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KEYWORDS ABSTRACT

Stress Management in This documentary research aimed to 1) synthesize stress management
Hotel Work strategies among employees in the hotel industry, and 2) identify cause
Stress Factors among factors towards stress in the Thai hotel industry through a review and
Hotel Employees analysis of 20 relevant literature, research articles, textbooks and academic
Analysis of Stress papers from year 1976-2024 by online database. Content analysis is applied
Management Strategies for data analysis. The findings revealed that hotel managers and supervisors
Documentary Research experience the highest levels of stress, followed by front-office employees

who face intense customer expectations and heavy workloads. Major stress
factors included role ambiguity and conflicts, work overload, interpersonal
tension, job insecurity, and family-related issues. Stress management
strategies can be categorized into three levels: 1) organizational level,
including policy improvement, fair compensation, and supportive work
environments; 2) individual level, namely exercise, relaxation, and
emotional regulation; and 3) psychological level such as fostering an internal
locus of control. The results highlighted that effective stress management
requires both structural measures and the strengthening of individual
resilience. This study provides practical implications for organizations to
enhance employee well-being, reduce turnover rate, and improve service
quality, as well as serving as an academic reference for developing human

resource management policies.
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KEYWORDS ABSTRACT

Labour Rights This research article aimed to study 1) analyze the situation regarding access
Human Rights to labour rights and human rights, including the protection of informal
Informal Workers workers in Khon Kaen Province; 2) study the problems and obstacles that
Access to Rights informal workers face in accessing information and exercising their labour

rights under national laws and international standards; and 3) propose
appropriate approaches to promote access to labour rights and protection in
accordance with human rights principles, suitable for the context of informal
workers in Khon Kaen Province. This qualitative research collected data from
seven key informants selected through purposive sampling. Semi-structured
interviews were conducted, and the data were analyzed using content
analysis. The research findings revealed that: 1) informants had a basic
understanding and awareness of labour rights; 2) problems and obstacles to
accessing information and legal protection of labour rights included:
2.1) a lack of in-depth understanding of legal labour rights; 2.2) the majority
of informal workers had never sought assistance from government agencies
or organizations, relying instead on information gathered from social media;
2.3) discrimination in the workplace; and 2.4) insufficient access to information
and labour protection. 3) Recommendations for promoting access to informal
labour rights and protection based on human rights principles included:
3.1) the government should implement clear and easily accessible public
awareness campaigns; 3.2) appropriate and fair wage standards should be
established, and written employment contracts should be in place; and
3.3) complaint procedures should be streamlined, and stricter measures
should be taken to penalize employers or business owners who exploit

workers.
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KEYWORDS ABSTRACT

Slow-release fertilizers This research aims to develop a slow-release nitrogen fertilizer by applying
Controlled release biobased materials and industrial residues from the pulp and paper industry,
fertilizers specifically lignin extracted from black liquor, in combination with sodium
Lignin alginate, to enhance fertilizer use efficiency and reduce nitrogen losses to the
Alginate environment. The extracted lignin was characterized in terms of morphology,
Hydrogel chemical composition, and bonding structure using SEM, EDS, and FT-IR
Black liquor techniques, respectively. The lignin was then utilized to develop a coating

material for urea fertilizer containing 46% nitrogen. Three fertilizer
formulations were prepared: uncoated fertilizer, fertilizer coated with sodium
alginate, and fertilizer coated with a sodium alginate/lignin composite
(1:1 ratio). The nitrogen release behavior and kinetics were investigated using
five mathematical models: Zero-order, First-order, Higuchi, Korsmeyer-
Peppas, and Hixson-Crowell. The results demonstrated that the type of
coating material significantly affected the nitrogen release rate and
mechanism. The fertilizer coated with the sodium alginate/lignin composite
exhibited the slowest nitrogen release and showed the best agreement with
the Higuchi model, with the release constant decreasing from 0.211 h™? for
the uncoated formulation to 0.1064 h™/? for the lignin/alginate-coated
formulation. This indicates that the composite coating effectively retarded
nitrogen diffusion. Overall, this research highlights the potential of utilizing
biobased materials and industrial waste in the development of
environmentally friendly slow-release fertilizers, aligning with the principles

of the bioeconomy and circular economy for sustainable agriculture.
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Wisuiisuiunsmiinpsgiug Setfledunuiinag SelusedanmsinTunugEese s Trichloroacetic acid (TCA)-4-
Dimethylaminobenzaldehyde (DMAB) colorimetric assay {umsieseidediiendensadsansidetouiiidifiotluin
F81A389 UV-Visible spectrophotometer Tagi3191nn1511 15081993 0ansu1msgIugieU3unns 1.0 mL 1ix
Trichloroacetic acid (TCA) Avuidudu 10% (w/i) USuns 1.0 mL itevhlflusfiusazanssunmunnazneu anduinly
Useana 10 wiitkazueniednlasensiusmismionses thanslauiuims 1.0 mL uviufAsensiu DMAB reagent
U31195 1.0 mL Jus3euain 4-Dimethylaminobenzaldehyde 1.6 g azanglueyuea 100 mL uazidunsalalasaassn

'
a =

dudu 10 mL Wieadrsannznsafiunzay Wenauudivuuisengamglveaduna 15-20 il asinanaddoud
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wiiestundeseudy JedlanuduvesdustunssiuanuuduretyiSe nduinAINIsgandulasiaLeIniy 435
wiluiung lagldans Blank fiusenausie TCA uay DMAB uazidn Absorbance laluiUSeuiisuiunsunnsgiueise
e wnUsugSeluies ndsnuudnAnwaatamaninisanUaesluguuuusiedsialull (Duan et al, 2022)

24.1 amuwamﬁm§n75Ua&;Ua’aya°7@“Uﬁgusf (Zero-order model)

—=kt
My (1)

e M, fie wnaveseyisenudeseenuniing tlag, M, Ao WavesugSeiiudeseanuniuangaring way kofe
AAsvauNamansnMUanUdssdiunaug
2.4.2 vaunamaninisuantaaga1nunnid (First-order model)

& =1—efat
M, 2)

Wl M, Ao wavesdegiSenudeseanunniie t a9, M, Ao WiavesleyiSeniuaegasniniiaianying way k,
Ao ArsIauNaraninisUanUaseainunnis

2.4.3 9aunamaninisuantasednd (Higuchi model)
M Ky tt/?
M H
o (3)
e M, Ae waveslugisefiudeseaniniive t1aq, M., Ao WiavesluyiSenudeseanuiinangaving uay ky
Ao AAsNIauNaraninIsUanUaessnd

2.4.4 aunamaninisuantasgnealsigas — iINUnIa (Korsmeyer-Peppas model)
M, 3 N
w, et (@)
o M, Ao mavesiugBefivdesesnuniing tlag, M,, fie wavesijugBefivdesesnuniinananying uas kyp
fio ArAsieaunamansnisUandaosneanies — twuwa
2.4.5 vqunamaninisuantasedndi lasiaaa (Hixson Crowell model)
1/3_,.1/3

MO _Mt = kHCt (5)

dlo M, #e ma‘uaaﬂagﬁaﬁna’n’%mﬁu, M, @® ma‘uaaﬂagSaﬁmﬁaagﬂmﬁﬂﬂa way kycho Arnsfiaunadans
nsUanuasedndu lasiad
3. NALAZAATIZINANITNAADY

MnMsAnwduguingvesdniumendesgansiaiuuudeansin SEM wansianmil 1 wudn anfufiidnuas
Juwduuazdvuaseudiuansieiu mnanismaasmuidniuilassadraduedugiu annmsiasziesiusenaunis
wnilvesdniufidiamginmirnadutagmiefmnnssuumsudnidonseany wansdenmil 1(a) uansdugiuinen
vosdnfufiatnainindideiedendesganssmiBidnnsounuudeinsn (SEM) Ineifumsuansdnuusiiuinuaslnseadng
nen1enmueteynnaniy wuirdniulidnvanduwiuniendn (flake-like structure) fifigusidliasinane vuinves

U

auN1ARANANY wazfilaAoudwmeu Jeazvioudssssumfvesdniuidunedwssedugiutaziinainnszuiunis

o«

Anaznausien1sUsual pH lassadndinanidenanisiianufidiguaznisBaniziunedwesdanimiegninluldidu
TanuawvseTannioulevaniaost
Tuagf a1 1(b) Wunanisimszdesalszneumaaiivesdaniuluvinadeiduslomaida Energy

Dispersive X-ray Spectroscopy (EDS) Fauansaiunasunardnaiusiniiiussdusznoundnvesdniiy nan15iinszsinud
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anflulszneumesinsuaunazeendiawdundn lnefinsueudssanuiosay 70 uavosndulszanusosas 30 3
goandosiulassasiamuaiivesdniuiidunedfiueasindinafiv uazduduindniunadalafinnuuignslusedud

wingandmiunstlulssendliduTandinm”

- S

(9}

Intensity (count)

S

/

&z
9%

SEM HV: 5.0 kV WD: 9.24 mm 1 1 MIRA3 TESCAN

View field: 415 pm Det: SE 100 pm
SEM MAG: 500 x BI: 3.00 Silpakorn University

(

Energy (keV)
(b)
A 1 Fuguing1veinlumenaeganssAtkuudeing1n SEM asdusenaunniivesiniundansziain

wenmidutanmdenivnnnssuiunisuinionszaiy

nnmsfnwlassaisiuszmanivesdaduaililunisiedevtelulasiuvanUdestisenszuiuns FTIR
uansfanInd 2 Usngfiamsduiiiavadu 1030 cm™ wanauss primary alcohol (C-O) lawadu 1083 cm™ uanaiuss
primary alcohol (C-O) aundudi 1300 cm™ wanausy carboxyl (C-0) lauAdudl 1417 cm® wansiuse (C=0) iavad
1597 warfliavadu 3356 cm™ uandlassasaiusy O-H anlassadnaiussinddauandlunsm FTIR 4y denadasiu
Tnssadatusgmaaiivesdadiun (Jusy, 2565) Faillassairadulanediued (copolymen) deusznousgluianaves
manuronate &y guluronate n3ouansasdUsznouneauaiiuluniugns (CH,,0,), dmsuaniuazdunaiia
aromatic C=C skeletal #i ~1500-1600 cm™ uagfin C-O / C-H 1933 1000-1300 cm’* (Hatakeyama & Hatakeyama,
2009; Belattmania et al., 2020)

Lignin/SA

%T

3500 2500 1500 500
Wavenumber (cm™')

A 2 TssaderusEmaalinensiesERsaensTUIuNs FTIR v098a3un(SA) wazasidsUsznauaniugu
Tugadiun (Lignin/SA) Tusasdulnenavesoinousaliunuazaniuludnsidiu 1: 1

ATIATITIAIBATEUIUNT FTIR v09ansideusenauseninggadiuauasaniiy lusnsidiulneuiavesuieusad

wanazdnduludnsdiu 1:1 wui Usngiansduiliaundu 1031 e wanafuszdimes (C-0) msduiliaundu 1306

cm wansuse carboxylic acid (C-0) n1sduiilavAdu 1418 cm™ wanswusy carboxylic acid (C=0) MsduNavARU
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1595 cm™! waneiuse amine Wagn1sduiliavAdy 3357 cm’ waninisduresiuselansonda (O-H) nanlagasuladin
anfluiilassasrauuueglsundn (Aromatic structures) Usznaunisususiuasvatsvia laun coniferyl, sinapyl waz
p-coumaryl alcohols M¥ausariuauinliinluanadinmuwinlugidudeu mnnslnseilasaiiuseniuaiives

lwAgudadiunnazarsilisusenoulaiondadiunuaziniiu wud dlassaieiussmaadluguuuuiiediu Neilidesann

1Y)

adunuazaniuluanslungu polysaccharide Wiy Feansuszinniiilaswaioiuselnalaledwufeaiutiues

1 5
<
09 1 #uncoat  y=0.086x (a) 4.5 ] ®uncoat  y=0.4358x (b)
R2=0.9825 R®=0.8224
0.8 {xSAcoat y—00509x 4 xSAcoat g 646x
071 . Re=086ls 351 . ®=09812
O Lignin/SA coat y =0.0398x 2 O Lignin/SA coat y =(,0878x
06 1 R*=0.8704 Z 3 R*=0.9524
. 5
205 s
S 8
04 1 g 2]
L d
03 o 15
o]
0.2 ] ..*O 1
01 |, ga XS 0.5 5
. 55550 . 8g558
0 ¥ ‘ 0 WRARST ‘ — —
0 2 4 6 10 12 0 2 4 6 8 10 12
Time (hr) Time (hr)
1 r 13 ]
] * = 0.7496
0.9 1 ®uncoat y=0211x 0.9 ueoaty R?i%IS;OG
] R=0.9099 (c) ] x SAcoat y=0.1078x0547 ()
0.8 § x SA coat =0.137 08 4 e
] PVt ] R2 =0.9002
074 =0. 0.7 1 o Lignin/SA coat y = 0.0738x0.752
1 ©Lignin/SA coat y=0.1064x E R2=0.8841
064 R?=0.9538 00
g 05 ] X g 0.5 E
s ]
0.4 4 o 0.4
] vt E M
03 X 031 2
] 20 E s IS
0.2 A O%OO 02 1 ’800
o1 1 . 82X 0.1 {,28%8
] x %8% feeieia
0 05 1 15 2 25 3 35 4 0 2 4 6 8 10 12
Time'2(hr!’2) Time (hr)
1.6 1
{1 e uncoat  y=0.1272x-0.0569 ®
14 1 R>=0.9875 (e)
1 o SAcoat
12 4 y=0.0357x +0.0505
] ox Lignin/SA coat R*=0.8771
] y=0.027x +0.0362
2 o] R>=0.8649
= 08 |
2906 ]
=]
04 .
] )
02 ] $
] ee®*
0 ] !mg
2 4 6 8 0 12 g
02
Time (hr)

