AT J Nsaistnvasmaasua:inalulag uns.oau
[ NA=Y Agriculture & Technology RMUTI Journal

V9 5 atufl 3 Aueeu - Suanau 2567
Vol.5 No.3 September - December 2024

msaouauedepWUSIUAU:nabdomspSruIdulalusindu dostasoodanonilandioniu
mMNs WUSWIU, MINWDF waipsry lla:5b1a liavnns

MSOONIIVUS:UUWEDLNKUNUDEIUEHSUBUIAIBU
mAg WSMURIIND, USbry1 yaan, rbaaa anawbuing, BavBEl U1, dnsweud SuAu, nnund Tseno,
oavnsni dasibodn, Uruiiawpy ASOLDE, UAFS Us:ma:luva a:udryse ruiuu

MSoONIILUIR:MSIBLIUS:UUASIDAOULAWBMDOINIA
Uaweud wiulgon, Dnsnnund fSNop, dsnp onsnuns, 1a:nad nasssu

wadepann:MsIAUSNKIdoMsIUaauIUabMenabmsiAuInenaooluwnlauaiuaa
annyny1 Yrya:Uel, nnews nuWoDA, nnden anls nia:3sionel onls

wadovarunniia:s:eRaMSIKLIVUIBIEIoNIIbdOANUNWNEDENOUNODOUNSOU
Us:miFl pugnen, Anynyd SBCsEer, Uiy Guideiu na-arhs) naana

answadopwilnatonsiisademsipsryidulaiadinsiopAUs:nouNwIAG dobdonenekield
ouud WSe:rnsp, wsnua SUIar, UISENA iaunro, Wiss iaviag na:asuas Jwusibu

Enhancing water quality monitoring in shrimp ponds using machine learning and bio-inspired optimization

Surasit Songma, Watcharakorn Netharn and Rungkiat Kawpet

dnswadovlaquandowawaduopwnnooudiciosun
3nnns Asn, dasisE [duadnyind 1a:man Houno

wadepmsIEiaqindonmomsinuasiumsiwLIaaniAanbIsENoD
osam 13opuns, tnnssni dalamna, glsanuni WoGin Ia:Aenaum IDUSOU

The study on the adaptation of light spectrum control in broiler barns
Navavit Ponganan, Teerayut Horanont, Autsawin Suttiwichienchot, Ravipan Saleepon and Nattayaf Prapaipanich

" ISSN 3057-0174 (Print) *
ISSN 3057-0182 (Online)
AtUzLABaSAdasuaztnAatulasd
JngndginAtulagsisuvaadaiu Sngnwadsuns




sEnsIsEinunsmaniuazmalulad ws.Sau Wurnsarsiisaiduiafnud
unanuiiduusslevddansnisivanisuazyananaly Tnefianundes 3 a1un ldud
Anenaransuazmalulad inwasenani wagdeanssumans Taeasasaduilfinouns
waeufifidenimediuignnis n15851999AAN3 N19YIAINTT wazdayadulu
Uszlevifanamnansd dndne wazifeavigluaividvasng q weazilugns
snszAuaAwdin saieneliiAausslevinieduivinsuidiaulaialy Taed
unAY 10 39 Aifideviuainuans 1dud 1) msnevduasvasugiudend o
masivialugedu deviinvasionaniiuand1ai 2) N1588NLUUTZUUNYS
dhuinursdaudmiudreuiaidu 3) nssenuuunaznsldaussuuasiadeuuai
N1991N7A 4) WarasEA1IENsiuINwIINMsIABULUasendInTsiuRgavadlulin
Tunsauan 5) KavagangiuazszaziaIn1siuiuuuugiganulsrananinngae
NaUNBIBUNTAU 6) BNSwavaswilaatdmsnlgananisasgiaulawazInsisi
aaﬁ‘ﬂiznaumuﬂﬁ'%manaﬂwqﬂ 7) Enhancing water quality monitoring in
shrimp ponds using machine learning and bio-inspired optimization 8) 8n§wa
vasianUgnaenandnvasilnnasiinnasiiv 9) wavesnsléfanmaaiomensinuas
11Jﬂ’liLW’12,’L§ENLﬁﬂgﬂtﬁﬂgﬂaﬂ 10) The study on the adaptation of light spectrum

control in broiler barns

¥

Tagunadulak1unIsHANTUI LazN1TNaUNTaY AN NTeRuqainaelulas
A1BUBNUNIINYIAY NBIVTIUITNI5VBVBUAMLNIBNNVINUA LAdIunAIMdI3n
vasunshinunluasans wazudanlusgndeirunanuluansaisatuiiaznaliiiia

Uszlavinisdvnisvesusamdlnedaly

NBIUTIUISNIS

2M5a15NEASANERSLasALUlag uns. danu



AST

rPNVIUTI]

2M5a1sNEnsAanstazvalulag uns.dau

Agriculture & Technology RMUTI Journal

(3

GG

=D

LR1VBY/AUNUITET

fiv3nwrussansnns
WINTNBIUIAUNTNS
UIIUI5NT
T9IUTTUNDNNT

{928 UTIUNTMS

NBIUITUISNS

oL SiarnaAr N umanasmansuasnelulad sauiady
denanslunisuaniudsunnuAaiunisivinindsaiuassd oduadue1anse
fnivins Unide dndnw wasdiieadesliddiuswlunsaenenssdaiug
wialulagnseuinnssuwidsny
ANzinyRsAansLasinalulad 145 viy 15 a.uanilles a.ilesgsums 2.g35uns 32000
5. 044-153093 Insans. 044-153093

E-mail: atj.rmuti@gmail.com
Website: https://1i01.tci-thaijo.org/index.php/atj/index

SA.05. 84073

D.NIYA

o

WA

9

AT.NIAINT

A5.4%un
n3.9070d

a

NBIUTIUNBTNTHN TR

71.07.5LUF
A.nT. Uy
A.A7.1157
A.95.dvu
A.05. 899U
71.95.01UA
f.07.989Na0
A.03.9V83nu
.05 quduR
A.n3.a3a1
A.AT.YIUND

@A
AnAgusis I
AnoaeY
\WNesAUTeiasg

@139949
laendsyiuna

@by
Ssenafiavs
155U RI
99Na0y
NIIUNSUA
was il
LNUDBUNDY
o UAS
elyagy
Seysa
NUNG

WA.0.0.A.A9.8INY AW

A.A3.NALYYS
A.03.q3N8
7.0 WUF A

3

n

WiBsNe9
wauaY
s

4

WMIngaemAluladsvaenadau 1.45uns
wivedemalulagsivusnadan w.asums
wivedemalulagsivusnadan w.asums

unmendemalulagsvinadan 1v.asuns

wnmedemalulagsvinadau 1v.asuns

s

wnmedemalulagsvinadau w.asuns

UNINYIABVDULNY
UMIMESVULAY (NEuDNL)
UNNINYIRBVDULAY

UIMEF VLAY (NFLDNL)
UNINYIRYVDULNY
UNINYIABVDULNY
UNINYIABVDULNY

LN UNYATAERNT
wIngaemaluladasund
uIngdumaluladsivaerariity
UIME§EQUaTIYTH

1593 8UULI 001N AT UNNERZ81D51Y

UTIME§eQUaTIYETT
UUINYIFYUMNENTANY
PHIAINTUUNINEAY

5 atiufl 3 fueneu - SuaAN 2567 | Vol.5 No.3 September — December 2024



AaTanIIN gnaus UMTINEIFENIWEUS

sAasolivgn  wssndumd UTIMEFNATANANT

SA.AT.YATET  Yryge UTIMEFNATANANT

JA.ATRINUN  FUAADINT UIINIRUNATAERS

3A.AT.UTINA RSN UM INGRLVDUUNY

5A.05. 5@ qUAITINS UM IRV UUAU

3A.03. 835093 Femngfan  aniverdeveuuny

SAATIAUINT  guanyh wnnendemaluladasuns

37.A3.N3%Y GHOITE UMIMESEIA g ans51Hl

sAasATmE  gnls UINRERUATIFINT

JAATUTTN Uy antuwalulagnszasundidnnunmsainnseds
weasUndin  eadey UM INRLVDUUAU

HA.A5. 95U GNGE UNINGTEVOUUNY

HALAS.NINE  EANA UINETEVR LAY

HALAS.8IN  YryEn VIR VDUUAU

HELASEAUA  Fssdwil amInendemalulagnszaeuiansuyl
HA.ATSARNR  Lautey wmedemaluladsnyinans uean .UNNsY
NALAT.OTOUIA  AQYS UNINGIEEI1YA L) 508100

NeLATLBeNS  dumsAeans  aminendemedgienida

neATRYSUNS  ewdlestiun  amnivendusduIdanag

HA.ATITERUS  Avnunu UIMESEQUasTIYTH

HALATSPWAT  SeulseidSy  wnmivendemalulagsivaseadanu wv.asuns
HAATANGNYAL  LNARINLAR wnvedemaluladsvunada 1v.a3uns
neAsuaNanSaa Jssinvauns  univendemalulagsisuseadau w.asuns
weLasUs  Ugana winedenalulagsivusnadan w.a3uns
3.917N3 g1 Na wnmedemalulagsvinadan 1v.asuns
f3.1men RRH wnmendemaluladsvinadan 1v.a3uns
36330l WuNan wivedemalulagsivusnadan w.asums
A3 AnAe W3ny3onl wnvedemaluladsvunada 1v.a3uns
f3.qN5YY Taqvis wvedemaluladsyianada 1v.a3uns
n3.838" QAR wnnedemalulagsyianada 1.a3uns

MNUARBNINTENS RUTNEUNTTIE 4 Lpiau
- aUu7 1 Usgdihou UnT1Ad — Wwgu
- aUu?l 2 Uszdhou nawn1au - &amay
- atun 3 Useduheu fugieu - Suey
WAT AN ERTAanskazialulag unInendumaluladsvuinadanu Inewagiuns

suatunlesunsatundatdudvansvesnsarsinuasaiansiazmaluladwazunaiuluinsans
WuwwiAnvew|uwdsdlyiiunuifnvesanznssunisdniiisans wasdlyiduaiusuiingeures
ANELNEASANERSLATALULAE

U7 5 avudl 3 Auereu - Furnau 2567 | Vol.5 No.3 September — December 2024



SIBUIUANTIAUIANINTUIUNAIY

&
o a

A.AT.LTAANA QUATWRIUNIA
IA.A9.UTLNA LTI
7/.m9.1aW73n gFusy
/.07, 47117 1@19A
IA.AT.ANTNE YRIUUA

a e
72A.A3.39:9nel anls

= 16
97.09. T4 IR

HA.A9.W. AN gN3na Tauzintguns

HA.A9.98A" d19cyauel

a

HA.AT.UNIR 9190 RT

a e &

NA.AT.QTANU BITENANT

D

a 1 v

NA.QIAND NBAN

LS a

NA.A7.NENTD] T la Wit

¥ q

ad a o

HA.A9. WTEY AN NAdmuInI9g
HA.AT.09RA 1RAAUNT
HA.A3.41e0 WWaslams
AN.0Y.AT. NUWEUN TAYINaIAN
A9.1AUATT WNTAET

m3.2g)a¢] i

m9.drnael mew%r
AT.4AMT LANLAY

£3.47WA90 W Ing

n3.47m31 lanszinn

AT.2VUUN AUNTLING

nuangndemnAlulagsmupasany
NMANENAE VDU

NMINENRBNMATANN

NN AINENALNATUIAETTNIARD AN 2. §FUNT
NVNINENRBTITA)ANAUAT
UINYIRERUATIVE

Uniaease
NaneNamATUlaEITHIAA A AU {TUNT
NUNINEN AT TINE
nwanenamalulatismunaaay
NMNANENAIN TN GIUNT
NUINLNAUNAEUS
WINgIRemALLLaENTEIBUNAITUYS
nuanenaamalulatigauns

NN AINENALNATUIAETTNIARD AN 2. §FUNT
UINYIRYITIVHQUATIYE
NUINENAEINTANWATIVTAN

a o a o al
UPINLAENA WAL I TNIARG LT

o9

-

NUINLNALNIAAUG
UUNINLNRLUUATN L

WA ATUIagNTNIARR A
NINeALnATUIATINTNIARD A
nuanenamalulatigaus

NUINLALAINTET



AST

RrNVIUTI

ANZINEASANEASLazINALulag

UNNINYIBUNALULAETIVUIAADAY

IgNUAFIUNS

UNUIIUISNIS

15a1snERsAEns wavinalulad uns.da1u (Agriculture &
Technology RMUTI Journal) 10 w215@15%193910156 1uInen1ans was
wluladiifigmsanadl (Peer review) Tnefinquszasdifiowmounsauiuay
NaIITINITIeEIuAuRseansuazimalulad sastadudenandlunis
waniasuanudniuniaivinsdadeassd Weduasue1anss Wndwnis

o

nAde thanw uazdiifeadediildusnlunisienenssdaimg malulad
vsaudanssuundenn vinswewnsluguuuuinsarsdidnnseiindgiuteya
svuvesulat] wazguidy S 3 atusied Tunn 9 4 o Tasatudl 1 seming
Wouunsiau-luwioy atuil 2 sewinafiounguaiay-damiey uazaduil 3
sewiafiou Ausneu-sunay Wasuunanuiiieides loun tnunsamans

Fmnssumans memansuazinalulad Whdulumuguuuvesnsans

Auzinuasansuazwalulad liduanudfgaosnswauiuay
duasunanuIdeiiameunsiBaysannsiidaunin iiausslevieg1auviase
dmsuatud dunauidedleiu 10 1383 UTENoUA AU LNBATAIENT
41509 @1913ANTTUANENT 11399 @nniveraansuazinalulad 51509
TagnsansineasAtansuazwalulad (Agriculture and Technology Journal)

= Aa ~Na f o o Y a .
Wuansansidauninuazidelugudavinisd198sarsive (Thai-Journal

Citation Index Centre; TCI2)

NOIUTINBNTVOVBUANENSIAANAYNYIuAlitelausuurdmTuly
wiazunauide veunuiideunnriudilddsunanusudulsslond weuwnsd

assaziienauIITvesAne U

HU8A8an319138 as.qdidy Gndaed

9

UIIUI5NIS



GREVY

MsasinuAsAansLaznalulag ans.8a1u | Agriculture & Technology RMUTI Journal

U 5 avuil 3 fueeu - Suanau 2567 | Vol.5 No.3 September - December 2024

AST

RrRNVMUTY

nInaUAURIvasUgIudUsnawian1saseyiulalugaeiu 1
seviinvasilunaniluandnaiu
Response of cassava varieties (Manihot esculenta Crantz)
at earlygrowth to different types of manure
2175 WgWIy AR ALY UALTYIE UagYS

N139NKULSEUUNEIInUsEudmEutsunidy 13
The design of partial weight-support system for injured elephants

nad wvmaluia Usve)r yue) Asanna anawsviia ¥aete U

ansiand 3Uau ngwal lveaed easnsal dnsideatn Jasianey Asemae

wiiAs Useniasluva uasyigyve wumuy

A59NLUULAZAS IYIIUTZUUATIAEDUNANEN19DINA 23
Design and implementation of IoT based air pollution monitoring system
Tenimnd wusdioq snsngwal A3Ned §309 0A3NYINT UAANG YasTIU

NAYB9ENTIZNSINUSNEIReNTsIUABULUasNevaINsInUINevasTusn lvuduEn 34
Effect of storage conditions on postharvest changes of fresh amaranth leaves
aigye)1 yeymerde wvigns nuwaee ngee anls uazIsiand enls

HAYDIUNANKAZITEZIAINTIWHILU LY ENUTIHaAMATWNE I8 aaNa I8 UNTBY 47
Effects of temperature and freeze-drying time on the quality of
crispy Hom Thong banana (Musa acuminata (AAA group)‘Gross Michel”)

UsenIA wugved Ay Swmseea vty dudeu uarains narana



GREVY

MsasinuAsAansLaznalulag ans.8a1u | Agriculture & Technology RMUTI Journal

U 5 avuil 3 fueeu - Suanau 2567 | Vol.5 No.3 September - December 2024

AST

RrRNVIUTY

dnswavasnilaatmnlwadanissgyiulanazdinssiesausznauniand 59
VBIADNENYNYA
Effect of paclobutrazol on growth and chemical compositions analysis of
Desmos chinensis Lour
ouus W3gxANsNa wsnua FUEA 113879 Uauil Wos inviad

fa o 6a

UagsUns INUTIY

9

Enhancing water quality monitoring in shrimp ponds using 67
machine learning and bio-inspired optimization

Surasit Songma Watcharakorn Netharn and Rungkiat Kawpet

nswavasiaguandanananvasiinnasinnaiin 81
Effects of potting mixes on Butternut Squash yields
Jn3 150 ARTTY LTUYIYLNI uazn AN e

navaIMsldTanmaaimenisnuasiunismizidesiinaatindnas 89
Effect of agricultural waste materials utilization for Cordyceps militaris cultivation
938m1 (Fevuns Un1assal nlanina elsanwal waviny ussveInun) luseU

The study on the adaptation of light spectrum control in broiler barns 101
Navavit Ponganan Teerayut Horanont Autsawin Suttiwichienchot

Ravipan Saleepon and Nattaya Prapaipanich



MsEsnuAsAtansuazvalulad ans.da1u | Agriculture & Technology RMUTI Journal

U 5 avuil 3 fueeu - fuaau 2567 | Vol.5 No.3 September - December 2024

Received: September 3, 2023; Revised: March 9, 2024; Accepted: August 25, 2024

n1sneuaualvasiugiudUsvdeianisaiyiulaludieiu deviinvasdenan
NANFANY
Response of cassava varieties (Manihot esculenta Crantz) at earlygrowth to

different types of manure

o * a s Q‘
AT WUgWILY Aagnaed ARy’ waztya uwagns’

Phakorn phunthupan®’, Phanupong Phoncharoen® and Chadchawarn Sangrit?

"puzinwsuazinalulad unrIveragunsnuy 39inuaTny
Faculty of Agriculture and Technology, Nakhon Phanom University, Nakhon Phanom Province
“Corresponding Author E-mail Address: Phakorn.p@ms.npu.ac.th

UNANEYD

Sagtuduslaalimuaulaluomsiiiogunimnntu msdensintoneniivnzauiuiugazidunumisly
nsuanesUasansle miﬁﬂmﬁﬁ’i@qﬂszmﬁlﬁaﬁﬂmmammﬂmam}ﬁm@iws] ponsas AUl IR uYe iU
d1Uenae 3 Wug lageaniuun1snAaedluy factorial in completely randomized design (CRD) Jadedifinw
Toun wiinde 4 wia (Wlddenen, Jeyaln, yagns, wazyala) wasiuddudilends 3 Wug (szeed 9, seeed 11 uay
nuRsAEnd 50) nisnaaedlunszanssiuiy 4 91 aeldaninlsadeuaiviiviiivenans aasinuasuay
walulad W IneIduuATNUL Imw‘hmﬁme”ﬁﬂmauﬁaﬁudauﬂaﬂ wazldduaanludnsn 500 nn./ls Jlestu
dgndailony 30 Jumdsugn insiiudeyaieny 30, 60 uaz 90 awawaﬂ mamimam‘wmw mﬂ%ﬂamlﬂ
mmﬂ,‘wumuﬂmeamLLawmmmmawamawmsawaﬂ Wugszees 9 fiminukesan dhndnudedu LLau‘LH‘Vi‘lm
LLMﬁ”IﬂﬁwﬁME]’HMimWﬁﬂ WUUQﬂiEJ’]ﬁJJWUSiuMTNmﬂsUUSualﬂluWUSiuﬁm 9 Tngdsnalvinadanim thain
Lmqa’ma aua’lmiLLauumuﬂLmeu mma 60 ey 90 auuaﬂﬂaﬂ \5F am31ﬂ15LﬁlimLmUIm1u?11ﬁ 30-60 TUNA
Ugn gafign Tuvazdinslioyaansluiusszoos 11 m’mmwummﬂwmq 60 uag 90 TumaaUan uagsnsinis
wWinulavadlulutng 30-60 uag 60-90 Yundsugn qsian Toyamaniannsnirluldiuuumslunisugniu
duznaatuudunsdla

o

ArdAey: JeBun3d waenu dudends nsmsiasyiule
Abstract

Consumers are increasingly concerned with health. Selecting appropriate cassava varieties for specific
types of manure is a guide to growing organic cassava and producing safe food. This study aimed to assess
the effects of different manure types on early growth in three cassava varieties. A factorial in completely
randomized design (CRD) was used, with two factors: four types of manure (no manure, chicken, pig, and
cattle manure) and three cassava varieties (Rayong 9, Rayong 11 and Kasetsart 50). The experiment was

conducted in pots with four replicates under greenhouse conditions at the Department of Plant Science,
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Faculty of Agriculture and Technology, Nakhon Phanom University. Soil characteristics were analyzed before
planting, and manure was applied at a rate of 500 kg/rai at 30 days after planting (DAP). Data on growth
were collected at 30, 60 and 90 (DAP). The results found that the chicken manure resulted in the highest
total and storage root dry weights Rayong 9 had the highest total, stem, and storage root dry weights. The
combination of chicken manure x Rayong 9 (F2 x G1) resulted in the highest biomass, storage root and
stem dry weights at 60 and 90 DAP, as well as the crop growth rate (CGR) during 30-60 DAP. Whereas the
pig manure x Rayong 11 combination (F3 x G2) showed the highest leaf dry weight at 60 and 90 DAP and
the leaf growth rate (LGR) during 30-60 and 60-90 DAP. These findings can be applied to guide cassava

production in organic farming systems.

