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Abstract

This research aimed to study the chemical composition, the number of antioxidants, antioxidant activity, and volatile
compounds of Robusta and Arabica cherry coffee pulp. According to the analysis of the chemical composition, it was
found that the cherry coffee pulp of Robusta coffee cherry has a higher carbohydrate content than the Arabica cherry
coffee pulp. The amounts of protein, fat, dietary fiber, and ash of the Arabica cherry pulp coffee were higher than
those of the Robusta cherry pulp coffee. Moreover, the Arabica cherry pulp coffee has a phenolic compound content
and DPPH antioxidant activities that were also higher in comparison with the Robusta cherry coffee pulp, while the
values of ABTS (cation radical scavenging assay) antioxidant activity and FRAP (ferric reducing antioxidant power)
of Robusta cherry pulp coffee were lower. The amount of anthocyanin in both of the two varieties of coffee cherry
pulp has no different. In addition, the caffeine and chlorogenic acid content in Arabica coffee cherry pulp was slightly
higher than in Robusta. According to the analysis of volatile compounds with the GC-MS method, there were a total

of 32 volatiles. The most volatile compounds were found to be phenol (54.78%) and caffeine (12.90%), but they
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volatile compound of cherry coffee pulp

also discovered borneol and turmerone, which give only the Robusta coffee cherry pulp a special flavor. The results

revealed that both Robusta and Arabica coffee cherry pulp contain large amounts of antioxidants and important

bioactive compounds that can guide development of the utilization of agricultural waste, which value-added the cherry

pulp of both Robusta and Arabica coffee.

Keywords: Cherry coffee pulp, antioxidant activity, volatile compound
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cyanidin-3-glucoside Az lURNIRTANURNENLONIUER 0.1
Tua$ HCI U503 1.5 Dadans (85:15 lapdSanm) in
WUTH100 400 Wae 800 AaANITNADRAT G28ADNNILALN
fumaassudiadis uahluienzieraiaias HPLC
Lﬁaﬁ’]mﬂw;nmgm

3.3 SiazidSanmadw (Caffeine) waz
n3aAaalsdibn (chlorogenic acid)

wWasnwaimeBmunuaiesenly 0.5 3y uas
MgO 5 n§u MIuNaNLLN 200 Hadans Mzmﬁwmuqu
IV # 90°C 1fluraan 20 Wl LLa:ﬁﬂﬁLﬁuﬁqmmﬁ
ol m’m:mﬂ“?'im%wﬁﬂﬂmaaﬁaﬂéf'm'sam,snagiaa
2U1@ 0.45 luATiNas, 25 FaRLAT, p/n 5190-5111ua2
dadia3ag HPLC Samssiriud RINEAWNIAITIUAUN
B4 1.0 Fa8nTY wazaaaliIta 0.8 NaanIu anLaEeE
FRA0in i 3 91 BSumeunduuaznsanaalsian
3Lﬂiﬁ:vﬂﬂmﬂ§ad reversed-phase HPLC system, (Agilent
1200series, Diode-Array Detector) (150 x 4.6-mm |. D.),
Aaduilwita Mightysil C18 column aw1aLduHNgUENaN4
5 lulasues Isedaniizfiaidorfo 25% MeoH lu
i (viv) fisasmslnansd 1 Dadaasdouf win 15 wndl
laglduUSanmansazans 10 lulasdas ﬁqm%gﬁﬂaﬁumﬁ
25°C. asadananuenaan 272 wiluwas

3.3 3Lﬂi'\:ﬁqmauﬂ'ﬁn’15aanqn§tﬂ%ﬁ1sﬁ’m
ouyadaszludonuaizassnium

1)'3Lﬂiﬁ:ﬁﬂi:ﬁﬂ%mwmsﬁuE]taa%a'ém:ﬁasﬁ%
2,2-diphenyl-1-picrylhydrazyl (DPPH+) scavenging activity
Assay

'3Lmﬁ:ﬁﬂszﬁﬂ%mwmiﬁuﬂzaa%a'éai: lag
Vlamssna/fannamasinmundsines 50 lulasias
Auasazans 0.1 Hadluans DPPHe 150 lulasaas adslu
96-well polystyrene microplate W AN AW ﬁg\‘iﬁdvl,’ﬂﬁ
Aaufisenlufidadunan 30 wid f@ﬁﬂﬂ’]ig@nﬁuumﬁ
mmmm'&"u 517 WlulNas ﬁwm'%'ad microplate reader
(TECAN model Infinite M200) lddn1sganauuasvatans
G884 (A sample) lasltumuaatiln negative control
(A blank) uazllnsaand (Trolox) {ussanasgiu fuwim
mqw%{miﬁmaaﬂ%m%’umﬂqmﬁﬂmmmwmmsn
elumiﬂ'ui?aa%a DPPH+ Q4&uN13

