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ABSTRACT

Spiny bitter gourd is an underutilized fruit crop with high potential for functional
food products as it has high lycopene and beta-carotene in its aril. These phytochemicals
help reduce the risk of cancer and spiny bitter gourd is suitable for use as raw material for
functional food products. Uniform quality of raw material is important for high quality
products and crop improvement is necessary to develop new varieties with high and stable
phytochemicals in order to obtain high quality raw material. In breeding spiny bitter gourd
for high lycopene, it is necessary to screen a large number of breeding materials. High
performance liquid chromatography (HPLC) has been used as a standard method with high
accuracy but it is costly and time consuming. The objectives of this study were to evaluate
agronomic traits, total carotenoids, lycopene and beta carotene in a segregating breeding
population and to investigate the relationships among methods for these phytochemical
analysis including a standard method by high performance liquid chromatography,
spectrophotometric method and color parameters (a*, b*, L*, C*, h°). The research project
was divided into two parts. In the first part, agronomic characters of spiny bitter gourd
including days to fruit maturity, fresh fruit weight, fruit length, fruit diameter, seed number,
aril weight, aril percentage and carotenoids by HPLC method and color parameters in a spiny
bitter gourd population consisting of 41 F; hybrid clones and 2 standard checks. In
experiment 1, [KKU ac.10-086 x KKU ac.10-093]-15 had the highest agronomic traits including
92.5 days to maturity, fruit width of 13.1 cm fruit length of 9.5 cm, fruit fresh weight of 607.5
g, aril weight of 176.5 g, aril percentage of 29%. The accession had rather high days to
maturity and high phytochemicals including 1399.0, 389.3 and 1789.0 ug/g fresh weight of
lycopene, beta carotene and total carotenoid, respectively. This breeding clone had high
days to maturity, and the clone [KKU ac.10-094 x KKU ac.09-008-4]-1 had high total
carotenoids (4180.0 ug/g fresh weight) and high lycopene (4015.0 pg/g fresh weight),
respectively. This clones had small fruits, low fresh fruit weight and low aril percentage, but
it had high days to maturity. In the experiment 2, the study was undertaken to determine
the relationships among the methods for lycopene analysis (HPLC, spectrophotometric
method and color parameters). Spectrophotometric method (method 3) using n-hexane :
ethanol : acetone (1.5 : 0.75 : 0.75 (v/v/v)) had the highest correlation coefficients with the
standard method for total carotenoid, lycopene and beta carotene (r = 0.93, 0.94 and 0.92

respectively (P=0.01)). The correlation coefficients between colors values (h°) and



determined by HPLC aril spiny bitter gourd were rather low. The h°® value had positive
correlation coefficients with total carotenoid (r = 0.42, P=0.01) and negative medium
correlation coefficients with lycopene and beta carotene (r = -0.53, -0.47 respectively
(P=0.01). Spectrophotometric method for carotenoids, lycopene and beta carotene analysis
is compatible to HPLC method. The information obtained in this study is useful to increase
the efficiency of spiny bitter gourd breeding programs for high total carotenoid, lycopene

and beta carotene.

Key words: Agronomic traits, Breeding, Carotenoid, Indirec mesurement
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AW 5 ANV INENFIWINEIVOINE fsedl (1) = naw; 2) = % 3) = 3p&ES: (@) = Tuhe:

(5) = 91919 wa (6) = NINTTUDN (U998 warAMY, 2555)



RS R6 R7

AR 6 WALINSTRINATint1IsEER19e Usynaumiy Rl = ssuzaanu1y; R2 = szuesile
mawaLﬁuﬁuagﬁQﬂawq 513 R1-R3 (Uszanay 3-5 wihwessale); R3 = sveewuny
Wasuadudwdes usinadududiden; Ra = szosinvesmanavrunuUasudiiud

Wides; RS = s3ezanuAn1eessine (physiological maturity) Raveawaludduuns;

R6= SzevanuALiu? (maturity) fnveswaduduns uaz R7 = szezanuniAuly (over
maturity) dunaldandanauazusnaiivemaiiaafutdeuadudinanied

(U597 wazAedy, 2555)

wan findnfwdadszana 30-50  wissena waadsunsinan Junsss ey
N A - v < % SN o a & = 4 a =
JUnsenas ddnvaruuuioniuwdauddids Rundadarevgvsenseiabey (i 7)

9oy kazAuy, 2555)

29 7 dnwauzludavesiindnd (1dey wazmne, 2555)



2. gsdAgylunguualsiuaen
2.1 lalany
lalaftwduansiueyyadaseiiazateiild wazdnegludinvsenalindduns
lalafiuduseninglunguaesualsivesdludnuazuald 1wy uzdome wnsly ojuuny waz
2 v & aay v N A a &1 1 o v o g v
uzazne Wudu 1uassssuvanlaaniiwiidudseleosidesninie leaviminduaissiu

aaa a

Ufiseneendndunslussuvenmswazlilyssuvems Gan, 2543) wu daume sioumnunle

S A

U siaugnvun Winuw fugeu wazRants Wesnlalafiufilassasiduanadulynse way

=l v -

& A N D e = ™ PO, o Aa o o § v wa
Juansilifividagedulalid anslalefiudlessadmneaiindussaaduiu vlvliaaauds

1%
[ [

Tupsiluansiusendinduiniiuszdnsnngeisanunsadudsoyyadase virliaunse duds
! 3 < 14 v O a LY <
NSUNINIEAINvITAGNLSIlA waranunsadudinaiinlsniile waglsaugiie (Takeoka et
al, 2001)
lalafiuduansifidunsdy wunnnlunsdowma wazdanuldluuwnsy ojuuns
uzazne waznisduas iunalsiivedannuldunigalunszuadon enanuiiunudug fe

WU dume aauvaInla AU AaugNuaIN WuY dudeu kaziintl iesinlalafiud

o
v =

Tassaduanafuldnse waziduansiilifitrdageduldlsid udfriunisugeseniuiou
weazaadulea (Gartner, 1997)

lalafiumunsodudioendiaundsaugs (singlet state, '0,%) ldunniigeilu
ussmaanguualsfiussddeiu uazdudimaunsnszineveswaduniidldfininiaoariun
Tsfunazudualsiiu uasaniilalafiuanunsadudinisinlsemlauaslsauzsdaonis

aaa

guganisiinufiseneendinduveslufiuuumaiusuras DNA 5399 LOL wagluianadu q 7

aaa a [y a

gnihanglameuisereendindu Inglalafiusviueuyadasvuazlvaziiunnulilung
Lﬁﬂ‘dﬁﬁ%awmaﬂa%aﬁaiméwﬁu (Di et al., 1989)

fs1sauidoiinisandnsndsslunsfnuziSeieugnuunn uziieen uay
1L59N5ENEM5 (Rao et al, 1999) HauduiusednslidodAnyiunisSuusemuuzide
wie dmsumstiostulsaiila (Aganwal, 1998) wuingusegsiidlalafiuavauluioibo
lusuluyszanageaziisnsndsslunisiinlsamladinnas (Bramley, 2000) (Clinton,1998)
lalafiudeielosiunmafneendindu Suidasninnisnszduresnasuuimiuasinadind
13 waualsiiu waglunisveaedilalaiiulusvresomsesudunaininnit 1 dans
nuszdulalafinlunszuadonfintu wavannisifa lipid peroxidation uazn1siineend
WwAes LDL eehefiduddey (Arab, 2000)

2.2 \whuAlsiiu
winualsfiuuaginmiuie winualsiunuinnluiivifidvdes wazddy wu

WuAsaN MEnN1awad uziowme Wudu Wuaisaesulunisdaunsizmaiue Tngsianie



uywda1usaldsy 9-cis-beta-carotene luiduinfiuendunazaldaoioulel 15,15-

[ 1 =3

beta-carotenoid  dioxygenase %ﬁmﬁmaLﬁuaﬁsﬁﬁmmﬁm@mamiuaﬂmu N198319
adsu nsafrensegnuazily nsgeuumaioide uarguaInveaiangI (Naves  and
Moreno, 1998)

weanualsiudlglunisinuilsavnevia wu 1sansean anuialnfves
Rvifsdudlennainanulisenas Famsiitimisdanulhdeuasaznszdulsitinsasimelyl
31 (porphyrins)  ARmsdsazgandundsnuainuauagsinliiineyyadase fazidnld

=

answaduavyinliiAnmssniauveaiede mslasuuaualsiiu (Pryor et al., 2000)
uelsfiuasddsanunsatedesiulsaiila lasnisdudamainujisenoondiaduves LDL
nsfigrdiduansdeendndureauiualsiiuuazualsiiuesdiidu q uazdigisandna
nsiAnlsausds Falrenuieituns@nmnuiy lunmsfuusemuin waldd Adualsfiuesd
TuduageasiimuudsunduiudnsinisiinlsausiSelen vaonau nseinzemnsadld

Inay §5lU wazme (Naves and Moreno, 1998)

2.3 Uszlewilvasansualsiiuaen
walstiuesndusininginulupaslsnanas (chloroplast) wazlaslunanas

L3 =

(chromoplast)  wasualsl aanlsl Tuvesiis Hadamuldludnd yadniidnaseiuadduay
awde Tualsfiuossinin 700 Tuanaiinsiaaeulaseaindld uazwuinlulusssumd ualsi
useAlufivazgandundsnuuas edsielvinaslsiladlunszuiunsdunsesinas uazdy
iiufsdgansilaloian Ssuntesiivanuiiieneendiatuduiilesainuas (photooxidation)
wazdstlaafunisiansiwadaneyyadass (free radical) ualsftussuniosfivluaniizdilsl
angan [WuAaUIALKE M3onsEnuiuuaILAneE1TuLS Welosiunisinideuasnis
YINaNgNLAILARN (Demmig, 1996)

uelsuasdnguusn Mogrsualsfiuosdlundud ldur gftu (utein)  Sueuiiu
(zeaxanthin)  uazuwodn wyuiiu luanaveualsiivesneiadudunss nululalaiiu
(lycopene) wsotduraumiu (ring) Viﬂaw‘[%aﬂmaqa wulutusualsu (beta-carotene)
aunsaduunualsiiuesnidy 2 nqu fie hydrogenated  uaz oxygenated carotenoid
derivatives I@lEJﬂEle hydrogenated carotenoid derivatives ﬁaﬂajmmiiﬁu (carotene)
Huluanafiuszneuseaglelaseiueu (hydrocarbon) il dumsluifidanazarasldly
Tt ﬁaasinumhﬁuaaﬁiuﬂfjmﬁ TowA wawalsu waz lalaiu Wudu (Stahl and Sies,

2003)

=b.

dundun 2 Ao nqu Oxygenated carotenoid derivatives vsenguusulnilad

(%
= = a

uilermeuveseendiauegluluana Jullvaunniuazavargluluiuldios

Qe

=

(xanthophyll)
A1 (Stahl and Sies, 2003)
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SR N N N MR ST N TR Sy

Beta-carctene

Lycopene

A i 8 lassasemaaiiaes hydrogenated carotenoid derivatives (Stahl and Sies,

2003)

eOH

HO
Lutein

OH

HO

Zeaxanthin

OH

HO’

o Astaxanthin

A 9 Tassadamanives oxygenated carotenoid derivatives (Stahl and Sies, 2003)

2.4 YSuadslalanunaziuaualsiiuluingna
MAmMsilasgsiualsiiuosduazivlailsealudorumdauazilonfnvos
flndn wuiluBeruueiiualsfiussdimualutiina 497 lulasndu/ndu Fafilalafiuog
TuUsina 408 lalasndu/ndu waztudualsiiud3unn 83 Tulasndu/nsu udluidefind
fgavinlatisealuusunm 76 lulasnda/ndy fuelsfiusssianuaU3una 5,700 lulasnday/
fladans Swdualsiusin 2,710 lulpsndu/fiadans ludulidus 69 wWosidus uax

polyunsaturated 35 tUasifug (Vuong et al, 2003; 2006)
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mMslnsziualsiiuesdluboruadn uanidefindnvesiindnn Taensarin
LazAN3Y saponified wuiannsafinwarAnsYi saponified Tuderuwdniindn Tlalaitu
waziusualsfiuganindefindns Sdunisadmibofumdaiind1n 1 n¥u flalefiuade 310-
460 lulasn3u wagiiudualsiiueds 60-140 lalasn$u wagn1vi saponified Tuldovy
wanilnd1n 1 ndu flalafiueds 300400 lulasndu wardiudualsfiuads 50-110
Tulasndu waznudduey funaziuiadulausufiuuduiudiunn danasuszuna 10
Wosiudlunisvi saponified (Aoki et al., 2002)

mslinginsalusiunazualsiuesdludevuudavesiindny wuindesu
wiaUsznauselalafiufifl trans isomers U3unas 1,342 lalasnda wae cis isomers Usuna
204 Talasndy wazUSunadlalafiuravun 2,227 lalasnda druudualsiiu Ussneude
trans isomers USuae 597 lulasnsy wag cis isomers Usana 39 lulasnsy wasUSuna
winualsfiuimun 718 Talasn3u waswearualsiiu 107 lulasnSusermidnan (n3y) dau
Mamsn Usznousousualsiiufid trans isomers 11 laulasndu waw cis isomers 5
lulasnSuseivdnan ((3y)  wavweawwalsfiudsunandnies waswuinldiflaladfiv
uaﬂmﬂﬁﬁaﬁmmﬁm Usenaume fatty acid, oleic acid, palmitic acid wa¥ linoleic acids
U 22, 32, 29 war 28 LUasiHud mudNsu LWAR (seed) UsEnausie stearic acid,
inoleic acid, oleic acid wag palmitic acid 31U 60.5, 120, 9 wag 5-6 Wasldus a1ua AU
(Ishida et al., 2004)

myinnwilalsiuesduaginlaiisoaludevuudauaziloainvesiin g1
wuiludorfundaiualsfiuesdiomnuiinu 497 lulasniu/ndu deillalafiuuium 408
Tulasnda/nda uasiudualsfiuusina 83 lulasndu/ndy uiluidledindniisar-nlafisead
Usuas 76 lulasnsu/ndu (Vuong et al.,2006) waznsalusuiisnduluiindy wuinfindnd
walsiustimuad3una 5700 lalasndu/fiadans Swdualsiiudiun 2,710 lalasnsu/
fiaddns lufuliidus 69 wWesidud uay Polyunsaturated 35 wWasidus (Vuong et al,,
2003)

3. N19ATITRUSUNUaISHALSTIuReR lalAany wasluAwAlsiiu

I s

nsaiaualsiveendiliiisnisvisewaiianuiueu desniunuladunalynodia 1

'
[ a o

gaumgdl ua wouleyl SngAuilidesiinman lufldauiiiide lunsadedseamdnides ie
aAN15LANEONTLATY 1ABNISLANEITLOURBONTLAUR Ldu BHT (butylated
hydroxytoluene), BHA (butylated hydroxyanisole) uag alkaline carbonate Tu
nsvuIuMsaEle feumsatndesiduduiivzataliuiudng nioumdunaiiel Fie

1 [ Y Q) Y 1 v aa aal [ 1 i
ponsana ondusegwussinidiouledlanenddua (lypoxygenese) WWudiulsznounog
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1 =

annewinnsana luillaeaniidiulsenauveinegglasatgludiled uavualsfiueyn

faaunsaannlaniednrinaraiedunsdlavane1sin Wil acetone, methanol, ethanol,

[

= =

hexane, diethyl ether %3p3gNaNFIYINAZA185EWINN acetone Wag methanol &4

v

wegiy
yiinvesingiu waglumsatnaisiedinmaia ieannndouvesnalsiiuesdfiinain
oulwsinioandiau (Gross, 1991) 39 Rodriguez-Amaya and Kimura (2004) $78397ul397
msafaualsfiusesdunsiimsldiyiazareiiannsossmeld faaidonsh 1wy petroleum
ether fi9ALAoABEYIN 35-60 BIAALTEE acetone, methanol ka ethanol lun1sarinua
Isfiuesdainiieidefivaasasiliidedogniareniounnsen dslumunaassves
Rodriguez-Amaya  and  Kimura  (2008) l#imsvinidedefialiduieieaty
(homogenization) lugvhazanesewnsosiulni (electric blender) d1dognefifiusuna
Yowonavinnisua (grind) Waideluerdlaudenseazenn Feszansammsannesldfiin
Tumsnsénileunistiu (agitation) sefvhazaneiduusunsnsanisldmrhazansdeusiad
UsyAvEnniiand waranunsoadneldainmansesosudsindond dauluaiindn 2-3 ade
dmsugaaunssunisafnvuinalug fshazatefithunadnalsiaududugs Henry,
1996)

miLmIsﬂuawﬁmmmcﬂ@ﬂﬁuﬂﬁuLLaalé’wawstzj'Nmmmmé"uﬁsﬁuagﬂi”Uai’wmu
ﬁuﬁngﬁl,%wiaﬁu (conjugated double bonds) warlavasansinazanedaiunissuun
wiln vosualsfiuoyamsltasazateuini 1 ¥ia (Goodwin, 1967) 38n153LATIzAUTUR
walsfiuesddedonfuogrsunsvanedl 2 38 Aenisinsziansielasunlnnsflveanan
a570Uza3 (High Performance Liquid Chromatography; HPLC) Wagd3n15insgviansnie
msi’mmi@@ﬂﬁmmﬁaEJLﬂ%ﬂ Spectrophotometer (Rao et al.,1998)

31015351z va1sunlsfiueed lalafiu waziudiualsfiudloindos

Spectrophotometer

wissaUnlnslnlaidines Ao N1INgANTULAISONITADINIUYBILAY Laed

£ Y

a13uTgnsagaeslinuantilun1sgandunatgeganainuegndimimisvalediniu

=

Juiulaseasnusalsurazuiln 1A309 UV-Vis Spectrophometer @unsaintugaeadu 200-

v A v a

800 wnluluns Peegluyrwesseddansliloanuaridida aunsadwunviinvesasia
= = a a x a d‘
\eanniimaiudeuuuasanugesdiinaseuiiuangn (valence electron) 1nglinannnisd

A U a Aa ¥

amsdunidgandussdsanihleanuieidiladnly vilididnasouresaisdunidivasy
amugld SsnsBeuaniuzfazuanisiuluduiurdavesan sBusdilindanulumain
Huuaufiganduuassiisfirnsenrduuansnaiu (Owen, 1996)

drulszneundnueunies UV-Vis Spectrophotometer Usgnausie

1. unadsinllauas (light source) deuldag 2 unds Ao unaariiile
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o [ 1

uaanraenfmelsudmiuTntiaaed (160-360 wilwuns) uagwaeavisaau d§miuin
Frmdudanslalaantaldila (200-800 wnluluns)

2. Monochromator fie d@xwuiiviviilunisuenesdusznoureuas
fnrweneduseidesinaefuduadifiaugnaduien

3. fiussgansdiegng

4. p30ATzALE (frequency analyzer)

5. LeesnT293n (detector)

3.2 M3AATziasalelasuinnsnlvesmviatanssauzgs (HPLC)
in3edlasinlnnswifivesadaussauzgs (HPLO) iuadesilolddmiunis

wonansusznaviiaulaiinauegluiedns Tnonszurumsusnarsusznaviiaulaaziiniu
seminala 2 wa Ae Wlaegfuil (stationary phase) 1130 Aadul (column) AuaLAdewT
(mobile phase) Fvargnuesnsenulunamiiissfulasarsiignuensenunldiazgnasiate
Funnaseinsaiadyain (detector) wardugnaiituiinldaindnsainaeidnuue
Judia 13endn Tasuilawnsy (chromatogram) (Jone, 1991; 441/, 2544) Falunshnsen
HPLC mmwwmaaﬁ’miﬁﬂgﬂ@mmmw (qualitative analysis) wagziaUsu1al (quantitative
analysis) Insm3aUFeuiisuivansuinsgiu vy leuldieseiasusznouiissmesnn

A A

(low volatile substation) 3eilminlaanags (high molecular weight compounds) R

¥
=< 1

I A a 1Y) = A a &
nsuenansilunaanusaiiinduseninduianavesansiulianaveaa Fauseiliimduuss
INAUNUANI AT WAL NYAINTENINANSAUNENIEDS MATANTTDRA AD YINLAAINITOIATIZI
Y 1 v a A = I~ [ wva a & a (7] v < 1 o a
fregebavatesie wIaelotduluudnlul® Awsierusunaledne Tanasy wuludwasdl

Usedninimas wilitelde Ao sianAeutaLmsasldausuazAuduyadlunsins e

s
a

3, 2541)

o

(Andan
dilsznounanuaan3ed HPLC Usenaume
1. Mobile phase / Solvent (Reservoir): @vinazateiilglunisus

=) Y 1 Id = A Ao [ o v o v 1 v o
wIokunfeg1s Iuandeun danwaeidureaunal utinlunsuiasiegaazaivii

[y

avaneiigulanegfunnussyeglunedud deanszuiunisuenasiinvunielupedul

EREEET)

Y v

2. Pump: vhmihiidsfinazanedevimihidumandeudiing
3¥UU HPLC

3. Injector/autosampler:  Vmthiilunisdnansdaegiadnszuy
HPLC

4. Column: meluussymeladiegivi fdnvausluveaduie

Y

198 M lAmiansEUINNIsuenasrUsEnouresasaula TnenssuiunisueninTusenInana

[y

madeuin fulainediun



v o

5. Detector {Jusnmatadyaias vmihilunisasaninduao
vosansfiaulafilgannnszuiunsuen amsesiil Detector 3 olin fo Photodiode array
Detector, Fluorescence Detector LLag Refractive index Detector (ysma, 2544)

3.3 AnuauNUssEnInITiaUsinalalanunaziudiualsiiudae HPLC wag
Spectrophotometer
nsimsziviunaenslalafuiuiiaideeduninats 2 38 denns
Ans1gnarsalelasulasnsiveuratanssaurgs (High  Performance  Liquid
Chromatography; ~ HPLC) LLaz"i'ﬁms‘imeﬁmsﬁ’hamﬁ@ms@mﬂﬁuumé’wLﬂéaq
Spectrophotometer  lagvinn1sAnwnussuisunisiasizilalaiuluuzi@omenas
nandusuzdawmalaglineaiin HPLC wag Spectrophotometer wui1 Usinauanslalaiiu

