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15U UNANULNUNIINIS UV ls AT wa 9 uaY
meldanulunduaulagldnszuiunisalawagain
Financial Return Assessment of Wind Power Plant

under Uncertainty by Stochastic Process

SUU FTUNUN

Tatcha Sampim®”
UNANED

Uszmalnglanvuadianendanuanauluikuiam na M unaunuLasng 191
aden Tnedanudosmskanndsnuanaudiuiunit 1,673 wnziad anelud we. 2579
Lwiﬂﬁ]f\;ﬂ’uwuiﬁ%miﬂizLﬁumamauLmuiﬂwmiﬁ’hEJﬂszmumié’%Lﬁmiﬁmmmﬁﬁmm
anuliuueuld denalinamuuiaeudeivlunisdadulaamululasanisisdaiin
wdsuan Fafunuited el ingUssasdiil efwuisnnsussfunaneuunulasnis
Tsslifmdanuansonssuiunisalauaain Addadenaandadovesnnuliiitueuves
Tassnsiifinasienanouunuvedlasenis dsazidunsdsiuaasiulalunisdnduloasmu
Tulasanslsslifimdsnuanaindu wan1sssfiunanouunulasnisndsauas wuii
1) MFNATIZFRANDULMULUUTZAURAY AN1130AUINARBULMUYINAY 15,253,051 U1
2) MsiAinaneuLnuLuUdsalanaain Tnanissnaeslusunsusiuau 50,000 A
Aglusunsu Matlab wudn Araanisvesyad1iagduans (NPV) winiu 22,915,000 um
ndunuloniavianuiiiy 0.23 wWesidud Taefinundululdvesdranuiergsanyad
Jagtugnivadlasenisviniu -8,187,800 wag 61,597,000 UM MINAIGU

ANAARY: N1SUTLIUNANBULIUNNNTTRY nszurunsalauaadn tssluilmanuan

P anuinuinnssutinn auginermansiasinalulad unine1desviguasAIsIINIIY
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Abstract

Thailand’s targets about wind power were set in the alternative energy
development plan. Needs for wind power increase to more than 1,673 MW within 2036.
However, it was found that the current assessment on return on investment of the
project by the deterministic process could not determine the uncertainty and caused
the investors lacking of confidence to invest in the wind power projects. Therefore,
this research aimed to develop the assessment of the wind power projects by using
the stochastic process that concerning about uncertainty factors of the projects that
impacted on the returns of the projects. This will increase the confidence to invest in
wind power projects. The results of the assessment found that 1) the analysis of
returns on investment from the deterministic process can calculate the equity’s net
present value that equals to 15,253,051 baht 2) the analysis of returns on investment
from the Stochastic process by simulating 50,000 times of Matlab program found that
the expected of equity’s net present value equals to 22,915,000 baht. The chance of
loss was 0.23%. The minimum and maximum probabilities of the equity’s net present
value equals to -8,187,800 and 61,597,000 baht respectively.

Keywords: Financial return assessment, Stochastic process, Wind power plant

unin

anunsainnudeanislindanuiigauseneufuiigmanslanfewdesann
nswasuulasanmgienniavedlandmaliinisldundmdanuifuiinssedsuaindon
naununslindsnuanidomdmeada (Wesseh and Lin, 2016) Lty ndsunaumuiiuty
g saiiles dauenanazanmsaddensldndsnuldlunniiuiugy ndaunauny
Feannsnadrsloniavesgshalul PasannstudndanudemasloadanndieUssme
wardufunsannisUaesuiadeunszanldsnnianis (Bartolomeu et al., 2011)

PnANuERRINa1 Useneufuussmalnedadifnenmmdsnunawnudiuiumn
Suralnedsldweremifindadiunslindanunaunu Tnsdninauulouisuasuaundsay
nsgnmamdsnuldoanulouenisiudnmnenislindsmumaunuiigedul luusuiam
WAIIUNALVULAZNASIUNIndon (Uguiied, 2553) ag1alsfiniunisiimdsnunaunu
Wl Juwnadmdnudwssaulymuazaassanatausznis wu wmaluladisuyuas
anuliudusuvoiuvandsanu tudu %’aﬁi’wﬁ“mméﬂﬁlﬂuﬁﬁaﬁﬁzﬁLﬂuqﬂaiiﬂﬁia
nsasululasinistsdihndanuan azdiuldannsvesnidniassnisissluimdsnuay
Wiuduetedeiilos neidlefinsundmnendinuanauluwsuiaundanunaunuuay
WML NUIUIEINAlNe iU IN1TREANEIINAINANNTT 1,673 wngnd
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Aelud WA, 2579 (NFURAILINSIUNALULAZRYSNENAINY, 2562; NTENTHNENY,
2562) garunisaianandliiiuisgmuisUsenislunisuszdfiunanounnuvesnis
aduulasinstssiimdsnuauludssnalne

Tngunansiesgianuduldldmansvgmaniveddassnssduniosdeddny
Tunsindulanazamululassnsvield nsgurumsiuudaiu (deterministic process)
fldograuninary 1unsuszanunmsfulsifamaibivdueulagldaiadoduduny
veadoya G935msdananddediinnsedililaideimaandedovesnnuliuiuouls
FaaguiuldinmsamulutlagUuinagdeandyiuansliuiusuneutiegs myinsed
vugnAsnmsuvuiaftoalivnzasiigldfinsandmsumsdssiiiulasemislutiaguld
(Dixit and Pindyck, 2012)

Bnaniafiannsoudladediadandn Ao mslieszinaneuwnuyedlasens
fensruruntsalaLAaRn (stochastic process) §snsruauntsiannsnUssidudoyais
Aulduluew (Dan and Sarah, 2019) wu AwliwiueuverUsIan tnenszuIuNIg
Jinszvnanouunuaztd ey ad fwgAnssuanaltuiuewd udunusdy (andom
variable) 11911n1534AT 1T iRARDURMLDENNT U URUUNATBINITHINLIIANUIAzL Y
(Sampim and Kokkaew, 2017) fanmil 1
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v
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Aendefanaandadevesanuliviuouredlasanig
Mflnasonanouwnuvelasinis deazsdunistrsmuaudulalunisdaduloamu

Tulasanisisalnindaanuauuniu

a

AatuuIdeldingUseasd
WA UAUAIYNTTUIUNTALALAGRN

AU
1. WUUI@eIMeNsRUNsAAnElaTINsIse Wi Ina s uay
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Felunuideiardredaiunueng 4 MinglionsiauiuasnsamurEanEay
NALNU sqm?f 1 (NSUNAUINSRIUNARNULAEBUTNYNT U, 2563) e1alsAna ol
nsdiAnuinanisiinseddigndesdsiu Slinsiudeulelunsiinseinanauuny
wu Tnedulnglasamsiidnisamugs SeaunalidnsdFuyuainaniiunisiiu uay
uennilumssiiulasinissdesdinisiarnmsculdsnde Tneflieanden dil

1.1 nszuaiuaniviaidi (cash flow in)

nszuaiuanlvaiiivesiasanisanunsanvadfadonii vatesoanifu

2 4993 Usznoudae 1) gosmssoldainnsvigenliiin dsazfinnsan 2 uuvu Tdun
sA§udenaly (Fmualidsaiidy 3 vindenae) LLaziﬂm%’U%amugULLUU FiT
(Sopitsuda and Chris, 2013) (fvualvlisIANYINAY 6.06 UIMABNUIL) WA 2) RUAIWUTY
WINAU 58,206,835 U LAkl uadIui1ued 60 wasidud 1vindu 34,924,101 wag
il 40 Wesidus wihtu 23,282,734 v

1.2 nszuaiuanlvasen (cash flow out)

nszuaduanlvasonveslasesnisarunsantsifadedifoatold 4 nns
Usznaudae 1) Fuasunoademuionmn iy 58,206,835 U 2) Ardidunisuas
YUY AU 886,259 Umsal 3) AATsEni (Sudu+nenite) wiiu 3,137,025 U™
siod Inefiszornanisthszegi 10 U uas 4) Annd Fsdndu 30 Wedldusveswandils
sindneadounmuazaeniedns uagldfunisenifun®ly 10 Yusn aalouredaaiy
n135899)1 (BOI)
2. aAnuFuRusNeAtinAEnsvaIgULUUNMSETUAYUNE LAY

lutagdussunalaeenuwuuulevivativayulasinistssliimasnuauwuy FiT
(Cory et al., 2009; Tongsopit, 2015) Ingsguradnetuatvayulilasinisnasaial 20 U
(Pita et al., 2015) wUsun1unyren1snanlni1vedlasans (Chul, 2021) Tnedlsukuy
ANuduusvesUsIuluatvayuuUsiunsiumelauasndsnuanlunsazdig Sy,
2563) fsaunsd (1)

Rpir, ¢ = Spir+ (Q) (1)
1087 Ry ¢ Ao 18ld5mannisueliiuagnsatfuayulusioud t
Sgr A9 a”mﬁu%al%lﬂwmﬂwﬁamuaﬂugﬂLLUU FiT (6.06 Usianidae)
Q fio wihelni Alatnd-dalua
3. Msanzinasinihiindnldvasnsdfnelasenislselnfiwdanuas
Tassmlsslihmdanuanilddunsdfnelumuided dnmsusulddeyaann
AilensimuuaznsamuRaAndsLnauNY Y97l 1 (FRBUIMEsUaLLLaL oYY
w§ea1, 2560) Tnediiuitsanun 519 vnisaesstaiuateun 1,250 Alatnd ﬁﬂamzﬁa
Tswes 75 was lnsaussougmuseiuananian (power curve) fanndl 3 eanansaasis
AudTuSsEIen S AN Ui dsliih ianansondnldfauntsd (2)
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y = 0.0044x° - 0.133x° + 1.1750x" - 1.9464x° - 0.2179x° + 29.615x + 7.8788 2)
dlo y fie Adslnihiindsls (latns)
X fm AL5IAY (LWATHBAUNT)

1400
y = 0.037%° - 1.3875x" + 16.824x° - 68.738%* + 143.22x - 70.909
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AULSAY (URSHe )

P ¥ v v ¢ ! I3 v o w q' a £ 4
NI9N 3 ﬂS'W\ILﬁ‘uLLﬁﬂﬂﬂ’J']ﬂJﬁﬂJWUﬁiS%’J'Nﬂ'ﬂﬂJLi'JaﬂJﬂ‘Uﬂ'IﬁQ‘LWWWWﬁqiﬂiﬂNa{ﬂlﬂ

4. MTEFUVUTIARIAUTIBURUUNTZUIUNITALALAERAN

nuATeillduTdeyammeunanion e fmiauasedssausy
founda 13 T Tuts w.a. 2550-2563 fiszfumnugs 10 Wng insUszanasmNELen
$2an52970 Tngimuaduussansusadouan Wiy 0.32 (vuy uagany, 2552) aaanen
A IaLTisEAUANIGS 100 WAs NSRS gL NG ANsTIvEsTaYARINLIE
aulddsdl 1) noAnssumsunisanaisvesteyamnuiiansieiuuuuggna lnsauds
aefiangslunainaieiu wasfieuidu 0 wesdeTundt Tunainaisdiu 2) wgRnssunisunas
Andsauunasgruvestoyannudianse fuluuggma wsiumudeds Ineandesauy
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nsdudungnssuvessuysifienailiutiuou fsansoaanuuiiaes
Iilaeldnszuaunisiaiues (weiner process) niensiadsuiiwuuusideu laed Z(¢)
WU Rnssuvesnsadsuiivuuusaiioy warlinindouuvadutiedu 9 ves Z fe
dZ duiusiunswasuudadunanduy o dt Gulumudoulussil
1) auduiussening dZ wae dt WHusaunis dZ = e Vde e g,
fnsnszanefuuulnd Anadeviidu 0 uazAnTeauunnsgiu Wiy 1
2) g, Lifauduiusiusuudewdie namfe E(ee,) = 0 dmiut # s
dlofansan At Wuraeduinn 4 nssuiunisnawes ansauansuuuna
soiflaaunusoannsi (3)
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wazarunsakUasduaunisunidunisiedesuius o uwuuiinunliy
AIAUNTSN (4)

dx = adt + odZ (a)

e dZ Ao naiind uvesnszuruninawes deaunisi (3) a Ae
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wuudiassmuisiauiieaduengAnssudu q Wy msUsusiganads (mean reversion)
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namuwunIenIsiuvedlassmslsslimdsnuanazsdulumudnvuzves
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Abstract

The lettuce was grown by using planting soil in combination with selenium
supplemented Hom Thong Banana tree compost at Thailand Institute of Scientific and
Technological Research (TISTR). The experiment was arranged in a randomized
complete block design (RCBD) consisting of 4 planting materials with 3 replications;
planting soil (control), planting soil with 0, 450 and 675 ppm selenium supplemented
Hom Thong banana tree compost (1%, 2" and 3'® compost recipes, respectively).
Growth, yield, and selenium content in lettuce were recorded at 28 days after
transplanting. The results showed that planting soil with 2™ compost recipe gave the
highest height, leaf width, number of leaves, fresh and dry weight at 15.51 cm, 8.55
cm, 8.00 leaves, 27.06 g and 1.40 g, respectively. Planting soil with 3™ compost recipe
gave the highest leaf length, leaf greenness and canopy width at 10.01 cm, 26.54 SPAD
Unit and 17.36 cm, respectively. Moreover, planting soil with 3 compost recipe gave
the highest accumulation of selenium in lettuce at 321.08 ug/kg. Therefore, planting
soil with the 2" compost recipe was the most suitable planting material for lettuce

with a high yield and selenium content.
Keywords: Lettuce, Selenium, Compost
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60-80 perLeaLTod uariiaTeiuiuusndadoufiazanludnnaney Tasdaimin
Frog1a7Ldunautis 0.203 nfu ldaslunaen 75 fiaddns Wunsalunsnaududu 65
Wosidud Usuans 8 dadans Mals 1 Au waniiivlelasiaudeseonledarudadu 30
Wesidud Usuns 2 fadans aslu Yanaennie DPCTM pressure cap tiwuu dnluidn

\ASB4 microwave sample preparation system tJuian 1 42lus wdsandusinld 1 F2lus
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sol¥vann vessels mefoudardesniudindosesnsunun udldhnduingraite
191U wagimnsesdieg1saslu volumetric flasks Usunms 50 Aaddns Anareiaegnelu
waeneanlinun USuUSunnsaaeuindu 50 fadans wazthiedefilalusadeinios
inductively coupled plasma mass spectrometry (ICP mas spectrometer) fldansavans
WNIFIUs1TATEavIIE (mass) U 78 ANULTNTY 0 0.5 1 5 10 uag 20 diuly
Wududu (ppb) thefildundeseinanisadfaalusunsy SPSS 15.0 (SPSS, Inc, 2006)

wazslSeunisuaedslngis DMRT

NaN1339Y
1. wavasdendnaindundreneunasasudiiilounanisiaigiavlnveg
NNN1AvBY
fnnavexfininaiyiulafiud unuunilusdazeaseny wagnisldAulgn
ufuleningreduasunissaiulasunugannnitnisidladendn wdinugnidu
szognan 28 3u wuin mslRulgnimdulontngnsi 2 Teadsmiugeanniigamiiu
15.51 wuiuns lumssafudwnisléiudgn (muaw) Biawismnugsosiaawiniu
8.25 wuRng Jefinnuuansnatuegnediteddneadn (s 1)

M13°99 1 ANUGWIUYRIINNIABUNTEEEIIA1AN 9

Jaauan AUEIRU (LTURLRs)
7 W 14 21 9y 28 u

Audgn (rauaw) 4.19+0.38° 5.49+0.15°  7.15+0.23°  8.25:0.06"
fulgnsaudullevsingnsdl 1 4.70:032°  656:020° 10.36£0.25° 15.1320.15°
Aulgnimifulovsingnsfl 2 5.00£0.43°  7.38+0.45" 11.3310.06° 1551033’
fuvansafullovsingnsil 3 4.79:041°  6.71:030° 11.00+0.13° 15.3020.33°
F-test * * * *

C.V. (%) 4.43 4.41 3.66 2.07

IS £

BR;: - * kazsidneT a b uag ¢ luwdavanuduantannuunndiaivegadded Ay
N19&08 (p < 0.05) (mean+SD)

Han19iasguLAule auanunIdluvesinniaves wudinsldaudgnsuiu
gniingnsn 2 liAnadeanunislugaiaawindu 8.55 wumuns lunenssiudunisly
wlgn (aruaw) ienanunislutesianindu 5.50 wufwns Feilnnnuuanieiuegs

Y 9
o o

Hod1AYn19ana (M15299 2)

D) D) .+
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A15199 2 AnundsluresnnaeNTiTEuEL AR 9

Jaauan AUNIsTU (lwuRlns)

7 14 21 28 u
Audgn (AuAN) 1.76£0.15 2.87+0.30°  4.30£0.10°  5.50+0.03¢
ulgnsmfudevsingnsfl 1 178014 3.00:031°  6.43x0.09°  8.330.20°
fugnsaudullovsingnsil 2 1.86+0.08  355:040°  6.60+0.06°  855+0.05°
Aulgniufudovsingmsfi 3 1815011  341:029°  6.45:0.13°  850£0.15%
F-test ns * * *
C.V. (%) 65 5.40 1.16 1.20

a o

VUG - * UALFIdNYS a b way c luwsiazaausuantannuunnasiueg1ddedfny
N9&0A (p < 0.05) (mean+SD)

o w

- ns liflansuansnsiuegeiideddgniseia
Han1slaseiAule Auaueluvesinniavey wuitnisldaulgniluiu
Jonidngnsin 3 Wianadeauenilugangawindu 10.01 wudiwas lunaasatudiunisld
Audan (mvaw) Wiaaueilutdesianviniu 7.20 wufues Jaianuunnseiuegiad
WpdAgneadn (1131991 3)

7157199 3 AuelureIRnNIAeNTSEELLIANRNSY

Yaquan AUl (uRlRs)
7 14 Y 21 28
Audgn (AuAw) 2.44+0.74° 4.44+030° 6.20:0.25°  7.20+0.06

a

fulgnsadulowsingmsil 1 3.1840.78°  5.70£0.48° 7.15:0.28°  9.31+0.58"
Aulgniwdudendingnsn 2 3.32+0.65"  6.00£0.13°  7.16+0.05°  9.88+0.45°
Audgniuiuleviingnsi 3 3.48+0.60° 6.10+0.10" 7.16+0.10° 10.01+0.03"

F-test * * * *
C.V. (%) 11.40 4.84 2.26 4.45

o

VLB - * kagAI8NeT a kag b luudavanuiuanideninuwanaiueg19dtedfny
N19@88 (p < 0.05) (Mean+SD)

Han1saTaule sudwuluvesinniaven wudinstdaudgnsudude
wingnsn 2 Wanadedwnlugengawiniu 8.00 Tu Tunmwmssiuthunisldfulgn (ravaw)
Iduuludesnanwiniu 7.50 Tu ellanuunnssiuegedidedAnn1eada (11319 4)
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A157197 4 uulureIinNIArBN NS EELIANRNaTY

Jaquan 1ty (lu)

7 14 21 9y 28 U
Audgn (Pauaw) 4.60£0.25°  5.500.10° 6.50+0.26°  7.50+0.09"
fulgnsaudulovsingmsfl 1 4.53:038° 583+0.12° 6.86+0.15° 7.86+0.15°
Aulgnimifudevsingasfl 2 5.06£006°  6.00£0.15% 7.00£0.09° 8.00+0.15°
fulgnsaudulloviingnsfl 3 4.76:021°  596£0.06° 6.96+0.06° 7.96+0.06°
F-test * * * *
C.V. (%) 4.66 1.18 1.22 1.06

v o

VB - * UaLsIdnys a b way c luwsiazanuduanidennuuanseiuegaiidedfgy
19808 (p < 0.05) (Mean+SD)

HANSAsaAULe Auaudetluvesdnniavies wudinisldRulgnsiuiu
gniingnsi 3 iAnadeanudedlugaanviiiu 26.54 SPAD unit lunsmsafiutnunsly
wlgn (Pauaw) WAanuledlutdesiianviiiu 21.75 SPAD unit Bedlanuuansdieiuegi

Y
CY )

WydAgn9ada (115199 5)

) D) 4

A151991 5 AU UTRINNNIANDUTITTELIAIANY 9

Yaauan AUWE1U (SPAD unit)

14 Y 21 28 u
Audgn (AuAw) 18.560.74°  20.02+0.38°  21.75x0.15°
fugnsauiulovsingnsi 1 21.36x0.39°  22.44+0.12°  25.810.19"
fuvgnsaufullevsingnsi 2 21.50+0.67°  22.52+0.61°  26.36+0.45°
Auvgnsmiuloviingnsi 3 22.57£0.75°  23.64+0.82°  26.54+0.38°
F-test x * *
C.V. (%) 2.92 2.65 1.08

a o

VR - * UazIdneT a b uay c luusdavanusiuanstaanuuanseiuvegreiivudfny
N19@88 (p < 0.05) (Mean+SD)

HANTTLATYAULR AMUTWIANTINUVREINNIAveN NuINslEauUgnIuiu
nansi 3 A dsvwIAnseiNgengauintu 17.36 wuiues lunmssiudunsly
n (Auaw) Wruanssudesigariiiu 8.85 wufiuns Jellauwaneeiuegng

(3

Yendl
Aulg
il
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M13199 6 VUIANTINUVDIINNIANBUNTZYLLIAIWIN 9

