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Winduh 3.125 fadnudediafany uazlidnanududusigansinga (MFC) ity 6.250 uaz 3.125 Naaniude
fiadfas mwady nmylianziaduiiiailalnduesiu 165 rRNA wudtleloiaa 11A3 waz 41N6 agluana
Streptomyces uazfianuaszafsvasanduiaailalnagefiganiu Streptomyces murinus NBRC 12799" (99.54
wafidud) uaz Streptomyces malaysiense MUSC 136" (99.37 1tasidud) auandy NuddsisliiAiuiuandln
Aa Ao o & ) =2 o ' (Y A o
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o ] Qs A a A g v a
aldag: LLaﬂ@lIuLLUﬂmiU, Candida albicans, NI ULAKGA, Streptomyces

Abstract

Yeast Candida albicans is the most frequent pathogen responsible for mucosal and systemic infections. Furthermore,
it is the primary cause of approximately 70% of fungal infections globally. Microorganism-derived compounds are
gaining attention as a promising alternative approach for controlling fungal diseases. The use of these compounds to
combat C. albicans, which may develop drug resistance during therapy, is particularly promising. This study aimed to
assess the anticandidal activity of actinobacteria obtained from peat soils against C. albicans CBS 562. Seventeen
tested actinobacterial isolates exhibited anticandidal activity on starch casein agar and glucose yeast extract malt
extract agar using the agar overlay method. The isolates 11A3 and 41N6, which showed the highest activity, were
selected for evaluating the anticandidal efficacy of their crude extracts. The crude extracts of 11A3 and 41N6
demonstrated inhibitory effects on C. albicans CBS 562, with identical minimum inhibitory concentration (MIC) values

of 3.125 mg/mL and minimum fungicidal concentration (MFC) values of 6.250 mg/mL and 3.125 mg/mL, respectively.
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' Department of Science and Bioinnovation, Faculty of Liberal Arts and Science, Kasetsart University, Kamphaeng Saen Campus.
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Based on 16S rRNA gene sequence analysis, isolates 11A3 and 41N6 belong to the genus Streptomyces, showing

the highest sequence similarity to Streptomyces marinus NBRC 12799" (99.54%) and Streptomyces malaysiense

MUSC 136" (99.37%), respectively. This research indicates that actinobacteria have a strong potential to inhibit

C. albicans, suggesting applications in biotechnology and pharmaceuticals.

Keywords: Actinobacteria, Candida albicans, anticandidal activity, Streptomyces
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riafzninuazyiiifals hanstadefiianiouas
daflandeg ﬂaﬁuﬂu@imLﬂumm@mﬁnmaams?}@L%a
nsszanm 70 wWasidudilan (Morad et al., 2018)
15310 C. albicans Lﬂumm@mﬁnﬂuadmiam%aﬁqﬂmu
FAalutrmaenessefiinuan uieldSumssneui
uwddamaFeTindegelis 40 wWefifud  (Basmaciyan
et al., 2019; Chen et al., 2020) ﬂaqﬂ’umﬁ’nmkﬂ?mn,%a
971 C. albicans AunlFo1UfFuzdefidasiauacd
i’mmuwumiéa@iamﬂgj%’mzmaa C. albicans \finan
%u LU mW@IﬂmIﬁﬂ (fluconazole) (Berkow & Lockhart,
2017) é’ai‘fumiﬁwmLLa:ﬁumawsﬁﬁqwﬁww%amwiu
mafufiadialsn C. albicans 39finaadny

wandluuuafSoduuuafiSounsuuinddSinm
vaswannituuazlolnBuludlungeannnii 55 wasidud
(Duddu & Guntuku, 2015; Jose & Jha, 2016) Lduuuailise
ﬂa;uéﬁﬁmuﬁﬁsﬁmm’hmmsnw%mmsﬁﬁrm%fma%amw
lawannansrfie weadluuuafiGadnmaaiydumduas
AffnwmenFuwinmafmoediiugen udfuwa
Ygatdnlolannin LLaﬂmuLLmﬁL%mﬂmﬁuﬂ‘%ﬁﬁwu
nsraedmlulusssuma swsnwylannaninuiadon
P luAuuazunaIsn (Shrestha et al., 2021) A71897%731
wendluuuafisndaaswunveladitgninisdinin
lonanrasvfiiefiadu 45 Wesidud vasmsuunvalad
ﬁﬁqwfﬁ{mq%'smwﬁmmﬁNammqﬁuﬂ%ﬁ L% &9
UfFuzdmdon miduunse fINATTUUNNANAY
fIRNad waza1dudsie 1udw (Abdel-Razek
et al., 2020; Bubici, 2018; Harir et al., 2018) I@mmiaamm%g
NMITINNUTzIN B 7,600 THANRANNLEAR IkLLAT S
1%&@51 Streptomyces spp. (Berdy, 2005)

17 (peat swamp forest) Huthaugurfianis
Auandsanihofiadu Tasfinviadiasaanduasd

ﬁﬁmﬁwmsziaﬂamwaaa}auﬂ%ﬂ‘@h aumauﬂWWEﬂS:ﬂau
fuTuRnmmnLszanm 0.5-5 was fedn pH unsaaglu
7749 4.0-6.0 (Niyasom et al., 2015) @1UIILIUNNILEN
=3 al a A a 1
uwazfinuandluuuafisoandunsludsznalng wud
ﬁmsﬁuwuLLﬂﬂ?}IuLLumﬁﬁﬂmﬂﬁuﬂmmmwﬁ@ Ky
Streptomyces acididurans W8s Streptomyces acidicola
(Chantavorakit et al., 2021; Lipun et al., 2020) HaNINH
§98n3fin¥1v09 Thawai et al. (2000) waz Niyasom et al.
A o & A A ¢ P
(2015) ‘ﬂwumwmmmiummum’gaumwmwm
°11aouamfﬁiuumﬁﬁﬂﬁLLﬂﬂ"L@Tmnauwﬂu%'m’i@m%faLLaz
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T, o Lo A
aInfignimeiinwlunsfiudadenalsananssiia 3n
m@;waé’f@ﬂdnﬂﬁwﬁﬁ@Lﬂm:uuﬁnﬂﬁﬁf’uwmmzm
= a o & = 6 1 .
swhalunsfnsfanssunisiuisdadnialia C. albicans
a a A a 6 a o gd ;ﬂ'
YILaN@ LU ANLTY TandizasAresnmsidniiaaiiie
ﬁm:nﬁamsimaaLLﬂﬂﬁIuLLUﬂﬁL’%ﬁﬁuﬂm’m@uﬂwwg@ia
msgudsliad C. albicans Gianvunlgaruzlnaifid
UszlominanaluladTiniw wazindwnssvaabln
aUNAA

nIINeaaald
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1. msassaBauandlsuuaiitse

o al a A J dl

Wuandluwuaiiisoanwiu 20 lelolaanuonain
futhwy sasmungneemans a1naunsy 9ninszual
Uszinelng 118s9u%a1113UD9 International Streptomyces
Project 2 (ISP2) agar (Shirling & Gottlieb, 1966) U
ponnd 28 asewaiBos (Huwaa 7 Tu mnuuldaae
A A A o A &
W@eiTa (loop) MewnTEn INanTauuas Woatasias
il 1-2 g lawaaa lulasauaiiasng 0.85 wedidud
wiv) lmdsuaaalsa Ysunas 800 lulasdias iNaiasow

(Hudainudu (suspension) duTUMINAAaslUIUADY

aa'ly

2. NMINARBUNINTINNITULIDEE C. albicans CBS 562
NagaUAINIINNMSHULIDRA C. albicans CBS
562 G187 agar overlay (Mingma et al., 2014) U%81%13
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W9 starch casein (SC) uaz glucose yeast extract malt
extract (GYM) (Ait Assou et al., 2023) @@%&quﬁuuaﬂmu
wuaTedsunas 5 tulatRas noauulliniiennis
NAFOL ¥ANINARE 3 T ﬂuﬁqmﬁgﬁ 28 a9riLTaLTas
Wwnan 7 5w ssudadnaseulaoiiedadluonvng
LY A2 Yeast extract peptone dextrose (YPD) UiuluuLaN
Aausa 150 seudow gD 28 aseioaLdus (i
i 24 s YSUEUSIonaasEudn (107 wadee
RERGD) sosasmalnsWlafinas (spectrophotometer)
Aanusnean 600 wilwuas Ty 0.12 9Nt
qaurasta U3aas 100 lulasdas wanlueinisuds
A9man YPD soft agar (1% 0.5 Wasidud, wiv) USunas
5 faaaas nan i ARLIIN T aURBEIN TR a7
Besuandluuuafidely 7 5u ﬂmﬁwﬁqmﬁgﬁ 37 29fN
wadus Wwoa 24 $alus Fnausnmduiefifiods
soulalafiuan@lunuaiiSe Javwnadurugudnatalou
ﬂ'u5'\1LLa:LﬁumuﬂuﬁﬂmﬂdaﬁuaﬂmmmﬂﬁL’%ﬂlmmU
TURAT PRI mENANERNTa U ST (Inhibition
capacity; IC) 6’1’5'\1Lﬂué'@mmmfmd’mLﬁumuquﬂﬂmﬂfﬁu
ﬂ'uﬁy'a@iaﬁumugmﬁﬂmﬂﬂiaﬁ

3. msanasswnivaladnfspgfinuaailu-
wuanLIg

Fadanuend luuuafidefilinanmsiu b adusn
ﬁnummmﬂ‘ﬁdaﬁq@ inantaesluemisivan Tryptic soy
(TS) ﬁ@wﬁwmaﬂg‘[ﬂa 1.0 Wesidud Unwuvgi
ALY 150 saudawl gannil 28 aseiaiTos L
L 7 5w mntsih Wiwws it 6,900 g (uan 15
W IRUEIBlEMuLRNINRAAMaaIazasLefinesd
Lanludaan 1:1 (viv) wednuaniinauss 150 seu
R0U7 NUWAUTHDEIGIYNAZA BN TN G
vfmzmﬂ@T’saLﬂ%adi:LmaﬁLLuuwu (evaporator) @
gmannd 45 aseTaLToa srawaIaianonufilaae
f3azay 1 wesidud (viv) latunfia danenlss
(Dimethyl sulfoxide, DMSO) l# ldanuidudu 50 adn3u
fallafang Lﬁu%'ﬂmﬁqmﬁqﬁ 4 pyrnTalToR 81U
mnasaulutunoudely

4. m‘mmﬁmzm§waamsaﬁ'¢mmudams€fu§e
C. albicans CBS 562

NAROUNENTINMNVRIFSETAREI AN

El'fl_lély'd C. albicans CBS 562 61871 agar well diffusion lag
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[
= o

LWL C. albicans WTUS aTaSISNG® 107 Lraaea

fndaas auAEnITe 2 3ntwnasida C. albicans 1%
ﬁaﬁ’mﬁnmmméﬁamaau Sabouraud dextrose (SD)
(HiMedia, India) laal4 LW ua| (cotton swab) UnaaLto
TOIBAINTEIDIATUAY 1°Eﬁmza;nﬂa§n (cork borer) U1
LUAUAUENA1T 0.7 LIUFANAT LIITHANUUIUDIAT
Boataussifusiaianguysunes 50 lulasaas adlu
udaznay vinsnases 3 51 MFondfFuclusuadn
(nystatin) LTNTw 50 HaanTudeadans iumeiuguna
17N (positive control) Laz&15azaNe 1 1Wasidud (V/V)
DMSO Li’luﬁamuquwaau (negative control) ﬂwﬁqmmﬁ
37 asemaidos unm 24 $alus ananalasTaidn

inuaudnansloududafiiedulunioioudiuas

1 ¥ ¥ o Ao & 1 X a 6
5. m‘smmmwmmmmqﬂ“nﬂumuazm’]ﬁa@aumﬂ
i a6

mmmwmﬁuﬁm{"wq@ﬁﬁuSGL%aqﬁuﬂiﬂ
(minimum inhibitory concentration; MIC) U838 38N@RENL
@onsiuils C. albicans CBS 562 lulwan 96 W
(96-well plate) auIdaaulasad Jamal and Satheesh
(2022) ¢9it 1@vamnTvan SD U5unas 50 lulasaas
adluudazngu udufnansafioneuliines 50 lulasdias
Tunguusn wanliidniu mni’fugwmsazamﬂ%mm 50
1ulasaas lﬁﬁquﬁ 2 e ensmsaianenuiaz 2 i
ﬁﬂﬁfﬁ"ﬁ]uﬁmguﬁ 10 Lm:g}@msazm:ﬂwquq@ﬁmﬁﬂﬂ
50 'lulasdas arldanududuvasansananeulugi
12.5 — 0.024 UaANIUADNARAAT YINNNINARDIANULTY
Fuaz 3 51 INEwANEa C. albicans CBS 562 (10 Lmas/
fadaa7) USunas 50 lalasaas ﬂuﬁqmgﬁ 37 2IALTALTER
Hwaan 24 $2ls TAATLANNANL ﬁa%quﬁﬁmmsmm
SD LBIRENLALY URLTAAILANNALIN ﬁa%quﬁﬁﬁaﬁ
Tuomsivas SO AlifimsGumsaianety Woasy
nandnaIazats 0.02 wadidud I9Su (resazurin)
wawaz 30 lulasiag ﬁuﬁqmgﬁ 28 aamioaldus 1
1 3 T2l unanInaseulasFinansiasndsm
73 mwmﬁuﬁuﬁﬁaﬂﬁqmaamiaﬁ'@m sUAYN AT
sg’%uvl.aiLﬂﬁﬂmﬂu%mumﬁuﬁmﬂum MIC

ﬂ”lin@hﬂ’J’mLﬁ&J“ﬁ%@%’]q&]ﬁ%ﬁL%ﬂﬁ (minimum
fungicidal concentration; MFC) 1°Ea';m°ﬁm%aﬁjuﬁ'ﬁa:a’m
1mwia:1aqm WA INUBEIAITUDS SD ﬂuﬁqmﬁqﬁ 37
ssrmiwados (Junan 24 $alus Fainamsiesyedad
mmm‘m“ﬁuﬁﬁayﬁqmaammﬁwmuﬁvlsjwuﬂ'mﬁry
yasadunamsiaside Tufindluen MFC
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6. NIIANBIANBMLNIITHIIBING1VDILDAG-
o A
Tuuuainiisy
VREILEARA IWLUATITI UMW RITLTS ISP 3
(Shirling & Gottlieb, 1966) anntinilnnizantlasladlaea
L%aslﬁl,'é'mﬁmu 45 asennuimine s dufigunnil
28 adrnaaL By Hwan 7 T Genszantaslaauinn
MIunuEuRlaaNreaFTonaIada llatde v lgasdae
9 ed o o . A =
N889I9aNTIARANIAIVLNIBAIW 1000 L¥in LHBAN®A
Tavsgsdulowaznmsdasusdrvasstes Tunndsdes
fsuloams uasfsiaTanuasnendluuuafisofiaty
UUBIWT ISP 3

7. mIszyziazasuaadlwiuaiiialasnsiieszi
aauitiaalalnaureainuadiin 16S rRNA

Reoanandluuuafieluainisivel Glucose
yeast extract (GYE) Uunuuginnuisa 150 saude
Wi gannil 28 aseniaidos uan 5 Ju iNuaznaw
imasnaInsiumnisefiannuss 8,000 saudaudt 1u
1281 10 W11 wInEnadlawaauIsaaulaives Také et al.
(2015) WdawaN AT (polymerase chain reaction;
PCR) (atfint5unmini6s rRNA Tasldlnsived
1F (5’-TCACGGAGAGTITGATCCTG-3’) waz 1530R
(5 AAGGAGATCCAGCCGCA-3") (Kataoka et al., 1997)
I@ﬂl"ﬁam'sziuﬂWiﬁwﬂ'%aWi’mwwﬁizqimﬂ Mingma et al.
(2014) Mialnsiuaseaninuiadmsingaidngaaiia
\auAzuazAGe1Td1L3931 FavorPrep™ GEL/PCR Purifi-
cation Kit (Farvogen, Taiwan) mugjﬁal,m:ﬁ'] LRZR
Aanzianduiiiailalng (sequencing) Wrtayasnau
fnndlolndfilduSoufivuiugmdays EzBioCloud
(Yoon et al., 2017) LﬁaizgmﬁmaaLLaﬂahLmﬂﬁSfJ §314
Lmu{]ﬁﬁuvl,ﬁ (phylogenetic tree) 1830 Neighbor-Joining
(Saitou & Nei, 1987) Lﬁ'agmmé’mﬁﬁmﬁ‘ﬁ'@ummﬂ@ﬂ
1 lUsunsn MEGA 11.0 (Tamura et al., 2021)

8. MIIATILUNNEDA
ﬁa;&agﬂﬁ'mﬁmﬁzvﬁ’mmLLﬂiﬂsauLLuuma
1@82 (One-way ANOVA) Tagldmanduns R 1noiu 4.4.0
I(ﬂUﬁa%lai%LL@iaZﬂ’]iY](ﬂaad'%LLﬁ@dLﬂ%@i’]maﬂ + §IU
Lfl"mLuummg’mmﬂmimaaa 391 (n = 3) wasi Uiy
ANNLANAITENINIALRATI85E Duncan’s Multiple

o a

Range Test (DMRT) 1132@URp&a1AYN19&0a p < 0.05

Jetsda Tongtoht, Chonticha Benpard, Jintanart Wongchawalit and Ratchanee Mingma

J Sci Technol MSU

Naﬂﬁiﬂﬂaaﬂllagaﬁﬂ‘i'\ﬂﬂa
1. nedgaunsduddaduaninnauilgupi
AINNITANBININITNNNTHULITFS C. albicans
CBS 562 ¢183% agar overlay Wuiuaadluluafiise
Fuwn 17 laloaa nnanue 20 leloiaa (Aawdu 85
¢ & ¢ v & a ¢ a o .
Wasibud) annsadugifaduandanle (Figure 1)
Juaadlunuaisosiuiu 8 loloae twnamsgudidad
LBLREIUKEIMIT SC lasiaNAnNNaNITaNTEULS 1.27
+0.32 019 4.10 + 0.90 WAALOAGIULUATISYFIWIN
14 loloae MHanTeugIdaaL aLRe9U1e1%T GYM §
ANANNENITALUNNTEULT 0.46 + 0.06 B9 5.57 + 0.15
(Table 1) lalaiaa 21N3 ldnansdudibadgengaiiio
\RE9UUaIMNT SC udgaLFuianyIuMITUgulalAuIUn
2117 GYM wintdeinulalaian 11A3 waz 41N6 1HNa
v & a e A W i Aa
MITLIHaduuaImT GYM gega ualidfanssunis
o & A A a AaaAa o
HUHITBLAIUUDINIT SC Auaadluuuaniisosiuwin 5
loloiaa USRS bAUUDINITNG 2 TRALA IRNANTEUEI
Tuszautunand v toloan 21N2 waz 21N18 U398

284 Assou et al. (2023) NAFUAINTINNITULIRUNTH

e

falsa wuitweadluiuaniseleloaa BS61 sued
Listeria innocua ld@1daldsu1e1n1s SC uagLie
AANITUMTHUOINBLRLIUNEINIT GYM Waz Bennett's
loloiaa DS169 Uy C. albicans LUBLRUILROINIT
Bennett's Waz SC WazfUHd S. aureus W1zl aLRLS
UK81M1T Bennett's gaanasdnuinwiaoit laglaloaa
21N3, 5IN2 1Az 21A2 WUMIWI LN oL a8IunaImI
SC ualdnunisdndaduneinis GYM wazluvme
a ) A , A v A ¢
WWeuanu wud 9 loloias o1 41N6 NLFAINITANWERG
UHEIMIT GYM Lyt 914338089 Arasu et al. (2009)
g a A A Aa s = '
LamLLaﬂquLmﬂ‘nLsﬂlummiwummaﬂﬁlﬂmﬁmmm
g a A =~ A

AUan WuITeinInaasINdgninieinindnin

Aa o ' & & X P &
21 INANT N uUraIAISUBY NItuaniBitaaNeIn
dsznavwasarwsdeiranidulaspdamdonsniass
Aa af A a A A v o X o )
AgnIMITrimwuasuendluiuafisous gsunuade
mMouwanan 9 laun amnnd AaNDUNINGETT LazoaT
ANINIWLT 6114 (AL-Ghazali & Omran, 2017; Evangelista-
Martinez et al., 2023)
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Figure 1 Selected representative examples

of actinobacteria isolates showing anticandidal activities.

Table 1 Anticandidal activity of actinobacteria on SC and

GYM agar medium for 7 days at 28 °C.

Inhibition capacity (IC)

Isolate
sC GYM

21N2 1.68 + 0.11% 0.46 + 0.06°
21N3 4.10 + 0.90° -
21N12 - 2.39 + 0.55"
21N18 1.84 + 0.15" 411 + 3.08°
31N1 2.50 + 0.30° 1.71 £ 0.34%
31N2 - 1.81 + 0.92%
41N5 - 2.33 + 0.45"
41N6 - 5.53 + 0.12°
51N2 1.67 + 0.02% -

11A3 - 5.57 + 0.15°
21A2 1.90 + 0.19°* -

31A2 2.05 + 0.28™ 3.97 + 1.10%®
51A2 - 1.63 + 0.08”
42N4 - 1.30 + 0.20%
52A4 1.27 + 0.32° 149 +0.17%
52A10 - 265+ 1.19™
43A1 - 1.74 + 0.66%

Note: -; no activity. The level of inhibition was calculated

from the ratio between the diameter of the inhibition zone
and actinobacterial colony (3 replicates). Different super-
script letters within the same column indicate statistically
significant differences at p < 0.05 according to Duncan’s

Multiple Range test.
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2. nInadaugnaNegInwzasarsananaule
nsdusisiiad C. albicans CBS 562

Fardonuandluuuefiefilinanisiuidada
ﬁqu’]mu 2 loloiae A 11A3 Uaz 41N6 WINANEN
gnEmesEamwsassnsaianenudansiuisiad C. albicans
CBS 562 @183 agar well diffusion WUIN&IIENARLIL
90 11A3 uas 41N6 awnsaduiafad C. albicans lapd
Lﬁumugmﬁﬂmﬂsnuifu favinfiu 1.90 + 0.20 uas 1.77 +
0.12 LTUALNAT (Table 2) MUATU waadliiAwIaTana
wenuLefinosdlanaunsaduiifadlea laadgnsem
C. albicans 31 50 Wedidud (HewSuuifisuiuen
UTuelusuadn

WIT8VaY Sarika et al. (2021) NaFaUNINTIN
nsfuily C. albicans vassnIERansUARaTadIY
tofine=dlanainuandlunuafizofinenainauly
rzinedulde @283% agar well diffusion WURINWIH
21 910 28 lalmaausasianssunmsiudald aedu
75 Wasidudlaglolsan BHPL-KSKU5 HAanysudiuis
gaqﬂiﬂuﬁlmuﬁugaLﬁﬂﬁu 1.60 £ 0.40 LTURLNAT

NWITLVI Wei et al. (2020) WUINRIIENARL
ﬁaﬁ'ﬂﬁ'smumuaamn Streptomyces sp. YYS-7 ﬁLL&Iﬂ
nausausnAzludszinasu SAanssulumsduiage
ralsaluRsldnanoviinainsfidsz@ansnw wiw Fusarium
oxysporum, Colletotrichum fragariae, Colletotrichum
gloeosporioides W& Colletotrichum acutatum AMNINNI! U‘I‘i
waasliifiuinuendluuua B Augnananaansaduds
Fedaduandandosndulodu 9 'ld

Table 2 Anticandidal activity of crude ethyl acetate

extracts of 11A3 and 41N6

Crude extract Zone of inhibition (cm)
11A3 1.90 + 0.20°
41N6 1.77 £ 0.12°

Nystatin (50 mg mL™) 3.48 + 0.03°

Dimethyl sulfoxide -

Note: -; no activity

The level of growth inhibition was assessed
by the average zone of inhibition diameter recorded
(3 replicates). Different superscript letters within the same
column indicate statistically significant differences at

p < 0.05 according to Duncan’s Multiple Range test.
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@
o @

1 v v t:'c') 4' na' ] -1
3. nMImaanNTNIwiafigandudinazainite
a a6
auN3d
#1671 MIC 284813’NARLI1UAI8TT broth
microdilution lagl¥dtszRanisidfeudvesooiu
(7-hydroxy-3H-phenoxazin-3-one 10-oxide) Tuiwan
96 wau ‘f%‘%‘mq%uﬁﬂuslﬁﬂuﬁmo%mmﬁ%%ma@maa
6 = a ad qs a d. o aaa >
wwad lasTngdulifunndwdarnyiseduenlodluly
Inaauwasy 1w Lawlo NADPH dehydrogenase G4WL
A (e‘eleha el' & a A
lwoasdaanioia a:gnLﬂamuLﬂuawssImEWu (resorufin)
Tadldwuw (O'brien et al., 2000) AIHULTONFNFITILTH
NULTRAUIBRDE winansazasifuwduirunLisaing
a A & A Aa
maaswaesBadifosandfanssuvasianloilululne
sauiass uaninantazans lifoud usasinlddnmaese
PaIDRA

11A3

41N6

Jetsda Tongtoht, Chonticha Benpard, Jintanart Wongchawalit and Ratchanee Mingma

J Sci Technol MSU

NANINARBINLINRITRNARLL 11A3 Lz 41N6
61 MIC winnufl 3.125 JaanTudaiiaddas (Figure 2)
é’ammmnmuﬂﬁﬂuu,ﬂawaa%‘%mg’%u’tuﬂaﬁuﬁﬁ 3
(3.125 Naansudalanans) iounuAaaNii 11 (negative
control) fiaa1vTlaua e lidadnasey lavdn MIC
AuANTEuLsantiasnnannanedady 13w Tiavnd
a a6 . Ao g a a A6
aUNIe m’m"l,maemﬂuqmmammwmaaqaumu
U U a { ﬁ‘
ANuuTuLaz T eI INAgNINTINW aeflsznay
PYIDNWITLRLILTE LA Lta:qmwgﬁﬁiﬂun']ﬂwntﬁm
a a 6 v U 1 & a allcl ' 1 g: Z
aaunIdaundudiduiladioniinadas1 MIC N9Fw
(Vangadeesh et al., 2011) M IMIANUTUTUNATFA
. I . .
PYIFNIRNARLILNANNTIINIEANT MFC WUINRITANG
BENU 11A3 e 41N6 A1 MFC 1¥inAu 6.250 waz 3.125
IaaNINGELAREAT aNuaeU (Figure 3)

Figure 2 The 96 well plate broth microdilution method using Resazurin dye for the determination of the MIC of the

actinobacterial extracts 11A3 and 41N6 against Candida albicans CBS 562.
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Figure 3 Plates for determining the minimum fungicidal concentration (MFC) of crude extracts from isolates 11A3
(A-B) and 41N6 (C-D) against Candida albicans CBS 562.

