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Abstract

The development of crispy pork stick products is a research topic that Songkwang Green Food Co., Ltd. wanted to
develop a new processed pork product that is rich in nutrients and can be eaten with breakfast in the hustle and bustle
of daily life. This research aimed to determine the optimization conditions of the crispy pork sticks process with the
microwave method, which analyzed the nutritional value and shelf life. The central composite design (CCD) was
designed with the variables in each factor including 70.0-75.0% pork (w/w), 4.0-8.0% soy protein extract (w/w), and
carboxymethyl cellulose 0.18-0.22% (w/w). The lack of fit test showed that the model did not differ statistically significantly
(p>0.05), and the value obtained from the prediction equation consisted of 70% pork, 7.57% soy protein extract, and

0.18% carboxymethylcellulose. The product had the energy from fatty 104 kcal, total fat 11.5 g, saturated fat 4.25 g,
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cholesterol 79.8 mg, protein 52.3 g, total carbohydrate 24.8 g, and dietary fiber 0.61 g / 100 g sample, respectively.

The crispy pork sticks packaged in nitrogen-filled aluminum foil bags (30 g) had a shelf life of 18.5 months, and the

aw was 0.28 at 35 °C. The entrepreneurs can take the newly developed and commercialized products.

Keywords: Crispy pork stick, microwave, soy protein, carboxymethyl cellulose, response surface methodology
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Optimization of crispy pork stick production by microwave heating

using the response surface method
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WiNATU 5 mm W&z Trigger force WINAL 25 g STH9TUHA b
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RMS =100

N

a a e
138 Yexp fla AaauanaIn laannInaassd
Ypred fia naauanaf laannsrinme

N Ao ﬁi"lmwiagaﬁvlﬁmnnﬁmaad



Nantha Pengnet and Darunee Nak

3. myienziamamslnawinisuazns
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Talasian
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anflulaasarovua loawns viana Tmdow Sanfiud 1
Senfind 2 uaaiduuussinan lagdsdagneiinmeinives
Ufiansfi ldrumasusesauanasaw ISOIEC 17025
msﬁﬂmmﬂqﬂmﬁu%fnmwﬁmﬁmﬁmmidaumaudmﬁu
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Suppakul, 2016)
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sunInanasuuLNALLIduANUFNRUETUEY (inear
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RsENANULT A ouasaunsInaduL sz ENs NN
daawl seduaatnlng 1 nunsanuiannsiany
Wdefominzanfiasinurnmednld uazdn model
significance 283a1ANULTINAEBENTY 0.05 waadde
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(Figure 2) @sluduaausasmsuanaurinlilsauaniiia
wyiiansgadvaninausrsumavesldsiurlidin
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Optimization of crispy pork stick production by microwave heating

using the response surface method

ANUSINIAINUE N ALY 0.0030% Az 0.0038% 9
" RMS 1910NE9nNUaaNALAA I 8INMITNINEINNT
l¥qun1361n37 20% waasAsailaannisvinwed
ANUAANALAAaINNFNTS %Y (Julian, 2004) INNHANNT
nanosduiwinaunsfildanis 2 sunsaa A
(Y, WazFUSN AN (Y, FanutnansauLazLke
Lﬂmwaﬁazﬁﬂﬂ%ﬁmmgmmaamuwauém%fumswﬁm
wyurisaunsaule

DESIGN-EXPERT Plot

Texture
X = A: Meat
Y = B: Soy protein

==
SSIRRY
Actual Factor OSSN
0 SSOSSOSS D
SOOI
S
)

C CMC = 0.200

4.00 70.0

Figure 1 Relation response surface between meat (X1)
soy protein (Xz) and CMC (X3) on hardness (Y1) of
crispy pork stick product

DESIGN-EXPERT Plot

mC
X = A: Meat
Y = B: Soy protein

Actual Factor
C CMC = 0.200 399

MC

8.00

B: Soy protein 500

4.00 70.0

Figure 2 Relation response surface between meat (X1)
soy protein (Xz) and CMC (X3) on moisture (Y5) of
crispy pork stick product
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Table 1 Central composite desi gn andresponse variables of crispy pork stick product

J Sci Technol MSU

Independent variable

Response variables

Run no. Block Hunter Lab Hunter Lab Moisture
X, X X (Kgfimm?) L* value a* value a* value content(%db)
1 1 70.00 8.00 0.22 3.15+0.60 47.23+0.47 15.28+0.19 29.17+0.48 45.30+0.22
2 1 70.00 4.00 0.18 2.78+0.03 43.27+0.54 14.68+0.10 27.02+0.47 36.16+0.74
3 1 72.50 6.00 0.20 1.17+0.30 42.70+0.19 13.86+0.21 25.23+0.41 34.33+0.53
4 1 75.00 8.00 0.18 2.23+0.07 47.02+0.15 13.02+0.10 27.83+0.28 36.01+0.47
5 1 75.00 4.00 0.22 3.12+0.06 42.09+0.14 14.114£0.12 26.05+0.21 37.134+0.42
6 2 72.50 6.00 0.20 1.16+0.26 50.30+0.19 12.49+0.06 26.47+0.27 31.60+0.75
7 2 68.96 6.00 0.20 1.95+£0.43 49.03+0.34 12.51+0.29 27.24+0.45 23.2040.01
8 2 72.50 3.17 0.20 1.94£0.12 46.80+0.29 11.22+0.06 25.05+0.47 29.15+0.54
9 2 72.50 6.00 0.17 2.25%0.18 45.69+0.74 15.00+0.15 27.78+0.32 33.91+0.62
10 2 76.04 6.00 0.20 2.12+0.39 50.58+0.43 12.77+0.14 27.65+0.42 39.31+0.25
11 2 72.50 6.00 0.23 2.51+0.32 50.68+0.38 11.05+0.11 27.03+0.10 42.02+0.20
12 2 7550 8.83 0.20 3.00£0.69 55.50+0.47 12.90+0.32 30.33+0.48 41.90+0.95

Data are presented as means + standard error

Table 2 Regression model of crispy pork stick product

Physicochemical properties

Regress Coefficients Hardness Hunter Lab Moisture content
(Kgflmm?) L* value a* value b* value (%db)
B, - Constant 1.18 47.57 13.24 27.24 32.05
B, - Meat (%) 0.06 0.10 0.002 -0.22 5.70
B, - Soy protein (%) 0.37 2.65 0.60 1.42 4.51
B, - CMC (%) 0.09 0.76 -1.40 -0.08 2.87
B, 0.42 0.065
B, 0.64 2.20
B., 0.59 3.42
B, 0.22 -0.182 0.30
B, 0.50 0.720 2.50
B,, 0.21 2.59 0.800 7.78
Mode! significance 0.0020* 0.2834 0.4546 0.0261* 0.1447
Lack of fit 0.0967 0.8480 0.4710 0.5727 0.3467
R-Squared 0.9996 0.3623 0.5765 0.6663 0.9659
Adj R- Squared 0.9976 0.1231 0.0684 0.5412 0.8123

* Significant at p<0.05
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Optimization of crispy pork stick production by microwave heating

using the response surface method

Table3 Verification of the equation response actual value and predicted value and root mean square (RMS) of hard-

ness (Y1) and moisture content (Y5)

Standard Variable Response
order Hardness (Y ) Moisture content (Y )
X1 X2 X3 Actual Predicted Residual Actual Predicted Residual
value value value value

1 75.00 8.00 0.18 2.23 224 -0.013 36.00 36.10 -0.0469
2 75.00 4.00 0.22 3.12 3.13 -0.013 37.10 37.20 -0.0469
3 70.00 8.00 0.22 3.15 3.16 -0.013 45.30 45.30 -0.0469
4 70.00 4.00 0.18 2.78 2.79 -0.013 36.20 36.20 -0.0469
5 72.50 6.00 0.20 1.95 1.94 0.013 34.30 34.10 0.1880
6 69.00 6.00 0.20 2.12 2.1 0.013 23.20 23.20 0.0469

7 76.00 6.00 0.20 1.94 1.93 0.013 39.30 39.30 0.0469
8 725 3.17 0.20 3.00 2.99 0.013 29.10 29.10 0.0469
9 725 8.83 0.20 2.25 224 0.013 41.90 41.90 0.0469
10 725 6.00 0.17 2.51 2.50 0.013 33.90 33.90 0.0469
11 725 6.00 0.23 1.16 1.18 -0.018 42.00 42.00 0.0469
12 725 6.00 0.20 1.17 1.18 -0.0083 31.60 31.80 -0.2820
RMS(%) 0.0030 RMS (%) 0.0038

NNNAMTNAREIEINTAYI TR aW
snSumnianyurisaunsaudslulasiw anldsunsy
Design Expert la8n1311 ARUNNITAADDUULUNANN
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LLuuwv;mmmﬁmmmmiam'sﬁ@umgmm&umau
nau Taarnuadniimanssuwiio fuiantaanuud
mﬂ“?iq@LLa:ﬁﬂ%mmmm%uluwaﬂﬁmﬁ@ﬁﬁq@ WU
dwnwﬂﬁ&a%g 70% lusdudnaesatia 7.57% uazans
uaﬂ%mw%mﬁnagim 0.18% (ugnsfimanzaudany
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AnsrorgmanuSnsmdaimwrivgurisaunIaual
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24.2 3 lodon 1579 fadaniu Faniud 1 0.57 Fadniu
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Namsﬂiuﬁumqmmﬁu%mmwﬁmﬁmsﬁ
wywrisaunsausanlulasanlugsegfifiounasduunidy
Malulasiau suraussy 30 niu lasniafiuinm
ﬁqm‘mgﬁ 25 35 uaz 45 avaaalbos iwizpziaan 12
§Ua wud dnd L agfluga 23.43-45.81 fnd a* fidn
FoWIN9 12.73-15.94 URANE b* 55WIn9 20.93-32.17 &9
man?ﬁmmJawaa@h%ﬁLﬁﬂ%mﬁ:aaﬁnﬂqm‘mgﬁuamm
PoIMBAUT NI fiuutn Aranuudsasnaaiaeiiien
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fin water activity (a ) VOINAATUYINY UYL
aunsauluszninensiAuSnsfiaurinAy 0.028-0.381
(Table 4) G9fien a_ @ni 0.6 Lﬂm:ﬁuﬁqﬁuﬂ‘%ﬂﬂ
mmmLﬁfyvlﬁl,m:Lﬂuizﬁuﬁﬁgauw‘%ﬁﬂq@]miaﬁ?ﬂamsﬂw
maamuﬁami‘ﬁaﬂmuqumiw‘%rgLﬁuiwau%‘aiﬂu
NAAATWA (Igo & Schaffner, 2021)
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@1 Thiobarbituric acid-reactive substance
(TBARS) Lﬂu@hﬁm%ﬁamsm'&"UuLLﬂmqmmwmaa
HAAA TNz EzaMsIAUENE Mstaswulasues
@1 TBARSs Iuiz%'jwaﬂwsLﬁu%'nwwLﬁ@%m'mn@jwms’u At
Fudusrsfiinandfisoreendiatuaesludurn
Uffseniunsalnlauidnin (Thiobarbituric acid) fika
yinlie1 TBARs Lﬁ"wga"ﬁu Nan137aAfA1 TBARs 289
HAaAurinyusaunsaudilulasinaseaszuziiamMs
wnuTnwudwia 12 ﬁﬂmﬁﬁqmﬁgﬁ 25 35 ez 45 896
g s wuinludlansid 0 vesmaAunEn Sy
0.09 AadnSunnaaw dad laadanlansu 1w 0.40 Jadnsu
waeudadladdadlansy luan1zvesmsiiuinuii
awnnil 45 a9FLTaLTa® (Table 4) I TIRIER A
TBARs °uaawamﬁmﬁmLmdaunsaﬂmzijmﬂﬁu
%’nmﬁqmﬁnﬁ@mﬁmﬂunm 12 §ak @1 TBARs i
wwalibuind s Tasnsiaeuntasdn TBARs 289
wamﬁmsﬁﬁlﬁu%’ﬂmﬁqmﬁgﬁ 25 35 Waz 45 2dd
S s Senasfigas (k) iy 0.015 0.016 waz 0.021
fadnSunnnandad laddanlaniudefan’ aNanau
(Figure 3)

Lfiaﬁﬁagaﬂm,ﬂﬁﬂul,l,ﬁadm TBARs a4
wﬁﬂﬁmsﬁﬁgLmdauniauvlﬂmmmﬁuﬁuﬁ’madqnmgﬁ
fud k sansnatune laamuanuFuAUsVe9 Arrhenuis
lasnAadmsinyurisaunsaufdrnasanunanuiud
(Activation energy, E ) Winy 13.68 kJ/mol lasdidn Q
Winfu 1.20 LﬁaﬁwuwaawqﬂwsLﬁMIﬂﬂlﬂf@iﬂ TBARs a8
i1 3 HadnSuanaandadladdenlaniy laofidn TBARs
AN 3 Dadniuansaudadladdenlaniy UedlwiAn

'
A &

’hvlfuﬁuw Juasddsznavvasainisiian1siiauan v

'
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rliinduinlunfadmed lasdnfduslnasannivug
NARANNAT TBARs 321314 5-20 FaanTuN1Raudaa bae

J Sci Technol MSU

dafilaniy (guwsidud lanzansuias wazipyd
ALTUNIANG, 2011) Nﬁ@]ﬁmsﬁ%gumaunsauﬁmnﬁu
%’ﬂmﬁqmﬁqﬁ 30 waz 35 BIALTALTIE No1yn1s
LALTNELYINNY 20.5 ez 18.5 LAk eNua1au (Figure 4)
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o ]
RE= 0823/ . .