A 3 FaunaraninsUantaeslulasauvesdelulasulanidestiiusamannisndoun (uncoat) Jelulnsiau

Uanddesticunszuiumsiafeuinmedaium (SA) uay anflusiudadadiun (Lignin/SA) muguuuuves

(a) Zero-order (b) First-order (c) Higuchi (d) Korsmeyer-Peppas wag (e) Hixson Crowell model
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NNNT 3(a) wansauFuRussEninesreznalunisandaeglulasiaulardnsiduniavesiulnsiauiign

UanUdegsieuialulasiauiidunisauna lnvansoAiuainifisaunamansnisvanUdesdduigud (k) laanei

v a

mnutureansm wuin Aasimsvanddesdrviuiigudveselulasinulanddesiriusaanmsiadou Jolulnsioud
\ndeuiesadiun uazelulasiauiindeumesaiiunuaraniulusas 1:1 wuildaisnnsanddesdiudigud
\Hu 0.086, 0.0509 waw 0.0398 Fiadlas MUY MnuanAaesianstifivindsanUdestfidunseituinisudes
smomnsesuamausluserna LA N sUanUdesTiasi

nnsfnaanamaninisUantdesddiuil 1 uansmsmeiasimsvanddesannAianuduvensim ami
3(b) Wudn ArasiinisUanUdssdduiindweadelulnsinulanUdssdiunmnnsiedeu elulasiuiindoudie
Fodun uazlelulpsauilndoumesaiiunazaniulusn 1:1 nuidadisnsmsUanldesdiuiiviadu 04358,
0.1646 uay 0.0878 siodalus Mud Ry InHansMAABLandliiuiNdasInsUanUdeslulnsiauresavanuassdi
indeussiannansznindaiunuazdnduisnsinsvanvaseiidniian esanuualslulaseuimdeeglule
UantaesdnilUSinagsantiuies

91nnsAnwvanamansnisvanUdesues Higuchi InsamnsaduinmasfisaunamaninsUanUassves
Higuchi (kh) T&anAAsduvesns A mMA 3(0) WU Arrsiimsuanddesnisuanyaesues Higuchi vasdelulasiau
Vantdesdhiiusiannmsiadieu Jelulasiauiindousssaiiun warslulnsnuiiedeusesaiiunuasaniulusng 1:1
nwuiapsfishsinislanlassves Higuchi (kh) \du 0.211, 0.137 uag 0.1064 fodlug Uy dmsuguuuums
UanaosnsUanddesves Higuchi ilusuuuumsadnmaniildiusgraunsnanslunisosune msvandaesvesansosn
qusanTaniddnuazidumming (matrix) Wy fidy 1wa wiewdnen Tnslanzeded dunsdinszuiunisaiuau
nsuUanvaseilu n1suns (diffusion-controlled release)

Mnns@nwraunamaninislantaeslulnsauveselulasiaulanUdesdifiunszuiunisiadeuiiaig
SadiunuazdniusesuuuuvesaaunamaninisUanUdenues Korsmeyer-Peppas Wanssanind 3(d) anunsadiuan
Armsfiaaunaransn1slanuaesves Korsmeyer-Peppas Lia1nA1ns1m exponential nuin ArpsiinisUandassnis
Uanuapevas Korsmeyer-Peppas v8atglulnsiautantdosdriiusaannisindou Jelulnsiauiiindeusesadiun
wazelulnsiaufiindeusiedadiuauazaniulusng 1:1 wuinfldasiisnsinislandaesves Korsmeyer-Peppas
Ju 0.1316, 0.1078 uaz 0.0738 siatalue awddu uenaninuindnd n luaunisues Korsmeyer-Peppas dandu
0.7496, 0.6472 uaz 0.7592 auddu Tasmumquia n Afdsening 05 - 1.0 wansfenisuanudesiduiuy non-fickian
diffusion 9ndeyadrsunandliiiuindelulpsuiiduansinutusadiunlnefivnannmaadeuinduiimaundse
yossmonshilasiudulumudnuurnsunsiuy fickian diffusion nanfe smevnslulasinunsiedouiivedinana
Nnusnadiiamududugslugwinaiiaududun Tnserdengnisunsaesiia (Fick's Laws of Diffusion) daude
lulpsiauiiiedeudedadiun wazdolulasauiindoudedadiunnardniuludam 1:1 uansfsnsanudesiduuuy
non-fickian diffusion ﬁammwiﬁuaﬂuLaqaﬁlmﬂﬂﬂmmgmmﬂﬂ nafe é’m’lmil,l,wiLLazgﬂqumim?{auﬁmm
Tuanaliannsneduislddengues Fickian diffusion avn einfAntulussuuiidudouniedtosfnuisesn vl
undluszuumanifinginssuiitudound nsianglutagnedies vesudeiifigngu vieasiidlasiadrsiidudou dean
dAannadosng 9 Wi muassariensuaiiidatululasaiaedndwes lnsormiiamsiudsuuawedasadis

Aelureaansiilaynnisuns

v
P~

Inadadelulasunldlunuidelgneseulaenisduiuguaeiiensuinluiiunssuiunisinioukasnsilen

veieuaadeunaelsd dwalidndeiidnvarlndifes nsanau (spherical shape) Inefvuaduruaudnanseglugg

Usgua 2-4 LadLuns ﬁqﬁLLﬁgﬂéwmeﬁmﬂEJ%"LaJL‘f’lumﬂﬂauauuuiajt,mummmmjm wausanasudunsinay
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Wauszaay (quasi-spherical geometry) laegnamunzaudnsunisinsigisaunamansnisuanUasy neldauufgiu
YBUSVIATIALUUNTINGL AN N INULULIIADS Korsmeyer-Peppas AIRANINTT 0.43 UAASEINMIUNIUUY Fickian diffusion
Tuvaig@i @1 n eglugae 0.43-0.85 UstidsnsUanddosuy non-Fickian %38 anomalous transport Failuxaainms
NALNANLIEMIINTEUILNTUNTVBSENSUAT MIVIF T oMsAm e v uamindwedies 9nuansynasswuingasilsl
A1UN"3LAEBY (uncoat) fiA1 n WAy 0.7496 Geagflurrses non-Fickian diffusion sg1s¥aiau uandviifiuinnalans
Uanuaeelulasiauvesgasdnadnldlagnalvaudienisunsiiisssgrasied widalasudninaannisuindiuagnis
Wasuwladasiansesuviindsadiualusznitensvanydes
MnnsnwnsUandassnisuantaesues Hixson Crowell Tnsannsaduinmasiivaunamaninisuanydes

¥94 Hixson Crowell lda1naArauduvesnsmamd 3e) wuin Ansiinnsuasuassnisanuaesues Hixson Crowell
voslehilasulantassiniiusmnnnsiedey Jelulnsiuiindeusedaiiun wazlolulasouiindeusmedaiunuas
andulusnsn 1:1 wuirilasfisnsinisuanuaseaes Hixson Crowell 1y 0.1272, 0.0357 uaz 0.027 g? hr! guannu
dmsugunuumsUanuassnisuantaosues Hixson-Crowell ldmivosute msvanUdesansoongniainianiiinig
Wasuudasiuiifia wu lunsdi YanwivediAanisaaiediluidos q (erosion) n3onada/guiivnsUanUsesans
Wi finenazans Yeia videTlduiidenlaseaiig
Ms1efl 1 saunaraninisUanUdoslulasiauvesislulasaulanudestiiusaannsiadouiin (uncoat) Yelulasiau
vanuaoediinunszuiunisiadouiiadiedadiun (SA) war dndusiwdadaiiun (Lignin/SA) f1e3Utuuves (a)
Zero-order (b) First-order (c) Higuchi (d) Korsmeyer-Peppas wag (e) Hixson Crowell model

Sample ko R? ky R? ki, R? ke n R? ki R?

(hr'") (hr'") (hr'?) (hr™) (ghr)

uncoat 0.086 0.9825 0.4358 0.8224 0.211 0.9099 0.1316 0.7496 09906  0.1272 0.9875

SAcoat  0.0509 0.8615 0.1646 0.9812 0.137 0.9608 0.1078 0.6472 0.9002  0.0357 0.8771

Lignin/ 0.0398 0.8704 0.0878 0.9524 0.1064 0.9538 0.0738 0.7592 0.8841 0.027  0.8649

SA coat

ofimnsanensivaunamaninisuantdes (1) uandlunised 1 ludsuwdli (trend) wudten k flanasegng
fitfddyvdamaindeutomelafondaiiun wazanaunniigaileindoumemsdeszneulnfondadiun/aniu Taanu
aonndoafunssuluissunssiiszyinafiuduadouannediweitinmuiemslifandalsznavaztinifiua
AIUNUADNITHNTVBIT WM THAL T IR IN1sUanUaesanas $1u3devas Kenawy et al. (2017) wag Chen et al.
(2022) seuineySefigniniivlulasiaislalnsaasadiunvienediuesdinmdy q lidasinsUanUdesn
wuudaes Higuchi wag First-order sndngi3edlisiiunisuuaninegadniou Tuvaueflamumuniuwes Duan et al.
(2022) ﬁiﬁtﬁudwﬂ&Jﬁﬁimna%’mﬂul,w%ﬂ%waﬁLuaifw%aﬁ%gumﬁauwm&la\‘iﬁﬂizﬂauﬁmmmm k 17 waedingAnssu
msUanUdesiuu diffusion-controlled release saonadoatunanisnanedlunuisodl Insmzgrafindoudasansids
Uszneuludeusadiun/anduilvien k siigaluynuuudassiifng

MnnmsfnwaanamaninisuantaestelulnsaudanUassdriusimannsiadeu Jelulasiouiindoudoe
Sadiun wazdelulasiauiiedeusedaduanazaniulusnm 1:1 wuih UuUneadinmaniiidonadosiunanismnaos
unfigafevanamansnisuantaesves Higuchi uanslilfiuinnszuiunismununisvantaesidusuiuuesnsuns
(diffusion-controlled release) Bnvaljglulnsinuiiindeudedaiiunuardniunuindsnsnmsvanddeslulnsiauindign

wsenandntenilafedinnuaiunsatunmsszasnislanvasslulasulauiuianiues neililiewnandniuiilaseaiia
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wuvezlsuIfAn (Aromatic structures) Uszneusmenouaiuasuaissila lawn coniferyl, sinapyl wag p-coumaryl alcohols
AdeuseruawiliiAaluanadinmaualngfidudeu lassaisiussmaniifiesdussneuvamylensondadmalid
AuannsnlunsadteiusyAuesluidondeau SntmilaiduarivendaannsnadiaiussBamieatulumsnldBnms
vl daaliiannsonidululnsoulilulasiaisesovdesinldfuasiinssernatlunisuanddosdslulasiaulduu
Jumnzudmatunszgnd i iuTanedoudsUanUdestuiieifiulssans nmlunisUanUdessnomauniildogng
AuAnnnTian

nuATeifauunmaazaLf i msnneAteiifediduesnstany flufuuwmaeingiu wuide
nseenuuuian wagniseSuisnalnnisvanvasslulasiau TasauisenountdlvgiAsriulevanudesduinld
wodesduanwinielalasinaainianinmiisssiaifes wu utls waglaa niodadiun iflemuALNTUNTVBIEY

o

amalundn (Azeem et al,, 2014; Chen et al,, 2022; Duan et al., 2022) Lﬁam‘uaumsLst'ﬁumammumﬂwé’ﬂ

v '
Ay a0 a a

Twraesinuideihdndunadnaniiidaduvendennenamnssulensgarvnlisuiulyfeudadunluguvesansds
UszneuduTanmdeule dslifiesusviminiiduavindauaunisuns widsdiunumlunmseseulnsauiiuusdamnie

a 1

maadanvyieanduvesiniu dwalinalnnisvanudesiudsuannisunsuuuitglugnismuaunisuanudesidudou

v
[

wndu venandl nuAtedduandifuanudeulssedraduszuussnitwiavestagdoutungfnssunstanddos
ulmsiukunslinsgdaunamanivatsuuy dedliiduinimananiutusaiiunansnansninisuantdos
lulnsiauldegsiifivddyuazasnndesiuLuudiaes Higuchi 1nian aruilanudnanasvieuliifuisdnonmuesns
T¥aquieisnngnamnssusmiunedieitinmlumstauevantsosiniiivssansamas (ufinsredaunndon
uazaenAdasfuuuIAnIAsYgRaTanmuaziAsugRavyuioy defioidunisdesenasdmiuiuazifiunuAmidiznsan
mAdeiegifuogisdnay
4. unasy

nuiTeatuiysiaundelulasaulanudesdilagld Taquded ang aamnssud enszatwag1eueh
(Black liquon) @sianfufussAusznouvan Tasthaniufadnldwanivlufousadiundieaiadadelugiuuulslnsiea
Mnduiidaleluindoulu 3 gUuuy fe ldindeu indeudisdadiun uasindeudedadiuntamdniu (1:1) udafnw
aunaraninisUanUaselulnsiaunislunanisadineans 5 wuu laun Zero-order, First-order, Higuchi, Korsmeyer—
Peppas Way Hixson-Crowell wuineiliadoudasdaiiunsmdniuarunsanivaunisandasslulasiauldfdian
Tngaonadosiuluing Higuchi 1nilan dwalvismemnslulasaulanldestiasedsiiusdviam azviouiadneninues
Fantramlumsifiuyarveads annsgyidelouazannanszvusodanndon msnzfuLummImsiauLATYgRatanm
wazvsudeuiienudsdu
AnAnssuUsENA

miATedannsadudunsauszauanudiagaasluldded iWesnldfunisatuayuan awinidand
AMAIYINgImaRs e mLarianmans uarAudduasunisideuazaieneamalulad ansAaumansuarinemans

