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Abstract

Nowadays, human lifestyles have evolved in response to environmental and situational changes.
As a result, monitoring and tracking access to various societal locations have become essential for prevention
and problem-solving in the event of incidents. Therefore, recognizing and tracking individual access to locations
is a crucial tool for surveillance. This research presents the development of a person identification algorithm
by leveraging machine learning technology tailored to the specific requirements of the task. In this experiment,
the process began with the creation of a dataset capturing individuals' access to various service locations during
operational hours. Subsequently, the data was preprocessed to ensure its suitability for the learning process.
Data science techniques were employed to analyze the potential number of clusters representing individuals
accessing the services. K-Means, an unsupervised learning technique, was chosen for the clustering process to
create the individual association. The algorithm developed in this research was tested for linking individuals.
A dataset of room usage of 50 individuals across 5 rooms for 15 days was used for processing. The result
demonstrated that the algorithm performed effectively. The number of individuals accessing the rooms
matched the raw data analysis, and person identification clustering was achieved in two ways: (1) linking
individuals based on the level of re-identification significance (high, medium, and no linkage) and (2) linking
individuals specific to locations. The experimental results showed that the accuracy of person identification for
the two methods was 97.8% and 97.2%, respectively. This indicates that the algorithm developed in this
research holds potential for further development and application in related systems.

Keywords: Machine Learning, Unsupervised Learning, K-Mean, Linking Individuals
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Person_ID: 1, Day: 1, Room: Classroom, Time_in: 09:00, Time_out: 12:00
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3.1 meaaunUTIUTNtayauaznsUsuUlayaan1sinsei
1NANTAT YA DY ATIA0IA U TALANII NWEA0E 1Ty AT UAUAY Table 1 kagdaya usuusnian
Jumbswdl éa Table 2 waziun3nanudioulssszwninsyanana Figure 3

Table 1 Example room usage information on Day 1

Person ID Day Room Time_in Time_out
1 1 Classroom 09:00 12:00
1 1 Research 18:15 19:35
2 1 Library 14:39 16:08
7 1 Co-Working Space 12:51 16:35
8 1 Classroom 09:00 12:00
24 1 Library 13:10 17:46
33 1 Research 17:00 22:40
50 1 Classroom 09:00 12:00
50 1 Research 01:41 05:33

Table 2 Example room usage information on Day 1 after changing time to time-minute

Person ID Day Room Time_in Time_out
1 1 Classroom 540 720
1 1 Research 1095 1175
2 1 Library 879 968
7 1 Co-Working Space 771 995
8 1 Classroom 540 720
24 1 Library 790 1066
33 1 Research 1020 1360
50 1 Classroom 540 720
50 1 Research 101 333

2 F, 0

7 F,0 F,0

8 T, 180 F,0 F, 0

24 F,0 F,0 F,0 F,0

33 F, 0 F, 0 F,0 F,0 F, 0

50 T, 180 F,0 F, 0 T, 180 F,0 F,0
1 2 7 8 24 33

Figure 3 People connection metrics for Classroom on Day 1

3.2 MnaaesIangudayanisiteulesynaa
luduvesnisfnwiuaznisveassidlawmuilusunsumundnnisiladnauelidradu TeyanldnIould
gnduiinluzuuuuvesmseteoya Jelveyanundnuiy 1,995 unideya uarludunauveinisnaaes Innsmaaesasne




N13UTEYNIYINNTILAUYIA IAMBEST ARl 10
O
The 10" National Conference on Informatics, Agriculture, IAHBEST

Management, Business Administration, Engineering, Science and Technology

a YR P ] & & v A o aAd o
Anudanlesypnaluiunis 9 lnenisveasddduiseandu 2 wuu Ae nmsasanudenlesypnaluiuninivua
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3.2.1 msnaaesainuieulssyaaaluiuiirvualneganudeulssainyniis

Tunsnaaesiifunisveaaesnisaitenuideulosyanalasnisfinuatuiideanisasrsarudoules
Tnsiarsuandoyanindilivesianun uazfinismvuae Overlap time vasyanadImiunIsiiATIEvidoya
Tngrisuaen Overlap time >= 30 esnifuszozanfiuuweiileuansiyanafiegsmfiumeluredduvazdisna
thu 1 agfifanssuiiudu uansdsanudonlosiifatu warldfmunssduresanuideuloadu 3 sedu (33 Uunang
wa Lifiarndesles) dufufatmune K = 3

MNWANINAABIR Figure 4 wuityaragniungu 3 nguaaildimualy uazidefiarsandoyananisinngy
sgnuiyanafignivlieglunguuiendamesifioadu andunduiouiidniau Tnenguyanafigndunguidise iy
ustaznauiided

nauyarafifinudonlesge: [1234568 9101213141517 19 20 23 24 25 26 28 30 33

3435 36 37 38 39 40 45 46 48 50]
nauyarafifiaudoslosuiunans: [11 16 18 21 27 29 31 32 41 43 44 47 49)]
nauyaeailifinnadenles: [7 22 42)]

Cluster of People on Day 8 (PCA)
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PCA Component 1

Figure 4 Results of the connecting people in every room on Day 8

3.2.2 Mvesssaienudeulssyanaluiunasiasiiiiuun

nsnaaesiidunismaassnsadsenudenlesyanalasnisimunfulasiesiidesnisadsanudenles
Tnefisanandoyanisad-ldvosiu 4 mutuiitiiun waslintsdnuad Overlap time >= 30 FewmpadwAeaty
nanaaesil 3.2.1 uaziornmaneassidesnmsaiveruieslosesyanaiidnanldveduiuiidiua Selsiamns
fasunsrunungumadenlesiiliasile nveassidsldldnmamen Sithouette score Litarmune K

INNANITNARDIATIETaNaT Lounge Tuiudl 7 lanadnsaa Figure 5 §aman1smaasvial Silhouette
score AglaAn K = 4 @3 Figure 5(a) L#8391n7 Number of Cluster 4 fifngsanlunsiw uag Figure 5(b) wuituAAAgn
Fungudtwau 4 ngunuan K idniald lnenquuaraigniungudnmeduusasnguined
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a7 1 (Cluster 0): [13 19 23]

ngufl 2 (Cluster 1): [15 31 44 46]
ngufl 3 (Cluster 2): [11 42 47)

Nl 4 (Cluster 3): [22 24 32 43 49]

Silhouette Analysis for Optimal K : overlap 30 minutes Cluster of Peaple in Lounge on Day 7 (PCA)

® Clustero ]
10 Cluster 1 °

Cluster 2

0.20 @ Cluster 3

silhouette Score
PCA Component 2
o
o

o5 0 ®

2 3 4 5 6 7 8 E} 10 1 12 13 14 -15 -10 -0.5 0.0 0.5 10
Number of Clusters (K) PCA Component 1

(@) (b)

Figure 5 Results of the connecting people in the Lounge room on Day 7

NnransmasesileinanTieTginsdenlssyanamasaaouiudeyaivlumssteya wuindane3dud
fiaTuiiansnsossyanudenlosyaeatiinadlévesine q I¥etregndas &1 Figure 6 uansarudoslosdayann
nsnsesteyaries Lounge Tutudl 7 efifiinldamudiuiu 15 au Fensafunismaaedlu Figure 5 fisinan1nidoules
yananssiu Wefinrsannsdeuriuvestoyanaldszosnaridouiuiuiu Feature fidvdny lunsdnngunisndesles
wuihdeyalumssdiynnaunauiitinadeuiuiuwsgninliogauazngu iesnnlunsdanguazfinnsanszozialy
msldvessmiududiuddny

[ PersonID E‘ Date Room Time In E‘ Time Out B
11 7 Lounge 16:09 17:37
13 7 Lounge 11:05 12:49
15 7 Lounge 12:58 14:46
19 7 Lounge 09:40 11:30
22 7 Lounge 13:53 15:59
23 7 Lounge 12:54 14:06
24 7 Lounge 12:18 15:03
31 7 Lounge 13:25 17:12
32 7 Lounge 13:47 15:01
42 7 Lounge 15:16 17:17
43 7 Lounge 12:11 15:21
44 7 Lounge 14:20 17:39
46 7 Lounge 14:06 17:37
47 7 Lounge 16:21 19:40
49 7 Lounge 13:45 15:38

Figure 6 Sample information of the Lounge room on Day 7

Tunsnaaeunrmgndesvesnsdnnguenudenlosyanamusanessuiiiaund 1ivinismaaosiingei
fToyaaumadoulosfoyaionuadiuiu 10 u uagshnansaaeuteyadoundurestoyaurazqn lnsnisduan
AsreendlUSan Centroid Tanuaiiuiazanineglundamesigniesioly warldnadwsss Table 3 Tumsnsdoya
wandlifiuh Tudauvesnmavnassadsmundeulssyaraluiufitmuslasgemudenlosnnyniies axdiyanatisnun
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50 mﬂ,ummu bbeY e :ummwm‘wmﬁﬂ,umiamﬂamumamﬂaumaﬂ 3 AU LL@“’&IV’]T]LQ’@EJﬂﬁ']iJNﬂWi']ﬂsLUﬂTiﬁ](ﬂﬂaNE]EJ

Y

d
7
1.1 Ay wazmsnaaedaduudenlesyanaluiutazieadidivun wuirdiuiuyanaiidldudazies luudasus
Frunulaivindu Teefianuiianaielunisdanguyanaiinngugean 2 au uazdianedsanuiansinlunsinnguegi

0.5 AU uwimnAnduiosavvesruiianalnizegi 2.8%

Table 3 Results of clustering error assessment

Connecting people in every room Connecting people in a room

b2y Point of data Wrong group % error Point of data Wrong group % error
1 50 0 0.0% 24 0 0.0%
2 50 3 6.0% 17 1 5.8%
3 50 3 6.0% 24 0 0.0%
4 50 0 0.0% 16 0 0.0%
5 50 0 0.0% 19 0 0.0%
6 50 1 2.0% 18 0 0.0%
7 50 0 0.0% 19 2 10.5%
8 50 1 2.0% 17 2 11.7%
9 50 1 2.0% 8 0 0.0%
10 50 2 4.0% 13 0 0.0%
Average 50 1.1 2.2% 18 0.5 2.8%

nanInaaetkansliiuiinisasiesanudeulosyraalunisidldaniud faugndeseanisdnngy
Aadeulesyananuiuiinvualazigeslewniios dANgNADWBINITIANGH 97.8% WA 97.2% Mudy

4. a3y
31nn13@nwluasel nansleseideyaiioasienisisulesuanalunisiinldanunntonisisous
voundasuuvliifinisaou uandliifiuindanessuiinmuniannsniunssgndldldtunsieneginiadldaniud

a 4

I ingusrasdvasnisAnuiiaali dsanunsalinmzsinisdenlssyanaldusiug aunsoldfnnmunguynnaiidly

[

anuiild waznsiiszuvanunsadanguldnusedunisidenle sgs sedunsidenlostiunans uazlsifiaudenlesls
wannsndfayanalfessdivssansmdedmgsndulidesiamuuanamaniu wasnansdnwiluadadannsn
ihlugnisiannseuudy q Aduiusiu wu msvihuiensldaniuil msussidiunnaudedlsassuin msnsiaaouuas
fanuyaaa Wudiu

5. AnfnssuUsEAA

varouAn anUumAlulag nsz0UNANINAUNNITAIANTEUY INYUYAYUNTLVATYAUANA JINTAYUNT
miwmiauuauwmaaauammummmmﬁ UseaUauuszanas 2565 TulAsIn1sN1SWRIUISEUUANNSDILAT WEARIAL
Wiohanud LLauﬂ’li’JLﬂi’luMﬂWﬁL“UE’]MIENUﬂﬂaWJEJﬂEUZU’]‘UiuGﬁf}% (ammaﬁuw 2565-02-08-005)
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Factors affecting the ripening of paddy grains.
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VOLUAAT = -76.302-1.059X,+0.043X,+3. 222X P1INUGNONANTTUYS fitadefiued fe mnuduvestiadden (x,)
FnsndutianayUsung (X,) dveaudn (X,) Yrmindune Lﬂaaﬂmaloomam (Xg) wag LUasLszjummmamm
YOUUEATNY =122.817-5.271X,+0.242X,+2.192X5-13.822X, LLau‘UﬂJwWﬁJ”I’J‘WHSMEJEJM 3 105 fadviived fo Anudu
vest1uUden (X,) snTdusnaneUIuIng (X,) vaauuda (X,) mwmummmmam( o) ANBsAlULAUTDY LX(X,) uag
Wesiudruanunveasdndg =381.350-3.646X,-0.171X,+1.311X; -2.940X-1.004X
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Abstract

This research and development project aimed to create a tool for measuring or indicating the maturity level
of paddy rice grains. The study focused on identifying key indicators that reflect grain maturity in order to address
challenges in evaluating rice harvesting machines at the optimal harvesting stage. The ultimate goal was to reduce
human error in determining grain maturity. Three widely cultivated rice varieties were studied: Pathum Thani 1,
Hom Suphanburi, and Hom Mali 105. For each variety, relevant physical and chemical factors influencing maturity were
identified and used to develop multiple linear regression (MLR) models for predicting grain maturity percentage.
For Pathum Thani 1, the significant indicators included paddy moisture content (X,), mass-to-volume ratio (X,), and grain
color (X3). The resulting MLR equation Grain Maturity (%) = -76.302 - 1.059X; + 0.443X, + 3.222X, For Hom Suphanburi,
the indicators were paddy moisture content (X;), mass-to-volume ratio (Xy), grain color (X5), and weight of 100 dehusked
grains (Xy). The equation Grain Maturity (%) = 122.817 - 5.271X; + 0.242X, + 2.192X; - 13.822X, for Hom Mali 105,
the significant factors were paddy moisture content (X;), mass-to-volume ratio (X,), grain color (X5), moisture content of
dehusked rice (Xs), and L* color value (Xq). The corresponding MLR equation Grain Maturity (%) = 381.350 - 3.646X; -
0.171X, + 1.311X;5 - 2.940Xs - 1.004X, The results demonstrate that it is feasible to use measurable physical and
colorimetric properties to estimate rice grain maturity with precision. These models provide the basis for developing

a practical tool for maturity assessment during harvest, thus supporting improved mechanized rice harvesting.

Keywords: maturity of paddy grains, rice combine harvester, measuring instruments, paddy
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Figure 1 showing the collection of paddy samples
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Figure 2 Graph showing relationship between rice maturity factors and days after flowering of Pathum Thani 1
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feyailaanardadosing 9 snvieuiisuneaidindeanudndedenseauananiunaiaivielulundazdade
lpglusunsumeana A Table 1

Table 1 Factors and coefficients related to the ripening of paddy grains of Pathum Thani 1 rice variety

Coefficients®

Model Unstandardized Standardized
Coefficients Coefficients
B Std. Error Beta t Sig.
1 (Constant) -76.302 38.111 -2.002 .049
AT -1.059 299 276 3,547 001
asroUsuIng .443 .079 .398 5.635 .000
Fupaudn a* 3.222 .815 351 3.952 .000

a. Dependent Variable: lUasidusinnuanun

MU 3 M louA ANUTU naneUiuas Lagmalulnu a* sulidud1Agynieeda (Sig. < 0.05) Laziinase
Wesiuianugnunvesudadiiudunusiil 1 lussdufiunndneiu nslnizanadeusuasuazardveuudndfidma

WUINADANNGNA VNENANNTUAINALUNIGEY

Table 2 Model Summary related to the ripening of paddy grains of Pathum Thani 1 rice variety

Model Summary

Model R R Square Adjusted R Square Std. Error of the
Estimate
1 911° .829 .822 11.11705

Predictors: (Constant), &v0awdn a*, 13asaUsung, AN

INNMTIATILVRUUAANBELTAFUNY AR (Multiple Linear Regression) lngldUadeqiieadas laun Annuauy
waseU3uns uazAdluunu a* 1Wududsdasy wudiluealien R windu 0.911 waasdannuduiuslussdugasening
AauUsBaszuarAiudsniu (Wesiudanuanunvasudndi12)an R Square Wiy 0.829 nu1eA1udi dauusdase

o
9

MauaunsaeusauwlsUTINIeIAanknveuNdadldfesay 82.9 vaeiiA1 Adjusted R Square a8l 0.822

'
=

FaduaAuSuudiiennuslugaulunsfifiivaresiulsdasern Standard Error of the Estimate winffu 11.11705

Feazvioudainnuraianioulagadsveinisnensalainlunatanuanisinsigviaiunsoasulein luna

a

UsgdnSaluniswennsalsziuanugnunvesadndniliegramunzauuazwiug

R

)}

yhnsdnideniadeiifinadonnugnuniaveausiazdadeliuanieiulunsadfiiotlumannis Multiple
Linear Regression A1@1n13 Multiple Linear Regression mi’?miwﬁmimaaawnqmﬁﬂﬁuaums Multiple Linear
Regression #iléfAe Y (Wosidudnnuanunveaudnd) = -76.302-1.059,+0.443X,+3.222X; vesdasiug Unusil 1
wazfitadeiiiedosdio

1. AT (X,)
2. anadiung (X,)
3. ANYBIFLULAUYDY a*(X,)
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Figure 3 Finding the factors affecting rice grain maturity
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Figure 4 Graph showing relationship between rice maturity factors and days after flowering of Suphanburi Hom
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aa 1 A

o v Py | Y] a a oA A A ' ) aa A " | o
feyanlanardadosing 9 snieudisunvaidindeanuindedensasuananiuniadivielulundazdade
TaglUswnsunneansng Table 3

Table 3 Factors and coefficients related to the ripening of paddy grains of Suphanburi Hom rice variety

Coefficients®

Model Unstandardized Standardized
Coefficients Coefficients
B Std. Error Beta t Sig.
1 (Constant) 122.817 42.076 2919 0.006
mm%u -5.71 0.713 -0.579 -7.394 0.000
1anaUIung 0.242 0.084 0.219 2873  0.006
fvodubna 2.192 0.765 0.208  2.864  0.006
IMunzUdendel00  -13.822 4.792 -0.124  -2.884  0.006
bUAR

a.Dependent Variable: wWaslduinaugnun

£
SNa o o W aa

Auusioualulnaifided@yyneadn (Sig. < 0.05) uarannsaldsuiulunsnensalesidudaugnunves

o

a '

wiandraiug vesgnssaiy3 Wegeliussdniam naanzamnurudaduladenidvinasomiugnuniunniigaludau

Table 4 Model Summary related to the ripening of paddy grains of Suphanburi Hom rice variety

Model Summary

Model R R Square Adjusted R Square Std. Error of the
Estimate
1 0.965° 0.931 0.925 4.72322

a.Predictors: (Constant), 91unzLUdanso 10068, IanauSuns, dvasudna®, AU

INNITIATIZVRUUDADBELTAFUNYA (Multiple Linear Regression) Tnelddasefiieatos Ieun Anudy
WaseUsu1ng wazandlunnu a* Wuduusdase wudnluaaiial R winiu 0.965 wansfernuduiuslussaugeszning
Fudsdaszuaziuusny (Wesidudaugnunveawdndia)a R Square Wiy 0.931 muneaa1udn faulsdase
ﬁgﬂa’mmmsaaﬁmammLLUiUswﬁuaammqﬂLLdmaamﬁwﬁwﬂﬁ%’aaaz 93.1 ypuzdiAn Adjusted R Square ogfi 0.925
Faduiiusuudauiionuuiugrdaulunsdlfifivarefudsdassa Standard Error of the Estimate wiifu 4.72322
Faazviouisrrnnuaanindeulnsiad sveanisnensainnlunat anuanisinseidannsaasuldd Tuea

fivszansnnlunisnensalsziuanugnunvesudadniliegranzauwazwiug innisdmdenadeifinasoniy

'
-~

anuAniArvesaazdadelidunnsraiulunsadifietrlumannis Multiple Linear Regression Anaunis Multiple

Linear Regression N1531AT1¥MN1I0ANBENYANAIUUANNIT Multiple Linear Regression filgde v (Wasi@udanuan
WATONUEAD) = 122.817-5.271X,+0.282X,+2.192X5-13.822X,
yostiug Frveugwssay’ waeiitdeiifedosde

1A (Xy)

2.8 UsHIRS(X,)

3.ANYBIFLULAUYDT a*(X,)

4. 41ungAa 100Wan(X,)
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Figure 5 Graph showing relationship between rice maturity factors and days after flowering of Hom Mali 105

idayafildanardadenis q sudieudivuniadidindanuindeienseuwnndaduniadavieliluuasdady
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Table 5 Factors and coefficients related to the ripening of paddy grains of Hom Mali 105 rice variety

Coefficients®

Model Unstandardized Standardized
Coefficients Coefficients
B Std. Error Beta t Sig.
1 (Constant) 381.350 34.202 11.150 .000
mm%yu -3.646 .581 -.630 -6.272 .000
autudwnzde -2.940 766 349 -3.838 000
1anaUsung -171 039 -370 -4.402 .000
Fuaaudna* -1.004 413 -.159 -2.430 .020
Auosudnb* 1.311 558 219 2.351 024

a.Dependent Variable: wWasidugiarugnun
sulsiamuniidedAgyneada (Sig. < 0.05) amnuduvesitudden Wulleninaunfianlunisanainuanun

(Beta = -0.630) luwnafianuisaesuieniswdsuwlaswasnnuanuilied1afivsed@ninm lnefidadensniunionin

(A, AIUNUILUL) kazAUSNYUzAYDIUETINNS TN

Table 6 Model Summary related to the ripening of paddy grains of Hom Mali 105 rice variety

Model Summary

Model R R Square Adjusted R Square Std. Error of the
Estimate
1 0.921° 0.848 0.828 5.88995

a.Predictors: (Constant), 2Uaudna*, AVRUAAD*, AUTUTINLLUER, WIaRaUSuIns, ALTU

INNFIATIZRRUUAAD LT AdUNYA (Multiple Linear Regression) lngldUadafiieadas laun Annuauy
wadeUsuIng wazAdlunnu a* Wuduusdase nudluaaia R Wi 0,921 wansfernuduiusluseauassening

Fulsdaszuaziuusny (Wesidudauanunuetudnd1a)an R Square Wiy 0.848 MuneAINdT fauUsdase

o
9

aauansneSuIsmNuLTUTIuYesANLgNunvesdatlfSesay 84.8 vaiziiAn Adjusted R Square 9gil 0.828
Faduiiuiuudafionnuuiudiedulunsdfiivanedulsdaszen Standard Error of the Estimate Ny 5.88995
Faavioudsrnanuaaned sulasiadsvosnisnensaininlinat inuanisinseid armisaasulddn luea
fivsgansnnlunmsnensalszaumiuanunvesudndaldegiunnsauuazuiug

vnsdaideniadeiiinadennuanunirivesusazdaselinandrsiusnnlunisad A et lumannis
Multiple Linear Regression @1@1n15 Multiple Linear Regression mi'imwﬁmimaaawmmﬁﬁuaumi Multiple
Linear Regression 7il#a Y (Wosldudmnuanunveaudnti) = 381.350-3.646X,-2.940Xs-0.171X,-1.004Xs+1.311X,
yostiug Trmennzd105 uazithdefiivadesde

1. iy (Xy)

2. AnuBudunida(x,)
3. 1anUTuIng(X,)

4. AUIALULAUVDY a*(Xs)
5. ANUDSALULAUVDY LX(X,)
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spiuliindadeninarnomnuanunvesuindnluusaziugiumidlaslddoyavetadusieg fidna wu

AN, WIBReUTINg, warA1vesdnieg Feamnsadilulilunssuiunmsianugnuivessdadniladadendna : Tu
' = o A i s & & ' 2 v = Yo Ao ' & .

wiagaun13aeiidadesineg Nluadeiloiidudnnuanunveudnd Fannsladuusiisnaniu Wy annudu (X,), 1ade

YTuns (Xy), Awesdlunnu a* (Xy), kazdadeduq Mfsadeddulnaziuddna Tudiuvesaunisaunis Multiple Linear

]

Regression usiagiug Tusgiurvesadulsz@ns (coefficients) Iazifiunioannansynuroaugnwnvauudndin

fnanduUszansiduau (wu X,, X,) szmnefivindadetun azandesiduinmugnunifefinduinamdudszansiduuin

v
=

(19U Xy, Xy) azmanedeinladedug ssiulesidudauanunfleinty eswndidadeiiatuszninnisvaaes

Fevilnnidade iy
4. a3d

nnms@nwitiadeifinadennugnunveaudndriddenludng 3 siug léun raiusunusti 1 4rameu
anssaig3 wagdnavennzd 105 ilevhdeyaildlulflunisasrsaunisannoaidadunvgas (Multiple Linear Regression)
wuhiusasiusiitadefidsmasiossiunuanuiuandsty dmsudniugunusd 1 dadeiiAeatos liud Ay
YaauNdndna (X,) 1aneusung (X,) LLavﬁwaﬂﬁiuLLﬂuﬂuaa a* (Xs) Baaunmsiiléde Y = -76.302 - 1.059X, + 0.443X, +
3. 222><3 mmumwamwasmm Hadeiitiua Toun mnuturesudadn (X)) WamU3ung (X,) Ardluwnuwes a* (X,)
uazthmiinvesifingimedenudase 100 wén (X,) ) lnpaunisfio ¥ = 122,817 - 5271, + 0242, + 2.192X; -
13.822X, daudniveunyd 105 filadefiiAitesie aruduvenudadn (x,) anutuvesiniinemziudaund (x,)
WanaUIIng (X,) maluwnuues a* (X;) wavAdluwnuwes L* (X,) Tnuaunsiilade Y = 381.350 - 3.646X, - 2.940X.
- 0.171X%, - 1.004X, + 1.311X; #an153tas 1z uanslitiuinAmianisnniazaudnwazueIdvouudndn’
annsathunldidutaderiueszduaiugnunvestnudenldegaivssdnsam Jeanunsathluiauisesen
HuedesdioTnnnugnuivesudatilunieauldlusuan

5. AnfinssuusznA

ypvpuANdIinIUANENTTINMTdUETIANImand FFouaruianssu (anad) Alivuatvayuluniside
Tundsil veveunuAUIITEInunTImnsuveuLiy antuideinunsimnssy nadvinsinens faduayu Wi
anuilunsadsdfunuuuesnaaeuifivtoyadowiu veveuqunsumsdn faduayy Wi anwiflunsfiuteys
sutauvasildiivtoya
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Useansnwwas Bacillus subtilis Tun1saunuBasazwuaiiizeamnlsndna
The effectiveness of Bacillus subtilis to control of fungal and bacterial pathogens causing
rice diseases

o = \1211 o o s L 1,*
agyYa dIUADNLL LLas UNTUI auYY™
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undnge

Tiﬂ%na'qNaﬂizwum'aﬁaﬂ%mmwamﬁmazqmmwmaﬁn Faammarulvg AnnuuaiiFouwasidesn 1wy
Tsauoululis (bacterial leaf blight) wazlsalutalussuas (bacterial leaf streak) LARAINWUATILS Y Xanthomonas
oryzae pv. oryzae ag X. oryzae pv. oryzicola AMNa1au LLa:L%aiﬁmmmJaﬂiﬂ%'n Curvularia sp., Bipolaris sp.
uaz Pyricularia oryzae felsadnns lsalugnaiina uaslsaluludiin snugiy nuiteiliagUszasdifiodnden
weiFeuftndsadeaunglsain Tnsvhnsuenitornduuinuseunnim udmeseudsyavsnwlunstiudaie
annlsnd 128833 dual culture luaninsosujuRn1s nuialeleian SPK B3 duszdniamlunisdud e
annnlsa X oryzae pv. oryzae war X. oryzae pv. oryzicola Imaﬁmmmé’umuquéﬂmw%L’Jma”usjgnm"lﬁ’u
31.83 mm Wag 21.58 mm AIUAIRY Lf‘jamaauﬁuLﬁ?jyaswa'u,miiﬂﬁﬁn 3 9in lgiun Curvularia sp., Bipolaris sp. wa
P. oryzae wuﬁwﬁwas’vﬁuﬁmsé’ug&L?jyasqag'ﬁ 74.21%, 74.05 % Wag 54.69 % AIUAIHU INNNISANYIAN YUY
medugiuinganuin lelwian SPK B3 iuwuaiiisownsuuin wazviinisszyzidavewuaiiseujindiemeaila
meBaluana lnewSeuiisuaruindlelvduasinszinuduiusniuiugnssuaingu 16S rONA Wuinaunsodn
Suunloleian SPK B3 Wuwuaiise Bacillus subtilis nan15@nwiwansliifiugn Bacillus subtilis SPK_B3 wen
wazdndonlafivszansamlunsiuljinddedoamlsaludn fuvaiiSowasdosannglsn Fauansdednenin
Tumsihluldmivaulsaludnimedsdinim

1Y

Aedaey: lsalud, Tsaveuluwi, wuafiGeufing, maniuaulsaivlaedsdann

Abstract

Rice diseases contribute to significant reductions in rice yield and quality which caused by both bacterial
and fungal pathogens. Bacterial leaf blight and bacterial leaf streak are caused by Xanthomonas oryzae pv.
oryzae and X. oryzae pv. oryzicola, respectively. Furthermore, fungal pathogens such as Curvularia sp., Bipolaris
sp., and Pyricularia oryzae are responsible for seed discoloration, brown spot disease, and blast disease,
respectively. The objective of this study is to select antagonistic bacteria against rice pathogens by isolating
rhizosphere bacteria from rice plants and evaluating their efficacy in inhibiting rice pathogens using
the dual-culture method under laboratory conditions. Among the isolates, SPK B3 demonstrated strong
inhibitory effects against X. oryzae pv. oryzae and X. oryzae pv. oryzicola, with inhibition zone diameters
of 31.83 mm and 21.58 mm, respectively. Additionally, SPK B3 effectively suppressed three rice fungal
pathogens, Curvularia sp., Bipolaris sp., and P. oryzae, with inhibition percentages of 74.21%, 74.05% and
54.69%, respectively. Morphological characterization revealed that the isolate SPK B3 is a Gram-positive
bacterium. Molecular techniques were used to identify the antagonistic bacterium by comparing nucleotide
sequences and analyzing the genetic relationship using the 16S rDNA gene. It was found that the isolate SPK B3
can be classified as Bacillus subtilis. These findings indicate that B. subtilis SPK_B3 exhibits strong antagonistic
activity against a wide range of both bacterial and fungal rice pathogens, emphasizing its potential as a biological
control agent for rice disease management.

Keywords: Rice disease, Bacterial leaf blight, Antagonistic bacteria, Biological control
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1. uni

Y <y U

413 (Oryza sativa L) nilsluiigiasugianddsy idusyivomsudannuilaaiuialan lnvanizluleide

< 7
o

wau3NT wazarAuewsnT [1] lsalutviliifeanuidemenimanandawasamnin lsnveuluwia (Bacterial leaf
blight %39 BLB) ‘Uaﬂ‘lgfnﬁllﬁmnﬂl,%ya WUATLI Y Xanthomonas oryzae pv. oryzae Wag X. oryzae pv. oryzicola
wuAfiBefduaingueslsaludeluseuas (Bacterial Leaf Streak 3o BLS) ludha shaodlsaiidndulsnidrdyuest
fiinnnuuaiise deadrsanudsmemansugianonisndatiaialan esnideuvaiiFoanvglsnaunsn
uwnsszunldegemniilaonngluiiufidfanmenniad uuas flunntesads annsadwhaiedudldnnsses
nsaseLAule Fousisveznd uanne 0ansae Tguﬁqmmaamwammamﬁmﬁuﬁﬁﬁ [2] Tsalulnsl (Rice blast disease)
%uﬁﬂmm‘ﬁaiﬁ Pyricularia oryzae, Iiﬂiuqmﬁﬁéﬂma (Brown spot disease) ﬁLﬁmmﬂLsﬁlﬁﬁﬂ Bipolaris oryzae, Way
TsAwdnn (Seed discoloration disease) fiinanides1 Cunvularia sp. Eruulsafiintunnd Tnefnrusunssves
Tsadausisduiizuusstiosaufassduiiyuusannlunaeiufiiiugndm (3] msldamaniieauaulsadnnedunumandy
iesnnisldnuiiaznin saif wazlduadndia egnalsfinuiinainadesiliannsoesiuldanmsldasiad wu
nsanAnsesansiadl anudunafiviedwindon uaznsiumuvesdngity deazsilvliasnndosiuterinun
Tunsvinunsfidedy (4] daiudedinsiaunisnisfiannansenuseduwandey lngldiinIuaum1adinin (Biological
control) Fadaluntmamisifanudidunagiinumngaulunsdamslsady wardelumadonuileifiuuliuia
Tunstesiuwazaiunulsndna [5]

nsmunulsafivmsdanm Aensligduniduiedsdidinaug mdufimasiyivlameateanvalse vidons

'
a

Hosfuitvainnisinde sugunisld Bacillus sp. wuafiieiduiinsfudwanden Feunsatldduos Bacillus @wnse
Fudansunsssumvendenelsald Inednalnnsvauiinannnans erfiu nsnanansiidudinsiulavenderelse
nsugsduiioudsiuiinazarsorms mndnarsiamisadudseulediidonelsananty (Judu nalnwmanilvily
Bacillus sp. anunsavimihiilusinuaulsansanmdisiuszanamlunsnsinung (6]

LuATi3BUf YNt (Antagonistic bacteria) AldUsefignfoda Bacillus § s1duanadilaniau gaunluld
Wumsmugumstinmlunssdaiivvannuaieviia esaniiuszdvsamauasianuaunsafuduifudundon
w199 18 [7] Bacillus sp. WunuaiSefiaialdluanmiifeandiau (aerobic) wisluan ndifioandiausi (facultative
anaerobic) Us 1. ¥uuns asrueulpavesiivihlinunudeaniizuindoud limanean (8] G51891u3n 8. subtilis,
B. cereus, B. pumilus, B. amyloliquefaciens, B. firmus, B. megaterium, B. safensis Wwag B. velezensis fuszandnm
Lﬂuﬂﬁﬂﬂﬁﬁfm%@ﬁ@liﬂﬁ“ﬁ Toun wuafiSe Wesn uarldifouros [9, 10] N15An¥IYRY Wu et al. [11] 5189414
B. amyloliquefaciens FZB42 mmma’ua'%umil,a]%zylﬁuimmﬁsuLLazmuam‘i‘yaiiﬂﬁ% Fefluszansamduduie
LLUﬂﬁL‘%‘c’JmLWﬂiﬂ%’n X. oryzae pv. oryzae Way X. oryzae pv. oryzicola Inenanans difficidin wag bacilysin Yol
Leelasuphakul et al. [12] Wui1 B. subtilis NSRS 89-2 anunsndudanisiaigueanduleidesianvglsalulngdig
Pyricularia grisea wanan# Chiangsin et al. [13] 518974 B. subtilis 7 wenldarnudadraunsadusnisiasy
vouduls Bipolaris oryzae \onanvalsalugndiinavesin Snvauuaiide 8. subtils BAS114 flusnldainiu
annsndudsnsaiaveaduleifen Cunularia lunata awglsaudensdn TaevlfduleddnvuzAnundly (14]

nslasndauualiFeujUndniivssansnngauaznitsenatsoanvglsndefinnudAgylunmsiiluldaiunulsadiy

v v
[ = Nt Ao

183537079 A9TUNNSANYINIITTRUS LA MINITHEN LY BLUATILS8INNAUUS LIUTOUIINNTLALAALE DNLUATILS Y

q

UfUnuiiiusedvanméugs Xanthomonas oryzae pv. oryzae Wag X. oryzae pv. oryzicola sdainlunageuniny

¥

Juufindsaesamelsadn Curvularia sp., Bipolaris sp. wag Pyricularia oryzae Tuanmizviesifinns

2. A5n15fnEn

2.1 Waaumalsadn
\§ aWUAT L5 8 Xanthomonas oryzae pv. oryzae @18Wus DOA-BCC2568 ainnlinvaulunie wag
X. oryzae pv. oryzicola aenug DOA-BCC2562 anuslsalulialusauas lasuminueyasziaInnguaudnmsing

o

11N I98Uaz01TNUINY NTNITINITLAYAT UIVU L%aiﬁml,wﬂiﬂﬁi’h’s Curvularia sp., Bipolaris sp. Wwag Pyricularia
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oryzae l9suanueAsEianesuifinislsaiivine) auginalulagnisinuns andumelulanszaounaidinm
MNIAIANTEUY

2.2 nsiuiiegeRy wazAndenuuaiieujing

nsduiuiegaiuainulasiialy fmianganns wazaymsusins lneduiudiegrshuuinmseusin
dmfierudn 0 - 15 cm 117U 3 90 908w 100 g MausnTeuUATIZBaInAu TnethAuuTnuseuTndnayinsuen
\Tased soil dilution plating Uuens nutrient agar (NA) Tngrisegnapusiuan 1 ¢ ldadlunasavaassiithinngu
si¥o 9 ml shlvegliRunszaies Mnduhmaiensasuriuassiedidliiirmiensd 10 - 10 wh andu
gransuIuassU3ies 0.1 ml uinde (spread) Toihuumiineims NA uduuiigamadl 28 °C uiian 24 - 48 Falus
wonuuafiFeliuiguidewmada single colony isolation UueWNs NA iletlunaaeusudsninaiyueaideuuniiie

X. oryzae pv. oryzae Way X. oryzae pv. oryzicola

2.3 msﬁ'mﬁanLLUﬂﬁGa‘laimawﬁﬁﬂazﬁw%mwamwaé’ué’anww‘%zymau%a Xanthomonas oryzae pv.
oryzae Wag X. oryzae pv. oryzicola

ideuuaiidefiuenldniunnaseuUszansnmlunissudinmaniyrentouuadiSoaumnlsndn el
paper disc diffusion Immﬁymvﬁyammqim X. oryzae pv. oryzae Wag X. oryzae pv. oryzicola Tu®Mm19 nutrient
slucose broth (NGB) USuau 20 ml idsadeuuniiielelaian SPK B3 Tuems nutrient broth (NB) U3unas 20 ml
wededeanuga 150 souseundt Wunan 24 d1lus flgumgfives UumauguisaduviuassuuaiiBoaniveg
Tsauazuuailiioleleian SPK B3 #a81A3 09 spectrophotometer 7if1 ODgy = 1.0 Wa® A1 ODggp = 0.2 ANMEFU
Mndunenasuuassuuafiieleloian SPK B3 asuunsyaTunsosfifluindurugugnats 5 mm U3ung 5 pl
nduthlunsuunthenmadeate NGA findodeuuaiiGsaiglsn wduniigungdi 28 °C Hum 48 - 76 Falug
‘1/'1"1miﬁuﬁﬂmaé’ugﬂmm?zymau%aﬁaiiﬂ Tne¥auunn clear zone vosuuaiiSefivaaeu

2.4 assoUdnuMEEuguveslauuaAfiGEUfUng

ideuvefiseufindidmdonldnAnudnuasnedagulnenisdenduns Buanihudousazlelaan
adlosualas waztiwulil 1 - 5 3undt aandunenans Crystal violet adlivinusesaiied fisl3 30 Junit &rsoendreth
ndu nenansazarsleledu 1913 30 Jundl drseondaetindu wazdradae 95% Alcohol Uszanas 10 - 20 Junil
wEaEeandetndy Mntunendieas Safranin fal 30 3wt wardrseendeiinduaintunncdladlilruisain
viedusenszauiivelsius andunsiapiendesanssed (Light microscope) fifndens 1,000 wh

2.5 M3indnuunuazszyriavaswuaiieujindlagmatianiedaluana

thidenuafiFeuftndidssuueimns NA Untoamndl 28 °C Wunan 24 $alas ndudelalaiiieslduaon
lulasiiaduunn 1.5 ml Alduhsunissindeusing 150 ml fuflgamgd 100 °C iuan 2 wifl Mnduiludusies
71 10,000 sousEWIT Wuan 1wt thawlaluldfumiuuulunsfiud3unadu 165 RNA faewmaila polymerase
chain reaction (PCR) Tngdaunanvoau]izen PCR lunasalulasiiadauin 0.2 ml Usznoudqe 10X Taq buffer
USu193 5 pl, Tag DNA polymerase (SMOBIO® Taiwan) U311915 0.25 pl, 10 mM dNTPs U315 1 pl, 10 pM primer
27F (5’-AGAGTTTGATCCTGGCTCAG-3’ ) kay 1492R (5’- GGTTACCTTGTTACGACTT -3’ ) Usu1as 1 pl sielnses way

¥
=1

DNA uiiuuu Ysung 1 il ‘Uill’]ffl'iiﬁlllﬂﬂﬂllﬂ 50 pl mﬂ‘uumeﬂimmmiwua‘ﬂiimmmumaumau

Initial denaturation gaunil 95°C W 2 U
Denaturation gaunQi 95°C WY 30 Fu
Annealing gaunQi 50°C WY 30 W
Extension gl 72°C W 1 undl 30 Fui
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11465’14@1@14 Denaturation 89 Extension ’Juﬁgﬁ 35 59U Wag final extension E)immﬁ 72 °C WU 5 W1l ﬁ]’m‘ﬁu
maﬁ]aauwammm PCR maewaila gel electrophoresis 1% 0.8% agarose gel TuansazaraUnines 1X TAE Lanuay
DNA uua3 s UV transilluminator 91ndudsdiasieidiuiiandlelndlnsusem Macrogen Inc. (Usginan1%ata)
m‘uaiﬂawlmLUiEJ‘UL‘VIﬂuaﬂﬂuumaialvlﬂLLazﬁmmamwuamawuqmmmmLL‘UVWILiamﬂgmmaiﬂa National Center for
Biotechnology Information (NCBI) si381Us1n53 nucleotide BLAST wagdiAs1e9Auduius n19iugnssuain
phylogenetic tree Ingld maximum likelihood i bootstrap 1,000 ﬂ%ﬂ pelusunsy MEGA 11.0

2.6 miwmaa*u*dizaﬁn%mwﬁugenﬂiLa%@,maaL?}Iai'l

Vlﬂﬁaumié'fmjg&l,%aﬁ Curvularia sp., Bipolaris sp. Wag Pyricularia oryzae mm&ﬂiﬂ%’n@h&ﬁ% dual culture
method Tnefausnuumeidulevesdonaivglsn suindudiugudnat 05 cm Msuuenasnde potato
dextrose agar (PDA) ¥4a1nvauuemMsdsnde 2 cm anduiadewuaiiisufindvivndesannalsn 3 cm
warnadoamalsauwdliindudaunudeuvafifeufinsidummuny anduiluduiigungivesduna 7 5u
Tuiinnanisnaaedasfuwandesifudnsiudmednsniseiyvondule (percent inhibition rate growth, PIRG)
ol [15]

R1-R2
PIRG = (——) x 100
R1

Tneii R1 Ao $ailleladidoranvalsn (gaaaunm)

R2 fie faillalafioramgdedissiuiudowuafizeufing
Sufindnuusidulovontonainglsa ImEJﬂ'1imiaf\]ﬂié]’ﬂﬁaﬂqammﬁﬁﬁﬁwma 400 Wi wWisuisuseninadule
fiasgluganuay fudilefidosuiudeunafiFoufing

<

3. Wan1sANEILAZNNSITAl

3.1 mawgnuazdaidenuuaiiSediiuszansamlunmsius adeuuaiieanualsavauluuiuuaslsaluda
TUsauas

Mnms@Enwuafiiefuonldaniuuinaseusnin duduiiegranainaymsusins Mels dilution
plating method annsodaidenuuaiiiefifssdnsnmlunismuauideuuaiiisanvglsavoulunts uasludaluse
uasle Aololuian SPK B3 %JLLﬁWUi%ﬁW%ﬂWWﬂ’]‘EgUEjJﬁL‘ﬁl@ X. oryzae pv. oryzae Wag X. oryzae pv. oryzicola 110
flandlofioutuynniunu nefl X. oryzae pv. oryzae flvuadusinugudnarsuinadudariiiy 31.83 + 058 mm
(Figure 1A) Wag X. oryzae pv. oryzicola ﬁmmmﬁuw’mquéﬂmw%nmé”uﬂgawhﬁ’u 21.58 = 4.16 mm (Figure 1B)
NTI89UP89 Zhou et al. [16] vhnsAaidenyduniddmsunmsmunslsavesim nullowuaii3s 8. velezensis BR-
01 ﬁqwéé’ugﬂmﬂﬁmﬁuaﬂL%ammﬁﬂiﬂ X. oryzae pv. oryzae Wag X. oryzae pv. oryzicola 31841UU84 Cheng et al.
[17] neaeuiieuuniids B. subtilis MIMP2 ‘17'iLLEJﬂlé’mﬂﬁﬂmawﬁﬂmmﬁmﬁmmmmﬁmmsamumu X. oryzae pv.
oryzae ua¥NTNARBIVEY Djatmiko et al. [18] uonidenuafide B subtilis s wudnd 3 lelmanilannsnduds
nasyuesdiouunaiiide X. oryzae pv. oryzae I mimaaqLLamﬂuamﬂmuummwmm wazuunaiiFoieulalyiviviuen
Mniladevessindmmuideluana Streptomyces fianunsaniuauide X. oryzae pv. oryzicola [19]
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Figure 1 Antagonistic activity of isolated bacterium SPK_B3 against Xanthomonas oryzae pv. oryzae (A) and
X. oryzae pv. oryzicola (B) on NGA medium using dual culture method under 28 °C incubation for
48 hours.

3.2 Anwanwazdugiuvaswuaiiiselelean SPK_B3

nsapudnuuzsdugulasidsndouuniideleleian SPK B3 uuewns NA iuian 24 Halus wagvhms
fondunsu nuilelwian SPK_B3 Tdnwarlalatinan veundnidntes uaziiduigu wadfindiie Wuwuafiounsy
van figusraduviey (bacilli) (Figure 2)

Figure 2 Morphology of the bacterial antagonistic strain SPK_B3 on NA medium cultivated under 28°C for

24 hours (A) and Gram staining under the microscope at a total magnification of 1000 (B).

