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(Zingiber cassumunar Roxb.) waz@1sanauafud (Piper retrofractum Vahl.) dnsiiasizviaemnaia Gas
Chromatography-Mass Spectrometry (GC-MS) wuinasanawmialnaiians (E)-4-(3,4-Dimethoxyphenyl)but-3-
en-1-ol aglunguiliiadafiuess dumsafanaiuasians Piperine aglungudaniased desiqndunisdniay ns
nageuUasddynuI arsanamitlnadaiusunaaisitueinsiuuazarsalivesdsinasgn 185.95 +
2329 mg GAE/g Wag 217.80 + 30.53 mg QCE/g Amd iy Hansnadeugvisiueyyadass MeTBnmsvageunis
Minayyadase DPPH uaz ABTS wulansafanaiuaian 1Cs, v 109.04 + 2.33 uag 102.61 + 0.50 ug/mL
pudU vasziiansadnmiilnaddnsnadeuanuaunsalun3idindndeis FRAP gean 519.24 + 10.47 mM
Fe?*/mg ﬂ?ﬁ%ﬂaaquéﬁﬂumiéjﬂLﬁUWU’hﬁWSﬁﬁIﬂNaaﬂﬁﬁﬁ’l ICsp ﬁi"’rﬁ'qm 12.89 + 0.61 pg/mL dwmsuiaayulng
i 3 g0 wulRaasananafuaiusEansainidn NO gean WaneULaT N INSNAABUAINLAI (ICs =

aa v

16.18 + 1.02 uag 15.05 + 1.41 pg/mL, P>0.05) ns@nwriluansliiiuinasadananuaddnaanlunisdnums


mailto:pranee.si@rmuti.ac.th

:" I9 12 230N 1 403NN - Fawiun 2569 2 1,918, inaln. RIBLIRENNILALTE

a o 4

Y aa Y a va £ Y X 1Y v N = 9 &
snuaund uazansafianadlnauasfudilvilignsdunmsdniauifunnansadamitlnaiey Jawnsaiaundy
waayulnslinmeweniieussimmssniau saudadudeyafiugrudmsunsideniadinluswan

a v o

AdRey: lna AUE dusyyadase Aumsdniau Wwaayulng

Abstract

This study aimed to identify bioactive compounds, evaluate biological activities, and develop herbal
gels from crude extracts of Zingiber cassumunar Roxb. and Piper retrofractum Vahl. GC-MS analysis revealed
that Z  cassumunar contained (E)-4-(3,4-Dimethoxyphenyl) but-3-en-1-ol(phenylbutenoid), while
P. retrofractum contained piperine (alkaloid), both associated with anti-inflammatory activity. Phytochemical
analysis showed that Z. cassumunar exhibited the highest total phenolic content (185.95 + 23.29 mg GAE/g)
and total flavonoid content (217.80 + 30.53 mg QCE/g). Antioxidant assays indicated strong radical scavenging
activity of P. retrofractum with ICs, values of 109.04 + 2.33 pg/mL (DPPH) and 102.61 + 0.50 ug/mL (ABTS),
whereas Z. cassumunar had the highest reducing power (FRAP: 519.24 + 10.47 mM Fe?/mg). Anti-
inflammatory evaluation revealed that P. retrofractum had the lowest ICs5, (12.89 + 0.61 pg/mL). Among
three herbal gel formulations, the P. retrofractum-based gel demonstrated the strongest nitric oxide
inhibition, maintaining stability after six heating—cooling cycles (IC5y = 16.18 + 1.02 and 15.05 + 1.41 pg/mL,
P>0.05). This study demonstrates that P. retrofractum fruit extract possesses strong anti-inflammatory
potential. Moreover, a combined extract of Z cassumunar and P. retrofractum produced enhanced
anti-inflammatory activity compared with the Z. cassumunar extract alone. These findings suggest that the
mixed herbal extract can be further developed into a topical herbal gel for external use to help alleviate
inflammation. This study provides a foundation for future clinical research on herbal-based

anti-inflammatory therapies.

Keywords: Zingiber cassumunar Roxb., Piper retrofractum Vahl., Antioxidant, Anti-inflammatory, Herbal gel
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q

vosa1sdaenarslunisonausiinnng q saunslunineanlee (Nitric oxide) wazlwsaniunafiu E2 (Prostaglandins
E2) nszutunsonauLuale 2 wlin Ae nsena@uldsunau (Acute Inflammation) wag MSENLEUEDSY (Chronic

Inflammation) SNWALLANITVBINITONAURUUNSY L NUWAALIALEaAY1ILALITAdLUALATHIY dNYEN19ARTN

Ry [

Ya9NsoNEUlagRNIENTONEULUULREUNGUlusE UL B an1sonEuazlianwaly fadl UIm Ul wae wazseu [2]

[ =

lup3neenlus (Nitric oxide; NO) 1uluanadsdygransluwadiazszninugadndidgy Sanuiertesiunis

o 1

awy & a s 1o 9 - o |aaa o
novawsIneiiAuiukazn1ssnay 3] wenantlussneenleduunaminluanigdnaudanieniugisendu
a & 4 ' v a I3 . . 1 .. o

fusaiileldasng 9 ve9519ne [4] nszuiunmsasslunineenlen (Nitric oxide) @57930n  L-arginine lngendanis
viauveaeulesl Nitric Oxide Synthetase (NOS) ¥11Ufji381 deamination Iag NO #i@3199u31nn58UUNNT
sanaTdiaudTusiunsiianeSan mueenseniau NO Miiusnninfagyinujiseniiu Superoxide anion
radical (Oye) Anllu Peroxynitrite (ONOO-) ilgnsuusszingadnlauasdansaaewadilollousnuiin

msuaduibiinnmsdnaudiivaniu [5] daunmsdudimsinuves NO dulduwumedrglunmsaivauuay

USSNINSOALAU [6]



2158, wmalu. MBeaduniziisé 3 1 12 84N 1 unnay - Fawiaw 2569 (-

Tudagtulsaszuunanuledudgmiiddgneiiuguaindnusenisuiisvesiyed aunndinludlng

o

voujUnelsandruiloanas fausuusauazmsvinuvedlsadmuduiusogianndumshaumaneamia
yadsan [7] fmeeudaniisuenmunduanvamathengulzessuunduioidududu 3 vesusemdlng e
thnuazdniautesnduiauasde wuldssanatosas 47 vesUssrns (8] erlumsdnweimaiessd Tnevilud
msliouinengilusuuuueunudeniu snafesesduazeiililiaidosesd wu sufTue Shldlunisnw
Tsadniau srduasgimaifinad afeseguamainung wu dagmmaduens Wausslunszinzenns [9] 3
Yaymdunseln vieonaianisuienls Wudu [10] waglunemsshwimgaansnianmsunmdunulneg uenainas
wndnw Uszavayulns vieulsemusapilnsifieansinssniay Insldinsulna [11] gnuszauifdiunauyes
nszvieu [12] frsueayulnslinieuenanansuindeldildsuanuienduegiegs
mnasmnavesisaulnsnefldndnuntrsiulunuideillfalainsfnvayulnsaessialdun lwa
(Zingiber cassumunar Roxb.) Wag@Aua (Piper retrofractum Vahl.) lwa Lﬁuﬁ%yumiﬁﬁﬂﬁﬁy 145nw91n13
§niau Uan wasdgiferfuszuumadumela Wesnnmiilwaiivwnldvanisuwme Tesduszneuiisinuandd
Tuarunissnw laglwaiarsdranan laun (E)-(3,4-dimethoxyphenylbutadiene (DMPBD), (E)-1-(3,4-
dimethoxyphenylbut-3-en-1-ol (compound D), kag (E)-1-(3,4-dimethoxyphenyl)but-3-en-1-yl acetate
(compound D acetate) aglunguiliiatniiuess (Phenylbutenoids) wagiaasaiiuees (Curcumin) [13] Tusnsn
assngaelnessanuitinaisaniad wdeu IWa1susnlaenismganeinisuianduieuazudindadasen
nsAinwmuinlnadndarsnquuslumesiiu (Monoterpene) LUundn laun sabinene uay terpinen-4-ol [14]
uaﬂmﬂ‘ﬁyiwaETqﬁmiﬁmﬁamai‘@ﬁu (Curcumin) fifignEdunsdniau qndueyyadass qnssnwiusalunss
W31z01m15 [15] Tuvaisfiassnaamamsunmdusulnevesivd ausisenlnenui wa fsadasou dealiidu
o esaniinduneugu thyssn fuanlugld suvdesemmsviaulditu vilfasyens [15] fmeau

)

MsAnwINUIn sunensEea nnanuassanaees (alkaloids) Ao lwinesy (piperine) Lﬂumsaanqméma
Fanmvdndsiinasziuvin fqusdunssniay qvsdueyyadasy fueinstued nsvduniduiu duvieade
wazsuiusasiu 1Wudu [16]

mneidereuntindldlinenuguivesansadn wilutagiuaziingnsasinalusUuueiuuasiiseay
msaualnamneu uwidslifisenudiyaimugamailnasauivivalusuiuuaa esnsedugniniandy

v
=

e limunzaudunisidaieuen nuidediahayulngms 2 sdaunsuiuieAnwgnsdueyyadase d1uns
sniaulunasannaes waziauludundaduriduwuy “wadunsdnau” Gadldefdiuanuazainonisliam
Hgliansesngndnseiunis ann1sfisnigniuuazeinistrafeweseunuidegtu sumaludoyaiugiuddy

dwmiunisregeangnsiilufnymnsadiinuasnsiauidadniaetiuswansdely

Wanilun1side
1. Msafiagns

ayulng 2 vl lawn wilwawasnadvd laniuaygulnsvimszduns wisuen wen18asy
numITuAS Welfou unie wa. 2568 thasplwsuisluuslasiden widsayulwsiudazadia 3,000 g 1
analagld 95% Lemuea (Chemipan Corporation Co., Ltd., Thailand) udaviazate Tusasidiu 1:2 Ao
asulng 1 dw wasiomueadn 2 i winfiskifunen 3 Yu udinsesiaenseans Whatman No.1 (CAT NO.1001-
110, GE Healthcare Life Sciences, Thailand) dndauvesansazaneiilalussmesvinaraisesnsoniess vine
Rotary Evaporator (SIAM INTERCORP CO., Ltd., Thailand) ﬁ]uﬁw‘haxmaLLﬁ'ﬁaﬁmLazLﬁuvﬁﬁqquﬁ -20 841

Walyd UL NAFDU
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2. MsaAszasUsznaunLalivesasanamilnatasnanua
MyLATIEiIRUsEnoumaaiivesasannuitlnalazsasananafudnemada Gas Chromatography-
Mass Spectrometry (GCMS-QP2020 Ultra, Shimadzu, Japan) w3gumegsdmsuinlviiasgiesnusznaunig
wil TnewpIenansainanududu 1 pg/ml luemusanalidniu andudy Sodium sulfate Usums 0.1 g shily
welmdiuseeSes Vortex wiw 30 Wil udhlunsesie ledsrflawes (Syringe Filter) ¥1na 0.45 um azlé
dlafinseddvosmsatimitluiingey duves 6C Wnsdafiugines 1 pL (split ratio wiiu 5:1) Tnekagaumgd
duildnans 250 serwaBea Waedind fio SH-Rt-5MS capillary column (30 m x 0.25 mm x 0.25 m) #38n37

4

nslnavesinedideudaeduiidu 1.36 mL/min dwgamgineduiazalusunsulagldaamglSusiu 60 asem

4

= v o

wavdea i 1wt Mntufistudiiedngds 3 ewnwadeariound wulgamgll 100 eswnwadea w5 il
udufindudnesnings 5 esmwaidoariond sufsgumgil 120 esmiwa@ea uw 5 widl Usushsidadu 3 o
walsasioun? Jufsgamgil 260 ssmiwaldua dwves MS 1y MS Quadrupole (mass selective detector) fisie
fiu GC tnemsa 1 ionization voltage \u 70 Bidnmseuliad uazaamgiives ion source Uu 280 awrwaiGed lu
53UV Electron Impact lonization (E1) Inglsiuauenssrusznevassansanaminlnawazarsadauanudidu Total
lon Chromatogram (TIC) Tusguu Scan Mode 1491983 Mass 35-400 AMU (Atomic Mass Unit) ias1zAlaseasne
manfivasansatalasnisiudoudioudn Retention time Wag Mass spectrum fuamnsg1uiidilu NIST1 lbrary
database fiunnniudewiiu 80% Quality match [17]

A93LAsIEIINUSUuaEnsUsEneuiuednsau (Total Phenolic content; TPC) Iagld35 Folin-Ciocalteu
colorimetric l4a3azans gallic acid (Cas No.50-81-7, RANKEM™, India) 1{uansazateu1nsgiu lnawn3euans
1m3g1u gallic acid fiaududu 7.8, 15.6, 31.25, 62.5, 125, 250 pg/mL wavks3enansain 1 me/mL U3u1ms 20
uL winaslu 96-Well plates w3esans Folin-Ciocalteu reagent (Loba Chemie, India) U311ms 100 pL waulviidn
fu 9andhudisl 75% (wAv) Sodium carbonate (Na,CO;) (Loba Chemie, India) U313 80 pL aslu 96-Well plates
Tnsustazvquazdiuinasvasanssauionn 200 pl waulvidhiu dandliluiifiefigamnfives 30 wif wilufadnig
@Jmﬂﬁmmﬁmmmmﬁu 700 nm #eLA3es Microplate reader (Infinite® 200 pro, Tecan, Switzerland) Suiin
LAYIATIZVNG NAABN 3 Ade enunaduniefadniuauyadunsaunadnsensuvesaisainuie (mg GAE/g
dry extract) [18]

mMyATEiUIIaaIsUszneuratliusensau (Total flavonoid content) Iagldans Quercetin (Sigma-
Aldrich, USA) 1luansunsgiu flduneulnunIouansaiainnududy 1 pe/mL USH19s 5 ul LAuas 96-Welt
plate Mntaufsthnduusines 130 uL waz 5% Sodium nitrite (NaNo,) (Loba Chemie, India) U395 7.5 plL Uy
Plufidia 5 wifl Asunaniin 10% Aluminum chloride (AICL,) (Loba Chemie, India) USunms 7.5 pL wazuybilud
fin 5wl AsUnE Wuasazate Sodium hydroxide (NaOH) (QReC, Newzealand) fimududu 1 M USunns 50
uL tAuaslu 96-Well plate ImaLLﬁiawqu%ﬁﬂ%mmmmmﬁ’;uﬁgwm 200 pL ﬁﬂlﬂ’iﬂﬂ'wmi@mﬂﬁuLLaqﬁmma’n
AL 510 nm F181A3ee Microplate reader Suiinuariinszing naaosdn 3 ade Tnesiesudilumiefiadndy
auyavesAediusansuasana (mg QCE/g crude extract) [18]

3. mﬁLﬂsﬂzﬁqw%‘ﬁﬁuaqyjaﬁasxﬁfaEJ"‘J% DPPH assay, ABTS assay Wag FRAP assay
n1nARBUgMENSEUBYLABHsEAI83 DPPH

umsneaeuiiteindaunduasinueyuadasz Tas DPPH azluviufiSenfuasiuoyyadaszniely
10 - 30 17l Feanseueyyadasyiliidu positive control Ae nsnLeanestn (Ascorbic acid) (Cas No. 30931-67-
0, SIGMA-ALDRICH, USA) fleusnsaunaifiuen 1Cs, Jemanedia ANUITNTUY DA TAUR YL ADATY Avilau

Wuturetoyyadaszanat 50% laeildunausail wlenansuinsgiunsaieanasinianuudy 25 pg/mL lagld
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womuen 95 % LHudinarans Mndudensanslildarududu 1-20 pe/mL wwdsudegasataayulnsiiaam
Wty 100 pe/mL Tneldomuea 95% Wudvhavans andudessansadalilamududuil 2-20 pe/mL wey
ansaza1y DPPH finnmidutu 0.2 mM Teniuea 95% iudviazany iiuasazarsunsgiunsnueanesini
ALY 25 pg/mlL miaﬁmayuiwﬁmmﬁuﬁu 100 pg/mL Usues 100 pl asifuansazay DPPH Usuns
100 L aslu 96-well plate vulflufiidunan 30 wii nduirluiadnsgandunasiinnueniaidu 517 nm
Saseipdes Microplate reader tufinuasiiaszving Vnaesn 3 A%e Tneseaue 1Cs, [19]
n1snARBUANENIRUBYYABasEAIE3T ABTS

nMsmagougNsFueyyadasedie3s ABTS unsiiasgianuasnsalumaduarsiueendindy
(antioxidant capacity) lngld reagent @ 2,2 — Azino-bis (3-ethybenzothiazoline-6-sulfonic acid) tJu stable
radical Tu aqueous solution lasansaraneiiasiidden euthlulivaasuujitenisiueyyadass Tnefidunou
f3dl 1n3euansazane ABTS (Cas No. 30931-67-O, SIGMA-ALDRICH, USA) Tngns#ans ABTS $1uau 3.6 mg

azagludinay 1 mL {Aua1sazay Potassium persulfate (QReC, Newzealand) 0.6 mg a1nuuthasazaea 2

o

wwanlid i fsnsliluifiefigamgiivies Wunar 12-16 Falus dewhlUld deasufmuanan Wuaisazaned

Y
v

wisenld dhluidearsineiindu 40 ml uazdansavaty ABTS 1nidednsigieniuea WildaisaraielAiganiiy
wadlugae 0.70+0.02 MANNENIARN 734 nm wwseuflegNasannayulnsuazliundaisazaioninigiunse

'
a

woaAesUNNAMNLTUANY 9 1-20 ug/mL a1ntuasiu 96-Well plates W@uansazats ABTS USu1ns 50 ul

aaa

Wisansarate ABTS Usuna 100 pL unisliliiAaufiselundefigamgivies 6 wiit asuimuatilusiusiieinies

4

Microplates reader faAinsgandunasiinnnuenadu 734 nm shmsvaaes 3 dlunsiariiegg mnﬁ?uﬁﬁayjaﬁ
IhnAnmAeudi Uy et sitegslunsiueyLaBaTEiee 1Cs Famnediudutuvesansfiaunse
fudouyadaseld 500 Tneldnsaueanestnduansuinsgiu (0.0125-0.1 me/ml) Tuiinuagdiasesing naassdn
3 a1 Tngs1997uAN 1Cso [20]
n1nARBUAMENSKUBYLABATAIEAT FRAP

MsvadeUgVSUBYYadasineTE FRAP lUBMTIeTgianuansalunsiuasiiueendindu Tae
01U fien3nend uazAamumsivasunlasdvesansusznoudedou (Fe**-TPTZ) sihlshiAnnsiuasuutasgidu
ansUszneudedou (Fe**-TPTZ) Mnansavanedmdesasdouduarsazarediifiuiog Usinames (Fe?*-TPTZ)
fidatuiife anuaunsalumaduarsduosndindufiuanioen Tugu FRAP value ilsufuansunnsgiuves
Ferrous sulfate heptahydrate (FeSO4+7H,0) Iﬂaﬁa%'miﬁﬂﬁ wiey Acetate buffer fianandudiu 300 mM (pH =
3.6) Usuew 500 mL Iﬂ&‘ﬁbﬂ Sodium acetate (QReC, Newzealand) 1.55 ¢ sl Glacial acid (RCl Labscan, Ireland)
8 mL uduRuhnduliiasu 500 mL w3eans 2,4,6,-tripyridylstriazine (TPTZ) (Acros Organics, Belgium) firna
dudu 10 mM Taeds TPTZ 31 mL azanslu HCL 10 mL (w3oureuldynada) w3suans ron (1) chloride (FeCly)
(Loba Chemie, India) Tnen15%3 FeCl, §1u3u 54 mg avanelutindu 10 mL (m%‘amdauﬁnﬂﬂ%@ Jrasavane
Acetate buffer, @13azane TPTZ wazarsazaiy Iron () chloride (FeCls) snwaniu (lusnsdiu 10:1:1) iw3euans
FeSO.7H,0 finnududu 10 mM Tnen1599as FeSO.7H,0 8113 1.7613 me Liid 95% ethanol 10 me Tng

wisnduaududu 25-1,000 pg/mlL vidunsmunsgiu asadnminlnanasnafiudfazataly 95% ethanol

'
a

Arududu 100 pg/mL t@uaslu 96-Well plates U3 20 pg WAvasazany FRAP Usunad 80 pL asiisliludiia
a a v AN v A a A ° | P A .
gumgiiviennu 4 urv TnANISRANAULATIAMNETIAAYN 593 nm UnlUg1uNaduwn3 e Microplates reader
v =2 ’Oj 5 3 o a L3 v a = = I
Juiinuanaaesdn 3 A5 anduilvinseimianuausatunisiueyyadassluiieudisudunsmuinsgiu

FeSO, [21]
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4. msAnwmavesansanauinlna  arsananafud wazansananaulwanazfud dednaninlunisdiunis
anauluszaunaannaasg

\WziEeaTad RAW 264.7 (ATCC No. TIB-71) §8a1n American Type Culture Collection (ATCC, Manassas,
VA, USA) wnziasawadluemmsiaeawad in Dulbecco’s modified Eagle’s medium (DMEM) Usvnausae
L-glutamine, sodium pyruvate, 10% fetal bovine serum (FBS) (Thermo fisher, USA), and 1%
antibiotic/antimycotic mixture (Sigma-Aldrich, USA) Aeft 5% CO, gaunqil 37 pFwalRya [22]

Anwanuduiiviesasatadowadmizidoalasre (RAW 264.7) #2838 MTT assay n15Anw1A1Y
Huiwwesansainsowadinizid saunlasnia (RAW 264.7) 19d15 3-(4,5-dimethylthiazol-2-yl)-2,5-

Y  ad

diphenyltetrazolium bromide (MTT) (Thermo fisher, USA) a&15 colorimetric assay LW’]%L?:EN RAW 264.7 cell
(1 x 10° cells/well) idedlunumziasagad 96 well plate filownsifsnsad DMEM Usun 100 pl/ vigu 1Hu
nan 24 Falus udwnasu 24 $alus Wasuesidsuadiiadiueen wasdsuluemsiies wadfidansann
azagaglunnududusiing q fu (0.1-10,000 pe/mL) 1unan 24 $lus nquaruAy (vehicle) IdiAuanizans
DMSO (Thermo fisher, USA) (0.5% v/v) ilfifusvinazansansaria Winansavane MTT aududu 05 me/mL
U3 200 L ﬁﬂﬂﬂuﬁqquﬁ 37 pamwaidea Wunan 2 $alug mmfuammmil,gmLﬁzjaéﬁmazazmawﬁﬂ
formazan ¢ DMSO 411U 200 pL "‘J’mmmi@mﬂﬁmmﬁmmawaﬂﬁu 570 nm lpe Microplate reader Uudin
LAYIATIERETMINAADIST 3 ASa Taes1eeuA ICy

nMsfnvavesasatarenssniay Tnetanissudinisadne Nitrc oxide (NO) thisadulaswia (RAW
264.7 cell line) $1uau 1 x 10° cells/well 1aslumnsidsawad DMEM (10% fetal bovine serum (FBS), 1%
penicillin-streptomycin) (Thermo fisher, USA) Tu 96 well plates 5% CO, Uufi 37 esmwadod Wuan 24
il @ﬂmmilﬁymmaéaaﬂ 100 pL Mnduinarsasafinaadudusing 9 (0.1-10,000 pg/mL) aslunauag 100
uL shluuiigamadl 37 ssrnwadoa unan 2 $alu @mmmﬂ?ﬁymmaé DMEM ineen anniusiy DMEM lnsidi
iI lipopolysaccharide (LPS) (Sigma-Aldrich, USA) 100 pg/mL aslunquag 100 uL sniiumau control gy
control \fisl DMEM wintiu Uufl 37 asawaidiva 1uian 24 2lus g supernatant wiagnguan 100 pL lalu
96-well plates L@yl Griess reagent (Promega, USA) quay 100 pL 5’@?1'1?115@@ﬂﬁULLaﬂﬁmmm’mgu 540 nm
F1eauAUSI NO Tneisufiunsmunnsgiu Sodium nitrite (NaNO,) Naaey 3 % [22]
5. nswaRaayulnsanasanawmitlna arsanananuauazansananaulnauaziva

duusznovvenvaayulns laun arsadawitlnawazarsadanaduad, Carbopol 940 (Chemipan
Corporation Co., Ltd., Thailand), Methyl Paraben (Chemipan Corporation Co., Ltd., Thailand), Propylene
Glycol (Chemipan Corporation Co., Ltd., Thailand), Triethanolamine (Phitsanuchemicals, Thailand) k&g
Distilled Water (From Pharmaceutical Chemistry Laboratory Room) miwﬁlﬂmﬁlaa@gﬁmi wusoenidu 3 gns
Tnefinnsimunmududuresansadalusiduea mnaranududulunissuda nitric oxide (ICs,) daldann
nsfnungsdumssniauluseiunaeanaaes deansatnimitling 248.9 mg ansatanafiud 0.015 mg wazansan
wedlwauarAud 102.9 me ynansin3ey Carbopol 1.5 g wealuthngu 94 mL whilidfuussana 30 it uda
Uaeglaanosd LAiu Methyl Paraben 0.2 g, Propylene Glycol 5 mL aulviniu Ase ¢ 1Ay Triethanolamine
(TEA) Wiousudn pH Ifegszming 5.0-5.5 Mntudnasainmitlng asatnia wazansatanaylnauazivaly
AsuRawsiarans wadliiiniuuasusseaslunasn (23]

mMavssdfiugridunmssniavresaaauulng lnsnslinsesidneninlunsdudsnsasisluninesnled
#1835 Griess method thivaasulwssnazasly DMSO U3ins 1-2 pL ieliaaliduniniuluandulivaiead

3173 20 pL lalu 96 well plate 9ndudsleisululasusales (Sodium nitroprusside) Aruidudu 10 mMm
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U3uas 40 pL dlUunvigamniivies Wi 150 uiil wanfiy Griess reagent Miusznausie 1% davfialud waz

U

o

0.1% L8u-(1-uunliia) Lofidulnozfiulalalnsnaslsd ludnsndau 1:1 Usums 100 L dhluiarinisganduuasi
AUETIAAY 580 nm FIeLAT B9 Microplate reader naaau 3 41 tngldlaauinsgudidunaunes 1% lalaa
Tluun Wunguaruauideuan wae waiubifidunauresasasadunduauay grsdunssniauazgnanenudu
Wosidusinisdudamsaine NO [22]

nsUszugridunssniavvetaaayulnsifowsemaialvi 9 wazndewinnisusaidununsialy

a a

4n172159AU 6 59U (Mlaaumd 45 ssrwai@ea Wuian 24 93lu9 waz Mgamal 4 esmeadea Wunan 24

L]

Flus /1 590) [24]
6. N5ATidaya

nan1svaansvzuanaduaaies (Mean) + Ardudsauuninsgiu (Standard deviation, SD) ¥

AATIERANLANA1INETA TENINF UIAE N1TTLATIBYIAURYTUTIUNILAET (One-Way ANOVA) wawnis

Wisuiflsuanlesidudnsdudesaaayulnstoutarndwinnisussfiuanumsdalugn1izise (Heating cooling

cycle) Tneldiadid Paired-sample T-test fiszdiudaddun1eadn p-value<0.05 (p<0.05) selusunsu Statistical

Package for the Social Science (SPSS) Vst 16.0 wazasnsmilagldlusunsu GraphPad Prism V. 10

NaN1538
1. NAVBINSENAENT

nsanaayulnsmilnaasnafiud medsnswinlueniueasevay 95 lnansaianeuusazyiniidnvuy

v v
° ° N

manmendurssnainia arsatawdinlnalidiiniamies ansataranUdlduiaamassdy wuUsuuasanna

neunanansiuAnluSevasuandn (%yield) fANvindu 3.07 way 5.04 AUEINU LEAIRINITIN 1

A15199 1 Sesavvamananvasansanaminlnakazkanua

dwiinasulwsudis Usunauansanadld
adyulng N . %Yield
(n3%) (n3%)
Zingiber cassumunar Roxb. 3000 92.33 3.07
Piper retrofractum Vahl. 3000 151.32 5.04

2. HAN15IAT1HE5UTTNBUNNLALYRESENAMIN InaLasasan anafua
NANSIATITNBIAUSENBUNIBATYasaNsaNa i lnalasNanudnlemana GC-MS wuaisanmuminlna
wuasdney loun (E)-6-(3,4-Dimethoxyphenylbut-3-en-1-ol i Retention Time: 15.20 $I015°99 2 hagA i 1

uazansanaNaAUd wuasanAey taun Piperine il Retention Time: 42.07 AIM19199 3 Lagnwil 2

A15199 2 a9rUsEneUNLATiveIansanawinlnanlaaInnsiaszdsemeaila GC-MS

a1fu  Retention Time YUAVDIANTAN %Area  %Height
1 4.621 D-Limonene 1.87 2.96
2 5.059 gamma.-Terpinene 0.58 0.91
3 6.745 3-Cyclohexen-1-ol, 4-methyl-1-(1-methyl) 4.92 7.22
4 7.042 Methyl salicylate 1.34 1.49
5 11.239 2,4-Di-tert-butylphenol 0.48 0.66
6 11.379 Cyclohexene, 3-(1,5-dimethyl-4-hexenyl) 1.43 1.71
7 11.928 Benzene, 4-(1E)-1,3-butadien-1-yl-1,2-dimethoxy 0.47 0.59
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a1¢u  Retention Time YUAUDIANTAN %Area  %Height

8 12.212 (E)-4-(But-1-en-1-y)-1,2-dimethoxybenzene 3.53 3.90
9 12.641 Benzene, 4-(1E)-1,3-butadien-1-yl-1,2-dimethoxy 12.25 15.08
10 14.146 (B)-1-(2,4,5-Trimethoxyphenylbut-1-ene 0.82 1.09
11 14.679 (B)-1-(2,4,5-Trimethoxyphenylbuta-1,3-diene 3.56 3.73
12 15.204 (B)-4-(3,4-Dimethoxyphenyl)but-3-en-1-ol 15.22 16.98
13 15.720 Hexadecanoic acid, methyl ester 0.90 0.88
14 16.438 (E)-4-(3,4-Dimethoxyphenyl)but-3-en-1-yl acetate 11.64 13.52
15 45.342 trans-3-(3,4-Dimethoxyphenyl)-4-[(E)3’,4 -

12.01 7.56

dimethoxystyryl] cyclohex-1-ene

16 45.882 trans-3-(3,4-Dimethoxyphenyl)-4-[(E)3’,4 -
14.44 9.07
dimethoxystyryl] cyclohex-1-ene

943,217 &

2640

=== (E)-4-(3,4-Dimethoxyphenyl)but-3-en-1-ol

as

100 ' 200 300 ) 400 ' 500 ' 600 650

AN 1 Tasuvensuvesesrlsenaumaaiivesasanamwinlna

(580,995 //"N--a
|
]

——

£ Pipering ==

AN 2 1ATHINENSUYB99AUSENDUNNGLATIYBIANSANANARUS
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AN5199 3 9AUsENEUNINLATIvEIENsANARaRUANFIINNSIATIZRIEWATA GC-MS

a1¢u  Retention Time YUAUDIANTANA %Area  %Height
1 3.893 beta.-Pinene 0.66 1.31
2 4.620 D-Limonene 5.31 10.24
3 5.059 gamma.-Terpinene 0.76 1.53
4 7.045 Methyl salicylate 3.14 4.14
5 9.787 Tetradecane 0.73 1.35
6 10.103 Caryophyllene 1.03 1.65
7 10.536 Humulene 1.08 1.81
8 11.039 Pentadecane 4.28 593
9 11.240 2,4Di-tert-butylphenol 1.38 1.99
10 13.121 8-Heptadecene 3.49 5.56
11 13.170 8-Heptadecene 5.64 9.26
12 13.270 Nonadecane 6.10 9.50
13 14.385 Heneicosane 0.98 1.58
14 15.305 Z-5-Nonadecane 1.14 1.85
15 15.475 Lidocaine 3.72 1.85
16 35.425 Piperine 4.53 212
17 42.075 Piperine 35.12 13.23
18 44.650 (2E,4E,14E)-N-Isobutylicosa-2,4,14-trienamide 4.10 2.65
19 47.475 Pipernonaline 6.64 5.92

navpsEnsanawin lnalarasannaranuanaUSunaansiueansiu (Total Phenolic content; TPC) wWuin

YSunaansiluednsinvesasainayulnsiienvilnauasiafud uazansadanauaosuind ogluyae 147.1-185.9

mg GAE/g dry extract Fsansafiaminlna IUsunaiiuednsiuaign Weweuivansadanaulnawazfvduazeans

anananua

naveasanmnitlnatazasainnafudseansnaliuesnsiy (Total flavonoid content; TFC) WU

Ysuaasralmesdsiwvesarsatnayulnsinennitlnauasnadvd wavansadanaulnauazdvad oglugas

142.40 - 217.80 mg QCE/g crude extract dsansaiamiilng Jusunamailivesnsuasiian Weaweuivaisadn