e Linear (26 C)

STy 00m6 00770 Linear (35.€)
o s RE = 0.9246
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TBARs (mg malonaldehyde/kg/sample

0 y = 0.0161x + 0.0993
R*= 08416
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Figure 3 Change in TBARSs of crispy pork stick product
at 25 35 and 45 °C
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Figure 4 Relationship between In k and 1/T of TBARs

change in crispy pork stick product during storage
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Table 4 Physical and chemical propertiesof crispy pork sticksproductat 25 35 and45°Cfor 12 week

Optimization of crispy pork stick production by microwave heating

using the response surface method

Quality Tem;;erature Week
(°C) 0 4 8 12
L* 25 39.55°0.37 42.76°+0.51 42.90°+0.52 44.85%1.75
35 39.55+0.37 45.81°+0.46 40.24°0.47 45.36"+0.41
45 39.55°0.37 40.95°+0.48 39.81°+0.05 38.11£0.31
a* 25 14.65°+0.11 13.83°£0.18 14.38°+0.04 13.64°40.59
35 14.65°+0.11 12.73°:0.07 14.45°+0.08 13.32°40.04
45 14.65°+0.11 14.99°+0.05 13.84°+0.08 13.99°40.09
b* 25 25.20°:0.29 24.95"+0.06 26.98°+0.08 30.89%+0.60
35 25.20"0.29 25.81°£0.19 25.51°+0.46 32.17°£0.16
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Data are presented as means + standard error

Different superscript (a-d) means significantly different in the same row (p<0.05)
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Abstract

Mosquitoes are medically important insects, recognized as vectors for many serious diseases. Previous studies have
shown that mosquitoes often harbor endosymbiotic bacteria, such as Wolbachia, within their cells. These endosymbiotic
bacteria play vital roles in mosquito biology, including the evolution of various mosquito species. Consequently, humans
have utilized Wolbachia to control mosquito populations, thereby reducing the spread of mosquito-borne diseases.
However, data regarding the prevalence of Wolbachia symbiosis in mosquito populations in Thailand remains limited.
This study aimed to investigate the prevalence and diversity of Wolbachia in mosquito populations inhabiting the lower
central region of Thailand. A total of 144 mosquito samples were collected and identified as belonging to four genera

and six species: Aedes sp., Ae. albopictus, Anopheles sp., Culex sp., Cx. quinquefasciatus, and Udaya argyrurus.
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Three mosquito species tested positive for Wolbachia using PCR assays: Ae. albopictus, Culex sp., and Cx.

quinquefasciatus. Phylogenetic analysis of the Wolbachia 16S rRNA gene revealed that all strains belonged to

supergroup B, with diversity varying among mosquito species. The findings of this research contribute to a better

understanding of mosquito evolution influenced by Wolbachia. Furthermore, this knowledge provides a basis for the

effective control of these insect vectors.

Keywords: Wolbachia, endosymbionts, evolution, insects, mosquitoes
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Table 1 List of PCR primers in this study. All the primers were used under the same PCR conditions, adapted from

Thongprem et al. (2020). Initial denaturation step at 95°C for 5 min, 35 cycles of these following steps;

denaturation at 94°C for 30 s, annealing at 52°C 30 s and extension at 72°C 50 s, finally, the final extension

was run at 72°C for 7 min.

Product size

Target gene Primer name Primer sequence (5°-3’) (bp) References
p
Mosquito LCO_1490 GGT CAA CAA ATC ATA AAG ATATTG G 710 Folmer et al. (1994)
(Diptera: Culicidae)
COl gene HCO_2198 TAA ACT TCA GGG TGA CCA AAA AAT CA
Wolbachia W-Spec F CAT ACC TAT TCG AAG GGA TAG 438 Werren and

16S rRNA gene: W-Spec R

AGC TTC GAG TGA AAC CAATTC

Windsor (2000)
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Table 2 Wolbachia screening from PCR assays. Number of positive individuals are before the brackets. Location

indicates in abbreviation letters; BL = Bang Lane, Nakhon Pathom, PT = Mueang, Nakhon Pathom, PB =

Mueang Petchaburi.

Mosquito species Location Number positive
(Number tested)
Subfamily Anophelinae
1 Anopheles sp. PB 0 (38)
Subfamily Culicinae
2 Aedes sp. BL, PB 0 (26)
3 Ae. albopictus PT, PB 4 (4)
4 Culex sp. PT, BL 1(9)
5 Cx. quinquefasciatus PT 3(13)
6 Udaya argyrurus BL, PB 0 (54)
Total 8 (144)

AMNNINTIITU Wolbachia #2835 PCR AMEN
Nlna positive 3 THa lewn Aedes albopictus, Culex sp.
IL8e Cx. quinquefasciatus (Table 2) Imlqu\‘l Ae. albopictus
s X 4 p 4w a X b
AALTANANNNFIFA 100% LATELINWLDAIINIIAALTDAY

figafa g9 Culex sp. 1aaNMIAATAN 11.1% GIUFA

1w Table 3 anudluNIIAALTBRANLEIIRTNOWDIAIY
- - , . 4
LUNLIIVBININTLNG co-evolution VaILIny Wolbachia 3
Lil a g lﬂl v | v [l gl a A 1
anudlumsfadantayoadutoiin wuaisysIn
[ 1 :i' M v A dl & 6
andunanib kil lasanafda fitness vasuuasnidulagduin
#n (McCutcheon et al., 2019) #lantaiduldldqn
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Wolbachia a13funuimiduds&anian1sfuiug
(reproductive parasite) maaqavl,@i” (Adams et al., 2021;
Sicard et al., 2019) Asaghelsfianwanudlumsdage
Wolbchia 183 Ae. albopictus ﬁﬁ@hga gadunsdnsian

populations from the lower central Thailand

dadnagaNed 4 Frindiu nedrndnsdnenlu
Uizﬂmﬂsqaﬁmﬂsﬁm@aLﬁué’hamaqmamﬂﬁjuﬂs:mm
o laanudlunsdeiiaves Wolbachia Tugs
udnznialdaHedu

Table 3 Prevalence of Wolbachia in positive samples from PCR assays.

Number tested

Number Infected

Mosquito species

% Infection

Juvenile Adults Juvenile Adults
1 Aedes albopictus 0 4 - 4 100%
2 Culex sp. 0 9 - 1 11.1%
3  Cx. quinquefasciatus 12 1 2 1 23.1%

ANURAINAANLVDI Wolbachia WaLANNTNNUT
TulB93ImmININL Wolbachia mmw”uﬁfﬁuﬁ blast lda1n
3 uloya NCBI Wuin Wolbachia ﬁnﬂmiﬁnmﬁ{@aglu
Supergroup B ﬂzx‘muﬂ las Wolbachia ﬁwu‘tuqd Ae.
albopictus INMLWTIY3 UazdLnalilosuasiga § haplotype
LWUULABINY &% Wolbachia ‘ﬁ'wulugnﬁwqa Cx.
quinquefasciatus INNENNBLIAUIINIAUATU FUNFLNL

variation fdaauanarsnuwanias feagnelsfiany
Wolbachia ﬁwuwﬂluqaaqa Aedes az Culex Qﬂ?ﬁ‘mﬂu
sister group AUAILFAI b1 Phylogenetic tree (Figure 1)

Wolbachia ﬁﬁﬂ’]i@li’lﬁ]WUﬂ%ﬁ&lﬂluq\iﬂ% 2 M8
3matlu Supergroup B %oLﬂunaq'waa Wolbachia nsnil
ununnluidvasmadulsfaminisfunitueuuaiuss
dadlidnizgnaunds

Wolbachia supergroup

. A 96.3

v 0X366376.1 Andrena dorsata (A) « -
0.14 )
L Ky728745.1 Anoph biae (A)

{ AP013028.1 Cimex lectularius (F) -
59.47
MF953226.1 Cavitermes tuberosus (F)--

62.52

FR827944.1 Litomosoides sigmodontis (D
94.3

W I O

99.96

outgroup

86.7 AJ548800.1 Litomosoides galizai (D) -+
AY764279.1 Zootermopsis angusticollis (H)--
AY764280.1 Zootermopsis nevadensis (H)

Culex quinquefasciatus BL (Larva 01)

Culex quinquefasciatus BL (Larva 02)
Culex quinquefasciatus PT (Adult 01) < xereeeereeennend
Culex sp. PT
OP797990.1 Culex pipiens (B) « - wweweesssrussnninnnenns
0X366392.1 Lycaena phlaeas (B)

97.99

55.97
0X366373.1 Pheosia tremula (B)-

0X366343.1 Pararge aegeria (B)

0X366336.1 W, lla binaria (B)
0OX366322.1 Aporia crataegi (B« wweeeeessinsinnns
MT809043.1 Aedes koreicus (B)

EU499315.1 Bryobia sarothamni (B)-
Aedes albopictus PT (02)
68.6 Aedes albopi PT (01)

19.94 —— Aedes albopictus PB (01)
Aedes albopictus PB (02)
MF999263.1 Aedes aegypti (B) v rwwrsersesseuresisunnes

37.16

OM169220.1 Aedes albopictus (B)
W LR800150.1 Rickettsia of Philotarsus californicus -
L LR812280.1 Ri ja of Simulium aureum

Figure 1 Phylogenetic tree analysis of Wolbachia based on 16S rRNA gene sequences from mosquitoes in this

study (marked with orange stars), combining related Wolbachia strains as reference supergroups obtained from

NCBI database. GenBank accession numbers and the host species are at the end of the branches. The topology

was constructed by K2+G model in 1Q-tree from CIPRES with Maximum Likelihood method. Visualisation of the

phylogenetic tree was conducted in FigTree version 1.4.4. Number at the nodes represent bootstrap values from

1,000 sampling events.
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TUAGA 6 (Adams et al., 2021; Ant et al., 2020)
e Wolbachia wnanitlafinsounuluuussanesia 1o
waaIlUaUAY Lepidoptera LT Aidana1sdin swallow
prominent (Pheosia tremula) oak hook-tip (Watsonalla
binaria) ﬁLéanmﬁu speckled wood (Pararge aegeria)
aatanglu Figure 1 uaﬂmnﬁﬁaﬁﬂajmaal,mmé'uﬁu
Hymenoptera LT uaniden (Nasonia vitripennis) Wae
dUAU Hemiptera LT LL&JM%%“}J’YJ whitefly (Bemisia
tabaci) As1p9unuannisaneriaunindudn
(Bordenstein & Werren, 2000; Li et al., 2017)

[
&

faudnsfinsilazdslinugeriialmindaise

D.

o

Wolbachia wétaanmsansnifilundngususidyf
BugUNIUNINIZANBVDS Wolbachia ﬁaluﬂ&:mwnsqo Ae.
albopictus W8 Cx. quinquefasciatus luﬁuﬁm@mmm )
s9veding Aeumihiinsansludszmanaifoiny
NYIWNIINY Wolbachia Iuﬂqd Ae. albopictus ﬁmaﬁwa
FONITUNINTZAN waavh%'a%@;uqum (Ahmad et al., 2017)
LRZAINNIAN®IVEY Ant et al. (2020) £19WU Wolbachia
lu Cx. quinquefasciatus %aﬁwa@iamnﬁ@ cl ludszns
28989 Taomsifia Cl fazdsnadansansiwindszons
gmaa"mmﬂLm:awmﬁmﬁﬂﬁqaﬁiammﬁ@miamwaa
AURAMAIUNWRUINTTY Fadunansznuidoavls
L2893TAUINNT GIUNNTWY Wolbachia luqa Ae.
albopictus Wae Cx. quinquefasciatus luﬁuﬁﬁwﬁ'@
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maaﬂszmwnsqaL%dwﬁ wnmsAnsiaduluemaaiing
MIuNwADMainagsasaduszuy waz@nsmsiaite
Wolbachia luﬂi;:"mﬂiqqamwial,ﬁaa gzt liidnla
NILWINTENBVaS Wolbachia ﬁdowa@iamsﬁuﬁufmaa
9 %oaaﬁmmg‘fﬁauﬂuﬂiﬂmﬁ@iamimuqummwi
eVl

a9

ﬂ"]iﬁﬂiﬂ"]ﬂ"]iLLWiﬂii"ﬂq 8183 Wolbachia
luﬂsszﬂiqaﬁﬁwsaaawrwﬁwmaLﬁaﬁmﬁ'@mmﬁ 2N
Ualaw uazatnaliiasdaniauasdan wugs 144 @2
MLl 4 aNa 6 aia ldun Aedes sp., Ae. albopictus,
Anopheles sp., Culex sp., Cx. quinquefasciatus L8
Udaya argyrurus 19 SWUMNIAALTE Wolbachia luqa 3 796
NNMIATINAILAT PCR el Ae. albopictus, Culex
sp. W8 Cx. quinquefasciatus ANNMTANT phylogenetic

tree VRIEUAWAUI 16S rRNA 283 Wolbachia WU
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ﬁammgn%’aag’lu supergroup B Waziianunainnans
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anuniulildvaslolnwarady (cytoplasmic incom
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V0989160

naanssnlsznie
°1Jamauqmnqugumﬁ%’yﬁfm%'ummsﬁmﬁa
fusamIfnIEaULTYgen MNNaIUIIUERUIIT
398 WIANITULAZAITATIFTIN AANDIANRAS
YNIINLRBAILINI é’rgrymummﬁ SRIF-PRG-2567-07
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Abstract

Thai garlic production during periods of market excess will cause the price of garlic to fall, posing a major problem for
farmers. If the quality of garlic can be preserved for a longer period, it will create a business opportunity for farmers
to sell garlic for processing into black garlic products, which can increase their income in another way. In this study,
the researchers aimed to investigate the effect of storage conditions on the stability of the physical and chemical
characteristics of Thai garlic. The objective of this study was to find the optimum storage conditions for 24 samples
of early-maturing garlic and medium-maturing garlic, at temperatures of 1 and 4 degrees Celsius and relative humidity
of 10-30% and 40-60% for 30 and 60 days. High-Performance Liquid Chromatography (HPLC) is the instrument used
to study S-allylcysteine. The study found that the storage conditions of physical characteristics of early-maturing garlic
and medium-maturing garlic: storage time of 60 days. The texture of garlic cloves is soft, but the shine is reduced.

