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KESORN MUANGTIP: BOTANY, VARIETY, GROWTH AND
DEVELOPMENT, PODDING, SEED SETTING AND ANTHOCYANIN IN
RED KWAO KRUA (Butea superba Roxb.). THESIS ADVISOR : ASST.

PROF. YUVADEE MANAKASEM, Ph.D., 127 PP.

Butea superba Roxb./NAA/PHENOLOGICAL CYCLE/RAPD/ANTHOCY ANIN

Red Kwao Krua (Butea superba Roxb.) is a protected plant. It has been shown to
improve the physical strength, treat the skin, and maintain male hormones. Four
experiments were conducted during the years 2004 to 2006. The first experiment was
to study the effect of NAA and watering on podding and seed setting of Red Kwao
Krua at Wang Numkeaw district, Nakhon Ratchasima province. The experiment was
a 2% factorial in RCBD with 2 replications. There were statistically significant
differences in the inflorescence length and number of pods per inflorescence.
Watering gave the highest inflorescence length (36.35 cm) and the highest seed
number per pod (1.15 seeds per pod). NAA at 100 ppm with watering gave the
highest number of pods per inflorescence (5.10 pods per inflorescence). From the
study on the anatomy of complete seeds, it was found that the embryo and cells were
bigger than the incomplete seeds. The second experiment was to study the
phenological cycle of Red Kwao Krua at Wang Numkeaw district, Nakhon
Ratchasima province. Ten similar plants at the same growth stage were selected to
collect data. There were 5 stages of growth and development of Red Kwao Krua,
which were new stems and new leaves, old leaves, leaves falling, flowering, and
podding. New stems and new leaves were flushed (100%) in early June. Leaves were

100% old leaves in late September. Falling leaves reached 100% in early November.



Flowers were 100% flushed in late February. Podding reached 100% in mid March.
A change of 1 unit of maximum temperature and rainfall from 32.93°C and 0 mm/day
caused a change in emergence of new stems and new leaves 9.98% and 12.52%
respectively. A change of 1 unit of minimum temperature and relative humidity from
20.62°C and 89.87% caused a change in initiation proportion of leaf falling 22.40%
and 5.49% respectively. A change of 1 unit of minimum and maximum temperature,
and relative humidity from 19.02°C, 31.91°C and 79.13% caused a change in
flowering of 8.94%, 10.36% and 3.83% respectively. A change in 1 unit of maximum
temperature from 30.94°C caused a change in podding of 8.31%. The third
experiment was to study the genetic distinctiveness of accessions of Red Kwao Krua
collected from 6 provinces using the RAPD technique coupled with comparison of
botanical characteristics. Forty RAPD primers were used and 888 loci were detected
altogether, comprising of 813 polymorphic loci (91.55%) and 75 monomorphic loci
(8.45%). These loci were analysed by the NTSYSpc v. 2.10X program and the
genetic similarity coefficient was calculated by Jaccard. The variables on the
dendrogram were clustered with the unweighted pair group method using arithmetic
means (UPGMA). It was found that the Red Kwao Krua accessions were clearly
classified into two groups (subgenera) at 32% relatedness. 1) Red Kwao Krua (Butea
superba Roxb.) included 2 subgroups at 70% coefficient. Subgroup 1 was Red Kwao
Krua from Nakhon Ratchasima and Kalasin provinces. Subgroup 2 was Red Kwao
Krua from Nakhon Ratchasima and Sakon Nakhon provinces. 2) Tao Pan Say
(Spatholobus parviflorus [DC.] Kuntze) included 3 subgroups at 84% coefficient from
Chaiyaphum, Burriram and Mahasarakham provinces. All of the samples were

genetically different, except C6 and C7. C6 and C7 were genetically identical. The



dendrogram of botanical characteristics also showed 2 groups at 19% relatedness and
were related to the classification by DNA markers. Group I was Red Kwao Krua
from Nakhon Ratchasima. Kalasin and Sakon Nakhon provinces. Group 2 was Tao
Pan Say from Chaiyaphum, Burriram and Mahasarakham provinces. The forth
experiment was to determine the amount of anthocyanin in the tuberous roots of Red
Kwao Krua and Tao Pan Say. Anthocyanin was determined from the extracted
solution of the tuberous roots of Red Kwao Krua and Tao Pan Say with two mobile
phases (HCl:formic acid: H50, 25:24:51 and 7:51:42 v/v) using TLC with R; 0.12 and
0.34. The extracted solution of tuberous roots of Red Kwao Krua and Tao Pan Say
absorbed wavelength at 519 nm and their color changed from red to brown if the pH
changed from 1 in to 14 which is a characteristic of anthocyanin. The pH differential
technique was used to determine the amount of anthocyanin. The diameter and cortex
of tuberous roots of Red Kwao Krua were correlated with the amount of anthocyanin,
but the diameter and the number of the rings of Tao Pan Say were not correlated with
the amount of anthocyanin, Tuberous roots of Red Kwao Krua had anthocyanin
between 69-144 pg/g in fresh weight. Tao Pan Say had anthocyanin between 172-252
ug/g in fresh weight. NAA at 100 ppm with watering increased the number of pods
per inflorescence. The climate had an influence on the growth and development of
Red Kwao Krua. The RAPD technique could separate the clones of Red Kwao Krua.

and the tuberous roots of Red Kwao Krua contained anthocyanin.
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1 9}::9’ a g ~ [ ] a ~ PR A g
RAPD Wun lasudmuelivinasglurie  0.5-2.5 Alawd wazillwswesimiunovfioue
o 4 ] a g [ A A A Ao 9y a
Faau 22 Twswes uazen 22 Inswesniuuauanuesany iies 17 shaniildna
a I [ 4 1 I~ { [ 1 [
Tnavesidy d1udn 5 Tnswes nulwaudduenld Liuanaiaiu
Yu and Nguyen (1994) 1¥imaiin RAPD lumisasiaaeuanumlsdsiunaiugnssu
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U

W 2 UM WU 2 50 uazdn 20 301 ITNNRUUQN 94 DMUTAITEE UIY 20 I

a =

QNI 36 DIAUFAITEA UIY 15 TUIN QunQN 45 BIrsaltad WU 15 U9 uazgainil 72

U

a = a

paFIAITE U1 90 IUN tasNguUKnl 94 oA sAIFod U1 20 IUIN QUUQN 36 03

U U

a =

WA WY 15 IUIN guIvinll 45 parisaFed W 15 2N tazgurgil 72 odrm Ak

U

a 4 < o [ c?/‘ a
WU 2 H'Iﬁ Lﬂﬂﬁmﬂumuau 19 591 ‘*ri‘mmﬂuumuﬁathmﬁﬂu 72 @Qﬁn“]fﬁlc?mﬁ WU 10

U
Y
@ [ 4

= Y 1 aa o Ay Y ' 1Y
UIN Wa‘ﬂllﬂWUﬂ unumam@mmuaﬂmaﬂ"lmmmu@nmﬂﬂum 11 a1gnUg

E]

a o v 7
Yamamoto et al., (1994) linaiin RAPD lumssumunwugang (Orza sativa L.) 1ag
o o 7 ! 7
nenaa (Lactuca sativa L.) Taolg Insmesdiuau 21 Tnswes wuni 13 nswes 1¥uavd
< = . ) cd & o (& cd ¥
OUONUEAAL polymorphism 1U41 50 losiua wazlunznudnla 47 Wesigua ansoasia
a o 9/@9‘ ac Ay v a (] ~ [ Y4
urugimaiugnisu Idsuaouwen ldnnmalin RAPD U@ ufivzmizao uNWUga 150
S . [ @ 1
19151 genetic marker 58 RAPD marker lumisaaoniiugae 1114
1.2 1AlA DNA amplification fingerprinting %30 DAF %4 Caeteno tagam (1991)
) g 4 3’ a o A Aa
Wnldasausnlasly Inswesvinaduiies 5-8 dadTe Ind uaz1¥lsunsumaiinysuna
9 Aa A o 9 dy ' a g o A == =
Taglogurigiiies 2 s2an udwenryudiuaue lasmsioan las W5da vy Indezn
a J 9 Y . .
am”lmma 1aggauN Y silver stain
a I a { ] [ 3’
1.3 tmAUA SSR (simple sequence repeat) HumaianedemMsnseMea VoL e
A Aaa I 9 Ja o o 1 9 1 2’ 2,’ Y o
Tudedidia Wumsasrelnswesndumeivaindutazavdareveuvadtiv  udmiims

A a aa £ 1 ag A a = 2’ T ' .
mudsunuaue %Q%%W‘Uﬂ’nmmﬂﬁNﬂJ’f)\‘]LLE]‘]JﬂLi’]LlLﬂﬂlﬂﬂil”lﬂﬂ”liﬂ“];ﬂﬁ]i”lllulﬂ”lﬂu LBU Jain

and Bhalla (1999) 'ldtiumaiia SSR way RAPD vianuduRusnIRUEAIITNUEN
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o v J [V 4 Y
Pandorea jasminoides 31U 5 @WWNUT WA Pandore pandorana 8 88WUT MNNIAAEDN

