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audesleswasyanaaunsaihld 2 uuu Ae madeslesyaraiivenissziuanudAgueanaidonlss (g9 Urunans
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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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foya (Clustering) fimadialunsiinszviteyaiddy Ao K-Mean Clustering Sudunildusane3tunisisousuuulid
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eoulssiulumadldanud danfunaoudvonaiowuulififaou Tneldsane3su K-Means Clustering iileTLAs129
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o v
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Person_ID: 1, Day: 1, Room: Classroom, Time_in: 09:00, Time_out: 12:00
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Person ID: 1, Day: 1, Room: Classroom, Time_in: 540, Time out: 720
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Overlap_start = Max(Time_in1, Time_in2) 2)
Overlap_end = Min(Time_out1, Time_out2) (3)
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Figure 1 Time series analysis for people OVerlapping
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START

[ Define a number of cluster (k) ]

v

Random assign centroid
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Calculate distance objects
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h 4
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FALSE

No objects move

Figure 2 K-Mean algorithm for clustering data
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3.1 meaaunuTIUTINtayauaznsUSuUTidayaiian1sinsen
NMTasYadoyadiassausananidnuasitegedoyasudud Table 1 uazdayaiusuusauiandu
Meunl 69 Table 2 wazn3nANueleasynIayanass Fisure 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 Mvaaasdangudayanisiyeulesyana
ludruvesnsfnwiuaznsnaaesilliimuilusunsunundnnisiladiauelidneiu JeyanlanIeulign
Juiinlugluuuresmisedeya dedeyanmundiuiy 1,995 uniteya uazludunauveinismaass In1snaassaing




NMUSEYNIVINTTILAUYIA IAMBEST ASad 10
O
The 10" National Conference on Informatics, Agriculture, IAHBEST

Management, Business Administration, Engineering, Science and Technology

anudenlosyanaluiunie 4 lnenisnaaeslduuseeniu 2 wuu Ao nsasenudeulesyanaluiufifidmualoaeg
ANFRNlgaINyNYies Lagn1saienueulesyanalu ULy iosimviun
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Tunsneaesiifunismaassnisadsenudonlssyanalasmsdmuauiidosnsasannuienlos e
finsanaindeyanindilivosianun wazdinistimunan Overlap time veayanadinsunsinsevideya lng
fstuad Overlap time >= 30 \flosnidusseznanfiuumeifieuansiyaeaiiegiamiunigluiesluvmzdisaaty
7 Aeiifanssusiuiu wansdseuidenlosiiiatu uagldimunszduresnudenlondu 3 52U (g9 Urunans uae
laifianudonlo) danfudsimune K = 3

MNNANIMIAABIR Figure 4 wuityaragndunay 3 nuauitldimunly uasiofinsandeyananisdnngs

sxnuyarafigniuleglunquvsendawmesifieiu asdunguieuiitnny lnenguyarafigniungudideiuusiay
nawiinadl
nauyARadaNUeLlesg: [1 234568 9101213141517 19 20 23 24 25 26 28 30 33

34 3536 37 38 39 40 45 46 48 50]
nauyArailiauweNleslunans: [11 16 18 21 27 29 31 32 41 43 44 47 49]
nauyAraflifinugenle: [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
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nawd 1 (Cluster 0): [13 19 23]

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

naw7l 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

Nnwamsveasaiietmamsiiaszinsidenlewanaasisaeuivteyarulumsstoya nuidanessud
simunduiiaunsassyaruidonlosypaadidniadlivestns 1 Ifegagnsies &1 Figure 6 fuansrudeslosdayaan
n1snsesdoyaes Lounge Tutudl 7 Faiifidldaudiuan 15 au Femsetunisnaassly Figure 5 fidnanisiesles
yanansaty Wefiansanmsteurivvesdeyauasldszosnaiidewiuiudy Feature fiddny Tumsdnngunisidenles
wuihdeyalumssiyaraunsauiiiinadeuiviuwigninlegauazngy lesanlunisdnnguazinnsansyeziianly
msldvieasaniuludiud iy

[ 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
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auluyniu waesinnuianaslumsinnguyanainngugsga 3 au uazdinedsanuiansinlumsdnngueyil 1.1 au
uay Msnnassadinnudeslesynnaluiuassiesiirivun wuidwuyaraidldusraziios luusag Sulisuaulyl
wiriu Tnefiaraiiemaialunisdanguyanainngugean 2 au uazdiamedsnriiansnlunisiangueei 0.5 Ay us
vnAndufesazveinnuiiawainazegi 2.8%

Table 3 Results of clustering error assessment

Connecting people in every room Connecting people in a room

P2y 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%
a4 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%

nan1sneaeuansliiuinsaienudenlosyaaalunsidildaniun danugndeswesnisianguainy
Wweulgayananu Ui vuaLazeulewnies IANNYNABIVEINITIANGY 97.8% Uag 97.2% Mua1au
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Factors affecting the ripening of paddy grains.
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Tnsmsifouaritnueiesdotaniotdmiugnunvesudat1nuden Tagldvinismiafoiftevsdnnugnud
yoamdndnden tensuliymmsveasuirdsaieiusdmlusseznsiuiedignwediiiovzlsannnuianaind
Weaneulunsiiansananuanunveawdataden vmsdneiluda 3 sug Sriudunusidl Sroiuduey
anssauySuazinaiusvennd10s Saduiusinidoumzugn e lumartadefiinasernuanuivesiinuas
thluassaunisannssuuummga (Multiple Linear Regression) uduhluasueiesiainaugnuiatmdadonan
Hadetsdmumdnivnnis sadildfedmiu friuuyusil $afeiiued Ao anutuvesinidden (x,) Samdmana
AoUsuas (X)) Avosudn (X,) uwarldaunisannssuuunvaa fie Wesidudnnugnuiveuudntia = -76.302-
1.059%,+0.443X,+3.222X; T1INUGNONGNTIUYT fitadeiiued Ao mnuBuvesdniuden (x) shsrdrusnasieysunns
(X,) voaudn (X,) duindiunyidensio 100wEn (Xq) Warg Lﬂas‘ﬁuﬁmmqﬂLLﬁ‘uaﬁLmém%’n =122.817-
5.271X,+0.242X,+2.192X,-13.822X, LLawmsﬁ%ﬁ’gﬁuﬁfmmmﬁlOS fiYadeiiusd Ao mnuduvesdden (X))
SasnaunaneUsinmns (X,) Bveaudn (X,) Anududunswdncx,) Amvedluwnuwes LX) uas Wasidudnuen
WATBUUEATNY =381.350-3.646X,-0.171X,+1.311X, -2.940X.-1.004X

Adfgy: Anugnunvesandaden, w3saisiwind, wiedlodn, waatlden

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 (X5). 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 (X,), grain color (X5), and weight of 100 dehusked
grains (X,). The equation Grain Maturity (%) = 122.817 - 5271X, + 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 (Xy). 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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aa 1 a

idayailaanardadosne q sudssuiisunsadfindinnudniedionseunnaiunsaiiivieldluuwiasdade lag
lUsunsumneatia fa 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
mm?r'?u -1.059 .299 -276 -3.547 .001
1amUIUNT .443 .079 .398 5.635 .000
dvosudn a* .3.222 .815 .351 3.952 .000

a. Dependent Variable: 1asidusinnugnun

fUII 3 i lAuA ANLTL waneUsuIRs wavAdluwny a* dudtdedAyn1eEns (Sie. < 0.05) Laziinase
Wasidudarugnuivesudadnaiudunusid 1 lussdufiuananediu lnsanzananeusinaswazadveaudniidawaids

UINFiaANgNLn vuzinNudralunay

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), #¥au1dn a*, 1anaUSung, ANUTUY

MNMeTEiLuanaesldudunmans (Multiple Linear Regression) TngldtladuiAuades Idun aruiu
wareUsung wasAdluinu a* Wududsdase wudlueadlen R wiiiu 0.911 wansdismnuduiuslussiugesewing
FudsBassuaziulsnu (Wesidudaruanuivesudnda)a R Square Wiy 0.829 wuneA1u31 Fulsdaseia
auansnesumNLTUTIueImNaNLATesdatldtesay 82.9 vagiiAn Adjusted R Square agil 0.822 B
Huiusuudauiionnuudus Bstulunsdiifivanedauysdaszen Standard Error of the Estimate iy 11.11705
Feawreuisrnanuaainndeulnsidsremismensainnliaaianuansiensidaunsoaguléd luead
UszanSnnlunswennsalsziuanugnunvesudninaliegamungauuazwiug

yhmsdndondedeiinadernuanuiidvesusaztadeliuansiulumeadaiiiothlumanns Multiple
Linear Regression A&1n15 Multiple Linear Regression mﬁmeﬁmiamaaawmmﬁaﬁuaumi Multiple Linear
Regression filéife Y (Wesldusmnuanunveaudndn) = -76.302-1.059,+0.443X,+3.222Xw0351us Unusil
uaziiadefiAertesie

1. AuFU(X,)
2. 1anau3ung(x,)
3. AUDIELIULAUVDY a*(Xs)
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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

idayailaanardadosne q sudssuiisunsadfindinnudniedionseunnaiunsaiiivieldluuwiasdade lag
lUsunsumeatia as 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. Beta t Sig.
Error
1 (Constant) 122.817 42.076 2.919 .006
mm%u -5.71 713 -.579 -7.394 .000
1asoUININT .242 .084 219 2.873 .006
Fvosuana* 2.192 765 208  2.864 .006
InunzWdendeal00  -13.822 4.792 -124 - .006
W 2.884

a.Dependent Variable: 1Wasldunnaugnun

FruusiomnleatifdedAameadn (Sie. < 0.05) wazanunsaldsmnulunswennsalosidusiamiugnunass

wiadmiug veugnssays lhegnlivszdrinm lnsnmzamuiudaiuladenidvinasermugnuninniianliudau

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 .965° 931 .925 4.72322

a.Predictors: (Constant), #1unziUaanda 100an, WiaseUsuing, dveaudna®, AUy

PMNMTIATIBLUUIARLITLdUNAM (Multiple Linear Regression) lagldUadefinendes laun mnuiu

1naraUsuns wazadluwnu a* Wusuusdase nudnlumaian R winfu 0.965 wansfsmnuduiusiuseAugasening

v
o

Faudsdaszuazdnusny (Wesiudaugnunveaudnd1i)an R Square Wiy 0.931 nuneaudn faudsdassi

auannsnesuieauLUsUsIuvesanunveundadldsesar 93.1 vaediAn Adjusted R Square a8 0.925 &

o v A

WuaiusuwaiiaanusdusdstulunsainivaesuwlsdaseAn Standard Error of the Estimate winiu 4.72322 &9

v ==

agvioufsAranuaatanioulagiadsreinisneinsalannlunaianuanisiesevdarunsoasyledn lunad
UsganSanlunisnennsalszauaiuanunvesudednldegiumnzauuaziiug

vmsdmdeniadeiinadennuanuifidrvesudardadelivnndraiulunmeadfifievrlumannis Multiple Linear
Regression A 1@1N13 Multiple Linear Regression mﬁLﬂswxﬁmsmaaawnqmd’qf%umﬁ Multiple Linear
Regression 71l Y (Wefldudmnuaninveasndnd) = 122.817-5271X,+0.242X,+2.192X,-13.822X,
yosiiug Sravengnssays uasliladefiivadede

1A (X))

2. 3asoUsN1n3(X,)

3.A1909AIULAUYDY a%(Xs)

4. 41unzAn 100WaA(X,)
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Figure 5 Graph showing relationship between rice maturity factors and days after flowering of Hom Mali 105
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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
AT 3646 581 -630 6272 000
AUt unziEe -2.940 766 349 3.838 000
1anUIUNT -171 .039 -370 -4.402 .000
fvoaubna* -1.004 413 -159 -2.430 020
Hvpaabab* 1311 558 219 2.351 024

a.Dependent Variable: 1Wasldunnugnun
fuusviamuaiidedAgyvneada (Sig. < 0.05) AnuTuvesitivien Wulfendnaunfianlunisanninuanun

(Beta = -0.630) Wnailaunsaesuiensivasuwdasesminuanuilaegsdivsednsnm tnefidadensinunanin

(ANUTY, AuVLILLL) wasnadnyazdvauudadInTwRiansan

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 .921° .848 .828 5.88995

a.Predictors: (Constant), vadudna®, @Uauuanb®, ANuFUTILNLUER, WafaUsunsg, | ANUTY

MNMeTEiLuUanaesLddunmans (Multiple Linear Regression) TngldtladefiAuades Idun aruiu
wareUiung wavAdluunu a* WududsBase wudilueadien R wiiu 0.921 uwansdsrnuduiuslussiugesening
fudsdassuaziudsnu (Wesidudarugnunivesudnda)al R Square Wiy 0.848 wneA1131 fuUsBasets
auaNsnesUBALLYSUTIYeILEnLAYeuudnd Il dFenay 84.8 wauzdiAn Adjusted R Square BEffl 0.828 @9
HuaiusuudauiionnuuusBstulunsdiifivansduysdasee Standard Error of the Estimate iy 5.88995 &s
avviouismanuemaindeulnsadsvesmmennsainlinsatinnransinszitaunsoazlea Tuead
UsganSamluniswennsalszaurnugnunveuandalisgununzauuas uiug

vhnnsdadendadefiinasennugnunfiaivesudaziadsliunndrstusnnlumsaddi ot lumannis
Multiple Linear Regression A1@1n13 Multiple Linear Regression mﬁmeﬁmsmmaawnqmﬁaﬁuammi Multiple

Linear Regression #il#ffe Y (Wefldudmuanuiveasudng1n) = 381.350-3.646X,-2.940X5-0.171X,-1.00Xs+1.311X,
Yoeug Mravenuzd105 warilladeinetosie

1. Ay (Xy)

2. AnuBudunzEa(x,)
3. anaUsuns(x,)

4. AURSALULAUYDY a*(X,)
5. ANUSALULAUTDY LX(X)
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azaunsiidadennan fnadeofidudnugnuiveaudadnn Falnisldfuusiiseiu 1wy AUy (X,), wrade
Usuas (X,), ANvesdluunu a* (X,), LLasf]aa‘i’aSuq ﬁL?{aﬁaﬂumaxﬁuﬁ:sﬁn Tudruvesannisannis Multiple Linear

Regression usiaziiug TusgiuAvesrindulszdns (coefficients) 11asiiiuvoannansenuioAugnLiveuNdnd1Iin
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wuirinusaeiusitadefidemasiossfuauanunuandnstu dmsuituguusd 1 Jefefifeados Wur anuty
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Useansn1waas Bacillus subtilis Tun1sAruANgaswazLUATLSEELMNLIAY7
The effectiveness of Bacillus subtilis to control of fungal and bacterial pathogens causing
rice diseases

o = 1;11 o v
AYYA SIUADNLU LLAS UNTU AUYY

Anchulee Suandokmai' and Mattana Tunchai'”

Iedgnaluladnisudniiy anzmalulagnisiness aordunalulagnszaeundidinaummsainnszds nganny

!Department of Plant Production Technology, School of Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang
*Corresponding author: Mattana Tunchai, e-mail address: mattana.tu@kmitl.ac.th

UNAnE?

TsadndmansenudensUSuunananuazannnuesin SsmmdngifannuueiiGeuaziten wu 1
vauluwis (bacterial leaf blight) wazlsaluTalusauas (bacterial leaf streak) LAnaALUATILSY Xanthomonas oryzae
pv. oryzae Wag X. oryzae pv. oryzicola HNaAU LLazL‘ﬁIaiﬂme‘UaﬁIiﬂ‘ﬁ"n Curvularia sp., Bipolaris sp. Wag
Pyricularia oryzae fiolsaiudania Tsalugadima uaslsaluluddn auddu suidedingusvasdiiadaden
weieufdnsdedeanglindn levhnsuenideaniuuinuseuindn wdmaaeutssavsamlumsiudude
amalaad1adae3s dual culture luanmiesufdins wuiilelean SPK B3 fuszansnwlunstudatoainglse
X. oryzae pv. oryzae wag X. oryzae pv. oryzicola IfﬂEJﬁsuu'mLfﬁ"umuqusj‘ﬂmw'%Lams’i’us‘]nghﬁ’u 31.83 mm uaz
21.58 mm ANaIHU Lﬁammaauﬁ’ULG‘??ama'leﬂim’m 3 9sfin Lo Curvularia sp., Bipolaris sp., Wag P. oryzae Wuin
ﬁLU@%L%uﬁﬂﬁé’uégaL%aﬁaeuiﬁ 76.21%, 74.05 % waz 54.69 % muARU INNFNWISNYEdugIInemuI le
Totan SPK_B3 1Junuaisaunsuuin uazvinssyysiavesuaiideujindimematanmsdluana lnewSouiiou
arduihedlolnduariiasizianuduiusniaiugnssuaindu 165 ONA wudtausadadiuunleleian SPK B3 1y
wuAii3e Bacillus subtilis nansAnwHwansliifiusn Bacillus subtilis SPK_B3 fiusnuazdnidenldiuszansninly
maduufiindredoamlsaluin fuuafiGouandonainglse fuansdsdnsnmlunmniluldauaulsaluim
MEIBTINMN

Addgy: Lsaluds, Tsaveuluwis, wuafileufing, nsmuaulsaiivlaedsdanan

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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417 (Oryza sativa L) nilsluiiviasugiafiddey idusyfivermsudniivilnaduialan lnsanizluede
woy3n uaranfuedni [1] lsaludrviiliiAeeudemeiomamananuasamunin Tsnvouluuis (Bacterial leaf
blight #3© BLB) ‘ua@%’nﬁltﬁm’mﬁya WUAYILT 8 Xanthomonas oryzae pv. oryzae Way X. oryzae pv. oryzicola
wuafiSeiifuamguodsaludalusauas (Bacterial Leaf Streak o BLS) luim vhasdsaidnulsafiddyuosini
Annuueiie Feaisenudememaasugiarenisudedrarilan iesnideuuaiiGuamglsnansownsszun
Ifogmnilnsenglufuiiidanmernaduuas flusnvssads aunsodvharesudnldmnszseninaiyiuln
fausisyzndn uanne eensay Twdsaansadieveamandanusld (2] Tselull (Rice blast disease) FuAnaInidos
Pyricularia oryzae, IiﬂIUﬁmﬁﬁfﬁma (Brown spot disease) ﬁLﬁmmﬂL‘ﬁaiﬁ Bipolaris oryzae, wavlsaanang (Seed
discoloration disease) flAnaInidos1 Curvularia sp. drudulsafiindunn® tnefinuguuswodsaaudsedui
suusatosaudssriuiisuusannlunaefiuiiiugnin 3 msldamaedauaulsatnisunumddydesannnisld
nufiagnin sn5 uaglinadnsain sgndlsinuiinadrafesdiliannsosesiuldnnmsldased wu msandses
ansiadl eudusafivsiedawindey wazmsdunuesdngity Faazvililiaenadestudorimualunisviinunsi
fadu [4] FefhuFadinmstauniinmsfienansenusedannde Tagldimuaumaianin (Biological control) ddaliu
wmaviafifianudsfunasiinnumszailunisdanisisafia uasdodunadonuisiifiuuldufinlunisdosiuuay
AuAlsAt1 [5]

nsmueilsaiignsdinm fonsligaunieviedditindus mEJUmmsmwLmuimﬂuaqﬁammaiiﬂ ERLRE
Jostuiwannsinige dudunsld Bacillus sp. wuaiiSefidulinsiudwandey deunsalTdves Bacillus awnsa
Fudsnsunisruaveadenelsald nefinalnnsvhauiivernans enfidu nsudnasiisudimsidvinvesderelse
nsutaduiiond s uiinazansemns nswdnansiaunsasudweuluiiitenelsandntu Judu nalnumaiilvily
Bacillus sp. annsaviuiihfilusnuaulsamstanmiifiuszavsamlumanisanwns [6]

wuAfi3eUfing (Antagonistic bacteria) fildvesflanfedtia Bacillus Fuduanafilanisiu gnihluléifuans
auaunsinmlunsndnfisvainvanssin esndussansamAuasiienuannsoudufudifuaunadousiagld
[7] Bacillus sp. Huuvafiefiasaléluanmiifoandiau (aerobic) wisluanmiiieandiaus (facultative anaerobic)
sUTnduurs afrueulnavesivilimunuroanizuindsuit lmunzay [8] S51891u31 B. subtilis, B. cereus, B.
pumilus, B. amyloliquefaciens, B. firmus, B. megaterium, B. safensis wa B. velezensis {Usz@n3nmduufiing
aoldonalsaiiy laun wuadiiSe o 051 wazldiieusdes [9, 10] N15ANWIYEY Wu et al. [11] 57897471 B
amyloliquefaciens FZB42 mm*meiqLa'%mmﬁfglﬁuimaaﬁwaxmuqm%aiiﬂﬁ% Felluszavsnmdudadouuniiie
mmqimﬁ’m X. oryzae pv. oryzae wag X. oryzae pv. oryzicola lauudnans difficidin wag bacilysin vz 7
Leelasuphakul et al. [12] wm’] B. subtilis NSRS 89-2 anansadudsnisiaiyrenduloieomannlaalulugd
Pyricularia grisea uanani Chiangsin et al. [13] 57897U B. subt/lls ‘VILLEJﬂiﬂ%]’]ﬂLmam’nmmmEJUENM':?L%EUSUENLau
18 Bipolaris oryzae Lsnai’]mm@kﬂ%ﬁmammamawn SnvuuniiSe 8. subtilis BAS114 fuenldaniuanusaduda

v
&

nsiesneaduleiies1 Cunularia lunata anwmglsadnsiedng Tasvinliduledidnwasiaundlu [14] msldunds
wuAfiGeUfinditlssavsamgauas nisdenaadeamglanisdaruddylumsiluldmuaslsefialngizdanm
Fofunisfnui e tagusrasdlunisusnifouuaiifoanduuinuseurnisuasdadenuuaiiieujin s g
Uszansamduda Xanthomonas oryzae pv. oryzae wag X. oryzae pv. oryzicola safsilunageuanuiulfiing
Gi@L%@iﬂﬁﬂLﬁ@Iiﬂ‘ﬁ’ﬂ Curvularia sp., Bipolaris sp. Wwag Pyricularia oryzae 1uaﬂ13$ﬁaﬂﬂﬁﬁ'§ﬂﬂi

2. A5n15AnEn

2.1 Wesumglsadn

\Feuundiise Xanthomonas oryzae pv. oryzae a1eiug DOA-BCC2568 anwmnlsavauluuiia wag X. oryzae
pv. oryzicola engwiug DOA-BCC2562 awnlsrludalusauas lasuanueuaseiannguaudnmniive dnise
WAZEITNVINY ATUIVINITNEAT VLYY L%aﬁwmmaiiﬂ%’n Curvularia sp., Bipolaris sp. Wag Pyricularia oryzae
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lasuanuenATgianeslfiinislsaiiving puzwalulagnisinens anduwmaluladnszaunandinunmg
GUIRERAT

2.2 nMsufiag Ry wazAadanuuaiiieujindg

nsduiiuimegeiuanuUastily fmiangunma wazaynsysnis Insguiiuiiegafuuiiunseusn
Fnitannadin 0 - 15 cm $1uau 3 90 9aag 100 g nsueneuuaiiiennniu TaethAuusnmseusind1iuyiinisuen
\Toses soil dilution plating UuemMs nutrient agar (NA) Taeniiaegsiudiuau 1 ¢ ldaslunasamaassiidhingu
shide 9 ml il lifunszaned Mnduihmaidessasunusssiedidlifiaumiensd 10° - 10° wh ndy
gransuwIuansUiigs 0.1 ml luinde (spread) Toiuwumthenms NA udufigamgdl 28 °C uan 24 - 48 Hilus
wenuuaiideliuiavsdemaiia single colony isolation ULpI3 NA iftelunageusudamiaiiyreadenuaiise
X. oryzae pv. oryzae Wa¥ X. oryzae pv. oryzicola

2.3 ﬂ’]iﬁﬂLaaﬂLL‘UﬂﬁL%EII’?)I‘Z]Lﬁﬂﬁﬁﬂixﬁ%%ﬂﬁWﬂﬂuﬁiné’Ug\iﬂ']‘jlﬁ]%mu%aﬂl,%a Xanthomonas oryzae pv.
oryzae Wag X. oryzae pv. oryzicola

ihdouuaiiSeiuenliannfumaaeudsyansnmlumsdudninaioreadeuuaiiieavalsatn deis
paper disc diffusion IﬂaLgmﬁyammqiiﬂ X. oryzae pv. oryzae Wag X. oryzae pv. oryzicola Tue1413 nutrient
slucose broth (NGB) Usunas 20 ml idsadeuuailieleleian SPK B3 Tues nutrient broth (NB) Usanas 20 ml
wededennuida 150 seusdeun?t iuian 24 dalas Tgamnfivies UsumAuusaduTIAeBLLATIS LA MR TSR
wazuuaiiSulolean SPK_B3 faeipdes spectrophotometer il ODyg = 1.0 A% A1 ODyg = 0.2 ANUAINTY niy
neaaTsuTIUassuUATiSylelean SPK B3 asuunszaunsesiiduumdurinugusnas 5 mm U3uins 5 pl 9antu
ihlunsuunthemaidsatio NGA findeidouuafiioanuglsn uduftonmgf 28 °C Huan 48 - 76 s shns
uiinnadiufansissyueadenelsa tneTavun clear zone vowuaiiseiinadey

2.4 pyndeuinuusnedugurentowuaiieufing

idouuafiisfinuidadenldnAnvidnvasnsdnugilasnisdeuduns Guaniideusayleloaa
dlosuualad uazrsuli 1 - 5 Jundt aantumenans Crystal violet adliviausosailos fisld 30 Junit drseendaoii
ndu vemansavandloledu M9l 30 Jundl Erweendaetndu uazdneie 95% Alcohol Uszanas 10 - 20 uiiudadn
gandetNdY MntuneadaBEns Safranin #1330 3uiit uardreandrethnduainduinsaladliliuiadnmiodu
Fensyauiinyliuie niunsiagiaendesansae (Light microscope) firndene 1,000 wh

2.5 MsAnduunuazsryviinvaswuaiFeujindlaswmaiianiedialuana

ihideuuafieufinsidosuueims NA Unflgaungd 28 °C Wlunan 24 Falus mnduidelaladideldvaon
lulasiiadawin 1.5 ml fldtsunissideuiinms 150 mi diuftgaumfl 100 °C Wunan 2 wiit nduhldumnies
71 10,000 sousiEWI Wuian 1wl thawlaluldfuwiuuulunsfinuSunadu 165 RNA fewaila polymerase
chain reaction (PCR) Tngdrunauvesuizen PCR lunasnlulasiiaduuin 0.2 ml Usznaunas 10X Taq buffer
U311935 5 pl, Tag DNA polymerase (SMOBIO® Taiwan) U315 0.25 ul, 10 mM dNTPs U3ues 1 pl, 10 uM primer
27F (5’-AGAGTTTGATCCTGGCTCAG-3’ ) ey 1492R (5'- GGTTACCTTGTTACGACTT -3’ ) Usuas 1 ul L siolwsiues way
DNA Wiy U31105 1 pl USanessassionun 50 pl andufisdSanamstugnssunuduneussd

Initial denaturation 9auMQi 95°C WY 2 U
Denaturation gl 95°C w1 30 Junil
Annealing gl 50°C W1y 30 Junil
Extension gauMQil 72°C WY 1 w1¥ 30 Fui
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iu“ﬁy’umau Denaturation 94 Extension ausl}gﬂ 35 59U hag final extension aamﬂﬁ 72 °C Ul 5 W19l ﬂﬁﬂﬁu
maﬁ]aauwammﬁm PCR maenaila gel etectrophoress 1% 0.8% agarose gel TuansazateUinines 1X TAE Lanuau
DNA uwA3as UV transilluminator antiuasiiaszidduinalolndlaouion Macrogen Inc. (Usginetn1mata) i
mayjawlmﬂswL‘1/|auamuumaialmLLasmmauwuﬁmawuﬁqﬂﬁimaqLwﬂwLsamﬂgmmaaﬂa National Center for
Biotechnology Information (NCBI) s 98 1Usun sy nucleotide BLAST kaz31As18M A Nd Ui U 19 ugnI581n
phylogenetic tree Tagld maximum likelihood fiein bootstrap 1,000 ﬂ%’j\‘i pelusunsu MEGA 11.0

2.6 msmaa‘u*dszam%mwé’Ué'anﬁiLa%sy,wmL%asﬁ

maaumié’ugal,%aﬁ Curvularia sp., Bipolaris sp. Wag Pyricularia oryzae mmsﬂm%nﬁwﬁ% dual culture
method Tasfauinalasdulsvendesannglsn vurmdusiugugnats 0.5 cm MsuuemsAsde potato
dextrose agar (PDA) %#1491n98UTTUEWNSHAENTD 2 cm nduTndeuuaidsufinsviannidesanvelsa 3 cm
warnadeaunglsaudldinduiaumudonuafideuftndidusamuny nduiiluvsdigumgiivendunar 7 Yu
Sufinnanisvaaeslnefuaivesidudnsdudwesdninisaiyvenduly (percent inhibition rate growth, PIRG)
ftail [15)

R1-R2
PIRG = (

) x 100

Tneil R1 Ao $aillelafidenanvelsn (ynAruam)

R2 fie failleladidonaveilodssufuidouuaiigeufing
Sufindnuasdulovesdonauvmlse lnsnsnsagléndesqansmifiddsens 400 wh Wisuifeusswiaduled
winlugaeuau fudulefdsshutudenuafiseuiiing

3. HANTSANYILAZATIANTAL

a

3.1 mnwmtaxﬁmﬁanLmﬂﬁl,'%ﬂ“"'UszawsmwlumwwqwaLL‘UﬂwLi&lmmmisﬂwa‘ulul,mal,l,avisﬂiww
TUsauas

MnMsAnwuuafiFefiuenldanAuuinuseusndn fufufeiananaumsusnig s dilution
plating method annsafmdenuuafisefiduszansnmlunisemuaudewuafioaunnlsnveuluus uarludaluss
uasle Aololaian SPK B3 %QLLamﬂisﬁw%mWﬂﬁ%E}zﬂL%a X. oryzae pv. oryzae Wa¥ X. oryzae pv. oryzicola 110
figauilowfivutugamuay Tnefl X. oryzae pv. oryzae fuuadurugudnansuiinusudasinty 31.83 + 058 mm
(Figure 1A) waz X. oryzae pv. oryzicola ﬁsummLél’umuguéﬂmw%nmﬁuégqwhﬁ‘u 21.58 £ 4.16 mm (Figure 1B) 27
$1891U93 Zhou et al. [16] Tvhnsdnidenyduniddmiunismunulsavesin wuideuuaiiSe B. velezensis BR-01
ﬁqw%‘é’ug’ammﬁiy%auﬁf@mmsﬂm X. oryzae pv. oryzae Way X. oryzae pv. oryzicola 318971UU89 Cheng et al. [17]
naaeuLdouuafiie 8. subtilis MIMP2 flusnldaindnaemdnausssumAveanaaiunsaniugy X. onzae pv.
oryzae uazNTNAABINES Djatmiko et al. [18] wenitouuniide 6. subtilis il wuind 3 lelmanitannsaduds
nsisyveatenuaiise X. onzae pv. oryzae I mswmaamaﬂwuamﬂmumnmmm wazuuafiSetoulalyiviviuen
mnifladevessndmmudeluana Streptomyces fianunsaniuemidio 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 AnwdnwazdugiuvaswuaiiGelolyan SPK_B3

prndeudnuuesdugilasdsndouuaiseloloian SPK B3 uuawns NA ilunan 24 $alus wagviinis
fondunsu wuinleluian SPK B3 fidnuwarlaladinay veundnianies wazdidvyu wadfndiae WuwuafiiSaunsy
van figusraduvieu (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 NMsAnTuunuazszyiinvasuuaiFelaewmatianiedaluana

W mdnsiuel PCR vunUszains 1,500 ALua Fldannsiinuianady 165 rONA vedleluan SPK B3 Tuw
aruihedlelng naanmsinseiuasiUseuiisudduiindlolnaaing1udeya GenBank NCBI melusunsy blastn
uazilnevinmdiiusynaiugnssuveauafiieann phylogenetic tree #e38 maximum likelihood fiA bootstrap
Wovua 1,000 ads UShashumisEy 165 DNA wuiwuaiiGelelaian SPK B3 Savuilndidesiu Bacillus subtilis
(Figure 3) I51eauiwuaiiiseluana Bacillus I B. amyloliquefaciens, B. subtilis Wag B. pumilus @111308ANTS
AinlsavSennuguusavadlsaiiele [20]
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Bacillus_licheniformis_strain_ATCC_14580
66

91 ‘———————————Bacillus_licheniformis_strain_NBRC_12200
100 Bacillus_licheniformis_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

B ———— 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 n1snAaaUUsTANSAWYBS Bacillus subtilis SPK_B3 1‘141’]’155'115'\11']'1&51%51]“‘1]8&L%ﬂi’]ﬁ%ﬁ@ﬂﬁﬂ‘l’h?

a]'mmswmaauﬂiuﬁw%mwLs’ﬁal,wﬂﬁﬁa B. subtilis SPK_B3 Iuﬂﬁ%éjﬂﬂﬁw%mﬁum Curvularia sp., Bipolaris
sp. ey Pyr/cular/a oryzae \% aﬁmmmismnmmﬁ dual culture Uu©1%13 PDA tJutian 7 Tu wuan SPK B3
mmaaEmmmimmamuiﬂLsnai'ﬂ,maEma,nJiuaMﬁmwimsmLﬂaswummsaummmm 50 % (Table 1) efiofidus
miEJUENL‘UEJi’l Curvularia sp. ag‘m 74.21% (Figure 4A) aadmmmm‘uaiﬂ Bipolaris sp. m‘tJaiLelJummeEN 74.05 %
(Figure 4B) uax P. oryzae fwosidudnistiuds 54.69 % (Figure 40) othiduleveadosi 3 lelaan vsailu
unfudinaaiguesduleluanalindenansminu dulodenidnuuzuiuwes iuloidvanmanifiuuasuin
18 (Figure 5A - 50) \flalFsuifisuiuganunu (Figure 5D - 5F) @onndeafusngeu Rajer et al. [21] Aldvinnng
fadenideuuaiise 141 loluan lneflideuuniise B, velezensis FA12, FA26 uay FZBA2 ﬁﬁqw%‘é’uéy’u%aﬁmmqkﬂ
Tudina Scelrotinia sclerotiorum way Rhizoctonia solani msvageuiug insiasueaduleidosdedouuniise 8
subtilis GB519 1a ai%w‘ﬁyamm LA Gﬂiﬂ‘ﬁ'n 9 ¥lm A® Magnaporthe oryzae, Ustilaginoidea virens, Fusarium
graminearum, F. moniliforme, F. oxysporum, Wag R. solani Imaﬂ‘dai%uﬁmsé’uégqmﬂdw 55.0 % [22] wags1891u
U84 Rais et al. [23] maamﬂ?ﬁual,wﬂﬁﬁa Bacillus sp. ﬁLLEJﬂmﬂﬁu‘U%nﬁuiam’m‘ﬁ’n&iaL‘?}Jaiﬂ P. oryzae Wui1 Bacillus
sp. anansadus sl yreaduleosld 30-65% fis1e91uves Ashwini and Srividya [24] wuinde 8. subtilis
aunsadudinsasyres
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wulewdosn Colletotrichum gloeosporioides yinliduly Sdnwaguiunwes i@ulounninuaginge Barrows-Broaddus
and Kerr [25] $7891U3 W awunaTiLse Arthrobacter sp. fikenlaainAuaiuisadudinisiaigvesduladesn F

moniliforme ilAdulogosfianwaruintazialden

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 1374 0.06 113t015  147%015 74211101 7405%342 5469 % 1.81
Control 530+ 0.17 4371006 3231025 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. ayu

nATeildnswnueazdadenuuadieufinsaniuuinaseusinda §aeis dual culture wudndl
wuafideleluan SPK_B3 fusnldaniuuinaseunnuesiniifiuinindmisaunsusnns fussansamdudade
wuA?ii3e X. oryzae pv. oryzae awinadlsrvauluwidludng Fauandlaududa 31.83 £ 0.58 mm uazidouuaiiise X.
oryzae pv. oryzicola anvguadlsaludalusauasiut flaududs 21.58 £ 4.16 mm wavilszavanmiudansiasy
Gulevendes Cunularia sp., Bipolaris sp. wa P. oryzae amnlsntn fiefifudnsdudad 74.21%, 74.05 %
uay 50.69 % nuEU uandlidiuiuueiiGe SPK_B3 fusvansnmlunismuauidoaglsaluin aseaeudnun
medaugrudunuafisaunsuuan wazdasuunvdawuaiiSesenadamediluana dnswunleidu Bacillus subtilis
TuewanesiimsAnwiguautRvesanseanguiiindnlag B subtilis SPK_B3 tufniiiovharandlanalnnisiie
vosazvaiu aufeinuinisiuuaiide spK B3 TuldmusuidoauvalsadiilussdulsaFeunasudasgniely