YaaUan UWIANTINY (1YUALIAT)
14 Y 21 9y 28

Audgn (AuAm) 5.500.25° 7.40+0.30° 8.85+0.38"
fuvgnsaudulovsingnsi 1 6.49+0.10° 12.65+0.15° 17.00+0.49°
fuvgnsaufullevsingnsi 2 6.99+0.60° 12.68+0.33" 17.03+0.26°
Augnsmiuloviingnsd 3 7.06+0.38" 13.15+0.28" 17.36+0.45°
F-test * * *

C.V. (%) 4.65 1.74 2.75

a o @

UG - * UaTAI9NYT a wae b luwdazaauiwansdanuuana1eiveg1addedAsy
N19@0A (p < 0.05) (mean+SD)

nsléAudgnsautuominaefisiinaeanandninniavessnnniinig
laflddewiin Tnetminasuasinnianeundufuien wuinsldfulgnimiulentngs
il 2 WiAnadvdminangsiigauvintu 27.06 nfu Tumessatudiunisldfuugn (auaw)
Tihwiinandesfianiniy 13.07 nfu Wuwderduiminutesinnaveundafuiien
wuinsldfulgnimdulendngnsi 2 uarbiiadudaidedlvanadedminuigeiian
Wity 1.40 n3u lumnssudrunisléfudgn (aauam) Weihweinuwisosiiaausiniu 0.60
n§u Falaruuanensiuegnadifoddymeada (ns1ed 7)

AN5199 7 UMUNAALAL NN TIUBIRNNINBY

Yaaugn dwiinan (n3u) dwiinusie (n¥w)
Audgn (AauAw) 13.07+0.74° 0.60+0.06°
Augnimiutevsingmsi 1 26.89+0.43° 1.40+0.01°
Aulgnsmifuevsingnsd 2 27.06+0.55° 1.40+0.02°
fuvansaufullevsingnsi 3 26.69+0.24° 1.35+0.03"
F-test * x
C.V. (%) 1.81 1.05

IS £

BR;: - * kazsidneT a b uag ¢ luwdavanuduantannuunndiaivegadded Ay
N13@da (p < 0.05) (mean+SD)

HANMTASeAuln suUTinumsarandflesludnniaves wuiinsldhudan
sfulontngnsi 3 iAadedaidongeiigavinty 321.08 lulasniusioflaniu Sefianny
uanssiusgefidudfynisaddduiagugndu 4 Taensldauugn (muaw) iaade
Fadleantoofigaintu 217.12 lalasn3udedlansy (13197 8)



22 MFENTIVY) UMINESUI YA UATASEIINTIY

A15199 8 USunaumsaraudaideuludnninvay

Yequan Ysunaudaten (ulasniudenlaniu)
Audgn (AuAm) 217.12+9.74°
Auvgnsmiutevsingmsi 1 250.22+3.29°
Augnsmifutloviingnsi 2 285.89+10.85°
Augnsmiuloviingnsd 3 321.08+9.95°
F-test *
C.V. (%) 2.87

N o

VU0 - * UasdIdn®T a b c uar d lundaganuduansisnnuuansneiuvealtudfny
N9@08 (p < 0.05) (Mean+SD)

N158AUTIENANTIY
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uaz 1.40 n3u sy esnduunailulnsiau (2.67 wWedidus) ganindevsingnsdu 1
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ﬂwﬁﬂgmﬁ'u warUSinameanesafilnaiioet (1 Lasmne, 2564) Faaenndaaiunasun
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azauddidonnazanudonluadogaiigaminiu 321.08 lulasndusedlansu uay 26.54
Wedldusd mudiu aeandesiuinian wagamy (2553) Anwinsliansdaiuniudaden
fnrandudu 0 30 60 90 120 150 wag 180 lalasnfuseNaddns wuimsdaidesiiaau
Wty 90 lulasnsusiediadans vinliaadeiiusinadaidenazaugean 1,031.01 dadn 5w
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An Analysis of the Goalscoring Styles of the Winning Teams in
Football UEFA European National Championships 2020
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Abstract

This research aims to analyze and compare soccer goalscoring styles of the
winning teams and their opponents at the 2020 European Football Championship. The
samples used in this research were 7 matches of the winning team. To compare the
difference in the average shooting performance statistics the frequency, mean, and
percentage tables are presented with. The results show that the champion team had
the most popular goalscoring patterns: specific skills (7.71+4.57), cross (3.57+2.23), and
pass (1.71+1.80), the most goalscoring areas are penalty areas (10.71+3.95), the most
scoring intervals are half time (8.29+4.23), and the most goals are off-target (6.43+2.88)
and blocked (5.28+2.50). The opponents have the most popular goalscoring styles:
specific skills (3.43+3.16) and set pieces (2.14+0.90), the most goalscoring areas are
penalty areas (4.14+1.77), the most goalscoring intervals are full time (4.57+2.44), and
the most goals scored are off-target (4.00+2.58) and blocked (2.43+2.23). When
comparing the goalscoring performance of the winning team and the opposing team, it
was found that cross goals, set pieces, killer pass patterns, penalty area goals scored,
save and post goals scored, and woodwork were statistically significantly different at
0.05.

Keyword: Performance analysis, Goalscoring, UEFA 2020
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AwmmueadufimnifsuuuunsiaunagiBmaisegiinainvaredudey e
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fufiuguds Sududoserdonisuszaunuiuifiousiuiiy aenndeady Almeida et al.
(2020) inuimimueaiidnuuzmsauiidudeulnouiuiirnusudovesitousamdislunis
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auudiegnlas Andudosas 20 (unws, 2550) Nsudadunauealan 2010 sUwuUN1SES
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(Uigwus uazdude, 2556) Nsudsturnueadauvuduviendglsl 2012 Uuuunsdelsey
fiflusnniigeuesiinyfiau Ao nsdsusauuuieania Aniluiesas 41.6 (naymsd uaz
ALz, 2556) Msutstunnuoalan 2018 UNUUNMIBseRiiidugrinauniign fo n1siae
Wy o galny Anlufosay 25.64 (wa, 2564)
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wazmsihuszgueshenssiuld suludnhlulszgndldlunsilndesniiedrassguuuunis
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The Potential of Wastewater from Kha Nom Lah Production

Process for Biogas Production
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Abstract

Wastewater from the Kha Nom Lah production process is highly contaminated
with organic matter, this is caused by the use of water in the process of preparing rice
flour as raw materials in the production process. This wastewater has a foul smell
caused by the decomposition process of contaminated organic matter and results in
water pollution when it is released into public water sources. This research aims to
study the potential of wastewater from the Kha Nom Lah production process for
biogas production. It is a guideline for utilizing this wastewater and treating it to reduce
the organic loading, through the removal of organic matter, turning it into biogas by
anaerobic digestion process. The results demonstrate the potential of wastewater
from the Kha Nom Lah production process to be utilized for biogas production. The
biogas generation rate is between 0.023+0.001 liter per liter of wastewater/day. The
results of the biogas yield calculation compared to the COD removal, the values were
between 0.08+0.02 liter per gram of COD removed. The removal of organic matter in
wastewater resulted in the average efficiency of removing organic matter in the form
of COD and BOD was 65.9+0.8 and 68.6+2.3 percent, respectively. The results of the
measurement of methane gas in biogas show that the average methane content was
62.2+1.7 percent (% LEL), and from the test it was found that the biogas can ignite.
This will be a guideline for utilizing wastewater from the Kha Nom Lah production
process for biogas production, supporting the production of renewable energy from
waste in this industry. The biogas produced can be used to replace LPG gas in the
production process or use it in the household, as a renewable energy to reduce energy

costs.
Keywords: Kha Nom Lah, Biogas, Wastewater treatment, Renewable energy
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ihdsguruiifessesiunsidaiideiiuszaudymins sussnansdunidas Tnewanne
Tutamhudsfiiusinahlugaaosssuisiiosvinlvidaududuvesdsanusn ifugsdy
oghann Suiatlgmihidefidsansenumedanadonlugrassassasduundssesiu
thisvessumu wavorrdsuanssnumsduandoududy 4 muulueuian dafunisiam
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ponuuuszuutathidelilanumngaudnivgramnssunssdavusadaiinnus iy
061984 Tnguumenisuanfnedanmanvesde fuguuvundsnuiiduiinsiedswndon
wazflaudsiu FamAntudenssuiunisdosansvondeiluasdunidlua nnglald
pendlau neliiAnnsAunudaidnauasiasugie WeTouisudussuundenuild
\Wowmaseada (Tetteh and Rathilai, 2021) watlunsendusnuniagiunisiivagge
shenszurumsgesuuulilldeendiou fimsfigaiudrindumaluladfiannsaneliinam
Fedundinmsldauiuegraunsmarsinniigadmsunisan mssloida uaznsgaunineins
nnveadsitesruseneuduanssunss (Tetteh and Rathilai, 2021: Bennich and Belyazid,
2017) Fsidunuamensldusslonivendouaranuansznun sdandeumahluiui
gy Snvidimanamiamaiiatideiinsuutioumsdunisiidnuarlndifssiuiide
MnnsgvumIkanvuNa lasdoddendninstiniidediiaannsiuieuveads
Uszanudls ey udafuddends utednndmn udednlne fenssuumstidadudeuuy
Fomewasanusondniinadannle (Padi et al., 2022; Cruz et al., 2021; Cremonez et al.,
2020; Khongkliang et al., 2015) Fadunisuanslidiufauumavesnistidaiideain
nszvunmanasusaiiinsudeuntdudnuasiindetumuidesindndray

mAfeitadunsduiunnaesinydnenmvesiidernnssuiuntsudnsuma
dmdunisuaninedinin LﬁaLﬁu%’agaﬁm%’umiﬁwm'iswﬁwﬁmfwLﬁaﬁm%’uqmammim
nswanvunaAindnemwlunsuanfeiinmdundanunaun lnonsdifuiunnaos
futusesiunsiaunszuutdaindeuuuintuil (on-site wastewater treatment system)
dievinsvidamings w undsindn Tasnsdudueuidsasdunisldosdarumaiu
nsudafefanmuarnistidaiideivud eundeienisldszuudjnafldenia
Tugdnuussvudsufnsallfomauvuikuduiifdnoamlumstdadudeddnsudeu
a158un3duagmznowveddeusunain neliiinnalnvesnsundnseauaiunsalunis
fnfinazneuuaenszIuNIesamevesdtluanmylformea fuszavnmlunsthinide
Usznauiudnanwluniswaninegdinan (Fujihira et al., 2018; Barber and Stuckey, 1999)
saiifioifunisaduayunsudafnedanmainveadslugnamnssussfuguey waz
anUsuaansdunssluinde welvansodludssgndldaudmiunisesniuussuy
Trdadndedmiuiluldauldage viluduwesnmskdafrefan o lulfdundeny
yauny uaznisttniieanauanysnuesinde

Banliun133deg
1. Jangunsal LLazﬁmqauﬁﬂLﬁamnnszmumiwﬁmuum
nssuunuiteilfgemeaeudnanimnmandaieianin uyegunsalszuy
ffnsallsormanuuuiudulssgndaindsussfnsnsuddmiundafinedanin uansds
AW 1 LLachﬂqUﬂizﬁ’Su 9 (FALUANIN LBUN kasANE, 2564; Barber and Stuckey, 1999)
dievhnmsmadeudnenmmsndnfinedinmesiidsnnnssuaumandssuua Tneingiu
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iidsannszuiunmandnvuuat shnafuiegwiidsnnnssuiunsnanyuuaives
Tamnayuvundnvuual Uruaianysal (negsin) drvaydaes gneuinnis 3anin
uATATEITNTIY et tnAsannseuruntsdavusarinsUnd enansdunddqeidu
Andouuiiinindunounawiouudsindnasiuies uardrnie Weduingiu
dwfundnauuat evhnisrunudndeludiszsznarfidnisdnouuan ussgluds
wanafndadadanouinnisvudaninaniuuszneunis wotanlddmsunisdnduny
naaosnarinsandnsnmesindeannssuiunsnasusadmiunisudafedanin

Influent
Feed pump

®
Storage Tank '_‘J__l_'

Wastewater
tank

Utilization of bicgas

-
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Bingas Biogas Biggas Biogas Blogas

Effluent

—> —» —» —»

T T I

|7 Modified Anaerchic Baffle Reactors (MABR) 4|

-—
P~ E—
-—
-—

Effluent tank

A 1 spuudaunsallSenniawuuskunulssenddmsundainadanim
13 fianlasann Leun wazany (2564)

2. MIAUTEUUNARRIDTININ

mMsiussuuRanfeTanluadusn sudunissudulnenisidegnainide
mﬂmzmumﬁmamuumwauﬁuﬁwL?mfmmzwﬁaﬂﬁmmﬂ%mmmwuLLNuﬁuﬂisqﬂﬁf\m
§9UITMYI0UAG NS UNARA 1T ININ (FRUUARIN LauNn wazany, 2564) taedinis
FaulasUsuasuUiinadmsumstauannisnadeuidosduiididunslineunth Tnens
thideannssuiunisnanvunanlulSinasnsdiudesas 40 Tneusuns naufuinde
Mnszvufaunsallfonalusnsduiesas 60 TngU3uins Fudunisfanuasifng
Buduidussuundniedininlasnisiniidsnnssuudfnsallionaiingugunie
N§GIf%‘*?j%’mﬂ‘w@EJLL%?MWN&@JﬁQMﬁU&WLﬁEJLLVia'\‘]sLmJ' (1ouUn LazAMg, 2558; Zwain et al.,
2013) iileligAunisinisuivanimuasndainedanmldiidu
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nMafusruuRaafIeTanrdainnsduduiuszouluadausn dudunis
TagthindedlvasenaindsufnsallienialudduaaVing ndusmansamiutndenin
nsrvruntskAaruNalulTasndutesas 40 IneUiung nauduiidsainseun
fefnsaflfernmalusnsdnienas 60 IneUiuas Sudumamuiewmiidevionisiluda
1hide fleenainszuusdafnedanmnduanldlml eidumsdnunssduliinuuesaunss
fiogluszuudsujnsailionnie ﬁqﬁmiLﬁuizuumﬁmﬁw%amwwﬁgﬂqumﬂﬁuiwu
Tuguiuy (batch) fiffszoznantninindelussuudmiunszuiunsdesaasansdunss
y039AuNIgdmIunEaitaTan iy 7 Yu (168 $lue) (leun uazam, 2564) F9n1g
GﬁLﬁumulﬁuiwuiugﬂqufrﬁ]zﬁmmaamé’mﬁ’umidaLﬁmf%ﬁsmmixmumimém
yunalalldfinndanniu wezanunsnilussgndldsuaniunisaiadeld Tneanided
fifunmeseafussuundnfinstinnseioutiuszezinan 9 dUami eiiudeyauina
frefaniniiintu vinrsesetauimafefivdlusendniiedinmlneldieiemsaia
Awiliny (andueives Jinan nova environment technology co., ltd. 1 NS500-CH4)
wazvpaeuLdoaumsgaRnlivesisTan mikdaldfegmeniedinm (oun, 2563) ile
farsandanumemsilulduselond

3. msuszifiudnenmmandafnsfanmuaziitndnde

msdszdiudnenmnisdnina@inm nensdudunsiiusiusindeyadsuna
Rt miistuluyn 9 #ani Samfunsssiiudssansammstidainids mnnsiiv
fhegsideneunasndsihuyanadeudnanwnsanfeianm tnedinnsdwesdmiu
nslaesiamnminds Ao 3 (color) gungi (temperature) Arandunse-ang (pH) Flod
(chemical oxygen demand: COD) Uinaumeaudauviuaesiianun (total suspended solids:
TSS) kazUsunauwdsnnmznau (settable solid) MINUINTFIUIDTNITIATIEI (APHA et al.,
2012) uwagldadlen wazdled (biochemical oxygen demand: BOD) @19SUN15AIUIN
UseaAnEn1nn1smInansdunse wasAuadngnInnsHaningdinmaInUsunuasaunse
Tuguadlednignindn

NaN15I9Y
1. Shwaraudivesindeannszurunisudnvuuan

dideannszuiunsnantutan uanesenIng 2 ntuannduneunsaiey
wtlntmgiv fo 4mans @Eradiugiugon wethinie ddutunsuniaeienuds
AeliiAnidsannsiidnansuuwideuihnsivieuslvasden ddeiinennis
wonseenanudsiineidiliueudy wasiidefifaantuneudy 4 munssuisnisnani
gafianuuandteentumuuazUsEnoUN SNERTUNE Tnpdnwaindeannszuiuns
wAnvuNaEdidnvuzameninlaevaly Ao Tty uasdindumiiy (nAumduied)
PnmsreianszuIumsEosaaeansaunasluiide
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AN 2 ULEEINNNTTUIUNSHARTULAITLARINTUABDUNISEAS LU WU
(n) FunauNSMsEULTINnalmAnuLEe
(v) YF8INNTFUIUNTHENVUNANTEN WL NINEANAYTIYY

=

fainsuudeuresindennnszuiumanantunariaduasdunisiiaan
Fnasuasuddudurouniseieningiv dwaliidennnssuiunissdeusanidnuoe
audAuansfinsned 1 deflaranandunsa-saoudieiiainninianssuiunisdey
ansdunssivudevlutnde nanslinneitiinameuduiuassiinnndt 1,000 fadniu
sodns FudunznountwiearsdunidiiAnannssuaunsrdsuntiaindnans deaunse
govaaslding dwaliindefiAnd uiladlofua Tlofganulude Tnenan1sdiasei
Udsannsruiunananvuuauandiiiudauiin amsdunislugudidled uazTled
fUSuaNnndn 8,000 wag 4,000 Hadnuseding Aua1dy

Fednwawresideannszuaumssdnuusandinanntiedu definsudesas
duvanianssnzazneliiAnnisavauomendsuaninmsiiide neianaumiiusuniy
Tuusnadiuiigue Tasnmnglutamanatuasmdeuu iesnlufiufigusulinaudn
YUNAUTINAUN LLazﬁm'iﬂa'asﬁnﬁamzjLma'mf']mﬁ'ﬁmzﬁmmmﬂauLﬁmwaﬂswumq
danndeunuan Mndymdnanyilvprudaudesnmamaia s videuianssu e
Tdmsunmstesiuusladagmmaduduindeumaiiiatiy e ndmanssmumaing
zyumwmmﬂﬂuﬁuﬁﬁmmmmslé’%’m?iumﬁmumu uaznansznuivtinvieaioafiozdana
son1sduasun e fiendeamusssuluiiui lisndusesdiyuuuunssurunisian
sesfuthdeiinefintunnnssuiunisnanuuma
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A15197 1 ANPAENINNIEANLAENNLATYBIIEYINNTZUIUNSNERTUNAN

w153nas NANISIATIZI

a Y1IYU
gl (earivaidee) 30.0-31.0
ANudunsa-Ang 6.50-6.90
voduruassimun Gadnusodns) 1,000-3,000
vadannagnay (addnsseans) 15.0-50.0
#lof (Hednsusiedns) 8,000-15,000
Ulof (adniusiadng) 4,400-8,500

snewe: - * iunemslinngitdeildnnnafviedsidennnssuiunssdnuuim
maqﬁﬂizﬂaumiswwﬁﬂuﬁuﬁ suaydes enneunnils SminuasAIsITTY
Fonafaruusndsanunasdsluiuiiau filusannmsliingiuuasdunou
eHARTLANEaY

KNAINNITTATIE AN AN RTe i ABa NS UIUN THARTLNET wansi
Fudsdnwarnmsvuteumsdunidas Ineddefidsnadutlefredlefuannit 0.5 &
annsadosaaneldinediemailanisdainen (Meena et al., 2019; Eddy et al,, 2013) fatiy
miATedfadaiuiinundululdlunmsldusdesiiudennnssuiunissdevuuandy
FanAudwiunaniedinin uasdsalienuanusniiiaanmsuutoumsduridanasie
Mnnszvaumsgesaaouuulildenidlussuutiaindeluguuuudanaall feana
Snvadadunamidunislivselominniidedmsundafednmitansodulsidu
wasunaunuinetlnsdenal (liquefied petroleum gas: LPG) lunseuiuntsuansalula
TneruAtedifunsiiiunifefeaivayumstanssuunidaiideuuuiaiuil dmsu
Huuwmdligussneunmsildusylevdsellusuan tieanuanszmuanigmiide
fielinannszEUIUMINERYLLAN

2. NANSAUTTUUNAATNYTIN W

MnuanTeTzEEnuurauRtdsnnsruIunsEnTuIaT nuinduiu
arsdunidganitundeninunasdy q Adnsldudeirndnduingdv iwu dudeen
ASYUIUNITHAAVUNIU (LOUN LaYAY, 2558) Wlmsiunumaae ULt ssfunuinnng
Swdailovudouinidondulunaususuidsnnnssuiunasdavusadeddsnsnis
daiigand lnssddeinuideddsnmmsslunaatideilvasenandsfnsallioinie
Tushanferay 60 FuiliFeddthidefivhnmamuisundumaluuiinasnninindean
nszvaunsHAnTuLa) (iidsiudy) dadunsuandiifuisiidsannssuiunisadn
yunaivSinuasunidgeinaronisvinnuvesqauvidngundniedinmludsfnsal
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1¥onma uasdunsuandidiudsnnuddyuomsmuauuiinunisyuisuiideilse
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nan1sAluunaaesuandliiiudadnsamaesindeninnsruiunisnan
yunaasalddmsundniedinmls Yeyanandniiedinmlugiessesiiaivesns
fudunisnaass uanadasnmil 3 lnenanisneasmuindsasinisinfietanmegsening
0.0210.001-0.025+0.003 Anseiednsiidesiou
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ANTHIANTUL
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BNITNTILNANTIYYINTIN
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0.000 -
1 2 3 a4 5 6 7 8

sz (§Uaa)

