1.:l'1ln~

1ii~ 'i'l n1~Yl In t'lflUYl1.:l m t1fl1Yi LL 'i'l :;Lf'I iJ ~~~ InLin tI n1~Y; "l1 ru1"l1n n1~n m 1'U~ 'i'l 'lJ'1l.:lmmrun ~In LLn)J~1'1l ijL)Ju1mn

(GABA) ~.:l~~In~hmTrf'l1'Um:;Yl:;1iif'\'l1)J~'1l'U"l'Um:;i~L)J~1n~1'1-l'1lmL'i'l:;L)J~lnLvi~L~'1loW11mLfln:;~"'1m)J1rumln. ,

LLn)J~1'1lm)Ju1mn (GABA) ~L"'~'1l'1l~vi'1l1u

n1~:jLfl~1::~Yl1.:l?lIi~

~Lfln:;'I-l1'1ll;!'i'lLlntlHLumm)J~1L~"llU SPSS (Version 11.5) ~T:;~Uf'I'l1)JLLj;1nlih~Yl1~~li~ 95% (One-way

analysis of variance (ANOVA)) LL'i'l:;Yhm~LmtlULY1t1uri1L'U~t1m)J:jfi'lJ'1l.:lDuncan New's Multiple Range Test

(DMRT)
~ ~,

~'i'l m~P1m=l1LL'i'l::1"l1~ru

~ .1.1. 1 • ~ J' ..
~'i'ln1~l'1m=nm~LlJ'i'ltl'ULLlJ'i'l.:llJ~)J1ruf'\')13J'll'U(Moisture content) 'lJ'tl.:lL3J'i'l1'l.:l1

n'lNfln'lJ'1l~L)J~li1fi t1J~'ll iJU"lr.rtl~L~tJ'l~fl~"'fl1t1U"lr.rtl ~.:l"'~.:l1 'U,f'U~'1l m)J1ruf'l'l1)J:f'U "l1 nm~Ylli1~'1lULli1t1

m~LL'IlL~~li1.:l1flli1~.:liJri1f'1'l1)J:f'U~)J~'U 6.22 %wb. 1'U,f1~'1lru'l-ll1ijii'1l.:l (27±2 fl~f'l1L'lIflL:ntl~) "l1n Figure 2 Y;U~1, .
1'U'1l'l~ 4 i'lL)J~LLm L)J~li1~1u'Il1'U,f1~iJri1f'1'l1)JLiJ'Umli1t'l~ (pH 4) iJ€VlnmTlnln~2J,f1)Jlnn~1L2J~1n~1LL'Il1'U,f1~iJri1. .
f'\'l12JLiJ'Umli1~1 (pH 6) '1lEi1.:lhrim2JL~m:;t1:;L'lfn1'Un1~LL'IltJ1'l'U1'U;'U"l'Um:;i.:l 24 i\L2J.:l YiU~1ri1LU'1lM'Uvl

f'I'l1)J:f'U'lJ'1l~L)J~li1.:l1~~fl1'l:; pH6 (S24) 1iiPl1 42.83%wb. ~~~~n~1M1'l:;mTYllnt'l'1lUpH4 (S24) iJri1 40.02%wb.

'U'1ln"l1 n\fL~flYl lnt'lflUn1m'll L2J ~In ~1 ~'l)J flU m nJ)JYlU~1 1'U'Il 'l.:l'lJ'1l.:l n1nj)J l'i1ill'2J1ru f'I'l12J:filiJn1TLU~t1'UUU'i'l.:l
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Figure 2 Changes in moisture content of sesame seeds on various treatments.

~flm5ioim:n L1J'1l~L.n\J Iii n15..:1'1l n'lJ'1l..:l L:-J~ VI..:I1

~tJL~'tl..:l"l1nJ:Jfl m5'Yl ~fl'tl..:l~..:ILL~~..:Il'I.l Fig ure 2 ~..:Iti1L~'I.l'tl m5'L1J~EJ1..lLL1Jfl..:l'll'tl..:l L1J'tlh-n'l.lf;)f'l'l1l-J:f'l.l'll'tl..:lLl-J~~

..:I15':;lI~1..:1m:;tJ'l'l.lmm'rlLLfl:;m5'LL~i'll-JntJmnjl-JiJJ:JflLiJ'I.ltlci1..:1~..:Il'itlmN'tln'lltl..:lLl-J~~..:I1~..:ILL~~..:I~tl~fll'1.lFigure 3

