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Abstract

Red and White Kwao Krua (KK) are native Thai medicinal plants. They have been found
widely in forest in Thailand. Their tuberous roots accumulate many useful chemical substances
which can be used as medical, health maintenance, potency, and cosmetic products. Consequently,
KK has been continuously dug from the forest. A series of experiments were set up to study the
influence of environmental conditions and cultivation conditions on vegetative growth, flowering,
fruit setting and the chemical constituents of the tuberous roots of KK. The experiments were
conducted at the SUT Farm and Wang-namkhiew district of Nakhon-Ratchasima Province. The
surveys and sample collection of Red Kwao Krua (RKK) were done at Chaiyaphum, Burriram,
Kalasin, Mahasarakham, Sakon Nakhon and Nakhon-Ratchasima Provinces. The results indicated
that relative humidity (RH) has an influence on leaf falling, flowering, pod and seed setting of KK.
The phenological cycle of White Kwao Krua and Red Kwao Krua were shown. The suitable
cultivation that can increase pod setting and increase complete seed were indicated. Watering the
KK increases the accumulation of chemical substances in the tuberous root. KK started to
accumulate chemical substances when they had formed the tuberous roots. The older the KK, the
more chemical substances that were accumulated. Spraying the chemical compound of Cu Mn Zn
and Fe at appropriate concentrations and at appropriate stages of KK growth can increase the
accumulation of daidzein, genistein, coumestrol and puerain. Spraying naphthaleneacetic acid
(NAA) and gibberellic acid (GA,) plus fertilizing with chemical fertilizer and/or manure fertilizer
can increase the accumulation of phytosterol in the RKK, which was shown to have an effect on
uterine functions in the female rat. NAA and GA, can also regulate flowering and seed setting in
the WKK.

Care must be taken when digging the RKK from the forest. This is because it is very
difficult to identify between the RKK and Tao Pan Say from their appearances. However, using the
DNA finger print technique they can be distinguished very clearly. Since KK has accumulated many
chemical substances in its tuberous root, having it in the form of dry matter it is necessary to know

the exact dose to use, otherwise it may have an adverse affect on the health.
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gamgiigega (Co) 34.98 + 0.67 39.60 + 0.90
aangiidiga C) 23.17 £ 0.61 20.53 +0.59
auBudning %) 96.91 +2.31 83.88 +2.35
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i yTuados (.1l.1)) uag Yadava and Reddy (1998) lasieanu 13sail
ﬂ?juﬁ 1 Suﬂétﬁﬁiﬂﬁ (carboxylic acid) 18un
(1) dodecosanoic acid ga3luana C,,H,0,
(2) tricosanoic acid g3 lutanNa C,,H,0,
(3) tetracosanoic acid QA3 Lutana C,H,0,
(4) pentacosanoic acid qmﬂmaqa C,H,,0,

(5) hexacosanoic acid ga3 Iuana C,H,,0,
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ﬂfjaﬁf; 2 a13ngu luduie (phytosterol) 18tn
(1) p-sitosterol
(2) stigmasterol
(3) campesterol
Aguit 3 ameseud inala’lad (steroid glycosoid) 1Aud
(1) p-sitosteryl-3-o0-p-D-glucopyranoside
(2) stigmasteryl-3-0-p-D-glucopyranoside
ﬂij:uﬁ 4 ﬂmi’fluﬂﬂﬁ' (flavonoid) Yéun
(1) 3,7,5’—trihydroxy-4’—methoxyflavone
ﬂfju‘ﬁ 5 a1 Taueed inalnlaod (flavonoid glycosoid) 18un
(1) 3,3’-dihydroxy-4’-methoxyflavone—7-o--D-glucopyranoside
(2) 3,5,7,3’ 4’~pentahydroxy-8-methoxy-flavonol-3-o-p-D-xylopyranosyl-(1-2)-
alpha-L-rhamnopyranoside |
ﬂtjuﬁ 6 loTviarlu (isoflavone) 18un
(1) puerarin
(2) daidzein

(3) genistein
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4 [} o a I a o Fl @ o [
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Wezilumauteina1sUseney steroids 1o flavonoid glycosoids AnWadema Inansd Tsu
(testosterone) 803 Iuuinawy i livasaiionvoanyvivned

Iwau An33150599 (2542) Wu1a1s  3,7,3'-trihydroxy-4’~methoxyflavone 1451
AnTeuas ansadudinisiiauveuey lad cyclic-adenosine  3’,5’-monophosphate

phosphodiesterese  (cAMP-phosphodiesterese) 18 q 131 50% Nanuiduduvesmsanann
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1 a -] a 3 = an a 4 a
ADNSIAA 15AUITIVNFTAGIVY (UY5 AUANTE, 2542; DENIY MULADYST, 2544)

2.3 gaumIsimamazANNdeIMsingAuveiniiinie
mwizeaadumnuanvinanuaseme lusemaludl w.e. 2542 axanil lidinai 500
3y o [ 1 = [ U4 P ] o o P A
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I's [Y) 1 1 1 a
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{ [ 0 a [ o o
2.4 wag 2.5) fin ANuRTeRyaoanIAUMataIe Tuithsssund Taglilinseyind uazns
{ ' o a 1 -1 { y
Auqy Nane e liannieandSuiaatedissias uazervvualluiige Jgyniil

aunsaud v lddemsigaiie1dss Temlimumsdnasuyaninih
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2.4 m3lgnAITIATRYIMATNITAATOUAS
a o 9 & 5
aswdrmanyasuustih inuasnslgannunien  TauwSounquilgnuina 50 x
14
50 x 50 @, lddjenenwnieilendnsesiudan 1-3 dw/ls aasdgnludusiuniedusulu

.9 ¥
1518 MITTUNBNNA pH 5.23 - 6.46 mwi 2.6 uaasliiviudidnuazyeannunioluudanlgn

P - A 2 a o a Y - -
MNN 2.6 NNAATOV UAYISHT 2 x 2 U, Vl“/‘l‘linuilﬁ’l’mma&l 11111’37181218&1’11%1141?10’5151415

{ { I a )
) wag Ananseuatilgamhinvhsuumimadumalu Taggsuns ()
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@ o ] 9 a [ L LY 1 4
pazmstiususeasn/Au mitannuevesteasn mswuswaulnseasn msiavuia
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F1081981191 10 Au Falhwmiln msnudesidudanudu vesdafiey 4, 8, 12 uaz 16 1iou
mndunnaaieuildninmsgudiedissiuay 10 Au udrdiurannuniiuiuvesia
A o o  w @ v a a & Y 4 3
anauaseu lasinihminvesdimsdredsuiasvesda @u. ou.) Fw ldninmsunuiith
v 9
Faums anuuusivvesiag = dminvesing/snasvesing (Anumuiuveh

a & o = ° [ { °
ySqns = 1 /v, (qminsal Ansgng, 2543) Annaesnisumaonndeyadiuam 10 du
<2 . . o 4 7 A
342 msannfInaes daidzein uaz genistein luHINIAATOUN

HUAIBE1HINNAATEVINTLEZAY voIMsT AL Tauas Wil 4 52uzho
- ' a a o ¥ & o @
szozunnnsomuaz luseu szezlunsydulaveslutasdrdudui szoendaly uazszes
ponAen MNAUNNARTEV IR AL Tamusssuya lasamsilgnihansmdunszifesa
[ Y] i o :’ 4 L a d a . .
uazluudazszoziPudlediasuiu 10 du (10 &) torh lTinswdmdSuaens daidzein
Az genistein HagALAIBEITINITUATOUIINOIYE1SY U AB 4, 8, 12 uaz 16 thou Taun1s
U o) L § '3 @ L3 L]
qudrednndunnunievndgnluulamansshiuumimendomaluladgauniluud
) :' 4 9 b=y (4 b . o . .

AT81YIIUIU 10 A (10 1) wior 3w zinysunaens daidzein uaz genistein

512 USuIeT daidzein 1188 genistein (Murphy P.A., 1981 (a2 Frank A. et
y o as ) vy & vy 3 0w A
al, 1994 ) 19 uazeIaIN1UATEV uAWIANIULAY RPN e eu 1Y
] ) H = 3 ) °

Yonlden viu udnilleuludouanioungamgil 50°9. uiu 48 su. vinvusuihlduadae

4 o : g { < o
wIeaua thrannuaioivauda lifuludaaniudu Fwannunsons s a. thillazarelu

" Y P [ o lll kY 4 3 o
WNIUEA 50 WA, ABAToag wiu 12 ¥u. W linsesiisnszaunsouues 41 udawhans
o as o ] ] 1
afafrunsnsee lUiFuasHadRA152 4000 50U/AUM WU 12 W1 Asesdulariumu
° a ¢ (& . . . . a
wsuluasuvuia 47 luTaswas $imsTneduna daidzein uag genistein #3675 HPLC
] [ v o & 1 e

Taeld diode array i1 detector HIMAITEAAUUABANY C,; YUIR 8x250 1. Fanetumia
ABANYUIA 8 x 25 WL mobile phase 714Ao MeOH : 100 mM 104 (NH,) acetate 1Y 55 : 45

o ¥ { 1w o A . . .. 4
% (v/v) Sas1msifouAMIAY 1 va/anf Tan15aAnAULAIYBY daidzein UAZ genistein 7l 260
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a A s o L Ao

w1 lumes WSsuieulTinafuaIasa1einasgIuYes daidzein uaz  genistein Funiouly
gy g . . R . (Y
([BNIHBA 95% ANUYUVUYD daidzein LGS genistein 1NN 2, 4, 6, 8, 10, 12 110 14 ppm
3 a . . . . o A d' '
5905090y AYT194A5 daidzein 148 genistein VDIHININAATBVINTZHZAN
a = o A & 1 ) o 4
yoamansauau Tauazs W 4 szushe svezuanmsonwasluseu szozlunsyau Taaun
zoendnly uazszezesnaAen uazMINAUNIIAATEUINDIY 4, 8, 12 LAY 16 R WIAuRde
. . y { Li ) 73 1]

y0ae3 daidzein U0 genistein MINAUNNUAATOVIINOY IUsZEZMSIT YD RAILIAIE 591 4

209 HAVINAUNITUATOVIINGIY 4, 8, 12 LAz 16 (Aow

343 msvnetugnnaunievnlaemsting

o

TNUHUNITNAGBAULY split — plot & main plot Ao Terad 3 3 szAU Ao Au N30

&

y a a . 'Y} 14

Wdwnay sub-plot e A1sAIUGUMSTYAYTAYRINT 1 5 538 Ap (1) T1 control UBHIAIY
y ¥ 'Q' Qs 'A' o

dud (2) T2 ueNaRae NAA seauanududy 250 ppm (3) T3 U¥NIAIY NAA sEAUANN
Wty 500 ppm (4) T4 LFNIAW NAA seAUANNIGNTY 750 ppm (5) TS UFNIAIY NAA SEAL
Y ya a da g ¢ o aa
anududu 1,000 ppm 1RsnITunTounRldumguinaevInalsznm 1-2 s, dnyunl

b4 ' ' '
fdraufiana simsdanaldianuendsena 15 s, deunnalaundiiflugilauem

o a & v Ay 9/ ra A P -ﬁ’ 9
Usswna 2 @, hAnInTevIINsiFedIsas clorox uFNINIIIATOVINUITOLA U
NAA seauaududy 0, 250 ppm, 500 ppm, 750 ppm 1A 1,000 ppm 1uaan 1 ¥ Tus T
) 9 b 4

fnaunsevnludaqungiia 3 wiia fie Au nsre uaziidwnay Taskig 60 o3 AuRmh
vou¥aalgn ustusandeyamswiyduTalaonsTannuevessinyn 15, 30, 45 uag 60

W mudey wazilSsuiournanmsii gy Tnvesnnazauemissznindagilgn
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o d v @ d Y v
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" ¥ A o Yy o o Y a

wenaunNunTeuashlioguazvalndifveiy $1491 10 du Aanyioay
g o 8., 0 a wdld I clslad ¥ @ . - 3
fu dh3an uaznudeya imsimsizideya Il ¥ Fanduus (correlation) uazinssdy
(regression) HazNINI5IVIWAUNNAATOUAL9N 3 Tanda 52 27 du 18us wass1wE 10

.4 § o
A (N1-N10) mwdug 11 Ay (K1-K11) uazanauas 6 au (SK1-SK6) efausndudioTuana
% ' v d ' ' M
(P5eanIes WALANY TN NINgUMansvodasAu Minaasuiiseenilu 3 Suney de
2 = a Qs =4 o S 9
1.1 dAswmsesyau TavazWannlusevd Tasmsdsrwuazifudoua

] ¥

anansauaInduneIniuded fandauassidn ﬁﬁqummuminé’zﬁmﬁ’u $1u9m 10 Au
Nn < 15 Faud Thaw 2547 - Tunaw 2548 wiefnunsuanindemmazlugey msuves
T mIndaly mseenasnuazmsaailn Tasnsdsaludsmemuudninnie

12 mwduiussenhsanmwnadeutumsnsaiasianivesniunte

L] = Qz; =N :‘
uas thdeyameanwiaden Ao gunQliqega () guuglidige (1) Yy (x)

9 U

'
e

wazAMIdILE %) nnaniiNedunedovasunny Sandauas s Ay
anduius uazns1ey multiple linear regression ﬁuulaé’se‘i‘mﬁmsLﬂ?;uuuﬂmmm?mutﬁuiﬁ
yasnnunseuasluiade 1.1

13 Mt wundunImsounsdemaiin randomly ampliﬁfed polymorphic
DNA (RAPD) 52usudewuiaunnuniouasan 3 Samda 591 27 du Ao uassiadan 10
fu (N1-N10) weduldsawd o 1.1 ez 1.2 nwdAug 11 du (K1-K11) uazanauns 6 du
(SK1-sk6) vhmsaadenluluudazdulussezlumaamunaiamdue Tﬂuﬂszqﬂﬁ?}%’ms
999 Li and Midmore (Li and Midmore, 1999) ﬂﬁﬁ?tﬂ polymerase chain reaction (PCR) 14 DNA
fud 1040 ng Y§n3e11/52n0dY 10X PCR buffer (20 mM Tris-HCI pH 8.0, 0.1 mM EDTA,
100 mM KCl, 50% glycerol, 1 UM DTT, 0.5% tween 20, 0.5% Nondidet P-40) 1.2% formamide,
200 mM dNTP, 1.5 mM MgCl, 1% 0.9 U TagDNA polymerase (promega) ‘lwfsosfildly
UiASend 40 Insiues Ao A01 A2 All B11 B20 C04 CO5 CO7 CO8 C19 D03 D04 DOS
D10 D13 DI8 D20 E01 E02 E06 E07 El4 E19 G03 GO8 G10 Gl6 MO5 P83 P85 PS8
P2589 P2671 P2674 P2680 SO5 S09 Si1 S16 oz S19 xﬁuﬂ?mmﬁg%maﬁwﬁﬁﬁ?m PCR
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$1u7u 45 50U Ao AszAugamgll 94 °y Wil 1 WIN YUV 40 °m U 1 Wi QUMY
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ArNaIveIneNNNAATeU dwisoutiseenidlu 10 szoz duaasluning 4.10-4.19

AN 4.10 vegetative, leaf primordial (LP)

inflorescence primordia (IP)

MR 411 TP induction, round mounding of

IP and extended LP

AN 4.12 IP initiation clearly initiation IP

and bract primordial (BP)
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AN 4.13 the development of IP and BP

7N 4.14 floral primordia (FP) induction, the

development of FP

NN 4.15 the extension of FP and the

development of sepal primordia

&)
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NN 4.16 carpel and petal induction, carpel

primordia (CP) and petal primordial
(PP)

NN 4.17 petal and stamen initiation,

vexillum petal (V), wing petal (W)
and keel petal (K)

mwﬁ 4.18 all organ development, growth of
V, W, K and stamen with 5 outer
anther (5A) and 5 inner anther
(5a)
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AN 4.19 end of flower development,

epidermal hairs (EH).
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* Suponaen U TuianaIAT s nIR TunIEeE inflorescence primordia induction

phase mu‘lé’{nﬁmqam el (stereo microscopy)
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Plant  NoOf  ioforescence  NO-of Pod size No.of Weight of
No. inflorescence length(cm)  pod per Width Length seed 100 seeds
~ perplant ~+ inflorescence  (cm) (cm) perpod  (gm)
1 4700 3690 27.80 0.89 6.7 46 2.38
2 42,00 37.80 2140 0.94 6.41 4.93 241
3 51.00 39.00 2490 0.93 6.12 4.5 2.57
4 39.00 34.40 2290 094 67 4.13 2.19
5 45.00 3220 23.70 0.96 7.08 4.75 248
6 35.00 39.00 21.90 1.08 546 4 2.53
7 3700 39.60 25.60 0.84 6.91 44 269
8 35.00 34.50 26.40 0.88 6.88 4.67 2.55
9 40.00 40.20 20.20 103 612 54 2.5
10 48.00 34.50 19.50 1.03 6.86 - 4.5 2.86
mean 41.90 36.80 2340 0.95 6.52 4.59 2.52
Sd £5.65 .74 .74 10.08 £0.50 040 0.18

53



3. svEzrawezmsnIgnulaveinmieu
a =y Qo & S A [ g : L% o d'

amsniydAu Tavesdannunievalimafouuilas #eil shdniande
mq 4 o1 WAL 38.59 . unzivauiy 99.13, 166.85 uay 249.88 . mawuﬂ'mmﬁamﬂ
3 12 way 161 ﬂaumumﬂu ufrm'lwmmmmmm‘wuumumﬂu"lﬂammmmua
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] 3 a
ANUAWLUUTIVU (AN 4.27 Uag 4.28 )

£ _ * Weight (g)
: B Moisture content {5%)

month

4 23 @ 4 S o 4 o - o -
AN 4.27 11]'l’)iL“Buﬂﬂ?’lu“]fullazu1ﬂun1ﬂﬁﬂ“uﬂ\1ﬂ'Jﬂ'J'\'Jlﬂiﬂﬂl‘l')ﬂﬂ']q 4,8, 12402 16 199U

1.04 -
1.02 +
1.00 4
0.98 -

density (g/em)

0.96 -
0.94 -

092 T T T 1

month

o 1 a o . P2 -
AN 428 ANUNHIMUULRAYYDIVINIAUATOVNINDWY 4, 8, 12 LA 16 DU
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Jans a3 flavonol Taoiew'lan] flavonol synthase (Yu et. al, 2000) #atfu SarldiAams
ez haowlesiReaessiiaiifuenla’ isoflavonol synthase Faifiuionlaslilely
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1,000 0.341b