4. ns@nBIANHUEN TR IBINGI1VBILDAG-
S
Tuuuanisy
MNNSANNANHAN T IWINENadlalnian
11A3 U8z 41N6 UHaI%IT ISP 3 lagaTnisanidiauuy
Gar (cross streak) wuinns 2 lalmaafianwuclalait
uandai lasloloae 11A3  s39atasariananizany

Wwrssavlalait ijadadmﬂﬁﬂﬁﬂd@ﬂﬂﬁﬂﬁﬁﬁﬁé’ﬂﬂﬂﬂ
AW 1000 i wuLdslsuasme e suma auRianw e
aaflwmndes swlolnan 41N6 aatasarinaadon
woidulousrmosdaifiianvosvadunien (Figure 4)
UaBliFinini 2 lolmaadnagluana Streptomyces

Figure 4 Morphological characterization and microscopic observation of actinobacteria isolates 11A3 and 41N6

grown on ISP 3 medium after incubation at 28 °C for 7 days.
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5. n1sansunnuaadlnuuafitsaalamaianis
TaanalaamsAanziaiauiadlondunsdn
20984 16S rRNA

nmrrzysiievesuendluuuafiiolannis

Jianeranduinailalndunsdiuvasin 16S rRNA wWu

Plelnan 11A3 uaz 41N6 Jaatluana Streptomyces

(Figure 5) lasfianuadoadeny Streptomyces murinus

NBRC 127997 (AB184155) 99.54 LUasiFud uas

Streptomyces malaysiense MUSC 136" (LBDA02000093)

99.37 \Wasidud muaaL (Table 3) REAARBINLAMBNUIE

ﬁwmwLLaﬂaIuLLuﬂﬁL%yiuaqa Streptomyces AUENAN

a A

@1uumiLLa@aﬁaﬂﬁuma%’amwhmsﬁuﬁaqﬁuw‘%ﬂ‘é‘u

Jetsda Tongtoht, Chonticha Benpard, Jintanart Wongchawalit and Ratchanee Mingma

J Sci Technol MSU

mﬂﬂ’hu,aﬂ?\IuLLuﬂﬁﬁﬁluaqaé"u (Charousova et al.,
2017; Daquioag & Penuliar, 2021; Jeffrey et al., 2011;
Sengupta et al., 2015; Teo et al., 2021; Tongtoht et al.,
2024) HIBVaY Teo et al. (2021) ANWININTINAT
ﬁuﬂy'al,%aswaauaﬂﬁ‘[uuuﬂﬁL’%ﬂﬁl,l,ym"]nauﬂww?ﬁuqﬁ
Fmiagnugini wuiuendluuuediSeluana Streptomyces
finenssumstrnwlunsiuiagenldnwanosiaegned
UszdnSaw lavana Streptomyces fisnpanunia
a’mh:ﬂauaaﬂqw’%{ma%amwﬂs:mm 100,000 7@
Gsaailn 70-80 WofiFud vesmsaangniniedinw
AMUTFIITATIRIART ML F NSNS M EAT
(Abdel-Razek et al., 2020; Bubici, 2018; Harir et al., 2018)

Table 3 Identification of actinobacteria based on 16S rRNA gene sequences.

Accession
number of 16S
rRNA gene

Isolate

Closely related taxa identified by using the
EzBioCloud server database

(http://leztaxon-e.ezbiocloud.net)

Sequence Difference /

similarity (%) of total

16S rRNA gene  nucleotide

11A3 PQ144678

treptomyces murinus
S inus NBRC 12799" (AB184155

99.54 5/1080

Streptomyces malaysiense MUSC 136"

41N6 PQ144677

(LBDA02000093)

99.37 7/1113

53

Streptomyces diastaticus NBRC 3714 T (AB184785)
E’epmmyces phaeoluteichromatogenes NRRL 57997 (AJ391814)
- Streptomyces misionensis DSM 40306 T (FNTD01000004)

61/ Isolate 41N6
{S'Irepmmyces malaysiense MUSC 1367 (LBDA02000093)

87— Streptomyces cupreus PSKA01 T (TACMSF010000162)

_

0.02

Isolate 11A3

— Streptomyces glaucescens NBRC 127747 (AB184843)
50 { Streptomyces colonosanans MUSC 93J T (KF682161)
Streptomyces malachitofuscus NBRC 13059 T (AB184282)

Streptomyces murinus NBRC 12799 T (AB184155)
99
;‘F

Streptomyces graminearus NBRC 154207 (AB184667)
Streptomyces xiangtanensis LUSFXJ T (KX263683)

[ Streptomyces dangxiongensis Z022 " (KF729589)

Bacillus subtilis NCIB 3610" (ABQL01000001)

Figure 5 Phylogenetic tree based on 16S rRNA gene sequences obtained by the neighbor-joining (NJ) method

showing the phylogenetic relationships among two actinobacterial phylotypes of this study (shown in boldface) and

related actinobacteria. Numbers at nodes indicate levels of bootstrap support (%) based on a NJ analysis of 1,000

resampled datasets; only values greater than 50 % are shown.
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dyluaninaaag
nnmsansfanssumsiuiiiad C. albicans
CBS 562 @2837 agar overlay U%a1%130909 GYM Waz SC
yasuandluuuafidoninua 20 lolnaa fusnanauth
w3 wuindl 17 laloaa sansadiuilafiad C. albicans CBS
562 laggaulngjuaasfanssunsiuiibaduuamnans
1o GYM 1nndn SC vimsdaidanuandluuuafiden
lﬁwamiﬁugaﬁa@?ﬁﬁq@ﬁﬂmu 2 laloiae Aa 11A3 uaz
41N6 WYIMIRNARIIRNARIUAILLaTIA=BLaN WU
ssaaneunlalman 11A3 uaz 41N6 Sqnsiuiams
winvesdaduandan Tasflananieloududuviiiu
1.90 + 0.20 WAz 1.77 + 0.12 LTUALUAT ANNR1QU
mﬂﬂ'ﬁmmmwﬁwﬁu@iﬁqmaamiaﬁwmu
Adudsdad vic) Lm:mmﬁmﬁuﬁwqﬂﬁmﬁaﬁ (MFC)
WUINEIRAANENUAN Lo lolan 11A3 uas 41N6 Jd1 MIC
Wniuf 3.125 Saanudaiadans wazda1 MFC iniy
6.250 WAz 3.125 UAANIUAANARAGT @INANAU IINNTT
AnwnansoenMITIgIWIng ez Azisauianile ne
vedwasin 168 rRNA wuinr 2 lalaiae Jaoy
luana Streptomyces sp. lavlaloian 11A3 fiaiw
ﬂé‘f’lﬂﬂﬁdmﬂﬁqwﬁu Streptomyces murinus NBRC
12799" (99.54 1Wasidud) uazlaloian 41N6 Haiw
ﬂﬁ’mﬂﬁdmﬂ'ﬁlqaﬁu Streptomyces malaysiense MUSC
136" (99.37 Wasidud) 1udTeiusEliAuinendln
LLUﬂ'ﬁL’%ﬂmnﬁuﬂﬂwﬂuﬂ‘s:mﬂ%ﬂﬁﬁ"ﬂﬂn'lwluﬂﬂsﬁué‘a
fiaq C. albicans ﬁ?l
DDLAWDUIE
nnMsAnswUIasERannu g iU ad
LAKAAN ﬁaﬁummmﬁwmﬁnm@imﬁaizqmﬁﬂLLa:
Tassa9a9a3eangnamsiinn »udsnagouany
Hufinsowmas (cytotoxicity) 1haiduumwamslunsinan
Urzgndlinedunaluladfmwuazindonswdaldlu
aU1Aa
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Leaf extracts from Chromolaena odorata and Euphorbia hirta suppress the
growth of colorectal and bile duct cancer cells
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Abstract

There is growing interest in the use of medicinal plants as alternative treatments for various diseases, including
cancer, due to their diverse bioactive compounds and a perception of potentially lower toxicity compared to some
synthetic drugs. This study aimed to evaluate the anticancer activity of extracts from Chromolaena odorata and

Euphorbia hirta leaves against colorectal cancer (Caco-2) and bile duct cancer (KKU-213A) cell lines. Water and
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the growth of colorectal and bile duct cancer cells

ethanol were used as extraction solvents, resulting in four types of extracts: Ch.o-W, Ch.o-EtOH, Eu.h-W, and Eu.
h-EtOH. The total phenolic content differed significantly among the four extracts (P < 0.05), with Ch.o-EtOH showing
the highest total phenolic content (7.18 + 0.39 mg GAE/g DW), followed by Eu.h-EtOH (4.16 + 0.20 mg GAE/g DW),
Ch.o-W (3.16 + 0.43 mg GAE/g DW), and Eu.h-W (1.95 + 0.09 mg GAE/g DW). All extracts exhibited dose-dependent
cytotoxic effects. The IC50 values for Caco-2 ranged from 0.58 to 1.51 mg/mL and for KKU-213A from 0.65 to 1.42
mg/mL. For the normal oral keratinocyte cell line (NOK-SI), leo values ranged from 1.03 to >2.5 mg/mL. In conclusion,
extracts from C. odorata and E. hirta demonstrated inhibitory effects on colorectal cancer and bile duct cancer cells
and tended to exhibit greater cytotoxicity toward cancer cells than normal cells, with differences in inhibitory activity
depending on the extraction solvent. These findings suggest that both plant extracts have potential as sources of
bioactive compounds for the development of anticancer agents. However, further studies are warranted to optimize

extraction processes, identify key active compounds, elucidate mechanisms of action, and validate efficacy and

safety through in vivo and clinical studies.

Keywords: Medicinal plants, Chromolaena odorata, Euphorbia hirta, colorectal cancer, bile duct cancer
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AMNLTNTY 0.5 mg/mL u,éhu'ulu@wwuémmaﬁ@iaﬁn
2 7lug WAYINMIQALENENT MTT fufitwaads azang
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NANWasuUa28 Dimethyl sulfoxide (DMSO) USanas
100 pL/%gs LLéﬁﬁﬂﬂi’ﬂmms@@ﬁmmﬁmmm’mféiu
540 nm shuedasaululasinan arfasaznissaaiia
VBILTAR (% cell viability) ANWIANFAT

% Cell viability = (A_/A__)x 100
5. mMsAanzidayaniedna

ﬁagaﬁv’ammm@uﬂummﬁﬂ + Fawdeaiun
419931% (mean + SD) INNINANDIDETE 3 ﬂ%ﬁ (three
independent biological replicates) lasuaaznIINaaesd
Usznaudrsmsvhanmanaiinegnaias 3 o (technical
replicates) nmatdFauinaudiunmansiuadinyin (TPC)
Jenzratamaianzianundsdwuuuaasilade
(two-way ANOVA) muéﬁﬂﬂ'mﬂ%ﬁmﬁﬂmwmjﬁﬂ%fum
P ¢13T Sidak dudayaniinaseuanuiitinvassad
JaTERa8NTIa TR NLYTUTIRUL LN A 8
(one-way ANOVA) LENANNTHARIIRNAUASANLTNT
@Ue28 Dunnett's multiple comparisons test lasnd3ou
WouimasuzSudassfiiatuimasUnd NOK-SI fiay
dududioniu fnuaszduissdun1esdan P < 0.05

Nan1Inaaadilazanilana
1. d3anmarsiuadansa
MM A TEATIRTRAA WUITUS I o
gIINnaRNTINLANGAINUB LN AREAYNIIRDE (P <
0.05) Tasansaria Ch.o-EtOH fiufSunmgsfign (7.18 £ 0.39
mg GAE/g DW) 3898901fa Eu.h-EtOH (4.16 + 0.20),
Ch.o-W (3.16 + 0.43), W&z Eu.h-W (1.95 + 0.09) aU81AU
Faugaslu Table 1 Gsganndasivruddsluadafinoiu
ImsaRaalslamuwaasuInGsaTiuadinaanule
NN IR YN (Ainsworth & Gillespie, 2007;
Benjamaa et al., 2024) snsWuaaniaungunanvesans
wunualadndvg ﬁﬁwj%man%mﬂuaaﬁﬂs:ﬂau
ﬁf’]ﬁmﬁaﬁmu@qmauﬁamo%amﬁmaaaﬁmjwﬁ T qns
FUOUNAIFTE IIWNNTANLAY UATFILUZLTI (Abdallah
et al., 2023; Sharma et al., 2014) ANMULANGIVDI
Bnmssiueanihnduieividyiismadannaus
maagw%ﬁu5&@@5&1&%@“}1aammﬁmmawﬁ@hmwﬁa
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Table 1 Total phenolic content (TPC)

Table 2 Half-maximal inhibitory concentrations (ICSO) of

Chromolaena odorata extracts

Extracts TPC (mg GAE/g DW)
Ch.o-W 3.16 + 0.43° ICSO (mg/mL)
d Cell lines
Ch.o-EtOH 7.18 £ 0.39 Ch.o-W Ch.o-EtOH
Euh-W 1.95£0.09 NOK-SI >25 1.03 £ 0.01
Eu.h-EtOH 4.16 £ 0.20 Caco-2 1.23 + 0.06 0.58 + 0.22
KKU-213A 1.42 + 0.07 0.65 + 0.09
Values are expressed as mean + SD from
three independent biological replicates. Different superscript A
ns Ch.o-W
letters (a—d) indicate statistically significant differences 120 - s * o
among extracts according to Sidak-adjusted pairwise > 1909
S 80 ns
comparisons following two-way ANOVA (P < 0.05). § 60 | ns
g 40 A
S & & [ R
2. QNBYULILBAANTLII 20 1
fo & ¢ 04

Lﬁaﬁwmiwmaurm‘ﬁil’umt&mamﬁwaommﬁa
Tusuieussluinuaoadaods MTT nansnaasd
wuhmsEialusuEe T Rgtadin (Ch.o-W) waz
afATYLaNIUea (Ch.o-EtOH) SanisiuiismaduzSianld
(Caco-2) wazuzISIrienng (KKU-213A) LT WTUTE e
ANNTNTU (dose-dependent) waziigns luwmaduzise
nnIaasUnd (NOK-SI) dauaaslu Figure 1 uaz Table 2
1Ay Ch.o-EtOH qnbunnin Ch.o-W uazgaandadiy
ﬂ‘%mmmiﬂuaﬁmmﬁgoﬂdwasmﬁﬁmf']ﬁzy (Table 1)
\flafinsongnideisad NOK-SI dlidudunuassas
Un@wuin Ch.o-W Saniiiufs NOK-SI wadiasann lu
yuzdi Ch.o-EtOH LLﬁ%:ﬁQY}%‘@iaL%a§M:L§0§GLLﬁﬁgU§G
maa‘ﬂnﬁm:é’uﬁgﬁuﬁawﬁuﬁu n&a1fe Ch.o-W &
ANNTUNZABLTASNISINNNT Ch.o-EtOH Semanadas
FuswisunaumihfinuinasaialusmudeSgnias
ITARLSILAzANNT I AaLTaRNz S lusE AU LANEN
Fuduiurfiaasatauazimasinnang (Kouamé et al.,
2013; Yusuf et al., 2023)

0 0.625 1.25 25 5-FU
(25 uM)

Ch.o-W concentration (mg/mL)

Ch.o-EtOH

©® O N
o o o

% Cell viability
S [
o o

N
o

o

0 0.625 1.25 25 5-FU

- (25 um)
Ch.o-EtOH concentration (mg/mL)

B Nok-sI M Caco-2 [ KKU-213A

Figure 1 Effect of Chromolaena odorata extracts
on cell viability. (A) Cells treated with Ch.o-W.

(B) Cells treated with Ch.o-EtOH. Significant differences
between each cancer cell line and the normal cell line
(NOK-SI) at the same extract concentration were
determined by one-way ANOVA followed by Dunnett’s
multiple comparisons test. *P < 0.05, **P < 0.01,

***P < 0.001; ns, not significant.

¢ % .
MINAFDLNDVRIRNTRAA LU BN TIANL N
g; 1 dl Q- v % = k3
NIFIUAFNAGIDUT (Eu.h-W) URZENAGILLENIUER
g & = & a
(Eu.h-EtOH) JanddudsiaasusiSinsaadsiauuy
v 6 @ a
dose-dependent WazaIRNANIRBIFIBAGNDINALALINY
lunsfugsieagd Caco-2 way KKU-213A agndlshanaiile
& g 5
NTgnIaaLsas NOK-SI wuin Eu.h-EtOH Jgnden
=S =1 ) 1 6 = 1
WU HINAININNIZABLTAANZLSININNGY Eu.h-W
a9uaadlu Figure 2 uae Table 3
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Table 3  Half-maximal inhibitory concentrations (ICSO) of
Euphorbia hirta extracts
IC_ (mg/mL)
Cell lines =
Eu.h-W Eu.h-EtOH
NOK-SI 2.36 = 0.61 >25
Caco-2 1.51+£0.12 1.37 £ 0.01
KKU-213A 1.19+0.10 1.36 + 0.01
A Eu.h-W
120
- 100 ns
% 80 s ns :ﬁ ns
.g 60 ns ns
®
O 40
ES
20
0
0 0.625 1.25 25 5-FU
- (25 uM)
Eu.h-W concentration (mg/mL)
B Eu.h-EtOH
120
100
=
Z 80
]
> 60
°
O 40
N
20
0

0 0.625 1.25 25 5-FU
(25 um)

Eu.h-EtOH concentration (mg/mL)
M Nok-si [l Caco-2 [ KKU-213A

Figure 2 Effect of Euphorbia hirta extracts on cell
viability. (A) Cells treated with Eu.h-W. (B) Cells treated
with Eu.h-EtOH. Significant differences between
each cancer cell line and the normal cell line (NOK-SI)
at the same extract concentration were determined
by one-way ANOVA followed by Dunnett’'s multiple
comparisons test. *P < 0.05, **P < 0.01,

***P < 0.001; ns, not significant.

=S ::lw v & 1 ar A
nansanuhuaaslAiiuinasanaluauiie
LLa:’LuﬁmmwmﬁﬁﬁﬂugﬂLmumsaﬁ'@wﬁﬂﬁ’]LLa:Lamuaa
Ao & =

fgndgudarasuzSiuuy dose-dependent lasn1Ianasd
Ada & = A a o & a
PaIANNATIAVDILTARNLLIIL NN UNULTANUNG
(NOK-SI) dlannuuanensatnaiingdmannaaiialunais
JLAUANNLLNTY (Figure 1 Waz Figure 2) wanaini
@ ° ' 4 A Ao &

Ch.o-EtOH 1@ IC5 ¢ 6Mn1 Ch.o-W GavisTasnneive
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Lmaﬁu:ﬁaﬁgamh NANNINARBIRROAARBINUNANITIO
U3z 15AUBRNITINANUIN Ch.o-EtOH FUSNwans
‘Wuaﬁmmgaﬂdw Ch.o-W dszanmk 2.27 111 (Table 1)
Il I3 = o 1 6 < '
agdl3fieny Ch.o-w fanudumzdaimaiuziiiginiy
[ P~ a o 5
Wuladaniignddaisasnd (NOK-SI) luszaudn nans
= I a = s =S 1 v a{ 1
anwdwldlufiania@enunisdnsnauninAnuin
sIanaluauiFalasld ethyl acetate aNNInEUHINNT
WSypewasNzSud Iy 1fia MCF-7 uaz T47D wuy
dose-dependent lagiien IC, 218.78 pg/mL uaz 307.61
pg/mL §TU AR MCF-7 uae T47D anufal uazil
&%, & A 9 & & o '
andealmas Vero 49 ldltimagusisadnnia (Yusuf et al.,
2023) lun13AnERTIWLIN@n IC_| YAIFIINAIN LY
A & o @ = ] ?,’ a ' =) '
muLaalumLsamvl,ml,a:mmmm@gamwmiﬂﬂmnau
winhaaudunn (agj'lu"ﬁuu 0.58%0.22 - 1.42£0.07 mg/
mL) wdeanaaziSouisulasasslalaiiasanlsairin
LA UNLANAIIN LA AN L TRRGNITRAN Y
T uedlduInt RITENA PUINWIIITIRNI
Ao & <&
Eu.h-W U8z Eu.h-EtOH LRAIONIEUEITARNZISINIFD
a = Qfl a v
ofia luansue dose-dependent WazdignivaimasUndsias
AaaNzsy lag Euh-EtOH danuduisdarasdnd
s 4, X . .
NOK-SI @171 Eu.h-W G910 0 9a1aNNaNwIzdatsas
= d‘d 1 =1 dq’ [ a = >
215916071 wanmsanwdululunaniadoanuniy
=1 = a ﬂl ) = =3 = =4 Qs
AN I uNISITRABULTY VTSIAALREATIY VZLSIAU
NIRRT uae uzL391aa (Sharma et al., 2014; Sidam-
<& . o &
baram et al., 2011; Vijaya et al., 1995) ‘YNSL‘LLLL\‘IE]YIﬁEIUU\‘J
& = = ° ' s < o Ao
LraaNztSILazdnNIIwzdalras NSy luszauna lag
A ' & A v ' A K o A o %
mam:‘numLmaaﬂﬂ@uaﬁmwmaaglmmuv\Uamu"l@
Nanlafe WaNIgadTha Lauwn C. odorata Waz E. hirta
=1 6 = a dl = Qs = 1
fosdlsznaumangnaiivnaziian wilouns wisay
' A a o Pz I o o @ A o o &
Tn NHUEITRALAL AN Fearaduilaspdangnviling
qu/ L= o >
gasfsuaasgnidunziSsluansazadonu lasian:
Tungu Wanlauasd uaz nsafluadin 15w protocatechuic
v ¥ - - . .
acid Tanulunizesziia LLa:aWiﬁquﬂquLﬁﬂaﬂu RS
kaempferol, rutin LRz quercitrin ﬁﬁi’m\‘nulu E. hirta 813
¥ { U 0/ Qg v
AN BRI B WINADITINUGN DN N TINNARI A1
v 1 Q{Q/ Q 09/’ a
laun gniduuzse MIgugImM eI YT TasNzz M3
o o [ a . A%
fnihWioaduzi3afa apoptosis TInfd aniduauua
a ) o v & o @
da3e uaLgNTAUNNTENIEL A9 ANNARIIARINUY D
29AUIENaUNIILATUIIFI R IWNTNIFAITHAT 81378
a { Ao & o
ABUNENANINARRINNUONDHU I TARNSIVIFNTRNA
Taunsan (Kumar et al., 2010; Olawale et al., 2021)
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nﬁh'ﬂmagﬂ HANNSAN B HIINAD BN
annluofia TWAndsenomwaassnsatnanlusuide
wazlusinuunsEs lum v desaaduansduuzss
yatden agnelsfiany Wativlseansniwuazainu
daaadslunsls miﬁmsﬁuﬂgaLLazLﬁumﬂwmﬂ
RANVBINTELIUNTENG La8NARI MaITINazauNRaE
5hia anslwaaduzSussmasUndfinanwans TIur
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Yasadvludainasssuazlunsadfindaly

naanssnlsznie
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Abstract

The COVID-19 pandemic caused severe, multifaceted global impacts. Amidst unclear guidelines from government
agencies, the digital age has allowed individuals to freely disseminate information via social media, leading to a flood
of diverse and unregulated content regarding pandemic management. This research presents the use of cosine similarity
to categorize health news and COVID-19-related news. This classification assists users in better understanding the
situation and utilizing information to mitigate potential pandemic-related risks in Thailand. The research effectiveness
was assessed using datasets from news websites such as Khaosod, Matichon, and MCOT. Experimental results

demonstrate that the classification model using cosine similarity achieved an accuracy of up to 82.50%.