2f 3 ons1Nsiiniedin nansnaae Ul EEINNTEUIUNITNARTUNA

naann1sniafelinulunandefedinmuandiiiudslnafiiediv
fiAadnwiriuiesas 62.2+1.7 (% LEL) uaz9InMsvaaaun1syadalivestananinedinm
segamfiedanin (oun, 2563) wuinAredanmainsngadalile wansdaninil 4
Tudnwafindeduieiinadeuma laossoznanisyeinlnt ey fuusiuieiinty
wazdnifulluszuudsufnsalliernie (Msfndsszuundafedanmdmsuldnuae
@1150U 24 N DBNLUVVLIBYUIAYDITLUUNE AR 19T a0 w3 oLl sy g Unsaldu
TannsananfedinmlsuiinasnniesesiunmaiAedanmluldusslend) dewans
sdurmidfouandiiifuiuumenisiidennnssuiunsdaouanaansotuldidy
Tappudwiunaaiafanmld Sudunsiaussuuisaiidelusluouingnseiliornie
Franduuumenslivsslenidudennnssuiunmsndnuusadmiunsaniiedanm
aduayumsndsmdsnunaunuanveade e luldvsslovilunszuiunsudn wieold
Usgleniluniaseunauwnufinglingdeumaisialula
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AW 4 N1INAFBUNITIARA INYBITBTININAINUNFSIINNTEUIUNTNEAYULAN

3. psUszdivdnennnsuanafnedanmuaziiiadge

deRrsandesdneninnisndafngdnin lneinnisfuiakandnfigdanmn
Wisuiieuiuadleffignide uansfanind 5 wudrdiaegsening 0.0620.01-0.11£0.01
Smsiam%m%laﬁﬁgﬂﬁﬁm Fawansindumideduanddiuinsldnssuiunsdesaas
wuulfornafifenldtuilan dmsuldswreadslindundanu (Westerholm et al., 2020)
fuannsotuvszgnalddmsunstiadidennnssuiunisdnouuanld Snitedad
FnenmrdnfinatinmiianunsahlUlduseleminaunuinestlnndeunaslunssuiunisude
wsethlUltusyleviluasisoudalula

NaNMSEoLaaEYegAuYESluan gl fmAaAsumsduvEadufadnm
vlFUsinaunnuanUsnvesindeivsinaanas Insnanmsiesiziidendwiunisiite
Feszuuisinsallenna uansdamsned 2 Fawamslinsziidendsiumstindae
svuu wandlifudsdnenimuesnsiidaddefianuns avinlieanuandsnanasegnan
Tnelugrurssnmstitansneuudsiivuilewluindeannszuiunsnasuunan Weiansan
PnAUSname e mnLazYe TN ney nuIiiusyAnSamnnstTneae
wihiuFesay 60.2+0.9 uaw 29.6x0.5 muddy Snitaiuszansnmmstdaansdunislusy
FofuazTloRndowiniudosay 65.9+0.8 uaz 68.6+2.3 muawu Juansliiiuddnenn
yeansiintndsluannylfeneaunsaminvesdodevaaenandunananinadann
vnleuandsnvesideanas egndlsfinuanUsinaassunsdluiidevdsiunmsiin
sheszuuiaufnsallfomdluguvesndleuas Slefdnandonguinnit 2,000 wag 1,000
faansusiedns pudsu vlddeinssurunstdaindodnduiiofiauss dnsaw
uanunsathluldusylevivieudesdsssumaselula
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gaungil (eamivaidea) 29.7+0.4
ANudunsn-ang 6.48+0.1
voudviuaseriun (ladndusioans) 539.4+84.9
vesudsmnngneu (Hadansnoans) 16.1+1.8
Flof Haansurodns) 2,812+607
Ulod (HaansSuneans) 1,380+82

N159AUTIINANITIVY
namsiduenudseduansiiiuiidneameesnindsannssuiunisuanvuuan
annsoldiduingiunanfatinmiannsalfidundsmmeunuiretlnsdommanls T
wansnaaeLandliiiuiidsanssuiunisdnvunanddnenmdmiuldidutng i
dmsunsnaaingiinm Tnedianadssnsnmaiaiisdanmeiiiy 0.023+0.001 AnsAeans
didesetu Sudunananainnsdesaaeansdunidluannglfonefidnananfinaginin
NN1sPegaateasdunIgluualen AU 0.08+0.02 ﬁmmaﬂ%’w‘?ﬂaﬁﬁgﬂﬁﬁm
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annsaraninaTanmanideidnsuuidouuds siudvends utsad ulednlng
(Padi et al., 2022; Cruz et al., 2021; Cremonez et al., 2020; Khongkliang et al., 2015
Snvanasnnmsgevaaevendeneliismsiiaduileuluiids Tnenaannsinsei
13;'1Lﬁaﬁauuawﬁqw'miwuﬁ’qﬂﬁmaﬁé’mmmLLamﬂﬁLﬁuﬁqmmmmiﬂumiam%mm
ansdunislusuadlen uaellof Fuandiiiuisdnonmuesnisthimindeannssuiunts
nanvuNanluanzlsennid anunsaidnveadedesaanenanadunandninadininanyinli
mnuanUsnuestiduanas denadesunisidmnunssuiunsdesaaeanuulildonnailasy
audeneginiundmiunsthdavenderindu 4 Wewindumaluladiifiannudy

)
)

fnsfudsnnden neliAanstindislussansamuagldfadinmduuvamdssmmauny
Qi et al,, 2021; Hu et al., 2018) agslsfnmuanuTinamsdurisluiidenduiunsion
sheszuudsufnsallionidluglvesendlefuazSlenandeiidalinngs @lefuasTlefnunde
11A71 2,000 Waw 1,000 faAndudedns susiu) ilwdsdesiinszuaunisthdadide
Wafusieilesnssuudagnsallfonnia eniviu nszuaumstaidsuuuldernie
dainsandiaulituinds msvidamindslusuuuusssfugonadniamnsovhnms
ﬁmﬁgﬂuﬁuﬁﬁ;mu (Gikas and Tsihrintzis, 2012) 1l o uUszANS A mANsUITRIUANINTA
ilulduselond vievhlsinisiivdeseenanszuutiiainidesunusiinnsgiuiiig
ansnsnUdeneongsssuviineluld Snviadunisiaussuthimindefiosesiuthidsan
nszvIuNMsHARvuLaTiiemauy samsdunsdansindeinnd sty duaSuuundnves
nsdamstiideiiaseunauienisiidaesnaiusyansnmuaznisliUsleviogamnyan
(Gudiukaite et al., 2021; Meena et al., 2019) Faagidunmamislunmsadsngiuiddy
maamsgﬁamuﬁau (circular economy) (Gudiukaite et al., 2021; Nagarajan et al., 2020)
doduuummidunisiaunsuuuunsdanisiidedmsugaanansaulugusulusuuussuy
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Abstract

Herbs are increasingly being used as medications and therapies for a variety of
ailments. Herbs are employed in a variety of ways by professionals in each field, each
with its own set of characteristics. The goal of this study is to collect plants utilized in
the Cha-Uat Thai traditional medicine club therapeutic formulations and compile them
into a database of medicinal plant uses. Herbal, medicinal use, and plant parts utilized
in formula data were gathered by contacting two Thai traditional physicians who were
competent in Thai traditional medicine. Plants from the medicinal blend were then
compiled into a list and made into an app that includes plant photos as well as
information about their therapeutic properties. There are up to 69 herb species in 37
plant families, with Family Zingiberaceae being the most common (21.73 percent, 15
plant species). The group creates ten folkloric medication formulations that use more
than five plants and diverse plant components. The majority of plant components were
included in the recipe, with leaves accounting for 25.28 percent and pith accounting for
1.14 percent, except for the Andrographis paniculata preparation, which comprised
only one plant species. A database application was developed for usage on smartphones
running the Android and iOS operating systems. Academics, students, others (10 persons
each) were assessed using a simple search by praising the application, which was
subsequently reviewed using a satisfaction questionnaire after it had been used
extensively. The findings indicated that the samples were generally happy with the
usage of the herbal database, with a total satisfaction rating of 4.65.

Keywords: Herb, Formula, Traditional medicine, Database system, Mobile application

Introduction

The province of Nakhon Si Thammarat is geographically diversified. It consists
of mountains, oceans, and plains, and its wet climate all year contributes to the richness
of fauna and vegetation (Kaewchanid et al., 2020). As a result, natural resource utilization
has become more diverse, and it has become a heritage passed down from generation
to generation. For example, ingesting a range of vegetables as a meal or introducing
diverse plant species to be used as remedies for endemic ailments until it was born as
a village sage with a local medicinal recipe (Cordier and Steenkamp, 2011). Plants play
an essential part in the collection of secondary compounds, which have a wide range
of qualities and are useful in medicine. They are classified as alkaloids, glycosides,
essential oils, vitamins, and minerals and are found in plant components such as leaves,

stems, fruits, and flowers (Batool et al., 2019). The principal ingredients found in medicinal
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plants are contemporary pharmaceuticals manufactured by scientists to ensure the
drug's success and offer adequate medication to cure (Batool et al., 2019). Long-term
pharmaceutical use, on the other hand, is damaging to the body (Allen et al., 2014).
The World Health Organization concentrated on the use of herbs, which are plants that
contain a wide variety of significant medicinal components and have been used for a
long time to record this essential information (World Health Organization, 2013).
Methods and preparation techniques: Each locale has its strategies for acquiring
therapeutic herbs. Despite being the same plant, herbal components such as leaves,
stems, seeds, roots, and fruits are used in a variety of ways. The introduction of medicinal
formulas may entail the use of a variety of medicinal plants to improve the efficacy of
that particular treatment. Furthermore, the extraction method for vital components
found in herbs varies from soaking in solvents such as water and alcohol to applying
heat to the specific critical ingredient (Sintupachee et al., 2020, 2022). Herbs have long
been utilized in folklore; for example, Kwao Krua (Pueraria mirifica) is used to stimulate
hormones, ginger (Zingiber officinale) assists digestion, and antioxidant-rich plant mixtures
are used as diabetic medication (Teanpaisan et al., 2017). The gathering of information
on the use of medicinal plants will have far-reaching consequences. In addition to
serving as the foundation for comprehensive scientific research, it may have an impact
on society, the economy, local people's lives, and long-term environmental development
(Sintupachee et al., 2022). Plant biodiversity management with the local community as
a driver even though the world has changed, data collection is becoming more relevant
and widespread (Tanaka et al,, 2008). Cha-Uat is a district in Nakhon Si Thammarat
Province's southernmost region, encompassing an area of around 705.36 square kilometers
(Office of Agriculture and Cooperatives, Nakhon Si Thammarat Province, 2021). Orchards
are a type of profession. There are several herbal categories, each of which is unique in
its manner. The Cha-Uat Thai traditional medicine club, which has qualified members,
pharmacists, and credentials, allowing folk healers to develop and sell treatments.
Furthermore, the group has developed a pharmaceutical formula that incorporates
indigenous plants into the therapeutic mix. It has unique characteristics, and its members
are most likely ancient data collectors who will be important to future generations.
The focus of developing a database system for human resource development
has been on creating an environment that promotes human resource growth and
empowerment (FitzHenry et al., 2015). A database system is a system that accumulates
multiple bits of information that are connected systematically. There is a clear link
between data and what allows users to utilize and maintain good data security (Cabinet
Secretariat, 2018). The database included information from several systems and is
an essential component of application development. The capacity to add, remove,
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update, and produce reports to get access to data in a database is referred to as "data
access." (Ratnapinda et al., 2020). Apps are computer programs that run on mobile
devices. It is simple to use and does not necessitate any complicated procedures. The
expansion of mobile device applicability with compatibility for both operating systems:
Android and iOS (Bender, 2020). It is currently commonly used as a data management
and accessing tool in the building of database systems. The System Development Life
Cycle (SDLQ) is used, which includes six development stages: system requirements
specification, system design, system testing, and system implementation and assessment
methods of acquiring information for these civilizations to thrive and survive. It is a
written record based on family records, or it may be thought of as a collection of
publications that are ready for distribution but in low supply. People who are still
struggling to obtain, and it will probably be lost due to a variety of circumstances (Pires
et al., 2020). A database system is a system that uses digital technology to store data
systematically. This will help to minimize data loss and reduce the quantity of duplicated
storage. Individuals will also be able to access information at any time and from any
location once an internet infrastructure is in place. Furthermore, by typing key terms,
you may obtain information quickly. The goal of this study is to look into the medical
formula botanicals used in the Cha-Uat Thai traditional medicine club, which has long
utilized formula herb as a tradition, and then build an herbal database system based

on the information gathered.

Materials and methods
1. The population and samples used in the research
Two Thai traditional medicine practitioners, the Cha-Uat Thai traditional
medicine club, Cha-Uat district, Nakhon Si Thammarat Province, and a group of fifteen
herbal database application users, all of whom were academics, comprised the
population (10 academics, 10 students, and 10 members of the general public).
2. Area for Herb Sampling and Survey
The Cha-Uat Thai traditional medicine club located in Nong Chik Village,
Nang Long sub-district, Cha-Uat district, Nakhon Si Thammarat Province, performed herb
sampling and surveys. Cha-Uat district has an area of 833 square kilometers and is
situated at 7°55'469"N latitude and 99°59'79"E longitude (Figure 1). The storage area is
defined by the terrain. It has been used for farming, rubber plantations, orchards, and

even as a residence.
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Figure 1 Map of Nakhon Si Thammarat Province (a) and the Cha-Uat Thai Traditional
Medicine Club's location in Cha-Uat District (b) which is labeled as the X

3. Plants with medicinal properties

Investigate and gather therapeutic herbs from two Thai traditional medicine s'
plots and the Cha-Uat Thai traditional medicine club members' plots in Cha-Uat district,
where medicinal plants are cultivated to be utilized in folk medicine recipes devised by
the club to heal diseases and sold as raw materials. The herbal samples were returned
to the laboratory, and a Voucher specimen was made for categorization at the Specialized
Research Unit on Insects and Herbs, Faculty of Science and Technology, Nakhon Si
Thammarat Rajabhat University. First, the taxonomy was identified using Bailey's Standard
Encyclopedia of Horticulture (Bailey, 1963; Victor et al., 2004). The plant components
were identified using the instrument in the course book and then, validated by an expert
at the Forest Resources Management Office 12 (Nakhon Si Thammarat), Royal Forest
Department.

4. The usage of herbs

The information form was used to interview two Thai traditional medicine
practitioners from the Cha-Uat Thai traditional medicine club who obtained a certificate
in Thai traditional medicine and are allowed to create traditional medications for the
herbal data. After gathering and identifying the herbs, medicinal plant samples may be
utilized to discover therapeutic properties. Bringing medicinal plant ingredients needed
in pharmaceutical production, photographs, interview data, and strategies for developing
medicinal formulations are all being gathered into a system, as are experts learning
more about the origin and identifying species, and retumning the obtained data to

interviewers for evaluation before analyzing the data.
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5. A medicinal plant database system development

Apps have been developed using a variety of plants used in the club's
therapeutic formula, as well as the needs of diverse customer groups. Database analysis,
as well as the design and development of mobile-friendly web apps utilizing the PHP
programming language, the MySQL database management system, and the user-friendly
bootstrap framework (Pires et al., 2020). The procedure is broken down into six steps,
which are as follows: First-round polling: It is a study of the club's demands for Thai
traditional medicine, as well as conducting interviews and studying resources to define,
the second phase is system requirements: This is the result of a preliminary survey to
determine the needs for an herbal database. The next stage is system development,
which is related to the building of the herbal database. The user interface, processing,
browsing, application architecture, and development tools were all chosen. Bring it to
the attention of professionals who examine it, give feedback, and make more design
adjustments. The fourth stage is program creation, which entails installing a database
system and developing programs for the various components that have been built. The
fifth step is system testing, which is the approach used by the first developer to build
the operation. It is carried out by an expert and a user representative, and then it is altered
to satisfy people's needs. The final phase was system installation and evaluation: this is
the process of putting the essential data in place so that services may be provided.
A total of 30 users (10 academics, 10 students, and 10 of the others) were chosen
particularly to test the system and assess their satisfaction.

6. Data analysis

Data analysis integrating taxonomic data with Thai traditional medicine
information to evaluate and show medicinal plant data in tables and graphs. The
satisfaction questionnaire responses were examined. The information was then
statistically analyzed with the Statistical Package for the Social Sciences (SPSS) to
determine:

1) The mean and standard deviation. The outcomes were then compared
to the assessment criteria (Muhtaseb et al., 2012; Wilson et al., 2006): The average is
4.50-5.00, indicating that the majority of people are satisfied, “most satisfied”. The
average is 3.50-4.49, indicating that the respondent is extremely happy, “very satisfied”.
The average is 2.50-3.49, indicating moderate satisfaction, “moderately satisfied”. The
average is 1.50-2.49, indicating dissatisfaction, “less satisfied”. The average is 1.00-1.49,
indicating that the majority of people are dissatisfied, “least satisfied”

2) The dependent t-test statistical analysis was done to analyze the
difference in average response between sample groups. The significant difference is the
p-value of 0.05.
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Results and discussion
1. The medicinal formulae plant

The Cha-Uat Thai traditional medicine club collected medicinal plants in
the area, which included herbs from 37 different plant families and 69 distinct species
listed in Table 1. The prominent medicinal plants used in the formula in the club are
from the Zingiberaceae family (21.73 percent, 15 species), followed by plants from the
Acanthaceae, Menispermaceae, and Rubiaceae, (5.79 percent, 4 species), Piperaceae, (4.34
percent, 3 species), Lamiaceae, Fabaceae, Euphorbiaceae, Leguminosae-Caesalpinioideae,
and Capparaceae (2.89 percent, 2 species), and 1.45 percent (1 species) of the 28 remain
families (Figure 2a). Therapeutic plant flavors included hot, cold, bitter, bland, astringent,
sweet, and sour (Table 1). The club is unusual in that it combines herbs from the
Zingiberaceae family in medicinal formulas as well as various herbs in different ways to
generate a range of massage oil compositions.

Number of plant species

Plant family

Figure 2 The Cha-Uat Thai traditional medicine club's usage of medicinal plant families
in the Cha-Uat district

The taste of the herbs is employed by the doctor to determine the
characteristics of the recipe. In its medicinal preparations, the club uses the following
herb parts: leaves (25.28 percent), tubers (14.94 percent), trees/plants (14.94 percent),
vines (10.34 percent), fruits (9.19 percent), rhizomes (8.04 percent), roots (6.89 percent),
flowers (4.59 percent), bark (2.29 percent), seeds (2.29 percent), and pith (1.14 percent)
as an ingredient (Figure 3). Plant components, like others, are employed as a medical
practice. Leaf, roots, flowers, fruits, seeds, bark, stem, and tuber portions were commonly
used. In the other studies, for example, the use of leaves in herbal production was
followed by the use of roots (Saradha, 2022).

WICHCHA JOURNAL Vol. 41 No. 1 January - June 2022
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Figure 3 The section on medicinal plants shows the proportion of medicinal plants with
that plant component as a fraction of the total number of medicinal plants.

The residents have already developed it as a food garden. It simplifies the
search for herbal usage when members of the community interact with local
pharmacies, simple formulae are passed on. It may be used alone and has been
extensively distributed to teach members of the community how to use medicinal
plants for self-healing. Furthermore, these old abilities might be lost since the club's
members are still young to inherit data collection and transmission for dissemination in
a variety of forms so that the new generation, both in the educational system and the
broader public, may easily and comfortably access information. The club manufactures
ten folkloric medicinal formulas with the distinctiveness that originates from the use of
several Zingiberaceae species as raw materials in the production of massage oil, it is an
outstanding product for activities in the club. Herbs consisting of Black Galingale (K.
parviflora), White Galingale (K. galanga), Wan Chak Motluk (C. comosa), Bat flower or
Black lily (T. chantrieri), dragon-of-the-world or tropical leaf-flower (P. pulche), Wan Jai
Dum (C. aeruginosa), Black Berry Lily or Leopard Flower (I. domestica), Weevil Lily or Hill
Coconut (Molineria latifolia), and Phaya Wan (Curcuma sp.1) was also a common ingredient
in all of the club's medicinal formulas: blood-nourishing compositions, hemorrhoid,
treatment carminative formula No.1, fat loss formula, allergy reducing formula, carminative
formula No. 26, remedy for A. paniculate formula, recipes for gastritis and acid reflux,
and a colon cleansing remedy (the genuine component in the formulation data is not
displayed in this research). It is the usage of herbs that is inherited, since other studies,
such as those done in China, report on the use of herbs in the family Zingiberaceae in
therapeutic compositions (Sabatini et al., 2016). Herbal extracts are used in India; each
component is promptly put to use by eating, boiling, drinking, pounding, and concealing
wounds (Feng et al., 2016); however, in this club, herb components are mixed in
different ratios and processed using various processes such as boiling, steaming, and
kneading. The most common way of producing pharmaceuticals is in the form of
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capsules consisting of dried herbal raw components combined. The components were
weighed and pulverized before being filtered through a screen and sealed in capsules.
The process includes extracting active components in alcohol (40%) by roughly crushing
the herbs in the proper proportions and placing them in an alcohol-heated container.
Recipe for massage oil: The herb combination is fried in oil in a coarse grinding ratio, and
everything but the bottled oil is filtered away. Herbal compress recipe: mix the herbs in
the quantities specified on the label and wrap them in fabric to form a sellable compress.
The club's ten therapeutic recipes will feature more than five medicinal herb species as
well as plant portions from diverse plant sections. The final method uses A. paniculata
leaves as the only raw ingredient in the medicinal mixture to create an antipyretic
medication. Plants' usage as medicine will dwindle with time, and indigenous formulations
will become extinct. Efforts to collect knowledge on therapeutic plants and traditional
medicinal recipes that have long been believed and practiced. It is a valuable cultural
treasure that must be protected. The use of therapeutic plants in everyday life. The
treatment of sickness, in particular, is a cultural treasure of each civilization that should
be preserved since it embodies the cohabitation of people and plants. It is an essential
aspect that adds to the conservation value (Ronra and Kodand, 2020).
2. The construction of an herbal database system

The app technigue was shown by using basic phrases such as plant name,
attributes, or scientific name, which presented all information involved on the screen,
and the user may then click on the word of interest to assess additional information
(Figure 4).

