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Abstract 

Evaluation of functional properties of the chili pepper varieties 'Rocot' (C. pubescens) and 'Botankoshou' (C. annuum L.), 
which are suitable for growing in cool areas. The fruit of 'Botankosho' shows a low capsaicinoid concentration at the same 
carotenoid concentration as 'Kyonami' which is one of the sweet pepper varieties. The immature fruit of 'Botankosho' shows 
higher total phenolics content and antioxidative than mature fruit of the same variety. These plants also show wide variations 
among strains with regard to total phenolic concentrations and antioxidative ability. The mature fruit of the strain BK-4 and the 
immature fruit of the strain BK-2 show higher GABA concentrations than comparable varieties. 'Rocot' shows wide variation . 
in capsaicinoid concentrations and higher content than 'Takanotsume' which is a well-known pungent variety that is popular in 
Japan. The mature fruit shows higher carotenoid concentrations than 'Shishitou' and 'Takanotsume'. The mature fruit also 
show a higher total phenolic concentration than c.omparable varieties, but the same GABA concentrations as comparable 
varieties. Some strains of 'Botankosho' and 'Rocoto' show higher concentrations of functional properties and show wide 
variation among strain. Therefore, we expect to use 'Botankosho' and 'Rocoto' to breed new varieties f?r cool areas, which add 
to the functional properties. 
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.Q 'o ::1 1-' (C. pubescens Ruiz. & Pav.) IJ'~!TJ,'f;.P'J O)~i\1lj 

1,350 m O)llllJ~~O)a:tt!!8~7J'PJ(ig~~ IJ. ~~:::.i\1ljtffil.~fll: 

""f~O)~~~:::.~t~~ ft.\..'.:~ ~¥a-a- Lt.: (f.l::,Jll;G, 2006; M 
G, 2004,2005). "it::., ~'ffJ,if;.b> fffl"tHO)~kife!T~J ~:::.~ 

~L-et-a IJ, "''v~~$!!t~:ff-t .o~!TJ,'f;.~ttmLllrl3,:ttf!~O) 

:tE* 1- '7 7l7 ~~;fi 'V!t::..lv.: L .1: ? ' (C. annuum L.) It 

~illii 600 m litr{~O)~*Illll~~O)~-~~.:h -et-a IJ, ~-1¥1 

~MtJ:3~1.~~:::.~L-c\..'.Q~~;:tG.h.Q (f.l::£, 2006;ti::£ 

G, 2007). 
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-1 f7%~*nlt5)- (Jyonouchi G, 1994; Tsushima G, 1995) ~ 

-r. 1J 7 _,_ / -;L-m (Lee G, 1995) tJ>f:t\HJI:H1:nlt5)- c L -c¥a 

1!1-~.:h ci-'.Q. 

~~k~*¥a~tt~.ttG~~~ff5~~•~••*tlc 

L -c ffl'-'c, ~fll§i1:nlt5ttJ'ii11i?;-1f-z:~ .Q c ", ") td~{:ff~m J: 

~t~GK#~m·~~.Q~~M~~~~-~H~~.Qk 

?h~~~i¥J~J!~~.Qt.:?ht.:::.., ~.ttG ~ ~ 7l5 ~~fmt.:::..--::>1-' 

"( ~~fll§i1:nlt 7t?;-:1:~75i1: t.:::.. 0" , -c ~ ~m ~~~ Lt.:. 

1. ~~JMI · ~*It 
·~k~~Lz5' tt*~~~~m~m~•~~~~­

lll*tJ'G~IJi~.ttt.: 4 7%~ (8K-1, 8K-2, 8K-3 :t<; J: 0: 8K-

4) ~#!;~Lt.:. "it.:, 'o :::1 ~' liFa1i'l:*~fliltlgJI~1Hi 

~fj}f9C~f*ff?%~"'t~ .Q S3294 :t.; J: U:.lll~~t~g~~fj}f9C 

m o/- :/ ,{ :/ !1 i*ff?%~-z: ~ .Q COJOMORCO (JP =I'% : 
37322) :t<; J: 0: LS1659 (JP i§:%: 37324) ~#!;~Lt.:. ft. to, 

S3294 :t<; J: 0: COJOMORCO li7'G1!.\::!f!:tJ>i!.f,~, LS16S9 li7'G 

W\::!f!:tJ'~~~*~-z:~.Q. J:t~~m~:t ·•~me: 5 tJ'G L' 
(ti-T '11~!1\' c &~). 'L L c?' :tP J: o:e-7 :/~fi 
~ 'g1JSl' (l-,f.:ht31'f--1fi'il) ~.ffll-,t.:. 

2. ~iff . l&*h'~ 
~.:hG#!;~~fit.:::..--:JI-'c 2007 ~t.:::..*~IJiLI:.W:ll~m5WJjt 

~tt~FafH:*~.Il~fmll#~AFCW:lJ~;t..7-~a :/ (l(i!11i 

773rn) F9~7J5;t..~P'Jt.:::.. 'o :::1 ~· li2J! 25 8, 'Vf.t.: 

~~ Lz 5' li4JI 4 Bt.:::..flfiL, 6J!J:1U"i"'tW'M'Lt.:. 