Way UINEIRBINEASAERS Ingai Ny

LANE1581984

T3¢ NOUAND Wavaus wasduns. (2565). aunamansnsvantaeslulnsauveslevanUdes i Jaauandadum-
viaduluguuuuuelsiaa. 15a15Tnermansuazimalulad umInerdeinynsaans Menvan Iy, 11(2),
34-45.
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AdAeY UNANED

waaLae1ing UITEEA nwINsTRILwagd uasenfindedaddouliuas (Dye-sensitized solar
AdaussTuTIR cells; DSSCs) ﬁlﬁﬁﬁﬁamﬁmw@aﬁmﬁnﬂmmfu%aﬁmsﬁﬁ@umjuLﬂ@%@ﬁuaaﬁtﬂu
il ”’;@,mﬂﬁuuaﬂmﬂaﬁ'méfwLa‘muaaLLazmuﬁa&JLﬂ%‘ladmmuimﬁﬂﬁmmﬁasau 820
\mosaliuses rpm tuan 30 Wit gaungd 25 °C nunFeulilndidninsnanuadsdeaniys

(Zn0) wdevatuunsranihliiinwazdeusreansatnuiiu Ulnlndidnlnsadido
Fulszneutunnimesdildninsaunadivuiiiead sead DSSCs Wionsiadouaudh
nsgandunaasasaratsviiufisimadndansthlonn-3a0a aunlasalnd
W‘uﬁﬂmiamﬂﬁuﬁﬁi’%mmm’mmm?{u 420 nm FegenndasiunisiUasussau
NFULUU T vedlastainneuginaluluananesaiu A1nN1SATIEYnY
WeddudgmadayiSesnaudnesudunsusaaninsalndnunylansondauas
Aduaiadetnasunsianizaesddeniuituin Zno nanisaaeuwad DSSCs
NUIANMURUIMUUNTLUAT AN 1.02 + 0.22 mA/cm? ANAIUANAND 93T

WAy 0.35 + 0.01 V kazUse@ns A mmniskuaandaanusianu 0.13 + 0.04 %
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wiidUszdnSnmuesead DSSCs aragluseAusi uwinan1snaaosuansbiiuind
fouvnuiiuddnannlunsuszandlfiduddeusssunfdmiu DSSCs uavausn

farsanduiumslunsiauweduaserinddunuiuaslulinsdeduindouls

KEYWORDS ABSTRACT

Solar cells This work investigates the development of dye-sensitized solar cells (DSSCs)
Natural dyes using a natural dye extracted from Curcuma longa powder in ethanol and
Curcuma longa magnetic stirring at 820 rpm for 30 minutes at 25 °C. A photoelectrode was
Curcuminoids then prepared from zinc oxide (ZnO) coating onto conductive glass and

immersing in the extract dye. The dye-sensitized photoelectrode was
assembled with a platinum counter electrode to fabricate the DSSCs. Optical
characterization of the turmeric solution using ultraviolet-visible spectroscopy
showed the absorption peak at 420 nm corresponding to the m—>m*
electronic transition within the conjugated structure of curcumin molecules.
Functional group analysis by Fourier transform infrared spectroscopy
indicated the presence of hydroxyl and carbonyl groups, which enhance the
anchoring of dye molecules onto ZnO surfaces. Photovoltaic test of the
DSSCs showed the short-circuit current density and open-circuit voltage of
1.02 + 0.22 mA/cm” and 0.35 + 0.01 V, respectively, resulting in the power
conversion efficiency of 0.13 + 0.04%. Although a low PCE was observed, the
photovoltaic results demonstrate that turmeric-derived dye exhibits potential
as a natural sensitizer for DSSC applications and may serve as a promising
approach toward the development of low-cost and environmentally friendly

solar cells.

1. Ui

£%

waduatofindviinddauliuas (Dye-sensitized solar cells; DSSCs) ¥MIUUUNANNITVDININTEAUBLENATOU

8

Y &

nddaulanas (sensitizer) Wolasundaauwas wararalaudiannseuludaarsnasaui (Semiconductor) Asnlddudy

o
o

indLaninge (Gratzel, 2003) Wu Fedvenlan (ZnO) wselnmieulasenled (TiO,) nszuIuMIHUTENOUMBTURDU

v A =%

dAAAe NsEaNEveIddouniuNURIveIasNeEt HuRusEelvazlssdamiemsludain

o

ddouluas (Dye-sensitizer) 1upirusenaundnfiunumlaensaneUss@ns A nn1suUasndsauves DSSCs

N oA

Ineddeudandludnidiueg1aunsvanadnluddeulaveesdou wu ddounillisiideou (Ru-based complexes) el

3
Uszdvnngelunmsgandunasuazaieloudidnnsen a&hqvl,iﬁmmﬁé’auﬁménﬁéﬁaf\i’ﬁmﬁmé}’unuﬁqn AU uiuse
Fannden wavnszuunMsduaTziiduton dwaliineuaulalunstanddeunadonansssund (Natural dyes)
Fefldansunundenlumsm éfuv!uﬁil’ﬁ ANUUABANY LazAUEINITAIUNTEREEA1ENIITINN Ineddauannivrais
yilausznousieansiungulndiuea uweulnleenilu (Anthocyanins) (Calogero & Marco, 2008) kagiaasaduaen
(Curcuminoids) (Sajan et al., 2011) Gaiflassaiunougnaiivanzassdensganduuadturisuasdiaueaiiuld uazanusa

° Y a & ogva & i & o oMY 1 a a X av P ° o o & v a1
Vlﬂ%uﬂm‘dumiwaLaﬂmauLLﬂa’liﬂQWJUWI@E]EJ’NJJU%?WISQWW UDNAINNU dYDUNLUUITAUF1KIU DSSC Q']Lﬂum@f]llﬁllu
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lardunianunsadszauiuiuiiavesansisidvialangeenled wu ZnO lnenylensenda (—OH), msveila (—-C=0)
warA1sUBNTan (—COOH) annsaiiniusyUszanurivloseu Zn® vunui vilviddendanigldegsiunsuaziiatosnm
g9 nmsanenfivszdnsamliis s uniidudauazannisnanaenvesddouyiniu uidudesenisaieleu

Sannsousgsraiilasanddouludamauiinlni (Conduction band; CB) U89 ZnO ddnaliAIAuruIwuUNIeLadnI9as

a a

(Short-circuit current density; J..) kazUsed@nsaInn1suuasnaau (Power conversion efficiency; PCE) 484 DSSCs
e eildyddty Jelsedninmasnanduediulaswaiuluanavesddon sllauagirumilandunlddanie st

AUV UBAL AUET L EN VI ANFS DU VLN URA N1

a

9§ (Curcuma longa) Wuunasddousssurdnfidnan nd miunisussgnaldlu DSSCs wlpsandansddalu
nauresaliveedlagianiziAesaiiy (Curcumin) FaillassasnaseuunugnANIY (T-conjugated system) HIeiasung

aandulipeuluguuasiveaiuld uazidedeomafinamugnszduilausodeindidnaseuludasiwinhliegied

o

Uszdn3an (Sharma et al., 2023) uenanil luanaveunespiudsuseneumenyilaidudidy lawn —OH uag —C=0
= ° v | =2 . a o o | 24 & a
Faarursavimidfiunyanig (Anchoring groups) lagiianisuszauduiiunis Zn®" VUi uiI098NA

ZnO (Moussawi & Patra, 2016) dwaliiAan1sgaduddonuuiinngiu annisvearwsenisngnasnvesddonluszning

'
=

115713183 DSSCs wagiiuaunuIkiuredluianaddounsounauiiuis Feazdinaiunalnnisd@ndifinaseu

A

(electron injection) 3MNndfauiing CB va¢ ZnO wiauriufiudnsimsvudsszqiineiios dualvidn J, iindunazilig

q

NS sEaANEANAITULURINA Y DSSC wananiimespiiudyrsnisganduuasfiiuluyisseunn 410-430 nm

(Mardiyati et al., 2023) @sa@ennasfundsuLateiadlug1unasiosiiuls vinliauisaviuinmidudiSunas

o

(Light harvester) @13y DSSC 161

o v
v o @

Aeuluaddeiatnu DSSCs lngliddousssuviiainuiiu iveAumuazasnsesAnusifeatunsidasadin

£%

NnTanssIuvEiieimuIead DSSCs Aunudl TaunaauesuuImensidanssssuniniegunnlulssmaitoasiayaa iy

q

|
[

lonisaaasumsiamnnaluladfidaiy
2. Yangunsaluazisng
2.1 nswseuddoulanasannuiiu

Umsfiudnusagudaning 1) Fa¥enndrudiluiesdu Usum 0.1 ¢ Tdadludnineseuin 100 mL 91ntufia

NIUEAYUSHINT 50 mL TdwiswiwdnuazTadninasaienisiiay waulunIUAI8LATBINIULILENA28AIUSITOU

820 rpm Juwan 30 Wit leama

9 Y

T 25 °C fan i 1(b) vivelilsasazaeddouarnviunnsenlyu

- M

p o
AN 1 (a) WU (b) NSATENENTATaNgUNU
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2.2 mamseulnlndianinse

1) 3uununszant Wi (F-doped SnO,; FTO) 9u1a 2.0x2.5 cm? ¥A11udye1amenszuiuniseansladin
Tuordlau (Acetone) huseanlonau (De-ionized water; DI water) waziovnuea (Ethanol) e8nsaz 30 w1t muddy
iedadudounarasiuduniduuituiy mndwdnlduisssaudeunaziaviumeminmsialdwiruuuiunszan
Tneliuresmssnansauindszan 0.5x2.0 cm? itefmuafiufidmuniaiadouiidy zno ﬁnﬁmwwuwaﬂémzmvﬂu
TrdalnalAeenuanuruiveuninmAeyusyunu 5241 um

2) wRpnanstAdey ZnO Tnewieuansazans 2-ethoxyethanol Tuthndu (10% by weight) waznudieaianiu
wimdndunan 1 Falus mnidfuiiuns Zno (Zno powden Tudasiaau ¢ nfusioansazats 2-ethoxyethanol U3ums
10 mL wazniusedn 1 Falusauldansiadou Zno fifin1snszanefegeadaus ﬁaﬁmmaawmmqmﬂ ZnO
shendesganssaididnnseutuudasinu (Transmission electron microscope) fsnwdl 2 uazinvuineynialagld
image-J software loAdu 83.89 + 20.5 nm

va & =

3) daswviuase ZnO Nwseuldansuasuuisunsyanilihdmuueiuill Tnsaivauliildudanueuuas

a

mnaiane ndsanvaseliuisisaonimuniieen wazthusiunszan FTO flndeuse Zno Tuwiigaumadl 400 °C 10y
naszana 1 Hilus ielvldfidy zno Mndeuuunsyan FTO

4) 1hfldu ZnO 1l Petri dish Mnduifinansazaeddouaineiiuadluuimeg 40 mL udrUaudemsidy
fslflufifiadunm 24 $2lus Weasurmuaudaiidy zno Mfeussmsasansaiiunnérhowmuenitersaznaunie
Awndrsoen Tngvindnsrusumsdondeasazaeiudnaduiioannssmiioniainignduvesdden aniuseliui

et luuseneuiu DSSCs

AWl 2 synia ZnO Tildlunismaaesiivuineynia 83.89 + 20.50 nm
2.3 mawseuAinasdianina
mawssuaninesdidnivsadeunaniiu (Pt) lagldansazane Pt dusaguu3uins 40 pL venasuunszan FTO

o Y

AReviumemUN R Lo iuiung msunsinaeauilay Pt vunnuseana 0.5x2.0 cm? sebilisuazasnwmuniiean

Mntulwnfigamgil 550 °C Wuszeznan 1 9l lelildiatimesdidnlnsaingomhlulday
2.4 nsUsEnauwaa DSSCs wazdauszansain