' funedinifnfu siadasiisous ndingqumileusu liuandefumeadansefunnu
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AaaY (@15799 4.6) 1INNITINTIZH multiple linear regression

Y =-423.243 +9.982** max.temp + (-3.862 min.” temp) + 2.164" th + 12.521* rainfall
r = 0.54%
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N10 dunfiszauanulndFadumniiga Ao AU N7 uaz N8 NszAy 95 %

r o

nguit s 31 6 Au Uszneudeduninieniaanauns Ae SK1 SK2 SK3 SK4
E4 []
S5 wae SK6 AulunguitlinnmlndZaduszAui 96-85 % uAdu SK6 oz SK6 iszdy
anulndFasuniniganszay 96 %
~ t - ﬂ ' 4 v v Jdo t A A
vinmsiuteannuniouatesmilu 5 gy FeduRusiuundainNIAToUA
wigRuTansednuuzgivszma duly @ luuSnuderdunieoundador nauaisuag
) n’: v 9) vy 9 o o o da v {] 9 9 q’:
maniuwauiuiandunedunazuifdianuduiuiiu wasWauududu nwiouis
anmunaden ldsedadenduiindeusely dovasmatugnssuteeninlndifesiuluusas
nQutoY
Y t ) 9 o a0 ar “‘ly U
msvanquanuniouatlaslddnuazmangnumeanismou 9 dnyae laun
T o 'y daw
Wely gl darely @ wlu wuly s1neen fn uazwda wuhduiilidovas

miloufu 100% S 2dudiag Ao qi 1As K2 uas K3 U3uinluuuy orbicular g1u

4
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uuwp obtuse Uarelunuy obtuse Mulydidiss Tvuuuluwwudwend snadasnazay
g3 AR Ansoudduuazifouidhna uasndaifdhmady 4l 240 K4 uaz
ks fguielunuy obovate  g1ulunay acute Jawluuwy obtuse AluFiEes Fuwuuly
Lufmzd nwiannazauems aenddy Hnsoudivaazideuniftna uazudad

b 4 v 1
ahaady g 370 N2 waz N8 Tigulsielunuy orbicular g1ulutuy obtuse Yawluuwy

R

9
geuminate UlUFAYY Bvwuulumwizdiuseaseuminiu snriiannazavems aend

2

' P A PP 4 aad Y A oA
#u Andoudilouanlountitina uaziwdalimimady g4 Ao SK5  uag SK6 1
quseluuun orbicular - §1ulunuy acute Yawlunuy acuminate  Auludauddaduluiia
:’ ] a A a a (% Y o - )
thaaentae wamwz lunSydy Tavdslumeaaialuuds Jvuouluuuusuevs swnyila
ay I e e A PRt & et o ¥
MnazaNeIMIs Aonddu Hnssufdvuasleuniifimia uazwdalimhaadu
funnunIeuashilidnyuzmiloudiu 100 % Jwnndt 2 du uaield 3 nqu fe
nquit 1 T8 Au lAuA K1 K6 K7 K8 K9 KI0KI11 waz N9 figulsnalutuy orbicular g1

fuuuy acute Yateluuuy obtuse Mulu@ider Jvuvuluwuudend sinvilasinazau

9
14 o o

oy ' PR A aa d Y " a Ay
o3 aenddy Hndeuddoaazdiouniifiaig wozwaalmhmady agui2 J6du
TuA N1 N3 N4 N5 N6 woy N7 figusrelunuy obicular §1ulunuy obtuse dately

. Y] e P ° = a ay
UL acuminate AMIVER Hvuvuluwuudweny singtasnazaueIns aonddy Hn

) 4 ¥ [] )

souf@onnziiouniidiima uazwdafidimiady uaznguii 3§ 5 du 1duad N10 SK1 sk2
SK3 uaz SK4 HgUs1alunuy orbicular §1lunuy acute Yarwluuuy acuminate Aulud
Moy Hvuvulunuudwevd swneilasinazavomis aenddu Hoseufiloauazidiounlid
°y 3 dd: vy [ g & @ do W ad
e waelifihmady  dhvazmangnymaasianuduRusiudnyuzveRdue
[ 1 as @ & o
fu 79 msdauszduAdue uazdnyazmamgnumanilunnundounsaeandesiy

msfiny lunnuaTev1d (Ditchaiwong et al., 2005)
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jaB -H=-Bel el -Nalelal

fw

o o o o & o
AN 4.32 MITuNANUFURUENMIRUNENITuYInIIRTouad 1aulY dendrogram

WQ9n dendrogram (1M1 4.32) NUNAMMLUIAD UERLAMITIANUUANATS
vosdunnunSeunsfiszduanulnduesfiduie 85 % widld 5 agu Ao nqui 131 5 Au 1aus
K1 K2 K3 K4 uazKs nguin 2 ii 6 du 1dua K6 K7 K8 K9 K10 uaz Kil ngui3 i s
Au'ldun N1 N2 N3 N4 uaz N5 nguii4 5 du'ldud N6 N7 N8 No way NI0 uay
nquin 5 3 6 Au ldun SK1 SK2 SK3 SK4 SK5uaz SK6 Sahnnundeuraiinamuuililsiy
1 s/ A o o 1 v W 4 N .

AOUY NG uiBliANUNAINUAENINUEAT SIFUREIAUAUAINATEN) (Ditchaiwong et
v do '

al,, 2005) AIMHAINHAWNINUFNTTUYaIRNARTouRsTianuduRuT Auunasi uliavosdy

anunsounsies Ay Inluanmsssuana
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452. dnswavesmsianssmelszmanazanwinadeusemsniaiuln uazms

avau msmiﬂuﬂnﬁmmmﬁmmmmﬂ%’aasm

k4
] =

LY Y o b A o < A ' Y v
sxﬂ‘umsﬁlﬂmm‘lﬂmsmsq,lmﬂﬂﬂmq 12 10g 14 199U UANAINNUDYINY
b 4

i o aan v Y o @ g ! N g 4 2 4 s
‘Jpdfgn1eada uans1timn 3 T uaz 7 Ju luuandiedy ondy $ruauludy @15199

9

i = =y a H :l Y {
7 uae ANUenAY ImswTadu InangaimsTiimgn 3 Su @ 4.8)

e

H { o [ :l ]
ms1eit 47 Swmludu P1dsuensnannszaumsTdh (mise : v

—— Y]

seaumsliin  61hou 8 (Aou 10 1iou 12 (ABy 14 foy
T idh 3472 3.92a 392a 8.08 2 834'a
75/ 0% 3.16a 4.45 ab 3532 13.04 ab 13.04 ab
35/ nts 3.15a 4.6la 337a 15.98b 17.72b

! yFuieununaes1asds duncan’s new multiple rang test OMRT) las@asnysimiloudu

Tuneauiiaenny TudanuuananadanunszauaNalL 95 %

{ { v oa a [ 31: ]
MINN 4.8 anuendu 1 ldsusninannszaunsIni e : agu.) Y

sgdumstih  eieu  siou  10:feu 12 1hou 14 oy
Tl 208a  3483a  43.67a 58.25 ab 78.92 ¢
7%u/nts 1850a  33.00a  48.08a 63.33b 91.50 b
350/ nds 2225a  29.74a  4550a 66.50 a 104.08 a

L WBsuifisuaunte1agds duncan’s new multiple rang test (DMRT) TagRa9nys

M .
2 o S

milousuluasauiimeddy TulianuuanAneaaanuNsLAuANNITONY 95 %

HAYBINS AIUARDNT AT ANATS stigmasterol TuuUaIMARBINUATOUATDY
] b 4
12 ifiou uag 14 oy 71w 3 Ju waznn 7 3u 3 stigmasterol 1323194 500-1000 ppm A

uaaaluasaf (@519 4.9)
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s 49 Matlszdiuinmens stigmasterol vosnanunieuasninulanigniioge

—_— v 9 g ]
v FRYIANUVUVUYDY stigmasterol (ppm)
Whih  ssezlgn wa ”
A A & A
: 6 18U 8 laoU 10 {9y 12 9y 14 a0y
T A

Widh  1sxts liwsie 04100 100250 100250 100-250  100-250
WS 0-100  100-250  100-250  100-250  100-250

3x3  Ws9 0-100 100250 100250 100250  100-250

WIN 0-100  100-250  100-250  100-250  100-250

Wimn7  15x1.5  luwsie 04100 100250 250500  500-750  750-1000
$u WS  0-100  100-250  250-500  500-750  750-1000
3x3  luwse 0100 100-250  250-500  500-750  750-1000

WS 0-100  100-250  250-500  500-750  750-1000

© v}

=
tﬁ

wmn3  1.5x15 Tuwsie  0-100  100-250  250-500 500-750  750-1000
WIN 0-100  100-250  250-500  500-750  750-1000

3
=

3x3 Tuwsie  0-100 100250  250-500 500-750  750-1000
NI 0-100  100-250  250-500  500-750  750-1000

mmsﬁwamaw’%‘mmuﬁdamiﬂzaums 3,7,3’~trihydroxy-4’-methoxyflavone Tu
mJawmamﬁmamamuﬁqmq 14 @outiu unsasauans 3,7,3’-trihydroxy-4’-
methoxyflavone

PIFAUNITASINAOUAIS 3,7,3-trihydroxy-4’-methoxyflavone 910N1SFLADANL
# 5% wmuealuaas Tsvlafu Wi v fraction Hesddssnoumieusu Finmsimsed
TaoTLC iilold 20% wnmealunasTsedu fumsazareluandoust (mobile phase)
W W¥ensfifin retention mobility (R 1111 0.70 tiaz 0.73 s9weglu fraction Heaiu ol
Ml R, Feres uonanfuldv1eu Seanananmanufidfaves mobie phase /197 TLC
1N 20% wimuealunasTsvedu Wi 10 % wnuealusas Tswosu wuh aunsausnmstg
tosgonuinuldddu de 14m R, fu 0.76 uar 0.8 awdrdy el 1dmsmanedmsy
nMsfinuTassadnlaedssursusamdnlasalntl Suhasiiszainnedinidae s% wmoa
unaeTsuledy urunodiniaanien Snafimie udszdan 3% wnuealuaaslseda
wi gnnsousnas 18l 3 daulng fe asiisemndeudumsfidediaseidae TLc

T ' 1 3
w4 20 % wnusaluaas Tsvlesuidu mobile phase 1&318A1 R, i¥u 0.73 (s B) winiu
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T
Y= DA

1 ' a o ; 1 P
Boand 4.33) TIUN 2 Whueswaunia, R; W 0.7 (815 A) 182 0.73 (913 B) aUN09nU1

ﬁqqm‘ﬂumsﬁﬁm R, {hudlu 0.7 @ ) dosmsidor (il 4.33) mndi R, fioenun
5qq¢m mm{‘lums 3,7,3’-trihydroxy-4’-methoxy flavone ‘mJ R; nJu 0.69 (51151 iﬂuﬁﬁﬂ
3637) dorinsiia 2 fraction fand) s Bursusaminasy Wanaduveses A uaz M3
§ ﬁummﬁlumwm 4.34 wae 435 iy diedieususudsusaminafuyesans 3,73
rihydroxy-4-Methoxyflavone (il 4.36) nuhilanuuandisii iy peak ATIA MR 1650
. ¥84133,7,3’-Trihydroxy-4’-Methoxyflavone hiitlsingluanlnasuuesms A uaz ms B
[peak ganarufudnvazmmzvemymiveiiavssmslsznoullszian conjugated ketone
By $niAadl, 2537 )] vazinumsganfuuaadl 1715 ™ g 1739 e Tums A uoz B

: o w o2 P & 1 ¢ a
MUBIRY [H9 peak AN 1uANEMLMNITYRINYAITUOHAVBITTY 5T NBUT2AN Ketone

1 H d
AMNN 4.33 Tasui launsuuesaas A uag B nnsinimnunnudainaasy
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NN 4.35 duNsWIAanATUUDIA1T B
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A 4.36 dunsusamlnasuvesas 3,7,3’-trihydroxy-4’-methoxyflavone

(st $nmadl, 2537)
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s d’d \ =
453 ihdeninanemaniaAvlatazmsazanas phytosterol s Az AN 1M TV

) 3 o
ANAATIUAY ua::Nmlmmi‘ﬁﬂ'amimqmmmuﬂgnﬂgmnmmﬁﬂ

anaassuasinsIgyey Tnavesdrduuazmsazay phytosterol 11310 1AnA1e

i oo A eada NAA 100 ppm Wi @uiiiduiguinaianniige funen san
£1.500 nn./13 990710 NAA 100 ppm uazifegas 15-15-15 §as1 25 nn./13 $aufy GA, 100 ppm
midniSneleaesaunniiga (ms1eh 4.10)

: H o 1 o o a @
w3190 410 wavsSAUAAD duguina1sd iy uaztTinusgrleare Taludy

AMAATOUAY.
o a durgquinais  Weawesa
NIAUA .,
f18u () (%)

TL  Agualuay 31.09 cd' 0.267 ab'
T2 NAA 100 ppm 31.84d 0.283 ab
T3 Ga, 100 ppm 24.75 bed 0.263 ab
T4  {lonen 1,500 nn./ld 2371 bed 0.300 ab
15 {jonen 1,500 nn./1s + NAA 100 ppm 1421 2 0.354 b
16  {Junon 1,500 nn./1s + GA, 100 ppm 25.17 bed 0225 a
7 {ugas 15-15-15 (N-P-K) 25 nn/ 1 2375 bed 0225
18  ijogas 15-15-15 (N-P-K) 25 nn./15 + NAA 100 ppm 17.88 ab 0275 ab
19  {lugns 15-15-15 (N-P-K) 25 nn./ 15 + GA, 100 ppm 2275 be 0.354b

aa

" lusediniideaty anmudlsddnysmudinguiniioudu hinandeduneatfnsedy

AN @Wol U 95 % INNITUAT wﬁsm‘u Duncan’s New Multiple Range Test (DMRT)
{logms 15-15-15 ds1 25 nn./13 Sy NAA 100 ppm uazdloqns 15-15-15

8as1 25 na./13 3uAY GA, 100 ppm i ldsInfiSann phytosterol MNAA (MWH 4.37 waz

4.38)
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+— Rf=0.71

Y Y

[e511A5§1UYDA phytosterol] [M158ARA1IANIUAST BLAS]

MW 437 TLC Tasun TnunsuvesmsuaspunlSeuisudvarsadannuasouas

180
160
140
120
100
80
60
40
20
0

7a)

o

SURBNSUMIINIL

5 phytosterol

(luTasn

TI T2 T3 T4 T5 T6 T7 T8 T9

=t ¢
NIAUUUA

{ a 1 (4
AN 4.38 51184 phytosterol TusIANNAATDUAILAAZ NI AIUA (1 = SD)

msldmsatanninnnuniouasiildiuilogas 15-15-15 das 25 an/ld dldms

L o

nadmeaagnuyuandsiuetieiifoddynieadd  dienSoufisuduili18ldmsada

(M1519% 4.11 uaz WA 4.39)
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] ¥ 1
e 4.11 wisueumumaeiuildnivesmsnaduaganyuus L3 msada

(control) AUM3 IRTumIARAnNURTouAslunquNTAIUARIe (T1-T9)

- R AUC
NIALUUA
{(mean + sd.)
AGUAIUAY 100.00
T1 138.77 £ 14.83 *
T2 166.03 + 37.76
T3 108.69 + 4.88
T4 128.64 + 15.31
T5 130,63 £ 19.00
T6 13798 +35.72
T7 116.06 £5.20 *
T8 120.03 + 15.78
T9 156.76 + 36.31
*p<0.05

o o - =y = Y 3 =t L4 [}
ﬂ"li‘lﬂﬂ’liﬁﬂﬂ"i]'lﬂi'lﬂﬂ’)'l’nﬂii)LlﬂQIJ']L‘lJS(J‘UWIﬂlIﬂUVN 9 wnIaua "bJ‘W‘Uﬂ’J’IiJ

IAAAIYBININARIVBINAGANY (MWT 4.39 LA 4.40)
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Tension (@)

08+
07
051
05
04
03

0.2 4

0.1

0.0

T7 200 uL

it

60
Time (min)

mvm 439 wamanadveaganyvaslildldmsada 19 0-60) uaznavesas e

mnmimma“lummuuw"lmuﬂms 15-15-15 8331 25 70,15 (17) (it 60-

90)

Tension (g)

0.8 4

0.6 1

0.4

0.2 4

0.0

-0.2

AL

T1200 uL

Adbbitil

0o 10

L

60 70 80
Time (min)

50 %

T
100 110 120

v 4 10 9, o ' .
pwit 440 wamsmadavesagnuyuas bilildmsasn aniii 0-60) wazmavesas e

g s
ANIAToUAITUNTANUANTUAIAY (T1=control) (WIRT 60-90)

> g (1 o
duiumslviugas 15-15-15 81 25 0015 $2uf NAA 100 ppm wazijugns 15-15-

15 a1 25 nn/ls Sy GA, 100 ppm dhileseitifeddglumsildnadysu

yo Y a v & 4
phytosterol gag@ tasmsH lHuAgAnylin AR Ny Ay
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51 ajiwa

a
Unn s

ayiluazinisaina

= o u =) 2,
511 AnnnsnIguaziannvesnnuaisvnlusisumnalusevl

& ' A& a v P
b+ :’,L!.Cv’lﬂLﬂiE)Lﬂ1LLﬂﬂ‘ljf)’E)ul,iWl\mmﬂﬂuf}umwu‘ﬁmuumu
. b4
b gf'fnﬁﬁ]5iylﬁag’;wmu‘nlfNLﬂ?ﬂ&fﬂlLﬂz(l‘llﬁué‘\l\ulﬂlﬁﬂuﬁu'lﬂua\jﬂiﬂ%]‘lﬂil

v 2 3 1 Y4
szazndnlusuARiReugMIANTINUN LS

2 o o 2
S2620NABNYBINIIAT BV (FuAsARouquAWUEnA Ny ssezms

a = Y =] v A )
ﬂﬂnﬂ ixumimouazwwuui‘lumamm“lumaummau

1 @ o & 1 ar ! a o
ManduRusszrnInannadoufumssguazmsiavesnNnuasevaluy

QU

a1 1 7= o Jdo 9y ¥ v o o ] a :‘ o
soutl daulng lufianudwiusdusaumanduiusserine dsunaniwu fy

] =) L - o 4
asunvesiln gungiigegadumsuiguasiannvedluuazanuiudusing
[ 1 o d 1w
a1sHEaludA1anWuSIM1fY 0.9911 06829 A% 0.6822 AINEINLE

ANUFURUS Y

5.1.2 Snyiniseenaen MSAAND UAZAITALANAS coumestrol 1UIINATANDINITVDY

1IMA38913

L.