(a) (b) (0)

Figure 4 Depicts an application for an herbal database system. It is a search for information
from medicinal characteristics that will result in four varieties of plants being
returned (a). The scientific name of the plant will be displayed on the screen
when picking the plant (b). Herb specifics, including all data gathering ().
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Table 1 Medicinal herbs used at the Cha-Uat Thai traditional medicine club in the Cha-Uat district.

no. family scientific name common name (Thai/English) therapeutic plant medicinal properties herbal parts
flavors
1 Acanthaceae Rhinacanthus nasutus (L.) Kurz. Vladﬁu“??ﬂ/ Snake jasmine cold various skin diseases leaf
Andrographis paniculata (Burm.f.) Nees  flmzanelas/ Bitterweed bitter fever leaf
Thunbergia laurifolia LindL. 971936/ Blue trumpet vine bland fever leaf
Acanthus ebracteatus Vahl. wilanUavue/ Sea holly hot fever tree/ plant, leaf
2 Anacardiaceae Spondias pinnata (L. f.) Kurz uznanU/ Hog-plum sour expectorant fruit
3 Annoaceae Uvaria grandiflora Roxb. ﬂé”mgﬁ'&/ Calabao sweet fever fruit
4 Apocynaceae Cryptolepis dubia (Burm.f.) M.R. 10dusew/ Wax leaved climber bitter tendon vine
5 Araliaceae Schefflera leucantha R. Vig muysuUsyaune/ Dwarf umbrella tree astringent bone leaf
6  Asteraceae Vernonia elliptica DC. AU/ Curtain creeper cold fever in children tree/ plant
7 Bixaceae Bixa orellana L. flne/ Lipstick tree achiote lipstick plant sweet expels gas in the stomach  flower
8 Boranginaceae Heliotropium indicum L. 1939819/ Indian turnsole cold fever tree/ plant
9 Capparaceae Crateva adansonii DC. subsp. trifoliata rjmm/ Garlic pear tree bland fever leaf
(Roxb.) Jacobs.
C. religiosa G.Forst. fjmfﬂ/ Spider tree bitter fever bark
10 Celastracere Salacia chinensis L. Ejlluﬂ ﬁ’ll,l,waﬁm%u/ Chinese Salacia lolly berry  bitter tendon vine
11 Cleomaceae Cleome viscosa L. fndeuil/ Asian spiderflower or tick weed bitter, hot aches tree/ plant
12 Clusiaceae Garcinia cowa Roxb. ex Choisy Y21/ Cowa mangosteen sour expectorant leaf
13 Costaceae Costus speciosus Smith L’gaﬁw/ Crepe ginger setawar tawar bland fever tree/ plant
14 Cucurbitaceae Momordica cochinchinensis (Lour.) flnd13/ Chinese bitter-cucumber bitter fever fruit
15  Dioscoreaceae Tacca chantrieri Andre TUAIANIMN ﬁumszwﬁlwa/ Devil flower bat bland strengthening tree/ plant
flower cat's whiskers
16  Euphorbiaceae Baliospermum montanum Muell.A. ARILAN 30U/ Ed physic nut bland, bitter expels gas in the stomach  root, tree/ plant
Jatropha podagrica Hook. quu‘lj'\il,wiu/ Buddha belly plant bottle bland nourish leaf
plants shrub
17 Fabaceae Cassia alata (L.) Roxb. Yuiawa/ Candle bush bitter various skin diseases leaf
Acacia concinna (Willd.) DC duloy/ Shikakai soap-pod sour, astringent expectorant leaf
18  Hypoxidaceae Curculigo latifolia Dryand. ex W.T.Aiton 18wman Iuannman/ Weevil lily hill coconut bland nourish tuber
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Table 1 (Continued)

no. family scientific name common name (Thai/English) therapeutic plant medicinal properties herbal parts
flavors
19 Iridaceae Iris domestica (L.) UG/ Leopard flower blackberry lily hot expels gas in the stomach  vine
20  Lamiaceae Vitex negundo L. AUfiden/ Chaste tree hot expels gas in the stomach  leaf
Clerodendrum paniculatum L. UNEI357/ Pagoda flower astringent fever flower
21 Leguminosae- Bauhinia acuminata L. N1/ Dwarf white orchid tree sour cough, headache, phlegm  root, leaf, tree/
Caesalpinioideae plant, flower
Clitoria ternatea L. drytuty Butterfly pea bland fever flower
22 Liliaceae Dianella ensifolia (L.) DC mw&ﬁu/ Umbrella dracaena bitter various skin diseases leaf
23 Malvaceae Sida acuta Burmf. mﬁ%imuaiy/ Common wireweed teaweed bland fever tree/ plant
24 Meliaceae Azadirachta indlica A. Juss. dxla/ Neem tree bitter fever leaf
25  Menispermaceae Arcangelisia flava (L.) Merr. ?Jﬁ”um%a/ Yellow fruit moonseed astringent fever tree/ plant vine
Tinospora tomentosa Miess. Fet1w18/ Petawali makabuhai bitter fever vine
Tiliacora triandra (Colebr.) Diels #7119 €U/ Bai yanang bland fever vine, leaf
T. crispa (L) Miers ex Hookf. & Thoms.  uasetiie/ Petawali makabuhai bitter fever vine
26 Myristicaceae Knema globularia (Lam.) Warb. fiusiu/ Small-leaved nutmeg hot skin disease seed
27 Myrtaceae Eugenio polyontho un/ Pae astringent wound healing bark, leaf, seed
28 Oxalidaceae Averrhoa bilimbi L. ngdsUy Cucumber tree astringent, sour expectorant leaf, fruit
29  Pandanaceae Pandanus amaryllifolius Roxb. e/ Pandan cold nourish leaf, rhizome
30  Papilionaceae Derris scandens (Roxb.) Benth 01iadi3ey/ Jewel vine bitter tendon vine
Clitoria macrophylla Benth. deytud/ Pigeonwing bitter fever root
31  Phyllanthaceae Phyllanthus emblica L. uzvmew/ Indian gooseberry astringent, sour, expectorant fruit
bitter
P. pulcher Wall. ex Mull. Arg usTas/ Tropical leaf-flower bland fever root, tree/ plant
32 Piperaceae Piper retrofractum Vahl. fiUaLTen/ Javanese long pepper hot expels gas in the stomach  flower
P. nigrum L. w3nlve/ Black pepper hot expels gas in the stomach  fruit
P. sarmentosum Roxb YN/ Wild pepper hot expels gas in the stomach  leaf
33 Primulaceae Ardisia polycephala Wall. ex ADC. Nan1a/ Wallich's coralberry astringent fever fruit
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Table 1 (Continued)

no. family scientific name common name (Thai/English) therapeutic plant medicinal properties herbal parts
flavors

34 Rubiaceae Cinchona succirubra Par. A3Tu dudislady/ Quinine bitter malaria leaf
Schizomussaenda dehiscens Craib Umisile/ Bao ma meud bland strengthening tuber
Ixora lucida R.Br. ex Hook f. Wumenw1y/ Siamese white ixora bland fever tree/ plant, leaf
Glycosmis pentaphylla (Retz.) DC. Lwenne/ Gin berry astringent fever root, leaf

35  Thymelaeaceae Aquilaria crassna Pierre ex H.Lec. N/ Agar wood agarwood cold nourish pith, tree/ plant

36 \Vitaceae Cissus quadrangularis L. sdsane (@wsesne)/ Four-angled vine astringent hemorrhoids vine

37  Zingiberaceae Boesenbergia rotunda (L.) Mansf N3¥Y18/ Fingerroot Chinese ginger hot carminative tuber, rhizome
Kaempferia parviflora Wall. ex Baker N3e18A/ Thai ginseng hot strengthening tuber, rhizome
Zingiber zerumbet (L.) Smith. n3iia/ Pinecone ginger bitter expels gas in the stomach  tuber, rhizome
Curcuma zedoaria (Christm.) Roscoe. ?Jﬁuué'ail/ White turmeric astringent expels gas in the stomach  tuber
Alpinia officinarum Hance 90U/ Greater galangal hot expels gas in the stomach  tuber, rhizom
Z. ligulatum Roxb. T9U3AY/ Dried-ginger hot expels gas in the stomach  tuber, rhizom
K marginata Carey ex Roscoe W1zt Tuunfw/ East Indian galangal bitter and hot fever tuber
K. galanga L. Ws1enenv1y/ Sand ginger hot fever tuber, leaf
Curcuma sp.1 Negy1i1/ Phyawan bland tendon tuber, rhizom
Z. cassumunar Roxb wa/ Cassumunar ginger astringent expels gas in the stomach  tuber
C. xanthorrhiza Roxb. iﬁu‘?fﬂmgﬂ/ Emulawak, java ginger astringent endometritis tuber
C. aeruginosa Roxb. F1ulast/ Pink and blue ginger hot expels gas in the stomach  root
C. xanthorrhiza Roxb 1UNTNR/ Java ginger hot hemorrhoids root
Amomum villosum Lour. 157108/ Tavoy cardamom hot expels gas in the stomach  fruit
Bustard cardamom Tavoy 159a)/ Cardamom hot expels gas in the stomach ~ bark, fruit
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The app's users from academics, students, and the general public will
subsequently be assessed and studied, with overall satisfaction being high (a mean of
4.65). The database issues received the highest degree of satisfaction (a mean of 4.90),
followed by the ability to search quickly fulfills the criteria (mean of 4.80), with the least
pleased issue being the quality and completeness of the data (a mean of 4.23) (Table 2).

Table 2 The findings of a user satisfaction survey based on the use of an herbal database.

item for evaluation X S.D. degree of satisfaction
A. Simplicity of usage 4.73 0.45 most satisfied
B. The appropriateness of the design, the usage of colors, and the 4a.67 0.48 most satisfied
employment of letters

C. Capability of searching 4.73 0.45 most satisfied
D. The capacity to search rapidly satisfies the requirements 4.80 0.41 most satisfied
E. The database is straightforward to use 4.90 0.31 most satisfied
F. The accuracy and completeness of the information 4.23 0.73 very satisfied
G. Information may be utilized to broaden one's knowledge base a.67 0.48 most satisfied
H. The data gathered can be used as a reference 4.43 0.63 very satisfied
Total 4.65 0.54

According to the study's conclusions, the samples were fairly pleased with
the use of the herbal database (4.65). An herbal database system is used to collect
scientific knowledge, therapeutic properties, and herbal components for use in a medical
composition. The interesting may use short, concise search terms. It is also to avoid the
village sage group's unique knowledge, identity, and links with medicinal plants from being
lost and passed down from generation to generation. Users may quickly access information
through the intermet from anywhere and at any time using a range of devices. The
independent t-test (Figure 5a) revealed that there was no statistically significant difference
between the sample groups and the average acceptable degree (a p-value of 0.05). This
implies that there was no difference in satisfaction with the app used to search for herb
data among academics, students, and others based on these eight questions.

The one-way ANOVA test revealed a statistically significant difference in
satisfaction with all eight items (A-H in Table 1) among the 30 users (Figure 5b), this
suggests that the 30 users differed in their satisfaction with using the app to search for
herbal data based on the 8 questions. Following that, the multiple-way ANOVA
comparison test employing Turkey's criteria indicated that question F (The accuracy and
completeness of the information) differed substantially from the other seven questions
(p-value of 0.05). Users of the app were happy with the search query; nevertheless, they
were the less satisfied with the accuracy and comprehensiveness of the information
and separates itself from other concerns. It's possible that the users are educators. The
information supplied may not be exactly what the user expects, and the user group
used in the evaluation is a small sample group. However, in this study, a specific sample
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group was chosen: those who want to use the material for educational reasons as
a basis for future progress. According on the findings of this evaluation, this app was
developed as a prototype, with plans to produce a new version by increasing the
sample size and number of users.

6
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Figure 5 The SPSS program was used to perform statistical analysis and create visualizations.
The dependent t-test was used to compare the average satisfaction of each
sample group in a statistically significant manner (a). ANOVA multiple comparisons
of satisfaction with the eight questions and 30 samples (b). The letter on the x-axis
represents a question, as given in Table 2, and the * on the bar represents the
significant difference between other groups. The statistical threshold of difference

was reported at a p-value of 0.05.

Conclusions

The Cha-Uat Thai traditional medicine group collected information about herbal
usage, including scientific and medical elements. The club used more than 5 plant
species and plant components for blending. The specialty of the club is the use of
plants of the Zingiberaceae family as raw materials in the club's medicinal formulas.
Then, utilizing digital technology, design an app that is familiar to Android and iOS
consumers. Users can do keyword searches using terms such as plant name, symptoms,
or therapeutic characteristics. Utilize modern information-gathering technologies such
as laptops, smartphones, and tablets. This application will aid in minimizing data loss
and providing the user with access to information at all times and in all places.
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Efficacy of Herbal Plants as Insect Attractant to Control

Tobacco Beetle, Lasioderma serricorne F.
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Abstract

The tobacco beetle, Lasoderma serricorne Fabricius, is an economic important
storage insect pest of tobacco products, spices, plant products and animal specimens
in museum. It can be controlled using attractant traps to monitor its population in stores
and then use the suitable control methods which safe for users and consumers. This
research aims to study the efficacy of herbal plants that have an attraction property to
tobacco beetle and compare the chemical constituents of the active plants. The 15
food plant products of the beetle were Piper nigrum L. (seeds), Mimusops elengi L.
(flowers), Talinum paniculatum Gaertn. (roots), Millingtonia hortensis L.f. (flowers),
Phyllanthus amarus Schum & Thonn. (leaves), Cassia fistula L. (pods), Vernonia cinerea
(L.) Less. (whole plant), P. emblica L. (fruits), Morus alba L. (leaves), C. bakeriana Craib
(pods), Hibiscus sabdariffa L. (flowers), Senna alata (L.) Roxb. (leaves), Stevia rebaudiana
(Bertoni) (leaves), Nicotiana tabacum L. (leaves) and Curcuma longa L. (rhizomes). They
were tested the attraction activity by 4-Choice olfactometer. The results indicate that
the highest attraction is N. tabacum leaves, following by C. bakeriana pods. Gas
chromatography-flame ionization (GC-FID) analysis of two plants revealed that /-
caryophyllene and phenylpropyl n-valerate being the major constituents of N. tabacum
leave and C. bakeriana pod extracts, respectively. The most abundant compounds in
those two extracts were esters. The (2)-2-hexenal, isoeugenol and phenylpropyl n-
valerate were discovered to be co-constituents in both herbal plants which could be

further study and develop as an attractant for tobacco beetle in the stores.
Keywords: Tobacco beetle, Pink cassia, Attractants, Response behavior, Volatiles

uni

Hone1gu (Tobacco beetle, Lasoderma serricorne Fabricius) Wuwuasdnuwds
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Tulsafiufivsyavsamuazannsamuauussrnsuensiguldsnidabeiu

MAdeiFdngusrasiiftonaaouussansmmdasiulunisfugauonsiguues
floaplnsus uasdinseimansssmoieidussdusnouluiivayulnsifinuaniffga
uenegu e luimundumsaslufuinuensigudmsunansnsilulsafu

ABanliun13Ideg
1. MaRBIDALIG
uenggulFFummeYATITiNNNedouasiauTIne msndinaAuieuas
wsgUrAnnanIsiaeas ns3sinens tiunveeiug Tasthduduiefiiasenandnud
FruruUszana 100 i Taadluewnaidssiifldiunanvosdinad utiand $1118n uaziad
(®m51@7U 100 : 60 : 39 : 1) (AAKUAIRIN Hagstrum and Subramanyam, 2006) U311 100
n3u luvaauiuinnsvunn 24 seud Ysnvaadenszauiosteud Ndlifgumaiivies
(30+2 pamwaLioa) ATduduimg 60+10 wWesidud dreuas 12 1 12 F2lus (@a : adne)
lenenenguandlaluemmsides sznaneduivusussdnudmeluewnaides seaunseis
Fufuteoanunandnudeny 4-5 Ju Fahumegeusiely
2. nMansBunvalUlng
fenplnsita 15 ¥in Ao wdansnlnes eenfing sinlaulne aent Tugnldly
Hnau duvdnonen saugastion Tundeu Hndaungny aennssideuuns luguiame
Tumdiwmu Tuengu wasimiiiuiy dumsssnaousinlnedidenmamiaiumgnumans
41918937 AngInermansuavmalulad uninerdesivagnszuns invinliuie
Tasnsousiedevanieudiguunil 45 sarwaidoa udnhuunaziden sourUAzLASS
W9 60 Wy (mesh) ilelikaivfivunalndifsstiu Sedmiin udnfivlulvautganiuty
iiesethlunnasusioly
3. manadaulszAnsnibesdulumsnenauonsiguuasiivasulns
nsnaaeulszaninmlunishsgauengguuesivayulnsdiuiu 15 via lay
Tdyanmaaounuudduden (4-choice olfactometer) 3 afiALUas191n van Emden et al
(2018) Uszneusneduiiduiionats vuiadurugudnans 15 lwufiluns an 5 wudlims
fdosdmivddesunamaaeunseinanidie dronarudeusedudiudionaaou (vuin 8
WURIAT 80 10 lWwufweg) Mmevievuaan (Furugudnans 1 wufuns 813 5 wufuns)
$1uau 4 dudlunindad (i 1) MausunsmeaeILUUdNayTal (completely randomized
design: CRD) ¥Mn1snanasiiavan 3 41 nsvageulduonsiguiudfufeddeny 4-5 fu
1uau 50 fa deviienn Taglunilayganaaouuszneudedmaaey Ao fivayulnsuisun
Uinau 1 n$u $1unu 3 daden uavyamuauilildfivayulnsdiuiu 1 fuden vinisen
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pMILIAInounAgey 48 $1las ndsaintuldesuuamaaeuadiudaenans Jadisday
fenaruazienaasu 1eliluiiangila Agaumgiivies ilunan 24 Falus Sehwniiy
$runusendiegludiutioneaeuudaziie Sunueasiguludrenasouiannaaoua
gamuathimuInidvinsfagauonsguresivayulnsusazvia Ineldgasidnudas
W1971 Lin et al. (2016) A9ans

Ntest - Ncontrol

attraction index (Al) =
Ntest *+ Ncontrol

1087 Niey vaneia S1urunonsiguludienaaevvesayulnsusazvin ua
Neontrol VBNEAS ARAsvesumensguludeiitugnauay mduinisfagailsasiia
ogjaeving +1 waw -1 nendadinnsfagaidudiuan mneemnut fvaulwsdudaoauds
nsAsgaueneIgu vnAdviinsisgaludiay mneanadi fvaulwsduiinaendaly
nstulduenenay

15 a3,

8 3.