~±li I< .7;.~1-,::kflii~~±J ~ffl'-'t.:. W!Eil~Hi~iliil. 

~ ~fa1 30°C, ~ra1 20°C t.:::..~:iE L, Jll](l:tiWJ:7 ~ 2 @liT 0 

k. #!;~~fitt, 6JI58K~.A7-~a:/P']~~-~ 

;f-<!7±) t.:::..:iEflilLt_:il\ 'o::1 ~· ~S3294tC--::>I-'cliJ: 

&~WJjt~;ft~8~~-J:~~GKi!11i·i!11i~·"'t~8~~ 

ft.'-' c -t-5ttt.*~Jll(f!ltJ>~ G n ft.'-'7%~-z: ~ .Q ~ c 7'1, G 
(~ebG, 2006;WJG, 2004,2005), 6J! 128t.:::..·~~WJfti: 

~mm~tt~~~~Faffl*~ll~fmffl~A~~~~.A'T­

~ a :/ (l(i!11i 1,350 rn, ~;t< !1 ±) t.:::..~.;l;.:iEflil L, WJji';~ 

tt~~-"'tli8~ L tt.l'J'"? t.:. t;,:t.;, jjljj!llil.t.:::..:t.;l-' c:iEflil 

~~ 2007 ~6 J! t.:::..:!*± L t.:±~-c~~ L t-:±~5)-:fff~~::!f!: 

~1flt 1 ~t.:::..~ Lt.:. 1 7%~~t.: ~ ,&:{l~ L ~ 12 ~ 18 Mf* 
~. ~7JL-7-~~\,'t.:75crn~~~t.:::.., 5Ha145crn, :f*fa1 

60 ern ~ =5li:-T Aflil ;t -z:a~ Lt.:. ~BE c L -c 88 N552 

(N:P:K=15:15:12) ~10kg·a-1 ~.fflL, ~BEI:trrb 

t.r.tJ,-?t.:. ~~ft!H:ttl'trriia.:::..~c.t.:. 9 JJTm~ w AJ:m 

t.:::..l'J'>~-c*~~17%~~t.:~ 15~2011!1 (~h1:f*t.:::.. --:J ~ 

1 ::!f!:~) ~Jll(ftL, UT~5t:ffft.:::...ffll-,t.: . %7%~c tnltW-\ 

L -c, ::!f!:~~imtJ>jG:@:t.:::..i!.f,~ (LS1659 tC--:J\,'cli:llit~ ) t.:::.. 

~b-?k@:R~*~ ~~) ~::!f!:~) ~Jll(flL-c%5)-:fff 

t.:::..#!;~Lt-:7'1\ 'Vf.k~~ Lz 5' %7%~. 'LLc 5' :t<; 

J:U: ~~ ~GU:Kh~~-1~/--ff-2;-:I:M:iE.ffl~ 'o 

::1 ~ • %7%~c 'll~m· t.:::..--:J"'-cl:t, *~~7'1-~b.QW:. 

litr~::!f!:~ (~~::!f!:~) t Jll(fi L "C#!;~ Lt.:. *~~:li!!"'tli, 

'vf.t.:~ ~ L z ? ' liH:tER¥:7 45 8 "'tnltW-\ Li1.r-~t.:::..::!f!:~~ 

tJ>~ft~.Q~c. 'o::1 ~· liH:tER¥:765 8~nltW-\Li1.r­

(~) ~t.:::..::!f!:~~il>~ft~ .Q ~ c 7'J'>h7'J'"? c'-' .Q ~ c 7'J> G 

(ffl!:ffiG, 2007), 'vf.t.:~~ L z ?' liH:tER¥:740 8, 'o 

:::1 ~' l:tH:tER¥:7 55 8 t.:::..Jll(flL, ::!f!:~~iiDt.:::..~~~fttJ'>:@: 

<~:X c\,'tt."'*~~~~::!f!:~ c Lt.:. 

3. ~Jt~~· • ~ttJIJ)E 
1) 1J"f'+t1 y /1 ~~-
Jll(flLk::!f!:~~*~~cK~-~-~(7-15, rn~ 

2000) t.:::.. J: ~ 7'G:@:t.:::..~· ~ -tt"C 7'1, G t')}~ L -c~-lfir :f::>"~:t, 

~~~tJ,Gt5J*¥:10.4g~M;ftt.I.'f'JL-c 7-t ~ :/ (1 : 1) ~ 

if~ 20 rnL ~ 20°C, 1 ~fa11l:l! 1±1 Lt.:. 1l:l! lliR, 6~~ 6~ L, 

~.c_,J.;{,f< v-->31·- (IWAKI, VEC-310) ~nallimm;~l#,~ 

~ -ttt.: R, HPLC ~ t/- f ~ .>~ 31 / - ;~; t.:::..mWt L, PfFE .>~ 

:/ 7· 5 :/ ~ 1J :/ o/ 7 1 '"' 31 (Whatman, ll~ffUI 0.45 11m) "'C 

~~6~Lkt~~-:iE~McLt unc(a*•~oo 

t.:::.. J: .Q h 7·~ 1 ~ / -1 f ~~:fl5)-:fff~ Minami I? (1998) ~ 

1r/13.~fi-? t.: (h 7 A : YMC-Pack, ODS-A, S-5 JliTI, 12 nrn, 

75 x 4.0 rnrn, h 7 A iffil.~ : 40°C; W:J! 1 rnL • min-1, ~ib 

II : Hp: CHPH = 60: 40, ~lliiBl* 280 nrn). h 7·~ -1 ~ 

/1 ~·-2;-:l:lih 7·~-1 ~:/, .o./1:. foh 7·~1 ~/:t<;J:V' 

/ '"'o/ e. r- o h ~~1 ~:/~~:S:c Lt.:. 

2) :t.HJ'T/1 ~~-
- h o 7 / -1 f ~ 1l:l! 1±11 i, Minguez-Mosquera G (2000) ~ 

