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Abstract

Sleep is a basic human activity and the natural process of humans that is essential for life. People of
all ages need sleep, but the duration of sleep varies at different stages of life. Nowadays, adults, who
are in the working age, face stress from various aspects, especially those who work in shifts, which
can cause insomnia or insufficient sleep. Good sleep quality helps stimulate the brain to function
effectively, impacting memory and learning, helps regulate emotions, energy metabolism, and immune
responses. Conversely, insufficient or poor-quality sleep will affect physical, mental, and social health.
In the short term, it causes emotional irritability, increasing the risk of workplace accidents and car
accidents. Chronic insufficient sleep is associated with an increased risk of death as well as the risk of
developing chronic non-communicable diseases including neurodegenerative disease. Quality sleep
depends not only on the duration of adequate sleep, but also on the continuity and depth of sleep.
This article will describe the importance of sleep quality, stage of sleep, sleep cycle, factors related
to sleep, effects of poor-quality sleep, sleep quality assessment, and sleep hygiene for using as a

guideline to promote health and increase quality of life.

Keywords: sleep quality, adulthood, sleep hygiene
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(National Sleep Foundation: NSF) TAtaiausauug
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MINTITUYIAVRIUY W uaLdn

FHUAMNMNTUBUVIAU (sleep quality) viinedia
anuaniienelavesyaaaluiyusing  fifeadesiu
Uszaun1salnsueunau lasarilaisesAlsenau 4
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fiswaziBonluusazsyey §al (Patel et al, 2024)
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TnelunilnsasTdinausyana 90-120 wnit Tunnswdu
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Wwinnewiaiieu 3.5 10-13
WnTeieu 6-13 9-11

g1y 14-17 8-10
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IRy 26-64 7-9

Heveny 65 Vijuly 7-8

Note. From “National Sleep Foundation’s Sleep Time Duration Recommendations: Methodology and
Results Summary,” by M. Hirshkowitz, K. Whiton, S. M. Albert, C. Alessi, O. Bruni, L. DonCarlos, L., and
A.P. Hillard, 2015, Sleep Health,1(1), p.41. Copyright 2025 by Elsevier B.V.

AN 1 LAAITLYTVDINITUBUNAU

Note. From Sleep and Affect: Assessment, Theory, and Clinical Implications (p.18), by M. Christopher,
K. Simon, M. Kerri and B. Delwyn, 2015, Copyright by Elsevier Academic Press Inc.
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Note. From “Sleep Cycle: What Happens When You Sleep,” by Medicine, 2020, https://www.medicinenet.

com/sleep cycle body brain/article.htm?ecd=mnl_spc 071219)
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a9 (Narongsaket et al., 2020)
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3.2 1@84 (sound) L@89923UNIUNT
\ihgszarveansueundy villiusuvdueinuagiiu
Fandnfidesnts desiivannnnda 45 wdiua avdana
Tin1susunauluszes NREM sleep 2oz N3 Lazns
uaunauluszyr REM sleep anas (WHO Regional
Office for Europe,2018)

3.3 gunqdl (temperature) aungil
yesdanndondzdmanszyulnenssegamniniely
$19n10 Tnsgamgiiviesiivanzauunnisuounduey
Tuse 15-19 sarnwaiBea guuniiviesiigendn 23.9
peAwaled azvilunisusurauluszey NREM sleep
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(Sleep Foundation, 2025)
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= ' = Y a a o8 v o
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UDUYNTUABIALDIM (MedicineNet, 2020)
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Fannin1suyUsuTau (circadian disruption) dswali
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NaUN® (Sleep Society of Thailand, 2025)
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1. nansgnunienusiene ludeglugjdinis
wounauludinanin vseusununuauliiie e 9z
danansznusiaszuuUszamaIunas viluseney
gounds wiloed raueunazivndulunounansiu
fnnzunnseddunisfuiuarnsuseuIanavesaues
(cognitive impairment) Usgansn1nn13vinauanas
finasonnusuaznisiinAndianas vasdu luandeiu
M3y wazidnngaviia nszdunszas 1esanndl
N5avaNvetans beta-amyloid Jadulusfiusianils
flavesadretu hlnAngiRimgainnisvham uazau
ﬁ%’uuawmaﬁmwmmmﬂﬁu (Gottesman et al., 2024)
wenanigmu fiuoutiosni 6 $alussiory illoma
desenisinlsaiilauasviaenidon lsannusulaiin
g lsAumnuiaglsnedu (Wu et al., 2024) uagds
HasaUsEAnSamuessruuiiduiuanas nsusulyl
ismenszduliinmdnefivonunntu uazluguds
nsvieuvendadenan vinliauainisalunis
Fumusedeuunfizonarhiadely tilugniaiaa
nssnLEuLazLiiuAUEsRanSAnde (Garbarino
et al,, 2021)

2. wansenud1udale n1sueundudladl
AN dssansenusodnlavivlusyerdunassves
o1 Tuszezduiliiionsusiudsuudasiie Tnssde
AUy Medn nsvdunsedie ludlaunSuasiinns
#naulafianain (Medic, Wille & Hemels, 2017) iile
Itammsusulindudusyevnaiuiu wuinilau

D

LR

FUNUSAUNITIANNIZINNAME (anxiety) Wazn1Iy

)

v

FLFA51 (depression) (Daulatabad et al., 2025)

3. nansnusudsen lunansenuiiseres
WININNANITENUFRTIINBLAZINTY viTbiliiaenidn
danu iudmegludiu iadgymuend 91nn1sAinm
TuSesnunmnsuouvduiilsid desasenisitigdsan
anad kagyibiduiusnmsenisyAnaludinuana
#he Bedluavilsinaunndinanas (Praharaj, Gupta &
Gaur, 2018)

N15UsUAMATNNITUBUNAY

N3UsEEuAMNAIMNNITUDUMAY IN15UsEIU

PANYLUU A9

1. WUUUsEiuAMN NS WUV UTRImnA TSN
(Thai-Pittsburgh Sleep Quality Index: TPSQI) 1Ju
wuvapuauliUszdun M N TUB UM T
9 U8 AZKUUTIN 0-21 AZLUY (1 lAATLLLITINNINNT
5 LaAn9IN ﬁﬂmmwmiuauma (Sitasuwan et al,,

2014) aunsauseiiusuveasulalle

2. ManTalndgenluns i (Polysomnography:
PsG) i uinIesofinaunaiunisnsianalevia
ddeiu Uszneudienisnsiaiandulni1aues
(Electroencephalography: EEG) nMstufinnsiadeulm
%aﬂﬂﬁﬁm‘ﬁagﬂm (Electrooculography: EOG) A3
UszdluanwaeMamelana NN sy uresnas
il (Electromyography: EMG) ieussiudnuaizuay
AMANYDINITUBUNGU TIUDIUTEIUTEAUANNEN
YoM susUnU FosvilaegiTervay (Kittivoravitkul,
2025)

3. wemRns Wl (ActiGraph) \Wuaunsaluunaiéin
awldiiteflonasn 24 Flus WinAenssunienis
wasulmegeraifieafieussiiunsueunduiivau
Faazmmradunisindenlisng o vauzndu Tngaunse
Yre7fadvo1nisinunAvesnisueunaula sauda
ﬂizl,ﬁuamumiaiuaul,t,azﬁu (Kittivoravitkul, 2025)

4. gunsasenailaganes (Wearable Technology)
Tuefmgunsainanil senuuuulfifiefinaunisesn
Mdnie ludagtuanuisaldindyyinuiiegiwes
519M8ld WU 9nsINIsiAuYesiila AnukUsUTIU
Y9995 NsAuYesiala nsulwivesianids uag
gaunil nmﬁu’qmmmiwsw%gamiuawé’u 12
ausnvollodansyy @8sauTU @unsnIend (smart
watch) ﬁﬂ’l@]ﬁiwz LAZLMIUDIATEE (smart rng)
Hudy gunsalmandanansodelfine uazsaluung
(Kittivoravitkul, 2025)
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1. duasunssyiulnwazd ouugudaud
Anvse AMUBUNAURLNUAMAIN ATUNNTLELUBINTS
wou lugasiivdudnvionduadn (NREM sz N3)
FATINITLNINATYHA 9 “Lui"mﬂflsjﬁ]zaeﬂuamwﬁwqm
srfimndssesluunisasyiuln (srowth hormone)
Faeldiinsesayivinveniiodeluetorvse o
L%aﬁﬂsx@ﬂuauﬁm%amLLmﬁmsLLmé"mm%u 1n19
Fapreilusiufivanni eusuaunaveseosluy
fnglunsasadvla wasfinisdouusuausng
gassumeiidnnselutisnarciu wu Wewde ndw
Lﬁauazﬂsz@ﬂ Wanswwangladulindundsnu
dieftagyieulutudaly (Xu et al,, 2020)

2. dussuaraudnauisarineulaegned
Usgdnisnin msuesunduiifiamnin Tnsanizai
nauan (NREM szag N3) 1audiAgmanssuiuns
L%'Elui (cognitive function) laA AI1UE1 (memory)
M1 (language) warmsdaifiuausiliduszuu e
w3samFousenisFeusadlue q yludanisiay
Suinduald dwalviiauSifiuantu auesaen
U39 vilianunsafndaszi snaulasazudlutdgm
1A9E198519a55A (Pholsiripathom & Triprateepsilp,
2023)

3. suauniauiy Tuvugiueunau lng
1aNW1ZY29 NREM sleep 58 N3 #391aUaN 5190189
I~ ) A aa = Y o Ay o
finsndslusiuniianufettesiussuuglauiuiuy
W (adaptive immunity) tiestediuienalsasiig 9
Heglvsruugiauiuanduaruundsulandaeuls lng
s1neazkanLazUansansialalal (cytokines) Faidu
TUsAunIgAIuANNIIBUANBIURITTUUTANT UMD
NSANBUALNTONIAUTILAANITATNENTNTEAUNT
dniaunazeliwadi (T-cells) vinsuladzulunisiv
) cada & o o '
AUKIARNFALTBLALN1AABDNINTINY (Besedovsky
et al,, 2019)

4. AUANDNTUAILaEIANISAUAIULATEA N3
usunduTifinainn Inelany 39 Uill (REM sleep)
fwdnwsivasaoUszamlviauga leeinmnzelsindy
(serotonin) waglanilu (dopamine) [Wuaisiaiily
$19me flunumdfaieatunisinuresateuay

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 19 atU? 3 Uszduiou Auengu-suau 2568

syuvUsEamiidenanonszuIunIAn NeRnsTuLae
915ual Tunumlunisevauensual daueanuse
anunsalfiviimne uazasnsndanisiuainuian
s 7 IeenaiiussanSnmunniu (Sleep Foundation,
2025)

guaundiglun1suaunau (sleep hygiene)

AV0UNTINITUBUVAU U8R kI UR
pyibiueunaulafuazlnun1mundu lnen1sinnis
NAN33 (behavior) Waz@winasy (environment)
Timingan ieunluteymneatumsueunauld vl
FUAMNNITINEY IRLAUAZAMAINTINATY TasuUa

& oA a ~ a A a

W 2 nau fie naAnssuiindsnanideduasnginssy
= a wua =~ =~ o &

A5U R Ineiiseazidendiall

1.WgANIIUNAIINENLAL S

1.1 MsuslnawSeshudifldunauves
B (caffeine) 1y 1 nuw thdmay m‘%'mﬁ'ugjﬁwé’a
Wudu nmsanwinu msustaaawlduvinliannan
AsuUndUIVILA 45 YTt anUsYaNBAINANSUeY
wiuSosar 7 Wuszeznatlunisiueusuiana
Sundu 9 urfl mswanidesnisuslananadu (100
fiadn3u) Aeudsnatusustatios 8 49lua (Gardiner
et al,, 2023)

1.2 pshuadeshiuueanases W
3711085 1d msmanideanisuneuuey d-6 $alug
fiquinseduszuuUszamBunimin (sympathetic)
Fliiladuga fudes weulundu a1nnsine
994 Gardiner et al. (2025) Wu31 N15hULEANDERE
TudSuu 5 wAUIRIFIUINARDLIAINITUDUNAY
Wovue Usgansaimnnsusundunasnsundsann
UDUNSULA

1.3 A3gUYME MITUaNIABINTTEY
yminouusu 4-6 Hlus mszyvdilansiilafuesn
audlunisnseduansdliiud viliuusssuniu
N1TUBUNAY daNa bR NLAZUSUIUNITUBUNEY
anad (Narongsaket et al., 2020)




1.4 spltgunsainaluladnisdoans
wu nsdnsidlete wivlanuazmeuiawes neutueu
otatien 30 Wi inszgUnsnianiiiiuasdil (blue
light) F9lUsUNMUNTEUIUNITUDUNEY denaradems
nsnduiu vlwueunduldifieane (Chinvararak et
al,, 2018)

1.5 MSUANLaganN1sSuUsENIUDIMIS

€

alrgAounallIueueg Loy 3 9lNg Lavannis

Aun TuUsuaunnudsevisiewdu wsizasvinle

b 22D

Yandaanzlunaina1sdy dmasean1snaunolilod
(de Gans et al., 2025)

1.6 AISEANAYINITOBNNNAINYRLN
ADULIANNUBY DYDY 4 TN LABDNAIAINTY
1 G = = v dy [~4 U
w1 9 1w leag Wsen1sdamdeanduiile usu

1.7 imsusunausenineduiu 30
Ui InsEnsusunas TuazdsHareanAN T ULAY
AMsMEU wennididwanonisndulusyeysing 9
WU srezndudnanas WszeznanlunsSumduunu
Fu v vuounduennuarsumunsusundUsoLed
(Sleep Foundation, 2025)

2. woAnssufinIsURUR
2.1 NMITINUNUNITUDUNAY 218
Ts1sneueunaulaiiissne Tngnisnvuaaidl
uaukaznauueuliaiianerslutungauas fu
vy nanfiuuzihliidueulinsiu 4 vuves
wiazAu Wioweunduldegrafisanefiuas 7-9 4alus
(Balachandran, 2025)

22 UftRRTImsmsueuvduiathiaue
lngn1svifainsneuuaumlowau NI W n1s
wUseilu nMsanugaueu Wusiy Wolunisdsdyaa
THNUELDILAZIINNIEIAIIANTIUOULED AFTLDS

UDUNDUNIIAUBU 30 W1

2.3 miseeniidenivaiinianesgiq
Yosduarias 3 a%e adtay 30 undl ms1znnsen
f&snetefiun1snanansiounasiy (endorphin)
wardreUSuaNnaregesluy YreanauAwATen
0I5 NNNYUALDITUN AIHARADNITUDUNAU LAAIT

29NANAINYUININNA NI TUBUBEIUBY 2 TILUd
(Alnawwar et al., 2023)

2.4 wereulwsenesunasuanli
iigswelumouidnedisifos 30 uifiyniu 1iesann
wasuantdusaruaNuN RN TIndid Ay AsURUR
Ansefuetnetes 4 §Uaii axtaeliudulanTy

2.5 Sndwndouiioasrsussernely
viesuaulimuzan asReuliiidssdssuniu oamgl
luienisegsening 15-19 seAnwalgua iesuau
asileain msUalndildsndu etestulaliuas
sunaunsndsasaindu Adusvasliusundu
a“ﬁu (Narongsak et al, 2020)

2.6 Vianssufitierounaness Ny
fouUBY 1U MI9TUTIgY N13IANS NTERLUd
MMIOUNINED N1staulupziing wazn1THanasdIvg
w1 9 lwsenendeansidunasiiu (endorphin)
Fudugesluumusssurifigraussinieinislin
anALAIEn uazUSuonsualliaty sauludennsly
ﬁﬂﬁwamzmamﬂmnuma%axﬁw’tﬁﬁﬁmauﬂma
wazahslimsueunduaustu maduungu 9 avhli
Ane1n13drsuazueunduldiatu esenilans
woansulnuwu (-tryptophan) ﬁﬂizﬁumwé’wm
a13%15Inilu (serotonin) vinlwdnseuaasuaz ey
wiuldineTu (Barhum, 2024)

2.7 fdusuuarusulindunigly
Va1 15-30 Wi limsiuneusie iwszagyiliie
Msfina msgnaniiueu lvhAvnssudy wu aamsus
thand eruntde Wudu waznduuuewileddn

9394V

2 8 Wiluivuissuoulidmiuuou
wdunaznsiimeaduiugingy ldaaslddueunde
vosupuvinAanssudu etestunisBoudidenles
ﬁ’uﬁuauﬁums?‘iuuauLLazmmiﬁﬂmmuﬂsmwLﬁa
wauldunau siliueunauliain (Baglioni, 2020)
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Abstract

The aviation industry plays a crucial role in driving the global economy but currently faces environmental

challenges from greenhouse gas emissions. This article presents an analysis of aerodynamic development in

the aviation industry, focusing on the study of aerodynamic efficiency improvements to reduce environmental

impact. The analysis results indicate that aerodynamic technology has positive effects on enhancing

flight efficiency and reducing environmental impact, serving as a key driver for the aviation industry

to achieve Net Zero Emissions targets by 2050.

Keyword: aerodynamics, sustainable aviation, flight efficiency, environmental impact
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U a.f. msusiay CO, Youazilaiiioy RUELNG WA 981989
(@usiunsn)  nul e, 2019
2018 918 99.8 2.4% maamiﬂa'ala CO, 31 Graver, Zhang & Rutherford,
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RRRD
2019 920 100 seRvgsannouladn-19 Overton, 2022
2020 495 - 600 50 - 65 NANSENUANNLAIA-19 Graver, Rutherford & Zheng,
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2021 650 - 700 70 -76 L'%Im'ﬁu(?fil International Energy Agency
[IEA], 2023; Ukpanah, 2024
2022 800 - 850 87 - 92 fugrewles International Energy Agency
[IEA], 2023
2023 900 - 950 98 - 103 \WNaundugnnizuni International Energy Agency

[IEA], 2023

International Energy Agency
[IEA], 2023
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Note. From “Principles of flying,” by Thaitechniques.com, n.d. (https://www.thaitechnics.com/fly/
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A 4 NMaUTEUTBUNITATNLSIBNURLATEITULUY Airbus 380 tag Blended Wing-Body

Note. From “Advanced lightweight aircraft design configurations for green operations,” by M. Marino

and R. Sabatini, 2014, Conference: Practical Responses to Climate Change (PRCC) 2014. Engineers

Australia Convention 2014 At: Melbourne, Australia. Copyright 2014 by Engineers Australia

Compliant mechanism rib

Anisotropic shell
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Primary wing structure

Hinged flap

Lateral displacement zone. Sealed

Note. From “Aerodynamic design of a morphing wing sailplane,” by J. Achleitner, K. Rohde-Brandenburger,

P. Rogalla von Bieberstein, F. Sturm and M. Hornung, 2019, https://doi.org/10.2514/6.2019-2816
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N13AN®1Y8 Bilyaz and Percin (2024) WU 530U
BLI anansausendandsnuldusyana 15% dieifiey
fuszuuaaiy osannisthenniaein boundary
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layer Fafruidasninasinielaeseu uldlunis
a¥1ausetu §93 90l hedeseuddeddndinuton
aslunsissenieingseuy daaliinsldidemas
anauavinUszansnmnistuledouresenimenu
uaﬂmﬂ‘ﬁ Lengyel-Kampmann, Charroin and Meyer
(2024) Fanudn BLI @nunsaifinuszansninnisdu
\PEau fiawaiﬁammﬂi’ﬁ%aLwéaLLazU%’wqqamsaus
Tnesu8901MABIY YenanTianisAnwInIs BLI
TWlifuenmeeuiinnsesniuu Blended Wing-Body:
BWB §erefisadesnnlunisasaen tiesain
aunsamuauLsatuliegawiuglaglidndudes
Uumuisasevvedluie derasanninuliuiusy
3EMIN9N1589990A (Yu, Tao & Tang, 2024)

walulad Distributed Electric Propulsion
- DEP nilslumaluladfilgsunisWamniionauaues
AT TevEE DEP fie syuuiuindeudilduewnes
lfhawadnuaneda Aakanszaiseganilaseaiing
Y990 ALY Wy Tnnsedd Fuwneanadesdy
A Ranesessuduunaluaidieddis ssuu
DEP freifintszansninaesorniaerulumansdu
Buannstiiuussen (if) Tnglamzdadiaduuazas
900 eanunsaliusingnisal “Blown Wing” fiussay
nluiatedfiunsinadeuvesenniemiieUn vil
winsduanansaituuudundiduatldedsaonsde
(Nagel, 2025) LaYAINITOARNANTENUADAINE B
Tneamyegaduileldsufuunamdsnuazenn wu
WE LA TIngvSawummed i 9Adelunsans
Sustainability 57647431 81nAeuTlE DEP $aufu
szuutupdoundsulniiaunsaannisuaesfing
msuaulasenlyd (CO) uazlulasiausenlysd (NO)
TangnsiitdedAty (Zhang, Roumeliotis & Zolotas,
2022)

nansENUAadwIndaunazuszansainnisdu
nsmumelulagermanaranslulagiu
Wldsmansenuduuan dufe msfinussansam
srunsdunazanuansznusedundon Tagaiuse
Sruunnansenuitddnle 3 fuvdn feil

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 19 atU? 3 Uszduiou Auengu-suau 2568

1. AMFannIsitiamas Warnwaadunileluy

v -

FunuitdAguesenamnssunistu wazilutadendn
fidmasenisuaseisdeunszan mswawmelulad
omAnaranitreannislditemnased ediveddy
PMNRANISAN®I98Y Wen (2024) lanantanalulad
A1598NWUU Laminar Flow Control tdumnaluladil
ddnlunstuadelml unsussgnduunAniiugiu
\Aerfunsmuaunsivavesormauuidnedesiy
ImLwﬂiuiaﬁﬁﬁwaﬂuimams@mmmmmglﬁﬂ 5 UU
AUn WieSnwdnvagnisivauuuaifung (Laminar
Flow) Fadunislnadideunasiiszidou wnunislva
wuuilutau (turbulent flow) flad1auseinuunnnda
HASWSTLAFeN15anUSIEIULUY Viscous Drag lads
60% LazaNNINARKIIFNUTIITBLATDTULARY 30%
defithaulaveavelulad LFC Ao ldifisusviean
WU ui e Sneuaziinuseanianaeuseen
Snéne mslwawuuanfiundusnaduvey (boundary
layer) gaglinsluavesenniamileUniiadiosnin
Wt dmaliannsadneussenlilganianisive
wuudutau wenand leusiduanas w3oseud
Fedeamdnussiuosaniiodnuanudinisdu &
dawalnenssonsusndadomas uenann szuy
FuiAdounuU Boundary Layer Ingesting: BLI §3%938
Usgndanasaulauszunm 15% (Bilyaz & Percin,
2024)

2. MIaANISUaREAYITDUNTZAN NISWAIUN
sruutuLAfeusazyszaniaimnisldngdsauly
o1meguasielvsiyafunisuaunanumeluladdiviu
a3 1wU S2UU Boundary Layer Ingestion: BLI Ju
wilsluuTanssuiilanay Tnefinisvieuniunisi
mmmwn%y'u Boundary Layer n15An®1984 Bilyaz
and Percin (2024) wu11 syuuiianunsaUseuda
wduld 15% WawSeuiieuiussuuduindeuwuy
Fudndanalinislydomaanauaznisuaosfing
asueulaoonladanamulusie ldifloeusivindy
s¥Uu BLI favapannisudesuafivluguuuudy o wu
lulnsiausenluduareyniawai Fsiinansynulnenss
ABAMATNEINALALEUNINYDINYYE wonaNd M3




Anw1v94 Lengyel-Kampmann et al. (2024) §anwuin
UV BLI 9reUsuUgeaussauslngsinveseIni Ay
wazifintadosninlunisasen aaziieafussuy
Distributed Electric Propulsion: DEP lauUj3fuwiAn
Astupdeueinisenusienislduamesluivun
dnvanesiinszanedimulasadevenaiosdu wiu
msfiannedessuduualnaifiosliis n1sdnwves
Zhang et al. (2022) wuin DEP saufussuuduiaiou
nasnulihaunsnannisuaeeigaisueulaeenlyn
wazlulnsauoenlesldedeiivoddn maluladill
\igaraeifiuUszansannnsadnaussenlutaeiedu
Larasden s?iaLi‘luszmﬁm%‘éaﬁuﬂdamaﬂwmﬁqm
undalalonalildnasauason Wy WaIUuEs
oinduazuunao3lniln fafl Nagel (2025) 3y
31 waluladigaelhiedosduanunsadtuuniundi
duasldethsasnde dothunldsiufuumramdny
d¥81n S¥UU DEP @1unsnannisuassnigisounsgan
ooy 100% Tuuredaenisdu

3. nsifinUsEaniaannistu n1swau
rnAnaransusniuileann sWa U wagdigay
WinausIauzveIeInIAsIuLaZiUSZANEAIMANS
Juuntu 91nn3AnwIves Dong and Arief (2025)
wmelulad Morphing Wing welulafilanunsaiiia
MINEIULTIUNABLIIAY (Lift-to-Drag Ratio) 1e 25%
vilidfinanuaunsalunsmuauia 40% uagnis
WauszuutuimAaunu Hybrid-Electric Propulsion
Frefinuszaniamnisdulaenisiiindnsidiuunss
pnmaussdu (lift-to-drag ratio) wazAduussans
useen (lft coefficient) wmalulaganiilaiutioan
deossuniunazuaiie deraelunisannisuaesfing
asuaulneanleduazussimansznusedwIndey
lugnamnssun1sTu (Shi, Zhou & Wu, 2021)

uanienwauinaluladeiniAnadians
MsasNEnunsHieawnadon (altemative fuels)
19U Sustainable Aviation Fuel: SAF L%@Lwaqlaimmu
LLax’WUUﬁwm%uﬁjﬂ (Advanced Navigation Systems)

fI‘UV]U’W]ﬁ’]ﬁiyl‘lJﬂﬂiaﬂNaﬂi%WU‘U@ﬁE}ﬁ]ﬁ’]ﬁﬂiﬁMﬂﬂi

Jusiedawindou (Budd & Budd, 2013) n1sWaluiias
ysanmawelulaBwaiandunauaddelunsil
Qmaﬂwﬂiiuﬂﬂiﬁuﬁﬂalﬂé “Net Zero Emissions”
nelud a.a. 2050 wagiunddglunisadeeuan
fifafudmsunsvudimisenia

v o o v '

wwaliuuazdasdaniswmuiananasansiiie

nsudidediu
AsRLIBINIANaansIien1sTuidebu

Judeafiddglunisannisldndanuuaznisuaes

A a

feSeunsyanvesgaamnssunstu nilddunwiliy

v A

dAyAansITILLIAN NTPRNLUURANYEIVIIVILUY
Y3041n19 (Multidisciplinary Design Optimization:
MDO) wiowinuszaninmvaaniosdulunatsdu
sudsernianamans Tassadrnaiesdy szuudu
WwADU Laz2995Tinvenadesdy Feazaasannis
londsunaznisuaseuaniylaeg1efiuss@nsnan
Tnslanizegedtuindosduiildndsmulniuas
lalasiau (Pustina, Blandino, Ciottoli & Mastroddi,
2023) WUINHAILNTAYIVAAUTIRIUBINALAE
dWinUszansnmuesszuudundou ogrelsiniunis
Waunsduiidsusdundyiutedifaiieades
AueniAnadians laglanizniseaniuudnuay
UszanSnmenianadians Wudniededfayiivae
WinUszansnmaenaiesdy SRsdIuLsEnsounss
#1u (lift-to-drag ratio) Inaseaussauzeuaiosdy
9819170 91UIFBVDI Luo (2024) wuI1 NACA 4412
Wuneswovdfigrsanussdunaziindszadniam
n1s0uled Tuvasfl NACA 0012 faeliia3osdud
LfEININNIDINIANAAIERS LT IIAIINEIET Wen
wilaninisiasuriumsididemanuusniuly
dnsldidenaslelasiau osnnlalasiauian
AULUUNE 1A DUSINASAIN T DLW U US LR
nsldlalasauluguiuuuiaonaifiuusediuiondn
67% Wialfisuiuidenaaily (Zhang, Lee & Qiao,
2023) lurneiidemdornasumuiou (RIF) 7
Uszaudgmdnuanuddulusivesanundenldves
n§nens (Chong & Ng, 2023)
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wdiAuAInElunsWaunalulagennie
waransuaznsidemamadentasdaaiunisou
figadu undsdidedfaiiddyieiudunulasadng
fugu amumunuresTagumiinin uasdedifindu
wdsau iielinisivasusildgmsdudilindsay
azomdullegnelivszdnsnm uleuieatiuayuuas
Iﬂiﬂa%’wﬁugmﬁmmsam autfunauaddglunis
HaNAUgRaIMNIIUN13TLLUG “Net Zero Emissions”
aelul aa. 2050 Fetfuaudaniiossaing gua
gnaMNIIUNITUUY wagmiieuduAsnaden W
desnduiielinsvmunnaluladerntanamians
anunsouldegsunsnatsuasdsdulueuian

G

U4 4 usafinserheeweestu Tiud ussen (Uf)
WS9AU (drag) WseTU (thrust) tazusalunnig (weight)
Huiluguddyetememnarans Sausananiidesd
amnuannaiielieSesiuainsnduldoendussavsnm
wardirivaensty nsvhaoudlaReatunseied W

Y

ussentnelviniseanuuutnuenasesduliiiussavsam
qﬂqmﬁaamLméhuIummsﬁﬂWiﬁGNUWLﬂ%iaaauﬁLLas:iw‘u
Fuimdouainsatieiiuusuiieannsindanunay
Wowmas wmeluladduenianaransfivuasie Taun
nM150aNKUVUNLUU Blended Wing-Body: BWB n15la
Sanuhwiinun uagszuudundeulii funuimddy
TunsaaNansENUABALNAoukaziUsEaNS M
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luss1u Wimosa pudica L) Wudtwvissiudinuldvluludsemelne fasswamsine 9 u1nanglusiisns
wimdusnmonazdagtunandneitigiigunuuwiuduifouetnann fnquszasd: iilewamnmiuainaisanin
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(maceration) loyueas5% unan 7 u Meedesszivenuumu nageugmslunsiuoyyadaszuems
afin $ne3s DPPH thansiamnifuisiu 3 gns naaeunnuasihluanzigs 7 S0u figaumgil 5 uay 45 ssmigaldea
neaeunuUaenfelngnismeaaeumsszaeidoswofmililuenaaiing uasdnwduaruguiuvesimdly
onanaiassuIL 50 Au LAY 25 AU wazmAN 25 AU 81832V 20 - 25 T FBLA3ed Comeometer
rounazndsly 28 Ju vesnislindadusieiuiigeimianasadaluluesu adanldlunsfudoya Taun
Yovazaads drulosuuninigiu A P-value MInageUadA paired-sample t Test LAENANITANY: A5
afnanlussuilgvdlunisiuoyyadase Tnede EC,, winfiu 30.3140.06 pg/mL @15u1m5gu BHT e
EC, Wiy 16.36+0.05 pe/ml NANINAFDUANASTAINUINETY gas 3 TFmdedla armidunsa-rslifing
Wasuuasesnaditfodrdy ieiwdulaifinsusndu uasnuimdsnstindndusiagduthsfion ges 3 szesnm
28 Yu fenadsanuguiuegil 46.52+11.51 P<.05 agl: wiuanansadaluluesiu gasd 3 Sarwnsianig
nenmuazad wasdnanislieuruiuiiian Ssanunsni U iaunsesendundnfusifiothssfialdsely
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Abstract

Mimosa (Mimosa pudiica L.)is a local plant found throughout Thailand. It has many properties in traditional Thai
medical textbooks, and currently, serum skin care products are very popular. Objective: To develop a
serum from Mimosa pudica L. leaf extract and study its effectiveness on skin moisture. Method: The
active compounds from Mimosa pudica were extracted with 85% ethanol for 7 days using a rotary
evaporator. The antioxidant activity of the extract was measured using the DPPH method. Three serum
formulas were developed and tested for stability in 7 accelerated conditions at 5 and 45 degrees
Celsius. Safety was evaluated, and skin moisture levels were measured using a Corneometer before
and after 28 days of using the facial serum product from Mimosa pudica L. leaf extract. The statistics
used for data collection included percentage, mean, standard deviation, P-value, and statistical test.
Paired-sample t Test and Results: The extract of Mimosa pudica has antioxidant activity with an EC_|
value of 30.31+0.06 pg/mL. The standard BHT has an EC,, value of 16.36+0.05 pg/ml. The stability test
result indicated that Serum Formula 3 is a clear yellow color. The acidity-alkalinity did not change
significantly. The serum texture did not separate. After using the facial serum formula 3 for 28 days,
the average moisture value was 46.52+11.51, with a significance level of P<.05. Conclusion: Serum
containing Mimosa pudica extract formula 3 has physical and chemical stability, with the best moisturizing

effect. It can be further developed into skin care products.