3.3 MsdnduunuazsryviinvaswuaiGelasmaianiedialuana

vwAndst PCR vuinuszanal 1,500 giua Aldannnsifinu3anudu 165 ONA veslolatan SPK B3 Tum
aduihedlelng naannsimsikazlseufisudiduiiadlelndaingiudeua GenBank NCBI felusunsy blastn
uaylnsesieuduiumaiugnisuuesuuniiifeain phylogenetic tree #2835 maximum likelihood 7ifn bootstrap
wava 1,000 ade UShauumisdu 165 rDNA wuswuaiiielelaian SPK B3 faulndifestu Bacillus subtilis
(Figure 3) fis1eewitwuaiiseluana Bacillus lawn B. amyloliquefaciens, B. subtilis wag B. pumilus @111308AN1S
Ainlsanseanusuussvesafivle [20]
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Bacillus_licheniformis_strain_ATCC_14580
66

91 ‘———————————Bacillus_licheniformis_strain_NBRC_12200
100 Bacillus_li iformis_strain_BCRC_11702
Bacillus_sonorensis_strain_NBRC_101234
94 9
———— Bacillus_sonorensis_strain_NRRL_B-23154
SPK_B3
94 —————— Bacillus_subtilis_strain_SBMP4
100
9%l Bacillus_subtilis_strain_NRRL_NRS-744
Bacillus_pumilus_strain_NRRL_NRS-272

oL Bacillus_pumilus_strain_NBRC_12092

Bacillus_thuringiensis_strain_IAM_12077

100 Bacillus_thuringiensis_strain_NBRC_101235

Sinor ium_fredii_strain_USDA_205
0.7

Figure 3 Phylogenetic tree based on 16S rDNA gene sequences of isolate SPK B3 and related bacteria strains in
the NCBI database established by the maximum likelihood method. The numbers at the branches
indicate the confidence level calculated by bootstrap analysis (1000). The scale bar shows the

evolutionary distance between species.

3.4 n1sNAEaUUITANSANWYBS Bacillus subtilis SPK_B3 °lums€1'u§'amiw‘%mﬂja\1L%asﬂaﬂtwqiiﬂ%"l'a

MnMInageuUsEavEAITouUATiSe B, subtilis SPK B3 GLumié’UégqmiLﬁﬁigmm Curvularia sp., Bipolaris
sp. Way Pyricularia oryzae L‘Tfyasm’umisﬂﬁné’w?% dual culture Uuo1115 PDA 1ulian 7 Tu wuan SPK B3
annsadudimsaiarendulodenldegnaiivsyavanmineiivofidudnistudannndt 50 % (Table 1) Faileiidus
nstfudadion cunularia sp. 087l 74.21% (Figure 4A) avsaundeiles Bipolaris sp. Sesdusinsdiuds 74.05 %
(Figure 4B) wae P. oryzae fosidusinmsdud 54.69 % (Figure 40) davidulevesdesit 3 loluan usnadidu
wsudmaasyrendulelunmaldndonansseinu dulodonidnuvasuiuwes iduloidvanmanifuuas
in98 (Figure 5A - 50) Lﬁal,ﬂ%'amﬁ&mﬁ’ummmu (Figure 5D - 5F) danndafusienu Rajer et al. [21] 7ildvinns
fadenidouunise 141 loloian lnefiideuuailiSe B velezensis FA12, FA26 way FZBA2 ﬁﬁqwéé’uégaﬁaﬁmmq
Tselud Scelrotinia sclerotiorum wa Rhizoctonia solani nsnadeusudemsiaiyesduladendaidewuaiise
B. subtilis GB519 Tnald L‘ﬁ‘ya 3@ ﬂm(ﬁﬂ,i A1 9 YA AB Magnaporthe oryzae, Ustilaginoidea virens, Fusarium
graminearum, F. moniliforme, F. oxysporum, wag R. solani ImaﬁLUa§L%uﬁﬂ15§U§ﬂuﬂﬂdﬁ 55.0 % [22] wazs1891u
Y94 Rais et al. [23] %maaUL"ﬁaLLUﬂﬁﬁﬂ Bacillus sp. ﬁLLEJﬂf\]’]ﬂﬁuU%L?mia‘Uﬁﬂ%’nﬁiaL‘ﬁaiﬂ P. oryzae Wwui1 Bacillus
sp. aunsadudansias grenduleidesnlé 30-65% H51891u8 Ashwini and Srividya [24] wu3 i e B. subtilis
annsadudinsaiyues
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w@uleweosn Colletotrichum gloeosporioides yinliidule fdnwazuamnes idulounninuazndnee Barrows-Broaddus
and Kerr [25] 5189747913 auUATILT & Arthrobacter sp. Aikenlaainfuaiuisadud snisiasgyveadulewd o
F. moniliforme yinld@uluosiianwuzvinwazdalen

Figure 4 Dual culture assay of Curvularia sp. (A), Bipolaris sp. (B), and P. oryzae (C), with Bacillus subtilis SPK_B3
and without SPK B3 (D, E, F: control). Photographs were taken after incubating on PDA medium for 7
days.

Table 1 Percentage inhibition radial growth of Curvularia sp., Bipolaris sp., and P. oryzae by Bacillus subtilis
SPK B3 at 7 days dual culture on PDA medium.

Colony radian zone (cm.) Percent inhibition radial growth (%)

Isolate  Curvularia sp.  Bipolaris sp.  P. oryzae Curvularia sp.  Bipolaris sp.  P. oryzae

SPK B3 1371006 1131 0.15 1.47 £ 0.15 7421+t 101 74.05+342 5469+ 181
Control 530+ 0.17 4.37 +0.06 323+ 0.25 0.00 0.00 0.00
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Figure 5 Light microscopic observations of Curvularia sp. (A), Bipolaris sp. (B), and P. oryzae (C) at the inhibition
zone by Bacillus subtilis SPK_B3 compared with the control of Curvularia sp. (D), Bipolaris sp. (E), and

P. oryzae (F) normal mycelium under light microscopic observations at a total magnification of 400.

4. a3d

nudTedldhnisuenuardndenuuaiiseufUndarniuusuuseusindn #1838 dual culture nudn
fuuaiideloluian SPK B3 fusnldanfuuinaseunnuestniifuinanimiaaynsnms fuszansamsuds
\Touuniise X. oryzae pv. oryzae anvadlsaveuluwisludng Fauansloududs 31.83 £ 0.58 mm uazidouundise
X. oryzae pv. oryzicola anugveslsaludalusaaddud flaududs 21.58 £ 4.16 mm wazddszansamduds
nmswasadulevendos Cunvularia sp., Bipolaris sp. wav P. oryzae e lsndnd fiediuimsdudad 74.21%,
74.05 % uay 50.69 % audRy uansliifuiuuadide SPK B3 duszAnsnmlunismuaudoanvglsaludn
asrvdoUanvassdagulunuafisaunsuuin uazdnduunvdasuaiiesenadanedluana dnduunlimdu
Bacillus subtilis TusunAnmsiin1sAnuinuautfvesaisesngvsinanlag B subtilis SPK_B3 tisnfuLioviaaiy
drlanalnmsvhauresmavantdy nufsdnwnsiuuaiise sPK_B3 Tuldruauidioanvelsedilussdulsniou
wazlUasansialy

5. AnfnssuusEnA

voveunn dlnanuideauinisensnuiiy naudvinisinuas Heysziideuuailis Xanthomonas
oryzae pv. oryzae strain DOA-BCC2568 mmqiiﬂmauimnﬁa Wae X. oryzae pv. oryzicola strain DOA-BCC2562
anvlsaludalussuas 1 uenanilveveuam augmaluladnininuns andumaluladwszaoundndnunms
aanseds Alinsatvayuindesiouazgunsalluiesufoinig nmsdnwnidldsunuganyuannemuidsanii
wialuladwszasundidanmmsaianseda (Fyauaui 2566-02-04-012)
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AsAnwASIITngUssasAiiadnwiUseanSnnweanistaindutesiulsafndawastabisalnd 2 (PCV2)

q
v
[

wieuiuiadudestulsadndeselanarailunisnszdunisaianfiduiuvesans Tngvinsdnuilugnsilisuiadu
3 iln leud Sagudlestulsainde PCV2 mﬁm%’uqﬁmﬁ'ﬁ ORF2 antigen 1.0-3.75 RP./ml (¥a@u A), ORF2 antigen
Taitfosndn 200 Units (3adu B) uaIndudestiulsaiinide Mycoplasma hyopneumoniae (MH) Aitiueufitaulaitiosnin
1 RP/ml (§Adu O) Tngnsusnunisvaassiuuguauyssl (Completely Randomized; CRD) vhnnsaniaduidind i
TWungnsony 4 dUai o 4 ngu nauaz 6 6 Teun naud 1: 163uTadu A uay C wuunanipduneuda nqui 2:
1#309a%u B uay C wuudandeutuuduondumiadn ngui 3: 1#5uiaTu B uay C uuunaiadunoudn wagnguil a:
163U Phosphate buffered saline ¥nsifiuidengnsnoudunsvaasauaziiony 6, 8, 12 waz 16 dUnsi iilonsaam
wﬁuqﬁﬁuﬁuﬁaﬁa PCV2 uag MH 61875 Enzyme-Linked Immunosorbent Assay wag Polymerase Chain Reaction
kansAnvnugnamnnguildsuTatulinsmevaussosniduiusioe PCV2 laiumnisiuognsdmau unfiitosans
naudl 3 widuiinsalunude Pov2 lunszuaideon dmsugliduiusiode MH ansvnnguiinsnevauadlalad dedy
mndausududoniadui 2 wlndsntu madenliiadu B hafuiadu C wwukaumufuFaduiidendiifan

q

Y o

Ardnfy: weslalialnd 2, lsafnigesislananasi, iAui, gns

[

Abstract

This study aims to evaluate the efficacy of using the Porcine Circovirus Type 2 (PCV2) vaccine together
with the Mycoplasma infection vaccine in stimulating immune responses in pigs. The study was conducted
on pigs vaccinated with three types of vaccines, including subunit PCV2 vaccine containing ORF2 antigen
at 1.0 - 3.75 RP/ml (vaccine A). A subunit PCV2 vaccine containing ORF2 antigen at no less than 200 Units
(vaccine B). A Mycoplasma hyopneumoniae (MH) vaccine containing antigen at no less than 1 RP/ml (vaccine
Q. The experiment was arranged in a Completely Randomize Design (CRD) with vaccines administered
intramuscularly to pigs at 4 weeks of age, divided into four groups of six pigs each. Group 1: received vaccine A
and C, mixed before injection. Group 2: received vaccine B and C, injected simultaneously but at separate

injection sites. Group 3: received vaccine B and C, mixed before injection. Group 4: received phosphate-buffered
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saline as a control. Blood samples were collected before the experiment and at 6, 8, 12, and 16 weeks of age
to determine immune responses against PCV2 and MH using the Enzyme-Linked Immunosorbent Assay (ELISA)
and Polymerase Chain Reaction (PCR) methods. The results showed that all vaccinated groups exhibited similar
immune responses to PCV2, with no significant differences. However, only pigs in Group 3 had no detectable
PCV2 in their bloodstream. Regarding MH immunity, all groups showed poor immune responses. Therefore,
if both vaccines need to be administered together, the best option is to use Vaccine B combined with Vaccine

C in a mixed formulation.

Keywords: PCV2, Mycoplasma infection, Immunity, Pig

1. uni

Tsaimdeesialadalnd 2 (Porcine circovirus type 2; PCV2) warlsaindeselananasia (Mycoplasma
hyopneumoniae; MH) \ulsa 2 vilafinulfveslugnamnssugnslutiagdu Tae PCV2 gnszsyinduamguesngs
mmsﬁ'n'aiﬁl,ﬁmmmLﬁwwsuaqqﬂiwa”wa'mu (Post-weaning Multisystemic Wasting Syndrome; PMWS) wag
Tsaind eluszuumaiumelagudeu (Porcine Respiratory Disease Complex; PRDC) gy lignsdennsgeyide
wiinogieguusslurasengsening 7-16 dani [1] PMWS avuansoinistsesadoau fo ddnuvasnsaln nou
yumey uaszundu lo meladwin du 1eemns warazquussduiiefinisindounsndou erfidu Mycoplasma
hyopneumoniae dswalsigasmatasiazmegendt 80% [2) ludau PROC snifinananvavanetiadosauiu sisliva
wuAfidy Awndeuuaznisinns anstduasliaiiae Sanmamenarnisiafiafivgstu Ussansamnisliomns
anas Sruautudsafindy Tneflsenudn PROC aunsavilisnsnistaeds 70% Tnednsinismesening 4-6% [3-5]
pcv2 iudediduelialufivdenusunadnidusinuaudnansdivunmaie 17 uiluuns eglu Family Circoviridae
uay Genus Circovirus Wagwuaiausnlud a.a. 1997 lugsansuszimauauen (6] dwsuuszmelnednmsnutiygman
Tsa Pev2 adausnlud A 1999 Fsdudiulasniansanmsennstaonene ine1 9ane15ime1 n13aTIaMe Electron
microscope wuaynAvesasadidvwn 17 uiluias [7 1 ludquveslsafinde MH tu aw1sadendndeldinlsn
Wugdndalude (Enzootic pneumonia; EP) 1A panideuuaiise m hyopneumoniae il L‘f]mwﬂmimmiuau
(Gram negative) Sidnwamuwadifen lifindaead vu1a 300-900 wilumms FunzeguuiiuinduuenvesBoyiwad
yugauvosszuumaiumelavesans MlmAnanuidemevendeywadaudeu dwaliansindounsndousieg
Tussuumaiumelaldietu 8] ansidulsadsinfoinislodn meladiwin lifiuens fenmsldgeds 105-107
psrmiusuled Sniaansazionnisvey Shsmaaiyduledlid uavezdmaguusanndumninision desauiy
Wedue 191 ilosananuuninangues PCV2 uag MH ineliiAneugapdomsiuasvgivlugnamnssuniadesans
hlansausasemelng nsdetaduldnarefuniedioddglunsdeiulse WunarhliAanmsuaniagumanisén
vanpriln Feiadunenisdudazvdaduiaeivszaniamlunsauauuazdestulsafiuanseiu Tasnsliindu
fanaduannsanssildaumuuzihvesindn nuimslideduiuannsolimugiuriondouduld Wetasan
sraglIalinsiiagu anduyuAldIeg WS waskansENUAefIdn

nsfnwafaliinguszasdileonuuszansnmeeanisldiaduliosiulsafnidomeslaldalnd 2 wieudu

Y o [%

‘J"ﬂ'”uf]aaﬁ’u‘liﬂaﬂL%aﬁaiﬂwmazh538'3%'1391’1@6{1%5‘141,%ﬂizéjumsa%wqﬁﬂmusumaﬂiLﬁaLfJuLmeﬂumsﬂizmu

q 9 q

pifufuimnzaniienusunsiAalsaluansliegnaiiszdnsam

2. 3n15An¥
2.1 NSHSENFNINARBILATNIS AR

anansyuauanewug (Duroc jersey x Large white x Landrace) 81¢ 4 duUanv dwinsaisuduindenlndifes

Y o9
1Y

W 31w 24 67 wuadu 4 nqun1sveael nguaz 6 67 laevinsduauwNuNIIAaBULENaNY Il (Completely
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Randomized Design; CRD) eenelulsadenda (Evaporative Cooling System) Tnglddnuwazasnifunandesa 165
mu;uviumﬂmmuivumaﬂumuLLavLaaqmammiammwmw

vinsiiuidengnadusedaluudazngunisinassiiony 4 v mm‘fw‘l’wﬂﬂiﬁ@i’ﬂ%ﬂﬁﬁuqﬂqﬂs
1 4 ngumavaaes Tnetaduililunmsmnaesasiivomn 3 Sadu Tdud adu A : Yadullestulsafnidorveslalasdlnd
2 viladuyiln (IngelvacCircoFLEX; Boehringer Ingelheim Vetmedica, Inc.; USA) dqulsenauly 1 ml Usenaunie
Porcine Circovirus type 2 ORF2 1.0-3.75 RP. Yadu B : Sadutlesfulsaindoweslalaalnd 2 wiladugiln (PRO-VAC
CIRCOMASTER ONE-SHOT; Komipharm International Co. Ltd.; Korea) d2ulsznaulu 1 ml Usenaunie Porcine
Circovirus type2 ORF2 protein antigen l1fasn31 200 Units Yagu C : Tadudoatulsadaid esalanatas
(IngelvacMycoFLEX; Boehringer Ingelheim Vetmedica, Inc.; USA) @1udsznaulu 1 ml Usznaua18uuniisey
M. hyopneumoniae #filusAuueudiaulsitosndn 1.0 RP. waznguaiuaNazdndisaisazareindereamnties
(Phosphate Buffered Saline; PBS) 13 Table 1 wazifuidengnsiduseslundazngunnassiiony 6,8, 12 uaz 16
dUnii

Table 1 Experimental groups, vaccine types and vaccination methods

Group Vaccine types Dosage (ml.) Methods of administration
1 A+C 2 Mix the vaccine before injection
2 B+C 2 Separate injections of 1 ml each type
3 B+C 2 Mix the vaccine before injection
q PBS 1 Direct injection

nsmaaesildsunisougalisiunslaeagnssumstituguanisdiiunssedafifienumaineimans
antumeluladnszaesnndidnammsainnszds aviintdideduses ACUC-KMITL-RES/2023/008 wagsniiunuide
u AudiTouazuianssudunnd sesdnd neivunaluladnisudadniuasUssns auswaluladnisinwes
antumalulagnszasunaidnnmunmsainnseds

2.2 nstiuiindayanisnsradinsziniesiosuians

msduiinteyaiiiefnuUszaninmvesindu Tnevhnsiiuidengnsidusediluusazndunaassiieng 4, 6,
8, 12 uae 16 dUani laeidongnsfildanmaivluudarduamidu asgniusiedsinnagnoudaenios Centrifuge
firna3 6,500xg WWunan 10 urit Mndudsuasgnaaiuluvaeanaaes wasfumegns Swab Weulenaininssayn
gns fleny 8 dUansidne Sterile Cotton Swab Us3lu Centrifuge Tube Faiuludiufifigamadl -20 earwaToa
i osa s puldlun19m39931A5129 R 2833 Enzyme-linked immunosorbent assay (ELISA) wag Polymerase chain
reaction (PCR) sigly uieldlunmsasiaszdugiduiuainnslasuiadu Tasasutsmsiaseiugiduiufioynnsia ELISA
dusagumenisdneenilu 2 afia lewn ¥ans73 Porcine Circovirus type 2 Antibody test kit (Bio-Chek; UK) lngUfj U
muelon1sUUAn1s 38013 LLasz’]ﬁu%gumauiumiﬂﬁﬁﬁmumuﬁwLLuzﬁwaa‘qﬂmmﬁaﬁy (1) 11 Plate #l#lunns
VA80909NANAIAINEY Lﬁaﬂ%’uamwlﬁagﬂuqquﬁﬁm Uszanad 27 aerwaldod (2) 11 Negative control
USuew 100 pl Tdaslulu Plate 909 Al wag B1 wagin Positive control USuies 100 pl Tdaslulu Plate 909 C1 uay
D1 Tnglaifioadeans (3) imsiFeanssedadsudideanisnsanlundazngudig Sample diluent reagent AidasIdIw
1:50 (5 : 245 pl) dlumanlmdniunie Microplate mixer Usennad 30-60 Aundl iadeulaununarafnusuiaivuld

figaumndivieadunan 30 unit (4) wWsn Wash buffer gy sa PBS-T #lvinfuynnsa 1 wos Tdluthnigns Type 1
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Usuau 1 dns wasnaulidniu (5) wnsuruniaunaiafinusy maiseenanvau wagyiin1sanenle Wash buffer
U3ana 350 pl evqu $1u3u 4 As fe Microplate washer (6) Ly Conjugate Uunmumguay 100 pl Ifasunniay
nsnaaes niadeufoununatainusy wazvimsudlifigumniiviendunan 30 und (7) wien Substrate reagent
Taginusla pNPP Alviiniuyansa 1 e azanelu Substrate buffer vaayans2a TuuSunm 5.5 ua. naufuIunTLIT
aganevn (8) vAsmaAug el (5) (9) 1 Substrate reagent USunmviquag 100 ul Tasunnuqunisvaaes
Uniadeussusiunatadnusy uaginisudlifgamaivieadunan 15 wait (10) 1ix Stop solution USunamquaz
100 pl Wiasuynvigunismaaea(11) tilugiusanelu 30 und fe Microplate reader finvmieniadu 405 nm. wazyp
n333 Mycoplasma hyopneumoniae Antibody test kit (IDEXX; USA) lagagufUaniugdeonisujufnig 35015 uag
ddutuneulumsuifaunudiuugiesyansiadil (1) 11 Plate Aldlumsvnasseanamngiamanbu tieusy
anlvieglugaumgiivies Useunn 27 asanwaidiea (2) U1 Negative control USunas 100 pl Tdaslulu Plate 94 Al
wag B1 wagun Positive control Usunaw 100 pl Tdaslulu Plate 999 C1 way D1 lagludoainans (3) in1sideang
fegnadsuifesnisnsivluusiazvausie Sample diluent reagent A8As @Y 1:40 (10 : 390 pl) wazraldUZua
100 pl wasl¥iidnfushe Microplate mixer Usgana 60 3unil indouTausiunanadnusuudusligumnifeaduna
30 unfi (@) i3 on Wash solution Tngti Wash filanfugans1auduia 100 ml ldluduians Type 1 U5una
900 ml. waznaulvild1iu (5) wnsuruAdounatafinwsy a15eenINvau LagyiN15a1998 Wash buffer Usuna
350 pl flaviau $1uau 4 A%s fae Microplate washer (6) Wi Conjugate USsnaumauay 100 pl lasuynuqumsvnges
Uniadousouiunanainusy uagvinisualitenmgivienduna 30 wiit (7) vBnsifugnuded (5) (8) wiu TMB
substrate Ustnamauaz 100 ul Wiasuynviaunisvaaes nindeudousiunaiainusy uagyinnsualifonmgiivies
Juwan 15 wifl (9) Wi Stop solution Usinamiquaz 100 pl liasunnvgunisveaes (10) tlusruwaniglu 30 wiil
#8 Microplate reader fiA13819AAY 650 nm. LﬁaLa%ffamwﬁgumaumiﬂﬁﬁaﬁaﬂa'n%"l,é’mma@jmé‘uuﬁﬂ (Optical

= o

density: OD) 1dn OD #ildsnAwInmIA1 S/P ratio iear1USunaueufivafaInding 1985y Jallgnaruineiail

S/Pratio = A1 OD U8351084 - ALaALUeY Negative control

ANLRAEYDY Positive control - ANLRABYOY Negative control

Tnefin1suanauTanauoufvediildves PCv2 dumniidn S/P ratio i 049 u3etasndt wansindvsun
wouRvafogluzas Negative waymnila1 S/P ratio 71 0.50 13011131 wansINduTInaueuAvedeglutie Positive
Tuduves MH Wiguiisudn S/P ratio TnevndiAn S/P ratio #1 0.30 w3etiesndn uansirdivsinaueuivefioglurig
Negative uagvnilan S/P ratio  0.40 %i3eann wanandiUSunuLeuAuefagluYis Positive

nduthiogsisuvesgngnmndaunarin DNA nsaaouniiie PCV2 ¢e Conventional PCR 81ukalne3s
Gel electrophoresis Lﬁamwaauaﬁaﬂ%mmuawmm Primers Tidenlddmiuvenedu PCv2 1dun Forward primer
PCV2-f1 (5’-CCA TGC CCT GAA TTT CCA TA-3’) uag Reverse primer PCV2-r1 (5’-ACA GCG CAC TTC TTT CGT TT-3’)
[10] théeesvianualdadluluiaios Thermal cycler uagvinnissaAados IngfAvuan1svinuAsen PCR 3113
40 s0u Tngluusiazseuvesufisenfmunguugiiuaziia1dsl Denaturation figuugil 94 sswaldea uiu 30 Junil
Annealing flgaumgfl 61 psrnwaidoa w1 30 3undl uay Extension figamgdl 72 ssrwailea w1y 1 unfl anniu
LATBULDE Agarose 2 % A@NUSUTVIUNTT Electrophoresis 1nan15taTaLMS Agarose 0.40 ATU WaNAU 1% TBE UTunwu
20 ml. neaddoudiiue (Neogreen) Usunas 1 pl asluaa Agarose fiazansnda wazmaaaslu Comb block T

soliwadilaudeiauszuna 30 uiv figaumngiives uazi Gel comb aan duduailiisaslugunsaldmsuri

q U
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Electrophoresis Iﬂaiﬁdwﬁiﬁﬁaasmagmﬁ%aau it Buffer vhaeaduanidnifes s1em DNA Loading buffer
USunaw 1 pl wagalegneusune 4 pl vumisiaunauligniy ﬂéaaé’ha&mﬁwauLsz’hﬁ’uaﬂuLLﬁiawqmﬁJaﬁm?wH
Tneviquusnaziiu Hyperladder 3 pl il aldiogsasunnvquuda dearamssdnd lidailduenauin DNA 7
100 1908 daanii 35 unit thieaiildludresulneldiedes FluoroBox aniumtiaeazUsing Band 1e9 DNA 3y uazsi
nstuiinamsinsiuSeuiisusay Band 281 DNA §1m1nuau Band Suil 802 bp aznuindu Positive dliduuau

Band wuitdu Negative [11]

100 bp

Figure 1 Examples of electrophoretic profile of specific amplicons form PCV2 DNA. Lane M: 100 - 1,000 bp
ladder, Lane 1 PCV2 positive control number 1, Lane 2: PCV2 negative control number 1, Lane 3 PCV2

positive control number 2 and Lane 4: PCV2 negative control number 2.

$19819 Swab L?iaLﬁarmﬂiwmﬁuﬂﬂqﬂiﬁﬁmmwaauLL&JﬂLﬁdeaﬁzij M. hyopneumoniae Wwag M. hyorhinis
#8735 multiplex PCR Tagldf Primers ¢ 1 16iuA Forward primer MhpF-1 (5'- ACT AGA TAG GAA ATG CTC TAG -3)
waz Reverse primer MhpR-2 (5 — ATA CTA CTC AGG CGG ATC ATT TAA C -3") LLazq"ﬁ' 2 laun Forward primer
MhpF-3 (5’- GTA GTC AAG CAA GAG GAT GT -3’) Lag Reverse primer MhpR-4 (5" = GCT GGA GTT ATT ATA CCA
GGA -3") Ydegnaianueldasiuluedos Thermal cycler uasvhmsmeanades lnafvuanisvuiisen PCR $1uau
35 30U Tnglunsiarseuresfisedmungamgiinasiandsil Denaturation figauungd 94 ssmieaidua wiu 30 Jundl
Annealing lgaungdi 62 osrniwaiioa w1 1 unfl waw Extension flgaumgdl 72 esmieaiea wiu 1 unit ndunion
198 Agarose 1.5 % @115UUUIUNT Electrophoresis 1ngn 15103 8N Agarose 0.60 NTU NAUAU 1% TBE USuieu
40 ml. needdouiiuie (Neogreen) Usunas 2 pl asluiaa Agarose fiazanouda waztnaaadly Comb block v
selviaaiildudsduseana 30 i figamnfios uazih Gel comb son Yusiuaadiliinsaddugunsaldnsusi
Electrophoresis Imaiﬁdauﬁidﬁ’memagimq%’gau 9ntum Buffer Whumatuundntes ven DNA Loading buffer
USuew 2 pl wagiegnausuna 8 pl vumislaunaslmaniu UéaﬂﬁaaﬂwﬁmauL%ﬂﬁ’uaﬂul,wiawquLaaﬁm%mﬂ*ﬁ
lnenauusnazidu Hyperladder 5 pl Lﬁaidf?‘]’aa&hmwnﬂwqmt,é’a Ferrmusnedng i1 lduenuuia DNA #
100 Taad #aaandl 25-30 wit taaitldludresulngldiados FluoroBox antfuntiaeazUsing Band ves DNA Tu
wazThmstuiinam vnsiSeuiisusau Band wes DNA &vmnuau Band Juit 430 bp avnuindu Positive d1lsl
;ﬁuLmU Band wuindu Negative SZJENL‘?TEJ M. hyopneumoniae LaEAIMINLAU Band ‘ﬁu‘ﬁ 346 bp AgnuIndu Positive

S lifuuau Band wuindu Negative w088 M. hyorhinis [12]
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2,000 bp —>

1,000 bp —»

500 bp —p
400 bp —» 430 bp Mhp
300 bp = 346 bp Mhr

100 bp =

Figure 2 Examples of electrophoretic profile of specific amplicons form 16s RNA (M. hyopneumoniae) and
the p37 gene (M. hyorhinis) Lane M: 100 - 1,000 bp ladder, Lane 1 Mhp J ATCC 25934, Lane 2: Mhr
ATCC27717, Lane 3: Mhp J ATCC 25934 and Mhr ATCC 27717, Lane 4: Negative control. [12]

2.3 Milnseideya

ihdeyatsmuailldanmsfinussdugiiduiusie PCV2 uay MH forn S/P ratio thunliasesiauuususiu
wuu e (Repeated Measure) kagnagau Pairwise comparison AglUswNTL SPSS LﬁammmLLmﬂmnﬂJaaqﬁﬁuﬁu
fiAatuannsiiadudiedsiuandsiuiiseduanudedu 95% wWisufsuauuanaesAadsTesNguNTg

NAaBIRI835 Duncan’s New Multiple Range Test

3. HANTSANEILAZATTINTA

3.1 wamsussiulsEAnSnmvesszRun ANy

mamiﬁﬂmwud'ﬁzﬁugﬁﬁmiaﬁa PCv2 TasthusiagngunaaesniuIeudisuiiy wuiinouwsunismaaessiions
4 FUori ansvia 4 ngu Hsedudiinameufivefiveide Pev2 faill nduil 1 fid1 S/P ratio 0.793 + 0.07 nauil 2 e 5/p
ratio 0.964 + 0.16 ngufl 3 71 S/P ratio 0.854 + 0.26 uA¥NENT 4 TA1 S/P ratio 0.679 + 0.13 Fslaiunnsnetumaada
(P > 0.05) usitha 4 ngufiAadees S/P ratio fnnniwdowhiu 0.50 FswansifiuTinaueuivefegluras Positive
Foilfdiuingnansiia 4 nau ISumsaieneaueuvefninuailuseduiias (Maternal immunity) dsiflonalunis
sndnatuvesuoufvefiuaz Induld [13] ileanseny 6 dani (2 SUnvivdsdataiu) ansiszfuneufivefivode PCv2
uansnafuegefidediey (P < 0.05) Tnewuinngudl 3 fszdu /P ratio gafiaafe 1.250 + 0.44 uansnsfungNdUA
sesasNABNgudl 2 fA1 S/P ratio Wiy 0.628 + 0.15 Fslsiumnsnafiungud 1 fid1 /P ratio WAy 0522 + 0.13 uag
ngudl 1 Alsiumnsinsiunguil 4 fdn S/P ratio WinAy 0.298 + 0.05 legnseny 8 §Uni (4 dUnvindsdnindu) qns
flsvduneufveansole PCV2 liuandnstunsada (P > 0.05) Iﬂaﬂdmﬁ 1,2, 3 uag 4 len S/P ratio 13eafusaselul
1.051 +0.25, 0.886 + 0.26, 1.090 + 0.30 WAz 0.869 + 0.35 Fauansliiuituenainanslasugiduiuainusiudn
feanunsaairagliduiuiuldios (Specific immunity) [14] degnseny 12 Uai (8 dUnvindadnindu) gnadisedy
wouRivedraiie PCV2 unnstfuogreiioddey (P < 0.05) Tnswuingnsnaudl 1, 2 uay 3 fid1 S/P ratio Fesriy
Swielui 1,530 + 0.14, 1.438 + 0.14 uay 1.408 + 0.08 Faunnshafunauil 4 feh /P ratio Wiy 1.241 + 0.16 waw

o

lognseny 16 #Uansi (12 AUnvindsdniadn) anadiszdunoufivedivade PCV2 unnsnsfusenaiifd iy (P < 0.05)
Taowuinnguil 1 fld1 S/P ratio gefign fie 1.812 + 0.09 Falaiumnsnsdungudl 2 i1 S/P ratio Wiy 1.550 + 0.14
uAuaneafungL 3 waz 4 taefingu 2 fdn S/P ratio laiuansnafunga 3 fiF S/P ratio Winfu 1.401 + 0.20 wazngy 3
fie /P ratio lalunnsinsfunga 4 71 1.223 + 0.41 fedwsasiiuldinansngud 1, 2, waz 3 lunnvsengnuszdy

wouRUBAsae PCV2 eniiunqui 4 fieny 6 dUansi dd1aduves S/P ratio Mdeenivsewindy 0.49 Jeuanadnd
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USunameufvefieglugas Negative uwavnduunilueufivediigafiony 8, 12 uaz 16 dUavi o1adumsziinnsfioue

PCV2 fipslufiansaunsiuiun1snsaa Conventional PCR
TngmlludszAugliquiviiiaduanmahindulesiulsaiade PCV2 duarildn S/P ratio agluyis 0.5-2.3
Fegonndesiunaildannnisfnuluasell wisgalsfnuudinsedugiduiuinetuannsmeaensaliaveglugas

sanana wendanudululanetaasnunnisalfnislunsewadanlawuniu [15]

Table 2 Efficacy of immune response to PCV2 vaccine (Mean + SD)

S/P ratio
Age P-Value
Group 1 Group 2 Group 3 Group 4

4 Weeks 0.793 + 0.07 0.964 + 0.16 0.854 + 0.26 0.679 +0.13 0.059
6 Weeks 0.522 + 0.13> 0.628 + 0.15° 1.254 + 0.44° 0.298 + 0.05° <0.001
8 Weeks 1.051 + 0.25 0.886 + 0.26 1.090 + 0.30 0.869 + 0.35 0.466
12 Weeks 1.534 + 0.14° 1.438 + 0.14° 1.408 + 0.08° 1.241 + 0.16° 0.008
16 Weeks 1.812 + 0.09° 1.550 + 0.14% 1.401 + 0.20" 1.223 + 0.41° 0.004

abc Significantly different (P <0.05) in the same row

MnmsAnwszdugidusioids MH TnstusagngumaaswmiUisuiiioutu nuiteusumvaassieny 4
&t ansits 4 ngu fsefulinaueuivednelde MH uanssfusesiitedndy (P < 0.05) fil nduil 1 uay 2 fen
S/P ratio 0.805 + 0.05 ua 0.700 + 0.13 Aiady Fauansnafungud 3 uag 4 S S/P ratio 0.357 + 0.14 way 0.278
+ 0.05 suddu dleanseny 6 #Unnvi (2 dUsmindadatatu) ansissduneuRuefiviedle MH wandsiuegaiiaddty
(P < 0.05) Tnongudl 1 uaz 2 fiAn S/P ratio 0.292 + 0.03 uaz 0361 + 0.17 AUAFU Jaunnsrsiunguil 3 waz 4 Jen
S/P ratio 0.070 + 0.07 waw 0.129 + 0.02 A Weanseny 8 & (4 dUnvindsdnindu) ansisziuLoudved
foide MH uanAstuogaitledfey (P < 0.05) Tnenaudl 1 waz 2 diA1 S/P ratio 0.187 = 0.05 waz 0.202 + 0.09
muadU Jaumnsnsiungudl 3 wag 4 fdn S/P ratio 0.034 + 0.03 waw 0.071 + 0.04 AuaAW Weanseny 12 dam
(8 Uamivianind) ansdisvAuueufiveddeite MH unndatusgnaiiid @y (P < 0.05) Taengud 1 fleh S/P ratio
0.236 + 0.16 e?i'umﬂsmﬁ"umjuﬁ 2,3 uay 4 Sesdnsusadl 0.091 + 0.03, 0.091 + 0.05 way 0.067 + 0.04 LLazLﬁaqﬂi
01y 16 dUa3i (12 dUavindalntedu) ansdissduneuiveddeilio PCV2 uandnsfustnedidoddy (P < 0.05) Taungy
711 uaz 3 §lA1 S/P ratio 0.536 + 0.1 WA 0.579 + 0.15 AW Faumnenefunguil 2 wag 4 Je1 S/P 0.285 + 0.21
uaz 0.092 + 0.02 MUAIRY

Table 3 Efficacy of immune response to MH vaccine (Mean + SD)

S/P ratio
Age P-Value
Group 1 Group 2 Group 3 Group 4

4 Weeks 0.805 + 0.05° 0.700 + 0.13®  0.357 + 0.14°  0.278 + 0.05" <0.001
6 Weeks 0.292 + 0.03° 0.361 + 0.17°  0.070 + 0.07°  0.129 + 0.02° <0.001
8 Weeks 0.187 + 0.05° 0.202 + 0.09°  0.034 + 0.03°  0.071 + 0.04° <0.001
12 Weeks 0.236 + 0.16° 0.091 + 0.03°  0.091 + 0.05°  0.067 + 0.04° 0.013
16 Weeks 0.536 + 0.11° 0.285 + 0.21° 0579 + 0.15°  0.092 + 0.02° <0.001

abe Significantly different (P <0.05) in the same row
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tﬁ' o a v LY 1 tﬁy U U a a Y U 1
HIBUNTEAUNUANNUADLYD PCV2 uay MH ‘UENLLfflagﬂQlliﬂL‘UiEJ‘UL‘VIEJ‘Uﬂ‘N‘W‘U’JWV!ﬂHQMIUﬂWSVIWaENﬁWNWiG

nszRuniiduiusiowe PCV2 luluiiamadiendu wilumeanduiuliansansedugiiduiudee MH 1 Sulesngud 2

fémsdnasioniduiuegine udegslsinuaade S/P ratio lunnnquneasdiAesniimiewindu 0.30 uwaneil
fUsiweuvefaglurig Negative

3.2 wamsfinulagds PCR

nmsthiiduleresgnanssiuiu 24 61 1Asaaeunide PCV2 #1838M3 Conventional PCR AeuiEunas
naaositony 4 dai tieduduhgnansaendedauisunmaaes Tasdfiduelufusuauieuifsegnls uay
ATIvEdeUNaN1LLaBENTNsINGTa Wiewieuiu Marker 100 bp, PCV2 positive control waz Negative control Tutas
vt 802 bp. wuianslfinisfiaide POv2 usidleanseny 6 #Uasi lungudl 1 waw 4 eg1saw 1 1 AsTanUN1IENIS
Anudiolunszuaidon (Viremia) siewiflognseny 8 way 12 dUnnsi anslunduil 2 asawumsindolunssuaidonsiuay
1§ uandlodugansvnaesiiony 16 dani anralinunisnidelunnngunimeaes

Tuduweasiogns Swab Weilonanlnssaynansiiony 8 dUai ihdueluifinduuseuiisengnls way
AvInAdUNaraaBENTasETa ewieutu Marker 100 bp, MH positive control waz Negative control lutd
ST 430 waz 346 bp. wuhmsaalanumide M hyopneumoniae &g M. hyorhinis TunnNguN1TNAGDS

Table 4 Number of samples showing positive results for PCV2

Number of positive results

Age
Group 1 Group 2 Group 3 Group 4
4 Weeks 0/0 0/0 0/0 0/0
6 Weeks 1/6 0/0 0/0 1/6
8 Weeks 0/0 1/6 0/0 0/0
12 Weeks 0/0 1/6 0/0 0/0
16 Weeks 0/0 0/0 0/0 0/0

4. a3d

nsnsgdupiidudusios PCv2 nsnsvaussdilvgiifunaunainnng Viremia sniiungudl 3 (Yadu B
1AL PRO-VAC CIRCOMASTER ONE-SHOT $aufiu 1A% C oA IngelvacMycoFLEX waudndunaudn 2 ml) n13vn
fadutestiulsafnidoweslaliialnt 2 fwiulseindodelanaasilinarensmeuausmegiduiulia mndau
Sudusonihirdusuiu o1efasuidenviauagimaiiafumuuuundy 2 waengu 3 Tusgiuamensssunues
TsaRndawweslahdlnd 2 uaslsafndodelananainuosusiazid

5. AnfinssuusznA

AMEHIT8vRVBUAN UTEN gileuanivig d1in dmsunisadvayusudszanaluniside vevaunu
ursanmvun leans wsangaudnual aaunisal uazdmdifvesqudidouarutnnssudiunisidedn
aedgunalulagnisudndniuaznisussus ansmalulagnisinuns andumaluladnizaundtinnunmis
aansetmnyudmiuentewdslunsinyidonsad
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ANSWAILILUUINABY Void Fraction dmsunisinasuudasdanuzluvisvanaglvuinlulas
Development of a Void Fraction Model for Two-Phase Flow in a Helical Microtube

Fagen Yauseiasg! Az aeAsh” waz An3uns Junanving!
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UNANELD

ATl AnwiAn Void fraction 989n15iuanuy Annular flow aeluvievaindenvunnlulesi ddun1u
AUENA1 1 mm lnguaindedduriuaugnad 50 mm seeeiing 20 mm uasyadesaio 10°MmMAaeAniuNs
Tugsanusunavesuia 0.86-12.86 m/s wazwesn 0.01-0.19 m/s el Void fraction fildannnisluatu
Tunudainssitasiaunaunisiiteldviunesn Void fraction veansivawuy Annular flow Tudnaesfiemis leua
msluaadlutundsuaznisivalutuiuey Tagimsimssdiadnananamiléannisnaass Wethaunisisiamwly
T4yiueen Void fraction dwisunisivaadlusuadauasnislvalunuiuou wddsuifisusvyadeyannassuisdiy
WU3IAn Mean Absolute Error (MAE) SA#n1nn esvaneanuinaunsfisamunannsinatulunuadsanunsaianld
¥ueAn Void fraction dmfunisivaludnaesfiennsldedawiugy nansiseduanddidiuinaunisfivmutuause
Tlgrunislwaiififienunnsetu sadulsslevflunsinunisinevewedlvagesnaluvisvmndssvualilas was
ansmiluszgndldlunuiiieadesiussuulnalusunadnldogisusiug,

1Y

Angn ©: Two phase flow, Void fraction, Helical tube

Abstract

This research studies the void fraction in annular flow inside a helical microtube with an inner diameter
of 1 mm. The helical coil has a diameter of 50 mm, a pitch of 20 mm, and an inclination angle of 10°.
The experiment was conducted with gas superficial velocities ranging from 0.86 to 12.86 m/s and water
superficial velocities ranging from 0.01 to 0.19 m/s. In this study, the void fraction obtained from upward vertical
flow was analyzed and used to develop an equation for predicting the void fraction in two other flow directions:
downward vertical flow and horizontal flow. The analysis was performed using images from the experiment.
The developed equation was then used to predict the void fraction in these two directions. The predicted
values were compared with experimental data, and the results showed that the Mean Absolute Error (MAE) was
very low. This indicates that the equation developed from upward vertical flow can accurately predict the void
fraction in the other two flow directions. The findings of this research show that the developed equation can
be applied to different flow directions. This is useful for studying two-phase flow in helical microtubes.
The results can also be applied to various systems involving small-scale fluid flow, helping improve efficiency

in related applications.