~~~-fll)~~Lcrr-?k. Jll(~Lki1.f-~) ~::!f!:~tt?% 

~~ct.:::..~~~-~ (7 -1 7, FDU-2000) ~.ffll,'"(~-~ 

-tt-ctJ,Gt')}~ L~-lfirb-ttt.:. ~~~tJ,Gt5J*~M 0.5 g 

K7-t~:/~~;t'""C6~"'t6~L. ft~~~~~<~.Q"i 

~. ft~~@JJ!l(L-c~~~Lnalli~IT-?k. ~G.:hknalli 

~t.:::.. o/ .I. 7- /l ... .x- T 1v c 20%:lj[ft:t- ~ lJ ~ A ~tJQ ;t '""C 5)-~ 

ti~~rr'-', h o 7/-1 ~·~o/.I.'T!v.I.-'Tiv/lt.:::..mm~ 

-ttt.:. ~ ~ / .x 7- Jv .I.- 7 lv /I~@]Jlj( L, J.m~:t- ~ 1J ~ A 

¥1~ tt1if001~17)±:!i7H1T~* (2007 ~ 6 f:l ~ti!llif:!*±) 

Mil~ 
~1i:l: (rng • 100 g-1

) 

pH 
7:/-t:-.=.7}i!l~* 1irl~!i!l~* 3i:~t£;1JIJ PJ$~ 1) :/~ 

m~~ 2.2 7.3 85 21.6 6.4 
ITJZl~ 2.6 12.1 42 11.9 5.4 
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~:l.lll.::t 'LJllllJ( Lt-:: ~ O)~iJIIJ)E~flc Lt-::. 

M)E~M~~I~K~~~a~~~~~~~~CA* 

~f'FFJT. UV-1200) t;:."LiJIU)ELt-::. 71 OT/ 1 t-•?;-:itf:tP-

71 o 7 / ~:1:-c";J!Hf:l L t-::. 

3) ~7 I. / -Jlti 

7 "'- / -1v~~ J: lf7JCIDtt.nli:~O)illJI:i:Hi, Zhang · Hamauzu 

(2003) O)JJ?*~-fmi:JX~ L 'L:ff-:> t-::. *fl L t-::::~t~li* 

Kilt C c t;:.~*6¥lJ~t:£ ( 71 7, FOU-2000) t;:. J: I) lj!l;~ ~ -!:t 

'LiP Gf5Hi!i' L 'L~1t15-b-!:t, .f:-O)fJt*~*l-1 g tc$?& c 80 

% .,~ !7 / -lv 15 mL ~:tm.::tMJi!/' L, 0~ L 'Lilllt±lRH:-~ 

k. 0~Ltd~t'i!Hi@l*L. 2.!~rfl}tml:f:l~fi-:>k . .f:-0).>~ 

!J / -lvillJtf:l~~ 80%.>~ !J / -11.-t;:.'""C 60mL tc)E~L • .f:-

0) 5 'b 30 mL ~ o- !J 1J -.:r..1' ;t; v- !J- (IWAKI, REN-

1000) t;:. 'L .,~ !J / -1vi!ij;*~rr "'? t-::. -t:-.n ~~-I¥/7JCt;:. 'L 

10 mL tc)£~ L, 7.1\.IDtt.nli:~illlt±l¥21 c L t-::. 

7JCIDtt.nli:~illlt±l¥2Jil' G 0) 7 "'- / -lv~O)illJt±JKii71- t­

IJ -;J s/~ Sep-Pak CIS (WATERS, u r Sep-Pak) ~ J'lh 't-:. 
Sep-Pak tC{-0)1'$~ 4 mL ~~?Jj L, ~-1¥/7]( 10 mL ~Jm~~ 

-l:tt-::. Sep-Pak tc~*~Jm~~-J:tlj!l:~~-!:ttd&, 0.1%1-- 1J 

7 1v :::to M:lit-@;:fl .>~ !J / -lv 2 mL tc 'L~t±l ~ -lt, 7 "'- / -

lv ~ illJ l:f:l ¥lJ ~ ~ f,::. 
Zhang • Hamauzu (2003) O)JJ?*~£t;:.~7 "'- / -lv-@;-:1: 

~, Folin-Ciocalteu ?*tc 'Lil\IJ)£ L t-::. -tt.~:b'b, Jitr)!tt 0) 7 "'­

/ -lv~tlllt±l~ 1 mL t;:. 1 N 7 "'- / -1v~~ (;fn~~~) 

