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CONFERENCERD 1D 4

PREFACE

Maejo University Phrae Campus (MJUP) aims to drive the academic and research tasks
to keep up with the rapid development of society, economy, sciences, technology, and
innovation. Then the transdisciplinary is rising to expand new knowledge. This body of
knowledge can be applied to create the cutting-edge academic works adapted to a fast-changing
world, academic excellence, and to be the local problem-solving center. MJUP, therefore, has
the development and implementation of technology and innovation to enhance the country’s
socio-economic structure according to the international sustainable development goals (SDGSs).
Besides, MJUP is situated in the area of natural diversities — namely land; water; and forest,
which are used for conducting research to apply in education, research activities, academic
services, and community problem solving. It also conforms with Thailand’s emerging
bioeconomic development so as to strengthen the local economy and community
empowerment. This resulted in Thai economic situations to enhance the capacity and
competitiveness in both national and international level, aligned with Bio-Circular-Green
Economic Model or BCG.

The 4th National and the 2nd International MJUP conference under the theme “Creative
Technology and Innovation for Sustainable Development Goals (SDGs)” have provided a
platform to disseminate research papers. The conference offers participants an opportunity to
gain research knowledge or experiences from senior researcher. This contributes to the
beneficial outcomes of academic, society, and economy to commercialization. In addition, the
participants are encouraged to aware of conducting research precisely in the era of technology
and innovation. What is more, the participants also have a chance to network with colleagues
and to develop academic cooperation association between locally and internationally lecturers,
researchers as well as scholars.
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08.30 - 09.00 u. | Aawmeilou
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Topic: Plasma Technology and Innovation to Drive Thailand’s Sustainable Agriculture
By Professor Eun Ha Choi, Ph.D., Kwangwoon University, Korea
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10.50 - 11.30 W. | N1sUsTBBNLAY (Keynote talk)
Topic: Green Technology and Innovation for Agriculture, Food, and Environment
By Professor Dheerawan Boonyawan, , Ph.D., Chiang Mai University, Thailand
11.-30 - 12.00 u. AsUdUaNaUAIAlUEaRDS (Poster Session)
12.00 - 13.00 . NNFUUTENIUDINNTNANITUY
ngx 1 nAlUlAgLAZUINNITUNUNEATUAZDINT
(Fosdnesinsnu 2 9 9)
13.00 - 13.30 4. | N15UsIBIRTUEY (Invite talk)
Foe waluladuazuinnssuaimsuiiounan
lng gerageman 319138 M. 035N ViFuenu
NIULEUBNAUANAUTIENY (NGuday 1)
ngu 1 wAlUlaguazuInNITUNINNEATUAZEINNS
(Fosdnarin 2 4 9)
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WYILNT: HAIEANENTIA15E 9.9 AUEY
13.30 - 13.45 4. | T-0-01 | mysenuuusazad aadasdouddindegaussuusnludf
A Design and Development of an Automatic Mor-Hom Fabric Dyeing Machine
auiln Juag, wse loaan uaz aswed 1U5Tn
Ineaeimailnuns
13.45 - 14.00 u. | T-0-02 | wawasNsTuzuosdntdunidsafiadaswaanuiietniagi

Effect of Rice Flour Gelatinization on Organic Feed Pellet Forming
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14.00 - 14.15 u.

T-0-03

nsldanaauamasiinsylusmsenisedyiuln dnvaswinuasduguineivasdildidnveslivszgune
Using of Arachis glabrata cv. Florigraze in Diet on Growth Performance, Carcass Characteristics and Small Intestinal
Morphology of Pradu Hangdam Chicken
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14.15 - 14.30 u.

T-0-04
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NavaINTIs e mIsHinAaAAaaLaznIsiaruaunes tulnludun3d
Effect of Fermented Feed on Heamatology and Parasitic Worm Infection of Organic Laying Hen
it 165, le5u pvSuns, audng nuie, Mans sunsaian, Wea3a wAwIA, 19Aal wIaenes uaz A1 AU
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14.30 - 14.45 u.

T-0-05

NaYaINSLEsNINNuAaUTEENSA NN SHERYRIgNanslUsTETAAUN
Effect of Vitamin Supplementation on Suckling Pig Performance
algedy) HeAvIwAIN, AdIAY aI), yyuIa ATes, auanval uevh, Jea Sugy, 90712 ANEY, ASAFAT QIaNTT uay gINa Veuised
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14.45 - 15.00 u.

WNSUUTENIUBINSING

NSUNHUBHNANUNIAUTTENY (NG 2)
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15.00-15.15 u.

T-0-06

Havaen1sLEsInlusutassuLuuns o sden1sasyaulnvasgnsvgus
Effect of Multivitamin Supplement and Feeding Program on Growth Performance Weaned Pig
vauIa Ides, algaly pedwindise, iy vam, auanveal e, 25gns niwduan, 15Aat wdeves, AT egay uaz gawy veuie
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15.15-15.30 u.

T-0-07

v

nsAneMsEsHlnnfiuddenmnininegnsnanudaenusgioauasuauntsy
Study of Vitamin C Supplementation on Semen Quality in Duroc and Landrace Breed
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uaz gsney nowsed
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15.30-15.45 u.

T-0-08

nsfnwnsldemnslumsignaszezduiasdasuaugnanusnanaauaziiuiingnansusnaaan
The Study of Feeding in Sow Farrowing Period on Litter Size and Birth Weight
pdlAu viam), algaly) eAvInaIss, YyuIa Wdes, auanval urvh, ¥asyr A3gY, WIAT 1750IA7 LAy JIINY VeuSeY
UM INEIAUI-UNT RAUNTZNE T

15.45-16.00 u.

T-O-09

nsAnEINgRnssuMIEeniumsVaIr U Wsduasuianssunisifonms vasarudadidanden
The Dietary Preference of Capybaras: The Food Choices for the Feeding Activity at Khao Kheow Open Zoo
Wuasod unwsan, sual loses, ralauy Auan, AsHaas QIgunys, 4sne 19l uay Fsnay Nedsey
URVINGIEULTI-UNT (aBUNTZAETH

16.30-18.00 u.

WEUANTTUTTYNLAZIBUTIeIR (ounTuAvaagy U 2)
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13.30 - 13.45 .

AUURAUUIUTENS IR UNgaNU d7unIW @UBAYe LAZAMUNAINTANEVBINY TUNUNTIUUIMLEe AUaLdIgau anatiiasunu

IRINAIUS
Some Soil Properties at Remnant Forest, Coffee Plantation, Miang Tea Garden and Plant Diversity at Pa Miang Village, Chae
Son Sub-District Mueang Pan District, Lampang Province

w3ty Sumswsva, ouns andareaasas, T 151907, Deeila vouun, A35md auvsslau uay gnin) goaur

UNVINGIBYUUNI-UNT LRAUNTLUNYTH

13.45 - 14.00 u.

N-O-02

nsAnwsmewnslufuusUsznmsifinadansisaivinvasiivluiufinuasnssugsvuguie duaduan sunsluslen
AMIANYIUYT
The Study of Some Soil Nutrients Effects on Plants Growth in the Agricultural Area of Loom Phueng Community,
Loomsoom Subdistrict, Sai Yok District, Kanchanaburi Province
53pnsal veswssas, 3 §enden, 2594 awilyaay, evou Bedex, 0AsH Feedumd, ava 0187, A558igvA Faviagiasy
uay Usziam 871179
UM INE UL UNT REUNTNE T

14.00 - 14.15 .

N-O-03

=

navaamstasiulnidennuudsvasiunazlnssadavasnssaiy TuiuiigudSeuinmsimunaudasdulioanainnsssnvans
Nvaunay JsnIneslul
Effects of Forest Fire Prevention on Soil Hardness and Plant Structure in the Area of Omkoi Development Learning Center

of Royal Initiative Project, Omkoi District, Chiang Mai Province
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14.45 - 15.00 u.

14.15 - 14.30 w. | N-0-04 | dnwazlassairednuivuaznisinnuansuau uiadyusutiuys sunauiuia Jandaae
Vegetation Structure Characteristics and Carbon Stock in Ban Bung Community Forest, Nahaeo District, Loei Province
AnAWS &MY, nuans U1dew, usiva uolaes, Ausnwed inseu) uay uvaulne a1wuen
UMV INIAEUNTI-UNT 1RAUNTATA
14.30-14.45 w. WNFUUTENIUBINITINS

N-O-05

NaNszNuvaINIsiaeenszladadaunalutynsudiunaingieg 91na5aana19 JmIauns
Impact of Raising Buffaloes on the Plant Community at Maesai Community Forest, Rong Kwang District, Phrae Province

nOuA1 WI¥NISENTE, uraulne o1vuen, WANgIsT DU sz SadnIE augny
UNTINGIFEUUNI-UNT bRAUNTAALTH

15.00 - 15.15 u.

N-O-06

anunansiavasdndUnTuligurutosauaIssh S1NaINITuas JNTnasEys
Species Diversity of Wildlife in Khoanoijomsawan Community Forest, Wihandaeng District, Saraburi Province
wey1il $nil, 1596 guiaan, SAsnssy Wevkedyy, ATAT AINAYIA, 8IF WATTINY uay Useii Fasua
UNVINE BN YA TN T
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15.15 - 1530 u. | N-0-07 | UuuuRvnssuideiuil uaznanvasdniiuguinuuuaiendet Wenwazuniai
Spatio-Temporal Activity Patterns of the Ungulate Species Inhabiting the Tenasserim Corridor
agn ¥18R13, 93791 ASlAUITaY, 838391 Whanas, Uwasas Yiuas, waudns dmszga uax luda soe
World Wide Fund for Nature International (WWF)
15-30 - 15.45 u. | N-0-08 | Yadeiidanasianisusingtineth (Elephas maximus) Taglideyagausngluwnsnuniugdaivnuisnenlu Tnslduuusiass Maxent
Factors Affecting the Appearance of Wild Asian Elephants (Elephas maximus) Using Data on Appearance in Khao Ang Rue
Nai Wildlife Sanctuary Using the Maxent Model)
Waugdn nilAe, 1596 JUTI UA 589979 JUUITTN
UMV ING NN YA TAITAT
1630 -18.00 1. | WSUANsUszYMLAzNBUTINTA (HaaunTusuangy du 2)

10.00 - 10.10 w.

lng deragemans19138 Wil welude see5n15URNNIINe1aeuY

MiruafvastinAneseauUIyynsndnenisniiueaulal

Undergraduate Students’ Attitude Towards Online Gambling

YIUINT BAUAUUNIY Lag 1nAi 571

UNIINYIBIT-UNT LRAUNTLUNYTH

10.10 - 10.20 w.

B-O-20

Tadeidwmadaanudisavasnmsaiianiadisnisinnisaneveddsaseudgeagnsafnedneioinine Jsmdauns
Factors Affecting the Success of Educational Networking of Senior Citizens’ Schools Case Study of Rong Kwang District

Phrae Province
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URVINGIBYUUNI-UNT IRAUNTAUNYTH

10.20 - 10.30 ¥. | B-O-23

Uadeidanasauszaninmlunisufifauvesdmihivauiadivatiuiies 8nesaenae Jminuns
Factors Affecting the Work Efficiency of Ban Wiang Subdistrict Municipality Officials, Rong Kwang District, Phrae Province
§381 Yunzwa uaz Al I5dal

UNVINYIBYUUNI-UNT RAUNTLUNYTH

10.30 - 10.40 W. | B-O-29

NOANTTUUASTNAUAR LUNTT TN T4 9L87199U ATUANEY: TrUUBNBLasUNUANASITH AMUAEIUKIUT 91LNBLI89E J9rINUIU
Behaviors and Attitudes in Using the Hmong Language of Youth Case Study: Ban Bo Hoi and Ban Phakdee Tham, Yap Hua

Na Subdistrict, Wiang Sa District, Nan Province

anwys Guiunwla uaz 3u4ns957 s

UNVINGIBYUINI-UNT IRAUNTLUNYTH

10.40 - 10.50 w. | B-O-30
v

v ¥ 1

JadeidamariliiiansiasuuUasesausssulsswalandiauazanudavesyanuslie druvevesuastusnisssu
FIUABIUNIUT BINBIIET J9UIAUTUY

Factors that Cause Changes in Culture, Traditions, Lifestyles and Beliefs. Hmong Ethnicity Ban Bo Hoi and Ban Phakdi
Tham, Yap Hua Na Subdistrict, Wiang Sa District, Nan Province

$98979 uawlds, dwus duiuily, Sunsis1 dum uaz Aa9ns LAiNgITsal

UNVINGIBYUUI-UNT LRAUNTLUNYTH
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11.00 - 11.10 u. | B-0-26 | Jasduiidemanansindulaidondondnsmaiwuunilurasiuathunans sunedes Sswsauns
Factors Affecting Consumers’ Purchasing Decision in Mae Bai Fermented Pork (Naem) Product, Ban Klang Subdistrict, Song
District, Phrae Province
SAANIA AUEE Uag Tn71ue7 il
URIVINIREUNI-UNT LaAUNTZAETH
11.10-11.20 . | B-0-32 | piidlyaynsldayulnslumsguaguamituiitiuusings wydl 1 duawines sunadasnang Smiauws
Wisdom of Using Herbs for Health Care Ban Mae Sai Area, Village No. 1, Mae Sai Subdistrict, Rong Kwang District,
Phrae Province
Useyy sy, 335005 Snd uas Sunsas um
URIVINIAEULI-UNT (aBUNTZAETH
11.20 - 1130 u. | B-0-33 | nsfidausauvesussmvulumssyindnguauainuiios luufiduarsiin sunosas Sadauns
Participation of Villagers in Preserving Local Music Groups Around Ban Thung Nao, Song District, Phrae Province
SQYVUN UaNA1 Uay IUNTITI 1M
URVINIREUNI-UNT (aAUNTZAETA
1130-11.40 u. | B-0-3¢ | JeseiitnadanginssudnansisazvasinBoussiudusiseununoulans luwasunaiiios Sawmiauns

Factors Affecting to Public Mind Behavior of the Secondary School Students in Muang District, Phrae Province
wsvisiud gilsiug uaz Jyans Al

UNIINYIBIITT-UNT LRAUNTLUNYTH

13.00 - 13.30 w.

N135USIE03URY (Invite talk)

1599 Taniadou Auasw unissuausulnifunisduindau Digital Learning Platform

lne gvemans1913e az.ansuns uey, anIvumalulagnwsyaeunaInammIsainnsyy, nunme
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13.40 - 13.50 u.

B-O-04

=
INYasYN

nsgausuaMuraInratemanAlusTuuIen1sive nsalnwvianisunases Jmdanenlan
Acceptance of Gender Diversity in Thai Government System: A Case Study of Phitsanulok Province Administration
algadl Todla, Tma wnaoe, sSgunn duAq, LATATI UANAT Uay SYalaINT L3Il

U INGINYTIVANYAAIATIY

13.50 - 14.00 w.

B-O-08

unumYssesRnsUnasasdIuTiasdulunsuImssanmineInsunienisinens nsdiinwesdnisumsdiusuavuainay
gunaalssalan Jmdngludie
The Role of Local Administrative Organizations in Water Resource Management for Agriculture: A Case Study of Nong Klub
Subdistrict Administrative Organization, Sawankhalok District, Sukhothai Province

UseAaas iouad, 155ains anuIa, 013 U, Nadvus Uruge, 15T dnyy uax ewin gua

U INGINYT IV NYAAIATIY

14.00 - 14.10 w.

B-O-14

wwInnen1saadefininvasniadgreusaaulymiFaaenansdnd nsdifnwiuiidiualnsuen swnanslnsana dendngludie
Government Approaches to Reducing Disputes Regarding Land Title Documents: A Case Study of Krai Nok Subdistrict, Kong
Krailat District, Sukhothai Province

19907 VINLEY, TunUs d39ves, Ty Tuuni, uyyeng viuilua, ASIENS NoYA uay s Yauthiasd
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14.10 - 14.20 W. | B-O-16

Jaduiidanadentsfnduladenaundnanifunustugs nsalfnwrdisvnammsnieludeauifanssienimasa Swmdanualan
Factors Affecting Decision Making in Selecting Members of the House of Representatives: A Case Study of Civil Servants
within the King Ekathodsarod Camp, Province of Phitsanulok

Ss6nh wsuths, eans wsuw, Sowa uradmn, algnay walyd uae viln1n) vae Ny

IRV INGINYTIVANYAAIATIY

14.20 - 14.30 W. | B-O-17

naadeulvamedealulssifuanumainuatemang nsdAnwInguaaaInuanenamaiiunumddy luiuiiseindivalan
Social Movements on Gender Diversity Issues: A Case Study of Gender Diversity Groups Playing a Significant Role in
Phitsanulok Province

w5 (eaiGe, alggn ynangns, giteay) uaaan, qunil Sunsnse, Asea guiSou uay ougn FueauTA

N ING 1D TIVAYTYAFIAT I

14.30 - 14.40 w. | B-O-18

NIANYINAINIUAZETIANIINNSAUATEINIUNGVNIBUIIILUBNTEUY NIdANYT: gsiasudsanmsluaiiuiisunadias S
Welan

Study of Protection Measures and Welfare According to Informal Labor Laws. Case Study: Food Delivery Business in
Mueang District, Phitsanulok Province
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15.00 - 15.10 4. | B-0-38 | A71uf@enIsuazANNNIaNvasdaauLazyAaaInslun1sdaNsiBeun1saaunwdeng vaaulauvewEn1tun1e WnIneaennIanes
NSUINVINGAY
Needs and Readiness of Teachers and Academic Staff in Online English Instructional Management at the Language
Institute, Mahachulalongkornrajavidyalaya University
N5563N15 N1YIUNI
U INE AL UNT RAUNTUNETH
1510 - 1520 u. | B-0-09 | gnsAramsuazuloursnswannggatgvasnisunasesdiuiosiu nsdiine weutaissedydn Sminfiualan
Local Government Strategies and Policies for Elderly Development: A Case Study of The Aranyik Town Municipality,
Phitsanulok Province
alpg7 Bunsva, Tl unselnn, sund Wuaud, dundand Juis usy 8w Jauduaed
UM INE1DE IV NNYAAIATI
15.20 - 1530 u. | B-O-12 | nMaudmsdansvasisuiayueuagneduvasyurutuisdud druavilng sunadias Smiafualan
Management of the Sustainable Community Enterprise in Ban Wang Som Sa Community, Tha Pho Subdistrict, Mueang
District, Phitsanulok Province
AzI590d ¥9AN, AANI Uauile uaga3e) Aoy
UNIINEY 10851V NAYAAIATIH
1530 - 1540 u. | B-O-13 | ngdnssuuaznsiaduladevasduilnaiadmuanagnimsnsnainvastinisdifaguanndiniinessudia
Consumer Behavior and Purchasing Decisions for Establishing Marketing Strategies of Instant Porridge from Doi Saket Purple Rice
21914 ASITE
UMM TIVATENIN
15.40 - 1550 u. | B-0-36 | usegelalunnsunanandinnnsuanlunesndrgmiitenisinvesmemineasns s1neassalan Sawingluiie

Motivation for Inheriting Commercial Banana Leaf Production of Farmers' Heirs in Sawankhalok District, Sukhothai Province
Wuna3d aman, agniniud wehn, Mapiug Ussnidna uas vhinau lvgassa
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15.50 - 16.00 1. | B-O-41 | nsussandimaluladgfiansaumalumsdienesiguuuuiineuazuualiunisnszaeivasiunilulwamaunauasutison Smiamn
Application of Geoinformation Technology in Analyzing Spatial Distribution Patterns and Trends of Cafés in Mae Sot
Municipality, Tak Province
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16.30 - 18.00 u. | NFUANTITUTEYUUALUBUTINID (RIUNTUAUDATH YU 2)
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13.30 - 13.45W. | 0S-01 | nsuiinaleududsliBuiinaianisudnindusaymdn
Fermentation of Frozen Longan without Added Sugar for the Production of Fermented Vinegar
YAsENa NVAIYI, 1A g3396, Uit iniule, S1u1v udaues uay Analy WwuaIsuns

IsaSeunseae

13.45 - 14.00 w. | 0S-02 | mamanziimunzaulunisainaensiduedieyaaia TRIzol™ andasesdassesaauiude (Sitophilus oryzae L.)
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Optimization of RNA Extraction Method Based on TRIzolTM Reagent from Adult Rice Weevil (Sitophilus oryzae L.)
Aiszan W3y uay 1one1ing guiiavd
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14.00 - 14.15 u.

0OSI-03

HavasansanaUndiunaNszeanazladanlun1sAIUANR19929917
Effects of Essential Oil Extracted from Citronella on the Rice Weevil (Sitophilus oryzae L.) Control
algadl nysding, AAWY WinAq, Fiuig devAT uay 1enemnd gnEinves
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14.15 - 14.30 u.

Osl-04

A5EAATIEY ALO; d1suNTIsATIBEHaanZuLlasnulunsnuie
Synthesis of Al203 for Preliminary Aflatoxin Detection in Dried Chilies
2N NIYIUE, A5ANT WATUUN, ainFoUas leuIuuy, WinY 2Y5e uax Analy Wimuarsuns

IsuSgunseae

14.30 - 14.45 .