DPPH radical scavenging effect (%)

= A Blank — (A Sample + A Control) x 100
A Blank
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lasn

A Control A ANN1IQANAUUEIVY control (11
Naw + DPPH-)

A Blank fia fMIQANAULEITBIFAIBENI (A8
+ LaN1ER)

A Sample fia AIN1INANABUFIVDIAIDEN
(6188149 + DPPHs)

NA8edt 3 A53 FenTINsERINsA o S U
ﬂ'uﬂ&aa%a DPPH AUANMTNTH0IRTAZA8NIATI N
Trolox LLazimmuwa‘Lu%mﬂﬁa’én%’uaugamaa Trolox
dansuvasdragalfennaimasiniun (mg Trolox
equivalence /g sample)

2) ARl szantaiwnsau i3 auNABFIZANY
3% Ferric reducing antioxidant power (FRAP Assay)

LATUNANTALANY FRAP lauNaua1Iazane acetate
buffer i34 300 Aadluans (pH = 3.6) anTazane FeCl 6H O
Wadu 20 Aadluans wazansazans TPTZ 10 Jadluans
lu HCl 40 Aadluans ludamain 10:1:1 aUEIaY HaY
sInzanganssnadannaasanun 50 lulasaas iy
f13azans FRAP 150 'lulasaas lu 96-well polystyrene
microplate W&y LN (ﬁdﬁﬂfﬁqmﬁﬂuﬁ 37 °C 1w
30 w1l ﬁﬂﬂfﬂ@iwmig}@ﬂﬁuLLmﬁmwmm'&‘u 593
wlulaas was ﬁ’mm’%ad microplate reader maaasgw 3 ﬂ%\“l
ANV TERINANNTNTUYDIFNINZAUVBIRITRZANE
¥19337% Trolox (0.02-0.10 Hadluans)uassneduna
luﬂuaﬂﬁa§ﬂ§uau§amad Trolox dansuvadilfan
NaL“Ija%ﬂ’lLLW (mg Trolox equivalence /g sample)

3) %mezﬁﬂizﬁﬂ%mwmiﬁuﬁzw%m’éai:
2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid)

(ABTSe+) radical scavenging Assay

LASUNENTALANY ABTS+ lAUNENRITAZANY 7
faAluans ABTS++ nussazans 2.45 Jasluas lwunadon
wWeidanadanain 2:1 vul3luidadunm 12-16 7alus
LLa:L%amaéhU‘v":ﬂné‘fmummsn?@]mmi@@nﬁmmvlé’l.u
$29 0.70 + 0.03 WlaaT INTUIATHUTZENTAWN
msﬂ'uﬁy'aa%aﬁasz ABTS:+ lasthdaasanailfenua
wwosamun U513 10 Tulasies Aussazany ABTS+
131105 200 lalasaas 1u 96-well polystyrene microplate
nawuliidniu aaneli AU fasorlufiieiduwnm 6
w9 LLaﬁ@mmi@@ﬂﬁuLLadﬁ 734 wlwwas dreiasas
microplate reader fuwmaNNEINNIalwnsEy ﬂ.:dmg,ga
ABTS++ QI&UNMT

Chemical composition, antioxidant activity and 203

volatile compound of cherry coffee pulp

ABTS radical scavenging effect (%)
= ABlank — (ASample + AControl) x 100

ABlank
Tagi

A Control A ANNIQANALEIVaI control (11
Na% + ABTSe+)

A Blank fia f1M1IQANAuLEIIaIEA0E1 (FaEd
+ LONUER)

A Sample A AIN1TQANAULRIVDIADEN
(10819 + ABTS+)

Naaedt 3 a51 senmnszrinsaefdudns
ﬁuﬂv’aa%a ABTS NUANMNTNTUUIENTREANINITTIN
Trolox LLa:ﬁmmwa’luwuhﬂﬁaaﬂ%'mmﬁlamaa Trolox
dansuvasfiagtaldannamassniun (mg Trolox

equivalence /g sample)

4. N1FILATIEW AITWONTELNY (volatile
compounds) ﬁ'wm'%f'm GC-MS

JLATeRanT volatile compounds a8 solid phase
micro extraction gas chromatography-mass spectrometry
(SPME GC-MS) lagdiamnzianating 2uuy fia Myaszi
@288719UHA9 (CPR Waz CPA) Laz1a81981382818 (CPR
+ HO, CRA + HO) Tagvienagne 1 n3u uslwih 2