Keywords: Two phase flow, Void fraction, Helical tube
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1. Unin

Void fraction e msfwesuuulsmeiiuandiidiuidnmdiussninUinasvewtaiiiatulunisinauuy
gesdanurseUsIasTInTualuntsivanelusie Void fraction Wunilslumsiwmesilasuanuaulalunisin
Aefunisaemanufouvesnisivanuuassaniuziiiosan Void fraction Hreliiniseaisaimsievinisivawuy
aesanuziiinnslueldnsety

Tudlagiuiigunsaldremermdeuldsuanuaulalunsimunliflvuaiidnngiasaudsinuannsalunis
fremanuouiiarumsiuty maenginginssunsivadiinduluszuvtesgUnaaiiiemanudoudinnuduiu
g defiaztglinsianiinudululdunniu dn Void fraction finansznusieussiunnaseudiinlunisinanislu
viedsfiaruddnlunisesnuuureiiarlinelugunsaiuaniudsuaudou uazdsannsadnusluuumsivaiiingu
Feardwatusnsnsdremanudeuiiiaduneluvie fefunisiuindi Void fraction avaaeliiindseauise
Aasgrinazsinsuseiuluszuu sUuuunsiue wazdasinisaiemauieu efnwiwasimungunsaiuaniasy
anufeulidulununnudoanmslutigtulditedu

Tuedndirusnlddiinitevaneviildvinsfnvnginssunsivafifat unmeluteuasAnvuieatu void
fraction TAnT Y dmsuluvionss Saisorn et al [1], [2], [3] l@¥nnsAnudnvaznisivaluvienssvuialulasisly
AR swazkuIvey ludiuvesnisinuiiensu Void fraction iindulurenuitauaenndesiiie Void fraction
fiaenpdasfunuusiaeuuy Homogeneous model kag Armand-type correlation

dwusuluviovanaen Zhu et al. [4] Wﬁﬂ‘mLﬁ'enmﬂ‘maquaaﬂamuﬂwimmLﬂﬁmﬁﬁﬁummﬁumu@uéﬂma
o 16 mm uag 25 mm fdunugudnalsveande 0.2 m, 0.4 m kaz 0.8 m 1umu§wwﬁﬂ3€1’alﬁﬁﬂmgﬂLLmei
IvafiiAnneluvievaindeaiieairsunuiisuuuunisiva Tngldiduwesiglunsiiuieyasuuuunisiva Tuuwud
sUuuunslvanneAdet madn3dulald void fraction Wudumilslumsuenuesussamvesguuuunisinaiiiniy
Xia et al. [5] lévimsinelunadmsunsiunesi Void fraction Aiatumeluiivandesiiddnuasfuviedimaen
Tnel435 QCV ( Quick-Closing Valve ) Safiudsisluszansamlunismen Void fraction dinsuvissuiauni wenanni
Selinswannlumadmsunisviuneen Void fraction fidsinga 0.5 daluramsvnegldedisudugrunniy

dlen1sdnw i sanurievmndesaidvuimdns uldsuauaulanind iy Pietrzak and Placzek [6] 18
vhmsfnwiAeafiuisnsyiunedn Void fraction Tunslnanuuassaniugludomnsunidn Tasfimsinszideya
yosnsinanuuassanuzannang anmsiesgideyarinlianunsassyisnmsduiniiuaiugr Ssaunseiiluldldees
fiuszdvSnnlunsduan Void fraction lugesmsuunidn Breitenmoser et al. [7] levin1sAnwn Void fraction Tag
I¥viovainderiifivunaduriuguinansneluvesie 12.57 mm lngldinadianisidndisdlunisdannen Void fraction
wazlditihen Void fraction wildlumsusnuerdssinmvesguiuunisivasmaqifietumeluviouninen

denstmuniianufaniunndunsdnwiierfuiermnasivuelulassddSuanuauladuegann
Saisorn et al. [8] lévihns@nwuAsifunisivauvvassanugluviovaindsivunalulasifivuadusiugudnatsve
0.87 mm Wdusugunanawands 50 mm Famainideldimuunuiisuuuunsivannnsdungguuuunisivad
Antumeluviovmndenvualilas ludiuweansin Void fraction nuteniilddumusau Drift flux model wazdsld
fimsauaunisdmiunsviunedn Void fraction luvisaandsivuialulasfiirduledfudoyafiainnismaass
Abedini et al. [9] ld@nwLAafun1swial Void fraction Tunisinasuuassaniuzlurionssvuinlulasididuriu
gudnanae 0.5 mm delusniddeildinaaueiiad void fraction uuulmlliasmslénsualuinlunismsaaey
AnuEumMuYe e IaIar NI 3BTl iauedu3BTlAaiugge Saisom et al. [10] levhasAnwAeaiu
nslualurievmndervualulasdfvuiadukiuguénatsio 0.87 mm dusinugudnarsunndss 50 mm luuil
delsvinsasaeulumarndu Void fraction deiaaudniuldifu Drift flux model uenanilgsfimsiuseuiiiou
faya Void fraction fildnnemiAdetifutoya Void fraction fldnaunisnsvhugvesinideviududngae

PNuITreindsedikiunuiinisfinedn Void fraction Mesuaruaulafueganuagldfinswamn
AuN1AIMSUNIIVINUIBAT Void fraction 99NUILINUNE WAANAIIAIIVIUIBAT Void fraction d1UsUvioUALNERIVUIN
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lulasdaflegtos daulunuidedasinsAnvuarlinseiiiesduaunisnismen Void fraction luvievandeizwin
lulasnfldurinuaugnansio 1 mm

2. 38n15AnE

usedidunisvaassnisinanuvassaauzvestwazernalagliinislianudeouluvievanass Tunis
vnassiviovandeildiduvemddeou Imai%ﬁaﬁﬁmmmﬁwhuﬂuéﬂma 1 mm durugudnaiaanies 50 mm
szerfind 20 mm wazlyudeaveria 10° nsnaassazaniveglutisanuiunavesuiia 0.86 m/s -12.86 m/s 439
auEalawesi 0.01 m/s -0.19 m/s
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Figure 1 "Schematic diagram

Tun1snmassazudsenfudesdiundnietuazernie ludiuvesenmaszisuiiduay Tneerneaglvar
pressure regulator Lﬁaﬂ%’uLLiﬂﬁquizwiﬁmﬁLLaw\’mﬁwﬁ'LﬁuﬁaﬂsaﬂmmﬂﬁﬂsmLw@udaumﬁqjizw Ny
omAazasinulsmiwesddddmiuimuasnsnsivansuarlvalusiomay luduvenhazduiidah ﬁwzgﬂﬁn
indefemaurhumstuthuuumnesanesin s?iqLﬂu%uammLmﬁmiaﬁﬂﬁmidﬂaﬁ%ﬂu"l,ﬂasmiw?umﬁu 189910
thuagemaldsunssaniuiivewanazgnasiolussduromevnindsuasUdesgniouen Tasannsngzui 1 dadu
NS UYRIsEUULE A Tasnn S e

Tuduveanistufindeyanismnassningluuumisivadiied unieluvievaindeivualulasazgniufindae
ﬂé’aﬂmﬁwﬁﬁﬁmiﬁm&v’aLauéﬁm%“ueguLﬁ@lﬁlé’mwﬁ%ﬂmﬂ?jﬁu TnglunstuiinanmasTuiinansanaa 50 A uaz
AAUARATeE1 10 s dwisu 1 Heulanismeaes ﬁStj'Nmir:hamwagjﬁ 20 mm feudzIueNUsEnNUassUkUUNISIVa
Tnetmualssuuuumsivafifinniigaiduguuuunsivaiiietuludeulydun

Tunshnwludiasigsian Void fraction sumennsideunuy 3 ff azdaguninan 3-5 nwsie 1 [Feuly
e Usunsvedenie waztha1UTnsveseniauduandue Void fraction wdatudinasdlumsaduiinnanis
NAADY
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3. HANTSANEILAZATTINTA

3.1 MInsadauluna

drvsuaunisfildlunisviune Void fraction ananseuuslimfu 2 lumandn fie Homogeneous model waz
Separated model Tnensasiaaaunnudnfuldiu Homogeneous model fu aznsagaulnentsnaennsmsyming
“Volumetric quality” uag “Void fraction” 7il#a1nn1snaaes F991nn15ndennsan wuin Void fraction 7 bda1n
AT ldanansahAldTu Homogeneous model iterfunisiudui dgvnisnsraaeulnensndonnsinszming
“Mass quality” wag “Slip ratio” Feannisndennsainudn ﬁhmmL%’JLWaiszﬂfﬁLLasmmmﬂmqwm Faiuly
Aseiaslslannsaldaunisnisyiune Void fraction wuu Homogeneous model 141

20— ] T———T—T—TT—T—"—
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Figure 2 Void fraction data from vertical upward flow

A159529aaUAMU A UlAYBIA1 Void fraction NilAa&aUN15ANSYINIUIELUY Drift flux model @avdunilaluy
AUNNTNNTYIUBMUY Separated model @nansavilamsnsndennsinszning “anudismaesnsivageaa (j)”
« @ | < o . . . y @ P | av va B A X
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Figure 3 Force regime map from vertical upward flow
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Figure 4 Force regime map from vertical downward flow
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Figure 5 Force regime map from horizontal flow
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Figure 6 Void fraction data from vertical downward flow
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Figure 7 Void fraction data from horizontal flow

4. a3y

INNITIATITRRATNAUIAUNITEINSTUNTIIUI8AT Void fraction 989n15lualkuu Annular flow Tuviean
indevunelalasiifiduiugudnarseaie 1 fafiwns finnnsinalusndilnedfianinisivannaisiuou wuh
aunsiilduntuanunsayisnviuean Void fraction dmdunisluauuu Annular flow luvtesanaeunalulasisidy
HIuAUgNasvedvia 1 mm fanansn 2 fiemns Ao Aemnanisivalunuadaiifinnsluaanuuasans uasfiemanisiva
wuuwwueu Taefilidn MAE fiaanth 20 % dafufsagulddaunisildsunsfannmnifanmnsovhuesslfoshuug,

5. AnfnssuUsEAA

vovauamanUumAlLulagnszIeund 1IIAUVMNTAINNTEUY INUVAYUNIUATEALANG TINTAYUNT Uay
Auzdrnssumans aandumaluladnszrsundndgummsainnsy s dwiunsaduayulunisvhauideilignsa
aalulasieh

6. LONE1591994

[1] Saisorn, S., & Wongwises, S. 2008. Flow pattern, void fraction and pressure drop of two-phase air-water flow
in a horizontal circular micro-channel. Exp. Therm. Fluid Sci. 32(3): 748-760.

[2] Saisorn, S., & Wongwises, S. 2010. The effects of channel diameter on flow pattern, void fraction and pressure
drop of two-phase air-water flow in circular micro-channels. Exp. Therm. Fluid Sci. 34(4): 454-462.

[3] Saisorn, S., & Wongwises, S. 2015. Adiabatic two-phase gas-liquid flow behaviors during upward flow in
a vertical circular micro-channel. Exp. Therm. Fluid Sci. 69: 158-168.

[4] Zhu, H., Li, Z, Yang, X, Zhu, G., Tu, J., and Jiang, S. 2017. Flow regime identification for upward two-phase
flow in helically coiled tubes. Chem. Eng. J. 308: 606-618

[5] Xia, G., Cai, B., Cheng, L., Wang, Z., and Jia, Y. 2018. Experimental study and modelling of average void fraction
of gas-liquid two-phase flow in a helically coiled rectangular channel. Exp. Therm. Fluid Sci. 94: 9-22.

a7



N13UTEYNIYINNTILAUYIA IAMBEST ARl 10
O
The 10" National Conference on Informatics, Agriculture, I “B[ST

Management, Business Administration, Engineering, Science and Technology

[6] Pietrzak, M., & Ptaczek, M. 2019. Void fraction predictive methods in two-phase flow across a small diameter
channel. Int. J. Multiph. Flow. 121.

[7] Breitenmoser, D., Manera, A., Prasser, H.-M., Adams, R., & Petrov, V. 2021. High-resolution high-speed void
fraction measurements in helically coiled tubes using X-ray radiography. Nucl. Eng. Des. 373.

[8] Saisorn, S., Benjawun, P., Suriyawong, A., Asirvatham, L. G., Mondal, P. K., and Wongwises, S. 2023. Two-phase
flow structures in a helically coiled microchannel: An experimental investigation. Phys. Fluids. 35(10): 102012.
[9] Abedini, A., Nouri Borujerdi, A., Najafi, M., and Noghrehabadi, A. 2024. Experimental void fraction measurement
approach of small channel two-phase flow. Measurement: Sensors. 36.

[10] Saisorn, S., Benjawun, P., Suriyawong, A., & Wongwises, S. 2025. Experimental investigation on flow pattern
and void fraction for two-phase gas-liquid upflow in a vertical helically coiled micro-channel. Int. J. Therm. Fluid.
26.

48



N13UTEYNIYINNTILAUYIA IAMBEST ARl 10
The 10" National Conference on Informatics, Agriculture, IAHBEST

Management, Business Administration, Engineering, Science and Technology

anzimangand s uUNIsNNAMUTUYR T3 lng ldaTasnandn199na e szuUaIUSIUN
Optimization for the moisture content enhancement of germinated rice using
the germinated rice production machine with a water spray system
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nsvvaunsiddylunisnantnsenensiuanudulvudadensudauduussana 30% dadu
nsvUIuMTTdd TN TsdunssvIunstenvestden nsAnuilldldiedesandnsendessuvausdi
Wemaneiumnzaudmsunsruunsiivarnuturesineeniagldtade 3 Jode toun sasnisasdih ammﬁ{f’]
Altlunsasd wazanuirsevlumsnyunzinsvay Imsﬂﬁaswwﬂmﬁm'ﬁmauaumwum (Response Surface
Methodology , RSM — Box-Behnken Design , BBD) 31AN15A N INUINEN1IE fmany amiuniumumsmm’nmu
vaadnseningldindemandnsendessuvalsdin Ao snsmnisasdun 8 ans/undl Qmmqmmmlﬂumsmﬂw
40 pariaidoa waz AuEseulunsmuezuNTmLY 10 sou/undt FeasdsnaliussAnsnlunisfiuenuty
fanudu s 30% (w.b) 3aiian Malumsawsdin 2 dalus Taefien (R? = 98.18%) Feusdindoyaiivhunelngld
Response Surface Methodology HANaAAADILAZHIAIIULUNNE AUVDILUUTIADS

oou

A8 ’]’J\‘iaﬂ ﬂ’]iL‘Wllﬂ’ﬂﬁJ‘U‘u LﬂiENNam‘m?ﬂﬂﬂﬂ’]ﬁi%UUﬁLﬂiﬂu’] 'Jﬁﬂ?iW‘HN’N]E]U?I‘L!EN A1DALUUNITNARDILUY Box-Behnken

Abstract

An important process in the production of germinated rice is to increase the moisture content of
the paddy to approximately 30% moisture content, which is considered an important process to stimulate
the germination process of paddy. This study used a germinated rice production machine with a water spray
system to find the optimal conditions for the germinated rice moisture-increasing process using three factors :
water spray rate, water temperature used for spraying, and rotation speed of the rotating screen by using
the Response Surface Methodology (RSM - Box-Behnken Design, BBD). From the study, it was found that
the optimal conditions for increasing the moisture content of germinated rice using a germinated rice production
machine with a water spray system were a water spray rate of 8 liters per minute, a spray water temperature
of 40°C, and a rotating sieve speed of 10 revolutions per minute. Under these conditions, the moisture content
increased to 30% (w.b.) within 2 hours. The coefficient of determination (R = 98.18%) indicated that the data

predicted by the Response Surface Methodology were consistent and well-fitted to the model.

Keywords: Germinated rice, Moisture content enhancement, Germinated rice production machine with a water spray system,

Response surface methodology, Box-Behnken design.

1. unin

Tnndessendundniamifldsuaudouegrunsvanslunaneyszme esanfauamislavuinisgauas
Wumadeniifisegquain nsamzlunguiuilaafidiosnisifiuguamisesns ludnndessentszneuseansenms
unune Tnglanns GABA Fufunsnozfilufingnainnszuiuns Decarboxylation weensangandin [1] Ingans GABA
%Lﬁﬂﬁfﬁﬁﬂﬂﬂﬁ@ﬂﬁLamwﬂsﬁn Favhiduansdevszam (Neurotransmitter) Tuszuutszamaunans [2, 3]
Prgliausainnsiounats uazdivisananuidesinisaig q wu lsawla wivnu wardtnedudinnsenesves
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L‘éﬁéum%ﬂ [4] 5ﬂ‘17?ﬁé’ﬂmmsaLﬁuuaﬁﬂﬁmﬂdﬁnﬂﬁaaﬁﬁmm Imaﬁﬂ‘dﬂizmumiwﬁm’hmé’awaﬂﬂizﬂauﬁaa
Funeundn 3 Jumeu TéuA nszurumsuEth (Soakmg process) EUIUNTTE (Steaming process) LagNIEUIUNIT
DU (Drying process) N3uIuNTUTtazdeifiunnudusaznszdunissonvasirauuden lneflgamgfivesiuas
srpzalunsudiulden Wutlafeddyfidmadenufurararumnsolunssenvesten [5] egdlsfinu
nsudiinlfinauny ddneunudrerdenhdnuudiduszozinan 24-60 Falua [6] wazenaiJamnisazen
voudeqdunidienaviliifnnaulifisuszadld (7] Fuduaimguanidemalifuilandilifonuilnadnndessen
whileas [6] Tnssddeiasnaninszuiunafiunuduresindeningldintesndndnsondossuvausii 6
WAIUILIINNTZUIUNITUY %’ﬁLﬂumiﬁ’mmﬁﬂhaamf]zw’ﬂ,umzmumﬁLﬁ'umm%yu wazihlnsiuedwildedns
fiusyAnsnimannty
{]ﬁmuu“luﬂiumumiqumwmumawnLﬁaanlmumimmimwammqaﬂmaiuuuamsamuﬂmLmumimm
Fesvvuiidiannisavauvond egdunigfenavinlhiAnndulifasrasdldognediussansam vonandudanisly
iwowmAndnsendessualssiunumaudihdmas fussgunimvesdnldluszesen lasdueTesaunsaniuny
gaungiivesiuasUimnaniililunszuiunsld feelidmldunnutuiinnsay Snisdsaunsonszaneihldesng
adiane dwalidnuFeniautuiuiuldesnaiininmsutiuuudaiy Tneiluudddedovanessidma
nsgnufuAasolun s uaudurestiuden Taud Sasnsasdun guugiunildlunisasd (8]
wazanufisevlunavuazknsoay Jadefinarnandrsiududsadensifiuanudurestiuuen Tasdasinis
awsdthivmmddglunafiumniu Wesrnidosianhiiasdinntu dwmalididdonannsagaduiildun
Yu dwalidnsinisgadainfisdu 191 uenant arwiuvesdriudenduiutunugumgivenidldlunsawse
wsdlogamgiilunsasdgedu Srdenasgaduldity dealiautuiutunaluge 191 fedatomdd
ilaifnansfnwmenuduiuuazansfvraufidmatoanutuluduneunsifiuanuturestniuden
Fefuingusvassedifed Aenmemannefivngalunssuiumafiuanuiulagldindessdntnsendas
sruvasdi Shinsawsdin guvniildlunisawse waganuiiseulunsmyussinsou Tagldssdou
F3n1snevAUB iU (Response Surface Methodology ,RSM) wialdanefinzauudnsvinismszezinailuns
slsitdentdnnutu 30% (w.b.) Tasshluidsusuauduiléannszuiumadiuaududenmsui

2. 35A15ANEN

2.1 769
& v = Al & v = Y = A vo s & o sw N v =
wandadendildlunismeass fe Sraeniugunusil 1 Aldsuaingudwdaiugdnseys Swminswys

FafidFunaedilaa 15-19% anuduveaudndraudenegil 13+1% (d.b.) Fadudnfiamnseasgnliiagauiluay
WU

Figure 1 Germinated rice production machine with water spray system
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Figure 1 uanaiA3eImantnntondeszuvasdin Tae Fisure 1a Wun3owmandneeniiaansafiuanudu
vosirsendsnsasdin nelueiesnandinsendieszuasdin Ussnoudensunsaumsinszuoniianuse
vssyddentd 2 Alandu wansds Figure 1b nelunzunsmaulsznouseaduiidielunisiilidniuihiiayse
paniadudfuegnaiade ilelidnldsuanatuedaiaue uaziefemand1nsendreszuuasdinannsnseen
pamgfvenhiildlunisasd snsmsasdin uasanuifisevlumeyuazunsmuldaudoanis eannsa
muaudadusingg laegauwiue

2.2 N1599NUUUNITNARDY

Table 1 uansnsoBNUUUNIMARBNRDANWIANIE TNy anTsdmaiaauTuresitidenlud uneunis
dinenutu Tnsnsvaassifinnsanain 3 Jade i Snsnisasdin gampiihilélunisass wasanudiseu
TunsvnuazunsmsL N3eenuuUNNAaDilldurunsnaasaLutand-luuay (Box-Behnken Design) Tagld
Tusunsy  Minitab 19 devililésuudevlumamanosionua 15 Jouly

AM5ILATILHA875n15 RSM (Response Surface Methodology) i uraveanaianiandnmianswavaif

)

L
nivsglevilunisadisiuuitasswaginseilymaiifudsaiedi Jalidnsnasanisnovauss neliingussasa

nanlunismaniieiimuivanfianvesdnusmaiuu ielilanadnsiananlunisiuanudulidudidden
Tunsguaunsil [10]

Table 1 Levels of variables used in this study.

Levels
Variable descriptions Code Unit
Low (-1) High (+1)
Water spray rate X4 /min 5 9
Water temperature X, °C 30 40
Rotation speed X3 RPM 10 15

2.3 3/N1INAaDY

2.3.1 maiuaMuTudeeiasdndinsendlesyuuassin

Tunszurunmafiuanuduresdniden tiudeddenaeiusunusd 1 $1uau 500 n¥u ldasldly
\3pananTsen fesvuuasdin vhnsveassnsifiuauduny 15 L’ﬁ@ﬂﬁﬂﬁlﬁﬁ]ﬂﬂﬂﬁ@@ﬂLmesmamgﬂLL‘uu
(BBD) &4 Table 2 Tngagsinisawsdindunan 1 unil wdaannawsdinasa szvinisinnsasdindussosiaan
30 it Fadudeulvivnradlunisiiunnudy [11] ‘Luiwdwﬁﬁ’ﬂnﬁamiéﬁwmzLLﬂsaazwqmmuLLazmsLmia%mu
Snafuslevhnsasdiluseudnld Tnousdazdeulvasvinmsansdun 2 ade Wevhnismeasnasalunsasdouls
avduinFendiuau 150 ndu wlelumanudy nduhnmsaaunsanuduiussewing gamnddldlunisase
1 §asimsawseii wazaussaulunIsryuasLN SN wdmntuthwanisaaesdildannisnass 15 douly
Talulusunsy Minitab 19 tileadsaunis pnuduiusiivanzarlunsifiuanuiuresiinden wdwhnswieudiou
nansAaDsfUNATldInaNNsANLFIRLSIaTIAIANLAAIAAARY WAt Snasaiaulldanaunns
awdaiug Taevhnisiiiusuuseulunisawsdinfiomsiuiuadaildlunisasdi Ysunanhdlld wassvovianly
ML AuEs 30% (w.b.) nioutuiinua

2.3.2 MsvnUsunannuarsreznanlunsiuauTud 30% (w.b.) $2e33n15uttn

mMsiiuanuRuredengieiimsudinagldiiewsudisuiunsiiuanutulagldintewantnsondae
sruvasdihlnenandndrisenlngisudinasihudadriudenaeiusuyusii 1 $1uam 500 nfuunldindes Water -
bath fiussyth 7 dns Tasgamgiihilldfe 40 ssmwaiea uasvinniawdsuiyn 4 Sluafleannisavauvesgduns
wlanavhnstufinnaysinaniuayseevnandildlunsiiunnuty
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2.4 maiwasidudaudu
mawesidudanuiulaefuanenuiunnsguden faaun1sn 1

M, = “=2x100 W

e

W = thwithwestndendeunssuiunisey

d - drinvesindenndiainnssuiuniseu
My = asiusnasguden, % (w.b.)

2.5 NMFIATIINNEDR

nslienginsoanesuuuliidadu [12] dudunisandeyafisausnlag Box-Behnken Design d1viunis
nevAuss (USnaueuiiu) $nensasdin gamgiiililunsansd wagaudiseulunsmyunsunsmy Ui
Arwdugnuiuliduaumswyundduiiaesdenuimanssnuromatiifadu wadidsaes uazideulvfduius
sionsmeuaUes AnsmeUAUBLanslaansidIae LA TiLandluaunsT 2

k k
Yy = Bo+ Xic By + Xiz1 BoXo + X Xicj e )
3. HAN1SANWILAZASITA]

3.1 USanaumnudiy

Table 2 uwansdrRuNanIIRaesesuideuIinisnaassuutond-Luiuay (BBD) wazuuusasfildainns
senuuulagld RSM deaunsit 3 Tasanmsfivnzaulunssuiunsifiuanuduvesinidendidma fio snsimsasd
1 8 A/l gumgfithiildlunisasd 40 esmisaidea uay AnuirsoulunIIUATUNTILY 10 SOU/AUNT
evvdmaliiuinuautugaiian Inenamslinseiandulssaninisdadula (R) nudndeity 98.18% wandli
Wiuin 98.18% vesnunUsiuterualuUsyans amnisifiuanuduresdnnwden wnen Lack-of-fit 11nn31 0.05
waze P-value oenin 0.05 azuandliifiuinauniswensaliiinumnzauuazanunsai iUl lunnsviungle Tnedis
ArruAanAdeus fefiuandly Table 3 uwazaunisi 3

Y = 6.50 + 2.356(X;) + 0.2495(X,) + 0.599(X;) — 0.1428(X,) * X; — 0.01520(X,) * X3 (3)

o

X1 = Samaseih Gasdouni)

X2 = gamgithiflflunisass (esiwadoa)

X3 = anudiseulumanyunzwnssvigu (sousounil)
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Table 2 The design experiment matrix based on Box-Behnken Design (BBD)
Run Variable Response, Y
X1 Xy X3
1 5 30 12.5 23.96
2 9 30 12.5 2552
3 5 40 12.5 24.46
4 9 40 12.5 25.88
5 5 35 10 24.28
6 9 35 10 25.50
7 5 35 15 24.40
8 9 35 15 2591
9 7 30 10 24.82
10 7 40 10 25.96
11 7 30 15 25.60
12 7 40 15 2598
13 7 35 12.5 25.56
14 7 35 12.5 25.48
15 7 35 12.5 25.52
Table 3 ANOVA for model regression for increased moisture content
Source DF Adj SS Adj MS F-Value P-Value
Model 5 6.36736 1.27347 97.12 0
Linear 3 5.00468 1.66823 127.22 0
X1 1 4.07551 4.07551 310.81 0
X2 1 0.70805 0.70805 54 0
X3 1 0.22111 0.22111 16.86 0.003
Square 1 1.21829 1.21829 9291 0
X1* X1 1 1.21829 1.21829 92.91 0
2-Way Interaction 1 0.1444 0.1444 11.01 0.009
X2*% X3 1 0.1444 0.1444 11.01 0.009
Error 9 0.11801 0.01311
Lack-of-Fit 7 0.11481 0.0164 10.25 0.092
Pure Error 2 0.0032 0.0016
Total 14 6.48537

R? = 98.18%, R? (Adj) = 97.17% R’ (Pred) = 92.61%
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Contour Plot of MC vs Water spray rate (L/m), Water teamperature (*C)
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Figure 2 Response diagram and response surface graph between spray rate and water temperature
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Figure 3 Response diagram and response surface graph between spray rate and rotation Speed
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AzunImundradeUsEdnSammsiiuanudy Tneligumgiunildlunsasd 40 ssmwa@ea dadutadendma
AonsiliuAuTugeiian wudntuunauniddendunlugeill anuduiniiaauansds Figure 3a lnefidnuaens
Wasuulaslugisdnsasdun 7-9 ns/unil wazanudiseulunisnyuasunsouil 10 sou/uil ueliaunsadwa
Ipannnitlugisdnsasduni 8 dns/undt Fulugaiifianuduuniign uaes Figure 3b

3.2 nan1nTeiRaulumsinaaAuianeay

Tunsfnwildvihnamanisimzanlunadivenudu laglddatessd Samnsasii guugibdld
Tumsass wazarudiseulunsuasunsmuuesia 15 deuluds Table 2 Idvhmanaassaniatessdnd1nsen
Feszuvasgnn Tnsaglddeulafiffianainmseonuuy vsmeasuiiegirarildannsmeaeauazaiildainnis
yuneds Table 4 wivldhAnUesidusaruranndeuresarudumiiiy 0.23% Faandifuideulaildainnis
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Figure 4 Predicted values against observed values
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Table 4 Comparison of experimental values with values obtained by running the program

Water spray rate Water Rotation speed Moisture content
(L/m) temperature (°C) (rpm) (%)
Prediction from RSM 8 40 10 26.10
Observation 8 40 10 26.04

3.3 nMsmanuTuvasdiaudend 30% (w.b.)

MnmsassaumInnudiusssnigamaifldlunisawsdih Shansassiuazanuiisoulunivy
vowzunsovyy Tael$3sAuRnouauas (BBD) uanwis Table 2 lévinsasdiinuidouls fldnannefimnsa
iienpassnmsiuaudulududen Wldamudud 30% (wb) luszninenismeaes wuitnsiiusiuauseu
nsadsdindnarldmnuiuvestudendiuiuedelitoddny annismaaeciuin nMsasdunsiuau ¢ ads
annsafiunnuuvesiriudenlaie 30.02% (w.b.) wanwis Table 5

Table 5 Moisture content based on the number of spray rounds

Number of rounds Water spray rate Water temperature Rotation speed Moisture content
(L/m) O (rpm) (%)
1 8 40 10 26.04
2 8 40 10 27.28
3 8 40 10 28.43
4 8 40 10 30.02
5 8 40 10 30.29

Table 6 wanINUTBUiBUUS N uazszsrnaniltlunsfiuauduvesiiiudentsfe 30% w.b) Tae
Wisuidfsunansnanesuadsilfunanuidedeunii Weliduamuunnsswewusayds feluwivosTuanild
wagszozaildlunsiiunutulids 30% wb) unudnus A B uay C lasfifoulofiunnsiatu a1ndeuls A
T#¥nsifiunnutudemaudih 7 dns igungd 40 ssmwaifea Tnevmawdeuiiyn 4 42l Teeldaaluniauia
Arwiliiie 309 (w.b) ogffl 16 Faluauaglduinianun 28 dns Weuly B Tshsnsasdh 7 dns/unit oumnfith
Aldlunsasd 30 ssmuwados wagauiiseulummyunzinsampdlunisviu 15 seu/und Tnatlunsasd
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Wuaudy 4 $alus Wdhenun 56 ans [msasdun 8 ade [11] waziiouly C 19 shsmsasd 7 ans/undl
paungitnfildlunisaiuse 40 sameaidoa uazarudisoulumnyunsunsoapiluntsmgy 15 sou/uit Toalu
AsaLUse 2 Falua 30 undt Wnnsasdun 5 ads (97 annadseneumiiulddnnisifiuaudulias 30 % (w.b)
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8 Ans/unit gumpithflflunsass 40 esmiwaidea uazanuiisovlunmsvsupzunsgy 10 seu/and 1aily
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Lﬁuﬂmu%uqﬁqm ﬁlﬁmﬂ Response Surface Methodology dawaﬁ'au"lfu D Lf]uﬁaublﬂumﬂﬁumm%uﬁL%Oﬁfj@l

Table 6 Optimum conditions of total water content and total time for increase of moisture content

Conditions Water Water Water Rotation Moisture Total time Total
temperature spray rate temperature speed content (h) water
(°C)/ (L/m) (°C) / Spray (rpm) (%) content
Soaking (L)
A 40 - - - 32.00 16 28
B - 7 30 15 30.49 4 56
C - 7 40 15 30.03 2.5 36
D - 8 40 10 30.02 2 32
4. a3y

v

nsfnuiliinguszsasdiilemannefimuganlunssuiunnfiuaudulaeldindeswdndinendaessuy
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fomnzaslumafiuenudu fe Sanawsdih 8 dns/unit gamgdiflflunsasdih 40 eswadvauazauiisey
TunisvyungunTavay 10 soU/uri nnsiuTeuiisuduani ldaunisanuduiusuageaniildannismeasy
WU uiinuAa AR uLiEs 0.23% FsUsueninanunsarideulsEluldlunsmdeulvivnzanld Tnsaunas
Fanann fidnduuszavinsinaule (R2) wiriu 98.18% Fdldlunsmdeulafimunzanlumsifiuanuduwestindden
71 30% (w.b.) Tnethdeulaiildananzfivnsauuinmsvaass 9nnsvaaeanuil mstiusuuseulunsalss
thdsmalirnuturesiddendiady Tnevinsawsdindusou ¢ ads luSmaniwanus 32 ans uavldszozina
Tunisawseih 2 $alus anansavinlidndeniimududs 30.02% (w.b) Wesusunisifiuaududieisnisuih
W& ansaansrezalunsiunutuld 14 Falus
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Abstract

This study aims to design, construct, and evaluate the performance of an updraft gasifier for household
use, utilizing pelletized biomass as fuel. The effects of airflow rate and biomass moisture content on flame
temperature and gasifier performance were investigated. The experiment was conducted using pelletized
biomass from para-rubber wood with three moisture levels (4%, 6%, and 8% w.b.) and three airflow rates (7.4,
9.4, and 11.4 m/s). The gasifier's performance was analyzed using the Water Boiling Test (WBT), and key
parameters such as Fuel Consumption Rate (FCR), Specific Gasification Rate (SGR), and Combustion Zone Rate
(CZR) were measured. The results showed that higher airflow rates enhanced combustion and increased flame
temperature when using biomass with low moisture content (4-6% w.b.). However, for biomass with high
moisture content (8%), combustion was incomplete at the highest airflow rate (11.4 m/s), resulting in the lowest
SGR and CZR values, indicating limitations in handling hish-moisture fuels. Additionally, the highest SGR and CZR
values were observed at 4% w.b. moisture content and 11.4 m/s airflow rate, suggesting that the updraft gasifier
prototype achieved optimal performance with low-moisture biomass and high airflow rates. This study
concludes that the developed updraft gasifier has potential for household applications, particularly when using
low-moisture pelletized biomass. However, improvements such as preheating the intake air or implementing
dynamic airflow control may enhance the gasifier’s performance when using high-moisture fuels.

Keywords: Updraft Gasifier, Biomass Pellet, Gasification Efficiency
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Figure 1 Schematic of biomass gasifier for household use
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Figure 2 Biomass pellet from para-rubber wood
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Figure 3 Flame temperature at biomass pellet moisture content 4% for 3 levels of air feeding velocity
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Figure 4 Flame temperature at biomass pellet moisture content 6% for 3 levels of air feeding velocity
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Figure 5 Flame temperature at biomass pellet moisture content 8% for 3 levels of air feeding velocity
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Figure 6 Flame temperature at air feeding velocity 7.4 m/s for 3 levels of biomass pellet moisture
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Figure 8 Flame temperature at air feeding velocity 11.4 m/s for 3 levels of biomass pellet moisture
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Table 1 Analysis of biomass gasifier performance.

Biomass pellet

. Air feeding velocity FCR SGR CZR
moisture content )

(Gowb) (m/s) (kg/h) (kg/m?*-h) (m/h)
7.4 4.06 64.33 0.27

a4 9.4 4.29 67.86 0.29

114 4.58 72.52 0.31

7.4 3.14 49.66 0.21

6 9.4 3.36 53.17 0.22

114 4.18 72.84 0.28

7.4 2.86 45.22 0.19

8 9.4 2.39 37.77 0.16

11.4 2.23 35.37 0.15
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Torrefaction of Sewage Sludge from Palm Oil Industries for Biochar Production
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Abstract

This study aims to enhance the value of palm oil mill wastewater sludge through torrefaction to
produce biochar with suitable properties for use as a biofuel. Wastewater sludge from three palm oil mills in
Chumphon province was used in the experiment. The process began with sun-drying the sludge for 3-7 days
until the initial moisture content reached 15-20% w.b. The dried sludge was then sieved into three particle
sizes: 1 mm, 4 mm, and 8 mm. Torrefaction was performed under a nitrogen atmosphere at a pressure of 1 bar,
with controlled temperatures of 200, 250, 300, and 350°C. The nitrogen flow rate was set at 10 L/h for 15
minutes, and the torrefaction process was conducted for 45 minutes. The results showed that higher torrefaction
temperatures led to lower moisture and volatile matter content but increased ash content. The particle size
affected heat distribution and the decomposition rate of organic matter. Smaller particles (1 mm) exhibited
better heat transfer, resulting in higher fixed carbon content and heating values. However, it was found that at
200°C, the produced biochar had the most favorable properties for use as a biofuel, with high fixed carbon
content, high heating value, and lower ash content compared to higher temperatures. This study demonstrates
that torrefaction can improve the properties of wastewater sludge for biofuel applications. However, when
compared to other biomass fuels, the resulting biochar still has a relatively high ash content, which may limit
its practical applications. Further research should focus on improving biochar quality to enhance its industrial
usability and reduce waste from the palm oil production process.

Keywords: Sewage Sludge, Torrefaction Process, Proximate Analysis
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nsfnmiaddnnagnouiidsnngnamnssuthiuindusiuu 3 visnlufomingums svhnmamesiuady
ﬁ'qquﬁ 200, 250, 300 way 350 °C Lﬁ'm’mLﬂuﬁqaqmﬁqﬁﬁiﬁﬁmimaauLf']uaqﬁumdwlé’é’wmzmamamw
fuwngaudmiunmswanaiuiinm uazvhmsdnwilasivualininaznouiidedown 14 uaz 8 mm aniuthun
Anvandhvesduanmild Tasdinneiananufou manutu Uiinamsssme Yinand uasdiinumsueuasi
ilensavaeudnennvesdnuTainmlunsiduuvamdsnunauny JsannsadlvldluasiSounazegnamnssusely
uanandl Saduuumdlunsantigmuesdsgraivnisy uarduaiunislivseloniannvondoifioatrayadima
isugiauardnndenlusuinn

2. 35n15AnEN

2.1 wunsaldmsunszurunismassunatuy

ﬂﬁwﬁmmu%am‘wﬁaaﬂizmuﬂﬁwaﬁuw;‘ﬁuﬁuﬁwLﬂuﬁavéfaﬂi’ﬂmUQﬂs05171'ﬁmmialﬁﬂ%mmmm%uﬁﬁ
Wﬂimﬁ]amwﬂmwL‘VT?,J’]‘“?I?,Jﬂ“Uﬂ’]isLSUﬂUﬂi““UDuﬂﬁ‘V]aiSLLWV”]"U'LI Lmﬂgﬂﬁmwiﬂuﬂaauuﬁ]vLﬂULmﬂgmm Aduszuuta
53 afweandiau awsnarugugamgilieylutisgunn i fesnsle muumsﬂﬂmuaiwLmﬂgﬂimum
psdusznauduiisudu welilunmeesiunadussuandlu Figure 1 Fadsznaulufogunsainneg fail 1-felulasiau
Tdufedimuazldenniaoonainian 2-gaunu 3-9euansgamnil (Temperature display) léuansangaumndifildann
wues 4-lsnilnes (Rotameten) ldmuaunisinaveasinglulnsiau 5-Pressure regulator MUSuauduvedlulngiay
nalilyartudmneduansesiaum 6-mufnsal (Reacton) Wuwndulufinthitussaiegnsluussenidlulasiau
LL%”LG’T%’UM']M%’@UWLm%u’uuaﬂﬁﬁuagi Tamduuenduduiivhmiiflianudounnndululaglfvaanaudeuuas

70



N13UTEYNIYINNTILAUYIA IAMBEST ARl 10

%

The 10" National Conference on Informatics, Agriculture, IllH E

Management, Business Administration, Engineering, Science and Technology 12

T
25

L]
=)

&

Aaveniuawinlunisdesiuninufoulidlinnuiouaadseandusseinmnniiuliawiuiuainuioudaesviinfe 83
wawnarlout 8-euesingamgil (Thermocouple type K) l¥ingaumaiinigluimn

Figure 1 Schematic of torrefaction reactor and components

2.2 3/NINAa

2.2.1 nMawsEaInghv

1. innazneutdeiilasanionliumaanudusudu Inshdegnainnazneuideundwmdniou
wazidgouandoufigamad 105 °C unan 24 Falus ndutheenndeuuasdsimiindnadamsnasgiu ASTM
D3172

2. ¥nnsanmuduwesninaznoutdelEia1aud ulugae 15-20 %w.b. Tneld38n1sainuanUssuna
3-7 Ju ileanAnudu mangneuiidsainlssnugeamnssuiituliduiiaanivnasdainuduiuduey lud
80-100 %w.b. dnvaEmsnmenmvasninazneuindearuluduassdnvasfuihuesdufou Feustnd 1 uazustn
7 3 mnanATuUsTINN 2-3 YU VSR 2 mnanAaud 5-7 Yu (lumsmﬂammm%uﬁ%%uagjﬁ’uﬂ‘%mmmmme
urazin)

3. LENTUIAYRITARAUMIY L1AT DAY APLINYLINTDIBYNIAFILATUNTITOULAAZYLIN (Shieve shaker)
$u A5 200 ifleusnuunaveseyniafiogannazneuindelildouin 1 mm, 4 mm wag 8 mm

4. 1p3ufeE NP nUL LA BT saTUIRAD 1 mm, 4 mm wag 8 mm lnedanvingleganinngneu
dideUsina 3 nfudersesdmariadmdutilvinunssuiunsmesunatusely

5. dnufudeganinaznoutinde nsnsnvunauwazuenuismivlflugsduasurlflug Bufio¥nweiuiu
vasudinmly wWetiluinismessuadussly

2.2.2 3511570884
Tun13nnaINSHAREUTININMIENSTUIUNISVEsTUNATUNINALN B EB N TSI UgRamNTTuUNTuUAY

Ingldinfiasrstuandawanadaly Figure 1 1Jugunsaindnuazldaunfidwmiunisvessunaduii 200, 250, 300 uay
350 °C
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1. aduufnsaithninaznoudnideisauuuiafewuin 1 mm 4 mm waz 8 mm Afldwidnudazauin
3 n3u ldasnelumuaztnsianufnsal

2. Wamddesielulasiaulagyiuanudulild 1 bar uagufusasmnisivadu 10 dns/Aalus 7 1ngld
Rotameter wagidaliuszzinan 15 wiiiiiieldennimeanannmiufnsal

3. ff?ﬂQmwgﬁﬁéfanmﬂ‘ﬁumwmaﬂﬂEﬂ% Temperature controller

4. neuBunsvinnuiigaiuey

5. 1ilegamaiiferasiidvuariinisdunan 45 undl wdwhmsduiinaanisnszanedivesgumgiaelun
Ufnsallagazduiinuanisnszanedivesgumgiiyng 5 u1il auis 45 uni

6. natumgahauiigauauiitevgansihasesuaaslinuiou (Heater)

7. solstgampineluinanasdldinadszann 5 81 8 Haluawdrdadanumuinsaludaniwdnsdusi
Ui nesni

8. 119788 1900NUTATILYIHS

2.3 BnmedeuautAvesuIInIn
LSy msiinszianuisinesgiu ASTM D3173 Taeegsazgninilianudounsi
flgnmnRivszana 104 fs 110 °C ilelihssmeeenaniegsUfinuanuturesiegsiianas
2. MIMIAIAMNTOUG A1ANUTOUVDIRIDENANTITOTATIENANNINTFIY ASTM D 4809 1n8n1siu
fhoghainstuimiinuiueulu Bomb calorimeter (C1, IKA) A1 mdauiild3uain Bomb calorimeter AoArmnssou
g¢ (HHV) TneifuuBnanadouiitinainnisunlugiseeinia (Combustion) vesdinausazvia Tassiludain
SouazuandlugUrestiinunnudousonimheimiinvionimheUsines
3. smUTadidn vinslinssiniunnsgiu ASTM D 3174 Taefifogneasgninlianudeud
gaumgdl 650 °C WWuran 2 Halus LLmﬁwmmmﬂ%mmLﬁ’mnﬁmﬁfﬂﬁaaamﬁl,wé‘aasuimwé’mmmLﬁ%ﬁ]??u
4. MsvUTINAIENTIEmY MTIATIEiAASINASEIL ASTM D3175 Taesaeesazgninliaufoud
gaungdl 950 + 20 °C e 7 wifl uddunaiinumsssvenntiiingetieiianas
5. MIMUTIUAISUOUAIRT TINTAIUMUSIIAISUBUAILAINIIASEIU ASTM D3176 @1u13a
Funildanaunsi 1

USHNUAISUBUAIF (%) = 100 - (% ANNTU + % 401 + % E55ELN8) (1)
3. NaNTSANWILATNI5IT

311N15ULeININAENBUN T8Nt sIuUIa NN Y 3 UTEn neludandaguns NINIunTEUINAIS
nossurlatu lnednwdnSnavesnnavesninazney 14 uay 8 mm wazaamaiinldlunszuiunisnessuradu 200,

250, 300 %@ 350 °C InglAUNaNIINAaodaIn 3 fad1aazinuimeledy antuiinanlaainnszuIunIsassuna

v
v

FUUIATIEAAUTRN1IA1UTBINES AT

3.1 Uunmarudy

MARan1snAaesdinandly Figure 2 wuinUSunaauduvesdudanmildainnszuiunimessunady
ﬁLLmIﬁuamaqLﬁaqmmﬁﬁuaqﬂizmumﬂﬁuﬁu Feaenndostiundnnisvesnszuiunmesiuaduiitiednadu
lutanTana ognslsfinnu nafilduandiiuin vunvesnnagnedldiinansenvediedidfoddsonianuiugeiineg
Y93a1uTIN N pgslsinunuIngdives Company C au1A 1 mm Tranutufiunnsanuualiuung deeraiin
MnlassaenIsnnsesnInaEnau flenafiarunguganit dmaligadeauduldheninmamegneunnlssnudy
viesveranImnuanTiuiunt vieanmenafiunnsatussrinunasiiin shlvinneeneuliuimueautuEusy
AnInsdBu 9 iauﬁdwu'maymﬂﬁlﬁm’h (1 mm) ﬁﬁuﬁﬁaﬁiaﬂ?mmgmfh lvnsehemanutuiivszansamn
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2 |
oA

899U wenanffmuinigumall 350°C WuINUTIIUAMNTUVEY Company C 1A 1 mm ndulfinduanties $9013

v
1Y N

Anannisgadurnudundufuvedlassasnaniznguas vdawinnszuiunsdudy wisesrusznoudunidnuanmaiu
Fapnadeabiminnisiasuwlasmaniideafanisinfuanudu

—@&— Company A: | mm = @ = Company A: 4 mm ---@:+-- Company A: § mm
—&— Company B: | mm = B =Company B: 4 mm ---4#&--- Company B: § mm
—— Company C: | mm = & = Company C: 4 mm +-+-4&+-- Company C: § mm
6

(o)}

~

Moisture Content, %
[\) W

200 250 300 350
Torrefied Temperature, °C

Figure 2 Moisture content of torrefied sewage sludge from three companies at different particle sizes.

—@— Company A: | mm = @ = Company A: 4 mm ---@--+ Company A: § mm
—f— Company B: | mm = B =Company B: 4 mm ---4&--- Company B: § mm

=& Company C: ]| mm = & = Company C: 4 mm --<4--- Company C: § mm

Volatile Matter, %

54

W
N

200 250 300 350

Torrefied Temperature, °C

Figure 3 Volatile matter of torrefied sewage sludge from three companies at different particle sizes.

3.2 YSunauasssme
PNHANINAFRINUITINUATIEmEanas g IiTisTudwansly Figure 3 Fudunasnnszuiunis
Inlslaganivinliansdunidnsemedtegnindneanty vuineuninveininaznauiinanenisatamaiuioulusening

nszvuMsvessuaty Tnenuieunevuindn (1 mm) finsaewmanuiouldfitu dwalinnsaaisdivesansszme
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AinTuegreauysaluazsinsd daeun1avuIavgni (4 mm uaz 8 mm) Juuslduildnszuiunisnessurady
Anduldanysal Weswinnisanemanueuludununatmeseymarildendu winamsimassandiiiuinyiunn

anssvmeanailogumiiacly uaruvaafinnveaninagnauiiuanadsiunuiuwiliiuenuandeiy Jeo1adunasnn

v

aIRUsTNaUMNLATIUANASTUTaITRgAUATAY

3.3 USunausdn

o ' ¥ '
v = < =

dwsudSnadidniuanuanisnaaesiinansly Figure 4 wudfiwwliuiintuiegamgiagadu Sulunasin

Y
v
A a

ASAaNFMYRIaNTBUNIENMA N laniresrUsenauaiunsd 88195 LB NS NAVDIVUIANINALNOULAL LA

v
a v

Yo NAznouiinase TN ivenEUILNTVD TN ATY

—@— Company A: ] mm = @ = Company A: 4 mm --+@-+- Company A: § mm

—— Company B: | mm = B = Company B: 4 mm ---4&-+- Company B: § mm

—#— Company C: | mm = & = Company C: 4 mm +++-4-++ Company C: 8§ mm
40
35
30

25

20
15

Ash Content, %

10
5

0
200 250 300 350

Torrefied Temperature, °C

;J‘U‘ﬁ 4 Ash content of torrefied sewage sludge from three companies at different particle sizes.

3.4 YSunuAsuauALin
ludveslSinamsveunsmuhiiunliuanaulogaumiigiudunnainaanisnaassiwansly Figure 5

v
a = [

FegonnaosiunisitisuniasesUSunuasssme nanfewllsguuiiaiu asssmeanas vilinsuaunsiianasll

F78 LUREINUUSHITLAT NUIBNBNAVBIVUIANINALNDULALHNAINUIVBININALNDULNARBUSUIUAISUBUAIF
Wesningaumgilveanszuiunisnessuiady
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—@— Company A: ] mm = @ = Company A: 4 mm +--@-++ Company A: § mm
—f— Company B: | mm = B = Company B: 4 mm ---4&--- Company B: 8§ mm
= Company C: | mm = & = Company C: 4 mm «-+-&+-- Company C: 8 mm

14

Fixed Carbon, %

200 250 300 350

Torrefied Temperature, °C

Figure 5 Fixed carbon of torrefied sewage sludge from three companies at different particle sizes.