mslddjogas 12-24-12 851 35 an/ 13 SwAvriuuaadonTuseu 10 ppm waz

NAA 100 ppm 12150000 S1nHRdeYoRN Sumdadeiinuas

siwin 100 audamniiqa

msldilogas 12-24-12 8a51 35 an. SwAvijounaidion Tuseu 10 ppm 3y

NAA 100 ppm azlffi]ogas 12-24-12 8a31 35 1A, 3N NAA 100 ppm ¥
mminderiiiinusensndeduinniiga
suzmsanvesaennnaniernammsnuitldilly 10 svor 18R vegetative

phase, inflorescence primordial induction phase, inflorescence primordia initiation

75



513

phase, inflorescence primordia and bract primordia development phase, floral
primordia induction phase, floral primordia and sepal initiation phase, carpel and petal
induction phase, petal and stamen initiation phase, all organ development phase , end
of reproduction phase

msldilogas 1224-12 Sas 35 nn/ld fldmsiannvsanendafiga udnmsld
{lounaien Tusou 10 ppm V’\ﬂﬁ'ﬂﬁﬁmumaﬂ%ﬁﬁm
mstgnnnuaievnildesnasn Aetlnuazidaiuty anlndjegas 12-24-12
Sas1 35 nn/ls uazwuuaaEenTusou 10 ppm 3IUU NAA 100 ppm -
assayAn Tameddy wiusmufindesenen Samdadednuaziimin
100 it 18Aiqa

ASNUAIY CuCl, 1,000 ppm UMTALEN coumestrol mﬂﬁqﬂ Taglifinansznuse
MIINTYVBIND YULANMINUAIS MnClL, Uag FeCl, TMIATANAT coumestrol
Autuaiinanssnudemsns vy TavesiatenasAnunududuves  Macy,

1@z FeCl, nzaude 1l

HavesTanzanansavan puerarin THINAZENOMNIVOINNAATBVIINAL HAVES

msaiannievdemsamuiIveIrasARen YU

mssanudnzdgnanududulisunnuaievn i ldunaduiguina
:‘ (Y oy @ dd o 1 ' ¥
dmrnaa dminuds wesnlefiFudnrduvesnnasaue R iunsada
A dy Yo o a o DAL A “ o
aadernilasudinzd Imsazay puerarin uvuloSouhosudungualuny
da v d & ’ )
Aaviudierhnau
anududuvesdanz @it 200 uns/a. hildnnuaTevalinisazay puerarin u
SNALAUDIMTVOINNART BN BNNNYA
anududuvssdans @i 300 un/a. hildnnuaTevUnsadu puerarin u
snazauemisanad lufierns tnduazninee
asasannanievnmusaildsaninisnadivesnasadeanyyianag nie
A A o 2 A& P o 1 Ag vy gy o
wapadeaiimInmesanniy dewSeudvufugni hildmsadannunieun
1 o o &l 4 d 4
159 acetylcholine 3aufuarsadananianin 4 Wloildudiuilfiduids

(AUC) Ylotiiga nienaoaideavamyniinmsnmuda ddfig
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[% b4 4 a
814 msanmiedaanmmadeumavanssuitinanenisnaivin uazmsazan
w'/. . L7

(Y L=)
ﬂ1iﬂ5$ﬂﬂﬂﬂNlﬂmﬂﬂ'&ﬂ'ﬂﬁmiﬂ‘lﬂ)

=] s = L)
141 miﬁﬂ‘lﬂﬂﬁl‘iﬁi}}!ﬂﬂiﬂ‘“ﬂ%ﬂ”ﬂ'Jtﬂiﬂ‘lﬂ’ﬂumjﬁﬂﬂﬂaﬂﬂ

i 4

9y =) B v A& & oda A a1 1w
L YU UATEUINANUYDUATBDINTSALRNIAUNDIY 4 IABUNAUNINY 0.45

K
]

a g 3| 4
ay. wagsuadiu 3.24 a, leduna1un3eu1i01Y 16 iAo N1AATEV1IN
m3eonan lusenudoungalniow SuaN 2543 HOTUNSIAY 2544 N3
a a LY (Y o o Y o a
fiogiszana 6 iewiunnfumiziide Suauduiieenaeniaiiu 61
73 do 1 A v v ! w :‘ @ d <
nefidudaiuiuseasnmdsasdunihy 41.90 simiininfede 100 waa
v o 1 a ) a o <
Wfy 2.52 0. szeznmnaisueonasn luhsungAInsuIunITNUNAn
' A = A -
unluReuliaunielszuim 4 hou
:' & o =) a d’ } A t @ a 3
2. dhminannanisimasiiong 4 dounitu 3859 n. uazfinduily
o A sd o 3 : o o
249.88 N5y ionNunsev 101y 16 tAsu esiFuanNuFumdsvesiaf
Y s & : '
919 4 1AouiAY 9029 uazmniuilu 90.69 % isnrunTov1I01Y 16
HaU AU UMATYEIHINe1Y 4 1ABUIMIAD 0.98 N/ AL.TN AL

4 4 g )

Wiuvuilu 1.03 n/avaw onanaunieviieny 16 ey

4 . (] - 3 N d
5.1.4.2 M3ANIMIYINUMNS daidzein UaT genistein TUHINNAATOUN

1. US1aeaT daidzein Uz genistein 1INNIVDINIIUATOVINT YAV Ta Tu
sssumaneglussezunnnsamuazludeuiinunfoniiy 59.07 uag 22.89
o o oy L4 (4 o ﬂ' J
TuTasnfw/niy dmdaudemudiduuasiiuiuiiv 88.47 uay 38.06
14 ]
T Tasniudensmhminuismudduilionnuaseviieglussuzesnaen
a o
Anflnuazmia
a . . . LY ~ - a =
2. USu a5 daidzein U2 genistein 1INHINNIUATOUMIMT YAV Tn Tuntlas
naaed eannuaievnaiieny 4 wouliaundemidy 13.27 uag 7.81
o1 w & w o v 4 4
lulnsnfudeniuihmidnuds mudrwusaziivimiiu 4037 uaz 24.48

9 '
TyTnsnSudeniuthminuinudvy donnuaieviileny 16 Aoy
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v d o
5.1.4.3 msvenewugnmsevlaemsilni

9y ¥ S !
Ao NAA fiszauanududu 250 ppm BHademsISRv09 0
AMAATOUINNA ‘wumim?tfgmmsmﬁaaﬁqﬂmmﬁaﬂhﬁ‘lﬁm} NAA

14
Saqilgnvia 3 Widldmsnsguesnuanaaiy

=y

S =] [ Y :i ¥ =) Iy
15 msﬂnmm‘i’himzm1wmmaausmzmmmnﬁummmmsmi ﬂJW\lIiﬂ uasns

o/ =)
asau msﬂiznaumqmﬁ’lumn’nmmaum

J (%) J (v}
5.1.5.1. ﬁ’uqun::ﬂnuauﬁ’uwmtmmumﬁaunvmm%musmzﬁmuwmm]—,mgmm

.

) s & 3 = A
msmtyuaxmiwmuwmmnmsasmﬂusauﬂ 1 5 5202 Ao 1) syozuan
A J v o

wimouazlusen 2) seezluun 3) szuzwdalu 4) svozeennen uay 5)
s2uzAAln

andounsaniniemazluseouy 100 % lududoulguisy luudiui
100% lutlaudeufueen wialu 100 % Aa1ABUNIAINY sanaon 100
% muireunumius waziinun100 % amudeuiinay

v o d a [ [y -
andunutveaSyuazsmsHaA AU Qungligega uaz
LI}

sd o A 2 4
wlediFuanisuaninTouNLIUNT0anal 9.98 % LA 1252 % mydiay
ad 4 o v ¢ a a2 !
QUNHUAIYA HazaNUFUTURNTAAAINTONNAU 1 MU 910 20.62° uay
o q ¥ sd o v A4 a
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pHaNHlUWINIAATOVI [Pueraria candollei Grah. var.

mirifica (Airy Shaw et Suvatabandhu) Niyomdham]
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Chalardkid, P!, Manakasem, Y.'.- and Sriyotha, P. (2003). Growth, Development and the Accumulation
of Daidzein and Genistein in the Tuberous Roots of White Kwao Krua [Pueraria candollei Grah. var.
mirifica (Airy Shaw et Suvatabandhu) Niyomdham). Suranaree J. Sci. Technol. 10:350-358.

Abstract

}

: ¥y

Two experiments were conducted at the Suranaree University of Technology Farm, Naklfonratchasima
Province to study growth, development and accumulation of daidzein and genistein in fuberous roots of
White Kwao Krua [Pueraria candollei Grah. var. mirifica (Airy Shaw et Suvatabandhu) Niyomdham].
Experiments were conducted between May 24, 2000 to December 30, 2002. The increment of stem
diameter is linear when observed within 16 months. At 16 months old, the average diameter of the stem
was 3.24 cm. The flowering of White Kwao Krua started at S months after planting. The average weight
of tuberous roots was 249.88 g with 90.69% average moisture contents and 1.03g/cm® average density
at 16 months. The average amount of daidzein and genistein investigated in the tuberous root at 16
months were 40.37 pug/g dry weight and 24.48 pg/g dry weight respectively

Keywords: White Kwao Krua, growth and development, daidzein and genistein
. YR
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Figure 2. The White Kwao Krue at 5 month
old.

@fmymﬂaumq 4 \fiou mnuuﬂsmmmmmu
qﬁumamummma‘mmqmn‘uu Tuszoe 16
Lﬁauuiﬂmumsmmﬂuﬂﬂmuiﬁﬁmqﬂvnm
ﬁ‘li’s’ﬂqn mné’nvmmmﬁuﬁwmﬂ?mm
asmdaTuNas muamummmnuanmmimmn
msmmuTmmnwmsmmua Walluuia
muw msﬁuauﬁmﬂaﬂmuummuawuﬂ“
muawuﬁw Fuhdumminfinnieiernid
mcmm"hJ“l‘vﬂi.,,Ta‘vuilmﬂﬁ'"lmumimawu
uawnuﬂﬂmwumnwﬁ'w Feaoandoafy
Tusmnnnniinnaunsoveaanoymsguns
(2472) uuﬂiﬂﬁh’s’ﬁan'n'nﬂ‘i'amaﬁﬁmqmn
"“lnﬂiiwqmumﬂ -uanammnnﬂsmmms
M 2 ‘mmi‘}ummﬂmanﬂszmswuqmvm"h]
hai‘lumauawusmwmu.ﬂummummam
Fainnuntenruiiumsddely
diemmanfFoufontnamsindaiu
uazindiafiulunn q ewphlinuinSnums
a:qumsmﬁaﬁ?uﬁmm?{uqqnhawtﬂﬁaﬁu
M uawaﬁuw'lﬂIﬂua1qnnnumns~u1un1i
Fadunsed (biosynthetic pathway) - mumsu
5, 7, 4-trithydroxyflavanone (naringenin) mﬁ‘lu
a1sfananlumsdunseimsefaiuiy
mmingnu1"l1J"l‘mi‘lufmmmn“lumsmmn.m
sty  9n 2 wiiede laleasendivalouea

(dihydroxyflavonol) Tﬂmau'lmu' flavone

30

40 ~|

30 1

20

percent flowering (%)

T T
June Aug

Month

Figure 3. Time and the percentage of
flowering.



mmsmaTuladgsuid 19 10 atufl 4, qaau-Funau 2546 355

Table 1. Number of inflorescence per plant, inflorescence length, number of pod per inflores
cence, pod size, number of seed per pod and weight of 100 seeds.

Plant No. of inflorescence No. of Pod size No.of Weight of
No. inflorescence length (cm) pod per Width Length seed 100 seeds
per plant - inflorescence (cm) {cm) per pod (gm)
1 47.00 - 36.90 27.80 0.89 6.1 4.6 2.38
2 42.00 37.80 21.40 0.94 6.41 493 241
3 51.00 39.00 24.90 0.93 6.12 4.5 2.57
4 39.00 34.40 22.90 0.94 6.7 413 2.19
5 45.00 32.20 23.70 0.96 7.08 475 2.48
6 35.00 39.00 21.90 1.08 546 4 2.53
7 37.00 39.60 25.60 0.84 6.91 4.4 -2.69
8 35.00 34.50 26.40 0.88 6.88 4.67 2.55
9 40.00 40.20 20.20 1.03 6.12 54 25
10 48.00 34.50 19.50 1.03 6.86 4.5 2.86
mean 41.90 36.80 23.40 0.95 6.52 4.59 2.52
Sd +5.65 +2.74 12.74 10.08 10.50 0.40 0.18

g 300 * Weight (g)
a 250 p
E - ¥ Moisture content (%)
§§ 200

§ 150
3
=9 100 —— - -
;’ 50 —

0+ T v N
4 8 12 16

Figure 4. The tuberous root of White Kwao Krue  Figure 5. Weight and moisture content of
at 16 month old. tuberous root of White Kwao Krue at
4, 8, 12 and 16 months.
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‘ntroduction

The white Kwao Krua (Pueraria candolli Grah. var. mirifica) is an outstanding medicinal plant native
to Thailand. Problems in their pod and seed setting cause their seedlings to have a very high cost. An
investigation of factors affecting the physiology of flowering, pod and seed setting should demonstrate
how to solve these problems. Factors affecting the physiology of flowering, emphasizing on minerals
and plant growth regulator were studied with a SEM technique.

_Materials and Methods (

The experiment was conducted during the years 2002-2004 at the Suranaree University of Technology
Farm. A factorial experimental design in RCBD (Randomized Complete Block Design) with 4
replications was used to study the system. The treatments are shown in Table 1. The treatments were
given at the young fully expanded leaf stage and at the inflorescence primordial induction stage. The
data were collected at 3 weeks after the last treatment. A SEM technique [1] was used to study the
physiology of flowering, leading to determination of the quantity and quality of pod and seed settings.

Results and Discussion ,

T8 gave a statistically significant difference to the mean, and the highest number of inflorescences per
plant [Figure 1], number of pods per inflorescence [Figure 2], number of seeds per pod [Figure 3], and
weight per 100 seeds [Figure 4]. There are 10 stages of flower development [Figure 5-14]. Table 1.
shows the number of days for primordia to change by each treatment. NAA promoted flower bud
initiation. NAA together with high P and boron helped flower development [2,3]. The initiation and the
development of flower in the White Kwao Krua had the same pattern as the plants in the sub family
Papilionideae, family Leguminosae [4].

Table 1. The factorial in RCBD experimental design and the number of days to flower of each treatment
tounted from the first treated.

—

Treatment Material The number of days to flower
T1 control (not treated) 235.75¢'
T2 12-24-12 (N-P-K) 35 kg/rai* _ 226.75 a
T3 10 ppm calcium-boron (CaB) 238.25d
T4 12-24-12 (N-P-K) 35 kg/rai*+10 ppm CaB 23450 ¢
TS 100 ppm NAA 231.00b
T6 12-24-12 (N-pk) 35 kg/rai*+100 ppm NAA 231.00b
T7 10 ppm CaB+100 ppm NAA 235.00¢
T8 12-24-12 (N-P-K) 35 kg/rai*+10 ppm CaB+ 23475¢
100 ppm NAA

1 In a column, means followed by a common later are not significantly different at 5% level by DMRT,
*6.25 rai=1ha
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Figure 5. Vegetative, leaf primordial (LP) and inflorescence primordia (IP)
Figure 6. IP induction, round mounding of IP and extended LP

Figure 7. IP initiation clearly initiation IP and bract primordia (BP)

Figure 8. The development of IP and BP

Figure 9. Floral primordia (FP) induction, the development of FP

Figure 10. The extension of FP and the development of sepal primordia (S)
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Figure 11. Carpel and petal induction, carpel primordia (CP) and petal primordia (PP)
Figure 12. Petal and stamen initiation, vexillum petal(V), wing petal(W) and keel petal(K)
Figure 13. All organ development, growth of V, W, K and stamen with 5 outer anther
(5A) and 5 inner anther (5a)

Figure 14. End of flower development, epidermal hairs (EH)
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Apstract

Red Kwao Krua (Butea superha Roxb.) containg phytosterol
which can use as primary substances for birth control in women. The
experiment was conducted to increase phytosterol in the tuberous
root of Red Kwaa Krua at the Suranaree University of Technology
during 2005-2006. The experiment was a factorial in RCBD with 9

tre ts and 3 replicati of manure, chemical fertilizer, NAA and
GAg NAA 100 ppm gave the highest stem diameter. Manure at the
rate of 1,500 kgfral plus NAA 100 ppm and 25 kgl/ral chemical fertilizer
plus GA; 100 ppm gave the highest amount of phosphorus in tuberous
roots. Twenty five kafrai chemicat festitizer plus NAA 100 ppm and 25
Kgfral chemical fertitizer plus GA; 100 ppm gave the highest amount
of phytosterol in tuberous roots. The Red Kwao Krua control and the
Red Kwao Krua treated with 28 kg/rai chemical fertilizer sh d
significant f of uterine tension in the famale rat. The experiment
fndicated that chemical fertilizer, NAA and GA; can increase phytosterot
in the tuberous root of Red Kwao Krua, in conclusion, the female rat
uterine tension increases after treated with phytosterol from the
{tuberous root of Red Kwao Krua,

Keywords: Red Kwao Krua, manure fertilizer, chemical fertitizer 15-15-18,
NAA. GA;, phytosterol, uterine tension

[ntroduction

The Red Kwao Krua (Bufea superba Roxb.) is an outstanding
medicinal plant native to Thailand. It cantains varieties of substances which
are useful for health as a medicine, food additive and cosmetic. Therafore,
the Red Kwao Krua has heen continuously dug from the forests. This study
i8 to increase the quality of the Red Kwao Krua parlicularly to increass the
amount of phytosteral, the primary substances for birth control in women {8, 9}

Materials and Methods

The experiment was conducted during 2005-2006 at the
Suranaree University of Technology Farm, The experiment was a factorial
in RCBOD (Randomized Complete Block Design) with 9 treatments and 3
plicati The ts are shown in Table 1. The treatments were
. given by spraying the plants at the young fulfy expanded leat stage. Data
on the stem diameter, the amount of phasphorus and the amount of
phytosterol were collected at 3 weeks after the last treatment. The colorimetric
determination of phospharus by the spectrophotometer [6) was appiied.
The TLC finger prints were used to study the accumulation of phytosterol in
the tuberous root of the Red Kwao Krua (Figure 1) extracted with 70% methanot
(21 by comparison with the standard phytosterol. The phytosterol contant was
then measured by Flous-Multi Imager. Uterine tension in the female rat
analogs was measured by Power Lab System (1] to check the suitability of
the phytosterol as a birth controd agent. ;

Fig. 1. The tuberous root of the Red Kwao Krua

Results and Discussion

The treatment with NAA 100 ppm (T2) gave the highest stem
diameter, which was 31.84 mm. Manure fedtilizer at the rate of 1,500 kg/rai
Plus NAA 100 ppm (T5) and 25 kglrai chemical fertilizer plus GA3 100 ppm
(T9) gave the highest amount of phosphorus in tuberous roots, 0.354%
(Table 1). Twenty five kg/rai chemical fertilizer plus NAA 100 ppm {T8).and
25 kg/rai chemical fertilizer plus GA3 100 ppm (T9) gave the highest amount
of phytosterol in tuberous roots, 152.26 and 138.17 Hg/g in dry weight

respectively (Figure 2-3). Cycloartenol is a precursor of phytosterol synthesis -

Produced from squalene and Acetyl-CoA, the product of respiration. A larger
amount of phosphorus should result in a larger amount of pytosterol. This
is because phosphorus is a component ot ATP, the source of energy for
photosynthesis. A high rate of photosynthesis should result in a high
assimilation and therefore, the plant can synthesis more phytosterot {4, §, 7).