85803 wazld IWiwes DVB/CAR/PDMS @Wﬁ'uvlas:my

=

Ngmnnil 60 °C 30 w1 MniwiaERasRlsznaude
GC-MS lagld capillary aaansiuiia DB-WAX Ul (30m x
length 320pum x 0.5 ym) AQ918E1IULL spitless qmwnﬂﬁ
injector LYNAL 240 °C L1Hulaa1 20 WAl §ANIZVBINDANTE
qm%gﬁﬁ'uﬁuﬁ 50 °C 1w 2 w7 wastndulusan
5 °C @aunf auie 90 °C wazaald 5 widt ansiwdsulsy
qmwgﬁl,ﬁuﬁulué’mﬂ 2 °C @auwfl auil9 220 °C uazad
15 15 wii 53 8suduuizdann flow rate 1.6 195805
dow wianalasisuny library 189 NiST was Wiley
#i quality match >80%

Nan1INaaasiazanlIngma

MIIATIEaIALlsznaun9Ladl (Chemical composition)

NAMTIATIZRRRUTznauMILadanfanKa
Lm%muwﬁufmﬁﬁﬁﬂ wa LTREYINUAILANT LEAINT
Table 1 WU mm%umﬁanwaL“ﬁas"%'mLLWﬁ'uquﬁﬁﬁ’]
uazlsURGRRINNYUAILANS HAnny Seuas 4.37 uaz
7.16 aNday waztlRannmunySunalusduvasdfen
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o=l o & P A A & \
HaLre INMuWWuEandmiasas 10.77 SalldSunmnnnh
Lﬂﬁaﬂwama%mLLWﬁuﬂiﬁaﬁwﬁﬁIﬂsau Yauay 8.32
WAL UAURANITI ATz RS I la s Lduloannns
LLa:LrTwaaLﬂﬁanwama%muﬂﬁufmmﬁﬁw Sauaz 1.56,
o v A A A '
39.24 18y 7.18 ANEAU F9RUTu1amunnnn bl fanua
el o o o o o Ao A
LmassmLMWuﬂsuam fFaanaasnUINnILLUFannun
lud9nIa1889578 a9 Duangjai et al. (2016) WuLSN
T wazttn wasUszansauas 1.8 U 8.6 VAU
weiag19 Ay MnIBINWNL YT alYUsARluilRan

Table 1

J Sci Technol MSU

namuNaNsInIaFane Slaanifinulwddonname
%muw"ﬁaﬁuﬁmﬂﬁﬁw wazlstiadn 3ndunanasnn
Jandamyauyd suvasnilulainralufennairad
%ﬂwLLWﬁuﬂiﬂ’aﬁwaa%’mi’@mrywﬁﬁﬂ%mm%aUa:
65.46 %aﬂ%mmgaﬂ'j%ﬂﬁaﬂwama';if%:ﬂ'umﬁuﬁjmﬁﬁﬁ'}
(59882 39.60) LLa:mm%yumaaLﬂﬁaﬂwamai”%ﬁuf
IﬁﬂaﬁwﬁgaﬂdﬁLﬂﬁanwama%mLLWﬁuﬁ:m‘nﬁfﬁ Foua
MIANZRINAMLanuUSI s lulaase

Chemical composition of Robusta Coffee pulp and Arabica Coffee pulp

Chemical composition (%)

Robusta cherry coffee pulp

Arabica cherry coffee pulp

Protein 8.32 + 0.62 10.77 + 0.06
Lipid 0.83 £ 0.10 1.56 + 0.39
Fiber 20.52 + 0.21 39.24 + 0.38
Ash 5.16 + 0.11 7.18 £ 0.33
Carbohydrate 65.46 + 0.55 39.60 + 0.30
Moisture 7.16 + 0.11 4.37 £ 0.46