J

J 1A A sAq ¥ J v o d 09/’ 1
UlWiLllfJi WUNUIWE 6 UlWiLiJ@iﬂﬁlﬁﬂ'JuJLLﬁﬂﬁN uaﬂummamauwuwmm 13 AgNUR
A ] g o ¢ ] 7 A ¢
Lﬁ@ﬂi%VlWiLN@iﬂﬂﬂ’q@ UIU 3 UlWﬁLll'fJﬁ Iﬂﬂi%VlWiLN@i‘mﬂlﬂﬂuﬂ SSR 1 vl‘W'iLllfJi uae
a 4 <] o v o J
maun RAPD 2 ul‘WiLlJfJi Wammmuﬁmme 513 49U d@ITDUUNANNTUNUTUDN
Pandorea jasminoides W& Pandore pandorana 16 2 ﬂij:iJ
a I a 1
1.4 mAUA AFLP (amplified fragment length polymorphism) dumaiansiuen
[ Y Y [ = v 9 a3 Jo o a Y
“annN1s RFLP 1t RAPD NTifJiJul’Jﬂ’JEJﬂu TﬂEJiJﬂ”liﬁﬂﬂ?fllﬂullcﬁmﬁﬂﬁnl‘w1$ 2 BUA LAIND
Y o < o A A a v , 74 o v
101N adapter GIJ@QL@H"I,“HEJVN?(@Q Lla?.ﬁllﬂ”lilWllTJﬂJ”Iﬂ!ﬂ'Jflﬂ”li‘lGlflIWim@i‘ﬂiﬂlw1$ﬂll adapter
3 ] 9= aw Y o3| v @ '
UUY WY Sharma, et al., (1996) "lﬂﬁﬂ‘]sﬂ'nﬁlu”lﬂ1isll@\‘]ﬂﬁﬁjﬂﬂ”ﬂ Lﬂuwu‘h;ﬂgﬂ 26 AIDYNN LAY
I A o [l 4 1 ' a ]
Lﬂuwuﬁﬂw 28 MDY Glﬂg)'}"lWiLiJ@i 4 £ WUIUNAUA AFLP @MUN3ouuugnayvaInvany
[ Y @ Lo 9
"’IJ@Qﬂ’JVJﬂEJ"I'JfﬂEJWH‘E‘@IN 9 llﬂ
a I a 1 A A
1.5 1mA1IA ISSR (inter-simple sequence repeat) nANANTYszANTNINGS 11150

o w

[ a t:' a a A { J {
nenluseAuyiia (species) voadeliFInaunanelusiia Tasl¥is PCR 714 Inswesntiddu

[} o

Y
1WdH1 9 (Microsatellite primer) 15U (AG), (TC) , #30 (ACG), mlFmelumsdnuligain
F4
Junou ligeondudon
a A 4 ad a 3 .. . S A a A A
2. AN 91IA35 Laus ladu (hybridization) Hieamatin@e) As RFLP
(restriction fragment length polymorphism )
.. . I a { 1
RFLP (restriction fragment length polymorphism) dHumalaNAnEIANULANAE 150
a g A a v ¥ & 7o A ~ s
ANUHAINNANBYEIVLIAAE W INAINMTAAA e U lesisurz ueyiia Foniuiu
. a o . 1 < o o
polymorphism BMIATIVEOU RFLP Am 11311 genomic DNA doadiudn layddasumy
(restriction ~ enzyme) uai1 luenuualy agarose UAIDWAIFUALILMILTY 1BZATIVETDD
v 2
A18M35 hybridization N1 probe NAARAINAWAITAUTUATIA WAVBINITATIVADVLLAAIDIFU
a g A [ @ ~ 1 @ Aa Ao " v Y <3 4 A A
AuENTILIAA1 9 fU LaUNLANANAUIZINAINMINAENA LHLIAaa e a1 nSel
A a3 ' o 1w o ] [ .
MY 1581518 1Y V0IADUBTTHINA UM UIAATOIA MU 1¥Y Cui er. al., (1995)
' ) Y4 1 1 1 a
laasraaeunnurainalsresdnihe 1uau 53 @esiug nuraa 9 1wy uedim
= a & g A 4 Iy A . 9 1 o
o1Fey o3 Futluiugih wagiugilgn Taglsawuenily single copy o313 14U
I T Ay A qg.: v A A 3 A v
62 Taawdlulnsy wunidadanivua 340 daaa waziwuneluiugiwaziugian 240

9ada 991nN13N1587 phylogenetic tree WU 1A 7 NG
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WugnuaIenas

[ A [ = = =2 o [ 4 1 =2 A
?HEIWH‘Qﬂ’JTJ&ﬂi’E]L!?’NENUbJ?JﬂWiﬁﬂHWQQaﬂHﬂ‘!zwu‘ﬁ UATINNITANHININAUATDUL

Ditchaiwong, et. al., (2005) l@swunanurainnatemaniugnssylagldluanamiouie
10875 randomly amplified polymorphic DNA (RAPD) SIuAUANEULNNAUTIUINGT WU
as 9 Y4 A Y A U 1 o ] a 1
3 RAPD dunsaldszyiug wiemedunnunieumnld diudnvazniedugivine’ly

ausmhnlduenanuuanaieszningaedula

ﬁiiWﬂm‘U@Qﬂ’JTJ!ﬂgﬂllﬂﬂ

A = o A dy 9 1A ' o
NIUATOUAN (Butea superba Roxb.) HATINAUNIG Ul‘l] AMMUNVUDNUUIUITUADNU
[ > A [ Y 1 < a Y 1A 1
U1 leﬁﬂlfﬂuwxiﬂ’JTJLﬂﬁﬂl!ﬂilﬂuﬂ@uﬂluWﬂmHNaﬂWiﬂVl‘ﬂﬁl uaaumﬂuﬁaﬂuﬁmmu HIUTD
o 1 = Y 9 a n 9 ] [ dy [~} v Jd Aa
INHIDINTTIODUINAY WADULIVINLIIUDY ﬂu“lu”lﬂuau"luwau HONWNU IWYUNT  NITNYLVIY
1 A a 1 [ @ 4
(2541) lanandsassngunnuaiouaunudunlfnduayulnssnuwdlaiiosn
Y dy ' o Y Y o 0 ) a Y 1 =R o J
NATUIUBUBITNNIY mqamuwﬂwmm UIIT18aN UWEQW?WﬁﬁmﬁlWLﬁQﬁQ ’Uﬁ\‘lﬁ@ﬁiﬂﬂl‘l"lﬁ
) o w a v a  d Y o ao 1 4 =\ o
B8 LAasUIIINIAN su15Y  Snfall (2537) llﬂ‘ﬂWﬂﬁ'ﬁ]ﬂW‘U'ﬂfJ\‘lﬂﬂﬁgﬂ’E]’U‘V]NLﬂiJ‘U@QW'J
Anuaseualszneu lide steroid, steroid glycoside, flavonoid, flavonoid glycoside g
) [ . ! o I 1S a
amino acid @150 flavonoid WnuluannunseuasernilulyldudumeuInleeiu
A A o A A Yo = = B ) Y]
L‘L!@\Tﬁl”IﬂVIW'Jﬂ'J”I’JLﬂi’f)!,m\imi’]"lﬂiﬂﬂ”lmmaileEJNﬁLLﬂQ]lWaﬂﬂﬂiJ”l FIADANADINUIIYIU
. ' ' A Ay A a 3’ a . <3|
YD Markarkis (1982) aamNensueu Inleeniusziady duas vazdrii@uy anthocyanins 1Wu
va ' a 4
antioxidant Haaieuiaduasdeduoyyaddsy mad@onanIMouLad HATANNYIT 484 1
aunguazna lnidlosnnnmaiinvesoyyadasy  mamuvelfiseeendatu nagms
1 a a a I
aﬂawmmimﬁ'wua%aaaizw%uaumaﬂmmum (National  Center for  Genetic
4
Engineering and Biotechnology at Kasetsart University, 2546) uenanil nuATouAIrIely
) o 3’ ' o Y v A a
msthgalszam dudeermsnnsie wursen hldluilagiiulinseaaayu lnseonunlugl
a o S A o ] (] A £ g a o Jo A
WAANUNINWDIIHUIEY  LFU Emmﬂq;aﬁyu"lwammmmmwuﬂuwaﬁﬂmmmmmmim@u
) Y % )
ﬁNiﬁﬂﬂWWﬂNlWﬁiul‘Wﬁ“ﬁWﬂ HASRAaTIMIUgNINIYTY PowerUp  Gel Gﬁilﬂulﬁlaﬂﬁi
] Ao a 4
FUTTONINDIICINAYY (AVY L‘Bﬂ%’)?ﬂﬁ@li, 2547)
a a aa 4 1
Iwau Ao (2542 ) WUNANT 3,7,3- trihydroxy-4-methoxyflavone (Wa1la-
o { v A Aaa [ 091’ o
UIYAN) Gluimmnm%umﬁmmvfﬁrﬂ’u 200 llﬂJIﬂiﬂﬁll/llﬁﬁﬁWIi FIUITDYVYINTITNINIUUDN
4
1o laysd cAMP-phosphodiesterase (cyclic adenosine 3,5-monophosphate phosphodiesterase) &
RRLE < I, A v a o
qxiﬂ'ﬂllllal“]ffﬁiu 50 WoesiFua HAZDINISITDNANITTONINUNIUNAVDINFIULNAIINNITNINIU