Keywords: Text classification, text mining, cosine similarity, COVID-19
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Figure 1 Research Process.

COVID-19 news classification using cosine similarity algorithm
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Figure 2 Example of the result of word cutting.

3.2 M3aUAEA (Stop Word Removal)
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msliriminaiauanuie — anuiundu
28461l LaNRNT (Term frequency—inverse document
frequency : TF-IDF) Lﬂumﬁﬂuqmﬁnmmz (Feature) ﬁvlﬁ
Suanuiguaghaunswans &9 TF-IDF udsmImesia
AFlumalsnduanuidgassdidaionas anusey
passniudadiulasassiuiuunSifisraiulnglu
lenat s asldanaunnsi 1 (Manning et al., 2008)
@1 TF-IDF fiuaeslu Figure 3 Aadn TF-IDF wasdnly
mnms%%mﬁﬁﬁwmnﬁqm 50 AN

N
TF — IDF(t'd) = f(t,d) X lOg (d_ﬁ:>

Wa

feay =9wmasenien t Usngluenans d

N = ﬁi’ﬂmmanmiﬁv‘mmluﬂé’aﬁaga
df, = Swawenmsfinen t Usng

a TF-TDF al TF-TDF
Aot 0.087 Tas 0.029
1a3a 0.087 LEAWNY 0.029
an 0.079 | amwmsot | 0.028
0T 0.072 a0 0.027
N 0.064 Taya 0.027
dihw 0.064 1w 0.027
un 0.063 L1AD% 0.024
Tsewenuna | 0.060 Ny 0.024
A3 0.054 304 0.024
Tney 0.054 | uwsszun@ | 0.024
iszing 0.053 1IN 0.023
IR 0.049 i 0.023
Tsa 0.049 TTUY 0.023
1lsen% 0.047 fJasnu 0.022
dadadu | 0.045 e 0.022
Aun 0.045 qeaal 0.021
NI 0.042 21y 0.021

1 0.040 qua 0.020

‘o 0.037 QETLEY 0.020
N9 0.036 U3IMs 0.020
N8 0.036 32119 0.020
fRTU 0.034 g 0.019
an 0.033 FIBNB 0.019
WA 0.032 N 0.019
41a5MS 0.031 WRoT2a 0.019

Figure 3 Word Weighs by frequency.
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Figure 4 The effects of common words in COVID-19 news.
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The Department of Disease Control (DDC) reported that Thailand 0.758 COVID-19 COVID-19
ranked 26th worldwide in cumulative COVID-19 cases, with a cumulative

vaccination coverage of 41.6%. The DDC stated that 19 deaths were

reported, including 1 case in Bangkok, 2 in Nakhon Ratchasima, 2 in

Yasothon, 2 in Udon Thani, 1 in Khon Kaen, 1 in Kamphaeng Phet, 1 in

Chanthaburi, 1in Phitsanulok, 1 in Nakhon Si Thammarat, 1 in Chumphon, 2

in Rayong, 1 in Chanthaburi, 1 in Nakhon Nayok, 1 in Prachin Buri, 1 in

Suphan Buri, and 1 in Phetchaburi.

Among the fatalities, 13 were male and 6 were female. Thirteen individuals
were 60 years of age or older, while six were under 60 years of age. Six had
underlying medical conditions, whereas none had a documented

history of chronic disease.

The DDC also reported that, as of 13 June, a total of 15,350 vaccine
doses had been administered. Since 28 February 2021, cumulative
vaccinations reached 138,713,285 doses, comprising 56,860,010 first
doses (81.7% of the population), 52,923,673 second doses (76.1%), and
28,929,602 third doses (41.6%).

The first four countries in the world have officially declared COVID-19 0.713 COoVID-19 COVID-19
an endemic disease, while Thailand is still considering the transition.

The Ministry of Public Health is preparing guidelines for classifying

COVID-19 as endemic.

On 15 June, the Ministry of Public Health stated that the Omicron BA.2
variant generally causes milder symptoms, with declining infection and
mortality rates, although infections among high-risk groups continue to
increase. Dr. Opas Kamkawinpong, Director-General of the Department of
Disease Control, emphasized the importance of receiving a booster

(third) vaccine dose.

For the current situation, 23,618 new RT-PCR-confirmed cases were
reported, with an additional 42,138 positive ATK results, bringing the total
number of new cases to 65,756. Among these patients, 1,131 developed
pneumonia and 325 required mechanical ventilation. Cumulative
confirmed cases reached 734,727, with 18,939 patients hospitalized,
543,184 cumulative recoveries (since 1 January), 223,414 patients still

receiving treatment, and 49 new deaths.

Figure 6 Results from forecasting COVID-19 news data and other health news.
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Abstract

1) Software testing and test case generation are critical steps that require significant time and expertise, especially in
complex and high-risk environments such as banking transaction systems. Since creating test cases is time-consuming
and prone to errors, it is essential to apply artificial intelligence technologies to accelerate the process and enhance

test coverage. 2) This research develops and compares the performance of four Large Language Models (LLMs):
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for automated test case generation in banking software testing

LLaMA3.2-3B, Typhoon2-8b, Gemma-3-4b, and Qwen3-8B, for automated test case generation in software testing.
3) The research methodology consists of four main steps: 3.1) Utilizing a dataset of 20,000 test cases, which covers
15,763 positive and 4,237 negative cases within the banking transaction domain. 3.2) Fine-tuning the models using
the LoRA technique and the LangChain framework, integrated with the ChromaDB vector database through a
Retrieval-Augmented Generation (RAG) architecture. 3.3) Evaluating performance using vector-based metrics, including
Cosine Distance, Euclidean Distance, and Manhattan Distance. 3.4) Assessing test case coverage using Test Coverage,
Functional Coverage, and Requirement Coverage, combined with evaluations from software testing experts. 4) The
results indicate that Qwen3-8B achieved the lowest loss (0.1558), demonstrating the highest learning accuracy, while
Gemma-3-4b obtained the lowest Euclidean Distance (0.5494) and Manhattan Distance (11.8533), indicating the
closest similarity to the ground-truth data. In terms of coverage, Gemma-3-4b achieved the highest Test Coverage
(93%) and Functional Coverage (91%), whereas Qwen3-8B achieved the highest Requirement Coverage (92%).
Furthermore, expert evaluations revealed that Gemma-3-4b received the highest average score of 43.2, equivalent to
86.4%. In conclusion, the study demonstrates that employing LLMs for test case generation can significantly improve
the coverage, accuracy, and efficiency of software testing. Additionally, these models can be seamlessly integrated
into chatbot systems to automatically generate test cases based on software requirements, highlighting their high

practical potential for real-world applications in the software development industry.

Keywords: Large language models, software testing, test case generation, test coverage metrics, vector embedding
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LAEAIAIRNNIT 4
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d AB)=1————
cos(4, B) TATNBI “)

5. Euclidean Distance N131a7282N19934
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s a AR ;2' % ):‘4’ a
Tasanizludanasiy K-means Galtazaznianlunisia
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(Cheng, 2024) la8Iua@IAI&uNNT 5

n

Euclidean(A,B) = Z(Ai — B;)? (5)

i=1

6. Manhattan Distance N133A328EN1IIZRIN
NNeasEeIRlasTINITaENIvadLdazunwlayldan
MAINTENBATIN TAAINLUILAK AT D UM TLAUMND LY
luanusase Grid LAaNZfnILT: aga‘ﬁ'agiumswa grid-based
data fagaﬁﬁé’nwm:vlli@imﬁaa wianstinaaInIIan
NGﬂi:ﬂUﬁ]’]ﬂﬁ’]ﬁq\‘lLﬁuvl,ﬂluU’Nﬁa outlier-sensitive (Gao
& Li, 2016) lasm3miuna vadudazia laslinaasnnnse
onmss SenanumsiwImszozmeiaulauidunse
(grid-based path) 3MNNINMTIATEHEATILFAIAIFNNNT 6

n
Manhattan(A,B) = Z |A; — Byl (6)

i=1

7. LangChain sui3$nlawnaasafilasuns
paNLUUNABTasSUMINAM LU WAL TUA LT Tua s
mualng LLMs lasawzlasTanUszasdnanlu
maindannuaunsnves LLM Iiaunsaldaauiu
Ll,miaﬁaganmuamﬂ%aaﬁamyuaﬂvxmUmwaﬁ
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LLM snansadaaulaidoniadesiieldadndaluid (Guan
& Fang, 2025)
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8. Software Testing Life Cycl n3zuI®N13
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TCexe
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TCdes

10. Functional Coverage N131Q&8A&IHU4
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mmuﬂ“dﬂmuﬂwu@mzﬂﬂmaﬂmwamvm@

6 Il v a ' a
fna‘vxlmnﬂmmalaLuuﬂ's:mmwmmﬂ@ﬁaumaua@u
WIRTUNIRNAVDITEUUTILATIAROUINNIINAFDY
maumgu‘qﬂﬂLiaa*?%é'ﬂmmi:uumuﬁaammuvﬁa@mm
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Ta8URAIAIRNNNT 8

27k wil|[fjcovered]

Fuctional Coverage(%) = m
j=1Yj

x 100 (8)

11. Requirement Coverage umstadasiuaed
ﬁaﬁmmﬁﬁmﬂmaaumamquLfial,ﬁﬂuﬁ'uiaﬁmu@
mnualuszuy uddiasdyinsdnaseunsuauas
@iam’mﬁaqﬂﬁmaa@%ﬂsuﬁ’mﬁaﬁj (Wang et al., 2025;
Omar, 2013) LEAIFIEUNIT 9

Requirement Coverage(%)
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x 100 ©
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wITeRAgTas
1. mia%”m"q@maaué’@hﬁaém%'ml,aﬂwamﬁu
fafiadle LLM
(Hoffmann & Frister, 2024) UIL&HaN1T
UszgndlfluiaansnaualnaifiriiunisyFuusdsuuy
Supervised Fine-Tuning (SFT) Lﬁﬂﬁ%”mﬂitﬁﬂ@aau
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16.67% Wafisuiuluaasa
2. mm%”’m"q@maauﬁ%’ﬂﬁ%’ﬂﬂwﬁmmai’ﬁ'sﬂ
LLM Deng
(Wang et al., 2024) .&WallhIN1d LLM-TG
snSuaisganaseudalud@lunszuiunisasasey
AugndadsveIn1seanuuulldsisaigas (Design
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nagay 3) mﬂ%waé’wﬁ‘mimaauw‘w"aa%ﬁa“gmmaauLﬁu
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lUsiwanwas RV64GC (Xuantie-C910) WU LLM-TG
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Wa= LLMADV wanannigsuaasliifinin LLM-TG $oaa
mizmmmzLﬁuﬂizaﬂ%mwhﬂﬁa%d"q@ﬂ@mausfm%fu
lusiwmmas
3. M38379 Unit Test 80 lud@d28 Generative Al
(Bhatia et al., 2024) ¥WLawan1 LI uLay
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Aesiuedasilo Pynguin wazluunensdidsanansalien
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naulddsluiaa Lﬁani:éjulﬁﬁ'm Test Case LANLAY
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Amnauiuansmevasszuuihnany laganuwidoil
unsdeseauifiadinand lasuiunmivamwuazilSou
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anuuinelunsnaseusendLSlussuU U AN AT
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Test Case 901Ul L’%'mrm@'lrﬁﬂawﬁaﬁmumaﬂﬁuﬁ
mnﬁvfu Al Agent (LLMChain GPT-4.1 mini) 2
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Figure 1 System Architecture

NN322NULUNI3I0Y

1. swuAnnal (Input Stage) TrULazSUTaMAUA
anudaImMIzanauas 1nglERIUINg Web Interface i
W68 Streamlit

2. §IUMIIATIZRIILIUN (Context Analysis
with RAG) izuuﬁﬁaﬁmu@mmﬁadmiﬁvl@i’%'umLﬁng
ATEUIUWNNTILATEAEIUTUN lapldluiaa LLM was
\Houdaiiuszuy RAG uazmsaensunld Vector Search
HAugudayaaniaas ChromaDB AlFmutasdaninu
\u Vector embedding ui1AunIINIIRTaYAAIY
semantic similarity

3. ®IuMIU5zu28KA (Processing & Test Case
Generation) %‘uﬁm’%u‘nLLazﬂTaﬁmu@mmﬁadmi‘ﬁ'a;ﬂ
leidngluaa GPT-4.1 mini uazluiaa LLM fivh Fine-
Tuned ud Wislfszuuvimsitaseiains Test Case

4. §IUNIABLAINTY (Answer Generation &
Memory Storage) M3yszananaazgnaanauliildaulu
EﬂLLUU@fﬂ@laumalmqu%{i Positive Ll Negative Test
Cases wasifiudsedamsldanwielddasaanmssunu
(Tiwari et al., 2022)

nsiUsIUTINTaYA

mi@f"]Lﬁumﬁ%'m%df?l,@i’%'@L@%wm"ﬁagaﬁ
Usznaudiy Tamuuasaneiis uaz nIdnasay (Test
Cases) I@Uﬂiamgumsﬁwmuﬂﬁﬂmaasznuﬁmmﬂﬁuﬁ
N13EINE%, NITRBWIER, NITUFEAIIIUNITART YT
e-Statement, MIUTLT msmmnﬁwﬁw%a;ﬂ*ﬁuaz
IRREW wazmsHududaumamsaunuluniii Usznay
@Tm"ﬁagaﬁy'wwmﬁmu 20,000 518715 laouyaln
Positive Cases 31%% 15,763 T18N17 (78.82%) LA
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ﬁa;&aﬁy’mmﬁ@LﬁuiugﬂLLuuvLWET csv lavsaiedaya
uaasl Figure 2
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Figure 2 Example of Test Case Data

21Nn7 Figure 2 ‘[maa%’m'*ﬁ”aga sznavaiy 9
aaauil laun

- Test Case ID: TRALAN1ZVDIUARLNITINATDL

- Requirement Text: Taanaamuuasangiis
fifieadas

- Test Case Description: ANATLNENINTIND DY
NYINasaL

- Test Steps: SunoumInagaufidoeiums

- Expected Result: HadWEAAIa®nIIaN3
nagay

- Test Case Type: Uszinnaainsthinasay
(Positive 'S0 Negative)

- Label: %mwgﬁtﬁmﬁaa

- Automation Status: ®DNUSNIIVNIH

- Priority: 3:@UAMNEAYVAINIANARAL

lun119aa1aunIuE1AY ey Test Cases
nauals 7wau Medium 314I% 18,432 11803 (92.16%)
326U High 971%7% 975 118017 (4.88%) 726U Critical
IWIU 274 TNUNNT (1.37%) UWALIZAU Low 912t 319
378N17 (1.60%) Wanswamuazdszdnluies p VRIS
gﬂLL‘.Li\‘lLﬂ% 2 &% laun Training set Laz Validation set
Gﬁdﬁlﬁ%miﬁimmu Stratified @MU T2LAN Test Case WRAS
¢4 Table 1

Table 1 Test Case Data Sets

Dataset Percentage Test Case
Training Set 80% 16,000
Validation Set 20% 4,000

3asilauaznaluladiily

1. lueanwawialvg (LLMs) 14 LLaMA
3.2-3B, Typhoon2-8b, Gemma-3-4b L8z Qwen3-8B T
m:mumﬂ%’uﬂyiwma
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3. Agent Muuy ReAct Agent ix3nsadaawla
=) Al =1 v Q L 1 v
WeniatasfialWinunzauiy Intent 20957 danali
szuufiannubangulunisaavauaiuaziion pipeline
MIUTENIRNADENIANZFY

4. Memory Conversation FULIANIALLIUN
MIFUNUI (BufferMemory) taLALLSUNNNTRUNI LY

' . 8 [ Y a K

weiaz session G978 LLMs RIN13DE19898IUNIUNTN
Aawnin vlEnisasueNdaNsaLtosuaziainy
whlauSun

5. 32udays ChromaDB sxuulddniuifiy
embedding vectors Ta9LaN&1INIDLILUNALALITINLI
nagausaNdwIsine Mlwnsaeeaaulas LLMs

6. LangChain ulaumInaniltlunisaine
Agent, Chain, Tool, PromptTemplate iL8s Memory o
Wwwzagidanansiunundadieuda LLM Audaya
Aeouanidneuiuly Chain g7

7. OpenAl API l5sn5ui5unltluias GPT-4.1-

AR A A A a & a

mini mmﬂszaﬂﬁmwgﬂumsagﬂ ANTER WazU I UNE

8. NIW@w1 Frontend I@]Eﬂ;’ﬁ Streamlit 19w
1309508 1WTURINI Chatbot Fatilulatwnsasasns
waUNR AT LTI Idnaw

MR luea

nl1vaanuuy Prompt Lﬁ"aa%fw Test Case v8J
Tauiaa LLMs laslassa3nved Prompt wtiseanidu 3 i1
sznauaig

System Prompt muual#lutaadunuinidu
Software Tester daa1Tw ﬁﬁ%ﬁwﬁ'a%a Test Case lag
ﬁmit?u’l%\‘lﬁ’m Functional, Positive / Negative, Security
IWae Performance Testing

User Prompt Requirement “ﬁaﬂawﬁ;ﬁ%:q
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msdSuuasluaainaiia LoRA

mydSuussluiaa wiumIaamszaunIdszunana
wazwiaeauin TusasAdiaansayiunssluiaal
wNzaNAUNBanziwldagalUszansaw lasns
HAnlautaavzinrwiandu FastLanguageModel.get %d
JunmsSunldnuanlaun3 Parameter - Efficient Fine-Tuning
#8950 LoRA layer aUATIUA LazMISIAmNTLaes
nadia LoRA AlFlunuideil ugasds Table 2

Table 2 LoRA Technique Parameter Settings

Parameter Value

R 32

Description

LoRA rank
higher=more
capacity/better fit,
but more VRAM/

time

lora_alpha 64 Scaling factor
adjusts the
updates to match

the value of r

target_module Layers where
LoRA adapters
are applied
(Attention + MLP)

for broad

“q_proj”, “k_

proj”,
“o_prof’.

V_proj”,

“gate_proj”,

“up_proj”,
“down_proj’

adaptation.
Layers where
LoRA adapters
are applied
Attention + MLP
for broad
adaptation

lora_dropout 0.05
Dropout on LoRA
paths
to reduce overfit-
ting disabled at

inference

Bias none
Reduce the
number of
parameters and

model complexity

Parameter Value Description
gradient_ unsloth
checkpointing Recomputes

activations to
save VRAM slight
training slowdown

random_state 42 Constant value
for reproducible

randomization

iafiaiftoldmansadsuudluaasmalng
Iof TaglisdudasdUinammndinosranue dnali
ImuﬂamminL%ﬂuﬁé'nwm:mmw 299134 Test Case
ldadsuduen aurTaUszndaiatuasninenslu
AszuIwMsUSULGs laasnslidseinTan

m3U5uuaslutaa (Fine-tuning)
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Made (LLM)

Fine-Tuning Loop
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on e
o LY

e

LoRA Rark

Low-Rank Decomposison: -

Original LLM Weights
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LoRA Adapters
(488 mat)

Madel Evaluation
& Vaidation

Fine-tuned LLW
{with LoRA)

Figure 3 Fine-tuning Data Data Process

NITUIUNTIVILNAKA Low-Rank Adaptation
(LoRA) URAIGI Figure 3 %dL'ﬂuﬂi:U’mmi Fine-tuning
Data #1%5UMIUSuLGslulaa LLMs atnafitszansan
Tagisuanlutas Pre-trained LLM %93 Original LLM
Weights “?‘igﬂ Frozen 3:WI9NT2UwN1TUIULEY (Low-
Rank Decomposition) Lﬁ;aa%n LoRA Adapters ‘ﬁlﬂima‘u
fewr3ng A waz B laonssuawmydsundaiadul
Fine-Tuning Loop ﬁﬂi:ﬂa‘uﬁaﬂ %umu Forward Pass
laald LLM uinnuwun3ng B n13A1wlos Loss Wag
400NN THIHIWNETY Backward Pass 32U192¥ANT
Uszdutsz®nsnaw 1useas 9 uazaiunsidnaunia
awldluesfiSuudsiaunsalinadnifidosns dams
Usuudsluaadmemadiail sansnansiwumiiaed
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Adasiinasatneann TrUsnianiiannuiuazml
min luwmeAsnssnnyssansawvesluaalilalng
WesAumIlTuuadsuu AUy

mMsssemniaed dmsunsSuussluias
LlaMA3.2-3B, Typhoon2-8b, Gemma-3-4b L8z Qwen3-8B
sewamstinluieafnanzay (Hu et al., 2024) UFas
@4 Table 3

Table 3 Model Training Parameter Settings

Parameter Value Description
per_device train_ 1 Number of training
batch_size samples per GPU

gradient_accumula- 2 Number of gradient

tion_steps accumulation steps
suitable for the value
of r

warmup_steps 5
Number of steps to
increase the learn-
ing rate

num_train_epochs 2

Number of epochs the
model will train on the

data

learning_rate 2e-4
Learning rate used

during training

logging_steps 1
Logging frequency

adamw
_8bit

optim High performance
with lower memory

usage

weight_decay 0.01 Weight decay rate
to prevent overfit-
ting

Linear decay after
linear

Ir_scheduler_type warmup

N3TUIRNNTINANNARLARITTHRIIINLADS
mMyiaaNuasgARIIzRINNae3 HuIuaon
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a o

Feoilaidenltivasnigariniaas 3 dszianlawn
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1) Cosine Distance Ifgf@]ﬂ’s”l&lﬂﬁ"lUﬂﬁ\‘nfﬁd&!&li:%’j’m
nneesvesgestoanulaslasening 0 - 1 Woutasiu
Cosine Distance ﬁwﬁaﬁammmﬁdmmlﬂmﬁmga
2) Euclidean Distance 15305z 2vn 989510 dasening
nnma%aaaﬁg@hvﬁuﬁmmﬁa AnBotoauaasinAney
ag’lﬂﬁﬁu@fmamﬁa 3) Manhattan Distance P enultt
’3’@15:U:ﬁ’mzijonﬂmas‘aadﬁ;@iuﬁuﬁﬁmﬂﬁ?\ﬁwﬁdlﬂﬁ
0 nassseslndiAsvIamiouiuun ﬁa@hgamﬂ
NAaSHIFILANAITMINN aUsziuanunineaas
s:ﬂdw@fmauﬁ‘[mma%dﬁuﬁuﬁmauﬁgﬂﬁaa‘[ml"ﬁ
JHIER Alibaba-NLP/gte-multilingual-base (Abbad et al.,
2016; Srikaewsiew et al., 2022; Zhang et al., 2022)

N3TUINNIINNIH2 D9 Lang Chain

1. N1I2aNULUU Agent @18UUWIAA ReAct
(Reasoning + Acting) Tn LangChain Telw Agent ﬁ
Juiedaudiy LLMs 1% GPT 4.1mini #131503L05129
Jamuszdonldindosiio vilszunfianafonduuas
ALY l6aL9TIRaNA (Jacob et al., 2024)

2. N138319 Chains w”w‘amuqua”wé’uﬁmau
§aludid Tag LangChain 3:1#ln39a319 Chain iialda
Teamsrinau

3. Memory AUUIUNNTRUNW (Conversation
Buffer Memory) Gﬁuﬂugmmu Short Term Memory WD
wihsaNuIsEurauasuTnUanlasastufind anwuas
ANNBUNAUAIN

4. mydensaszuy RAG lasinuaiilu Retrieval
QAChain #38mnua Custom Chain ﬁl,%auﬁugm‘ﬁaga
1Inaes Chroma DB lwsuddwitldnsutasdarnue
anudainiasdlinuliiduiniaasilsd (Embedding)
wazinllFdumSunviedayafiinadesangiudoys
NNLABsEINa? Aauwazlszananaiasiilauasao Ui
winnzandell (Bag et al., 2024)

5. A3 Prompt Template N lElun13asne
Prompt “?'immimf’mu@ﬁ’mﬂiﬁ’lﬁmu LT% requirement
uaz context leatsBangu tioliluaamaniniudays
FamunuaanudasmsuazUsUnfilisdesluuda nsdile
amagﬂﬁammﬂﬁ'a%u

6. mssamsiaiasiio Agent Tool luszuy as
Ffivmslasmsideniasesiio URETANIELIUNTLIZANA
HAW3® Chain MBaNzaNEMSULARZNNIA
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wan1stlIsunaudsz&8nsaan

MINAFBLINUIU 4 LWLaa Usznaudie LLaMA
3.2-3B, Typhoon2-8b, Gemma-3-4b L8z Qwen3-8B UH
Testing Set RelszlulssinSnwaedniasdeiwanniu
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Table 5 Evaluation Using Test Dataset

Model Cosine Euclidean Manhattan
Distance Distance Distance
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Distribution of Distance Scores

Figure 4 Average Similarity Score of Model LLaMA3.2-3B
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Figure 5 Average Similarity Score of Model Typhoon2-8b
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Table 6 Coverage Analysis

Model Test Functional Requirement
Coverage Coverage Coverage
LLaMA3.2-3B 87% 85% 86%
Typhoon2-8b 91% 90% 89%
Gemma-3-4b 93% 91% 90%
Qwen3-8B 90% 89% 92%
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Coverage ‘ﬁ (90%) ez Functional Coverage °7i (89%) lu
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Table 7 Criteria and Operational Definitions for Satisfac-

tion Ratings

Satisfaction Description
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and practically applicable.