5. AnANSsUUsEAA

voveuam dfnnuideiaminisendnundis naudsninnuas feynseiid euuaiiiie Xanthomonas
oryzae pv. oryzae strain DOA-BCC2568 mmqismauiuuﬁ& ey X oryzae pv. oryzicola strain DOA-BCC2562
awvnlsaludalussuas 1o venaniiveveunm auzimaluladnisineas andumaluladwszaomndniraumms
aanszds linsauayuedesdiouazgunaailuiosufifinng nsdnwildsuuganyuannesuiseanii
wieluladwszaouindninnaummsainnszds Fyaynuasil 2566-02-04-012)
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Mycoplasma hyopneumoniae on immune responses in pigs
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TWunanseny 4 §Unvi $1uru 4 ngu nduaz 6 f 1dun nduil 1: 19¥uTadu A was C uwuunasindunoudn nquil 2
1§3uiatu B wog C uvudanfouduudusnsuniadn nufl 3: 18Sutadu B uay C wuunauindureudn wazngui 4
175U Phosphate buffered saline ‘vimmﬁuLﬁamqﬂir{auﬁmmimmaaqLLasﬁmq 6,8, 12 uaz 16 dUa9 Litens9m
izﬁuqﬁﬁmﬁuﬁaﬁa PCV2 uay MH ¢35 Enzyme-Linked Immunosorbent Assay way Polymerase Chain Reaction
wamsAnymuIngnannauiilasuindulimnevausswesgiduiusede PCV2 luunndstusgnsdmay wififiesgns
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naud 3 whilufinsialinuwe PCv2 Tunsvuaiden dmsugiAuiudedio MH ansynnguiinisnevauealalas fa

a [ | e o v A 09.1/ a -dyl Y A Yo a ) ! v v A v =2 [ L A ‘dldtd'
minfianudndudesininduns 2 vlladsiuiu Msdenldindu B sauiuindu C wuunauswiuldadudideninian
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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 C). 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 saline as a
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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. Ui

TsaandewesTalasalng 2 (Porcine circovirus type 2; PCV2) wazlsaiiaid eselananasn (Mycoplasma
hyopneumoniae; MH) \Julsa 2 wafinulsvsslugnamnssuanslutagdu las POv2 gaszyinduamgvesngu
mmiﬁ'ﬂ'aiﬁlﬁmmmLﬁamaﬂuaﬁqﬂwé’wdmm (Post-weaning Multisystemic Wasting Syndrome; PMWS) wag
Tsafndelusruumudumeladudeu (Porcine Respiratory Disease Complex; PRDC) gyliansionisande
hwinegneguusdlurasengsewing 7-16 dUani [1] PMWS azuansornistasegnsdnau fo ddnuaengalnsy e
yumey uaszuniu lo meladwin du 1eeims wazarsuusstudedinsfinideunsndou o1y Mycoplasma
hyopneumoniae dsnal¥sninisteuazniegani 80% (2] Tudau PROC niinainawmmuaisdadosiuiu dalisa
wuAiide dunndeunarnisinns gniladuayliadiane Snamaneussnisdaiiafiugeiu Ussdvsamnisliens
anas Sunufudsafiutu nedseaud PROC aunsavilisnsnistasis 70% lnedasnanesening 4-6% (3-5]
pcv2 iudeiduehidldfiudenfumuadniiduiugudnarfivuinaie 17 uluuns eglu Family Circoviridae
uaz Genus Circovirus wagwuasausnlu® a.a. 1997 lugsansussmauaun [6] dmsudsaimalnefimanutiyman
Tsn PCV2 adausnlud e 1999 FsBusulasmsnsramsenstaeymanensine, @NYITINYT NIATIIN Electron
microscope wuayavadliaifivuia 17 wiluwns [7 ] luduvedlsafinde MH Bu aunsaiensndoldiilsn
%] uwmuﬂmus (Enzootic pneumoma EP) Lﬂmﬂﬂlfllal,wﬂmw M. hyo,oneumon/oe 7 LﬂULLUﬂML‘iEJLLﬂiaJaU
(Gram negative) idnunuzilueadifien lifintagad vu1n 300-900 wiluuns Fungoguuiivinduuenveadeywad
yugeuressruumaiumelavesans viliiAamnudemevendoywadousou dwmaliansfinaidsunsndousiieg
Tussuumadumelaldieiu 8] ansfdulsedsndeinisledn meladiuin lifiuewns fermsldgeda 105107
psrusuled Snaansaziennisvey snaninasaivladilad uavezdmwaguusanniumniinisindesiuiy
dedue 197 lesmnanuuninaisues PCV2 uag MH fineliAnanugadenisiuasugialugnamnssunisidesans
lansaiaUszmelne msaataduldnaraduededioddglunsieaiulsn WunaviliiAnnsuantadunenistn
vanpiln deipdunisnisdusazeiatufeeiivszansamlunisauguuazdesiulsaiiuandrsiu Taensliiadu
Fenamtduannsanserildmusiuuzimesudn wuinsliieduduamnselimugfunienseutuld tietaean
JeelIainTIATY andunuAliany wsanY warNansenusaiide

nsfnnadsiiiagusrasdifioAnyssansnmuesnislitadulestulsafindeweslaldalnt 2 wioudy

£

Tedutesiulsafndedulananaimeisnsinssiafiuiienseiunisaiaglifuiuresgnaiiedusuimslunisnsedu
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2.1 NSATENENINAABIATNIS AT

anansyuauaIeiug (Duroc jersey x Large white x Landrace) 81¢ 4 dUai wntindaisuduadentnaifes
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Randomized Design; CRD) teanglulsaisondn (Evaporative Cooling System) Inelddnuarasnifumendasay 15y
mLL‘Uiﬂ,m’mmmuivwﬂaﬂumma%ammﬂmmiammwm%

vnafuidengnaifunedaluudagngunimaassiiony 4 d&Uav mmfuﬁwmsam?ﬂsﬁﬂﬁﬁ’uqﬂqmﬁa
4 naunsneaes tngtaduillilunsmasossinmun 3 Yadu 1dud fadu A : Yedudosiulsnfndewweslalidalnd 2
vilagduyin (IngelvacCircoFLEX; Boehringer Ingelheim Vetmedica, Inc.; USA) drulsznaulu 1 ml Usenaunie
Porcine Circovirus type 2 ORF2 1.0-3.75 RP. Yadu B : Sadutlosfulsaindomeslaldalnd 2 yiladugiln (PRO-VAC
CIRCOMASTER ONE-SHOT; Komipharm International Co. Ltd.; Korea) d1uusznoulu 1 ml Usgnounay Porcine
Circovirus type2 ORF2 protein antigen li1fa8n31 200 Units Yadu C: Yadudestulsadnd otelanaia
(IngelvacMycoFLEX; Boehringer Ingelheim Vetmedica, Inc.; USA) @1uidsznaulu 1 ml Usznaua 18 uav L3y
M. hyopneumoniae #ilusAukeuRiaulaitosnin 1.0 RP. wazngumuaNazdafsasazarsindorloaimntviiles
(Phosphate Buffered Saline; PBS) /14 Table 1 wazifuidonansidunediluudaznguvaaosiieny 6, 8, 12 uaz 16
dUnn

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

nsnaaesildsunsoyglidiunsleangnssumatifuguanissiiunsiedifionumeinemans
antumealuladnszaomindnianmmsaiansz s laviivilsdeduses ACUC-KMITL-RES/2023/008 wagdiiuauide
u quiitounsuinnssuduniadsdnd nedswaluladnisndndniwasuszas ausmaluladnisnens an1du
wialulagnszasuinddnuvsatanseda

2.2 nstiviindeyansnsradinseinisiosufuinis

mstuiindeyaifefnuuszaniamvesindu Inevihnmaifuidengnadusediluusasngunaassiions 4, 6,

8, 12 way 16 dUavi ImaLﬁ'amqﬂsﬁlﬁmnmnﬁuimwiazé’ﬂmﬁﬂgu fﬂzgﬂi’jum%"aﬂﬁmﬂmﬂaué’qmﬂ?‘m Centrifuge 71
Aranda 6,500xg iuaan 10 wift Mndudtuazgnaaiivlunasnnaans uasfudiegns Sswab Weidenanlnsaayn
ans fleng 8 §Unwish Sterile Cotton Swab U539 Centrifuge Tube Sauiulugifuiitioamadl -20 sswnwaldea ile
w3 aultlun19m593931A19A 28738 Enzyme-linked immunosorbent assay (ELISA) ag Polymerase chain reaction
(PCR) ol WielHlunmsnsiasziugiiduiuannsliiuindu Tnsazutsmasziugiduiusennsan ELISA dugagy
nnisAeendu 2 i ldun Yans39 Porcine Circovirus type 2 Antibody test kit (Bio-Chek; UK) lngufjifimuegile
nsUUsAns 3815 LLazﬁﬂﬁu%gumauiumiﬂﬁﬂ’aammmﬁwLLusﬂwawmmmﬁaﬁ (1) 1 Plate #llunsmaasseen
Mg ieusvanmlveglugamaiivies Uszuna 27 ssmiaidea (2) 11 Negative control U3anas 100 il
Tdaslulu Plate ¥a3 Al uay B1 wazi Positive control USunes 100 pl laaslulu Plate 909 C1 wag D1 lnelsidas
30914 (3) nsideansinedsdsuiideansnsialuudazmqusny Sample diluent reagent fi8nsdw 1:50 (5 : 245
) shlusaslidrfiusae Microplate mixer Uszanas 30-60 3unii indouTausiunanafnusuudrvulifigumaiveady

187 30 Uit (4) W3sw Wash buffer Tagti1 wa PBS-T Alvniugensa 1 wea ldlud1udans Type 1 Uuia 1 ans
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waznanlidiu (5) wnsuruAdounaIafinwsy Wanseenanau kagyiin1sannie Wash buffer Usunas 350 pl sie
viqu $117u 4 a¥s fre Microplate washer (6) i Conjugate Ussnauviguag 100 pt Wiasunnvaunisvnaes Jaindeu
ssusiunaainusy wagyhmsudlifgamgfivieadunan 30 undt (7) wiew Substrate reagent Tagwusin pNPP il
inifugans19 1 i azanelu Substrate buffer YasyAns9 TuU3anal 5.5 ua. nawfuIunszisazarevun (8) ¥iiisnns
Angmudadi (5) (9) i Substrate reagent USinasauay 100 pl Iiasunavaunisnnass Tnndeusieusunanain
usU wagyhmsualiigumgiisenduan 15 undl (10) 1fin Stop solution Uunmmauas 100 pl liasuynngunns
naaea(11) Wilueunanisly 30 wrdl ¢e Microplate reader ina1ueaAdY 405 nm. waLYARIIY Mycoplasma
hyopneumoniae Antibody test kit (IDEXX; USA) TngagUjufinuailon1sugdanig 35013 waraiutunoulunis
UftRnunumuugiesansiafail (1) ¥ Plate Aldlunisnaasseanaingvianundu ieufuanimlieglu
gaumaiivios Usead 27 asrieaided (2) 11 Negative control U3unas 100 pl Tdaslulu Plate 9oe Al uay B1 uagi
Positive control Usunas 100 ul TaasluTu Plate 909 C1 waz D1 lawldfauiens (3) vnisideansieg19d Sud
AoINInTIluusavviauiiy Sample diluent reagent fisnsraau 1:40 (10 : 390 pU) wazwldUSua 100 pl waul
\ iR use Microplate mixer Usganal 60 3unil iadsudaununanadnusuudrvalifigamnfiendunan 30 wi
(4) W3 wa1 Wash solution Tagt1 Wash 7 l#anfugansaauTana 100 ml lalubuians Type 1 USuias 900 ml.
wagnadliidiu (5) unzuruAdounaIafinwsy WanseenaNrau Wagyiin13a19938 Wash buffer Usuna 350 pl sie
vgu $117u 4 ads fre Microplate washer (6) i Conjugate Ussnaviguaz 100 pl Wasunnvaunisvnaes Iaindeu
Fsununarafinusy uazviinisualidgumgivendunat 30 wit (7) %At euded (5) (8) iiu TMB
substrate Ustnaviauag 100 pl liasunnvquansvieaes Taiadeuseusdunatainusy wazvinsusdlifigumniivies
Junan 15 wift (9) Wi Stop solution Usinamauaz 100 pl liasunnunaunisneas (10) ildeunaniely 30 wiil

f78 Microplate reader finue1IAd 650 nm. Weiasanudunaunsujufdenanagliainisganduuas (Optical

density: OD) 11A1 OD #ildxnAuiumen S/P ratio LivegAuSunauauiuefandieg 9@y JelgnsAuinial

S/P ratio = A1 OD 983M29819 - ALadBUBs Negative control

ALRAYTB Positive control - ANLaAEUBY Negative control

TasfinmsuansUunaueuivedildves Pev2 dumndlan s/ ratio 7 0.49 u3etfesnt wansindiuiun
woudvedeglutis Negative wagmniian S/P ratio 71 0.50 #3eunndn uansifivsanaueudvefioglutas Positive
Tuduves MH Wisuifisuan S/P ratio Inemndlen /P ratio 71 0.30 ietiesndn uansindudinaueuveiegluri
Negative wagmnilen S/P ratio  0.40 vi3eynnd1 uansiduTunaueudvefaglumi Positive

mﬂﬁu’uﬁwﬁaamﬂ%%mmqﬂqﬂinﬂﬁamaﬁm DNA ATaR@euUmLda PCV2 §a8 Conventional PCR s1usalas
Gel electrophoresis Lﬁammaauaﬁ%ﬂ%mmuammm Primers Tdonlddmsurenadu 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] theegwtsnunldasiulundes Thermal cycler uagynsdsa1AT o Tagivuansvinugasen PCR 31u7u
40 39U Iﬂaiul,wiaziawawﬁﬁ%mﬁmumqmmﬁuammﬁqﬁ Denaturation figaumgdl 94 sswaldea u1u 30 Junii
Annealing figangfl 61 osrisaifea ut 30 3undt uas Extension Tigamgdl 72 ssmeaLdeoa w1y 1 Wit 91ndy
LATBULDA Agarose 2 % @11SUBUIUNT Electrophoresis Tnan1sinsauns Agarose 0.40 A3U WauAy 1% TBE Usunau

o g

20 ml. nenddoudtoule (Neogreen) Usuna 1 pl aslulaa Agarose Miavansual uagiviaaasly Comb block 17

selvilaadilaudaiauszuna 30 unil eungiivies wazi Gel comb aan dukuaiilaaaddugunsaldmsum
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ElectrophoresisTﬂaiﬁdwﬁidﬁaasmagma%aau s Buffer vihuieatuundnties mem DNA Loading buffer
USuw 1 pl wagsegnsUsuna 4 pl vumsildunadlmanu Ua'aaé’haEhﬁimauL%ﬂﬁuaﬂmmawquLﬂaﬁ'm%'auﬁ 1
viguusnazidu Hyperladder 3 il iloldfegnansuynviquudn Fapausnedni lnlihilduenaunn DNA 9 100 Taad
Fanandt 35 undl dnaaildldegulagléiaios FluoroBox 1Nt untitaeagUsing Band 189 DNA Ju uazyiins
HufinnwimsiU3eudieusau Band e DNA §niau Band Buil 802 bp axwuindu Positive &1laiduuau Band

nuIndu 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.

fre819 Swab ieilienaininssayngnaiuinsaaoukeniiesening M. hyopneumoniae wag M. hyorhinis
p875 multiplex PCR 1ngld Primers @'1‘71' 1 16iun Forward primer MhpF-1 (5’- ACT AGA TAG GAA ATG CTC TAG -3°)
way Reverse primer MhpR-2 (5" — ATA CTA CTC AGG CGG ATC ATT TAA C -3”) LLasq'ﬁ' 2 l@un Forward primer
MhpF-3 (5’- GTA GTC AAG CAA GAG GAT GT -3’) ke e Reverse primer MhpR-4 (5" - GCT GGA GTT ATT ATA CCA
GGA -3") thiegeavusldadtuluedes Thermal cycler wazvhmsnariades Inefwuan1sviiufisen PCR 1wy
35 58U Ima‘me’axsaumaaﬂﬁﬁ%mﬁmumqmmﬁLLazL’amé’aﬁ Denaturation figauindl 94 esenigaidea uy 30 und
Annealing flgmungdl 62 sarwaidea um 1 Uil way Extension Tlgamndl 72 ssreaifea uiu 1 w17 Mndunou
198 Agarose 1.5 % @115UUUIUNT Electrophoresis lasan15ta3uu[g Agarose 0.60 NTu WauAy 1% TBE USunwu
40 ml. nenddaufiduie (Neogreen) Usuna 2 pl asluiaa Agarose flazansuds uwaziaaasly Comb block T
selvfivadilfudsiruszann 30 undl Aigamnfivies uazi Gel comb sen thukulaadilinneadlugunsaldmsusi
Electrophoresis Inglsidauiildsegeogmataau arndum Buffer Iivhmiaatusnidniios ston DNA Loading buffer
USuew 2 pl wagsegnausunu 8 pl vumisilaunauligniu UéaaﬁaaﬂwﬁmamLﬁwﬁuaﬂul,l,siawqm%aﬁwﬁasﬂﬁ
Tnenquisnazifu Hyperladder 5 pl iglddateasuynuanuds dernnusadng luihildusnauia DNA 7 100
Tad fanandt 25-30 wiit tiaadildludiegulngldindes FluoroBox 9 ntiumi1aeazUsing Band 283 DNA 4y
wazyhnsTufinam vinnsi3eusiieunay Band ves DNA dwnnuau Band Fuift 430 bp agnuindu Positive a1l
Fuuau Band wuindu Negative voaide M. hyopneumoniae wazdnvnnuau Band Tuil 346 bp azwuindu Positive

ali¥unav Band wuindu Negative waae 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 MiaTeideya

ihdeyanammniildannisinussdunfiduduse PCV2 uay MH Ao S/P ratio thunTiasigyinnundsusiy
LLUU’J’WZ}JW (Repeated Measure) Wagnadu Pairwise comparison paelusinsu SPSS LﬁammmLLMﬂﬁiﬂﬁ%a&Qﬁﬁuﬁuﬁ
Antuanmsvinteduseisiuandsiuiisssunnudesu 95% Wisufsuauuandasriadsrengunismaaes
2835 Duncan’s New Multiple Range Test

3. HANISANWILAZN1IDTAI

3.1 namsUsEliuUsEaNSMWYaLsEAUIAuiY

wamsAnymuinseiuniidusiedo PCV2 Tasthusiasngunnaesniuisuiisutu nuineudumsvasesiieng
4 FUa v ansvia 4 ngu SseduuSinaueuRivedseite PCv2 fall nduil 1 fid S/P ratio 0.793 + 0.07 ngudl 2 e S/P
ratio 0.964 + 0.16 ngu#t 3 71 S/P ratio 0.854 + 0.26 Wagngquil 4 A1 S/P ratio 0.679 + 0.13 Aslsiunnarafunisada
(P > 0.05) usivhs 4 nguiiduaioves S/P ratio funndmmeiinty 0.50 SauanshiiuTinaueuiuefegluti Positive
Fovilidiudngnansits 4 nqu IdSunsanevenueufivefiainuiluseduigs (Matemal immunity) deiflontalunis

wndnsiuvesneufvednazinduld [13] Weanseny 6 dUav (2 damindsdnindu) ansiiszauiaufivedinaiie PCV2

P

uansnstusgafidodday (P < 0.05) Inswuinngudl 3 fiszdu S/P ratio gefignde 1.254 + 0.44 umnEafUNAUAUY
sesasNABNgudl 2 e S/P ratio WAL 0.628 + 0.15 Fslaiumnsnefungud 1 5iA1 S/P ratio Winfy 0522 + 0.13 uag
nquil 1 Alsiumnsinsiunguil 4 dAn S/P ratio Wiy 0.298 + 0.05 wilegnseny 8 dawi (4 §Unvindsdnindy) gnsi
sfuLeuRvefraide PCV2 laiumndnedunaadd (P > 0.05) Tnendufl 1,2, 3 uay 4 fd1 S/P ratio Sesifudsielud
1.051 + 0.25, 0.886 + 0.26, 1.090 + 0.30 uay 0.869 + 0.35 Fauandlifiuionananslafugiiduiuanuaiugs &s
aunsnadaniduiud uldios (Spedific immunity) [14] 1ilegnseny 12 §Un1ii (8 dUavindadniadu) ansiisedu
weuRvedsioile PCV2 uandtstusgnsiedidn (P < 0.05) Tngwuingnandudl 1, 2 wag 3 fd1 S/P ratio Tty
Saeieluil 1534 + 0.14, 1.438 = 0.14 uaw 1.408 + 0.08 Faunnsrafungudl 4 fien S/P ratio AU 1.241 = 0.16 wag
loanseny 16 dUai (12 dUnvindsdnindu) ansfiseduneuiiveiveide PCV2 unnssfusgraditoddy (P < 0.05)
Tnewuinnguil 1 e /P ratio gefign Ae 1.812 + 0.09 Fdlsiunnsinefungud 2 fiA S/P ratio WAy 1.550 + 0.14 s
uansafungx 3 way 4 Tnefinga 2 fe S/P ratio lalunnsnsdunga 3 flAn S/P ratio Wiy 1.401 + 0.20 wagnay 3 &
A1 S/P ratio lalumneinefungu 4 7 1.223 + 0.41 Fadwsaziiuldingningud 1, 2, uar 3 lunndsergnuszdu
woufvafsaile PCV2 snuiungudl 4 fleng 6 #Uani daadsvas /P ratio Aitfosnimiewiity 0.49 Sauansind
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USunaumeufvefogludag Negative uavnduunfiueufivediigefions 8, 12 uaz 16 dUa eradunsziinnisfioute

PCV2 faalUiiansansiuiunsngia Conventional PCR
IngldudissiugiAuiuniiaduainmsviripdutesiulsafiniie PCV2 tuagile1 S/P ratio agflugig 0.5-2.3

Feaonndestunafildainnisfinuiluasell wisgdlsfinuwidnsyduglfuiuiiinduainnsvaaesasaiazeylugas

slanann windanudululanenssznuninsaiiawelunsyuaidonlawuiu [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

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

mnmsfnwszdunidudiede MH Insthusazndumnassnisudisutu nuideusunismaaesiiony 4
dani qnavia 4 ngu fssduuTinaueuiveddeito MH uansatueteiideddy (P < 0.05) fall nquil 1 uay 2 dan
S/P ratio 0.805 = 0.05 uag 0.700 + 0.13 Auadu Fauansnafungudl 3 uag 4 fen S/P ratio 0.357 + 0.14 Wag 0.278
+ 0.05 muddy dleanseny 6 dUansi (2 dUnvindsdntaiu) ansdssfuueufivefneide MH wnsnstusgefituddy
(P < 0.05) Tngnguil 1 uag 2 fiA S/P ratio 0.292 + 0.03 waw 0.361 + 0.17 MUy Tsunndrsfungud 3 ua 4 T
S/P ratio 0.070 + 0.07 wag 0.129 + 0.02 AwFIRU Liednsony 8 #Uni (4 dUaivdsdnindy) ansiiszduueuived
dolde MH uandnsiuogsifddsy (P < 0.05) Inengudl 1 waz 2 fiA1 S/P ratio 0.187 + 0.05 WAz 0.202 + 0.09
AU Faumnsnafunguil 3 uag 4 fld1 S/P ratio 0.034 + 0.03 wag 0.071 + 0.04 MmNy Lilegnseny 12 dUnm
(8 Unvivdsntadu) ansdszdunoufiveivode MH uandsueenaiifodday (P < 0.05) Taengud 1 fian S/P ratio
0.236 + 0.16 6?&LLWﬂ@1'Nﬁ’Uﬂ?j1ﬁ7‘i 2,3 uay 4 Sosddudl 0.091 + 0.03, 0.091 = 0.05 waz 0.067 + 0.04 LLaxLﬁaqm
07y 16 #Uani (12 SUmvindsdntndu) ansfisviuuoufivediseitio PCV2 uandnsfuagnsditfeddy (P < 0.05) Tnengy
7 1 uay 3 fid1 S/P ratio 0.536 + 0.1 Wag 0.579 + 0.15 AUEIFU Faumnensfunguil 2 wag 4 Te1 S/P 0.285 + 0.21
uay 0.092 + 0.02 MUEAU

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° 0.579 + 0.15° 0.092 + 0.02° <0.001

abc Significantly different (P <0.05) in the same row
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Weahsvauglinuiudais PCV2 way MH vadudaznguuseuiisuiunuimnngulunisveassaiunse

Y 9
¥
=~

nszdugiAuiudee PCv2 lulutamadediu ulunenduiuldanansansedugiAuiusede MH Ia Sifleangui 2

ndnsdmaranfiduiueging ursgdlsfiniuenade S/P ratio lunnnquvaassdiaiosniiniomiiu 0.30 uansind
USunauuauiuafiogluyis Negative

3.2 wamsAnulagds PCR

nmsthildulevesgnanssiuiu 24 ¢ snAs1aapunilie PCV2 #1838n13 Conventional PCR Aauidiinis
vaassiieny 4 dai iileBusuingnansUaeaitiersusidunimeass nsthiduelufiusiudeuifsegnls uas
AsvEdoUNarLaBIEnTasINETa Wiewleuiu Marker 100 bp, PCV2 positive control waz Negative control Tuaa
Siuit 802 bp. wuinanslifinsfiode PCv2 usiileanseny 6 dani lundudl 1 waw 4 edsay 1 1 AIanUNTIENS
fnudelunszuaiden (Viremia) donniiioanseny 8 uay 12 dUai anslunguil 2 amanumsiaidolunszuadensuy
1§ uandlodugamananasiiony 16 &Uav analinumsindelunnngunismeass

Tudauveasiogne Swab Wellonaninssaynansiieny 8 &Unsi hdueluifinduuseuiisegnly way
AvIvAdRUNaRLaBENsETa Wewiuiu Marker 100 bp, MH positive control uaz Negative control Tuas
S19Ufl 430 way 346 bp. wutmTRlanumide M. hyopneumoniae wag M. hyorhinis Tunnngunismaaes

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. a3y

nsnszdugiduiusieds PCv2 nanauauasdulngidunantainaiie Viremia sniiungud 3 (Yadu 8
1ouA PRO-VAC CIRCOMASTER ONE-SHOT 2uru dadu C loun IngelvacMycoFLEX waudaguneudn 2 ml) n15vin
fadudostulsaindeiwoslaldlnd 2 suwfulsedndettlanaradilinaromansuaussmagiidudulald mnfianu
Sududeshindusmiy orsfissandensiauarisnsiinfumunuundy 2 uasndu 3 Jusgiunmnisszuiaves
Tsafndaweslalifalnd 2 uaslsenidosiolananasinvesusias iy

5. AnfnssuUsenA

A 138v0vaUAN UTEY gillauaninig 911 dmsunisaduayusudssanalun1side veveunm
waMIUn Leans1 uagaNanval @3u1n15al kasldminfvesaudiTeuasuinnssuaunisidesdnd a1adn

walulagnmandadniuasnisuszas anzmalulagnisinuns aardumalulagnszaeuinandinummsainnsedanyin
dmuanudiemiaslumsfinuideassil
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ANSNAIUILUUDNAD4 Void Fraction dmsunisluatuvaasaatusluviavaniasivuiatulas
Development of a Void Fraction Model for Two-Phase Flow in a Helical Microtube

Fagan YaussieRg! Az deash” waz An3uns Junanving!
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UNANELD
MATeiAnwA Void fraction wesmslvauuy Annular flow angluviesmndenvunalalasditidusiu
Augna1e 1 mm lagandeilidusugudnata 50 mm szegfind 20 mm wazduidesweio 10°NMMAaaRLIuN1g
Turrspnudulavosuia 0.86-12.86 m/s wazweatin 0.01-0.19 m/s UITeitne Void fraction fildannisiwaiuly
wnRaAAsEiuayiauaunnsiiteldvinunean Void fraction v8an1slwauuy Annular flow ludnaesfiesns téun ns
Tnaaslundaaznsivaluniuey Tagvmsinseimdnananamildanmnseass Wethaunsiiaunluld
¥iueAn Void fraction dmsunislvaasluuuisauaznisivaluuuiveu walUSEUTgUuYntoyannaeIu1EIuL WU
A" Mean Absolute Error (MAE) fifnansnn Gwsneeanainaunisiimuiainnisivatuluundsanunsathanldimngen
Void fraction dwsunsivaludnassiiemisldetsuiugy nansisuiuandiisiuiaunisiiauntuaunsaldldiuns
Tnaififirmaunnaisiu fadulsdlevdlumsinnnisivavewedlwagesaluvievandsvunelalas wazanunsaly

Usggnalilunuilfgdosiussuulnalurmadnldogiauiug

Addgy: 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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Void fraction #io winiwesuuulimhefiuandiiiuidnndusenieunasveuiaiifntulunisinawuy
apsanuzRoUsImsTILTmuatunisinaniglurie Void fraction Wunilslumsiiwes il suauaulalunsfinm
Aetunsiemanueurasnisinauuvassaniugiiesnin Void fraction Paelvitiniduanunsalinsegsinisivanuy
ansansiinneluielaibety

Tuthagtufigunsaidemanufoulsuanuaulalumsiauilvdvuafidnnzvinfauddarmanansalunis
semeufoufiaumstuiiu msiensingfnssunisinaiifatulussuuresgunsaidemanufeuiianus i
g8 aftazgaelinmsianniianundululdunntu e void fraction finansznusioussiunnaseuiiislunisinanielu
viedsdienuddylumssenuuusiediaglinielugunsaiuanidsuaudou uardsanunsodnwguuuunsinadiinity
Feazdwasusasnisaemanuseuiiintunisluvie fudunisdiusadi Void fraction asaaeliiiniseanunse
Annginagyihunoussiuluszuu sUuuunsiva wazdasnisaemanuiou iefnwinagianngunsaluaniuasy
anufeulidulumuanudonislutiigtuldasdy

Tuedniiunlédinisevaneviuiilévhnsfnsnginssunsivaiiiatuneluviesasfnvnieatu void
fraction MARTY dwmsuluvienss Saisom et al. [1], [2], [3] 1@y nsfnundnwae mslnaluviensssualalasdly
waskaziuauey ludwvesmsiinyiieatu Void fraction Mintulurionuiimuaenndesiiie Void fraction
AORAABINULUUTIABILUU Homogeneous model Wag Armand-type correlation

dwmuluvievainden Zhu et al. [4] ld@nwiAeinisinanuvaesanugluvievainderfivuaduriugudnans
i 16 mm way 25 mm SidukuAuEnaIsweIANGE 0.2 m, 04 m wag 0.8 m Tusuiinainideldfnwsuuuums
IvaiiiAnneluviovaindeuieadaunuiisuuvunisiva Ingldidumefiglunsfudeyasuuvunisiva Tuuud
sUuuunslmaaneniddel madnddeldld void fraction iudunislunisusnuesyssnvmessuuuumslvaiioty
Xia et al. [5] Mvhmsinelanadmiunisviunes Void fraction fintungluiivmndeaiiidnvanduredvaen
Tnel438 QCV ( Quick-Closing Valve ) Salluaiduszavianiwlunismen Void fraction dmduvievunetnd wonani
Felgfimsitmunluwadwiunisviunes Void fraction fisnsinda 0.5 FsldSunamsvhugldedraulugunniu

dlensdnuw i safurievandesdfowadnis ulasuaiuauleuind iy Pietrzak and Placzek [6] 16
vhnsAnwuAeiuIsnisiunesn Void fraction Tunislvauvuassanuglutesmsvunnidn Tasfinsiiaseideya
yoansinaluaesanUzINMINg INMATeiteyaviliannsnssyiinisAnaiuiug dsannsothluldldeds
fiusgansnwlunisiwan Void fraction Tutiosnsuunnidn Breitenmoser et al. [7] lavihn1sfinw Void fraction Tag
THvieuandeniifvunmduniugudnarsanglusesio 12,57 mm Ingléinaiianisidndisdlunisdangen Void fraction
uazldithen Void fraction lflunisusnuesUssinnvesguuuunisivasagiiatumeluiouninien

denswaundaufniunntunsfnwiissturevandssunelilasisld suaruauladuegisn
Saisorn et al. [8] lsvinnsAnwaAsadunisinanuuassaauzluvievaindsrvmalulasifvuinidurugudnanae
0.87 mm WuruAugna1suainded 50 mm Famanideldiamnunuiisuuuumsivannnisdangguuuunisiad
Antumeluievaindervunelalas luduesnisine Void fraction wutheniildduniugifu Drift flux model wazdfsls
finsWamnaunisdmiunisviunedn Void fraction Tuvieuaindeivunnlalasidiiuledfudeyafiainnisnaass
Abedini et al. [9] Id@nwifgafun1snian Void fraction lunisivauvuaesaniurluenssvuialulasi idus
Audnaevie 0.5 mm FelueAeidlainsiauedsadn Void fraction wuulvallnensldnszualvinlunisnseasu
ANFUMUTeesaasNUITISIalTliauelIuTE VA uusiugge Saisorn et al. [10] Ifihns@nuiAeaiu
nslualuevaindervualulasifiouadusinugudnatse 0.87 mm @urugudnarsuands 50 mm lusul
SnAfeldvhnsnsanaeuluwmarmiu Void fraction siiaaudfuldifu Drift flux model wenaniidiimsivseudisu
fiaya Void fraction Ail#ainemiAdeilfudeya Void fraction Aldanaunisnisvunevesiinideviududngas

NuITresindsediniunuitnnisfinwan Void fraction lesuanuauladuegaunnuagldfinnsiamn
aun1sdmsun1svinueal Void fraction 99n11INNNY WAANNIINISYIUIBAT Void fraction d1msuvisvaindsivuialy
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lasdadiegtos Auiuluaideiagyinsfnuuasiinseiineifivaunisnisme Void fraction luvieraindeazuinly

¥

lasnilidurugudnatsio 1 mm

2. 33M5ANE

mAfeiifunmeassmisirauuuassanusresiwarenmalaglaifinislinnufeulusievsinden Tuns
naaosivovmndufiléiiuomudou taglivefifvuaduriugudnats 1 mm duriugudnansuaindes 50 mm
szezfing 20 mm wasiyudeewia 10° nMsveasazaniueglurianusunavenia 0.86 m/s -12.86 m/s ¥
arandulaesth 0.01 m/s -0.19 m/s

Camera system >
\> Test section —
- Electronic balance

Computer
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Figure 1 'Schematic diagram

Tunsnaesazutseanduassdiumdndetuazeinia ludureseinimasisuiituan Tnsermaaslvani
pressure regulator tieuuusafuluszuulvinsiinagimihidusnsesenmafinseamsiunoudigsyuy ndsantiu
ornezawhulsminesddddusumunsnanslvadouasnaludmoman ludmvonianiuiidai dhasgnds
wdaesmamshumstsiuuineiawesin Fululugrsrsuuiaviovlinmssiednduluesemdumniy i
thuazamaldsunswanfuiivomauazgnawieludiduvesivaindeuazdosgmeuen Tnsannsnggud 1 dadu
uHuAMMBhnuessruuielidlaunndeiu

Tuduesnstufindeyanisvaassninguuuunsluaiiing unieluviosmndervunalulasasgniufing e
ndadinsfifitinishnduauddmsuguielildnmidaungdu Inslumstufinnmagtufinamfoma 50 a1 way
AdUARlos 10 s dwsu 1 Feulunsmaaes faamsaeamegd 20 mm rousziauenyszamveaguuuunsiva
Tnetwuslisuuuunsivaifinnfigndusuuuumslvaiiiatuludeuluun

TumsthamluAnsiesien Void fraction suseviwisidounu 3 7 azdngunimen 3-5 awsie 1 Feuly wile
wi3uasreIna wasihAsuasveseimanAanslua Void fraction uditudinaslunmsiesduiinuanisvnass
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3. HAN1SANWILAZN15IRTR

3.1 Msasdadaulung

dwsuaunisfildlunisviiune Void fraction anunsawualéidu 2 Tuwmandn A Homogeneous model waz
Separated model Tngn1snsaagauanudfuleifu Homogeneous model i aznsraseUlnensNEoRNTIsENING
“Volumetric quality” wag “Void fraction” fil#arnn1snaass Jea1nn1sndennsan wuia Void fraction 7ibea1n
uAFeiiliiannsadhfuldiu Homogeneous model itatfunistusuisldvinnisasiagaulnenisndennsmsening
“Mass quality” wag “Slip ratio” Faannisndennsinnuin ﬁhﬂamﬁamaizwi’mﬁwLLagmmﬁmedu’m sorfulu
ATeiasllannsaldaunisnisviune Void fraction wuu Homogeneous model ¢

20 L e L e |

[ Present data

F  Upwaud flow

L ID:1mm

L/D: 690
[ Pitch: 20 mm °
15 @  Anmular flow o * 1
. .
0 ec e
E 10 _
3 ! o
O] )
— L] ...
L ]
o
i ) |
i ‘s
I
O I 1 1 1 1 1
0 2 4 6 8 10
I (m/s)

Figure 2 Void fraction data from vertical upward flow

nsnsaRaeUANLIAUlvesAn Void fraction fifieaunisnisyinuneuuy Drift flux model adunislu
aunnsN13YuIBLUL Separated model awnsavihldsenisndennsinsening “annuiisinveanisinadeana (j)”
waz “Snsrduvasanuiavesufiauas Void fraction (j/a)” fegudt 2 wudnnsildsiuuldunsifiaduuuy
Funss et Void fraction TunuAdediinnudnsuldfuaunismshueuuy Drift flux model Fsainmandennsim
Tuguit 2 & shlimannsnadtsaunsnissunee Void fraction dwiuzuiuunisiuaiuy Annular flow 1 aunis
fio

_ Je
Fannular = 01693 12 2137]

3.2 msthaunisunlglunisitunean

1NMInTIdeUlLnad M UALNINSIUIEAY Void fraction 919du vilrlaaunisamsunisyinuneal Void
fraction wesnsluawuu Annular flow TuviafumLﬂﬁmﬁﬁ‘ummLé’umuﬂuéﬂmwawia 1 mm Pdfiemansinaluuus
MNETUUY

nnswaenns1M Force regime map ( Figure 3, 4 5 ) vlwnsnudn nsluasis 3 Airmmefinaassiuldsu
SvBnavesusaliiudastosinn dtunsdsufiemanisivasrlsifinasion Void fraction fiintu andeya Force
regime map 9 sNeAITIENN1SYIWE Void fraction dmSunsivanuu Annular flow fildanniiamenislnaio
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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
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germinated rice production machine with a water spray system

ATANIA dundnal uae Syna Jaasgy”

Jaraspong Sookmongkol! and Thatchapol Chungcharoen®”
Iedgnienssuaiana aardumalula@nszemndndinammsaianss i e uagumsiunsgaudng faringumns

Department of Mechanical Engineering, King Mongkut’s Institute of Technology Ladkrabang Prince of Chumphon Campus, Chumphon
*Corresponding author: Thatchapol Chungcharoen, e-mail address: thatchapol.ch@kmitl.ac.th

UNAnE

nsvvaumsiadalunskandiendenisiiuanud ulfiuidensulinnududssana 30% dadu
nszuauNsfiddyitaenszdunssuiunissenvesiiiden nsAnuildldiadsmandnsendiessuuasdi
Womannsimunzaudmiunssuiumsiinautuvesinisenlagldiade 3 Jode laud snsnisasii ammﬁﬂf’]
Altlunsadsd wazanmidasevlunisvaunzunsavyu Iﬂsflsuiwwwaﬁmwa‘uaumwum (Response Surface
Methodology , RSM — Box-Behnken Design , BBD) 210N15ANWINWUI1AAIE fmneaylunse mumuwmmﬂm}u
veadnseningldintemant1nsendieszuvasdun Ao shsinsadsdun 8 ans/und qmmumﬂsﬂumimﬂia
40 psrneaida uay AuSIsouluNMYUAzLNTIVIL 10 50U/ SndenalvissAnsawlunaifiuaudud
ATy F 30% (whb) Faitgn Tnarlumsawsdih 2 93lus Tnedian (R2 = 98.18%) Ssustindoyaivhuelagld
Response Surface Methodology fiAuaanAdedLazilAULALNE ANV UUIIAY

AEnAsy: 912900, NMIANAMNTY, IFoINaRT1seNMmesTULAUsEU, 5n1sNuimaUALDY, N159ENKUUNISVIAGBILUY 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.
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awsdidunumddalunsifiuauiy Wesmndlevsinahitawsdunntu ﬁama‘iﬁ%aLﬂﬁaﬂmmmfﬂm%mﬁﬂﬁum
T dma’tﬁé’mwmsqm%uﬁ%ﬁwfu [9] wena i mm%yu"uaﬁnLﬂé‘aﬂfj”uﬁu%umuqmmﬁmaqﬁwﬁiﬂumimmé
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Figure 1 Germinated rice production machine with water spray system
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Figure 1 uanaA3owWaRTsenFeszuvasdin Tae Fisure 1a Wundomandseniiaansafiuanudy
vosdsendensasdin meluedesdndnendessuvasiih Ussneufensinsmuunsinszueniianngn
ussytdents 2 Alandu uansds Figure 1b melunzunsavsusznavdeaduiivaelunmshlidnduifianse
paniddnfuegneiiie ieliinldsunnuiuegisaiiane uaziaiemantsondiessuvasdinanusodaen
pumgfiveahiildlunisase snsmsasdin wagemudisevlunmyuezunsmuuldmudonis tieauise
AuAndadesingg laagausiug

2.2 N1392NUUUM NARDY

Table 1 uansn1sooNUUUNIHARBITiBANWIANIETIINzauddenaroruTurestUFonludunounis
Wineutu Insnsvaaosiinnsanain 3 Hads Idun Smsnnisavsdin samgiidldlunisanss uazausaseu
TunsmyuAzknTIvigY N1388nkUUNIIvaaasiilduruntsaassuuutend-luuiau (Box-Behnken Design) Tngld
TUsunsu  Minitab 19 Favililéswaudoulunmeassieun 15 Jeuly

NMAATILRR8T5N15 RSM (Response Surface Methodology) W usaveunailanisntlindansuazain

]
a a

ndvsglevdlunsasruvuinasiwaginsgilymndduusvaieds Jelidnsnadanisnevauss lnedinguszasd

nanlunismanniziinuisaufiaavesdnusimauu welilanadnsnanaalunisiiuauduliduiiidden
Tunsguunsil [10]

Table 1 Levels of variables used in this study.