This does not cause the garlic cloves to become dry or lose moisture. The storage conditions of both garlic varieties

1 a |4 = a a a
anAnsmansuazinalulad VANMNIIRURIUATA NIINNARINAT 10700

' Faculty of Science and Technology Suan Dusit University, Bangkok, 10700

* Corresponding author, e-mail: twanpiti@gmail.com



20 Wanpiti Thammasri, Chamaree Klangkan, Thitinat Sukonket and Thitiporn Linitda J Sci Technol MSU

on chemical characteristics by the Kruskal-Wallis Test found that at 60 days under 4 degrees Celsius and 40-60%
relative humidity, the light garlic variety gave the highest average SAC content of 2.70 mg/g and was the most suitable
condition, significantly different from other conditions at the level of 0.05. And which early- medium-maturing garlic
gave the highest average value of S-allylcysteine (SAC), averaging 2.70 milligrams per gram. And medium-maturing

garlic gave the highest average value of S-allylcysteine (SAC), averaging 0.98 milligrams per gram. The results of this

study found that storage conditions of fresh garlic can increase SAC in garlic.

Keywords: Thai garlic, storage conditions, S-allylcysteine (SAC)
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Figure 1 Appearance of garlic bulbs and clove sizes from an early-maturing variety (A)

and a medium-maturing variety (B)

mnmmﬂ?mmﬁﬂuﬁmaonmﬁww”uift,m WU
muﬁww"‘uﬁim NAUNTL AL NAFVMINRNLARILANDY
ANBUSTHIADUTIINANNY dmmuﬁwﬁw”ufnma NAY

N NUNNFUNINFUARDILANUDE ANHUSHIADUTITEN
(Table 1)



22

Table 1 Physical characteristics of fresh garlic

Wanpiti Thammasri, Chamaree Klangkan, Thitinat Sukonket and Thitiporn Linitda

J Sci Technol MSU

Garlic variety

Physical characteristics of fresh garlic

Early-maturing garlic

The garlic peels had been white, the garlic cloves had been white mixed with yellow,

and the garlic flesh had been firm and shiny, with rather rounded cloves.

Medium-maturing garlic

The garlic peels had been purple mixed with white, the garlic cloves had been white

mixed with purple, and the garlic flesh had been firm and shiny, with rather slender

cloves.
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(Figure 2-3)

Table 2 Physical characteristics of storage period for 30 days and 60 days

Storage period for 30 days

Storage period for 60 days

Garlic variety

Temperature at 1°C and Temperature at 4°C and

Temperature at 1°C and Temperature at 4°C and

10-30%RH

40-60%RH

10-30%RH

40-60%RH

Early-maturing garlic

The garlic cloves were a
translucent white with a
hint of yellow, their texture

firm and slightly shiny.

The garlic cloves, white
with a medium yellow tint,

had a firm, matte texture.

The garlic cloves were
deep yellow with a soft,

matte texture.

The garlic cloves were
medium yellow with a soft,

matte texture.

Medium-maturing garlic

The garlic cloves were
translucent white with a
hint of yellow, their texture

firm and slightly shiny.

The garlic cloves were
white with a medium yel-
low tinge and had a firm
texture. The glossiness

had reduced.

The garlic cloves were
dark yellow and had a soft
texture. The glossiness

had reduced

The garlic cloves were
medium-dark yellow in
color and had a soft tex-
ture. The glossiness had

reduced.
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Figure 2 Changes in garlic clove color of an
early-maturing garlic variety under different storage
conditions: (A) stored at 1°C with 10-30%RH for 30

days, (B) stored at 4°C with 40-60%RH for 30 days, (C)
stored at 1°C with 10-30%RH for 60 days, and (D)
stored at 4°C with 40-60%RH for 60 days.

e

(A) (B) (©) (D)
Figure 3 Changes in garlic clove color of
medium-maturing garlic variety under different storage
conditions: (A) stored at 1°C with 10-30%RH for 30
days, (B) stored at 4°C with 40-60%RH for 30 days, (C)
stored at 1°C with 10-30%RH for 60 days, and (D)
stored at 4°C with 40-60%RH for 60 days.
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Table 3 Average of SAC in storage periods for 30 days
and 60 days, temperature at 1 and 4 degree

celsius and relative humidity 10-30% L8 40-60%

Average of SAC (mg/g)

Storage periods Early-maturing Medium-maturing

garlic garlic
30 days
- 1°C, 10-30% RH 1.36 0.94
- 4°C, 40-60% RH 1.41 0.95
60 days
- 1°C, 10-30% RH 2.13 0.97
- 4°C, 40-60% RH 2.70 0.98

%CV 29% 2%
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Table 4 Average for groups in homogeneous subsets

Wanpiti Thammasri, Chamaree Klangkan, Thitinat Sukonket and Thitiporn Linitda

J Sci Technol MSU

Subset for alpha = 0.05

Status
1 2 3 4

Medium-maturing garlic, 1°C 10-30% RH , 30 days 0.9433
Medium-maturing garlic, 4°C, 40-60% RH , 30 days 0.9433
Medium-maturing garlic, 1°C 10-30% RH , 60 days 0.9667
Medium-maturing garlic, 4°C, 40-60% RH , 60 days 0.9800
Early-maturing garlic, 1°C 10-30% RH , 30 days 1.3600
Early-maturing garlic, 4°C, 40-60% RH , 30 days 1.4133
Early-maturing garlic, 1°C 10-30% RH , 60 days 2.1267
Early-maturing garlic, 4°C, 40-60% RH , 30 days 2.7000
Chi-Square (p-value) 0.02*

(*p<0.05)
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Abstract

Anatomical characteristics of plants are important data for taxonomic studies. Additionally, there is little basic data
available to be used for identifying species in the Rubiaceae family. The objective of this research is to identify the
characteristics of leaf epidermal tissue that can be used as a taxonomic tool for species identification. Leaf epidermal
characteristics were examined in 20 species across 14 genera of the Rubiaceae family found at Roi Et Rajabhat
University. The species investigated included two species each of Gardenia, Hedyotis, Ixora, Morinda, Oldenlandia
and Spermacoce and one species each of Catunaregam, Cynanchum, Hamelia, Mitragyna, Mitracarpus,
Mussaenda, Paederia and Rothmannia. Specimens were prepared using leaf epidermal peeling and
clearing techniques and stained with 1% safranin. The generalized anatomical characteristics of the family were as
follows: 1) Epidermal cell shapes were polygonal, irregular and jigsaw- like; 2) Stomata were of the paracytic type;

3) Trichome types included multicellular hairs, unicellular hairs and peltate hairs; 4) The cuticle patterns were either
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smooth, papillose or striate; and 5) Inclusion types included druse crystals, prismatic crystals, raphide crystals, sand

crystals, styloid crystals, oil bodies and red staining inclusions cell. These leaf features have significant taxonomic

value and can be effectively used to identify specific species or genera within the Rubiaceae family.

Keywords: Plant anatomy, leaf epidermis, Rubiaceae
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Scientific name

Native name Collection number
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Figure 1 Leaf epidermal anatomy of the family Rubiaceae. (A) Polygonal shaped cells on adaxial surface

of Ixora chinensis. (B) Irregular shaped cells on adaxial surface of Ixora lobbii. (C) Paracytic stomata on abaxial
surface of Ixora chinensis, (D) Oldenlandia biflora, (E) Oldenlandia corymbosa, (F) Gardenia carinata. (G)
Papillose cuticle on adaxial surface of Hamelia patens. and (H) Striated cuticle on abaxial surface of Cynanchum

pulchellum. scale bar = 50 [Am. PA = Paracytic stomata, PL = Papillose cuticle, ST = Striated cuticle.



Vol 45. No 1, January - February 2026 Comparative leaf epidermal anatomy of some species
of the family Rubiaceae in Roi Et Rajabhat University

Figure 2 Leaf epidermal anatomy of the family Rubiaceae. (A) Unicellular trichomes on adaxial surface of
Mitracarpus hirtus. (B) Multicellular trichomes on abaxial surface of Hedyotis ovatifolia. (C) Unicellular
trichomes on abaxial surface of Ixora chinensis. (D) Unicellular trichomes on adaxial surface of Gardenia carinata.

(E) Red staining inclusion cell, (F) Oil body, (E) Druse crystals on abaxial surface of Ixora chinensis. and (H)

Prismatic crystal on adaxial surface of Morinda pubescens. scale bar = 50 [Am. DC = Druse crystal, Ol = Oil body,

PR = Prismatic crystal, RD = Red staining inclusion cell, TM = Multicellular hair, TU = Unicellular hair.
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Abstract

Tangor (Citrus nobilis Lour), locally known as “Som Kaew,” is a Geographical Indication (GI) plant of Samut Songkhram
Province, characterized by a thicker peel than common oranges. Currently, facial skin care products, particularly in
the form of serums, are highly popular. Objective: To develop a serum from Tangor peel extract and evaluate its
effectiveness in moisturizing the skin. Methods: Key substances were extracted from Tangor peels using ethanol for
7 days and concentrated via a rotary evaporator. The antioxidant activity of the extract was assessed using the DPPH
method. The extract was formulated into three serum recipes. Stability was tested through 7 heating-cooling cycles at
5°C and 45°C. Safety was evaluated using a skin patch test, and skin moisturizing efficacy was measured using a
Corneometer before and after 28 days of use. Statistical analysis included percentage, mean, standard deviation, and
paired-sample t-test. Results: The Tangor peel extract exhibited antioxidant activity with an EC50 value of 0.17 mg/

mL, compared to 0.01 mg/mL for the BHT standard. Stability tests revealed that Serum Formula 3 remained a clear

! m’uﬁ“ﬂ’m’lil,l,wwﬁl,l.wuvlmUﬂizqﬂﬁ, InendpanTenaas w%ﬁﬂm&'m’l"ﬂﬁgmuqﬁum "‘wm’mma&mimmw 75000
' Department of Applied Thai Traditional Medicine, College of Allied Health Sciences, Suan Sunandha Rajabhat University, Samut Songkhram
Campus 75000
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yellow liquid with no significant change in pH and no phase separation. After 28 days of using Serum Formula 3, the

average skin moisture level was 46.702 + 12.003 (p < 0.05). Conclusion: The serum containing Tangor peel extract

(Formula 3) demonstrated physical and chemical stability and provided the highest moisturizing effect. It has the

potential to be developed into effective skin care products.

Keywords: Tangor, serum, moisturized skin
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Figure 1 Tangor (King mandarin or King orange)

Figure 2 This shows the inside of Tangor
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ﬁmuﬂi:ﬂauﬁug’luﬁdﬁ Phenoxyethanol, Aloe Vera
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Hazel plus Allantoin, Galactomyces Ferment Filtrate,
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wIamTanaad ldanaiusasas 2.5 ua 5 MUAGU

S%msesouasy lag Xanthan Gum 'l
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Acetate Water-Soluble W8N 1T Niacinamide, GlucoBright™
(Acetyl Glucosamine), Phenoxyethanol luazanafiu Water
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Table 1 The formula skin serum products 3 formula

Ingredient Formula Formula Formula

1 2 3
(Base) percentage percentage
percentage

Tangor Extract - 2.5 2

Phenoxyethanol 0.5 0.5 0.5

Aloe Vera Extract 1 1 1

Xanthan Gum 1 1 1

Sodium Hyaluronate, 2 2 2

Water Preserved by

Phenoxyethanol 0.8%

Niacinamide 1 1 1

Polyglycerin-10 2 2 2

Glycereth-26 4 4 4

Acetyl Glucosamine 2 2 2

Witch Hazel plus 1 1 1

Allantoin

Galactomyces Ferment 3 3 3

Filtrate

Tocopheryl Acetate 1 1 1

Water 81.5 79 79.5

Total 100 100 100
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NI NN OWBIFIFNATDANIINNITIVY
(Withdrawal/ Discontinuation criteria)

1. nq’uéhaam"uanaué"saanmﬂmﬁﬁy

M3ATITRTayaN19FNA

IWINVBININAROL N = 50 NI RN ATINTTHMN
Tapldarafauanuasninud Jaoa: Aladsiaadia
mInENstaya LLaf:muLﬁmLuum@sgm

Wisuiisunanawuaznasnslsimsy VBINGN
fmatnd laoldaiia paired-sample t-test

n15ﬁﬁn1§§w§na§uﬁmdw

I TeilerumITUTesIINA B NTIUMII3 TV
my3dulunyed anAnofensigaiugium W2
COA.1-068/2023 %é’dmﬂﬁupﬁﬁ'wﬁwwumjmﬁ'saﬂ’m
WU %Lmi'mqﬂszmﬁmmmﬁﬁyLmﬂﬁﬁﬁﬂm%
shumsiselagdass neilaansanaud wissnianmsl
Toyaldnaaatia ﬁagaﬁiﬁmnmﬁ%’muﬁuLflummé'u
wazsiaa WL