@ . < 4 o o ] o o
voaeu'lasl (cAMP-phosphodiesterase) 104 lasaiting ldudamsutedivesosnma Taevi 1
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donlnatigesnmaldlidiui Tana Sediy uazame 543) 1EAnmn nsdudinns
Mauveaen laf cAMP-phosphodiesterase UDIT1T 3,7,3-trihydroxy-4-methoxyflavone (10
719 3,3-dihydroxy-4-methoxyflavone-7-O-p-D-glucopyranoside TusinnnuaTenas Wy a3
‘ﬁ?qamﬁqwi?(ﬁugqmﬁﬁmmmmu%ﬁ cAMP-phosphodiesterase '187152@1489A1 inhibitory

concentration 50% ( IC,, ) = 190 uaz 58 lulasnSu/iiaaans

4
a A a

aAnsen

Y

1 Y i o v 7 a v [~ Y
LL@]ﬂ@]Nﬂuﬁi’NWUﬁ @@ﬂ?ﬂﬁgfﬁUWUﬁ‘ wgwnsmmaﬁuwu‘q Lm%ﬂﬁllﬂl\‘]@]’ﬂ]@ﬂ@?ﬂ?%&WﬁiH

v [ Y [
Yunsnana  (2545)  ldhimsAnpimavessinnuniouasiny lunuin

Y
a A o v

vgumad Tasldvyuniuseinnunsouastluing s Taansumiviu dunam 21 fu
Wt thntingy uaxﬂ?mmaq%mamgmmﬁwﬁuasinﬁﬁaﬁﬁaujmqﬁﬁﬁ HAZANNYIIVDY
mmnmmwmmﬁwﬁuuazuﬁqﬁmm?ﬁ”u WONIINT Smith and Wood (1992) WUTAN5 T
Sudamavnanvoaonlas cAMP-phosphodiesterase mmmﬁmﬁ'wﬁﬂiz@jumsﬁmumm
szuvlszamaiunans Lmzﬂszé:uﬂ”nsﬁmﬁﬁﬁmmmaéllﬁ’ HazdIrIBaAnNNTUIITIUDITIA
$101dva1eTsn 115NN (Hemington ef al, 1973) uazlsaugi3e (Emmelot and Bos,

1971)

’rﬁﬁﬁlﬂﬁzﬂﬂﬂﬂﬁ!ﬂﬁclui1ﬂﬁ%ﬁﬁl@1ﬂ1§ﬂ313!ﬂ§’0!!ﬂﬂ

FINALEVBIMITNINNATBLAILTENOVA Y
1. p-sitosterol
. I~ a & A A a ] g‘ o 9 3} o o 9
p-sitosterol U sterol FHanHINNUlUNYLNYHA w1 WduI Ina Wdus
Y ' 1
Hiunae rye germ oil %9 Miettinen and Vanhanen (1994) uag Miettinen, Tilvis and
Kesaniemi (1990) NUN B-sitosterol 181unI5aa cholesterol 4 Lowe and Ku (1996) A1
M5V INA p-sitosterol UTNI1M 500 Haansu waz 10 ATU/AU AINITOAATLALVYBY cholesterol
Tugeald msvslaaludSinm 60 Hadnsu waz 130 Taansu/Su FvaanNuEeIVINT
a S a . . . % v a {
mﬂiﬁﬂumqmugﬂﬁmwuﬂ benign prostatic hyperplasia Feeronndoany Ind Mo
YIULTITN (2540) NNV p-sitosterol 1951UNISSABIT5A type 1T hyperlipoproteinemia 1W51¥
1 3 Y] a
#201UN39aFN cholesterol taz 13T ue1anszay cholesterol TuTatiald
2. stigmasterol
. < 1 o A A o @ J . A
stigmasterol Lﬂuﬁﬁﬂqu"leuuuwcv mmmmﬂmﬂumimmmw steroid hormone

= 4 Y g v o I’ o A
ﬁ”lll”liml,ﬁﬂ\ii]‘ﬂﬁ@]ﬂi%‘ﬂ‘ﬂﬁ‘ﬂWUﬁ‘ IﬂEl‘lslflﬂ1!ﬁ”li@\‘]@l!il!ﬂ”liﬁﬂlﬂi1$ﬁ81ﬂﬂf‘ﬂﬂm
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3. flavonoids
. Y a c?/‘ . I A o Y a = c?’
flavonoids U5ZNOUAGEITHAWFUATINN anthocyanin !ﬂuﬁWiﬂﬂ1ﬁlﬁlﬂﬂﬁ15ﬁu1
a a a aa 4 1 J {
Qu-uad Tnay ansNFes1d (2542) AA1INANT flavonoids NWulUANUATOLAL AD 3,7,3-
9 9
= % v o d’
trihydroxy-4-methoxy ~ flavone  en3¥uadannsadugamsiiaiuveseulyd  cAMP
. v ' s & wa ¢ a4 o o S o
phophodiesterase Vlﬂqxiﬂ’ﬂ 50 1losiua ﬂﬂlﬁmﬂﬂﬂl@ﬂlﬂumﬁu%uﬂu‘ﬂgul“lJEl'UENﬂﬁLLGU\‘M'JGUfN
o 1 1 3 { .
penaa Tagihliiaen lvahgesnanald lu@ud uazas 3,3-dihydroxy-4-methoxyflavone-
' o & o L4 .
7-O-g-D-glucopyranoside Wu'nﬁqmﬁaummsmqmmmmu%u cAMP-phosphodiesterase &
(U
4. steroids glycosides
Y
mﬂuﬂqmﬁﬂizﬂauéfaa p-sitosteryl-3-O-p-D-glucopyranoside Q¢ stigmasteryl-3-O-

p-D- glucopyranoside (51151 %"nﬁaﬂ, 2537)

Antioxidant

. . 1< v 9 A a o Y Y a
Antioxidant L']Juﬁ”lﬁﬁﬂ@nu‘ﬁiﬂﬂﬂﬂuyjﬂi’]ﬁi$ﬂ1ﬁu1ﬂﬂﬂﬁﬂﬂﬂuﬁi18%1ﬂ@1§yjﬂ’Oﬁig

£ = a o ' < ¢ & s
F9luas gnsIna LazAmy (2545) WU W59 10AT MIITONTNINVBUYAA ANUFTT 159
Joonidy Jaurquazna lniieaanmsinvesoyyaddse MUl nTen

a Y] 1 a a a -4
PONFIATU L1AZNITANAIVOIAITADAIUOYYADATZHIOUOUADONTUAUN Julic et al., (1998)
' a g L. = & = A A
31891471 coumestrol qumﬂu antioxidant 9 coumestrol {Wuasnnulunnuasov Ny
Y 09; a .. . . { @ 1 g 4 3 a
§UEINIINANTZUIUMS lipid peroxidation Miluduaseaoiiowe taziluduaveinisna
< o
Tsaugi5e uagviaoadonialefy
a . & Ao A ' A Aaa
PUNADATE (free-radicals) (JUeINNozADUNTONYDLADNYID IuanaNLdlannso
{ a a a a = a o =
1707 (singlet) ©19AAVINNITVIANTONTINUVDIDIANATOU DYYaddszlinnFoond ladn
[ o o Aaaa @ 4 Y] 1 a ] 4
7041110 AetinilfseiuezaouveisIgdudNe A1019oYNaddsT 15U oyyagos-
o a £ a 4 = Y a Yy
ponlad uwazoyyalensonda sedw1sooond laga1sdiTuanalaunuynnyialiiinig
o = 9 ~ Y = d a A °
Matsuazgads Insaa519aNaal KNI INVOITadINAM T oNANINIaEi1a1e
4 dy A 9 4 = <3 A =\ a o
wraauazidoe luauilss Teyunagimmluiia@eaviteyyadasz lumsiaigas
g [ a a a < I 1 o ] o
ulanasuuaziye lsn uadroyyadaseidsmaunnnulyl ferwduTnyaemwad 18 wu i
Va o ¢ y Ao a A 9 @ 9 A a  a X o
Tiimsonaurazisadne vasnnumsaarona uau viomnaanudunusosuag

a YA 1% ] o 9 A <Y @ A 4
Wﬂwﬁﬁﬂ'lwllﬂ‘ﬂﬁaq LBU WUIFULADALLUIAD Iiﬂﬁjiﬁ]ﬂnﬂla@ﬂ L!agjjﬂ@@ﬂjgﬂﬂ@']
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a 4 lo 1 d J a 1 a
(luas gnsiad uazame, 2545) arsnvainiumsaedueyyadass laun wounlaseriiv

wAINguUAY ez InauE

Anthocyanin
. 3 a a 4 . . I~ . Aa £
Anthocyanin WU UADDAFUAUN (antioxidant) waziilu  flavonoids  ¥UAHHY
T2 ludalinihinlumsaamigaduuesraeaiaeniialy (Bridle and Timberlake, 1996) 11