4 - Satisfied Meets most criteria with good
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1 - Very dissatisfied

Chart Title

Userd | User5 | Userl | User2 | Userd | Userd | UserS

e
32 El
H H H H H H H H H H 3 H H 3 H H ] g

Userd | User5 | Userl | User2 | Userd

Userl | User2 | Userd | Userd | User5 | Userl | User2 | Userd

= Ay wAsauAguuas Test Case

il el

Figure 8 Graph Showing Quality Evaluation Results of Test Cases
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Abstract

Sugarcane bagasse is the primary fuel used in biomass power plants. However, bagasse contains pith, which is
one-third of its composition and has a structure that differs from fiber, which impacts the overall fuel properties of
bagasse. Therefore, this research aimed to compare the physicochemical properties of bagasse pith and fiber for use
as fuel in biomass power plants. The study began by mechanically separating the bagasse pith from the fiber, followed
by analyzing both proximate and ultimate compositions, heating values, thermal decomposition, ash melting behavior,
and the chemical composition of the biomass and ash. The results indicated that bagasse fiber contains higher
percentages of fixed carbon, volatile matter, carbon, and hydrogen than pith (14.4, 84.7, 48.4, and 5.8%, respectively).
This led to higher heating values for bagasse fiber than pith (19.53 and 14.28 MJ/kg, respectively). Additionally,
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bagasse fiber had 22.8% less ash content than pith. Bagasse pith contained significantly higher inorganic content than

sugarcane fiber in almost all components, especially silicon, which comprised 21.15%, approximately 19 times higher

than fiber. Ash from bagasse pith did not melt even at 1,500 °C due to its high SiO2 content of 89.89%, whereas ash

from bagasse fiber began to melt at a lower temperature (1,100 OC). The research concludes that bagasse fiber has

better fuel properties than pith. This study suggests that consideration should be given to separating the bagasse pith

before using the remaining portion as fuel in power plants to reduce ash management issues and improve the thermal

properties of bagasse as a fuel. Bagasse pith should be considered for utilization in the paper and packaging industries,

as raw material for construction material production, or as soil amendment material in the agricultural sector.

Keywords: Sugarcane pith, ash composition, biomass power plants, sugarcane fiber, fuel property
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Figure 5 TGA and DTG curves for sugarcane bagasse
pith and fiber.
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Figure 6 The amount of Si, K, Ca, Fe, Mg, P, Al, CI

and Mn in bagasse fiber and pith.
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Figure 8 Photos taken during ash fusion test for

bagasse fiber and pith ash.
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Abstract

This research aimed to develop a 200-liter charcoal kiln designed for household-level production of biochar and wood
vinegar. The thermal efficiency was enhanced by modifying the condensation system to enable the reuse of pyrolysis
gases as a co-fuel. The study comparatively analyzed the performance of the newly developed kiln and a traditional
kiln commonly used in target communities. Furthermore, the properties of bamboo-derived biochar and wood vinegar

produced by both kilns were evaluated.
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The results showed that the improved 200-liter kiln produced biochar with a higher calorific value (29.06 MJ/
kg) compared to the traditional kiln (26.78 MJ/kg). Fourier-transform infrared (FTIR) spectroscopy revealed that biochar
from the developed kiln exhibited -OH and aromatic C-H functional group peaks, which were absent in the traditional
kiln’s biochar. Brunauer-Emmett—Teller (BET) surface area, pore volume analyses, and scanning electron microscopy
(SEM) images indicated that while the traditional kiln produced biochar with a higher surface area, some of its pores
appeared clogged or narrow.

Regarding the wood vinegar, products from both kilns conformed to the Thai Community Product Standard
(TCPS 659/2553). Gas chromatography-mass spectrometry (GC/MS) analysis demonstrated similar main constituents
in both samples; however, the wood vinegar from the developed kiln was darker and contained a higher amount of
tar oil. This difference was attributed to variations in the cross-sectional area and heat exchange surface of the
condensation units. In terms of performance, the improved kiln required less time per production cycle and consumed

less fuel. Ultimately, communities can utilize the resulting biochar and wood vinegar in agriculture to reduce chemical

dependency and promote farming practices aligned with the Sustainable Development Goals (SDGs).

Keywords: Biochar, wood vinegar, charcoal kiln, brick kiln, greenhouse gases
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Figure 2 Schematic representation of traditional charcoal kiln (a) and 200-liter low-emission charcoal kiln

(b) with actual 200-liter low-emission charcoal kiln (c)
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Table 1 Ultimate analysis and high heating values of

biochars
Conditions/ Yields  Traditional  200-liter low-emis-
kiln sion kiln

Bamboo (kg) 70 70

Rubber tree (kg) 50 30

Total pyrolysis time 2 days 5h

Total cooling time 2 day 16 h

Solid yield (wt.%) 14.29 21.43

Liquid yield (wt.%) 1.71 6.43

Figure 3 biochar from traditional charcoal kiln (left) and

200-liter low-emission charcoal kiln (right)

Table 2 Ultimate analysis and high heating values of

biochars
Properties Biochar
Traditional 200-liter
kiln low-emission
kiln

C (wt.%) 72.86 73.06
H (wt.%) 1.12 2.32
N (wt.%) 0.46 0.59
HHV (cal/g) 6,400.8 6,945.8
H/C ratio 0.18 0.38
BET Surface area (m*g) 93.46 41.60
Total pore volume (cm®/g) 0.054 0.025
Micropore area (m’/g) 81.17 40.80
Micropore volume (cm®/g) 0.043 0.022
Average pore diameter (A) 22.97 23.71
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Figure 4 SEM images of biochar from traditional kiln (a and b) and 200-liter low-emission kiln (c and d)

with magnitude x 500 (a and c) and with magnitude x 1,000 (b and d)
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—biochar from traditional kiln ——hbiochar from 200-liter low-emission kiln
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Figure 5 FTIR spectrum of biochar from traditional kiln and 200-liter low-emission kiln
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Table 3 Physical properties of wood vinegar
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Figure 6 Wood vinegar obtained from traditional kiln

(left) and 200-liter low-emission kiln (right)

Proper-ties

Standards @

Thai Community Product

200-liter low-emission

kiln

Traditional kiln

Charac-teristics Clear and homogeneous

liquid

Color reddish brown or yellowish
brown

Odor Smells like smoke

pH © 20-3.0

Specific gravity® 1.010 — 1.025

Clear and homogeneous Clear and homogeneous

liquid liquid
reddish brown reddish brown
Smells like smoke Smells like smoke
2.5 2.8

1.018 1.024

@ Thai Community Product Standards no. 659/2553 (Office of Industrial Product Standards, 2010)

® Analyzed by HM Digital pH meter PH-80

© Analyzed by Brannan Density Hydrometer
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Table 4 Compositions of wood vinegar
Traditional kiln 200-liter low-emission kiln
Dichloromethane Ethyl acetate Dichloromethane Ethyl acetate
No Compound name Area Area Ares Area
ocC RT Sum OC RT Sum OC RT Sum % RT Sum
% % %
1 Pyridine 5.51 1.13 l 550 090 * * * * * *
2 Pyridine, 2-methyl- 6.39 0.61 6.38 0.51 * * * * * *
3 Decane, 2,4-dimethyl- 8.98 085 * * * * * * * *
4 2-Cyclopenten-1-one 10.88 0.77 10.87 0.41 10.88 0.64 10.87 0.54
5  1-Hydroxy-2-butanone 11.65 1.02 11.64 0.57 11.65 0.53 11.64 0.47
6  Ethanone, 1-(2-furanyl)- 1712 1.04 1711 0.59 1712 0.82 17.11  0.59
7  2-Cyclopenten-1-one, 3-methyl- 17.32 1.75 17.31  1.29 17.32 1.81 17.31 1.69
8 2-Cyclopenten-1-one, 2,3-dimethyl- 18.25  0.80 1824 0.64 18.25 0.69 18.25 0.56
9  Pyridine, 3-methoxy- 20.23 1.78 20.23 1.46 20.23 1.62 2022 1.44
10 Butyrolactone 22.09 0.82 22.08 0.57 22.15 1.20 22.08 1.27
11 2-Furanone, 2,5-dihydro-3,5-dime- 23.09 0.86 23.10 0.69 23.11 0.79 23.09 0.68
thyl
12 3-Furanmethanol 2411 2.65 2411 3.39 2412 2.86 2411 3.85
13 2(5H)-Furanone, 3-methyl- 2592 0.56 2591 043 * * * * * *
14 3-n-Propyl-2-pyrazolin-5-one 26.30 0.98 26.29 0.66 * * * * * *
15 2,4-Dimethyl-2-oxazoline-4-metha-  * * * * * * 26.36 1.82 26.33  1.90
nol
16 1-(Aminomethyl)-N,N-dimethylcyclo-  * * * * * * 27.94 0.76 27.92 0.80
pentanamine
17  Acetamide * * 2837 078 * * * 28.35 0.56
18 2-Cyclopenten-1-one, 2-hydroxy- . 30.78 2.21 30.79 2.38 30.81 4.14 30.79 3.94
3-methyl-
19 2-Furanone, 2,5-dihydro-3,5-dime- * * * * * * 31.07 0.52 * * *
thyl
20 Phenol, 2-methoxy- . 3214 6.08 l 3213 5.97 3215 544 - 3213 5.38
21 Cycloheptanone, 2-ethyl- 32.74 0.66 32.73 052 * * * * * *
22 4-Methyl-5H-furan-2-one * * * * * 32.76 0.70 32.73 0.62
23 2-Cyclopenten-1-one, 3-ethyl-2-hy- 3345 132 . 3344 131 33.46 1.62 33.44 167
droxy-
24 Hexadecane, 2,6,11,15-tetramethyl- 33.79 0.56 * * * * * * * *
25 Creosol 3595 195 3595 1.79 35.95 1.82 3595 1.67
26 Phenol 37.95 947 37.96 11.22 3796  7.37 3797 9.23
27 Phenol, 4-ethyl-2-methoxy- 38.82 140 38.82 1.17 38.82 1.75 38.81 1.22
28 p-Cresol 4090 3.79 40.90 3.60 40.90 417 40.90 3.79
29 Phenol, 2,4-dimethyl- * * * * 40.98 0.53 40.90 0.51
30 Phenol, 3-methyl- 4117  1.87 41.18 1.67 41.18 1.69 4118 1.46
31  Phenol, 4-ethyl- 4430 515 4430 4.53 4430 595 4430 5.28
32 1H-Imidazole, 4-methyl- 45.41 0.59 4545 058 * * * 4542 0.74
33  2,3-Anhydro-d-mannosan * * * * * * * 46.89 0.85
34 Phenol, 2,6-dimethoxy- - 47.47 1711 - 47.46 15.78 - 47.48  14.09 47.43 14.36
35 Phenol, 3,5-bis(1,1-dimethylethyl)- ~ * * * * * * * * 49.55 0.77
36 3,5-Dimethoxy-4-hydroxytoluene 50.37 4.20 - 50.37 3.64 - 50.37  3.67 50.36 2.97
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Traditional kiln

200-liter low-emission kiln

Dichloromethane

Ethyl acetate Dichloromethane Ethyl acetate

No Compound name

Area Area Area Area
ocC RT Sum OC RT Sum OC RT Sum % OC RT Sum
% % ° %
37 1,4:3,6-Dianhydro-.alpha.-d-glu-  * * * * * 51.61 1.14 51.60 292
copyranose
38 4-Ethyl-2,6-dimethoxyphenol - 52.31 3.26 - 52.31 295 5232 257 52.30 3.59
39 5-Oxotetrahydrofuran-2-carboxylic  * * * * * * * * * 5411 0.58
acid, ethyl ester
40 2,6-Dimethoxy-4-propylphenol - 5461 0.65 54.61 0.55 - 54.61 0.57 * * *
41 1,2-Benzenediol, 3-methoxy- * * * 5520 289 * * * * * *
42 2-Propanone, 1-(4-hydroxy-3-meth- 59.81 1.20 59.81 0.98 59.82 2.04 59.81 1.26
oxyphenyl)-
43 1,2-Benzenediol, 3-methyl- * * * 60.36 1.18 * * * * * *
44  Catechol - 61.30 1.15 6125 7.04 * * * * * *
45 (E)-2,6-Dimethoxy-4-(prop-1-en-1-  * * * * * 62.33  0.57 * * *
yl) phenol
46 1,2-Benzenediol, 4-methyl- - 63.39 0.44 63.38 156 * * * * * *
47  4-Ethylcatechol * * * 66.26 079 * * * * * *
48 Syringylacetone - 70.32 1.23 70.32 0.73 - 70.32 1.87 70.32 0.94
49 Resorcinol * * * 7096 0.92 * * * 70.95 226
50 9-Octadecenamide, (Z)- - 82.04 1.45 82.03 0.94 - 82.04 0.86 82.03 1.49

OC—Compound Occurrence : (positive occurrence—marked in green; negative occurrence—marked with an asterisk).

Compounds with area sum% less than 0.5 were not detected.
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biochar (left) and mangosteen biochar (right)
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Abstract

This study investigates the properties of rammed earth made from local materials in Kamphaeng Phet Province by
utilizing three types of waste materials: laterite from decorative applications, marble powder from the marble mining
industry, and sugarcane bagasse ash from sugar factories. The cement-to-soil ratio was fixed at 1:5 with local materials.
Samples were prepared to determine the optimum moisture content that yields the highest density for each type of
rammed earth wall. Engineering properties including surface characteristics, density, water absorption, erosion
resistance, and compressive strength were then tested. The results indicate that the optimum moisture content for
rammed earth with laterite is 12.00%, producing a maximum density of 2.17 g/cm*® Rammed earth mixed with marble
powder exhibited an optimum moisture content of 16.00%, with a maximum density of 1.86 g/cm®. Rammed earth
mixed with sugarcane bagasse ash showed an optimum moisture content of 18.00%, with a maximum density of 1.49
g/cm?3. Regarding physical properties, each type of rammed earth wall differed in color and weight: the laterite-based
rammed earth exhibited a reddish-orange color and the highest weight, the marble powder mixture showed a

brownish-white hue, and the sugarcane bagasse ash mixture was black, lightweight, and had the smoothest surface
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texture. In terms of compressive strength, the laterite rammed earth wall attained the highest strength of 70.50+ 7.00

kg/cm?, followed by the marble powder mixture at 38.50+ 2.63 kg/cm?, and the sugarcane bagasse ash mixture with

the lowest strength at 22.50+ 2.73 kg/cm?. Nevertheless, the selection of rammed earth as an architectural building

material remains dependent on preferences for naturalness, color, aesthetic appeal, and the unique charm of each

material.

Keywords: Rammed earth, local materials, laterite, marble powder, sugarcane bagasse ash
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Figure 1 Local materials of Kamphaeng Phet Province
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Table 1 Mix design for laterite rammed earth test specimens.

Sample Soil Laterite White Portland Water
(kg.) (kg.) Cement (kg.)
A-1 - 5.00 1.00 9 %
A-2 - 5.00 1.00 10 %
A-3 - 5.00 1.00 11 %
A-4 - 5.00 1.00 13 %

Table 2 Mix design for marble powder rammed earth test

specimens.
Sample Soil Marble = White Portland Water
(kg.) Powder (kg.) Cement (kg.)
D-1 3.00 2.00 1.00 1 %
D-2 3.00 2.00 1.00 13 %
D-3 3.00 2.00 1.00 15 %
D-4 3.00 2.00 1.00 17 %

Table 3 Mix design for sugarcane bagasse ash rammed

earth test specimens.

Sample Soil Sugarcane White Portland Water

(kg.) bagasse ash Cement (kg.)

(kg.)
B-1  4.00 1.00 1.00 13 %
B2  4.00 1.00 1.00 15 %
B-3  4.00 1.00 1.00 17 %
B-4  4.00 1.00 1.00 20 %
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Figure 2 Rammed earth test specimens from local
materials
(a) laterite rammed earth test specimens
(b) marble powder rammed earth test specimens

(c) sugarcane bagasse ash rammed earth test specimens
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Figure 3 Compressive strength test
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Figure 4 Erosion resistance test
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Figure 5 Optimum moisture content for specimens from

local materials

2) sudamyimnssnsasnisiudaanniagriosiv
2.1 ANWIASAURY LUaNINTIIAN RSN
MEUAWAILNTFILNG WL A8ENINAFOVZUAN U
NUHILALRNLANANINUDENITALIN LTU HILIAUDANNAR
Aada v =1 qs L tﬂl ' dl = Qs Qs ]
LRINFFNLAS LRZNUIRBNNNINAILNaNouUNUaI88nd
NAROUDU NI UIANFUNIAUSUIRUIAIREN LB N
a A A o a o X o o AA o A
RFINNIAREIW LI NNTIARIANFNTLTNaa s DTS
PIRRNLLN bRz RRINSHUEUNINGI8E1INATDUDY 9T
aJ:Lﬁuvlﬁdwﬁfoﬁué'@mﬂi'a@ﬁmﬁuﬁa 3 Usznniang
Lmﬂ@haﬁuvlﬂmwﬁmaﬁa@gﬁmﬁﬂmwau 619 Figure 6

Figure 6 Rammed earth test specimens

marble powder sugarcane bagasse ash

2.2 ANAMMURWILLL ﬁ'm'ﬁmaaumjm:
3 §70619 LENTNELEAY WU FetinagaunTiIa
Saan@Anuad, RaRusam uaziidnsas SAnnunwILLL
L%ém“ﬁ’]ﬁu 2.15£0.12, 1.90% 0.05 ez 1.59+ 0.04 N./8U.TY.
ANAIGU MANANNTIFLAAW LG AaNuRwILUUUR

Aekasit Thianmas, Patchareerat HaraChai, Manop Tonken and Prapatsara Hothong

J Sci Technol MSU

AaENINARDUAALANG1INY LlaINNAIANNEINN
maa%’aqﬁ@mﬁu FIRDANRDINUAIANNEIIINUNITVDI
v @ a Ao v o )

'Jaqmmuwmmh ¢4 Figure 7

2.50
2.15

2.00 1.85

1.59

1.50

1.00

Density, g/lcm3

0.50

0.00

Laterite Marble Powder Sugarcane Bagasse

Rammed Earth from local materials

Figure 7 Density test for specimens from local materials

2.3 mwmmmiumsgw’ﬁuﬁh NIN1Y
NAROUNFUAT 3 G289 WEINALaAs WU

wﬁaaué’@mﬂﬁmumﬁm@i’wqm (3088 7.16%
0.35) 709NN AR ANTUNIAKEDW (30882 10.51+ 0.57)
Tuwamsfighatinasaunisdndanaudidndasiiains
@@%wﬁwgaﬁq@ (Jowa 17.65+ 0.65) Lilasanuiishudanay
%Lﬁ’wﬁaﬂﬁé’@mﬁau"ﬁm'jwLLa:mwmeLﬁuﬁaﬂ%q@@%u
inldnn ﬁﬂﬁ’:{l%Lﬁ’l5685@@%’?&@11535&1%’]@ fasddsznay
ﬂi:mﬂﬁuﬂ%ﬁ@qﬁ@@%uﬁﬂﬁaﬁaﬁaNﬂiﬁ@fﬁﬂthd'ﬂﬂﬁﬂﬂ
ﬁmg@%uﬁwmﬂmﬂﬂﬁm (nBa BTNy uszdnydan
fuddale, 2555; nila WATAWSNYE LATNUNIITI VEFITIOL,
2558) @4 Figure 8

20.00 17.65
-

H

15.00

10.51
T

H

10.00
7.16

Water Absorbtion, %

5.00

0.00

Laterite Marble Powder Sugarcane Bagasse

Rammed Earth from local materials

Figure 8 Water absorption test for specimens from

local materials

enSouifioufuaasgu IS 1725 (Bureau
of Indian Standards, 1982) ﬁmu@lﬁms@@%uﬁﬂ&imﬂﬁu
fouar 15 molu 24 $2lug wudn wilsdudansuiidrdos
ﬁﬂ'ﬁmi@ﬂe‘fmfhﬁlgan’jﬁwwmg’ms‘?j'aawﬁﬂﬁ’a’aqL?«"am



Vol 45. No 4, July-August 2026 Rammed earth from local materials of Kamphaeng Phet Province 495

FAWLSUN UWRTEINAADNIAIILUAZANNUTILT Twmuy 100.00

DTG NI NAR LR LLazmﬁudauﬁmmiQ@%uﬁ’]ﬁ 70.50

' ' 75.00
anidmasguuasiiohaglunasinoaniule

2.4 MINAFDUTLAWAILU WU A2889 50.00 38.50

in

o A o A o oA o a 22.50
NARDUNINAUDAITNANLLRY RSN UIAUDANTUNINUD D 25,00 /

-
25

Compressive Strength, kg/cm2

Tunndanaunauiimignazauazgyifoitafduiios

& @ Ao . v a o o o 0.00
Lanwag lummzwmamm@aauwumua@waummaaw

o o , Laterite Marble Powder Sugarcane Bagasse
IimsgyiFuitedwduiinii anudnvasiteduiignazie Rammed Earth from local materials
9 EI AR RAUANNARILUVDIFI8E1INAFOY 108
fadhsffianunmudwinnnisgnazssezdatesana Figure 10 Compressive Strength Test for specimens
Nalde o9 Figure 9 from local materials

anSsufieuiuaasgu IS 1725 (Bureau
of Indian Standards, 1982) AU S ATeN 25.49 NN/
Q7.0 WU HIRARIANNARIUAY LazHIAkda T g
NINNAIFB lusnziinisdudanautiidanerannia

wnaswantes o madanldnudasfiansanli
WNNTENALLSUNLAzTa MR uade b

3) mia?ﬁaammﬁawala@iamﬁaﬁué’@mni’aq
Yaohin S9ndamumaines ﬁwms%ugﬂwﬁaﬁué’wmmﬂw

ﬁfa@;'ﬁaaﬁu PWIAAINUNTN 20 TU. AL 70 Ta. LA

A2NFI 80 TX. ¢4 Figure 11

Sugarcane Bagasse Ash Rammed Earth

Figure 9 Erosion resistance test for specimens from

local materials

2.5 MAITVUTIEA YINMINAFBUNGNAZ 3 @881
LRINNITARRE WU @I8E19NARBUNLIAKEAN

ARLLAY mmm‘mﬁmaa@"l@i’adﬁaﬂ YN 70.50+ 7.00
. e D e Figure 11 Rammed earth from local materials of
NN./O3.0Y. DIV TINUIABDANTUNIA WD D LNINY 38.50%
do e o Kamphaeng Phet Province.