AN 1 dHuUTENOUVRIYANARBURULEMILAEN

a. msafntsiussvedevasiivayulnsiietaiedahazae

ihitsayulwsfifnuantafgauenenguanniian 3 Sudu uvseonidu 3 41
sndathviin Taaduranguou afadedvhazaieenisu (hexane) Tudhsdau 4 whwos
dhiindiy naslliidntu uasiehigumgives iunen 24 dalus dearndutunnsesde
n3EAWNTY (Whatman twes 1) udnhluszimeiieiendvihazaiseenlagltiniendu
sempansggana deiatinaisadeieildusasein Sufinna iuluranduiigumnd
4 psrnealdea esensTieneirely nsduinsesazvesitussnedieluiogis
Sunnantmiinuilngldaumsiidauasmin aela (2561) faauns
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v v
v o W |

Uninutiuseieds x 100

SovavvasTusTmedy =

o A

UATNNYWI

5. MsBRTiasdUsznaumuaiidranissuialasunlnnsil-wauloasludu
(GC-FID)

MsleTeesUszneunuall deansatafisunasinusuna 0.05 ndu Tdas
Tunaealunifidaun 1 daddns azarwarsannnigfivinazalsiensanzdmn (ethyl
acetate) Usuns 1 fiaddns wanlidfusenisamanans udhlviinsesesdusenau
Maileeias 0 GC-FID Inglduinuasuiasng fo sideu (99.99%, TIG, Thailand) ¥iln
V0IADANY AD DB-Wax (60 1ums x 0.25 Aadtuns i.d. x 0.25 lulasiuas film thickness)
Snsmslvaiiiy 1 fiadansrowil guvnivesneduiFuduil 60 esmueadea ant
iingungilusng 3 osaivaldoanound aufls 246 esrwaoa guvgiuinaian
fethaweanseuialasunlnnsiil 250 ssrwaidoa gumgdl wiaslessluwdy 250 aen
\walGud

6. N13ATUUAT linear retention indices (LRI)

A1 linear retention indices (LRI) 1uAianfiansusiazefiniadouniunodull
TneifiuiuezneuvesnsusuluwealAudse (C8-C20, 04070, Sigma-Aldrich, USA) A1
lpangns feauns

R = 100 x —2— 4q
thet-tn
Tnedi t Ao nanfiansusznevusassiaadouiituaedu (retention time)
n fi8 S1IuezReNTsIAsUeLTiiiuoaIny
n+1 Ao IIUIUDLADUVDIANTUDUNILOALAY
7. MFAATIEVdayanIEin

Vﬂﬂ"lLﬂgEJLLa%J’ﬂ"lLﬁ&NLuuuﬁmigﬁu%@d%@yjaéj’lEJI’U?LLﬂilI Microsoft excel uag
Faszrirnauwsusilagld one way anova waziU3euifisuAnadelngds duncan’s
multiple range test (DMRT) aalusunsy IBM SPSS Statistics 24

NAN15338
1. UszAnSannisfgauanenguvasnaulng

HansnAapUUsE AN IMMIRagaNeneguasiitayulnsi 15 win doyn
nadeULUUARIFoN (151971 1) wuihiivasulwsynadalimdviinmsfgaueaiguiduun
fiAnegszning 0.18-0.81 Ineilusiguuaninuantifinisfagaueneiguinniign sesamnfe
Hnfaungny sinlaulne luanldlu wemnu aentu wdaninlned lundeu aendina
Tugaifiome Hngu weszution wieiiudu uasdundhnenyna mug Tngluegulsien
fruiinsdagaueneguinniianeenasidoddymaaiia 71 0.81+0.01 (MAnuidesiuievas 95)
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'
=

Tuvaugiiinfaungnelimduiinisisgauensngugisesasniien 0.80+0.04 usiliunnsaify
meadiRfiuluengu dwsnlaulve Tugnlalu vejwvnu wazaenty Wianshsgatenangugs
liunnsinefuiien 0.77+0.02 0.76+0.02 0.75+0.02 uay 0.75:0.01 Auady dmiundn
winlnes lumieu aonfina Tusuifiamea dnau nauzanuden aonnszideuuas wiviiudy
wazAuneInenv1d IiAAviin1saagawintu 0.70+0.08 0.66+0.21 0.62+0.14 0.55+0.18
0.50+0.10 0.43+0.03 0.37+0.04 0.18+0.30 kaz 0.18+0.14 s ud1AU

i v o = = a ! = oA
M197190 1 ﬂ']@%Uﬂqiﬂ\ﬁaﬂﬂi@ﬂEJ']éjUﬂENW%ﬁZ;IUIWﬁ 15 ¥unm (F’ﬂLQaEJiﬂ']L‘UENLUu&I']@ii']U)

a1y Wyayulng avtinnshegn’
Fonalu FoInerAnans douiild
1 winlvee Piper nigrum L. wan  0.70+0.08%
2 na Mimusops elengi L. AN 0.62+0.14°>
3 Taulny Talinum paniculatum Gaertn. 3N 0.77+0.02%
a RNy Millingtonia hortensis L.f. ABN 0.75+0.01%°
5 Qﬂié’ﬂu Phyllanthus amarus Schum Tu 0.76+0.02%°
& Thonn.

6 AU Cassia fistula L. N 0.50+0.10°%
7 RYINONUI7 Vernonia cinerea (L.) Less. gy 0.18+0.14"

8 AP IR P. emblica L. M 0.43+0.03%
9 oy Morus alba L. Tu 0.66+0.21%°
10 daungnd C. bakeriana Craib A 0.80+0.04°°
11 ASREULAS Hibiscus sabdariffa L. pon 0.37+0.04°
12 o Senna alata (L.) Roxb. Tu 0.55+0.18™%
13 NI Stevia rebaudiana Bertoni v 0.75+0.02%°
14 gy Nicotiana tabacum L. Tu 0.81+0.01°
15 iUty Curcuma longa L. Wi 0.18+0.33'

o o

mnewe) - * Anadenmiumednesiiuluaauiidedtulianuuandiaiuegedldedday
9807 (p < 0.05)

2. wamsannansanfivayulnsisinuautangausnsigy
mﬂmiﬁwﬁ%auﬂwaﬁﬁﬂmauﬁ’ﬁaﬂumiﬁmmuammau (ﬁ?ﬁ?jﬁﬂﬂiﬁd@ﬂé‘?ﬂuﬁi
0.8) An lugngu uase Elﬂﬂaﬂwqw 1YINNSENAR A AEANLENTY WUIENTENATNY
auuiwa?m 2 9iln SAdedukardmadiuansnety miaﬂmmﬂ%mawLuamiawmwu
wawaammnmuuamwaqEJﬂﬂaUWqnmqmuaamﬂuammamm Imﬂumqumaaawaq
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nanAnvaIENTanANeIUNSoray 3.39 uavaisainainilniaungnyiisosazvainandnves
asanainiy 0.56 (A1319% 2)

M13°99 2 JewavveamandnvesansaiavevIINivayulnsnlnuautRsmauengy

vianvayulng  0ouasvowananvRNEITANAeIU  ANYAILYRIAITENR
1. lugngu 3.39+0.53 Younamtndly iy
2. fnfaungny 0.56+0.00 Y mMLaFUINA

3. nan1salaTzissdUsEnaunaaiivasansannanivayulnsidguaua
AIQADALIGFU
nmmhasatafisagulnsia 2 9ia Idun Tuenguuasiindaungny Tuinas
Anszviesiuszneumaniiseiaies GC-FID nuilumsaialusnguiansiidussddszney
yaaiiianun 11 9in ssddsznoumaniiinuSinaunigaluasadaneiulusigu fe
[3-caryophyllene AnluSosaz 18.93 58989 A (2)-3-hexenyl benzoate benzyl benzoate
phenylpropyl n-valerate geraniol 4-hydroxynonanoic acid lactone (2)-2-hexenal (£,2)-
2,6-nonadienal isoeugenol hexadecenoic acid ey p-cresol fi¥avay 17.59 16.60 14.23
11.58 6.49 4.97 4.03 2.23 2.13 war 1.23 AWa18U (115197 3) dauarsainneIuaes
ﬁﬂﬁaﬂwqﬂ@wumsﬁLﬁuaaﬁﬂizﬂauﬁwm 10 ailn aenu phenylpropyl n-valerate 1Ju
aaﬁﬂszﬂawﬁﬂmmﬁqm%@waz 37.01 5998911 A9 di{5-methyl-furyl)-1,2-ethylene isoeugenol
(2)-2-hexenal isoamyl nerolate cinnamyl formate 2-ethylhexanoic acid citronellyl crotonate
docosene ag n-amyl 10-undeccenoate firnforazvetasrusznoumindu 14.11 13.33 8.41
7.26 5.82 5.63 336 2.61 uaw 2.47 MU (1151971 4)

M13°99 3 psAUsENEUMNLAlvasEsainanlugguIATILIReLATeY GC-FID

a19u Foasusznau retention  area A1 LRI Sowazvag
time (min) d1susznau

1 (2)-2-hexenal 5.17 257.02 810 4.97

2 (E, 2)-2,6-nonadienal 32.62 208.02 1576 4.03

3 [-caryophyllene 33.29 977.93 1594 18.93

4 benzyl benzoate 38.49 857.52 1743 16.60

5 geraniol 41.65 598.52 1839 11.58

6 hexadecenoic acid 45,55 109.81 1963 2.13

7 4-hydroxynonanoic acid 49.56 335.15 2050 6.49

lactone
8 p-cresol 51.94 63.65 2092 1.23

(2)-3-hexenyl benzoate 53.67 908.85 2124 17.59
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A15199 3 (A1)

a1y Yessusznau retention  area A1 LRI Sovazvaq
time (min) d15dsenav

10 phenylpropyl n-valerate 56.81 735.52 2183 14.23

11 isoeugenol 56.97 115.32 2186 2.23

A1399 4 p9AUszNaUNLATivesansainaniniaungneTATIZnI8LATe GC-FID

aau Fossusznau retention area A1 LRI 3o8azvaq
time (min) d1susenau

1 (2)-2-hexenal 5.18 505.94 811 8.41

2 isoamyl nerolate 33.55 436.71 1601 7.26

3 citronellyl crotonate 44.50 200.56 1929 3.34

a4 2-ethylhexanoic acid 45.62 338.71 1965 5.63

5 n-amyl 10-undeccenoate 49.72 148.75 2053 2.47

6 cinnamyl formate 51.99 349.8 2093 5.82

7 phenylpropyl n-valerate 56.86 2225.12 2184 37.01

8 isoeugenol 57.03 801.74 2187 13.33

9 di-(5-methyl-furyl)-1,2- 57.15 848.72 2189 14.11

ethylene
10 docosene 57.52 156.96 2196 2.61

4. msw3suliisuasdusznauvasansannainlugnguuaziiniaungny

deFeuiisunumilouturesesdusznounaaivesansainainlugngy
wazindaungny nuinguiuuvesesAuseneunsalivesansaialniaUngneuand1eain
sULUUBsAUTENRUMUAvasensainlugngu waenudilansuszneu 3 wlia fe (2)-2-hexenal
isoeugenol Wag phenylpropyl n-valerate ﬁwﬂuﬁ%agﬂwaﬁgﬂaawﬁﬂ LagaNasUITNaU
s 18 viia Awulufiasts 2 e anunsoduuneenldidu 7 nqu Téun arsusznaunse
ASUBNGAN (carboxylic acid) Alau (ketone) Loaflan (aldehyde) Loanagad (alcohol)
\eanes (ester) wasUu (terpene) wazuaadu (alkene) wuiiluansusznavaulvgfiny
Juansusznaungueamesiviavun 7 via Andufosar 38.88 léuA isoamyl nerolate
benzyl benzoate citronellyl crotonate n-amyl 10 -undeccenoate cinnamyl formate
(2)-3-hexenyl benzoate Wag phenylpropyl n-valerate 3aammﬁaﬂ6jmLLaaﬂaaaéﬁﬁgwm
3 oila Anluseway 16.67 loun isoeugenol geraniol p-cresol kag isoeugenol @15Usynau
nquNIAA13UBNTAN Lok hexadecanoic acid wag 2-ethylhexanoic acid a1suUsgnaulungy
woaflan loun (2)-2-hexenal way (E,.2)-2,6-nonadienal uaznguansusenauaadu Laun
docosene wag di-(5-methyl-furyl)-1,2-ethylene fduauansuseneuwindude 2 vila Andu
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Foway 11.11 auafu uaznquAleu Ao d-hydroxynonanoic acid lactone waznauwasdu
1A B-caryophyllene fngquaz 1 vfin AniluSewaz 5.56 (m13197 5)

M19199 5 MsTeuiiisuasiuszneumaaiiinuluasadaluerauuwasiindiaungny

A10U HaansUsznau luengu  Andaungne

a135UsznaunsnnIsuandan

1 hexadecanoic acid 2.13 -

2 2-ethylhexanoic acid - 5.63

d1susznaudlau

3 4-hydroxynonanoic acid, lactone 6.49 -

asusznauneantan

a (2)-2-hexenal 4.97 8.41

5 (E,2)-2,6-nonadienal 4.03 -

a1sUsznauneanagaa

6 isoeugenol 2.23 13.33

7 geraniol 11.58 -

8 p-cresol 1.23 -

drsusznauLeanes

9 isoamyl nerolate - 7.26

10 benzyl benzoate 16.60 -

11 citronellyl crotonate - 3.34

12 n-amyl 10-undeccenoate - 247

13 cinnamyl formate - 5.82

14 (2)-3-hexenyl benzoate 17.59 -

15 phenylpropyl n-valerate 14.23 37.01

d1susznaumaivu

16 [3-caryophyllene 18.93 -

d13Usznauwaanu

17 docosene - 261

18 di-(5-methyl-furyl)-1,2-ethylene - 14.11
A3aAUTINANITINY

nnsseuiisulszansnimvesiivayulnslunisisgauensiau wuitlueigu
A aauifnisfeganiian dslunismaaest Tusngudainduivayulnsildiun
Wivuiuusydvsnmiufivayulnsslingu esnuenonguiluusasdnglulsafvrdanils
flannsafugwnsussamomnauislulsafuldvanvans uasnuadausnlulsafulung
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(Hil, 2012) Fso1arduanmgiivinliuenegurevlusgudseraduemsndnaunnnia
flysulindu UsHaMSANYILANANI9INTI89TUY8S Phoonan et al. (2014) Alsvhmsfinu
\Rerfudseavsnmuesiivemsueneigu 30 wila ngldgunsaivedeunuuiuinvquses
Fiden (2-choice pitfall trap) Fsnuindfameasuiiniioufunisinuadeisiuau 4 in
fo wlumiou ninlvedu neviiudy wazlugngu %931997084 Phoonan et al. (2014)
¢nanl i lundeududmasouiifagauenenguldffian Tuvasfinisfnuadsinui
Tuguidufivemsiiannsodagauensnguligsian eradesnainlunimaasives
Phoonan et al. (2014) léldulumisuiinmunszuiunisudnuagnisuusuda enedindu
funndrsnlumiounvuanuisuslunsinuaded Sedsmaliniadimivoimsves
weABgUUANEsTY (Horl et al,, 2011) iesanuensnguiuduusasdnslulsafuiia
ANLAINTIAUNYR I TiANaERUUTE onaneviln WAXIINTI8IUYBY Phoonan et al.
(2014) fnsldluerguitansdiedulunisfnuadsil Tnesiesunes Kohno et al. (1983)
ldfnwiAnafumadiaevidemnuveuvemonsguillinasefivornsuazlusguluuuy
#na 9 Fanuinuenengureuidivlusnguitiiunszuiumsuamievinsiiunu iy
neunu q snndrfiwenguiiuailval uenaind Ruengdech et al. (2019) éldnanalidn
ylumleuiifussydnsifianatuniedsveznanfiuinunidetuiu enaviiliinaufiunnsg
fupenly iesnngamgll arwiiu Vildasussneumaaillufivomaiansideuulas
dufivayulnsiiinumiiAngauonsnguldgdlndifssiuluengulunimeansil Ao
Hniaungne duduilnud Smenuiinuivesiivluasdds (Family Fabaceae) unewiin 1y
Hnunvesiua1seu (Ceratonia siliqua L) uenatnuanvzduiunalusiuuarludugauwdy
\enadafiuunainiagaduiu (Batlle and Tous, 1997) Fslunszuaunisaaiefiaves
asusznoulssamtmakarlufumusssunnd dnliassemefifnduwanizi wasgld
nAuthduimadiennduvasemauaznild dsdiaruandnstululufivusiasein (Hori
et al., 2011) $7831Uv83 Saeed et al. (2008) NUIIFITOURAZAIANTEVDIUBALIFUYDY
TusnguiesBidenuuuule¥eu (flue-cured Virginia) fiffUsnamaaiiaduazutiannndy
wazanmsdanavesfideteunthinusensguidiluiafuwssaigiuinogluussgsus
AfinfaungnéuawieiiogneluiesufiRnined Afnsidvagulnsansvialidmiu
ymsite Fsnnsenuneuniii §dlinunsinvauantivesiivluana Cassia Aflqns
AannsenegU msfnassisaiumsnenuadausnietuauaudiiialaestaungnd
Tumsiimuniierfumsdeunadiulsafu
psAUsznoumaaiivesasanalugnguiiiiasz ideindes GC-FID wuansiilu
aqﬁﬂasnaumnﬁqm Ao B-caryophyllene @onAdasfUII89IUVBY Fujimori et al. (1976)
finuansusznousiadiuluenguitug Burley lduifiodiu wiuaneneIns 189 1UL89 Yokoi
and Shimada (2017) finanisfinwilinuansuseneusiin -caryophyllene Tuluengu 09
iesnanenguiithunvhmmeaeuiianesiugiivheiuvdetinssuislunsuaniiunnsety
Fohlinvesduseneumandifiunnsiafy (Lefingwell, 2001) druansafaneuves
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Hnifaungndnuansiiiduesduseneuiaua 10 ¥ila Seifens phenylpropyl n-valerate
\uesduszneundninniian Gaansuszneu phenylpropyl n-valerate daLduasvessin
wamesnlrnaunoundtonals wuluilwwanevda (Arctander, 2019) Fawuindslailsea
nsiATIgesRUsznaunsellulindaungny

n1sUSeuWisuANUMdauiuYeIRIAUTENOUNINLALIY0dETTARAAINTUEg ULAL
Hnfaungne ‘W‘U’ﬁ"dLLUU@QﬁUi%ﬂE]“U‘VlNLﬂﬁ%@ﬂﬁ’]’ﬁﬁﬁﬂﬁzﬂﬁ@wﬁﬂLLGIﬂGi’NﬁJu usdlarAUsznou
nuAdl 3 ¥ila A (2)-2-hexenal isoeugenol Lag phenytpropyt n-valerate \JuasAUsznou
sailufivanulnsiadessiin WWullfesiussnounmaaivisanuviatenafinuausifge
wanggule m'ﬁaﬂmLLawmm5mmu°lvmizjmawumﬂsuLﬂumiaamammqummmumﬂ
isluuldluouan lunsAnwadaiinuitesdussneumaniidniwginudussduszneu
Tuasadafsisaesedaduassznounduieames 439105189189 UCDAVIS (2020)
nanlihansusznevlunguieamefiuasusznouilvindulusssuufiinannisyudiy
Y83a15UsENOUNIAANTUBNTANLATLOANDgeR LAnanUAlun1sAmaLLadlildIm viany
31mmdaumﬁﬁﬁwudﬂmﬁﬂizﬂ@Uﬂ&juﬁuﬁqwéﬁmumidaLLuaq W ansusenavlungy
tetrahydropyran esters 1A aaudflun15099ALUaIa1UINNTNAGBURUUTALE BN
(Pandey et al., 1994) @15Us¥neu ethyl-2,d-decadienoate ﬁwﬂuaﬂmmimmmﬁlﬁu
msdaﬁlﬁaﬂmqﬁuﬁlﬂuﬁmgLL@UL%W (Toth et al., 2012) YenINESamuInansuszney
Tunquieamesiinuandindeillsluusunguiianusafgauuastnudeiiduuadngiiv
Tadnle wiu wenwudla Lyctus africanus Lesne (Coleoptera: Lyctinae) (Kartika et al., 2015)
ssila Cotinis nitida L. (Coleoptera: Scarabaeidae) Johnson et al., 2009) {udu Fedados
fnsAnviaduisriunuantivesaisuszneumandinuluansadnve sitvayulns
faesia feeddnenmidumssaiethuldlufuindmiunseaeuniemuausiuiu
Uszrnsvesuonegululsaiuld

d3Unan1539Y

nsAnwmUszans anvesiivayulnsifiquaudiageuensigy Tasnisi
fivanulns 15 wia laun waan3nlnedn aenfina sinlaulne aendu Tugnldlu dnau
funenenam wavzaation luvieu Hntaungny sennszdeuuns lugudiame luvgjvu
Tuengu wazmimiiudu hmsveaeudegunsainageuiuudiaidion (4-Choice olfactometer)
wuivayulnsifiauantAfsgauenguldffande Tusigu sesasnde indaungne
arrdainnsfgalndidstundladunnsnstunsadafian 080 July wosideTiase
psdUsznaumaaiivesansssimeanivayulnsidanaudingauonsguisasniinge
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Abstract

