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Abstract

The objective of this research was to develop a 4-stroke motorcycle fuel system to support E85
fuel in order to identify the consumption rate of E85 gasohol, to compare the consumption rate with
gasohol 95, 91 and E20 and to measure the amount of exhaust gas analysis by installing the processing box
into a 4-stroke motorcycle, Honda Wave 110i and adjusting the mode to use E85 fuel. It was found that the
engine starts smoothly without any problem. As for the fuel consumption rate of gasohol 95, 91, E20, E85
at the 60, 70, 80, 90 kilometers per hour (km/h) speeds test and at the distances of 10, 20, 30 kilometers
(km), it was found that the lowest to highest values were Gasohol 95, 91, E20, and E85, respectively.
However, when using higher speeds and longer distances, the values started to be similar for all fuel types.
The E85 fuel exhaust gas content was 0.29% by volume. The HC value was 50.5 ppm. In conclusion, when
the E85 processing box was installed, the motorcycle operated smoothly without any problem. As for the
fuel consumption rate, Gasohol 95 and 91 had lower values than E20 and E85 because E20 and E85
contained a higher amount of ethanol. This resulted the need to use more fuel for the same distance test.
However, E85 was cheaper and when using higher speeds and longer distances, the fuel consumption rates

started to be similar. The emission levels from the analysis were within the standard.

Keywords: Gasohol E85, 4-stroke motorcycle, E85 processing box, fuel consumption rate
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on changes in the autonomic nervous system and emotions, and the effect

of reducing pain and stiffness of the back muscles
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L“ﬁu%‘umaﬂm3‘1'71"v?ﬂﬁ’l,ﬁmmaﬂiz‘vmﬂ'%!wﬁwaqmqaqﬂﬁifmléiumimaaa Effective Concentration 50%) %30 EC,
WU 0.17+0.006 fadnsu/iadans a15u19sgIu BHT &A1 ECs, Wiy 0.01+0.005 Hadnsu/daddns n1snageu
mNAKIMsEALazaAT Ui namaaeumLUaendtlusmaasiviisuuiad fesar 100 lainy
oimsfinunAvsnafmdsiimusosdladeoiaalins vilideldngrstiimnuasadedlbiiliaanssmedes
sofilsosoranaiing nansldiiunenssiedudfidnanessvuUsramdnludiuarorsuainnudnly
91EAiATHUA NG GumzfgjGmuﬂﬁuﬁwﬁué’auawﬁﬁ’wqummﬂ?ﬂluﬁ;'lﬁwamxmaﬁmﬁ

¥ oo P
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Abstract

This research aimed to study the effects of using Citrus aurantium scented massage candles on
changes in the autonomic nervous system and emotions, as well as on the reduction of pain and stiffness
of the upper back muscles. The study included: (1) investigating the antioxidant activity of Citrus aurantium;
(2) developing Citrus aurantium scented massage candle products; (3) examining the effects of inhaling
Citrus aurantium essential oil on the autonomic nervous system blood pressure, heart rate, respiration and
on emotional states; and (4) evaluating the effectiveness of combining Thai Royal Massage with Citrus
aurantium scented massage candles in reducing muscle pain and stiffness. The study was conducted with
50 purposively selected volunteers. Crude essential oil was obtained from 500 ¢ of Citrus aurantium peel
via hydrodistillation, yielding 2 ¢ of extract, equivalent to a % yield of 16.04 based on the sample’s dry
weight. Antioxidant activity was assessed using the DPPH (2,2-Diphenyl-1-picrylhydrazyl) radical scavenging
assay. The results showed that Citrus aurantium peel extract (ethanol solvent) had antioxidant activity with
an ECgq value of 0.17 + 0.006 mg/ml, compared with the standard antioxidant Butylated Hydroxytoluene
(BHT), which had an ECgg value of 0.01 + 0.005 mg/ml. Physical and chemical stability tests indicated that
100% of volunteers who applied the massage candle experienced no abnormal skin reactions, confirming
that the formula is safe and non-irritating. The study also examined the effects of Citrus aurantium essential
oil inhalation on the autonomic nervous system and emotions in healthy volunteers, comparing responses

during inhalation of almond oil versus Citrus aurantium essential oil.
Keywords: Citrus aurantium, Scented candle, Thai massage, Emotions

unmin

w1 (Citrus aurantium var. aurantium) dadufivaad Rutaceae Wunalsififvszloviunuazyndu
uennlFmudsuanmendinauressadumnzannlutianiaouiaunts insztsamennuaioslindun
Buenuanduldfldndundafnnszinssudmuasmamunanisumedunlng fama wogiiluna THUseney

21siUaenna sausmenldvinevenkNanI s untndnn1ate wnviewanle Unluna saUSedeuriIu NALENY

v
=

wiile Wanladia Tu Snwilsaramds [1] Feludagduanueseadaunsaifiatulanunnau lunngiwial Waiie

v a [

ANUASEALEIRZIITbAARDINT Tl TEAIARN 9 NIT1NBLaLTALY WL Weia Na3 Taniaa Yanrilieuin

v
o o

LANBINITNINTENNE Vit rThig ey woulundu 9ouUmAY NUMLS eIMUALTI 81AAEIYN LRRBNSRAUNRNIS

Uszamusennsla duinduvseaimseduszeznaiuiu agvilidaladulunaziinensnndnislaniudlaen

o w oA

figndyfeaduanvnvaseiniseeniiadulasy (office syndrome) [2] thilumenssimediodsnasnoszuuUszay

Srlufuarersunimnddn (3] wegnslitunenssmeunsingddmasyuund e [a]
Tunsfnwanswanuaiivesdud duneussmedenuavesdud1vsiarsosiusznaundn leud

limonene, myrcene, linalool, B—pinene e Q-pinene [5] a1509FUsznoukazasiinawudendudn laun

[-linalool way citronellal [6]
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Ya o

Pndaymenuasenvenguisiuiaznisldiiuvenssmenenatisliussmeanuasealaty 13383
aulanazAnviferivididunenssmedud Wnefnwinanisldiiieuneuuaidugiionisilasuwdasseuulseam

gnluifuarersualniuidn wasnarean1sannisUinwagn1shianuLlsvesnanilondsdiuu

UILEIAYRINITITY

1. Anvgislumssuoyyadaszvesiifunonssveiiatanldidensadud

2. iilefnwnsitamanSusifsumomnfanihiunenssmedus

3. ednwmanisliisuneussmedudiifnadessuulsramsnluifuazensuaimuidnlueaadag
AUNING

4. waAnwmamsidiieuvenuiamaniidunenssmedudluetaadasavning

A5Afiun15IY

nsfnwaseiidun1siseiimaaes (quasi-experimental research) Usenausae 4 tuneu loud 1) 113
yagoUnYEFuDYYaBaTETesdud 2) nisfnwmanisliinduneussimedudnfifinarossuuusramlusfuay
p1suninnudAnluenanadnsauning 3) nsimunfieuesuaiiifidunauiiunonssvedus was 4) Anw
namsliifeuveuainniifunensanedudluananatasguama

Jumaui 1 miwﬂaauqméﬁﬂua%a%ass 1a&3S DPPH radicals scavenging assay

nMasENiaeEarnIataenuadugn usedsdudaniud o aymsasasa dandiehe
avenn asniUdoneen snludisulius udrhlususelugouiigumgd 50 ssmwadoa 1iuian 48 Falus
thiFenuadusn thmidn 500 n3u 143Ensndunuarindaglot (Hydrodistillation) Wuiian 4 dalus Ineyandu
dnsfuneusemewiinniia (Essential Oil Determination Apparatus #30 Clevenger Apparatus) Ausuney
sewie (2,60 TadEn9) warldvinuiadv Inainlifigungd 4 esmwadva ilefnwasszneu vhnsmaassdn 3
58U [7] WA % Yield AugnsALI il

SovazvaaUTunAsaingnd (% Yield) = [Wiinadwadadld () Ahwindaduvesiiegisiinw (nFu)]

x 100

NsnAABUgVSAUeLYadase IaegdT DPPH radicals scavenging assay

£% a v a

mﬁLﬂiw‘mqmémimWuaﬂga%laaﬂizma’ﬁ 2, 2-diphenyl-1-picrylhydrazyl radical scavenging
capacity (DPPH) TagldansifinauandfiduoyyadassdaduasdunssifieglusUeyyadassinwhuaziidig e
DPPH yhufAsenfuansiueendinduiiazaredetomuen awilidinasanuiudvies dauvaninisues
Brand tas Ay (1995)Brand WW, Cuvelier M, Berset C. Use of free radical method to evaluate
antioxidantactivity. lebensmittel wissenschaft und tech 1995; 28: 25-30

n15IMSeNa15aza1e DPPH A3idudy 0.05 mM 3 DPPH 2.4 mg Tdasly volumetric flask
gu1a 100 ml iiaenmueatglidniu uasuuuiiasauiiadaiimmun wisuaisazaiounsgiu BHT 5 A
LN (1.25 - 20 pg/ml) wssnasanaudonuaduan 5 ANLUNUY (62.5 - 500 pg/mL)

N3nsIvinAaNTRvesasuInsg L wazasainayulng LAasazatennIgIL wagansazaiy

ansannayulng aslu 96 well plate 91w3u 100 lulasang Winansazale DPPH radical aslunquiiiiansuinsgiu
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vseansarawansanaayulng i 100 lilasing werlmdrdudsnslilunida 30 uii Jadinsganduuassae
wseseululasinan (microplate reader) inauenaAaL 517 wluluns ¥n1smaass 3 91 uaamiAliaae el

@mﬂﬁut,l,mﬁ’“ifﬂlﬁmﬁﬂmm % inhibition 3N&UNTS
% Inhibition = [(Control OD - Sample OD) / (Control OD)] x 100 (1)

ilo Control OD fe A1AANGUKAIYEY DPPH wazsvhavareily

uaz Sample OD Ao AgAnAuUaweaNsAnTineauiy DPPH

9T utA1Le8 8989 % Inhibition (%l) Tunsazanududulunidl EC50 Tneldlusunsy
GraphPad Prism

v ]
s =] [l

Tunaufl 2 madnwmanisldtsiuneussmedudniifinarosuuussamsnlusifuazansuaiaanuddn
luenanadnsguand
fisUnuunsnsdne 1 nqu fananeunazudsnisganunau lneflfid15un1smaass $1u9u 50 Au
msfne a Adlnnsumdusulngyszand lssmeuianisunmdurulneuagnsunngysanis Inerduany
AENS WINEIRETIVANAIUATUN TN NUAALNTAATIH JIMTRELNTAIATIN TraEIaTtunsAne ey fatay
fla SunAu .A.2567
Uszmnsuagnguiogns sssnsdildlumsideadad fe dnfinwuazynaing vesinedvanivmans
NI AIETUNT I 1,202 A TngTaidenkuulanizianzas (purposive sampling)
nauseEhs fio oranalinseny 18-35 T S1uau 50 e lnedvunauassRngusod el
nasin1sARLYN
1. enanadasidnulasinisaieanuadasls wazaswdluenasduseulaglasunisuennand
QERNED
2. 13 ufguamudauss lflsausedds ludlsaunsndeuanizlsaiiivadumadumels
dauvu Lifidymaunm Weussiiuanuuuasuaudoyaguam (Lifllsauszdia Liflsaunsndouanizlsndi
Rerfumadumeladiuu)
3. danudulaineglusyiuuni enanadasezdesdmanuduladindivudesnin 140 dafiuns
Usen uazAanudulafingaang tendt 90 fadiwasusen Shsmawiuvesiilafidnsewing 60-100 ady/unit uax
Snsnsmelafidnsearing 16-20 afyundt (8]
a. liguyrividednyvdlisngt 1 9 msigmsguyviiinasenisiunau
5. prenasinsdodlaifivse Tinsuidmen viethiuveussive
6. onanadnsdetliivsy IRwie s ondnsduginanan
7. mngihsndumends dedlioglutimomnsiivszdnieuluiuidnsiunside esangd
Usgdnfouiinmssunauanas
NaIFIN1IANDEN
1. NGUMIBE1DNRUMIBDNIINATINY

2. Juivihmsveaes oanadasinueuliiiisms $dndsueu uareeumislugineusunside
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3. FUUsEnueIMILalATERNNTANTANNBY 19U 1 MWK 1ATERNYINET 18 Wavieanaged
Tuiunidnswide Wesinemsuaziiasnuniansaindu vilewladu Fulinareszuulszanenluils

4. NUDIMTHNNAY visoawulng

nsaslionldlunside
1. 104 IR YA U Multi-Parameter Patient Monitor 1 M700
2. D999NTLAU

3. MhnNeenBluYUIAg ey

4. PN nes

5. 418 fwilndis

wuuusziiuitlélunnsinen

1. wuudeUNNTBYAFUAN

2. wuuduiindyaadin uagensualnuian

Sumaumsing

1. nausegeiildlunsiine 1 ngu SananisAnwneutazudanisgany

2. mawdsunau Tngldthiuvenszmedud Salifugruanmaninisunmdusulne (9]

3. M3vnaed §I3ulauugingi Fuastnguazasduasnsfine Tunoun1sinuisvegia1veInIsing
osunelagldlonastuasuurihdeyauarlinguieguansanuBusomdniudueaadag

Fumeumavinnimaaeg

iAdofiununudeyadefuedagliuuusuiindoyamutunou il

1. WeormaiasiuuuUssiiunoudrfunisganunau msdadyaadnuazensuaiuidn [10)

2. foumsvnaesdiniawisuvieslaeniawdsuesiignmnf 20-26 samuwaidea auguaTudulues 40-
60 % Wenmatasisiafduazagluvinfiauts 10w nsnuuasezdedinsiinaonnishnimaaes

3. ﬂ’uﬁﬂaﬁmimmiﬁﬂmmmjméhaEJ'Nfiaums%’Uﬂ?{u 10 ¥l wazfngunsallunisinnadayaadin
leun awdiladin Shsrmswiuresiile wazsasnismels neunisiundu Ingliuuutuiinveside

4. Yanadyaradnuazin Ao Taanudulaiayn 5wl Wuszezoan 10 wifl, Indhsnmsduresiile
nn 1 wdl iWuszezian 10 will, dnsmemelann 1 wiil Wussezoan 10 wd

5. Wnauthsusaveus Tneganuduian 10 Wil kudiesndaunseiu 2 ns/undl Janadyaradn feo
Fapuiuladinnn 5 wiil Wusseziian 10 wdl, Tngnsniswivresialayn 1 wdl Wuszezian 10 il Tadas
mamelann 1 i WJuszesian 10 wiit waglieraadasduiinensualanuidnvdanisaany

a

6. Inauthduneussimedudt 1Wuszeginan 10 il dudsesndiaunssiu 2 ans/ui Tanadaanadn

o

o

Ao Taruduladinnn 5 wdl Wusgeziian 10 widl, adnsniswivresidlayn 1 wii Wusseziia 10 wiil Ja
gnsnismelann 1 il Wuszezim 10 will wagliaadastuiinesuaianuidnundnisanny

7. ihdeyailiannngudisgsimuninsiadeuanugies deuhluinseideyansadasiely
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=1

Funewdl 3 Wanunflsunenuindafifdunsuisunenssvedudn duneuiiduniswanndadaed
dunuulutesufinis Taefasnanedl

1. LﬁswaummfﬁffgﬁﬁwmmﬂLﬁﬂumummﬁ’;ﬁﬁvi’ﬂmuqﬁumLi‘]uqmﬁugwu Tnefldansarin/hiunen
sywpduRuunausaAnadly feiduusznou leun Tocopherol Acetate 1 n3u, Shea Butter 14 n$u, Soy Wax
30 N34, Macadamia Nut Oli 5 N34, Butylated Hydroxytoluene 5 n3u wazansafin/dsiunensymedugn 10 ndy

2. wanseng q avanewddetu Tiarwseuiigungdl 52 ssmwada Mniulafuthiuvenssvedus,
adld udanasinianiuldlddeuisl3lubu

3. MIUTLTUAMNINLALANILAIT TAENITNAFOUAINAIFINIINENNLAEINLATNITNAGOUAIINAIAT
soanIzL3s Inensisasiegamadl (Heating-cooling cycle) lnvindisuven Tdlugeuiionmgil 45 ssmwaldea
Hunan 24 dalus whahanldgiBuilgamaf 4 esmuwaifea 24 dalus dulu 1 sou adufuduiluFes 4 auasu
7 s0u wdhinUszdiuaaudunsa-ss pH Tngld pH meter unaduavnisuendu

4. MINAFDUAIUUADANEAILNITITNANA 9L TIBUNDUUIAAIALEIAI87D skin patch test TrpTaalns
milutina 1 n¥u/ges Iveausuesenanasinggun i S1udu 13 au VuRUTRY 5 x 4 asaguRiuas A9l
whadUaTuuinaiimieinfesuasnanamessiaiui uszovian 48 il Tnglifosdreoonudaussiiuna
mMsunlngnsdunadnuarRamdniganuandunat 30 uifl nasnginesnlngfiansanunuein1sRITN
ANUSEALARIVDINAAT A aR NI IneA1TeAuAzLuY town 0 = LAAN1SsEAIEL@BY, 0.5 = Hilaawantas
viefigauasnszaneidntos, 1 = R, 2 = Rdunsinauiuivomsviudwesdioniussivielifigni,

3 = HatlawasguusasIniuo MU guLsswasiivselaifigean [11]

Sumeuil 4 Anvinanisldifieunenulaiandifuvensavedudnlusnaasinsguniwd
fsUuuunsmisinen 1 ngu dananisAnwineunazras lagdlilinsiunismeass lngdsideniuy
LaN12L91233 (purposive sampling) 91U 50 AN YN13ANYT a AATNNsUNMdukulneyssend lsaneuia
NSWIVEUHULNEUAZNSWINNEYTUINT MEIFBENITAIENT WINeIRET1vAaIatum e nunaymsaens Iy
JmTPaUNTaInTIN SEeEIatunsAnYl ey nataw 9 UL .. 2567 (agldinaeinisdnidn dAnsen
yosoanaling ufisruiutuneud 2 utermadasluduneud 4 wwduaussnduriv)
isesilafildlunis3de
1. wanfauslfeuvemnedthiuveusyivedue
2. wuutssflumnuduiinsienasiauuuideaainad (Facial scale)
3. 13 eetanuudeadaif auagtnseduauiduialasusanaluied eafisadu (tissue
hardness meter and algometer)
Sumaunsinm
1. nguieenedililunsiinu 1 nau JananisAnwinouuasnds
2. mawspuRAnSuTisuvesaiminduneusymedutn fiarldldsmiunisunlneuuuse
dtin
3. mavnaes Tneisulduurihiduasinguszasdvasnsine dunsunsinussesinaives

msfinw eduelagldfionanstuasuriideyauazlingudiegnwannuBusendhsanduetanaling
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FUABUNNSTNSNARBA

fAdefiunurndeys aelduuuiufindeyamuduno dil

1. Tonanadasviuwuuuszifiuanuiviinmsunasiauuuvidoaainas (Facial scale) USiiad
A® U1 lna (Office syndrome) anAgkUY 0-10 ABUYINISNAADY

2. foauudadavendruiile @aeiaies tissue hardness meter and algometer wazduiinug
ADUNININIINARDY

3. yhnsnaaedagnisunlneuuusvdtn saufunslidsiuildannandusiiounenuing
Ftdunananisumenssedut Tngldituuaildanniiouwrey Usina 1 fiadans nilihnduideusnune
U1 lva

4. vhmswenuiuadu 2 wundu fe ugiu Augiulisee nguiinisuaelnesvdin ez
153Ut freusane 70 Uaus wazyinnisuanga 3 seu

5. Theanasdasviuuudseiiiunuduiiameninsinuuui@eadinad (Facial scale) Usian
A9 U1 na (Office syndrome) 91nAzLUL 0-10 YAINITNAADS

6. Yarnuudeiavesndnuile f1e1a3es tissue hardness meter and algometer wagUuninua
PHININITNABDY

7. Samnevinnisuan ased 2 was 3 siold Taevieiu 2 Sumudsu

8. hdayailiannnisviinismaaeis 3 Ase mAnade waglaseideyanlilngldata

adadlunsimszidoya

Anseitoyaiugumenduiiesns uasdoyailld taeldadinisuasaud Wanadfuanuasnnud Sosvay
Aedeiaadin uazdudosuusnnsgu

WisuilsuanmsdsunlamisssuuussamsaluiRveanaguieganeutasndsnunauduglngldann
Paired t-test

Wisuifisunansidsuudasesensuainuidndensannunauduen Ineldada Paired t-test

Wguigunanishtifisunauuinsnauduen Aun1suIn wazn1sieivesnanuiile tngldadd Paired

t-test

N13NIAUNAIESIIUNTITE TuaIywe
AL ULARIUNTFUTRIINANLNTINNTITUETIUNTITETUNY Y unmAnendesiudgaiugiun e

ya o ¥

COA.1-027/2024 ¥R 11nTUAITe i nuNguAIneNe wugtd1dl Fuatingusvasdveamsifouaslvdadulaitisu

Meidelaedase Vislaunsanouds viesnidnnishideyaldnasanal deyanldnmsideasiiudunnudu uaz

PJausluninsiuwintu

Nan1538LLazaAUsIENa
arsananerureUdonnadugn Winmin 500 nsu A8n1snaunuuananaglen (Hydrodistillation) 16
USunauansanane U Uaantadugwinnu 2 N5Y 9NTUAILIMNS DUALNANANUDIATANANEIUR U MUINUDY

Hayulnsiiegne (% yield) vesesatnandenuadugy windu 16.04 n3u
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Sy

N1sMedeugnsAuenadase 1ne35 DPPH radicals scavenging assay HAN1SNARDUNSAUDULAAT

ee

vadasanaFendudn frefinazatuenIuea kara1TIINTgIu BHT wud ansadalfendugidgnsaueyya
dasy el ECg, 111U 0.17+0.006 Hadn3u/Uaddns a13u1nsgiu BHT da1 ECs, ity 0.01+0.005 Hadnsu/

{aaans

M99 1 VIsFTLeULADATY

Extract ECs, values of DPPH radical scavenging

activity (mg/mU)

Citrus aurantium var. aurantium Extract 0.17+0.006

BHT 0.01+0.005

NANSNAFDUANNUABANEY WU D1dadAsInieuwIngs Saaay 100 ludnuanisiaunAusiiaii vl

Imseananadinsusieendla Minlvdeladn gastiinnuasadeiliviiliiAinnisseameifesiormisvesonanadiag

nan1sidunfiunenssvedudniinasessuuussamanludfnarersuainuianiueaainsguaing

Yuzganunautiudateudiuvegaaunautiueussnedug

AT 2 NATDIF QYR IUTN

GHURE - daudsauu P-value
Anady (X)
Mg (SD)

Arnusulaindiuy
Ve 113.84 8.37
ﬁuqumm?{uﬁﬂﬁué’auauﬁ 113.17 8.68 0.156
yauzganunAuiunens et 119.87 8.96 0.000
Arusulaindasng
YN 73.52 6.85
yauzganunAuuSaNous 73.40 6.78 0.067
yauzganunAusiunensvedut 78.02 5.83 0.000

o/ v o/ 3 =
BNTINTHHUVBIARLR (ASI/UN)

YUgNn 81.41 6.78
mngmméuﬁwﬁué’auauﬁ 80.93 5.85 0.067
mqumuﬂéuﬁwﬁummmaﬁw&w 82.95 6.65 0.000
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a1z . — daudeauu P-value
1 =l
Aaae (X)
U1IM3gIU (SD)

ans1n1svela (ASy/ud)

YN 18.29 1.67
yuzgaaunAutiuSanous 18.22 1.59 0.161
YuzgaaLNAutiueNsedie 18.35 0.64 0.142

ANPNUAUTARAFIUUTUEHNTALRAEINAY 113.84+8.37 Hadunsusen Aranusulainfivundalasu

NAUTNTUSANAUALAMARELVINAY 113.17+8.68 Aadiunsusan wazA1ausulafinfuunadlasunduiidurey

o

sewmedug daadewiiu 119.87+8.96 Tadwnsusen Wasumseninswaeiniurmggaaunauiiudaneud

wudnliunnsinamneadiffisedu 0.156 wiidlaisuAsenitemggaaunduiiureussmedugivvaegaauniu

LV (3 o @ a

Ududanaua wuwanasegsitedAgyneads Nszau 0.000
AmuRulainfa sz ndlaadeiniu 73.52+6.85 fadwnsusen Armusulainsiiaimaslasy

NAUUNTUSANAUALANLRAUWINAY 73.40+6.78 TadlunsUsen warA1MNNAUlaRinfiI819Ma9ta SUNa UL urey

o

seiedug danadewintu 78.02+5.83 dadwnsusen Walliguaiseninavagindiurmggaaunduiidudaueun

'
aada oA

wudnliuansinamneadifiseau 0.067 wiidlaisuAseniteaggaaunduiiureussmedugivvagaauniu

o a

YU ANBUN NUILANANRE1NTNEANAN19EDR NSEeU 0.000

o

ANDRTINITHAUVDITILIVULIWNLANAAUVINUY 81.41+6.78 NAALUASUTON AI9RTINITHAUVDINILANAS

'
a

Tasundwindudausuniaaaeiniu 80.93+5.85 HaansUsen kagAdnIN1SAUYBIlanadlasunaulgiuy

v
@ ° o o

Y 1 oA M ' a a A o ' i Y N
NOUTELYFUYT UANAAYLNINY 82.95+6.65 HaaLunsUTon LaJEJL‘1/|EJ‘UﬂWizmw‘umswﬂﬂwmmzqmmmauu’mua

'
aaa 1Y

waun wuhldunnenmsaifiiiseau 0.067 uiilleisuAseninuagaanunfutniiuveusviedugiuvnegany

nauUTugaNous wuIANA1IeY1elitedAYNIEiA Nszau 0.000

| @

A19M51N15elavuENNTA1IRA eNA U 18.29+1.67 Nadwunsusen A1ens1n1smelanaslasunay

v ' '
o o  w e 1 a ~

J1iudanauniAedeviniu 18.22+1.59 fadwwnsusen kazAdnsinsuelandalasunautnduneuseiveduei

'
VY a

a .d' | w a a & A i ' O ¢ '
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215unlAN3AN dauaun GHE
A daudes A daudes
o A P-value
BEL WULIAS 12de AR
X) §1u (SD) X) 5§74 (SD)
Jand 15.05 7.81 56.90 6.43 <0.05
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ISSN : 2821 - 9406 (Online)




NnsmsInemans malulad uazuinnisy ynInodemwaug
i 4 mfui 2 (nsngiaw - Sunaw 2568)
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fin daurdlea A daurdlea

o o P-value

L1288 LUUNINT L1288 LUUNTA

X) §1u (SD) X) 3§11 (SD)
iﬁﬂﬂizﬂ%ﬂizLﬂiﬂ 35.85 4.38 42.30 4.84 <0.05
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JnnauAay 17.80 1.24 41.55 3.50 <0.05
JAnesen 12.75 1.77 1.55 1.73 <0.05
Jdndndn 30.15 1.53 0.40 0.50 <0.05
Snnduiatusyaade 11.40 1.10 11.70 1.08 0.117
JAnngAviin 5.55 1.47 0.25 0.44 <0.05
Sandnlaasuily 13.90 1.65 39.95 3.17 <0.05
FGAPNGQERMEARIEN 18.50 1.67 0.30 0.47 <0.05
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ANSNAFDU Al d'awfiw,uummg'm P-value
X) (SD)
JEAUMNNYUINA
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NAWAAD 4.88 0.90 0.000

ANPNUAIFINANLL LD
ADUNAADY 59.60 1.31

AINAAD 59.78 1.17 0.002
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Abstract
This quasi-experimental research aimed to compare the functions of the autonomic nervous system
heart rate, blood pressure, respiratory rate and emotional states before and after inhalation of Jasmine,

Rose, and Michelia alba essential oils among 35 students from the Faculty of Nursing and the Faculty of
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Public Health, Chalermkarnchana University. The research instruments were a demographic data form, a
vital signs record form, and an emotional state record form. Data were analyzed using frequency,
percentage, mean, standard deviation, and paired t-test. The results showed that most participants were
female (97.14%) and 20 years old (65.71%). Inhaling Jasmine essential oil significantly (p < 0.05) increased
diastolic blood pressure (M = 78.20, S.D. = 8.28). Inhalation of Michelia alba, Rose, and Jasmine essential
oils was also found to influence emotional states, resulting in increased feelings of romantic arousal,
refreshment, calmness, and concentration, while irritation, stress, and discomfort significantly decreased
(p < 0.05).