1 mL ~1Jil.::t, 3 ~1ft;:. 10%PRM:t- 1-- 1J 7 A 1 mL ~tf.i1Jil L, 

~.g. L t-::. 60 ~raj'ftilffi. -r:tnttlf L t-:: 1&. 700 ~ t;:. ~ ~ ~ '!&:Jt 

~~~:J't:J'[;~~ (§h-~fFFJf, UV-1200) tc 'Lil!U)£ Lt.: .. ~ 

7 "'- / -lv-@;:l:~r9:ft-TM~:S:-r:JJI±l L t-::. 

4) tfi:Mfb%11 
Zhang · Hamauzu (2003) O)JJ?*~I;;tc, iitllitftt.!itt.~ OPPH 

(1,1-diphenyl-2-picrylhydrazyl) 7 s/71 lv~ffl~'t-:: 7/71 1v~ 

* ~ 0) iliU nc t;:. J: I) il!U )£ L t-::. 0.2 rnM OPPH 1'$ ~ (OPPH 

3.94 mg ~ .:r. !J / -lv -c" 50 mL t;:.)£~) ~ J: rJ 0.2 M MES (2-

N- 1:-lv ;f; 1J / .:r. !J /A 1v ;f; /!lit) buffer (pH 6.0) ~ 1 mL 

f~~--K~$Lk. ~hK37.1\.~tt.nli:~illlt±l¥2J~J:rJ 

7 "'- / -lv~illlt±l¥21 0.1 mL ~tf.iiJil L 'L~15- L t-::1&, 20 ~ 

raj'ftilffi. L"titt!lf L t-::. -t:- 0) 1& 517 om t;:. ~ ~ ~ a:Jt~ ~ ~1(; 

J't~~ (§h?*~f'FFJT, UV-1200) t;:. 'Lil!UJE L t-::. ~MO)~ 

b I) tC~-1¥/7]( ~1Jil.::t t-:: ~ 0) ~.%t~IR c L, OPPH 7 s/ :}J IV 

~*~ltr~c.O)~-r:;:J<~tJt-::. 

OPPH 7 s/71 1v~*~ (%) 

= 100- c~•!R (Am) - 7. 7 / ~ CAm)) X 100 

/xt~.!R CAm) 

iit~ftf.!itl:li Trolox ~:;:-r:]Jt±l L t-::. 

5) y- 7 ~ /MM (GABA) ~-

~t!if*f? Ltdl'!:~~ 5 mm ft!Urt;:.t.~:~ J: 5 WltJ' < UtlfJT 

-l:t, ~{,-~~ ('ftlliil., 19,000 x g, 10 min, B .ll.It:£) L -c 
l:.~.l,c~~t-::. ~h~GABAilllt±l¥2Jc Lt-::. 

GABA -@;fit~.ili~ G (2004) 0) GABA 1;lHli!J%j~:tff?*t;:.~ 

t:., HPLC (7 ~ / ~~:tff~ L-8800A, B .ll." 1 7 ~ / o 

/-.::() -r:iJIU)ELt-::. 717 A ~fQJ:f:!:O)~IlJffl;'-;~ ~ 1--·71 7 

A #2622SC (4.6mmx60mm) ~~fflLt-::. ~l±lilR*Ii 

570 ~ c L, l$ib/!li~1 :::t /ll~il>J&Wft¥Jtcil1& < t.~: ~A 
T-;~ 7°'71 ;(i*~ffl~'t-::. fnEJ!0.7mL • min-1 L"f$i!JJI A 

~. 3.5~tcf$i!JJIB~. 9.0~-c"f$i!JJIC~lnELt-::. {-0) 

1&. l$ibli A~ II.o ~il'G 4 ~rajfnE L. ImnO):tc)Eft~ 

:ff-:> t-::. 

*li~ci'JJ: LJ~~ 

1. 1J /-tt1 y / 1 "' ~· 
'ff.t-::lv ~ L .t 5' tc ··:)'\,,'L liBK-3 O)!'R~::!f:~L"659 J.lg• 

g-1ow c ;ti=fil1bil'-:> t-:: ~ 0)0), -t:-ht.JJi·li!'R~::!f:~-r: 130 ~ 

230 J.lg • g-1ow ~~. iiF~::!f:~L"Ii"t--"'"L O)*Kift-r: 100 J.lg • 

g-1oW .I;J_"'f0)-@;1Jic t.~: I), {-O)~!JiKIH~~< c tJ>IlJI Gil>t;:. 

t.~:-:> t-:: (~ I !ZI). t-:: t.!. L, 1-- 7 n· 7 :...-- O)~!JiKnli:~li::!f:~!fl 

0)/Jf:l~:t-o J: a~~-r:1:.nli: • =iifl~n~t-::lb c:t:rn. 1962), 

'itf.klv c. L .t 5' 0) J: 5 t.~::*:::!f:*&Mi-r:~/Jfl~~-t:-ht;:.~ 