OSI-05

nslalasladauaznimiinludssuaziudendlnae wanisuanlulaleniuealaglidananduangsineuasBanaiye
Separate Hydrolysis and Fermentation of Sugarcane Leaves and Corn Husks for Bioethanol Production Using Yeasts
from Thai Liquor Producer and Commercial Sources
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14.45 - 15.00 u.
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OCl-01

ndiafuinylan (Economical Pottery)
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15.15 - 1530 w. | OC-02 | nsafinaswiauld Tryptanthrin anlusieuaawug Strobilanthes cusia (Nees.) Kuntze. Tuituiisedouns Tngldmadansada
freRinazaney
Ready-to-Use Tryptanthrin Extraction form the Leaves of the Assam indigo Strobilanthes cusia (Nees.) Kuntze. in Phrae
Province Using the Solvent Extraction
sy §uaa, Ueassal uawnes, 1u1g aovas uay algws Junsany
URVINIREUNI-UNT (aBUNTZAETH
1530 - 1545 u. | OC-03 | mawwundengsiranuaanaradnimdold
Developing a Buoyancy Vest from Recycled Plastic Bottles
algaunsal Fulvinswe, eaasa o193, tleemi 873519, o50UA s1aiae uay Alssm nvzu
IsaSyuneie e Inu
1545 - 1600 1. | OC-04 | mswAadawassadiaandenuadly
Pelletized Fuel from Watermelon Skin
unAgaas usysal uag 159857 1ATaFUIN
lsuSgutsuasogugadineIae
16.00 - 16.15w. | OCI-05 | nM1sUszanalddann Rhodotorula rubra MIU18 Tunisdaudulaiie
Application of Rhodotorula rubra MJU18 For Cotton Fiber Dyeing
WUSTIH NDNUNN, DAY YUseaIu Uax algus sunsadey
UNIINYIBYUNI-UNT (RFUNTLAETE
16.-30 - 18.00 . | WEUANMTUTLYUUATNAUTINIR (HRIUNTUAUDATY U 2)
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T-P-01 | mMsUszgndldermiaenuliaututlesiudnsiuilonisnanudawusfmaas
Drone Application through Pest Control for Soybean Seed Production
NAREs IUNANIAY, N MeRs, Anany dngaivain uay Tsvnd ooum
guEITEUAs R IIAn TR Y Tvlan
T-P-02 | nMsvadeumaluladnsiiunanandadeafadundaundmianang
Testing on Technology for Increasing the Production of Mung Bean after Rice in Phichit Province
298Y7 gnsu, udave) a1emwia uaz 1579y Aszussal
AUEITELALTILINITIN YA TNINT
T-P-03 | wavasuas LED sonandnuazansanasylululasniy
Effects of LED Lights on Yield and Bioactive Compounds in Microgreens
§ans wzdln, maanua wwney, d7ev Frquma, Usun) Asdomay, gl wistiqma, it Benase uay Iadd Indan
wmInersemaluladgsuns
T-P-04 | nMsvadauUszanBawvasasusmadluladienisadayiula nandn uazaunmmaawugimaegquimanunlundaanunsnsdmiauu
Efficacy of Brassinolide on Growth, Yield and Quality of Soybean Seed Grown after Rice in Dry Season in Farmer Field, Nan Province
Anuiiun a3, adaas SaunanIAy, Ansny sheaiivadn, sy R ningd uay dn1asal wesais
gueITEUa AL INAA U T Ty lan
T-P-05 | WavasUuTaszAtuLaznsauumMALesdAndantsiuUTaeeaduiilanunseulutzaznelunasanaaas

Effect of N6-Benzyladenine and 1-Napthaleneacetic Acid on Shoot Multiplication of Philodendron bipinnatifidum Schott ex Endl. In Vitro
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T-P-06 NTRAUINAAS IS YN FLHIR T RS ALY
Development of Cereal Bar Containing Cricket Powder
3lsoud lWuu, afiduyi 999759 uae vinsiig igd)5a
URTINIREUNII-UWT LaBUNTZAETF
T-P-07 frsramsvuilouvadulasnanadnludunznauluiuiivefiuvezimauta fuafesnang sunedaning Swsauns
Survey of Microplastics Contamination in Sediment at Solid Waste Landfills of Rong Kwang Subdistrict Municipality, Rong Kwang District,
Phrae Province
warhyad arulssRvg, anind Aibaes, 1aieua Fiiogindy, ensu iEex, A (Fesdurd, nwan 0189 way 596 wiTYALY
U INEIALUTI-UNT [AFUNTUNYTH
TP08 | mifnudnsdiuvasrfisuuazayulnsinefifideansusznoufiuednuazqninisiusyyadess
Study of Strobilanthes nivea and Thai Herbs Ratio on Phenolic Contents and Antioxidant Activity
owianl asasaulnyad, logn vsasaulnyad, Ussnd augs, aveaiing uzlany uay Wasingy tgyd15a
U INEIALUTI-UNT [AFUNTNYTH
T-P-09 | wavasmswanwdanussiuiulnunadeulalalasnunsdmndaqaninudanuginniavie
Effects of Seed Pelleting with Potassium Dihydrogen Phosphate on Quality of Lettuce Seed (Lactuca sativa L.)
ANITTAL UINYLIE, wnanwal Tuiigy uaz wWsuang S
NONITEVAUNLANTIUSAY NTUITINITNYAT NFUNNY
T-P-10 | nMsAnwgaandAavIsUsznsvassinfumiildarudeuaininmiunay
Study of Some Properties of Clay Pellets Using Heat from a Rice Husk Kiln.
81303 wwalwes, Tanims a1udes, gvsu) ivaes, oAsA (FeFUTIA, N7 91978, 155U AVBgITY Uay 9796 IUTYALIN
URTINIREUNII-UNT (2BUNTZAETF
T-P-11 msmwaaumn?iauqmmwuuqawmaanLLUUiajviﬁaqﬂé"sanqs"‘iﬂmﬂmmﬂwﬁﬁ

Non-Destructive Inspection of the Degradation of Milk in Plastic Bag by Measuring Electrical Capacitance
INYUFY LAWATHY, DUIALID DUNAN, anngius Aa1emanTuNs, vIAEl watla, unma ualsi, uay Albert Abad Barga
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T-P-12 | wuamansdasiuntswaniivinaunisujiinisnisineasiinveainunsnsstneniutisiu Swinguasiusiil
An Extension Guildline of Vegetable Production in Accordance with Good Agricultural Practice Standards for Farmers in Warinchamrap
District, Ubonratchathani
U3g nssaing, guii 899 uaz auAnd Fuiisy
UM INIFGIYNEFTINITTIY
TP13 | Anwriaunamnzitsaduuilemewuguniaimendien
Development of Embryogenesis of Aromatic Green Dwarf Coconut
gninsal 81974, o sufyTe, QuFuns advyudud, vening ganse, Usyad viguiin, laassas nivas uaz e nsnes
FIUIVENYTIN NTUIVINITNYAT NTUNWY
T-P-14 | nsdaaiun1sdamsAngnsuuunaanauvanensnsguandrludnnaiiosuns Jwmdaung
Extension of Integrated Pest Management of Farmers in Mueang Phrae District, Phrae Province
nNS51 g, 1ANANG s uax Fum vaUNes
UM Il iesTInITTIY
T-P-15 | Anwniswnziisaduuilevesusniinguduie 6 aewus
Embryo Cultivation of 6 Varieties of Aromatic Dwarf Coconut
asvie suyve, gninsal 31974, U133 dedazern, gusuns ddvvunduy, veniing gai3e, Usqnr vzuii, iwed lnsned usx Jlaissas nivas
AUEIVINYTIUTUNT YUNT
P16 | madeumaluladievsinuuuinarmalunisudamdunisluiuiismiadess wasdmiaiuuuuinuasnsiidusau
Testing Aerated Compost Technology in Organic Tea Production in Chiang Rai Province and Nan Province with Farmer Participation
Jaidnsal mwlwsa, Aisn wsvsinw), wswdy dna uaz weiua Te39¢
guiiseuassinuinsinuasigudessie Soindeese
T-P-17 ms"?;LﬂsqzﬁiﬁmmmLw'5mmzqw'§€1’ma%a§asﬂuﬁq5&waumuw

Determination of Caffeine and Free Radical Scavenging Activity of Honey and Coffee
sy Woazan, AANIUE AIR, NUANT UNNBL Uay ANTINT HNAAIY
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TP18 | aeAUsznaumMaATinazqNSRuayyaBasTvasasainlurLiies
Chemical Compositions and Antioxidant Activity of Miang Tea Leaf Extracts
seyaysad (Hoazen, nuans V1udey, 51N a”w?ﬁssgaiim uaz ANTIMS nAATE
URTINIREUNII-UWT LaBUNTZAETF
T-P-19 msﬁnwﬁ%’mwaaumwmanﬁmmzamaal,mﬁmﬁuﬁ:ﬂﬂuw\a
Study on the Appropriate Germination Testing Methods for Winter Melon Seeds
anws Iwsean uay ualsod s9ass9e
NONITEVAUNLANTIUGY NTUITINITNYIT NFUNAY
nzjaﬁ'i 2 NENENTSIIUVIRUALAINGDN
Group Il Natural Resource and Environment)
N-P-01 msdrsaedavantdesiusndnualituduluiuiinnans Sussniduavilovewsznelng
The Survey of Khruea Ma Noi Local Identity Plant in the Area of Northeastern, Thailand
Fszdand gllos, Adss Usewsy, deu loynd uaz 3073 yad
AUIITEUAL RN SN YA TANAUAT
N-P-02 | Aneammsiniiuaisueulusiadianmasdidfuludryusuitunmaniuns wasthguvudiuminy duadoinang Jsmdauns
Biomass Carbon Storage of Trees in Baan Kad Pa Phrae and Baan Pa Moo Community Forests, Rong Kwang Subdistrict, Phrae Province
91335 161899, tnauel Sunzgy, gvown Beden, oAsA 1FEUTIF, nva 0987, ITIRIgUa Fiogiasy Uay Uszian 8179
URTINIREUNII-UNT (2BUNTZAETF
N-P-03 | msAnwnsidleviindneiusanisniyiiulavesiudneny 3 U

The Application of Different Fertilizer Products on Growth of 3-Year-Old Teak
Yeyaia nauden, AiAsyd dasiuuvieni, gvsu (Nae, 0050 WFeNFUTIA, N1 071978, ITTAgUA FNiegiaTy uay Ustias 811719
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N-P-04 | matSsuidisutiadefidwaraninasgivlnvesamsetndamluvamnidssiuugm
Comparison of Factors Affecting the Growth of Spirogyra in Ban Na Khuha Culture Ponds
F3ans Suyns, 15a77 lodauiey, 1996 SWNYalIY, §nsU) A0, 8ATA FENTUYI, NYI) 91918, 1TTNEUA FIeginTy uaz Uszian 97179
UMIINEIGUATI-UNT LRBUNTHNETH
N-P-05 | le3unds vaIedngenanasinsisinininenssssuviauazdandeunytiu (max.) wawn Tan uuss un ginunsdsdy

Strengthen the Environment of the Natural Resources and Environmental Protection Volunteer Network (NEV-Net), to Develop Khok
Nong Na Towards Sustainable Agriculture
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B-P-24

HaNTENUYRINTISRTYRUIaMaATEgNaLasaviananden nideanulivinisuiuvassglalulszsmelng

The Effect of Economic Growth and the Misery Index on Income Inequality in Thailand

Juaa1 Alsaursud, nwur 01978 uay S¥IITT AU
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B-P-01

NsRAIUANgAINNTIANTaealnensildiusiuvacyuvy Auauten d1naliiauns Jmiauns
Development of Tourism Management Curriculum with Community Participation Mae Yom Subdistrict, Mueang Phrae District, Phrae Province
Yyu) ¥19UR8u, 208 Igy ey, el auas uay nssaingg imnUIY
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B-P-02

Jadgdrudszauniainisnain (7ps) Ninasanszuiunisinauladeusziudiavasaniunsalladn-19 Tuwanjanwuviuas
Marketing Mix (7ps) Factors Affecting Life Insurance Purchase Decision After the Covid-19 in Bangkok Metropolitan Area
aunadud dmudslviina uaz gy arevuy
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B-P-03

Uadedauuszaunianisnana 4Ps denasiansanduladendniusiannsildussyiuiinefunadauvesusinaluuanjamwumuas
Marketing Mix (4ps) Affecting Consumers’ Decision to Purchase Food Products Using Green Packaging in Bangkok
Aumaly gum uax g areviy
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B-P-06

eumsidedulnnsiin s1e391 wdnnismann dmsuiindnundudil 1 sendvinmsians ssuay By edoguruuns
Report on the Use of Infographic Media in the Course Principles of Marketing Subject for First Year Students Management Field
Associate Degree Phrae Community College

pwnsal n29A1A7

MeaYUTULNT §0I1UUINE 1R8PT

B-P-22

NsUsTUAUNY HanaUWNU wazyaAIAUEsnieaINNITsEUIRTadlsalunInvaLnensiugnninlugtnavuasilely Smiauns
An Assessment of the Cost, Benefits, and Economic Losses Caused by the Disease Spread of the Chili Farmers in Nong Muang Khai
District, Phrae Province

svilassas AIY, nuans Uniay, Tuiar Jlsaursud, dudld anduanius, syshd Wearen uaz A3lan) duve I55aNA
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B-P-25
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andnuuznAnfusiitnarensinduladainiosdanenguiingefionii vasuusudanazanlug Tufudwinvualugjindgwesidunes vasfuslnaly
LWANFINNUTIUASLAZUINMNA
Product Attributes Influencing Purchase Decision for Hada Labo Facial Skincare of Consumers at Big C Supercenter in Bangkok
Metropolitan Region
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B-P-28

UszAnsamlunsddunuvaminauuinisgsnandauuauazdninie nsalAnel: §snausenmiauuadlungamnamniuns
Operational Efficiency of Pest Control Service Employees a Case Study of Pest Control Companies in Bangkok
wayvanwal wiawnsmed uay allns vuazIng
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B-P-05

B-p-31 | msfnwdladeiidasdulstindnufianuaule lunsiuanudiunyiumsufiinsuentesdeunasnansenuiiiintu nadifnenisdasiuaay
FIYAUNITIANITHNISUERT A1 INe1ReualT-wng aNNIZIASHA
The Factors Promoting Students’ Interest in Increasing Their Expertise in On-Site Operating Skills and the Following Impacts: The Case
Study of Promoting the Expertise in Animal Farm Management at Maejo University Phrae Campus
auAni fuam
UV NI UNT RAUNTNEITH
B-P-37 | Yadeiliinadaszuusasiudauguandzdgeongsviauns
Factors Affecting the Social Support System for the Health of the Elderly in Phrae Province
Yy Taud
UATINIREUNII-UNT (2AUNTZAETA
B-P-40 | Tadudauuszaumenisnaineaulalunisdediiasussggeinutasnseaulad
Online Marketing Mix Factors in Purchasing Packaged Rice Through Online Channels
vadand anlve uay 599501 25l
UNVINEIAENN A TAITAT

nsiidausanvasuszrvulunissaiunuiauniasdu luwawauianuadainiang s1nedainang Sewiaung
Public Participation in the Preparation of Local Development Plans in the Rong Kwang Subdistrict Municipality Rong Kwang District, Phrae
Province
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B-P-07
Factors Affecting the Welfare Needs of Small Farmers in the Area of Mae Sai Subdistrict, Rong Kwang District, Phrae Province
Wa3ad vienad uaz suiand Tum)
URTINIREUNII-UWT LaBUNTZAETF
B-P-10 | gunuunsnauunds (Bully) fdswansznusisan1zdnlanazuuammmsudledymnisnduunds nsdiinFeuluaantunisineuviands Tudmiauns
The Impact of Various Form of Bullying on Mental Health and Strategies for Addressing Bullying: A Case Study of Student in an
Educational Institution in Phrae Province
ansdudi vaglwyad uay lovwns gaswey
U INEIALUTI-UNT [AFUNTUNYTH
B-P-11 | msfufuazanudnlavestn@nwiuazngy LOBTQ+ Tudwmdauns senisduindeususaliniien
The Percept and Comprehension of the Students and the LGBTQ+ in Phrae Towards Equal Marital Right Movement
955UTY) ATIVYT Uag loW)T 999w
U INEIALUTI-UNT [AFUNTNYTH
B-P-21 nsfidiusinvainialszysuazunumvainiasglunisuilulemlnda nsa‘iﬁnmﬁ’uﬁqmmuummaLLsJ'em
Participation of the Public Sector and the Role of the Government Sector in Solving Forest Fire Problems. Case Study of Mae Yom National Park Area
nunasal guuia uaz low)s dasny
URTINIAEUNTI-UNT (ABUNTZAETH
B-P-27 mwﬁewahsiaamwu:mé’aﬂumslﬁauiﬁmaeﬁnﬁnm%’uﬂﬁ 1 Un1sAnen 2566 nsalfinen : NI INg1a8udlI-Uns LRANNWISIAYSA
Satisfaction of First-Year Students in Academic Year 2023 Towards Learning Environment: A Case Study of Maejo University Phrae Campus
duvivws voul uaz inun) Il
URTINIREUNII-UNT (2BUNTZAETF
B-P-35 | Uszandamluntswaungdanauvauaadwinunigananduiba

Efficiency in Developing the Football Association of Phrae Province Towards Excellence
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B-P-39 | viruafvasussvrvusaiwanazludsaulne : nsaldnvilssvivuludnnailios J9WInwne
People’s Attitude Towards Gender in Thai Society: A Case Study of People in Muang District, Phrae Province
F3ans yasiau uaz Uyans Ale
UMV ING AU UNT 1RBUNTLNETH
Group 5 International MJUP Conference
IN-P-01 Antifungal Property of Silver Nano-Chito Oligomer Hybrid Solution Against Carbendazim-Resistant Fungus, Fusarium solani
Khuanjarat Choengpanya, Chanthana Susawaengsup, Jirapong Sornsakdanuphap, Rapeephun Dangtungee and Apiradee Siangsuepchart
Maejo University Phrae Campus
IN-P-02 Physical Characterization of Protein-Pigment Formulation Synthesized by Microorganisms for Golden Fish Feed, Carassius auratus
Surachai Techaoei and Supamas Sriwongpuk,
Rajamangala University of Technology Thanyaburi
IN-P-03 Esterification of Palm Fatty Acid Distillate to Produce Biodiesel Catalyzed by Sulfonated Longan Seed Activated Carbon
Benyapa Chaisorn, Kan Chuvutayakorn, Jinjutha Kongtham, Sasiprapa Radchatawin and Sakdinun Nuntang,
Montfort College
IN-P-04 Antibacterial Property of Alginate Encapsulated Activated Carbon Adsorbed Garlic Extract Solution Against Aeromonas hydrophila
Growth in Ornamental Fish
Pongnakorn Kunapornchaipong, Chayin Wattanajittikul, Gulsara Panyam, Sasiprapa Radchatawin and Sakdinun Nuntang,
Montfort College
IN-P-05 Enhancement of the Growth and Development of Chili Plants by Using Plasma-Activated Water

Kaewsuwan, Thanyarat Chuesaard, Pattraporn Pukklay and Kamonporn Panngom

Maejo University Phrae Campus
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IN-P-06 Preliminary Study on the Effectiveness of GNRH in Prostaglandins Protocol for Estrus Synchronization in Goat
Weerapat Jakkaew, Skan Kiatinirun, Nutthaw Kiratiphongwut and Sarawut Sringam

Khon Kaen University

IN-P-07 Functional Food Product Development of Colored Rice Extract and Probiotic Drink Powder

Isara Wattananapakasem, Suranchana Manomuang and Siriwvan Nawong

Maejo University Phrae Campus
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CONFERENCE]2 024

The 2* International MJU-Phrae Conference (MJUP Conference 2024)
Research and Innovation Development to Drive Thailand’s Sustainable Economy
July 19%, 2024
Venue: Phrae Nakara Hotel, Phrae, Thailand

http://conference.phrae.mju.ac.th/theevent?WID=48

Time (ICT)

Contents

08:30 - 09:00 am

Registration

09:00 - 09:30 am

Opening Ceremony
- Welcome Speech and Welcome Report of MJUP Conference 2024

By Assistant Professor Kamonporn Panngom, Ph.D., Assistant to the Dean of Maejo University- Phrae Campus

- Opening Remarks of MJUP Conference 2024
By Dr. Sukree Yoosuk, Dean of Maejo University- Phrae Campus

09:30 - 10:10 am

Special Talk (Online)
Topic: Plasma Technology and Innovation to Drive Thailand’s Sustainable Agriculture

By Professor Eun Ha Choi, Ph.D., Kwangwoon University, Korea

10:10 - 01:50 am

Keynote talk
Topic: Entrepreneurs benefit from utilizing research in technology and innovation.

By Pimphida Vichayapimchula, National Research Council of Thailand
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http://conference.phrae.mju.ac.th/theevent?WID=48

Time (ICT)

Contents

10:50 - 11:30 am

Keynote talk

Topic: Green Technology and Innovation for Agriculture, Food, and Environment

By Professor Dheerawan Boonyawan, Ph.D., Chiang Mai University, Thailand

International Conference (Oral Presentation)

(Venue: Room Chang Phadan 1, 9t Floor, Phrae Nakara Hotel)

Chairperson: Assistant Professor Rattaphong Pokkaew, Ph.D. (Maejo University Phrae Campus)

Co-Chairperson: Khuanjarat Choengpanya, Ph.D. (Magjo University Phrae Campus)

01:00 - 01.30 pm

IV-O-01

Sustainable Development of Microbes for Efficient Production and Decolorization of Pigments
Dr. Thanaporn Laothanachareon,

National Center for Genetic Egineering and Biotechnology, NSTDA, Thailand

01:30 - 02.00 pm

IV-O-02

How is Nanotechnology Changing the Future of Agriculture and Agro-Indrustry for Sustainable Innovation?
Dr. Warayuth Sajomsang,
The National Nanotechnology Center, NSTDA, Thailand

Oral Presentration (Session )
(Venue: Room Chang Phadan 1, 9t Floor, Phrae Nakara Hotel)

Chairperson: Assistant Professor Rattaphong Pokkaew, Ph.D. (Maejo University Phrae Campus)
Co-Chairperson: Khuanjarat Choengpanya, Ph.D. (Maejo University Phrae Campus)

02:00 - 02:15 pm

IN-O-01

The Utilization of Unproductive Palm Trees for Biomass Pellet Production
Sanae Rukkur, Charoenyutr Dechwayukul and Pornpun Phimolg

Rajamangala University of Technology Srivijaya
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Time (ICT)

Contents

02:15 - 02:30 pm | IN-O-02 | Strain Development of Aspersgillus Niger for Enhancing Yields of Enzyme and Organic Acid
Jiraphat Wongjakkaew, Natphatsorn Ungkananon, Wanitasiri Kaewphom, Hataikarn Lekakarn and
Thanaporn Laothanachareon,
Thammasat University
02:30 — 02:45 pm | IN-O-03 | The Long-term Ecological Observations: A Case Study of Rodent Niche-Centroid Hypothesis
Paanwaris Paansri and Luis E. Escobar
Virginia Tech
02:15 - 02:30 pm | IN-O-04 | Natural Rubber Cow Shoes: A Sustainable Approach to the Rubber Crisis and Cattle Farm Management
Sanae Rukkur, Charoenyutr Dechwayukul, Arthit Sawasdiraksa, Somkid Chaipech and Pornpun Phimol
Rajamangala University of Technology Srivijaya
02:30 - 02:45 pm | IN-O-05 | Determination of Polyphenolic Compounds in Propolis Extract Using HPLC-DAD and its Antibacterial Activity
Thanyarat Chuesaard and Pattraporn Pukklay
Maejo University Phrae Campus
02:45 -03:00 pm IN-O-07 | Eri Silk (Samia ricini) Properties and its Implementation in Hand Woven Products to Increase Value for Local Thai Communities

Chirapha Butiman, Kanitsara Magnussen, Motoyuki Sumida and Thanonchat Imsombut

Mahasarakham University

03:00 - 03:15 pm

Coffee/tea break

Oral Presentration (Session II)

(Venue: Room Chang Phadan 1, 9t" Floor, Phrae Nakara Hotel)
Chairperson: Associate professor Veeranan Chaimanee, Ph.D. (Maejo University Phrae Campus)

Co-Chairperson: Supalak Siri, Ph.D. (Maejo University Phrae Campus)
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Contents

03:15 - 03:30 pm

IN-O-06

In situ Physicochemical Characterization of Soil Sample at Chonradsadronumrung School and /n vitro Biological Activities of Rose
Apple (Syzygium jambos) Extract
Jirapat Jansurin, Panthawass Chullamonthon and Siravich Sikrai

Chonradsadornumrung School

03:30 - 03:45 pm

IN-O-08

Influence of Non-Thermal Plasma Pretreatment on the Extraction of Chemical Composition from Propolis
Yada Chaiwiset, Thunyarat Chuesaard, Pattraporn Pukklay, Theerapat Jakngern, Pradoong Suanpoot and
Veeranan Chaimanee

Maejo University Phrae Campus

03:45 - 04:00 pm

IN-O-09

Selective Adsorption for (-)-Epigallocatechin Gallate and Caffeine by Rice Husk Ash Modified with Different Organic Amine Groups
Nadrada Maneesri, Poungmanee Phromchana, Paphada Pathomnatikul, Jinda Chuemue and Sakdinun Nuntang

Montfort College

04:00 - 04:15 pm

IN-O-10

Ciprofloxacin Removal from Aqueous Medium Using Chitosan-Based Hydrogel of Activated Carbon/FeO Composite as Adsorbent
Ponpomkwan Chanhom, Pattanan Chanhom, Athikhun Meelar, Sasiprapa Radchatawin and Sakdinun Nuntang

Chiang Mai University Demonstration School

04:15 - 04:30 pm

Break Time

04:30 - 06:00 pm

Presentation Award and Closing Ceremony

By Assistant Professor Pawin Manochai, Vice President of Maejo University

Note: The schedule may be subject to change under certain circumstances.
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IN-P-01 | Antifungal Property of Silver Nano-Chito Oligomer Hybrid Solution Against Carbendazim-Resistant Funsus, fusarium solani
Khuanjarat Choengpanya, Chanthana Susawaengsup, Jirapong Sornsakdanuphap, Rapeephun Dangtungee and Apiradee Siangsuepchart
Maejo University Phrae Campus
IN-P-02 | Physical Characterization of Protein-Pigment Formulation Synthesized by Microorganisms for Golden Fish Feed, Carassius auratus
Surachai Techaoei and Supamas Sriwongpuk,
Rajamangala University of Technology Thanyaburi
IN-P-03 | Esterification of Palm Fatty Acid Distillate to Produce Biodiesel Catalyzed by Sulfonated Longan Seed Activated Carbon
Benyapa Chaisorn, Kan Chuvutayakorn, Jinjutha Kongtham, Sasiprapa Radchatawin and Sakdinun Nuntang,
Montfort College
IN-P-04 | Antibacterial Property of Alginate Encapsulated Activated Carbon Adsorbed Garlic Extract Solution Against Aeromonas hydrophila Growth in
Ornamental Fish
Pongnakorn Kunapornchaipong, Chayin Wattangjittikul, Gulsara Panyam, Sasiprapa Radchatawin and Sakdinun Nuntang,
Montfort College
IN-P-05 | Enhancement of the Growth and Development of Chili Plants by Using Plasma-Activated Water
Kaewsuwan, Thanyarat Chuesaard, Pattraporn Pukklay and Kamonporn Panngom
Maejo University Phrae Campus, Phrae
IN-P-06 | Preliminary Study on the Effectiveness of GNRH in Prostaglandins Protocol for Estrus Synchronization in Goat
Weerapat Jakkaew, Skan Kiatinirun, Nutthaw Kiratiphongwut and Sarawut Sringam
Khon Kaen University
IN-P-07 | Product Development of Functional Probiotic Drink Powder with Colored Rice Extract

Isara Wattananapakasem, Suranchana Manomuang and Siriwvan Nawong

Maejo University Phrae Campus

Note: The schedule may be subject to change under certain circumstances.
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Curriculum Vitae

Prof. Eun Ha Choi

Professor and Director,
Plasma Bioscience Research Center (PBRC),
Department of Electrical and Biological Physics

Chief Executive Officer (CEO),
Plasade Inc. (Plasma Agriculture Venture Company)

Kwangwoon -ro 20, Nowon-gu,

Kwangwoon University (PBRC), Seoul 01897, Korea
Tel.: +82-2-940-5661

Mobile: +82-10-2240-5236

Email: ehchoi@kw.ac.kr and choipdp@gmail.com

Websites:

http://apmc.or.kr/eng/apmc/index.jsp
https://www.kw.ac.kr/en/univ/science02 2.isp
http://www.pbipa.org/

https://plasade.co.kr/

APPOINTMENTS

2010.09- Present: Director, Plasma Bioscience Research Center (PBRC)

2016.09- 2022.2: Director, Applied Plasma Medicine Center (APMC)

2005.09- Present: Chairman, Department of Plasma Bio & Display, Kwangwoon University
2019 - 2021: Chairman, Department of Electrical & Biological Physics, Kwangwoon University
1992- Present: Professor, Department of Electrical & Biological Physics, Kwangwoon University
2001.10 - 2003.8: Visiting Professor, Texas Tech University, TX, USA

1990.3 — 1992.2: Senior Scientist, Korea Research Institute of Standards and Sciences

1989.3 — 1990.2: Assistant Professor/Contractor, Hamton University /NASA, VA, USA

1987.8 — 1989.2: Post Doctor/Research Associate, NSWC/Catholic Univ. MD, USA

EDUCATION

e Ph.D. (1984. 3 -1987. 8) : Plasma Physics, Korea Advanced Institute of Science and
Technology (KAIST)

e M.S. (1982. 3 - 1984. 2) : Plasma Physics, KAIST

o B.S. (1978. 3- 1982.2) : Physics, Seoul National University
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ACADEMIC LEADERSHIP ACTIVITIES

Convenor, WG41, IEC TC62D, IEC60601-2-91 for International Plasma Medicine
Standards: Since 2021-present

President, Korea Plasma-Bio Industry Association (KPIA): Since 2017-present

Vice President, Korean Physical Society: 2017-2019

Korean National Committee Member of IEC/TC62D: Since 2019.3-present

President, Korean Vacuum Society: 2021-22

Vice President and Executive Secretary , International Vacuum Congress (IVC-20):
2015-2016

Director Board, International Workshop on Plasma Agriculture (IWOPA): since 2016

Director Board, ISPM (International Society of Plasma Medicine: Since 2014-present
IFFM (International Forum of Functional Materials): Since 2014

Director Board, AEPSE (Asia European Plasma Surface Engineering): Since 2014

ISPM (International Society of Plasma Medicine): President (2021-22) and Director Board
(Since 2014)

Director Board, IWPCT (International Workshop of Plasma Cancer Therapy): Since 2014
Plasma Medicine journal and Plasma Bioscience and Medicine: Editor

ISPB (International Symposium of Plasma Biosciences): Chairman & Director Board (Since
2011)

World's top 2% and 100,000 scientists: Listed in the dataset published by Elsevier and
Stanford university in since 2020 continuously every year.