Keywords: mimosa, skincare serum, safety tests
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Tuesurisensefiuyen MmNy Funys)
nendu (nald) AU (UATASEIINTIY) T8dU (1A
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w31, aenduauann 1§y ndudsadninnuszao
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a13UsEnavdmlugnuansngy Glycosides Flavonoids
Tannins Saponins phenolic way Alkaloids WHudu
1awdl Mimosine Norepinephrine tag Glycoside
Mimoside (Azmi et al.,, 2011) waga1ANISANEI
lues1u (Mimosa) flgnsdunissniauvesansarn
wovueavedluluesugnaTIadeuTivuIa 200 uaz
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Fokifudn ansadmanluluesiuiivssavsamlusyes
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fiquaunsdniavtativayunisldayulnsiutiu
Y93 (Zhang et al., 2011) wenandiainsAn
nMInedeudianaiifdiunauvesansadaluesiuly
MsvedouAaensitiioi (Shakeel ljaz et al., 2019)
FannsfnuifefiiuandianisAnyvneeadn
WAenduanutasadelunislidansatanluesuly
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M IngaesAgaugium Julsurglumsdauasy
AW eeAY ANEHITHAINAIVIIYINITUINNE
wnulneUszgnd Fudunuanudidguemansnis
wnnSunulng Aldluesudueslunsiidadnuilsa
N3901N1TAN 9 LABLanizlsn/ 91NN IRINRTS 398
auUszasinviniselaensfinwnswaunde
fusiwsuanansataluesuiifiinuasafedmiu
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afatuluesu
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NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

2. WisWaHan s kasagauaulasnsiy
wiuannansanaluluesivlueanadasund

3. WenAdaUANNYNIUYDIRIMTIYTUIIN
ansanatuluesuvesiimisluenaiadnsun

AUYAFIUNITINY

Tulussiiqrdiueyyadasy wiiiildusea
yosansadalulussuiinnudasnds uagwsudiildiu
wauvesansatalulues v iuaanugu iUl
Havilalueanadasund

A5a10UN1578
1. NSHSEURBg1kazn1sana tuluesiu

Ausegdlussivandiui 2.AYNTAIATIY
Fadenamnzanlu thindevhauazens mnluiisili
wits wénhlueusielugouiionmgil 50 ssmwaioa
unan 48 Falus dilvumdune Yansluesiudimn
402 nsu T nsuanameloanaged 85% ons1aiu
1:1 (lngU3anns) Wunan 7 5u fgumgiivies (s
ALYNIY) idlensusmumnilunsesuendiutiuaznn
2ONFIINTTAIENTEY Whatman LUas 1 ualians
afafilduissimedivinazatveenlngldiniesszine
afyInTALuUnY Y (rotary evaporator) ﬁqmwgﬁ
40 eemwaduaiiiosnwiesrusznau (Nourhan M.
Abd El-Aziz, Taha Mehany & Mohamed G. Shehata,
2024)

iliuiesnenisilueuludeuniaamgi 40
DIANYATYE IUNINFITANANYIVILHI WA IUNET
v A v a v & A Y a 2 o
annnwrsnwatnuBilurialneldatniagiiusnw
Liludidiu 20 osrwadea wazA1uIn % Yield any
gnsAwI fail

SevazvasUTunadseanngms (%Yield) = [USnadearinils
(MSUY/UmtnARUIBIRIBEsIANe (NSL)] x 100 (1)
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2. MINadaugNsA1ueyYadase lae3s DPPH

radicals scavenging assay

MIIATIEAgNSNIIA UYL AdaTEe 1873
2,2-Diphenyl-1-Picrylhydrazyl Radical Scavenging
Capacity (DPPH) (Thaipong K. et al., 2006) lag/ldf
asfnuauTRduoyyadasrdnduasdaaszid

a1 =

aglusUanyadasyineiiuasildiag We DPPH v
Ufsendvansdueandindunasaieniueniues
agviliada9919asaududivdos (Thamwiriyasati

et al,, 2022)
MIMsBNENTAYay DPPH AMUKLTU 0.05 mM

- 43 DPPH 2.4 mg Tdaslu volumetric flask
U1 100 ml e ueawg1 b muny wagusu
USU95UDITANAIAUA

- WENENIATANENINIFIU BHT 5 Anududu
(1.25-20 pg/ml)

- WSENANTANAIESIU 5 AN (62.5 - 500
ug/mL)

3. 1131599 IAANENTAYDIEITUINGIFIU WAZES
afnayulng

- U IaYaNENINTIU UazaTazaEaNTarn
ayulns adlu 96 well plate F1wau 100 llasdns (L)

- LAdasazane DPPH radical aslunguni
A150MIZIN wavansavangansainayulng 31
100 lulmsdns (uU)

v v
U a

- wen i nuaana luniia 30 w1

YR = % d' .
- jﬂﬂqﬂqﬁﬂﬂﬂauu’ﬁﬂﬂjﬁwﬂﬁaq UV-vis

spectrophotometer 1AM 1AAY 517 Wilulns (nm)
- YINANSNARBY 3 Y1 LAIUIALRAY
- theganduuasiInlesnAIn % inhibition
NFUNT

% Inhibition = [(Control OD-Sample OD)/ (Control OD)]
x 100 (2)

e Control OD A8 AANGULAIUEY DPPH Uag

v

Wharanenly

Sample OD f® A1QANGULAIVBIATSNATIHAY
flu DPPH

PMNUULANAABI89 % Inhibition Tuunay
anaduduldmer EC_ Ineldlusunsy GraphPad

Prism

4. MSHAUNEATIUIN 3 gas

AIUAIT 11@8@@31’7{ 1 %Lﬂuqmﬁug’m%a
geluilaansdfeynseansana active ingredients asly
Fafldnuuszneuiiugiu il Phenoxyethanol (ansiiuide
fiuaonsiega) Aloe Vera Extract (@nsann1ssniauiaz
s¥A8LF09) Xanthan Gum (asifisiarmila) Sodium
Hyaluronate (WAdgmanulaiiafiosvosnsasiludn)
Water Preserved by Phenoxyethanol 0.8% (ﬁ’lﬂé{'u
nauasniuLds) Niacinamide(d3) Polyglycerin-10
(asWirrnuiiny) Glycereth-26 (theSuilogms) Acetyl
Glucosamine (NSAUEIESIN Hyaluronic Acid) Witch
Hazel plus Allantoin (aAN1335sAELABY) Galactomyces
Ferment Filtrate (ﬂﬂjdLLasﬁuﬂﬁﬂﬂwﬁ?) Tocopheryl
Acetate (UnUaseuyadasy) Water (thndw) wazlugns
71 2 way 3 winansddrioansatnatlusngdu
Souaz 2.5 hag 2 AIUAIAU

Fnswieuwsu Tag Xanthan Gurn Tazane
v Polyglycerin-10 u&urlunaniu Tocopheryl
Acetate Water-Soluble uaaWnld Niacinamide
Acetyl Glucosamine Phenoxyethanol luazananu
Water uainly 1 Water findoduldniudou
9aunQH 40 BIAYAITYA Aloe Vera Extract Sodium
Hyaluronate Water Preserved by Phenoxyethanol
0.8% Glycereth-26 vdwnntiudes 9 Wiy ehufhinlzasly
udsugamgdliisiint 40 ssrnwaidea udaaniy
F9Au Witch Hazel plus Allantoin Galactomyces
Ferment Filtrate agléuwsugnaiiu lugnsf 2 uay
gnsit 3 azldansadaluouludnsdiuny
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5. ANSNAFIUAINNAIAININIBAINLAZNINLAL d2lue Juidu 1 seu aduiuuilluSes q auasu 7
1% ) a | <) 1 ¥

e UALAaseAn It pnsisy 70U LLa’J‘L!’IJJ’l‘UiuL@Juﬂ’lﬂ’ﬂui‘UUﬂiﬂ—ﬂN pH Taeld

pH meter gatnaakazn1skenay (Estanqueiro et al.,

2014)

AggaunQil (heating-cooling cycle) lagnaiumns 3
ans ldlugdeunioamadl 45 esmwadoa \Junan 24
1Y) Y o Vv o2 A a =~

ke wdhwnlddidungumgll 4 esmwaldea 24

f1319 1

UFAITIgaLBEAYITINYTENOUNITYIINANA TGS 3 §AT

dsuazdaudsznau gasil 1 (dr3uily) gasi 2 Vs gasi 3 Vs
Usuas (Fowaz) (Foway) (Fowaz)

asanalugsu - 2.5 2

Phenoxyethanol 0.5 0.5 0.5

Aloe Vera Extract 1 1 1

Xanthan Gum 1 1 1

Sodium Hyaluronate, 2 2 2

Water Preserved by
Phenoxyethanol 0.8%

Niacinamide 1 1 1
Polyglycerin-10 2 2 2
Glycereth-26 4 4 4
Acetyl Glucosamine 2 2 2
Witch Hazel plus Allantoin 1 1 1
Galactomyces Ferment 3 3 3
Filtrate

Tocopheryl Acetate 1 1 1
Water 81.5 79 79.5
394 100 100 100
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6. NSNAFDUANUUADANYAUNIT IBRNANN UaNYTY
na1sanalugsIuniedld skin patch test

Toranadasniesy gas 1 uag 3 Tudiunu
1 n$u/gns Meauruvesenaasinggunmd (Fagns
7 2 gdliifimuncdn) $1uau 6 Ay vuuTiR 5x4
As1auRLns HelilRut g dauusnaiingae
ihRevuaznanawme Judafuih Wussovia 48 $alu
Tneliidesdnsenn uwdrussifiunanisui Fudunis
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1RgRTUIRULNUIINITRITUIAIIUTEALAB VD
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nszanednies 1 = Randaues 2 = Avdaunsdaiau
fufuomsuistheesiiuasivielifigeh way
3:§’mﬁfaLLmquLms"mﬁummimuﬁwquuiaLLazﬁ
violaifigad (vens S. et al., (2007)

7. M3ANYIUTLANINAAIUAMUYNYVUVDIH NS

M SuRvieauay Usunm 0.25 nfusiogns Tu
fufifandanun 3x3 wuns Yuas 2 ada Aaderu
14 Yu lusanainsguamadiuau 50 au ldumene
25 AU LAgINANY 25 AW 91858139 20-25 U Tn
mmﬁu%uﬂmﬁqdauuawé’qmLGU%"M Tuseninens
naasdlioyynlieraradasldiaiosdronsnude
UShauiinaaou wazuszillunanisvnaoufioinied
n19inAauTuTuRn v3e Corneometer (Probe
Corneometer) cm825 (Courage & Khazaka, 1997)

nMsiausinmauuturesiisilldngn
n1sAuaInnsalsealui laednAiaanuglniives
HantauTnvisawry dneluanigaamgiivies 20
psrwaifua uazAATURIIMS Sovay 40 TuRa
WY 755500 wagiay Ae <35 35-50 uaz >50
mudsu IensTaldnatlunisiadu Woan 13w

v
o

ABNNTIA 1 ASY MAINUUIAYINRINTIUS LAY

v
a o o

TAYUSLELNIAIMENY 5 U9 YIN919UASU 3 ASY
(Vararungzarit A. et al., 2020)

sUnuuMsAnE

nsfnwinsalidun1sidenmeass (quasi-
experimental research) 5UkUuN13N15ANYIAY
Taranouwarna §in3iun1snaass 31U 50 AY

Usgrnsuazngunaegng

Uszmnsfllilunsisendsd fo indnwuas
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g 1 781 A
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1PIB1EaNLUULANIZLA1Z9 (purposive sampling)
17U 50 AU lngivunauEudRnquAIag19Rse
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NUTINITANEINNFUAIDES
NATINITAAGRENNALAIRE13IUNSAN Y
1. oranalnsnTmlasinsaeaNalasla
wazasudluenansduseslaglasunisuennaieeng
e

2. Uudfgunmudeuse Lufilsausgane lud
lsaunsngouanizlsanineaiumafumelagiuuu
fadiianivegluseduunalidiiy 23.00

IS I

3. Adyy1aTnet

v Y

zhosdlAnnnuAulainiIuuesnI 140 Jaduns

TusgauUn® oranddms

U599 hagAIMNUAULaARA1E19 Uaen3 90 Nadlums
U597 9A51N15:AUVDIILRTIANTENIN9 60-100 AT/
Y19 warensINIsmelatia1sening 16-20 AT/ U9

NIINISARLABNNGNADE1908N
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U UNDUTE LY
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WAERN
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NAUIINITNBUBENFNIATEBNAINNTTINE (Withdrawal/
discontinuation criteria)

1. NaNFA79819U8NRUAIBENANINANTITY

nsvingansnguiaagng

ATedldrunsfusesinamgnssunis
9385530 W TuNYYd I INedes1vAgaIuaTum
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Tidaauladnsmnsidelaedase edlanansnneusi
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wardsdoanIuneIUIasely

\n3asfiefildlunisive
1 1pSesvndeunvisiueyyadasy 105 DPPH
radicals scavenging assay
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3 1A384 pH meter
4 puiIne S
5 wuuUszdiudldlunisfinw
5.1 WUUABUNUTBYAFUA N
5.2 WUUTUNINNANIINAEDY

FUABUNITANE

fAdelduugin Fuastngusrasduaanis
Anwn FunUNISANYITTIYIANBINISANYY D3U"Y
Tngldionanstuasuugindoyauaslvinguiiosis
LERIANLBUEDL WasAITUNSANLTURBUNSTNNS
NABDY mnﬁ?u;ﬁ%’aLﬁUiausau%’agaﬁaaﬁuLaa‘Imsﬂfﬁ’
wuutufindoyamuduneunisinuvesiBnisduin
N15398

ananldlunsinsnzvidoya
MTAATIIoLaVEER IUILVBINTNAGOU
n=50 N15ldaimganssauun lngldaadfnanuas

AN Sovay ARRLEYAMR N1SNTENLTRLA UaY
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atuinermansuazinalulad
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drudotuunnsgIu LWSsUIgURaNaULAEaINIS
T suvenguiieena Ingltatia paired-sample t Test

385554

ATeElFLNsTUTeINAMENTIINNS
38555 T TuNY W i Ineaesviaugium
\auil COA1-048/2023 ndsandufifoidmundgu
A0819 wugiin %LLﬁ]ﬂi’mquszmﬁsuamﬁ%%’aLLaz
TinAuladhsmmsidelaedase Mellaansnneush
viounidnnslvidoyaldnasanan Teyaildainnis
Woanfudumudu uasthiauslun iy

NAN15398

ansafeluesiu anluwiaiuidn 402 ndu
dhwinansafaveruviniu 11,34 ndu Anudu %yield
45.58 nanINAAeUY VSR LoYYadasy Ine3s DPPH
radicals scavenging assay wamimaauqméé’ma%a
dasyaeasanaluesiu AlemvinaraluLenIuea
WAAIININTZIU BHT Wy awaﬁmlmamﬁqwééhu
aygadasy laedA EC_ 19y 30.3120.06 mg/mlL
@N51IMSEIU BHT & EC, iy 16.36+0.05 mg/ml

HANSYIAFRUANNAIFIN NN BN AN 1AL
Tnathiesusis 3 gas msissnegamaf (heating-cooling
cycle) lalugouiiguund 45 ssrnwa@oa [Wuna
24 $ilug wdrhanlddiuiigamai ¢ ssmwaidoa
24 3l Wi 1 seu adufuduiludes 9 AUATU 7
50U WU ga5 1 uay 3 Hugnsiiaigalunismagey
lesdnuazmameniaefidvdesla Weiwdulad
nsuendu daugns 2 Snsivdsudidndendua
widoadu nan1snaaeuaudunsanig wuan wds
N1INAADUANNAIFININIIATNILAZNGLAT L3y
ans 2 Aldansduiinasosay 2.5 denavihlsiilen
aaiunsadiviudndes suansei 3 Vil
Iuwsugasi 1 ua 3 egluanizasiimane oz
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HANSVARRUAINUABANY NAIINDENHIAT
15U IMAERUAINUARAABAIYAS skin patch test
Wusroznan 24 9l wuth orenasinsiineiy fevay
100 liwuermsRaunAuinafmsiniesuusesig
lasteoranasias vinlhdolddn iwdusis 3 gasdiinna
Uasadeiilivi liiAnnsszaeidesdofivtaves
RGRGFIRE

HamsTaduANYNIueRnl feedes
Corneometer CM825 M3fauinmaugututas
Rnthsillindnnisaruanansoyssqliilfduiiugu
Tnofiduidonisiugns 1 uaz 3 lunsnaaou Fands
MNMINUTTY g0T 1 Uag 3 Tiviesuvu UTua 0.25
nusogns Tuilufifmdanunn 3x3 wufms Yuas
2 a1 Fadlaifu 28 Su luenanadinsguamAsiuiu

A1379 2
HANITNATOUG NS IUOUYADATY

50 AU WU Wwiugns 3 dAedsvesAianugliiin
ﬁmﬁaLﬁuﬁuaéwaﬁﬁaﬁwﬁmmwaaaa ANUATTIE 4 9
Fulddn wiuges 1 faduhiuiiugiuiinanugi
Lﬁ'wﬁum'«aLfJuLWﬁzqmﬁw%’uﬁehuﬂszﬂaumaﬁuﬁmﬁﬁh%J
dieuguduiagae anmvageuluetaadasll
nuoNsuiLasAnUnAvaswiuia 2 gos

WSy UIBUALRRYTENING NaINS ISy
gns 1 uaz 3 nudn ArrnugliiEmds windu
41.824+10.696 way 46.528+11.516 FIUAINULAN

AegNldsdAYn19adANTzay P-value=.000*

Jadudeazuldinusugns 3 Nlldunauves
ansanaluesTuty Yeuanuguiuliiuimtwes
g1anadinslaanitesuans 1

RREGRL EC50 values of DPPH radical scavenging activity
(mg/ml)
asanalussu 30.31+0.06
BHT 16.36+0.05
M1919 3

uanssaveInImdunsa-n19 lunrsaaeunaumdmngnInuas 1Al

N1SNATIUAITUAIA? AR TunIA-Ag A1AuLTUNIA-Ag
NNIYAINLASZNILAL AdUNAHDU NaINAGIUY
amﬁ 1 4.514+0.058 4.513+0.060
ansil 2 4.490+0.092 4.431+0.081
ﬂﬁ]'ﬁﬁl 3 4.513+0.038 4.512+0.059
A1319 4

ugnInIA NN AIeiATay Comeometer CM825 il InUTHIAIAINYNTUYOIAINTT 1 3 91

A1A1UY IWHIR TN nauld naaly P-value
’53613‘17{ 1 39.817+10.123 41.824+10.696 .062
Ejﬁli‘ﬁl 3 39.817+10.123 46.528+11.516 .000*
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lussiduiiwiesduiamsanulsiluluyn
Fain FadmduTuiy Inodnsfnuidelulszmelne
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(Nilsuwankosit et al., 2014)

= & & I & aa
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A wa 1 a o o
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Fulwiufiamds (Potaros et al, 2021) Feazause
noganlUilundnueinng q ldnaae
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Abstract

This experimental study aimed to investigate the biological properties of the extract from Molineria
latifolia Herb ex Kurz. and develop an acne treatment patch product. The samples of M. latifolia
were randomly collected from Phatthalung province. Descriptive statistics were used to analyze the
data, including percentages and means. The extracts from M. latifolia were tested for an inhibition
effect on the C. acne bacteria, antioxidant activity, patch elasticity, and physical characteristics of
the acne patch. A total of five formulations were developed. The result revealed that a formula containing
pectin, sodium carboxymethyl cellulose (NaCMC), glycerol, and M. latifolia root extract was the best
in terms of inhibiting C. acne bacteria and having an antioxidant activity with an leo value of 15.70 pg/mlL,
and the elasticity value of the patch was -24.22 mm. The acne patch containing the extract from
M. latifolia Herb. exhibited a soft texture, excellent elasticity, and a long period for skin adherence
and maintained its physical properties without changes in odor or pH (ranging from 5.38 to 7), which
meets the standard for products used on human facial skin. Additionally, the patch is convenient for

carrying and using for individuals facing acne problems.

Keywords: Molineria latifolia Herb. ex kurz root, acne patches, antioxidant activity, antibacterial activity
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SovavvaINanan (%yield) = (Umitinvesansanane 1/
Wninvedayulnsuing) x 100 (1)

'3

N1INAHBUNSANUIYYADETTVBIATEANTINNT?
unﬂ:ﬂu 1n83% DPPH radical scavenging assay

ASIATIEVPALUAIINITVDY Yamasaki hay
ARY LWSUUANTALA18UINIFIU DPPH (1,1-diphenyl-

2-picrylhydrazyl) lnwazanglu Absolute ethanol
($evar 99.9) Mntudansuinsgiu Imiiug (Ascorbic
acid) uazansainsnninunay egvay 1 Tadnsy
avanenle Absolute ethanol 1 fadans aulaidu
ansavaneinogns 9ntanilu Sonicate Wunan 5
Wi Umansazaneseglilianududugaiiedu
100 50 10 wag 1 lulasnsuseiiadans thansazaie
fegrsluunarAuduIuUsIuIng 100 lulasans
Tdadlunau 96 well-microplates wagifiuasazaie
DPPH U3u10s 100 lulasdns laeldansazaie
F9819AANTURNe 9 USuins 100 lulasdns
uagzi@u Absolute ethanol Usuins 100 lulasans
Ju Blank vpsansazansfedie wagld Absolute
ethanol U3ums 100 lulasdans saudvaisazany
DPPH U3u1ms 100 Talasams tfu Control aitald
Tudiflaunu 30 undl figaumniivies udrirluindnis
@mﬂﬁuumﬁmmmfmﬁu 520 uluns fewades
Microplate reader annsumAtauduturecans
afinfifusyAnsnmsudsouuadasedanasionas 50
(c,) NANIINULEAIAIUFUNUGTENINANNDTNTY
Y93a15879AU % Inhibition (dose response curve)
Frelusunsa Prism Taesingnaunsu 3 ada udamen
wasuazinan Absorbance fimAnadsunfuIum
mqvissueyyedastlaglignslunmsiunm fuieluil

% Radical Scavenging Activity = A control-A sample/
A sample x100 2)

e A sample Aig AMNIYANGULAIYDIANTAYANY
29819

A control A9 AINITAANTULEANUBIAITALANY
DPPH

N1INAFIUONSEULIYOUUATNISY Cutibacterium

acne a3 Disc Diffusion

lAgRIELTINNTIUNANALAEMELENIUEA
munnududuaaanIeulaviiu 1,000 adniuse
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finddns il idelaensosusmusuiids
n3u 0.2 lulasuns uaunseudiegememaiinUaon
elsitienaididiu 10 100 uaz 1,000 Tadn3urediadans
uWdnhihetharmeaeugnssudatouuaiiss Cacnes
Aa875 disc diffusion Tunismaaeu ldAeg19Uiunns
10 lulps@ns Menasuuwiunsza1unsas (Filter Paper
Disc) vun 6 fHadwns 9glafieg19U5u100 0.1 1 uas
10 §88n50 wdmaasulSeuiisuAveIUINTIU
Clindamycin Y31 0.002 fagansu nuthans
WuRznoudenuATiSy C acnes Avhn1susuaan
Juliiyinfu 0.5 McFarland standards W undglid
AuasLaNDTAI91M5 U BHI fe Cotton swab
74 Filter Paper Disc #il#5unisnensogneliungy
asuuiewnsiu lngldinihazarsfiazaresiegg
Hu Negative Control ¥insusluguuidoionmai
37-01 parwaidoa Lunan 48 Falus Useiiunanis
nagaulngNTInvIALE L AUENaNIYRIYBUANTT

o v
U v A I

gugndaluaiseninduluniisiadung

¥nsavanediunausg q Tuthnduweali
dnffudaein3es hotplate uay stirrer 1unan 25
Wil Wsansaiasinnsune (azangalgleniues)
AMULTNTY 0.5 1 1.5 wag 2 nTu wanlviiuudin
asuuuuiuuuTAlaudmAny thilveuukeiigamaii
60 psmisalya 1duszeznan 24 alus drusiuuvs
MsasuunsEaiual ndnduiususUzanga
Thdunsnaudifivnadusiugudnans 0.5 lwuiiing
Unsreuula ldgeussadadifnaain

N1INAFUAMANTANINIYAINUAZAIUAIAIVD
wHuUUEEINETARRTINNI1IUNAY

nsNagauAUTUNIA — A9

TneAnwiannudunsaang (pH) vesuaunls
dam¥1aundy feLa3es pH-conductivity meter
(Sartorius®Docu-pH meter) Immju Electrode a9
Tuowriunuzdrvarigslaouusa (Srisuksomwong
et al,, 2023)

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 19 atU? 3 Uszduiou Auengu-suau 2568

MIVIAFBUANEAEL FI8LATas Tensile Test

N1INAADUANNEANEU AELATEY Tensile
Test lngldusanseyiludadanlunuiifgisunsens
Fanuuuaniniiie TnAAuulausivesianlegnuss

= o

AIUINTZMIANUTINTEYINNYUDNAUNTLVIA

N1SNAFBUUSUIUAIUYUVD LN ULUZE
o v ' v .
nasdnsnniunAulaglyd Moisture Balance

Tnemsihsheshandaimingnersesmmin
fregaBudy (initial weight) TWauSeusdiounas
Audeudunssn (Infrared) seineAudueanain
Frege Fahmindnafmdianautussimesen

AwInesduiAu (% Moisture) Agns

Moisture (%) = UNVUNBUAU-UINUNAS VLIS,

YrvdniSuduy x 100 (3)

N15USLRUANUAIAIVDINANN U 1aedT

Heating—cooling cycle

N1sUsEENANSIAAOUIINTUNISAuaTAnLE
Jaricksakulchai, Sillaparassamee and Wiangpati (2023)
NSUTEAILANAIFUBINGRN T lneis Heating-cooling

I ® o ] ]
cycle Iagvinisiiusnuilugiuufianisss Freeze
and Thaw Cycling 314 7 Cycles Tngtnluiiud
gaundl 45 psenwadiua wiu 12 93lu9 wazthluiiv
::1' a = Y o 1 X
Mgl 2-8 pamwamed Wy 12 9alus il
Buldu 1 cycle uarthundssifiunadnuuzniguen

NAY WiaduNa tagn1sALnn




M1319 1

NIRRT SUNER A UNUH LU U FITTFI5aNATINNT 1IUNAY

gnsludiu gns
gns 1 gns 2 403 3 gns 4 gns 5

Pactin 2 2 2 2 2
NaCMC 1 1 1 1 1
Glycerol 4 4.5 5 55 6

95% Ethanol 5 5 5 5 5
M.latifolia root extract 2 2 2 2 2
Water 86 85.50 85 84.50 84
nsusIuTIndaya fiadnsu asafasinndunduse 95% Levueaiiuil

ynnsnaaesuazifivsausmdoyalufiud
ANEINYINTAVAINUALAITAWT UM INFETIN B
WMYNVANNGT WAL AMTOAAIMNTTUNYATUALTINN
UMINYRYTINEU INYUIANNAS

aa

ananidlunisinszvideya

addnldlunisinsesiteyaiuadifibe
wssan Taglfiduainde dudsnuwnesgu fevas
\fioosunsnanIaeUnNENITn LA AT
Yo9uAnAY (Charoenphonphibun et al., 2018)

NAN1333Y

1. HANTENATINNIIIUNANALITNITNLIN
a1sannsInniungu ninaleieniues

95% wJuan 7 Yu finsinwgnniu wuiinisada

AeIBN13eIBN1svdn (maceration) Tidn3eeay

vowanan (%yield) Wiy 2.93 asadaiiatinia

W ity

2. HANSNARBUNNBALDYYAS AT YaIENTARATIN

w%’nunwjﬂ%’%’% DPPH radical scavenging assay

a9 NNIANYIqNSFLBYYADaTEA 173
DPPH T l43n18ud (ascorbic acid) 1uansunsgiu
Tngianisganduuasiiannuennndu 517 uiluiuns
Wuin3nfiud (ascorbic acid) Alfiduansunsg
Tumsnaaeutuiien IC,, wiriu 1.34 lulasniusie

e IC,, Wwinfu 15.70 TulasnSusiafiadansy Fada1wmn
saruAn IC_ vosdniiuGediadidudde p<.05 DPPH

radical

1 ¥
v A

vaasnuAiiise C. acne 1neds Disc

o

3. NAN1IONSY

Difusion

¢ vy

NNINAFBUVIBE SN UATISY C. acnes
YBIE5ANAIINNIIUNAL LUTBUEUAUEIINTTIY
Clindamycin #8733 disc difusion fivauwan1sduds
Wouuaii3e C. acnes fdldagulilunisa 2 Tngsin
winunduiiqrdgudadouuaiide ¢ acnes luuiun
10 fadnsu uay 1 Tadnsu dvuaduriaudnans
voseuwansdudadeuuaiids C. acnes wiriu
10.74£0.59 {adLuns uag 7.26+0.13 Uaduns A
Sy dloFeuifisusduideuuadiFeasgiu
Clindamyin U314 0.002 mg flvwnatdusigudnans
vomeuwansdudadeuuaiide C. acnes wiriu
41.74+0.34 JaGans

4. HANIINAHRUANFNUANINIEATNLAZANAIAD
VoK UKUEEIRINA1TEARTINNIIIUNAY
MNnMsiEULRLLUE A iTlansatasinndn
undx neilans 5 ans Tdiuusenaulugns laun ans
afinsINwdundL 95% Len1uea 1INdu wazasne
i Bavis 5 gos duiuudeifdnuae dodusat uss
Aamnudangulan Bafaduialduulaenisnaaeuriu

EAU HERITAGE JOURNAL

Vol. 19 No. 3 September - December 2025

Science and Technology



FA38 wazilaimnudu nsn-ang 9871 5.38-7 Tanae

\A3049 pH Meter Feaglussiuninangauvomdngioe

PlgfuRind Tuasnde ludaaliiivisnnii e
LANISIEABLADY
& 1
4.1 Wan1sNAaauALLTU NA — A9
nn1svageuadunsn-ana e 5 ans

AFulHuLUzEINIUnAY de pH ag#l 5.38-7.00

e

=

FeagluszAuivanauvewdn s AldAuRam
Uaende lidewalvfavdeai vieiianissvane
LB A9n1319 3

4.2 NaNINAABUANNEANEUVD LK UL UL ED
1NETAiNTINNITIIUNAY

MNMsVAdBUABBAvEL 1 5 g3 laegnsii
1 wrunUzfidnvazaoudaniawazuds lirssiiaau
#avieu U397991A98 Elastic Limit/TensileStrength
WiNAU 38.62 dadluns sie Elasticity -7.18 qmﬁ 2
winnUedidnuvarasud1awie liAssiaudangu
U39A9910978 ElasticLimit/Tensile Strength infiu
65.79 fiadwns flo Elasticity -14.48 gnsi 3 UKy
wedidnwardodudaly uididanuuimsediin
uHY ussRsdandulaliunn ElasticLimit/Tensile
Strength 111U 65.01 Hadtuns Mo Elasticity -15.59
gn37 4 TsuuuwsuLsdnvuradousua use
Aemugavgulauin usvindne ElasticLimit/Tensile
Strength AU 88.41 aalums ¢ Elasticity -19.12
uargns 5 wiuulsdidnwae doduiady usafani

13149 2
Kan sgueauAiise C. acnes lngds disc diffusion

gangulafsnn ElasticLimit/Tensile Strength iy
120.00 fiadtung ¢o Elasticity -19.01 A91519 4

5. HansnAAaUUSHIAINTUYILALLUEE291N
dsannsinniungu

INNTNAFDUANINTUTY 5 gns gnsensy
urinuUgAmdnunay fareuduluag 23-25%
eeglunusinasadonasnasgnildiundnsosi
\n3esdiens livhldRauisvelinnsseaioifes fs
13749 5

6. nansUsziiuauAIRIva ARSI (seuzaw)
yhmsfuinusuudsaditasatasnmin
unAY gULLUUﬁamWL’ﬁG Freeze and thaw cycling
$1uu 7 sou lnethluiAuiioumgd 45 osawaidoa
uw 12 Halus uazthluifufigamagdl 2-8 ssrnwaidea
uw 12 Falus vhudiudu 1 sou Fadunssaes
anmeznsifuinuiuandnaniy ﬁgﬂué’mqmwgmax
Ay iedssiiunmuamyeskdefusilugase
LAZANMLINBNTIVIaNNYANE 91NNITNARBUANI
AT IRNKLLUE 5 gas ldun gesii 123 4
Largsil 5 WUl ndanMadey 4 5 gns Tanvaue
aflaiAsundas ndu ieduita Arauiaveu way
Anuidunsa-ang lenaaeumsaiiinudn luumn
AaiueE 19t 1ANNATRA FIn1919 6

Example Quantity Diameter of the zone for inhibiting the growth of
tzs:ge)d C. acnes bacteriam (mm)*
Plate 1 Plate 2 Plate 3 Average+SD

M. latifolia 10 10.53 11.41 10.28 10.74+0.59

1 7.28 7.12 7.37 7.26+0.13

0.1 ND ND ND ND
Ethanol (Negative Control) 10 ND ND ND ND
Clindamysin (Positive Control) 0.002 41.62 42.12 41.48 41.74+0.34

Note. ND = Not detect

NIANTIVINTUATINE DA W Te

a o A o & Y 9
Ui 19 aUuyl 3 Usedudou nuegu-5uAL 2568 atuimenmansuaznalulad




f1919 3

KAaveIN1TIA Ty NA-A9

Formula A1 pH Average+SD
1 2 3
1 7.00 6.40 6.75 6.71+£0.25
2 6.56 6.43 6.53 6.50+0.06
3 4.72 6.67 6.24 5.87+0.84
a 5.29 5.79 6.39 5.82+0.45
5 5.63 5.38 5.50 5.50+0.10
M99 4
NITNATOUAINEANE UYOIUA UL UL FI9INTITANATINNT1IUNAY
Formula A1 pH Average  Average
1 2 3

Elastic  Elasticity @ Elastic  Elasticity = Elastic  Elasticity = Elastic  Elasticity

Limit/ Limit/ Limit/ Limit/

Tensile Tensile Tensile Tensile

Strength Strength Strength Strength

(mm) (mm) (mm) (mm)
1 57.44 -12.44 40.14 -8.91 18.29 -0.2 38.62 -7.18
2 57.08 -9.81 81.50 -21.35 58.79 -12.27 65.79 -14.48
3 77.57 -19.23 79.66 -20.19 37.81 -7.35 65.01 -15.59
a4 82.85 -10.49 84.57 -24.63 97.83 -22.23 88.41 -19.12
5 140.79 -24.22 74.01 -11.19 145.21 -21.63 120 -19.01
M1919 5
n75%@ﬁau1/?1/7zum71/°z’”;luwamw'mzUzz’?amnmmn”@ws”nun@i/
The time Formula
(n=3) 1 2 3 4 5
1 Pre-weight value 0.102 0.126 0.106 0.137 0.102

Post-weight value 0.079 0.097 0.086 0.108 0.083
Moisture value 38.47% 24.87% 25.51% 26.03% 24.93%
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A15149 5 (79)

The time Formula
(n=3) 1 2 3 4 5
2 Pre-weight value 0.087 0.107 0.097 0.117 0.104
Post-weight value 0.075 0.083 0.007 0.091 0.089
Moisture value 5.00% 25.71% 5.65% 24.35% 23.89%
3 Pre-weight value 0.126 0.137 0.082 0.125 0.068
Post-weight value 0.098 0.112 0.069 0.101 0.084
Moisture value 25.16% 22.51% 5.06% 24.01% 23.49%
Average Pre-weight value 0.105 0.123 0.095 0.126 0.091
Post-weight value 0.084 0.097 0.054 0.1 0.085
Moisture value 22.88% 24.36% 12.07% 24.80% 24.10%
f1319 6

N715UsAUTUAIIUANF IYBNENI Y (Sreza)

Formula Stability assessment

Temperature 4 °C Temperature 45 °C

Toweling Texture color smell flexibility Toweling Texture color smell flexibility

Before Formula 1 / / X X / / / X X /
Formula 2 / / / X / / / / X /
Formula 3 / / / X / / / / X /
Formula 4 / / / X / / / / X /
Formula 5 / / / X / / / / X /
After  Formula 1 / / X X / / / X X /
Formula 2 / / / X / / / / X /
Formula 3 / / / X / / / / X /
Formula 4 / / / X / / / / X /
Formula 5 / / / X / / / / X /
UGG / AD
MR/ Munede wHuRadndl  x Nnede uKulIaavans
GHIAG / Mg Yy X MUNEH UWHULREWIAU
a / el 38 x vunede LdTd
nau / vaneds nd x vaneds ldfindy

= A

AnNBangy / vanedis Ianudangu  x vaneds ldianudangy
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NRFRRMERERG

NnauufgIuted 1 ansadamaniundudl
aisFueyyadass wui ansafnsnwunduilans
Aueyyadass oA 1C_ Wi 99.80 lulasniusie
fiadans Tadenadosiuannigiuii ssadasinnin
unAufinvisuoyyadasyganiiniug faildesan
fn IC_ vasdnnilud whiu 86.51 lulasniudeladians
favstin ansafinsnnioundu fussansaimlunis
AuaYYADAsEEINIIAIUE A IC_ figaniuansils
anudutuvosasiildlunisdudsoyyadaseld e
namsITeidenadasiunuitevesiomnn Rungpha
(2013) nud ansataneruisaunioAunarldfud
Qvsmsusyyadaszge lngansatavenudeinfou
Nndrumiledu liquisnisiueyyadasyge uenan
winunduazdgniiueyyadassgaud fiiseny
1 winunduanansodudimanipdiulaveuuniite
ngunealsan1a@Ivida C. acnes P. aeruginosa uax
S. aureus aiihasnndastuTe BTN
ayulnsAiflansduoyyadasy awsnannissniay

YaaRIranarn1sindle (Buachoon, 2020)

MnauyAgiuded 2 asafnsinninundud
qudduiTe C acnes wud ansatasinwdtunga
WRBUWiBUUEINesgIu Clindamycin ¢1efs disc diffusion
fineuanisdudadouuaiiids C acnes laansartn
sinwsunauilqvsuddiouuatide ¢ acnes Tuusinm
10 fiadinsu uaz 1 dadnsu dvwinduriAugnaiaves
ygummmsduSadionuniie C acnes whifu 10.7440.59
fiafiuns uag 7.26+0.13 Tadluns aud iy en3eu
\isuiuidouuadisesnasgiu Clindamyin Usina
0.002 fafin$u TvuALdURIAUIN YV UUANS
Shubaionunile C acnes Whitu 41.74+0.3 fiodnsums
FananmiTeilaenndosivitevos Napisah et al. (2011)
frimsrunau fqilunsdudadeuuniife ¢ acne
wazdailszavsnmlunsinuoyyadass lneidiny
Wududigadleifieudu Clindamyin

Mnauyfgiuden 3 wiuwdgdnnarsade

NI UNANIANLASILAEAMANTRNIINIEAIN

winzauiunsigiuRmde wudi gasi 5 dauaud

msmenminnaaseligasdiuuszneuresgasiil
Gycerol 1nngnsdu 9 vilsignsdl 5 anlandy
ansdu 7 Bavefuldd inzuazfeilduiu fanuty
agluinueivaensiy fio 25%-30% ANUAWTIANAS
MsVAERUANTILISISTEEAY (heating-cooling cycle)
Tnglifinsasunlamisdnuagmanionin Toun
anwazYesd AU ULHEY AUEAMEY wazllAAu

WUNTA-ANe NNZaUTURD A9 5.38-7 F9d0nAdd

v v
Y v A

fuauRgIunsiTeTicals vatlidosnmsuiulsegns
fr3u il ud et dodudauas aaautiinig
e nTiwnzausons1ia MsmaaeuALAh
wandlidfiuin dndsznevlugnsiiuiinianaties o
a3 eiidenndoatfumidde Puanemala et al. (2024)
i1 madenldansnefldunazanslinudanguly
Faduilmunzan safsaidutuvesansada ilua
AeAMaNURNIINIENINYBILHULUE WL AUEAnEY
AU WarAuTu uananismuin srezinm

Tun1ToULNULULATNARDAIUAIANINYDINAN A9

1NNENITINE @1TainsInniunay Igns
lun13guds Weuuasy C. acne BnVsdaiignseu
AUUABATZUALIAIAINNTNAADUANWULNINIEATN
VeIH UL UEAINTasainTINNIIUNAY 119 5 gnas
i ' 2 - =~ wa o
WU uiuwlgdansi 5 dnuaudinieanienInis
i A4 Aav A v o dAa -:4 ' vy a
Nanfie danwugRidulaniy anansadangulas fin

Ravalaunu

JoLAUBBUY

1. wiuwdzdnarsadnsinwsuneud
ANV ANIVULALAUTA LA8B19YNNSANYILNEINUNIS
USudvoananiue lssuasnsaludiainuasiiiaus

v

fudRveld

2. wHuulzdnansainsinnsuney
annsadusuamslunmsdsasuulouienisinansiumg
Mnayulnsiisloglusssumalunguudndusigunm
LﬂuﬂmﬁugamdaaamL%awm‘l%éﬁiaiﬂ
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3. wHukUgdInansaiasInnsunAudl  AWISTEE LRI D AN YA N YAENIaNIEAIN
N1INAFIUANMIAIRIT I EAUYRIAN UINeANYY  UazYIEnIInRBN A INYateveIHAn SN luY
anuazYILNULUEAALTILWINIINITNAGOUANN  SEERED

e &
g ;%< g
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Abstract

This study aimed to develop Triphala jelly lozenges using sweetness derived from licorice (Glycyrrhiza
elabra L.) extract and to evaluate sensory acceptance. The study investigated appropriate amounts of
sugar and glucose syrup for the physical properties of Triphala jelly in formulas 1, 2, and 3 and suitable
concentrations of licorice extract in formulas 4, 5, and 6. Sensory acceptance was assessed among 30
healthy volunteers aged 18-60 years who tasted all six formulations and rated their preferences using
a 9-point scale. The results showed that formula 3, consisting of 53.50% Triphala extract, 15.00% sugar,
15.00% sglucose syrup, 15.00% gelatin, 0.50% citric acid, and 1.00% peppermint flavor, exhibited the
most favorable physical properties, including the highest values of chewiness, cohesiveness, gumminess,
and hardness, along with the lowest springiness. Formula 5, with 10% licorice extract, displayed the best
physical properties with the addition of licorice extract and a decrease in the amount of glucose syrup.
The sensory evaluation indicated no statistically significant differences (p<.05) among the six formulations
in terms of color, taste, springiness, aftertaste, and overall preference. However, formula 1 received the
highest mean scores for taste, springiness, aftertaste, and overall preference, followed by formula 4.
These findings suggest that Triphala jelly lozenges sweetened with licorice extract possess appropriate
physical properties and are comparably acceptable to consumers as those sweetened with only sugar
and glucose syrup. As a result, Triphala jelly lozenges present a viable substitute for customers looking

for goods that promote health.