~-t~~~t.~:bc¥1JiKtJ'i.llHE-t~ ~ cil'G, ~~t;:.~ft-"' 
~${\LX J:-:> 'Lii%i < ~*~~ t.: ~ c c tct.~: ~- .f:O)t-::lb, 

*~~.f:-O)~~W::!f:cL'L·~~~~~~-~~0)+~~ 

~llJltJ'~~-r:<V~ c~.::tG.n~. 

-71, 'a ::~ t-' l:t*Kiltraj~Ail':*: ~ <. I&~ ?;ittJ>il1& 

b'-:> t-:: COJOMORCO L"li, *R~*~ -c" 3,889 J.lg • g-10W, 

iiF~::!f:~ -r: 4, 766 11g • g-1ow -r: <V "'? t-:: 0) tc.%t L 'L. it~{!£ 

il'-:>t-:: LSI659 -r:~. *R~*~-c· 1,033 J.lg • g-1ow. Jill~::!f: 

~-r: 1,491 J.lg. g-1ow -r:;V-:>t-::. ~ 0)71 7'-tJ-1 :...-- / 1 r?; 

itO) I&~ {I£tJ>-:> k LS1659 O):lij>j.g--r: ;V-:> 'L ~, B ;$:-c"-ftl!: 

t¥J~c~~Mffl c L 'LfUffl ~ h -c"' ~~!JiK~~O) '!IO)Jl\' 

~DiiF~::!f:~0)-@;-:1: (1,533 11g • g-1oW) c li'\J~-r: <V IJ. • o 

:I "' O)~!JiKii%i\,' c. c tJ'btJ>-:> t-::. 

5, 000 

~ 4,000 

~ 2. 000 ,, 
"'" *' ~ 1.000 

o"-
[ 

BK-1 BK.- 2 BK- 3 BK-4 I S3294 L.Sl659 COJO I Jj(i§: 
1 -WORCQ 1 

----,-::l'f.t:.,...,_lv __ ::-=-L.-:.t ,,--- '"' ~ --:-:lt-=tll=.r.ll=---

L, ::!f=~}f5gtC2%.Aiv;f;-tJ-lJ'Tiv~45mL~1.11l.::t, "1: if; 1 ~ 'o::~ r' :t-oJ:O: 'f!t-::lvCLJ: 5' :::\li!:~0)71 7o"'t1 
ib ~ 1v& ~ =f--tJ-- (TESCOM, TML24) tc 'L 30 ftPFa,lf¥f :,...- /1 r-'~li 

Lt-::. c.n~ -20°C L"~t!i • IM!/W L 'L !J / .1' ~ 11{~~~~ • : iffi (1t) ~*~ D: *'1<~:::\li!:~ 
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2. t.J D 7/1 l'~:!i 

no7/1'~~·0)·~1i* CM)~*~O)~L'~&L 

t.: (~ 2 ~). .It~ t:::.ffl \, 't.: ';?:~' ;0; 3.18 mg • g- 1 OW c 

~ ~ • <, 'v'f.t.:lv::.. L ~ 5' tr*ki!CI:t 'J?:~' J: IJ bfiJ,t:::. 

f!£ < , *ki!Cfa, O)N:~~bHHIEiJ'-=> t.: (2.68 ~ 2.77 mg • g-1oW). 

'o:1t-' 0)5'b, :;$:1ilf~L'#t~Lt.:;%ki!C~L'~-,St~* 
~~iJ>M~ 1: ;6-=> t.:*ki!t LS 1659 0) 7J o 7 / 1' t-• ~:llli, #t 

~>*ki!t ~ "{'~ ~ {!£ <' 0.52 mg. g-10W "{' ;6-? t.:. it.:, 

S3294 (1.32 mg • g-10W) to J: lf COJOMORCO (1.50 mg • 

g-1oW) li 'Vf.t.:lv::.. L ~ 5' tr>%ki!t J: I)~<, 'L L c 5' 

(1.09 mg. g-10W) ~ 'JIO)Jl\' (1.54 mg. g-10W) t;:=,Jt~ 

-c F<i]~~ "{' ;6 -? t.:. 

3. rt7 .I/ -Jv:R 
'v'f.t.:lv::.. L ~ 5' c.lt~t;:=,ffl\,.,f.: 'J?:~' c 'L Lc 

5' t:::.--:>\,'"(~~*~c*~*~O)~~L'il!IJ~~IT-=>k c 

::.. ~. "'T.hO)&f!~~~*~iJ>i)f;~*~J: 1J ~-7 ;10 

/ -1v:l:iJ>~1,< c ;O>§J'l GiJ>t;:=,fJ:-:>t.: (~ 3 ~). ~t;:: 'ff' 