RESEARCH INTEREST

Plasma Bioscience and Medicines, Charged Particle Beams and Plasmas from Pulsed
Systems, Intense Electron Beam Generation and Physics, Gas filled & Focused lon Beam
Sources, Virtual Cathode Oscillator, High Power Microwave Generation, Extreme Ultraviolet
Generation, Thin film Analysis, Atmospheric Pressure Plasma Discharges, Micro Discharges
in Plasma Bioscience and Displays, Environmental Sustainability, Environmental
Engineering, Agriculture.

Current Research: Plasma Biosciences and Medicines, Standardization of Plasma Device,
Atmospheric Pressure Plasma Generation and Diagnostics, Plasma Generated NO Water

for Biological, Agricultural and Environmental Applications, Power Microwave Generation
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using Intense Electron Beam, Micro Bubble and Nano Bubble Generation in Liquid, Plasma
Application in Animal Husbandry.

PEER-REVEIWED PUBLICATIONS

¢ Total SCI/E Publications: ~ 500

o Patents: ~100

e Publications & patents under process: ~ 50
¢ Hindex: 55 and 110 Index: 158

Top 10 Publications (> 10 Impact factor):

1. Biomaterials, 2018, 156, 258-273. “Cold atmospheric plasma (CAP), a novel
physicochemical source, induces neural differentiation through cross-talk between the specific
RONS cascade and Trk/Ras/ERK signaling pathway”

2. Materials Science and Engineering: R: Reports 2019, 138, 36-59. “Transcutaneous plasma
stress: From soft-matter models to living tissues”.

3. Green Chemistry, 2020, 22, 6588-6599. “In situ plasma-assisted synthesis of polydopamine-
functionalized gold nanopatrticles for biomedical applications”.

4. Journal of Advanced Research, 2020, 22, 47-55. “Pulsed high-power microwaves do not
impair the functions of skin normal and cancer cells in vitro: A short-term biological evaluation”.

5. Bioactive Materials 2022, 19, 569-580. “Nitric-oxide enriched plasma-activated water
inactivates 229E coronavirus and alters antiviral response genes in human lung host cells”.

6. Journal of Nanobiotechnology 2022, 20, 152. “Nanocarrier cancer therapeutics with
functional stimuli-responsive mechanisms”.

7. Applied Catalysis B: Environmental 2022, 315, 121581. “Interfacial Schottky junctions
modulated by photo-piezoelectric band bending to govern charge carrier migration for
selective H202 generation”

8. Biochimica et Biophysica Acta (BBA)-Reviews on Cancer 2023, 188915. “Functional
impact of non-coding RNAs in high-grade breast carcinoma: Moving from resistance to clinical
applications”.

9. Journal of Advanced Research 2023, 43, 59-71 . “The Inactivation and Destruction of
Viruses by Reactive Oxygen Species Generated through Physical and Cold Atmospheric
Plasma Techniques”.

10. Physics Report 2024, 1069, 146, “Progress in vircators towards high efficiency: Present
state and future prospects”.

Science Motivation: ‘Do something for the benefits of mankind’
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GREEN TECHNOLOGY AND INNOVATION FOR AGRICULTURE, FOOD,
AND ENVIRONMENT

Dheerawan Boonyawan*

Plasma and Beam Physics Research Facility, Faculty of Science, Chiang Mai University,
239 Huay Kaew Rd. Muang Chiang Mai, Chiang Mai, 50200 Thailand

*e-mail: dheerawan.b@cmu.ac.th

ABSTRACT

“Plasmas” are nowadays being declared a “green revolution.” The interaction of plasma
with gas, liquid, and biological material is an active research area involving various field
scientists and engineers. For example, multiple hypotheses exist about how plasma ‘kills’
microorganisms in different environments, and testing these hypotheses should result in the
development of advanced plasma technologies. Plasma and Beam Physics Research Facility
(PBP-CMU) is a hub of innovation for plasma technology applications, with a history of
advancing plasma systems across various conditions. Leveraging this expertise, the research
background for this unit encompasses developing cold plasma systems tailored for agricultural
enhancement, addressing the critical challenges posed by climate change. The goal is to pioneer
practical solutions to improve crop yield and livestock conditions, emphasizing sustainability
and environmental preservation. Building on ongoing projects that include the design of plasma
sources for surface treatment and material processing, the research unit is well-positioned to
extend its capabilities to the agri-food sector, including environmental issues. A particular
strength of the group lies in its multidisciplinary team, combining physicists, engineers, and
agricultural specialists, fostering a collaborative environment that bridges fundamental
research with agro-food industries. The facility's strategic location in Chiang Mai, Thailand, a
city deeply rooted in agriculture and facing climate change impacts, provides a pertinent testing
ground for crop resilience and disease prevention innovations. The ultimate objective is to
translate plasma technology research into tangible benefits for the nation and the ASEAN
agricultural community, enhancing regional cooperation and knowledge exchange.

Keywords: Agri-food, Climate change, Plasma and Beam Physics

Prof. Dheerawan Boonyawan, PhD.

Prof. Dheerawan is a Chiang Mai University (CMU) staff at the Physics
and Materials Science Department and the former principal investigator
of the Plasma & Beam Physics Research Facility (PBP), Science
Faculty, Chiang Mai University, THAILAND. His research interests
and activities are mainly in plasma processes and applications to
biomaterials. His former research center was the Fast Neutron Research
Facility, which had joint nuclear data for fusion neutronics with the
IAEA. He previously represented the chairperson of the Asian Joint
Committee for Applied Plasma Science and Engineering (AJC-APSE).
and is a committee member of the Asian African Association for Plasma
Training (AAATP).

He and the facility members now support internship programs for
students from France and other countries. Most of the research is
devoted to and intends to help graduate students with innovation and
start-ups in plasma-life science.
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Sustainable development of microbes for efficient production
and decolorization of colorants

Thanaporn Laothanachareon*

National Center for Genetic Engineering and Biotechnology (BIOTEC), National Science
and Technology Development Agency (NSTDA), 113 Thailand Science Park, Phahonyothin
Road, Khlong Luang, Pathum Thani 12120, Thailand

* E-mail: thanaporn.lao@biotec.or.th

Abstract:

Advancing the concept of green industries by transforming chemical processes into
bioprocesses, microorganisms play a crucial role as catalysts for producing biological
compounds and cleaning up pollutants. To sustainably develop microbes for bioproduction,
synthetic biology is applied to engineer efficient strains. Many industries require colorants,
pigments, and dyes to enhance or alter the visual appearance of materials, leading to a growing
annual demand for these substances. Microorganisms are increasingly used as cell factories for
the bioproduction of colorants, offering a safer and more environmentally friendly alternative
to chemical synthesis. Pigment-producing strains are engineered by integrating genes involved
in pigment biosynthesis from plants and other microorganisms into the genomes of host cells
using synthetic biology tools. Besides bioproduction, the production processes of colorants and
their industrial applications generate significant water pollutants. These effluents must be
treated before being released into the environment. An eco-friendly solution is bioremediation,
which utilizes fungi to break down pollutant compounds in effluents. Fungi, effective in
decomposing a wide range of substances, especially dyes, were screened for their
decolorization activities. Simplified bioreactors were established to demonstrate the use of
fungi for bioremediating dye-contaminated effluents from a textile dyeing factory.

Keywords; Sustainable development, Bioproduction, Bioremediation, Colorants, Yeast, Fungi

Dr. Thanaporn Laothanachareon was born in Ratchaburi, Thailand, in
1983. She received her bachelor’s degree in Biotechnology from the
Department of Biotechnology, Faculty of Engineering and Industrial
Technology, Silpakorn University, Thailand, in 2004, and her master’s
degree from the School of Bioresources and Technology, King
Mongkut's University of Technology Thonburi, in 2008. She earned her
Doctorate in Systems and Synthetic Biology from Wageningen
University and Research, The Netherlands, in 2019. From 2008 to the
present, she has worked at the National Center for Genetic Engineering
and Biotechnology (BIOTEC), National Science and Technology
Development Agency (NSTDA), Thailand. Her research interests are
Synthetic Biology, Strain Development, Enzyme Technology, and
Microbial Technology.
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How is Nanotechnology Changing the Future of Agriculture
and Agro-Industry for Sustainable Innovation?

Warayuth Sajomsang*

National Nanotechnology Center, National Science and Technology Development Agency
(NSTDA), 111 Innovation Cluster 2 (INC2 Building), Thailand Science Park Paholyothin
Road., Khlong Nueng, Khlong Luang, Pathum Thani 12120, Thailand

* E-mail: warayuth@nanotec.or.th
Abstract:

Global climate change and rapid population increase are humanity’s most critical challenges,
leading to the rise in global demand for food and agricultural products, because conventional
agricultural practices could not handle these challenges. To achieve this target, nanotechnology
is a preeminent solution and a breakthrough in agriculture which plays a key role in sustainable
agriculture and agro-industry by enhancing crop production and restoring and improving soil
quality. In agriculture, nanotechnology can be used in every stage of farming. In this talk,
nanocarrier and encapsulation, nanotechnology for disease and pest management, nano
biosensors for the detection of plant diseases, and nanotechnology in food processing and
preservation are selected to present including nano fertilizers, nano herbicides, and nano-
fungicides which are novel applications of nanotechnology in the crop improvement area. Even
though there are numerous advantages of nanotechnology. However, there are still toxicity
challenges, and safety concerns, which need to be addressed and demand transformations in
regulatory policies.

Keywords; Nanotechnology, Climate change, Agriculture, Agro-industry, Sustainable
innovation

Dr.Warayuth Sajomsang was born in Samut Sakhon, Thailand in 1975.
He received his bachelor’s degree in Chemistry from the Department of
Chemistry, Faculty of Science, Rajabhat Kanchanaburi University, Thailand in
1999. He received the master’s degree and Doctorate in Organic Chemistry, in
2002 and 2008 from Chiang Mai University and Chulalongkorn University,
Thailand respectively. From 2008 to the present, he worked at the National
Nanotechnology Center, National Science and Technology Development
Agency, Thailand. His research interests are Polymer Science &
Nanotechnology, lonic Disinfectant technology, Chelation technology and
Technology Commercialization. Dr. Warayuth was listed in the World’s Top
2% of Scientists by Stanford University 2020-2023 in the field of Polymer. He
published over 80 international journal articles (from scopus.com), and 50
pending Thai Patents and Thai Pretty Patents.
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THE UTILIZATION OF UNPRODUCTIVE PALM TREES
FOR BIOMASS PELLET PRODUCTION
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ABSTRACT

This research aimed to design and develop a biomass pellet machine to add value to
waste from unproductive palm trees for thermal benefits. By providing an alternative method
for disposing of agricultural waste, this project enhances the value of such waste and generates
additional income for farmers. A prototype biomass pellet machine was designed and
examined specifically for unproductive palm trees. The study assessed the potential of
biomass pellets derived from unproductive palm trees by evaluating the physical and thermal
properties of the produced biomass fuel. The prototype machine comprised three main
components: shredding, dehumidification, and compression. The average heat value of the
samples was 3,468 = 6 cal/g, which is within the quality standard for biomass pellets.
Although the average moisture content of 12.39 + 0.02 was slightly higher than the standard
value, the high-quality biomass pellets that met established standards were successfully
produced. This research contributes to the growing competitiveness of biomass pellets in both
domestic and international markets, strengthening economic and social stability within the
Thai agricultural sector. Furthermore, it provides a foundation for future research and
development aimed at solving problems and promoting advancements in Thai agriculture.

Keywords: Agricultural waste, Biomass, Biomass pellet, Unproductive palm tree
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INTRODUCTION

The agricultural production system creates an increasing trend of agricultural waste.
Each year around the world, there are between 10 and 50 million tons of agricultural waste,
and the quantity is likely to increase. Agricultural residues, the material left over from the
harvesting of farming production, are normally left in the fields, such as rice straw, bean
plants, cassava, sugarcane, etc (Kaewdiew et al., 2019). These materials have not been used,
and the many leftovers cause many problems. Before the new cultivation cycle is started, the
preparation of the farmland is required. Due to a lack of understanding of agricultural waste
utilization data, the most common method of elimination is the incineration of these waste
materials, causing carbon dioxide in the atmosphere, which generates greenhouse gases
affecting global warming (Ramaraj et al., 2023). The effective handling of agricultural waste
not only addresses environmental concerns but also contributes to sustainable development
goals. Agriculture waste management is a critical challenge for Thailand, a country deeply
rooted in agricultural activities (Sophanodorn et al., 2022). As a consequence, numerous
agricultural wastes are dispersed throughout the nation. Thailand has a diverse range of
agricultural residues that could serve as valuable energy resources. These include bagasse,
rice husk, wood waste, corn cob, and rice straw, as well as residues derived from the
cultivation of oil palm, sugarcane, and cassava (Juntarawijit & Juntarawijit, 2012). Many of
these materials can be used as alternative raw materials and also help reduce the amount of
agricultural waste.

For centuries, oil palm has been a major economic oil crop in Thailand due to its
diverse range of applications. Palm oil is used in numerous products, including food items
like cooking oil, margarine, and confectionery, as well as commodities such as cosmetics,
soap, and candles. Additionally, it serves as an alternative fuel source, especially for biodiesel
production. Thailand is recognized as the third-largest producer of palm oil worldwide,
following Malaysia and Indonesia, owing to its inherent topographical advantages (Iskandar
et al., 2018). Figure 1 illustrates the planted area of oil palm in Thailand, spanning from 2013
to 2022, with a projected forecast extending to 2023. In 2022, the planted area dedicated to oil
palm cultivation in Thailand was estimated to be 6.42 million rai, with projections indicating
an expansion in 2023. Simultaneously, the anticipated oil palm production volume in Thailand
for the year above was projected to reach approximately 18.27 million metric tons (Statista
Research Department, 2024).
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After 25 years, the economic productivity of an oil palm declines, leading to the
necessity of replanting unproductive palm trees (Petri et al., 2023). The conventional approach
to replanting involves the use of the felling and chipping method, typically preceded by the
poisoning of palm trees. The administration of poison to the trunks of palms expedites their
degradation, thereby facilitating the subsequent process of palm felling (Virdiana et al., 2020).
The chipped material can be distributed throughout the plantation and utilized as fertilizer.
However, if the residue materials are not buried, the risk of pest infection from the new
planting will increase. It is detrimental to the environment to leave oil palm trunks to
decompose naturally, convert them into chips for fertilizer, or burn them. Hence, an extensive
amount of research has been conducted to investigate the optimal utilization of unproductive,
mature oil palms for the production of high-value-added products such as single- and multi-
layer panels and block boards.

Alternative energy sources with high potential in Thailand include biomass energy
from agricultural waste. The utilization of agricultural waste for the production of biomass
has the potential to mitigate the utilization of fuel from forest resources. It also addresses the
issue of disposing of agricultural waste and waste materials. Biomass is a promising
renewable energy asset for facilitating environmentally friendly energy production without
affecting global warming due to net carbon dioxide emissions. This is attributed to the fact
that biomass can undergo conversion into bioenergy, encompassing both heat and power
generation, as well as a diverse range of biofuels that are available in solid, liquid, and
gaseous forms (Energy Policy and Planning Office, 2012; Babin et al., 2021). The utilization
of biomass presents numerous environmental and socioeconomic advantages. The
implementation of bioenergy plays a significant role in mitigating environmental impacts and
aligns with social, economic, and sustainability objectives. Bioenergy initiatives are often
used to increase local incomes and stimulate employment opportunities, thereby enhancing
overall societal well-being (Kongto et al., 2022).

The advancement of biomass power plants in Thailand is advocated as a strategy to
enhance energy security while curbing energy imports and net greenhouse gas emissions. This
initiative, initiated in 1992, incorporates various measures such as financial incentives for
biomass-fueled power generation, purchase guarantees, and facilitation of soft loans to
support project implementation (Barz & Delivand, 2011). The implementation of the
Renewable Energy Development Plan (REDP 2008-2022) was initiated to meet the regulatory
requirements stipulated in the Act. The primary objective of this plan was to enhance the
contribution of renewable energy sources to 20% within 15 years. Nonetheless, a revision
transpired in 2011, resulting in the introduction of the Alternative Energy Development Plan
(AEDP 2012-2022), which aims to augment the proportion of renewable energy to 25% of
Thailand's overall energy demand (Kongto et al., 2021).

Due to the abundance of biomass energy sources in many agricultural countries,
extensive research endeavors have been undertaken to investigate the viability of biomass
utilization and to advance biomass energy as an alternative source for electricity generation.
Previous studies have demonstrated that the production of crude palm oil yields a significant
quantity of oil palm biomass. The source of biomass varies from the harvest and processing
of oil palm fresh fruit bunches to the replanting process, which includes the removal of
unproductive palm trees (Kongto et al., 2022; Shuit et al., 2009; Sulaiman et al., 2011; Loh,
2017; Sukiran et al., 2017).

A prevalent method of agricultural waste processing is the extrusion of biomass fuel
rods. Biomass pellets represent a viable alternative renewable energy source, which will be
instrumental in meeting the growing domestic energy demand in the future. This approach
promotes efficient resource utilization and reduces foreign exchange losses associated with
fossil fuel imports. The biomass pellet production industry is poised for growth, driven by
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factors supporting increased international market demand. Thailand has abundant resources
for biomass pellet production, and the pricing of biomass pellets is favorable. The industry
not only contributes to the reduction of pollution but also reaps the benefits of governmental
assistance. The utilization of agricultural waste for the production of biomass briquettes
presents a sustainable energy alternative, reducing dependence on natural resources such as
forests and natural gas and addressing waste management concerns within the agricultural
sector.

This research was an attempt to design and develop a prototype biomass pellet
machine. The feasibility of unproductive palm trees for thermal benefits was also investigated.
Adding value and generating revenue from unproductive palm trees prior to the replanting
procedure can result in stability and economic and social strength in Thailand's agricultural
sector.

METHODOLOGY

Unproductive palm tree samples were collected from a palm plantation in Krabi
Province, Thailand, as illustrated in Figure 2. These samples were obtained prior to the
commencement of the replanting procedure within the plantation.

The process of producing biomass pellets from unproductive palm trees involves
several key stages. Initially, the unproductive palm trees were cut down to isolate the trunk
and fronds. The residual biomass is subjected to a process of size reduction, accomplished by
either chipping or shredding, followed by drying to reduce moisture content. The dried
biomass is then compressed into pellets using either a pellet mill or an extruder, following
which the pellets are cooled and packaged for subsequent storage or transportation. The
design of the biomass pellet machine was adapted from the concept of a biomass pellet
machine intended for unproductive palm trees, depicted in Figure 3.

The properties of biomass pellets produced by the developed biomass pellet machine
were evaluated using testing standards, including heat value, moisture content, ash content,
volatile compound, fixed carbon, and sulfur content. Furthermore, the results were compared
with standard MOPHOCHO. 238/2547 (Thai Industrial Standards Institute, 2004).

Figure 2. Unproductive palm trees from palm plantation in Krabi province.
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Figure 3. Concept of a biomass pelleting machine for unproductive palm trees.

RESULTS AND DISCUSSION

1. DESIGN OF BIOMASS PELLETING FOR UNPRODUCTIVE PALM

A biomass pelleting machine for unproductive palm trees was designed and developed,
as illustrated in Figure 4. The developed biomass pellet machine comprises five primary
components, namely: 1) palm tree shredding equipment (rough and fine); 2) palm tree
dehumidification device with the size of 7m x 1.25 m x 1.65 m (L x W x H) ; 3) biomass fuel
conveying equipment; 4) equipment for storing biomass fuel from an unproductive palm tree
and 5) biomass pellet device from an unproductive palm tree.
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Figure 4. Design of a biomass pelleting machine for unproductive palm tree.

2. ANALYSIS OF BIOMASS COMPOSITION

The analysis characteristics of biomass pellets obtained from unproductive palm trees
are presented in Table 1. The heat value test revealed an average calorific value of 3,468 + 6
cal/g, which was relative to the quality standard for biomass pellets specified within the range
of 3,800—4,300 cal/g. The average value of moisture content was found at 12.39 + 0.02, which
was slightly higher than the standard value. Furthermore, the biomass briquettes derived from
the unproductive palm tree indicated that biomass pellets produced from unproductive palm
trees produced only a few pollutants, which could represent an environmentally friendly
alternative energy source.

Table 1. The characteristics of biomass pellets obtained from an unproductive palm tree.

Parameter Value
Heat value (H.H.V.) (kcal/kg) 3,468 + 6
Moisture (% wt.) 12.39 + 0.02
CONCLUSIONS

This study demonstrates the potential for using unproductive palm trees as raw
materials for the development of biomass pellets as domestic and industrial fuels. The
production of biomass pellets from unproductive palm trees presents a promising approach to
the sustainable utilization of resources and the production of renewable energy. By converting
agricultural waste into valuable biomass feedstock, this approach contributes to environmental
sustainability, economic development, and energy security. However, addressing logistical
challenges, ensuring sustainability, and exploring market opportunities are essential for
realizing the full potential of biomass pellets from unproductive palm trees.
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ABSTRACT

Aspergillus niger plays a crucial role in many industries for production of enzymes,
organic acids, and metabolites due to its natural ability. Although, A. niger has a potential to
secrete these biochemical compounds, enhancing their titers through strain development is
necessary for industrial processes. This fungus can achieve enhanced production yields through
optimizing fermentation and genetic engineering. In this study, we focused on overexpressing
glucose oxidase encoding gene (goxC) using six constitutive promoters to increase glucose
oxidase (GOX) activity and gluconic acid titers. The goxC expression plasmids with different
promoters were constructed and transformed into A. niger via protoplast mediated
transformation (PMT) method. A. niger harboring goxC expression plasmids were assessed
GOX activities using a plate assay and a commercial kit. The concentration of glucose and
organic acids were analyzed using high-performance liquid chromatography (HPLC). As a
result, the mutant strains exhibited increased GOX activity and gluconic acid production
compared to the wild-type strain, likely due to the increased goxC expression cassette. This
suggests that strain development is a key strategy to enhance the capability of A. niger as a cell
factory for the efficient production of enzymes and organic acids.