Keywords: jelly lozenge, Triphala, licorice extract
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prism 8.4.2




f1319 1

guINITHANY 10UEAANTHA)

daudsznavu %’E]EJE'W ‘I:I%‘Viﬁlﬂ/{!é’]‘lﬂﬁ'ﬂ
1 2 3 4 5 6

1. thafananan 53.50 53.50 53.50 53.50 53.50 53.50
2. dranansne 0.00 30.00 15.00 15.00 15.00 15.00
3. nglaalesy 30.00 0.00 15.00 10.00 5.00 0.00

4. Yhafinvzioume 0.00 0.00 0.00 5.00 10.00 15.00
5. l9aFAY 15.00 15.00 15.00 15.00 15.00 15.00
6. NIATHIN 0.50 0.50 0.50 0.50 0.50 0.50

7. nduUesiiug 1.00 1.00 1.00 1.00 1.00 1.00

37U 100.00 100.00 100.00 100.00 100.00 100.00

NaN15338kazanUsgna

1. miﬁnww%mmﬁﬁmamwLLazﬂqiﬂaﬁ
wnzauRenuaNTRTe1810LIAANTNAY

mmmaﬁnmﬂ%mmﬁwmamwLLazﬂQIﬂaﬁ'
wanzaurenuaNTRvesE1BAEARRTNA NUTY 818y
Laaﬁm‘%mmgmﬁ 1 qmﬁ 2 LLazqmﬁ 3 FafiuSua
thaansiefosar 0 30 uay 15 Inethwein mugsy
uazUSinanglaaleduianas 30 0 waw 15 Tngruthn
auau fdnvasbedufanidy Tdueudvld 8
thaalusdla sauansdunm 3 wasiinanismagey

Aaandtunisg 2
1.1 Han15ATIEviRuA Lo duda

nanFinTeiamndeduia wui s1ou
WwaAnINagnsNl 3 Jeiudinaunglaale$y fevas 15
wazthmansiedesay 15 Ingrmin fidn chewiness
Ao nduildlunisiienansasiauanunsanduas
U cohesiveness fig N158ALA1EAUTEWININUSLVD
AR A0 Fadundsaudivhlindnsusiaasnou
‘17‘%8LLG]ﬂLLEIﬂE)E]ﬂﬁ]’]ﬂﬁuaﬁhx‘iﬁmgiﬂj gumminess A9
ussiieddlunisuensdnsasimiduiwesdaaunsei

Fesu wanstaanumiedvesningdu uag hardness

OQI’EIQQJ 6

A9 SNV IARAN N U AN NS BWENEBNANNNULAY

a

auysel dengelian wavAn springiness AUAINTTD

U 9

A v a L

Tun1sAufveNdndusivanidsnnudang uves
wanfausiiiige Welfisufugeuieadninaignsi 1
wazgnsn 2 dauandlumiss 2 mslinglaaleu uas
thaansielumswaneaaaradaiuselalnsay Ing
i fidenlesseninsanenediues Wi waifuvie
wedufulianavesih dieliiAnlasedmdisiea
ﬁawmsmﬁ’mﬁuﬁgmazmgﬂlﬁ ianAuaiiniu
LL%&LLNLLazms?hMﬂﬁTTu (Suechawakornkul, 2021)
danalinn chewiness, cohesiveness, gumminess
wa hardness qﬁu W6t springiness #nas InseusE
wlawsslundnduivinliganguilos (Suwan, 2017)
A0AAADINUNITANEIUDY Huayhongthong (2013)
ﬁﬂw’mamaaﬁ’]mamwLLazﬂqiﬂal%%’Usiaé’ﬂwmmq
mMenmesilileadiLh i g wuth USinashena

naguanglaalesunuanssiudmasienmnImyes

v

a 3 = '
ANULYAA YU AU (hardneSS) Ll,azﬂ’ﬂlltlﬂ‘lﬁﬁgu

(springiness) Y0IWANAMIN laevinliNAnSundanvely

&z

Weudwaziinnutanguiies e1eueadnsnatgnsi 1
fvsununglaalesusesay 30 Insumidn Lfidnng

N318 waprhanaveieumea den springiness (AMXEANEL)
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gefign Wewisuiuenonieadninangasil 2 uazgnsi
3 #49AARBINUNIIANYIVB4 Diniz and Lannes (2016)
Afnwinavesngladlysusednwaunianiennyes
yunmu nuin msiianglaalssuluimags de
walieuniin wazauBanguvosndniueigedu
\losannglaalesudrelmAniiuseseninsluiana
yosinauazinlundndoe sroueaininaigns
fi 2 fUsmanieansedosay 30 Tastiwin Taid
nglaaledUuaginatiaszionma IA1 chewiness
cohesiveness gumminess Wag hardness 6‘1"1‘17161@
wazdlAn springiness UIUna1 @0AARBINUIIUINY
994 Diniz and Lannes (2016) fidnyinavesiinia
nirewarnglaaleSudeadnyuEnIaNIen U IVUL
WU WU dmansgasaiuauiiaasan
AUty (gumminess) Turuuwiule wazinans
A1 springiness U1unana Lﬁaqmﬂﬁwmamwmmia
Tanudameuldunsdn udliannsafisanumie

wazANUdangulaainduaisdunilieunglaalesy
1.2 HANTIATIEYIAUAINE

HANTIATISRAUAINE LARIFIN1919 3 WU
 onesaReENaNamsT 1 51m L* ganteeueadninan
qmﬁ 2 LLazqmﬁ 3 wavA1 a* LagAn b* Juwaliy
Wudu v lfeneueaaninaniaiinialusda n1sin
Ad (L* a* waz b¥) WunsuszifivdnvaisUsngues
Frogeiivinisine Tneen L* dnlnd 100 waneds
fhegrefianuaininaududvniviedans uddnan
L* wnlna 0 munedls fhegreiinnuaineesasaudu
a1 daud a* Mduuin uanen fedraduduns
waiAn a* fduau wanvindegiadudider wazlud
b* Mduvinuansinfegradudivios usdian b
uau wansideghadudiiGy (Somsaeng, 2007)
Msfieneuladninatgnsi 1 A1 L gendn* gasi 2
uargnsil 3 uasdien a e b ARuTusurlila
thmalussla Junaanmsiiunglealyiulugiey

@

WwadnsNan dnavinlidvesenaueadlidnwuslanse

, ) NFEFIVINTUM IS BaLiisuede
U 19 atU? 3 Uszduiou Auengu-suau 2568 v A < B
i g atuinermansuazinalulad

Tussla (f1 L* g9) waeilnudfesnivdoauarinia
(fin a* uaz b* iudu) aenadestunisinuives Zou
etal. (2018) nu nglealesy ifuinafidnuaud
Tumsiivanula wazauainsveswdndneild Tng
lLiviliAnditasnniin feo1avaelvinandnsilugnsi
1 fifn L ge* Tuvmgfiiananssorarilididumnn
sﬁumﬂﬂﬁﬁ‘%mmmua A NITUIUNITAAILFIVDI
ihaawdlegnanufeuge Tnglidiieadesiunsanie
Tusiu relAnasuszneuiiiidmdesniina naumen
wazsanuludiianizi waz Maillard reaction 1y

Uiseaiiseninansnesiily Wy Wa1Au kazdnIa
=

' '
1 a =

nyasuaila Fuliniinduidefiauiou vilviead

=D

v v
aa o Y =

fdurm1auau (Moungthai, 2010) Laz9IUITEYBS
Martins et al. (2014) Wu31 UsELANULazAUITNTU
yoshmailinasedlunsyuiunisaisiwa viilidan
L* anas (@dutiu) uazdn a uway b* udu (nua

WARDILAYUIAA)
a ¢ 1 &
1.3 HanISILASIENAIAINNTY

NANTSILASILNAIANUTY hazAIUSUN

v '
o a

BTy ULARIRINITIN 3 WUTY B1RULEARATHAGAS
7l 2 fUsmahmanesosay 30 Tasthwidn den
AL uarAUSInahdasegaiian esneey
wadnIuaignsi 2 fumanmedudiulseney
ﬁgﬂmamwLﬂumiﬁﬁ@mamﬁ’mumi@m%’u wagnn
- S

vl dealvillAnadudu wagA1USunanindasegs

v '
= =

u Feelinanfusidauguiuiniu wazada
aunavesiluead aeandesiunisfinyives Zhang
etal. (2017) Mafnwnilldnanissansenuresiama
378 (sucrose) Aitrelunsiniudiluruam wey
wAnSusiewns anansnesungldiinisiidimanse
Tugnsiwadvaeifiuaauty uazdiinahdaselu
ARSI Suwan (2018) laWaundnfugiA11duuy
Wwads193n nudh gasiiiinnavsedosay 14.85 i
AAuduSosay 85.19 uazathdasienas 0.99 B

1%
1 S

wadndAAMuTULazUTInaBaseliguiuly el




ANUguTuwazAmdelusERUTLINEaN danafisie
eduda wazergnisiudne) Asluaanuiiusezi

daszluansi 1 uazgnsn 3 Feegluinawinvansay
1.4 nan1sasIzsiaIauLdunsa-ang

HaN153ATIZRAIAILTUNTA-ANe WU
gouninaIgnsil 1 deiuTanglealeiuiosas 30
Tnethwiin faanadunsntosdian sesasunio o1
ounsNANgAsT 2 uazgasil 3 mudu Faflen pH
Wiy 4.38+0.01, 4.32+0.02 wag 4.02+0.01 A
dfu (1519 3) mandunsaveseeueadnine
inandruusenaulumiu feayulnsninaiuaznin
gn3nfisiqniidunsn dwiuen pH figedulugnsd 1
o1ainannglaalesy Fanglasleiuiian pH figandy
dhmansieiald ogrslsfaudn pH veteeueaa
psnandanseglutafianansnfulsenuld uaglising
\desiogunin (U.S. Food and Drug Administration,
2011) @9AARBINUNITIIUITLVRS Kim & Lim (2013)

eAnwmaveshmanseuaznglaalysuluead wui

¥
o o

Uenansevinlian pH vaswadnnas wazvinlilead
fsamAsereuniu diunglaalssulinalunisiy

ALY BALAAAULUIEINNNTADUNSE

o
[V

WUYIRUYAARINAENTH 3 HAunnLile

Ao a =

FuTadia danuniiu nsdanig anuuds 11nndnen
amaa?im'%wmqmﬁ 1 LLasgmﬁ 2 AANEUR I8
lAARINANgASH 3 JA1 (LY) Widy 11.72+0.08 a1
(@) WU 1.65+0.12 A1 (b*) 1A 0.56+0.12 AN
AUTU Y 33.80+0.01 AUSINABasY Winiy

0.89+0.01 LAZAIAMUTUNTA-AS 1YI1AU4.02+0.01

a

FeagluinaeiNanzay Jsdnieng1ouadning

v
a o o

gnsfl 3 dwsuiauidueoueadninarniinadia

=

VELDULNEA LW?’]%ﬁﬂ'ﬂ’]ﬁJLL“ﬁﬂ ANURTLU Larn1sEaLnIg

AUT9A denalrauluuinlauiudu

AN 3 ANYUENNNLAINVBILIBUEATATHAT 8nsTT 1 gnshl 2 uazgnsi 3
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2. MsAnwUSIahEinYEleNmANmTNzaY
roAuauURY10UEATNTHA

PnmsAnwUinasiatnsseumaATi ey
seRaLTRgNNEAANTHA1 WU 1eUmTNAgAST
4 gnsil 5 upzgesti 6 BediuSunaninansedosas
15 Tneniwiin ngladlesu $osaw 10 5 war 0 Tnethutn
PSR uaztadavzlemmAtesas 5 10 way 15
Tngtimiin auddy Snuadinm 4 uaziinans

NAFBUNITIAAMN N LRANNE Fam1519 2

2.1 nan1siAsIeinun e dura

¥
v v @

NaN1TIASIE M ladulafawanalunnsng 2

a

WUI1 10ULaARIHAIGRST 5 fA1 chewiness
cohesiveness gumminess Wag hardness gjﬂ‘ﬁ'qw
wavAn springiness Ununans ilesnnnidnuaizuy
waziln nswihatnvseumalansiiduosiussney
Tunau glycyrrhizin Faanusoaesfiuaunialiiy
NaRAUIDIMNT InelinarielasunNuuielagLuy
Wlieduiavossneuadninaninuniinuazes
sUlAR (Kanpairo, 2018) Hrananseduansliany
wufifiunuimdrdylunisfivaiuudweuead
dmnansisavinliiinnisnedvedasiadiefiunds
Us9 wazaunsadewalil hardness wag gumminess
397U (Habilla, 2011) daungladle3ufiunumiluns
Lﬁum’mmﬁmLLaxmmﬁwsjmmmauLaa?im%mm
lnen1susuaunavesnumila (viscosity) danasas
cohesiveness Way chewiness YBINANUN (Tireki,
2021) uenaniinglaaleudiisannisanadnues
dhananse Seinlnidedudaeeueadssnaniianuae
wiuwazilen (Suwan, 2017) faudulsenoumeant
Feheiaiuaiaiusysevinaluanaludesnemead
aanan liAnauudusaznie Instatnuzien
wakaznglaalesuiinaddglunisaiaiuseniuadl
Flilewadiirumiautuniln uaxiien springiness
ﬁlﬁqamn (Urunana) eTfﬁL“f]uwamﬂmﬂwﬁmﬁqqmﬂ
thimanseuazngladley aeaadesiun1sinuide
984 Asl and Hosseinzadeh (2008) wua lnaweslsdu
(glycyrrhizin) wazvanswodudnalsmluveiounegle
wSuAUUile LagAuduswedlasasiaaa il

, ) NFEFIVINTUM IS BaLiisuede
U 19 atU? 3 Uszduiou Auengu-suau 2568 v A < B
i g atuinermansuazinalulad

v
= 1

A1 hardness way cohesiveness ﬁLLmIﬁmqwu %)

USunaufianasavdenalienoneadninaniilodudad
BAmeu (springiness) LAFLNNINTY E10ULEAAATHAT
gns7 4 A springiness gafign ws1zdiuiunanglaa
1934 $owaz 10 uariusinanhatnuzieumadosay
5 Tpeihwiin LfiaLﬁEJUﬁJUEJWEJNLSJagM%D\Imqmiﬁ 5 uay
qmﬁ 6 ﬁwlﬁawamaaﬁm%wmqmﬁ 4 fignwazie

' v
v a1 A ¥ Y

duilaivy laeudi3dnine Auguled ereuadesuan

=

g9 6 A1 gumminess Wag hardness Urunang
A1 chewiness wag cohesiveness A1 ins1zditina
ni1wfenay 15 uazthatavziounaiosas 15 lng
thwiin uarlifingladlesy sihlhdedudaeadiini
uauaziRer1nTu denndosfuiufnyes Lees and
Jackson (1973) 85U1891 NIATUANBIAUTENBUVDY
hna wazansduwslugnaiaiifutadodifod
fvuanuanTRveuad seuadninaIgasi 6 i
A1 springiness #i1n31mngns selsifinglaaleuly
#3u Fanglealesuiiunumdrdgylunistesiunis
nnwan ilsnansusidiidoduiad dousasyutu mn
luifingleaalesy dwalfiAnnisanudnvestimansi
§deBadu uazvililassaduvonsadiidedudad
ufetu uazraauBangu

2.2 HaMTIATIERAUNINE

HANTIATIAAMNING LandfanIT1e 3 Ny
ok mamaa?m%wmqmﬁ 5 FeflUSunaihnnansie
Jowvay 15 nalaaleiuiesar 5 wazinafnzien
wafesay 10 Tngtwidn a1 L* (A1anuaing g
fign uazyinlidn a* (wualduduns) uas b* (unliy
Awdos) duwaldfudiudumy Tasen L* figeazsiou
SemnuaIN e WANALT du a* uay b* TifiuTy
wanadensiasunladulnuafiduiuainuaveni
ANAYLLOULNA

2.3 HANNSIATITHAIANUTY

HANTIASIZRAIAILTY LazAUSIN
DATY UAAIAIAITIN 3 WU mamaa?ﬂm’%mmgmﬁ
6 fA1ANTy wazAUTIuBasrgegaivinfy
55.28 m% Waz 0.93 (Aw) mua1au tinszduTunm




dhaansedesas 15 uavihatnvsoumaiesay 15
Tnethmin iesanluiduivsinashatauonme
USunaugs ansddayluvzionme 1wy slycyrrhizin 1u
a15UszneuYsELan saponin fidlAssasislsynay
fedruiiveuth (hydrophilic) Ao aesluianaves
nsangalsiin (glucuronic acid) wazauitldrauih
(hydrophobic) A glycyrrhetic acid Falnseadng
amphiphilic 5 F9viliA glycyrrhizin Sauannsalu
Asavaneii LLas@Jmsﬁ’umwm%umﬂ?amé’amiﬁﬁ a9
naliranudulugomeadninaniiatuld Wesan
amffﬁm3@mﬁummﬁuﬁummsaﬁ’mﬁqﬂa"n (Sharma
et al.,, 2016)

2.4 HanTIATIERAIANLTUNTA-ANS

HAN1TIATIZYAIAMUTUNTA-ANS WU
E10ULEARATHANGNTT 4 gAST 5 UazgnsTl 6 TR pH
WU 4.48+0.01 4.30+0.02 kay 4.37+0.02 m U eu
(M5 3) Jaflannnineuisedudntes feg
WU Chanpho (2015) AnwinisWanneaduzysis
WU pH TeeaatiAUsEINN 3.6 B9 3.7 uenani
1AIFIUNAR T AiguYUdMULEAARMUART pH oY
eI 2.8 f9 3.5 lagAn pH Awanzauiiande 3.2
(Waema & Benhawan, 2022) sianandunse-sng
suaamauLaaﬁm‘%mmmaa’amam’a@mamﬁa%qLaaﬁ
LaregnsiAuinw Jusadnian pH egluzaansa
wasgIu ansnsoiivuszavsamlumsiudamaiiule
yosqaunad vileadlidesand uazifulduiuds
Y feihluBemndvdensuiu pH vesnoueadlviog
w29 2.8-3.5 lelwanunsariundnsasilduud

3. M3AnwNsEeNSUNIUsEaEEREUSLA

U A a wa

F1521398 s danaudfnsuaiuniy

Y 9

NINNIIANLILATINITITE YnAUUURRINALLEN

a

Wuednad Liddsu3delafansneannsesainisesn

Y Y
o

nlAsnsise fawanslumsne 4 Tngenanatnsi
W13IWNTTITY T9UIU 30 AU UIZNaUe LnAYe
11U 3 Au Andulesay 10 waswAnge $1uu
27 au Anvdusesaz 90 91ys¥ning 18 fe 45 U 14fl
Usziinsuwnayulng lufiuseTalsausednda 9uau

26 Ay AnduSeeay 86.66 HllsAUsyind ST 4 AU
Amdusesay 13.33 ladineSuusenuen emsiasy
wagdandu S 17 au Andusesay 56.67 uay
JUUTEMIUYT 9IMITLETH Lagdn18Y 91U 13 AU
Amduseway 43.33

3.2 namsgeuSumsszanndudavesiuslne

nan1sAnwINIsEaNsUNISUsTamduNa Tu
AUANN 9 WU F SEVIR ANUEANEY AUTANTAY
nau warAUYaUlAYTIN YOIRUILAATIUIL 30 AU
fifiionan fusionameadninaio 6 gns AU
anslfennumnuuansnefu wudn enanasiasia 30
au TiRzuuuAugeUsIemadnInalud LA o
laiupnaneiueg1alided1An19aif (p<.05) AlUEnA
Tumnse 5 lnsoranadnslirzuuunnuseuseuead
p3nagnsdl 1 Gafinglaalesusosar 30 Taethnin
Tugnusan@ ANuBavgy ANuIANVAINAY Lazaly
youlasusnnTian sosasnfo mauwaﬁlm?wmqm
7l 4 Faihirmansne nalaalesy LazThafnzien
Sauaz 15 10 uae 5 Tnethmidn Audiy wazenanasing
THAzuuunToUBIeNnIHANgnST 4 sudanniian
aonndaatun1sAneves Rittilert (2019) Aidnw
MsWaLINARS A uTead ueanmnguIlv wy
3 wadildueaiinea LLazSuEEuLmuﬁwmamwM
SumzwuunureUlndfissTueaaiidiinanse
uenniinsFneIdeves Tungsatitporn (2019) il
ﬁw%ﬁlmﬁ’umaﬁwmwaﬁlﬁﬂé’ﬁﬁﬂgﬂﬂﬂﬂ%@ﬁﬁﬁﬂ;
WU waddue v umumanseldTuaziuy
auveulndiissiuiadiildiinianse waznns
Anw1ves Kanpairo (2018) Feswanisldarsvauny
thmansesenmnmwestufieademan wuh HUsln
Iﬁmiaaﬁuﬁ’uﬁLaaﬁmmaﬂqmiﬁmmejfwmamwa
shegaslaasosas 50 IndiAvefufuiivadnivan
qmzﬁqmamw uLiulddn Anuveuvefuilaa
Rowadiinuvatevans esandadesiag q léun
Shenrsaniuasiedudavesasiimunan Ay
AuAgvafuSInAradnvendndue Lavdadenu
Useannsenans (Rivero et al,, 2023)
Fatfu uilpzuuuanuvouTesia 6 gnaayll
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WANF19AUDE1NTTEdIAEYNINERR (p<.05) WANUIN
gnsi 1 funliuldsunzuuunureugeningnsdu
fafinaensroznanimmnaes linussnuensul
visomnuiaundle mendsnsTueiesneadninaly
vngesivhinsanu fawhmansiessinudnuas
NINMBANYBINAN AN WUTgRs AT uaNTRIMINE
adluAuAumilendy (cohesiveness) AumilA
(gumminess) AMULT (hardness) LavnISLAED
(chewiness) gean lein gnsi 3 wazgasi 5 usndy
Lilssunzuuunnuveugefignainotaasing 81
Lﬁaqmﬂé’ﬂwmzL‘f’jaé’mﬁmmqméﬁndnﬁmmuﬂu
wazudanniiuld dsliaenadesiuauveudiu
yARAYBIDIANATTATTN IR INNTALYN LABEE
viefidodudadaveusnnnit wavenanadingdiulg

919551119 18-23 T Fanawflanuveuisadiiddou
wanesnglaaleUinnintatneomme aonndes
fuauAdeves Basiri (2020) WU HaAnAnsignowl
fansannanvzioumeilsaninuangi Lagdsay
finvany (aftertaste) o19lsiidufidurouvesiuilan
vnangu Tasame Toguiiinveusananu dademand
Fududeddylunisvauindadusifinsatuaiy
seamsveanguiuslnatiming egnslstinueranadeg
fanuveugouadninagasfiiiiatasseumnea
liusnensugasdaiin fafuereueadninaaini
afinvziouna Sumnzdmiunguiuslanildlagunin
vionuauszduihnaludon

AN 4 SNYUENINLNINYBIYIUEATATHAGATN 4 gash 5 uazansi 6

1319 2

HANTTUATIEAMN MO TV 10U AR THA1FATHI

6Lk Nams'“;mﬁxﬁﬂmmwﬁaé’uﬁa (mean + sd)
Chewiness(gf)  Cohesiveness ~ Gumminess(gf) Hardness(gf) Springiness(s)

1 12,381.70+1,837.60°  4.05+0.08™ 23,315.80+3,335.30"° 5,755.5+845.60™ 0.59+0.01™
2 5,848.40+833.30° 3.75+0.06™ 10,570.50+1,573.20°  2,815.1+384.40™ 0.55+0.01™
3 18,250.30+4,853.00°  4.33+0.43™ 39,900.40+9,844.60°  8,417.2+1,404.60™ 0.49+0.01™
4 12,716.70+3,545.90°  3.84+0.06™ 24,567.40+7,456.60°  6,409.20+2,028.40™ 0.52+0.02"™
5 20,365.00+3,891.00°  4.11+0.28™ 48,193.00+10,224.80°  11,640.30+1,737.10™ 0.42+0.02™
6 11,208.30+1,816.00°  3.66+0.46™ 38,288.90+20,041.60°  11,085.40+7,423.60ns  0.35+0.17™

NUBLUR 5T a, b, ab Nuana1eiuluLwne nuneds Iauuand1aeg1aliedAy19ada (p<.05)

8nws ns nu1ed Lianuwanaeiueg1eiidey

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

o A

U 19 atU? 3 Uszduiou Auengu-suau 2568

o

d1AYN9EDR (p<.05)




M1919 3
HANI5ANYIAIE AT AITUNTA kagAIUSU I BT Y09 10MEAANTHAIFH A 9

gns cLlGG! ATy A EERLY
0 2 b (M%) anudunsa  Wdase (AW)

1 15.47+0.03° 1.93+0.10" 0.76+0.06" 33.79+0.02° 4.38+0.01" 0.89+0.01°
2 14.74+0.13¢ 1.53+0.18° 0.43+0.08° 40.68+0.09° 4.32+0.02™ 0.92+0.01%"
3 11.72+0.08° 1.65+0.12" 0.56+0.12  33.80+0.01¢ 4.02+0.01¢ 0.89+0.01"
4 16.73+0.08°  1.61+0.16™ 0.85+0.13° 40.68+0.09° 4.48+0.01° 0.88+0.02°
5 17.06+0.13° 2.51+0.16° 1.74+0.18° 48.21+0.03° 4.30+0.02° 0.89+0.01°
6 16.19+0.06" 2.44+0.11° 1.62+0.07° 55.28+0.09° 4.37+0.02° 0.93+0.01°

¥ ) 1 a | PN
e Toyalunisuansnaidudieie = Andesuunnsgiu (Mean+SD)

18T a, b, ¢, d, e NwanasiuluLus nueds dauuananeg1sltudAyneana (p<.05)
A1979 4

iayaa”nymzﬁ’aZz/sz/aoam?m?’m T4 30 AY

dnwazialuvasonaing 31U2U (n=30) fovaz
Ll

U618 3 10.00

oK 27 90.00
21

18-23 U 20 66.66

24-29 1 5 16.66

30-35 1 2 6.67

36-41 U 0 0.00

42-47 U 3 10.00
#07UNIN

Tan 26 86.67

WFI9TUY 4 13.33
3ZAUNTSANEN

inISyang 27 90.00

szAuUsng 2 6.67

ganIUSynd 1 333
1IN

HniBeu/dnfnw 20 66.67

NUNUIFIANNT 4 13.33

SUT 6 20.00

Fh e enm Vol. 19 No. 3 September - December 2025

Science and Technology




1519 4 (79)

anyaeN2lUvaI18d1AS 37U (n=30) $ovay

uaeiivzinnisiayulnauialil
ladime 30 100.00
LAY 0.00

ynuliuseanneanulsauseanfiunsabi

JEYTC 26 86.66

LAE 4 13.33
- HuwW 3 10.00
- anuiulaiings 1 3.33

UagUuvinuiinissuuszniuegn 8115wty Wsednndiunselyl

laivae 17 56.67
LAY 13 43.33
- gnanAuAulaRn 12 40.00
- AANTUA 9 1 3.33
1519 5

158045 UNNUTEA MU T ALARYBIEANN Y 10ULEAANTEHAT

gasi AMANYUE
g FAYA audavgu  anuidnudindu  aduvaulagsiu

1 7.50+1.61™ 6.16+2.08™ 6.96+1.42"™ 6.43+1.94™ 6.93+1.68™
2 6.73+2.05™ 5.93+1.89™ 5.70+1.64™ 6.00+2.26"™ 6.06+2.13™
3 7.07+2.01™ 5.63+2.69™ 6.36+2.22" 5.73+2.49™ 5.93+2.73™
4 7.80+1.63™ 5.96+1.86™ 6.53+1.77" 6.30+2.13™ 6.40+1.86™
5 7.33+£1.71" 5.00+2.19™ 5.93+2.13"™ 5.33+2.41"™ 5.53+2.06™
6 6.93+2.16"™ 5.19+2.01™ 6.00+2.25™ 5.10+£2.56™ 5.71+2.19™

e Yeyalunsnsuanmaiiuanafouazandonuuuinsgiu (Mean+SD) n = 30 A

N v o w

= ra U U ! aa
ns wieds Lufinuuwansisiued1eiitedAyisaia (p<.05)

, , NIANTIVINTUATINE DA W Te
U 19 atu? 3 Uszduiou Aueneu-suau 2568 < < B
i g atuinermansuazinalulad




JaLauauuy 3. AsAnwussdudlmunzaudniuiiu

1. AISHUAIUWANNAANYVDITAT IR AL NAY granLuaanINat

YDINANNUNYDULAR

2. A35HNNSANYIAINUAIRIVDIE1DULYA]
PAIHAMATATINANVBIATY

4 &

References

Asl, M. N., & Hosseinzadeh, H. (2008). Review of pharmacological effects of Glycyrrhiza sp. and its
bioactive compounds. Phytotherapy research, 22(6), 709-724. https://doi.org/10.1002/ptr.2362

Basiri, S. (2020). Assessment of sensory, texture and color properties of functional pastilles containing
Licorice (Glycyrrhiza ¢labra L.), Nutrition and food sciences research, 7(4), 27-32. Retrieved from
https://nfsr.sbmu.ac.ir/article-1-415-fa.pdf

Chanpho, K., Daodes, S., & Sakloetsakun, D. (2015). Effects of gelling and sweetening agents on characteristics
of Maprang crude extract’s (Bouea macrophylla Griff) jelly product. In 7th annual northeast
pharmacy research conference of 2015 “Challenges and Opportunities of Pharmacy Profession
in Post-Millennium Development Agenda” Faculty of Pharmaceutical Sciences,
Khon Kaen University, Thailand (pp. 290-295). Khon Kaen: Khon Kaen University (in Thai).

Deepanya, W. (2008). Development of gummy jelly Tamarind product.
Phetchabun: Phetchabun Rajabhat University. (in Thai).

Department of Thai Traditional and Alternative Medicine. (2020). Covid-19 outbreak [Pamphlet].
Nonthaburi: Department of Thai Traditional and Alternative Medicine. (in Thai).

Diniz, D. T., & Lannes, S. C. (2016). Influence of sugar and syrup on the texture and sensory properties
of jelly candies. Food Science and Technology, 36(4), 635-642. https://doi.org/10.1590/1678-457X.0055

Habilla, C., Sim, S.Y., Aziah, N., & Cheng, L.H. (2011). The properties of jelly candy made of acid-thinned
starch supplemented with konjac glucomannan or psyllium husk powder. International Food
Research Journal, 18, 213-220. Retrieved from http://www.ifrj.upm.edu.my/18%20(01)%202011/
(21) IFRJ-2010-010 Cheng USM[1].pdf

Huayhongthong, M. (2013). Effect of gelatin sugar and glucose syrup content on qualities of cashew apple

eummy jelly (Research report). Bangkok: King Mongkut’s University of Technology Thonburi (in Thai).

FAUNERITASE JOUTAS |y, 19 No. 3 Septernber - Decernber 2025

Science and Technology



Kanpairo, K. (2018). Effect of different sweeteners on the quality of torch ginger (Etlingeraelatior (Jack) R.M.
Smith) gummy jelly. Burapha Science Journal, 23(2), 944-958. Retrieved from
https://scijournal.buu.ac.th/index.php/sci/article/view/1992?utm_source=chatgpt.com (in Thai)

Kim, Y. S., &Lim, S. T. (2013). Effects of sucrose and glucose syrup on the textural properties of gummy candies
and gelled confectionery. International journal of food science & technology, 48(6), 1135-1141.

Lees, R., & Jackson, E. B. (1973). Sugar confectionery and chocolate manufacture. Leonard Hill: New York.

Madani, A & Jain, S.K. (2008). Anti-Salmonella activity of Terminalia belerica: in vitro and in vivo studies.
Indian Journal of Experimental Biology, 46(12), 817-821. Retrieved from
https://pubmed.ncbi.nlm.nih.gov/19245178/

Martins, S. I. F. S., Ganzle, M. G., & McMahon, D. J. (2014). Effect of sugar type and concentration on
the color of caramel. Food research international, 63, 229-235.
https://doi.ore/10.1016/j.foodres.2014.04.024

Maruthappan, V., & Shree, K. S. (2010). Hypolipidemic activity of Haritaki (Terminalia chebula) in
atherogenic diet induced hyperlipidemic rats. Journal of Advanced Pharmaceutical Technology
& Research, 1(2), 229-235. Retrieved from https://journals.lww.com/japtr/fulltext/2010/01020/
hypolipidemic_activity of haritaki terminalia.14.aspx

Moungthai, P. (2010). Chemistry on the occurrence of brown color by maillard reaction.
Srinakharinwirot University Journal of Sciences and Technology, 2(4), 1-9. Retrieved from
https://ph02.tci-thaijo.org/index.php/swujournal/article/view/31877

Naik, G. H., Priyadarsini, K. I., Bhagirathi, R. G., Mishra, B., Mishra, K. P., Banavalikar, M. M., & Mohan, H.
(2005). In vitro antioxidant studies and free radical reactions of triphala, an ayurvedic formulation
and its constituents. Phytotherapy Research: PTR, 19(7), 582-586. https://doi.org/10.1002/ptr.1515

Net-anong, S. (2014). Comparative study of efficacy and adverse effects of Triphala versus simvastatin
in blood lipids reduction in dyslipidemia patients. (Clinical Trial Phase 1) (Master’s thesis).
Thammasat University. (in Thai)

Net-anong, S, Kittipawong, P, Ruangno, S., & Itharat, A. (2015). Free radical scavenging activity and total
phenolic content of different times for extraction triphala powder and its stability study.
Thammasat Medical Journal, 15(3), 472-479. Retrieved from

https://he02.tci-thaijo.org/index.php/tmj/article/view/246431/167539 (in Thai)

, , NIANTIVINTUATINE DA W Te
U 19 atU? 3 Uszduiou Auengu-suau 2568 < < B
i g atuinermansuazinalulad




Pichiasunthon, C., Chawalit, M., & Jirawong, W. (2015). Explanation of the Phra Narai medicine book
in the edition celebrating the 72nd birthday of the Great King, 5 December 1999 (3rd ed.).
Bangkok: Amarin printing and publishing (in Thai)

Phetkate, P. (2012). Study on side effect and immunomodulatory effect of triphala recipies extract in
healthy volunteers (Master’s thesis). Thammasat University. (in Thai)

Rasool, M., & Sabina, E. P. (2007). Antiinflammatory effect of the Indian Ayurvedic herbal formulation
Triphala on adjuvant-induced arthritis in mice. Phytotherapy research: PTR, 21(9), 889-894.
https://doi.org/10.1002/ptr.2183

Rittilert, P., & Warin, K. (2019). Development of karanda (Carissa carandas L.) Gummy Jelly Product
(Research report). Phra Nakhon Si Ayutthaya: Valaya Alongkorn Rajabhat University (in Thai)

Rivero, R., Archaina, D., Sosa, N., & Schebor, C. (2023). Sensory characterization, acceptance, and stability
studies on low calories fruit jelly candies. Journal of Food Science and Technology, 60(5),
2204-2212. https://doi.org/10.1007/s13197-023-05747-7

Sandhya, T., Lathika, K. M., Pandey, B. N., & Mishra, K. P. (2006). Potential of traditional ayurvedic
formulation, Triphala, as a novel anticancer drug. Cancer Letters, 231(2), 206-214.
https://doi.org/10.1016/j.canlet.2005.01.035

Sharma, V., Katiyar, A., & Agrawal, R. C. (2016). Glycyrrhiza glabra: Chemistry and pharmacological activity.
Retrieved from https://doi.org/10.1007/978-3-319-26478-3 21-1.