In conclusion, inhalation of Michelia alba, Rose, and Jasmine essential oils has significant effects on
emotional states. This study can be further developed for application in Thai traditional medicine and Thai

massage as a guideline for health promotion and as a complementary therapy in medical practice
Keywords: emotions, autonomic nervous system, Essential Oil
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Uaneln lneiidednmesuaianuidan 31w 12 do Usznaumeauidanniauin 9w 6 e laud 3804 38n
n3gU3 nsswd $Anantu SAndeunrans Saninduieausyaiula waeidnaswis faus uazanudinmeay S

6 9o lown 3Enlaid $Andesn 4198u FEniaSen $Endndn JAnMAvin uazddnufien vevuved

N15ATIERUANATNLATD

n13n929a0UANILT BINSIALLE 8V (Content Validity) wuuasuauteyasialy wuvasuausudin
p1sualaTmiFnvesnaganunautiiuvonssmeaenued nennuaty wagaend1d iauedismnsiuau 3 v
dlenmnauanunsniemiidesnisinumanuuuasuay lneasaaeuaugNAe s aITBINIH WAy
AsoUAquUsazdaiugnUszasiviaLiiovn (Index of Item Objective Congruence 38 10C) WU 0.67-1.00 WY
Uspifiuorsuaiarnddn dmun 12 4o Tnglvormadasadusansssduorsuaiasuudunsadeiarmen 10
WwuRluas Jaulanasyiuoisualadndumheimufinng

manudesiunuutuiinensusinnuidn nsnunAuT e sYY ST 30 AU F nautinAnwiifinds
AnwiegAnneIuIaMansLALAMLANSITAEUMANS WANeNdeAASasiny Wemamderiu Tneldgns

FuUsvAvdueanvasaseuunn (Cronbac’s Alpha Coefficient) vy 0.849

nsiusIuTudaya

YA o

AdanusIusdeyareiies lnalduneudsl
1. wualasansvesuseamavinidelunyue o AgassuguAnans uninendelaiunigaun
2. Aatheiedsenduiusigyrugiauladisiulasnis waeAnnsesoyaiiugiuvesenaadasiioln

Ieaadnsninaaudfinswiuninug

£
1 s v a

UsEasAvaInITIde Tuneu sudeudsnITy wavssegaIn1Tidenneanalng
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Wuvewhila wazdnsinismele neusunau Taglduuuasunise
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PNINTAYN 3 LWURLIAT WY 2 Uil
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ananldlun1side
mMsideasall FIduldlsunsuneuiumesdnsazuiiasient Gaadl
1. Amsgvideyadiuyanaranguiiegns Ingldadifdanssaw liua nsuwanuaminud Sevay Anade

wardiudenuuinsgu Mmelusunsudnsagy Microsoft Excel

@ [

2. Wisuiguanaisn1siuisusuairan1siauressuulseamsnludd vaeiniasnendsgany

N o [ a

nautnduneusemenanued aonnualu kaznendny lavads Pair t-test Muunaudteddynisadinfiseau
0.05 laglusunsu SPSS V16.0

3955547

o o [

FFlasun1seudinisvide nanenssun1ssessTun1sITeluuyed anzais suauaans

t

I

UNINIFURAUNIYIUT (18VTTUTBI 031/2567 FUTDIRNIUATUN 14 NeATNIEY W.A.2567 DITUN 14 weATnIeu

17

W.A.2568)

NAN1538

1. foyamluvesnguinetng

NNIsAnwITeyadIuyARAvRIlNAnwIANENEIUIamans wasdnAnwiAuga s U VAER S

unIvedudunyIu $1uu 35 Au wudn dwdngdumends Sovaz 97.14 drulvgiony 20 ¥ Anidudesar
65.71 miinegluta 40-50 Alandu Anlufenay 42.86 wavdugeogsewing 150-160 wufung Youay 71.42
Famns1ail 1

2. maFsuidisuaniadsnshanuressruuUsramdalulii vueinuas mevdsganunduihifunoussve
ABNUER ABNVaU waznaniny

9nnsAnwnM I suiisudied snsiauresssuuUszamsnludid Iiun drauduladinduu
A1ANAulaingdaae 8nsnsiuvesiila wagdnsinismegla vein LLazmwa“’qqmuﬂﬁuﬁﬂﬁwamzL‘Wamaﬂ
U8 Y0nNANWIAMENEIUIAAANT LAY INANYIAMLAISITUAVANERT UYINSNERANNIYIUT T1UIU 35 AU
WU ﬂ'wLaﬁlEJmmoﬁ"uiaﬁmﬁ”ad’mﬂ'1wé’aqcﬂmuﬁwﬁwamxmamaﬂm&ﬁuﬁu agelived1Agyn1eana (p <0.05)
waziilalFoufisumsvinuresssuulszamsnlusi® liun earmsulafinduu dasnmaduvesinle uagsng

nsmgla nouuanAsganunauniuveNssIvenenusd WU ULANANNAY Fan15799 2

P v | Y | ° 1% o
A13197 1 Joyadiuynnaveenguiiogs Suunmudeyaiill (n=35)

dayadiuynna 319U (n=35) $awaz (100)
1. LWA
218 1 2.86
AN 34 97.14
2.979 @)
18-19 4 11.43
20-21 9 28 80.00
22-23 9 2 5.71
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dayadiuynna 31U (n=35) Saway (100)
24-25 9 1 2.86

3. Wniin (Alansw)

40-50 15 42.86
51-60 20 57.14
4. daug (WwuhRluns)
150 - 160 25 71.43
161 - 170 9 25.71
>170 1 2.86

M13197 2 wansiIguiiiuaneiisn1sinauvesseuuUszamanludi vaeinuarniendiganunduiiduvey

SynenanUea (n=35)

oo o feunwnau WEInUNAL
szuuUsEamonluln t-test p-value
Mean S.D. Mean S.D.
ANUsUlaRnAIvY 112.31 7.78 115.14 6.38 -1.817 0.08
ANUFUlaAnAIa19 74.20 9.72 78.20 8.28 -2.163 0.04*
BNIINTLAUVDINILD 81.77 7.58 81.97 5.10 -0.147 0.88
ansnsuela 20.6 1.29 20.37 0.65 0.914 0.37

*0 <0.05

1NNIsAnYINITWIsusuAnaisnNIsIIUYessEuuUsEamdnludd laun Arauduladindivy
A1ANAUlaindaa1e 8nsMauveaiila wagdnsinmiela vaeinuaznevdiaanundudidureusemenen
AMa1U WU Adeanuduladindiuy anuduladindians sasnisiuveaiila uardnsnismela liuwsnsneiu

fHIMN199 3

A15197 3 ansWSsuiguAnaign1TiNUYeIsEUUUsTamMenluds varinuazatendeganunduiiduvey

ITMYANANAU (N=35)

"o o feunwnau WEInUNAL
seuUUsEaNOnluLR t-test p-value
Mean S.D. Mean S.D.
ANusUlaRnAIUY 111.66 6.54 111.97 8.17 -0.268 0.79
ANUAUlaARAIA1 74.49 7.77 74.74 9.23 -0.322 0.75
BNITINTLAUVDINILD 80.20 6.67 80.71 6.51 -0.687 0.45
ansinsmela 20.6 1.26 20.63 1.21 -0.147 0.90

INNNTANYINTISTHUS B UL BUAILRA ¥N15YN9IUYDITEUUUS LA NEnIuITA Lawn AAuaulainfIuy

ANAINUAULATARIANT DRTINTHUVBINILA ALERIINITUNYLD uginuazevasgaaunauiniuveNsTiienen
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91U WU ALRAEANNAULATIARIUN ANNAULARAFIATS BASINISHUVBITN kardns1n1sela lulunnanaiy

AIMN519N 4

M13199 4 wansiwIsuiiiuaaion1sinauvesssuuUszamnluds vaeinuarniendsganunduiiduvey

sengnaniny (n=35)

oo o feuawnau WEaAUNAL
szuuUsEamonlusin t-test p-value
Mean S.D. Mean S.D.
ANUAUlaARAIUY 112.57 6.53 113.29 7.48 -0.720 0.48
ANuAUlansIana 76.23 8.85 77.54 8.77 -1.658 0.11
BNIINTLAUVDINILD 81.89 6.12 82.06 4.49 -0.224 0.82
ansnsuela 20.54 1.36 20.37 0.81 1.139 0.29

3. MaSpuiisuAdevetensualnuianveseaalng vaiinuaznevdsaanuniundueusEvy
AONYEE AONNMAU UazABNINy

NMsAnwIUIBuiguAtRisesuniANIAnveseaadasuzin LaznevasgaauiureNsEIne

o

ABNUEd WUIFANIABEYT 998U JanATeR JANEAER uaridnniaviinanas eg1eddedidynieala (p <0.05)

TuvaugAiduiand SannseUsnsewst sanantiu sAndeunane Sanmauindusyaiula SAnasulis Jauns Janlid

U

warsanTuien vezuves nudliuaneaiu dansed 5

M13197 5 Han1silIsuiisuaadevetensuainuanvetonaadas vausin waznendsganuniuinduney

SynenanUea (n=35)

o rounundu vdsaunau
AUEN t-test p-value
Mean S.D. Mean S.D.
1. 38nd 5.94 1.61 6.34 2.90 -0.729 0.471
2. fAnnssUinasd 474 146 477 284 0550 0957
3. fAnandu 4.74 1.96 5.46 2.65 -1.212 0.234
4. SAnceunany 5.57 276 594 3115 -0.541 0.592
5. fAnnauieiusyala 3.26 2.43 4.34 3.25 -1.691 0.100
6. fAnasuils fiamn3 4.77 1.57 5.23 3.30 -0.703 0.487
7. FAnlyd 1.60 1.29 1.00 1.88 1.558 0.128
8. $Anidosvn 119 3.66 2.38 1.77 2.46 3.357 0.002*
9. 3AniAen 3.31 2.21 1.34 2.11 3.503 0.001*
10. 3@ndndn 2.37 1.93 0.57 1.22 6.101 0.000*
11. Anwanin 2.97 1.89 0.97 2.11 3.944 0.000*
12. $Ansufiga vezuves 0.14 0.36 0.09 0.28 0.702 0.487
*p <0.05

ISSN : 2821 - 9406 (Online)




NIATIMEMEns wialulad wazuinnssy windnerdunwdug

Uil 4 aliuil 2 (nsngau - Sunnau 2568)

NMsAnwIUIBuLiguAtRisesuniaNsanveseaadasuzin LaznevasgaauiureusIne

1 Y I~

AannmaIu nudtanusanadundusyalamudu $8nkif $Endeuyn 9398 $8neSen SAndndn wazidn

waviinanas ageildudAyn1ada (p <0.05) Tuvaeinuanuiana sannsyUsnsewst Janantu Sanneunany

'
=]

SAnasuile dauns uarddniufen vezuaes nuitlduandeiuy fAmns1en

M13197 6 Han1sIsuisuALadeveteTuNANTANTRtD AT AT VLN LAz ENSIgaaund uNTuney

FENYADNNNATU (N=35)

i foununAY WdaANNAY
AUEN t-test p-value
Mean S.D. Mean S.D.
1. $dnd 5.74 1.36 6.51 2.34 -1.700 0.990
2. FAnnssUinssius 4.66 1.98 4.69 259 -0.206 0.840
3. fAnandu 4.77 2.40 5.86 291 -1.994 0.540
4. SdnWeuAany 4.86 2.37 5.97 3.39 -1.643 0.110
5. fAninauieiusyala 3.74 2.25 5.17 2.79 -2.852 0.007*
6. fAnasuils fawn3 4.86 2.06 5.37 2.37 -0.897 0.376
7. FAnlid 2.94 1.75 0.77 1.35 6.648 0.001*
8. $Aniden 4298 4.14 2.24 1.86 2.87 4.232 0.001*
9. 3dniATEn 3.29 2.52 1.54 2.33 2.801 0.008*
10. $dndnon 2.66 2.29 0.71 1.27 4.499 0.001*
11. 3Anwanin 3.43 2.59 0.66 1.28 6.502 0.001*
12. §Ansafiga vezuves 0.26 0.66 0.09 0.37 1.291 0.205
*p <0.05

NMsAnwIUIsuisuAtRisesuninuAnveseaadasuein Lasn eV sgaauiureNsEINe

Aond1lU nunAwiand sanandu uarianindundnsyuladiuau $Anld SEnlesw) w1l SanASen $Endn

80 uaz3dnninvidnanas egreiitdudfynieatia (p <0.05) luvugauidnnsyinssst Janneunaty Jdnasu

19 fauns waridniufien vuzues nulduandeiy Awisen 7

M13197 7 Han1silIeuiisuaaderetensuaininuianvetonaadas vauenn waznendsganuniuinduney

sengnanany (n=35)

o fieununAY wdaaunay
AMU3EN t-test p-value
Mean S.D. Mean S.D.

1. 38nd 6.46 1.90 7.49 2.48 - 2.286 0.029*
2. $AnnseanasiUsn 5.17 2.23 5.26 2.82 -0.165 0.870
3. fAnandu 5.51 2.66 6.80 2.96 -2.452 0.019*
4. SdnWeunany 5.46 2.79 6.49 3.07 - 1.558 0.129
5. fAnnauieiusyala 3.43 273 5.06 3.18 -2.242 0.032*
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i foununAY WEIANNAY
AUIEN t-test p-value
Mean S.D. Mean S.D.
6. fAnasuils fiamn3 4.37 2.26 5.54 3.22 -1.674 0.103
7. FAnlid 1.86 177 0.71 1.34 3.625 0.001*
8. $Anides 4298 3.43 2.82 2.06 2.81 2.543 0.016*
9. Anieen 2.86 2.61 0.94 1.94 3.324 0.002*
10. §@ndndn 2.17 2.35 0.31 0.90 4.798 0.000*
11. $Anngaviin 3.11 2.82 0.43 1.01 5.483 0.000*
12. FAnTaieq vezuves 0.09 0.51 0.00 0.00 1.000 0.324
*p <0.05
afuseNa

NNANITANINATDINITFANUNAULITUMENTTIMEABNUZE ABNNWATU WazABnT1Y Aan1sviauYes
sruuUszamdnlud® wudrdwlnaiduwemds Sovar 97.14 dalugjeny 20 U Fslins@nwvesansiiing 3ula

Wiz (2561) wudimnuuandsmanadiiuensual lnedulvainandgdinisiuionsual wazuanseandienintne

v
ya v

ey Feazduansenudn q sauie fe Gwandew sosluy uazdud Wusu [13] Fdlunsfnwasllfideliniuay

Y

nqueranaing Iiud rswesmsivszdudouveanandsarldlinguoraatameaouniseunauinturonszme
wazmsliguyss sisednyisliifingy 1 ¥ lesanniimssunduanas msiueiesuifarsamidy uazueinany
\w3EaTiinaeszuuUsramsaluli Suildaruuandmanalsifnadenisinuedal [, 6] weewuiniduey
sumenonuzainatensvhuesszuulsramsalulR Inenuihrndsmusiladindaafintuegnditodfy
RNGARD IummzﬁmLa?ilEmmméfuiaﬁméhdwmwé’qqmuﬁwﬁummsmamaﬂqwmmmmaﬂﬁﬂ ladunneneiu uaz

WIaLUSguLiBUNISY N UURIsEUUUSEAME MutH Lawn ANANUAUIARAFIUY BRSINISIALYBITIA kaLdnIINIg

v o

mela neukarmendiganunduinduvensemvenanued aennratuwazaenidnt nudiliunnsneiu aenadesiv

1Y N

N13AN¥Iv098 N YgyiiTasuazAmy (2562) AnuINn1endsganunfudiiuneninuumined @ansdidey Ao

o

linalool) lufinanaseauauaulafindIue AANUAUlaARFAI819 kaLenIIN1SNNSUela [4] wavdennaseiu
AMSENWIVDITUNST DATENE LazANE (2566) Nuneundsiivnmetdurenssivednul wazaiunes uilinase
M5 UAYUWUAIVBIINTINITHAUYBIND kaLTEAUAINUAULATN WuReItuy [14] waznundiwananisiasuwlas

Y94015UNANTAN NAAD NMenAINsganunduiueusTenanud wu3dniles $19Tu AnATen 3AN

P 2~

3ndn FAneavinanas egelitduddnvneada denndesiun1sAnyives ¥iian 159UdWA uazAMe (2563) Inui

Wdiuveusemenenuzd Yiglunisueundulugrenldarsnguuenmnniiy Sgnsasudszam uwagviliueundy

Yoingueaadasla uasnuiniiunenssmensaiinaiilinnuidnina Sandensuninsas Anusdnsews $dn

o

e 1ASen wariansedusrdrvanasedadlidedAynieada [15] aenndesiun1sAnyivensesniud yasdila
(2553) InuimaINMsgaauuiunensEmeniunegd nseasn waglun vnlinanmnisueurduauie lilanuing
lavesaonglsasess Aun 2 uay 3 vesngunnaesganingualuau agulided1Ay [16] aenndasiunisdinm

vidunansatinnenuzd anansadiuaunnnsueunaulsfvulungudgeenglasdunaainazuuununInnisuey
nau (PSQI) anasegsiltodAgneads lnenuinarsdragfvinliugalinduanig @s linalool [17] uavdennd s

v '
o o

Aumsfinwinisganuindiuneussienauaunes Nflastungy linalool vestrasenglunerUieiseds wui
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¥
Y= a

fasenganunsnuunanwmsuounduldAty ansHeuamsuazaty mevdinisganunauindunesszme (18]
nenuzdnsunndunulng 1uesnsaviesidu fassnaaiizeile duivieu shaslalidudu wagsiounans [7] 1o
nauoranadasinas viislea vieviaus nieufuldnduvenvesiduvensymedanlin $Fndesn diedu
Snaden $Andadn uazdinmnvinasatanasld

MnmsAnwasunlamesensuninnuidnlurmeinuas mevdigaaunduttuenssmenennvaiy

wuirsanieduimansyaulaiiutu $Anla Sandeevn 9398 JAnASen SANERSR wazAnnnvinanas o 19

v
o w

Tuddynada aenndaatfunisfineves Daglia et al. (2019) finuimdnsganuhiuveusemeanaennualy
WBANNINYILANANNINNANE vTeensiiauilalaneunsiidnveiUaela [20] denndesiun1sAnuives
Bastani et al. (2020) nuimevidamsganunduinduenssmenuau farwidng fanuguuasdnuiumniy
vonaniisinldlugitaendgslsala Tseidla fefvieudnngn fuisfivdesndasmnssimeamis wasdaseny Wus
iloanainisia3en v3ednnina liauiela uarersuailiifl [21] wagnuinduvesmennuatuannsoanauing
fna ngduei wazanuesealuanindsnasald [22] aenadestunisdnuives Xia et al. (2024) finuinen

q%muﬁmﬂumjm flavonoids, volatile oils, aromatic compounds W&z polyphenols ﬁﬂmauﬁaaﬂmmi%um%ﬂ

o W

ANu3ANntR 8ada annudnnine waranuRaUninessuulszamle (23] waganunsnanauianivalugiae

v
@ °

Aeudriunisidnaynle [24] uazaenadesiun1sAny1ves Dehkordi et al. (2017) Mnuinnevdsgaautisiuey
sEmENVaUENIsnannMEdA JAnliA Ianina waranunsenanategdiduddgyneatia [25]

nNsAnyldsuwlaesesualauidniuvuein uarnendegaaunduliduneussenaniny

wuifiarwdAnd Sananiu uasidneduindusyalafiudu $Enld SFndosw 98y $FneSon $Andndn uax
Snmeviinanas eg1eituddmaain Gemuidnd wnefls anudinfifuge auvela vieflwelafunduigy
newsznenensIRFFY Sauuansisainidnieduinauiyala mnefsauidnauis vadlua dud vie
AuFAnusegauLMUBE AUl [13] aonadestunisAnwiueseys uedn, wagauin nsiwsstdl (2561) 7

nwudnendsganuidunenssmenandid awnsanseduauianaudi lneuiuAin s lniiRmide egnedl

v o w a

WedAyneadd Invannsauvanmensuallvilianuidnauiela uasdiudila (3] aenadesiunsfinyives suns

dasyney wazAug (2566) wulnnendsganuiiuensswedu (M. alba) @snsaanaudnnina AULATEA

'
¥ a

ANNTULTWRINSUBLlIvE UL A NN TUEUNE UVDI gty nag 1T AN 19adiRA [14] vaueiNeRiing

a

wenfiflosAusenaumanmaaiiiluansdungesa (Linalool) Falnaandfivislineunatesiiuaunien wasyie

o a o

duaSunmsueunau laun $17 $1U1 aneven 9119719 wazdumingiie [udu [14] depadasiunisfinyives Sagib
et al. (2018) Wudma:mﬁﬂﬂﬁmﬁwﬁwﬁwamzmm"']m (M. Champaca) 15¢AUANNIANATIA TEAUAMUATEA
wazszAuAuTULsINIsueulinduanasegeliteddty [26] uardenndaiunisfnyives Dobrek & Gtowacka
(2023) wuirdinsihasatadonuunludes naudvaisatandnlves wdadugidueinsduasila @awisave
vilueundy uarersuald ussmenmsaumiendn uazanaeieeld [27] venanidsinmsAnuves suns
Baseny unzane (2566) nuiiluraeiuusn q nauenamatesiloniendigaaunauiifunenssmeaiiuaes ad
omsiiufisue warllennmsendsudndes Wesmnnauhifumenssmeanunesinduroudsususiannsald
nelulalaglifionnisdananiluiudaun LwiLﬁaﬂzjummaﬁml,ﬁamwﬁaqmuﬂ?{uﬁﬂﬁwamzmaﬁﬂm wudnlud
amsiinundle 9 wasdundudiaute vawilvueundu [14] FeoraJunavliuneussnenensd deiindu
e vieuseu iemendinisganuagiinlvingueranadnsensuaiuidnd unnitmennuany wasuzamuandu

Faufuneuszmenanind uazaenuzddaisddgynanidu Linalool [3,17] wazuiduneussivenannnalull
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o

ansdfiy \Ju Geraniol [22] Wieganuudinziinaiuauiels uazddniu inisldedrsunsnanslaensgany vise
Nsaany @unsaanANInniva Wnusednsamlunisusunay dnunmlunisueunduivu Tnglifinadiufies
NMsganNniueusemenend1y aenqvau uavaenued laguniuveuseiveiuimsssamnissuniu

v Y a

vo9ayn Wegamunifuneussmerudluidoydesaynidngifesuinau (Olfactory membrane) ndsarniiu
Tuianavesisunenssmeazsiuasluss nseiunz$undu (Olfactory bulb) uimiiiiwadUszamiunausg iy
$rauann Weluanavesisiunensswe indoufiunfuvadusramiundund wsuwadygaududeussam vie
Feyarautafl vl (Electro-chemical signals) lUgsanasdau limbic system #38138n71 smell brain szfdm‘Uﬂu
o1sualuazauian Inedanuduiudiuuszaunsaluazanudi wasifourelnenssiuansfinrunumsiiuves
wila anudulafianismiela audi seRuauesen waraunagesluuliiussuuUssamdiusng 4 ladadnase
o13ual uawdale Woanosdau Umbic system gnnszdudsluanatidunoussiveasd waliinsudansde
Uszam laun 1unesiiu (Endorphin) a1stewauniau (Encephaline) wazansiglsiniiu (Serotonin) aansn @15
Bunesutisananuidutin asioustiniutieduasaliflorsuaid $Anvauuin luwaferfuasdsana
Butnldde wazanailsiniutaevilias Wondu uaziounans lneluianavesnauvenvesirdurenszine
nend 1l aennmany wazaenuzd Seluduiumisuiiaussdndiiondn lelumanta (Hypothalamus) sivlvases
Uanudesansiail (Neurochemicals) unsiineansn fiannsntisansinisiiutin muaueannulngs wagilisana

Judlalasunauinduneuseinenendnl aenimanu wavnenuzdlatuasail [3,5-6,19]

dquna

MnmsAnysyaninavesmsganiiiunonssmenonuyd nennuay uazaendl domieues
seuuUsvamsnlulifuarAuian vednA@nwiAneneIUIaMans LaTAMLANSITUEUAENT UINY1FELRdY
AU WU 35 AU ANAREN1TYINNUTRITTUUUTEAMERLULTR laun Auauladin uenINTUS I wWasens
Waruwawesorsuainnuddn WowFeuisussniuneintundagaaunauisiuneusse nendduniig
ABNNNATU UAYABNNLARNENY

whildhlunsinmedidannsaiiludeseslunslisunisinvmensnssulne wasinanensslne
1# ioanoinsusulivdy Wiveukouras waranauadoald Wuuumdaaiuguniwianisianeuat
Flamugitu uenanidausaroseniaundundnts uarduasuaulnsluioduioliguaguninnuodld

.:4' a o G A oia = M Yo ! o wa ¢ P a
Wosneddeluasillifinguaiuan Fsenvagdldlddaauirssuudszamsnul® wavensualaruidndeuly

'
44 |

wandadeduinfdniliAnnsdoundaslsd wu samgivies wasnistdasy WWudu

Jaluauug
1. msfimavaaeddihifuveusyveneniya ABNNVIATU Uagnaniny ‘Lumjummaﬁmﬁﬁaﬁmumﬂ"ﬁu
2. sfinmsfinnlddiuneussimensnuzd aennuay wagaend1d fn1smuauiaLYs Wy gamgd
vieganiavesaulng ilelinamaneasuiimnmindedenndedu
3. msfimsfnwnavesisiuneussmesomwhus UL sTamaIunats Wy MavhauteseiudLos

[

nsmasdeUseaneingg ieliinseurquussdvsnauasiivayatudunamhioiionnu

ISSN : 2821 - 9406 (Online)




NIATIMEMEns wialulad wazuinnssy windnerdunwdug

Uil 4 aliuil 2 (nsngau - Sunnau 2568)

AnAnssNUsEAA

ARdeveveuAnEuIMsTaduayunsimnnuldeluadsil uarveveunuin@nwiauenetuiamans uay

Auzassaguenans Midunguenanadag aaziartunisdnsiunisidoassl

LNEN5D19D9

a

1 3dlyw Wnshw. wavesgausUrdareaunsenkasnszuiun1sian (nerinususyayrinedans

17

o o

W UAR). mufﬁﬁmnszjmam%suxaai'ﬂLLasﬁuﬂqﬂme. WEas18: i Inenaeusiinnans; 2565.