3.5 A1A1NTAUEN

mmuammmqmuﬁﬂanﬂwmqmuwaqmu TORFRIRRE mmmwummuamﬂu Figure 6 wuaduwualiu
amamaammuaaﬁuu ilesmnUsinumsusuninanauarUsnaEssEmaiiuty uarainUSinaniueuassiiianas
maammﬂumiwaisLLWﬂmummu (mu,amiu Figure 5) mm‘l‘wmwaqq'mﬂuaqmummwamaﬂumumumﬁwamvmu
awu dNTnaves IWIANINATNBULAY LmawmsuaamﬂmUﬂauumamammwmauuaﬂﬂmammmaamumumi
Famuneauin mnaanqquwmmxauLﬂuﬂﬁm&Jmﬂz:gma@mmweummummwwmamim

—@— Company A: 1l mm = @ = Company A: 4 mm +-+@-+- Company A: § mm

—f— Company B: | mm = B = Company B: 4 mm ---4&-+- Company B: 8§ mm

—&— Company C: ] mm = & = Company C: 4 mm +++<4-++ Company C: 8§ mm
16

—_— =
S NN b

High Heating Value, MJ/kg
oe]

(= S )

200 250 300 350
Torrefied Temperature, °C

Figure 6 Higher Heating Value of torrefied sewage sludge from 3 companies at different particle sizes.
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3.6 NMSUTBUWIBUAMNWYRE TN

TudeilifumsthmnpeneudndeildnnmadnmadsiiuniBsufiovasfidosiuesdninmanmnsenou
ihideifuauveadomdsdunavinsigg Aiftegnelulszmdlneda Table 1 wWevsuonanudulldlunsihnnagnouiy
enngeamnssuidunduithandunssuiunvesTuaduuasldIfiunssurumaesuredundidud amd s
amnsathlUliusslendass

Table 1 Proximate analysis and Higher Heating Value (HHV) of non-torrefied and torrefied sewage sludge from

oil palm industries compare with biomass fuel in Thailand. [7-9]

Proximate Analysis as Received

Moisture Ash Volatile Fixed Carbon HHV
Samples
P Content (% )  content Matter (% ) (%) (MJ/kg)
(%)
Oil palm 13.00 1.30 64.55 21.05 21.223
kernel shell
Para-wood 3.94 4.54 16.00 73.52 29.012
Coconut shell 4.23 1.43 76.00 18.22 20.202
Oil palm
48.80 1.20 38.70 11.70 7.500
trunk
Oil palm fiber 31.80 6.40 48.60 13.20 11.800
Wood 24.00 0.50 80.00 10.00 16.000
Sawdust 12.30 0.80 70.50 16.40 18.000
Non-torrefied sewage sludge
30.00 -
Company 1 15.00-20.00 50.00 5.00-5.50 9.50-10.25
31.00
26.00-
Company 2 15.00-20.00 49.00 -51.00 5.90 10.15-12.50
28.00
29.00-
Company 3 15.00-20.00 46.00-45.00 5.20-5.40 9.12-11.20
31.00
Torrefied sewage sludge
24.00-
Company 1 1.00-5.00 55.00-60.00 8.00-12.00 7.500 -14.000
36.00
21.00-
Company 2 1.00-5.00 57.00-62.00 8.50-11.00 8.500 -14.500
32.00
23.00-
Company 3 1.00-5.00 5700 53.00-65.00 8.00-10.00 7.500-13.000
1.

76



N13UTEYNIYINNTILAUYIA IAMBEST ARl 10
O
The 10" National Conference on Informatics, Agriculture, IAHBEST

Management, Business Administration, Engineering, Science and Technology

WBNA15041910 Table 1 Fawanan1siUSeuieuaURL IR uYaIn1udInImaINAINALNaud LEs A UBINAITILIa N LY
Tudsgwmalng nuININAENaUUESARNIUNTEUIUNITNDSS LN ATUL ANANUTUAININTINIAUTEANDY YN a1
2 W P | a ) & a a A = <, ' v P ° Y a a
Wusnladiendt Usnnadidngeaninwemadunalseandy dseraluguassadenisldem esnnvhliiinveude
NN MRINTL Ysunaanssemeeglusyaudiunans ligaarlimauiuly Ysuuaisvaunsdiininindiuig

USLLNNDY YIAINARDAIAIINSBUVDLTBLNAINLA ANAINNSBUVBIENUTININAINNINALNDULLEBEIR1NINTIn@an b

Yo Y o

Wi nzanddusazlienanns Jaanslmdiuinguinaniledadivesndauisdsenisiunisildldau

4. a3d

nsAnwilaunsmessuaduninazneuiidsngnannssuunduihiuiondaniuiinm lneruue
yuindiegsiildnaasadu 1 mm, 4 mm uay 8 mm mﬂiﬁqmmﬁmswai‘imﬂﬁuﬁ 200, 250, 300 kag 350 °C
AuFusudureafieg19eglutag 15-20 %wb. a1nmsiiasigautivosdudanmiild arursaasunalddadl
nnsAnwinudy miﬁwmﬂmxﬂau‘f’]Lﬁamﬂiimuma‘uﬁ;ﬁﬁummuﬂixmuﬂwsmai‘%‘LLWﬂ%’ummﬁﬂU%’uﬂqq GHAI
vosfanlimngautunndududanmundu sgralsfa iWosuideuiuid emdsdamatssnndu wui
Apuduanasegeiteddy Sanuanmsolumadudemas uidmdnudsinirdunaialy Uiinadidigs
p1vdsmasaUszAnswn vl ey mndesmataulininezneudidndudemasidquamasdu Al
nsfnuifiandaAsatu nsufulgenssuaunmesiuiadu niensmaniuduavindu teiiudmdaunes
andednfinvestaniild nnanisinmiannsoasulidn gumpifimnzauiiandmiunismestulatuninazneuine
mngaamnssuduhiuielfldiuinmifaunasite 200 °C idesnlimanuteugean Uinadidlien uay
fUSnamsszmelazamsusunsiivzausonsudndinm

5. infinssuuszne

YBYBUANNIATYIIAINTTUATBING anTumaluladnszaeunani1AammIsaInnseda Ineuunyuns
wasgaudng Jainguns Naduayugunsallunismaaes Wunnsveaes wagansisaulnasiingg
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Design of the Octagonal Ring Force Sensor for Measuring Cutting Forces in Milling Machine

nilwgn WisuAs! Augws aelasuwil uaz vayyy gannaeds”
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undinga

wssimdeudunidusuusiiddgylumsussiunmsuiuutsianiioldlunmafinussansamlunsu iR
annsdnusevedaioslefn LagansyeaINITIeL memﬁuﬁwLauai'ﬁmiaamwuLﬂ%nﬁai’mmﬂﬁﬂ%wﬁm
Jwmukamasufiasnsonraaeuuswa et unuldieuuny lursudusureamsoonuuuldinsussduds
wazsumisiaRsuuiuReuuLaBsuF eI W ludeBiuudogade Wolldsunswestandanafnfimnyan
dauﬁﬂﬂsﬁugmmzamﬁgaammLm] nFanduinimsuaiusesluaeuifisunuvainfulranisadimsgu wuth
wuwesianmanududaduguazannuianaiam aunsofauset 3 uwunu (F, F, uaz F) Idgndes neTauss
AN F wae By 10 Tugag 10-100 kg wag F, Tutae 20-200 kg waslse Fy uae Fz danudanainduinslaiiu 1%
druarpulaiidudadulunwinny x, y uay z a1 1.20, 0.39 wag 0.37% AUEINU ANBENDITAAIULAY X, y WAT Z
aguiﬁ 2,64, 0.74 Uz 0.55 % MNEIRU uazAINIsAevAUDIluLUILNUBUTAToandn 0.06%

AdALY: LASalladn, Jandanadin, awmsang, JumuLUAmasY

Abstract

Shear force is a key variable in evaluating material customization to enhance operational efficiency,
reduce the cutting tool wear, and decrease operation time. This article presents the design of an octagonal ring-
type reaction force measuring instrument capable of detecting forces during the milling process in all three
axes. Initially, the dimensions and installation positions on the surface of the octagonal ring were evaluated
using a simple finite element method to determine the appropriate elastic material shape before forming and
mounting strain gauges. The transducer was then calibrated statically against a standard load cell. The sensor
exhibited high linearity and low error values, accurately measuring forces along all three axes (Fx, Fy, and Fz).
The forces in the Fx and Fy directions were measurable in the range of 10-100 kg, while in the Fz direction
within 20-200 kg, with relative errors of force Fy and Fz not exceeding 1%. The non-linearity errors for the x, v,
and z axes were 1.20, 0.39, and 0.37%, respectively. Hysteresis errors for the X, y, and z axes were 2.64, 0.74,

and 0.55%, respectively, and cross-sensitivity errors were less than 0.06%.

Keywords: Cutting tool, Elastic material, Strain gauges, Octagonal ring

1. uni

TuﬂszmumﬁﬁmLaauiamzLﬁamﬁm%udwﬁﬁmwmmushqa 7949 1AUN1TATUANLALAAAIUNGANTTUVDI
wdosdiofinoendlnddn [1] usadalumafimeddfidmaseUssansnmusmnssuiunsuaniadudun erudeu
yosfaTuIIL uarnsinusovennIosedn [1-2) ﬁa‘amqﬁmﬁﬂLLs&ﬁmLﬁauﬁgﬂé’faaLLﬂ,iusTﬁaéﬂﬁzgasm?J'wiams
Uszifiulenaifinannademeuaznisdnvsevesniedle Tufensmuaumsduasiiiouroundssdnsuazuiuuss
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(a) x-axis (b) y-axis () z-axis

Figure 1 Simulation of forces in various directions to determine the optimal size of an elastic material
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Figure 2 Dimension of octagonal ring
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Figure 3 Strain node for strain gauge installation
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Table 1 Strain value at the strain gauge installation

strain values at the node locations (LLE)
Strain node

X-axis y-axis Z-axis

1,7 576.95+1.45

2,8 419.4+1.4
3,9 419.4+1.4
4,10 576.95+1.45

5,11 588.75+0.15

6,12 566.4+0.1
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YNUENDBNIINAUMUNANIVDITI Fx, Fy Wag Fz IApin153n deseazdeniissylilu Table 1

Figure 4 Octagonal ring transducer
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Octagonal ring transducer

Static Actuator Standard Lo

Standard Loadcell

Octagonal ring transducer

Static Actuator

(a) Vertical calibration (b) Horizontal calibration

Figure 5 Experimental setup for calibrating an octagonal ring transducer

wssulnihensenvesusiutausiusenoutuanaumuiaimasuuagn1sensevigninanasnsnaduiug
iioTinszivanduiusidaduresainuty (m) uarduussansnisdadula (R drunnuantffiugiuiiddyues
Taunlufwesldundamesda (Hysteresis error) anupanndauliiady (non-linearity error) fanansluaunsd (1)
mnueanrdeuTiintuiolnanwadilavinnisadinouaussiausinseiluirmailidosnisinen (Cross-sensitivity
error) fawansluaunisi (2) %Qﬂﬁwmmﬁamé’mdau%ﬁaﬁmwa'1mJaamsi’mimwiamhqsmﬁﬁmmmesmﬁmmﬁ
wiia3s ludruvasdeiianainduiing (Relative error) Fsuansluaunisi (3) azgnitaseviileUssiiugaaud
vewuawesuazfustuuatiiedasifansldnuiivnraivenguses

non — linearity error = — N %100% (1)
. Mmax_Mo
Tneil
Non-linearity error = mmmmmmLﬂ5@wumﬂfmﬁ’ﬂﬁ’“a’mlﬁﬁuﬁmﬂ'ﬂmmgm (%)
N = AANULANAIYRIYATeYa (kg)
Mo = ANEaEANRINITIN (kg)
M, = AusuFuneunT IR (ke)
Cross — sensitivity error = % X 100% )
1
Towil
Cross-sensitivity error = mmmamwmﬂﬁﬁmﬂﬂmii“umu%m‘fmﬂ'ﬂimmmad (%)
m, = mauduiildandusunldunundn ($miae)
m, = meududildandusurldunuses ($mie)
relative error — measured value—true value % 100% 3)
‘ true value
Te?
relative error = JoRANAIAFUING (%)
measured value = mitialdamanutausulaudedlufinnafifansan (k)
true value = mifaldnnivanwaduinsglufismaifiansan (k)
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Figure 6 Force relationship between the reference load cell and the fabricated load cell
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Table 2 Results of the calibration of the octagonal ring transducer

only one direction of static load is applied (kg)

Parameters ) . .
z-axis X-axis y-axis
Slope (m) 56.005 69.377 58911
R? 0.999 0.970 0.998
Hysteresis error (%) 0.525 2.643 0.736
Non-linearity error (%) 0.372 1.199 0.387
X-axis 0.004 0.037
Cross-sensitivity error (%) y-axis 0.005 0.030
Z-axis 0.060 0.042
50
40
)
e 30 J
= X-axis
5 20 | |
$ —m—Y-axis
=
L 10 .
[} —— Z-aXIS
o
0 + + + + + 1
0 100 120 140 160 180 200 220

Applied Load (kg)

Figure 7 Relative error of transducer
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uATeddadunsuszgndldnaluladl RAD Wi eAamuenynisiiuiisananSeuiusuounaslasd
TogUszasdndnaniusznis Ao (1) eonuuuuazaeszuuAnniuoignisiiuii ealaeldinalulad RFD
uay (2) Anwmanssnutesyuemuiin RFID Aesvezniserudeyaiioifiuauuiugivessyuy lunimmaaesldfngds
1A3 9987U RFID TuluIdUA18AT LaE T ULTINTBULNULLIUBY DINHANITNAADINYN N15LUA BULUAIDS
Aanalaudin (S,,,) wagArailadu (s, ) fnaseszozerugeanidunnildnamaud (d
(d,..) Wedlenaunanandoueglugae 5.45-559% uanaini naasusmdsswosdindsualiaanulvosudin
wasulUluusagesr deduiusiuszazmemsudygrn lasuismannsaiudygnaldlnandt 1.7 m usddninl

ag) chip) ) wazszezn1eulaase

9361 HansISsUiBUsTEMeTlanuvg Ul wazn1snaaseidlanuaenaaeiy waasliliuiwuuTaemeed
fanuusiug wagdeyannnsideilansalduseneunisesnuuunsinfsssuy RFID Timungauivaniniingenasa
Tununeasnssule

ANEATY: RFID, 158, msammmmqmﬂﬁmﬁm, guaaﬂwamﬁﬂ, SEULNNTOU

Abstract
This research focuses on the application of RFID technology to monitor the harvest age of Monthong
durian. The study has two main objectives: (1) to design and build an RFID-based system for tracking the harvest
age of durians, and (2) to investigate the impact of the RFID tag’s orientation angle on the reading distance to
improve system accuracy. Field experiments were conducted by installing a fixed RFID reader at eye level and
rotating the RFID tag perpendicularly around the horizontal axis, while maintaining the tag’s center in a fixed
tag) @nd chip side (S,,;,) affect both

with errors ranging between 5.45%

position. Results show that changes in antenna gain on the tag side (S chip

the maximum reading distance (d

o) @nd average reading distance (d

mea)
and 5.59%. Additionally, varying the tilt angle of the tag influenced tag sensitivity, resulting in different reading
distances. Some angles allowed signal detection beyond 1.7 meters, even with lower sensitivity. The comparison
between theoretical and actual reading distances showed consistent trends, confirming the accuracy of
the theoretical model. These findings are essential for optimizing RFID system installation in real-world

agricultural environments.

Keywords: RFID, Durian, Harvest Age Tracking, Tag Orientation Angle, Reading Range

1. Uni

ﬂismﬂlwmﬂuﬁdaaaﬂnL?Suwﬁ'ﬂiﬂﬂ’ﬁwfmmﬂ 2546 vl lngasosdrunlmainduegenaLil o
laglud 2565 Insdsoanyseuluiu 784,000 fiu wasifindudu 929,000 sulud 2566 Wae 4.57 Wuduvsegansy
ag19lsfimu dauntsmatnveslneanasann 95% Tud 2565 wde 68% lud 2566 waz 60% lud 2567 1iasain
miLaUImJaw!L?*auﬁ]'mﬁsmu’m%dLﬁumil,tquﬁﬁﬂummm%u [1] Tuga9 9 Wauwsnuesd 2567 mMstdmiseuainineg
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anad 14.1% uag 13.3% auddu [2] nieuiidseenludaiudilvg fuiusvuounes nszaames uazwisud Jawdn
lugrsenhndeuweuisiuesuy lngianzlutufioumwieuiadney [3]

Tunzmsudsdudsesniisuuss msdseenydounanmgdluiuiaiaudidy Tnsseduanuanvewanan
\Dutladendniidmadionunnuazivuaiuiuifer Ineviluinussnsazsduiundsaenuiu udszznainsgnens
wUsumuANTNEINA 1y gamnTiguiemaan vasfieudugezaonisan onnuusiugh mstufinfusenuiuuay
wenjunendedydnual 1wy Wondreiu edslsfiniu SBdaduendutdeudosuiudunaziu 4] Snviadnune
mouenealiagiieunisidsuulasnglunaniiou lrnsussfiudsmeniissegudeadsliuiug Fsami
weluladuazszuuianmsteyauiliifieanmuaaiadeulunsifiuifen [5)

nsl#inAlulad RFID (Radio Frequency Identification) lunsinauengyiseulasnistuiinfuiinenuuuay
nsiamsteyasgrefissifovamsadieliinumsnaiuifsmiFeuludisafimnzauuasinvigunmvosmSouls
o ildszdvEnin Msfinwives Rayhana uazae (2021) wud RFID awnsalilunisiamunsiaigivlavesity
N9ATINABUANNINKANAR uazn1sRammanInwIndouTidsrarenisivlnvesiiy Wy oumgd Arwdy wagen pH
03y Tnemslfiguiwes RFID UHF uuumatiliiotagumgiiuasdenderuaun snliulunismuaumssntinasnisld
Ug [6-8] uonanil RFID faelumsamununinmaiuifes Wy mimnaaumwu%uLLazqmuqﬁmamawém Fadu
Hadeiidelunsussiiunnuanueanandn [9-11] Msysannisinalulad RFID Aulwuwesdy q daasunisinums

g9nserlavIgiiuNanandnmnngs [12-14]
Aaemn il ATeiiTnguszasdnan 2 Usenns Ao 1) N1590nwUuLazas19TsUUAARINeIgNISAUN &7

a

waviseulagldinalulad RFID uaz 2) iofnwikasinseinanssnureuesmuatuin RFID doszezn1seudoya

anudin RFID Wielilsddoyafiuiugilunisfinnuegnisiiuiieiveseu lnenisldmalulad RFD azdutladedfey

Y

lunsdaasunisanniseundnunings uasdigliansaudsiulunaindeenldetdsgu

q

2. 33n15Anw

2.1 sanuuusTUURAANgnsiuiemaySeulagldnalulad RFID

nsfinwillfoonuuuszuuinnuoigninfuismaySeulasldmelulad RFD FsUszneudsdutsznay
wdn TAun 1) 580U RFID UHF 920-925 MHz wuumadw way 2) ssuviszananadimivinniueignisfiviien
AN Aawandlu Figure 1

ﬂ’]i‘Vl’NWu“lJEJJinUL’iuﬁluﬂﬁEJm'ﬁfJ’luLmﬂ RFID mﬂuusﬁwmﬂvﬂiaﬂwamwﬁw foyfiiiieadion iy fufludas
(A-2), i‘mamumLiauw,mumaamaﬂwm T, Asundnunusedydnwal B, Asiusesunusnednydnual S, naviSeuuny
Ay ”ﬁgﬁﬂwm F, warrudeiuiiwasnanivihnisioudin

onsendeyadfaynsuduudn inUﬁ]w%”lm'iEJ’mLWIﬂ@ﬂﬂ‘NLWE)W‘UEJ&JaWﬂﬂﬂiEJﬂLGU’HJ’I uagrhinsUszanana
foyalnglifuiiuaznantagtuuisufisusuiuiinesnafivhnisiauin szuvasdunneiguomdou luvmedy
nsfuisigliansafanuognmsiuinayidouldesusiuguas dutiagtu

Tnedeyaiaunazgniuiinadly SD Card Tugunuueenilad ilelanunsaiiutoyauazdongteyadoundsls
Tnglidndudondoudatudumesidn iWensvuiindeyaiaiedu douananunazgnuansnavumiine LCD 1wy
Huiulas, AU BY, Asdundn, Aeses, HAYLSEY, Sulwasanfinaudin, WATDIEVRINLT Y ﬁﬂﬂzﬁﬂﬁ;ﬁ%mu
annsansnaeuteyadifyliegazmnuagsanida Figure 2 uanaunufan1siauyesszuUAamLegn1sAgIna
ssulagldinalulad RFID
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Step 1 : Read the t
input the information.

Enter basic data into the serial monitor to save on
the processor board.

Zone (A-Z)

Durian Tree ID (T)

Main branch ID (B)

Secondary Stalk with Blooming Flowers ID (S)
Fruit ID (F)

Tagging Date / Time

Step 2: Data Processing

Reuse Tags

Scan RFID Tag

Validate Tag

v

Save new data to the RFID tag.

Zone (A-Z)

Durian Tree ID (T)

Main branch ID (B)

Secondary Stalk with Blooming Flowers ID (S)
Fruit ID (F)

Tagging Date / Time

v

Retrieve the current time and date from the RTC
module, as well as the date the tag was initially

applied.
l

data

Tag recorded

v

Calculate the following by calculating
the date of the first tagging, the current
| date and the time:

*  Durian fruit's age and current Time

|

£]1| Save/update data in SD card

¥

Display data in LCD.

Figure 2 RFID-Based durian harvest age tracking system workflow diagram
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=

2.2 33n15Mnang
nisnasedluafaiildgnosnuuuiiienaaoutiadeiinadeussansamussniseudeyaainudin RFID Tasuts
nsvaaeseonidu 2 diu ldun yuvesudin uazuadoseuiin wendunisifusiunuteyaiieriinsiiasevina
luwsazanunisel
2.2.1 MINAFBUUVDITN
nanaeuil Wilefinwmansgnuresunsiadauiindeussansnmluniseuteyaaniadessiu RFID
TnetuneunavnaesUsznaudsmanyuuiinasy 360° uaziiuadsay 30° Tngvhmavaaousiuau 3 61 9ndurhms
fnsvoziiaiesenu RFID anunsnsudeyannuiinldasanluudazsuiinaaey wieuiatuiinuanimaaeaiioldlunis
nsgiinely Awandluy Figure 3 (@) WAAINIINAFBULNTDIUTIN
2.2.2 NINAABUYNLBLIVIILTIN
nnaeudl ilefnwmansenuvosudesvesufindeussaniamluniseudoyainiaiessiu RFAD
Tngfiansananuannsolunissudeyanuiinaeldyuidesiiuandeiy msmeassiidunislneusuyudesveuiin
Faus 0° f9 180° TneLfiudundsas 30° wasyinisnageusIuan 3 €1 91ntunisTaszezdiieg 0981y RFID
fasagiudoyannuiinldganluutaspiinaaey ieuststuiinuanisnassafioldlunsinmsvidel Fuandu
Figure 3 (b) ULARAINITNAROULULBEIUDILTN

(@ (b)

6 RFID reader

N ()0 ()«

tag

| Max Distance (m) I

Figure 3 (a) The tag angle test and (b) The tag tilt angle test
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2.3 MslAzRAadetusnfivinldufinineuld (Tag activation power threshold)

@UN1T Friis (Friis transmission equation) Telun1suszidiuusz@nsnneeenisanazSudyyiuszning
39987 (Reader) wawuiin (Tag) luszuu RFID Tasdndsfamagaudondsnuiiintunnssssnsssvitgunsaiaes
aumstianmnsoldlunmsdmnumdsnuiuinlésuanadessu uastsimunssorgeaniuiinasnsariauld

TunsUfoR matiasigiiaunis Fris aansatlUldiiemenmdsdstusasandoseuiviliuinenls
Tneisunnnsiiuidsdsonaiosstu (p,) iviliudinanusavianld uaznrmaeuiudinldfundanuisamedmiu
msviuvdeli ilomdsdsfeszduivilindsnuiuinldduriiuaianulivesdy Sepp) Fadunuandione
193%U RFID [15] uazszyluionansdoyavasdy [16-17] fadu aunns Friis ansadeulmlld faunsi 1

Schip

A 2
Gy - Gtag (9» @)t (E) “Mpir - Acable

Ptx,No (9: Q)) = (1)

[

Tnedt  Peaono(0,90) Ao mdedetusiivinliuiiniamld (dBm) smualsk 6 = 0° uay @ = 0°
Gix

Geag(6,0)  fo dnsvenevenarainiewin (dBi) Mviuali 6 = 0° uaz @ = 0°

8 ORI IVYLVBAADINAATEIBU (dBI) Muualy @ = 0° way @ = 0

o))

Schip Ao A1 NlaeTY (Chip sensitivity)

A fio AueIAAY (Wavelength)

d fio SruzinesEinauiin RFID wazindeseny

Npif Ao Yadugaydelnanlsd (Polarization loss factor)
Acabie Ao nsgaydeluaneiada (Cable loss)

T Ao duUszavsnsdaiuigay

2.4 m3insziaulavasuin (Tag sensitivity analysis)

nauns (1) asnsadunn Pry yo (6, @) Faduridsdsdusiiiliudinhouls Tediédsiiiueg
fuyuweuiin mnyuiA sy Aidsdsiidedldanudeuludae ulfitdanulvesdy s, U sd AmnInwesdy
uinsUsziliudszavinmveauiindesiiarsananulvesuiin S, e %ﬁuagﬁu%ﬂ RINA UaYNITYUATYYI0
(Impedance Matching) Ingvialudseanulivasudin Stag i UszAvsnmuesufinBerivu [15] feaunisd 2

Schip

Ss 00 = G @D

(2)

A 2
= Ptx,No (6,0) - Gy - (ﬁ) “MNpif Acable

2.5 538¥81UgeEA Max read distance (d y,qy)
aun15AUbvewiin (2) awnsathuildmmndwesimunzanlunisiunuszezauada iaanisel

' 5 i < a | o Y -
58‘1/1'3”]@Lﬂi@J@WULL@%LL‘V]ﬂQ']ﬂﬂqiLUaUULLﬂaQHNﬂqiaﬁaﬁgﬁgqm [15] P9@un1sn 3

P . . A
Amar(0,0) = 47/-1[]( tx,max SGtx(enz;Dl]; cable )
tag )

91



N13UTEYNIYINNTILAUYIA IAMBEST ARl 10
The 10" National Conference on Informatics, Agriculture, IAHBEST

Management, Business Administration, Engineering, Science and Technology

3. HAN1SANWILAZASIT

INN1TANYITE UuﬁmmmwmilﬁmﬁmwamL?Wiﬂ&ﬂ%mﬂuiaﬁ RFID Tnedndeszuulusumysned
Tmaaﬂmauummam (Line of Sight) ﬂ“ULL‘Vlﬂ"?NWﬂG]JEJEJU“LJLﬁ’]LL"LJ’NN fatanslu Figure 4 (a) ﬂﬁmmaauimmt.uumi
Wemszee mqmaﬁmmmﬁammmﬂlmaammum wazdATIZNaINNITUT Uy VIR nlud N sTuansneiu
Taemsitasieyt ulseendiu 2 daundn dail

3.1 MIIATIIRANITNATIUVBIUUTINULUIRIAIN
] o . ] = q‘ ] =
1NN1INAADULIAN RFID Aauandly Figure 4 (b) wiinaggnuyuseuunukuIuewiolUdsuyuvewinlag
yaFuUINaNBILingInseg Misduniuiy vnliszeznisseninuniosgunazuinliivdsuulasedefiveddey
NANTNABUALA 970 Table 1 wud1 MsAsuUUases S, Wa S, Snasierszozeuggafidaldnumgu]
() 1B Sy WNAY -2.67 Waw Sp,) WU -0.63 A1 |, AiFwaildAe 1.76 m uazdn d, ., N8uldasawiniy

1.67 m AaduAiaunaInndai (%Emror) Useunad 5.45%
ludnnsaiviie o S, anawdu -4.95 uay S

tag

Wiy -291 a1 d, o Wndudu 2.29 was Tuvme

tag chip

Nd,,, Wy 2. 17 m ﬁmi‘]u %Error Useanad 5.55% wandlmdiudn wild S, azanad (A1auuInTu) wandudanale

tag
ITYY mumamwmu %ﬁﬁMWUﬁﬂUﬂmaﬂ‘Um UVBINTINTE f\]’]EJﬁEUﬁU”Imle@QL?HEJ’m’IﬁLLUU DIpoeIfﬂEJLQW’I”ﬂiﬂJVIiG]ﬂ’]
Ao awam’Lumsmaau foiile Stag = 5.3 ua¥ S, = -3.30 dwalvi d WU 2.40 m wae d, ., Wiy 2.27 m

IG]EJ‘LI %Error WinAU 5.54% szmaa”lul,ﬂm%mmmmmmaaumamulﬂ

ch/p

Table 1 Tag performance test results

? 6 Senp (dB) Stag (dBM) d, .. (m d,.,(m) % Error

0 -0.63 -2.67 1.76 1.67 5.49
30 0.47 -1.57 1.55 1.47 5.59
60 -0.79 -2.83 1.79 1.70 5.56
90 -0.32 -2.36 1.70 1.61 5.59
120 -2.91 -4.95 2.29 2.17 5.55
150 -2.07 -4.11 2.08 1.97 5.55
180 -0.58 -2.62 1.75 1.66 5.52
210 -0.37 -2.41 1.71 1.62 5.54
240 -0.63 -2.67 1.76 1.67 5.45
270 -3.3 -5.34 2.40 2.27 5.54
300 -1.85 -3.89 2.03 1.92 5.59
330 -1.24 -3.28 1.89 1.79 5.58
360 -1.09 -3.13 1.86 1.76 5.54

A15NAaeall dA1AnuAaIAdauRAluYI9USEU 5.45% — 5.59% FILAAIDIANUADAAR BITEWINAINY
nufuasArliannn1smeaeinie wasdtasvieuiinnuaissvesssuulufeuluiuinegluwuisiminiuniesu waz

szerneegluTEAUALT

3.2 MTIATIIRANITNAREULNIBEVE TN
INAISNAABULTN RFID M u3i8eas199 wansdsly Figure 4 () waznanisvaaoulu Table 2 wuin

AMNIENDT S, Wae Sy, BANALYIHUANLLBsaaLdn Tag S, Faduszdundanuniduiniuld ddwige
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a

#1-0.15 dBm ¥iyw 0° uazilAngegnil 6.94 dBm il 300° luvauedi S,
adeu faengn 7 -2.88 dBm 7y 240° waziirgeaadl 9.11 dBm fuu 360° NMsiasunlasveavisaos iyl

Fauanandsnuresdyaaiuinasyiesunduly

Tuiinfussavsnmnissunasasiioudayaafiunnsisiuiuegivyandes
= = A D Yy o Ao ] ) A o

nswWSeuiieu d,, ke d,, wuiduuldufiaenndasiu lnsangyundaianuludings wu gui 150
Winiu 7.13 dBm wag 300° Winfu 5.52 dBm sruen1easdadiAruindla 11du 0.57 m wag 0.69 m auady
fA19IN97 1 m F9e19UaTRsanvaENsaENauMEaNINSEAedy Il udNvLaNIEURLAING 1 AsIiuTIuR UL
fienanulaudinn 1wy guil 90° Wiy -2.67 dBm wag 240° WA -2.88 dBm WU d,, A1 1.76 m waz 1.80 m
anuaiu Feaevieuliiiui Tuvguddannubuwinasiunssesnseudinegadu

MIBATII % Error nudilaenanlesidudaruaainadoutuegluszauiiliaann lnedaaaiaaioud

' ' = = D] 1o ° oA A Y a

BEYIENIN 5.49% 19 5.59% FauansliiiufennuuduglunisAnusseenmiunguiillefisuiunan1smaasdass
nadwsluswirnuaiosvesszuu RFID lunisvhaunegldnisdsuwlasudeaveauin widnezdinnuunnaiaves
yuBesfidsmasienisiudsunUasmesdyga wifdemnsalinadnsndianuudugigilunsinnssezms

Table 2 The measurement of RFID tag performance at various tilt angles

6 ? Senjp (dBM) Stag (dBM) e (M) e (M) % Error
90 0 -0.63 -2.67 1.76 1.67 5.49
120 -0.38 -1.80 1.59 1.51 5.55
150 6.16 7.13 0.57 0.54 5.57
180 -2.25 8.72 0.47 0.45 5.49
210 4.96 593 0.65 0.62 5.57
240 -1.46 -2.88 1.80 1.71 5.54
270 -0.69 -2.73 1.77 1.68 5.59
300 6.94 5.52 0.69 0.65 5.56
330 4.69 5.66 0.68 0.64 5.50
360 -1.86 9.11 0.45 0.43 5.55

0 -4.15 6.82 0.59 0.56 5.50
30 -1.13 -0.16 1.32 1.25 5.57
60 -1.36 -2.78 1.78 1.69 5.57

(a) (b) (©)

Figure 4 Photographs of (a) Field test environment (b) Tag angle test in field environment and (c) Tag tilt

angle test in field environment.
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4. a3y

uITed AN @nwInanIT UYL uBIATYDILT N RFID Aoszozn1soudeya tnoviin1snaaoy
Tuanmuaedomifamaaeuniaauiy edslildiluldmnunsstudusou lnefndanioseru RED Tuduangn
(Line of Sight) uazvsuufinsouknuLLIueu Tasfidumisgudnarsveauiindsasil viliszogessninaniessunas
witnlsiasuuuag

nuani1Imaasdlu Table 1 wudn n151WE suuUasvesaulaudin (Stoe) WAEAIRITUUAN (Sp)
danarieszarnageanimuinldnamgud (d,,,) warszezniaienuldass (d

) lagArAnunaaad ey (%Erron)
ag/lure 5.45-5.59% Fatienneglunusineensule e S,,, = -2.67 dB uay S, = -0.63 dB 1 d, ., WU 1.76 m

chip —

= -5.34 dB uaz S, = -3.30 dB Wu1

tag
Way d,., AU 1.67 m Aadu %Eror windy 5.45% ludnnsdil S,

d_.. Wiy 2.40 m waz d__ Wi 2.27 m Tae@adu %Error Wi 5.54%

definrsumanisvaaowuiBewine 4 Tu Table 2 wudrAanulwowdindnsidsundastueg fuymides
0o S, M1anfl -4.15 dBm fisgal 0° uazgeand 6.94 dBm Ay 300° luvaizdl S, sndeil -2.88 dBm iy 240° uaw
asanil 9.11 dBm Tl 360° MalAsuutasvasararuihidsualiuisym Wy 150° way 300° fsvognisgaaaiiannsg
Sudaaldsnia 1 miummxﬁ'mmm w1 90° uaz 240° awnsasudyanadaluszerannnia 1.7 m deuadin

chip

wiiFnaulvesuiinvzaluuneyy uidennsadmaliuiiniudyaialdlussesilnatu
nnsilSeuiisunansliiiuga d o du d_ wuiiisassanduunldudenndesiu lnaandesidud
ANUATIALAToUBE WYY 5.49% 9 5.59% Feazvioutianuuiugrvesuuuaamiamgulunisneinsalssezeny

@ ° [y

winluanunisalads namsideiuandiiuiadninavesyudesseussdninmuesudin RFID Fuludeyadifydng

o

ANSDDNLUULALAAAISTUU RFID TAMLNZaUAUNINLINRBUNT I YRS lLaUNAR

5. AnfnssuusEAA

vovouAndthauANznsIINsduaiieImant Idouazuinnss @na.) Alvinsatuayumside vuide
309 msusuifiuauiysalvessayiFeulnsldns inrnmauimlii (aufl REKRIS/FF66/61) nieuiavevounm
anfuwmaluladnszaomindidnummsaianszds Ingnamyunaiuasgaudng dwivandlunisdiiulasinns
naenaunguidouinnssuuazmaluladinuasnald (SATIRU) waganye19158fiuTnu leun nens.aigned Snuny
A1 Ten3 as.AnAdnd tRyswus uay weas Sgned gadnuwal 7ldlimuusnidoya uazuumisduiiamean

£

Tunsaiuanuisenssl

6. 1ONEN581999

[1] nsudaTunITAsEndnasena - DITP. (2567). lurie 9 Wheuusnuesl 2567 Judnd1viseuaniinnin 1.38 d1u
#u. AUMUIN https://www.ditp.go.th/post/188599 (ihiaile 10 nuaiug 2568).

[2] nsudaasun1sA1seni1aUseine - DITP. (2567). viseulveaseslagifudusgsuin. duduain
https://www.ditp.go.th/post/188599 (ifiaiile 10 nuawius 2568).

[3] NTUMNGIAR. (2567). L398nseau "Soulne” lunatndu wuaunin newidaweudives 1 Ju. fuduain
https://www.bangkokbiznews.com/business/economic/1128341 (Wndadle 11 qum‘ﬁué 2568).

[4] nsUAWETUNITNYAT. (2022). MINEANSEUAMNN. F1NNUNYATINTAYLNT.
https://chumphon.doae.go.th/province/?page id=1516

[5] Nanthachai, S. (Ed.). (1994). Durian: Fruit development, postharvest physiology, handling, and marketing in
ASEAN. ASEAN Food Handling Bureau with support from the Australian International Development Assistance
Bureau (AIDAB) under the ASEAN-Australia Economic Cooperation Program.

[6] Rayhana, R., Xiao, G. & Liu, Z. (2020). Internet of things empowered smart greenhouse. in IEEE J. Radio
Frequency Identification, vol. 4, pp. 195-211.

94



N13UTEYNIYINNTILAUYIA IAMBEST ARl 10
O
The 10" National Conference on Informatics, Agriculture, IAHBEST

Management, Business Administration, Engineering, Science and Technology

[7] Ardiansah, I., Bafdal, N., Suryadi, E., & Bono, A. (2020). Greenhouse monitoring and automation using Arduino:
A review on precision farming and intermet of things (IoT). International Journal of Advanced Science, Engineering
and Information Technology, 10.

[8] Vijay, K. A, Kumar, K. C., Kumar, N., Harshitha, K., & Khan, M. K. (2018). An improved agriculture monitoring
system using agri-app for better crop production. In Proceedings of the 2018 3rd IEEE International Conference
on Recent Trends in Electronics, Information and Communication Technology (RTEICT) (pp. 2413-2417).

[9] Breniug, L., Haba, C. G., Plopa, O., & Ungureanu, L.-I. (2018). Electrochemical RFID sensor for gas concentration
measurement. In Proceedings of the 2018 IEEE International Conference and Expo on Electrical Power
Engineering (EPE) (pp. 290-295).

[10] Amin, E. M., Bhattacharyya, R., Sarma, S., & Karmakar, N. C. (2014). Chipless RFID tag for light sensing.
In Proceedings of the 2014 IEEE Antennas and Propagation Society International Symposium (APSURSI) (pp.
1308-1309).

[11] Vena, A, Sorli, B., Belaizi, Y., Saggin, B., & Podlecki, J. (2018). An inkjet-printed RFID-enabled humidity sensor
on paper based on biopolymer. In Proceedings of the 2018 IEEE 2nd URSI Atlantic Radio Science Meeting
(AT-RASC) (pp. 1-3).

[12] Cai, W., Cowan, T., Briggs, P., & Raupach, M. (2009). Rising temperature depletes soil moisture and
exacerbates severe drought conditions across southeast Australia. Geophysical Research Letters, 36(21).

[13] Hamrita, T. K., & Hoffacker, E. C. (2005). Development of a “smart” wireless soil monitoring sensor prototype
using RFID technology. Applied Engineering in Agriculture, 21(1), 139-143.

[14] Vellidis, G., Tucker, M., Perry, C., Kvien, C., & Bednarz, C. (2008). A real-time wireless smart sensor array for
scheduling irrigation. Computers and Electronics in Agriculture, 61(1), 44-50.

[15] Colella, R., Catarinucdi, L., & Tarricone, L. (2017). Measurement system for over-the-air evaluation of UHF
RFID tags quality. Wireless Power Transfer, 4(1), 33-41.

[16] SAA Industrial Co., Ltd. (n.d.). UHF-105 & UHF-115: UHF 920-925MHz RFID long range reader [PDF]. Retrieved
April 14, 2025, from https://www.sda.com.cn/down/UHF-Passive-RFID-Reader/UHF-105 UHF-115.pdf

[17] Alien Technology. (n.d.). Higgs-3: ALN-9662 Short Inlay. [PDF]. Retrieved April 14, 2025, from
https://www.alientechnology.com/wp-content/uploads/Alien-Technology-Higgs-3-ALN-9662-Short.pdf

95


https://www.s4a.com.cn/down/UHF-Passive-RFID-Reader/UHF-105_UHF-115.pdf
https://www.alientechnology.com/wp-content/uploads/Alien-Technology-Higgs-3-ALN-9662-Short.pdf

N13UTEYNIYINNTILAUYIA IAMBEST ARl 10
O
The 10" National Conference on Informatics, Agriculture, IAHBEST

Management, Business Administration, Engineering, Science and Technology

A011N53RENINBINAREWALULAE loT
loT Weather Station

Anws Jam! amiing ulanadan’ vituan eva! F3dvand Junsife! Aveyinn dada? Sgwed godnwall” uas AnAdnA WysHS!
Sataporn Ninha!, Juthathip Palgsavas!, Chananda Sueachom!, Siriphitcha Jannuy?, Phitchayapha Ninpad®,
Rattapong Suwalak®” and Kittisak Phetpan?

o £ o

LA AN Tsuemans amﬁumdﬂaﬁmmaumﬁ?ﬁﬂﬂmwm‘imﬂﬂixﬁd ?MEJ’]L‘UWQNWiL‘UmiQGINFIﬂG; Jmdnguns guns
'Department of Electrical Engineering, Communication Electrical Engineering Division, King Mongkut’s Institute of Technology Ladkrabang Prince of
Chumporn Campus, Chumphon
*Corresponding author: Rattapong Suwalak e-mail address: rattapong.su@kmitl.ac.th

UNAnga

mifvatuivetiaue andasataanimeiniadiomealulad 10T uay LARINAANTHOINIAKILADII
deifudeyalifuinuasnslunisvhanludusiegerfinu mamzdgn wazmafuifey Wusu sddeaduilaeiu
uazmaaesnTinanmornmadiotlulflumsdunnuinasinsliivesmuniou lnsasdasinsliinannis
Aurvessuwesifald sunsalfléiduvesnumnadniu Arduino Re Wi-Fi inwihidugaaiunu druniudeya
wlsznoulUfeimues 2 i Usznaulude lwueesinguuginasanududuinsluenmea wuwesiaauduuas
wansneaesagUliin wuwesingumpiuararutuduimslueima wasisugesTaauduuas aunsninaldeds
gneios

AeaAey: dantinsiainanimennia, wuwes, lelei

Abstract

This research presents a weather monitoring station utilizing loT technology with weather data displayed
via cloud services. The system aims to provide useful information for farmers in various activities such as planting
and harvesting. This research was developed and tested to monitor weather conditions for use in calculating
irrigation levels in a durian orchard. The irrigation calculation is based on data obtained from sensors. The device
used is a compact Arduino R4 Wi-Fi board, which functions as the control unit. The data acquisition unit consists
of two sensors: a temperature and relative humidity sensor, and a light intensity sensor. The experimental
results show that both the temperature and relative humidity sensor and the light intensity sensor are capable

of accurately measuring the respective values.

Keywords: Weather Station, Sensor, loT
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Figure 1 Block diagram of weather station with loT Technology and PLC System
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Table 1 Experimental Results Table: Comparison Between the Research Team’s Data

&6 Temperature (°C) |Humidity (%) |Light Intensity (W/m2)
1 27.1 85.5 5.42
2 27.2 86.6 5.41
3 27.5 86 5.41
4 27.7 86.7 5.41
5 27.7 86.2 5.42
6 27.9 86.4 5.44

310 Table 1 WAAINANTNAFDUNTIAAIQUNYH ANNTUAUTINSIUINALAZANUTLLAIYDLATDLINANIN
91NANIEBNIUY LWULesIngnqll (Temperature) dAWvnAU 27-27.9 seruwaidya wwwetinaududuivsly
91017 (Humidity) Ay 85-86 Wasidu wagwuesinanudunas (Light Intensity) A1t 5.4 Tadrenisia
b

3.2 MINAFDUNIIVINNIUYBS PLC

3.2.1 s2UUmanual

Figure 4 Ladder of PLC System in manual mode
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3.2.2 53uU Timer
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Abstract

This study examines the issues and solutions related to the use of wooden pallets in the transportation
industry, focusing on the application of circular economy principles to enhance sustainability. The findings
indicate that the rental and circulation system of wooden pallets results in a 50.50% maintenance rate. Using
Fishbone Diagram and Pareto Chart analysis, the primary causes of these issues were identified as irreparable
pallet breakage and the lack of standardized customer requirements. Additionally, environmental assessments
suggest that reducing pallet damage can decrease carbon dioxide emissions by 3,740 kg CO,. The proposed
solution involves enhancing the durability of wooden pallets by addressing three common types of breakage:
grain-line fractures, perpendicular fractures, and joint failures. Key recommendations include designing joint
connections without nails and applying protective coatings to prevent fractures. Reducing breakage rates can
lead to lower wood consumption, promote sustainability in the transportation industry, and contribute to long-

term environmental goals.