Usznauwad DSSCs Tnghlnlndidnlnsauaziaineddidninsausenuddsiulagldusiumsiidudunaui
Tddosinesznilnlndidninsauaziatimesdidnings wWidsaudewiioazarensfsulilnlndidnnsauaziatines
su8nInsadadnsuluwad DSSCs Mntunenansdianinsladuiin EL-HPE Electrode U311A5 30 ul wazynisvnnaey

UsgAnSanneliunasniiinuasaningdinase (Solar Simulator, ABET) AUaL@IUIf 1000 W/m? wiauyinnisuudin
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ANANNRUILUUNSZLE (Current density; J) dloudsAnausnedng (V) Tuthe -0.1 85 0.8 V dewp3asinuvasang (Source
Meter, KEITHLEY) Tnevien 3 fhoens
2.5 MSANBIANYAUZINNE

Sasnzaiddenainai ulnetharsavarsviiug oondlimunyauudni s naudfid awasssnousaenisindd
ﬂ’lﬁcj]ﬁ]ﬂa‘“LJLLmGEf’.JEJLﬂ%‘l’eNﬁL‘UﬂIG]SIWIGlﬁLM@%EQfaGITIVL’ﬂE]Laﬁl—aaLﬁa (Ultraviolet-visible spectrophotometer, Thermo
Scientific BioMate 160; UV-Vis) LﬁaﬁﬂmmﬂmmEmﬂ?{uLLazﬁﬂ‘wmzﬂﬁg]ﬂﬂﬁuu,aafuaqﬁﬁawﬁﬂazﬁauﬁqﬁﬂamw
Tunsgadundsnuuasdmsunsussendldlugaduaoning LLaZﬂ’li’qJJﬂmﬁL%ENLL&QG?]J’JEJLﬂ%aﬁ’?ﬁm’liﬁ@dLLﬂ\‘iﬂL‘UﬂI‘WiWQE}’Q
15fimes (Fluorescence spectrophotometer, Horiba Scientific FluoroMax+ SpectroFluorometer) Imﬂﬂixﬁuﬁaad’m
feuasfinueadu 405 nm ensirdeudnungnsSosuadasioungAnssunisnendsnuvesdidnnseu ntiush
mﬁLﬂiwﬂmqaéjwiuLaqaLLazmﬂ'ﬁqﬁﬁﬁ’umma’liasmmﬁuﬁwmﬂﬁm@l}L?a%wﬁwuﬁwaa‘u@uvxlﬁ%mmﬂﬂimaiﬂﬂ
(Fourier transform Infrared Spectroscopy, PerkinElmer Scientific Spectrum Two; FTIR) lngiUsguifisunanisinain
ned3a3Ukazansazanedtiounitonsivaeumnilaidy
3. Nami‘wﬂamLLazamﬁzﬁNam‘mmae

PNaARIUNIANAULAIYRIENTAZA8 VI UAIN NG 3(a) WulANTRANAULAINFILIIIAMLEIATY 420 nm

=

Faduiavdnileglutruainuoudiuld (Visible region) lnaifudnumuzisuvesarsnguinesaiuesd (Gibbard, 2025)
AANNNIUALUITEAUNEINULUY T+ Y8358 URUsEAABUINA (Conjugated double bonds) nelulassainaves
\nosafiu (Rani et al, 2020) wandliifuiddonviiuaunsagandundsruuadutiuasdiniu-idld ananasuns
pAnduuastesasaransviusvendslassainsluanaiifissuuneuginauasuyiladduilid anonisgandunasislugiy
Sanmlilownnazuasiinueaiiuld wandiifuirddoniuidnsnmilaziluldiduddonsssumlumaduaseniing
DSSCs I WofinsanantinisFesuamesasarasuiiudonsedudouasiinnueneadu 405 nm fannil 3(b) wuind
msFeaduununislugismnuenadulszanm 500-600 nm lasfianuitugegaiianueniadulsyann 540-550 nm
(Ferreira et al., 2023; Melo et al., 2024) e'ﬁqLﬁuﬁnwmsLawwz‘uaamiﬂduLﬂai‘@jﬁuaaﬁﬁﬁimqa%ﬂaﬂaugLﬂmwu T—>T*
dlegnnszfuashliBidnaseugniennanueiuluSsanugnsedu iednmanduganiusiiuasUanUdes neulure
Fer-ndes NM3ideuT03ANEIAALAN 405 nm LUFa 540-550 nm Uauenianmsayidendsnuideniusounouns
mondsruuuuiesaniienduganiugiiuvesdidnnseu Famanendsnuuuuitaslidinnsougnandguautilui
Y83 ZnO A38us9TU (Driving force, AG,e.) (Wang et al., 2023) "Lé’riauﬁ%ﬂﬁuiﬂajamusﬁyuiuIJJLaqa‘zJaqsuﬁuLaa

o

Faflanuddyronisuszandldiluddenlonas

7

(@) (b)

Absorbance (a.u.)
Intensity (a.u.)

R A L L U R R
300 400 500 600 700 500 550 600 850 700 750
Wavelength (nm) Wavelength (nm)

A 3 (a) arnasunisaanaunas wag (b) aunasunisiseuasuetansazatevily
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NI MYiTeInTuanesudunsuIaaUnn sy (FTIR) veawsvilufaning 4a) wunyiandunddgludinavadu

2000-1000 cm™ UsenaumlgfanaLiug 1626 cm™ way 1602 cm™ dunusiunsauNaIuiuYeasiusy C=0 way C=C

1Y '

Tulpssassezlsunfnuaziussanauginavesaisnguinesadueed (Ciuca et al, 2023; Subhan et al,, 2013) §udu

U U

aeRUsTnoundnvewiiy fnfisuvsUsyana 1510 cm Ueddansdurenwmuuudy (aromatic ring stretching)
yurfifinuTion 1430 cm! denandesfumyuiia uenanifiafiuseanm 1280 cm™ aenndastunisduvasiusy C—H
%ﬂﬁﬂwﬂumﬂ'?\luaﬁﬂ (phenolic group) tagtuneand (—OCH.) ﬁLﬁué’ﬂwmzLawwmaﬂmLaqama%@ﬁu drufinfiduns
Uszana 1150 e’ dufusfunsduveaiusy C—0—C w3 (-0 Fsdudumsiioguamyioieiuazuoanssadiulasiaiig

99HNULAETIN Wanaaau FTIR ¥89a158va18viuluenIuean U 4b) WulANs1wile 1380 cm? Fainannis

a

duuuu bending veausy C—H lunwitauasiuiiau (—CH; wag —CH,—) Belasudvanannialassainsvesansinesaiiy

U

LAYLENIUDR YULTNATIAILIUL 1088 cm™! wag 1046 cm™? TANUWULAUTH FId0AAADINUNITA UVDINUSY C—O

a

stretching Yasvyjueanageduaziames lnennzvslansenda (—OH) veaemueauazvyituednlulasiainaveuneiniu

Y

nsUsngiiandaulugisnavadudindt 1200 cm™ dusuenisiuselalasuseninddouviuiuieniuea amy C—O

wag —OH flanudfgysanisbanmevesddonvuinansisiag Zno dmsumsussandldaudumad DSSCs

(a) (b)
3 =)
5 o
8 ]
c =
1] M
= £
E J £
2 | 2
E 5 £ i
2 5/
= [(=]
A S
T T T T T T T T T T T T T T T T T T
2000 1800 1600 1400 1200 1000 2000 1800 1600 1400 1200 1000
-1 -
Wavenumber (cm™) Wavenumber (cm™)

AR 4 YiSesnsudrlesudurssaannsuves (a) neviu (b) arsavateviiy

Pnnsmianuduiusserinauudunszuaiuauesing g andunind 5 uagansedt 1 wuiniead
WA9D17NY DSSCs TRAIAIUMUILUUNTEUATA93T (J,) WNAU 1.02 + 0.22 mA/cm? wagA1Auae@nglniinagasida
(Vo) 11U 0.35 + 0.01 V LLamdiﬁLﬁudwﬁﬁam’mmﬁummﬁaqmﬂﬁuLLmLLazmamﬂﬁz@wmzﬁm%’m@aaé DSSCs laluszau
wils Insnalnmsvihenves DSSCs anunsnasuneldfannd 6(a) Fadeuasannszyuluanavesidon (Dye) Bidnmsouas
gnnsduRInsEdundsueeiiriaddluianaiignaseunsesgsgn (Highest occupied molecular orbital: HOMO) TU#s
syiundanueeiliaidaluianainignaseuasesingn (Lowest unoccupied molecular orbital: LUMO) ¥illaanaves

ddouegluanunszsiu (Excited state) wazgndnidng CB a1 ZnO e ntiudidnaseuasinfoudiniulasadeves Zno

'
=]

g FTO uaglvaruisasaeuenludslvan (Load) vinlmAanisinavesnseualain Tunaziieddiuluanavesdde

a a

gadedidinaseurzgninidndulaelossulelelad (1) ludianinslad (Electrolyte) Faazgnoandladidulnslelelad ()

= 1

Feazmdounludsln Pt uaziidnduiu I iAnigdnsinendvesdidnivsladedmaiiowassnwaunavesuszyniely
\ad DSSCs (Hasin & Kladkaew, 2019) lngnalniaiuisaasuienisivavesnszualuilasiedasauya (Equivalent

circuit) (Onah et al., 2024) aakandlunin 6(b) Inewaa DSSCs Wntfiduunasiuiianszualifideuasnnnseny
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(Photocurrent source: I,) Faifinannsgandunasuesddouuaznandidnaseu Tnonszud |, dlngjaziadouiioonain
wadludnwazadenszuadilvasinlelen (Diode) Fstlostunszuiunsmusinduvesdidnaseutuleansluwad egdlsh
Anszua |, ﬁiuaaaﬂiﬂéiuamaﬁﬁ]ﬁﬁwamaaLﬁmmﬂLﬁmmﬁs’mﬁ’mé’wmﬁLﬁﬂmiauﬁ'ﬂaawmuﬁﬂﬁﬁﬂ’ﬁqmLﬁawé’nmu
nelugunIaliILNRIANUUMNUTUA (Shunt resistance: Ry) uagnszuadwiuinazlvagivanlneiimsgadendanu
vsduiLdunaniaInauFunIueun Iy (Series resistance: Ry dadunasinvesaudumulunsindeuiives
nszualiihglvanneguen ailidlefinnsandn AV anﬂmimmaaﬂﬁ'ag”luszhaﬁauﬂi’mﬁwﬂﬁdﬂﬂWiﬁmﬁlﬁﬂmammﬁ
fouvudguau CB vosansfisiath Zn0 sudinsiadeuiveswmeysynsluwadédiusyavsame uenaind Avilad
winimes (FF) ity 0.36 + 0.04 uandliifiudnns vl v Ssliifugaund deo1aiinainnisgaideondsnunelusad

Sudosnananumununelusyuy deawaliaidsed@ndnmnisuuasndseu (Power conversion efficiency; PCE) §lfn

o

Wied 0.13 + 0.04% wlafiansa Ry, Nilnaedis 1675 + 531 Q uansbiiiuinisgadenssualnihnelueadegluszaus

(Sung et al., 2020) YugNAn R, ilA1 221 + 74 Q raglusyivAoudiegs F9019AnNNANUAUN TR FTATE NIy
Yan vilinsiilnivesdidninsansonisunsvesdianinsladivsz@nsnmanas nanismaassdbiviuiiudisadasd

Usgansnmeusuansliiuinddenanuluvaunsadunlfidutangandundnuuandanseualniluwad DSSCs e

a A o =

Feuszaniameyludidlndidesiunuidenliddenainananssssuvifvidndudinised 2 nelllunsiaudusdeluens
Indudeausulsianuaznzuiumsesel Wu nsiiunsdanizvesddon msananusiumiunigly waznsuuly

1A59a5199898LANINTA WainUsyanSnmveawaduatoindlusuiag

1.2

1.0+

0.8+

0.6 1

J (mAlcm?)