< 4 o a <
1M INOURUATY (Timberlake and Henry, 1988) floadumsiin1sauzi59 (Karaivanova et al.,

]
% AAA =

. a o Jd =2 A 3’ a 9
1990; Kamei et al., 1995) uou In logiiudaiusiningnidyraduaadadingu wuluwald

Q
(2]

@ 9 A @ A ' ' v o = I 9 Y
WD ﬂ@ﬂlliJ HAZNININAIYTUA 1TU 93U ABNDYTU NITLIYVLUAN Wuau Tmaqaﬂszﬂauma

Y
[ v )

wouInlweniiau ¥50/58n71 aglycone FdUNUIAAR W UTE p-glycosidic oy Tnlyeniiau

anumnlusssumaied 6 wila AN19199 2.1

m31an 2.1 Tasaaraveaueu In loetiau (Fauilasnin Markarkis, 1982)

yiiavoweulnly R R, \.max.(nm) 5

eiiaY

Pelargonidin H H 520 Fu-1a3
Cyanidin OH H 535 1{1@“'“?‘3
Delphinidin OH OH 544 1{1@“'“?‘3
Peonidin OCH, H 532 du
Petunidin OCH, OH 543 qu-un
Malvidin OCH OCH 542 1{1@“'“?‘3

M3 Anthocyanin
Anthocyanin Uf@auiialunsganauLes ¥33 510-540 W1 Tuwas Adrian, ef al.,
(2004) 1Az Markakis (1982) WURglUFIN 520-544 W Ty dvewouIn laeiiu
A 9142‘ [ I J A a A 9
wasuuasldvuiuanuiunsa-ae  vesasazaeie  weuInlaeidusziduaudulu
A A d A A A d [% [ A =
anngiedluasazmendlunsauaziamassluamuindwue dAursunsnlasuuilasvesd

VounzHa1Uaduad (red cabbage) (511w 1.4.1.) Aea15199 2.2
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a1 2.2 msnlavunlasdvesnzudaduns (red cabbage)
Red Cabbage Indicator Colors and Acidity Values
Color | red violet purple blue green yellow
pH 1 2 3 4 15 6 7 8 9 10 |11 1213 |14
Strong Moderate Weak | Neutral | Weak | Moderate Strong base
acidic acid acid base base

Y
A o

pH=2.5 Timauag (red) pH=4.5 Tiamadu (orange) pH=7 T

. a 3} AN 1 = adg 1 v Y 1
anthocyanln TI‘W‘]_I‘I‘M UUEDIIN pH aomsiasuuasvesd@nozuanaanung

#dU191a (brown) 48 pH=10
e den (green) (H3uw, ¥.1).1)

S = = a o ) = a
ﬂﬂm‘ﬂuﬂiﬂ ﬂNiJWﬁ@IfJﬁGUfJ\‘lL!fJHI‘VIVMEHNH ‘Wﬂ‘ﬁﬁﬁﬂﬁﬂﬂﬂ]el1ﬁ1ﬂiu1mﬂl®\1ﬁﬁ

a 2 ' ' . . & & amAq <3
wilail ldarenisqanaunas ASendn pH differential FuiluIzndeuazsiass wouIn'le-

a { 4 4 : o
iuimalasulesuveslnseadiadie pH  wasuuilaslina’ily  absorbance  spectra

A 1 A as o FZAl A 1 [
wasuly wumsuldsundaswesdn pH 1.0 wag pH 4.5 hldmvesmsganauuasaiaiy

(Wrolstad, et al., 2005) AW 2.2

Absarbance

434 550

Wavelength, nm

030

Al (HH
R

Sy
L] | I

g S
Flavylium cation : orange to purple (pH = 1.0)

-1
[REY LS

MW 2.2 maganauuasveonInlaeriiud pH 1 uaz 4.5

Hemiketal form : colorless (pH =

4.5)
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Fuleki and Francis (1968) 13uaueuInleeniiu pH 1.0 uay pH 4.5 lumsm
WimnameuTn'lweniiu Tuhwauasuned (cranberry) 1a8194ann15 pH differential method
Tagian 1N IganauIaIueeaITaza18d10819 KCI- HCI i pH 1.0 118 CH,COONa-HCI fi pH
45 fienwemaau 510 wTuwas udadaSinasenTnlseiy mssau mnsga

AAUIAIVDY diluted sample (Wrolstad, et al., 2005) A1l

sunaeuInlaeniiu = (A X MW XDF X1000)/ (g x 1)

o Ia a . J
mimmmmmﬁm%’umm TuTuwessaueu In leseniiv (mg/ liter) INANNITAING

A o
AANAULTI ATUIWUIIN A = (A}bvis-max - A700)PH1.0 ; (A}bvis-max - A700)PH4.5
v
MW = 1hwtin luana 449.2
DF = dilution factor (1% §19819 0.2 iaaans (3991314

1Suas 7 Uagans, DF =35)
€ = molar absorptivity (26,900)
. A A A A A
Wada and Ou (2002). anaueulnlseriunnwaues 5 ¥ia Ao WaUATUILDS
J = . ~ = . . A < =
(cranberry) 91QWLU®T  (raspberries) WNUTIUIUDT (marionberries) (B1IDINTULUAALUDT
<3 { i o o
(evergreen blackberries) LaZUDHEUILDS (boysenberries) 1AENITUANAILOTTIUIU 0.5 AT
@ @ a 1 < 1
anadewmuea nunsalalasaasTadudu 0.1% WE1UU shaker AIBANNSI 400 50U
= o o & o Y y d' . A ] 1 ~
WA w1 % Tue vasnnihesana lUumes (centrifuge) 1011157 5900 50UADUIN
v Y
w15 it gadnla vazihaisazaei ldnsoadnasane cellulose syringe filter Y11A
0.45 pm sazihmsmlsuaueuTnleeiinlagds pH differential method foianisganau
HEIVOIEI5LA18R 08199 pH 1 Lag pH 4.5
Fuleki 4482 Francis (1968)a@na anthocyanin ANAUATUILIDTS (cranberries) Agom
weanylalasaasTamutu 1.5 N ludaau 85:15 Taesu1a5 Taeiluly waring blender A2
< a a g v YYq A 2y Yy v
ANUGIFIGAUIY 20 TT nuasana A luidauiu 30 1A 1dINTIAWAVIIVN LAz
4 kY ) Aq Y o AN Y c?/‘ Y
amnaleaiiazateilslumsana HAZNTOIE15LA18N JADNATIAIBNTZATLNT O
J o Aa { 09)’ A ] ,
whatman 195 1 JadTuasansazarenld (TEV) mnniutlulaansazarsinsedlad (sv) lalu
4 1
1al5uns 100 Tadans (DV) nntwdernasanadieditazats meldnimsganau
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—n— relative humidity (%) —x— rainfall (mm/day)
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11.5-14 @09 (yvellow) (U511, W.1l.1)) uaz Markarkis (1982) WUNAINIQANAULAIVDI
4
uouInTweniian13dai Pelargonidin 520 nm Cyanidin 535 nm Delphinidin 544 nm Peonidin
532 nm Petunidin 543 nm tta¥Malvidin 542 nm 4a¢ Adrian, et al. (2004) wuNueu Inlweiiv
UNIgANAULEY $29 510- 540 W TuILAS
I = A Ay Y . .
ﬂﬂﬂﬂ33ﬂmJ‘V]lelGIJE’Nﬂ’J”I’JLﬂi’f)LLﬂWIﬂ‘L!W?J "l,mm p-sitosterol, stigmasterol,
steroids glycosides 1@ flavonoids ¥l 3,7,3-trihydroxy-4-methoxy flavone ag 3,3-
dihydroxy-4-methoxyflavone-7-O-p-D-glucopyranoside NNNINIINALAUDINITANUATOLUA
= = £ g va A 2 a 1o =) =
VYWTLUAY Gﬁﬂlﬂuﬂmﬁuﬂﬁ‘lﬂuﬂﬁu\‘leﬂBQLLE’JHIV]]I%'EJTHU Llﬁﬂﬂlluuﬂ15ﬁﬂﬂ1ﬁ1ﬁ1§
a A a a [ 14
uauT‘ﬂ1%81uu1u51ﬂﬁzﬁummimnmsaum uazﬂsmmmm@uiﬂ%mu 'J@]Qﬂigﬁﬂﬂ
Ao 3 dy A = a A £ Aav I
msa%aiummwaﬁﬂynmuiﬂmmuuimmﬁzﬁummimnmiaum GH\TNQﬂ”I'i’Jﬁ]Eﬁ]%L']J‘L!
4 L] Q' 1 @ A 3 Y a d‘ o 1
ﬂigiﬂﬂﬂ!@81\1ﬂﬂ@]@ﬂTiW@Ju1ﬂmﬂ1Wﬂ’J”ﬂmi@Lmq miumugmmwuazﬂsmm L‘W@‘L!”I"lﬂq