2.63 NN./A3.TY. lummz‘nmama‘ﬂﬂaauwumua@wau

P doy FWIIDTUARIA LARNEN LY 22.50 £ 2.73 , - L e a e
4 v e : , IINNANIINITRITIIANNNIND ladanTTIAUa
AN/AT.TN. TIRDANRBINUNANIITNAFOLAITNAW b S \ .
L . , L ANTFANDIAU FIRTANUWINTT LaurINIIFE139997N
lagaratanagaundanunwiwiuuinnitazdeny . ° . . .
_ e a4 #N3TIN1T #onUin Faans HSUmN wazuaaanaly
WL ILasAINAITULIIoAN&INIT thasnannianeln . . . v .
DR . 2 L 1@nan1sfnsés Table 4 uaz 5
aa@;aglnanumn aawalmaqummmumummsgn

A o X oo
UUaauINY® @3 Figure 10



496

Table 4 Please specify the status of the respondent

Aekasit Thianmas, Patchareerat HaraChai, Manop Tonken and Prapatsara Hothong

Description Frequency %

1. Gender L] Male 36 72.00
L] Female 14 28.00
2. Age [] < 30 years 11 22.00
L] 31-40 years 26 52.00
L] 41-50 years 8 16.00
10.00

[1>50 years
3. Occupation [ Academic 5 10.00
] Engineer, Contractor, 20 40.00

Architect, etc.
L1 others 25 50.00
4. Level of knowledge L] Low 28 56.00
about rammed earth L] Moderate 15 30.00
L1 High 7 14.00

910 Table 4 Wud §aeuunuzeumuaulng
Wuiwaeiouas 72 iwangeiouas 14 Ha1gazning
31-40 1 Lﬂuﬂéuqﬂﬂaﬁ"'svlﬂ%’aﬂa: 50 vasudungs
Aens i anndfia wazgns Teuaz 40 uazdiulng
lifianuiisosniisude

Table 5 Survey results on satisfaction with rammed earth
walls made from local materials in Kamphaeng

Phet Province

No. Satisfaction Average S.D.

1 The product has beautiful color and is  4.56 0.50
attractive

2 The product is well-crafted with no  4.00 0.55

cracks
3 The product is strong 4.50 0.55
4 The product is resistant to water erosion ~ 4.38 0.53
5  The product is cost-effective 4.30 0.51
6  The product is reasonably priced 4.08 0.35
7  Overall satisfaction with rammed earth ~ 4.23 0.65

walls from local materials

Summary 4.29 0.56
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Table 6 Summary of performance test results for local rammed earth

specimens Density Water absorption, Erosion Compressive
(g./cm®) (%) Resistance Strength (kg./cm?)
Laterite

215+ 012 7.16 £ 0.35 - The specimen was tested 70.50 +7.00

without damage.
Marble Powder

1.90 £ 0.05 10.51 £ 0.57 - The specimen was tested 38.50 +2.63
and exhibited slight dam-
age.

1.59 £ 0.04 17.65 +0.65 - The specimen was tested 22.50 +2.73

and exhibited clear damage.
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The potential of Alcaligenes faecalis No.4 in the treatment of Bisphenol A and
organic compounds in airport wastewater
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Abstract

This study evaluated the potential of Alcaligenes faecalis No.4 (A. faecalis No.4) in combination with activated sludge
from the biological nutrient removal (BNR) process to enhance the treatment efficiency of airport wastewater. Four
experimental treatments were investigated: a control, activated sludge alone, A. faecalis No.4 alone, and a combination
of activated sludge and A. faecalis No.4. Water quality parameters, including pH, dissolved oxygen (DO), suspended
solids (SS), soluble biochemical oxygen demand (sBOD), chemical oxygen demand (COD), total Kjeldahl nitrogen

(TKN), ammonia (NH3), and bisphenol A (BPA), were analyzed. Statistical differences among treatments were evaluated
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using one-way ANOVA at a significance level of p<0.05. The results demonstrated that A. faecalis No.4 exhibited rapid

growth with an initial cell concentration of 4.4 x 10" cells/mL. The combined application of A. faecalis No.4 and

activated sludge achieved higher removal efficiencies for sBOD, COD, NH3, and BPA than either treatment alone. The

first-order degradation rate constant for organic matter ranged from 0.02 to 0.03 h”, while the microbial growth rates

of A. faecalis No.4 alone and in combination with activated sludge were 0.1267 h™ and 0.1463 h™', respectively. The

biodegradation rate constants ranged from 0.0110 to 0.3040 h™, indicating enhanced biodegradation performance in

the combined treatment. These findings suggest that the combined use of A. faecalis No.4 and activated sludge is a

promising approach for improving airport wastewater treatment and has potential for application in full-scale biological

treatment systems.

Keywords: Alcaligenes faecalis No.4, activated sludge, airport wastewater, biodegradation, bisphenol A (BPA)
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Figure 1 Sludge from the treatment system of

Suvarnabhumi Airport

Figure 2 Sludge from the treatment system of
Suvarnabhumi Airport (under a microscope)
3. YWADWLATNITUIBANT
3.1 NSNNELAYY A. faecalis No.4
VA1ZL D8 A. faecalis No.4 141 M1I&ILAIIEH
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mmié&imi']zﬁgnﬁxm%a@hwﬁaﬁumﬁﬂaﬁwﬁqm%nﬁ
121°C 1Jwaan 20 W newsin T Tusenlasazidua
aanI0g L luawITaved Joo et al. (2006) lapinaniug
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@Tamﬂ’émmmﬁqmmgﬁ 30°C @21UL32781100 rpm 1T
1381 72 h (Shoda, 2015) mnﬁ?umaﬁmwﬁaéi‘ A. faecalis
No. 4 luamnsuds deemnsiasade L agar Saadoy
7N peptone, NaCl, yeast LLaz agar (pH 7.0) ildanuwnne
38 ﬁwﬁﬂﬁﬂm%aﬁaqmwgﬁ 30°C tlwan 72 T2 lua uas
ynmtuswnlalafiuas A faecalis No.4 Aflinmus
FUNENIFUIWINGMAINNMITN N13tadgLaulavas
A. faecalis No.4 lasumstufuuazwuindwldauidu
ldsmsiasadulanuudndlwiundoa (exponential

growth curve) auflaasurely dsaunsn (1)

= Ht
X=X e 1)
e X_Aaanuidudwaaaliuen (0) X Aoaay
(o]
utuaum () uwez y Aedanmaasaidvlasuwg (h')

®) o
3.2 nmsdnsranailnlyllalwnnsmn A. faecalis
Vo ‘6 ]

No.4 Tdlanuwdaniainasn
LWEIBNULFLNYINEIMALNULINIAT 100 mL
El,um@gﬂwyjsfm%LL@ia:'*g@m‘m@aaa laa@ninns
NARBININNA 3 1 (triplicates) MINARLIRLT NTUUIATENUAS
(gram of Dry Weight: g DW) (JulnasigniudTanm

a A gd a o ' & '

agaumummmvlﬂlm:uu I@ﬂLLuaqﬂn@aaaaaﬂLﬂu 4 ngu

léun
1. gaauad (Control)
2. qmﬁ@ua&'@ﬂmﬂmaﬂﬂmmu 1 g DW (Sludge)
3. gafiLAu A. faecalis No.4 USu1as 1 g DW
(No.4)

4. m"?iLau%aaé’mﬁmn‘mmmﬂmuua: A.
faecalis No. 4 at198z 1 g DW (Mixed)

magﬂ*’ﬁwjmam@ia:"g@maaugmiﬁ"lﬂmai’m”'m
\ASaaLgn (shaker) ﬁqm‘mgﬁ 30°C §18ANL37 100 78U
fawndl (rpm) uazLfudageridofitne 0, 24, 48 uas
72 H2lug Lﬁa'immzﬁqmmwff’] fSUTUMTIATA
IWIULTREVDI A. faecalis No.4 azaniiumsianizlusig
e 72 Falus mﬂﬁ?mhNamﬁmﬁ:ﬁqmmwﬁwm
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ﬂﬁﬁ%mé’uﬁu%ﬁd (First-order kinetic model) FamumIn
(2):

In(C/C,) = -kt )
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i C_, C (mg/L or ug/L) fAOAMULTNTWUBIRNT
vafmlwinFuEuduLa LAz 19981 MUSIEU t (h)
Aovzuziianfilelunmsdessany uas k (h) Aodnefi
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'imiﬁ:ﬁqmmwffﬂ Usznavaisniniiaes
anuilunsa-ang (pH) sandlauazansun (DO) Basuds
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membrane fiter 1l amber glass vial 741@ 2 mL vyl
ﬁqmﬂgﬁ -20 °C aunszrailAiesiasiatas GC-MS
(Witthayaphirom et al., 2020)
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o a0 72 Tl uasvinmaSeufisudeisnena
MTIATIERAT Tukey's HSD launNALATZAUNRE
ffAymIaian p < 0.05 dulsunsu SPSS version 26.0

Nﬂﬂ'liﬂﬂaa\‘lLlazaﬁl'liﬂiﬂaﬂ'liﬂﬂaﬂﬂ
1. ﬂ’liLW'\ngﬂdt"ﬁa A. faecalis No.4
\fovmamnzIans A faecalis No.4 1iluszes
an 72 2l wud%%aﬁé‘nwm:ﬁmm (Figure 3) Waz
NNMIFINadIBFaINdaanTIad wuiisasinmaiy
dulafuguetnasais aunszawmﬁaagﬁqﬁaﬁuﬁﬂws
VBN (Figure 4) S98anARaINUNANITLLTAE SUdH
unewsapTanuuLds lasnuigasududanadud
WAL 4.4x10" cell/mL

Chayanid Witthayaphirom, Piyarat Premanoch and Nararatchporn Nuansawan

J Sci Technol MSU

Figure 4 A. faecalis No.4 under the microscope.

2. dszAnsammsthiiardevinannesnn

21 dnwmsinge

wamimm’“fﬂqmé‘nwmwaaif’nﬁmi’m’mflﬂmu
AaudnsruuLTe LEases Table 1 wuidegsintey
Avnannagauen pH sBOD COD uaz SS fienaninen
mmg’mﬁaammuvﬁ el A1 TKN ﬁ@hl,ﬁmhmmgmﬁ
aanuuyly

wasNIWnN ANz anE st e
Fovinenass legwisfeasfrnmsanen leun
sBOD COD BPA iz NH, sadsmsasuuasves DO
waz pH lusiidens 4 manaaes aoil

Table 1 Preliminary data on wastewater from Suvarnab-

humi Airport.

Value of Untreated Wastewater

Parameters Characteristics
Standard (mg/L)
(mg/L)
pH 6.5-9.5 6.7
DO - 0.8
sBOD 400 296
COD 774 618
SS 300 272
TKN 70 89
NH_ - 67
BPA* - 45

RNBLHEG * Unit pg/L
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2.2 Msttiaasdunsg
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mIyzvesmsduradluwings lasuaasinisunmoandian
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LEAIAIANULTNTUDEY Soluble Biochemical Oxygen
Demand (sBOD) Faduenfiugasfelsunmaandiand
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mm‘mﬂixLﬁums:ms’éuﬂn’%ﬁﬁgﬁm‘%ﬁmmmziasmmﬂ
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A1 0 waz 72 Falus uandnafiuatnafidpandymiaia
(p<0.05) I(ﬂﬂmmmew‘*iTuL‘émTum‘&"magjﬁﬂixmm 220
mg/L wasfiumlifuanasasnssaiiiosnaonszoznams
naaad (p < 0.05) (Table 2) T@N@aaad Control WA Sludge
faranudutuzes sBOD anadlnia 178 mg/L waz 51
mg/L auseu nasrinwly 72 $alus Aaludszansaw
NNINA 19.1% WaT 76.8% ANNAIAL

’Lummzﬂ?'immam No.4 uaz Mixed §msaaad
289 sBOD atssaaiimelu 24 $alus Tasfanudy
Tuaaadlnda 56 mg/L (Aatln 74.5%) uaz 76 mg/L
(65.5%) ANANGL LAZRIN1IANIA sBOD tanuanislu
sepziaan 72 T2 109 (100.0%) Souaasliifiuin A. faecalis
No.4 ﬁﬁﬂmmwgﬂumim’%tyﬁuimmﬂlﬁama:ﬁﬁ
2andian uazaunTntdasaauaTdunIdlssinnensuan
leatnamaisa (Nuansawan et al., 2023a; 2023b) uaﬂﬂﬁﬂ‘fi
A. faecalis No.4 ifammmﬁﬂmmfauﬁumﬂaug'ﬁu'ﬂ‘%ﬁ
Nnnssuihtaindsvasvienmasnwldagaiilssansam

sBOD (mg/L)

0 12 24 36 48 60 72
Time (h)

—e—Control ——Slidge —8-No4 —o—Mixed

Figure 5 The reduction of sBOD under each condition
Note: * indicates a significant difference between the
paired time (0 and 72 h) (p<0.05)
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Figure 6 UaeIn st AuadveInnuT T
COD Sofienisuduiadof 562 mg/l muluszpzian 72
Al lagBoudioy 4 nguNaaad (Control, Sludge,
No.4 uaz Mixed) WU1161 COD aaadtnie 526 mg/L
(3983 10.3%), 452 mg/L (8aaad 19.6%), 52 mg/L (3@
90.8%) Waz 37 mg/L (8089 93.4%) AWRIGU WANT
NARDITINMINARDY No.4 Uuaz Mixed Tiseansanly
n3aAd1 COD "L@TaﬂwaﬁﬁﬂﬁwﬁmumqaﬁaLﬁmﬁﬂuﬁumju
Control ka2 Sludge (p<0.05) (Table2) U@ LUNUAMNLAN
#1932%319Ngu No.4 Uz Mixed (p>0.05) (Table2) &9
uaaalWiiudn A. faecalis No.4 fdnunmwgslunistas
amzlmi’éuﬂ’%ﬂmfwLﬁmmmmﬁmuﬁﬁfﬂlugﬂmm CcoD
mM3lE A. faecalis No.4 21U Sludge Mnnszuuthiaun
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Foran Tngtanzlugroranas il A. faecalis No.4 1
gﬁuvﬁ‘ﬁﬁﬁmiw’%@Lauimvlﬁﬁluamazl,mkﬁn uszdianw
FuTalwnTHasaANAITUa I WNIHlaat19TaL37
(Nuansawan et al., 2023a; 2023b) %daa@ﬂﬁmﬁuwami
nasasluaisil
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Figure 6 The reduction of COD under each condition

wanaNi Wan3tLia BPA (Figure 7) wuin lag
ANUTUTUSNTWAaEV09 BPA LYNAL 45 pg/ll uazan
satddaLiionnenszuzIMMIMases 72 Talus 1 4
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30 pg/L (33.3%) 21 pgiL (53.3%) waz 17 gL (62.2%)
audey lasrananad Mixed l¥iszniniwnstnga
BPA ga‘ﬁlq@ uazfianuuandsatnsfiipidmidonssoy
\WBLAUYA Control (p<0.05) (Table2) sl A. faecalis
No.4 an3nanans BPA ledanin sludge waziilovinan
Mixed ¥il#iita BPA 'la@nin sludge iisdatnaiden
Waisusasmsthsiaues A. faecalis No.4 waz Mixed
AU sludge WUIIRNTUAS 1.60 Wi uaz 1.87 ¥ A
{190 uFasn WiAuDIANNEINNTAVES A. faecalis No.4
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TuaiLaYY sludge Tuszunthiaindsrineinesnswle
Huadned Fesannaasnuuispues Shoda and
Ishikawa (2015) LLaz Shoda and Ishikawa (2016) ‘ﬁlﬁﬂ‘m
A. faecalis No. 4 thifasinidsannusuniadnmsd uasld
lunstiiia ﬁ%?{mﬂﬂdﬂuﬁu (Coke Wastewater) Lﬁa
ﬁﬁ@ﬂuaaﬁ'ﬁmwmﬁuﬁuqa Waz A. faecalis No.4 TauNU
acclimated activated sludge (AS) funntihta BPA lu
fndaaszle 98.6% (Nuansawan e al., 2023b)

50
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B8 &

—_
(=}
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Figure 7 The reduction of BPA under each condition

2.3 msthtiauaslaitsluinds

Figure 8 anaduduuanluite (NH) Budu
Wiy 55 mg/L wudimalu 72 $2lus Control uas Sludge
WU 54 mg/L vnuzfi No.4 uaz Mixed 1niia NH, wua
089301597 24 $lus (p<0.05) &9 Joo et al. (2007)
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No.4 °ﬁ’salLa'%umsl.ﬁﬂ@maa@ﬁuﬁ%zﬂuﬁ%%ﬂ wenanit
193 Joo et al. (2006) l§@nw A. faecalis No. 4 anldifie
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wu’hé’mﬁmiﬁﬁ@agﬁ 2.79 mg-N/L/h tfia931nn1s
nARBIIANN 24 h FIAINYNINaR0INT NH, o
msamwznmmilﬁuao'é'mzvlﬁﬁagaﬁauﬁmmﬂﬁu

a A | > o > qs a
waznuefizaiuamssaylunmsaalulasiawluiude
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(Yangen, 2003) F3919433889 Sukhvibul (2022) i g
Fnanzianududuwienlufionlulasiousiaunsn
thiauanTuidenlimuassnols 4 alusuasliwy lulast
amuag’lm:uumaa@m’mmaa FOAANBINLITWIVY
284 Desireddy et al. (2022) MMIANHIEATINITLNLA
wEsanuduTusenTuditsui 80 mg/L luaniizen pH
Wy 7 wusnsamIthawiniy 6.22 mg-N/Lh 1iie
ynmsnasesdanmsthiaunasanududwon oy
gawudwé“m’mﬁﬁ']ﬁ'mfﬁL%ﬂmﬂmiuiuuauimﬁwﬁ
200 mg/L Aendasimstindagaiay 2 vinrasdanns
Thifasindsanududuneslufiaui 50 mg/L ROAARDY
AU Tuuas Tarre and Green (2004) naiiiaaa
LﬁuﬁumaaLLa:uT:uLﬁﬂuvluimwugu%m:ﬁoNﬂlﬁé’@l'ﬁﬂ’rﬁ
ﬂwﬁ'ﬂuauimﬁwgﬁumw lassunsatndanesluiiow
Tulasaugsldiduluamlanislu g 209 Fowdsan 8
2l arfianudntuuenlufivnlulasiawnioat g
dnstesanausathiiaaunueluldnelu 2 Su Seszuu
vralagilduanlufodusnnisndeesiszuud
Uszansmnlumsmiaadeudnsauazlimiaue diesan
wan luloLAnanM T o BEA INNTIATNYBIRNTBUNTE
Tulasian waziieanmssddvadlulasnliduvenluiie
nnszuawme luasfndulugnnazi3onme (Tantulvet
& Tantulvet, 2005)
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Figure 8 The reduction of ammonia under each

condition
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No.4 \Rpsadnadien uazngufilisiuiy sludge (Mixed)
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aed A a A6 o eXa wa
aauﬂsywunulu sludge ﬁgaumﬂmﬂwu‘guuqmauml
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Fudon nIan1TUasuwsIINNANNFUTowlRL D uansn
Usaady ginaldnszulrnnisvidaiiatnlasiaiia
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Figure 9 LLammaaﬂ%mua:me{h (Dissolved
Oxygen: DO) Suduiadsft 0.8 mg/L lagnnelu 72 T2lus
wudﬂumju Control ¢ DO tRndnassdatiiasants 2.2
mg/L Tm:“?iﬂ&juﬂ@aaoﬁlﬁw Sludge, A. faecalis No.4 ILae
N§y Mixed ﬁwqamiuﬁmn@m lagen DO AARIRAIIN
mstdvomaniam 24 51109 uazaaasnde 1.6 mgll,
0.9 mg/L uaz 1.1 mg/L @usau mMadIsuifeuneaa
3¥W39NgY Control ﬁ'umjuﬂmm No.4 Lz Mixed LA
IfAnauLandsainsiinusaa (p<0.05) (Table2) lag
Lawwzmjum“ﬁ A. faecalis No.4 \Nzgagnal@ianilan DO
a@aaamoimﬁaﬁq@ FIAQUBINITANRIBEITIALTIVEY
@1 DO iiold A. faecalis No.4 sansnafunsleain
ﬁaﬂﬁuLumeuaaﬁ'ﬁmaa@auﬂ%ﬂﬁ‘ﬁuﬁ@%mﬂ"mﬁmj”uslu
5202 3UAWBINTEUIRIN TR I@ﬂﬁﬁﬂ%’ﬂaﬁumguﬁ
seyerail

1) mslfeandianadatutwlusisszeziaiy
\dinlaBuen (Log Phase): A. faecalis No.4 1iluuuafise
LLaBﬁﬂﬁﬁé’@'s'm'mﬁtyL?}‘UT@]LLa:ﬂTssl,%wé‘amugamﬂu
529 24-48 2 luausn PUMIH N YRNTDWNIE LT
arslulaasausznsaladuludangs swnaldifianisly
aandlanludSuimunn ynlie1 DO aaasatITaLIN
2) N3zUIWN1T Heterotrophic Nitrification WL Aerobic
Denitrification: gauw%ﬁmﬂﬁuﬁjﬁmmmduﬁu
ﬂszmumsma"ﬂugﬂvl,uimmmmLLauImﬁﬂﬁJLﬂu
Tulasaufine mumnﬂ'é"ngﬂLﬂuvluvl,m@TLLa:vlume
Imnﬂ‘*ﬁv’umausli o, Wuisudianasau FagonaliSunm
DO luszuuanasadnasaiias 3) ANMURWIUUUDILTAR

r
fgsluszuu:
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M3LANLTe A. faecalis No.4 IwUSunmannie
d'd a £ v a A 6 a a

TLUUNRRNTM TN EIWE '«a:m:qulm;aummmzymﬂ@
ag19ITIaS e oandaunTaniululSunaann &INa
1% DO 898197157 LAz 4) NTELIUMTRIINIG
$anw (Biomass Formation): Tuszwinamaasaiéiula
a a 2 a A s 6 A 1
@aumﬂmaﬂmamwammﬁ:wmsmimaqa LT
TU56u nyaianaan wazludu vmlwanudasns Do lu
FLUULIAND Y §INALATEAUAONTLIRAAIUUIAARIANN
AU

I@]Uﬁ?ﬂ N138A89U8IAN DO ﬂEh\‘I‘S’J@L%’JSLWEZ‘U‘U

'
a a

ALGY A. faecalis No.4 giaulAAUTIFN A WNISULND
aaﬁ‘fiwao’»gau‘n'%ﬁmﬂﬁ%ﬁjﬁhﬂ’ﬁtﬁdﬂﬁﬂaf;lamﬂm'i
suniduaczuanTuiioluindoegefidssaniaw 19an
mslteandlamduunasnasnulunmrmelaimas wazms
FATEANIRTINNIRTIIULTNVBINTEUIUNNTLNT @
(Nuansawan et al., 2018) lunsniuquizuuliininzas
A19INIzAL DO TWagzning 1-2 mgiL uazlinasen
n71 0.5 mg/L Lﬁaﬂaaﬁ'um’smwmgﬁuﬂ%ﬁﬁﬁaﬂ%
a1l I(ﬂUa’mﬁwoaa@iﬂﬂi:aﬂw“ﬂﬂm:uuﬁ'} (Oxidation
Reduction Potential: ORP) l#agluza9 50-100 mv
(Pintong & Wanchoopring, 2024) uaﬂﬁ]’mi{ A1aw
ﬁaomiaaﬂs’?jmmaas:um:‘ﬁuagj’ﬁ'uqm%gﬁmﬂuﬁa
UiAsen Tasmingmnpigeiuazasnaligdunids
UszanSawiAinds wanwauisalunisazaisaas
sandanluinazanas vnliszuudoInseanGanannis
lunsasanudng ﬁwqmwgﬁ@iﬁ AN DINTDONTLINIL