0.4+

0.2+

0.0 T T
0.0 0.1 0.2 0.3 0.4

VV)

AN 5 NIINANUFUNUS TEMIAMUTUIBUUNTERENUANRA9Ang e swaa DSSCs

A15199 1 M5TwasnIsnngauUseanSa nwad DSSCs

Wdmes A g
Joe 1.02+£0.22 mA/cm?
V.. 0.35+0.01 v
FF 0.36 £0.04 -
PCE 0.13+0.04 %
R, 22174 Q
R, 1675 + 531 O
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HOMO

VB
—

FTO ZnO Dye  Electrolyte Pt FTO

(b) B,

b (D

Ry Load

07 6 (a) unuNINNAlNNITINNUYBLEaE DSSCs wag (b) 2asauyanialiih

A15199 2 LWSguigulsednsatnwas DSSCs NYagaUaNGITULIR

WAIASoNETTUYA ansavanefildiatin UsgAnsnn (%) 971994
Ny LONIUDA 0.13 s
nAunvay NIATHIN 1.53 - 2.61 Prajapat et al. (2025)
RNl LA 0.072 Cari et al. (2018)
Hnluy BRI 0.17 Ammar et al. (2019)
UM LWYUea 0.38 Ismail et al. (2018)
4. unasy

v
=]

NuAeliagansatauazUseyndldddousssumAnnuiuluddeulwasluwad DSSCs nanan1sinsIzyt UV-

v

&

vis uduinndudanuarunsatunisgandusadlugniinuewiulsd Inefiian1sganduwasil 420 nm Jaaenndosiv

Aautinilassaiavesansimespiuesdnilsyuuiusy

d1Ag WU -OH way ~C=0 Fudsan158aLN1zUY

sl o

v

AMDUILNG N1TILAT

U U

¥t FTIR wandliiiunisiiogveanyileidu

U7 ZnO wavatuauunszuIunsagloudidnaseu Wevadeu

AUTIOULVRITAANUIN DSSCs Nvadauviiuanunsanannsenalniilaass wiaglraruse@nsannswlasndsanumoudig

'
°

1Y

A1 ULBINIINTDIINAAIUNNT

dndidnnsaunazanudtumuneluwad 0819l5ARAIAIUAIUNIURUUTUAN A9UT I

Y
v

nsdlnavesnszuaiives uansdeinaninvedlassasisadlnesiy dwdunanisidowandbiiuinddenainufiuduian

madendifianudululddmiunsiuu DSSCs Aunusilusuian visilonausuljasnunsdanizvesddouiiieanniy

£%

N UBYNIULAZENTEAUUTEAVS A MURIwaT LAt indsaly
AnAnssuUsENA
nuITedldaudsznansinideleenuidediuduazlasunsadvayuiniesonaraunsalideangudide

A0E5% wara18vanAlulal ANLRAUAANSLATINGIAIENS UPNINYIBLLNYATAIENS INGNURATLNILEY
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woARluLUATISY sruUATesL@UTY (quorum sensing; QS) TeawuATiiaLdunalnnisdeatssening
msfudimesiumuds Wwad 11 UnUInluNNIAIUANNTEUIUNNTNIGET TN MAN8UTEN 15V AUNT E
Serratia marcescens mudsnmsaiislulefiduuazmandndafodenusuuss faf msdudassuuaeiu
Streptomyces sp. \wuds (quorum sensing inhibition; QSI) Fadudnuieizimdaldsuauladielily

v '
o ¢ A

nsmuaulsafndoluuaiiis msRnwidfiagUssasdifiofinufanssunisdu
modueudswesiouonilununiioreuuniiie Serratia marcescens Han1s
neaouifausailunuafides iy 10 loluman wuhilifiedlelean PKS22-27 iy
fuanaianssunsfiusruuate fueuds lnsaunsndudsnmaainesiniaginsiale
F1 (prodigiosin) ¥84 S. marcescens 15 Ifﬂ&JlﬂJLLamqwéﬁTUé'?ﬁmufﬁfyﬁuml,%a
wuAfide nduinsatnanssunusladyionivedlelean PKS22-27 9mindes

Wousiannwadaeiinazaisiefiaosdinn uasUszdliugnsnisfuaiosuuds
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71878 agar well diffusion wuta@rsananeuveslelgian PKS22-27 @1u1908Us
nsadessniaglalaglddudenisniguende dedusufisdnonmlunisduds
AIBTUUTY N155vYTIAlagoIdBN1TIATIEREAULUAUINEIUYDIEY 165 TRNA
wuinlelwian PKS22-27 §aegluana Streptomyces warilniuaaienfegagniv
Streptomyces badius JCM4350" (99.14 Wasdus) nan1sanwiiiuansliidiuin
Streptomyces sp. PKS22-27 L‘fJuLmdwaqmiﬁﬁqwéﬁmma%’uLszju%a msdudans
afrenaningInsndledudududnuasiignauaulneszuumeduwuds vedd
nansynuienvdawasonisadretululefidy duduisdniudesdnismaaeunis

aswlulefauiiuiiy wedudunalnnisesngnsnsly

ABSTRACT

Actinobacteria
Quorum sensing inhibition
Serratia marcescens

Streptomyces sp.

Bacterial quorum sensing (QS) is a cell-to-cell communication system that
regulates a wide range of physiological processes, including biofilm formation
and the production of virulence factors. Therefore, quorum sensing inhibition
(QSI) has emerged as a promising strategy for controlling bacterial infections.
The aim of this study was to investigate the anti-quorum sensing activity of
actinobacterial isolates against Serratia marcescens. Among ten
actinobacterial isolates screened, only isolate PKS22-27 exhibited QSI activity,
as evidenced by inhibition of prodigiosin pigment production, while showing
no antibacterial effect on the growth of S. marcescens. Secondary
metabolites of PKS22-27 were extracted from cell-free supernatant using
ethyl acetate and further evaluated the anti-QS activity by an agar well
diffusion assay. The crude extract consistently suppressed pigment
production without inhibiting bacterial growth, confirming its quorum sensing
inhibitory potential. Identification based on partial 16S rRNA gene sequence
analysis revealed that isolate PKS22-27 belonged to the genus Streptomyces
and showed the highest sequence similarity to Streptomyces badius
JCM43507 (99.14%). These findings indicate that Streptomyces sp. PKS22-27 is
a promising source of quorum sensing inhibitory compounds. The inhibition
of prodigiosin production, a QS-regulated trait, suggests a potential effect on
biofilm formation. Therefore, further biofilm formation assays are required to

confirm the underlying mechanism of action.

1. Ui

AB3UUTI (quorum sensing; QS) 1uszuunsdeanssyninsmadveanuafiiefiviimiiiiniugunsuansoon

2935u 1A8ADUAUDINDANNNUILLUTDIUTEYINIIBAS IUANINWINA DL LUATILI ¥a319Lasrasa s Yey I uInLand

Sunineelndufwes (autoinducers) Fudladinisaraufsszauanududuiivangay ansedubiAnnsduiuiasu

(receptor) wagdsdyaailumuaunisinuresdud g ilivssgnsuuafiseauisonanangAnssuwuuyssany
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521U (coordinated behavior) 1a lngialunuaiiissunsuavinldasdyannguou-ssdalaluwedunanlau (N-acyl

LA 7] q

a (YY)

homoserine lactones) %38 AHLs Faanansaunssiudevuwadldeinidass uavilofamnududuisyduingd azdud
TWshuifunglumadifionssfuviodudsnisuansenvesdusing  ieateatunsielsauasnisususia ssuuiinulélu
wupfideunsuaunateiln 53 Serratia marcescens Wiewuaflisefisuamingu asdyaaazgnaiiuasazas
1nTu demaliinmsiasuulassssunsuanseenvesdus it Faferdeatunszuiunsdday wu nmsaseiade
riolsn nsadaeulesiuenead nisiadeud uavnsasetululefisy

S. marcescens \unuaiiGeunsuau JUshausia fimuannsalunsindouiuasaegluied Enterobacteriaceae
Tneifudenelsamsloniadinuldvesluuyud Inedeiidsruuaesueudeilifunsinmedunienns lnaanenis
doanssiniluiana AHL FsmuaulaeBulunga Lux/Luxk homologs léiA Smal/SmaR yihwiifianugunisuansesnvesdy
AAgtestuANNgUIss wazfunumlunismuauwgAnssunguuaznsiad oudiwuualesufls (swarming motility)
(Horng et al., 2002) ildludnunizisuves S. marcescens Aemsasassningduns “InsAdledu” (prodigiosin; 2-methyl-
3-amyl/pentyl-6-methoxyprodigiosin) %’ﬁagimaiﬁmimw]maqma%’mLsuu%a wazannsalffusudionssuvesssuy
Fenamldedutanu uenani metuwudwesdedinandiunumlunmsnmuaudafeiifstesiuauuusweado
W nsuaneulsdusnwad loun 1Usiea dindted lawa ladiiua wlnladu swudsarsanussfsiiviiaeessiniu
naonTumLansaluntsaislulefidu (Morohoshi et al,, 2007) lutlagtiu msdudsszuumauiudldsuauaula
desnndumadendiniunismuaunsinidonnifenest demni s. marcescens Faumnganuargnuiunléiiu
reporter strain d1m3uNsAnyILazAAnTsansifigsfiunlesueuds Insusziiuainnsanaswesnsaiieseaing
TnsAdledudadudnunsfinouauswienisidsuutaswessruuaoiuisuddaenss nglutsfiiuanldfinsdunuans
fudaniesuiruds (quorum sensing inhibitors) W3 QSI 91NUVANSIIIBIANAINMAEYTA 1Y W3 luuInNamY
Delisea pulchra (Rasmussen et al., 2000) Lmﬁaqﬁuaaﬁm?jmﬁ (Cuminum cyminum) (Packiavathy et al., 2012) way
@13 cyclo (L-leucyl-L-prolyl) annuuaitiseuinalslvaiflusvesiivUgeiau (Gowrishankar et al., 2019) saudsansana
PN vin [WU NSYAUNTIA B Winenasznavunziu (Inula Britannica) wazuzaaa Wusiu (Husain et al., 2017;
Ghannay et al, 2022; Samreen et al., 2022; Dimitrova et al., 2024) Ineviald arsdunesueudsldldsudamsnsy
wieguuaiiSelaense uaidunmsanauausaventelunmsiels wWu sununisdeassenineaduuaiide annis
a¥slulefidy annisadansduieansiivunsde ufsannisuaneanvesduiitierdesiuainuguuss uaglavivli
LwﬂﬁSagﬂﬁdﬁé\’aﬁ'ﬁ”@ummi?ﬁyaeJ'raemwﬁﬂmﬁaumﬂﬁ%auzﬁ’ﬂﬂ (Bouyahya et al., 2022)
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a o o a
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MsUTINAITeRNgMEMITIn Mikdn9INgAun3d nuinlarsuinndn 22,000 viia warUszanaaimidaduasildann
woARlukUATISE (Berdy, 2005) Jaguuinmsldenufdiususeunn 160 sialumanisunnduaznisnuns Tnglusuauil
WuUszUI 100 - 120 9ia ndnanweadluwuaiiisy wu ansuladedu (streptomycin), 83 nstadu (erythromycin),
uaedu (gentamicin) wiulafedu (vancomycin) wazeznesiwaiiu avermectin) iudu Insansivariaiulnanan
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msffudinsadiessadaginsidloduves S marcescens ieifudayatiugrudmiunisfnylususioly
2. Yangunsaluazisng
2.1 ueniluwuaiiGeuazdonagauiilélunsise

woARluwuABea WL 10 loleian lawn PS22-09, PS22-25, PS22-41, PKS22-25, PKS22-27, PKS22-30, PKS22-
38, CHS21-01, SP21-03 way SP21-04 ﬁLLaﬂlﬁMﬂﬁuﬂmwLauiu%“wi’mjmﬁ WaYIINIRAYNIAIATIY Ygdessuy
91911384 International Streptomyces Project medium 2 (ISP2) (Shirling & Gottlieb, 1966) ﬁqquﬁ 30 99AwATYE
Wunan 7%

wuafiBenaaeuilliidu reporter strain dnsunsnaaougnauamesuiguds Idud S. marcescens 3ldsunau
ATt URN1598TInen a1wRaiiven nednnineiransuaruinnIsuinm ausfalmansuasinemans
WM INEdEnEAsAEns anmnzE ssunenisuds Luria-Bertani (LB) uazUuiiguvgll 30 ssrwaldea 1unan
24 Falug

y ¥

2.2 NINTRWININTIUNTTUIADTUTUT T UL U IAY

WS ENANTHYINARY (suspension) TesaletuavidulonenilusuafiSeds 10 leluian lnoiwividownenily
wuaTiSeuueIUle ISP2 LLazﬂmﬁqmuqﬁ 30 eswaldua Wunar 7 T mnﬂ?ﬂ%’@ﬂﬂaam‘*ﬁaﬁgmLéfuiaLLazaUai‘U%mm
1-2 gu ldaslunaenlulasiwuviindvunn 15 ua. ifiasazane 0.85 wWedldud (wiv) Imdvunaslsd

Pdanudureweniluwuafidefiwieulinandudunsiusnainalsanue1s Nutrient agar (NA) 9nty
Uuiigaunadl 28 ssewaidea 1unan 7 Tu ieliueriluuuaiiienss ludiuresdenndey s. marcescens ¥in1s
wneideduenmaman LB uaztunuugn Hunan 24 dalus nduliuanuguisadlifieuviniannsgiu 0.5 McFarland
(Uszanms 1.5 x 10° CFU/mL) 193 8ae1msiaman (semi-solid) Tngldems LB Aiflanududuvesiu 0.75 1Wesidud
Usuns 5 Taddns wazvihliduasauligamgiussana 45 - 50 sarwaided niudinde S. marcescens Uuns 100
lulsansasiuemmsnamen Junaulidriu udasasiu (overlay) asunamuems NA Masswenfluwuaiiae3nounth
Unanumageuiigumail 30 samwaidua e 48 $alus vihsvaass 3 2 mﬂﬁuﬁaLﬂmmitﬁmﬁnmi%ué’uégﬁmimq
Aunssounaniaiaeuenilusuaiife uariaduinugudnasedududilumhoimuiung lnstufinnadudade