NaRUd wazansaianaulnalasiud Aamnsen 4

dl a ) a 6 U v Y = = %
A15199 4 USunaansusenauiiuednsiukaransnaliuesnsinyed a1sanmuinlng asanananud wavansana

naulwakazfvua
- . TPC TFC
YUAVD 16N M
(mg GAE/g) (mg QCE/g)
arsanmminluna 185.95 + 23.29° 217.80 + 30.53¢
asanananua 147.17 + 18.75° 142.40 + 7.95°

a A

asanmuallnalasaua

181.82 + 6.49°

177.40 + 6.54°

WHBWe: SnwInwsanguiafiuniian (°) Auwansndlusians e windsiuedslideddynieada (p<0.05)
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3. mﬁLﬂiﬂzﬁqwéﬁﬁuaqgaﬁﬂizﬁﬁEﬁ%‘ DPPH assay, ABTS assay w8 FRAB assay
namvagaugnslun1siueyyadasylngldis DPPH assay TesuAndu ICs, WewFouisuluaisadn
w¥ilwa ansaanaiUAuazansatnnaulnauasAud wuhasatanafuadonisudeyyadass DPPH geflan lned
AN o U 109.04 + 2.33 pg/mL lawfleufuansatanadlnawasivd wavansatmmiilng
mamimaaqué‘[,umsﬁma%a53531@81%’3% ABTS assay snesmuasiu 1Cs, WaiuSeudiouluansadn
w¥ilwe ansatanaivBuaransatananlnauasiud nuhmsatanaiuaiioqnssudsouyadase ABTS gefign lned
AN 1Cso WU 102,61 + 0.50 pg/mL \lesfieufuansatanaylnauazivd arsafamitlng wazansadanaiud ans

afinasulneny 3 vlinllfigrisdudioyyadase DPPH uag ABTS Weunitansuinigiu Trolox sgraituddgynieada

(p<0.05) Fap51a7i 5

A15197 5 LLamqw%ﬁ’ma%a 9d5¢ DPPH assay, ABTS assay ey FRAP assay Ypsansanamitlng arsananafud

wazansananaulnawazAua

YUNVDIAIDEY DPPH ABTS FRAP
(ICsp, ug/mL) (ICso, ug/mL) (mM Fe?*/ mg)
Trolox 25.23 + 2.86° 26.19 + 1.26° 228.59 + 8.38°
ansanauinlng 257.47 + 2.81° 220.16 + 2.03° 519.24 + 10.47¢
asennananUa 109.04 + 2.33° 102.61 + 0.50° 382.36 + 4.95°
asanaNdumilnataynafud 19351 + 3.00° 195.74 + 4.84° 486.80 + 8.22°

o o

WNBWR: Snwsnwsangeiiusivan (9 Fumnshatuluuuas mneis wnnsefuegeitod N9EdR (p<0.05)

4. nsAnwnavesasanawuitlna asanananua warasananaulwawazfudnadnan wlunisdrunisoniau
Tuseauviaaannass
nansanwANUduiwresasainnewadinziaswilasnig (RAW 264.7) @35 Cytotoxicity test (MTT

assay) Wud1 %Cell viability A131AN31 80% NNAT UaAAIFINING 3

A Zingiber cassumunar Roxb. B Piper retrofractum Vahl. C Mix PRZC
140 140+ 140
5 1207 g 1201 I B 5 1207
> 1004 2 100 & & & 1004 & B = = = F F P
= g0d= T 804 = =
| % g%
S 60 > 604 S 60
E 40 g 404 3 404
20 20 20
0= - rrrrrrrT [ e o | L I |
-y 9) k-]
LB 0P OSSP SSIS P " O P PSS L&® @ N @.9“@% P Q.Q &
o B 0 069
Concentration (ug/mL) Concentration (ug/mL) Concentration (ug/mL)

Al 3 uanaefifudnnsiTinsonveawadinlasiia RAW 264.7 (%Cell viability) fignnseduselalulndudnen
1560 (LPS) wdslesuansadmumilnaiinududu 10 - 10,000 pg/mL (A), arsafananuaiamududu 0.1 - 500

ne/mL (B) uazansafanaulnauazfvafiannudiudu 10 - 10,000 pe/mL (©) WWunan 24 F3lua

nan1sAnwIaYeasannsianNsanNEy lneinn1sduginisasng Nitric oxide (NO) ansafinuafUauansgmns
guds NO laanign tnedian ICs, winiu 12.89 + 0.61 pg/mL WaflsuiuansadanaulnauazAva wazansainmiilna

o -
PIRITNN 6
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v
o

M13199 6 uARIGVIBEUEY nitric oxide (NO) vasansarimmitlna ansaianafud wazasatanaulnauasfiva

A

anSauge NO

vilnvasasanaayulng
(ICsp; ug/ml)

ansanmnanua 12.89 + 0.61°
ansananinlna 2489 + 76.90°
asanmuaulnaLazaua 1,029 + 82.70°

WNBMe: SnwInwsanguiiuniian (> ) Ausnsneiuluiuis e winsstuegslidudfynieadn (0<0.05)

5. nMswaRaayulnsanasaiamitlna arsaiananud uazansaianalnauashva
HaNsUszliuUsEavEnafunsiuMIsniauvesgasirfuRaidiunatvesayulnsnarsainmitlng
asafnaiud waransatananinauasfiud wuieennansatnduaionisuds NO I8ATian Weifieufuiaauing
gulalaafluuneududu 1% fmsussdugvddunssnauventaayulnaidewiomasalml 4 uagndainns
Usziduauasiilugn1iglsensu 6 5o A1 ICs, nounagau Wiy 16.18 + 1.02 ug/mL wag A1 ICs, nag

nAdeU WU 15.05 + 1.41 ug/mL #an579di 7

a

M13199 7 wanskan1susziliulseAvinanunisinunsdniauvesgasiniuaiidiunauvesayulnsnaisanie

wiilwa ansananenud wazaisananaylnawazfua

§usEuHa NO (ICsg; ug/m) usEusa NO (ICsg; ug/m)

gnsLaa
Before After
asenananUa 16.18 + 1.02° 15.05 + 1.41°
ansanauinlng 2,559.93 + 338.74° 314542 + 181.35¢
ansananaulnalazAva 1,203.82 + 160.16° 1477.46 + 54.38°
1% Diclofenac gel 72,68 + 3.51° 74.21 + 1.88°

N o oo

WHEme: Snwsnwsangeiiuniian (> © %) Auanaanuluwwans el winseiusdsdiduddymieadn (0<0.05)

adUsguazaUNan1IIdY

¢

wWisliinlafednenmvesansatnainirinauagnadualunmnilulifaundusdndasiagulng 34143
malinneiesdUsznoumaad UTinamsddy uardsadiugniniaianim adumsiuoyyadassuariiunis
S safannstssiduenuufiviesasaasowad nnduinhnanmmeaeulullunisiauiaaayulnedis
UsEANSAmeuUNIIoNLay

31NN1351897U8 Han wazame [25] way Ozaki wazamg [26] wudnaisnguildativesd
(Phenylbutenoids) uaziaeiafiuess (Curcumin) Mnlwaidussduszneuddaiililunisusamiermsvinuazan
M3shiau Seaenndestunaiildvesmslinszesusznaumauniiva GC-MS lumiddel fmuiasatamiting
fansdfny (E)-4-(3,4-dimethoxyphenyl)but-3-en-1-ol (compound D) %dagiumiﬂqﬂﬂﬁaﬁ’iﬁuaﬂﬁ
(phenylbutenoids) Lﬂuﬂa;umiﬁﬁiwm'm’hmmmammié'ﬂLawhu MAPK pathways leun p38, ERK uag Akt
[27] vauzREINURNANITIAIILNBIAUTZNBUNINATIAIE GC-MS 903a13ainAUa wuasdaniasn (alkaloids) ¥
Tmne3u (piperine) eiauaenadoiusenuues Takooree wazame [28] TlwiweTu Wuamseongndddnyves
FUA uaveues Phan wavan [29] iosuteilnmeiuausadudinisaislunsneonlesld knumsiiuds NF-KB
pathway Vil¥in1suanseenves INOS anas Sudeulesldinismulmneuluasafaiudidulladofesuregmis

) A 1w Y] a X ' a | aa a ) 3 a ' L.
NITALEUNLAUTAVDIANTSNAYUA U ?]']ﬂ')ﬁﬁmﬂﬁﬁllwu']']NaﬂﬂauﬁqﬁiwLWEﬁu MI@I%L@J@?W?I']EJGUHW WU chavicine,
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isopiperine Wa¥ isochavicine daunsnuanslmne3y fuenoen 2 Retention time ﬁl’u inanansfiuand gy
fragment Galelwiuefiinuandiadeiuunn Library SeszyBeimiloudu [30] uaznsusnleluweinguasininedu
ansunviinludiu GC dlentaiiin isomerization nANFauld [31]

Han1sAnwiUTuauarsusenauiluesdnsiunazaisnaliuesdsin wuasadawmirlnaduTun
a1sUsznou TluedAnsau (TPC) wazansuszneuraliusesism (TFO) gufign Wleliivuiuamsarnnafuanazansarn
wananswing Tediiusiudnenwlunsdueyyadasy uastieannsia Oxidative stress Sauduanszduddy
YDINTLUIUNTONLAUKIY NF-kB pathway

mmaqm’émﬁamw Imﬂﬂﬁmmaauqméﬁma%a@mz WUMETANANaRUANAT IC5, 83 DPPH wag ABTS
WU 109.04 + 2.33 wag 102.61 + 0.50 pg/mlL ANARU uansdsmwannsalunisdveyyadasléf varilans
afmwilwalien FRAP guan 519.24 + 10.47 mM Fe?*/mg azvioufisdnanimlunssiadumdnuaz Judililusnou

JUszansnmn

=b

dlevansatamiilne arsatnaiud wazansatanaylnawasivd wmeaeumsinuanudufiveosans
afarowadnziAsanlasring (RAW 264.7) #2833 Cytotoxicity test (MTT assay) WU 1A 80% wanainlald
anuduiivsswadinzidewnlasme (RAW 264.7) Fadudedsdransataiimuvasaselussdumad aunse
ilulilunmswanndnsasireluls mvesougvddumssnay man1saaeun1ssudinsasie nitric oxide (NO)
Tuwaa RAW 264.7 wuiansanananuaiani ICy, ﬁwﬁqm soasfe ansananaulwauaziud wararsanawitlna
11A1 1Csp ﬁlé’lﬂﬂ’wmwaagulwwialﬂ

MnuamsMaasUgnInIsTann Idthansataiifussansnngeaaluiaunduaaayulns 3 gas wuinea
asafanaAUaliusEansnImn1sAdn NO gegn TWneuLaYHdINITIAdaUALAT TAN IC,, Tndlfesiy (16.18 +
1.02 uay 1505 = 141 pg/mL, P > 0.05) uansdsmuasiavesgniniaianmuesiaaaulnsvdsnisvaaouaii
AP

PNHANIINARBILALNITIATINTaY wansbiiuitasatamilnanvaisysenaufivednsiunazansy
aluodsINgsfian eaeviounduannsaimdlu FRAP assay figsgauiy uansimirlnasiaflarsiueyya
dasefivulunalnnsy e wie reducing power WINnNsTueyyadaslagnse Yuefiansatnnanududd TPC/
TFC Andn uinduiivszansnmaslunisidneyyadass (DPPH/ABTS) uazdudansadns NO Fso1aiinainans
aanqméawwxmjﬂuﬁﬂﬁﬁﬁmmmmsahmi%’u radical waziiedeatiu pathway mssniauldd ansafawmitlna
wazansatananUa dfnenmlunisanmssnausssumad duda MAPK pathways ann13NTERU NF-kB pathway
uazannauansgenvasaules INOS Ssannsadn nitric oxide (NO) I¥egneiivszavtam Bnisasulnaisansdsd
sydumuaenfeiidluseduiead uaraunsnansadaluimuidusaayulngifanuasimnanienwiazqns

o a

medanmnigldaninzse wenaindansadnainayulneis 2 vide WWuingavanayulnsinefdanuniouds

q
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Abstract

This study aimed to develop a Lanna Health Supplement Herbal Drink Recipe in instant powder
form for brewing. The formulation consisted of 10 herbal ingredients, such as Salacia chinensis, Caesalpinia
sappan, Aegle marmelos etc., combined with maltodextrin, and then dried using spray drying technology.
Results showed that formulations with 5% and 10% maltodextrin yielded products with physical properties
similar to ready-to-drink extracts, featuring an orange-red color, neutral pH, and comparable viscosity. The
5% maltodextrin formula was selected for its superior efficiency and reduced carrier use, requiring 9.36 ¢ of
powder per 200 mL of water per serving. Thin-layer chromatography (TLC) analysis confirmed that the
powder retained the chemical fingerprint characteristics and similar R values. Bioactivity assays
demonstrated DPPH and ABTS radical scavenging activities with ICs, values of 857.5 + 52.3 pg/mlL and 336.2
+ 12.9 pg/mL, respectively. Accelerated storage testing under 35°C, 45°C, and 55°C revealed shelf lives of
533, 385, and 346 days, respectively. Over 9 months, no microbial contamination exceeded regulatory
standards. In conclusion, spray drying combined with maltodextrin enabled the development of

a convenient, long-shelf-life Lanna herbal beverage powder that preserves bioactive compounds.

Keywords: Herbal Drink, Health Supplement, Spray Dryer, Instant Extract Powder, Product
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wiaiazteiuafosnmuesksaulng [4-6] madnuilldeieuiedianieshuayulnsatandoududiui 4 dau
Tagdad 1 1Jussafnasplnsuuulinausealanndeiu uazdnd 2-4 Wuasaininausealpandniuludnday
¥ovaz 5, 10 way 20 (w/v) AUEIFU LU aifegea 4 @y W1dnszuIuMsYiuAsLuUNusey (SPRAY
DRYER SDE - 50 EURO 2, Thailand) neldiievlvgamgiiand 150°C qumgfinnesn 90°C wagdnsinisdou
asazane 10 Amssidalue Tnsinsesiusiauunuslesyianluszuuussiu 10 115 Jadudidfmuzausenis
wasesvalidunsiifinunmuasaspaauifmani (8, 9]

Uszavsamnslandeansain (96Yield) voananinusiAmnnsannis

thwiinansadadile

NGRS %Yield = —

a DR R X100
UINRUN WQG’IULLWQ‘WSL‘UﬂﬂW

a 4

o o o A ¢ a ' a p= ) ° v 5 Y ¢
dmsusieg1NauLealamngasY (duh 2-4) In1sUsuannsAualaeRnuIrTnUeINealaLANgA3 U
NuNsHuNesean (Wealsandnsuludndiudovay 5, 10 way 20 UHaNiULTNEEIR) LBLALIAKANKNASIVDIATS

afinayulng dsaunis

Jmdnansanniile - drdnueaalaandnsunaayinwmg

ANGAT %Yield = X 100

vtiningRuwisildann
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3. NsnTIvsRUANENTANINIEn YR HARfusilnTa sRuaUlwaER uguA i U uun TusULUURsE R AR

dudumsiitowTouiisuanuunnansgninawdndasifinauuoalaandsiuiundnsasiayulnslugUiuy
afianfouds IneliFBmanaaouamausRinamenising 4 il

- msazanetindou: Yimafiutifeugamad 100°C USinms 200 fiadans adluksataayulnsusiaiaogis
\3eshuasulnsiiugua Ui uuwasealawnndnusevas 5 linsaindiuou 9.36 niu uaziaTesduayulns
iU AU RELDalnndauSeray 10 Mkeatnsiuiu 18.42 niu nedudunaiusinewmiiseay
weatRzaBNEUILA MINAFEWNG 3 A% uarduanALadY etufinsrznannsavaiereswansue [10]

- Msvssdiud: WnswFeudleuiusoudunssiu mundnues CMYK Colour Chart [11] (UK) Liteussidiu
sgiuanudunaznudvesansainayulnslugluuuasazane [12]

- mansandansanagnou: thansazansusaziaegaimadlunivugla deiiely 24 $2lus Agmmniivies
uazdufinnaniaifinngnounudiduiuamuasivesmsazanefeisnsdann

- msasaedrardunsa—ua (pH): WiadesTnda pH wuusdlde §%e Horiba 3u PH1500-S (Japan)
iietnanadiunsn-ssesiaegne [13]

- nsRsIAANaaes g a3 e Hydrometer 8%e Dichte Araometer (Germany) wita¥nr1Am
MLUUdIsvesEnsaraty [14]

- msnsaiaannamiia (Viscosity): THipSasinaumiiauuudae ZAHN CUP we$ 3 e SHEEN wed 3
(Nederland) Tnetufinnafiansazanelnasenainuindaedunuaeiunii/cst [15, 16]

- mimaaw%mwmmau@qazawﬁﬂﬁﬁy’wm (Total soluble solid (TSS); °Brix): HeSesinnisiniyes
was (Refractometer) 8o Atago (Japan) [13]

- mMsTarinraE: Wiedesinnudu (Moisture Balance) E5%e Denver Instrument U IR 35 (Germany)
Tngfimungamgiluniseuiazianinnuanmnsguisvesinangunsel [17]

n’1smé”&msmiwaa‘uﬂmauﬂ’ﬁmamamwﬁmm szdnidenuan dnueiaTsnuayulnsiaiugunmedy
SuunlugUuvursainusduilienudnvasmnzauign Welilunsmeaeunaeandfvaniiuazgnsnedanmly
funausaly
4. mansadeuauaNtAamaaiiuazgns nsianmussmans uel indssduayulnaauguameiiugiuunly
JUMUURSERAYSAY

nanaevluddssnnaaeuguantinaaiuazgrimeiinmveadndasiisluguuuuaianoudy
waznsatavedy 1l ol suiisugunmuesansdAguasdnonmnadanmuesndnd ueiasulnsilaain
nsTUILMSRARLUUANS 9 TnefiseariBenvesiaivesil

4.1 mM3nsradeuaefinsingle (Fingerprint) sewnaila Thin Layer Chromatography (TLC)

a3 ssduayulnsiaduguainiisuduulugiuuvaiandenisunaznsaiaveduunainse 80%
\ovuea U3ins 5 Sedans we 10 Wil uazdansliteumgiviesduszesinan 24 $alus ndunsesiaenseans
n589 thansada 0.01 fadans eauuwHY Silica gel (Wanaf) uazauluszuvasindeoudl Toluene: Ethyl
Acetate: Formic Acid (5 : 4 : 1) aniiuddesliusts wdnsaaeunelduassssueifuas UV 7 254 uaz 366 wily
lwns TufindnuairuauauasAuime R ilensiseudneaanefiuiindlonwzvewansast (18]

4.2 M3nTIvindunaEsusenauiiuedngiu (Total Phenolic Content)

azaneansaimial esduayulnsiaiuguamisudmunluguiuunsainvsiuianadutusag 9 dan

NAABUAIID Folin-Ciocalteu lnananansazany 10% Folin-Ciocalteu welwitniu sumiwansazany Na,CO,
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welidfusarudais3ludiin 30 wil Inrnsganduusasil 765 uiluiming fe Microplate reader igufung
ATFIUNTALNRAN wazseauamaandilu me Gallic acid equivalent (GAE)/g extract nsnadeUYNT 3 ASe
wagAMALAY [19]

4.3 NM3n9IndsunuasUsznounaliuesn s (Total Flavonoid Content)

azanpansatinniesivayulnsiaiuguammiiudunlusuuuunsainvsiuiianudaduing  naudoens
U 5% NaNO, wdsanniiu 5 wnit ia 109% ALCL waziiisl 1 M NaOH #afisld 10 undl anniumelidniunas Sadn
MsganduLasil 510 wilums fe Microplate reader nadwsAnAisURUNSMLMTEIU Catechin LazTIB9TY
ey mg Catechin equivalent (CE)/g extract msnageugn 3 a%q wagAuamdnads [20]

4.4 MInageuANNaNIaluNsiIueyyadasyylin DPPH uag ABTS

wanasataigg osd uayulnsiaduauameisuduunluguuuumsainved ufianadudusiag q 20 pL
fuasazans 0.2 mM DPPH 117y 180 pl Tu 96-well plate Usilufislafigamaiivios 15 it udrindnisgandu
wasil 517 wilwans ¢ae ELISA plate reader Tngldwmueailuasniuny nadnsuanaidue 1Cs, (50% Inhibitory
Concentration) MsnageUazyng oM 3 ASS uazsneLads [20]

wanasaiaiag esduayulnsiasuguamisud i luguiuumsaiassiniiaundudusiig q wmiuea
10 pL Auansazang ABTS $7wau 990 L Maliluiifle 6 wnil %mmiamﬂﬁuumﬁ‘ 734 uluans faeinseq
UV-Visible spectrophotometer Iﬂﬂi‘i’fﬂjﬂﬂébuli‘]umiéﬁﬂ@ﬂ nadnSuanaduan ICsq (50% Inhibitory Concentration)
nsnageUazTheWmLn 3 A%t uagvaads [21]
5. N15A5I9EBUBIYN SRV NV WERSualLATe sRu sy lns IS uguA M UE U TusULUUR R AvsAN

5.1 MInTRaoUNsLdoNauN WAL

annsadunsfnvinsasuwamanenmudsiaiivazannsaussifiuengnisiiu (Shelf life) vea
wanfsllalunanduas Tnemsifuiesandndusinielianiizdguusndiund (wu RRIVEHEN mwm“iyuqﬂ %30
wasdn) 38nsde diedesiuaulnsiaiuguamdnsuduunlugiuuunsadiasa s ussaadluegfidouvesd
%998z 10 N3U 13’1L‘?J’WﬁﬂumUQMqmmgﬁuazmmﬁu Climatic Chamber Binder iq"u KBF 240 (Germany) luani1y
Seflgamgil 35°C, 45°C uay 55°C uszaziian 2 ey hnnsquiiednann q §Uasi anUsziliudnd L fie
AAINEIN (0 = ¢, 100 = 9717) a* A8 ANANUTUALAIWAzE) (+4AY/-1T87) war b* Aranududinasatay
¥idu (vdes/iiiw) fen3asind Reflection spectrometer Avantes (Netherlands) wazAUSunandaseaae
\A383 Water activity ﬁ:u Dew Point Water Activity Meter 4TE (USA) mmfuﬁwlﬂﬂizLﬁumqmilﬁué’ﬂmmm
Ufisenaaunamand (Kinetic reaction) mafivnsanhansmeiuldsudundnsusildedls Tnefinsmuauiade
duiiinaresnsnsiasuilas [22]

5.2 NM5A5I9@aUNSUUBUYBIR8AUN Y

q

v '
;] a 1% ¢ A

aliunsnvgeunsUudewrsateqdunidlundndueiniosnuayulnsasuguamsisuaiuuily

o

sUkvuRsaingaRunewmduszasan 9 Weou fieisnsratuadun3duinsgiu (Standard Plate Count) wiaiiu

a

Junulalaiveatanuafiisouasiies dmsun1insigaunsgnasywvlnlagldeinia (Aerobic plate count;

APC) azldounsiasatieviln Nutrient Agar wazn13nsIadanuaz s (Total Yeast and Mold) agldomisidssde

a6 1

¥l Potato Dextrose Agar [23] wasasiaaeunisumilauvesgdunsdnelsa 3 vl laun Escherichia coli,

Salmonella spp. wag Clostridium spp. lnedisn1snaaaud1ademiudisuinsgiueayulnslne (Thai Herbal

o

Pharmacopoeia, THP) il [24]
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1) wisnewnsiaeade 3 via 16w emnsidsadie MacConkey Agar Wamsu eaie Escherichia coli
EJ’Wi’]iLgENL"ﬁWEJ Salmonella-Shigella Agar wﬁ’lw%lﬁmﬁgﬁ) Salmonella spplmm‘iLgt’NL%a Clostridial Agar
dmsuidsade Clostridium spp.

2) théeehandeshuayulnsiauguamiuduulusuuuunsadauiy uwihnsdendildmududy
107!, 1072 uay 107> mudhdu Wlevumageuluemsidsade 3 via Mwdenls Ingldinaia Spread plate 91nt
yhmsUudeluguude (Incubator) fgmmgii 35°C iusozian 24 dalus

3) \ileasunan vinsasiatiulalad srunanisvaaesiild TnsvinisSeuiisusuiulaladvesemns
doudefildlaldded (Auaw) Auiildiaog1e uagsenunaldulaladnensy wiefiaddns (Colony Forming
Units 30 CFU/g w3 mL) Insinusinsuund sudasliidudnunmsgiud svuaaudss manssnsisansisnge
Foa inamiunasg iy Aaradand viienndnunduduiiaudidysenmunim dwsundndasiayulng we. 2568
[25]

6. NI IATIZANIADR
namsvaasadsUinaazuandlusUuuuaads + Annudeuuuasgiu (Mean + SD) MylAsIziam

¢ a

WANANYBINGUAIRERENA TN SEAUTEEATYN19adif 0.05 (p < 0.05) IngldigawmTesiauwlsusiumaies
(One-way ANOVA) 3insld Post hoc test Tagld Tukey's multiple comparisons test @msunisiuTeuiisunsaind
3 fruus loun 3esnuaiansonnu IAsesRuNauNoalanngnIusasay 5 uay 10 uag W ttest dusuilssuiiou

NNl 2 fands laun indeshunautealaangnsusevas 5 waz 10 Iagltlusinsy GraphPad Prism Version 6

WNanN1538

1. YSuauansafia (%Yield) vounsasauasulnsiauguaindifuduunluguuuvaianiouduuasneaiavens

Aendannied ssdvayulnsiaduauansuduunlugUuuuamsadandeuduusuia 10 dns g
nszvIuM YU suUUTUes (Al 1) wuiasnsaliTinumsatnuintu 13.57+1.68% dmiuiniesduaslng
iFuguameisuiuniinauuealaendaiulusasfosas 5 way 10 fUSinuasadawinify 21.06£0.93% uay
19.58+1.10% mud vy Tuvarfignssauealaandaiuiosar 20 ldanmnsadmnauiinaansadald iWesand
aumiags vhlsilianansauiadunaziBealduasansatndlsddnvazmiofnfuninisluresniowiukuuy
ey MnuasInaakansliiuinsnaunealawndniuludndiuiosas 5 uaz 10 Tanumuizauson1sdaein

Wivansafnayulnsliegniivszdnsom duududongnsnfiuealawndniuiosas 5 uaz 10 Wonsivaeunuautd

memenmluduneunsly

= 1Y 4 A a o v v a ° v ' o A
Al 1 ansaiaesesnuayulnstasuaun i SuduniiiunssuIuns iU unues Ty (A) 1ASasRy
anulnsiasuaunmsiiuduuiluguuuvaiandennu (snavuealanndss) (B) inseshuayulnsiasuauninesu
auwmautealmnndnsuiosas 5 (O) wseshuayulnsesuguamisuauwnantealaandasuevay 10 uax

(D) woalsLANTMIU
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2. N3ATIVHDUANANUANINIBAMVRINAAS T LATR shNEUInTIETIFUA W TUE LU lugULUURIET A YIR
dmsunisnsieaeunmantinnIenmyeInandaeies eshnayulnsiaavamisud uuInauLoale
wndn3usesay 5 uag 10 Weuiundndasins s vayulnsasuguaindisudaiuunlusduuvadandoudy

Tupnuandfsng 9 lnedswasduniwmnsed 1

M50 1 MInTIRasUAMaNTANINEn MY sATesRNayulnsasuaumEs U u lugULUURETRYIRY ey

fundnsdaeiasespuayulnsaguamisudunlugUuuuadaniousy

NANSNAGHDU
. i 4 SRR AN LA3DIALC ME
anu $IUN1TNAHIU LASDIANA
o W 4 wealaandnsu  woalaandnsuy
dnandounu . )
Sowaz 5 fowaz 10
1 msazanetdou 100°C (min) - 2.45+0.19 2.99+0.19"
2 ad
. |
ddu Fdupuung Fduuung
wauil 3 Waud 2 Waud 2
3 MSANAENEU lanunsanazneu
a4 AmNLdunsa-Lug (pH) 6.64+0.07 7.69+0.02* 7.76+0.10"
5 AANUENIWNIE (g/mL) 1.000+0.000 1.014+0.001* 1.031+0.001%
6 AUNLA (s) 14.08+0.22 13.88+0.07 13.83+0.11
7 TSS (°Brix) 0+0.0 5+0.0% 9+0.0""
8 Uswaarudy (%) . 4.98+0.07 3.87+0.07"

NUBIA: * p < 0.05 1A HauealamndnIuiosas 5 Wieuiu 1n3eanu afaniouny
o A ¢ a v = 9 o A v oy A
# p < 0.05 iATEINNY HauwEalAANGRSY Foeay 10 Wieuiu 1ATesaum afnnioun

t p < 0.05 LATBIRL NauNEAlANTRTU Sovay 10 Wisuiu 1nsesnuY Kauuealnnndnsuioay 5

NAANT 1 nudiesesiuasulnsiaiuguainsud uuninauuealanndnuludadiuiesar 5 uay 10
annsnazaneluthdouigumgli 100°C 167 IneweTeshuailnsiinausoalandniuiosas 5 ua 10 Hiaatluns
avanedethiou 100°C {uan 2.45+0.19 ua 2.99+0.19 Wil muddu lasiiesiuasulnsinauealaand
nudesas 5 Whalunsaraeosninaiesuayulwsinauuealanndniuiosay 10 unndnsegslitodifynig
ann warlifinnsnnazneu

dvoandeshulugUuuvaianionfu eiflsufiu CMYK Colour Chart Sidduuaudl 3 59 C:0 M:50 Y:100
K:0 vauzfigmsnanuealaandmiusosas 5 waz 10 adueuwaaaUe 2 5Wa C:0 M:75 Y:100 K:0 sddinns
Wasuwlasnnifsiilesnnuavesnsaausealainndsiusiuiuaudeulunssuiumsiukauusiules A1y
\Junse-wua (pH) veardosiuaulnsiaduguninsuduuninasusealaiandniudesas 5 uaz 10 oglutig 7.60-
7.80 dneglunnzidunans Tnefidunnniaiesiuayulnsiaiuguainssuduuiluguuuvatnnsonda Ssin pH
WU 6.64+0.07 (nsngew) edmruuansnsesnaiifoddymeadn esnnuealmandmsuiildian pH 8.08+0.06
(wagew) Filindnsuriinaumealaandniulen pH sty nanmsiammuminveseiesiuayulnsiaiugunin

fsuduuvisanugasnuitlifiaruuwaneneiu egslsinuredereniug 1WIINIzLazA TSS (°Brix) fuwiliiy
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\utunudnduvesealmandnsuiinauiosay 5 uay 10 Fedauuansrsegildediamada Tnedurasn
Fndumoalaandniuiuansatu dmsuusinaeruiu wuimdsfusiinausealaandnsudosay 5 Sanuiu
wnniransae inauealaandesudosay 10 Faflnnuunndsedelidedfyniada definsandndiunisld
Usglond nudneesduayulnsiaduguniminiuduunlugluuvadandends fuussnuassas 200 fadans
Fudethuriunszurumsviuisuuuiudes Iéasadawiniu 0.39 n$u Tuvasiiaiesumpulnsaiuauaneaiu
duungasnasmealaandeiuiosar 5 uag 10 Wetwriunszuaumshuisuusiudes ldansadawindu 9.36
n3u uag 18.42 N3y puddiu Teazamnsafiouldifuansadn 039 niu vesgmsatanieufa
mﬂmaﬁménmiﬁﬂmﬁ%ﬁmLﬁaﬂqmﬁwamuaeﬂmmﬂsﬁm%ui”aaax 5 iflenTvdeunmaNRMaATuay s
madnmlutunousely esmngrsdindnasnsndistnifuasainanayulnsldlussiuisusihiugnsfisiuea
Tnnndaiudesay 10 wilduiinaumealanndaiudosnit Fumngandenswamundundnius edosiuayulng
ieugun e sud i lugUuUUReaR ARG ded
3. nMsmstadeuanauTAMILATivesanAueieTe sRuayulwsESugunwisUdwun TugUnuursainvshy
msfnwilsinssaeuiendnuaimaaiivenaosuaulnsiaiuguameiuduunlugunuuataniouds
uazipdosmualnsLaSauA MU uTnauLealandiuSesay 5 Tatldinadalasuilnnsfiuuutuniade
Wisuiflsudnwarasfisiihiienaaiivesisasstiogunudndiunslinusde samsdieszinuiinielias
PNTENULUATTIIY 1 kou Tuhsaesiaegne Wedesdsuasdanshletaniannuenadu 250 urlums
wukauasIIY 2 wav wazneliasdansilloaniinnuenadu 366 wilusms wuuauassiuau 6 wav lus
aowogns (Fauandlunmil 2 uaznseil 2) nsanisaaeufnauandliiiui iniesiuayulnsiaiuguain
isuduulugUuuuadandoufuuasgrafinausealmandniuiosas 5 fdnvazarefidadenaaduazen R,
Tn&iAsefu Fauathnmsulssufenssuiunsiuiuurudesuazniaifusealanndniulallddsnanelazaaing

vosansdAyanayulnsegeiteddey yilindadurinaiavnudinesnuiendnualvesasdrfylalnalfsiu

gasafaniousuAuLuY

1 2 1 2 1 2

Al 2 TLC chromatogram vesiedosmsaslnstaiuguamsisudunlusUadansoumsuasiedeshuayulwsiesy
guameisusuumausealmnndasuiesas 5 Iay (A) nelduanni (B) meldias Uv254 nm wae (C) neldies
UV366 nm
Lane 1: tefasiuanulnsiaiuguameinudunluguiuuaiandouss