Keywords: Aspergillus niger, Constitutive promoter, Gluconic acid, Glucose oxidase, Strain
development

IN-O-02

10



Oral Presentation

! <
o\ Iy]UP The 4 National and The 2" International MJU-Phrae Conference
2024 Maejo University Phrae Campus, July 19, 2024

INTRODUCTION

Aspergillus niger, a filamentous fungus, is known for efficiently secreting metabolites
such as enzymes and organic acids, which are employed in industrial processes. Despite its
excellent secretory systems, some bottlenecks must be addressed to enhance product yields
and reduce undesired products. For instance, 4. niger naturally produced citric and oxalic
acids at high titers, which become the undesired products in the production of gluconic acid.
While optimization of fermentation is initially applied to enhance the product yields,
undesired products still remain at high concentrations. Thus, strain development through
genetic and metabolic engineering is employed to enhance product yields and eliminate
undesired products (Laothanachareon et al., 2018; Zhang et al., 2019).

The optimization of strain development is crucial for enhancing the efficiency of
production in A. niger. Several methods can improve the production of target compounds,
such as UV or chemical mutagenesis (Chelius & Wodzinski, 1994; Ray & Banik, 1994), but
these methods are random mutagenesis. Thus, genetic engineering is a more powerful
approach for strain development in 4. niger. To increase productivity, genetic engineering can
be used to modify metabolic pathways by overexpressing or deleting genes. Additionally,
several genetic toolboxes, including vectors, markers, and promoters, are available and widely
used. Among these, promoters are vital for providing high expression levels of target genes
(Blumhoft et al., 2013). Regarding types of promoters, constitutive promoters are employed
to continuously express genes without the need for inducers, making them suitable for
industrial-scale production. Some constitutive promoters for gene expression in A. niger have
been successfully developed, such as the protein kinase (pki4) promoter from A4. niger and the
glyceraldehyde-3-phosphate dehydrogenase (gpdA4) promoter from A. nidulans. These two
constitutive promoters are widely applied for fungal genetic engineering (Huang et al., 2014).

In this study, we aimed to develop A. niger strain to efficiently enhance the production
of gluconic acid using genetic engineering approaches. To increase gluconic acid production,
the goxC gene, which encodes for glucose oxidase and is a key enzyme in gluconate pathway
(Figure 1), was performed. Six constitutive promoters were studied to increase the expression
levels of goxC gene. Plasmids harboring the goxC expression cassette with various promoters
were introduced into A. niger using the PMT method. The glucose oxidase (GOX) activity
and gluconic acid titers of the engineered strains were determined and compared to the wild-
type strain using GOX activity assay and high-performance liquid chromatography (HPLC)
analysis.

Experimental design

PmbfA strain

— 1

Gluconate pathway

PadhA strain
Glucose T
—
Peitd strain
GOX GOX +«— — goxC — . fed
] PeoxA sirain
H,0, + Gluconolactone — "
A. niger A
CAT Penod strain
ECT I
H,0 + 0O,
PrydA strain
Gluconic acid —

Figure 1. Gluconate pathway in 4. niger and the strains harboring plasmids involved six
promoters to assess the expression levels of the goxC gene.
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METHODOLOGY

1. Strains and media

Escherichia coli DH5a was used as a host for plasmid propagation and grown on
Luria-Bertani (LB) medium supplemented with 100 pg/mL ampicillin at 37 °C. 4. niger
TBRC 6634 served as a host strain for strain improvement and was cultivated on complete
medium (CM: 1 g/L casamino acid, 5 g/L yeast extract, 1% v/v glucose, 20 mL/L ASPA+N,
Iml/L Vishniac solution, and 1 mM MgSQOy) at 30 °C. Following fungal transformation,
transformants were incubated at 30 °C on minimal medium (1.2% w/v agar, 20 mL/L
ASPA+N, 1 mL/L Vishniac solution, and 1 mM MgSO4) supplemented with 325.2 g/L sucrose
as a carbon source (Laothanachareon et al., 2018) and screened with 125 pg/mL hygromycin
B (Merck, Germany). For evaluating glucose consumption and organic acid production,
fermentation was conducted at 30 °C, 200 rpm using basal salt medium (BSM: 0.4 g/L
(NH4)2HPO4, 0.2 g/L KH2POq4, 0.2 g/ MgSO4-7H20, and 10 g/L peptone) supplemented with
70 g/L glucose and 3.5% w/v CaCOs.

2. Plasmid construction

Recombinant plasmids were constructed using pUC19 plasmid as a backbone. All
DNA fragments were amplified using Phusion™ High-Fidelity DNA Polymerase (Thermo
Scientific). A hygromycin resistance gene (4ygR) was used as a selectable marker, which was
amplified from pJET-RDM3. A hygromycin cassette containing PgdpA, hygR, and Ttef] was
assembled via overlap extension PCR and cloned into pUC19 plasmid to generate pUC19-
hygR. To overexpress glucose oxidase encoding gene (goxC), the gene was amplified from
genomic DNA of 4. niger TBRC 6634. Subsequently, six glucose oxidase expression cassettes
with different promoters (Table 1), including PmbfA-goxC-TtrpC (PmbfA cassette), PadhA-
goxC-TtrpC (PadhA cassette), PcitA-goxC-TtrpC (PcitA cassette), PcoxA-goxC-TtrpC (PcoxA
cassette), PenoA-goxC-TtrpC (PenoA cassette), and PtvdA-goxC-TtrpC (PtvdA cassette) were
assembled using touch-down PCR (Bankar et al., 2009) and cloned into the pUC19-hygR
plasmid at EcoRI and Kpnl site. All plasmids were propagated using E. coli DH5a before
protoplast-mediated transformation.

Table 1. Constitutive promoters used in this study

Promoter Gene Protein ID Protein ID

name name of A. niger  of A. niger Annotation
ATCC 1015 CBS513.88
PmbfA mbfA 1145066 An02g12390 Multiprotein bridging factor
PadhA adhA 1145368  An17g01530 Alcohol dehydrogenase
PcitA CitA 1141371 An09g06680 Citrate synthase
PcoxA COXA 1144141 An07g07390 Cytochrome c oxidase
PenoA enoA 1113287 An18g06250 Enolase
PtvdA tvdA 1146389  An04g01530 Transport vesicle docking protein

12
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3. Protoplast-mediated transformation (PMT)

The spore was cultured in CM broth and incubated at 30 °C without shaking for 3
hours for mycelium germination. Subsequently, the mycelium was incubated in a lysing
enzyme cocktail containing a mixture of 10 mg of B-glucoronidase (Sigma-Aldrich, USA), 50
mg of Driselase (Sigma-Aldrich, USA), and 100 mg of Lysing Enzymes from Trichoderma
harzianum (Sigma-Aldrich, USA) to release protoplast at 30 °C,100 rpm for 2 hours. The
protoplasts were collected by filtration through Corning® Cell Strainer (40 um nylon) into a
50-mL tube. Each recombinant plasmid for overexpressing the goxC gene was then mixed
with the protoplasts following the PMT protocol (Abdulrachman et al., 2021), and cultured on
screening medium. Each transformant was isolated and verified by glucose oxidase plate
assay (Laothanachareon et al., 2018).

4. Fermentation

The spores at a concentration of 10° spores/mL of all mutant strains were inoculated in
CM broth supplemented with 125 pg/mL hygromycin B and incubated at 30 °C, 200 rpm for
16 hours for mycelium germination. After incubation, the mycelia at 0.3 g were transferred to
50 mL of BSM broth and incubated at 30 °C, 200 rpm. The supernatants were collected at 0,
24, 48, 72, and 96 hours for GOX activity assay and high-performance liquid chromatography
(HPLC) analysis.

5. Glucose oxidase (GOX) activity assay

The qualitative GOX assay was performed following a modified protocol of GOX
agar plate assay (Laothanachareon et al., 2018). The agar plate contained 6 g/L NaNOs3, 1.5
g/L KH2POy4, 0.5 g/L KCI, 0.5 g/L MgSO4-7H20, 1 mL/L trace element solution, 12 g/L agar,
and 5 mM o-anisidine, supplemented with different carbon sources including 2 mM glucose,
50 mM fructose, and 50 mM sorbitol. 5 pL of spore solution at spores at a concentration of
107 spores/mL were dropped onto the agar plates and incubated at 30 °C for 40 hours.
Subsequently, the staining solution (40 mM sodium phosphate buffer, pH 7.0, 0.2 mM
glucose, and 40 pg/mL horseradish peroxidase (Merck, Germany) was poured on top of the
plates and incubated at 25 °C for 6 hours. The purple zone represented the glucose oxidase
activity. In addition, the quantitative GOX assay in the supernatants was performed using
Glucose oxidase assay kit (Megazyme, Ireland) according to the manufacturer’s instructions.
6. Determination of consumed glucose and produced organic acid using HPLC analysis

Glucose and organic acids in the supernatants were determined using Aminex HPX -
87H column (BioRad), and coupled to a refractive index detector (Shodex RI-101) and a
Thermo UV/VIS detector (A = 210 nm) with 0.05 mM H2SO4 as a mobile phase at a flow rate
of 0.6 mL/min at 60°C (Laothanachareon et al., 2021) (Odoni et al., 2017). Glucose, citric
acid (CA), gluconic acid (GA), malic acid (MA), oxalic acid (OA), and succinic acid (SA)
were used as external standards, while propionic acid was used as an internal standard.

RESULTS AND DISCUSSION

1. Screening of mutant strains by glucose oxidase (GOX) activity

All mutant strains were screened based on GOX activity using the modified glucose
oxidase agar plate assay (Laothanachareon et al., 2018). Each mutant strain was grown on
agar plates containing various carbon sources and subsequently stained with the staining
solution. After 6 hours of incubation, the GOX activity of all mutant strains exceeded that of
the wild-type strain. Notably, in the medium supplemented with 2 mM glucose, strains PmbfA4,
PcitA, PcoxA, and PenoA exhibited more intense purple zone compared to strains PadhA4 and
PtvdA (Figure 2). When grown in the medium with 50 mM fructose, high purple intensity was
observed in strains PmbfA4, PcoxA, and PenoA, while strains PadhA, PcitA, and PtvdA showed
purple zone comparable to the wild-type strain. Furthermore, colonies grown in the fructose-
medium were larger and more distinctly colored than those in the other carbon sources (Figure
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3). In the present of 50 mM sorbitol, only strain PmbfA4 showed the highest purple intensity,
indicating the highest GOX activity, followed by strain PcoxA4. In contrast, strains PadhA,
Pcitd, PenoA, and PtvdA exhibited GOX activity comparable to that of the wild-type strain
(Figure 4). Certainly, strains Pmbf4 and Pcox4 showed the highest activity in all carbon
sources.

(A) PmbfA (B) PadhA (C) PcitA
Mutant
Wildtzpe clone 1
Mutant Mutant
clone 2 clone 3
(D) PcoxA (E) PenoA (F) PrvdA Negative control

Figure 2. Screening medium of GOX activity using medium containing 2 mM glucose as the
carbon source. A. niger containing goxC expression cassettes with various promoters
including PmbfA (A), PadhA (B), Pcit4 (C), PcoxA (D), PenoA (E), and PtvdA (F) were
determined their GOX activity in triplicate using modified GOX agar plate assay.
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(A) PmbfA4 (B) PadhA (C) PcitA

(D) PcoxA4 (E) PenoA (F) PrvdA Negative control

Figure 3. Screening medium of GOX activity using medium containing 50 mM fructose as
the carbon source. 4. niger containing goxC expression cassettes with various promoters
including PmbfA (A), PadhA (B), Pcit4 (C), PcoxA (D), PenoA (E), and PtvdA (F) were
determined their GOX activity in triplicate using modified GOX agar plate assay.

Mutant

Wild-type clone 1

Mutant Mutant
clone 2 clone 3

(A) PmbfA (B) PadhA (C) PeitA

. Mutant
Wild-type clone 1
Mutant Mutant
clone 2 clone 3

(D) PcoxA (E) PenoA (F) PtvdA Negative control

Figure 4. Screening medium of GOX activity using medium containing 50 mM sorbitol as
the carbon source. 4. niger containing goxC expression cassettes with various promoters
including PmbfA (A), PadhA (B), Pcit4 (C), PcoxA (D), PenoA (E), and PtvdA (F) were
determined their GOX activity in triplicate using modified GOX agar plate assay.
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2. Determination of GOX activity and concentrations of glucose and organic acids

The supernatants were tested for GOX activity, glucose consumption, and gluconic
acid production (Figure 5). By 72 hours, the GOX activity of all mutant strains, except for the
PtvdA strain, surpassed that of the wild-type strain. The PenoA strain exhibited the highest
GOX activity (49.07 £ 6.93 U/L) at 72 hours (Figure 5F), while the PcoxA4 strain showed
potential for increased enzyme activity (41.29 + 3.74 U/L) after 96 hours (Figure 5E). All
mutant strains depleted glucose within 48 hours, except for the PfvdA strain, which depleted it
within 72 hours. By 48 hours, gluconic acid production in all mutant strains was higher than
that of the wild-type strain, except for the PtvdA strain, while the PcitA4 strain showed the
highest gluconic acid production (65.08 + 3.39 g/L) (Figure 5D). Consequently, strains PcitA4,
PcoxA, and PenoA demonstrated strong potential as constitutive promoters for controlling the
expression of goxC gene and increasing gluconic acid titers. These promoters will be used to
construct 4. niger goxC overexpression strains by integrating goxC expression cassettes
containing these promoters into its genome.

In addition to gluconic acid concentration, the concentrations of four other organic
acids including citric acid (CA), malic acid (MA), oxalic acid (OA) and succinic acid (SA)
were determined in the supernatants of each strain (Figure 6). The organic acid titers of all
mutant strains were higher than those of the wild-type strain, except for the PtvdA4 strain.
Gluconic acid was the predominant organic acid produced by all strains, with the mutants
showing significantly higher production compared to the wild-type strain, except for the
PtvdA strain. The expression of additional goxC expression cassettes under the constitutive
promoters led to a significant increase in GOX activity and gluconic acid titers. The
constitutive promoter can continuously enhance the expression of genes encoding enzymes in
organic acid pathways. Not only did the titers of gluconic acid increase, but those of other
organic acids also rose due to innate organic acid pathways of A. niger such as the citrate and
oxalate pathways operating under the same substrate. To address this issue, the disruption of
the citrate exporter gene (citT) and oxaloacetate hydrolase gene (0oahA) should be considered
to eliminate citric and oxalic acid production (Laothanachareon et al., 2021; Yin et al., 2017).
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Figure 5. Determination of GOX activity, and concentration of glucose and gluconic acid of
A. niger wild-type strain (A), and A. niger containing goxC expression cassettes with various
promoters including PmbfA4 (B), PadhA (C), PcitA (D), PcoxA (E), PenoA (F), and PtvdA4 (G).
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Figure 6. Profiles of produced organic acids in 4. niger wild-type strain (A), and A. niger
containing goxC expression cassettes with various promoters including Pmbf4 (B), PadhA
(C), PcitA (D), PcoxA (E), PenoA (F), and PtvdA (G).
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CONCLUSIONS

In this study, the addition of goxC expression cassettes with PmbfA4, PadhA, PcitA,
PcoxA, and PenoA enhanced both GOX activity and organic acid titers in all mutant strains
compared to those in the wild-type strain. The selection of promoters to enhance gene
expression poses a challenge for strain development due to the dependence on compatibility
between promoters and targeted genes. Therefore, strains Pcit4 and PcoxA which is the
highest GOX activity and gluconic acid production were selected for further study.
Consequently, strain development plays as a crucial role in maximizing A. niger’s potential to
generate more efficient strains suitable for industrial applications.
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ABSTRACT

This study investigated the ecology of rodent populations across the continental United
States, covering multiyear field observations, spatial demographic modeling, and ecological
niche modeling. The analysis utilized data from the National Ecological Observation Network
(NEON) and the Global Biodiversity Information Facility (GBIF), focusing on common and
generalist rodents, the deer mice (Peromyscus maniculatus), as this species is the most common
carrier of hantaviruses in North America. Population densities were estimated using spatially
explicit capture-recapture (SECR) modeling techniques. Incorporating bioclimatic variables
from the MERRAclim dataset, we analyzed the environmental space (E-space) occupied by the
species across its range. The E-space consisted of Bio5 (Max Temperature of Warmest Month),
Biol4 (Precipitation of Driest Month), and Bio15 (Precipitation Seasonality). The centroid of
the ecological niche was calculated as the median centroid from the occurrence point, the
hypervolume centroid, and the MaxEnt centroid. The results indicated that the population
densities of deer mice have only a significantly negative relationship to the distance to the
median centroid (p<0.01). That is to say, significant but weak relationships suggest that the
species is more abundant at the center of its ecological niche. This research provides insights
into the ecological conditions necessary by the species to support populations in the long term
without the need for immigration. Findings provide limited support to the niche-centroid
hypothesis and suggest that relationships vary across centroid types.

Keywords: Ecological niche modeling, Fundamental niche, Niche centroid hypothesis,
Peromyscus maniculatus, Population density

IN-O-03

21



Oral Presentation

L —
A Iy]UP The 4 National and The 2" International MJU-Phrae Conference
2024 Maejo University Phrae Campus, July 19, 2024

INTRODUCTION

Understanding the ecology of species across diverse landscapes is fundamental to
explaining their niche requirements and population distributions (Peterson, 2011). Ecological
niche modeling, a cornerstone approach in contemporary ecological research, integrates the
BAM (Biotic, Abiotic, and Mobility) framework: biotic interactions, abiotic variables, and
mobility patterns to predict species' spatial distributions and ecological niches (Soberon &
Peterson, 2005). By utilizing big ecological data from the National Ecological Observation
Network (NEON), the Global Biodiversity Information Facility (GBIF), and the MERRAclim
dataset, including occurrences, environmental variables, and species traits, ecological niche
models offer invaluable insights into species-environment relationships and ecosystem
functioning (Guisan et al., 2007).

The BAM framework serves as a comprehensive perspective to examine the
distribution of species (Soberon & Peterson, 2005). Biotic interactions (B), which include
predation, competition, and mutualism, intricately shape the ecological niches of species,
affecting their spatial distribution and population dynamics (Morris et al., 2008; Soberon,
2007). Abiotic variables (A) such as climate, topography, and soil characteristics determine
the environmental conditions in which species prosper, establishing the limits of their
ecological niches (Peterson et al., 2011; Sanchez-Mercado & Ferrer-Paris, 2010). In addition,
mobility or dispersal mechanisms (M) dictate the spatial range over which species can
colonize suitable habitats, influencing population connectivity and range expansion (Nathan
et al., 2008; Soberon, 2007).

Embedded within the framework of ecological niche modeling is the hypothesis of
abundant niche centroid (Hutchinson, 1957; Maguire, 1973), which postulates that
populations are more abundant near the center of their fundamental niche and gradually
decrease toward the periphery (Peterson et al., 2011). This hypothesis is a fundamental
principle for comprehending the distributional patterns of species and population dynamics
across diverse landscapes. To test the abundant niche-centroid hypothesis, it is necessary to
have an unbiased understanding of a species' ecological fundamental niche (Nr) (Hutchinson,
1957; Peterson, 2011; Yafiez-Arenas et al., 2012). Thus, the estimated centroid accurately
represents its environmental optimum (Osorio-Olvera et al., 2020).

This study delves into the intricate interplay between ecological niche and population
abundance using long-term ecological observations of an ecological significance, Peromyscus
maniculatus (hereafter: deer mice). Moreover, In North America, the common host of
hantaviruses is the deer mice (Milholland et al., 2018), and it is usually spread through
inhaling hantaviruses from rodent urine, droppings, or saliva. Hantavirus pulmonary
syndrome (HPS) is a rare infectious disease with flu-like symptoms that can lead to life-
threatening lung and heart problems, with a high mortality rate of 36% in humans (Moore &
Griften, 2024). It is yet unclear what kind of ecological and environmental features influence
the population density of deer mice (Heyman et al., 2012; Carver et al., 2015). To address
these questions, we use data from the National Ecological Observation Network (NEON) and
the Global Biodiversity Information Facility (GBIF); we explore the ecological niche of deer
mice across diverse biomes within the continental United States (U.S.). We employ the N to
illustrate the drivers of deer mice distribution and abundance through hypervolume analysis
of bioclimatic variables and population occurrence data. This could help us understand rodent
ecology, where the areas have high densities of deer mice to prevent a spillover transmission
from rodents to humans, and the importance of data integration in understanding ecological
niches, especially in global climate change.
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METHODOLOGY
Study Area
The NEON statistically partitioned the continental U.S., Hawaii, and Puerto Rico into
20 ecoclimatic domains that represent distinct regions of vegetation, landforms, and ecosystem
dynamics to capture the full range of U.S. ecological and climatic diversity (Hargrove &
Hoffman, 2004). In each Domain, NEON collects data about plants, animals, soil, nutrients,
freshwater, and the atmosphere using sensor measurements and field observations. NEON
operates 81 field sites strategically located across 20 ecoclimatic Domains across the U.S.,
including 47 terrestrial and 34 freshwater aquatic field sites. We focused on only 41 terrestrial
field sites in the conterminous U.S., which excludes six other terrestrial field sites from only
two non-contiguous states, Alaska and Hawaii (Figure 1).
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Figure 1. Geographic distribution of 41 NEON terrestrial field sites in the conterminous U.S.

Occurrence Data

The rodent occurrence data comprising 129,369 observations were obtained from 41
terrestrial sites as part of the NEON. This data was collected over 8 years, from June 2013 to
November 2021, reflecting long-term monitoring efforts. Our analysis focused on deer mice,
accounting for 31,165 observations across 30 of the 41 NEON sites (Table 1). Additionally, we
augmented the NEON data with observations from the Global Biodiversity Information
Facility (GBIF) (http://www.gbif.org/), totaling 1,304 observations specifically attributed to
human observers (Figure 2). The deer mice were chosen as the focal species due to their
widespread distribution and high abundance throughout the U.S. Consequently, analyzing deer
mice enabled us to explore ecological niche correlations across different country regions.

Table 1. The location information for the 41 NEON terrestrial sites, including the Site ID,
Site name, Latitude, Longitude, and State. *where deer mice were captured.

Site ID Site name Lat Lon State
ABBY* Abby Road 45.76 -12233 WA
BART* Bartlett Experimental Forest 4406 -71.29 NH
BLAN* Blandy Experimental Farm 39.03  -78.04 VA
CLBJ* Lyndon B. Johnson National Grassland 334  -97.57 TX
CPER* Central Plains Experimental Range 40.82 -104.75 CO
DCFS* Dakota Coteau Field Site 47.16  -99.11 ND
DELA Dead Lake 32.54 -87.8 AL
DSNY Disney Wilderness Preserve 28.13  -81.44 FL
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Site ID Site name Lat Lon State
GRSM* Great Smoky Mountains National Park 35.69 -83.5 TN
GUAN Guanica Forest 17.97  -66.87 PR
HARV* Harvard Forest, Quabbin Watershed 42.54 -72.17 MA
JERC The Jones Center at Ichauway 31.19 -84.47 GA
JORN Jornada Experimental Range 32.59 -106.84 NM
KONA* Konza Prairie Agroecosystem 39.11  -96.61 KS
KONZ* Konza Prairie Biological Station 39.1  -96.56 KS
LAJA Lajas Experimental Station 18.02  -67.08 PR
LENO Lenoir Landing 31.85 -88.16 AL
MLBS* Mountain Lake Biological Station 3738  -80.52 VA
MOAB Moab 38.25 -109.39 UT
NIWO* Niwot Ridge 40.05 -105.58 CO
NOGP* Northern Great Plains Research Laboratory 46.77 -100.92  ND
OAES* Marvin Klemme Range Research Station 3541  -99.06 OK
ONAQ*  Onaqui 40.18 -112.45 uT
ORNL* Oak Ridge 3596  -84.28 ™N
OSBS Ordway-Swisher Biological Station 29.69  -81.99 FL
RMNP* Rocky Mountains 40.28 -105.55 CO
SCBI* Smithsonian Conservation Biology Institute 38.89 -78.14 VA
SERC* Smithsonian Environmental Research Center 3889 -76.56 MD
SJER* San Joaquin Experimental Range 3711  -119.73 CA
SOAP* Soaproot Saddle 37.03 -119.26 CA
SRER Santa Rita Experimental Range 3191 -110.84 AZ
STEI* Steigerwaldt-Chequamegon 45.51  -89.59 WI
STER* North Sterling 40.46 -103.03 CO
TALL Talladega National Forest 3295 -87.39 AL
TEAK* Lower Teakettle 37.01 -119.01 CA
TREE* Treehaven 4549  -89.59 WI
UKFS* University of Kansas Field Station 39.04  -95.19 KS
UNDE* University of Notre Dame Environmental Research 46.23  -89.54 MI
Center
WOOD*  Chase Lake National Wildlife Refuge 47.13  -99.24 ND
WREF* Wind River Experimental Forest 4582 -121.95 WA
YELL* Yellowstone National Park 4495 -110.54 WY
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Figure 2. Distribution of deer mice occurrence data from GBIF

Capture-Recapture Data

Small mammal sampling was conducted at 41 terrestrial sites, where deer mice were
captured at 30 sites, yielding 15,379 individuals observed between June 2013 and November
2021 using Sherman box traps arranged in a grid pattern consisting of ten rows and ten columns
spaced 10m. apart (Figure 3). Sampling efforts were conducted approximately six times yearly
at core terrestrial field sites and four times yearly at other terrestrial sites, occurring within 10
days before or after the new moon.
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Figure 3. The design of the small mammal trapping grid, which consists of 100 box traps
separated by 10 m. Trap coordinates are designed using unique letter and number combinations
(e.g., Al, G10). The plot-level coordinates provided in the data product are from trap ES,
designed by the red star.