The responses of Kaempferia galanga L. as affected to the paclobutrazol
application at concentrations of 0 (control), 1,500, and 3,000 mg/L (ppm) for 5 months
under pot condition were investigated. The plant growth based on leaf width, fresh
weight and dry weight of leaves and rhizomes, and major chemical composition of
essential oil were recorded. There was no statistically significant difference (p < 0.05)
between treatments for the leaf width (16.25+1.31 15.83+1.12 and 15.14+2.18 cm.),
the dry weight of leaves (4.01+0.83 4.38+1.03 and 5.37+0.41 ¢.), the dry weight of
rhizomes (6.93+1.93 7.01+1.92 and 8.78+1.02 g.), and the leaf relative water content
(91.87+2.10 91.03+1.86 and 88.45+1.18%), respectively. In addition, the major chemical
composition of essential oil from dried leaves and dried rhizomes were analyzed by the
Gas chromatography - flame ionization detector (GC-FID), and the retention indices were
further evaluated for possible compounds identification. Results shows that the major
chemical composition of dried leaves was acetylcedrene (55-65%) and dried rhizomes
was pentadecanol (65-75%). It was concluded that the application of paclobutrazol
exhibited K galanga growth without any retardant. Moreover, its application could
contribute to the synthesis of the major chemical composition in both plant organs;

leaves and rhizomes.
Keywords: Ginger family, Aromatic plant, Plant growth regulator, Herb, Kaempferia

unin

Wseney (Kaempferia galanga L.) agﬂ,mﬂﬁ%ﬂ (Zingiberaceae %39 ginger family)
analsne (Kaempferia) \ufivdugniisidduldmusoniunimielslon fisnazauems
Tususdganimni wiludeutrsnay wwusumsiiiiu Auludunu fivana Kaempferia
fouimiunldusslonisuayulnsedunsnansuas nsiauJundasusiifunen
sz Lan nsywneen (K. parviflora Wall. ex Baker) uaglUs1evion (d3na wagae, 2560)
dawalinudesnsiadinniu Sagdvanfiedduannlinnnainesmuanimssuni
Fsenaidssdonsgapiug arsiinisduaunisugnnaunuvievgnifioiiuseldinuasns
(19A3 wagAmy, 1.4.4) msﬁﬂw%ﬁamiﬂgﬂ N13veeRug BeAUsENRUNINAN @156
ounadasy arsddyludiuneuszive Tufivayulnsyilinnudoyaiugiuasy
yadenvomdnsdasiansssunliunduilaald nsaiaiduneussmevesivluuim
wagAuNLANANAuAnInUadunelumuiugnITuLarTsas NS Y AUln eIy Lay
Juegifudafesuianadonifduindestunmadouuamseiriveuasiuaivosi
n1sianseuaunIssyiulnannteusniinasen1sasyiiulavesigiagn1sasauans
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wiunualaviyiegd (secondary metabolite) Ussinntinduvenssmelufivayulnsuissia
Tunsdnzimsuazifindenazantsfunenssme (Sharafzadeh and Zare, 2011; Prins et al.,
2010) eridensirlalsladutuiintinadenisadsinsiumeuszse Wun Stancheva et al.
(2010) wuinduiiunlFavauansddaluiiunenssmediniu Tneserumodudevay
A9 1,8 cineol uaz p-cymene (5088213.8-22.5 Uaz 13.0-16.5) uazdl carvacrol way thymol
Wity 2 i1 Al et al. (2018) nudniisayulnsengiiildsulelaladuaia thidiazuron
i linsEAuNITUANEansULaYERRAYaNaN AT monoterpene \isu Hsie et al. (2019)
srwaunslalelaladusiin 6-benzylaminopurine 3uAUBNTUW naphthaleneacetic acid
Anudutugananluamsuaniisdnninses vibivatsseniiviiansdfay terpenes Tu
dsfunenszmeiatu 1wy myrcenone uax limonene us@nsaosying 7inanuidud s
vilfonazau ocimenone Wudu uam]ﬁmfmimuqumﬁm%fgLﬁu‘lmﬁﬁmmﬁﬁmﬁgﬂ
Tun1smevauedduaniswindend imunzauuas lunsadaifunenssmeve ity loud
nsauaule®n (abscisic acid: ABA) nsaw1dledn (salicylic acid: SA) waznilaadinsilea
(paclobutrazol: PBZ) Abdi and Karami (2020) ‘VW]@EN‘U@Jﬂﬁ’]i%LLMﬁIUﬂ’]’Jz“U’lﬂﬁs’]'ilﬁiifgf‘u
Famiu SA mslu nunsvadiiesegiaiewildnsesydvinvesialnefiansanan
dnitan sminuiwesdiumieny wazdSuanituneusyveanas uaidleli SA saude
vldaususlneiiifananaifiady Mansouri and Asrar (2012) wuinmnsli ABA vildie
FywduSuransdrfey terpenes wWa suwlaslulned dnd1uv09 monoterpenes fia
sesquiterpenes qa%ummﬂm%mwﬁmuau

dwdu PBZ daiduansmumunisiasyiiln Ussvansvzaonisiasaiulnvesiia
(plant growth retardant) Tnefinsvhausssdruduiuiveisadu (GA) ivimihiinszdunns
fafvewad @15 PBZ anunsaldsiuiuemsiassduity msnumdduniesnasiu nase
fwUsznundnfeviliaugsanasnsizannisinenvesldesdrsiuiiv Fadunisiiu
dnarusnredunarilildnananuindy sgralsinnn PBZ livildiinnsiasuntas
E‘ULLUUﬂﬂiﬁmuwaqﬁmazMLf‘luﬁw'aﬁsu (Desta and Amare, 2021) Tuan1iga1ain
fis1ea1uin PBZ vhlviediiuiiluanas nmsmethitluimanas wasUsinaduindvesite
Wity duasuldivanunsauiuiudnivanneaienannisuinunle (Rezazadeh et al.,
2016; Soumya et al., 2017) Singh et al. (2008) wui1 PBZ Weadoatunisennaen waz
nsasansayluihureusyivevemenaa1iien (Salvia sclarea L) faadinginsn Tng
PBZ vilsfoenmenuinianilewisudu kinetin wag 1AA LLaga'aLﬁ%ﬂmmmwmmﬁﬂﬁumau
sunglsiituland linalool uaz linalyl acetate Tunangenitynaiunusosay 12

fivsddsddnuassumnediiuneussivenn aundnlundvosudazananio
uiazyiladansddluiunenssmed uansnsiu vl anaudRusne1eiy Yoshioka
et al. (2019) $18997UITNYIATS aqamﬁuwumiﬁﬁm terpenes laln myrcene pinene
wa albicanal Tuansafmainunindsduiie (Curcuma amada) FeflduAedasiussuy
go801m13vesdn (M) wagearledesdunisiiialsagiule tenaisiialag Singh et al.
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(2013) iwmu%’ayjamsﬂigﬂaﬂumﬁzmaﬁaﬁmmmﬂmmam (K. galanga) ansdAayil
wu loun ethyl p-methoxycinnamate wag methyl cinnamate wavanshu ‘]VLﬁLm' carvone
eucalyptol pentadecane 3-carene camphene borneol cineol kaempferol kaempferide
ke cinnamaldehyde yanni Tekalign and Hammes (2005) l9na1211 PBZ finanenis
Wiiulmvesiiviiidduazanomsldaueiinfiaued (tuben vostunSs Tnglududanas
a$19 GA yhlvidurSsdiaugevesdduniefunasiuiluanas uinudnililudaum
intunseituiefenelilunhatuasiminlufiaty eghslsfinnu PBZ vnlvfiuues
fhminiutunimiauusildlesuans

MAdeETTagUsrasdifefnumaresasnlaatmaleadensiasyiulauas
nsafansddnluinduvenssmeveauneveniuginefiugnlunszans n1sldans pez
wszilnmauiRtelifamutangihiie Aldsu 1 asadeda fivnaesfewevey
(K galanga L) idhuiiwayulnsiidrdnlundds daumirdussleniliiduduszneulumiue
Tuldsudsemuanuazfundndamiugesa lneaiadn PBZ fmnuierdeaiumsaiydvln
goani wazthesnuUiinaiduimsiuilu saamsasiansussneumelumning adudon
Iauilldazanomsuazansdfey msiiiurasilagaauniicly dmdhanuazimdnuis
Mnluuannin wariiasgiansddyluhiurenssmenningAuuuuusisvedluuas i
fldnnusevenildsuans PBZ mnuitutuunndaiu sresuatuiliinaduaugs
wmszUerouliliasuniionu

Bantunside

1. Y2ULUANTITNARDILALNINAGDY

fiyAldAenevouilasuiiiugandmindednl Mausunsnaaosuuy

completely randomized design (CRD) maaaﬂgfﬂ,umzma nMs3veis 3 YANAADY 9 A
4 41 1§%u PBZ Ananduduuandnsiu 1dun 0 1,500 uag 3,000 daansuredns niewis
d2uluaudau (part per million: ppm) AAKUaININITA15U89 Jungklang et al. (2017)
Ugnluanmlsuouwuuila a augingimansuazinalulad unning qesudgnssuas
NFANNUMIUAT

2. MsUgniNannaas

2.1 wisufagUgnlanszansuunn 8x12 i Usenoudae Au : Tuldfus : yah
S 21 11 1 $1uau 12 nszans nawanluliuiailelvindrefuanmsssuni dauvas
AuTaFs wazamy (1.U.U)

2.2 duvdwenUszven utineidndest Captanes0 mudududosas 1
dunan 30 wift andudiad 3 afs uasfsanluis Ugniniraslunszansiindeuly
sauan 300 fiaddms ynnszanayn 1 7 Yu leasu 1 wouldlegns 15-15-15 U3una 10
n$ustensens 1loany 2 \Weundaainugn 1d PBZ afail 1 Uuas 300 fiaddns saasly
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v

nsz01e uazviuiiieuas 1 ase neld PBZ delusn 3 afwinedunn 30 Tu Augans
naaeslafiveny 5 Lieundsugn
3. maiudayanisaigfivle

3.1 \flefiuganisnnaes iunanuniwedlumiedueuiiuns lneind
finfrafianveslufilodiud dute 2 Wluusegnsenns wasiunatmiinanvesdiumiuayly
(5UIR harAME, 2558; Abdi and Karami, 2020) s'ﬁ&L{‘]umii’mmiw%zyLauimmmfmﬁﬂam
wavwiwasduwmieAunnefivaduwaslu uwazdwldumnediasn) Wiuldgenszanwily
ousedeuauiouiioumnd 50 ssriaidua (°0) suiwuisadnfunadiminuis 91nidy
Ausnwliluldndespnanudu WethluTeseiansddnyludueussme

3.2 U3 duivdlulu (Kulak et al,, 2021) Tnedalufivilafuiidum
3 Gudelu waw 3 Fusedvuadusiugudnas 2.5 wufiuas Tuiindwidnan ustuludy
Tudhnduaudud 12 ludludiin Sufindhutindui anduihduluiidlvevwislugou
andou figungll 80 ssmisadea Wunan 48 $1lus Sufimindnusis andudalagld
aumssialuil

3 . Wwinas - Unvdnuia) x 100
SevavvosUsunanhdunnsiuly = — - =

o v a o o 0% 1%

(WIUNDUFI - UIRUNLLAY)

4. psafanussvedinevasilagnsivdefvihazane
Tnedahminumiuaslufiouusuds laasluvinguan afpdiiavaneianiay
Tushsrdru 4 whaesimiindy eulfdriusesnufigungiivies WWunan 24 dalus aandu
583978N5TATENTEY Whatman 1wed 1 wdihlussmeiioiesihazaiseanlngldiedos
ndussveansgaIne Semiinansatafieiild Tufinua Wiulfluredndgamgd 4 esn
waded iesensies ey msdnadesazvenintusemedelusosnsiunamnimiinute
Tneldaunseoliil (Wiuen wazaae, 2557)

UIRUNUILUTEUE9I8 X 100

Yovavositussivede = R
Umtnfivuie
5. MIIAsziasUsznaudaensasuialasunTnnsi-anlossluiwdu (gas
chromatography-flame ionization detection: GC-FID) #azn15A1u2aAN linear retention
indices (LRI)

Faansadaiy 0.05 n§u ldadlunaenwuriindawn 1 fadans azareansana
Aesvnazane ethyl acetate Usuns 1 fadans waulmdniuuaiinlviesgviansusenau
#y GC-FID WunTeansraindayanavila flame ionization §u Clarus 690 8% PerkinElmer
Useimnaansgewsni tngldvlinvasuiadang Ae Sideu (99.99%, TIG, Thailand) ¥ilnvas
AR A DB-Wax (60 tums x 0.25 dadans id. x 0.25 lulasiunas film thickness) §n%1
nsluauiniy 1 fiaddnsdeund gmgliveseediniGuduil 60 esmueadoa anduifialy
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8031 3 samAldyanaull ude 246 asrwallid aur)iUSINNAAMBE19YBLATES
whaElAsUINNT I 250 perwawdiva wazilanloaaluiwdu 250 semwalded
A1 LRI Tianiiansusassianasunuaaautlagfig unuasnaueanlsuauly
WeALALTSE (C8-C20, 04070, Sigma-Aldrich, USA) Auiailaanngns fsil
t—t
LRI'= 100 x (—n) +n

n+1-n
Tnefl t #e retention time Y8%a3UsENOU
n fi8 S1InezneNveImsUeLTiiLoaIAy
n+1 A9 INUIUDLADUYDIANSUDUNAILDAAY (BNBAN WATANEY, 2556)
6. NMSFIATIZHHNANTTIVYLTIFDA
AATITRLVVUAINUINIGLALT (one way ANOVA) 35 least significant difference
waz duncan multiple range test fiszfiunnudesiusosas 95 frelusunsu SPSS version 22

NAN153Y
1. NM3YAvlnvaUszvan wazUSinanhduindluluwsisvon

nnsvaaesUgniusevedlilasuans PBZ meAuuanaaiu 3 gan1snnass
A9 0 (yaAIuAY) 1,500 waz 3,000 wilsdrulududn wazstanislidiuiiss 1 adede
dUnvinananisveaes Aududuildensdean Juneklang et al. (2017) fufieneddsin
U Tdanududu 1,500 wilsdnludud warlusenuaduiliautudy 3,000 i
drludud edosnisinmnisnevauswesiialuannzintesuavnaves PBZ dedit
wusthminanly danmd 1 (n) weztdmnuiddu fanmit 1 (e) Wenznenduunltndisty
dntlesdleriunudutures PBZ uazanndeyaruniiveddu fanmil 1 () nuinge
muauianuniisluinniige uag PBZ Suunlinilvlufianunianandnides usiile
Ansredimsananuindminlukazanundldunnsstueeediteddamsedn (o < 0.05)
FailossuiisutesastvrinuslunuiimInuus 1,500 waz 3,000 visduludueau o
Afinduiisuiunauud 0 fevas 5.1 way 10.2 auddu dmsuiminmimuingns
PBZ finasansiminanuaziminutweunin dunmit 1 (v uae 1) lufirmaioafufy
dminlu nande dminudanidunldudisdusntesdlelasu PBZ fAn 6.93+1.93
7.01+1.92 uay 8.78+1.02 n3a muddu wazilewSouiisusesaziminuisiilanuinnin
U 1,500 wag 3,000 wisduluduaiu il udiouiurEnuud 0 Yosay 9.2 uay 4.8
Audsy wavdsunaninduinglulunuimIawud 0 1,500 uas 3,000 dA1¥esay
91.87+2.10 91.03+1.86 Ay 88.45+1.18 amanuuaz luanssiue s lidudAgneans
(p < 0.05) il 1 (@)
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a1 nsseiulavesUTevieNeIy 5 Loy wiinanlu (n) dndnanm (o) dian
wikdlu () thntnuiani (n30) () enwndslu (sufiens) () wasdSunahduing
Tulu Gewar) ()
vanuw: - TeyafeAtads + AmNuAMALAGBUNIASEIL (N=4)
-* ghdnwsiivileuiuluedeyadiiuliuansiatusgreiudameada (o < 0.05)

2. ssusznavvasisiuveuszwmeluluntuanniudws wlsizven

PN 1 wasami 2 () wuansddyesisiunensyelulusiauseven
FatnsehazaneeneuLaziassisiy GC-FID 10 ¥ia wassenulimainuiuiosas
v uld R nvesan s eusuilui i finvesansiiTinseldanun T6un octerpineol (1)
pulegone (2) phenylethyl 2-methylbutyrate (3) 2,4-hexadienoic acid ethyl ester (4)
isoamyl benzyl ether (5) salicylaldehyde (6) acetylcedrene (7) n-propyl phenylacetate (8)
2-pentadecanone (9) Uae kaur-16-ene (10) Foyaflldarnsievoumniaimusd wuansdndy
Tuluwis 5 afiamudiu Sesazansuszneuanunnliiios Ao §Wufl 7 10 3 5 uaw & muddv
Tagluiszveniivgnluaniziilésu PBZ siraifu fansaaluifuneussimeunnsitety
v3aus 1,500 nilsdulududu $8evazaesiu 10 Gowaz 17.94) 3 Govay 10.19) uax
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4 (Fowar 9.57) nnNIUsieveunInuuAAIUAY Lasvsawud 3,000 nilsdulududiu d
Jevarvesd1iu 7 (Fewar 64.37) way 5 (fosay 8.46) geilgailleiUTauiisuiunnvsnuug

A1519% 1 a1susenavluthiureusemevasluwisnUs1Eed Ins1evieny GC-FID

afu  @1susznau retention @1 area fovazvnsansusznau
time LRI PBZ (wilsdaulududaw) PBZ (wilsdulududau;
(Wd) 0 1,500 3,000 0 1,500 3,000
Q-terpineol 16.66 1,172 1,808.68 2,034.69 2,383.52 0.62 0.64 0.47
pulegone 19.00 1,230 2,068.16 2,092.18 3,138.37 0.71 0.66 0.62
phenylethyl 2- 28.14 1,472 25,134.34 32,457.22 32,887.71 8.60  10.19 6.46
methylbutyrate
4 2,4-hexadienoic 29.43 1,501 13,158.9 30,487.71 12,804.27 4.50 9.57 2.52
acid ethyl ester
5 isoamyl benzyl 35.30 1,668 22,223.21 19,832.43 43,062.1 7.60 6.23 8.46
ether
salicylaldehyde 37.07 1,701 582.24 759.43 1,128.39 0.20 0.24 0.22
acetylcedrene 38.80 1,768 178,894.23 169,900.89 327,570.37 61.22 5334  64.37
n-propyl 41.95 1,848 1,921.13 1,500.81 2,788.03 0.66 0.47 0.55
phenylacetate
9 2-pentadecanone 46.58 1,997 2,889.91 2,321.74 5,335.21 0.99 0.73 1.05
10 kaur-16-ene 49.56 2,060 43,556.08 57,126.87 77,812.08 1490 1794 15.29

37 100 100 100

9INANT9T 2 waznnd 2 (1) nuasddvesiduneusselumiue
Wingwenfiatadierazarsenwuuazingzidie GC-FID 10 ¥in wazseuuTui
Anududosazvesiiuildi nvasasiieusui uiildfinvesansii uaszsilavianun Teun
o-terpineol (1) pulegone (2) a-muurolene (3) 2,4-hexadienoic acid ethyl ester (4) isoamyl
benzyl ether (5) salicylaldehyde (6) pentadecanol (7) trans-2-Hexenyl n-octanoate (8)
2-pentadecanone (9) uae kaur-16-ene (10) YogafilsanynvEans wuamsddnlumius
4 gilamudsuSesavansusenovanninnluties Aedduil 7 3 4 uaz 1 mudisu Taewmi
Wszvougnluanneilasy PBZ 1,500 nilsdrwlududiu uazninwusdaiuay i
ansidnusazeinludduneussvelndideiu diuvamuus 3,000 wilsdnlududu nu
famsadsanslduniianuastosfigaifiowSsudisutuvinandau Aemsuszneuddud 7
gefigainiusosay 77.85 usmuansUszneud Uil 3 4 uas 1 Yeefign winduosas 11.63
6.88 o 1.25 MUy wonaniviamuns 3,000 wilsdanlududu wuansuszneudusn 6
gia TanvliiAudosay 1.00 ldun 2-heptanone pentylbenzene germacrene D, bomeol

methyl linolenate ey 1-docosene

WICHCHA JOURNAL Vol. 41 No. 1 January - June 2022




88  MIANTIVYN UM INIRYTIVAYUATATEITUIY

ansdrdaiinutduluntaasmiuiadsievey uaildevazvaaslsznay
unneteiu & 7 sdasesaiauannuinluties laun kaur-16-ene (10) isoamyl benzyl ether
(5) 2,4-hexadienoic acid ethyl ester (4) 2-pentadecanone (9) pulegone (2) a-terpineol
(1) wag salicylaldehyde (6)

A157197 2 ansusenauludsumeuse YR IwANUS 1Y IA51EIIeY GC-FID

a1fu  @15UsEneu  retention @1 area Jovazvasansusznau
time (Udl) LRI PBZ (witedaulududan) PBZ (witsdaulududan)
0 1,500 3,000 0 1,500 3,000
1 a-terpineol 16.68 1,172 20,486.85 12,350.11 17,684.13 1.65 1.70 1.25
2 pulegone 19.02 1,230 4,471.31 2,656.82 3,390.80 0.36 0.37 0.24
3 a-muurolene 28.94 1,477 271,565.08 159,903.90 164,950.58 21.82 22.03 11.63
4 2,4-hexadienoic 29.95 1,501 107,518.57 64,505.12 97,537.65 8.64 8.89 6.88
acid ethyl ester
5 isoamyl benzyl 3593 1,668 8,643.58 4,385.65 - 0.69 0.60 -
ether
salicylaldehyde 37.11 1,701 7,664.22 4,520.21 - 0.62 0.62 -
pentadecanol 39.66 1,778 818,508.16  474,140.94 1,104,066.69 65.75 6531 77.85
trans-2-Hexenyl 42.11 1,853 292.15 - - 0.02 - -
n-octanoate
9 2-pentadecanone  46.64 1,997 5,137.00 2,964.44 6,045.48 0.41 0.41 0.43
10 kaur-16-ene 50.12 2,060 561.56 250.14 - 0.05 0.03 -
ansUsENUTINULRNANNENIAWILS 1,500 e 3,000 wisdlududiu
geraniol 42.71 1,872 - 257.80 - - 0.04 -
pentylbenzene 26.29 1,409 - - 4,579.93 - - 0.32
germacrene D 36.47 1,683 - - 6,954.46 - - 0.49
borneol 36.98 1,698 - - 167.21 - - 0.01
methyl 51.51 2,084 - - 6,771.28 - - 0.48
linolenate
1-docosene 57.30 2,192 - - 5,995.19 - - 0.42

334 100 100 100
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nmsAnvraes PBZ senswwlaiiulauarnsadisansddaluitunenssme
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a1 5 Wou warssriamsdgniimisliiinn 4 7 funaeantmnaes mafildana1Uim
ihduimsluluuandidiuimnviaunsimdsznniesas 90 Fuflssweronmsiasyvesiy
Tae PRZ lddawansynumsauseuSunanhduimsluluiiy wavidiuldinlunsvaaesiingg
smnliusznensgumnraniiome elildudufunniuldmszenarildindon
16418 nadildaonndaiu Desta and Amare (2021) na13inas PBZ anunsaldsuiuenms
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Wauvesfivuas lidufivdefis dmsunmsasadulanuinlusznenanys auuailasu
PBZ firnunireveduanas uiliunnsnsegraiiteddymeain nsmevauessilngifosiu
seendseduiild PBZ fuiieiilasunnzarmi PBZ ilkiuiinuiluanas iseinavile
seAUvessmuauNaaTgAuln GA lufivanas 34 GA TvhilviliiAnnnsBasvesad
Fatudlely PBZ Fuhliwadiludamanas muniisvemssuanas dwalinisaei
Hluitwanas warUSinaihduimivesiiniiatu safufiviausaususdhiuaniveien
9nmsvminle (Rezazadeh et al., 2016; Soumya et al., 2017) funsia3ayiulnvesdin
TiAuwuulslsureausevey doyailduandiiiuiwmiiulduesimindudude
1$50 PBZ uidoyalsifidedndymnaadd dwiinlslondlddunndsannisnulududds 3
Nuraini et al. (2021) wuinsfud§sdimaldfunuuyiues msldans PeZ sawdulslaladufy
e il adsnnuraldAunnnty wardvnlfuveniminifseduiiatu navildd
PBZ fdruAerdestunisiindndiuvessindeddiu mafinsiuiunanedy wagnisifia
nananee (Soumya et al., 2017) meaﬁﬁmﬁﬂwﬁwaqLﬂiwmﬂajLmﬂmqasmﬁﬁaﬁﬂﬁag
ysadRoadesnannmeassiiumsugnlusseznandunayldanudutuves Pez
funmauly vinldnansiesaiulagdlifaeu uenaini Berova and Zlatev (2000) 51691y
N5 PBZ fungilewme vilvviin1sdngniveddiuldoswesdduiyanas ANgIanas
uivhlidesiinmnty nesjunduuaslvinandaredufity sauvislinunisvzasnis
Wigiulnvesdoma deaenndostunaiildannandsei Pz Aldusenenlaiviily
WWanszaensiaseyulalazauugenliinanuiaund