2 fufl geudviEned, noate uwiwe way ingsua agiu. thifuneustimefumavhauressrLYsEam
wazarmidnnisensuni: unanuiuyivinis. Nsamsantudnnvmansadasigsen. 2561; 12(2):
48-62.

3 ouY WA way ginn nawysUnd. savesiuveussveaendldeatsual : MsAnwesuaiALFEn
UarINAITINGI. IMeINTITBuazIneINIsUaeyn. 2561; 16(1): 150-62.

=

4 g1a yayiies, 33uns 1nYIna, It aweissu uaz §Asing Tnes. NsAnYINaveINTSganLngiunen

q

1Y

Junmeddasruulszamenlulfuazensualauian. 113a1INITNEIVIR N1TAITITUGUUAL
ANSANW. 2562; 20(2): 147-58.

[ [ ¢

5 Sweydnual 9nmes, A A3579), WA Neansed way i Aiwnllnyad. Ysvavsnaveansanay

L Ag ]

v
o o

ihiuneussmeayulnsiuiuiddenuduarersualludndnw. Msansnmsunndunulnouas
ASWNNENIaGen. 2565; 20(1): 29-40.

6 nui #3519, 13ms leswes, wriss nesnsyd uay v Aanilnyad. UssAvBuavesnisganiningi
venszmglnadonsdsuutasszduniiznisersuailugeeny. 11581515HeIR qUATNLAE
MIANW. 2566; 6(2): 28-39.

7 anws guUsslaisay, addnd 13nauane, wesd Tsauugana, Andriund idaafideg, afifiy A

Famos uay I93and gaann. mataueIestuayulnsnneenurdiiesesiumavionfisndsaiassd
aamdnUiugiasugianeiiss. 1NsanInsuImsiansuaruinnssuviesdu. 2566; 58): 617-28.

8 usanwal AMu3ud war JWANTIU A3n1UVAL. N1ITAMNLASEATEIUNANYIAMENIIUIAANERS
NANINYIFYLRAUNYIUN. MTAITIVINITRAUNIYIUT. 2560; 4(2): 107-16.

9 &3e1 veanes, Tumen wadd uay Iyiand Wygaliu. ANuATeALaENITIKTYANUATEAYBITNANY
Wmma‘lum3°§uﬂﬂﬂﬁﬁamuuwa AUrgseinUfiRnannisuazimatianisng1uia Inerdene1una
vsuswrud afs. T msUszgumalugfinnissedunfuazuind asei 9 Ysedd 2561, 20
N3NNIAY 2561 UNNINedemaluieg: i 761-72.

10 590¥y Yayne, WNa LadNaY wag AT1IA WAIAY. aMAkagn133AN1TiuANLLASEAYaItinAnyIAME
AN5TUAVANARSUNINIRUREUNIYIUT ATAZINY. 1TANTIVINITRENNIYIW. 2559; 3(2): 77-85

11 giwd uindisuns, 1dan wulnenade wag Auviuna mdgar. nsasrwvuiannueieadiulsa.
awsaﬂiii&WEWUﬂadauU§ﬂ. 2540; 13(3): 1-20.

12 Aty dvenss. wavessuneszmeu e ldunlulssmalnedoaisineuazensuninuidn

(neninusUSyanineimansnuUndin) NJanna: JRaInaumIveds; 2554.

ISSN : 2821 - 9406 (Online)



NIATIMEMEns wialulad wazuinnssy windnerdunwdug

Uil 4 aliuil 2 (nsngau - Sunnau 2568)

13

14

15

16

17

18

19

20

21

22

23

24

a0 v

ansriing fulamne. navesanuuansiemanaazyadnamluglnapouduiifivedenmniwine
uazgUamiensuaisnumsaus: msfnwudamgingsy wazadulihauesdiiusiumnnisal (9w
UnusUSyaqudadin). aninnsidewavaifinidineinslyan. vaus: aningrdeysn; 2561.
SUNT Baseny, MgITN yshu, Ssened mu‘iya, nYns quiuns, BunyIng uag vinaiy Snusied.
Wisuileunavesihifunonssveduntuanunesdessduaiinntog anuaien AnmTLLNTes
N5ueUlivdU LagAMNINATUIUNSUYDILFIDNEATUAYINY BUn0aTaNTE JINTAAIVAT. 1TANINT
NAYLVULAZAMA TN, 2566; 11(1): 67-T7.

wiian T59tid1ued, o350ma arusAsual o ¥nas war Asnsal Aus. wavesgausUTadoALiuf
Rerfuansiandn: amnuidn 9 sunazaunwnsusundulugiaeldauueumaniiy. quiasnsalin
#19. 2563; 2(1): 3-14.

nsaenud azunla. navedlUsunsuduaiunisueumdumegiausUinsiuiuwmatianiglaneunanese
MBI UTesgetglaiFest fidrsunistnululsmetua Grendwusuigamenuiaman
SUUUTR). @987 UPNINYNFYAIVATUATUNS; 2553.

a v ¢

N304 LWSYUISRY, Weeusd Tedns, Sy wenu wag advliey wivdu. n1sfinvinaveuIaNINATANR

a o

nonuzdnenunnnsueuauludaey (uunmdunulneuasunndniadon). asgans: lsmeiuia
Tulws: 2562.

Hudson R. The value of lavender for rest and activity in the elderly patient. Complementary
Therapies in Medicine. 1996; 4(1): 52-7.

Chien, Li-Wei, Cheng SL, Liu, CF. The effect of lavender aromatherapy on autonomic nervous
system in midlife women with insomnia. Evid Based Complement Alternat Med. 2012; 2(3):
740813.

Daglia R, Avcu M, Metin M, Kiymaz S, Ciftci H. The effects of aromatherapy using rose oil (Rosa
damascena Mill.) on preoperative anxiety: A prospective randomized clinical trial. Eur J Integr
Med. 2019; 26: 37-42.

Bastani F, Kia PS, Haghani H. Effect of aromatherapy with damask rose (Rosa damascena Mill.) on
anxiety in the elderly: open-labeled quasi-experimental placebo-controlled trial. Iran J Psychiatry
Behav Sci. 2020; 14(4): e58064.

Baydar H, Baydar NG. The effects of harvest date, fermentation duration and Tween 20 treatment
on essential oil content and composition of industrial oil rose (Rosa damascena Mill.). Industrial
Crops and Products. 2005; 21(2): 251-5.

Xia N, Wang J, Guo Q, Duan J, Wang X, Zhou P, et al. Deciphering the antidepressant effects of
Rosa damascena essential oil mediated through the serotonergic synapse signaling pathway.
Journal of ethnopharmacology, J Ethnopharmacol. 2024; 328: 118007.

Ryouichi F, Teruhisa K, Mitsuo Yokoyama MD. Psychoneuroimmunological benefits of

aromatherapy. International Journal of Aromatherapy. 2002; 12(2): 77-82.

ISSN : 2821 - 9406 (Online)




NIATIMEMEns wialulad wazuinnssy windnerdunwdug

Uit 4 atiufl 2 (hangraw - Sunaw 2568)

25 Dehkordi AK, Tayebi A, Ebadi A, Sahraei H, Einollahi B. Effects of aromatherapy using the damask
rose essential oil on depression, anxiety, and stress in hemodialysis patients: A clinical trial.
Nephro-Urol Mon. 2017; 9(6): €60280.

26 Sagib F, Mushtaqg Z, Janbaz KH, Imran |, Deawnjee S, Zia-Ul-Haq M, et al. Pharmacological basis
for the medicinal use of Michelia champaca in gut, airways and cardiovascular disorders. Asian
Pacific Journal of Tropical Medicine. 2018; 11(4): 292-6.

27 Dobrek L, Gtowacka K. Depression and Its Phytopharmacotherapy-A Narrative Review. Int J Mol
Sci. 2023; 24(5): 4772.

ISSN : 2821 - 9406 (Online) n



NIATIMEMEns wialulad wazuinnssy windnerdunwdug

Uil 4 aliuil 2 (nsngau - Sunnau 2568)

unA2u38 (Research Article)

nsRAILTnYEn13euLULlATEE9@1As daensiseuilaeldinudugiu
dwmsuiinfnen Una.
Developing Structural Drawing Reading Skills Through Game-Based Learning

for High Vocational Certificate Students

Unsal Wamnylsad" uag nagned Juele’
Pakorn Pattananurot’” and Panupong Janruechai’
Tgnynimnssules) Angnavnsukazmalulad snInedeimalulagsivienadaiy Ingnunanauns
Department of Civil Engineering, Faculty of Industry and Technology, Rajamangala University of Technology Isan
Sakon Nakhon Campus

*Corresponding author: Pakorn Pattananurot

Tusuunany (Received)  Tudlasuunamatunily (Revised)  Juineuiuunmanu (Accepted)

5 @A 2568 22 @A 2568 10 Augngu 2568

UNANE

ns3deaselddngussasd Ae (1) Wenauinven1serukuulasIas1eIn1sveinfnyisedu

o

UsgmatedasinTndugs (Uaa) seguuuunmsieudlagldinudugu ey (2) ilewIouiiisunadugninisnis
FeuneulagndansFouieinu nqudiegnde tndnwiainigalest s 22 au Aldunlaenisidoniuy
191299 13 il dfuUsznoude inuai1siudiasslassaiieerms wuuvadeUnaukarrdaF oY uuuUszduinue
N158UKUY wazluvdeunuauianeladenanssunsieus nsiiaseideyaldada t-test wuunguduiiug
(Dependent Sample t-test) Aade (Mean) wazaudonuuinnsgiu (S.0) namsidewuin (1) dhAnwifiaguuu
Vinwgnseunuulassasisegluseauas (Mean = 89.60, S.D. = 2.30) uaglidunnsisiuagrediduddgyseninangy

o v

(p > 0.05) wansliiiuinnsinianssussinudisenszauaudladdassasclaegemeiiion (2) nadugnd
o w aad 1Y

NNSTEUNRINITIANINTTUGINIINOUNTIS BUS0g 19l 9adiiisesu .05 (Mean = 17.19, S.D. = 0.98

Wieuiu Mean = 12.76, S.D. = 1.55; t = 15.31, p = 0.000) (3) mnuiianelavestinfnwidenanssusgluseduunn

ign (X = 4.62, S.D. = 0.49) WwefiSewiuinfanssunutieadisussgelonaznmsidenlesioyanuuuasliflig
nsasruiasdldegsgndes agulddn nsldinuadraiuiaedasiadeeiasfunmsusuidnssouiivae
duaSuliindnwiinanuimnudleesddszneuredasw@ineins Heimuinyenseuluulas@EEInng

unsnisluvszendldiunisseunisaeulusedndu 4 delld

Arddsy: maeuuuuldinuiug, invenseusuulassainsenans, vudiaedaseaing

ISSN : 2821 - 9406 (Online)




NIATIMEMEns wialulad wazuinnssy windnerdunwdug

Uil 4 aliuil 2 (nsngau - Sunnau 2568)

Abstract

This study had objectives: (1) to develop higher vocational certificate (Diploma) students’ skills in
interpreting structural drawings through game-based learning (GBL), and (2) to compare students’ learning
achievement before and after participating in the GBL activities. The sample group consisted of 22 civil
engineering students, selected through purposive sampling. The research instruments included a structural
model-building game, pre- and post-tests, a structural drawing interpretation skill assessment, and a student
satisfaction questionnaire. Data were analyzed using the Dependent Sample t-test, mean, and standard
deviation. The research findings indicated that (1) students achieved a high level of performance in structural
drawing interpretation (Mean = 89.60, S.D. = 2.30), with no significant differences across groups (p > 0.05).
This result demonstrates that the game-based activity consistently enhanced students’ understanding of
structural concepts. (2) Students’ learning achievement after the activity was significantly higher than before
the activity at the .05 level (Mean = 17.19, S.D. = 0.98 compared with Mean = 12.76, S.D. = 1.55; t = 15.31,
p = 0.000). (3) Student satisfaction toward the activity was at the highest level (X = 4.62, S.D. = 0.49).
Students indicated that the game-based activity enhanced their motivation and supported the accurate
transfer of information from two-dimensional drawings to structural model. In summary, the use of a
structural model-building game represents an instructional innovation that fosters students’ understanding
of building components and improves their structural drawing interpretation skills. This approach not only
promotes active and meaningful learning but can also be adapted for use in other related courses, thereby

contributing to more effective teaching and learning practices in vocational education.
Keywords: Game-Based Learning, Structural Drawing Reading Skills, Structural Model
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Abstract

The purposes of this study were: (1) to develop an information system for tracking research funding;
(2) to evaluate the efficiency of the system; and (3) to examine user satisfaction within the Faculty of
Pharmacy, Mahasarakham University. The research followed the seven phases of the System Development
Life Cycle (SDLC): problem definition, analysis, design, development, testing, implementation, and
maintenance. The sample consisted of 46 administrators, lecturers, and staff members, selected from a
total population of 60. The research instruments included: (1) the developed information system for tracking
research funding; (2) a system quality evaluation form; (3) a system efficiency evaluation form; and (4) a
user satisfaction questionnaire.The results revealed that: experts evaluated the quality of the system at the
highest level, users evaluated the efficiency of the system at the highest level, and users reported the

highest level of satisfaction with the system respectively.
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Abstract

This qualitative study aimed to examine social factors, cultural factors, and health care behavior
among community members, and to analyze the relationships of these factors with health care behavior.
The sample comprised 451 residents of Kutakai Subdistrict, Pla Pak District, Nakhon Phanom Province,
selected using stratified sampling. The instrument was a questionnaire which had its quality verified: I0C
ranged from 0.67-1.00, Cronbach’s alpha was 0.89, and KMO was 0.82. The researchers adhered to ethics
by explaining the objectives, obtaining voluntary informed consent, and ensuring confidentiality. Statistics
used for data analysis included the mean, standard deviation, and multiple linear regression. The results
showed that social factors, cultural factors, and health care behavior were at high levels. Multiple linear
regression indicated that social and cultural factors jointly and significantly predicted health care behavior
(F = 161.534, p = 0.001), explaining 41.90% of the variance (R? = 0.419). Social factors had the strongest
positive effect (B = 0.423, t = 7.672, p = 0.001), followed by cultural factors ([ = 0.265, t = 4.794, p = 0.001).
These findings suggest that both factors are associated with health care behavior; therefore, integrating the

roles of families and local organizations into health promotion is recommended to achieve sustainability.
Keywords: Social Factors, Cultural Factors, Health Care Behaviors
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WOANTIUAIUGUAN (Health Behavior)
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4 nguvidn leud Jadeidsmnuide dadesdunisiifuaues nszuaunsilinsening uastadoidayadnam 3
wiazadudsnatewgAnssuguniwlussduiiunnsnaiu wasduiusiunalnmangud aaeasudeuludsiuniiens
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o (Broadcast Media) ndufinnudiniusieuinfunisufifinunginssudesiuguam [37] Auvandalmiiud
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Abstract

This study aimed to analyze the chemical composition and evaluate the antioxidant activity of
methanol extracts from fresh and dried leaves of Justicia gendarussa Burm.f. using thin-layer
chromatography (TLC), high-performance liquid chromatography (HPLC) and the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay. TLC analysis revealed that fresh and dried leaf extracts exhibited spots with R¢
values corresponding to the standard compounds apigenin (R¢ = 0.56), which was clearly observed under

UV light at 254 nm, providing preliminary chemical fingerprints. HPLC-DAD analysis confirmed the presence

of apigenin, showing a peak at a retention time of 23.21 min with Amax at 338 nm, consistent with the
standard. Quantitative analysis demonstrated that the apigenin content was higher in the fresh leaf extract
(34.45 pg/mL, 3.44%), than in the dried leaf extract (22.14 pg/mL, 2.21%). Antioxidant evaluation using the
DPPH assay indicated that the fresh leaf extract had significantly stronger activity, with an 1Cs, value of
995.38 + 34.67 pg/ml, compared to 1,416.71 + 107.76 pg/mL in the dried extract. In conclusion,
J. gendarussa leaves contain phenolic compounds, particularly apigenin that contribute to antioxidant
potential. The fresh leaves exhibited superior antioxidant potential than dried leaves, suggesting their
promise as a natural source of bioactive compounds for future development of herbal health products and

pharmaceutical applications.

Keywords: Antioxidant activity, Thin layer chromatography, High-performance liquid chromatography,

Justicia gendarussa, apigenin

uni

nszqnlrs Uusticia gendarussa Burm.f.) agflunsd Acanthaceae [1] iufivfivousun wWiqyidvlnegng
snifh fdududemannuszmaiu wagldunsiusegninieunns wusnnluwndeu [2, 31 J. gendarussa ulsin
AN g9 0.5 - 1.5 wms Tadueu Tuluguvenieuaziseu aenflvunain vniigpdvunviedssiiuly i
ﬁuﬁmﬁsuauamwLLamﬁauﬁ%uLLazaua:u SfnnumsUnsn Suushin fissugrsmandinen Wy gusiunmssniau
(Anti-inflammatory activity) [4, 5] qm§ A1uauuadase (Anti-oxidant activity) [4, 6] qwé&i’u Fad suuaiiisy
(Antibacterial activity) [7] qm§€u§amaa‘mﬁq (Anticancer activity) [8] qm§ﬂﬂﬂaﬂﬁu (Hepatoprotective
activity) [9] LLazqwééTU5&ﬂﬂ5a§ﬂaLé’uL§amimaj (Anti-angiogenic activity) [10] ‘Lun’15Lmeéﬁuﬂmﬁaﬁmaﬂﬁﬂm
p1mstndisvz veudin $ilu tinvaunute vaenaudniau e1nsemisliges Tsann viesda 14 o1nsenen
Wudu [11] uaﬂmnﬁé’awudﬂmsﬁﬂﬁm 1aun Vitexin, Apigenin way Caffeic acid [12, 13] ﬁqméé’mmﬁmau
Fruoyyadase Fudesatn fnwlsrindeusstotinuan lavoengritiunalnideatufuedusniavsinlale
dliissoun (Non-steroidal anti-inflammatory drugs) %30 EJ’]ﬂEjll NSAIDs Imalﬂé’ugqmul%ﬁmza Cyclooxygenase
(COX) wag Lipoxygenase (LOX) pathways [14] ¥rlvinadudimsudensimionilfiAamssnaunanesia wu
Histamine wag Prostaglandins [1] uaﬂmﬂﬁyé’qwudwmmﬁ’mﬂsz@ﬂldﬁﬂaaﬂqwéﬁ Opioid receptor {unaln
Weafunesity wiliguanuiatosniwesiuuszana 2 - 5 wi [15]

syyadasuuluianavielovouiiiitidnnsoudass Tamileujiseuashiaiosannsanelinai

demesowadlusnane wu Wk syyadaszanunsoeendladnsneziiluuneia 1 Cysteine uar Methionine
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Favhlilusiugdelassaivanudifuagning « Wertos wu toulesiuaziudyan ?quim?ammaqﬁﬁﬂﬂﬁ
nsazanveslusiuiigneentladfiduiusfunindenvonsaduasnsiinlsadeds [16] oyuadaszutsssnidy 2
nauman leun Reactive oxygen species (ROS) [17] 1u guiUeseanled suyalansenda uazilosoanda uay
Reactive nitrogen species (RNS) 1u Tulnsiaulneenles wazlunsneenles [18, 19] Tns ROS uaz RNS \intu
AIUTTINTIRTUATZUIUN TR INA Y WA I UVDLTAE LLﬂiﬂuizﬁuﬁwzsﬁaaﬂizﬁuﬂszmumimq 9 WU NITHUS
wadhagn1sneuauamanifuiu (20, 211 eyyadasylasianiz ROS [17] 1y Hydroxyl radicals agsinlviifia
N5¥UIUN13 Lipid peroxidation dawalsild eviuiwadgadeauauysaitazanudangu ilvieadSmiounn
LAyl AaITWwIzAULYaa 19U Malondialdehyde (MDA) [22] wae DNA vinlWtAnn1suanuadaiy DNA
(Strand breaks) n151Udsuudadiua (Base modifications) wasnsiiauszdsane (Crosslinking) Anademed
viliiAansnanesiug mnlildsunsdeuneniivmnzan enailugnsmevessad (23] wazazihlugnisians
Tusfiu sty uay DNA Huiadeidsswasninislsaiesmatsvia 1wy ueiss wwniu lsadla uaslsassuy
Usvanniden [21, 24, 25)

ns@nwansiueuyadaszanfivayulnsisléfumnualesgiann lesnfivayulwsifuundsves
asUsznoufiuedn Walouses uazunuiu Seilgvidiueyyadassnusssund aunsatisanademeves
wadiiAnanUfAseeendindu wazanauidsswedsaioss wu Tsevle usds wasrlsadniauFess lnefinna
Uaendeuinninansdaunsigi (25, 26] mu"?%’aﬁﬁnﬁww|ﬂﬁﬂmi‘vmaavqw’éé’wua%aﬁmsmﬂisqmm‘iﬁfl’ﬁumiaﬁ’m
Tunseqnlas iteussliudneninlunsduuvasanssssuafislgnisuouyadass swdaieliaenadostuns
Baszansddgluiivayulnsdiowmaialasuilnasfluuuiaug engldans Apigenin uaz Caffeic acid Wuans
wnsgiu warlasulnnafveananaussausgs lagld Apigenin iluansunsgiu iflesanansi 2 siadseau
wudansanuldludunsggnlad [1, 13] Fsamsaldlunisaruauamnimuas nmsiaundndusiluouian
Tnsansiueyyadaszuseansngnuadl (Phytochemicals) fiunainayulns leun 3andud Infiud Fadou
LwALALSTY Fenfiue Wuduy ﬁwmmé’wﬁ’aﬂumsﬂﬂﬂaaLenaa’mﬂa%aﬁasmazammmLﬁmsiaism%a%’a [27, 28]
wlelisnamelasuansiueyyadassweiiios 15ansdinansiiuflenaneusi3e [29, 30, 31] oenslsfiniy FBnsadn
Aunnzauiinalagaswouiinauaranuasivesasddalunguiluednillngiowiz Apigenin uay Caffeic acid
faduaseengrisndniifinuautisueyyadase miAteiiadenldnsatadeowmnuea daduisfaunsafians
WaluesdeanulalulIinugs LLasammiqﬁgL?mmmméfamaaamﬁaLU'%EJULﬁauﬁ’u’i%?iuﬁﬁﬁEmu"lﬁfiawﬁﬂﬁ
(32, 33] uaﬂﬂﬁﬂﬁg%é%ﬁq%uﬂwwmaamiaﬁmlumz@ﬂlﬁﬁw lnglanzauantinisiueyyadase Innudidgyse
nsUszgndlfluvanedu esneyyadasylumnsedunssuumsiinoendnduiiinitesiunsidenveayad
uaznainlsaiFesiwng 1 wu Tsailanagaenidon LWy uazazss (34, 35] é’qﬁgumiﬁqﬂﬁqw%‘ﬁma%a
Sasvvesansatinildnnnszuiunsatniliifieshsuduiuimadanm uisuandiifuiednenmesnisii
ansadalunszgladiluianndundesasiaduemns ndndusiayulns vioiaiesdonadsguamiliiunsveas
Fouazmsuntleawadaneudevnefiinanesndindu

FrfufsfiarunaulafiesAnmansataanlunszgala lngldaialaslnnniuuuiaviuas
Tsunlvnafiveanaianssouzge (HPLC-DAD) iladinnesianefanimnaeduazBusunisfioguasansdidy sausis

¥
a v a o i 4

NINAABUVSAUeLYATaTEAIL3S DPPH vslinsAnwiildujutdunsilSeuiisunaandiseninduanuagluuia

= & < oy = ° | o Y a
"'INLUU‘U'§3Lﬂiﬂﬁumﬁ]ﬂi&lﬂ@ﬂui?ﬂﬂ?u LLa%ﬁ’m’]3ﬂu71ﬂ%ﬁﬂ'ﬁwGllu’?ll’Wlii"lﬂf’lmﬂ']W‘UE]QﬁHUIWiLLagﬂ"liﬂiBQﬂGﬂ‘UL‘Uﬂ

gunmildluswian Fudunedanfenldlunuimssiaisngnmail (Phytochemical screening) iiasainiiaay
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552 Maude uarldusinaansdes [36] Ssmanisinwanusalfifuteyaiuguidesfulumsdnauladen
ayulnsunldlunsimunansusiguamrseindosdionsanayulnsiddnenmlumsiueyyadasy naanauldly
MsmuALANN LAz IMsE A sainanlunsegnladlusunan iedaasunsliusslevdanaslnsingegned
Usyangnm

o

nQUsZEeAYaINITIY
1. WodinTeviesAusznoumaeiimedslasiniuniiiuuuiioune waglasiivsnailvesvalaussougg
MNATATRIUNTEANLARUVARLAZ WY