"11nm5'Yl~ fltl..:l'Y'ltJ~1fob 1'l'J1l-JLiJ'I.lm~-1'i1..:1 iJ J:Ji'l ~'tl m5'..:Itln'lltl..:l Ll-J~ ~ J'I.lAtlmm ~ Ll-J~ (M11'I.lS1~iJm5'1J~tJFhfl'l1l-J LiJ'I.l

m~~..:1 (pH 4) ~..:IJ:Jfll'i'tlm5'flVlfl..:l'll'il..:lmN'tlm~'tlLmlJtJLYiEJtJ~~Jl1'l:;L~EJ'ln'l.lvT..:I\f'tl1"lL~'tl..:ll-J1"l1nS1~Hl'1.lmm~

L)')~~..:I1L~tliJri1f'l'l1l-JLiJ'I.lm~~..:I(pH4) "'11~m5'~~1..:1L'il'l.l1'll2JL~'ild..:l1J~mlJ1LLi'l:;m5'ci'tlEJ~fl1EJ~15''tl1l11U11EJ1'1.lLl-J~~

QmTtJJ..:I lI1tlm5''ll::i'ltl'lJ'tl..:l1J~mlJ1J'I.lL'tl..:l ~..:I'Y'lfl..:l..:l1'1.l~1~"I1nm:;tJ')'I.lm5'\fh1LYllJ..:l'Y'l'tl~'tlm5'L"l1'l!L~tJLIil LiJ'I.lJ:Jfll~

Ll-Jft ~lI£1 ~m5'L"I1'l! L~tJLVI LLfl:;~..:I J:Jfll'i'il L1J'ilfL-D'I.lf;)mNtl n~i'l~fl..:l

'I.l'il n"l1n ri1 f'l'l1l-JL iJ'I.lm~ -1'i1..:1 'lJ'tl..:lS1~1 ill'I.lm:;tJ'l'l.lmHL~ L~'tl L~ l-J f'l'l1).):f'I.ll~ntJ L)')~ ~..:I1"1:: iJ J:Jfll'itl

L1JtlfL;n'l.lf;)mN'tlnLL~'l m:;tJ'l'l.lmm~LY;lJ..:I'tlci1..:1L~EJ'l lI1'tlm5'LL-ni'll-JntJm'itil-Jt1..:1iJJ:Jf'l~'lm9i'l.ln'l.lI'1..:1LLM1..:1~ Figure 3

L~EJ1'1.lLL~fl:;M1'l:; m5'Yl~~'tltJ~ pH4 LLi'l:; pH6 'Y'ltJ~1ri1L1JtlfL-n'l.lf;)mN'tlm~l-Jl-J1n~~'I.ltlci1..:1iJUEJ~1rl'l!(p<0.05) "I1n

m'iYl~~'tltJ~'lEJm:;tJ')'I.lm'iS24, S2+IN22 LLfl:; S4+IN20 1il1l-J~1~tJ vT..:I\fmm~L)')~~..:I11'1.lS1Iilfl'tl~24 i'lLl-J..:I vT..:I pH

4 LLi'l:; pH 61~ri1L1J'tlh"n'l.lii1mN'tln~~1n~1m'iLL'llLl-J~~..:I1i'll-JntJm'itil-J'II'tl..:lvT..:I~'il..:lMn'J:;A'tlS2+IN22 LLi'l:;

S4+IN20 L~m~'Y'l1:;tllh..:lfl..:l~~Jl1'l:;S4+IN20 LLi'l:;ri11'l'l1l-JLiJ'I.lm~-1'i1..:1'11tl..:lS1~HLL'll'i:;~tJ61~L1JtlfL-D'I.lf;)mNtln

~..:I~~~ A'il 71 L1J'tlfL-n'l.l~ LLi'l:;LLVlnI'i1..:1'tlci1..:1iJuEJ~1rl'l!ntJ~Jl1'J:;L~EJ'ln'l.lLLI'iLL'rlL).)ft~..:I11'1.lS1~ri1 pH 4 (p<0.05) "l1n