Lane 2: insespnayulnsiaSuavn s Sudurauuealmnndnsuiosay 5
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M1319% 2 A1 Re voanseRualulnsEsugun e Sua i lugUuuvaiandeniunasinsosnuayulnsiaSuaunn

sfudunluguiuuaiavnurauiealanndnIuTevay 5

TLC A Re
Detection — ; R
fraction  ipSeshu Tuguuuuaiandoudu  1ATashu wauNealaandniuiasas 5

Normal lighting 1 0.19 0.19
uvasa 1 0.19 0.19
2 0.37 0.35

Uv366 1 0.18 0.18
2 0.31 0.30

3 0.37 0.35

4 0.44 0.43

5 0.52 0.51

6 0.57 0.57

4. nMsnsRdauUsualEsUsENaURURANsIU (Total phenolic content) Usaneaansusznaunalausensu
(Total flavonoid content) wazanasnuayyadaszvaaaiasiuayulnsasugunmisuduunlusUuuunsaia
YRy

msfnwUiinamsUseneuitueansuuarasuszneunaluesd et osruayulnsiaiuguanei$u
Frunfianinfu 151.6+5.4 me GAE/g extract wag 37.9+2.8 mg CE/g extract Aud1su vassfivSinaansuseneud
usAnsmaransuszneuna e smveanIesuaUlnsasugua i fudninauealaandniu Sevay 5
WUINTAMNRU 34.7+7.1 me GAE/g extract wae 2.7+0.2 mg CE/g extract auandiu lethansatnainin3esiy
ayulnsESugua IS Ud UL AT IREANNaNNIa lUNTANUBYYadaTEAI83S DPPH wag ABTS wudause
é’usjy’aa%aﬁﬂimﬁm DPPH waz ABTS Tneiien ICs, iU 119.2+2.5 pg/mL wae 36.042.8 pg/mlL auddu vaued
wSasnuinaniivnuanfunealaandasulosay 5 é’QLLamqw%‘éfﬁua%aSaiwﬁﬂ DPPH wag ABTS laadan ICs,
WU 857.5+52.3 pe/ml wa 336.2+12.9 pg/mL mudu anmansAnwdanananuldiansatnaniaiesiy
aslnsiasuguamenduduuniignisueyyadastinninedesduauulnsiaduguamiuduunfinau fuseals
wndn3uferay 5 ildesnmsuamealmandaiuilinnuduturesnsataanas

NnwansAnwIRananansagUlii inTesuaulnsdugunniiuduunfinauuealanndniusoe
av 5 fnslansesngvsddymnayulwseglussiuiiannsouansgnisueyyadassld Gaazvioudsdnoninluns
AIAANURNINYININYBINTAAYNIENAINITHIUNTEUIUNTIUAIMUUN W DY
5. N15ATI9FBUBINBIRUINY v IWARSuITLATe sRu sy lns IS NgUA M UE U TusULUUR saR AvsAN

5.1 mansaaaeunsideNaninluaniiziss

mMaUszdiuegmsiiusnuimegideldidondidvil a* Aszfuaianils vesAnd a* Fudu viofdranas 50%
Jushdeauergnisifivvesndnfusied ssiuayulnsiaiuguamifudumauuealoandsiufosas 5 1losan
wAnSusvesuiTy \undnsusifivsiuiteaun dnfulumsdadenduiifieussduagmafivinniadonand
a* An Arpnududuns inszardunsusuenfannuanunsalunisiueyyadaszvewdndug (insindaeis

DPPH @aflanuduiusiuen a* Inedlan correlation coefficient (r) winffu 0.9856) ilavinnissAusnunluaniizisa
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A = o 1 = 1 a .d' 1 2V v A oA <,
nuiAduaiuuiliianas Ysvenisaruaiunsalunisinueyyadaseianasmiuludie Idladaiond dunady
sudlunsUszidiuengmaiuine wasinasiRansaniiandanas 50% wanuafidenndesiugndnisiueuyadasy
- v o ] < A 16 R a Lo
anasegluseauiinit 50% maimmL.L.agmaﬂmuﬂmmwwqwmw (Lgnduee)

PnnsAnwnsUssluegnsiiuvesasainayulnsdade Tnedenldusumaisuszneufiuednvianun
Judwidusuenergnisiiundaduel wudtnisaaiedivesaisuseneufluedniwumduluniunnuduiusves
UARsedudunil uazengmsiiusnuigamall 35°C flognisiiuu 27 e viseuszana 2 U 2 wiow gaungdl

45°C flongnsiiiv 20 eu wazioamanld 55°C dongnisiiusnen 16 weu [26] egslsinuuinsgrundnsdoe

= o 5%

ANUINTTINUNIAY (UN9.996/2556) SruEpanamivasnnutulundnduandecliiiu 10% [27] uagann1svnass

Q

v '
a 19 v 1Y ¢ o =2

TovinsInA1tindassnndun1y WU TuanineuanIsiiusne nansumdsasliaindaselidiiy 0.6 Feusvandadl

q 9

1 = a =

szeznaNRivinvfienu uiillefinnsanatiidaseia 3 guml ynduavinud Andaseiigungll 45°C
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Wi (Wnuageeu) ardufien Tu wagnen 31NN1TIATIERRIAUTENaUNILALin19mATlA UHPLC-Hi-Res-Orbitrap-
MS/MS wudwuasianuvainmatsvesansaliuesduayilueings lnaianglumiieeu Wy Quercetin Kaempferol
wa Ferulic Add Tuvauefivmvannuans Gallic Acid uag Vanillin azadlumiunuagluinnnidndy o lnenuusuu
#157UaANTINVB LAY WU 110.41 + 1.12 mg GAE/g DW uazamadn wuuSunasngalulu wiriu 75.21 = 0.14
mg GAE/g DW LLazLﬁamaauqm%‘ﬁma%a56335@83%‘ DPPH way ABTS WUIAT ICs, Ua9a15ainanUkasluaIueg
WA JAn ICs, ﬁwqm A 52.00 + 4.04 ug/mlL tag 58.0 + 2.60 pg/mL MILAINU dNUTUTIMAWNUAT 1Cs, ﬁwqﬁﬂ,u
AIUTOUNINBOU WU 52.00 + 4.04 ug/ml waz 58.0 + 2.60 pug/mL MuEIAU Feunnuansineuiiuldingiund
dnenmlumsiduundsuesansinueyyadaszia Tnsamzludiuveaniy fuszavsamlunisiuoyyadaszganiig

e wildudAY? P < 0.05

ANANARY: U1 YA WA NBAIUBYNADAsE UHPLC-MS/MS
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Abstract

This research aimed to compare the chemical constituents and antioxidant activities of two galangal
varieties: Alpinia siamensis and Alpinia galanga, which are widely cultivated in Samut Prakan Province.
Comprehensive analyses were performed on multiple plant parts, namely the mature and young rhizomes,
pseudostems, leaves, and flowers. Chemical profiling using UHPLC-Hi-Res-Orbitrap-MS/MS revealed that A.
siamensis exhibited a high diversity of flavonoids and phenolics, particularly in the young rhizome, where
compounds such as Quercetin, Kaempferol, and Ferulic acid were predominant. In contrast, A. galanga showed
higher accumulations of Gallic acid and Vanillin in the mature rhizome and leaves compared to other parts. The
total phenolic content (TPC) of A. siamensis was found to be of at 110.41 + 1.12 mg GAE/g DW. In contrast, for
A. galanga, the highest concentration was observed in the leaves, reaching 75.21 + 0.14 mg GAE/¢ DW.

Antioxidant activity assays (DPPH and ABTS) demonstrated that the mature rhizome extract of A. siamensis

possessed the lowest ICs, values of 52.00 + 4.04 g/mL and 58.0 + 2.60 lg/mL, respectively. For A. galanga,
the lowest ICsy values were observed in the young rhizome at 52.00 + 4.04 pug/mL and 58.0 + 2.60 pg/mL
respectively. These results indicate that A. siamensis is a superior source of antioxidants, particularly its rhizomes,

which exhibit significantly higher antioxidant efficiency compared to A. galanga (p < 0.05).
ﬁ’lﬁﬂﬁiy: Galangal, Alpinia siamensis, Alpinia galanga, Antioxidant activity, UHPLC-MS/MS

Unin

a & Ave

#vlwaed4 (Zingiberaceae) Ineansiialuana Alpinia Roxb. wsefsantuuu "1 \unguayulnsuas

Y

wIeunanilianuddgyegddussuuinawaioukaziasugivesiinatedonsTueendedsd deauaudinig
douguing i dwmilaau vinlvilinisazauansyiegd (Secondary Metabolites) a1nuatengy wu Uisiuneusuine

arsnaliness wazansuszneuiiuedn [1-3] vivlivignihanlduselorinsludugnaivnssueimsuageayulngun

q q

1Y

agne 1y Tudszinalvenisinizugnuagldusylesiaindidanugniuduiidlnainunsnsuag TmusTsneImis

v

ABUTINUIN IﬂaLawwﬂuﬁuﬁ%’wifmwsﬂmms«‘?ﬁaLﬂwﬁﬂmmqugﬂﬁd’]ﬁﬁ’mmmm‘uaqﬂizLwﬂ fdnwuennegieanans
wazilringwesiuiifinnuiiey Lﬁaqmn&gqagjﬁnmﬂ’ml,l,ﬂﬁwLé’ﬁ‘wszanuammﬁquLaa"nlm ylvannAunazi
TasudnEnaanaAuLAL (Salinity) ﬁdmﬂmﬁqﬂs“hmaqﬁ"}mmammﬁmﬁuazmsﬁwmﬁ:wﬁau'aLﬁymﬂaﬂuﬁuﬁlﬁu
inwasnsluiui ddsuugniuinuduieidese Weliusslomdandauihadduazainmsldiasy dmwaliduly
USnailasudvdnannanuiy fuduiuledonnuassanisiinmdeiy wiluwaiisartuanvanuedeasziu
Urunanannsanseulifisinisuiudmneaisiveuasduail lnensdaasgiasiueyyadassuazaisiunilulad
nRsndfutuieuntonead (4] fewnisndunaliuvesaynsumnisfidndnvainaaivezamnmiiuandiaan
WaBUT WU Punandes suneuieve Aeudnieides dmiwunelng fnduuarsanivlanauduendnyaiauiy
fiffasnsvesmain

Mnedderneuntdt Wasnnunarnvatenisdannluiui wuInnumsnsieslgniaos viandni
SnuEN1IFugIWINeMANANAY AB Y Mae (Alpinia galanga (L) Willd.) wag ¥4 (Alpinia siamensis K.

'
AYeo o ]

Schum.) [5] 9 maradurdansantuunsuangluszavaina dwdwwalvg dviwansemaesseu Lleudwaziiduly

U
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wn feuldlugnamnssuaiowns luvaeiiuamsefiinensnsuisiuieniimeiniidnuaziiufomitidutey
guiseuns lnslanizuinadeudouazeenseu ledudaasiden nsou uaslinduvenfiunnieindvan  eagdlsh

a do o ]

maudiisaesrinandufimassgiafiddy winslivsslosilutagtusinsiinegifissdinennindundn lned
mssmeidlugUmirdeu (01 3-4 Weu) uagmiud (@1gunnd 8 Wou-1 T) luvasidaudu 1 vesite T s
diow Tu uazaon ndugnuestuuazingnirdaiadutanmdslinisnisinuns egslsfnuiisenudoyadndes
WAerfuesdUsznoumaailvesdiulsynoudu wu aon Tnenuasddlutifuneuszmeldun @15 Famnesene
Aceteugenol way Eugenol [6] wazluan wuans Benzenepropanal Quercetin wag Phytol [7]

A msfnwmgnueilufivana Alpinia fhyjatluiinsiinsgiarstmaneianizngu (Targeted
Analysis) WU NM3IUTUIMENTEIRYNaNE1N 1'-acetoxychavicol acetate (ACA) m%aﬂzjufwﬁwamzmmﬂmhﬁ'%ﬁm
[8] Fausfazlideyaiausinaiuugluasiaula wifidedidnegraunnlunisas founmsuvesanaumainvanems
Fuadl (Biochemical diversity) waglilanunsansianunisiVasuulamwesansuaiivladuiinduiionafinnuddsonis
Tuundndnvaiveaiala [9]

Frewn madesgiunlulainduuuliiangas (Untargeted Metabolomics) $auiuimaiinaiuaziBengs
9879 UHPLC-High-Resolution Orbitrap MS/MS Sfiarmdnfusgeds esnntaeliannsasey "aefaniniaduai’
(Metabolic Fingerprint) uagdnunuuukaue¥Iluana (Biomolecular patterns) seninavlinuazdiusing 9 vesiale
oguazauAgu Sahlugmsdunuastsdvaad (Chemical markers) nsl 4 fiasvioufisdvsnavesaninuindouuas

nsUsuiastluiuniminaymnsusinisiaied1ausias

v '
o ' Y a

nuATeiTsaiufasuduaudlulssdudngn Taenisussgndlfinaluladiaseiitugs UHPLC-Hi-Res-
Orbitrap-MS/MS Tagiasiziumlulainduuuliianzas saufunszuaunismiaailidea@dd (Chemometrics) Lite
Anrguazuunuuuwsunsilianavesansiunluladlumi’ drdudien lu uazaen vestvisdeseiin nousia
UsuifiulsyAvsamlunmsiueyyedasuiloutuUiiuasUssnoufiuedngu deyaildasihlugmessyfsdmand
(Chemical Markers) #isumizseufintnldunniu wandunsadiguteyaddylumsthdiundorisnsnisinunsin

W dundadusiyadigs eduiniewasugiagiudiniw (Bio-economy) uasiiiumeldliuinuminsedndsbusialy
WAun1sIde

1. NMSAVUADENNY (Sample Preparation)

yhnsiftudaegnan 2 viin 16un 9mans (A Galanga) uae $1uas (A Siamensis) Inituitdminaymsusins
Tnedausndanuszneu laun Tu duiion aen uazni1 Faudanimuergmsiiufsniu miseu (3-4 1eu
SnvauziUFenduouany LHoseu) uaz iwdun winnd 8 ifeu dnwumFendthnne lege) deshsiiy winzdau
thananuuauagyilukaieeiondenudsayaina (Freeze dryer U3 LABCONCO §u FreeZone 2.5) 1niiuun
HunsaziBon waziiusnundigamgdl -18 °C suninazyhmsiiesgs
2. msaaszrasualulad (Untargeted Metabolomics Analysis)

2.1 nsafinsswalulad
msafaansdmiunsiiessimamniluled alifvinarasiiiarudunzgs iefseansiunnluladiiiid,

wazlifithdmsunsinsizseuulidimigiangas Jannanseausledvivazlufian fail
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msafnansunlulas (@iefidn) deenssegimidn 1 ndu naufuansazansieniuea Wudu 50%v/v Usunas
10 fadans wehlddnusamieaeans (electric shaker) Wunan 4 alus andudiedecdunies fannugsey
4000 sousaudl Wunai 10 wil wvdwla waznsesiuilames vuim 0.22 lulaswns Tdasluvindvrvuin 2
fiadans uazdnifuia3oe Ultra-High Performance Liquid Chromatography (UHPLC) 34 Orbitrap Exploris Mass
Spectrometer (UHPLC-Orbitrap Exploris MS) [10]

msafmansualulas (dnldddn) Feansdegrmin 1 nfu neufuaisazaenauves Methanol (RCI
Labscan) wag Dichloromethane (RCI Labscan) 8ns1@u 7:3, v/v U3uns 10 fiadans waumeg1aliniuiusanin
FreinIevowng Hunar 60 Juad mmfuaﬁ’mﬁwm%‘lmé’wﬂﬁlummﬁqﬂ (Ultrasonic Bath) wfuran 30 undl 4
gaunqivied wazdupIesiundos innuidaseu 4000 seusowd Wunan 10 uifl valauaznsewufiawmes
gw1m 0.22 lulaswns Tdadurndviawe 2 faddns wazdadiades UHPLC [11]

2.2 n’liﬂi'aﬁl'i'ﬂl,l,aziswlﬁﬂﬁ'ﬁﬁ%EJ UHPLC-Orbitrap Exploris MS

Tunsdnwildvihnsieseiasnunlulad wuuldszyasndmmng (untargeted metabolomics) Tneldazuy
Vanquish Flex UHPLC (Thermo Scientific, Germering, Germany) Freszuutunuuluung (Binary pump system)
dousatuiadosuuaaiUnlnsfiwesuin Orbitrap Exploris 120 (Thermo Scientific, Bremen, Germany) fiflsguu
Electrospray ionization (H-ESI) wag Hybrid quadrupole-orbitrap Ttmeauiviin Hypersil Gold C-18 (1@ 2.1 x 150
uy. vneynA 1.9 lulaswns) 910 Thermo Fisher Scientific Inc. (Waltham, MA, USA)

2.3 msszqwﬁﬂmiﬂsxnawﬁﬂﬁij”'s (Polar compounds)

Tunsiesssinuaanlnsiuns lavinnisasiainluluualoseuuin (ESi+) wazlooouau (ESI-) AnwUasann
Tyagi et al. (2021) [10] Aedutlddmsunsiiaszsiae Hypersil Gold C18 feghsusunas 5 lulasans gndnsie
sruusnluid wazindeuiiduneduillneldmlawndoudi wuuluwid Ussneuseansazats A (0.1% v/v Formic acid Tu
Yuazansazans B (Methanol) TngldmnuiEanisiva 0.4 Sadans/unit meldnsuieud@adu Juna 25 uit @nd
voaulandoud B Fusuil 9% LLﬁSLﬁﬂJ‘ﬁUW’]@JﬁWﬁU%UQQQ@ﬁ 70% aeluundifl 22.53 AeuszUsvannduaniianioy
Buduitewssumsinsedseudinly) :ntu vnsinsedsusaanlnswuailuluun ESi+ way ES- Tnofmuntig
mam’aﬂis'«g (m/z) i 70-700 WnnsawAuLUY Full MS finuasiden 60,000 wazawny MS2 (data-dependent MS2)
fiauaziden 15,000 Ingldr Stepped Collision Energy 7 30, 50 uaz 150 eV Lﬁ@lﬁﬂi@ﬂﬂqmmmmnﬁaﬂuaqamum
Tuladanguiluandadeuazenn dsazthefiudszavsnmlunsssyaiinans (Compound Identification) l¥agausiugn
aRoly

2.4 miizq%ﬁﬂmwﬁﬂ‘lﬁﬁ%”a (Non-polar compound Identification)

mseszsiludiuvesansliiids Weeduluvuiieafunisssyarsnguita Tasviinsdndaegiaianns
5 lilasdns seszuusaludd wasirdeuiiihuneduimeomandoufivuuluung Swssneumeaisazans A (0.1% v/v
Formic acid sle;ﬂ) waza1sazaie B (0.1% v/v Formic acid Tu Isopropanol/Acetonitrile 8as1du 4/6, v/v) lagld
anuinaslua 0.3 fadans/undt wasldlusunsunsidsud@aduiunan 30 Wit 9ntwihnisinsieidsuuaan

Taswssly ESl+ wudeniumsinszdasnguiivaiiedeunaisnauladvasing 4 ludiegne [10]
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3. WpseiUTuIEsiuayyadaszatndludng 9 (Wi Tu dduiisauazaen) Y899 uAaEYIMAIN

3.1 N3ENAA20EN9

afindregalaensuiitegnsluansagzaty Ethanol WUty 95% v/v (USEW RCI Labscan) Tudnsndusiiag1ase
USinmsansazany Ethanol Wiy 1:5 utield 3 u andunsesiunszaunsenves 1 sailifielrldasataneutana
wnnedmiunaaeunvsiusyyadasy insatamiegnadn $1uau 2-3 A deansazans Ethanol Wity 95% v/ Tu
§M9Id WAL LALYIIN1TTEIME AT Ethanol A181A304NA UTEMEA1TWUUMYLU (Rotary evaporator USHN BUCHI
$u R210) thansataveuin3euldluvinliuiedeind oviusianuuutiBonuds (Freeze dryer UF¥W LABCONCO
Su FreeZone 2.5) uaztfvliluvindun Monunil ¢ esmneaidos il oldnaaeugniduoyyadassuasysuin
a1susznauilueiingiu

3.2 NMsNAEdUaNSATUBUNADETE wazUsunudsUsenauiluednsau

v

aa

mimaauqm%‘ﬁmawaﬁaix 71835N151AdULUY 2,2-diphenyl-1-picrylhydrazyl (DPPH) (US¥% Sigma-

Aldrich) T¥aududuresansatiaaindt Wudu 100 fadnfudefadans Inedearsadadivin 0.100 nfu azasly
a1sazany Ethanol USunas 1 Saaans Wuansazanodudusudy snduriinsidensanududuliidu 1, 0.5, 0.1,
0.05 way 0.025 Jadnsusefadans naufegnfinnududusiigg Usines 100 lulasdns fuans DPPH avudiudu 0.1
fiodluans U3ins 900 lalasns weh wardislufifiaduna 30 widl WelfiAnufiseesanysaideutilutad
nsgandulasiiatenay 517 wiluwes Meledesadnlasinlafines (U SHIMADZUUV $u-1800) [12] Tun1s
naaoy YannassUsznauludefinysaiuny (control) Mifllawizansazats DPPH (dwiunsAiuinanseyyadass
Suduil 100%) FsazIsuiisuiunasnufisendiiansatevenudiuiazaie iSond1 vaeanegeu (sample) ¥inns
aaes 3 91 laelansazaneanasgiu butylated hydroxytoluene (BHT) (U3t Sigma-Aldrich) Lluansinasgiudniy

Wsgusuifuansananlddne Annududy 1, 0.5, 0.1, 0.05 wag 0.025 Jaansumaiiaddns ndunLUesidunnig

gUEN (% inhibition) 31ngM3

% inhibition = ((Abs_control - Abs_sample) / Abs_control) x 100

A15AIAT ICs Wlglnenisadrensimmanuduiusssuinalesifud msdudsfuanududuvesansasagii
anududusing o warAuasmanudiduresansatauiivilinududuresans DPPH anas 50 Wesidud

ﬂ’]imaaqu%‘&”ma%a%asz PILBAINAADULUY 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
assay [ABTS] (U3t Sigma-Aldrich) [13] lneinSesausa ABTS (ABTS radical cation, ABTSs+) Farudutu 10 fad
a1d wauduansavay phosphate buffer saline (PBS) (U3 Sigma-Aldrich) pH 7.4 wWudu 2.45 fiadluans Tudnsndu
2:1 Tngtnns aniudulilugiBugamafl 4 ssmwaidea Hunan 16 Falus thansazanwoyya ABTS Foanede PBS
Ufadnsgandunasit 738 wiluams Wlddnsganduuas iy 0.70 + 0.02 andusieuanududuvesasadin
91791 |Waudu 1, 0.5, 0.1, 0.05 wag 0.025 fadnsureiladans was nauasafafinLd U usng 9 Taeldusung 10
lulnsdns Auansazansoyyadasy ABTS fisFenly Usinms 990 lulasdng Usiigamniivies \iuliludifla (Junan 10
wit wazdarmsgandunasiiaiuenady 736 wilusns lunmsmagouganaaesUsznaulusemuusaiug (control)
fflanzansazany ABTS (dmdunmsduinansouyadaseEuduil 100%) daaziSeuifiouiuvasaufizondifaisade
ne1UT A azada 159071 waeanAaey (sample) ¥In13Maans 3 41 lagldarsazaisunigiu Butylated

hydroxytoluene (BHT) (U3# Sigma-Aldrich) luansunsgiudmiuilSeuiisuivansadaili@nen Aenududu 1,
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0.5, 0.1, 0.05 Az 0.025 findn3usiefiadans A %inhibition warTIEMUNANISUSIBYYABaTE (ICs) TdiTuiAeaiy
35 DPPH

nsmdsaansUseneuiiuedngiu [14] lnswssuasmaaeulviianududy 1 Tadnsu/leddns Tuaisazaiy
Ethanol 95% v/v Lﬁﬂuﬁua’liazmﬂmmﬁm Gallic acid (US# Sigma-Aldrich) Fdemudududu 10, 8, 6, 4, 2, 1 Way
0.5 lalasnsu/dadans Ywmansiiannandudusing q insuau 100 lulasdng waufuaisazats Folin-Ciocalteu's phenol
reagent (US¥M Sigma-Aldrich) 7iflU3uas 10 lulasans wewdasaliluiiiln 5 undl udrduansazans Na,Co, Wudy
1 Tuans USuns 500 lulasang USuuSunsieans Methanol auléu3uns 1 fadans wewdananelsludifin 1 dalus
ihludieiesdumiss finnuigasey 6,000 seusteundi uw 5 uri mﬂﬁ?uﬁﬂﬂifmwmigﬂﬂﬁuumé’wLﬂ?f@dg%—ialﬁa
awnlnslafinos Ainnuenndu 765 wiluwns maveaesiin 3 afs hamsganduuasiiléluagransmiannsig
wansnuduiusszninAnisgandusanduwny y uasArrnududuvesarsateansgiu Gallic acid WWuunu x e
m3ganduuaasanvageulufisuiunsmiuinsgiu Gallic acid
4. nsesevideyauazaia (Data Analysis)

nssvysdaunluladaiiunisiugeniuis Compound Discoverer 3.3 (Thermo Fisher Scientific, USA)
lnsilssuiisudeyauiaansuagguuuunisuansdiveslessu (MS/MS fragments) fiugiudeyauinsgiu mzCloud
(https://www.mzcloud.org/) wag ChemSpider (https://www.chemspider.com/) ‘ﬁa;&aﬁuﬁmumw%wauﬁWLﬁaiﬁ'

a

3 Pareto scaling ieanaafatnaisndanudutuguiuluuaziiy

= el 1Y

Tayailunsgiuaeiu (Normalization) Taglyd

<

v

awddyliiuansfifinnududuteslunseda doyatiinunisuiuudisrgmimiiesgianuduiudidsadfinae
wUs (Multivariate Analysis) semadianisialuiuning (Chemometrics) oA Principal Component Analysis (PCA)
Heatmap Wag Agglomerative Hierarchical Clustering (AHC) Msimsianiaiunisiauunanileda Google
Colab (https://colab.research.google.com/) lagln1w1 Python ai’m%’u%’aa@mswmaauqm%‘ﬁma%aﬁaiz (DPPH
Lag ABTS) uazUSinaansuszneuiluednsiy swmssmuwaidu Anade + Adudsauunnsgiu (Mean + SD) 9n
WWIATIERAIULANAINNERRTENINguaIegelaeld NsamseinuwlsUsIuaaanie (Two-Way ANOVA) any

N o

AIUNITNAADUTE U UG B UL B T8 UALLANA190E 1981 T d A

o

WN19adA (p < 0.05) ArwgaALIT SPSS version

25.0

NaAN1333Y

nsAnweAUsENaUNILAT LasUSUINEIIAIUOULATATE UBIUUAY WAZUIMAIE YIINSANYIAINE U 9
Town w1 (wmhun wigew) dduiien Tu wazaen Tnenudegnsluginseuliguisy Fslinumshana d@wuszneu
YOIPMAALTWAN LanIfan g 1 9annmiulddndnuarnisuonvestviaesin Sanuadieiu Hallviadid
UNANWILATUNISTUTRlnINWITeves yaass uazAe (2568) [5]

= N

sglstmuTunsfidnuazilumitdunuaniedunieuvuy dwifaduasiuieudniidyunvs osuneuuns

Y Y
o w1 No Y gya & v A N4 A A i a o  w ° v ' 1
dusurmans ssldduldfulumiauielng dunwansediviesdou (0 MmN 2) dmSunsTwunNmIuG wasini
gou arfiansananenenisvgn Dgeu engliifiu 8 wWew viudie fillegew wazdwn foguinndt 1T Duileuds Fatu

d' ™ = ] & ' al' & A Yo a =
IWBLUTHULNYUAMULANA 1NUDINIVILAY LLaa’,mMa’NVl‘UQﬂiuwuwagW§Ui’lmi Imquuuﬂqﬁﬂﬂ‘HqLLUULLNu%E]\Tﬁ’ﬁLllﬁn

[

Tulad answatliuesd wazansdueuyadase Mnwiun wihgeu du lu uay aen laelinan1siasz Al
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Tu

avn

o W =
AUV

Wi

AN 2 hansdnwairaaulany (181) ¥a9 Ve (1) karnae (1)

NANTITAATIZRRUULNUNISTITIaNa Tagldimalia UHPLC-Hi-Res-Obitrap-MS/MS

PNNANITIATIERRLAAUNINTINNT A5 TAlnen1sAnLenuIafeUsey (m/2) 189815 Mmewalin UHPLC-Hi-
Res-Obitrap-MS/MS siilsmsuaiisvesansiualulas uavansddaysu Mdussiusznoulugni 2 viln Inedmszeily
Inunlaiszyarsidmune (non-Target mode) 1t ansavaeusinvasarsiunilulad saudsansddndu q My
asrUsznauluni Tu aduiien wazaen

Wotdwene q vesmsassuiia afnludvhazate 2 wuu Aedvinazaieiivn wazdviazaiglufien vinla

v
1

Ioansain 2 wila fie a1sadndity wazansadalifivn MnMsTesgsiiienaiin UHPLC-Hi-Res-Obitrap-MS/MS leign
szyrlinvesansiunlulad Ingldwenduwis Compound Discoverer wastu 3.3 lnsrumdeyaiUSouiisuiugiudeya

2 uvias laun mzCloud (https://www.mzcloud.org) ChemSpider compound (http://www.chemspider.com) #u

Swumswnluladfignatneenunlufwihazaredld wnnd1 100 ¥dia Hevesmslunguiifidauazlifidrvoswindiung
wazMaN waraNsaseyilnvaasiuniluladuesansadnuinae wasimad 9w 63 win (Ussanm 37%) way
91uu 59 wila (Uszuna 43%) auaiau ladwunansiuniluladvasdiune uazdamvads sendu 4 ngu lawn waila
woes (Flavonoids) Muedn (Phenolics) nsmlasiu (Fatty Acids) waznsnezdlu (Amino acids) Hiednszsinisnszans
YosasUsznauLAilludIunIg ) V099 iﬁﬂéﬁ/mﬂﬁﬂwmﬁaaLLﬁsﬂﬂiﬁLﬂiﬂxﬁ%@mﬂﬁ%ugjd Toun wrunmausou (Heat

map), M3ATIENNGN (Cluster Analysis) wazn15AsIzvRIRUsEnaUMEan (Principal Component Analysis, PCA) i

wlafesUuuunsazauYe9asUTEnaumaIiLas UnuImMn 1930 mALAE U


https://www.mzcloud.org/
http://www.chemspider.com/

) U9 12 afuhn 1 anew - Fgwieu 2569 38 130y, nalu. Radsafunsziiosd

navesSinameusazansUsznauiiuansseny Wunmsyuraianuavesasfignanameiinazatsuuuivn
wazhuUlIfion Meuesuazmads warseeudeyatugu % relative peak area vasansUsznauinuludiusing q ves

- ey v o ) | ! & ' N
NY Na‘vﬂ,(ﬂmﬂ Heatmap LLﬁmIﬂﬁqumiﬂizmamsuaﬁmiﬂ‘ssﬂE)‘Uiuﬁ’Jumﬂ ] VDNVINVILAN LA UVINA I (ﬂ']WVI 3)

2,4~ Dlmethoxybenzmc acid -

4-Ethoxybenzoic acid -
4-Hydroxybenzoic acid -

4- Methoxybenzom acid ------

o-(-Tryptopnan [N ] A R

D-Saccharic acid -

DL-Malic acid -

lsobutyric acid ------

Isckaempferide -

Metabolite Compound

L-Tyrosine -

Leucine -

|
Oteoy ethyl amice - IR I N I N B -4

Quercetin-3-O-glucoside -
Sinapinic acid -
Subericoc SN I I I
Tetradecanedioic acid ------
Valine -
trans-Cinnamic acid -----
(+)-Syringaresinol -
12-Hydroxydodecanoic acid -
Dodecanedioic acid -----
Eicosapentaencic acid - IIEEEE D Y
Ethyl oleate -
L-(-)-Asparagine -
L-Threonine -
Methylsuccinic acid - N
rrone S I I I I

Red YR -}
Red MR -
Red_SAP |
Red L |
Red F -
White YR -
White MR -
White_SAP
White L -
White F -

Galangal Species and Parts

AT 3 LAAINA heatmap YasaAUsEnaUMLATludIuYUniLA (Mature rhizome) l1i18ou (Young rhizome)
asuiiey (Sapling) Tu (Leaf) wazman (Flower) 619 ¢ U8391UA9 4aZIIMEN Tadl IILAILNUAIEY Red WazUImaId