+ dhudoauunggiu
2.3 AsENAEIAEAIINazaY

tuenilusuaiidonnmzidsdusmsinas Tryptic soy broth (TSB) Adunglaa 1 Wesidud iUy
wuUwEn gaumgd 30 esreaidea lunan 7 Fu A 150 soudeundt vinisusnuidsugad (cell-free
supernatant) Tnedumisafiniuiga 6900 xe 1Wunan 10 wiit andufvdlasmuuutihinnsesdaenszas Whatman
No.1 wazthveunaiinsedldunatngesvhazatoiefiaosdng (ethyl acetate) lnonanludnsrd@ruusuinsvingu (1:1,
wv) wazilugwaniininuda 180 seusiowit Wunan 12 - 16 dlus figumniies vnsuendusawiazans wasifiv
mzduleiiaesdinn thunsunefvhazarosnmeliaudius faeiedes rotary evaporator auwt ilelildansarin
987U (crude extract) MntiuazangansataneUildssansazanslawiiadanenles (dimethyl sulfoxide; DMSO) A
Wudu 1 wWefdud (vv) Wlewssuduasazanemaduiinrududu 40 fadnsu/dadans dwiuldlunismedeugrdma

Fnmlutumeudaly iivshwansaialifioamgd 20 esnwadea aunitazdiuly
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2.4 mswﬂaauﬁanﬁumié’ﬁuma%'uL%u%a%unaﬂgﬁ

wisuidenaaou S. marcescens Tagidssluamaman LB uazUsuanuguvessadifiouwinainsgiu 0.5
McFarland nu3sfiasunedeuntn nduldlifuddaendetutennaey dntheliifamemisuds LB vhns
yaesIuIL 3 91 ndsantiuld cork borer sumduRIUAUSNA1 6 1al. WIsvRNUURAle T udIRLTataneTy
NnueadluLuAfiGefwienly avuidudu 20 Sadnsu/dadans waz 40 fadnsu/fladans Usinnsvquas 50 lulasans
T4 DMSO uastefiaasdinn Wugamupunaau (negative control) wazldweufidau (ampicilin) Awidudy 50 dadnsu/
findans \DugarunusauIn (positive control) iterFaurfisulvidiumssuduuaiide nduusnume Fefigumngd
30 asmuwaidea Wunan 24 $alus wdhnsussdiukalngiavnalsusudanmsainesaing daduuinusounquiide
wiglduldadeseaing Wneduiinnadurnaduriiugudnansedsulunhewufiuns
2.5 NM3szyriauaniluluniisey

Avauennlunuafissluemngman Yeast extract dextrose (YD: 1% yeast extract, 1% dextrose) UNLUUWET
ATIEY 150 soUsteunTt grungfl 30 ssrwaidea Wunan 5 u anduiuiwadlasnsthurisuasdnenoumadde
ndudaende 2 A% YnnafaiouewasiuyTinadu 165 RNA Memadafiderd (PCR) awiafiesunslng Tongtoht et
al. (2024) Tnefldlnsines 27F (5 AGAGTTTGATCMTGGCTCAG-3’) e 1492R (5° GGTTACCTTGTTACGACTT-3") 91niiu
vwdadusiigensluinsgiauindlolnd uazihdrfuiedlolndildunuioudsuiudoyaindlolndvesdu 165
RNA Aiflugudeya EzBioCloud (http://ezbioclound.net) (Chalita et al,, 2024) 1 a5zyanavesuandluluadiFe
FwnsrgrianudunusniedTmuinisvedtaenisadaunugfiduld (phylogenetic tree) Ineldlusunsu MEGA 11.0
(Tamura et al.,, 2021) lnsiden3Zdanquuuy Neighbor-joining (Saitou & Nei, 1987) uazf1muaa1 bootstrap 1u
1,000 ads (Felsenstein, 1985)
2.6 NM3IATILINEDA

Ansesiteyameadalnglivensiag R nestu 4.4.0 Tnedeyausiaznsmaaesazuanaiudiads + drudouuy
wmsgufinNuuanamsisddysaiafiauhazduliesndn 0.05 (Duncan’s test, p<0.05)

3. HANSVNAADILAZIALATIZHHANITNAADY

3.1 msfnwRanssumadualefuruieiulgugd
MnmsAnwinssudanisadisssainginsiileduvesuenilunuaiiiodiuau 10 leluian Tdun PS22-09,
PS22-25, PS22-41, PKS22-25, PKS22-27, PKS22-30, PKS22-38, CHS21-01, SP21-03 wag SP21-04 laeld S. marcescens
Huwuaidedufiames nanimaassuiueailuuuaideifios 1 leluan Ao PKS22-27 fanwmansdudaanissuss
nsasessndnglnsfdledusranuda lnsdunaliannislinusiaingdunsves S. marcescens Tuushuseulalatives
Tolwian PKS22-27 (nndl 1a) il U3naisnandsrsusngnsaiyveade S. marcescens ludnwaizeu uandliifiuiy
lolwan PKS22-27 fuadudanisasassainglagliinsenudenanigueate fednuvazdnanaenndesiunssuniu
svuuAeiueuds uieUdfmriiunie s vuinvesinusudinisairesatngseulalatvesioluan PKs22-27
Wity 2.120.3 wufiuns Tuvnegivoafluwuafiielolsandu 9 linunsiAnusnududanisadesningues

S. marcescens ¥afaAUTING A TNALAIRILUNG (AT 1b)
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- )

AN 1 MsnegeuianssuveskendluLuafiSalelaian PKS22-27 (a) wagleloan SP21-03 (b) Tunisdudenisasiesea

fnqlwspaleduveadie S. marcescens

nsmageuRInsIINsiumewLdsdouldidefiaineseatngidu reporter strain iflesannisadressatngiu
Fnwazfignauaulagmesuieuds yilannsndanananisdudalddne mnis wazannsauennaseninanisdud
ofugudafun1ssudinnasgld lunsfnuni s marcescens grilfidunuaiiGesuiames loswnannsnaiienn
fnqlnspalodudsegnelinsmunumesssuumetuieuds win AHL Snviamsdeunlasnsaisssainganunsodanals
FaauaenUan LLazmmsaLwnmmLLmﬂ&hqszvnfwmié]’m‘]gqmsa%’ﬂmﬂi’mqfTumieTUégﬂmsLﬁ]’%mﬂuaﬂl,%yalﬁaa'wﬁ

UseanSnm wonandl delidedlusuninuazain 53057 wazlisidudeddnsesiofimelunisinsgiina WeaSeuiisy

v '
S A

fuLdodu wu Vibrio harveyi ifase1da1a3 0e3an15i3oeuas (luminometer) agnslsfiniy n1saselnsisleduves
S. marcescens o1l#3uUBYENATINANMWIRFEN WU gamnTuazesdustnoutesoMaieate S ulufesmuauante
NSNARBIDEM AN

Tng reporter strain Aflsaliuonuilaan s. marcescens 1siun Chromobacterium violaceum a31s53ainglale
a@u (violacein) #ifidxa3 Pseudomonas aeruginosa a%’wninﬂi’mqlwia"lﬂjmﬁu (pyocyanin) ﬁﬁ?ll?um/‘lj’lﬁu way Vibrio
harveyi @$1vansi3eaias (bioluminescence) Wusiu il C. violaceum singrlfitundnlunsdnnsesanssinunioiuimuds

WHIDIINTEUUMDUANBINAMUTAULAZLED YN

3.2 ANSAUA2BSUUTIVaENAETUIIN Lo laan PKS22-27

o A ° Y Sa £ = Y o o a a 1 1Y) Ny Aa
ﬂmaaﬂlaima@] PKS22-27 U’m’laﬂﬁ]ﬁ’]iVINE]VIﬁ%N?j’JﬂWWﬂ’JEJG]’J%’mSmEJLE]VIaaWULG]G] 1@3’]36?}@“8’]1]661]“1]

v
= Y

arandunandafiedts (nmdl 2) anduharsataneruunaaeugnsludunfenii ofusuauannsalunisdiu
mefuuds namsvasemuiasasafinnuidudu 40 ua 20 fadnfu/daddnT awnsodudinisainseiagueate
S. marcescens I¢ Inefnunalyududaindy 2.550.25 wufiluns uag 1.2+0.15 wufiuns auddu (nndl 3) 1o
Wisudisusuganuaumauin Aeusufigaudslilsusudinisniamun 2.8+0.20 iwufiuns wuinansatnann PKS22-27
aunzadudinsaiisningldlaglinssnudanisaiguenuaiide dunldanuinuseunquisasiinnuguuoatoog
YUz YaRIUANKAaU LAk DMSO waziofiaasdinm "Lu'meNam'amsa%ﬁﬂsmi’mqu,azmm'%zysuau%a KadaNaIUsY
’j'lmié’uéy’ﬁmi’mqLﬁmmﬂmiiumuﬂ13ﬁwqwumaq53‘uuma§umu%a winninssudamsaigueadelaenss wandlidiu
hansataain PKs22-27 Sfneawlumssudsnisieansuuumesuguds Fudunalndrdyfimueumisuansesnvesdade
ROANTULIY WU nsadnesantng uasngAnssuiAsitestunisinidoves S. marcescens aenndasfumenures
Devi et al. (2018) finuiransafnanindsasadues Bacillus subtilis anewug R18 deafnieshazanedises annsn

v
LYY} o a

gudemasuwudelu S. marcescens syudedugansasialulefdy waznsnaneuledlusiea lawawasdlulagule
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Ampicillin
(50 mg/mL)_ =

A9 3 HavesansataneIuantelaan PKS22-27 (40 way 20 Jaansu/daaans) 6o S. marcescens WUNMSEUEINTASIS

aaa

seninglnsidletulaglidmadonsiasyvesdeuuniiise 1WSsuisuiuueniigau (50 fadniu/liadans)

a

Nan1sANEdaanAdasiuTIg U UM NkandlmiiuINa1591NaUNS S aassIsURaNTad USIN1Tad1959R

q

'
o =l o a

mofieItesiuaeuwudld Wy $13dBves Devi et al. (2018) 518971 B. subtilis @1eiug R18 awsandnanslui

£ v

WesweUTmNwaandudinisasneseninglileanduves C violaceum uarsinnginsAdleduves S. marcescens lnglal

¥ v

TkaronN13RsvadTe wanaInt 1ITeres Qi et al. (2023) $18971U31@15 phloretin FearinaniiwediUaaunsasuniu

N1380A15HUUAIBTUWUTBS S. marcescens NJO1 laglufinaannsasialuiana AHL dawalvinisasialuleflan nsuan

O Y

ol nsadessndnginsAdledu waznmsindeuivesdioanategelited1Aey
pg19lsiann 1l awlSeuisudusieaudulug 7 deuld C. violaceum 10u reporter strain n154

S. marcescens lunsAinwiluansliiulesfinean meessyuu prodigiosin-based assay Tun1snsiafnnsesansniinanenis

o v v a

asessingiiiieadesiumesuuds witesiidedinduanuaiissvesnisadesiningaeldaninzeng o Anu waills
nnsfnudfadudeyaadvayuiiniduiinisdudnisaialnsfdledunieldanigilinunmsdudnisniyveaie

o
o @

fanvuraenARINUNITIUNIUTEUUAIBTLIUTY W3 aUstiegndmsaiumesuwuds eddndudedinsdnwnaln

dindnlusgauluanaiiedudunadnariseld
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'
v aadaa

uenannsUsudunsdudamsatiesaninglu reporter strain wda SeiiisAtesldlunsAnugranisfuatedy
wuds laun nsmedeunisiedeuiivuuaiesufis (swarming motility) waznisnageunisasialuleflay (biofilm formation)
FadunszuiumsignamuauvesszuumeiuisudslunuaiiGeviarewiia W P. aeruginosa, S. marcescens wag Proteus
mirabilis (Thabit et al., 2022; Zhang et al., 2023) Lﬁuﬁmmﬁudmizmumsma'wﬁﬁwumﬁwﬁzgeiammammm
JuisswazAnuansalunsnelsavesuuafise msanawsuduiuguinarsuinumesuils maiUasuuUassuiuums
\aeufiuuuaIesuis maensunsanamwesmsadslulefduetelltediy aunsaldduivadindmssumunieduds

NSNUVBITZUUAIDSUIIUTY wazaziouiagvsiumesuwudwesasnagauls

3.3 N3sryriauaniluluniitey

o v a

waaflunuafiselalaan PKS22-27 uszysinlaensiiuduiuwasinsenaiduilinalelnavesdy 165 rRNA
memnaiaiigons nuitldndndueindorsiidowia 1,500 guua (A il da) Beaenndesiuruinresdu 165 rRNA Tu
wupiSenaly WevhmsiiesesaiduiiedlelnduaziuTeuiisuiugiudeya wuiileluan PKS22-27 dnegluana

Streptomyces sp. (AWl 4b) warfiauadeadatu S. badius JCMA350" (AB184114) TnefiUedidudanumiouves

@

dsruindlalndwindu 99.14 Waswus

100 | Streptomyces clavifer NBRC 153987 (AB184649)
498l_¢ Streptomyces mutomyciniNBRC 1009997 (AB248951)
Streptomyces atroolivaceus NBRC 127417 (AJ781320)