Sirirathawong, S., & Jaijoi, K. (2008). Anti-inflammatory and Analgesic Activity of Triphala Recipe.
National Research Council of Thailand. Retrieved from https://dric.nrct.go.th/Search/
ShowFulltext/2/286058 (in Thai).

Somsaeng, S. (2007). Comparison of color change of sennai (Guangzhou variety) preserved by high pres
sure and heat: An exploratory study (Doctoral dissertation). Chiang Mai University. Chiang Mai. (in Thai)

Suechawakornkul, J, 2021. Consumer need analysis and development of low calories vegan jelly
enhanced immunity from fingerroot (Master’s thesis). Thammasat University. (in Thai).

Supimarat, S. (2000). Candy and chocolate production technology. Bangkok: Chulalongkorn University.
(in Thai).

Suwan, T., Pradutprom, W., Neamroop, W., Choosuk, N., & Phungamngoen, C. (2017). Development
of Babbler’s Bill leaf gummy jelly. Burapha science journal, 22(1), 189-201. Retrieved from

https://scijournal.buu.ac.th/index.php/sci/article/view/1284 (in Thai)

FAUNERITASE JOUTAS |y, 19 No. 3 Septernber - Decernber 2025

Science and Technology




Suwan, T., Narathaphanon, P., Lamsuwan, A., Phongpattanapanich, W., & Kullamethee, P. (2018).
Development of Babbler’s Bill Leaf Carragenan Jellies. The Journal of King Mongkut’s University
of Technology North Bangkok, 28(2), 403-411. Retrieved from
https://ojs.kmutnb.ac.th/index.php/kjournal/article/view/1010 (in Thai).

Thitiset, T. (2011). Development of the novel scaffolds from gelatin, chitooligosaccharide and demineralized
bone matrix for bone tissue engineering application (Master’s thesis). Chulalongkorn University.
(in Thai)

Tireki, S., Sumnu, G., & Sahin, S. (2021). Correlation between physical and sensorial properties of
gummy confections with different formulations during storage. Journal of Food Science and
Technology, 58(9), 3397-3408. https://doi.org/10.1007/5s13197-020-04923-3

Tungsatitporn, P., Asot, P., & Pardith, N. (2019). Development of jelly ready meal from stevia.
Journal of home economics technology, 1(1), 62-71. Retrieved from
https://s009.tci-thaijo.org/index.php/hecrmutp/article/view/4372/2565 (in Thai)

Tutapa, M., & Fakkham, S. (2024). The use of medicine for exanthematous fever in Taxila Scriptures.
EAU heritage journal science and technology, 18(2), 107-123. Retrieved from
https://he01.tci-thaijo.org/index.php/EAUHJSci/article/view/267606 (in Thai)

U.S. Food and Drug Administration. (2011). Acidified Foods: Guidance for Industry (Draft Guidance).
Retrieved from https://www.fda.gov/food/food-safety-modernization-act-fsma/acidified-Foods

Waema, S., & Benhawan, A. (2022). Development of Andrographis paniculata and white fingerroot
Jelly products combined with propolis and studying their antimicrobial and antioxidant properties
(Research report). Yala: Yala Rajabhat University. (in Thai)

Wiwakplern, N., Nualkaew, S., & Rinthong, P. (2020). Comparative study on the effectiveness of triphala
maha pikut tablets, triphala maha pikut extract tablets and senna extract tablets in relieving
constipation. Udonthani Hospital Medical Journal, 28(2), 178-191. Retrieved from
https://he02.tci-thaijo.org/index.php/udhhosmj/article/view/245092/166629 (in Thai).

Zhang, Y., Liu, Y., Zhang, L., & Wang, X. (2017). Effect of sucrose concentration on moisture retention
and texture of sugar-based candy. International Journal of Food Science & Technology, 52(6),
1370-1376. https://doi.org/10.1111/ijfs.13415

Zou, T., Zhang, M., Sun, J., & Chen, Y. (2018). Effect of glucose syrup and sucrose on the Maillard
reaction and the color characteristics of caramelized products. Food Chemistry, 238, 28-34.

https://doi.org/10.1016/j.foodchem.2017.06.127

<4 &

e —

, , NIANTIVINTUATINE DA W Te
U 19 atU? 3 Uszduiou Auengu-suau 2568 < < B
i g atuinermansuazinalulad




NIINAIUILDUNALATUAINTUNITIANITAUAIAIAEY
dremalulainisieudvesinios
Development of an Inventory Management System on a
Mobile Application using Machine Learning Technology

v ¢

Ann ans’ Soyaniod 3adlen’ uagnana Lesugysdes
Supada Sutta', Tanyarat Jivnot' and Tossaphol Settawatcharawanit'*
Iegnaedmnssumansuasinalulad uninedegsiatuding

'College of Engineering and Technology, Dhurakij Pundit University
*Corresponding author: tossaphol.set@dpu.ac.th

Received: March 7, 2025

Revised: May 20, 2025

Accepted: May 26, 2025

unAnga

n53deaseil Wumatamnsdansaudasedsdiivssansam ieandunuuasfiunarilslvysie Taod
Snquazasdiiie (1) Wannuoundinduvuiiofiosuiunisldauszuy Point of Sale: POS dwsuaunuuiiléa
diementdiu (2) WamnsruunaueuntsdstedmiidemalulaBnisGeuivesaios (machine learning)
Tnglilanna Gradient Boosting Regression filyiuadnsaign tngiin MAE=1.4320 MSE=3.7344 RMSE=1.9270
R?=0.7148 uay MAPE=0.4953 (3) dmalsinarilsifiudunazandunuainilymauiindng uazanelianei
lidndu wu nmsindunissneniinnedfidedddiui waznsldlusunsufidudousunidneuilidiugy
(a) UssidiutseBndamaasszuuiisludnunisldmuuasanufisnelaveslfom S1uau 30 nquiegsidy
JUszneunsgsRavunldnuuuanzngy Alifszuunisdanisadedudsnludi Saihnisusediu 5 sy adl
(1) frumsIanisuiluszuuadsdua (X =3.64 SD=0.58) (2) sun1sliszuvwenind (X =4.12 SD=0.17)
(3) hunsdsdudnannmsnennsel (X =3.97 SD=0.07) (@) fumugnieswesszuuuazmulasnsivvestoya
(X = 3.80 SD=0.20) (5) sun1seanuuunislde (X =4.22 SD=0.22) uaadliiiiuii ueundnduaunsanou
TandlFruldfluBnsoonuuy waganuazainlunslionu fufuwundieduifamnzfugshrmuadni
#eansuiuslugaiinisnanaiinsdsuulasegrssndaluiagu

oy
[ ' v

ANFIARY: N1TNEINTANITAWOAIMUY NITITEUTVRLATON TTUUVWAUAIMUITIU N1TUINITAUAIAIAGT

v

FALHERTAGEJOURRAL | yiol, 19 No. 3 September - December 2025

Science and Technology



Abstract

This research focuses on enhancing inventory management efficiency to reduce operational expenses
and increase profitability for businesses. The objectives of the study are (1) to develop a mobile application
integrated with a Point of Sale: POS system for barcode scanning and in-store sales and (2) to implement a
predictive purchasing system using machine learning technology. The Gradient Boosting Regression
model was found to yield the best performance, achieving MAE=1.4320, MSE=3.7344, RMSE=1.9270,
R2=0.7148, and MAPE=0.4953; (3) to increase profits and reduce unnecessary costs caused by excess
inventory and hardware installation, including complex software systems that are not user-friendly
for inexperienced staff; and (4) to evaluate system performance and user satisfaction. The evaluation
was conducted with 30 targeted small business owners who currently operate without automated inventory
systems. Five aspects were assessed: (1) inventory management and adjustment (i =3.64, SD=0.54);
(2) POS system usability (X = 4.12, SD= 0.17); (3) forecasting-based purchasing decisions (X =3.97, SD=0.07);
(4) system accuracy and data security (X =3.80, SD= 0.20); and (5) user interface design (X =4.22,
SD=0.22). The results indicate that the application effectively meets user needs, particularly in
terms of design and usability. Therefore, the developed application is well-suited for small businesses seeking

to adapt to the rapidly evolving marketplace.

Keywords: demand forecasting, machine learning, Point of Sale System, inventory management
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Abstract

This research aims to develop a real-time flood early warning system using loT technology and a LoRaWAN
network for deployment in rural areas frequently affected by recurrent floods. The developed prototype
system consists of three ultrasonic water level sensors and a rain gauge sensor, connected
to a microcontroller that transmits data via the LoRaWAN network to a Raspberry Pi gateway. The
gateway records the data onto a cloud database (Google Sheets) and displays the results on a real-
time dashboard via Looker Studio. The system is powered by a solar panel coupled with a battery,
enabling continuous operation even during power outages. It automatically sends alerts through the
LINE Application when the water level exceeds a predefined threshold, warning schools and communities to
prepare for the flood hazard in advance. Experimental results, gathered over a random 20-day period,
demonstrate that the system can continuously and accurately measure water levels and rainfall
amounts, achieving an average error of 7%. The standard deviation of the data collected over the 20
days was 39.71. Data was transmitted in real-time, and the flood alerts were delivered promptly, resulting
in schools and communities receiving information faster to mitigate flood damage. The developed system is
low-cost, low-power consumption, and offers reliable long-range communication. Furthermore, it is
easy to maintain and excellently supports deployment in remote areas with limited communication
infrastructure. It significantly helps reduce the impact of floods and enhances the efficiency of water

resource management and disaster response in the study area.

Keywords: Internet of Things, Flood Early Warning System, warning system
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Abstract

Narathiwat Province exhibits pronounced seasonal variability in average monthly rainfall, which
significantly impacts water resource management and disaster preparedness. This study aims to
analyze time series patterns and compare the forecasting accuracy of Holt-Winters’ Additive Exponential
Smoothing: HW-AES and the Box-Jenkins ARIMA: ARIMA models. The analysis is based on 132 observations
of monthly average rainfall from January 2013 to December 2023. Model performance was evaluated
using Mean Absolute Percentage Error: MAPE, Root Mean Square Error: RMSE, and the smallest absolute
differences between observed and forecasted rainfall values. The results revealed that the Holt-Winters’: HW
model outperformed the ARIMA model, with a lower MAPE (83.86%), RMSE (46.27 millimeters: mm),
and forecast-observation difference (116.65 mm), compared to ARIMA’s MAPE (198.26%) and RMSE
(100.89 mm). The forecasted rainfall for 2024 showed the lowest value in March (46.03 mm) and the
highest in November (402.42 mm). These findings suggest that the HW-AES model is more appropriate

for forecasting in regions with distinct seasonal rainfall patterns.

Keywords: rainfall forecasting, holt-winter’s, ARIMA, time series analysis
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2023). In 2020, Narathiwat recorded an annual

Introduction
rainfall of 2,009.03 mm, representing approximately
62.82% of the area’s 30-year average (2,457.60

Rainfall forecasting plays a crucial role in

water resource management, agriculture planning,

and disaster risk reduction, particularly in regions mm). Notably, in November 2024, the province

recorded an extreme daily rainfall event of 448.60

mm. In 2021, flooding impacted 43,039 households

with significant climatic variability such as Narathiwat

Province in southern Thailand. Narathiwat exhibits

rainfall patterns distinctly different from most and resulted in eight fatalities (Department of Disaster

P ti d Mitigation, 2023). C tl
other areas of Thailand, especially in terms of revention an ftigation, 2023). Consequently,

. e , , , accurate rainfall forecasting is essential to effectively
rainfall distribution and intensity. Most regions

manage these climatic challenges, particularl
in Thailand experience rainfall predominantly s I I ges, particuiarty

iven climate change’s influence on increasin
influenced by the southwest monsoon from May to s s s

rainfall variability and intensity.
October. In contrast, Narathiwat is primarily affected y y

by the northeast monsoon from October to February To address these challenges, various
(Thai Meteorological Department, 2023). Thismonsoon  forecasting models appropriate for regions with
similar climatic conditions have been extensively

studied. For instance, Tee and Mansor (2024)

carries significant moisture from the South China Sea,

causing heavy, continuous rainfall that frequently

leads to severe flooding. Historical data indicates
frequent flooding across all 13 districts of Narathiwat
from 2019 to 2024 (Narathiwat Provincial Office,
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effectively applied the ARIMA model for short-term
rainfall forecasting in Selangor, Malaysia, achieving high

accuracy (MAPE=16.89%) and effectively capturing




seasonal rainfall trends. Khan et al. (2023) similarly
confirmed ARIMA’s efficacy in forecasting monthly
rainfall in the Klang River Basin (R?=0.78). Additionally,
HW methods have also been evaluated in neighboring
regions; Poh and Norrulashikin (2022) identified
SARIMA as more accurate for areas with pronounced
seasonal patterns. Conversely, Wiguna et al. (2023)
found the Multiplicative HW model preferable to
the Additive model in Indonesia, demonstrating

varying model performances dependent on local

rainfall characteristics. In southern Thailand, including
Narathiwat, recent research by Wagas et al. (2024)
utilizing Deep Learning models (Wavelet-LSTM
and Wavelet-CNN-LSTM) indicated potential but
significant challenges in accurately modeling
intense rainfall variability, reflected by relatively
low determination coefficients (R?~0.24-0.32) and
high error metrics (RMSE = 92-93 mm). Therefore,
selecting forecasting models that align closely

with local rainfall characteristics is imperative.

This study thus aims to evaluate and
compare the forecasting accuracy of HW-AES
and ARIMA models. Monthly average rainfall data
from 2013 to 2023 were employed, with model
performance assessed through standard indicators
such as MAPE and RMSE. The findings from this
research will support future climate adaptation
strategies and hydrological forecasting within the

region effectively.

Objective

1. To analyze the time series movement

of monthly average rainfall in Narathiwat Province.

2. To evaluate and compare the forecasting
accuracy of HW-AES and ARIMA models.

3. To determine the most appropriate
model for forecasting monthly rainfall in Narathiwat
Province and apply it to forecast values for the
year 2024,

Literature review

Based on a comparative review of recent
forecasting studies, both HW and ARIMA-based
models have demonstrated varying degrees of
performance depending on data characteristics
and regional contexts. For example, ARIMA (1,0,1)
(1,0,1) 12 achieved the lowest MAPE of 3.24% in
a study by Sopipan (2014), significantly, outperforming
the HW model, which reported a much higher
MAE. In more seasonally driven regions, such as
Senai, Malaysia, the multiplicative HW model
yielded superior performance with a MAPE of
55.18% and MAE of 158.87 compared to the
additive variant (MAPE=70.18) (Wiguna et al,,
2023). Similarly, Gowri et al. (2022) reported that
both HW and ARIMA (1,0,2) models performance
well, with HW demonstrating lower RMSE and
MAE. Recent applications of Recurrent Neural
Networks (RNN) have also shown high accuracy,
achieving the lowest RMSE and MAPE among all
models evaluated (Aini et al,, 2022). In another
comparative study, Wutthiwongyothin et al. (2020)
found that HW outperformed SARIMA in short-term
forecasting based on RMSE, although SARIMA

remained competitive in capturing long-term patterns.

Furthermore, while RNN yielded the lowest RMSE
(0.377), the adaptive HW model remained a competitive
alternative with a MAPE of 0.620 (Aini et al., 2022).
These findings emphasize the importance of selecting
forecasting models based on the characteristics of

the dataset. ARIMA models tend to perform better
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in data with strong linear trends and stochastic
components, whereas HW models-particularly the

multiplicative and adaptive forms-are more effective

Table 1

errors is presented in Table 1.

Comparing Forecast Models and Assessing Forecasting Errors

for capturing complex seasonal fluctuations. A

summary of model comparisons and forecasting

Model Parameter MAPE/ RMSE/ MAE Result Ref.
Holt-Winters 0 = 0.6534, MAPE = 70.18%  HW method favors Wiguna et al,,
Additive B = 0.0036, MAE - 186,50 e multiplicative  (2023)
model for future
(AHW) Y =0.1182 precipitation
Holt-Winters o = 0.8889, MAPE = 55.18%  forecasting
Multiplicative B = 0.0001, MAE = 158.87
(MHW) Y = 0.0246
ARIMA ARIMA (1,0,1) (1,0,1) 12. MAPE = 3.24%,  The less the error Sopipan (2014)
MAE = 616.918 measures, the more
' accurate the prediction
HW o =07, MAPE = 11.96%, is ARIMA
B =0.04, MAE = 943.194
Y = 0.46
ARIMA SARIMA (0,0,0) (2,2,1) 12 MAPE = 98.24%, The SARIMA model Poh & Norrulashikin
RMSE = 100.54 is more appropriate (2022)
' model to forecast the
AHW MAPE = 73.12%,  amount of rainfall
RMSE = 89.83 in station senai than
AHW model.
SARIMA SARIMA (0,1,1) (2,1,1)12 RMSE (Ave.) = 3.57 HW models had better Brito et al., (2021)
HW o =0.11, RMSE (Ave,) = 2,93 Performance in
reproducing the mean
B =o0.03, series seasonality.
Y =0.48
AHW o =0.1185, RMSE = 0.500, RNN method has better Aini et al., (2022)
B - 0.0141, MAPE = 0.620 RMSE and MAPE values
Y = 0.2111
Recurrent RNN RMSE = 0.377,
Neural Network MAPE = 1.596
ARIMA ARIMA (1,0,2): RMSE = 54.29, The comparative Gowri et al., (2022)
MAE = 39.470 analysis revealed that
HW model accurately
AHW AHW RMSE = 48.67, forecasts the rainfall
MAE = 36.751 with less error
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Conceptual Framework

Figure 1 Conceptual Framework

Methodology
Study Area

This study focuses on the entire Narathiwat
province, located in the southern-most part of
Thailand. The province lies between latitudes
5.7°to 6.7° North and longitudes 101.4° to 102.1°
East, covering a total area of 4,475.43 Km®”. The
province borders Yala to the north and Malaysia

to the south. Its topography includes coastal

plains and mountainous terrain, which contribute
to distinct seasonal rainfall patterns. The study
area and station locations are illustrated in Fig.
2. Details on station selection and data sources

are provided in the Data Collection section.

Data Collection
Monthly average rainfall data from January
2013 to December 2023, consisting of 132 observations,

were collected from a public database maintained
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by the Hydro-Informatics Institute: Hll, a national
agency responsible for integrating and managing
water-related data in Thailand. HIl consolidates
data from multiple sources, including the Thai
Meteorological Department and the Royal Irrigation
Department. The dataset used in this study was
selected for its temporal continuity, spatial coverage,
and completeness. Monthly rainfall data were collected
from 20 meteorological stations, including all 17
stations located within Narathiwat Province and 3
from adjacent Yala Province. The inclusion of nearby
stations aimed to enhance data coverage in border
areas with similar rainfall patterns. Station selection
was based on data completeness and geographic
proximity to ensure reliable representation of
regional rainfall variation (Fig. 2), resulting in a
more robust and comprehensive dataset for time

series analysis.

The raw monthly rainfall data from the
20 selected weather stations were preprocessed
through spatial averaging, producing a single
monthly average rainfall series representing the
entire study area. All 20 weather stations were
included in the dataset. Minor missing values
(less than 5%) within each station’s time series
were filled using interpolation based on monthly
or seasonal means, ensuring data completeness
and continuity prior to spatial averaging. The
resulting dataset, referred to as the monthly
average rainfall series, was used for both model
calibration and validation. This preprocessing step
ensured spatial representativeness and temporal
completeness, thereby preparing the dataset for
subsequent time series modeling, as described

in the Data Analysis section.

Data Analysis
Narathiwat Province exhibits significant
seasonal rainfall variation, particularly during the

northeast monsoon, without a clear long-term

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 19 atU? 3 Uszduiou Auengu-suau 2568

increasing or decreasing trend. This necessitates
the use of time series models capable of capturing
seasonal patterns without assuming a long-term
trend component. Thus, HW-AES, which effectively
captures seasonality, and ARIMA, which is widely
used for time series forecasting, were selected

for comparison.

Monthly rainfall data from January 2013
to December 2023 were collected from the Hll,
covering both typical and extreme rainfall years
linked to major flood events in Narathiwat Province.
This 11-year period provides sufficient data length
and variability for robust time series modeling. For
analytical purposes, the dataset was divided into
three subsets. Dataset 1 (January 2013-December
2022; 120 data points) was used for time series
decomposition and model calibration as shown
in Table 2. Dataset 2 (January—-December 2023;
12 data points) was used to evaluate forecast
performance by comparing predicted and actual
values. Dataset 3, which included the full 132-point
series (2013-2023), was used to forecast monthly
rainfall for 2024, resulting in 144 projected values.

Time series decomposition of Dataset 1
was performed to examine trend, seasonality, and
residual components. Stationarity was assessed
and adjusted where necessary, particularly for ARIMA
modeling. Microsoft Excel was used for computing
HW-AES parameters via recursive formulas and erid
search, while IBM SPSS Statistics 25 was employed
for ARIMA model development. Model accuracy
was assessed using MAPE, RMSE, and the absolute
difference between predicted and observed rainfall.
MAPE provides an interpretable percentage error
suitable for comparison across varying rainfall
volumes, while RMSE captures the magnitude
of errors and is especially useful in flood-prone

regions like Narathiwat. These complementary




metrics guided the selection of the best-performing
model, which was subsequently applied to Dataset

3 for forecasting rainfall in 2024.

In the decomposition process, the monthly
average rainfall data (Dataset 1) were separated into
three main components using the AHW method:
level (the baseline smoothed value), trend (the
direction and strength of change over time), and
seasonality (repeating fluctuations across months).
These components were manually computed in
Excel using recursive formulas. Visual interpretation
of the plots was performed to identify trend and
seasonal patterns, as no statistical decomposition
tools were used. These findings further confirmed
the appropriateness of the HW-AES model for
datasets with strong seasonal components and
stable long-term trends. For ARIMA modeling, the
stationarity of the series was assessed using the
Augmented Dickey-Fuller (ADF) test in SPSS, with

seasonal differencing applied where necessary to

stabilize the mean and variance across time.

Research Tools

In this studly, statistical analysis and forecasting
were performed using Microsoft Excel and IBM SPSS
Statistics version 25. Microsoft Excel was used to
compute and evaluate the HW parameters. Specifically,
recursive formulas were implemented manually
to generate forecasts for different parameter sets.
A grid search was conducted by systematically varying
a, B, andy from 0.001 to 1.000. Forecasting errors were
calculated using RMSE and MAPE within Excel to
identify the parameter combination that minimized
the forecasting error. IBM SPSS Statistics was used
for advanced statistical modeling, specifically for

developing and evaluating ARIMA models.

Figure 2 A map showing the locations of the weather stations used in the study
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Table 2

Dataset 1 - Rainfall Data from January 2013 to December 2023

Rainfall Data (Unit: Millimeters)

Month/ 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year
Jan 73.91 105.61 163.63 34446 21594 11531 39.59 301.75 3592 344.53  344.53
Feb 19573 3.13 7.23 87.06 37.85 70.33 45.05 132.10  2.25 591.77 182.62
Mar 24.37 72.37 17.37 6.65 52.22 52.80 42.98 24.37 130.77 183.58 39.58
Apil 77.42 64.05 35.51 7.22 79.22 107.81 71.93 82.47 143.40 189.68 62.76
May 86.37 11579  92.98 33.57 91.02 98.60 186.96 138.43 24.34 208.49  142.58
June 52.66 101.79  33.82 59.81 50.18 72.77 24133  269.60 230.79 209.53 197.57
July 55.61 82.54 59.71 57.31 61.13 85.50 129.65 257.42 141.27 183.03 147.99
Aug 112.15 13359 72.07 50.55 45.73 70.87 136.64 271.54 252,02 21487 257.38
Sep 78.57 128.78 176.07 14.77 58.13 129.36  156.87 279.04 130.53 206.24 22191
Oct 147.79 28296 239.32 121.76 99.73 160.73  195.04 221.85 167.98 293.48 283.24
Nov 13499 32375 328.64 140.30 47451 23940 397.72 311.06 300.44 41456 42598
Dec 173.72 568.28 171.47 368.71 311.89 318.15 295.88 539.85 438.16 707.74 670.66
Statistical Analysis Yt
Holt-Winters Model Si=y L_ + (1 =y) Sem (3)
The AHW exponential smoothing method ‘
decomposes the time series into three key com- Yt =(L:+T)x S, (4)
ponents: the level (average value), trend (gen-
eral direction), and seasonal variations (regular Residual = Y, - Y, (5)

fluctuations occurring within specific periods).
These components are continually updated and
smoothed using parameters a, B, and v, which are
optimized based on historical data to minimize
forecast errors. The equations governing these

components are expressed as follows (1) - (5):

Y
5 (l-a)(L,+T.)

t—m

L=c

Tt:ﬂ(I‘t_Lt—l)_"(l_ﬂ)Tt—l (2)
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where Lt is the level; Tt is the trend; St is
the seasonal; Yt is the value from the given data,
while t is the time period for the component of
L, T,S, andY, /I}tis the forecast value of a period
ahead. Additionally, a: level (0<a<1), B: trend
(0<B<1)andy: seasonal are smoothing coefficients.
m is the forecast period.

ARIMA Model

Non-stationary time series data can be

effectively modeled using the Seasonal Autoregressive




Integrated Moving Average: SARIMA model, denoted
as ARIMA (p, d, ¢) (P, D, Q) where s is the seasonal
period. This model combines both non-seasonal and
seasonal components and includes autoregressive: AR,
differencing (1), and moving average (MA) terms.
The general form of the SARIMA model can be

expressed as equation (6):
%,(B)®, (B)(1-B)"(1-8)"Y, =6,(B)0 (8)2. (6

where ¢,(B) and @, (B) are non-seasonal
autoregressive polynomial of order p and ¢,
respectively; ®p(BS) and ®p(B%) are the seasonal
autoregressive polynomial of order P and Q,
respectively; Y, is the observed time series at time
t, B is the backshift operator, defined as BkYzYHC,
d is the degree of non-seasonal differencing: D
is the degree of seasonal differencing. € is white

noise (error term) at time t.

Measuring Forecast Error

The error measurement component is
important to measure the accuracy and the
model performance of rainfall forecast data. The
standard statistical parameter of MAPE and RMSE
were used to measure the accuracy of the HW

method. The equations are shown below (7) - (8):

MAPE Calculation

1o ‘Yt—f/ t
MAPE =—> | — |x100 (7)
n t=1 P
RMSE Calculation
1 n
N v \2
RMSE = Z(Yt Yt) ®)

n =

Given n is the value of total observations,
Y is the actual value and Yt is the forecast value
of period t.

Result
Time Series Decomposition and Statistical

Characteristics

Figure 3 presents the decomposition of
monthly average rainfall data from January 2013 to
December 2023 (n=132) using the HW-AES method.
This analysis revealed clear seasonal patterns with
consistent annual cycles, especially with prominent
peaks during the year-end monsoon period, which
reflects the climatic behavior in Narathiwat Province.
The trend component showed minimal long-term
variation, confirming the absence of a significant
increasing or decreasing trend over the observed
period. The residual component exhibited irregular
fluctuations with no systematic pattern, suggesting
that the model effectively captured the underlying
structures of the rainfall series.

To further support this decomposition,
descriptive statistics were computed. The mean
monthly rainfall was 293.70 mm, with a standard
deviation of 147.35 mm, a minimum of 37.50 mm,
and a maximum of 648.30 mm. The coefficient of
variation (CV) was approximately 50.2%, indicating
high dispersion and irregularity typical of rainfall in
monsoon-influenced regions. These characteristics
validate the choice of AHW model, which is appropriate
for time series with strong seasonality and relatively
stable trends.

Additionally, the stationarity of the dataset
was assessed before applying the ARIMA model.
The Augmented Dickey-Fuller: ADF test confirmed
that the raw rainfall series was non-stationary in
mean due to its strong seasonal structure. After
applying seasonal differencing (d=1, D=1, seasonal
period=12), the series met stationarity assumptions.
The decomposition in Figure. 3 further visually
supports this by showing stable seasonality and
a lack of pronounced trend. These findings justify
the application of both HW and seasonal ARIMA
models in forecasting rainfall patterns in the study

area.
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Figure 3 Decomposition of Monthly Rainfall Data Using Holt-Winters Additive Exponential Smoothing

Method

Forecast Model Determination using the Exponential

Smoothing Method

The monthly rainfall data exhibits significant
seasonal patterns without a clear long-term trend.
Seasonal components are particularly strong in
the last quarter of each year, consistent with the
monsoon period. Based on this, the AHW Model
was selected for its effectiveness in capturing
seasonality in time series data. The optimization
of HW parameters was conducted through a ¢rid
search process in Microsoft Excel, which systematically
tested all combinations of a, £, and y within the
range of 0.001 to 1.000. Recursive formulas were
used to calculate forecasted values for each
parameter set. The model’s performance was
evaluated using RMSE and MAPE, and the parameter
combination yielding the lowest error values
(@=0.2, p=0.05, and y=0.15) was selected. The

model effectively captured seasonal variations
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while minimizing forecasting errors, aligning with
findings from Nurhamidah et al. (2020), who
applied the additive HW method to passenger
time series data and demonstrated its ability to

accurately model trend and seasonality.

Additionally, a sensitivity analysis was
performed using the optimized parameter set (=0.20,
$=0.05, y=0.15) to examine model responsiveness
to parameter variation. Model performance was
evaluated based on RMSE and MAPE, demonstrating
high sensitivity of the model to parameter variations.
The obtained parameters align well with previous
studies conducted in similar climatic regions, such
as Wiguna et al. (2023) and Gowri et al. (2022).
These studies confirmed that optimal y (seasonality
parameter) typically ranges between 0.10-0.20
for datasets with strong seasonal characteristics,
consistent with this research finding (y=0.15).

Hence, the results demonstrate both theoretical




and practical consistency with existing literature

in comparable regions.

Forecast Model Determination using the Box-

Jenkins Method

The performance evaluation of the ARIMA
(3,0,2) (2,1,1) model using the average monthly
rainfall data from Narathiwat Province (2013-2023)
revealed several key insights. The resulting RMSE
was 100.89 mm, indicating an average prediction
error within approximately 101 mm of the actual
observed rainfall. The MAPE, however, was relatively
high at 198.26%, suggesting substantial variability
and inconsistency in predicting precise rainfall
amounts, potentially influenced by extreme
events or inherent data volatility. Despite these
high error metrics, the model demonstrated a

satisfactory fit with a stationary R-squared value

of 0.442, indicating a moderate explanatory power
in capturing rainfall variability. Residual analysis
using the Ljung-Box Q test yielded a value of
13.105 with a p-value of 0.218, confirming no
significant residual autocorrelation and suggesting
adequacy of the model’s specification. Moreover,
inspection of the ACF and PACF plots for residuals
showed that all correlations fell within acceptable
confidence bounds, reinforcing the model’s validity
in capturing the underlying temporal dynamics
of the rainfall data (Fig. 4). Nevertheless, the
relatively large forecast errors highlight the need
for further refinement of model parameters or
consideration of alternative approaches, such
as hybrid forecasting methods, to achieve more

accurate predictions.

Figure 4. ACF and PACF of the Average Monthly Rainfall Time Series for Narathiwat Province
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Comparison of Forecast Models

Forecasting was performed using two models:
HW-AES Model and ARIMA. The AHW Model yielded
a MAPE of 83.86%, while the Box-Jenkins method,
the ARIMA (3,0,2) (2,1,1) model resulted in a MAPE
of 198.26%. These results indicated that the AHW
method provided a lower forecasting error than
ARIMA (3,0,2) (2,1,1), suggesting that it is more
appropriate for this dataset. In contrast, the Box-
Jenkins method had the lowest MAPE of 33.71%
in the study by Homdee et al. (2022), while the
basic seasonal exponential smoothing method
had the highest MAPE of 284.11%. Differences in
data features, seasonal trends, and the stationarity of
the time series in the two studies could be the
cause of the disparity in the results. The RMSE
was used to evaluate the forecasting error for
the ARIMA (3,0,2) (2,1,1) and AHW Model. The
RMSE for The AHW Model forecasting was 46.27,
whereas the RMSE for the ARIMA (3,0,2) (2,1,1)
model was 100.89 as shown in Table 3. Based on
the evaluation of forecasting accuracy, The AHW
Model demonstrates superior performance over
the ARIMA (3,0,2) (2,1,1) model for this dataset.
The model’s ability to capture seasonality more
effectively contributes to its lower RMSE, making
it @ more appropriate approach for long-term
rainfall forecasting in regions with strong seasonal
fluctuations. This finding aligns with prior studies
indicating that ARIMA models effectively capture
short-term variations but may require extensive
seasonal adjustments to handle strong periodicity
in rainfall data (Homdee et al., 2022). These findings
provide valuable insights for future applications
in hydrological forecasting, climate modeling, and

water resource management.
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Evaluation of Forecasting Errors

To further validate the forecasting accuracy,
the second dataset, comprising the average
monthly rainfall from January 2023 to December
2023 (12 months), was utilized to compare actual
observed values with the forecasted monthly
rainfall for the same period. The results of this
verification indicate that the HW-AES method showed
the smallest deviation from actual observed
values, as summarized in Table 4. The HW-AES
method showed an absolute different of 116.65
mm between actual and forecasted rainfall. The
Box-Jenkins method exhibited an absolute different
of 128.87 mm between actual and forecasted rainfall.
These results indicate that the HW-AES method
proved to be the most effective in predicting
monthly rainfall patterns, as evidenced by the
lowest MAPE, RMSE, and smallest deviation from

actual observations.

Forecast Results for Monthly Average Rainfall

Based on the analysis, the HW-AES method
showed lower MAPE, RMSE, and absolute differences
in the monthly average rainfall compared to the Box-
Jenkins method. Therefore, it can be concluded
that the HW-AES method is the best-performing
model for forecasting in this dataset. Consequently,
this model was applied to forecast the monthly
average rainfall in Narathiwat Province from January
2013 to December 2024, covering a total of 144

forecasted, as shown in Table 5.

From Figure 5, the HW model shows closer
alisnment to the observed data, particularly in
seasonal peaks and variability, indicating better

forecasting performance than the ARIMA model.




Table 3

Mean Absolute Percent Erro: MAPE and Root Mean Square Error: RMSE of the Forecast Models

Model MAPE RMSE

AHW (a=0.2, f=0.05, and y=0.15 83.86 46.27

ARIMA (3,0,2) (2,1,1) 12 198.26 100.89
Table 4

Comparison of Errors Between Actual Data and Forecasted Data

Month/Year Actual Data Forecasted Average Monthly Rainfall Data
(Unit: Millimeters)
Holt-Winters’ additive Box-Jenkins

1/2023 182.62 321.08 214.34
2/2023 39.58 179.07 377.53
3/2023 62.76 88.20 174.81
4/2023 142.58 110.24 183.95
5/2023 197.57 149.61 217.34
6/2023 147.99 192.08 235.07
7/2023 257.38 152.95 201.96
8/2023 22191 203.25 246.64
9/2023 283.24 216.44 242.06
10/2023 425.98 288.32 304.01
11/2023 670.66 469.27 424.63
12/2023 182.62 625.74 609.84
Total Rainfall 2,814.89 2,996.24 3,432.18
Difference in Rainfall Between Actual Data and 116.65 128.87

Forecasted Data
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Table 5

Forecasted Monthly Rainfall Data Using the Additive Exponential Smoothing Holt-Winter Method
from January 2013 to December 2024 (Unit: Millimeters)

Month/Year Additive Exponential smoothing Holt-Winter method

2013 2014 2015 2016 2017 2018
Jan 121.28 112.06 164.00 134.54 173.19 173.74
Feb 69.53 40.38 55.77 64.79 53.52 60.43
Mar 35.04 42.57 40.51 36.79 43.41 47.24
Apr 46.36 56.48 49.38 39.83 63.78 77.53
May 62.35 90.12 80.08 57.80 98.57 109.12
Jun 68.36 104.53 71.16 61.42 91.03 101.76
Jul 52.59 87.36 62.78 55.56 81.20 97.14
Aug 67.92 116.38 76.14 62.00 84.04 101.74
Sep 74.27 129.15 113.48 75.68 95.95 135.01
Oct 116.14 212.74 177.92 108.57 129.98 187.20
Nov 205.51 330.20 280.75 148.91 285.19 298.60
Dec 294.44 471.38 296.76 236.25 326.56 344.85
Sum 1213.78 1793.35 1468.72 1082.14 1526.43 1734.37
Average 101.15 149.45 122.39 90.18 127.20 144.53
Month/Year Additive Exponential smoothing Holt-Winter method

2019 2020 2021 2022 2023 2024
Jan 152.40 167.46 290.88 160.50 321.08 257.60
Feb 49.51 86.36 83.57 239.62 179.07 77.23
Mar 39.09 48.81 85.47 161.50 88.20 46.03
Apr 59.76 78.48 130.32 220.87 110.24 66.06
May 116.71 126.28 143.28 276.21 149.61 98.95
Jun 150.25 172.76 197.37 325.81 192.08 118.30
Jul 132.37 177.00 156.66 252.99 152.95 102.11
Aug 147.82 214.44 199.38 280.11 203.25 128.49
Sep 188.54 276.48 204.34 290.76 216.44 134.00
Oct 254.86 342.51 251.02 374.94 288.32 185.74
Nov 435.61 533.28 403.98 592.75 469.27 402.42
Dec 452.84 619.46 479.50 747.71 625.74 374.96
Sum 2179.76 2843.32 2625.77 3923.77 2996.24 1991.88
Average 181.65 236.94 218.81 326.98 249.69 165.99
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Figure 5 Comparison of observed monthly rainfall and forecasted values from Holt-Winters’ additive
exponential smoothing and ARIMA (3,0,2) (2,1,1) models from 2013 to 2024.