a g a o Jd a o J 4 9 a o J ) o
MIHAAI UHAANUNA 9 Glugﬂmmwammmm?mmmd WAANUNDINITITTHUITIFUNIN

uazilsz Tomipu 9 Iitinanwede 1
adl o A a v
ABAUUUNITIY

° A 2 A ~ ~ s A A
Mmsnaaedlu@eungunan 2548 D3 @DUNUIAN 2549 NIAIFUHIATDIND
a 4 = a [ = A o (% =
Mendasiazmalulag (F2 uaz F3) unimeraoma lulaggsuis saniauasnaaun lu
] I~ 1 1 {
msnaaviiivosndu 2 ngu Ao ngul 1 SINALANDIMITNNUATOUA (Butea superba
{ a a ] a o o 1T W o a o
Roxb.) Masgav Taeglusssuna an 3 danda ldun dandaunsswdunn mwdug uaz
ANAUAT IUIU 27 IR (clones) Lmzﬂfjuﬁ 2 IR (Spatholobus parviflorus (DC.)

% a o

[ @ (R @ LY
Kuntze) 910 3 39nia 1dun Sandanyssnd degl uazwmansaiy $1uau 22 10y (clones)
Yy o v y 4 & Y A o o HAqu Y, a v
FIWAWAUNT 2 Ny WU 49 meau Futlumedaufernuiunldlumsdiumaiinale
a { [} [} a 4
malln RAPD Iasenedunnuniouasi laninianiaunsswdun muwdus uazanauns
[ { o Y] [ 4 o
AadenmzAuNN 5-7 I dhwnTavinadurigudnais @) S1auasdl @) vazanm
1 A =\ 1 9 @ 9 A 9 Y] [ Av o a
wunvesdundudue (cortex) (w1.) daumeduniudien lanndaiay3sud Fogil vaz
v v Y
VIANTAN U 22 agAN  AarmonmmIzaunFuveIdas 2-3 Fu 1hudavuna

9 ] 4 o 09)1 Ad a c?;‘ 1 v o . Y
FUNIFUINA (e¥.) LA UIUF UMD UFLAS WY) NMMANUFAUNUTD (correlation) NU



88

Usunaweu In loeniiy innsnaasalaedtananues Nakamura, ef al. (1990) 1Ay Wada and
Ou (2002) 1AM vary condition YBIETHANA WUNIZEZIA IUMTEIETENA 1 ¥ 109
US1aTURUNNIUDA 150 HaaansAoNINUATOLUAILA 50 HAANTY HAZTEEZIA IUMT reflux
o Y a A a aa =2 o .. @ U L @
1 1 Tus IddseaniamaeanouIn lseriudnga 391l condition aenatamnldlumsana
A [ dy
A1ATOLAY AT
YATINAZAVDIHITNNAATOUAINDT YA TADGAINTTTUA  TUTIHIaUATI BTN
) o A A I 1 1
vavihanuazen denlaen wensingzauermsninnsouaseendy 3 @1 1) diu
Y Y Y '
nlasnuen (@iaa) 2) @ mFuduad (cortex) uaz 3) arwdiolu @v17) husazarvuiiuv
<3| ' A a o
Auury vz 2-3 Tadmas UasINaEaN01MITANAATELAL 50 5N TiazBea (en
@ ] 1 1 v Y s I 4 a a
MIuadIdauaazaIy) anaddy 1 lesisudlalasaassaluumuea USwas 150
a aa A Y T J .. . o w ' ' A '
Haaans lumyuzntadsusumesd (aluminium foil) 1dl0819 IiwvenuunIe weu 1
& i < ' ~ v Yy v A A v a o Aoy
Flue NANWSI 400 FOUABUIN LAINTOIAILAIVIILINE MANIHARENADNATINTIAIEY
a aa o [ d‘ Y [ o y d‘ . d‘ Y 1
wmuea 20 dadaas tharsanan lasmnu i ldumles (centrifuges 8¥o Beckman 3u
Y <4 ] = (] a L 4 a
GS-15R) #78A71115 5900 s0UABUIN gammizdIulawuay 10 wesisua lalasnasinlu

a

k4 1
wimuea Iaeldonsidiu 15 Taaansaedrsana 100 Haaans 9wl reflux Nguwgi
90 eefIwAITod WU 1 $21u9 s2MeIe1Aiaza1000n (1509 Rotavapor 0% Buchi 3U

a =)

T o a A Aaa < 4
R-114)gauninil 40 osssarFodaunia Usulsinas 114 20 Gaddas dremwniuea mu1in

4 v
-20 peF AT agUIUADUMSENATINA AU IMITNNUATOLAIAITUNINT 6.2
o A A ' 9 Y v A v 3 '
W5INgLaueImIsNMIAIT oA luaazagauuiaaldenlaeniudl uimuy
MU Tzua 2-3 HaawasuIMNMsana 1aed5ved Nakamura, ef al. (1990) ita2 Wada and Ou

(2002) A4 1un 1NN 6.2



AT BLAIAA 50 ATUUAAZIBEA + 1% HCI 11 MeOH 1US11a3 150 Haaans

1 < 1
L"’llEle]}'JElﬂ'NiJlﬁ'J 400 soUADUIN

l

NI

. ; '
TlmIe9 22130157 5900 soUNOUIN

|
|

51aaans aoaula 100 Yaaans

gaaula

A3 10% HCI 11 MeOH /511915

[u—

reflux ﬁamwgﬁ

Q

0°C 111 1 92119

\O

sTMeIAINIazaIwenn Ngangil 40°C

14 20 iadans

5u1l5as]

M 6.2 A anaueu InleeniulusinazauoImisnanua3 ouaa

&9



90
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pH N 1.0 ‘ﬂi‘U‘IJilJ1@§1ﬁqﬂﬁuiaﬁiﬂﬂﬂu1ﬂau uazmiaumiazawimmuazmm pH 4.5

a

Y '
Tagazae TRevezdianluiinnay 960 Naaans Ja pH YSumalensalalasnassndudu

v 1 Y v
au1dan pH 71 4.5 U5u151nas 19 ldnileansdreindu
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2. MIASPNAIDENIETANA
1) WhdegasananiuaTouag 200 luIasans azarelu

Y] =~ s A a a aa :1’ z:y Y =1
asavanelddmFeunanlsa 7 pH 1 Ysuas 7 adans daneld 15w

2)  hdeduasana 200 lulasans arsazarelw@enosHae

2,’ Qy 9 =
pH 4.5 faneld 15 i
3. myTamsganauuag

N “ 4
Jamsaanauudsveaas dilution A w1 Tuwas (519

1 Y v
wTumas) uag A, (700 w1 Tuwas) w3eufieuny blank F9ldinau msianmsganauuds

Wimelu 30 1A naINwSeNdI0e1aS D
NSATUIN mms@,ﬂnﬁmmwm diluted sample (Wrolstad et al., 2005) A1l
UsunaeuInlyeniiu = (A X MW XDF X1000) /(g x 1)

o Yy 9 ) a A a o 1A
NITIATUHIVAITUIVUUUUBD Tﬂumaiimmuiﬂ%muu (UAANTUNDANT) 1N

AUMIAMNIYANAULTI AIUIVUIN

A = ( A 7\. vis- max - A7OO)PH 1.0 - ( A 7\4 vis- max - A7OO)PH 4.5
MW = timiinTuana 449.2
DF = dilution factor (%1 29814 0.2 Uadans 19021914

151195 7 ¥agans, DF = 35)

€ = molar absorptivity (26,900)
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wamsIveazenilsiena

o o 4 - -
1. dedimihmmlsinasenIn lyeniiu
Y v -4 a o 1 {
nnmsiavnadurgudnans (wuawas) 1wl (39) tazanuYEIdIUd
I a '
Wudnes (cortex) (BUALAT) VDITINTLANDINITNIUATOUA (Butea superba Roxb.) WU
snazaue I nNInseuay  niFlunmsnaaeslivinaduiiguinaieszuine 8.4-15.8
a o ~ ] A I =\ 1
HUANAT UIUNY 57 W uazANNHUIvIdINNTUTIA (cortex) IENIN 0.6-1.2
v 9
I UNUANT (ﬁniN“ﬁ 6.1) AUTINDIRUG Y (Spatholobus parviflorus (DC.) Kuntze) PUNDY
1 4 1 1 a o c?/‘ 1 1 09/’
PNIAFURIFUINA19DGTZHIN 3.9-6.2 IFUANAT HAZTTIUIUTUVOITUAIDYTZT NI 2-3 FU
(M137199 6.2)
a ] = a A 4
2. msasmmen In lyeriiuuumsuIasmn Innsfuuuimaundeudlosag lad
(TLC) U Pre coated TLC plates CEL 300-10UV,, 4U1@ 10x20 ixuamas Faiimanaoun
. [~ a Ia g’ o
(mobile phase) 1unsnlalasnaosn nsaesin uazii ludadiu 7:51:42 uag 25: 24 :51

(Sherma and Fried, 2003) WU AT ANAIATINTTAUDINITNNUATOUAL NUINANA 3 AU AD

9 9 Y
A o 1 A

1 A 1 v A = 1 1 09/’ =
1) drunlasnuen (@AUI919) 2) AIUFUTUAL (cortex) 3) dutiolu (FU17) WUNAIUFUN

v
= wva

oA A a A A . . Y
1A (cortex) mmumlﬂmﬁummmmmuiﬂ%mu fADUM1 Retention mobility (Rf) Mmny

q

D.