WNUAIY White
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¥

PNNTIATIRRRLNMANLSa wandliliugULuunIsavauvetasdfy dall

PNMTIATINFURUUTNLENanIemAlin UHPLC-Hi-Res-Orbitrap-MS/MS Uagn153tAs1vinas1u Heatmap
wanslliiLd YIuAe ATINNUNITALENTBESNAUNIADUYISY (Organic acids) waznsnewiilu (Amino acids) gafisiasas
59.14 Taswunmsazauunludiumiuazly Tuvagiivivals asawuaisngy Aldehydes wag Phenylpropanoids Liu
psAUszneundnluImaigelis Yesar 66.86 nunisavauunfigaludrumiunuazinitseu laun a15 trans-
Cinnamaldehyde Vanillin wag 4-Hydroxybenzaldehyde 1Hudy

vennifludruvedluuaznonvesinsaessin numsavauvesansngunlatlauosd (Flavonoids) viaanuan
vilndsvimthiJuansdueyyadasyndnvesity Tasauns nun1sazauyes Quercetin Isorhamnetin wa Rutin Tu
(IEERLIGE YurTig1maIs NUNSAZENYes Trifolin (Kaempferol-3-galactoside) wae Isokaempferide Jueuyiusianie
yoangy Kaempferol finusnnludanily

Lﬁ'aﬁ‘fmﬂq'maum'm 9 MIUDIAUTENOUNINLAN V89T LAY LAZY11a29 A2875 Agglomerative hierarchical

clustering LANaN153INNGN LARIRININA 4

25 A

20 4

15 1

Ward Distance (Euclidean Distance)

o]
of 3 &£ ¢ ; & <& <& > &
> o & P R & & & y: o
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AW 4 UaR9 AHC Dendrogram dnnguvetasAUsznaunaiiiudinveaniiun (Mature rhizome) 1ingdau (Young
rhizome) anduiisy (Sapling) Tu (Leaf) wazaon (Flower) A3 6 U9IUILAY LAZUIAN 1A8T YILAIUNUAIE Red way

AMAM BNUAIE White

AUNUAIN AHC Dendrogram 1agl435 Ward’s linkage wavszegiawuy Euclidean uandlsdiufisnissiwun
naudlegeiigeanidu 2 ngqundn auauuanaswerilint lnenguusnusznaumigdiulsznauaiuavesuILAg

wAENAUNERIUTENBUMILAILUTENOUTINUATDIYINAI
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dwsunsinsananuduiusluggiadeiiu Tutues dmsuennqueeseseniu 2 ngu fengulunazaen
uay ngumiuazaduldiu Tasdnlusazaonianulnddamadluanaguiesaninsarauvesansngualouosd
TuySuaugs 1Wu Rutin uaw Isorhamnetin vazfidumimasdwuiiion fesduszneumaaiiindrofuvosngunsa
duviduaznsmeriluiifuosduszneundn luwihueadsriuiatmarn Tsuuvumsduundinuviuasaduiien weon
ponandnluuaznon Tidduiisvestmaniowuszneumaaivesarsnguilludndadled (Phenolic aldehydes)
lnglanie trans-Cinnamic acid kag Vanillin uanseannimingeutasinin

dlefinwinamnuduiusvesansusy nouwaiiludausng 4 vesiiy #1833 Principal Component Analysis (PCA)
dieldlaguiuuuasawduiusvesansusznauailludiusing q vesity vesiwisaesiin wan1sies st PCA Biplot
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AN 5 Lans PCA biplot v09a3AUsznaumaaiiludiuveaniun (Mature rhizome) wingeu (Young rhizome)

aeuiiey (Sapling) Tu (Leaf) wazaon (Flower) 59 ¢ U099 4AILAZIINEN (N) VWA (V) WaVIMAN ()
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dlofa1san PCA Biplot Tneaasistunsazdmats famm 5(n) wuhaunsauisoandu 4 NAY AW
e Fudlefimsanmanendaniuwuiun PC1 (39.38%) Suutsinaessiinfoonaniussnadaiau lnsfiynaiwves 9
uAs imenguegvadiuge (1 PC1 uav) wandidiuintunadesdusznoumaaiiiunninaninimas Tasamz
ANudusivansngunsaludulaynsndunsd wu Azelaic acid Glyoxylic acid wag Pyruvic acid dwsutnais n
drumznguegmadiue (A1 PC1 iJuuan) dustusivans 4-Hydroxybenzaldehyde uag Vanillin iilefia1sanniu
WUAY PC2 (28.09%) wuhiinsusndiuvesiisansluriadiortu Inefllusagnenvesiaduasuasdwmans ogdiuuy
(1 PC2 1Juuan) fauduiusivaisngu Flavonoids wag Antioxidants 1 Quercetin, Kaempferol ua
Isorhamnetin a'amm”']LLaxﬁwﬁuLﬁamaw‘iyqaawﬁmaq’mw’fmawaaLmu PC2 dunusAuaIsnay trans-
Cinnamaldehyde wag 4-Coumaric acid

9NN 5(¥) HAN1SIATIZIR PCA Biplot 2837uae uanansuenngunsaiioandunguniuanninegisdniau
a9neBUIEALLUTUT TRyl 85.29% (PC1: 55.91% way PC2: 29.38%) fall wideu way i 1ne
naufulumeniuddl 3 @ihe) uazilidieues PC1 uansiiluuuusuesduszneumaaiifindrendety Tnsfasiiude
nauansisaiinfounaznguansuszneufiuedn wWu trans-Cinnamaldehyde wag 4-Coumaric acid d@mwes Tu uanss
Tnaueadauegymeiurn (PC1 iuuan) vsvendifiesduszneumandifianeiunnsnsnndaumiiegisduds g
Fuusiuans Rutin wag Citric acid wazdmuves aen uenlumanieniudil 1 (uuu) duitusiuasngurlaliuesd
LazansiuBYYABAsT WU Quercetin Isorhamnetin wazanslynduanzsoena Vanillin

NN 5(A) HANTTILATIZI PCA Biplot 9va9 @1m15085u18aNuLUsUTIULATIN 75.06% (PC1: 44.26%
uay PC2: 30.80%) B lifiunsusnadumiiofuuarldfuoonamniuniuiuaunu PC1 Tag i1ou miud wazadnsu
Wiy fosdusznouniaaiiiniznguiunisdiudie (PC1 Wuav) Feduiusiuans 4-Hydroxybenzaldehyde waz

lw ° 1%

Tetradecanedioic acid wulglumiuntmanidnisasavaisngudantlaniiutn dwsu lu uas aen wenngusenly

v v

MUY (A1uInves PC1) agtanvdiu Tu fiegaensudil 1 (uuwdn) duiusiunguans Isokaempferide way

v A

Sinapinic acid Sadumsddyinuanlulurestmas duves nen wondaunmeniudil 4 (d1927) dusiungy
nnezdilunaznIndun3d Wy Leucine uay Glyoxylic acid

HaNTIATIzesAUsEneUNINAlise PCA biplot Tikafidenadasiu AHC dendrogram viiliEusulédn «ila
Pudutadendnlunisdwunasuailulas drunitvestiuasmuasngunsnduniduaznsnezilu (W Azelaic uay
Fumaric acid) TuUSinaigs vz malswuansngudailaduazfiialnsniuesd (9u trans-Cinnamaldehyde way

Vanillin) lunaassfiudny dnlusaznenvesivaesiinduuuwnunmsasanalsngunailiuesavindnendaiu

a
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dhuvestn vaesalln Fauansienad 1

winldinisatasmeasioniuea uSunaansainvesusazd Sanuuandeiu Inenuitlutiuasfivunm

asaria (% yield) snfigade aen wazmingou auady dmiuimarsliuiinumsatafiunainly uazinieeu
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A15199 1 dnvaizlazUSnaasnaning (% yield) Nanalaainmiun wieeu au Tu Lagnen 3N LALAZURA

A8 (Alpinia siamensis K. Scum) 2@ (Alpinia galanga L. Willd)
#1980 ANWUTANTENN % yield @13ann  @1sania ANYUZANIENA % yield @198nA
min  a@sidmdsadunie 8.05 WA wiln fldmageu Ju 10.75
du Sy vt

guNaN T UEMADY

whdeu  wiln tavmiauns i 16.20 wieey  dudndes fnznoud 13.16
vt MDY
fiu wiln fEhnauns 4.40 fu diudmdes azneud 7.99
C3elel
Tu nila 4dan 9.46 Tu fiden fiisuludntes 15.34
AN wiln Bhanady 1 17.92 non difugimnaseu i 10.22
Yrudimdos ArnaUAIMasaY

NaN1IVAHAUANTAUIYLADESE

£
a

Tumﬁi‘]’aﬁlﬁmﬂaaquéﬁma%a%mz 2 75 fa DPPH assay wag ABTS assay Lﬁamu%mmmiaaﬂqw%m
WA wigey anudien Tu Laznen veRlAe kaztas Lagldan 1Cs, Iumiswmuwamsé’ué’?&a%a@aiz 17 50
Wasifus (1ICs,) veseaasda uanainsnedl 2

INHANTIATINAT ICsp §26735 DPPH assay UazNAEBUSIE Two-way ANOVA wud1 Svsdessiadian ICs,

o w

waneeiueg19itedAey (p < 0.05) laad1unadian ICs, Wnewdsaininimartdunndiuusenau Inedasgaluga

1

=

5200 lulasn$u/fiadans Feaveniiansainaniiunsdigvddueyyadaseiiussainmganin Wesnnlduiunans
affalumssiudsoyuadasy 50% Idtesniiimas wasnamsnzvigrssueyyedasyiaeds ABTS Wnalulufianig
e U3s DPPH Tneaiinauasiian 1Cs, Wwasfininuimais nusmineeuweatunsdni 1Cs, si"wﬁqﬂ WinAu 39.7
llpsnsw/fiadans uwlininnisnaaeuUSunuasitueyyadase Mels DPPH way ABTS Tinansmaaeusn ICs, waed
unnAefy uinfinnsananuuliimesdeyanuiniunsdiussansamnsdudianseyyadassannmindimans Fumt
uil mdeu uagaen Mt ILAazTMans Savslunmsiueyyedasyldfideiivutiudiudu
NAMIVIAGOUNYBAUYYABATEA1NAT DPPH Way ABTS assays taefuduustavsnmlumsiueyyadass s
asounquyndAnsaluana 1ne3s DPPH danwdmizsenisianismineuyadaseiazanslulufuriunalanisl
18las1au (Hydrogen Atom Transfer: HAT) vaugiins ABTS mmm%ﬁqwémaqms"lﬁﬂ"iwu'aNﬂd'}ﬁgﬂudauﬁa:ﬁmaﬂmfw
wazlvsurunalnnisldidnnseu (Single Electron Transfer: SET) nslésdasizsiuiuiwasanmunainindoudi
91ainndadeaungnenislassasisluana (Steric hindrance) vesansaiasesuyadassunavyinliog 9l
Usransnn asmliﬁmmﬁmﬁwLﬁauﬁua’ﬁmmgm BHT #ifiAn 1Cs, iy 10 lalasn$u/fiaddns wuinansannain

Pundipsdiuszansnmenitlunsdudieuyadasy
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A1997 2 uansALUIaULiBU ICy, A2875 DPPH assay wag ABTS assay wazuUsunuilusdnsau (total phenolic

content, TPC) Tur1aguwazinvai

dau DPPH assay ABTS assay TPC
Usenau f1 ICsq (pg/mL) f1 ICsp (pg/mL) mg GAE/g DW
o 1A Y19aN YA IIa9 A9 1189
WA 52.0 + 4.0 1913+ 1.5 580+ 26" 40.7 + 2.5 345+ 06" 513+ 03
WMioou 53.0 + 3.17 92.0 + 5.5 39.7 + 5.0% 56.7 + 6.8°" 1104+ 115 505+ 0.2°"
AN 53.0 + 3.0 321.0 + 4.77 933 + 3.5 120.0 + 10" 543+ 1.1  113+02°"
1A 165.0 + 5.0 226.0 + 5.0 192.0 +3.6%  284.7 + 45" 4.8 + 03" 20.6 + 0.4
v 227.0 + 5.0 676.0 + 455" 1260 + 6.0 3943 +38" 182+ 03 752 + 0.17

B SNwIN1wISInguiaRILAnAuanaTluLLIAY (WiardIuvesdy) uazinTeamune * $1uau * uay ** lu

° v aa

WUIUOU (S¥uinaiingn) danuunnsaiusgeiitdediAgneads (o < 0.05)

N9 2 wanamaUSnaEsiueanTIy Li‘;lumﬁvnmsﬁﬁwg?\luaaﬁgﬂmmﬁu‘]uaaﬁﬂszﬂauiumiaﬁ’mmﬂ
wi Srudion Tu uazeon Tutussuazdwans lumsdnwadsiflfansazarsnsaunadn (Gallic acid) Wuasunsgiu
wazAnANUdwasasiueinsluninevesliadniuauyavesnsaunadnee n¥uthaninuieesite (mg gallic
acid equivalent (GAE)/g DW) 1naun1stdun3990an31muInsgiu Gallic acid (y = 6.8891x; R? = 0.9922) 911113
ApsziiUIeuisuAn Phenolic content (mg GAE/g DW) $8#ine 91ad waz 11wads Tuusiazdiuvesialagly two-
way ANOVA nuindlanSeudisusswinsintiunswaztinais fidn Phenolic content wasfiuansnafuetefitodday
(p < 0.05) BsunsiiA1 Phenolic content gunalumirsou vaziivmarmusnnludiuvesly wagmiun

dlefiansaunanudutusiBaduseninaUsuaasiiuednsiu uwazan 1Cs, 91035 DPPH waz ABTS lae3s

Pearson Correlation Coefficient wansmduusyansandusius (Pearson Correlation, r) fas15197 3

A5199 3 LansAnduUseandandunus (Pearson Correlation, r) sewineUSunuasiiuednsid wage ICs, 3175 DPPH

wag ABTS (p < 0.05)

FUAU TPC Wigufiu ICs, (DPPH)  TPC Uiy ICs, (ABTS)
SN -0.669 -0.799
Y199 +0.459 +0.275

une AAFuUsednsandunusseninalsuaiuednsiudisunuan ICs, 31035 DPPH way ABTS iy

v
= '

-0.669 wag -0.799 mudnu Faduriauiiunn wansinileusuinuasiluednsiu (TPC) WNTU A ICs, axiuwiliuanas
p819idudIAY (p < 0.05) dmsUTMa UANIAU 0.275 way 0.459 auanau Fadlanuduiusitsuinluszaunigg
Urunans wanediandsunaasituednsin (TPC) lilddwalaunsaionisiiulunseanatuesgvsdueyyadasy (1Cs)

1 [~ v
281U ULAUR Y
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afUseuazaUNan1sIdeY

n1susegnaldinalulagd UHPLC-Hi-Res-Orbitrap-MS/MS $3aufunsguiun1snieai anatgdiwys
(Chemometrics) Tumsfinwil Faeliaunsnduunuuuusumisdaluana (Metabolic Profiling) vestnunsuasadmand
Ugnludminaymsusinisla wan1siasiest PCA wag AHC vilvimsuinmisazasanswmluladyvisgiidanudnniy
ANEIUAN 9 wazrlnogslitedfgy

Puastimsazauasngamailauesd (Flavonoids) fivarnviansviia léiud Quercetin Rutin Wwag Isorhamnetin
Tnoanzludiulunazaenlutiinaiiganitdndu 9 wenadesiunihilunisdesiusas UV uaznsisgauuas s
asammmsmdwﬁﬂ%mmqw%mﬂ,wamaﬂ aenadosfuunuImiinnsasnevesiitlunisdesiuainudene
97n$98 UV (Photoprotection) LLazmmmmmLﬁaszj'aaﬁmmmmmamLﬂai [15, 16] wenniigunsddlamsiulunis
avaunsmdunIduasnsnesily 1wy Azelaic acid, Fumaric acid uag Proline lugumi1 Tuvagiivmalsdiguuuunis
avauvesasiunauiludndadlanuasiilalnsniuess Wy trans-Cinnamaldehyde, Vanillin uag 4-Hydroxybenzoic
acid Tumiunuazmirsewdundn wazwuaisngu Kaempferol way Isokaempferide azauludruluvastivaisagng
Autn d1msuans Azelaic acid (AzA) a“]’mLﬂumiﬂﬂ%ﬁﬁmluﬂWiaﬂ’%mﬂmﬁmaﬂﬂh (naanizd1uns) Wunsaluduilia
Pinmsaaefvesnsaluiulidufriunszuunis Lipid peroxidation wlefiwadyiuanuinien W an1izfui
(Salt stress) luiluiifaviaaynssnis fvasdiusedu AzA iienszduszuugfifufulasinuaunavessad uazdy
snsgfunantiiuUanisvinnuvesduluidd Phenylpropanoid biosynthesis dwaliiinasusenauiluedinuaznanla
wesAvanvanewia [4, 16] Usinaesansddasngg fiavanludiusiag YBINIUAT UazE M donadesuNuite
94 Trimanto wazAg [17] wuin wiwesdidudwiiusununguraliuesduasluedngsitan fqnsdugadn
Aumsdniay wazdueyyadasege dmsulu dvuiieuuasaen dnnuansnguviatlivess Suselevilunsiiueyya
daszuagdiuUngeseng

ﬁﬁﬁu au130l0ans Azelaic acid waw trans-Cinnamaldehyde Lﬂuﬁaﬂﬁmﬂ%mw Iumﬁm%ﬁmﬂuaﬂ‘dmm

wazamas Weviuthidu Molecular Barcode finaiugnniinisiiarsananndugiuingnionisaunaudaduisaais

i Y a o o ¢

fifidosfndmiunansusiuusguiidnvarnenisamgymely fedsndnuainaadazdauasiuarannsald

nyaeudounduldifiotesiunmsvasuuuvosiingi
dofinsanyinuansiiadaldaindunaiivuiugrslunisiueyyadass wui aen uay miiseu (udud

Tyien % yield gefign wapiludwiiignisuoyyadaszifign wansilumsarinainaen uazimirdeu faududuves

anseangran1aTInmluviuamnnuiy dmsuimarmuin Tu T % yield gefian sgndlsinnn ansafadangindu

a a o

fiusyAvsamlunsiueyyadasssiiian Tweeuliidiuiumuasataildludpdigaiy Vssnoudeansiitigns
matanmties vieonadiasnauduiliesngnilasnssztusguin wu v (Waxes) wionaolsiiad duduifioifia
UszAnsnnlunisiueyyadaszuesansatiniimay aunsnuuanuidavesssuudaihazats wunsld Ethanol
Wissindien Wemramsatnansngurtaauesdlinnty wesdadadevuiliierdemaziivdanuusives
qvisFueyadaszdemheiminansataliigaty

dmsuuszansnmlumsiueyyadase wuivueaduuasifiosduseneuvesasiueyyadass Aduniy

Pmanegdidedidgneada (p < 0.05) lnganzludiuvsaniwazaendailgnsaueyyadasegegn (e 1Cs, A1)

wagnuUsnafluednsingeiign luwideu nsiwideuiifanssuniuaiige1afinnnseuiumauwnuedduniasl
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- a 1 < & Ao Y 1 val '
WianisiiulauaznIsnavauaean1tzAMUANlUN U T inaynsusinig [17-18] dwalidinsavanvesansngy
Flavonols wu Quercetin wag Kaempferol #aiilassaiislsznausenylansenda (-OH) Tusumiaivanzausonisli

a a

Sidnmsounielalasuiiondneyyadaselafivsz@niam suzivmarmuliunaiivedn swuniigauinaly

o o |

wiluvestmanagdl TPC ge windufiqniduouyadasefisiun enafinanarsussnoufiuednlulurivaisoglu
sULUUTIvURRSefUaysa DPPH i wiieenagnuatisdasansdu q uenanidefiansanaudiiusnisadndaons
A5 RanduRLS (Correlation Analysis) 5¥W316 ICs, AUUSINafuDANTIINUIIAEUU ST AVS avduuS Vo1t ua
fAfnaugs Vs iuimamsfiuedndudadelaaseditmuaussansnmnisiuoyyadasy luvmefidmansiian
duuszavsavduiug 1uvinties wanvinaUuansituedngin (TPC) lillddsnalaeassiensifindunioanases
qvissueyyadasy (ICs) ognaudunss eraidunamnannludmass ans TPC Mnlddulngioraduarsngs Phenolic
Aldehydes (19U Vanillin #3® 4-Hydroxybenzaldehyde) ?fﬂLLﬁ%ﬁﬂUﬁﬁ%mﬁjumi Folin-Ciocalteu la@1 TPC g4
wiansmaniifivssavsnmlunmsidneyyadasesn Judunalifiszavsnmlunisinuoysadasze

ogilafiony deyaiildanmsinuifelunfidannsnilussgndldiiosnssdunasatreyariulitures

@ o

Jorinaymsusimsldegnaudugusssunuuuimiaesugi

o«

51UFINMN (Bio-economy) lagtaniznsinduusznauves

o«

' P

A A - = ¥ &

fiwfinegnuesiiuegidlusazaenuiamnilundadusidoavan eanuanisiasiziatefuniniaduady i
Faruhneniuaaduunasvesarsngunathusedifdns nmlunisdueyyadassgaiisuninfudiumin vuziini
goutuasdsiiuTinuansiuednsiuuazgrinsdaninlansui gadudaduingiuguningmie *Superfood 7
wanzaueg 9B sdmugnamnITInYdI0 AT HAn S ellaT s Tras Yy uenand gwuﬂﬁagaﬁaﬂﬁmamﬁ
(Chemical Markers) isnumzseviinuazdviswasnan mauduluiuil wWu Azelaic acid uay Eugenol §sanunsatinly

o a

Uszendltidunasglunsigaidndnuainasaivaununmingiuayulnslussdveanamnssy Suasihlgnisuims

q q

FANINTNEINIINYATWUU Zero Waste Ireifiuseldegndidunaraisnnudediuliiuguilnaladeld

AnRNssUUTENA
YavauAMANYINgIaasLasmalulad unAnetdeiudunaiunseiiesd Natvayunuideluasell uag

Y0vaUANTIUININ 4 Sune Tufminaynsusins fsweenuazainwaslinnudiemdslunisiudeyaninawy
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Abstract

Alpinia galanga is a commonly used medicinal herb with a wide range of biological activities. However,
information regarding its effects on cardiac structure, particularly under conditions that reflect actual
consumption, remains limited. This study aimed to evaluate the effects of galangal decoction on cardiac
structural changes at gross and microscopic level in male Wistar rats. The rats were randomly divided into two
groups (n = 5 per group): a control and a galangal-treated group. The treated group received galangal decoction
at 400 mg/ke body weight per day for 14 days. Cardiac physical characteristics and myocardial histology were
assessed using hematoxylin and eosin (H&E) staining. The galangal-treated group showed significantly reduced
heart weight and length, while ventricular wall thickness was unchanged. At the microscopic level,
cardiomyocyte size significantly increased, whereas the nucleus-to-cytoplasm ratio decreased. A positive
correlation between cardiomyocyte size and heart weight was observed only in the treated group. In conclusion,
continuous intake of galangal decoction induced cardiac structural changes at gross and microscopic levels. The

results provide preliminary data on the cardiac safety of galangal consumption and support further investigation.
Keywords: Alpinia galanga, cardiac structure, cardiomyocytes cross-sectional area, rat, consumption safety
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neadfdledieuiunguasuan Wunafiunndrsinsienuneunii Inevlanseengnsluin wu galangin Fuumanla

= '

uesAd1AYy ds1suitausadudinisveedivessadnaiuiionilanunsduds PI3K-AKT-GSK3[ pathway Lag
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Fedestunmziilaln [29] wenanilndiiuea (polyphenols) Iuﬂfwﬂwéﬁﬁqméﬁma%a@mmasammaﬁman Salabts!

dananedenlunstlestunisiudsuwladlasadaveniala [21]
wadnsiinulusuiseivuneadndrandeialad v uud dminileanasersesuieldnauuis

2 Uszms Usznsusnindnenariliiinnisanawesesdusynevvsaioderilildwadnduionile wu iedeiioaiu

wselusiuiiunsnaglunduilenila dwaliwadnauilevladnuiilunisdasesiuazveediveslalnnaiduuindy

v
a = '

FJenansranuragaaiiindulannmMsieseineduguinet  Sadindaguudiliiivdnguiatuayudaauiie

Y ] o

anludiuiiilaldlagnse witideyaiiwidnitiraunsaanseavlviuluieonvemyilasuemisludugeegnedifud Ay
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Meada [22] oradunanisdeuitivanlutuiivnla  uenandfmuinnaiuisaanniswanieanyeduiiieidastunis
avauvupd extracellular matrix wazann1siianaiabuiaLd alaludnineasale [30] feudsinlrumdnlaanas

Usznsil 2 danudululdreutnadesiiosnnideyaativayuliiismeuminiilafianaseraiinainaunuiuwiu

£ a

YauTAaNaNNLeTlIanaY faluwadna Lol laniude s s inn1sensvinauieansuse@nsann1svinauv e
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wila dmaliinmsuiuslasnisfivvnnvensad wien1y compensatory hypertrophy wé’ﬂgmﬁaﬁuauuumﬁmﬁ
fiftssmanuaruduitusifannsswhauavensadnduniomlatuimdndilanelunguitldsuin vuediling
anuduitusdinanlunguauay Faisiimlafitimdnannhaelunduneaesinuszneudswadnduileniledid
yuwluajnd1 Suazvieuianismevausadarnvevoasadsenisanawesiaiilalaesn sgslsfinunsasunias
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S =

InaldnudnwarnianeSan neagaslunisanwil ﬁmﬁ‘i’nﬂuﬁaqﬁn’ﬁﬁﬂmﬁmauLﬁaﬁué’u%mﬂa WU nsUTELIUY

AuvnLurewaduar MsUsEiuF U sneveawad (biomarker of cell death)
wé’ﬂgmmmm’?i’aﬁw"mmﬁaﬂ'umgummL‘f’Juiﬂléf’i’lmiaﬂawmﬁ’uwﬁnﬁ’ﬂﬁ]LLazmiLﬁmmmmmaé

néwiilewilafnanarumuuiureseadnduievnlaanasiumiainsieuinuitansatnanalneld g dusavi

azarpausansliinnismeveagadvisadunfnazivaduziiaiinnnududugs (300 fadnsu/Tadans) [19] nalndl



21418, inalu. Adsnaiunssiiusé 55 0 12 aduN 1 un3nau - Jauan 2569 (;|

o o A

DululgAenseengnivesans ACA Fafuansddnyfinuannlumin [31] lafin1ss1eeinanansansesu apoptotic
pathway H1UNINTEAUNMITINLYEY caspase-8 lilagnss [32] wilaevilu ACA aeflanudumzaeiwaduziannniy
[32] wifiseauimnlasuluanududugefiamisanelimfaanudenedowadundlaiguiu [33] egelsinu
MUATeRAdINZE 89T RTudn ACA fauduRusowadunineudnasi Tneilen 1Cy, sowwad osteoblast Unf
(hFOB) gendnigadusiSanszgn (MG-63) ogsdaiau ffevdhieddmmduiugaisardsnanssnuseisadunild [33]
Tnglurnafeilalyhandunyluvinn 400 Sadnfudedmidnga 1 Alanfy ynfuduszozina 14 Jufiessduna
vasmslasuansluszosAadoundu (sub-acute exposure) wagsrazinadanariiuszoznannsguaenndediu
WWIMINg OECD Guideline 407 Wil oUssiiiunavasansazausoatervd1isy sudaiederla duvunaududud
FonldlunsAnuiiiesnnnisinuniikiuswuinidusunediansseanszdulutusasiansoongnsi dfamnaigags
fautfasliduszernaniios 5 fu (23] wesduvueiiiiussavinmgeanlunisanseduinauazseduluduluidonly
wyiigmdeniliinngumy 251 5@LLﬁam4meJ%mmﬁau%NQQLﬁal,ﬁEJUﬁumiﬁﬂwﬂuwaéwmgm?z’fawudwms
afpsshnmifiandudy 300 fednsu/dedans nadudimsiivlaveusaduni [19] usiilefarsandn lethal

dose (LDso) Fuduvuadfivivlidnivaasudedinsevay 50 nuiflawndeudnasfeninnii 2,000 dadniu/Alansu

v '
o a

[34] wansliiuinasatnsanandanuduimdsunduluszaus agslsinnn a1 LDy Wusdinftaziiouninuniu
FufilnAnnsideTinvesdn maaednesiulilldasfouimansenusioe fozanzdonisiasundasluseiuigad
Tumsiinemwensadarsoengrsndinmwaisrdaausodamasenszuiunsnelugadldluanudududisnt
u1A lethal dose "L:u'dwsLﬂunwsniwﬁ:w%'aé’uayﬁﬁﬂ’ﬁfiaﬁwzgmmawuaé mswflenilfiianisaereseaduuy
apoptosis %138 necrosis 53T IN15IMdE2AAT BABENTIATY (oxidative stress) wazn1ssniavluseduivad
denndefun1sAnYIves Baradwaj et al. (2017) Anudn ACA fiadmarnmintraunsadussnisiesyiivines
waduziSednldlveldodalioddyiinanndudu 10, Wies 80 lulasiuand [18] uenanilffinuinans ACA AeliAnms
ANETBUTAGHIUNTTUIUNNT apoptosis MUAIE secondary necrosis waranansavanewwadussdldianunansly 30
Flusdinrududu 40 lasTuans (17] Fiddaunnluninfuansatnrannsodanasewadundliiguiulneiise i
asataveureunitnnignd cytotoxic Aewad fibroblast fimnandudu 620.5 fiadniu/Aadans [35] wazwuinuuin

v v
v o o °

300 $adnsu/Aaddns dnadugisiiulaveseaduniuin fibroblast way epithelial [19] Asliumsiaunayulngy

o o '

TuewaniedndudeslinnudAysevsinannudududududuusniieliifinnnuvaendegeeadeduiiaa agelsh

v
o A o =

audSnaildlunsinuadedmuanndinaavewrfuduissnsidisudsaiuisnsatndedd s nvae
pdpfunnilan wosdumsdnuludn eaesfioafisuanududufunisinulumedlalimin fduisiuiuazdos
Anvniisdudsnnudududldannnsnientiaadwimnaieradunadeludaimaasunszduguuuuidnly
Suusemuiumily

Tudumesiiuiinidaiiedeavessadndundomlase winnguaiuauuaznguitldsuiamuinluunnanaiy
oglsimuiefinsansdnsdmseniiuividnuesiundeas evunveslalanaradunuiinguitldsuinaden
dnduRInaNanaset el td Ay neana nadenameninanmsiittuwessunslelnmanduessadinnniins
Wasuulawesueiaedea luwadndmiiforiledaiuvaditauannsalunsuisiaste mafivvnavesad
finannsiiivesUszneuvedlelnmandy wu llelwuiadvielulnaewnds esesfumsreweeadiiiiuty

[36, 37] WBNAINTUINNIIATIVFUANBULNIIaNe T Ie linudnvazanuiaUnfvestuadea wu linudnuaznis
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waRavesilaadea (pyknotic nucleus) wiensavavveswandlealudululelnnardu Seusdinisudsundasdanan
amarliifndosiunsuindurientsidenanmuearad widuuiludumsusuimasiveweawadinnnii
Tnwagy msldsuiniliaensdsuamesiilafilussduamniginauazssduganisinig Taswui
dwih wweilasarSasdndundvadolelanaaduanas vasivumwadsnduidenlafinty Suinzaztounis
Ususmaneadroasoangrimedanimluthiunnnimaienedanimlaenss uinsinuisliasdndenalnnison

F9ine winadladnrwdrdysenisiildidudeyadesduiiefnumrsseniisriuanulasadevesnisusiaaiini

wiisnanYantuguuuulndlAssiunisusinnase unndnaneddednlvngildarsaindudunioasuqns Jsaeviou

nansenuluanensidauasilananin sgrslsfmudisndudesdinisfneidindnlusyaunalniiatiudunasinaseald

JaLauaLuL

= Ly

nsAnuilfidesitaanvuiadiegsiideudsdon wazdwiandngiulaenseii fudunisasvesad
(apoptosis %38 necrosis) LU N1571529 TUNEL assay n1suszidiunisuanseanveslusiulu apoptotic pathway (1w
caspase-3, caspase-8 %38 Bax/Bcl-2 ratio) wiansUsuifiufausinmsgonueiniioido nisviadeyadandraviligsls)
ansnagunalniiuiesewesmsanasounaiilaldegudnau fadunadnsiildnisldsunsdusufndulumuidely
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The effect of pH on levan synthesis from Bacillus siamensis using batch
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UNARED

swandunedudnanlsafiduasesianglasadioeuluiauugiasa (Levansucrase) Taseassvesiuau
Usznauseluanannlnaduaendn Jaemendnuszneulusenglaa 1 Tuiana Weusetuseiiuse B-(2,6)
alycosidic fanuazidunsdvrmiedimdosuazamnsnararsldsisluduas iy fuaugnldauludy
waluladFrnmuazgnanvnssuadiegsunsvans sg1alsfnm annuiddediinu dwiugndauaszsidieeuled
WIUYLATARN Bacillus siamensis TusgAuiesUufnismievinguvanusinns 250 daddng lasldfinnsdunnuay
muAu pH Wirsinaenszaznaniisuiunsdunsed ensulandiensninuuuutiugh (Precision fermentation)
warn19eeiEINTaHan (Scale-up) AdpiTajatiuuisufisussnitnsdansgiauulneldingusagi
insesufnsaldinm ilednwinansznuvesannizdifimsaua pH (Ju 5.0 uazlsifimsauau pH densdaaszi
AWwausae B. siamensis nan1MAaes 1ui1 Midaaszsiawulaglivinguruuaziadesfnsaidanmitanioz
AuAx pH 18 5.0 fin1swaSyes B. siamensis qﬁﬂdﬂﬁamaziﬂmmu pH agilidedAgLdeada (p < 0.05)
ogslsfinn Usnadwuiidaesssiluringuamuasiaiesjnsaidinmluaninzlinuan pH fiusinageninlu
annzfiarunu pH 18y 5.0 Tasanssandnduiluriagurugiaziaiesujnsaidanmlegean 16.2 uaz 21.8 %

o w

(w/v) auaau egnsiiteddey (o < 0.05)

o o w A a e a a & s . . .
Adfisy: LasesUnsnidanin Auau wedudnanlsa Bacillus siamensis
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Abstract