Keywords: Organic fertilizer, Energy crop, Manihot esculenta, Crop growth rate
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dlgnddifleny 270 uvdalgn Tnednidonduiilanwanysaluazsannlsauazunas dsndaduvieuiugl
AN 15 9. wdugnadlunszans shslateyald yaans wazyala 051 500 nn/ls lunssudsiidmun iile
TudUsnaseny 30 Tunasugn Theaenmanaaes uagvinnsiansufivuazuasisauuaimumus i

msiiudaya
vmsganfuiegsiuudnhluiinseinaandinaneninvesiudsusznevlieg synavunanse (%
sand) 3183 (% silt) wasAunie (% clay) F93alne335 hydrometer method LLazﬂmamﬂ’amqmﬁmaaﬁu%ﬂ
Usznaunig Usuadunsedngludu (Organic matter) Fe¥nlae3s Walkley and Black (1947) anandunsa-aa
v997u (pH) Talaeld pH meter Usunaslulmsiawionaa (Total nitrogen) 1alagAs Kjeldahl method (Bremner,
1965) Weanesa 1 uuselovy (Available phosphorus) Talas3§ Bray Il method (Bray and Kurtz, 1945)
I‘WLmaL%mﬁmmmLLaﬂL‘Uﬁlaublﬁ(Exchangeable potassium) Yadein3oe Flame photometer (Jackson, 1973)
Ansnlniinveshiu (Electrical conductivity, EC) alaald Conductivity meter (Rhoades and van Schilfgaarde,
1976) LLasﬂ'wmmmmmiummaﬂLﬂﬁlﬂuﬂizqmﬂmadﬁu (Cation exchange capacity, CEC) 1alag3
Ammonium acetate extraction (Chapman, 1965)
$1N15LAURMBE19T AU NEITIUIU 4 NTEANY/NUENAADS Lﬁaﬁuﬁﬂﬂwﬁqﬁmq 30, 60 uag 90 Tunaslgn
Tnerhsudusndanuenusaza 1 mnazauemns 50 ddu Tu wasdulu udniludahmdnan vnisdy
dmihananusaranUszana 10% vesminaaiimun mnﬁuﬂﬂﬂauﬁqmmﬁ 80 o nwadoa Wuan 72
Falu9 n3oaunindmiinuisazad wazdhundomdimtnuweudazdiu andfuthadmnue il
AMNAUMAERTINITRSEYLAULS (Crop growth rate, CGR) 8n31A5tasegiAulnvaIa1AU (Stem growth rate, SGR)
wazenIn1sasLAulnvesly (Leaf growth rate, LGR) Tugas 30-60 way 60-90 Tunaalgn Lavensinng
\WSAulaTeITINaLaNaIMNg (Storage root growth rate, SRCG) Tuyas 60-90 Tunasugn lneaunis el
1) dn3n13La3gLAule (Crop growth rate; CGR) fimheduhminuisivsonan
CGR = (W2-W1)/(T2-T1) (1)
dlo W fle thwihuisvesfinitedu Smbeduilansy T fe Suunamdriuiivgniivviesenfiufiniu &
wheduiu W2 uay W1 dethminuimestuiiorine T2 was T1 puddu
2) 9931153 YLAULAUDITINAYALDINIT (storage root growth rate; SRGR) fimhedudhndnuiesn
draun1MIFna)
SRGR = (SRW2- SRW1)/(T2-T1) 2)
dlo SR fo dmdnuswesidmieduilansy T fe Suunamdstuiivgniievioseniiufiafu e
Dt SRW2 waz SRW1 e thmtinuiswesiifing T2 uas T1 sudsu
3) 8RNI YLAULAVDIEIAU (stem growth rate: SGR) fmheduiminusddusionan
SGR = (SW2- SW1)/(T2-T1) (3)
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lo s Ao dhuthuisvesddu fmheduilaniy T fo Sununamdsiuiiugniisvieseniuiniu Tutne
Hufu SW2 wae SW1 Ao thuthuievesdduiina T2 uag T1 suddy
8) Smsmsisaivlavedly (Leaf srowth rate: LGR) Simbheriduhminusiclusionan
LGR = (LW2- LW1)/AT2-T1) (4)
o L fio dmdnuiswesty finhedudlaniu T Ao Suaunamdsiuiivgniivnieseniufiafu dmie
Hutu Lw2 wae LW1 A thuthuievedluiingn T2 uay T1 anadney

nsAATIEVdayanIeEnA
AT1ERANULUTUTIU (analysis of variance, ANOVA) suamﬂé’ﬂwmsﬁsu ANUUNUNITNAABY factorial in CRD
wagtlSeuisuaaaelngis least significant difference (LSD) (Gomez and Gomez, 1984) laglalusunsu lagly

TUsunsu Statistix 10 (Analytical Software, 2013)

NaN15798

mﬂmﬁma%aammauﬂ’amqmamwuaxmqmﬁmENﬁuiuﬁuﬁvi’wmi‘wmaanﬂ'aumaﬂqﬂ wud Auld eunia
vane neutls waghumilen Wiy 7157, 1752 uag 10.92% muddy SefidfoRudufusiunse (Sandy
loam) dmsunauantRivnaediveshu a1 pH Sun3etng lulasiauiun woarefafuanudeuls Inuvadeud
wanwadsuls ansunlafrvesiu LLazmmmmmiﬂummaﬂLﬂﬁauﬂisqmﬂmm@u WINAU 4.89, 0.71%,
0.01%. 84.38 1n./An., 58.10 1n./AN., 0.05 LAFTIL/A. Uaz 7.50 wudlua/nn. muddy (3197 1)

A1519% 1 Qmamﬁamnmamwua SV]’]QLﬂﬁ%E]\‘iaUﬂIEJUﬂ’]TUQﬂ

anwy A
AMENTAN1INIEAIN

aUNANTY (%) 71.57
aunAnsguds (%) 17.52
auARUmLE (%) 10.92
AaauTRnILALl

pH 4.89
dunieTng (%) 0.71
lulpsiauionun (n./nn.) 0.01
woameSaiuanideuld (un./nn) 84.38
TnunaBonfiuanivdeuls Gin/nn) 58.10
ATl ve IRy (n3Tiau/a.) 0.05
ﬁﬂﬂawuawuwsaluﬂwsLLaﬂLﬂﬁauﬂizQUQﬂmaqau (audlua/nn.) 7.50

NHANISANE KaveINTslddunandon1siasaivvedudUends 3 wWug wudn vllavesdenen dwavinli
‘13’mﬁml,ﬁﬁ’;m7im8 30, 60 Uaz 90 Tunaaugn LAzt mMTnWRIs AL ALINS ﬁa’la 60 wag 90 Tunaslgn Ay
uwnnestuegnaiteddayBamnsadn (p<o 01) lnenslddeyaln wﬂmumﬂvwammwmLmaﬁ?:u (99.02, 327.66
way 441.87 n/du MuEU) wastmnuiesnazane s (161.90 way 227.06 n./#w) amaﬂiuwﬂmams
WiAuln (15197 2) Lmeﬂ‘tﬁJ‘mﬂa‘lﬂaqmal‘mm‘wuﬂmesmLLaum‘muﬂLmasmavaummwmq 60 tag 90 Tu
GNIGH ﬁ@hﬁwﬁqm?jﬂzjLmemmﬂmﬂﬂfiﬂaﬂaﬂ
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M19199 2 Umiinuriesaa Me1g 30, 60 kaz 90 Junaslgn wazthmiinuissnagauemisieny 60 uag 90
Tuvdaan veenislaledunsdnunnsieiulududUemda 3 g

a3 dhviinusasan (n./é) Yvinusasnagauems (n/g)
e 30 60 90 60 90

Lailady (F1) 74.07° 194.52° 305.79° 88.35° 153.21°¢
Jayaln (F2) 99.02° 327.66° 4a1.87° 161.90° 227.06°
Joyaans (F3) 71.99° 272.27° 397.87° 123.34° 191.62°
Jeyala (F4) 74.95 193.34° 312.03° 85.04° 154.28°
F_test x . = . .
53899 9 (G1) 89.91° 288.28° 401.05° 145.69° 211.89°
5v8049 11 (G2) 68.42° 196.08° 321.35° 68.54° 138.56°
INEAIANEAS 50 (G3) 81.69° 256.48° 370.77° 129.75° 194.18°
F_test . ” . ” .
F1x Gl 88.76° 219.27% 328.83“ 108.10% 173.02%
F1 x G2 55.89° 161.60 279.14° 64.68° 132.19°"
F1 x G3 77.56° 202.70° 309.40% 92.28% 154.44°%
F2 x G1 103.58" 394.15° 498.69° 209.97° 268.98°
F2 x G2 84.38™ 238.15° 358.16° 94.41° 163.32°'
F2 x G3 109.09° 350.67° 468.75° 181.33" 248.88%°
F3 x G1 86.40° 299.12° 416.51° 136.74° 207.86°
F3 x G2 67.09° 217.09% 358.20° 62.04° 132.82%"
F3 x G3 62.47% 300.61° 418.90° 171.23° 234.19°
Fa x G1 80.90° 240.58" 360.18° 127.96% 197.69“
Fa x G2 66.30" 167.49 289.88° 53.018 125.93"
Fa x G3 77.65° 171.95 286.03° 74.16"° 139.21%"
F_test x . x . .

V. (%) 6.74 6.08 1.15 10.56 7.43

°

NN FI8nuINIwSnguiaiukaregluneduiliiediy uansdsanuuanisiueglidedAynisada;
** i dAnuuaneiuegeiitdudABmiseia (p<0.01)

o

Wugiudgndsiuanseiu ﬁ‘fmﬁmt,ﬁqsmﬁmq 30, 60 uay 90 Jumnaalgn wazthwinufasnazauemsi
81¢ 60 Uay 90 Tunaeugn Lmﬂmqﬁuasjwﬁﬁaﬁwﬁ’m?jwNaﬁa (p<0.01) Tnevtugsveos 9 WuiusTTdmTnu
7 (89.91, 288.28 Uag 401.05 1 /Hu muddu) uazthmnuisnagaueims (145,69 wag 211.89 n. /mu) GR
Aganneny (Gl”l’i”lWI 2) sosasTRe WuSinwnsAans 50 uazitugsvons 11 Wuiugituwinuienuwasdwiin
WissnazaNeImsiTigavneny

uenant ganuunserduiusseninnisdanisdenasiugiudenda (p<0.01) ﬁ’w%’uﬁmﬂ'ﬂuﬁﬁmﬁmq
30, 60 uay 90 Junmasugn waztntinuissnazauesfiony 60 wag 90 Fundsugn (M3197 2) Tnemuiinsld
Jeyaldluitugazes 9 (F2 x 61) dswalsiadnuiasu fiony 30, 60 uay 90 Tundsugn (103,58, 394.15 uas
498.69 ./ MudIRY) uaztminuissnazaueisTieny 60 waw 90 Yundsugn (209.97 uay 268.98 n./fu
P L) Sengefian Weifieuiusiunismaaesdu 4 winslalddeluiugsseos 11 (F1 x 62) fanbwiinuster
wazthunuissnazanewnsmilganneny dliuanssarnnisliteyala lukugssees 11 (F4 x G2) wagnsld
Joyalaluiusinumsmans 50 (F4 x 63) fvilsbwiinukasuileny 60 uaz 90 Yundsgniawhilan uaznisld
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Joyaansluiugszeas 11 (F3 x G2) milddeyalaluiugssens 11 (F4 x G2) uagnslddeyalaluiuginunsanans
50 (F4 x G3) Swhlvhntinuisnnazauens fiony 60 Tundsgn densifiandetuiu
ﬁjﬁmm{jaﬂam7'iLmﬂsmﬁueimaiﬁﬁuﬁwwﬁqﬁﬁmﬁﬂLLﬁﬂ,‘U finuuanensnsadnegnefiteddnga (p<0.01)
(5197 3) Tnemsldeyaansvinlidthwiinuisly fleny 60 uaw 90 Tumdsan gefian (33.21 waw 50.70 n./fu
pd) wazfleny 90 Jundsgn msldteyalevilsidwinuidlutos dslsiuansnsnnnslalive (26.45 wae
29.68 n./8u ) Wusudends 3 uslidniinlufiuandeiuogreiiteddayBmisadn (s 3) T
fusszees 9 uazinumsmans 50 finiinlugsiian leny 30 Sumdagn (12.83 uay 13.12 n./fu mudIdv) us

s

Wugszees 11 Suwninuvislugenian (27.01 uag 42.21 n/fu audwiv) uasiugszees 9 dAdesiign (20.73 uag

31.68 n./fu uddiu) fieng 60 uaz 90 Jumdalgn uazwuuisenduiusseninedeyalauazyagns Tusfy
dugdaitudinunsmand 50 (F2 x G3 wag F3 x 63) (p<0.01) dwsudhwiinusisly fleny 30, 60 way 90 Junds
Ugn (manail 3) Tnefimdinuiduileny 30 undeugn gefian (15.67 wag 14.79 n/fu audiu) mslileyaans
Tuifugssens 11 (F3 x 62) Sdmiinuidluiiony 60 uaw 90 Yundsugn qeilan (39.64 uaw 69.75 n/fu mudidv)
uazn1sldyalaluiusszees 11 uasinwmseans 50 (F4 x G2 way Fa x 63) Suwidnusisluieny 30, 60 uag 90
Fundsugn Ueuiian

o w

Mnuan1sAnyaastiiuInhmlnwidlugieiu (0-90 Jundagn) daruuandsegdtvddydmiceda

o
v

(p<0.01) dmuriinveslenanns 4 viia Nieng 30, 60 waz 90 Turdaan (M99 3) Inedeyalilidmdnuiediy
geingn Tunndaeeny (64.86, 126.24 way 158.67 n./fu) dwmsuiiuddudendsiiuanseiu wudn danuunneig

fuetalldudAgBimead (p<0.01) Jeiunduminuiedugeiign Mieny 30, 60 uar 90 Jundsdgn laun fug

52099 9 FeildnAy 57.88, 112.11 wag 141.75 n./fu muddiu wonanil SsmuufAzenduiusseninedoyalily
Wugazees 9 (F2 x G1) (p<0.01) dewaliiumtinuissiu qﬁiqfﬂ (71.35, 152.50 wag 180.25 n./fU MIUAIAU)

o W

mﬁm‘uaa{jaﬂaﬂﬁLmnmqﬁudawaiﬁﬁé’mmwsLﬁ]’%zyLauimaqﬁuﬁmmﬁaﬁmmLmﬂsmmﬁaamaEiwaﬁﬁammy
Bamaadia (p<0.01) Ture 30-60 gz 60-90 Fumdsugn (M51e7l 4) Teemslideyalidenalidnsinsiadaivle
fifngeign Tugiseng 30-60 Fundsgn (60.65 n/ms.a./3u) uaznsldloyaansuaryaln yilvlsnsnseiai
53 fiagaldunnenafiy Tugieny 60-90 Tundelgn (33.31 wag 31.48 n./A5.4./7U AIUEIRY) LaENUAIY
uwnnenseenedited Ay Bansadn (p<0.01) ﬁ’m%’ué’mwm3Lﬁr:yLaUImiuﬁuﬁ:ﬁuﬁmwﬁnﬁLLMﬂGiNﬁuﬂgd 2 91991
Taostusszees 9 Tutiseny 30-60 wazszees 11 Tutieeny 60-90 Tundsgn Tdnmsiaiaiulngaiian (52.62
Wz 33.23 N./n3.4./30) warnuuisendunussenintedeyaln lunudseeas 9 (F2 x G1) (p<0.01) {80103
\WAuln gafiagn Turaseny 30-90 Yundsgn gefian (77.08 n/msa/Aw) 7 ulimuufAzenduiusseninede
ANkATNUSIUAUENAT (p>0.05) dmTUsnIINTRTYRUIAvEIRULALINITINTSRSYRUIAYEITINATaNRIMNT
Tug39 60-90 Tumnasugn
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M15199 3 Wwtnuislukagtmiinuisiuieny 30, 60 uag 90 TundsUgn vesn1slaledunsdnunnsnaiu

Tugudends 3 Wug

Yrinwitslu (n./9u)

YIRUNWIAIAY (N./A1)

Uy

30 60 90 30 60 90
Lailady (F1) 12.24° 20.20° 29.68° 48.45° 77.72° 108.65¢
Joyaln (F2) 14.34° 28.16" 38.79" 64.86° 126.24° 158.67°
Joyaans (F3) 13.27% 33.21° 50.70° 41.24° 103.38° 137.20°
Joyala (F4) 10.17° 14.96° 26.45° 49.51° 88.00° 119.97°
F_test . o x . . .
53899 9 (G1) 12.83° 20.73° 31.68° 57.88° 112.11° 141.75°
s394 11 (G2) 11.58° 27.01° 42.21° 44.36° 91.09° 125.13
INEAIANERS 50 (G3) 13.12° 24.66° 35.33° 50.80" 93.30° 126.49°
F_test . . . . . .
F1 x Gl 12.15“ 20.48% 29.92¢ 61.15° 80.80° 110.00°f
F1 x G2 11.85° 21.27% 30.23f 32.11f 67.01° 102.08"
F1 x G3 12.73b™ 18.85° 28.88° 52.08“ 85.36¢ 113.87°
F2 x G1 13.14b  20.99% 32.76° 71.35° 152.50° 180.25°
F2 x G2 14.22%¢ 34.12° 44.40" 55.38° 96.94° 131.77°
F2 x G3 15.67° 29.38° 39,22 67.86° 129.28° 163.98°
F3 x G1 13,01 23.15¢ 34.54% 52.12 128.86° 157.74°
F3 x G2 12.03% 39.83° 69.75° 42.48° 102.31¢ 136.73¢
F3 x G3 14.79% 36.64%° 47.81° 29.12" 78.97¢ 117.13°
Fa x G1 13,02 18.30° 29.48° 46.91% 86.29¢ 118.99%
Fa x G2 8.23° 12.83' 24.45° 47.06% 98.08° 129.92<
Fa x G3 9.28° 13.77" 25.41° 54.17° 79.62° 110.99°
F_test x x o - - -
CV. (%) 9.32 8.58 9.02 5.65 4.32 63

waBLR: MISnYsAuSinquiisistutareglunedutiifisdtu uansdanuuandeiusgafidoddymisads;

** i dAnuuaneniuegeiitudAeydmiseia (p<0.01)
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A15197 4 grsnsiaseiule (CGR), srsinsiasgidulaveslu (LGR) wazdnsnsiaseiulnuesiu (SGR)
FENIN 30-60 Uar 60-90 Tunaelgn wagdnin1siasalAulanvessnazaue1ms (SRGR) senina
60-90 Tundaugn veanslddedunidnunnsiraiulududuemds 3 siug

CGR LGR SGR SRGR
Uade (N./03.31./74) (N./713.41./7U) (N./03.41./71) (N./713.41./71)
30-60 60-90 30-60 60-90 30-60 60-90 60-90
Taildde (F1) 31.95°  29.51° 2.11° 2.51° 777 8.20 17.21
Jayald (F2) 60.65°  30.30° 3.67° 2.82° 16.28° 8.60 17.28
Jeyagns (F3) 53.13° 33.31° 5.29° 4.64° 16.48° 8.97 18.11
Jayala (F4) 31.40° 31487 1.27° 3.04° 10.21° 8.48 18.36
F_test . . . . . ns ns
32499 9 (G1) 52.62° 29.91° 2.10° 2.90° 14.39° 7.86 17.56°
53909 11 (G2) 33.87° 33.23° 4.09° 4.03° 12.40° 9.03 18.58°
InNwRIAIERS 50 (G3)  46.37° 30.32° 3.06" 2.83° 11.27° 8.80 17.09°
F_test o x o x x s *
F1 x G1 34.62°¢ 29.06 2.21%f 2.50° 5.22¢ 7.75 17.22
F1 x G2 28.04%" 31.18 2.50% 2.38° 9.26° 9.30 17.91
F1 x G3 33.20"%" 28.30 1.62°% 2.66° 8.83° 7.56 16.49
F2 x G1 77.08° 2173 2.087¢ 3.13° 21.53° 7.36 15.65
F2 x G2 40.79% 31.84 5.28" 2.73° 11.03% 9.24 18.28
F2 x G3 64.08° 31.32 3.64° 2.61° 16.29° 9.20 17.92
F3 x G1 56.42° 31.14 2.69 3.02° 20.36° 7.66 18.87
F3 x G2 39.79% 37.43 7.38° 7.94° 15.87 9.13 18.78
F3 x G3 63.17° 31.38 5.80° 2.96° 13.23° 10.12 16.70
Fd x G1 42.36° 31.73 1.40% 2.97° 10.45° 8.68 18.49
F4 x G2 26.84" 32.47 1.22% 3.08° 13.43 8.45 19.35
Fa4 x G3 25.02' 30.26 1.19¢ 3.09° 6.75" 8.33 17.26
F-test ** ns ** ** ** ns ns
C.V. (%) 7.87 7.04 17.23 18.97 10.08 17.13 7.8