2. WelSeuiieugvisiueyyadase ¢mgT8 DPPH assay vesansainlunseanlifuvanuagui

WAnliun15idy
1. nsfnwesAusznaumaaiivetarsainainlunsegnlaan dlewmadalasuilnnsfwuuiauig (TLO) way
lasininnilveavadaussauggs (HPLO)

1.1 nMawSeusiegaayulng

Wiusegslunszgnlismarnaiuayulng lsanerviawivzwadunsziiesi 80 wssw) dwminssuns
fanwdt 1 TaswfudrumioRususniomednlu tludehanuareinssihazeinuasisay udreufigumgd

20 - 40 eALTALTYd

a P | o
i 1 dunseanlas

1.2 nswissnannasayulng

Felunseqnlnmanuazuia ag19az 500 n3u urluumiuea 95% Usuns 2.5 dns (Snsrdu 1:5) Tdlu
aufnUadain Wunan 7 fu vimsiwgmniu uae 2 A3e (W18 diersu 7 Ju dmnnsesmenszaunses
(Whatman No.1) 91nuutihansadniilalussimeiendivinasaiseenmeiniodss e wianuugaania foamall 60

= 9 a a @ i = v o v v Ao
BaAeaLgya LAY 150 adiunsusen 8ns1n1suyu 50 seusieundl audwhagaessenun sxldansadnidl
dnwaszwilerdu tharsadaldluvaaivas wasihlunuliludduiideamgd 20 sswadea aundinztun

Anunluduraunall lneduinasssaznandn (%Yield) vasansaianeu lnainaun1sn 1
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o - Thafnuesansariniile (n3u)
IDUATNANGR = 7 , —x 100
wwilnayulnsfildlunsadin (¥)

AUN159 1 NI YA NANAAURIENTANANY U (%Yield)

OH
HO
HO O
| = OH

OH O
OH O
() ()

At 2 Tassadamaeiives Apigenin (A) uay Caffeic acid (8)

1.3 n15iATIzResRUsznaunsalnemalialasu N ALuURIUNg

wisnansanaanlunsegalimuuvanuasiuuwisiinnududy 1 fadnsudefiaddns a1sumsgiy
Apigenin waw Caffeic acid filassadamaafifsnng 2 avaresswniuea 95% fiaududu 1 fadnsuse
filadans a1nias Spot 41510551 Apigenin, Caffeic acid, ansaialunsegnlisudi wavasainlunszanlisian
asvuusulasTnnsfuuuAaundiiadeusie Siica gel 60 GF 254 (Merck) ¥11a 8 x10 lwuRiuns lnginaia
\ndeudide tefinozdiamn : ngdu : lumiuea : nsavlesiin (Ethyl acetate : Toluene : Methanol : Formic acid)
Tudhsndau 4 - 4: 0.7 : 0.1 99ntfuanslu TLC Tank sel¥igniaadoudiluautls Solvent front uazthusiu TLC
genusiaudinsadeuransuenansneliian wasdanshlowmafinuenadu 254 uay 366 wiluns
PnTuFwMmA R, 709 Spot ansafinfiny

1.4 MIIA51EMBIRUTENBUNSLATAIEMATLALASU NN HUBUaIENTTOUL A

U

U 1 a

wisuansainaintunseanlamuuvanuazuis aadudy 10 dadnsuseliadans luwniues nsew1u

v
°

Membrane syringe filter ¥u1n 0.45 lulasiuns msm%ui’gmmﬂ?ﬂ'auﬁﬁa U1 (Water type-1, A) Wagiun1u4ea
(Methanol HPLC grade, B) sguun1shkanuy Gradient LLé’qﬁﬂ"L‘lJLL%”LuéNﬁﬂﬂﬁ‘ummﬁqq 30 wl iielanesennia
FaenTgmenedeud] #ail 0.1 17l (A=95%) 10 W7 (A=80%) 23-30 w7t (A=0%) Mntulaansiaetne Usuns 20
Lulasdns asrataiinueniady 258 wiluwes wesieilagldiadas HPLC - DAD system (Shimadzu, Kyoto,
Japan) ldaadui C18 (5 lulasiuns, 4.6 x 250 dadiuns) gungiinedui 40 serneadua snsin1sluag 0.8
Hadanssoudl AU Apigenin WiguiuaIsazaIeu1nsgIy Apigenin Tuga9au Nty 3.125-100
lulasnsusiofiaddns sneamunansiaTeiuTuin Apigenin Tusogndlunsegnlis Tumiensusenin 100
N34 (g/100 ¢)
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2. mi‘mﬂaauqmgﬁjﬂuauyjaﬁﬁisﬁaEJ’?%‘ (2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity)
Anulasa1nTs ves Widowati et al. [37]
2.1 Msw3suansazaty DPPH (2,2-Diphenyl-1-picrylhydrazyl)

LS 8UE1S DPPH AR89 uY U 0.2 a4 tuals Lagni1sT9ans 7.886 daansy Usuusunsaag

'
=]

WNIUBa 95% WU 100 fadans werliintukaziiulilunilafeamaives Wual 30 w1

RN

2.2 MIFENAITUINTZIU Trolox

WwIBNasunsgU Trolox Inemstaanswiin 10 fadn3u UsuuTanasimemmuea 95% livinfu 100
fladans Mntuhadoanddsiianadidu 0, 0.20, 0.40, 0.60, 0.80 uaz 1.00 Tadndureiadans

2.3 NswsEuansainsiieg1

wisuansatnlunszgnlifuuvanuasuuuwis Aaududu 1 fadnfusefiadang Wuardududeiu
ntuundenslifiarudududd arsatansegnlasuuuan wihiu 0.046, 0,094, 0.188, 0375, 0.75 was
1.00 fladnsusiedadding drwansadnnszgnladuuuuis windu 0.063, 0.125, 0.25, 0.50, 1.00 kar 2.00 ladniu
Aedladans

2.4 MavadeUVBENUeYYaBATE

nsnadeULAazasa Idm3suvaa (Well) wondudmivansansgiu Trolox uazdwivarsatalunsy
anlasluusiazarududu Tnefnaisazats DPPH 0.2 fadTuans 100 lulasns aduusiaevay wndufinans
15§ Trolox Feansadnlunszgnlis 100 laulasdns uonidudaszsioru uduluiiinfigamgiivies 30 il
nsnanewingn 3 ads wiazadsiinistath 3 ads Afildgninluatunsmenuiduduresasatniuiosaznisduds
DPPH #3aunnsil 2 waeeuaaien 1Cs, 23a5ainainaunsidunssvainsin (nndi 6) Tngld Trolox lu Positive

control
Touarn156ugioyyadaTy (%) =[1-(Aqmpe/Acontod] X 100

#1159 2 MIamenTesaznsfudieuyadasy
Agyrmpte = ANANAULATIIALAYBIAIHALTEVTINANTAZAY DPPH fluasiiedne

Aconrol = ANRANGULEIN IR lRvDE158¥aN8 DPPH
Y

Nan13IvBuazafuIINa
1. amsainansadnanlunsegnlaen

N8 1 msadasdisuniuea 95% nlunszgnlafuuuanuazuuuuis nuindesazueansan
nelunseanlimaniifevasvesansainneiumindiu 2.64 uaglunsegninadiuis ifesasvesansadaveumiiu
1.44 gonAdoIiUTIBILYRY Das et al. (2010) FaspyimmhueTanfivauulnsasnsoviliansesngusunie
aangdvseguidsluuisdinainanuou uas nieujiseneendindu dwaliuiunuvesasadavetvanas

a

diawSeuiieuiunisadinainiivan [38] uenanniinsiluanlviansadiavevgaindionadiewnanlasaianand

3

=1

Yo fInInNguTuLaTAINEaNYTAlvesaI T unUelaindendl (Secondary metabolites) [39, 40] Yoy atl

wandliiuianudAgyeinisidendiog eiivayulnslutuneuniswisunounisans inelildnandngwas
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agalsfinunsldlunidlunsadadsaadunuimeiiazaanlunsifusneingfuwazaruauniiy
wUsUsInveInuduy uidndudesiansmniBnsevuiaiivanean wu n1seufigumngien v3en1sviuiauuy

uwionuds (Freeze drying) iiteAsnainmuasansddeylilduniign [41]

M13197 1 uansAnSegagvesansaianenu (%Yield) lunsegnlas

#15ann ANWUSNINIEATN Umitln (n5u) $auazansannueu
Tunsganlasan ATeadu il 13.22 2.64%
Tunsegnlasusie AU il 7.21 1.44%

2. NanTIATIZeIAUTENaUNILATMEATAlATIN AT IHLUURI U

i 3 aguiiulddn TasnlnunsusdaunuuiaFeuisuiuarsuinsgiu o Apigenin uay Caffeic
acid lulunsegnlimanuaglunsegnladuis wu Spot fieuemadu 256 wiluwes ey (nd 38) finny
819Rd U 366 UrlwuAT (NMT 30) WUSIWIY 5 war 4 Spot muardu Taedlan R IndiAsary 1wy Apigenin
(R = 0.56 ), Caffeic acid (R = 0.37), n3ganlnaian (R, = 0.37-0.85), kagnszanlia1wni (R, = 0.37-0.82) wans
’.iﬁ:;]mmﬂ?ilauﬁ (Ethyl acetate : Toluene : Methanol : Formic acid = 4 : 4 : 0.7 : 0.1) @1150LuN99AUIENOU
Walawesduazfluednluarsainlunszgnlisldedsiiuszsansam vilsifudumia Spot Adusiusiuans
10551 Apigenin Uag Caffeic acid %ammiﬂﬁi’ﬁﬂwﬁa;ﬂaLﬁaaﬁﬂumsa%ﬁqmaﬁmﬁmqmﬁ pegalsAnunsAne

wladlaseudisufuignaniounssuudu FmsiluriddenslUmsduduanumunzaundalseuiiey

08 —1—

07 ——

0.6

l{_l |

Apigenin

0.5

04 —1—

I

1 Caffeic acid
03

02 ——

0.1

A 3 NswSeuiisuansungg1u fie Apigenin (a) uay Caffeic acid (b) nsganlaaian (c)
wagnszanliauis (d) vu TLC plate
*ATIVAOUMBKAEYTY (A) UV anugnindy 254 wiluiuns (B) UV A3ue1iaau 366 wiluins (O)

’QJJQﬂWﬂLﬂgﬁluﬁ : Ethyl acetate: Toluene: Methanol: Formic acid (4 : 4 : 0.7 : 0.1)
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nHan13TIATI8Y TLC WU Tn1ailad audl Ethyl acetate: Toluene: Methanol: Formic acid
(4:4:0.7:0.1) @u150u8n Spot vesarsdrAyeentdeg19tmau tnstanizarslungurailiuesduay
ansUseneuituedn deferdunguansiueuyadaszdnluiivauulng (26, 421 Tngnuine R, 184 Apigenin uag
Caffeic acid og/lutiag 0.56-0.60 waz 0.37 muansy TslndlAssiuauves Yaday et al. (2017) [43] 7il4 Tpana
\ndeuil Ae Toluene : Ethyl acetate : Formic acid lun1siasgsiansanlunsegnlisifemadalasininngil
wuuRnuehlildlusindesduszneumaniiasiu Tnsnansnsaaaeudiessddansillewani 254 urluiwns
WU Spot AisunislndiAseiuaisnasgiu uianudalaudoudiar Jauinannisganduuasvesanslunga
Walhuesduasiueanifiviinalignin vieenvaziAnanUinamsiduduieniuly vaziinisnsiaaouil 366
wilulng U Spot Falaundt uansfenmuantAnisEosuases Apigenin fiaenadosiugaantinisanlnsalal
vowaluessfitniFesuaddilurasnduen (366 wilumes) Jddifudoyadewiulumaiouisuamnmyes
a3ann laewu Spot Yasasannanluandanudilas tuInI UL 19t [43] STiQLﬁQQWﬂﬂWiqzyLﬁasuaaaﬂi
poNOETEMIINTELILNITYIUAY [44, 45] Gaaenndasfunisiinailauess 1wy Apigenin Sanulouasuazay
$ou [17] wagnmsiFouliisudn R, vesansanlunsegnliduanifemnuanunsolunisiedeuiivesanslusyuy
TAsunlnng il %qsﬁuag"ﬁ’dmaa%’wLﬂﬁsummi Tne Apigenin fignuazlassadeiiiitanans q dewieufiu Caffeic
acid lanansaindeudildlnaninluivinazaefiienuaugassninannuiitiuarlidds [a6) sasusnansld
otheiusyAnsn uasiduiiugulunsssyasoonguslunuiundadasiayulng [39] WeiSeudisutuay
¥84 Wulansari et al. (2025) fi s1091udnansadnainnszgnlisi iasiziesduszneumandseinaia
Tasunlvnafiwuuiiavisdivans Spot Auansnuautfsuoyyadasy [47] lumiddeiidedunndidyie anudy
v93 Spot luluaniinnusudnnitluluuis Fso1eusvenisTuumsddiganin lnsemzngunaliuessdil
anaufseveheviodevanmldiennaiudeu (48] mssuwiduonvanUimuasdndyadld dduisdnaste
Usgnsammatanmussiildainiagiv dafunisldineda TLC uazn1sUssifiugyidiuouyadasesae DPPH
assay Lunsysannsfifivssaniamnasidnenmlunswauisiinsginuawingavayulnslusefu
gRAMNTINKAZNUIY [49, 50] agalsAnuaIn R waznsnsIvaeunelisiddansilileian wul Spot U
sunyaliaulndlAesiuansuInsgiu Apigenin waz Caffeic acid il Caffeic acid ﬁmLammi@jmﬂﬁuﬁ 254
wilwans wiluiethsd spot yosasdainanliuangdaliuaaiad 250 unluwing winduldanadeuaad
Gud 366 wiluues Fudunasndadsarududuvessiegnaamindfivinlian quenching viienisiasuuUamis
wituuueiy TLC feduna TLC doiutoyaidosuminty uasnistusudeiBnsinsey HPLC-DAD Liiensiaaau
warBudunisfiogues Apigenin fisluluanuarluus et nsfigaisinvesanslussdulassadadadududodd

wALATUELNFL Wi LC-MS/MS %3 NMR Tunns@nwisald
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mAL

800 POAMuli 1 254nm dnm

4000
TO0

Apigenin 3500

600 +

3000
500

2500
400 2000

Amax = 338 nm

* - v

1000

200
100 -
ol
] ] 10 15 20 25 min 200 300 400 500 600 700 -
(A) (B)
AN 4 AnuaelATUN KN TUYRIEITUINTEIU Apigenin (A) wazdnwazanmsy (B)
mAL
Al a0 800 POA Mull 1 264nm, 4nm
PDA Multi 1 254nm,4nm
700
00
600 80
s00 Apigenin 00
400 + Ao
Apigenin

300 300 +
200 200
100 100

(A (B)

Ml 5 dnvarlasinlnunsuvesansaialunsegnlaman (A) uaguis (B)

3. Nam1TIRTEesRUsEnaunaAisnemaialasinlnnsiveavaiaussourg
nyneesAUszneumaailaglasinlnnsiivesvalausiauggs (HPLC-DAD) lngnsiaaeudnuauy

Tasulnunsuuardnvaraunasuanarsadalunsegnlae Iumuﬁ%’aﬁLLamWLﬁu’imﬁmmgm Apigenin &

Retention time 7 24.10 u#i vaugiansafanervanlunszgnlis uansiiafitaan 23.21 undl Taedien Retention

time Tndifgaiuann mstuiinanasunisgandunadaedingiadu DAD (200-400 nm) Buduitguuuvanmiy
vosfiafiegansaiuasIAsEIL Apigenin luiftousil Amax (338 uiluwas) wiidy uwiswdsdnvazadnasy
Tnsamde Fsaenndostuamnsgiuves Apigenin 1189 umatsatiunuin Apigenin fnuans Amax szuing
334-338 wiluuns lussuy HPLC-DAD) Fsafuayunisdudufiadanarndu Apigenin Ifegnadivgnalda
awnlnsalad [51]

devmsiengiidainalasdunanaunaidunssesnsaisnnsgiu fo y = 5E+07x - 32017
(R? = 0.9995) wun Apigenin Tuansatavenuannluaniiusunm 34.45 lilasnsudeiadans (3.44% wiv) vaueiily
Tuwis fU3aa 22.14 lulasnSudediaddns (2.21% wA) wandliifiuinu3una Apigenin lusethduangania
Tuwieszanafesay 50 iemuinanefild n1sanasuesyiina Apigenin vdsanniseuuisenafianvg s

Nnvanelady 1wy anulvegaumaiivesansngnuail Msiinufiseneendintu nsiinleluwesietunsenseiu
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BIAUTENOUNTINGTENINNMTOULIN AaenduN1sgadsasusdlugUssmensanisaaiedvaslasuainuiou
[52, 53]

4. namsnaaeUgvslusuoyLadasy
msﬁﬂ‘mqw§mwéfmauga§mwaaaﬁ’maﬂumz@uﬂlﬂ'ﬂ"wLLuuamLazLLUULLﬁ’Q fJaunisidunsefe

y = 0.0502x+0.0317 wazdlAn R? wiiu 0.9944 Aruamua ICs, taviniu 995.38 + 34.67 lulasnsuseliadans wans

Fannil 6 warlunseanlnmuisiiaunisidunsefio y = 0.0285x+9.6239 uazdldn R® iy 0.9952 A1uien ICs,

a

I@vinfu 1,416.71 = 107.76 Lilpsniuseiiadans uanadan1nii 7

¥ = B68E.Tx + 4.3847

R* = {9952

ATINATE U Trolox

an

20 B e

v
SR
L ]

o 0001 0.002 0.003 0004 QU5 0006 0007

ATty (Dednfudading

AN 6 NINNBTNIAUBYYABATLVBIANTUINTFIU Trolox

naERnlAdaR Aszgnlidut

y = 28.52%x + 9.6239
¥ = 0.0502x + 0.0317 R = 0.9952
80 Re = 0.9944 an

40
e

Sousemiudimaatae
a

Soise mstiuy CRTELTES

. B T

20
-

02 04 0e 08 1 12 0 05 1 15 z 25

Armdudvnesarain @adnfudaitng eoandiufuasmsadia (@adndudaddeg)

(A) (B)
AT 7 ngVENISINueRYadasEremsEAntifIan dn (A) Laguiis (B)

= ] @ 1o %
13199 2 AN ICy, ﬁ]’]ﬂﬁ’]iﬁﬂﬂl‘Uﬂi%ﬂﬂiﬂﬂ’]LL‘U‘UﬁﬂLLaSLL‘WQ

dsann IC,, (lulasnsusiofiadans)
Tunsganlasan 995.38 + 34.67
Tunsegnlasusi 1,416.71 + 107.76

Trolox 4.708 + 0.040

wudansadalunseanlimuuuan wansseansainlunmsdudioyyadasenuinn I, winiu 995.38 +

34.67 lulasniusiediaddng uasnszqnliduiaviiiu 1,416.71 = 107.76 lulasniusedadans uaza1sunnsgiu
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Trolox 1 ICs, L¥infiU 4.708 + 0.04 lulasnusiediaddng annan1siaTigrinudl arsanalunseqnlisand
Uszdninmlunisiueuyadasegendnluibia Ussana 1.42 W1 WagaInn1svaaaunsinueLadasyaigs DPPH
arsanansegnladdiovisueyyadassAeutiei (Low activity) uanafanisne 2
MINABUNIIAIUBYLADATEAIEIT DPPH assay wuiaisainainlunszgnlad uansbiiiuainuwansng
semeansananluanwarluwi Tnsansatmainluaniien IC, tesniansataainluwiedee 1Cs, fisninuans
fammannsolumsiueyyadasziigenin [54] namsiasiginandiifiuinansdfaiivimihiiduasiueyya
dase 1Wu Apigenin fiUTinamFomnuasiiganitluasadaanluan Faaenadesiudoyansinszmidaiuna
ALANARIna1NeallamMANIINSEUIUNTBUWTIaENsLAUI Y Feilasielassaiauaraaatiesves
ansngnuedl Inslamznguanliuesdiinuanddleruiou uas uazeendiau [44, 5] M1Adeues Kashyap

Ly (%

et al. (2022) Buduin Apigenin azgadegvsnsdinmdlodudaninuseunsefiusnuwlium vilivsednsanwlu

@

nsueyadase (ROS scavenging activity) anatagnsiitiudfgy [34] %ﬁﬂaiﬂmiﬁmauaﬂa%asmaq Apigenin Ty
Aseumquvanedif lidisdunismineuyadaszlnense (Free radical scavenging) nsdulane (Metal chelation)
nstfiunsvhauveseulsiiueyyadaszmeluwad uaznisnsedudynna Nif2 Fau Transcription factor 7
AIUANNITMBUAUBAE Oxidative stress [35, 56] Apigenin fTNLﬂumiﬁﬁﬁﬂstwqﬂumiﬂaaﬁuLsuaémﬂawa
Sesy uenaniiaseaLdn Apigenin ﬁaﬁmmﬂ%ﬂﬁsgﬂldﬁw Sauansgvsmandsinendu 4 lnsamzarssuns
Snau iwnalnnnssudinsuanieanues NF-kB, COX-2 tag Cytokines MAgTestunszUIUATS Ny Taun
TNF-0L k@ IL-1B [57]

AUFURUS sEI 19U U Apigenin T3l @18 HPLC waznan1snaaeauniesdanin (DPPH) danu
aenpdestulasansatnainluandifiusuna Apigenin genindlan ICs, mnd WewSeudleutuansataannluwis 39

a

v Y] . . < ' a ° Y oy v &
FOAARBDINUUNUINUBY Apigenin Lﬂuawﬂuﬂqm Flavone igunsamvidnveuayyasase [51, 58] asuun1anad

. . = a P [ = o PN 14 Lo a v aa Y 1 14
Y93 Apigenin ‘\J\‘lﬂ’lﬂﬂiﬂ@ﬁU’]EﬂWJ’]L‘lJ‘uﬁ‘Llﬂ‘L!ﬂ’]L‘Viﬁ]ﬁ'] ammﬂmqwﬁmua%aaaizmaaﬁ DPPH 8381388 191b%

anaddlaiguniumIaeN9aEn

dyuna
nanisadnayulnsnuilunsegnlnduuvanlivsinaansadanerugandtluiiniunisiuis mmegeu
semnaila TLC nunluanuazwiedl Spot nseiuansunsgIu Apigenin uaz Caffeic acid N1531A51234 Apigenin

sawaiia HPLC wandliiuitansainanluaniiuunagandi (3.44% wiv) kadana1idenadesiunsuagaugms

v oy
1Y v 1

Aueuyadaselagls DPPH eansannvinluanilan IC,, andiuuuwivedeiidedAy Medaisiamunisnisaiavie

o

MIWATIETRIRUSENRUMLATIAEWmATA LC-MS/MS %158 NMR LiusA
AnRNssuUsENA
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Abstract

Cross-sectional descriptive research to assess pesticide exposure to toxins and factors associated
with cholinesterase levels and classify cholinesterase risk areas using geographic information system (GIS) in
Kantharawichai District, Mahasarakham Province. A study was conducted on 505 rice farmers, using a
questionnaire to assess the risk of exposure to chemicals and screen for cholinesterase enzyme in the
blood of farmers during rice cultivation. Factors affecting cholinesterase enzyme levels were analyzed using
logistic regression, and spatial cholinesterase enzyme level risk maps. The results found that most farmers
had a risk of exposure to pesticides at low, medium, fairly high, and high-risk levels, 65.5%, 18.8%, 10.5%,
and 5.2%, respectively. Females having cholinesterase levels that are 1.62 times higher than males (OR,y; =
1.62, 95%Cl = 1.12 to 2.68, p-value<0.01), working for more than 20 years, having cholinesterase levels that
are 6.69 times higher than those who have worked for less than 10 years (OR, = 6.69, 95%Cl = 3.52 to
12.78, p-value<0.01), and those with relatively high risk from chemical exposure have a chance of having
cholinesterase levels that are 32.97 times higher than those with low risk from chemical exposure (OR,
=32.97, 95%C| = 9.44 to 115.20, p-value<0.01). In the sub-district area of 3 sub-districts, there are unsafe
levels of cholinesterase enzyme. The study results indicate that the use of pesticides poses a high risk to
farmers' health. Knowledge and preventive measures should be strengthened to reduce occupational

diseases.