The extracts from the Red Kwao Krua controi (T1) and the Red
Kwao Krua treated with 25 kg/rai chemical fertilizer (T7) at a dose of 200 pb.
each showed a significantly increased area under the curve of uterine
tension in the fernale rat of 138.77 and 116.06 respeciively {P<0.05) {Table 2
and Figure 4-5). A larger area under the curve indicates that there is more
uterine tension in the female rat. Sukawanitsilp [5] found that the active
agent of estrogen in the birth-control pill increased uterine tension. The
Sxperiment of Satah, Gathumbi, Vierling and Wagner [3] found that the
axiract salution from Rusllia praetermissa increased the female rat utetine
teasion due to estrogen compounds such as p-sitosterol andfor stigmasterol.

The results d d that a ch i fertilizer (N-P-K=18-15-15),
NAA and GA, can increase phytosterol in the tuberous root of Red Kwao Krua.
The area under the curve of rat uterine tansion increases alter treatment
Wwith phytosterol front the tuberous root of Red Kwao Krua, This implies that
Red Kwao Krua extracts contained phyloestrogens.

Tabte 1. The factorial in RCBD, stem diameter, and amount of phosphorus.

0.267 ab*

Tt Control {not trealed) 31.09 ¢

T2 100 ppm NAA 3.8dd 0.283 ab
T3 100 ppm GA, 24.75 bed 0.2833b
T4  Manure fedilizer 1,500 kgirai* 23.71 bed $.300 ab
TS Manute fertitizar 1,500 kgirai+100 ppm NAA 14213 0.354 b
T8  Manure fertilizer 1,500 kglai*+100 ppm GA; 2517 bed 0225a
T7 15-15-15 (N-P-K) 25 kg/rai* 23.78 bed 0225a
T8  15-15-18 (N-P-K) 25 kg/rai*+100 PPM NAA 17.88 ab 0.2753b
T8 15-15-15 (N-P-K) 25 kegfrai*+100 opm GA, 2275 be 03546
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Control 100
L] 138,77 £ 14.83*
” 166.03£37.76
L 108.69 £ 4.88
T4 128.64 115,31
T 130.63 £ 19.00
T8 137.98 £36.72
T 116064520
T8 12003+15.78
T 158,78 £ 36.31
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area under the curve of uterine hermicat furtiizer (17) on area under
tansion in the female rat. the curve of uterine fensian in the
female rat.
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Effects of Manure, Chemical Fertilizer, NAA and GA; on Growth and
Accumulation of Phytosterol in the Tuberous Roots of Red Kwao Krua
(Butea superba Roxb.) and the Effects of this Phytosterol on
Female Rat (Rattus norvegicus) Uterine Tension
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Abstract

Red Kwao Krua (Butea superba Roxb.) contains phytosterol which can use as
primary substances for birth control in women. The experiment was conducted to
‘Increase phytosterol in the tuberous root of Red Kwao Krua at the Suranaree
University of Technology during 2005-2006. The experiment was a factorial in
RCBD with 9 treatments and 3 replications of manure, chemical fertilizer, NAA and
GAs. NAA 100 ppm gave the highest stem diameter. Manure at the rate of 1,500
kg/rai plus NAA 100 ppm and 25 kg/rai chemical fertilizer plus GA; 100 ppm gave
the highest amount of phosphorus in tuberous roots. Twenty five kg/rai chemical
fertilizer plus NAA 100 ppm and 25 kg/rai chemical fertilizer plus GA; 100 ppm
gave the highest amount of phytosterol in tuberous roots, The Red Kwao Krua
control and the Red Kwao Krua treated with 25 kg/rai chemical fertilizer showed
significant increase of uterine tension in the female rat, The experiment indicated
that chemical fertilizer, NAA and GA; can increase phytosterol in the tuberous root
of Red Kwao Krua. In conclusion, the female rat uterine tension increases after
treated with phytosterol from the tuberous root of Red Kwao Krua.

Introduction

The Red Kwao Krua (Butea superba Roxb.) is an outstanding medicinal plant
native to Thailand. It contains varieties of substances which are useful for health as a
medicine, food additive and cosmetic. Therefore, the Red Kwao Krua has been
continuously dug from the forests. This study is to increase the quality of the Red Kwao
Krua particularly to increase the amount of phytosterol, the primary substances for birth
Control in women (www.airissophia.com; www.thai.net).

————
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miaterials and Methods

£ The experiment was conducted during 2005-2006 at the Suranar
"iechnology Farm. The experiment was a factorial in RCBD (Randomized Complete
Bnock Design) with 9 treatments and 3 replications. The treatments are shown in Table 1.
rhe treatments were given by spraying the plants at the young fully expanded leaf stage.
Enata on the stem diameter, the amount of phosphorus and the amount of phytosterol were
ollected at 3 weeks after the last treatment. The colorimetric determination of
E})hosphorus by the spectrophotometer (Suwanawong, 2004) was applied. The TLC finger
rorints were used to study the accumulation of phytosterol in the tuberous root of the Red
wwao Krua (Figure 1) extracted with 70% methanol (Ruksilp, 1995) by comparison with
‘the standard phytosterol. The phytosterol content was then measured by Flous-Multi
‘Jmager. Uterine tension in the female rat analogs was measured by Power Lab System
{(Longbottom et al., 2000) to check the suitability of the phytosterol as a bty control

‘agent.

ee University of

:?Results and Discussion

The treatment with NAA 100 ppm (T2) gave the highest stem diameter, which
was 31.84 mm. Manure fertilizer at the rate of 1,500 kg/rai plus NAA 100 ppm (T5) and
25 kg/rai chemical fertilizer plus GA; 100 ppm (T9) gave the highest amount of
phosphorus in tuberous roots, 0.354% (Table 1). Twenty five kg/rai chemical fertilizer
plus NAA 100 ppm (T8), and 25 kg/rai chemical fertilizer plus GA; 100 ppm (T9) gave
the highest amount of phytosterol in tuberous roots, 152.26 and 138.17 pg/g in dry weight
respectively (Figure 2-3). Cycloartenol is a precursor of phytosterol synthesis produced
from squalene and Acetyl-CoA, the product of respiration. A larger amount of
phosphorus should result in a larger amount of pytosterol. This is because phosphorus is
a component of ATP, the source of energy for photosynthesis. A high rate of
photosynthesis should result in a high assimilation and therefore, the plant can synthesis
more phytosterol (Seigler, 1995; Suwanawong, 2004; Taiz, and Zeiger, 1991).

The extracts from the Red Kwao Krua control (T1) and the Red Kwao Krua
treated with 25 kg/rai chemical fertilizer (T7) at a dose of 200 uL each showed a
significantly increased area under the curve of uterine tension in the female rat of 138.77
and 116.06 respectively (P<0.05) (Table 2 and Figure 4-5). A larger area under the curve
indicates that there is more uterine tension in the female rat. Sukawanitsilp (2001) found
that the active agent of estrogen in the birth-control pill increased uterine tension. The
experiment of Salah, Gathumbi, Vierling and Wagner (2002) found that the extract
solution from Ruellia praetermissa increased the female rat uteripe tension due to
estrogen compounds such as p-sitosterol and/or stigmasterol.

The results demonstrated that a chemical fertilizer (N-P-K=15-15-15), NAA and
GAj can increase phytosterol in the tuberous root of Red Kwao Krua, The area under the
curve of rat uterine tension increases after treatment with phytosterol from the tuberous
oot of Red Kwao Krua. This implies that'Red Kwao Krua extracts contained
phytoestrogens.

Acknowledgement
We acknowledge Suranaree University of Technology and the Thailand Research
Fund (TRF) for equipment and financial support.

~No



fierature Cited

0 Longbottom, E.R., Luckas, M.J.M., Kupittayanant, S., Badrick, E., Shmigol, T, and

© Wray, S.2000. The effects of inhibiting myisin light chain kinase on contraction
and calcium signalling in human and rat myometrium.
Physiology. 440: 315-321.

." Ruksilp, T. 1995. Chemical constituents of the tuberous roots of Buteq superba Roxb.
M.S. Thesis. (Chemistry). Chulalongkorn University.

5] Salah, A.M., Gathumbi, J., Vierling, W. and Wagner, H. 2002. Estrogenic and

B cholinergic properties of the methanol extract of Ruellia praetermissa Sceinf. ex.
Lindau (Acanthaceae) in female rats. Journal of Phytomedicine. (9): 52-55.

Europe Journal

4] Seigler, D.S. 1995. Plant secondary metabolism. n.p.: United States of America.
5] Sukawanitsilp, N. 2001. Emergency Contraceptives. [On-line].

3

Available : www.clinicrak.com

;6] Suwanawong, S. 2004. Plant nutrition analysis. Major of Botany. F aculty of Science.
¢ Kasetsart University.

[7) Taiz, L. and Zeiger, E. 1991. Plant physiology. California: The Benjamin /

‘ Cummings. :

8] 2003. www.airissophia.com

[9] 2004. www.thai.net

?]:ables

Table 1. The factorial in RCBD, stem diameter, and amount of phosphorus.

Iiwnan

Treatment Stem diameter Phosphorus
(mm) (%)

;Tl Control (not treated) 31.09 cd! 0.267 ab'
T2 100 ppm NAA 31.84 d 0.283 ab
T3 100 ppm GA; 24.75 bed 0.263 ab
T4  Manure fertilizer 1,500 kg/rai* 23.71 bed 0.300 ab
TS Manure fertilizer 1,500 kg/rai*+100 ppm NAA | 1421 a 0.354b
T6  Manure fertilizer 1,500 kg/rai*+100 ppm GA; 25.17 bed 0.225a
7 15-15-15 (N-P-K) 25 kg/rai* 23.75 bed 0.225a
T8 15-15-15 (N-P-K) 25 kg/rai*+100 ppm NAA 17.88 ab 0.275 ab
9 15-15-15 (N-P-K) 25 kg/rai*+100 ppm GA; 22.75 be 0.354b

Tna column, means followed by a common letter are not significantly different at 5%
level by DMRT, *6.25 rai = 1 ha

(O8]



le 2. Area under the curve (AUC) of uterine tension of the control group compared
¢ with the methanol extract of Red Kwao Krua. ’

Treatment ~AUC
- X+SD.
Control 100

T1 138.77 + 14.83 %
T2 166.03 +37.76
T3 108.69 + 4.88
T4 128.64 + 15.31
T5  130.63£19.00
T6 137.98 +35.72
T7 116.06 +5.20 *
T8 120.02 £ 15.78
T9 156.76 + 36.31

* p <0.05 statistical significant levels

Fig. 1. The tuberous root of the Red Kwao Krua
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Fig. 4. The effect of the extract from the Red Kwao Krua control (T1)
on area under the curve of uterine tension in the female rat.
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Fig. 5. The effect of the extracts from the Red Kwao Krua treated with 25 kg/rai
chemical fertilizer (T7) on area under the curve of uterine tension in the
female rat.
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Abstract

Red Kwao Krua phenological cycle was examined every 15 days at Wangnumkeaw district, Nakhon
Ratchasima from mid March 2004 to mid March 2005, Ten plants were selected to collect data.
New stems and new leaves were flushed (100%) in early June. The changing in 1 unit of maximum
temperature and rainfall from 32.93°C and 0 mm/day caused the changed in new stems and new leaves
appearance by 9.98% and 12.52% respectively. Old leaves reached 100% in late September.
Falling leaves reached 100% in early November. The changing in 1 unit of minimum temperature
and relative humidity from 20.62°C and 89.87% caused the changed in leaves falling 22.40% and
5.49% respectively. Red Kwao Krua flowered 100% in late February. The changing in 1 unit of
maximum-minimum temperature and relative humidity from 31.91°C,19.02°C, and 79.13% caused the
changed in flowering 10.36%, 8.94%, and 3.83% respectively. Podding reached 100% in mid March.
The changing in 1 unit of maximum temperature from 30.94°C caused the changed in podding
8.31%. Using RAPD technique with 27 clones from Nakhon Ratchasima, Kalasin and Sakonnakhon
with 40 primers, 693 positions were detected. The dendrogram showed 75 - 97% genetic relatedness
among clones, Which fell in to five groups. These groups were in line with their sources. Botanical
characteristics were related to seven DNA pair but could not be used to classify the differences among
clones.

Keywords: Red Kwao Krua, phenological cycle, clones, RAPD, dendrogram, genetic relatedness
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Figure 1. Red Kwao Krua phenological cycle
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Table 1. The correlation between percentage of phenological cycle of Red Kwao Krua
and maximum and minimum temperature (°C), relative humidity (%) and rainfall
(mm/day) and r? of multiple linear regression

Climatic data % new stems % old % leaves % %
(average ever and new leaves  leaves falling flowering  podding
15 days)
Maximum temperature (°C) 0.418 -0.331"  0.774~ 0.177" 0.390
Minimum temperature (°C) 0.356’ 0.290~ -0.878" -0.481"  -0.070%
Relative humidity (%) 0.166™ 0.416° -0.936™  -0.244% -0.174
Rainfall (mm/day) 0.517" 0320~ -0.914 -0.490™  -0.163%
r 0.54" 0.325m 099° 0.534™ 0.278"
® = not significant
" = significant at 0.05 levels of probability
" = significant at 0.01 levels of probability
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Figure 2. Microclimatic data



124

a o &4
mswSgluseutiaznssummniounsdruniesTuonandemue

mwaaly
qumgiimae ArnEuding tazalSana
vhu dafanuduiuifunlefidudmandaly
Tasuansmiassyianduiuiinify -0.878",
10.936" LAz -0.914° ATAWY (AR 1) NINMS
Yayied multiple linear regression
= 647.911 + (-22.409" min. temp) +
9.810™ max. temp + (-5.494" rh) +
17.340" rainfall
r = 099 ,
uanstgamgisge uagardudning
fisnswanenisndaluvsiniiunionas 99

T

¢d o ' a oy o ad .
wesud ninmdulseimsainsvduvesgumgian
AflD b=-22.409" HAAINQUNYUMTARARINT©

Wudu 1 osumaiFoann 2062 sarmimaiFe
(§1J°7; 2) TltesSudnndaluiuiuntoan
7422.409 Lﬂamum uarmdudssAninsasu
YOINUBUFINNS fiD b = -5.494" uaAsInIm
Suduinfanaanioiiniu 1 woedidudan
89.87 ulaswum G 2 ilduledidudms
naluLA M S0aAaq 5,494 WodiTud amnnu
maadizinm 20.62 sarusaiFud uaummw
Fuintussina 89.87 wefidud anunTeuas
Gundaly (Ui 2) doandesfumsndaluves
n1unTev1? (Useas aa1afa, 2546) Satoh
(1982) NA1II MIFTINIMUAZNITHGAT VBT
Tudu Indaludiunalnfindndosanmundon
fuunls Tledraguuss 1wy aamerniamun
um"lnmmmn 1ay Gates (1955) 1041UINNS
e q awsasamssainmuesluld

M1388NABN HAZHAMIVOIABN
qangiidige uazdTinaniduiinnm
fFuwuisuilesidudnisoenasnuaziamun
A159U0IADANITAATOUAL TRBLAAIAIATIFI
anFuNUEIIIRY -0.481° 1B -0.490° AR
(mmﬁ 1) M5ANT on multiple linear regression
Y = -445.954 + (-8.948" min. temp) +
10.362" max. temp + (-8.973™

rainfall) + (3.838" rh)

r o= 0534"

u'dmﬂqmwnumqﬂ guugliqega uay
AnuUFUTnG Toninadensoanaentednim
wiound definnmnih 18 s3.4 nlefidud
nnmidulseAnisinsaiuvesquugiiigaie
b=-8.948" uammqmwnnmqﬂaﬂaqmmwm‘fu
1 aaraiFoann 19.02 ssrmuaraided (Ui 2)
s e fidudnisoenaoniuiunioanag
8.948 Weidud mrdudszAnsTinsaduves
qunQNgegafie b = 10.362° uaAINQuUgiig
gauiundennas | ssrusaidoanin 39.91
sermaiod (U4 2) hilduledidudmseen
aontiudunioanas 10.362 iWedidud uas
mdulszaniTinsasuvesnnududuing o
b = 3.838° uAmvhANuIuduRn IRy unTe
anaa 1 nlefiFudain 79. 13 tlodidud ¥ld
uJaswuﬁmiaenﬂamwuwmaaﬂm 3.838
alodidud wazanududuing 79.13 nﬂamuﬂ
qungiigeqn 31.91 osruzaidon qungiimaa
19.02 peruzaien (31 2) sz lfanunde
uA0anAen qunpimgaiinanemsdmhly
inanaenyulutiing (Manakasem, 1995) 191¢
(Manakasem, 1995) uaz /T maniruanundy

v lmsifamenuasiannmsvesnsnanag

mammnmnﬂ”lumﬂmm"nm Nobel (1988)
nannqnmnumqamwwunmsﬂﬂwmm
HazYI I ING 1Y

msaaidn

quugligege innuduiusfunlesidud
nmssydy Tavesdinnnamisuns Taguans
AassyilanduRuvify 0.390° (1529 1) 90
MIInaIEH multiple linear regression