NUELUA: AISNEINIWISInguianiutaregluneduilifeiu wansdsanuuandeiuegreddeddanieada;
* % iR AAMULANANAUENTTNE AN NETRTITEAUANLTBNY 95 (p<0.05) Wag 99% (p<0.01)
AIUARY; Ns WNURlANNLANA1IAUNSEDRA (p>0.05)

dwiusnsmaaigdulaveddy wuidavesteaenduarilidauuandneiusgaidodifydmneaia
Tu3e 30-60 uay 60-90 Junaslan (p<0.01) Wnemslddeyaansinlrgnsnisasaiulavasiulugg 30-60 uag
60-90 Yundsugn gefian (5.29 waz 4.64 n./A5.8./5u PudIFU) ﬁ’uﬁ:ﬁuﬁwﬂwﬁqﬁy’a 3 g T8nsNsiaseiule
vodluilumndnsegreidddyBemeaiia i 2 9901y (p<0.01) Ferfugsrens 11 WuRUSATSAsINSI93ALTH
voslugaiigaluraa 30-60 uay 60-90 Yundsugn (4.09 wag 4.03 n./n3.u./u Muddu) uazwuuAsenduius
seninevila veansdnnsdeuasiugiuduznds (p<0.01) dwsudnsmsiasayiulavedlu lnenislddeyalaly
WusEees 11 (F3 x G2) flrgefianluzag 30-60 uaz 60-90 Tundsugn (7.38 uaz 7.94 n./n3.a./5u muddv)

Guﬁmaﬂﬂaﬂanﬁy’q 4 wiedwmaliiudsndadidnnnsasyiulavesiuiinnuuansisiuegsdifed b
afiflumag 30-60 Fumdsugn (p<0.01) (15137l 4) Taeloyaliuazaaans (16.28 uay 16.48 n./m3.al./u mudv)
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aaa o a

ﬁﬂﬁé’mwmim%mLﬁuimmaqﬁumﬂ’imﬁmﬁau LLa“"W‘HS‘VN 3 ‘W‘uﬁllﬂ’]’lllLLG]ﬂGl'NﬂUV]’NﬂﬂG]?JEJ’N@JUEJﬂW AN il

saa v

i“mummmauu 99% 621&‘1/\1‘14!53 g9 9 LﬂuwuﬁmamwmsmmLmuimamugwqﬂiumq 30-60 Junasvan (14.39

Y

n./a5.30/%) uazwuuFAzenduiug GalanuunnsnsegnsdifoddyBmiseda (p<0.01) seienslitenen waz
ugdudUends dwsudnsnissadule Tuyae 30-60 Tundslgn Tnenuinnslddeyaansluiugszess 9

1%

(F3 x G1) demalidnsinissyivlavessiugeiian (20.36 n./ms.u./3u) egelsinu lunuanuwnnsisediadl

v & o

WedAnyn19adia (p>0.05) vassiadowayiug dmsudnsnsasydulavesiulugie 60-90 Jundslgn

q
4

PnuansAnwlinuaNuuandegeiitedfyn@di (p>0.05) seninswiinveslenanuayiug

q

o

MSUBAIN

N33 AvlnvessINazaneImMsiugae 60-90 Jundalgn uinuaNuuAnNANaiied1dlidy ﬁ’wﬁ’zyei’m%“uﬁu

v saa 1

d1znde 3 ‘Wuﬁ: (p<0.05) Tmaﬁuﬁ:iwm 11 L‘ﬁuwuﬁﬂ‘uﬂ’]@(ﬂi’lﬂ’liLﬁ]iiULG\‘UIG]EUENi’]ﬂﬁSﬁNEJ’]Wﬁﬁ zjm (18.58 n./

]

75.3./74)

n1sanUsigna

mnmsAnwmslduiindoneniiuanmaiu 4 sialuiuiudwendsfiuandeiy 3 wug donsaTadulalutag
fu Aituin msmeuaussvesiuiiudWrndsluusassiavesioffiaTuunnsatu Tnsannmsinseiufjazen
durtus wudnslileyaldluiugszees 9 (F2 x G1) Sdmdnuissuusssnazauomsgsiign Tuvasfinisldde
woansluitugszeas 11 (F3 x G2) dwalviliminuisluiiony 90 fundsgnuassannaaigiulavedulurag
30-60 way 60-90 Tundsugn gefign mnIsuifisuszrinenisdanisls wuin mslddeyalidsmalvidimn
whsukaztminuiinasasemagaiigadieiouiioutulevindu q dsaonndesiuamitoves Odedina et
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The design of partial weight-support system for injured elephants
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ArdAgy: 419 F19u1adu sruunesihinusEu
Abstract

This research aims to design a partial weight-support system for injured elephants, with the primary goal
of providing preliminary care for elephants that have been injured and are unable to stand on their own
before being transported to a hospital for further treatment. The process of assisting injured elephants must
be rapid and safe for both the caretakers and the elephants. This weight-support system is designed to
facilitate the assistance of injured elephants and can be towed by a standard pickup truck at speeds not

exceeding 60 km/ hr. The design takes into consideration the optimal weigh that the system can lift, which
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is approximately 14.7 kN, calculated as 30% of the average weigh of adult Thai elephants, which is 49.1 kN.
The chest circumference and height of adult Thai elephants used in this design are on average of 400 and
300 cm, respectively. Testing the weight-lifting system in a laboratory setting showed that it can lift
a maximum weight of 19.6 kN at a height of 3.5 meters. When applied to an injured elephant weighing
49.1 kN, the stability factor (N) is 1.33.

Keywords: Elephant, Injured elephant, Partial weight-support system
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sounfimsUsAvgaunsaingsgavindnuly wazaunsainesdurineiininnddlaulaenisiivivingUlsudmasiuy
sodalauiidainuuda 23° shore A udalviUeldduiieSausanadwindaeiai e digital foot scan (FSA
Insole®) Wisuifibunsenaldduvinneusasvadldgunsalits 2 via nafildmui gunsaingsdarinduluansoan
wsenaldunnigunsainesdurinedslited1Agynvddagmeada (p<0.001) mendanisldaunsal 2 dUanvinudn
pUnsaifousiamniianinine 4 iu Tnssedunufianslavesenaatasienisligunsaingaisassuszinn lag
wavegluszdufonalaunn uarlinunnzunsndouannisldgunsaingsis 2 Usson (oua uazduf, 2559)
venniuldinstanifentaengiluniseanidmeuaznisinifuiedluldsudnauesinisiddaynilu
mMafuaznanss Taglunsiauiedesdioussnoudne 4 sureundnde 1) mafmusndnuuzvedendis
wepdanyminuludnauesinis 2) mssenuuuedesiie 3) nsaiuasindaaiosie way 4) NInTRaBY
uazdsuiiunainiasiio Mnmavedeulinusdosdionuin ormaliasiuldinulniuasedesioanuisasutuin
nesonataslilurzidemaniaslifinadounan waglinasunseiniy (@sgdn uasamsy, 2564) Snlal
undlfiiAnunatenadenligunsaiiouiivnzandsiuusnaisinsanfinnudosmsvesldhdosnisliuo
PafrmFeriaestslumsdiengsnismssuasielunsanimdn mndosmsliifissuuirafelunstenys
nsnsssauagasimiin Wivindehiimnumnzauiiand mivdld wimnglidosnisldumisassindunisdiongs
nsnssinaraimin asdenlflasundntedunielimeu finsdongunsaitedulfmnyantuduasus
arAY AFSATRENEAEANURAUNG SEAUNTTUS aNTTANIMNINIY dN1IEwIRaeN ANNEINNTalUNSAndUla
nsueaiiy wagauuTsuswosisnedmuY (nSned, 2556) uazldiamngunsaitiengsiadmiuggsengd
MnuansUssdiuaufianelaves]gengiliiniesdionganuin daeorganunsaiuldiiatun funfdesann
Fasoroifnasilanntuuenanduiioaunsodainsswiansiuma vlidgeegannsaduldluszesma
RuLnRY (WINF58, 2560)
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F

T= Z (3)
e?l o, Ao AUAUAY (N/mm?)

o, Aim AULAUS (N/mm?)
T Ao AuAULAaY (N/mm?)
F A9 WSINNTEVAUNUNATNFANSULSA (N)
4 Ao NUANTFANS UL (mm?)

Audunn lddusuiiansanfudiurenasoimgsdafsuusdusuid sdnvazwudeatuaunily Jadu
Jofinlun1sesniuu anAudngIgaiafiiauenga o durtsiialuwuddn derwinldanaunis

M
efl o fio AALALARN (N/mm?)
M Ao Tauudan (N-mm)
c fln SrayaInLAUEZLAY (mm)
I Ao TUuAANLLRREURINUA (mm?)

son (Pulley) \ugunsaledwieanuazmnuionounss lusmAdeildldsonfenndounifiaunsatierou
wsld 2 wihwestntinfdesnsen AEunIs

T = (5)

w
2

e T Ao wsensbudualIngds (N)
w fg wssenuvn (N)
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AANNUaendie (SF) A dnsdruseninteenuiuganvesianisuladeanudulda mlddsaunis
SF = Ultimate strength/Working stress (6)
AIANUETEINNTBITTUL (V) Ao Snsndiuseninsdminengegaresssuusetntinngdldau mladsaunis

N = uwiingngagavesszuu/dmtinngsldanu (7

gUnsalN15NAABILaEISALLEUNIIIY
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Snwreld andeyanisnieamvesinalnelafiute o1y 15-99 U dunmsrsmeudussauysel 91w 28 Jen
waunad 15 Fon uaziwede 13 Wen iHudradssesgudoysnudilng Smindiung fbmindregluga
14.4-43.9 KN A3gasaus 175-277 cm uaedidusouoniirfu 270-390 cm

(M) N5 IMANEN (¥) nsinsouen

JUN 1 M3Tannugaaziduseueanvesde (1139503, 2563)

dsusruungsimiinududmiuinanaduilévnsatd gnosnuuuunilelitassnngsdneitliause
andulddesies Suluaedosiinstelianunsoantuld Tasssuungsinsifsnuundusodd 3 4o Sewihiloun
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fingvedmivonmeainadauazsenifeundouitaglivjuusdld 2 wih msldruiefisnaidluniiiosninglae
Salusfd fagudi 2 %’ﬁmermamﬁgﬁzwmﬂﬁw‘uwq\iﬁmﬁfﬂmdﬁaué’m%’wﬁwu'mL%‘uﬁaammwmﬁavﬁﬂﬂé’q
fuiidomg Tunslfiedeusheiisndudessndonimesssuunguhminusdndmivtendvivlumesnsg
anguilelalliiAnmsaztalaganunsavinarunilunisiedeuiligsan 60 km/hr
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nseenuuUANILTsITassTuUNEsT iU Iud MUt IauRsTUsuIn T sRRLdLAe §

21307 3 uansnanisTraesauudsusivessruung s mEnUIsEmd Ui s I U UsLA SIS
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ANt 15075 mm Y AKYULNBIT 2,700 mm Lud nATSuTUIALd UK 1uA g Na1e 32 mm
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LUUg KAINNIAUINANLLEselU s suTsReL e ST uduressruUNgsmnUsELdm Ut
mm%mzLﬁmmmLﬁwwuuﬁqmmwnu%Lam‘hme'ﬁawiaﬁugmuaw%L’qumﬁmﬁﬂﬁﬁuﬁauﬁudaugu 9
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thwiinusddusuiauaduasidanamiunsfiutuesiminiinssyh fuandumaned 1 lasnud seuy
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Axial and bending (N/mm A2 (MPa))
416

400

L 323

—p Yield strength: 620

JUN 3 NMsdaesrnuulusvessEUNgsminusddmsutsnaluimeiysunsumnauiianes anele
whwtin (F) winiu 24.5 kN

M15797 1 wan139aeInuRlansdiudssuungsivinududmsuiiundumelusunsumsneuianes

Ywtin, F (kN) ANuALlTaU (N/mm?) Armnulasnsie, SF ()
14.7 286 2.17
19.6 381 1.63
24.5 476 1.30
29.4 571 1.08

ANTHANEN 3.5 AT

1 3
MinnagaL

JUN 4 nmedeusruungslminusdiudmsutsuniduluiesy §URnTs
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49.1 14.7 1.33
14
o 12
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Hapmuaiiwluomaduiededdgiinansemumainanefusmisgunmussuywduasddiiindu mssuiuas
nssryAaNNTBaINIATaiiaud R e s nsunLkaE s anstgmidegamngan unewithiauenis
ponuuusruURTIauafiviuemalagldinaluladdumedidavosasinds otargamgfiuasainudude
Wuwes DHT11 uazdolSunauianssiy ufalalasiau uasufiadomu Mmeduwes MQ2 Tneszuudina1nniuaum g
lulasreulnsatass Node MCU lunmsmunumshauvesinauiioszusenmeiegamafiiu 36 ssriwaidea
wazuansdayaainsdeudierrnudiduresufaninndy 200 diwdedu wanmsveaemuii Faailun1sveaes
fifadsvesguugiiogil 3348 swnwadea Arutuadel a7 Wesdud wazAnafsvesufad 262 dausiodnu
Tnedeyagnuanwmauuuauosmiuiuledvosudert uarduanmarinuilofofinaiueundinduuasridae

AdARy: uafiwneenid dumesiiinesdssnds szuunsIvEeU

Abstract

Air pollution is an important factor that affects many aspects, including the health of humans and other
living things. Recognition and identification of air quality are important to plan and manage this issue
appropriately. This article presents the design of an air pollution measurement system using Internet of
Things (IoT) technology to measure temperature and humidity with a DHT11 sensor and measure the
amount of cooking gas, hydrogen gas, and butane gas with the sensor. MQ2 This system uses a Node MCU
microcontroller to control the fan to ventilate when the temperature exceeds 36 degrees Celsius and
display an alarm signal when the gas concentration value exceeds 200 parts per million. The results showed
an average temperature of 33.48 degrees Celsius, an average humidity of 47 percent, an average gas of 262
parts per million. The results of the experiment found that the average temperature was 33.48 degrees
Celsius, the average humidity was 47 percent and the gas level was 262 parts per million. The data was
displayed on a dashboard via Blink's website. It is also displayed on mobile phones that have the Blink

application installed.

Keywords : Air pollution, Internet of Things (IoT), Monitoring system
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UNUI

nsfiauasygiaegeTndlunaenatediiunldndnduliinnsiTaedslivgads Fasamfanng
reaf1sgmamnssunanvaeUssianiidesaliifnuafivniseimaazidutiymieussislan ddluaniunisal
Hagdumssussdlunsanuafivnsemadunisiadidagialan (Purbakawaca et al, 2022; Alekhya et al,
2023) iflesnuaiivornadutadefidmansenuluanmundendu wu nsznudemsuudenluihddmasionis
anmsldninennsuszusannisinideanvendsainuafivsna naredutlymiiddalunarefiuiisands
Usewalnednde uafiunisernaUseneuieaeilssnnie Nafiunneen1ansssueid waelafivniseinied
AntuainAanssuvesnud Saduavndnlvgfiieiuluilagu (Singh et al, 2020)

uafiwsemaiinduainianssuvesuysd Wud arsuedlneenles (CO,) asuautaueniyd (CO) Falos
panlen (SO,) lulasiausenles (NO,) wenluilly (NHs) wavwiaiivu (CHa) 1Dusu Lﬁamaai’su%maﬁwmmﬁgﬂ
Ugeglueniauazan nwindey asdinanudululdveanisidulsasing 9 wu Yeavau uzideen vaenaudniau
Jo5a veuita lsamadumeladods uaslsavaemideniila Wudku (Al waswaning, 2565) Faufadnaiu
faungdnlnguanisanugramnssuvuiadn nats aufwuelvg uenainlssugnamnssundfaunaini
Wnendy aauiivhanevey nswnlndiiideuluennia Tnedsasdursuiredosndlefisuiusnavesennia
Fafmhensnsed i (ppm) Fuduiithfnamsvuiauisie 1fd ludndu FedawaseaunmvesUls sy
il Liviulddestusmanuadiviu sndymdsnarlunaeavate Tk IfasmansenusogunInve Iy LY
Tngnsesolsaniaiunelanais 7 Usziam (Liu et al, 2021) iy wouiia nuiadinududiudrdgueouia
ﬁﬁiiu“ll’]m/lﬂi neusezneNniswesns uoulazdeznonveslelasiauainnausian Immmamﬂaaamn
gnamnsuhiulauAassInR Aanssnunsnasy narAnLazILE fufiu madesanevesey nafideme
Tugtuuuvesufadivu lunsdfianududugauesiuegluena dedwmaiensszaeifesimiuazszuumelads
Lifsioguaimdmsunguilgoul (Unhealthy for sensitive groups) wandlugudl 1 wansvassdvdnunmennia
Air Quality Index: AQI. (Roy and Singha, 2020) wazainAaviinaninvesuseinalng wuin fnanefiuiideansil
Qmmwmmﬂﬁgﬂ{fmagluﬂdu Unhealthy for sensitive groups LLazsLuU’mﬁuﬁﬁﬁﬁsuﬁqaLﬁauﬁnﬂm Unhealthy
(Ali et al., 2022) %ﬂﬁ'amaﬂizwuaéwmﬂﬁaqﬁumw IW&JLLammﬁ%ﬁ@mmwmmmmmﬂugﬂﬁ 2 uanIA A AN
pnAvesUsEInAlng

Air Quality Index Numerical Meaning

Levels of Health Value

Concern

Good 0to 50 Air quality is considered satisfactory, and air pollution poses little
or no risk
Moderate 5110 100 | Air quality is acceptable; however, for some pollutants there may

be a moderate health concern for a very small number of people
who are unusually sensitive to air pollution.

Unhealthy for 101 to Members of sensitive groups may experience health effects. The
Sensitive Groups 150 general public is not likely to be affected.

gﬂﬁ 1 Yssiinanimenie (Air Quality Index: AQI) (Roy and Singha, 2020)
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3U17'i 2 AsiinunineiniavesUsenelng dletudt 21 NUAUS 2567 (IQAIr Earth, 2567)

nsUszandldinalulaganuinnsmudeinids Welilunuifedesiunismsnasugunimeinia gritam
og19siaLileq 19U 11LATuv0s Ukadike et al. (2023) I@@nwinazuszgndlimaluladdumediinvesassnds (oT)
LazuaUwdiatuuds il ensradeuanimeinia 3 [euly Ao Juildluan Tuiliuan uagTuinsanudula
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Effect of storage conditions on postharvest changes of fresh amaranth leaves
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\i8d (Arrhenius model) 1A 1 R? wag RMSE (Root Mean Square of Errors) 111AU 0.98 ay 0.08 A1ua1AY
WazAT energy of activation iU 32.65 kJ mol™ TUﬁnisuugjfgt.ﬁsﬁmﬂ’ﬂama&hwimﬁaﬂmmawwﬁ 25°C uay
35°C fi¥oazmgaudotininangainit 250 mevdafuine 3 Yu ludnludonaiuashibuiivousures
fuslan Tumamsstutnud 10°C Tudnlaugaydentnansnindosay 3.50 waslidnuarusngiianmaonniaiu
$hwn USunansauednesinanasegesanilasainadniudu (11.48 mg 100g7) waziintuldsannd 25°C uay
35°C YSunmunsaueanes Unluunazyaaaarviuielafaieiuudiaesndneians First Order Fractional
Conversion (FOFC model) fiFin R? uay RMSE wihifu 0.99 uay 0.001-0.120 maidhsfu msiiivtuvesendudsyans
FOFC model finnuduiusivaamaiivuuiendldiuudeauazyinunglafsme Arrhenius model A1 R” wag RMSE
WU 0.99 wag 0.02 AUaIRU wagdlaAl energy of activation LA 93.10 kJ mol ™ Gﬁ’a;gammamﬁa‘i’miﬂu

wIieuNUYzaen1sUasuLUasnan el luuanlusEninensiuing

AaAgy: 9r3N1smegla dmdnan Usuaunsaweanasdn Tudnluvan
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Abstract

Fresh amaranth leaves have rapid changes in postharvest qualities causing decreases in marketability.
This research undertaken purposely was to study effects of storage conditions including temperature (10-
35°C) and time (10 days) on postharvest respiration rates, fresh weight, and ascorbic acid contents of fresh
amaranth leaves. Experimental results show that such postharvest changes occurred at 10°C were slower
than those at 25°C and 35°C. Increases in respiration rates were in exponential relations to storage
temperatures, and these were well predicted using the Arrhenius model having R and RMSE (root mean
square of errors) values of 0.98 and 0.08 respectively. The energy of activation was 32.65 kJ mol™. The
amaranth leaves losses their fresh weights continuously especially at 25°C and 35°C at which the fresh
weight loss percentages were higher than 2.50 after 3-day storage. The leaves apparently became heavily
wilt and lost their marketability. In contrast at 10°C, the amaranth leaves had the fresh weight loss
percentages lower than 3.50 and had fresh appearances throughout the storage period. Ascorbic acid
contents continuously decreases from their initial values (11.48 mg 100g™) and became rapid reductions at
25°C and 35°C. The ascorbic acid contents at any time period were well predicted by the first order
fractional conversion (FOFC model) of which the R” and RMSE were 0.99 and 0.001-0.120, respectively.
Increases of the FOFC model coefficients had exponential relationships with the storage temperatures, and
these were well predicted by the Arrhenius model, having R* and RMSE values of 0.99 and 0.02, respectively.
The energy of activation was 93.10 kJ mol". Information of this present research is a guideline for making

plans to delay quality changes of the fresh amaranth leaves during storage.