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

2.3 /N1MAa
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2.4 nsunlasidudnanuu
mamesidudrnurulaemuiuaudunnsgnden daaun1sn 1

M, = “=2x100 (1)

P

13l

W = ihmiinuesinilasnnaunssuIunIseu
d = ¥ winvestnldenndsainnszuiuniseu
Muw = enudunnasgiunden, % (w.b.)

2.5 MIVATILANNEDA

AsIAsIzvin1sanaesluuliiBadu [12] ﬁ’]Lﬁumiﬁﬂﬂ%@uﬂﬁﬁ‘i’mﬂmlﬂﬂ Box-Behnken Design d115Un1%
POUALDY (Ui Sasmsasii gaumgiihildlunsase wasanusiseulunisuyunsunsvau Ui
audugnuultifuaunsnuindduiiaesdsnudmansenuremaiidadu nadfdsans uasdouloufduius
fonsmaUaLes AnsmevaLssiandlasaunsidsa st Landluannisi 2

_ k k
Y= Bo+Xic1Bix1 + Xizq Baxa + X Xicjte 2)
3. HAN1SANWILAZN15IDTR

3.1 Uunmnnudy

Table 2 ugnsdunanisaassseszifouiinsmaasuudond-tuviuau (BBD) waswuusaesiildainnis
sonuuulagld RSM dsaunsdt 3 Tawannzimunzalunsyuiunsiiuanutuvesdideniidsma Ao snsnsasd
11 8 Ans/unit gaungfithildlunisasd 40 ssrmwadoa way AranasoulunisuyuRLLNTWLY 10 S0U/UNi
Feavdanaliivsinannuiugeian lnenan1sinmeadulssaninisdinaula (R) wuddiawiny 98.18% uandlyi
\Wudn 98.18% weinnunUsiustaualuUsyansnwnnsifiuannuturesdna wWden minen Lack-of-fit 19nn31 0.05
wazen P-value foenin 0.05 szuandliifiuiaunisnennsalifinumnzasuazanunsoilulilunsiuneld Tneid
AauAaLAdaus fefiuandly Table 3 uazaun1sy 3

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

o

X1 = Shmassih Gnadeund)

X3 = gamgiihililunsase (esmisaidoa)

X3 = anusiseulunmsvyunzunsmviyu (sausaunil)
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Table 2 The design experiment matrix based on Box-Behnken Design (BBD)
Run Variable Response, Y
X4 X, X5
1 5 30 12.5 23.96
2 9 30 12.5 25.52
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 25.91
9 7 30 10 24.82
10 7 40 10 25.96
11 7 30 15 25.60
12 7 40 15 25.98
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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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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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 MsmAaTuvastadeni 30% (w.b.)

MnnsadaimMsnnLdiusssrgumgiflFlunsasiih Shamsasiuazanudiseuluntsy
vowmzunseyy lagldiERuRneUALDs (BBD) wana Table 2 Idvhmsawsdihmudeuly #ldananneiimnya
i enmansnsiiiunnudulududen Wldanuduil 30% (wb) lussninesnismaass wuiinsdusuauseu
nsasguniinavinliauturesdiuddonfiudusgadived i anmsmaasinuin msasdunsiua 4 ads
annsauiineLTuresidenlada 30.02% (w.b.) uans 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) 0 (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 uansnsisufisuUSnanuasssosnaiidlumsifiurutuvestndonlsids 30% w.b.) Tng
Wasuifisunanisveasdlundeiifunanuidoneuntni wWeliifiuauunnaisweuiayds velutivesSunaniild
wavsyozaildlunisifiuaud ulias 30% wb.) unusnes A B way C lnodidoulafiunnsnety aandouly A
14A8msifiuAusonsun 7 aas Viqquﬁ 40 aerlwalded Imﬁw‘hﬂﬁm?{auﬁmﬂ 4 $3lus Tneldanlumsiiia
Arwaliide 30% (w.b) ogfl 16 Faluuazlftivionun 28 Ans euly B TSnsnsasdin 7 Aas/undt gumgiith
Alunsasd 30 ssrwaldoa uazanursoulunsvyunzunsemlunisgu 15 sou/und MWaalunsasd
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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  sprayrate  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
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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 high-moisture fuels. Additionally, the highest SGR and CZR
values were observed at 4% w.b. moisture contentand 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 7 Flame temperature at air feeding velocity 9.4 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 5
Gowb) (m/s) (kg/h) (kg/m?-h) (m/h)
7.4 4.06 64.33 0.27
4 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
114 2.23 35.37 0.15
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Torrefaction of Sewage Sludge from Palm Oil Industries for Biochar Production

gounw fode’, Yuyyy nanad! uaz 255wYa Jaus
Suthathep Leuchai!, Chompoonud Kulketwong! and Wassachol Wattana®"

Laedwimnssuesena an1tuwalulagnszaeundniAummIaIanszds IeNVRYUNSIINTEANANG JINTAYUNT YUNT

'Department of Mechanical Engineering, King Mongkut’s Institute of Technology Ladkrabang, Prince of Chumphon Campus
*Corresponding author: Wassachol Wattana, e-mail address: Wassachol.wat@kmitl.ac.th

unfAnga
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fumnzaniigndmiunmsldiduduiinm idesniviinuaiveunsiigs Aanufeugs uasiviinadiddosning
gaungiigand nansAnwiuandifiuinssuaumamosiwladuamsniulwausivesnnagneududs i buru
Fanwld ogslsfion Wewsuisuiviuarindy dufinmilddnaiivinutidng fenadutiadestalums
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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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wuazldoIniAanaIn 2-fAIuny 3-9elanigamail (Temperature display) lduansingamgiinldansuiees a-1s
Adimas (Rotameter) ldmuaunisivavesielulnsiau 5-Pressure regulator liUsuanuduvaslulasiaulvalilva
KL aEuEswest A 6-mUinTal (Reacton) uwmnduluiiwirfiussgiesaluvssenialulasaunarlédy
anufeuninnduueniiviuey 7-4mduuenduduiviuihilliauouudmndululnglfuaainausousasinuoniy
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on
pr—=1

L]
=)

awlunstesiuanuioulidlianuseugaydseandussenmanniuliamuiueudouliaeswilnfe dguiaiuuay
loum 8-wuasingngil (Thermocouple type K) T ingaumgiinngluwmn

Figure 1 Schematic of torrefaction reactor and components

2.2 33n15Maang

a

2.2.1 MaasENIngAu

1. thnnagneutdedldSawmsen i unmainnudusudy Tnsthiegamnnyneutndoundaiminnou
LLazﬁﬂLﬁﬂﬁauaﬁauﬁqmmﬁ 105 °C 1Huran 24 Falus maﬁ?uﬁwaammé’auLLas%"qﬁmﬁﬂ§ﬂﬂ§amwumﬂm5§wu ASTM
D3172

2. ynsanAuduwesninaneutdeldtiAanudulugag 15-20 %w.b. Tnel433nsanuanuszana 3-7
fu iileanautu ninagnauinidsnnlssnugramnssuiiudutiauuisnasdamutuiusuegluil 80-100
%w.b. EnwaiEmInenmIeInInaznoutdezul aluassdnvanduihuesdufou FaUstni 1 uaru3eni 3 an
anATITUUSEINA 2-3 Fu USTIT 2 mnaneaiy 5-7 Su (’Lum'ﬁmﬂammm%uﬁ%%ua&gﬁ'w%mmmaummwiaﬁu)

3. uwgnuunvesingAuniy m%‘lamﬁhﬁ’mLLEJﬂf’ummaqaqmﬂﬁwmsLmiai'aul,m'awuum (Shieve shaker) 3u
A5 200 LﬁaLLEJﬂmmmmwmﬂﬁaaéwmﬂmsﬂauﬁfnﬁﬂiﬁlﬁﬁumm 1 mm, 4 mm iag 8 mm

4. w3enfegamnngneutdensanuauinde 1 mm, 4 mm uag 8 mm laedeimtindegsninaynoutn
FeUSun 3 numeiniesdsnaadmsuiluiiunssuiunmessunadusely

5. dafiusegamnagnouinde Tnsusnvuauazuenuismivlilugsuuazud3lug Buietnwauty
gaseuFinmly wWetluvhmsvessunatusely

2.2.2 Jn15naaeg

Tumsmaaesnskdnduiinmienszuaumsvesiulatunnagneutidsanlssnugaamnssinisuundy
Tngldinnfiasrsdundanansdsly Figure 1 ugUnsaindnuayldomniidmiuniaessunadud 200, 250, 300 uat
350 °C

1. Jaduaufnsaiininagneudideiiaumuaferunn 1 mm 4 mm wag 8 mm Afdwinusazoun 3
nduldasnmelumuazUanuauinsel
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2. Wandwdesiiglulasiaulasusumnudulild 1 bar waguiusnmnisivadu 10 Ans/dalue 7 1ngld
Rotameter waziUniduszeziaan 15 ‘mﬁLﬁ@lﬁmmﬂaaﬂmﬂmﬂﬁmaﬁ

3. fegaungiifiFesnslilunismaaediagld Temperature controller

a. naduBumsiauiigauny

5. 1 egumgdfsraedidvuainisiuiat 45 undl wdwhnstuiineanisnszaefvesgumgdnielum
Ufjnsallagasduiinnanisnsearedivesgamginng 5wl audis 45 wii

6. natumgavhauiigauauilonganisvinnuvesinaalinrudou (Heater)

7. soligampiinnglumanasdslinauszanm 5 fe 8 Faluwdriadanunujnsaiundnindnsusiam
FINMNLBNIN

8. 1FIaE1eeNUTIATIZINE

2.3 M maseuaNTAvaIn TN

LSy mslenesinaiBuinsgiu ASTM D3173 lagdegsazgrunliianufounsdi
flgamnivszanm 104 s 110 °C iflelithssimeoanandegnliiumisturesiiegisfionas

2. NIMAIAIUTBUGY ANAIUTBUVBIAIBENANITOIATIENAUNIATFIU ASTM D 4809 1aenIsiu
Frognaiinsutmtinudueuly Bomb calorimeter (C1, IKA) Aranudeudilduan Bomb calorimeter Aofpanusou
3¢ (HHV) Tnerdutinamnuseuiitinannsiunlnsisneenie (Combustion) vesTunausazsiin lagvilumaan
Souaruandluzvesuiinunnudouseniiomieiminriondonheunes

3. 9mUiinadidn vin1siessdiniuannsgiu ASTM D 3174 Tasfidaegsagnunnliannufoud
gl 650 °C LHuan 2 Falus uadunuvimandantmiingegisfiviesgnendaimanniaiady

4. MsvUinaEssEve TnmsliesginnaiBinnsgiu ASTM D3175 Taedegsasgrunilyinusoud
gaumgdl 950 + 20 °C WHuvian 7 undl R uUnuassEmMentutniegeiionas

5. MIMUTUIUATUBUAIAT MN1SAMUINMUTINUATUBUAAILAINNIATEIN ASTM D3176 @13750

AMualeanaunisi 1

USUNUASUBUAIF (%) = 100 - (% AINUTU + % 401 + % E55ELn8) (1)
3. HANISANWILAZN1IDTAI

31nNsUeININALNEULLEEIINLSIILIENUNETY 3 U ngludawinguns uiNiunssuIunmesswia
Fu lngAnwdninavesruiavesninazney 1 4 uaz 8 mm wargamginlilunszuiunisnessunaduy 200 250 300

waz 350 °C I8 AUNANITNABBIINN 3 FIBY1WALUNNIMIAILRE Y INUUUINAT LARINNTLUIUNITNDS S LNATULN

v
v

AAERAUTANIPUT DN F19T

3.1 Uunmaudy

nuamsnaassiinandly Figure 2 wuinUFumanuduvesdudanndldannszuaunismesuadud
wiltuanasdogaungiveanszuiunsiindu faaenndesiundnmsvesnszuiummosiuaduiiviotdaauduly
fanBana edrslsfinu nafilfuandiidiui auinvesnmnazneulsifinanssnuegieiteddseaeudugaiiees
f1udanw egralsfinumuiinsdives Company C auin 1 mm Wearuduiiwandiseinuusliuung Swerainen
Tnssasemnenenwuesninaznou flenafianuwgugandt amaligadeauduldieninnaneunnlsnmudunie
sEprnAINMINAATILIUNT viean eI ERLAnAsTusEIIuETIn YilFnazneuiiUinmautuEusus
ninsdidu q swiemunneymeiidnndt (1 mm) Sufiiadeuiinasgendt wlinstiemanuduiiussansamgeiy
uenniifamuifigamad 350°C wuiueuTuTes Company C w19 1 mm nduiistudniies Fso1ainain
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nIgaduauiunduiuedlasiasnafiisngugs naainnszuunsiui wiossduszneudunidfuandieiu J101a
dawalifnnisiuasuudammaaiifidesenisiniuanugy

—@— Company A: 1 mm — @ = Company A: 4 mm ---@--- Company A: 8 mm
—f— Company B: 1 mm -— B -=Company B: 4 mm ---4&--- Company B: 8 mm

—— Company C: 1 mm = & =Company C: 4 mm ----&--- Company C: 8 mm

Moisture Content, %

200 250 300 350
Torrefied Temperature, °C

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

—@— Company A: 1 mm — @ = Company A:4 mm ---@--- Company A: 8 mm
—f— Company B: 1 mm -— B -=Company B: 4 mm ---4&--- Company B: 8 mm
—&— Company C: 1 mm — & —Company C: 4 mm ----&--- Company C: 8 mm

Volatile Matter, %

54

(83
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 YSuauansseivie

MnHANIAREIUIIUTINMmTIsvsanawgamndfiintudeandly Figure 3 Fudunavinnszuaunis
Inlsladafivihliansdunidfiszimedrognidnoenld vunoyniavesninazneuiinasensiemamdeuluszning
nsgvruMmesiunady Tasnudtoynmavuiadn (1 mm) fnsiemauiouldfity dmalinisaaiefvesasssine

Aindueganysaluaysiail dreuniavwinlugnil (4 mm wag 8 mm) Juuiliilinszuiunimessurady
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Wnduldauysel iWesannsanemanuioulddumnunanvessynievildenniu wiamswezuaasiiduisnm
ansszneananlennn)igelu uavuasiuvesninazneuiiuanaatunuinwuilitetaunnaieiu Faoradunasn

BIRUsENRUMAATTILANA LD INg AUAIA

3.3 USunaud

v '
= =2

dwsudinaadtuanuanivaaesiiuandlu Fisure 4 wuhduwildintullionamgigedu Jaudunann
msaanefiveasdurRinvieidlinnzasdusenevetiunid sgnslsinudvdnaresuuianInAzneuLATINAIIN

YosnneznauilnaseUTinalidiesnitgumgivenssuiunisnesiunaty

—@— Company A: 1 mm — @ =Company A: 4 mm ---@--- Company A: 8 mm

—f— Company B: 1 mm — B = Company B: 4 mm ---4&--- Company B: 8 mm

—— Company C: 1 mm = & = Company C: 4 mm ----&--- Company C: 8 mm
40

Ash Content, %
= RN
(6)] o o1 o

o

200 250 300 350
Torrefied Temperature, °C

g‘l.l‘ﬁ 4 Ash content of torrefied sewage sludge from three companies at different particle sizes.

3.4 USUeUANSUBUAIAN

e

'
a o =

TudiuveslSunaumiveuasimuiniunlduanaaiiogumgigudunnainuansnaaesiiuansly Figure 5

RVART)

3

a =

FeaenadadiunsisulUamesUSinamsssve nafeldlogumgiiaiu asseveanas vliasueuasitanadly

P

A8 ULAEINTUUSUUUT WUIDNTNAVBIVUIANINAL NBULAL LAAINUIVDININALNDULNARBUSUIUAISUDUAIF
Wesnineamaiiveanssuiumvessuadu
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—@— Company A: 1 mm — @ = Company A: 4 mm ---@--- Company A: 8 mm
—f— Company B: 1 mm — B = Company B: 4 mm ---4&--- Company B: 8 mm
—— Company C: 1 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 A1ANTaUEN

dwmdvautAinmshudneamnaiundany Ansananianuieugedauandu Figure 6 wuindunl
amauﬁaqmmﬁqﬂsﬁu HosmnUimuaiveunsitanasarUiinaasssmediutu waranuiinumivounsiaiianas
legamgiilunisvestwatudiutu (auandu Fisure 5) Fuilidmdsnuresduiinmanadunssuiunisiigungd
9Ty BvEwaues suImMNAgNeULATIAITINYaINNREneulinaioAuSouTosn g Tve NI UILNTT B9
vaneANin Mmadengamgliimnzandutiededdysenunmusssudinmitnanls

—@— Company A: 1 mm — @ =Company A: 4 mm ---@--- Company A: 8 mm
—@— Company B: 1 mm — B = Company B: 4 mm ---4&--- Company B: 8 mm
—— Company C: 1 mm = & = Company C: 4 mm --+-&-+- Company C: 8 mm

[
o

High Heating Value, MJ/kg

o N OB~ OO

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 MIUITHUMBUALNINVDIETUFIN

TwidetifunahnmamgneuhideridnnsinmalihnSeudevaifdesumemuimmwanmnaenen
ihidsfuaudRveadomasdunaiasineg fifegmeluussmalneds Table 1 wetsvonamuululdlunsimnaznewmii
Ferngpamnssidu g unssuiunmmesTwaduiar i IdkunssuiumaesTunad i ud emd s

annsathlUlgusleviass

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 3700 53.00-65.00 8.00-10.00 7.500-13.000
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\Wlofinnsanann Table 1 FauaninsiUssuiisvan Ui esduvastuinmanninnznoutdefuloiwasdunaild
Tuuszmelng nuininagneuidefinunsyuiunismessunatuiidaudusinidunaussnndy vildaunsauiv
Snwildiendt Vinadidhganindomdaianalsuandu fenaduglassasomsldan iesmnilmiAnveadsann
s lvsfinntu Vinuanssemeeglussduumunan ligauagldsauiuly Vinuandusunsiashninunatsaan

DU FIAHANDAIAINNS DUV LTDINEIMN LA ANAUSTDUVBIINUTINMINNNINAENBULLESTIRNINTIaT U WU nyan

Y o w

Unduwazlifenanns Faandmdiuinaiuiinmiledilidedidnuisusenstunisinlulday

4. ayd

nsfinwiyatiunimesiunaduninazneutindsangpavnssuddinituiendaniudan Tnefmua
uniaeg19ldnaasady 1 mm, 4 mm way 8 mm masléfqzwqﬁﬂ’ﬁwas‘%‘LLWﬂ%’uﬁ 200, 250, 300 way 350 °C
ArwdusuRureafiogisogluti 15-20 %wb. 1nn1seTsianTRvesd T milld annsnasunalddal a1n
nsfnwinui mathmnazneuidsnnlssnuiduituniunssuiunsmesTuraduannsoyul s audives
Saglivmnzantunadudiuiinmannty egrlsna dewFeudfsuiudemdsdunalssnndu wui Ay
anaogaildeddny dauannsalumsdudemas widmdudwinitgamanild U%mmsﬁé’hqa D19EINARD
UsrAnEnnnsuning fedu mndesmsimuilininegneuiidndudemadifinunmgstu aastinisfne iy
\Aeafu msusulssnssuunmmestunatu viemsmaufudnnavindu ileiiudmdsmunazandedinvastagils
MnnantsAnuiiananaguli gungifuzaniigadmiunismesunatunnagneuindea ngnamnssulidu
iifudielldduianmiifiauamgsde 200 °C iflesanliennutougsan Usnadidides uasiiviinaasame
uazAsusuAsIvINEauden s ududInm

5. AnAnssuUsEAA

YBUBUAMNIAIVIIAINTTULATRING A0 1T umAlUlagNTEIRUNANIIAUNMTAIANTETY INUNUAYLUNTLUAT

I3 '
Y a v v a

gaudng Jminyuns Naduayugunsallunisnaaes iuinismeaes uazansisaulaacngeg

q
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Design of the Octagonal Ring Force Sensor for Measuring Cutting Forces in Milling Machine
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undnga

wssimdouunislufudsiddylunsssfiunsdfudstandioldlunafiuussans amlunsu foRa
annsdnusevesaiesdiedin waranszeyian1siny wmmﬁﬁﬂLauai%‘miaaﬂLL‘UUm%aﬁﬁmmﬂﬁﬂ%m%ﬁmn
wnuwUawdsnianunsonsaseunszindunuldienuun lureududuresmsssnuuulivhnmsUssiduiifuas
fumisdndauuiiuinrenauwnuiuamasudeiBlnluiiedudedne Wislildsunswestandanafnfivnyaurou
ihlUfugtuasindsansane udmniulahmauaiweesluseuiisunuainiulvanmadinmsgiu nuiieugess
amwmwmﬂw%mﬁuqaLLaxmmmﬂmwamﬁw A3 TALSIN 3 wuALNY (F, F, uag F) lagndas Ineinussmudieni
Fuag F, 160 Tugae 10-100 kg wag F, Tugia 20-200 kg wazwss Fy uay Fz dauranaindusinglidiiy 1% den
Anuldifudadulunuinnu x y wag z A1 1.20, 0.39 wag 0.37% MLEIAU AIBANDSTAMIULAY X, Y LAY Z ag’ﬁ
2.64, 0.74 uag 0.55 % MuAWU uagAIN1smeuauadlulwunudulirdesndt 0.06%

° o v a

AdAN: LASeliedn, Tandanadin, @nsana, 2uuLlamRLY

3 q

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. Ui

Tunsruruntsdndoulansiilondnduduiiauusiugnge deserdensniuauiaginaunginssues
mamamamﬂ,ﬂam [1] meL‘Uuwwsmmaimﬂmmawamaﬂiwamﬁmwsuaqniumumsmammmumum AIATHY
YoafiaTuay uazn1sdnusevenaieaiiodn [1-2] Fewmninisiaussindeuigniosusiugi3edndyogiebaionis
Usziflulomafannuidemeuaznisdnnsevesnaiesdle aufenisauaunsduaziiiouveaaissinsuazusulse
AuAWILAYTLY [2] Fanslumsfinemaniugresnssuiunsindeutusniduiiasdediniussinidounarussdai
Aintiu [3] Inedoyaussiafignnssaeunieliszuuiifrennaudfduaunsoiuldussdumuannsolumsdinidon
vostantueuld sudddamanisaidnvasuarssoznamaunninuagdnniouveneiede Snieddlilunisauauns
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duasiileuvenniawin lagddmuadiwlsnisanliivansauiuudazaniunisalagdanalinseuiunsuguinenull
wadesnmiif unmiuiflanasfaulumeuazneliiinUseansainlaesinvenssuiunisudngedu [2] Fan1sm
Yadeludumaunsintuaulaeiludntelduriuinusaufisen (Force platform) nselauludiimes (Dynamometer)

dnsudundasdodiatnusedindouvasasonn [1]
wiwinkssvainvatesusawazsunselageaniuuiazasnluniginainiuane1aiu [4-6] aunsalivand

¥
=1

ansataelifimnUssiiulssdninmueaniosdiodnlasiinsziussiiintulussdadeutuauld 1] wonand
uuTansedeilnnsdeuees Tausudananneq 019idu wuwesiioledlannin (Piezoelectric) almsuinainan
AULASEA (Strain Gauge) wazn1sinAdaensasaduloniiuasiauuininsang (Fiber Bragg Grating, FBG) Wiy
foussfiadrstuanndnmaiielsdidnintenflunsindussinuuulaunindfifienwiganginsindeulans uay
Robert Transchel et al. [ 151"151Lﬂ'%lanﬁaﬂfmisi’ﬁmLmﬁmivwdwﬁaﬂuLﬁavmumnﬂdw 100,000 rpm Tuwaueiiusuia
LLiwumaLmum%mﬂwaﬂmimiuﬂaauiﬂmaﬂamlumqamamﬂLLa’JLLanmmuammmlWﬁﬂ Faduasinaidldriu
g UNINABLAYITILY Tedsuisiadsansunasiudsgunssuazedavesiandarafnaziinasgeuinsonis
n3furuazanugniesuiugt nsaalussuuiitanindemsliansunafiatuuinvesandavgusiianumunss
nasdugUuuvegetefinudiuldmluuasildnuiumegiseniu infesdetausonsatausediAntuldfauuis
uazlasE AU REsTiFaratusveswnussnan uslumanduiugunsaiifidedelufuanuudusuaznig
FuBadnaumuininilianugniedunisindianasaziieudtoymfinanisiinisevaneviu [7-9] Idiamuuas
é’f@]LLiJaagﬂma‘uamLLmumnmaﬂﬁﬁymmﬂ%uamﬂugﬂmmmmm?{w LLﬁ’j’lﬂ’li’U%”UL’LJEdiIEJ‘uE’LJMNSUENNLLWJuﬁ]SEﬁNﬁO
Preufdymiiniuldusndudmalimamibanas dmunmminawnuaieslulssgndldisidudemonuuuls
wnzantuuardnuarTesy Safasiddwunamiuniie mmem enumuTe Wy TarueTesHuTuEa
JwnulasBsuasuiindansunafidsadeameainedeuiitioiian TnsnsUszanamientsiunauas
TllufedunsiflelrlfunfivnzaudensfndaamsuinauuamuiUamdsudmsuiaussdunfuasuuueu 910
U398 [10] wudmmmiﬁmcﬁgmmﬁumwamaLmaumﬁmt,ﬂmmﬁammji’mLLS@‘LuLLmﬁ‘d%aajﬁ 90°-105° wazusa
wnusuegi 34°-50° sudsdiasoianuasfaulanumuavissaesarsisendatuuas fuiie Tausasaly
Sy 3 Femadeutuldlasfimmasuniuluuuwnuduii 7] uesmndesnsinumuudamasnilliiausdy
Unaiiidyanasuniuanaunuudwanind (1] faanseldifiessudsumnansunaaamnudumulnindu
Fuweianuedeniiuiia (Fiber Bragg Grating) 51’38L%ﬁ;ﬁﬂ’]iaaﬂl,l,uuLLsJui’mLiﬂﬁﬁﬂmé’nwmzﬁmmzﬁumﬁmméfﬁw
douvnzintunuiaiudshdgsonisamanisainsdnusevenaiosie muaumsduasnioureuaiesdnana way
ﬂ%’uﬂgqﬂmmwﬁuﬂ’rﬁumu Tngluunenuiasiauemeialunisesnuuu msadiawaznisUsuiisuiumuiauss
wuuuUmmdsiteUszgndllunisiaussinidounesniasia
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vos¥an lnovhluFoniiamsuna Feanansautsoonidu 3 wuu Tiun awsunauuurlesd awmsunauuuaInd LI
LarARTLNALUUTENS uanndalinsTnramsuluguiuunmadsuuamesaniiensadunadesudamne
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TudduusnuesniseniuuaumuLaMABL LA VAeIMLIEIER T YT L LM nIMTlen ASTM A36
Tunnfsasiieszduaudn 20 mm Feaenainuvun 8 mm uazaenuaLUY 4 Un Yu1n 12 mm uulA3osfin
(PAO FONG 3u PF-65) Insrmunlvimnuiirseunisuuvesaliuiiavasvinnisnaaausgd 650 rpm dnsinsdeuwes
\P304iA 0.15 mm/rev NUTUIIGIEATRINTIZFERonaITuLazAenTasasuLTalndiAsstul el ndsey i
263 kg sieaniniusiggailsinnnismaassniudiimunieulvdmivesnuuurunuazifveaumuinusauuy
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wanden tnedsauufguliusedlsluiianis ix Fy wag Fz dudeulvvesnistinsevdeisinlufieduudiae
fvualidaviiusasaunnmesauasafevesnseeniuvegi 2 Fsaglsussildlunisesnuuuegd 500 kg ag
Fraedlifandanafingunsnamunlamasuiiesnuuulifunmsenseyinuvaindsauansly Figure 1 (a)-o) fensld
TnasluusasfienausnooniniufioRnsumiuwdaassunaiivmnganlunisfesassunadmiviausaiadou
vouazeatn lneaniidenllunsaieiosdonfesgiiiden 7075 o ndanududarafingauaziian Yield strain

ogjiuszanal 7,000 LLE

A

(a) x-axis (b) y-axis (c) z-axis

Figure 1 Simulation of forces in various directions to determine the optimal size of an elastic material

nnsassinludiediuunlaiinnuning v?mmmLLasmmqwamLLmuLLﬂmméamwhﬁ’u 50, 176 Way 62
mm anuau TnedseaziBendug au Figure 2 Tudrudunisinamsunanuinfifidelndidestunuidedus (10,
12-13] @9lu Figure 3 wanwiunbsansulnuauaznavasaLATEATIgnRnceRs Table 1 fdransuilddalifu
10% %84 Vield strain fafuipiosilodadanundwusuariunaiismesensiunldiausslauiing iesnaunse
WandsssunaesnudfidailndifestuanudsssunivevswmunUnundsyls wazlaemlulaulufimesansd

AMUDTITUYRDENNBY 4 WNUBIANUINTSAUAL D UYRUATBYDNA [14]

100
ROF 1
N
™
_ N
&
0 31.60
unit: mm *A—L
Figure 2 Dimension of octagonal ring
11 1) TR \\5
r// _— /R
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y % 7

o N /é

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

2.2 nudRwesIwUL AW

Tufupounisainunueglifssuuuiaudeuzdiiunsionsinndsuldtunuduandy Figure 4 Tu
drumsansanainnnuadonaldidenldamsung Tokyo Measuring Instruments Lab U FLA-5-11-1LJC sy
Fumu 120£0.502 inaunnumed 2.11+1% inAndidumisitldeeniuul i 12 90 nefosiiiiunisedasziings is
maudeuuzieisvinan nntuluhansunausodidetuiuasivalauuied S 3 2993 Farsasdnam
%QﬂLLsmaamnﬂﬁ'umuﬁﬂmwmma Fx, Fy way Fz ﬁﬁaqmi*‘a’m é’ﬁwast.ﬁamﬁisqlﬁu Table 1

Figure 4 Octagonal ring transducer

NUwIRTInalauuiadazgnnsyiuliihnudslniinssuanseineussiutoudnagn 5 VDC diudyayiw
sondildazdivumanlusziu mv Tadesgnuenedyaadlifivunailng@u 1,000 wh Megaunsaivenedayai INA 128
wUU SOIC wazfnsadugaieriuiumugesiauwsaiielesiudyagrusunmuainaiedunden dyaralnimgaan

gnueneudinzidngeunsalulasdygnamslniinnueuzdenduida (N-6210) Inesudyayrasiiuane USB g
AouIwasNeTuTinNg AuANgUNsainsviuLarUssanaraTiuiulususy LabVIEW 2014

2.3 msuIusisunaznIsusziliumg

Tumsaeuiisunuuadalduusitnsusuiisveenidu 2 duneu flo nsdeudisuluuniodonuuny z Tneld
YAvAaesds Figure 5(a) Sonyuuuuangindewhmihianaussnataznsenssiilsgniasdnlanwadunsgiuvia
S-type AR 300 kg AiflAuAaIAAREUTIN £0.02% F.S. VnisaeuifisuwsuTaussiiensifinuazantnanlugie 0-
200 kg Tngutstnsanasentdiu 0-10, 10-30, 30-80 wag 80-200 kg Uiuifinuazannasensliivanwadunsgiuly
ms¥aradeas 2, 5,10 uay 20 kg muaIAU drun1svaaeulunuITEAU (WNU X Way y) 73 Figure 5(b) N15zATZYN
wuvadngnai ey uangndefinodeuiulvanisadinnsgiuade S-type wuIn 150 kg imamaaauluzas 0-
100 kg lnauusluanaanidu 0-4, 4-10, 10-40 wag 40-100 kg U%’ULﬁuLLagamﬂ"ﬂmai’mﬁaeﬂwam‘faaﬁmmgmﬂ%gqaz 1
2,5 waz 10 kg A1UEIRNU
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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

LLSQﬁUIWW’]“U’]@@ﬂ‘UaQLLBJu}JJﬂLLSQﬁUizﬂauﬁumﬂ’NLLWJ‘NLL‘U@L‘VIE#EJ%JLLaSﬂ’IiSﬂizﬁ’]Qﬂﬁ’Im’]ﬁ%’Nﬂ’J’mﬁuﬁué
WieAinszmanduiusiBaduronnudu (m) wasdusyanimadnaula (R) dunuaudinugiuiiddgedauily
fmoslaunganaida (Hysteresis error) A1uAa1nLAa owliiBedu (non-linearity error) fauansluaunisi (1)
mumaardeuiiintusie Inanwadiilavinnsadrmevaussiousinszyilufimmaiilddesnisine (Cross-sensitivity
erron) Fauansluannisii (2) ﬁ]zgﬂﬁmamlﬁamé’mﬁawm%’aﬁmwmmaamii’(ﬂiuLwiasﬁmimﬁqmmLmﬂ@mf\mmﬁ
wia3e ludruvesdefinnainduiing (Relative error) fauansluaunisit (3) szgnitazviiiieUsziiuguandives
nuaiwesuanduimuetiviednsifanisldnuiivnzauveseuees

non — linearity error = — N %100% (1)
. Mmax—Mo
Tne?
Non-linearity error = ﬂ'wmmﬂmmLﬂ?‘ﬂlauﬁuaaﬁwuﬁﬂﬁiﬂlﬁﬁufmﬁﬂmmigm (%)
N = AANULANAIYBIYATRYE (ke)
Minax = AFEANAINITIN (ke)
M, = AnSuFuRoUNTIn (ko)
Cross — sensitivity error = % X 100% )
1
Togil
Cross-sensitivity error = mmmﬁmwmﬂﬁlﬁmmﬂmii'umu‘UaﬂﬁmﬁﬂiuLmuia\‘i (%)
m, = meuduiildamnduwnltunumdn (Ewie)
m, = meuduiildamnduwntunuses (e
relative error = measured value—true value % 100% 3)
. true value
Tne
relative error = JoRAnaInduIng (%)
measured value - mitTaldaniwmuiausudaudedlufiameiinansan (ke
true value = eitialdanivanadunsgnlufiansifiansan (k)