8A8IAN (Department of Industrial Works, 2011)
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Figure 9 Oxygen concentration consumption under

each condition

2.5 nagnudasitazluiids
Figure 10 L&@9msiasuuasvasdn pH aelu
sruvthdaiids Taswud 1 pH Sudualuzng e.6-
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A X ' o &
6.7 LAZLANIWLT UL 7.4-7.9 MERRINTNARBIIUNT 4
ngn laglinuanauandisedsliodmdnynisaiia
(p>0.05) (Table2) atindlsAan 1ilaldy A. faecalis No.4
1 1 Al J ] e 1 1
RIMUTZUY WUINAN pH LN U EITALAUTZTRINITIIIAN
< A ' ' =
48-72 $alus laofidn pH gegaaglutig 8.1-9.2 49
o = A AR
geviaundIn1siAouLadsvadna bniNunuafduy e
dunIdniinadesngania-asvaszuy laslugiesze:
WINVBINTNARDY (0-48 F1la9) A. faecalis No.4 gl
szuziasLldvulaad1932a152 (Log phase) lasld
aslulaiesansaansdunididetamdunnasnasanunan
MIRAAMIRZRUVDINTABUNITITLLNANS L TU B=TLaq
(acetate), IN3WlaLua (propionate) Laz171L5¢ (butyrate)
IUNANEANNNTILIRMIIAND FINAIAAT pH Aautns
pannSadumilduanasidanies dauilaldngizes
stationary phase AR 48 TILN4 A. faecalis No.4 32134
Wasuuwrasnasnwldlensa lasiuszinedng (Volatile
Fatty Acids: VFAs) Arzan RIwATZUIRANT B-oxidation
A I ' & o (% ' & &
FalAnasnudaimaaniaunumsdassasuenlasan e
(CO,) uaz luasuaiua (HCO") niguaudaLdudadn
gy sonaliTinalalasianlonau (H)) aaasuazen
P X L A o @ & ' a A
pH Wngsduadwliddny wananik madasllsfiunie
o o v a A
sdsznavlulasiaudsaravilvifieuanluits (NH ) 44
Jwusdaundaiusioiiudn pH lussuuAudy n3
Wagnuasasan pH adnan lasnansznudaanisasey
\iulavas A. faecalis No.4 %383aunidlu sludge ot
TALIW 889 bIAANN WINTzUUAAN pH A biranzan 819
finadalanaiivasaznauafunisluszuuidald lay
AMNTLNUVBI Sukhvibul (2022) WL pH @1 (pH ~
4.0) a:ﬁam’%wmilﬁﬂ@maoqﬁuw%‘ﬁﬂémw liiia
aznaudormalng (~7 mm) Aldawsndasnduion
wiwlel oueluga9en pH Adunans (7.0-8.0) FILEIN
MIxsaznauwmgLuaiadunan awmatadsUszano
4.8 mm NAlasaNIuUnLAzIaios wanani MIsn
sruulwaglugaee pH iunasdamunsndudinmiaiy
a A6 A o ) . A
madﬁ;auﬂiﬂ“n%maﬂﬂ (filamentous bacteria) TItTw%
aumma”nﬁﬁﬂﬁi:wﬂﬁﬂmﬁumm A9%% MIAILANAT
v = [ [ ) v 1 =
pH Tdnurzauiaduiledudandoiafiosninuas
Us:ﬁw%mwmaam:mumiﬂm‘“ﬂﬁ%ﬁﬂ@ﬁl‘*ﬁgﬁuw%ﬁ
o o ' . ¢ il a X
(Yu etal., 2014) §1WILNGY Mixed N LN IR TUVDI
' Py ' A v o @ '
fin pH indlaunga No.4 anailiasmnanndednalumston
qa18 VFAs %?auaﬂmﬁﬂadwawsrﬁ \iadlafunIdnu
Aulu sludge TInd8 N9dh MaANUT=ANTA WA sthLa
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o & o A a A6 a A i X .
mainLﬂumaduqaumwmamwaglmwu (mICI’ObIa|
consortium) LW N&a nitrifying bacteria, denitrifying
bacteria 1138 fermentative bacteria Lﬁaaﬁfum&umimﬁﬁu

& o & X o
EﬂVL%I@IiLﬁ]%LLGZﬂ']T]JQ%Iﬂﬁllgimw'm‘ll% LLﬂziﬂ‘]ﬂ"lﬁ&I@lﬂ
va a a a &/
pH ﬂ'l&ll%iz‘u‘]ﬂ%&ll,ﬁﬂﬂiﬂWWLLQZﬂizﬁﬂﬁﬂWWN']ﬂ‘H%

pH

0 12 24 36 48 60 72

Time (h)
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Figure 10 pH under each condition

Table 2 mwa‘wLﬁaéuqmwmmmiﬂmaa 72
209 A. faecalis No.4 uaz Mixed uaasszansnnly
M3tnTagandn Control Uas Sludge atnalitisAYN
806 (p<0.05) Z9munsamia sBOD uas NH, oot
auyInk (UszEnSnmwniinida 100%) Yozl AnEnw
M3IAN9@ COD §4ni1 90% wenanil Usensawms
N19@ BPA 183 A. faecalis No.4 1az Mixed iy
53.3% AT 62.2% AMNA1GU MN9aTINULN Control
fiUszEninwnismiadauden lagan1soniia
sBOD, COD, BPA uaz NH, TMABs 19.1%, 10.3%, 8.9%
Waz 3.0% ANUSIEL HAMIANNHTIWAWI No.4 uaz
Mixed S1NIIDEILEINNTZLIUNITLAUFRIONITININ
(biodegradation) LLaz/‘tﬁaﬂ’ﬁﬂﬂﬁffu (adsorption) et
fivszdnTan dawaldfizussauzlunisundagonia
Control L8z Sludge 819TALI

Table 2 Residual pollutant concentrations and removal

efficiencies after 72 h of batch treatment

Parameters Control Sludge No.4 Mixed

pH 7.8 73 9.2 78

DO (mgl)  22°° 1.6 09" 147

sBOD (mgiL) 178 (19.1%)°° 51 (76.8%)°° 0 (100.0%)"° 0 (100.0%)""
COD (Mmg/L) 526 (10.3%)°° 452 (19.6%)"° 52 (90.8%)"° 37 (93.4%)""
BPA (HgL) 41 (8.9%)°° 30 (33.3%) 21 (53.3%) 17 (62.2%)
NH, (MglL) 65 (3.0%)"° 66 (15%)°° 0 (100.0%)" 0 (100.0%)"

Note: a, b, c or d denotes significant difference (p<0.05)

between each pair of experiments
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2.6 mashdjisenauaunislunstdasaans
a a6
#150uNn3d
Figure 11-12 W&z Table 3 FnANUATENauUaL
WS IUWASHaUERNDRITAUNIO UUILRY WUI1 NITEias
/818 sBOD Llaz COD 284 No.4 uaztiuy Mixed ayﬂwﬁw
0.291-0.362 h”" §9n1 Control Uaz Sludge FIWNFETUTY
M lfdasnved jisenduduniiserlugig 0.12-0.46
h' uazenAfionlaiiandszanms 0.23 h' (Sirivittayapakorn,
2009) 19791 A. faecalis No.4 Tolunnstasaalsans
a a v -dl > & >
un3dlaauaziilanauny sludge SIS RE DSTEPSISTT
A £ a s . . a s
\§nNDV8I9AUNIE (Microbial Synergy) RuNIEwaE
FRAFNTANIWIINN ATz uuLN T wL Ry a9
ﬂi:"&ﬂ%mwmﬂﬂdwmiﬁﬂmmaaqauﬂ%ﬁu@iamﬁmﬁm
o Qo 3 1 v o L a a 5
AN 6‘1’%\1mwa’[m:uummﬁﬂimwﬁmwgwu N30
HauRANENIRNTBUNIIATUanNdasaan ladnouazenn
TenFounn UTenianassulaziian ﬁmmﬁngmia
FANNIARONMUROULURI WRZTILFINLRD TN DS
szuuthaluszazen wananienasnuisenduauni
lunseeuaany BPA (Figure 13 was Table 2) U89M3
NARBININNABETI 0.0014-0.0134 h' §9 A. faecalis
No.4 Lazuill Mixed 8181TALNTALGA AU 0.011 h'
WAz 0.0134 h™ ANATGU aNa1TRtaugas BPA laanin
= 1 a [l ISI ] a =G
sludge LWEIBENILALT LAAIAININITEDYRANLRITOUNIE
BPA 188031 Nuansawan et al. (2023b) %4 mixed sludge
WAL 0.023 h” (Nuansawan et al., 2023b) WHadnanw
. , X o
811D INNTHBUEANUVAY A. faecalis No.4 a1aUwny
ANWMTUILRY LAZAULTNTUVDIRITEUNT T IUULRY
mﬂmmaﬂﬂsﬂﬁmwmiwﬁugd A. faecalis No.4 f
saTndauaalad ag1dlsAAINAINNEINIIINITL DY
8818 BPA W84 A. faecalis No.4 §13zansanlunistina
a A6 P . @ A A P
f159UNTE waztlanaNsINNL sludge BadiUs=@nsawlu
o > Qld§
M3UNTA lAGY %
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Figure 11 Kinetic of sBOD under each condition
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Figure 12 Kinetic of COD under each condition
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Figure 13 Kinetic of BPA under each condition

MNNIANENR e IUFN A TN A. faecalis
a a 6 o as ]

No.4 Uazaznawdaunid (sludge) nIzuunTavedvin
mmﬂmuqaﬁmgmumiﬁﬁ@m‘maﬁw 1éur sBOD,
COD, NH_ usz BPA NANISNARDILRAI bALALIN
A. faecalis No.4 ﬁdlugmmmamuazimﬁu sludge
A o @ o o o % o
fidnsnwlunsdszyndldiuszuuindauifolunia
gamUNTINNIBNUNAUNIasFmNdn FIundaszans
a A 6 % 2{ A 1 a L%
dunidfudeunazaswiongtflnadluszdugs mils
A. faecalis No.4 370NV sludge TALNUAMURAINARTEY
mauqauw’%ﬂmwu SINALANTEUINNSERURANURIT
uaﬁmﬁ@ﬁuammuyizﬁua:ﬁﬂszﬁﬂ%mw;;m VANNZEATY
mytszyndlEluszuy bioaugmentation TINAINTIWAIN
& a o ¢ a A6 a a g
Lﬂuwa@nmmgaummmewmmﬂuamﬂ@] UaNINNG
Aasnaanufise k) Nlaanmsanes snansavinluls
lun170aNUUUTL VUL T AR UTINIIBININ LT% D9
UjATruuuniuauysni (Continuous Stirred Tank
Reactor: CSTR) wiatsuvylnamuumivia (Plug Flow
Reactor: PFR) LWaAWImMIWIANg 1288 M Inniny
waztssiinlseEnTa wredssuvatnsuina luszdu
Fan33d N9% uwlituvadan k ARaNVTaanlnTIIe
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YINTELIUNNTUILIA Ej'ommmﬂ’s:qnmﬂﬁﬂuﬁﬁﬁém%’u
mimqum:mum‘sﬁ’]ﬁ'ﬂLLuuﬁuavlwﬁ (real-time

. . ‘é | Lild 0/ - 1
monitoring) sml,ﬂuLmeammﬂﬂnwwluﬂﬁ'swwm"lﬂg
FUULNTAULED IR (Smart Wastewater Treatment
System) flgaunInaauawaIdani1silRouulasuas

Qmmwmfﬂﬁamaﬁﬂi:%w%mwua:ﬁum\iﬁ

Table 3 The first-order reaction constant for the degrada-

tion of organic matter in wastewater

A1rgndnnIg (h)

dn1e
sBOD CcoD BPA
Control 0.0032 0.0015 0.0014
Sludge 0.0170 0.0031 0.0056
No.4 0.3040 0.0341 0.0110
Mixed 0.2910 0.0362 0.0134

2.7 mswsadvlauas A. faecalis No.4 T

nmInesaswuiaasmadulazas A. faecalis

No.4 U8z Mixed &f1 0.1267 h™ uaz 0.1463 h™ auady

MNNWATRuNNUI A faecalis No.4 sssnlalu

mmugmv‘%aag’ﬁ 0.2 h™" (Joo et al., 2005; Nuansawan

et al., 2018) Sadlulldluiiduenafiasiudimaaday
Wwulansamionwsanaldiisswadamaaiydula

a7Ulnan1939y

msAnsitlddssiudnon waas A. faecalis
No.4 uazaznauldunidl (sludge) lunsaandnuanyan
189 sBOD, COD, NH_ uaz BPA 08NNNUNFLTN
21NN @hmﬁﬂﬁﬁ%mé’ué’u%ﬁalumiﬂaﬂamﬂms
Bunidaglugs 0.02-0.03 b Hsiiddamnmasdydvla
madfgauﬁﬁmad A. faecalis No.4 Uz A. faecalis No.4
iauﬁ‘umnauaé’@a‘i’mmmﬂmuqaﬁmgﬁ fauvinnu
0.1267 h™' uaz 0.1463 h" awa ey laswuinmsls A.
faecalis no.4 31UNU sludge sansnndsransawln
msthiauamsanualdaduiunszuInmsteuaany

ma%amwﬁﬁﬁmwagiwﬁw 0.011-0.3040 h™
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Abstract

Kombucha is a popular fermented tea beverage widely recognized for its potential health benefits. This study aimed
to investigate the total phenolic content and antioxidant activity of kombucha prepared from Assam black tea (Camellia

sinensis) combined with Jerusalem artichoke (Helianthus tuberosus L.), using a symbiotic culture of bacteria and yeast

(SCOBY) for fermentation. Kombucha samples were prepared from various formulations, including fermented black
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beverage fermented from black tea and Helianthus tuberosus L.

tea with Jerusalem artichoke (JT), fermented black tea (T), fermented Jerusalem artichoke (J), unfermented tea with
Jerusalem artichoke (JTN), and fermented sucrose (S). Physicochemical properties, total phenolic content, and
antioxidant activity were evaluated using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay and
ferric-reducing antioxidant power (FRAP) assay after 14 days of fermentation. The results revealed a significant decrease
in pH, clarity, and sugar content, along with an increase in viscosity across all fermented samples. The JT formulation
exhibited the highest total phenolic content of 1.69+0.05 mg gallic acid equivalents/mL on day 5, which was slightly
higher than J and significantly lower than T (p < 0.05). Antioxidant activity assessed by DPPH showed that JT had the
highest percentage of inhibition of 96.14+0.15% on day 7, comparable to T but significantly higher than J (p < 0.05).
FRAP analysis demonstrated that JT exhibited the greatest ferric-reducing power of 24.12+0.88 mg ferrous equivalents/
mL on day 7, similar to J (day 14) but slightly lower than T (day 7) (p < 0.05). It can be concluded that fermentation
of black tea and Jerusalem artichoke with SCOBY significantly affected the physicochemical characteristics, total
phenolic content, and antioxidant activity of the beverages. The black tea-Jerusalem artichoke kombucha (JT)

demonstrated high phenolic content and antioxidant activity during fermentation, indicating the potential of Jerusalem

artichoke as an alternative substrate for the development of functional kombucha beverages.

Keywords: Kombucha, black tea, Jerusalem artichoke, total phenolic content, antioxidant activity
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QQﬂiwfuLéuéTu wazganImngatetilnEIAY (p <
0.05) A1ad1aNuniafindwinanuilefiinaad
ﬂsznawé’nmamﬁum%’mmz%@w‘ﬁaLfl%l%’]%']ﬂ%ﬂéjy
ledlnudnenlsa (oligosaccharide) (Table 1 wae Figure
2a) #OAARINUNIANL128d Watawana et al. (2016) Laz
Jakubczyk et al. (2020) F9pwimas I ana
%ﬁmaaﬂauymﬁum‘[ﬁmﬁu%u Twuouedi Tomar et al.
(2023) MpwieNuiiaaainturieanasldanug
°1Jaamsﬁ%ﬁns’mﬁum%ﬁnﬂaugm

1.3 anald (Clarity) 2090081Y21

PNMIFNANLINABNYTINNFAT (T, T, J) Uae
N§uAILAY (JTN, S) Fudu (day 0) Hanulann WHowin
Wuan 14 1w wuiwgmﬁlﬁu SCOBY (JT, T, J, S) &
mmﬁumﬂﬁu I@ﬂgm JTuae T ﬁmm@mﬁu?ﬁumn
ﬁq@ MUMLFAT J LT S AUAIGU Amarasinghe et al.
(2018) é’uﬁwgmdﬁmmlaﬁamaLﬁmrmmsﬁl,%aa%wa
\maglad (cellulose) RN UTERIINTELINMTHITN
ﬁfm%fugmmﬁmauuﬁum%’u"ﬁj%ﬁﬂ (JTN) geaafiaana
8lsinandannidiaiadoaaialng

1.4 ananilunsa-ans (pH) vasaaayzn

ABNYTNNFAT (JT, T, J) uaznguaiugy (JTN,
S) @6 pH o4 Su3UdH (day 0) adluzi 5.08-6.52 law
naNYTFaT JT @1 pH iy 5.83+0.06 Faliuaneng
INFNT J UBNYUAIVAN JTN udgeningas T wazANin
nguAILAN S adelitiuaATy (p < 0.05)

FzRINMIAGN 14 1 A1 pH VeINNFaTiLw

liuanatadnsdaiiies laogas JT fid pH anandu
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3.44:0.03 o4 Juft 14 Seenindnisuduaniiiiudy
(b < 0.05) WouBuifiey o Juidsafiu WUINgas JT &
A1 pH §9n91§AT T (2.730.04) Lwi@iﬁﬂ'j']gm J
(3.74+0.05) 88IATKLEIATY (p < 0.05) mmzﬁmjwmuqu
JTN @6 pH anaaiils 5.3240.03 o Tuft 14 Fofluns
Lﬁ’é‘ﬂuuﬂmﬁ@iauﬁwﬁamﬁmﬁyuﬁugmﬁmumwﬁﬂ
@28 SCOBY (Table 2 Wz Figure 2b)

HAMSANINFaAARaITLTNBU 8 Jakubczyk
et al. (2020) AWLIMIANaIVBIMN pH ’Luﬂaug’n’nﬁm
NNMIEFINTAdUNISEnInenTELINM IR lasan:
nsnazdandudundadmalinunuedduiisndyes
adun3dlu scosy mm:ﬁmjumuqu JTN &9laidn
SCOBY #mM3aaaduddT pH [N antay axriauliiau
maasuulasdenanianuisadasiufanssuves
dunidaznianszuaunsndinidunan

Figure 1 Color of kombucha on day 14 of fermentation: (a) JTN — unfermented black tea with Jerusalem artichoke,

(b) JT — fermented black tea with Jerusalem artichoke, (c) T — fermented black tea, (d) J — fermented Jerusalem

artichoke, and (e) S — fermented sucrose.

1.5 ﬂ%u’lm&ﬁm'la (Total sucrose contents)
Mcsmadg“m

HaMFIATE Ui aminanarevaalasszanas
IuﬂauHmLLa:mjumuquﬁumﬂ%;aa Brix refractometer
WU gmﬁﬁﬁ’;uwawamﬁumi’u (JT, J uaz JTN) Jen
%Brix o Twi3udn (day 0) gaﬂdwgmﬁvlajﬁmmﬁu (T
ez S) I@ﬂgm J 61 %Brix gdq@wi'lﬁ'u 11.98+0.36%
(Table 3) mmx‘ﬁ'gm JT $¢n %Brix "Lahmn@i’mmnmju
AUAN JTN UASINTIFAT T UazNguaIuaN S agn9fl
RURIAYNIEDG (o < 0.05)

wasmwiniuna 14 Su JSnasiianaves
apnyTMNEaTiuwIliuaaas langas JT fen %Brix
AARIIN 8.34£0.54% 1iJ% 6.98+0.69% FIANNINFISUAH
ad9lhpEAw (p < 0.05) msaeadwasdsunaninenalu
§03 JT §InIMNgUAILAN JTN Z9liien SCOBY vmehl
g3 T uaz J waadun M Iaaad ludns U@ eI iu §u
nguAILAN S e %Brix anaaipaintaouszliuand

MANINAUDLEIIREIATY (Table 3 Uaz Figure 2c)

PALABALI UL T ULAFIVDIUNANRDITNTIANRAE
. e ma Ao oae
wha lourd Winlaa nalas uazdudu Seldrurinligasi
. e A A, . Ao e
JunuazIuian %Brix LiumugdmwgmﬂvlwLmumm
g a a tﬁl | a ~ 1
“ana N a‘k’mummuwaaLLﬁnﬂmvl,'s@ﬂuﬂquw;mmu
(fructan) El'qmmmgﬂsiaﬂaamimaﬁuﬂ%ﬁi:mwuﬂﬁ
winliiduuiaansnlasld (Puttha & Charoenphun,
2020)
=2 X v @

NaN AN daaanaaINUTeIwYad Jakubczyk
et al. (2020) ﬁwudﬂﬂ%mmﬁﬁmahﬂamalmammau"m
ADLIDITERININITRUN a9 nDad b SCOBY l5uaa
& 1 Qs Lil | Lil A A
Wunnasnasnunaztdfouduianines aasnuuaiey

a1 . “ oa

ninazdanlaunianiuaads lWiduninazdfinuaznia
a a6 A A ' v a % A
AUNITTRADU FING AUTHIMUNIANRAIARERART ot
Wang et al. (2022) NanuwRnidnimslidszloniann
PRI TERIINTRINR AN VRN AT NUNTREZANVDINTA
BUNITUasN1IaAaIVBIA1 pH TIFOAARBINUNANIT
Wasuuasdn pH Ainuluns@nundt (Table 2 uaz Table
3)
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Table 1 Viscosity of various kombucha formulations during 14 days of fermentation.

Fermentation time

Viscosity (centipoise; cP)

(day) JTN JT T J S
0 1.3120.01°%° 1.31£0.03°*°  1.08+0.01*"%°  1.50+0.01*"°° 1.05£0.01*>¢
5 1.65£0.02°°%°  1.7740.02*°"°  1.180.01*"**"  1.930.02%°°° 1.11£0.01*>¢
7 1.9740.02°°%"  2.06+0.02°*®"  1.14+0.01***°  1.960.01°%* 1.11£0.01*>%¢
14 1.75+0.02°° 1.80£0.03°*°  1.142£0.00*""°  1.76+0.02°°° 1.18+0.01%>%%

Table 2 pH value of various kombucha formulations during 14 days of fermentation.

Fermentation time pH value
(day) JTN JT T J S
0 5.90+0.08°° 5.83x0.06°° 5.08+0.04>""* 5.90+0.04°° 6.52+0.03*"°¢
5 5.62+0.03"°° 3.93x0.10%%%°  3.41£0.04**%° 5.64+0.05>°° 2.96+0.04>"°¢
7 5.51+0.02"°"° 3.59+0.04%%%° 2.92+0.03%"* 3.8120.04%"°° 2.850.03*"*
14 5.3240.03°%“®"  3.44+0.03*°"%"  2.73+0.04>"%*"  3.740.05***"  2.55+0.05"""

Table 3 Total sugar content of various kombucha formulations during 14 days of fermentation.

Fermentation time

Total sucrose content (%Brix)

(day) JTN JT T J S
0 8.52+0.38°%° 8.34+0.54°%° 5.21+0.10*"¢ 11.98+0.36*"°° 5.17+0.00*"*
5 8.47+0.35%° 7.84+0.75°° 5.12+0.04*>¢ 9.06+0.07°° 5.10+0.08>"*
7 8.42+0.14°°° 7.60+0.60*°° 4.90+0.22%"° 8.65+0.25%° 5.01+0.10*"*
14 8.40£0.26"°°"  6.98+0.69°°"  4.52+0.17*"% 7.92+0.20°°" 4.75+0.44>°

Note: Values are expressed as mean + SD (n = 3). Different lowercase letters (a-e) within the same row indicate

significant differences among formulations at the same fermentation time according to DMRT (p < 0.05). Asterisks (*)
indicate significant differences between the baseline value (Day 0) and the highest or lowest response value observed

within the same formulation, as determined by Student’s t-test (p < 0.05).