Keywords: Respiration rate, Fresh weight, Ascorbic acid content, Fresh amaranth leaf
UNUI

finlusaan (Amaranthus tricolor L. #3e3eansiay Joseph’s Coat) iufivfifinaanislavinnig Tagiamedl
Wsfuduesdusznaugs (Feway 3-17) dlasuiuinsuusemuludu 9 (Sarker et al., 2022; Jan et al,, 2023;
Zhu, 2023) Tneiinsaoilufisndunansvile wu nandn (Glutamic acid) la@u (Lycine) Jahan et al., 2022)
iesndnlunilusfuluusinadigedsldsvamaulaiuduemsviedudiussnovvewaniusiovis
Ussanlushuniaiden (Alternative protein) sTfaﬁﬂLﬂuﬁmﬁﬁaqﬁﬂizﬂawaﬂiﬂiﬁuﬂ'qa 1w 915@lYA (Artichoke)
9zlan1la (Avocado) {niAa (Kale) vuugou (Young jackfruit) @1msew wiolain (Ranasinghe, 2019; Kaszas,
2020; Bangar et al., 2022; Monthakantirat et al., 2022) #3olUSAUANUNAS LYY ?’lld'vﬁ'ﬂ (Cricket) (Montowska et
al, 2019) wenanesdUszneulusiu dnlvvarudauduuvasvesnsauaanasin n3o3nidud nasnauussim
em'LJizﬂauﬂuaﬁﬂ%qﬁqwéﬁma%aﬁaiz (Jimenez-Aguilar et al., 2017) Tuns39eilalFanvaulaioafunis
dAusnndnludaduiniuduluiesdunians usenidoanie osandnlauuazinfuussmuludu 9 e
nswdsuulasnendsnsifuid sdldiSlasanzngldaniizgungiiia sisusingainmsiiewionns
WasuulasdvesluiflefiuinwiinfudssmluiigumgivesisiinssuiunamaunueaTunassduadng 4
L mﬁmmfwawamwaé’nmﬁ%ﬁumwimﬁmmwé’qmilﬁ‘uLﬁaﬁqL‘ﬁummqﬁﬁ@ﬁaﬂﬁm?{ammammmw
F1nan1 (@39uV, 2550; 3518, 2562) nTilduauedaduy qm%qﬁLﬁU%’ﬂmn’fluﬂ%ﬁ’aﬁwﬁ’aﬁaﬂmﬂﬁlaul,maa
mendamaifuier lsgamgiidmsunmsiivnuinluuan Quguiduvdesan) egsznine 0-10°C (izumi et al,
1999; Thammawong et al., 2019; Jin et al., 2021) aaﬂﬂé’aaﬁmmmqmilﬁui’ﬂmﬁﬂﬂiwwuiuiuammﬁ@fﬂ
mmﬂ,umiﬂﬂmmimmwmmamaimiaam afmmn wazAME (2565) 318911431 §nsin1smgla nsgayde
Yinan LLavmiamawaaﬂﬁmmﬂimLLaaﬂaiumﬂmumaamiwLiawmmammﬂmmmaLmaimiaammmmwm
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ad o

(30-32°0) WerFeuifisuiunsiiuinuiigamgiifiinndn Tushuesdeddu Sun et al. (2020) 5189131 9
$Snwiiinadaiudiianisn (Baby mustard salad) flgaumigii 4°C annisgadonsnueanestn magaydedmin uas
AunmLd o efninfigamai 20°C

luns3deiiiingUsrasdifleAnwinavesannzmaiivinm Ussneude gampfuassvernavesnafiuing
sonsiUdsuulasnevdinafuisedduinluauanludusasinsmela dwdnan uazuunmnse
woanasln ﬁgmfmaﬂuaaam'azmsLﬁu%’ﬂmﬁamsmé"sJuLmaﬂfdﬁué’aa&ﬂmwdwmsﬁ%ﬁumi ﬁaﬁuﬁ%ﬁﬁaé’a
lailghausluduatuiuidnluanudaduivlunduinloiifvsinalusiuigs eglsfnumaasundasiily
swanlufuatumsidedidudeyaddqpieduiugiuresmsdaniafuinwidnlauauiionisuslonaavie
wsgidundnfasiesuemseoly lnslamzsusaunamaninisiuasuuasiununsaueanasdnluludnly
anddlilasunsseailuenalssneds

Y89 aunsal uardsnis

1.ASAIIURNTYL

nswssuinlutaEna RSN Taerdmunorgnsifuieiussin 3 dUam ndnimzwde an
arlugneniudisu inisind eudnesndiesu foAn1mdsninfuien auginunsaand suiinends
9uas w5 il Al 30 unil LileasermanLarvENdsIN T doNIAs AN MAINTTIENAN T TALAY nturiing
wenLosudt liauysalean (wu luily luflyeds sesunn wiefusin) Loawzuinagensudiuseulnetivly
gauvUYaAaRaIN 4 Tu wazdadeiinfing vinnsdreinlunauandieiiussun 2 seu antuuddasansazans
lorelalusaaslss (USW InwenvBiaiismuel 31in Usswmelne) anududu 150 mg L Wuan 30 Jundt e
a%ﬁmﬁwﬁammﬁﬁaqLLa“ﬁmmmﬁam ntiuutsinlunauanosndy 3 nay ussIRnluNEILARn IRy 10042 g
1ummwmammwwum PP (Polypropylene) 111 1 L mﬂuuiaium Low Density Polyethylene (LDPE) Layiu
mﬂﬁuaqmmmﬁ“aamsmﬂm Foisieanilu Uiind uazsimd (2559) mendsliigaiwioundinueumgd
fldnaaeu Uszneudie 10 25 uay 35°C usveziian 17 Flug LW@IMLﬂmauqaﬂuqmquﬁ]ﬂﬂmmaaULLay
{]mﬁuﬂmﬁmmmm‘%‘smmﬁﬂiwmuamLﬁaﬁmiLﬂé"auwmqmmﬁgﬁu (Marc et al., 2020)

2.m53n0n51M51eTa

mMyindnsnamglavesinlusauanldssyndisnisisissilu Phungam et al. (2018) Fadun1siinsgh
anududuveauta Co, Miuaulusyuuda ﬂsvmumﬁﬂu,av%mmuﬁﬁiwaay@am‘lmaé’mﬂé’aﬁ ﬁﬂuﬁﬂiwmu
andtmdnussana 100+2 ¢ ldlundeswanadnuin PP (Polypropylene) vwin 3.5 L Ain3esiaula CO,
(HTI, HT-2000, Protronics Intertrade Co., Ltd. Thalland) aamsﬂuﬂamma a’muummiﬂmﬂaaqLLazﬁavL”iLUu

aaa

syeglialdiiy 1 ‘U’]Illx‘i “memqm%qwmm Lwamiazamauma CO, melusguuln Ima’qm‘wqmﬂﬂm

Usgnaume 10 25 uag 35°C sllanudnduvesufiia CO, Mazaluriniaifnuinisiiaegneies 10 wivase
Sudy nduvihnsduiindeyannudutunazsseziaiioinlumuinsnsinisudauia CO, mukuuTIass

adamanifiusnglu Eq. 1

rCo: _ CacmorZ ot (Vjar _Vamr) (Eg. 1)
o 100 R-T, -t-M,,

lng#l 0. Ap gnsinsmelavasludnlunaiuan (mol s kg?) ¢ A Anuiduduvenia CO, Felantdoy
nnludnlanadu % v v?) R, fe Ausuussemiend (Pa) v, uae V,, e Usinmsnaesmanaiinuazludnlon
awan (m’) mudiu R Ao Aipsfivesuiia wiiu 8.314 J mol' K T, fie gaumafinisiiusnen (K) t @e vian (s)

waz M, Ao umdnludnluveaiuan (ko)
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nsAnwAnuduiusseningnsnamelaeduinlanaiuanwazgamgiinisiusne lauszenduuuinass
AanAanse153Llea (Arrhenius model) 38n15951897uUlU Phungam et al. (2018) asuandlu Eq. 2

Eac, 1 1 (Eg. 2)
r'cx(r:nci2 = racmcizref eX p[ o ( - q

R T, T

str, ref

119199 (

Taad 1 R amwmima‘lwaﬂumﬂisuumuawaam 91989 (mol s™ kg™ Ea., AD NAUNTTAY 138

amr

Energy of activation ¥8s8nsnmsmelavesludnlusaiuan U mol™) 1, Ao aﬂzummmﬁu%'ﬂmé"wﬁn IRy

D 291.15 K (30 18°C) M3Anwllale3s Non-linear regression tieUsanaual r

amrref Way Ea, pglusunsy

amr

ABNN MBS Microsoft Excel® 2019 (Microsoft Inc.) n1suseanaailagldnseuiunts Non-linear regression e
nsUszynAasTlsinauelng Avila and Silva (1999) Anuuwsiudwesnsyineeiiléainnismaaesae Eq. 2
wanslagen Root Mean Square of Error (RMSE) kaza1 R TagUszgnd kuamiadi s1e91ulag Phungam et al.
(2018)

3. msdwnzimsidsuulanininaauasUinansauesaesdavasinlandiusassuinanisiuine
3.1 N13IANIIADE NN LYNEAIUER
Tumswseusegnadinlaauandmsunsinsginisdsuwlasenitnafuing dudunsiaei
fnlasauaniiknunsanUSinuderdunididesiu (maudlumsazaneleieslsluaaslsdamududy 150 mg L
Wuan 30 Jundl) Uiifﬂﬁﬂimmaaumé’wﬁmﬁﬂﬂivmm 100 g asluaawanaRnuda awnﬁuiaiuaa Low Density
Polyethylene (LDPE) (n5101s U3 lnsddumasuna (1999) d1in Useinealng) w1 60 pm N 20.32 x 30. 48
cm Lmemi‘wumﬂmL‘wamumiammiamLaEJﬂamsuuLLmlmlﬂaiwamawiimmmmLLUs mﬂuuLLﬂﬂmmﬂwm
gaumnTiiusnw 10 25 wag 35°C ImEfLuLLmauammmlmmmsamﬁmmsmaamﬂu 2 ngu Usgnoudae ngudl 1
dmsunsinumsasuudasimiinan Uﬁf\]ﬂmsﬁluﬂauuaﬂulmmiLﬂmmﬁmmmLwauﬂuwﬂimumuamaaﬂﬂ
IINUITYA U] mum’mEﬂmmmsmmsmm%m:,f[,uLLmavawnmmiﬂﬂmmﬂuummmmmmumuﬂwLﬂaauwaq
lﬂmaﬁwumuaiumﬂuamalﬂ waznguil 2 dwdunsAnvinsasuulainunsaueanaiin vssaduailungy
dlfFoumusiuutudmiunsinmginsaueansiin esanléfinisthinlewaiuannisluussgiusieanin
Fnssenfieg s uleeet Wy undes n1snsesieniatn fisnsitlaiaueluideneld

3.2 Magayderutnan
nsfnwnsgadetninanveslunlauanuan §idelivihnstahminussadusidnluauan u ui
ynsdne (newdunsdaiminussytaiauuaylidavssadae anduwihnsdieudeuininGudu uas
hwiinvesusssiussinlavaiuan u,asiw&mm‘i‘]u%aaasmiqzyl,?wﬁmﬁﬂ wigns (2563) dawanslu Eq. 3

0

Wiloss =

Tnerimuald Weloss fie Sesaznisgaydernnidn W, fe wwtnisusiu (o) Wt Ae wwtdnfiianle 9 (g)

3.3 Ussnansauaaaasin
sl ngiviinansateanestn (nfiud) luluinluwauan fenisuszgndisues AOAC (1990) T4
91984lu wilans (2563) WuiSnisTwesziimenislamsvlagldaisazarsuinsgiudulafiusa (Indophenols
standard solution) ﬁ%miﬁ’ana'nLﬂumﬁﬁwmmé’mﬂms”Lmmemﬁwmmmﬂ%mmﬂﬁml,aaﬂa%ﬁﬂﬁmmﬁﬁaaﬂu
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dhafalnedniluliadnsunsaueanastn se 100 ¢ itiseazBenlnedaatsd thinlvauaniidui 1 ml ldly
279 250 ml Na1azans 5% (v/v) Trichloroacetic acid U5ums 9 ml wenlwmdrAusiud uaavitnislawmsnee
a1sazane Indophenols ufagagd Fadugafiansazareidsududvayiias dmsusegiaieudiou (Blank
sample) thansazane 5% (v/v) Trichloroacetic acid Usinms 10 ml lamsyauidioatuihatnanludnlonaudn

v

nstufinalaanaslawmsnaniduanamisnnunsateanestnlagliauns Eq. 4

ChAse _ (X — B)'(F/E)

. Eqg. 4
amr (V—Y) 100 ( q )

Avunli CAoC Ao Usua (nTennududu) vesnsaweanesUnluludnlanaiuan (mg 100g") X #e

Usnasansazas Indophenols Aildlunslawmsngiesns (ml) B fie Usumsaisazans Indophenols #ildlunnsla
WMINA29819 Blank (m) F A9 AU uTu99815a8a18 Ascorbic acid standard solution (mg ml™) E @9
UTumsuesansazaie Ascorbic acid standard solution (ml) V #s Usussuesansazaie Indophenols standard
Mtlunslamsvansazarsmsgiunsaueanadn (ml) uay Y fe USinnsvesansazas Indophenols standard 7
Tlunislawmsnieodns Blank (ml)

4. mIAeTzivaunamanivesnslisuainsauaanaiinvasludinluusuan
fidelshnansiasuasnsaneanesdnluludnlvuamuan (Fade 3.3) udnwaaunamansdadunisdne
Lﬁmﬁ’ué’mwL%’JsuadmiLU?i&JULLan%mmﬂﬁmLLaaﬂai‘ﬁﬂﬁLﬁmﬁuﬂﬂaslﬁqmmﬁﬁm q atsusuresUfisenenis
W suudasnsaueaneidndrulngtiususui 1 (First order reaction) lnggnsnirvesnisiaufisend
aduTuS R UAMI TR sasRasY (u AApA LT uYBINSALeERBsTN) (Farle and Earle, 2003) #atha

YoansildsuLUasnsaneanssindaduuisendunuiil wu winwnuan (Miews, 2563) AnTn5e (UTTnd way
Fsvand, 2559) uaziniewesiasa (@i wazanz, 2565) lunisnwnisifiushvidmemesinseadn gl was

P

A (2565) lilszanduuudnaemnendnaans First-order fractional conversion model (fauanslu Eq. 5) Ll

N

nsvhuenisa sunlasnnududuvesnsaueanesinseninenisifiuinw waznuiuuudassadamians
fenananmsaviuemsasundasenaduduldesnad Taedoyaninnisiiune (Predicted data) 1usunuila
voadeyaitldannismnass (Empirical data) Lipsandnewmesinsauasdnlumamuanduinudssmulu e
Fifeddlivinsuszgnduvuinassadamans (Eq. 5) iladuaseadiolunisdnwaaunamansuazsiunonis

Waguwlasusununsaweaassuntuluinluuaiuan

ACA ACA
Camr,t _Camr,tao _ ( kAcA t) (Eq 5)
CACA _cACA EXP\= Kigtamr -

amrt, amr,t,

Amualid Co7 Ao Anududuvesnsaueanesdnluludnluuaiuaaiiaaila (1) (mg 100g") C°F Ao

Anududuvesnsaneanasinluluinlutaiuaniiviandudu (t =0) (mg 100" C2% As anudutuveinsn

k ASC
1st,amr

woamasUntuludnlavaiuanlowiauna (1 =oo) Ao AAsfivednsINsiUdsulainsaweanasinluly

o aaa v o A -1 A <8 v - ) v o €
Anlvyaiuanwuuuizendudui 1 (Day ') wag t Ae szeznainisiiuine (Day) n1533eilaAnwinnudunus

1998055 sAsuuaInIakeanesin wie A1 koo Augamgiinsfivinwideanuduiusenssidea
o &4 .CO, .. .CO, =¥ ASC o |, ASC o, & o o >
(Eq. 2) Tagvimsunudl 2 wez roe o oe kS0 wer kS, auddu uay msunuil Eag, %8 Ea,.

nsUszanuAduUszsdnsiusing Eq. 5 wasanuduiusenssidealalduuinisvesnszuiunis Nonlinear
regression AILEAILURITE 2
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5. NFINUAUNTNARDI

MMTITBUMUAUNTNABDILUY Randomized Completely Block Design (RCBD) 91uau 3 gnsviaasd wayld
W19 Nonlinear regression Tun15USZUIUANUDINITITADTAINUUUTIADIAMAAIGASAS 9 A9 LadLdu
1961

NaN1578

NavasuuYiifadnsNITela

’ej"ﬁmﬂ’ﬁma%suaaﬁﬂiﬁummuamﬁmLﬁwﬁuﬁé’uﬁuﬁ‘ﬁuﬂﬁLﬁuﬁﬁu‘uaqqquﬁmnﬁu%’ﬂm (5U# 1) Sasanns
melafigumndl 35°C (Aadsiy 2.83 mmol s kg™) fiAnganinfigaumgdl 10°C (FeAewiniy 2.83 mmol s™
k) Uszanas 341 wih Tuvaziidasinsmelafigamall 25°C (Aedewitdy 2.02 mmol s kg?) fid1gandng
10°C Usgan 2.43 win ﬁnﬁﬁmwmww%ﬁqmuqﬁ 35°C ganinfigaumndl 25°C Wiy 1.40 Win dnwaiznnsg
Winduresdnainmameladuiusfugumniludnuasvenendluiuwdes (Exponential) iiavinisussanasng
nsmelalundazgaumgiineuuuiiassadianmans Arhenius (Eq. 2) wudn wuudnaesadinaansaunsaviueg
adildannnsvaaedléogned Tneda R2 wazan RMSE wihiu 0.98 way 0.08 mudsu Tneenduussavsues Eq. 2
Usgneusme 1o uay Ea ., Wiy 1.19 mmol s™ kg™ ua 32.65 kJ mol” awensiy (379 1)

amr,ref
amr

3.50
@® exp.
3.00

Pred.

2.50

2.00 L)

1.50

1.00

Respiration rate (mmol s! kg!)

0.50

0.00

0 10 20 30 40

Temperature (°C)

JUN 1 gasnsmelavesdnlunaiuan nusnuifigamall 10 25 way 35°C dayanual @ unudeyailiainnis
NAaDY (exp.) (AR n=3) Lay W@udm As AvrsIn1selaiiviue Eq. 2 (pred.)

M19199 1 sudsluanuduiusenssillea (Eq. 2) senindnsnismeglanasonmall uazen R?uay RMSE

Fover (Mol s kg™ Ea, (kJ mol™) R2 RMSE

anmr

1.19 32.65 0.98 0.08

naAsuutasiutingn

fnlunauansinsgaydotiminanfifistunaonegnisiivine Uil 2) dwaliiianisionarvesluinlos
auanlusEninemsinusnm (gﬂ‘ﬁ' 3) ieRansanlundag ufivinisdne wuin %’aaazmiqigl,ﬁmfmﬁﬂamﬁ
gaumndl 35°C frrgean uaziiddhaniigamgil 10°C ﬁgﬁmqﬂmﬁﬁﬂwwaaﬁﬂiwmuamﬁu%’nmﬁqmmﬁ 25°C
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a

way 35°C WeaRinsanandnwazusingresmsifieaan waz/miein1sueuiiunsiaiyveteqdunidaienilan

3
o

(3U71 3) Fhiduivausuveaiuilan wiriu 3 Tu lngrnaiesevavnisgaydeivinan (u Suil 3 veanisifiu

4

$hwn) Wiy 2,62 waz 4.15 sudrdu andeyaeanisiiuinwidenan §Idedddldvihinisinsginisgade
i uazUSuunsausanesdnvesluinlanauanfigamad 25°C uaz 35°C Mevdsanmsiivine 3 Ju
dofinsanluguil 2 wudh Seagnsgydeinninanvedludnluumuantigamgli 10°C fermninfesas 3.50
AaeANISHIUSNY 10 Ju

4.50 o—10°C

4.00
—h— 25°C
3.50
——35°C
3.00

2.50
2.00

Weight loss (%)

1.50
1.00
0.50

0.00

0 1 3 5 7 10

Storage (Days)

v

JUN 2 Sevavnsaadeumiinvesdnlavan (Anade n=3) Nusnufgamgl 10 25 uag 35°C Wuaa 10 Tu

a

U 3 dnvagusnguedludinlonaiuan Wiushwifigumadl 10 25 uay 35°C WWuan 10 Ju

Y

mswasuulasUSunansaueaaesin
mﬁm?iauuﬂaaﬂ%mmﬁammL%u%’usuadmmLLaaﬂaﬁfﬁﬂmmﬁﬂIwmuaw‘ﬁaLﬁu%’ﬂmﬁqmmﬁ 10-35°C wana
Tugudt 4 wudh Ynansaueanestniimanasanaisudiu (1. 48 mg 100g") ashwial,ﬁaa‘[,uﬁvwmﬂﬁLﬁu%’nm
miamaqmﬂamﬂmulmmmaamwnmaamimmﬂmawu definnsantud 3 vesnsifiuine wudn Usuna
nsausanasdnvesluinluumuaniiunuiigumail 25°C ua 35°C fiananasanAnFusulszanal 1.82 uas 2.38
i maddty dailddaueluidenisgdedintinaniiognaivinuveduinlvumuaniigamgl 25°C was
35°C Wiy 3 $u esnniAamsuiidedaisanmasiamendegfunisiiamsdaungléfenila duandy
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U7 3 Feenaliluisensulunsiiunuiloa duiudddlivihnmsinseisinunsaueanesinaendanniui 3
Tumsiusnwifioamgll 10°C wud1 Usuunsauednesdnanasainansuduingu 1.82 windleRa1san o uil
10 van1sHfiusnw (U7 4)

14.00

12.00 |
g A ® exp.10C
S 10.00 B exp. 25C
E 2.00 A exp.35C
E : pred. 10C
E red. 25C
S 6.00 P
=] pred. 35C
o
@
E 4.00
[=]
3
< 2.00

0.00

0 1 2 3 4 5 6 7 8 9 10
Storage (Days)

3U#l 4 mswdsundasssinansaueanesinludnluvaiuaniuinvifioamgil 10 25 wag 35°C 1Wulaan 10 Ju

Foydnuel @ mA uanwudduaamall (10 25 uay 35°C) wnudeyafiléainnisnaaes (exp.) (Aadey
+ ANUBRUUIINTEIU N=3) WAz 1dude Ao A1USununsaweanesiniviiuneles Eq. 5 (pred.)