NaN1IAN®

sIsianguvasaennaduuia wnin 500
n5u laeABnInain (maceration) MaLaanagas 70% uaz
vhvl,ﬂizmmLﬁa@?’smﬂ'%aai:mmgtytywmmmumgu (Rotary
evaporator) laUSunaasaianeuvadilfanuaguLia
WYL 80.20 NSW NIHUAUI AR T LR HANBATOIFS
aﬁwmmiaifmﬁﬂmaqﬁmgu'lwsﬁaaﬂ'w (% yield) 1843
fFIENaNNILRaNWAFUWA WAL 16.04 N3N

mimaauqﬁsﬁ’mawaﬁmz las3% DPPH
radicals scavenging assay Nﬂﬂﬁiﬂﬂaaquéﬁﬂuawya
FIzVIENIENALURANFUUAD GAUAIVIRZA1ULENIHOR
LAZRNTINATIIU BHT wudh ssafailAanduuiafong
duanyadasz laofidn EC_ iy 0.17£0.006 mg/mL
§1331@33 1% BHT {ié1 EC_ 111y 0.01£0.005 mg/ml

Table 2 ECso values of DPPH radical scavenging activity

Extract EC50 values of DPPH radical
scavenging
activity (mg/ml)
0.17+0.006

0.01+0.005

Tangor Extract

BHT
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TaninumSase 3 g0 MALTIeUgmnni (Heating-cooling
cycle) ldiuﬁauﬁqmﬂgﬁ 45 psanaatdos LHuan
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iasdnwnemamenmlasddinaesls ilowsulidnng
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Table 3 Potential of Hydrogen ion (pH)

Potential of Before After
Hydrogen ion (pH)
Formula 1 4.514+0.058 4.513+0.060
Formula 2 4.490+0.092 4.431+0.081
Formula 3 4.513+0.038 4.512+0.059

NANINARALANNUNDANY NRIIINDNRIRNAT
WhTUMINasaUANNLUaaaN 862837 skin patch test Liw
S221981 24 $21a9 WU enanasasTinensy Yasas 100
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AlsirliAemssemeidosdafinisasenaadng

wamﬁ@ﬁ’mmmﬁu%maaﬁmﬁd EOPIGErR
Corneometer CM 825 mﬁmﬂ’%mmmwuﬁu%maaﬁmﬁf@
#ldnannisanumusndsegliinldiduiugu Tas
;ﬁ%’mﬁamsﬁmjm 1 use 3 lumsnasey Senasanns
sy §93 1 U8z 3 Aiviasuan USunm 0.25 niudagas
TuAuARIMTIIMA 3x3 LTWRIAT THas 2 A5 Gadafit
28 % lummaﬁmqmmwﬁﬁf’]mu 50 A WU LSy
g3 3 ﬁ@hm&"wmmmwmﬂwﬁw v ANT wage ity
fAYNNRDG @3 Table 4
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Table 4 The skin hydration was measured as skin capacitance

by using Corneometer CM 825

Capacitance Before After P-value
Formula 1 39.817+10.123  41.824+10.696 0.062
Formula 3 39.817+10.123  46.702+12.003 0.000

4 aa . o .
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Abstract

The study of efficiency of Murashige and Skoog (1962) liquid medium for in vitro culture of young seedlings of Robiquetia
succisa (Lindl.) Seidenf. & Garay in static and shaking culture conditions, supplemented with 150 ml/l coconut water
and various concentrations of 6-Benzylaminopurine (BA) and 1-Naphthalene acetic acid (NAA) (0, 0.5, 1.0, and 2.0
mg/l) for 12 weeks. The results indicated that culturing young seedlings in the liquid medium supplemented with 150
ml/l coconut water, using the static culture method, was the most effective in inducing the proliferation of protocorm-like
bodies (PLBs) (more than 30 PLBs per explant in average) from the root segments of R. succisa seedlings. Additionally,
R. succisa plantlets developed without planting materials exhibited the highest survival rate of 90% compared to those

grown with lump charcoal or sphagnum moss as planting materials when cultivated in a greenhouse for 12 weeks.

Keywords: Robiquetia succisa, liquid culture media, protocorm-like bodies
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of Robiquetia succisa (Lindl.) Seidenf. & Garay (Orchidaceae)
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Figure 2 The number of roots of R. succisa plantlets grown in MS liquid medium supplemented with growth

regulators and grown under static and shaking conditions for 12 weeks.
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of Robiquetia succisa (Lindl.) Seidenf. & Garay (Orchidaceae)
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Figure 3 The direct regeneration of PLBs (arrow symbols)

in root explant of R. succisa plantlet for 12 weeks, the scale bar is 5 mm.
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Figure 4 The number of PLBs of R. succisa plantlets grown in MS liquid medium supplemented with growth

regulators and grown under static and shaking conditions for 12 weeks.
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Figure 5 The length of roots of R. succisa plantlets grown in MS liquid medium supplemented with growth

regulators and grown under static and shaking conditions for 12 weeks.
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Figure 6 The length of leaves of R. succisa plantlets grown in MS liquid medium supplemented with growth

regulators and grown under static and shaking conditions for 12 weeks.
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Figure 7 The width of leaves of R. succisa plantlets grown in MS liquid medium supplemented with growth

regulators and grown under static and shaking conditions for 12 weeks.
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Abstract

Association rule mining is a crucial technique for market basket analysis in retail businesses, but it often faces challenges
in processing speed and memory usage, particularly with large-scale datasets. This research presents a performance
comparison of four algorithms: Apriori, FP-Growth, FP-Max, and H-Mine, using a grocery store dataset for market
basket analysis under varying support thresholds. The results showed that the H-Mine algorithm demonstrated superior
performance in both execution time and memory usage, attributed to its efficient Hyperlink data structure, followed by
FP-Growth and FP-Max algorithms, which employ FP-Tree structure to minimize database scanning. Meanwhile, the

Apriori algorithm exhibited the lowest performance.
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Table 2 Sample of Groceries Dataset
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Abstract

In universities, the management of teaching and learning plays a crucial role in student learning. Gathering student
feedback is important for improving the quality of teaching and learning, allowing instructors to adjust teaching methods,
content, or activities to better suit students. In courses with a large number of students, summarizing all feedback for
the purpose of improving teaching can be time-consuming. Therefore, this research aims to develop a model for
analyzing student opinions on teaching and learning management using data mining techniques. The research
methodology is divided into five steps: 1) Data collection of 3,000 student feedback messages. 2) Data preparation

by filtering messages and performing word segmentation, along with selecting key terms using the TF-IDF technique.
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using data mining techniques

3) Modeling to compare the performance of four algorithms: Support Vector Machine (SVM), K-Nearest Neighbors
(K-NN), Naive Bayes, and Random Forest for classifying positive and negative opinions and categorizing feedback
on various aspects such as instructors, course content, and learning support resources. 4) Model performance evaluation
using accuracy, precision, recall, and F1-score, and 5) Model application. The research findings indicate that the SVM
algorithm has the highest performance in classifying positive and negative opinions, with average values of accuracy,
precision, recall, and F1-score at 97.00%, 97.10%, 97.40%, and 97.30%, respectively. For categorizing feedback on
various aspects, the KNN algorithm demonstrated the best performance, with average values of accuracy, precision,
recall, and F1-score at 91.00%, 91.60%, 91.00%, and 91.10, respectively. The developed model has been deployed

as a web application to analyze student feedback, effectively enhancing the quality of teaching and learning management.

Keywords: Opinion analysis, teaching and learning management, data mining
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Figure 1 Example Support Vector Machine’s Decision

Plane
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ﬁ'i_mj”aga Binary %38 Boolean (Zhang et al., 2021)

6. nIIAUsEANSNNLULINaDY
MUz U BU T2 ENTANWLLUIINIRINITD
#1'1691n Confusion Matrix 9135199 bFLNaUT2L %
ﬂszﬁ?ﬂﬁmwmaame‘haaamiﬁmuﬂﬂszmm‘faga Tag
o &a & ° A a A o
LRAINAANTNAINITaINNLU LS aadNatdIaunauny
fN239 (True values) (AL FINTUNT WAZAUE, 2562;
Gaye & Wulamu, 2019)

Table 1 Confusion matrix

Predict class

actual class class=Yes class=No
class=Yes TP FN
class=No FP TN
TP+ TN
Accuracy = (5)

TP+ FP+ TN+ FN
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TP
Precision = ——— (6)
TP+ FP
TP
Recall = ———— (7)
TP+ FN
2% Precision x Recall 8)
F1l— score =

Precision + Recall

A

Tasf

True Positives (TP) wNEhd NIwIBLRS
NAANDTITINTING AaNIRaInENI% Yes

True Negatives (TN) nunefs mMsviweids No
WRTHAANWTAS9LT1 No

False Positives (FP) nunefs mavwedu Yes
wanaansasIdu No

False Negatives (FN) nanefe Msvinweds No

1 a 6 A

LANRANTAIILTU Yes

aa a
A0N137398
av Xa o A & A
luawdtefifinszuiunIvinide 5 Juaaw da (1)
MAAUTIUTINTBYA (2) MaLasutaya (3) MIaInuy
1889 (4) MIIAUILENTNINVILLLIRDY WAz (5) N7
Uszandlduuuanaes Inosdoadad

msiAusdussuiiaya (Data Collection)
v
+\m
mistaSeudaya (Data Preparation)
v
b4

msasivuvudiaav (Model Development)

v

LJ e
msyaus:anSmwuavuuuinaav

(Model Performance Evaluation)

msus:gadisuvuiiaav
(Model Application)

Figure 2 Research Process
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mmﬁu‘s‘auﬂuﬁ’aga (Data Collection)

MIAUTIWTINTRYA \Asafuanudafinuas
Tnanwisafunsianstounssaufivniinedy
auanrnil lasdayagniiusiusinennessinims
Anwnluga9Tinm3AnEn 2560-2564 TAuTHInAA 3,000 AN
AL o aga‘ﬁ'mﬁﬂ nltlumAdelarummessosssums
"‘Jé‘]’sﬂ,ump:}ﬁ WAINENADAUATITTHTIUTBOUED JLaY
#in35U389 UBU-REC-137/2567 I@ﬂﬁ'samwaoﬁagaﬁa
Table 2

Table 2 Example of comment (CSV file)

No. Comment
1 NN sHREUGNINLEEATY / mawdn b
2 asnnlitAnludmasimmsliann | ninit
3 sonnliiAnludnasimmsliannning +++

2, msm%suﬁhga (Data Preparation)

2.1 miné"umaa’ﬁaga (Data Cleaning) \ilw
%umauﬁéwﬁrglum:mumml%wﬁaga (Data Preparation)
Lﬂ‘alﬁﬁagaﬁlﬂumﬁLﬂiﬂ:ﬁﬁmmgnﬁmLLa:mL%aﬁa
WD 1umiﬂ&"umawﬁa§a Inveiiums fa Uu
LLﬁﬁﬂﬁﬁﬂwmﬂluﬁammlﬁgnﬁmmuwamm&mu e
ﬁagaﬁvlajﬁhlﬂu MIAGLAY FIaNHINBEING . SNl
wazte9319filus i naananndonny LazNIITaYN
aweidumsnlng %é’amnﬂs:mumsné’umaﬁaga
FUUTDUUED RREANNAALAKITUIY 2,254 Taaul
97N 3,000 Taau é’hasi'lwaﬁagaﬁmun'ﬁné"umaa

Toyaua? a4 Table 3

Table 3 Example of comments after deleting special

character

original sentence The last sentence deletes the special

characters

Nui1819 TR UANN | HuTNBTTREUAIN N EATUFaMTN LA E
woasy / sewidhladng

apnnlimAnluginves | spnlitwnlusinvesdomsliuinning
Fm3ldunn | ai

apnnlwmiAnluginves | spnliinnlusinvesiomsliuinning

M TAanning +++
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2.2 MIPAAUAZTNIAAINEA (Stop Words
Removal) %é’amﬂmsﬂsadﬁagmﬁaéu iagaa:"lﬁ%fums
é’@ﬂ”’]LLazrh%'@ﬁ'mq@‘[ml"ﬁm%adﬁalu Visual Studio
Code Lmﬂwga PyThaiNLP &% 3UN3Use8iananiIe
Ingy egsnasniannizuIwmMsiazuaasly Table 4
ez Table 5

Table 4 Examples of words segmentation

No. Review

1 Na 31 819138 ®a% & 17N 1ae a3y saw 1hle e
2 oenn 1 i Tu daw vas Smms W ann nin 4
3 adnsol akuauw Sow lid wd ann

Table 5 Examples of stop words remove

No. Review

6 a R 1
1 271178 71 & ;eu w1l e
2 281N LN AN

6 o a =) '
3 atnsol aduauw Gow Lid ue

2.3 m3AanamsmaSanunang #asen
MIAAAUAEINAAA AL AUN a=ldnTinanTIwI 1,254
N mnﬁmmﬁwﬁﬂLL@iaz@hm%’@ﬂimmwwwwgmu
I@]ﬂslfﬁwam%mwﬁLﬁnmaﬁﬂﬁaﬁ’mwmﬁmeﬁmslamw,l,a:
WIWUNINVEI NECTEC éTaasi’mnizmumsﬁa:gml,am
lu Table 6

Table 6 Examples of words types

Rows Word Type Notice
1 a13d n CRITSFY
2 aun adv Al
3 BaU v ANNTEN
a ° Aa €
4 4@ adv MIeal
5 qO v an3en