83



NMUSEYNIVINTTILAUYIA IAMBEST ASad 10
O
The 10" National Conference on Informatics, Agriculture, |ﬂHBEST

Management, Business Administration, Engineering, Science and Technology

3. NANTSVINABYI5A]

Aavduiusidaduresiudsigninansensyiilvanwadinasguinalduazussiulniihunssnannnisaey
\suuvuainemansluyauunnuvemswaiigesazgninluliuduldai emarudu (m) uasduuszansnsg
dadula (R) fawandlu Table 2 nudranuduiusildainuuudassaunsannosidaduannsananisalliogng
windnfosnndandilng 1 dwaligunsaifiaretuinianmnsmilulssgndldiduedosdioTald drumanududils
MnnmsasuifisuazgninluguiuAussfuliiineeniuanmalunenfiune fiitelnlsnadnéfuanslusuuuuvesunad
A5 IAlIANURL IR

yhnsaeuifivuiisunsdnaduarihdoyaildlumanudiniusvesnaiitalilne anwadinasgukasaa
Fonildannsuamwesildadaduinduandly Fisure 6 aldnsiwansauduiudvomnaluuuiuny x, y was z 7
goulfisunuLLIf T smnRansanusazidunsmaznuitmuduveduns iy z fanganiilunuiunudy
iesangnnszduarnusansziaeuenlufianis z tues dauusslunuinnuduasiiandasuulandniiesiioinug
YOINITUNMIUNULILAY 7 UATHANSABUTBULLITEAUTIUNY X Uag y azadneadefufunsusuiisunauuins uas
dofinnsandawmeida anueaiairdeuliifufudu way Cross-sensitivity error Tu Table 2 wuindiailaiiu 1% lumn
LUIUNUYBINNINAGDU Taaenndasfuauidedus [7, 9] Tngdranufanainnuiny z waz y axdariniilu
WHILAY X Lﬁanmﬂ%’af\i’ﬁﬁ’maaé’ﬂwngﬂmwaﬁa@ﬁmaaﬂLLawi’wLmﬁqawﬁ”’aaL.mul,ﬂﬁ]ﬁl%'ﬁmﬁuﬁ'w%nz:uﬁuuﬁi’mLm
MUY z FeindSevanevin [7, 12] lﬁLLﬁﬂgymﬁLﬁﬂﬁuﬁimamiﬁmﬁmqtmauwmm?{am"wmwmaﬁa (8]
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Figure 6 Force relationship between the reference load cell and the fabricated load cell
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v v
=

wiassvesuruinussianssaltindld lnsrunanindeuisesliiniulstumsetiesfianiniaziduldlel Figure
7 FuaufiowainduinsiiAetuluusiazuuaunuresdumesiildaietu dmuharueaandouaziiatugdlumn
fiansfiinavesiiutausseruailddonndt 10 kg wavazAenq anaudionsenseviifindu msfidnnnueaaedougs
wnlupouduerafianvmnanaansuiuiuly Ssaansoudludigmilaseonuuulvitagdarafniinisnevaussde
AruBanguanniutuliuidsunung sUnsas Taniidenld waesmfuiuussiuliihdmiutoudnsasinalay
U3n3 (limsifiu 10 VDO) viiewdsuniinvasansuing :1nmsiesesinnunannndouduivdususiuinusmuinm
AuAanaIngeanvesny x L 2% waiienadeosnit 1% Wonaaeulutag 10-100 ke Fewadwsilddeng
‘U%‘U‘UqﬂLLf’flﬁzﬂﬁﬁmmgﬂé\’aﬂLLazﬂ’lL%ﬁamm‘ﬁu duaruAIaAdeunLLAY y way z SAldAu 19 ietuludisie
10-100 tag 20-200 kg AIuaIAY

84



NMUSEYNIVINTTILAUYIA IAMBEST ASad 10 “
O

The 10t National Conference on Informatics, Agriculture, H“ﬂ [ T
2

Management, Business Administration, Engineering, Science and Technology T

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
a0
3
e 30 J
= X-axis
5 20 |
9 —m—y-axis
2
£ 10 .
0] —o—7-aXis
o
0 , 4 + + 4+ + 1
10 100 120 140 160 180 200 220

Applied Load (kg)

Figure 7 Relative error of transducer
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ANUNTOATIVTULTINUUAY Y UaE z LLUugINIUTIuLNY x Fesesn1sinesosdledluldnumsideninanluyieni
ANURANAIALULAY 1 % WazAITUINAdUTAZAATUIUNONTUNIINANTENUTARTUAINAILUTOUY Li3LAN $1U398

v
=

fuansiiiuiiniseenuuuiniesdioinussindeuiuiugravteliamnsodinszitsamuasdymininturas indu
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unfAnge
ATl udunsUszgndldinalulad RFD Wil efamuengnisiiuii vamaniseuiugnueunes lasid
Toguszasdvndnasssznis Ae (1) senuuukazadnassuudaninerynisiduid salasldinalulad RFD
ua (2) Anwmansznuresuowmuiin RFD deszerniseudeyaiiofinauuiugivesszuy lunismasodldfass
1A 039814 RAID Tuuuiiduatent wagmyuuinsouLnuLLILDY 1ANANITNAADINUTN N15IUE BuLYAITDS
Aaulaudin (5,,,) wagArmmiladu (s,,) fnaseszozeugeaniidunildnmameud (d,,) wasszozmaiieuléiads

fOS’) : . . max
(d o) YBEANAINARIMAG DURE LYY 5.85-5.59% uona1nil n1sasuyudeswauindmaliaininuliveuin

chip

waesulUluudazesen deduiudiuszormansiudana nsvismasnsaiudygaldlnandt 1.7 m wdaials
s wansUTsuLisuszszaildnungul] wesnmeaesieliauasnadosiu wandiiuiuuudasmmguid
Aruiug wasdoyannmsifedannsalivszneunmsssnuunsiiadsszuy RAD Iomngaudvanmuandeuass
Tuanunuasnssule

ANdATY: RFID, iSey, maﬁﬂmumqmnﬁmﬁm, guaammamﬁﬂ, TEULNITO1U

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
) and chip side (S, ..) affect both the

), with errors ranging between 5.45% and

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

tag chip

maximum reading distance (d

ax) @nd average reading distance (d

mea
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
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anad 14.1% uay 13.3% nuadiu [2] nisuideenluddudulnaiduiuguueunes nsznunes wagniwd Jeudn
lugrserhafouweuiaiugiey lnsemglutiuseuuweuidmiag 3]

Tunzmsudsdudseeniisunss msdseenyidsununingaluiuidanudidey Tnssefuamnugnuoswanan
\duiladondniidimadenunmuazimuntuiuiien lnsiiluinwnsnsagduiundinenuiu uissesiain1sgnena
wUsHumuanmeIna Loy gamnigusanisan susfinrutugessasnisan Wearusug) astiufinfunonuiuuas
wenjunandedydnual Wy Wonddnatu sglsfiniy FBdufueadudoudeduanduuassu (4] Snviadnuas
mousnonaldaziounauasunlasnelunayFou ilinsussiduseaion isegrafeidaliusiug Fsani
weluladuazszuuinnsteyaulfifieansunaiaideulunsiiuiien [5)

nsl#inalulad RFID (Radio Frequency Identification) luns@iamuengySeulasnsduiinfuiinenuiuuas
msdansteyaetaflszifovaunsadielinunsnsiiuiemSoulurisnaivnzauas nwnuaimvesFould
odilsznBnim n1sfiny1ues Rayhana uazAiuz (2021) wui RFID ansnsaldlunisiemuniasquiiulavesiiy s
PIIADUAMANHAKER Warn1sRanuanwIndeufidswadensiiulnvesiia wu gumgll Anudu wazen pH vashy
Tnon1sldiwuees RAD UHF wuumadifioTngaumniuasdoudedvauiminuluniseuaumssaiinagnnsléie
[6-8] uenanil RFID Ssvaglunsfinaunmamninfiuies 1wy nsamsaeuauiusazgumgivewmandn dadu
Haduiithelunsuszsifiuanuanveswandn [9-11] nsysainsinalulad RFD Aulwueesdy q daasunisinums
Safuruazdnetiiunandndifinanimgs [12-14)

aagnndl MuidelidingUszasandn 2 Usenis Ae 1) n1sesnuuuuasasnessuufinnueignisiuiien

P

naviSeulngldinalulad RFID uaz 2) ilafny1uazIing s inanssnuveayuedrIvewin RFID deszezniseudaya

nwdin RFID wislvilsvayainuiuglunisinniuatgnisiiusiedvemseu tnenisidwalulad RFID azdudladudrdiny

U q q o

Tumsdaasunisedniseuniaanmas wazteliaunsoudiulunaindseenliegnadsdu

q

2. A5n15fnw

2.1 sanuuUsEUURRAgNIRiuRgnaySeulnsldimaTulad RFID

nsfnwillfesnuuuszuufamuengmaifuismanisulagldivalulad RFD FsUszneudediuszneay
wdng Ifun 1) s¥0v RFID UHF 920-925 MHz Luuwia@l wag 2) szuudssananadiviufamiueigniaifuiien
HaYSEY Aauansly Figure 1

miﬁwmﬁuaﬁzwL’%Mé’uﬁwﬂ'ﬁaﬁul,l,ﬁﬂ RFID mmfmﬂ%’wuﬁ]“maﬂsﬁamaﬁﬁﬁ yiiAeades Wy fufiudas
(A-Z), 5% ammﬁauszmmumaamaﬂwm T, Asfuvdnunusnednydnwal B, Asfrusesunudodydnual s, nanFeuunu
swdydnuel F, uazsfeiuiuaznaniivhnisiaudin

dlensendeyaddyasuiuud ssuvasvhnmseuufindnedufiefsdeyafignnsenidiian uas vhnsUszaaane
foyalagldfuiuaznanagiuuisuiisusuiuiinesnafivhnsaudin ssuvasduineiguemFou luruedu
nsfnnisiielfaunsafamuegnafuismayidouldesusisuasndutagiv

Tnetoyaviammazgniufinadly SD Card Tugtuuuoewlard Weltamnsnfudeyauazdongdoyadoundsld
Tnglddndudeadeudotudumoiiin ilonsduiindoyaiaiedu douavanuaazgnuanmmavuminne LCD 1y
Huiulas, EGEANIREIS AsRundn, Aeses, HaVLSEY, Sufinavinanfifauiin, WALDIYVBINLIY %q%ﬁﬂﬁ;ﬂ%ﬁu
ansansvaeudeyadidglieg19asninuazsanse Figure 2 LLamLLmusTﬂms‘vhmwuaﬁzwﬁmmumqmilﬁmwa
nseulagldimalulad 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 J/n1meaeg
naeaatluadsildgnosnuuuiiennaeuiiadeiifnasoUsyaninmeesnseudoyaninuiin RFID Tasuus
nsvmassooniiu 2 diu loun yuvesudin uazyuidssveauiin nfoudunisiiununudeyaiernisiiaseina
Tuksazaniunisal
2.2.1 NMINAGDUKUVDIIN
nsveaouil iilefnwmanssnuresunsindeudindeuszans amlunissiudeyaniniaiessiu RFID
Tnedunounimeansusznouienayuuiinasu 360° uazfinaday 30° Tnevinismadeudau 3 €1 9anturinig
fnsvuzilin3essu RFID anunsasudeyannuiinldgeanluusassuiinagey wieutstufinuanismnasadfioltlunis
Ansgvinely dwanslu Figure 3 (@) wanansnageuyuveLdin
2.2.2 MINAHDUYNBLIVBILTN
nmaaeull iilefinwnansenuresBsewiindeussansninlunissiudeyasiniaiess 1y RFD
Tngfinsaneuansalumssudeyaanuiinnglipideaiiunnsieiu msmeassdidumslasuiusndeswodin
Faud 0° fe 180° Tnewiuduasaaz 30° wagynismadeusiuau 3 €1 91nturiinisinssesiiieg esgu RFD
flannsneudeyanuiinldgearlusiaruuiinaaou nouisuiinaanmasesfiolilunsinmgidely duandu
Figure 3 (b) ULAAINISNAADULILDEIVDIUTIN

(@ (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 MNATZRAMEId Ui Ruinineld (Tag activation power threshold)

aunAs Friis (Friis transmission equation) Talun1sUsziliulsz@ninmvesnisdalazsudyyrasening
30987 (Reader) wawufin (Tag) luszuu RFID Tasddsfumagapdondsnuiiintuainssesmeszmingunsaiisaes
aunsiiausaldlumasuamdnuiiniinldfunnieiessiu wastotmuaszergeaeiiufinanunsarhald

TunaU§iR madiasgviaunis Fris aansad lfifomarfdidedusiveuaissgwiiviliudingiauls
TneFuanmafinidsdseanios (P, ) fviliuinannsnvhauld uazameaeuiudnldfundsnudsmedmiu
Fadunmandiows

nsvihaunielal iemdsdsfeszauivilindanuiiuinldfuviniuaiaailesdd (s,,,)

294U RFID [15] wazsvyluenaistoyavesty [16-17] dstu auns Friis awnsadeulnald deaunisi 1

Schip

A 2
Gy - Gtag(g' (D) T (m) “MNpir - Acable

Ptx,No (9; Q)) =

et Prano(60,D)  Ge mdsdstusniivinlduinyamld (dBm) fmusls 6 = 0° way @ = 0°
Gix

Geag(6,0)  fo dns1venevenareniauin (dBi) Mvualy 0 = 0° uag @ = 0°

8 PH519818VDAANINFAIDI81U (dBI) Muuali O = 0° waz @ = 0

o))

Senip Ao AMLlIVeTY (Chip sensitivity)

A fio AuenInaY (Wavelength)

d fio Svugiesywineuiin RFID uaza3oseu

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

o

9 dUUsEANDNNTAIHIUAIA99Y

o))

T

2.4 Msaaszsiaulavesudin (Tag sensitivity analysis)

nauns (1) ansaduns Pry yo (6, @) Fadurridsdadusitidliuviniould Tneeiddsiiueg
fuyuvewuiin vnyuasy Aidsdsitdeddanudeuludae ulfivdanulwesdy s, w098 AN INT0dY
wil nMsUssludsgdnsainvesuiindesiiansanAininuliveudin S, dae Gﬁqsfuaq’ﬁuﬁﬂ LE@19INA ULALNITIUA

&yayad (Impedance Matching) Tnevialudaarmnuliveuiin S, #n Ussansnmuesudindsiau [15] deaunsi 2

tag

Schip

Sg 0= G 6.0)

2

A 2
= Ptx,No(er @) - Gex (ﬁ) “Npir* Acabie

2.5 539281Ug9En Max read distance (dqy)
aun1smwlivewiin (2) awnsadnldmnisfiwesivunzaulunsiuinszers1ugedn Maianisel

FEinenIDeUMazIANaINNSUABLLALNSasdyay el [15] fedunsil 3

A Ptx,max "Gy NMpir * Acable (3)
4'7Tf Stag (9, Q)

dmax (9, @) =
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3. HAN1SANWILAZNIITA

INN15ANWITY wﬁmmumamitﬁmﬁmmamL%'auimai%l,miuiaﬁ RFID Tnefadasvuulusuny snedi
I%aﬂmﬁuumﬁwm (Line of Sight) mJLmﬂmmmawuLmLLuam Aauandlu Figure 4 (a) NMsnaaaulasidunis
Wemsze ”‘V]’N?NE‘TGW]ﬁ’];J’]SﬂEJ’l“LJLLV]ﬂVLYﬂQEJNLLEJ“LJEJ'] uay ’;mevmamﬂmiﬂiwmamwﬂiuawmvwLmﬂmmu
Taens3nsedt uwdseaniduy 2 dundn el

3.1 MylnTzikanIsagauvasyauiinluluanaIn
] o . ] = = =] =
INNIINAADULAN RFID Aauansly Figure 4 (b) uiindzgnvyusousnuluINeuLiislUf suyuveuiinlag
yAFUINaNToLTngiateg Asuniady iliszagnisseninunieseuuazuinliildsuwdaseg1addedfgy
HANSNAEDUNLA 90 Table 1 w31 nswisuulaswes S nasiorsrevaugaanaalanumgug
() W1B S, WINAU -2.67 WaE S

1.67 m AndurIALAaInAABRY (%Error) Uszaad 5.45%

tag Ll’la K Schip

tag hp WU -0.63 A, AFwalldfe 1.76 m uazAn d,, fisuldaTuriiy

Tugnnsdinie e S, anaadu -4.95 uag S, WA -291 61 d, VT WDY 2.29 1ums Tuvae
nd, ., Wiy 2. 17 m ﬁmﬁu %Error Uszanal 5.55% wansliliiuii wilen S, aganas (Araunnd) uindudawaly
syoveuguEAing mamwuﬁmﬂmaﬂwm“%amiﬂi 918d0ynIuYeLE8INMALUY Dipole Inglawiznsdliiléia

= 534 UaY Sy, = -3.30 dawali d, WU 2.40 m wae d,,,, WU 2.27 m

chip

A, ASTIARTUNSVIRADY ABlile Stag
Imm %Error Wiy 5.50% Fseglunainnunanandeuiivonsuls

Table 1 Tag performance test results

@ 6 Senip (dBm) Stag (dBM) Aoy (M) dpeq (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 2.17 555
150 -2.07 -4.11 2.08 1.97 5.55
180 -0.58 -2.62 1.75 1.66 552
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 2.27 554
300 -1.85 -3.89 2.03 1.92 5.59
330 -1.24 -3.28 1.89 1.79 558
360 -1.09 -3.13 1.86 1.76 554

N15neaeall IArAuaainAd ouadsluyiauseunns 5.45% - 5.59% FUandInINADAARBITENINIAINS
nufuarAflinnnsmeasase wasdtasvisuisrnuaiiesvessyuululeulaiiufineglunuimniunsessnu uay

szgreeglusEAUALT

a ¢ a <
3.2 NITUATISUNANTINAHUYNLDYIVBILNN
91NN1INAADUWTAN RFID 71318 83m199 wanansly Figure 4 () wazwanisnaaaulu Table 2 ‘W‘U’J"l

ANIEiaes S, e S, InnmuUsiunmyBeavouiin lag S, SZNLﬂuiwﬂUﬂNaN’mW%ULmﬂiUlﬂ mmmam
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71 -6.15 dBm iy 0° wardlAngeandl 6.94 dBm 7iyu 300° Tuvaus S,,, Fuanawdanuresdygraiuinasieunduld

LY V)

tag
fasaenu Tevihan 7l -2.88 dBm Tlyw 240° uagiidngeanil 9.11 dBm T 360° MaLUAsunlasmesAvassiidlmity
dﬂLLﬁﬂﬁUisﬁ%’%mwms%"uLLaza:ﬁaué’nuJaunmﬁLtmﬂﬁwaﬁuﬁuagﬁ’uyuL'e'ﬁem

mswWisuidieu d,,, wee d,,., wuiunliuiisenadesiu Inolamzyuiifaanuluings 1wy yuil 150°
Windu 7.13 dBm uaz 300° WA 5.52 dBm srezniageged awiald wiadu 0.57 m uay 0.69 m ANERY
fifngiini 1 m ?jqaﬂaﬁaﬁ'ﬁuﬁné’ﬂwmzmsasﬁaw’%amsmzmaé’mmm‘lué’ﬂwmzLawwuaaaguﬁ’ﬂﬂdn asafuduiugui
fienanulaudind W yud 90° WAy -2.67 dBm wag 240° AU -2.88 dBm Wuin d,, fA7 1.76 m wag 1.80 m
gy Feagvioulidiu Tuuneufaudianulufinagdusssosnssudsasgsdn

n15ATIes % Error wuhlnssamAesifuianuaanedeuiueglusziuiiliigenn Tnedanainadeud
98381319 5.49% {4 5.59% Fauansliiufsmnuusiugilumsdnaszesmanunguiiflofisuiunanisvaaesais
Kadws Ui aivsvesszuy RFD lunsvinumeldnisudsusamademoudin ufiegiianuunnsises

yuBesiidmaronisilisuulawesdynin uiidiauisalinadnsnfinnuududadunismuaszeznia

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

6 ? Senp (dB) Stag (dBM) d . (m d, . (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 5.93 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. a3d

mu’?aﬁ”aﬁyﬁﬂmﬁﬂwwaﬂis‘wwamquamwamﬁﬂ RFID siaszazn1s81udeya ngvnn1svaasy
Tuaniwundeudmadeuninauiy fedsldldiluldauaietuduniou lnefndaadossu RED luduans
(Line of Sight) kazMyLLTINTOURNULUIUOY Tmaﬁa‘hLmﬂdquéﬂmwamﬁﬂé’qmﬁ lWszesrneseninen3oeuuay
wiinliudeuuvas

1NHAN15NAaaIlY Table 1 WUl N15LUA suwUasvaanruliwin (S, ) waza1a1uladUwiin (S

| ) Ch/p)
denasioszozmnagegaimwnldnungud (d,,) wazszezniionldass ) Ininuaaiandey (%Emor)

A : max) ) mea
agluras 5.45-5.59% Fationneglunmsifivonsule 1le S, = -2.67 dB way Sy, = -0.63 dB A1 d,, ¥1fiu 1.76 m
=-534 dB uag S -3.30 dB WU

way d_ . Wity 1.67 m Aawdu %Eror tindy 5.45% ludnnsdd S
drox wi’]f”fu 2.40 m waz d, . Wiy 2.27 m laeAndu %Error Wiy 5.54%

Luawmm’mamwmaaamLammq 1 Tu Table 2 WU’J’]ﬂ’]ﬂ’M@JVLTUaﬂLL‘1/|ﬂ:LIﬂ’ﬁLUaEJ‘LJLLIJawuaEJﬂUiJiJLaEN
lng Schp Mani -4.15 dBm flys 0° uazgeandl 6.94 dBm fiyu 300° luvausdl S, A1gadl -2.88 dBm iy 240° uay
geand 9.11 dBm Tial 360° ﬂ’]‘iLiJa'EJuLL‘LJaﬂleEJ\‘lmﬂ’niJl’JumNﬂMU’]JmJ WU 150° wag 300° sy aumwaﬂawmmsa

wagyapmlmmmw 1 m Tusazfiviagy 1wy 90° way 240° annsofudnygradldluszozuinnda 1.7 m FeUadn
wiiFnaulveuiinazsluuiay widsanunsodwaliuinsudnyaalalussezilnadu

rag)

tag

tag chip =

tag

Mnmsssuisuiandiiiiuin d,_ fu d__ nudtsaesenduuliuaenndesiu Tnedwlodidus
AnuAsILAdoueglut 5.49% f 5.59% Feazviouftmnuutiugivesuuudassmaguilunisnensalszeye1u
wiinluanunisaiass nan1sideiiuandiiiuidvinavonmiBewieusyavsamauasdin RFID Sadudeyaddyduiy
nseenLUUKAzARRIITUY RFID Wsnzaufuanmundeunslinuasdueuen

5. AnAnssuUsEAA

vevouAndinuAnznTIINMIANAR A mMans Idonazuinngsy @nan.) Alvinsatuayuniside vuide
09 mavssdiumnuuiysaivemaneulnslénisTndgaautimsluih (@il REKRIS/FF66/61) wionvisvaraugms
anfumealulagnszaomndiitanmmsaiansz s Inenngaumaiunsoaudna dvsuanilunmsduiulasinns
naenaunguitouinnssunazimaluladinuninialé (SATIRU) waganze191567iu3nuw leun ne.ns.algnad fnuny
sAifenns asAnAdng vsius uay neas.Swed gadnwal 7ldliduusidoya uazuumieduiiauan
Tunsiiduamidoaded
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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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Figure 2 loT Weather Station
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Figure 3 Experimental Results from Grafana: Temperature and Humidity Sensor, Wind Speed Sensor, Rainfall

Sensor, Light Intensity Sensor
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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 wanINANISNAGBUNTIAARMMYT ANNTUATTNSURINALAEANTNLAUBATEIIRAN TN
91NANBBNLUY LwulweTingumn)il (Temperature) dA1Lviniy 27-27.9 semiwalfed Wwulgesinnnuyuduingly
2177 (Humidity) Saviiu 85-86 Wasidu uagiwuweasinanudunas (Light Intensity) fawviniu 5.4 adrenisns
HEE

3.2 MINAFDUNITNINIUYBS PLC

3.2.1 s3UUmanual

Figure 4 Ladder of PLC System in manual mode

971 Figure 4 Wunsnaaeutunsunsliswlusunsuniuauildniw Ladder wodenisnisviiau laenisna
Yu Start (X0) sxUUInFUNSINU lngaziua 10 3uil wdewindunalaiansnesndidan 1 assuvieu (Y0)
WaztiuLIaWeBN10 FWdl Wil 1 9emeaviniaIu WasNelnaiian 2 (Y1) auisuduyiniau aunsenulienady Stop (X1)

FTUUTVILAENYATINY

3.2.2 53U Timer
970 Figure 5 1ummeaeutuneun1sideulsunsumuauiildniw Ladder Wedin1snisiauwuudiaia
(Timer) flonay Start (X0) s¥UUazIUNTYINNU Ingagiulial 20 Tuil nasainduiianaiauemesandini 2 6

(Y0,Y3) autsuswvinnuniouiu waziianadu Stop (X1) syuulsngan1sinemu
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A Study on Problems and Solutions for the Sustainable of Wooden Pallets in
the Transportation Industry
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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 CO5. 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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Figure 1 Circular economy in the wooden pallet industry
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Table 1 Yoyamslie - dinduindeuvesmnanlilugnamnssunisvuddluseu 1Y

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 59.00 128 512.5
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 \nesiiadnsesitiymganin (7 QC tools)

\3nsilofianevidymannin Wevhanudlasariinsdidymiiatulunssuaumsldauldnaan
miAdevansatuldineiodiolinnzinuamanly Inetedesdenlduaudon léun

2.1.1 wnugdifneuan (Fishbone Diagram) [6] Wurfannunanveunugifinea ddldlumssuunanmgues
Hoymauvanavyfiieades 017 4 M Yag (Material) nszuaun3 (Method) yana (Man) 1a303dn3 (Machinery) %38
Tuvansdlonvasifisludiuresanimmdaundou (Envionment) itelviasoungaludfiniietu Tne3sldunungd
fngtanvhldted

1) muuadgyn - ixq{]gymﬁﬁ’mm wu Wanmidunsuiinues wiewndesdnsidevss 91ntuann
qﬂm%"l,ﬂﬁﬁwmLmumxgﬂé’uwé’q

2) spyaumavan - fvusamandnetwies ¢ Yad 1wy wsau 1n3eadns Tngiv waznszuius
A6l Imsmmf’ﬁaﬂawmm‘lmﬁL%amﬁums@ﬂé’wé’a

3) syyauAges - uaniaarvuindnainudazaunandn Weuaniseazidoavesdadefidamario
Uy

a) ayUfunedym - inszidoyatildifiessyammiiuiase uagmuuamaudlufiofinysyansainly
MIAHNNY

2.1.2 unuiinisle (Pareto Chart) [7] ndnn1smsle (80/20 Rule 151"5"11ﬂﬂiﬁmWI%Lﬁaisz]a%’wé“ﬂﬁdqma
ﬂﬁ”'Vl‘UlI’]ﬂ‘V]ﬁﬂ swuumaumﬁmumumm%ﬂm Sundvuaigmviemideiidedinsen LLaamUi’;mauaman
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awsuazaNdAinty ndudnsesdeyannuntuies wasrwaesidudavan Mawnugiinisialagldunudie
WUAUA Y3 ORANTENU wazknuWNUes U azan auriansvuanstadenua1du nieudunsinuans
Wesidudiavau aavinedinszvinadnsinglindn 80/20 wiesyyamamanuazanaununilatymedisdiussansam

2.2 Msauan nsuasemsuaulaeanlyn (COp Emission)

mneisTafisasueulaeenlediignudssgduussenmannnszuaunmisssumfuasAanssuves
uywd iy CO, LfJuﬁwﬁauﬂszamwﬁﬂﬁﬂ'aiﬁl,ﬁm'nzT,afﬁauLLazﬂmﬂﬁlauwaaﬁquﬁmmﬂmaa@msﬂa'aa COy
\dutaduddylunmsussmnsidsuwlasanmafionna aausingnisaliFounszan wazvaelviussquimanosu
anudsfumutennasunia (Pars Agreement) FuiiszylTluriuladuesasdnsuimsinnisfitmdounszan (esdnis
WY) Y38 TGO MNNIsHaALaztauLsdlinanausaiwInunslass COz MMNNTEUIUNMINEARaz YN LN LN
wanllngldaunis (8]

CO Emission = $muauwnaniild x (Ansuaes CO, sennan (kgCOz)/mqm{HJ’muLa?{a) (1)

3. HANISANWILAZNI5IDTA

971 Table 1 i519ziulddnfinmsiigmanldnyudsulussuuresssia waznuiluwazisouluseudinis
dswonmuanlsflndifssiu wasidlorulusinismudeunanlinduanliminsdenthadsnnnidsanuindnantd
Fostoisuaiennis 50.50 % dsliuTinaunn uarlumadetuiuingiuiiveaowldfenstosinduliiadudad
fuan 1 ¢ sio wavilsl 8 @1 uazFesviimatgnlusnaidau Tau 1 fu densugnmauny 4 du Feduliymiliainng
Fupoulumsdnuilgmuazuumadlansldoulinienlugramnssudeihdedeluil

3.1 mavinwvasdyynisldauldwnanlugaamnssunisvuds

o
1l a

MnusLgiineUan (Fishbone Diagram) Fsldlumssuunanmgvosdamauvsnamitieidemuindeuss
anvgvosdgmndnld 4 §u uasutsdesldianun 8 anveudn fauandlu Figure 2 wuindidadl fuyaains Tiud
andinaudlumsldan deunslsiviusomnuiesnis funssurunisvhe 1ud anufinnainvesnisudn tunou
nMsvhandivainuans sueiesdnsiiieades liud dnmsvihauvesaiesdnsiiieadesinds insgrusuvesgndnl
Huana uagdutan Wud WiAndes wianliumninliansoudlold Inefidesldanmgudnuiudafeahnsady
Lﬁuﬁa;ﬂa@w%mmﬁLﬁwsﬁuﬂ’m‘l,éﬂ,ﬂaﬁdawwLamlﬂné’umsziammmi’]mu 19,645 ads uazieuduofidudiionay

WUIATIEImeATo BN U IN 1S

Method

ATTUHOWAIOUDDMISHAD

andwnaaulumsiieiu

dauusuliiudannudanms Junaumsimukainkale

wianldgisa

Omstiviugeoinsavinn ThAoias

LAYUDVHOIE

nasyuuvevgall wuanunangnly
R fotd

asaua

Material

Figure 2 Fishbone Diagram
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=

10 Table 2 nui dlesndautstoyanuamguesdymuazthdmaunsifedaminulunugnaimnssam
avlifannsafnidudesarldnduausimuinguanngudniiinanianuasiedesinsdfintsvhaudmdunanls
lngnsedsuansly  Table 2 laun wianlduandnluanunsaudlald 44.52% uay uimsgrusuvesgnAiliduaina
20.82% (e gninlUldRn s 19w mssnnafuanasgiu msldiedesdnsilildssyliumdudumianls smudu

Table 2 annsveslym wasUSuaduINguuiiianIsuaninde o139

aM Cause of the problem Number of %
times

Man anAmvAustunisldau 1,450 7.38

Yauws lUyTuRaANUABINIS 1,760 8.96

Method ANUNANAIAVDINITHER 355 1.81

Funoumsvheiivannnane 495 2.52

Machinery finsvhnurenaiednsfiiededia 520 2.65
%

WmsguuvesgnAliduaina 4,090 20.82

Material HAnges 2,230 11.35

wianliuaninliausounlola 8,745 44.52

39U 19,645 100.00

mﬂﬂguié’v‘hmaﬁw%’ayjamﬁwﬁaﬂmLLasﬁmumLﬁuLquqﬁW%ﬂmﬁaLLamﬂu Figure 3 wulnilesnidumes
Wesidudavaui 80% wuianmguestiymiidesindunsasluudlaléun wianliunninliannsoudlald wmasgu
nuvesgnéliifuaina was WiAndos muddu fadlemsdndeyaadunuimniamiingnuidanumdemeiiin
Futvnuanlifiasnss inanmsldauiifanysuss msnszunnvesian sty solwdeanvisusunianlilnenss uay
annsokenUszamvasmsuaninvasianld 3 Ussiam fauandlu Figure 4 1dud Wusnuunfsaindeu liunnaugy
uarsessio uarliumnuunvuudsy dvludutanduwumdumsidedelufiodunnuuduss viefiudszavsam
nsasusiansuannLduiy

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

106



N13UTEYNIYINTTILAUYIA IAMBEST ATeRl 10

%

The 10" National Conference on Informatics, Agriculture,

=
&
-

—i
q
[
=)
o]
en

Management, Business Administration, Engineering, Science and Technology

3.2 nMsaan1snisuaseansuasulaeanlyd (COy Emission)

dosmngshomanldiflflunmsideiidugramnssuficilsiannudsiu fmsldudnveaasusanyuiouin
Hulunaddmegsia fe Ihamanlfuazdidunsiunisinfvuasauds fdulunssuiumandndsidsdany
\Hufinstudunadeuuaznislinineinsaledredsdu lnawdedimslausulsiuniovimanazyinisugniulimaumily
Fadau 1 : 4 fu wagldfianldinantinaunuiomn widedenudemefidatulunssuiunsning nisld ns
duiunsisfesinsdeutigedsannsofndinmsuassaniveulneenlednusnasguanaiiedunsianiuazin
namsiduianssuiduiinsredsndeusely Femnanlsl 1 $u Snsudesmiusulasenlas (CO, Emission)
Wiy 4.12 kg CO, mutanuualu Using the LCIA method IPCC 2013 GWP 100a V1.03 [9]

(@) (b) ©
Figure 4 wianisuanvinvesnantdainnisldau a) Wusnuwisieainidsu b) luanauyuuagsesse o) Liwn

BUIVUNULEBY

271 Table 3 Ifindeyadruaumianlifinduluaimguosdymarnuuginsln Tns 1 5u usay
Hywiidndanlunsudslvl uazengnisldnuadodsiuandduniss azldrainisdes COy Emission sl Wiy
3,740.136 kg CO, ftjudnannsaandamiintu vieiuuszansamanuudusdindnsarnnanldunntufas
annsaanan CO Emission éaegnadsfu

Table 3 dayanisuassiaaniveulasenledrelvasnisudaniantdlng

swgiiazsinnisudly n1suaeeAingasuaulneanlyddal
Swan dedudl Shuaunwan p1gmsld  AnsUdee COo
@w)  Fewdn a0 MUY COy dewn Emission
Tvnad fifowdnlu (s0v) tan sl (kg CO,)
(v (kg CO,)
wuanldunndnliawisauwnlaly 8,745 0.8 6,996 10 4.12 2,882.352
wmsgunuvesgnaliifuana 4,090 0.4 1,636 10 4.12 674.032
vLﬂLﬁG]L%E]i’W 2,230 0.2 446 10 4.12 183.752
3374 3,740.136
4. a3y

nsfnedgmuaziwanaudlulunsldnulimanlugeamnssuvudegedsdudliiiug asihwdn

wissgnanyuisuinuiuldlussuuliguasudsanunsatiediuanudsduld egralsionn nsuyudsunianlddma
Trindayminisgenungegedis 50.50% 31NNTIATIEIMIBLNLTMIUaMAZUNUYHNLSIANUTT @A naNUIINN
wianlduaninaulianunsedeuusuld uazuinsgiuauvesgnaliiduaina Weiasasudaanday wuiinsld
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ninensuyulsuaannannisuaesnisueulneanlalane 3,740 kg CO; u:mmqLLﬁl‘UﬁﬁﬁmﬁamiﬁmmlﬁmLaw

Tsumuty eensuendinfinuwvadu 3 Yssaom 18ud wnemuwuadeuls) wndainfudeuls wasandase
wunamuisnia 1w maseniuugedarenuulslldngy uasmandeuanstioatunsuansinauuuiden

vnannsnandnsmauaninle asteannslill duadumudiduresgnamvinssuvudiegiideddnlusuian

5. Ainfinssuuszne

YorauANINgdumalulagssusnansrunsiilatuayunsidenasldundnduliunanuaduildnse
qalulangd vauveunn USE vl (Usewalne) 311n Alalrdeyalunmsiuvesgeainnssunisvudseedady
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UNANEa

mui%’aﬂfﬁi’mﬂﬁvmﬁlﬁaﬁﬂmmwmﬂﬂﬂléﬂumiﬂizUﬂm“l%maﬁﬂ?ﬁl,ﬁauazLﬁﬂ%ﬁquimamﬂImaIﬂﬂ
(Visible and Near-infrared Spectroscopy: VIS-NIRS) saufiumaiinnisiasiziesausznaunan (Principal Component
Analysis: PCA) L‘wamuuﬂaﬂ‘wmvmmmam’tumunmwLiwwuﬁmawawmmmﬂmsmﬂmuavmmﬁmmmi Immw
WANUNITNAADILUU Comptetety Randomized Design (CRD) m%fﬂmmaa‘ummu 3 95035 nsTNAbar 5 Sll’l 4
Usvﬂa‘uma nN35u357 1 mmunamiauﬁimuﬂmﬂ (AIAIUAN) 351357 2 mwmuammauﬁimuﬂﬂwﬂa LAZNTINIG
73 wmunmmwuwiﬂmﬂwﬂa ImEﬂmmamwammﬂﬂmmmiv 3 siunsresiundmiseu liun Tumwu (P1)
’L‘umanmﬁ (P2) wazlutisans (P3) v-mmnumsmmmm%ﬂummm AAaalsfiad Adiunisnn o aﬂmwmamaﬂmu
s3E¥LI81 6 dUan mam’a’mmvw PCA wu31 mailla VIS-NIRS mmaamuumamaﬂwmvmmmwmﬂuaqmuﬂmmwum
mmmnmmmmsmmumavmmﬂULuamiaumamummmu NAAe ﬂiimﬁmﬂm‘wLiauﬁmmmulm 58.04-74.72
Wosidud n3suisaundmiseunInsnems 50.46-73.54 Wosidus uas mimamuﬂmmwummm 51.07-70.74
Wosigud Immawwiummau 680-760 UNLULLAT wamiﬂnmuuamﬂwmuﬂmﬂamwmaamauﬂ VIS-NIRS Tunsidu
\3esilefilivhanesogsdmiunisduunaninzanuedoalusundySeuiiunneeiu

o v as a

AdAty: fundmien, Anuaseavesiiy, Iadauazillestunniseanninsalnd, mylnseriesdusenaundan