A13197 2 N5TNDTVRIUVUTIABIANAFANTVBIAUNAFANTVRIUAATEPURY 1 Y039n15LURBUwaIUTUIM
nanueanaitnvestuinlavaiuan Wushyifigamnll 10 25 uay 35°C Wuian 10 Ju

gaumadl (°0) Kins e R? RMSE
10 0.09 0.99 0.120
25 0.28 0.99 0.001
35 1.00 0.99 0.001

NNTANBIVAUNAFAENS VDIN1TIUA BULUAIUTUIUNTALOEADI UNAIBLUVIIADIAAANARS First-order
fractional conversion model (Eq. 5) WU LUUTIADIAMAAIARTAILITAVIIUIEN1SIUE sulUasuTuunse

woaneiUnvesinlunauanluusiazamgilid laedien R® wag RMSE oglugd 0.99 way 0.001-0.120 mud1su

k ASC
1st,amr

(M15197 2) Ann1sUTEIaAIUTLIMNIALAADSTNAIY Eq. 5 Mu35 Non-linear regression vilsAlap

warnuinfiaufinduaenadesiunisiivtuvesgamglimaiuinuludnvurvesendluiuuden (Ranstivesdnsi

mmela) (UM 4) Asdeldiuuudaesadinanans Eq. 2 inUssanaan kXS Aduiusivgamalinsiiuing

1st,amr ] Y

lngnudnuuudnaesadamans Eq. 2 annsavitwea koo 1aeged da R wag RMSE aglugae 0.99 uag
ASC
klst,ref ,amr

0.02 MUAIGU AN WALAI Ea . WU 0.08 day™ wag 93.10 kJ mol™ muaau (FUN 5 wagn13199
st

3)
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m3197 3 shuusluanuduiusenssillea (Eq. 2) sewindasnsfsundasnsaueanesinuazaumail waven
R*uay RMSE

kl?ts,(r:ef,amr (dayl) EarAsc (kJ mOLil) R? RMSE
0.08 93.10 0.99 0.02
n1sanUsiena

9nmsideil wandlimauimavesiagamgiuarsvoznmmafuinuniidoniauasuwaniondnisf
Aervesludnlovaiuan Jeldd@nviuarssanuludmdnsnismela msgadedminan waguiuanse
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AuAudunusenssiilea (Arrhenius relationship) ﬁLLamﬁﬂﬂﬁLU?{EJuLLUm%ﬂLﬁmqaﬁ'ﬁuLwULaﬂﬁﬁULuuL%aa
Slogamgiivesdunden (u il Ao gamginiafuine) feufiugdu nansfnmidaduayutoyaauduius
yosgmmgiimaiiuinuniusanmemelavesinuiods Sseglu Amaranthaceae family wWuideafuinlusauan
wazfinsiFondeinuasidsindnlon fisieaulay Examma et al. (1993) wag Fonseca et al. (2002) wuin 8737
nmamelavesindsduiutuludnvazondliuudsadoonpinafuinvifuduasannsohuglddse

ANNduRUsesIllua 1neAn Energy of activation (Ea,) e3nsasunUasdnsnsmgla windu 36 k) mol

amr

Fonuidelnaifiesiudn Ea ., veamsitaeuadnsimsmelavedudnluseuan Sy 32.65 kJ mol”

amr

nnmsiuAudoyaluenanssrdeiiivafecdilinunssisnuan Ea g, vesludnluuauan lunisdnwims

amr

Wiushwidmewnesinsedn diyan wazame (2565) 31891131A0 Energy of activation vasn1silasuulassnsinig
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melaluinieinesinsaanyindu 60.43 kK mol? Fafidrfigeninludnlvsaiuanifovasssin WaliAn Enerey of
activation wansfiana1ula (Sensitivity) ¥998m31115911819 W3 osnsn1siUa sunlasluyseiiud u ) #9113
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msﬂuwﬁmmaqﬂLLazé'fﬂa'ﬂNaiﬁamﬂamsaaﬂﬁlaﬁﬁwim (Water vapor permeance) woaiijoifonardrutsznau
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nsgapdoiilusenitnisiuinwmesdanaldiduiontu mndeyadinanaunsalfiduuuamidunisdnms
sewhsnmafuinvidasaiioanmsgaudethwindaunamangamgilusswienisdafiuld
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Anuduiusiveamginsfiusnwwuuienlyuudeanisaruduiusenssidea lnenn Energy of activation

(Ea i) fiAnninfy 93.10 k) mol™* Tudaquudalinusioaud Ea . vesludnlvnaiuanuioludndleds

amr amr

lunis@nwisaunanians n151U8 sundasusurunsausanes daluludnieinediasaan aiyyn
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50 psAaLdoa a1 18 $1lus fuaaeuliazuuudiud wandedudasylussdureuurunarsferauuin
aeaildAtyn19adia (p<0.05) drinudnuaeUsing savidwazanuveulnesudazwuuliuansieiveglusedu
FoulIuNa (p>0.05) ARAMNIINEAMIUAETA1 L* a* way b* USnaweaudsiiazansld aenudunsa-eng
Uhinansn Uiinannuiu LLauUiiﬂm‘lﬂaﬁiJlJﬁNﬂa’JEJ‘ME)JJ‘VlE]QE]Uﬂ'ﬁE)‘UVWI’]LLMWN 2 amavuulmmmmuamm
Foddm1eaia (p>0.05) dauqunmduidoduia nuin Arauudsveandlevionneseunseudivus
2 anmzuananafiuegelifedfyn1eadn (0<0.05) TAfl 19.42 uag 16.61 T6u mudRy
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Abstract

The purpose of this research aim to study the appropriate temperature and time for producing crispy
banana (Musa acuminata (AAA group)‘Gross Michel’) by freeze drying method. The optimum conditions
for the freeze dried process of the crispy banana such as temperature and time in freeze drying on primary
drying at -15 and -20°C for 12, 14 and 16 hours and secondary drying at 50°C for 14, 16 and 18 hours were
studied. The result showed that sensory evaluation was to the primary drying at -20°C for 16 hours and
secondary drying at 50°C for 18 hours by panelists recognized the feature in color and texture score in
moderately like and very much like level (p<0.05) and that there was no statistical difference in appearance,

flavor and overall liking properties score in moderately like level (p>0.05). The result showed the color L*
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a* and b* and total soluble solid, pH and acidity properties quality and moisture content and a, that there
was no statistical difference (p>0.05).When the crispy banana parameter of hardness properties the result
showed that for the freeze dried two condition process there was a statistical difference (p<0.05) at 19.42

and 16.61 N. respectively.

Keywords: Banana (Musa acuminata (AAA group) ‘Gross Michel’), Drying condition, Freeze drying,
Crispy banana

UNUI

Hagtuuuliimginssunsudlanemnsinmsidsuudasluanidu §uslaaiinsiusguariadleluguainaes
auosarliauddiunisusinaemsiiinnulasnseunntudesduldnneuienusinnemsussan
oouniindvienduiln Jaduermsfiiunszuiumsusasieiesiian nguvesensiioguninlauneivnsaillusiu
A5 waldl wazermsilianuaunandsauiuiiinie wanaanaMeasygRaLazdeauiiing
Wasuwadluegssiad viliiadinenuduegvesiauludinmiudsuutadlusng (@dnasugianisinums,
2564)

fefunsiuiusddenudaladunssuiunsouuisdinsldnuedaumsvaelnsanzgaamnssueuas
91sifeInssnwaulifivnen nausa nieansiianunsadeuameldiefigumniigs o1vnsiunszuILNS
LLﬁqﬁ’;ﬁ%‘ﬁ%ﬁiamaLLaxmimmﬂﬂé’Lﬁmﬁ’ummmﬁummﬁqm weddu ieduda 3Us9 LLazﬁaaﬂmauﬁﬁﬁﬁ
arutundslilvnzaudeniaiydulavendeqdunis dwmaliorgniafvinvvesemnseiiniaeudisuiundy
oMITIRIUATEUINM ST E3Ta Y 9 Snndinisifivegramnyaufiaranansafivshelildunn venaniinng
ﬁﬁwgﬂﬁqaaﬂlﬂmmﬂdﬁaaaz 95 Fuhlemsithninunaznindenisnamuarmsvudsusnaia il iu
mmiﬁﬁimﬂuqa (Juvun, 2564)

nsvuumsuiuuuutdenududeandu 3 Sumeu liun Funeuusn (Freezing stage) unsuaidanuds
mmﬂﬁﬁqmmﬁﬁm’h 0 earwwalua nsruumsutdonudnounsyhuisuuuudiBenuds Wumadafithanld
LﬁaLU’S"UuamuzsuaaﬁﬂummimmmmmLi";luﬁuam%uﬁaiﬁtﬁmmsszLﬁoﬂ,umsﬁwLLﬁQﬁqmmﬁﬁwqmmﬁﬁﬁw
TlunsudiBenudenounsviu Ae -18 ewrwaidea way 40 esrwaidea vesni vavesEntuds uay
Fagn1sudEonud AINABYUINADAMUNINVBI81MT (Reyes et al,, 2011) LBNINLNTEUIUNITE S 903
wammﬂﬁﬁmﬁa LLathJ%JﬂmImaa%Nmaﬁmau wanAnusinleFainsasguialaflndiAssvesan (Tatemoto
et al,, 2015) suumauwﬁawaamvmumimum Ao SU‘L!G]E]Uﬂ'IiVI’]LLMQSUH‘UﬁllﬂEJ (Primary drymg stage) Wunns
suiiin (Sublimation) lemiudedass (Free ice) luamseen mssufimfunalnddalunisidah erdendnnis
aunaulaliiAnn1sanelounnaas (Mass transfer) Wagn150181MANT B (Heat transfer) nil 8211 191An
A5 (Horie et al,, 2018) @18UN155¢LAn=LARUS IR0 1S ua A UKS N andutilud uomns
wABY 9 Lﬂf?}lauﬁ'LLazszLﬁmmugwquﬁlLﬁmﬁﬁuimmiamqamgﬁ wazANufuUITEINAlisininufuUTTEINTe
Unfinwdnnmsgapdetiluguvesine demsseTlunssuaunsviuks AeasemunuldliAamsmemanufouluss
pnndufulumsrzoraviilfiinnisazaneviedoanin (Collapse) vosamsld dmiudunougariioves
nszUIUMIYWRILUULGLEenUTe A ﬁﬁy’umaumiﬁmﬁmwnaaqﬁ (Secondary drying stage) Wunsudanuty
fisamiafuluenavesesduszneudu q venaneimsdeismaiugumgilvged uudseg aneldane
ayna dliaaduresenaiedeuiioenluluguvedle Wefweneuduiinndsegoenlulfivdseglusedui
Uasndeiunsfiuinm fie arudulundniusisdosnindesas 3 duiulasedweemsiaiansidems
YINNATBIUIIRIAT (Surface tension force) TosvasmavnziAdeuitnulassasieossnn (Mawilai et al, 2019)

waldi3ensne (Freeze dried) 3enaldouuisiildnszuinnsiliuisdenisutidenudslaserfonisseidin
voshudsluanmzgaainmaiuiilinalievuisdiaulasade dauailawuinig dwaddeguninuazazen
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Faldsuadisnduegnannn uenanialiiouuksildineluladmsYaninuagnssindefigumgias Seuvssiu
Ifsmnuvasadevesemns walifouwisazdinsdindunaldsanizuie uasanalnsunisvesaliaiioudunii
Yovay 97 Inglidadldanstuyauazannsnivldumilugumgfunailiiiauotesuasauan msvursuy
udL8enuds (Cryodesiccation #38 Lyophilization) 1unnsviuiis (Dehydration) Aaensudidenuds (Freezing)
yhlshAsuanusdundniudetou udSsanmusuiolindndudsda (Sublimation) nanedle Fems
anarmdulisniussenand sazaiuauligumaian Fgumad wirduvde snd 0 sseisaiBea diuds
suftefinuiuvingy 4.7 fadwasusenudonindi) (quéui’mﬂﬁmmmsLLawsiﬂqﬁm%, 2563)

wltugramnssumalsovuidusuian dnsaanisaiiduilanaeiunnidentenaliouusmdonali At
nsvufauuunEsnsenndu esnualianiszernalunaivinudunas g tunalinneinauisatun
wssuidunaliisnsels venaniSmuilutmaedihundinadulmeunianmsuilaedide wavany
Jusssuriviownaamsudlnaiindre q fumsuilnadud BCG veding Sddlimsuslnanaliouuiaivlntu
ognsaldosuazaaiiludn 5 Yrethasiinsduladeindensd (CAGR) egitforay 10 FulU (guiidenansine,
2566)

dmdundrevounes iuinassgiarlaniwesdminmesyiitdnanmwlunsdioon lnglamenandduded
AuFeINIge esanisanidd dnduven urfuussmudnismandniinnulasads Liflansindandrsuuiion
vhlvindreveumesvaanysy3lisuanuien Wuilsensuvesiuslnalunaindiu Ssfuiuuwlthiaudonisves
AANAB AR LINNT U @Enauneasiazannsaldamiamesys, 2565) nmsAnwLdosdu wui dndreveunes
Fruunniinandrefidnwurlilfuunenminasinesgiu dadundeiinninsedesaunimliannsadseanty
Fmhelunaassuszineld ilideadmnenaalulssinadsiagiisiagn

fatuidedsldingroneunesiinunmlaldmnnaeinnsgiunAnyiannensudnndlseuneseunsou
fe38nsviwisuuuuyifenud el inungand i ndrevounomdwiuiadsnsld ndu savdgusig
wazAmATlarInIsge Snieadufivensvvesusing

Y89 aunsal uardsnis

nsieimasiunudel

1. mawsundaeveumes lasnisindreveunesiiguamlaldmunasiinnsguainannsainisinems
vine1e $1ia Snevinens Smdamesy3 Pradounnsiau-figuisu fszdunisanogluszesd 5 (Vaenwaldud
wasswdUmenaduiudifen) uvenidonuaziunuuing dnvusduniumun 05 wuimes naseddan
awnueaudnhluugdenudwhoindesuridonuisiuuemeduiaiiguvai -65 ssrmwaldea Wunan 90 un

2. mIpuuiandreveamas thndeveumesiogluanunduiudadiedoshuiuiedignazuiunish
wiadugu (Primary dry temp) lgauvigfl 2 sedu Ao gaungdl -15 wox -20 eseneadoa 1unan 12 14 uaz
16 Flug auddy LLazLﬂszajﬂizmumivhLLﬁq‘fuﬁaaﬂ (Secondary dry temp) figanafl 50 asrLwaLdoa
Wuan 14 16 way 18 Halus mudidu

3. MeleTeaua N eoNmesaunsa fifed

3.1 msUsziliugunmmsUszamduda Tagldgmaasudud lisinunisiindy $1uau 30 au waadus

#2835 9-Point hedonic scaling (1 = lﬂmauuﬂﬂﬁqm wag 9 = maumﬂﬁqm) Tngyinnsuselliunseensuneanwele
Usng) & sav1d Anunseu wazAnuveulauTuveandunmiun madeunglduun1aaeIwUUd ANy el
Tuuden (Randomized complete block design; RCBD) AtAszsiAAnuLUsUsau (Analysis of variance, ANOVA)
Tneldnoniameasamelusunsu SPSS 29.0 (Statistical package for the social science for windows version 29.0)
(SPSS Inc., Chicago, USA) wazil3ausfisunnuuans1avesdiadesie3s Duncan’s new multiple mange test;
DMRT Tumsnsesiisziuanuidesiufosas 95
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3.2 AQUNTNNNIBANLELAT]

1) A L* a* uaz b* laeldiedesinddve Hunter Lab Ju Ultrascan VIS (U.S.A) s3uu CIE L* a* b*

2) Fnwus edudaduanuudlneldiad og Texture analyzer §u TAXT plus (Stable micro
system, UK) Tdinuuuiuiingdnanduiigudnans 3 fadwns (5¥a HDP/CFS) vinnisinlagldiainnaasuu
Free13 (Fregredasunn) anumsinisindsuiivesiatn 1 fadwesdeiuni anusivesiaiandanismagey
10 fiadwnssiedunil warliiainnaasuuiiegradusseznie 3 Taduns Seaurusnagegainyioduii
(Newton)

3) Usunamesudeiiavansls faein3ee Automatic digital refractometer (ATAGO 31U RX50000,
Japan) M135199 AOAC (2012)

1) ArANLdunIA-A1e (pH) MUsves AOAC (2012)

5) Gsinansaibninsaldneomn seeududosazueinsadnin (Citric acid) Aaiaves AOAC (2012)

6) Ustnaumuu (Moisture) anaiisues AOAC (2012)

7) Usanauhdase (a,) anuisues AOAC (2012)

NSNAFOUANAINAIUN A MLAZAWAT AliunIegeungliuNuN1TNARRIRU VAN ALY T
(Complete Randomized Design; CRD) kagluu Independent t-test Tngvi1n15nAdaU 971UU 3 §1 1A5129%
AANLUTUTIU (Analysis of variance, ANOVA) Lagdtasizvinanisnaaongais lngldlusunsuasuiiames
d1sagunsadifnnelusunsy SPSS 29.0 (Statistical package for the social science for windows version 29.0)
(SPSS Inc., Chicago, USA) lunsiaszwiiisediuanuderuiesas 95

NANT5IY WaLN15eAUTIuHE

naMsANusEAUgUMATinarsE o DaTIMINzaNd UM SYIWINdIEveNIa e UNTOUMIBNTEUIUN SIS
wuuusiBenudedinadsd

1. namsuszilununwnssEamdula Arazuuun1sEaNTUANA I IUTEAMANNaYeINaIeouNes
sunsouiivuisuvuutifenudsfigungdviukstudud -15 esansaldoa a1 12 14 woz 16 $2lu uay
nsvhusduiiaesil 50 osmwaiea 1an 14 16 uag 18 Falus pwddy nud gamginisviuiedusud
115 pemnailea e 16 9alus wagnsvhuisduiiaesil 50 esriwaidea ian 18 dalus fuaseuduliazuuy
nsvoufugumsUsTamdudalunnandnuazaniianegnaiifoddy (p<0.05) TArAzLuUNTY 7.45 7.22
8.12 7.70 ua¥ 8.15 mudwiu AzuuuagluseauveuUunaeisreuuinluduvessavfuazaiuveulag s
(5197 1)
M99 1 AziuuRadnYarasramduiavesndievesneseunseusen s denudsiigamai
yhutsdusiuil -15 ssmiwalua uasviuisduiiaesil 50 ssmiwalua fiszozinasing 4

QUM NUAZTEELLIAINIT IS

AANYMY VuFstudy -15 ssmiwaldea / viurstuiiaes 50 ssmiwaldea
(12/14 3.) (14/16 %3.) (16/18 w3.)
anwaueUsng 6.70+1.53° 7.00+1.34° 7.45+1.26°
a 6.57+1.63° 7.02+1.56° 7.22+1.21°
AR 6.80+1.54¢ 7.50+1.10° 8.12+1.10°
dledua 6.9241.51° 7.3241.37° 7.70+1.47°
ANNTEULAYTI 6.90+1.50° 7.40+1.48° 8.15+1.03°

o o

nuBLe: fonws 7 AeeiuluiuiueutansilanuuandsiuegeditdudAaymneata (0<0.05)

1
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AAzlLUNTIRFRUAR AU sTa AL aTesndenenmese unse T suUULTIBenuT siigamavinus
Fuduil 20 esmwaidoa a1 12 14 uaz 16 93lue waznsuietufidesii 50 esreadea van 14
16 uaz 18 F2lus iy nuh gungfinevuketuiuil 20 ssmuwades a1 16 Halus warnisviuedud
aoail 50 erwalTea a1 18 Falus fneaeudulinzuuunissensununmmsdssamdudalusudery sz
yaulIunans LLaséw"mmfaﬁ'fuﬁaa&ﬂuszé’waumnaeﬁwﬁﬂ“ﬂﬁﬁ@ (p<0.05) AANAZLULLVINAY 7.35 Wag 8.27
drunseenfusednuariung savd LLazmwmmﬂ:ﬂzmuhiLmﬂ@mﬁ’mé’awamaaﬁﬁﬁLLﬁq%guﬁu‘ﬁlqmmﬁ
20 parwalded 1981 12 uay 14 99lue waznsuieduiiaesii 50 ssAwaided 1181 14 way 16 Tl
(57991 2)

a

M19197 2 AZUUUANANBUZNIIUTEAMAUNATRINAILMENNBIDUNTBUMIENTVIUT MU UL S onudsfigaumnd
MURTUALT -20 99AALT8E LaZYINLINTUNEDIN 50 samwaldud NTzzlIaneg 9

QUM HLaYITEZLIAINITYIUAR

ABANYE Vuradudy 20 esrmwaldua/uisiuiiaes 50 ssrealTya
(12/14 w3.) (14/16 w3.) (16/18 3l.)
é’ﬂwmxﬂsﬂﬂgns 7.20+£1.32 7.20+1.38 7.37+1.51
a 6.90+1.28" 7.02+1.34°° 7.3541.33°
AR 7.40+1.46 7.20+1.71 7.70+1.22
ledura 7.254+1.06° 7.70+0.97° 8.27+0.78°
ANuYaulngsIN™ 7.6241.12 7.67+1.19 7.9740.94

RUBWa: fonws *° AdsiulusuiueulansindinnuwanaeiuegeditudAyneada (p<0.05)
™ pnefis fmegeldfinnuuanansiuensiivedAamnieada (p>0.05)

A15797 3 ANANaZA1AINLIYDING LNBNTIBIBDUNTRUMEN T IWASHUL W BoNUDeTisziugumgRnazsyesaIag 9

- . o ANAIULT
Qo iinaysreIaIN1 v And o
(Ol

L.x.nS a*ns b*nS

YAUN -15 29AALTYE 1381 12 B
uaaﬂﬁ 50 RaAALTYE LA 14 v

ee Dee

83.27£1.34 2.2810.09 17.85+0.34  32.56%0.75°

=

G]‘LWI -15 paAwalded 11an 14 v,
suuaaa‘w 50 DeAGALTEE 1381 16 V.