Figure 6 Monthly average rainfall in 2024 based on forecasting using the positive Holt-Winters exponential

smoothing method.
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From Figure 6, the forecast of the monthly
average rainfall for the next 12 months in 2024,
based on the HW-AES method, reveals that from
January to March, the rainfall tends to decrease.
In March, the monthly average rainfall is forecasted
to be 46.03 mm, which is the lowest value.
From April to June, the rainfall is forecasted to
increase, with values of 66.06, 98.95 and 118.30
mm, respectively. The forecast for the period from
July to November shows an increasing trend in
monthly average rainfall, with the highest value

forecasted for November at 402.42 mm.

Discussions

This study evaluated the performance of
HW-AES and the ARIMA method for forecasting
monthly average rainfall in Narathiwat Province.
The findings indicate that the HW-AES method
produced the lowest forecasting errors, making it the
best-performing model for this dataset. Specifically,
the HW model achieved the MAPE of 83.86%,
significantly lower than the ARIMA model
(MAPE=198.26%). Additionally, the RMSE of HW was
46.27 mm, with an absolute difference of 100.89
mm between observed and forecasted rainfall
values. These results highlight the effectiveness of
seasonal smoothing techniques in capturing rainfall
variability in the region. Using historical monthly
rainfall data of Narathiwat Province from January
2013 to December 2023, the HW-AES model was
applied to forecast monthly rainfall for January
to December 2024. The lowest forecasted rainfall
occurred in March 2024, with a predicted value
of 46.03 mm. It was also found that the rainfall
from April to June was forecasted to increase, with
values of 66.06, 98.95 and 118.30 mm, respectively.
The increasing trend was forecasted from July to
November, with the highest value in November

2024 at 402.42 mm. These results are consistent

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad
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with the Meteorological Department’s 2024 forecast,
which predicted the potential impact of El Nifio-
Southern Oscillation: ENSO on Thailand’s climate.
The report revealed that rainfall in Thailand is
expected to decrease from March to May 2024,
followed by an increase from April to June 2024.
Additionally, from July to September 2024, the
development of La Nifia is anticipated, which
could result in above-average rainfall levels.
These findings indicate that the HW-AES model
outperforms the Box-Jenkins model in terms of
both forecasting accuracy and error minimization
for this dataset. The superior performance of HW
can be attributed to the clear seasonal pattern
observed in the dataset, which is effectively captured
by the model’s seasonal component. This result
is consistent with the findings of Ghayyib et al.
(2024) in Karbala, Irag, and Tan & Kamisan (2022)
in Senai, Johor, who also concluded that the HW
method yielded better accuracy in datasets with
strong seasonal characteristics. Therefore, the AHW
model is recommended for forecasting monthly
rainfall in Narathiwat Province, as it produced the
lowest forecasting errors and effectively captured
expected seasonal patterns-lowest rainfall in March
and highest in November 2024. The model was
applied to forecast monthly rainfall for the year
2024, and the results were consistent with the
region’s climatological behavior, confirming its
suitability for seasonal rainfall prediction which
also aligned with national climate forecasts related
to ENSO-driven rainfall variability. However, it is
important to note that this study was conducted
specifically for Narathiwat Province. Future research
should investigate hybrid forecasting models
that integrate machine learning with statistical
approaches. Additionally, incorporating climate
indices (e.g., ENSO) could improve predictive accuracy

for long-term rainfall forecasting.




Recommendation that fall outside the historical data range, such as
While the HW-AES model demonstrates sudden climatic shifts or extreme rainfall influenced

strong performance for seasonal rainfall forecasting, by phenomena like ENSO or La Nina. Lastly, since

several limitations should be considered when HW-AES does not incorporate external climatic

applying it in practice. First, the model is highly factors (e.g., temperature, humidity, or atmospheric

sensitive to parameter settings (a, B, and y), requiring pressure), it may benefit from integration with

frequent recalibration and sensitivity analysis as other models or additional meteorological data

new data become available. Second, HW-AES is less to improve robustness and forecasting accuracy

L . in operational contexts.
effective in forecasting extreme or anomalous events P

4 &>
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Abstract

This study aimed to develop an effervescent powder formulation of Ya Thatu Obchey and to analyze
the chemical quality of the effervescent powder containing the extract of the remedy. Traditionally,
Ya Thatu Obchey is prepared as a decoction, which has limitations in terms of taste, odor, and stability.
This remedy is used to relieve bloating and flatulence. The research developed four prototype formulations.
The effervescent powder of the Ya Thatu Obchey extract was developed from the F1 prototype, which
had excellent flow properties and the best solubility, using wet granulation with citric acid, tartaric
acid, and sodium bicarbonate as effervescent agents. The resulting effervescent powder of the Ya
Thatu Obchey extract exhibited a reddish-brown color, immediate effervescence upon dissolution in
water, a pleasant aroma, and a slightly sour taste, and the average effervescence time was 50.67+2.49
seconds. After preparation, the powder was packaged in heat-sealed aluminum foil bags and stored in
a moisture-absorbing glass jar for 10 weeks. The average effervescence time was 55.1+1.87 seconds,
and no caking of the powder was observed. Chemical quality analysis of the effervescent powder
using HPLC showed a retention time at 4.10, consistent with the gallic acid standard. Therefore, it can
be concluded that the developed effervescent powder of Ya Thatu Obchey extract contains gallic

acid as a key component, which can be used as a marker for product quality control.

Keywords: effervescent, Ya Thatu Obchey Remedy, high performance liquid chromatography
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2018)
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fiadans iof UM UTIN M arane5 10U
fisuusenusie 1 ady
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Feansnutntinvowusazgasudansa 2
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55 peAnwalioa 1unal 30 undl ualidvuindnas
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wideyeyINe mﬂﬁy'uﬁﬂmEJwv!ﬂqmﬁuﬂﬂ/T']ﬂwwmaaum
effervescent time angle ofrepose compressibility
ratio Wag Hausner’s ratio %ﬂﬁ%’%mi ﬁﬂﬁ

3.1 Angle of repose #38 repose angle ()
3571911 angle of repose A N15lEnTIY (funnel)

f1319 1

Bun3aiiin fixed funnel method 14lun1s¥n static
angle of repose 7MlAlAENSANUAANLEIUBINTIEY
Fuuou andudeUSinameeniivivou udamueen
H1unsevvAnNewee13UnsIe (powder cone)
ol mmfui’mmmqwmmwmm (height, h) way
Srflvainsiensen (radius, F) WAndildunduamy
aums sasielud

tané’zﬁ
r

il @ fio yuveIn1siva (asen)

h A9 AUGIVRINTITNIE (LIURLUAT)

r A9 SANUDINTIONILT (WURLUAT)

3.2 Compressibility index Wag Hausner’s ratio

n131M1AN compressibility index ag Hausner’s
ratio zfosin1snagauiionan bulk density uas
tapped den5|ty nou 1aw bulk density Ao 8ns18U
szu3nadndnaeusunsve s fifelaliiunis
wenderilvsauiy Tunaedl tapped density #e
Sn51dUsENI 19T NA 8 U3 NNATVDINIENTIN 1Y
msiangrserlionuiuudn deuldniiedunsue
aﬂmmﬂlfuummm (g/cm’) %38 ¢/mL Vin1snA@aU
1 fruaviauenanismaasdlagliaadsuazaqiy
\eauumnsg

gnsAIuInIAT Compressibility index Uag Hausner ’s ratio

gm‘ﬁ Compressibility index Hausner’s ratio
1 V -V V
—2 %100 V"
0 f
2 p tapped - p bulk x 1 O O p tapped
ptapped pbulk

Note. From “Flowability study of herbal powder for solid dosage form preparation,”

by C. Monton, K.

Kraisintu, J. Suksaeree and L. Charoencha, 2014, Journal of Science and Technology, 22(5), pp. 743-754

Copyright 2014 by Thammasat University
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1ne?l Compressibility index A SovazAinadnle
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wulunauglnauiiagayinaduniar 10 dUav
Juiinwananlunisiianesy (effervescent time)
AUNANITINLAUVDINIEN

f1319 2

gasnISURINIYFUUUUTINIY 4 gaT

5. A15A5IIATILHUSUIUETS Gallic acid A2875
HPLC funau nail

5.1 Lm‘?aumsmmgm

933113511 Gallic acid aehausiug agany
A28 Acetonitrile THHAMUNIUWINAU 10 Dadn5u/
3395 kavtinan9ee Acetonitrile TlaAUNTY
$19 9

5.2 NMseseusIag ity lun1siesien

Fawanasyfanansannersineue U 1
n3u arinane Acetonitrile 10 fiadans 11ly sonicate

a v [ = a2
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q
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auLvY

AATImeg1anaaanasainglsi
puUWwELUSEUWEUAUaNT11955 U A Gallic acid o
1475 H|gh Performance Liquid Chromatography
(HPLC) f%e Shimadzu UVAVIS detector Tnadaengad
Tdmaduil C-18 vu1n 4.6*250 dafiluns gaungil 40
psmwalTua IganaLadeuil Ae A: 1% Acetic acid
1‘14‘131 uay B: Ae 1% Acetic acid Tu Acetonitrile lag
10MI1dIU Ao 80% A 11a1luNNTILASIEY Ao 10 W19l
gm31N15Lua 0.8 Sadiuns/ui LLaxﬂawuawaﬂﬁuqaqm
Tunsia fe 272 wilwums

a0 daulsznau gnsRuluURInael (50 n3)

F1 F2 F3 Fa4
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5 Lactose 7 7
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1. U3019590981519 UL NERINANWINAY
320 fladans Mntni U ldutuuuonuds (freeze
drying) Isiansafinsi3uensneuednvasidunsusis
amaeuuns (1 2) Samtnaevesansarinle 3.2
n3u i lumeulnailasesdiuisuuesineuwe

AN 2 ANBULVRIATANARITULI5 1B WY

AN 3 dnwazURINgYasaiaiITuEsINRUENBUBY

AW 4 dnwzvessansaindiuensineue ey

fonssulszniu 1 ass Usinms 30 Saddns anduy
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ads i1y 0.3 ndu dhansatasiuensigeuwss
Tunaslugasiuuuy F1 wudn Woazanensviesyly
dnAaufAseviudl IWansazarsdindes dnduney
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2. nslnavesnsnasiarsadaiiSueisig
DUlELaTgnINULUY (flow property)

1NN1INAABUNIAT bulk volume Way
tapped volume i@ un@uInimn compressibility
index Az Hausner’s ratio Wu31 A1 compressibility
index VeI NBIlAULUUERT F1 F2 wasnaneeans
afng1sIneuwe AANMIAU 4.35 8.00 Uag 8.14 Ay
819U ans F3 wag F4 JAWW1AU 16.67 way 15.38
AIUAIAY

A1 Hausner’s ratio GUENNQWENW;@]"LJLLUUQG}S F1
F2 wagnerlaaiansadinensineuive IAwiiiu 1.05
1.09 uag 1.09 AWAWU gas F3 wag F4 ey
1.20 waz 1.18 muawiu druyunisiva (angle of
repose) YBIgAT F1, F2 uay wevlesilansannensig
aulwetosndt 30 © Asandlumisne 3

3. wartunsiianesarsainiiFuensis
BULYY UAZEATAULUY (effervescent time)

narlumisiianesvenngns deendn 60
il Taggns F1 Iwanlunisiianesydesngn
AB 46.67+1.25 U1 Te9asNnAe ans F2 Tdhan

11919 3

47.67+0.94 3u9 gns F3 1dnatlunisifiavlaagyuin
flgnfo 59.67+2.62 Juil drugnsnaresiansadn
ssueseuweldingn 50.67+2.49 Junil dauans
Tups19il 4 waziilonnaounuaiiveINoy
asanaisuesmeuwedunal 10 & wui
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N UYeIHIBY A9R1519 4 uay 5 ANEIAY
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A1SUEITINBUWE AINNTIATIENRIDE1IHINDIY
NETaing1s1neUeIIEUgURUATUINTEIY
fo Gallic acid 1ng1975 High Performance Liquid
Chromatography (HPLC) Wu11 FAszianse
hENE1701M351U Gallic acid fnan 4.10 urdi (A
5) Laziiileg1anelaaianasatnesIne e
AAT1EA laevinns spiking wuln AINUFIVDY peak
gallic acid Wity Tnedl retention time Sanssumis
Wiufiaan 4.10 (1 6)

AalauURANT3InavesssWegasauuuy uazainasarsanndIsueIsmeuie (flow property)

Formula Bulk volume Tapped volume Compressibility Hausner ratio Angle of
(V0) (mU) (Vf) (ml) Index repose

F1 23 22 4.35 1.05 26.56

F2 25 23 8.00 1.09 28.81

F3 24 20 16.67 1.20 33.82

Fa 26 22 15.38 1.18 30.11

NRN 25 23 8.00 1.09 27.47
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narlumsinanesarsanasgiiveIs19euveuasgnTaULUL (effervescent time)

Formula Effervescent time (Second)
(X +5D)

F1 46.67+1.25

F2 47.67+0.94

F3 59.67+2.62

Fa 54.33+1.89

neneeylansann fiuensIneuLe

50.67+ 2.49

f1919 5

AIUAIA IVOIGATHINDIN A5 AA 15U 1519 O ULYEY

WUan15UsELY dUa9in

(X +SD)

1 2 3 4 5 6

7 8 9 10

Effervescent time(second) 52 53 54 54 54 56

56 57 58 57 55.1+£1.87
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UNANED

ndeaselliiinguszasAiednwnisndnlungsy (Moringa oleifera Lam.) nadaugnaitueyyadaszuas

¥
(%

aisdudalnlstiuavesnininly uasthluwanwansasivngedi vhnsvaaedaeviinaduszguimede Aspersillus
niger TISTR 3240 (Jutian 1-3 Ju LLé’iﬁﬁﬁWﬁmﬁmeﬁl,l,awmaauqméﬁm 9 NaN1TIENUI Helunegy
wiln 1 Fu W iflvunafiuednsiuuazuas galIuBEATINGIAWINTU 14.60+0.29 mg callic acid
equivalent/g dry herb I8y 3.08+0.08 mg quercetin equivalent/g dry herb mma’mu mqmmuauuaaaiv
PMnMINageulaeds 2,2-diphenyl-1-picrylhydrazyl: DPPH ﬂ’JEJﬁE]EJa”ﬂ’]iEJUENaGﬁ@WHﬂU 95.81+3.89 il
niin 3 U wazann1meaeulaeis ferric reducing ability power: FRAP $iA1 FRAP E;NE:{G]LVHHU 22.01+0.79
mM Fe?'/g dry herb iewifn 1 Ju uaﬂmﬂﬁﬁaﬁqméﬁué’]’jﬂlmii%l,uaqaqm%asaz 75.84+0.07 \lowsih 1 Su
RipViaty Lﬁaﬁwﬁmﬁﬂ%m?mﬁuﬁﬂ 1 fuluiuniiudsianatngsing uau 13 gns wuingasd 13 (ME-13) 3
Usznaudaetminlungsy 1 fuarududu 19%w/w iugnsiidiian Sauasianisnisnin wadl uas
adineunniigaidiefuiigamgivendunan 28 Yu wansiteagulddn dindnluuesy lnsanzedraded
Fanmandndunat 1 Yu dussavsnnlunmsiueyyedaszuasiignisudueuludinlstiua fufuddana
ME-13 fifidrunauvesimifnluugsdeddneninlunsiuwannadosheiafiothsiuasUszgndlily
\Banlye

Adnaey: n1svdn Tunzgu uweamesddaluwes gnsdinn 8daiea
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Abstract

This research aimed to study the fermentation of moringa leaves (Moringa oleifera Lam.), evaluate
the antioxidant and tyrosinase inhibitory activities of the fermented solution, and develop a skincare
product. Moringa leaf powder was fermented with Aspergillus niger TISTR 3240 for 1-3 days, and the
fermented solution was analyzed. The results showed that fermentation for 1 day yielded the highest
total phenolic content (14.60+0.29 mg gallic acid equivalent/g dry herb) and total flavonoid content
(3.08+0.08 mg quercetin equivalent/g dry herb). The highest antioxidant activity by 2,2-diphenyl-
1-picrylhydrazyl: DPPH assay of 95.81+3.89% was observed on day 3, while the highest Ferric Reducing
Antioxidant Power: FRAP of 22.01+0.79 mM Fe*'/g dry herb was on day 1. The maximum tyrosinase
inhibition of 75.84+0.07% was also found on day 1. The fermented solution from day 1 was then
used to formulate an emulgel skincare product. Among the 13 tested formulations, formula ME-13,
which contains a 1% w/w solution fermented for one day, was the best formulation. It exhibited
superior physical, chemical, and microbiological stability after 28 days of storage at room temperature.
In conclusion, the fermented solution of moringa leaves-especially those obtained after one day of
fermentation-exhibited notable antioxidant properties and effectively inhibited tyrosinase activity. The
emulgel formulation ME-13, which includes the fermented moringa extract, has promising potential

for development as a skincare cosmetic product and for future commercial applications.

Keyword: fermentation, Moringa oleifera leaves, Aspergillus niger, biological activity, emulgels
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UNUI Jududdu (Grand View Research, 2024)
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q

8ifawa (Emulgel) \lugUuuumsiidasesn
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H9UNIU 2033 Iﬂﬁlﬂ%aﬂqiquﬂﬂ 93.9 NUAUNDARNT q ( yarop )

v o e - o o . finsvinauaenadesiulassadistulsueamamie us
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n3lua (thixotropy) Wazn3nTEA18#7 (spreadability)
fin Areliniledrsuazlidudaviaun ladwien
winezvug Iauduties wazAiaf (Tadic et al,
2021) Bnitanszurumandndanadsilddglides
THadeadofivay Wasufuszuunisthddu q wu
Talulow Fadussuuihdstugeiianansaifiunisgady
metnmuazidsanseengyildnsadhnine lnsvie
suanslinielulassadsdfinaestu uiiidedines
ANNASH NFEUIUNMIHARTIFUTOU wazdunuiigIndy
(Saroha et al,, 2022) ilofinsananasdivesansanin
nnthminlusegudmdnluduezafafiseniuea
Fefluualiuldaseengrdieiiveutiuazveuludiy
Usgnauifugmsjamnglumsiaunedosdionsiidesns
muadeswaransonanlusydufunuilinangea

a v

ao N & @ o v = <
mmwuﬁmLaaﬂwwmmsﬂugmmuaua 8 YU

—

=D

syuUNAINMLzanluuS UNYeulY

Ug3U (Moringa oleifera Lam.) L“f]iéﬁigﬂlWi
futhufiimaslnatulasiluluvanegfimesedan &
msulu wén wWaen 15 510 89 wazAoNTBIRUNZ Y
wldlusrfusutiuegsunsvas lusasiingdeu
fouuslaadueins ilesandnuamalavuinis
g9 dwludszneumeansdrdyvatevila laun ngu
polyphenols 11 myricetin quercetin-3-o-B-d-
glucoside kaempferol gallic acid chlorogenic acid
caffeic acid uaﬂmm‘iﬁqwumﬂumju glucosinolates
alkaloids isothiocyanates vitamin tannin wag
saponins (Meduri et al., 2022) 51691U1@1581A
nnluugguiiquisiuoyyadasegs Tanudasadely
seugailefnuludnivnaes uadlinunainadod q
Tunsfnuluaywd uenaniedsenunsfinymig
patnlunusTldndunzsuansesutimanayluiuly
Fon TnefinaaiuayuainnisAnuiludnivnaasiild
nslunazansain wuidlanstanniivennvans iy
fusuyadase Unlesadvieeng q (Fu ln wla dune
wazUon) ana1n15UIn AULNALUNTENIY AnAIUAY
Tafin Jeafufed uasuiuaugagiduiu dudedndu
Na1n&@1T polyphenols phenolic acids flavonoids

glucosinolates wag alkaloids (Stohs & Hartman,

2015) lumaiedesdons ansafinanlusz suildnenn
Tumsiduansiuuen slqsiueyyedasluseduiiu
nanaleldsauiuansdu et luianesuitansain
Tung 2% 337U oxybenzone 2% Tif Sun Protection
Factor: SPF 71 (Tran Thi et al., 2024) uananiiansarta
lunggudalseneumeans Vicenin-2, 4-Caffeoylquinic
acid tta Quercetin 3-O-glucoside ﬁaﬂmsaé’uégmul%i
Sanausa AoaanIiua uazlanglsiinaldfnuddiu e
ALY Multi-Target Bio-Affinity Ultrafiltration-
High-Performance Liquid Chromatography-Mass
Spectrometry: AUF-HPLC-MS §a97e1a3uainui
Wedeludnenmuesluuzsulunaduduusznaundn
YOIHANAUIIQUARIF LAY Faanunsnseseng
mswannlugramnssuiaiesdionsuasnvdenaile
sodfutlmanuvsuagiisesld (Xu et al,, 2022)

i a

n1sundin (fermentation) Aa89auvsy lasu
n5UseynAldlunsIdenandueisTsuus waz
I@suniseensuinaunsafinysunaansdfnuis
wiln wagyiligrsandintuld wu maviinuitends
ubiquinone (Q10) hyaluronic acid kag resveratrol
(Pérez-Rivero and Lopez-Goémez, 2023) WoNINHNS
windainannudundon lushegensdues squalene
Fudulduranduaaiy usseutaiunsandnlaann
nsuinlaedadiazs1viinfig o W Saccharomyces
cerevisiae, Torulaspora delbrueckii, Aspergillus
nidulans wag Saccharomyces uvarum (Patal et

al., 2022)

o Aspersillus niger L‘ﬁw\]auwgﬁﬁlwﬂﬁ
agraunsnaslusTTud wazdaduaiuisagaly
nsndnuagndsanstaluana touley wagansium
luladn@endl (secondary metabolites) aanuen
wad gniunldedindeuinglugnavinisunis
winemsuuusLiy Saudsnsaameulusiluseiu
gaannssy Aspergillus aunsandnoulsgdlivans
Y¥Un WU protease cellulase hemicellulase way
pectinase afiunumdrdglunistesaatelaseadng
yomasadiis InsianzeeneBinsvatedsinuang

NNNIWAINTZIIN hemicellulose wag lignin 3978
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Winszansamlunisgeeiduly uaznisgaduans
9IM5LAREIUU (Fan et al., 2023)

NS R IngUsrasdLioAnun s lune sudne
e Aspersillus niger na@pUNYEFUaYYABATY LAY
quddulnlstiuavesimiingile wagiannandug
\3esdionaiiensUngeiinguuuudsiaaa e
yaaliuinfudwiifeguinlusiesiy duaiunis
Tinsne1nsTanmed1adsdu uaznovausay
Fesmsvesiuslnaiidiosnisldudndusiannsssuni
AsrAME W Yaonde wazidulinsdeiluszezen

o/

nUTEaIANIIIRY
1. Anwnmsmdnlutssumeia A. niger TISTR
3240

1%
o

2. nAARULNIAUDYLABaTEUAYNTI U
InlsBuavesiniinlunegy

3. NAIUINNSUDNARANL AT UHNENUB UM

Tung e U1 39mn
Aandun1sivy
1. uWaNNIYRLIngAy d151All uaziyeyaunTed

lusggu (Moringa oleifera Lam.) 918587314
1-2 vheu b annyUiugusuludaminiivalan
(Voucher specimen number: 05937 aonuiiviiu: PNU
Herbarium A INENEENS IMNINENREULIAIT) Nganl
ondnwalitylay §YI8A1an319158 A5.U5180 Wy
AMEINYIANENT UNINGIRBUSAIS Asperillus niger
TISTR 3240 lenaugdaunse anduideinemans
waznaluladurisuseinelneg callic acid kojic acid
tyrosinase mushroom quercetin 2,2-diphenyl-
1-picrylhydrazyl: DPPH 2, 4, 6-tripyridyl-s-triazine
: TPTZ Folin Ciocalteu reagent 3,4-dihydroxy-L-
phenylalanine: L-DOPA laa1nuSEn Sigma-Aldrich
(Switzerland) ferrous sulfate wag sodium acetate
trihydrate l9a1nUSE9 Kemaus (Australia) sodium

carbonate ferric chloride aluminum chloride l@a7n

, ) NFEFIVINTUM IS BaLiisuede
U 19 atU? 3 Uszduiou Auengu-suau 2568 v A < B
i g atuinermansuazinalulad

USEN Merck KgaA (Germany) a@siafilun1swauig
Suddawralaainusem Phitsanuchemicals Co., Ltd.
(Thailand)

2. NMSINNLLABNLY Aspergillus niger

b= . ° o & k4

L0384 Culture medium @MMTULAENLTD
Usznausienglad (50 ¢/0) Lag yeast extract (20 g/1)
Tudnau Tanusounazniunaulvazatevnun wus
\Anaslu Erlenmeyer flask-125 ml Wan@nag 50 ml
iluvliunandemeinsesileeinde (autoclave)
7 gl 121°C A1ueu 15 psivlunian 15 il e
Wuas Welwe A niger adlu Erlenmeyer flask 188
.:941 Y < 1 =
Wolasn15wE1AI8AINUEITOU 220 FOUADUNT B
gaunnivies (27+2 °C) Wunan 3 Tu

11 spore suspensions WHUIIUIU AIY
Hemocytometer nelinaesganssad wavidoans
A28 culture medium TlaAMUTUTUYAAY 1x105
spore/ml @ wsuldluntsuiinluneudely

3. Msn3guRluaE gy

inlungguananeiauagenn dlvauld
wiafigamndl 50 °C 1una 4 $lus udnhluua
Hunsazidealnonistu wazviliusiaannidelaenis
autoclave 7i qmﬁﬂ”ﬁ 121°C AUAU 15 psi Wunan
15 it uazifullunvueitaain

4. Mndnlunzsuaea A. niger

w3gy Culture medium Usznaumienglad
(50 o/)) waw yeast extract (20 ¢/0) lurhndu T
Sounarmunaulvazatevun wuainasly Erlenmeyer
flask-125 ml TAdUsumsanvine 50 ml daluvinla
Unmnidelaens autoclave 7 gamaii 121°C Audu
15 psi tunan 15 unil Weiduas idsmdluuzgy 5 g
LAY spore suspensions YT A niger Usuns 1
ml (1x105 spore/ml) aslu Erlenmeyer flask Bed
Wolnen1siwedewnies Orbital shaker Aru§isau
220 s9UsENT U gUNGTTTEs (272 °C) iiuFapE s




flask a4 1381 1 2 Ay 3 TU ULAN 80%\v/v ethanol
50 mUflask WilUigdaeip3es Orbital shaker 7
AMAERTEU 220 soUsBun?t Wunan 1 $2Tue andu
nseredd wdnhludumissiinnudaseu 3,000
sousaudl 1unal 10 w1l (Feitosa et al., 2020)
idaula (supernatant) Tunaaeulugdiusioly

yhnavnaeuuiefuseiurluue s Tne
Wiaanig medium waznslunesy wailddin spore
suspensions lg@aeLA3as Orbital shaker Tuan1ie
wertudunan 1 fu neuwssudiedslunageu

P9 NISANVUARAINUUTUUBIH DL 1971 b1
TUAIINAFDUANN 9§ NANTUIINGNNITADUAUD T
P A A o ~ P a & al I o
EUvawAsaalialn wWisldlananisiasizinuwilugn
A oA v
wazeiale

5. AN5AAsITRUSUNUNWeANSIU (Total Phenolic
Content: TPC) 1a#3% Folin- Ciocalteau

Lamﬁwwﬁﬂiuuxqm (AMUUNTY 10 mg dry
powder/ml) Usanal 20 pl aslu 96-well plate Nty
LA 10%w/v Folin Ciocalteu reagent Usunad 50 pl
wag 7.5%w/v Na CO, U3unas 80 ul muaniu ety
Ty dlUva (incubate) Tufisin o gauvniivies
unan 30 wiit Yarn1sganduuasil 765 nm e
30 microplate reader (SynergyH1, BioTek, Norway)
nagouisuivaIsazaie allic acid (AMNTNTY
gaving 2.5 - 80 pg/ml) WATATINIINUINTIIUVDS
gallic acid lng plot s¥7iNeAINITAANGULEN kAEAIY
Wty Wiemaunisdunsiuazan 2 (Singleton et
al., 1999) ﬁmamﬂ%mﬂm?\luaaﬂi’sﬂuﬁmﬁﬂiwzqu
PMNAUNITEUANTIIURUIY Mg gallic acid equivalent
(GAE)/g dry herb

6. MsArTzSnamanliueeds (Total Flavonoid
Content: TFC) 108735 Aluminum chloride colorimetry

windwdnlude sy (ANUdudy 10 mg dry
powder/ml) U3u1as 100 pl kag 2%w/v Aluminum

chloride Usunau 100 pl aslu 96-well plate wasll
iy Usiludisle o gamaiivieadunal 10 urit 3a
ﬂ'wms@mﬂﬁuumﬁ 415 nm ¢8LA389 microplate
reader Nad@sUIBUAUAITAYANE quercetin (AW
WuTuany 2.5-80 ug/ml) wagaitansmungguy
284 quercetin g plot ¥MINIAINITYANTLLEN Lag
anuidud Wevmnaunsdunsuasen @ fmnmuSing
sanThuesssuludmvdnlun suainaunisidunss
Tunine mg quercetin equivalent (QE)/g dry herb
(Leakaya et al., 2018)

7. msvaseugusiueandntulneds 2,2-diphenyl-
1-picrylhydrazyl (DPPH)

Lauﬁmﬁﬂ%mqu (AULNTU 5 mg dry
powder/ml) USuad 50 pl aslu 96-well plate 270
s 0.2 MM DPPH Usunas 100 ul masilsfidnu
Unludidle a gaumagiivieadunan 30 wiit Sadnns
@@ﬂﬁuumﬁ 517 nm #ewp3ee microplate reader
NAdDULTIBUAU ascorbic acid (positive control) A7
Wudugaving 20-100 pg/ml Muaiseeazlun1sniu
29NTATY (%Inhibition) (Blois, 1958) Aaauns (1)

(AbS pppy — Abs

A bS DPPH

. )
%Inhibiton = P2 %100 (1)
oot AbSpppy uay ADS,,,. Fornisganduuas
U lfuwazANaIMAEeU ANUEIAU

8. MINAFDUNEMUDBNTLATUR YIS Ferric Reducing
Antioxidant power: FRAP

LRLE5azane FRAP reagent (300 mM acetate
buffer pH 3.6 10 mM TPTZ Tu 40 mM hydrochloric
acid tag 20 mM ferric chloride 9®31@u 10:1:1)
Usuns 270 ul aslu 96-well plate s
Tunggu (AMUTNTY 5 mg dry powder/ml) U3u1013
30 pl wanilviiiriu Unluiie o guvgiiveadunan
30 Wl FnAIn1sgAnAuLasil 593 nm faelATes
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microplate reader yiA1sNAERUUIABIRUlAYLY
g1sarane ferrous sulphate (ANMUNTWEAYINY 10-80
uM) Bagas1anITINLIAsINYeY ferrous sulphate
lag plot 5¥NINAINITAANAURAILALAIMTUTY
Wievmaunsidunsaazan r (Benzie & Strain, 1996)
AWM FRAP value 31nNS1MN1ASgI1UYBY ferrous
sulfate TnsunuiiAinsganduuasvesansnaaeuly
duN13 SrenuNaluniie mM Fe*/g dry powder
(Kiattisin et al., 2019)

‘Q/ g = ac
9. NMsnndRUNSEUEIINIsBLudlne?S Dopachrome

Lauﬁmﬁﬂlumqu (ANUTNTU 5 mg dry
powder/ml) %30 kojic acid ANUUNTU 5-100 pg/
ml U31195 40 pl 8.0 mM L-Dopa Tu 100 mMm
phosphate buffer pH 6.8 Y3119 40 ul Tyrosinase
mushroom 625 U/ml (ﬂ’JWL"i’JﬁJ‘M@ﬂﬁW 25 unit/
well) lu phosphate buffer Usu1m3 40 ul Tu 96-well
plate LaziAy phosphate buffer auAsUUIUIAT 200
ul manliidndy wazualudie a gamadl 37 °C1fu
a1 20 w1 i’mﬂ'ﬁmimﬂﬁuuaﬂﬁmmmmﬁu
492 nm #1e1A304 microplate reader 11A1115
pandunaslusiuamumeidesasnsdudaoulss
Inls@iua (%tyrosinase inhibition activity) Aauns
(2) (Kobkeatthawin et al., 2021)

Abs

control

Abs

(Abs

9% Inhibiton = s‘"”"’e) x100 (2)

control

laeil Abs way Abs,,, .

waanllAuLazliNasnagaunLS1AU

ABAINIIRANGY

control

10. m3WannensUBsiawaniidunaivasimdinlungy

uenseaUNaNss 4 Tusihsu 1euA Carbopol
940 (part A) tag sodium hyaluronate (part B)iuﬁﬂ
Wefdl viscolam AT isopropyl myristate cyclomethicone
waziimousihdne i (part O avans sodium citratecitric

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 19 atU? 3 Uszduiou Auengu-suau 2568

acid uae di-sodium EDTA Tuth (part D) weu v
Tunggu ua glycerin Twih (part E) nawansusiazaay
ddeiu wdeunaumudfuRauldideou visy
adluvnudfieneaeumunsiasely

11. N15USLLAUAIUAIAIVDINAAN U

ussINAnAasidviuneaeulunauiie
ANYIAINAIRT TAsUIZIUAINAIAINIINIEAIN
Wil wazqaTaiine vendndue naINesENESe
iudl waniiuld o gaumgiivies (2742 °C) uavgaungd
40 °C t¥uan 28 Ju wagluannigiss (Heating cooling
cycle) guundl 40 °C 24 Falus aduiugamgdl 4 °C
24 7l JIUIU 6 59U (Meetham et al., 2018) A5
Usziduannuasiamisnienin taun n1sinanumnis
A8 Viscometer (Brookfield AMETEX Model DV3T
Spindle: CP-52, USA) iiloanmgiiuassnetandug
gaunNiivies (27+2 °C) agatley 30 W Useiilud
frensdunauaziedes Chroma meter (HunterLab
Model MiniScan EZ, USA) UsetiiumiuAsfaniaail
Tnemsinauidunsa-mesewrses pH meter (Mettler
Toledo Model S213, Switzerland)

UizLﬁummméhmwa%ﬁmsmﬁméfusum
HanS e 1ne3d Aerobic Plate Count (APC) 14 Nutrient
Agar: NA \Huemsiasade Ineveasetandnsas
U311015 100 pl a3uuay NA 4aznsza1elonaouss
w7 sterile L-shaped ﬁ]’mﬁ?uﬁ’ﬂﬂﬂuﬁ 37°C \Junan
72 dalus lufundeuvuuelstn dunnnisaiaes
Woluusiazu Wieuiu Bacillus subtilis TISTR 1248
(Positive control) (1x104 CFU/ml) iflensiagau
AN ZANTYDIANIIZNITNAFOU

12. N15ILATITANI9EDH

ATILINE@DFRAIE ANOVA uag Paired t-test
LLammaﬁfaEm"lLaﬁaidaulﬁmuummgm (Mean=SD)
y99nsnaansetatien 3 Ase Mdudaszsefy uray
afmnaeu 3 9




NAN1SIAY

13
a

1. auauvAundnlunzgy

5mﬁn1um'§uﬁwﬁﬂﬁwﬁa A. niger 1Ju
srazan 1 ddnvaziduveuvadla dwdesey
ihanageu wardinduayulnsiowizivesluug
derfinszoznainsnsindu 2 uag 3 Ju nuindves
dhindanudutuduiivdeseutimarty dnwas
voamaiuy waznduayulnsdaududufiuiy
puszeznamiin druturlunzgs 1 Yu Tanue
HuveanadladiTyreumios uasdinduaulnsiane