Estimating Population Density

The "secr" package in R was used to estimate the density of deer mice populations
based on capture-recapture data (Efford, 2024; R Core Team, 2021). The data was organized
into separate capture historical and trap data frames for each NEON site, allowing more
efficient data manipulation and modeling procedures. Before model fitting, buffer size was
calculated for each sampling plot to account for animals whose activity centers lie near the
edge of the buffer (Efford, 2004), thereby optimizing model accuracy (Efford et al., 2009).
Three distinct functions—Half normal, Negative exponential, and Hazard rate—were
employed to fit models for estimating population density. The model selection process relied
on minimizing the Akaike Information Criterion (AIC), a widely accepted criterion for
evaluating the goodness of fit of statistical models (Burnham & Anderson, 2004). Thus, the
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model that best captured the population dynamics of deer mice across the studied sites was
selected.
Explanatory Variables

We used bioclimatic variables from the MERRAclim dataset at a resolution of 2.5 arc-
minutes (~4 km) for the current scenario (2000s), including 19 bioclimatic variables (Vega et
al., 2018). We eliminated BIO 8, 9, 18, and 19 due to having artificial values that caused sudden
and unrealistic changes in climate between adjacent pixels (Escobar et al., 2014). Temperature
layers (BIO1-BIO11) and humidity-precipitation layers (BIO12-BIO17) (Vega et al., 2018).
The variables were selected based on correlation analyses and the biologically relevant factor.
The chosen variables had variance inflation factors (VIF) of <0.5 and were selected as the top
three highest percent contributions (Table 2).

Table 2. The various inflation factors (VIF) of MERRAclim data with a VIF of <0.5. The data
selected the top three highest percent contributions consistent with BIO15, BIOS, and BIO14.

Variable VIF Percent contribution
B1015 (Precipitation Seasonality) * 1.54 28.8

B10O5 (Max Temperature of Warmest Month) * 1.84 22.8

B1014 (Precipitation of Driest Month) * 3.51 21.4

B102 (Mean Diurnal Range) 2.82 20.3

B103 (Isothermality) 2.75 6.7

Abundant Niche-Centroid Analysis

We calculated the centroid of the distributions in environment space (e-space) and
estimated the multidimensional Euclidian ecological distance of each point to the niche
centroid (Martinez-Meyer et al., 2013). We estimated three potential niche centroids from 1)
the centroid from the median distance in e-space with the real-world data (NEON and GBIF),
2) the centroid from the hypervolume package in R (Blonder & Harris, 2018; R Core Team,
2021), and 3) the centroid from MaxEnt (Phillips et al., 2006), which selected the highest
habitat suitable for deer mice using the linear-quadratic feature. We related the observed

population density to both of these distances of centroids measured via linear regression
(Martinez-Meyer et al., 2013).

RESULTS AND DISCUSSION

Population Density of Deer Mice

Deer mice occurrence varied geographically across 30 NEON sites out of 41 (Figure
4). However, we can estimate the population density of only 29 sites, excluding the SERC site,
which has low probabilities of captures to analyze the model. The initial four sites with the
highest population density were TREE (40.2943.48 individuals per hectare [95% CI 34.03-
47.70]), STER (38.08+3.18 individuals per hectare [95% CI 32.34-44.84]), HARV (35.37+1.74
individual per hectare [95% CI 32.12-38.95]), and KONA (34.93+2.71 individuals per hectare
[95% CI 30.01-40.66]). Considering the low value of the population. We found two NEON
sites have a population density below one individual per hectare, including YELL (0.50+0.07
individuals per hectare [95% CI 0.39-65]) and TEAK (0.09+0.02 individuals per hectare [95%
CI1 0.06-0.16]) (Tables 3&4).
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Table 3. The model selection for estimating the population density of deer mice from the
SECR model's best-fit function with the lowest AIC (*), chosen from half-normal (HN),
negative exponential (EX), and hazard rate (HR) across 29 NEON sites. For one data set, the
tests could not be computed (NA)

Site ID  Detection function  Log-likelihood AIC AICc dAICc AlICcwt

HR* -2509.2  5026.3  5026.4 0.0 1
TREE  EXP -2558.2 51223 51224 96.0 0
HN -2657.8  5321.6  5321.6 2953 0
HR* -3015.4  6038.8  6038.8 0.0 1
STER  EXP -3118.0 62420  6242.1 2033 0
HN -3288.5 6583.1 6583.1 5443 0
HR* -9171.6  18351.1 18351.1 0.0 1
HARV  EXP -9770.7 195474 19547.4 1196.3 0
HN -10262.4 20530.9 205309 2179.7 0
HR* -3816.6  7641.2  T7641.2 0.0 1
KONA EXP -3852.6  7711.2  7711.2 70.0 0
HN -3903.5 7813.1  7813.1 171.9 0
HR* -3063.5 6135.0 6135.1 0.0 1
NOGP EXP -3127.3  6260.6  6260.7 125.6 0
HN -3416.2 68384  6838.5 7034 0
HR* -6280.0 12568.0 12568.0 0.0 1
BART EXP -6574.4 131549 131549  586.8 0
HN -7039.6  14085.2 14085.2 1517.2 0
HR* -3066.7 6141.4  6141.5 0.0 1
NIWO  EXP -3298.3  6602.6 6602.6 461.1 0
HN -3491.7 69894 69894  847.9 0
HN* -191.2 388.4 389.0 0.0 0.5
SCBI EXP -191.6 389.3 389.9 0.9 0.3
HR -190.8 389.5 390.6 1.6 0.2
HR* -4422.6  8853.2 88533 0.0 1
STEI EXP -4614.9  9235.8 92359  382.6 0
HN -4746.7 94994 94994  646.2 0
HR* -5496.6 11001.1 11001.2 0.0 1
WOOD EXP -5578.1 11162.2 11162.2  161.0 0
HN -5748.1 11502.2 11502.3  501.1 0
EXP* -2066.9  4139.8  4139.8 0.0 1
MLBS HN -2071.6  4149.2 41493 9.5 0
HR -2071.0  4150.0 4150.1 10.3 0
HR* -3490.8  6989.6  6989.7 0.0 1
RMNP EXP -3690.9  7387.8  7387.8  398.1 0
HN -3887.8  7781.5 7781.6  791.9 0
HR* -2436.5  4881.0  4881.1 0.0 1
SJER EXP -2493.9  4993.7 49938 112.7 0
HN -2661.8  5329.6  5329.6  448.6 0
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Site ID  Detection function  Log-likelihood AIC AICc dAICc AlICcwt

HN* -174.1 3543 355.0 0.0 0.5
SOAP EXP -174.8 3555 356.2 1.2 0.3
HR -173.7 3554 356.7 1.7 0.2
HR* -1048.1  2104.1 21043 0.0 1
OAES EXP -1067.3  2140.5  2140.6 36.3 0
HN -1092.5  2191.0 2191.1 86.8 0
HR* -7300.6  14609.2 14609.2 0.0 1
UNDE EXP -7651.4 15308.7 15308.7  699.5 0
HN -7978.2 159623 15962.3 1353.1 0
HN* -1839.2 36844  3684.5 0.0 0.9
CLBJ HR -1840.8  3689.6  3689.7 5.2 0.1
EXP -1847.6  3701.1 3701.2 16.7 0
HR* -1969.4  3946.8  3946.9 0.0 1
WREF HN -1988.7 39834 39834 36.6 0
EXP -2009.3 40247  4024.7 77.9 0
HR* -3810.3  7628.6  7628.7 0.0 1
KONZ HN -3820.0 7646.0  7646.0 17.3 0
EXP -3832.7 76714 76714 42.7 0
HN* -335.6 677.3 677.7 0.0 0.4
UKFS HR -334.9 677.7 678.5 0.7 0.3
EXP -336.0 678.0 678.5 0.8 0.3
HR* -1820.6  3649.3  3649.4 0.0 1
DCFS  HN -1842.0  3690.0 3690.1 40.7 0
EXP -1853.5 37129 3713.0 63.6 0
HN* -45.8 97.6 103.6 0.0 0.6
BLAN EXP -46.2 98.5 104.5 0.9 0.4
HR -45.4 98.8 112.2 8.6 0
HN* -215.9 437.8 438.5 0.0 0.5
CPER  EXP -215.9 437.9 438.5 0.0 0.5
HR -216.4 440.7 441.9 3.4 0.1
HR* -6632.2 132724 132724 0.0 1
ONAQ EXP -6708.8 13423.6 13423.6  151.2 0
HN -6858.3 13722.6 13722.6  450.2 0
HR* -3498.2 70043  7004.4 0.0 1
ABBY EXP -3551.2  7108.5 7108.5 104.1 0
HN -3620.2 72463 72464 < 242.0 0
HR* -1672.4 33527 33529 0.0 1
GRSM  EXP -1684.4 33747 33748 22.0 0
HN NA NA NA NA NA
HR* -1324.4  2656.7  2657.0 0.0 1
ORNL HN -1330.8  2667.7  2667.8 10.8 0
EXP -1334.8 26755  2675.6 18.7 0
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Site ID  Detection function  Log-likelihood AIC AICc dAICc AlICcwt

HR* -2462.6 49333 49334 0.0 1
YELL EXP -2556.9  5119.7  5119.8  186.4 0
HN -2675.3  5356.6  5356.6 4233 0
HR* -1083.7 21754  2175.8 0.0 1
TEAK EXP -1094.4 219477 21949 19.2 0
HN -1108.8 22235  2223.7 48.0 0

Table 4. The estimation of population density of deer mice (individuals/ha) with 95% CI at
29 NEON sites

Site ID Estimated density SE estimate Lower CI Upper CI
TREE 40.29 3.48 34.03 47.7
STER 38.08 3.18 32.34 44.84
HARV 35.37 1.74 32.12 38.95
KONA 34.93 2.71 30.01 40.66
NOGP 28.6 2.13 24.72 33.09
BART 28.35 1.64 25.32 31.75
NIWO 17.06 1.43 14.48 20.1
SCBI 16.07 7.16 6.98 37.01
STEI 15.49 1.26 13.21 18.16
WOOD 11.39 1.12 9.4 13.8
MLBS 11.17 0.89 9.56 13.06
RMNP 10.74 1 8.95 12.89
SJER 9.76 0.95 8.06 11.81
SOAP 9.62 4.86 3.78 24.48
OAES 9.47 2.48 5.72 15.69
UNDE 9.18 0.55 8.17 10.32
CLBJ 8.94 0.72 7.63 10.46
WREF 8.81 0.66 7.61 10.21
KONZ 8.6 0.53 7.62 9.72
UKFS 8.53 1.98 5.45 13.36
DCFS 6.32 0.39 5.59 7.13
BLAN 6.21 7.67 0.94 40.99
CPER 4.45 1.22 2.62 7.56
ONAQ 3.36 0.3 2.82 4
ABBY 33 0.45 2.52 431
GRSM 2.68 0.19 2.33 3.09
ORNL 2.28 0.21 1.9 2.73
YELL 0.5 0.07 0.39 0.65

TEAK 0.09 0.02 0.06 0.16
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Figure 4. Estimated deer mice density (individuals/ha) with 95% CI at 29 NEON sites.

Abundant Niche-Centroid Hypothesis

We projected the fundamental niche (Nf) for deer mice in e-space with 3-dimensions
under current conditions using three climate variables (BIO5, BIO14, and BIO15) (Figure 5).
These are the three most contributed variables that can effectively explain the occurrence of
small mammals, especially BIOS and BIO15 (Rubidge et al., 2011; Ruiz Barlett et al., 2019).

Occurrence points
® Population size
@ Hypervolume centroid
O Median centoid
= @ MaxEnt centroid
:. . Ellipsoid
¥ ' [ J
[
3 oo
o . o® S
" @ s
[ 4
\ . .
Q > ¥ ]
<. £ )
% A &7
(]
N\
A . ¥
s 2
] v
/\ N
. /BiDS
Q o
<.
o, \ 7
%
o) <

Figure 5. Predictions of the fundamental niche (Nr) for deer mice under current conditions
using three climate variables (BIOS, BIO14, and BIO15). Predicted suitability values are
depicted in environmental space. Light blue points indicate deer mice occurrences, the yellow
point denotes the median niche centroids, the green point denotes the hypervolume niche
centroids, and the blue point denotes the MaxEnt centroid. Red points denote the magnitude of
deer mice abundance. The ellipses provide a clear visual representation of the area of species
tolerance of abiotic variables, with 95% confidence intervals.

Based on the distance from the three centroids, we found that the distance from the
hypervolume and MaxEnt centroid did not have a relationship with the population density of
deer mice. However, the median centroid was the only one that showed a significantly negative
relationship to the distance to the median centroid (p<0.001) (Figure 6). This centroid
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calculated Euclidean distances in e-space, taking the median value of the suitable pixels in each
environmental dimension.
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Figure 6. The relationship between deer mice density and distance to each of the three niche
centroids: median (p<0.01), hypervolume (not significant), and MaxEnt (not significant).

Our results are consistent with several previous studies, including those conducted by
Manthey et al. (2015), Martinez-Meyer et al. (2013), and Urefia-Aranda et al. (2015) have
investigated the relationship between population abundance and distance to ecological niche
centroids in the e-space. The results of these studies have indicated an inverse correlation
between population abundance and distance to niche centroids. However, these studies were
limited in their scope, focusing on a small geographic area and lacking a detailed representation
of population density variability across the species' range. Additionally, Martinez-Gutiérrez et
al. (2018) expanded the study area to include the Americas but used population density data
sourced only from research journals and open-access databases.

According to our findings, extending the population density data from a small scale to
a larger region using the occurrence centroid and estimating population density data from the
long-term monitoring of NEON still confirms the validity of the abundance niche centroid
hypothesis. Maguire (1973) stated that different regions of the Nr should correspond to
different values of the species' intrinsic population growth rate. In other words, the area close
to the median centroid could represent a high potential for the population's reproduction,
leading to a high growth rate and an increase in population density. We could explain their
abundance patterns by examining the position of the median centroid to the centroid of their
Nr (Yafiez-Arenas et al., 2012). Specifically, populations closer to the centroid of the Nf
showed greater abundance, with decreases towards the edges demonstrating a negative
relationship (Martinez-Meyer et al., 2013; Yafiez-Arenas et al., 2012). However, to achieve a
better spatial approximation of realized abundances and species occurrence, it is crucial to
consider the human impact and the inter- and intraspecific interaction among the species and
their predators (Martinez-Gutiérrez et al., 2018). These biotic interactions play a crucial role in
understanding the ecology of rodents better.

CONCLUSIONS

The findings suggested that the only centroid supporting the abundant niche-centroid
hypothesis was the median centroid based on its occurrence points, which revealed that
populations closer to the median centroid of the Nr exhibited higher abundance levels, while
those located closer to the edges showed negative correlation and decreased in abundance
(p<0.01). This research provided insights into the conditions necessary to support the abundant
niche-centroid hypothesis across different centroid types. This finding could help us understand
rodent ecology and highlight the importance of comprehensive data integration in
understanding ecological niches, especially in preventing a spillover transmission from rodents
to humans, such as hantaviruses, and in the context of global climate change.
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ABSTRACT

The global downturn in para rubber prices has left Thailand powerless to influence its
pricing dynamics on the world market, precipitating far-reaching impacts on the nation's
economic and societal landscape. This study attempted to enhance the utilization of para rubber
by enhancing its intrinsic value and quality, with a specific focus on mitigating the export of
raw rubber materials. A significant outcome of this research was the development of an
effective cow shoes made from natural rubber, which was engineered to mitigate injuries to
bovine feet. Such innovation holds promise for bolstering the production potential of cattle
farms, offering an alternative avenue for leveraging local resources to address concerns
stemming from depressed rubber prices. Moreover, this research serves as a blueprint for future
endeavors in research and product development aimed at valorizing para rubber as a raw
material, thereby fortifying the competitive edge of the Thai agricultural economy. By utilizing
rubber products as production inputs, this approach enhances the value chain and contributes
to the overall resilience and competitiveness of the agricultural sector. The development of
natural rubber cow shoes signifies a noteworthy advancement in the management of hoof health
in cattle, offering a viable resolution to a prevalent issue in animal husbandry. Ongoing
research and development are crucial to further optimizing cow shoes and adapting them to the
evolving demands of the industry. Future research should prioritize the evaluation of long-term
outcomes, conducting cost-benefit analyses, and exploring novel materials to enhance the
efficacy and accessibility of cow shoes for farmers across the globe.

Keywords: Cow hoof, Cow shoe, Injury, Lesions, Natural rubber
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INTRODUCTION

Hoof and leg injuries have become increasingly prevalent in modern cattle farming,
affecting the health of cattle. These issues have the potential to result in physical decline and
the emergence of complications. In addition to being a major concern for animal health and
welfare, they also result in significant economic losses for cattle farmers. (Bergsten, 2003;
Cook, 2003). There are currently efforts underway to develop cow shoes for the prevention
and treatment of hoof injuries in cattle. Plastic cow boots used for the treatment of lameness
in cattle are available in markets outside of Thailand for a price of $30 per pair, excluding tax
and shipping expenses for their importation into Thailand.

Natural rubber is utilized in the production of numerous essential products, including
surgical gloves, hoses, condoms, elastic bands, baby bottle nipples, and adhesives. However,
its primary application lies in the automotive industry, where 67% of the global production of
this raw material is utilized to produce tires and inner tubes (Fu et al., 2008).

Rubber cultivation was introduced to Thailand in the early 1900s, in the southern
region. Since then, the cultivation of rubber trees in Thailand has become widespread due to
the highly supportive governmental supervision combined with the country's suitable tropical
climate. These two factors contributed to Thailand's comparative advantage in rubber
cultivation, resulting in a rapid expansion of the country's rubber industry. As of today,
Thailand is the leading supplier of rubber in the world, exporting substantial levels of natural
rubber throughout the years (Statista Research Department, 2024).

The global downturn in para rubber prices has been attributed to various factors,
including fluctuating demand, oversupply, and geopolitical tensions. Thailand, as one of the
leading rubber producers, has faced heightened vulnerability to these market dynamics,
exacerbating the crisis. The consequences of the rubber crisis extend beyond the economic
sphere, permeating into the social fabric of Thai society. Reduced income for rubber farmers
has led to increased financial distress, increasing rural poverty levels. Furthermore, the ripple
effects of the crisis have been felt across the wider agricultural sector, compounding existing
socio-economic disparities (Nicod et al., 2020; Njavallil et al., 2016). In response to the crisis,
researchers and policymakers have explored innovative approaches to enhance the resilience
of the rubber industry. Initiatives aimed at diversifying rubber utilization, such as the
development of value-added products which have shown promise in mitigating the impact of
low rubber prices.

This study is dedicated to investigating and mitigating the potential production
challenges encountered on cattle farms. Moreover, it aims to harness the potential of natural
rubber derived from Hevea brasiliensis, commonly referred to as the rubber tree, a pivotal
economic crop in Thailand and a fundamental component of agriculture in the southern
region. By utilizing this local resource, the research aims to optimize material utilization,
thereby enhancing value and mitigating the effects of decreased rubber prices. Consequently,
these efforts are anticipated to strengthen and invigorate Thailand's agricultural economy,
bolstering its competitive standing in the global market. The natural rubber cow shoes were
designed to relieve pressure from damaged tissues caused by weight-bearing for the treatment
of hoof lesions, especially sole ulcers. The study highlighted the importance and effectiveness
of cow shoes in promoting hoof health and enhancing farm productivity. By integrating
scientific insights and practical applications, cow shoes demonstrated progress in veterinary
technology and animal care.
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METHODOLOGY

This investigation was initiated by initially formulating STR 5L block rubber. The
study involved testing various types and quantities of five fillers: high-styrene resin, carbon
black, silica, short fibers, and calcium carbonate. Vulcanization was performed using a
conventional sulfur system. The natural rubber type STR 5L was processed using a two-roll
mill, followed by the mixing of chemicals in accordance with the specified ratios. The
mechanical properties of the formulated specimen were examined according to the standard
testing method, including hardness, compression, and hysteresis.

The optimal shape and form for the cow shoes were then investigated. This design
incorporated either Velcro or specialized adhesives to ensure a secure fit, preventing the shoes
from becoming loose or detaching while the cow is wearing them. Furthermore, the cow
shoes were engineered to evenly distribute the pressure from the cow's body weight during
walking or standing to graze, thereby enhancing the cow's comfort during various activities.

RESULTS AND DISCUSSION

Based on the results of the compression test among various rubber compound
formulations, it was observed that the highest modulus value at 50 percent strain was
approximately 2.29 MPa, while the lowest modulus value was approximately 1.65 MPa. The
material behavior was exponential at stress values within the 0—30 percent strain range. The
behavior of the specimens remained elastic, characterized by a constant slope, which could be
expressed in terms of Young's modulus. The highest Young's modulus value was found to be
560 kPa, and the lowest value was 440 kPa. The analysis indicated that rubber formulas with
the addition of fillers exhibited a higher degree of rubber bond linkage, enhancing the
material's ability to resist high deformation. This resulted in higher Young's modulus and
modulus values. Therefore, the formulation of rubber compound as shown in Table 1 was
chosen for the production of cow shoes. In the step of cow shoeing, the cow shoes were
adhered to the cow hooves with rubber adhesive, as illustrated in figure 1.

Table 1. Formulation of rubber compounding

Ingredients Parts per Hundred (phr)
STR5L 100
Carbon black 40
Stearic acid 15
Zn0 3
Wingstay L 1
MBT 2
Sulphur 2.5
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R N

Figure 1. Cow hoof fitted with the invented natural rubber cow shoe.

CONCLUSIONS

The utilization of cow shoes represents a significant advancement in the management
of hoof health in cattle. Through the application of advanced materials and thoughtful design,
these devices offer a practical solution to a pervasive problem in animal husbandry. Continued
research and development are essential to further refine cow shoes, ensuring they meet the
evolving needs of the industry. Future studies should focus on long-term impacts, cost-benefit
analyses, and the exploration of new materials to enhance the effectiveness and accessibility
of cow shoes for farmers globally.
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ABSTRACT

Propolis is produced by Apis mellifera that has the biological activities. Propolis extract
has powerful to antioxidant and destroy cancer cell lines. The objectives of this study were to
investigate chemical substances of the propolis from Chiang Mai Province, Thailand by using
HPLC-DAD and evaluate its antibacterial activity. HPLC system used ZORBAX Ecilpse Plus
C-18 column. The mobile phase consisted of acetonitrile and 0.4 % acetic acid in water. It was
found that the ethanolic extract of propolis contained caffeic acid in a quantity of 0.003 mg/g,
with a retention time (RT) of 7.1 minutes. The antibacterial activity was examined in different
fractions, including hexane propolis extract (HPE), dichloromethane propolis extract (DPE),
ethyl acetate propolis extract (EAE), and ethanolic extract propolis (EEP). The concentrations
of extracts were used ranging between 12.5 and 100 pg/mL for disc diffusion test. The result
found that HPE did not show any antibacterial activity against 4 bacterial strains. DPE could
inhibit B. cereus, B. subtilis, and S.aureus, while EAE could inhibit B. cereus and S. aureus.
The result for EEP showed antibacterial activity against all strains. EEP contained caffeic acid,
a polyphenol compound that exerted antibacterial effect against both gram-negative and gram-
positive bacteria. Thus, propolis has been clarified an active substance and its biological
activity for further experiment and applications.