Levan is a polysaccharide synthesized from sucrose by levansucrase. The structure consists of a
fructose polymer as the main chain and a single glucose molecule at the terminal end, which is linked by
B-(2, 6) glycosidic bonds. It appears as a white or yellow powder and is soluble in both water and oil. It is
used in biotechnology and chemical industries. However, in previous study, levan was synthesized by
levansucrase from Bacillus siamensis in a laboratory scale using 250 mL batch-flask. Throughout the
synthesis process, the pH was not monitored or controlled. To address the challenges of precision
fermentation and scale-up, this research focuses on comparing the synthesis of levan under pH-controlled
and uncontrolled conditions, utilizing batch-flask and bioreactor to investigate the effects of maintaining
a controlled pH of 5.0 versus uncontrolled pH conditions on levan synthesis by B. siamensis. The results
showed that the levan biosynthesis using both batch-flask and bioreactor at controlled pH of 5.0
demonstrated the growth of B. siamensis greater than uncontrolled pH (p < 0.05). On the contrary, the
amount of levan produced using both batch-flask and bioreactor with uncontrolled pH were greater than

controlled pH of 5.0, reaching 16.23 and 21.83 % (w/v) in batch-flask and bioreactor, respectively (p < 0.05).
Keywords: Bioreactor, Levan, Polysaccharide, Bacillus siamensis

umin

fwudunedudnanlsd i duaszriainglasadioiouleslduiugiasa (Levansucrase) w3 a3 onin
6-fructosyltransferase Insasavesduinusznaudsaisvemsninailuaendn Yaeaenanuseneusienglaa
1 lwana [1] dwsuamnsanukazdunsieildanvaieunas wu iy Bad 51 wazuuaiiise Wusu [2] touledduiug
\AsaaINIsaNanldnuuATILseNaINiateaewug L¥u Lactobacillus johnsonii, L. gasserii, Bacillus subtilis,
Aerobacter levanicum Wag Streptococcus salivarius W [1) :mnsmAdeikiusnldvihnmsdaus ngaunidane
g Bacillus siamensis 1ndgaduemsiudiomsniamiiovessemelng Fefiauamsalunisudn
ansnslulednduauldesadiuszavsnm (3]

Awugnldnvlugnamnssuinumaluladiinmuazgnamnssuadl esnauandiniaaiiuaznienim
Awandsannsathluldusglomiluems @sfiniinm a1sneis avsdifadliiess uazansviey) ta3esdien
wanaRnfigosaaelinisdinm visltiduasedeutagieifiuanumunuldesiumsunniin eyiiusvesduiugn
nltlundasosiguaduny duasenduuluiidy [4, 5] awuldnvazdunawdndumsedmies flAssadnei
\Fousafudeiusy B-(2,6) slycosidic Ssdsmaliauiuanunsaavanelgislutuasingfu wiliazanelueanesed
Wty 75% [1] dauauvAninigam 1wy Sanuniadi fanuaiosdoanuiou luiduis lissaroides
famuannsolunstnfuinezansiad wazerudiduldvesansanusefisia Hudu (6] dumdsdiauauifme
Fanm 1y Tgndidumsiiueyyadasy asiunisdniay asdunisionsise dulsetond wazdadlgndsud
ihanalunszuaiden dudu [7]

o 4

MnneATefinum Awugndaazidioeulesiawugiasan 8. samensis luszduiosufiing lne
wifnluringUranUiines 250 faddns Memnadssaunisusums 200 faddns vhmavinduoan 48 dalug
Agunnd 37°C LwgwasAuEIseu 200 rpm waz pH 3uduidu 6.0 [8) egnalsfiniu luszwinanszuiunis
deszduanlifinsdunauazaiunu pH iasinaenszernmiiduiunisuiin fofu nuidedtaladufinwns
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MIAIUALAT pH FBNISLE3EY8Y B. siamensis wazmsduasziawiu iailudeyaddmyilewiulunszuiunisndn

o

wUUWUE (Precision fermentation) WdUs¥ANSAMN wazve1eiIdInIsHEn (scale-up) ludsanavnssuuay

WYY

Wanilun1side
wuaiiise
naidelddndenadun3d 8. siamensis Mndihdaduemsmniamiievesszmealng 91nn53de

flountin Wu3n B. siamensis anusawdndwauldainemsifianududuvesylasai 20 %wi) [3] ddnvaeidu

a a <

wisvua 0.3-0.661.5-3.5 fadiuns unuafliSevtaunsuuin agluanaves Bacillus agnusssuyanaly [9]

o
a

WukuafiSeanunsaasylansanizfliesndau warlifieandau laladfidviesy Wudlen Tusawas [10]

MNILEEUNTY

a

wiguomsude Nutrient agar (NA) dwsudnidionydunsd 91nemis NA d11593U (Himedia, Uszine
5uiie) Tneiidulsenouues NA 28 nfuazansluthusimainlosey (Deionized water, DI) 1 An5 WW3osewnsivan
dwiuiusiuiugdunisiuszneusae glasa (Sucrose) 50 N3ureAns Badarin (Yeast Extract) 5 n3usodns
n3UTnu (Tryptone) 10 n¥usiodns ndouns (NaCl) 5 ndusiedns uagiaiouemsdmiundndwindssznauday
alasa 300 nfuseding laledeslalasiauneann (Na,HPO,) 3.5 niusedns luideulalalasiaunoainn (NaH,PO,)
0.8 NSUADARNT waanfladalne (MnSO,) 0.2 nsuseans laisuluinsyn (NaNOs) 3.5 nSuAeans uwazdanann 5.0
nusledns thewnaie 3 ¥iia VLUszhL%yaﬁawﬂaﬁﬂaﬁ’]LLsaﬁuqaﬁ 121 asriwaidua 15-20 Yausonsnaiia (psi)
Tngldszornasvana 30 witdousidunisideaunie

naSeuialagaunid

1h B. siamensis iiulundiweseadianmgil -80 ssrnialTea undsaunemsuds Nutrient agar (NA)

a a

diolddndengaunde unan 24 dalus feumgl 37 ssmuwaidea wimndwhnisdndengdunis 1 lelail e
adlupmsmadmiuiiuduiugdundd U3uns 100 faddns udwhmsusindunan 24 Hilus figungll 37 e
WwaLda felA3eaueIFIBAIEITEU 200 S8URDUNT

HANSENUYBIENE pH TignajuguuaslinIuaNsBnIsEnaNTAWIUGIY B. siamensis

o a

119auN3d B. siamensis NAINNININTUDIMINAIFMTUNNIINIUYEUNTE 20 Haddns laluainis

q

a

waniterdnduiuliuns 180 fadans shnmaninidunan 48 $alus flgamgil 37 ssmieaida w1
59U 200 50UsOWY YIN15USU pH L%";Jﬁusuaqmmngmﬁﬁum%élﬁu 5.0 wazU3u pH liiasiise HCUNaOH wudu
1 Tuans 90 9 6 Hilus uazifiudiedisil 0 6 12 24 uaz 48 Falusvesnisnin Vsunms 5 faddns Jndnsgand
LA $BLA3as UV-Visible spectrophotometer feANLe1IAAY 600 W1lulsng (OD600) WaznTINERUUTIUYDS
Suwmarinasiewnies High performance liquid chromatography (HPLC) anntuimsnaaesdlagliusu pH
Tusgwinanmsndandouinal pH szwinanisndn

NSWAAENSAWILIN B. siamensis ABiATasUfnsaldanm

thqdunddfldanmaviinluemamadmsuiiusiuugdunis 200 Tadans desaduemsduiunan
Auau 1800 Jaddns MuwiasUfnsalranmauin 5 dns (1wl 1) Wsasnsyiheu 2 des) Mszneuselusin
wuvluwafing (Pitch blade impeller) Yunn 4 wuduns 2 Tuiin waz TuWaLuUS¥AU (Rushton turbine) au1n
4 wudng 6 lue @ukiugudnats 20 lwuAluns g9 60 lwudluns Amunugamafiveuassslfnsaldinini

37 ssrwaidea shedrsiinuaugamaiinuuyu sy vhnmssinduna 48 4alus mwseanusisey 200
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pH

controller Cooling
water
out

Sampling

T

S
Cooling ! I ¥ Impeller
jacket =T~ P

Cooling ___ L
water in :K %
\——_—/ et

A9 1 wuudnaenasesufnsaidinim

FOURBUI ANAIULAZYINNISUSY pH L?MﬁuﬂummmiLé‘quéw%éﬁu 5.0 wazusu pH Wiasfise HCU/NaOH
Wty 1 Tuand vn 9 6 4alug ifiufegeUiinns 5 faddns 7 0 6 12 24 uay 48 Faluawesnisudin Tadnis
fANAULET (OD600) waznTIvdeUUSINaesawIukarimaeAIes HPLC anturinisnnasselnglivinms
U5U pH Tusgwiensminndounsiainan pH sywinsnisvdn ﬁﬁa;ﬂamiLU§EJuLuJaﬂmmvﬁ’u‘ﬁu‘umﬁwma (w5n
Tna nglaa wazglase) uazUBinaduildannnismaasmniinsizsinanisediflagnsdinsie armud susaumis
\fien (one-way analysis ; ANOVA) fisgdiutiadndsy p-value = 0.05

mﬁLﬂiﬁzﬁﬂ%mmﬁLL’JuLLazﬁ']ma freasag high-performance liquid chromatography (HPLC)

Yrdegafiivannnszuaunmsudniudumisafiousniwadieanugaseu 9,100 x ¢ 1uiaan 30 wii
ihandldluduludifenduan 10 wit iWevegaianssuveneulssd vhnmsieszithmaludiuladeeios HPLC
(Shimazu LC-20A series, Shimazu Corporation, Japan) W1umAaauil Phenomenex NH, #5291AA18 refractive
index detector 14 80% 1@lalulasdilunaindoud (Mobile phase) fednsinisiva 1.5 Sadanseound 3nans
frog19UTums 10 lulasdas muauguvgfifl 40 esmwaldea dmiumsinseiauiuazldaedui TOSOH
TSKgel amide-80 size exclusion 5333AA18 refractive index detector 1aeld 0.1 Tuans loisumaslsmduma
\doudl §nsinslva 1 faddnsreundt dnansinegieuiinns 10 lulasans feamgdl 40 esmwaldea thieyaills
INNITNARBILIAT LR NN AT AIAENITTATIZIRAMURUTUTIUNILAE (one-way analysis ; ANOVA) 7iszsiu

o

Hed1Agy p-value = 0.05

WNan15398

ANIINIAIYVDIRAUNIE B. siamensis

v

) = v a e & a e " o a
INVUADUNITANYINIINUNIAUNTY ')EJLﬂiENUQﬂiméﬂﬁﬂ'TWLLaZIuGU')WEIJ‘sUMW‘JIWEJWNﬂ’ﬁﬂFJUﬂﬂJ pH " 5.0

q

TnsAanunsidguntasuazusu pH #e 1 Tuand HCLuag 1M NaOH 9 6 $2lus Tagdn 0D600 Auanafisnis

a a6

LA3EYUDIAUNTE

q

B. siamensis WAAIRINNT 2(a) Iagwudn B. siamensis @131150133 YL Srzionglniuugea
(Exponential growth phase) LJuszag B. siamensis In1siA usuIUgasd 081955 mavmeid olanielu
syoziamin 6 Tl laedigeszezlunsusuda (Lag phase) Wosun @eatinainranedade 1wy anmuinaau
] YY) a N A Y a Nea v o  w a o o & = P aAw A
Myngay M3Usuiegaunsd vsonsldqdunidinSoudmsunsiasyiui 530157 Gaenndeiuaideini
i a Aea a a ' I a v ' = d' Y] % o a
11 Wi AunsENNAnawindlnaaseylanlugae pH 5.0 §1 6.5 91 6-12 Walusvean1sndin wasdldnsinisiasey

a X ' oo a a ) 1Y) n‘l 2 v ° 9 a a A oA
PNNVUBY WNABDLUDN LLa%LillW“Uﬂ’ﬁLQ?@LLUUWQW“aQC\HﬂGUQINQW 12 Lﬂumu‘lﬂ [11] a’]Vﬁ‘Uﬂqﬁmamal,nuiuaﬂrngw‘llm
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25 8

-e-bioreactor pH

-A-bioreactor
#flask pH P
-+-flask

5
> ¥ V
=
8 E_ 4 “flask
o, -®-bioreactor
3 -4-flask pH
~<bioreactor pH
2
0.5
1
[] o
o 6 12 18 24 30 36 42 48 o 6 12 18 24 30 36 42 48 54
Time (h) Time (h)
(a) (b)

MWA 2 M3LA30YeIRaUN3E B. siamensis nmeldan1ziiivaglifinisaiuaueal pH sewinnszuaunswiinly
LﬂimﬂgﬂimmmwLLaummU‘um{j gamgll 37 ssrnwalua waranusiseu 200 seusewit Wuian 48 Falus

(a) LLammmsmmﬂauuawmm&mﬂau 600 uluUAS (OD600) LW@TﬂJUixLuumiL%m%mq AuN3Y (b) LAAINS

g (
Wasuuaswase pH paeanszuaunsuin Wewisuflenaiosnmussaniizmaldsde
A1SAIUANAT pH i n151958yves B. siamensis aunsanvseeniduszereng q ldegredaiau Tnegausn
B. siamensis wuaneszezUsus (Lag phase) tiesannidutud 8. siamensis Ufufadnfvanimuindounesanns
Ao ﬁaum’haj‘zmﬁmlﬂ%aLﬂuszazmil,ﬁwuasmiam%fa (Log phase) IaAin OD600 Lﬁmﬁuaﬂwﬁﬁaé’wﬁmmﬂaﬁa
wazvdaan 12 Hiluswesnismin Wit Msiadaues B. siamensis agkindszarasia (Stationary phase) 195910
USaiasesanasaenadosiunsildsuulaswesiimaglasafiiuinmanas wasiiananglaa vynlnadis
Uity aunafidistu il 3 waswudidr 0D600 anaudntien fiesan B. siamensis Fudngszey
15918 (Death phase) Surdunaunainnisuiaurauemsisndusionisiadawosdunid [12] uagluvmeiing
dedluindesfnsalfanmlinutag Stationary phase atstatautiu iesnniadesufnsaiianimAniui su
(Dead zones) 17fLﬁm%u’[,ul,ﬂ%‘awﬁﬂszﬁ%mwweﬁqdqwaﬂismuﬁaﬁammLLazmiLﬁmaaqﬁuw%‘é dmaliionsnig
\w3aylutaa Stationary phase lifmiau Tnefid1 0D600 Tugs 12-24 falusiiranasecsdeiios uenuniloani
Jmumznauresgduniuinniuiisy fenafniuannsmunanili Swdmalisyansamniaanduiudae
\wiesufnsaidaninanas [13] :nnisiiasigsinanisiudeuntase pH lunmdl 2(b) semdnnsiwizides
wuAfide nuitlunisvasesiilifinismuguan pH idlurasusaguazieiasufnsaidanim fsuuvumsadeuntas
Tufienadientu tneluti 24 $luawsnvesniswsin a1 pH ﬁmmﬁummﬁﬂﬁa8ﬁauaxamaauwa§iﬁﬂﬁzmm pH
1.0 Fadunainmsazanveinsaduvddildannszuiumsuumuedfuresgdwidluiamaaiyivla eglsh
p1u vidsndalusdt 24 1Buduly A1 pH vesiadesanzduualiuiuged ussaaiios aunsevisludalusdi as

A1 pH Tuvinguvaiiuasiasesujnsaidanineadulien 6.7 way 6.2 auddu

Nan1s3tAsIERUT U Y INIaLaza wIu A281A3 89 High-performance liquid chromatography

(HPLO)

a

INN5KALREUNIE B. siamensis TuomnsnivSuaaududuveslasa 30 % (w/v) iiamsivaeundas

v
P~ a

USinawenhnnaluemsidesqdunss waneanini 3 uiniaglasaanategasiniilugan 6-24 Falusvesnismin
i 48 Falusvesniaviin wudn nswdnduiuiienissufnsaitanmuazvingUraidnisauau pH ndetina
ylAsa 7.36 uay 5.29 % (wA) nuEIRy wazdilifinsauau pH ndet aaglasa 2.85 uay 6.06 % (W)

Ay wualdunsanasenimatlasalianuduiusiunsiiuduresUSinanmangleauasvisnlnaninay



=] [ ° @
i 3 anaduduveaiina (Winlea nglaa wazglasa) anniswdn

a

q

e . . v a1
QUNIY B. siamensis mﬂmmwﬂuuﬂﬁ

AIUAN pH AeuIngUTwY (3a) 1esesfnsaldinin (3c) waznigliani1ieniinsaiuru pH Mg vIngUsws (3b) 1ATes

Ufinsalnn (3d) murugmgiin 37 esmwal@ea 200 seusiowd 48 $alus ielUTeuliisunsideuuuasues

Jsuanng

Tusgninnsguiunsvdn Tngiinuauiivsunaaani 48 dilusvesnisudn lagluasesufnsaidaninnunglaa

7.06 % (w/v) way vignlaa 4.65 % (w/v) Tuvaefivinguumfiimsaiuau pH wunglaa 3.71 % (w/v) uazslgnlaa

12.28 % (w/v) dwsuszuumandniilidiinisaiuay pH wud mansindieiasesdjnssidinin wu nglaawazisn

Tna 12.40 % (W) wag 3.77 % (w/v) muanau luaagiinsvdnalevinguvunailidnisaiuau pH wu nglada

wagnl3nlag 10.82 % (w/v) Wag 3.26 % (w/v) Aua1du

o

91NNI53ATIERUS U v09E UG 18mATlA High-Performance Liquid Chromatography (HPLC) wite

wWisuilsulseansnmnisudnnieldaniiznismvaukazliniuaual pH luszuuringuans wavia3osufnsel

I WU ANNITNSALNFINAADUSUIUALIUAILEASIUNINT 4 LAgtIaSULSNT 0-6 FILUS NUIUSUIUFLIU

nanlaain B. siamensis lunnyanisnaaesdusuiutssuinias liuand1aiueg1adity

o w a

d1Agyneana (p > 0.05)

A . . ! o @ | < A Y 1 a o a o <
189971 B. siamensis aglusvezUsusa (Lag phase) ag13lsiniu Waidngdalued 12 vaanisudn Sudanaiiu

i a = 1 o M i i & 1 5 a e
ANULANANYDIUTUUALIUDE NUALAU Iﬂﬁlﬁﬂ’ng'ﬂluuﬂ’ﬁﬂ'ﬂllﬂuﬂq pH WGTU%’J@EU%NW\JLL%LM@WQﬂim“zj’m’l‘w

Tinandnduiuganinanienidnisauauel pH ageiiie

o w

v

dnngy (2.94% way 3.05% (w/v)

ANUAAU) L BaNSHIIN

aduludia 24 Halus Usunaduaulunnaniizdivwilduiiutueg19eiiio Sdonnaosiunsiasyveiqduniduas

nsanasveslsunanaglasaluemsidesdo (nmdl 2 uae 3) lnelusverd wIesnsaldinnluanigly

muANA1 pH Trinandngeandl 14.50% (wiv) auseviagusawluanizlsinuauen pH i 11.829% wA) Tuvaigdl

o w

Aa ' 1 a o i | A
gansneaasniiniseuaual pH inandasiniteg1slideddey (o < 0.05)

o o o i
NSTUIUNMININT 48 Falus Wuinnis

wiindeinsosufnsai@inwluanglinuauan pH Wuanneiilinandaduaugaanyiniu 21.8% (w/v) Jagend

{ o A a a o A a a a
12 2UUN 1 YNINAY - D8 2569 64 2.INY. L'Y]ﬂI'H». PRIALBYILBINUNISENYIA
an 1 aa
El"m"liVllﬂ-lﬁJﬂ'liﬂ']Uﬁ]ﬁJ pH MNIINUNIIAIUAU pH
35 3s
3a 3b
= o -mSucrose =" -=-Sucrose
E " -#-Fructose '-; -oFructose
1 25
‘\; -+ Glucose 3 -4-Glucose
= <
20
£ 5 £
=
e B g
& E =
[ @ E
4 2 guw
6 S
U 5
0 6 12 18 ’iﬂ‘ime (]!;I) 36 42 48 54 ° 0 6 12 18 ’i‘!ilne (]lln) 6 az 48 54
35 30
3¢ . 3d
=" #Sucrose 5 #-Sucrose
& £ -®-Fructose :;_ --Fructose
c  En® -Gl E ., -« Glucose
g § ucose
(= 20 ~
‘G .E .; 1s
c g g .
S = I S =
= 7] @ 10
oz g 2 L
e 8 S
s “. : . 1
* 3
0 0 ™
0 6 12 18 24 30 36 42 48 54 o 6 12 18 24 30 36 42 48 54
Time (b Time )
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25

Oflask Oflask pH @bioreactor Wbioreactor pH L

—~R
z ]

a
% i c n
£ = l
~ b
E +
@
- p— =
- =
= .
g i
= )

4
c
af a a a a b b b b
- ] o 12 24 48
Time (h)

A 4 Anududuvedwiuiingnangdunsd B. siamensis luan1izfifinisauau pH 18 5.0 wazlifinsauau
pH feweSesunsaidannuasuingUvay fiaamgl 37 ssrnwalea 200 seusewiiiluag 48 Halua wie

WSsuWgunsiuasuwlaseslsuiaaniu

o

(Fydnwaldnwinwdanguiidiumilouiuvuwvisnsmuansdsnnuliuandimnsadifnasdnuysnwdngwanaduimiuuuwiansm

wanafsAULANASAURENEitdAEN9EdR p < 0.05)

nsudinluvanguanniliniuauei pH (16.2% w/v) egreddeddsy Tunimssiutin n1saivauen pH dawali
Yunamedwiuiniudntes lneenzluniasdjnsaldnmidnisaivaue pH debinandaiies 6.3% (w/v)
waznsuindlevIngUsnnannsasdadwiuldiistudntdesdliedisuiutalusd 24 vesnswiin lngaunsonds

auauld 12.1 % (w/v)
adUseuazaUNan1IdY

Nan1sAlAsIzRUSINaIANaLaz ALY f28LA389 High-performance liquid chromatography (HPLC)
INNTE 8938 UN3E B siamensis Tuems TUSuIAMTuTuvRIglATA 30 % (W) LAANIS
WasuulaaUSinaeshnaluemsiaesgdunss wananini 3 taaglasaanasdnideslugausn (0-6 F3lug)

luynguuuuvesnisuinidesaneglutiusudmuaziinisldarsemislumsiaiyvesfunidies n1sanasves

3
v

Usnahmaglasauaznisifinduvesiananglaauaziiznlaalusysuunszuiunisvingu Wunamnainnisvineu

a

vououlwiiduugasa (Levansucrase) finanlagqdunie B siamensis ovlasiwiniiiunumdidalunisiuaou
glasalviduduou Tnnszuaumavdsunvasdandnamnsodunsldainnisanasossinaglasaslussuunis
nifndoia3osfnsnidaninuazanguay Tnsnaiuiuvesihnianglaauasnsnlnaiiaufazenlslnglada
(Hydrolysis) vesg lasali nareidu 1aanglaauazdgnlng wazifnnszuaunisnsiudwsnladiady
(Transfructosylation) mgalnadsleainnislalasladamairandudiou [14] Tasarauandnwesdndiuves
thmanglaauasnsnlnaiAntuansausinsdunsesiauuliiduiy (1] suuuumsasaivlaves 8. samensis
fanudiuslnensafumaludsuutasmanudunsa-is (pH) luewnsideadelaglugausn Afmsudsiagagn
(log phase) aziinn1sazauvaInTAdunIdasnalsien pH anasiigafidalasd 24 91nnsEUIUNSILUNUDATIYDS
anslulawnsn Faaenadosiuimidtunsuninlaenisazaunsaduniduarn1sdsuwtas pH Tunsnsinvesuuniise
nsauanfn deszyinslulanse (e 1in1a) \uiladendniignuuaadunsndunidlurawesmsasqavle
WlgnisanasvesAn pH [15] warmsiUasuulasen pH Tt 24-48 Falus Saaduadeyues B. siamensis 3u

o '

v oo < (e o ¥ CO .
\Wigsreen13nne (Death phase) Asnmi 2(a) Wudyaaiunamisueundnagnuinaluomisieaasugn
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THaunus danaliuuLnuedzuved B. siamensis Wagufemsannsaaginataiiaasransadunss [Uidumsaane
wiadlulasiauvielsAufivdesgununiunssuiums Deamination FazUantdesarsuszneunalaieniigns
Jusseenungnieuenaad [16]

NNTUATIERNANNEDALAENITIATIZUAMULUTUTIUNIA YD (one-way analysis ; ANOVA) 715z6U

v o o

Wod1Any p-value = 0.05 WU NSFUAANTEUIUNTNER UTUI1UY09ARINALAIINNTHENNINISAIUAN pH T

AwanAsiuegelitedAy MeadAtulinaeduuilaannisudanlidiinisaiuaudl pH FaUwinnisaiuay

'
]

pH Hu 5.0 orlimurandmunsnanduay Fnaddefiiunuandiduieansenures pH defnssuves
wulwsiAwumasa TnsleulesiBugasaaunsaraulddd pH 6.0 [14] uenmileand Tuszwienssuiunsusi
pH 03srUVBNRTUAsUUAN NN ST UIUMILNIUEATLYBI9AUYTS WAy pH e1auiuTugendn pH 5.0 1¢ Fedana
Toinszurumsnindilifinsauau pH fussdvsamlunissdnduwuldganiinssuiumsudinidnisaiuny pH &
aonndastuaesun1sidefiaefins@nulinoundnd suidedainanszydn lunssuiunisidvagdunis

B. licheniformis NS032 Tugn1edilaifinismivauen pH wudt wwildunydunidasndnduinluliunuigeaas

v '
a

Vinulugefidn pH gendn 5.0 M5l mafisduves pH luseninssuiunsulinervdwanenisinueeuludd

o
a v

wingasanduweuledfedosiunisduaseiaundiiiusednsamgetu [17] wazdrdenndosiunuideues

o a

Anam Nasir wazaaz Aninqaun3d B aryabhattai WMV ©1M15AMSUNSHARGUIUAT pH 1INNT1 5.0
ansonandual ity [18]

nmsdanseianlasliiniesfnsalinmluaneiimugue pH iilefnwinansenuvesan1ziinig
AuAuLarldfinsniuaNel pH dednmmaiiuduves B. samensis uarduasiziauau ludhnmaiuduves
B. siamensis SiSammafisduiigaanluziuuunindedugurlasiinisauguan pH 4 5.0 warlugduuunisides
Tua3esdfnsaidrnmifinisaruauen pH i 5.0 fidnsnaifiut ueadeilusususeun iesn B. siamensis
fidadelunisarunuen pH fivinzaudmunisiesey waensduaseRanInues 8. siamensis luomnsfiiusuin
aududuresglasaiEusiy 30 % (wA) TuTinadnuiigeanluguuuunsliaiesufnsal@anwedi 21.8 % (w/v)
MnmMsmaassgUiuuneaediueiesUfnsaiianm daliamnsondnduanldlutiinaiigininiamnedssuy
Fadu wrgannsamuautiadesagiifiaresnnisaiguesdunidld uasBniisdiniseeniuuiitisananudes
mnmsvutouvesgdunisilifiesyasd Jududsddyluniswdanantasiifessianuuignige shlsimevaues

q
v

AMUFBINISYRRRaIvnssHvInlrgld weluladilvungdmiunisveievuinnisudnanseauiesd JUR nslug
sEAvgnamnssy vinlianunsandanslulefndidemndivdliegniivsednsnmuazAuai lnon1s3delusuianiu

o w

wuzthifnwinsaiuaudadedudn Wy eamgl Anududuvetesndiau wasn1sniunay Wi Jududsddy

o

lunsifingnINsiasyvesduns duaviiuusedndnmnisnanduullaUsunauunuagaliaue

q

AnRnssUUsENA
ANZEIIEYDVUAN AMEIAINTIUAIARTLATAMZINAYAIENS WIne1deysnn Nlinsatuayuanuide

Weslfuinisuaziasastielunsaniiunuidy
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Abstract

The objectives of this research were: 1) to determine the amount of Hom Thong banana for the
production of banana ice cream; 2) to investigate the concentration of inulin used as a fat replacer in
reduced-fat Hom Thong banana ice cream; and 3) to study the chemical composition and microbiological
quality of the reduced-fat Hom Thong banana ice cream using inulin as a fat replacer compared to a control.
The study on the amount of banana was conducted by varying the Hom Thong banana content at
0%(control), 20%, 40%, and 60% (w/w of ice cream). The results showed that increasing the banana content
resulted in higher viscosity, firmness, overrun, and a* value, while the L* value, b* value, and melting rate
decreased. The formulation with 40% Hom Thong banana ice cream received the highest sensory evaluation
scores. Furthermore, the study on inulin as a fat replacer in the reduced-fat ice cream utilized inulin
concentrations of 0% (control), 2%, 4%, 6%, and 8% (w/w of whipping cream). It was found that an increase
in inulin content led to higher viscosity, L* value, and b* value. Conversely, firmness, fat content, a* and
melting rate decreased, whereas the overrun showed no significant differences. The reduced-fat Hom Thong
banana ice cream formulated with 8% inulin exhibited the lowest fat percentage and received the highest
sensory evaluation scores. When comparing the chemical composition and microbiological quality of the
8% inulin low-fat ice cream to the control, the moisture, fat, protein, and energy contents of the 8% inulin
ice cream were significantly lower (p<0.05). However, its dietary fiber contents were significantly higher than
those of the control (p<0.05), with no significant difference observed in moisture ash and carbohydrate
content. Finally, the total plate count and coliform bacteria were in agreement with the Food Act standard

No354 (Ice cream), Ministry of Public Health (2556).