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. unin

W3y (Durio zibethinus) \unildlufinasugiaiiddyvesuszmelng uazanunsndsesnnanandusudui
wildlungunaldilve Tnedaarandn ldun Fu desns uagiloauu AufimzdgnySeuluvsemelnenszaseglunae
afina Iagianigluniangiuean 1w JunyT seee wavnIn wazn1Ald 1y YUNT J8U09 431993511 way
uasAIsssu Wl 2566 IufivgnyiFeurhisamannndt 1 &wils weeliandniade 1,500 Alandusiols umande
dou 1 Wwdudiu Anduyadinsdeeenndi 140,000 duum [1] egalsiniy ﬁmmwﬁwﬁmﬁLﬂwmﬂiﬁmamum’%aué{m
w3y Ao nMsusmsdanisanuaIeavesiuyFeulundasian sdsmansenuienisiasquivlanasnan e sHande
Tnenss Suduamaddguasaugadeniaasugia veludnounafiuieuasndnaiuie 21 venaini s
damaliinunsnsdoandyiuduuiifiugead uannisuimsdanisuasauauifadedvilifninanunion 4
AranAenvasiansoifatuldnuanstiads lasudseendutiade Aifnandsiidin (Biotic stress) Wy n1sszun
vodlsAuazuiawingiiy uaztladefiinainadlaifidin (Abiotic stress) 19y M3VAIHNDIMNT AUIALVDIY LasTouds
10th [2) Fallademanifdmansznulnensselassaduasnszuaumaneaisivewesity vnannsansvitedouay
FTUAWMRATRIALASERlieg1ug s sInsY Neztieliaunsauimsdnnsudasgnldeddlivszdninimuazan
mmqmﬁaﬁmaLﬁmﬁ'ﬁuﬁ’wawémlﬁ (3]

Tuednnsnnadfadeanmeviodnuaranunionvesiivfunsasialaeldasnian (vVisual diagnosis) 3
\uiBnsiazmnuasiidilddnes uisududesedodidorny uasfivdosuansenmsiaundidaiou Jsaganusn
LENLEZANLUANANYBIALLASEATL AN N Tadesneg 18 agdlshiny FFhenliAsdeRanainannnsideded
anduazaulaiudugn (4] uenand Sxfimansedinneiiedieiinluosjiing dddamuuiugigendn uddedld
Funuiigeuazszernailumanmadeuiiuiu Snvassldannsoldiinsgiflussfunasgnlduuuiiuiagg (real
time) 1ndad1tnvesisnismsnidadonuusaiy Jagtuiinniumaiadiluvihans daeg1eie (Non-destructive
technique) linsemTamAIATEATEsTR AT ey SR TasandenslinTeiauautimisnisnmiasiadives
WY LY U Magnetic resonance imaging (MRI), Photo acoustic imaging, Tomography, Multispectral imaging,
Hyperspectral imaging wag Visible and near-infrared spectroscopy (VIS-NIRS) Fatelanusofnnunisidsunlas
asuszneumaaiuariinnvesiivlussAuadliegisusiugn Mnmadiadsnarmuiimada VISNIRS lasuauaula
undige lesnnamsonsaianisasuulamwessening 51983 wagesUszneumaaiidug uluiiy e
ANUFNTUSA VAN IZAUATEAYRINY (2]

wiadla VIS-NIRS Tdudnnisnisaandundsnuvedduanaansusenauluiiv wu H-O, H-N, H-C uag C=0 Fadu
psiUsznauTassdunItuasiuanatn lasanansonsataniaudsuulasmedassaailudedoiy mudnisgady
wasiifitsanugeduans neufiivazuansoinisinundesntn [5-7] 1w msldinada VIS-NIRS lunsnsaaaey
anmenmsvmiwesluity (Epipremnum Aureum) [8] wagnsasaiisianiurveniuaznaslsitagluluniusy fu
[9] uenaNTENATA VIS-NIRS FagnihanldlunsvinnesgAusnemmsluiu wu nunadey Wearesa wazdunieing
feinaromaiuinvasiis 110 Muidediadiinguarasdiftefnmarudululdlunisussgndldimatia VISNIRS sauffy
weliAn1s3tasIesiesdUsEneundn (Principal Component Analysis: PCA) ttes1uunnguainuiaienlusundnysoy
Wugreunesiiinaniadeneuen

2. 35A15ANEN

2.1 MIRSBNAUNEMNISBUNUSUNBUNDY

wiBudund i Ssuiudvnounes 01y 8 Liieu fiauysaluazlinuenisiiaund liffuiausasaznisidiviians
vodlsalaziaal $1uay 15 du Tnesunddindmgnidedufiuiiin lifimsnuauaninwindon 1y gamgl Aty
yi3euasain iifiesiansanmuandeutidluuasgntegnatouds newunnuiluusunismaasiuuy Completely
Randomized Design (CRD) Supmndausiuau 3 nssuds nssuifar 5 41 ilevhmstasnawnasuandundmidsuiug
vitouned o
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n333A37 1 gadundyFeulshlide maiuaw: TO)
n33u387 2 wadundFeuliinlilide (yaunsinevng: T1)
n33337 3 gadundnFeulliinlie (e T2)
nslideludundmiFouiieglunssuisilasule 1einiignsunadonlungm (15-0-0) Faduleiidsig
Tulnsiulugdluwsasazunadoniuesdussnaundn tnelilud3una 1.5 nfusedu vn 9 21 Ju aaeatansmaaes
drunmslihlunssudsalasud fnsliiluiinu 350 feaansdedu Tnedumsliuuuiuiuiu Wesnwauiuly
fuliogluseduiivanzausensisdydulavosiundd

2.2 msdaaanasuidilanaziilesdunsn

Figure 1 shmsaunuluvesfunddouis 3 nssuds afuaannsuidiawasdesdursian feiaied
AvaSpec-Pacto 4096CL, Avantes, The Netherlands (VIS-NIR spectrometer) 198198 3 AunUUaIiu As Tugsuu
(P1) Tutanans (P2) wazlutnsans (P3) Tnsauniluay 3 sumisldun vinalauly nandlu uazdasly anduduiin
awnasuasronfiunes aseuaquaveziaa 35 Tu deilessiuau 6 A%y (07 14 21 28 uay 35 Ju wdusSeuyanaass)
woutstiufinamdnuagnsidsuulasesiundmideu faaruiulufudeinias soil moisture meter uaz¥adn
Uinanaelsiladuadluseiaios 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 MiAnTeidoya

Foyaanniugninandaniadesiuieiimeadnmans fo Savitzky-Golay second derivative (SGD2) iile
%haﬂ%’uﬂ§qammweuaaat,ﬂﬂm%’uimwdqaauLﬁugﬂuﬁawaLﬁmmiﬂszﬁmaa (Light scattering) %aﬁﬂﬁmmsmﬁuﬂmaam
yosanmsu (Peaks) fidmauiu Snitadstaslianusansngasoniidousiufuldditu Tnstadesne q wanilfigniidn
sonndeyaaiunniuviliamsatieiindsyansamlunsinsgideyaifoduunngudnwas anuedonludundd
NiSvuiusnueumesitinandadeneuensiuisnisiinsizsieadusznauman (Principal Component Analysis: PCA)
nslegideyarimualunmadeigndniunsineldnm Python TasfunuisiBnisdiiununaaesuasmsiingsy
HANSNARBIAIARSY Figure 2
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Spectral preprocessin
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Savitzky-Golay second derivative (SGD2)
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v
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Fungi preparation 28 days
Phytophthora palmivora 35 days Stress clustering

]

Principal Component Analysis

(PCA)

Figure 2 The experimental design and flowchart of data analysis.
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voslukarddu uiannsasudunadiuonsluindniiosfusdunvid 4 Huduly aesedesiusenuresdtne
ATgIUAUA NN YATLAYO IR [11] vasfisundlunsndsaildlih e (T2) TuSufswasudsududdma
Fauddai 2 wazuansenmsluiisaeuaruisneognsinauludunii 4-5 vaiinmslilsidmanssnusedund,
n3ousansemaliivuniuusuasmeluiian aenadosfunuideves Koksal [12] Iinaifiefineinedmaliied
nmasivlnduasiagatuinanmsdsudadulasaduazesruszneuradlu sunkanududuvendad vua
VoA uareIrUseneukavlasaiaventayad
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Figure 3 Morphological changes in durian seedlings under different experimental conditions.
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3.2 MawAsunlasanutulufunsansseziagn 6 lanivasusaznsuds

Figure 4 uansnaiUAsuutasausinuanutulufuresfundmidsunisldanioe aranasondiunneieiy
paeAsTEEAT 6 dUai wuih nssuisyamuenitldsuiuaste (T0) uaznssudsililalite (T1) uansenauduly
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AauduluAuanaadugud (12) asfeuliifufnmsaydoaruiuiinnds dwalifundmissuwiaaueionan
n311nth denndesiunuideves afing uazae [14] Faldnanad malsiudfvaslitissduanudulufuegsewing
ATuBuTaUIEULAE LRI TedsedumtilufufinSeusesnisegi 20-30 wWosidus

3.3 nswasuuUasaasslsiladvasludundmiSeuneldaniszanueSeaiiuandfunaanszeziia 6
fuami

NANTMAABILANITINTIUA BuLUaduesAnFuil SPAD (SPAD value) luludundniFouiiduvdlugasu
(Figure 5a) Tud29nans (Figure 5b) wazluv9an9 (Figure 5¢) mﬂmiwmaaﬂma’lﬁamavm’mLﬂ%‘aﬂﬁmq WULIAIAT
il SPAD voslufiinan 3 MumisvesiundmiFeuvesynaiuau (T0) uag ﬂﬁmﬁﬂmﬂsﬂmﬂa (T1) il SPAD
55-70 Asfinaennsnaans [15] vaefingsudsaldliilide (12) fe1dad SPAD 55 9nduanaseswwiowdasdus
FUai 1 uazanasedemangaludunnii 3 1Husuly aulndausludanid 5 Fsasvieuliifuinnsuinthdasaly
paelsfiadidonaninasedusiniis aonadeatunuidees 2dus wasane [16] Aldnarriannenmsnntdmasie
nsanasaslunanaslsiiadvadly
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Figure 4 Soil moisture dynamics under different experimental conditions.

70

la
H—f—
}—J-l—ﬂ

/60

-1
0 n * * *

—_n

Chlorophyll Content Index (CCI)
: " .
Chlorophyll Content Index (CCI)

(a) ) Week ‘ (b) . Week .

113



NMUSEYNIVINTTILAUYIA IAMBEST ASad 10
O
The 10" National Conference on Informatics, Agriculture, IAHBEST

Management, Business Administration, Engineering, Science and Technology

70+

60+

JH ——

501

401

30+

Ot— T & *

Chlorophyll Content Index (CCI)

0 1 2 3 4 ]
Week

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 N153uunanewazAuAsealasldinatdanisaasizesAusenaunan (Principal Component
Analysis: PCA)

INNTIATIERRIAUSENBUNEN (PCA) Basdunamiseuniels 3 n3suds nuddanuunneised1adniau
sErhadundmi3BugnaIUAY (TO) Fundmi3BunuIns1e1vng (T1) wasdundmidsuynuni (T2) Sanelvidiuns
POUAUDIMNNAITINEvesUN WIToudan LA BRTiuAnAafludUAiF19Y Figure 6 LanauUAM Score plot Lag
Loading plot :MnnsTiasesiasdusznaumndn (PCA) dmsugadoyaanafimadutasuu (P1) namsdinzsinud i
3 N3IIBaLInETUIEANNMYTUT VR UBYalANINN I 55% TussAusznoundniivils (PC1) dwiuasdusznoundndi
@04 (PC2) Feildndunisedursaunlsususedannain PC1 Falunuimlunisuansdnvazansuanaafiuis
sprieammaiuiiedns viessrinsdundiineuaussionuiaiesluseduisneiu sgilsin garueu (T0)
\HunssuASiAeadisuuuunisnszaredavesen Score lianunsoduunanuuansisvesteyaiiviinisvaasdunsias
FUnilFeenstalau (Figure 6a) dudunsuansiansidundnioulsildzuannaioala 4 Sadunauainnisiidu
némBsuldFuuazsmemsetafisme vlilassadisluiaresdusznouvesnaslsiladasii aenndesiunanis
NAABIYBY WU uazany [16] nuinSinunaslsitad o uazaaslsilad 9 veduinasiillelildfuanueionain
anmgmavint lurmeingsuiiynvinsinemis (T1) wanamsnszanefvesdeyaiiudunansuduuuiliiuni
uansafludunnsisng 4 (Figure 6b) Faiunannisudsundadussdusneunsadsinerveslu dewaliinisgandu
uasUAsuudadly [2) uarludiuvasnmeassnnanidsynuei (T2) Smsuennduvesteyasenandulfesiediay
(Figure 6¢) uansliifiuinnisvinhvesiundmiFsudmansenunoasdusenaunisluvesluegneguuse [17] 90
Loading plot @150791381 PC1 FsaBunsanuuususiulénnnndn 55% nuindisaduuasiiidvinagedenisdauun
dnwaranuaisavesdundvdoulasiinndadefindndneiu aunsndunaiennuunninawesiag peak Ifoens
Forau Tuge 680 nm 1Juduld FadudrseduiiAsitesiumsganduuasvesnaslsilad 1o uazaaelsilad T [2]
uena Nt Prndusinaadduiussulinauagiasadeneluly (18] Wefinrsan Loading plot 9 3 WU e
Loading 83 PC1 lugnunath (T2) fanvusdsanedufiuand1eain nssuds T0 uay T1 Fedansiimsliidhudund,
3oy aruuenasitiifiuiinsgydeiluluiasniavdsuslasmaaisinewedudundmidsudutadeiidma
N3EMIUBENITULSITIg (Figure 6d-f)
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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).
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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, €) nutrient deficiency (T1) and (c, ) water deficiency (T2).
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Figure 8 PCA Score plot (a-c) 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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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 N1392nUUU Use Case Diagram
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Figure 2 Use Case Diagram
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Figure 3 Sitemap Diagram
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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 uansunuiy ER Diagram w84 User Collection sdnifivuaztuiindeyarisnun 2 a1513 Ao
1. User umsafivdoyaseazidonveadld Faduninauwasdldnuneluuidn
2. History {umsnauengosainmsng User TiAvUseifwuumiomsowuunenungldfidmsay
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2.3.2 myedayayaainsnngluuisen (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

Tuguf 5 uansuwis ER Diagram w4 Collection Organization Fufiudeyaglifiduninanuniely
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1. Organization umsaifusedesmihuaraindnvesdinny

2. Head Wumsuiudeyaswazidunveimingueu

3. Member (Jumsafudeyaseazideavesandnlunguay

2.3.3 mredayauvumiesuaausy (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 msnedayanuuneuuasiuulszidiu (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

9N3UT 7 uamausiurls ER Diagram dwisuifiudeyaves Training Survey Ssdnifunaytiuindoya
Wane 6 A1379 astelul

1. Training_Survey lifiudeyauuumenuuaziuuissiiuresmioudisiuniseusy Inevimaanin
madnsmeusIEse Lavifivanugremuuenuuuadu semsuseliu wasUseiliudnsa

2. Survey {Wumsegesved Training_Survey lfifiudeyanadrsaainnisiineusu

3. Evaluatorfeedback \Uun1519808983 Training Survey lddmsuiudeiausuuzainiusziiiu
Aeafunistineusy

4. Information Jums19egoees Training_Survey TiiAudeyansiineusu
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127



NMUSEYNIVINTTILAUYIA IAMBEST ASad 10 “
O

The 10t National Conference on Informatics, Agriculture, H“ﬂ [ T
2

Management, Business Administration, Engineering, Science and Technology T

3.2 msnagdauldeussuu

TumameaeuszuuinmalesuRdviasuivledddnvinldvinenans (UAT) [5] Wiufiuluusunsioun 3 au
wazsnauNundn 2 AU evadeunsiauvessyuy Tnevadeunisléouuesdiuneg famseii 1 Useneudheiide
MIneaau 15 ¥ade laun msnaaeunsiinuiuled waznisnageunsudsieuriudwanseniesluiuled a1nas
nadoUsTUUAsanUldmuisenuy (Working) iJusiu

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. ayu

mamwIszuUInnmsHesuAdiamumeiukeUndeduansarhauldeggndosauysalnunssuiunis
susuve i nuuuuiRnldnusenseay feelvldnuuiasssinnanunsadum fama wasdszidiuenansle
ogsazmnsIas madildnuamsodildnunmngunsallasiendutngssuy uenaniidumsanemudrdeuly
ﬂszmuﬂ'1sauﬁ&ﬁﬂﬁmsﬁmiwagﬁaﬁmwmqfﬂL%%ﬁlumﬂﬁu wazanduYuAINUIINenasle

5. Ainfnssuusznd

YOUOUAN UTEN anisenaiadudans 311in (univw) Nueulemaiilassnuaniafinusiuiuuien naenau
nsipaileanuiilunmsvinuwazaunsallunisuifau uagnstiemdeveminnuiusnulunn q dmundlauemn

6. 1BNE1581999

[1] umAranAeniu msiamudnenwyaains. Widddan : uled
https://www.humansoft.co.th/th/blog/potential-development (Lsﬁﬂﬁx‘uﬁ'a 13 w18y 2568).
(2] unATIAEIRU Azure AB. Whisléann: Liuled https://learn.microsoft.com/en-us/azure/app-

service/configure-authentication-provider-aad?tabs=workforce-configuration (L‘fﬁﬁﬂl,ﬁ'a 10 waAu 2567).
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(3] AR Next.js 1Wgelaann: Aulad https://www.chaiyohosting.com/nextjs-hosting.html
(hiade 07 fueney 2567).

(4] unAIiEaiu MongoDB wniislaann: Liules https://appmaster.io/th/blog/mongodb-khuue-aair
(hdade 07 fueney 2567).

(5] unAIiEaiu User Acceptance Testing (UAT). iWndaleiann : iulad https://swiftlet.co.th/what-is-uat/
(hiade 13 wwou 2568).

[6] lona LBuuds9A. 2558. szuugTuteya (Database Systems) atuuSuusianis AuiATan 1.
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Team Member Work Tracking System

Fya1ad viyidias! waz SaAns autfnial

Chatchawan Kwanmuang! and Rattikorn Sombutkaew!
Iedynieanssueans aontuwalulanszaeundndinammsaianse s Inenasgunsianseaudng Smiaguns guns

!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

UNAnE?

unAud iauesruuAanueud i vandniiy MisIncentive lnsoonuuuszuuden1w lnsou
Usgnausne 4 daunsihaundn leun (1) mseunaziiirdeyaggiudeya (2) msistoyanngrutoyaifieltlunis
uiafouihuueundinduler (3) mavienuazenauazdnguuuuteyalimngay uay (4) MU INTILTRI UYL
syfufiuazdnyanariuuarueia Maihauvesszuuisudusiensldnwinseulunissrudeyanlididnisad
JownTeuld wazdndrggiutoya SQL Server lusgninanszuiunsiidissuvagymsiuieuiisuiaiivundany
semieteyanaiiivlupudeyadudeyanariigniiudiuilmionliddnea manuanuaanedouazinisuds
Woulufueundindulatnguuesimihnuiienaaeuanvmniaudsunas mntdussuuagliniulnseudstoya
Nngudeyaritesiunsudaiiouaniuznu 6 sUsuuRulad lHun cuiiasivunds nuidosdeneluiu nuiides
denelu 3 Juthanih uileefruenisdudiiuns nuiteiruaEuduiums wesanuidessudidunsnely 3
fu venanilsruudianmnsaiinsgideyanngudeyauazainemasagudoyavosyaains iothluldlunisaths
MENUAMTIYBsULArUTE AN WYRIyARINsUAa AT osTTe Power Bl

AAIARY: STUUAAINLNIY, NMSUARRDUI, N1sInaIRuAUAIAYYeIY, 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

WSt Quinde $in (rww) Wuuseniliuinsaudetiiivadewsadutssfunasmentuss fudes
ooulatiazeenlay Jsdivnadeyadruunniidesdansluusas Fuuagly Due date viiotuimuadssmudunusily
msUssduarudifavesnuididunsaiadunumuanamiels dealfusunuimsuazanstoya
(Management Information System) sndugesfiszuuiianunsauimsnauazinmuanuldegiefiusesdninm [1]
Jaguniinauluiiy Incentive 1435 duiindoyanululndidna (Excel) woniuuazimiinagyhnisiiengauainlg
ToIfarALTionsIIdeuUEeINdmalfArALaT Ranuianatn wasntnuuseLeIaEunuTlEsy
wouvngldiesnnlifinsudaioutoyaeslsiieatumuasnasstasnawiinu uenanininmuszduga (Senior)
felilansnsadamuuazUssiunansiawemiinause fuUfiRng (Execution) lfegnshi
NnMsANYIMREATinIeiia Incentive lldnuremsdundoguéaluviomann wu Trello vdo Click Up lunsinmy
Mz mnfindenisiénuilditunmsinuiimeriensiiuanudosssndudesdetuiuiisldonu
Wqﬁ%’umdwﬁ?‘uLLas%ﬁﬁﬁ%’u?ﬁuﬁlﬂéﬂ%&mmmEujﬁwﬁw‘iﬂﬁﬁmﬁiwL’Eumﬂﬂjwmmé}’aqmﬁﬁwaaﬁu
ssuufnmururesandnlufindignianndufietsdanstoyauasAnnuamuliiussavsamenntu lasgneenuuy
Tinsesremufosnsuarimumnzaudensidnuesiilneames Sesumsiauniiinndauluemnan Tng
aunsaudadoundnnuiuweundindulat (LINE) uagglimdnnussAuganunsafianuauiaylirnutiomdela
Fuviafiflefinuadmiodufvueds uastaglindnauaninsadadifuauddyvesnuuar Uimsnanldegnadiunn

4 [2-8]

2. 33M15ANEN

1u6§’umaumﬂQﬁ’mﬁﬂﬁaaﬂqum‘wmmmw’iwmmaﬂﬂnmimﬁaﬁmumﬂixmumw‘mmimaiamasm%’mwu
mniudnenuululdlunslfinlosdiouazdiuaiuvedddaiimngan ielissuuanmnsoyhauldmuiiosnuuuld
Nt faninasduiunadeulndndndmiunszurunsyhaueeg Inewdsesnidudiugos 4 wiouiaiins
viadeUMSYNINLYBILAATEIY LilensIvABUTBUIALATANNgNFBBssEUY Weyndwldsunsiaunuaznaaeuwdd
whinrnfuiiennaeunsinnuiuuasus ilensaaeuteRananuasulsiliszuuinaldedsauysal [2-8]

2.1 AMNSINVBITLUURAAINIUVBIFUTN TN
ammsmwaauLﬂsaq:uaLLavLwﬂIuIaawmqamﬂﬂmmaa’tuﬁa qUu finvidsldeanuuunimsiuvesssuy
ammmmmaqammﬂ’luwmmgﬂm 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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sruuAnauauvesannBnangluiuldlnseu (Python) Tuniseudeyaainlud Excel Work uagtuiinas
§1uTaya (Database) nTuAsloyarieudauious1u Line Notify siufialinsierianuuand1svesdoyaiainnunuing
Tuiinasing Excel uaglddayannguteyalunisasiaunyuesa (Dashboard) Aeluswnsu Power Bl LivoRAA1N4T

YasaunTnnglufi [2-8]

2.2 nMseenuuUgIUdaya (Database)

Tutumeunsesnuuugudayaiiieldlunisiivdeyaiiiedondu 5 msadsgun 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

1. msafudeyanuvesaundnludiu (Tasklist Incentive) Tdmsufuteyasusineg Andnnutuiinlulug
Excel

2. msaiudoyadléam (Tasklist_emp_mis) Iddmiuidudoyadiusiminaunegludiy 1wy Je-ana uas
AUNLIYDINTNUY

3. msafuteyanuiignifindeyasundnlufisdian (Tasklist_Incentive FullDataEmp) lédmiuifudeyai
\Fnnnnssniuseninsdeyanuuasdoyadiusvilidunseidauauysal

4. msafiuteyasusiin Smartcare amupvasunun (Dashboard Smartcare) Iddnsuifiudoyanusiin
Smartcare vosfiuiavin Adunuuenmiornuihiivdniisufiasoudnd

5. m3rafiudoyaiuvia Smartcare Havinveaiiu (Tasklist_Incentive_Smartcare) lddnsuifudayaves
auiiinanmaFoundi eudndulildtoglulng Excel inlidoyaliasudu sxgnifindeyadudhan
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2.3 N159NLUUNLNS1897U (Power Bl Dashboard)

¥
=1

Tutumeuniseenuuunthsenuwanseyauenidu 17 dw luguf 3-6 Iswazdundail (8]

Dashboards Incentive Tracking Works

Figure 3 Report Components (Overview 1-5)

1. @i 1 fAe AnsInvesanuzneluiiy
2. @il 2 fip an1uraU %Workload vesnufiazyitly 14 Tuthamhd iy 50 euanugazgn
Waswdu “Guns” d1deenin 50 Aazlu “Aden”

o

3. @il 3 Ao a01uz New waz Doing ignii Due date wudseanidu 3 aaugdsil

' a

- Overdue Ao ufiAufnuadenuvesaudnnigluiiu

~ Due 3 Lastday Aenuiflndazdeiuruundenudn 3 Su

- Upcomming Task fi s1ufiegunnnii 3 Suguly

4. d@d 4 Task of works LﬂuawuﬁgmmﬁwmLLﬂaLfJumﬁmﬁuamwmqLLazLLﬂqmmmasamuz

5. @ufl 5 Overall Progress Ao @nuzvesnuiiliy %Completed

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
anthina §
P 5

Figure 4 Report Components (Overview 6 — 9)
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6. @l 6 Overview of running status over the last 14 days fie dwiildlunsuendesiuanau
A0IULHN LAy %Workload V991U Imaﬁmumamusﬁﬂﬁmﬁau’laﬁaﬁ

- Username #a Foveaniinauneludi

- New Task fie S1uruanuzvosulmifidglaildSui

v o

- Doing Task fig @n1uzU9sUA&I LU

- Overdue f® @nugUavaATan WU New wag 91U Doing

- %Workload fa uan e 14 Judrmitnlasglulsnansaninfeiuesls wu Suildussansiaziuiy
o & oA ° & v W
Fapsdutun 1 ngazmuanduiudaiu

v
=1

7. @il 7 Over View Per Week fia anugiivsuanienisvinnuniesluduanvidug Ingliaulainiud
Aofuegls Wy Tagtumefuansudriuasegluduavinuinlusvesd ssuvasiinsaniunmunludunmiy
8. @i 8 Task Submission Overview A9 @nUEUNIUN Overdue VFOLIAMIMUA WAz Due soon
oy 9 vo | A @
o Nuilndmuusdundedn 3 Ju
9. duil 9 1Ju Task ivsuannisiasuudas Sufiudlulndargn uazdruauua (Row) Alllalden
Due Date

Personal Dashboards Incentive Tracking Works L'“t u'“""
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Figure 5 Report Components (Personal View 10 — 13)

10. @9ufl 10 Task Count by Type fie Task iz uusazaiiasieg winduusazyama tneeu
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11. duil 11 Last Update Ao nmsusuaniufiananitvhnssuinmlid
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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 nsasiasauReulunmsiiudeyalusinazuiuussdeyalugiudoya
WunsmaaesuiieUsziduaiiugndesvesnszuiunisiiadeyalni (Insert) waznisusulssteyaiidiod
(Update) nelugrudoya inasilunmsasiaaeunisieguestoyarzfiansanainailuilasn "No' Fudusiasaduany

dwsuddunuvesyaansusarse lagdnszusnvessianina1aeliszygujiRnumuseazidenlunnsedn 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 naseulunsalfeyadanuziudsudy Done Tasfinnstiudinfunaziaan
Table 3 Testing scenarios where the status changes to "Done," including date and time logginsg.
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

LfJums‘wﬂaaUﬂ'1sLﬁmﬂamvai’uﬁﬁwmLﬂ%ﬂiuﬂaé’mﬁ Work Completed Tumﬁﬂﬁa;ﬂa Tasklist_Incentive %10
an1ug”New” “Doing” “Pending”finsiUdsuuvandu Done ialidayaninuauysaiundsvunuiildosnuuul ifs
M13719% 3

3.4 nsnadaunswItiaulatiliaiin1siasunlasnuuniudau
Wunsneaesunisuisdeulatdiielinsiudenisildsuilasivuatudsnuluszuu 1nen1snsi9gaeuain Due

date 1Wu Jufmundenlugiudeyafie 2024-07-01 dnsiasuuwlasanariidianinsiiu 2024-07-15 Aaglinisuds

WOUNSWAEULUAIRINNS19N 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 NSNAFDUNISHIUADUANIUZIIUAY)

Junmsmegeunisudaseulaufivaaugvesnuiiddsiniunisey lnen1snsiaasuann
AMUUAAINTDEI FaR157199 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
4 Task status is "Pending" No notification sent Correct
5 Task status is "UAT" No notification sent Correct
3.6 mswﬂaaumsl,l,a"iuﬁauamu:m’m‘i?'iﬁﬁé’ﬂﬁ%ﬁumimzmu’lmj
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

WWunsneaaunisuasieuladfean usvaanuiniuNuIzsuaLiuns Inen1snsi9d@auatnDue date 310
feluivupdanugu 1mvuadenuiun 2024-07-12 wasiulegiufefietuil 2024-07-10 Aazlimsudaseulatduay

M31980UAN Plan starts 1InadeiuEuiwgy Tuiiisnunuiuyinaude 2024-08-11uazutagdudedsiui

2024-08-1 faglifinsudufiewmszlisglunseenuuuvesszuu dlduandliluansed 6
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3.7 Mavassurisuiiisuiavsiavasnuitederndigiudoya

\Junsmeaeunisnsnasuteyafiorunanmssignifindeyalulid Excel ihluiisudisudunsaiu
foyavesuism Ingldmneiavveanuiulunisnsasy ndsmndurrddeyadilufivlilunsmosuiisslii e
ihlulflunsnsaaeusilsiauysal fsmnsed 7

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

Test No. Test Description Result Accuracy
1 Job code is 523019825, which already exists in the database = No data inserted Correct
2 Job code is S24011235, which does not exist in the database New data inserted  Correct
4. a3y
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nteiingusrasdiiiofinumarudululflunsuszgndldmadadessunsusnanlnsalnd (Near-
infrared spectroscopy; NIRS) saufuMALlAN15IATIZiaAUsENaUNaN (Principal Component Analysis: PCA) die
mLLuﬂaﬂwmymmmamiumuﬂmwLiauwuﬁmawawLﬂmmnmiﬂumumaumsm’mmmmmi gnaunun1Inaney
WUy Completely Randomized Design (CRD) uﬁqmmaaummu 3 N3UTS N3IUITAY 5 91 Feuszneusae nssudEd 1
ynAuAx (T0) n333357 2 adundmFeuililits (T1) uaznssadsi 3 gasundwideuilalsii (T2) svognaiommn
6 dUnvi nieutafiutoyannutuluiu Aeaslsfiad (SPAD) uaznmdnuarensvesumidou wud dundmidouly
yavan (T2) fnrswdsundamsadsinefivudaiian 1dun Tuifisiasuasaaaslsiiadanasedgnasais
aonadostuarnuduluiufianassuissedugus luvasiigavials (T1) wanseinslumdesiniudifiud unw
sreziaT NanTleTsianafuie funsusadewmaia PCA wud1 anunsnsiuunnguuesiundildiueueien
2INN13UA (T2) sBnannguBL (TO uay T1) Idegedniau Tnesumisesulalldiinadenssuunngusnume
aranesen nansinuidesiuiastoulidiuinnisussendldinada NIRS nanufunisiasgineednduizanm
laivhangiaegne uazvangaudmiunsinnuuazsuunanuiaienvesiundnidou deeliaunsodanisduaiu
nFoulfernaiiussAnBnimanndaty

°o o w

Addgy: Aundmitey, anuesenvesity, weladesdunsseaninsalnd, weadanslinsieiesiusenaunan

3

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 (T0) 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
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1. uniin

V38w (Durio zibethinus L) \uitnasughaiidfgvestssmalvamsziinsudauazdsoonySoudusudiu 1
vadlan Wuwaldnfiendnualianizi fnduilaaeu senieses Wunleuuilaa Felatoindu “srvuvsnalil” (King
of Fruits) Tl 2566 fitunugnnsusewmandt 1 a1uls inandnselsiafie 1,457 Alandusels wandin 1.537 a1udu ya

'
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N1seeeanndn 1 waudniuduum [1] Farianfinuiugnniseusniian 5 duduusn laun Jswiaguns Junys svees

@ N P~

UASATSIINTIY uazezan Inednanavdniid1dey fe Fu deans waglémiu [2) luszitsnsdgnyBeu inwnsnsymanu
n3oudeandnlymmaeUsznis anmgleonafiudsuulas magualsignies vilsinSeusinnsnevaussieniy
AMULATIRAINAN ST INMLes SR wagviliAre I Esmemaasugia desalidaldaeludums
fansaeesluaunSeuisduiluruteunafufsuasdansiviie

AaIATERNATlITT3n (abiotic stress) 1y MImAtLAEsIRe Tl Y [314] Sududesldiunis
pRdeUaE LAz IS s sza S duTasN A BULUAY [5] Jegtulimadieavannuanslunisnsaduuas
FuunANUAIEAveiY WL wadansauninsalnUuaznisaienin (spectroscopic and imaging techniques) &4
sudie Wgeasalwudannsalnd (Fluorescence spectroscopy), 3dLJauardunsusaainlnsalnd (Visible and
infrared spectroscopy), NIENENINLIBILES (Fluorescence imaging) Wag n1sansnmlatasanasu (Hyperspectral
imaging) [6] wallmmaniigagltanunsasuundnuasanuasealdfudsseisududiensineiisnduarll
RGRI P LR

viklumadaiduuliuffigadmiunsiuunanedoavesiivie aininsalnldunsusagulng vie 1o
Sunsnusnaninsalnd (Near-Infrared Spectroscopy; NIRS) &slduannisinnisazfiounas (Reflectance) Tutianiy
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Ny T,mEJmé’l’wﬁﬂmsi’mL‘Uﬂm%’umi@jmﬂé‘uLLawaﬂmiﬂisnau%uw%‘sﬁﬁﬁﬁuﬁs C-H, O-H uag N-H fadussdusznau
A lurandnn1ensinenTLaye1ms [7] Forveunadintensinseiiising Wszernandu wiug uazlivhane
fhegne daty nuiddeatudfidmnelunsussendld wmeda NIRS e uundnuazanuaionanadhifidialusy
ndyFeunuulivhaisiiedns sddeiatiunisaduasmegey wuudiaeinisieudveiaios (Machine Leaming
Model) #lédayaanasy NIR lumssuunanueSenvesfundmisouiugnieunes Insfiarsannisdnnisanniu
Bowtu iiellfuuudnesiifirnuusiugguarannsoiluvssgndlflununuasnssulfogaiiussasnm

2. A5n15fnE

2.1 MIwIENAUNEMNEEY

wisudundmiseutugnueunesiifieny 8 WWou S1uam 15 fu dwsulfidufedidunsmaass aniy
MHUNMIVARDILUUFuaLYTal (Completely Randomized Design: CRD) Ineiiduau 3 n3suds fail nasuisil 1 4m
Fundmisouiiliilvide (gaaauau vie TO) nswsi 2 yadundmisoudlihlalie (munsineimns vie T1) way
n351337 2 dundmSeuililid e (gauiath vie T2)

2.2 m3iaaaunasuilesdunsnse

ihfegedundmSeunsiaznssuifinaunuludiiofuaadnafudefdunsnsadeiaies NIRQuest512,
Ocean optics, USA %aﬁﬁﬁaammmmﬁumamquﬁmm 900 - 1700 WNIULUAS IREVNNISELAUFIBE19AY 3 AWALY A
Tudaugen (P1) Tudaunans (P2) warluduans (P3) lagyimsaunudisuwmisnandly Tnedaegrsluiidenag uluidl
ARy salnenienm udandutufinanesuaseeninmes msdnuilddidunsmaassaseungusseziaa 6
dUan9i (0 7 14 21 28 uae 35 Ju NALATENYAVIAGDN) Tnsustazaarasnisvaans Tdvhmssuiinamdnuuzeinisves
fuyiFeu Tarmnudulufudieiaies soil moisture meter uaginAUiinunaelsiladuadlufeinins SPAD-502 Plus
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2.3 Mmynseideyaaiunaiy