E 24

Tnafunndnefuadefios 11 wWesiud windu den1siiasrevianslalafiulneld
Spectrophotometer  umaiafiieuarsinsaniumaia HPLC @9 HPLC wadaiil
UsgansamlunisuenansuazUsdansfidesnsinseilaaniiuasiisiaunenin widy
wpdafmngaufumsinseiivdudsssuasdenisuaisangs suiunsidenldianis
Ansgidetuagiuingusrasdvesnunnass (Rao et al,1998)

Meléndez-Martinez. (2011)  lé¥ian1sAnwiniisnisimuazanlunis
Airswiansunlsiiuessaniinaliifiiiady Ingldansatnae hexane/methanol/acetone Tu
§n5du 50:25:25 (vAV) SaRU 0.1% BHT 13 1 4alus udthlumidniilneia
ethanolic KOH (10% w/v) neldgangiivosuasesiiliad wdrdair 4 ads winily
svmeteenluRs ndentuiiy acetone:methanol (1:2 v/ @il 0.1% BHT) u&atinns
Jpeansualsiivesddne  HPLC  lutierdunasfiunndnsiunasituvdaineiu Ae 420,
455, 515, 545 way 610 wiluwnslaedfundaduden dwfinugnaay 420, 445, 510,
545 way 605 uluwasiundaduden wuindinuduiusia Weswnildn R = 0.94 uay
0.90 fudFU FernnsAnwiannsaihlvldamuauaunwazUiinuasualsiuesdly
MIYuERS N BRRaMNTIH WIBluNTasNHEANAITINITINYASLABNAIY

Kubola et al. (2011) wsaumieg1sin1nlusseznasou (Nadlden) Seaeng
N (Nadmded) szuzragn (naduna) lasldansdvinasatevieansainfe hexane/ acetone
Jethanol Tugnsdru 50 mli 25 mb: 25 mU 1480819 0.2 n$u ivasasafiwIeuls 15 ml
Buthazenaslunasnaiaiiodnaie acetone uaz ethanol asafnavuendy 9nduLh
ansafaiiogaruuunn 10 ml dluszmeliuis 1ng38 evaporated Lileusiaudaiia hexane
4 ml wdInseeiu membrane filters 0.45 pm Ui 20 um Wluasiasagae HPLC 7
ANLEMIAAY 475 nm. wuiUiinuaslalafiulaziuiuelsiiugeiign Ao Wevuiudenia

wasdl dnluldennlfvdoenuindusunueansgiiugdian
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Nhung et al. (2010) tilni1iszeenagou sevanUIunany Wagseuggnin
WudgniAuld 1 uas 2 dUavindrniudeanun 02 n3u uafu Magnesium carbonate
(MgCO5) 15 ml ¥81iu 3 afsuninaveadeiindnavdnanas mntudredelsiiounas
156 3 ads easafausnduiuwdiithasadndiuiiogiuuulssmelyiuis (evaporated)
dloansatauiud liAuaissvhazals Dichoromethanec uas Methanol (6:4) 10 ml
LasUSUUSINMIAY acetonitrile 20 ml 9t lUiAsIEd HPLC 20 ulfieuennau
450 wluwns wuiilndmfigniduigniuliduna 1 davidaslalafiugeanoed 3.728
mg/g fresh weight mslaiﬂﬁuuazwéhLLﬂiiﬁuqaqmagﬁ 0.379 mg/g fresh weight d@aulu
findfgniivlifune 2 Unsi Tusawesanslalafiuuaziudualsiiuegluyiunaii

Aok et al. (2002) Faderumdaiind 10 nfu/hwiinan uduslagld
hexane uansdvhavaneviearsadn G4 hexane Tuusua 4 whweade unaudvende
sudaiind1nfidnansas mnduiansadafildluldlunsiowen udauiu diethyl ether Tu
Ui 4 wiweade wniudadelufeunanlsd 3 assdeansataileglunsisusnasinnis
wendufiu Wiy dichloromethane 4 ml ﬁ]’mﬁ’uﬁwLawaﬂsaﬁmﬁag%ulﬂizmaiﬁuﬁq
(evaporated) \iloansatauwiaudliiAn diethyl ether wazU¥uu3unsdae acetonitrile 20
ml 9niuilUAinsgst HPLC Wudﬂul,?iaﬁ:uLmﬁﬂﬁﬁﬁLLmﬁU%mmm'ﬂaIﬂﬁu 380 ug/g
WAAlSAY 101 pg/e %aqaﬂdwﬁawmLﬁaﬁﬂﬁnﬁﬁ%mﬁm ffsunaanslalafiudios 22.2
ug/g hazdiudualsiiu 0.9 pg/g

v

Vuong et al. (2006) Tinsviviinaansualsiiuesdluiing1n Tnglddevu
widn 0.05-0.075 nfw/iwiinusis 19 tetrahydrofurane (THF) afin 3 as audiBeriuudndn
99 whaiasofe hexaen 3 ads udufuluiounnolsdiieludsansadn Woasaauen
fulihasadafoglduuadudmesmaensuluiesgiviinaualsiiuossde HPLC 7
augad 475 uiluuns nuirludedundaiiualsfiuosdviomualuiunm 497
lulasnsu/n3u Feillalafiueglutiunu 408 lalasniu/n3u uaziusualsiiudian 83
lulasnsu/nsu

shida et al. (2008) tudefind1nun 0.2 nu dniinan waufuatsdh
avany hexane/2 propanol (8:2 v/v) s BHT 50 pg/ml. LLé’aﬁﬂiﬂﬁmﬁqmmﬁ 55 991
waidea 30 Wit andutildwen (shceking) 10wl wdadedelnfounaslsd 3 asq
thienansadafiegdulspimeliuis Taglduialulasiou ieasatauiudalify diethyl
ether warUSuUUSINASHY acetonitrile 20 ml. R nduthluiinsest HPLC wudwﬁaﬁmmﬁﬂ
Usgnoudglalafiuionun 15465 - 3053.6 lalasniu/nutmiinan Usmnaiudualsiy

P9UUA 636.2 - 836.3 lulAsNTU/NSUUINTNER
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3.4 MsAnwanduiusvasasuAlsiveeAuasAd
dfanuddyivsuenfenunmiazauaTANIIN s NYDINERTUe D11
Msueafiudrese s inanssningudadieg luewns Fessainguiasiieg fauanansa
Tunisagvieunaseanulutiannueneduiinssdulisiurieglunvesauisueaiiv o

o v 1

Tutas 380-780 uiluns Juegfusuauiuszafidonsaiu (conjugated double bonds)
Tulnssa$anagviavesasvitazanedly Tuvusifod funalsiiuesdiinsganduuasdingy
unninsfutuegiulassadauasainvesiaiazats mulssunienisadainaselnseads
WALSAUBEALANANGAY %qazaiwai%miaﬁuaaﬁﬁmsamﬂﬁuLLmﬁLmeﬂﬁ’u (Moore et al.,
1995)

msinAdanunsadala 3 syuu Aeszuu CIEXYZ (1931) s¥UU Hunter Lab
(1958) waysyuu CIELAB (1976) %aLfJuiswﬁﬁaﬂ{ﬂuﬂﬂ@ﬁ’u (Pomeranz and Meloan,
1994) szuu CIELAB Usznausmieal L* (lightness) LanImIAINEAINg Faust 0-100 (Eeh
WINAU 0 Wazdvivindu 100) A1 a* (red) WaAIANENNUSVOIEUAY/ATYY (@*+/-) A1 b*
(yellow) uansnuduiusesdindoy/aindu (b*+/-) e C* (Chroma) AAnuduvedd
(a*2+b*2)1/2) wazA h* A199A1988 (hue angle = tan-1 (b*/a*)) (Macdougall, 2002)

Batu (2004) T189 UAEVRINANLUBINAAR df1 a* /b* aglugie 0.95-1.21
uag Shalin et al. (2004) T1eUHANIANYIAIEYRINANEITBWAAA 2 WS WuT1e a*
WinAU 24.1 Wag23.1 A1 b* Wiy 20.5 wag 16.8 wagAn a* /b* wndu 1.2 wag 1.4 sy
Wug Aranca uae Excell mudauy

W3 wazsaudy (2554) T9@nwinen L* a* b* vewwdndaeisensosind
Colorimeter 8%® Minolta §u CR-400 Tag1 L* uAInmaI1e (ightness) a* lurduns
wazdlTen (redness/greenness) Wag b* Hurdmaeuaraiigu (yellowness/blueness)

L* AoA1A1uaI1e Aregluaie 0 fis 100
a* fardunwaziiden e a* Savinduduns wazidle a* WHudn

I~ a a
aulduaen

v '
S o a IS

b* Aerdndeawazduntiu e b* Tevandudindes uazile b*
Duaraududuntu
! v o & v ) o . . Y oA
Aoun1sindnnaseiesUsuninsgiunIes  (calibration) lagldurudua
1M (white blank;Y= 93.60, x= 0.3162 waz y= 0.3326) Lad3¢inAdf0e19 lagi
maghadfindy 20 ml ldlu Plate viegenatadinla wawinisinadlussuy CIE L*a*b*

d{l o 1 O 1
WBAMINMIAT Hue (H') 91ngR3 Hue= arc tan (b*/a*) uagA1 Chroma (C*)

2ngns Chroma =+/(@*2 )+ (b*2 )
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Tapthiegrudeiuwaniind1n 3 niu Tdlu Plate wanadinlavin 4 91 udwinisin
! P o ! 0 !
Adlusyuy CIE L*a*b* Liief1wimiA1 Hue (H) 21ngns Hue= arctan (b*/a*) uagn

Chroma (C*) (fiauUasann WSUAS waysade, 2554)

=) I

0 d! U o ! 1 i 1
Hue (H) 3adusvaviissuinddsumisegilalunsiniineduesmeiy

9

= tan-1 (b*/a*) - (1)

90° wansIndudraes

hO
dle p°
hO

180° wansindudiden

(%

270° wansIndudu Ry

o

h

h° = 0° wansdnduduas
AwIAN C* (Chroma) Jaduiuaviivansdanudusivesdniuans
C* = [(@%)2 + (0%)2]1/2 —omeememeeeeee )

= LY v 6

Seroczynska et al. (2006) Anw1AUFURUSTENINEADN winter squash
fuvsinuansualsiuesduaziumuelsiiuifiegl Squash waan e luldlunsusuuss
ugldlunisAaideniiug Squash deldvinisitastesivsunarsualsiiuesd Tasld
spectrophometer finuerdy 450 wiluwns warnsindnendisin3esing antu
AMUIUMANELNTT 9INaNNTT CIE L*a*b* wazlae A1 a* wansarmuduiusussialsiiuses
favun wazAvasuiualsiiy Sauaga ot daeuduitusgedian asdauduiudiuen
b* fish FarnmsAualaswnualuaunis Lxa*b* Ainudn anuduiusvesdnen Squash
fuvsmnasualsiiuesduaziudualsiiuiifoglu winter squash naan laiflanuduiudiu
vievsaesdnvariuiudaseroiuesuneladn dvewmen Squash TiauTlldmnemy
Tagfiviinaunlsiiuesduaziuiualsiivesd fiasdosdivunamnauluse wazd3unm
vowalsTiuessuavuiualsiiuiifienduusyanSanduiusunniilen b* femnuduvedd e
b* fiAngaiian uansitAuduusYeInen winter squash fieudususuiuySinaualsi
woelunsaulnefituddmneadn fszdunnudesiu 99%

Rachel et al., (2009) Anwmuduiusass Lxa*b sewine aitudidvea
finvestuusunaansualsiivess luflnvewway Squash wisldUszdudnuazusunaualsi
wagAuaransatlUldlunsuSuusiugiinneuwas  Squashlaglavinnisiasieiusunn
asuAlsiuees 15kl HPLC LaaAIuIaiAIaun15anaun1s CIE L¥a*b wuin a* 8@ r =

0.91 waz b* A1 r = 0.87 FINNNSANYINUINABALUSUIUVDILALSNUBEALANUFUNUS Y
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Fandwisnie uwavausahldiieussdiudinaasualsiivesdlunisdniugaesiinnes

way Squash lamely

4. n3aenananeaEiugnITNvasaslalalunasiudualsiuluny

ANNENSAtUNNTEIENeARUINTIH (heritability) anefia AUausavesdulunis
LERDaNYBINYENAIUANAI BUTL N TUNTTlUEBnTunila (ngug, 2546) Badnwy
medSunaiugnAIuAmeBuTuIuinndnansenuntadunislukasUadunieusangs /i
Tinsuanseenvesdulaesiuiinuwlsusiugainiunilaludadniunile dwluauanunse
Tunsaeneaiugnssuludnuasyua wiwendu 2 wuu laun Adnsiiugnssunuy

g . .l 2 ! U U
NI (broad sense heritability, H ) Wag AI9ATIWUTNTIINLUULAY (narrow  sense
. o 2 ! v £ 14 = v 1 !
heritability, h" ) lage18ns1MUENTTUKUUNIN AREATIEIUTENTINNAINULUTUTIUNIY
WUFNTIUMUARDAULUTUTIUNFLNALANIINA N1501599TIAALUUTUTIUNIRUGNTTUL
ssfivsiugnssunlillanavinuasidunauan dwsuiugnssuiilildnavinaiunsarianisalla
a v LY s IS ! U = v A v A a (Y ! [ d‘
gz duniusvesdundazitanusadsululadosiuiubunsiiaiy diuiugnssud
Juwauinanuisomansalligunsizdnuazesgnivegianasenitaieniuwiiaue uay
dmiuadnsiugnssuwuunay Aetduariugnssuiidwialdandnsidiussnineminy
wUsUsuliesandvsnavesdunuuuinsennuilsusiundunalaiavun deudsediuie
AnwufAsevesBuiilunauin (additive gene action) (Ngug), 2546) AITUTRIIRUTNIIY
Jadummmuaanudniiavesinuiuueiug Jadnusulseiuganunsafivisoananuaziuy
s =~ o £ Y a aaa a W @ =
wnteeiiieals wazanuuUsunudusgivanuiuasuisenvesdu dnsiugnssududu
anwauzlanfiIveIlsyeins Jaliuselerilunisledarunvesniuuwlsusiuniaiugnssy
WatTguiguiuauwlsUsunmun ety a1uisaituieauniniilunisdagen
WiseNIInevALeIanIIAMGeNta (Wseng, 2525)

Tomes et al. (1952) @nwimsuiuugsiuduzilioma 4 sianiiefidindvasualsd
uoaALANANNTU Loun uziomaliladung (RRTTLD), ugilaineiilodnaos (mTTbb) wag
NzLI9INA beta-orange (RRTTBB) Tt 3 wlintinanonisidsuiuaslususuiuees
arslalafiukaziudiualsiiu dauvdad 4 AeuziBawmeddu (RRttbb) Fa1du zeta-carotene

d' [ v I " A 5 a ! ¥ U !
wag prolycopene Lilanauiugiuutuwandluusilomans 4 sllanuinla 6 wuglugu F

] 8 & Y1 o o a X = 1 a =
wagluiu F, Aviulaindinisnseanedifiaduresdannnismiuaueeadasevasdu R, B uay T
FeBu R wasT vzdinmsuanseanvasduinuluniuadl Bu R Wudufiauaunisnanansissiu
walinsiudsina dwdu T uduinasudlussuy Jubilee  daluszuuveslalaly

waziuAualsiiu wazdu B udiiwuadadiuvadlalafunaziuiualsiiu Aozluusing

8u R uwazT FalumsimuadedmaiiezegiusunauasdndiuvesBuiiniuau Aldun rtt
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« = v

way rrtt WewWleuiu RRTT waz RRtt lunsilewmadidlefidune fadudvesanslalatudy
Aa o o ! v a a v Y a a A & v o & &
ansnguAlindfny weasiuanalsiiu (Fdu) denslsunavedliieadnias Metn1sinile
o a' a & A ay O X v & a
uzWowmezasudlududuns visedduuuiuavedfuiiugiunisniunuvedu B
Stommel wag Haynes (1994) Anwin1sangnenanwaguasalsiuiialsiiuwazlala
= & e = a Y ! a a
TulunzWeaman@nw1annusewng Fy, F, Wag BC, BUARINMISHaNiuUgieninausomei
finarduddunduiugin fe Lycopersicon cheesmann  Riley. iU ugiliananug L.
esculentum  Mill . Taiinsdnuenduemalivaziesidudiveauiualsiuniaugaiu ves
U3g91n3 Fy, F, Wae BC, N19199883UnUU09n156aRI00N V08 UeY NIl Uasidudvadum
N A ] = Ny A ¢ & ¢ o a | a =
wAlsAuiigs waznudntunsiomadduiiiosiduiiuiualsfiugs nuiivsualalalu
waziuauAlsiiu Tugu wWe-wdl F, , FuasUszwins BC,  7ldannniswaniugsening L.
esculentum (Py) x ,L. cheetmanii (P,) Wu31 TuNaus lonARAuIUS UL UA WAL AU
Wesiwusiga wuluiugun L. esculentum &sldiduiudwe-wi du L. cheetmanii finany
laawiuvadlalaluniidunsuinnit delunisaenendnyasiusuwalsiiuluusiemeniug L.
.. PN v IS ! a [ A v 6 . PN PN
chees manii. NgNAYUANMEEU B 1uAEIRU ugliameaiug L. hirsutum n1siuasunla
= PN ¢ ' ' a = v A &4 O & a
dualsiiueed Nazdwareysualalalukaziudiualsiiu Fanwuailiinannisnisauay
VBB UBL19DATEIINNUTNTTY
Cuevas et al, (2010) @nwinisenenensnvauziuawalsiuluiiiovounini
(Cucumis sativus L.) Ing@nsn1anunananiiug ‘EOM 402-10” dlvusualsiiuas Giloddy:
P,) Wauugiuwnaniug ‘Gy7 Aldiludualsiiu @lledu1y: Py iefnwidnuaenis
fnenanauALAlsIuN mesocarp WAy endocarp YaINaTIvzkaRTlUTUND-U Lazsugn (Fy,
F,, BC,Py, and BC,P,) nmgldan nlsasou wuin Fy wag BC,P; @7 mesocarp UdNanand
¥ A a a A 1 a A ’1 1 =
19 fio du17 d@Wea0eU Wardlen (0.01-0.02 pg g beta-carotene) d@ulu F, way BC,P, &
i a v -1
7 mesocarp vowWaNAnNIlAN Ae dv17 ElWe7 @wdes (0.01-0.34 pg g beta-carotene),
a v ’1 o U 1 a
uazddy (1.90-2.72 pg ¢ beta-carotene). @113U mesocarp Lag endocarp GLuqu F, U
YR v { o ' v i Val -1
dnauveauaualsiiuie seludualsNungs eg# 15:1 (0.01-0.34 ug g beta-carotene:
'1 o 2 > =) ¥
1.90-2.72 pg ¢ beta-carotene) waz 3:1 aua1dU wazluvaziAenulTuIuUsLALIAY
mesocarp Way endocarp Tusu BC,P, wuinildndiuveduiualsfiuien : waualsiuiigs
Pal o w . PR ' a v A A
9gN 3.1 uay 1:1 aud1diu nmsfnwasulaindnuagnisaensauTinasudalsiug
mesocarp NATUANMEEUNDY 2 A N13AENaAUTINALUALALSTILA endocarp QnATUAN
[ IS 1 1 a ¢ a & . 1 1A
MEBUARY 1 @ WaEIINNITIATIZMATBMLNEAIEWE (single marker) Tugu F, wudidng
1481 Phytoene synthase Tun1sdaasizviualsfivesn dsaziulaindunaznisivdsuudas

voauAmAlsAuasanulansly mesocarp wag endocarp
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una 3

ASn1saiiuauie

n1sneassluasitidunisfinudsiiugnssunisanevendneasusunaaislalafiy
wagluAwAlsiy vesiind1n wasviinsUssiuismsildlunmsinseidsunuanslalalu
waztumwalsiuludssyinsiindrignuas wasmanuduius  (A1andusius correlation

coefficient) UBINIADIIDNTIATIZHIZIINNTD Spectrophotometer wag HPLC

=3 v

1. MsnzLLaaNnY12

HANU1IgNNANTIUIN 30 ANAN NUAIULANFAINIINUNAG TN FNYULVBINTING
sUs1aby wasUSunaansddy inzwdaiind1ilusending weuunsiau 2556 s fiurau
2556  1A8¥inn1sMAasd a UIAkIKe  AAITINYAIAASHLATNSNYINTNTINEAT ALY

4 a (Y] 1 ) @ gj 1 Y ¥ a

NWASANENT UNTINEIFevaURAY YuangnNauvia 30 guan Weuludeuneldamumngl 40
psAwalded Wunan 24 Falus wdwdluansazaredvinen anududy 3,000 ppm 1Hu
a1 12 Falus (des wazame, 2554) diudaunwizadtugumzdivun 6x12 dalegld
Jagunzde Au:lepsnunauinn sns1dm 1:1:1 Wewdsenideiundiaslugamizgivunn
6x12 Wlaeldiannizhie Audunanunaui1wnauiy ansidiu 2:1:1:1 in1seyuiasy

na1 30 Ju wadnhasgnlunlag

2. MsinsBaudaslan
lngvilansiuuazenuuaiugnauiandne 0.8 1S syeeriasenitaulasuan 1.50
AT SPEEVNTENINedY 4 Wng 31U 20 wiad AquitumenatainaguiUas wieunai