..r.. " _~ l' .J 1 .J .J -J ' ':.J' '. I .. " ..
Mn'l:;m5'Y1~fl'1l..:l'l.l"l..:l'Y'ltJ'J1f'l1u'il-J1 ClJ'I.l1Yl LlI)')1:;~ l-J 'I.l"n'J..:I'II'1l..:l m5'LL"m..:l J:J'i'lIil'1lmH'Y'll-J'lJ'I.l'lJ'1l..:l f'l1 Lu'1l 'iL'll'l.llilmNtln

lI1tln~1'l1~~1Ll-J~~..:I1Iiitl..:l1MtJ1'l'l1l-J:f'l.lLYllJ..:I'Y'ltl LLi'l:;LlI'.J1:;~l-J~..:I"I:;Ln ~m NtlnJ'I.lL'1l..:l 'I.ltl n"l1 n\f~~Jl1'l:;Yl~~tltJ S24

iJ L1J'1l fL-n'l.l~m Ntln ~ 1 L~'tl..:l"l1 n Ll-J ft ~ ..:I1tl~1'I.l~1l1'J :;~hj LIIm:;~l-J~'1lmH"l1 'l! L~tJLlil ~..:Il'I.l5'::lI~1..:1 m:;tJ'l'l.ln15'

L"l1'l!L~tJLlilll1'tlmN'1ln'll'tl..:lL).)~~J'I.lLl-J~~"l:;iJ'illilnm'ill1EJ1"l~..:I:n"'I.l'1l'1ln:nL"l'l.lLiJ'I.ltl"l~EJ~1ri'l!~'ll'JEJm:;~'I.lm'i"'1..:11'1.l

'II'tl..:l Ltl'l.l1'112J1'i1..:11 L~tllill'I.lm 'i~'i'l1EJLLi'l:;LJ:J1J:Ji'l1 'l!'tl1l11'i~LtitJ~:;~l-J1~Jl1lJ 1'I.lLl-J~ ~mlil LiJ'I.l'Y'l fl..:l..:l1 'I.ll'I.lmNtln ~..:I



L)Jfi IM1"l:;~~'il'il n:n L"l 'W"l1 nu",m1~ Vl11il,f1~1~1'Wm1LL'rl L)Jfili'l~ 1'lJ11i'1 fh'll'1l'il n:n L"l'WLrim':;EJ:; L'l f'l 11'Wn11LL'rl'W1'W:n"'W

j;)~,f'WL)Jfili'l~1~~ 1~1u'il'iln:nL"l'WhJLYlEJ~'Yi'1l~'ilm:;u'l'WmN'iln ~~'vItlli'lm~'vI1EJ hLLI'l:;Lnli'lm~~nvi'l Lu'WtJl'll~Ltl'il1L~'W~

n1N'ilnf'lIi'lf'l~ "l1nn11YlIi'I f'l'il~if'Yiu'hF1'l1)J:f'W~L'\.I)J1:;~)J~'ilm:;U'l'Wn1N'iln'lJ'il~L)Jfi 1i'I~1;j Fl1'1l~1 'W'rl'l~ 35-40

LtJ'il1L;n'W~ ~~1iltJf'lL'rl'WL~m nu m:;u'l'Wm~tJ~j;'J~1'ln~'il~~'iln

100

90

80

~
70

60
c
.2

50'0
c
'§ 40
'"<.:l

30

20

10

0

mpH 4

D pH 6

5O(b)

71 (0)

524 52+IN22

Treotments

54+IN20

Figure 3 Changes in germination (%) of sesame seeds at different treatments.

ab: letters indicate differences among each treatment (p < 0.05)
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Table 1: Color values of sesame seed on various treatments after sprouting.

Treatments
Color

pH 4 pH 6
values

Seed (original) S24 S2+IN22 S4+IN20 S24 S2+IN22 S4+IN20

L* 17.00±O.76a 12.30±1.54b 13.37±O.99b 13.47±0.31b 12.87±0.50b 13.20±1.37b 13.80±1.23b

a* 2.47±1.25a 1.70±1.25a 2.03±0.51a 2.03±O.58a 1.30±O.60a 2.13±0.47a 2.23±O.32a

b* 6.07±O.29a 6.03±0.71a 5.17±O.76a 4.93±O.35ab 3.73±1.10bc 3.60±0.10c 3.43±1.10c

Remark: Values followed by the same letter in the same row are not significantly different (p<O.05). Data expressed as

mean±SD of triplicate determinations.
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,rEJ~1FlC1J (p<0.05) Lri'ilLYiEJU I1U..:J1 ~ Ii'I m~f'lIi'lM'lJ'il~ f'11 FI'l1)J~~1..:J'lJ'il~L)Jfili'l~1~'il n'vl'ii~ eJ1'Wm:;u'l'Wn1~hJ~1"l:;L U'W
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Figure 7 Characteristic of sesame seeds on various treatments

(a) Seed (original) (b) sesame sprouts (c) Sesame roasts.
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