Streptomyces anulatus KCTC97567 (AB184875)

Streptomyces sefoni NBRC 130857 (AB184300)

Streptomyces pratensis ch247 (KX364415)

Streptomyces durocortorensis RHZ 10T (MW582863)

F0L— streptomyces microflavus NBRC 130627 (AB184284)

r Streptomyces syivae LMG 321867 (MW479423)

— Streptomyces pulveraceusNBRC 3855" (AB184806)

o Streptomyces yanii JCM 33317 (AB015854)
TELStrepfom yces sanglieriNBRC 1007847 (A46R51)

74 Streptomyces atratus NBRC 38977 (AB184811)
m Streptomyces badius JCM 43507 (AB184114)

1 kb ladder PKS22-27

3,500b;

2,000 b
1.500 bp

Streptomyces sindenensis|FO 129157 (AB184759)
Streptomyces rubiginosohelvolus JCM 44157 (AB184240)
Isolate PKS22-27 (PZ017151)
I: Streptomyces flavovirens NBRC 127717 (AB184832)

68 Streptomyces nitrosporeus NBRC 128037 (EF178680)
Streptomyces globisporus NBRC 128677 (EF178686)
Streptomyces bacillaris JCM 47277 (AB184439)

Streptomyces sundarbansensis JCM 192507 (AY550275)
4 Streptomyces lunaelactis DSM 421497 (KM207217)
Streptomyces cavourensisNCIB 8918T (AB184264)
I: Streptomyces spiroverticillatus JCM 41047 (AB249921)
96 Streptomyces cremeus|FO 127607 (AB184124)

Streptomyces candidus JCM 46297 (AB184190)
Kitasatospora setae KM-60547T (AB022868)

(b)

0.01
AW 4 MsUSeuiguruIAveIHAn Mg TR SYee8Y 16S rRNA Auflewensgu (1 kb ladden) (a) wazuiuiluans
AMUENTUEMITUINNTURIBY 165 rRNA vaslendlukuafiieleluan PKS22-27 (b) A1 bootstrap wanudusosazain

M3vhen 1,000 AT InsuanaanizAiiInnii 50 wWesiud wagld Kitasatospora setae U outgroup
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o
a o o

PNMSANWINBUNRLNLNUIT Streptomyces badius @msaugnlavisaindulazainnigluiloldons dnds

2D

o

Fnennlunisudnieuluivarssie wu touleduoan-eyluaa wulwidesaniu sufinswdasiuunueladiifiond
Sudasrielsaita (Reichardt et al., 2025; Shivlata & Satyanarayana, 2017; Zhang et al., 2020) agslsAnu Falainu
MenuRnfuianssinsiunesurulmouenfluuuaiiGeeied fuiu kansAnwiFsiudunenuatuuniuans
Tidufgrisiunmsdeasuuumesusufesde s, badius

wimamadeiandiifuiseruannsolumasudinisausntagnsialedu fadudnuasiiogaslims

[ o o (YY)

AIVANVDITTUUAIBTUEUTI a8 19lsAny 1ATellidineglusedudnuazusingwieflulnd (phenotype) 104198

1]

o
a o o

winiu Sedslianansneluienalnniseangvslussduluanaldedretanu Snviadslalldinisussfiunadetafefifeados

fuAnuguussdy 1 wu msadelulefidy mandeuiivende Fufuismsdnsfnviiuiy Tnegatiuinseilusedu

Tuiana Wy mMsnsaaindyana AHL waznsuanieenvesBuiiisddesiuszuumesuimuds sudsUsadiugrddenisadng

wagmsvhatediululefidy naenurasenginssunmsindeuiivente wWebusunalnluniseengns wazdsziiudnaninly

msUszgnalinansunmdsialy

4. un&asy

weARlukuafiTsanAunznaulTIBLaU Streptomyces sp. PKS22-27 sidnaanlunisiiuniesuwudela lngaunse

fFudannsadrassninginsidledures S. marcescens vupmnsudild uenaind ansafaverunlolmandinanndinauans

UsgAndamlumsdudansairenaiag lnglidmansenusonisaiyresdennaou nansmaasafinanaenadosi

wmdlumsAuansiumeSueudsiiysauaudadonolsn Tnglddudinswsyvewuniise Suavanusnasulums

\Annsheen siall ansadaneuanleluan PKS22-27 azgndndeniiiethlunurelusumstuddlulefiduiiossidiu

Anenmdmsunsussendldlueuansialy

fnAnssudszne
IasunuatuayunIsiIteNa1v19adIIMe) NMATYINEIAERSLaTLIANTINTININ AsRaUmansLaz

INYIFERT UNTINEIRBINEATANERS UszanUeuuszana 2568
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KEYWORDS ABSTRACT

Fibonacci numbers This research aims to study the relationship between fractions and decimals derived from
Lucas numbers the Lucas and Fibonacci sequences by considering the decimal values of fractions with
fractions digit numbers in the Lucas and Fibonacci sequences. We analyze the pattern of repeating
decimals decimals and their mathematical properties. The results show a distinct correlation between

Lucas and Fibonacci sequences in the occurrence of the decimals. We give the exact count
of Fibonacci numbers in decimal forms of remarkable fractions studied by James Smoak
(2003). These theorems offer potential applications in numerical analysis, particularly
regarding approximations and error estimation.

1. Introduction

Fibonacci numbers are famous due to their interesting properties, including their connection to the Golden
Ratio and their appearance in various natural patterns. Lucas numbers are related to Fibonacci numbers because they
follow the same recursive relationship. Fibonacci and Lucas numbers play a critical role in analyzing the performance
of the Euclidean algorithm, which is used to find the greatest common factor of two integers. The Euclidean algorithm
performs slowest if the input data are two consecutive Fibonacci numbers. Furthermore, ratios of Fibonacci and Lucas
numbers have been applied to modified fraction expansions such as the Engel and Pierce expansions (Knopfmacher and
Mays, 1995). Regarding the representation of natural numbers, Zeckendorf’s Theorem (Keller, 1972) states that every
natural number can be written uniquely as a sum of one or more non-consecutive Fibonacci numbers. From this
important theorem, many further research studies have been developed, such as Zeckendorf games (Baird-Smith et al.,
2018; Cusenza et al., 2021), a pooling layer in convolutional neural network (Vigneron et al., 2021), and a probabilistic
approach for Markov chains (Ben-Ari and Miller, 2016). Additionally, in the field of image encryption, several
researchers (Batool and Waseem, 2019; Maiti et al.,2023) have developed an encryption method using Fibonacci and
Lucas numbers. These numbers are continuedly being researched, and their properties are used in many fields (see
(Debnath, 2011; Vajda, 2008; Koshy, 2019) for more details).

In this study, we are interested in research article by Smoak and Osler (Smoak and Osler, 2003). They studied
the following fascinating fractions related to Fibonacci numbers:

100—1 1235955056
89

10000
9899

=1.0102 03050813 2134559046368
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1000000

3598999 1.001 002 003 005008 013 021 034 055 089 144 233 377 610 98859958818777596 -

From the three examples above, it is evident that the decimal expansions of these fractions contain Fibonacci
numbers. The decimal expansion of the first fraction produces the first five Fibonacci numbers (starting with F; = 1)
before transitioning into other digits. The decimal expansion of the second fraction contains the first ten Fibonacci
numbers, while the decimal expansion of the third fraction contains the first fifteen Fibonacci numbers. These three
fractions have similar structure. The numerator of the fractions is in the form of 102" and the denominator of the
fractions is in the form of 10%™ — 10™ — 1 for integers n = 1, 2, 3. Smoak and Osler proved that this pattern continues
indefinitely for all integers n.

This research determines the exact number of Fibonacci numbers appearing in the decimal expansions of the
family of fractions above. Furthermore, we investigate two additional families of fractions whose decimal expansions
generate Lucas numbers. Representative members of the first family of fractions generating Lucas numbers are shown
as follows

12—0134-83146
g9 = -

102
9899 0.01030407 11182947 772502 ...
1002
998999 0.001 003 004 007 011 018029 047 076 123 199 322 521 84436621057 ...

From the three examples above, it is observed that the decimal expansions of these fractions contain Lucas
numbers. The decimal expansion of the first fraction displays the first three Lucas numbers (starting with L, = 1) before
transitioning into other digits. The decimal expansion of the second fraction contains the first eight Lucas numbers,
while the decimal expansion of the third fraction contains the first thirteen Lucas numbers. These three fractions have a
similar structure. The numerator of the fractions is in the form of 10™ + 2 and the denominator of the fractions is in the
form of 10%™ — 10™ — 1 for integers n = 1, 2, 3.

The examples of the member of another family of fractions generating Lucas numbers are shown as follows

9
=0.213483146...

89
199 _ 0.0201030407 11182947 7725022
9899
1999
998999 0.002 001 003004 007 011 018 029 047 076 123 199 322 521 84436621 ...

From the three examples above, it is evident that the decimal expansions of the fractions contain Lucas
numbers. The decimal expansion of the first fraction produces the first four Lucas numbers (starting with L, = 2) before
being followed by other digits. The decimal expansion of the second fraction contains the first nine Lucas numbers,
while the decimal expansion of the third fraction contains the first fourteen Lucas numbers. These three fractions have a
similar structure. The numerator of the fractions is in the form of 2(10™) — 1 and the denominator of the fractions is in
the form of 102" — 10™ — 1 for integers n = 1, 2, 3.

In the Results section, we prove that the patterns of these decimal expansions of the fractions of these two
families generating Lucas numbers hold true for all positive integers. In addition, we provide the exact count of
Fibonacci and Lucas numbers appearing in decimal expansions of all three families of fractions.

2. Preliminary

In this section, we provide the fundamental definitions and notation used throughout this study. Additionally,
we review essential properties of the Fibonacci and Lucas sequences that are necessary for proving the main results of
this research.
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2.1 Fibonacci numbers

The Fibonacci numbers are defined by the recurrence relation:
Fn+1 = Fn+Fn—1

for all positive integers n = 2 with the initial conditions F; = 0 and F; = 1. This recurrence relation generates the
Fibonacci sequence, denoted by {F,}. The first 15 Fibonacci numbers are 0,1, 1, 2, 3,5, 8,13, 21, 34,55, 89, 144, 233,
and 377. The n** Fibonacci number can be calculated using Binet's formula as follows:

P"-(a-H)"
V5

o 145 . .
for all nonnegative integers n, where ¢ = +T\/— is the golden ratio.

E, =

2.2 Lucas numbers

The Lucas numbers are defined by the recurrence relation:
Lyys =Lp+ Ly

for all positive integers n = 2 with the initial conditions Ly = 2 and L; = 1. This recurrence relation generates the
Lucas sequence, denoted by {L,,}. The first 15 Lucas numbers are 2,1, 3,4,7,11,18,29,47,76,123,199,322,521,
and 843. The n*" Lucas number can be calculated using Binet's formula as follows: for all nonnegative integers n,

=¢"+ (A=) ="+ ()"
for all nonnegative integers n,where ¢ = 1+T\/§ is the golden ratio.
Fibonacci and Lucas number are connected by various algebraic identities. For example,
o Ly=F 1 +F =2k +E

E = Lp—1+Lnt
5

2.3 Floor function

The floor function, denoted by |x], maps a real number x to the greatest integer less than or equal to x. For
example,

10.4] =0
11.6] =1
[-0.4] = -1
|-1.6] = -2

The main properties applied in this research are as follows: for any real number x, there exists a unique integer
m that satisfying the following statements:
o |x]=mifandonlyif m<x<m+1;
o |x]=mifandonlyif x —1<m<x.

3. Results

This section presents the proofs for the properties of the three families of fractions, starting with Lemma 1 and
Lemma 2.

The following lemma establishes the relationship between linear recurrence relations and their corresponding
power series.
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1 Lemma 1. Let a,, be a sequence of real numbers generated by the recurrence relation a, = a,_, + a,_,
for all positive integers n = 2 with initial condition that a, , a, as constants. Then, the generating function for the |
| sequence is given by ’

oo

1—x—x2
n=0

Proof. Consider the following equations

[ee)

Zanx"(l—x—xz)z

[ee)
n=0 n=0
[oe]

n=0 n=0
[oe] [ee)
— anxn _ Z anxn+1 _ Z anxn+2
n=0 n=0 n=0
[oe] [oe] [ee)
n=0 n=1 n=2
[ee)
=qay+ a;x —apx + Z(an —Ap_q — Ay_p)X™
n=2

From the recurrence relation, it follows that a,, — a,_, — a,,_, = 0 for all positive integers n > 2 and
[ee)

Z a,x" (1 —x —x%) = ay + a;x — apx.

n=0

Therefore,

[oe]
a0+(a1—a0)x_za o
- n

1—x—x?
n=0
a
The examples of Lemma 1 are Fibonacci and Lucas sequences as follows:
1 F1+(F2_F1)x -1
1—x—x2= 1_x_x2 =F1+F2x+"'+ann + -

Z—X _L0+(L1_L0)x

= =Lo+Lix+Lyx®+ -+ Lyx™ + -
1—x—x? 1—x—x? o z n

where F; = F, = L; = 1 and L, = 2. Next, we establish Lemma 2 that shows the relationship between Lucas numbers
and the golden ratio.