2. Total phenolic contents (TPC) ‘l%ﬂaugm

NAMIIATERUSINAwadNIIN (TPC) @283
Folin-Ciocalteu colorimetry (Table 4) WuU31 ™ 5’%(%'%&?1'%
(day 0) AONUTIFAY JT uaz T @1 TPC NNy 1.65
JafnFuanyanIaunaandelafn g %@"l,ail,mn@mﬁnnmjw
AILANFAT JTN uageningas J adailitodeny (p < 0.05)
mmxﬁneﬁwmqugm S %dﬂi:nauﬁ’msﬂmmm: SCOBY
e TPC @i’ﬂﬁq@ (0.03+0.00 FnAnTuFUYANIALNAANGD
EERIZR)

FZRINMIRIN Wuden TPC 289803 JT, T Uz
J SumliuRstulusrsduasmsninreuszanaaidin
daslutistananmndn I@mgmi T fie1 TPC FIFALYINAL

1.760.05 ﬁafﬁﬂ%’uaugaﬂmLmaﬁn@iaﬁaﬁ?zm wIUN 5

TIgININGAs JT (1.69£0.05 FadnIuauyanIaunadnge
Y

a

8
u
§809) uazgas J (1.62£0.01 FaANTUENYANIAUNAAN

)
GoNaRAAT) ™ INLALINUOEINTEEAY (p < 0.05)
atdlfiony gas JT uaz J Gaasfidn TPC luszduginnaa
ULLIRINNIRUN (Figure 3a)

myntuuas TPC lugrsduasmaninanaiia
anfanTInvasfunidluy SCOBY Anaatonloinansy
T%@ LT cellulase, glucanase, xylanase Uaz glucosidase
%mhmiaslamslmiﬂi:nauwaﬁWuaaImaqaimylm:ﬂa@
ﬂdammiﬂuaﬁnﬁ%’uagﬁuNﬁamaﬁﬁm rnliaTiata
Usanmsnsiuoanswldifindnu (Aditiwati & Kusnadi, 2003;
Wang et al., 2022) lun9assnudna nsaaadzas TPC

lugrsdasvasmndnanaierdasnumsiianafiwels
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irFursemsiasuwudadlasiaerasansiiuednunisia
sanalianusunnlunineusuwesdaljisen Folin-
Ciocalteu a@83 (Romsomsa et al., 2020)

lulumaadsznaudianInedluaadnuinenn
I@]LIL%W’lzﬂq';J flavanols &9fianings (catechins) Iuasa
Usznaunanis 60-80% vaswasiiueatsvua lagsiiad
Ef’lﬁfy, 1éun (-)-Epigallocatechin-3-gallate (EGCG),
(-)-Epigallocatechin (EGC), (-)-Epicatechin-3-gallate
(ECG) Waz (-)-Epicatechin (EC) (Zhen et al., 2002)
uaﬂmﬂf': Cardoso et al. (2020) ganewInasiuadn
winlunayz1m1enda flavonoids a9adanfa phenolic
acids, polyphenols, lignans Waz stilbenes &IWULALAZ I
ﬁﬁ’]iaaﬂﬂﬂ%{%ﬁﬂ léur chlorogenic acid was
dicaffeoylquinic acid %dLﬂumﬂuﬂéjuﬂuaamﬁuﬁu law
Showkat et al. (2019) MewUTIH TPC VaINILAY
A IWUAILYINAL 0.9-1.4 TadnTuauyansaunadndaniy
vt én TPC Anuluinuda mﬁﬁLLmegandﬁw HIUTDY
wihluaauy el fﬁdﬁmagiwﬁwﬂi:mm 0.90 - 1.09
fafnuanyaniaunadndaiiaiaas (Cardoso et al., 2020;
Hsieh et al., 2021) ANULANANAINAIB1AAANNTHA
28930980 8N122N1IRAN wazeddsznauvas SCOBY
Aldluudaznsansn

FRIUNGUAILANEAT S Wudn e TPC LR
971 0.030.00 LiJw 0.32 - 0.39 FAANFUFNYANIALNAAN
AONARRATNIUNRINITANN LLﬁ’jwzﬁa@i’wn'ngmé"uaﬂ'N
%0 (p < 0.05) WANAAINAIIETOWIALAWIN
ATEUIUMIRANUAE SCOBY anaflanlunisainande
Usaddasasfinauauasdansnagey Folin-Ciocalteu lof
swﬁy'amimmeaiaﬁﬁﬁqmauﬁ'ﬁﬁmawa@m: &9
SULAULNLINYEI SCOBY @ianmﬁuqmmma%amwmaa
AU (Jakubczyk et al., 2020; das Chagas et al., 2024)

3. qm§ﬁﬁuaanﬁtmﬁu1uﬂawgﬁ1

wamiﬂizLﬁquﬁiﬁmaaﬂ%mﬁ'wuamaugm
g@li@i’mﬂ @283% DPPH radical scavenging (DPPH) LLag
Ferric Reducing Antioxidant Power (FRAP) W11 a8y
UTNgas JT, T uas J ﬁqwﬁ%l”mawaﬁmzslmzﬁuggmaa@
sepzaamsnan uazdum liuRndulugrsduvosnis
wain

NANNINARBUA283D DPPH (Table 5, Figure 3b)
WU Dh TS uEUNIWIn §a3 T A6 % inhibition §4g®

WinAL 93.55+0.89% saaadmﬁagm J, JT uaz JTN ey

fau mmzﬁmjumqu S {61 % inhibition @‘%wﬁlq@
(47.96£0.44%) MENAINIALUN f1 % inhibition VBIFAT
JT, T uae J Sumalsiuiadn langas JT fdgegairiniy
96.14+0.15% b uA 7 %a"[&itmn@hammgm T
(95.71£0.53%) Th TWLALINL ULAFININZAT J Uaz JTN
uaﬂmﬂﬁvﬁ'@ﬁ@haguﬂ'jwmsmmgm Trolox (94.54£0.49%,
o ANUTNTY 40 lulasniudefiadans) egednodany
(p < 0.05)

HANNTANENHAaAARBINUTIBINUDES Wang
et al. (2022) MWLIINTZUIHM TR NEWITALRNAN SN
nsdueRyadazvesnanymld laverafinainnis
wWasnulasvessnslsznoufusdnuaznisiiasns
wunveladiidgnidrinmwszninamanen agslsfiona
w2 A INANILANGN99INTBNUL B9 Romsomsa et al.
(2020) WL % inhibition 8A&ILIATZLIAINTAIN
R Sfidm'caLfluwammﬂmﬁmaﬁ@qﬁu FNMEMIRAN
LLa:ad@Tﬂi:ﬂaumaaqﬁuw%ﬁﬁlﬂﬁ’lumiﬁﬂm

fRIVNANIINAROUA183D FRAP (Table 6,
Figure 3c) WU mh SWSuduMIWen (day 0) §asJT, T
Uae JTN &6 FRAP 1¥inNU 23.24£0.05, 23.92+1.20
LAY 23.23%2.90 ﬁaﬁn%’uawgmwa%’%’a@iaﬁaﬁﬁm
audey Taglunuanuuanaeniaia ameinma
gasden FRAP §9nd1gas J wazgas S adnadiviudnary
(p < 0.05) T=WINNNNIRAN 61 FRAP 189803 JT, T uaz
JTN fusnlsuRudulugrsdusasnisnin ufaaasls
Sui 14 I@ﬂgm T {f1 FRAP goﬁ'q@ WiNNL 25.73+0.56
ﬁaﬁn%’mugmﬂa%’a@iaﬁaﬁﬁm o Wi 7 Jo9adande
§03 JTN uaz JT afATINNY 24.76+1.32 Waz 24.12+0.88
ﬁaﬁn%’mugmﬂa%&@iaﬁaﬁﬁm U IULALINY AURIAU
mm:ﬁ'g{m J fléin FRAP g98@L¥infil 24.24£0.59 Jadn3u
augmwaﬁa@iaﬁaﬁﬁm o Tui 14 FUNFUAILAY
§93 S w1 FRAP RNTURS I TRIILAEIAIAIN T
zgmé‘uaﬂwﬁﬁfﬁm@ (p < 0.05) ARBANTANEN

A1 FRAP 82118 UAUENNITNUBIEN I UaUYIA
gavzlunissdidinessnlesen (Fer™) luiduinessa
laoaw (Fe2*) adtiuen FRAP ﬁgﬂugm JT, T uaz J 819
FUNUSAUMINaTUsznauAuadnluaduasuinazin
nummsdasuulssvesmseangnimetamwele
flanTsnpasafunidlu SCOBY szwiamwin adsls
Anu MIaaaIrasAl FRAP Tugas JT uaz T 329dans
yasmInanatatinanmsiasuwulasasslsznaunse
mnﬁlammﬂmaamiﬁmaggaﬁai:mwﬁ@ RIHA b
ANMNENNITD INNITIANTaARS
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nguAILAN JTN ﬁqw%%mawaﬁmﬂmm”uga
FIUGRBUMIRGN 1199 1NHANTNATEL DPPH Uas FRAP
FomaandasnulSnmansiueansniaatale sxrian
faunuaeITduazuiuazIwlugIusLRaIEIATY Va9
mwi’mawaﬁm: mmxﬁmjumuqu S {lf % inhibition
RN W TALANITAINI M TRAN uAdinadien FRAP
@‘%m’jﬂzgmguamaﬁﬁfﬂaﬁﬂ”ty (p < 0.05) LRAIIAAWIN
AITUIUMINANLAE SCOBY ananaliiinansiuunualad
mwﬁ@ﬁmminﬁwzﬁ'@mgga'?J'ai: DPPH 1a@ wddianw
I lumssardiaiinlessudautrsdrna

Jakubczyk et al. (2020) e91WINRUNIH I
SCOBY mmmwﬁ@lmiﬁﬁqwﬁiﬁﬂum&yjaﬁmﬂﬁ LT %
lactic acid LLas glucuronic acid mmxﬁl das Chagas et al.
(2024) Mo wilu SCOBY uunasvasmnduagya
Savrimantnanauszanaianndldeieit FRAP, ABTS
L8z ORAC HANIANBIGINAIFRUAUULNUINT DY
SCOBY ’Lumil,a%uaé"nqmauﬂ'ﬁﬁmaaﬂ%m"ﬁ'umaa
ABNYT wazenaLigaTesnunsanldesansinedn
Wion13a19E1TeangNINIe T N T WRNLANTENINS
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LHaRaN 5NN UNAMTILA T WD SN aban T
HOANITIN wmmﬂﬁ%ﬁuawaﬁm:mamam&mgm JT, T
waz J ﬁmmé’uw”uﬁﬁ'umsﬂi:ﬂauﬂuaﬁﬂﬁﬁayjlumﬁﬂ
wazuiuaz i uiimalasuulsswasasaangniniia
uszningmsvain I@mfgﬁuw?ﬂu SCOBY 2138ld U178
ﬂmﬂﬂa'aw%aaﬂ’naﬁ‘ﬁﬁqw?ﬁmaggaﬁaiuﬁmﬁu
ﬁﬂﬁﬂamﬂ"mvﬂmugmﬁﬁ'ﬂUmwsl,umi@"ﬁua%aﬁmx
FINRBATTUZLINMNIAAIN

YaT ANULANAIANUTEAININANI TN AT
DPPH uaz FRAP ReWauiinnauLanaIdzadna innis
nasauluudazis 1¥o991n DPPH Uszifiuanusanin
lumsidneuyadasz e FRAP Uszifiuanuanansn
Tumssadaseandlad asiunslirsaasitiinnuis
°1hslslﬁﬂizl,ﬁuﬁ'ﬂUmwﬁwuaggaﬁmwamauy"mvlﬁ
mamqumﬂﬁaifu

wimsaneniiarssliaansnyszdudn ICs0
mam@ia:gm‘l@i’ §iA1 % inhibition ﬁgwauﬁgm JT e
WInufsunusnIunesgin Trolox neldan1azns
NARBILALING a:ﬁauﬁaﬁ'ﬂzlmwsl,um'iﬁma%aﬁm‘:ﬁ
wnanla 198l nsSouRsulsEAnEawe s TALL
FududasandunsdIwituen IC5 o nIaaLguLYIN Trolox

LANLAN

Table 4 Total phenolic contents of various kombucha formulations during 14 days of fermentation.

Fermentation

Total phenolic contents (mg GAE/mL Kombucha)

time (day) JTN JT T J S
0 1.65+0.01"° 1.65+0.00"° 1.65+0.00"° 1.59+0.00*>°° 0.03 +0.00*"°*
5 1.65+0.03° 1.69+0.05° 1.762£0.0"%¢ 1.62+0.01°°" 0.32+0.03*"°¢
7 1.66+0.02°%° 1.53+0.05™° 1.70+0.04° 1.54+0.03*° 0.3940.02*"°%"
14 1.64+0.03° 1.58+0.06°"° 1.74%0.07>*° 1.56+0.06"°° 0.38+0.02*"°¢

Table 5 Antioxidant activity of various kombucha formulations during 14 days of fermentation by DPPH assay.

Fermentation % Inhibition
time (day) JTN JT T J S
0 88.81+ 3.64° 89.14+2.55%° 93.55+0.89*° 89.49 +1.60°°°  47.96 +0.44*>°¢
5 89.87+0.97°°° 93.55+0.20° 92.37+0.39%° 91.48 +0.27°°° 93.57 +0.21*%¢
7 92.17+3.01 96.14+0.15% 95.71+0.53% 93.57 +0.60°°° 95.36 +0.23"%
14 93.74+1.10 94.40+0.23 94.65+0.22 93.91 +1.61 94.59 +0.12
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Table 6 Antioxidant activity of various kombucha formulations during 14 days of fermentation by FRAP assay.

Fermentation

FRAP value (mg Fe®*/mL)

time (day) JTN JT T J S
0 23.23+2.90° 23.24+0.50° 23.92+1.20%° 19.15+0.49"°° 0.750.03*"°*
5 24.57+0.50%°  23.30+0.67°° 24.66+0.20%° 18.40+0.72*>°° 3.24+0.09°"%
7 24.76+1.32° 24.12+0.88°° 25.73+0.56""° 19.37+1.40%° 3.3240.13%"°¢
14 20.83+1.56"° 20.19+2.01° 22.13%0.99%° 24.24+0.59°°% 3.7411.41°°%

Note: Values are expressed as mean + SD (n = 3). Different lowercase letters (a-e) within the same row indicate
significant differences among formulations at the same fermentation time according to DMRT (p < 0.05). Asterisks (*)
indicate significant differences between the baseline value (Day 0) and the highest or lowest response value observed
within the same formulation, as determined by Student’s t-test (p < 0.05).
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6.00
& 2.00 o
(&) O >
< / 3 4.00
Z ———0—0— —9 T
g 1.00 S 200
2
>
0.00 , : , 0.00 -~ T . .
0 5 10 15 0 5 10 15
Fermentation time (days) Fermentation time (days)
—0—JTN —@—JT T J —8—S8 —@—JTN —@—JT T J —e—S
(c)15.00 7

10.00

5.00

=,

%Brix

0.00

o—0—

—0

5

[

10 15

Fermentation time (days)

—@—JTN —0—JT

T J —9—8

Figure 2 Changes in (a) Viscosity, (b) pH value and (c) Total sugar content for various kombucha formulations

during 14-day of fermentation (JTN: unfermented black tea with Jerusalem artichoke, JT: fermented black tea with

Jerusalem artichoke, T: fermented black tea, J: fermented Jerusalem artichoke, and S: fermented sucrose).
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(c) FRAP value for various kombucha formulations during 14-day of fermentation.
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beverage fermented from black tea and Helianthus tuberosus L.
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Abstract

Critically ill patients who are unable to care for themselves often require the intravenous administration of medication
and nutrients for treatment and survival. Additionally, blood sampling from veins is a common medical procedure
employed for health screening or blood donation. Currently, commercially available vein imaging devices designed to
facilitate the identification of needle insertion sites are prohibitively expensive. Therefore, this research focuses on
designing and developing a low-cost, real-time vein imaging device utilizing near-infrared (NIR) technology.

This research was conducted under the innovation development framework by Veena Jirapathet (2009), which
consists of the following steps: (1) analyzing the inadequacy of equipment for teaching and learning; (2) assessing
the needs for supporting materials in the Public Health program (Basic Health Assessment and Treatment course
group); (3) establishing collaboration and a working team involving faculty members and students; (4) determining
development issues to enhance the device’s efficiency; (5) systematically reviewing related literature on designing and
building vein imaging devices; (6) synthesizing knowledge from high-quality literature; (7) designing and developing
the device; (8) planning evaluation methods; (9) establishing usage guidelines; (10) trialing the device with volunteers;
(11) evaluating the device’s usability; (12) documenting performance with relevant references used in the design and
construction; and (13) disseminating the device for practical application.

The sample consisted of 10 male and female students and personnel aged 19-59 years from Chaiyaphum
Rajabhat University. The sample size was determined using the G*Power 3.1.9.7 program, with a statistical power of
0.80, a significance level of 0.05, and an effect size of 0.90. Participants were selected using purposive sampling. The
research instruments included a data recording form and the vein imaging device. The content validity of the data
recording form yielded an ltem-Objective Congruence (IOC) index ranging from 0.87 to 1.00. Data were analyzed
using descriptive statistics, including frequency, percentage, mean, and standard deviation.

The study successfully developed a vein imaging device capable of capturing clear images of subcutaneous
veins under normal ambient lighting. The device’s specifications are as follows: (1) an image capture area ranging
from 6 x 6 cm to 6 x 10 cm; (2) an effective operating distance from the skin to the camera of approximately 14-34
cm; and (3) an image resolution of 800 x 480 pixels.

Future research should further investigate the device’s efficacy and accuracy in training venipuncture and

intravenous administration skills for health science students and medical professionals.

Keywords: Vein imaging device, near-infrared, image processing, innovation, venipuncture
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Figure 1 Diagram illustrating the operation of the

device
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(B) Raspberry Pi Camera
Module 2 NoIR

|

(D) LCD Display

(E) Raspberry Pi Camera
Cable

(F) Adapter 12 V 1A (G) Lamp

Figure 2 Materials Utilized in Equipment Design

Preliminary study on designing and developing a low-cost, real-time vein

visualization device utilizing near-infrared technology

(A) Position the
infrared tube adjacent

to the camera

(B) Secure the (C) Connect Raspberry Pi

camera and infrared Camera Cable to board and

board to the lamp camera

(D) LCD Display Screen

Image Representation

(E) Vein Imaging

Equipment
Figure 3 Assembly of Equipment.
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(A) Accurately measure the image area within

nearest range

(B) Measure the image area at the maximum range

(C) Determining the distance from the camera to both

the nearest and farthest points of the skin

(D) Evaluation of device features through
photography under standard lighting conditions
Figure 4 Testing for characterization of vein imaging

devices

Image: size Clear photo area

B00 % 480 piel Ex6toéx 10 om,

Figure 5 Diagram illustrating the operational principle of

the device
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Table 1 Characteristics of the participants (n=10)

ID Gender Age BMI Interpretation
(years)

1 Female 23 18.28 Underweight
2 Male 28 17.35 Underweight
3 Female 32 18.35 Underweight
4 Male 42 23.88 Normal

5 Female 45 30.85 Obese

6 Male 46 30.07 Obese

7 Female 47 19.48 Normal

8 Female 54 24.76 Overweight
9 Male 56 20.01 Normal
10 Female 58 24.24 Overweight

Preliminary study on designing and developing a low-cost, real-time vein

visualization device utilizing near-infrared technology

Table 2 Photographs of the participants (n=10)
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Subject ID / Figure

Subject1_Palm

Subject2_Palm

Subject3_Palm

I

Subject4_Palm
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Subject5_Palm

Subject6_Palm
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Subject8_ Palm

Subject9_Palm

Subject10_Palm

E

Subject1_Arm

Subject2_Arm

Subject3_Arm

Subjectd_Arm

Subject 5_Arm

Subject6_Arm

Subject7_Arm

Subject8_Arm

Subject9_Arm
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Abstract

The objective of this research is to develop and analyze a mathematical model of the alcohol addiction epidemic
among new drinkers using standard methods. In this study, the population is divided into five compartments: susceptible
drinkers (S), new drinkers (D), heavy drinkers (H), drinkers in treatment (T), and recovered drinkers (R). The formulated
model is in the form of a system of nonlinear ordinary differential equations and is analyzed using standard methods.
We obtained the equilibrium points and calculated the basic reproduction number (Rg) using the next-generation matrix
method and spectral radius. The stability of the equilibrium points is analyzed using the Routh-Hurwitz criteria, and
numerical solutions are provided to support the results. It was found that the numerical solution of the system converges
to the alcohol-free equilibrium point, Eg(1.45, 0, 0, 0, 0), which is locally asymptotically stable when given Ol = 0.01,
Oz = 0.5, and O3 = 0.01, yielding Rg = 0.08787878786 < 1. Furthermore, the alcohol-present equilibrium point,
E1(1.20339, 0.01511, 0.00548, 0.04876, 0.17732), is locally asymptotically stable when given Olq = 0.5, Ol = 0.01,
and O3 = 0.5, yielding Rg = 1.106870229 > 1. The research results demonstrate that the influence of new drinkers’
peer groups affects the mathematical model of the alcoholism epidemic. Therefore, reducing the rate of interaction

with peer groups of drinkers will help decrease the alcoholism epidemic.

Keywords: Mathematical model, alcoholism epidemic, equilibrium point, basic reproduction number
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Introduction

It is well known that alcohol consumption leads to various
negative consequences, including a range of health issues
such as liver diseases, heart and cardiovascular
conditions, cancer, and mental health disorders (World
Health Organization, 2018; Assanangkornchai &
Chittrakan, 2019; Wichaidit et al., 2019). Furthermore,
alcohol consumption contributes to road accidents when
individuals consume alcohol and then drive. It also leads
to conflicts, violence, and physical harm. Despite these
risks, a considerable number of people in Thailand still
favor alcohol consumption. According to the report on
alcohol consumption in each province in 2021, the
prevalence of alcohol consumption in the Thai population
is 28.0%, which means nearly 3 out of 10 individuals aged
15 and above have consumed alcohol within the past 12
months. Specifically, among adolescents, the prevalence
of alcohol consumption is 9.0% (Vichitkunakorn &
Tanaree, 2022). Moreover, a significant number of new
drinkers, representing 5.93% of the Thai population aged
15 and above, started drinking alcohol for the first time
within the past 3 years prior to the survey in 2021 (Center
for Alcohol Studies, 2023; National Statistical Office,
2021).

New drinkers are a population group that requires
close attention in each survey round because they might
transition into regular drinkers, heavy drinkers, alcohol-
dependent individuals, or even quit drinking. If there is a
significant increase in the number of new drinkers during
a certain period without a corresponding decrease in
previous drinkers, the prevalence of current drinkers will
also rise. Based on the trend analysis of alcohol
consumption behavior among the Thai population, the
prevalence of new drinkers aged 15 and above has been
increasing since 2011 until 2021. Specifically focusing on
new drinkers among adolescents, it was found that the
prevalence has notably increased in the 2021 survey
(Chirapradispol et al., 2020; Vichitkunakorn & Tanaree,
2022). Moreover, the study on the initiation of alcohol
consumption found that the main reasons for starting
drinking were being influenced by friends or peer pressure

(38.85%), curiosity (29.12%), and socialization (20.82%),

with other reasons accounting for 11.21% (Wichaidit et
al.,, 2019). It is evident that the most influential factor is
peer pressure (Noiphon, 2017; Hashim et al., 2017;
Gutiérrez et al., 2022), especially among adolescents who
tend to seek peer approval. Therefore, they often follow
the drinking behavior of their peers. Given this context,
addressing the issue of alcohol consumption among
current youth and adolescents is essential as they are at
high risk of alcohol-related problems and consequences.
Consequently, strategies for controlling the expansion of
alcohol consumption and minimizing economic and social
losses, particularly among adolescents, are necessary
(Hashim et al., 2017).