Avadlunggu

2. Usunauiuadnsay wazwanlauaensauluunvdn
Tunggu

NNNTIATIERUI LA UednsIu (Total
Phenolic Content: TPC) wazwanliusunsiu (Total
Flavonoid Content: TFO) Tuthwinlusizguiivsingae
W A, niger \Wunan 1 2 uay 3 Ju Weufutuely
uzquitlifudouazudly 1 Yu nudr dudluuesu 1
Judlan TPC AU 11.54+0.45 mg GAE/g dry herb
Turauedimsndingaeie A. niger Wunan 1 Fu fid
TPC gandnegaiifuddny (p<.05) wirfiu 14.06+0.29
mg GAE/g dry herb wafiuusltfuanadluiud 2 uay

3 Y93n157IN (p<.05)

Tuueaientu durluugsy 1 Yuile TFC
WU 2.29+0.24 mg QE/g dry herb Tuaauedinnswin
Feido A. niger \Huan 1 u vildien TRC gandy
pglidpdAnYy (p<.05) WAy 3.08+0.08 mg QE/g
dry herb uafiuwalduanadlutudi 2 uay 3 (p<.05)

WULRYINU (A1579 1)

$ o 901 o/
3. guaAIueanatuvasninluus gy

91INNIINAADUAVTATUDDNTLATUVDIUININ

Tunzguindnaes A. niger .unan 12 waz 3

dutuiualunesuitlifudonazuriduna 1 %
wui thurluazgufiqnidueendindu Tasanuse
é’usjy’dmgaﬂaﬁmz DPPH a18 %Inhibition 11y
92.05+1.11% lusaefithudinlunzgu 1 Ju fqus
fudan IndiFesiu uaniuTunuam lasgeaaluiud
3(95.81+3.89%) (p<.05) FeiiAlndiafunsdiuda
49anv04 ascorbic acid (94.84+0.66%, 4 ALY
1 80 pg/ml) witil potency #wni

Tuvhueadeau dudluuzs 1 Sufignidu
sonBindursutisgilunisvaaeu FRAP lngdl FRAP
value Wiy 21.60+1.74 mM Fe*/g dry herb iile
dieufuhadnlunesy 1 %0 wuindiqussuden nd
WABsfiu (22.012£0.79 mM Fe®"/g dry herb) uailtualti

anaslutudl 2 wae 3 vosn1ndin (p<.05) (11374 2)

[ 13
[ LY

4. gnsduaelnlsFiudvesuininluugsu

9

2

ﬁnﬂmﬁ‘wmaauqwéé’ué’j’:ﬂﬂs%mmmﬁmﬁﬂ
lung 393875 Dopachrome dlewinide A. niger uaz
wifnfunan 1 2 uay 3 Yu Weuduiudluggudl
Lidudeuazuridunar 1 Ju nud dudluuesu
fgndsudslnisdiua Taefldn %inhibition Wiy
61.56+1.45% drutmiinluszguionssudslvlsiua
gendegaildedrdny (p<.05) lawild1 %lInhibition
dlondin 1 way 2 Yu IndiAsstuwiniy 75.84+0.07
WAz 75.66+1.59% mua1iu wazduuilduanadian
tfoulutudt 3 el A1 %Inhibition vasiminluve sy
1A1g9n31 kojic acid (70.47+1.30%, &4 AMTUTY
80 pg/ml) WAl potency #1n91 (AN319 2) Fee

ﬂiﬂwmﬂﬁligﬁuf\ﬂﬂﬂﬂi‘l/lﬂﬁ@l](ﬂ"]\‘i 9 UAASAININ 1
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f1319 1

USinailuednsau (TPC) uagwailaueensau (TFC) voswsinluue suiivalneagiie A. niger

d1snadau vandin (Tu) TPC (mg GAE/g) TFC (mg QE/g)
thwinasluszga 1 14.06+0.29* 3.08:0.08*

2 11.07+1.19% 2.75+0.05%*

3 12.06:0.24% 1.36+0.19%*
thugndlugz s 1 11.54+0.45 2.29+0.24

*p<.05 WiguAuwindlungsy 13U (n=3), **p<.05 Wisududmdnasdungsy 1 Ju

f1319 2

gnaFueandintulagas DPPH uax FRAP uazgnsdugilnlstiuavesimanaeluue suivsinaieite A. niger

d19Nadau 128N DPPH Inhibition FRAP Dopachrome Inhibition
(7w) (%) (mM Fe*/ g dry herb) (%)

twiinasluszgu 1 90.90+3.10 22.01+0.79 75.84+0.07*

2 94.84+2.21* 20.53+1.82%* 75.66+1.59

3 95.81+3.89** 19.64+0.73%* 74.31+1.09
thugnsluszgu 1 92.05+1.11 21.60+1.74 61.56+1.45
Ascorbic acid - 94.84+0.66" - -
Kojic acid - - - 70.47+1.30°

a IC_ of ascorbic acid: 42.74+0.47 pg/ml (DPPH), b IC_ of kojic acid: 67.17+1.42 pg/ml (Dopachrome)

*p<.05 Wigufvwindlunggd 13U (n=3), *p<.05 Wguivdmdnaalungsy 1 5y

5. AMSWAILIAISU Moringa emulgels

Tun1siWaILEISU Moringa emulgel ladinng
U§uiAsueadusznauresgnsiiiu (s 3) siavan
13 gns iolilananSausiitdnvas iedudauiaun
TasfuauAuly fanuntinuiunans daueeda way
Uasnsesenisldau Tneduainnsusuanududu
¥93an3Aiolaa Carbopol 940 lugmsil 1-3 luta
At 0.5-1.5% wuin gnsil 2 ddldandudu
19% lhilodufadivuvan Limamdedusuavld
Fohluldwamndelugnsi 4-6 Tagususziuves

Viscolam AT 100P fiszsfu 2-4% WU gnsil 5

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 19 atU? 3 Uszduiou Auengu-suau 2568

THAnududu 3% Whie emulgel fidauades T
wontu uasdidnwae doduiariian Tugnsi 7-9 14
Usudndruvesans emollients Ui gnsdl 9 Fadl
isopropyl myristate tag cyclomethicone ot14a
2% HpnaandRdugulad ldwilloavuesnug uaz
Wﬁmﬂammnﬁummﬁuﬁu loun glycerine wag
sodium hyaluronate SLuqm‘ﬁ‘ 10-11 ntuiuth
wiinlunzsunududu 1.0% uaz 1.5% lugnsil 12
way 13 s wientiadia citrate buffer ansifude

A1TUANNEAU LazUsu pH A8 triethanolamine




PINMTRAUIITU WU FFUT 13 (ME-13) B
Usznouetnsin « 1%w/w Lﬂuqmﬁﬁﬁqm losan
fpauandinswmuiisimuely fduaznduveningn
Flaldutuauduly fdvnuadiedunadenilan
io¥asae Chroma meter SlAnfifad L*a*b* iy
63.48 -0.79 Waz -2.98 uanstedunRedlseuigauy
fida31901nn71 emulgel base 1Entos §1 emulgel
base (drunasniiousndu ME-13 ustldiindmstnly
uzg) WewIsuatalmisgidvnuaidedunasem
Wan Anad L*a*b* winiu 59.48 -0.47 uag -4.35
audu SeUsdadvniiisunesinudu Bedoey

Wuandes AULANANIBE (AE) 5¢1Ine emulgel
base fiu ME-13 Winfy 4.24 Feglugrsiianansa
Funaunisiudsuulamesdladeaieni

f3u ME-13 Tiffoduifaunaun Ttuauiu
U faunidatiunans anansandevuialdde Sndu
vougaukwInanllkauayulng ANN50YILNAUNAY
YosdUNaNAg 9 lpogsduszansnin ssuiia pH
5.0-5.5 Hsogllurasiivanzanifuimis funaun1side
o3 M. oleifera emulgel Voucher specimen
vaslungu dnwaendluwis M. oleifera fermented
solution waz M. oleifera emulgel LAAIAININ 2

21N 1 MBg1ensMNINEIU (a) gallic acid 9nAsneageY TPC (b) quercetin A1NANSNAGRY TFC (€) ascorbic

acid 91An1sAd@au DPPH (d) ferrous sulphate a1nn1snagdayu FRAP wag (e) kojic acid 31nn1snagay

dopachrome
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a1 2 (a) Tunggu (M. oleifera Lam.) (b) Voucher specimen (c) nsluwiia (d) an1aznisudnuslunggueaeg

o A niger TISTR 3240 (e) fermented solution wag (f) Moringa emulgel

6. ATNNAIRIVBIAITU Moringa emulgel

AMNNTANBIAMUAIFIVOL Moringa emulgel
f¥ufl 13 (ME-13) isufiu emulgel base wloifiulu
d40112A19 9 WUl #1350 emulgel base TdAsul9
aa addsuslaniisndndesdiofivluaniog
31 Tneiimnuainwesdiiiudu dududves Moringa
emulgel nuAdiUasuwlandntios usluaninziss
ANANLET1e (L) anas wanadadfidudu agnalsfiny
dledunamennuaagliiifiunisasuwlaswosdou
Judidang

#1su ME-13 lewseuadalnsifinnnunin
whitu 28,435643.47 cP ieliuTlgnmniivies 28 u Anu
it hfsgudntion (29,550+1541.49 cP) wsilai
Tod@nymneadn dauniaufiud 40°C 28 Yu arnamiln
dnfintusgrann (p<.05) Tuwaiinmsfivluaniy
seviliaunidnanas (p<.05) A15U emulgel base
deowmssuiasaludaziinumnie (35,280+£622.25 cP)
geni1i3u ME-13 egnafideddey anuninaziia

'
a

I a v ) ! ]
SUHLEJE]LﬂUVIE]]Eu‘MﬂU nod 28 U LLmaﬂaﬂuﬁﬂ’]’wL’N

ageildudAny (p<.05) sniiufigaumngil 40°C A
nilaldAsuudas

ME-13 uag emulgel base fanudunsa-

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

o A

U 19 atU? 3 Uszduiou Auengu-suau 2568

A9 (pH) uga9uA (5.38-5.44) uazasiinaonszey
na1n1sane lagldfinnuunnananieada wagly
wansuwaluvesnisasunaswineldaniizis
WR3U ME-13 uaz emulgel base linun1siasy
Y099ainlunnNan1IznIAY (M99 4) Tuwauzdi B.
subtilis (positive control) in131A3gyuu NA 9879
Fonau uansliifiuinomsidsateuazaninznisu
Pdlunsmageuinnumunzay

N150AU19NALAZUDLEAUDLUS

nmamaAnnmsvndus oo A niger
Hunan 3 Yu wut dhviluszguiiviinduszesnm
1 Yu fidnwaznieneninsaznauiimnzaud iy
PluRmundundasusiniosdions msminluszes
nanfuutudssaliivinddduiu Guiianueu
wazdnduiiduduniniuly Saenvanmudildves
HARSITlE N15UBEULUAMNINIEAINGINET2879
WRAINNTEUINNSERRaaslassas e saaivlay
woulwfindnann A niger WU wagiaa (cellulase) uaz
iefilwagiaa (hemicellulase) Fedsnalvianseangns

v 1%

Fnmgnuanddeveanunguminuiniy (Pandey




1%

etal., 2016) MaLRuAuT0eE ANUTYY uAzNAUTDI
wifnanunsolfiduid infiaonndasiunsifiuuues
a1stinnlunszuiun1sndin denndeaiuseaunis
wiinfivayulwsvlnduiinunsuasundasludnuas
Wearu (Li et al., 2020) ogslsfiny udinnismdn
luszeznaiuiueaduasun1svanuasga1sydinn
A1 9 WAAIIRNS09AUsTNaUBUTINAIE 1w
AUMLILANYDITNYULUITING UTUIUMATAIILLTS
yosanseangys o lWldnanfuriaiinuan i
Fanmiiruaziimsldlunismaass léAnwuToudiou
ﬁuwa%aﬁ%m”lwz?m 1 YuileUszifiunavesnismiin
aun3d e uslunesuiuunlulvansnguiiuedn
favareihlduisvia vasiindnenaflesddseneu
yosansoonguisTivarnvasuaziinududeuinnty
NnsEUINNIsyesaailauouldvesgdunsy

f1319 3

NANTILATIZRUS a1 URAN TN (Total
Phenolic Content: TPC) wazwanliusunsiu (Total
Flavonoid Content: TFC)Iuﬁmﬂum’;ummam%a
A. niger wussAUsEnaUTesEsHuaanuaznaliueyn
Tuszunils Fesonpdoafuneauniidotewndhil

g Tungguiduuvasddyesanseangnitanm
nauiluefinuagnanliuesd (Stohs & Hartman, 2015;
Vergara-Jimenez et al., 2017) Wiefasanaves
nszurumsuinlagldide A niger nuin flunum
drdglunisifinusunaarsiiuednwasraliused
agneflfudfn Insanizegedslutiaaindn 1 Ju
G9l%ANTPC uae TFC geanlunsnaans vl o1audu
nasneulviiiadnennide A niger Wy cellulase
waz B-clucosidase YrvgpyaaINTIYAaNTLALE
La'%umsﬂamﬂa'a&Jmsaaﬂqwéaaﬂmgjmiazm51151’
D19 UTZANTAIN

d?uﬂiznauwadgﬁ)iﬁf’/ﬁ/ Moringa emulgels §15U% 13 (ME-13) tiag emulgel base

Ingredients emulgel base ME-13 Uses
(Yow/w) (Yow/w)
Carbopol 940 1.0 1.0 Gel-forming agent
Viscolam AT 100P 3.0 3.0 Emulsifier
Isopropyl myristate 2.0 2.0 Emollient
Cyclomethicone 2.0 2.0 Emollient
Sodium hyaluronate 0.25 0.25 Humectant
Glycerine 2.0 2.0 Humectant
M. oleifera fermented solution - 1.0 Brightening agent
Di-sodium EDTA 0.01 0.01 Chelating agent
Citrate buffer 10 10 Buffering agent
Microcare PHC 0.6 0.6 Preservative
Fragrance 0.1 0.1 Fragrance

Triethanolamine adjust pH to 5.5 adjust pH to 5.5 Neutralizer

Deionized water to 100 100 Solvent
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M99 4

AaANURYeY Moringa emulgel A13U7 13 (ME-13) 4agA11AIHIVEIHISY

AU dn12n15IAU a A27uRdA (cP) pH Microbial
growth
ME-13 w3saLasalu YR 28,435+643.47° 5.40+0.01 Tainuide
gaunNiivies 28 U 1WA 29,550+1541.49° 5.41+0.01 Tainuide
40 °C 28 Ju YU 35,460+1994.04° 5.39+0.01 Tainuide
AN 919U78  25,480+1230.37a,b 5.38+0.01 Tiinuide
emulgel CRRHIGERIRIEY N1 35,280+622.25 5.42+0.02 Tainuide
base oumpiivies 28 Ju ¥ 38,400+367.70° 5.44+0.00 liwuide
40 °C 28 Ju 917 34,370+113.14 5.39+0.01 Linuide
AN UM 32,405+473.76° 5.40+0.03 Linuide

VU0 LAAINARIEAT Mean+SD (n=3) ap<.05 \ipuiusiuifeiuilowssuadalvi waz bp<.05 ME-

13 Wiguiu emulgel base Tuaniznisiiuifenniu Taaiuniinaie Brookfield AMETEK DV3T Cone Plate

Spindle CP-52 AU5I50U 5 rpm Qm‘mgﬁ 25+2°C uag %Torque 70-90%

atalsfinnu dloszerinainisndneiuiu
AuNIT 19U YSuna TPC wag TFC duwnlunanas
AOAAADINUTIBIUTBY Feitosa et al. (2020) way
Starzynska-Janiszewska et al. (2022) Fawuan e
nan vty TPC TFC LazansEueenTndy
fuwlduanas daudululadn e1ainainnis
dewaanevetansoongniudarunsEUIUNNTY
AUedTNYesgaunIlunsuinseiies nieenadl
nsdsuuladlassaiieesansdifyurssinaula
anunsansrataldlugunuuin uenainiadunigss
pnaldarsiiuednuazailiusedursdruduunas
NS ea TR lUNTEUINNSILNUDATY 89
nalUSinamesansivailanadlurimdmesnisvin
duiusAuunliiunisanasesgniinm wanslsidiu
AdRyveIsMuAsEEznA TN IvIngaue
Tldanseongnitaningan

MNRANISNAABUVEFUBBN BRI
Tuszquillsifisde A niger wuh fqvisiueendindu

luseAuas aonndeiUTI891UY04 Vergara-Jlimenez

o A

| U 19 atU? 3 Uszduiou Auengu-suau 2568

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

'
= 1

etal. (2017) 5zuidn lungsuiivSunuansiuednuag
wahuesduinann Faduasdfyiisiauands
Fruayyadasy mandndaeide A niger Az
gisFueendindulfidnosananizBuduiidegs
oguda denndeatfunanisAnwineutiifinudi lu
uzguilovdiuoyyadaszailnussuni (Sreelatha
et al., 2009; Fitriana et al., 2016) 39019dwa LN
Wasuulawgnstinmudsnisvinliuaneiannidn
luiusufeniu Feitosa et al. (2020) 5789737
nsuiinwslugegsuluanziuuveuds (solid-state
fermentation) Tagldi@e A. nicer vlsd3unaens
fluodnifintu 136.0% wazdaluesdiindud
783.1% \flowFeuifisufuansainainluuesuilsl
Kunnsuifn Tuanmganuiu 50 uay 70% iearn

1

18 80% ethanol Way 80% acetone AUAIAU BN
‘v"?qé’qwudwqw%(ﬁma%a5353%0313&5’91Lﬁu%uaam
fifuddnylonnaaudie33 FRAP: Ferric Reducing
Antioxidant Power assay N1ININAINENSEINE
TiAnn1sasansusenauiusdnydaluddiuiu 14

wila Feldwuneunisudn lawn (2-hydroxycinnamic




acid kaempferol 3-glicoside p-coumaric acid trans-
cinnamic acid luteolin caffeic acid isorhamnetin
6,2 dihydroxyflavone chlorogenic acid epicatechin
epigallocatechin gallate quercetin taxifolin Way
ferulic acid) Inpansimanifisienuin Sauauiily
N13AUBYYADATELALAIUATNRE19HIUTEEANT AN
nansAnitasiouliifiuin wilueguasiiqns
AueanTnduluseAuglnesITUYIR WANTEUIUNIT
wiinlagldgaunidfuangay wu A niger Tunum
1umsLa%mq1/|§LLasﬂ%’ULﬂ?alauaﬁﬂsmawwLm?‘*uaa
asaia feenaduvszlomidenniludsegndldlu
wan At iiogunmvSelesesdensiitiunaauTRgy
DUNADATE sl TPC TFC wazguddnueandinduros
ihndfnlungguitldannmuids Aunndraninsesy
04 Feitosa et al. (2020) Hu o19iAalda1nAIy
LANAIYDILNAITUYRIRY Lazan1znTnding
Feitosa et al. (2020) vihmsusdnlungsunuuaniue
Y9394 (Solid-state fermentation: SSF) uagviinis
Anunwiavesthenatnilvanzau 3906 TPC TRC uag
qvddusendinduiigenin
dmSunsnaaougnssud woulesflvlsduue
wuin dudlunesy 1 fufgvssudaeulesdivlstiua
Taglungguilaqns = gendnegrafidoddy wandli
Wiud nszuaunsuiindunumlunisifugnssuds
woulwaflnlsfuals wamsfnuilaenadestuuide
¥4 Laksarniani et al. (2022) fis1gamui ansarinluszsy
flartade33 maceration fquisdudueuleiivisdiua
feAn IC, Wiy 115.36 pg/ml (InewUseuiisuiy
kojic acid @adien IC,, Wiy 48.90 pg/ml) ngmadn
@13 quercetin Iuluusquu‘]umiﬁﬂﬁzyﬁﬁqméﬁaﬂén
wBNAING Hashim et al. (2021) fanudn ansadaly
urguannsnannsairauafulaedudsinlsdiua
rnunaln uncompetitive inhibition (A1 Kii = 73 pg/ml)

o o !

Toedl luteolin tWuansdrdsuniunumlunisduds
1
Y

o

Lo a

wuled nfouduignsiueyyadassiasugnsnis

yi19u Tudruvesnuisglag Nurzak et al. (2022) Ta

WAIUNAR T UNASUINNATANA L UNETUNAS IUAILANT

9

1%
L

iy 70% ethanol wudhansarindianssudalnlstiua
feAn IC ity 92.37+8.11 pg/ml (suriu kojic
acid ifien IC,, wiriu 65.03+2.44 ug/ml) wazidlothly
i dueiuingia wuiinuaudRmaeiosdions
R W A1 pH Muza aududodisatiu waz
N13NTENEFVeINANT A 1nTayat1dy uansli
diuhansartaainlusesuilgnlunstiuds tyrosinase
activity FafgadosiunszuIuntsannisadindnd
wandu Feduwaliulunsilvifided el v
Anszasla Snvinaviindafunszuaunisiivaondia
UsrAvBnmuesusTanmdana1 Ssanansoriannt
viinlunzgulidumseengrisansssuvdfisidneam
TumsUszgndldlundnfasiniesdionafiofangzans
lauarnsvzanivveiiilaegadiused@nsnim egals
fanu ieliiulalunuuasndouarUseaninaves
nansdoet Sndudesdinisrivaununinwasiimua

WnIgIUvesasafye 1 dusyuy

Tumswiseunslunggudmsumn levinnise
onslusrgusg autoclave iofingaunisitonsuy
Wou uazeuaunaviinliAaameideiiseans iite
mnuasianeveInszuIUN LAz ALUasn e
9649l3ARL ANTOUFIIINNITLUIUNITAINGTI018
dealvinsddny Wy ansfiuednuasanliueed dey
annvseanad mniim e luseAugnamnIsa 913
firsanldisandeuvulaldaruiou (non-thermal

Y
Yaa =

sterilization) \BAIAMAIAITRBNGNTIAAEITY

TunsWmuIA1Su Moringa emulgel laeanly
Carbopol 940 Juaisneanan lagusuen pH T
oglutisimnzauiioduaiunsiinlasadaauia
yauiiowa Fereifiumuniinuazanunshvesiiu
wSauvisld Viscolam AT 100P {Juansiiuanuwiiadn
yilanileiiveiasunisiindfatunazsnuiauni
VYeIsTUUBLAtY ﬁqé’qﬁwmﬂumsﬂ%’wqaLﬁaé’mﬁa
URNRERGITARVEEY wananaiinsld isopropyl

myristate WOLNNAIMNLYNAY anANUWMIUDENUE
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wazlaunsTusnuresanseengriiingiamils du
glycerin v‘imﬁﬂﬁLﬂumﬂﬁmwmjw’?‘?uim@]ﬂmm%u
Mndsndeunastiefnifuihlufimds annisagde
huazasnuguiiuresia iiiu Cyclomethicone iile
Frefiuaudy indedne ananuvussug wayli
ANnuianauIeimaInsly Wuasaiugu pH laun
sodium citrate waz citric acid luvasii di-sodium
EDTA vhuthilvduansfan waz Microcare PHC ¥
wihdiiduanstudefiefiuaiuasiivendns e
Tuszozen lugnsiimimdnlungsuaududy
1% w/w SspnifuuSinnanseengnietnaiosaes
wihvesrudufuiivansgridueendinty (a3
DPPH uae FRAP) uazguatiuduenlesilvlsdiua 91
mMsUsifiunuIniiu ME-13 1w fuifinudnuoy
fifign Inoiidnwurvesdiiamaiivmnzaunudenis
pg¢lsAiny nsdenldaududusnarnduies
wuaadesdy esnusyansameeaiminile
Hlundnfasiniesdensdstueg funansdade wu
ANNANLNTIUNSTUNIURIUTN n1sUanUaosdans
ponqusNEITy AMuAw Tanfeufduiusiuans
Sulusiiu msUsefiudsyansamiiudurislusesu
ex vivo Waz in vivo azreBudunisiluldaislealy
AR uaA3edd1019

f3u ME-13 fdvnuradeldainiminly
ugsuiifarswgnuiadlidniusssuid Wetivly
anzane q dvewansasiiuwalduduiuaeld
40112139 (accelerated condition) Taansa9ina1n
w309 Chroma meter agndlsfiniy nsasunas
dhlannsadanalameniual d15u ME-13 Hau
wilasngn emulgel base W@ty F3A193 L ARN
navosimifnluuzquselassadamediueslussuy
198 Lazonailnasinanweanegedlulsunaantios
(0.4% w/w) 2nnseuIunsane agnelsiniy dsu
feumilndeudrnsiiiloifufigumgiivies uifasdl
anuifuruegteneldanionmgifiunnsie us

' A W i | ~ ' A
Aruviadieglugranmuizausdenisldlunios

, ) NFEFIVINTUM IS BaLiisuede
U 19 atU? 3 Uszduiou Auengu-suau 2568 v A < B
i g atuinermansuazinalulad

Fene msiunansnsingumgiiviesiadunadendi
wnzadlunmsswanuasiesii3u wonani pH
Yosu ME-13 Saflenumsiinaonszognainisdng
Tuynaniignaifiu Jeazviouianuasiimaaives
52UU emulgel LaypsAUsENDUYDINTODNGNETINM
nninlungu Snisdslimunisiatueainla

Tuynan1ien1sny wansdialseavsnmuesssuuans

(3

YWAIMLADNY WATAIUALDIAVDINTEUIUNISHAR

[ I

[ v o [ a v I3
AudavvdrfnonuUaon AUV INEN U

o

2. D

nsdnwiuansiisiudn dmdaluuzgud
wisalneldido A. niger TISTR 3240 WHunan 1 5u
anunsadinUiinuansfiuedn iahuesd saufaaiy
qisFueyyadaszuaniugrssudslnlstiualdasng
fluseAnSn1n nsWau Moringa emulgel 7ifidau
wanvosimiinluuz gl duanSaeififauausinig
NEAMINNEN TAMUAIFININAT NEAMN kAL
a@neniumela uazuugihliiAvlugumniivies

Tnendnidesnisiiuluan1izifigumgigs

winan1sEnwtazkanslmaudafnen N

Umidnluug suundgnsdueandindulazgnaniu

InlsBiua Faaunsauszynaltluniasdrandls egals
fimupsrinsnsedeudieduriduaralasvasdion
. a % '3 1 | 5 %,’ o
A. niger Tundnsaiognadussuunsluindinuay
HAnSuaidS3U ieBudurnulaonsdevewdnsio

lusuian A7sHN1SANYINAYRIUTU LAY
AvautAvesminlulgsuiinonuAiIvewiy

LY ST TIATIZTRIRUIZNB UV TGN LA
Tutmdn uazAnmunisiUasuutase pH veaudmgdn <
Weludeyauszneulunmsimunasduszneulusiu

ALY ARDAIUNNINAABUAIIUAIAITEE
813 M3AnwUsEAnsamlunisinssialuenanadng
Wotudunaigendiinuavatuanunisimunluds

R RLERIRY




nnANIIUUIENIA wavnuatvayun1siiine 1 dnusdmsulsyyns
UsganUn15AN®EN 2566 AMLLAGTANENS UNINENTE
uLsAs (P1-66-014)

VOUDUAMNEYANANS UMINNFUUIAIT SU
Ussinasatiuayunmdganmiiedjiinisinalulad

FAINMNFVNTTU AULLAAVFNERNS UNINY1ABULSART

Y &
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Abstract

In the context of modern security, which is characterized by complexity and rapid transformation,
High Altitude Pseudo-Satellite: HAPS technology is regarded as a future-oriented solution capable of
enhancing or replacing existing Unmanned Aerial Vehicles: UAVs and satellite systems. With applications
in surveillance and reconnaissance, this research aims to develop a conceptual design approach for
solar-powered HAPS, emphasizing simplicity and practical applicability under constraints related to
energy, weight, and environmental conditions at altitudes 17 kilometers above sea level. The proposed
design approach includes an analysis of the mass-energy balance, an assessment of solar energy
potential within the climatic context of Thailand, and the estimation of aerodynamic parameters
such as power-to-weight ratio and wing loading. The study presents a prototype aircraft with a total
weight of 77 kilograms and a wingspan not exceeding 30 meters, capable of continuous operation
for more than 24 hours for a minimum duration of one month. Furthermore, the system is equipped

with real-time data transmission capabilities via ground-based communication networks.

Keywords: High Altitude Pseudo-Satellites, UAVs, satellites, aerodynamic, power-to-weight ratio
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UAV) (Doctoral dissertation), by University of
Salford Greater Manchester. Copyright 2017 by

University of Salford Greater Manchester
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V3
aZE—QZ (9)

Towil (h) fio anugslumbnilawes uaz (@, ) Ao

wuny lagArpsnduanunsaglaainaisne 1 ludiu
Y9959ANTEIE UM LAIINTIFLALATI LATTLAU

a wva

ANUFINUHURNS
Y

h
Idiff = 0.08Idir exp(—Z] (10)

PAITUINNBEIDNTNGNIVUA (Eday)

lAa1NNSBURNTAANNISA (11) dmsurianan

GUFMPIY

819U

Eday =] 1_dt (11)

2. Wasuwasa1ing ludsemealne

2.1 N1SNINTUINITLADNAINAIINULE

A ¢ a v YR, a = I3

p19nd ztdenldriianarsiudesigaduino

wanlun1siansan (wsnisaliaiitvannilonaiia

YU) WALDUNLNIAAIANUTUYDILAIDNARE LU U

AN TR NI UREIDI AN U T T UNTATUI
TASTLNUNINAITAIUIN AN 8

2.2. Wi uukaseindluudazminves
Uszwalny Ussimalvedvivesasignegluyie 6.321
- 19.759 ssmunile fanm 9 Faslothdrsvesariige
wAnainNugs 17 Alawms lilevdisnainansiy
Yfoudian azwuinnamiedivasnainansiutiosdian
fien 10.8 $2lus wazaaldfivasnainansiutiosdiae
fiAn 11.63 dalus fanm 10

AN 8 BHUNNLARIBIAUNITANLINVBIUTWATUANS
ANUIUTIATNS I ULAIDRE




AN 9 azRanvasUseinalng

Y

AW 10 Fnatnasiulssmalng (Wounign)

A 11 Wisuigurianainansiuresusemealnegy
nazAgnign Lavgegn

A 12 WisulsuaAuduve a1 indiavige
Agn wazgagavasusindlng

A 13 WS UIBUATNENIUINUAT I Ing Nazfgn
Agn uargegnvasuseimealng

AN 14 WAIIUINNLAIBI NG LU ALIINTAVDI
Uszinelneg (Woeign)

3. MUTTANANAUNTIWNIRUAVBIDINALU

= =

Wunisdszunaaimdnuiniigafiduly
10 Tneldsimihninveslagaisuazingdu duiea
winvaseINIALIULArgUNIalIg 9 MRgIdesiunis
) a va v P aa
TuindeueINIAey N1eEIdulalienisnig Payload
weight Fraction tHasa1ntduiinnsuseunuaiiin
niinanyimsdrsiniminussyneedmtnTInves
21NALIUUTELAN HAPS NTANSWAIUITUATLADAR

uiadagtu Ingluldeundudundsaundn

1001579 2 AN IUAERSIdILEINEN
gunsalsswinvsmn W) siodmiingau (W) den

WU 0.065
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4. aUn5alSTNINUTIN

9 9

a

g

o

glavinnisdrsisgunsaliiienisianis

e
. e

v va

d15ialaniidesdnuandalunisnuniuseaanin

wndenluiFesguund Femafideldidonldaunsal
521319Us3NNUUN&a MEDUSA fann 15 updos
Hodunanisallanwuusaisaiunasu (multi-spectral
earth observation instrument) finuanunsalunng
franieszernsiufieganaiiupy (ground
sampling distance) 14 30 lWuAWAT WsgdmTugy
wuun150ud15199dn Corridor scan Ju8unisauny
AL UNINstuviedeuiivesunanlesy
Woiiuteyauvuidusavensoillos Tnsvangiu
wnanesufiindouiiogedaiios Wy HAPS wie
anitey laeilina 2.6 Alansudiedenunindoya

AINNIE1599 AN 16

M1379 2
unasvoyainalulad HAPS Tullaguiu

HAPS UAV Wp/ LA
Zephyr 7 0.047
Zephyr S 0.067
UAVOS Apus Duo 2 0.063
EAV - 3 0.06
PHASA - 35 0.1
Kea Atmos M2 0.1
0.065

W /W, average

Note. From “Pseudo-Satellite Drone Flies for
25 Days Straight, Sets Endurance,” by Tom
Metcalfe, (2018), retrieved from https://www.
livescience.com/63378-pseudo-satellite-drone-

record.html?utm_source=chatgpt.com

o A

U 19 atU? 3 Uszduiou Auengu-suau 2568

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

AW 15 MEDUSA (EUSI, 2020)

Note. From “True 30 cm VHR imagery the highest
quality resolution imagery for projects that require
unparalleled clarity,” by EUSI, 2020, Retrieved
from https://www.euspaceimaging.com/true-

30-cm-imagery/

A 16 fegeszeznsiusiegsnaitupuil 30
wuRwAs (EUSI, 2020)
Note. From “True 30 cm VHR imagery the highest
quality resolution imagery for projects that require
unparalleled clarity,” by EUSI, 2020, Retrieved
from https://www.euspaceimaging.com/true-
30-cm-imagery/
wiogslsAmuietnisindiasesndugos
b wiinludugunsalfindedsdianthmingustoun
v09ndos wazgUnsaimsfinsedseanas 5 Alan3u 10
TUARINAT? anunso LS uadmdn g’

Y901 AgUlEAuTULA feaunIsh (12)

w,
W, :—pr (12)

W
AIUUINNKNANITANUIUAULUUBINABIULS
Audumauluguaiiounniieuiidmdnsiudsyuny
76.923 Alansyu f9m1579 3




5. n1sUszuad P/W was W/S

niEudlunseenuUUBmANnT Ae N
A1989 P/W (Power-to-weight ratio) wag W/S (Wing
loading) Fumeun1sUszanmABuRuvetaNITaUS
9 nAEILAzISUFUAN15AIUIN Constraint Diagram
Mnaunsdeseluil

1. Maximum Load/Turn

% 5501 [ pV3Cd0( )+ 2va (I:)]
(13)

2. Endurance

HP 4 1/K
w 5507, 3

1

(EZ)Z (14)
pS

3
4

3. Cruise

1
HP 2 W
— Cd04K4 (——) (15)
w 5501;p S

4. Stall conditions

Y _Po 2
S - 2 CLmaxVS (16)

\fiea¥1e Constraint diagram dufiunswien
nssEIring PAW fu W/S Sufiuassiosszanmandy
TuauNSHRURLAEAINEER PIUA919 4 5 uway
AmTilum1519 6 ilfanunsadeunsanl Constraint
Diagram #9AIW 17

A 17 giulasveundivdode
youwafianunsadend P/W uaz W/s 1¢ §3de
Foansornaguiiiminuarldmdaies Saden
flazlgneenuuy (design point) diumisegiiy
Fruarsvesauwaiidentd Tnedan W/s wiidu 23

way P/W Wiy 7

A1979 3
s3I Y sENOUA 1A YN 1NIAL U

dauusznaunan Uszuauinin (kg)
guUnsalsENinausINn 5
a o a 4
syuudlannIaling 2
wdwaa W,
W, = W
MPPT p
o Wt
WUALABS
) 5
sTUUTULAFOU W, = 0065
TAs991nNAYIY W, = 76.923
UNLUNTIN 77(76.923)

A 17 A5 Constraint Diagram

A1579 4

f71519a87A U597 1199990 5U5199171A8 1410
91MAYIUFULUUAIN

Aircraft type Coo

Jet transport 0.015-0.02
Twin-engine piton prop 0.022 - 0.028
Small GA with retractable landing gear  0.02 - 0.03
Small GA with fixed landing gear 0.025 - 0.04
Agricultural 0.04 - 0.07
Sailplane/Glider 0.012 - 0.015
Supersonic fighter 0.018 - 0.035
Homebuilt 0.025 - 0.04
Microlight 0.02 - 0.035

Note. From “Design for 4D Printing of Biodegradable
Shape Memory Polymers for Disposable UAV Systems,”
by M. Ebeid and S.James, 2023, Polymers, 15(1),

(p. 3562). Copyright 2023 by Elsevier

FAUMERITASE JOUTRAS |\l 19 No. 3 Septernber - Decernber 2025

Science and Technology



A1519 5
§I5INADAA TIENA DUTIH TUYDIDIN 1AL UM AL
Useinn 2 iASaveus

Aircraft type Cpo

Jet transport 0.015-0.02

Note. From Aircraft design: A systems engineering
approach by M. H. Sadraey, 2013. Copyright 2013
by John Wiley & Sons

A1579 6
#1579A1UsEE S UAITT U TuluNI5asIe Initial

ouess values

AUTTU

p..0 AMUNUIBUUTEIUUMEE 1.225 kg/m”

P, A7km  enumnusdusgiuasie 0.141 ke/m’

n UsganSnmszuuduindou 0.85
prop

14 AU IAUNIG 18 m/s

n Load factor 2.5

{uUsE AN UL Tp991n5US9 0.