Keywords: Wooden pallets, Fishbone Diagram, Pareto Chart, Sustainability.
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HamiRefunisuaninvedlsmandairlugiunuiaduislug unsdenusuuasnsudeulnd dewadomsirosld
yiwennsalfifinty

wianlifgnanvnssuiiuniansgiureanisvuas wiianlivuia 1200x1000 Sadins Wusuianianldild
fusgraunsvanefianiugnamnssuvudwazladaindd (4] lnefudaiftofiozldanulivarsguiuy 1wy uuudiannsali
salidedidndamniiana vie visiiamatuegfunisléau wasdinmsgrueuudausdunisimun wu wen 588 -
2528 g uRAnfsgnannss ldsesiuaudn (51 sy nsrvrumssdanianlditunoussd nsdauedlils
YPWIANLLIATEIY wagasuynTudau Taurliurunii Wusuthe uag gnuin (i) Weldtududngaudszneude
nsideusesenzy iegunsalfafin msvudiiomsnisnain uazmsdseen uazluguuuugsiafinaniundnasy sl
dmnanllumssidugsiasinisdsmevfumuiisuinniadanduldiinmniden drgavemnanlifidestouns
udwauann dawandlu Figure 1

mui%’aﬁ%aﬁLﬂmmdumﬁﬁﬂmmmma&i‘]ﬁgm waztausuamauAluiidululdafieAnwdymnisuanin
yaalimnandldlunisvudedudn JadamansenudeUszdniamnisvudaazdunulunisgesusy lnelfia3esile
AT LAl wnugiinauan (Fishbone Diagram) waguiuiinisle (Pareto Chart) Tun1sszyuaginseianivnmen
vostlgm Mnduthiauenumadlufiefisanununiuvedsinnian ansnsin1stize uarUiulganszuiunslda
Tiluszavsnmanntu sulufanldunslivninensegsditulasnismumumsiinnesiduaundon n1sUdes
arsvaulneenles (COy Emission) 9nnsnanuazdounsunanld nan15@nvnauswuzInsnIsiamisadill
Uszgndlfifteudlutiyvdsnanegadusyuy

Wooden Pallets : i > “/ Wof?{ﬂ%&ﬁi}k’“

(Rendfo use)

Trimming Maintenance

@ Circular economy -
Selected wood B Damaged wooden pallet

(alternative forests)

» Waste

Figure 1 Circular economy in the wooden pallet industry
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2. A5n15fnEn

ns3deillasunseuszdeyaanuiEngnaanuantd wagliusnisnsdmanldlugraivnssulaed
wdonsAnwteymmiiatulugag 1 Y dead

Table 1 Yoyanisliia - thnduangdenvesnianldlugnavnssunisuudduseu 1 Y

Wooden pallets Alternative trees
Rental Maintain . Harvested Replacement
Month (Unit) (Unit) & (trees) (trees)

January 3,500 1,750 50.00 219 875
February 2,500 1,325 53.00 147 587.5
March 4,200 1,950 46.43 281 1,125
April 3,200 2,000 62.50 150 600
May 3,400 1,745 51.32 207 827.5
June 3,200 1,250 39.06 244 975
July 2,800 990 35.36 226 905
August 2,500 1,475 59.00 128 5125
September 3,000 1,300 43.33 213 850
October 4,000 1,890 47.25 264 1,055
November 3,200 1,960 61.25 155 620
December 3,400 2,010 59.12 174 695

Average 50.50 %

2.1 invasiladzidymannn (7 QC tools)

wiosiiotinssidgmamnm evhanudlauasiinsesidgmilietulunszurunisldaulinian
miAdenaeatuliiaiedielinneinunimnly Tnendesdlefldsuaudon léun

2.1.1 wsugfifnsan (Fishbone Diagram) [6] Wurfamnuuifinveusugiifrsan dslilunssuunanmnves
HamenumaniAeites 89 4 M Yan (Materia) n3zuuns (Method) yana (Man) 1383403 (Machinery) 3o
Tuvnsdiensasdisludiuvesaninmedauindon (Environment) itelvinseunqulufffinirsiu 1ne35lFunund
fratasildsd

1) fvuadym - ssydymivva wu IWawlunisuiinues vieiadesdnsideves 9niuae
Qﬂﬂi%lﬂﬁﬁ?ﬂmmeﬂ‘éz@ﬂﬁimavﬂ

2) spyanmavan - Mvuaavendneg o ¢ Jade WU usanu desdng Tmadu waznszuIuNIs
WA ImmmﬁwﬂmmmﬂmﬁL%mﬁ’mix@ﬂﬁwé’a

3) syyanunges — uanisarmmadnanudazanmavdn ouanssivazdenvesiadedidsuase
Jgym

a) ayUfunedam - Ainesideyaildifiossyamniuiade uazmuummadlufiodfiuussansamly
ey

2.1.2 usugiinusla (Pareto Chart) [7] nann1swusla (80/20 Rule) lasunisunnldiiessyUadendniidema
nsgNUNINAga Fedunounisiunugiinsts uanimuadymuieiidendedinmest wdisiusiudeyaneiiu
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awsuazANudTintu Mntudatefeyaanuniulies warFwanUsiidudiazan Maunuginuslalagldunude
WLANANTONANTENU Lazunurwnuesidudazay Mauvsnsivuanstadeniudidu wioudunsivuans
Wesidudazay gavnelinsesinadndlngldndn 80/20 waszuamamanuaznsunudladymetaduszdniam

2.2 nMsAuan nsUaseasuaulaseanled (CO, Emission)

mneiaTinuisaiveulnoenlediignudesgduusssinainnasuiunimissssusiuasAanssues
uywd fw CO, 1ufwiFeunszanndniineliAnnnglanfeutasnsiasuutasanmgiionnianisannisUdes CO,
utladeddglunisussmnisidsundasaningiionnia anusingnisalideunszan wazdeliussquimanesiy
anudadumudonnasiia (Paris Agreement) Faisyyliluiuleduesasdnisuimsdansfmieunsean (esdnns
WNBY) vise TGO nn1sHanLazdeuwgulinanausaiuinnsUdaes CO, :nnszuILNIsHARLazgougUllin
wanlalagldaunis [8]

COZ Emission = dmuaunnandld x (Ansudes CO, denian (keCO,/engmsliinuinde) (1)

3. HAN1SANWILATA5IRTA]

971 Table 1 n9zulaindnistidwianlinguisuluszuvvesgsia waznuinluusaziouluseudiinig
dspenwianlilndidesiu uazidednluinsmudsunianlinduanlivhnstesiigedaannidsanuidinanlsd
Fosoutiigaaininds 50.50 % Fediuinsinn warlumadeatutuingiviidoneunldfenissestasiuliadudngu
fuan 1 ¢ sio wavilsl 8 2 uazFesvinisugnludsnaau Tau 1 fu densUgnnaunu 4 du FedullymniTsiung
Fupoulumsdnuilymuasuuamadlunsldoldmavlugramnssusidoselud

3.1 mamnnnvasdymmsldauldnnanlugaaivnssunisvuds

MnuRLgfiiaan (Fishbone Diagram) ddldlunsdwunanmguesiammumangAstomuiniouds
anvnvasiiymmdnld 4 ¢u uazulsdesldvionun 8 auvamdn fauandly Figure 2 wuindided fuyaains Tdud
gndaauilunsldan dennelsiviusiorudonis funssurunisvhaou 1ud aufianainuesnisudn tunou
Msvihauiivanmans suedesinsiieides eu Snsvinuveardosdnsiiieadesiods sasgiusuvesgndilsl
Huana uagduan Tiun WiAndes wiavliunndnldamsoudleld Tnefdesldammmsnnudiiainsady
Rudoyadeusinadiiatunglfinaidonianlinduindeuusudiuam 19,645 ads uagiisuiduosifudifiofiay

Yumiagvimeiaseslownuninisle

Method

ATTUHOWAIOUDDMISHAD

andwnaaulumsiieiu

dauusuliiudannudanms Junaumsimukainkale

wianldgisa

Omstiviugeoinsavinn ThAoias

LAYUDVHOIE

nasyuuvevgall wuanunangnly
R fotd

asaua

Material

Figure 2 Fishbone Diagram
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=

970 Table 2 wWum LﬁlE]L'i’]‘:]JﬂLLUJ%EJQ@G\’]@J&’]LMG}‘(JEN{]@M’ILL@%ﬁ’]ﬁT’]u’JumiLﬁﬂ{jmwﬂﬁWUIUQﬁuqmaﬂwﬂiiMWW
wavilifansnsoAndudosarldanduuadmuinguanvemdniiiaan tanuazadosdnsiifinsviudmtunanld
lngnsetauandty  Table 2 laun wwanldunninlaamnsoudlald 44.52% war umsgrunuvesgnitliluaina
20.82% (Ao gninluldinds 1wy nisennaiuanuinsgiu mslfiasesdnsitlaldszyliunmdudumanls! auddu

Table 2 @ wnvedy agUSUIUTIUIUTUNUIAANTUANTINABITENUITS

aM Cause of the problem Number of %
times

Man anAvaaLzlunsldau 1,450 7.38

FauwalaiunonuABnNng 1,760 8.96

Method ANURNANAIAUDINITHER 355 1.81

Fupounsvhawuiinannnane 495 2.52

Machinery fimsvhaureaaiewnsiiiendadio 520 2.65
2%

wnsgruuvesgnaliiluaina 4,090 20.82

Material IfAnden 2,230 11.35

wuanlduaninlianansawilola 8,745 44.52

994 19,645 100.00

nduldvimsihdeyauidouiFedmivazimundussuginisindiuandy Figure 3 nuidosiniduves
Wesludavaud 80% wuhamauesdgmitdesdiiunsasliudluliun wianliunnsinliamsoudlals snasgm
suvesgndliifuana wee WiAnden audiu fadosindeyaadlunuimndgmiindnaindeudeneiiae
Futunuanlilaenss inanmsldauiiianygsuss msnszunnvesian n1sld solwdadisuiunianlsilaenss uag
annsousnUszinnvasnIsuaniinveswanly 3 Ussin fauandlu Figure 4 1¥ud Wuanuuadsanideu ldunnmugy
uazsossa uarlfunnuuavuudey fdududduumdunifedeluiefiuauudouss vdoduussansam
nsAusaNI TN

9,000 100%

8,000 90%

7,000

6,000
5,000

/ 50%
4,000

3,000

2,000 20%

1,000

0

E: £
F )
3 F 3
& &
Fs

Figure 3 Pareto Chart
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3.2 nMsaan1snisUaseansusulasanlas (CO, Emission)

desngstamianliiililunsitedifugpaunssuiiddsdianudidu Snslivdnveaasvganuuiousn
Hulwaaddmegsia Ae Whidmiavlfuazduiunsiunsinfuuazouds faflunssuiumsndedadilaisan
Hulinsfuasnndenuaznislininensalesnadaiu Inedlefinslausulsunievihmanagimsugniulsmaunilu
Fadau 1 : 4 du wagldiianldunandmawnuiaue uidefenudsmediiatulunssuaunisningi nnsld
nsfliunsdedesiinisdenthsedeaninsndnein1sUdesmsueulaeenlednusnassuanameidunsiamiuay
wmamssiduianssuiiduinsedundonsioly Semanld 1 3y Snsudesasueulaeenled (CO, Emission)
WU 4.12 kg CO, mutanmunlu Using the LCIA method IPCC 2013 GWP 100a V1.03 [9]

(@) (b) (@
Figure 4 gilansuanvinvasnaniiainnisldanu a) ldunnuuisaindeu b) Wwanauyuuagsesse o lduan

LUITUIULEU

271 Table 3 Widoyadunumianlififnduluauvmeesigmanuauninisis Tae 1 3u uwiae
Hymitdadnlunimdning wazergnsldnuadsdeiivanddunis aglddnisudes Co, Emission el i1y
3,740.136 kg CO, ﬁafué’wmmmam{]mmﬁ@mﬁu viaiiuusvans nmeuudwsslinansaswianliuniufios
@nansnanen CO, Emission léagnadsdu

Table 3 dayansudeseinaansueulasenleddetvainisudnnnantilv

awgitazsinsudly nsudesrfingafuaulasanlyddal
§wu dedud Shuaunwen 21gnsld  AInsUdey COz
@w)  Hewdn 161} i oy don Emission
Tnad o wanlvl (590) anled (kg CO,)
@) (kg CO,)
wianldunndnliasnsoudlals 8,745 0.8 6,996 10 4.12 2,882.352
wmsguanuvesgndliiduanna 4,090 0.4 1,636 10 4.12 674.032
I Amdes 2,230 0.2 446 10 4.12 183.752
3374 3,740.136
4. a3

nsfnwdgmuazuuamaudlulunisldoulinianlugaamnssusudiogedi@ud i nsivwan

wiswgianyuilsuinuiuldlussuulidwazaudsaansarieiiuanudeduld egrelsinu msmyudsunianlddma
IAndgyynisgentngegedia 50.50% 1NNITIATIENAIBURUNTAUAALLHUYINUSIANUTY @NWvnaniIaInmT
wianldunninauldaunsadounsuls uarunsgiuauvesgnaliiluaina WeRinsandudsundoy wuiinsld
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ninensvyuisuainsnannisudesaiuaulasenludldis 3,740 kg CO, wumaudlafiddayAonsimunlsiniants

yrunutu Tnsnswandinitnuuiadu 3 Ussam T wanasuuadeuls wndsainfudould wasqndase
wunaimuiisia W mssenuuugndasouuulalingy uasnsiedeumstesiunisuaniinauuuideu

vnanusaansmsINsuaniinls aztasaanslilll duauanudfuvesonaminssuvudegnaiidoddnlusunan

5. AnfinssuusznA

YavouANUNIINgIdealulagsivuinanssuasi liatvayunisideuasddundnauliunaiuatull
dnSegalulddned veuveunm U3En vl (Useimdlne) S1in Aldlideyalunmsinvesgnavnssunisvudsedng
gagu
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Characterization of External Stress Factors in Durian (Durlo zibethinus) ‘Monthong’
Seedlings Using Visible and Near-Infrared Spectroscopy Combined with Machine Learning
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UNAnEo

mAeiingusrasdiftofnmenudululilunsssgndldinainiddouas dossunsisaauninsalnd
(Visible and Near-infrared Spectroscopy: VIS-NIRS) saufiumatinnisitasiziesausznounan (Principal Component
Analysis: PCA) iiied1uundnuay ennsinioalufundmissuiumounesiifinnnmsuntiuaganasineims g
LHUNITNAABILUU Completely Randomized Design (CRD) mjwmaaummu 3 nssuis nssuisay 5 4
mﬂamauma n33usT 1 gesundmiSenilliilile (aanuaw) nesudsi 2 gadundindsudliilailie uas
N335 3 nmmmammuwiﬂmﬂmﬂa Tmsrmmsmwa;&amﬂﬂmumﬂiu 3 AWNUIVBIRUNA IS YUY T Tugas
vy (P1) Tugaanans (P2) uarlugasans (P3) mugfunsinAraudulufuuazaaaelsiiad dudunisyn 9 da
Gial,ﬁaal,ﬂuivamm 6 dUnm mam'ﬁmi’wﬁ PCA wud1 wAtlA VIS-NIRS @131309uunnauanuaeAun3enradiy
nénEsuiiAnanamgmsnauasaladesudisuiugamuay nande ﬂiimamuﬂm‘wLsauﬂmmmulm
58.04-74.72 Wasiius nssuAsFundmiFeuns1me1ms 50.46-73.50 Wedidud wagnssudsdundmidouviah
51.07-70.78 Wadidus Tnsiawiglutaendy 680-760 wiluims wemsinwiuandsifufeinenmusanata VIS-NIRS
Tunsiduesesiienlivianesegisdmiunsduunaninzaanedeslusund S suiiuansneiy

° o v

AEAsy: sundmisey, Anuesenvesiiv, Jadatandesdunsuseaninsalnd, nsinssiesrussnaunan

9

Abstract

This study aimed to investigate the feasibility of applying Visible and Near-infrared Spectroscopy
(VIS-NIRS) in combination with Principal Component Analysis (PCA) to classify stress conditions in ‘Monthong’
seedlings caused by water deficiency and nutrient deficiency. The experiment was conducted using
a Completely Randomized Design (CRD) with three treatments, each consisting of five replications: control
treatment seedlings receiving both water and fertilizer, (2) nutrient-deficient treatment seedlings receiving water
but no fertilizer and (3) water-deficient treatment seedlings receiving fertilizer but no water. Spectral data were
collected from three leaf positions: upper (P1), middle (P2) and lower (P3) leaves, alongside measurements of
soil moisture content and chlorophyll content. Data collection was performed weekly over six weeks. The PCA
results demonstrated that VIS-NIRS effectively differentiated stress conditions among durian seedlings caused
by water and nutrient deficiency compared to the control. The classification accuracy ranged from 58.04 to
74.72 percent for the control treatment, 50.46 to 73.54 percent for the nutrient-deficient treatment and 51.07
to 70.74 percent for the water-deficient treatment, particularly in the wavelength range of 680 to 760 nm. These
findings highlight the potential of VIS-NIRS as a non-destructive analytical tool for identifying physiological stress
in durian seedlings.

Keywords: Durian seedlings, Plant stress, Visible and Near-infrared Spectroscopy, Principal Component Analysis
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1. uni

W38 (Durio zibethinus) Wuvdlslufiwiasugiaiidfauessemelng uazannsadseennandndududud
nildlunguaaliive taednarandn l¥ud Fu desns uaznuiu AufwzdgnySeuluvssmdlnenszaseglunas
adaa lnglamzluniangiueen 1wy Junys sveed uazns1n uazaAld Wy Yuns seues 451ugsond way
uasATssansy Wl 2566 dufivgnyisouussmannnd 1 &wils weslinandnads 1,500 Alandusiels umanan
diou 1 ududu Anduyadinisdseanndt 140,000 duum [1] egalshnu HamdrdyiinunsnsyniauySeudos
w3y Ao MsusmsdansamesavesiuniFeuluuiagn §edsuansenusonsiayAulaua AN NYDINANER
Tnonss Suiuanmaddyresanugydeniaasugia valudunounsfuiewasvdminiuies 2] venanid
Fedawaliinumansdoundyduduyuilingsduannsuimsdanisuazauauiadedviliivinanueion
fannuieenvasiivanunsoifnduldanvanstlade Tnsuvseendutadeiiinanddi®in Biotic stress) 1wu Maszun
voslsalazusaingfiy uazdadeiAnea1nadlsiddin (Abiotic stress) L1 NM5U1AIHDIMNT AIALANYBIAL WazAoIds
10t [2] FalldemaddmansenulaonswiolasainauanssuiunmamsaiTing ety mnannsanmaitadouay
sryanvvesnuasealdegwiuguazsing Avzdreliausauimsinnisuvaslgnldegnfivszdninmuas
ammqugLﬁaﬁmmﬁmﬁuﬁ’uwawamlﬁ 3]

Tuafnnsnsiadiladuanieus ednvaganuaseavefistiunsnsialagldareniian (Visual diagnosis)
FaduBmsfiazmnuazdalitnes uidndudesenderiforvg uasfivdosuansornsinunafidaau Ssazanmnsa
LENLEZAMLLANARIAILAS BT inanTadsne 1 egnalsfnu FETenilfAadeiianainannnsitedeil
dfuararuiliusiugn (4] uenaind Ssdinsmnvinagisogaivluiesfoing Slvianuusudigeindt widedld
dunuiigauarsvogiialunisnsageuiiuig nsdslianuselifinsesiialussduuvacgnlduuuiiunia (real
time) 1Mndod1invasisnismmaidadouuudaiy Jagtuiinniumadadilaivhats daeesiy (Non-destructive
technique) lsntenTIImANILeSEATasiafaussyazi3udy Tasordunisiinszanauifimsnmenimuaziaiiveg
WY LY U Magnetic resonance imaging (MRI), Photo acoustic imaging, Tomography, Multispectral imaging,
Hyperspectral imaging wag Visible and near-infrared spectroscopy (VIS-NIRS) Farelanusofanunisiudsundas
asdusznoumaaiuastinmvasiivlussAugadldegiusiugn Mnwaiadanannuitnaia VISNRS lasuanuaula
unitga Weannanunsansiaianindsuulasuessiadng 519813 wazesAuszneumaaisuq luluiiy 4
ANNENTUSIVANIEANILASEAYDIIY [2]

wiatla VIS-NIRS Tdndnnisnisgandundanuveduanaansuseneuluiiv wu H-O, H-N, H-C uag C=0 Fadu
padUsznauTassBurIuasiuianai lasanunsonsnianiaisuamedasahaludedeiiy mudnisgadu
Lasfifgasmnuemeduane neufiivazuanseinisiaunfioensn [5-7] wWu msldinaia VISNIRS lunsasiadey
anmymsnaivesluits (Epipremnum Aureum) [8] warn15nTI9 AT Ur e kA AaelsTlad L umuRL T
[9] uanandimadia VIS-NIRS Ssgniinanldlunisviuessdusigenmsluiu wu Tnunaden eanesa uasduvdeing
fefnasomaivlavesiio [10] NuiTedTeilingussasdiiofnwarudululdlunsussyndldmatia VISNIRS $auffv
walansAlATIgisAlsznaunan (Principal Component Analysis: PCA) Lﬁaf\i’wLLuﬂﬂa;uﬂawuLﬂ%'amiuﬁuﬂé’mL%'sm
fusvneunesiiinaniladunieuen

2. 33n15AN

2.1 NMIAFTINAUNEMIFEUNUTNNDUNDY

wsudundmSeuiuduieunes 01y 8 1oy fiauysaluazlinuensiaund lifiuiausauaznisidiviae
yodlsAlariuas S1uu 15 du Tnedundrdanangnideduiiuiide lifimsmusuanmuinden wu gumgi Aruidy
yiFenasatng wiliiesaesanmuandonsiduulangniiognanauds neuiun@nuluuiuntmeasauuy Completely
Randomized Design (CRD) fiyanagoudiuau 3 ns5ud3 nssuisay 5 91 iflevhnsinenawnasuandundnSeusiug
LIVLERET
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N335 1 gasundmisouliilie (waiuau: TO)
ns3u337 2 gadundyiFoulidlalie (anasmems: T1)
n333339 3 gasundyFeulalliilie @eanah: T2)
nslvielusundmiFouieglunssudsilasude 1eniignsunadonlungm (15-0-0) Faduledidsin
Tulasaulugulunsawasuea@ounduesiuszneundn tngliluusunm 1.5 nfudedu vn 9 21 Ju aaeatan1snaaes
drumsliilunssudaalasui Snslihluuium 350 fadanstedu Tnadumsliuuuuiuiy Wesnwaruily
a‘tﬂ,ﬁaaﬂuszﬁuﬁmmzamiamiLﬂ%iglﬁuimaaﬁuﬂﬁﬂ

2.2 msiaranasuidilauasidesdunsise

Figure 1 yhnsaunuluresiundyFeua 3 nssds WefiuamauneiuiddauanieiBunsis fendos
AvaSpec-Pacto 4096CL, Avantes, The Netherlands (VIS-NIR spectrometer) @9g19ag 3 @LRUII09AY Ao TUTIUU
(P1) Tughanans (P2) warlugasans (P3) Tnsaunuluay 3 sumdsldun vialauly nansly wasUanelu andutiudin
awnniuasreufines AsouAquIzeziaan 35 Su soiiosdu 6 aft (0 7 14 21 28 uaw 35 Yu dusToLYAVIAGEY)
wouiatuiinnmdnuurnsdsuamesiundmidou Saaudulufusieiedes soll moisture meter uaz e
Unanaelsiadvadludeiaies SPAD-502 Plus

a) b)
Upper
Apical
Middle
Middle
Lower
Basal

Figure 1 Sampling positions at different stem level (a) and different leaf position (b)

2.3 Mylnseideya

foyaaunasugninndansdoswiudieismeadinmans fo Savitzky-Golay second derivative (SGD2) iile
Pgfulsguamvesanadulagtisauidugiufionainnisnszidanas (Light scattering) Foviliiannsaiiugagen
yosaUnn3 (Peaks) Aifmautu Snisdarelvianunsausnyaeeniideuiuiulddtu Tastadesg q manilfigniada
ponandeyaaunafinhliamnsatiofinussansamlunsinssiteyaiieduunngudnuas anuedonludund
1/1Sauﬁuﬁ:mawaqﬁLﬁmmﬂﬂaf{i’amauaﬂw'mi%‘mﬁLﬂiwﬁaaﬁﬂizﬂawé’ﬂ (Principal Component Analysis: PCA)
mslneitoyaiamalunAteignaniunisialénmm Python Tneflunudsisnmsduiiununaaowuasmslinsei
Han1IVAABIfsuandly Figure 2
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Experimental treatments (Treatment groups)
Treatment of control

Treatment for nutrient deficiency in seedlings

Treatment for water deficiency in seedlings

Physiological response

Image acquisition [r—— Visualization
SPAD value measurement
L 2
Sample preparation of durian Data recording
< = eriods
‘Monthong’ seedlings 3 ,
0 days
Spectral preprocessin
7 days Spectral data collection > P prep g
Savitzky-Golay second derivative (SGD2)
14 days
v
21 days
Fungi preparation 28 days
Phytophthora palmivora 35 days Stress clustering

]

Principal Component Analysis

(PCA)

Figure 2 The experimental design and flowchart of data analysis.

3. NaN1sANWILATNI5IT

3.1 nswAsunlasdnvusvasdundySsunieldaniszanueieaiiuandeiunaanszaziim 6 §Uaw

INMTTUANAMEUNIMTEURUTINBUNDS 818 8 LhDu fauanslu Figure 3 FausBunsNRa0sdUnid 0 fe
Faniii 5 (WO -ws) wuin fundmidsugamuauildsunsliiuasdeaiiave (10) linumsiasuulamesuuas
S1%u maeasvEzIamARDd 6 dUa dnfudundnssuis Tl lallie (T1) saesdumiiusnlamunsBeundas
voslukaradu uianusaSudunadivernisluvindnioedusdunii 4 Wuduld deandestusmsnuvesdiingu
RS LALAIAYRTLAYD IR [11] v didundlunsadsldlid e (12) ludndsuasasuduiieng
FaurdUnnin 2 uasuansennisluiisnauasuiimeegsdaauluduani -5 weilnsldliihdmwanssnusedundd
n3eunansonsiisnaiunsiwazmeluiian aenrdestunuiteves Koksal [12] Iinaiivdnathazdamal iy
il syl uariiagdatuinannsdsuuladulaseduazesddsznovreddy samnududuresding
VUIAVDITAE wazoIAUTENOULAZIATIAS 9D INTITad

Week
WO w1 w2 W3 w4 W5

Treatment

TO
T1

T2

Figure 3 Morphological changes in durian seedlings under different experimental conditions.
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3.2 mawAsuuUasnnudulufunaanstezinat 6 dUaivasudaznssuis

Figure 4 uansnaiUAsuutasasinuminiulufuresiundmidsunisldanioy aranasonduaneieiy
pReAszETIa 6 dUasi wuih nssisyamuauildsuthuasls (T0) uagnssudsillsihlalse (T1) uansrnautily
Aurpuinsnsitoglutag 18 - 20 Wedldud naeatasmannaes uandliiuhanmAuamsoinweuduldfidelds
iheghereiilos egdlsfimu AranutuluAuainnssuds T1 Suwlduanasussana 12 Weddud esnuiua
duvdeingluiuanas dwalilassadsesiudouatuaninnis dauiu Ssdmatensssuistuazmaasyivlaes
i [13] vausdinssudsdldliiuelils suiemudulufvanasedenninndlaniuen waenglu 4-5 dUai
AauduluAuanasdugud (T2) aseuliifufamsgyidisnnutuinmd dwaldfundmidsuiaauaionan
3Rt denndesiunuidoves afing uazany [14] Faldnandn mslshunfvaslitissduanutulufuegsswing
AruduvaUTENULA e ilszduanutulufuiivEeusiesnsedi 20-30 wWedifus

3.3 nsiAsuuUasdaaslsiadvasludundmizeuneldaninzaruieieafiuandnsiunaenszezina 6
dUak

NANNTNAABALARITINNTUABULUAYBIR AT SPAD (SPAD value) luludundwiseufdumiddurasuy
(Figure 5a) Tug9nans (Figure 5b) waglurasans (Figure 5¢) 31nN1MAABINNETAANIIZAMNLATEARII) WUIIATAT
foril SPAD wasluitinann 3 shumisvesiundyFeuvesyaniuny (T0) wagnsmdsiflsilalide (T1) fewi sPAD
55-70 pafinaeanisnaaes [15] vuefinssudsildlvidilve (12) dardwil SPAD 55 antuanasetwioiiiosus
FUanifl 1 uazanasegremanaluduaid 3 Buduly aulndrusludanid 5 Gsasiouliifuinnsnntdssaly
polsfladidouanmasodnennigs denndestuauifores wud uavans [16] fldndnianienisnntidsae
nsanasvaslsinanaelsiadvesdy

201

10 1

Soil Moisture Content

Week

Figure 4 Soil moisture dynamics under different experimental conditions.
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Figure 5 Temporal changes in SPAD value in durian seedling leaves under different leaf positions over six
weeks: (a) upper leaf (P1), (b) middle leaf (P2) and (c) lower leaf (P3).

3.4 n1snunanvazaAsealagldmalianisiiasigiasdusznaunan (Principal Component
Analysis: PCA)

NNTIATIEBIAUTENBUNAN (PCA) Yasdunamiseungld 3 n3suds wudrlanuuansiisegnsdaiay
sprisundySeuaeunu (T0) fundnSeunnunsigeng (T1) uasdundnSeugaumi (T2) Faelmiiunis
ma‘uauaamaa%ﬁmawaafﬁuﬂﬁmSauﬁiammm‘%amﬁLLmﬂGiwaﬁ’uiué’ﬂmwﬁﬁiwqﬁ] Figure 6 WAAILKNUAIW Score plot lay
Loading plot 11nN133LAT WioeAUsENaUNAN (PCA) dwsuyadeyaaiunnsuvadlugisuu (P1) #an153ATIzvinud
a3 ﬂiimﬁmmmaﬁmammLLUiUi'gumawamlmmﬂﬂm 55% Tupsdsznoundniinia (PC1) dmiussdusznou
wdniiaes (PC2) Faddndrun1seursnnuulsusinsesaanain PC1 Fadunuinlunisuanidnyuganuuanmig
aAnseningasiainafiudog viesenindundninevausssenuaienlussduiiansiu agaslsinnm
yamunAx (T0) 1unssudfifierfisuuuunsnszanedivesdt Score luanmnsaduunauuandawssdayaiiviinis
naaesluusazdamiliegnadaau (Figure 6a) FaudumsuansfensidundmiFoulildsunianedonla 9 Fadunamn
Mnmsfisundmiseuldsuiuassnemssthadivme sililasaiduiaressusenouresnaslsfiadnail aenndas
FURANITMAADIYEY 1dUA Lazane [16] wuirTinaaaslsiiad 1o wazaaelsflad 0 vedludniasiidolaldfy
AreASEAINanIENsInt TuraefinssuiSnuinsinens (T1) uassnsnszaneiesioyaiivd unasi3udiu
wunltuanuwanaaiuludUamiens 9 (Figure 6b) Safunaannsisuuladlussdusznaumeaisingvedlu dewa
Trinsgandunanuisuuiadly [2] warludiuvesnimmaaesannanidsynuimi (T2) fnsusnnguvestoyassnaindu
#ogedniau (Figure 60) uandliidivinnisnathvesfundmiFeudmansenudessdussnouneluredluagnazunss
[17] 990 Loading plot @1115afiansain PC1 FaaSurearuwdsusiuléunnnit 55% W‘Ud’]ﬂdaqﬂﬁuLLaqﬁﬁéwﬁwaqma
nMsduundnuvazanueisavesiundmizeulasiinaniadefindndieiu amsadaunafanuuandisesag peak
Ismgnetaiau Tuts 680 nm uduly Fadursnduiieadestunisgandunawesnaslsiiad 1o uazaaslsilad O [2]
Wonani T29Adusenadiduiud fuUsuatwarinsiadreneluly (18] WeRarsan Loading plot Wa 3 WU
A1 Loading w83 PC1 Iuﬂ;m‘mmf”n (T2) fdnvasdeaunaduiiuansiaan ns5ads T0 way T1 Fedansinmslhifugu
ndmi3eu aruuanensdd i msgyidsdluluuasnisdsuniamaasinewedlugundmidsududade
Adanansznuag1sguLIsiian (Figure 6d-H
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Figure 6 PCA Score plot (a-c) and Loading plot (d-f) of Vis-NIRS spectral data from upper leaves (P1) under
different treatments: (a, d) control (T0), (b, e) nutrient deficiency (T1) and (c, f) water deficiency (T2).

Figure 7 WARSLHUAIN Score plot War Loading plot MNMTAATIwiBsAUsENaUMEn (PCA) dvsuyndeya
283lUY39Na14 (P2) Tngnani153LAT1gyinudn PCL ag PC2 a@1315005U18A18LUSUTIUY0deyasauiuni 70%
Tuduvesyamuau (T0) (Figure 7a) Wuinsnszanesvess Score lilfinsuvueniidaaussninaddanisng q uans
Tidtuidundmiseuilésuiuarsmoimssgrafismeliinmaudsuuamaaising uansiseuauysoives
asrUsznausIninguaslasiasisvaslu [16] Faaanndeaiu Loading plot (Figure 7d) fiwansliifiuingisninueiadui
fi3viswagesie PC1 Aevas 680 nm Wusuly Faduuinaiifeidestunisgandunasesnaslsiiaduaslnssaiievesly
2) luvnugfinssiiBapuinsige1ms (T1) (Figure 7b) finanssanesfavesen Score fiiiutudlaifoutugnniunuuazidu
wWinwwilduvesnisuenngudeyaluunazduaiy a1n Loading plot (Figure 7e) Wmﬁﬂhmguﬁﬁé‘w%waqqm PC1
osananuessaansne s gy Turas 680-760 nm dadurasiidanuduiusiuninddsuulasmes
paelsiladiiinanlassadiavadly [18] uaznssuisypiah (T2) (Figure 7¢) wuirdoyaansautnguesnaniuls
ognednLauluusiazduani SauansrsnniansaiBunaauay (T0) wagnssuiByainsinems (T1) Slfuinnisuimi
dsnasoosdusznaumeluveslusgaiidodfua uussiian [17] Gadenndesiu Loading plot (Figure 7f) wandliiiiu
ees PC1 Tugavintunnsnsangannassduegtedna Tutaa 680 nm uag 740 nm mssduuinniiiedes
TnensstunisgandunaswesnaelsiiaduagnaiudsundamesUimanilulu Sauansdsnsgydodlusadivuas
HansenuanNsUanluvesdundmiseu [16]

Figure 8 WanINAN1TIATIZVIBIAUTENBUNAN (PCA) v0sdayaaiunaTuainluyaeans (P3) lnsusenaunay
Score plot (a-¢) wag Loading plot (d-) Fanan1siasginuin PCL ?I”IiJ’]iOEJ%‘U”IEJF’YJ’]EJLLﬂiUi’JuﬂJ@ﬂ%ﬁJﬁJﬂﬁiﬁu’mﬂ’j’]
65% lunnn3sads du PC2 FsaBunmnuiysUsIuTeaIN PC1 ANNN5ARARIENWAIZIaNEUNSUSEANTVINTNB VAL
sorIATERINILarsIneMTIuL e wieidndiunsesuneteyatennd us PC2 fuuluasiounis
Wasuwasluneazidenvedasanduniedadmeluiienaliuinan PC1 nglunssdSyaniuau (T0) (Figure 8a)
WUIININIEAEAIVIAT Score TmnudouriuiuseninedUan viluldanunsousnanuwansald snzaundmniseu
Tunguilildsuanuinioameaisineniidsuasieasduszneuneluly iesnldsuihuassnemsegauiivme v
ﬂiiM’Jﬁ‘Uﬂ‘Umﬁ’mmWﬁ (T1) (Figure 8b) WUIIN1TNTLAYFIUVBIA Score 3JLLuﬂumimLammmLLmﬂmﬁumwaUm‘m
N LﬂmmﬂﬂmammmsmﬂauumLUaUuLL‘Uaﬂ‘U FsazvioufamansznuYeINTVINE eI TIdsHare AT M
aAvinenedluity (2] Swaeandesiurmiduves Siva et al. [19] WU IseuSosianadmaseaUnm NN
figeilutaa 680-760 wiluns warlunssuIdyamath (T2) (Figure 8c) Msnszaesvestoyauandiiifiunisusnnguil
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Figure 7 PCA Score plot (a-c) and Loading plot (d-f) of Vis-NIRS spectral data from middle leaves (P2) under
different treatments: (a, d) control (T0), (b, e) nutrient deficiency (T1) and (c, f) water deficiency (T2).
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Figure 8 PCA Score plot (a-¢) and Loading plot (d-f) of Vis-NIRS spectral data from lower leaves (P3) under
different treatments: (a, d) control (T0), (b, e) nutrient deficiency (T1) and (c, f) water deficiency (T2).
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PnuanIINAaeansiliuIINTIngideyaanasudiemada Vis-NIR spectroscopy ddnenimlunis
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Abstract

This article presents the development of a digital form management system for the employee training
request process. The system is implemented as a web application and utilizes a database to store various types
of information. The approval process is designed to align with the existing workflow. Users can submit requests
through the system by filling out the necessary information, after which the system sends email notifications to
approvers, requesters, and relevant stakeholders. For users, a dashboard is designed to display the status of
their related requests, allowing for easy tracking. Approvers are provided with a view that lists training requests
along with detailed information to support their approval decisions. Testing results indicate that users in different
roles find the system convenient for monitoring the process. It significantly reduces redundant steps in
the approval workflow and shortens the overall approval time. Furthermore, the system improves data storage

and retrieval efficiency, helps reduce costs, and enhances transparency in document management.

Keywords: Web application, Database, Requester, Stakeholders, Approver
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Figure 1 Overview Digital Form Management System

2.1 n1999nLLUU Use Case Diagram
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1. fiudn¥es (Requester) anansadudnfesuuueysifuaznenunanisousuls

2. {ildus7u (Stakeholders) aunsasunsmunisiidrusiudiovsulukuuiosuassenunaniseusule

3. JeuliiuuuAes (Approver) anunsafiansandiesuveydfnasyseliunanisousula

4. flguaseuy (Admin) ﬁwﬁwﬁiumﬁmmi%wémm@% (Manage User Permissions) Wielnnsiauwesszuy
fiaenuvaendowaziduszieu
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Figure 2 Use Case Diagram
2.2 N1392NLUY Sitemap Diagram
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Figure 3 Sitemap Diagram

Tuguil 3 uandlassaromiiulsdvesseuy wadumiunasing 9 wasidunsnsidifsusazmtiimaiels
fdnuutarunumdfademmunislénuvesmuedddarainiseandoadeil
1. wihvFemafigldnunnunudnddls S
1.1 wih login dw3ugldauiidesnsiingssuudnnisuuuesuia
1.2 i dashboard uanastensfigldanugesdnns wu s1ensdiosing 9 uaznsuduieu Tnewy
wamssrensiiddaliugliiiieliinnisuazmsraauaniuzussianissine ldegresinga
2. wﬁm’%aLwaﬁm%ﬁﬁuﬁﬁmLLaxﬁﬁdwéw (Requester / Stakeholders) fifsil
2.1 wih emsveeydiidneusy Idmiuuanimenisifesooydfidnousimunvesdld wiowuis
wansanuzvesinfostiazs oMl ldamsofnmmanuzuassduntsmuduneunseyiRlduasidndmii
Wuf3oaareaziBenddold Suthees 2 wi 1éun
2.1.1 wih Wiuddes Mdmiunsendeyadifesiideans
2.1.2 wih MeaziBeamies lidmiugeaziBunuazaniuziiesdifldaunsenidnszuu

Y
]

22w funsumsidiusin Wdwmsuwansnenisasesiaaaigldddausulunsaniunis uas

@

wansanugveIenIfna e g ldanunsafanudfesiinuddiusuladewazdaau anglunthilamnsadifs
Tavdeadnfodld Inthdeshe nihswazidendios lddmiugeazidenuaraniuzvesmfomgldnuidmsula

121



N13UTEYNIYINNTILAUYIA IAMBEST ARl 10
O
The 10" National Conference on Informatics, Agriculture, IAHBEST

Management, Business Administration, Engineering, Science and Technology

2.3 wih eaunaidtouss Wuansnenisuuunesnunsidreusiimuaiigldaunsendrszuy niey
Fauansanuzvasuu sl liienuuazsuiunsuuunenuldazain lunhdsdifmidosdsil
231 wih vhuvunenu MWnsendeyauuunenuveslindminausuaioundy
232 wih Mwandeanuunenu ldgeasiBenuazanusuuusenuuegly
3. vtwiseunadmIugesia (Approvers) fieveil
3.1 wih 91en15veouA Miansmenisiiesiigldnudu q dwndeliildfnsauazeysd wiouks
uansanuEveIarTens TumihdasnsodhdothneasBesmiesdiiiningesfio nih :eaniBeadies 1dmiug
UALIBUALAZANIUZAITITIINITAE
3.2 i Memsvevsziiu luanisenismenumstssiduigliesdniuns fadunenuiildaudu
q denliimsuszdu ndeutuansanuzvsusarensiioauazmnlunisinag Tunidaunsadidomi
eaziBeanuussald futhdes Ao nihvasBeauuunenu egsuaziduauazaniuziuunonuvesily
4. wivdeimadmiugguastuy (Admin) sgiint Sansansgld dwsuléidanslunisdnnisansves
fdnuszuu drelifliansamununisdifuasdnivesldaudu q nmelussuu

2.3 nseanuuugudaya

MndunounshauresssuuIanisesuRdviaiade 2.1 faavildoenuuugiudeya (6] dwsutiuiindoya
fi19 9 MieafunuusfesuazuuuTsiaLn 4 p13a Tiud masteyadlieu mssdoyayaansnigluuio
ps1edoyauUmiasenUTL WarmTeeyauUUTBNULAs LYY TeasBondell

2.3.1 msedayagldeu (User Collection)

User
id Objectld
email String
name String
position String
employee_id String
department String
role String
level String history
section String name String
history Array »{ action String
notseen Boolean datetime String

Figure 4 ER diagram of user collection

Tu3UT 4 uansunuia ER Diagram v84 User Collection Zsdmifiunasudindeyavionua 2 n1513 Ao
1. User Wumsnaivdeyaseasideaveld duluntdnonunasildnunegluuiem
2. History {umsnauengesainmsne User Tdiudseifuuumiomiowuunenunglifidimsu
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2.3.2 medeyayaainsnigluuism (Organization Collection)

Organization head member
_id Objectld name String name String
name String position String position String
head Object » email String email String
member Object employeeid String employeeid String
affiliation String level String level String
userid String userid String

Figure 5 ER diagram of organization collection

Tuguil 5 uanaunuis ER Diagram ¥84 Collection Organization Fsifiudeyaglifiduniinnuniely
U3 Tnedautuuastuiindeyaiomn 3 ansna fedl

1. Organization Wumaufiusedermiuazaindnvesdinuy

2. Head \umsufivdeyaseazidunvesimingueu

3. Member Wumsaiudeyaneasideavesaudnlunguaiu

2.3.3 asnedoyauuun3asvaausy (Training Form Collection)

Training_Form stakeholders member
_id Objectld —» member String  —— id String
idiorm String isfullyapproved String employeeid String
nameform String name String
approver
datesubmizs String . = level String
member String ——
requester_id String . . position String
— isfullyapproved String
requester_name String email String
approvalorder IntG4
requester_section String acknowledged Eoolean
i information
requester_department String
_ member
. X course String
requester_position String _ _
) i id String
i location String
latestupdate String .
i name String
. —» datestart String
issendrepoeted Eoolean . .
. position String
. dateend String
active Boolean L | emai strin
. objective String g
stakeholders Object — .
approved String
approver Object — budget . .
opinion String
information Object — received Double
budget Object — remaining Double
registration Double
room Double
—» transportation Double
allowance Double
other Double
total Double

Figure 6 ER diagram of training form collection
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2.3.4 psnedeyauuuneaunasiuulsadiy (Training Survey Collection)

information Training_Surey evaluatorieedback
course String _id Objectld keycontent String
location String idform String matchesobjectives String
datestart String [ nameform String remaining String
dateend String trainingform_id String course_result String
dateend String datesubmiss String COUrse_reason String
objective String evaluationstatus String —» lecturer_result String
latestupdate String lecturer_reason String
reporter
_ reporter_id String document_result String
name String
. . evaluator_id String document_reason String
position String [%—|
. . section String service_result String
email String
. department String service_reason String
level String
isrepoeted Eoolean selectedOptions Array
evaluator .
isevaluated Boolean
_ evaluatorieedback
name String .
active Boolean . -
- ) objective String
position String [ .
survey Object — . )
. . costEffectiveness String
email String .
evaluatorieedback Object » .
. workBenefit String
level String . . .
— information Object o i )
objectiveAlignment String
— reporter Object . .
futureRecommendation String
— evaluator Object R .
reasonfutureRecommendation String
additionalcomments String

Figure 7 ER diagram of training survey collection
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2. Survey \Jumsegesves Training_Survey TdAuteyanadrsaainnisilneusy

3. Evaluatorfeedback LUun13519608v89 Training Survey lddmsuiiudeiauounuzaing Uszidiu
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4. Information tJumsnsdesves Training_Survey I%Lﬁ‘usﬁa;ﬂamﬁﬂﬂamu

5. Reporter {un1313ga8ved Training_Survey ldiiudayavesdsisnunisilneusy

6. Evaluator {umsneges Training_Survey Tiiudayavesdusuifiun1sineusy
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3.2 msnagdauldaussuu

lunmsveaeuszuudaniaesuRiviaruiuladdgdavildvienans (UAT) (5] sifuiisluununiionun 3 au
LaTANUNLNEN 2 A WlenadeunTTILTesTTUU Tnevaaaunsldnuvesdiunigg fansed 1 Ussneusieiade
AMsnegEeu 15 Wit loua nsnageunisidanuiuled uaznismageunsudadounudwanseneluivled aannns
nadousTUUasavaldmuiseniuy (Working) \usiu

Table 1 User Acceptance Test

ID Test Topics Output
1 Website Login Working
2 Verify access upon successful and unsuccessful login Working
3 Add training request form Working
4 Check email (in the role of a stakeholder in the request form) Working
5 Check status and view my request information Working
6 Acknowledge in the request form Working
7 All stakeholders have acknowledged the request Working
8 Review the request form Working
9 Send report form to stakeholders Working
10 Complete Training Report Form Working
11 Review evaluation form Working
12 Notification Website Working
13 Check email Working
14 Information on the profile page Working
15 Manage user permissions Working

4. a3d

s szuvianiswesuAdvian i iuueundinduaunsavhauldegegndesauysalnunszuiunis
ousIvesminuLUUIRAlT U ensEany GedalvidldnuudasUssiananansofun Ganm wagdszifiuenansle
ogsazmingangy madildnuamnsadldnunmngunsallasiendudngssuy venvniibumsanemudrdeuly
nszvrumseuiiRvilvimsfinnsanoudfdarumindufiunnniy werandunuannUimaenasld

5. infinssuusznA

VBUBUAN UTHN avisenafadudans 91in (W) Nueulemailasinuaniafinuswiuuiem naeniu
nsaeanuntunsiaukargunsallun1sufifen wasnstiewdovesminnunuinuluyn 4 auniilviauen

6. 1ONEN581999

[1] umAananieaiu mafaundneninyaains. Whidldan : uled
https://www.humansoft.co.th/th/blog/potential-development (Whiladle 13 wwe 2568).
(2] unaaREaiu Azure AB. Widsldann: Vvl https://learn.microsoft.com/en-us/azure/app-

service/configure-authentication-provider-aad?tabs=workforce-configuration (L%’ﬂﬁdlﬁla 10 waAu 2567).
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(3] AR Next.js LUdalaain: iulad https://www.chaiyohosting.com/nextjs-hosting.ntml
(Wnadle 07 Aueneu 2567).

(4] unAIiEaiu MongoDB Lindalaann: Aulae https://appmaster.io/th/blog/mongodb-khuue-aair
(Wniadle 07 fueneu 2567).