MsiATeiasUszneurestturenssiean Ul azmiuie warsieey
Usinaiinuidudesasvesiuiiléfinvesasiisuiuiuildfnvesansiimseildnamun
wudrluwazmirannnIauudaldsu PBZ annududuuandisfuiinnsadsuasasan
ansUsenauiiumneafiu amwLLfmé’aﬁLumsUQﬂﬁﬁtjé’m%’umimaaaﬁ fnssmiluyiun
tHonudlalviliimAnnnznaifisuuss msld PBZ iefnwiunumlunistaelsfiunude
AmzratuagyiliiAnnsmevauaslug1using 9 (Soumya et al., 2017) NaN1TILATIEH
wanslifiudn PBZ avidiudus 1,500 nilsdrludrudn fnsnszdunisadaansddny
vsviialulu laun phenylethyl 2- -methylbutyrate 2,4-hexadienoic acid ethyl ester sy
kaur-16-ene mummmmuaﬂmam 2 @Wuﬂaﬂ’liEJUENLLauﬂ’liﬂiu(ﬂuﬂﬁai’l\‘iﬁ’ﬁﬂﬁuﬂ@U
Tulu Tmawumiaiwmimmy lauA phenylethyl 2-methylbutyrate 2,4-hexadienoic acid
ethyl ester anas Lazn15a519a@1581A7Y Laln acetylcedrene wag isoamyl benzyl ether
e

ansédlumiuiausizven nanmsilszimsadaiimaviasdnuasuszneu
dfufl 7 pentadecenol inndian wazilorTeuifisuszninmInmudnuimInuudfse
f18 PBZ 3,000 nilsdaulududau wu pentadecenol unnfigasesas 77.85 dmiu
msddndudeyaiiliuandiiiiuin PBZ mnududusi 1,500 wilsdniludiudau suavihlor
wildAuaemsifyldlndidsiuvaiudauny egralsimuminume 3,000 iy
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dudu Insazauansusznoudy 7 Snvaneriausnuluuinules lunismeuaueslas
msﬂi‘ummamuass’mmuumﬁ]mmmmn‘umsa anansUsznavussiintuiuegfunis
1§50 PBZ 3aude avududuilmnzaures PBZ vinlviadsansusznaundiindu widldsu
PBZ inniAuluoraianisdudanisadsansmauldiduiy san1sfnwinudnluuds
Wingnenflansddursriauansanndinuluwmiuiausgven fiuandsenunisld
PBZ slomsasraihiunenssimelslinntn dawlvgiusenumslidaslundueonduuayle
Toladiu fegreeAdedly Pez loin nsld PBZ Aumandi@anuinfinisains linalool wag
linalyl acetate lunonifistusazshlsintuneussmeiifansaosdadundudauamity
(Singh et al., 2008) wazn13ld PBZ n3esun15aine caftaric acid wag cichoric acid Faudu
ansdrdyneluivnenvfianils (Echinacea purpurea) lwasdmuny Sureseisnnile
wuhnsld PBZ $auifu GA3 ansnsansedulvisinfiefinisadansaeseiniifindy udlsidy
Tudauddu UJones et al., 2009) na1ldin PBZ fdruduaiulsifiadnsusuduilonyly
anmziilimnzauieluaniznd msld PBZ anansansedunisaisansussnoulufivld
Ui Ted nuansardaluluuie fe acetylcedrene dauansardaluinduis fo
pentadecenol nsnuansUsvneuluduvesity Ao lusasmiiuansotdnueiinuasSeaas
asUszneuduiiaenndasiumenurerviugt uasamy (2557) Mamasddsznoumand
v03iv13¢%3 4Tinda (Zingiber officinale Roscoe) fiflanuuansnafusewinanislidaandu
Paura uagAegauiudaun fidenarrifaunannuiesazves zingiberene WNNINTsBouan
wavihduvensmeiildanagAuuuuwidarsddyuandratu Inedegouuiauasdoun
Wwiisil camphene Wag geranial 11nfiga MuAWU LaraenAdesTUTIBNUNITATAANTIIN
drusinsiurasiivayulng Alstonia boonei lursdfudn Ussinaluiise lagldansainfe
dichloromethane Wu31dus1n @1du wagly farsUsznoundniiuandiaduly wazwy
arsusznavludiduniniian (41 vlia) sosa917@e 30 (20 wila) wazlu (10 wila)
(Babatunde, 2017) mﬂmaﬁ'”l,é’mﬂmiﬂszﬂausuaqLﬂiwwauﬁﬂqﬂamwmeéfamm
suitedfiuedaiindrotursnudeyaasusznovlumiwmiolslenlas Singh et al
(2013) uarlads uavamy (11.U.U.) An pentadecane wag borneol eaLduins1zan PBZ i
druieteddumanszdunsairsansddymslumimeauseven winnszeziailunis
Ugnitdu uarangveaninngveniitnnldlilfuenmioutuniun Jedinadeteyans
avavasuszneuneluaaulafuveadsizveula

d3UNaN1339Y
Wingneniivgnluanngifarswlaadmsleasmufunsldsuiduaniozads
fnswsaivlagiefiansanainanuniiclu dminanuazdminutveslusaziniy
Liusnasanninmudauauediefiteddy samsislinuanuiinunfveanissrasnis
Wigdulmvesdungven anmandounisugnisizveslusisaudviliauiaa
ihduimslululiuansnsfunnyimuud Fogaasussneuludneseudivldinislinlaa-
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Abstract

The objective of this paper is to develop mathematical modelling of a parabolic

solar dryer under overcast sky condition. The model is based on heat transfer equation

which considers the thermophysical properties of drying air at steady state. The solution

of this model is solved using a Finite difference method from the heat transfer equation.

The numerical method using a Compagq Visual FORTRAN 6.5 program. Validation of the

model was carried out by comparing the simulation results calculated from the model

and the results obtained from the experiments. It was found that both results were in
good consistency with R? = 0.897 and RMSE = 1.083.

Keywords: Solar dryer, Modelling, Heat transfer, Overcast sky condition
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DNSNAVDISIALNUULUULRYUNAUADNISTBATIN wazn1silaguwlag
anwuEnIFugIvIneT luNana1INIEaNY
Effect of Acute Gamma Radiation on Survival Rate and

Morphological Change from Seed of Cosmos sulphureus Cav.
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fiUFNssd 0 100 200 uay 300 1038 ndaUgn 30 TudufinnanisenvesfuaINTzae
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Abstract

This research aims to study the effect of acute gamma radiation on the
survival rate and morphological change of cosmos (Cosmos sulphureus Cav.) The
cosmos seeds were irradiated with gamma ray at the Nuclear Technology Research
Center, Kasetsart University, by radiation doses of 0, 100, 200, and 300 grays (Gy).
Cosmos germination and survival rate were recorded at 30 days after planting. The
data was analyzed by statistical variance and compared to the average difference. At
30 days after planting, the survival percentage was not statistically different at 0, 100,
and 200 Gy of gamma rays. While the maximum dose is 300 Gy the lowest survival
rate is 25% and the lethal dosesq (LDsp) is 253 Gy. The dose of 0 Gy contributed to
the highest height of a cosmos tree at 105.42 cm. The earliest possessed of flowering
days is 50 days. At the radiation dose of 100 Gy, the cosmos petals presented an extra
smaller petal and adjoining stalks, which is an interesting feature. After third more
generations of planting, the characteristics of the cosmos were showed to adjoining
stalks in the M2 and the radiation dose at 200 Gy affected distorted cosmos petals.
The result concludes that the suitable gamma concentrations for cosmos results is
between 100 and 200 Gy, which triggered the high seeding rate, and mutational rate
that can be used to improve in other varieties of cosmos in the future.

Keywords: Cosmos, Gamma ray, Morphology

UNin

pnsznoduliineniififiougniulaeilluuinaiuiianmenmauiuasSou
Fenmnszredufieiinnsfumldiluanmundouiiaruuussiu Soilvdvsinid
fianwanusalunisveneiiuglieg1s5inda (Zhou et al., 2018) ludsznalneannsyaneld
Ugnifuliiuseduuiasdulng eglunsd Asteraceae fianiinfidulinendugnuarliinen
118 amnsgaefouynuiaveidusmsdudusaniuswviodsseendugegnsediuiy
nenauysain amnszefifsudgniulutiagiiuiiiies 2 wliauiniufe Cosmos bipinnatus
war C. sulphureus deiidutuinluussmadingln Snvazdudunugs 45 wufwns v
Hunenduifeuaznondeu Andes wdomes 117 vy warerniildnenfindosine didu
YoannszeAsuinagilnslanzggruaziimsissydulamedsiuilluing uazeenaoni
deugnluggvum (fuiien, 2526) fausinnszaeazlildidunenliiaswgiaduiedu
WA nvany fins uinnanszanefidunenlifldiummdensnn mnzinaesdgdivlng,
Tnendausnn danenlsuu anusesnisuideiugannssaneiieugnluaumiitges
nuesilinogieraliosuaenisiaumndunusrzinan vonanasdimandaudaneng
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panaUndud Sainmsusulssiugannszanelmi q filieenaeniiiazaenaniiiensuaues
AuAINITYBUgnageaiLaNe (Hawthormn and Pollard, 1954) wagifiuAuieIns
Tughuauudanlmivisguidnvuzuasrosdnon nanTunisuiuupamnInsesiugid
nsnenuardmenulifongmsldnuuiuiieduamelituamnszae

nsUsussiugilaeiBmilenhlfiAnnisnats (induced mutation) unsidiy
Snsnsnaneiusliasndfianansafiatulfiosmusssud Asnenisnaneditenldluns
wilgahlmAnnsnanglutlagiuiu $98 ansied nsaoaunsnildule usdsienisnans
el tlunsmioniliifinmsnanefodsd ilesniluisfansoviliAnnaasuutas
Tuszavdowe nelmAnanuudsusiumnaiugnssuladuedned (Tan et al, 2019) @w1se
fvunUTinasaEadesnsld Bamsmeddvildlionvasadoniinsldamsaiiuasiugnane
filforafidnuagnsadiu gUnuunsan sus1svedluiiunnsisesnluanniis (Van Harten,
1998) Fa3sdfitenldlunsdnihliiAnnsnareAessdununiosandmauenaaudisaiu
Fefidrnananeaneatsganin¥ediand (Wood, 1983) uananiinislésadununiitednd
ThAnnsnanedadudnmadennisiiesuivuseiugliAndnvaegln Wunsdue
vanvanevesusuaziloniadaidendnuaziia angiudeyaves IAEA wuftafisuns
USudgeiugfensdniliAnnaiudsuasdnuaensdusuingwaefadunumnnt,
3,000 wiia (IAEA, 2022) dwmsunislsedunuunlunisusuusanusldnenliuseduaunse
Télaufiavansuila 1dun aentugyauna (Din et al,, 2020) Taun (ilsgye uazame, 2564;
WneY uasiiu, 2564) vuldilsegnuaniugnate (astyey uazane, 2561) fuinesiile
(g uazAnly, 2561) Aratuny (Reyeyr3end wazlinyisen, 2560) mavnaesiandunsing
HAavesTIEuNuIILUUIR UNAU AT InN1TRT Y AUTILAZ N SNA1ETUEUeIA1INTERY
(C sulphureus Cav.) tiellddnuasiudanivel Wuuumdumslefadunmrlunsuiuus
fusldnenliiussduriadu Snsdadunsiudneamlunisihnnszagluldsslond
soluluaunn
Wanliun13Iy

1. NAVRITFUNUNHRTNTINTIDATINUALNITATYAUIAVEINIINGZRNY
Tunsiseedeilldudannszarenanisdn siln C sulphureus Alknonddy

ihluaededunuinidunasindaainlelslnududunsadvessndidon-137 (Cs-137)
fquditetamdssinalulad uminerdoinuasmans Ingnunurawy Metn3os Markd
Gamma irradiation 14U3anau39 0 100 200 wa 300 136 TurwdedeguuLLFsTaLEn
Mntutindgnlulsnieuresquiinetaans uinendesvdguesy3 Tasasuaunis
maamwamaaﬂammm (completely randomized design: CRD) lngusiazn1snaagyin
3 41 98¢ 30 Fu Mntuthudaiiunsene¥dunsmnugn leugnlugugnuun 3.5x8
i Mhunaudusa maammqmimam@LLaiﬂmmumfmiym8imlmuqumﬂmmLLaumam
Angiwesasinaue Yinmstufindundiileen 14 Fumdsandundiaaind wagfuamm
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fovaznssenveadiuainszae lasliiwdnilillfene3sdisnsinissensosay 100 ndsne
$9E7 30 Fu dudnnududiseameilefuramruIANsAIAU (LDs) Wisuifleuiu
anszeflalliiunsneid Anvimiugediulagyhnsinanveunszansauislanssen
fudunutudaundumzudaaunonusnuindud svssdeyaildudieseia
WUsUTINSEdia (ANOVA) uazilieulfisumenaunnsnsvesanadelagld duncan’s new
multiple range test (DMRT) fisgfumnsidesiufesay 95 selusunsudisagy SPSS 16.0
2. wavas¥adunuansentsiUAsuLU A If g LANE1YeIN1INTENY

ymsdaunednuagiuandrsluaniduvesninszaslusuy M1 udannlédu
nsaesdnaennTide wdwihnstuiinnm uazsieniugnangluugnaalusu M2 M3 uag
Md Tnevhnistiuwdnameaeniidnvasiiuasuniadly $1umu 7 wéa ensiaaeunis
devendnwarneiugnasuildInnsaeed Tnevgnlugsgnaunn 3.5x8 i Maunay
d159 naenegnIMnaes guasnudunnszelaeauaumsliuay hindnfivogg
ashiane

NAN153Y
1. NN599NLAZAISIOATINVDIAUATIINGZANY

nnsiudnninszans lUanesedunuusuuidsundufiusunased o 8
300 1038 wdvhmamzdatuulaslgn wudmdmiesidunuan 14 u nssenvessiundn
feuuansafudledisussuinnguaueu (WlFsusd) funquitldFusedued 100 200
wag 300 158 Wuln d5e8azn1ssenie Seuay 80.46 77.01 Lay 62.07 MUAIAU NaIa18
$8unuin 30 Ju fi5evavveenissontinvesduninszanefildsusadusue 100 200 uay
300 1056 WU Seaz 80.00 80.00 Way 25.00 ALEIRY (A1319711)

M15199 1 HATDINITANETIFUNUNMUUIBHUNS U DERNTIAINDY TBANIINTEANENAIN
Iasuusunadadsineiuluna 30 Ju

Usureused  duwauduiiean  N1599nNUauAn  3UNUAUNISENTIN  N1550ATIN

(n58) (fu) (5ouaz) (fu) (5owas)
0 87 100.00° 80 100.00°
100 70 80.46°° 64 80.00°
200 67 77.01%° 64 80.00°
300 54 62.07° 20 25.00°

nnewe: - AnadslupsduilifeimiuaiefsnysnudinguissiuianiatAunneig
funszAuAueiuiaay 95
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vdaaneSsaunuan 14 fu fnssenvesiundludTinaiuandnafuil 100 200
uay 300 1036 MnTeyanissendindunandlunmsnsil 1 iflendinsdmeusagingy
wudndlainiu 280 138 fanwd 1

2. MIRTYLAUTAVBIAUAIINTZIY

AguMaInIsaesed (319l 2) nudn nguAIUAY (0 Lnsd) Taugeann
flgn fio 105.42 lwuRiung 5898331 Ao USINusad 100 138 flniga Ao 98.94 Lwufluns
wazU3uused 200 wag 300 1058 dAuganafy 77.94 uag 6.30 WUAWAT A1UARY
uennisuautuusniinenuiu ‘W‘waﬂ%mm’%’ﬂ%’m‘uﬂu’l%’ﬁi"lmui’uiumsaaﬂﬂaﬂﬂ%”'qLLsﬂ
tfoufian se9aa1Ae 100 136 WAy 200 1N AmETU Fin1519d 2

100
90
80 = 3
dM5IN1598N
70
60
& 50 .
3 INIINTTON
A= 40
30
20
].O ' 2 <
0 ANNIUZINEU = 253 LnSd
ecNeolololoNoloNololololololololoNoNolNolololololololoNoNoNoRe Ne)
AN NOTOOM~MNOANOOD T ANNTOOMNMNONOO AN WD\OMNOWOO O
A A A A A A A A A NNANANANNNANNNOM
Ysunausedunaun (insd)

AN 1 HaTBINISEASUSIRLNUNILUULAIUNSUADONIINITION DRTINITIDN ASAINTUY
PNAUVBIANINTLINY

A5 2 NavRIN SRS USELNULILUURBUNSUR DA NN QLAUIAYBIAUATINSZANY

Ysumused (insd) AUES (LURALIAS) $ruauduusniinenuiu
0 105.42°+£10.43 50.12°+2.38
100 98.94°+8.09 50.86°+2.41
200 77.94°16.31 57.40°+3.22
300 6.30°+3.65 -

newe: - Anedglunsdulifeimiuaiefiignysnusinguitdniuiiniataunnedig
funsgAuaMUeiuTagay 95 (mean+SD)
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3. ANWAZNTNANUG
nsdsuuasdnunizaendunanseldiuuiinusadi 100 wag 20 1nsd
wufinenaninszefiiisdnnruniuarnisnaeiug laensusunlasmesdnuasaon
Ao Annszaeflesusada 100 1nsd TAudonsnfndu dannil 2 (n) wieddnwaures
ponula faamil 2 (3) Sadudnwasiiaulefiazihlugnde wavaninsyanefldsusedd
200 156 findunen (ray floret) Tadien Fanmit 2 ()
4. navasFidunuansian1sUABULUAWN IE g UM UBIANINTERY
FunansraeRFusdunumuuuidsundu Ausunussd 100 1nsd Tugu M1
wuhFuannsEeinsnaeiusilidnuasesmenidiutenoniaiu uazdudnuus
faule Wethanugnaedn 3 fu Tu M2 M3 waz M4 lilerSeuiisunisiadayiula Tughy
Augad SunuTunsniinenuiu uwasdnvazvesnenannszane ldnaduandunsed 3

M990 3 NAUDINITANETIFLNUULUVUIRUNSUNUSIIUTIE 100 1058 dotasgiulanves
AINTEElugy M2 M3 uag Md

sun1sUgn ANEN (LTURALAS) Frutunsniinenuiu
M2 77.28°+4.82 50.33°+3.75
M3 63.28°+5.31 46.67°3.67
M4 55.28°+4.16 45.19°+2.94

nnewe: - AnadglunsduilifelmiumiefsnysnudinguitssiuiiniatAunneig
funsgAuaMUeiuTasag 95 (mean+SD)

waanntanUgndesn 3 su lu M2 M3 uag M4 nunsiasaiulaluamunugs
Fuaminszglugu M2 1deuniign winfu 77.28 iwufisms sedaun fe M3 Wiy 63.28
WwuRlAS WazAnugedosgail Ma Ao 55.28 wufiums SruauuusniinenuiunuIn Ma
T¥n1seennonvesaninszeifiiigaittu 45 Ju sesasnde M3 ogil 47 fu uazdnilan
Ao M2 Ao 50 Tu FunnsyaeldSuUTiussdn 100 insd lugu M1 Insdsundag
yosdnwaizaon Ae Mutenendniu fnmil 2 (1) thunugneelugu M2 eAnwidnvae
MsmeneanaiusnTsy numenannsEelanuuzvesnaunonliviniu fanmil 2 (s-a)

Fothdunnnszaneifinisdsunlamesdnvazveanauaoniuiu M2 1gn
soluu M3 Anwdnuanisaeneamaiugnssy nuhmenannseneiidnvurdveindunen
lashianowaziifudenenfnfuusuulindoutu dami 2 (g-g)

dmsunsugniunnnszanglugu M ieRnundnuaznisaeneanieiugnssy
wuimenanszeidnunsvesnduaendadeuniiouiu M2 sunveandunenluiify
uazdvosnduaenlulasiiaue fanwil 2 (g-a)
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AWl 5 miLUSwuﬂmé’nwmmanmamsmsfluq’u M1 (n) gﬂs'wmaﬂm'nﬂizmaﬁhﬂﬁ%’u
3218593 (wild type) (v) AonA1INTEEATAutenanfnfuiifed 100 1nsd
(A) nAunenTnleniised 200 138 (s-a) mqut?iauLLUaaé’ﬂwmzmaﬂm'mszma’[,us:u
M2 fidnwaizvendunenlivindu maasuuvasdnuazaenaninszaglugu M3
(ry) Avosndusenliiasiiaue () Trutenendaduuduiulinientu Maudsunlas
Snwaizaennninszglugu Ma () ndusendaiden (5) dvesndunenlaiae
wag (:) vurnvesnauneanliviniu