Foyaaunmsusiamuagninudnnindosiuseiimeadaemanslngldineia Savitzky-Golay 2™ derivative
(56D2) wazanifuthdeyaaiunasuildluvnsinseiifosuunnguenuaieaiiinandsifiiaduisnsin e
29AUsZNRUNEAN (Principal Component Analysis: PCA) IagilluuNaIsn1590809Uuazn153LATIZANANITNABDIAILEARN
Tu Figure 1

Seedling preparation

Experimental setup preparation

®  Treatment 1 (TO) = Control

Data recording periods ® Treatment 2 (T1) = Non-fertilized, watered seedlings
3. 0days ® Treatment 3 (T2) = Non-watered, fertilized seedlings
4. 7 days
5. 14 days
6. 21 days P
7. 28 days A
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)

Principal Component Analysis (PCA)

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

3. HANTSANEILAZASITA]

3.1 MsUuiinnwanyazaInN1TYaIRuYIeY

INMSwseuRuNdSeutugiueunesdIuIu 15 Ay wazviniswuseanidu 3 n3suds lednisduiinam
dnuzeIMINIUNSEEAmAaen 6 dUas wui Tunssudsyaniuau (T0) luvesiuniseudiasinulisuarauysel
paBataaaT 6 dUav Tunanduiu dundwissuiliduarlallsde (1) wuh dundwidsuiinisuansenmslumdes
UnsdududUnnii 2-3 udludesdinndeney uasermatudmauiuludnnii a-5 dusundmiFouililiiu
Te (T2) Bufinswasuudasesadiulddn waglududonnsifisa Fusdanii 1 Tneflornisi ?ULLN%M%‘IE)EJ 9
wazflonnislunriuardfthaaludawid 4-5 (Figure 2) Seaonadasiunsnaaeesadyn uavan [8] Teldndadn
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ALATEATILAADINNTVINNAINAN SNV URDUSIMLNFLNS Ardadanudealu waznsasgiulavesdnalu
3¥8ENTRSYLAULANISEIAU

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 nsAnwnnsasundasseiuanuduludy
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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 N1sAUNANEuLANUAIEalaeldmatiannsIATITiasAUsENaUAN

nnmslienwideyanilnaiulasldnadanisliasziesdisznaundn (Principal Component Analysis:
PCA) BosfundmiTeusts 3 n3suds nudn nm3anszaeiavestoyalusuunin Score plot ldannnsiiasesi PCA
dmsuyadeyaarunnsuvesluduuu (P1) (Figure 5) fursdndiinnsdouriudiu uazlianusausneenaindulsiodig
Fauluyannass TO uaz T1 lnewatia PCA a1unsnesuiganulsusiurestoyalalugig 61-63 % lussduszneu
wdniivils (PC-1) Tumenduifu wnuniw Score plot fiuananisnszanesivestoyaluyanaass T2 nuii Sguuuunis
nszeffiuenssnaniuldedisdaieu 83 PC-1 amnsnoduisanuuUssiuvesdoyaannsuldfassana 89% e
ATULHUNIN Loading plot Yesanaaes TO (Figure 5D) uaz T1 (Figure 5E) wuinilan Loading figeoeflufiaifieadu
7l 1400 nm FuRertostunisduasitouveslaana O-H Tulufis [11] nadsnarfunisusdidundmiFeuluganases
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a1 #1 Loading plot Ainandegsiundmizsulugannass T2 (Figure 5F) ndulyinadwsiuansn99in 2 nsvaaes
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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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Testing growing Phaya Yo in an open greenhouse with automatic ventilation
and humidity control

A9779 Y sundand Ainddn! qdina Junsasza? uaz 91909301 SusnasIe”
Sarawuth Parnthon?, Thanawat Tipchit!, Wuttiphol Chansakoo? and Charuwan Rattanasakultham?”
'qugideinunsienssgsugont nswdvimanues Smingsmugssil

Za010W3TINYATIAINTIN NIUIYINTNYAT NTUANINILAT
*novidbuazianine nsmamniufeiuasuUssURdnranens NIRYINSINYAT NFIVNLNILAS

!Suratthani Agricultural Engineering Research Center, Department of Agriculture, Suratthani
2Agricultural Engineering Research Institute, Department of Agriculture, Bangkok
*Postharvest and Processing Research and Development Division, Department of Agriculture, Bangkok

*Corresponding author: Sarawuth Parnthon, e-mail address: sarawutpa@hotmail.com

UNANED

nswaniglulsedouduuuamumsinmsineasiidunumduinntululssmelng inszanansausuvie
AUANANTIING DN TiAsaTestunsaTyAulnveiilangauld Tnsamglugisgauunieniald awdnuan
Aasofudunauy dwalinnududiindlueiniags fanudeaiiashlifisiivgnialsnld mnanuisoniugunis
szvwomAadioaneudssldfiarannsaanmainlsauasasliiafiugnissydulaldd Tasenisiiingussasd o
naasunmsgnngneelulsadouszuudamugumssruiseimauazaaduduinsuuudalut® ieanauideanms
LﬁfﬂimLfiaamﬂmm%umaiuiﬂL'%EJuﬁgquﬂLﬁth funuulsssouszuudn UIANIN 5 AT 817 12 1Wes 1ASIass
Juwdinguiuaiy ndsalAsedenanadinladuygd v 150 luaseu drudrdUadedsiunuaminuazidon 32 wey
Uszgmadn-een senuuulhifuszgassdu itedestuuuasmzdnnadi-senlsaiou nelulsuieudndsinay
QAEMINTTIVUIN 20 LlwuRINRT 3 /1 Wetemssruigemakazysudsueinianigly Taefifeulvlunisihau fe
demnutuduingniglulsadou winnd1 80% wareutuduinsnelulsadeu desnimdewiiu aautuduring
meuenlsadou Tiinaurudeuenmayei 1 vhau ussilomnutudimsanelulsadou wnni1 80% waganuy
dmsmelulsadou wnnd amutuduimsneuenlsaFeu 5% Tiinaumuiisuoinieuei 2 vhaw wanismeaey
Ugnngreelulsueudssuiisuivuenlsausou wui WapsaﬁﬂqﬂsLuIiaﬁauﬁﬁmmmiﬁﬁzg laun USunumeals
Hadvavue USunauelsivessiomn USuafluedniemun Usunamaliuessnomun wavaruanansa luniséu

a 1%

auYadasEAEls DPPH annndt weygefiugnuenlsauseu

NdfRy: ANMUTUAINS, N1IATUANNITITUILRINTA, NEYIED

oS

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. The results
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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

SO ¥
¥ ‘\\'ﬂ") N

Inside

Greenhouse

Outside

Greenhouse




NMUSEYNIVINTTILAUYIA IAMBEST ASad 10
O
The 10" National Conference on Informatics, Agriculture, IAHBEST

Management, Business Administration, Engineering, Science and Technology

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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nsfnwnisuiulgshudetaguivussuiivansan Weluaunmaunguiud 48 luituiidwareeade
SnovuowmgUdes Torfamesyd Tanguiud 48 fdnwusdufiunin Auiu gnionn TusuudurSetng st
wan (N, P, K) Lars19m01113799 (Ca, Mg) ag”tummsﬁﬁi"w TngldLHun1sMAaaInIsuy CRD (Completely Randomized
Design) Usznausae 4 n5513a (Treatment) §1u3u 3 81 (Replication) Usunnssaunssiisas 400 Alan3u Usznaudae
n35U337 1 ya¥r (AUAN) 16 dru N35HFFT 2 yatr+yeusnd+unaud dndru 10:3:3 n55us7 3 yatr+unaus+
Fumeainn dndiu 10:4:2 n5u3si 4 yatrryeugninrunaui+fiureamn dndi 10:2:2:2 uazliqduvdd wa.1 way
we.3 eteiinUssansnmqaunidlunmsninianuuugshunasauatBvnaniluynnssuds Tunssudsi 3 uay 4 4
514 we.9 tletheifinaudulstleviveseansda nansmaasamuin msusuussiuseyalunssuidauaui
USnadunieTnggeninnsnisiuifidnduesatidosas msuulssiusoyeusninlunssuisitdadoumniiand
UTinmueradugeaniingsisiuiifidadiuosmpusnintosas mUiuuAusefiurleamnluiaoansauisivna
woave¥a wraonuazuniiBouiaomaiigannssisiu Juusilildanuiuusiulunssdiidnsldiunoamn
TumsiiuannmAungudud 48

°o o w

AdAsy: Januiuusedy, Bunseing, 519e1Ms

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

Mufisuarinzade FLNONUBME VAR TITANYTYT ‘W‘Uﬂzy'mauﬁuﬁa%uﬁauﬂiaw'%aqﬂ%’wm 1A
uAau wasAnmsrdaimansgademindu dadunietng d5iglulasau woaresa Inunadey uaaifos way
wuniifeneglunmsion fanudunsa Sedeadinisuuusdlaeldianguivuseiviinaunaiuaissssuvauazans
Fuangifioulgnuaunifivesiu Tne TanuiulgaRutursfesannsnuuusaudimanienin Tanw wadl uas
ArgaLANYsalvesiy [1] wartreliRudanwianyausionisedyivlavesislifdy uasdiansadanisai
gau-auysaivesiuluszzenldlioglunasinasgudmiunmanees nsinvadsidifunsinvmavestanguiulss
Aunarismandn ousuusaiuliduuumdunslivanusuugiunmunmgsluiiuinzgndmiunanuasdely

2. 35n15ANEN

duifiuiedisfufleglunduiudl 48 vosiiufisiuarimzndo sunonuemaudes Smiamasys nliaes
duUdvniaiad 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) LLasUisLﬁummqﬂuamyiaﬂmaaﬁuﬁumm%mmgmsuawizmﬂ
Iy [2] wornunuliugnanssdntanuivdssdulfomnganiulymuesiu TneTaquivusdufimldluiui 1 ya
77 (cow dung), NI (coconut peat), wNaun1 (black rice husk) uazwinoaLna (rock phosphate) 1131A31E %
auvAmaaiineuiaziinismanfanuiuussaununings Idun pH wag EC (1:5 material: H,0), A9y, Organic
Matter (Walkley and Black), N a3 micro-Kjeldahl @1 P, K, Ca, Mg, Fe, Mn, Cu Wag Zn 1935 dry ashing ﬁqm'ﬂqﬁ
550°C e 5 Halas wdsnduiddldluazatede 1 N HCL wdniluinsssimuiinasnewnsmenios ICP
(3] Mﬂﬁy‘uﬁwmiwﬁmi’aqﬂ%’uﬂzqﬁuﬂmquq IngnaununsHandanuiuusenmnIngawuy CRD (Completely
Randomized Design) Usvnausiae 4 n3suis (treatment) $1uau 3 81 (replication) USunssaunssaisas 400 Alandy
(Table 1) Tnofinsifingaun3dann we.1 wa.3 uag wa.9 TuduusniivinisGunszuaunsmindaguiuussunmnings
nsulinuuundunas vn 7 Ju unan 3 Weu muauaamgTlidligaiu 70°C mm%uagﬂusm 70% wazARURTIY
wanands Taelfiadosdnslumsndunes wuderdiuluynnssuds dhdeyaildannsmaasmniinszsinisadalngld
TUswNSY IBM SPSS Statistics TnesU3ausisunnuuansnedaeds Duncan’s multiple range test Tuszuainand ey
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. HANTSANEILAZASITA]

3.1 auUAveshy

fhegsRuiioglunduiuil 48 vesiufiduarimeade sunevusmdiudes Smfamesy3 fidefuufunne
Uus2u (Loamy Sand) Audunsn (pH 5.14) #lifiannandy Sunieingas (3.65%) fuunumeaneaiilulsslovl
USnalnunaiden wnaidouuazuundidoudiadaleen (5.39 mg P/kg, 27.6 mg K/kg, 217 mg Ca/kg Wag 66.4 mg
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Mg/kg muanAU) (Table 2) Fadanndasiudeyaveinsuimuniiau (4] NT1e0nuin Jeyayaiui 48 dsgauuditendu
aglutag 4.55.5 wasillofulufunsevuiou

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 autinaniivasiaguivusanunauinn1svmaaes

MNHaMTIATiRuauTRn1uaiivesiaguiulsRunsunminuaaes (Table 3) wudt yadallAinisualniin
Suvde¥nngs dslugadnfannsaduanuglumsinifuih weevililasadsweshunguiy 5] Snvisdaduundsmassg
91ty leun Weanleda Inunadouuazuaadon 1unsufulgnuandivesiu [6] unausiiien pH figs awnsa
szuwemAldfinszivesismualvgaunsaduussmlad eluiseiuinussianldle [7] fureamnisy
o suazauanTRlunsUFundudunsa-ane uarldadunds we.9 tiveuduusslovivemoaetaludu (8] 4
Furleaunivloanodarianun 4.63% uardedupaifeuianun 15.7% youzni1ndian pH 7l 6.28 aenadoafudniquns
[9] fisrea1uin Yeugnidlen pH 6-7

NnMIeganifurenguAui 48 wazauiiniueiivesanuiuuaAuneurinisveaaes Seldivue
doauluwsdaznssuds lnefinsananauandinianmeninsasiaivedianusvliuudasyinsiuivaudifuvengy
fufl 48 WAudguaniRfimnyanfunnnwesnniy lunssuismusldifsgatesafondoninid pH ge 3
Ysunalulasiau veanesa nuvaden una@euwazuunii@eugs drulunssuds 2-3 dmsldyatasudugenening
unaU uaziulIoan Hdadausineg WelianuiulssiudaudAilngdifeaiy

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 materiat: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,O (%) 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

a

wasannindanusuusau unan 3 Weou udnhundwnsisinud anudunse-asdunnnssudzian pH fuaneig

neadAegeildediAgde WelUTeuan pH veenssuish 1 uag 2 Nnsandndiuvesyailag Wuwnaul uag

7
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yeugnin viinay 3 dau dwalien pH 99 8.40 getwdu 8.86 Anilu 5.19% uandbiifuimafiuunavsiuazee
ugnidwase pH vesTanuivuieau disensesu pH yosnuiifunsaild nsiesesiuiiuaudulunssuisi 2
fUsinmanutudl 63.9% geniinssuisa 4 7 45.29% dnafu 18.69% Tdaduvoseuzning 3 uay 2 mudidy
aonadastuBvBauNs [9] fivenu geusnindeuauiflunsdinifuing meleseiviinadunisinglunss i
1 fiUFinadunieingiigefian (18.5%) finnmuanssedeiifoddn esanildmusznoufivsedafie Ae yaiai
16 dau luvniziingsudan 2, 3 uas 4 fUSInaudnaIuanasis 6 diu widaries 10 du ludnnuuansatunisada nns
Ansesivinameanealunssuis 3 uas 4 TuTinaumeariesaiiiaseild 7 3.68 uay 3.45% muddu Gefiedndies
undlerfisuiudndiuvesiiuneandifiog 2 @ uiaenndeaiu Anderson et al. [10] inuinfiuleaminuantaes
woawefasenunieianay 42.6 veaTuuilaanun widloiiunislafunoamadu 500 un sothmdndu 1 nn.
UsinmumsdanUdeseanadaszndeiiivsiosay 14.2 vesuiuadilanmun nssuisifnisldfunoamiayiliian
Uulgshuiunadoiomnganinsadsilildlafuneamnegteddoddymeadn dulmumadounasuniidouls)
WUANUUANAN1ERRTULAAZNTIUTD

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 Fxx
EC (1:5) (mS/cm) 4.24a 3.23c 3.35bc 3.44b 3.57 Fxx
Moisture (%) 46.1b 63.9a 43.0c 45.2bc 49.6 *x
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,Os (%) 2.91ab 2.00b 3.68a 3.45a 3.02 *
Total K,O (%) 0.92 0.87 0.82 0.76 0.84 ns
Total Ca (%) 2.89b 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. a3y

PnwadaTeandinmaniivesianuivusauaunmgdunnnssuds wudgadlunssudsaivquiiiunn

Y ' s 1

SuvSeinggeninssuisuiiddnduvesyataosas yeugndilunsan Fiddaduminiigniuinuautugandi
nsawIsBuAifdnduosmeusndtoras nsldyeuenimdamtuunausiliie pH figelu fureamnlusisans
NITARIUTIUTINUealaTa uaaLgyw LLazLLmﬂﬁL%smﬁu’wmgﬂﬂdﬂ,uﬂiiu%%ﬁ'u TuynnssAsiiusinalulpsiaus
dmsumsviinsinenas edndlsini Wefiasanfeaudiniaaiivesianugnluusaznssuds azwuin nssudsidnsls
Fuvloawia (0351359 3 way 4) TautAmaniTliuandafusniudiosdn pH vesiaguiuUssAulunssuisi 4 A
nnsAET 3 uasiivSinameanedauazunadengeninngsuisildlaiureams Swweuunililivaquivlgeauly

nssuFsninsldfiureaminlunsiiununwAungusiun 48

5. AnfnssuUsenA

NATelaSvusTnaaivayuanantunalulagnssaeundndnaummsainnszds e UYL uay
YaveuApURNTIATEiRuLaTY 498, Ingnnguns Naduayunsinide
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Soil Fertility and Nutrient Concentration of Durian Leaf (Mon Thong)
With Different Nutrient Management Plots in Pathio District, Chumphon Province
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iion1sdnnissmeiisedamnzatlumuAsaiuusdunFoudengistutagladesiaiu Iidonudasid
919 26-29 T (uas 1 $1uau 49 ¢) Auutas 2 (31 ¢) fieng 5-10 T Tdte 15-15-15 fuas 5 Alandy uaw 2 Alandu
muanu Wunsdlne ufedrshunasivnuisuinsgiu ansdnw wuin audRvesiulasaududuressin
pmshulundsuduuus 2 ulas Audunsnsuusanndadunsadndes Bidufudy Sunieingaeutriiags
woamesaiuusslonigefegeunn Inunadoufiadaldnundgunn wra@on uazuunii@endiatnldsund i
wanfiaalfgaiagenn dmqasiquszquandu (wusnida veswns uazdsngd) siagann anugauaysoivesiulads
1 2 wasiifissrleavieafiduuslovitugasnuszquiniiadaldviduileglunusigaigaunn voniueglunasis
undee waztdudunsadauin uas 2 farnshlifiwesansazatefu dundeng Wweanefan i Julsslov
Tnuvadouuazneaunsiiadaldganitudas 1 egnddoddgyneada luySoudsinemsdlngegluiidesingi
Anunsgrunelissdsgendtaanasguweisadudiulng sniiunssuasieglugisauinsgruneiiosdsgenin
AnpsgIumeLiles egdlsiniy aududuedsunuynsineglutisumsgruneiios snunesunsiudanydiigs
niwagsnIENAsgIuNeLes muddy wsndauaznesuasluluniFeuuvas 2 gandiudas 1 egreivudiy
yeadn WiioUsuuzsemugauanysiveshiuuarfantsmevnsoEavIngay 1 2 wlasslayurm wasyulalaluy
annsladegnsiin uifinuSunadegSeiulelnun Tneldliuuas 1 snnnduvas 2

AdARY: ANURANENYTAIvRIAY, Aududuredsiesiuly, M3nn1ss1nems, Nisew, Uil yuns

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, respectively. Plot 2
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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

1. unin

ainefififuiivgnydeusiniian Ao n1eld (814,414 19) sesasun Ao nanzTueen (694,944 19) uay
AAKLe A1ANaNY AUAIAU LLdﬁuﬁﬁTﬁwawﬁma?iwiali'gaqm Ao nAnyIueean (1,569 Alansu/ls) sesasunme n1akls
(739 Alansu/l3) waznrngTueen@eamile n1Anats nawtls aua1du [1] wi1uddesmunsdnnissineimsiu
aunFeuressamalneasiiinuuuda (2] sdiuuzinmvaemhsnuiefumsianmsausazmsladelua
i3y ogslsfnu SulinwasnsumnelagiamzinunsegosiidanissigemsluauniFeuliveanzay inwasns
vsdmideidunSeuiiongsisiulalesistu viedeimFsuidillfananfonissmemsdesninduilinande
wda yhlfinemsnsiiugnnisuengarsiuldderisiy n1sdnnisauuarsmormsisludnvaurioadmanenis
wigdulauazkandnveniouluszeren tenmsdanmssinemslumuiduySeuiiengsietuldegammzan g
nsuAMNgANANYsivasiukazsgeslilunEsuiudeiudu uarluiuiiswneuzin faniayuns Sinwasnase
donugnyFeududiuaumnn aeluaudiulasiifunioueigun uasulasiiongles Ssiinislatesneiu oy
wmslumsdnnisAusinemsielumuidunieuoiginiu Ssaulafnuianugauanysalvesdiukazauitudy
yoasmpnslumunSeurennunsnsesosluiiuiisunotsiin Smiagums

2. 35n15ANEN

o

Wusegeiunasluanauniseuiuguueuveweasnunsnssedeeluiuagsnd s1neUziin Sswiaguns

aunseundunsdlfnwedmeluveunyauyuns (3] dnvaznigluaiu SnSeu 2 wlas fufivewudas 1 Tiudias

a

n1uUad 2 wazatadedluniaulas 2 n1sdnnisudatuazengvesuyissuliauwananeiy lnswdas 1 duniseueny
26-29 T 1nandnud wagiinislatogns 15-15-15 Sy 2 adasted Tusn 5 Alansusiodu was 2 Funidouony
5-10 B Isinandoud gl funandnegiadufarsdnune uaeinsladegns 15-15-15 $1uau 2 adeied Tudne
2 Alansustadu Saita 2 wias Tdelurrafoungumenuassaafoungadniou uazneutgmmidey fmsldyurriu

mssefunguiiesnsufes wagliinnsladniae SnnsUsinamandnliiluimimelavesnuasnsidiveda

2.1 MafiunazrIsafiegsfuien s

denduySsuiifufunuesudaziuas ifudegsiuisduaudn 0-20 wufilums a1n 4 faseunsay
wanthansududu 1 dregreiusiu wlas 1 inuiegefuainduniseu §1u7u 49 fu uasuuad 2 umieg1eiuain
Fupdeu S1uau 31 du thdegedumnildiusiduiisy un wazseurunzunsivg 2 Tadwns duiogiafulie
A edulaedsluivn uasihfmegsduianualuiinsesiantfvesduluiesufohinng ldun pH uag 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) ua Extractable Fe, Mn, Cu, Zn (DTPA) [4] uazUsziduaiugauanysalvasfuiuinagiuinsgiuveslseine
e [5-7]

2.2 mIfusazeieuilagaiviionsiaszi

\Audegrdluanduiiiiuiegsiunuitinsgiu Tnefvlufieny 5-7 ieu [2] 990 4 firseunsw wén
Yrusrnduwdu 1 #0819 drdeg19lud ldu1d19vhariuazenn ou wazualiazidun wa231A5189
ANUNTuYaesIneImsiulu (Total form) laun N Iaeg38 micro-Kjeldahl d@3u P, K, Ca, Mg, Fe, Mn, Cu 4ag Zn lag
Msgesdanesiensn HNO,HCLO, 8nsndu d:1 ndsandishedslauds Mty Ysudsumsdu 50 ua. daetindu
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N30INIUNTEATENTONUBS 1 uanhludasgsimuiuna P 1ne3s molybdate - vanadate yellow color uaainnae
LA384 spectrophotometer TLAT1¥ W UIUTUA K, Ca, Mg, Fe, Mn, Cu kaz Zn lagldas 89 Atomic absorption
spectrophotometer (AAS) [8] waziUSouiisuanudutuvassnemsiuluyseuiuaunsgiu [2]

2.3 myAanzvideyanieain

ihdeyailiannsmaassniinszsineadlaglilusunsu IBM SPSS Statistics InsiuSsuiiisudoyaniny
uanAaseinauUadaglids ttest Aszdunudesiu 95% Tinmgimanduiusvesaudifunasanuduiuvessin
onsluluyi3ou 1ngs Pearson’s correlation coefficient fiszfunraniesiu 95%

3. NANISANWILALNI5IRN50

3.1 autfvasfu

fulgnyFouiiiunsdifnuniidofudeutnoey Tnsudas 1 ufiunmesiu Yszneudsoyniamuianse
uans1euls warIuInfumles 78.28%, 14.38% way 7.34% anuasu Tuvaeiiuvas 2 Wufusiudunsie
Usgnauseaynauuiavsty wunameuil uasruinfumiled 76.50%, 16.15% way 7.31% auddu n1siudas 2
doRuandeaniiulas 1 dntos WulUldRnanulas 2 seoguunfivssmaiishni Fefiadululfgeoumaiiu
yuadnninaziedeuiiasniivay msfieynavuadumidodiliinninasiinadenugeuanysalaesssuefivediu
lesnnUszqauileguuiivesnsiumiendites vilsieuansalunmsgaduianlossudsdnlngiiusinemsivi
aulueie [9]

audamaaiiviasenns (Table 1) 1 2 wlasuansaruduulsvesaudinanivesiu Tnedine 2 uwaady
nsadnunndadunsadntios (wUad 1: 4.20-6.46; wiad 2: 4.17-6.50) At lihvesansaransfuiduiusfudonu
wulaufui (Was 1: 82.9-287 uS/cm; wuas 2: 111-288 pS/cm) BunFeingasudsinfsdeudisgs (Was 1:
0.86-2.73%) waz Aeudnssnfeliunans (was 2: 1.24-2.43%) veawesaiJuussloviuazivandadalagedagann
(WUag 1: 42.2-414 mg P/kg thaz 22.4-116 mg Fe/kg) hazgannn (Liuag 2: 68.8-217 mg P/kg Way 32.2-87.2 mg Fe/kg)
Tnunadeufiadaldsunieuiunats Wias 1: 21.8-81.7 mg K/kg) LLawi"ﬂmnﬁaqmm (wias 2: 23.6-128 mg K/kg)
Tuvauedive 2 wasuradouuazuunidouitanaldmanndeh (Was 1 45.3-833 mg Ca/ke wae 16.1-76.4 mg Me/ke;
wlad 2: 69.7-622 mg Ca/kg Wag 16.6-50.7 mg Mg/kg) LmeﬁaLLawaaLLmqﬁaﬁmié’ﬁ’wﬁqqmm (wlas 1: 7.16-97.0
mg Mn/kg wag 0.45-2.89 me Cu/ke; wlad 2: 8.28-70.7 mg Mn/kg waw 0.86-6.24 mg Cu/kg) drudsnzdiiannldves
wuag 1 m"’wmnﬁaqamﬂ (0.93-17.0 mg Zn/kg) wlas 2 Yrunanafieas (1.55-5.44 mg Zn/kg) N13UsELIUAINRAL-
anysaivesiulngldriadefauuandunast wud was 1 Bunsndaunn (pH 4.630.39) laifufuda (EC 125+39.9
uS/cm) waaldesnazusniidondiatnldfinann (1794163 mg Ca/kg Waz 32.6+13.1 mg Mg/kg mudndiu) SundeTng
(1.48+0.37%) uaglnunaendiadald (43.1£13.4 mg K/kg) i usieniila neauns uazdsnzdnannlegs (20.516.5
mg Mn/kg, 1.38+0.56 mg Cu/kg Wag 3.60+3.92 mg Zn/ke) luvnziinloaesafiduyseloviuazmdniiadalsgaunn
(119+61.6 mg P/kg kay 60.1+19.1 mg Fe/kg) wuas 2 1unsadnuin (pH 4.59+0.44) laliJuduiAs (EC 174+44.2
pS/cm) waaldeunazuiniideniiatnlasinunn (1772132 mg Caskg uag 33.29.39 mg Mg/ke) Tnunaiduudianalés
(58.722.1 mg K/kg) Buvideinquazdenzdfiatalauiunans wusnilafiadaleigs (1.70+0.35%, 2.76+1.13 mg Zn/kg
Way 22.3x13.2 mg Mn/kg muasu) dauvleanedadidudsslev (132+36.9 me P/ke) widn (58.8+13.5 mg Fe/kg)
warnauasiatald (2.63+1.40 mg Cu/kg) &N

SlovhAadeulamndienesiaruuandmeadi wodh mailiihvesansazaneiu uvseing Weanesa
Fduusslond Inunaideunaznauwnsiiadalduansistued1addedfyn1eada Ineuwdas 2 dainsiliiaes
asazaneiu weanesaiiluyszlovd Inunadeunazneunsfiadalaganinfinuluuvas 1 egrslidoddnmaaia
duauifmaaiiduiliuandimisadd wud was 1 TUFATe U weailon wn wazdsnzdadaldgeninudas 2
Entles ualkundleuwazwundafiatnlésnitulas 2 Bntdes
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msegluwngiieniausauiuniou (Tropical monsoon, Am) Fadunngnununaeavial vinbidaudululeigs
a a . a g Y o a a A g
NLNANTVEALAY (Leaching) vsuanlesouiitduiua (Ca, Mg, K, Na) 88n31nnuinanu uazdiuanlovsuiiiunsa
(H, Fe, AD 1Andu vldawdunsadnuin weadsunazuuni@eudiadalasiuin nwnadoudiadalann Tuvaesh
JasmUszuIniianiala (Fe, Mn, Cu, Zn) dwlngigedisgeunn wenainil nisiliingldyuasdaudnisldsesiumgy
souvgn sunnsladelulasiudsdnanndadunsandidnilifudunsadauindae

asiudas 2 dansihliivesansazaneiu Weanesandusylevd Inunafouwasynownanainlaaginingi

Y
£% '

wuluwdas 1 egrefidudrAgnieadd uwdivsuadenldezsniuvas 1 Anw @uldlidnfnanegdunitesnia
Fafinsadiudnnin nsgaldsnenmsaniudedesndy

3.2 anudiuduvassamsluluniEeu (Total form)

smomsluluniFeuis 2 wlas Sanuduwdsduiesuiinuluantfvesiu (Table 2) Aududusos
smonnslulunFeundas 1 unuynsnegluiidedininnpsgunelfissfigeanitdunnsgiuneiiios fifesdanzdeglu
fduiniaumsguneiiodsoglutisannnsgruweiiios uazuunii@euiuneaunsiioglutisannnsgruneriiveds
qaﬂ’imﬁmmgmwmﬁm (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 mg Cu/kg waz ND-23.8 mg Zn/ke) luvausiilulnsiau weanesa uaaideu
wunii@on wdn uazdengdluluyFouuvas 2 darudutusgluidesnitdunsgiuneiissdsganitrannsgiu
WOLW B3 (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)
dulnuvaiBen (1.15-2.26% K) sgluiidosnindnanasgiunerfissisoglutisamnnsgiumeiios uamdaoglugasei
UINTTIUNBLNLITIEINTIAATTIUNBLNEY (57.4-176 mg Mn/kg) WAENBILAIEININYNANINTTIUNBLNES (33.3-155
mg Cu/ke)

loftenailagldnnuiduduadodunnst wud i 2 uwadifismeunsviduiirududuginismnsgu
WolNee (WUag 1: 38.7+21.1 mg Cu/kg; huad 2: 70.8+30.1 mg Cu/kg) ﬁ’uﬁmsﬁﬁ'mmL%’M’J’um""m'jmwmmgm
wolfles (WUas 1: 7.96+6.74 mg Zn/kg; wias 2: 8.45:8.03 mg Zn/kg) smdusglurisrmnnsgiuneiiios (was 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; khdaa 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/ke) uenannd danudn fiflesuuamatunssunaniiiuiinvas 2 faududugand
wlas 1 egrafiddymeeda drusmauliunneeiunisada

aranduduvassmoimsluluySeudiduulsis 2 was Sslaednlvgjogluidasnitdnasgiunoifiosds
ganinAnnasgIuNeLfios aeandeafudiiassiantivesiuiieglunasinfsganndudilvg sniulnumaiden
unaldsuuazuniifeniiadalddeylunasishuinih eanesadilulsslovideglunasigaisgann duvanil
wansianuliaunavessnomsiufuiidsninadomudutuvesminemisluiiv Tnslanznsiveans Fadidu
Uselomiga apviliivlalanunsagelddansals vinlvdansdhlunisousnidunasgruneiios

fawdiiudas 1 lesudennnndiwdas 2 wissiudtmnududuvessigemnstulunieuwnuynsinldunneng
funeadid onifuudas 2 funsnilfafuneaunsganitutas 1 egnasidodidmeaia Safnannuuas 2 fnesuasiiadole
gannuazganIulas 1 egnsiiuddymeada wariluanidaiiadnldgandiudas 1 dnes iauﬁaﬂﬁﬁmﬂﬁﬁ%mﬁu
Mndudas 1 18ntes axvinliusennfiaeengansazanefulédunn fiedegeldléunn (Table 1)

3.3 auduiussninaniinuuazanuduturassigermsluluyEsuresia 2 ulag

LﬁaﬁwauﬁamaqﬁuuazmmLsﬁ’u%wuaqﬁmmmﬁulunL%Emsuaqﬁy’q 2 uad 1manduiius Pearson (Table 3)
wudnauiRvesiullanduiusideuinegdideddysadfneduludiulung wu anduiussenirsaujisenduiu
wpadeuuasuniifeuitanald T &uiien pH Windu szsiliaul Ca uay Mg ﬁaﬁ(ﬂiﬁqﬁu ot numsnsansld
Yurn Yulalalusi ileuiindn pH vosiu daalwliAuiviunn Ca waz Mg afnligedy wuanduiusseuing
SunssTngluAnduununnaiesegy sncususndafiadald Wudu venanddmuimeanedaiiiulselownd

a

anduiusiBesuinegradideddgyneadatuainsihlvivesansavareiu Inunaden uunii@eu wdn wasdanydan
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arold Turngianduiusidavesditoddymeadafiandy ldun affteduifumaniiadald winfuueaides
flafinld druantiveshiutuanududuressinoslulunSeuidesunniinvavduiusiunnssiunsada wazidy
anduusifeuinedeiTedrdynisadfvindy Tdun anduiusseninsniniliivesansazaefuiunesuns
Tnuvadeuiatnduman wdnfiadaldfudngd wasveunsiiadaldfunoanoda uuanda wazvewnduluyiSeou
TuragfanduitusssnisanuituduressinosluluniFsuivadinuasdeaveseiidoddymeada Tiun
anduiusideuinegalituddgnisadisenineeneimandn (N, P, K) 5191913504 (Ca, Mg) uaatdeuuazuiniiige
fuunsmdanaznosuns waniudensd waguusndatunesiag druanduiusifeavedadodrdgnieada laun
anduiiusszninaeanedatuuaadon uazszninnuvadouiuiaadon windi@ey wendauaznewns wazaziiu
Npanesatanduiudidsauiudinzdudliunnsnmana
anduiusideuinegslitdeddgveaifseninmmonsvan (N, P, K) lulu laun lulasiuiureanssa vie
lulnstauiulnunadeon esteufitenduasusuil Jaunsolidelulnsauiosandoldisusuelmumadeon widns
Tnandnviniy SadulslewddoranuasnslunsussndnfunuuasAswndos [10]
avduiusidsausenindnunadey weaden uazuundideslulufie Guddinululinavarsviavesuszmne
Ine Tasamz nizou Sae sadulinawmsugianiddny [2, 1] naenaung uzshe asnes uaznul Wusu [12] e
as1ansmuansanuduiusseniwealdsusazuuniifoud vlnuna@onlulunSoussazudas (Figure 1) fiwy

puduiudiBeavsdradiulddn osnsgmariluufiindseny [13]
4. ayUuazdaiauauuz

MFourta 2 wasidunsdifnundongsnetu uarliosnatu wlas 1 fuydoudieny 26-29 U ldugns
15-15-15 fiuaz 5 Alan$u Fannniiudas 2 fieny 5-10 T ldegmaiieatu duay 2 Alandu nansnwinanafenin
fuwdsisiuiivesnnugeuaysivestuuazanuiduduressmeslulunFeuresis 2 wastadufudoveis
routhamey Tnsadevaulandufiuninda enugauauysaivesiueglunnsidnundsindudlng snduneanssa
Aduuselomitugasgussquanianaldioglunasigs was 2 femsthliihvesssazaieiu unieTng veaneda
ﬁaﬁmléfIwLmaL%UuLLazmaqLLmﬁaﬁ’mlﬁqqﬂdeaa 1 eg1afidodAgnI9ads nuanduiusitauine gredidediAgnig
aﬁﬁiwmwﬂﬁﬁ%ﬁuﬁ’mmaL%&JMLLaULL:mﬁL%Emﬁaﬁ’mlﬁ waysywinadunieingfuauifvesiuunusianuasniiy
vesuasiiaiald LLaVUQﬂiamummuwuﬁwmaaNuuamﬂmmqaamﬂ‘umaﬂwaﬂ@ﬂm ANUNtuveIsne isiuly
1/1Liaumewmasﬂuanemmmﬁmmmmuwamemmmﬂmmmmuwamm wihenududuedeiudanyer
Tugsrnnnsgrumeliies snunesunsgsnitdanaspunelfivsuasdaingansinannasgiuneiiios fiffsausaniia
funeswaaviniuiiulas 2 geniuUas 1 egradidudAgnieada waynuanduiusigeavegadidudAynisaiisening
Inuwnadeuiuuaaiden winiiden uandalaznong

ilensensysunugauanysaivesiusmiunsinnissinevnslumuyGoustamnzay i1 2 utasansld
Yuv1d nieyuuaail@euaisuaiun wazyulalalud (dadiu 2:1) Tudnsduag 6 Alansu (Wdas 1) uag 3 Alansy
(was 2) FaazidunmsifiueuFAtendu uradeunazuundidondiatold anqasiguszquanlumsazarsiulasiame
wan msldinundevesiiv yadnivsedeninifeifindunieingdwisiiusinemmsliiuAuuasilidugady
s slditu mndsndlategeain esldlifuuas 1 ifissduas 2-3 Alandu idesnfulioanesafiduusslo
geatjudn uazmsiinlogSe (46-0-0) duaz d-6 Alandu Jelnuny (0-0-60) suay 3-4 Alansu druudas 2 msladogns
15-15-15 siuay 1 Alansu swududegiSeduas 2-3 Alandu uazdelnunyduay 2-3 Alansu Tudrusnaisdanude
danedndly