[5] unaanieaiiu User Acceptance Testing (UAT). iindslaann - Liulad https:/swiftlet.co.th/what-is-uat/
(hdade 13 wweu 2568).

v

[6] Tona 1Beuds9d. 2558. seuuguleya (Database Systems) atuusulsaLiianiy ANATIN 1.
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Team Member Work Tracking System

Fyad wdgyiiod! uaz saRns audfuda”

Chatchawan Kwanmuang! and Rattikorn Sombutkaew®"
Iadnimnssumans aantuwelldadnszaenndndinummsaianse s Inenangunsiunsgaudng Smingumns yuns

!Bachelor of Engineering, King Mongkut's Institute of Technology Ladkrabang Prince of Chumphon Campus
*Corresponding author: Rattikorn Sombutkaew, e-mail address: rattikorn.so@kmitl.ac.th

LEED

unaui diaueszuuAaniueudivivandniia Misncentive Ingaeniuuszuudlsn1vilnseu
Usgnause 4 daunsviemdn liud (1) mssunaziidindeyaggiudona (2) msdsdeyaangudoyaifioldlunns
udaifouhuueundindulay (3) mavihanuazenauas dnguiuutoyalimnzan uay (4) MIuanININTILTRI UYL
seAufiuLazdyAnaRuLATURSA MiauvessruuENdufmensldawlnseuluniseuteyaanlididniva
Asmnsould uazthiddggudoya SQL Server lussminsnszuiumstidhssuvasyhmsSsuiisunanimundsny
sewindeyanafiivlugudeyatudeyanariigniiadiulmianlwdidnea manuauaaiaedouaziinisuds
Wouludueundindulatinguvesimiinuiionsasouaimgnadsundas mndussuuasldnwilnsoufisdoya
Mnngruteyaiosidunisudadeuaniuzau 6 suuuusiulay Wi nuileeivunds suiidesdsmeluiu nuiides
dsmelu 3 Yudhmih swdiaedmuansudiduns swiideimuaEudiiuns wasauiideasuduiunsaely
3 $u wenanilssuumunsaiinnesiteyanngudeyauazademssasudeyavosyaains weluldlumsads
MENUAMTIYRsULATUTEAVE e IyAIIN TuazALH ULASBsile Power B

ANAIARY: ITUURAANLNY, NTHALADUI, MITRauAUEIAYYeIIY, SQL Server, Power Bl

Abstract

This article presents a task tracking system for MIS-Incentive team members, designed using Python and
comprising four main functional components: (1) data reading and database import, (2) data retrieval from
the database for Line application notifications, (3) data cleaning and formatting, and (4) task overview
visualization at both team and individual levels via a dashboard. The system's operation begins with Python
reading data from prepared Excel files and importing it into an SQL Server database. During the import process,
the system compares task due dates between the database's stored time data and the newly imported Excel
file data. If discrepancies are found, notifications are sent to the team leader's Line group for investigation.
Subsequently, the system utilizes Python to retrieve data from the database and trigger six types of task status
notifications via Line: overdue tasks, tasks due today, tasks due within the next three days, overdue task
initiation, tasks due for initiation today, and tasks due for initiation within the next three days. Additionally,
the system analyzes database information and generates personnel summary tables for creating task overviews

and individual performance reports through Power BI.

Keywords: Task tracking system, Task notification, Task prioritization, SQL Server, Power Bl
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1. Unin

U3 Sufinde S () uuieniliuimsaudeiinadousnidulssfunasuoniiysyfusois
ooulatuazeellay Fsiivdnadoyaduumnidosdanisluusias fuuazld Due date i Tuimundsnuuinasily
nsUszifiuanudniavesnuidnduniaadad unuiivuanaimiely dwaliununuimsuazdanisdoya
(Management Information System) $udufesissuufianunsauimsnaiwasfinauenldegediuseansain [1]
JagUuminauluity Incentive 135 Tuiindoyanululudidnia (Excel) uonduwazimihazinnmsiengauanlig
vesusazAuLiionIveuNudsenvdsraliiinauardn innnufianaia uazninauulsaustavasduuilasy
soumnglfifosnnlifinmsuiuioudeyasslsiiieatumuasanontiaaiheu uenanidwinaussdugs (Senion)
falaianunsafamuuazUszifiunanisinuveantinauseAuufiRnng (Execution) léegnaii
NNMIANIANaTiNeTL Incentive lalldauenduasidegudilusioanain 1wu Trello w3e Click Up lunnsamia
nshaumszmniudeansldauiisidunmsihnuiiewiensiiuanudesnsindudesdnofufiudieldau
laidumantunaraziilsidusuililaldnunuegieinilifesieiunnniaiudeinsaimesii
sruufamunuresandnlufivdgnimutuiedisiansteyauarinnunulviiuszansamaniu lasgneaniuy
Tinssronudosnisuasiianumnzansonsldauresiiulneians dasesfunstauniiuindstuluouan ne
ansandadountinausiuweundiadulail (LINE) wasdiglintnanusedugeanunsafnnuausaglinnugiemiold
Tursfidefnuadvieduimunds warglininnuannsadadsuenuddyvesnulazuImsaildegnsiun
84 [2-8]

2. 35n15ANW

slu%gumauLLiﬂﬁﬁ'mﬁﬂﬁaaﬂLme‘Wﬁ’mmﬁﬁwmumaﬂﬂmﬂﬁuLﬁari’muﬂﬂixmumiﬁ’muim&muaa'w%’mﬁ]u
nduAnweudululalunisidindestiouavduasuvedldnfimnzeay elkssuvannsavauldmuitesnuuuls
ndsantu giavagduiunadeulndnindiniunszuaumehausine Tnsutseenifudiugen q nieuiashns
NAADUNITVINUVDILAAZ AU Lﬁam’maawauLWLLazm’mQﬂéfmﬁuaaswu Lﬁaﬂqﬂd’mlé’%’umiﬁwmLLawmaaULLéh
sgnsmfuiennaeunsnNuLUUATUINS WensiaasuteRanaiauazusulsslissuuvinaldogsanysal [2-8)

2.1 NMNSINVBITTUURAMNITUVEIN TN UL

o =¢

mﬂmimmaa‘umsamaLLauma‘luiawmaamﬂﬂmmaeﬂuﬂa Ui {3nv3elapenhuunIngInvesssuy
ammmmummam%ﬂlummgﬂw 1

Excel Files Work Python Database Power BI
Task nformutlorg Complete Data
Due date Power BI
s tch
File user 1...N mismatc
Due date Status = Domg
mismatch

Excel Files Work

o _ A

Stotus = Domg Task data

not found

Line Python Python File user 1...N

Figure 1 Overview Team Member Work Tracking System
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szuufnmuuesannagluiinldlnseu (Python) Tuniserudeyainlng Excel Work uagtuiings
§1uT9Ya (Database) MMNUUFITaLANBLIUFDUNIY Line Notify SIUTIIATIENANUANAIIYBITDNAUALINUNYIA
Tuiiiaadlld Excel uagldtoyaangrutoyalunisasisunyuesn (Dashboard) meldsunsu Power Bl {iiafnn1ua1u

YasauInnelufy [2-8]

2.2 nMseenuuugudaya (Database)

Tutumeumsesnuuugudeyaiisldlunisiivfeyaiiiestouiu 5 MU 2 Iseazidendsil (6]

Tasklist_Incentive Tasklist_Incentive_FullDataEmp
varchar| No PK varchar| No PK Dashboard Smartcare
varchar| Type varchar| Smaricare FK varchar| Ticketid PK
varchar| Task varchar| Task varchar| Description
varchar| Due_Date varchar| Due_Date varchar| AccepfTask_By
varchar| Status varchar| Status varchar| AcceptTask_Name
varchar| Owner FK varchar| Owner FK varchar| AccepiTask_TEAM
varchar| Plan_Start_Date varchar| Plan_Start_Date varchar| CreateDate
varchar| Plan_End_Date varchar| Plan_End_Date
varchar| Remark varchar| Remark N .
Tasklist_Incentive Smartcare

varchar| Time varchar| Time

varchar| Ticketid PR p—
varchar| Percent varchar| Percent —

varchar| Description
date Work_Completed date ‘Work_Completed

- - varchar| AccepiTask_By

date Modified_Date date Modified_Date

varchar| AccepiTask_Name
date Stari_Record_Date date Start_Record_Date

varchar| AccepiTask_TEAM

varchar| EMPID FK
varchar| CreateDate
Tasklist_emp_mis varchar| fname_eng

varchar| EMPID PK varchar| Iname_eng
varchar| fname varchar| USE_EMAIL
varchar| Iname varchar| nickname_eng

varchar| fname_eng

varchar| Iname_eng

varchar| departmentdesc

varchar| departmentdesc_eng

varchar| empst
varchar| USR_EMAIL

varchar| nickname_eng

Figure 2 ER-Diagram of Team Member Work Tracking System

2 v a a . . v o Y- | A w o = s
1. mivdeyauvesan@nludiy (Tasklist Incentive) Tddmsuiiutoyaduaieg Andnanuduiinluld
Excel
< v o . . ¥ o Y- ' Y @ = T
2. marfiutayadldeu (Tasklist_emp_mis) Iddmsuiiuteyadiudimidnauneluiin wu Yo-ana uaz
AUNUIYDINTNUY
3. psnunudeyanuigniiudeyaan@nlufiuidiun (Tasklist_Incentive_FullDataEmp) ldmiuifivdoyai
AnnnisTauiuszrinsdeyanuwastoyaduduilidunseiifianuauysal
4. msrafivdeyaduyin Smartcare viamuATBIUHUN (Dashboard Smartcare) lddmsuiivdoyaiuyin
Smartcare @3fiunaun Mdunuuenmioanuihiivanfisuraveulnd
5. maufudeyanuein Smartcare Manuavesiiu (Tasklist_Incentive_Smartcare) lddmiuifivtoyaves
NuiiannmMaseuudri Nudutuliladeglulng Excel vilideyaliinsudiu ssgniiudeyatiudiu
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2.3 N159NLUUNLI91897U (Power BI Dashboard)

o

Tutumeumsesnuuuniisenuianseyaweniu 17 dw luguil 3-6 Ivwaziduadail (8]

Dashboards Incentive Tracking Works

Figure 3 Report Components (Overview 1-5)
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- Overdue fie MufiAufuAdINUvosaIndnnelufi

- Due 3 Lastday Aeviilndarisfurmusdenudn 3 Ju
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Ovarvidw of funning Ftatul Sver the ladt 14 diyi Task Submission Overview
Tk Shates .

== =

T 0 @

pechicha § 12 ! O EEE——

Someiinh 13 L] O L] =

UniknewDate DateModified
. R
Coming Soon
rapadis V
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Figure 4 Report Components (Overview 6 - 9)
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6. @7l 6 Overview of running status over the last 14 days fio daufildlunisueniadiuiueu
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- Username o Fovasniinaunieludiy
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- Overdue f® @uyUavLATan 1WuMU New uay 471 Doing

¥
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- %Workload @8 auaaue 14 Yutraminleglulafaisuinfeiuesls wu Julldudiansnaviuiu

Famsidutun 1 lneazdunanduiuseiu
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=]

7. @il 7 Over View Per Week fio @nuzfivsuanaenisvinaunisluduamidug lagliaulainiul
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8. @17 8 Task Submission Overview f® @n1Ur899 U7 Overdue WIBLAAMIAUA Lay Due soon
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Figure 5 Report Components (Personal View 10 — 13)
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Figure 6 Report Components (Personal View 14 - 17)
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Table 1 Database data entry testing

Test No. Condition Result Accuracy
1 Job description contains 50 characters Success Correct
2 Job description contains 100 characters Success Correct
3 Special characters such as @, -, and + are included Success Correct
4 Due date field is left blank Success Correct
5 Includes unsupported special characters Failed Incorrect

3.2 nsasiasauRaulimsiiudayalvivazuiuledayalugudoya

Wunisveaeuiiedsziduainugndesvainszurunisiinteyalvi (Insert) waznisusulysdoyandey

(Update) nmelugiudoya inawilunisasiadeunisieguesdeyavzinnsananaluilad 'No' Fulusiadrsduany
dwsudwunuresyransuiazse tngdnvssusnvessianinaiarliseygujiRnuauseasiBealuni 2

Table 2 Database insert and update condition checks.

Test No. Test Description Result Accuracy
1 Test case where No = BO1 already exists in the database Data updated Correct
2 Test case where No = B101 does not exist in the database New data inserted  Correct
3 Test case where No = M01 already exists in the database Data updated Correct
4 Test case where No = M11 does not exist in the database New data inserted  Correct

3.3 mnagavlunsdidoyasauzildsudu Done Tnefimstuiinuuaziaan

Table 3 Testing scenarios where the status changes to "Done," including date and time logging.

Test No. Test Description Result Accuracy
1 Status changed from "New" to "Done" Value saved successfully Correct
2 Status changed from "Doing" to "Done" Value saved successfully Correct
3 Status changed from "New" to "Doing" No value saved Correct
4 Status changed from "Pending" to "Done" Value saved successfully Correct
5 Status changed from "Doing" to "Pending” No value saved Correct

Junsneaeunisiiudayaiuiivhanuaialupedui Work Completed lunnsnedoya Tasklist_Incentive #1n
dn1uz”New” “Doing” “Pending”fin"siuasuudandu Done wislideyaninuauysalundsdumuiildoenuwuulids
P15 3

3.4 nsnedauniswIsiauladiilalinnsilasundasniviuadudenu
Wunisneaeunisudaieulatdislimsuianisasuslasmivuaiudsnulussuu 1nen159599a0u9n Due

date i Tuinupdsnulugiudeyade 2024-07-01 Insiasuwdasninandiiuiiviidu 2024-07-15 Aagdn1suds

WWauNSiURsUWUALRaR15199 4
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Table 4 Line notification test for changes in assignment due dates
Test No. Test Description Result Accuracy
1 Due date changed from nan to 2024-07-01 No LINE notification sent  Correct
2 Due date remained unchanged at 2024-07-21 LINE notification sent Correct
3 Due date changed from 2024-07-21 to 2024-08-15 LINE notification sent Correct
4 Due date changed from 2024-07-01 to Unknown Date  LINE notification sent Correct

3.5 ASNATIUNITHIILADUANTULITUAG)

Junsmegeunisudasieuladfivaniuzresuiimdsiniunisey lnenisnsisaeuain
MyundIvTads fwm131ei 5

Table 5 Testing of notifications for various work statuses

Due date 3lnans

Test No. Test Description Result Accuracy
1 Task status is "New" Notification sent Correct
2 Task status is "Doing" Notification sent Correct
3 Task status is "Done" No notification sent Correct
a4 Task status is "Pending" No notification sent Correct
5 Task status is "UAT" No notification sent Correct
3.6 msmaaumim’]’qLﬁauamumﬂuﬁﬁﬂﬁaﬁﬁLﬁummaxmuimj
Table 6 Testing notifications for in-progress and new tasks
Test No.  Test Description Result Accuracy
1 Task status is "New" and start date was due 30 days ago Notification sent Correct
2 Task status is "New" and start date is in 3 days Notification sent Correct
3 Task status is "New" and today is the start date Notification sent Correct
4 Task status is "Doing" and due date was 35 days ago Notification sent Correct
5 Task status is "Doing" and due date is in 3 days Notification sent Correct
6 Task status is "Doing" and today is the due date Notification sent Correct
7 Task status is "New" and start date is in 5 days No notification sent  Correct
8 Task status is "Doing" and due date is in 5 days No notification sent  Correct

Junsveaeunisudafieuladiivaniugvesnuinnunuazisusniiunis lnen1snsisdeuainDue date 1lnd
fafufimupdenugy R muedanuiui 2024-07-12 wazutlagtufefouil 2024-07-10 Aezdinsudaioulatiay

M339a0UN Plan starts 1MNAATUSTUYIOWYY TUMT1MRSNINUAD 2024-08-11kagTulagUuAenaiud

2024-08-1 faglifinsudafounzlieglunmsesnuuuvesszuy Afilduanalilunisned 6
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3.7 maassunIuiiisulavsiiavesiuiiiededirgudeya

\Junsmaaeunisnsaaeudeyaiisuananmseiigaiiindeyalulnd Excel thldFsuisuiuamsai
foyavasuin Inglimnsiavresnuiulumansasy udminduardsoyadluiiulilummesnuiiddlid e
ihlulflunsnssaounuilianysel fansei 7

Table 7 Testing the comparison of task IDs for database entry.

Test No. Test Description Result Accuracy
1 Job code is $23019825, which already exists in the database  No data inserted Correct
2 Job code is 524011235, which does not exist in the database New data inserted  Correct
4. a3y

NMTBBNUUUUAETRILTEUUAAMLNTIUYRsanInaeluiununud aunsasulastuiindeyaain
Iadnaasgrudeyaldeddfivss@nsam lnelinnsnnadeunasudasgluuudeyalinsaiulasiadugiudeys seuy

aunsaTIuTINteYaTEnioyan LAz tayad YR SURATR U B lTIgazIBEAATUNIUY TN LUSBULTiBY

v o ¥

FoyanugutoyavesinuuiEniiensivdeuuazTuiinnundaliiieg drun1sudafeuniu Line Notify a1snsaudaiou
AUz (New, Doing, Done) lomuiisanuuulilagnisiiansaniumuuediuayius uauieantgniauaidd
FuisruvannsaUiulssleyalulvddnwarewazuanalinssiugudeyalaednluliideandofanainuaziiiu

AnusduglunsInn1sulaegnaliusyansain

5. AnfnssuusEAA
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VBYBUNTEAM UTE Wufnde 91
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[1] TeyavesuiEnduindadnin () wWhddldan: viules httpsy//www.tidlorinvestor.com/th/corporate-
information/nature-of-business (L%”]ﬁdl,ﬁ'a 11 uAN 2568).

[2] Microsoft. (n.d.). Introduction to Excel. wiialeiann: viulas https://support.microsoft.com/en-us/excel (1477
e 11 furaw 2568).

[3] Python Software Foundation. (n.d.). Python Documentation. 1aglAa1n: ulad https://docs.python.org
(Wniadle 11 funaw 2568).

[4] LINE Corporation. (n.d.). LINE Messaging API. 1infislaann: Liule@ https://developers.line.biz (Wndade 11
TuAu 2568).

5] Microsoft. (n.d.). Power BI Documentation. tfigleiann: Liulas https://docs. microsoft.com/en-us/power-bi
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Classification of Abiotic Stresses in “Monthong”Durian Seedlings
Using Near-infrared Spectroscopy
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(Near-infrared spectroscopy; NIRS) saufumaiian1itasigviesaUsynaunan (Principal Component Analysis: PCA)
detuundnuuraadsaludundmidsuiuguueunesiiinanmsnatuaznisninsinems Taeansununis
NARBILUY Completely Randomized Design (CRD) fiyannaousiuau 3 nssuis nssuisay 5 €1 deUsenaudy
n33uAsT 1 gamauAu (T0) N33uAsd 2 yadundmidouilallie (T1) wasnssudsd 3 yadundyFeudldlind (12)
syppaafianun 6 dUnii wiewuiudoyanudulufu Aesolsiiad (SPAD) waznwdnuureInsvesfuy iy
wudn fundmideulugaia (12) fnsdsuslamaaisineivudaian W Tuifewiaiuasanaelsfiad
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uAfisdunuszesingn nan1sisssianafudesdunsusadaemaia PCA wun A111909UUNNAUVBIAUNA
fldsuanueien Mnnsnth (T2) senanngudus (T0 wag T1) téegadaay Tnesumisesluldléduasonis
Suunngudnvazaneien nansinvidosiuiasfouliduinnsuszgndldineda NIRS naufunisinszsing
adAduasisng livharededs wasvmzandviunsinnuuagdnunanuaIsavesiundwSou el
ansnsodansiuaunisouldesneiussansnmannd iy

Addgy: sundmiseu, anunienvesity, mallalesdunsisaaningalnl, wedamsleszieshusznounan
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Abstract

This research aims to investigate the feasibility of applying near-infrared spectroscopy (NIRS) combined
with principal component analysis (PCA) to differentiate stress responses in Monthong durian seedlings induced
by water deficit and nutrient deficiency. The experiment was designed as a Completely Randomized Design
(CRD) with three treatments, each with five replicates. The treatments include: Treatment 1 (TO) as the control,
Treatment 2 (T1) non-fertilized, watered seedlings, and Treatment 3 (T2) with non-watered, fertilized seedlings.
The study was conducted over six weeks, during which soil moisture, chlorophyll content (SPAD values), and
visual symptoms of the durian seedlings were recorded. The results indicated that the water-deficit group (T2)
exhibited the most pronounced physiological changes, such as rapid leaf wilting and a sharp decline in SPAD
values, consistent with a reduction in soil moisture to zero. In contrast, the fertilizer-deficient group (T1) showed
a slower onset of leaf yellowing that gradually increased over time. Analysis of the near-infrared spectral data
using PCA demonstrated that the water-stressed group (T2) could be clearly differentiated from the other groups
(TO and T1), regardless of leaf position. This preliminary study suggests that integrating NIRS with statistical
analysis is a rapid, non-destructive, and effective method for monitoring and classifying stress in durian seedlings,
thereby enhancing the management of durian orchards.

Keywords: Durian seedlings, Plant stress, Near-infrared Spectroscopy, Principal Component Analysis

139


mailto:pornprapa.ko@kmitl.ac.th

N13UTEYNIYINNTILAUYIA IAMBEST ARl 10
O
The 10" National Conference on Informatics, Agriculture, IAHBEST

Management, Business Administration, Engineering, Science and Technology

1. Unin

W3 (Durio zibethinus L) \JufiniaswgiafiddnesusemalnemsnziinisnanuazdseenySoudududv 1
vadlan Wunaliififiendnualianiesa Snduillanwiy savfeses Wuiitouuilng 3elddeinduy “sivuwimali” (King
of Fruits) Tl 2566 Tfuiugniisusswmend 1 &l fnowdnsolsiade 1,457 Alandudels wandn 1,537 1usfu yae
nsdaoannin 1 waudviludum [1] %Mifmﬁﬁﬁuﬁﬂqﬂnﬁaummﬁqm 5 guiuwsn louA Jardnguns Junys svues
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AaiATENINAsllfidin (abiotic stress) Ly Msvatuarsmemsluydou (3114] Sududesldiunis
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TILUNAULATEAVDINY LU WadansalUnlnsalnluazn15a180 (spectroscopic and imaging techniques)
Fesauda Waeaisawudaninsalnd (Fluorescence spectroscopy), FatUauazdunssnaningalnd (Visible and
infrared spectroscopy), NM3a8NINLIBeUE (Fluorescence imaging) way nsananmlailasaiunnsu (Hyperspectral
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(Machine Learning Model) #litayasiunniu NIR TunsdiuunanuinienvessundmBouiuguueunes Inefianson
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wisudundniFeuiuguuounesiiiony 8 wWou s1uau 15 fu dwsuldidudmedslunsveaes antu
MHUHUNIINIARBILULE ALY TA] (Completely Randomized Design: CRD) Taefis1uau 3 nssuis fail nssudsd 1
yasundmidouilliilie (wwaiuau vide TO) nsdsh 2 yadundmideuitliinlailie @eiasmevng vide T1)
wazn3a3sT 2 yadundmidoudlallshlie (gmanah vie T2)

2.2 msiamanasuiiiasdunsisa
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2.3 Mmylanevideyaaunaiy

Toyaanaiuraungninandanisidesiudeisnsadamansingldinadn Savitzky-Golay 2™ derivative
(56D2) wazniuhdeyaanasuiildluhmslinngideduunndguarnadsnfiinanadditinimismsleses
p9AUIZNOUNGN (Principal Component Analysis: PCA) TPl UNIITN1TNAADILAZNITIATIZNNANITYIAADIAILARS
Tu Figure 1

Seedling preparation

!

Experimental setup preparation
Data recording periods ® Treatment 1 (TO) = Control
3. 0days ® Treatment 2 (T1) = Non-fertilized, watered seedlings
4. 7days ® Treatment 3 (T2) = Non-watered, fertilized seedlings
5. 14 days
6. 21 days
7. 28 days
8. 35 days
Physiological response

3. Image collection

v

: 4. Leaf chlorophyll content measurement

Spectral data collection 5. Soil moisture measurement

\4

Spectral pretreatment

7. Savitzky-Golay 2" derivative (SGD2)

A

Principal Component Analysis (PCA)

Figure 1 Comprehensive Flowchart of Experimental Steps and Analysis of Outcomes.

3. NANTSANYILAZA15INT

3.1 Mstuiinn AN ¥z INIVRIAUNEEY

INNITASHUAUNAY ST BURUGNUBUNDIT 1WA 15 Au wazviniswuseandu 3 nssuds Tadinsdudinaw
anwageINISHIUNSENen maaen 6 dUam wudn lunssudsyaniuau (T0) TuvesiunSeudiasdinnudeiuazauysal
preataam 6 dan Tumenduiu Fundwiduiilihuarlildle (T1) wudh dundwidsuiinsuansernslumies
vnduRsdUaid 2-3 uludsasdianudetny uarernisdudnutuludaid a-5 daudundyFeudlalii
wailvide (T2) Buiimsdsuuasegadiulddn warlusuilonsieanan Surddanmd 1I®aﬁmﬂﬁ17'i§mt.wﬁuﬁaa 9
wazflenmsluniuasifthmaluduniiii 4-5 (Figure 2) Seaonadosiunmsnaassesndyan uavane [8] Faldnanai
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AULASEATILANDINNITUINUIEHAN TENULT I UABUS NN AUTMS Adetanulellu waznisisagiulnuesinilu
338N YLAUIANIIAGY

Week wo wi W2 W3 w4 W5

Treatment

TO

T1

T2

Figure 2 Symptoms of durian seedlings by TO = Control, T1 = Non-fertilized, watered seedlings and

T2 = Non-watered, fertilized seedlings.

3.2 MaAnwMaUAsuulasssiuautuludu

MnmsisuuasssduemnudulufuvesiundinSeunaenszerina 6 dUani nud gasundyiFouiflii
e (10) farudulufurouinsasiinaonmvanes Fslidnadoegii 19-20 wWedidud yadundmidsudlmilalide
(T1) finnuduanasdniios widsogluszduiilndifestu To Inefidiadsegfiussana 15-20 wWoedidust esnit
2 nsauABdnafinslvimiloutu lurnsdigadundmdeudlallimiudiinslsle (12) wui Viinaeradulufuanas
pgTInERuAFUAAT 1 wazilindu 0 wWedidud fwrdunid 3 Wuduly (Figure 3) Fdenndasiunuidoves
Reddy et al. [9] Aldnanin Anueienvesiuiundodiinannisuannudulufudmasonisedyivlnm sl
ANNES Iwun uazkanAnTiluilnuazdn
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Figure 3 The changes in soil moisture levels over a period of six weeks for each treatment.
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Figure 4 The changes in leaf chlorophyll content over a period of six weeks for control treatment (A),

non-fertilized, watered seedlings (B) and non-watered, fertilized seedlings (C).

3.4 N5 LUNANBATANUASEAlagTTAAN1TIAIITRBIAUSTNaUNEN

nMsiaTgnteyaailnasulagldmaiianisieseviesdusenaundn (Principal Component Analysis:
PCA) wasundm3ouis 3 n3333% wudn manszaedivesteyaluununin Score plot fildanmsiiasest PCA
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wdninils (PC-1) lumanduifu ununw Score plot fiuaninisnszareivesdoyaluganaass T2 nudn IsUuuunis
nszanefifiueneenanduldesistaau d4 PC-1 annsaeduisanuulsusiuvesdoyaanasulifisUszunm 89%
dlefansanununn Loading plot YaayANAaBY TO (Figure 5D) Uag T1 (Figure 5E) wui1den Loading ﬁqaasﬂuﬁﬂ
Featufl 1400 nm SaRedestunisduasitouvestinana 0-H Wilufis [11] nadenaridunisusdundmFeulu
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Figure 5 The PCA Score plot (A-C) and Loading plot (D-F) of NIRs spectral data from upper leaves (P1)
treatment of control (T0) (A, D), treatment for non-fertilized, watered seedlings (T1) (B, E)

treatment for non-watered, fertilized seedlings (T2) (C, F).
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Figure 6 The PCA Score plot (A-C) and Loading plot (D-F) of NIRs spectral data from center leaves (P2)

treatment of control (T0) (A, D), treatment for non-fertilized, watered seedlings (T1) (B, E)

treatment for non-watered, fertilized seedlings (T2) (C, F).
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Figure 7 The PCA Score plot (A-C) and Loading plot (D-F) of NIRs spectral data from lower leaves (P3)
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Testing growing Phaya Yo in an open greenhouse with automatic ventilation
and humidity control
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Abstract

Greenhouse crop production is an agricultural practice that is playing an increasing role in Thailand.
Because it’s can adjust or control various environments related to proper plant growth. If ventilation and relative
humidity can be controlled to reduced the risk, it can reduce disease incidence and help crops grow well. This
project aims to test the cultivation of Phaya Yor in an open greenhouse with automatic ventilation and relative
humidity control. A prototype of an open system greenhouse, 5 meters wide and 12 meters long. The curved
roof is covered with clear UV protective plastic 150 microns thick. The sides are covered with insect nets, 32
mesh. Entrance-exit door it’s double door to protect against insects. Inside the greenhouse, three 50 centimeters
air circulation fans are installed. The condition for controlling ventilation, when the relative humidity inside
the greenhouse is more than 80%RH and the relative humidity inside the greenhouse is less than or equal to
the relative humidity outside of the greenhouse, the first set of air circulation fans should operate. When the
relative humidity inside the greenhouse is more than 80%RH and the relative humidity inside the greenhouse is

5% more than relative humidity outside the greenhouse, turn on the second set of air circulation fans.
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The results of test of growing Phaya yo in the greenhouse compared to outside the greenhouse found that.
Phaya yo grown in greenhouse has important substances, including the amount of total chlorophyll, total
carotenoid, total phenolic, total flavonoid and the antioxidant radicals using the DPPH method is greater than

Phaya yo grown outside the greenhouse.

Keywords: Relative humidity, Ventilation control, Phaya Yo
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Figure 1 Prototype of greenhouse
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Figure 2 Ventilation control, Temperature and Humidity sensor
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Table 1 Testing the extraction of important substances of Phaya Yo

Phaya Yo Phaya Yo drying 60 ©C Phaya Yo grinding
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Table 2 The Quality of Phaya Yo grown outside and inside the greenhouse

Quality Outside Greenhouse Inside Greenhouse
Total chlorophyll (mg/g DW) 4.26+0.12 5.51+0.20
Total carotenoid (mg/g DW) 0.71+0.01 0.96+0.04
Total phenolic compound (mg GAE/g DW) 6.31+0.20 8.10+0.21
Total flavonoid (mg CE/g DW) 4.18+0.16 4.68+0.13
Antioxidant capacity by DPPH (mg VCEAC/g DW) 3.41+0.06 4.23+0.27
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fUnaduvdeinggeninnssuisauiitidadiuvesyaitfiosas msusulgsiusegeuzninlunssisiddadiuunnian
fusinueutuganiinssuisauitdndiuresyeusninndesas mausulgshuseiunoamsluiidesnsnisiviun
woanlada unaiBsuuazuaniidoutomniiganiingsisau Suusdlfdtanuulsehulunssdiddnsldafuneas
TumsifingunmAunguiud 48
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Adnfty: Tanuiuusesiy, Buvieing, 519913
Abstract

Study of soil improvement with suitable soil amendment materials to improve soil quality in soil group
48, in Tha Takro Subdistrict area, Nong Ya Plong District, Phetchaburi Province. Soil group 48 is acidic, shallow
soil, thick laterite with low organic matter, N, P, K, Ca and Mg. The experiment used CRD experimental plan,
consisting of 4 treatments with 3 replications, total volume of each treatment 400 kilograms; method 1: cow
dung (control) a ratio 16, method 2: cow dung + coconut peat + black rice husk a ratio 10:3:3, method 3: cow
dung + black rice husk + rock phosphate a ratio 10:4:2 and method 4: cow dung + coconut peat + black rice
husks + rock phosphate a ratio 10:2:2:2. Each treatment, using microorganisms P.D.1 and P.D.3 to increase
the efficiency of microorganisms in fermenting soil improvement materials and chemical properties, in treatment
3 and 4 add P.D.9 to increase phosphorus availability. Results experiment found that soil amendment with cow
dung in the control treatment had higher organic matter content than the other treatments with lower
proportion of cow dung. Soil amendment with the coconut peat in the method with the highest proportion had
a higher moisture content than the other methods with lower proportion of coconut peat. Soil amendment
with rock phosphate in both treatments had higher amounts of total phosphorus calcium and magnesium than
the other methods. Therefore, it is recommended to use soil amendment with rock phosphate to improve
the quality of soil in soil group 48.

Keywords: soil improvement materials, organic matter, nutrients
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1. Unin

Nuiduavianenfe sunenuemgUaes FMTALNYTUT Wuﬂﬁgmﬁuﬁyuﬁﬂsz?"’ur’fauﬂiaw%qﬂ%’wm
aneau uasiiansrrdsimasgydemiiau fadunietag Ssmlulasau woavesa Inunadey waaldey
wazuunii@ouegluinasisn fanudunsa FafesdinisuuugalaeldanuivssAuinaunauassssumnas
asduanyiioufulsquantfivesiu TneYanufudsstuiuaseosanunsausussanifinenionn Faam iadl way
ArmaauaLysaivesiu [1] wartaelifudanmilmnsandenisiaigivlnvesfivliity uazdiaunsndnmsan
gau-auysniveshuluszerenldlieglunasiunsgudmiuninnues nenwadaiidumsfinuinaves fanusuuss
Auuaziinanan ileusudsshulidunmdunislifaguivstuauamgdluiufnzdgndmiunisinassely

2. 33n15An¥

duifiumegsiuiioglunduiuil 48 vesitufisuaviinzade sunevusmigudes Smfamysyd uiinse
auuavniaiad lawn pHuag EC(1:5 organic material: H,0), Organic Matter (Walkley and Black), Available P
(Bray II), Extractable K, Ca, Mg (1 N NH,OAc pH 7.0) LLazUizLﬁuﬂawmqmuamgidmaﬂﬁuﬁuLﬂmsflmmgmmmmzma
ne [2] upgnaunulTugnInsnantanuiuussiulimnzantuigmussiu TneTagusuusshudmldluiug 1éun
¥a¥3 (cow dung), YesEn31 (coconut peat), naus (black rice husk) waglsneaLnsm (rock phosphate) 113AsIEY
autAmaniinouiiazinisadnianuivussauaanings lun pH waz EC (1:5 material: H,0), A243 1, Organic
Matter (Walkley and Black), N 1nes micro-Kjeldahl @ P, K, Ca, Mg, Fe, Mn, Cu Wag Zn 1938 dry ashing ﬁqmwgﬁ
550°C (unan 5 Halus wdsnntdududilldlazanedae 1 N HCL uduhlUiinszdmnuinasigemsdeiaias ICP
[3] mm‘fuvﬁmsmﬁmi“aqﬂ%“uﬂiqaﬁuﬂmquq 1A8IUHUN1INENTan UTUUTIAMAINGIUUY CRD (Completely
Randomized Design) Usznause 4 nssuis (treatment) $1u3u 3 41 (replication) USunnsTiunssuisay 400 Alansu
(Table 1) Tnpfimsifiaqduv3dann wa.1 wa.3 uaz na.9 lufuusnivihnsisunssuaunsminfanususeduaanings
yhmandnuuundunes vn 7 fu WWunan 3 Weu muaugamgililigaiu 70°C emduegluras 70% uazaquinly
wanadnd lneldiedosdnslunisndunes wueriulunnnssds ddeyaildanmveaesniinszsinsadialagld
TUswN5Y IBM SPSS Statistics InatuSeuifisuaiuuand1ade3s Duncan’s multiple range test Tuszsuaud o
95%

Table 1 Proportion of soil amendments in each treatment.

Ratio of each material*

Treatment coconut black rice rock P.D.1 P.D.3 P.D.9
cow dung total
peat husk phosphate
1 16 - - - 16 v v §
2 10 3 3 - 16 v v :
3 10 - il 2 16 v v v
il 10 2 2 2 16 v v v

*1 part = 25 kilograms of soil amendments.

3. HANISANYILAZASIRT

3.1 duvAveshy

shogaRuiioglunduiuil 48 vesufidhuarinzade sunevusmddes Smamesy3 fidedudufunne
Uu3au (Loamy Sand) Autdunsa (pH 5.14) Alsifinandu Sundeinggs (3.65%) Susunameanesaiduusslovd
Usinalnunaidon waadouuazuundi@eufiannldsi (5.39 mg P/kg, 27.6 mg K/kg, 217 mg Ca/kg Wag 66.4 mg
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@ aaa a

Mg/kg mudniu) (Table 2) Feaenndasiudeyavesnsuimunay [4] 5189137 mauawmum 48 Hszavuisenaiu

a

aglutag 4.55.5 wazilofudufunsevusiu

Table 2 Average of soil properties (0-20 cm depth) of soil group 48.

Moderate range
Parameter Result

nutrient standards @

Texture - Loamy Sand
pH (material:water = 1:5) - 5.14
EC (material:water = 1:5) (mS/cm) - 0.10
Organic Matter 1.5-2.5 3.65
Available Phosphorus (Avai. P) (mg/kg) 30-60 5.39
Extractable Potassium (Extr. K) (mg/kg) 60-90 27.6
Extractable Calcium (Extr. Ca) (mg/kg) 1,000-2,000 217
Extractable Magnesium (Extr. Mg) (mg/kg) 120-360 66.4

3.2 auvAaniuaiivasiaguivussiunaurinnimeaas
MNuaNITIATEiauauTAneivesianUsulTRuteunswiinuaaes (Table 3) wui yadafiAinistlui

Bunseingas Jsluyadniaunsaiiunuglunsinfiud uagiililasadvesdunguiu (5] Snvisduduunawesss

913w leiun Woavle3a Tnunadounazunaiden unsuiulgsnuant@vesiu [6] unausidian pH fige @wnsa
szugemAldRmsziivesisvuelngiannsaduussinléd elusidieiuinussignaildade [7] funsawiniisin
omsuagauantRlunsuiuaududunsn-an wadldadundd w9 nanudulsylovivomoanesaludiu 8]
Fefiurloainiivieanasaionun 4.63% uardsdiuaaifouvionun 15.7% yeusndian pH i 6.28 aenndesiudng
qun3 [9] 180U yeuzndnilen pH 6-7

NNMTIATERaNTARuYeINguALT 48 uazauTAmaaiivesiaguivussAuneuiinvmeass 3dldrmua

o 1

dndnluusaznssyds nefinsananauaudinisneninwasaiivesianusuliausdazindiuduanianuveangu

a

Aul 48 TAulinuanUAnmuzgauiunsinensundu lunssuisaiuauldiiesyaitegufeiiosindan pH g

fusunalulasiau eanesa nunal@eu wha@euwazuuntdidousgs diulunssuds 2-3 dnnsldyatisiuiuyenenin
wnau uaziuusneams idndiusiian ieliianuivussrudandanindifsariu

Table 3 The properties of soil amendment materials before experiment.

Results
Parameter
cow dung coconut peat black rice husk rock

pH (organic material:water = 1:5) 9.67 6.28 10.5 7.97
EC (organic material:water = 1:5) (mS/cm) 9.20 0.35 0.83 0.52
Total N (%) 0.66 0.30 0.02 0.02
Total P,Os (%) 2.68 0.02 0.45 4.63
Total K,0 (%) 2.16 0.47 0.34 0.11
Total Ca (%) 1.78 0.11 0.19 15.7
Total Mg (%) 0.60 0.07 0.07 0.85

maqmﬂmmamﬂiwimu WJuan 3 wieu LLaau’mnmmmwmn mmmuﬂim mﬂumnﬂiimﬁmm pH Auansng
mmamamwuﬂmﬂmm dolseuan pH Y99n550357 1 wag 2 mumiammmumamamaq NLNAURT LAY
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youzni1 viinay 3 du demalian pH 910 8.40 geduidu 8.86 Anilu 5.19% wandliifudinaifuunaudiuay
Yournindsuasie pH vestanuiuussiu eensedu pH veshuiiiunsadld melnsgiviinannutulunssisd
2 fUFumeutuil 63.9% gandinssudsi 4 9 45.2% satu 18.69% ddadauvesgeusnd i 3 way 2 nudiy
aonAdasiududauns [9] finesu geusnindanauiFmlunisduihfinng msleseitiiasunidiaglunssisd
1 fiUFinadunioingiigeiian (18.5%) fansunnsnsedadidoddny esanildmuszneuiiissediafen Ao yaiai
16 dau Tuvnieiingsudsn 2, 3 uay 4 fUSinaudadiuanasis 6 du wideiies 10 du luimnuuandsfunieada n1s
Aneiviinumeaeialunssudsi 3 way 4 TuTinumeavleaiiiasesild 7 3.68 uag 3.45% auardu Fiedndien
undlefisuiudndiuvesiiurleaniafifiey 2 @3 usiaenndesiu Anderson et al. [10] finuinfiurleamauanddes
weave¥asanundedosay 42.6 vesTuuilaanun widloifiunislafuneamndu 500 un dotmdndu 1 nn.
Umnumstanudesoaesaasivieiiiosfesay 14.2 vesUmailananun nssudsAdnisldiuneamnsiiliiag
Ufudgshuiluaaifoninuageninssuisililildfunoamnogneddeddymaada dulnunadounasuuniifonls)
WUANUWANFIMAD ALY NTIHIT

Table 4 The properties of soil amendment materials after fermentation for 3 months.

Treatment
Parameter Mean P<0.05
1: control 2 3 4
pH (1:5) 8.40b 8.86a 8.51b 8.03c 8.45 Fax
EC (1:5) (mS/cm) 4.24a 3.23c 3.35bc 3.44b 3.57 Fax
Moisture (%) 46.1b 63.9a 43.0c 45.2bc 49.6 *xx
Organic matter (%) 18.5a 12.3b 11.9b 11.5b 13.6 *
Total N (%) 0.93a 0.59b 0.62b 0.71b 0.71 *
Total P,0Os (%) 2.91ab 2.00b 3.68a 3.45a 3.02 *
Total K,0 (%) 0.92 0.87 0.82 0.76 0.84 ns
Total Ca (%) 2.89%b 1.46b 5.31a 5.03a 3.68 **
Total Mg (%) 0.68 0.55 0.73 0.81 0.70 ns

ns = non-significant
4. a3d

NnHaTAsIeanURnaaiivesianususeaunmnmglunnnssuds nudyaddlunssuisatuauiivuim
Sunieinggeninnsnisiuiifidndiuvesyatidenas gougninlunsmIBiddndimnniigaivimanudiugan
nsauAsBuifdndruvesysueninosas msldysuendnsautuunaudwihliian pH Agetu Aureasluisass
nssuARRURInaSinameaviesa uaaiden waruuniifeuimungeninlunssuisau lunnnsdsivinalulasnaush
dwdumsviinisinens egslsfnna WeRinsanfaudiniaaiivesianugnluusiaznssuds azwuin nsndsidinsld
Fumleaus (n353357 3 uae 4) TandAnmaadlivnnssiusniuifiosin pH vesianusulseiulunssudsi 4 fislee
nin33u3E7 3 wardivTinameanesauazunailonganinnssuisalildfiunoans Ssveuunilildfanuiuussauly
nnisinslarureamslunsfiuannmiunguiui 48
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Abstract

For appropriate management of durian trees with different ages and fertilizer application in the same
orchard, the Plot 1 (49 plants) which aged of 26-29 years and 5-10 years for Plot 2 (31 plants) that the 15-15-15
chemical fertilizer was applied with rated of 5 kg/plant and 2 kg/plant were selected as the case studied. Soil
and leaf samples were collected following the standard methods. The results revealed that variation of soil
properties and leaf nutrient concentrations were noticeable throughout both plots. The very strongly to slightly
acid soil with non-saline had slightly low to high organic matter, high to very high available phosphorus, very
low to very high extractable potassium, very low to low extractable calcium and magnesium, high to very high
extractable iron whilst low to very high for the other cationic micronutrients (Mn, Cu and Zn). In average,
the very acid soil had high to very high fertility only for available phosphorus and extractable micronutrients.
The remaining parameters were very low to low status. Plot 2 had significantly higher of the electrical
conductivity, organic matter, available phosphorus, extractable potassium and copper than those of Plot 1.
Durian leaf mainly contained lower to higher than adequate ranges of nutrient concentrations, in most. The
except ones were copper which rated as adequate to higher than adequate. However, in average, almost of

nutrients were in adequate ranges, excepted higher and lower than adequate ranges for copper and zinc,
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respectively. Plot 2 contained significantly higher of manganese and copper than Plot 1. To improve soil fertility
status and optimal nutrient management of both plots, liming with calcium oxide and dolomite should be
applied. Reducing the ordinary fertilizer should be recommended together with adding more urea and potash

fertilizer and more fertilizer application for Plot 1 than Plot 2 should be done.