Aauuraaataelinttewnsdmsuling1ng



M1519% 1 findgnraudiuau 30 Anad 91U 196 AU

s GIAGH LAY 20 Ay
1 KKU ac.002/1 x KKU ac. 010 /1 7 3 4
2 KKU ac.002/3 x KKU ac.082/2 1 - 1
3 KKU ac.002/3 x KKU ac. 019/2 1 1 -
a4 KKU ac.008/ 1 x KKU ac. 002/1 a4 2 2
5 KKU ac.008/1x KKU ac.043/1 1 - 1
6 KKU ac.008/1 x KKU ac.087/1 2 1 1
7 KKU ac.012/1 x KKU ac.008/1 1 - 1
8 KKU ac.012/1 x KKU ac.019/1 3 2 1
9 KKU ac.016/2 x KKU ac.046/2 9 7 2
10 KKU ac.018/5 x KKU ac.050/4 3 2 1
11 KKU ac.021/1 x KKU ac.015/3 6 3 3
12 KKU ac.021/1x KKU ac.055/5 11 7 a
13 KKU ac.030/1 x KKU ac.094/1 4 2 2
14 KKU ac.050/1x KKU ac.060/1 7 5 2
15 KKU ac.055/5 x KKU ac.046/2 1 0 1
16 KKU ac. 077/1x KKU ac.008/1 9 3 6
17 KKU ac. 077/1x KKU ac.008-4 2 1 1
18 KKU ac. 077/1x KKU ac.010/1 7 a4 3
19 KKU ac. 077/1x KKU ac.020/1 9 9 :
20 KKU ac. 077/1x KKU ac.049/1 a4 1 3
21 KKU ac. 080/1x KKU ac.049/1 5 2 3
22 KKU ac. 080/1x KKU ac.093/1 8 3 5
23 KKU ac. 086/1x KKU ac.093/1 21 11 10
24 KKU ac.090/1x KKU ac.002/1 19 11 8
25 KKU ac. 090/1x KKU ac.087/1 8 6 2
26 KKU ac.094/1x KKU ac.008/1 1 - 1
27 KKU ac.094/1x KKU ac.008-4 1 - 1
28 KKU ac.094/1x KKU ac.093/1 8 2 6
29 KKU ac.12-161 1 - 1
30 KKU ac.11-134 32 12 20

74 196 100 96

21
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3. nmsugninda
Ugnilndmgnensthendilndmgnaauony 2 Weu siavua 30 duau $1uau 160 ¢
(15799 1) Tneldszoginesenineiu 4 was ludounguaiay 2556
3.1 Msguasnw
Saviulemslundsugn 15 fu lddegns 15-15-15 Weilndnengld 30 fu
wagn 8w 10 niusiedu lnelsernnlauduyseang 10 wufwng naulaununie

mdnduiy wazviudenidlunn 15 Ju dnsnisldarsiafidesiuidalsalaziuaimiuniing

Iy waglinlegldszuuimvennaanggnisvan

a. fayaivinnsnsaain
mansiadeyalaehnsfunaiindmgnaausiuau 1 fuq as 4 e 5 6)
4.1 dayan1en1snens
1) dwdnueaniioreiuies (szee R6 = Aveswadsufidudua)
2) tviindevusdniionefiuie (Geer R6 = Aveswadsufmduduas)
3) YuAANEN AnunsesHaiinddiengiuiien (szey R6 = Avowwa
WasudiUuduas)
4) Srwuwdsiindnsonandsnsiiuiefiengfuie (szeg R6 = v
waLasudifuduns)
4.2 Apszivsunaasualsiiuesdalensasing (Colorimeter: L, a ,b)
IUHUNINAABILUU CRD (Completely Randomized Design) 4 41 Inevi
nstAunaiind1ngnuay 4 nasedu vhnisiarndluszuu CE Lra*b*ileduname Hue (H)
91ngA3 Hue = arctan (b*/a%) uazAn Chroma (C*) Tagsenufisulsidudn L* a* b* uaz
L* C* h* (fiaudasann wWsnds wazsudy, 2554)
L* Ao Anarwaindlasiiadaud 0-100
a* fio Auansdanududilouarduaslasmneiiinlsoglutiady
au (-60-0) azdAduAaTesvneiiinldeglurraduuin (0-60) aziinranduduns
b* fio Auansiennufudindoariihiy lunsdiiie) bx Sendy

= & o A ] < P 2 a8 a
VN ABLEAAIDIANUTUELNEDY 11NAT b* L UUAUILLLAAINIANULUUFULIU

2ngns Chroma =/ (@*2 )+ (b*2 )
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Inaihdegrudoruudnilnd1i 3 niu ldlu Plate wanafinlavih 4 91 wawihnisinend
lusguu CIE L*a*b* iiefuiumien Hue (H) 9In@ns Hue= arctan (b*/a*) uagA1 Chroma

(C*) (FawUagan WSUAS wagsauTs, 2554)

A o

0 d! U { ) 1 i 1
Hue (H) Fuludaviiseyididundseglalunsminiieduesmeiy

ee

ans
h° = tan-1 (0%/a*) (1)
do h°=90° uanainfudmdes
h° = 180° uaneindudiden
h° = 270° wanaindudinidu

h° = 0” uansindudung
fMunn C* (Chroma) dadusiaviiuansdianudusnvesanugns
C* = [(@%)2 + (b*)2]1/2 -~ (2)
4.3 msaasglsunuasualsiueensau lalany waziudualsiiu
IUHUNINAABILUU CRD (Completely Randomized Design) 4 41 Inevh
msiuRaiindgnuay 5 wasedu  Jeyan1snsvinusunaasdfgyliun walsfiuead
lalafiu waziudualsfiu seiiesaunlnslnlafinos (thermo scientific Ju genesys) wag
A393 HPLC (shimadzu u LC20A) Taefiimansiataavun 4 35 deeasdendelud
1) 33msadadl 1 n1sldans Tetarhydofuren afauaziiasizvisie
awnlasilandines (Aauasain Vuong et al., 2006)
2) 33n15afiafl 2 n-hexaen 95%: ethanol: DW (1.67 mL: 1 ml.
0.33 mL) Aaszvimeadnlnsinlniimes (AawUasann Prasit, 2006)
3) A3n15aiafl 3 n-hexaen 95%: ethanol: acetone (1.5 ml: 0.75
ml.:0.75 mL) Jasrevimeadnlnsinladimes@anuasann Volker et al., 2002)
4) mylasziilag HPLC (faulasain Kubola et al., 2011) 3sa
namluseazidealiluide 4.4
4.4 msafaualsivessluiavuudnvasindin
1) NMIFIBUAIDY

A v & oo a

Tngihnaiindnanurniediudaniiloiuuiaiddunsined w1

wenliBeruudauazidnoenainiulagnsesiunszyeu wdninenanizdiuvendony
2 daa o o o [
waanidunsndaimin 0.1 ¥y

2) ASASEUANTAINAEANe (solvents) wWUIRNNATNNSTANAKAENNSIATILH

e
=De

2.1) 33nn5afad 1 tetarhydofuren SwnseilaeaUnlalnlodines
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2.2) 33msafiafi 2 n-hexaen 95%: ethanol: DW (1.67 ml: 1 ml:
0.33 mAwszsilaeanlalnlndines
2.3) A3nsaiiail 3 n-hexaen 95%: ethanol: acetone (1.5 ml: 0.75
ml: 0.75 ml) Jnszilavainlaluladines
2.8) Apsgilay HPLC
3) SupeuIsnsanad 1 tetarhydofuren TinswilasaUnlnlnlndmes
3.1) fupoumsinssiualsfivoss

o w 1

(1) drdegrnderuuaaiind1ifdauds 0.1 nfu u1unly

aAaa

Tnsalagifnansiviiazas ethanol adluiZes unauberiudaiindaziBunuayFuiadn

(2) ¥segafiunudrldlunaon facontube  InTuLAY
tetarhydofuren 1 fladans wdnild vortex (ANuFITEAU 6) 1 unit audoriuudaiing1n
dv13n

(3) i n-hexane 95% 5 faadns uasifuiindu 5 Tadans
aslluvaonansieds thludumlssiinimiga 5,000 seu saumgil 25 ssrnwaldoa 1y
1381 10 W19l

(a) gaansatindegevonderuudaiindinuinaduuun 5
TadfnsudiUTudIung me n-hexane 95% 5 1adans

(5) geansafiniiusudsunsuda 0.3 Sadns 1fiu n-hexane
95% 2.7 fadant Lieldoransafanowiluiinswise anlasinlafimesinanuemn
AAY 450 W luLms

(6) AmunnUiauelsiussdion Tneldgns A=ECL

3.2) Fupounsinszilalafiu

(1) thegrauderudaiindnidauds 0.1 3y wualy
Insdlneidiuivihazats ethanol asluizes uasudevuiwdniininaziBunuazGuiiddn

(2) théegsiiuaudlaluvaen facontube 91Nt
tetarhydofuren 1 fiaddns wdhlu vortex (ANuFIszu 6) aubevumdnilndniidvn
Gl

(3) Wi n-hexane 95% 5 faAAns uwasiRuiindu 5 Tadans
aslluvaonasiiegns tludumlssiinamida 5,000 seu gaumadl 25 ssrwaldoa 10y
1381 10 W19l

(@) @@ﬁ?iﬁﬁ@ﬁ%@&j’lwaﬂLEdJIE)ﬁ:?,JLﬂJéﬂWﬂ%’l’JU%L%N%ﬂUuu’] 5

TadanskalusSuUsuIns MY n-hexane 95% 5 Jaaans
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(5) geansafinfiu3uUTunsuda 0.3 Tadns 1Ay n-hexane
95% 2.7 fadans Wiedevnasataneutluiinszisie aunlasinledmesiinaue
AU 470 waz 502 wluns

(6) Auramnusinalalaiiu il furamdsinalalaiy
Tneisuiuaunisdunsavesasuinsgu wazawuiuiunalalafiulaonismensidiu
Talafiufuiudualsfiu sewinenuennay 470 waz 502 uiluwns

3.3) FumpunasEiuiualsiiu
(1) thiegradorumdaiindnfidends 0.1 n¥u uunly

aAaa

Tnsalagifuanssnvinazans ethanol adluiZes unauberiuudaiiniaziBunuayFuiadn

(2) dregafiunudalalumasn facontube  anduLRY
tetarhydofuren 1 faddns wéihlu vortex (AnuFr5zu 6) audevumdnilndnidvn
e

(3) 1Bl n-hexane 95% 5 fiadans waziiuiinay 5 dadans
adlulunasnansiegns trludumiesiinnugs 5,000 seu aaumall 25 esrwaided Ju
a1 10 W9

(a) gaansatindegevonderuudaiindinuinaduuun 5
Jadansuadrusuusunng A8 n-hexane 95% 5 Jadans

(5) gransafnfiusuyIamsuds 0.3 fiadns 1A n-hexane
95% 2.7 fiadans WisidevvansantaneuiluiinssissaUnlnsinlndmosfinueinau
450 ULULUAT

(6) AuREUSUIUAILALSAIUlABL g UAUENNSLEUAS

VDNEAITUINTZIU

0) FupouiBmsafiail 2 ansdaviazatefe n-hexaen 95%: ethanol: DW
(1.67 ml: 1 ml: 0.33 ml)
4.1) Funeumsiiasgiualsituosd
(1) thiegradorumdaiindafidends 0.1 n¥u uualu
Insslneifnanssiavinazans n-hexaen 95%: ethanol: DW (1.67 ml: 1 ml: 0.33 ml) asly
Fov unaudordniintmazBunuasiddn

(2) Ufneg19unLaLdlUaen facontube AINUULAN 1N

'
LY a a

nau 5 Tasansunludumiesiaanusa 5,000 seu Qaunll 25 BerYALTYa Juan 10

U9
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3) @Jmaﬂiaﬁ’mﬁaaﬂwwaqL?jaﬁuLmﬁmﬂﬂ%’nﬁlﬂm%u’uuum 5
Jadansuarusudsunng Mg n-hexane 95% 5 Taaans

(4) geansaaiufuUimsuds 0.3 fadns Wy n-hexane
95% 2.7 fladans Winidernasatateuhluiinszissanlnsinlndmesinnuennay
450 WLULUAS

(5) AuuUauelsussdiomn Tneldgans A=ECL

4.2) Fupouniasrzilalaiiy

(1) thiegradorumdaiind1nfiduds 0.1 n¥u uualy
TnsalagLAnasevinazane n-hexaen 95%: ethanol: DW (1.67 ml: 1 ml : 0.33 ml) agld
Fe8q unauderumdnilndaziBoauaziata

(2) thifetafiuaudaldlumasn facontube 1AL 17

'
[y

ndu 5 faddns thlulumlssiianmiss 5000 seu gumgll 25 ssrwaldea Wunan 10
Tail

(3) gransaramegeonderuudailndiuinaduuuin 5
TadanuaIUTuUung A8 n-hexane 95% 5 Tadans

(4) geansaaiusuIasuds 0.3 fadns 1y n-hexane
95% 2.7 fiadans tedeavasatnneuhluiiessvisheanlnslilainesinnuennau
470 waz 502 Ulung

(5) fmamyFuadlaladiu fi duamusinulaladiu
Tnaiiguivaunisidunsweasunsgu sasiwiunusinalalafiulagnismsnsidiula
Fufuiudualsiiu sevinennuenadu 470 wag 502 wiluwnas

4.3) Sumeumsliasiziiusualsiiy

(1) thegrauderudaiindnidauds 0.1 3y wualy
Insalagifnansfiivinazans n-hexaen 95%: ethanol: DW (1.67 ml: 1 ml: 0.33 ml) a3l
o8 unauderumidniindaziBuauasiada

(2) 1¥A19E19NUNLA LE b UMRaR facontube AINUULAN 1N

'
LY a a

nau 5 Jaddns drludumiesiinnuds 5000 seu gauugll 25 ssmwaidea wnad 10
=1
W91
(3) gaansaninsegvetdeiuuaniindiusatuuuin 5
Tadfnsuaiuiudning me n-hexane 95% 5 Iadans
(@) peansanasiegveleruwdniindiunatuuLm 5

TadanskalusSuUsuIns MY n-hexane 95% 5 Jaaans
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(5) geansafnfiusuUInmIunds 0.3 fadns 1 n-hexane
95% 2.7 fiadans Winidevvansataneuiluiinssimeaunlnsinlndmesfinaueiadu
450 WLULUAS

(6) AMWIUMNUTUIALUALALSAY LR unuaNn1SIdUnTs
VYBIATUINTFIY

5) SupeuAsnnsadai 3 fviaza1efe n-hexaen 95%: ethnol: acetone
(1.5 ml: 0.75 ml: 0.75 ml)
5.1) Suneunsiaseinalsiiuess

(1) shénegradevundaiindnidauds 0.1 n¥u uualy
1n59lagLANaESAYINazany n-hexaen 95%: ethanol: acetone (1.5 ml: 0.75 ml:0.75 ml)
asluiSesq unauderiuudaiindnazBuauasliade

(2) thefetafiuaudaldlumasn facontube 1nTuLFL 1

'
LY

ndu 5 fladdns Ululumissiiaanga 5000 seu gumgil 25 ssrwaldea [Wunan 10
W9

(3) gransaramiegeonderuudailndiuinaduuuin 5
Taddnsudiuiudiunng me n-hexane 95% 5 1aaans

(8) gransafinfiusuysumsuds 0.3 fadng 1Ay n-hexane
95% U3nas 2.7 fadans leldesansatnnoutilUiesgideanlaslilnfinesiiay
g12AAU 450 uluiuns

(5) FunmUSuualsiiuosdvanun Tnsldans A=ECL

5.2) fupeunsiesesilalafiu

(1) thiegradorumdaiindafidends 0.1 n¥u uualu
Insalagifnanssiivinazans n-hexaen 95%: ethanol: acetone (1.5 ml: 0.75 ml:0.75 ml)
asluiSesq unaudoriuudaiindnazBuauasliade

(2) ¥Aeg19NUALA LA L UVABA facontube AINUULAN 1N

'
LY a a

néu 5 fadans drludumiesiinauds 5000 seu gl 25 esrwadea 1Wuian 10
U

(3) gransaraiiegeanderumdnilndiuTnaduuuin 5
Jaaansuaiusulsunng Mg n-hexane 95% 5 Jaqans

(4) geansaaiusuUTIasuds 0.3 fadns 1Ay n-hexane
95% 2.7 fadans Wiedesnasataneutiluiinszisie aunlasinlafimesfiauend

AR 470 uag 502 UNLLLIAS
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(5) Frmvusinalaladiiu fl fuamviinalaladiu
Tneisuiuaun1sdunsavesasuinsgy wazawuiyiunalalafiulaonismensidiu
lalafiufuiudualsiiu serinteeuenandu 470 uay 502 wluwns

5.3) fupounsiesziusuelsiu

(1) thiegradorumdaiindnfidends 0.1 n¥u uunly
InsalneLinanssiivinazale n-hexaen 95%: ethanol: acetone (1.5 ml: 0.75 ml:0.75 ml)
asluiZenq unsuBeruwdnilninaziBunuaziidde

(2) ¥fneg19NUnLALLd b Uaen facontube AINUULAN 1N

'
LY a a

ndu 5 fiadans Yiludumissfinauds 5000 sou gl 25 samaidea Wuan 10
U

(3) gaansatinfegavenderuudaiindnuinaduuun 5
Jadansuarusuusunng A8 n-hexane 95% 5 Jadans

(a) gaansafinfegevanderudaiind1nuinaduuun 5
Jadansuadrusuusunng M8 n-hexane 95% 5 Jadans

(5) geansafiniiusuUsuasuda 0.3 Sadns 1fia n-hexane
95% 2.7 fadans Wiedevnasataneutluiinszisie aunlnsinlafimesfiauend
AU 450 WUl

(6) AMWIUMNUTUIALUALALSAY LRafgUnUaNNISIEUATS
VOIATUINTFIY

6) N5IATIEIAY HPLC
6.1) Fupeunsiasziualsiiuess

(1) ¥nnsafpansieganderumdniiniriguideaiu
9o 4.4.1

(2) asannuesiieg1 dmsulitiansana 1 Sadwns wn
nIO9HU filter 0.45 um. (N33 HPLC ld@asvinnisideansansana)

(3) udhlUBiaszs HPLC finnueirdy 450 waz 470 u
TULURS 6.2) Supounisinszsilalaiiu

(1) msadnansenognandevuudaiinirisuieadv
Vo 4.4.1

(2) asannuesieg1s @msulitnansana 1 Jadwns w1
nso9EU filter 0.45 um. (M5 HPLC ld@asvinnisideansansana)
(3) udrhluTiasen HPLC fimnueimay 450 wag 470 U

JEVTEN: P
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(@) AuamUsinalalafiy  lnefiguiuaunisidunsaues

A151MIF Y
6.3) TunounITIATIERUSUATSTIL

(1) Ymsadaansfegandevumdaiiniruioaiy
U9 4.4.1

(2) Uhansainvesiiegny dmsulimhansana 1 Jadwas w0
nspaEU filter 0.45 pm. (M990 HPLC laifipavinnisiieansansana)

(3) udhluiaszs HPLC finnueirdy 450 waz 470 u
TULAS

(@) AUIIUSINaLUALALSAL Tnefiguiuaun1sidunss
VYIATUINTFIY

[

5. NM3AUIIUSIIENTENARY
5.1 mymuamuTinaualsiivesavianun neldgns A=ECL
° o = I3 o 1 A v =3 Y A vy v A v
ansaiaualsiivesnanmedalouudniindninaialauusuusungl
16 10 fadns e n-hexane 95%  NUuATAAINITAANGURAIN 450 WILLLUAT UaD
ANUIFIAIDEN

1%

A on hexane = 2,500
A A" (absorbance coefficient) = 2,500 (average range)
310 1 g.in 100 ml. is A = 2,500
81 1pg. in1mlisA =025
E fiD ANNSAANGULEN
C A9 ANUITNTUTDIAITAZANY
L Ao szezvnefiwasiiy = 1 cm.
f819 1 A = 0.430
duinveadeiindnandouatn = 0.1 ndu
YSumsgavinevesansann = 10 Iadans
fn1919999@15a@ia = 10
Fetfu aadudu = Arnnsgeanduuasdl 450 nm/absorbance
coefficient
AUTNTY = 0.430 / 0.25 = 1.72 pg/ml
YSumsanvnevesansania = 10 ml

Usinaualsiiuessaun = 1.72 pg/mlx 10 ml = 17.2 g
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1n1919999@15adA 10 W1 = 17.2 x 10 W1 = 172 pg/ml
Tt dntdnvesedintan = 0.1 sy 2zl ualsiiuesaviavun 172
pg/ml a1 Weilngaantdn 1 n5u 2zl ualsiuesaviavun = 172 x 1/ 0.1

= 1,720 mg/g fresh

5.2 msauamdnialalanuy laeiisuivaunisidunsauasdnsunnsgiu
WiAgandunawesasialafiuinsgiu umdennsin waziiAinisgandy

WEIUDIRIBENIRUAIUIATAEURU standard curve BalARIT (AR 10)

g 14 - y=3.0134x - 0.0694

2 12 A R =0.9994

[c=

&

G

= 1 A

=

=

=08

=

=

e

206

=

S

Z 04 -

g

Rg 02 -

=

g 0 T T T T T 1
0 0.1 02 03 04 0.5 0.6

ANE1INAU 470 w1 Tuiwas

M 10 n3lnasgiuvesans laladu

Mnnslinasswvesaslalafiuaunsidunsedild Ao y = 3.013 x 0.069
Tagen y = Ansganduuasitldananlasinlafines
X = ANANUINTUYDATIUAIBEN
f9E1e 1wy = 0.496
dhwinveadeiindmanteuadn = 0.1 ndu
YSumsgavinevesansann = 10 Iadans
1n15139319@15a10 = 10 Wi
et men x 910 y = 3.013 x - 0.069
x =y + 0.069/ 3.013
x = 0.496 + 0.069/ 3.013
x =0.19 pg/ml
YSumsgavinevesansann = 10 Iadans
Usunalalafiu = 0.19 x 10 = 1.9 pg/ml
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1n19199319@15aAA 10 111 = 1.9 x 10 Wi = 19 pg/ml
MUY Ununveawdadndian = 0.1 AU 988 wALSTURYANaNUs 19
pg/ml

&1 Bofindanmin 1 ndu avdl walsfiupssvianun = 19 x 1/ 0.1
= 190 mg/¢ fresh

5.3 MsAuImUnIMumLAliy lnaiieuiuaunisidunssadssuInggiu
UIANAANGUKAITBY betacarotene standard W IM&EANT W KAZUIAINIS

ARNAUKAIYBIIIRENTILANATIABURU standard curve &lagail (nwil 11)

-

v=10.1252x +0.0835

06 o

Iy

AT ETUIATFTHAR ATLUA LA [T

R*=0.9803
0.5 o

04 o

{ppm)

03 o

LY

LY

0 1 2 3 4

wh

AMNEMAAU 450 W Tumas

o Y =
AN 11 ﬂi’]Wﬂqui;ﬁnumaﬂﬁqiLUmqLLﬂIﬁ/]u

NNNTNATTYsEsUiLAlsuauN SdUATITLY Ao y = 0.125 x + 0.0835
lneA y = mmscﬂﬂﬂﬁmmﬁiﬁmﬂ Spectrophotometer
X = AMAINLTUTUYDIANTIUAIDEN
f9g1g 1wy = 0.310
doinveadeiindanreuada = 0.1 ndu
YSumsgavinevesansann = 10 Iadans
1N199999a19@0A = 10 Wi
Fathu e x 9 x = y - 0.083/0.125
x = 0.310 - 0.083/0.125
x = 1.82 pg/ml
YSumsgavingvesansann = 10 Iaaans
Usunalalafiu = 1.82 x 10 = 18.2 pg/ml

1n1919939@15aAA 10 1 = 18.2 x 10 W1 = 182 pg/ml
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(% 1%
[VRY)

iy Unndnvendedindnan = 0.1 nsu Al wAlsAusenanun 182
pg/ml

£%

01 Warndaann 1 N5 a8l wAlsAuaeaNIum = 182 x 1/ 0.1
=1,820 mg/g fresh
5.4 n1sAuaanUsunalalanulaanisnionsidrulanunuudinalsiu 53rang

mmmfmﬁlu 470 waz 502 uluuns (Soroka laroslav M. et.al., 2012)

ONENO.