Lemma 2. The number of digits in the n** Lucas number is equal to 1 + |nlog ¢|.

Proof. Let n be a nonnegative integer. There exists a unique N such that the n** Lucas number L, can be
expressed as
dydy_q ...dydy
where d; denotes the digit associated with the 10~ power in the decimal expansion for all positive integers i.
Therefore, L,, can also be written as L, = (dy.dy_q ...d,d;)10V "1,

It follows that

logL, =log(dy.dy_1 ...d,d;) + log(10)N~1

logL, =log(dy.dy_q ...d,d;) + (N — 1) log 10

logL, =y + N — 1wherey =log(dy.dy_q ... dpdy).
We have N =logL, —y + 1. Since 0 =1og(1) <y =log(dy.dy_q-.dyd;) <log(10) =1, N =|logL,|+ 1.
Note that N is the number of digits in the nt" Lucas number.
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From Binet's formula L, = ¢™ + (1 — ¢p)" = ¢™ + (—¢) ™", we obtain log(L,,) = log(¢™ + (1 — p)™) =

log (¢n * (—41113")' Thus log (¢n - fn) < log(Ly) < log (4)" + ¢_1n)

Consider the f(n) = log (1 - ﬁ) Since f(n) is strictly increasing, it follows that —0.00355 < f(9) < f(n)

for all n > 9. Conversely, let g(n) = log (1 + #) Since g(n) is strictly decreasing, it follows that 0.00355 >
g(9) > g(n) foralln > 9.

n_1Y)_ nf1__1)) = n _ ny _
Note that log (¢ ¢n>—log(¢ (1 ¢2n)>—10g(¢ ) +log (1 ¢2n)>log(¢) 0.00355 for all

¢2n ¢2n
0.00355 for all integers n > 9. Thus, log ™ — 0.00355 < log(L,) < log¢™ + 0.00355 for all integers n > 9.

If log¢p™ —0.00355 —y <logL, —y = [logL,|, then log¢™ —0.00355 < |logL,| +y = |logL,]. We
have [log¢™| — 1 < [logL,] for all integers n > 9. If |log L,| = logL,, —y <log¢™ + 0.00355 — y, then |log L,| =
logL,] +y <log¢™ + 0.00355. We have [logL,] < [log¢™| + 1 for all integers n > 9. It can be concluded that
log¢p™| — 1 < |logL,] < |log@™] + 1 for all integers n > 9. In addition, one can calculate to verify |logL,| =
log ™| = 0 for all integers n € {0,1,2,3,4} and |[log L, ] = [log $™] = 1 for all integers n € {5,6,7,8,9}.

integers n > 9. Similarly, note that log (q,’)” + ﬁ) = log (d)" (1 + L)) = log(¢™) + log (1 + L) < log(¢p™) +

Therefore, |log L,,] = [log "] = [nlog ¢] for all nonnegative integers n.

Since N = |logL,| + 1 and [logL,] = [nlog¢], N = [nlog¢] + 1. This proves that the number of digits in
the n'" Lucas number is equal to 1 + |[nlog ¢].

0

The examples of Lemma 2 are shown below:
e  The number of digits in L, = 2 is equal to 1 + [0(log )] =1 ;

e  The number of digits in L, = 1isequalto 1 + [1(log¢)| =1 ;

e  The number of digits in Ls = 11 is equal to 1 + [S(log¢)| = 2 ;

e The number of digits in L5 = 1364 isequalto 1 + [15(log )] =4 ;

e  The number of digits in L,s = 2537720636 is equal to 1 + [45(log ¢p)] = 10 ;

Next, we examine the two main theorems stating the properties of the families of magic fractions.

2(10™M-1
5 1027-10M-1 :
i integers n. Then the decimal expansion of the fractions R, generates the first M Lucas numbers starting |
- with Ly = 2 where M = mg&{{l + |mlog | = n}. '

Theorem 1. Let a sequence {R,};=;, be a family of fractions where R, = for all positive\“;

Proof. From Lemma I and the recurrence relation of Lucas sequence L, = L,,_4 + L, _, for all positive
integers n > 1 where L; = 1 and L, = 2, we have

2—x
Lo+ Lyx + Lyx? 4+ o = ———. 1
o T LiX T LpX 1—x — x2 (1
Multiplying both sides of Equation (1) by x, we have
2x — x?
L Lix? 4+ Lyx3 4+ =—+—., 2
oX + Lix? 4+ Lx3 + p——, (2)

Replacing x = 10™™ in Equation (2), we have

2(10™) — 1072n
1—-10""—10-2%

Lo(107™) + Ly (1072") + Ly(1073") + -+ = 3)

The right-hand side of Equation (3) gives the family of fractions when n is positive integer as follows:
{ 2(0.1) — (0.01) 2(0.01) — (0.0001) 2(0.001) — (0.000001) }

1-(0.1) - (0.0)° 1-(0.01) - (0.0001)° 1—(0.001)— (0.000001)’

That is,

{19 199 1999 }
89’ 9899’ 998999’
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Hence, the right-hand side of Equation (3) provides the family {R, };=;, while the left-hand side of Equation
(3) gives the decimal expansion of the fractions R,, for all positive integers n. For example,

19
Ri = 55 = Lo(0.1) + L;(0.01) + L;(0.001) + -+ = 0.2+ 0.01 +0.003 + 0.004 + -

199

R, = 9899 = Ly(0.01) + L,(0.0001) + L,(0.000001) + --- = 0.02 + 0.0001 + 0.000003 + ---.

Thus, each R,, generates the decimal containing the first M Lucas numbers for some positive integer M. Since
some Lucas numbers have a place value exceeding 10", carrying over may occur; consequently, the summation on the
left-hand side of Equation (3) does not display every Lucas number.

From Lemma 2, the number of digits in the n*" Lucas number is equal to 1 + [nlog ¢|. Then, Ly, is the greatest
Lucas number with its place value less than 10", where M = ma}ig{l + |mlog@| = n}. So, Lp,q is the smallest

me
Lucas number with its place value equal to 10™*! and L,, is the first Lucas number that fails to appear clearly in the
decimal expansion of the fraction due to the carrying effect from subsequent terms.

It can be concluded that the decimal expansion of the fractions R,, generates the first M Lucas numbers starting
with Ly = 2 where M = maé({l + |mlog ¢| = n}.

me

0

From Theorem I, we can see that, for example, R; = g generates the first four Lucas numbers starting with
Ly =2 where 4 = maé({l + |mlog$| = 1} = max{0,1,2,3,4}. That is,
me

9
=89 0.2+ 0.01 + 0.003 + 0.0004 + 0.00007 + 0.000011 + --- = 0.213483 ...

which shows the only first four Lucas numbers: 2, 1,3, and 4.

Ry

Next, we prove another main theorem about the family of magic fractions generating Lucas numbers starting
Wlth Ll = 1.

10™+2
| 1021-1 -1 i
- integers n. Then the decimal expansion of the fractions P, generates the first M — 1 Lucas numbers starting |
- with L; = 1 where M = mal%({l + |mlog¢| = n}. |
me

Theorem 2. Let a sequence {P,};-; be a family of fractions where B, = for all positive

Proof. From Lemma I and the recurrence relation of Lucas sequence L,, = L,_; + L, _, for all positive
integers n > 2 where L, = 3 and L; = 1, we have
1+ 2x

Li+L Lyx? 4= ——. 5
1+ Lax + L3x® + 1 —x— 2 (5)
Multiplying both sides of Equation (1) by x, we have
x + 2x?
Lix + Lyx? + Lyx3 4+ o = ———. (6
1X + Lox 3X Pp—— )

Replacing x = 107" in Equation (2), we have

o —om 3 107" 4+ 2(1072™)
L1(10 )+L2(10 )+L3(10 )+‘“=1_10—7’l_10—27’l.

The right-hand side of Equation (7) gives the family of fractions when n is positive integer as follows:
0.1+ 2(0.01) 0.01 + 2(0.0001) 0.001 + 2(0.000001)
1—(0.1) — (0.01)° 1—(0.01) — (0.0001)° 1 —(0.001) — (0.000001)°

(7

That is,

{12 102 1002 }
89’ 9899’ 998999’

Hence, the right-hand side of Equation (7) gives the family {B,}n~ ,while the left-hand side of Equation (7)
gives the decimal expansion of the fractions B, for all positive integers n. For example,

12
P = 55 = Li(0.1) + L;(0.01) + L5(0.001) + -+ = 0.1+ 0.03 + 0.004 + 0.007 + ---;
102

P: = 5g59 = L1(0.01) + L;(0.0001) + L3(0.000001) + -+ = 0.01 + 0.0003 + 0.000004 + -~
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Thus, each B, generates the decimal containing the first N Lucas numbers for some positive integer N. Since
some Lucas numbers have a place value exceeding 10™, carrying over may occur; consequently, the summation on the
left-hand side of Equation (7) does not display every Lucas number.

From Lemma 2, the number of digits in the n" Lucas number is equal to 1 + [nlog ¢|. Then, Ly, is the greatest
Lucas number with its place value less than 10™*!, where M = r%lggl({l + [mlog¢| = n}. So, Ly, is the smallest

Lucas number with its place value equal to 10™** and L,, is the first Lucas number that fails to appear clearly in the
decimal expansion of the fraction due to the carrying effect from subsequent terms. It can be concluded that the decimal
expansion of the fractions P, generates the first M — 1 Lucas numbers starting with L; = 1 where M =
r&lg&({l + |mlog ¢| = n}.

0

From Theorem 2, we can see that, for example, P; = ;—2 generates the first three Lucas numbers starting with
L, = 1 where 4 = malil({l + |mlog¢| = 1} = max{0,1,2,3,4}. That s,
me

12
P, = 39" 0.1+ 0.03 + 0.004 + 0.0007 + 0.00011 + --- = 0.13483 ...

which shows the only first three Lucas numbers: 1, 3, and 4.

Based on James Smoak’ study in 2003, that the n‘"* Fibonacci number L,, can be written as
i deN_l e dzdl
where d; represents a digit in the 10°~1s place. Therefore, F, can also be written as F, = (dy.dy_; ...dyd;)10¥ "1 It
follows that N = log F, — y + 1 where y = log(dy.dy_; ...d,d;) and N is the number of digits in the n" Fibonacci

N_1—pn
number. Since F, = % when ¢ = 1+2\/§

obtain the following corollary.

, we have N = llog%] +1= [n log ¢ — log\/gj + 1. Therefore, we

10"
% 1021-10M-1 }
- integers n. Then the decimal expansion of the fractions E, generates the first M — 1 Fibonacci numbers starting |

- with F; = 1 where M = mg&{{l + |mlog ¢ — log+/5] = n}.
m

Corollary 3. Let a sequence {E,}n=; be a family of fractions where E, = for all positive

From Corollary 3, we can see that, for example, E; = g generates the first five Fibonacci numbers starting

with F; = 1 where 6 = mgé({l + |mlog ¢ —log+/5] = 1} = max{0,1,2,3,4,5,6}. That is,
m

10
E, = 39" 0.1+ 0.01 + 0.002 + 0.0003 + 0.00005 + 0.000008 + --- = 0.11235955 ...

10

9899

generates the first ten Fibonacci numbers starting with F; = 1 where 11 = maé({l + [mlog¢ —logV5| = 2} =
me

max{0,1,2,3,4,5,6,7,8,9,10,11}. That is,

which displays the only first five Fibonacci numbers: 1, 1, 2, 3 and 5. For another example, E, =

100
E, = 9899 — 0.01 + 0.0001 + 0.000002 + 0.00000003 + --- = 0.010102030508132134559046 ...

which shows the only first ten Fibonacci numbers: 1, 1, 2, 3, 5,8, 13, 21, 34, and 55.

We can notice that the three families of magic fractions {R, }n-4, {P,}neq1,and {E, }az, in Theorem 1, Theorem
2, and Corollary 3, respectively, are related. Since {R,}n=, and {PB, };=; are families of fractions generating Lucas
numbers and {E,, };—, is a family of fractions generating Fibonacci numbers,

5
for all positive integers n.

4. Conclusions

This research analyzes the pattern of repeated decimals of magic fractions and their special properties. There
are three families that are studied as follows:
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R© 19 199 1999 2(10M -1
{Rukn=r = 89 ' 9899 ’* 998999 ’ "102n —10n —1" 7"
Ry
p e 12 102 1002 10™+ 2
Ptn=s = 89 ' 9899 ‘998999 " ’102n — 10" — 1’
Py
Ew = 10 100 1000 10"
{Enties = 89 ' 9899 ’ 998999 ’ "102n — 10" — 1"
Ep

The fractions in {R,,}y=; and {B,}n=, generate Lucas numbers and the fractions in {E, };—, generate Fibonacci
numbers. We give the exact number of Fibonacci and Lucas numbers in decimal forms of remarkable fractions.
Moreover, we find the relation of these three families that

5
= 107 En

for all positive integers n. Our theorems may be applied in numerical analysis such as approximations and errors.

2P, — R,
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