24 mﬁ@mjwﬁmo%@!mﬁnwm wagN e
1,254 e ludo 2.3 udr A mEHI RN TEAR
WRudy wuideiAeaTesiy mstamsBeumssan
$1% 295 1 GefalduenATanunInglaNIzaIUaS
FOAARDINULIUNYDINUITE ﬁwmmﬁgﬂmwaamm:
é‘fﬂnﬁjul@UQL‘T%mmruﬁmmmvlwmi’wmu 4 v 1leda
%mwg@i’ﬂﬂo%ﬁ;m&nﬁmﬁ:muu’%uwaamﬂ‘%ﬂunﬁaau
Iﬂmmansjwﬁ%ﬂué’aﬁ

Analyzing students’ opinions on teaching and learning management
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- ﬁwﬂa%qmé’nmmu%amn I 59 AN
- ﬁwﬂa%qmé’nmmu%mu IUI% 55 AN
- ﬁwﬂa%ﬁmmmsﬁﬁaau A% 43 AN
- AT W e M TIEAT 31w 51 M
- @i’ﬁﬂa%ﬁm’éaaﬁum&un'ﬁﬁwi W 47 A1
- ﬁwﬁvlajﬂa%@qmé'ﬂwmz IUIN 40 M
qm%%’af:ﬁwmsﬁﬂ@i”]ﬁvlajmmsnﬂd%qmﬁnwmz
Ieaanauin 40 an mﬁmﬁ'm@f’mﬁmmsnﬁa%@mé’numz
AW 255 A1
2.5 ADNIRTNAILNBLONETT
aSeilEA%s TF-IDF (Term Frequency-
Inverse Document Frequency) Lﬁaa%anﬂma%ﬁa [187)78
Lonans lagiuanuivasitatudazenluensns 9Nt
Awamk TF-IDF wazunueneni ldsnglwanaseasdi o
251 mswSsufisuanuivasess
HRamrwaUTANANNAAAWEILIN uaztFay T3
axiBuag9il
fanuivesrLsinnuAaLfin
EIUINUINNINaNuaveseLsianuAaiudiay T
A uanuAafiuBiuin (Pos) fhanuiveseies
ANURALRWEIAUINNNIN ANV ATIRN LT AN UAALT
B9uan Waaaduanufaiuidiay (Neg) ot iuaas
s Table 7

Table 7 Examples of TF-IDF results with Class Pos or Neg

Easy to
Rows  Boring understaand Like Angry Class
1 0 0 0 0.066 Neg
2 0 0.211 0.102  0.079 Pos
3 0 0.181 0 0 Pos
4 0 0.090 0.020  0.099 Pos
5 0.249 0 0.046 0 Neg
6 0 0 0.033  0.082 Neg
7 0 0.158 0 0 Neg
8 0.057 0.974 0.044 0 Pos
9 0.083 0 0 0 Neg
10 0 0.140 0.092 0 Pos

Nl Table 7 MNANVAALRUNIANAIIUIN
3,000 9aa% wUduaa® Pos 3wIn 1,292 sxidan
(record) wazutistdunaia Neg 3w 962 szidaw 1w
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flisanInszyld fauimn 746 subou gnaaean
252 madIsuisuainuiivesniud
Wi

ke

MrwalIziNNaNUAALALA
a’miﬁﬁaau Fwitaw e LLaz@T’mﬁaaﬁuagumi
Souy fioaziduadit

fanuivasetsdsuenansd
;jaaumnn’hﬁnmﬁammﬂ%’]LLa:@T’mémﬁumunﬁ
Foui Wanaduanudadudiuaransdyaeu (Class A)
fhamnuiaesmusdawitemmeimunninduatanss
;jaamm:ﬁmﬁaaﬁumgumsﬁﬂui Iaasduanuda
\Fusuiitornsnedm (Class B) fanuAvoIeLEeL
'E%'aaﬁfumgumn’%mfmﬂﬂ’h@T’mawmiﬁgaammzﬁm
o Teim lﬁﬂmmﬂummﬁ@Lﬁuﬁwuﬁaaﬁumunﬁ

i3uu§ (Class C) dmatsuaailu Table 8

Table 8 Examples of TF-IDF results with Class A, B, and C

Rows Teach Teacher Classroom Content Class
1 0 0 0 0.043 B
2 0 0 0.024 0 C
3 0.041 0.032 0 0 A
4 0 0 0.213 0 C
5 0.011 0 0 0.020 B
6 0.024 0.034 0 0 A
7 0.042 0 0 0.046 B
8 0.066 0.039 0 0 A
9 0 0 0.341 0 C
10 0 0.252 0 0.035 A

9nlu Table 8 IMNANMVAALAUNIAUATININ
3,000 Taanu wtaduaans A Ja1waw 841 sziaw aana
B 971 819 s21aw uazaans C A3win 594 vx1faw
Toyavnlu Table 7 uaz Table 8 Az l1Flunsas
wwuinaasdienzienufaiuazgniufindulng .csv
losutaduzad g Vlvxlﬁ?ﬂ%ém%’mzqﬂma Pos / Neg
LL&ﬂWﬁﬁl"ﬁﬁ’]ﬁmzqﬁmmd 9 619 Figure 3

J Sci Technol MSU

a DA D8 DC 0D DE DF DG DH oI D) oK

Tbdn dewmw dew ¢ne owbioon i Am Ts dun

0 0 0165191 0 0 0 0165191 0neg

0 0 0 0 0 0 o 0 pos

0 0 0027721 0 0 0038856 0 0046998 013553 o 0neg

0 0026771 0 0 0037516

0 0 0 012389 00717 0

0211244 0059812 0 0

0187066

0187066

0187066

0 0256783 0 0061947 0084736

0 0 0 0206488 00717

0 0 0 0 0051783

0 0 0 0054829

0 0 0 011615 0
3
0
0
0

0
0
0
0 00045377 0.104685 0 0059812 neg
0 0 0 0123893 0pos
0 0 0pos
0023718 0 0085768 pos
0 0 0pos

0 0 0pos

0 0061947 0pos

0 0206488 0Oneg

0 Oneg

0 0041075 pos
011615 0neg
0 0pos

0 0 0
0 0 0

0
0
0
0 0085768 0 0081052

0.04746¢

0063373 0141154 0 0
0129391

0 0116557 0.095302

0 0pos
0095302 0neg
0 Opos

0
[
0
0

Figure 3 File CSV which will be used for building

a sentiment analysis model

3. MIEWULUIIADI (Model Development)
misauuuitaedlunudsvitldieiasdade
1dsunsu Visual Studio Code wazm s M Idsulysunsa
Python TagfieaziBoassit adsuuninasSuufioy
UsznSnnaesaanaifniu SVM, KNN, Naive Bayes Laz
Random Forest #1%IUMISIUUNANUAALABLIEILINULAS
L9 wazsuunANNAAARlIRELE19 9 laginaia SVM
axfinsUsudmnndimesifarind s Ansnwaanuy
$1809 lagimuadwndiaaiesit an C: invuasaaud
500, 1000 U8z 1500 A1 Kernel: 1A Linear nudsuilidonld
Kernel @8 Linear Lﬁaaﬁnnmm:ﬁ'wﬁagaﬁl‘ﬁmuﬁmm
FUNUTITLEW wazladasnsanugudauiinldlung
wenULotoya §MIUMIENSLULIIRadEInaiia KNN
finsdsuainadayareunslinulasld StandardScaler
fnsUsummndiaesasit an K Sadlusrunasion
thuilglunsaaduls szmnuadlif 3, 4 uas 5 §msu
ns1den Weight 289 K-NN $1u3suiilden Distance
Weight Lﬁaomml”agasl,uu@ia:ﬂmaﬁﬁ‘hmmmﬂ@mﬁu
M3l Distance Weight ﬁmhﬂlﬁﬁgﬂ“ﬁagaﬁlﬂﬁﬁmﬁuﬁ
Sniwalumsrnunsundu Seaztrouanuuainglu
MIWUNANUAAABLULARZARE FIUVBINTRIIULY
$1804 Naive Bayes 1luiaa MultinomialNB §niuzaya
Puwndszinn wazmIsaLuUIaasnasnaia Random
Forest lfmyasenmmiiaad sruwausulal (n_estimators)
fMUAAITA 100, 200 U8 300 anuingegavasdulal
(max_depth) Fnualdensalugd lunszurumsiazdins
NAFAUAINITIALABIANI 9 Lﬁammﬁmm:auﬁq@
fnTunmIsLuudnaadudazinadia wazidouinay
UrzAntawaesudaziuudtaeslumaiienzianuda
LA
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4. MInUIzENSAINVBIULLINADY (Model
Performance Evaluation)
ﬂ']ﬁﬁ“]’ﬂﬁl"ﬁ‘%‘%ﬂ’m,lmﬁagaLLm_l Split Tasdl
msutigedayseaniiu 2 #u Ae Tayainaaw (Training)
90% hialElunsaronuusiaas uazdayaganasay
(Testing) 10% lasfimstadsz@nsnwaasuuuingas 4

¢ e accuracy, precision, recall Lz F1-score

5. miﬂizigmﬁﬂ% WUUI1a 09 (Model Application)
myisuessilldinuuusaasilienyssansnmw
ﬁﬁﬁq@vlﬂﬁ@um \wSuuatwatad ienagaunsldanm
LULsRasEnIUALe TR a A aLuTasinAnmTidse
mM3dansieun1Inenaia19138 laud3duld Visual

Studio Code Python Wai lsa I uuaUwaLadu

NaN13398
1. HANIIWAIBILLUIIABIIATIEHANNAR
Winvasin@nuniifinanmssanissownssenlaaly
wmakansrinmiiasdaya
mMTildasuuusiaasiouifiay
UszdnTninaesdanasfia SVM, KNN, Naive Bayes uas
Random Forest §1%3UN1I91UUNANNAALALTILINUES
398U uazdnTuunnanufaiuluaiudng lagain
Table 9 Toyaluasusadlfiiuwiuuuinaes svm 16
Uz ANTAWIUNIIUUNANNARULTILINLAZLEIAY
mnﬁq@ lapfdwiieas C = 1500 #¢1 accuracy
LYINNU 97.00% precision LYinAy 97.10%, recall
WU 97.40% WAz F1-score LYINAU 97.30% 310
Table 10 Tayaluasuaasliifiniuuuinaes KNN 16
dredintamnlunmsuunanudadnludiudas g lagdn
W1Aees K = 3 Wwaé’wfﬁﬁqﬂ laufien accuracy
WAL 91.00% precision WYL 91.60% recall L¥infu
91.00% uaz F1-score Winfiu 91.10% laanaanslu Table
9 1Laz Table 10 ¢ precision, recall, uaz F1-score Huen

Analyzing students’ opinions on teaching and learning management

using data mining techniques

LAREUBINNARE

Table 9 Comparison of Positive and Negative Sentiment

Types
F1-
. Precision Recall Accuracy
Model Settings Score
(%) (%) (%)
(%)
C=500 95.40 95.30 95.20 95.10
SVM C=1000 93.60 98.40 95.40 95.40
C=1500 97.10 97.40 97.00 97.30
K=3 95.90 95.90 95.90 95.90
KNN K=4 94.80 94.50 94.50 94.60
K=5 94.70 94.50 94.50 94.50
Naive  MultinomialNB 76.30 58.80 58.80 46.40
Bayes
n_estimators = 93.00 92.90 92.90 92.90
100
Random n_estimators = 92.80 92.60 92.60 92.60
Forest 200
n_estimators = 92.30 92.20 92.20 92.10
300

Table 10 Comparison of the Types of Feedback on

Instructor, Course Content, and Learning Support

F1-
i Precision Recall Accuracy
Model Settings score
(%) (%) (%)

(%)
C=500 90.10 89.90 89.90 89.90
SVM  C=1000 90.10 89.90 89.90 89.90
C=1500 89.90 89.80 89.80 89.80
K=3 91.60 91.00 91.00 91.10
KNN K=4 90.00 89.50 89.50 88.20
K=5 89.60 89.10 89.10 89.30

Table 10 Comparison of the Types of Feedback on
Instructor, Course Content, and Learning Support

(continue)
Naive Multinomial 66.50 73.20 73.20 67.60
Bayes NB
n_estimators =100  81.20 81.10 81.10 80.90
T:i‘:: n_estimators=200 8140 8140 8140  81.20

n_estimators =300  81.80 81.80 81.80 81.60
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2. wansiuuudiaaslllszandldom

mTuassitldihuunsaesilisansam
ﬁ?}ﬁq@vlﬂlfawulﬂﬁmsﬁmeﬂuL%mLaﬂwamﬁu 1o
Siesanufainsasindnsniddanssamsizeums
goup09019158 JUszlumivansdszns S9snansatan
HRntseansnnlumsdansitennIsen LazsInaGHe
MINAMAUNIWNTANIN a’mm’mmsnlﬁﬁa;&amn
wamfjmsw:ﬁmmﬁ@Lﬁumaaﬁﬂﬁﬂwnv"v"aﬂ%’uﬂ;dﬂﬁ
FOBLUGUAT 9 1T myTam3iiam wiamydiuiye
I veeulRasIaNANNAINTVRIRNANEY WazNNT
uunaNAaRwlusIvInuazdiausslARnA TN
VeI IAeUUNNTNEn I IasduaeunslFa s
vu 2§ de 1) lﬁ;ﬂ%ﬂiaﬂﬁammﬁﬁaamﬁmﬁ:ﬁ
ANUAALAL INEUARNT Submit LABIZULILHINNT
1a31erT0aN 11 Figure 4 WaT 2) ULRAINAANTNNT

AnTeRtaauazlngiKan1in ey Lu Figure 5

sailanuianudaivaasindnundiisanmsinnisiiuunissay

nsantamNuERIANAALIL ...