2 5.696-0.09] 2470 | 40,147 Paro ZJ
A7 = -1.79+11.306- g‘”o _0.061-(1)470] _e{ (Dsoz [sz]

Iye
502 502
§0819 19U 71 470 nm (Dazo) T1A1 OD = 0.655, 7 502 nm (Dyyo) dA1 OD
= 0.590
189999 e = 5.777 910 @uUN19 ﬁ@
e enNMas = 322.87
2) ‘Li’wmsuaami@mﬂﬁmmﬁi’mlﬁmﬂ 470 wag 502 UILULLAT 1IN
PRIIEIU AINAUNT @ W 71 470 nm. fif1 OD = 0.655, 1 502 nm. d#1 OD = 0.590
FausnstaIusEaIng fie 0.655/0.590 = 1.11 Wudu
3) thendtldande 2 unuradugasiiome A" vedlaladiu @
5.5 nMsauuinysunalalany a1n HPLC
nsndenns1 lycopene standard lmafvualiunu X umnududy
wrn Y uituilléngn) wazthanituilléngn (peak area) wfwaniiomaunisidunss

(m‘wﬁ 12)

400000

=

=

T 350000

=

== 300000

e

o 250000 -

£

= 200000

2 v=>50431x- 18973
E 150000 -

z R2=0.9948

= 100000 -

=

& 50000

i

1=
s [ T T T T T T T 1
=z

0 1 2 3 4 5 6 7 8 9

A I =
AT NTHYDIFETTYIATIZ Y laTadiu

¥
450 nm. (luTasnfumniushmtinuta

Al 12 nsviamsgiuvesanslalaiiu (HPLO)
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Mnnswinnsguvesaslalafiu aunisdunsaild Ao y = 50431 x - 8973
Tnedn y = Aiuiildns ol (peak area)
X = AMALTLTUYBIANTIUAIDEN
10879 WUy (peak area) = 981984
doinveuieiindanneuada = 0.1 ndu
YSumsgavinevesansanna = 10 Iadans
Fatu wAn x 91 y = 50431 x - 18973
X =y + 18973 /50431
x = 981984 + 18973 /50431
x = 19.85 pg/ml
YSumsgavingvesansann = 10 1aaans
Usunadlaladin = 19.85 x 10 = 198.48 pug/ml
sy dhndnvendedindian = 01 3y exillalafiu 198.48
ug/ml & WWedlndiaemin 1 ndu aefl Tlalafiu = 19848 x 1/
0.1
= 1984.80 mg/g fresh

5.6 MsAUIUMIUIUIAUAILALSAY 910 HPLC
[ 4 a o b4 <
nswaennsvluiasgiuvesarsiudnalsfiu Inemuualiwnu X 1Juaiu
Wudu wnu Y luiuildns i wagdiAiudildns i (peak area) wAIwIANEMNANANS

AUASa (AN 13)

500000 —

& 450000
!B
= 400000
AT 350000 -
2 300000
= 250000
=z y=65927x+6845.9
£ 200000 -
E oo | R®=0.9933
=
% 100000 |
=
wE 50000
D T T T T 1

0 1 2 3 4 5 6 7 g

anududuvesmsinasgmiudiua Tsfiu

¥
450 nm. (QMTﬂiﬂiiJfﬂ‘ﬂJﬁWﬂ—!ﬂl!ﬁﬁ)

AN 13 NFIMUIATFIVVBIETUAALTTY (HPLO)
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971 standard curve aun SRSl fo y = 65927 x - 6845.9
Tnedn y = Aiuiildns ol (peak area)
X = AMALTLTUYBIANTIUAIDEN
0819 1YYy (peak area) = 331448
doinveuieiindanneuada = 0.1 ndu
YSumsgavinevesansanna = 10 Iadans
Fathu e x 270 y = 65927 x + 6845.9
X =y -6845.9 /65927
X = 331448 - 6845.9 /65927
x =092 pg/ml
YSumsgavingvesansann = 10 1aaans
Usunalalafiu = 4.92 x 10 = 49.24 pg/ml
ot thadnveadefindan = 0.1 ndu ezfiudualsiiu 49.24
ug/ml & eiindnaamin 1 ndu asuduelsfiu = 49.24 x 1/ 0.1
= 492.37mg/¢ fresh

5.7 NM5M384 stock lycopene solution tiag stock beta carotene solution
5.7.1 N15W38Y stock lycopene solution
Fadntinarsuiasgiulaleiiu 1 fadndy Wy chloroform 10
a aa S o 2 vy a = a v 4 a aa
faddns MndudluiuliNonmail -20 sseieadiva Usiasgaving fie 10 dadans
n13LM38U working  lycopene  solution 11 stock  lycopene
solution Aviuliun 1 Taddns Wueniwu 2 Jaddns Usunsanvine e 3 fadans
a ] a =
nsw3sNnIMiesgIuvesanslalaiiu Ineniswseuanstalaiu lu
s uarldienwudu blank SA1n1sgandundunas 470 wiluwns
5.7.2 13583 stock beta -carotene solution
FamtnaIsIInTgIvUALALsY 5 Tadnsu Wi chloroform 10
fiaddns ntuluiulingamgl -20 ssrwadua Usuinsaaving fie 10 Taddns
NM5LM38U working beta -carotene solution U1 stock beta -
carotene solution MAULiNN 1 Taddns Wenwu 2 Taddns Usuasaaving fe 3 daddns
N13W38Y beta -carotene standard curve 1agnI13LAT oy

standard curve Tutenwy wasldienwudy blank fAN1IRANGUATULAY 450 UlUWRS
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6. NM3ATIEdRYaNNERR
6.1 mMsazdanuwlsusiusazmailieuiisuaaie
1A8N19Y1IN1T3ATIZRAINLUTUTIU (ANOVA) AIuULNUNITAas CRD N3
Wisuileuanadelneds LSD (Least significant difference) fiszsuiladfey 0.05 Taeld
TWsunsud5agunneada statistix 8 seninsainawnlnslnlasiivnes wag HPLC
6.2 NSIATIZHANTUNUS
WATIERAENFUNUS Correlation Way Regression senaneUsunuansualsi
wewssau arslalafiu wasansiudiualsiiu fimsziainanlnsinlasiimes waz HPLC
uazmAanduiusseninmaiderudniininuarUiinumsuelsiiuesdsain anslalafiy

WALAISHUALALSTIUNIASIZITANN HPLC

7. do1uivinn1side
wnaliug warenasUfuRnmdniunewasulssurdadueiivaiy n1adgie
ANERTLAENINGINTNITINYAT ANLINYATAIEAAT wazn1AIYTIAT AngIngIAans

UWNINYIAYYDULLNY

8. 528LLIANINTIVY
Budtoungainiou 2555 duaaiiteuiiuiau 2557
1 wnswdeiindy wazUgnilndissninusieungedniew 2555 fafou
NOWNIAN 2556

1Y 1

2. msiiudeyadnumuen1ansinuns wagliasgiusuaansdiAysering

o

WOUNGATINIEU 2556 DuRUTUIAY 2557
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WHAN1INAadN

4

1. dnwaENIMIsNEnTYaLind 43 Wug
1.1 21ggnUNYBINE
218UINATNNT1T 43 WuF WudregveInaRievesiindIlANULANG1IiY

I3

agnefifudAnBmeadn (p<0.01) Tnewug [KKU ac.10-094 x KKU ac.10-093]-6, [KKU

9

ac.10-094 x KKU ac.09-008-4]-1, [KKU ac.10-086 x KKU ac.10-093]-15 wag KKU ac.12-
161 Tongueawalndseniign Winfu 104.5, 965, 963 uay 93.7 Tu mud iy wagiug
[KKU ac.10-077 x KKU ac.09-008]-2, [KKU ac.10-050 x KKU ac.10-055]-11, [KKU ac.10-
090 x KKU ac.09-002]-2 wag[KKU ac.09-008 x KKU ac.09-002)-2 fiongvenaiadodudian
WINFU55.3, 60.0, 62.0 Ay 65.0 Tu AUENU (15197 2)
1.2 AUNTNKE
AnunavedNaiind1a 43 siug wuiranunirwatdsvesiindinfinanu
uanensiusgaildeddyBaneain (p<0.01) Tagwus [KKU ac.10-080 x KKU ac.10-093]-4,
KKU ac.11-134, KKU ac.12-161 uag KKU ac.10-094 x KKU ac.10-093-6 dnnuninawa
Laﬁwmﬁqm WU 1126, 1108, 105.1 waz102.0 Hadwns Aua1du wasiug [KKU
ac.09-008 x KKU ac.09-002]-2, [KKU ac.10-055 x KKU ac.10-046]-1, [KKU ac.10-021 x
KKU ac.10-0551-10 waglkKU ac.10-021 x KKU ac.10-0151-6 ilmnunirssaiadedosan
WINU54.1, 50.4, 68.6 WAy 69.3 TaALUAT MNEIRU (115797 2)
1.3 A2IUY1ING
AMUEYoINaTinG1 43 fiug wudtauenatedevesiindiniaiu
wanenafuegefituddyBmnsadn (p<0.01) ImeWugKKU ac.10-094 x KKU ac.10-093]-6,
[KKU ac.10-086 x KKU ac.10-093]-3, [KKU ac.10-086 x KKU ac.10-093]-1, [KKU ac.10-050
x KKU ac.10-055]-11 wag [KKU ac.09-008 x KKU ac.10-043]-1 ﬁmmmamam%mmﬁqﬂ

s

Wiy 136.3, 134.9,131.4, 129.6 Uag 127.2 {aauns mua1au wagwug [KKU ac.10-077
x KKU ac.10-049]-6, [KKU ac.10-021 x KKU ac.10-015]-6, [KKU ac.09-008 x KKU ac.09-
002]-3 wag [KKU ac.10-090 x KKU ac.09-002]-2 ﬁmmmmam?{aﬁaaqm WinAu 12.5,
33.9, 30.2 uay 33.0 Tadluns AuEIRU (AN5197 2)
1.4 dwidnuade
hwiinuaanvowmaiindm 43 Wug wwhiidwiinuaanadsdauuansiaiy
ogailfoddnyBamnsadia (p<0.01) Inesug [KKU ac.10-080 x KKU ac.10-093]-4, KKU

ac.11-134, KKU ac.12-161 uae [KKU ac.10-080 x KKU ac.10-093]-5 finuinuaaniaae
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1niiga 1AU1018.0, 954.8, 776.7 Wag 711.0 fadmns mud iy uaziug [KKU ac.09-
008 x KKU ac.09-002]-2, [KKU ac.09-008 x KKU ac.09-002]-3, [KKU ac.10-021 x KKU
ac.10-0551-10 fihwiinnaanadstioniian wifu128.0 2683 283.0 fadiuns AUy
(57971 2)
1.5 dwinieduiuda

ihnifnBeruudaveamadinda 43 Wus wuiridmdndevuwiaeisd
AnuuAnAuegTiteddyBin1eada (p<0.01) Tneus KKU ac.11-134, [KKU ac.10-
080 x KKU ac.10-093]-4, [KKU ac.10-080 x KKU ac.10-093]-5 uae [KKU ac.10-086 x KKU
ac.10-093}-1 fthwiiniferuadennitan Wiy 312.3, 296.0, 2083 uaz 176.5 nusiona
ANEPU wazius [KKU ac.09-008 x KKU ac.09-002)-2, [KKU ac.09-008 x KKU ac.09-
002]-3, [KKU ac.10-050 x KKU ac.10-055]-11 Wag [KKU ac.10-055 x KKU ac.10-046]-1 i
ihwiinideviunetiosiian wihtu 25.5, 32.0, 50.0 uay 50.0 N3uReNa MUY (31971 2)

1.6 Wesidudidauinin

Weslduddeviuadnueamaiindn 43 Wus wuiriiesidudideviudniade
fiupnansiueesiifdfyBamnsada (p<0.01) Tnowug KKU ac.11-134, [KKU ac.10-
080 x KKU ac.10-093]-5, [KKU ac.10-080 x KKU ac.10-093]-4, [KKU ac.10-086 x KKU
ac.10-093]-1, [KKU ac.10-080 x KKU ac.10-093]-3 uag [KKU ac.10-094 x KKU ac.10-093]-
8 fefdudidovinadounniign wiidu 328, 30.0, 29.1, 29.0, 27.6 Waz 27.4 Wasiliud
MINAITU wazHug [KKU ac.09-008 x KKU ac.09-002]-3, [KKU ac.10-094 x KKU ac.09-
008]-1, [KKU ac.10-090 x KKU ac.10-087]-3, [KKU ac.10-077 x KKU ac.10-049]-6 uag
[KKU ac.10-050 x KKU ac.10-0551-11 fiefidusifeviuedotiosdign wiidu1d.5, 157,

13.8, 15.1 wag 11.8 Wesidus auasu (st 2)

2. wamsemgiviuamsddgluiindrone 43 Wug Tae HPLC wazawnlnslnia
fnad 33Mf 1, 2 uas 3
2.1 Msdnngiviunuamsddylaeadnlasiulafives 350159 1

2.1.1 Ysunaansualsfiuounsiu

USnauansuelsiiuesdruvesilndiai 43 wugitinseilasanlnsTuls
fwes 3?1 nuhdeuusnsstuegnaditedfyBomieadn (p < 0.01) lnesiug [KKU
ac.10-094 x KKU ac.09-008-4]-1, [KKU ac.10-077 x KKU ac.09-008-4]-5, KKU ac.12-161,
[KKU ac.10-094 x KKU ac.10-093]-6, [KKU ac.10-094 x KKU ac.09-008]-1 HUunauualsi
uasﬁsamaﬁamaﬁqm Wiy 2705.2, 1973.2, 1961.9, 1757.6 way 1645.3 hulasnsu/nsy

[y

dwitnan auddy WAgIUS[KKU ac.10-021 x KKU ac.10-015]-4, [KKU ac.10-090 x KKU
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ac.09-002]-3, [KKU ac.10-050 x KKU ac.10-055]-11, [KKU ac.10-021 x KKU ac.10-055]-10,
uay [KKU ac.10-090 x KKU ac.09-002-11 fuSainnualsiiussdsimindsiosgn witfy
179.7, 359.7, 435.7, 438.1 uag 499.2 llasndi/nSiuhvieings auddu (ms1eit @)

2.1.2 YSunanslalafiu

Aa

Unaanslalafiuvesiindnite 43 wug filnsedlasanlnslnlndines
FBnsd 1 wuindauuansisiueesiifsddyBannsadia (o < 0.01) Tnestug [KKU ac.10-
094 x KKU ac.09-008-4]-1, [KKU ac.10-077 x KKU ac.09-008-4]-5, KKU ac.12-161, [KKU
ac.10-094 x KKU ac.10-093]-6 uag[KKU ac.10-094 x KKU ac.09-008)-1 IuSunailalaiiu
WABanniian whity 2543.8, 1897.0, 1728.4, 1711.6 uay 1608.3 lulasnsu/nFuhwinan
AU Lazsiug [KKU ac.10-021 x KKU ac.10-0551-10, [KKU ac.10-090 x KKU ac.09-
002]-11, [KKU ac.10-050 x KKU ac.10-055]-11, [KKU ac.10-090 x KKU ac.09-002]-3 iag
[KKU ac.10-021 x KKU ac.10-01514 U3mnadlalafiuiadetionan windu 375.3, 330.8,
274.6, 272.1 way 123.4 TalAsnda/ndutnmiings augIsy (5197t 5)

2.1.3 YSunauansiumualsiii

YSunauansiuaualsiiuvesfind1ang 43 siug esigvlagaidnlasile

[

Amo3 50159 1 wundanuuenstsiueg1eiiisd1Agdmieada (p < 0.01) Tnawug [KKU

]

ac.09-030 x KKU ac.10-094]-1, [KKU ac.10-086 x KKU ac.10-093]-6, [KKU ac.10-086 x
KKU ac.10-093]-10, [KKU ac.10-080 x KKU ac.10-093]-3 uag [KKU ac.10-086 x KKU
ac.10-093]-1 ﬁﬂ%mmmﬁméhLLﬂIiﬁuLa?{wmﬁq@ WINAY 663.8, 554.0, 551.7, 503.1 uag
471.9 lalasn3u/n¥inimiinan arud iy wagiug [KKU ac.09-008 x KKU ac.10-087)-1,
[KKU ac.09-008 x KKU ac.10-043]-1, [KKU ac.10-055 x KKU ac.10-046]-1, [KKU ac.10-094
x KKU ac.09-008]-14a2[KKU ac.10-094 x KKU ac.10-093]-6 fiuSunaansiudualsfiuade

tiowan Wiy 8.8, 24.0, 25.4, 37.1 uay 45.9 lailasn$i/nsuhmdinan muadu (115197 6)

[y

2.1.4 MIIATIERANULUTUTINTIE N WUz U TEATY

(%

A19ILASIENAMULUSUTIUVDIANBULUSUIUAITAIAUAINAITILATIZH

o

Tngawnlaslladines 35ns9 1 loun YSinaualsiiueeasiuliAngegn A1vnan uasenadey

a A

WU 2932.0, 139.8 way 1112.5 lulasnsu/nsutiminga muansu Usunaanslalanud

J d' oY

A1geEn ANER wazALRde Wiy 2839.9, 94.4 uar 890.4 lulasniu/ndu muddy &

1o 1 a

USUauabAlsAudadan Annan warA1eay Windu 827.5, 2.3 way 222.1 lulasnsy/

L) 9 9

'3
a

ASULINTNER PIUA1PU  wWaENUINTANELUSEENSRUSUTIWUIUNENe  (CV.) v99UsSunuEIs

a

uwAlsfiueunsi uaglalaiiu 27.4 uay 23.9 dnuudualsiudulamdussansuususivas

(CV.) Wiy 41.8 (5747 3)
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2.2 mymsziliunaasadgylaganlasinlaimas 350159 2
2.2.1 YSinuansualsiiuesnsiy
YSunauansualsfiueensiuveafini1ine 43 wiug Meseilaganlasile

s

fiwes 337 2 nudriinrmunnssiusadidodfyBmneaa (o < 0.01) Tagsiug [KKU
ac.10-094 x KKU ac.09-008-4]-1, [KKU ac.10-094 x KKU ac.09-008]-1, [KKU ac.10-086 x
KKU ac.10-093]-15, KKU ac.12-161 way [KKU ac.10-094 x KKU ac.10-093]-6 JUSueuans
uAlsTiueediaduanniign Wity 2351.8, 19825, 17353, 1641.5 uax 15510 lalasn3u/
nSuthinan auddy waz [KKU ac.10-021 x KKU ac.10-015]-4, [KKU ac.10-021 x KKU
ac.10-015]-6, [KKU ac.10-090 x KKU ac.09-002]-3, [KKU ac.10-090 x KKU ac.09-002]-11
waz[KKU ac.09-008 x KKU ac.10-087]-1 ﬁ‘d%mmmumhﬁuaaoﬁm?{aﬁaaqm WinAu 169.5,
333.8, 364.2, 412.9, 417.3 TlAsndau/ndusnvidngn ALy (anseit 4)

2.2.2 Ysunauanslaladiu

Unaanslalafiuvesiindiis 43 wug Alnseilasanlnslalndines
st 2 wuhliansuanssiusesitfoddayBmneadia (p < 0.01) Tawiug KKU ac.10-
094 x KKU ac.09-008-4]-1, [KKU ac.10-094 x KKU ac.09-008]-1, KKU ac.12-161, [KKU
ac.10-094 x KKU ac.10-093]-6 wag [KKU ac.10-086 x KKU ac.10-093]-15 #USu1euans
lalafiuedeinnilan windu 2323.1, 19185, 1519.2, 15160 waz 1319.1 lalasniau/niu
dnidnan auddiu war [KKU ac.10-021 x KKU ac.10-015]4, [KKU ac.10-050 x KKU
ac.10-060]-4, [KKU ac.10-021 x KKU ac.10-015]-6, [KKU ac.10-090 x KKU ac.09-002]-3
uaz [KKU ac.10-090 x KKU ac.09-002)-11uaz fiUsunnanslalefiuidediosiign winiu
94.5, 241.5, 250.6, 260.9 uay 305.1 lulasnia/nsumiings mugIsy (AN3197 5)