Keywords: Inulin, Hom Thong Banana, Ice Cream Reduced-Fat
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Haduiidsgalauaznisdnduladondnfusiveafuilna anuanisvaaedlunisnedl 4 nuiraAdvedleandy
NANENBNNDY TANEIN (L) Aduas (@%) wazduans (b*) wanaenuegniitsdAyyn9ads (p<0.05) lnaAiadnu
atnsvadlenniundroviennesgnsniun AnNainsgeiige Wiy 83.26 sesasnfe leansundreviounes 1l
USunaunalevieunadsouas 20, 40 way 60 JAWYINAU 65.76, 64.09 kay 60.64 ANAINU WU LaANSUNAI8DY
noshilUsInandreeuesiliinty dwmalaanuaing (L) veslerniundleneunodimanas wansdsrinan
ainsdifirnnslumnsdle dmfuanduns (@) wuiileansundrevenifiviinandlovounes fovaz 60 fiA1d a* g
‘17'1%361 Wiy 5.82 Sifiemnslunnsdung sesasunie leAnsundeveumesiiduSinaundoveunessesay 40, 20 uaz 0
(PauAY) HAwiniu 4.92, 4.06 way -0.76 Audwiu wagnuitleAnIundevieumesgnsnIuay md a* fifaniely
Mediden Fusleusinundreveumesiifiuty duwmaliidnd a* vetlornIundrevewmesidiiniu uansdianly
yeAuasnty uasAndmies (b%) nuileaniundrevennasgnsniuny Siad b* geftgn Wiy 1359 el
AU se9asnAe loAnsundleviounes NaUSINuNEereuNDISaEaE 20, 40 LAy 60 davifu 13.18,
11.12 way 9.95 AuEIFU NuUIUSaIndereunesfitiniy dwmaliand b* vedlerniundrsveunesinianas
wansdaiiiamalumedthituanniy

L4 wa v P

M1399 4 nansiaseinuaniRiud L* a * b* vatleAniugnsmuauuasUsanaeeunesfiseiuiesas 20,

q

40 way 60
U’%mmné”awawaq ﬂ"lﬁ
CREGE) L* a* b*
0 (AUAN) 83.26 + 0.11° -0.76 + 0.01¢ 13.58 + 0.32°
20 65.76 + 0.61° 4.06 + 0.19° 11.34 + 0.11°
40 64.09 + 0.66° 4.92 + 0.58° 11.12 + 0.51°
60 60.64 + 1.01¢ 5.82 + 0.18° 9.95 + 0.28°

neng : 9 nneie MsUeuiieuanedeniuwnsludadedeniu snusiwandeiulianuwansiegiad

v o w

UygAgy (p<0.05)
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dmiunmsfinwaunmmelszamdudavedlesniundieveunss anuveumwinudnwaizUIng & ndunday

sa® Waduea nsarargluun warAmuTeUlAgIIN NANISNARBILEAIMUATITIN 5 WUIE NAUNAIY SEVIR 1B

@

duda n1sazanglulin wazauveulngsiu vesleanIunalevieunasansaiuanlifinuunnssed el dudAny

<

n19adf (p20.05) AularnIundreveunosNiusuunaIeneuneIfosas 40 @1UANNTBUNINAIUENBUEUTING
leAnSundnevieumesnivsunandieveunasiosas 40 dazuuuANUYaUEan JAWNAU 8.33 FeaanAneIiuNa
MlaseinunmMmInenmenudvesleAnIundeviesmes Anuitmsiundeviennesatiululeaniuduiinasie

v '
= =

Snvnrusnguosdadusilasdunaldnnainnuainuagadmvdesdidanamieliidadwinty Sewans
Ussidunsuszamduiavesloaniundaevounesiu ($ovaz 40 uaz 60) wuindlofiuuimandievenves o
naaevTufiuunltuliazuuuauseudiudanas (8.27 uay 7.07) Tuvisazkuumsseuiumadiudnumzsing
nAunde savi edula maazanglutin uazanuveulnesu Awnleeaaduiu fafannisaasunis
MENIN wagnAdeUAMN TIYNIUTzanduavesleanTundeviounasty 3 sy wuloaniufiiundievounas

Seuay 40 lneddiunay lown NaeveNNed UNEnYIANWLY IUTIASY YIea ndwilan MsAy waztan winnu

'
a

28.57, 37.58,10.90, 6.16, 0.23, 0.43 Uar 16.13 aua1au guegeulvinzuuuaruveuluiudnuazdsing & nd
nde sawd eduda nsavanslulin warANteUlTIN WINTIEA KALAINNITNAABUNWNIBAMYBILDANI LT

Windeveunesiear 40 nudidiAfesazn1sluilas wazavaeladn dwuiadengnsifiundieveunssesay

40 Dugesildlunsfnulernsundreveuvesanludulaglidududuasvaunuludu

M13199 5 Han1sAnwaunnUszamdndaleanIugnsaiuauuazUsununaleneunssiiseduiesas 20, 40
wag 60 (n=30)

SIEF Y] ATUUUANUYDIU (ASLLUL)
QLREVGH .
ANWUY . o R PR n1sazany A2UYDU
N84 g naunaae SEYR Waduws
. Usng) lutn T3y
(59v8%)

0 (mIUAN) 7.97+0.56° 8.00+0.59% 823+0.77° 8.40+0.67° 8.30+0.75°  8.67+0.48" 8.47+0.51°

20 6.90+0.80° 7.03+0.72° 6.73+0.78° 7.00+0.83° 7.23x0.77°  7.30+0.65°  7.40+0.72°
40 8.33+0.55° 827+0.61° 837+0.61* 8.43+0.68° 850+057% 8.40+0.56°  8.53+0.57°
60 703 0.85° 7.07+0.83° 7.10+0.84° 6.97+0.93° 7.17+091° 7.07+1.01°  7.17+0.83°

naewn : 7 wuneds Mswisuiisuaaaesuwnsiuladeifediu snusiuendefulinnuunndieegiad

o [

Hod1Agyn9ana (p<0.05)

a a

2. uan1sanwrUsunaduaunitiduasnawnulusiulundnsusilaansundleouna sanlusiu

u

Anwusunadydunlilunisndnleansundreveunesanludulaenaunududuludiunauiiduluiu lag

a a

Anwdydu 5 szau liun Sevay 0 (MuAw), 2, 4, 6 uay 8 vasdunaudululiu Fdldun UTasu 1ntuiwn
BnseinaauiAnaneam un anumile Anuula Sesazn1stun Akl Ysinadusiu dnsinisazane
Ad (L¥, a* uag b*) uasnaaeunussamdudanudnuasuing & ndunaiy savd Wedula nsavarglulin
LarANNYBULAYSIN NANITNAABILAANIAIAITIN 6-8
a Pl P oA o A a ea Y] Y] - A e a

NANTIATITIAIANNNT nuIilatihlaansulindAunuiu 24 alue dinanuviaiiiednwinaveauSunn
dudusernunilnvedlerniuiing Aaruvindiaeglugag 2,304.33 - 3,075.67 cP Irnuunnsiiseg1elitudday
MIEdR (p<0.05) lornsundeveniifivsuudyauiosas 8 fiAAnuniingsfian uasnudniloUsuauduauiuuin

s 1 a

FuvilsananuninveslaansudndgiaLiuuindu
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a

A13797 6 nan1FIATIERAUAIIEn nkazidivedleanIundeveuvesanludulaglidyiuduaismauny

U

TousTu
YSunadyau (%) AUnila (cP) AU (N) miﬁ‘ifuw‘, (%) Ysunailvdiu (%)
0 2,304.33+33.71¢ 8.34:+0.69 54.30+3.40 10.24+0.95°
2 2,493.33+13.50¢ 6.94+0.21° 54.76+6.19 8.04+0.27°
4 2,760.00+13.00° 6.00+0.26™ 55.12+8.57 6.53+0.59°
6 2,951.00+36.50° 5.16+0.55% 55.66+2.79 4.83+0.60°
8 3,075.67+28.02° 4.21+0.85¢ 60.13+3.39 3.46+0.61°

newmn : *° nueils MsilSeuiieuanaionuiunslutadefieniy snysiuandsiuiinuuansiediedl

v o W a

JodAgyneana (p<0.05)

a '

Anuwdaslernsy Ao nmasvisuvedlassadiinisnedvesdiadunilufu ¥ o1ne waslusiuseninens

lidleleansuduilowdeatiu aanuuds Jeveglutig 4.21 - 8.34 Tadiu Tanuuanasegedifeddgnieada
(p<0.05) waznuindeUsunaduduiininnduiiiianuudwesleaniufinddidianas Arfosaznmstuy uansds

M15°99 6 nuhanfesazn1sTuriareglugig 54.30 - 60.13 ldfianuunndrsiuegedliduddgynieada (p=0.05)

Y

wudenFerarnstuyliuunliiniugy Wedndyduiuinniy Aevazluduiidregluyie 3.46-10.24 nA13199

a

6 aziuldainnafndydunauniluliulaglivaunuluivleesy de msanusuaiuleedy viliinasesas

o o a

Tuduildanas nuindtegnauauivsinusevasludugeiaauindu 10.24 sesawnde leAnTuanluiuiliudyiu
Jowaz 2, 4, 6 lay 8 UAWVINAU 8.04, 6.53, 4.83 uag 3.46 MUa1AU kanasAuegsltsd1Ayn1sana (p<0.05) A1
gn3n1sazatevedlonniy nuitAgnsNsazatsvesleaniuiuuilitanaudoiuuTuudyaunnTy wanens
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—o—Souay 0(AIUAY) —@—308AY 2 —@m30URY 4 —@—30URY 6 —@=Souay 8

dl v =) v LY Ya a <) LY
29 2 nsIASazatevedlen ﬂﬁllﬂEﬂEJ‘VT’?]ZLI'V]’?]QaﬂblfUiJuIﬂEﬂ"U’r]EaULﬂuﬁ’ﬁWfﬂ wnulvsiu
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dl Il a v L Ya a [ U
a135197 7 dvasleaniundievieunesanluiulaglidyduduasnauniludy

YSunadyau (%) L* a* b*
0 64.14+0.56° 4.61+0.01° 11.95+0.31¢
2 65.20+0.82¢ 4.58+0.06° 14.08+0.17°
4 66.84+0.17¢ 4.45+0.04° 14.26+0.22°
6 67.74+0.15° 4.34+0.01¢ 14.86+0.10°
8 68.24+0.37° 4.01+0.02¢ 14.96+0.08°

RUEng : °° el n1sSeuliisuAnafonuwuindludaduifeaiy snyiiwanaeiulinnunangig

v o W a

pgsll A M9eiA (p<0.05)

o

NA15NT 7 wan1TiaTeiauaudRauE L* a * b* veslerniundteneunesanluiulaglddududuans

naunuludu wuirandvesleaniulesnsundreveuvesanluiuilidududuaisnaunuludu an L* faeglugas

a v S

64.14 - 68.24 unnaseg1aidudrAgynneadi (p<0.05) wultlemnIuanluiuniiudyiusosas 8 a1 L* gefign

o

Wiy 68.24 \fipsandyduidvnvilvdliaiiuysunadydunnduisdmalimanuainwedennIuniudy wanads

'
a |

AAuaisluluiienisadng A1 a* Iaeglutie 4.01-4.61 wuhleaniugnsaiuauian a* unfigawitiu 4.61 i

WinduedellledAyneadi (p<0.05) e nuUTuudyaumsTudmalia a* veslorniuliA1anas uanadiadl
Aenalunedunsiosas uaza b* daregluyie 11.95-14.96 unnasegreldeddaynieada (p<0.05) wuin
lomnsuanludunaudyiuiosay 8 A1 b’ aeligainiu 14.96 USunayduiiisdudenaliay b* IAniuay uand

Na

fafifrmelunediundeuiniy

M15°99 8 wansAnwiRuamnsUszamdudaleaniundieneuvesanluiulaglddyduduarsnawnulodiu

(n=30)
Y3
. . N X - Yoo o REGELYE AUYBY
ayau  anwazusing™ an NaUNAEY™  JEYIN™  LURHUNE™
Tuun Taggau
(%)
0 8.37+0.56 8.13+0.57 8.40+0.62 8.60+£0.50 8.60+0.56 8.67+0.48°  8.47+0.51
2 8.30+0.60 8.23+0.68 8.20+0.71 8.37+£0.67 8.33x0.76 8.37+0.67% 8.23+0.77
a4 8.40+0.62 8.20+0.76  8.30+0.75 8.33+£0.66 8.37+0.67 8.23+0.68°  8.33+0.66
6 8.33+0.55 8.17£0.70 8.37+0.67 8.43+0.68 8.30+0.75 8.27+0.69°  8.53+0.57
8 8.23+0.68 8.27+0.74 8.23x0.73 8.30+£0.65 8.40+0.62 8.40+0.56®  8.23+0.68

nEwme : *° muned nMsiUSeuiiguAnademuiuindudadefediu Snyinwansnsiudianunanssegied

v o w

Hod1Agyn9ana (p<0.05)

nMsfinwnunnnsUssamdudalaeldinaaeududiuiu 30 au Fululssyswiiliengsening 15-60 U

a a

lun1snaaaulaeds 9-point hedonic scale KANINAADILAAIAINITI 8 WU UFNWUEUIING & NAUNALE
AR Weduda wararuveulngsau Anaaeudnlinzuuuauveuliianuuanstaiulaeddoddgyniaia
(p=0.05) dusrunisazaglulinuansliiiuindeaeudulinzuuuanuveueyluyag 8.23-8.67 Avluy WUl
Q’U%Iﬂﬂiﬁ’ﬂzLLuumdé’mﬂﬁaxmﬂumﬂlaﬂﬂ%‘uﬁ'Lamﬁmm@yau%’aaas 0,2 uay 8 mﬂﬁqm AN 8.67, 8.37 way

8.40 ATWUL AUAINU MUY YBUNIN
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PNNTUATIEINUNMENN LAl LaznedeununImnUszamdudavesloansundieneunssanlyiulagld
dududuasaunuludu nuimsifudinnadyduiosas 8 faranuniuuds uazsevazvesluiulosiian uay
HuslaalinzuuuaureuduanuazUsIng @ ndunate savid Weduda uavaruveulaesiy luunns1eegiaidl

Heddryiuleansugnsaiuny dwuiadenleansundeveunasanluiulagliduduiosas 8 luAnuluneusialy

3. kamsfinwesAUsznaumaaiivadlaaniundrenaunssanludiulaelddyduduasnaunuluiuieuiisy

nuleAnSundlaviaunas

a

Anwesdusznaumuaivesleansundreveunasniudyiiu Sesar 8 WisuwsuiuleanIunaieneunas

(@nSAIUAY) HANITNARDIUANIRINIT1N 9 wudlediu Tshu nnle uasndsnuvesleanIundieveunasiiiy

a a

dudu Seway 8 nularnsunalevieunoILanNA e UBg19itud

Y

o

YN NEDANTEAU 0.05 duUsuiunNTY Usuia

£%

101 wazanslulanse ludanuusnansiusgeiiteddgnisaianszau 0.05 wuihlsualvivvesleanunaieveu

o

vesiindydu Seeay 8 dewinlerndundreveunssegnieddoyvniadd Finsiudyduluasmawnuloduly

o

leAnsunanevieunasdwalia liuanassesay 63.37 WeawSsuwisuiuleansunaleveunas USuallusiu nuan

a a a v

ladnSunaleveuneod USualusauwindu 2.79 wazlarnsunalevieunadNiududu Sesay 8 danvinu 2.11

Y

'
o w a = a

upnASAURE 19T AYN9ERR (p<0.05) Usunaninly wulileAnsunalevieunesiindudu Sevaz 8 dUsuu

Y
' 1Y

mnly Wi 8.15 upnasiusgsiltediAgyeais (p<0.05) Waisuiuleaniundierounes ediawvindu 1.50

a a 1%

USunaudn nuinleanSundievieames fiusunauinuiniu 049 uaglemniundieveunesiiifiusyiu fesay 8 e

Wiy 0.52 luflauuandrsiuiidedidgnieads (020.05) Usuamsiulawmse wuileansunalrereuneosiiy

1%

Buydu Sevar 8 fivsumasTulawsawindu 15.14 warleanugnsndieveunas dawiniu 14.49 ldfianuunneg

[ '

AuegelitudAgyn9add (p>0.05) Usinamasiu wuinleaniundeeues JUTunanwasuiifiu 152.88 uag

o o aa

leansundneveumesindudu Sevay 8 Aty 99.63 uandsiuetefiduddyneada (p<0.05) Wiuldinile

14

Tdududuasvaunuludiilianusnamdsiuladesay 34.83 WewSeudisuivleansundieveunss

A15197 9 HaNTIATIEYBIRUSENRUNNBATvRdlarnSuNae RN BIan s ULas lornSUNaEEUN DY

aeAUsENOUNILAL losnSunanevieunas lorn3undlenaunag
(3owaz) (gn3AuAw) (\Rudyau Seway 8)

AR 71.42+0.36 70.67+0.45

Tugiu 9.31+0.34° 3.41+0.28°

TUshu 2.79+0.17° 2.11+0.11°

nnly 1.50+0.16° 8.15+0.35°

1" 0.49+0.06 0.52+0.04

Aslulanse™ 14.49+0.60 15.14+0.43

Was9u (Alawaas3/100n54) 152.88+2.94° 99.63+3.23°

wewan : Teyauanaduanade + daudsiuuninsguainmmeass 3 9
" pneiie nMsisuiisuatad sausuaueuludaduifeiduliinnuwenatsiuddedagniseda
(p=0.05)

ab = = ~ ' a o Y Y dl ' v a | ) A
VU fﬂiLUSﬁJUW]EJUﬂ']LaaEJfﬂrlllLLuﬁu@quﬂﬁ]ﬁ]ﬂL@ﬂ']ﬂuaﬂHiWLLWﬂW'Nﬂumﬂ?quumﬂmqﬂﬂuaﬁﬂqu

€

vdAN19ERA (p<0.05)
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AINUTENANTENTNASITUEY aduil 354 [17] Fed leandu fidedmuainleanIudesiiuvuaiielaliiiu

a

6.0x10° Talatl/n3u uazseslinue Escherichai coli Tudegnsenms 0.01 nsu luflqduvsdnvinliiinlsauaz il
asduiivangdunsgluviunaiionndusunsiedeguain uasinaeininsgiunagadinerdmsuleanIuves
International Commission on Microbiological Specifications for Foods (ICMSF) [18] ﬁi’mqﬂizmﬁlﬁamm

v
o

Uneasdevasfuilam Tnemludmiundnsdun Simple Ice Cream lamvunr1gegalife 9aunignwun (Standard
Plate Count) luiiiu 2.5x10° laladl/nsu wazqdun3d Coliforms laliiu 10° Taladldededie 1 nfu agelsin
leAnsundevieunekaylonnsunaieveuvasan lusiudduiniuvsdlifununsguimun Wewnnssuaung

HanfidunaunsaRelsd wavAilifguinuaeigndedlunssuiunisndnloaniy wandfsn1sned 10

A1397 10 namsAas R mTeiugaunidvedlerniundtevieunssan luiulaelidududuasmauny

gnslann3u
loAnSunanevieunas lorn3unanenaunag
(gmsAruAw) (\Audyau ouaz 8)
Qauvdeiianun (eladl/ndw) 1.8x10° 2.3x10°
wuafise Taanasy (MPN/nsy) <3 <3

adUsguazaIUNan1sIY

v
=2 IS

loFNSUNAIEMBUNBINTINITHANNAILNBUNDLANLNTY YIlRAIunen ArukUuwdakazsasaznsTunilan

Y

N a

Windy Fepnuniiafiiudy e1vaiilesanesdussneuvesndeneuilansiwaiulussiusznou (1] Fanadudy
arslelnsmoanosdiinateauaunsalunsduiuasiinsdudldfazdmadonisndeuiivosounialidag
wailaniauusinundievenedugnsloaniy xdswalinuniavesdiunandniu iesniviinavounds
Hanuauagloomsgs fufnuswiuniudenisia dwalidedusannt ulumsiilieyniendeud uenaini
anuniiafifisdushoaiuatiosnmemasornia sildaunsadnifuenaldity wasdmaliirndosaznistuy
(overrun) qﬂﬁu [19] mmﬁuﬂ%mmﬂa”awawaﬂuqmlaﬂn%'uﬁqﬁqmaiﬁﬂ'wmmLLﬁﬁaﬂuaamémﬁmsﬁLﬁuﬁu \iesann
maifiuturesSinaesudaiinn (total solids) Insiameanilulawmsauaslsomslundre eilnuaniflunsiy
1 dwaliusinaunhasranasaslnsiadwesndnfasiinnumuIutueInty denndesiuseeuees Soukoulis
& Tzia [20] Anuinsiinleamsiulesnsuinlfanuud ai ugwidosainnsanasesindassuaznisifinves
vouudslusruu uenanimedunazarsindudnanlsalundrvaunsaadslaseinowanielu denalii oduidad
AMAULLULNNTY FsdanadaaiunisAnwves Akalin & Erisir [21] Ais1eauinmsisloomnslulernduaiunsoidi
anuudauaranunsinveslaseadsld dmsuansazaneiidanas Weudsunandevneunewiniy o191inan
nsuitudsunandreveunewililernIuflaauminifiudy dn1sAnwnuiignsinisazanefianuduiugfuan
nilnvesdunasluloaniu [22] mnleAnsuinnuviingeasdmainligninisazatetias liloansuiliiundae

MeunesTeLay 60 dANdnTINsavaulesign fe Seuay 47.05

USunaundevieunasiiiududinaliaianinuaing (L) waraanududinges (b*) vadlednsundlgnaunes

v
a o

N i 2 o A oA X ~ 1% < v al a Y <
1A1aAad ANANMULTUELAT (2%) HANLNNUYU Lu@ﬂ'ﬂ]’]ﬂﬂa?ﬁﬂﬁ@llLﬂuwalllwa’]ll']'ﬁﬂl,ﬂﬂauqmqalﬂaaqﬂiaﬂlﬁ?lﬁ@Uaﬂ

v v v
a o °

= 1% = Yo % oY Y o aaa a0 = a P 1%
wWaenuazuanaienselasuanuieu [23] illindrefiufiserduinia deanisiinduinianaiveaiiendieven
fawmaudn 9 u1an UA3ean1seandlad (oxidation reaction) arsuszneuiiuea luilu o-quinone uaziin

nodweslsd (polymerized) sauldansidsdouduinia lnedl polyphenol oxidase tdusissufisen Unsenll
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v
' = ' '

Yananagyinbillendenenddwuiunar Jehliiandusalaundls wazdinadusonnnmniee1is [24] Haileana

q

Wewnnndeveunesgnildidudunamdundreneuvesaniussezil 7 Jalldroudrunios Jsaenndoaiu
MITYveIrenn nAuTUNSLaTANY [25] NANYINSHRUINAAN 9T LoANTUNa8113N NuIMSNUSHund 9

1NTU AWAYNIAAE L* wag b* anad

'
a a a

nmsfnuinadydunlilunisudnleansundreneunsanludulaenauudyduludiunaniduluiu

]

P%
a

Tnenuindousinudyauduty ilvnnuniiadenfindu desmnilodudyauaduloaniuanluiiu wuindydu
PgUfulsnaantinnmenwvedlenniuindlaevinldinramidamuiu iesndydudaduundsvenduls
omnsaunsnduivdnlseneuiiduvesmanluleaniuuaziinlassaiandenanazinlifuu jnaauiinigiua
vosleanFuwmaliity [26] lneiilunsanasesuinalutuasiliifuauudoesleansuiosnmaiisdu
yosluanavesindaszluleaniy faunsanedudundniudsilvgiulussninenisuuda usiilolutugnunud
Fedyauagiiliamudaeslenniuanas esmndyduliguanilunisfuihuarangaiBonudeedlonniy duwa
TiSnuhdaseiaunsodadundmiuianas Smisdiannsnaiddasdiomaiiteusulsadodudaliiaau

Yuuazasufiinniy Jsdenndesiusienuues Akbari [8] sstiudsilbileansuiinnuuiuuianas Feaenndosiv

a <)
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Abstract

This cross-sectional survey aimed to determine the concentration of fungal bioaerosols at the
6 child development centers in Loei province, Northeast Thailand. Eighty-two air samples were collected
by using a BioStage. The Indoor and Outdoor (I/O) ratio was 1.81. Moreover, the fungi from the indoor air
conditions were found belonging to 7 fungal groups. The predominant fungi were in the yeast group
(9.81+17.37 CFU/m?; 49.05%), followed by Aspereillus sp. (4.49+4.71 CFU/m?; 22.45%). However, the fungi
collected from outdoor air conditions belonged to 6 genera of filamentous fungi and 1 group of yeast. These
fungi belonged predominantly to Aspereillus sp. (4.07+4.31 CFU/m?; 38.00%), followed by the yeast group
(2.23+5.54 CFU/m?;, 20.82%). This result could be useful in the monitoring or planning of environmental

conditions in child development centers or public spaces to reduce the abundance of airborne microbes.

Keywords: Fungal bioaerosols, Indoor air, Outdoor air, Child development centers, Air quality

Introduction

The air quality in buildings and the environment has become a significant concern in public health
monitoring, and more than 90% of the general public spends time in indoor areas. Microorganisms can be
found in approximately 33% of indoor air in buildings, and pollution can be caused by one or more
microorganisms, such as fungal bioaerosols (i.e., Aspersgillus spp., Alternaria spp., Penicillium spp.,
Cladosporium spp., and yeast) [1-4]. Fungal bioaerosols are opportunistic pathogens that are present in the
form of airborne fungal spores, which allows them to survive under environmental stress and spread
through the air and in the environment [5, 6]. However, fungal bioaerosols might have serious effects
associated with asthma, allergies, and acute toxicity in immunodeficient populations, such as infants and

young children, because the majority of defects in the humoral immune response (HIR) system occur when
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children are 1.5 to 2 years old, they are normally unable to produce antibodies against response antigens
[7-11]. For all these reasons, young children enrolled at the child development centers of the local
government and spending time there for more than 6 hours a day might be more susceptible to fungal
bioaerosols than adults are. The child development centers of the local government should be monitoring
locations because of the high population density of children per room, the lack of air conditioning
maintenance and the lack of sufficient sanitation. Due to the importance of healthcare for young children,
this study investigated the quantity of fungal bioaerosols in the child development centers of the local
government in Loei province, northeast Thailand. These results could be used as information for evaluating

the quality of children’s physical growth.

Materials and Methods
Study Area

This study was performed in Loei province, northeast Thailand which has an approximate population
of 0.64 million. The geographic coordinates of Loei province are 101°29°20.1" E, and the province is located
in close proximity to the border with Laos [12]. The 6 child development centers of the local government were
divided by terrain conditions into 3 groups. The first group included low plain areas, consisting of Na-O and
BanTit-O child development centers; the second group included high mountain areas, consisting of Kaeng-
Laen and Kok-Pho child development centers; and the last group included irrigation areas, consisting of Na-
Sao and Ban-Mai child development centers. These centers were selected for air sample collection.
Ethical Approval

Ethical approval of research protocol was considered and certified as an exemption for research ethics
based on The Declaration of Helsinki and the ICH Good Clinical Practice Guideline.

Sample Collection

In this study, eighty-two air samples were collected. For indoor air collection, sampling was conducted
in duplicate according to room size as follows: in one room of Na-O child development center, samples
were collected at seven points (14 samples), while in one room each of BanTit-O, Na-Sao and Ban-Mai child
development centers, samples were collected at six points (36 samples). In one room of Kok-Pho and
Kaeng-Laen child development centers, samples were collected at five points (20 samples). Additionally,
the samples were collected at one point twice in outdoor areas per child development center (12 samples).
Air samples were taken during the rainy season from June to August 2022.

Fungal bioaerosols were investigated using a BioStage (BioStage Impactor, Model 255-9611) (BBL Becton
Dickinson, USA). The sampler was positioned 80 cm above the floor (respiratory height average children)
[10, 13] the airflow rate was set at 28.3 L/min for 10 minutes, and the collector was sterilized with 70%
ethyl alcohol before use. The collector allowed the air to pass over disposable Petri dishes (90 x 10 mm)
containing Sabouraud dextrose agar (SDA) for fungal collection. The humidity and temperature were
measured both indoors and outdoors via the same real-time sampling method (Hygrotherm
Thermo/Hygrometer; Digicon TH-02), and the indoor and outdoor wind speeds were measured via a hot

wire anemometer (Testo-425) [1].
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Isolation and Identification of Fungi

The sample plates were stored in sterile plastic bags and transported to the laboratory within one
hour. These plates were incubated at 35-37 °C for 48 hours as recommended by the American Society for
Microbiology and Bailey & Scott’s Diagnostic Microbiology. The number of fungal filamentous colonies was
calculated and reported in colony-forming units per cubic meter of air (CFU/m?). In addition, identification
of fungal genera was performed based on macroscopic and microscopic characteristics. The macroscopic
characteristics were directly examined by eye observation on the upper and lower regions of the colonies.
However, microscopic identification was performed by the slide culture method. After incubation, all of the
fungal isolates were stained with lactophenol cotton blue to observe the spore arrangement and hyphal
structure under a brightfield microscope [14]. The Identification of Pathogenic Fungi (2nd edition) was used
as a standard key for identification [15].
Fungal DNA Extraction

Fungal genomic DNA was isolated by using a GF-1 fungal DNA extraction kit (Vivantis Technologies Sdn
Bhd, Malaysia). A total of 30 mg of fungal sample was collected into a microcentrifuge tube, after which 280
pl of Buffer FuL was added to the microcentrifuge tube. The suspension was mixed well by vortexing for 30
seconds to make a homogenous solution. Then, 20 ul of Proteinase K was added, and the solution was
mixed by inverting the tube several times, followed by incubation at 65 °C for 30 minutes (the sample was
mixed every 5 minutes during incubation). The sample was then centrifuged at 14,000 rpm for 5 minutes.
The supernatant was transferred to a clean microcentrifuge tube, and 2 volumes of Buffer FuB and mixed
by inverting the tube several times. The mixture was incubated at 65 °C for 10 minutes, and 200 pl of
absolute ethanol was added to the microcentrifuge tube. The sample was subsequently transferred to a
column and centrifuged at 10,000 x ¢ for 1 minute. Afterward, the column was washed with 650 pl of wash
buffer and centrifuged at 10,000 x g for 1 minute. DNA was eluted by adding 50 pl of preheated Elution
Buffer directly onto column membrane and allowing to stand for 2 minutes, followed by centrifugation at
10,000x ¢ for 1 minute. The DNA was stored at 4 °C or -20 °C.
Polymerase Chain Reaction (PCR) for Fungi

To confirm that the major fungal groups found in this study were yeast and Aspergillus sp., the fungi
were subjected to PCR-specific testing using the fungal universal primers ITS1/ITS4 (600 bp) [16] and the
Aspergillus sp. specific primers Asp-ITS-F/Asp-ITS-R (170 bp) [16]. PCR was performed using the primer ITS1
(5’- TCCGTAGGTGAACCTGCGG-3’) and the primer [TS4 (5’- TCCTCCGCTTATTGATATGC-3’) for fungal
confirmation [17]. The PCR protocol consisted of an initial denaturation at 95 °C for 4.5 minutes followed by
35 cycles of 95 °C for 30 seconds, 50 °C for 30 seconds, and 72 °C for 1 minute and a final extension at 72 °C
for 3 minutes. The primers Asp-ITS forward (5"-ACCGAGTGTAGGGTTCCTAG-3’) and Asp-ITS reverse (5'-
GCGATACAATCAACTCAGAC-3’) were used for Aspergillus sp. confirmation [16]. The PCR protocol consisted
of an initial denaturation at 98 °C for 3 min followed by 28 cycles of 98 °C for 10 s, 55 °C for 10 s, and 72 °C
for 30 s and a final extension at 72 °C for 1 min. The PCR products were evaluated via electrophoresis on

1.2% agarose gels in 1X TBE buffer and stained with SYBR Safe (Vivantis Technologies Sdn Bhd, Malaysia).
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Statistical Analysis

The descriptive statistics (i.e., frequency, percentage, mean and standard deviation) are reported as the
concentration of fungal bicaerosols, temperature, %RH, and wind speed. The dependent variable was the
concentration of fungal bioaerosols. Moreover, the independent variables were the indoor temperature,
%RH, wind speed, and the indoor/outdoor ratio (I/O ratio). The statistical analysis was conducted using the

SPSS software program.

Results and Discussion
Concentrations of Fungal Bioaerosols in Different Sampling Area

The concentrations of fungal bioaerosols in the sampled indoor air of the child development centers
are presented in Table 1. The mean concentration of fungal bioaerosols from the six child development
centers was 20.83+23.25 CFU/m?. Among these centers, the Ban-Mai child development centers had the
highest concentration of fungal bicaerosols (37.02+28.57 CFU/m?); however, this concentration did not
exceed the standard quality requirements for cleanrooms set by the Department of Health Ministry of Public
Health, Thailand (must be less than 50 CFU/m?). Moreover, the mean indoor temperature and indoor %RH
were 27.90+2.42 °C and 65.04+11.61%, respectively. These results showed that the temperature exceeded
the recommended standard (24-26 °C), while the %RH was within the standard range (50-65% RH). For the
fungal bioaerosols collected outdoors, the mean concentration of fungal bioaerosols was 11.45+9.78 CFU/m?,
and the Na-Sao child development centers had the highest concentration of fungal bioaerosols (22.28+0.75
CFU/m?). However, the mean /O ratio was 1.81 (Table 2), which indicates that fungal contaminants from
the air outside enter the room, and the ratio exceeds the recommendations of the Bureau of Environmental

Health (2015) (must be less than 1.0) [1].

Table 1 The mean concentrations of fungal bioaerosols and indoor environmental parameters.

The child Mean Temperature %RH (S.D) Wind speed Mean
development  concentration of (@) (m/s) (S.D)  concentration
centers fungal bioaerosols (s.D) of CO, (ppm)

(CFU/m?3) (5.D)

Na-O 16.14+21.66° 25.48+2.10 49.53+3.03 0.17+0.03 705.14+13.84
BanTit-O 29.29+26.83 25.90+0.39 67.47+2.20 0.08+0.02 515.67+14.06
Na-Sao 9.83+23.37 28.87+0.36 77.97+0.28 0.11+0.04 440.67+16.33
Ban-Mai 37.02+28.57 31.97+0.16 52.52+0.44 0.10+0.02 445.17+10.22
Kok-Pho 10.29+7.87 27.52+0.08 76.58+0.48 0.11+0.09 489.20+8.20
Kaeng-Laen 21.52+9.69 28.04+0.39 71.82+0.17 0.20+0.14 430.80+2.44
Total mean 20.83+23.25 27.90+2.42 65.04+11.61 0.13+0.08 512.71+13.16

Remark: The mean concentration of fungal bioaerosols and indoor environments including temperature, %RH, wind
speed, and CO, concentration were a summary of the concentration of fungal bioaerosols and indoor environments

in each child development centers during June to August, 2022.

* The concentration of fungal bioaerosols could not be measured at every point, so the average
concentration of fungal bioaerosols is not reported as the geometric mean. Thus, it is reported as the arithmetic

mean.
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Table 2 The mean concentrations of fungal bioaerosols and outdoor environmental parameters.