Keywords: Antibacterial activities, Cafteic acid, Ethanolic extract, HPLC, Propolis,
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INTRODUCTION

Propolis is a substance-derived from Apis mellifera that honeybees collect resinous
substances in flower plants by using mandibular and sticking resin to legs bee (Marcucci et
al., 1995) Propolis is prepare to close hiving box for chilling (Kumazawa et al., 2003) and
also use to cover enemy carcasses. The folk medicine brought raw propolis to dissolve with
ethyl alcohol which it is called propolis balsam (Burdock, 1998). The ingredient of propolis
could cure some symptoms such as chronic wound, sore throat, and common cold. Nowadays,
propolis is semi-purified and standardized in drug research which it has been reported to kill
microorganisms that evade to our bodies, such as bacteria, viruses, and fungi (Cushnie &
Andrew ,2005). RPHPTLC and RPHPLC is extensively investigated to estimate the important
of red propolis and green propolis (Park et al., 2002). The ester of aromatic acid, polyphenol,
and flavonoids have been quantitated by using GC-MS. It has been studied for natural
ingredients in pharmaceutical science. Recently, it has been claimed that cardanol and cardol
are metabolized substances that have cytotoxic activity toward carcinoma cell lines. The
biological activities of Thai propolis have been reported to scavenge free radicals which
damage cell and induce apoptosis (Teerasripreecha et al., 2012).

The aim of this research was to determine the main component of Thai propolis from
A. mellifera. High performance liquid chromatography (HPLC-DAD) was used to determine
the number of main components in ethanolic extract of propolis (EEP). The antibacterial
activity was examined in different fractions including hexane propolis extract (HPE),
dichloromethane propolis extract (DPE), ethyl acetate propolis extract (EAE), and ethanolic
extract propolis (EEP). Then, antibacterial activity was investigated against four strains of
gram-positive and gram-negative bacteria using disc diffusion method.

MATERIALS AND METHODS
1. Preparation of extract propolis. Propolis was collected from Supafarm, Chiang Mai,
Thailand. Forty grams of fresh propolis was chopped into small pieces and mortar blended in
liquid nitrogen. Propolis were extracted with pure hexane, pure dichloromethane, pure ethyl
acetate, and 70 % (v/v) ethanol in incubator shaker for 24 hours. Suspension was filtrated
through Whatman No.l and then evaporated at temperature 35 “C for hexane and
dichloromethane and at temperature 50 °C for ethyl acetate and ethanol. The extracts were
weighed and kept in refrigerator until use.
2. Analysis of ethanolic extract (EEP) using HPLC-PDA. The chemical compounds in EEP
were analyzed by using HPLC with PDA. EEP samples were dissolved in ethanol (10 mg/ml)
and filtered with a 0.45 uM filter prior to the injection of 10 pl into the instrument.
The HPLC system used was ZORBAX Ecilpse Plus C-18 column (250 % 4.6 mm. i.d., 5 pM.
The mobile phase consisted of acetonitrile (A) and 0.4 % acetic acid in water (B). The
gradient was 15-100% A (0-9 min), 100% A (10-17 min), and 15% A (18-23 min.) at a flow
rate of 1 mL/min. The analysis was performed by PDA detection and UV spectra were
recorded from 245 to 325 nm at a rate of 0.8 spectrum/s and a resolution of 4.0 nm. The
results were represented with chromatogram and quantitated the main components.
3. Antibacterial assay using disc diffusion. Antimicrobial activities of propolis extracts
were investigated by the disc diffusion method. Propolis extracts were diluted under aseptic
conditions and these solutions were loaded on sterile paper discs in diameters. Four discs
were placed on seeded LB agar. Plates were incubated at 37 °C for 24 hrs and then the zone of
inhibition around the discs were measured. DMSO was used as a negative control.
4. Statistics. Data were expressed in mean + SEM for antibacterial test.
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RESULTS AND DISCUSSION
1. Identification of polyphenolic compounds of ethanolic propolis extract.

The compounds of EEP were investigated chemical profiles by using HPLC-PDA. The
authentic standards were gallic acid, p-coumaric acid, caffeic phenethyl ester, caffeic acid and
quercetin. The results were shown in Table 1. Gallic acid was detected at 245, 280, and 325 nm
with retention time of 3.4 min. Caffeic acid, p-coumaric and caffeic acid phenethyl ether
(CAPE) were detected with RT of 7.1 min., 8.0 min., and 11.4 min. Coefficient number (1?)
was 0.9984 in quercetin, 0.9996 in gallic acid, 0.9995 in caffeic acid, 0.9988 in p-coumaric
acid, and 0.9998 in CAPE. Standard curve of quercetin and caffeic acid were shown for r?
calculation (Figure 1 and Figure 2)

Table 1. Assumption of authentic standards.

Authentic standards Time Slope Coefficient number
(min) (r?)
Quercetin 9.2 y=12.476X —5.811 0.9984
Gallic acid 34 y =8.1485X — 12.685 0.9996
Cafteic acid 7.1 y =25.58X-2.4607 0.9995
p-Coumaric acid 8.0 y=25.646X + 13.234 0.9988
CAPE 11.4 y=17.688X —21.053 0.9998
1400
1200 »
3 1000 ¢
=L
E 00
E 500 e y=12.476x - 5.811
ﬁ e o R*=0.9984
” 0 0 40 b0 BO 100 140
[Quercetin] (ppm])

Peak area (mAU)

0 20 40 &0 BD 100 120

) [Caffeicacid] (ppm])
Figure 2. Standard curve of caffeic acid.
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2. EEP samples and HPLC-DAD

Using HPLC techniques was represented directly with the gradient of polar solvent.
The standard refences was used quercetin, caffeic acid, coumaric acid, caffeic phenethyl ester
(CAPE). In figure 3, caffeic acid was peaked in EEP and unidentified at RT 9.2 min. But it did
not have spectrum of quercetin. The quantitative analysis of EEP found caffeic acid with 0.003
mg/g. The peaks were detected at wavelengths of 245, 280, and 325 nm. The chromatogram of
EEP also represent low amount in several compounds that found at 245 nm in Figure 4. Caffeic
acid were found in EEP which is belongs to polyphenol compounds. The same result was
analyzed with Turkish propolis (Bozkus et.al., 2021). Polyphenol is ubiquitous substance in
higher plants. Caffeic acid is found in plant metabolites which is differently synthesized from
p-CA. (Cai et.al.,, 2022). Propolis is formed in much more waxy and solid due to high
temperature. Likewise, an advantage of propolis adhere between combs in wooden boxes. It is
claimed that propolis contains derivatives of p-coumaric acid and ester compounds (Bankova
et.al. 2002).

N (a) 245 nm

100

T T T T
15 5 15 10 125 18 175 ]

Figure 3. The chromatogram of EEP at a wavelength of (a) 245, (b) 280 and (¢) 325 nm.
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Figure 4. The chromatogram of (a) standard solution and (b) EEP at a wavelength of 245
nm
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3. The effect of propolis extract against 4 bacterial strains with disc diffusion method

The different fractions of propolis were carried out for antibacterial activity using disc
diffusion method at concentration of 12.5-100 pg/mL. Hexane propolis extract (HPE) was
mostly consisted of waxes and nonpolar compounds did not kill 4 bacterial strains in this study.
Dichloromethane propolis extract (DPE) showed bactericidal activities to B. cereus, B. subtilis
and S. aureus, except E. coli was no result. DPE inhibited dose dependent with B. subtilis. DPE
has been extracted chemical compounds that have less polar compounds. Ethyl acetate was
hypothesized to contain differ that also mostly polar compounds. Ethyl acetate extract propolis
(EAE) showed more bactericidal effect than hexane propolis extract. It did not similar effect to
dichloromethane propolis extract. However, EEP could inhibit all 4 strains at the concentration
of 100 pg/mL for B. cereus and E. coli, 50 pg/mL for B. subtilis and 25 pg/mL for S. aureus.
According to Sanpa et al.,2017 has been reported Thai 4. mellifera propolis has significantly
against Gram-positive bacteria B. cereus, S. aureus, and S. epidermidis and gram-negative
bacteria. Contrary, it has been reported that hexane extract and dichloromethane extract did not
express antibacterial activity (Pattraporn et al. 2014). Due to the results to clinically spread of
antibiotic resistant strain of MRSA, although drugs have efficient get rid of this strain could be
studied in future.

Table 2. Antibacterial activities of several extracts of propolis.

Propolis extracts  Concent Diameter of zone inhibition (mm.)
rations
of
extracts B. cereus B. subtilis E. coli S. aureus
(ug/mL)
HPE 12.5 6.95+0.78 6.00+0.01 6.30+0.28 6.40+0.57
25 6.55+0.78 6.00+0.01 6.60+0.85 6.55+0.78
50 6.00+0.01 6.00+0.01 6.80+1.13 6.00+0.01
100 6.83+1.13 6.00+0.01 7.35+1.91 6.00+0.01
DPE 12.5 9.75+0.35 7.70+0.42 6.95+0.49 7.35+0.49
25 8.55+0.64 7.15+0.07 6.30+0.42 7.05+0.07
50 9.00+0.01 8.45+0.21 6.30+0.42 8.50+2.12
100 9.55+0.64 8.65+1.20 6.60+0.00 7.75+1.77
EAE 12.5 7.20+0.01 7.15+1.63 6.40+0.57 7.70+£2.12
25 7.05+1.48 6.00+0.01 6.00+0.01 6.65+0.92
50 7.20+0.71 6.00+0.01 6.80+1.13 6.55+0.78
100 7.10+1.56 6.00+0.01 7.30+0.71 7.00+1.41
EEP 12.5 7.15+0.78 7.00+£1.41 6.50+0.28 7.05+1.06
25 8.20+1.13 6.60+0.85 6.75+1.06 8.15+2.62
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Propolis extracts  Concent Diameter of zone inhibition (mm.)
rations
of
extracts B. cereus B. subtilis E. coli S. aureus
(ug/mL)
50 7.80+£0.57  9.55+0.07 6.80+0.00 7.05+1.48
100 10.15£2.05 7.50+1.41 7.60+0.14 7.85+1.20
5%DMSO 6.65+0.91  7.25+0.35 7.00+1.41 6.00+0.01
CONCLUSIONS

Propolis is prepared to ethanolic extract propolis (EEP) that is consist of caffeic acid in
HPLC-DAD. The authentic standards in this experiment are examined with gallic acid, p-
coumaric acid, caffeic phenethyl ester, caffeic acid, and quercetin. HPLC chromatogram has
represented RT of several compounds in EEP. The amount of caffeic acid is estimated about
0.003 mg/g with chromatogram. EEP showed the bactericidal effect with gram-positive and
gram-negative bacteria in disc diffusion method. Dichromethane and ethyl acetate propolis
extract support these biological activities. Hexane propolis extract has been contained nonpolar
compounds. Thus, propolis has clarified an active substance and its biological activity for
further experiment and applications.
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IN SITU PHYSICOCHEMICAL CHARACTERIZATION OF SOIL
SAMPLE AT CHONRADSADRONUMRUNG SCHOOL AND IN VITRO
BIOLOGICAL ACTIVITIES OF ROSE APPLE
(SYZYGIUM JAMBOS) EXTRACT
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1Chonradsadornumrung School, Thailand
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ABSTRACT

The In situ physicochemical factors of soil at Chonradsadornumrung School and /n
vitro biological activities of Rose Apple (Syzygium jambos) ethanolic extracts were
investigated. The results of soil testing showed that there was a significant difference (p<0.05)
in soil pH, relative humidity, and soil temperature that was measured at S5cm and 10cm depth,
except for air temperature (p>0.05). Additionally, the ethanolic extract of Rose Apple
(Syzygium jambos) exhibited an antimicrobial property because it can inhibit the growth of
experimental microbes, e.g., Bacillus subtilis, Escherichia coli, and Rhizopus stolonifer. The
plant also showed an allelopathic activity because it inhibited the growth of Mung beans (Vigna
radiata). These properties of the plant are due to its phytochemicals such as alkaloids, tannins,
phenolic compounds, flavonoids, and leucoanthocyanins. Furthermore, more research will be
conducted to evaluate the other soil parameters and other biological activities of the plant.

Keywords: Biological activity, Physicochemical factors, Phytochemicals, Soil parameter
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INTRODUCTION

The primary goals of the current environmental and biological research are to
determine the physicochemical properties of soil at Chonradsadronumrung School and
evaluate the biological activities of Rose Apple (Syzygium jambos) ethanolic extract such
as the antimicrobial, phytochemical and allelopathic properties. Chonradsadronumrung
school is one of the famous public secondary schools located in the Eastern part of
Thailand that promotes academic excellence. Numerous infrastructures have recently been
constructed on campus to address the issue of a lack of classrooms as well as sports
facilities to improve the students' athletic endeavors. The campus's soil quality could be
significantly impacted by the development, which could also have an impact on the
viability of numerous plants there. In addition, the area where the school is located has
been experiencing drought for several months. As a result, the ground surrounding the
school is completely dry. The current soil quality inside the school must be assessed, hence
soil testing is unquestionably required.

Inside the campus, various plants are thriving and one of them is Rose apple
(Syzygium jambos). Its name comes from its juicy, refreshing fruit that has a light flowery
perfume that is reminiscent of roses. Plants like Rose apple (S. jambos), produce various
substances like secondary metabolites that protect them from microbial pathogens and
abiotic stresses in their environment (Schéfer & Wink, 2009). According to many research,
plants contain some bioactive compounds that are useful to everyone especially in
combatting various diseases like cancer and infections caused by bacteria, fungi, and
viruses that are evolving everywhere with no available medications (Guevara et. al, 2005).
The floras that can be seen every day have powerful constituents that can help us fight
these epidemic diseases. They have secondary compounds like alkaloids that can terminate
tumor cells from dividing, flavonoids that has anti-inflammatory effects, tannins that can
counteract bacterial, viral and fungal growth, and saponins that can inhibit the growth of
cancer cells and has antiparasitic effects.

The situations above prompted the researchers to conduct this environmental and
biological science research entitled “In situ Physicochemical Characterization of Soil Sample
at Chonradsadronumrung School and In vitro Biological Activities of Rose Apple (Syzygium
jambos) Extract. Soil testing aimed to determine the quality of soil in the school. The
antimicrobial screening aimed to assess the potential of the plant to inhibit various types
of microbes. The allelopathy testing aimed to determine the potential of rose apple extract
to inhibit the growth of other plant and whether the soil type from the school can support
the growth of living organisms like mung beans. Allelopathy is a common biological
phenomenon in which one organism produces biochemicals that influence growth,
survival, development, and reproduction of organisms. These biochemicals are known as
allelochemicals and have beneficial or detrimental effects on target organisms (Cheng &
Cheng, 2015). In addition to soil quality testing and allelopathic screening, the researchers
are also looking for strategies to use less chemicals in agriculture. Thailand imports a
number of deadly chemicals that have terrible consequences for both soil and people
(Laohaudomchok et al., 2020). According to studies, the main culprit behind soil
degradation, loss of biomass, and water retention is herbicide (Jie et al., 2002). This
environmental research aimed to find an alternative substance that can be used by the
consumers as natural herbicide that are safe to everyone and no negative impact to the
quality of soil.
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METHODOLOGY
Materials and Equipment

Sabouraud Dextrose Agar, Mueller Hinton Agar, Autoclave, 4 in 1 soil survey
instrument, Ethanol, Mayer’s Reagent, Ferric Chloride, Petri Dishes, Inoculating Loop,
Petroleum Ether
Experimentation and General Procedure Study Site

The study site is located at Bansuan, Chonburi Coastal Area with Latitude of
13°20'59.9"N, and Longitude of 100°58'33.0"E
Survey and Preparation of Materials

The researchers conducted a survey around Chonradsadornumrung School. The soil
near the Emerald pool was chosen as the study site because it is an ideal location for soil testing
and soil sample collection. Following the survey and study site selection,
Chonradsadornumrung School's science laboratory provided the necessary tools and supplies
for analyzing the soil quality.

Soil Quality Testing

In evaluating the soil quality at Chonradsadornumrung School, a number of soil factors
were taken into account, including the air temperature and relative humidity of the study site,
as well as the soil pH, temperature, wetness, texture, consistency, and fertility.
Screening for the Allelopathic Potential of Experimental Plants.

Two methods were used for allelopathy testing namely using the petri dishes to observe
the growth of mung beans and the actual planting on the soil sample from the study site. For
the first method, the petri dishes were sterilized in the autoclave for 15 minutes at 121°C with
15 psi to ensure that the equipment is not contaminated. Filter papers and 3 treatments were
prepared. Control (distilled water) is the first treatment, 100% ethanolic extract of Rose Apple
for the second treatment, and Boiled Rose apple leaves for the third treatment. The filter papers
were soaked in each treatment and then placed in separate petri dishes. Then, 5 Mung beans
were added in each petri dish with certain treatment and were incubated in the room
temperature and observed for 5 days. The length of the shoot and the root of mung beans in
every treatment were measured using the vernier caliper.

For the second method, soil sample from the study site was placed in 9 holes of a
seedling tray. Three holes were prepared for the 3 treatments (Control, 100% ethanolic extract,
and boiled extract of Rose apple). After this, 3 mung beans were planted in each hole with soil
and watered with the control and experimental substance. For 5 days each set-up was added
with SmL of each treatment to ensure that enough substances are received by the mung beans.
After 5 days of observation, the researchers measured the growth of mung beans in each
treatment using the vernier caliper.

Agar Diffusion Test/Kirby-Bauer Antibiotic Testing/ Antibacterial Screening

The pure bacterial cultures of Bacillus subtilis and Escherichia coli was purchased from
Thailand Institute of Scientific and Technological Research. The 2 bacterial samples were used
to determine the antibacterial property of the plant. Standard disc diffusion agar method from
the book of Engelkirk et al., 2019 and Burton & Engelkirk, 2004 was employed for this test.
Mueller Hinton Agar (MHA) was used as the culture media for the antibacterial test. Moreover,
six treatments with 3 replications were used in this process and the zone of inhibition was
measured after 24 hours.

Agar Diffusion Test/Antifungal Screening

Agar diffusion test using the Sabouraud dextrose agar (SDA) was used to evaluate the
potency of the selected plant in inhibiting the growth of the two experimental fungi-yeast
(Saccharomyces cerevisiae) that was purchased from the market, and Black bread mold
(Rhizopus stolonifer) that was grown for 5 days, using expired bread. There were 6 treatments
used in this test with 3 replications. After 24 hours, the zone of inhibition of each treatment for
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S. cerevisiae was observed and measured with the use of the Vernier Caliper. Whilst the result
for R. stolonifer was observed and measured after 3 days.
Phytochemical Screening

Phytochemical screening procedures from the book of Guevara, 2005 were applied to
evaluate the presence of the secondary compounds responsible for allelopathic activity of the
plant like Alkaloids, Saponins, Tannins, Phenolic Compounds, Flavonoids, and
Leucoanthocyanins.

RESULTS AND DISCUSSION
Table 1. Average results of soil parameters measured at Chonradsadornumrung School.

ate and Time 3Jan. 2023 5Jan. 2023 19Jan. 2023 20 June 2023 27 June 2023
(14:50) (15:00) (16:30) (16:00) (16:00)
Parameters

Soil pH 7.5 7.5 7 7.42 7.45

Soil  Temperature 31 31.67 32.66 35.67 33

°C (5cm)

Soil  Temperature 31.67 31.67 32.66 36 34

°C (10 cm)

Relative Humidity 44.67 38.33 38.67 52.33 63.33

(%)

Air  Temperature 30.33 31.3 29.23 30.93 30.37

(°C)

Soil Color Grayish Grayish Grayish Brown Brown

brown brown brown

Soil Structure Granular Granular Granular Granular Granular

Soil Texture Sandy clay  Sandy clay Sandy clay Sandy clay Sandy clay
loam loam loam loam loam

Soil Fertility Too little Too little Too little Ideal Ideal

Soil Moisture Dry Dry Dry Wet Wet

70
60 / —— Soil pH
50 %

40 = —ch —— Soil Temperature- 5cm
30 =y * (2¢)
20 nnr 20 S0il Temperature-
10 4 . . 10cm (2C)
0 T T T T T T T T T T T T
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v 9 4 4 4 9 4 9 4 v 43 v 43
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Figure 1. Average results of all soil parameters measured at Chonradsadornumrung School.

Table 1 and Figure 1 shows the average results of all soil parameters measured at
Chonradsadronumrung School, Chonburi, Thailand. These results were summarized after 5
series of experiments that started from 3 January 2023 to 27 June 2023. The average soil pH
ranges from 7-7.5, soil temperature at depth of 5 cm ranges from 31-3 °C, soil temperature at
depth of 10 cm ranges from 31.67-36 °C, relative humidity ranges from 35.67-63.33%, and air
temperature ranges from 29.23-31.3 °C. The soil tested from the experimental site also possess
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the following characteristics: grayish brown color, granular soil structure, sandy clay loam
texture, loose consistency, and dry.

One-way ANOVA was used to determine if there is significant difference in all soil
parameters measured quantitatively at Chonradsadornumrung School. It was found that the p-
value corresponding to the F-statistic of one-way ANOVA is lower than 0.05 for soil pH,
relative humidity, and air temperature, suggesting that the one or more treatments are
significantly different. For water soil temperature measured at 5 cm and 10 cm depth, the p-
value corresponding to the F-statistic of one-way ANOVA is higher than 0.05, suggesting that
the treatments are not significantly different. It means that there were no significant changes in
the soil temperature measured over 4 consecutive times from the sampling site.

Results of the Antimicrobial Screening
Table 2. Average growth inhibition of various Rose apple ethanolic leaf extracts against
Bacillus subtilis, Escherichia coli, Saccharomyces cerevisiae, and Rhizopus stolonifer.

Treatments B. subtilis E. coli S. cerevisiae  R. stolonifer
(mm) (mm) (mm) (mm)

+ Control (Doxycycline) 48.27 48.23 29.90 34.40

- Control (Distilled Water) 0 0 0 0

100% Rose apple 17.82 25.90 0 19.53

70% Rose apple 12.70 20.70 0 14.83

50% Rose Apple 15.07 14.80 0 10.90

20% Rose Apple 8.33 11.07 0 17.10

Table 2 shows the average results of the antimicrobial screening using the ethanolic
extracts of Rose Apple (S. jambos) against, B. subtiilis, E. coli, S. cerevisiae, and R. stolonifer.
It can be seen from the results that the ethanolic extracts of the plant are effective in inhibiting
the growth of the experimental bacteria and R. stolonifer. However, the extract cannot inhibit
the growth of S. cerevisiae. Among the treatments, 100% ethanolic extract of Rose apple is the
most effective agent in inhibiting the growth of the abovementioned microorganisms because
it exhibited the greatest zone of inhibition. Statistical analysis revealed that the p-value
corresponding to the F-statistic of one-way ANOVA was lower than 0.05, suggesting that one
or more treatments were significantly different. Thus, the alternative hypothesis has to be
accepted because the plant is an effective agent in inhibiting the growth of experimental
microorganisms.
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Figure 2. Results of the antibacterial screening using the ethanolic extract of Rose Apple
against B. subtilis and E. coli.

Figure 3. Results of the antifungal screening against S. cerevisiae and R. stolonifer.

Results of the Allelopathic Screening

Allelopathic Activity of Rose apple Extract

=== Replication 1 «={il== Replication2

== Replication3

Growth of Mung Beans

Control 100% Rose Apple Ethanolic Extract Boiled Rose Apple Extract

Figure 4. Results of the allelopathic screening on the growth Mung Beans (Vigna radiata).
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Figure 5. Results of Allelopathic Test after 5 days observation.

Figure 4-5 shows the results of the in vitro allelopathic screening of the 100% ethanolic
and boiled extracts of Rose apple against mung beans. It can be seen clearly that among the 3
treatments, the growth of mung beans can only be observed in the control set-up and boiled
extract of Rose apple. Hence, the alternative hypothesis has to be accepted because the
ethanolic and boiled extracts of the plant are effective allelopathic agent in inhibiting the
growth of mung beans after 5 days observation. The result of ANOVA showed that the p-value
corresponding to the F-statistic was lower than 0.05, suggesting that the treatments were
significantly different. With this, the alternative hypothesis has to be accepted since the extracts
are effective allelopathic agent in inhibiting the growth of mung beans.