Keywords: soil fertility, plant nutrient concentrations, nutrient managements, Durian, Pathio District Chumphon Province
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nMsnsuANgANaNyIiveshukarsnonsluluy Seududsindu uasluiufiswnousio Smingums finwnsns
sedentgnyidsudusiuiumn melumuiiauasidunidouengunn wasuwasiionglies Sedinslddereiu oy
wmslumsdnmisiusmersiivluauidunieuoiginaiu Ssaulefnwianugauauysaivesiunazanududy

Y9351 Msluau U unYRINIegaluungwnaUsiy Jaminguns

2. 33n15AN¥

Wumegrsiukazluanauyeuiudnusuveswsanyasnssegeslumuadsnd sunevzia Sminguns
aundsuiifunsdifnwegmeluveuayaiugums (3] Snvuznigluau SyFou 2 ulas Huflvesidas 1 Tiufige
ni1wUad 2 wazgaaBeslumadad 2 nsdanisulasuazongvesduiieudianuuandaiu lnsuas 1 duyiseueiy
26-29 U WinanAnuda wazdimsldiogns 15-15-15 S1uau 2 adeied Tudnsn 5 Alansusiodu ulas 2 dunidouey
5-10 ¥ Ieinandnudurdslifunananogaduinasdnumy woriinislddogns 15-15-15 S1uau 2 adedel Tudng
2 Alansusladu dwts 2 was laelurrafounguninuuasiafioungainiey uazneutgnideou dnmslayurdu
nssesfunquiissniaien uaglifinislddnias Snvisuinamandeliifuiiuinelaveunumsnadweutag

2.1 mafiunazisssuieg1sAuIiNan1s AT

denduniFsuiiiudiunuvesdazuuas iiudegsAuiiszduainudn 0-20 lwuRluns 910 4 Arseunsan
warthansaududu 1 degreiusin wlas 1 iumegrshuanduisey 91uiu 49 fu wazwlas 2 INUieg1eiugIn
fumiSeu S1uau 31 du thdegefuandsliudsluiisy un wazseuriunzunssvun 2 Taduns quidegisiuliie
AnssiideAulasdslue uagihdedsduioualuiinseiautivesiuluiesu fURns 1dun pH uas EC
(1:1 Soil: H,0), Organic Matter (Loss on ignition %38 LOI), Available P (Bray II), Extractable K, Ca, Mg (1IN NH,OAc
pH 7.0) wag Extractable Fe, Mn, Cu, Zn (DTPA) [4] wazUssiiiuanugauauysalvadfuiunueiuInsgIuvesussme
ng [5-7]

2.2 Mfiunawsaudiagnsiiviansiesent

\Audegaluanduiifudaegsiunuisuinsgiu naiulufieny 5-7 e [2] a0 4 Arsounsewy
W&t ursandudu 1 dregae didreg1sludi ldundreiauazein au wasualiaziden wda3insieh
AN uYeesIne1mstuly (Total form) lewn N 1aeds micro-Kjeldahl d@7u P, K, Ca, Mg, Fe, Mn, Cu k&% Zn
Tnemsgesaanadonsa HNO,-HCLO, Sasanu 4:1 ndwnndishedrdlauds Adilvbu Ysuusinasdu 50 ua. faeth
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NaU NTINIUNTEANENTaLUBs 1 warluilmsgriniusuna P lagds molybdate - vanadate yellow color w&a3n
AI8LATBY spectrophotometer 1LAT1ZUMIUTHIU K, Ca, Mg, Fe, Mn, Cu way Zn lagldiaTas Atomic absorption
spectrophotometer (AAS) [8] wagiU3euisuanudiutuvessinemsiulunseuiuaunsgu [2]

2.3 myAaszvideyaneata

ihdoyaitldainnisaassniiasevinsadalagldlusunsy 1BM SPSS Statistics lagi3euifisuteyani
uanessErItaUadlagldis ttest Asziunandosiu 95% Ainnevimanduiusvesantffuuazanuidutuvessiy
onsluluyFeu 105 Pearson’s correlation coefficient fisgfuaudesiu 95%

3. HAN1SANWILAZASIRT

3.1 aulfvasiu

Audgnydeuiunsddnuiidefuroudrmeny Tneuas 1 ufunsiediu Jszneudseumenunansg
IANTIERT warvuInfunden 78.28%, 14.38% way 7.30% auasu Tuvaefiuvas 2 Wufusiudunsie
ﬂizﬂauﬁwaqmmmwsm UIANSIELTS LazauInfuLilen 76.54%, 16.15% wag 7.31% Auainu miﬁLLan 2
fitfofuazBoaniuvas 1 dndes iWululnAnnnudas 2 feguugivssmaiisnnt Felanudululfgeiionan
furuiadnninaziedeuiiasuivay nsiieunavuafumiedlimninaziinadenweauanysallnesssumives
fiu 1esanuszqaviieguuiiiveausiumieiites vilviauaunsalunsgaduuanlessudsdnilvgidusineims
foysnailusng [9]

audinaniiunasynns (Table 1) % 2 wlasuansauiuwdsvesauUinmanivesiu Tneivs 2 waady
nsadmundadunsadntios (wUas 1: 4.20-6.46; wlas 2: 4.17-6.50) AnsilnifiwesansavaneAuiiduiusiuiiony
wulsiiduduida (was 1: 82.9-287 uS/cm; wuas 2: 111-288 pS/cm) Bun3eingrAoutnandsdoutngs wlas 1:
0.86-2.73%) uay Apudnwndadiunans (was 2: 1.24-2.43%) Weanesaiiduuseloviuavmdniianaligedagenn
(Was 1: 42.2-414 mg P/kg Whag 22.4-116 mg Fe/kg) uaweannn (wuas 2: 68.8-217 mg P/kg Waz 32.2-87.2 mg Fe/kg)
Tnunadeudiatalasuindauiunats Wuas 1: 21.8-81.7 mg K/ke) LLawi"mmﬁqum (wlas 2: 23.6-128 mg K/kg)
Tuvauedive 2 wasiunaBennasuuniifeniiatnldmunies (Was 1 45.3-833 mg Ca/ke wa 16.1-76.4 mg Mg/kg;
wilas 2: 69.7-622 mg Ca/kg hag 16.6-50.7 mg Mg/kg) LLmmﬁaLLazmmLLmﬁaﬁmlﬁﬁwﬁaqqmﬂ (wlas 1: 7.16-97.0
me Mn/kg waz 0.45-2.89 mg Cu/kg; wUad 2: 8.28-70.7 mg Mn/ke Waz 0.86-6.24 me Cu/ke) drudensdiiatnlives
wuag 1 m"’wmﬂﬁqqqum (0.93-17.0 mg Zn/kg) Wlas 2 Yrunanafiags (1.55-5.44 mg Zn/kg) N15UsELTUAINGAN-
auysaivesiulneldriadeiauandunast wudh was 1 Hunsndaunn (oH 4.63+0.39) Taldufuda (EC 125+39.9
uS/cm) wpaeuLasuun T eudiadalamiuin (1794163 me Caskg waz 32.6+13.1 mg Me/kg AILAINU) dunsging
(1.820.37%) warlnunaidoufianalé (43.1x13.4 mg K/kg) i1 wian1ia MoIuns LLazé’aﬂzﬁﬁaﬁmiﬁqﬂ (20.5+16.5
mg Mn/ke, 1.38+0.56 mg Cu/kg Way 3.603.92 mg Zn/kg) luvaizinoalesafiiulsslovinazindniiadaligenn
(119+61.6 mg P/kg hay 60.1+19.1 mg Fe/kg) wuas 2 \unsadnunn (pH 4.59+0.44) laidufuiAy (EC 174244.2
ps/cm) waadennaruindideufiadaldsunn (1774132 mg Caskg wag 33.2+9.39 mg Mo/ke) Inunaiduaiiarialds
(58.7+22.1 mg K/kg) Sw%'ai'mqLLasé’aﬂzﬁﬁaﬁmlﬁmuﬂma Lmeﬁaﬁaﬁ’mlﬁqq (1.70+£0.35%, 2.76+1.13 mg Zn/kg
Waz 22.3+13.2 mg Mn/ke muansiv) druneanedaiiduusslond (132+36.9 me P/kg) 1180 (58.8+13.5 mg Fe/ke)
uaznaaAaTiadnle (2.63+1.40 mg Curkg) gaann

SorAnaferulanninnsiaruuandenaada wuh mathliiheesasavaneiu Sunietng voaesa
fduuselewd Inwnadeuuarnewnsiiadalaunnssiusgdideddynieads Tnswdas 2 Sansuiluiives
ansazansiu weaneaiiuuszlov InunaBouuaznesunsdiadaliganinfinuluuvas 1 egredidoddnmieaia
duauifimaaiduiliunndomiseda wuii was 1 TUGAT0AY weailon wmdn uasdansdiadaldgenduas 2
Entlos ualuuniGeuuazussniafiaaldmniuuas 2 Bntee
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nsegluiingiomausgunaaiou (Tropical monsoon, Am) sunngnunuaneaiiad lsdiaandululigs
flaninnsvzavany (Leaching) voswavlesouiiduiua (Ca, Mg, K, Na) 88n21nutfAnau warfluanlesouiidunsa
(H, Fe, A 1indu v ldaudunsnsaunn wra@eunasuundi@ouiiatalasmunn Inunadoudatalasm Tuvuei
qasmUszquandiatalé (Fe, Mn, Cu, Zn) davilugjgefiegennn uenanid nsiiliireldyuiaedouinisldasesiungu
neulgn sainslatslulasaudsdnannéadunsafifiduilifudunsaiaunde

Msfudas 2 Samslwihvesansazansiu eaweafiduuszlon Tnunadesuazviesunsiiaialdganing

'
v

wuluwdas 1 egrefidedidgneadd udindsuadenldessniiudas 1 Anu Juldladnfaaneigdiu

=»
=
©
™
)
-
-

Fafinsedudnnit nsgaldsimemnsainfAuiatesnin

3.2 anudiuduvassamsiuluniFeu (Total form)

smomsluluniFeusts 2 wlas Sanuduulnduioaduinuluautfvesiu (Table 2) Anududuros
smpnslulunizountas 1 ununnsimegluiidoiniumsgiuneiiafaganiidanasguneriios fifesdanzdogly
fdprnienasgiuneifissieglutisduasgiuneiies uazuuniidouiunesunsiieglutisrmasgiuneiieds
F9N31A1UINTFIUNBIN Y (1.35-2.56% N, 0.12-0.26% P, 1.08-2.75% K, 0.53-4.39% Ca, 0.31-0.63% Mg, 35.7-181
mg Fe/ke, 38.0-315 mg Mn/kg, 18.0-157 me Cu/ke waz ND-23.8 mg Zn/kg) luvaiziilulnsiau weanesa waadeu
wuniiden man wardanzdluluniZoundas 2 danududusglufidodinitdnnasgiuneifissiageniidmiasgu
WOLW 89 (1.31-2.50% N, 0.14-0.29% P, 0.47-3.28% Ca, 0.23-0.59% Mg, 23.8-164 mg Fe/kg, ND-31.2 mg Zn/kg)
drulnunaidon (1.15-2.26% K) aglufidosinnindsnnsgruneiissieglugisinmsgiuneiiios unsniaeglugisdn
WINTFIUNBLNEIDIGINIAINIATEIUNeLTES (57.4-176 mg Mn/kg) WAgNBILAIENNINY AN IUNELE (33.3-155
mg Cu/kg)

lefmilngldeudiduadounmst nui i 2 wasdidomowasrniufienududugandunsgu
wolies (wUag 1: 38.7+21.1 mg Cu/kg; wias 2: 70.8+30.1 mg Cu/kg) ﬁuﬁmzﬁﬁ'mmL%u%’um"ﬁmﬁmmmgm
Wolee (WUas 1: 7.96+6.74 mg Zn/kg; uuad 2: 8.45+8.03 mg Zn/kg) ﬁmﬁuasﬂuﬂmmmmgmwaL‘ﬁm (Wlas 1:
2.01+0.23% N, 0.18+0.03% P, 1.75+0.35% K, 2.24+0.92% Ca, 0.43+0.08% Mg, 57.1+23.6 mg Fe/kg, 81.4+43.7
mg Mn/kg; hUag 2: 2.07+0.24% N, 0.20+0.04% P, 1.72+0.26% K, 2.08+0.75% Ca, 0.41+0.10% Mg, 64.0+27.3
mg Fe/kg, 115+29.8 mg Mn/kg) wana1ni dawudn Hiftesusniilatunosunavinduiiudas 2 faududugandi
wlas 1 eghaiifodfynieadia dausinduliuandaiunada

armduturessinemnsluluyFeuiidundsts 2 was SelasdnilugjeglufidosinitAunmsgiunoifiosds
geandAmsgIuNelies denndestuAiinTganiivesiuiioglunaeiidganndudnivg sndulnunadou
wnaLdeuuazuniidondiatalddoglunasisannds eanesadifuuselonidsoglunusigeisgenn davanil
wansianuliaunavessinormsluduiiidnsnadomnuduturessinemisluiiv Tnslanznisiveans Fadidu
Uselowige agvhliiliiannsogalddangals silridans @l unFousninduasgumeifies

fawdidudas 1 lesudeninninudas 2 usssiiuinanududuvessineimsiulunSeuununnsinliuansig
fumeada eniiuuua 2 Susanidatunesuasgendinlas 1 sgreilfedrAgnieadia FauAnanulad 2 fnesunsdiannle
annuazganiulas 1 egnadifoddynaadd waslumeniiaftadnlianiudas 1 dndos satansiieUiaseniu
Mniudas 1 1éndies axviliusanilaeengansazaneiulsann fivdageldléann (Table 1)

3.3 auduiusssuinsautAnuuazanududuvassinemnsluluyGeuvesis 2 ulas

Lﬁaﬂmuﬂ’aﬁuaqﬁuu,azm’mLﬂﬁ’u"ﬁ’umaqmqmmﬁﬂunL%'smaqﬁga 2 wUas Wmandusius Pearson (Table 3)
wudrautRveshullanduiusifeuinegsdideddgysadnneududiulng wu anduiudszninsaujisenauiu
ueaiBsnuazuuniiGeniiatald dufe SrAuiien pH ity asviliAusl Ca way Mg fafldgetu fodu inunsnsnasld
Yuv1 Yulalaluyi ileuiindn pH vosiu dawaldliAudusuia Cawar Mg fiafnligedy wuanduiussening
Sundetnnlufutuununnaiiaszst sndusmsnidafiadald Wudu venanddmuieanedaiiduysslonis
anduiusidsunegaived fymnsadnduainailiiivesansazaneiu nunadey wunfilen win wasdeinedd
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afalel lunauzfianduiudidsavegrslitvdfynsadfnd iy laun aujisenuiumaniiadals wanduueadeu

= =

flafiold diuantfvestiutuanududuvassmemnslulunSoulidesunniinuanduiusuannafumaada uazdu
andutusisuanegeldeddyneadfwingu thun anduiugseninanisinliivesasavarsfutunouns
Tnunadenfiadatuivn wdnfladaldfudingd wasvesunsiadaldduneanssa unania wazvewunduluniFeou
Turaugfiavduiusseninanududuressgemslulunideuiiadinuesdsavegeitfoddymieada Tiun
anduiudigauinegelidedAgvneaiifseninesinemsuan (N, P, K) 519911115509 (Ca, Mg) upaiduuuasiuniligey
funnsnilauayyouns andudansd wavunsndadunesuns druanduiusiBsavedradodrdynisana laun
anduiudszninsleanesaiuwnailoy wazserindnunaeudiuuaaidoy wuniley wen dauas Nosune wazaziiu
Tneanesadianduiudilauiudinsdudlaiuansamnisada

anduiusigauinegalidudAynisadfseninesineminsvan (N, P, K) Tulu laund Tulasiaudueanesa vie
lulaaufulnunadon HesoUisoduasuiul Taaunsaldielulnnaulosandelduniusinunadon uidng
TnanAnvinby dadulslonidenununsnslumsUssndnfunuuasdsnadon [10)

avduiudidsaussninsnunadon unafen uazuuni@edluluiie Wudsinululinavaroviavesdseine
e Tasiawz Wi3ou aa Jadulinamsugiaiidfey [2, 11] naonauy uzaiis asanes wagnul lWudu [12] e
asansmuansanuduiusseniwpal@susazuundifoudulnuna@sululumSsunsazudas (Figure 1) finy
aruduiusiBavegadiulddn Wesnnsamaniiduufindsetu [13)

4. ayduazdalauauuy

m3eurs 2 wasiidunsddnuiongesty uaglidesiatu uas 1 duniSeuiieny 2629 T lddegns
15-15-15 diuaz 5 Alan3u Fannniudas 2 ey 5-10 Y lddegasifieaiu duas 2 Alan3u wan1sfnwuansisaiy
fusihiaruiivesnnugauanysaivesiusaseudituressgenslulunidouvesi 2 wastaduiudeveis
Aoutmey Tasndetauvandufuninda arweauauysaivesiueglunasimunniwindudnlug onduneaneda
Aduusglovifugasgussguiniiadnldiogluinamias ulas 2 damsthlrlihwesasazaneiu Sunieing Weavlesa
fafaled I‘WLmaL%EmLLazmaaLLmﬁaﬁ’mlﬁqaﬂﬂwme 1 eg1sfltludAgynIeana wuandunusidsuanegeduudiAgnig
abfsewinsufAserutuuaaifonnazuund Foudatold uazseninedunieingfuaudivesfuunuiomuneniiy
nosunsfiarinle LarUfioAudavduiusidaveaiideddymeadtumand adals manduduvessineimsluly
yFsuumuianunoglunasimniiAunsgiuneiiesiaganinaasgiuneniios witeududuaidetu Uaser
Tuthsamasgiuneliios sniuneunsgainitdumsguneiissuardansdfsiAmasgunenfios fifsussnia
funonaituiiuas 2 gandiudas 1 egnalitedAyneada uasnuanduiusideavegelidedAynisaiisening
Tnuva@euivueaiden wunideon wsnlauaznauns

ilensenseiunmgaNaNysaivesiusmiunsinnssnensluauy Seusramnza 73 2 wasansld
Yuv1 visyuunai@eunisvaiun wazyulalaluv (dadu 2:1) Tudnsduay 6 Alansu (Wwlas 1) uag 3 Alanduy

aaa a

(Was 2) FsazidumsifinaufAsendiu uealdeuuazuundifendiatald anqasinuszquanlumsazansiulagians
wén msldmundovesiiy yadniniodoviniteiudunietngdswisfiusimnemmsliiviunazvilidugadu
swenslafiau mndndlategraiu esldlituuas 1 iftesiuey 2-3 Alansu idesnnfulineanesafiduusslo
geogudn wazmsiiiategSe (46-0-0) diuag 4-6 Alan3u Jelnuny (0-0-60) fuaz 3-4 Alansy dhuuvas 2 msldlgns
15-15-15 duag 1 Alansu TiududegiSeduay 2-3 Alansu wazdelnunyduay 2-3 Alansu luriusnais@anude

o =

Fangdnnalu
5. inAnssuusznA

vaveuURMaslURn1TUgiIne1 nmalvumalulagnisndniiy augmalulagnisinuns aadumalulad
WILIDUNA NI UV TAIANTEU
MgaeamunSeulunsviideasall

Y o

Natduayun15vinide wagrovauaniIvesaIuYsusnoUsil Jminguns
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Table 1 Soil properties (0-20 cm depth) of the studied orchards and interpretations based on mean=SD.

Parameters Plot 1 (n=49) Plot 2 (n=31) p<0.05 (t-test)
pH Range 4.20-6.46 4.17-6.50
Mean+5D 4.63+0.34 4.59+0.44 NS
Interpretation Very acidic® Very acidic®!
Moderate range: -
EC (uS/cm) Range 82.9-287 111-288
Mean+SD 125+39.9 174+44.2 *
Interpretation Nonsalinel®! Nonsaline!®
Moderate range: -
OM (%) Range 0.86-2.73 1.24-2.43
Mean+SD 1.48+0.37 1.70+0.35 *
Interpretation Low Moderate
Moderate range: 1.5-2.5"")
Available P (mg/kg) Range 42.4-414 68.8-217
Mean+SD 119+61.6 132+36.9 *
Interpretation Very high Very high
Moderate range: 30-60!"
Extractable K (mg/kg) Range 21.8-81.7 23.6-128
Mean+SD 43.1+13.4 58.7+22.1 *
Interpretation Low Low
Moderate range: 60-90!"
Extractable Ca (mg/kg) Range 45.3-833 69.7-622
Mean+SD 1794163 1774132 NS
Interpretation Very low Very low
Moderate range: 1000-2000""
Extractable Mg (mg/ke) Range 16.1-76.4 16.6-50.7
Mean+SD 32.6+13.1 33.2+9.39 NS
Interpretation Very low Very low
Moderate range: 120-360"!
Extractable Fe (mg/ke) Range 22.4-116 32.2-87.2
Mean+SD 60.1+£19.1 58.8+13.5 NS
Interpretation Very high Very high
Moderate range: 11-16/°
Extractable Mn (mg/ke) Range 7.16-97.0 8.28-70.7
Mean+SD 20.5+16.5 22.3+13.2 NS
Interpretation High High
Moderate range: 9-12!
Extractable Cu (mg/ke) Range 0.45-2.89 0.86-6.24
Mean+SD 1.38+0.56 2.63+1.40 *
Interpretation High Very high
Moderate range: 0.9-1.211
Extractable Zn (mg/kg) Range 0.93-17.0 1.50-5.44
Mean+5D 3.60+£3.92 2.76+1.13 NS
Interpretation High Moderate
Moderate range: 1.1-3.0%
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Table 2 Leaf nutrient concentrations of the studied orchards and interpretations based on mean+SD.

Parameters Plot 1 (n=49) Plot 2 (n=31) p<0.05 (t-test)
Total N (%) Range 1.35-2.56 1.31-2.50
Mean+SD 2.01+£0.23 2.07+0.24 NS
Interpretation Adequate Adequate
Adequate range'®: 2.00-2.40
Total P (%) Range 0.12-0.26 0.14-0.29
Mean+SD 0.18+0.03 0.20+0.04 NS
Interpretation Adequate Adequate
Adequate range™®: 0.15-0.25
Total K (%) Range 1.08-2.75 1.15-2.26
Mean+SD 1.75+0.35 1.72+0.26 NS
Interpretation Adequate Adequate
Adequate range™: 1.50-2.50
Total Ca (%) Range 0.53-4.39 0.47-3.28
Mean+SD 2.24+0.92 2.08+0.75 NS
Interpretation Adequate Adequate
Adequate range™: 1.70-2.50
Total Mg (%) Range 0.31-0.63 0.23-0.59
Mean+SD 0.43+0.08 0.41+0.10 NS
Interpretation Adequate Adequate
Adequate range™: 0.25-0.50
Total Fe (mg/ke) Range 35.7-181 23.8-164
Mean+SD 57.1+23.6 64.0£27.3 NS
Interpretation Adequate Adequate
Adequate range™®: 40-150
Total Mn (mg/ke) Range 38.0-315 57.4-176
Mean+SD 81.4+43.7 115+29.8 *
Interpretation Adequate Adequate
Adequate range™: 50-120
Total Cu (mg/ke) Range 18.0-157 33.4-155
Mean+SD 38.7+21.1 70.8+30.1 *
Interpretation High High
Adequate range: 10-25
Total Zn (mg/kg) Range ND-23.8 ND-31.2
Mean+SD 7.96+6.74 8.45+8.03 NS
Interpretation Low Low
Adequate range™: 10-30

Note: ND = Non detectable
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Figure 1 Correlation between leaf Ca and K concentrations and leaf Mg and K concentrations of each plot

6. 1ONE15919D9

[1] nsudaasunIsinens. 2567, Widalaann : Liuled http://www.agriman.doae.go.th/home/news/year2568.pdf
(hiade 1 wweu 2568).

[2] giinsn galsay, una olads, auie lSes, fua invasy uazdsney UseAniuns. 2544. 1A5N15 AINABINITEN
amsuaznsiuzthleluyitew sreaideatuauysal. dunnueugnssunsduatinermans Iduuazuinnssu.
196 nt.

[3] Soil Survey Division. 1972. Detailed reconnaissance soil map of Chumphon Province. Scale 1:100,000. Soil
Survey Division. Department of Land Development. Ministry of Agriculture and Cooperatives. Bangkok, Thailand.
1 Sheet.

[4] giins galaau. 2555, lenansUsznaumsaouirieneitusasinidesiu. madnUgiine avnaluladnig
HaRTY AazwAlulagnsinyes aadumalulagnsyasundndinummsainnseds. ngenne. (liSesawnii)

5118y iWerdusnd. 2502, qiloufuintsmsdimafiu. faniededl 4. drinfusiuminedeinunsenans. ngamwa
187 with.

[6] Jones, Jr., J.B. 2001. Laboratory Guides for Conducting Soil Tests and Plant Analysis. CRC Press. LLC., Boca
Raton, Florida. USA. 363 p.

[7] Land Classification Division and FAO Staff. 1973. Soil Interpretation Handbook for Thailand. Department of
Land Development Ministry of Agriculture and Cooperatives. Bangkok. Thailand. 135 p.

[8] Allen, S. E., Grimshaw, H. M., Parkinson, J. A. and Quarmby, C. 1974. Chemical analysis of ecological materials.
John Wiley & Sons, Inc., New York. 565 p.

[9] Weil, R.R. and N.C. Brady. 2017. The Nature and Properties of Soil. 15th Edition. Global Edition. Pearson.
Education Limited. Harrow, England. UK. 1104 p.

[10] Ausmtad 150udu. 2567. 11dsleain - iules https://visci.com/blog/using-nutrient-interactions-to-increase-
vield/ (dnduile 2 wwew 2568).

[11] gdlasn golsaw, nsiinn Ayerednn, 4a3 yayuvas wazdeiand uasiwe. 2547, mslinsiesifaiie dunuamaennsld
Jelulane: senuidatuauysal. dinnueunssumsdeasiineaans Ieuazuinnssy. 160 v,

[12] Foshey, C.G. 1969. Potassium nutrition of deciduous fruits. HortScience. 4: 39-41.

[13] Goldy R. 2016. More reason for soil testing. Available: https://www.canr.msu.edu/news/more_reasons_for
soil_testing. (Accessed: March 10th, 2025.)

168


http://www.agriman.doae.go.th/home/news/year2568.pdf
https://vlsci.com/blog/using-nutrient-interactions-to-increase-yield/
https://vlsci.com/blog/using-nutrient-interactions-to-increase-yield/

N13UTEYNIYINNTILAUYIA IAMBEST ARl 10
O
The 10" National Conference on Informatics, Agriculture, IAHBEST

Management, Business Administration, Engineering, Science and Technology

nSwavespMurIKUBHTULAsYinvayadnisanisTyRulnvasuuuasluta Y udiuud
Influence of Initial Density and Type of Manure to Growth
of Azolla spp. in Cement Ponds
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Abstract

This study aimed to evaluate the effects of initial density and animal manure type on the growth of
Azolla in cement ponds with a diameter of 1.2 meters and a height of 0.5 meters. The experiment was divided
into two parts. The first experiment investigated the effects of three initial stocking densities of Azolla 44, 88,
and 132 g/m?2 over a period of 19 days. A completely randomized design (CRD) was used, and data analysis was
performed using Statistix 8 with mean comparisons conducted using the Least Significant Difference (LSD)
method. The results showed that an initial stocking density of 132 g¢/m? resulted in the highest growth rate of
Azolla with statistical significance (P<0.05) from day 2 to day 13, whereas the growth rates at 44 and 88 ¢/m?
were not significantly different (P>0.05).

The second experiment examined the effects of three types of animals manure cattle, swine, and goat
manure on Azolla growth over the same 19-day period using the same experimental design and statistical
analysis. The results indicated that Azolla grown with swine manure exhibited the highest growth rate with
statistical significance (P<0.05) between days 6 and 9, while those grown with cattle and goat manure showed
no significant difference (P>0.05). Therefore, it can be concluded that the optimal initial stocking density for
Azolla cultivation is 132 ¢/m?, and swine manure is the most suitable nutrient source for promoting Azolla

growth.

Keywords: Azolla, Initial density, Animal manure, Growth
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Figure 1 Azolla microphylla [6]
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Table 1 Effect of initial density on the growth rate of azolla in cement ponds (g)
Initial stocking density of azolla
Day 5 B 5 P-value
44 ¢/m 88 ¢/m 132 ¢/m
1 0 0 0 ns
2 8.33" 15.33° 64.00° 0.0000
3 14.67° 26.33° 113.67° 0.0000
q 19.00° 40.00° 154.00° 0.0000
5 24.00° 60.33° 195.33° 0.0002
6 28.67° 80.00° 231.00° 0.0013
7 35.00° 104.00° 274.00° 0.0073
8 82.67° 145.00° 388.00° 0.0093
9 132.00° 193.67° 454.33° 0.0155
10 180.00° 243.33° 550.67° 0.0366
11 222.33° 264.33° 621.00° 0.0245
12 287.33° 299.67° 663.00° 0.0332
13 327.67° 337.33° 711.00° 0.0348
14 372.33 341.67 713.00 ns
15 3804.67 452.00 719.33 ns
16 484.33 415.33 722.33 ns
17 518.00 446.33 722.33 ns
18 556.33 475.00 717.00 ns
19 596.67 508.67 711.00 ns
Overall 4184.33° 4386.33° 8716.33° ns

* Means within row followed by the same letters are not significantly different as determined by

least significant difference test at P<0.05.

Initial densityon growth of Azolla spp.

Figure 2 Show initial stocking density on the growth rate of azolla in cement ponds (g)

172



N13UTEYNIYINNTILAUYIA IAMBEST ARl 10

%

The 10" National Conference on Informatics, Agriculture, I H [ -I-
Management, Business Administration, Engineering, Science and Technology w2029
Table 2 Effect of animal manure on the growth of azolla in cement ponds (g)
Type of animal waste
Day P-value
Cattle Pig Goat
1 0 0 0 0.73
2 92.67 102.00 97.67 0.44
3 124.00 136.33 129.33 0.45
4 159.67 188.00 159.67 0.22
5 188.33 227.67 200.67 0.27
6 242.00° 311.67° 250.67° 0.03
7 272.33° 392.67° 264.67° 0.00
8 351.33" 489.00° 317.33° 0.01
9 470.33 638.33 636.33 0.10
10 368.00° 874.33° 777.67° 0.04
11 697.33 955.33 844.67 0.13
12 828.70 1010.00 885.33 0.25
13 652.70 1055.33 899.00 0.45
14 1051.33 1066.33 930.33 0.81
15 1218.00 1158.33 1058.00 0.81
16 1311.33 1205.00 1116.67 0.68
17 1512.67 1263.33 1229.67 0.53
18 1451.67 1241.00 1108.67 0.47
19 1383.00 1168.67 1053.67 0.51
Overall 13044.00 13585.33 12060.00 0.67

* Means within row followed by the same letters are not significantly different as determined by

least significant difference test at P<0.05

Type of animal manure on growth of Azolla spp.
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Figure 3 Show type of animal waste on the growth rate of azolla in cement ponds (g)
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Testing a Backward-Curved Blade Electric Blower in the Separation and Cleaning System of
an Upland Rice Combine Harvester Attachment for a Small Tractor (14 hp)
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Abstract

This research aimed to develop a cleaning unit for an upland rice combine harvester attached to
a small tractor (14 horsepower). The experiment consisted of two main parts: 1) grain cleaning and 2) straw
separation. In the grain cleaning system, an electric centrifugal fan with backward-curved blades was tested at
two blade angles (45° and 70°) and three motor speeds (1,250, 1,300, and 1,350 rpm). The results showed that
the optimal cleaning performance occurred at a blade angle of 70° and a fan speed of 1,300 rpm, achieving an
air velocity of 6.85 m/s, an airflow rate of 0.0998 m?3/s, and the lowest grain loss of approximately 15.08%. In
the straw separation system, under the same conditions (blade angle of 70° and fan speed of 1,300 rpm),
the system achieved the best separation performance, indicated by the lowest straw residue percentage of
approximately 13.93%. Considering the overall performance of both grain cleaning and straw separation at
various speeds, the combined efficiencies were 68.64%, 72.24%, and 72.68% at motor speeds of 1,250, 1,300,
and 1,350 rpm, respectively. These results suggest that the developed cleaning unit significantly improves the
performance of grain cleaning and straw separation for small-scale rice harvesting machinery, potentially
benefiting upland rice farmers in mountainous or limited-access areas.

Keywords: Combine harvester, Upland rice, Electric centrifugal fan, Backward-curved blades
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Figure 1 Model of an Upland Rice Combine Harvester Attachment for a Small Tractor (14 hp)
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The Heat dissipation Coefficient in sap flow measurement of durian
by Heat Dissipation Method
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Abstract

Estimating plant transpiration through stem water flow measurement using the Heat Dissipation Method
(HDM) is a cost-effective, convenient, and highly accurate technique. This method enables continuous monitoring
plant water usage for 24 hours. However, to obtain a standard equation for stem water flow, it is necessary to calibrate
the heat dissipation coefficient specific to each plant species. Therefore, the objective of this study was to calibrate
the heat dissipation coefficient for stem water flow in 3, 7 and 15year old branches of Durio zibethinus cv. Monthong
under laboratory conditions. The results showed that the flow density (Fp) and flow index (K) were positively
correlated. The O coefficients for 3, 7 and 15-year-old branches were 0.0128,0.0416,and 0.0643 gcm?-s?,
respectively, while the B coefficients were 0.9435,0.8048, and 0.7362, with corresponding R? values of 0.8868,
0.7876, and 0.7506, respectivey. When combining all calibration data, a regression curve with an R? value of 1 was
obtained, resulting in generalized coefficients of L =~ 0.0146 g.cm?-s! and B = 1.6775. These coefficients were
applied to estimate the transpiration rate of a 4 years old Monthong durian tree at a durian orchard in Khlong Thom
District, Krabi Province. The transpiration rate or an average water use of the tree was 160-180 liters/ day. This

method provides a practical reference for farmers to effectively manage irrigation for durian cultivation.

Keywords: Heat dissipation Coefficient, Transpiration rate, Durian
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(Heat Dissipation Method) [7] {ud3fiuszvda azmn damuiudigs wavannsaifiuteuasioiowheordosiufindeya
nangviln (data loggers) T,mEJaﬂﬁ’wé“ﬂmﬂﬁmm%@uuwiﬂismaLﬁﬁﬂlﬂﬁLﬁaiﬁmwiaﬁwLﬁmﬂfﬂmaqﬁ% LLasamé"faqumaj
fogamnfitnluludelsl enmaduarudeulufunseilsl Wisuiisuamuuansneseninegn 2 9a arwsouazanas
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finsta sensor asJL?TaﬂﬁuLLazﬁWQﬁ’u 15 wufans withimdeuluunusesuie Tansesiuthiinsuumdadio
SondorfnidilsariuianFeunng 3 undt sadSnnsues Granier (7] delwsuidrfugunsaituiindoyasnlud@ (Data
Logeer) fidousolrinszuanss 12V USunamasnszualniin 120mA (Figure 1) naaeudesansazans KCL 0.1 mol.L’
TlnakuAsFeulasnisuuusdu 12 ssiuges 6 ads Tnameaoumslvadiuu 240 witaleu andungamsUdesti
diovnen AT, @umsit (1) degaranuuansisszarinsiiilallva 8 dlus Taglidaeduasguegludiitetostu
viothusis thenildludsunsmenasiinnnaunis

F, = akf = a (wf ............................. (1)

Fp = mnumuniuesnsinaves (g.ecm?s? or cm®’cm?h™)
K = sfinsinavesin
AT, .. = Angaumnliaseaiusndsiuaninsuiilienaseu (T,) uaeianiilviaruseu T,) Welidinmslvevesdt (mv)

q

AT = Agamgiiiuandnsiuaininsuiilianuseu (T,) wagiinlilinnuiou (T,,) (MV)
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Heated Adapter DC =

12v

15cm Data Logger
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L
>,

sapwood

(Granier, 1985)

Figure 1 Heat Dissipation Method for measuring sap flow

2.2 SatsinmumsmeivesdunSeuiugueunaseny 4 U vaununsnsluiuiisinenaasvion Swiansed

FadusevrsvesiuySsuvnounes [ndnnarmenadniudenduniSou W@usugudnans 5 faduns fnnm
g9 120 wufilums waz 105 wudwns Tuuwmues Wedmungaangld sensor ilothideneenudrinanumuives
WaensdunFeu Maiwaun 2 Safuns wisdiluluddundsuunruuiuiun 3 wufes udiaentaen sensor
\Flusis 2 0 snifuld Heated probe Fasuuuay Reference probe 1isudns wieufuihnafuidudagesing
sewinsfuniSeuuay sensor trmanaadinuiaseudasiunisnsznunszifiou sensor uaztastuainaieuen
wawuiuauseumnUaseuduniSeu uukasans sensor 0anly 10 wufiwes Uiatednsiuaes sensor Aawtiiu
Datalogger Mdousalninszuanse 12v Usinaesnszudludih 120mA daen Data Logger Widuiintoyausunnnisiva
yoshrudumesnng 15 wiil (Figure 2) ieldmusinamsliiwesiunGeudedalus @unmsi )

TC = FD X AS X 3600 ............................. (2)
Te = SEAUNSANEUN (cm’.hr?)
Fo = ANNUILULYDINT AR (g.cm s or cm®.cm s ™)
A, = funnthdnveailald (cm?)
3600 = Wasumheanduniidudalua
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Figure 2 Installation of sap flow sensor in field
3. NANISANYIRAZNITIANTEL

Tunmsasuifisunsnszneeuioudieds Granier [7] vesimBsuilemarduusyansa wud M Fy (A
muwiunslve) uagen K (ruiinislve) Saudniuslulufiamaiodtu TasfaFoueny 3 7 way 15 9 fanduseans
0L 0.0128, 0.0416 waz 0.0643 g.cm2s’ muddu darduuszans B 0.9435, 0.8048 wag 0.7362 Auddu den

= 0.8868 0.7876 uay 0.7506 MudIRU (tablel) Msfinsi3ouusazegiien R dosiinainnisdnifessvamioth
luiasiiaue (heterogeneous) flaunet sewing 150-350 Tuasou [9] wiiiiothuanisaeuifisuiianununasiansml
AnuduuSaInsaadans Ul R = 1 wayldanduusyavsasd o ~ 0.0146 gcm?s?t B~ 1.6775 awadiu
(Figure 3) dalndiAssfu ARwdnswazamy [10] Anwrdrdudszdns aadiluySouiusmueunsseny 4 9 lée
oL~ 0.0119 gem?s’, B » 1.231 uasidlethadudsyAnsasii o 0.0146 g.cm2s’, B 1.6775 filgluunuatluaunisd (2)
IgaunsnislihoesBeuiuuuounes @unsi (3)

Te = 0.0146K1%775 X Ag x 3600 s 3)
Te = 5¥AUN1TAIBUET (cm’.hr?)
K = stin1siraveain
As = fiuivthdavaailaly (cm?)
3600 = WagunulganIunimdudilug

haunsd (3) Iﬂlﬂﬂu’gmmmmmmﬂmmmﬂmimsuwamuwLiﬂuwuﬁwuauwaama 4 U voununinslu
flufisnenaeaien Fminnszd wui idsuiugvmounesaiy 4 U fufuunisaiediieds 160 - 180 dns/Tu
(Figure 4) denndosiy ginsuazame [11] wuiTuunisldivesieuiusuouneseny 7 3 fusediuain
sap flow fidiads 100-270 Ans/Tu uazfifugnsuazanmy (9] wui1 yFsuiusuueuneseny 4 U dnnsliiiads
2.64 {adlunsaodu

Table 1 The calibration results of the constant coefficients Ol and B of the Monthong durian branches aged 3,

7 and 15 years.

Experiment a B R?
3-year-old Mon Thong durian branch 0.0128 0.9435 0.8868
7-year-old Mon Thong durian branch 0.0416 0.8048 0.7876
15-year-old Mon Thong durian branch 0.0643 0.7362 0.7506

3, 7 and 15-year-old Mon Thong durian branch 0.0146 1.6775 1
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Figure 3 Plot of Fy and K represent measured data. Dashed lines are prediction lines constant calibration values.
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Figure 4 Comparing the rate of transpiration of durian over a day in four-year-old Monthong durians
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Abstract

This research aims to compare different methods of drying Phulae pineapple using a solar dryer
combined with an electric heater. The developed dryer is a direct solar energy system enhanced with two
700 W infrared heating rods and a temperature and humidity control system. Drying tests were conducted on 3
kg of Phu Lae pineapples using three methods: (1) solar energy drying alone, (2) hot air drying using only
the electric heater at controlled temperatures of 50°C and 60°C, and (3) a combination of solar energy and
electric heater drying, also at 50°C and 60°C. The results revealed that using solar energy combined with
the electric heater at 60°C reduced electricity consumption by 49.23% compared to using the electric heater
alone at the same temperature. Additionally, this hybrid drying method mitigates issues related to prolonged

drying times and poor color quality in dried pineapple products observed when using solar energy alone.

Keywords: Phulae pineapple, Drying, Solar Dryer Combined with an Electric Heater
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Figure 1 Solar dryer combined with electric heater
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LED Display 1 shows the
temperature and

humidity inside the drying
chamber.

LED Display 2 shows the
temperature and
humidity outside the
drying chamber.

LCD Display 3 shows the
operating status of the

electric heater and fan.

Figure 2 Control panel
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Figure 2 Measuring the texture of pineapple using texture analyzer
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amudulsiusnssannislindanuuafindifissogaien Smmsuandiivimdsnuuaofinddliluniseuuss
duannsoviligamgineluedssevuieialndifssiugaumad 50°C uazniseuniadulssndaegamndl 60°C
ansnanmutuldiiandleieutumssuuiafigungd 50°C wasnslindsnuuaseriindifissetnadien
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Figure 3 Relationship between pineapple moisture content and drying time
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3.2 AMNNYRIFUUTIABUWIY
anuIunazUsunaindase (a,) 970 Table 1 nudAIANTULar U BasE N NgnlAann1so UL

q
% o

MmenduLaeIindsiudaneslniy Ngaumall 50°C  og#l 10.33%wb uag 0.532 Mmudau FerUunaudasy

P

%mmmam‘wuﬁﬂuﬂsmmmwmuma‘tumms LLauﬂ'ﬁE)‘ULLMQWJEJW&N’WLLENE]’W]MEJLWENE]EJ'NLG]EJ’JIG]U%J"IW‘LJ’]E]&?::JEN

P N

ngane 0.734 Homnanuturesiuls sndlAngegn (17.49) ‘&ml'iﬂmzﬂumﬂsumumiaumemﬂimmmm%u
Hulvinesgusdnfasignanvnssusalifouwisiifinunl fAeliiiu 18%wb (uen. 919-2563) 8]

8 910 Table 1 nuimsevukauulnglddnmeslwiifissesafisrigund 50 °C Wemuainawesd
tioufian (L) agil 59.19 Safainnuund (a¥) wag Amwmdes (b¥) 1niign Ae 9.81 wag 25.26 mudiy ludiuves
FBseviiliieinwaing (L) vesdinniignfeniseunisuuulddnmessmniundanuuaserfindfigamail 60°C ogdl
63.77 flfAnauas (2% way ANUWAe (b*) BEffl 7.64 WAy 22.70 MuA WU Fawanisveassaztiiuinnisldngdsauion
duvlinansusifouldianuuiuardfainninslinduliiuasndanuuasoifingifissegaien il
Fudszymunnninmseuluguuuudu 4 egndlsimuanilensisuifisuddvesdulzsaouusionuindmanuaing (L)
anududimdes (6% eglurredilndidssfuauidevesinuazium [10] F9innsAnuinavesnszuIunsnanse
AAMLAZD NS AUT Uz suTBa UL IAeYInsAnwAuduUrsaRuSa Tna A

ilodudia 90 Table 1 asfiud masuwiuuildgmnoslninfivsegafiofigungd 50°C feusadougean
95.015 N emneeuindeddusdumsdalivinuiniian ilesandulzsniamiutumiesgunniawiliduese
feunilendiwuudu vieddadedu 9 sasne wu luneuusniBudulzsaianugnifosnimuuuduiilvilasais
Wuduleivuuiud wilidanumdennn luvagiiniseuwianuuld Heater Saufundsnunaserindlugamnd
Wenu Aanuudsanasegeiiteddy Tuuaneinnisldndanusarlnieduiavesduusatulduoiomioa vi
nsldgawmesiiihviendinunasenindiissetiaien

Table 1 Results of quality analysis of dried pineapple

Texture
. Color parameters
) Moisture Shear force
Type Temp Time
Content a,
drying (°O (h)
(%wb) L* a* b* (N)
50 14 15.56 0.646 59.19 9.81 25.26 95.015
Heater
60 11.33 11.77 0.599 62.16 7.66 22.14 67.880
Sun + 50 13.33 10.33 0.532 62.51 7.36 20.50 49.098
Heater 60 10 13.77 0.665 63.77 7.64 22.70 76.308
Sun - 38 17.49 0.734 62.10 7.55 18.96 52.495

3.3 8NS5 IENAIY

910 Figure 4 sznuinislndnulunseuuiiendanuuaming saufudame iy aunsadssndn
wdsnulunseuue devhmsIeudisunseuuisuuulddnmesiaifissegaien uiogralsimumnusnaiv
ﬁwé“muummﬁméﬁaﬁwLamamaamﬁgﬂqmmiauLLﬁaﬁaEJ‘Wé“amuua&mﬁméaEJ'NLﬁmﬁmﬁmmﬁmmmmdﬂLﬁaammﬁu
waanudlgung LLmvnﬂLﬂumiaumemamwamqmﬁmwmmmawammaafm/laﬂmﬂsmmaqauLmqwaﬂuﬁﬂuwwaqmu
anufeusan sghlrinmuninvewanineianvnesinunwia fieansyeznailuniseunsis LLavaﬂmmaumaadwamu
mnldunasanusoudusamesinihadld mLsziumamsammaauLLmaU‘UuimQL.Lawmmiﬁﬂmu FadleRasansnsnis
FL%'wé’nqwuﬁ'qmuqﬁ 60 °C wusrausaannIsidndsnulniiein 13.67 kwh leldamesinireg1auieinde
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Figure 4 Energy consumption rate for drying Phulae pineapple

4. a3y

nsouussend s findeg e niuisiusevdandanuinniigaudldnatluniseuwsiauu e
nseuaduUzsaTigamgil 50 uar 60 °C MssuuwheBawmaslnilfivsedradelindsolnihgaade 15.79 uas
13.67 kW a10d1au d3un1souwienignasuiase1ingsaududamesininagldndanului 10.11 uaz 6.73 kw
puddudsanasainnnsllniinissegauied :nuanismaassdsasuldinnseuusdudzsnguadiondany
wasefindsamrudnmeslniniigamail 60°C HuiBnseuwisiimnzauign iesanannsaanuianislindsay
Iwihdlefisuiumsldsamesiniioiaiofigumgifisriuieiosay 49.23 waztouidamiFosszeranisouus
flenuuresnmssuuiendinuuaseniing fissetraien Tnondesasiduuzsaouuieldiautuldmumasgu
nanssunaliouuiait vl iheutuliiiu 18 wWoddud
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ANSNRAIUINAAAUNTINIIUAIYNITLEIUNIINIA
Development of crispy rice with cricket powder
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Joiadnduunadusiunadeniifidnenmesnsdiiu nmsvinliuasasiBensudunsdaduisniswiiiesdae
wdndymamdnuaiiunsaieaeuad LLagLf]uﬁ;mL"%'uéfusuaamsﬁmﬁuamnﬂmj 9 LU yunwuAEdLdusmsiiten
%’Uﬂiawmﬁl’ﬂﬂﬁguﬁﬂuawﬂwm fmqﬂssaqﬁmamuﬁ%’miﬂumiﬁﬂwﬁmeﬁaaﬁﬂszﬂaumqLﬂﬁmamw WazaNwME
meUszamdudavosanfusiinninssuiasunivin Tneduanmseseundaaaniwinan wavihumawnuuds
HudrUsnauazulsandounlszasdsosas 20 lun1sndnd1n3eU 91NN153LATIsRALATDIAUTENOUNIILALI TS
Frindeuasunsi v i Srindeuasunl wieiiimuainanas uilianuduiunuardndewiivd unud
Y09n93anIn INN1TIATIERsUTENaU BN UTRsT N T BuLAR LRI S V3 avdameaiutugmaniuau Liing
Soisanud $rndsuasinad wiadusinae i uesluiuanas udiiuSinadusiu ¥ uaglwiues Wudy (0<0.05)
Tnefiusinaunnutudesas 0.38+0.06 grulen TUsualdsiu i ludu waziiely Sovay 4.14+0.22, 1.55+0.05,
30.07+1.32 Waw 1.09+0.29 FIuksis Mud1dy MavageunsUszamdudarestruniouiaduniminanguilan
30 au U1 Srandsuiaiunsimia lEsuanufimelainniiaslunn q andnuaznsmagoy eglussduasuuutey
1 lalnsangmsmuauitlaifinedavin (9>0.05)

Addy: nedavidn, d1undeu, dnuuensssamduita
Abstract

Crickets were considered a sustainable alternative protein source. Grinding insects into powder was one
way to eliminate the negative perception of insects and serves as a starting point for developing new food
products, such as snacks that were widely consumed by both children and adults. The objective of this research
was to analyze the chemical and physical composition as well as the sensory characteristics of crispy rice with
cricket powder. The development of crispy rice with cricket powder began with the preparation of cricket
powder from fresh crickets, which was then used to replace 20% of tapioca starch and wheat flour in crispy rice
production. Analyzing the color and chemical composition of the crispy rice with cricket powder revealed that
their brightness decreased, while the red and yellow color values increased, aligning with the color of the cricket
powder. A proximate analysis of the fried crispy rice with cricket powder compared to the control formula
(without cricket powder) showed a decrease in moisture and fat content but an increase in protein, ash, and
fiber content (p<0.05). The moisture content was 0.38+0.06% (wet basis), while the protein, ash, fat, and fiber
contents were 4.14+0.22%, 1.55+0.05%, 30.07+1.32%, and 1.09+0.29% (dry basis), respectively. A sensory
evaluation involving 30 panelists found that the crispy rice with cricket powder received the highest satisfaction
ratings across all tested attributes, with scores in the like very much range, not significantly different from

the control formula (without cricket powder) (p>0.05).