N138AUTIENANITIVY
1. HAYBITIEUNUUHBINTINTTTOATIAUALNITYAULAVRIAINTZANY
wdsnsmedadunuuuuidsunduiuiana 0-300 138 wimdaaninszane
waztheenUgnida 30 Tu nuhmasdifud uinavilifesaznnssenuazdnsinisson
TimanaadeiFoudoutumslilizuied Tnsusinasadfigauaslududinisenuasdnm
15500730 Feliinaideriuivlufivaenvatswin 1y unanae (afngn uazame, 2558)

WICHCHA JOURNAL Vol. 41 No. 1 January - June 2022




NIANTIVY) WNINUIFEIVAUATATETINTIY 115

wnsi@ealgluunay (e58 wazuiaad, 2535) vty (uwint, 2552; Pallavi et al,, 2017)
wazunafloda (Saharya et al, 2017) wuindlefiuusuassdliasdu wwilviosas
mssendinduuilduanaaios 4 Jsn1sfisasnissentinanaterainanssdunuundina
Tnensssioansiusnssn wasviliuTinuoyyadasgeluudanelfiinmaasuulassedy
Tasllsumdotulunends (Blagojevic et al., 2019) lusuddeiitimesiuasdfiaunsa
wieniliiuinnsudsuutadd fo Sadunumnfivsinmssd 100 way 200 1056 dawals
nsasaAulameuaugaiuliuanawselndifssiuiulilasuiduazeannentiag
wiuderfuiuluns@odldluuvan (o3dl uavuiaad, 2535) uagunne (g1 uasa,
2558) %amamm%’aﬁLm:umawﬁﬂﬁmaéﬂ’ﬂ@hagﬂuswz%uma%wxla (Takahashi et al., 2019)
Fufnnsszfunmaasgivln vieenafimiuguusaunssainnsmeveusadluiign lny
wuindlevsinaddifiatunsesydvlawarnmswanisiiuanas n1suTuTsInend Ay
Unauddiinty ﬁm%fuv-immzﬁﬁuiué’umamzmaluawu%ﬁaﬁﬁmazﬁ 280 1n3¢) Taeen
usurauduinasdunundvinlinssendinanasiosay 50 Weifsuiunguitlilasy
248 Tneenilfinuunnsnsiuseniutufuassinevesudnity ndniie mnwEaienamn
mmmsﬁwauﬁﬂamqaﬁfummﬂﬁaEJ i Tudadnden (Viena radiata L) fiflausassinau
71 620 1038 (Indriyani and Fiatin, 2015) M%aiumﬁﬂmﬁiﬁﬂ (atropha curcas L.) AlAusay
WAuwindu 425 1058 (Songsri et al,, 2011) Wudu Tnewdefasanaindnuazvesudn
ANINTEAE NUINLAAAINSEETFUT NS B TIMUUTSINTzane Wunalisadunumnanunse
nygnzanailudaduuileldioniniues
2. HavRssAuNNLNINSIUAULUANIE g WANE1VBIANINTZRE

Pnnsmedadununlituanmnseaenunsddsuuladnunzvesmen Taed
Swarnaunendnden dvesndunenuaraissvewmeniilasuudacll neddnuaednan
\Juanudermenisa3sinen (physiological damage) nuinUsinaddfiumuzanlunisdn
TAnnsnanefessdunuunlufiuninszateegi 100 fs 200 158 dwduUinassdd 300
1056 1WudTnassdnaieenudemeliunduuilenelumdaninszansluseduiigs
Fohliudailduiinasad 300 nsd T8nsnissenuasdnsnisasudulasuayldanune
asemenld iesnenanelimifnanuinuniluseaulasluley nsuaninuestastulsy
(Rochanabanthit and Jompuk, 2014) NIoAURAUNRLUSEAUALBULD %ﬂgULLUU‘US\‘imiLﬁﬂ
Snwaiesing 1 idleldnsane¥eddu anfetusuudy Suihlidnuusvesdnen Snuuendunen
wiovonanvesnninszaieuandsiueanlUluudazdu Jan1sdsunlatvesdnsusaen
Em]LﬁmmﬂmiLU?{sJuLLan‘umﬁuﬁﬂaUﬂuﬁﬂwmmaaﬂﬁumaﬂ laun TCP family gene
(Cubas et al., 1999; Kim et al., 2008) WutAeIiuiuN1IMAaswes Okamura (2003) ¥11n13
npaedate AT dUsEuAFuAfludy aunsavinliduazaenudsulunanedneas vie
Tunuidovondine uassiaun (2564) flaresedunumnluthfiu duiliiAndnuuzvedy
uazABNfiinTImMaInyans annstinanszaneldFuUTimied 100 nsd uugnaelusu
M2 M3 uag M4 nuitnena1insgatelugy M3 danwugresniuneniniunilousuy M1
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Faorandunaainnisi HsdununidawadefuiinruaudnuazdenoniliiAnduleada
(allele) ity usiuaadalvaidgnuoadaunivunuvanysal Fshivmngdnuusesaeni
fumenieafulugu M2 uinduusnglusu M3 un egslsifdnuvazyeanenuiaiiusing
Tugu M1 wag M3 dfldusinglunn 4 denen dseradunainnisiinlawes (chimera)
nanfe fwadurawadluesuilefiAnnsnans uiwaddulsiiiansiasuulas el
fnnsuanieenuAUIIEdILTeId UV (Van Harten et al., 1981; Datta and Chakrabarty,
2009)

d3Unan1339Y

MsanesAunuuUUEsUNEUAUIEAN1INTE Y WUITAUTINUEER 100 e 200
1058 Semmngauiiagihunlflunmamidenilifansnaisunniian uazeusugiay
feihiy 253 138 TnsdnuusRnunfiiistuaunsanievonlugsiusoly mndoyamand
wansliiuinnsldsedunaumnlunmsdnilmAnnsnansluduninszaioduisfaunsa
Tldeensfluszansam wlorfuuumadmiunsuiuusaiugiinluisd Asteraceae dely
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Sterilization Methods to Prevent Contamination in MS Medium
for the Tissue Culture of Philodendron “Cherry Red”
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fideddgyn1eadfAannssudsn 1 (@amuaw) Nseiuanudeiu 95 wWesidud 91nn1s
neaesausaagulaimnnssuiBanunsadudinisvudenluamnsimnzidedls

ArdAy: lawes iy rassulaeanles Tgu nsiwizidelewds
Abstract

Currently there is great demand for ornamental plants in markets all over the
world. There is a great desire in philodendron because it comes in a variety of colors
and with interesting leaf shapes. This researchaims to study 9 easy methods of
maintaining sterile cultures of philodendron in tissue culture systems when using culture
medium prepared from instant MS (Murashige and Skoog) basic medium in powder
form. The experimental plant was ‘Cherry Red’ philodendron. The treatments were
control (autoclave), Haiter® bleach at 0.5 mg and 1.0 mg per liter, Betadine®
disinfectant at 0.5 mg and 1.0 mg per liter, Physan20® fungicide at 0.5 mg and 1.0 mg
per liter and ClO2® in tablet form at %2 tablet and 1 tablet per liter. Results showed
that all treatments were effective in inhibiting contamination in culture medium. The
best philodendron growth was observed with treatment 5 (Betadine® 1.0 ml/l), while
treatment 7 (ClLO2® 1 tablet/liter) resulted in the greatest number of new shoots (3.4 -
3.6), which was greater than the control (1.6) and the other treatments (1.2-2.2).
Treatment 2 (0.5 mU/L Haiter®) resulted in the greatest growth of the clump at 41.04
mm, which was greater than the control (34.34 mm) to a statistically significant degree.
The clump growth of all the other treatments ranged from 18.18 to 31.82 mm. The
plantlets grown in medium sterilized with treatment 2 showed the greatest leaf size
12.29 x 23.92 mm. They achieved an average height of 27.72 mm with an average of 7.5
leaves and 8.7 roots per clump. However, this was not a statistically significant difference
from the control at confidence level 95%. This research concludes that all tested

treatments are effective in preventing contamination.

Keywords: Haiter®, Betadine®, Chlorine dioxide, Physan20®, Tissue culture
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uni

anuasoudaduiivluana Philodendron dneeluiad Araceae fiduriiauay
Uszinaaiisninans aw3nle wasUsemeausnda aaenauniinizuasideou Jagduny 482
viln (Loss-Oliveira et al., 2016) Wawmuaseu “wesiisn” ddnvarluife Bosdou 3U3
fleguluvien n¥s 7.6-8.4 wuRams 81 18.2-21.6 Leuiing Yanefsumay Tauguis vauibeu
Tumnadeusiunds indes Wutu uiulufudidendy veudeuns WWluadanin luseldly
fAunseudu dunadluyuisudn Fiasuns fuluadegunsnszuen duvudusesdniiu
617 12-19 wuians 1Ay Yaenvusendinauns warludlagtudiinusuuseiusidniaman
Trufiwaind Wewaunaetus folwlddnuurlusunsddn 4 Swaunn shlimanaues
iuseRusdintinszaneiduinig luvsemelnednldduliussdusaannszans 14luns
anusseImstuFou wasdufiviivevegendeldsuian anunlunseualsiusziu vils
ardesnsvasiuilangstu Sdianudeamslunsvsnenain safdamanaslifeme
fuamudeamsrislunagsinassna faneluladililunismdnludagtufenisldinelula
mawzdsaiode Mlwldduiugivasalsn veneiugldognemns uasnsuiuuseius
AuANNIHARNNTILIULY Lazlddusius A nsanuiugidesnts Wy wialugyauiea
(911l oAz, 2559) Fituiles (nuafing wazamy, 2560) U3y (nvipwun wavan,
2561)

Tuthgsumssndoduiunsnsdsadodednldnssidedemiufouwly
nssndiegunal warliviletlinnudugs (autoclave) vhansideaunisiivudeuluemis
wifdedndnis osdunuii 11 [aean Feldhansiedideuantilunisiane
L%@ﬁié%%ﬁ 19U sodium hypochlorite calcium hypochlorite chlorine dioxide hydrogen
peroxide povidone-iodine (Russell, 2003) yiiivlusrmsmzids e dofionlvems
fanmuasaide udrhlumsidssfionatssia Wy ndae (Habiba et al., 2002) wodsh
(Pais et al., 2016) nargldvuauueuia (Yanagawa et al., 2006) duizsn (Texeira, 2006)
gA1dURa (Brondani et al., 2013) Wlawunsou “Tienineg” (57811 wagauy, 2564) N13lE
aedifuiBnamilsfianssoandunumandn egndlsinunisldamandiiesdeluems
wzidsaiedodudssnulinnin TunsideadedFedtngUszasdifefnwniavinla
omsinzdsaiedolasndomeitnisedsie warfiviinsasyivlandanzides Tng
THamaiafiandesinign 1wy Haiter® Betadine® CLO,® way Physan20® niaununsliviiadls
ANUTOULSIA UGS

WAuiiunsidy
1. MawFentudiuiy
theensaufilamunsouiiutannismneidssuueimsiouds MS (Murashige
and Skoog) #1593 Tiiu BA (6-benzyladenine) udu 2 fiadnsuredns imaglasa
30 n3usoAnT Juss (gelite) 2.5 nfuredns AndonduiifiauguadoUssunas 1 lwufinns
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#1lu 2 Tu (57811 wavAme, 2564) L?T&quam’ﬁ?{m%qqm MS TUs1maINE5AIUALANS
wigAuladunaiu 7 fu tileasnansgnunisandsvesasaaugunisiaTyivlalu
Judruiy nzdssiugeuneldgung 25+2 ssmuwaidoa arunduuas 60+5 lulaslua
MBN1I1UNATADIUT Fenaealgaelsalwus (TLD 36W/84 3350 Im Philips Thailand)
Hunan 16 Salussietu fewsuinisnaaes
2. NMSINUAUNITNAADY

‘LTWEJE]@EJ'E]uﬁIﬁ@LLBﬂl’ﬂuaﬁﬁﬂiﬁﬂLL‘ﬁﬂqmi MS 7 U31A91n@15AIUA NS
wigAuladunaiuiu 7 Ju wvhnsdmdentuduiidvuaminiu Tne 1eusunismeass
wuuduanysal (completely randomized design: CRD) Inauuseanidu 9 nssuds nssuitas
10 €1 Tnousiaznssuds Feo1mms MS dsagy 4.4 n¥udedns avaedetinges iiuthema
glasa 30 nFusiedng Usurmanuilunsn-ana (pH) 5.7 Wniuns 2.5 niusedng Ysudiuns
JuAsU 1 ams enssuislunsanidesmsneidsuansnat el

551957 1 thluiseindedentetisrudu 15 Youdsemsauns 121 s
walda (YnAIuA)

353357 2 duliiFensuansazaneddla wdudy Haiter® 0.5 fiaddnsdodns

553357 3 suliiAensuansazareiiala udwfu Haiter® 1.0 fadanssiodns

353357 4 fuliienuansazaneiidla udaiu Betadine® 0.5 fiaddnsdodns

353357 5 FuliFenuansazaneidla udiu Betadine® 1.0 fiaddnsdodns

n551357 6 Fulpenauansazateiidla wdnin ClO,® wiawin 0.5 Windoans

353357 7 dulidensuansavaneddla wdudu ClO,® wiauda 1.0 Windedns

353357 8 duliiensuansazaneidla ududy Physan20® 0.5 Jaddnssedng

3533571 9 duliiensuansazaneiidla udaudu Physan20® 1.0 Saddnssedns

Tnenssuiad 2-9 Weduansendoadluasazarsonmsuds aulidntu dnld
nszdomanainuuin ¢ seud Sulladlfadn selfomsfu ndmndurnismizides
FusoullainunsouuLe ST HIUNSE LT 8Ra8n55135A1 q udmmnzEsanneld
gaunQil 25+2 psrwalfed AUULas 60+5 lulasluasensnuunsiedund mevaen
Wgooisaus (TLD 36W/84 3350 Im Philips Thailand) 1usian 16 Faluwsiotu Wussogim
60 U

3. NMSUUIINNANITNAADY

Anvilesdudnmsdudewvasomsmsides ndmeieiilusveznan 14 u
wazAnwnstud surestuduiialuems Suiudusionaiads vuanelaas mmqmﬁa
$nulueds anuniicluads anuenlueds wasdnusmneds ssezna 60 Su
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NaN15338
1. Msvwd suvasgdunidluomnanindes uaznissandinvasiusau
Wawunsou “wwasiisn”

e nsieliduna 14 Yu lugamndl 2542 ssauaaidea luinunis
Judeurenidogdunidluems Suhmsdresensouiilaiaunsou “weiiisn” luewns
ans MS fusmnarsmuaunisaiyivln mneidsadussezing 60 u ldwunis
Judeuresgdunidisluemsuarssmininsdesiusou duufusouiinnssendin 100
Woeddust Tunnnssuds (el 1)

A5199 1 WosiudnisuulaulasnssenTinuetuanillamunsaly “wassisn” MaaunIzaes
UUDINSNDY MS du5a3U Mrun1seniiorienssuisna 1

n5sus  wWesidudnisUuilen wWasidudanisUuilouvasdy  wWasiGudnig

Tuems Tuoms SRR
1 0.00 0.00 100
2 0.00 0.00 100
3 0.00 0.00 100
4 0.00 0.00 100
5 0.00 0.00 100
6 0.00 0.00 100
7 0.00 0.00 100
8 0.00 0.00 100
9 0.00 0.00 100

2. masiulnvasdudeuiilanunsou “1wasiisn”

MNN1INELA sesang eufilainuATan “11a9315n” UUDINIERT MS 7
UnAnansmusunsaiduluagiumsenidei 9 nsnids Wussezinm 60 fu nuh
maasivlnvesdugeufinnuuanaatuegedveddyniadfsenineanssudsidnwm
Fawanslumsnedi 2 Tnenssuisi 5 (Betadine® 1.0 fadansAedns) warnssuisd 7 (CLO,®
viauin 1.0 Winsiodng) Idnnusiusenageiian (3.40-3.60 fu) Fannningsdsi 1 vie
yamuAx (1.60 fu) luvazfingsndsdu q T9wiudusdenosening 1.20-2.20 fiu n3uis
i 2 (Haiter® 0.5 fadAnTsoANT) iMsvensvLIANe 41.04 TAANT LNNIIYAATUALDENS
fifuddyneada (34.34 fadwns) Teudeuiivasaydulalunssuizdu 4 dnisveievuin
Y9N98YIEIIng 18.18-31.82 fadluns uenanidmuiifuseuiinsdesuuemsiiti
nssidedenssdsd 2 fnsasydulamsdidugeitan Tasfoueneidelngjiian 41.04
fiadns mnunhauazeuenluede 12.29 way 23.92 fadwns mudiy Tuvariidusou
fmnugaiede 27.72 fadwns 1wty 7.50 Tu uazdiduiusin 8.70 ndene ddlaifiannu
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LANANALUN1ARRINNTIIATT 1 (yanauAn) Tiszdunnuidesiu 95 wWesidud dugoud
wsdssuuosTiHunsEdedenssniii 3-9 Snavilinisveneruinneuazaugs
anaaflalTouiisuiuyamunu lnoduseufivuianeinde 18.18-31.82 fladuns uas
ﬁmmguaﬁla 14.89-21.72 {aaLuns ehumsL’«J’%q;Lﬁ‘uimawﬁ’uéau‘l,ummiﬁmuﬂﬁszhL%a
#8 Physan20® 0.5-1.0 fiadansredns (350337 8 uar 9) wuinvzdnisadaivlnves
Fuseusinninyanua uifuseuidiasaveeavesneuaranuariulmild diu
nsiin ClLO,° wiauia 1.0 Windedns (n35u3sdt 7) Suwldusienisdudnisasyuossn
Taefid1uusn 4.20 indene FetfesnitegsiifddymsadfdlowIeuiiouiuynaiun
waznssToY 9 (7.20-9.90 Insiena)

A i 1 msasaiulavesillamunseu “weddisn” Mﬁﬁﬂ’]iLWWZLgﬂdUUQG\i@WMWiﬁGLL%Q
MS d15agy Arunsendens 9 n55u33 nsmnsdsadussesiia 60 Tu
aginde (n) Haiter® 0.5 Jadansnoans (1) Haiter® 1.0 dadansaodns (a)
Betadine® 0.5 fadansneans (1) Betadine® 1.0 1addnssnodns () CLO,® 1 win
medans (2) CLO,® 1 1Winredns (¥) Physan20® 0.5 1adansaoans (1) uay
Physan20® 1.0 fadansneans (a)
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< s a = PR g & as
N1919N 2 ﬂ'ﬁL%iQJJLG]UIG\‘U@QEJ@WWIﬁLﬂUﬂi@U Wwosasn” lusimsiniziaesdaUasaolu 9 nsuites1edne

N335 maasvlaade
IUIUAUAIND YUIAND GRGHER uuly aundlu awendlu dwdusn
(f) (Haduns) (Baduns) (Tw) (Haduns) (Haduns) (570)
1 1.60+1.58" 34.30+4.533° 28.29+5.78° 7.20+0.92° 9.48+2.49° 19.38+3.47°  9.90+2.47°
2 1.20+1.32° 41.04+3.66° 27.7242.52° 7.50+0.53° 12.29+1.62° 23.9243.09° 8.70+2.26°
3 2.20+1.87%° 31.82+£17.42%  21.72+1234°  6.10+3.25% 10.39+5.75% 19.84+7.42°  7.20+4.48%°
q 1.40£1.71° 18.18+10.47¢ 14.89+5.92° 5.20+2.30° 6.26+2.24° 11.46+4.33°  7.40+5.06™
5 3.60+1.84° 2233£3.98%  17.06+2.64°  6.10+0.88% 6.72+1.14 13.15+3.24%  8.60+2.07°
6 1.30+1.16° 30.44+£3.27°°  19.05£2.49°  6.50+0.53% 8.77+1.44" 16.86£2.63  9.00+2.98°
7 3.00+1.65° 25.82+3.48°%  21.12+3.66" 7.3020.67° 10.63+2.07° 15452292 4.20+3.19°
8 1.80+1.03° 25.02412.15 15594291  6.50+1.08% 5.56+1.46" 11.32+2.68°  9.90+4.63°
9 1.70£1.16° 18.64+3.64° 16.25+3.87°  6.00+0.82%° 5.98+1.00° 11.52+2.02° 8.50+2.22°
Ftest x x . . . « .
% C.V. 83.5 39.8 35.3 23.9 39.4 36.4 46.5

e - Anadgluredulifisaiiumedidnyinudmnguiniulamadfuanaaiuiissauannudedu 95 wWesidud
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mmiﬁ"’w‘ﬁqam MS ﬁmumi@ht,%a 9 ns5ud% ladnunsuideuveadeluaims
ndsansonsfisliifung 14 Yu fgumgd 252 psreadua uarhinunisd uiey
mamaumam‘lummiLLa“iv'mNmsmmaamaau edenndoatunITARBIvedTIBIN uay
Aty (2564) Tildnsneaaedld Haiter® waz Betadine® Wnasluomamneidsaieide
dmfumzdosilanunseu “mendnd” nuldiinisvudougdunisluems uasdu
Manunseuamisasaiulald e1aiiewnan Haiter® flarsoongnifiavaretuas
fnmandAdunats iansuandaveddinana uazazdanideseandiau (0,) Seilnnautd
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Figure 1 The specific activities (U/mg protein) of pepsin (a), trypsin (b), chymotrypsin (c)
and amylase (d) in giant freshwater prawns subjected to various dietary
replacements of protein from fish meal with mackerel condensate (MC). The
data are expressed as mean + SEM (n = 3). Different superscripts indicate
significant differences between groups (p < 0.05). CD, commercial diet.

Source: Wattanakul et al. (2017)
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