t.:lv::.. L ~ 5' tr;%ki!t0)~~*~0)8 7 ;10 / -1vii:l:t• <, 

:Iii~. iJ>-=> t.: BK-3 (6.94 mg • g-10W) li, .It~ t;:=,ffl \,' t.: 

'Jit:~' (2.94 mg • g-1oW) ~ 'L L c 5 ' (3.59 mg • g-1DW) 

0)~ 2 ffi'O):IliJ>?;-i n -c"'f.:. i)f; CM) ~*~0)~/J!U~ L 

' I 

' I 

' ' ' ' ' I 

' ' ' ' I ' ' I 

' I 

' I 
I 

' ' ' ' I 
I 
I 

I I 
I 
I 

t.: o :::1 J-. tr>%ki!CL'Ii, ~ 7 ;10 / -JvitiJ> 3.73 ~ 4.21 mg • 

g-10WO)l!li1Jm-c·;61), 'FJt.:lv::.. L~ 5' "t'~~~~jl"t' 

;6-:>t.: BK-3 (3.97 mg • g·10W) c F<IJ~L';61J, Jtt~n:::.ffl\,' 

t.: ';?:~' toJ:lf 'LLc5' J:IJ~~iJ,-:>f.: . .f:-O){ffiO) 

'V!t.:lv::.. L ~ 5' 3 >%ki!Cii 2.71 ~ 3.25 mg • g-1oW O)if!Jm 

1:;61), Jt~O) 'JIO)f]\' (3.llmg ·g-10W) cF<iJ~~L' 

;6-? t.:. 

~~ • -t!i:lfi (2003) l:t, t- ? 7J 7 "-'it*6MI c $*&fl 

H15d'bf!O)%~*~b!;:1,!t*~0)~7 ;10 / -Jv~:l:~.lt~ 

L, %WI*~t-:::.J: 1J ~ < 0)7 ;10 / -Jv~f'to>~i.h "(\,'o c 

¥&15- L -c \,' o. it.:, Oeepa G (2007) li, *~~iJ;~~. 

50%iJ;*~· to J: lfi)f;~O) 3 --:>O)~t.~:oSt~..A 7-:./0)* 

~0)~7 ;10 / -Jv~:JlO)Jt~~IT-=>'L"'o. -t:-.ht:::.J: o c, 

S(;W,\t:::.f:j:\,, 4 d'bf!"t'J)1Zj,', 3 &f!L'Jtl1Jil, 3 d'bf!L'W:ftiJWJ: 

iJ'-=> f.: c ¥&15- L "(\,' o. :<$:1ilf~L'Ii 'Ff.t.:lv::.. L ~ 5' c 
.lt~&f!O)~~-c-c~~*~~i)f;~*~J:IJ~·7;JO/­

Iv:j:iJ'~"'~*c t.~:-=> -cto IJ, -mi-c::...nG~*c l:t-3& 

L fJ: iJ>-=> t.:. 8 7 ;10 / -Jv~:j:O)~f}j t:::.--:::> "' -c lid'bf! t:::. 

J: -:> L, i f.:, #t~~ o *~ 0) S(;W,\ .A 7- :/ t:::. J: -:> L ~ fJ: 

o 1iJfjgl1:iJ>;6 o t.:?h, 4-~. tt G t:::.&f!~StW\..A 7- :;~ 

Jtl~ L -cW/;1~~ o~~iJ;;t o. 

4. ttMfb!tt 
'V!t.:lv::.. L ~ 5' c.lt~d'bf!t:::.--:::>\,''L~~*~c*~* 

~0)~~-c•~~rr-=>t.:c::..~. ~~*~~i)f;~*~J:IJ 

mi1:ffi•<~IJ. •7;10/-~:~:0)w~cF<iJaO)•~~~ 
G.ht.: (~ 4 ~) . .f:-0) 5 'b, BK-1 !;1,7'j-O) 5 *ki!CO)~~* 

~-cl:ti)f;~*~cJt~-c 2 ffbli"'mi1:~~-ttt.:. it.:, ·vt 
t.:lv::.. L ~ 5' 0) BK-3 O)~~*~O)ifi:~ftmi1: (7.24 mg 

Torolox ~:ll · g-10W) li, .lt~d'bf!O)~~*~ c .It~ L -c 

~~2ffi'O)mi1:iJ'i6-=>t.:. · *~*~0)·~~. 'v'f.t.:~v::.. 
BK-1 BK-2 BK-3 B<- • 53294 LSt659-IIO,:o :);{IIi L.L.!:?•"'m L~ 5 , 0)5'bBK-2 !;1,7'j-O)*ki!CL'Ii 'o:1 J-.' ~.It~~ 

ltftlv::.t...d 0=> ~ : Jtt!!dl.ll f!J: I) mi1:iJ'~"'·~t:::.;6-:>t.: .• 7 ;10 / -lv~itcm~ 

~ 2 ~ 'a :::1 r' :to J: U 'Vf.t.:lv::.. L ~ 5' i)f; (~) ~*~ -ftmi1:0)t§I*!I*Jf* ~~f.: c ::.. ~ • • "'IE O);ffi!*liJ>~ G .h 