Chy dulszd 3U919 0.016

AR Aspect Ratio 26

e Useansniweaainan 0.95

K AMaf 0.012882

C duUszansusiungedn 1.6
Linax v

v ANUSITIMAY 12 m/s

S

Note. From Design of solar powered airplanes

for continuous flight (Doctoral dissertation), by
A. Noth, 2008, Copyright 2008 by ETH .ZURICH

6. M3UTTLUIUIATN LagAIDINIANAIERNS
(wing sizing and aerodynamic coefficient)
6.1 N1UTENIUILIATN
dlenuen PAW way W/S Taufiaruszanas
8u 0 ludesiu sxanunsaludunasnanunadnls

AR = — (17)

Tne?
AR ?9 8n37d7U Aspect ratio HAYIIAU
AMNeNUn (b) A Wuln (S)

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 19 atU? 3 Uszduiou Auengu-suau 2568

1%

Jaguaunis (17) nxdlagi W/S waziniin
o nAgIuN g lunsATUIN

= |%.
b= /5 AR (18)

NAGNGANNAUNTSN (18) b AAWMAU 29.22 LA

2
s= 2 (19)
AR

HadNEINENNIST (19) S ity 32.83 ans1auns
6.2 ANdUUSEAVSNISEINIANEAERS
Taun dudseansussen () SuUszansuss
A (Cp) é’wssawéuﬁqé’wlﬁmmﬂgﬂi'wmmﬂmu
€,y wazdUszAvsussinuiilommnusednudisyans
LLsnéfﬂyLﬁmmﬂme’humﬁmﬁﬁ (Cp) nedl K L‘fhi
ANATILUSHUAU AR Lag € aunsamAduyszand

nddgylansaunisaaludl

CL: 2W (20)
pVS
HAGNSANELNITT (19) C, fdAinfu 1.006
Cpi = KCf (21)
Cp = Cpo + Cp; 22)

WagAINALNIST (21) uaz (22) C, fAvinfiu
0.0291 lensuAduUssavsussen uasduUsaviause
dy asnsaAsE R EsEING dsEanS

uwsensedulszavsusaiuldnaunisi (23)
a_ & o

ety C,/C, Sy 34.64

6.3 N13L@8NUWNUDIN"A (airfoil selection)
fiturugeiintg Sediguanissluad
200,000 - 450,000 338 lsAangUwuuLNLEINA 1ag
T9lUsuN U XFLRS 113LAT18RANAMENWSLaN 1N
p1nAnadans Lagleisiesinananiis wuin wny
9INARUU SG6043 FanTm 18 Slevesduszansuse
duiidosiigalutisvesrduyssdvsuseniidonis
faududoulunistugiunueiniades fedu uny
91NALUY SG6043 Faflanuivanzausnnigndiniy
nsauunsmvuasukuy wavaistnuese Ay
IShudundsnuuaserindinauiugaatouniiiien

fukuumall




AW 18 LWUdINALUY SG6043

7. ANSATMUALNULUUYDILWURIS

wnunsdimididnfynstasudliaud i
91nUn wazvrelunisUsduennidey lneusznauly
A8 3 d1udfgy A Vertical Stabilizer Horizontal
stabilizer wag Trim tabs %ﬂLﬁuLLNuﬁﬁayjﬁgﬂw Vertical
wae Horizontal stabilizer finirfivaevitliiedosdu
agluaunalifianin 19

nefidelasenuuuunumslifidnuvazidu
UU boom mounted Invert V-Tail %ﬂﬁ*ﬁ'aaﬁa vl
flusadusuniuties (Interference drag) LfinAdY
wdawsslirulassadradnidesnniigpdaainuaiy
unaulunsannisinsvestniifidnvazen sauds
Feannsafifuiinnscleansaduinuiuiimaszauls
iy Tnefiuunnve wnumauede1nI A LA 5
funnldngnsduiolud

_ ChtCSref,wing
ht — I (24)
ht
_ CvtbSref,wing
vt — L (25)
vt
Tnen
Sy A9 VUIAVDINUNIIILUIAT Y] C W
ANN9EDR
Sy AD VUNAVDINUNNUWLIUEY T35 C ; v
ANNNEDR
C, AD AINNNEDAVDININR

A 1 a

Cht A9 ANNEDAVDINIIUDU

¥

a4 & Ao =
AL NuNUn %38 Span

9]

(ref,wing)

Lvt fio MUY 25% YBIABSA AINANLTT

UDY 25% VBINIA4
L, A9 ANNEND 25% VBIABSA ANNAIULTD

UDY 25% VBINUDY

AN 19 Empennage design

Note. From Numerical investigstion of a fixed wing
mini UAV (Master’s thesis) by A. H. Jilan, 2022.
Copyright 2022 by Chittagong University

M1919 7

AIANTIKALAMUTHN 9 TUNTISAINIYUINYDIUNY

WINaINIFETY
C, L, (m) Chord (m)
Vertical Tail 0.04 15.23 1.12
Horizontal Tail 0.5 7.60 1.12

NMIANUIYN ARSI LLLIRS (vertical
tail) WU 2.52 M1919uns wariunnnalukuIuey
(horizontal tail) WA 2.42 ANS19UAT

8. N15UsTUUAINIAINANSIN azwaeu
WA15791 (power estimation)

FURBUNITUTLUIUAINIAITUUDIDINTAETU
ANUNTAAIUINAIRITUTBIDINAEU (power required)
1Aa1nnsTUNTITEAUAIEAILSIAT (steady level

flight) faeANUEINMYUA 18 LWATABIUT
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8.1 mMasln3u (total electric power)
Sndudemsuieidauiidesnsveserniae tng
masluirsanaesenireuyseneuliaenids 2
dau fanm 21 Teun Mddundeuiisesnis (P )

req

AsUnNITUUASITEAY P, AUN5N (26) agA1ag

)
el
Inidmsuszuuang o (P ) aun13 (27) el

elec tot

nsmuuaAUsEavanmuawe suagluin aunsoledoe

a [

Und 10U 0.7 wag 0.9 MUAIAU

1 w? 1
Pieper = Preq = ;pV3SCD0 + 1p—VS (neAR)(26)
2

NAANSINAUNST (26) P, Avinnu 392.92 Ta6

evel

1 1
Plevel + F (Pav + Ppld) (27)

P =
elec tot
] NmotMprop ec

Taen

= a a s
np  fAe UszdAvnianueines
mot

=

n_ Ae Uszansanluiin
prop

n,,. Ao Usgdndam Step Down

P tP o asmmdsgunsaiBiannsedng

@

NAANSINNAUNST (27) P gawvinnu
elec tot
583.58 06

8.2 wasuliihgau (total electric energy)
nAmdelningin anusath lumndsnulnidisiy

(Eelec tot Y
n1stuseAunaenian1sufUimRng vilvanuisaiaen

) ¥9301n7A8Ule 91nAN 6 wanalmaun

vosfdalisinguiunatnaiu (T, ) uag

day”
nAaNIAY (Tm.ght) TAgLANIa1919NaN9u 10.8 Talud

ANNFUNTN (28)

Tnight

Eetec tor = Peiec tot (Tday + —) (28)
nchrgndchrg

Tnen

y . Ap Usgansaimnisusausey
chrg I

M genrg 12 Usgansnimnisaaeyssy

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

o A

U 19 atU? 3 Uszduiou Auengu-suau 2568

HAANSINANNTN (28) E fAwvinfu
i elec tot
14,948.2 TnAtalua
8.3 nsidenuummaidiniunisujun
ashanslu fidudenlduunmeIamieuuvia (Li-
metal Sion Power) AMAINE AININ 22 FadlA1Adu

pUwUuUnasY (K, ) 490 Tnagaluanantansy

batt
annadeanansaldlugraivnisueiniadeilgungl
A1 AUNUILUUAT AREAUANINLING DUYBITU

yssgnAansIleailes

AN 20 MIENgANEINLYEEINFg UL AUTUNG Y
wasefindaussauraunaudum

AN 21 NasIuYeIraa s

AN 22 LUALKBS Li-metal Sion Power




8.4 NITANUIUMINAIUF RS UBUSLADT
(E,,.) N8R NAIUARUARBSARIANLAULE AT
dmiun1suuanistugrnluauiseasandaanule

AN1150AUIMLARINANNTST (29)

Thnignt

Epate = Petec tor X (29)

Ndchrg

ya o

AIdedenlduunmeIuuy 12 wad 44.4 1ad
et E, . ANy 192,772.98 wouwlsailad 910
NEINURA UL @1U50ANUIUINIUINTNLURLHBS

(m. ) léarnaunisa (30)

batt
_ Epatt

Mpatr = Kot (30)

NAANGANNEUNTSN (30) mbaﬂﬁﬁhwhﬁ’u 17.47 Alansy
9. s2UUIULAADU (propulsion system)

Wodenuowes wavluiadmsusyuudu
waeu Sududesdrusaduiidesnisvesainiaeny
Tngannsafuinldansnsidiuussdu (7) set
wifnenmaey () laednsidiuussdusatimin
91INAIUAITHAIDETENINN 0.31 - 0.5 lagaunse
fwndldauaunsi (31) wag (32)
r_p/w

w %4

(31)
T = %xW (32)

Lﬁaﬂé’wmmﬁmwﬁmwugﬂLﬁaﬂmiaamwu
Buornimsruuuuluialig fsduszuuduiadou
yawmosuazluinusazdne Sedesiiussdusiviunsa
wilivousadufidesnisiadiaindu 14.972 Alandu
dielilaussdumudesnis Tngainn1sdrsianuan
NOLMO3 SI-6560-180KV wila Volt (12s) wazluin
WUU MEJZILK 24*10TH flusedueg 15.4 Alan3u
fann 23 laewewes wazluin 1 yaduda 1.191
Alanu lngonAe1udednis 2 gavinliuiaveangy

SYUUTULPABULAT 2.656 Nlansy

AN 23 UBLABS SI-6560-180KV TuiawuU MEJZILK
24%10T

Note. From “Propeller 24x10 CCW 2B TH,” by
Meizlik, 2020, retrieved from https://shop.mejzlik.
eu/propeller-24x10-ccw-2b-th/

10. lwawaa (solar cells)

TuiideN 2 @uNITaAIUIIATNAITULES
J ) deouRianla 41,531,021.58
ay density . ]

Tadsansnuunsiedu Ferenaaggnianldly

19ne (F

s iufiaadlsawadauaunisi (33)
Feosunede HuiResaunsleaads (4, ) Wiy
wisuiidesnsnandemendsnufiawisoadisls
9 1 A1519LUAT

Eelec tot

Age =
Eday densityNscNcbrNmppt  (33)
Taed
n,, fe UszdvBnmlvanwad

N, Ao Uszdvsnmitlasnnaulnewesdn

0 it ® UTEAVERMATUALNITYITR NN

TnoituiiAndaunsloanimadvintu 7.577 a9
wns anansalumsiuussiulvasadiaad LR
Unlé Tneluaudded ;ﬁaj"alﬁﬁaﬂh’ﬂ%mmaéﬁﬁmmm
1 wrlufifiud 0.125%0.125 ms1awns Usvavsam
24 Wesiud Andesunulamadetaun 485 wi
Tnoumazukuiulg 6.5 nfuiliunslealgaaiiuig
3.1525 Alanfu e luAntminuesisieviudsd
A1 0.26 Winveskulgawadvinlwnlasneslyan
wadh 3.972 Alandu Fanw 24
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AN 24 fre89lgawad Nunu au

Note. From “High Efficiency Sunpower Maxeon 6
Solar Cells 166 X 166 mm GEN 6 Photovoltaic Cells
IBC Solar Panel Cells,” by Starworld Electronics Co.,
Ltd., Shenzhen, 2013, retrievedfrom https://www.
alibaba.com/product-detail/High-efficiency-solar-
cells-Sunpower-maxeon_1600802706626.htmlhtml

11. 1a30sy199Uszglviin MPPT

\n3991159Us89 b1 MPPT %138 Maximum
Power Point Tracking \Juaunsaifigiemainssua
gegnlaeidonlduuunimanuruiiiuigaegsan lag

A11150A U MLIRbARNANNNSTN (34)

Myppr = KypprlnaxNscleprMmpprAse 39)

Tnen

m, o Ao UV LATRIYITAYTERLI
MPPT

K, ppr 0 fnsiinaugunisunsaliii

AD AR LUDILEIASER
max Y 9

v

a A A ' ¢
se Ao WumLLNQI‘anL"Uaa

NASNEIINEUNITT (30) M
0.918 Alansy

o A

U 19 atU? 3 Uszduiou Auengu-suau 2568

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

12. Tase@1n1Aeu (airframe)

TudusnseenuuuBmdnnsues (Noth, 2008)
U9 (Ahmad & Mahdi, 2017) agwua1 din1suszune
Animtnvesemasiliaiigaiuaie Tnethmin
Yoo AsTUUsEIAN HAPS dllug) 90 Weadud 1Ju
droinvedlasad1eln Sedvuelng wasdeuen
171 Wiesasfumsindaundsanswadldognafiome
{Adulsidentdannisues Ju-Yeol Yun, 2020) Fafiu
aunsildoanuuulaseadreornaeudiivhnd i
Auauiinsduiindreadstueniaeundaanuunag
aiind Tneramzmsvhaulutissiunusluani (low
reynolds number) wagmslifaguwiiniun lnsiden
Twsfiwmesdray loun snsrdumnuiEeienvestn
(aspect ratio) waziufinwan (main wing area) 1u
Fudslunsiinszranaes Wieadsaunisussane
Anhaniifinnuusiug B Tngld EAV-3 81989
uaunssanaste waznuinminiisuadeilng
WReaaingse audunsT (35)

W= =0.00084R*-0.0055°+0.53AR+
12.885+0.027AR-S-10.46 (35)

NAANSAINAUNITT (35) Wy HALYiNAU 45.20
Alansu

NARWS VDIUIY

1. nswSeuriisuianinaianisalnudivuinale
INNISAIUI

Tnen1eidelihnanisianmenssuus
pRNLUUGMaNAsLUSsUiBuiunISAIANISAINIL
AN579 8 WUdn Tt savesenre ity
Tludrmaeaiu




f1319 8

915 INEANITAIUINA IEATEUIUNITOONUUULTINAN
AISUUUAIAL

dauusznaunan Wan1sATUIN AUsTU
(kg) (kg)
gunsalsening 5 5
UIINN
STUU 2 2
Siannsatind
Twdwas 3.15 W. = W,
t—w
MPPT 0.92 p
o Wt
LUALADS 17.47 c
szUvtuLAdoU 2.38 W, = ——
£70.065
1AS991NFENY 45.20 W, = 76.923
UINRUNTIU 76.94 76.923

2. WAANSNI52NWUUINANNI5YBIaIN1A8uls

Auduiwaudugaaiiauadiiy

INHATNENTTUIUNITOBNUUUBINENNIS
FeAsuuuAaAy vlFEISansad v aLey
sUTwBItukuLaINAeulsAudumauuguatiou
aniiey lneiliseazidenvuiniag U fam139 9
maieldideunuvanuiialngldlusunsy CATIA Lile
Iidudugusssu (M-HAPS) fsnn 25

3. M5WSBULBUNAAWE N1589NLUULTIRANNTS
Widnes
ASUSHULTNBUNANAANENNTODALUULTNUEN
A3A2EToAUAL [WIAUIBEDALUUTEY Ahmad and
Mahdi (2017) uanamsiUSeuiieuluguuuuveansm
wHuQiluvia fanm 26-28 lags1edeannyateyalu
1319 9 wandliliAudn AIRENYAITANN 9 VDIFURUY
amagulSauduitldnnmsdualaednive s

Tunadwsniseanwuutdululuduiniafenny @9

vilinsguaunseenuuumdnnsitiausluaiy
FWodmnuunTefio udaziiyadeyadifinimunnsiig
1NN 10% wiseenly 3 ngu laun deyasudn
Toyaenmeanarmans wardoyasusyuudiinnseiind
nsdu ndeyasueinenamansiioaieady
Joyaniuln 38015909 AGM. 1unisuanidInIw
dululdlunisesnuuulagazuanadiranisiuand
Tnadnémanuvesenniasusuiiosiign soteya
YAl ItuaImIsaUTuAIae 9 1ann1s1e 6 Tudu
foyasnuszuudidnmsedindnsduiirunainidou
iesanadililunsdnasenssuiunisesnuuy
Fandnniaidunisuszunaan waisves AGM. 1uen

Y9E0H

wimnildainnsEuIunsesnLUUA I ER A
WazIdves (Ahmad & Mahdi, 2017) agilanulng
Wwesnulu@sdias wandnn1saniunisunnn1eiy
Tneduds nanAe Feeonnsuuusieisausy 19
A19AnUA design point alsntdinarUsziduain
Constraint Diagram Iagliiuszifiundsnulusnwey
sousnu luvaeitaves (Ahmad & Mahdi, 2017) 14
WUINNA iterative desien TiBuanANsATT UF AR IRy
H1unsAIaNd I ugteslugeiy (328193 worst-
case day) La¥RNWUU geometry Va901A1ABIULA
denpdasfiunnsiatiy fouads desien space Lito

lUgnsiienyneeniuuiiaunang sy

AN 25 LUUDNE9EIUTR (M-HAPS)
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975 1N USIUTIIUBAN1SATYIUNITOOAKUUTNIANN T
78350973 11U IT00NUYYYDIA UL UUDINIAEIY

IsAuty
CA. A&M.  %Diff
1785734 76.944 76.271  0.875
ANSIUUTEAU 392.294 397.34  1.286
maimammﬂmu 45.204 46.435 2.723
dielytihsan 83576 55220 5376 AN 26 UHUIUILUSEULTEY (NU98)
1ALUALADS 17.468 16523 5410
fudunsToansioad 7577 6.793  10.347
1nawkalwanswad 3.972 2868  27.795
178 MPPT 0.918 0.868  5.447
IaszuLTuIAaoy 2.382 2.331 2.141
ANUEINTTUTEAY 18 17.905  0.528
WSIAIUTIY 21.794 22192  1.826
fudiaatn 32.832 32.895  0.192
1IaTUY 2 2.288 14.4
Sidnnseind AW 27 uruiuviaUSeuiigy (nguau )
ANBITTUU 20 13.729  31.355
Siénnseiind
AMUNI19UN 29.217 25 14.433
AR 26 19 26.923
SsEandusadnues 0.016 0.012 25
LLWUBDINA
SuUseAvisusadnuann 0.013 0.018  38.462
LbIJYN
wusdluan 200726.423 23382  16.487
BNTIEIULKY 23.079 20.649  10.529
Twanswad e
AN 28 NSLARIRn P/W wag W/S 7laainnis
P/W 7.584 7.240  4.536 : .
Y32una N1599NLUY LagIsYaIeuLbuUIN1ALIY
W/S 22.983 22.739  1.062

1Saudu
Note. From Design of a Swept-Wing High-Altitude
Long-Endurance Unmanned Air Vehicle (HALE

UAV) (Doctoral dissertation), by University of

Salford Greater Manchester. Copyright 2017 by

University of Salford Greater Manchester
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ToyaadnsyuIAFULUYeINIAE UL TAUTUNA L TY
gualiounIniig

JoyaausInuy

dudniedessay 76.94 kg
AIE) 18 m/s
A mauTissiuthnee 4.84 m/s
AT amauiiseuuRdRng  14.28 m/s
AN 10.96 m
thwiinsgvinaussnn 5 kg
Un

LWUDINF SG6043
ANUAI19TN 29.22 m
Aspect Ratio 26

Nufidn 32.83 m?
Snsrauitudl Solar cell 23.08%
YAUNUNI

YA Inverted U-tail
BWUBDINA NACA 0012
Nufimnauuds 2.52 m?
Nufivauuiueu 2.42 m’
wyuyuiniey 7.63 m

d3UuarN150AUTIENAIUINY

ATYUIUNTODNLUUIS 2 WUUTilEvhnsanen
WU NTEUIUNITURY (Noth, 2008) virl1in1seeniuy
omaguliautumauiuguatiouariiouiiin
Funndull Feldanunsodiuldauldase (Ahmad &
Mahdi, 2017) l&133nsewanmnusuldiiielile
ToyalndiAsafiudiutseneuiiunldase

1. HANIDINBUUAIYIATNITHUUALAY

aruldeuluniseanuuulfuinisnseau
ANge 17 Alawns InefiReulamadundanuuas

<4

orfind A mdanudesiign tiniinsewinteussyn 5
Alan¥u wud oA uiidiviingy 76.94 Alandu
idlewSsuifioufuisues (Ahmad & Mahdi, 2017)
wuin degatminduualtumadnsnmseonuuuidy

i

Tuluirmadeiu Feinlilesuiennudisielnves

[

NSTUIUNTERNLUURIanNsATEueluwiIell
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MITNUTIUTIEU M-HAPS fUaImAe 1 lungusie iy
UsvaunIua15059gm

M-HAPS  Zephyr  Zephyr
7 8/S
AUNINTN (m)  29.22 25.5 25
¥uidn (ke) 76.94 53 75
AUge (km) 17 21.5 22.5
SreeLIan (day) 30 14 25
dwinussn (ke) 5 2.5 5

Note. From “Zephyr High Altitude Platform Station
(HAPS),” by Airbus, 2018, retrieved from https://
www.airbus.com/en/products-services/defence/

uas/zephyr

2. wagsunIsUSBUiguAuaNBEEY 9

mﬂmiLUSauLLanmmmqq WJuns
WasULUaweInuuIwly Feranumuiuiudne
Tnuassman1sas1alssenvastn Lﬁammquﬁuﬁum
HalmuLLanas waziieadaussenvaevili
Foan1siuiidn (Wing area) unntuluwaisd Aspect
Ratio AN Fesipsiianunitetn (Wingspan) uin
fu wlorunaniududaalilaseadrsenniaey
LLazﬁmﬁﬂsauqﬁu wonani emnunalniiutu
Iuﬁumsﬁ'mmé’mmﬂumsa%’wqwé’muqq%u A
Snsdruiufinsindeunslyanswadanasiesain
Nufinsandaunslyanswadfia iy

&

e —
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Abstract

Solar cells are increasingly popular for electricity generation due to their clean energy nature. However,
their efficiency decreases at high temperatures, especially in hot climates where cell temperatures can
reach up to 70°C, resulting in a significant reduction in power output. The objective of this research
was to increase the efficiency of solar cells by automatic water cooling. It used two 300-watt monocrystalline
solar panels: one without a cooling system and one with a cooling system. The automatic control
system uses a microcontroller ESP8266, a 12-volt DC water pump with a flow rate of 60 liters/min,
and 24 water release holes, operating based on the set temperature condition of 50°C and stopping
working when the temperature drops to 40°C. The experiment was conducted during April, from 9:00
am to 3:00 pm, recording data every 15 minutes. The results showed that water-cooled solar cells had
higher efficiency than those without a cooling system, at 20.05 and 18.49, respectively. The average
temperature of both types of solar cells was 46.26 and 61.50°C. The time with the highest solar intensity was
at 12:00 pm, with a voltage and current of 41.28 volts and 7.30 amperes.

Keywords: solar cells, efficiency, cooling
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Properties solar panel

PV parameters Value
Max Power, P (W) 300
Operating Voltage, Vmp V) 36.7
Operating Current, Imp (A) 8.17
Open Circuit Voltage, VOC (V) 44.4
Short Circuit Current, | (A) 8.99
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1319 2

Range and accuracy of measure instruments

Measure Instruments Range Accuracy
Multimeters (UNI-T UT204+) AC voltage 600 V. +(0.8%+5)
DC voltage 600 V. +(0.5%+2)

AC current 600 A.
DC current 600 A.

IR Thermometer (Fluke 561)
Pyranometer
(Kipp & Zonen SMP11)

Glass Thermometer (SATO) 0 to 100 °C

-40 to 550 °C
0 to 1600 W/m?

+(2.5%+5)
+(2.5%+5)
+1% of reading or +1°C

+10 W/m?2
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7l (2) (Akkanit, 2017)

B =Voe X1y

max

(2)

de P, fe maalnihgean (Ind)

max

Voe o usaulnfinigsta (had)

1

o A9 nszualiidnees (wenuys)

Nan15I8uazanuseY

Han13naasd 1 U ludrufouilewgu 2567
Tnevnansluya97a1 09.00-15.00 W. WU31 ALY
yoeruuSiduasenindnasnneiuian 709 nd

semsnamns lneflangagaiinal 12.00 win Ae
856 Snsren1samns lngsewinedivhnsnaasdiays]
MeusHUNARY dmalvinuSsEuaIoTindanasu ey de
han uardigaumaiivindouads 41.73 ssrnwaioa
Fanansly AW 3 @IUN1ITEUIIANSDULNITAA LA
ofindnuin waduawoiingfiszuneaudoudaein
flgamaiindssmniunsilifiszuuszuianuiou i
A1 46.26 DIANAREE WAz 61.50 DeFwalTyd Ay
a1y uavigungiigagaveusiaziraiaindu 55
DIANTATYEA WAz 67.90 DIANLATYE AINEIAU A%
dildhnssrueanufeudiethaunsoangumal
waduatefindld Feaenndestuiuidunount
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Abstract

The aims of this research were to (1) create a pacing and stride length device and (2) evaluate the
device’s accuracy based on stride frequency and stride length measurements. The device analyzes
picture data from the runner’s movements to ascertain the optimal settings for the individual. The
research approach encompassed (1) analyzing design needs and specifications, (2) delineating essential
characteristics, (3) selecting components, (4) developing and constructing the light and sound device,
and (5) evaluating the device’s functionality. A stopwatch with a resolution of 0.01 seconds was
employed to assess accuracy at stride frequencies of 120, 160, 200, 240, 280, and 320 strides per
minute. A millimeter-scale measuring tape was employed to ascertain the stride length of the device
at intervals of 30, 60, 90, 120, and 180 cm. The accuracy percentage (% was utilized to denote the
device’s performance, with an acceptable margin of error not exceeding + 5%. The experimental
findings indicated that (1) the maximum accuracy for stride frequency was 1.32%, and (2) the maximum
accuracy for stride length display was 1.62%. Both stride frequency and stride length precision achieved
the predetermined aim established in this investigation, which was no greater than 5%. This research
yields a prototype apparatus for measuring stride frequency and stride length, applicable for analyzing
energy-efficient running metrics and functioning as a training instrument to identify the best frequency

and stride length for individual runners.

Keywords: cadence and stride length regulation system, stride frequency, stride length, running economy
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Abstract

Public infrastructure problem management in local government organizations continues to face
challenges, including delays in reporting and tracking, lack of effective communication channels, and
absence of transparent monitoring systems. While chatbot technology has been adopted by various
organizations, there remains a lack of in-depth studies on implementing LINE chatbots for local-level
public infrastructure problem management. This research aims to (1) develop a public infrastructure
problem reporting and tracking system via LINE Chatbot for citizens in local government areas, and
(2) evaluate system effectiveness in terms of accuracy, usability, and user satisfaction levels.
The researchers employed a research and development approach by developing a prototype system
integrated with the LINE API. The system was tested with a sample group of 135 participants in Huai
Niao Subdistrict Municipality, comprising service users, operational staff, and information technology
experts. Data were collected through system usage testing and satisfaction questionnaires, then
analyzed using descriptive statistics. Research findings showed that the system effectively met user
requirements, supporting repair reporting, GPS location identification, and interactive responses
efficiently. User satisfaction evaluation results were at high levels (overall mean: 4.50 out of 5.00),
particularly in terms of usability and response speed. This research demonstrates the potential of LINE
Chatbots in improving public service quality, providing guidelines for local government organizations

to implement technology for enhanced service efficiency and citizen participation in the digital era.

Keywords: chatbot, line chatbot, repair request system, public sector information technology
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ansaumeLayN1sERmsINtitesan sl sednSan

(David et al,, 2023; Li et al., 2023) 9e/13ls5Ainu LAS 04
fiaunsUssianenadndslaennluunenguusenns uas

v a

dnfiduyugslunisimuiuazguassuuegdeiilos

dwiuuszmalne LINE \Juueundiadudil
fldusnnndt 70% vesszrnsdumesidaianua
(ETDA, 2022) feauAuA vl eI N5
Selaglidasindadiy wozgaruannsolunisiey
sefiuszuuguteyanislussAnsegadangy il
LINE Chatbot 1fuipsesiiofildsuanudeslunnsle
UINsnIAsglunasusun Wy nsudasiow nisla
Uoya Larn13naUA1n1NenluliR (Rodsawang et al,,
2020)
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ag9lsfinn nsUszendld LINE Chatbot
dm¥u “n1sfuidesdeason” Tastanizlusyiu
saRnsUnAseduesiy Suiinsdnwidosunn i
ﬁu’%wé’mﬁnﬁmmﬁ%ﬂuqq iesnndediinsiu
sudszanauaryeaing uitediedidinueie
WaukarUsziliulszansninessssuusundstgm
a15150yUlnAKY LINE Chatbot fiansnsaldauls
s3slumsauiesdu Tnefisdanuazainlunis
T aruwiuglunisiuteya uwazauiianela
Vo 1

[

AUILEIANISIVY

Lueriannssuuniuasinmiapnansisaulng
HuaUnaetulatwsnuen dnsuussanvulunui
29ANSUNATRIAIUY BIDU

2. 1 UszilulsEANS A NYRITEULLYINUDY
M Auluauaugnaes AnuazaIntunsldeu
wazANUanalavedldau

a ad A %
UUIRANG YA NLNEIVBY
INAINUNIUNWITENASIVDIA U TR
FEUULAIYOUTIRTULHIUMINUDY Hansedfgy?

(Y]

Nendesiungufuavesdanud feil

1. winAnAefusruusuGesdeadouluming
sumafs sruuMsiuesiesSeuvesesdnsunases
s eun.) Wunalnddylunsdaasuemalusda
wazadaanudesiulviuyseysu (Prachumrasee
et al,, 2024) sruunUUsLRLT gy TuTesa Wy
nSIRUIAITeNIzIuTI9n1T Anua1tlunisaiu
97U ANTEIUENETST NSRRALNETlITREY wagnIs
VIWLAFUYAAINT (Janpinid & Pookongchai, 2022)
Fosriamandsiniiuausndulunswaussuy
sidangu Mnaluladivuats wazaansafinny
walaegrslusslalunuuiBvalng

2. mheunasglavssyndldiesodiondvia
¥ ! [ I3 s L3
nanvatesukuy taun Al wuunesuseaulal

, ) NFEFIVINTUM IS BaLiisuede
U 19 atU? 3 Uszduiou Auengu-suau 2568 v A < B
i g atuinermansuazinalulad

woUndladullene Call Center Blua LATNIUNIN
unanneosulyduaiiify (Preechadech & Yongsiriwit,
2024) Tnaudazn3asilofidofiuazdosifniiunnsing
Au wu AulwdvSeueuiefeenadntsennluyssvsuy
venguuazsedldninenslunisiamun luvagi Call
Center fisfuyuunaINsas LINE Chatbot Fudumns
\donflimnza IﬂaLawwiuﬂszmpﬂmﬁﬁ;ﬁ%’mu
LINE 1110071 56 a1uau (LINE Corporation, 2024)
Faglanunsodeanssiuunanesuiiquing laides
AadauaUiity s095UN15IEREULUY Realtime waz
deusatuszuuvesasdnsldasainuazUaons

3. wARmuUNsEausuwmAlulad (Technology
Acceptance Model: TAM) Tutaa TAM (Davis et al.,
1989) e5uneiladeiidawasonisvensumaluladves
{14 Gausznoudhuaniasduszneundnde “nssuii
Uselowulunisldeu” (perceived usefulness) uag
“n1sfuitennnudielunisldan” (perceived ease
of use) MuATsileonuuunUenlFdiauEa Ui
hdsazmn wazdnuandinaeulandnisldauais
Fedamalglifanuiionelalusziiuges aenndostu
99AUTENOUIDY TAM

4. msimurszuulunuiseiidentduumi
Agile Scrum Agile Scrum L‘fluﬂiaumiﬁﬂmuﬁ%wju
whunsiauduseudu 9 (sprint) wazUSuUTImude
wuauUzYeald (Kent Beck et al., 2001) lvsnzdmsy
AT oS A RRuIUUTTI LAENENEINS
sruufinmudsanunsadseuilsiduldagwoiios
wazUFulsalansamuaudenIsvanguldaly
szauviashu

5. windAuazedaslefldWaun LINE Chatbot
gamaluladidenldlunisimun LINE Chatbot Lile
ANLINEELAUTTUUTIRDINTA N ERNEU Fuun
wazasaiauldmeldninensiisada 3uain
BOTNOI (BOTNOI, 2023) Faiiuunanlosuadauasmuen
fisosfun1sfionsiofu LINE Messaging APl Tngianiz
uagoonLUULT T seesuniwling (Railway
Technical School Bangkok Thailand et al., 2024)

LAYEINNITNINNTUNEUNUITIn TSNl laalineg




Jeuldadn wmugdmsuiiuimundlifanudessey
LaN1EN1907U NLP %59 Machine Learning lagnsa
d7u Node-RED vimiidiifusnatawuy low-code
dm3udanis flow vesdoyanazidensiossuumeen
(OpenJS Foundation & Contributors, 2023) 13 N5

U =

Juiinisesieassunsensdeyaiingiudeya Fuving

'
a

fuauidasnisiaus, USuldsudie wazanainy

€

v Y

Fudaulun1si@leou APl (Weber, 2024) #nun1s3asiu
fosa szuuidentd MysQlL FadugudeyaiBsdusiug
Annzdmiudoyauszinymesuviensudsiymi
asead19m1eia (Oracle, 2023) wavaninsadiouss
U Node-RED lélnenss vuzdit i miii

19 Vuejs Tunisimuiuasuesansizilaseasng
component-based Heliiasdumnesmafinovaues
EuarUTuussldine Tngliidesiiansuisnaunle
visadudou tomaisadumaiefidenndosiuuuams
AN5WALY LINE Chatbot fiduaanudalunisadia

Aunuy Audslun1suninw wavnswenlesiu

4 v oA

FEUURNYDINUILNUNIATTNTN DD

av o d

6. ITeMAYITes {IduldAnwenansa
FWeMAndesiunmsiauiaiedoniraiioaliayy
nslu3nisansnsase lnglanzseuuiuiFesiesfou
wazudagouruwIUen (Chatbot) wazunanvlesy
19 FeldFuauienegraunsnateluniieau
mAsguaresrnIUnasesduesiuivludsunelng
wazsnsUszing Tnganansaaguanseddnuesnud

WeUaglanadl

WAL TEUUUTMITIANTUNYUIUH LINE
AP neliumuovilunsiuiFesdosdou udave uagds
FoyalidmihiuuuGealn nans@nwimuinssuy
fanamtelinisieasnielugueuazansaniitu
anarmideulumssniiuny uasifiuarlusda

1% '
£ A )

Tunsadiusuninsgseauiiuils (Mitsophonsiri

et al,, 2020)

MitraBot Fasdunsnuendaniozdmsuliie
UsnwAeaiuansusgleviannlaseniinings e
sruuillamantenaunslvg (LLMs) iy LLaMA 3.2
Samfumaila Web Scraping LitefsteyauuuGoaln
sesSunsuranenI Lazanunsadifelanuiu

WSS UIadN1sAlUBRE9@EAan (Math, 2025)

wynuendmsuliusnisteyaniunaanuity
Tiaitonsinw agld Dialogflow ieusiafiu LINE
Application s¥uvanTanaufaIufinuyeslduuy
§olusi dwannszavoad i uasvinlvigldnu
ansnsaihdsteyaldnaen 24 42l (Chueasathapanasir
et al,, 2024)

STUULINUBNEMSUSEULanRafne lagii
wadlan1sBeuivesiaies (Machine Learning) uililu
MIAATIALBE TUNMUBILINANW (Tanasirathum
et al., 2024) nan1sANWILARSIALALINTEUUENLNTE
noumauTTUFeulfagnadiuszananim fanuuiug

gelunslvideyaiedn

MSWRIWIVIUBY “tosalu” dusunaumanu
Weafunislidauiesayavesumiine1dosiudy
auadumi (Ruttanapan & Saiyaitong, 2023) lag
szuuldTUTINmaNTinuUeskazaNTaNBUNEY
LUUSRLUNALAYEIY Google Sheet SAuAUNTTYINGUY

Y94 Dialogflow

nsiRILENUean3Itame1msinelay
THinalulad Computer Vision 9819 YOLOVS uag
Faster RCNN tiodanniam1stavunnissim LINE
Chatbot lfauanunsaaisamemsiiesuteya
Frugunldegsazain seuuiadnenmlunis
luuszgnadldluviunisasisuaunialsameiuia

(Tangchoopong et al., 2022)

nsiRIWUaNiealuayunIsUseLiiu

Wwnmsvaadnnaudes neldluea Machine Learning
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19uA Random Forest wag GLM lunsiiasgsinadng
wazudaeudenuanundsdunisiam szuude
iUnasasaunsafiamutaziiseTaimuInisves
ynsnaruliegafiuszd@nsnan (Changruenngam
et al,, 2024)