Y = -358.772+8.317 max. temp + 3.137"
min. temp + 2.200™ rh + (-2.361™
rainfall)

r o= 027¢

uaasdiguugiigaga Udniwadents



]
a

MsmsmaluTadgsus Ui 14 atuil 1 unsew - Tuiew 2550

]
o o

125

m?mulaulmwq?lﬂmnm?aum 27.8 wledigud
uoe 1amdulse ﬂwﬁmswwmqmwnuqqqﬂ
fio b = 8317 uaAsd ogumgigaqariuiy
¥30aA0Y 1 DIANFATOAIN 30.94 DA UTAITOA
(gﬂﬁ 2) fllesiFudnandydv Tavesinin
Junieanaq 8317 nlodidud uazguuyligeqa
30.94 saruwaiFod (U 2) s linmundouns
tsumﬂnummtymuin Nobel (1988) na1IN
qmnqumqﬂmwuwm SR ITE
w3y dauguugiiinge A duning
uau511Jsmmu1vlu"luuamwamamsmﬂﬂnum
mindeuns Snnamariisldnufodesty
nmsnsgianTandusauuazlnnaniing,
wigAy Tavesdn

Namn’nuun#’fumnm?mmas’n’wmnﬁﬂ
randomly amplified polymorphic DNA (RAPD)

WU NITATITUMUMUIAID UID YA
-} 9 o ] o t 4’ d'
anunTeunsld 693 aumia Wudumisiagm
TunnAYU (monomorphic) $1UIU 276 Amiia fim

4
il 39.8 efiFudvssrumiaianua wazihu
AunHIninNuuANA1383AY (polymorphic)
U 417 dunia Amiiu 60.2 iediFudves
¥
mundatanue 91nasAnyIaNIFURUINYN
WugnssuTaonsad1a dendrogram (31 3) wuh
W a w g o
fetalanulnddaiu o7 - 75 nleddud aunse
] 9 1 ] ss' o 9 e

i1 5 nqulng Aszdunrudnddadszunn

d o ¢ v A
85 (e slrua fil

ngufi 11 5 du dsznoudsdunindinia
mwdug fiv K1 K2 K3 K4 uag Ks ilunquiill

> Ya o o  w sl o

gaunnuIndFanunszau 87- 91 wesiuad Taw
WA K4 uae Ks fszdualndFanniiqe
fsedy 91 weodiFud wazdu K1 fanuuanai

J 1
MINAUDY q Mnfiqa

nguii 2 §i 6 AU Uszneudvduniniinia
mwdug o K6 K7K8 K9K10uaz K11 Auii K6
ﬁ’lumuwumwlmnmmnwmau q mnmqa woy
Auft K10 naz K11 Saawlndsaduuiniiqad
¢ 94 wlosidud

1 i
081 036

- -

T
092

Coefficient

Figure 3. Dendrogram of 27 clones of Red Kwao Krua



126

o o ° 4 4
mswsglussulinazmstuuninfeunsdaonioaluanainio e

nqufi 31 5 Au dszneudisdusiniinia

uAsT1dNT As N1 N2 N3 N4 uag N5 aufl N4
¥ o at [ a  w o
uaz NS Wuduifiszdunaulnddaiumniqa
fie 97 losidud syl lduuduiivien
AunenazAuwidoany Tuvusidun N1 §
1] A {

ANUUANA1ININAUAY 9 Wnfiga

nquii 4 T 5 Au szneudisdusinimia
uAITIWANT flv N6 N7 N8 N9 uaz N10 Aunil
szAunnuinddafuniniigafe N7 uag N8 #
seA 95 iodidud

nqui 5 11 6 Au dszneudisduniniinia
anauas Ao SKI SK2 SK3 SK4 SK5 uag SK6.

t 4 H |
aulungquiiinnulndFaduiisedy 96 - 85,
sad & 19 = Va o
losidua uAaw SK5 uaz sK6 nawlnddadu
4 d o ¢sd &

WINNgANILAY 96 Iosidua

vinmsfinianuniouateenidu 5 agu
FaduusfuumnasiinnunTouauniyidula

@

Fodnuuzgiitseme duldd i lunSnudn
L

- v

W vFauvaaRe Ity peseauaniuNaY

o o 9

wugnndurouazuiilanuduRusiu uay
»
wanududu wieunsanmuaadonldsoia
P ¥ o o [ o -2
@enaunudansely Snvazdugnisuiioonin
Indifvaiuluudaznguios
msdangquanuaieua laslddnuarne
wonumanssmau 9 dnvay 1Aun juldnly
gy darely iy vuly 510 aen An uaz
d 1Y daw A ¢d &
wan nuhAuRlsnuazmilousy 100 wesidua
T9u 2 Au Tl 4§ Ae g 1 Ao K2 waz K3 fij1ld
lunuy orbicular 1 lunuy obtuse Uarwluuuy
obtuse A luFidor Tvuvuluwpumuend s
yiiasnazauemis aenddy Andoulldider
A 1 =t :’ : ld'
wazillounfidimia uazwdalithaady gi
29 K4 uag K5 U5 lunuy obovate gmluuwy
acute Yanuluuuy obtuse A luidios fvuuuly
wuufueue sinyliasinazaneInts asndduy
' dada 4 PR d
Angouilidiiien uazdieunlidrimia uaziia
o .
ity g7 3 Ao N2 uaz N8 fsuly
UUY orbicular §1IULLY obtuse Yarslunyy

e =X

. 9 =t = [
acuminate MU U7 Hvuuulumwizaiueea
¥
OUMITY TINYHATINAE A1 ARNAdY
' P ay A v d a
Anooulidiien uasfimaiioun waziudalld
1 d 1
ey uazgil 4 e SKS uay SK6 figils
Tuuwy orbicular gruluuuy acute Yarelunuy
v i 4
acuminate Ay ludwfdadululithimasuiog
wammizluinig@y Tandslumeaaa liuds
Hvurulvuuumuen sneiiasinasausins
Y ' A a P 4 ]
aonddu Anoouilifiden uaziealoun uay
y )
waatidhmady uazitdnvuzmiontu 100
Jd o ' v Y vy oA '
iwedua NN 2 dw a4 3 nqu fie ngu
#1198 o ldun K1 K6 K7 K8 K9KI0 K11 uay
N9 #jus19lunuy orbicular g1 luuuy acute
dawluuuy obtuse Auludidor Tvuuuluuuy
MULHY SIN¥HATINTTANDINIT ADNTAY
] S - 3 4 ' 4 aa
Hnsoulidiiien uazimadioun uaziwdalia
b 4 [
wimady nquii 2 1 6 Au 1un N1 N3 N4 N5
N6 tiag N7 #3151 luuuy orbicular glunuy
obtuse Ya18lunuy acuminate Muludiiier §
vuvulunyumusvs sinyiasinazaueivis
1Y 3 s a P A '
aonday Angoulifiler waziihaiaioun uag
t 4 )
wialiFmhmady uazaquin 33 5 du ldud N1o
SK1 SK2 SK3 ttag SK4 U315 lunuy orbicular
guluuuy acute Yarwluuuy acuminate fuly
F37 Tvuwulunuuiuens swnyiasinazay
1 4
9113 ronddy HndeulidiFer uazdhimia
. vy
Weun wazwdaliBhmady wasdnyazni
wonumanstnuduRUs TS nyasvoRB e
W 7 § msAnszAUADWe asdnuay
mangaumans luanuneuasasandestunis
AnvlununSeu13 (Ditchaiwong er al., 2005)
Ha11A dendrogram (31U 3) WuTAMNLY
AwsuraIdinnuuAnAIYeIANAIIATE
& W v ad sd ¢
e Aszaunnulnduesddue 85 esidua
wiald 5 nqu Ale nqudl 1§ 5 duldud k1 k2
K3 K4 uaz K5 nquil 2 6 du 1AuA K6 K7 K8
K9 K10 uaz K11 ngudt 3 § 5 du Tdun N1 N2
N3 N4 uag N5 nquii 4 § 5 du 'lAun N6 N7



nyensima TuTadgsuid Ui

]
o A

14 aafudi 1 s e - Tuiey 2550 127

N8 N9 s N10 uazngudl 5 3 6 &u 'lur sk
SK2 SK3 SK4 SK5 1z SK6 §a1n1ua5eund
fianuuysilsaudeudnags nielinaumain
MAWNNAUEATIN [WUReITUNNATEV1
(Ditchaiwong et al., 2005) ANUNAINNATIYNN
Wugnssuveanunieuasiiaaduiugiy
undsiiiavesduniniaieunsiindaiylaly
ANMFIINYW

unagy

yinmInAnesinLh msIguaziannluseul
(phenological cycle) ¥panAATOUAMNITA 5
seoy e szovuanmieinazludouiinain
duiusugugiigage qmqﬁw’hqﬂ walsua
vhu szozlund Sanuduiuifuqugiqege
uazaduduindssozndaly fnnwduiug
fuquyiimga aduding wazySineiy
s:uzeanﬂanﬁmmﬁ'uﬁuﬁﬁuqmqﬁﬁmn uag
Ynanhdu wazszesAafindanuduiuify
qungligaga daunssuundunnunieuniiuam
27 #u wudunnaiia RAPD aunsaldszydunin
inFounasld dnvazniedugininnivenim
inTeunstinnuduiusiudnuaizues DNA 9117
7 § ud iannsoihdnyasnuduguinen
Husnanuuanansznineauld

fndnssulizma
auzditvvoveuquuminsrdsmaiulad
gsuti # IWefuayuyuganyums e Yszeil
WU WAL 2544 - 2546

BNET91999

w5und Salv uaz gnawn adiazds. 2530). Fr I
UNUIEMIVBINININL: 5) MTITYYBI
ammlusssuend. Tu: eamsdseyu
JxmsinnmaaiuazimaluTadura

szinalnoassf 13, umInedoaavar-
undums, asua, wh 476-477.

Uszas amafn. (2546). BnSnavesdniIAdon
uazilvivifinadomsniydula mseen
fon msﬁﬂ'ﬂmmzmﬁﬂ gaymIgsaums
Daidzein 182 Genistein TUHIn1UAT091)
(Pueraria candollei Grah. Var. mirifica (Airy
Shaw et Suvatabandhu) Niyomdham).
InerimusszaudSayguen. amnivuma Tulad
mswdany dninivunaluladnisinuas
uniIneduma TuTadqsuns, 83 wih.

wsWut guiouiug. (2538). maiianissuiun
WUH¥A2035 Random Amplifiled Poly-
morphic DNA (RAPD) lumisasisuenay
ﬁ'uﬁ'ﬁ‘vﬁ"wmﬂa’f' Isozyme pattern LAY
RAPD. 19na15152nounsAnsusunn
FMITEnieiui 24-28 nIngiay 2538.

¢ 1a wa -~ &
gquidgianisuaziseulgniynanss.
unineduinyasmani Gnouvasima
taru), uAsUgu.

Ditchaiwong, C., Sakuanrungsirikul, S.,
Samitasiri, Y., Wongyai, S., Srijugawan, S.,
and Suwanbury, S. (2005). Clonal selection
of Pueraria mirifica Airy Shaw and
Suvatabandhu by using molecular
markers. Agricultural Sci. J., 365-6(Suppl):
36(5-6):919-922.

Gates, C.T. (1955). The response of the young
tomato plant to a brief period of water
shortage. II: The individual leaves. Aust.
J. Biol. Sci., 8:215-230.

Li, M., and Midmore, D.J. (1999). Estimating
the genetic relationships of Chinese water
chestnut (E. dulcis (Burm.f.) Hensch)
cultivated in Australia, using RAPDs. J.
of Hort. and Biotec., 74(2):224-231.

Manakasem, Y. (1995). Changes in apices and
effect of microclimate on flora initiation
of mangosteen (Garcinia mangostana L.)
Sursnaree J. Sci. Technol., 2(1):15-20.

Manakasem, Y. (1995). Changes in apices and
effect of microclimate on flora initiation



128 mnolyluseviuasmssuunnfounsdraniosTunnaniesnng

of rambutan (Nephelium lappaceum L.) changes in their physiological activity

Sursnaree J. Sci. Technol., 2(2):81-87. in mulberry tree. JARQ., 15:266-271.
Nobel, P.S. (1988). Environmental Biology of  Stetter, K.O., Fiala, G., Huber, G., Huber. R.,

Agaves an Cacti. Cambridge: Cambridge and Segerer, A. (1990). Hyperther-

University Press. NY, 270p. mophillic Microorganisms. FEMS
Satoh, M. (1982). Effect of leaves retained at microbiol Rev., 75(38):117-124.

the tissue of harvest on regrowth and



A

] significantly acc late isofi
te vascular relaxation [1}. The p

abandh) Niy
ds can p

e glucosides such as puerarin, The

relavation In the White Rat (Rattus norvegicus) was investigated. The experiment was a RCBD
nplications and 5 of Zn?* ¢onc levels. The WKK were sprayed with Zn?* at
ration of 0 (distiied water), 50,100, 200 and 300 mg/L. TLC and HPLC techniques {2,3,4] were
10 Kentify the of puerarin in the tub roots of WKK. The vascular relaxation in the

studled had a statistically significant effect on the amount of puerarin. Zn?* at 200 mg/L gave
amount of puerarin (194.3 ug/g dry weight). The blood vessels of the White Rats that were
with WKK crude extract at every treatment resulted in highly significant effectson vascular
tlon compared with untreated blood vessels, The blood vessels that were treated with
choline plus WKK crude extract at the concentration 200 mg/L gave the highest relaxation, WKK
axtract showed vascutar refaxation in Whlte Rats,and spraylng Zn"’ onto WKK can increase
Intuberous roots.
m:: White Kwao Krua, p
JON N
The White Kwao Krua {Pueraria candollel Grah. vav. mlrlﬂca (Airy Shaw et, Suvatabandhu)
haml is a well known medicinal plant of Thailand, lts tub 100ts acc late isof]
des such as p Thefl ids can p far relaxation [1]. The purp
wastol P inace lation in the tub roots of White Kwao Krua (WKK) and the

,vas:ular White Rat

LS AND METHODS .

- The expevlrnem was conducted on S year old plants of WKK in March to October 2005 at
nUniversltyofTechnchgy The experiment was a RCBD with 4 replications and 5 treatments
concentration levels. The leaves of WKK were sprayed with Zn®* at the concentration of 0
d water), 50,100, 200 and 300 mg/L until the solution ran off the leaves, every fortnight for 14
The samples were collected for 3 times after 2,4 and 6 hs sprayed. The di fresh
T diymlght and the % moisture content of the tuberous roots were examined. TLC and HPLC
hnlques [2,3,4] were used to Identify the of p inin the tub roots. The vascular
Mon Inthe White Rat was investigated accordlng to the method of Longbottom etal, (2000)[5]
AND DISCUSSION :

There were no statistically siqmﬂcant differences among the treatments in dlameter, fresh
ry weight and % moisture content of the tuberous roots. The TLC technique using n-butanot :
Jwtk acid s water (5:3:1 by volume) as a mobite phase was used to compare the Ry value of standard
Fmdn and the crude extract from WKK containing puevavin. The resuits showed the same posltlon
ha,vulueacom Fig. - ) i

Figure 1,TLCC of irin and the crude
extract from WKK containing puerarin, showing the same
position of the R, value at 0.81 under UV 256 am using
whutanot:, m:md water(5:3:1 b/volmlmmwbih
phase, -

: Two ather mobile phasas; chloroform : MeOH : water (65'25 4 by volume) and Chloroform:
MH (20:1 by valume) also showed the same result. Furthermore, with the HPLC technigue it was
bund that the crude extracts from WKK had peaks that had retention times equal to the retention
:&f mndardlzed puemm. In addition they showed the same pattern in the UV spectrum {Fig 2,3

S R R

N

10 1 20 - ’ ° H 10 15 0

e g3

_"“"1 HPLC; Chromatograph of standardized

- . Puerarin examined by UV at 256 nm, from the crude extract of WKK
: S . - examined by UV at 256 nm, Ry

The tuoorou§ roots of the White Kwao Krua [Pueraria candollef Grah. var. mirifica (Airy Shaw

pose of this study was to increase puerarin’
tion in the tuberous roots of White Kwao Krua (WKK) and the effect of WKK crude extracton -

; fap was Investigated according to the method of Longbottom et al. (2000) [5), The concentrations -

of this .

WK crude extract on vascular refaxation in the White Rat (Rattus norveglcus) was Investigated,

' REFEREANCES.
MR wlhabt,and.ﬂoﬂldmdmlrood mrwo-lu

Figun 3. HPLG; Chmmatograph of puerarin _ ;
:7.Kaya, C-(ZOOZ) 5Pl

Figure 4, UV spectrum of the crude extract of WKK contalning
pusrarin (A) and standardized puerarin (B) examlnad

Wu):-m::mﬂ EL " T N bleatZSﬁnm
» P

Y

*

Dw

w

.

PO R I T R )

- The ¢one of 2n?* studled had a statistically slgnlﬂcant effecton the amount of
puerarin (Fig.5).Zn?* at the concentration of 200 mg/l. gave the highest amount of puerarin (194.3
Hg/g dry wt.), H 3t the high of Zn2* used (300 mg/l) sprayed.the amount of

accumulated was | d to 146.3 ug/g dry welght (F|g.s)

CONC

Figure 8. Average amount of puerarin from tha crude extract
of tuberous roots of WIKK ferror bars indlcatel = $D),

CICEED)

| 2ot imu

Kozlovskil et al. (2000) found that Zn?* can stimulate isoflavones productionin penicillium

* citrinum [6). Furthermore, hlgh concentrations of Zn”' (300 mg/L) probably started to become tox|¢ ’
. totheplant (7).

The biood vessels of the White Rats that were treated with WKK crude extract at every
treatment resulted in a highly significant effect on lar relaxati pared with d blood
vessels, The blood vessels that were treated with acetylcholine plus WKK crude extract that was sprayed
with Zn” atthe concentration of 200 mg/L gave the hlghest vascular relaxation {Fig. 6)

Figure 6. Vascular relaxation in the White Rat; 040 minswas .- - -
spontaneous contraction; 40-70 mins trested with . |
acetyichotine (1.0 4M); 70-100 mins, treated with
crude extract of WKK c puerarin 194.35g/g

- dry wi. (treatment 4) plus acetyichaline (1.0 4M),

»t,w;uuuun--’mv.
: Timeimind .

" Puerarin has an effect on vascular relaxation by preventing blood vessels occluston,

“Furthermore, the percentage of area under the curve (AUC) of contraction in White Rat blood vessels

treated with acetylcholine plus crude extracts from WKK that were treated Zn2* at every concentration
were significantly lower than the control (that did not have crude extract from WKK added) (Fig. 7).
Hence, WKK crude extract showed vascular relaxation in Whlte Rats,and spraying Zn?* omo WKK can
Increase pueravln in tuberous roots,

Shanfeomead
oMK TI

MR T2
A

Figure 7. Percent AUC of contraction in White Rat blood vessels
treated with Acetylcholine {alone-control) and plus

A wTe am'mmwmmummwwom-m
bl . Zn* concentrations, .
CONCLUSION Tl by
Zn®* can maximize puerarin accumulation in the tub roots of WKK. 2n?* applied at

200 mg/L resulted in the highest amount of puerarin. WKK crude extract showed vascular relaxation
in the White Rat. The blood vessts that were treated with acetylcholine plus WKK crude extract at the
oom:emratlon 0f 200 mg/L gave the highes( vascular relaxation,

- ACKNOWLEDGMENT . L
The authors acknowledge the S Uniy ofTechnologyand the National Research
Couhcllol‘"L il ’(NRCT)_for quip andﬁnancialsuppon.