7]
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g Allelopathic Activity of Rose apple Extract

M 15

(=)}

g =g Replication 1 === Replication2 ===t=== Replication3
2 10

S

© s

=

z

e ¥ |

(3 Control 100% Rose Apple Ethanolic Extract Boiled Rose Apple Extract

Figure 6. Results of the allelopathic screening on the growth Mung Beans (Vigna radiata)
planted in soil sample from Chonradsadornumrung School.

Figure 7. Results of allelopathic test after 5 days observation. C-Control group, RA-Rose
Apple Ethanolic Extract, RAW-Boiled Extract of Rose Apple.
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Figure 6-7 show the results of the allelopathic screening of the 100% ethanolic and
boiled extracts of Rose apple against mung beans that were planted in the soil sample taken
from Chonradsadronumrung School. It can be seen clearly that among the 3 treatments, the
growth of mung beans can only be observed in the control set-up. The ethanolic and boiled
extracts of rose apple inhibited the growth of mung beans. Hence, the alternative hypothesis
has to be accepted because the ethanolic and boiled extracts of the plant are effective
allelopathic agent in inhibiting the growth of mung beans after 5 days observation. According
to the result of statistical analysis, the p-value corresponding to the F-statistic of one-way
ANOVA was lower than 0.05, suggesting that the treatments were significantly different. With
this, the alternative hypothesis has to be accepted since the extracts are effective allelopathic
agent in inhibiting the growth of mung beans.

Table 3. Phytochemical constituents of Rose Apple (Syzygium jambos)

Phytochemicals Rose Apple
(Syzygium jambos)
Alkaloids +
Saponins -
Tannins +
Phenolic Compounds +
Flavonoids +
Leucoanthocyanins +

Table 3 shows the observations done by the researchers during the phytochemical
screening of the ethanolic extract of Rose Apple (S. jambos). After conducting various tests, it
was found out that the leaves of the plant are positive for alkaloids, tannins, phenolic
compounds, flavonoids, and leucoanthocyanins. These secondary compounds of the plant are
responsible for its antimicrobial activities and allelopathic potential against mung beans.

DISCUSSION

The results of field measurement, and ANOVA showed that there was a significant
difference in some soil parameters measured at Chonradsadornumrung School, such as soil pH,
relative humidity, and soil temperature (5 cm and 10 cm depth) but there was no significant
difference in the air temperature. The acquired data is pertinent to various studies that claims
that the physical characteristics of soil are largely fixed and won't change over time. These
characteristics are crucial for the soils' long-term productivity. The main factors that can
contribute to changes in soil health are soil organisms, including the abundance and diversity
of bacteria, fungi, and nematodes, as they respond sensitively to anthropogenic disturbance. In
allelopathy test, it was found out that soil from Chonradsadornumrung School can still support
the growth of plants. It shows that anthropogenic activities and drought season did not affect
the quality of the soil inside the campus.

Research done by many researchers revealed that plants produce natural products or
secondary metabolites with a prominent function in the protection against predators and
microbial pathogens on the basis of their toxic nature and repellence to herbivores and microbes
and some of which also involved in defense against abiotic stress and also important for the
communication of the plants with other organisms (Schifer & Wink, 2009). The existence of
biologically active phytochemicals such as alkaloids, flavonoids, steroids, saponins, and
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terpenoids in the plants makes them medicinally important. Furthermore, plant bioactive
compounds, also called allelochemicals, act as pesticides and can be effectively used for weed
management in field crops (Ballhorn et al., 2009). The experimental plant possessed different
kinds of secondary compounds like alkaloids, tannins, phenolic compounds and flavonoids
having allelopathic properties. Theses allelochemicals are used by the plant as potent
allelopathic agent for intraspecific and interspecific competition within their habitat (Guevara,
2005). These are the valuable reasons why rose apple extract can inhibit the growth of bacteria,
fungi, and mung beans. Moreover, the secondary substances possessed by the experimental
plant helps them thrive despite of biotic and abiotic stressors from the environment (Ballhorn
et al., 2009).

This is why there are Rose apple plants that can grow inside the campus that contains
valuable substances that can be used as antimicrobial and allelopathic agents.

CONCLUSIONS
Based on the experimentations, results and gathered data, the researchers concluded
that:

1. there are significant differences (p<0.05) in soil pH, soil temperature, and relative
humidity except for air temperature (p>0.05).

2. the ethanolic extracts of Rose Apple (S. jambos) exhibited an antimicrobial property
because it can inhibit the growth of B. subtilis, E. coli, and R. stolonifer.

3. the plant showed an allelopathic activity because it inhibited the growth of Mung beans
(V. radiata).

4. secondary compounds such as alkaloids, tannins, phenolic compounds, flavonoids, and
leucoanthocyanins are present in the ethanolic extract of Rose apple (S. jambos).

ACKNOWLEDGMENTS

The researchers of the study would like to acknowledge the following for making this
science project possible.

First of all, the researchers want to thank the Lord our God for giving them the
opportunity to conduct this study and to keep all of them safe during the experiments.

Second, the researchers would like to express their profound gratitude to Ms. Rawadee
Meesuk, Head of CRU English Program, for her support and for supplying all the laboratory
equipment and chemicals they need for their research.

Third, the researchers would like to thank their Science teacher Mr. Marvin Servallos,
for his guidance towards the completion of the study and for letting them use the school’s
laboratory and all of its laboratory chemicals and equipment.

Fourth, the researchers would like to express their gratitude to their parents for allowing
them to conduct this study and for their unwavering support.

REFERENCES

Ballhorn, D. J., Kautz, S., Heil, M., & Hegeman, A. D. (2009). Cyanogenesis of Wild Lima
Bean (phaseolus lunatus L.) is an efficient direct defence in nature. PLoS ONE, 4(5).
https://doi.org/10.1371/journal.pone.0005450

Burton, G. R. W., & Engelkirk, P. G. (2004). Microbiology for the Health Sciences.
Lippincott Williams & Wilkins.

Cheng, F., & Cheng, Z. (2015). Research progress on the use of plant allelopathy in
agriculture and the physiological and ecological mechanisms of allelopathy. Frontiers
in Plant Science, 6. https://doi.org/10.3389/fpls.2015.01020

Engelkirk, P. G., Duben-Engelkirk, J. L., & Burton, G. R. W. (2019). Burton's microbiology
for the Health Sciences. Wolters Kluwer Health/Lippincott Williams & Wilkins.

53



Oral Presentation

2 .;‘Ff ﬁ
o\ Iy]U The 4 National and The 2" International MJU-Phrae Conference
2024 Maejo University Phrae Campus, July 19, 2024

Guevara, B. Q. (2005). A guidebook to plant screening: Phytochemical and biological.
University of Santo Tomas Publishing House.

Jie, C., Jing-zhang, C., Man-zhi, T., & Zi-tong, G. (2002). Soil degradation: A global
problem endangering sustainable development. Journal of Geographical Sciences,
12(2), 243-252. https://doi.org/10.1007/bf02837480

Laohaudomchok, W., Nankongnab, N., Siriruttanapruk, S., Klaimala, P., Lianchamroon, W.,
Ousap, P., Jatiket, M., Kajitvichyanukul, P., Kitana, N., Siriwong, W., Hemachudhah,
T., Satayavivad, J., Robson, M., Jaacks, L., Barr, D. B., Kongtip, P., & Woskie, S.
(2020). Pesticide use in Thailand: Current situation, health risks, and gaps in research
and policy. Human and Ecological Risk Assessment: An International Journal, 27(5),
1147-1169. https://doi.org/10.1080/10807039.2020.1808777

Schéfer, H., & Wink, M. (2009). Medicinally important secondary metabolites in

recombinant microorganisms or plants: Progress in alkaloid biosynthesis.
Biotechnology Journal, 4(12), 1684-1703. https://doi.org/10.1002/biot.200900229

54



Oral Presentation

! <
o\ Iy]UP The 4 National and The 2" International MJU-Phrae Conference
2024 Maejo University Phrae Campus, July 19, 2024

ERI SILK (SAMIA RICINI) PROPERTIES AND ITS
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ABSTRACT

The eri silkworm (Samia ricini) is a polyphagous complete metamorphosis insect.
There is limited knowledge among Thai farmers about this insect. It can be reared in
approximately a month per crop using two main primary host plants, cassava and caster leaves.
This project aims to investigate the properties of Eri silk compared to those of the mulberry
silk (Bombyx mori) using thermogravimetric analysis (TGA) on both raw and degummed
cocoons. The study also determined the tensile strength of Eri silk and utilize the Eri silk yarn
for weaving the prototype product. Sampled Eri cocoons were harvested, the thermal stability
was measured. The remaining cocoons were transformed into silk yarns by two conventional
methods: (1) hand spun silk like cotton spinning, and (2) reeled from fresh cocoons. The tensile
strength of these two prototype yarns was measured, and they were used as weft lines for fabric
and scarf weaving before being transferred to community weavers. The TG thermogram of
decomposition of degummed Eri silk and mulberry silk yarns (sericin free) was revealed
through a two-step process; (1) at about 100 °C (water evaporation), and (2) at about 200 °C
(the loss of coordinated water and decomposition of silks). Additionally, the experiment
revealed that the mulberry silk yarns had lower thermal stability than Eri silk yarns. The
derivative thermogravimetry (DTG) indicated that the Eri silk yarn had a higher thermal
stability at 378 °C than mulberry silk yarns at 350 °C. In conclusion, the Eri silk has stronger
fibers, which could be used for making unique products in the communities.

Keywords: Eri silk, Samia ricini, Spun silk, Thermal stability, Woven products

IN-0-07

55


mailto:chirapha_b@msu.ac.th

Oral Presentation

L —
J ’ Iy]UP The 4 National and The 2" International MJU-Phrae Conference
2024 Maejo University Phrae Campus, July 19, 2024
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ABSTRACT

Propolis is a resinous natural substance collected by bees from plants exudations and
mixed with bee saliva. In this study, the ethanolic extracts of the Brazilian and stingless bee
propolis were examined for the total phenolics, total flavonoid contents and the antioxidant
activities by using DPPH radical scavenging using non-thermal plasma as a pretreatment. The
results demonstrated that the total phenolics and flavonoid contents of stingless bee propolis
were significantly increased after non-thermal plasma pretreatment at the argon flow rate of
0.5 Litre per minute for 15 and 30 min. The propolis extract had about two times higher
phenolics (680.72 + 13.86 mg GAE/g extract) and flavonoids (61.63 £ 3.86 mg QUE/g extract)
after plasma pretreatment for 30 and 15 min, respectively. Total phenolics and flavonoid
contents of the Brazilian propolis extract were also enhanced in the samples pretreated by
plasma but the differences were not statistically different. The antioxidant ability of each
extract was analyzed by their concentration having 50% inhibition (ICso). The plasma treated
Brazilian propolis extract for 15 min showed higher percent inhibition by having ICso 18.12
pg/ml whereas plasma treated stingless propolis showed lower percent inhibition by having
ICso 130.15-153.09 pg/ml. The results obtained demonstrated that non thermal plasma has
potential to enhance the extraction of active compounds from propolis.

Keywords: Non-thermal plasma pretreatment, Propolis, Total phenolics, Antioxidant
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SELECTIVE ADSORPTION FOR (-)-EPIGALLOCATECHIN
GALLATE AND CAFFEINE BY RICE HUSK ASH MODIFIED WITH
DIFFERENT ORGANIC AMINE GROUPS
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ABSTRACT

Amine-functionalized rice husk ash (RHA-NH>) with different organic amine groups
were prepared and characterized, and then applied to selectively separate (—)-epigallocatechin
gallate (EGCG) and caffeine (CAF). The RHA—-NH; were synthesized successfully via post
grafting method using (3-Aminopropyl)-triethoxysilane (APTES), [3-(2-Aminoethylamino)
propyl]-trimethoxysilane (AEA) and 3-[2-(2-Aminoethylamino)ethylamino]
propyltrimethoxy silane (AEEA) as amine group precursors. Characterization analysis
revealed that RHA-NH; possessed an amorphous silica structure with an amine group
incorporated into their surface. Moreover, they possessed a high surface area and pore
volume, making them an efficient adsorbent. According to the adsorption results, the RHA -
NH> adsorbents exhibited the selective adsorption of EGCG more than CAF. In addition, the
RHA-NH: functionalized with AEEA exhibited effectiveness for EGCG and CAF removal.
The maximum adsorption capacity of this RHA-NH>-AEEA for EGCG and CAF were 39.73
and 1.89 mg/g, respectively. The RHA-NH>-AEEA was an interesting adsorbent to separate
EGCG and CAF in green tea solution.

Keywords: Amine-functionalized rice husk ash, Amine, (-)-Epigallocatechin gallate,
Caffeine, Adsorption
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CIPROFLOXACIN REMOVAL FROM AQUEOUS MEDIUM USING
CHITOSAN-BASED HYDROGEL OF ACTIVATED CARBON/FeO
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ABSTRACT

The use of chitosan-based hydrogel of activated carbon/FeO composite (CH-Act.
C/FeO) as an adsorbent for antibiotic ciprofloxacin (CIP) removal from the aqueous medium
was studied. The CH-Act. C/FeO composite was prepared using chitosan as a precursor, which
then cooperated with polyvinyl alcohol (PVA) and polyvinylpyrrolidones (PVP), stimulating
the polymerization reaction to encapsulate the activated carbon. This composite also added
FeO to the mixture to enhance the strength of the chitosan-based hydrogel adsorbent. The CH-
Act. C/FeO composite exhibited an amorphous carbon structure incorporated with FeO and
possessed a high BET surface area of 240.5 m? g’!. In addition, it revealed higher stability in
aqueous compared to the composite hydrogel material without adding FeO but showed lower
swelling in the aqueous solution. Moreover, its adsorption capacity for CIP was 75 mg/g.
However, this material could be further studied in a continuous fixed bed for real wastewater
applications to remove CIP.

Keywords: Chitosan, Hydrogel, Activated carbon, FeO, Ciprofloxacin
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ABSTRACT

Durian (Durio zibethinus) is one of the most economically important fruits in Thailand.
Most of the durian orchards are located at the eastern and southern parts of Thailand, which
usually have high rainfall and pathogen outbreaks. The extensive use of chemical fungicides
causes the emergence of resistant pathogens, therefore, a new chemical with potent fungicide
activity should be introduced. In this study, the silver nano-chito oligomer or Osil was used to
evaluate the antifungal activity. The fungus was isolated by using tissue transplanting technique
from durian branches which showed dieback disease symptom. The morphological and DNA
ITS analyses showed that this fungus was F. solani, and it showed carbendazim resistant
property. The antifungal activity was carried out by Poison Food Technique. Results revealed
that the ICso values of Osil and carbendazim against F. solani were 0.52 £ 0.01 and 2.45 £ 0.55
% (v/v), respectively. The MIC and MFC values of Osil were 2.5 and 10% (v/v), respectively,
but carbendazim could not provide these values. The results confirmed that Osil is a more
potent fungicide than carbendazim. Osil is a promising fungicide and can be applied in durian
orchards for plant pathogen management and plant protection.

Keywords: Fusarium, Osil, Hybrid solution, Silver nano-chito oligomers
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INTRODUCTION

Durian (Durio zibethinus) is one of the most economically important fruits in Thailand.
The export value of durian is increasing each year, which reaches USD 3,219.42 million in
2022 (Abhasakun, 2023). Eastern and southern parts of Thailand are main planting areas of
durians (Pokterng and Kengpol, 2010). These regions of Thailand have high rainfall, which
are conducive to pathogens outbreaks. The root rot, stem rot, fruit rot, and dieback commonly
occurred, usually resulting in 20-25% loss of durians (Drenth and Guest, 2004, Chapter 2).
The disease management is usually involved in using fungicides such as carbendazim,
validamycin, propineb, difenoconazole hexaconazole and mancozeb (Bunphum et al., 2019).

The extensive use of fungicides can cause the emergence of resistant fungal pathogens
(Bunphum et al., 2019; Kongtragoul, 2018; Shuaib et al., 2020). New chemicals are required
to fight against this problem. It has been accepted extensively that silver nanoparticles
(AgNPs) are a good candidate to apply for inhibiting various microorganisms due to its facile
synthesis using various biological, chemical and physical methods (Kumar-Krishnan et al.,
2015; Quintero-Quiroz et al., 2019; Shuaib et al., 2020). Another candidate is chitin/chitosan
and its oligomers. Chitin/Chitosan/Chito-oligomers are polysaccharides made from the shells
of crustaceans such as shrimp and crabs. They also show good antimicrobial activity
(Razazadeh et al., 2020). Recently, several reports have used various synthesis techniques to
generate Chitosan/AgNPs nanocomposites, and they show great antibacterial, antifungal,
antibiofilm activities (Huq et al., 2022). Hence, a combination of chitosan oligomers and
silver nanoparticles might be a promising solution to fight against resistant plant pathogens.
The purpose of this research was to study the antifungal activity of silver nano-chito
oligomers, Osil, against carbendazim-resistant Fusarium solani isolated from durians.
Promisingly, it may pave the way for plant pathogen management and plant in durian
orchards.

METHODOLOGY

1. Materials

The Silver nano-chito oligomer hybrid solution (Osil) was kindly provided by
NAVATECH (Thailand) Co., Ltd. Potatose dextrose agar (PDA) was from Himedia (India).
The fungicide carbendazim was purchased from local supplier.
2. Isolation of fungi from durian and molecular identification of fungi

Branch samples of durians showing dieback disease symptom were collected from
durian orchards from Chumporn province, Thailand. The samples were cut into small pieces
by sterile scalpel before surface sterilization in 10% (v/v) NaOCI solution for 5 min. The
samples were then sterilized again in 5% (v/v) NaOCl solution for 5 min, rinsed three times
with sterile distilled water and air dried on sterile paper sheets. The sterile samples were
placed onto PDA and incubated at 30 °C for 4-7 days, until fungal growth. The tip of the
fungal mycelium was cut and transferred to a new PDA plate. This step was repeated until
uniformed mycelium was obtained. The purified fungal mycelium was checked again under
microscope. The purified fungal mycelium was sent to Macrogen, Inc (Seoul, South Korea)
for molecular identification using ITS primers.
3. Antifungal activity assay

The relative inhibition activities of carbendazim and Osil was performed by Poisoned
Food Technique as described by Hernandez-Ceja et al. (2021). Ten milliliter of 2 and 10%
(v/v) of carbendazim or Osil was added into 90 ml molten sterile PDA to obtain tested
substances with final concentrations of 0.2 and 1% (v/v), respectively. Then, the molten PDA
containing tested substance was poured onto the sterile petri dish. After solidification, the
mycelial discs (1.2 cm in diameter) of F. solani were placed on the center of PDA plates. The
plates without Osil were used as a negative control. The plates were incubated at 30 °C for 7
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days. Relative antifungal activity was calculated from the equation: (Dn-Ds)x100/Dn, where
Dn and Ds represent the diameters of fungal mycelium growth in negative and tested PDA
plates, respectively. Each test was performed five replicates, and results were analyzed for
statistical significance by t-test at p = 0.05.

The 50% inhibition concentration (ICso), minimal inhibition concentration (MIC) and
minimal fungicidal concentration (MFC) studies were also carried out using Food Poisoning
Technique. For ICsg calculation, the different concentrations of Osil ranging from 0.78 to 10%
(v/v) or 0.002 to 9.09% (v/v) of carbendazim were added into PDA plates. The relative
inhibitions were calculated as described above, and then were used to calculate the ICso value
by fitting with the nonlinear regression dose response curve [log(inhibitor) vs. response-
variable slope (four parameters) equation] in GraphPad Prism program (GraphPad Software
Inc., San Diego, CA, USA). For the determinations of MIC and MFC, the methods were
performed as described by Gakuubi et al. (2017). The lowest concentration of tested substance
in PDA plate showing no mycelial growth was MIC. The inhibited mycelial discs were
reinoculated onto freshly prepared PDA. After incubation at 30 °C for 3 days, the PDA plate
with no mycelium growth occurred was taken as MFC.

RESULTS AND DISCUSSION

1. Isolation and molecular identification of fungi

The branch samples of durians, which showed dieback disease symptom, were used for
fungal isolation by using tissue transplanting method. After subculturing the mycelium 2-3
times, the uniformed mycelium was obtained (Figure 1A and B). The fungus showed white
cottony colony, but its undersurface turned yellow when the fungus grew older. The fungus had
2 different sizes of conidia, microconidia and macroconidia (Figure 1C). The microconidia had
a clavate shape with 0 to 2 septa. The macroconidia showed slightly curved conidia with 4 to
6 septa, and both ends were pointed. The DNA identification using ITS primers revealed that
this fungus was Fusarium solani.

Figure 1. Colony and spore morphology of F. solani on PDA on day 7 of incubation. (A)
upper surface, (B) under surface, (C) micro- and macroconidia.

2. Relative inhibition, MIC and MFC of Osil

The relative inhibition activities of carbendazim and Osil were performed by using
Poison Food Technique. The preliminary inhibition study of carbendazim against F. solani
showed that 0.005% (v/v) carbendazim, which was the concentration mainly used as a positive
control in the inhibition study (Bussaman et al., 2012; Frac et al., 2016), could not inhibit the
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mycelial growth of the fungi (data not shown). £ solani could grow in PDA containing 0.2 and
1% (v/v) carbendazim, having percent relative inhibition of 25.74 £+ 1.29 and 48.42 + 0.63%,
respectively (Table 1). Fungicide sensitivity analysis following criteria of Peres et al. (2004)
revealed that F. solani isolated in this study showed high resistance to carbendazim. At 0.2%
(v/v) concentration, carbendazim showed higher inhibition activity than that of Osil. In
contrast, it gave lower inhibition activity than that of Osil at 1% (v/v) concentration. The MIC
and MFC were also performed by Poison Food Technique. The results showed that only Osil
could provide the MIC and MFC values (Table 2).

Table 1. Average percent relative inhibition of carbendazim and Osil against F. solani.

Average relative inhibition (%)*

Substance
0.2 % (v/v) 1% (v/v)
Carbendazim 25.74 £1.292 48.42 +0.63?
Osil 21.05+0.51° 72.88 £ 0.36°

* Different letters in the same column represent significantly difference at p = 0.05.

Table 2. The ICso, MIC and MFC values of carbendazim and Osil against F. solani.

Substance ICso (% v/v) MIC (% v/v) MFC (% v/v)
Carbendazim 2.45+0.55 ND ND
Osil 0.52 +0.01 2.5 10

ND, no inhibition activity detected.

3. Determination of ICso value

Nine to 14 values of percent relative inhibition of substances were used to calculate the
ICso value (Table 2 and Figure 2). Results showed that Osil gave 4.71-fold lower ICso value
than that of carbendazim, indicating Osil being more potent fungicide than carbendazim.

Fusarium solani + Carbendazim Fusarium solani + Osil
100+ 1004 e °

= z /
c 80 c
2 S
3 60- 3
£ . £
o 40 o
> >
= kS
B L] 20+ °
(74 O (74

I T T T T 1 r T 1

-4 3 2 -1 0 1 2 2 1 2

Log [Carbendazim] Log [Osil]

Figure 2. Non-linear regression dose-response plot determining the ICso values of
carbendazim and Osil.
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Carbendazim is one of benzimidazole derivatives, which has wide range of biological
activities such as anticancer, antiviral, antibacterial, antifungal and antioxidant (Tuncbilek et
al., 2009). Due to its broad-spectrum antimicrobial activity, carbendazim has been used for
controlling fungal pathogens in several plants worldwide. Carbendazim inhibits fungal growth
by binding tubulins, which are protein important for microtubule assembly, resulting in fungal
cell division failure and cell death (Zhou et al., 2016). However, the repeated and intensive
uses of carbendazim have promoted emergence of resistant fungal strains (Xu et al., 2019). It
has been shown that the mechanism of carbendazim resistance involved the mutations at
carbendazim binding site of B-tubulin subunit as well as other mutation affecting B-tubulin
structural changes (Ma & Michailides, 2005; Vela-Corcia et al., 2018).

Several studies have reported the emergence of fungal strains resistant to fungicides in
durian orchards, Thailand such as dimethomorph, fosetyl-Al, metalaxyl and mancozeb-
resistant Phytophthora spp. (Kongtragoul, 2018), carbendazim-resistant Phomopsis spp.
(Bunphum et al., 2019). In the current study, the carbendazim-resistant F. solani was isolated
from durian orchards from Chumporn province, Thailand. Fungicide sensitivity analysis
following the criteria of Peres et al. (2004) revealed that this fungus was a highly resistant strain
(HR). It might contain mutations at the carbendazim binding site of 3-tubulin subunit, or it
might have mutation which caused structural change of B-tubulin. Carbendazim could not bind
B-tubulin and inhibit fungal growth. Detailed analysis will be carried out to characterize the
mechanism underneath the carbendazim resistance.