~ 5 ... 
$ 4 

• f 3 

" ~ 
" 2 • 

0)7Jo7/1'r·?;-:i: (r=0.8430, 1%7.1\.~L':fLiJ, ::...hGI-?7J.70/*~~0) 

BK-1 Bk-2 BK-3 BK- 4 53294 LSI659 COJO : J:{l!i l..l-!: 1 .(1)!1\ 

___ -IIOI!CO==- : ----

0~~ ~~~M 
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~ 4 

$ 
3 

tl 
11!! 
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BK-1 BK-2 BK-3 BK- 4 ! S3294 l.Sl659 OJJO 

-IIOI!CO 

;g4~ 'o :::1 r' :toJ::U 'Vf.t.:lv:::. L~ 5' *~O)t/i:~ftf.!ii1: 
. :i)f;(~)~*~ 0:~~*~ 
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• • 

• 

+ y = 0. 6634x + 1. 7005 
r = 0. 8430•• 

• • n=l6 

4 6 

litlltftllii't :(og Toroloi~:I: • . -• Df) 

~ 5 ~ 'o ::r !--':to J: (f 'Vf.t.:lv:::. 1.- J: lj' *~Q)~7 "'- J-

1vjt c fitliHtf.Sli. Q)ffj~~% 

7 "'-; -Jv~EhHfi:®ftTi5ii~:::.S$ < ~~ L '"ti.-'Q ;:_ c iJ\~~ 
~.ht.: (~5~). 

5. y- 7 ~ /MM (GABA) ~-
'v!t.:lv ;:_ 1.- .1: ? · c Jttl(~:fi~:::.--?~.-,--c~15*~ c $15* 

~Q)~JJ'"t'ii!IJ/E~IT-? t.:. c ;:_ 6, BK-4 t.Hi-Q)*K;i'E'"t'fi.~15 
=*:~iJ\$f5=*:~J: 9 GABA ~:J:iJ'.~I,,jlliaJt:::.~-?t.: (~ 6 
~). ~lml? (2000) ft., 3t~~ 37 ~54 8 ~:::.:t.;ytQ _,( 0 /' 

~ffll.-'. nltW-\~:::.-{f?f.ilitf~q:,O) GABA ~:lil:~ii!U/ELt.:c ;:_ 
6, nltW-\t:::.-{fl.-' GABA ~:lil:fi.~1Jn Lt.: c ¥1H5·l- t.:b\ 1-- ? 

-jJ =; y~ jj'JI,,t.:;;$:1Vf~Q)kia=*:ft.~ts: QjlliaJ~~ l- t.:. 4@1 

0)~~-e~nJtW-\M~Q)=~aQ)~Q)•~-e~Q~~. ;:.Q) 
J: ? ts:M:iaJ Q))1n' ~:::. --::>1.- 'L flfl I? il,~:::_ -t Q ~:::.~ J: 9 ~WIts:~ 
ittJ'~~-e~Q c~.::tl?nt.:. it.:., -t-"'LQ)ffiK;i'EQ)q:,-e 
ft..ltil(~:::.}fll.-,t.: 'JIQ)Jl\' 0)$15=*:~iJ\~:t il1li < (45.8 mg· 
g-1FW) • ex~.-, -e 'v!t.:lv ;:_ 1.- .1: ? · 0) BK-4 Q)$15*~ 
(42.7 mg·g-1FW) :to J: (f BK-2 Q)~~=*:~ (41.2 mg·g-1FW) 

0) GABA ~:lil:iJ>~iJ'-? ~- 'o ::r !--' Q)$ (~) 15=*:~Q) 
GABA~:lil:li., 'f£t.:!v;:. LJ: ?' J: 9 iu'.}'tJ:iJ>-?t.:. 

c ;:_ 6-c.', !-- 7 1-- 32 ~:fi~ffll,,t.:?Vf~'"t'fi.~Q)~~~~i. 
40~IOOmg·g-1FW (~~G. 2007), /-v:t.t1-t-22~:fi 

~ffl\,,t.:?Vf~'"t'lt. 16 ~ 61 mg • g-1FW (q:,:ftG. 2006) ·0) 

50 

40 

10 

B&- 1 81- 2 BX-3 BK-4 5329-4 LSI659 COJO 1 J:(lt( l..l.,.!::; JlQ)JI\ 

--~~~=~~:--~~--
""' .. lttll&.!l if.t:.!v:: L..t; 

~ 6 ~ 'o ::r r' :to J: r.f 'Vf.t.:lv ;:_ 1.- J: lj' *~Q) GABA 13-:!i 
· :~(~)~*~ 0 : ~~*~ 