2.1, M.etal. (2003) Fenxi Huaxe, 3):178-180. -
" “3:L1,D, et al, {2004) Carbohydrate Research; 339273&279
4.Chalardkid, P.et al,(2003) Suranaree J Sci.Technol, 10:350-358.-
5.Longbottom, €. et a1, (2000} Europe ) Physiology, 440:315-321,°
6.Kozlovskil, AG., ¢ al.(2000). anogum(srmw e
A O.John,w.nal Journal of Medicinal Food.7(2)r mnaa :




Die effect of White Kwao Krua {Pueraria candollei Grah. var. mirifica (Airy Shaw et

Vvatabandhu) Niyomdham] crude extract containing puerarin on vascular relaxation in

';;e White Rat (Rattus norvegicus).
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%ABSTRACT

}The tuberous roots of the White Kwao Krua {Pueraria candollei Grah. var. mirifica (Airy Shaw
et Suvatabandhu) Niyomdham) signiﬁcantly accumulate isoflavone glucosides such as puerarin,
:The flavonoids can promote vascular relaxation [1]. The purpose of this study was to increase
puerarin accumulation in the tuberous roots of White Kwao Krua (WKK) and the effect of
WKK crude extract on vascular relaxation in the White Rat (Ratfus norvegicus) was
investigated. The experiment was a RCBD with 4 replications and 5 treatments of Zn**
concentration levels. The WKK were sprayed with Zn™* at the concentration of 0 (distilled
water), 50, 100, 200 and 300 mg/L. TLC and HPLC techniques [2,3,4] were used to identify
the amount of puerarin in the tuberous roots of WKK. The vascular relaxation in the White Rat
was investigated according to the method of Longbottom et al. (2000) [5]. The concentrations
of Zn?* studied had a statistically significant effect on the amount of puerarin. Zn** at 200 mg/L
gave the highest amount of puerarin (194.3 pg/g dry weight). The blood vessels of the White
Rats that were treated with WKK crude extract at every treatment resulted in highly significant

effects on vascular relaxation compared with untreated blood vessels. The blood vessels that



were treated with acetylcholine plus WKK crude extract at the concentration 200 mg/L gave the
pighest relaxation. WKK crude extract showed vascular relaxation in White Rats, and spraying

7n*" onto WKK can increase puerarin in tuberous roots.

Key words: White Kwao Krua, puerarin, vascular relaxation, White Rat

INTRODUCTION

The White Kwao Krua [Pueraria candollei Grah. var. mirifica (Airy Shaw et.
Suvatabandhu) Niyomdham] is a well known medicinal plant of Thailand. Its tuberous roots
accumulate isoflavone glucosides such as puerarin. The flavonoids can promote vascular
relaxation [1]. The purpose of this study was to increase puerarin accumulation in the tuberous
roots of White Kwao Krua (WKK) and the effect of WKK crude extract on vascular relaxation

“in the White Rat (Rattus norvegicus) was investigated.

MATERIALS AND METHODS
The experiment was conducted on 5 year old plants of WKK in March to October 2005
at Suranaree University of Technology. The experiment was a RCBD with 4 replications and 5
treatments of Zn®* concentration levels. The leaves of WKK were sprayed with Zn®* at the
concentration of 0 (distilled water), 50, 100, 200 and 300 mg/L until the solution ran off the
leaves, every fortnight for 14 times. The samples were collected for 3 times after 2, 4 and 6
“months sprayed. The diameter, fresh and dry weight and the % moisture content of the tuberous
| 1oots were examined. TLC and HPLC techniques [2,3,4] were used to identify the amount of
puerarin in the tuberous roots. The vascular relaxation in the White Rat was investigated

. &cording to the method of Longbottom et al. (2000){5].



gL T AND DISCUSSION

There were no statistically significant differences among the treatments in diameter,
1 and dry weight and % moisture content of the tuberous roots. The TLC technique using n-
fiol : acetic acid : water (5:3:1 by volume) as a mobile phase was used to compare the Rt

e of standard puerarin and the crude extract from WKK containing puerarin. The results

gWed the same position of the R¢ value at 0.81 (Fig 1).
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?igure 1. TLC Chromatogram of standardized puerarin and the crude extract from WKK
containing puerarin, showing the same position of the R¢ value at 0.81 under UV 256

nm using n-butanol : acetic acid : water (5 : 3 : 1 by volume) as a mobile phase.

Two other mobile phases; chloroform : MeOH : water (65:25:4 by volume) and
Chloroform : MeOH (20:1 by volume) also showed the same result. Furthermore, with the
HPLC technique it was found that the crude extracts from WKK had peaks that had retention
imes equal to the retention time of standardized puerarin. In addition they showed the same

Jattern in the UV spectrum (Fig 2, 3 and 4).
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ture 2. HPLC; Chromatograph of standardized puerarin examined by UV at 256 nm.
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[gure 3. HPLC; Chromatograph of puerarin from the crude extract of WKK examined by UV

at256 nm.
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Figure 4. UV spectrum of the crude extract of WKK containing puerarin (A) and standardized

puerarin (B) examined by UV at 256 nm.

The concentrations of Zn®* studied had a statistically significant effect on the amount of
Puerarin (Fig. 5). Zn* at the concentration of 200 mg/L gave the highest amount of puerarin
(1943 ng/g dry wt.). However, at the highest concentration of Zn** used (300 mg/L) sprayed,

the amount of puerarin accumulated was lowered to 146.3 ug/g dry weight (Fig. 5).
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gigure 5. Average amount of puerarin from the crude extract of tuberous roots of WKK (error

Ears indicate [ = SD).

Kozlovskii et al. (2000) found that Zn®* can stimulate isoflavones production in

Eem'cillium citrinum [6]. Furthermore, high concentrations of Zn?* (300 mg/L) probably started

i@become toxic to the plant [7].

The blood vessels of the White Rats that were treated with WKK crude extract at every

reatment resulted in a highly significant effect on vascular relaxation compared with untreated
plood vessels. The blood vessels that were treated with acetylcholine plus WKK crude extract

?hat was sprayed with Zn”* at the concentration of 200 mg/L gave the highest vascular

&

:
tlaxation (Fig.6).

<
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Figure 6. Vascular relaxation in the White Rat; 0-40 mins was spontaneous contraction; 40-70
mins treated with acetylcholine (1.0 uM); 70-100 mins, treated with crude extract of
WKK containing puerarin 194.3 pg/ gk dry wt. (treatment 4) plus acetylcholine (1.0

uM).

Puerarin has an effect on vascular relaxation by preventing blood vessels occlusion.
Furthermore, the percentage of area under the curve (AUC) of contraction in White Rat blood
Vessels treated with acetylcholine plus crude extracts from WKK that were treated Zn™* at every
voncentration were significantly lower than the control (that did not have crude extract from
WKK added) (Fig. 7). Hence, WKK crude extract showed vascular relaxation in Whit Rats,

and spraying Zn®* onto WKK can increase puerarin in tuberous roots.
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Eigure 7. Percent AUC of contraction in White Rat blood vessels treated with Acetylcholine
(alone-control) and plus crude extract from WKK that were sprayed with different

Zn** concentrations. ‘

FONCLUSION

Zn** can maximize puerarin accumulation in the tuberous roots of WKK. Zn?* applied
?200 mg/L resulted in the highest amount of puerarin. WKK crude extract showed vascular
ifglaxation in the White Rat. The blood vessels that were treated with acetylcholine plus WKK

rude extract at the concentration of 200 mg/L gave the highest vascular relaxation.
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rhe Efficacy of Red Kwao Krua (Butea superba Roxb.) on Female Rat (Rattus
norvegicus) Uterine Tension

Laguanwan C.', Kupittayanant S? and Manakasem Y.
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Institute of science, Suranaree University of Technology. 111 University Avenue, Muang District,
Nakhon Ratchasima 30000, Thailand. Corresponding author: yuvadee @g.sut.ac.th

: The tuberous roots of Red Kwao Krua (Butea superba Roxb.) accumulate -
%‘fsitosterol which is a primary substance for birth control [1, 2]. This study is to
j[ricrease B-sitosterol in the tuberous roots of Red Kwao Krua (RKK) together with an
Investigation of the effect of this B-sitosterol on female rat (Rattus norvegicus) uterine
iiension. The experiment was a factorial in RCBD with 9 treatments and 3 replications
;6f manure, chemical fertilizer, NAA and GA;. Manure fertilizer at the rate of 9,375
kg/ha plus NAA 100 ppm and 156.3 kg/ha chemical fertilizer plus GA; 100 ppm gave
1he highest amount of P in the tuberous roots. 156.3 kg/ha chemical fertilizer plus
NAA 100 ppm and 156.3 kg/ha chemical fertilizer plus GAz 100 ppm gave the highest
amount of B-sitosterol. NAA and GAjz can activate the precursor for B-sitosterol
giynthesis [3]. P is a component of ATP, the energy for biochemical synthesis. The
extracts from 9 treatments of the RKK at a dose of 200 pL each showed significantly
Increased area under the curve (AUC) of uterine tension in the rat when compared
with those not given extracted solution (100% AUC). An example of the difference
between those given the extract (r) and those not given the extract (I) is shown in the
fig. below. Hence, the extract from RKK has an efficacy on female rat uterine tension.
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The Efficacy of Red Kwao Krua (Butea superba Roxb.) on Female Rat (Rattus
norvegicus) Uterine Tension
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Red Kwao Krua (Butea superba Roxb.) are the outstanding medicinal plant
native to the Thailand. In traditional medicinal practices, the tuberous roots of Red
Kwao Krua (RKK) are use to treat various illness and maintain male hormones.
Furthermore, the tuberous roots of RKK accumulate B-sitosterol which can use as
primary substance for birth control in woman [1, 2]. Hence, the study to increase (3-
sitosterol in the tuberous roots of RKK together with the effect of this B-sitosterol on
female rat (Rattus norvegicus) uterine tension was conducted during 2005-2006 at
the Suranaree University of Technology. |

The experiment was a factorial in RCBD (randomize completely block design)
with 9 treatments and 3 replications of manure, chemical fertilizer, NAA and GAz. The
treatments are shown in TABLE 1. The manure fertilizer and chemical fertilizer (15-
16-15) were given the radius of 30 cm around the RKK. The treatments with NAA
and GA; at each concentration of 100 ppm were given 3 times by spraying the RKK
atthe young leaf stage, before young fully expanded leaf stage and at the young fully
éxpanded leaf stage. The data were collected at 3 weeks after the last treatment.
The colorimetric determination of phosphorus by the spectrophotometer [3] was
applied. The thin layer chromatography (TLC) finger prints were used to study the
accumulation of B-sitosterol in the tuberous roots of RKK (Fig. 1) extracted with 70%
methanol [1] by comparison with the standard B-sitosterol. The B-sitosterol content
was then measured by Flous-Multi Imager. Uterine tension in the female rat analogs
Was measured by Power Lab System [4] to check the suitability of the B-sitosterol as
& birth control agent.

Manure fertilizer at the rate of 1,500 kg/rai plus NAA 100 ppm (T5) and 25
kg/rai chemical fertilizer plus GAz 100 ppm (T9) gave the highest amount of
Phosphorus in the tuberous roots, 0.354% (Fig. 2). Twenty five kg/rai chemical
fertilizer plus NAA 100 ppm (T8) and 25 kg/rai chemical fertilizer plus GA3 100 ppm



<

5 ) gave the highest amount of B-sitosterol in tuberous roots, 152.26 and 138.17
,’g/g in dry weight respectively (Fig. 3). Cycloartenol is precursor of B-sitosterol
gynthesis. NAA and GAs can activate cycloartenol to form B-sitosterol [4].
Ephosphorus is a component of ATP, the source of energy for photosynthesis. A high
ate of photosynthesis resulted in a high assimilation and therefore, the plant can
ynthesis more B-sitosterol [5, 6]. The extracts from 9 treatments of the RKK at a
";,;:. of 200 pL each showed significantly increased area under the curve (AUC) of
merine tension in female rat when compared with non given extracted solution (100%
AUC) (Fig. 4). Figure 5 showed the effect between of the extract from the RKK
"reated with 25 kg/rai chemical fertilizer (T7) on AUC (right) and non given extracts
%on AUC (left). A larger AUC indicates that there is more uterine tension in the female
rat Sukawanitsilp [6] found that the active agent of estrogen in the birth-control pill
fincreased uterine tension. Salah, Gathumbi, Vierling and Wagner [7] reported the

o

“gxtract solution from Ruellia praetermissa increased the female rat uterine tension

%due to estrogen compounds such as B-sitosterol.

% In conclusion, fertilizer, NAA and GAj can increase B-sitosterol in the tuberous
g‘foots of RKK. The AUC of rat uterine tension increased after treated with the
gaxtracted solution from the tuberous roots of RKK. This implies that RKK has the

“efficacy on female rat uterine tension.

"TABLE 1. The 9 treatments of 32 factorial in RCBD.

e
‘ Fertilizer Plant Growth regulators Treatment
Control T
No fertilizer treated Spray NAA at 100 ppm T2
- Spray GA3 at 100 ppm T3
3 Control T4
kMga/TaL;[e fertilizer at 1,500 Spray NAA at 100 ppm T5
- Spray GA3; at 100 ppm . T6
. . Control T7
gthzesmlu((ge/lgﬁmhzer 15-15-15 Spray NAA at 100 ppm T8
Spray GA; at 100 ppm T9

6.25 rai = 1 hectare
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[The standard phytosterol] [The extract of Red Kwao Krua]

iFlg. 1 Chromatogram of thin layer chromatography of the standard phytosterol
compared with the extract of Red Kwao Krua.
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Fig. 2 Amount of phosphorus in the tuberous roots of Red Kwao Krua for each
treatment; (| = Sd)
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Fig. 3 Amount of B-sitosterol in the tuberous roots for each treatment; (I = Sd)
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Flg. 4 The effect of extract from the Red Kwao Krua for each treatment on area
under the curve of uterine tension in the female rat (I = Sd)
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Flg. 5 The effect of the extracts from the Red Kwao Krua treated with 25 kg/rai
: chemical fertilizer (T7) on area under the curve of uterine tension in the
female rat.
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ANTHOCYANIN ACCUMULATION AND MOLECULAR MARKERS
CLASSIFICATION OF RED KWAO KRUA (BUTEA SUPERBA ROXB.)

Kesorn Muangtip,' Suchirat Sakuanrungsirikul,’ and Yuvadee Manakasem®

! School of Crop Production Technology, Institute of Agricultural Technology, Suranaree University
of Technology, 111 University Avenue, Muang District, Nakhon Ratchasima 30000, Thailand;
? Field Crop Research Institute,Muang District, Khon kaen 40000, Thailand

Red substances are released when the tuberous roots of the Red Kwao Krua (Butea superba
Roxb.) are wounded. In traditional medical practices of Thailand the tuberous roots of Red
Kwao Krua (RKK) are used to treat various illnesses and maintain male hormones. Tuberous
roots were obtained from forests in six provinces in northeast Thailand in the years 2004 to
2006.  Molecular classification by the RAPD technique together with botanical
characteristics, determination of the concentration of anthocyanin via TLC, absorbent
wavelength and pH differential techniques were performed on the root samples. The roots of
the RKK from the provinces Nakhon Ratchasima, Kalasin and Sakon Nakhon had
anthocyanin concentrations of 69-144 ng/g fresh weight, while those from Chaiyaphum,
Buriram and Mahasarakham provinces had anthocyanin concentrations of 172-252 pg/g fresh
weight. The RAPD technique and botanical classification showed that there were two groups
(subgenera) at 32 % relatedness. 1) Red Kwao Krua (Butea superba Roxb.) included 2
subgroups at 70 % coefficient. Subgroup 1 was RKK from Nakhon Ratchasima and Kalasin
provinces. Subgroup 2 was RKK from Nakhon Ratchasima and Sakon Nakhon provinces.
2) Tow Pan Say [Spatholobus parviflorus (DC.) Kuntze] included 3 subgroups at 84 %
coefficient from Chaiyaphum, Buriram and Mahasarakham provinces. The dendrogram of
botanical characteristics also showed 2 groups at 19 % relatedness and were related to the
classification by DNA markers. Mistakes in harvesting traditional medicinal plants are very
common: it may be necessary to regulate the traditional medicine industry using modern
analytical methods to characterize the products.

INTRODUCTION

Red Kwao Krua (Butea superba Roxb.) is a protected plant. It has been shown to improve
physical strength, improve skin quality, and maintain male hormones. Red substances are
released when the tuberous of RKK are wounded. These substances were examined for
anthocyanin. Mistakes in harvesting traditional plant are very common, however molecular
marker and botanical characteristics can be used to classify RKK specimens. Examination of
anthocyanin content and classification of RKK from six provinces were performed in this
study.

MATERIALS AND METHODS
Tuberous roots of RKK were obtained from forests in six provinces in northeast Thailand in

the years 2004 to 2006. The determination of the concentration of anthocyanin via TLC,
absorbent wavelength and pH differential techniques were performed on the root samples.



Molecular classification by the RAPD technique and botanical characteristization were also
performed on the root samples.

RESULT AND DISCUSSION
Anthocyanin was determined from the extracted solution of the tuberous roots of RKK with
two mobile phases (a two solvent system) 7:51:42 and 25:24:51 HCl : HCOOH : H,0 using

TLC, and had Ry values of 0.34 and Ry 0.12 respectively (Fig. 1.1 and Fig. 1.2). These R¢
values are characteristic of anthocyanin (Sherma and Fried, 2003).

=R, =034

Re=0.12

Figure 1.1 Figurel.2
Figure 1.1 TLC (HCL : HCOOH : H;O =7 : 51 : 42) of extracted solutions

showing an Ry value of 0.34

Figure 1.2 TLC (HCL : HCOOH : H,0 = 25 : 24 : 42) of extracted solutions
showing an R¢ value of 0.12

The extracted solution from the tuberous roots of RKK absorbed at 519 nm (Fig.2) which is
similar to the absorption wavelength of anthocyanin (Longo and Vasapollo, 2006).



absorbance

O O O 0 O O 0 O 0 O O D O D N O
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wavelength

Figure 2 Spectrum of an extracted solution of anthocyanin from 400 to 700 nm
(noted the absorption at 519nm).