Keywords: Rice Agriculturists, Risk, Pesticide, Cholinesterase enzyme
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AnadgaInMainulunsdudaansiadimdadagity (p-value<0.001) MndulasgiauduiusAT Iz Ny

U v ¢

YJade (Multivariable Analysis) Kan153tATIEIMIANNENRUsSEIINsUadeNdlanudunusfusyautoulesiladu

o

wamalsaveununsnsUgninduneiunside Smiaumansanu egreitdudAnyn1eata (p-value <0.05) wuin 67
wsifianuduiusiussdueulnilndueanesa Wemuaufuusau  1éun wavds wueulelladueanelsd
seduianudsndu 1.72 wih veanae (OR,g = 1.72; 95%Cl = 1.12 to 2.68; p-value = 0.006) syeglanlunig
Uszneuendmnunsnsugnin @) nui inwmsnsiivgndnivhansnnnd 20 U wueulwiledueainelsasesiul
Audsadu 6.69 i LﬁaLﬁEJ‘Uﬁ"Uﬂzjmﬁﬂqﬂ%’nﬁv‘mmﬁaaﬂdﬂ 10 U (OR,y = 6.69; 95%Cl = 3.52 to 12.74, p-
value<0.001) uazmsUszifiuanuides wuin inwasnstaudesnnmshaudeuisgdiouleiladueanelss
Tusgdufimnmides 32.97 wih Welisuiunauszdunandsinnsianuaandesi (OR,y = 32.97; 95%C) =

o w

9.44 to 115.20, p-value<0.001) ogNHTudAYNNETANTZAU 0.05 T19a2LD8ALAAIRIAITNT 4

P ° o v o a a va o ° %)
M99 1 97U iaﬂaﬂamaaumammLaENmﬂmiﬂgummﬂu‘umzmﬂmmmLﬂ‘tﬁmﬂi‘dq%n (n=505)

TonaduraAULFS 37U Yaway

(rzuuunsuiaslurauzrinnuveasnensnsugndai)

ﬂzjuﬁ' 1 5¥AULANRE (15 — 24 AZLUL) 351 69.50
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TonnaduraAULE S 37U Saway

(rzuuunsufUasluvusinnuvesnunsnsugndai)

Nl 2 sEAuUILNas (25 - 30 Az 127 25.15
Nl 3 seugs (31 - 45 Azuuw) 27 5.35
Aade (@rudsivunnsgiu) 21.42 (5.228)
Aalfse1u (Aam - gagm) 20 (15:36)

M19197 2 MuukarTegazAUFsInNYInUlunsdudaasiaiimindnsigveanunsnslgnd1i (n=505)

stiuanudsddunsinuduiaasaiisidadagie 31U Joway
firnnude s 331 65.54
fmnuidsaiunang 95 18.81
fauidearoudiegs 53 10.50
fanuideage 26 5.15
fiauidsagann 0 0

M13197 3 uLarIevarnsuUanateululiladueanalsareunensnsugniia (n=505)

SERUAMULED AU ORGH
Uaenny 225 44.55
fianudes 280 55.45

Y

A15199 4 NsAszvtatendanudunusiuseaueulylladueanaLsd (n=505)

szaueuladladuodmaisd  CRUDEOR OR,;  95% Cl P-VALUE
Uady Uaanfe fiaanudes
(n=225) (n=280)

LWE

My 81 78 1 1 0.006*

NI 144 202 1.45 1.72 (1.12 to 2.68)
ANUTNNNTHUABLADY

wold wdelfiu 59 71 1 1 0.110

wold lawdeiiu 81 87 0.89 1.27 (0.73 to 2.23)

Taiweld Taifini] 27 54 1.66 432 (1.99 to 9.34)

laiweld S 58 68 0.97 163 (0.91to 2.93)
nsldansialiindndngity

RGN 11 16 1 1 0.201

Adndaite 98 86 0.60 0.27 (0.10 to 0.71)

AMdnuNasaz Ty 84 145 1.19 0.60 (0.23 to 1.59)
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szaueuladladuienimaisd  CRUDEOR OR,;  95% Cl P-VALUE
Uade Uaaade fiarades
(n=225) (n=280)
Tlaldarsiad /19 32 33 0.71 0.52 (0.18 to 1.52)

WHIGH

JPYTIAINTAUREASIATATIVAER

1 - 2 Fufirinan 11 i 1 1 0.099

3-79u 8 30 10.31 7.14 (1.05 to 48.71)

7-14 Ty 19 21 3.04 1.98 (0.34 to 11.44)

wnnd 14 Futily 187 225 3.31 6.81 (1.39 to 33.25)
szgzalunisuszneua@minensnsugndn (@)

Hounan 10 60 24 1 1 <0.001*

10 - 20 66 84 3.18 5.59 (2.78 to 11.26)

11nN91 20 99 172 4.34 6.69 (352 to 12.74)
msUssfiupnudedunisiny

finudeasi 188 143 1 1 <0.001*

finnudesurunans 32 63 2.58 3.26 (1.89 to 5.59)

firudsarautng 3 50 21.91 3297  (9.44to0 115.20)

9

firnandnege 2 24 15.77 2472 (52610 11662)

[ o

* syauUtsdAYN19ais 0.05 (p-value<0.05)

4. wamsfnnfuiidssisszuuasaumanagiaans (G1S) uansiiufiouleslafuoaneisdludon
\neRINTUgNIM Sunefunsideris 10 fua WuﬁuﬁﬁﬁLaulszjﬂﬂﬁw,aamamaag”Luszﬁuﬂaamﬁa 5 fua fanudn
ffuifilivaondosiuau 3 fua Ssanmsdnudafeiifienudiiusiossdueulliaduoaneisa Wothdoya
wankaseiua wud dadedussernanisusenevenimnunsnstesia 3 fufidindny wuhiuiduacian
finensnsyhendindgniiunnndt 40 U Sevay 92.86 (65 Aw) wazUgnind 20-40 U Seway 7.14 (5 aw) laglaid
inwnsnsfiugniatiesndt 20 U lufiuiishuanias Tudiuvesiualannss finvmsnsvinordwdgndnnannndt 40
$ouay 78.43 (40 A) Ugnina 20-40 T $owar 11.76 (6 Au) wazUgnd 1-20 T $osaz 9.80 (5 au) uazluiiui
Fuavinveuss dinwnsnsyierimugndriuinnii 40 U Sewas 50.82 (31 Au) Ugnina 20-40 U Seway 39.34 (24
A1) warUgndm 1-20 T fevax 9.84 (6 Au) MndayasveziailunisUsenouondnugndnveunumansii 3 fud
adiuldnunansiinisugning 20 B3ulU wazdnilngugndrannit 40 U arndeyadindnianunsaeyunuld
Menfensavauvesinaeuleiledueaneisaluiene uasiiufifieglndifeatu 2 dua wasiufidmuaiia

wulwlladueanaisaegluseAuidss 2 fua 19azBuARaRRanNINg 2 NaaNNTUsEIIUANIEIINN1TYINNY

v I '
ad aaa =

lumsdudaansiadidadngiivveanunsnsugni1 wudt dNunniiaudesn 319w 5 f1ua (01 n) Nunid

AMAABUILNANE I 2 fua (0 2) uinliaudsreudieEs 31uiU 2 dua (0w e) waglinuiuiing
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ANELES (01 9) Lssnndniuniiseiuanudesgelesnindesay 25 WesaniiunnvzUssiliuuasiisyeu
ANUFLIEINaITLRBeN1TuanIBE 1ty 1 8115 FenuliesTegay 5.15 YUl Wity sgasiduauans

HINTNT 3

B daansde
[ stanandas
0 &eo

Il Livaaasdy

il 2 uanswateuleilladueamalsaludennuninsgnin unefunside Sminumansanu (s1edua)
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(GU) (Ad‘ 25
[ 25-50

/ o

) ;
£ "

< wailwg)

L—_ //
P / -.‘f
AN o
— ) / Co-wa i { i -
| \ - / \ ) wa- ( i \ [[: :;:
C v ~ (_)\ g% . =
) ) A~ [ = o ) 7 |

{ ‘“ ‘A / N, ¢ :

I) \\ o " -‘-;;:«\’"\ «? = A \ /\ nvourn /
‘ ‘ | — JV | ( Vwouos

\ vy / ;// ) , 4 ‘?\ > £ —\ ;‘.’"‘/ N L nilwg — . <}/\2

il 3 Msussiiuandsdunsvihiweanunnsdgnin gunefunside Sminumansany

syAUAMLEDN (1) Aadsslunans (v) anuidssreudnegs (a) uazaudesgs (1)

n1sanUsIuNa

1. msﬂssLﬁummL‘ﬁ'mmﬂmsv‘hmuﬁﬁuﬁmmﬁmqﬂ 5 finva wan1saTteulslladuedamoLTE WU
vilsluauvesnguiiegns (Govas 32.67 ) foulullndueameisalusedulivasade Julldnuuriisenndesiu
msfnwdadeiifianuduiussueuledladueaneisarennening Twminawan fdunuinnvasnsdlngd
wulnlladweamasalusyiuiinnudss uarsvauldvaonaste [11] warlunuituiiiasaraideanuievlullady
wawalsalusziulilasndy 3 dua aaduAnnszeznatlunmsduiaasindveunumsnsdenguidnisduda 3-

o ado o =

7 Tu flemanyianueuluilpdueanasalanudsadu 1031 v dedlsutunquitdudaasalimdadagiy

q

v o N

WnNnd 7 u efuigldannisfnwieuludladuieameisanounasndlas vansinlimindngiongueainily
oawalununsnsvesuseimadunsu nuteuluileduoaneatsalunataninounasudduiaansiad 8 dUnnid
ANULANAeTueglitsdAn1eeadia (p<0.05) ndsntueuleilafueameisalzanaauegluseduuni [12]

2. nmsanwnuiadenianuduiusseioulviladuiednaLsd Aall
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2.1 wanganutouladladueameisalussauiinrudsadu 1.72 wvvsaname Arniinain

v o N '

waAnssunsdudaansiadl anmsAnwmansznuanmslidanaimdndnsiivdeauaiminuasnsuazduinden
Uszinanan’ S liiuimeneiivuliulunmsldarsinivaonseunnimds (p < 0.040) [13] wasfiuns duww
[14] AnwniadefiAedestueululindueameisalununsnsfifindlndifostu nuinnevdafiouleladuodne
isaogflusziulsivasndeinnnitweame eg1sdiduddymneadia (p-value= 0.037) Faansnasunelsainaisin
994 Saldanha [15] finuiiwandsdiassinerisannnane wazeulmiladueanoisavudovusinidenunsd
ALUANANY s0zAsunay (Adrenaline) w3adRuBy (Epinephrine) lumandsazdudueulelindueanoisa
snafumeglussiuead wazonafinuduiussensiinlsafiunndieiu

2.2 szziianlunsuszneuen@n nuin tnwasnsivgnimiivhauunnnd 20 U wuleulusilady
wameisasziuiinnandsadu 6.69 wh Weiflsuiunguiiugnindivinnudesndt 10 U Fauandnsainnisine
Hadeidaruduiussueulelladueamasdludennunsns nui neesnsidudaasiafifdnuuandy
svaviantesndt 10 U flemansianussiueuledlnduoamesaiisyiulivasndy 3.33 Lvi%ﬁat,ﬁﬂuﬁ’w:iﬁé’mﬁa
asmianuuadlnenss rnsseznatlunmsdudaasiadiauiinisazanlusienie [4]

2.3 msUszifiuanuidssinnshavlumsdudaansiaiifdadagiiv wuin nquilfiannudes

v a =

Aaudsgedilanmanavnuieuleiledueameisalussduiinnudes 32.97 wih Weiieuiungufiinnnudessn

a1 v

og1alsAmu Annandesiu (959%C1=9.44 to 115.20) fideuirsnirsenaiosnainnisianauuesssivannudes
nmsdudaeuluiladueanoisadu 2 ngu Tnonguieddungjeglunguiifinruidssdsoravilieiany
Fostufivaainti usdsiinisfnwivesaiunt @i¥md uazgaing ufadn [11] Adnundedeiidanuduiusiuoule]
Tndueamelsaludenveanuning Jminawan inuinguiisingAnssunistestunuedaifiaznsianuieules]
Tndueanaisaluszduiinnndes uarlivaeaduuniian Sovas 64.1 Ssatuayuiiafofananindanuduiudiu
wulwllafueanaisa

3. msszyiuiideaie 6is nnrannueulsiladueaneisaludonnuninsugndn 10 dua wui
fufiffiouledsduvaenadeiiuilndifssiu 5 dua Fadufiuiifertuununmnmsdssidunnudss anns

a va

vhaulunsdudaansiediidadngfiviinuindissdunnudesh aenadeatunisinuianug viruad uasn1sujin
hiidmnudiusfueulmiladueaneisadludonveanuasnsfugnongulunmamievessemelng nuin sz
anustinnuduiusivieuleiladueameaisaegaiiiodAnymieada (p-value<0.001) [16] wazlofnuwiludednly
swanideaudaziuanuitszeznatlumsUsznovendnveunuasnsugnd1alufini 3 diva Ansranusedy
oulwiladueawmaisaluszaulivasnds nuiununsnsdgnddulugUsenaue1ndenaiuinni 40 Y
aonadosiumsfnmnssudunnudeseguainanmsdudaaaailufiuineggndn Ussmadulaiide
wud srgansUsEneueniimnudsseieuleslafueanoisa 9.1 i sgsiitdudndymneadd (17) fudl
anudssdouinags 2 fua aenndestuumunmiansoulullafuoasoisassdudsedaduiuiivu uasdane
ihessitTedetunsineieulsflafueanesalulaianundah 2 wids Alvariuvesitufineasnssy w
wulullndueamaisaluwmaninfigediiatuoniimsludewesasiaiinguesimlureamiauazensuunly
uwashiiinisinees (18] Mnmslesgiaiinansuuuaud GIs suilufidssnnsUsaduaudsminns

anulunmsdudaasiniiidaangiy lnenuluszduiianudesgs Ingluseauanudesgetazdamuainisuans

pg19tae 1 91015 laun vuead Wunzas oudeu vieauds Uiauausou LeUIYN o Feufswr AuRuaziuan
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o
LY v

a3ueldannalnnisesngus susenisvhanuveteuluiladueanaisanuldlug adifaidenuwas Nicotinic
Receptors wazMuscarinic Receptors lusyuudszamanssuaznanuiile Fafiminii aauaunsvinuuesTEUY
Usvamiludniuauarayed deldsufivasrilmAansnssfuresssuutsvam wu mandweniasuazsious
7 annsviafiveszainum Uinadues dush ndsiionsean neinds [19] edreduntsAnwnsUssdiueudes
AUAYAINAINASANIRARgTNgueasN luneamnlununsns nsdlfnwyuvuinuueald Jwmiayisud laexa
nMsfnwsgyitnanisusziiuanudsadanuduiudfuouledlnduleanelsang 1l toddyniaada (p-
value<0.05) dusinagnuenisiiind undsdudaasiadiddadngfiads [20] manwasnssnnetunsite &
wuALN BN RsTERUSIAD T 2566-2570 Feiluumslumsiannainunsszdusinefunside Afidmang
Tunsuaniniegunsursasuardsdu mulumvnaesfuguasusaneiiies Tnefllasinsdaaiunsiauinisudn

a e =

wintudtunsgIu Matawnsnandndiasuees warlasinisnisineusunisuandeduniddininiiie
USuuseiunaranni1sldasiainianisinens [21] 91nuan1sanduaud 2568 A1ULUUTIHIUNITILATIE
anunsalinumseneunsite nuiuidusuulunmsiinuesd unidauukuiannsineas 1 10 fua 393
yyjthuduuuuianun 25 ity fluiuiduuuogudieudnsiuUssansnmnsuandudineassinofiuns
Fedemaviiundndundd 122 uioghdlsfimunsinuluedsdl andeyanansinseitud oS fnsanuszdy
wulwladuawaisaluszivlivasnds luituil 3 fua Wevsunfiansansusudoyasanuuuasuas wud 6
fnsldansadvisninnens Wy Auiiduavieuss Snsléasedidauuauay Toily Sovay 73.77 (45 Aw)
suadsgu In1sldansialinndnduiiy Seuas 60 (42 Au) wavdvalannse InsldansiadmIniviiy Sesay 62.75
(32 Av) warldansipdiminuaauasJuils Jovas 13.73 (7 av) Fadudeyaiiassionhluinseimanmaydotads
fununsnsddldaaadidauauardngiivey savimisimnzaulumsatuayulasansdaaiunsiauins
nAmLLAATLEI1AIEIU NI TRERT12ATUNeT warlasan1sn1sfineusunsnandeduniddannite

uugaiusazannisldansiainianisinuasdely

dalsuaunus

1. mslsimhesnuassaguluiiuiididunsianuoinuaddimuusilunsufiRauligndedunds
fifiuamsuszifiueudeaissduaudosreutnogs uasarudegs maialinsdansowarlinnuiosseiies
sadlimhsnuiesiu esdnisuimsdushua/dmta sudumsduaiumslifimamadonlunisugndnge
\nuAINIBUNTS verefuiidunuuliinisiunnsdunidiutu Weannsfianansedlusyersmnuusuiamg
\nwAsNIIEAUSILAD U 2566-2570

2. mslimeanuriesiu ssdmsuimsdrsua/damdn dudunsduaiuanuilunisdesiuasiad

[ e~ o

Mdadnsiiglunensnsvgnd Avinisugndrinnnd 10 U iieliinuasnsiianuseuilunistesiuaisiaiiinga

U

38

it
3. AsinsAnwdadudeiundsnnasy wardadudundianatoululladuLoamowsa Ly knasiNlevin

Ao 9
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Abstract

Dictyophora indusiata is an economically important edible mushroom valued for its health
benefits. However, production faces limitations due to extended cultivation periods for spawn and substrate
preparation. This research compared materials for inoculum substrate using four cereal grains (sorghum,
paddy rice, corn, and mung bean) and three sawdust-based substrate formulations to reduce spawn
expansion time. The experiment comprised two parts: (1) inoculum substrate from cereal grains using
completely randomized design with 5 replications, incubated at 28°C, with mycelium growth evaluated
after 40 days, and (2) sawdust spawn production in greenhouse using randomized complete block design
with 3 replications, measuring weekly mycelium growth for 7 weeks. The results showed that sorghum was
the most suitable substrate for inoculum production, yielding 92.90% mycelial growth, which was
significantly higher than other grains (p < 0.01). For spawn bag development, Formulations 1 and 2 provided
the best results, with mycelium fully colonizing the 16 cm substrate bags within 49 days. Formulation 1
consisted of sawdust, lime, Epsom salt, pumice, gypsum, molasses, and fine rice bran, while Formulation 2
contained sawdust, lime, Epsom salt, pumice, gypsum, rice flour, and fine rice bran. Formulation 3,
composed of sawdust, lime, Epsom salt, pumice, gypsum, ground Leucaena meal, distillers’ grain, and fine

rice bran, resulted in slightly lower growth at 13.63 cm.
Keywords: Dictyophora indusiate, mushroom substrate, sawdust spawn
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Abstract

This study aims to develop and evaluate the performance of machine learning models for
classifying magnetic resonance (MRI) brain images with tumor conditions. The process began with the
extraction of multi-level texture and frequency features using the Discrete Wavelet Transform (DWT) with
Daubechies 4 as the mother wavelet. The decomposition produced a total of ten subbands, including one
approximation subband (LL), three horizontal detail subbands (LH), three vertical detail subbands (HL), and
three diagonal detail subbands (HH). Each subband was characterized by six statistical parameters: mean,
standard deviation, energy, entropy, skewness, and kurtosis, which effectively represented the structural
characteristics of brain tissues. In total, 60 features were obtained. Feature selection was then performed
using the Random Forest algorithm based on feature importance scores, where only features with
importance values greater than 0.01 were retained to enhance accuracy and reduce data dimensionality.
This process resulted in 39 selected wavelet features from the all original ones, corresponding to a 35%
reduction in unnecessary attributes. For model construction, four ensemble learning techniques were
implemented, Adaptive Boosting (AdaBoost), Extreme Gradient Boosting (XGBoost), Random Forest, and
Bootstrap Aggregating (Bagging), to compare classification performance. Experimental results revealed that
the AdaBoost model achieved the best performance, with an accuracy of 93.67%, sensitivity of 94.78%,
specificity of 93.00%, and overall performance of 93.81%. These findings reflect that the integration of
wavelet transform-based feature extraction and feature selection with ensemble learning methods,
particularly AdaBoost, can effectively and accurately support medical diagnosis from brain MRI images,

providing an additional approach for brain tumor detection.

Keywords: Medical Image Classification, Brain Tumor, Wavelet Transform, Ensemble Learning,

Feature Selection
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1.1 True Negative (TN) fio wuushasssuuniliiidesenluauoazlsififosonluaussss
1.2 False Positive (FP) fio wuusrassswunifiidesenluavewslifiiosenluavenss
1.3 False Negative (FN) Ao uwuudaassuunitlififosenluanosiiifosonluauessse
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o
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Tuaveslignieauisuiiisuiuduudeyarimueildlunsussiiiuuudass
Accuracy = (TP + TN) / (TP + TN + FP + FN) (1)

3. Al (Sensitivity) Ao dndruiinuudnassanunsaneinsainalagndedlunsdiniinnglsaiiiosen

Tuanaadioisunuduiuninnglsaiiasanluauawiaiun

Sensitivity = TP / (TP + FN) (2)

P o 1

4. AIANT N (Specificity) Ao dadrunibuudiassauisaduunnsali lifidosenluausslaogis
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Specificity = TN / (TN + FP) (3)
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aunasenIanuutduglun1sdwunanlagndes (Precision) war AUATUAIUTUNTITATIITUAMN (Recall)

TuusiazAana
Precision (Positive) = TP / (TP + FP) (4)
Recall (Positive) = TP / (TP + FN) (5)
Precision (Negative) = TN / (TN + FN) (6)
Recall (Negative) = TN / (TN + FP) (7
Flmeasure < 2 x PrecisionxRecall ®)

Precision+Recall
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Abstract

This research aims to (1) study information related to Wat Thung Setthi in Khon Kaen Province, (2)
analyze design approaches for User Experience (UX) and User Interface (Ul), and (3) design and develop a
“Mutelu” location recommendation application for worshipping and making merit at Wat Thung Setthi. The
purpose is to respond to the consumption behaviors of “New-Generation Mutelu Believers” and to support
the efficient development of services that effectively meet the needs of the target users. A mixed-methods
approach with a qualitative emphasis was employed. The purposive sample consisted of 60 individuals
who visited Wat Thung Setthi for worship and blessings. Research tools included on-site surveys, behavioral
observation, structured interviews, and prototype application testing. The application design and
development were based on the principles of Web Design Theory and implemented using MIT App Inventor
and Adobe Illustrator. The findings revealed that most application users were male (63.3%) and worked in
the private sector (61.7%). Their primary need was an application that provided comprehensive, accurate,
and reliable information about “Mutelu” practices at Wat Thung Setthi. The overall user satisfaction level
was rated as “high” (X = 4.51), particularly in the aspects of “accuracy” (X = 4.55) and “alignment with
objectives” (X= 4.57), which received the highest mean scores. This study successfully designed and
developed an application that aligns with the behaviors of digital “Mutelu” believers by applying Web
Design Theory. The resulting application demonstrated a strong User Experience (UX) — being easy to use
and meeting user expectations—and an appealing User Interface (Ul). The results confirm that applying
systematic design principles can directly enhance user satisfaction and promote sustainable application use

in the future.
Keywords: Mutelu, Application Design, Faith-based Tourism, UX, Mutelu economy, Digital Mutelu
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Abstract

This study investigated the effects of Thai river sprat fish powder (TRS-FP) supplementation (0, 1,
3, 5, and 10% w/w) on the textural properties, sensory quality, consumer acceptance, and nutritional value
of striped catfish fish balls. The results showed that the addition of TRS-FP influenced the textural properties
of the fish gel. Specifically, supplementation at 1, 3, and 10% significantly reduced breaking force; at 1 and
3% reduced gel strength; at 1, 3, and 5% reduced hardness; at 1, 3, and 5% increased expressible water;
and reduced whiteness of the gel compared with the control (p < 0.05). However, TRS-FP had no significant
effect on breaking distance, cohesiveness, and springiness (p > 0.05). Sensory evaluation of the fish balls
revealed that the 1% TRS-FP formulation obtained an overall liking score not significantly different from
the control (p > 0.05), but significantly higher than the 3%, 5%, and 10% formulations (p < 0.05). Therefore,
the 1% TRS-FP fish balls were selected for consumer acceptance testing with 100 consumers and for
nutritional comparison with the control. The results showed that the product received an average overall
liking score of 7.04 (moderately liked) with a consumer acceptance rate of 91%. Nutritional analysis indicated
that the 1% TRS-FP fish balls contained significantly higher protein, fat, energy, and calcium compared with
the control samples (p < 0.05). Therefore, incorporating 1% TRS-FP into striped catfish fish ball is considered
the optimal condition in terms of both consumer acceptability and nutritional value.
Keywords: Striped catfish fish ball, Thai river sprat fish powder, textural properties, consumer acceptance,

nutritional value
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thugaenns vauszusindmieUsansanlivedaunarsienssagluddmin 4 agslsfinig 1
Uananedareudiedi (20-25 vndelaniu) wazdsdinmswanndndasiiieiuyadinnuaaneaeutnaos
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DN15U04 [16]
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uift (60/90°C) (gaumnRimuutsusau + 1 ssmiwaidea) urluiifuuy 10 wit uesfuil 4 esmiwadea w1 Ay
neuthlUamseinmunIn
4. MAnTginuA IR IaMANBLALgNTUUANEY

4.1 M5inA1ANLTaLTaa (gel strength) YimauananeunaziiegseanainnszuenlansUaonady
luFaanuudausaanieindeeiadeduda (Texture analyzer) U TA-XT plus §%@ Stable Micro Systems
Uszinasangy Tagldanauuy spherical 5s sunadurinugudnans 5 Sadiuns naaslulusegisionniing
1.1 fadiuns/Aui Wuszezvng 15 Tadiuns Sarveausedilflunisanzyzg (breaking force) (n$11) uazsroENIs
v innaneunzq (breaking distance) (@adiuns) wdAnamauudusaa (n3ulwudiuns) mnuseliluns
1gNEq AsesTIzeTThiananeunzq imadou 5 dnsinganena [17]

4.2 ms¥alasesnemaiieduda (texture profile analysis; TPA) 4 aaUata@neuuIn 25x25 TaatunIwe
azseueannnszuanlavzUaenat n TPA feiaiesiaiileduagu TA-XT plus B¥e Stable Micro Systems
Uszinadsnqy Taeldvinansanszueniifiiduritugudnas 50 fiadwns (P/50) naasluludegafussozma
$ovay 60 vasarmgiluziuuraInIInaaesads feauiinad 2 feduns/Aud nrnnuuds (hardness) in
AuBaviu (springiness) uagANT5LN126 (cohesiveness) ¥nsmAday 5 $1radeg s [15]

4.3 MyIAAIAINY (whiteness) dlaadatansusaziegeanannszueniaveUasnatuluine CIE

L* a* b* AaeiATeeindsu Ultra Scan PRO 8%e Hunter Lab Usinaansgeiusni 41uiu 5 dwefietng udatly

v
v

AUIAANANNYINNUEATYDY [18] Aell

AUV = 100-[(100-L%) + a**+ b**]>
4.4 nsinenfesaznisgayideunin (% expressible water) finsiagraaataranelviduuin 0.5 x 1.0 x
0.5 WUAWAT WiIeR081958nI1aNTEA1ENTES Whatman No. 1 108319n58aunseaiuans 3 Ju fduuu 2 Ju
wanldguiminunsgiu 5 Alandu nesiuidunan 2 wiil Mndudalminleewsemadeon 4 sumia udaruiu