Keywords: Cricket powder, Crispy rice, Sensory evaluation
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1. umin

lendmisusamuldiiiuumaslusiunmnimgedmivauardn Soindadusidonndsildsuadenly
madulusfiumaden 3wdaimadeafiodmieduomaiuswunnidennisdailusiugadsushiuliana
Tushufiifludony feln wazdany venanifiiinunsaesilufisndudesunenansyin uenanddaiiderlugu
n1sanni1suaealdesfiieiieunsyan uazdidainudasnisainetsiiuuas asiad lavevidn uagaisnegiiuw [1]
Sav3adaudu a novel food source in Western countries [2] waziuunasiusiumadeniifidnaniwegadsdu (3]
Food Ingredients Asia létiiauanszua (Trend) ommsuaziaiosan ¥ 2020 wuindinslilusiuwnuiodnuazlusiu
anenuging Yufe TUsius win #‘faﬁaﬂammmmn 6,725 A1UUM LaTILUIIUNI1LVBNUA508AY 6.4 LALLANIY
nsuvsgdusanieldnaunuidednidsnndeyagsituuasivsenuldluialan wudn dyadmaasughogeds
400 Euwidogyansy (4] uazUsemalveiefuddieenuuasevdnveslan iesnuuaniuomslusfugsiianansa
wslnanaunuidednild Inenmsiliuasezidonsuduns Faduiinmmilsiiesgrsadatamamdnvalfivrfaies
voauwad uasidugnisuiurasnisindusmislu q Afuuaadudiunan TneSevane 100 n¥u avlilusiuldgeds
$ovay 50 luvriidednidu 4 axlilusiuiifesar 30 winlu (4] waransmiusaenygudadofauUandudau
Wilawese19T W VLU [5] wasnines (6] Sayfivurie [2] snack ball [7] Wudu

Tutagtufuilnadesnisvusvuid safidanunainvansuasdesiflodu lefoy warlasamesoas (6]
yunvudsnduemsifensvdssnutiluiasnuasdlng Saduemsilindsnugs udliquamisdasuinis
Aoutatsinszgauluieuta tmauarluiu windsumardunisianield$uiismesgudlunisiuussmu
9115UNA arsuUsEMuTUNLinlUuneavilrlasunaseuAulusenie neliAatymans q s wu 1spsu
Tsafluy uenandvusuidnluiesmaafifindeledsAvuinasgu eravhlldsuuialadeniu Susdmadose
gunmwaadinlglueuian lutlgsuiivuuruiRdldiaundudieimnsanungunmiuilnauasnuidnlug asdu
yunrUAgIiTidulsEnevvenudasyiiy wiednualisne q wu potato crisps [8] banana crisps [9] mango crisps
[10] tomato pomace crisps [11] 1Wudu

nsthiwdananiaialundadusidinieuiadundeduiiuiaule muzdmiudnugutouasinfw
nieBuRaRsvEndsnalinAn Suridundsuilusiugeine Sniisadunmsfuyadiliunifetn nidnisuelugiuuy
an wruds wis vienavihiy Tmguszasdresnidfeiidumsinuiinneiesduszneumanaiinenimuaydnuagnig
Uszandudaresnansaridiuniouiaiunsioie ielindnfusidininisuaiuned wia Sdnenwlunisiau
Hanfidenanvnssuemswasingilendivdla

2. 35n15AnEN

2.1 MaaFeundsaEn

113 wFawusesmuidne nduind sldasunseliainanedy dndreudredovauiou gaungd
60 osradoa iunan 48 Halus nduihiemafuiudluus TagldiedesunnzBensourunsunss 200 e agld
kaRevin LiuliTigangd 4 esmiwaidea ilelflunsmaaesdwiundnsuridrundsuiinaunudsiud s nduasuds
adosay 20 fonaienin Inefindnsuridrineuilifndaindugnsniunu & Table 1

2.2 MSASIUNARAUIITNNSEULESUNGE W30

HAnSaTTNSEUIINRI e TETnensuuaTudUsndnsmiwnnanindou nalidntu iy
HIRa3e nde Winlne nsuidioy dhvan Haysa wanlmdnriu wanfnutesfuduzudsiimdouasuilsand winnauaud
fu audufou thadwnaudildrdaduuvisnay 1amiedisesaslunes thludshetifensadunan 25 und fidd
Bu viotulgenanadin Fulilugifu 1 Au thiegeiiiuliufuiiuung defin neasuunia tlumnuarauuisads
usTgeNanaRn aglddrundouanual wvdafsddasy wevlunesluhiiudoudn audhindsunesis sneenainn
Tfazsioninsiu Adldu tluussagananadin azldtindeunnasdviandeuslan
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Table 1 Crispy rice with cricket powder formula.

Crispy rice with cricket

Ingredients (g) Control
powder

Cricket powder - 200
Tapioca starch 835 650
Wheat flour 65 50
Sugar 15 15
Salt 5 5
Pepper powder 15 15
Garlic powder 50 50
Fish sauce 10 10
Hot water 300 300
MSG 5 5

2.3 N15ATITININILATNLALLANVBINANN N U1 INIHULHTUNIIINIA

£% v A

AlaaInnsIn A
ﬁ v 1

ASIATITIE M8LA3RIIRE (Color meter, JS555, China) Inevinn1sindsiegeas 5 91
J@7U a1 L* 9 A0

L*, a* wag b* e L* (The lightness factor) ufnaauadng dan L wlndaug wunefisingdd

4
Y

1nd 100 waneI1ingilnanuadng a* (The chromaticity coordinates) wansiis@unnazdilisn d1an a* Wuuan (+)
yanefieiandduns den a* luau O uansiringfidBe b* (The chromaticity coordinates) uansfiadimiasuazdin
Fu fen b* uwan (+) vuneds Sgidvdesdiien b* ey O wansivingihinbu

nMsinsgiesRUszneumaaivssnauime Tudu TUsiu i dule wazanslulawse Tagimuunnsgiunis
Ans1e9 [12] Tnginsrzsisianun 3 Tdefaagns

2.4 mavasaudnsznsUsramiudavaskaniusid1IndsuII IR v

nsnaasudnuarnsUszamduda Tdnaaeuialuif efnwiniseousvresfuilnad uduindnw
UINYIFEVRURAN INGUVANUBIATY T8I 30 AU Uszilun1seeusulagliinguuunluteukuy 9 Point Hedonic
Scale s¥UaN 1 Ae lalveuuniige waz 9 Ae veuuniign lnsnmadeunuaNwUrUTINg & NAU 38 ANNTOU
Tnssnilasnioundnduidninisuatunieinusglugaaiaindaatn vinsussdulufesu fifinisnelduag
dun

2.5 NSATIZANGEDA
AN lAAINNTMAR09AEYNIATIZRANULUTUTINVDITBYAAIETS one way ANOVA test yiN153tATIE1AIY
WANANIYDIYATBYARILTT T-test NszAuAILYaiY p < 0.05 Melusunsu SPSS

3. Han1sANEILAZNNSITAl

3.1 N15ATITUNINIYAIN

Anuainasauludunsvemdndueidninisuaiunidmiaiiaianasninansniuay winuludmaed
ANANTULLDLNIR IS ANT U8 WeaSeuiieunuauuuuLAgIInNnera1Uanae [13] WURan uNd1n38uaINn
m%aﬁmﬁmm’madwqdﬂ’h KAaLAIAMULTUALAIFININVULVULAIINNENEIURLI weA1AIINATIN AT UELAS

2 a a I o ¢ ' Ao ' & 2 a
wazAuludinaes dengendtimdauniu [14] AflAANadIne antduduns wazanuludinies 25.63, -5.61 uag
7.54 anuaney
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3.2 N15ATITENIWAN

o w o o a

Ay Wiy los i wazifele iussAustneumaniiiddydmiunansasionns lnonnududusvil
1 ¥nqunnndasusiuarnafuinvindadusiommsedmils il ssndernuuinnardmade Az uad
iy pendiaty uazmasiyifiularenauns sufimaisunamenisningdae fegisimuadanuduegluris
Yoway 0.38-0.53 Faflertfosunn (Aninfewas 13) dauanslu Table 2 Snoglunguensusisiifinnuvasafoainns
dondyaingaunid [15] egnalsfinudinsdoufuinuiluussyfusindiianisunssiueinie ﬂaaﬁ’umi@mmm%umﬂ
ussEnAdmalTodufae I sUAsuuas uenaniimsdudaeendiaussdsnalifnnauiiudnge wosdleanuiu
dintuagdsnaliinnsaigesqaunidaiun Tnsrussuieadnlngfinnudui Moamadnsurduaunsey
WU ULYULA 829N TAnududesay 7 (9] unvuLA Branunseniaudutesas 5 [16] vegetable bars
finududosas 0.3-1.2 [17] vegetable snack danututesas 3-4 [18]

Uimalusiuresndndusid1nunisuainasd iadaniuduilofiunsd win Wesaniwindlusiugs
wAnFeid1nTsuaINaeE e deiuTunalusfuganiigninuauiasrunauiAewidly 2 v WururuAeIn
T1lne uaz green bean fduUsunalusiuiosas 2.9-3.7 uaziovas 2.4 aua1du [19] wandliiiuinandusidnnieu
MnudaviEndundnsumidoguamdmiudivesnislusiu

Umalufuanawmiuuiinad siansiiiaty Tnedandnsdusid1nouainaed wvdauazgasniuaudng
fsmalatudesdediouturunauiendug Wy potato crisps Rivsualutudosas 34-46 [7] Tneusunallesuay
anasmugangitunenfifistu esnwunauidslaeitluidumslfiiuneadsdmaliusualvdudemin
uenniisstuogfustiavonindude

Umanddsvendaussinioglufiogne Usinandlundndasidiunieuanuaiaviaiidgainingasaiugu
wandlidiuimdnfasidrinisunnuaiwviedsdaduemsaunwiigealufeussnmnyaumiudn viedidosnis
LATULIE

wAnfausid1un3suanuessiniiuiinandeloussinafesay 1.09 fdganingasauau uardailndiAssu
YuiREHLY WU UUBLIAEI9IN bamboo shoot Hideledenay 0.68-1.21 [20]

Table 2 Color and chemical composition of crispy rice with cricket powder.

Moisture
Protein Ash Fiber
Sample L* a* b* content Lipid (Y%owb)
(%wb) (%wb) (%wb)
(%wb)

Control 63.234371°  1.13+0.82° 18.53+1.84° 0.53+0.01° 2.40+0.09° 0.93+0.02° 36.71+1.06° 0.37+0.03°

Crispy rice
with

49.98+5.79° 599+1.20° 21.92+1.64° 0.38+0.06° 4.14+0.22*° 1.55:0.05°  30.07+1.32° 1.09+0.29°
cricket

powder

The letter a and b indicates statistically significant differences (p<0.05).

3.3 MInagauanENIsUTEaMaUds

nsmageumMIUszamduiaveanandasitnieunnasiavinnnguilon 30 au nuiiadesusitoualisy
nsseusunsszamdudaluynqudnvuznismegeulussdureunin WenaunuutaiudUgnduazulana
alunUsrasddonsiwmiadosar 20 nuianureuiudnasniuanaudntesnndiimaromalvianagnauanis
vosdaniniindronduuuaen aglsinuenufianelaluyndnvaznismaaeuiidnliunndaangnsniuauegied
HydAgn19ana (p>0.05) Lanans Figure 1
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Figure 1 Sensory evaluation of crispy rice with cricket powder.
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Abstract

An inexpensive magnetic sensing system has been developed to support teaching and learning of
the magnetic field strength of Helmholtz coils in undergraduate physics laboratory. The system is composed of
a Raspberry Pi Pico microcontroller board, a OLED display and a commercial hall sensor. Experimental results
for the precision and stability of magnetic field measurement are presented. Moreover, the measurement of
the spatial distribution of the field strength of Helmholtz coils is demonstrated. The experimental results show
that the magnetic field values measured using a commercial Hall probe (Go Direct® 3-Axis Magnetic Field
Sensor) and the Hall probe developed in this study (49E075BG Hall Effect Sensor) are close to the values

calculated from theory, with maximum percentage differences of 1.24% and 0.10%, respectively.

Keywords: Hall effect, Raspberry Pi Pico microcontroller, Magnetic sensing system
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Helmholtz coils

Figure 1 Illustration of Helmholtz coils system, which positioned parallel to each other with a separation

equal to their radius.
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V125R
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Jeulvsunsuldvanvanentw i C/C++ wag Python BnvisdadunwivnzdmiudldeuGuduifiiugunianis
Wewlusunsutdes [7] wangdwsuldlunisdnnmsiseunisasusigivujiansluseiudsaned

Figure 2 The Raspberry Pi Pico microcontroller board

Wwuwasusngnisalaeas (Hall Effect sensor) 1uas 49E075BG vivuneldawiuusivin dednglnmides
nTELANSIIUIA 2.3 59 10 1aad wazvihaumeldauuuivanvuin £1000 inndiianaudla (sensitivity) 91 1.4 64 3.0
mV/G [6]

Figure 3 49E075BG Hall effect sensor

Go Direct® 3-Axis Magnetic Field Sensor JuldulasinauInauINLia LUy 3 WU Wanlag USEW
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USB w3 uuans iniukenndindy Vemier Graphical Analysis® [8]

Figure 4 Go Direct® 3-Axis Magnetic Field Sensor
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Helmbholtz coils

Power supply

+

11

Figure 5 The connection diagram of DC power supply to the Helmholtz coil system and the direction of the

magnetic field generated by the electric current.
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Figure 6 The figure shows: (a) a diagram, and (b) a real image of developed system.
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Figure 7 Distribution of the magnetic field strength. While x-axis shows the distance on the measuring ruler lies
perpendicular to the center of the coils in centimeters unit, and y-axis shows the magnetic field strength
in mT unit (1 mT = 10 Gauss)
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Figure 8 Output voltage (Vi) and magnetic field (B,,) of Hall magnetic sensor.
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Figure 9 Magnetic field at the center of Helmholtz coils for currents ranging from 0.5 to 3.0 A.

1A Figure 7 anansadiaeiandhveaduwesldananuduvesaunisanudsiusidadu Tausyunu 1.81
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Table 1 The linear relationship of the magnetic field measured by both types of sensors compared to the

calculated value graph.

Current Magnetic field magnitude (G)
(A) Calculated Experimental Experimental
(using Equation 2) (using 3-Axis magnetic field sensor) (using 49E075BG Hall sensor)
0.5 3.462 3.426 3.456
1.0 6.924 7.123 6.895
1.5 10.385 10.908 10.352
2.0 13.847 14.553 13.819
2.5 17.309 18.187 17.287
3.0 20.771 21.710 20.771
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Figure 10 The comparison of the measured magnetic field magnitudes from two different sensors with
the calculated values. The R-squared for the 49E075BG Hall sensor is slightly higher than that of the 3-
Axis magnetic field sensor, indicating that the 49E075BG Hall sensor has a slightly better linear

correlation with the calculated values.

Table 2 The calculated magnetic fields at the center of the coils calculated by using Equation 2 and

the experimental results:

(a) By using 3-Axis magnetic field sensor

Current Magnetic field magnitude (G) Percentage Percentage Standard
(A) Calculated Experimental Difference Error Deviation
(using Equation 2) (using sensor) (%) (%) (@
0.5 3.462 3.426 0.26 1.02 -
1.0 6.924 7.123 0.71 2.88 -
1.5 10.385 10.908 1.23 5.03 -
2.0 13.847 14.553 1.24 5.10 -
2.5 17.309 18.187 1.24 5.07 -
3.0 20.771 21.710 1.11 4.52 -

(b) By using 49E075BG Hall effect sensor

Current Magnetic field magnitude (G) Percentage Percentage Standard

(A) Calculated Experimental Difference Error Deviation
(using Equation 2) (using sensor) (%) (%) (@)

0.5 3.462 3.456 1.02 0.97 0.081
1.0 6.924 6.895 2.88 1.14 0.151
1.5 10.385 10.352 5.03 0.88 0.244
2.0 13.847 13.819 5.10 0.82 0.309
2.5 17.309 17.287 5.07 0.75 0.387
3.0 20.771 20.771 4.52 0.72 0.460
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Abstract

Mushrooms are high nutrition and possess medicinal properties, particularly Ganoderma sp., which
contains bioactive compounds with antimicrobial, antioxidant, and anti-inflammatory properties. This study
aimed to investigate bioactive activities related to cosmeceuticals of wild Thailand Ganoderma Mushrooms
grown under different cultivating substrates from agricultural waste materials, including durian wood sawdust,
eucalyptus wood sawdust, pine wood sawdust, and teak wood sawdust, with varying proportions adjusted with
rubber wood sawdust at 25%, 50%, 75%, and 100%. The results showed that Ganoderma sp. cultivated on
a substrate containing durian and rubber wood sawdust at a 25:75 ratio yielded the highest fruiting body
production. The extracts from fruiting bodies grown on durian and rubber wood sawdust at 75:25 ratio exhibited
the greatest bioactivities, with high antibacterial activity against acne-causing bacteria including C. acnes,
S. epidermidis, and S. aureus. Additionally, the extracts displayed significant antioxidant activity and tyrosinase
inhibition, which are crucial for melanogenesis regulation. These findings highlight the potential of Ganoderma
sp. as a natural bioactive ingredient for cosmeceutical applications. Durian wood sawdust can be used as an
alternative substrate to replace or use as co-substrate with an expensive rubber wood sawdust, yielding

the mushroom fruiting bodies with improved biological activities.

Keywords: Antibacterial activity, Antioxidant activity, Ganoderma sp., Sawdust, Tyrosinase inhibition
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Table 1 Dry weight of Ganoderma sp. fruiting bodies grown on different cultivating substrates.

Mushroom Sawdust Dry weight of fruiting bodies (g) grown on different substrates
isolates ratio DS:RS ES:RS TS:RS PS:RS
0:100 1758 + 1.7° 1758 + 0.7° 175.8 + 0.7° 1758 + 0.7°
25:75 408.5 + 2.9° 166.3 + 1.3° n.d. 139.3 + 2.5°
Ganoderma sp.
50:50 388.1 + 1.8° n.d. n.d. 141.4 + 3.2°
TAFRS018 b b
75:25 2238 + 0.8 n.d. 57.3 + 0.2° 20455 + 3.5
100:0 162.3 + 2.7° n.d. n.d. n.d.
0:100 200.9 + 2.5° 200.9 + 2.5° 200.9 + 4.5° 200.9 + 2.8°
25:75 2753 + 2.5° n.d. 214.8 + 0.4° 227.8 + 3.5°
Ganoderma sp. b b
50:50 169.3 + 0.9 n.d. 65.0 + 0.3 2457 + 0.3
TAFRS036 b b
75:25 1865+ 1.8 n.d. 52.2 + 0.2° 261.8 + 2.9
100:0 1213+ 1.2° n.d. n.d. n.d.

All data are presented as mean values + standard deviation (n = 5).

In the same column, the means followed by different letters indicate significant differences (0L =0.05, ANOVA,

Tukey’s HSD test).
n.d. = not detected.

DS = Durian wood sawdust; ES = Eucalyptus wood sawdust; TS = Teak wood sawdust; PS = Pine wood sawdust;

RS = Rubber wood sawdust.
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fumgidssuutoutanunzedadu 1 Wonsuisuruaduiugusnaiswes Inhibition zone wutilelean TAFRS036
fungidssuutanmzdideslsnsunauiviidenldomnslusnsdiumiity 75:25 uar 50:50 flaua Inhibition
zone Wit 3.7 way 3.5 wufmns auddy dauandly Table 2 lunasitleloian TAFRS018 imzidssuuidosls
yZounauiutidesldorensilusnsaiu 75:25 livuna Inhibition zone Wity 3.3 wufiuns nanisAnwduansdy
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Table 2 Antibacterial activity against Cutibacterium acnes of the extracts from Ganoderma sp. fruiting bodies

grown on different cultivating substrates.

Ratios of Diameter of inhibition zone (cm)
DS:RS Ganoderma sp. TAFRS036 Ganoderma sp. TAFRS018
0:100 28+0.7° 1.4 +0.1°
25:75 27+02° 15+ 0.5
50:50 35+ 0.2° 1.2 +£0.3°
75:25 37 +0.1° 33%+02°
100:0 2.9 +04° 3.2+ 05°

All data are presented as mean values + standard deviation (n = 3). In the same column, the means followed
by different letters indicate significant differences (0 =0.05, ANOVA, Tukey’s HSD test).

DS = Durian wood sawdust; RS = Rubber wood sawdust.

3.3 A1511A1 MIC wag MBC Yasd15annannnaniinnaula
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@ [
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SEM Anwinsdsunlamengadinuuadie nuaoananesdilia MIC fauuafiegnéudninaiauundiu
24 Hilas Wisuifleufunaeagrauauisauie waduuafiSeiiaiymuundluomadende nwdeanndes SEM
wansliiiuinansadndanaviliiAanisdnvinvead eviueed uasniswadvesnuaiiie (Figure 1) f31897un
asUsznoufiuednuasindudnalsdiinuluiiineenguiiuuuedise InevimoiBerueaduasmissad innissalva
voslelananaduausadanouazasluiign [6,7] 1inwanimmaaesiannsoaguldludesdudn avsatnainaoniia
waudelelaian TAFRS036 fimwidssuuoutantidesliniounaudutidesldfonams SgvslunsduduuadiFers
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Table 3 The MIC and MBC values of fruiting body extracts of Ganoderma sp. grown on different cultivating

substrates against acne-causing bacteria.

Susceptibility of bacteria to extracts (mg/mL)

Ratios of
Mushroom isolates C. acnes S. aureus S. epidermidis
PSS MIC MBC MIC MBC MIC MBC
0:100 0.1 1 2.5 17.5 15 >20
25:75 10 20 0.75 17.5 10 5
Ganoderma sp. TAFRS036 50:50 0.25 20 0.75 17.5 25 15
75:25 0.1 1 0.75 10 0.5 12.5
100:0 0.25 20 1.25 17.5 17.5 12.5
0:100 0.1 1 2.5 17.5 5 >20
25:75 25 20 10 20 5 >20
Ganoderma sp. TAFRS018 50:50 75 20 25 10 25 15
75:25 7.5 10 17.5 20 12.5 >20
100:0 75 10 2.5 17.5 5 >20
Antibiotics
- Benzoyl peroxide 0.5 35 3.0 4.0 2.5 4.5
- Tetracycline 0.2 1.2 0.2 0.3 0.2 0.3
- Clindamycin 0.2 1.2 0.2 0.2 0.1 0.1

All data are presented as mean values (n = 3) and standard deviation were less than 5%

DS = Durian wood sawdust; RS = Rubber wood sawdust

Figure 1 Scanning electron micrograph images of Cutibacterium acnes after exposure to Mueller Hinton broth
(A) and fruiting body extract of Ganoderma sp. TAFRS036 (B) for 24 h, Enlargement: For 50,000X.
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vufeutantideslindsunauiuiidoslfonamsn ludamdwmiity 75:25 Sovdlunsiueyyadass gegaiiiy
93.1 Wosidud %’qmﬂﬁqmLﬁaLﬁauﬁ’umiaﬁmﬁmwL?iyawui’a@L‘Wﬁwﬁm?ﬂu mansraaeugrdsudueulesilnlsfiuad
Dueuleifiisadostunssuiunmsaradiefiwaiiu 101935 Dopachrome method Fae1eufizeneantnduves
13 L-DOPA Feflioulwaflnlsfiuadudnssujazenlunisiddou L-DOPA i L-Dopaquinone wagiUdsuldidu

Dopachrome @sazUsingiiuansavarsddunas nan1snadeunuinaisainainaeniinnduis TAFRS036 Avnzides
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v o & A v a o & A v o | W a Lo a o
vuiowiandid esldniSounaniuiib eglderanis Tudnsidiunindu 75:25 dgnadudueuledinlsdiuawindu
62.9 Wosldud JageninsansainaneendinfinizideauuTanuzyindu

2

asataanaeniiavduieleluan TAFRS036 fnzdssuudeutantideslisounautudidosldonam
Tushsdauwiiu 75:25 wansquddnuoyyadassuasannindudueuluilnlstiualfesnedivssdnnmlunanieati
Feavandostuasiuiden sunind i wuiiansadaainaenianduie Ganoderma lucidum wazifiaunsy
Schizophyllum commune ﬁqw§ﬁwuauga5mzLLasqw%‘sTUégﬁLaui%ﬁimii%ma Tnedansdrd i eongns fe
asusznouilusauazansidnnguau (8, 91 Tuvaziiansatnainaenuinywy Auricularia polytricha uazifiauiasy
Pleurotus ostreatus flqasusyyadasy udliwugnisuduouleflnlsdiua (9] fadanuunndsvesquiiinues
%uagjﬁumaﬁuﬁ:l,ﬁﬂ Bnsarin warslinvesTanmnzdinadeUiinauaseinvesaseengrinatinmluneniia [10]
Table 4 Antioxidant and anti-tyrosinase activities of fruiting body extracts of Ganoderma sp. grown on

different cultivating substrates.

L . o Anti-tyrosinase activity (%
Mushroom Sawdust  Antioxidant activity (% inhibition)

inhibition)
isolates Ratio
DS:RS ES:RS  TS:RS PS:RS DS:RS ES:RS TS:RS  PS:RS
0:100 82.8 82.8 82.8 82.8 27.0 27.0 27.0 27.0
25:75 92.8 52.7 n.d. n.d. 52.8 29.7 n.d. n.d.
Ganoderma sp.
50:50 92.9 n.d. n.d. n.d. 48.8 n.d. n.d. n.d.
TAFRS018
75:25 71.8 n.d. 2.6 2.7 46.1 n.d. 14.1 14.3
100:0 25.6 n.d. n.d. n.d. 13.5 n.d. n.d. n.d.
0:100 91.0 91.0 91.0 91.0 1.3 1.3 1.3 1.3
25:75 92.7 n.d. 62.7 72.9 14.7 n.d. 18.9 2.7
Ganoderma sp.
50:50 92.9 n.d. 29.9 72.8 14.8 n.d. 8.7 18.2
TAFRS036
75:25 93.1 n.d. n.d. 83 62.9 n.d. n.d. 8.7
100:0 91.2 n.d. n.d. n.d. 12.1 n.d. n.d. n.d.

All data are presented as mean values (n = 3) and standard deviation were less than 5%.

n.d. = not detected.

DS = Durian wood sawdust; ES = Eucalyptus wood sawdust; TS = Teak wood sawdust; PS = Pine wood sawdust;
RS = Rubber wood sawdust.

3.6 MslAneiasdUsznaunAiivesasainanaeniiiadieLATas LC-MS/MS

ymsfnwesduszneunaaivesasatnaneeniiavauieloluian TAFRS036 fmzdssuuiouTagiidos
Idsunautudidoslionams lusamdwmiity 75:25 Tasldiades LCMS/MS wavaslasuninunsunudievesans
pongimstaninmaeeiledifidnenimluniséuwuaiiseneds druesendindu uazdudnouleilnlstiua 1nwanis
Ainsesinudt ansdrdnyinululSinagean Ao a1s d-(Aminomethylbenzoic acid @sdiAn m/z = 152.05 41 retention
time Wiy 0.91 unit FeisenuindagrsduwuaiiSeneds fusendvniu wazduduouleilvlsdiua (Table 5)

yonani mwumﬁaaﬂqmﬁmammwmum Helvolic acid uay Echionocystic acid Faduansddnisigndnig
WNEYINYIANLAIY nm/mmmiaaaﬂqwﬁmmaumsﬁm 11, 12] wansAnwbuandiifiuin arsarmainnenvause
TAFRS036 ‘VlLW’]uLaEN‘UL!’JaG]‘ULﬁE]EJl@JV!LiEJWJﬁ%JﬂU“ULﬁE)EJiﬂJEJ’NW’]i”I Tudhsrdruiniu 75:25 fnenim fiazthluiam
siaaamLflul,ma'waamsaaﬂqméww%qﬂwwﬁﬁﬂiﬂwﬂuﬁmqﬁumwuazmwmm FrevzasIseutty ansous uay
fuluafisenedlunaliganu
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Table 5 Bioactive compounds identified in fruiting body extract of Ganoderma sp. TAFRS036 grown on a

substrate containing durian and rubber wood sawdust at a 75:25 ratio.

Analyte peak name Retention time Molecular formula Found at mass Reference
4-(Aminomethyl)benzoic acid 0.91 CsHsNsO 152.05 [13, 14]
Helvolic acid 15.99 Co7H5,08S, 569.31 [12]
Echionocystic acid 17.24 Cs,H5,N,O6S, 657.36 [11, 12, 15]
4. a3y

£

fdeslsndsuannsathuldifutanmzianauionaununslidideslfonmnslfidue e aunsoan
suvlunsdetideslfonamnld asataanaondianauielelean TAFRS036 fiquivnavdionsgaiianludugys
Frusendndu qnidiunsadiadefiuariu wasquaduwuaiidenad awnsalddidenlsndounautuiidesls
gramnsilunmsmzdsadeld dilldneniiaifgninedinmiunedensgs mafnuluadiduandidiuinansadn
nvauiefildnnnamedsutagmegnslnil fdnsnmadunaduumamesmsengrinedinmanssuma
Feannsmiluimundundesusinvdiens viedunaulundnsusiguaiafitisdueyyadasy anmafinds uasduds
nsrvrunsaiadindiuaniiu eghslsfinu asiinsfnvidesenludrunalnnisesngn® anuuaends uasuszansnm
Tusgiumaduazdninaaes neunmsiiluiaundundadusidomdudlueuan
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Moisture content prediction of animal feed pellets with different drying models
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Auandaiu loua sUnsana waggunsanseuen uenNUEmruaAImMEIUNIINsEAULaZAT Arrhenius factor (Dy)
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vospuTuneluvasianiaedian R” 7 0.9903

Addey: wuudaesnseuwts, Waensdnd, anmzgamgiind, invuezduvie, wadladiua
Abstract

Drying technology is crucial in extending food storage life because it prevents the growth of fungi or
bacteria. While drying affects various properties, such as nutrient content and fungal growth. However,
the fluidized bed drying technique stands out for its energy efficiency, particularly when drying granular
materials. This study focuses on developing a drying model for animal feed pellets made from organic waste
under isothermal conditions. It investigates theoretical and numerical models, analyzing the diffusion behaviour
of moisture within the materials. The study examines two pellet shapes: circular and cylindrical. Furthermore,
it determines critical parameters such as activation energy and the Arrhenius factor (D,) using a trial-and-error
approach. The optimal model is evaluated based on R? and RMSE values. Results show that the cylindrical
theory model achieved a higher R? and lower RMSE than the circular theory model. However, numerical models
can explain the diffusion behaviour of moisture more accurately than theoretical models of both shapes and

show moisture diffusion inside the material R? of 0.9903.

Keywords: Drying modeling, Animal pellet, Iso-thermal, Organic waste, Fluidized bed
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2.1 MIATEUAADINT

Foppvlusieensdnlvldivdonds wieny uazamieilildgnldusslond Fsldnamhduvan Indus
1 uazansnilen wiomisldnssuiunsmdnediefunudeunii (1] dednaswudaldnendaommasuandugui 1
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2.2 nsEUIUNTRULAEgdladiun
nsneasssLliun1sny Maikaew, Phetkeri [11] didneimsidnluresounts adiay 2 ke lngdanuaun
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Abstract

The purpose of this study was to investigate the influence of the ratio between soy protein (X;) and
wheat gluten (X,) on physical properties of plant-based meat ball analogue (PMB) using mixture design. It was
found that the two factors had no significant effect on the color value of PMB (p > 0.05). The relationship
between the two factors and physical properties was found to have a linear equation with gumminess,
a quadratic equation with chewiness (p < 0.05), and cubic equation with the water holding capacity (WHQ),
These equation was then used for predicting the optimum X; and X,. It was found that the optimum ratio was
X; @ Xy at 20.0 : 30.0 which was suitable for further development.

Keywords: Soy protein, Wheat gluten, Plant-based analogue, Physical properties, Water holding capacity
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Table 1

Table 1 Experimental runs for plant-based meat ball analogue formulation generated according to D-Optimal

mixture design

Plant-based meat ball analogue Variable level (%)
sample runs Soy protein (X,) Wheat gluten (X))

1* 20.0 30.0

2 275 22,5
22,5 275

q® 25.0 25.0

5¢ 25.0 25.0

6* 20.0 30.0

™ 30.0 20.0

g™ 30.0 20.0

o" 30.0 20.0

The symbol xem represent duplicated experiments according to D-Optimal mixture design.
Other ingredients include water, shortening, tapioca starch, soy sauce, sodium bicarbonate, konjac powder, salt,

ground white pepper. and sodium tripolyphosphate There is the same amount in every formula.

2.5 MaAnwauantAnInIsnwaskEnsusigniudsunuuidedadaindis
2.5.1 meleneigunmieduiavomantusigniudsuwuuidedniandiy (Texture Profile Analysis)

SAALTINARIELAS DI AT LT o uiTa (Texture Analyser, Model TA-XT2i, Stable Micro System, UK)
wEouraiaileduianila Cylinder probe ururgudnane 50 fiaduns n Texture Profile Analyser (TPA) 1UW33
neaeuLiiedinneiiiodudavesemslagldusinafeimadeunvuikunuy Sduiugudnarsualugningniu
naasuugniu 2 afs ilesransmildituunewng nsldmauBanguresemadiooonussnaudinduusuls lias
v3oldegunss (Springiness) 4w indiflvunaidusiugugnans 75 Tadluns fmun Pre-test speed Wiy 3 fadiuns/
AUl Test speed Wiy 1 faduns/Aundl Post-test speed Wiy 3 Jaduns/Aund uagnaasiudesaz 60 v83A
aeiegna (1] dndeglifivuin 12x12x12 faduns TaeaAidaegnaay 3 61 vmstufinananuuds (Hardness)
N138ARNTB991M15 (Adhesiveness) ANUANNIALUNTSIN1E6T (Cohesiveness) ANAINEANEL (Springiness) Ao
Aaudafuansoanaundouiaznduld (Gumminess) uazaruenndelunisiReafiegng (Chewiness) thieyadildann

MsnaaadblInsizinan1eada

v
3 a

2.5.2 MIATIRANANIALEYeERSaTignTuds UL UULadn TNty

Y
v &

mﬁmiwsﬁmﬁmaqmamﬁmsﬁqﬂ%uLﬁsJuLLUULﬁaammﬂﬁ% TagnsnageuAIANNEINg (L*) AELAS (a*) And
Wwiaes (b*) Guaqé'haEiﬂdaﬂ%mé‘auLLUULﬁaé’miﬂfmﬁm wiasiamdluszuu CIE LAB (L* a* b¥) Tagldiasosindaiunlal
Tnsfiwes (Colorimeter) (B% Konica Minolta U CM-5, Japan) faen15gusaag1 ammmmu 5 gneiagns 1190gNs
luauses (Plate) fiag 1 gn Wd1suULAS 093RERsEUAIENSTUBNTIULET 9T A1SIaAT 81uAn warTuiinwa
ARWUAIIaIN F3TYT 2
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1ag L* %1809 ANE7N9 A16aus 0 (A1) aude 100 (119)
= 1 & = = 1 & o a
+a* MUY ANAMULUUALAY LAy —a* MU1ga ANANULUUELY?

+b* nuneds AANUTUAWEADY WAy —b* Muned ArAuduETRY

253 mimaaumiémﬁﬂ (Water holding capacity, WHC)

miwmaaumié:mﬁw (Water holding capacity, WHC) fintla431n35n15084 Tee and Siow [11] Tasti@iaens
anTureIEIinansEAIuNTes Whatman wed 1 fuuy 2 uiu f1uans 2 uiu nadetniin 5 Alandu unen 2 wil
Fawingniuteunauazudang

gnsAuIn % WHC = ((hwilngnduneuna-iviingndunasna)/dmtingniuneunn) x 100
3. wan1sAnwuazn1siansal

NNMsANYIFNvAEIINEAMYT PMB 1 9 gns tnedlowSeuiisuannnd 1 wuignssi 778" uaz O

Faldnrduseming X, : X, Wi 30.0 : 20.0 :ﬁ'ﬂ%mmmmLLazﬁU%nmﬁuﬁmmﬁqm gm*ﬁ" 2 U9RT1dIUTENING X,
X, Wiy 27.5 ¢ 22,5 fienunasiiiuingosann diugasiidauduuesiitiuiaves lungesd 1%, 6* §aildnardau
FENIN X, @ X, WiAu 20.0 : 30.0 iaaaam"l,é’uriqmﬁ 4% uaz 5% fnsduszing X, : X, Wiy 25.0 : 25.0 wilile
firsansuudaresdunaunuingnsiivssnoussdiunanvesusiiudamaes (X)) uinnirfesas 25 Juld waed
Usinanguindnima (x,) dndrfesay 25 axfidnuasuariiiuinnsueninnnitgnsfivszneudediunanmes X, i
niwseuiiiuiosas 25 uwasiiuin X, snndwsewiiuiesas 25 Singh and Singh [9] Mevwiilaswainallsdiu
wazmsiidnlssneusesdus fdvswadennuaunsoluntsgadu wasthiuvesnguu fedasiuldinnures X,
fanudnysodnuasnenMenImyes FeUiinnves X, intuasrilidnusiiuinneusnyes PMB fnnuuaziiosas

o 1 g 2 g 3

FrY - L

gosii 4 gosii 5 \Lﬁﬁ!
amﬁ’? goi 8 gash 9

Figure 1 The appearance characteristics of experimental plant-based meat ball analogue samples

HANINAADUAMAINN NI UAN YL LFURAYD PMB AIgLATasiATIeianwaziladulaoms wanmasa
Table 2 Wu31A1 Hardness, Adhesiveness, Springiness kag Cohesiveness hilafianuduiusiuusunaingauvsass
X, , X, ) gnadaiau Turazyinn Gumminess lag Chewiness inudnnusAuAILUsisaseteiidedAy (p < 0.05)

A a o o« S ko * o N . N | - Y P a .
Tnofindnsine PMB gasil 1 6* fdnads Gumminess gefian daugnsil 4* fu 5 fdnads Gumminess gelu
32AUTDIANN J9A1 Gumminess FednwarianmsNavedunniioanufsanizivzniulivaneninuin PMB gnsi
* o * < & v é v v & v o o = = v v & o= aAw

171U 6™ wazansn 4° du 5¢ deddusdunsideiensliwandiesnainduuinisasaunsanduld daludadidnue
odudauiuunndd PMB gasdu uenainilan Chewiness Fudundanunldingiomisudasuisiuniouiiazniu
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RUIYAINIT PMB qmﬁ 1*fu 6* u,asg;mﬁ' 4% fu 5¢ Fadldusslunsiannnnitemsssaranansaunndald tude
PMB qmﬁ 1*fu 6*LLasgmiﬁ 4% fu 5% fdnwariieduiadiuds LLagLLﬂumﬂﬂ’hquu IANANIINAADU AINATILER
AT USunawes X, wazuSuna X, ﬁmaeﬁaﬂmmwmaﬁmé’ﬂwmsLﬂfaé’uﬁasum PMB Tneiausunn X, gy
avdenalyl PMB Saruudauazarudanguifindu

Table 2 Texture parameters of experimental plant-based meat ball analogue samples

Plant- Texture Parameters
based
meat ball Adhesiveness Cohesivenes Gumminess*  Chewiness*
analogue  Hardness (g) Springiness
sample (g.sec) s (9 (g
runs
) 1230.95 -571.49 0.68 0.64 697.38 467.96
+ 30.20 + 107.07 + 0.09 +0.04 + 156.51 +72.24
) 669.85 -414.03 0.80 0.65 434.66 345.70
+ 84.14 + 60.59 + 0.03 + 0.01 +49.76 +42.51
920.93 -328.99 0.73 0.66 602.83 437.43
? + 75.87 + 64.85 + 0.02 +0.01 +42.27 +43.24
q 1164.17 -532.77 0.75 0.60 569.41 428.09
+111.71 +121.13 + 0.01 +0.04 + 92.25 +71.14
s 1098.76 -456.14 0.67 0.57 666.03 442.64
+ 84.93 +111.80 + 0.05 + 0.02 + 58.84 + 64.53
¢ 1047.06 -495.00 0.67 0.61 636.37 451.61
+27.10 + 240.10 + 0.05 + 0.03 + 31.88 + 14.51
; 775.68 -450.51 0.65 0.57 330.53 214.99
+135.01 + 75.39 +0.02 + 0.00 +14.83 +15.82
770.02 -346.49 0.64 0.58 417.04 251.64
8 + 55.89 + 85.08 + 0.09 +0.04 +41.96 +11.95
9 859.61 -304.26 0.57 0.54 455.15 298.47
+ 32.35 + 82.60 +0.10 + 0.04 +91.82 +12.23

*Significant difference at p < 0.05

NANSVIAABUAIAINET (L) A1duns (a%) Admdes (o) was PMB sela3osina1d uanduads Table 3
Lunuanudunusvesdadois 2 ded ud (p > 0.05) ludurmandilunisguinuauduiug (p < 0.05)
Femuannsolumsdui (WHO vunells arwannsalunsguihvesdnsusidlognussdaviousena [11] fiall X,
uay X, Asfinnuannsolunsdin lassadsveslusfudauvdosdinansemueganndeauanasalunisiniud
Tushudamiesiilignuaassnifuihlinnnilsiudamdesuuun (5] luduvesnguudnanddeduiinamnntuayd
Anuasnsalunagaiuiiigiuesnguiu Feraunsnvedldndviinautgs (8
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Table 3 Color parameters and water holding capacity (WHC) of experimental plant-based meat ball analogue

samples
Plant-based meat ball Color Parameters WHC
analogue sample runs L* a* b* (%)
1 58.43 +1.04 -0.07 +0.03 9.47 +0.41 583 +£0.73
2 5717 +0.77 -0.29 +0.03 9.92 +0.53 7.78 £ 0.60
3 57.48 + 0.82 -0.19 +0.01 9.80 +0.37 273 +0.31
4 57.20 +1.09 -0.24 +0.10 10.01 +0.66 5.26 + 0.32
5 54.14 +1.19 0.20 +£0.15 8.14 +0.62 3.96 + 0.87
6 54.50 + 0.39 0.13 +0.03 8.93 + 0.60 4.20 + 0.88
7 50.89 +0.80 0.95 +0.40 8.91 +0.53 3.79 £ 0.75
8 54.23 +0.99 0.22 +0.10 10.07 +0.26 5.27 +0.61
9 54.44 +0.10 0.20 + 0.06 10.30 +0.93 4.04 + 0.76

INNIFIATIZRIIENNSIINE WudEun1seuduTs e sat v e Usinalusiudamiesuas
ﬂqmuﬁnmﬁﬁmmzam g aunsauduiudiSauUsiansii (p < 0.05) fu Gumminess, Chewiness uaz Water
holding capacity TnegunuuvesmNdtussenislsiuduveaznguutned fanuduiusuuuidunss (Linear)
Gumminess JAMUFUWUS LUUFNNISA189804 (Quadratic) U Chewiness LagdAMUFUWUS LUUENNITAIGIETY
(Cubic) U WHC i afuunnaisiil oUszanas nsidausening X, : X, 1iu12a8191n0A1 Gumminess 7 600-690
Chewiness 71 430-460 way WHC 7 4-5% @unsaviuesnsidiufiinanzay de X, = 20.45 % wag X, = 29.55 %
%ﬂLﬁuﬁwﬁiﬂé’Lﬁmﬁ’uqmﬁ 1*uay 6* vosmsanwid Tagilen X, = 20.00 % uay X, = 30.00 % wAHANS S Inded

nsUsuUgrantimuanudaveulvinndusely

Table 4 Regression coefficients of the predictive models explaining the relationship between response variables

and independent variables

Estimated coefficients response

Variable
Gumminess Chewiness Water holding capacity
Model Linear* Quadratic* Cubic*
X1 410.75 254.54 4.40
X, 688.91 456.71 5.06
X,X, - 273.15 0.69
X Xo(X4-X) - - 28.71
Lack of fit (p-value) 0.43 0.68 0.49
R* 0.7911 0.9381 0.7735
R? (adjusted) 0.7613 09174 0.6376

X, : Soy Protein, X, : Wheat gluten
*Significant difference at p < 0.05
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4. #5UNaN13INY

NnHaMIVAaeUIEnsdwsEnINTUsAufudesuazngauinnand ludnasedesndaiau udlinasoniy
snd1elunisiediiedns (Chewiness) deilmuduiusuuuaunisiideaes (Quadatic) dauusslunisinesliunndy
quivaniaefioenduld (Gumminess) farmduiusuuuidunss (Linear) uazaruatunsalunisduin (Water holding
capacity) fiauduiusuuvannsidsanu (Cubic) annsvinnelagldaunisanuduiusiondn wuindnsdnid
winltlupnudululafasiluimudelaun X, : X, Wiy 20.0 : 30.0

5. Recommendation

o v o

HanduignIudsuwuuilledainniivnldanmsfnuildweniluiawsenisinunisusuusailodudalig
ANNLRZANAY kaTLANEAEuVBINGN S lINTY

6. AnAnssuUsZAA

Y8YauAN AMITENIATIVINALLlaEIMT AuIMINTIUAMIAnsLaznAlulaganaIvnssy umInede
Aauns Alinisaduauunisaindunisivelunsd sudSeganluladied veveunm AusuIng 913duin
HYIensTUNISHINNTS Ve wou lulema 911n Newnseiingiuuagansialidwivatduayunisanidunisive
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