Moreover, extracted solutions changed color from red to brown (Fig.3) if the pH was
changed from 1 to 14 which is a characteristic of anthocyanin (Bonillard and Delaporte,
1977).

Figure 3 Colour changes of anthocyanin from pH 1.0 to pH 14

The roots of RKK from the provinces Nakhon Ratchasima, Kalasin and Sakon Nakhon had
anthocyanin concentrations of 69-144 pg/g fresh weight (Tablel), while those from
Chaiyaphum, Buriram and Mahasarakham provinces had anthocyanin concentrations of 172-
252 pg/g fresh weight (Table 2).



Table 1 Characteristics and amount of anthocyanin in the tuberous root samples from Kalsin,
Nakhon Ratchasima, and Sakon Nakhon.

Number of The width The ar?ount
Clone Clone Root diameter  the year of the red h o
number sources (cm) rings cortex anthocyanin
(cm) (ng/g fresh
weight)
K1 11.4 6 1.1 124
K2 15.8 7 1.2 140
K3 12.4 6 0.9 118
K4 13.1 7 1.2 128
K5 9.5 5 0.8 69
K6 Kalasin 12.8 5 1.0 144
K7 15.3 6 0.7 120
K8 9.6 6 1.1 98
K9 114 6 0.8 90
K10 12.8 5 0.8 112
K11 8.4 5 0.7 92
N1 14.2 6 0.6 98
N2 9.8 5 0.6 80
N3 10.9 5 0.6 122
N4 14.3 5 0.7 84
N5 Nakhon 8.4 6 0.7 82
N6 Ratchasima 11.3 6 0.8 96
N7 12.7 7 1.2 118
N8 9.2 5 0.6 78
N9 124 6 0.9 104
N10 15.0 6 0.8 106
SK1 8.5 5 0.7 81
SK2 10.5 6 0.8 122
SK3 Sakon 9.2 5 0.7 82
SK4 Nakhon 10.5 6 0.8 130
SK5 14.3 6 1.1 132
SK6 12.8 6 0.9 120




Table 2 Characteristics and amount of anthocyanin in the tuberous root samples from
Chaiyaphum, Buriram, and Mahasarakham.

Clone Root diameter Number. of the The amount of
number Clone sources (cm) year rings anthocyanin
(ug/g fresh weight)
C1 5.1 3 190
C2 4.8 3 218
C3 3.9 2 173
C4 5.5 3 178
gg Chaiyaphum 2; ; ggg
7 53 3 224
C8 5.9 3 252
©9 4.8 3 216
Bl 6.1 2 219
B2 4.0 3 172
B3 Buriram 4.7 3 178
B4 5.6 3 272
B5 5.4 3 182
B6 6.1 3 204
S1 6.2 3 247
S2 5.6 3 2726
S3 6.1 3 230
S4 Mahasarakham 53 3 70
S5 4.7 3 173
56 5.7 3 21

The diameter of the roots and the width of the cortex of tuberous roots of RKK (from Table
1) were correlated with the amount of anthocyanin (Table 3), but the diameter of the roots
and the number of rings evident in the tuberous roots of RKK from Table 2 were not
correlated with the amount of anthocyanin (Table 4). These results showed that there were 2
groups of the samples.

Table 3 The correlation of root diameter, number of year rings and cortex width with amount
of anthocyanin in the samples from Nakhon Ratchasima, Kalasin and Sakon

Nakhon.
Characteristics The amount of anthocyanin
Root diameter 0.404*
Year rings - 0.264%
cortex 0.405*
r 0.251%

" = non significant
* = significant differences at 5% level



Table 4 The correlation of root diameter, and number of year rings with amount of
anthocyanin in the samples from Chaiyaphum, Buriram and Mahasarakham.

Characteristics The amount of anthocyanin
Root diameter 0.258™
Year rings 0.029™
r 0.067"

™ = non significant

The genetic distinctiveness of accessions of the tuberous roots of RKK collected from those 6
provinces using the RAPD technique coupled with comparison of botanical characteristics
was performed. Forty RAPD primers were used and 888 loci were detected, comprising of
813 polymorphic loci (91.55 %) and 75 monomorphic loci (8.45 %). These loci were
analyzed by the NTSYSpc. V. 2.10x program (Rohlf, 2000) and the genetic similarity
coefficient was calculated by the method of Jaccard (Rohlf, 2000). The variables on the
dendrogram were clustered with the unweighted pair group method using arithmetic means
(UPGMA) (Sokal and Michener, 1958). It was found that the RKK accession 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 RKK from
Nakhon Ratchasima and Kalasin provinces. Subgroup 2 was RKK from Nakhon Ratchasima
and Sakon Nakhon provinces. 2) Tow Pan Say [Spatholobus parviflorus (DC.) Kuntze]
included 3 subgroups at 84 % coefficient from Chaiyaphum, Buriram and Mahasarakham
provinces (Fig. 4). All of the Samples were genetically different, except Cs and C; that were
genetically identical. Ditchaiwong, et al. (2005) also found genetically differences in White
Kwao Krua [Pueraria candollei Grah. Var. mirifica (Airy Shaw et Suwatabandhu)
Niyomdham]. The dendrogram of botanical characteristics also showed 2 groups at 19 %
relatedness (Fig. 5). Group 1 was the samples from Nakhon Ratchasima, Kalasin and Sakon
Nakhon provinces. Group 2 was the samples from Chaiyaphum, Buriram and
Mahasarakham provinces. The botanical characteristic classification were related to the
classification by DNA markers.
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Figure 5 The clonal grouping of RKK and Too Pun Say clones using 10 botanical
‘ characteristics. v

CONCLUSION

The RAPD technique could separate the clones of RKK, and the tuberous roots of RKK
contained anthocyanin at levels of 69 to 144 ug/g fresh weight. Mistakes in harvesting
traditional medicinal plants are very common: it may be necessary to regulate the traditional
medicine industry using modern analytical methods to characterize the products.
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Abstract

An experiment was conducted in Red Kwao Krua (Butea superba Roxb) at Suranaree University of
Technology during 2002 - 2004. A split-split plot arrangement of treatments in a RCBD with 3 blocks
was designed to study the effects of irrigation, spacing and light shading on leaf area, fresh and
dry weight of the tuberous roots, and the photosynthesis rate of the Red Kwao Krua (RKK). The
accumulations of stigmasterol and 3,7,3’-trihydroxy-4’-methoxy-flavone in the tuberous roots of RKK
were also determined at the ages of 6, 8, 10, 12, and 14 months. The main plot treatments were irrigation
at 3 day intervals, 7 day intervals, and rainfed condition as a control. The sub-plot treatments were
spacing at 1.5 m X 1.5 m and 3 m X 3 m. The sub-sub plot treatments were shading at 70% and
non-shading. The experiment was replicated 3 times. The spacing and shading did not have any effects
on leaf area, tuberous root weight, and the photosynthetic rate at any plant ages studied. However, the
irrigation regimes had an effect on the leaf area, tuberous roots weight, and photosynthesis rate of
RKK at the ages of 12 and 14 months. The 3,7,3’-trihydroxy-4’-methoxyflavone was not found at any
treatments and at any plant ages studied. However, the tuberous roots of RKK at the ages of 12 and 14
months that were irrigated at 3 day intervals and 7 day intervals accumulated stigmasterol at the level
of 500 - 1,000 ppm. The irrigation regime was a significant factor increasing the amount of stigmas-
terol in the tuberous roots of RKK.

Keywords: Butea superba Roxb, cultivations, leaf and root growth, flavone, stigmasterol

Introduction

RKK is found in the forests of the north, the west  accumulated in its tuberous roots: probably
and the northeast of Thailand (Wutythamawech, maintain the sexual ability of men (Tocharus
1997). Thais have traditionally used it as a et al., 2005). Many clinical nutrition products
medicine for maintaining good health. The have this chemical as an additive. A large amount
biochemical 3,7,3’-trihydroxy-4’-methoxyflavone  of crude extract of RKK has been exported to

School of Crop Production Technology, Institute of Agricultural Technology, Suranaree University of
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Germany, Japan and the USA (OARD, 2000).
Stigmasterol, which has the same characteristics
as b-sitosterol, can also be found with about 75%
concentration in the roots (Dyas and Goad,
1987). These substances can be used by indus-
try to synthesize steroid hormones. Stigmasterol
is a natural product that has an effect on human
sexual performance (Ryokkynen et al., 20035).
It is also used as a primary substance for birth
control (Ryokkynen et al., 2005). It is a popular
product in clinical nutrition that helps in
reducing the accumulation of cholesterol
(Wongrattanasathit and Choomsri, 1992). With
the need for the crude extract from RKK, research
for producing RKK on a marketing scale can help
prevent the removal of RKK from the forests.
The effects of planting space, irrigation, and
shading on the growth and accumulation of
important chemicals in the tuberous roots of
RKK were the focus of the research. The
objective of this study was to investigate the
effect of irrigation and shading on leaf area, the
fresh and dry weight of the tuberous roots, and
the accumulation of stigmasterol and 3,7,3-
trihydroxy-4’-methoxyflavone in the tuberous
roots of RKK.

Materials and Methods

The lateral buds of RKK from Kalasin province
were planted at the Suranaree University of
Technology farm on January 1, 2003. A total of
180 regular 4 month old plants was selected and
the plants were set as a split-split plot in a
randomized complete block design (RCBD) with
3 blocks (replications). The main plots had
irrigation regimes, namely non-irrigation, irriga-
tion at 3 day intervals, and irrigation at 7 day
intervals. The drip irrigation system was applied
for 3 h in each treatment. The rain was consid-
ered as non-irrigation since every treatment
got the same amount of water. The 2 sub-plots
had plant spacing at 1.5x 1.5 mand 3 X3 m. The
2 sub-sub plots were non-shaded and 70%
shaded, using 70% Salant covered at 0.5 m above
the RKK. The main plots were treated when the
RKK was 4 months old. The sub-plots were
designed immediately at the planting time. The
sub-sub plots were treated when the RKK was 6

months old. The leaf area, the fresh and dry weight
of the tuberous roots, and the photosynthetic
rate, including stigmasterol and 3,7,3’-trihydroxy-
4’-methoxyflavone, were sampled and measured
from the RKK at the ages of 6, 8, 10, 12, and 14
months.

Methods of Chemical Extraction and
Determination

The tuberous roots of the RKK at the ages of
6, 8, 10, 12, and 14 months from each treatment
were dug, cleaned, sliced into thin pieces, then
dried at 55°C for 72 h, and ground to a powder.
The extraction and determination of 3,7,3’-
trihydroxy-4’-methoxyflavone were determined
using methanol, chloroform:water, 80% metha-
nol: Hexane, column chromatography and FT-IR
(model spectrum GX, Perkin Elmer) according to
the method of Ruksilp (1995), using 6 kg of the
ground powder. The stigmasterol was determined
using 10 gm (dry weight) per sample. The extrac-
tion method was done according to Ruksilp
(1995). Then thin layer chromatography (TLC)
by comparison with standardized stigmasterol
(Sigma, St. Louis, MO, USA) was performed.
The amount of stigmasterol was compared to the
spot size of standardized stigmasterol (1 ul) at
concentrations of 0, 100, 250, 500, 750, and 1,000
ppm, respectively.

Data Examination

1. Leaf area, fresh and dry weight of the
tuberous roots, and the photosynthesis rate
were examined from the RKK at the ages of 6, 8,
10, 12, and 14 months. Leaf area was monitored
in mature leaf of 3 plants/replication by using a
leaf area meter (Delta-T Image Analysis), and the
photosynthesis rate was measured on 3 leaves/
plant/replication by using a leaf chamber analy-
sis type LCA-4 at 10.00 am - noon.

2. Examination of 3,7,3’-trihydroxy-4'-
methoxyflavone from the extracted solution
of the tuberous roots of the RKK from each
treatment was performed by comparing the
appearance of the important functional groups
in the spectrum.

3. Examination of the concentration
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of stigmasterol in the tuberous roots of the
RKK from each treatment was evaluated by
comparing the spot size with the standardized.

Data Collection

3,7,3’-trihydroxy-4’-methoxyflavone chroma-
tography was performed on the solutions eluted
with 5% methanol in chloroform. The infrared
spectrum of the solution that was eluted with
5% methanol in chloroform was also collected.
The amounts of 3,7,3’-trihydroxy-4’-
methoxyflavone and stigmasterol were deter-
mined from each treatment and were statisti-
cally analyzed by analysis of variance (ANOVA)
in a complete randomized design (Steel and

Torrie, 1986). The significant differences

between them were tested by Duncan’s New
Multiple Range Test (DMRT) according to the

methods described by SAS (1985).

Results

Leaf and Root Growth

The spacing and shading did not have any
effect on leaf area, the tuberous root weight, and
photosynthetic rate at any ages of the RKK
studied. However, the irrigation regimes had an
effect on the leaf area, tuberous root weight, and
photosynthesis rate of RKK at the ages of 12 and
14 months (Tables 1, 2, and 3). While the leaf area
at the ages before 12 months old did not show
any differences, this was because of the effect
of precipitation in the rainy season at that time
(Table 1). The dry weight per fresh weight of the
tuberous roots of RKK was affected by the irriga-
tion regimes (Table 2). The photosynthesis rate

Table 1. Effect of irrigation on leaf area (unit:cm?)*

Irrigation regimes 6 months 8 months 10 months 12 months 14 months
Non irrigation 1,053.35 1,540.78 45767 375032 639.57°
7 day intervals 1,333.98 1,642.06 574.12 551.84° 1,472.49°
3 day intervals 1,085.38 1,678.72 47493 560.79° 1,420.03°

" Within columns, means followed by the same letter are not significantly different according to DMRT (0.05).

Table 2, Effect of irrigation on tuberous root dry weight/fresh weight (g/1g fresh weight)*

Irrigation regimes 6months 8months 10months 12months 14 months
Non irrigation 030 0.11 0.06 0.07* 0.06%
7 day intervals 034 0.11 0.06 0.04° 0.03°
3 day intervals 035 0.10 0.06 0.04° 0.03°

* Within columns, means followed by the same letter are not significantly different according to DMRT (0.05).

Table 3. Effect of irrigation on photosynthesis rate* (mmol CO; /m?/s)

Irrigation regimes 6months 8months  10months 12 months 14 months
Non irrigation 1471 1524 522 769° 8.17°
7 day intervals 14.28 14.19 481 15.84° 18.21*
3 day intervals 1692 1642 597 16.13° 20.04°

" Within columns, means followed by the same letter are not significantly different according to DMRT (0.05).
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was affected by the irrigation regimes starting
from 12 months old (Table 3). The RKK that was
irrigated had a greater photosynthesis rate than
that not irrigated by 2 fold or more. This has also
been found in soybean and sun flower (Flavia,
1990).

Examination of 3, 7, 3’-trihydrohy-4’-metho-
xyflavone

The 3,7,3’-trihydrohy-4’-methoxyflavone
did not accumulate in all samples studied.
Each fraction eluted from the column with 5%
methanol in chloroform was found to have the
same components. Analysis via TLC using 20%
methanol in chloroform as a mobile phase
resulted in the materials that had retention
mobility (Rg) of 0.70 (A) and 0.73 (B) mixed
together in the same fraction. The polar reduc-
tion of the mobile phase for the TLC method from
20% methanol in chloroform to 10% methanol in
chloroform could be used to separate these
fractions. The two fractions (A and B) could be
separated with the Ry values of 0.76 and 0.80
respectively. In order to obtain sufficient materi-
als for structural analysis using infrared (IR)
spectroscopy, the fractions remaining from the
elution of 5% methanol were eluted through silica
gel once more using 3% methanol in chloroform
as the solvent. Finally, three fractions were
obtained as follows (Figure 1):

1. The fractions that came out by TLC
analysis using 20% methanol in chloroform as a
mobile phase which had the R, value of 0.73 (B).

2. The mixture of fractions which had the
Ry value of 0.70 (A) and 0.73 (B).

3. The last fraction that came out had an
Revalue of 0.7 (A). :

Because 3,7,3’-trihydroxy-4'-methoxy
flavone has an R; value of 0.69, the last material
that came out could be the chemical. To confirm
the result IR spectroscopy was applied, as shown
in Figures 2 and 3. The comparison of the IR
spectroscopy of fractions A and B with the IR
spectroscopy from the 3,7,3’-trihydroxy-4’-
methoxyflavone standard showed that there were
differences. The peak at a position of 1,650 cm'
for the standard 3,7,3’-trihydroxy-4’ methoxy-
flavone (Ruksilp, 1995) did not appear on the
spectrum of A and B [this peak is the specific
character of the carbon group of the conjugated
ketone (Srivibool, 1995)]. The absorption peaks
at 1,739 cm’! (Figure 2) and 1,715 cm! (Figure 3)
were obtained in both A and B [these peaks are
the specific character of the carbon group of the
ketone (Srivibool, 1995)]. The results led to the
conclusion that 3,7,3’-trihydroxy-4’-methoxy-
flavone did not accumulate in these samples.

Examination of Stigmasterol

The amount of stigmasterol from each treatment
was evaluated by comparing the spot size of the
unknown material with that of standardized
stigmasterol (Table 4). The only variable that
resulted in a difference in the amount of the
stigmasterol was the level of irrigation. The

B
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Figure 1. TLC chromatogram of substance A and B
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Figure 3. FT-IR spectrum of spot B

Table 4. Concentration of stigmasterol in Butea superba Roxb" estimated by TLC

Irrigation  Spacing Shading Concentration of stigmasterol (ppm)
regimes () 6months 8months 10months 12months 14 months

non-irrigated 1.5x1.5 non 50 175 175* 175* 175°
shaded 50 175 175° 175° 175*

3x3  non 50 175 175* 175° 175*

shaded 50 175 175° 175° 175*

7dayinterval 1.5x1.5  non 50 175 375° 625° 875"
shaded 50 175 375® 625° 875°

3x3 non 50 175 375° 625° 875°

shaded 0 175 375° 625° 875"

3dayinterval 1.5x15 non 50 175 375° 625° 875°
shaded 50 175 375° 625° 875°

3x3 non 50 175 375° 625° 875°

shaded 50 175 375° 625° 875°

* Within columns, means followed by the same letter are not significantly different according to DMRT (0.01).
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non-irrigated RKX had 50 ppm concentration of
stigmasterol at the age of 6 months and 175 ppm
atthe age of 8, 10, 12, and 14 months (Table 4),
while RKK that was irrigated at 3 and 7 day
intervals had the same amount of stigmasterol.
At the age of 6, 8, 10, 12, and 14 months the
concentration of stigmasterol were 50 ppm,
175 ppm, 375 ppm, 625 ppm, and 875 ppm,
respectively (Table 4).