5. AnAnssuUsEAA

ma‘uammwawgummiﬂ ANy AT nAlUlagn1sNARNY AuzmAluladnisinens amuuLwﬂIuIatJ
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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+5SD 125£39.9 174+44.2 *
Interpretation Nonsaline!® 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
MeanxSD 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 179+163 177+132 NS
Interpretation Very low Very low
Moderate range: 1000-2000""
Extractable Mg (mg/kg) Range 16.1-76.4 16.6-50.7
Mean+5D 32.6+13.1 33.2+9.39 NS
Interpretation Very low Very low
Moderate range: 120-360!"
Extractable Fe (mg/kg) Range 22.4-116 32.2-87.2
Mean+5D 60.1+19.1 58.8+13.5 NS
Interpretation Very high Very high
Moderate range: 11-16
Extractable Mn (mg/kg) 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: 9-121!
Extractable Cu (mg/kg) 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: 0.9-1.2
Extractable Zn (mg/kg) Range 0.93-17.0 1.50-5.44
Mean+SD 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 Adeqguate Adequate
Adequate range'®: 40-150
Total Mn (me/kg) Range 38.0-315 57.4-176
Mean+SD 81.4+43.7 115+29.8 *
Interpretation Adeguate Adequate
Adequate range'®: 50-120
Total Cu (mg/kg) 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/ke) 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
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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/m2 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 ¢/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 g/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 3 3 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
il 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
11 222.33P 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)
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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° T77.67° 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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(a) Installation (Front View) (b) Installation (Side View)

Figure 3 Installation of Electric Blower Unit for Separation
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The Heat dissipation Coefficient in sap flow measurement of durian
by Heat Dissipation Method
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msUszanamsmenlagnsianislavesirlug iy dae38n1snszatenutou (Heat Dissipation Method)
HuABTiUsendn aznan wasdauudugigs ansatufindeyanislidvesiildnaen 24 dlus udisiFestinnsaey
\suiilemeAduUszans n13nsrateauiou (Heat Dissipation Coefficient) votufazeinfigifioAuiumannis
wasgruvesmsinavesiiludidu dnfunsinwediilifngusrasdifeaouifivumdulsydnsmansyarsauounis
InavonilufsmFouvmeunaseny 3, 7 way 15 ¥ Tukesuftifinig wud1 Aaummisiunisinavesth (Flow Density;
Fo) wagAraiinslunavesin (Flow Index; K) Sauduiusluluiianadeatu lnefedoueny 37 uay 15 T ddn
FuUseanS 0L 0.0128, 0.0416 waw 0.0643 g.cm2s™ muddu Slenduuseans B 0.9435, 0.8048 uag 0.7362 AUSIFU
fIA1 R? = 0.8868, 0.7876 Wag 0.7506 ALaU Wiethranisaeuisusnuainadtansmauduudaunsaadng
s dulAafiflen R? = 1 uagldrduuseandae A ~ 0.0146 ecm?s’ waz B ~ 1.6775 muadu dletheiilaluuny
ArluaumafiomusinaunisiihannsmetwesuySeuiusuueunesseny 4 U veunuasnsluituiisinenassvien
Fadansed wudh fUsuanslddieds 160 - 180 Ans/fu lumstauiuunslidwesiuy Fouannsnfudoya
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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 g¢cm?-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 R2 value of 1 was
obtained, resulting in generalized coefficients of L = 0.0146 gcm?2-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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viadewanafinouonewns unbulunseintudadievluneaeuluiosjifins Yavumduiuaudnanadeliiuas
fufiviivinveuteld s 2 dru fleufwindiuvesudenlsioenuszanal 1-1.5 wufiuns wdaudiasouTaliuuy
afnilostuih$ilnavondudng newhlufinda Heat dissipation gnsesuRAIZLATTRTINTIMAR BN ALY

finsia sensor a@aaﬁ’mmsﬁwﬁ’u 15 [WuRLIng LLa”qﬂwﬁ'mSaulﬂLmuaaamﬁai’aqsaﬁuﬁwﬁmwum%’aLﬁa
Sobmdnihilvasuiandounng 3 wfl nu3snsues Granier [7] delwsuidriugunsaitiufindoyadnlusi® (Data
Logger) fidousolninszuanss 12V USunavesnssualnidln 120mA (Figure 1) naaeuldesansazate KCL 0.1 mol.L
Tlnaruisndsulasnisuiuus 12 ssdumar 6 ade Mnameseunsiasnuu 200 wifMeu anifumganisudesi
dovnen AT, ., (aumsfi (1) iftegennuunnsnssswineditnlailva 8 dalus Tngliuaneduasiuegludnfiotostu
vigthusis ihenildludeunsmmarasiianaums

F,=akf=a (%)B ............................. (1)

Fp = ANUUULULYBInsinavesn (g.cm™s™ or cm’.cm®h™)

K = sasfinnsluavesin
AT, ., = Angaumniigsganuaneeiuaninsuinienuieu (T,) ussindienusou T,,) dieliimslvavesdt (mv)

9

AT = Fgaumgiinuansadiuaninsunlinnuieu (T,) wazinldlianudou (T,,) (Mv)
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Q, B = Aai
Tree trunk

Y
e

Heated Adapter DC =

12v

15cm Data Logger

bark cambium

eference

L
>,

sapwood

(Granier, 1985)

Figure 1 Heat Dissipation Method for measuring sap flow

2.2 SatiuumansivesiunGeunusuneunasany 4 U veaneasnsluiiuiisunensamion Smianss

SaduseursesiuniSounueunes lmannarsmenadaiudensuy ey dusiugudnans 5 fadwns iny
g9 120 wuiluas uaz 105 wudwns Tuuuimues dWedmuagaangld sensor Wlothideneenudarinaumuives
Waendunideu MWadwawe 2 Sadwes wndilulugrdundounsnuiuiudn 3 wufuns wdaeaUaen sensor
Al 2 3N anifuld Heated probe dasuuuas Reference probe Widuans ndeufuihnmauisiulagesing
sginefumiSeunay sensor tmaawatafnunasautlastunisnssnunszdiou sensor uazdasiutinanaeuen 1
awuiuauiauNUnsouRuisey vuKkarais sensor aanty 10 wufiuas WiUatedndiuves sensor siowdfu
Datalogger ieuselrinszuanss 12V Usunamosnszualndih 120mA fedn Data Logger Widiufindeyau3unanisiva
vonirhuduigeinng 15 wii (Figure 2) wleldmuimnslithvesiunGeusetlus @umsi (2)

TC = FD X As X 3600 ............................. (2)
Te = 5¥AUNISATEUI (cm’.hr?)
Fo = ANRUILUUYOINTIAYRIUN (e.cm?s™ or cm®.cm?s™)
A, = funnthdnveadeld (cm?)

wWasunihganuidudilua

[SN)
[
o
o
1l
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Figure 2 Installation of sap flow sensor in field
3. NAN1ANEILAZN1TIANTA!

Tumsaeuifisunisnszaeeuioudieds Granier [7] vesfwiFouiiommduussandaei wui é Fy (nu
muwiunslvia) uagen K (uiinislue) Sauduiusllufiemadeatu TnefmiFoueny 3 7 uas 15 U daduussans
0L 0.0128, 0.0416 waw 0.0643 g.cm2s? muddu farduusyans B 0.9435, 0.8048 way 0.7362 Awddy A
R? = 0.8868 0.7876 Waw 0.7506 Aua iy (table1) msfinamiFeuusazeigiian R dosiinanmsinissiavesiai
luiasiiaue (heterogeneous) flauinegsewing 150-350 Tuasou [9] wiillothnansasuifisuiamuauatiensis
pnuduuSannsaatans i dulAefidea R = 1 uagldaduUsyavisns? o ~ 0.0146 gcm?s? B ~ 1.6775 auasiu
(Figure 3) denlndiAsary AAwgnIuazamy [10] AnwiaArduuszans asiiluyiouiusuuounesony 4 3 Lée
o~ 0.0119 gem?s”, B ~ 1.231 uawidlovadulssAviasi o 0.0146 gem?s?, B 1.6775 fildluunualuaumsi (2)
Igaunsnistévemsuiusuueunes (aunsi (3)

Te = 0.0146K1%775 x Ag x 3600 o, 3)
Te = 3¥AUNITABUI (cm’.hr?)
K = aviinsinavesin
As = fuinthdavaailalyd (cm?)
3600 = wWasuniheannuidudalua

thaunsd (3) Waamuiumslihannmaashresiundsuiugmeunesey 4 U veanuasnsly
flufisunonaawmen Smiansed wuih niseuiusouneseny 4 U fuTumnisaediade 160 - 180 Ans/Tu
(Figure 4) @oandosy ginsuazane [11] wuindFumnisldihvesydeuiusmueuneseny 7 3 fivszdiuain
sap flow fifnade 100-270 Ans/Tu wasfiduinsuazany (9] wuh nFeuiusuueuneseny 4 ¥ fnslétiade 2.64
Tadwnsdoiu

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

7 and 15 years.

Experiment Qa 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

4. ayu

nsaeuiisuRmSeunteuneaieisnisnszennyieuluiosfiiing TaemsldfmiEoueny 3 7 uax 15 U
FaududunuvenSou 3 svey e srognoulinandn szoziiuinandn uazszosfifinandnidud 1 ethun m
FuuseAns n13nszansaatudou (Heat dissipation Coefficient) 109915 vustus nuouves ldaunisnisld
Te = 0.0146K 6775 x A x 3600 dmsuvmuimansliilusoutu shlimsfinusimunsliiwemZeuiug
yuaunedluYIeIER1aY MeIEn1snsEaIeANsen (Heat Dissipation Method) ansaldaunisiuaililaglifosi
nsaeuisuAdUsEansmsnszneaaseulvl

5. AnAnssUUsEAA

Hisulasveveunnl ANENSNEINIETINYFR UM Inerdeaswaiuasuns Ingnunmaly luanueynsien

gunsalwazanuilunIsneaeu war veveuAnUndinInedeurivetduawaIunsuninlaatuayuyuaaiyuniside
WieIneinus e enaiug sl UsedrUaudseuna 2565

186



NMUSEYNIVINTTILAUYIA IAMBEST ASad 10
The 10" National Conference on Informatics, Agriculture, IAHBEST

Management, Business Administration, Engineering, Science and Technology

6. 1ONE1581999

[1] Larson, K.D., and Schaffer, B. 1989. Effect of irrigation on leaf water potential, growth and yield of mango
trees. Proc. Fla. State Hort. Soc. 102: 226-228.

[2] Spreer, W., Nagle, M., Neidhart, S., Carle, R., Ongprasert, S. and Muller, J. 2007. Effect of regulated deficit
irigationand partial rootzone drying on the quality of mango fruits (Mangifera indica L., cv. ‘Chok Anan’). Agri.
Water Manag. 88: 173-180.

[3] Gururaja Rao, G., Sanjeeva Rao, P., Rajagopal, R., Devakumar, A.S., Vijayakumar A.S. and Sethuraj M.R. 1990.
Influence of soil, plant and meteorological factors on water relations and yield in Hevea brasiliensis.
International Journal of Biometeorology. 34: 175-180.

[4] Sanjeeva Rao, P., Saraswathyamma, C.K. and Sethuraj, M.R. 1998. Studies on the relationship between yield
and meteorological parameters of para rubbertree (Hevea brasiliensis). Agricultural and Forest Meteorology.
90: 235-245.

[5] Sundin auduns uazandont anfi. 2551, navesnisliirenisneuaueeEITINELATHANARTNE1TRY

219 1UTRTIUT. MIATINEIFERSINYAT. 39(TLA). 35-39.

[6] F5¢ Lonauvays warSsened Junsiiou. 2558, giiovndutingu. shefudauaniiy melug) Alnoa Wi, asan.
[7] Granier, A. 1985. Une nouvelle méthode pour la mesure du flux de seve brute dansle tronc des arbres.
Annals of Forest Science. 42: 193-200.

[8] Smith, D.M. and Allen, S.J. 1996. Measurement of sap flow in plant stems. J. Exp. Bot. 47: 1833-1844.

[9] i anf uagydnd Auana. 2551, Jadeiisrtanisianisivavonilagisitadanusoulusuliiawniou. nsas
IemansnIsNeRs. 39(3). 187-190.

[10] FiRwging ynA3, nsednd Avamidide uasdord guanlsarl. 2562. maAnwmsldthwemidouiusuuounasie
gUnsal Sap Flow. Tu: msdszgaimnnisssdun adedl 16 3 - 4 Surau 2562, aTAne deinumsmans meiun
AWWSLEY. BT 365 — 372,

[11] g¥ins aonan, lnese eSta, aud deogves, gauiing wnlus wagidou Tuly, 2561, MafnwUSunua
Foanmstuagdsmslihvenzaudmsuydsuiuinounes. TnsmsidoUssamsudssanutunelfnniduganyy
INTFUIR (QUUTFINUURUAY) I TNe1aeysnn, Junys.

187



NMUSEYNIVINTTILAUYIA IAMBEST ASad 10

O
The 10" National Conference on Informatics, Agriculture,
IAMBEST

Management, Business Administration, Engineering, Science and Technology

nsAnwISsuiisusULuUNMsaUWiiduUzsAguadleATa e U InE s uLEseTing
saunudamasinii
Comparative Study of Drying Methods for Phulae Pineapple Using a Solar Dryer Combined
with an Electric Heater
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unfinge

aAtedingusrasdiiofnyiUisudisu suuuuniseuuisdulssnguadeiniesounimdsuuasoiing
Satuamosiuih Tnardoseuuisiinunduiunionuuimdsnuiaofindeiniuiaeindlngnsshnisiam
TnsnsfindaursBnmasdunsizaruin 700 W S1uuded 2 uis uazgnmuaugumvniuazautiueInie in1svagou
auwiiduUzsaguaUsunn 3 kg Tu 3 sUMUUAe auimendinulateindat1aie suseaniounindanasiviiagng
Wfelagmuaugamgiionnmeuuisliil 50 uay 60°C uazeuuisiendsnunmenfinguiudamesininlnoauny
gumnfiennasuwislif 50 way 60°C HamsMAdBUNUIIMIBUUTITIENsULaTTAIngSmTUBmme sl Tigumnd
60°C anansnanUianslindanuliiinflediouiunislidameslninedaierigumgiifisrtufeiesas 49.23 3s
Heliszndandenuannisiddamesiniiiesegiasion uazniseuuismendanuiaioindsuiundnuliiive

WA YT BITEELLIAINITOURIIN EIIUIURALANNINATUAVRINEN AT FUULINDULIIIINNITOULAIA LN 1Y
w1 MndLieaE1Ae?

Y o

AdAty: duleInnua, N1IBULY, LATBdeULTINEs ULt IR SIuiuBawmasingn

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

1. unin

dudesaiugqua (Ananas comosus (L.) Merr.) L‘f;luﬁsmmwgﬁaﬁﬁﬁaﬁuL‘T;Ju?qﬂqﬁmqqﬁmam%&uaq%’wi’m
Feasne (G) [1] dndududesalungy Queen wueniuiiugaiin dulzsaguaiuwmin [2] windede wazleranis
usnwdu 3] Jefinnusidudeutssududssaieliiengnsiuinuliuiutu Jegtulimsthdulssniugguan
wUsgUiBundndnsisnag wu dulzansuuis loan3udulzan tdudssn Wi eantammandeiidunanaluuiegg
waztreifiuyanliiunan e Tnealuwdduduzsnius guanaanasfisaflaniuay 20-38 v mnthuulssy
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wAnAtusidUUzsAoUUTiaEisIAy 500-1000 UM Tasmsuussuaningiu 3 Alansu axlddudzsaeuura Uszaa
500 - 700 g wiiluungmanandnduniueusesnisvemain axdwmalinmdulssaiusguaanandu 18 um
faihliAntamnsnszaenananlsiviu JnhliAansuinds inwasnsiauulssuiieannisgapdouazidunisiiiu
yamlidudulzsanaan Tagdnlugifomhunuussudundafasiouusis 2] Favilduisnsausueimsiiteriivengns
dusnwnitvinléine (4]

nseuwiadunszuaunmsihiesnmnadnsasidawstisnsdudinsiulaveuaiiSe (5] mseuuiady
nszwaunsiianansasiunslévainnatsds Tnenildludiiveuasduiidenluefnfenisninuis egralsfanu s
anutuussiuinldszeziaiu wariifeosrianaedsznis wu anudssienisuindsvemansusiananm
pInAfilaiianyan U Huan auLss ATIUGe uasuayees uenndlinnugydsainnagnsuniulnsun wuas
wardniiuung aaensudagmnsasyivlnveandes snieddosldiusivuialuglumsenidunis 6] Sslainng
15 09BN LA TIngLUUSUNd suuatefinglaenss (direct type solar dryer) 13015443 0UOUWTING 1911
wase1ing (solar dryer dome) @ sfiasinlud osvasanimenielilasd (7] wiog1alsfnund esouurandsnu
wavorindmensiidedifesindesnmseuuiannsaildianstiaiiivaeiinduitu mstauaIosouurei
asnandesinidendesszernailunseuuiuarandymnslindnuanudeuainliin vl ewmas vounies
suwianuvandeuialuls azdunisdilinisiauwesnduinunsnsfuussunedesandunuaniadsseuuisaniou
luuazUseninnaiannsiuidaenisninua

Fofuiieandeddndananndisdu vuidel sldiannaieteuutmdinusaiefingndinuaudewasy
shemnudeuandameslifinievhnseuuisdus saquandiussiiuanssnuzveanmsouusislusuuuusing o

2. 38n15Anw

2.1 daNUUULATIAL AT ULRINAsULEsaTind SR uSamasinih

\n3oseuuimdinuuateniindsauiudnme i feonuuuuarianniidiuussnousad 1) ABULANUUIA 1
mx 1.5mx 085 m Mwsiulwdasveiuslavindadiosunasefing aelugeviiannaunuaasuin 0.65 mx 1 m
dmSunelanouwiidiuau 2 01a FawesBuns s un 700 W 1w 2 unis uay wnand miuryulisunasseuy
pImArIamMaslnil 15 W, 12V 99uau 2 ¢ aeudnsly Figure 1

Infrared Heater

Figure 1 Solar dryer combined with electric heater

o
o

° o v % % . & a < Y - & v X
N1IVNNUTBUATINB UL NATUANAIYH AIUAN (Flgure 2) TINARUTULYDITARUNYNUAZAIINTU DHT2 wag L‘VIEJ%I&JWWL'UE

type K iiemuaugumgiuazainudunslurieseuwislilanuiimun
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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

2.2 MIvagauauwiduUzIAgua

iSoudulzsaquanaztinnyeniuden timeen udwuduniunay Wiflarumunyszana 1 om wdnianld
praiedeiminile 3 ke o 1 81 lunsvaasseuwis e louukdurtoseuuimdsnuuaeiindsuiuinnes
i avauuisionun 3 Uuutde 1) lindruuaofindifissesnaien 2) linweslwiifissosaien igumgfi 50
uaz 60 °C uag 3) Mindsruuaseniindsmiudnmesluih feamadl 50 was 60°C sEmiamseuazthdulzsnoanunds
ihwinnng 2 $3lus iiemanenuduiianas ausaruturesdulzsamdeluuiinadidinualife 18 % waniuains
Tingsamilwihanilaind-Hlus fmedidlorhnmsnageuuuud 2 uag 3 Tasvhmsvaaeusuwidlutiafiounsngauds
WEAINYY 2567 Faflamdanunaseriingladsnasnnisvaaesuseana 565 W/m? (The Solar power meter model
TM-20813 ) ﬁﬂﬂuuuﬂﬁUUwi@V]N’mmiE}ULLMQI‘U@TJ%ﬁ@‘UﬂﬂJﬂ’]W F1id uaniloduia Tneffnsgimendsd

Autuduizan wilngldiousegeuandou (Hot air oven) Tnsrdagnedulzsndaimiin arnduriidy

fovausouiigaumgf 105°C Wunan 24 $2las (AOAQ) 7] MnduduammarauFusasgulsndauandy (1)

m—m
M, = < X 100% (1
m

e Mw AAuTu (%wb), m Astuninisuduresdulsse (g) my Avsnalisussdulzsn (g)

YSananindase thiegesdulsiiiunisouniesinedSann o unasuunalidudnadiussylu Aw cup wén
U inmenIo AT RUTINMUNDasY (Water activity meter, Aqualab Pre, METER Group, Inc, WA, USA) Tagii

AFIATITIFDE198E 3 9N

n3dafnd dulzsainiuniseuwiazgninluinAdiiensesind (Colorimeter, Hunter Lab, Ultra Scan
VIS) Tusguu L* a * b * lagan L* naneisrnaiueaing (Lightness) A1 a* vianefismnnududung (Redness) uagen b*

ynedarAnuduiiudas (Yellowness)

o & o o % v ° o & o oo v o X o oo '
n3inlleduna (Texture) dulzsneuwignilyindedulameiniesinileduda (Texture analyzer Ju
TA-XT plus) vinsnageulaglivimeaeuiu HDP/BS (Figure 2) tiedameusudounlifingudulesaivodnaninig
Anvasilulay fuunrSvesINAEaU Pre-test, Test , Post- Test speed winifu 1, 1, 10 mm/s sy lned

SLELNNSHA WNAU 15% Vo9TUAUULIADUWIS
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Figure 2 Measuring the texture of pineapple using texture analyzer

3. HAN1SANWILAZN15IDTR

3.1 wan1sauueduUzIAdaeISNsauLsiiAeiy

Figure 3 uamanuduiussyminiauTuresdulysniussezatiunseunianudt Turaausn (0-2 Falu)
ynAsmsouuiiamsaanasduaddos9sania lnsawg 33 ildndsnuuaseniindsmsummesluiiiasunm
oungilusioseuusisdl 50°C wag 60°C (fpsnnlutiusniuuinuanuturesdulssatudailegundailiinseme
oonuldiedoldsuarutou sosnanududassiivinafiveduiulssndumualuTshlisnmmasuuiaiuanas 4
910 Figure 3 aziuinnseuwsisiednnes uaznseuwisonasofindsmiudanesluiniigumgil 60°C annsa
anAutuesdulsaaldififign druniseunisiigamgll 50°C e 2 FBnsiuanastiniy uasdidnuurnisanases
avuduliuandsonmslindinuuasorfindifiosediafior dsomazuandiiuimdanunasefind fdlunseuuiis
fuanusavinligamgfinielueiosouuiafianlndiAsstugumad 50°C uazniseuwisdulrsadaogmmgll 60°C
aunsnasmuliiiaaidofisutumssuuiilaamai 50°C warnislindunuuasenfindifieseg1aiien

=50 ‘C Heater  wfffee50 “CHeater + SUN  cufyum 60 ‘CHeater  wéem60 “CHeater + SUN el SUN
90.00
80.00
70.00
60.00
50.00
40.00
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Figure 3 Relationship between pineapple moisture content and drying time
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3.2 AMATNVDITUULIABUWIAY
AMUTULAzUSNIMUNDESE (a,) 970 Table 1 WuIAIANUTULAL USHIUUNDasENANEAlAIINN1TOULIA

q
% o o

MEnAULaIndIuiuamesini Naungll 50°C gl 10.33%wb uag 0.532 MUA1GU BerUTunandase
eflmnuduiusivuTnaeurunieglues wasnseulismenanuLasefindiiieeginfellduiinandasyg

P

NanfAo 0.734 Lummﬂmmmwﬂmaw imummaﬂ (17.49) EJ’IQliﬂW]Eﬂ‘LJWﬂﬂﬁ«UWHﬂ’]iEJULLMGNWWUiM’]ﬂM’J’IWﬂu

q
[

Hulvinasgrundndnsigramnssunalfouwisiirmualifolaiiu 18%wb (uen. 919-2563) [8]

A8 910 Table 1 wuimseuwisuuulnelddamesliiinfiosedrafeafigaumgi 50 °C A waitesd
tiouflan (L*) ogfl 59.19 saudsfinnuuns (%) uaz Anawdos (b*) unfian Ao 9.81 uag 25.26 muadu lugiuves
FBseviiliiriauaing (L) vesdunniigaenseuwisuuulddnmessauiundnuuasorfindfioamgll 60°C ogd
63.77 fiAAaund (2% way ANUWEDS (b¥) BEffl 7.64 WAy 22.70 AuAy Fswanisnmaesasiiiuinnislindsauon
fuhlindndasideuldienuuiuasaiaianiinmslindanulniuasndanuaefndifisses s vl
Sutszvmusnnnimseuluguuuudu 4 egrulsimuanilensouiisumavesdulzaeunianuindaanuaing (L) @
anududindes (b%) eglutisilndifssiuanuidovesiauagium [10] F9vin1s@nyinavesnszuIunIsWanse
AuAMLATO ML UTBdUUr ANt Bua U TasvhsAnufudUzsaRusameiugii

iloduiia 90 Table 1 audiut masuwisuuuldEnmeslniifesodaioiflgamaf 50°C feusadougean
95.015 N emneanuidedldusslumsdnlinnunniian ilesanduissaiidanutundoogunnisillidulzend
aswilsniuuudu videditadedu q s 1wy luneuusnBudulzsatiamnugniiesniuuuduyilrilasadady
dulefivuunudahbifienumionnn Tuvaz iniseuuianuuld Heater Safundanuuasenindlugamaiideatu
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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 9R3INTYWAIY
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Tiwdsnuiigamad 60 °C wuiranmsaanmislindanuluiien 13.67 kwh leligamesluiieafeinde 6.73
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Figure 4 Energy consumption rate for drying Phulae pineapple
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Development of crispy rice with cricket powder
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Joiadniduradusiumadeniiddnenmedreddy mailiuaasdonmudundaduitsnmiiezdas
wdndmamdnuaiiinsafevesuuas LLasLﬁuqmL%'mﬁummmiﬁmﬁummﬂuﬂ 9 LU uTUIREIF A duemsTiten
Suvssmuihluiadnuasgdlng fngusrasdvesnuideiifunsinuiinssfosdussneumaniimenmuasdnume
meUsramduiavemaniardiniouaSund oian TneisueInnsnIouReRwtn s winan wazthumawnudl
HudUzudazutiadoiunUszasAsesay 20 lun1swant1In38U 31NA1TIATIZRELAZ8IAUTENOUNALALIUD D17
In3BULES LRI VR NUTn FrunsulEs IR wsadiAAnLEdsanas uidAnududuncuasdvEe vt unudves
ne3avdn NN TeiesdUszneuasEUTesi N TBUIET IR B TavdmaniivuugaseuRuitlidinsdemia
WU $rnTeuas e iaiivinamuduneslutiuanas uifiusinalusiiu 1 warlihued Wud (p<0.05) Tnedl
Usiaeanufufesay 0.38+0.06 gruden dusualusiu i losty wandole Sevay 4.14+0.22, 1.55+0.05,
30.07+1.32 Waw 1.09+0.29 FIuusia nuddy MsvaaeuneUszamduiavestrnunisuiaiunaduinainguilan
30 Au WU FrunFeuaiunaivie Esuaruelannigeluyn q andnvarnsnaey eglusyiuazuuLTey
1 lisngnsmunuilaifineiavin (5>0.05)

AEATY: KITWIA, T1INTEY, dnyarmealszannduda

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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mafulsiumaden wiadinsdsaiosmhaduemmaduiaunniemniadailsugafiousiiulium
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Faudiu a novel food source in Western countries [2] wagtduundslusfumadeniiidnenimegedsdu [3] Food
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Tunziiidodn 8y 1 wlilusiuidosas 30 winiu [4] uazamnsmiuvasnysusmiesauaniudunimesemns
WU vuLoU [5] wasnines [6] Sayilwuyie [2] snack ball [7] Wudu

Tutlgoufuilaadesnisruuifeafidanumainasuasdosilatu ledoy warlasanosoad (6] vuy
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Hosinszgauludeutl tmauaglutu windsoumaiduniseneldsufsmongudalunssuUssmuemsund
ansudsemurundrluinenavivlasundenuiulusianie neliAndamisiig 4 muun wu lsrgau lsailuy
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voudnldluowian lulagtuivwmuinilitannduielimnsauuiauamiuilnauasnuindningasduruuny
LﬁymﬁﬁdauﬂizﬂawaaLmﬁmﬁmﬁm nionnualifig 9 19U potato crisps [8] banana crisps [9] mango crisps [10]
tomato pomace crisps [11] Hudu

nsthi wdansnaslundedurdrninisuiadusdadueifitauls munzdmsudnUsuiouazdniw
s mindmalian s neuiTusiugede Snidadumaiugadiuiimn anfidnismelusuuuy
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HERavER Inde WEnlne nsuifiey Yavan waysa wanlidiv wanRnuteiud s nd s imdouazuilsand winnauaudn
fu audufeu thawnauiildndaluuisnay Mamiiodiisesiaslunes Yiludsdedidendadunan 25 wnil A
B viefulinewanadin ulilugifu 1 Au thegeiiiulindfuiuuns defin neasuunie thlumnuaauusisati
usTIgananaRn azldtnieunnadaaidntagy Wethluvesluiduieuda audrundeunesia snosnainian
Tfawiintndu Advidu dlvussggenanadin aglddrinieunnmistandenuiion

196



NMUSEYNIVINTTILAUYIA IAMBEST ASad 10

O
The 10" National Conference on Informatics, Agriculture,
IAMBEST

Management, Business Administration, Engineering, Science and Technology

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 mydwngiamenimuazafivaaaafuridiunisuisiund odn

MTIATIEVE FeLrdesind (Color meter, JS555, China) Tnevinnnsindsetnias 5 91 andildannisia fe
L*, a* uaz b* Wle L* (The lightness factor) iusauaing dnen L wlndaud mnefisingdiddiu dan L= 8 dudh
1nd 100 wan331Imgiaauedne a* (The chromaticity coordinates) wansds@unsuazdidos d1an a* 1uvan (+)
mnedeingdiauns e a* Wuau O uansiingidden b* (The chromaticity coordinates) uansivdndnwuazai
G S b WWuuan (+) mneis Tegifudesine b* Wuau O wansiriagidb

nsiaseriesAlsEnaumaaiivsznounie ludiu Tusau i dule wazanslulawmsn lnevheuunasgiuns
Az [12) Tadinesitonnn 3 d1sosfoeng
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UNINYIFBVRULNY INBNUANUBIANY F1UIU 30 AU Usstiiunseensulaglvinguuuaugauwuy 9 Point Hedonic
Scale 3¢Ua1N 1 Ao luvavaniian uay 9 Ae veusniian lasnismaaeuamdnuazUsing 4 ndu sa Anuwoy
Tnorulaswiounansusidninisuasund miaussglugmaraindaatin insussdulufess fifinsnelduas
dumn

2.5 NMFAATIZANGEDA
AN lAA1NN15NAERINENIATIZRANULUTUTINVEIUBYAMETT one way ANOVA test vn153tATIE1iAIL

o

Y
WANFNNYDIYAUBYARIYTS T-test NseAUAIIYRIIU p < 0.05 Melusunsy SPSS
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3.1 ANSIATITANINILAIN

AnuaiawarauudunswemanduridninisuatundwEalidanaingasaiuat winududivdod
ANV BLALKIRIMNIANLAEIANE LB USsUMIBUNUYUNIULAEIANNNENAIURN [13] NUIMNANN U915 8URNN
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3.2 MIATIEEmaLAl

Aty Wiy los i wazidels Wussiusznoumaniifiddydmsundnsdasiemns Tneanududused
Finnuamudnsaeiuasnafuinvindnsusiomsesmis iesnidernutuinezdmadeufAzenad wu
pontiadu warnnadyiulnesiunid saufannsdsuslasmmanmenwdae segneiamadautueglutasiesay
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U YuNrUAE9Inuzaae Sarwdudesay 7 (9] vunvuiAsaninuaseniiniuduesas 5 [16] vegetable bars i
mtuSesay 0.3-1.2 [17] vegetable snack finnuiusesay 3-4 (18]

Umnalusiuvesndafaridniniovnnuiumiada st ud eviundwie eanindwmiadlusiugs
wAnfauridindsuanued mindeivimalusiuganiigninuauuassuaruiAeiall 2 i WususauAsaan
4nlnm uag green bean fUsinalusiudesay 2.9-3.7 uavdosay 2.4 auandu [19] uandsiiiuiwaniusidinieu
Mnasdeindundndasifegunmdmiugiidesnslusiu

Usnalafuanawnnuuimad wdensiifistu Taodwdnsusidruniovnnuaimiauargnsmugudsasd
Usunadlusfutioaidiofioufivvuuvuiendug wu potato crisps Aidusinalletudesay 34-46 [7] TneuSunallusiuay
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v
a A =& o
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LASULSEN)
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Table 2 Color and chemical composition of crispy rice with cricket powder.