2.2.3 Ysunaansuaualsiu

s aa &

YSuauansiudualsiiuvesiingins 43 swug fdesieilagaidnlasinle

s

fwes 33n157 2 nudnfieuwsnanstuegadivedfydmeada (o < 0.01) lngug [KKU
ac.10-086 x KKU ac.10-093]-10, [KKU ac.09-030 x KKU ac.10-094]-1, [KKU ac.10-086 x
KKU ac.10-093]-6, [KKU ac.10-086 x KKU ac.10-093]-12 uwag [KKU ac.10-080 x KKU
ac.10-093]-5 ﬁﬂ%mmmiméfﬂLmisﬁum?{amnﬁqm WINAU 654.2, 628.8, 594.6, 479.6 LAy
432.2 lallasndu/nFuniings nuddy wagiug [KKU ac.10-094 x KKU ac.09-008-d}-1,
[KKU ac.10-077 x KKU ac.09-008]-2, [KKU ac.10-094 x KKU ac.10-093]-6, [KKU ac.10-077
x KKU ac.09-010)-1 wag [KKU ac.10-094 x KKU ac.09-008]-1 HuUSuadasiuaualaiiu
Laﬁsﬂaaﬁqm WU 28.7, 32.3, 35.0, 36.9 uaz 64.0 lalasndu/nanivingn aadgey
(P57 6)

2.2.4 MIIATIERANULUTUTINYDIaN WUz U TaATY
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N193LAT129ALLUTUTIUTR A N Bz UTUI @ TE1AYAINANTILATIEN
Tngawnlnstnladiwes 380137 2 louA Usnaualsiiuesdsiuiiangean Aign wazAade
WAy 2550.0, 693.0 waz 2992.1 lulasndu/nsurimidnas augidu Usunaenslalaiiug
Agegn Awnan uazANAdl Wity 24958, 57.6 uaz 783.9llasn3u/nTu awddy
Unanuiuelsiiuilrngsga Adnan uazAade wiidu 755.1, 8.0 uay 208.3 lulasnia/
nsutmiingn sy wegnuiidissAvsususutiunats (CV.) veaUiinaans
unlsfiuaesiaan uazlalafiu 25.7 uay 27.7 dauudualsfiuduimduUssansusmuas
(CV) whify 466 (Ans19 3)

2.3 mylensiviunumsddglasaunlnsinlafines 33 3

2.3.1 Ysinuansualsiiuesnsiy

USunmansuelsfiuesdsuvesilndane 43 Wus Meszilasanlasinle
fimes F8nsil 3 wudilanuuansnafuegreiidedfyBaonsada (p < 0.01) Tawiiug [KKU
ac.10-094 x KKU ac.09-008-4]-1, [KKU ac.10-094 x KKU ac.10-093]-6, KKU ac.11-134,
[KKU ac.10-086 x KKU ac.10-093]-1 wag [KKU ac.10-094 x KKU ac.09-008)-1 HuUSu1auans
uAlsiusedsadunniian ity 38553, 2169.6, 2099.6, 2041.0 waz 1871.7 lalasniu/
nSuthwdnan mugiy uagiug [KKU ac.10-021 x KKU ac.10-015]-4, [KKU ac.10-090 x
KKU ac.09-002]-3, [KKU ac.10-050 x KKU ac.10-060]-4[KKU ac.10-090 x KKU ac.10-087]-
3 wag [KKU ac.10-090 x KKU ac.09-002)-11 fuSunmansualsiiuesdsiuiadetiongn
Wiy 271.4, 475.3, 527.0, 546.5 way 599.3 lulasndu/ndanimiingn audsu (nsed 4)

2.3.2 Ysunaanslalaiiu

Umnaanslalafiuvesiindde 43 stus Aemeilasaninsinlnfines
st 3 nuhdanuuansnstuedefiteddaBaneada (o < 0.01) [KKU ac.10-094 x
KKU ac.09-008-4]-1,[KKU ac.10-094 x KKU ac.10-093]-6, KKU ac.11-134, [KKU ac.10-094
x KKU ac.09-008]-1 uay KKU ac.12-161 fiUFsnasnslalaiiuideuinga windu 3798.0,
2136.7,1824,1795.3 uay 1620.3 lalasn3u/n¥inimiinan aruddu wagiug [KKU ac.10-
021 x KKU ac.10-015]-4, [KKU ac.10-050 x KKU ac.10-060]-4, [KKU ac.10-090 x KKU
ac.09-002]-11, [KKU ac.10-090 x KKU ac.09-002]-3 wag[KKU ac.10-090 x KKU ac.10-
0871-3 fUsainaanslalafiuiadetionan witfu 1720, 3764, 3833, 392.4 uag 440.7
lalasnsu/nsuthmiings augdu (s 5)

2.3.3 USunauansiusinualsiu

Unmansiudualsfiuvesilndiats 43 Wug fesedlasanlnglals

]

UMD
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B3t 3 nundenuuanatusgneditedfyBoneads (p < 0.01) Wug [KKU ac.10-086
x KKU ac.10-093]-10, [KKU ac.09-030 x KKU ac.10-094]-1, [KKU ac.10-086 x KKU ac.10-
093]-6, [KKU ac.10-086 x KKU ac.10-093]-1 wag [KKU ac.10-080 x KKU ac.10-093]-4 3
USinuansiudiualsiivadounndign winfu 6733, 6303, 6029, 594.0 uay 5535
llpsndu/ndushveinan maddv waEWUGIKKU ac.09-008 x KKU ac.10-087]-1, [KKU
ac.09-008 x KKU ac.10-043]-1, [KKU ac.10-094 x KKU ac.10-093]-6, [KKU ac.10-021 x
KKU ac.10-055]-10 uag [KKU ac.10-050 x KKU ac.10-055]-11 fuSunauansiuaualsiiu
Laﬁﬂﬁaaqm WINAU 19.6, 26.2, 32.9, 50.1 way 52.2 Tslasnsa/nYuhwiingn augiy
(9137971 6)

2.3.4 NMTIATIERANULUIUTINTOEa N WUz UM TaATY

N193LAT121AULUTUTIUYDIAN B UTUI a1 5d1AYAINNITILATIEN
TngawnlnsTnladimes 3830157 3 léuA Uunaualsiiuesdsiuiiangean Aiign uazAade
WINAU 3855.3, 427.8 Lay 1210.5 lilpsndu/nduveinan mudidu Usunaenslaladiud
Agegn Avnan uazALads Wity 3798.0, 172.0 uaz 996.3 lulasnsu/n3u muddu
Uinauusualsfiudiingaan Ainge uazAads wihiu 884.2, 19.6 uar 214.3 lulasniay/
nSuthmtingn audy warnuiimdulsyavsulsusiutiunans (CV) vesUSunadnsun
Tsfluossdsiu uazlalafiu 302 wog 343 druudualsfiuduiidduyssansuususugs
(CV) whiu 464 (1157991 3)

2.4 mMyessivTunuasafylag HPLC
2.4.1 YSunaansualsfiueunsiu
USmnauansualsituosdaamilndraia 43 stug Aesedlae HPLC nudhd

s

AruwAnEnuegditddBoneadn (p < 0.01) WG [KKU ac.10-094 x KKU ac.09-008-
4]-1, [KKU ac.10-094 x KKU ac.10-093]-6, KKU ac.11-134, [KKU ac.10-094 x KKU ac.09-
008]-1 Way [KKU ac.10-086 x KKU ac.10-093]-1 fuUsunaarsvesialsiuosasiu windu
4179.8, 26882, 2083.6,1956.1 waz 1788.6 lilasniu/nsuthwinan audidy wagiiug
[KKU ac.10-021 x KKU ac.10-015]-4, [KKU ac.10-050 x KKU ac.10-060]-4, [KKU ac.10-090
x KKU ac.10-087]-3, [KKU ac.10-090 x KKU ac.09-002]-3 iag [KKU ac.10-090 x KKU
ac.09-002]-11 ﬁﬂ%mmmnmisﬁuasﬁm?iammﬁqm WINAU 427.8, 611.6, 614.6, 633.5 kay
653.5 lailAsniu/nSuhmtingn audisu (mnsnedt @)

2.4.2 Usanaanslalaiiu

Unmanslalafiufind1adts 43 wWug #hieseilae HPLC  wudndieanm
wanenafuegefitoddyBannsad (p < 0.01) Wug [KKU ac.10-094 x KKU ac.09-008-41-1,

[KKU ac.10-094 x KKU ac.10-093]-6, KKU ac.11-134, [KKU ac.10-094 x KKU ac.09-008]-1
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uag KKU ac.12-161 fiuinmanslalafiuadounniian windu 40147, 2490.6, 1860.4,

s

1804.6 uay 15035 lulasniw/niutmiingn sus iy uasiug [KKU ac.10-021 x KKU
ac.10-015]-4, [KKU ac.10-050 x KKU ac.10-060]-4, [KKU ac.10-090 x KKU ac.10-087]-3,
[KKU ac.10-090 x KKU ac.09-002]-3 tay [KKU ac.10-090 x KKU ac.09-002]-11 fuUsuna
mﬂa‘lﬂﬁum?ﬂ'aﬁaaqmﬂﬁu 300.1, 465.6, 445, 475.7 ua 482.3 lulasnu/ndutveinan
MUE (99197 5)

2.4.3 USinaansiuiualsiiu

USmnamsuualsiivvesiindndte 43 Wug Aeseilae HPLC wuiad
AnuuAnAuegiteddyBim1eada (p < 0.01) Wug [KKU ac.10-086 x KKU ac.10-
093]-1, [KKU ac.10-086 x KKU ac.10-093]-10, [KKU ac.10-086 x KKU ac.10-093]-6, [KKU
ac.10-080 x KKU ac.10-093]-4, uaz [KKU ac.09-030 x KKU ac.10-094]-1 SUSuauansiudn
uelsfiuadeunniian Wity 389.3, 361.1, 357.8, 301.9 wag 345.9 lalasnu/nFuiuiings
ANEPU wazius [KKU ac.09-008 x KKU ac.10-087)-1, [KKU ac.09-008 x KKU ac.10-
043]-1, [KKU ac.10-021 x KKU ac.10-015]-4, [KKU ac.10-021 x KKU ac.10-055]-10 uag
[KKU ac.10-055 x KKU ac.10-046]-1 fiSmnaansiudnuelsfiuiadeiiosdian wiifu 1218,
125.9, 127.7, 135.6 uay 128.3 lilpsnda/ndunimiinas AUy (3197 6)

[

2.4.4 MTAATIERANULUTUTIUOE N vz USIaaNSaAYY

N5ILATIZIAMNLUTUTIUTRIA N USINad@1sdAyan  HPLC laun
Uiinaualsiiuosdsiuiiangean  f1engn uazAlede witdy 4179.8, 427.8 uay 1162.1
lalasniu/n3utmiingn auddy Uhinuanslalefiufidgega A uazdade wiiy
4014.7, 300 war 951.1 lulasnda/nsurviinas ausey fUSunanudualsiudagean
ﬂ'w‘i’ﬁqﬂ LazALRAY WU 450.4, 121.6 way 211.0 lilpsndu/nSumveingn musdu uay
wufAnduUszansuususiuuiunans (CV.) vesUSunaaisualsfiussdsiy wazlalaiu
29.3 way 34.2 duudualsiuduilinduUsyaniudsusius (CV) Wiy 16.4 (m1s19d

3)
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A1519% 2 91gwa (Tw), A1NUATINA Hafdwns), Auenina Hadwns), ininuaan (nFusewa),

[

5 o A v I I s @ A v & v 1Y)
umdnioruudn (n3urena) wasiUasigudideuwan luilnd 43 fug

q

y AUATa ALY Fmiin Yo Woasidud

g RREIE v o« 4y

N Na NaEn Vuuan WHorudn

[KKU ac.09-008 x KKU ac.09-002]-2 65.0 opg 54.1 y 753 h-m 1280 q 255 o 199 g0
[KKU ac.09-008 x KKU ac.09-002]-3 87.7 cf 70.5 v-x 34.2 n-p 268.3 p 32.0 no 118 ¢

[KKU ac.09-008 x KKU ac.10-043]-1 70.0 l-p 933 d-¢ 1272 ac 628.0 cd 127.0 d-h 20.2 ¢m

[KKU ac.09-008 x KKU ac.10-087]-1 69.0 m-p 80.4 -t 102.0 aj 378.0 j-p 87.0 h-m 23.0 c-h

[KKU ac.09-012 x KKU ac.09-008]-1 80.0 f-k 72.8 s-x 116.8 a-e 3825 j-p 710 jn 18.6 h-p
[KKU ac.09-016 x KKU ac.10-046]-6 735 io 81.0 jr 1214 ad 440.5 g-m 92.0 ¢l 209 fk
[KKU ac.09-018 x KKU ac.11-054]-1 74.3 in 72.6 t-x 107.1 a-i 3453 j-p 63.0 k-o 18.4 h-p

[KKU ac.09-030 x KKU ac.10-094]-1 733 jo 80.7 k-s 78.0 ¢m 364.3 j-p 84.5 h-m 20.1 ¢n
[KKU ac.10-021 x KKU ac.10-015]-4 69.0 m-p 80.7 k-s 105.2 a4 370.0 j-p 63.0 k-o 17.0 i-q
[KKU ac.10-021 x KKU ac.10-015]-6 66.0 n-q 69.3 wx 339 n-p 338.0 m-p 76.0 i-n 225 dAi
[KKU ac.10-021 x KKU ac.10-055]-10  73.0 j-o 68.6 x 99.8 b-j 283.0 op 53.0 lo 18.7 h-p

[KKU ac.10-050 x KKU ac.10-055]-11  60.0 qr 92.7 d-g 129.6 a-c 346.0 j-p 50.0 Lo 145 n-q

[KKU ac.10-050 x KKU ac.10-060]-4 81.0 fj 71.9 u-x 97.7 ck 295.0 nop 59.0 ko 20.0 g-n
[KKU ac.10-055 x KKU ac.10-046]-1 82.0 f-i 544 y 106.5 a-i 340.0 lp 50.0 Lo 14.7 m-q
[KKU ac.10-077 x KKU ac.09-008]-2 553 r 771 n-w  77.8 ¢m 328.0 m-p 64.3 j-o 19.4 ¢-p

[KKU ac.10-077 x KKU ac.09-008]-9 74.0 i-n 76.2 px 101.8 aj 322.0 m-p 46.0 mno 14.3 opq
[KKU ac.10-077 x KKU ac.09-008-4]-5 73.0 j-o 783 m-v 825 em 3687 jp 78.3 i-m 21.3 ek
[KKU ac.10-077 x KKU ac.09-010]-1 69.5 lp 778 m-v 745 h-m  386.0 jp 575 ko 14.8 m-q
[KKU ac.10-077 x KKU ac.09-010]-2 705 p 88.9 e 90.2 d-l 622.8 cd 92.0 ¢l 16.8 j-q
[KKU ac.10-077 x KKU ac.10-049]-6 82.0 f-i 83.4 i-p 125 p 443.0 ¢-m 67.0 j-o 15.1 g
[KKU ac.10-080 x KKU ac.10-049]-2 78.0 ¢l 86.8 f-l 1135 a-g 480.0 e-k 102.0 f-k 21.3 ek
[KKU ac.10-080 x KKU ac.10-049]-3 85.5 d-g 85.6 ¢m 589 lo 482.0 e 132.0 c-g 28.3 abc
[KKU ac.10-080 x KKU ac.10-093]-2 69.0 m-p 815 jq 121.6 ad 478.3 e-l 98.7 f-k 21.0 fk
[KKU ac.10-080 x KKU ac.10-093]-3 80.7 f 94.5 cf 72.0 i-m 571.0 d-g 158.0 cd 27.6 ad
[KKU ac.10-080 x KKU ac.10-093]-4 84.0 e-h 1126 a 63.0 k-o 10180 a 296.0 a 29.1 ab

[KKU ac.10-080 x KKU ac.10-093]-5 82.0 fi 98.0 b-d 1145 af 711.0 bc 2083 b 30.0 ab
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M157199 2 (si0) DrgMsAUNYY () Auniime @aduwns) arueine @adiues) dimin

wadn (nSusiona), Umdnideiuudn (nfusiewa) uaziUasidusdidenuudn lu

#nt13 43 g

y AUAIY AIUEN) vin dwinde  wWesidus
g 918Ma — 4 v a
Ha Ha HaEn uwdn  eruuén

[KKU ac.10-086 x KKU ac.10-093]-1 920 b-e 95.7 ce 1314 ac 607.5 cde 176.5 bc 29.0 ab
[KKU ac.10-086 x KKU ac.10-093]-3 88.3 b-f 90.8 d-i 1349 ab 594.0 c-f 117.3 d-i 20.5 ¢-l
[KKU ac.10-086 x KKU ac.10-093]-6 76.7 h-m 91.5 d-h 529 m-o 536.7 d-i 1357 cg¢  25.0 b-g
[KKU ac.10-086 x KKU ac.10-093]-9 773 ¢m 84.2 h-o 717 i-m 429.3 h-n 116.0 d-i 26.7 b-e
[KKU ac.10-086 x KKU ac.10-093]-10 83.8 e-h 84.5 h-n 81.6 em 4593 fm  117.0 d-i 26.3 b-f
[KKU ac.10-086 x KKU ac.10-093]-12 88.0 b-f 79.2 l-u 78.8 f-m 3425 k-p 775 i-m 222 dy
[KKU ac.10-086 x KKU ac.10-093]-15 96.3 abc 788 l-u  109.0 a-h 396.8 j-p 795 i-m  19.6 g0
[KKU ac.10-090 x KKU ac.09-002]-2 62.0 par 90.3 d-i 33.0 op 554.0 d-h 108.0 e 19.5 g0
[KKU ac.10-090 x KKU ac.09-002]-3 727 j-o 763 0-x 717 i-m 332.7 m-p 737 in 22.2 d+
[KKU ac.10-090 x KKU ac.09-002]-11 74.0 i-n 73.1 rx 69.3 jn 411.5 i-o 785 i-m  19.0 h-p
[KKU ac.10-090 x KKU ac.10-087]-3 71.0 lo 74.4 gx 510 m-o 3393 lp 48.3 -0 13.8 pq
[KKU ac.10-094 x KKU ac.09-008]-1 720 k-o 795 llu 1093 a-h 343.0 j-p 54.0 l-o 15.7 k-q
[KKU ac.10-094 x KKU ac.09-008-4]-1 96.5 ab 91.2 d-i 109.6 a-h 342.0 k-p 70.8 j-n 20.5 ¢l
[KKU ac.10-094 x KKU ac.10-093]-6 1045 a 102.0 bc 136.3 a 639.5 bcd 1385 cf 20.8 f-k
[KKU ac.10-094 x KKU ac.10-093]-8 83.0 fgh 885 ek 1117 a-g 548.0 d-i 150.0 cde 274 ad
KKU ac.11-134 80.5 f-k 110.8 a 1055  a-i 954.8 a 3123 a 32.8 a
KKU ac.12-161 93.7 bcd 105.1 ab 61.3 Lo 776.7 b 153.3 cd 20.8 f-k
mean 83.1 88.0 89.4 506.3 118.0 22.5
F_test xx x x xx xx xx

I aaa LY A & J = v ¢ a v A b v
RU8LYR ** LANFNNNADANTZAUAUTOIY 99% AlaasluAsduillAgIAUNALAI88NYS

v PN IS U ra 1 aa bl ) ! d‘ r-:ll
ﬂ']‘U']ENﬂﬁ]‘HVILM@JEJ‘UﬂuVLlIlIﬂ'J']lILLG]ﬂGﬂ\Wl’Nﬁﬂ(51 lagnsiSeuiisuaaae LSD 4

SEAUANILTRITY 95 LWasiFud
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M151991 3 AEega (max), A1Wga (min), ALRAY (means), A1AAUTEUUNIINTEIY (SD), AIAUARIALARBUNINTTIY (SE), AduUseancves
ANUWUTUTIUL (CV) Tuilnd1n 43 aneiug

Usunaanslalaiiu USunaasiusualsiu Usuauasualsfiuesasis
(lalpsnd/ndudhmingn ) (lalasnd/nsuoninan ) (lulasnSu/nSuioninan )
BTrsA 1 Basfi 2 Wsdia HPLC Basii 1 Brsfi2 Wiz HPLC FBnnsiit 3Bnsiiz 38nns@i 3 HPLC
Max 2543.8 2323.1 3789.0 4014.7 827.5 755.1 884.2 454.4 2705.2 2351.8 3855.3 4179.8
Min 123.4 94.5 172.0 300.1 8.8 28.7 19.6 121.8 179.7 169.5 271.4 427.8
Mean 890.4 783.9 996.3 951.1 222.1 208.3 214.3 211.0 1112.6 992.1 1210.5 1162.1
SD. 556.0 497.4 697.7 701.1 180.2 189.9 206.5 83.6 577.8 530.4 720.5 715.9
SE. 42.4 37.9 53.2 535 13.7 14.5 15.7 6.4 44.1 40.4 54.9 54.6
CV. (%) 27.4 27.7 34.3 34.2 41.8 46.6 46.4 16.4 23.9 25.7 30.2 29.3
Fotest *x xx xx *x xx xx xx xx xx xx ax ax

\ aada ) Y] ¢ 2 &
WUGLAG ** WANENNFAANILAUAINULTDUY 99 LUDILIUR
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A15199 4 USuauaswalsiueensiy (Qulasnsu/nsuinndnan) annnisimsiernlean