Discussion

The irrigation regime was a significant factor
increasing the amount of stigmasterol in the
tuberous roots of RKK. It has been reported that
RKK found in the forests in Lampang province
accumulated 3,7,3’-trihydroxy-4’-methoxy-
flavone; however, it was not the case in our study.
This was possibly because the harvesting
season could influence growth and development
of the RKK, and it could also influence the
synthesis of 3,7,3’-trihydroxy-4’-methoxy-
flavone. The Doboysia in Australia accumulates
much more hyoscine in summer than in winter
(Luanratana and Griffin, 1980). The difference in
the soil nutrition could affect the synthesis of
the 3,7,3’-trihydroxy-4’-methoxyflavone
substance. There has been a report that phos-
phorus and calcium could also stimulate the
synthesis of hyoscine in Doboysia (Luanratana,
1992). The difference in the sea level between
these two areas could also cause the accumula-
tion of 3,7,3’-trihydroxy-4’-methoxyflavone.
- The different varieties of White Kwao Krua from
7 different locations that had differences in
sea levels accumulated differening amounts of
phytoestrogen (Ditchaiwong er al., 2005).
The difference in varieties could also have an
effect on the synthesis of 3,7,3’-trihydroxy-4’-
methoxyflavone. Finally, the difference in ages
and the growth stages of the RKK could
influence the synthesis and accumulation of
the chemicals. For example, some plants synthe-
size anthocyanin when they are young to
protect their shoots from excessive sun light
(Fang and Hirsch, 1992). RKK in the forests in
Lampang province that accumulated 3,7,3’-trihy-
droxy-4’-methoxy-flavone was probably older
than the ones in this studied. The oldest in our

study stet only 14 months old. The error could
be caused from the extraction and separation
steps. Further studies should improve these two
steps to ensure that all of the stigmasterol is
extracted from the samples. The ‘use of gas
chromatography or high-performance liquid
chromatography probably can confirm the
accuracy of the amount of stigmasterol (Abidi,
2001). The RKK that was irrigated at 3 and 7
day intervals had higher stigmasterol because it
could photosynthesize more than that which was
not irrigated (Sampetr, 1992). A higher level of
photosynthate gives more substrate for synthe-
sis of the chemical substances. This occurs in
soybean grown at high temperature which has
been irrigated and results in it having more oil
than soybean that was not irrigated (Sampetr,
1992). |

Conclusions

The spacing and shading did not have any
effect on leaf area, tuberous root weight, and
photosynthetic rate of RKK, for the ages
studied. But the irrigation regimes did. Accumu-
lation of 3, 7, 3’-trihydroxy-4’-methoxyflavone
was not found at any irrigation levels and at any
age of the RKK studied. However, the tuberous
roots of the RKK at the ages of 12 and 14 months
that were irrigated at 3 day intervals and 7 day
intervals accumulated stigmasterol at the level
of 500 - 1,000 ppm. The irrigation regime was
a significant factor increasing the amount of
stigmasterol in the tuberous roots of the RKK.
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M.Sc. (Crop Physiology) Ph.D. (Horticulture) 1991.

1984. University of the The University of Sydney,
Philippines at Los Banos Australia.

(UPLB) The Philippines. Thesis : Temperature and
Thesis : Microclimate of Strawberry (Fragaria

corn (Zea mays L.) + ananassa Duch.) Production.

Mungbean (Vigna radiata
(L.) Wilczek) Intercrop at
Three Planting Densities of

Com.

(1) Physiology of environmental stress

(2) Physiology of flowering and fruit setting
(3) Plant growth regulators

(49) SEM

(5) Plant biochemistry
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5. Experience

Period Position Institute

1975 - 1993 Agriculturist Department of Agriculture
(DOA) of Thailand

1993 - 1995 Lecturer Suranaree University of

Technology, Thailand

1996 Asst. Prof. Suranaree University of

Technology, Thailand

6. Current research projects :

Grants

(1)

)

€)

4)

The varieties, phytochemical and their effects in White Kwao Krua [Pueraria
candolleil Grah. Var. mirifica (Airy Shaw et Suvatabandhu) Niyomdham
andhu]. Thailand Research Fund (TRF) 380,000 Thai Baht. Duration 2 years.
(Ended in Sept 2008). ‘

Influence of environmental and copper on vegetative growth, flowering, fruit
setting and constituents of daidzein and genistein in tuberous roots of white
Kwao Krua [Pueraria candollei Grah. Var. mirifica (Airy Shaw et Suvatabandhu)
Niyomdham andhu] and red Kwao Krua (Bueia superba Roxb). And the
Influence of Environment on Cultivation, Growth and Constituent of Chemicals
in Tuberous Root of Red Kwao Krua (Butea superba Roxb.) Thailand Research
Fund (TRF): 760,000 Thai Baht. Duration 6 years. (Ended in Sept 2007).

The study on the secondary initiation of the inflorescence of strawberry
(Fragaria ananassa Duch.) .TRF 43,500 Thai Bath. Duration 3 years.

(Ended in Sept 2002).

Study on the interaction of day-length and growth regulators on flowering of
white marigolds (Tagetes erecta L.) TRF 97,400 Thai Baht. Duration 2 years
(Ended May 2002).

7. Publications

1. Isarangkul, L. And Y. Manakasem. 1977 Study on Aspergillus Disease of
Silk Worm. Research Report of Department of Agiculture. (in Thai)
2.  Manakasem, Y. and P. Kammueng. 1981 Procedure for farm Trials.

Booklet 19 p. Funny Press. (in Thai)

D:\Documents and Settings\sut0111\Desktop\Currienhim Vitae doe



10.

11.

12.

13.

14.

Pantastico, E.B. and Y. Manakasem 1982. Rainfed Crop Production
Research and Development. Proc., DOA Ann. Conf.

Manakasem, Y., 1982 Study on Growth of Chrysanthemum morifolium
Meristems by Tissue Culture Technique. Annual Report of Botany and
Weed Science Division, DOA. (in Thai)

Manakasem, Y., 1984 Microclimate of Com (Zea mays L.) + Mungbean
[Vigna radiata (L.) Welczek] Intercrop at Three Planting Densities of Corn.
M.Sc. Thesis, UPLB, College, Laguna, Philippines. 129 p.

Manakasem, Y., 1985 Tissue Culture of Mulberry for Rapid Propagation.
Annual Report of Botany and Weed Science Division, DOA. (in Thai).

Pantastico, E.B., Manakasem, Y., and P. Chotikunta. 1985 Women
in Agriculutre : Issues and Research Questions in Thailand. Proceedings
Farming System Research Institute. DOA. 13 p.

Pantastico, E.B., Chandrapanya, D., Manakasem, Y., and P. Chotikunta. 1985.
Farming Systems Development in Thailand. Proceedings FAO Seminar,
RAPA, BANGKOK. 20 p.

Manakasem, Y., et. at., 1985. Mungbeen-Rice System. Extension Leaflet.
Fainfed Farming Research and Development Project. Farming System
Research Institute. DOA. (in Thai)

Manakasem, Y., et. at.,, 1985. Direct Seeded Rice. Extension Leaflet. Rainfed
Farming Research and Development Project. Farming System Research
Institute DOA. (in Thai)

Manakasem, Y. 1991. Temperature and Strawberry (Fragaria ananassa
Duch.) Production. Ph.D. Thesis. The University of Sydney. N.S.W.
Australia.

Manakasem, Y., 1995. Changes in Apices and Effect of Microclimate
on Floral Initiation of Mangosteen (Garcinia mangostana L.). Suranaree J.
Sci. Technol. 2 : 15-20

Manakasem, Y., 1995. Changes in Apices and Effect of Microclimate
on Floral Initiation of Rambutan (Nephelium lappaceam L.) Suranaree J.
Sci. Technol. 2 : 81 — 87

Manakasem, Y., 1996. The Comparative Studies of the Changes in Apices of
Some Kinds of Tropical Fruit and Temperate Fruit. Proceedings of the
International Conference on Tropical Fruit. ‘Global Commercialisation of

Tropical Fruits’. Kuala Lumpur, Malaysia, 23-26 July, 1996. 2: 160-167.

D:\Documents and Settings\sut01 H\Desktop\Curriculum Vitae.doc



15.

16.

17.

18.

19.

20.

21.

22.

v 23,

Manakasem, Y., Sornsuk P. and Ketudat-Cairns M., 1998. A Survey of the Status
and Problems of the Vegetable and Fruit Production and Post-Harvest
Handling System in Nakhon Ratchasima Province. Suranaree J. Sci.
Technol. 5: 95 - 100.

Manakasem, Y., and P.B. Goodwin. 1998. Using the Floral Statys of
Strawberry Plants, and Determined by Stereomicroscopy and Scanning
Electron Microscopy, to Survey the Phenology of Commercial Crops, J.
AMER.Soc. Hort. Sci. 123(4): 513-517.

Manakasem, Y., and Sawaschai, C. 1999. Using Tissue Culture Technique to
Produce Ready to Plant Strawberry Runners. Suranaree J. Sci.Technol.
6: 32-41.

Manakasem, Y., and R. Opassiri, 2000. Application of SEM for Studying
Physiology of flowering in Rice (Oryza sativa L.). Proceeding of in the 7t
Asia-Pacific Electron Microscope Conference, 26-30 June 2000, Singapore.

Manakasem, Y., 2001. Strawberry Production and Strwaberry Marketing
in Australia. Technical paper presented in the Seminar “Status ang
Direction of the Development of Strawberry Marketing in and oyt
Thailand. BIOTEC 28 Nov. 2001, Ching Mai. Thailand. 12 p. (in Thai)

Manakasem, Y., 2002. Strawberry Production and Strawberry Marketing
in Australia. Technical paper. Royal Project Journal. 6(3): 9-1¢

Wongput, N. And Y. Manakasem 2002. Application of SEM for Studying
the changes in Apices of White Marigold (Tagetes erecta L.) to Form
Flower. J. Electron Microscopy Society of Thailand. 16 (1): 181-182

Manakasem, Y., 2002 Changes in Apices from Vegetative to Flower
Induction by SEM. Processding of the 15 th International Congress
on Electron Microscopy, 1 — 6 Sept 2002. Durban South Africa.

Chaladket, P., Manakasem, Y., Sriyotha, P., Sooththumrong, A., ang
Srijakawan, S 2002. Grawth and Development of White Kwao Krya
[Pueraria candollei Grah.var mirifica Shaw et Suvatabandhu)
Niyomdham.] Extended Abstracts of Oral Presentation on The 3 rq
National Symposium on Graduate Research of Thailand. 18-19 July
2002 at Suranaree university of Technology. Nakhon Ratchasima,
Thailand. P 49-50. (in Thai)
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24,

25.

26.

27.

28.

29.

30.

Toasanarj, P., Manakasem, Y., Sookthumrong, A., and Sriyotha, p. 2002.
The Study of the Secondary Initiation of the Inflorescence of
Strawberry (Fragaria annassa Duch.) Extended Abstracts of Oral
presenlation on the 3 rd Nationsl Symposium on Graduate Research of
Thailand. 18-19 July 2002 at Suranaree University of Technology.
Nakhon Ratchasima. Thailand. P 47 — 48. (in Thai)

Thatphithakkul, N., Attakitmongcol, k., Sujitjorn, S. and Manakasem, Y.
2002. EM Image Comprssion. Extended Abstracts of Oral
Presentation on The 3 rd National Symposium on Graduate Research
of Thailand. 18 — 19 July 2002 at Suranaree University of Technology.
Nakhon Ratchasima. Thailand. P 353 —354. (in Thai)

Chalardkid, P., Manakasem, Y. and Sriyotha, P. 2003. Growth,
Development and the Accumulation of Daidzein and Genistein in
the Tuberous Roots of White Kwao Krua [Pueraria candollei Grah,
Var. mirifica (Airy Shaw et Suvatab‘andhu) Niyomdham].
Suranaree J. Sci. Technol. 10:350-358.

Manakasem, Y., 2004. Inspection of the Increased Emergence of Jasmine
Flower in Winter by SEM. Proceeding of the 4™ Asean Microscopy
Conference, 5-6 Jan 2004. Hanoi Vietnam.

Manakasem, Y. and P. Tuasange. 2004. Flowering Aspect in Strawberry
by Light Microscopy and Electron Microscopy. Proceeding of the g
Asia-Pacific Conference on Electron Microscopy, 7-11 June 2004,

Kanazawa, Japan.

| Rangsriwatananon, K., Manakasem, Y., Kidka, B. and Kongmanklang, C.

2005. Improvement of soil by using minerals for crop production.
Proceeding of “The Suitable Technology Transfer for Development of
the Northeasthern of Thailand”. 11 February 2005. Khon Kaen,
Thailand.

Manakasem, Y., and V. Chaowises. 2005. Scanning Electron Microscopy

Study on Using Ethephon to Increase Pistillate/Staminate Flower

Production In Cucumber.  Proceeding of the 5™ ASEAN Microscopy

Conference November 24-25, 2005.Manila, Philippines.
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31. Manakasem, Y., and P. Chanrat. 2006. SEM Study on the Effect of Complete
Fertilizer Calcium — Boron and NAA on Physiology of Flowering for Pod
and Seed Setting of the White Kwao Krua (Pueraria candollei Grah. var.
mirifica). Proceeding of the 16" International Microscopy Congress,
September 3-8, 2006. Sapporo, Japan.

32. Manakasem, Y., Laguanwan, C. and Kupittayanant, P. 2007. Effects of
Manure, Chemical Fertilizer, NAA and GAjz on Growth and Accumulation
of Phytosterol in the Tuberous Roots of Red Kwao Krua (Butea superba
Roxb.) and the Effects of this Phytosterol on Female Rat (Ratfus
norvegicus) Uterine Tension. Proceeding of the International Workshop
on Medicinal and Aromatic Plants; In association with the Royal Flora
Ratchaphruek 2006: International Horticultural Exposition for His Majesty
the King of Thailand January 15-18, “2007. Chiang Mai, Thailand.

33. Muangtip, K., Sakuanrungsirikul, S. and Manakasem, Y. 2007. Phenological
Cycle and Molecular Markers Classification of Red Kwao Krua (Butea
superba Roxb.) Suranaree J. Sci. Technol. 14(1): 119-128.

34. Manakasem, Y.,Chalardkid, P. and Chanrat, P. 2007. The Effect of cu®
on the Accumulation of Daidzein, Genistein and Coumestral in the
Tuberous Roots of White Kwao Krua [Pueraria candollei Grah. Var.
mirifica (Airy Shaw et Suvatabandhu) Niyomdham]. Planta Medica.
9(73): 613. 55" International Congress and Annual Meeting of the
Society for Medicinal Plant Research. September 2-6, 2007, Graz,
Austria.

35. Muangtip, K., Sakuanrungsirikul, S. and Manaksem, Y. 2007.
Anthocyanin Accumulation and Molecular Markers Classification of
Red Kwao Krua (Butea superba Roxb.). The 6 th Princess |
Chulabhorn International Science Congress (PCVI). The Interface of
Chemistry and Biology in the “Omics” Era. 25-29 November 2007,

, Bangkok, THAILAND.

‘/J36. Khika, K. and Manakasem, Y. 2008. Irrigation, Spacing, and Shading on
Leaf and Root Growth and the Accumulation of 3,7,3’-trihydroxy-4’-
methoxyflavone and Stigmasterol in Tuberous Roots of Red Kwao
Krua. Suranaree J. Sci. Technol. 15(1):75-81.
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37.

38.

Laguanwan, C., Kupittayanant, S. and Manakasem, Y. 2008. The Efficacy
of Red Kwao Krua (Butea superba Roxb.) on Female Rat (Rattus
norvegicus) Uterine Tension. The 12" International Congress
Phytopharm , 2-4 July 2008, Saint-Petersburg, Russia.

Chaowiset, W., Kupittayanant, S., and Manakasem, Y., 2008. The Effect
of White Kwao Krua [Pueraria candollei Grah. var. mirifica (Airy et
Suvatabandhu) Niyomdham] Crude Extract Containing Puerarin on
Vascular Relaxation in the White Rat (Rattus norvegicus). Panta
Medica. 9 (74): 978. 7™ Joint Meeting of AFERP, ASP, GA, PSE &
SIF. August 3-8 2008, Athens, Greece.

8. Teaching Experience :

8.1 Research Training : Supervision of graduate students, undergraduate
students and research assistants. |
8.2 Graduate Subjects Taught:
(1) Physiology of Environmental Stress
(2) Physiology of Flowering and Fruit Setting
(3) Plant Biochemistry
8.3 Undergraduate Subjects Taught :
(1) Physiology of Crop Production
(2) Plant Biology
(3) Plant Growth Regulators
(4) Landscape and Turf Management
(5) Economic Ornamental Crop Production
(6) CO-OP (Cooperative Education)
8.4 (1) Main supervisor 5 M.Sc. graduated.
(2) Main supervisor 2 Ph.D. graduated.
(3) 2 Ph.D. students and 2 Master students (in hand)
9. Awards:

(1) UNDP/FAO scholarship funding to study for the Master Degree at Los
Banos UPLB. The Philippines. (1982 — 1984).

(2) Australia Government Scholarship under ACNARP Project award to
study for the Doctoral Degree at The University of Sydney, Australia.
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€)

4)

©)

(6)

10. Members
(1)
)

€)
4)

(1986-1991).

Lee Foundation, Singapore Travel scholarship for presentation in the
7™ APEM Asia-Pacific Electron Microscopy Conference, 26 to

30 June 2000. Singapore.

German Academic Exchange Service (DAAD) award for Internation
Summer School Course “Integrated Agricultural Engineering” Facultry
of Agriculture, University of Gottingen, 23 July — 4 August 2001.
NSTDA (National Science and Technology Development Agency)
award supporting a presentation at the 15" International Congress on
Electron Microscopy, 1-6 Sept. 2002 Durban South, Africa.

Kazato Research Foundation Scholarship award to participate in the 8™
Asia-Pacific Conference on Electron Microscopy, 7-11 June 2004,

Kanazawa, Japan.

Electron Microscopy Society of Thailand (EMST)
Thai—Australian Technological Services Center (TATSC)
(administrative committee for 2 period)

The Australian Student Center.

Society for Medicinal Plant Research (GA)

11. Administrative Position

(1)
2)

16
4

©)
(6)

The Secretary of the Agricultural Institute Committee (1993 — 1995).
The Committee and the Secretary of the Agricultural Committee
(1996 — 1999).

The Committee and the Secretary of the Agricultural Committee
(2001 — 2003).

The Member of the Academic Senate of the Suranaree University of
Technology (2000 — 2007).

Acting Associate Dean in 2003.

The Committee of the Agricultural Committee (2007 — 2009).
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