SUBMIT

HansIasIod: >>

Figure 4 A screen where users can enter comments,

suggestions, or feedback

. g da "
SANATIEUAY hilfidanisianisidaunsday

anmshidnnasauiniadeanstiduaufinasautaluimGouarasdiu
AUATIAMALTIMARA

SuBuT

HAMSTATIN ;>

sy

Figure 5 Display the results of the analysis of student

feedback on teaching and learning management
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3. wanisdszfinanaienalanislaiu

walnAATHIATIERANAAIBYBIRNANEA

NNNIFNNM BRI TEUTIUI 4 Yinu
Aparumslfnuneywatndulu 2 du fnoaziBuadsil

luiunsd mi’]:ﬁﬁagaLﬁaafmunmmﬁm
FuAwEuInuasday uazsuwnanuaainluem
19 ansdrenianalaluanuuindrwainiiansi
ANnuAaLAn laonain LeUnaatuaINTnILwNAINY
ﬁﬂLﬁw,%amﬂLLazL%dauvl,@TamagﬂﬁaaLLa:smL?’a LR
Tanansnszududn 9 15w ensdyaen dlevnseim
LLazéaaﬁumgumiﬁﬂuflﬁazm%'@Lam ANAALT WAL
W@y fa msﬁi’mun"ﬁagaﬁ’mﬂiwﬂ'@nmiumﬁmsﬂzﬁ
anufaAnaItnAnI N waskaawszNTunly
lFSudyamaSeunssenle

Tudrumsliau envsdaeuuaniniuia
FwiueUwatnduldudng wasdeuussiimsldnui
Faranluudazdunon

a;ﬂwamsﬂiuﬁummﬁawah mmsﬁg}”
goudlauiiweladanadndiiatuluszduuin lag
woUwALATY Trfulszansnmwlundienzianuda
Winsasind@nmuazaiuayunnsUTudamsdemsten
mymawldadingg v awsuauuzlumaiudyimsldou
[ MstRNANUEINTE MU UGS M SULEAINETD| GHE
a5 lU R sanluauaaiolRuANuREAIN Az
Uszansnwlumsldauwunndetu

a7Unan13338
naTeitldWamnuUURadaERaNuRain
Pasiindnunfifidensiamsidonnssenvesanasd lay
lHinafiamunidesdays lasmvidoutseanidusasam
win lusuusn lédnsaanuniiassiiesuswnay
AAUEIUINUATIAY LAZFILULI A0 RDIILUN
anydainludude g 1w enansdgaan ilovnseim
Lmzédaﬁumgumiﬁwi lasSoufsudssansaiwlu
4 dana3fin laun SVM, KNN, Naive Bayes Wwaz Random
Forest uazluduiignsnasnis3se Idiiuuusiaosfis
ﬂszaw%mwﬁﬁﬁqﬂvlﬂ’lfﬁ’lumsﬁ@umL"’Jmmﬂwﬁm"fj’u e
NAFDUNTIFINUUULINRBIFIRILI AR AN UAALAYR
Pa9in@nnATdonsiamsi3ounnssouasenanss
Taonams3duiingazBoadait suusn mas
LULFNR0IABIUWNANUAALAWEILINUAZLTIAY Uz
shauLUTRasasuunanuaaiuludueg 9 1T%
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mmsﬁ@aau ilovnsedm LLazéaaﬁuamgumiL‘%ﬂui WU
Funafia SVM fdszansawlumsiuunanufatfug
U’JﬂLLazL%Gauaﬁqw I@ﬂﬁ@hma‘waa accuracy, precision,
recall, b8z F1-score WINAL 97.00%, 97.10%, 97.40% L8
97.30% SRIUMIIUUNANUAAABLUA KA1 WU
aanasfiu KNN ﬁﬂi:?m%mwmnﬁq@ Tapfiaadsves
accuracy, precision, recall, Ltae F1-score WINNU 91 .00%,
91.60%, 91.00%, W8z 91.10% fIuAFOINMTNAUILIL
waUndladuiineianudaiAuuasnndns wuiniy
Lo UnALATUANAIIBIINTAAATER AN AU 89
indnslaasnanaing waztislweransdannsnviing
mylanzianufainlldlunsdiodynisianis
FOUMIFOWLG

MNHAMTITeTerauaed W RwILLDT R
Walwdw HoludIusaIMsIuwnANAARwEILINLa:
FaU TINHINIIuunaNNARnluudazdusaIng
SamMI3unMIFon NIREITIRANAIWNT WIS ANTAW
lunsienzianufaiuaasindnes wazsunsasinly
Uszgndlfnuidelumadiudsinsianaisounisaenle
NATEINTITBNANURDAARBINLIKITLVEY Munawaroh
and Alamsyah (2020) l@@nsiUSsuiieuyszansanues
dana3fiy SVM, Naive Bayes, uaz KNN a1#503ia=9%
mmﬁmﬁummsmuﬁmﬁ'umwf’ﬁﬂ@ianﬁﬁ@’iﬂ%u
COVID-19 U Twitter Tanams3douaasliifinindanes
Audnaduanuuinir lumaiiansianudaiuinnnin
Jauaz 90

WM IR IaINAAAI TRRIUIANNENINTD
Tumsianeianuaaiuidanududon 1w uns
Jianeanudaiuiidwdiuinwiadeauotnenin
(Extreme sentiments) #aannudaiuidlanumaiunana
(Neutral sentiment) I@Uawﬂ%fuﬂ;amﬂﬁﬂﬂ'ﬁﬁ'n,l,uﬂ
ﬂszmw’l,ﬁmmmuﬁu“ﬁagaﬁﬁmm%’usﬁaumﬂﬁu LT
MIMATANTIATILALEIRN (Deep learning) NsLElaTd
Prpilszainifisn (Artificial Neural Networks) w3alnadia
MIUTEUIRNAN B TIINTNG (Natural Language Processing:
NLP) RanlsanE sz ianufefiugan
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Y. (AUUTMANANST), 20(4), 140-149.

28706 Bunfuad UazaTT Nede. (2563). MIILATIEH
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Abstract

Currently, online data collection for research in various fields may replace traditional paper-and-pencil/paper-and-pen
questionnaire methods due to the demonstrated potential of online data collection. This research presents an
investigation into the design factors for interaction in online data collection applications using smartphones. The study
is based on the Task-Technology Fit (TTF) theory and principles of interaction design. The analysis of data using
Structural Equation Modeling and hypothesis testing on a sample of 320 participants from Ramkhamhaeng University
found that the following factors enhance the effectiveness of designing an online data collection application using
smartphones: 1) The content of the questions in the application 2) The method of selecting options 3) The presentation
of results, and 4) The adjustment of the scale. These factors contribute to the application’s ability to adequately support
online surveys conducted via smartphones. Moreover, the research findings indicate that the method of selecting
options in online data collection applications displayed on smartphones is the most significant factor compared to other
factors within the endogenous latent variables. This indicated the importance of symbols that are easy to understand

and of a size appropriate for the size of the smartphone screen.
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Table 1 Result of KMO and factor analysis

Construct KMO Eigen value Alpha

Task (TA) 0.837 8.704 0.855
Task technology fit (TTF)
® Contents 0.802 4.335 0.837
(CON)
® Selection 0.772 2.639 0.816
(SEL)
® OQutput 0.633 2.399 0.831
(OUT)
® Scaling 0.670 2.107 0.763
Adjustment (SAD)
Technology (TEC)
® Screen 0.693 1.924 0.845
Rotation (SC)
® Form 0.703 1.710 0.842
Factor (FF)
® Words 0.719 1.594 0.831
Correction (WC)
® \Words 0.725 1.509 0.845
Suggestion (WS)
® Signal (SN) 0.801 1.408 0.852
Performance 0.705 1.193 0.788
Impact (PIM)
Actual Use (AU) 0.592 1.070 0.791

270 Table 1 NITANNUSNLINBIR
UITNBUVBILLUINBIFNNAFIWINUITBUITNB UG
12896U5zn0u a1 latnu 3239 1.070-8.704 (A1annnin
1.0) Fudsfiasunousazasiisznand 3 daudsauwly v
Frudsdonald 43 dudsifiainminessUsznaudue
0.30 4wl eiaiuloszning 0.837 -0.592 (Aannnn
0.5) uazAaanIVIATaWLNA 321319 0.855-0.763 (A
41NN31 0.70) (Hair et al., 2010; Nunnally, 1978)

4. Namﬁm‘nzﬁtﬁamau%’mqﬂ‘szmﬁwm
nMsAEnE

41 HAMINATZRANNATIDILATIFI
2aslaAan1sin

Qﬁﬁ]”yvlﬁﬁwmimmaaummml,%aﬁa
Wa=ANULREInssIaIaaTIa lagRasanaoinnuidaie
@ 7iein Composite reliability (CR) las CR ﬁlzﬁadadﬂ’j’l
0.60 %#38N1NN31 (Brunner & SR, 2005) LAZATIIFOL
anuisaassdelassaineasaaudsuds aaudsdsne
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"I,@T(@Ta%i'@)sl,mqj@@”mﬂil,wlmﬁa g fanumanzanlums  aasien Vave §9N160 cross construct correlation
Hudaunumstaniold TaoRarsmnenufissnsads  32wing Construct lusausnnasonnuassdu (Hair
o figasiien loading 1NN 0.70 uazAI3dA1 AVE et al., 2010)

g1 0.50 FIA1397 2 wazAMAABIATITIEUUN 7

Table 2 Confirm factor analysis for the survey instrument validity: Standardized item loading, t-value, AVE, and CR

Factor/Latent variables Items Standardized loading t-Value AVE CR
Task characteristics (TA) TA1 0.773 15.549 0.508 0.859
TA2 0.820 16.927
TA3 0.763 15.264
TA4 0.677 12.969
TA5 0.647 12.236
TAG6 0.567 10.394
Technology characteristics (TEC)
® Screen Rotation (SC) SC1 0.746 14.467 0.659 0.852
SC2 0.735 14.224
SC3 0.939 19.259
® Form Factor (FF) FF1 0.860 17.209 0.652 0.848
FF2 0.866 17.357
FF3 0.682 13.050
® \Words Correction (WC) WCA1 0.805 15.546 0.625 0.833
WC2 0.828 16.073
WC3 0.736 14.021
® \Words Suggestion (WS) WS1 0.796 15.638 0.646 0.802
WS2 0.852 17.009
WS3 0.764 14.893
® Signal (SN) SNA1 0.801 16.353 0.602 0.857
SN2 0.907 19.491
SN3 0.706 13.797
SN4 0.673 12.952
Task technology fit (TTF)
® Contents (CON) CON1 0.766 14.983 0.569 0839
CON2 0.684 12.921
CON3 0.838 16.888
CON4 0.715 13.689
® Selection (SEL) SEL1 0.681 12.646 0.526 0.817
SEL2 0.713 13.406
SEL3 0.834 16.313
SEL4 0.675 12.506
® QOutput (OUT) ouT1 0.603 11.251 0.648 0.842
ouT2 0.936 18.757
OouT3 0.836 16.341
® Scaling Adjustment (SAD) SAD1 0.585 10.194 0.533 0.772
SAD2 0.831 14.138
SAD3 0.761 13.042
Performance Impact (PIM) PIM1 0.726 13.958 0.525 0.806
PIM2 0.984 20.375
PIM3 0.575 10.707
PIM4 0.523 9.639
Actual Use (AU) AU1 0.890 17.350 0.658 0.839
AU2 0.986 19.666

AU3 0.446 8.138
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Figure 3 Second order for smartphone technology
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Figure 4 Structure model results

Table 3 the recommended and actual valued of fit indices

Fit index Recommended value Actual value
x2/df < 3.00 2.83
GFI >0.80 0.872
AGFI >0.80 0.822
CFI >0.90 0.931
NFI >0.90 0.896
NNFI >0.90 0.913
RMSEA <0.08 0.075
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Table 4 Direct, indirect and total effect in predicting

Actual use

Dependent AU (R?=0.196)

variable

Independent Direct Indirect Total R?

variable

TTF 0.580** 0.603** 1.183** 0.394
PIM 0.153 -- 0.153  0.017
TA 0.489* 0.489**

TEC 0.121** 0.121*
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Table 5

Table 5 Structural model results
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H1:TA->TTF 0.807" 6.324 Supported
H2:TEC->TTF 0.200" 2.632 Supported
H3:TTF->PE 0.152" 1.978 Supported
H4:PIM-> AU 0.153 1.597 Not Supported
H5: TTF->AU 0.580" 5.846 Supported
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(Goodhue 1995)
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Abstract

Postpartum depression is a mental health condition that results from the abrupt hormonal fluctuations occurring during

the postnatal period. This condition significantly affects the psychological well-being of mothers and directly impacts
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the well-being of the infant, as well as the broader familial and social environment. This study aims to generate
association rules and identify relevant factors that serve as preliminary data for the development of a screening tool
for postpartum depression. This research employs the Apriori algorithm to identify association rules within a dataset
sourced from the Kaggle platform. The dataset comprises 1,503 instances and includes ten relevant variables, which
are age, feelings of sadness or tearfulness, fatigue, sleep disturbances, difficulties with concentration or decision-
making, eating disturbances, feelings of guilt, social withdrawal, suicide attempts, and anxiety, which serves as the
key response variable. Relying on data from a single source in the experiment presents limitations regarding the
generalizability of the findings to a wider population. The performance of the association rules is evaluated by applying
a minimum support threshold of 0.2 and a minimum confidence threshold of 0.2. The experimental results reveal 18
significant association rules. The most frequently occurring factors that exhibit strong relationships with the target
variable are difficulty concentrating or making decisions, suicide attempts, and feelings of sadness or tearfulness.
These three factors significantly affect the mental health of postpartum mothers. The findings of this study highlight
the importance of supporting the mental health of postpartum mothers, understanding their emotions and thoughts,
and preventing potential risks associated with these factors. The findings of this research apply to the design of a
screening model for postpartum depression and the development of appropriate counseling and guidance strategies

aimed at reducing risks and enhancing the long-term quality of life for both mothers and their infants.