Aevarn1sgaydeivtnlagldans (15]
84 % o oy 5 o a IR o YY) IR A o
mgaydedivin (eeag) = Wminwaldsiunewiu-umdnaalusdundaiu)/dminmalusiutewiu x 100
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s TngAziuy 9 Ao vousniign uazazuuu 1 Ae liveusniian limaseuidluduiu 30 au (wuuliianzes)
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fndengnagniulamanedunn 1 gasdmiunsnuluduneusely Tnsfarsananuammagevaii
Fuilofufauaznansussiuguninnsssamduiavesmaaeuiialy Inefmusinasinisdadeniugnsid
AZULUANTEUTINTBIgNTUAaNTiRnUa T kagedian
5. Anwinseeusuresuslan

wAngniuaameiiiulariufmenugasiidadonldainds 4 dwau 1 gus thlunadeumssensu
vosguilnavhludiuau 100 au wuuliiianzas) Tnsasuamisiruadisldendnfas seiumureuseds 9-point
hedonic scale kaznsuausuransiugivefuslng
6. AnwpninnesgnBuUaEMeiAaE i ans

wAngnTulaETefiulaButanugasiidndentdainds 4 S1uau 1 gas ilvinsginuamlag
Wisuileutugniumanegnsnunu il

6.1 padusznoumaad WA anutu Tusiu luiy 1 uazenslulewnse [16]

6.2 ANANLYT?

6.3 AN MNI9gaTTINeN IHuA Uiinaqdunieanun [20] Baduassn [21]

6.4 wiauavmasie 100 n3u TasnsdiuInaIngns Alauansiredaagns 100 ndk = UiiulUsiuves
fegh (n51) x 4) + (Usnaluiuvesineds (n3u) x 9) + (Uanuanslulawnsn (n3u) x 4)

6.5 USuauunaidey nnuds [16]
7. MTIATWRToYaN9EdA

TNUKLMIVIAABIIUY completely randomized design (CRD) Tunsinwastiduidedudavoaaatan
47187 FUUa1 TN KATIILHUNITNAABIRUY randomized complete block design (RCBD) Tun1s@nwn
A NIUszamduiavesgniuUatans AinseinruuUsusiudeis ANOVA fissdumnudetudesas 95

(p<0.05) waztIouLisuARaslaedd Duncan’s new multiple range test (DMRT) @5UN15ANYINTHOUTUVDS

fuslaa dunanduanfesarludnudoyanly msveusundndue waznisdadulate ludveunanalunisde/lu

I
& J )

Fo AwaidurieuazlngTosarvetnnrawiarToA1LINAINNTUITIUIUAINDUVDINANAL UM TAILTIUIY
AmBUTIIVIA WAIRMAIE 100 drunsvageunuveuAInduAladswasAndsLuLInIgIY Y Tinan
veagnularaneiliuvardiniinalisuiisuiugniulaanegasnivnu LWsuieuAtadenigis T-test 9

seAutiudIAy O = 0.05

NaN15IBUAZBRUTIEHA

1. kavasUmIwdmsoaniiduiloduiavasaatarans
mi@mﬂm%’aLLf’hmaa'amaﬁaamﬂ’&ﬁmﬁaé’uﬁamaaqﬂsﬁuﬂmamaaéﬂaﬁﬁﬁé’wﬁ’ﬁymaaﬁa (p<0.05) Tu

suAussiilflunsinenzg anuudusasa wazAmmudseasataans egndlsfnu mstdsdandaudanals

danasiornszeymeiivhiananeunyg AMsined uazAmNEAnguTaRaTaNENY (p>0.05) HANSYIAGBUNNS

JnAnmudansaaa (Table 1) wui Aussilflumsiangnzavossatananeieganunu (Fosay 0) TAman

fign (247.56 + 31.14 n3u) Tsgendeatananefifinmaiiuanduinedesas 1, 3 waz 10 ognsddodfymaana

(p<0.05) og9lsfinnu nMsiBuUaTmimsiisosas 5 Truseiildlunmsaznzalduandrsainealatanediaedig

o

AIUAY (p>0.05) vauriiAmszvaiinnansunzgueaaaUatanelifinnuunnssiueedituddey (p>0.05) 7
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nnszRuMafinauiong tnefidegszning 11.89 - 13.20 fafuns dmsumanuudausaaa wui duualiy
wiloutuauseildlunsianznzg lnowavaraneiegsmuauilifimafuvaduies (Fovas 0) fidgean
vuefinmsfiuvandudnaiisesas 1 uazdovar 3 MliaanuudusisavesUaranefiaranasedefidodday
(p<0.05) uAnssintaduianeiifesas 5 wavdevar 10 fararuudusuaaliunndisainealananesiedns
AUAY (p>0.05) dMSUNANITIATIL TPA vealaaUatanie (Table 2) wul AanuudswesaUaaefieg
muAuilAgsga vrfinsfnvanduinedissiuiesas 1, 3 uay 5 iliaavaranedidieuudeanasogied
HodAgy (p<0.05) LLGiﬁﬂ"]ﬂ’NiJLL%QI&J'LLﬁm(ﬂ'Nﬁ]'mLﬁ]a(;f’JEJEJ'Nﬂ’JUQNLﬁ@LaﬂJﬂaW%’JLLﬁ’JNQﬁ%@ﬂax 10 (p>0.05) d w3y
Amamgiuazaudangu wui walaraedfinafuaduinmnseduanududuiienlduandneiu (o>
0.05) IngAINISINNEAEA5EMINe 0.788 - 0.819 UazAANEnvguilA1ag 581319 0.674 - 0.751 HAN1SNADY
TPA Tralllufirmafeaniuiznsinaianuudusaes

NnWaNsAaeazLiulidn mstinvadauindaiiesdussneundnidulusiu (Gevay 75.56) uaxiisn
weaBosluUangs (5,770 fadniusio 100 nfw) nadeaudiduiloduiavesaataariounndsiumssd
naidu lnsmaiuvarduissilfieadunldudusedldlunisieengg mnuudausaes uazanuudsanas
HANSVIAaeITt et udufusIBIIuTes Somijit et al. [21] fisneaunisTd soy protein isolate (TJUsAuandia)
uazk9Iamdn (cricket powden) (Usiuandn) Tunsusulgsnanmvanaalusiuang3fivan indian mackerel
fadulaniion laelusiuiaaesssnndisusul saudnvarvesaagiivauasiidnonwlunndudiunads
mihfnazidddaruinislumasdagidanvaniesld dedenuuanddindnoaieansinvedusiuuay
aadUsnounielureslusiufiunndiaty §eesdusznovvedlusiuiinadonsiiniuszaiianig q Tunisass
Tasathelealusiu (2] wasUTinamesasifuudsUssinvlvsiuiifuasUlunalusiudesdinumngay 9nkans
naapsansanstodungliin mafnardwdnsiunosas 1 Tuly dnarenisanasesmanuuiusaaaa
AL sresatatans MnuansmaaesiisAuLlustasanastauinniuUmEuiredosar 1 Sudud
thaulafegAnwuiudilueuianin mafsvaduindussduiinninesas 1 (1Wu $evas 0.25 u3e 0.50) 2y
danasioandAvonsastndls dmiumsanaswesddinaivessataraneenaiesaneynatandinineimini
\Juans functional filler melulasetnelusiu vilinsidesleaszuinduanalusiuanas uarlaswieiaagn
Favnauazuinanuanysal dwalifaaiinuudussdosas 22, 23] luvuriininAnvanduimsduszduaiiy
udugatu (Gosar 10) wut Aaruudusuaarasauudsdndifesiuieguaunu faderaduldininan
LLﬂaLsTjauLLazLLs'ﬁmSu 1 TunsUan@audavhuiiidu cross-linking agent Fasiadunisidesloavadlassadislusiu
[24, 25) wazayniavadaufnsdadunsuiienageduinianszuuiunindiaa (matrix gel) vililasstnelusiu
50U 9 puMATAMIMUMLLANNTY (matrix tightening) dwaliaadanuuddlndiAsiuiiogsmunu ogdlsfinm
nsinanduindduszduosay 10 dwalimusaildlunsignzquesaalaaneanasegaiidoddgmeaia

% o 1 4 <

Walileuiuaie819n3uAY (p<0.05) IngA1useildlun1siateneqiludiua¥innuudusswedlaseiomalusiiu

nelundndue daly nsanasverusiindnoainnmsivaduinsluUsinaugdidudavinmsiveules
sehdluanalusiu Juludunsuddgueanisiaunlaseieas vhlilassaiseanladannuudusanas Tusae

AR sRaalinuANILANA1991NEIRE19AIUAN (p>0.05) eilillosanAtAuulwsuaadudr Ay
[

PnuaRNTEIUTNITluNTENEauar srer s InnAnawnyy BulufmuUsfiasyiauniiniuiunIunounse

naLazsrernIsidejUvananaunlaseaiegniaty digwn i wlawseildlunisiaignegasidaianas
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wiszazyiiiaiananeunggliuandnsindogieauau dwalirianuudusaealasulsinansanuunneig
ogsdnlausuAsAUALsltlunsgneg dmivandRdmihiivesnsfusisssivlusAuifnisidaluea
TUsiuasiindunsisensng q loun sunsiSenszuielusiiutui sussisensewindusiufiulusiu uavsunsisen
sgwrialusiu-lodfu-dh Suegfurinvesanaifundsssnnlusiuiifuadld Ssdinadonuaivsvodassieieg
TUsfu Tnsansifuudauszianlusiuudseonidu 2 ngu éun functional binder wag functional filler &4
functional binder 9gH8LfinAANLIAUIEBULATANLLATEALEDUYBLRAYSH Yauzdl functional filler awifinen
mnsdudeuliandmseIoadeu (4] dmiurszegmaivhianadeunzg Annmed wazamudavey 3
Alaiumnsrsiuluynsgdunmainar@ufeg Ssaziouinlassairaaalusiuresaranedinsnunisinizi
wazanudangulaluszaulndifssiu wiinsfinvar@uiinsardmanonnunlusiwedag kagauudnny
Tasradana1nd i dandudmednanssnudernuvuiuredasemelusfuinnnitanuannsnluns

GEVIIENET

Table 1 Breaking force, breaking distance and gel strength of striped catfish gel added with different

concentrations of Thai river sprat fish powder

Percentage of Thai river Breaking force (g) Breaking distance (mm) ™ Gel strength (g.cm)
sprat fish powder (w/w)
0 247.56 + 31.14° 13.20 + 0.63 328.20+ 55.79°
1 183.38 + 29.84 " 11.89 + 1.62 221.79 + 64.25°
3 184.50 + 4.59° 12.56 + 0.53 231.99 + 15.00°
5 220.59 + 22.29% 12.88 + 0.81 285.59 + 46.61%°
10 206.09 + 17.21° 12.76 + 1.12 262.53 + 25.71%

" Mean in the same column are not significantly different (p>0.05)

*® Mean in the same column with different letters are significantly different (p<0.05)

Table 2 Hardness, cohesiveness and springiness of striped catfish gel added with different concentrations

of Thai river sprat fish powder

Percentage of Thai river Hardness (g) Cohesiveness ™ Springiness ™
sprat fish powder (w/w)
0 857.82+74.46° 0.819+0.062 0.711+0.104
1 708.15+55.23° 0.815+0.019 0.726+0.060
3 672.65+68.77° 0.801+0.020 0.751+0.042
5 762.18+26.41° 0.813+0.014 0.674+0.040
10 836.16+43.49° 0.788+0.005 0.708+0.013

" Mean in the same column are not significantly different (p>0.05).

*® Mean in the same column with different letters are significantly different (p<0.05)
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2. navasUa@aufansAanurauasarfosazmagistuiinvasaaUanane
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Table 3 Whiteness and expressible water of striped catfish gel added with different concentrations of Thai

river sprat fish powder

Percentage of Thai river sprat Whiteness Expressible water (%)
fish powder (w/w)
0 75.92+ 1.06° 16.23+ 1.99°
1 7354+ 1.00° 27.80+ 2.95°
3 70.98+ 0.88¢ 27.88 + 6.57°
5 69.16 + 0.53° 24.51+ 4.22°
10 61.06+ 2.77° 20.30 + 2.45%

*€ Mean in the same column with different letters are significantly different (p<0.05)
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0% TRS-FP I 1% TRS—FPI | 3% TRS—FPl | 5% TRS-FP | | 10% TRS-FP |

Figure 1 Striped catfish gel added Thai river sprat fish powder (TRS-FP) at different concentrations
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Table 4 Sensory characteristics of fish ball prepared from striped catfish mince added with different

concentrations of Thai river sprat fish powder

Attributes Percentage of Thai river sprat fish powder (w/w)
0% 1% 3% 5% 10%
Appearance 8.00+1.20° 7.75+1.04° 7.23+1.13° | 6.87+1.33° | 6.36+£1.49°¢
Color 8.03+0.99 % | 7.60+1.35° 7.00£1.33° | 657+1.61° | 576+1.65¢
Odor 7.50+1.43° | 7.03+127%° | 653+157° | 573+1.82° | 5.40+1.89°¢
Taste 7.93+0.98° | 7.47+1.43°° | 7.00£1.66° | 6.10£1.98° | 5.37+2.04°
Texture 8.07+0.98° | 7.53+1.43%° | 6.93+1.41° | 597+201° | 4.93+227°
Overall liking 8.07+1.08° | 7.76x1.10° | 6.93+126° | 6.03+1.71° | 5.10+1.86°

#d Mean in the same row with different letters are significantly different (p<0.05)
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1% |
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Y

ABLABULINNTT 20,000 U (5a8ay 26) 10,001-20,000 U (5pgay 20) kag 5,001 — 10,000 U (Segay 16) &4
seldnaifeuaannfesiveITnvasnaaey dmsunaniimaaauauyeu (Table 6) wudn duslaalvinzuuu
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wAnAnusivesivageu (Table 7) wuin fuilanlinnssensundndasisosar 91 wasdnduladodosay 80 iy
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Table 5 General information of 100 respondents in the survey on consumer attitudes and preferences

toward striped catfish fish ball added 1% (w/w) of Thai river sprat fish powder

General information Percentage
Gender Male a7
Female 53
Age < 20 years 9
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General information Percentage
20-30 years 52
31-40 years 14
41-50 years 21
>50 years 4
Education level Primary school — Secondary school 6
Diploma / Vocational Certificate 7
Bachelor’s degree 66
Higher than bachelor’s degree 21
Occupation Student/ Undergraduate student 48
Civil servant / State enterprise employee 28
Private company employee 1
Business owner / Self-employed 10
Others (e.g., Research Assistant, Homemaker) 13
Monthly income Less than 5,000 Baht 38
5,001-10,000 Baht 16
10,001-20,000 Baht 20
More than 20,000 Baht 26

Table 6 Consumer preference scores of striped catfish fish ball added 1% (w/w) of Thai river sprat fish

powder (n = 100)

Attributes Average * standard deviation
Appearance 7.54 + 1.47
Color 7.47 + 1.59
Odor 6.37 £ 1.94
Taste 7.04 £ 1.84
Texture 732+ 191
Overall liking 7.04 £ 1.84
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Table 7 Consumer acceptance and purchase decision of the product with reasons (n = 100)

Factor Percentage
Product acceptance
Accept 91
Not accept 9
Purchase decision
In the case of purchase 80
Because they wanted to try the product * 20.59
Easy to consume * 15.29
Nutritious and beneficial for health * 17.06
Novelty of the product * 20.59
Delicious taste * 26.47
In the case of not purchasing 20
Because  they disliked the appearance of the product 4
Unfamiliar with the product * 12
Unpleasant taste* a4
Fishy odor * 36
Unpleasant texture * 4

* Percentage is calculated by dividing the number of responses for a specific reason by the total number

of responses, multiplied by 100

Figure 2 Striped catfish fish ball added 1% (w/w) of Thai river sprat fish powder for consumer test
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Table 8 Quality of striped catfish fish ball added 1% (w/w) of Thai river sprat fish powder

Nutrition values and quality Average + standard deviation
Striped catfish fish ball Striped catfish fish ball added 1%
(0% Thai river sprat fish powder) | Thai river sprat fish powder
Moisture (%) 81.72°+£0.02 81.32°+0.03
Protein (%) 13.28°+0.03 13.90°+0.02
Fat (%) 0.14°+0.00 0.25°+0.00
Ash (%) 1.42°+0.01 1.40° +0.02
Carbohydrate (%) 2.46°+0.02 2.13°+0.03
Total Energy (kcal/100 ¢) 64° 66°
Calcium (mg/100g) 32.67°+0.58 121°+1.00
Whiteness 82.24° + 0.45 73.54° + 1.00
Total Plate Count (CFU/g) 3.57x10° 3.41x10°
dyuna
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Abstract

The thyroglobulin (TG) gene is recognized as a major candidate gene involved in regulating
intramuscular fat (IMF) deposition, a key determinant of beef quality. This study aimed to evaluate the
genetic diversity and identify novel polymorphisms of the TG gene in Thai Wagyu crossbred cattle. Blood
samples (n = 50) were collected from male animals to extract genomic DNA (gDNA). The target TG gene
fragment was amplified using the polymerase chain reaction (PCR) and subsequently sequenced to identify
single nucleotide polymorphisms (SNPs) and estimate population genetic parameters. Seven SNPs were
identified including g.164A>G, g.257C>T, g.335A>G, ¢.386C>T, .422C>T, ¢.537C>T, and ¢.552T>C. The
expected heterozygosity (He) ranged from 0.41 to 0.49, while the polymorphic information content (PIC)
ranged from 0.32 to 0.37, indicating moderate genetic diversity. The population was in Hardy—-Weinberg
equilibrium (HWE) (P > 0.05). The discovery of these seven novel SNPs provides essential baseline data for
future association studies with meat quality traits and supports the potential application of TG gene
polymorphisms as molecular markers in marker-assisted selection (MAS) programs aimed at improving meat

quality in Wagyu crossbred cattle.
Keywords: Genetic variation, Thyroglobulin (TG) gene, Wagyu Crossbred Cattle

Introduction

High-quality beef production constitutes a fundamental goal of the global livestock industry,
particularly in premium markets where superior sensory attributes such as tenderness, juiciness, and flavor
are highly valued [1]. Among the most influential factors determining beef quality is intramuscular fat (IMF),
commonly known as marbling, which significantly contributes to the organoleptic properties of meat [2].
The Wagyu breed is globally renowned for its exceptional genetic propensity to deposit IMF at substantially

higher levels than other cattle breeds. Consequently, Wagyu genetics have been extensively integrated into
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crossbreeding programs to enhance carcass quality and market value in various cattle populations [3]. In
Thailand, the premium beef sector has experienced rapid growth over the past decade, with Wagyu and
Wagyu-crossbred cattle playing a pivotal role in meeting consumer demand for high-quality marbled beef.
However, comprehensive studies on the genetic factors influencing marbling in Thai Wagyu-crossbred
populations remain limited.

From an economic standpoint, the incorporation of Wagyu germplasm into commercial beef
production has demonstrated notable profitability, with genetic improvements contributing to an 18-52%
increase in economic returns compared to conventional systems [4]. This evidence underscores the
substantial value of Wagyu and Wagyu-crossbred cattle as strategic assets in sustainable beef production.

Advances in molecular genetics have revolutionized animal breeding by enabling the identification
of DNA markers associated with economically important traits. Among these, single nucleotide
polymorphisms (SNPs) represent the most abundant, stable, and informative form of genetic variation across
the genome. SNPs provide a robust tool for marker-assisted selection (MAS), allowing breeders to select
genetically superior animals without the need for extensive phenotypic testing [5].

The thyroglobulin (TG) gene has emerged as a prominent candidate gene involved in lipid
metabolism and fat deposition in beef cattle. It encodes a precursor protein essential for thyroid hormone
synthesis, which plays a regulatory role in basal metabolic rate, lipogenesis, and adipocyte differentiation
within muscle tissue [3]. Located on bovine chromosome 14 (BTA14), the TG gene is positioned within a
quantitative trait locus (QTL) known to influence marbling and carcass quality traits [6].

Of particular interest is the TG5 polymorphism (g.-422C>T), located within the 5-flanking region of
the TG gene, which has been consistently associated with IMF accumulation in various beef breeds [3]. The
TT genotype has been correlated with higher marbling scores, implying a positive regulatory effect on
adipogenic gene expression, though the direction and magnitude of this association vary across cattle
populations [6, 7 1. Such variation is likely attributed to differences in genetic background, linkage
disequilibrium, and environmental factors. Previous research on TG polymorphisms in other cattle breeds,
such as Angus, Hereford, and Charolais, has further demonstrated breed-specific associations with IMF and
carcass traits, emphasizing the need to evaluate whether these relationships hold in Thai Wagyu-crossbred
populations. Including such comparative data highlights gaps in the current understanding and situates the
present study within a broader genetic context.

In the context of Wagyu-crossbred cattle, understanding the allelic variation and functional effects
of TG gene polymorphisms is critical. These populations often display enhanced meat quality while also
possessing considerable genetic heterogeneity due to breed admixture [3]. Elucidating the genetic structure
of TG polymorphisms in Thai Wagyu-crossbred cattle can provide practical markers for genomic selection,
facilitating the accumulation of favorable alleles that improve carcass and meat quality traits.

All possible genotypic combinations were observed at each locus, including AA, AG, and GG for

A>G; CC, CT, and TT for C>T; and TT, CT, and CC for T>C. Heterozygous genotypes (AG and CT) exhibited
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overlapping double peaks in the sequencing chromatograms, reflecting the simultaneous presence of both
alleles, whereas homozygous genotypes showed single, well-defined peaks.

Although the TG5 polymorphism (g.-422C>T) has been extensively characterized across multiple
cattle breeds and is widely recognized for its functional association with intramuscular fat (IMF) deposition,
the broader landscape of TG gene variation in Thai Wagyu-crossbred cattle remains insufficiently
documented. Previous studies have predominantly emphasized TG5 due to its consistent and biologically
supported relationship with marbling traits. In contrast, other SNPs reported within the TG gene have not
been consistently associated with IMF or carcass characteristics and often represent neutral sequence
variations without confirmed phenotypic implications.

Identification of additional SNPs in Thai Wagyu-crossbred populations therefore addresses a critical
knowledge gap by revealing previously undescribed or population-specific polymorphisms that may
contribute to phenotypic variation in meat quality. Assessing the functional relevance of these newly
detected SNPs is essential for determining their potential utility as molecular markers in future MAS

strategies aimed at improving carcass and meat quality traits.

Objectives
To investigate the genetic variation and identify novel polymorphisms within the Thyroglobulin (TG)

gene in a Wagyu crossbred cattle population.

Materials, Equipment, and Methods
Ethical approval

This study was conducted in compliance with the ethical standards for the care and use of animals
in scientific research and was approved by the Institutional Animal Care and Use Committee (IACUC) of
Kalasin University, Thailand (Approval No. KSU-AE-045, approved on May 1, 2025). All experimental

procedures adhered to national and institutional animal welfare regulations.

Experimental animals and sample collection

A total of fifty (50) 50/50 Thai Wagyu—Angus crossbred bulls, aged between 18 and 24 months,
were randomly selected from a private farm in Kalasin Province, Thailand. All animals were raised under a
confined fattening system and were confirmed to be in good health at the time of selection. For each bull,
10 mL of whole blood was collected from the jugular vein using EDTA-coated vacuum tubes to prevent
coagulation. The samples were immediately stored at 4 °C and transported to the laboratory within 24

hours for genomic DNA extraction.
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DNA extraction and PCR amplification

Genomic DNA (gDNA) was extracted using the PureDireX® Genomic DNA Isolation Dual Kit (Column
Based) (Gibthai Co., Ltd., Thailand) following the manufacturer’s protocol. The purity and concentration of
extracted DNA were determined using a NanoDrop 2000 spectrophotometer (Thermo Scientific, Waltham,
MA, USA). Samples with an optical density (OD,y/ OD,g,) ratio between 1.8 and 2.0 were considered

acceptable. The DNA integrity was further confirmed by electrophoresis on 1.0% agarose gels.

PCR Amplification and Sequencing

A DNA fragment encompassing the 7G gene was generated through PCR amplification using the
specific primer pair TG-F (5-ggg gat gac tac gag tat gac tg-3) and TG-R (5-gtg aaa atc ttg tgg agg ctg ta-3).
These primers were designed based on the bovine TG gene sequence corresponding to GenBank accession
number X05380 [8]. For the present study, the TG gene sequence used for primer design and comparative
analysis was derived from publicly available reference data, while the genomic DNA template used for
amplification originated from Thai Wagyu crossbred cattle sampled locally in Kalasin Province. The amplified
fragments from these samples were subsequently sequenced de novo to confirm sequence identity and
ensure compatibility with the reference TG gene sequence. Figure 1. PCR was carried out in mixtures with
a final volume of 50 L containing the forward primer (2.0 W), reverse primer (2.0 W), standard ready-to-
use 2xPCR Mix (25 ), DNA (4 HD) and nuclease-free water (17 UU). The PCR steps were carried out under
the following temperature conditions: initial denaturation at 94°C for 5 minutes, followed by 35 cycles of
denaturation at 94°C for 45 seconds, an annealing at 58°C for 45 seconds and elongation at 72°C for 45
seconds, then final elongation at 72°C for 5 minutes. The DNA fragment (537 bp) of TG gene were detected

on 1.5 % agarose gel after staining with ethidium bromine through UV transillumination as shown in Figure 2.

DNA Sequencing and SNP Identification

The specific DNA fragment (537 bp) of TG gene of each sample were purified and submitted to
Gibthai Co., Ltd. (Bangkok, Thailand) for bidirectional Sanger sequencing. Sequence quality was assessed
using Sequence Scanner Software version 2.0, and multiple sequence alignment was performed with
ClustalW implemented in BioEdit version 7.7 (https://bioedit.software.informer.com/). SNP positions were
identified by aligning the sequences to the reference TG gene sequence of Bos taurus (GenBank accession

number: JX090179.1).

Population Genetic Analysis

Genotypic and allelic frequencies were calculated for each SNP locus. The expected heterozygosity
(He) was computed following Nei [6], while the polymorphic information content (PIC) and effective number
of alleles (Ne) were determined according to Botstein et al. [9]. Hardy-Weinberg equilibrium (HWE) for each

locus was assessed using the chi-square (X?) test at a significance level of P < 0.05.
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Results and Discussion

A 537 bp DNA fragment of the TG gene was successfully amplified by PCR from the 50 Thai Wagyu
crossbred cattle individuals (Figure 2), prior to DNA sequencing. Subsequent DNA sequencing was
performed, and comparison with the reference sequence (GenBank accession number: X05380.1) revealed
seven single nucleotide polymorphisms (SNPs) in the TG gene of the Thai Wagyu crossbred population.
These identified SNPs include ¢.164A>G, g.257C>T, §.335A>G, ¢.386C>T, g.422C>T, ¢.537C>T, and ¢.552T>C.
(Figure 1)

To enhance the clarity and interpretability of the results, it is recommended to include
representative sequencing chromatograms illustrating both homozygous and heterozygous genotypes (e.g.,
AA versus AG or CC versus CT). Such figures would allow readers to clearly distinguish the single, discrete
peaks characteristic of homozygous genotypes from the overlapping double peaks indicative of
heterozygosity.