Tostlafiwes (spectrophotometer) 380157 1, 2 uag 3 uag HPLC Tufindna 43

GRENI
o awnlaslviladiwes
ug So— 3 S HPLC
990191 1 99NN 2 901N 3

[KKU ac.09-008 x KKU ac.09-002]-2 1658.8 bcd 1331.0 d-i 1308.4 g-m 821.7 j-q
[KKU ac.09-008 x KKU ac.09-002]-3 1512.3 c¢ 1471.7 f 1333.2 g-m 1193.7 f-
[KKU ac.09-008 x KKU ac.10-043]-1 545.6 m-p 505.9 o-r 833.8 m-r 872.7 i-q
[KKU ac.09-008 x KKU ac.10-087]-1 553.5 mno 417.3 par 497.1 grs 686.9 m-q
[KKU ac.09-012 x KKU ac.09-008]-1 728.4 k-0 754.8 l-p 987.5 j-q 962.9 h-p
[KKU ac.09-016 x KKU ac.10-046]-6 753.3 k-n 585.4 m-q 654.1 o-s 697.9 m-q
[KKU ac.09-018 x KKU ac.11-054]-1 558.1 mno 583.4 m-q 902.0 k-r 844.1 i-q
[KKU ac.09-030 x KKU ac.10-094]-1 1525.6 cf 1361.1 d-g 1389.2 -k 10455 gp
[KKU ac.10-021 x KKU ac.10-015]-4 179.7 p 1695 r 2714 s 427.8 q
[KKU ac.10-021 x KKU ac.10-015)-6 511.4 m-p 333.8 qr 556.6 p-s 663.0 m-q
[KKU ac.10-021 x KKU ac.10-055]-10 438.1 nop 578.3 m-q 525.3 p-s 628.1 opq
[KKU ac.10-050 x KKU ac.10-055)-11 435.7 nop 480.4 o-r 632.2 0-s 7189 lq
[KKU ac.10-050 x KKU ac.10-0601-4 988.6 i-l 326.5 qr 527.0 p-s 611.6 pg
[KKU ac.10-055 x KKU ac.10-046]-1 525.0 m-p 536.1 n-q 708.0 n-s 812.2 jq
[KKU ac.10-077 x KKU ac.09-008]-2 1217.0 fi 987.1 h-l 1091.1 i-o 885.0 i-q
[KKU ac.10-077 x KKU ac.09-008]-9 1372.6 d-h 1122.8 f-k 839.7 lr 1029.3 h-p
[KKU ac.10-077 x KKU ac.09-008-4]-5 1973.2 b 1212.7 e 1637.2 c-h 1108.0 g-n
[KKU ac.10-077 x KKU ac.09-010]-1 1160.5 f+ 1040.8 g-l 1255.3 g-m 1100.5 g-0
[KKU ac.10-077 x KKU ac.09-010]-2 1432.5 c-h 980.1 h-l 1495.2 e 1514.0 d-g
[KKU ac.10-077 x KKU ac.10-049]-6 1643.9 b-e 828.1 k-0 10259 j-p 797.0 k-q
[KKU ac.10-080 x KKU ac.10-049]-2 595.5 mno 572.9 m-q 865.0 L-r 921.5 h-p
[KKU ac.10-080 x KKU ac.10-049]-3 683.0 l-o 7619 l-p 657.0 o-s 968.6 h-p
[KKU ac.10-080 x KKU ac.10-093]-2 1096.8 h-k 881.6 j-n 1180.1 h-n 800.8 |-q
[KKU ac.10-080 x KKU ac.10-093]-3 1436.9 c-h 1301.9 d-i 1349.4 -kl 1080.3 g-p
[KKU ac.10-080 x KKU ac.10-093]-4 818.2 j-m 895.1 j-m 1250.5 ¢-m  1128.6 g-m
[KKU ac.10-080 x KKU ac.10-093]-5 1146.5 ¢ 1211.0 e 14843 e  1276.6




ar

A15199 4 (si9) USunauanswalsiiueensiy (ulasnSusiansudiningn) 31nn1s5IAsEsin e

awnlasllafmed (spectrophotometer) 3801571 1, 2 uae 3 uag HPLC Tuiln

[

477 43 ANgWUS

]

. awnlaslvladinos
ug — — — HPLC
/159 1 5NN 2 5n159 3

[KKU ac.10-086 x KKU ac.10-093]-1 1499.0 c-¢ 1469.3 c-f 2041 bcd 1788.6 cde
[KKU ac.10-086 x KKU ac.10-093]-3 1280.5 e-i 1230.7 e 1660.3 b-h 1188.0 g-l
[KKU ac.10-086 x KKU ac.10-093]-6 1421.6 c-h 1336.0 d-h 1465.7 = 1262.3 fk
[KKU ac.10-086 x KKU ac.10-093]-9 1220.0 f-i 12337 e-jj 1547.5 d-i 1298.6 f-i
[KKU ac.10-086 x KKU ac.10-093]-10 1303.1 d-i 1377.3 d-g 1540.3 d-i 1267.4 fk
[KKU ac.10-086 x KKU ac.10-093]-12 1183.6 f-j 1189.5 f+ 1441.3 e 1392.3 e-h
[KKU ac.10-086 x KKU ac.10-093]-15 1609.7 b-e 1735.3 bc 1860.1 b-f 1381.0 e-h
[KKU ac.10-090 x KKU ac.09-002]-2 832.7 jm 747.2 \-p 825 m-r 929.0 h-p
[KKU ac.10-090 x KKU ac.09-002]-3 359.7 op 364.2 qr 4753 rs 633.5 n-q
[KKU ac.10-090 x KKU ac.09-002]-11 499.2 m-p 412.9 par 599.3 o-s 653.5 m-q
[KKU ac.10-090 x KKU ac.10-087]-3 727.0 k-0 596.5 m-q 546.5 p-s 614.6 pq
[KKU ac.10-094 x KKU ac.09-008]-1 1645.3 b-e 19825 b 1871.7 b-e 1956.1 cd
[KKU ac.10-094 x KKU ac.09-008-4]-1 27052 a 23518 a 3855.3 a 4179.8 a
[KKU ac.10-094 x KKU ac.10-093]-6 1757.6 bc 1551.0 cde 2169.6 b 2688.2 b
[KKU ac.10-094 x KKU ac.10-093]-8 969.0 i- 974.3 i-l 1099.7 i-o 1388.7 e-h
KKU ac.11-134 1373.9 d-h 1236.5 e 2099.6 bc 2083.6 ¢
KKU ac.12-161 19619 b 1641.5 bcd 1697.0 b-g 1667.7 cf
mean 1103.1 983.8 12144 1177.1
Fotest - . . %

! aad Y] A O s & & 1 N U ¢ a v A
‘WﬁJ']EJLVW! ** ULANANINISENANSEAUANUYBUU 99 LUDTLTUR ﬂqLﬁaﬂiu@@aMULﬂﬂﬁﬂuw

v Y v PN IS Y el ! aa b} )
Gl’]ll@']EJEJﬂ‘Hiﬂ']‘H']ENﬂQ‘HVIL‘lﬂllEJUﬂ‘L!thlﬂ')’]llLLG]ﬂfﬂ'N‘Vl’NﬁOG] lagnsiUseuLfiou
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A15199% 5 Ysunasanstalaiiu (dalasnsusensuduiings) aann1siasizuaieadnlasinle

fme3  (Spectrophotometer) 38059 1, 2, uay 3 uag HPLC  Tlu
#n13 43 aneiug
g - ﬂLﬂﬂEﬁlﬁIWE@ﬁLm@% _ oL
5MN 1 /M 2 /N1 3

[KKU ac.09-008 x KKU ac.09-002]-2 1382.0 d-g 1116.7 d-g 11814 e-h 6469 i-0
[KKU ac.09-008 x KKU ac.09-002]-3 1408.7 c-g 1305.8 cde 12356 d-h 1004.5 f
[KKU ac.09-008 x KKU ac.10-043]-1 521.6 o-u 452.4 m-r 807.5 h-o 746.8 h-o
[KKU ac.09-008 x KKU ac.10-087]-1 5446 n-u 3814 p-s arr5  p 565.1 j-o
[KKU ac.09-012 x KKU ac.09-008]-1 4075 sv 438.1 m-r 655.1 j-o 710.6 h-o
[KKU ac.09-016 x KKU ac.10-046]-6 567.4 m-u 4333 n-r 5520 jp 5413 k-o
[KKU ac.09-018 x KKU ac.11-054]-1 458.9 p-v 4770 Lr 694.6 -0 696.7 h-o
[KKU ac.09-030 x KKU ac.10-094]-1 8619 i-o 733.1 in 958.9 gk 699.6 h-o
[KKU ac.10-021 x KKU ac.10-015]-4 1234 v 945 s 1720 p 300.1 o
[KKU ac.10-021 x KKU ac.10-015]-6 4312 gv 250.6 rs 4938 k-p 5142 k-o
[KKU ac.10-021 x KKU ac.10-055]-10 375.3  tuv 496.1  Lr 4752 p 4925 Lo
[KKU ac.10-050 x KKU ac.10-055]-11 274.6  uv 3653 p-s 580.0 jp 5179 ko
[KKU ac.10-050 x KKU ac.10-060]-4 694.8 |-t 2415 rs 3764 op 465.6 mno
[KKU ac.10-055 x KKU ac.10-046]-1 499.6 p-u 459.7 m-r 620.4  jp 684.0 i-o
[KKU ac.10-077 x KKU ac.09-008]-2 885.2 i-n 954.8 f-i 1021.1 f4 743.7 h-o
[KKU ac.10-077 x KKU ac.09-008]-9 1197.7  fi 9537 fi 776.2 h-o 878.0 h-n
[KKU ac.10-077 x KKU ac.09-008-4]-5 1897.0 b 1090.2 d-g 15775 cde 9238 ¢l
[KKU ac.10-077 x KKU ac.09-010]-1 1090.3  g-k 1003.9 e-i 1149.0 e-i 9535 fk
[KKU ac.10-077 x KKU ac.09-010]-2 1286.6 e-h 822.4 gk 1376.5 c-g 1350.0 d-g
[KKU ac.10-077 x KKU ac.10-049]-6 1521.0 cf 778.0 h-l 939.1 ¢l 648.1 i-o
[KKU ac.10-080 x KKU ac.10-049]-2 4205 rv 4115 o-r 631.4 jp 718.7 h-o
[KKU ac.10-080 x KKU ac.10-049]-3 569.7 m-u 615.0 k-q 463.4 |p 758.8 h-n
[KKU ac.10-080 x KKU ac.10-093]-2 860.5 -0 6278 j-q 937.8 ¢l 587.0 j-o
[KKU ac.10-080 x KKU ac.10-093]-3 9338 il 902.8 f-k 1013.6 f 828.6 h-n
[KKU ac.10-080 x KKU ac.10-093]-4 400.5 s-v 488.5 L-r 697.0 i-0 786.8 h-n
[KKU ac.10-080 x KKU ac.10-093]-5 770.8 k-q 7788 h-l 1029.3 f4 953.1 fk
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AN5719% 5 (si9) Usunauanstalaiu (lulasnsusensuinningn) a1nn153umszunieanlag

Ilniinas (spectrophotometer) 38M157 1, 2, wag 3 wag HPLC Tuilndna 43

GRENI
o anlaslilndines
ug — — R HPLC
80199 1 0NN 2 901N 3

[KKU ac.10-086 x KKU ac.10-093]-1 1027.1 h-l 12031 def  1447.1 of 1399.3 def
[KKU ac.10-086 x KKU ac.10-093]-3 908.1 i-m  817.6 gk 11914 =h 886.4 h-n
[KKU ac.10-086 x KKU ac.10-093]-6 867.6 i-n 7415 im 8629 hn 904.5 g-m
[KKU ac.10-086 x KKU ac.10-093]-9 932.4 il 921.1 fj 11654 e 1004.7
[KKU ac.10-086 x KKU ac.10-093]-10 7515 kr 723.1 in 867.0 h-m 906.4 g-m
[KKU ac.10-086 x KKU ac.10-093]-12 793.6 j-p 709.9 i-o 964.3 gk 1054.4 e-i

[KKU ac.10-086 x KKU ac.10-093]-15 1380.1 d-g 1319.1 d 1713.5 bcd 11473 e-h

[KKU ac.10-090 x KKU ac.09-002]-2 735.0 L-s 646.7 j-p 689.3 i-o 746.4 h-o
[KKU ac.10-090 x KKU ac.09-002]-3 272.1 uv 260.9 rs 392.4 m-p 4757 l-o
[KKU ac.10-090 x KKU ac.09-002]-11 330.8 uv 305.1 rs 440.7 m-p 482.3 l-o
[KKU ac.10-090 x KKU ac.10-087]-3 4478 gv 341.5 grs 383.3 nop 445 no
[KKU ac.10-094 x KKU ac.09-008]-1 1608.3 b-e 19185 b 1795.3 bc 1804.6 cd
[KKU ac.10-094 x KKU ac.09-008-4]-1 2543.8 a 23231 a 3798.0 a 4014.7 a
[KKU ac.10-094 x KKU ac.10-093]-6 1711.6 bcd  1516.0 c 2136.7 b 2490.6 b
[KKU ac.10-094 x KKU ac.10-093]-8 731.1 L-s 717.7 ij-n 856.7 h-n 1053.1 e-i
KKU ac.11-134 11349 g 1048.9 d-h 1824 bc 1860.4 ¢
KKU ac.12-161 1728.4 bc 1519.2 ¢ 1620.3 cde 1503.5 cde
mean 890.4 783.9 996.6 958.3
Ftest *% > *x *x

aad Y =

! & c & & 1 a U ¢ a v A
UG ** UANFNaNeananseauauety 99 wWesidud Anaduluneduilifgiiuniniy
A88neIN1wsInguiuiauduliiinuuana1anieada lnen1siuseuriieu

ARy LSD N5ziumudingi 95 wasidud
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A15199 6 Usuanstuanwalsiu (ulasnsumensudividnas) 1nn153As1zRmeaunlas

Tlafiwes (spectrophotometer) 3317157 1, 2 uar 3 way HPLC Tuflndna 43

GRENI
.. awnlaslvladinos
Uug — — — HPLC
/01199 1 /N1 2 9007199 3

[KKU ac.09-008 x KKU ac.09-002]-2 276.8 fi 214.3 fi 118.0 j-o 174.8 i-o
[KKU ac.09-008 x KKU ac.09-002]-3 103.6 k-p 165.9 ¢-l 97.5 k-o 189.3 g¢-m
[KKU ac.09-008 x KKU ac.10-043]-1 24.0 op 535 j-m 26.2 no 125.9 pq
[KKU ac.09-008 x KKU ac.10-087]-1 88 p 35.9 klm 19.6 o 1218 ¢
[KKU ac.09-012 x KKU ac.09-008]-1 320.9 efg 316.7 def 332.4 e-h 252.3 ef
[KKU ac.09-016 x KKU ac.10-046]-6 185.9 h-l 152.2 ¢-m 102.1 k-o 156.6 k-q
[KKU ac.09-018 x KKU ac.11-054]-1 99.2 l-p 106.4 i-m 207.3 ¢l 147.4 m-q
[KKU ac.09-030 x KKU ac.10-094]-1 663.8 a 628.8 a 630.3 a 345.9 abc
[KKU ac.10-021 x KKU ac.10-015]-4 56.3 l-p 75.0 j-m 99.4 k-o 127.7 opq
[KKU ac.10-021 x KKU ac.10-015]-6 80.2 l-p 83.2 i-m 62.8 mno  148.8 m-q
[KKU ac.10-021 x KKU ac.10-055]-10 62.9 lp 82.2 i-m 50.1 no 135.6 n-q
[KKU ac.10-050 x KKU ac.10-055]-11 161.1 i-n 115.1 i-m 52.2 no 200.9 ¢k
[KKU ac.10-050 x KKU ac.10-060]-4 2939 e-h 85 i-m 150.7 i-o 145.9 m-q
[KKU ac.10-055 x KKU ac.10-046]-1 254 op 76.4 j-m 87.6 Lo 128.3 opq
[KKU ac.10-077 x KKU ac.09-008]-2 331.9 efg 323 Im 70.0 l-o 141.3 m-q
[KKU ac.10-077 x KKU ac.09-008]-9 174.9 h-m 169.2 g-k 63.5 mno 1513 lq
[KKU ac.10-077 x KKU ac.09-008-4]-5 76.2 \-p 122.4 h-m 59.8 mno  184.2 h-m
[KKU ac.10-077 x KKU ac.09-010]-1 70.2 lp 36.9 klm 106.3 j-o 147.0 m-q
[KKU ac.10-077 x KKU ac.09-010]-2 145.9 j-o 157.7 ¢-m 118.6 j-o 164.1 j-q
[KKU ac.10-077 x KKU ac.10-049]-6 1229 jp 50.1 klm 86.8 l-0 148.9 m-q
[KKU ac.10-080 x KKU ac.10-049]-2 175.0 h-m 161.4 g¢-m 233.6 g-k 202.9 ¢k
[KKU ac.10-080 x KKU ac.10-049]-3 1133 jp 146.8 ¢-m 193.7 h-m 209.8 f+
[KKU ac.10-080 x KKU ac.10-093]-2 236.2 ¢ 253.8 fgh 242.2 ¢ 213.8 f4
[KKU ac.10-080 x KKU ac.10-093]-3 503.1 bc 399.1 cde 335.8 efg 251.8 ef
[KKU ac.10-080 x KKU ac.10-093]-4 417.7 cde 406.6 cd 553.5 abc 3419 ad
[KKU ac.10-080 x KKU ac.10-093]-5 3758 cf 432.2 cd 455.0 cde 323.5 bcd
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A15199 6 (M) Usuauaisiuswalsiy (lulasnsusensudmntngn) 91nA15ASIEIIN0Y

awnlasinlnfinesd (spectrophotometer) 33015 1, 2 wae 3 war HPLC luilnd

43 aneiug

.. awnlaslvlafinos
Uug — — — HPLC
/01199 1 /NN 2 9007199 3
[KKU ac.10-086 x KKU ac.10-093]-1 471.9 bcd 266.2 efg  594.0 abc 389.3 a
[KKU ac.10-086 x KKU ac.10-093]-3 372.5 def 413.1 d 468.9 b-e 301.6 cd
[KKU ac.10-086 x KKU ac.10-093]-6 554.0 ab 594.6 ab 602.9 ab 3578 ab
[KKU ac.10-086 x KKU ac.10-093]-9 287.7 fi 312.7 def 3822 def 2939 de
[KKU ac.10-086 x KKU ac.10-093]-10 ~ 551.7 ab 654.2 a 673.3 a 361.1 ab
[KKU ac.10-086 x KKU ac.10-093]-12  390.0 c-f 479.6 bc 477.1 bcd 338.0 bcd
[KKU ac.10-086 x KKU ac.10-093]-15  229.6 ¢-k 416.1 cd 146.6 i-o 2336 fg
[KKU ac.10-090 x KKU ac.09-002]-2 97.7 lp 100.5 i-m 1358 j-o 182.6 h-n
[KKU ac.10-090 x KKU ac.09-002]-3 87.6 l-p 103.3 i-m 829 Lo 1579 k-q
[KKU ac.10-090 x KKU ac.09-002]-11 168.4 h-m 107.8 i-m 158.6 i-o 1711 ip
[KKU ac.10-090 x KKU ac.10-0871-3 279.2 fii 2550 feh  163.3 in 169.6 i-q
[KKU ac.10-094 x KKU ac.09-008]-1 37.1 nop 64.0 j-m 90.6 l-o 151.6 |-q
[KKU ac.10-094 x KKU ac.09-008-4]-1  161.4 i-n 287 m 57.3 mno 165.3 j-q
[KKU ac.10-094 x KKU ac.10-093]-6 459 m-p 35.0 klm 329 no 197.6 ¢l
[KKU ac.10-094 x KKU ac.10-093]-8 2379 ¢ 256.6 feh  243.0 g 335.6 bcd
KKU ac.11-134 239.0 ¢ 187.7 f 275.6 f-i 2232 fgh
KKU ac.12-161 233.6 ¢ 122.4 h-m 76.7 -0 164.1 j-q
mean 222.1 208.3 214.3 2111
Ftest *% *% *x *x

aa

1Y 4

RU8LYR ** LANANNNEDRNTEAUAINULTY

03Ty 99 Wasidud Anadslunsdulifedfunaiy
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52

o

2.5 audunusszrndinsaunlnsinladiwasuaz HPLC Tun1simsnziuiunaansdidgy

2.5.1 USunuansualsiiueun

USinaualsiiuesasiy seninanlasinladnes 350157 1, 2 uay 3 U
HPLC wuinflauduiudnisadnlulufienicuan Seflaunisuazmanuduiudivii
y = 0.90x + 157.66, r = 0.74**, y = 1.07x + 101.91, r = 0.80** uwazy = 0.93x +
26.83, r = 0.93* ;udIFU (131971 7) Wnevinaasualsiivesdseniadnlasllafimes
3 uay HPLC fawiduiudiugs (nmil 14)

2.5.2 Usunauanslalaiiy

Usnadlalafiusewinsadnlasinlafiwes 330sft 1, 2 waz 3 AU HPLC
wuflanuduiusmeadnlulufienieuin Ssflaunsuavmanuduiusviiu y = 0.95x -
101.84, r = 0.77**, y = 1.17x + 32.72, r = 0.85** 4@z y = 0.96x - 7.48, 0.94** audsu
m157971 7) IneUSunaanstalafiuseninsanlasiilofines 3 waz HPLC famuduiusiu
6N (n il 14)

2.5.2 USunauansiusialsnu

USinasusualsiiusznineanlnsnladwes 330157 1, 2 was 3 AU HPLC
wuflanuduiusnisadalulufiansuan Salemnuduiusviiu y = 0.40x + 123.36, 1
= 0.82*, y = 0.40x + 128.32, r = 0.86* Waz y = 0.38x + 129.54, r = 0.92** MIua1AU
@397 7 TeeUSunaasiudualsfiussnisadnlasiilefines 3 way  HPLC §

ANuFUTUSIUge (i 14)



AN5199 7 ANUFUTUSURIUSUIUANSHALSILRYR d15talATIU WAZLUAWALSTIL SE1INg

HPLC way awnlpsinladines (spectrophotometer)

53

equation R r

Total carotenoid

HPLC vs method | y = 0.90x + 157.66 0.55%* 0.74**

HPLC vs method I y = 1.07x + 101.91 0.64** 0.80%*

HPLC vs method Ill y = 0.93x + 26.83 0.87** 0.93**
Lycopene

HPLC vs method | y = 0.95x - 101.84 0.59% 0.77**

HPLC vs method II y =117x+ 32.72 0.71* 0.85**

HPLC vs method Il y = 0.96x - 7.48 0.89%* 0.94*
Beta-carotene

HPLC vs method | y = 0.40x + 123.36 0.67** 0.82**

HPLC vs method I y = 0.40x + 128.32 0.74% 0.86**

HPLC vs method Il y = 0.38x + 129.54 0.85%* 0.92%*

WA ** P = 0.01, (n=43)



Lycopene content (ug/g fresh

weight) of HPLC

5000 1

4000 A

3000 +

2000 A

1000 4
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y =0.96x-7.48 (a) L 500 7 y=0.38x+129.54 (b)
R2=0.89%* -5 R2=0.85%*
r=0.94%* ® 5T 400 r=0.92%*
g2 ®
o Z 300 A
» 52
© = 200 4
8 G
1 E |
# gtn 100 -
E 0
1000 2000 3000 4000 - 0 200 400 600 800