80.08+1.44 2.3910.31 18.1742.01  24.55+0.40°

ee C§Ee

Qe

‘ZJ‘L!G]‘LJ‘VI -15 D9AgaLTed 1180 16 T3l

o o 81.72%2.09 2.2810.22 18.40£1.20  19.3840.35°
YUADIN 50 DIANYALYYEA LI 18 Y.

Qe

Q|

JUAUN -20 DIANTALTE 1381 12 V3.

o ~ 81.23%1.02 2.32%0.10 17.60£0.12  28.46+0.30°
YUADIN 50 DIANYALIYA LI 14 Y.

Qe

Qe

JUAUN -20 BIANTATUE 1381 14 V3.

4 o 80.651t1.44 2.3140.22 17.884+0.10  24.18+2.22°
VUADIN 50 DeALgaLYYd LIa 16 V.

Qe

Shudud -20 srwal@ea a0 16 v,
H o ~ 81.2810.08 2.30%0.12 18.01+0.02 16.01+1.61°¢
JUaEIN 50 DA LAY 1A 18 vl

RUBWR: (9nws *° PenaiululuaniwansindinnuwanaaiuegelitudAyneada (p<0.05)
™ e megslifinnuuanasiues1elidedAgnieaia (0>0.05)
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2. HaN5INAAAIMMNINEAIN (A1571571 3) WU AIAFIUATINEINS (L) ANduRe (%) uazAdindes (b¥)
yoandreveuvesounsouiivhuiuuuutiBonudsilss fugnmaiuasinaing 4 fudulsifieauuandieiu (p>0.05)
winsildianlumsiudsivudufuuluivinldeauduiivies (b vesndreneumeseunseuiiiniy
Fsaenndosiuanuideues fuvun (2564) AldAnwiaanmussuasluiihumsvuisuuuiBenudinigldanioy
ATLFUUTIIINIAT ALY Guine et al. (2012) HlFAnwmavesTBmaviuiaenuamidoduiauasdveaiinyos
waznsnlneder nui mevhuiswuuudiBonudeilianuduvesdlasnafiud uves L WasuuUainunsg
Lﬁ'u%usumqmmﬁmmﬂiumiﬁ’]Ltﬁasﬁaﬁawam’anflsﬂssﬁwammﬁﬂﬁﬁm L* diannnty

uaﬂmﬂﬁﬁﬂ?ﬁé’aL‘i‘]umammﬂﬂﬁﬁ%mmaaﬁﬂ (Maillard reaction) ‘17'iLﬁmmﬂﬂiﬂaxﬁiuﬁwﬂﬁﬁ%mﬁuﬁwma%‘@h%
807 (2557) wazaoandoafUIIUITeVEY qN19A (2563) 71 LA A nwiuza 19Ut 8 weunslunisviiuia
Prgamgiiianzaulunsviuis wuin guvginisviudsiivmnzaneglurag 50-70 ssmneaidoa ietosiulals
AensludvesthmadmiunsidsundasadlunaliiiunshuissuuudiBenudsdnlng S u jasend
Aeatestuieuladudniudeiidatulusswinnisuruds Fean L* uamsnnuainsvesdndng a* lufievnauan
wanemududuns b lufieneuinuansenududindesveindnsios

dqurranuudaiy wudn ndreneuneseunsevdiinisldazesnalunisiuied dosninagdemarinle
anuanansalufsheennnudnsusildtosnthimaviuieildssernauni Jailindeveuneseunseudiléd
aruduimaeegaanindmarilidnuasodudavendreveumeseunseuiinrun e wasdidamuudagand
ataifed1fy (p<0.05) Faaenadaiiuiuideremedniu uwazame (2563) 7ildhaavurdulusuniadeonuds
Tngldfazezinainiseunnniaiu 5 s2du 16un 14 16 18 20 uay 22 Falus nuh spogmeuuiaBenudednarh
Tinudnvuzvomdninsiaasurdumniuiivhnisageusinnuuandistu wui ideldaeuuiadonudeiiuiu

¥
= o

Juhlidoaasinnuudafsnnniuaenadesiurioduia (runse) Aisdumuszernaniseuiiunuiu

3. wan1sATIEin AN mILAiveInalevouneteunIeUT YU awUULY I onud e s ugunn
WAZLIANIG 9 WU U%mmmaqLLﬁﬂﬁazawlﬁﬁgwmagﬂuﬁN 10.21-12.38 09/1U3nG A1ANULTUNTA-AS (pH)
ogfluting 432436 upgUSinansatiavun (nadnin) egluraedosar 2.00-2.00 Fslsifanuunndrsiu (p>0.05)
aonndesiuUIdeves ety uazan (2563) MldAnvinavesszaznansuwiadenuisuazaamgiilunisausi
FonMNNIBIAATLTEY (M3l 4) nud1 AAuuds (Hardness) WeafinsldgamgiifigstudemaliiAnnisvhane
Tnssaisearaduanidiowadfiunnduiatuoniasouwiliauiowingaelusadietuidmaliannisseme
1190819319137

A13197 4 AL INTLATIVBINTIEVENNBIDUNTBUMENIIWRLUULI HoNw s seiuaumgiiuag szeziasing 9

USunauvendadiazanala Aranudunsn-eng YIueunsaniaviin

gaumiluagsreziiaIN1Tuie P . v
(23FUINY) (pH) (Soway)

Sugudl -15 serwalda an 12 v,
4 - 12.38+2.78 4.34+0.01 2.07+£0.07
WapI 50 aeAwaLdud 1381 14 vl

ee

=]

v o

UAUT -15 parwaldud 13an 14 vl
WapI 50 a9AwALYYd 1381 16 V.

ee

2

10.6210.02 4.3240.02 2.06%0.02

UAUT -15 DA LwaLTud 1Ia1 16 V.

4 o 10.6310.06 4.3610.01 2.08+0.02
WeBIN 50 9 galged 1381 18 vi.

ee| 2ee Dee Dee

UAUT 20 sarwaed 1aan 12 T,
2 “ 10.41£0.20 4.32+0.03 2.06£0.09
Juan? 50 asALwayd 1A 14 vy,

2

ee

FJugud -20 esrwaiTed an 14 .
- - 10.42%0.31 4.32+0.02 2.07£0.06
Fuan? 50 aeALwALTYd 1A 16 VY.

€e

€e

v '

JUAUT -20 DAFLTATLE LIA1 16 V.
Y - - 10.21%+0.19 4.36+0.01 2.09+0.02
JugEN 50 agALwATuE 1Ian 18 Y.

o w

nuewan: " vuneds megelifinnuuandsiuegelituddamneada (p>0.05)

o
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INNINTIRAAT IS INUA N TuLes SN Base WUl wAnSasindieveimeseunse U LU
LﬁaﬂwﬁaﬁizﬁuqmmﬁLLasnmm'N q Hu fUsamuduiiuandstuegrefideddey (0<0.05) Tnen1sviusi
Tuguildguugd -15 ssaneaifoa a1 12 4alus waznsviuieduilasdigungd 50 osaneadoa
e 14 Falus du wBnSasiiuiinauenutuggaiitosas 10.60 daunsviukstuiuilfoungd -15 sswaidea
nan 16 Falus uaznsviuieduiiaosiiguvgd 50 esmuealdoa nan 18 Falus SUsurmaud uiiige

Sewar 6.69 Wealguiumsvihuituduigumall -20 asrngailed vian 12 Talus wasmvihuisiuiiaesngaumnl
50 semLgaLded 1A 14 Tlus dundndandviinannutugegeisosas 10.41 wagn1suistuduiigumnl

a

U
a

Y

-20 saraidea 1 16 Falus uasmmihwisiuiiaesiigamad 50 esmuwaldea 1an 18 dalus T nanSueid
Uiy egiifenay 6.38 Teaenadesiunitevamesniu uagany (2563) wuh nsldaailuniseuuds
wuuwgBenudsiuniudamaliiusinannutuiiunltiaeasmaindunannnateuukeiuiurildauaiunsa
Tunsidathosnanemnsidnniudsmaliuinamiuiuanamugisu

duUsinanhdasy () wamﬂmﬁmLmaﬁ‘LmvmuammuLLavnmmq q fuhilaifianuuandniu (p>0.05) §i
198581319 0.14-0.20 MINEIRY (5797 5) YSanamutusayUSinanindass Siaonndosunuitavesfusun
(2564) l&TinsAnmsviuraunslugonsyhurauoutdonuds wui SUsinunnuiulazanemesueniiisl
Ansfunasluiivutauusdidenudadinsisniheendrenisseiindemaliinlulasiadrseantdldunn Seili

USUUANUTULALAIBLIBSLOATIIRGT WUREINUINUITEV0INT UL LazAny (2560) NARNEIEN1IENAVDINTT
auwiidunaugavneiirenunnuesiInso UL UL EBNUDS

1Y a

A151991 5 USUUANLTURaZUS UL S AT 09N A8 UN B8 UNT DU AIWUULSLE BNLTall sSEauaunadlLa

FBULIAIAN

9 Y

o
o

QmﬂﬁﬁLLﬁ%igﬂgL’]ﬁﬂﬂﬂiﬁ’] WiAS

YSuaumnudu (Sevay)

JSunandase (aw)™

JUAUTN -15 BIAwALTEE 1381 12 .

2 o - 10.60+0.59° 0.20+0.03
YuaoaN 50 sIMmLEaLTud LA 14 3.
JuAUN -15 peraalled 1l 14 . .
2 o - 7.34+0.49 0.17+0.00
YUaDIN 50 DIALTALTE 1Ia0 16 VY.
JUAUN -15 BargaLed a0 16 v, .
2 o o 6.69+1.54 0.14+0.00
YUaDaNl 50 DIAILTALTUE 1IA0 18 .
TUAUTN -20 DIANYALTYA 1171 12 Bl .
2 o o 10.41+0.20 0.19+0.03
YUaDIN 50 DIANTALTE LA 14 3.
JUAUN -20 BIATATLE 1381 14 . .
P . 7.02+0.31 0.16+0.02
YuaDIN 50 DIALTALTUE 1IaT 16 VY.
JuUAUN -20 BIATATEE 1381 16 . .
2 o o 6.38+0.19 0.14+0.01
YUaDaN 50 DIALTALTE LIa0 18 V.
U8R fans 0 Mensiuluwnsaansindinnuunnsiuegeiitedfynieaia (p<0.05)
™ wuneis fegslifinnuuanasiueg1elidudAgnisaia (0>0.05)

Fatuieinisfnviselasnisianiiznisiiuist uduiioamgd -15 esaneaidoa a0 16 Falus
wagnvukstuiiaesdl 50 eseneaidea e 18 Falus Wisuifsuivaniznmsviuietuduilgung
-20 pernEaLEE a7 16 alus waznsviuietuiiaesdl 50 esawaidua e 18 Falus wmeaeuiiiadaiden
anmemavuisiivangafissanmsfolaeininnziaunmndeeuneseunseu fail
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4. nan1sUszduRummsUsTamduia ndreneuneseunseuiiutanuuutiBenudafildgungi
nsviuiaduduil -15 ssmnwaidea 1nan 16 Talus uaggamgdnisviuisduiiasedl 50 ssaeaifea
a1 18 Falus Wisuieufuanismahuistusuiigamgl -20 ssmwaiBea a1 16 alus wazgamgiinnsvh
wisdufiaesil 50 osriwaidea vian 18 Falus wuth gamgiinisviuieduiui-20 ssrwaifea 1ian 16 Falus
wazgamgdnmaviuistuiiaesdl 50 esmigadea nan 18 Falus fuasoudsliazuuumsseusunanwdiusani
loduita LLazmmsua‘lﬂ,mUsamnﬂﬁqmasmﬁﬁaﬁﬁag (p<0.05) HAMMZUUULYNAY 7.92 7.90 waz 8.15 AuaIHU
Tnoiflazuuuegluszduveudiunansiisveuunn Seaonadesiunmnimdiunisnin fie Aranauds nudn eld
szozlumsiuisfiuuduiiliasofshesnanadadusiléinntunihnsiuisildnartosndn Seili
Aanuudanasdamalvinnaeulinzuuuamumeudusand ioduia wararmeulnsrasnnnimsyiuieild
puvndnTsviuistuduil -15 ssmwaidea a1 16 $alus wazgamglinmahuiduiidesdl 50 ssmeaidoa
e 18 Falus wan1sveaesiaenadestuauiteres nesnu wazane (2563) AldAnwiHavaIszEzIANBULKY
WonuduazgungilumsAudsenmnmuesaazuds Tnethaazusdsulvovuradenuddasldszeznainiseu
uwanenefy 5 sz Teun 14 16 18 20 way 22 92lus wuin szeznaeuwiudonudeinailvinudnuuzves
wAnSeiaazudunnduiviinmsaaeuiiamuuenasiunanAenssuuiadonudeiing 18 uay 20 Haluaili
AAmaisvesaaz Y dugsninfiaan 14 Falus uaznseuuiadonudeiingn 18 20 uaz 22 $lus vivlvnduns
YosARzUTdNgINIINeT 14 uas 16 Falua

ArAzuuun1sseuTunIsUIsadudad wdnuvarUinguard wudn sV et ud udi paunq i
115 pamuaifea nan 16 $2lus uasflonmgll 20 esmiwaldea 1ian 16 Falus uargamginisiuiiduiiaesd
50 paraLdeE 1an 18 Falus ﬁuaamimmeLLUUmjLaaﬂLL%Jqnaawamaaa‘uﬂiauuuwﬂaawﬂmzuuulw
AILANAaY (>0.05) agluszdureuUIunas (Ns1sdl 6)

A13°99 6 AzuuuANANBUEIUsTAMduNaveIndteeuveteunsaufenIsYuiL UL onudefigumgll
Uieduduf -15 uar -20 esmwalea a1 16 9las uagnsiuiatuiiaesil 50 esrwalTea
Va0 18 9alu
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Abstract

Utilization of paclobutrazol for growth to stimulate flower buds and produce a high number of flowers and
analyze the chemical composition in Desmos chinensis Lour. A randomized complete block design (RCBD) was
used in this study at Thailand Institute of Scientific and Technological Research (TISTR), Between July-November
2023, consisting of paclobutrazol concentration levels with 5 treatment levels: 0, 5.5, 6.5, 7.5, and 8.5 ¢/L.
Planting in 20-inch pots using a planting mix consisting of coconut husk chips with soil mixed with crab claw
leaves at a 1:1 ratio. Applying paclobutrazol every 15 days after planting. Recording growth progress every 15
days for a period of 2 months and noting the flower count for 3 months. The results indicated that after 2
months of growth, the terminal buds resulted in the maximum height of the control plants being 99.9
centimeters, with 11 shoots per plant and a canopy size of 58.5 centimeters. The flower count and fresh flower
weight, they were recorded as 85 grams and 8.98 grams, respectively. Shows that using paclobutrazol can slow
down growth. Make plants taller and canopy width decreased when compared to normal trees. The
components of the essential oil were found to consist of 35 types, with the main constituents being Asarone
(50.50%), B-Asarone (16.65%), Isohomogenol (9.06%) and 6-Epishyobunone (4.33%), (+)-2-Bornanone (1.98%),

Trans-p-Ocimene (1.74%), 3-Carene (1.10%). Additionally, several other beneficial compounds were identified.

Keywords: Desmos chinensis Lour, Paclobutrazol, Growth, Chemical compositions
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Abstract

This work investigates how to improve water quality monitoring in shrimp ponds by combining machine
learning and bio-inspired optimization techniques. Preprocessing the dataset is crucial before applying and
evaluating classifiers like LR, DT, RF, SVM, KNN, NB and GBC against water quality indicators. Using criteria
such as accuracy, precision, recall, F1-score and AUC, as well as computational aspects like as model size
and CPU time, the study concludes that the RF model is clearly superior. It is further enhanced using
approaches such as EBAO, EACO, ECBOA and EPSO, resulting in significant gains in prediction performance,
particularly precision and recall. Among optimization methodologies, EACO stands out for striking a balance
between performance enhancement and computing efficiency. The results highlight the importance of
merging machine learning with bio-inspired algorithms in environmental monitoring, demonstrating
a compelling methodology for improving water quality management in aquaculture. This complete
approach not only enhances the precision of water quality assessments in shrimp farming but also

establishes a precedent for future applications in environmental science and technology.

Keywords: Water quality, Shrimp ponds, Machine learning, Bio-inspired optimization techniques

Introduction

Shrimp farming is a big industry in Thailand and around the world (Laoong-U-thai et al., 2022). Thailand's
dominant position in the worldwide agquaculture business, particularly in shrimp cultivation and production, can
be due to its favorable geographical and meteorological conditions, as well as its sophisticated technological
and regulatory framework. The country's vast coastal region, spanning 23 provinces and covering a total area of
3,151.10 kilometers, along with suitable climatic conditions, creates an ideal setting for aquaculture endeavors,
particularly in the cultivation of shrimp. The favorable geographical location, combined with favorable climatic
circumstances, has played a crucial role in the development of shrimp farming as a key element of Thailand's
agricultural economy. This industry has made a considerable contribution to the country's gross domestic product
by eenerating substantial export income. The international renown of Thai shrimp farming is attributed to its
adoption of quality and sustainability techniques, which highlight the industry's dedication to environmental
stewardship, social responsibility, and economic viability. The holistic approach to ensuring responsible farming
methods is demonstrated via the application of standards such as Good/Best Aquaculture Practice (G/BAP),
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Code of Conduct (CoC), Aquaculture Stewardship Council (ASC), and organic aquaculture. The afore mentioned
activities play a crucial role in harmonizing Thailand's shrimp farming practices with international sustainability
standards, consequently bolstering the industry's worldwide competitiveness and market entry.

The goal of this work is to collect thorough data on water quality in shrimp ponds to forecast future water
quality trends that. Affects the growth of shrimp. After studying relevant documents and studies, it was discovered
that there is currently no standardized dataset for assessing water quality in shrimp ponds. Field survey data was
received from shrimp farms. This gathered real-time data on water quality from laboratory tests performed on
samples obtained from over 100 ponds. These ponds are owned by experienced shrimp farmers with 15 over
years of shrimp farming expertise. The importance of water quality in shrimp farming can be stressed because it
has a substantial impact on shrimp health and productivity. Farmers identified seven critical parameters to
monitor: pH, alkalinity, ammonia, nitrite, calcium, magnesium, and salinity which is consistent with previous
research (Ahmed et al,, 2019). Each of these variables is critical to the overall health of shrimp. Traditionally,
shrimp farming practices have been passed down through informal routes, frequently by word of mouth across
generations. If the best advice system is not created, It will affect the growth of shrimp farming. Recognizing this
gap, the researchers propose using machine learning approaches to help rookie farmers better understand and
anticipate water quality in shrimp ponds. This strategy intends to dramatically minimize the learing curve for
shrimp farming, allowing farmers to make more efficient and informed decisions.

Machine learning is a subset of artificial intelligence in which computers to leamn from data and make
predictions or judgments without explicit programming. The benefit of machine learning is learing from data
and using it as a model to be used as a standard for shrimp farming data in ponds. This approach solves the
problem of raising shrimp in ponds where the shrimp are not growing and promotes quality shrimp farming in
ponds. Its practical uses include tailored suggestions and healthcare diagnostics (Javaid et al., 2022), financial
fraud detection (Ali et al., 2022), water quality assessment (Gakii and Jepkoech, 2019; Ili¢ et al,, 2022; Islam et
al,, 2022), self-driving cars, language translation and more are application of machine learning. Individuals must
comprehend the principles and methodologies of machine learming before implementing it.

This work entails gathering data from shrimp farms and performing laboratory checks to examine the results.
The collected datasets are thoroughly cleaned and analyzed using exploratory data analysis and encoding
techniques. The data is then divided into training and testing sets and input into a variety of classification models,
including Logistic Regression (LR), Decision Trees (DT), Random Forest (RF), Support Vector Machines (SVM),
K-Nearest Neighbors (KNN), Naive Bayes (NB), and Gradient Boosting Classifier (GBC), to evaluate their performance.
Accuracy, precision, recall, F1-Score, and Area Under Curve (AUC) are used to assess performance, in addition to
model size and processing speed. The best-performing model is then chosen for optimization utilizing techniques
such as Enhanced Bat Algorithm Optimization (EBAO), Enhanced Ant Colony Optimization (EACO), Enhanced
Cuckoo Search-Base Optimization Algorithm (ECBOA), and Enhanced Particle Swarm Optimization (EPSO), with
the goal of increasing efficiency in terms of accuracy, model size, and computation time.