These findings confirm that multiple polymorphic loci exist within the TG gene region of the Wagyu
crossbred population, suggesting a considerable degree of genetic variability that may influence

economically important carcass traits.

Genotypic and Allelic Frequency Analysis of the TG Gene in Wagyu Crossbred Cattle

The genotypic and allelic frequencies of the seven identified SNPs are summarized in Table 1. The
analysis revealed that all loci exhibited polymorphism, with expected heterozygosity (He) ranging from 0.41
to 0.49 and polymorphic information content (PIC) values ranging from 0.32 to 0.37, indicating a moderate
level of genetic diversity within the studied population. Furthermore, all loci were in agreement with Hardy—
Weinberg equilibrium (P > 0.05), suggesting that the population is genetically stable and not subject to

selective pressure at the TG locus.
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Figure 1. Comparison of the TG gene sequence fragment from Thai Wagyu crossbred cattle with the

reference sequence (X05380.1). The alighment shows the position of the Forward and Reverse primers

(boxed) and the locations of the seven single nucleotide polymorphisms (SNPs) identified in the study

(SNP1 to SNP7).
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Figure 2 DNA fragments (537 bp) of the TG gene of Thai Wagyu crossbred cattle were amplified by PCR
prior to DNA sequencing. M: 100bp DNA ladder as standard
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Table 1 Genetic diversity of the TG genes in Thai Wagyu crossbred cattle compared with GenBank

accession number X05380

SNPs Genotype Frequencies Allele He PIC Ne x?
(N=50) Frequencies (HWE)
AA AG GG A G 0.47 0.36 1.89 0.72
g.164A>G
0.44 0.40 0.16 0.62 0.38
CcC cT TT C T 0.49 0.37 1.96 0.81
g.257C>T
0.36 0.48 0.16 0.60 0.40
AA AG GG A G 0.41 0.33 1.69 0.65
g.335A>G
0.50 0.42 0.08 0.71 0.29
CcC cT T C T 0.48 0.36 1.90 0.79
g.386C>T
0.38 0.46 0.16 0.61 0.39
CcC cT T A G 0.46 0.35 1.86 0.68
g.422C>T
0.44 0.42 0.14 0.65 0.35
CcC cT TT C T 0.41 0.32 1.68 0.71
g.537C>T
0.52 0.40 0.08 0.72 0.28
TT cT CcC T C 0.43 0.34 1.73 0.74
g.552T>C
0.48 0.42 0.10 0.69 0.31

N = Number of samples, He= Expected Heterozygosity, PIC = Polymorphic information content,
Ne = Effective Number of Alleles, X* (HWE) = Hardy-Weinberg equilibrium by the X -test (X ;05 = 3.841,
P<0.05)

The thyroglobulin (TG) gene has been recognized as a promising genetic marker for the improvement
of beef quality, particularly due to its influence on intramuscular fat (IMF) deposition, commonly evaluated
through marbling score. Marbling is one of the most important traits affecting meat tenderness, flavor, and
juiciness, and it varies significantly across different cattle breeds worldwide [10]. The biological function of
the TG gene is closely linked to fat metabolism, as it encodes a precursor protein for thyroid hormones,
which play a central role in regulating lipid metabolic pathways [11]. Several studies have demonstrated
that genetic variations in the TG gene can directly influence the accumulation of intramuscular fat, thereby
affecting marbling scores and overall meat quality [10, 11]. These findings highlight the potential of the TG
gene as a valuable molecular marker for selective breeding programs aimed at enhancing beef quality traits,
particularly in populations where marbling is a key determinant of market value.

Single nucleotide polymorphisms (SNPs) within the TG gene have been widely associated with
marbling scores, notably the C422T SNP in the 5 untranslated region (5UTR) and several SNPs in the 3’
flanking region, including T354C, G392A, A430G, and T433G [10, 11, 12, 13, 14]. Cattle with TT or CT
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genotypes typically exhibit higsher marbling than those with the CC genotype [15], though results vary across
studies due to breed differences, population structure, and sample sizes [16].

In this study, we identified seven novel SNPs within the TG gene. Mapping these loci in relation to
well-characterized variants, such as TG5, provides insights into their potential functional roles in
intramuscular fat deposition. Linking our findings to previous studies not only contextualizes these new
variants but may also help explain inconsistencies reported in earlier research.

The present study identified seven novel SNPs within the TG gene in Wagyu crossbred cattle,
namely g.164A>G, ¢.257C>T, ¢.335A>(G, ¢.386C>T, ¢.422C>T, ¢.537C>T, and ¢.552T>C, providing baseline
genetic information and potential molecular markers for beef quality improvement through marker-assisted
selection (MAS). While extensive research has established the TG5 polymorphism (c.-422C>T or ¢.422C>T)
as a well-characterized marker strongly associated with marbling and intramuscular fat content in multiple
cattle breeds [8, 10, 17, 18], the newly identified SNPs in this study expand the spectrum of TG gene
variation and may offer additional predictive power. Notably, several of the novel loci are located in
proximity to the TG5 site or within regulatory regions that could influence gene expression, suggesting
potential functional relevance. For instance, g.422C>T corresponds to the TG5 locus, whereas the other six
SNPs, located in both upstream and downstream regions, may interact or contribute additively to
intramuscular fat deposition. This observation aligns with previous reports highlighting the context-
dependent effects of TG polymorphisms, where genotype—phenotype associations can vary according to
breed, population structure, and environmental conditions [16, 19].

By explicitly linking these novel SNPs to established TG5 data, the present findings provide a more
comprehensive understanding of genetic variation within the TG gene in Wagyu crossbred populations.
Future studies incorporating multi-locus analyses or functional assays could elucidate the additive or
interactive effects of these SNPs, thereby enhancing the accuracy of MAS programs targeting marbling and
overall meat quality. Ultimately, the identification of these novel variants reinforces the need to consider
multiple genetic markers rather than relying on a single locus, consistent with recommendations for

integrating genes related to lipid metabolism such as LEP and DGAT1 in predictive breeding strategies [13,16]

Conclusion

This study investigated the genetic diversity and identified novel polymorphisms within the
Thyroglobulin (TG) gene in a Thai Wagyu crossbred cattle population. Analysis of 50 samples revealed seven
novel Single Nucleotide Polymorphisms (SNPs): ¢.164A>G, ¢.257C>T, ¢.335A>G, ¢.386C>T, ¢.422C>T,
g.537C>T, and ¢.552T>C. Population genetic analysis indicated a moderate level of genetic diversity, with
expected heterozygosity (He) ranging from 0.41 to 0.49 and polymorphic information content (PIC) ranging
from 0.32 to 0.37, and all loci conformed to Hardy-Weinberg equilibrium.

The discovery of these SNPs provides a valuable genetic baseline and potential functional insights,

as variations in the TG gene may influence gene expression and intramuscular fat deposition, thereby
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affecting marbling and overall beef quality. The observed moderate genetic diversity suggests that the

population retains sufficient variability for selective breeding, supporting the implementation of marker-

assisted selection (MAS) strategies to enhance carcass traits.

These findings underscore the broader significance of TG gene polymorphisms as molecular markers

in genetic improvement programs for Thai Wagyu crossbred cattle. Future research should focus on

functional characterization of the identified SNPs, larger-scale validation in diverse populations, and the

integration of these markers into breeding schemes aimed at optimizing meat quality and production

efficiency.
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Nitrogen: TKN) anaafnidu 34.20%, 34.85% way 43.35% nuasu aagdian pH Sn1susudaanmdu 19.67%
avteuliiiuisdnenmeesdusutudanudenuzndnlunsannissuaivrenindelfogaiussansam
uananil MUszdiumaasugmansnuINTEUINNIRINa AN anfuuNIsIRNIsvEEIENilaTosay 35
mifeiasieuliiiufatnenmueamsdszgndld wnAnasugiafanmyuiou-#i%er lumsitauinelulad
Awndeudsiuiifiannsnvenagnislivsrlonidulousuargpannsaulfesnedsiu

v v 6

AndAy: aufusiud, Wasnugns1, BCG Model, Lasugnanyulisuy
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Abstract

The management of coconut processing residues in agricultural communities poses significant
environmental and socioeconomic challenges. This study aims to enhance the value of coconut shell waste
by producing activated carbon (AC) within the Bio-Circular-Green Economy (BCG) framework, thereby
balancing waste management, local economic development, and environmental conservation. Coconut
shells obtained from community enterprises in Kalasin Province were subjected to carbonization at 700 °C
and chemical activation using phosphoric acid (H;PO,), followed by an evaluation of their physicochemical
properties and adsorption performance in wastewater treatment systems. The resulting activated carbon
exhibited an iodine number of 958.7 + 5.2 mg/g, moisture content below 5%, and ash content of 4.60 +
0.20%. Batch adsorption experiments (n = 3) demonstrated significant reductions in major pollutants,
including ammonia-nitrogen (NH;-N), suspended solids (SS), and Total Kjeldahl Nitrogen (TKN), which
decreased by 34.20%, 34.85%, and 43.35%, respectively. The pH adjustment (19.67%) further reflected the
capability of the activated carbon to improve wastewater quality effectively. In addition, economic
assessment indicated that the proposed process could reduce coconut waste management costs by 35%.
These findings highlight the potential of coconut-shell-based activated carbon as an effective environmental
technology, while demonstrating the practical applicability of the BCG model in promoting waste
valorization, reducing environmental impacts, and strengthening local circular economies in a sustainable

manner.
Keywords: Activated carbon, coconut shell, BCG model, circular economy

unin

nsiiugamvesdemansinuasifuuuimeddnlunsduadunsinuiasvgiomudsuazmsdinns
Auandonognedsiu Insmslugmauifimausgusnindundn Yaqudeannnssuaumadang1n iwu wien
urndnuaznzatuznini dngniislaglifinislusslond dwmaliAndgmnisdanisvezuaznisusosfimou
nsganlusgdugum 1, 2 matiawvdeianadudiunssuiumadeusuliAnuandasiyanigs wu diudy
T (Activated Carbon) Faduuumamisiineulandviaduasvsanasdaandon (3, 4 drufuiufaintanis
178 (Biomass-based activated carbon) iufangaduiildsuauaulesgrsunsvareiiosnndidunusi iy
W3Uge wazdlianuaunsatunisindnansuaivlivanvaleviin wilavievin ansdunss wazwenlandeluride [5,
61 Yanuideldmanisinuns wu Waenuznin nzarundu Dides viewdendine Wuingdvinsaudens
nAnauAuiudiosnilesdussneuvasnnsusuguazanunsamidluviesdy [7, 8]

uwiidnsudngutuiudanndenuzndnegldfunsdnuunegeiiies widwlngufissauding
Wand-afvesian innimslinneiluduasusiauardsuandeuuuuesdsan [9, 10] vazifeatu wumnanis
Wannegadaiuluszivyruvossemalneidasjatulugnisuszgndlduun@n BCG Model (Bio-Circular-Green
Economy) Faidunsevuleunendnvesiuralunisenseduiasugiagiudinimuagnissanismineinsesied

Usgdndnm [11, 12] ysannsuwdadinaniumealuladduinden wu nswdaauiududandanudeld Jadu
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@

wndlnnddnenmeassiensimuegnsdsduluseduiiui [13, 14] 31nuUSundnan uided

o

nUszasdLiie
Lﬁugaﬂ'wLﬂwmﬁaﬁqmﬂmiLLUigﬂm‘w%’n Tnansuanauiududniunszuiunsasusuluduasnisnseiumandl
pensaneanesn (H,PO,) samdenisuseiliuauiAnienenin-ladivowaniue uagn1snageulseansawlunis
Trimiudsnnuedefauasigury wiouivinmgifneamaassgmaniuas Auandeuoanssuiuntnan
TuuSunveuuafin BCG Model iiioas1snsouiumansdanimineinaudoiidlussfuguvuiidsu
nsfnwadadldumAn BCG adannuidonloaszuing iasugAadanin (Bio) nsvyuieunineins
(Circular) M33nwnaugadauindes (Green) uazduaduliiin linaiAswgiagiuguvuiianvends Wiinyan waz
atraeldlu Wi uluszosen [1, 3, 15] iielimsAnwridianudaaunasidussuy uidedaiiaus
\Homaseuaguitusiuuar A Aoty Mamuusanssufifades saontunsruIumMIAResiilY
TumswanuasUssduguandivesiutuiudaniudenuendn ndulsauenansidons euniseivneidedn
AertvantivesTaguazszaniamnistidniide aaveaudoduny ndeudoiausuuzuazuuinisnis

Uszgnalduuidn BCG Model Tuszdugusuiiveiiudngninn1sdnnisnineinsogedstu

TnUsraeRvensivy

1. levamuarfuusanszuiumandadiufiusiuiainiudonugnin tngldinetdaniseniveuluduaznng
nszdumaadl 1 elwlanandausifdant@nenieniniaziadnuuinsgiu American Society for
Testing and Materials (ASTM)

2. iefnwUsyAninmesufuusandenuendnlunsidatidsnnuadesddun s g
IneUSeuigumtaivniouwazyain suUnludeaia

3. ieUszifiudnenmmaasvgiatasdunadouvesnisiinssuaunsnanduiusiudludsegndldly
guvy MelduuAnasugiatinm-vyuisu-ade (BCG Model) Wisaisdiuuuunisinnisvonds

a8nagagu

FWAndunsive

1. NuUARNY wazn1siudlIag1e N1Tedaiunistufiud druativiu snee1watn SainnIwaus

Fuduunaumzidesisiunnuuasiiewldonuzninannguiamiagususiviunn fngAuildenuening gn
Twswnlssundsguneluiug lnevhenuaserauazanuaaliuis 7 Junewhlly dndegniiudaegneen
Uarfaduiu 3 Us (n = 3) lneiiufiseduiiani nansus wazduus auninsgiuves APHA [16] wislildmunuues

a

anminfiuviass sﬁ’aasm‘fmmmgmﬁu’tummwma&mum 5 dns waziiusnwifigamad 4 °C sundnazyiims
Ansesinielu 24 $2ls 1]

2. Yanuazgunsal Tanhundnie Wienuewdruts (nwmdl 1) Alfnnguiamisgusuluiuidnw
IngAugnyhamazenn mauaRlus 7 Yu udahinumiiungunssvung 2-5 faduns, mL Welitvunnasieaue
w3oafiofldldun i, 1deaueh batch adsorption A9aMLAKILNISADUTBUALLIATEIL ASTM D2850-09

ey ASTM D2867-09 [5, 7]
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A9 1 Snwazvasldanuendn Aiunisanwienautilunszuiunslndwuuansuauludg

3. MsudnauiuduianiUionuegnin nswdniuiududuseneusmedesiunauan fie
(1) nsasueulud (Carbonization) wWasnugninwseulignidgnumn (i 2) luan1ie
dfineendiau (@neidesndiaulussuutdosunn (Mndseduivinliiianisenlug) vilidanldqnlvd
wilAnnszuIuNIaaEiIeAISaU (thermal decomposition) unw) figaungi 700 °C luvian 2 T3l
P v a . & v ' Ao | a Y a
wialilaaudinn (biochar) Wesdu lnedneumalininaiiianisaanedivesiiwaglaauazivaglad

wieashdlassaiennsueunlanungugs [2, 3, 17]

a

A 2 dnuaenadugIuIng vesuiuiuRinGnINUoNUENITY

(2) n3nsEeU (Activation) anudinmiilagniiluugluansazate nsaveanein (H,P0,) A
LWNTU 30% laedionsndiu audinn: arsazane = 1:3 (weight/volume, w/v) wazisld 24 alus 91nuy
Fahlvsufigamgil 110 °C WileMdnAuTy nowazmla18nA3aN 600 °C w1 F3lus wieliin

lassasanguitanysal nsidenld H,PO, fitedfeansaasgnsuszAulilasuazilalandoudu [6, 9]

¥
wva A '

4. Mmyasgviandfivesnuiudud andfnugiuvesuiuiudindalagniasiziniuunigiu ASTM
D2854-09 wag ASTM D2867-09 il

e AAUTU (Moisture Content)
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e U3uaudn (Ash Content)

o AMIgagulalafiu (lodine Number) WieUszidluiuiiiiuazaussauznisgaduilewiu [4, 10]

5. nadeuUszAvsnnnsUTTmings nisnadeuldszuy batch adsorption Tastnindsanueideas
wazthidsangusudanin 3 sndufodmanes Uuns 500 mL warlddutuiudludnd 2 n¥u () doth
100 mL ¥mstegn 200 sousieun?t unan 120 wiil figamgfives sndunseuariinseiemnines NH,N,
SS, TKN Uag pH M1381m 331 APHA (2017)

ANUTEANBNINANTANIAAIUIUANANNNT:

' Co t
Removal efficiency (%) = C— x 100
0

el Couaz Cp Aoanuiduduvasansnoutazndinistrianueaisu (18]

AN 3 NISAUAIBEILAZNITILATIEINE

6. MIAATIEVINUATYIAANSUALAININGON AUNUNITNARRALHARDUWNUNINATYFAAAUINAINTBYS

o a

moAu AnFelnds uagdunuussnungluyuyy ngldiuimie Cost-Benefit Analysis (CBA) liveUsziiiuad1udue

v s

[13] HAEWSIMUANIATIEINERAMIY ANadY (Mean), 38 uunnnsgiu (SD) wae NMINAABY ttest Lilo

ASIVFDUAIULANA1VBIUSEANS AN A DU raIN1UIUR taelalusunsy SPSS

Nan15IveLazanUs1eNa

1. audAn19niennLazeiveIn Ui udus Nan1sIesizvautRvesa Ui utudannURenuE NS 1IwERA

v v P

Tu 919199 1 wunaudududfsiunsasueuluduaznseduimensaneanasn (H,PO,) igaumgil 600 °C dein
AU (<5%) USinaudiiles 4.6% waziiAileladu (lodine Number) W@y 958.7 + 5.2 fiadnsumensu (mg/g)
FeaglutiunnsgiuvesiuiuiudamunIngs (900-1100 fadnsusensy, me/g) MUTILUVES Gratuito [3] wae

Ahmedna [5]
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A15199 1 auURN19N18AINLALATYBI T UALTUANNER WA NULINGD

Parameter Mean + SD Standard (ASTM)
Moisture (%) 4.82 £ 0.12 <8

Ash content (%) 4.60 + 0.20 <10

lodine number (mg/g) 958.70 + 5.20 900-1100

¥
a =1

NafsnaNazieuIINTTUIUNIATEAUNIY H;PO, fgamgdl 600 °C dswaliAnfiuiiasimnzganazny
lardurleamaiiteiiunuausalunisgadu [6, 9)

Lﬁam%’wL‘ﬁEJ‘Uﬁumuﬁ’uﬁuﬁmﬂ*ﬁaﬂ%umaﬁu 19 nza1U1du (lodine Number =~ 820 mg/g) uagiuaan
F1alwe (= 700 mg/g) wuindufusiudaniudenusniniiuszavsninganit Ssaenadesiusenuues loannidou
et al. [2] fszydnileidoudsvosuzninianiugs dwmalfifnlasaieaivouiifiarunadosuazsnsurunidn
J1uuNn

2. Usvavsamnsthdminde Han1snagaun1seatulusEuy batch adsorption uandlu g 2 e
AmsfvesimunnenulugliuuAiadouasdnuidonuunagig (n = 3) wuhduisudanudonugndn
gusaanANafienan en NHo-N JUssdnsainnisundna 34.20% SS fusg@nsnmnisiitn 34.85% way TKN

HUszansnimn1sUnTn 43.35% way pH Uszansamnisuatn 19.67%

A15197 2 WaNSUNURULESMEaUNUTUATINAR NI UFBNUZ NG

Parameter Before Treatment After Treatment Reduction (%)  Discharge Standard t-value p-Value
(mg/L) (mg/L) (df = 2)

NH5-N 520 +0.11 3.40 + 0.08 34.21 <5 438.01 < 0.001

SS 120.00 + 3.60 78.20 + 2.80 34.85 < 80 20.39 < 0.001

TKN 9.00 + 0.25 5.10 + 0.14 43.35 <38 43.33 < 0.001

pH 6.10 £ 0.05 7.30 £ 0.07 19.67 6-9 1.72 0.12 (ns)

o o

HANITIATITYEY paired t-test WUTIAINISITMDS NH,-N, SS waz TKN anategaiiuddymnsad
96U p < 0.05 Vguzdien pH whziuungansiie wildwuanuuansseeeiitedfaynieada (p > 0.05) e
disutueutit uansdsuszansnmuasusuudlunisgeduansuadviuiide Ssaonadostunisinuaes
Natalia [6] 4 Rattanapan [9] M3s1eunauiududaniandusaduszaniamglunsanduaisluszuy
iy Batch Adsorption nsmilu nadnsiiaenadasiunuues Asadullah [7] inudndufusiudainnzainzni
fivszannwlunisgeadu NH,N 1#da 30-40% Tussuuthidsanmainens adusyavsnmssenatuegifurunng
w3y anudunsn-Asvesansazane wazsvagaIn1sdula [18]

3. sUsEluduIATYEAAnT LaTd suInd ey Wan1sTATIEMITuATYgMAanT LAz awIndeuves
nIzUIUNSAnauiNTudnud

e mamiATEERuUAUNIIAnIsTBERUI nsthFenugnimdeanduanliussTewilunisuae

v o

aunusTudanunsaanalgaelnesiulamnis Sauay 35.6 LoSsuiisuiussuuNISIANISVLLAL

v
o

neiidunasnannisanaildanesiunisiiusiusidiazauds saufeansanusunaveadeiidaairly
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o

f1dn Taedununsidaezifinegi 1,120 vindevileiu vauriduyundnisiidenugninunan
dufusfudanasvdenios 721 vmsonias
o nsdmeduiuiudquamgilusnUszana 100 vmdenlaniu annsoaiiseldiaiuede
Tiunguaulauszana 25,000 vnsied TnsAuinandidanisnanad syesnguiamaaguui
annsananauiTudldUszana 250 Alansusied efinrsanaingiadmiing 100 vindedlaniu
NafanaaeAAdaafUTIENUYeY Sulaiman [13] Aszyinssdnduduiudanugninansoandunu
nsdavendeuazaseneldnudadusinsveuluszuuassgiayuioulfesaiiieddy vonand n1san
Usnauudenuzndnfigninyiiaedsisannisuaes CO, Uszana 0.42 fusieUsevumu deaenndeafuiimane
994 Green Economy Aglsitiuian BCG [11]
4. myoAuTeraisagy nansdnunadsdaliiuinssdaduiutudanddenueninneldinge
BCG Model anunsanaulangviaifmanaiia asusha uazdwandouldesvasuiiu Tnsanizluszdugumy
inwasnssulunangiusenidsanievessumdlne aussaurmisgaduiildeglussaulndifssivanuisely
f19USENA 19U Gratuito [3] wag Budianto [6] M151891UAIN158A NHsN Uzanas 35-40% & 98 ududsnany
wanzavvensiiiudenusninduingiundn uenaint nadwsduandiiiuia dnenmussasughavsuiouly
sydugry fausaaieneliuazanuanssnudunadouniouty fidenndestuluamamsiauiegdidues
Uszinalngnnainsou Bio-Circular-Green Economy (BCG) Tisjdlimsdnnisveadenaneifunsnennslu 1, 12]
namilagagy wamsiduinendiuuin “anveadognineins (Waste-to-Value Resource)” uatlviidiu
Imsysanmamaluladniswdnauiududidiulung BCG annsadunalnddglunisduiedeunisdnnis

dunndenegedidulussauguvulneliase

d3Uunan1Ivnaeg

nansiteuandliiiiuin mmdandiufuiudaniudonuzninangliuuafe BCG Model iluuumisiid
FnanngslunisdnnisvondenanisinuasliiaUsslovigean valudf wsvgio dany uardewandou
nszuIuMsWanildnsmsuevludiigaumail 700 °C wagnsnsedusie nsavleanssn (H;PO,) dsualvlsniuiy
fudamunnas Tneden lelefuade 958.7 + 5.2 mg/e, ANLAUAINT 5%, uariiufinauinnin 900 m/e sﬁﬂaaﬂu
LNATIHNATIIUTDIUALTUALN TARNAINNTTY

wamsnagoulsransnmmstiimindennueidsssiiungy Tnsnsmaaesnisgadusaeszuy batch
adsorption (n = 3) nuiaAuTuFNUdenNENENasnanAafiwdnludeldeg1sdiusEansan Tag
NH,-N anas 34.20%, SS anad 34.85%, Wag TKN anaq 43.35% vauzdien pH fimsusuidasudaidu 19.67% wans
Tiifudadnennvessusufudandenuzndlunstdaindeldluseduiiifimela dawanismaaesi
aenndesunues Budianto [6] Ay Asadullah [7] Astenuirdduiudainuzniniluszansamgesiensge
Fuanssuniduavansusznovlulsaluszuutindewuuwund (Batch Adsorption System)

Tuinuasygransniskdn nuinsaidunuamseansuunmsinnmsevUdentsninliussinm Souay
35 uazaiengldledoseyusuUszana 25,000 vmsel Mnmsmieautusiuiaanmgs Seazviouliiuis

nsUszynalduunAn iwswghavyuieu (Circular Economy) TusyAuguwuldegnadugusssu Maduuimedanan
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aoandeiuLd1vingves Bio-Circular-Green Economy (BCG Model) i3jattiunsiiiuyarvmingnsdanim aug

AUNTAANANTENUFBAILINA DY

¥
o o

Tngasy 9Adeduduin nmsysannismalulagnisednauiududiiuunan BCG Model @nunsaiaiun
Jusuuuy (Prototype Model) wosn1sdanisnineinsmdefislussduguaununsnssuldogiedsiu faluds
wiadln LAswgia wavdandey nadwsilldannsodeseng mimundmnded (Commercialization) UazvggNa
TusgAudmiaviosziuulovisvesssmna iolasuainaasugiagusnaugiunseyinvdunndeusgiaiu

JUsII

AnAnssuUsznA

ATeilldunuatuayuan newuduaiuinemand Jfeuazutanssy (ana1) aeldsulszun
aduayuIIUYag1u (Fundamental Fund) Use9109udsvanas w.a. 2568 U099 4n13ne1den wdus & 378
yeveuUNsEAM AMzIIMmaniuazmaluladaunim unanendeniwdug Aldlrnsaduayuiuand wesle
waziesUFAnslumsiiumsidetes “msiuyanivesdonueninmenisiuwandunusudusiioly

Wudagadvarsuanylulidevedeiunsiy ¥orianwaug” audisaqaiwingd
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Abstract

This study aimed to develop the SmartMindKSU application for preliminary depression screening
among undergraduate students at Kalasin University and to evaluate user satisfaction with the application.
The research was conducted following the Software Development Life Cycle (SDLC) framework, consisting
of six stages. The sample comprised 200 undergraduate students from Kalasin University (Namon Campus),
selected through purposive sampling. The research instruments included a general information
guestionnaire, the Patient Health Questionnaire-9 (PHQ-9), and a user satisfaction questionnaire. The results
indicated that the SmartMindKSU application functioned accurately as designed, allowing users to conduct
self-assessment for depression. The system automatically classified depression severity levels and provided
appropriate preliminary recommendations. The PHQ-9 assessment revealed that 67.5% of students had no
depression, 20.5% had mild depression, and 12.0% had moderate to severe depression. For students
identified with moderate to severe depression, the application provided guidance and referral information
to the university’s mental health counseling services. User satisfaction with the application was rated at a
very high level (mean = 4.55, S.D. = 0.49). These findings demonstrate that the SmartMindKSU application
is an effective digital tool for preventive mental health promotion and can serve as a guideline for

developing depression surveillance systems within higher education institutions.