Lycopene content (ug/g fresh weight) of

Beta-carotene content (ug/g fresh weight) of
spectrophotometer method III

spectrophotometer method III

5000 7y =0.94x+26.85

R2=0.87%*
4000 r=0.93%%*

()

3000

®
2000

(
1000 +

Total carotenoid content
(ug/g fresh weight) of HPLC

O L] L] L] L] L]
0 1000 2000 3000 4000 5000
Total carotenoids content (ug/g fresh weight) of
spectrophotometer method III

AN 14 ANUAUNUSITZNINNTIATIEYAE HPLC way awnlastilailines 350159 3 Tu

#fnd717 Town Usunaanstaleiiu @), Usunaasiuawalsiu (b) wasusuiuans

wAlsTUBEASIN (** P = 0.01, (n=43))
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2.6 AVFNNUSTENINUTUIUAITAIAY LAZANYULNINITNYAT
2.6.1 USunaunAlsNuasnsiu
USU1UEITHALSNUBYATINT AU UNUSN DR L UAANIIUINAU

Usinadlalaitu wasUSunanusnualsiiu. ongua dminideruwdn wazosidudideiuwan

1%
v v o

Wi 0.61  wag 0.65 (P=0.01) amuad1su wagldiauduiusiviiminuagan dan
AMUENTUSYIAY 0.28 (151971 6)
2.6.2 USunaanslalaiiu
USuauanslalafiudanuduiusnisadaluiidanisuiniuialsfiueen

v 3

51 warUunanudualsiiu - ogwa dmdnidenuude uaziesifudideiuudn Wiy

q

1%
o Y a

0.99, 057 uar 0.61 (P=0.01) Aua1su wazluimnuduiusiuiintnuadas dan
AMUAUNUSIVINAU 0.23 (1N5199 6)
2.6.3 USunaudnssuswalsiu
USUa15 UA AL SAUT A UAUNUSN 9D A bUNANI9UINA VAT
~ ¢ a ~ H o A v < s 2k A v &

walsiiuessn wazUsunaansialaiu 91gna Umtnigeruwdn waziUesiduddonuiudn
Wiy 0.40, 0.50 wag 0.40 (P=0.01) muanu wazlufianudunusiulsuialalaiiu (91519
71 6)
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A1351991 8 anduiusvesongna  (Tu) dmdnwaan (n5y)  dmdnileriudn (n5u/wa)

s @& oA v I a a 2 a = a v
LU@?L%U@LEJ@V!@JLN@@I ﬂiﬂqmaqiLLﬂiiwu@ﬂﬂiﬁﬂJ ﬂill']iulaiﬂwu LazUsunaLun

[

walsyiu (dulasnsu/nSudnvidnan) ¥99fnT1931UIU 43 WS

q

H o H o A s 2 & a a
WYnun Ui LUasEus USunauwals  USuna

D1YHA . P .. .
’ Nadn uwdn  Weviuwde  fluewasiu  laladiu

vhuinuadn 0.34%

hwinuderuidn 0.41%  0.89*

Wesiduddeviudn 0.40% 0.33* 0.70%*

Usunauualsiiuesnsam 0.61%* 0.28 0.46** 0.65%*

Ysuulalaiiu 0.57%* 0.23 0.41%* 0.61% 0.99%*

UTunaLuaualsviu 0.39%* 0.40%* 0.50%* 0.40%* 0.20%* 0.08

WU " P=001, (n=43)

2.7 anduNuSIERINUIIUEITE A wasAINITIng
2.7.1 YSueudsualsiiusensau lalaiy waziudualsiiu HPLC

A1 L* (luminance) JANUELRUSNIEDR LUAAN1SUINUSH QLU
welsuflauduiusiu Wi 057 UsunawalsiivesasiuwazUSinalalafiu iy
-0.13" wag -0.20" mudeu

A1 C* (chroma) JAMUEURUSNIEDA LUAANISUINAUUIUILUAN
wAlsyiu nAY 0.72%* wazdsuaualsiiusensiy wazdsunalalanuluianudunusiu
Wiru 0.08 " uag -0.16 " anuaeu

A1 he (hue angle) fAnuduiusnsadaluiianisuaniuusuiu
wAlsuesnsIy UsunalalafiukazUSunanuawalsyiu  wiinu 0.42, -0.53 uway -0.47

(P=0.01) mua19u
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A15199N 9 ANAUNUSTZNINIAINITIAEA (L*C*h°) YSuauansualsiuaensiy tlalafiu

s

WAZLUALALIAILINNNITIATIZNAE HPLC 989HnY17 43 Wus

]

L* Cc* hi
c* 0.67**
he 0.50%* 0.30%*
waAlINY 0.57%* 0.72%* 0.42%*
Taladiu -0.20 0.08 -0.53**
uAlsTuRYATI -0.13 0.16 -0.47%*

waewin  P=0.01, (n=43)
L* A9 A1AINNEINIUDIE
C* Ap ANAINUILYDIE

he Ao nsszysumisdiduosm



3. NTIANGUNNWUFNTTNIINANBAUENNTSINEATUATUSIIUATEIATYvaing17
PNNTANYIAN BN NN TAYATLAZ N TIATIERUTUUE Td A uiing199s 43

v s A

#Wug fnuifianuuandaiusgidaiau Faanunsathundanguanudusiusld Tnswuin
dnwazihinniinseidiodangy Tiun Yiinaualsiiuesdsin Usinalalafiu Usinawuin
uelsiu o1gua dwidnuaan thninieruiudn wazesifudidoruuda aunsndangu
ftusilndnanis 43 wug 1Widu 6 nau (1wl 15)

AN 131 16 stug 1AuA [KKU ac.09-008 x KKU ac.09-002]-2, [KKU ac.10-
055 x KKU ac.10-046]-1, [KKU ac.09-008 x KKU ac.10-087]-1, [KKU ac.10-021 x KKU
ac.10-015]-4, [KKU ac.09-018 x KKU ac.11-054]-1, [KKU ac.10-021 x KKU ac.10-055]-10,
[KKU ac.10-050 x KKU ac.10-060]-4, [KKU ac.10-077 x KKU ac.10-008-4]-5, [KKU ac.10-
090 x KKU ac.10-002]-3, [KKU ac.10-090 x KKU ac.09-002]-11, [KKU ac.10-077 x KKU
ac.09-008]-9, [KKU ac.10-077 x KKU ac.09-010]-1, [KKU ac.10-090 x KKU ac.10-087]-3,
[KKU ac.10-021 x KKU ac.10-015]-6, [KKU ac.10-077 x KKU ac.09-008]-2 uwag [KKU
ac.10-090 x KKU ac.10-002]-10

nauil 2 11 2 tug IHuA [KKU ac.09-008 x KKU ac.09-002-3 wag [KKU
ac.10-077 x KKU ac.09-008]-6

naufl 3 1 8 g leuA [KKU ac.09-008 x KKU ac.10-043]-1, [KKU ac.10-
077 x KKU ac.09-010]-2, [KKU ac.10-094 x KKU ac.09-008]-1, [KKU ac.09-012 x KKU
ac.09-008]-1, [KKU ac.09-016 x KKU ac.10-046]-6, [KKU ac.10-080 x KKU ac.10-093]-2,
[KKU ac.10-080 x KKU ac.10-049]-2 wag [KKU ac.10-050 x KKU ac.10-055]-11

naudl @ 31 12 stug 1HuA [KKU ac.09-030 x KKU ac.10-0941-1, [KKU ac.10-
086 x KKU ac.10-093]-12, [KKU ac.10-086 x KKU ac.10-093]-6, [KKU ac.10-086 x KKU
ac.10-093]-9, [KKU ac.10-086 x KKU ac.10-093]-10, [KKU ac.10-080 x KKU ac.10-049]-3,
[KKU ac.10-080 x KKU ac.10-093]-3, [KKU ac.10-086 x KKU ac.10-093]-3, [KKU ac.10-086
x KKU ac.10-093]-15, [KKU ac.10-080 x KKU ac.10-093]-5, [KKU ac.10-094 x KKU ac.10-
093]-8 iae [KKU ac.10-086 x KKU ac.10-093]-1

nguil 5 41 2 fug 1o [KKU ac.10-080 x KKU ac.10-093)-4 Wag KKU
ac.11-134

naufl 6 1 3 g 1éuA [KKU ac.10-094 x KKU ac.09-008-4]-1, [KKU ac.10-
094 x KKU ac.09-093]-6 uag KKU ac.12-161

58
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. Total T Beta-
[KKU ac.09-008 x KKU ac.09-002]-2 d reers ycopene carotene
» [KKU ac.10-055 x KKU ac.10-046]-1 o7 s 300.1 121.8
» [KKU ac.09-008 x KKU ac.10-087]-1 574.66 430.29 139.65
= [KKU ac.10-021 x KKU ac.10-015]-4 72152 560.48 1575
= [KKU 2c.09-018 x KKU ac.11-054]-1 868.38 690.67 175.36
* [KKU ac.10-021 x KKU ac.10-055]-10 1015.2 gg?-gg 193.21
= [KKU ac.10-050 x KKU ac.10-0601-4 1162.1 1638 211.06
* [KKU ac.10-077 x KKU ac.09-008-41-5 1765.6 : 246.71
2176.5 282.36
= [KKU ac.10-090 x KKU ac.09-0021-3 2369.2 27892 .
» [KKU ac.10-090 x KKU ac.09-002}-11 2972.7 2402 318
» [KKU ac.10-077 x KKU ac.09-008]-9 3576.3 40147 353.65
= [KKU ac.10-077 x KKU ac.09-010]-1 41798 389.3
= [KKU ac.10-090 x KKU ac.10-087]-3 ! ruit fresh — Aril
* [KKU ac.10-021 x KKU ac.10-015]-6 weight riweig ercentage
9 255
* [KKU ac.10-077 x KKU ac.09-008]-2 128 40560 1.8
* [KKU ac.10-090 x KKU ac.09-002}-2 194.15 : 13.631
55,672
= [KKU ac.09-008 x KKU ac.09-0021-3 260.29 15.462
70.758 172
* [KKU ac.10-077 x KKU ac.10-049}-6 326.44 85.844 7.293
* [KKU ac.09-008 x KKU ac.10-043]-1 392.58 100.93 19.125
* [KKU ac.10-077 x KKU ac.09-010]-2 458.73 1432 20.956
= [KKU ac.10-094 x KKU ac.09-008]-1 570.58 185.48 ggggg
= [KKU ac.09-012 x KKU ac.09-008]-1 682.44 227.75 28002
= [KKU ac.09-016 x KKU ac.10-046]-6 ;ggfg 270.03 oass
* [KKU ac.10-080 x KKU ac.10-093}-2 018 312.3 8

= [KKU ac.10-080 x KKU ac.10-049]-2

* [KKU ac.10-050 x KKU ac.10-055}-11 “ruit width  “ruitlength  Days to fruit

= [KKU ac.09-030 x KKU ac.10-094]-1 54.1 125 maturity
= [KKU ac.10-086 x KKU ac.10-093]-12 59.929 27.844 55.3
= [KKU ac.10-086 x KKU ac.10-0931-6 — 65.759 43.188 59.773
* [KKU ac.10-086 x KKU ac.10-0931-9 71.588 58.533 64.246
* [KKU ac.10-086 x KKU ac.10-093]-10 77.417 73877 g8.719
= [KKU ac.10-080 x KKU ac.10-049]-3 83.247 69.221 33'2332
= [KKU ac.10-080 x KKU ac.10-093]-3 89.117 ?gfg; 83.032
= [KKU ac.10-086 x KKU ac.10-093]-3 ?gfgg 11747 88.399
= [KKU ac.10-086 x KKU ac.10-093]-15 106:73 126.88 93.766
= [KKU ac.10-080 x KKU ac.10-093]-5 126 136.3 99.133
= [KKU ac.10-094 x KKU ac.10-093]-8 104.5

= [KKU ac.10-086 x KKU ac.10-093]-1

" [KKU ac.10-080 x KKU ac.10-093]-4
®"KKU ac.11-134

" [KKU ac.10-094 x KKU ac.09-008-41-1
" [KKU ac.10-094 x KKU ac.10-093]-6
= KKU ac.12-161

Days to fruit maturity

Fruit length
Fruit fresh weight

Total carotenoids
Aril weight

Lycopene
Beta-carotene
Aril percentage
Fruit width

WA 15 Dendrogram AulnaTanIeiugnIsuvesiind 43 wug lnglddnwaisusunm
a19d1A7y Toun Usuaaisualsfiuesnsioy aistalaiiu wazansiuaiualsnu
(lulasnuronsuuivtdngn) wazdnuwalen19aNIsnEas oun dnndnuaga (n5u)
5 o A v I3 o s & & A w 3 a a
ninigeruudn (nSusena) Wasi@udlbeviuiudn AuenIna (Jaduns) Ay

N9Ha ({adwns) 91en1sannvag (Ju)
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3salnan1snaans

1. AnumanuatgvaslsiuasuAlsiueensiu lalaiuuazudualsiu
N133ANgUANUFIRLSIINSNYMENIINITNYATHarUSUaNTaAgvaeind 1 43

Wug lneideayauSunaasdidny lown Usunawalsiuesnsiu Usunalaladiu wasuSuiu

Y = 4 13

WAwAlsiiu wavdnwuenIsinens ki e1ena Umtdnuaan davdnideruiude uas

4
s @ ¢ A w & @ v Y A oA A v ¢ v & 1A I o a
Wesiudloruwdn nuindanguiugla 6 nquiug naui 13 18 Wug sudwifiunasin

5§ o

ludseinalne ngui 2 1 8 Wug Wu

Na,

wiflwvasinliatuusemelng nqui 3 1 8 Wug Wugud

o

o o =

war 1 Wug Nuswdndunasinidaandsemaisauiy

[ a o

Pwnasnndalulssinalng 7 Wu

>N |

1 PN s Al ! o a [ s 1

naudl 4 8 2 Wud § 1 Wug Wuiugwindunasdnlelulszmalng way 19ug Wugu

9 9 9 9

§ o s

uwndaflaanuszimadoaus ngud 5 31 1ud fususiiundsiudaannyssimadoaus
naud 6 & Wusundsiudaanusemadoaun Fsaenadostunisinuves thdes yns
wsukazAy (2555). fivinsussidiudnuaanumainvanemaiugnssuveaiindlu 26
fusuarlddnsuundnvasgunsamailndliimmn 6 sunss Tdun sUnssma’ sUnswanay
sUnswazule sunsawathudiuans sunsaadiudiudie LLazgﬂmﬂwaﬁqmmizuaﬂ way
Dey et al. (2006). ﬁﬂmm’mwmﬂwmawﬂqﬁuqﬂiiumaqmziz (Momordica charantia L.)
fusiudiowessemeduie S1uau 38 Wug tneldiadomunefiBueniin RAPD uax
Snwaugnanainens Wun dindneaieds miusnkaeds wezarunimaads Wy
aunsadangula 2 nay
2. AnuduwussEninetinumsdfyiitnmeilae HPLC wazawnlaslWlndinef
Uinuasuelsiiuesdnm lalafiu wasudualsfiuvesis 4 33nsfiaindevesd
Aoudnegs uazlimuumnsrstumeaiafisyfuadediu 99 wWesifusd Faainnumaaes

s

PUIUANT1IRUS [KKU ac.10-094 x KKU ac.09-008-4]-1 fUsunaashalsiiuaensiy bale

]

#u 910 HPLC gagawiiu 4179.8 uag 4014.7 fiUSunaansddnysananfininninseany
84 Aoki et al. (2002) FvhmsAasgibevuiindnan HPLC waznuinluderundaiiia
uasiUSInaanslaladiu 380 pe/s LuskAlsAu 101 pg/g S?ingm'jwahusuaqﬂaﬁﬂ%nﬁﬁﬁ
wdes AifuSunaanslalafiudies 22.2 pe/s uasfiudualsiiu 0.9 pe/s Vuong et al. (2006)
Iinrgiviinaualsiiuesdludevumdaiind1nfe HPLC fiaueiadu 475 uilumns
wuiluBeruudaiindniualsfiuesdiomelutiin 497 Tulasndu/ndu Fadilalafiuog
TuuFunas 408 lulasnsu/nsu waziudualsiiuusuiu 83 lulasniu/nsu wag Ishida et al.
(2004) oftnd i 0.2 nu Ymihaauaufuansivhazats hexane/2 propanol (8:2 v/v)

WA BHT 50 pg/ml. uaniluduiigaumgil 55 esmnwal@oa 30 w1y a1nduinluivgl
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(shceking) 10 w19l udvenengluiduunaslsn 3 ATe dnerasaianegtuluszmelvun lag
Tounalulnsiau Weansanauwiaallviiy diethyl ether wazUSuUSuInsAe acetonitrile
20 mb 9ntuiluinsigt HPLC wulBouwdnusznausiglalafiunisnun 1546.5 -

3053.6 Lg/g fresh weight USinasudnualsiiuiioun 636.2 - 836.3 pg/s fresh weight

ANMUAUNUSVRIUSUNANSLALSTIURERSIL lalafiy waztudhAlsAiu M9 4 35n151u
AnudnTanudunusiualuniauln kazn1sesieiUsuuatswalsiuesasiy lalafiu

LY

wazUALALSTL AeaUnlasiiladwas 350159 3 way HPLC Janudunusiugs Juwany

Y

[ [%
= £X

FlumausudgsiugilninufioisTinuamslalafiunseiusualaiiuligeiutiy 151a1ansa
asratalagldaunlnsinindmes 330157 3 wnunmsld HPLC lesannidudsfie azaan
UszudanauazUssudnaldanold SedenndosiunisAnuives Rao et al. (1998) i
MnsAneaTzYUSIaEsialafiugn 2 35 Ae A15IATIERE1TAR HPLC wazalnlng
Wndweslunzdomewaznansariuzdoma nuiSunaanslalafivlinafiuandrsiueds
Wios 11 Wesdud windu Fsmsinsevianslalafiulngld spectrophotometer Wumaiiadi
$rouavsanganinunain HPLC @9 HPLC wiadabiuseansnmlunisuenansuasysdansi
Foansinszilanniuaziisaiwnenit widunadafimnzautunisinsziiindy

[

UIngUsEaIRUDI9NY

q

Uszduazfainsnafisnnds daunisidenldisnisieszidaduet
VLGN

o/

3. AnAUNUSIENINAInduasUTINEN T ARy
ANNFUTUSIENINA T dkasUsunaansdAgdelsenaunivansualsfiued sy
astalaiiy wazansiusalsfiy ¥eria 4 F5n15tu wag A1 C* wag h° JAuduiusng
afinlunauan wudnen C* NHANduRLS Lusualsiundnsiznananlasinladineosi
3 35Msuag HPLC udlifianuduiusiuiuaisualsiusensiuvesia 3 35ms dauen he
A v v fw (Y a = s = v = &
wuhilanuduiusiugeiuiSnaasualsiivedsin arslalaiiu wazasiudmualsiiures
4 33015 dunansingiwesdilleuudaiindiegludundsluniduns-dmdes 9910
= & Y e a Y v o & A
NITANYIUNTINUITILIUYDS Seroczynska et al. (2006) NANYILNYINUAIMUENNUTIENINE
Aon winter squash fuUsuaEsuAlsAusALaziuiuAlsAunilogly squash wadn Lt
luldlumsusuugeiugldlunisdaioniiug squash Felavinisimsieiusunasualsi

s v o 1% 4 v oo o Y v o & =

uoed lnan1sindnensiaAiaaind nudiA L, a*, b Aumiuduiusvesdnen Squash
wazUSuaansualsiiuegauaziudiualsiunieglu winter squash waan lufimaudumiug
funsensaosanwuztuwdudasyreu eSurelaindvesnen squash AEIGNNnTulalle
A NINaziivsunaLalsiuesdkaziuf Al suazAeliusuaunauluae Rachel
et al. (2009) NANwIAEITUANUENTUGVRY CIE L¥a*b 81319 Adnanuusunaasualsi

oAy HPLC Tuiinnesuay squash tieldusziiiulsunaualsiuesauazilulalunns
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UFudgaiiugiinnes Fanuindenuduiusiulaeen a*, r = 0.91 uaz b*, r = 0.87 AIuNI3
U A= & ada ° v A a a = v o &
Taddudunsisnde uwavanunsailuldmeyssliudSuauasualsivesnlun1sAnnugues

#nnesiaz Squash larely
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ayUuazdalauauue

1. d3Unan1ImaaDg

INNTANBULNNHUFIUING1VBING %aﬁﬁmiﬂqﬂmaauﬁﬂﬁﬁ’ngﬂmauﬁwm 43
g Auifuvdsiidelutszmalng uazanuszmadenum Usinauansddy liun U3
walsfiusynsin Usunalalafiu wasUSunanumualsiiu wasdnyaenisinens loun engne

mdnuaan Auniana auena dmdndeiuudn wezlesiduiiloruwdn daiw

'
o v a s

wanAgegelitdAtyEan19ain (p<0.01) wazillethvayaludnnguiug anunsadanguiug

y o
fndnald 6 nqu

wazannsindiferuudniindiatu d ¢ uay he dawduiusiugaluludie
mavan saunanslidiuinnsTaandamisathundssduiinaa slalafiu waziuduals
fuldludosdiu iesandr he fianansnssysuniswesdfiduduns-fndes IHedredaiay
uaze C* fAuenanmduvesdidoruiudniindn drdveadoruudniindndeiiduns nuind
aruduntusanshivinuasualsfiussfogunnisudy

drunisitasigRusutuansualsiusuasiu lalafiu aziudiualsiu a1n
mnuduiusseningdsnisanlnsluislafimes 3515l 3 Au HPLC Slnvwdnsiusgaluludia
MevInuesUsunuasualsiuedsin (r = 0.93) lalafiu (r = 0.94) uagiudualsitu (r =
0.94) FeunsinseilSuaasualsivesss lalafiuwasiudualsiiu meadnlasis
Infiwes aunsaltunu HPLC 19 wagnisinseiusinaasanymeaunlasivsiniimesiu

o 1 v s

nstiniifegraiuginuInInagyiitnUsulssiugussndanauasAldinvasla

9

& = ¥ I

v aw & [ € 1 [ o = !
TayainnuITetazilulseleviddenuuiuliaiug Feleyamariaunsadaelu

]

nsarauladeniugiindlunisusulseiugintranelvislansaAyaale

2. VDLAUDLUY

2.1 TlumsfnwiiugnssunisanenendnuazUsunaaslalafiuiaziudualsiu uaz

v aal [ a = ¥ =1 ¥ <@ Y1 A o ] [
AsHAILITRTITUSIaslalafiukaziudAls WU N aziulainisuiuaewus

]

1 i
A o LYY 1 A

ANT1INATIUIUNIN AIUUIUNITANIATIADAITUIAIUFUNUSANEANRD (L*C*hO) UpINa
findsenirslnaualsiiuvess Weazlidunsusailiulosunazandi urunugitndle
wazarunsalldlunisdadenitusiiodiuniiasgrivsunaualsiuesn Feagdilugns

UFuuseiugieriuusinuaslalafiusalula

]
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nua W@ase. 2550. ugiivgaluiiieTIniidusnegiadugy. unninendeinunsmans.

nua EATeY A1 OUANA wageun I ddAs. 2553, R & D iiensuslaalnuazkalyl:
UUEUNgAMANTIn. 1safiuiadaunundnegn, veuuiu.