Keywords: Postpartum depression, factors influencing postpartum depression, association rule, Apriori technique
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Table 1 illustrates the number of association rules generated using the Apriori method based on different support and

confidence values

Times Support Values Confidence Values Number of Rules
#1 0.8 0.75 0
#2 0.7 0.6 0
#3 0.65 0.5 0
#4 0.5 0.4 0
#5 04 0.3 0
#6 0.3 0.2 8
#7 0.2 0.5 50
#8 0.2 0.2 76
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Table 2 illustrates the association rules obtained from non-value-based factor analysis

Rule No. Association Rules Confidence Values
1. Overeating or loss of appetite=No, Feeling of guilt=No ==> Feeling 0.95
anxious=Yes
2. Feeling of guilt=No ==> Feeling anxious=Yes 0.89
3. Feeling anxious=Yes ==> Feeling of guilt=Maybe 0.35
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Association Rules)
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ﬂg‘ﬁl1 (Rule No.1) “Overeating or loss
of appetite=No, Feeling of guilt=No ==> Feeling
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Table 3 illustrates the factor selection based on the number of frequent items using a non-value based technique

Order Factors Frequent Iltems
1. Problems concentrating or making decision 10
2. Suicide attempt 10
3. Feeling of guilt 10
4, Overeating or loss of appetite 9
5. Feeling sad or Tearful 4
6. Easily tired 4
7. Trouble sleeping at night 4
8. Rarely speaks to anyone 2
9. Age 0
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Table 4 illustrates the association rules obtained from value-based factor analysis

J Sci Technol MSU

Rule No. Association Rules Confidence Values

1. Problems concentrating or making decision=Often Suicide 0.91
attempt=No ==> Feeling anxious=Yes

2. Problems concentrating or making decision=0Often ==> Feeling 0.84
anxious=Yes

3. Easily tired=Yes ==> Feeling anxious=Yes 0.77

4. Rarely speaks to anyone=Sometimes ==> Feeling anxious=Yes 0.75

5. Suicide attempt=Yes ==> Feeling anxious=Yes 0.72

6. Problems concentrating or making decision=0ften ==> Feeling 0.67
anxious=Yes Suicide attempt=No

7. Feeling of guilt=Maybe ==> Feeling anxious=Yes 0.65

8. Feeling sad or Tearful=Yes ==> Feeling anxious=Yes 0.64

9. Feeling anxious=Yes Suicide attempt=No ==> Problems 0.62
concentrating or making decision=0Often

10. Trouble sleeping at night=Two or more days a week ==> Feeling 0.58
anxious=Yes

11. Feeling anxious=Yes ==> Easily tired=Yes 0.43

12. Feeling anxious=Yes ==> Rarely speaks to anyone=Sometimes 0.42

13. Feeling anxious=Yes ==> Problems concentrating or making 0.41
decision=0Often

14. Feeling anxious=Yes ==> Trouble sleeping at night=Two or more 0.38
days a week

15. Feeling anxious=Yes ==> Feeling of guilt=Maybe 0.35

16. Feeling anxious=Yes ==> Feeling sad or Tearful=Yes 0.35

17. Feeling anxious=Yes ==> Suicide attempt=Yes 0.34

18. Feeling anxious=Yes ==> Problems concentrating or making 0.33

decision=0ften Suicide attempt=No
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Table 5 illustrates the factor selection based on the number of frequent items using a value-based technique
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Frequent Items
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Trouble sleeping at night
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Figure 1 Classification of postpartum depression levels based on association rules
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Table 6 illustrates the feature selection using the wrapper

method

Order Selected Features from

the Wrapper Method

1 Age

Feeling sad or Tearful

Trouble sleeping at night

Problems concentrating or making decision
Overeating or loss of appetite

Feeling of guilt

Rarely speaks to anyone

o N o a o 0N

Suicide attempt
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Table 7 illustrates the feature selection using the Gain Ratio method

Order Gain Value Factor
1 0.14609 Feeling of guilt
2 0.05277 Easily tired
3 0.04678 Problems concentrating or making decision
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5 0.03239 Rarely speaks to anyone
6 0.01988 Overeating or loss of appetite
7 0.01549 Trouble sleeping at night
8 0.00259 Age
9 0.00221 Feeling sad or Tearful
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Abstract

This study presents an extensive analysis of slope stability using various machine learning (ML) models, focusing on
hyperparameter tuning and feature importance and model validation for predicting factor safety (FS), slope failure
distance relative to the height of the slope, and the safety level of the slope. The input parameters include cohesion
(C), internal friction angle (Phi), slope angle (Slope), and height of the slope (H). The performance of each model was
assessed using Mean Absolute Percentage Error (MAPE), Mean Squared Error (MSE), and R-squared (R?) for
regression tasks, while classification tasks were evaluated using accuracy, precision, recall, F1-score, and Area Under

the Curve (AUC). The analysis demonstrates the efficacy of different ML models. The model that performed well in
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both regression and classification is the Random Forest. The use of polynomial features significantly improved the

performance of linear methods, while hyperparameter tuning greatly enhanced the performance of Support Vector and

MLP models.

Keywords: Slope stability analysis, machine learning, slope failure distance
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Table 2 The hyperparameters utilized by implemented predictive models

Model Hyperparameters Values Used Best for
[Default] Regression Classification
FS L/H Criterion
Ridge alpha [1.0] 1e-06, 1e-05, 1e-04, 0.001, 0.01, 0.1, 1 1e-06 1e-06
Lasso alpha [1.0] 1e-06, 1e-05, 1e-04, 0.001, 0.01, 0.1, 1 1e-06 1e-06
EN Alpha [1.0] 1e-06, 1e-05, 1e-04, 0.001, 0.01, 0.1, 1 1e-06 1e-06
I1_ratio [0.5] np.linspace (0, 1, 5) 0.0 0.0
LgR C [1.0] 05,1,5 0.5
max_iter [100] np.arange (50, 1000, 50) 50
KNR metric ['minkowski’] ‘euclidean’, ‘manhattan’, ‘minkowski’ ‘euclidean’  ‘euclidean’
n_neighbors [5] 1,2,83,57 1 1
weights [‘uniform’] ‘uniform’, ‘distance’ ‘uniform’ ‘uniform’
KNC n_neighbors [5] range (1, 21) 6
Weights [‘uniform’] ‘uniform’, ‘distance’ ‘distance’
P [2] 1,2 1
SVR Kernel ['rbf’] ‘linear’, ‘poly’, ‘rbf ‘linear’ ‘linear’
C[1.0] 0.001, 0.01, 0.1, 1, 10, 100 0.001 0.0001
Epsilon [0.1] 0.00001, 0.0001, 0.001, 0.01, 0.1 1e-06 1e-06
SvC C[1.0] 0.01, 0.1, 1, 10, 100 100
gamma ['scale’] 0.01, 0.1, 1, 10 0.01
DTR criterion [‘squared_error’] ‘squared_error’, ‘friedman_mse’, ‘abso-  ‘squared_er- ‘squared_er-
lute_error’, ‘poisson’ ror’ ror’
min_samples_split [2] 2,4,8 2 2
DTC max_depth ['None’] 3,5,7,9, ‘None’ 7
min_samples_split [2] 2,5,10 5
min_samples_leaf [1] 1,3,5 3
XTR n_estimators [100] np.arange(10,100,5) 50 50
min_samples_split [2] 2,4,8 2 2
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Table 2 The hyperparameters utilized by implemented predictive models (continue)
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Model Hyperparameters Values Used Best for
[Default] Regression Classification
FS L/H Criterion
XTC max_depth ['None’] 3,5,7,9, ‘None’ 9
min_samples_split [2] 2,5,10 10
RFR n_estimators [100] 50, 100, 200, 300 50 50
min_samples_split [2] 2,4,8 2 2
RFC n_estimators [100] 100, 200, 300 300
max_depth ['None’] 3,5,7,9, ‘None’ 9
max_features ['sqrt’] ‘'sqrt’, ‘log2’ ‘log2’
BR, n_estimators [10] 5, 10, 50, 100, 500, 1000 5 5 50
BC max_samples [1.0] np.arange(0.4, 0.8, 0.05) 0.5 0.5 0.7
GBR, n_estimators [100] 50, 100, 200, 300 50 50 50
GBC learning_rate [0.1] 0.01, 0.05, 0.1, 0.5, 1 0.01 0.01 1
min_samples_split [2] 2,4,8, 2 2 3
ABR, n_estimators [50] 25, 50, 100, 200 25 25 100
ABC learning_rate [1.0] 0.01, 0.05, 0.1, 0.5, 1.0 0.1 0.01 0.1
CBR Depth [6] 2,3,5,8 2 2
CBC learning_rate [0.3] 0.0001, 0.001, 0.01, 0.05, 0.1 0.0001 0.00001 0.05
Iterations [1000] 500, 1000, 1500, 2000 500 500 500
LS Kernel [‘rbf’] rbf, ‘knn’ ‘knn’
Alpha [0.2] 1.e-03, 1.e-02, 1.e-01, 1.e+00, 1.e+01, 1. 0.001
e+02
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MLPR, hidden_layer_sizes [100]  (300,200,100), (270,180,90), (240,160,80), (300,200,100) (300, (240,160,80)
MLPC (210, 140, 70) 200,100)
Activation [‘relu’] ‘identity’, ‘logistic’, ‘tanh’, ‘relu’ ‘identity’ ‘identity’ ‘logistic’
max_iter [200] 100, 200, 400, 600, 1000 100 100 1000
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AUC > 0.9 fiatoaatiiua (Excellent) 8¢32%319 0.8-0.9
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9g3TIN 0.6-0.7 fiadwelt (Fair), 983z 0.5-0.6
fladud (Poor), uazénin 0.5 Badugann (Fail)
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Table 3 Safety factor regression prediction performance

hyperparameter tuning and polynomial features
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Table 4 Slope failure distance regression prediction performance
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L/H
Normal Feature Polynomial Feature Hyperparameter Tuning
Model R® |R® R® | R R” | R®
MAPE [MSE MAPE [MSE MAPE [MSE
Train| Test Train| Test Train| Test
LR | 0.24 | 0.64|0.68(0.71] 0.22 | 0.48( 0.80| 0.78
Ridge| 0.24 | 0.64 | 0.68(0.71] 0.23 | 0.48|0.80|0.78| 0.24 0.64|0.68(0.71
Lasso| 0.28 (0.71)|0.64]0.68| 0.26 | 0.68]|0.69|0.69| 0.24 0.64(0.68|0.71
EN | 0.27 | 0.69(0.65|0.68] 0.25 | 0.58|0.74|0.73| 0.24 0.64|0.68(0.71
KNR'| 0.26 | 0.58( 0.80(0.74] 0.26 | 0.60( 0.80| 0.73| 0.31 0.93 0.58
0.23 | 0.64 0.24 | 0.75
0.2 |0.61 0.20 | 0.67

1.20| 0.46] 0.45
0.57(0.76| 0.74
2.19(0.01] 0.00
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Table 5 Performance in predicting the safety level classification of soil slope.
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Multi-Model Multiclass ROC Curve
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Figure 6 ROC curves and AUC values of the classifier

models
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Abstract

Air pollution is a significant global environmental issue, profoundly impacting human health, ecosystems, and sustainable
economic development. Particularly in densely populated educational institutions, standard measurement methods
often face limitations in terms of frequency and spatial coverage. This study, therefore, investigates the consistency
of particulate matter (F’Mz.5 and PMm) measurements between a LIDAR system installed at Kanchanaburi Rajabhat
University and data from a Beta Attenuation Monitor operated by the Pollution Control Department located in Pak
Phraek Subdistrict, 15 kilometers away. Data were collected from five key points within the university over four months,
alongside environmental factors and traffic volume. The findings reveal that the area near the main entrance recorded

the highest particulate levels (PMZS: 28.5+3.2, PMw: 52.3 + 5.1 pg/m?®), while green spaces showed the lowest levels
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Application of LIDAR technology for monitoring and assessing particulate

matter at Kanchanaburi Rajabhat University

(PMZS: 17.3 £ 2.0, PMm: 32.8 = 3.5 g/m?®). Correlation analysis indicates a positive relationship between traffic volume

and particulate levels (r = 0.71), whereas wind speed exhibits a negative correlation (r = -0.58). This research contributes

to the development of guidelines for effectively applying LIDAR technology in monitoring and managing air quality in

educational institutions.