Keywords: Depression, Mental health application, PHQ-9, Mental health screening, University students
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5.2. MmsiAseinansUsuidunisduadnd oedu (Depression Screening Analysis) Tl U
Usziiu PHQ-9 fiysanmsegluteundindu SmartMindkSU Tnssyuuazdnaazuunsmdnlui@ (0-27

ATLUL) LAILUANARIULNE (A157199 6) A9t

A9719% 6 STAUNIETULAST

Y9ALUUY szAunduash nsudana

0-4 Laifinmz @ annzUnf

5-9 amsduaiuinies AsINHBULAEYINNAINTIUARIELATEN
10-14 Aduasiunans msyaRpviesufUinmaniiiew/e1a1sd
15-19 AMEFUATIADUTITUNT mswuiivgsuguamin

20-27 ANETATIFULTINN AITISUNISSNEIAINUNNETILT

waaziuuvoslfnugnminniiengidisadfdomssuu emanfesazveausdazszdunisduaih
wazld affiduius Pearson’s Correlation Coefficient (r) lal3suifisunuaenndessyvinamaUssiduainuey
walndufunsUssiunTemaiuguninds
5.3. Myinswnanuiianelavesldau (User Satisfaction Analysis) wuugeuniuauiianela
Uszneude 15 4o aseuagu 4 ¢y (5197l 7) Tén
1) anuazaInlunisldanu
2) eundlaveadlemuazuuuandy
3) MIDBNUUULALAINAINUVDIUDUNTLATY

4) Usglevisionisnsentiniinugun1nis
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o

1F1m91duUTEUUAIEASN 5 SEAU (5-Point Likert Scale) Iaglrirnaziuudaws 1-5 (1 = laifiudoe

v
o o

9871984 f19 5 = Wiudeeg19de) ntuthezuuuiliind o dieds () wer drudssuunig
(5.0.) wazudanamunasiaed

5.4. pseyvdeuAudeiureuniosle (Reliability Analysis) newhluinudeyasss laviinis
nageuaULdeiureuUasUnuANiwela Aunguin@nuidiuau 30 AU (Try-out) AuIauMIAY
Fudszavuearivesasounnn (Cronbach’s Alpha Coefficient) lie 0.91 wansinAsesiiefinanudesiu

g9 wnzausensidlunsidy

o Y =
A1599 7 SEAUANUTTNelR

Aade (X) sEAUAMUNIND TR
451 - 500 wnilan

3.51 -4.50 un

251 -350 runang

1.51 - 2.50 oy

1.00 - 1.50 tiouiian

6. ATIAUILEANTNINYBITEUU (System Performance Metrics) N5UsstiuUsE@NS AU Iua UnaLATU

SmartMindKSU léanaeinamadiauazinaudisnunisldau iieliinseunguinininugnieaensinaulagaIy

fanelavosdld Tneuvadu 2 dumdn Al

v
o

v
o A

1) A8 Tagunala (Technical Performance Metrics)H’a‘ﬁwfuﬂ'mmmqjﬂﬁawmisuu

Uszanananan1sUszlunMzduai lngAuinandeyataznaluSe uiiguiun1sussiluveadide vy

v
o A

Auguamdn lagldimgin (m3199 8) fall

v
v Ao ¥

M13199 8 FITTNAUYNADIVDITEULUTEIIANANANTUTEIUN I TLAT

ATIN Arasune gaIn1sAuIN AUVIHEVBIA
Accuracy mnugndaswesszuulunsuunsys TP+ TN AnBege svuuBaiunegnios
= yuwy TP+ FP+TN+FN
AmEdumslagnees 1N
Precision Anuusiug1vessruulunsuungin1e TP A8 vanefasyuuiinlg
= yuy TP + FP o
Fueligneos wiughga
Recall (Sensitivity) Auam1savasszuUluNIsnTIIN UL TP A8 YINERaTTUUNTIANY
= ywy _w TP+ FN oA vy w
AmEduailansuiiu nauidesliasuiou
F-Measure AANANRASEWING Precision uay Recall 2 X Precision X Recall  {ijigusuifiudsz@vsam
Precision + Recall
1AYTINVDITEUY

RMSE (Root Mean A1ANUARIALARDULRAYSENINIATISTUY

Squared Error) ATUIUNUAIDI

A8 unedaszuurungle

1
Iy — 532 va i A
nZ(y’ ¥ TndlAgeAa3eun

v =

T InantaleUsyiiuaNULLug19895e UUIUNNSTILUNNETULAS WU BIAY Ingnannays ol
Accuracy Wag F-measure 1A 85% Wwaz RMSE fnin 0.10 wislvsiulainssuvanunsaldaulaaialu
AREUI [14]

o

2) %

@

B93589 (Usability and Functionality Metrics) 14t aUseifiuaufisnelouas

ANUVLEANYDITTUUIINYNNBR ] LU TagasauaquriuAuasaInlun1sldau amudilaves
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\evn MseenuuvdRadedly warUstlevddenisnsentdnImuarninds (andlunisai 9) Fauumng
nsUseiiiudananaennfodiuIITea UM IiRkaz Ussluleundinduguamdnuuaininlnuvsly
waganaussing [6,19]

M19°99 9 UsiiumuienalalasAUMNIZANTRITEUUINLNNDIL LY

v a a ad o 4
AuNIsUTELIIUY IYaTLRYN ebikeld] imnanlana

Functional JLUUANNIONBUALDIROAIINADINTVO I LY WUUARUAIN 5 S¥AU  ALade 4.01-5.00 = AN

Requirement Test

Functional Test sruvannsavihauldasunnitaidu NngaU Black Box Hunnnsainaaey > 90%
Testing
Usability Test Anudesenisldnuwazauidilavesdlyd WUUEOUNIL 5 ¥ Alade > 4.00 fednd
Accuracy Test Nan15UsELUINSEULdBnma oI UN1SUSELU DA Pearson’s Andudszans r > 0.80 fa
Mnideny Correlation donAden

7. NSOULUIAANITITEMTHAMUILBUNEATY SmartMindKSU m'ﬁ%’aﬁ%ﬂsavLLmﬁmmﬁ%’aﬁymwmi
sEMINAINIIATNeLAzATTUIUM ST AU S UV Saume L el sfauiue UnAlady SmartMindkSU
farugniesiduddsinisiugunindnuasdumeluladiavia lnsnseuuunfansiseussneudsesdusenon
vdn 3 @ 1A uuIANYNIERIne nszUIUNTTRNTEUL UaskadnEMTIdy Fauandunini 2

nseURIAANINInINe vesuidedondeuuiAnves nuau A lanazngAnssy
(Cognitive Behavioral Therapy: CBT) #se8unginaneduainisitesiugiuvuanufnuaznisiviideay s
pszninfiieatunnudn o1sual uasnginssumesnuesdaduiuguddglunstiostunnedues uunfn CBT
gnihunUszgnaldinunslduuuussidunnasgiu PHQ-9 wieaelsildnusuissduanudswugunminues
nuesluszoziFusy

LoUnALAT SmartMindkSU vhwmihiliduunasve suguandndavianideuleauuannisdninen

o

funisldanuasslugvuuuidnne fldanuamsavsadiunizduasliiuaunsaliunioluusiwes ssuvee
Uszanananzuuudnludh LanITeRuAINTULSITOIN1IETUAT warlveuuzndosiuiimngaususesumiu
‘s Tnoddsdsmnudrelumsldonu amunudui wazanuaendovestoya Tuifshumaluladansaua ns
WAL UNBLATUANLTUAITIUNTZUIUNTHAIUITZUULONALISIUY Software Development Life Cycle (SDLC)
FaUszneumensTIATIRATNABINTG N1TDNLUUTEUY MIWALN NMsviadey NMIUsfiure uagnsUsuls e
svuU nszvaumstanamtelinmsitaussuufuluegraduduney andefianatn wasfiuauaissvouey
WALATU HASNSURINTOULUIANNITIBAZNDUNIUNTUTHIUU AN SN MU IO UNELATY SmartMindKSU Tusu
ANNYNABIVBINITANNTDINIETNATT Audanelaverldanu warnisduasunsnseniindouavandnlungu
Snfnwuminerds nsevunAniuandiifiuanundonlowdesruuseniaunAanadaing nsruIunITAIL

JEUU wazraansn153ve Jaduiiugiudrfguesmsiauseundiduliasnsatluldnusisldegianungauy

Nan1538LazaAUIENa
1. Han15UseuN1IETULASHUDIRUMBLRUNRATY SmartMindKSU A15USEUNMERUAES 1L U 99 UV
UnAnwididunseiuueundiadu SmartMindkSU @9ysaunn1swuudseidy Patient Health Questionnaire-9

(PHQ-9) Al¥fuagunsranelagasdniseunsislan (WHO) seuvaglldnaumaiudiuiu 9 ¥o lnsudazdel
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SYAUALLUU 0-3 INNUUTTUUITUTLUIANATINLALLUANATEAUNILTULASLALDHLULTR WS oL LARIAILUL LN

v v

Uewiumunansiuy nquiiog1sianun 200 au viuuudssiviuannsalniuludiaiou nsngiau-aanau 2568

nan1sUszLiuLanslunsei 10

[ wudAamvdadnen |

Cognitive Behavioral Therapy (CBT)

¥

nsas=KUN$AWAQ-ISUNd

¥

uuvuus:10u PHQ-9

¥

uaUwaindu SmartMindKSU
(Digital Mental Health Platform)

[ nszudumswauuis:zuu ]

Software Development Life Cycle (SDLC)
(Requirement =p Design =p Development = Testing = Evaluation =p Improvement)

waawsnsive
- ADUQNGRVUIMSAONSDY
- ADUWOW(oUDVL]TY
- misas:Kanggumwda

AT 2 NTBUBLIAANITITENITHAILILBUNALATY SmartMindKSU

A15197 10 Nan15UsEiuN1ETULAs L UIRuvRIunfAnw

sEAUA1ITTULAE 429AzIU 11U (A1) fowaz
laifinzduas 0-4 95 47.5
Aefuadudnilen 5-9 60 30.0
Ameduasiuiuna 10-14 30 15.0
AMeBATIADUTITUL 15-19 10 5.0
AMIEFUATITULTEN 20-27 5 25
34 200 100.0

NMFAATIEMBENVDIHANTUSELE
1) wnlililaesinvesneduaiannuansuseiiiy wuidiiswdnlngiinngdnlasglussduung

WiaTuasuantossiuiu 77.5% Feasiioufunnrguaminleiallvesindnwiluszau “Uaonsty”

'
1 a

agslsinu dullnquiidiuuiliunnzduediluszau Yrunansdegunsann 9w 45 A (22.5%)

q

Fanadudndrunnislasunisfinaueearaiies
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2) nswisuidfisunemenmaessidudy wuiwevdaiazuumaie PHQ-9 ganinergegng
ffedndaymeadd (p < 0.05neAwnAsAzLLY PHQ-9 vounavdavindu 8.24 + 3.97 vauefiwame
Wiy 6.89 + 3.21uansbiiiuiinguinAnyivdediuunlduanunieawasainaidnniagend

3) miﬁi”lLLuﬂmwﬁ‘;ﬁJmiﬁﬂmwud’mduﬂ’ﬂﬁﬂm%uﬂﬁ 3 uasd 4 ﬁLLu’ﬂﬁumw%mﬂ%’mmﬁqm
(Aads PHQ9 = 9.31 + 4.02) WawnidudefifinsznsSeuwasmsinUszaunisalivndn Sadu

Tadensgiuauonsualiasanuasen (13199 11)

A15197 11 AledglavdudonuunInggIureAsiug PHQ-9 Junaututnisdng

T anade (X) ei'aulﬁmwummgw (s.D.) szRUAIzRuAELRaY
1 6.45 3.02 Uni-Lantos

Y2 7.21 356 1aniey

U3 9.11 3.92 Uunan

Ua 9.52 4.17 Uunans

F2uRd 8.07 3.67 antfas-Uiunans

MATIZRRLAZLLLTIY (PHQ- Total Score) AaAsAzuLuTIUDINGUF R avInfD 8.07 + 3.67
azuuuagluseiu “nnsduadudndesfisuiunas” faenadosiuuunliuguandnvesin@nwinelurimas
anunsallein-19 fvansauise 1wu

o AnumeTon Anduan msfnsluiiasisaey uastedoiifAsatedlundudndnuiuminends

Tudszwmelnenaaladn-19 [21]

e Prevalence and Factors Associated with Depression in [22] $1891U8# 51012 ULAT1UIUNA19ES

suusdlutng 20-30% vesngusiegns ddlndidestunanisiseluaded

2. Han13UsELIUAINYNABIVBITEUU (System Accuracy) Wi aUszLiulss AN nmvaanoUnadiady
SmartMindksU Tunsnsraaeuameduaindowiu §ifeldhnmmmeasunnugniosesszuy TnsTeuiiouna
mi‘diuﬁumﬂLLEJ‘tJWéLﬂ%’uﬁumamiﬂizLﬁuimEJQL%EnmzyﬁmqmmW%mﬁmw 3 578 (Sample Validation Group)
1958 Tamaadd 1aun Accuracy, Precision, Recall, F-Measure, kag Root Mean Squared Error (RMSE) Wiodn
ANULNUE A ANUEAT HTVRITEUY

3. wan1siisuifisuseninsssuuiasfieavgy anmsisuifisuaziuy PHQ-9 fidualngszuy
SmartMindKSU funaanglievgy nuirianuaaiaedeuadedosnin 1 avuu uasdualiunissuunsesu

aeduas lUluianiafentu m1519h 12)

M15197 12 MaUTeuiflgunanzuuy PHQ-9 5¥1inessuy SmartMindKSU wagiiieisgy (n = 3)

. Expert Expert  Expert Anadean AR A15AWUN
a1y o SmartMindKSU , o o
1 2 3 ARk h] LANAIY LAUNTINY
1 8 8 9 8.33 8 0.33 v
2 10 11 10 10.33 10 0.33 v
3 15 15 14 14.67 15 -0.33 v
4 6 7 6 6.33 6 0.33 v
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.o Expert Expert  Expert Aadzan AAY A153UUN
a1y o SmartMindKSU ) . .
1 2 3 QL‘UEJ’J‘?HEQ LLHONANIY ITAUANIINUY
5 12 11 12 11.67 12 -0.33 v
6 5 5 6 5.33 5 0.33 v
7 9 9 10 9.33 9 0.33 v
8 14 13 13 13.33 13 0.33 v
9 16 15 16 15.67 16 -0.33 v
10 7 8 8 7.67 8 -0.33 v
Anade (Mean) 10.2 10.2 10.4 10.27 10.1 0.17 90%
drudeauy
3.77 3.44 3.37 3.53 3.48 0.26

4nsgu (S.D.)

HansiUSeuiunuinssuvansakunsERuasdueilansaiunave sl e v Sevay 90.0 uay

a

fiAnAnuaaaARauagY (Mean Difference) iy 0.26 Azuuu tegluinmueingeusulinuunnsgiunismaaey

aa o

#oUARISNGUN NIRRT

v
v v a

4. AAIAANLYNABIYBISEUU (System Performance Metrics) afuinamainniunaiinandeya

Wiguiiey wudrssuuiiuseansamegluseaugs dwanddunisied 14

v
Y o a

AN5197 14 AT IAUSTANSAINVBITEUU SmartMindKSU

§a¥¥n Andile nsudama
16U
(Metrics) (Value) (Interpretation)
1 Accuracy 0.89 EEANTGPRHIGIELEAR mmsafﬁwLLuﬂmas%mLﬂ%ﬂlﬁmaﬁuéﬁmmzﬁu
TEAUG
2 Precision 0.88 iwummmf{hLLumﬁﬁﬁmas%mm%ﬂléfas}wumjuﬁﬂ fifeuraadou
i
3 Recall (Sensitivity) 0.85 szuumsradunguidesldasuinu dmmihlunisdansesas
4  F-Measure 0.86 sruuiimuaugasznisnuiiuguazanublunisesadu
5 RMSE 0.08 ANALARIALARDUANIIN WARIEIAIULILETBINTAIUIAT ALY
(Root Mean Squared Error) PHQ-9
6 Pearson Correlation (r) 0.87 (p < 0.01) mamiﬂssLﬁueuaaswuﬁmmﬁuﬁuﬁ‘rﬁamﬂqaﬁuﬁﬁmmfg
7 System Reliability Index (SRI) 0.82 szuuimnunindetiolnesaluseauiivn
8 Average Response Time 1.25 3un#l srUUUssnanalavlansualasnsa wangiunsldnuais

PINNANITAIUIUAITIAVTINUA WUIIT2UU SmartMindKSU Huszdnsamluszau “Auin” (Excellent
Level) Inadian Accuracy = 0.89 Way F-Measure = 0.86 Fauansiianiua@nnsnvesseuulunisduunszaunig
Fuahlagndeuazauna uenanianuaaiainiion (RMSE = 0.08) ag/luinmueian uandfiensAuIuazuuuns

AMLLINENEY AANENTUSTEMIINaINTEUUA UGy (r = 0.87, p < 0.01) wansliiuinnanisuszidiuves

U

o o o =

szuvinnliuasaadasiunsidadevesiieinyetaiteddynada feeudufsmnugniesvesssuuAnnses
Ameduesitosnuludanadin
5. wan1sUssdiuauianelavewldnuneundiadu SmartMindKSU anngudiegnetin@nyidnuau 200

Au nuIldnulisgauanuianelalaesineglusedugs (119199 15) Inenisusziuasounqu 4 druvan laun
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AanuagaInlunsideu anudilaventeomuazuuudseiliu n1seenuwuvdiuinsiorld uazUsylevisianis
nsgniniuarn1sduasuguamdn nsulananzuuuldinaeininsidmlseanuAUUaATN 5 sedu lngaziuy
wageglugae 3.51-5.00 Faazvieuliiuiueundinduipnumunzausonsldnuluguuewesld wavause

atuayunsAnnsesnsduailowuliag1aiusedvann

M19199 15 Anedeuavdiudsauunnnsgiuvesnuianelasieds (n = 200)

Y. - Alade drudisaiuu FTAUAIY
anu s18n15UssLiiu _ -
9] 21035374 (S.D.) wanala
it 1: avwazaanlunslinu
1 uaunaiadufafeuazdldaliie 4.68 0.41 wniign
2 NNIUARIHARAZN TN UAUDIVBITTUUTING 4.63 0.44 wniign
3 nsnsendeyauaznaunuuysdiuhliasain 4.64 0.47 wniign
AedeTausuil 1 4.65 0.44 wniign
Faudt 2: eandlavesdlemuasiuuysdiu
4 maulukuuyseidiy PHQ-9 1ihlade 4.52 0.50 Nl
5 FEUUAUIUAZ UL LARINATALIY 4.45 0.53 1N
6 Asugth s sUssiiuivseleoviuazimvngay 4.43 0.51 tly
Aadssamiui 2 4.47 0.51 N
fudl 3: MIBENUUULATANNMBINTBOUNALATY
7 nmsdanaayuaslasaionhedusaou 4.51 0.49 ly
8 AfuvSauasiadnuseude auem 4.46 0.45 N
9 sUuuuniinuasdydnuaiienuminelds 4.50 0.47 1N
Aadosamdui 3 4.49 0.47 Ol
suil 4: Uselemirenisnsyviinduazdaaduauninin
10 waundiadutelildidnlanmesBuaunntu 4.55 0.48 wniign
11 weundindunseiulvigldviunldlaguandn 4.52 0.49 1N
12 Foyauazuuzihansaillgldiass 4.49 0.50 N
13 szuutglsilimsusziuanudssomuies 4.51 0.46 1N
14 FEUUANESUNSNTIUENTauN NN 4.47 0.52 N
15 fldsianuiilaarlinudviouusilnsu 4.55 0.47 wnilan
AuadsTaudui 4 4.52 0.49 1N
AaAEsMaRIA 4.53 0.47 11N

NFIATIEATERRVDNANITUTERIUNANTIATIwRTayanU

o glduiiauiimelalagsilusedu “un” (X = 4.53,5.D.= 0.47)

e Fuildsunzuuuadegaiian fe “anuazainiunisldan” (X = 4.65) sesawunie “Usglovisions
asgntnIwazduaiuguamdn” (X = 4.52)

o Auildnzuuuadodosfiaaudsogluszdy “un” fo “arudlavendomuazuuulssiiv’

(X = 4.47)
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« fumnuazadnlunisldary (Usability: azuuulad ogadn (4.65) uansliisiuiueunaindu
SmartMindksU gneanuuulildnudisannsafnsuarldauldlaslidudou fsaonadastundnns
DONUUUTTUUAUNNARAGTaTIIL “User-Centered Design (UCD)” wavdenndesiunan1sinuves [2,6]
Anenuhigliliazuuusnueuazaingsgaiduiiu

o summudilaveaidon: {lilirsuuueds .47 Geglussduinnuansiuuuyssdiu PHQ-9 Awdaudu
szuvAtvadinsdimnuitiladeuasssuuhsdnaazuuuta uansiuzh g laléR

«  FNUNMIDONUUULATANNENBIN: ANAY 4.49 uansiueUndinduilinuduassuuuuiimnzaiungu e
tihAnwdsaenndesiundn UX/UI Design dmunguionnvy

o duvsglevidequaindn: fade 4.52 uandliiiiudn SmartMindksu Haelsiflinseniniuazidnlane
Fuesnntulasiamlunguiifuuliunnsduaiudntes-Uiunans faamnsadidnisgualdiiiu

n15398:309 MaiauILUNAIATY SmartMindKSU dwfunsindeuanisduaindostulungudnng

uvingndonmidug Tmquszasdiitomuneiodiofiviadmiudnnsosmnzdunainfiazain wiud) uasianzan
fuiunmesantiugau@ng nansidenuiueundiedy SmartMindkSU annsavhaldosiiszansamitaly
aumadauazn1sldnuase gldnuaunsadfsuudsadu PHQ-9 lahe ssuudsviianansuuusnludfuay
uansHadnsndousuuzindasiussnadaiau Preandedriaresnisliuuuussdivluguuuunssasuas ifiunis
dhdsnsfansesgunimdn mamsUssdunmefuesidesiuvesindnw 200 au wuiifesay 22.5 Samefued
Tusgdutunansfieguuss ddlndiAsafuaniunisalsefulsema agvieuliiiuindnAnwifinundesuauninida
Tusvdufimsldsunaihee Tegaduszuu Tasomelungumandgauazindnusuluaeftunldunngguai

g9n31 wan1sUseiliuUsednsarnvesszuuunansliiiudl SmartMindksu daugndeseylusedvas finiu

'
=

aonAdosiunsUssiiuvesiBeivy waslidmiunainndousin Sseglunasiinnsgiuesszuuguaminadia
Tugunsldau gliianuiianelalagsiegluseduiin lasanzannuazainlumsldnuuasuselovdsans
nszutinddugunmdn nadnsiananasioufimseonuuussuuiidildelfifuaudnans uazaduayunisseuiu
waluladaunndnddvialuusunvewming gy

aa o o

Tngasy woundiatu SmartMindksU Wupsesdlefdvianiidnaninlunisdansesnrsduadilowuuas

duasugunndndelesiulunguinfny Usslevivesnideaseunqunatinfiny) 1mIngnds wagniieauiu

Y o v ¥

guamdn agslsiniu Aeididediinduveuwanguiiegisuazanvay n1snyIuganies dmsunis

'
[ v A

Figlusuanaisretens@nwludiaaidudu iunsinaiunaszere wasiaundaulesssuuduaug

A USnwguamdn saudansussendlilyanussivgiiiosnseaussuuinse sgunindnlusuian

AnRNIsUUTZNIA

H378v8NTIUVDUNTEAN UM InerdenIudNs Niinsaduayuiunineinsuazlaseasiaiiugiunig
walulagansaunanaanszeznain1saniduanide viuds auginermansuazmalulagavnain Meiloaniun
wargunsalluiesufuinisdmsunsiauItasnageuss UL UNAIATY YBTBUNTEAMANIINTENUTNY LAY

ANTIRaANYing NV Lugdndannisedssaiiios NvnukwIRamanaia nsUseiliuwuugeuniy PHQ-9

'
=

warN1TeaNLUUTEUULENTETIguAmAnAdva JelldiudrAgysdennuanysaluazanuiieioveseuniindy

]

SmartMindKSU #338v00unutind e a1 ing1den1udus nidnsiun1s3euasnaaauszuudiuiu 200 Ay
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stoyanazdolausuuzvomnviiudnuaieg1ad swonsuivlsaaswaussuuliimnzauduusunves
an1tiunsfinenlng wenain veveunmifervigdugunminainlsmeuiantidusuas e udiy
amsuguimin Aldmsaduayudunisnsasseuaiugniesesuuulstiiuuasdofniudaindn qaved
yauouUn Ll ous windTonazaiuayunnyitui ddiuswlunsiamut senuuy uazimeunswoUndiady
SmartMindkSU gadusiunuuresszuudansesqunmindsdostuiiannsavenenagnisldanulussfuanidu

WYY waeeuInIsgunluswanliog1addy
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