034 uaz 0.12 (MWN 6.3 1oz 6.4) FWAWMNUA R, vosa1suouIn lse1iiy (Sherma and
Y
Fried, 2003) WonvnHdamuNasanasnazanemisniuniouas Nalnasumisganau
UAIHI visible 11 peak gagansediumiia 519 wTuwas (Ml 6.5) adenvdanlnasuves
uouInleeiiu (Longo and Vasapollo, 2006) (MW 6.6) ¥9 Adrian, ef al . (2004) NA1IN
uou Inlaeniiufiguauialunsganauuaedia 510-540 11 Tuwas aanAIINAaNeINIg
A A 1 A & Y 9 ~ A A ~
nnuaseuaaieed luanzndlunsasz lviduaaudy  vaz@uasdluammwindluwe  (amn
A @ ° a2 = = v 3’ A a
6.7) ipuAUveINEHaaduas tay manJasudvesaisazaeanaveiuyess (U,
walal)
3. Wsmameu Inlaeiinlusinazauomisninuasonaa
ATANATINATAVDINITNINAATOUAY [HOINUTOVNNAIIZAY LAz IaMTgANaY
HENTI visible (519 W Tuwas) wudws lagasaise AU anaIINALaND1HITNINUATO
a [ = 4 A Aaa = Y o 1 dyw
uas 200 lulasaas demsazarwliluamiFounae’lsd 7 Hadans e lddadouiiny
9 1
fsanaInazaNeImInuATouasluNNaIwAY  SauIEsanas IO UGe Feuna

wou In'lsentiundiva 1daansnan 6.1
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MINaN 6.1 ANHUTIINASANDINT Lm%ﬂ?lﬂmLL’E)‘L!ITI%])’Wﬁ‘LHJ@Qﬂ’J”I’JLﬂ%‘BLLﬂQ

HuavaY ANUHUIVDN 5uaueu

} uvdeiug  idurigudnais 21 ) Q
du Fuaa(cortex) 1N lweiiu
(clone number) (variety source) (¥3.) ) ) g

Kl AT 11.4 6 1.1 124
K2 AT 15.8 7 12 140
K3 MnAUS 12.4 6 0.9 118
K4 MWAUT 13.1 7 1.2 128
K5 MWAUT 9.5 5 0.8 69
K6 AT 12.8 5 1.0 144
K7 MHaAUS 153 6 0.7 120
K8 MNAUT 9.6 6 1.1 98
K9 MWAUT 11.4 6 0.8 90
K10 MWAUT 12.8 5 0.8 112
K1l AT 8.4 5 0.7 92
N1 UATI BTN 14.2 6 0.6 98
N2 UATIIFAUN 9.8 5 0.6 80
N3 UATTIFANN 10.9 5 0.6 122
N4 UATTIFANN 14.3 5 0.7 84
N5 UATIIFAUN 8.4 6 0.7 82
N6 UATIIBTU 11.3 6 0.8 96
N7 UATIIFAUN 12.7 7 1.2 118
N8 UATTIBFUN 9.2 5 0.6 78
N9 UATTIFANN 12.4 6 0.9 104
N10 UATI BTN 15.0 6 0.8 106
SK1 anauns 8.5 5 0.7 81
SK2 anauns 10.0 6 0.8 122
SK3 anauns 9.2 5 0.7 82
SK4 anauns 10.5 6 0.8 130
SK5 anauns 143 6 1.1 132

SK6 anauns 12.8 6 0.9 120
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1015190 6.1 UsuaweuIn lseniuvessngeaueImisnaAIonal 1IN9IHIA

a 4 1 @ @ a J a
AnauAs  UATTIAN  tagmwaus  wuNd@wdunndaniamwaus  (Ke) Wi

J

v 9
pouInlgentiuanniga Ao 144 lulasnsudensuiminga uazaedunndanianmwaus

E]

2

Y a a 9 = A 2 [ 3‘ @ '
(K5) leﬂimmuauiw"l%muuuaamgﬂ Ao 69 UllJTﬂiﬂill@l@ﬂilIuTﬁuﬂﬁﬂ HagnwuI K6 U
Y 7 oAl A 1 1A o =
VUIALFURITUINAN tazaNUrIveIa U uaLag (cortex) W1INNI K5 UANIIUININTL
"o A 1 a a ] 9}4? K% U @ 4 U
IMNUAD 5 N uﬁm’m]5mmmamauTm"l%mu”lu"lmuagﬂmmmﬁwwu‘q I1MNNITUIN
v o J @ a a v
ANNUANNUT (correlation) GIJi’NiWﬂﬁﬁiﬁiJi’J”IW”Iiﬂ’JTJLﬂ?@LLﬂQ ﬂuﬂsmmuauhllmmuu NWUN

] J 1 { g

mummauﬁ’umg{uanmq tazANuUIveIE N uFuA (cortex) UDITINTLHAUDING

[ @

A =~ v o Jdo a a J ~ 4
mmmmmmmmmwuﬁﬂuﬂsmmuauim"l%mu Tﬂﬂuﬁﬂ\iﬂ”lﬂiiﬂﬂ!ﬁ‘ﬁ UNUD
. 1w * * o w A 1 ~ 12 v o do
(correlation) tN1NU 0.404 uag 0.405 @UAAU (A1TNN 6.3) ﬁ’Ju’J\‘]ﬂlliJiJﬁﬁﬁll‘WLl‘ﬁﬂiJ
a a I Y1 oo [ A o = qg/’ dydi @ 1 AAo
ﬂianmuauim"lmmuu mmﬂu"lﬂ"lmwmammmmﬁﬂmmqmaanmwwmammummu
) Y A [ d' = [} 1 Y o a 4 .
’Nﬂiﬂmﬂﬂﬂﬂum1ﬂ‘ﬂﬁﬂ il\i"lJJﬁ”l‘JJ”liﬂLLEJﬂﬂ’J”IZJLLG]ﬂ@]N]lﬂ%ﬂL%u NITAUATIEN  Multiple

4
Regression 18aums Multiple Linear Regression fatl

* . *
Y = 161.621 +7.902X, diameter + (-13.825X," ring) + 107.877X, cortex
2 ns oY 4 ° ~ ' A
r = 0.251 HEAIIUAUANIFUINA N NUIUNY HazANURUIVOIFIUN
I<TE=\ A 2a A % a
SIS TN (cortex) Gll’eNﬂﬂﬁ’zﬁiJ’e)T‘miﬂ’JW’JLﬂi@LLﬂﬂﬂﬂi?MthiJ’t]‘lfl‘ﬁWﬁﬂ‘Uﬂiiﬂm
a 3 Y1 oo 1 A A o A o ~ Y [
uaui‘w'lcvmuu mmﬂu”lﬂ"lmwmasmmmﬂimmmummﬂamuawmw%ammnumn

= 1 1 Y o
iNlliJE‘T”Ill”liml,flﬂﬂ’ﬂllLmﬂﬁﬁllﬂﬂfﬂﬁlu



d‘ [ a a Y] 9
19199 6.2 ANHUSIIN uaz1Jsmmuauiw"l%mummgm‘wuma

Y Do . g . P - smameu
nugmUEIga Y UUAINUT WUNIFUINAN ‘1]11!’31!‘]51!:11@\1’67 Tnlwent
(clone number) (variety source) (%) Hag () ugle fiv
Cl Foqu 5.1 3 190
C2 Foqu 4.8 3 218
C3 Wil 3.9 2 173
C4 Wil 5.5 3 178
C5 Wil 5.7 3 204
C6 Wil 6.2 3 230
C7 Wil 5.3 3 224
C8 Wil 5.9 3 252
C9 Wil 4.8 3 216
C10 Wil 5.4 3 218
Bl y3sud 6.1 2 219
B2 135ud 4.0 3 172
B3 135ud 47 3 178
B4 135ud 5.6 3 222
BS 135ud 5.4 3 182
B6 135ud 6.1 3 204
S1 UMENINY 6.2 3 242
s2 UMENINY 5.6 3 226
S3 UMENINIY 6.1 3 230
S4 UMENINIY 5.3 3 220
S5 U111 4.7 3 173
S6 U111 5.7 3 221
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1AM 62 UsuaweuInlseniiuvewoiude (Spatholobus parviflorus (DC.)