Keywords: LIDAR, air pollution, PM25, PMw, university air quality

VNI
saRwameduilymasnadesiisdaszdulandoman
sznuadilis@dndagunwunsd szuuiing wazns
ﬁwmmmgﬁaaamfiaﬁu (Seigneur, 2019) 846N17
swdplanmanuiuafizemeadusingnaiedia
Aawloduarsasdszmnslaniie 7 Suaudal lasanz
lutszinamaswawn (Canton, 2021) Uszinalnafindoy
ﬁ’uﬂtymﬁaai'm@imﬁlaaimmaww:’tuwmﬁaum:ﬁuﬁ
9ARANIIN
%’m%’@ngauq%uﬁa:vlﬁ%a'hLﬂmﬁaaﬁﬁuma
wazunssrienfisdmayue liorananidosiymaafis
niaImdld NIBNUFIIUNTHLITA NN
Uszinelng lasnsuaiuguuais wudrlugel wa.
2560-2564 JanianautiiiuwlinvasSinuguazaad
el 2.5 luasew (PM, ) Lﬁwgﬁuammmﬁaﬂ@m
nzlugmgus %aﬁ@hmﬁmmﬂg&ﬁa 25.3 lulasn3u
@ia@nmﬂﬁmm%aLﬁummmgmﬁaaﬂ‘msamﬁﬂan
fnnaldi 10 lulasnsudagnunariiuas (nIuaIuga
WA, 2566)
smtunsdneuduniluiuiisd el
ML TIUAZATIIRB LA MAINDIN AR LT 1970
Lﬁaammﬂuamuﬁﬁﬁﬂi:mns*ﬁmLLﬂuI@ﬂLawwznéju
1 rndoduTefidenlnidanansinuuasna e
(Pedelacq et al., 2022) NMIANBIVD Gujrathi (2021) Wy
'j'm'lsvl,é]”%’uuaﬁwmammﬂim:é’ugddwani:wum
WAWININIENILazAMUIANI U Buivaudn
WAZLEN T %BNINTH Terao and Funatsu (2021) et
Wi saaszauuafsnsamaluaaudnsaianTn
dawaﬁ@iaqmmwLLﬂ:Nﬂé’NﬂﬂﬁNﬂﬂiﬁWﬂUaaﬁfm‘%ﬂuvlﬁ
adIltyEATY
wIneaerApmyIuylugiuzanidu
q@uﬁnm%uﬁwaﬁmi'@ Sunumaanlunaiudu
Lmuﬁmmﬁ@n'ﬁ%mmﬁauLLa:ﬂ’lsmm“iuqmmw%%
ﬁ'ﬁlﬁuﬂ'qmu msaadtauastihszanafsnsanmealn

o '
A =3

Aufuwinessdelinnuaayededs lifdssudie

ﬂm“ilaoq"umwmadﬁfﬂﬁﬂmLLaqulﬂmm wa gt dun1asng
aaﬁmwﬁua:LLmﬂﬁﬁaﬁﬁﬁ’m%fuqmuIﬂmau

MINTIVTANANBNIMAGILITNIATIIN LT

v A s . . A
mﬂmmaamm&mmmu Gravimetric $38 Beta
Attenuation Lﬂﬁ%ﬁlﬁmmLL&iuﬂwgaLLazLﬂuﬁﬂaw%fulu
szausna addlsianuitiwaifidainnananynais
tszmsludnuanudvasmyia nuindasltinalumsiy
fatadaudnawInrn i s Iafaaunm It asuiag
23NN IUMALLUTIUA (Real-time) & wananiis
ho o e d e ¥ 44 A a4 a
mjamn@lumuﬂﬁmauaquwuﬂLuaomﬂmsaauau
ﬁunugﬁumia@ﬁoLLazGTaomimsu"ﬂgﬁﬂma&i’m
sy navelaudiTuiTny (Liv et al., 2022) Tainfansni
sanalinahsrTigunmemeluinuivwalnajiduly
laonlunmedjid dromatiinalulad LIDAR 39la3y
AMNFWIAANTY LH0IINFINIINATIVTANANHNNI
nNeAlaluUY Real-time LLazmamquﬁuﬁm’wﬂuﬂﬁ
#72970A39LA 87 (Korotcenkov, 2019)
o = £ 1l ' 6 6

mainaluladadeolndaginawesandszynd
THlunisamatauaiunisaine laganizinaia LIDAR
(Light Detection and Ranging) 34tHuiuansnvinanla
Lﬁaamﬂmmﬁﬂﬁﬁayaﬁuﬂuﬁw 0137 UazATEUARY
#uiiniralddndn (Butt et al, 2018) mMsfnmsngaves
Mifsud et al. (2018) usaslAiAninnalulad LIDAR
FINTNATIVIA PM, I@uaingfs 90% LiaaunusT
naspmuazianInlidayadiiuiuazinafiazdoa
nin

= =1 a a a 1 v

Msan¥IYToUgUY TEENTATNIERININITIE
walulsdiaaiuasitmianaiauuuanasguluuiun
VIR TUNIANB I INNRENTAY MY IUYT
Falanusayadieds ldRssudastiowamIzuung
Lﬂﬂi:i'oqmmwmmﬂluﬁuﬁwﬁwmé’ylﬁﬁﬂsz'ﬁw%mw

¥ . . v e

N Lmmmmsnmvlﬂﬂizqﬂ@ﬂmﬂuamuuﬂﬁﬂﬂm
au 9 uazzurulassey uananidudunisasiesd
anulnilunsdszondldinaluladugafanisians
FawrasanluuSunvesdszinalng Sszaaasasiu

123



124

g IR Aisiusasasdnsandsemma (UN
Sustainable Development Goals) I@]ULQW’]ZLﬂ’mmUﬁ 3
(Egmmwuazmwmﬂuagﬁﬁ) waziihwmaned 11 (Hosuas
puruiifstu) (Nations, 2017)

@T’sﬂmqf':mﬁ%'ﬂﬁﬁmjaLﬁuﬁﬁ]:ﬁﬂmmm
§OAANDIYDINIATIVIALTIN M UAzR Y PM, uszPM
T WN9LA309AT19TALUL LIDAR AAds s um1anende
NTAPMYIRYI ﬁuﬁagamﬂm‘%aam’sﬁ@qmmwmmﬂ
UL Beta Attenuation maaﬂmmqumﬁwﬁa@&zﬂ 1)
FUatNUNIN Balszosng 15 Alawwas LRoWaw
Lm'mwﬂ’mﬁhs:i'aLLa:%'@miqmmwmmﬂﬁﬁﬂizaﬁmw
NURNE WaZLANNZENNLUSUNYadgaTunIAnE
Uszneng
TaguUszaeAn1advy

1. Lﬁaﬁﬂmwamsm'sﬁ@ﬂ%mmﬂua:aaa

PM__uaz PM °uaam’%admm‘?@qmmwmmmmu
LIDAR #iads o WININAINTADMYIUYI AuToya
mmﬂ‘%ammﬁ@qmmwawnWﬂLLuué'@Iuﬁamaaﬂsu
mqumﬁwﬁﬁ@%ﬂuﬁumn&ﬁm WovUsziiunanu
aaﬂﬂﬁawaamsnszmyﬁwaasﬁuazaaﬂuﬁ?uﬁﬁﬂm

2. Wiefnmmswaswulassauvafivaine
luiuiivnInedonsagnigauys leslddayaan
waluladiaiwes

3. Lﬁiaﬁ@uuﬂLL%’J‘Y]']Gﬂ’lillizqﬂ@ﬂfLﬂﬂIﬂIﬂﬁ
LaLfnaﬂumuﬂﬁzi’aLm:%'@msqmmwmmﬂﬁmmzﬁm
fuuSunvasaantwnsansludssinalng

ﬂaﬂlﬂ@lﬂadﬂﬁiaﬁﬂ
1. Wuhdanusn: WAININEINTAYNYIRYI
A A a @ o A a - =
AunlassaunnIneaulusadl 5 Alawas eIy
LﬁUuﬁuﬁagamnamﬁm’m’iﬂqmmwmmﬂuaﬁwma
2IMATed A.1NNUWIN BLilad 2. MYIRLS: GThamnIW
21M¢t (AQI) wuuiFea ind)vesdaniamyauy3 neenT
NWNNIFTINTIALAFINARDNY9INA 0 15 Alaluas
2. 32HAN: AWM UIzLIaN 1 2e
= = nl U 1 a = dl
M3 Uz 4 Wen) BudulusiadanmaiSoun
1 Ym3finm 2566 (1HauFIMIAY) uazFuganautania
Fe% (WAaUNGAINIEW)
3. mnﬁuﬁaga: 15200 LIDAR @37970130 o4

Huazeed PM__ uaz PM_ luNununIngds laguiy

q 25
v [

I o
1BARBUNADLHDIARDA 24 "Ii’JI&I\‘J

Artit Ruangsri, Phatsaran Laohhapaiboon, Ornnicha Kongwut

J Sci Technol MSU

4. ﬁagmﬂ%ymﬁﬂu:lﬂﬁﬁagaﬁﬁﬂ']ﬁmmuag}
LANENHATITIAA NI NOIMANAN BN AYDI
a.1hnuwIn aLiled 3. MYInYT: dTkamnInaINe (AQl)
wuuFealngd) 209399 IaMLARYI NIENINANLINT
ﬁiimﬁaLLazéamﬂﬁamNmﬂﬁg@’i@ 15 AlaLuas (Figure
1) Munudayadaunas 11 et uuazns
Lﬂ'é;ﬂmmaammgma

5. huishdnwn:

udman Uranmiuazaad PM, uszPM
futlyrad gunndl ANUTN AEN9aY LAz
anuha (dtayannamfigafisuinsmyauy?)

6. mﬁmﬁ:ﬁ“ﬁaga:Lﬂ%ﬂmﬁyuﬁagaﬁvlﬁmn
32UY LIDAR Audayaannanihaialanuuinasgim
AemzRanuuininaszuy LIDAR iisuiudayadneds
LesdnmmInsransiaesafisamealuiuiiuminedy
wazanuFuRRsnUTayanan1taaiaguninenme

A

nnaitgaheuingmyans

< o amiiagisinsnniaud
©  wmiInendssyignInauys T
/8 21w

o 20w B —  f 321 4 —

B fﬂﬁkuvlnié

4
=3

21 & dning

DB e« LA
: Saasnuaus sl ) Eam :
i Caie&Resturant
& N \ 'y

ASAF5LIATUAD
Google

ni's

21unfi (15 na.) M
AMFATRTHILLENLIUNANAINUNG

@ iingawzin = dumau
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Figure 4 a. Calibration curves of PM25 and PM10 measurements. b. Relative Signal Strength (RSS)
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Figure 5 Distribution of sampling locations at Kanchanaburi Rajabhat University 1. Main entrance gate,

2. Main parking area, 3. Main academic building, 4. Outdoor sports field, 5. Green area
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Figure 6 a. 3D spatial mapping of ambient particulate matter distribution in university area showing variation in

concentrations across different zones, with green areas indicating low concentration levels and darker areas

showing higher pollution concentrations. b. 3D spatial mapping of indoor particulate matter distribution in conference

room space demonstrating the vertical and horizontal dispersion patterns of particles in an enclosed environment,

highlighting the capability of LIDAR technology to monitor both outdoor and indoor air quality conditions
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(Table 1)

Table 1 Average PM25 and PM10 (ug/m?3) measured by
LIDAR system (24-hour average)

Measurement locations PM__ PM_
main entrance gate 285+ 3.2 52.3+5.1
main parking area 257+28 489 + 4.7
main academic building 221+25 416 +4.3
outdoor sports field 19.8 £ 2.3 37.2+39
green area 17.3+2.0 32.8+3.5
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Figure 7 a. Changes in PM25 levels throughout
different times of the day. b. Monthly trends. c. Daily

variations throughout the week
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Table 2 Average PM25 and PM10 (Mlg/m?) from air quality

monitoring stations (monthly average)

Months PMZ_S PM"J
August 23.7+4.1 452 +6.3
September 251 +43 478 £ 6.7
October 27.3+46 515+7.2
November 29.8 £5.0 56.2 £ 7.8
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Table 3 Comparative analysis of LIDAR system and air

quality monitoring station measurements

Measurement method PM25 PM10
Correlation coefficient 0.92 0.89
LIDAR 3.8+1.2 7618
Monitoring station 26545 50.2+7.0

RMSE 2.8 4.2
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Table 4 Correlation coefficient (r) between particulate matter concentration and various factors

Factors PMZI5 p-value PMm p-value
temperature 0.35 <0.001** 0.32 <0.001**
relative humidity -0.42 <0.001** -0.39 <0.001**
wind speed -0.58 <0.001** -0.55 <0.001**
traffic volume 0.71 <0.001** 0.68 <0.001**
construction activities in the area 0.63 <0.001** 0.65 <0.001**
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Table 5 t-test Analysis: LIDAR vs BAM-1020
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5. MIIATIZUNIEAA

Parameter LIDAR BAM-1020 t-value p-value 95% ClI
(Lg/m®) (Mean * SD) (Mean * SD)
PM, 227+26 265+45 -3.842 0.0014* [-5.82,-1.78]
PM 426 +4.3 50.2+7.0 -4.156 0.0008* [-11.25,-3.95]

*p < 0.05 wEAIAMNLANGID LT RYRATYNIFHE
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Table 6 Analysis of Variance (ANOVA) between Sampling Points

Sources of Variance df SS MS F-value p-value

PM

25
Between groups 4 1524.63 381.16 42.85 < 0.0001*
Within groups 115 1022.75 8.89 - -
Total 119 2547.38 - - -
PM

10
Between groups 4 3865.92 966.48 38.72 < 0.0001*
Within groups 115 2869.83 24.95 - -
Total 119 6735.75 - - -

df = degree of freedom, SS = sum of squares, MS = mean square

. A o o aa
*p < 0.05 LERAIANULANAIDEU NI RLRIAUNIIROG
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