In this study, a new substance, Osil, was introduced to fight against the resistant fungal
strain which infected durian tree. Osil is hybrid solution of silver nanoparticles (AgNPs) and
chito-oligomers. Both substances are known to have great antimicrobial activity against
viruses, bacteria, and fungi. The antifungal activity of AgNPs was due to the inhibition of
mycelial growth and conidial germination, degradation of cell walls and membranes, protein
disruption and production of reactive oxygen species (ROS) (Jian et al., 2021). The inhibition
mechanism of AgNPs involves several mode of actions such as mycelial growth and spore
gemination inhibitions, change of membrane permeability and mycelial morphology, and
disruption of energy metabolism (L1 et al., 2022). In the case of chito-oligomers, it has been
proposed that the high molecular weight chito-oligomers act by forming polymer membrane
on the surface of the cell, blocking the entry of nutrients and oxygen into cells, or affecting the
cell membrane permeability. The smaller molecular weight chito-oligomers can penetrate cells
and inhibit RNA transcription from DNA (Ardean et al., 2021).

A combination of AgNPs and Chito-oligomers could provide better antimicrobial
action. It has been revealed that the chitosan/AgNP bionanocomposites showed 200-fold higher
antibacterial activity than that of chitosan/Siver nitrate against Staphylococus aureus and
Escherichia coli (Kumar-Krishnan et al., 2015). Moreover, Razazadeh et al. (2020) found that
the chitosan/AgNPs provided higher bactericidal activity than chitosan and AgNOs3 solutions.
From these results, Chitosan/AgNPs is a promising substance for applications especially in
agricultureal sector. Due to its great antimicrobial action, chitosan/AgNPs could be used for
plant disease management and crop protection (Kale et al., 2021). In the current study, the
chito-oligomers/AgNPs (Osil) was used to inhibit the fungal growth of carbendazim-resistant
F solani. Osil, being a potent antifungal agent, may serve as an alternative to carbendazim to
control plant pathogens effectively in durian orchards in the future.
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CONCLUSIONS

The branch samples of durian trees showing dieback disease symptom from durian
orchards in Chumporn province, Thailand, was collected and performed fungal isolation using
tissue transplanting method. The morphological and DNAITS analyses showed that this fungus
was F. solani. This fungus showed carbendazim resistant property. Application of Osil, silver
nano-chito oligomer hybrid solution, could inhibit the growth of F. solani with an 1Cs¢ value
0f' 0.52 £ 0.01% (v/v). Osil showed better fungicidal action, as it had 4.7-fold lower ICso value
than that of carbendazim (ICso value = 2.45 + 0.55% (v/v)). Osil showed the MIC and MFC
values of 2.5 and 10% (v/v), respectively, while carbendazim could not provide these values.
These results indicate that Osil is a more potent fungicide than carbendazim and might be
applied for plant pathogen management and plant protection in durian orchards.
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ABSTRACT

Controlling the color of ornamental aquatic creatures plays an important role in their
cultivation to satisfy market demands. Incorporating pigments into fish feed is essential for
enhancing the coloration of the fish. Hence, the objective of this study was to create protein
feeding pellets with red pigment derived from the Monascus fungi. Four formulations of
protein pellets were assigned: a control group (no pigments), protein feed mixed with mold
pigments at concentrations of 5, 10, and 20 g/kg, respectively. The findings indicated that the
protein feed pellets, when combined with the fungus in each formulation, had weights of
3.12+0.16, 3.13£0.20, 3.28+0.23, and 3.29+0.09 milligrams, and diameters of 1.65+0.08,
1.68+0.08, 1.70+0.08, and 1.71+£0.10 mm, respectively. In summary, the fungus Monascus
naturally adds pigment to protein feed pellets for Carassius auratus. The characteristics of
protein feed pellets, including their size, hardness, and weight, affect their stability.
Nevertheless, it is necessary to conduct further research on thermal stability in order to provide
sustenance for the fish.

Keywords: Carassius auratus, Fish feeding, Monascus fungi, Natural pigment
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ABSTRACT
Biodiesel is recognized as one of the most attractive motor vehicle fuels of the future.

Recently, the use of solid acid catalysts for biodiesel production has been interesting due to
high selectivity, ease of separation, ease of recovery and reduced amount of waste. This
research reported biodiesel production via esterification of palm fatty acid distillate (PFAD)
over the low-cost acidic activated carbon catalysts obtained from waste longan seed. A series
of heterogeneous acid catalysts were synthesized from longan seed activated carbon (LSAC)
through sulfonation method using concentrated H.SO4 under reflux condition. The sulfonated
longan seed activated carbon (LSAC-SOsH) catalysts were characterized by XRD, FTIR, N2
adsorption-desorption and acid-base titration. The LSAC-SOsH exhibited the amorphous
carbon structure, specific surface area of 1,400.8-2,156.1 m?/g, average pore volume of 0.72-
1.10 cm®/g, average pore diameter of 9.4-10.2 nm, and acid amount of 0.31-0.46 mmol/g. The
LSAC-SOsH materials were applied as acid catalyst in esterification of palm fatty acid distillate
with methanol to produce biodiesel. The esterification study found that LSAC-SO3zH exhibited
the highest conversion of free fatty acid at 77.76%.

Keywords: Palm fatty acid distillate, Longan seed activated carbon, Biodiesel, Sulfonic acid
group, Esterification
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ABSTRACT
The study on antibacterial property of the alginate encapsulated, activated carbon

adsorbed garlic extract solution against Aeromonas hydrophila growth in ornamental fish was
conducted. The garlic (Allium sativum) was extracted using different solvents, such as DI water
and ethanol. The encapsulation capsules of garlic extract solution through extrusion method of
alginate with calcium chloride (CaClz) were studied. The encapsulation capsules were
characterized by their physicochemical properties by FTIR, swelling test, and desorption test.
The encapsulated activated carbon contained garlic extract solution, using 70% ethanol as
solvent, exhibited the best swelling ratio in water and the highest adsorption value from
activated carbon. In addition, it showed the best antibacterial efficacy against A. hydrophila,
which is commonly found in ornamental fish.

Keywords: Activated carbon, Encapsulation, Garlic, Antibacterial, Aeromonas hydrophila
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ABSTRACT

Chili is a significant economic plant in Thailand. The use of agricultural chemical
pesticides to control pests and diseases in chili plants makes cultivation costly. Additionally,
these pests and diseases reduce the quantity and quality of chili fruits. Plasma-activated water
(PAW) has been shown to improve seed germination, growth, development, and overall plant
health in various crops. This research aims to evaluate the impact of PAW on the growth and
development of chili plants. Water was treated with plasma for 30 minutes, then diluted in a
1:1 ratio with untreated water and used to water chili seedlings daily for 10 weeks. The results
show that the growth and development parameters of the chili plants treated with PAW were
higher than those treated with untreated water. The plant height and stem size for PAW-treated
plants were approximately 16.60 cm and 1.53 mm, respectively, compared to 10.30 cm and
1.16 mm, respectively, for untreated plants. The number of leaves per plant of PAW-treated
plants was about 17.00, compared to 13.00 with untreated water. The leaf width and length pf
PAW-treated plants were 2.00 cm and 5.20 cm, respectively, compared to 1.90 cm and 4.10
cm with untreated water, respectively. Further study is needed to explore the effects of PAW
on chili production.
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ABSTRACT

Currently, there are various hormones commonly used for inducing estrus in goats, such
as progesterone, prostaglandins, and gonadotropin-releasing hormone (GnRH). The use of
prostaglandins results in a high estrus response rate but a low conception rate. An addition of
GnRH is another option that helps enhance the effectiveness of estrus induction. In this
experiment, 10 goats were divided into two groups. Group 1 received prostaglandins at a dose
of 10 milligrams twice intramuscularly, while group 2 was injected with GnRH at a dose of
0.004 milligrams within 2 days after the second prostaglandins injection. Estrus behavior was
detected based on behavioral signs of the goats in experimental groups and the mating behavior
of the bucks. Vaginal cytology was also performed. The observation revealed estrus response
rates of 80% and 40% for group 1 and group 2, respectively (p > 0.05). The pregnancy and
conceptions rates for group 1 were 20% and 40%, respectively while group 2 were 25% and
100%, respectively (p > 0.05). Nevertheless, this experiment did not conclusively demonstrate
a significant enhancement of inducing estrus with GnRH additional to prostaglandins.
Considering the cost-effectiveness compared to other hormones for estrus induction, the
protocol involving prostaglandins presents a promising alternative.

Keywords: Estrus synchronization, GnRH, Goat, Prostaglandins
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ABSTRACT

Functional food product development of colored rice extract and probiotic drink powder
was studied. An investigation of a survival microbial starter for yogurt mixed with extracts
from black sticky rice, locally known as Khaw-Neaw-Kam in Thailand, initially emphasized
the optimal amount of milk powder required for promoting microbial starter growth. Milk
powder was added into black sticky rice extracts with three different amounts of 10%, 15%,
and 20%. Subsequently, the yogurt starter with a concentration of 108 CFU/mL was introduced
and subjected to incubation in the incubator at a temperature of 42°C for 4-5 hours. The

examination of physical and chemical qualities indicated that the optimal milk powder quantity
of 10% produced yogurt with favorable attributes such as a pH level of < 4.5, as well as
desirable characteristics like a curd-like texture that is semi-solid and firm. The yogurt product
starter was later dried by freeze drying as opposed to spray drying for comparison. The
microbial survival analysis in the dried product, comparing freeze drying and spray drying
techniques, revealed that the remaining microbial count after freeze drying was higher than that
following spray drying. The microbial counts were in the range of 9.72-9.89 log CFU/g for
freeze drying and 9.51-9.72 log CFU/g for spray drying.

Keywords: Black Sticky Rice, Freeze Dry, Probiotic, Spray Dry
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Abstract

This research aims 1) to design and develop an automatic indigo dyeing machine 2) to
improve the efficiency of the indigo dyeing process and 3) to study the satisfaction level of
users. The machine consists of an automatic indigo dyeing system, a data recording system,
and a satisfaction questionnaire. Data analysis was conducted using mean, standard deviation,
and percentage calculations. The data was analyzed using statistical software. The sample
group was selected by using purposive sampling from Thung Chareon Natural Dyeing
Community Enterprise in Phrae Province. The results of the study showed that the developed
dyeing machine can dye indigo cloth according to the desired pattern. The machine functions
efficiently, and users can choose between hot and cold dyeing programs. The cold dyeing
mode is used for dyeing indigo, while the hot dyeing mode is used for dyeing cloth with
natural colors, such as those extracted from the bark, leaves, or flowers of plants. In this
report, the entrepreneur chose to use the cold dyeing mode for indigo dyeing production 1-
50 pieces of cloth per cycle. The payback period for the dyeing machine is 381.67 kilograms
per year. The machine has a working capacity of 25 kilograms per hour, uses 220 volts of
electric current, has a power consumption of 0.86 kilowatts per hour, and a current of 3.90
amps. The payback period is approximately 1.5 years. The results of the study showed the

highest level of user satisfaction with the machine.
Keywords: Automatic dyeing machine, Dyeing control system.
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Figure 1. The picture shows the machine components by various numbers
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Figure 2. The picture shows a 3D model of the machine
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Table 1. Technical Data and Component Materials

Technical Specifications Detail

Size (W x D x H) 70x70x120 cm
Weight 80 kg

Input Power 0.85 kw

Voltage 240V 6.3 A

Motor Gear Reduction Set 1:30 rpm 1HP

Timing Control Set Cw/Ccw 10 Sec/Cycle
Frame Material SUS 304

Operation Control System Electric Power
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Figure 3. The picture Showing the machine test procedure
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Figure 4. The picture show the machine testing and modification
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Figure 5. The picture (a) and (b) shows the dyeing machine test
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Table 2. Performance test results of dyed fabrics at different time levels

Run Cw.  Stop Cw.  Run Ccw. Stop Cecw.
Physical characteristics of dyed fabric colors

(sec) (sec) (sec) (sec)
5 4 5 4 The color of the fabric is quite faded.
10 4 10 4 The color begins to darken
15 6 15 6 the fabric is dark completely
20 8 20 8 The color is always dark and quite wrinkle.
25 10 25 10 The color is always dark and a lot wrinkles.
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Figure 6. The picture shows the installation of the machine ready for use

AINAERUANITOUSUAZUTZANSNINUYDILATIINT

TunaUITNMIMAFRUALTIAUELAEUTEANTAIMYBUAT09TNT HIdElnTavineUsenauns
WedamTeningAvdmsunegey udsniunsauteiivun Juiinardeya Inseiteya way

asUnanisafiueu Smgavwazeunsainldlunsnageuldun deokndnsagundaliriunisdend fiu

fdidslaisiunstiend dfeussaned uniindunan uaziaiesingumad

HanadauaNsIauzuarUsEANSA A UNEAS M
nailemdnsduudemdsnunazyszansamlunsvhay seugansvyull-nauly

uowediionasey 1:30 uuuAsiady 35 soUANT HaMIMAFEUUSEAVEATW 10 AS3 LiomALLTY

= Ay v o o N v a o o v v aa Y]
W]EJULjanaVllﬂquUﬂLaaEJGUEN'W]QﬂUL‘WWﬂ‘U 55kg/h ANWUSNINNIYATNUDINIYDUANAINULAUDNUY

81



Ussnnussene
S - v o Bd a 2 a
‘ N]UP NSUTZYUIYINGIZAVYIA ASIN 4 LATUIUIYIA ASIN 2

CONFERENCE, 2024

W IMeaeuaild-uns wanwssiesh Tl 19 nsngiau 2567

9n3INTINUAAY 9.20 ke/h Useaninmiade 156.38 kg/h.kw lasArtayauandlunisned 3 uag

nekaRIRNETUS VI TayauanslunA 7

Table 3. Functional test of electrical power consumption and efficiency at 35 rpom speed

Input Volume Time Working Rate Electric Power Efficiency
Round (Kg) (min) (kg/h) (kw/h) (kg/h.kw)
1 1 5 1.205 0.85 1.02
2 2 10 2.985 0.85 2.54
3 3 15 2.670 0.85 2.27
4 4 20 12.012 0.85 10.21
5 5 25 12.029 0.85 10.22
6 6 30 12.000 0.85 10.20
7 7 35 12.000 0.85 10.20
8 8 40 12.000 0.85 10.20
9 9 a5 12.000 0.85 10.20
10 10 50 13.100 0.85 11.14
Total 55.00 275.00 91.99 8.50 78.19
Average 5.50 27.50 9.20 0.85 156.38

o
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100 MOR-HOM FABRIC DYEING MACHINE
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«=@==\\/orking Rate (kg/h)
=@ Time

e=@== nput Volume (Kg)

Figure 7. Showing the operation rate and performance efficiency of the dyeing machine
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Fc=D+1 (2)
D=P-9/N (3)
|l =[(P+S)/2X(/1000 (4)
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Figure 8. The photo of the completed machine and product
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Abstract

This research aimed to study the water temperature used to dissolve rice flour as a
binder for organic egg-laying hen feed pellets. Six different water temperatures to dissolve rice
flour were used: ambient water temperature (control), at 60 70 80 90 and 100 degrees Celsius.
The results showed that the yield of pellets obtained from binders using different water
temperatures was not statistically significant (p>0.05). However, dissolving rice flour with water
temperature of 100 degrees Celsius resulted in the highest yield of pellets, accounting for 51
percent, with an average pellet length of 13.61 millimeters. The moisture content was reduced

to less than 13 percent through air drying in just 1 day.
Keywords: Forming, Binder, Organic animal feed, Rice flour
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1 1 a o a ! ‘ﬁl
LANANBDYWUUBAIPYNNADAIINNGUBY °) (Table 1)

Table 1. Effect of water temperature in dissolving rice flour binder on feed pellet production

Dissolved Water

Pellet form (%) Mesh form (%) Loss (%) Length (mm.)
temperature
Ambient temp. 39.45+2.37 53.58+4.03 6.97+3.55 11.52+0.16
60 °C 42.56+4.01 49.89+4.69 7.55+2.04 12.38+0.98 %
70 °C 44.31+0.76 46.97+2.36 8.72+1.87 12.32+0.27 %
80 °C 49.22+10.85 43.44+8.79 7.33+2.09 11.81+0.68 %
90 °C 47.47+10.62 45.36+9.92 7.17+1.75 12.26+0.80 %
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Dissolved Water

Pellet form (%) Mesh form (%) Loss (%) Length (mm.)

temperature

100°C 51.92+2.62 40.61+£1.83 6.14+3.08 13.61+0.77°

Mean with the different superscript letters in a column are differ significantly (p<0.05)
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= = LA <& o ' o oA g 4
nsAnwIUSIANuTUInUlue M SaNsEEEaR1e Al wudl WeaSadunsruIunIg
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avangnte JUsunuANTuSauay 14.80, 14.85, 15.15, 15.35, 14.05 wag 13.60 AUa1IAU UaI910
= <) [ 1 & < ! ' a1 o '
Aeaudussagiian 3 1 wud anuduluemisdannngunimaassros anadauiiAeingd 13
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Wesilud (table 2) FaUsunannuiuaunieluemisninlawdas Juwanssiuegslafideddgmni
adf (p>0.05) 9978 (2559) $1891UAIAINTUVIDITARIN LUz aLABNITAUS N Y101 51Tl
a i v = & I Y3 Aa a v
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Table 2. Effect of water temperature in dissolving rice flour binder on the moisture content

of pellet feed

Water temperature Moisture content in pelleted feed (%)

Pellet moisture Day 1 Day 2 Day 3
Ambient temp. 14.80+1.27 13.86+0.67 13.09+0.01 12.25+0.91
60 °C 14.85+0.92 13.75+£1.07 12.87+1.23 12.30+1.21
70 °C 15.15+0.35 14.45+0.36 13.44+0.59 12.23+0.54
80 °C 15.35+0.07 14.77+0.24 13.50+0.23 12.82+0.14
90 °C 14.05+0.07 13.59+0.02 13.27+0.09 12.98+0.10
100°C 13.60+0.28 12.68+0.33 12.23+0.84 12.01+1.08
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Abstract

The use of Arachis glabrata cv. Florigraze as a protein source in diets on the growth
performance, carcass characteristics, and small intestinal morphology of Pradu Hangdam
chicken was carried out. One hundred sixty chickens at 6 weeks of age were divided into 2
groups with 8 replications of 10 birds: the control group (fed on commercial broiler diet
mixed with ground corn) and the group fed with 8% A.glabrata cv. Florigraze in the diet.
Water and feed were provided ad libitum until the end of the study at 12 weeks of age. It
was found that the weight gain and average daily gain of chickens fed Florigraze group were
lower than those of the control group (P<0.01). Meanwhile, the feed intake of chickens fed
Florigraze was higher than that of the control group (P<0.01), resulting in a lower feed
conversion ratio for the control group (P<0.01). There were no differences in carcass
percentage between the experimental groups. However, the duodenal villus height of
chickens fed Florigraze group was greater than that of the control group (P<0.01). To
summarize, using Florigraze at the 8% level in the diet does not affect carcass quality but it
could negatively affect the growth performance of Pradu Hangdam chicken at age of 6-12

weeks.

Keywords: Growth performance, Pradu Hangdam chickens, Arachis g¢labrata cv. Florigraze,

Small intestinal morphology
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Table 1. Feed formulation of experimental diet

ltem Control 8% Florigraze
Commercial feed 66.67 -
Ground corn 33.33 60
Palm oil - 6
Soybean meal - 16.30

94



Ussnnussene
<) - v o Pa a 2 a
N]UP NSUTZYUIYINGIZAVYIA ASIN 4 LATUIUIYIA ASIN 2

CONFERENCE, 2024

W IMeaeuaild-uns wanwssiesh Tl 19 nsngiau 2567

ltem Control 8% Florigraze
Florigraze meal - 8
Fish meal (61%CP) - 7
Lime stone - 0.30
Dicalcium phosphate - 1.8
Sodium chloride - 0.25
DL-Methionine - 0.10
Vitamin-Mineral Premix - 0.25
Total 100 100
Calculated crude protein (%) 16.30 17.53
Cost (Baht/Kg.) 17.33 14.67
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ninguauauilildsudidasainaeiingg uinslifszdu 5% Wnasuitdunguaiuau
Nopparatmaitree et al. (2015) s1891ui1annsinwinisidirdanaluemnsialaifisesdu 0 5 10
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Table 2. Growth performance of chicken fed on commercial diet (control) and 8% Florigraze

at 12 weeks of age (n=8)

ltem Control 8% Florigraze P-value
Initial body weight (gram) 607.50 + 55.22 585.00 + 48.69 0.40
Final body weight (gram) 1,335.27 + 119.53 1,234.72 + 83.94 0.07
Body weight gain (gram) 72777 £ 73.42 637.22 £ 51.94 0.01
Feed intake (gram/head) 2,105.13 + 156.20 2,598.31 + 351.90 0.01
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ltem Control 8% Florigraze P-value
Average daily gain (gram/day) 17.32 + 1.74 15.17 + 1.23 0.01
Feed conversion ratio 291 +0.28 4.07 + 0.45 0.01

2. ATUANWAUZYIN
nansltdadanamassinssdudunanluemsiniisedu 8% luansomsidealnuszgmns
A1 939818 6-12 dUnvisioanwazeIn nuIlulnfaeaniee1misne 2 nau anwaseIn Lawn
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WasWunumunennuasnauvu wWaswusazlnn wasibudnaiuilentnen wWoswuaun da1bky
1 U aa dy g ) [ < a 1 1 1 3
wansingiuneadia (P>0.05) uanaintumtineTuiznglunlidnunansinesenIinenaunaaeems 2
nau snuumdnnseinzwiveslinguitlasudidanavassinsaduiminiiuinniingualuay
(P<0.05) Fsoradunatiiosunandimanduleomsvesnguitlisudidanainassinseiiuinnii
JULaY TIADAARRINU Jimenez-Moreno et al. (2009) waz Amerah et al. (2009) AAKANSIANTU
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AINA1IIADWINNULINTUAIHA LFTUNUNALINAINTULD

Table 3. The percent of carcass and visceral organs in chicken fed on commercial diet

(control) and 8% Florigraze at 12 weeks of age (n=6)

ltem Control 8% Florigraze P-value
Carcass percentage 86.16 + 6.09 86.96 + 5.85 0.75
Thigh 22.70 + 1.25 22.00 + 0.56 0.11
Breast 13.00 + 1.12 12.48 + 1.65 0.34
Wing 9.79 + 0.45 10.18 + 0.49 0.06
Gizzard 2.58 + 0.45 295+ 0.43 0.17
Proventriculus 0.41 + 0.09 0.56 £ 0.11 0.03
Liver 2.14 + 0.29 2.43 + 0.35 0.14
Heart 0.39 + 0.04 0.41 + 0.07 0.54

3. anwazdugiuIngrvasaldian

uanslithAasnasiinsududiunanlusedu 8% lugnsemaidedliszgmad daseng
6-12 dUa1vigodmgiuTnervosaldidn wudn 108 sedasermisd ldda8a0nn
Waesinssdadugevesalddndiudu unnitlnlunguatuanedwiitudAgynieada (P<0.05)
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Table 4. Villus height, villus area and crypt depth of small intestinal segment in chicken fed

on commercial diet (control) and 8% Florigraze at 12 weeks of age (n=8)

ltem Control 8% Florigraz P-value

Villus height (mm)
Duodenum 1.07 £ 0.17 1.41 +0.14 0.01
Jejunum 1.03 £ 0.09 0.93 +0.10 0.16
Ileum 0.74 + 0.07 0.66 + 0.03 0.05

Villus area (mm?)
Duodenum 0.17 + 0.04 0.22 + 0.03 0.06
Jejunum 0.13 + 0.02 0.12 + 0.02 0.59
Ileum 0.07 + 0.01 0.07 £ 0.01 0.74

Crypt depth (mm)
Duodenum 0.19 + 0.06 0.17 £ 0.01 0.52
Jejunum 0.17 + 0.02 0.17 £ 0.02 0.84
Ileum 0.14 + 0.02 0.15 + 0.04 0.75
GENL

9

nslidadasaassinsuiisziu 8% lugnsenmsdmiulivszgumisdnlutisey 6-12
donai dawaliiAnnsidsuulasesduguinevesdldfeanuemnaziuiivesialaludiuves
Slddndrusuiuty nufanssmnzuidiiimdnanntu eglsiinslddhaanamastingelidama
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