a J o

Kuntze) 9In39niadogil Y550 tazumiansny 10U 22 @1eau nuNawaunniania

U

@ a a

9 a A A (% 1 (% c’o‘ o
INU (C) 1Wﬂim1ﬂlllﬂu1“ﬂ1%81uuu1ﬂ°ﬂq@] Ao 252 uliJIﬂﬁﬂﬁiJ@l@ﬂﬂJuTﬁuﬂﬁﬂ asay

U

9 @ [ 4

Aunndaniayisud (82 1dUSunameuInleoiiudesnga Ao 172 lulasniuaensy

g’ o 5 1 o a 1 J

wminge 3 8 Hvwadudiguinans 5.9 wuAwas tag B2 Juunadurigudnan 4.0

Y Y Y

FUANAT  UAIRUGENT 2 dulSinuduvesduaumiufe 3 YU 919MIHIe
Y] Y] 4 { Y] Y] a a 1 qg;

ANUFUWNUT (correlation) (M15199 6.4) VoI UG fUUSHamou Inlseiin Wi

9 1 4 o :;’ A = = v o Jdo a a
yinaveudurgudna1 tazdnudsundudues lullanduiusiudsuaenTnlstiu

a 4 v J
1NNITIAUATIEH Multiple Regression laaums Multiple Linear Regression fatl

Y = 276278 +44.675x," diameter + (-5.751" ring)
2 a

ns ' ' 7 o o A a
r = 0.067 uﬁm’mﬁ}umg{uaﬂmﬂ Lmzmu’m%uﬁLﬂuﬁuﬂwmﬁﬂ

A aHa a o a a
ﬁzﬁummimnmimmﬂﬂaim"luuamwaﬂuﬂsmmuauim“l%mu

A o a A Ayy o ! 9 :J‘ A

mamﬂimmuauiﬂ"lclfenuuw”lﬂmﬂmimuamﬁlmmaxmﬂﬂummmﬂiaum uae
@I 111)580ReURY dendrogram (DNA) ¥84n313IATOLAY LAWY 1AMATIA

~ [ ya - 4 ~ [ 9 1 A VoA

RAPD Iﬂﬁll!ﬁlﬂ“ﬂi%ﬂUﬂﬂWﬁJiﬂﬁ“ﬁﬂﬂﬁgiﬂm 32 wlosisua (NN 6.9) LL‘UQVlﬂ 2 NN A NQUN

A = ¥ A o ya s3 o Yt 1
1 NMINAUATDUAY W 27 T1YAU uazmmumm%a% 85 1osIHUaA ﬁuﬂiﬂllﬁlﬂhlﬂﬂﬂ 5 NQu
[l oA o 9 = Yy A Y ya J 3 J P
g0y LAZNQUN 2 DIWUBIY U 22 TIgAU mmumm%a‘m 85 1esHua ﬁuﬂiﬂl!ﬂﬂl’lﬂ@ﬂ 3

P4

nguegos wuUsumawen In leeriu bigunsoutslddanuaiy dendrogram voangudos1a

4

1A a o @ [l 4
LLWIJﬂﬂﬂlll'ﬂ1!11’1hl‘]fﬁﬂuuﬂl@ﬂiWﬂﬁ%’ﬁll’fﬂ‘ﬁWiﬂ?W?Lﬂ?ﬂL!ﬂQﬁﬂ?WNﬁNWH‘EﬂUﬂJuWﬂlﬁ%’}uWWﬁuﬁl

[l A A
NAN LaZANURUIVIF NN UFLAS (cortex)
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~ v o J 9 ] J o = 1 A A
AN 6.3 LAAITHANNUD WUMGUINAN NUINNT vazanurnuIvesa U uaLag

(cortex) 'ﬁ‘].l']J?iJ”ImLLEJ‘L!T‘V]ll%fl”lﬁlﬂl’f)ﬂﬁﬂﬁzﬁﬂJi’]”IW”Iiﬂ’J1’JLﬂ§@LLﬂQ NNNINMIA

UATTFFN MWAUT uazanauns

[ d' % = a a
anyAENIUND sunauou In laeniiv
durgudnaa 0.404*

o =l ns
PUINN9T) 0.264

Y

¥U cortex 0.405%*

? 0.251"™

r

ns = lduanaaneana

* = uANANEINITIMAYNNADANIZAY 5%

a o o Y s o R v |a
MINNN 6.4 UTAIAHAUNUD Lﬁdumﬁuﬂﬂmﬂ uazilmawlmmﬂuﬁum ﬂ?JTJilJ"Iﬂ!

v [

a o o g a -4
uauTw”l«nmumam”lwm?w VINWHINFYHY i_ﬁ WY LasunIaInIy

[ d' v R a a
anyazNUuUNn Usunauou In laeniiv
durgudnaa 0.258"™

o c?/‘ A J = ns
PNUINFUNIIUFLAQ 0.029

? 0.067"

r

ns = lduanaaneana

IS %

* = uANANEINITIMAYNNADANIZAY 5%



98

«R.=034

R,=0.12—>

NN 6.3 NN 6.4

M 6.3 AR, (0.34) vosasanauou In lserdununsuIasu Tnns il
9
(m3a'lalasnansn niawesin uazii ludadiuz: 51: 42)
MU 6.4 AR, (0.12) vosmsanauou In laerdununsuIasun Tnns il

(ninlalasnaosa nsavesia uazih ludadiu 25:24:51)



absorbance

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
O A A R R R O R R i O
wavelength

MNA 6.6 mﬂﬂ@%”wuamauTw"l%mﬁummgm (cyanidin) (Longo and Vasapollo, 2006)

M 6.5 alnasuvesasananeu In'lse11iuin 519 nm

a6 o

Absorbance {mAU)

250 900 3/ 400 450 500 G50 600
Wavelength (nm)
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pH 1.0 pH 7.0 pH 14

M 6.7 malasudvesansanaweu In'lye1tiuein pH 1.0-pH 14

1.0

o
oo
!

absorbance
o
(6) ]
|

0.3 -

0-0\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
O W O O A O O O O OO O O
W PR FSITFTEEFPFPFSFTFEFPA

wavelength

M 6.8 annasuvesensanaueu Inlweniiui pH 1.0 1ag 4.5
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[
[

[ S S (95 5 Lk S

ﬁ
il

P e
ﬁmrﬁ-—-mmu\.—hw

=

[ ]

[ Lo o o o i T e o Lo o e e |
L et TS ) e Pl o b ks S

L e e e

e

—
o —
pr=1

| 1 1 1 1 | T T T T |
032 049 045 022

Coeffirent

MW 6.9 MITAT1BAUVBINIIAATOUAS TABENHUT DNA NUANAIINUTIUIU 888 A1
HEAINIIANEUANNANRUTMITUENTTUUDINNUATOLAL LAz UGB

$UUNAIBANUUANAIIYDI DNA fragment H931A5121@A2833 RAPD
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agilwamsidy

{ o ] 4 1 1
FINAZANDIMTNNAAS UM IMAapIllvadUAIUINa190gTE NI 8.4-15.8
a o [l < a
FUANAT NUIUNY 5-7 19 uazanurvesEIUNITudLA (cortex) 0.6-1.2 IHUAIAT
Y] 1 o [ 1 a o 09;
FINDWUEE  TUaduiIguénaNegsznig 3.9-6.2 IHUANAT HAZIIUIUTUVDIFUA
09; [ A Y] 9 1 = a A 9
2-3 U @ananNUAToUALEAZINUEIY  DULHL AT INNTIHDUFHIUINAR0UAY
d‘ d' S 1 s A o ]
iyag lad 910 2 wlapdeui U1 R MM 0.34 1ag 0.12 IAINIANAULEIATIAMNUL 519
~ ~ ~ ~ A A A =\ I =\ 2’
W Tuwes waziimslasudaw pH Anaeull Ae pH 1-14 Wasunnduauiudiea
a a 1 9}42’ (Y J @ 4 1 1 Y ] 4
Ysmawou Inlweiululavuegiuurasaeiug  uanunvnavesduiiguinaiy uaz