PN NUDNMUNS VIR @S U
101g Inglvinnuddgyiuniseanuuudssaunisal

i (UX/UN) Mmngauiungudmuny wu nsly

>°
S R

v

FonwsIUInlng N1999NUUUAEITISEUIY Lay
A5ERANTAILNIYINIA98 SEuUlASUNISNAEaU
luiundminalaviewazuansliiiuinnguidinung

au1saltaulanass (Chaiyawong et al., 2025)

wynuen “wesdiniu” welvuinisveya
wuzthanunvieuneludaminaiasiny lagld LINE
APl W@ 1ufU Django Framework Lagilszuudnnis

nastunyliausaduinnteyaldegiwioiies
Laguaty (Sookkhee & Chatree, 2024)

wwnuenLiiedsLaTunsvieafletyuvuy i
faddminuasusy Tneitfunisdeasteyaiieadu
anuivieaiilen swfauinonssufiutiu wasAanssu
yosuvy szuviinisidenlesiu QR Code ot
foya warld Google Sheet lunsdnifuiiondes
A (Thammasiri et al,, 2025) ﬁ?ﬂiﬁﬁﬂ%ﬂ'}ﬂﬁ%’ﬂ

USZaUNITAlTITMUSIIUDE195IUSUR UM NUBN

NNEeg19uideaing s tauansliuiuda
msldmealuladusmuenludfsng q fivanransuas
paulandianizngy widedlivedinluvaleniy lag
wnzn1sysanmanalulagnatguszianidinleiu
othafuszuu TudlamsiBonserugudeyauuuGealyd]
WATITUUNTIIEUIUUUUSUAT (adaptive leaming)
figsliaysalluvanssu uenaind Swnszuuns
AinszvideyaiBedn (deep analytics) fianansatas
TunuenimuuaznoUaLeILUURIN (proactive)

Taunau

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 19 atU? 3 Uszduiou Auengu-suau 2568

= 1

19491990991U798 (research gap) 3988
i M3vIANISNEUSEUULINUENATinsIFEu A
1384 (machine learning) SAAUNITUTENIANANIW
535UMAIUEY (NLP/NLU) uagseuugiudayauuy
Cloud Real-Time \fiosas¥unisldaulussivasdns
viseyuruiideyanainuats lasiamizlunuuinig
masgidesnsaudede vasnde wazansa
Usuimldnmuuiunvesgléiivainvans uenani
wudlaiflnuAdelafhiiauessuuumuonianuse
wenudeyaanumsuasdeyanuusalulia ety
waznouenszu Tussduiiannsadaunseidney

Tndlaeg1swgyaain

FUNAFIVIUIWY

1. MSNAIUNTEUULNTOUDIRSYL UM NUBN
NSANYBIANTUNATBIEIUNDIDU WAUIAFRIUANINY

IS = a a 1 Y
LAUYD NUi%ﬁﬂﬁﬂ?W@QI‘Ui%(ﬂUN’]ﬂ

2. anuianalamenisldaiy ssuukdsgoy
ANTYLHIUMINUDN NSUANEI9IANSUNATBIAIY
Vioadu imavtasuanewmiled duseansamedlu

SLAUUIN

5AdUN15IY

Tumsiannszuu insiiesesdionaveia
nanguszLAnsaunu laun LINE Developer Platform
waz LINE Official Account duduassuaziiousanu
LINE Chatbot Node.js way Node-RED d@1ufuweun
wazdanisszuuladsnines uas Vue js Framework
dvfuiaunduleddmsudaminginesng MysQL
dmsudugudeyananswesszuu waz Visual Studio
Code Hurdasilondnlums@ounazannslémusunsy
iwdosdiouarasdusznoumaaiiamanignsmeglu

A 2 Faduaateenssuvesszuulangsiy




AN 1 NTDULUIANIIUINY

AW 2 A INLERIEURAUNTTNTZUY

w3neian1sise
winadioTun1s3de oun

1. wdsslomamadafildluniswauissuy
Usznousie LINE Developer Platform waz LINE
Official Account dmsunisadnanas dousaiiu LINE
Chatbot Node js tag Node-RED d@nsun1siauitay
Fansszuuiladsnines 19 Vue js Framework @11y
wauiulsAszuuinnisveanesdns MySQL dusu

Jugudoyana1davedssuu uag Visual Studio Code
o (9 I~ 4" = a % v
dAusuidumsasilalunisleunazinnisianlushnsy
P19%UA

2. wuuasunuaNfiselavesyldau G
ad1etunuuuInUssiiussuuamsaumelud
UsyAviBnTm nseenuuy uanilen Insrunsns ey
Aunsadaiion (Content Validity) ﬁ]’]ﬂE:J:L‘?IIEJ’J‘U’]QJJ
$1unu 3 AU wazdiArauidesiu (Cronbach’s Alpha)
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Wiy 0.87 uae (2) wuudunwaiidasiadsiivenuuy
Fuiitesunuauaadiuddnandminine st
1M8899NU5LAUNTSITNUITIVDITTUU LARIUAIS
mwaaulm{{ma@mq@ﬁLﬁammmmzammﬁmm

1 a o 1 < 1 (v
nauilumane MyIdeuuteandu 3 nquudn
TauA

1. ishiinestamauiasivannemien
$1uu 5 eu Fadufflunumlunsldaussuudams
viathunarlideyaeafudnuas lapmnansisalan
Tudlui

2. Uszansuluwamauiasuaewmtlen i
127 au Fadugliauszuuidagouriiu LINE Chatbot
Tnenguilldannisduuuuiivdninast (purposive
sampling) Imﬁmimwmé’ﬁLﬂ&JLL%’qezfamhuszfaa
MRIRY WU nsTnsdnivientshnsosoauiedi
dhamanauia meluszevom 12 Woufien s
WAUIARIUANEHNNUTEYINTIINUTZUN 6,010
AU $1urU 414 vdieFeu Feanguinegediuau
127 au fednfieanesnensidenieldseiunnude
$u 95% wazA1AIARIALAADY £5% LABE198391N

M1379084 Krejcie and Morgan (1970)

3. f@rmgiumaluladasaumadiuiy
3 AU oUsTIiuALgNFe ALIINTEY Az
Fnennuesszuy Tludumadauasszaunisal
voglteu Ingldinuel laun duszaunisallunis
NAIUITZUUAITAUNANS DUINUBNTUNIATUI BN
usnsusseruliivesndt 5 U YjURnuludumi
ARt 1wu 919158 1n38e viofiTrmelumize
umafsvdoienau uaziinudsinglumalulad

MAYIVBINUTZUUNNAI U TY

naudwaneanuadunuinlunisiideya
Mngtesiulyminuasaduiui nMsnageusEuy
FULUU Wazn15UTzIIuUTEANSNINUITEUUNAINAT

Tauasa

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 19 atU? 3 Uszduiou Auengu-suau 2568

a

ARANIY LUN1538

nsiesesidoyalunisidoadedldadng
wssouun laun Aede (mean) wavdrudenuu
1m331U (Standard Deviation) Lﬁ'aaqﬂszﬁumm
flanelavesnguiiogsiiinessuuusnuonlusiiy
UsraANSAINA1SYIN9IU NMSODALUL LLazLﬁ’EJWﬁ’JjEJQ;IJa
TnglruuuaauniuuIng) auAsyn 5 sAvu (Rensis
Likert, 1932) FervuanzuuuRaws 1 39 5 lnousias

v oA

seAulianuvingaall 5 wirivuniign 4 winduun

o v v A

3 wihiuliunans 2 wihiutes uag 1 wihiuteeiign

1% v
g v

Wil AuusLnasinisudanadadelisad
4.51-5.00 yanefis anndign
3.51-4.50 #1889 un
2.51-3.50 #u188s Urunans
1.51-2.50 wu"8d4 Uoy

1.00-1.50 g Yosilan

TANUUNITODNUUULAZNITNAIUITEUY
WieliszuuanusausuiinenufeInis
vosflfenldegadaveguiarsing swideilldn
WIAALUUINTBU WUTEEnAlEsIniunszuIung
WansEUULUU SDLC Tnauuseanidu 6 Sumou seil
Sunauil 1 nsAnuEn MR sLAYSEUY
s nszvaumsliuinsuitesfosouidegiiy
Tuituiidne Ao waviasuavnemien Tnsgatiy
N135UTNT8YAINNITUNA NszUIUNTUHTRNY
3eadmiing uagnsdunivalidedn Wedasied
Si’fafﬁ"lﬁ’mLLasﬁayImﬁLﬁmﬁ?TuasJ'mLﬁuizw NNITANN
wudednndAyratelsen1s oua (1) Auantn
TunsfuiFesuardasiadoyassninassvrvuiudn
wiiil (2) nsldfszuufnmuaniugaesiifes vl
UszvrvuliaiuisansiuanuAuminuesnisaiy
sl way (3) mafndeyatndeulunsdififinisuds

Jgmineanuainansauluiuinlndifes dwalinng




A deulumsInasIsnennsuarasT USRS
Wiy Weneulanddesitadingn Auddedls
MuuALINIesiaulngldmaluladusnuenaiu
woUnaLAFu LINE Faufuunanladuiiussanuluiiui

fienuduasuazanunsanflade lnauanuavagyil

v

I ' o A % = v
wihdugeaninaiddunisiuisesiesioy niey
e duszysiuniawazdaiudeyailesiuegaiy

PHAN)

syvuwemveniagidoudefuunanwosy
Node-RED daihmihiimugunsyuiunisiu-dstoya
wazUszananarFeasng o lnefinmsdaiudeyalily
s1udona MySQL tielsianunsaeng nsiaaou uaz
Uszananadoyadeundsldosaiiusyaniam sl
wumsdanansjavndslissuuamsaanausdou
Tunisfudoya WinausIaslunisnevaussse
Yoy wagaduayunisusnisInnisniasgluseiu
vosiuliiuszAvsnmanndatu

Funouf 2 melinreinnudosmsvesifiu
n¥annsreunuLasAnudeyaidesdu 1diins
suflumsienesimiudeamsvesgitau tielszuy
fiaunduannsanoulandnsldauaiuazudle
Hymilintuldegnsdiuszansam Tnongudldon

vinlussuuinuseaniuaenay iua Ussvmuiuds

a

509599158 WAL NLNNNBIY NS URATaUTUNNS

Y

ANTUNTITY DU LT

oA Yy v A v =l
NHUN 1 ﬂiz%']’l]u@dl;ﬁ]ﬂlﬁaﬂﬁa\‘lﬁﬂu

NNSEUNWEITENUAE M TAUTIUTINATY
Aoan13nUsesuluiui wudgldnudesnisseuy
o v ' IR | ¢ aa
Mg azadn wazlidudeu druunannesuiil
ANAUAY ToglanizuaUndiady LINE Jadues
mafivsegvudulngltiludsedeguan Jldeau
4 sy aa v tzglj
Aeansilanduniinnuaunsadisil

1) udslgymlasienisnsendeyariudeniny

2) dAIUNUINAALMAAIENITUYS AN
GHRE{ISI

3) huun nangUsEnaumANISal

4) APANUADIULNITAIUNITVDIANS DU
Sealnyd

glinudsisanisivssuviinsuansdeyaasy

o v

naudeinsas ielvianusansiaeuAugnAodLay
gududeyalineudignszuiunisdaiiu

v Y o

ngudl 2 WInNNeYEN9

AUMTNTIETURAYOU WUl ANUABINTT

[ 1 %4

wanyatuluNNsussianisenseslaegadussuu

3
a

hagduseansnn

FDINTTZUUNAIUNITOBARAISIINITAS DN e
o al 6
SuanUsETULUUS Eabngd

WND998azL D UnVBILARLANSBILlABEN9ATU
99U W Yorude wasingdnyl dumvds uazan
Usenau

avvaeumsediiddou Inglddouluande
WA AUnUaiine Lagszeziian nanfe Miniinis
wisdgymaneundslndiassiu (anelusad 100
wms) waniindunteludisan 30 il szuvazdes

ANUTOLAWADUR AT TLNBWANLAYINITAHLUNNTEN

1% '
v a v oA

JUNNLaLUALUEN1ULVBIAN5 DY P9l SUEDY

g &

Wa7 98 3eMIATUNTT Y38 ATunTsIasIEY N3
Simswiaudosnislutuneuidududdayiidma
faN1508NLUULATIAS195EUU Handun159119U way
duinseyld

YUABUN 3 N158NLUVADIUNENTTUTEUU
A0UMUNTTUTTUULEAILUANT 2 TR8SEUULUI8N
&, ¢ v o X
WU 3 93AUsENaUNan ANl

1) @1ureIn1sUszaanNaunaunu (dialogue
management) LUun1s00nkUUTATIAS 1A TEUNUN
wazgnUsrasAn1sldau (intent) Hiuunannosy
Botnoi tlelsszuvannsadilanudesnisveld
uldeeegnaed lngdmuangy Intent Tinsauagy

sk aUNNUUBslusSEAUT oD Wi bl Uszun
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v waraynduy 9 3auds Intent dvSuRanuaniuz
Aseuey uel Intent azdoulosiu Entity uaz
Slot A ududedldzuangldan wu Jssanigm
401udl SwazBen Ho Luoslnsiny uazsumilafide
(GPS) Tmassw%ﬁﬁayjammﬁfmﬂ%'ﬂismawauaz
poundulagsnlul® s1vazidenudlaTidsng Intent

MNeIvakana i lun1sg 1

2) divesmsienselazUszunanadeya
Wu1 APl uuunanweasy Node-RED Lileviuii
JusnandunisWenlesoyaseninassuuienuay

wnanosu Botnoi wazgIutaya MySQL

3) dhudanisansesiuiules Wauniuled
fe Vue.js dvsudmiindinesnsldlunisnsiaaeu
uazdnnisdoyaFosioasou nefiflaiduddn wu
nsmeundududs wagnistestunistiufindriosdn
ou FaszuvazUsziliunniidansgimansuazig
nansuds Ingldaunts Haversine daduaunismis
Adinmans iR uINIy sz RAULALRY
nIInau ImamﬁaﬂﬁmazﬁgﬂLLasaaﬁgmammﬁy’ma

FabinaansuwdudgwNganad nsulvaruluszuu GIS

A AX
d = 2r - arcsin <\/sin2 (T(P) + cos(¢,) - cos(¢p,) - sin? (7))

(1)

[ Y

Ao UYdyAnwal
d = s88¥n9TEnindeagauuNuialan

v A

r = SAdlvedlan (= 6,371 Alawnsg)
9, ¢ = avfgnvoseail 1 uay 2 (radian)

1 2

LT, A = aaﬁgﬂﬁuawﬂﬁ 1 ag 2 (radian)
2
dp=9 -9

Ai=iz-i

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 19 atU? 3 Uszduiou Auengu-suau 2568

Wermunszesiassuisfinavesmsadlmitum3es
wislugrudoya minasianudt Arseslusleglusailsl
WA 100 1wns nanindrdeadulidiiu 30 wift e
Fudsmsaity ssuuaglddufindrfesdlnednluifi 4s
Yrwantoyatrdou Tnsnszuauniansowuandunin 3

Sumoudl 4 nsmuiszuuulsendu 2
daunan lauwn

1) sTUURVIUaNgNRLIULUNasD U LINE
dielvusgvvuanunsaudslamldasann seadunis
deiiin GPS amene wazdeyainse wisuilsiduy
as1deuslnessdanfidaluall 100 wes waz
sveznanliliiy 30 wift edestumsudaymen

o

YU

2) szuudanistoyanaatnuianemie Vue js
Wousaiugudaya MySQL 1w Node-RED Livelw
WIMNNEN50ATIEOU d0UE uazALunTneu

naulaognafusz@ansnan

MSTNNUYDIsEUUMNUBYIUMTIeH sTuu
wynuenEuyhauilefldnudsdemuudstamin
wounaadu LINE Yanunendnazgndadngluga
Ainsesinnudeansvesfld (intent Engine) Seiinti
fiuszananatorulngldmadianisuszaiananies
555118 (Natural Language Processing: NLP) Uy
wnanwasu BOTNOI
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Abstract

Currently, the stopwatch method is widely used for measuring work time in production processes;
however, it still has limitations in terms of accuracy, continuity, and labor requirements, often leading to
errors and difficulties in retrospective verification. This research aims to design and develop a video-
based work time analysis system for industrial production lines using web technologies combined
with statistical data analysis, in order to enhance accuracy and overcome the limitations of traditional
methods. The developed system is a web-based application that supports video uploads from
workstations and calculates standard time along with statistical measures such as mean, median,
standard deviation, and coefficient of variation. Experimental results from a simulated production
line with 11 workstations showed that the system reduced manual time recording from over 110
instances to a single video upload per station. Moreover, it achieved a coefficient of variation (CV) as
low as 0.74%, reflecting higher accuracy compared to the traditional stopwatch method.Therefore,
the proposed system can be effectively applied to calculate standard time and support systematic

analysis of production processes, ensuring practical and reliable use in industrial environments.

Keywords: time measurement system, standard time, video analysis, production line, web application
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Abstract

This study aimed to explore the experiences of patients with depression regarding medication adherence.
A qualitative phenomenological research design was employed. The participants were 15 patients,
diagnosed with depression by psychiatrists using DSM-5 criteria, who had prior experience
with antidepressant medication. Participants were selected purposively. Data were collected through in-
depth, semi-structured interviews conducted between August and October 2025 and were analyzed
using content analysis. The results revealed four key aspects: (1) Perceptions of medication use: Patients
revealed an awareness of using medication to control emotions, which resulted in consistent
medication-taking behavior as part of their daily routine. (2) Factors influencing medication adherence:
Family members played a supportive role in helping patients take their medication, while healthcare
professionals provided knowledge and closely monitored their symptoms. (3) Barriers to medication
adherence: Patients expressed fears of becoming dependent on medication, held beliefs that mental illness
could be cured without medication, and lacked adequate understanding of depression. (4) Outcomes
of medication adherence: Antidepressants enabled patients to better control their symptoms and
emotions, resulting in improved quality of life, the ability to resume social roles, and a sense of self-
worth through successful self-management. In conclusion, patients with depression exhibit diverse
experiences and perspectives regarding medication use, encompassing both perceived benefits and

limitations.

Keywords: experiences of patients with major depressive disorder, medication adherence,

a qualitative study
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ffusuwes Bui et al. (2022) #1491 fraefidrlanaln
waztimngveenslitendnng funlinfazseusu
ns¥nwantu wazsesnsldendudiunieainis
flui Wl dueTestamnugoune Tuiusadeaty
U89 Crowe, Inder and McCall (2023) wuin
N135U371871%38aAANTULTIVBIBINITTULAT LAY
funisvheussantu dmaliitheiannun ey
SndansmuaudinldRtu nsaduayuanasoua
wu Tunsdlves ID14 Afesanineednenly Ssdaady
WigUleiidelunsideuazanlanmalunmveneiies
Tngsau felsafuimdlunisinuniasiou arumis
Menasdumssenanaramndnsg Vislude sl
WOANTTU harAMNINTIN NM3TUTTmaluBauinues
o1 iliaeiiirunfidauindensinuetwioiles
(Sajatovic, DiBiasi & Legacy, 2017)

msfiffthefianafiiAresn seshehemue
p1suniuarlun@inld ussaduayuainasouaiuas
yaansmsnsunmddsnasienislienetnsioiiles 14
NANNY BN ANTIUN1TIN9UKU (Theory of Planned
Behavior: TPB) a5u18 ngfnssunsidenvesuae
Tsataairtuag funrudila nasnaniaunfidse
81 5udlAsUNTAtUaYUIINATOUATILAZUAAINS
nInIsuwng inbiianganssuausuielunisly
Jg

1.2 lushumsilameitomuauensual e
fnsflameiflondnuiianulsiiunmadn fiaelse
Fuasrsulsemugifieanansualed ananuliiiung
Inla vlvueunauailn evanlaounnuiaien Lay
anAnuAnTlety milauiunisiidunvalvesilvidoya
ID2 %38 1D9 fnarnaUszdnsnnlagsIuaeInIssnwn
agendmsuUaelsaduas (Solmi et al., 2021)

1.3 nslfenduininsusedriu fUheiuen
seAnindudiunilosmsediniidesitae 910
nsdunwal wudn gliteyanalesedsuluunis
TWoredsainanouazdnfoidufatnsludinuszd
Ju azviouliiiuiianiseousuuazysannisngAnssu
nslteinglassairstinesiuns lnouesitnisiu
gndudsiidosufumiduused Wudumiwoanis
ALTWAIR (Lin, Yen, Hou, Liao & Lin, 2022) Yoya
lfaziouliiiuausenadesiuiuiAnuedniny
suflelunslden Famuneda nsiigUaeUfoRnm
AuuzihveaunmdiAsaiunsldeogsainase 3
sATefiatuayuin anvashiavelunisldoniud
puduius funadnsniesdinilaty wu Yavan
91MsTAs inamamnsalunsiAing uas
ﬁﬂﬁﬁammw%%mﬁﬁ%’u (Pejuskovic, Lero, Pavlovic,
Nikolasevic & Pesic, 2023)

weNNT MIFuUsEmuesmuasluasegi
flgvawnied anunsaliuadla lneeigliiluguasse
siaUsrandnIwuesen (Srifuengfung, 2023)

2. YadeuPdanananinusiudalunisiten

2.1 myadvayuanaseuaialusulady
windeNvaeviaeunginssun1siuen n1siifatuayuy
Tuasauasy WU Hasa1Ivseanll neet18dneLay

FAUMERITASE JOUTRAS |\l 19 No. 3 Septernber - Decernber 2025

Science and Technology



v A

Wouliiuen dadutladudfgyfidaaiungingsunis
Augnegsasiiane aenadosiumsAnuiiinuin as
atfuayumsdsaundusidiodrdglunsifiuusegsla
vosthelumsiidusimeiaudetulunssuiumsity
fannlsa afeausudlelunmssulssmuesieliles
(Vega et al,, 2021; Gonzalez de Ledn et al., 2022)
2.2 ANUANNUSAUYARINTNIINITWHNE

2.2.1 YAAININ1NISENNg Iiaug
Ann1uen1s wazlianugismdeliauuzi Tu
suaadNius fuyAaInsmanisunmsMidug¥e
AUNITARAFVAIN ANUFUNUS TENTE Unguay
Flvuinsiissoguunulings amnusuile ua
anuesndstuuagfududeddndetonsufoa
auduugiiduel nsdidauinisaunmiiauasd
nawiisswedmiumswaneidudssududmsugoe
(Ho, Jacob & Tangiisuran, 2017) n15liuUanuen
wugiilunisldenlugvaelsaduasndudgmiidu
fou ieannislifendunnusuinveuiiddayves
yransmsumed Ineiamngweuna fessimsaoansli
AtheuuRnuALugii (Lin, Yen, Hou, Liao &Lin,
2022) Bdluunands fhedesnsmsdomsiiduna
duuazmsgnauiuyaaInTNIeIsLImMdegsselies
nsatfuayuanglvuinisguanuaznsquaiiiings
Tngagmnuagiinunmazdieifiuauiniolunsiu
UsemuedeLiios (Ho, Jacob & Tangiisuran, 2017)

3. guassasiaauTnielunslden
3.1 guassanugUle

3.1.1 supnudilafinfestulsafuadh
wazANUNGINISAneT §Ulsuenedilaiuidnia
AenwewsaNesnNsilulsaduastdudyynves
AMUBBULE ANFANINE1I1I YU Tads
91N15UaZILENNINITTILUEDNIINITUNNG DL
Winzay Saaenndesiuauideves Ho, Jacob and
Tangiisuran (2017) Wu11 951U (stigma) wagANL
Fofa LﬁaaﬁuaﬂLLazTiﬂ%mLﬂ%f%‘fluqﬂaﬁﬂﬁﬁmm
mslrednsasinauslugiaelsediai uazandoya
voslsidoya 1D6 Aind1ndn “Fuiianuidednnisdu
Uremadslaannsomeldiedlaglidomuunndiii
Auen” Jawansdairueifianveuaudfayreanisdh
Sumsinu wazvaanudlafetunalnvedlsad

, ) NFEFIVINTUM IS BaLiisuede
U 19 atU? 3 Uszduiou Auengu-suau 2568 v A < B
i g atuinermansuazinalulad

w5 Bedndudosldsunisquantisdaiiion el 1u
98989 Kvarnstrom, Westerholm, Airaksinen and
Liira (2021) Wu31 Audeduauienfuenuasnis
waatanudutiemadndudsiinns “envuzdie
auee” auduadedarinreninusiuilelunssnw

NAMAYRLIToya ID1 ID5 ID10 way
D11 uansis AwAnninavesitleiisafunisia
61 (dependency 38 addiction) wleldendnuiesi
WAAIAIINAILE LAZNEITT “I1N18AsTURULT ke
dFeadinvneiluGes q vieidnaulils” liteya
ID10 ua D11 avvioumnuiTelfidiuin giirueiu
i udnazidnlalle waziflongeiugieinisaziiGy
1Nty SnwazanuAnuaiiaenndeiunaniside
Wanunn wuldn guassadAglunisldenduaii
Tushunilsiie auidefinanmanems viilige
ndInsinegn vilviianisania visliaiuisaldn
1§ Beiladiormusuilolunsldenduaiiogiase
\{09 (Ho, Jacob & Tangiisuran, 2017; Davey, 2024)
3.1.2 119AN3 MsarudiieIty
n1seenguisveseduainiuguassadidnyfidmane
AusilelunisldenludUlelsnduesh guednnu
lLidesdlaraiandouisitunalnnisesngnives
g1 19y 1la0 BnazeengsTuiindssulsemuvie
AavTrinagmeainemsnaianeluszey a1y
Fu mnomsliitulugasusnvesnislien fiheens
veneuarlifunisinuireliles Gonzalez de Leon
et al. (2022) Wy {Urwdurumdswinanuiifen
funiseangunivessiuad wu linsuineides
THnamasdunvideaziBueengnd vienisvgne
ngviuueavilfiAnensneus Sstladumariiiu
guassadermdufielunisldosieiios
3.1.3 manasduvSerdenie fasvunyu
funsiau wagdanudeminedonisiuen e
U9gdusulsemuedmaliseauenlusianiely
As?l uazanUszansamlunisaiugueinisveslsa
uannd anuddnidomieanmssesiulseyuen
91 9 nndu il iAnmiiounuesundassuay
anaasjaiulunsldoredeeios daduusziiud
wuldvialulumsguadiaslsafuainiFess (Gonzalez
de Leon et al, 2022)




3.2 usanesuandsny guaeldesinlilas
n31UU28I0Y INNsEUAwalve s lviveya 1D2
wag ID5 finrudnndnalisafunmdnvalvosmules
Tuanemgdu lunsdduiiiednny msufasaues
(self-stigma) %amLLﬁqgﬂaﬂumi%’ﬂmashwial,ﬁaa
wu Lindmnendai vdevgaldefiovanidenis
UaWean1ugYeeny 31NN15ANYIV83 Gonzalez de
Leon et al. (2022) wuin usenagumsdans iunils
Tutadudrdniidavinanisldonduadt Tnoane
Tunguilmdgfvanmundeuildidodequamin
wu aseuadilifianudile anuzmaasugiad

gaule visemusuusiluasauat fuieg1avesy

Titeya D11 fegluvunvesanuduiusiinadu

wazgnnsEyinguLsdlagdansa JausnainaznsEnuse

an1ndnlalaensads SadanaligUisladaunsadiis

Uimssnwmtenniisndulfetnedeiiles (kvamstrom,
Westerholm, Airaksinen, & Liira, 2021)
3.3 9UaTIAAIUeINT5Y04lIA

3.3.1 91N5903l5AlUTEAUTULTIENAND

ANNTINIBABNNTINYY 91NNSANYIVEY Gonzalez

de Leon et al. (2022) s189uannaasfulseiul

11 91msvedlsaduiailuseduiiguuss wu daw
Ansidanne ensualas3ess wiensnuandadin
Jutadeddgfidarramnusuiiolunissne nnsi
fhensanin nmssnunlailvinad vilsiAnnezvienss
wazngaelagliusnwg$net Tunseuluifnves
mwg Self-Care 984 Orem mmuammawamﬂw
muasmJmmmmsﬂumsﬂguqumnismﬂLaama
gunm (self-care agency) ) @dlunsdlvesUeTumaii
mmﬁmmwﬂwml,imLLiqmawmmmma u
{Jf\]%Wﬂmamamﬁalumi@LLamuLmammamm
Woddny n1saunuguadUisluszereienisanile
fan1suseidiuensliedn waensiinmsatuayuau
Inlauardsauniug whilvigiaeflsnueslfunndign
(lovino et al., 2020)

3.3.2 91n15veslsainlildelulunng
dumsne anldeniisler :1nnsAnwves lovino et al.
(2020) 18F31 neFumiludfiiflsaFeseduius iy
AnuamnsalunsuAnuLeIfianal wagdaaudes
m'a‘wqaﬂiiuﬁlﬂmwauﬁ’uqmmw FIUDINGFANTTY
ARedestunislieresdlivasnds vnefin1sfnu
289 Ogundipe, Ogunsemi and Adebowale (2021)

whuin {Uaelsaduimififionnisguuss nielifiszuy
atfuauanaseunia Sunlifeglioninulsndnng
Tumasifnunnninngudu wazdndusosdinsuseidiu
audsadnuanuvasaselunisineenegdlndde
3.4 gUasIANIUEN
3.4.1 PUNATINABITOIYT NISANBIVD
Zhang, Peters, Fawns-Ritchie and Strachan (2020);
Gonzalez de Leon et al (2022); Yassen, Mahmud,
Bilal and Abd Wahab (2024) Wu11 Ha?19LA8I9Ine
AuAsdanuduiuseglidedAyiuanusiuile
Tumsten lesangtaeiiniuianin envilviorns
weias dnsTusideausies imnudAgiueinsing
Wewesen viliiAnauldfisneladenavesen
3.5 gUassARILIANITAtUALUIINT AL
3.5.1 91ANTANUAYUIINATOUATY/A
ausa/ileu mndeyanisdunwal fldeya D3 nan
famslufiauguanarliiiunnuuansisweanisiug
ludanudruinlunisinwiuazanuianlinisgua
ndaau flideya D5 fesguansauained Wlasy
nseduayumensiuvseansuainngeausa vilizan
ﬁm@aaivuavaﬂmmmL;J@LWU’JEJ Wapensiiaiou
mﬂzgmﬂummamﬂmiauuawumﬂmaumaqama
Fafeudenlosiu nmeduad anueingiuanty
N33 0FBNITTNY LLazmmiﬁﬂimLﬁmﬁmgﬂm
a19a (Ju, Kim & Lee, 2022)
3.6 QUATIARIUNTTUUINISAUASITUEY
3.6.1 MslUnunmmdvesnss NTOYANTT
dunwal flvideya ID6 war ID7 NA1791 NISNUWNNG
mudaiivosasaiousurunenilfiinnissiadu
wawarseld Jlidunivaluisigidenliiueiniy
LANEFIUULATIASA W UTurtnneeaiieainish
ol (Klinpiboon & Chanthapasa, 2023) na12#8 wil
q¢ilsEUu telemedicine wionsdnasefioussing
m3lulsamenuiaves 9 withesuguandavaleau
Faoanuuwnmdidulszdn iliAnnsznaasegia
uaziaan Jeaenndeafuuszaunsalvesilidoya
4. naansannauTniolunislyen
4.1 NM1IAIVANDINTHALEITU]
4.1.1 ﬂ’liL‘UgﬁJULLﬂaﬂLLauﬂ’li%uﬁuﬂmﬂ’]W
W0 LLu’mmLSENmw\lmuﬂmmwmmmammiszmmi”u
i %ﬂuﬂaﬂuaamﬂaaaﬂuwa’mamﬂﬁjmmwmmw
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ﬁaalﬁ@ﬂwﬁqmmw%ﬁmﬁﬁ%u (Wiesinger, Kremer,
Bschor & Baethge, 2023) Yoyanananiuansliiiiu
31 ieemsduiaiianas denalvingAnssuuaznisd
dusaumednuATY Wy msndulunutiteuviesen
Tunanaldlaglsifoa (lvdeya ID5) Fsaenndaaiv
LLu’Jﬁ{ﬂL%‘IEN‘ZJGQﬂ’l‘iﬁuﬁU‘ﬂUTﬂLLazﬂﬁ’]ﬁ%’Nﬁ’QﬂﬂJ uay
ausauiielunislidersefesdinaduiusfunisan
o1sFuas vhldaunndinvosfinefituegied

o

HedAsy (Santi, Biswal, Naik, Sahoo & Rath, 2023)

4.2 MINFUNGUNUINNIF AL
4.2.1 veulmnduund annsduniual
Alvidoya ID11 avyiounINIINAUALEUNUIMNYDIUY
waznsgnihfiniaegnaziaslutisnizdie TneEy
andusvhemnslian degnlulsadeu Sadufatns
dntosusidmiugtastuadn Wunsiiufuunum
wivazaudndaueilufiesdnads annsfine
wuin Wennrensuniity §Uasazanunsandugns
aududinlunseunitazdan Lansunumludiale
AaLAN (Santi et al, 2023)
4.3 pruningilalunisguanuies
4.3.1 Fnunfkuunaudlg As3andn
AUANNTAAIUANAULBIMAZTIUNUINTUNTARAG YN
AULDY EREDAARBINUNANTIIANYIUBY (Zoun et al,
2022) finuin Ansanansalunisianislsavesnuies
(self-management) IAnuduiusivauidniinae
Tumues (self-worth) wazaruiulaluauanunse
y0IU (self-efficacy) Beulugaanndiniintuly
AU28lIATILA

<+

d3Unan1sdY

agdladn nisshwduaelseduesh endu
inseaflodfnylunisvdnanuiutae amuguensual
waznaneidudiunilsvesiafnsusyiniu mnusauile
Tumslendstueg futladevasdu ansatuayu
91NATOUATILATYAIINTNNSUNMEALTALS
wugih wagAnauennisegaseliles Jansldenoens
aanefiguassaiearndaiieies sraznainis
Snwnflemunu MansatiuayuaIngdaes wazANNeN
SunlunmsdiFuuimsaiuansisagy N5y
PrgwnegUie vilviiannuswiielunislden was
\AinAnumanilalunsguanues n1snwniagiion
Tiifudn nsaduayuianisnseuainazyaaing
NMaMsIngiiunumdAgson1sainanginssunig
Hefiasinaneuazdsnaisdonunindia

daiauauuzdmiun1sidelusuinn

1. wugih i sAnwanaunalusseze
(longitudinal study) Wednseinisdsunlases
Uszaun1sallasngAnssuvesyUionasniianssng

2. msiinnsisuiiisunadwsvesiaeidl
seiunmdmielunsliiongaiugifisedusi wlom
LUINSANES LTI AL NZAZ NN Y

3. prathwanisAnsiluldlunisesnuuy
wwImansidInwvisenuuRneusudmIuuaaIng
msguamiliieatesiunisguagiaelsaduiai

&
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MiTFesgluvvaNTIauTIaTUNUIMeaaTATas s UgUUsES v U (eaw.) Suneaasmas Fania
Unusil ifumsidedsdina Tnquszasdiiiedny (1) Anwaussauzuazunumenaainsasisaguusyd
njiudunenasvals Samdaunusii (2) wuguuusdiuvaussauzoanadasaisisaguuse ity
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Abstract

The study on the competency and roles model of Village Health Volunteers: VHV in Klong Luang
District, Pathum Thani Province, is an exploratory (survey) study. Its objectives are: (1) to examine the
competencies and roles of Village Health Volunteers in Klong Luang District, Pathum Thani Province;
and (2) to develop a prototype model of Village Health Volunteer competencies. The population
comprises 2,356 VHVs, with a sample size calculated using Taro Yamane’s formula, resulting in 500
respondents, selected via stratified sampling. Data were collected using a 5-point rating scale questionnaire.
Reliability was assessed by Cronbach’s Alpha coefficient, equal to 0.97. Data were analyzed using
descriptive statistics (frequencies and percentages). Findings indicate that VHVs in Klong Luang District,
Pathum Thani Province are predominantly female and older adults. Overall competence and roles
were at a “high” level across all dimensions, with attitudes-related competence and, particularly, the
“liking for work” subdimension showing the highest mean. General health behaviors and the ability
to perform duties also remained at a “high” level. From the presented model, the prototype VHV
revealed that knowledge and attitudes are fundamental components that directly influence the health
behaviors of VHVs, and these factors directly influence the defined roles according to foundational
public health standards. Knowledge and attitudes are key mechanisms for sustainably and effectively

enhancing the quality of life and health of community residents.

Keywords: competency, role, Village Health Volunteers
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LLUQ%UQQ (stratified sampling) w3esiiefldlunis
Wivdeya Useneurisuuugauniy Rating scale 5
seiiu LloUspiliuansIouy aay. 3 fu fe fuamg
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