The child Mean Temperature” %RH" Wind Concentration  1/0
development concentration of (°Q) speed” of CO," ratios
centers fungal (m/s) (ppm)

bioaerosols

(CFU/m?) (5.D)

Na-O 1.52+0.72 28.70 72.40 0.16 395.00 10.61
BanTit-O 3.04+0.00 27.30 81.30 0.18 425.00 9.63
Na-Sao 22.28+0.75 28.90 78.60 0.12 421.00 0.44
Ban-Mai 13.93+11.06 32.20 53.30 0.19 399.00 2.66
Kok-Pho 8.68+2.19 29.50 77.10 0.43 386.00 1.19
Kaeng-Laen 19.22+14.18 29.00 74.70 0.08 386.00 1.12
Total mean 11.45+9.78 29.27+1.54 72.90+9.61 0.19+0.12  402.00+16.29 1.81

Remark: The sampling was conducted in onetime.
Fungal Genera in Different Sampling Areas

The fungi were identified by using standard microbiological techniques, and the fungal type was
investigated by checking with The Identification of Pathogenic Fungi (2™ edition). The results showed that all the
samples collected from the 6 child development centers of the local government in Loei province were
contaminated with different fungal genera. After identification, the fungi from indoor air condition were belonged
to 7 fungal groups; 6 genera were filamentous fungi, and 1 yeast group was found. However, the yeast genera
were not identified by this method (Table 3) (Figure 1). The yeast group was predominant among these fungi at
9.81+17.37 CFU/m? (49.05%), followed by Aspergillus sp. 4.49+4.71 CFU/m? (22.45%). The fungi collected from
outdoor air conditions included six genera of filamentous fungi and one belonging to the yeast group. The
predominant among these was Aspergillus sp. (4.07+4.31 CFU/m? 38.00%), followed by the yeast group
(2.23+5.54 CFU/m?; 20.82%) (Table 4).

Table 3 Characteristics of fungal isolates from the different child development centers of the local

government in Loei province

Characteristics

Fungal Genera
Macroscopic Microscopic

Aspersgillus sp. The colonies were initially white and  The conidia were radiated and contained

then turning into dark green, rapidly in the vasicle; the spore walls were thick,

and fast growth. hyaline, and smooth.
Penicillium sp. The colonies were initially white and  The conidiospores were branched and
then turned into blue-green. produced from the tips of phialides.

Appear septate between conidiophores

and branched.
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Fungal Genera

Characteristics

Macroscopic

Microscopic

Rhizopus sp.

The colonies were initially cottony

white and turn dark grayish-brown.

Sporangiophores,non-septate

(coenocytic), stolon, and rhizoids.

Phaeoacremonium sp.

The colonies were suede-like, initially
whitish-grey, and turn olivaceous-

grey and slow-growing.

Phialides  were  tapered  towards

the tip with conidia.

Neurospora sp.

Orange colonies and fast-growing.

The conidia were orange-colored.

Epidermophyton sp.

Greenish-brown colonies, a velvety
and folded center surface, and slow

growing.

Appear septate between macroconidia,

direct growth from the hyphae.

Yeast group

The colonies were white-creamy,

round, and smooth.

Oval cell with budding.

(@

(o)

Figure 1 The Characteristics of Aspergillus sp. and yeast. (a) macroscopic morphology of Aspersgillus sp.;

(b) microscopic morphology of Aspergillus sp. under a microscope (400 x magnification); (c) macroscopic

colony morphology of yeast; (d) microscopic morphology of yeast under a microscope (400 x

magnification).
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Table 4 Distribution and identification of airborne fungi (CFU/m?) in air samples from the different child

development centers of the local government in Loei province

The mean concentration of isolated fungi PCR primers

Genera Indoor Outdoor (Percent positive)

CFU/m® % CFU/m? %  ITS1/ITS4  Asp-ITS-F/Asp-ITSR

Aspergillus sp. 4.49+4.71 2245 407431 38.00 100% 100%
Penicillium sp. 0.03+0.17 0.15 1.18+4.09° 11.02 100% -
Rhizopus sp. 1.02+2.66° 510  093x133 868  100% -
Phaeoacremonium sp.  4.19+7.04° 2095  1.80+4.73°  16.81 100% -
Neurospora sp. 0.39+0.50" 1.95 0.42+052"  3.92 100% -
Epidermophyton sp. 0.07+0.40" 0.35 0.08+0.29°  0.75 100% -
Yeast group 9.81+17.37 4905  2.23+554°  20.82 100% -
Total 20.00+3.47  100.00  10.71+1.36 100 100% -

Remark: The concentration of fungal bioaerosols could not be measured at every point, so the average
concentration of fungal bioaerosols is not reported as the geometric mean. Thus, it is reported as the arithmetic

mean.

PCR method for confirmation of yeast and Aspergillus sp.

The majority of yeast group and Aspergillus sp. found in this study were confirmed. The
Aspergillus sp. causes an aspergillosis [18], most infected people will develop a symptom related to the
respiratory system. The fungi were thus subjected to PCR-specific testing using the fungal universal primers
ITS1/ITS4 [16] and the Aspersgillus sp. specific primers Asp-ITS-F/Asp-ITS-R [17]. All the yeast and Aspersgillus
sp. samples exhibited positive PCR results for the ITS1/ITS4 primers (600 bp) (data not shown); likewise, the
Aspergillus sp. samples had positive PCR results for the Asp-ITS-F/Asp-ITS-R primers (170 bp) (Figure 2).

bp

500

200

100

Figure 2 PCR confirmation of Aspersillus sp. by the Aspergillus sp.-specific primers
Asp-ITS-F/Asp-ITS-R, yielding a 170 bp amplicon. Lane M, standard marker; lanes 1-6, Aspergillus sp. from

child development centers 1-6; and lane 7, negative control.
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The fungi from indoor air conditions were collected from 6 child development centers of the local
government in Loei province, northeast Thailand and belonged to 7 fungal groups. The predominant fungi
among these were the yeast group and Aspergillus sp. However, there are concerns regarding Aspergillus sp.
as a cause of aspergillosis, and airborne Aspergillus sp. spores might cause serious problems associated with
asthma or allergies in children or immunocompromised people. Therefore, Aspergillus sp. was confirmed by
PCR with the fungal universal primers ITS1/ITS4 and the specific primers Asp-ITS-F/Asp-ITS-R. In the same
way, although natural yeasts consist of beneficial types, they also include pathogenic types, such as Candida
spp. and Cryptococcus neoformans. Therefore, all the yeast strains in this study were confirmed via PCR
with the fungal universal primers ITS1/ITS4. The results from the present study were the same as those of
Chotigawin R. who studied the microbial indoor air quality in early childhood education facilities in Chonburi,
eastern Thailand. The results showed that the predominant fungus was Aspergillus sp. (50%) [19]. However,
a previous study reported microbial counts and particulate matter levels in indoor air samples collected
from a child home care center in Bangkok, Thailand, from 2006-2007. The total bacterial and fungal
concentrations in the air were 527.8+230.9 CFU/m®and 514.6+256.7 CFU/m?, respectively [20]. In 2018, Fang
et al. studied assemblages of culturable airborne fungi in a typical urban, tourism-driven center of southeast
China; the concentrations of fungi in the air in these areas ranged from < 12 CFU/m? to 8,767 CFU/m® (mean
of 848 CFU/m®; and the predominant fungi were from the genera Penicillium, Cladosporium,
Alternaria, Aspergillus and Trichoderma [21]. In 2019, Andualem et al. studied the indoor microbial load
and found that it was correlated with physical indoor air quality parameters in public primary schools in
Ethiopia; the predominant fungal pathogens were Penicillium sp., Cladosporium sp. and Aspergillus sp. at
40%, 19% and 16%, respectively [22]. In 2020, Szulc et al. assessed the microbiological indoor air quality of
cattle breeding farms located in central Poland, and the samples were collected between February and
April 2019. The results showed that the bacterial and fungal concentrations reduced between 7.14 x 10° and
388 x 10* CFU/m*® and between 553 x 10 and 1.30 x 10* CFU/m? respectively, indicating that the
predominant fungi were Aspergillus sp. However, the air circulation and the types of particles in the air may
be important factors that help increase the amount of mold in the air [23]. In 2020, Ma studied blowing in
the wind, bacteria and fungi are spreading from public restroom hand dryers. The results showed that 40
fungal species were found, and the predominant fungi genera were Aspergillus spp., Cladosporium spp.,
Penicillium spp., and Didymella spp. [24]. In 2013, Augustyniuk-Kram and Dmowska studied the spectrum
and concentration of culturable fungi in house dust from flats in Warsaw, Poland. The results showed that
the highest fungal concentrations were observed in dust collected from shelves (median value 8.2 x 10*
CFU/g of dust), and the lowest fungal concentrations were isolated from dust collected from beds (median
value 8.0 x 10° CFU/g of dust) [25]. In 2020, Sepahvand et al. studied the quantity and quality of indoor and
outdoor air fungus bioaerosols in Khorrambad day care child centers western of Iran, 2018. The results
showed that a direct relationship was found between fungal and relative humidity (%RH) and temperature,
based on water activity requirements [26]. The common fungi such as Aspersillus sp., Rhizopus sp. and
Mucor sp. can divided the second colony at water activity about 0.8-0.9% [27]. In 2023, Jabeen et al. studied

the bioaerosol assessment in indoor and outdoor environments: a case study from India, the most common
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fungal species were Cladosporium, Aspergillus niger, Penicillium, Rhizopus, Fusarium, Mucor, and Alternaria,
relative to weather conditions, such as temperature and relative humidity [28]. In the same way, the present
study, the mean indoor relative humidity (%RH) in the child development centers was 65.04 + 11.61, while
the average temperature was 27.90 + 2.42 °C. These conditions are favorable for fungal growth. In particular,
relative humidity exceeding 60% and temperatures ranging from 25-30 °C provide suitable environmental
conditions for yeast survival [29]. Moreover, indoor air-conditioning systems with inadequate ventilation may
act as reservoirs that facilitate yeast proliferation. In addition, Aspergillus spp., which are mesophilic fungi,
exhibit optimal growth at temperatures ranging from 20 to 40 °C [30]. The predominant fungi are also yeast
and Aspergillus sp. Although the source of airborne bacteria may be shedding of the skin and secretions
from the respiratory tract transmitted via human breathing, airborne fungi may be widely distributed in soil,
water, and decaying vegetation [31-35]. Moreover, the outdoor air quality is usually related to the
environment directly. In the country, environmental laws are not strictly enforced, leading to air pollution
[36]. For instance, the report of Pringsulaka et al. studied the assessment of indicator microorganisms and
fungi: health risk in the Saen Saeb canal, Thailand. They found the amounts of the fungi and airborne
bacteria were higher than usual and related to high levels of pathogenic microorganisms of water in the
Saen Saeb canal [36].

Fungal bioaerosols are opportunistic pathogens that might have serious effects in immunodeficient
populations, particularly young children who spend more than six hours per day in child development
centers. The Department of Health Ministry of Public Health, Thailand, set the standard quality requirements
for cleanrooms, the concentration of fungal bicaerosols must be less than 50 CFU/m?, due to concern for
the health of young children, this study investicated the quantity of fungal bicaerosols in the child
development centers of the local government in Loei province, northeast Thailand. The concentration of
fungal bioaerosols from the six child development centers did not exceed the standard quality, the
predominant fungi from the indoor air conditions were the yeast group, followed by Aspergillus sp., which
can cause fungal diseases and allergies [37]. However, the predominant fungi collected from outdoor air
conditions were Aspergillus sp. followed by the yeast groups, the results of the study were similar in all
terrain conditions of the three groups. The results of this study can lead to the prevention and elimination
of fungal bioaerosols, as well as being able to monitor and plan environmental operations in child
development centers to further reduce microorganisms in the air.

The indoor environment of child development centers should be appropriately managed to maintain
cleanliness and to prevent these facilities from becoming sources of fungal contamination. Particular
emphasis should be placed on the management of indoor spaces that may serve as reservoirs for fungal
growth. This includes the control of environmental parameters such as indoor temperature, relative
humidity, and air velocity. In addition, the density of children relative to the available indoor space should
be regulated. Ensure regular implementation of daily activities and systematic cleaning practices within child
development centers. Furthermore, policy recommendations should be developed to promote the

improvement of biosafety measures within child development centers. Such measures are important for
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minimizing potential health risks to young children and to individuals who may be exposed to airborne

fungal spores in these environments.

Conclusion

The present study aimed to determine the concentration of fungal bicaerosols in 6 child development
centers of the local government in Loei province, Thailand. The mean concentrations of fungal bioaerosols
indoor air condition () and outdoors air condition (O) were 20.83+23.25 CFU/m? and 11.45+9.78 CFU/m>,
respectively. The 1/0 ratio was 1.81. The predominant fungal bioaerosols were yeasts and Aspergillus sp.
This result could be useful in surveillance and planning for proper environmental management at child

development centers to reduce the abundances of airborne fungi.
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Abstract

The objectives of this research are 1) to develop a weld defect detection model utilizing the YOLO
architecture, specifically three versions 2) to compare the performance of the YOLOv11l, YOLOv12l, and
YOLOv26l models under identical experimental conditions; 3) to analyze the class-specific weld defect detection
results, which include Crack, Porosity, Spatter, and Weld Line; and 4) to develop a web application prototype
for weld defect detection. The study was conducted by examining a dataset of 5,544 annotated images
comprising four defect categories: Crack, Porosity, Spatter, and Weld Line. All models were trained with identical
configurations and assessed. The results indicate that YOLOv26l achieves the highest overall performance,
particularly at 300 epochs, yielding a Precision of 0.91, Recall of 0.876, mAP50 of 0.908, mAP50-95 of 0.773 and
Fl-score of 0.89. These metrics reflect superior localization accuracy and defect classification capability
compared to the other architectures. Class-wise analysis reveals that Crack and Weld Line are consistently
well-detected, whereas Porosity and Spatter remain more challenging due to visual similarity with backeround
textures. Despite this, YOLOv26l demonstrates the best balance across all defect classes. Furthermore, the
trained model was successfully deployed in a web-based application, enabling prototype demonstration for
weld-quality inspection. The findings confirm the potential of modern YOLO architectures, especially YOLOv26!,
for accurate and robust automated weld defect detection in industrial environments. However, this research is

limited by the use of only a single public dataset, and therefore may not cover all real-world environments.

Keywords: Weld defect detection, Deep learning, Object detection, Computer vision, YOLO
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an1tlnenssu YOLO nedudign fildsuanudealunudiu Object Detection figaiudmuarmmaiazanuusiug
wewiaimaisuifisuusssnmaediaarsauneliideulviinusliindeutuiomn liinndugndeyaild

a

dosrumsudsoya uarAmnsfiwesdwmiunmstinasuy yhefigriiduazyiimsdndenlumaiiiluse@nsanaaignain

Y

o [Y)

msvdey e lUseseauaziauIuIvueundindudunuy dwmsuihluvssgndldlunisasieadudiounnsesvesses
FouluseiuufiRniseseld
WAL
1. Anundayaiiiendas
1.1 MsUssgndlgluningnamnisuvesyndane3iunsinduing YOLO

TuszeziFudunuasaduingfie YOLO gniamiionddodn fA993NT£UILN1TNTITT VLU BT Un o U
(multi-stage detection pipelines) IngiUdsunuaAnanmssiuunamianzuinasndumnnaduuuudunouden
(single-stage detection framework) viTlianunsaseusunisazIwuninglaniglunszuiunisiien dwald YOLO

fianuiigauazimieaufusunTIaTuLULLIa193e deun YOLO ldsumisimuiegnsiaiies Inefinsusuusuwifn

v
= °

Aumsihuasiumiainguau anchor boxes tadaeliszysunisinglaniugiu JadeiduiugiudAggues YOLOV2

[

Tuszoedaun YOLOV3 fis YOLOVS [3] Idsumsiauilviianuaninsalunisnsaduiagi fuuaunnsnatunnd
lnga1deuuiAnn1Tviuena18seau (multi-scale prediction) kagn1susuusslasasisdiuiveslung 1y feature
pyramid Waz anchor-free heads W alfiuAnuaansalunsasaduinguuinidnuazifisuszansamnnsuszaiana
YgLAEINU YOLOVY wag YOLOV1O0 [6, 7] VLé’an'dLﬁumiaameImLmaslﬁ’ﬁﬂizﬁw%qud%umuummq lightweight
design Lﬁlaaﬂﬂﬁzﬂ’liﬂﬁzm’iawaLLa%iEN%J“Uﬂ’lﬂ“ﬁﬂ’luvuqﬂﬂﬁiﬁﬂa’lﬂﬂ’lﬂ (edge devices) 113U YOLOV11 wag
YOLOV12 wuamnsmsiaunGuiuasuannsifiuansdudeuvesasemnglugnisuiuussesdusznaunelulumalsl
UszanBamanndu wu nsld convolutional design ﬁﬁﬂixﬁw%quﬁu waznisunabn attention 1YL
Awansnsalunsieuinndnuardifyuesing Ta YOLOVI1 Sinsidsuutadlassainediday wu msld C3k2 uny

C2f wazn13siy C2PSA Liieiiuauausalunisainaudnuazideiiui [8, 9] aagf YOLOVI2 Winaln attention 4
Uiuldlulassaswvedlana [10 - 14] waiiadszansamlunisSeuiuiiiudidguasnnwarUsulisniuusiugly

n3nsduing lnenalnnsnsiaduinguesdane3fiunsena YOLO wanafanInd 1
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The YOLO Algorithm

| r--_-[ConvolutionxlNeuralNetwork]___.I |
! ;

A »,

M ¢ EI
d

|

, .
| L Pt e | | Ctass probabitcies map)) | (1™
- ¥

Al 1 nalnmsnsnduinguesdaneifiunsena YOLO

1.2 SepUnNsBsUasIosidon

Founmsadlunisifeuniegldnsimesilimunzeay founmsoavaritninananuislunisteuarndond
Tiwanzan szezvssznimndonsazunamIudou Taunnsesiiuandlunind 2 {JzymmwaauazmmmmﬂL%'a:u
laiifisame dniatuidionnuirlunisiounindonguiuly viosssvisssniamndentuundiniudousinifiuly

Ingazflagudounnsaslunsloniinulsivall awngudn waznansznuiidudunsiereTudiuiinaniunansed 1

Crack

Porosily Welding line

Spatters

-

a. 998LAN (Crack) b. $W3u (Porosity) c. avlinLdon (Spatter) d. wueu (Welding line)
AN 2 SREUNNTDIVDITOULY DY

1.3 MyianaUszansnmluea
mMsinusgansnnluwalun1sn1snsaduing ( Object Detection) Intersection over Union (IoU) tieuseiiiu

o Y

AnAgTasiusywinansyiune (Predict) Bounding box furataas (Ground truth) Semldanituiifiiinisiudeu
fumes Bounding box U Ground truth Wiadenituil Intersection msseiiuiisauvewiades mnnadns loU fiaud
1nd 1 waneilunaviune (Precision) dusiugh uansdsiuivihunenswdelndidssiuiuiinaaas mnwadndlidds 0.5
wanilunavhuneiiuiiinminaeasundeinwensulslldasfiud False Positive fanmd 3 lnewalldanaunis

(1) Mean Average Precision (MAP) Aia ANladeveddl Average Precision (AP) vadusiazAanauadtiIa1 AP ynAand
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AN5197 1 SRYUNNSDIVBITELYDULALLNMSINTEBNSU

UsLLANVDITOYUNNI DY ANWULVDITBUNNTDY NANSENUADTUAIUNHANYY
a. soauen (Crack) [15] Funalaa1nT08wANA1Ne1? 279 WSoLdu  anAuLTILTINIelATIaTIe 91n

9Un Feusvonieanulbiselleslullelan: Anuatos
. 1Y) < 2 o = o <

b. gwu (Porosity) [16] AN JUINTUVIAENTINILLINTNTEY  018NTIEIIUANAY ATUKTINTINIG
sguuRmtvseneluiladen Winanfiiell  naanas 81aAANTARNToULAENIS
WAnd usgninanseuiumalsualiainisa  $72%u
unsnfMNLUTounidmdadala vinliia
2999724

2 A R & < = & a A4 a & \ ¢ & 2 v

c. aziialdeu (Spatter) [17]  Judlalavgiang Anszifueeninanuiiaui  Ddunuliauysel o1adugasudiy
nmsdesuuasinzineg uulituaiuseuq  vessesinvwiadniasnisinnseu
VRILiLH BURERT

d. wunFen (welding line)  LUATOU UTOLUITOEABNLANIINNITRADY

avaneiilalavizansdulvnniu

Prediction

Ground Truth
Intersection ~ _ Area of Overlap
over Union (loU) Area of Union Ground Truth

IoU = 0.5 IoU = 0.7 IU=09  Prediction

= & O

Poor Good Excellent

AN 3 A151IAn loU

Y |

wnadedseiuielinldn mAP Miluius@anuausaveslunalunisvhueranansotagiiuanaisiuluaw Tned
NITUIUNITNIAT MAP il 1. AWINAT Precision wag Recall vaslutnaningiaduingluwdazaaia (2), (3), (4)
2. AUIUAT AP Y89lAazAaNENN Precision wag Recall 7ila (5) 3. A1UIMAT MAP laglanAl AP 289ufayAaIaul

wae (6) Aualaanauniseal

AnB TP + TN
loU =778 W AcCUraYy = Tp TN + FP + FN @
TP TP
Precision = TP+ FP (3) Recall = TP+ FN (4)

1 K
AP = fo p(r) dr ) mAP =%Z AP, (6)
i=1
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2. JUnuUKaIsN1sANYY

2.1 NaluIwUUIanInledanasnulassneussaimiiey taelalaina YOLOVL 1L, YOLOVI2L wag YOLOV26L

¥
~

Juuduuudsnnd 4 wevinisasisdunazdundeunniesessesiienainamas Insyadeyaildlunisfnuil
53U931N Roboflow Universe (WDA Fissures) [18] #9Usgnaudienmsaelionduiunsdy 5,544 a1 lngnnaind

ANNAELIEA 640 x 640 Nnwa YadayaninailasunisnmuatienAudmiunisnsaduingdiuiu 4 Ussan lag

3 )

Joyaseaatd (class distribution) vesyateya laun seeunn (Crack), WU (Porosity), aziinitex (Spatter) Wag Wi

9

'
~

Wou (Weld Line) waiiiag1an muazined1fuasa (ground truth annotations) yadeyadaseuaaudnume
Tounnsedunsideninulfveslunugnamnisy uagiinsssyveuningeswasidon deeaiuayunisilnaou
wwuasdisuidnuadaiuiivesiounnsedldoganzan wenaniaumainvaievesfiognsnindadieiiia
AnuausatunsikuuInaesluUssyndldivaniunisaiase dmsunisiinuazyssliudssaniamveauuuingss
gadayagnuuseanidu 3 dwu ldun afln (training set) 4,230 n1w (76%), Ynns39a0U (validation set) 660 AW (12%)
LAY YANAABU (test set) 650 aw (12%) msutsdeyaludnuasddeliidoyaiomedmiuniandouiveauvudaes
yaipinafudanainwanuindefioveanisUssidiunarinuy validation way test Midudaszaniu lnsfinisuanins
nszanedvesdeyasinataluyatoya WDA Fissures s1eududiuaudrediduinguionseudouing
(annotation/bounding box) TaskAazaaa iasnnauideiidununsadung feanmuisnmannsnlszneudae
doummsadldunnimilasumis dafu $1uu annotation Fefunniidiwaunmionun navesyadeyadl annotation
sasAu 92,093 11813 waduefin 72,143 $98M3 YAATINABY 12,675 18NS UATYAVAAEY 7,275 163

2.2 nsinasuluag NMsinkaslUIouisukUUINE0InsI9TUTNg 3 wuu lauA YOLOVLLL YOLOVI2L uag
YOLOV26| Fafimsumnsinssuanududeuresanidnenssy sudwmaieainuusiuduazaimislunisussaana log
nsnaaesamuasdunisaielianinuandemieafui eliidoufiouldegradusssy 1a1wn Python finda

a o o

Jupyter Notebook &slunisiinaeuluiaa §3duimuadmisifmesiimdeudunnlueauiendnudusssulung

a °

wWiguiiieu lngldvuinnimdune 640 x 640 Wniwa n1vua batch iy 12 wazvaaesilinaeud 100, 200 wag 300
epochs Lﬁaﬁmsmmamaqai’wmuiaumn’%auiﬁiaﬂszﬁm%mwmaﬂuma UBNINEAMUAAT patience VU 50 @115V
Early Stopping wazld Adamw 18w optimizer iitegaeUsuAdminvedlunaliiusyansam ndeudmuan seed
whity 42 iflelsansnsavhanmanaaedld Snviesanuas NMS loU threshold whifu 0.7 ifleannisasinduingandeu

LAZMILANULU UG UNISATIITULVDUNNS D9V DT DY

v
o o

2.3 mathluealuldau Tunsfinwnilizuannisussfivlseansnmuedumansiaduingied @ inunsgiu

19uA Accuracy, Precision, Recall uag mAP Ingf1 Accuracy Tdiansdnadiuresdnuiudegeiilunarinunegndeaile

1Y

Wisuduwauiegsivualugavedey d@awen Precision Tdussdiumnuwsiugiwesnisviiueinduing @diuves

v o '

mofinsindugnaewiedauilunariunednduing) uaze Recall ldusuiluanuasuiuveinsnsady (@dmues

e

' v '
a o =

Saianun) FenisaesAngaliandnlng 1 Beazvioufisuszdnsamvaslunaiigely

IngnsadugnaereduiIuinga

v v
N o v Ao o

wennildilden mAP@0.5 1udTiandn Tnamuwinainaadeuas Average Precision (AP) vasnaatanieldiiouly
A1 loU wihfiu 0.5 Bamansviungazhiadngnaeaiilanseuyitung (bounding box) dA1 loU fiunseudnauaie (ground

truth) slaws 0.5 LU ndaantnaauluma YOLOVI1L, YOLOVI2L kag YOLOV26! L@5adunad 39vnshnaatazinsey
ANUNSoudmsuNslguase Tneilnalnadiiunisindounan (best.pt) anpIsreniinneslulnantaza1elilu

szuuiules LBl UNSNAERULATUIEINANANTITATIITUT DUNNIDIVUANTNLIAADUNISITINUDS
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1. Dataset 2. Model Training & Comparison 3. Deployment

v o p\) 5 oy;p\" 5 O‘I;p\t‘. " Web application
— oo | | skoke | | gkoke
Roboflow Universe (WDA Fissures) "ty’-'o S '\o/-'o o o @ Upload image
5 » ©@ Train ®@ Train @ Train » ‘
@ 5,544 images © Validate © Validate @ Validate .
| detection
640 x 640 piels @ Test © Test © Test )

. B Tain  76%
< B Validation 12%
B Test 12%

Classes: Crack, Porosity,
Spatters, Welding line

Detection result with bounding boxes

Identical training conditions

=) | @ |

Training Evaluation Comparison

Al 4 block diagram

v
v

2.4 myReliaunszuudmsunsnadudounniesseedeulusuuuuiuseundndu Tnaloulusunsudie

o

11w PHP wageeankuulassaiiewenduasnusuiinnisideulusunsuiteing (Object-Oriented Programming: OOP)
wieliszuuiimnudussidou aansausndrunisiau Wy dusunmd duuszananaling dunanma wazdiu
Jansteya et adaiau Sniadsagansenisuiulsasveeszuuluewan Buueundinduiiiauntusesiunis
Tuwanseduiithumsilinaeundunldnusddmiunmsmaasuuarandananisasaduiumiiniu Tnsweunsluguuoy
saulaifielfanusadfuagldauldazainidiided httpy/btech-rutk.com/welding/ Fagaelanunsayseifiunis
emvesszuuluusunmsldnuaseds

25 madeulaaduniiduseundiady sndfoidnudumslasilunaiiunsinaeusdnnnionliegly
sunuuiimnzausenisldauuuivueunaiadu (onnx) uazideusedriuniiuiimundae PHP Tnslassadiams
auuvaly 2 dddy W dunanmaniniu (frontend) wardudnnisdve/giudeya (backend) Tudauni
v dinmsesnuuunimageulunabilidanusaduinannin dmuaan threshold wazguanisnsiaduldnuuldneu
(interactive) vauzifnafuntnivazidonldansuddmiuinanlunauazdsznananm nduisihuadnsnnsnsady
WU Ferana Frandesiu uazfitansouing suanmavunmlnenss dmsudumdsi PHP vimihisudeyananis
aydurnuthidulusuuuudeya JSON uduiinasgudeyauielfaulumihsisnusa (Dashboard) lasnseenuuuy

Y &
NUWIU

NAN1539Y
N5338 8y sUseduyseanSamveuuTaew s uing s uaun I3 udaunnT odsouau Lag
WSeuMiguwuuINaad YOLOVLLL, YOLOVI2L kag YOLOV26L Angl@@n1nuwinaaun1snaasafeinuiianus v9iuniu

AUt uglunIsnsIaTuLarauslun1suseuiana HANISNAGDIINYATBLATOULT BUTIUIY 5,544 AN
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Fausznausae 4 aana ldln Crack (seumn), Porosity (3W51), Spatter (awlangnseifiu) uaz Weld Line (Wuadon)
wandliiuinuuusiaeuidesansansadudeunnsesldeseiivssansan Inefnsussuiisunanisnaasswes
Twma wail
1. nan1sIsuiisuyszansnmvadluna

mswieuiisulszansnmluea YOLOv11L, YOLOVI2L uay YOLOV26l wuinAmansusziiiudszansnn
yodlapatia 3 ety Ussdnsnmlunisnnadusarldinalumnsadueglunasivanyan fmmed 2 uag o
Wiy Per-class Average Precision (AP) famn5187 3 uanssanisiUSeuifiounuin YOLOV26 Tiszavsnngean
Taewamzdl 300 epochs LLamﬁﬂmmLL;JuEJ"']LLamammamquﬁﬁﬁqmimmmu,miﬁmqﬂimmaﬁﬂizam%mmﬁmﬁmﬁa
91U epochs UINTU uAnda 200 epochs nsiNTwS uvzaesta faju YOLOV26L 71 300 epochs 1Jupdiinyay

e miununsRIudmilluyadeyail

AN5199 2 NansUSeUEUUSEANSATNTASILNINWILTIUNSENANeAY

Model Epochs Precision  Recall mAP50 mAP50-95 F1-score
YOLOv11l 100 0.885 0.850 0.883 0.696 0.86
200 0.895 0.870 0.885 0.721 0.88
300 0.884 0.866 0.883 0.728 0.87
YOLOv12l 100 0.889 0.845 0.884 0.699 0.86
200 0.905 0.863 0.899 0.735 0.88
300 0.884 0.852 0.891 0.735 0.86
YOLOv26l 100 0.891 0.853 0.887 0.711 0.87
200 0.902 0.875 0.902 0.751 0.88
300 0.91 0.876 0.908 0.773 0.89

M99 3 AN51USBULTBU Per-class Average Precision (AP)

Model Epochs Crack Porosity Spatters Welding line
YOLOv11l 100 0.939 0.788 0.832 0.975

200 0.889 0.815 0.862 0.977

300 0.896 0.809 0.851 0.974
YOLOv12l 100 0.953 0.780 0.823 0.978

200 0.961 0.804 0.854 0.974

300 0.942 0.800 0.849 0.973
YOLOv26l 100 0.954 0.777 0.844 0.971

200 0.965 0.801 0.870 0.971

300 0.960 0.819 0.879 0.976
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NSN3 wandliiuiTNaann Per-class Average Precision (AP) We@ng31 YOLOV26 7 300 epochs T#an
AP gegnluvaneaaia laslanig Porosity (0.819) uay Spatters (0.879) vagi Crack uag Welding line Tifngeasiniase
Nalaaa (0.95-0.97) wwildulagsaunuiinisiita epochs Wagtiiuuszdnsam lagiamgluaaianduungn 1wy

Porosity Wag Spatters At YOLOV26 (300 epochs) kansaussauglagsiuinigauasininuaunaseniienaaiauin

e
Matrix - Confusion Matrix Normalized = Confusion Matrix Normalized o
Poresity 08 036 o 0s os
Porosity
§ S-M, By Ce | e § — 06 L
Weiding line 0 0.02 04 E Q@ 04
Bbackground | 0.05 018 ‘ 018 0.03 02 A . 02
. g . : 5 : 1 & background | 0.08 [ 016 | 002 ‘ | .
& 3 i % Cack  Pouslty  Spatters Weldngioe backgrond 00
True True
(al) YOLOv11 epoch 100 (a2) YOLOv11 epoch 200 (a3) YOLOv11 epoch 300
Confusion Matrix Normalized i Confusion Matrix Normalized @ Confusion Matrix
Porosity 08 03 i Porosity 039 = Perosty 040 W
b | N 06 3 = o8 T T s
g Spattors. 0.8 [ .{. 2 Spatters [“ ‘# § Soattery s
Welding lne | 0.01 0 002 w — -~ b Wekdagine ™ i
bockground | 005 | 019 | 018 | o003 ax w| e ‘ el toz ..,,m“ ae ET g - | ‘ i
I ¥ 3 & ] fo0 v F £ 1 3 Ul ; T o
L] ; i Pl
N I { § L
True True
(b1) YOLOV12 epoch 100 (b2) YOLOV12 epoch 200 (b3) YOLOV12 epoch 300
Confusion Matrix Normalized % Confusion Matrix Normalized i Confusion Matrix Normalized i
Crack 002 Crack T ‘ 0.02 Crack
- ” 08 . ™ o LA . o3
% e - 05 E Spots o5 050 M g P 06
= o 1 w I
Weding ine 003 i L L 0.9 0.04 Welding line o
- o .. 02 background | 006 | 047 | 045 | 0.03 o PRI @
| ¥ % ¥ T OB T 1 | 1
T 3 P ] ™ s F ¥ I & I A | o
I : i 1 L
True True
(c1) YOLOV26 epoch 100 (c2) YOLOv26 epoch 200 (c3) YOLOV26 epoch 300

Al 5 A1 Confusion Matrix

2. NAIATIZANAANEA1519 Confusion Matrix

NN 5 uane Confusion Matrix 1a3liAa YOLOV11, YOLOVIZ2 uag YOLOV26 fis1uausaunisiin 100,
200 wag 300 epochs WUIAUULLMLEMENTIAgeeE1sainane Taslanizaana Crack way Welding line Faawviou
Ilumaannsasuunaanasanarlaegaudugt luvariinana Porosity war Spatters Sapsiinmuduauiunaaii
waannnieady Lesndnvariuivesdaunns esiauadnendtuusnasesdeuuariunddaeseu e
finsawaluudazsiauseunsiln wuitnisifia epochs HreUfuUssANsTmunusaanaldidntos sg1dlsinm
wualtfalngsiuFudilndgeduivesszansam tnsluiaa YOLOV26 7 300 epochs liinan1ssuuniiaunadigile

Wigutudeulvdu
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3. NANTWAILITZUY
o I a 9 o v dad . a ~ &
nsiauLIvkeundaty lnensrulunan i iangalussazaaia nan1siSeuiiouns 3 lnauunin
naaeUReEaiunud YOLOV26 (Epoch 200 wag 300) Tinanusgandn YOLOV12 (Epoch 100) wiintes tnedl FPS 0.28
way Latency 3.53-3.55 U/ Yadg? YOLOVIZ2 16l FPS 0.25 wag Latency 4.04 Funil/A1m Lane31 YOLOV26
g X a = i > a a wa ' a & o a
ARUAUBAIITUUTENN 0.5 FUIW/N N Wnnzaon1slddeufURn1suinnIluusunssuuiudenIng 6 wag 518914

O ~ = A 9gvo  w o a
Naﬂ'ﬁ‘Uu‘Vlﬂﬂ'ﬁLUifJULVIEJULWE]I‘(JﬁWWiUWi'JQﬁ@U ANATNN 7

Spi Spatter 71.7%

e
WeldLine 91.3%

m., Spatter 82.0%

- C 1 8%
WeldLine 89.7 ...+« Crack 91.5%

e o
T By o e% Ny

0.004 inch 14 objects detected
(100 yum)

Yolov12epoch100 FPS: 0.25, Latency: 4038.30 ms, Objects: 14

-

ajﬁiaﬂ‘ﬁ'mﬂwiaﬂﬁm’mwu Porosity: 7, Spatter: 4, Weld Line: 2, Crack: 1

Spatter 75 6%

90.8% Crack 91.0%

Ry -~ (.