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

Control  63.23+3.71* 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+579° 599+1.20° 21.92+1.64° 038+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 NINAFBUANEBAUSNISUSSAMMAUNE

mimaa‘umafdizawlﬁmﬁamawamﬁm%eﬁnLﬂ%ﬂumﬂmﬁuﬂﬁﬂmﬂﬁﬁim 30 AU NUIwWERSTLalEU
nsensumeszamduialuynaudnvuznismaaeuluszdurounin i enaunuulsiudvznduazudsana
aLunUszaR@Enes winfosas 20 nUIAITEUALALAYNAUANaLENTDENETNANAYDINIE WEALAT NALLRNNE
rosiw3afindenduLuamon agalsnuanufisnelalunndnvauznisvaaeuiieliwnnd1sainansaivauegiad
PodAyn19aiia (p>0.05) Landsa Figure 1
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Figure 1 Sensory evaluation of crispy rice with cricket powder.
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Development of Hall Effect Sensor with Raspberry Pi Pico Microcontroller
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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

1. Ui

mstaauuundndnddglunsfnuniniand ddeldianudilainermansiiugn suludans
Uszgndldaruass Biazanuaziinnuundedeisuisfensldiduwessead (Hall Effect Senson fivianulasnis
prnduussiuliihiAeduideauuuivinnssnuiuTagiifnszualaflvasiu 1] fsiiuselomlunsdnwenide
Hufsdaasunsiseunisaeuliiuindnuluimdeudndnuas il TukesjuRnsildndszauumiveds mmaasa
Wordvauwuiman Wusesddaiitisasutindnulidlavdnnisvesusmanlain lnefigunsaliildiuialude
yaaaeduloand Judurnanaensiifidnvuzmiloutunnusznmsuazneiniulussegiiiussesiad eaa
aunuwimdniasanensnans [2] Faduisialunisfnuinginssuvesauiuuwivin sgslsAnugunsalin
Unngmsnisoadiiufisaniigs dwsuanufnwvdeviesufofnisiifiulszanaste avannsadifemsldnugunsal
Iarputneen

201



NMUSEYNIVINTTILAUYIA IAMBEST ASad 10
O
The 10" National Conference on Informatics, Agriculture, IAHBEST

Management, Business Administration, Engineering, Science and Technology

mMamunszuUTRauwlmEnsuuaUsEndalauiseeunhiidnsimunssur naunuudndningld
\Wuwesseadaiugiululasaoulnsatass Arduino Jsanunsainauuusmanlalussduauusiugiuiunans usd
FodnfaiuNUsERIaNaToLARUUMIUIANATS [3] Snaitenilsleiiauensld Raspberry Pi lunisiaaunuusiivngn
Tnewiunsldanuluiesufiminis [4] %qﬁﬁunuﬁgaﬂiﬂLﬁaLﬁauﬁu Raspberry Pi Pico

manazdIdedlstaunssuuiitialdienuiussaninmgs Tnensléiduwessead saufunisuansaasiu
vaudnsna OLED Tnglduasalulasneulnsaiaas Raspberry Pi Pico ﬁiﬁmudmuazﬁﬁmgﬂ (5] winngdmsulalunis
Foumsasusiednufoanslusziudigyes nsamzluideiiAstestuaunuusimanlin aazdideldinada
Msiaauuindnvesvnminiedulsant lngldiduessead fuansuseansamnsvhenldfunn deweuiisuiu
Wuwesidandied Fagrlinisdeunisasuluidaisatvanuwivdniniluseduusyyes danuazainuas
isldmuaandusing o 1ty

2. 35n15ANEN

mMINasTUUNSInauLLimaninenisuananar1u OLED lngldlulasmeulnsaiass Raspberry Pi Pico uay
I s s s [ v o Y v & a Y v 1 < o
\Wulwesoead Luos 49E075BG [6] Tnvuiaussiulniivieen warasvaunisauduiusidaduivawiuudivan i
aunsnlaluimualilusunsulinuueialulasaeulnsaiass Raspberry Pi Pico Laninai1uae OLED wazlueuliiey
nan1sIavaunwlmandlaainnsawneunguiundlon-ea1se wasauinuiwmaniiialalagld 3-Axs Magnetic
Field Sensor 483U3®W Vernier Science Education laguusiatenisanwasseluil:

1. in3esilouazaunsaliily
2. 381598849
3. MTIATILNTDUA

U

2.1 \3esliauazaunsalnldy
'3 ¢ . o Ao P o | o
vaanganlaand (Helmholtz coils) Wuvnainaaasiiddnwasiniisuiunnuszniswasinaineiulusses
wiriuszeeSall ieadsaunuuivanfiad Lanonseinand o AugNaIedssuy

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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Figure 2 The Raspberry Pi Pico microcontroller board
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Figure 3 49E075BG Hall effect sensor
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Figure 4 Go Direct® 3-Axis Magnetic Field Sensor
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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 (V,,) 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.
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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) (%) (%) (9))

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 13.847 132.819 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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8191157l UsRIEIU 25:75 Wﬂ?mmmamﬁmamﬁmaaam Iu%muﬁﬂﬁiﬁﬁjﬂﬂﬁﬂﬂaﬂLﬁﬂ‘ﬁL‘W’] LgﬂﬂUUﬁ@u’?ﬁﬂLWW LN
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Cutibacterium acnes, Staphylococcus epidermidis Wag S. aureus ‘uamﬂﬂ‘u&’NLLamf]VIﬁmuaumaaaiuLLaWE]‘VlﬁEJUEN
LE]U"LGUZJA«IWI?UW?WILﬂEJ’J‘U@Qﬂ‘UﬂiS‘U’J‘Llﬂ’ﬁﬁi’NLllﬂal,llaﬁ‘uu wamsmmu‘zﬂmmmﬁmwamaﬂﬂuﬂizL%ﬂlwauﬂﬂamw
Tumsiauiduaseengvimansdeniiinansssund fedidnenmiasiluseseslugnaunssuaiesdronwioly
Didenliissudiansmhuldvauurielfsufuiides foemnadidneune waskandnidiafllddonimedanmid
audRfnInAy
ANENALY: L9 andude, Tidesldl, qrdduuuaiide, quidy UBYyadAsE, quiddulnlsfuiua

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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nawisundidouuaiiGernedn
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37 asAneanded Wuan 120 $lus nsuthanedsdunddedudu Tnedleuaruulivhfuauguaasgu
McFarland No. 0.5 (1.5 x 10° CFU/mL)

dmsunuaiiise S. epidermidis Way S. aureus wnzideduenmsivan Tryptic soy broth (TSB) wag Nutrient
broth thluignfimnaia 350 sousiowit Wuna 60-180 wiit antfuthanedendundntodudu lneisuaugy
TAiAuANYULIRSEIN McFarland No. 0.5
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a & 1Y) ° ) o | .. PN a a &
sarmwa@ea [Wua 18-24 Falus dwsuuuaiise C acnes Usilu Anaerobic jar figaugil 37 sariwai@ea [Wuian
120 Falu9 Tamuguee Microplate reader A3 1819AAY 600 Wl tHe1U Tugylin Benzoyl peroxide,
Tetracycline waz Clindamycin 1ugamiuaudsuan wazliomsideasoifugamuaunday

nsAnwanvuziuguIeveswuaiiGediendeganssAlbianasauLuudansIn
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Aududu 29% Wuiian 24 F21u9 §19898 0.1 M Phosphate buffer pH 7.2 $1u7u 3 5oU wazualiuiu 24 §7lua
ntuutluemueadiaadidu 30, 40, 50, 60, 70, 80, 90, 95, 99 way 100 Westdus Aduduay 15 Uit uazud
Wuuu 120 Wit dhluvinliuies2838 Critical point drying (CPD) wagiadousienesd neuthlu@nwinielindes
ndosganssmiBlanasounuudeInsIn (SEM)
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3
NIATIVFDUIVSAILOYYADHTE
MN1snTIvdeUgVEAIeUyadasYa1838 DPPH [3] vilagindiegwarsanau3uing 20 lulasdns naudu

a
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o
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211



NMUSEYNIVINTTILAUYIA IAMBEST ASad 10

O
The 10" National Conference on Informatics, Agriculture,
IAMBEST

Management, Business Administration, Engineering, Science and Technology

3. HAN1SANWILAZN15I50]

3.1 dnwasnedugiuvasnaniiauaznaninaonifinfinziissuufauiaguiziuandneiy

anvagvemeniinnduiaunndeiulunuaieiug lnednvauzaendinvauiolelyian TAFRS036 finoniien
617 10 11 wuflans Uanenendumedu Taudthema fduuaziiuom Tunnsinenfianduielelanan TAFRS018 &
Snunzudandrendlalsl nonnte 6 lwufiuns Funedy waeiifineniivetuiiu nmsieudieuimineonidiadils
MnmsnzdsiuuteuTagmgiunnisiunui aenifavauiefimsdssutoutanmneditides sy Founantud
Foglioremnaludnadau 25:75 Tinandnvowmeniingian dauandu Table 1 linduduliideseuivsznoude
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mﬂﬂ1imiaﬁ]aaqu'ﬁsmﬁ’gmwiuﬁmﬁuwvdw m'ﬁaﬁ’mmﬂmamﬁwéu%aﬁm%L??muui’amwwmﬁm%ﬁaslﬁ
m%‘aumamwLaaaimmmiﬂuamwmu 75:25 amaanugvnanYdesTinade uniu Imuamqwﬁmmwﬂmiaﬂa
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an qwﬁmuaumaaaiu el Q%ﬁ?JU‘ENLauLL“’UiJﬂlVIIT’ULuﬁ 1ummma13anmmmmmwamamwwaaawmmwauumau
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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° 1758 + 0.7° 175.8 + 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
75:25 223.8 + 0.8 n.d. 573+ 0.2° 20455 + 3.5
100:0 1623 + 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° 2278 + 3.5°
Ganoderma sp. b . b
50:50 169.3 + 0.9 n.d. 65.4 + 0.3 2457 + 0.3
TAFRS036 . .
75:25 186.5 + 1.8 n.d. 522 + 0.2° 261.8 + 2.9
100:0 1213 + 1.2° n.d. nd. 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 (Ot =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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3.2 NMsAnYIgNSAULUATISanadlaedS Agar disc diffusion

v

91INMIANIGNERIULUATILSY C. acnes FafunuafiiSonanivhldiindidniau wuinasatnainaoniiie

S

wiudefimnzidesuuiowiantidesliviSeunauivlidesldoansuansgrduwuafisegininaisainainiini

P

wnzdssuufoutanmizelindu q Wensuisurumduriiugudnansves Inhibition zone wuitlelwian TAFRS036
fimnzidssuntanmetidosliniSounansulidosfomnaludnsdiusiiy 75:25 uay 50:50 fvum Inhibition
zone WU 3.7 waw 3.5 wuRung aud iy dauandlu Table 2 luvazdtloloian TAFRS018 Amsidssuutides s
yFeunauiutideslfonamnslusnadiu 75:25 Tiuunm Inhibition zone Wiy 3.3 wufiuns nan1sAnuduandi
Fuhansataandiandulefnzdssuuteusmsidtides imEesuduesiussnaundniiqrifuuuniidegs

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 2.8 +0.7° 1.4 +0.1°
25:75 2.7 +0.2° 15+ 05°
50:50 35+0.2° 1.2 £03°
75:25 3.7 +0.1° 33+ 0.2°
100:0 2.9 +0.4° 32+ 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 (0t =0.05, ANOVA, Tukey’s HSD test).

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

3.3 M3WIA1 MIC uaz MBC vasasannainaaniionauie
INNANIINABBINIAT MIC waz MBC wudnansainaineeniinnauioleleian TAFRS036 Milnizidsauniau
anudosliiseunaniuidesldenmns Tudnsdmindu 75:25 fuseansamlumsduwuaiisenadms 3 vliala
1

S

padlan MIC siawuniitse C. acnes, S. aureus wag S. epidermidis Wiy 0.1, 0.75 waz 0.5 Hadnsusdeladdng

o o

AuaeU sakandly Table 3 AnNan1snAaedawandliiuinasanasinaausadudwuaiise C acne Fadu

wuaiSendnivinliiAndasniauldegnaiiseanamlnglian MIC fidiian

3.4 nsAnugVsvesansatarensdsunlaesvaduuaiite

vnsinwideswiuiisasuisnalnniseanguidiuwuadidereds C acne vesansatnainaenifianiuie
lolwian TAFRS036 mzdssuufouianiidesliidounaniutideslsionamin lushmdiuwity 75:25 Tnglindes
SEM Anwinsidsuutasessadainuuafise mnvasamaaasiilien MIC Sauuaidogniudaniaasyuudauy
24 $3lus wWisuifisusuvaeagamunudsaufie waduuafiSefiniynudniluewadsate nmdisainndes SEM
wandliifiuiansadadnarilfiinnisdnvinvendevuimad wazndawadvosuvailie (Figure 1) d5189119
asUsznoufuednuazindudnalsdiinulufinosngmisuuuaiide Tnevhan Berueaduasuiiaead 1inns¥alua
voslelananaduauwadaaeuazneluiian [6,7] mnuan1svnaesiannsnasuldludesfuin arsadaainaeniie
audeleluian TAFRS036 TimeidssuuieuianiideslimiFounauiulidoslionms dqnslunisdufuuadiFeds
aosviialagmaianentuvadveaLuaiiie

213



NMUSEYNIVINTTILAUYIA IAMBEST ASad 10
O
The 10" National Conference on Informatics, Agriculture, IAHBEST

Management, Business Administration, Engineering, Science and Technology

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
DR 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 2.5 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 7.5 20 2.5 10 2.5 15
75:25 7.5 10 17.5 20 12.5 >20
100:0 7.5 10 2.5 17.5 5 >20
Antibiotics
- Benzoyl peroxide 0.5 3.5 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

(A)

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.

3.5 mafinwgusfueyyadassuazandsusuaulusiivlsBiuavesansainainaaniin

NNSAENEIgVSAIUeYYaBasEaIe3s DPPH wud a1sainainaeniinvaudelelaian TAFRS036 Tlwiziides
vuneuTanuidesliveunauiviidesliionmns Tudnsdwiniu 75:25 dgnslunisiueuyadaseganviiu 93.1
Woesiud Funnfigadlefisuivansadaimzidesuutannizedadu nsnsiaaeugnidudueulelinlsdiuadadu
ulwifnedesiunssuiunisadiudadwaniiu 1neld38 Dopachrome method FsendeufiseneanTinduvesans
L-DOPA & afivoulasiinlsgruadudaisaufiserlun1siud vu L-DOPA LJu L-Dopaquinone waziud suluiiu

= < o v ' o < a A a &

Dopachrome &sazusingiluaisazanedduuns nan1snageunuinaisainainaeniiavnauie TAFRS036 Mnigides
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P2 o
a A v o

vufoutantidosliniFounaniuiidenlsionan ludamdmmity 75:25 Sgvddudueulsdinlsfiuavintu 62.9
Wosidud dsganiimsmsataainmenidinfimeidesuuianmssindy

asannanneninvaudelolsian TAFRS036 imwidssuuieutantideslinSounaututidoslionmn Tu
Snanduiify 75:25 wansquidusyyadaszuaranunsodudueuleilnlstiudlfogsiissavsamlunanieatu d
gonndpsiuedfoteunthiliinuhasatinannendiavauie Ganoderma lucidum wagifinuase Schizophyllum
commune ﬁqwéﬁma%aﬁaizLLazqméﬁu&wul%ﬂmiﬁma Tneflansedyfloangisfeansusyneuitueauazansis
ngwAu 8, 91 Fquzuzﬁa'ﬁaﬁ’mmﬂmamﬁmwﬂé Auricularia polytricha wawLiAL9SU Pleurotus ostreatus ﬁqwééf’m
ouyadasy uilinugrissudueulesillstiua (9] Halanuuandsvesmifinuentusgifumeiugiia Bnsade way
yiavesTanunsdsinadeUiinnuasuiinvesarseanarisnisdinmlusenisia [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 NMsAAiBsAUsENBUMBAivBsEsARnIINABNIRdELATE LC-MS/MS

yhmsinmesduszneumaaiivesmsataaneeniianauieleluan TAFRS036 imeidssuufouianiides
IEsunanfuiideslfonam ludnsdanuity 75:25 TaglfiaTes LCMS/MS navedlasulnunsumufinvoans
pongrimstanmaeviadiidnenwlunsiuuueiiSereds dusendintu uasdudueuladivisdua nuans
Ainszvinudn ansddaiinuluuiuagegn fe a1s d-(Aminomethylbenzoic acid Feilfn m/z = 152.05 7 retention
time Wiy 0.91 Wit FsiienuiilgvsiuuuaiiSereds fusendindu wezdudueuluiinlsdius (Table 5)

uenani é’qwuaﬁaaﬂqmémﬁqmwsﬁﬁm Helvolic acid tkag Echionocystic acid %ﬂLfJumiﬁ’lﬁﬂﬁﬁqwémﬂ
WNEWINGIAYA U nuﬁgﬂmmiaaaﬂqw%‘ﬁm@ﬁum%&Tlé’ [11, 12] sansinwiuansiidiuin asadnainnenvaude
TAFRS036 ‘1'7iL‘wwL?ﬁyﬂwui’aqiﬁa&JlﬁﬂqL%Bumamﬁ’usﬁyl,f?{aaiﬁsmvmw Tudnsrdauwiniu 75:25 Sdngnmitaziinluiau
sosenduuvasesmssengrinsiinmiidvsslomiludugunimiararmen SavzaiisosunsTs ansossi uay
AukuAfSenedlunameiu
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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 CsHsN5O 152.05 [13, 14]
Helvolic acid 15.99 CorHs5,08S, 569.31 [12]
Echionocystic acid 17.24 CaoHsoNOgS, 657.36 [11, 12, 15]
4. ayd

ideslinisouannsndanldiduianmefanduionaunumslétidesldsnsnaldidusned aunsnan
sunlunsdedideslsenamsls ansatnanaeniiavauieloluian TAFRS036 fqvimanvdonsgeiigaludiugvs
Frusendindu qridiunisairadediuaiiy uasquiduwuaiiSened annsalddidesldnsounauiul dosls
gremsTlunsinzidewinld yilildneniiafidgnimstanindunvdiensgs nsAneluadsinandidiuiansaro
nvauiefildinmamizidssuagmizgaslnid fdnenmgdunafuwmdwesanseonguimsdanmansssumni
eansoluiandundatasingdions viodunadlundniuriuainfiviofuoyyadass anmafinds warduds
nsrvtumsadadiaduaniiu egslsfiniy msiinsfnusesenludunalnnisesngys auasade wagdseansnm
Tuszauwaduazdninaass neunsihluiaudundndunidondydlusuan
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Moisture content prediction of animal feed pellets with different drying models
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AdAgy: WuUTIaeINITOUNAS, Winemsdng, aququﬁmﬁ, iwvezBunid, vigdladiun
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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° =

11 wazgansinien nfeundldnszuiunisudnadieivnuneunt [11] Wednadwudldneadneimsdaandugui 1
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2.2 nFEUIUNTRUWRIAIEWgdladiun
nsneaessLiiun1sniy Maikaew, Phetkeri [11] tudaomsidluiosounss adias 2 ke lneilaugaun
11 cm Tngldmnusianegil 10.3 m/s silsiAnnsigdladiedunelusosouusis Inefmuagamgiivesaiasina
$ou (heaten) 70 90 uaz 110 C ndsaneuwisluusazgumgfifing 5 10 15 20 uag 25 min tisinemsusidluud
zﬁmammmﬂ%mmmm%u (moisture content; MC) Ima%ﬁmﬂfﬂuﬁnﬁdw@uﬁum w,) Wuthuidn 15 ¢ Tdludhe
A tuogiidion (moisture can) ua miﬂauiamwmuwaamaaawwmiumammwammu 104 °C WJuwaan 24 h
mawmmmwmmwwm sleasunaudriudiaonsindanmbmiiniivasvions (W,) udaduimmuinueuiy
aannsi 1 aemliﬂmuﬂﬁmmmwmﬂmmmmﬂmamimaaﬂuﬂmmmwuﬁ%amwmu WawNgwaunad [12]

Ww Wp

MC(%) = x 100 (1)
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SUT 2 uay 3 lduansnarensnsIadeunIsuIsANLT wad sy sInauuaznsINTEUBNAINEIRUR 1Y
wuaeadmnu] nuiduenutuivuglusuuseestunsasedlléwedtu dmadenisvusemiutuluudas
gaungd [13] egnlsfinuannsmsisasunuian R fuwildufisdu uas RVSE Suwliiianauioguugiinseuuts
getufauandunsed 2 iesniduiunsiigunginiseunisgsianulndifuganismnassate edAnedsves
LUUTIReINITe UL Iagungfina 3 dunalddigunsinssueniidade R iganiivessunsinan wiouisaiade
RMSE Aituieniuiifidntosnd dwmariliuuudaosgunsanszueniifianulndifsstusunsaiadimsiuneaudud
wiugnannnin [14] uweeghdlsfimumsvusveas 2 sunsslutisnaniiannndt o 8 5 i Fudutaeiinavesnis
ywsanutuiuaiiedisniiaruiuei visvsenldhinisundvesenutuiiiniuluudmaeuFuinisgidnlu
Faaail 10 Wit widmeufiFugeandnasslutasnadtaud 15 uituly Famuirdidfususugsegasns
\Hosmnmisldansanuaissddinngidunsmesiusuuindeiiag
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319l 2 1 R waz RMSE Tunuudassmseuuiadmquiusazoumnd
U39 gaumgdl (°C) R? RMSE
70 0.8095 2.4
90 0.9063 2.1
NNNaU
110 0.9366 1.9
\nde 0.8841 2.1
70 0.8484 2.1
90 0.9470 1.6
NANNITUDN
110 0.9642 1.4
\ady 0.9199 1.7

3.2 WUUa89sEUEUIBITRILAY

U7l 4 uay 5 uansfauuuiiassanszfeuiBiBeiiavanngunsnauuaznsanssuenamadiy Welfivuiu
wuuSaeInseuLisienguindiasnuid R flndiAss 1 manndwie 2 5Unse ndeuris RMSE ftosndn iflesunan
mevhweaAIy fuuuassuifeuitideinardaruandenlunsmanutuiifienududoulasausay o
Tfleumngauldidusened (15, 16] unndsanuuuaemguifiesuisnssemvevesaudulduuiiumangues
fland (17] wuiedudlowsngar R wuindBsgamgiluniseuuiafistuiiumliulunisidisduvesdn R daedidle
Wisuifleuan 2 sunssiiiueeanuduanuuuaessudeuitdsiaey nsanisnsaaaulaglie R way RMSE
nuduuuassnisounisgUnsinanien R i 3 guvndlndiAes 1 winfian Jandinomnsiiuualiulunis
sumefvasauuseninanlf duegailununiaifanonduhugusnsauyavesdiae g fegunsanszuaniisl
aulndifssiusunsadinemsaiaedan R Adesndngunssnaudumsznissemesenuasirludnomsluun
anuenfiunliuiazgnesuneladliiweinduluuaiad uiegrdlsfnulunuuirasmsainszuendan R fannd
0.95 faifufitheensulumshluussgndlilunsairsuudassnmseuns [18] aavhedlumsasauuusiaeimsen
WnownsdninnverdunidiesuleuiBideiiavsunsnaunuuiangamnilutanasilimumngauiia dedmasie
nmsmueildnilunsenamnsailaglnnaiifian B Alndides 1 Dedunuamuazssavsamusssanius [19]

30
e 70 Act e 90 Act e 110 Act

25 8
—70Pred —%0Pred —110 Pred
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R? average = 0.9903
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. &
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vianlunnsauwiy (ui)
JUN 5 HaN1INTIIAUNTYINNLANILANLTUTUNTINTEUBNMETTLTWUAY
M19199 3 A1 R uag RMSE Tuluudnasinseunisssileuisideiiavusiaggamnail
JUN39 gaumgil (°C) R? RMSE
70 0.9866 0.6
90 0.9901 0.7
NINNAU
110 0.9943 0.6
\aY 0.9903 0.6
70 0.9587 1.1
90 0.9612 1.3
NIWNITUBAN
110 0.9739 1.2
\aY 0.9646 1.2

3.3 Mauwsanuduludinems

miﬂizmsﬁa‘ummm%ugﬂﬁwLaua”lw,mumwmuﬁﬁ (contour plot) fauandluzuil 6 finsnszanesves
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mawsTesnNIw N Tunngunglifiiuty Sedwmadenisanawemdsnuildlunszuiunsouui wasnaniR
Fusnen uenaniuuuaesiildansaldlumsiunemenaniAfiusuuadumumaundvesnutuld wu ard
vosusug AUl uszezaTlumsouuia [21] uaznismvaunsaiafivlavesdesiluin (22 Hudu
otalsfinuauiselusuianaisfnuinvuiiassveuinoimsluaniiziigumgiilias (Non-isothermal) Lite
Wisuifeutunisadlinauuuil wieuiamsmauantiifiadyfasudadulunssuaumsouits wu A
Ay msasedilui Anuaasolumsazaiei viesydulnguimsludiaoms Wudu
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The effect of soy protein and wheat gluten ratio on physical properties
of plant-based meat ball analogue
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UNANED

nsanwAsalilingUszasdiieAnwdnsnavesdnadruseninalusiunivades (X,) uaznginudniand (X,) ve

authimenisnmesgniudsuuuiiiedn (PMB) Tasoenuuunsnnassuuunas (Mixture design) nuindadesi 2 Ta)
inasioA1dves PMB ag1eiltad1Ayneada (p > 0.05) wupnudunusszning 2 Jadedvaudanienieninuss PMB
NUTIHAMUFUNUSUUULEUATS (Linear) AU Gumminess LazilAMUFUWUSWUUANN1TAN89884 (Quadatic) iU
Chewiness (p < 0.05) uagfimudiusiuuauMsfdsa (Cubic) fuanuausalun1sduni (WHO) ulethaunis
Afenuduiugiui 3 11J‘1/‘hmEJWiné’m'l?huU'%mmIﬂiauﬁamﬁaummqmu%ﬂamﬁﬁmmzamﬁwﬁﬂﬂﬁwmm Ao
THUsfudundas (X,) Wity 20 dw wazngLaut1IEna (X,) Wi 30 du

°o o w

AdAgy: lUsiudumies, ngimud1iand, Wsiunaunuainiiy, aud@imenienin, anuaunsaluniseunl

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 (WHC), These
equation was then used for predicting the optimum X, and X,. It was found that the optimum ratio was X; : X,

at 20.0 : 30.0 which was suitable for further development.

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

1. unidn

Hagiugramnssunadesdnitelifemadeuslaanmgionadsananmsvdesfedounszan ua
Fnnmelanieu dwanszvusiorusiuamisomns Wesnmsnaslusiuandailininenslumssdaunnitenms
NWY 3-4 11 éaﬁﬁﬂﬂémiﬁﬁmﬂaqwém6'] Tnetinideuazenavinssuemstiteimunuy Ja \HodnT uazwinsasl
lamudenainunasiigsingg lngldnaluladuasuinnssulunisudalusiuainiiv dnaamlunisiiluussendldly
goanunssuewns osnniulusiuiivildine sialsiuns (4] ssderiunguduilnauuy Flexitarian fundu n1s
dintuvessiunungulfudssmuteaisfuasTussmnuiiiaisindenubangu andunduiuilnandniitieduiedoy
nsldlusiuanivlundndueiomis (6] aEmliﬂmmNamﬂm%mmiﬂiﬁﬂimumr}wm fedndavateUsensnenis
sousuveauilan sanfanduiivnszgada mnufnalferiuemsdaudasiugnssy dumu anallsiifoswonisi
Inwnnsiteadesivansemsses mslifingsuifeudunudasads wagnsidudunaniidnsegauszasdluns

duaduguan Jagtunisamuinusdedasinldlusfunniivdidneniniivzdeliiiansdsunuasegasniilug

a o

nsuslaremsiddunasideguaimluinitlueuiandulndll [10] ndndueingunaunuilednidiulvnginazny
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Hmluduvesdnunnieduda Seanslelnsroansefavannintieusulsdnuusdeduiald aslalnsneanossius
avuiindsmarodnuudeduiavomanturiunniieiu drulsznoundnvomantusimauwnudedn? fo Wefuadn
1Nl uiazuusuAfazdonldingAuiunnssiueenly uifdouinidu Tsfudamdes (Soy protein isolate %38 Soy
protein concentrate) 1UsAUT17818 (Wheat protein) TUsfudaduinn (Pea protein isolate) %3 991914 1UTA UNY
wnnnimissiananiu wlusfiudnanaggnianuausudituiio inde Iniu ussg leewns w3eane Afadnan
sssumivioasidlassaiendnessatngilvaluiodns ndusa ansfitnglunisduh Tagidetuewnsiidaelumsiy
sUnasnsUSuLedura ansfusendiedu/mstioatunisitu msdugdunid Fudauasuiinailifuanmatumagns
vousazIUTLS WAnfaeuselafthdunanlukunssuumsitetugirdunauiidnuundudu 9 adefudule
Tugwidodnd (Muscle fiben) uazdsianudulndidsatundnsuaidednt Ao 50-70% 7 eTnnidevuomsuaz
nsgUIUMINAnTiles Aaelinansusinaunuilodnd dsanfussidedudadlndifestuidednfinnnilusiunens
Tusfunuasinndundesiiataiiuosnudmriiunszuaumsdanesiinnuiius (Low-moisture extrusion) vhls
wAnSuTTdnuurNedy uardoudihnowiuUsemns (i < 8%) (3] fudufiunlunindendnudniwaves
Samdnilusfuduvdosaznguaudnandirdnadednumduneniwuesgniueeils SnietmgAuidensly
nsAnytumteldine aliwnaanduingiuilndidesiunsdluiomann Seflonafiaziddratnuasinun

fagan boiuTuluauIAn

1.1 YaULUANI5INY
1.1.1 Anwimaaesdnsdrusenindlusfiudundes (,) uagnguaudnma (x,) lumsiauigniudeunuy
o nnfivnumssenuuunisvnae LUK
1.1.2 mavagevaniinismenin léun nisinanddeiniostnd Yanudnuusniedudavomanasigniy
Bounuul ednianialaoiad oatad eduda (Texture Analyzer) Tauuu TPA lawn Hardness, Adhesiveness,
Springiness, Cohesiveness, Gumminess gy Chewiness LLaﬁmmmamWia‘lumié:uﬁ”n

2. 35n15ANEN

2.1 IngRuuazansiall

nguaudandualedelasindvean 1nu3s ngunwed 1A weyn 2nUTEN Wil weads S
Tofeuluansueiun B0 McGarrett uazlusiufundos uthifudiuends wevn §679m inde winlneandu mneaa
viosdukagiaassnauinelusineiiomasgy Smiaunsusy

2.2 MsinIgNIngau

nswdeulusiuduvdes wisildanlflusfuandundos nen Wifiunwns wdnlas anfuduniuaginm
wansSusTosIInendeinuaseans lnsdeanaaiaresdu (ra1adny) gnoouasUgy Jminuasugy 38013
wisuliilsAudaumdes (X)) wiludgumginesunu 1 43lus wdrdudresn Junerudieindsetudnalsd
BLENDFORCE (TEFAL, Model BL478B66, France) Anal3250usesU 1 unn 20 3wt arnduiadulilunivusiiiese
IVRISUEARLY

2.3 nsBugUnAaiouel

Fafminnguutnnad (x) usfudiusnds myn inde Tedeuluaiveiun winlnevndusagoan Jou
Kumzunssashulnduveedosiuiwalsl BLENDFORCE (TEFAL, Model BL478B66, France) anntudslusiudaunies
(X,) Fwdenls e §81917 waziunsdwldaduladu Judornuigaseusesu 1 Suan 30 Jundt aantauduni
dnfinde uarilusedn 1 wiit Mnduhdunaniitwaiaiovsesudmnunsolurunauuimionzazls wanau
drunaufoududoifortu daudsoonindaimin 8.0-85 nfu uddundeduliisunsadunausuieatugniu
sinlHlundesUszua 2 Falus udrdsthnanludufengungd 90-100 sswaidea e 3 wiit 9t lusinlui
Lﬁuqquﬁﬁﬂﬂdw 10 pareaidea iuan 1wl udnhtuitnuunzunss ﬁ]’mﬁ?ﬁﬁﬁ’ﬂﬂﬁﬂw’lﬂmauﬁamqmamw
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2.4 NNDINKUUNITNAADY
MINN130BNKUUNITNAGDILUUNEN (Mixture Design) luguuy D-Optimal Fumunzauiuyiavesseauladen

v
a a

ymsane deldlatvunansuduann 0 [7] Tnglunisdnendl dladunisneass Ao TUsiudamdes (X)) uaz ﬂamu%’n
a1a (X,) ) Inedvrensnanvaslusaudwnd os (Xy) 20.0-30.0 % uway ﬂamuﬂunma (Xz) 20.0-30.0 % ATUIAS
Aipswmanuduiuslnenisadrsaunisanase (Regression model) Ya98AsIEUNELTTS 2 Lwawmmmamwmumi
naufmnzausoaudansnenmn Tngldlusunsy Desien-Expert Tngfinnseanuuunisnaass siamn 9 gns Uanaea
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

2 275 225
225 275

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 naAnwauanTAnnEn e sHAnsusignudsuLuuitadataniy
251 mIlnrenuawiedudavomantasigniudsuuuuiiodniands (Texture Profile Analysis)

JAALTINARIBLAS D93 1ATI¥Y LT oduE (Texture Analyser, Model TA-XT2i, Stable Micro System, UK)
wieauia T oduiavila Cylinder probe L uruAuENas 50 Zadiuns T Texture Profile Analyser (TPA) 1Ju33
nagouifioinneideduiavosomslngldusnadeimageuwutuiuuuy fduihugunarwualugnigniu
nnasuugniu 2 afs iledaosmsldituunewng neldaeuianguresomadiooonussnaudainduiugdls Tudas
videidagunss (Springiness) 14 indislutnaiduriugudnana 75 fadluns fvua Pre-test speed Winiu 3 fadiuns/
AUl Test speed Wiy 1 fadiuns/Auf Post-test speed iU 3 faawmns/Aud uaznaasluiveay 60 vesnw
awheena [1] dndogndliifivn 12x12x12 Tadins nefadegisay 3 41 vhnstufinarauuds (Hardness) s
fnfinuase1ms (Adhesiveness) Arwansalun1sines (Cohesiveness) Apnudamgu (Springiness) Afio1msAs
wisfiunndreeniundouiiaenduld (Gumminess) wazauendelumsiAsIfiegns (Chewiness) thdeyafildanns
naaeIlUlATIZYiNaN19ahA

252 MIAATEERUN IR UATomAR AN TudsuLuuLEedn Taniiy

neiseiendvemantusigniudsuuuiodrinnds laomsmaaeudarmaing (L) aduns @¥) ed
wides (b)) vesiegniudsunuuiiednianiiy n3esinadlussuy CIE LAB (L* a* b*) TneldinTesindaiUalalyl
Tnsilmes (Colorimeter) (%o Konica Minolta §u CM-5, Japan) AaenIsguiegne gntuduIL 5 gnegns 119egns
Tuatuses (Plate) flas 1 gn udrmsuuiaiosiadaseusiensrusniiuuas anduinnisiad s1uen wazduiinua
ALUAIEAIN #3UQ1 [2]
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Fajrmingniuriounauazudang
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NNTANITNYULNNNIEANYDI PMB 713 9 g5 laeiilaidSeuliiguanami 1 wuingnsn 7°,8° uag 9

Falensrdrusening X, : X, wihitu 30.0 : 20.0 ﬁﬂ%mmmmLLazﬁU'%nmﬁuﬂamﬂﬁqm qmsﬁ 2 U9MT1EIUIENIN X, ¢
X, Wity 27.5 ¢ 22,5 fenunasiifiufinsesasn drugesiidanuduuasiiiuiatos 1dungnsd 1%, 6% daildnsrdau
FENIN X 1 X, 111AU 20.0 1 30.0 'ﬁa\‘iaamié’ufiqmﬁ 4% way 5* Fonsdinszning X, X, Wiy 25.0 : 25.0 wiilile
firrsandududnsvesdiunamuingnsfivszneudedunanvaslusiudandos (X)) snnidesay 25 July waed
YSuaungiaudiand (X,) fnindeuas 25 avﬁé’ﬂwmzLLavﬁﬁuﬁamauaﬂuﬂﬂﬂdwamﬁﬂssﬂauﬁaadaumamaq X,
nImsawinAuseas 25 waziusuia X, innnimsewinduievas 25 Singh and Singh [9] TeulaTaselusiu
waznsiidiulsznousesdug ua‘wawamammmmmiumim%m LLauu’mmaQﬂaLmu eilasiuldinUinames X,
firudndysednuaemanenmues SaUsinames X, indwasilidnvaritufnameuenes PMB finruuasiovas

o 1 g 2 g 3

FrY - L

o 4 pm S —
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Figure 1 The appearance characteristics of experimental plant-based meat ball analogue samples

HANSNAFBUAMAMNNAUEN WUz lodulavas PMB MieiA3adiaT1eianvaziladulaninns wananan
Table 2 Wu31A1 Hardness, Adhesiveness, Springiness ag Cohesiveness iﬂléjﬁm’mﬁmﬁuﬁﬁuﬁmmfmauﬁﬂaaﬂ
(X, , X,) ognetmau Turazyinn Gumminess wag Chewiness dinuduiusiudulsvisaesegsiitodfny (p < 0.05)

A a o o« a4 ko * A o . A ] A 9 A a .
Ineiinansiuel PMB gasn 17 nU 6 AAWRRY Gumminess §aNdn JIUgATy a® fy 5* fidady Gumminess qﬂ,u
T¥AUTEIRINT J9A1 Gumminess AednwaurNomINeIlwunnfeonauitan1Iziavnduldnuneaiuit PMB gnsi
* o * - & v é v v X v 1Y) o = = VIR R

17fu 6™ uazgasn 4° fu 5° dedldusdlunmsifigronsiiunndisenainduuindeansaniuld asludsdidnuae
edudawiuuinnin PMB ansdu uenainfle1 Chewiness Faudundsnuiildifeiomnsudauiundoufisvndu
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AL PMB gasil 1%7u 6* uaggmsil 4% fu 5 dedldusdunaifvnnniemsisramsownndald dufle
PMB Qmﬁ 1*ffu 6*LLa3§m'§‘171" 4% fu 5* fenvasileduiafiuda LLa%LLﬂuN’]ﬂﬂ’j’]Qmigu INNANTIINAFOU AINAILAAS
AN USunauves X, waguSunu X, ‘ﬁNam'aﬂmﬂmmaé’mé’ﬂwmmﬁaﬁuﬁamm PMB TnewiloUSunm X, 1findu 9z
dawalst PMB fanundauazaudanguifisiy

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 () ()
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 + 4251
920.93 -328.99 0.73 0.66 602.83 437.43
’ + 75.87 + 64.85 + 0.02 + 0.01 +42.27 +43.24
. 1164.17 -532.77 0.75 0.60 569.41 428.09
+111.71 +121.13 + 0.01 +0.04 + 92.25 +71.14
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 + 1451
; 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

NAN1SMAZDUAIAINETN (L¥) ANFLAs (%) AELndea (b) w8 PMB feta3asinand uanwwads Table 3 lal
wupnuduiusvestiadeis 2 dedud (p > 0.05) lusuguauiElunisduhwunnudusius (o < 0.05) Fsanuannsg
Tunsduh (WHO waneds anuanunsalumsduimessdnsusidegnussiaviousing [11] vl X, uag X, el
amuannsalumsgin lessaisedusiudundesdinanssnuoghanndeanuansalumstniuvi Wshudundes
flsignuavednfiuildunnilusfudumiomuuun 5] Tudurengmuinaddeduiinasnnivasdarnuaansoly
nagaduifigstureanguin Feasaunsausdlahiivinautigs 18]
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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 57.17 £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 2.73 +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 +0.40 891 +0.53 379 £ 0.75
8 54.23 +0.99 0.22 +£0.10 10.07 + 0.26 527 + 0.61
9 54.44 +0.10 0.20 + 0.06 10.30 + 0.93 4.04 + 0.76

PINMTBATIZREUNSIIWE WuTaunnsAuduTusTiansath luldvhuemusinallsiudavdewas
ﬂ@‘mwﬁnmﬁﬁmmxam ¥uA aunsAruduuEdshuUsiEaasd (p < 0.05) fu Gumminess, Chewiness uas Water
holding capacity Tngguuuuvesnmdiiudsnindlusiudumassuagnguauinea Sarmduiusuuuidunss (Linear)
Gumminess JAMNFUWUSULUUANNITANGIADY (Quadratic) iU Chewiness LagilAUFURUSLUVANAITAIE 8L
(Cubic) U WHC il arwuminasiiil oUssunasnsdusening X, - X, #uaunsa@uainan Gumminess i 600-690
Chewiness i 430-660 waz WHC i 4-5% a@nunsaviunesnsdiuiiimunzan Ao X, = 20.45 % waz X, = 29.55 % 39
Lf]umﬁiﬂé’lﬁmﬁuqmﬁ 1*uaz 6% vosmsanwll Ineiian X, = 20.00 % uay X, = 30.00 % winAnsardndod

nsUsuUsandRiumugangulinniusely

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*
X4 410.75 254.54 4.40
X, 688.91 456.71 5.06
X,X, - 273.15 0.69
X Xo(X-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 0.9174 0.6376

X, : Soy Protein, X, : Wheat gluten
*Significant difference at p < 0.05
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4. #5UNaN13IY

NnNanIaaBINUIERTE ST Al IvAeaznguinand Lifinadededisdniou witinasiondy
g1nd1elun1sineafiete (Chewiness) §siianuduiuduuvaunisidsaes (Quadatio) daunsdlunsidesliuandy
uisanugiognduld (Gumminess) faruduiusuuuidunss (Linear) uazaruatunsalunisduin (Water holding
capacity) fiauduiusuuvaun1sidsans (Cubic) anmsvinnelagldaunisanuduiusdnans nuindnsdmid
wnltilupundululsfisslufmunsslaun X, : X, wiiu 20.0 : 30.0

5. Recommendation

Handsigniudsunuuledninniilaannisfinuildenhluimundensinunisuiuuuiledudald
ANNLAZANST LastiuAIUEANEUTDINERS RN TY

6. AnANSsUUSEAA

Y8YaUAN AMIIITENIATYINALLLAgR IS AlEIAINTIUAIAnSLaznAluladgnavinTTy WM Inedy
Aavns Abinsatuayunisaniunsideluasel auduiaaaslulamed veveuam AmusuIng 9dwn uae
N35UNSHIANTT U3 wu lulawa I Heuaseviingiuuazansialdmsuatuayunsaiiunside
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