The work makes several important contributions:

1. Unique dataset: The dataset utilized in this work was collected from genuine shrimp ponds by farmers
with over a decade of expertise. It also includes laboratory test data, which sets it apart from past study attempts.

2. Machine learning and bio-inspired optimization Integration: In contrast to traditional methodologies, this
work integrates machine learning techniques with bio-inspired optimization methods in a unified process. This
integration makes the research more complete and effective.

3. Expanded performance evaluation: In addition to typical performance metrics like accuracy, the study
assesses model size and processing time. These extra indicators provide useful insights into the feasibility of

models for actual application.
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The next sections of the paper are structured as follows: Section 2 defines the research sequence, including
the research concept and methodology; Section 3 elaborates on the proposed framework and methodology;
Section 4 defines the experimental setup; Section 5 presents the experimental results and associated discussions;
Section 6 concludes by evaluating the model's strengths and weaknesses, and suggesting potential directions for
future research.

Related work in shrimp farming has emphasized the growing worldwide and regional interest, particularly
in Thailand, which has resulted in an increase in shrimp farming activities and output. Maintaining acceptable
water quality is a vital element of shrimp farming, yet there is no standardized dataset for assessing it.
To close this gap, researchers collected real-time water quality data from over 100 ponds, concentrating
on important factors like pH, alkalinity, ammonia, nitrite, calcium, magnesium, and salinity. Given the
informal nature of information flow in this business, the study suggests employing machine learning to assist
rookie farmers in predicting and managing water quality changes, boosting decision-making and highlighting
the potential of modern technologies in agricultural applications.

Based on document analysis and related studies. Many studies have used machine learning techniques
to assess the quality of water used in shrimp, fish, and other aquaculture operations. An overview of these

findings is provided in Table 1.

Table 1 Summary of studies on water quality monitoring and prediction in aquaculture

Study Methodology/Findings

Hernandez et al. Water quality in shrimp aquaculture is evaluated using a fuzzy inference system

(2011) to classify concentration levels, determining their impact on organisms. This

system generates a water quality index describing ecosystem condition.

Nuanmeesri et al. loT devices collect data on water quality from river sensors, including salinity,
(2023) pH, and temperature. This data is accurately classified using a combination of
multilayer perceptron, support vector machine, and random forest algorithms.
This strategy provides personalized management techniques for a variety of farm

scenarios.

Somantri et al. (2018) A water quality monitoring and aerator automation system with a timer was
tested using pH and temperature sensors. Validation testing revealed proper
performance with nesligible mistakes across multiple scenarios. The digital data

results were obtained by processing the analog sensor values.

Kajornkasirat et al. A web and mobile application system was created for shrimp farmers and
(2021) managers, using MySQL, Apache Web Server, and web technologies. Google
charts and maps application programming interface assisted water quality

visualization.

Ili¢c et al. (2022) Using Naive Bayes, a machine learning method, to predict water quality
categories using nine characteristics. When tested using data from five locations
in Vojvodina Province, Serbia, the model properly predicted 64 out of 68
incidents.

Ili¢c et al. (2022) Compares the Support Vector Machine (SVM) and Artificial Neural Network (ANN)
approaches for monitoring water quality. SVM obtained 90.4% accuracy, whilst
ANN reached 72.1%. SVM outperformed ANN in accuracy, indicating that it is

more suited for predicting water quality.
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Islam et al. (2022) A water quality prediction model based on principle component regression and
gradient boosting classifier. On the Gulshan Lake dataset, it obtains 95%

prediction accuracy with principle component regression and 100% classification
accuracy with gradient boosting classifier.

Materials and Methods

We gained significant knowledge by analyzing data and reviewing relevant academic research, which
helped shape our design strategy. This corpus of knowledge has been incorporated within a research

conceptual framework, which is illustrated in Figure 1.

water quality of
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Figure 1 The proposed framework of enhancing water quality monitoring in shrimp ponds using

machine learning and bio-inspired optimization

Figure 1 depicts our proposed technique, which begins by gathering data on a specific topic of concern

the quality of water in shrimp farming ponds. This process includes a thorough examination of relevant

facts and a review of scholarly literature.

The procedure begins with gathering and prepping a dataset on shrimp pond water quality, which includes
cleaning, exploratory analysis, encoding categorical data, and separating the data for training and testing.
Various classification models including LR, DT, RF, SVM, KNN, NB, and GBC are used on the preprocessed data.

Each model's performance is measured using metrics such as accuracy, precision, recall, F1-Score, and Area
Under the Curve (AUQ), as well as model size and CPU time. The best model is then refined using bio-inspired
algorithms (EBAO, EACO, ECBOA, and EPSO). The final model, based on its enhanced performance and

capabilities after optimization, is projected to be extremely useful in monitoring and maintaining water quality

in shrimp farming.
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Experimental Setup

This work used a 64-bit Windows 11 operating system on a PC powered by an 11" Gen Intel(R) Core (TM)
i7-11800H CPU @ 2.30 GHz and 32 GB of 2933 MHz DDR4 RAM. Python 3.11 was used to prepare, handle,
preprocess, and analyze data, as well as train and evaluate models using certain metrics. NumPy and Pandas
were utilized for efficient data handling and preprocessing, while Scikit Learn helped with model training,
evaluation, and analysis of numerous performance indicators. Additionally, Matplotlio was used for data
visualization.
The following sections provide further insights and details regarding the study methodology.

1. Water quality of shrimp ponds data set

In the data set presented for the water quality of shrimp ponds, our study group created a dataset
that includes water quality data from over 100 shrimp ponds. These ponds, located in Suphanburi Province's
Song Phi Nong District and Bang Pla Ma District, covering the period from May 2021 to June 2022.
These ponds are managed by extensive shrimp farming experience, who have over 15 years of
experience. The collection and subsequent lab analysis of water samples from these locations resulted in
the identification of seven key water quality indicators: pH, alkalinity, ammonia, nitrite, calcium, magnesium,
and salinity. These indicators are crucial in establishing the health and suitability of the water for shrimp
farming, and they influence overall water quality in a variety of ways. This dataset of 1,098 items provides
a solid foundation for analyzing water quality in shrimp ponds, distinguishing between good and wastewater
quality (serious).

2. Data preprocessing

Data preprocessing is a critical step in data science and machine learning that prepares raw data for
analysis and modeling. It modifies data to increase its quality and utility, removing missing numbers, errors,
and irrelevant information. This foundational step ensures that data is in the proper format for algorithms,
which has a substantial impact on model performance and accuracy, resulting in more dependable outcomes
(Fan et al., 2021).

2.1 Data cleaning is the process of removing or correcting flaws, inconsistencies, and extraneous
information from a dataset to improve its analytical and modeling quality. This stage may include resolving
missing values, removing duplicate information, repairing errors, and standardizing data formats (Ridzuan and
Wan, 2019).

2.2 Exploratory Data Analysis (EDA) is the process of evaluating a dataset to find patterns, uncover
anomalies, and comprehend correlations between variables, typically through visual and statistical methods.
It seeks to acquire understanding into the data's structure (Poian et al., 2023).

2.3 Data encoding converts categorical data into a numerical representation that is suitable for
machine learning techniques. Depending on whether the categorical variables have a natural order,
techniques such as one-hot encoding, label encoding, and ordinal encoding are applied. The choice of
encoding method is critical since it has a major impact on model performance.

2.4 Data splitting divides a dataset into distinct sections for training and testing models. This step is
necessary for accurately evaluating the model's performance and preventing overfitting. Typically, data is
split into a training set (to learn data patterns) and a testing set (to evaluate performance on unseen data).
Common split ratios are 70% for training and 30% for testing. The goal is to ensure that the model can

generalize well to new data.
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3. Classification model

A Classification model is a predictive model in machine learning that divides data points into specified
classes depending on their characteristics. It is used in contexts with specific results, such as spam
identification or disease diagnosis. Classification can be binary (two classes) or multiclass (more than two
classes). The model uses a dataset with known labels to predict the class of fresh data.

3.1 Logistic Regression (LR) is a classification approach for binary tasks. It calculates the likelihood
that a data point belongs to a specific class by applying a logistic (sigmoid) function to a linear combination
of input features. LR learns optimal coefficients through optimization and predicts based on feature values.
LR is easy, interpretable, and effective for linear or logistic associations, but it may struggle with nonlinear
data (Ahmed et al., 2019; Krhoda and Owira, 2019).

3.2 Decision Tree (DT) is a versatile supervised learning technique used for classification and
regression tasks. It splits the feature space recursively based on feature values, attempting to produce
subsets that are as pure as feasible in terms of class labels or have the least variance. While DT are
understandable and easy to envision, they are prone to overfitting. Despite this, they are still commonly
used because of their simplicity, capacity to handle both numerical and categorical data, and effectiveness
in capturing non-linear correlations (Ahmed et al., 2019; Gakii and Jepkoech, 2019).

3.3 Random Forest (RF) is an ensemble leaming approach for classification and regression applications.
It generates numerous decision trees, each trained on a different set of data and features, in order to prevent
overfitting and enhance accuracy. During prediction, RF aggregates individual trees' predictions to get a final
result (Lukman et al., 2023; Nuanmeesri et al., 2023). RF is a common choice in machine learning because it
is adaptable, resilient, and excellent at handling a wide range of input formats.

3.4 Support Vector Machine (SVM) is a supervised learning technique used for classification and
regression tasks. It determines the hyperplane that optimally separates data points from distinct classes
while maximizing the margin between them. SVM can handle both linear and nonlinear data by utilizing
various kernel functions. It is effective in high-dimensional spaces, resistant to overfitting, but
computationally expensive. Overall, SVM is a versatile and extensively used machine learning algorithm
(Guenther and Schonlau, 2016).

3.5 K-Nearest Neighbors (KNN) is a straightforward yet versatile supervised learning technique for
classification and regression tasks. It predicts the class or value of a new data point based on the majority
class or the average of its nearest neighbors. KNN is simple to develop and interpret, making it ideal for
small datasets where interpretability is critical. However, it can be computationally expensive to predict,
particularly for large datasets, and it may perform badly with high-dimensional or noisy data (lli¢ et al., 2022;
Uddin et al., 2022).

3.6 Naive Bayes (NB) is a supervised machine learing method designed for classification applications.
It works under the assumption of feature independence, which simplifies calculations. Despite this
reduction, NB can still be effective, particularly with high-dimensional data and huge datasets. It is efficient,
resistant to irrelevant features and missing data, but may suffer with feature independence breaches.
NB is widely used in text classification jobs because of its simplicity and efficacy (lli¢ et al., 2022)

3.7 Gradient Boosting Classifier (GBC) is an ensemble learning technique that is mostly used for
classification purposes. It sequentially trains weak learners, usually decision trees, to repair errors produced
by prior models. GBC uses gradient descent to minimize a loss function, allowing it to capture complicated
correlations in data. It works well with diverse data types, feature interactions, and imbalanced datasets.

However, GBC can be computationally expensive, necessitating hyperparameter adjustment for peak
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performance. Overall, it is frequently utilized due to its excellent predicted accuracy and adaptability (Islam
et al,, 2022).

4. Evaluation model

Evaluation accuracy is an important parameter for measuring machine learning model performance,
particularly in classification tasks, because it calculates the proportion of correctly predicted instances out
of all instances in the dataset, with high accuracy indicating that the model's predictions closely match the
actual outcomes. A confusion matrix is a tabular tool used to measure the efficacy of a supervised learning
algorithm in classification tasks. It contains real class instances in each row and predicted class instances in
each column. It includes True Positives (TP) for accurate positive predictions, True Negatives (TN) for
accurate negative predictions, False Positives (FP) for inaccurate positive predictions, and False Negatives
(FN) for incorrect negative predictions, providing a detailed breakdown to determine the accuracy and error
of the model. This work evaluates the method's performance using metrics like accuracy, precision, recall,
F1-Score, and AUC classification (Nuanmeesri et al., 2022; Songma et al., 2023). It also considers model size
and CPU time as supplemental evaluation criteria.

4.1 Accuracy measures the model's overall correctness and is calculated as the proportion of correct
predictions to the total number of predictions made. It is suitable for classes with similar distributions. The

formula for accuracy is

(TP+TN) / (TP+FP+FN+TN) (0

4.2 Precision refers to a model's ability to correctly identify only relevant instances. In other words,
it measures the proportion of true positive predictions to the total number of positive predictions. The

formula for precision is

TP / (TP+FP) (2)

4.3 Recall, also known as sensitivity or the true positive rate, measures the percentage of true

positives correctly identified by the model. The formula for recall is

TP / (TP+FN) (3)

4.4 F1-Score is the harmonic mean of precision and recall, providing a balance between the two
metrics. It is particularly useful when precision and recall need to be balanced and when class distribution

is uneven. The formula for the F1-Score is

2 * (Precision*Recall) / (Precision+Recall) (4)

4.5 Area Under the Curve (AUQC) statistic is used to assess the effectiveness of binary classification models.
It indicates the model's ability to discriminate between positive and negative classes at all threshold values.
The AUC scales from 0 to 1, with higher values indicating greater classification performance. It is a threshold-
independent metric, which makes it useful for evaluating overall model performance, particularly in
circumstances with imbalanced datasets or where threshold selection is not crucial. (Tohka and van Gils, 2021).
4.6 Model size is the amount of memory or storage needed to store a trained machine learning

model. It includes all parameters, coefficients, and data structures connected with the model. Model
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complexity, feature count, model type, and format all have an impact on model size. Understanding model
size is critical for deployment and scalability, as it influences resource use and inference speed. Optimizing
model size while preserving performance is critical in machine learing model building (Songma et al., 2023).

4.7 CPU Time is the time it takes a CPU to execute a task, which is critical for determining
computational efficiency. Lower CPU Time signifies faster processing, vital for optimizing performance in
real-time systems and large-scale data processing (Songma et al., 2023).

5. Optimization

5.1 Bat Algorithm Optimization (BAO) is a bio-inspired computer algorithm developed by Xin-She
Yang in 2010 based on bat echolocation behavior. This algorithm simulates how bats use echolocation at
changing frequencies, loudness, and pulse rates to navigate and locate prey in the dark. In BAQO, virtual bats
fly through the solution space, using their echolocation abilities to evaluate the quality of solutions and
thereby guiding the search to the best answer. The program modifies the flight behavior of the simulated
bats based on the proximity of their present position to the target, efficiently balancing exploration and
exploitation in the solution space. This makes BAO particularly useful for tackling optimization problems in
a variety of domains, including engineering design and data science, by identifying the best parameters or
configurations that maximize or reduce a given objective function (Agarwal and Kumar, 2022).

5.2 Ant Colony Optimization (ACO) is a probabilistic method for addressing computational problems
that can be simplified to finding good paths via graphs. ACO utilizes an approach inspired by ant foraging
behavior, in which ants deposit pheromones on the ground to identify some favored paths that other
members of the colony should follow. ACO algorithms, first introduced by Marco Dorigo in the early 1990s
(Dorigo and Blum, 2005; Azargashb et al., 2021), model ant behavior, including pheromone deposition and
evaporation, to discover optimal solutions. Each ant symbolizes a potential solution to the problem, and
the intensity of the pheromone trail on paths affects the likelihood that succeeding ants will follow those
paths. Over time, the algorithm converges on the best option as the pheromone trails leading to ideal
solutions strengthen, guiding more ants along these paths. ACO has been successfully used to a variety of
issues, including routing, scheduling, and assignment, demonstrating its versatility and effectiveness in
identifying optimal pathways in complex search spaces (Wang and Han, 2021).

5.3 Cuckoo Search-Base Optimization Algorithm (CBOA) is a nature-inspired metaheuristic method
introduced by Xin-She Yang and Suash Deb in 2009 (Yang and Deb, 2009). Drawing from the obligate brood
parasitism of certain cuckoo species, where eggs are laid in other birds' nests, the algorithm simulates this
process by representing solutions as cuckoo eggs in randomly chosen nests. Through iterations involving
randomization and selection, solutions are refined based on an objective function, with the best nests
passing down to subsequent generations. By incorporating Lévy flights, which mimic cuckoos' flisht behavior
during nest hunting, CBOA efficiently balances exploration and exploitation, making it adept at navigating
complex multidimensional spaces. This unique blend of natural inspiration and optimization techniques
enables CBOA to effectively tackle a diverse range of optimization problems across engineering, design, and
data science domains.

5.4 Particle Swarm Optimization (PSO) is a computational method for optimizing a problem by
iteratively improving a candidate solution based on a given quality measure. Kennedy and Eberhart created it
in 1995 as a way to imitate the social behavior of birds in a flock or fish schools. In PSO, each particle in the
swarm is a possible solution to the optimization issue. These particles explore the solution space by modifying
their position in response to their own experience and the achievements of surrounding particles, similar to
how natural swarms move to ideal feeding sites or traverse situations. The approach is distinguished by the

sharing of information among particles, which drive toward their individual best-known places in the solution



MsasnuAsAtanstaznalulag ans.daiu | U0 5 avuf 3 Aueneu - Sulnau 2567

space as well as the overall best position discovered by the swarm. This methodology enables PSO to
efficiently search for global optima over a large range of functions and problems, making it especially valuable
in domains such as engineering optimization, where older approaches may struggle due to the complexity of
the solution space (Gad, 2022; Shami et al., 2022).

Results and Discussions

In the first phase, the water quality dataset for shrimp ponds is imported and prepared for future study.
This process begins with data cleaning, which entails finding and correcting duplicate entries, mistakes, and
missing values. The dataset for shrimp pond water quality has 1,098 items and 9 attributes, including ID,
pH, alkalinity, ammonia, nitrate, calcium, magnesium, salinity, and water quality. Show in Table 2, and exam

data water quality dataset show in Figure 2.

pH Alkalinity Ammonia Nitrate Calcium Magnesium  Salinity Quality Water

7.6 102 0 0 160 50 0 good

1.7 119 0 0 200 25 0 serious
8.1 102 0 0 160 0 0 serious
7.6 119 0 0 160 0 0 serious
7.5 136 0 0 160 50 0 good

1.7 102 0 0 120 25 0 serious
8 68 0 0 120 0 0 serious
8.6 68 0 0 120 25 0 serious
7.7 136 0.4 0.8 120 125 2 serious
7.8 119 0 0 120 75 2 good

Figure 2 Exam water quality dataset

Table 2 Water quality parameters description

Attributes Description
ID Assigns a unique identifier to each water sample.
pH Measures the water's acidity or alkalinity.
Alkalinity Assesses a water body's ability to neutralize acid, indicating its PH stability.
Ammonia Indicates potential contamination from various sources in water.
Nitrate Chemicals that may become dangerous pollutants in water.
Calcium Indicates water hardness and affects taste, pipe scaling, and soap effectiveness.
Magnesium Adds to water hardness.
Salinity Influences taste, health, and agriculture through compounds like sodium
chloride
Quality Water Categorizes water into different levels (e.g., "good," "serious") based on measured

characteristics

The Exploratory data analysis of 1,098 water samples revealed that the water is slightly basic, with an
average pH of 7.82 and moderate alkalinity levels. Major pollutants like ammonia and nitrate are found in low
amounts, indicating a low pollution concern. Calcium and magnesium levels suggest that the water is usually
soft to moderately hard, whereas salinity, particularly sodium chloride, is low and has no effect on flavor or

health. Overall, the water samples are of adequate quality for a variety of purposes, as shown in Table 3.
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Table 3 A summary of water quality parameters

Parameter Mean Min Max
pH 7.82 7.3 9.0
Alkalinity 113.50 36 175
Ammonia 0.02 0.0 1.8
Nitrate 0.01 0.0 0.8
Calcium 132.86 40 200
Magnesium 39.03 0.0 125
Salinity 0.18 0.0 2.0

The dataset is complete, with no missing values in any column, making it suitable for detailed study.
It has a "quality water" column that categorizes water quality as "good" or "serious." With an average score
of 0.67, most water samples are likely categorized as "Good" under the grading criteria. This dataset contains
a complete overview of numerous water quality parameters, demonstrating that the samples are generally
safe for human consumption and environmental health. Indicators analyzed, such as low levels of
pollutants like ammonia and nitrates, point to effective management for both human usage and ecological
balance. The qualitative water quality labels are encoded as numerical codes ('0' for 'Good' and '1' for
‘Serious'), simplifying the data for further analysis and modeling.

Data splitting is the process of dividing a dataset into training and testing sets to evaluate machine
learning models. A standard strategy for a 1,098-sample dataset is to allocate 70% (768 samples) for training
and 30% (330 samples) for testing. Stratified splitting should be employed to maintain the category ratio
(Good' and 'Serious') across these sets, ensuring that the models appropriately represent real-world data

distributions.

Table 4 Quality water distributes training and testing datasets.

Training Testing
Quality Water - -
Amount of Data Ratio (%) Amount of Data Ratio (%)
Good 257 33.46 104 31.52
Serious 511 66.54 226 68.48
Total 768 100.00 330 100.00

After complete data processing, the dataset is evaluated using machine learning algorithms created
during the preprocessing steps. There are distinctions when examining the utility of classifiers such as LR,
DT, RF, SVM, KNN, NB, and GBC utilizing measures such as AUC, F1-Score, recall, precision, and accuracy. RF
and GBC came out as the top performers, having the highest marks across all metrics. Specifically, RF
achieved near-perfect accuracy, precision, recall, and F1-Score, as well as an impressive AUC score of 0.993,
exhibiting remarkable performance and identifying it as the top model for the task. Table 5-6 show

summarizes the results.