. { h 0.004 inch 11 objects detected
o (100 pum) .

Yolov26 epoch200 FPS: 0.28, Latency: 3552.10 ms, Objects: 11

WeldLine 93.3%

L4

r

ajﬂiaaﬁaUﬂwiaﬂﬁmmwu Porosity: 6 , Weld Line: 2, Spatter: 2, Crack: 1

Spatter 70.5%

WaldLine 88.9%

v
° 2 9
Spatter 60.3% eIdLme 834 Crack 86.8%

- 1T
.m Spater 61.9% i o Poromr, 63.9% I NI
ne I SN - ) Porosity 61 3% >~ byl
. —— ) s RS EAN §p -

$
r
0.004 inch 17 objects detected

(100 yum)
AR

Yolov26 epoch300 FPS: 0.28, Latency: 3533.20 ms, Objects: 17
aqﬂiaﬂﬁaUﬂwﬁaﬁﬁmwwu Porosity: 10, Spatter: 4, Weld Line: 2, Crack: 1
Al 6 nansiUsuiiou 3 luea

aUsEuaraTUNan1IITY

nmsSsuiisuantnenssy YOLOVILL, YOLOVI2L uaz YOLOV26l dwsunisnsiadudounngosuusesiden wuin
YOLOv26l Tsiuszavisnmgsdian Lnetanizdi 300 epochs @dlsiAn Precision = 0.91, Recall = 0.876, Fi-score = 0.89,
MAP50 = 0.908 uar mAP50-95 = 0.773 wansliliudilumanina1nanunsansisfuiayseusunisdounnsesldsndd
Tuaadunieldidoulunsmasondivatu e nmaifiusiuau epochs daousuussussansamvodluaald uivds 200

epochs Wuauly wadwsiiuunlbiuduisadntdes Tusyausieaana luwaaunsansiadu Crack wag Welding line
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yolo " yolo o Reports
& 8 £ L

YOLOV12 (Epoch 100) YOLOv26 (Epoch 200) YOLOv26 (Epoch 300) Dashboard
Detector baseline [YOLOV1IZ) — Epoch 100 Detector improved (YOLOv26) — Epoch Long training (YOLOV26) — Epoch 300
yolol2_109 20 yolo26_309

yolo26_200

Jobs list { View result [ Expor

3 027 372130 v0l026_300

Madinuafomnlugndoge sualennaudgn A neufiufindgn

(© swaga (Recent Jobs)

wiin “View" wallgrisndon

iiln Dashboard —

D Job UUID Model Objects FPS
9 b3decbef-3d1e-474b-ab9d-3c6997147670 17 0.28
8 55a95813-51e6-4¢@d-0b497-2b1180111441 yolo12_100 14 0.25
7 @ad7cadb-bfcd-4bbc-a318-9d1dge59c934 yolo26_200 n 0.28 2026-02-27 11:32:20 ‘ View
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Ifodnsasinane vzl Porosity uay Spatters Senadunanaiivianie 1isswniidnuvazadrefundwaz veuiunll
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Abstract
This study aimed to develop a real-time anomaly detection approach for cloud file access events
using streaming machine learning techniques. The research was organized into five phases: baseline model

construction, model stability analysis, feature importance ranking, reduced feature-set comparison, and the



11 12 aUN 1 unTaw - Aowin 2569 110 1508, inalu. AMdsadunsniesd

main experiment on a schema-adapted data stream transformed from HDFS logs to mimic cloud file access
events. The evaluation utilized a streaming dataset comprising a total of 250,000 events (consisting of
225,000 normal events and 25,000 anomalous events). The models examined in this study were Half-Space
Trees (HST), Logistic Regression (LR), and Adaptive Random Forest (ARF), and their performance was
evaluated using the prequential approach, which is suitable for continuously arriving data. The results
showed that ARF achieved the highest numerical performance when the core feature set was combined
with 11 additional engineered features, with an Accuracy of 0.849965 and an F1-score of 0.839121. However,
when the number of features and system complexity were also considered, the core feature set combined
with 5 additional engineered features was more appropriate for practical use, while still maintaining an
Accuracy of 0.803863 and an Fl-score of 0.782305. These findings indicate that ARF is the most suitable
primary model for anomaly detection in cloud file-system streams, and that the selected feature
configuration can serve as a basis for developing a risk detection and alerting system in real-world cloud

environments.

Keywords: detection, anomaly, cloud, file access events, streaming machine learning
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Abstract

Phrae Province frequently experiences chronic floods and droughts; therefore, accurate rainfall
forecasting plays a pivotal role in enhancing preparedness, strategic planning, and natural disaster mitigation.
This study aimed to investigate and compare three statistical approaches for forecasting monthly rainfall in
Phrae Province: Simple Seasonal Exponential Smoothing (SSES), the Box and Jenkins method, and Combined
Forecasting. The dataset comprised 180 monthly observations spanning from January 2011 to December

2025. This dataset was partitioned into two subsets: the first subset (January 2011 to December 2024) was
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utilized for model construction, whereas the second subset (January to December 2025) was reserved for
evaluating and validating forecasting performance. Model accuracy was rigorously assessed using three
statistical criteria: Root Mean Squared Error (RMSE), Mean Absolute Error (MAE), and Pearson correlation
coefficient (r). The empirical results demonstrated that the SSES method exhibited the best overall
forecasting performance, yielding the lowest RMSE of 92.47 mm and the highest r value of 0.835. Although
the Combined Forecasting method achieved the lowest MAE, the SSES method produced a comparably low
MAE of 52.86 mm. Consequently, SSES was determined to be the most suitable model for predicting
monthly rainfall in Phrae Province. Based on this optimal model, the total annual rainfall for 2026 is

projected to be 1,367.76 mm, indicating a downward trend compared to the total rainfall recorded in 2025.

Keywords: Rainfall Forecasting, Simple Seasonal Exponential Smoothing, Box and Jenkins, Combined

Forecasting
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a

Uszdnsandsmsnennsallagliasesazainuaaininfeuduysaliafie (MAPE) uag RMSE Nfn#ian #an1sAnw

q

o

wu3 Bnsvilnseuieandmasiiggnmaegeitaduisnmuzanfianluniswennsal [5] msfinwinisasnes

U

a

wuunensalusunaduludmingasindaieisnisnensainieadia 3 3 lowd Bnsuendmdseneu Bvesiu
wasuuuuIN waritvesuanduaziauiud uagyinisiIeuiisu UseAnsamasnisneinsel AeA1 RMSE siga

NANMISANYINUIN F0V0IUaNTLaziauiud NTAUU SARIMA(L, 0, 0)(1, 1, 0);, LiflA1Asi dannunzaunanlu

q

o

Msnensal [6] NSANYINISAS 1AV UNYINSAIUS LN Ul LTI IAUASAS 555USIW AREBNISNEINTUNIIADR

'
o w

4 33 lawn 5vesvenduaziauiud In1siieusisaviniaminggniasgsdie I3umesiuuuIn wagisiu
waskuuga wagyhnsAndenduuunensallaglden RMSE fidngn nan1s@neinudn F5vesvenduaziauiudnd

1

FILUU SARIMA(O, 0, 0X1, 1, 0);, kifiinassia danuwnzaufiantunisneinsal [7] Msfinwinisadeiwuuway
WSguigusiwuunensaiusu sl uluswinus18anie3Snsnensainneanan 2 35 lawn Isvetiuines way
I5vosuBnTuwarauiud warvinnisiseueuuseansanvesdnuulaeldinasiannan MAPE way RMSE

a § @ ad

nansAnwInuin Bveriumesiiudsimnzauiiaalunismensal (8] nmsfnwinisadrsdanuuneinsal SRIMA
Feisvesuenduaziauiud lnglidoyauimanuain @il Nyala Ussinagaiu wanis@nwinudn fauuy
Wmﬂszﬁﬁmmzauﬁqméfm%’uﬂ%mmﬁwﬂuswtﬁauﬂuaaamﬁ Nyala Usginegau Ao SRIMA (0, 0, 0)O, 1, 1), [9]
msAnuUssufisumuuunsnensaiuTnaiiulugles Umuahia 55 Abia UsenaludiGe Taliiuuunennsel
2 wuv e AUy SARIMA dagTsvesuenduaziauiuduazduuulasaeuszamiisudsggnia (Seasonal
Artificial Neural Network: SANN) wagvinni1sUSeuiisudsednsainvesdiauuunensallagfiansanainainng

o w a

ARIALAGBUNISNEINTA] 4 A1 LAA ANAULAREY ANAUARIAARBLLRRY AIAIUARIAMABUMAIFDIRRY waZAN

= =2

RMSE wams@inyinudn fluy SARIMA feisussuenduaziauiudiiianunainiedeuiidnian Judufuuu
mmzauﬁqmﬁm%’m’ﬁwmﬂsﬁﬁﬂuaaﬂ'%mmﬁmu [10] Mafnwnmanensaiinanidulasnsiasgidieudio
‘U’JLL‘U‘UR]O’mENmiL%‘EJuf‘UENLﬂ%‘Ia\‘l (Machine Learning) LL‘U‘UG%QL@&ILL&SLLUUﬂ’]iLQi‘EJuiL%Qgﬂ (Deep Learning) lagld
foyaounsunaUTinairlusedduandesdidyluwsmasingy Tnglifuuuiassiitunsieudey dun
$UU Long Short-Term Memory (LSTM), Stacked-LSTM, Bidirectional-LSTM, XGBoost WAL FLUUNANT
Usznouse Gradient Boosting Regressor, Linear Support Vector Regression Wag Extra-Trees Regressor Wag 1
msFeuifieusyansanvesiauuuiiass Tnefiansanaindl RMSE, MAE uagA1sIniidedvetninunaiandeon
M&saeaaiedaeni3fiu (Root Mean Squared Logarithmic Error: RMSLE) HanIsfinwmudn §auuu Stacked-
LSTM uag Bidirectional-LSTM il usianuuilinanisnennsaldign [11) msdnwiuisuifisudszansamuei
LLUUﬁwaaamsL%ﬂuisuam%"aqﬁm%’umiwmﬂiﬂiﬂ%mmﬁmmawﬁmﬁﬁu %ﬂlﬁ‘lﬁ’fawﬂiunmﬂ%mmﬁmmaqaaq
ninAvesUsemaduiy laun 9iina Pune 31§ Maharashtra kay 9ia1A Panchmahal 910355 Gujarat Tu
ns@nwnadailaldmuuusiass leun nsanneedadunvans (MLR), sulfidnduls (DT), K-Nearest Neighbor
(K-NN) waz Random Forest (RF) waz  vhmsiU3suifisuussansamusssuvusiandunsnensaluSinasiny
fuUsInaniuase Tnefiansanaindn RMSE uay MAE nanisAnwinudn lugiin1m Pune fAawuud1aed K-NN
fiuszavsnmAninduuuiassdy 9 uagluginim Panchmahal fuuudiaes RF Siuszdvsnmdidnii [12)
mﬂmiﬁmenLLazﬁuﬂiﬁﬁﬂ’agamu%’aﬁﬁméﬁmﬁ’umiwmﬂizﬁﬂ%mmj’]Nuﬁmum wundeldined
msfnwnsnensaiUsinaniludmiaung ;ﬁ%’ﬁaaﬂaﬁ%ﬁﬂ‘mmswmmiﬁﬁmmﬁwNuiwLﬁaulu
TIATALNS Lﬁaﬁﬁagaﬁllﬁlﬂ%ﬂiﬂwﬂuﬂ’mwLLNuLLazﬂadﬁuﬁ’aﬁma%Lﬁﬁﬂ,uamﬂm Tnoeadensad i

P

o s A = aa ¢ aa as vy aa o g val 1% Fo o da
?quﬂigﬁQﬂLW@ﬂﬂU’]LLagLU?EJULWHU?GﬂWSWSWﬂ?mWWQaQW 37 Ifﬂuﬂ 1) ’Jﬁﬂ’ﬁ‘v]'ﬂ,ﬂﬁﬁum']ﬁlLa%%ﬂ’]aﬂwwqaﬂ']

)]

v

| ' & ada v o v Ada a aa s a ¢ & aad va o A
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v
o

ity viegama venlvswwiliinazggniauas 3) FBnsneinsalsundunisfinuiiBnismensalvesurazis
wannsdieiu Swanmsfnwiilanazduumnsddeyaidulszlesdnontisnuiieedunisuinig

1Y) s - da X vy '
IANIIUN LLa%LWEJ‘UiiWWﬂQJMW]Lﬂﬂ“uulﬂamﬂmmzﬁumaiﬂ

AWanilun1side
1. n3353Usudaya

fdunafununadoyatinaddulufmiaunsannsugniesine wazamonouine wundvi e
punsunaUTIna T eieu (e : Safums) dausifeuunaeu e 2550 Sufeusuniay wa. 2568 S1uau
Favua 180 ey wazvhmsulstoyaianuneenidu 2 gn dail Jeyayadl 1 dmiulumsaeiuuumennsaiann
3 3 38 Tnglddoyausunainududifounnsiau wa. 2554 adousunen we. 2567 S1uau 168 Liou way
ogayail 2 dwmiuusuieussansamassiuvunensainnits 3 33 Inglidoyauimanisudaudifou
unsANfaieusuay wa. 2568 S 12 ey auvsireulsdoyatuiletostumsUszidiuussansnmyes
fuvunensaindeyayaifsrivitliaiisiuuunensal enaviliinanisussdiuiarwdideuasginiaandy
934l lunslideyadnyanileiilildfidinlunsadiaduuuneinsalazdreliamnsansieasueuamnsaluns
wennsaltoyalul Iiegradunanauazasioulszansnmiluvisssweasuuneinsal
2. Aisizvinisiadeulvavetaynsuiian

‘v'hmﬁLﬂi’]zﬁé’ﬂwmzmsLﬂﬁaulwasuaaaigﬁiunmﬂ%mmﬁmumﬂsﬁagaiwqmﬁ 1 Mitdnwaznnadouln
fuunlunagdvdnavesggnianiolsl TnmsfiansanannsmueseynsulaILaEAINAABUTBY Kruskal-Wallis
Test [13] uazynsmagdeuaAuAafl (Stationary) UeseynsuaIRIBANTMAGBUYES Augmented Dickey-Fuller
(ADF) Test
3. nsafreinuunensel

MIasLUUNeInsaanT 3 Srasldialusunsy TeuA SPSS version 31, R wag Excel Whanthelunig
adauariinsieving fasandondel

3.1 agmiv‘iﬂﬁﬁﬂuﬁqﬂLﬁ%%ﬁﬂé’dﬁﬁqgmaaEﬁNi’w (Simple Seasonal Exponential Smoothing
Method: SSES)

Bz dmsudoyasynsunanfifisninavesggmalfissednuier deaenndesiudnvuzdoyaes
Uinausheuiiandnunlueded Tnenszuaunslunisadresiuuunennsalefosendormsiimessiddy 2 duw
fio AmnsimesnisinliBeuvessedu (@ ) uazAmnsidimesnsvinliiBouvesggnia (8 ) wiethlulddszneuly

ASASF/UUNYINTA] FaFUUNLINTAINANNTAaT [14]
Yiem=a; + St—s+m (1)

e Youm Ao AUTuaWUNeINTal A AN t +m

9 AMUTEIUTEAU (Level) ad e ¢ Wo a, = a(Y;, — S_s) + (1 — a)a,_,

Q
&+
o))}

8 AdrilganIauTIaY s At ¢ We S, = 8(Y, —a,) + (1 — 8)S,_s

e
o))

(%}
o))}

9 TuuggMaUsinanielusgieu (s =12)

m A TIWIUIAMNYINT AIAIWLN

a uar §  Ae AmiimesnsviliiseuvesseAulargania auawu tnedAnaue 0 fa 1
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3.2 F3vasuanduaziauiud (Box and Jenkins Method)

nsimuadnuunensalluisvesuenduaziauiud Yeyasunsunanazdeaiaauaci [13] dliasd
doswnfuuiltunazggniassdesiinmsuiudeyalnidsnsmuarsuasasisggnia [14] mniinisiasey
Wanduanduwusludd ACF (Autocorrelation Function) wag #enduanduiusludiunediu PACF (Partial
Autocorrelation Function) wlefiuune1msiies p, g, P way Q Tunisadiasauuu [13, 14] vihnisiivuady
wouidululdwagimsussanudmnsiivemienfunedeuamisfines uiasdriidanumnzanogluguuy
el udwhmsidendauuuiifidmsiwesifianummuizan Tnefiduuunensalild@ne fo SARIMA (p, d, 9)

o

(P, D, Q). [14, 15] Fsfuuunensaliaunisasil

¢, (B)®p (B*)(1 — B)*(1—BS)PY, =6, + 6,(B)0y(B%)e,  (2)

ed Y, Ao AUSnaniruTse a1 e t
6, fio sl (constant)
& fio mwmmmm?{audu At
t fosmwunan 1,2,3,. ., n, e n, o Sﬁa;&aaﬂgﬂimnmsqmﬁ 1(n, =168)

[

dudy D Ag SUAUYBINITNINAANUAZHAR9GANNE ANEWTY

B Ao nMIanllunisdounau e BSY, = Y,_

s e FuugamavesUIinaniiuseieu (s =12)
¢,(B) =1—¢B— ¢,B*—...—¢,BP Ao FarLliung autoregressive Suduyl p wuulidiggnia
®p(B5) =1—®,BS — @,B%—...—®pBPS fp friilunns autoregressive SUAUN P Luuilggnia
,(B)=1-6,B—0,B*—...—0,B1 Ao farLliun1s moving average Suiuil q wuuliidigana
0y(B%) =1—0,BS — 0,B*—...—0,B% fia feLilun13 moving average susu#l Q Luuilggna

3.3 35n1swensalsau (Combined Forecasting method)

[
o

WWudsnisihamensaiiilaannvate3sunauiusiuiudielilaamensaifissriies  dslunisiseasedl
TAlEAINEINTAIANNALUUNGINTAING 2 ATV AUN A HIUAITHSIVFBUANUMALILEN  watUA LT UNSES 1967
LUUNEINTAITIU 2 AT 978U wazefaundnnisimsznisannestnungielunismeta i minveswsazs

[16] warhlUasedmuunensal Gaswuunensaidaunisead (16, 17]
Yf = Wl?lt + WZ?Zt (3)

(G A Ao AUSIaRuNeInNTal A t

[

i, wae B, Ao ArUunaindunensaivedisnisusulis sumeauindiinggniaegsdiewagisves

UDNTLALLAUAUE MUAGU 130 t

Nl H o d bz
w; Way w, Ao AnNUun We w, = uay wy=
bi+b, b1+b,
P~ ] H v a o &
aunisannesltlun1smalnwdmtndaunisaal
1?t = b1?1t + bzyzt @)

o w

b, uay b, Ao ArduUsEANSNMTIRnREYRITNTUSUITS B UAIELANAWIllganasg191euaEITves

UDNTLALLAUAYE AuaeU
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4. NNIATIVFDUAMUUANZHUVDIAUUUNIINTA

o

yhmsnsnaeuraunainndouInduunensaifesdulunuteausyd fail 1) anupaaeAeuTing
WANLASUSNA ¥nsnaaeausie Kolmogorov-Smirov test (K-S test) 2) anuaainwndauiiannundudaseiu vinis
nAFOUAIY Ljung-Box test 3) ANuAAMAABUTANAALlILANANINAUE NTMaUR t-test [7, 13] wag 4)
AUAAIALAA ouTAUUUTUTINAST YnsvadeuRae ARCH-LM Test [18] d1muindauuuneinsailafinany
aamedeuldifulumudolatonts wansiduuunenseiiulifienumnsauararldhludlunswennsel
5. mMslseuisuyszansawasniswennsal

P

TunmsmPBniswennsalivanzauiiaaiy lnensiSeuiisuusnadwuiinuatdudeyayail 2 Asus

'
-~

WouuNIIANTRABUTUINAY WA, 2568 AUAIMNEINTAITBAREISIaAwIMMAT NI lun1s AT 3 AN
oA RMSE, MAE uae r Tagisnmisnennsalladidn RMSE wag MAE fisnan uaglvien r aeqn [19, 20] uansiniaay
winnzaunandmsulunisneinsalusuailuyai 3n15m1A1ves RMSE MAE uag r Jauni1sniudinusiadl [13,

14]

np
1 "
RMSE = —Z(Yt -7, (5)
n
2 t=1
1<
MAE = —Z|Yt -7 6)
k=1

%2, -7 (% - 7)

r =
[T 0 - P2, - Ty

mefl Y, Ao AmiUSinaeuass i an t uag Yo Ae AefsuSunaniduasa
7, feo ArSunauielunennsel o et t uaz ¥ e AnadeuSunaniunensal

n, Ao UayasunIUIAIYAN 2 (n, = 12)

WNan1538

1. #amsAnTeinisiedaulniveseunuIal

v
o |

nsdeulmiveteunsunaUTunaiuluteyayai 1 duudifauunsiay w.ea. 2554 fafsusunay
W.A. 2567 117U 168 1HiU wAAIININA 1 Wud1 aunsunayaliianwarnisindeulmnliduwiliy uwaiinis
wanulmludnuvarduwazasaduiu dyduuuadedulunn 9 U wandbiiuineunsunaiynifidninavesggnia

a o

wazileAnudnlouisinnsmaaeuaNyAgiuuiltuuazggnianienismaaeues Kruskal-Wallis test #i5g6iu
Hyd1Any 0.01 NANSNAFDUANYAFIU WU aummumﬁmﬁlﬁﬁuu*ﬂﬁu (p-value = 0.998) usidanENaveggNIA
(p-value <0.001) Lﬁav‘hmiwmaaummmﬁ%mwmmnméf’mmiwmaaumm Augmented Dickey-Fuller Test
(ADF) wuan m‘gﬂsuL’;a’m%mwmﬁwwuhiﬁﬂa’mmﬁ (p-value = 0.192) 4agyiN153ATIZIANLLUTUTIVVRT DY
sunsunalutsnausazieu wud eynsunadaundsunulied fedu Safesdaseynsunalmiiely
oynsunaniinuAsiidiensmasniiaes [14] shlwldoynsunanlval z, = JT; mnduisddunisadisiauuy

1 aa
nenTalluLaayIn
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[e)Y
g

A1 1 USUnauneluludaninuns AaumiounngIaL w.A. 2554 famausuIAL WA, 2

h]

o w

2. wamsaseiauuuneInIalaedIsnsiliBeumeiavdnideilinggniaatnedte

o

HAaNsaeLuUne NSNS sYliSeumeiaedmasiiiggnaseneitg Tngnisldlusunsy SPSS Tu
mMsmAmmesnsiliiEeuvesszdu (@) wazggnia () lawindu 0.0996 uag 1.9744X10° muddu udath

v
° Vo

AmnwesilalumaUssinaseiukazfvingniauiunaiay Jalsuaunislail

Ziim =7.9049 + 81 (8)

[

de  z, =Y, aldmunslunisnensal o1
Dpom = (7.9049 + $,_s 1)’ (9)

Towi Vopm A9 AMEINTAIUSINARNY QU 1380 t+m

A N I v

S, fe AwviggniauTinaniiay waneannged 1

M13199 1 Adiiggniausuianuin

|y S, \hau S, \hau S,
UNsIAY -0.862 WE AR 4.927 fugney 5.446
UG -5.984 fiquigu 2.436 Ra1ALl 0.489
Ay -4.244 nIngIA 5.882 R0y -4.710
g 0.281 CAVRGH 6.811 Sunay -6.471

NA1597 1 Adriigamalsunanhduluidazivieu wud luseuiinniivsunanhdulesign Aelseu
Sunauianviggniamiafu -6.471 uazluneuniuSunaniduniande ineudwaudadviganiaviiiu

6.811

3. WANSESNAILUUNEINSAliIeS YR sUaNduazauAUE

Lﬁaqmﬂ%a;&aayﬂsmmﬁqmﬁﬁlﬂmq@ma Sermuafuuunennsallugauanizdn P, D waz Q Wiy
LLaxLﬁav‘fﬂﬁayﬂiuna']sqmﬁﬁmmmﬁ%’qﬁmﬁ’lmiﬁ’l%’mqg}ma Tagmsmeasnsngnaduduil 1 (0 = 1) wdwiinns
Re50A ACF Tiflaruasd wansianind 2 wudn erduuseansanduiuslusy o lag 12 danAuveuwnai

Wollwinlile Q winfu 1 waziilafasanAn PACF ALANUAIN LaAIRININg 3 nui Aduusyansanduiusiumn
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 lag 12 ua lag 24 fAniuraunANN@etwinlila P windu 2 aely Saivuamiwuusuau A SARIMA (0, 0,
0)(2, 1, 1), ifiwavriasi wazdliovhnmsnsageuaugaLreInfinesNszautisdrey 0.01 vlrlamauuy
Insifwangas A SARIMA (0, 0, 0X(1, 1, 0),, luifinadaae laeda1Useununisiines @, wiiiu -0.4894

(p-value <0.001) Fadpuaunslasadl

(1 -, B2)(1 - B)Z, = ¢, (10)

@

Weo  Z, =Y, uwazuvuAszanunisilmes @, azlaaunislunisneinsalail

7, = (0.5106,/V;_; + 0.4894./Y,,)" (11)

Tne 7, Ao AmeinsaluSunaiiinu o nen t

B Coefficient
== |Jpper Confidence Limit
e Lower Confidence Limit

10

0s

ACF

1 2 3 4 5 6 7 8 9 10 11 1213 14 1516 17 18 19 20 21 22 23 24

Lag Number

AN 2 ACF va9U5unauieluludaninunsAdinnuaei

B Coefficient
w= Upper Confidance Limit
=== Lower Confidence Limit

0s

Partial ACF

1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23 24

Lag Number

AN 3 PACF wa9USunaut el ulusaninuns nianuaen

4. WANTESINAILUUNEINTAIRIBITNISWEINTAISIN

WehAmensalannne 2 Buvihnsmendulsednanisanasealalusunsy SPSS vilnlaan by = 1.0922

[

wag b, = -0.1053 waziilotunAwinAasihwiinld wy, = 1.1067 uag w, = -0.1067 TN @euaunslanail

Z, = 1.1067Y;, — 0.1067Y,, (12)

[

Yo  Z, =Y, azlaaumslunsneinsaind
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7, = (1.1067%,, — 0.1067%,,)" (13)

Tnei 7. e AmernsaiUSinanieiy a nen t

v, fo ﬁwwmnazﬁﬂ%mmﬁwﬂumaﬁ%‘mﬁﬂﬁﬁwﬁamam%ﬁﬂé’ﬂﬁﬁqamaaéwhﬁ At
P, Ao Amernsaitsinanirurediiuenduaziouind o nan t
5. NANISATIVFOUAIULANNIZANVIRIMUUNEINTA]

LI91NAIANUARINLARBUIINAILUUNEINTANA 3 T UIVIINTNTINABUANUMUNZ AN LAAIAIAITIN 2

AN5197 2 NANNSATIVEBUAN UL AUVBIAIANUAAINLAFBUINNFILUUNYINTOINS 3 35

— . K-S test Ljung-Box test t-test ARCH-LM Test
NT1INYINIU
(p-value) (p-value) (p-value) (p-value)
SSES 0.200 0.509 0.753 0.373
Box and Jenkins 0.055 0.107 0512 0.364
Combined Forecasting 0.200 0.611 0.817 0.174

o
¢ o

INANT NN 2 HANITATIVEDUANUMLIZFUVDIAIAINUAAIALAR DUINNFAILUUNEINTAING 3 3T WU AN

°

ANUARIALATOUYBINNAIMUUNIUNTNAFRUANLAFIUNIEDA aediAn p-value 1 seAutidAy 0.01 Tuyn
Mvaaeu lala NMsnaaauNsLANLaILUUYSNRA (K-S test) minagoumuludasy (Ljung-Box test) nsnagau
AR liLANANAINAUE (t-test) UaENINAROUATINKUTUTIUAST (ARCH-LM Test) fatiu anansaasulainfuuy

nensaine 3 odanuwangadlunsinlylenensal

6. wan1siSeuriisuuseansnanwisnisweinsal

NANSIUS U UUSE AN ANV L UUNEINTAILAEAITNIINAT RMSE, MAE LAY 1 L@AIRInISIeN 3

M13719% 3 A1 RMSE MAE uae r Tudeyayadl 2 99n9s 3 8

3Bnsweinsal RMSE MAE r
SSES 92.47 52.86 0.835
Box and Jenkins 96.67 69.89 0.753
Combined Forecasting 93.37 52.54 0.827

o

1NA1519N 3 Wud1 MV liSeuseavdinialiggniasgeitglia RMSE afiga windu 92.47

¢ a

Ta8UmS 5898981A8 I5N15NEINTISIN WardSvaUaNTwaLLAUAUd FaiA1 RMSE winAu 93.37 way 96.67

v
[

fiadwns aud1au wandbiiiudismsyhliseudeariimdiiiggniasgsiedannuaainadeulngsiuveans

wensalNgalelIeuiieuiuitou wazileansanA MAE wui Fnswensalsauliadiiian wirdu 52.54

o

faduns sesmunAe ISV sumelaviinidmiiganiasg1edie wazidvesuenduaziauiud Jellawviniy

o

52.86 WAy 69.89 fadwns ANANU 98191SANINAIILLANA1IYEIAT MAF S81Na3snN1TneNINTalsINkagIsN159n

o o A

v a v 2o Aa | i a i o 1 ° YR I aa o g v a 1Y & o
SL‘WLiﬁJ“U@]fJEJLaﬁuﬁﬁﬂqaﬂquaﬂ']a@?.]WQQWEJNQWLLG]ﬂG]’NﬂUVLllN']ﬂ d1UIUAT r U3 UﬁmiwﬂwLi&JUGnEJLa‘U‘*UmaG‘V]

i}

ganaegedreliiAgeiign wiiu 0.835 oA fie TBnInensalsiu uarisvesuanduaziauiud FellAnvinfiu
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