Mathematical modeling regarding alcohol
consumption has been frequently conducted, employing
the principles and approaches used in infectious and
contagious diseases (Poonpanang et al., 2015; Sharma
& Samanta, 2015; Khajji et al., 2020; Reyes, 2020).
Alcohol consumption behavior is considered a “disease”
that can spread through peer influence. The interconnection
of consumption patterns typically follows a sequence of
transfer: current drinkers, at-risk drinkers, harmful
drinkers, and recovering drinkers, with the possibility of
transitioning back or being removed depending on
interventions (Gutiérrez et al., 2022). For instance,
Sharma and Samanta (2015) developed a mathematical
model of alcohol dependence by categorizing the student
population into four classes: moderate and occasional
drinkers, heavy drinkers, treatment drinkers, and
recovered drinkers. The researchers calculated the basic
reproduction number (RO) and examined the stability of
equilibrium points. The study found that when RO > 1, the
epidemic of alcohol consumption reaches an equilibrium
point. Reyes (2020) used a mathematical model to
analyze and explain the trend of alcohol consumption
among university students in Colombia. The population
was divided into three classes: regular drinkers, at-risk
drinkers, and current alcohol-dependent individuals. The
researchers found that when the transmission rate
exceeds Ro > 1, the epidemic of alcohol consumption

reaches an equilibrium point.
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In this study, we aim to examine the spread of
alcohol dependence among new drinkers using a
mathematical model. We analyze the causes and factors
resulting from the influence of peers, which drive the
formulation of control measures to monitor and prevent

the spread of alcohol dependence.

Mathematical Model and Basic Properties
In this section we have developed a mathematical

model of alcohol abuse.

1. Mathematical Model

This model is developed based on the framework
proposed by Sharma and Samanta (2015), in which the
population is divided into four compartments: moderate
and occasional drinkers, heavy drinkers, treatment
drinkers, and recovered drinkers. However, recent
literature has emphasized the significant role of peer
influence in the initiation of alcohol consumption,
particularly among adolescents and young adults
(Gutierrez et al., 2022; Chirapradispol et al., 2020).

Accordingly, the present model introduces an
additional compartment representing new drinkers,
comprising individuals who have downgraded from the

heavy drinker group by reducing their alcohol intake. This

behavioral transition is governed by the parameter o,
which denotes the proportion of heavy drinkers who shift
to new drinkers without undergoing formal treatment. At

the same time, peer influence from existing heavy drinkers

is modeled through the parameter o, representing the
rate at which susceptible individuals are encouraged to
initiate alcohol consumption and enter the heavy drinker
class. Importantly, individuals in the new drinker class are

not yet considered fully recovered and remain vulnerable

to relapse. This risk is captured by the parameter a,,
which quantifies the transition rate from new drinkers back
to heavy drinking due to social, psychological, or
environmental triggers.

As a result, the human population in this model
is divided into five distinct classes : susceptible drinkers
(S), heavy drinkers (H), new drinkers (D), treatment

drinkers (T) and recovered drinkers (R). The transitions
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among these groups, driven by peer influence, behavioral
downgrading, and relapse dynamics, are illustrated in

Figure 1.
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Figure 1 The schematic diagram of the alcohol abuse model

The model can be presented by the following set

of ordinary differential equations:

ds

—=b+nR-0,SH-uS

dt

dH

—=0a,SH+0o,DH-o,H-(¢+pn+3)H

dt

dD

—=a,H-a,DH-uD )
dt

dT
—=¢H-(y+p+93)T
dt

dR

—=yT-(m+pR

dt
with initial densities

S(0) >0, H(0) > 0, D(0) >0, T(0) >0, R(0) >0.
So N(t) = S(t) +H(t) +D(t) + T(t) + R(t) .
denotes the total number of high-risk human population
at time t.
The model parameters are described below :

b : natural birth rate of the human population

p : Natural death rate of each population class

& : Drinking related death rate of heavy drinkers

n : The proportion of recovered class who re-enter

into susceptible drinkers

a, : The transmission coefficient from susceptible

1
drinkers to heavy drinkers

o, : The proportion of the heavy drinker class who

2
re-enter into new drinkers

o, : The transmission coefficient from new drinkers to

3
heavy drinkers
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¢ : The proportion of heavy drinkers who enter new
in treatment
vy : Recovery rate of drinkers in treatment

The model is based on the following assumptions :

(i) The natural birth rate and death rate of the
human population are assumed to be constant, denoted
by b and p, respectively.

(ii) Individuals who cease alcohol consumption
enter the recovered drinkers class. A fraction of these
individuals may relapse into the susceptible class due to
waning immunity, occurring at a rate denoted by n
(immune loss rate).

From system (1), by adding all equation, we get

dN
—=b—uN-8H-8T as t— +xo. So, the total

dt

b-8(H+T)

population is N = —  , which is not constant. Let
v

us scale the state variables with respect to the total

population. Then system (1) becomes :

dN
— =b-puN-8H-38T
dt
dH
—=0,(N-H-D-T-R)H+a,DH - o,H-
dt
(¢+u+8)H
dD
— =a,H-o,DH-uD
dt 2)
dT
—=0H—-(y+pn+3)T
dt
dR
—=yT-Mm+uR
dt

where S=N-H-D-T-R.

2. Basic Properties

It is assumed by the model that all the state
variables are non-negative at time t =0. It then follows
from the differential equations of system (1) that the
variables are non-negative for all t > 0. That result can
be summarized in the theorem 1.

Theorem 1 Let (S,H,D,T,R) be the solution of
the system (1) with initial conditions S(0) > 0, H(0) > 0,
D(0) >0, T(0) >0and R(0) >0.

S(t),H(t), D), Ty e [] 2,
Then Q =
S()+H( +D(H + T() <

is a positively

invariant and attracting under the flow described by the
system (1)

Proof By the Lyapunov function (Bacciotti &
Rosier, 2001) Let S(t),H(t),D(t),T(t) and R(t)are

non-negative with N=S+H+D+T+R.

The time derivative of this equation is given by:

dN
— =b—pN-8H-&T
dt

<b-—pN.

__dN
Since — +uN<b,
dt

. b -1t -t
we obtained 0 < N(t) < —(1 -e )+ N(O)e ™ . where
n)
N(0) represents the initial values of the total population.

b
Then lim SupN(t)=—.
0

t—>00

Thus Qs positively — invariant and attracting under

[0,00).

Results
1. Basic Reproduction Number

In the following, we will find the basic reproduction
number (Ro) of system (2) with the next generation matrix
method formulation (Driessche & Watmough, 2002).

Letx = (N,H,D, T,R), then the system (2) can be
written as

dx
— =F(x)— V(x)
dt

0
o,(N-H-D~T-R)H+a,DH
- 0 -

0
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[ UN+SH+8T-b |
o,H+ (¢ +u+3)H
—a,H+ o ,DH+ b
(y+un+3)T—-o¢H

(M+wWR =T

where F(x) is the new infection terms, V(x) is
the other terms . The corresponding linearized matrices

of F(x) and V(x) evaluated at disease-free equilibrium

b
E, (N,H, D, T,R) = [—,0,0,0,0J are respectively.
1)

[0 0 0 0 0 |
N_
H_
o,| D— [+ —o,H+
o,H -oH —oH
T-— o,H
F=
R
o,D
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
and
M 8 0 5 0 |
o, + 0+
0 0 0 0
p+o
V:
0 -a,+o0,0 o H+p 0 0
0 ) 0 Y+u+9d 0
0 0 0 -y n+u
Now,
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[0 0 0 0 0]
o.b -, ob
0 ; — 0 0
(12+ (7,2+
o+ L 0
u
u+ u+
FV ' = o o
Y+
N+
p+3d ( )
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

is the next generation matrix of system (2) and

basic reproduction number of the system will be the

spectral radius of matrix FV_1 denoted and defined as :
-1 o,b
R, = p(FV ) = >0
u(az +o+p+ 6)

2. Equilibrium Points

In this section, we will study the existence of
equilibrium points of system (2). It has mainly two
equilibrium points:

1) Alcohol- Free Equilibrium (AFE) :

b
E,(NHD,T,R) = [E'O’O’O’OJ

2) Alcohol- Present Equilibrium (APE) :
b+3H (1—a,) .

H,
o e e [
E1(N,H,D,T,R)= . .
o, H . yaH
2 s aH, 1
aH +pu a,
where a =L and a, =n+u
T y+u+s 2

Theorem 2 System (2) has an alcohol - free

b
equilibrium E, (—,0,0,0,0] and if Ry, >1, then it admits
u

an alcohol-present equilibrium E1 (N*,H*,D*,T*,R*) .
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Proof Let E, (N ,H.,D,T,R )is alcohol-present
equilibrium. At equilibrium, all derivatives in System (2)
are equal to zero, and the system satisfies the following

set of algebraic equations :

b—uN —8H —&T =0 (2a)
a, (N* ~H -D -T —R*)H’ +a,DH —

aH —(¢+u+d)H =0 (2b)
a,H —a,DH —uD =0 (2¢)
OH —(Y+p+8)T =0 (2d)
YT —(+wR =0 (2e)

From (2c) and (2d), we obtain

. o,H

D =—F (3)
oH +u

R .

T = =aH (4)
vY+u+d

(5)

(6)

Then, substituting (3) —(6) into (2b), we have a cubic

equation of H as follows:
'3 v .
a,H +aH +aH =0 (7)

where

&= Y+U+S ’

a,=n+u,
a;=¢+u+9,

a, =0,0,a,0 —a,a,0,0,0 — a,a,10,0, —
ayno, 0,
a; = a,0,a,b —a,o,0n —a,a,0,01 —a,0,0, 1 —
2 2
28,041 —Ya,04l —a,a,0,H,

_b 2 2
ag =bpa,o, —a,o,u —aazu .

Obviously, a, <0 and ag; <0 holds naturally when

R, >1. Hence (7)has a positive solution, we can get

positive solutions N*, H*, D*,T* and R*, respectively.

So, System (2) has an alcohol-present equilibrium
E, (N*,H*,D*,T*,R') if Ry >1.

3. Stability Analysis

In this section, we analyze the local stability of
system (2) at the alcohol-free equilibrium and the alcohol-
present equilibrium.

The Jacobian matrix of this system is

- =56 0 -0 0
a,H ¢ ¢, —o,H —o,H
J=| O C; C, 0 0 (8)
0 o 0 —(y+u+d) 0
0 0 0 Y ~(n+m)

where ¢, =a,(N-H-D-T-R)-a, + a,D - (¢+u+3),

c,=-aH+aH, c;=0a

) —-a,D and ¢, =-aH-p.

2

3.1 Local Stability of E

Theorem 3 The alcohol-free equilibrium E, is
locally asymptotically stable if R, <1 and unstable if
Ry >1.

Proof From (8), the Jacobian matrix corresponding

to E, is given by

u -8 0 -5 0o |
0 C 0 0 0
0 a, -u 0 0
J(E,) = 2 (9)
Y+
0 ¢ O (u +5j 0
0o 0 0 vy ()

b
where C = a, (E] -a, - (¢+p+8) .

So, eigenvalue of the characteristic equation of
J(E,) aren,, =-mwry =c,i, =—(y+u+d) and i, =—(n+p)-
It is evident that k1, 7‘2' k4 and X5 are real and negative

due to the positivity of all parameters. Now, E  is stable

b
if 7“3 <0, a1(—j<a2+¢+p+8, R, < 1. Therefore,
p
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the system (2) is locally asymptotically stable at E, if

R, <1 and unstable if R, >1.

3.2 Local Stability of E,
Theorem 4 If R, >1, the alcohol-present

equilibrium E, is locally asymptotically stable.

Proof From (8), the Jacobian matrix corresponding

to E, is given by

[D, D, 0 D, 0]
p, D, D, D, Dy
JE)=| 0 D DBy 0 0 (10)
0o Db 0 D, O
L 0 0 0 " D12

where D, = -p, D, =—3,D, =a H ,

b+oH (1-a) ap
H (13H*+u
D, =0, . -
- yaH
aH -
a,
aH
o, + 2 —(¢+u+8)
H +p
. . . oczH*
Dy=-aH +a,H, Dg=—a,H, D, =qa, -

X H* +u
Dg=-0zH —pu, Dyg=¢, D, =—(y+u+d),D, =7
and D,, = —(n+p).

The characteristic equation of system (2) at E,
is det(kl5 —J1) =0, where Iy is the identity matrix of
size 5 and X is the eigenvalue of matrix J,.

The eigenvalue of matrix J is given by

5 4 3 2
A +HA +HA +HA +H,A+H, =0 (11) where

H1=D1+D4+D8+D10+D12,

H, = (D,D, +DgD, +D,D, ) -
D1D4 + D1D8 + D1D10 + D1D12 + D4D8 +

D,D,, +D,D,, + DD

10712 + D8D10 + D4D10
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D,D,D, +D,D,D,, +D,D,D,, +D,D,D,, +

D,D4D,, +D,D,D,, +D,D,D,, +D,DgD,, +

D,4D;,D;, +D,D,,D +D,D,D, +

8710712 4710 12+DDD

679711

D2D3D10 + D2D3D12

D,D,D, +D,D,D, +D,D,D,, +DD,D,, +

D,D

D6D8D9+D6 9712

bpb.b,b,+DDDD,,+DD.DD, +

17677712 175677710 1776879

H,=DDJD,D,, +D,D,D,D,, +D,D,D.D,, +

4 1679712 27378710 27378712

D2D3D1OD12 + D5D7D10D12 + D6D8D9D12

D1D4D8D12 + D1D4D8D10 + D1D8D1OD12 +

- D1D4D10D12 + D1D6D9D11 + D4D8D10D12 1

D6D8D9D11

-b,b.D.D,,D,, +D,D.D,D,D

H; =D,D,DgD,,D 1252751012 176”8 9 11 —

17478710712

D.D.D.D,D

168912_DDDD D

27378710712

Thus, by Routh-Hurwitz Criterion (Kot, 2001), we
obtain that all the eigenvalues of the characteristic
Equation (11) have negative real parts if and only if the

conditions:
(i) H, >0 for i=1,2,3,4,5,
(i) HH, —H; >0,

2 2
(iii) HH,H; —HH, —H:H, —H; >0,

2 2
H,H,H H, —HH,H, —HH, —

(iv) ) >0.
H,H, —H,H, —HH,H,

Hence, the alcohol-present equilibrium E, of system (2)

is local asymptotically stable if R, >1.

4. Numerical Simulation

In this section, we present some numerical
results of system (2), which are presented to support the
analytic results obtained above. We have taken these
based on the range provided in Table 1 and the different

initial values for each variable of state.
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Table 1 Values of the parameters used in the model.

Parameter Values Reference
(Person/Day)
b 0.029 Bhunu and
m 0.02 Mushayabasa
(2012)
) 0.035
n 0.5
) 0.1
Y 0.005

First, we choose o, =0.01, a, =0.5 and a, =0.01,
numerical simulation gives R, =0.08787878786 <1, then

alcohol-free equilibrium E (N,H,D,T,R) =E(1.45, 0, 0, 0, 0)

is local asymptotically stable (Figure 2).
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Figure 2 Time series of the (a) total of human
population, (b) Heavy drinkers, (c) New drinkers,
(d) Treatment drinkers and (e) Recovered drinkers.

The state variable approach alcohol-free equilibrium.

From Figure 2(a)-2(e), the simulation results
illustrate the temporal evolution of all population
compartments under a specific parameter setting: the

transmission rate from susceptible to heavy drinkers
(o) is reduced to 1%, the proportion of heavy drinkers

who transition to new drinkers (., ) is increased to 50%,

and the relapse rate from new drinkers back to heavy

drinkers (a,) is also reduced to 1%. Under these
conditions, the system gradually evolves toward the
alcohol-free equilibrium. In Figure 2(a), the total human
population N(t) increases due to natural demographic
growth and stabilizes at approximately 1.45 million people
after around 2,000 days (~5.5 years). Figures 2(b)-2(e)
show that the subpopulations of drinkers including heavy
drinkers (H), new drinkers (D), treatment drinkers (T) and
recovered drinkers (R) gradually decline and converge to
zero at approximately days 300, 500, 600 and 700,
respectively. These results suggest that targeted
interventions focusing on reducing peer influence and
minimizing relapse can effectively eliminate alcohol use
within a relatively short period, approximately two years
highlighting the importance of early prevention policies

and sustained rehabilitation efforts.
Second, we choose a, =05, a, =0.01 and
a, =0.5, numerical simulation gives R,=1.106870229 > 1

, then alcohol presents an equilibrium

E,(N,H,D,T,R)=E,(1.20339,
0.01511,0.00548, 0.04876, 0.17732)

is local asymptotically stable (Figure 3).
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Figure 3 Time series of the (a) total of human
population, (b) Heavy drinkers, (c) New drinkers,
(d) Treatment drinkers and (e) Recovered drinkers.
The state variables evolve toward the alcohol-present

equilibrium.

Figure 3(a)-3(e) illustrates the population
dynamics under an alcohol-present scenario. In this

simulation, the transmission rate from susceptible

individuals to heavy drinkers (a,) is increased to 50%,

the proportion of heavy drinkers who transition back into
new drinkers (o, ) is reduced to 1%, and the relapse rate

from new drinkers to heavy drinkers (a., ) is increased to
50%, representing a high-risk environment with frequent
relapse, weak prevention, and sustained heavy drinking
behavior. Figure 3(a) shows that the total human

population N(t) initially increases to about 1.45 million,
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then declines and stabilizes around 1.20339 million after
approximately 2,000 days (5.5 years), reflecting the
cumulative effects of alcohol-related morbidity and
mortality. Figures 3(b)-3(e) indicate that alcohol-related
subpopulations gradually reach equilibrium :
drinkers (H) at 0.01511 (15,110 people), new drinkers (D)
stabilize at 0.00548 (5,480 people), treatment group (T)
at 0.04876 (48,760 people, and recovered individuals (R)

heavy

at 0.17732 (117,320 people), assuming a total population
of 1.45 million. These outcomes indicate that all drinking-
related groups persist in the long term, suggesting that
the system settles into an alcohol-present equilibrium
mirroring real world contexts where insufficient intervention,
frequent relapse, and lack of support systems lead to
continued alcohol use. Targeted strategies addressing
peer influence and relapse prevention are essential to

shift the system away from this endemic state.

Discussion

This study developed a mathematical model to
examine peer influence on alcohol addiction by introducing
a new compartment for new drinkers (D). The analysis

shows that the alcohol-free equilibrium is locally stable
when R, <1, but increases in peer influence (a,) or

relapse rate ( o, ) may shift the system toward an alcohol-

present equilibrium. Additionally, the model accounts for

the downgrading of heavy drinkers to new drinkers (a.,
), @ behavioral transition that can delay or reverse
addiction progression. Unlike earlier models such as
Sharma and Samanta (2015), our model incorporates
social dynamics, aligning with studies like Gutierrez et al.
(2022) and Chirapradispol et al. (2020), which emphasized
the critical role of peer and family influence in alcohol
initiation among adolescents.

Key parameters such as a, (peer influence), a.,
(downgrading) and o, (relapse) reflect real-world social
triggers. These findings align with Hashim et al. (2017),
who identified peer exposure as a major predictor of youth
alcohol use in Thailand. Our simulations indicate that

while recovery mechanisms (¢, v, n) are relevant, peer-

driven initiation (o, ) becomes the dominant driver when
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R, >1. Under these conditions, the alcohol-present
equilibrium is locally stable, suggesting that sustained
peer influence and frequent relapse can maintain endemic
levels of alcohol use. This supports findings by Reyes
(2020), who demonstrated that peer dynamics reinforce
long-term alcohol prevalence in university populations.

Although the model assumes homogeneous mixing and
constant rates, these assumptions can be relaxed in future
work. Following Wichaidit et al. (2019) and National
Statistical Office (2021), incorporating age structures,

geographic factors, and behavioral seasonality would
enhance realism. Policy implications include reducing o,
through peer-led education,minimizing a., via long-term

relapse prevention programs and enhancing o, by
encouraging early-stage interventions that transition heavy
drinkers to less severe stages. These strategies align with
WHO (2018) recommendations. Future directions include
adding a moderate drinker class, conducting sensitivity
analysis, and validating the model with Thai national data.
Most importantly, these results must be understood within
the Thai socio-cultural context, where alcohol is embedded
in festivals, family life, and peer activities, in order to guide

effective and culturally sensitive interventions.

Conclusion

This study developed a compartmental mathematical
model to examine the dynamics of alcohol consumption
by incorporating peer influence (o, ), the downgrading of
heavy drinkers to new drinkers (a,) and relapse (o).
Formulated a mathematical model by using the Routh-
Hurwitz criteria and constructing Lyapunov functions. The
model analysis revealed two non-negative equilibria: an
alcohol-free equilibrium and an alcohol-present equilibrium.
Numerical simulations showed that when o, =0.01,
o, =05 and o, = 0.01, the basic reproduction number
R, =0.08787878786 <1, indicating that the alcohol-free
equilibrium is locally asymptotically stable. In contrast,
when a, =05, a,=0.01 and o, =0.5 , the value
R,=1.106870229 > 1 , confirming the local stability of

the alcohol-present equilibrium. These findings confirm

that peer-driven initiation and relapse significantly
influence the persistence of alcohol use in the population.
The model underscores the critical role of minimizing peer
influence and relapse in reducing alcohol prevalence.
Achieving this objective necessitates the implementation
of comprehensive public health strategies, including
evidence-based educational campaigns, behavior
modification interventions, and sustained relapse
prevention programs. Such measures are essential to
shift the population dynamics toward a stable alcohol-free

equilibrium.
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Abstract

The increasing amount of agricultural and municipal waste, such as rice husk ash from biomass power plants and
glass cullet from urban solid waste, raises concerns regarding waste management and the depletion of natural resources.
This study aims to investigate the potential of these waste materials as components in aerated lightweight concrete
by optimizing the water-to-binder ratio and mix proportions. The physical and mechanical properties evaluated include
compressive strength, bulk density, and water absorption. The experimental design includes water-to-binder (w/b)

ratios of 0.4, 0.5, 0.6, and 0.7; cement replacement with rice husk ash at 0, 10, 20, and 30% by weight; aluminum
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powder at 0.5, 1.0, 1.5, and 2.0%; and fine aggregate replacement with recycled glass cullet ranging from 0 to 100%
by weight.

The optimal mix is identified as having a w/b ratio of 0.6, 30% rice husk ash, 1.0% aluminum powder,
and 80% recycled glass cullet by weight of fine aggregate. After 28 days of curing, the mix achieves a compressive
strength of 5.53 MPa, which exceeds the minimum requirement for Type C12 aerated concrete specified in TIS 2601-
2556 (=2 2.5 MPa). The bulk density is 1,070 kg/m?, which falls within the standard range for Type C12 (1,001-1,200
kg/m?®). The water absorption is 24.97%, which slightly exceeds the standard limit (< 23%) but remains within an
acceptable range for practical use, particularly in applications without direct moisture exposure. Overall, the findings
highlight the potential of utilizing agricultural and municipal waste as sustainable alternatives to conventional construction
materials, contributing to cement reduction, greenhouse gas mitigation, and the development of environmentally friendly

construction products.

Keywords: Aerated lightweight concrete, rice husk ash (RHA), recycled glass sand, sustainable construction materials,
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Table 1 Physical Properties of Raw Materials

Materials Specific Gravity Bulk Density Water Absorption
(g/cm?) (g/cm?) (percent)
Rice Husk Ash 1.58 1.57 4.23
Crushed Glass Waste 1.84 1.83 3.05
Fine Aggregate (Natural Sand) 2.28 2.27 1.75
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Table 2 Chemical Composition of Materials (percent by weight)

Materials SiO» K20 CaO Fe;03 TiOo Zn0 SO3 CuO
Rice Husk Ash (RHA) 65.09 14.22 8.16 4.41 0.80 0.41 N.D. N.D.
Crushed Glass Waste 42.86 1.04 39.39 9.44 1.41 0.08 0.14 0.08
Fine Aggregate (Natural Sand) 90.58 0.39 1.25 4.16 2.42 N.D. N.D. 0.09

n.d. : not detected
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Figure 1 Microscopic images of (a) rice husk ash,

(b) waste glass, and (c) sand at 100x magnification
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Figure 2 Compressive strength of lightweight concrete
with varying rice husk ash (RHA) replacement ratios
(0, 10, 20, and 30 by weight of cement) under different

water-to-cement ratios at 7 days of curing.
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Figure 3 Compressive strength of lightweight concrete
with aluminium powder contents of 0.5, 1.0, 1.5, and

2.0 at w/b ratios of 0.5 and 0.6 after 7 days of curing.
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Figure 4 Density of lightweight concrete with aluminium
powder contents of 0.5, 1.0, 1.5, and 2.0 at w/b ratios

of 0.5 and 0.6 after 7 days of curing.
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Figure 5 Compressive strength of lightweight concrete
with varying levels of sand replacement by waste glass

after 7 days of curing.
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Figure 6 Density of lightweight concrete with varying
levels of sand replacement by waste glass after 7 days

of curing.
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