MsasnuAsAtanstaznalulag ans.daiu | U0 5 avuf 3 Aueneu - Sulnau 2567

Table 5 Performance metrics comparison of machine learning classifiers

Classifiers Accuracy Precision Recall F1-Score AUC
LR 0.948 0.969 0.956 0.962 0.983

DT 0.985 0.996 0.982 0.989 0.986

RF 0.997 0.996 1.000 0.998 0.993
SVM 0.948 0.982 0.942 0.962 0.987
KNN 0.927 0.981 0912 0.945 0.971
NB 0.627 0.990 0.460 0.628 0.980
GBC 0.997 0.996 0.995 0.997 0.990

Table 6 A comparison of CPU time and model size for machine learning classifiers

Classifiers CPU Time (s) Model Size (MB)
LR 0.017 0.50
DT 0.008 1.00
RF 0.213 1.20
SVM 0.097 2.50
KNN 0.027 4.50
NB 0.005 0.20
GBC 0.125 2.00

Following the study of Tables 5-6, the researcher identified RF as the best-performing model and chose
to improve its efficiency using EBAO, EACO, ECBOA, and EPSO. The goal of this optimization work was to
fine-tune the n_estimators parameter while leaving other essential parameters constant, such as
max_depth=None, min_samples split=2, and min_samples leaf=1. The results of these optimization
processes are extensively reported in Table 7-8, which demonstrates the efforts to determine the most

effective n_estimators number for the Optimized RF.

Table 7 Performance metrics for optimized RF using Bio-inspired algorithms

Classifiers Accuracy Precision Recall F1-Score AUC
Before 0.997 0.996 1.000 0.998 0.993
EBAO 0.998 0.997 1.000 0.998 0.985
EACO 0.999 0.998 1.000 0.999 0.990
ECBOA 0.998 0.997 1.000 0.998 0.985
EPSO 0.999 0.998 1.000 0.999 0.990

Table 8 A comparison of CPU time and model size for machine learning classifiers

Classifiers CPU Time (s) Model Size (MB)
Before 0.213 1.20
EBAO 0.220 1.30
EACO 0.219 1.40
ECBOA 0.218 1.35
EPSO 0.230 1.45
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Figure 3 Performance of optimized RF with bio-inspired algorithm enhancements

Table 7-8 and Figure 3 show how bio-inspired algorithms such as EBAO, EACO, EBOA, and EPSO improve
the performance metrics of an optimized RF model. Initially, performance benchmarks like as accuracy,
precision, recall, F1-Score, AUC, CPU Time, and Model size are established as a baseline ("Before") for
comparison. Consequently, each optimization strategy improves across all measures. EACO and EPSO stand
out as top performers, with the highest results in accuracy, precision, F1-Score, and AUC while preserving
flawless recall. Among these methods, EACO marginally outperforms EPSO because to its low increase in
CPU time and model size, demonstrating an optimal balance of improved performance and resource
efficiency. The parameter configuration with n_estimators=160, max_depth=None, min_samples_split=2,
and min_samples_leaf=1 is the most successful, demonstrating EACO's ability to determine optimal settings
for the RF model, resulting in peak prediction performance. Figure 3 shows how the researcher visually
portrays these data using a bar chart.

In the discussion of experimental findings, it is clear that bio-inspired algorithms, specifically EBAO, EACO,
ECBOA, and EPSO, improve the performance of an optimized RF model highlighting the RF model's
predictive powers. EACO and EPSO stand out as front-runners, with significant improvements in key
performance indicators while preserving perfect recall. The minor preference for EACO, which is due to its
low impact on CPU time and model size, emphasizes the significance of establishing a compromise between
better model performance and resource efficiency. demonstrating EACO's success in directing the RF model
to peak performance. This thorough optimization strategy not only demonstrates the promise of bio-
inspired algorithms for complementing machine learning models, but also provides the framework for future

research efforts to improve model performance.

Conclusion

This work unambiguously shows that bio-inspired enhanced algorithms such as EBAO, EACO, ECBOA, and
EPSO can significantly improve the performance of an enhanced RF model when refined. Through
painstaking parameter modifications, these methods have delivered considerable increases in key measures
like as accuracy, precision, recall, F1-score, and AUC, demonstrating the promise of nature-inspired strategies
in improving the efficacy of machine learning models. Furthermore, the study emphasizes the need of

achieving a balance between increased performance and resource efficiency with EACO standing out for its
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low impact on CPU time and model size. Overall, the findings support the use of bio-inspired techniques
to drive advances in machine learning model performance.

This work demonstrates the efficiency of bio-inspired algorithms in improving an enhanced RF model,
although it focuses on specific parameters and a single model type, limiting generalizability. It fails to
thoroughly investigate computational costs, scalability, comparisons with alternative optimization
methodologies, and the impact on model interpretability. These observed limits provide recommendations
for further research.

In the future, the research will result in the creation of an advanced model capable of producing web
and mobile applications suited to shrimp producers. These applications will increase usability and simplify
extended testing, particularly for shrimp industry entrepreneurs. This program will include new research
aimed at gathering more information about the underlying causes of common problems, as well as
developing effective tactics or solutions to address them. The ultimate goal is to assure continuous

optimization and maximum profit from the application's utilization.
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Abstract

This research’s objective is to investigate growth medium formulations that are suitable for cultivation
of Butternut squashes. The experiment was a completely randomized design (CRD), where squashes were
grown in soil and other growth media. Four growth medium formulations were studied. The first formulation
was a topsoil, the second was coir, and the third was an equal mixture of coir, rice husk charcoal, and cow
manure. The fourth formulation consisted of half part of cow manure, half part of topsoil, two parts of coir,
half part of rice husk charcoal, and a quarter part of chicken manure and was fermented with rice bran,
soybean meal, photosynthetic bacteria, and molasses. Each treatment was repeated four times, each with
ten plants, and each squash plant was cultivated in a pot with a 15-inch-diameter top, 10.5-inch height,
and a 9.5-inch-diameter bottom. The results revealed that the fourth formulation had the most suitable

chemical and nutritional composition for squash production, followed by the third and the first formulation.



MsasnuAsAtanstaznalulag ans.daiu | U0 5 avuf 3 Aueneu - Sulnau 2567

The second formulation with coir was the least suitable. When used in the squash growth experiment, the
fourth formulation resulted in the highest growth and the best yield quality, followed by the third, the first,
and the second formulation, respectively. Therefore, the fourth growth medium formulation is
recommended for butternut squash production.

Keywords: Soil formulation, Growth medium, Soil preparation, Butternut squash.
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Abstract

The objective of this research was to study the optimum of solid culture medium for the growth of
Cordyceps militaris (C. militaris), as well as the optimal amount of rice husk and coconut water in the
culture formula. It was found that the best formula for the growth of C. militaris mycelium is formula 6,
which uses chicken eggs mixed with 5% coconut water per 100 milliliters of water. The resulted exhibited

in the largest diameter of the C. militaris mycelium at 4.73 centimeters, which was significantly greater

(p<0.05) than the control (PDA) and other formulas. Using rice husk at concentrations of 0.83%, 1.67%,
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2.50%, 3.33%, and 4.17% in the culture medium showed no significant difference (p>0.05) in the number
of stalks, fresh weight, and dry weight, but using 2.50% rice husk resulted in the longest mushroom stalks
at 7.19 centimeters, which was significantly different (p<0.05) from the formulas with lower amounts of rice
husk. This research also found that adding mature coconut water resulted in a greater number of mushroom
stalks, longer stalks, and heavier weight compared to using young coconut water. Moreover, using mature
coconut water at 33.33% and 41.67% resulted in the highest number of stalks at 19.67 and 19.33,
respectively (p>0.05), and provided the highest weight, significantly different from other samples. It can be
observed that using agricultural waste materials, such as rice husk and coconut water affect the growth of
C. militaris, with mature coconut water promoting better growth than young coconut water. It is considered

the utilization of agricultural waste to be useful, and value added.

Keywords: Cordyceps militaris, Rice husk, Mature coconut water, Young coconut water, Silk pupae
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Abstract

This study examined the effects of light intensity and duration in closed broiler barns, comparing
traditional and dimmable lamps on broiler performance. Four groups of Arbor Acres female broilers
(n=100,000 per group) were subjected to different lighting conditions for 45 days: (A) traditional lamp,
18-24h; (B) traditional lamp, 18-23h; (C) dimmable LED, 18-24h, fixed 56% intensity; (D) dimmable LED,
18-23h, adjusted 20-80% intensity. Body weight (BW), average daily gain (ADG), feed conversion ratio (FCR),
and mortality rate (% Mortality) were evaluated using a randomized complete block design. Group
D achieved the lowest FCR (1.6) and highest ADG (69.2 g/day), while group A had the highest final BW
(2,823.0 g/bird) and lowest mortality rate (1.2%), though differences were not statistically significant (p>0.05).
Notably, groups with dimmable LEDs showed higher early-stage mortality. While controlling both light
intensity and duration produced the best FCR results, the increased early mortality in these groups
necessitates further investigation to optimize lighting programs that balance efficiency and bird welfare,

particularly during the critical early growth phase.

Keywords: Broiler chicken, Feed conversion ratio, Light spectrum, Growth performance, Welfare

Introduction

Broilers are economically valuable and widely consumed animals. Due to their versatility in consumption
across religions, high yields, and short raising time, they are one of the most important economic animals.
Currently, chicken meat consumption in Thailand is on the rise. As a result of the rising demand for chicken
meat, the domestic broiler farming industry has expanded rapidly. Furthermore, chicken products are
essential to the Thai economy. The annual production of chicken meat in Thailand is 3.3 million tonnes,
which represents 3.3% of the global total and ranks the country eighth globally. In addition, Thailand is the
world’s largest exporter of processed chicken with a market share of 11.9%, ranks sixth in the frozen chicken
market with a market share of 2.6%, and is ranked 30" in the world for chilled chicken with a market share
of 0.2% (BizVibe, 2020; Sowcharoensuk, 2020; USDA, 2021).
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To improve broiler production, there has been an expansion of farming technology, including
advancements in lighting systems. The intensity and duration of light can significantly affect broiler growth
and behavior. Providing electric light stimulates chickens to see and eat at any time, potentially increasing
growth (Deep et al,, 2010). However, excessively bright lighting can make chickens more aggressive and
active. Moreover, as chickens age, the impact of light intensity on production efficiency may change,
suggesting that light intensity should be adjusted to conserve energy and optimize performance (Olanrewaju
et al,, 2014; Olanrewaju et al., 2016).

The aims of this study were to evaluate the effects of light intensity, duration, and lamp type (traditional
vs. dimmable) on broiler performance, with a particular focus on FCR, body weight, average daily gain, and
mortality rate. By conducting experiments in large-scale commercial settings, we sought to determine
optimal lighting conditions that could be adapted to automatic rearing equipment, potentially improving

the efficiency and welfare of broiler production.

Materials and Methods

1. Study area

The study was conducted in broiler barns at Cho-Ti Agricultural Innovation Co., Ltd. (Moo 6, Tambon Bo
Kwang Thong, Bo Thong district, Chonburi Province, Thailand) during the third batch of broiler raising from
July to September 2022 (Figure 1). It included 2 barns with traditional lamps (without dimmable lamp
system) and 2 barns equipped with the Junglite Green model dimmable lamp system (Figure 2). The study
was approved by the Institutional Animal Care and Use Committee of Chonburi Province (Approval number:
1261/2022).

2. Experimental methods

A total of 400,000 one-day-old female Arbor Acres broiler chickens were divided into four experimental
groups, with 100,000 birds per group. The randomized complete block design (RCBD) was used in this study,
with barns serving as blocks to account for potential variations in environmental conditions. Each treatment
was replicated twice, with 50,000 birds per replicate. Details of each experimental group are given below
and in Figure 3:

Group A = Traditional lamp, using 18-24 lighting hours.

Group B = Traditional lamp, using new program 18-23 lighting hours.

Group C = Barn with dimmable lamp system, supplement lamps Junglite Green model 94 tubes using

18-24 lighting hours and fixed intensity 56%.
Group D = Barn with dimmable lamp system, supplement lamps Junglite Green model 94 tubes using
18-23 lighting hours and adjusted intensity 20-80%.

From one day to forty-five days of age, chicks in all 4 barns were fed according to the standard protocol
of the operator's broiler feed, with ample water and food provided throughout the experiment. The
following data were recorded for each experimental group: 1. Body weight (BW) of chickens, 2. Mortality
rate (%), 3. Average daily gain (ADG: final weight-initial weight divided by days), and 4. Feed conversion ratio
(FCR: total feed consumed divided by total weight of product produced).

The dimmable light lamp (ONCE by Signify) added to the barns has the appearance of a long lamp
containing red, green, and blue internal pigments. Upon adjusting the spectrum, certain pigments vanish.

The light intensity (% dim) was set to a maximum of 80%, then gradually decreased based on the
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experimental protocol to 64%, 56%, 48%, 40%, 32%, 24%, and 20% (Modified method of Once Inc., 2020).
Statistical analyses of data were performed using one-way Analysis of variance (ANOVA) via Microsoft Excel

program. Differences between treatment means were considered statistically significant at p<0.05.

Figure 2 Inside broiler barn with installed dimmable light system.
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Chicken Group Group Group Group
Age A B (5 D
Day |Lighting hour |Lighting hour |Lighting hour |% dim|Lighting hour | % dim
Week 1| 1 24 23 24 56% 23 80%
2 24 23 24 56% 23 80%
3 24 22 24 56% 2 80%
4 24 22 24 56% 22 80%
5 24 21 24 56% 21 80%
6 24 21 24 56% 21 80%
7 24 20 24 56% 20 80%
Week 2| 8 22 20 22 56% 20 64%
9 22 20 2 56% 20 56%
10 22 20 22 56% 20 48%
11 22 20 2 56% 20 40%
12 22 20 22 56% 20
13 22 20 2 56% 20
14 22 20 22 56% 20
Week 3| 15 20 20 20 56% 20
16 20 20 20 56% 20
17 20 20 20 56% 20
18 20 20 20 56% 20
19 20 20 20 56% 20
20 20 20 20 56% 20
21 20 20 20 56% 20
Week 4) 22 18 18 18 56% 18
23 18 18 18 56% 18
24 18 18 18 56% 18
25 18 18 18 56% 18
26 18 18 18 56% 18
27 18 18 18 56% 18
28 18 18 18 | 56% | 18
Week 5| 29 18 18 18 56% 18
30 18 18 18 56% 18
31 18 18 18 56% 18
32 18 18 18 56% 18
33 18 18 18 | 56% | 18
34 18 18 18 56% 18
35 18 18 18 56% 18
Week 6| 36 24 20 24 56% 20
37 24 21 24 56% 21
38 24 22 24 56% 2
39 24 22 24 56% 22
40 24 22 24 56% 22
a1 24 22 24 56% 2
42 24 22 24 56% 22
Week 7| 43 24 22 24 56% 22
a4 24 22 24 56% 2
45 24 22 24 56% 22

Figure 3 Light hours and light intensity in 4 experimental groups.

Results

The results of the study comparing the weight of chickens, the number of dead chickens, ADG and FCR
for each week are shown in Figures 4-7, respectively.

l. Hours

When comparing the experimental groups using the same type of lamp (Traditional lamp: Group A & B)
but with varying light hours, it was observed that group A had a higher body weight than group B (Figure 4).
group B had a higher ADG (Figure 6) and FCR (Figure 7), while group A had a lower mortality rate (Figure 5).
However, these differences were not statistically significant (p>0.05).

Il. Hours, light intensity

Comparing the experimental groups using the dimmable lamp system (Supplement lamps: Group
C & D) with varying light hours and light intensity, group D showed higher body weight (Figure 4) and ADG
(Figure 6) than group C, resulting in a lower FCR (Figure 7). group C had a higher mortality rate than
group D (Figure 5), though these differences were not statistically significant (p>0.05).

lll. Traditional lamps and dimmable lamp systems

When comparing the experimental groups using different types of lamps (Group A & C, B & D) with fixed
light hours, group A had a higher body weight than group C (Figure 4), higher ADG and FCR (Figures 6-7), and
a lower mortality rate (Figure 5). Comparing group B & D, group B had a higher body weight than group D
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(Figure 4), while group D had a higher ADG and mortality rate (Figures 5-6). However, group B had a higher
FCR than group D (Figure 7). These differences were not statistically significant (p>0.05).

Comparing group B (Original farm system) & C with fixed intensity 56%, group B showed higher body
weight, ADG and FCR (Figures 4, 6-7). However, group D had a lower mortality rate than group C
(Figure 5).

When comparing group A (Criginal farm system) & D with adjusting intensity 20-80%, group A had higher

body weight (Figure 4), ADG, and FCR than group D (Figures 6-7). However, group A had a lower mortality
rate than group D (Figure 5).
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Figure 4 The weight of chicken in each experimental group.
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Figure 5 The number of chicken mortality per week of each experimental group.
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Figure 6 The average daily gain (ADG) of each experimental group.
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Figure 7 The feed conversion ratio (FCR) of each experimental group.

The treatments had no significant effect on the light intensity, hours and the different types of lamps of
body weight, average daily gain, feed conversion ratio and mortality (%) according to the results of the
ANOVA (Table 1).
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Table 1 Parameters of the treatment groups as evaluated by Analysis of Variance (ANOVA)

Treatment (%) p-
Paramet ) : ) -
Batch Experiment Experiment Experiment Experiment  valu
ers
group A group B group C group D e
Female Arbor Acres BW 2823.0+45.2 2805.0+43.8 2719.0+47.1 2789.5+44.6
0.999
broiler chickens (gram)
ADG 67.2+1.1 66.0+1.0 66.9+1.2 69.2+1.1 0.998
FCR 1.7£0.03 1.7£0.03 1.7+0.03 1.6+0.03 0.986
Mortalit  1.2+0.2 0.9+0.1 1.9+0.3 1.5+0.2
0.573
y (%)

Note: ANOVA single factor's test at a 5% significance level (p<0.05). BW, body weight at 48 days; ADG,
average daily gain; FCR, feed conversion ratio; Mortality (%), mortality rate calculated based on
28,650 chickens.

Discussion

Our study, focusing on the impact of lighting conditions on broiler farming, particularly comparing
traditional lamps versus a dimmable lamp system, provides insights into optimizing growth, feed efficiency,
and overall farm performance. While our results did not show statistically significant differences, they
suggest potential trends that warrant further investigation.

Lighting and broiler farming efficiency: Our results indicate potential improvements in feed conversion
ratio (FCR) under dimmable lighting, particularly in group D (18-23h, adjusted 20-80% intensity), which aligns
with the findings of Olanrewaju et al. (2016). They reported that manipulating light intensity can positively
affect broiler growth and feed efficiency. The trend towards improved FCR in group D may be attributed to
the dynamic light intensity, which could potentially mimic natural light patterns and support the birds'
circadian rhythms.

Balancing efficiency and welfare: The higher mortality rate observed in our study under dimmable
lighting conditions (Groups C and D) presents a challenge in balancing efficiency with welfare. This echoes
the concerns raised by Deep et al. (2010), who found that lighting conditions could significantly impact
broiler behavior and welfare. The increased early mortality in the dimmable LED groups might be related
to stress responses to changing light conditions. Newborn chicks are particularly sensitive to environmental
changes, and their underdeveloped thermoregulatory systems might be affected by variations in light
intensity (Olanrewaju et al., 2006).

The physiological basis for these effects may lie in the influence of light on melatonin production and
its subsequent impact on growth hormone secretion (Zeman et al., 1999). Melatonin, produced in darkness,
plays a crucial role in regulating the growth hormone-insulin-like growth factor-1 axis, which is essential for
muscle development in broilers (Zeman et al., 2004). The adjusted light intensity in group D might have
optimized this hormonal balance, potentially explaining the trend towards improved growth performance.

Our findings contribute to this ongoing discussion by highlighting the need for optimal lighting that
promotes growth without compromising animal health. The potential trade-off between improved FCR and
increased mortality underscores the complexity of optimizing lighting conditions in broiler production.

Practical implications and future directions: While our study suggests potential benefits of dimmable

LED systems, particularly in terms of FCR, the increased early mortality in these groups necessitates further
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investigation. Future research should focus on fine-tuning lighting programs, especially during the critical
first week of life. This could involve gradual introduction of varying light intensities or exploring different
spectral compositions that might be less stressful for young chicks.

Additionally, future studies could benefit from longer experimental periods and larger sample sizes to
detect potential statistical significance in the observed trends. Incorporating physiological measurements,
such as plasma corticosterone levels or growth hormone concentrations, could provide deeper insights into

the mechanisms underlying the effects of different lighting conditions on broiler performance and welfare.

Conclusion

In conclusion, based on light intensity and hours between traditional lamps and dimmable lamp
systems, experiment group D (dimmable LED, 18-23h, 20-80% intensity) resulted in the lowest FCR values
among the chickens. However, it should be noted that the groups with dimmable lamps had a higher
1-week mortality rate for chicks than the traditional lamp groups. To implement these findings, further
research is necessary to optimize lighting programs, particularly during the critical first week of life. Future
studies should investigate the physiological responses of broilers to different lighting conditions, consider
longer experimental periods and larger sample sizes, and evaluate the economic implications of
implementing dimmable LED systems. Additionally, exploring the interaction between lighting conditions
and other environmental factors could provide a more comprehensive understanding of optimal rearing
conditions. The ultimate goal is to develop lighting strategies that balance improved feed efficiency and

growth with minimized stress and mortality in broiler production.
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