U L% U 4 U v A a v 1

6N FURUEITY. 2528, MIUTUUTIRUSAY. umInedeinunsaans.

[ v [ L3 (% (% 6 A d"j aa a o W A 6

NO¥YY dUNUsISNY. 2546, N1SUSUUTIRUEAY:  WugIw 35015 wazhwifn. drniias
UNTINGIRBLNYATANENS.

01 3Fe0TU10a. 2543, UgWelnA. AMBFYAAASNIINIRENaa: NJuNNTLANAENS
Junslne. 2541 lasunlasnsrlvesnatanssousge. vouknu: n1A3YLAL
AZINGIFNENT UNINBIRBVDULALU.

a aa ¢ 4 A a s a ¢ o a a A aa a

YR 913303 yATal. 2544, LATRNleINeIAEnT AT 3. a1y alladlin Anznalle
NTUNNE UAINEISBVOULNU.

Undes ymsnsu. 2555 msUsuiiumnunainvaieniaiugnssulaeldinomunefidue
wazdsunaarsddyluiindn.  [AverdnusUSyginermasumiudia a1
a7U]. VOULNY: UNMINUIFUUDULNU.

U398 Unsedia Wasu der UTueu Ined was g5u0s wae nua W@ased. 2555 19
WwiAulaley SEEzRauINITURINaNNT11 (Momordica cochinchinensis (Lour.)
Spreng). WNUN®YAS 40: 504- 513

WsuAs 1satdaasna way sudey seniu. 2554. yenuatuauysal. 1asinsnsanyinig
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Abstract

A simple spectrophotometric method was developed for the analysis of lycopene, p-carotene and total carotenoids in
the spiny bitter gourd. Lycopene, B-carotene and total carotenoids were extracted from spiny bitter gourd aril samples using
three accelerated solvent extraction methods. The supernatants of the extracted samples were then analyzed for carotenoids
using spectrophotometry at the wavelengths of 450, 470 and 502 nm. The proposed method was validated for its analytical
performance parameters including simplicity, accuracy and effectiveness. The method was applied to the determination of
lycopene, B-carotene and total carotenoids in 43 spiny bitter gourd genotypes. Over all genotypes, the lycopene, B-carotene
and total carotenoidscontents obtained using the proposed spectrophotometric method were not significantly different from
those obtained from HPLC methods. A spiny bitter gourd genotype with high lycopene, B-carotene and total carotenoids was
identified by the HPLC method, and this result was similar to the results of the spectrophotometric method. The highest
positive correlation was found between HPLC and spectrophotometric method III for lycopene (r = 0.94; p<0.01), B-
carotene (r = 0.92; p<0.01) and total carotenoids (r = 0.93; p<0.01). The results indicated that the present spectrophotometric
method could be used as an alternative to chromatographic analysis for the determination of the lycopene, B-carotene and
total carotenoids contents in spiny bitter gourd. This method is reliable, rapid and inexpensive and can be usedto screen a

large number of accessions in spiny bitter gourd breeding programs.

Key words: Gac fruit, Spectrophotometer, Indirect selection, Carotenoids, Phytochemical.

Introduction

The modern lifestyle and the consumption of low
quality food can cause several health problems such as
diabetes, hypertension, heart disease and cancer (Moung &
King, 2003; Voung et al., 2006; Ishida & Chapman, 2009).
Functional food products, including many vegetables and
fruits that contain useful phytochemicals, have health
benefits beyond ordinary food, and appropriate
consumption of these functional food products reduces the
risk of many chronic diseases.

Spiny bitter gourd or gac fruit (Momordica
cochinchinensis (Lour.) Spreng) is an underutilized
climbing plant in the Cucurbitaceae family. Its aril is
rich in lycopene and B-carotene, which can reduce the
risk of several diseases such as cancer of the prostate,
colon and stomach as well as coronary heart disease
(Vuong et al., 2006; Ishida & Chapman, 2009). The
species is distributed widely in many Asian countries,
including Vietnam, India, Bangladesh, China, Laos,
Myanmar, Malaysia and Thailand (Bootprom et al.,
2012; Bootprom et al., 2015). The spiny bitter gourd aril
contains higher levels of B-carotene and lycopene than
any known fruit crop, and it also contains high quality
fatty acids (Ishida et al., 2004). The fatty acids in spiny
bitter gourd play an important role in the absorption of
lycopene and B-carotene (Ishida et al., 2004). Thus, arils
of the spiny bitter gourd are currently used for the
production of many functional food products, such as
encapsulated arils, frozen arils, dry arils, beverages,
snacks, health foods and cosmetics.

For the quality control of raw materials and breeding
of spiny bitter gourd for a high lycopene content, reliable
and effective methods for the determination of lycopene are
required. The methods available for lycopene analysis
include spectrophotometry-based methods and high
performance liquid chromatographic (HPLC) methods used
in tomato products (Luterotti et al., 2013). The
spectrophotometric method is simple, rapid and cost-
effective and can be used as a tool for the analysis lycopene
in other plants. The HPLC method, in contrast, is more
effective and accurate, but it is also more complex and
time-consuming. The spectrophotometric method is an
alternative method for large numbers of samples. A positive
and significant correlation between the values obtained
with the spectrophotometric method and the HPLC method
has been reported in tomato (Davis et al., 2003a),
vegetables (Barba et al., 2006), orange juice (Meléndez-
Martinez et al., 2011) and yellow maize flour (Luterotti et
al., 2013). However, the HPLC method is more sensitive
for the quantification of lycopene in fruit and vegetable
samples, and is more specific than the spectrophotometric
method (Camara et al., 2010)

The HPLC method is not appropriate for the
evaluation of lycopene in large numbers of accessions or
segregating materials in breeding programs because it is
difficult, costly and time-consuming. For the spiny bitter
gourd, the spectrophotometric method may be useful as
an alternative method for screening spiny bitter gourd
accessions for high lycopene contents if the results are
closely related to those of the HPLC method. Although
the spectrophotometric method was developed for the
analysis of lycopene and total carotenoid contents in
many plant species, the development of this method in
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spiny bitter gourd plant is still lacking. Moreover, the
relationship between these methods in spiny bitter gourd
is not known. The objectives of this study were to
evaluate carotenoids, lycopene and B-carotene in spiny
bitter gourd accessions using the spectrophotometric and
HPLC methods and to determine the relationship between
these methods. This information will be useful for the
quality control and breeding of spiny bitter gourd with a
high lycopene and p-carotene content.

Materials and methods

Plant materials: Forty-three genotypes of spiny bitter
gourd were used in this study. Forty-one F; plants were
obtained from the hybridization of parental plants from
various sources of origin and two accessions (KKU ac.11-
134 and KKU ac.12-161) were introduced from Vietnam
for comparison. These genotypes were planted from seeds
as individual plants in May 2013-May 2014 at the Fruit
Crop Research Station, Faculty of Agriculture, Khon Kaen
University. Agronomic practices, including irrigation,
fertilizer application, insecticides and fungicides were
applied appropriately and mini-sprinkler irrigation was
available to avoid drought. Six months after transplanting,
the female flowers were artificially pollinated and tagged to
identify the parents and days to maturity. At maturity, or
about 60-90 days after pollination, the ripe fruits (identified
by the red skin of the fruits) were harvested. Four fruits
from each genotype were harvested, and the arils were
separated from the fruits and stored separately as four
replicates at -20°C until phytochemical analysis.

Reagents and standards: Butylated hydroxyl toluene
(BHT), carotenoid standards for the HPLC method,
lycopene and B-carotene were purchased from Sigma
Chemical Co. (Louis, MO, USA). Methanol, acetonitrile
and dichloromethane used in the extraction of carotenoids
and used in the HPLC and spectrophotometer analysis
were purchased from Labscan (RCI, Labscan, Thailand).
All chemicals and reagents used in the experiments were
of analytical grade.

Extraction of carotenoids: Three extraction methods
were used for carotenoid analysis for 43 genotypes of
spiny bitter gourd. Aril samples (0.1 g) were used for the
analysis. These samples were placed in plastic cups and
covered with lids. The cups were wrapped in aluminum
foil to protect the aril samples from direct sunlight. These
samples were used for all extraction methods.

The extraction methods used in this study are
described briefly. In method I, the samples were extracted
with ethanol in a mortar and ground until the aril samples
were pale. The ground samples were then put in a Falcon
tube with 3 mL of tetrahydrofuran (Vuong et al., 2006). In
method II, the samples were mixed with 100 mL of
extraction solvent (n-hexane/DW/ethanol, 56:10:34 v/v/v)
until the complete exhaustion of color. In method 11, the
samples were mixed with 100 mL of extraction solvent
(n-hexane/acetone/ethanol, 50:25:25 v/v/v) (Bohm et al.,
2002; Kubola & Siriamornpun, 2011).

The extracted samples were loaded in Falcon tubes
and then vortexed (speed 6) for 1 minute. The samples
were the supplemented with 5 mL of 95% n-hexane and 5
mL of distilled water and centrifuged at 5000 rpm at 25°C
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for 10 minutes. The supernatants of the extracted samples
were used for the analysis of carotenoids.

The samples obtained from methods I, 1l and 111 were
analyzed by a spectrophotometer at the wavelengths of
450, 470 and 502 nm. The samples obtained from method
Il were also filtered through 0.45 um membrane filters
and sub-samples of 20 ul were injected for HPLC analysis
at a wavelength of 450 nm.

Carotenoid analysis by  spectrophotometry: A
spectrophotometer (10S UV/visible spectrophotometer,
Thermo Scientific Genesys, Australia) was used for
carotenoid analysis in spiny bitter gourd aril samples.
Thespectrophotometer analyzed the samples in the visible
spectrum ranging from 190 to 1100 nm. The samples were
diluted with hexane, and 3 mL of the diluted samples was
used for analysis at the wavelengths of 450, 470 and 502
nm. Hexane was used as the blank. A quartz cuvette was
used in the spectrophotometer. The coefficient of A was
used for the calculation of lycopene and (3-carotene, and the
extinction coefficient of 1% was used as the absorbance
coefficient for hexane.

Carotenoid analysis by high performance liquid
chromatography (HPLC): An HPLC method (Kubola &
Siriamornpun, 2011) with minor modifications was used
for the analysis of the carotenoid, [-carotene and
lycopene contents in the arils of ripe fruits. The
composition of the solvents and the isocratic conditions
used were described previously (Kubola & Siriamornpun,
2011). Analysis was performed using a Shimadzu (Japan)
LC-20AC pump, an SPD-M20A diode array detector and
a LUNA C-18 column (4.6 x 250 mm i.d., 5 uM). The
mobile phase consisted of acetonitrile 1 (solvent
A)/dichloromethane (solvent B) and methanol (solvent C)
at a flow rate of 1 mL/min. At this flow rate, one sample
took 30 minutes to pass through the column, and the
absorbance was measured at the wavelength of 450 nm.

Statistical analysis: The data were analyzed for the
individual methods according to a completely
randomized design, and the combined analysis of
variance for all methods was performed for all
parameters that showed homogeneity of variance. The
least significant difference (LSD) test at p>0.05 was
used to compare means. All calculations were carried
out in the STATIX8 software package.

Results

Variations in lycopene, -carotene and total carotenoid
levels: The spectrophotometric and HPLC methods were
used for the evaluation of lycopene, B-carotene and total
carotenoid levels in 43 spiny bitter gourd genotypes.
Significant differences were observed among the 43
genotypes of gac fruit regarding lycopene, pB-carotene and
carotenoid levels determined using all methods (Table 1).
Lycopene levels determined by three different
spectrophotometric methods ranged from 94.5 to 3798.0
pg/g fresh weight, whereas it ranged from 300.1 to 4014.7
pg/g fresh weight by the HPLC method (Table 1). Method
Il had the lowest range (94.5 to 2323.1 pg/g fresh
weight), whereas method I11 had the highest range (172.0
to 3798.0 ug/g fresh weight).
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Table 1. Maximum (max), minimum (min) and means for lycopene, Beta-carotene and total carotenoids in 43 spiny bitter

ourd genotypes determined by three spectrophotometric methods (method I, 11 and 111) and HPLC method.

Lycopene (ug/g fresh weight) Beta-carotene (ug/g fresh weight) Total carotenoids (ug/g fresh weight)

Metlhod Meltlhod Meitlklmd HPLC Metlhod Meltlhod MeItIrImd HPLC Metlhod Meltlhod Mcﬂitlr:od HPLC

Max. 25438 23231 3798.0 40147 8275 755.1 884.2 4544 27052 23518 3855.3 4179.8

Min. 1234 94.5 172.0  300.1 8.8 28.7 19.6 121.6 179.7 169.5 2714 4278

Mean 890.4  783.9 996.3 9511 2221 208.3 214.2 211.0 11126 992.1 12105 1162.1
SD. 556.0 4974 697.7 7011  180.2 189.9 206.5 83.6 577.8 5304 7205 7159
SE. 424 37.9 53.2 53.5 13.7 145 15.7 6.4 44.1 40.4 54.9 54.6
CV.(%) 274 27.7 343 34.2 41.8 46.6 46.4 16.4 239 257 30.2 29.3
F_test ** ** ** ** ** ** ** ** ** ** ** **

** = Significant at p<0.01

SD = Standard deviation, SE = Standard errors, C.V. = Calculation from of variance data

Table 2. The simple linear regression, coefficient of
determination (R?) and correlation coefficients between
three spectrophotometric methods and HPLC method in

analysis of lycopene, p-carotene and total carotenoid
content in 43 spiny bitter gourd genotypes.

Method Equation R? r
Lycopene
HPLC vs method I y=0.95x-101.84 0.59** 0.77**
HPLC vs method Il y=1.17x+32.72 0.71** (0.85**
HPLC vs method Il y=0.96x—-7.48  0.89** (0.94**
B-carotene
HPLC vs method I y=0.40x + 123.36 0.67** 0.82**
HPLC vs method Il y=0.40x + 128.32 0.74**  0.86**
HPLC vs method Il y=0.38x + 129.54 0.85** (0.92**
Total carotenoids
HPLC vs method I  y=0.90x + 157.66 0.55** 0.74**
HPLC vs method Il y=1.07x +101.91 0.64** 0.80**
HPLC vs method Il y=0.93x +26.83 0.87** 0.93**

** Significant at p<0.01

The pB-carotene levels determined by the three
spectrophotometric methods ranged from 8.8 to 882.5
pg/g fresh weight, while it ranged from 121.6 to 454.4
pa/g fresh weight by the HPLC method. The ranges of p-
carotene were rather similar for method 1 (8.8 to 827.5
pg/g fresh weight) and method Il (19.6 to 884.2 ug/g
fresh weight); however, it was rather narrow for method I1
(28.7 to 755.1 ug/g fresh weight).

Total carotenoid levels determined by the three
spectrophotometric methods ranged from 169.5 to 3855.3
pg/g fresh weight, while the total carotenoid levels
determined by the HPLC method ranged from 427.8 to
4179.8 pglg fresh weight. Method 11 had the lowest range
(169.5 to 2351.8 pg/g fresh weight), while method 111 had
the highest range (271.4 to 3855.3 pg/g fresh weight). Of
note, the range of values provided by spectrophotometric
method 111 were rather similar to those determined by the
HPLC method.

Relationship between the HPLC and spectrophotometric
methods: The correlation coefficients between the HPLC
and spectrophotometric methods for lycopene, B-carotene
and carotenoid contents were calculated for 43 spiny bitter
gourd genotypes (Table 2).Strong positive correlations were
found between the HPLC method and spectrophotometric
method I for lycopene (r = 0.77), B-carotene (r = 0.82) and
total carotenoids (r = 0.74). There were also positive
correlations  between the HPLC  method and
spectrophotometric method 1l regarding the lycopene (r =
0.85), p-carotene (r = 0.86) and total carotenoid (r = 0.80)
contents. Similarly, there was a consistently strong and

positive correlation between HPLC and spectrophotometric
method III for thelycopene (r = 0.94), B-carotene (r = 0.92)
and total carotenoid (r = 0.93)contents. The results show that
spectrophotometric method 1ll was more strongly and
positively correlated with the HPLC method than
spectrophotometric methods | and I1.

Thus, we focused on the relationship between HPLC
method and spectrophotometric method 1l for the
determination of phytochemicals (Fig. 1).

Discussion

Spectrophotometry-based methods have been used for
the analysis of lycopene, B-carotene and total carotenoids in
various crops such as tomato (Davis et al., 2003a),
watermelon (Davis et al., 2003b), vegetables (Barba et al.,
2006) and orange juice (Meléndez-Martinez et al., 2011).
However, studies have been limited to a small number of
genotypes, and information on the development of this
method for the analysis of gac fruit is still lacking.

In this study, lycopene, p-carotene and total
carotenoids were determined by three spectrophotometry-
based methods and an HPLC method in 43 spiny bitter
gourd genotypes. The results indicate that the
spectrophotometric method can be used to identify different
spiny bitter gourd genotypes according to their lycopene, 3-
carotene and total carotenoid contents, similar to the HPLC
method. The carotenoid levels were the highest, the
lycopene levels were intermediate, and the [-carotene
levels were the lowest. High CV values and F-ratios
indicate considerable variations in these phytochemicals.

The average lycopene, B-carotene and total carotenoids
contents were 300.1, 121.6 and 427.8 pg/g fresh weight,
respectively, determined by HPLC. These levels were
similar to the findings of Vuong et al. (2006), who reported
average lycopene, p-carotene and total carotenoids content
of 408, 83 and 497 pg/g fresh weight, respectively. In
addition, the lycopene and [-carotene contents were
estimated to be 380 and 101 pg/gfresh fruit, respectively,
by Aoki et al. (2002). In contrast, Ishidaet al. (2004)
reported average lycopene and B-carotene contents of 2300
and 750 ug/g fresh weight, respectively. The differences in
these observations could be due to differences in plant
materials. In this study, the phytochemical content
determined by HPLC was rather similar to the levels
provided by the spectrophotometric methods, especially
spectrophotometric method I11. This result is similar to that
of Luterotti et al. (2013), reported in tomato products and
yellow maize flour.
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Fig. 1. Relationships between HPLC and spectrophotometric
method 111 for determination of lycopene content (a), B-carotene
content (b), and total carotenoid content (c) in 43 spiny bitter
gourd genotypes.

Although the application of spectrophotometric
methods for the analysis of lycopene, 3-carotene and total
carotenoids has been investigated in many plant species
(Davis et al., 2003a; Barba et al., 2006; Meléndez-
Martinez et al., 2011; Luterotti et al., 2013), there is
limited information on the application of this method to
gac fruit. An understanding of the relationship between
the HPLC method and spectrophotometric methods may
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be helpful in choosing a simple method for the
determination of phytochemicals in spiny bitter gourd
accessions. In the present study, three spectrophotometric
methods with different extraction methods were compared
with the HPLC method for the determination of lycopene,
-carotene and total carotenoids in the arils of the spiny
bitter gourd. All correlation coefficients between the
spectrophotometric methods and the HPLC method were
positive and significant for the lycopene, p-carotene and
total carotenoidcontents. The current study supports
previous studies in which that high correlations are found
between the HPLC method and the spectrophotometric
methods for the analysis of lycopene, B-carotene and total
carotenoids in tomato and orange (Melendez-Martinez et
al., 2011, Luterotti et al., 2013).

Interestingly, the correlation coefficients between
spectrophotometric method Il and the HPLC method had
the highest coefficients of determination for lycopene, B-
carotene and total carotenoids. Thus, the HPLC method
could be largely explained by spectrophotometric method
111 for the analysis of lycopene (R? = 0.89), B-carotene (R?
= 0.85) and total carotenoids (R? = 0.87). This result is in
agreement with those observed in which a high positive
relationship was found between spectrophotometric method
Il and the HPLC method, likely because the same
extraction method was used for phytochemical analysis.

To the best of our knowledge, this study is be the first
report on the relationship between spectrophotometric
methods and HPLC methods for the analysis of lycopene,
B-carotene and total carotenoids in spiny bitter gourd. The
present study demonstrates that spectrophotometry can be
used as a tool for the analysis carotenoids, including
lycopene and B-carotene in spiny bitter gourd arils. The
spectrophotometric method is rapid and accurate for
measuring phytochemicals and can be used for screening
the spiny bitter gourd germplasm or for large breeding
populations.

Conclusions

This study demonstrated that spectrophotometric
methods can be developed for the analysis of lycopene, B-
carotene and total carotenoids in spiny bitter gourd arils.
The results show high correlation coefficients between the
spectrophotometric methods and the HPLC method for the
analysis of lycopene, B-carotene and total carotenoids.
Based on its rapid, precise and inexpensive assessment of
phytochemicals, the spectrophotometric method can be
used as an alternative to the HPLC method for the
determination of lycopene, B-carotene and total carotenoids
in spiny bitter gourd. This method can be used in spiny
bitter gourd selection programs to increase lycopene, B-
carotene and carotenoid levels and to evaluate fruit quality
in the functional food industry.
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