U q

1 Ay a A = v o Jdo a
AU UV UM UFUAIUDITINFEANDIHITNINIUAT LA HANUFNNUSIUYT I
a [ 9 ] 4 o 3 A g = o 9 1
LL@HTV]llGBEJ”qu umummmmumquaﬂammzmum%umﬂummwaumwuma llllll
v o Jo a a A = = a a o v o
mmam‘wu‘ﬁﬂuﬂm1muauTﬂ%mummﬂiaumauﬂimmuﬂuTm"l,cnmuuﬂummanwuﬁ
] A adg 1 9 1 VoA [ A A ~
NHRAUTNITY NNINAUAALDULD WUIN Llﬂﬂllﬂ 2 ﬂfj‘ll‘lﬁillu NITAY 32% A NINAUATOLANY
a a 1 ' @ 1 @ 3’ o v 9 S A
ﬂimmuauTm"l%muagsz:mn 69-144 ]'I,lliﬂiﬂill@]i’]ﬂillu1ﬁuﬂﬁﬂ tazWueNUsTun
9
souTnlweniivegsening 1722252 lulasnsudensmimiinga  ua luawnsonenaiy

1 [~ 1 ' 14
uanauilungudes 1@
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Uﬂﬁ'§ G ATRIGAIGHY M
a A 91‘” U a < )
INHNAVDI NAA !!ﬁgﬂ1ﬁﬂh’i‘mﬂﬂﬂ1iﬂﬂﬁﬂ!!ﬁ$!3~laﬂﬂluﬂ?]?!ﬂ‘i@!!ﬂ\?
A dq ¥4 o q Y 1 o 2 1w
1. nnaasauaan lminihvianueveasngage taziuwaadeingage
A A 1 Y] 913’ Yo | 1 ] A
2. NAATOUAINAA NAA 100 ppm 307U 1 TRswuinaeseasnuiniga
Y Y
1 @ o [ [ o o 1<
3. M3RA NAA 100 ppm 33uAUM3 i liTnaaeiviin 100 waa
<} t4 A Aa A <3 1 9 ~ ~ [l
4. WAATUYIAVBINNAATOLAINHIFONNAANDUTINTEY  embryo  NuMIATHEY
1 1 L= 1 <3 Jd 1 < 1
Uaween tazdlaresinivuialvg naueadianyugias Tosazaudueras aaumaa i
d Aa A I (= = I 1 4 1
awysal BAmldenmaalifen  embryo Jvwiadn  Uaseeauazlatesinluauysal ngw

J

~ [ ~ 9

yaaiedgy Yo 1M1savantioy

o qg.: = YA 1 o < Y Y 2‘
Wumsguaniansouad IiinNeFoAeng tagiuIumaaaoinga A3 1M
uanuasouadlugusIniseenaentazaaln tazndeIm Iy uIuinderensnnls
A ' o PR v A 3 A A v & A 3 A
29 NAA 100 ppm 3WAUMIIHI Msda@enuaaniinioioueeiugAIsaonuaan
a A I ' 9 ~ 1A [ o I ¥ A 1
AlaenwaanoudnaFoy luerdu 1211 1A embryo Nvinalvgl Yarweea tazilate

= v U I v 1A 3 4
ﬁﬂmmﬂiwq; NANLFAANANHUSIAT HOITASTUANLEAR

a Y] A ~

ﬂ1§!"ﬂiﬂ]u!!ﬂ$‘WW‘M1mﬂﬂﬂ313!ﬂ59!!ﬂﬂ1uiﬂﬂﬂ
= a [y A = 1A A
NNMIANHINIRTYUaZMINAUIVOINIATouAdIuToUl  wudill 5 szoz Ao
szozuanasomazluoey  seezluun  szezwdaly  svezoenaon uazszezdain e

A A ' ¥ oA A T3 A
aaTsuadanaIamIaz lugen 100% luaudeuiiguiey luun@un 100% luilaie
[ @ A 1] 4 o
@oUNUBU Waalu 100% Na1ABUNYAINEY BNABN 100% Uaiedoununius tazin
v

1n100% natedeuliuan  aedumsniguazmaiaulusevilvosnnuaioualunaseoy

a o

A Y a A
ﬂ‘Uﬂ’ﬂ’)tﬂiﬂl!ﬂ\‘lﬁlﬁllﬂizﬁﬂ‘ﬁﬂ1wq3ﬁﬂ

q

< 4 a
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Source df MS
ANUENFOAIN  UIUNNADYIAON
(¥34.) (#n)
Block 1 19.109° 041"
Treatment 4 53.96 5.68
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PGR (P) 1 221" 1.81°
W * P 1 1.28" 020"
Error 3 0.735 0.068
%CV 15.35 58.84
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1/, = J A an . A Y A o
1seumeua1nae1aels Duncan’s new multiple range test (DMRT) N3EAUANUIEDNU 95%

1 H [ 4 @ H v o @ @ 1 1 @ aa
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Twswes Nucleotide sequence (5—» 3°)
1. OPAO1 CAGGCCCTTC
2. OPAO02 TGCCGAGCTG
3. OPA11l CAATCGCCGT
4. OPBI11 GTAGACCCGT
5. 0OPB20 GGACCCTTAC
6. OPC04 CCGCATCTAC
7. OPCO5 GATGACCGCC
8. OPCO7 GTCCCGACGA
9. OPCO08 TGGACCGGTG
10. OPC19 GTTGCCAGCC
11. OPDO03 GTCGCCGTCA
12. OPD04 TCTGGTGAGG
13. OPDOS GTGTGCCCCA
14. OPD10 GGTCTACACC
15. OPD13 GGGGTGACGA
16. OPD18 GAGAGCCAAC
17. OPD20 ACCCGGTCAC
18. OPEO1 CCCAAGGTCC
19. OPE02 GGTGCGGGAA
20. OPEO6 AAGACCCCTC
21. OPEO7 AGATGCAGCC
22. OPE14 TGCGGCTGAG
23. OPE19 ACGGCGTATG
24. OPGO03 GAGCCCTCCA
25. OPGO8 TCACGTCCAC
26. OPG10 AGGGCCGTCT
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Twswes Nucleotide sequence (5>—» 3°)
27.0PG16 AGCGTCCTCC
28.0PMO05 GGGAACGTGT
29.P83 GGCCGACTTGGC
30. P85 CAGGCCGAAGTC
31. P88 CGACGATATGAT
32. P2589 GACAGACAGACAGACC
33. P2671 ATAAGCGCACCA
34. P2674 GAGCTCCCGACA
35. P2680 ATCGTCACCCCG
36.0PS05 TTTGGGGCCT
37. OPS09 TCCTGGTCCC
38. OPS11 AGTCGGGTGG
39. OPS16 AGGGGGTTCC
40. OPS19 GAGTCAGCAG
ASMARYING 6 ﬁw?gﬂi1$ﬁﬁu1uu§tamﬁwummﬂ%um“luv‘%uﬁ@hm

. P K EC

IHIA oC oM N(%) pH

(ppm)  (ppm) (uS/CM)

MWAUT 0.865  1.490  0.109 0.3 43.050  6.22 32.0
UATIIFAN 0466  0.803  0.120 1.0 60.720  7.48 55.7
anauas 0.798 1.376 0.150 0.4 92.190 6.3 36.8
y3sud 0.778 1341 0108 08 94170 737 68.7
UNIF15A N 0.599 1.032 0.130 0.9 98.130 6.81 71.3
“]‘lfflfq]ﬁ 0.446 0.768 0.062 0.3 27.510 7.69 64.3
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MNHUIND 3 HAAIANVUANANYDILUULHUADUBUDININAATBUAIN 1AD1NNT
o 9 J ™ . 9
111 RAPD 1814 1n51095 A 01 : M = GeneRuler' " DNA Ladder Mix, 1 118 2 = gy
N4, 3 8y 4= a8Au N5, 5 1uaz 6 = a1edu N6, 7 1az 8 = a1edu N7, 9 uag 10 = a1

AUNS, 11 1az 12 = a1edu N9
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MWHWINN 4 UEAIANNUANA VB VLN UAD UIBUBINIAAT BUAIT 1A
111 RAPD Tagl4 1503 A 01 : M = GeneRuler ™ DNA Ladder Mix, 1 18 2 = ang@u
K10, 3 uag 4= angdu K11, 5 1ag 6 = aedu N1, 7 1ay 8 = aeau N2, 9 uag 10 =

AEAU N3, 11 1ag 12 = a1gdn N4
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MWHWINN 5 UAAIANNUANA VB VUNUAB WBVB U U187 Tda1nmsii
RAPD Tag14 w3105 P 2589 : M = GeneRuler' " DNA Ladder Mix, 1 4ag 2 = agf
C4,3 uaz 4= a18AU C5, 5 18z 6 = Aedu C6, 7 uaz 8 = aedu C7, 9 uaz 10 = a1e

fu Cs, 11 uag 12 = agdu €9
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{ o 4 .
1o 189107391 RAPD Tagld 1nsmes S 16 : M = GeneRuler " DNA Ladder Mix, 1
waz 2 = Aedu N9, 3 taz 4 = aedu N10, 5 uaz 6 = a1edu Cl1, 7 uag 8 = aedu

C2,9 taz 10 = eedu C3, 11 tag 12 = eedu C4
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