~~~jiJ'.~Q c ~.h '"t:to 9, 4@JQ)kia=*: (16.5 ~ 45.8 mg • 
g-1FW) c .ltil(-t Q c, 4@1~~ Lt.:. r ? tf 7 S/ Q) GABA 

~:lit ft., 1-- 7 r J: 9 :VtH,tlliaJ~:::.~ 9. / -v 7l1 -t- c 11'i.l~ 
--c~Q c ~ .::t G.ht.:. 

U~Q)M~ $*K~l-'"t~ 'o::rr' U~~~~~Q 

t Q)Q), ~_,,f.h t 5$1.-'**~fif"? ;:_ c il\ tJ 7"-!f"1 Y ; 1 

f~jiiJ> I?~ flfl I? iJ>~:::.ts:-? t.:. . . 4~. 8 ;;$:)\Q)Pj!ift:::.~-? 
~.lttl(tt:l$*:§.\ltQ){Jh, 'o ::r 1--' Q)~:fi~Wnlt-t Q~~ 

~~Q~ 4@J~Ghkkia=*:O)J:?K 'o::rJ--' O)$*nlt 

51-~:fi:t:::.ft.ffiKi1Era,'"t'::k ~ tdl:~il;~ Q ;:_ c il' 1?, ~~ffiK;i'E 

~~~ t-~$*Q)~tt~rr-? -n, < ;:_ c -c. ~ Q~/tQ)$ 
*Q)~-~~~-e~Qcm~~.n~. ~~L. ~/tO)** 
~-ft., m:tE. *!I!.TW<P'JO)oj:q_lJra,:tlli'"t'r .. ,@t:::. ts:-? '"( ~_,, Q~ 

~X!Ul: c L --c 0) 'o ::r 1--' O):fj fflii~ ~ ~M-t Q ;:_ U:::.ts: 

Q~~. :ff*=B9ts:W:fi13~c L 'Lit., ~~~:::.ilbtJ:I.-''"t', il' 

"?, 8:<$:A.Q)IItlif~:::.~-?t.:$*-e·~Q ;:_ ctJ'~~c~.::tG 
.tLQ. it.:., 'lt!t.:.lv ;:_ L J: ? ' O)tJ o 7/ 1 F~:lil:fi..ltil( 

B'-Jil1litJ'-? t.:tJ\ 11'i.l~tm~t.m:tE, *1llts:~15*~0)fUffltJ'* 
,c.,,-e~Q. 4~, Jl)(lf~AA~O)iJ>L'LLil.-'$<15---51.-,'"t 

L i -?t.:=*:~t:::.--?1.-''"t ~. ~1.-'iJ o 7/1 f~:lii:~Ti5iJ> L 
~~ffl$~•w-r-Q~~~~Qc~.::tGnk •7"'-/­
'-'-'~:lil:~:tit®f~M:~:::.--::>~.-, --c ~ ffiKi1EraH!:~il;~ G.h, .Itt!(~ 

:fiJ: 9ilili1.-,tlliaJtJ>~G.:ht.:;:_ cil'G, 41&, ;:_Q):ffM~):::.it 

13L~~tli:KJ:Q~-~~~:ff~~~QC~~Gh~. ~ 

:to, GABA ~:1:~:::.1*1 L '"t ft.ffiKi1tra,:£ ~ ~ G.ht.:il\ -f:- Q):i: 
lt.l1'i.lt::t-.Af'J-O)=*:~-e~Q 1--7 r ~:::..lt-"'"t{Ih,~Q)'"t'~ 
9, ~~*K;i'EQ)q:,'"t'lt.it 13 -t QM'i!{'"t'fi.fH' c ~ ~ Ght.:. ., 

4~1t., ;:_,:hi?O)ffiK;i'E~:::.1Jn.::t. J: 9 ~ < Q)ffiK;i'E~Jtsl~ • 
~fiffil-'L, ;:..nG 'o::r !--' :toJ:lf 'v!~lv;:_LJ: ?' 0) 

~--?~W,ts:~~~:::.~ L 'LI.-' Q c 1.-'? M'i!{t:::., r'El!~~ii c ~_,, 

? #1Jnfiffi{~~#~ Lt.:~:fi~~~Ji/l6'L\,' < c c c -t Q. . ~ 
~W,ts:~~'"(·O)~j{ft:::.~-t Q c tt .n Q 1-- ? t;• =; y '0 ::I 

!--' :toJ:r.f- 'lt!t.:.!v;:.LJ: ?' O)~figiinlt51-~:::.--?I.-,'LQ)~ 

fiffi~IT-? ~- 'ft!t.:.lv ;:_ 1.- .1: ? ' lt.¥*il'~~ <, tJ o 7; 1 

f ~.ll:fi. 'g~' c 11'i.l~ -c.'~-? t.:. it.:, ~ 7 z / -1v~ 

:S::to J: lf:tfi:®ftri5iit:::."?l.-''"t ~ Q c, ~15=*:~iJ>~~:::.ii1li <, 
.ltil(~:fi J: 9 t m.n, iJ>"? *Ki1Era,~~iJ\~ I? .n t.:. ~ I?~:::.. 
GABA ~it ft. BK-4 Q)$15=*:~:to J: r.f BK-2 Q)~~=*:~'"t' 
.ltil(B'-Jilili 1, 'M* -c.'~-? t.:. 'o ::r r- ' t:::.f*l L --cIt, tJ 7" "'t1 

S/; 1 V~:lil:ft., *Ki1Era,~~~t.~Q ~ Q)O)I.-,f.hO)*K;i'Et 
$*ft. '[10) ffi.' J: 9 5$iJ>-? t.:. ii'f;~=*:~*K;i'EO) tJ o 7 / 
1 nt. 'L L c?' ~ '/IQ)Jl\' c 11'i.l~'"t'~ 9, it.:, 'o 

::z r' 0)8 7 z / -;v:S:~.ltil(Jb:fi J: 9 ~ <, GABA ~.It 

a.Ittl(~:fi c 11'i.l~li' 0)*5* c ts:-? ~- u~ Q) .t ? ~:::.. nlt51-
t:::. J:-? --c lt..ltfX~:fi J: 9 ii1li1.-' t 0)~. *Ki1Era,~~tJ'~~ G 
ht.:;:_ cil>G, 41&1t.J: 9~< O)*K;i'E~Jl)(~ • ~fiffiL'L, 
'o::rr' :toJ:r.f-'~~lv;:_l-J:?' Q)~Iffi~~~K~L'"t 
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