mMsanLRUSanm Ltazqmauﬁ'ﬁmiaanqvl%(tflu
mi(?f’mmggaSasz‘lmﬂﬁannmwwaam
£ o a v  aa

mMInasaunnIdIkeuNadaszd183T DPPH
(radical scavenging assay) WU11 @sanaanilfanna
L%a%muwﬁufmﬁﬁﬁ’] feuyinnu 114.41 + 5.32 mg
Trolox eq/g sample %aﬁﬂs:'ﬁﬂ%mwhmwﬁuawa
Saizvlﬁmﬂﬂdﬁmsaﬁ'@mﬂLﬂﬁaﬂwama‘ﬁEmLLWWuﬁ:
Tsiiae Aifldinty 79.32 + 4.61 mg Trolox eq/g sample
NANNINAFAUAINEIREAAN 89NULUTN w132 nan
Wuaﬁﬂﬁg\mm‘lmﬂﬁanmama%muﬂﬁuﬁ:m‘nﬁﬁw &9
wu SdsnmansdszneuiluesnlusennaimeBnuw
viugensdi (87.14 £ 0.08 mg GA Elg DW) gonilu
Lﬂﬁanwama%muv&lﬁuﬂiﬁaﬁﬁﬁd 21 11N FIFINALA
msaﬁ'@mnLﬂﬁaﬂwaL°ﬁa§‘%'mLLWﬁufmﬁﬁﬁ’]ﬁqWﬁ{ﬁm
auyAdEIzIINNI lasanasusznaufiuadn Huas
ﬁwuawaﬁai:ﬁﬁmﬁhﬁLﬂuﬁﬂﬂﬂmmmma%a’ﬁm:
(Kumazawa et al., 2004) \Aailusnsfiafsssomusn
fFudsdfasengnlavasenyadaszld Tunumefiviuna
wowlnloenfin (Anthocyanin) T danuatmasanuni
sewutondi wazladad SuSinalndifoaiveglu
974 5.78-5.28 mg Cyanidin-3-Glucoside/100 g DW sample
woulnlomdu umdueyyadaszlungunailiuand
(Flavonoid) Lﬂuamgﬁuﬁg"ﬁﬁwﬁwaamsﬂszﬂauﬁluaﬁﬂﬁ

Idsuaslwdennamesznun Falusnuisoillle
fUSunuanaaRHasnsTaLan mnwanwsmaaqu§
MuoanNTLaTUWA187D ABTS (cation radical scavenging
assay) WRzFRAP (Ferric reducing antioxidant power) Tu
LﬂﬁaﬂNaLm%ﬁuﬂiﬂaﬁﬂﬁ@hmsaanqwﬁﬁmaan%m%’u
WnNIUReNKa L‘HE]%ﬂ’]LLWﬁuﬁfE]’]ﬁﬁﬁ”] FIuFAING
lulufiensasatudnuniunamssengninnasaudie3s
DPPH assay G9u&adlk Table 2 a1atAinanlusIuuad
waeniudsznevld ﬂmiﬂi:ﬂau'é"ue] fifanuaanm
1umi<ﬁma%a%aizﬁvl,;\immm’imﬁzﬂﬁ lasansisenay
AnadnrInue §aAAsaINUITIBNUVEI Rohaya et al.
(2023) uaz Dos Santos et al. (2024) wWuin Waanwairass
mLtwﬁuﬂsﬁaﬁ’lﬁﬂQﬂiuﬂszmﬂmws‘ﬁa JUSu s
Usznaufuedn wazdniseangniainaandiadud
a37982185F FRAP assay snninlwdaanuaimeisnium
Wugerdm ualiugasnamInangnisuaandiatu
AUANAITALINIININIATIROLS 83 DPPH Assay Uas
fnanuwissrasnlung 9330707 wazdndia lavslafia
(2556) TIT e FIRuEIzissUsznauiuadn
AuANuEEIIT NI kenysdaIzrInzaNilon
LLa:LﬂﬁaﬂﬁaQ@ﬁwmw mmmmmmlumié’ma%a
SasznumsUsznafuodniovuae W ldfianusuwusng
JuuuuTaLan
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MINaARaLANUTNITNVBIN I U USRIzl
mienduauyadasz luljizensdueuyadasz DPPH.
§1IEUDUNRDFTY ﬁmfﬁﬁi%‘“ﬁLé‘nmauuﬁa%a’émz
DPPH a¢léifuans DPPH fliafins UfATenazilanuann
FuraduFmnfes (nssuazame, 2559) DPPH 1Junns
ﬁn‘mqw'ﬁﬁumnﬂumsﬁmawa’ém:a’mm'mmmsn
lumadudlilalasiauazaen wisBiinaseuuriouya
852 las DPPH Lﬂua%aﬁmzfi‘lmmzﬁﬁﬁmmmé’u
Lﬁﬂﬂg’hgﬂ {13828 DPPH &9 mylianziainy
aanInlunisdueuyadaizaiy ABTS tunsfinm
qw%{ﬁmawaamz InannIasnenui® DPPH fla a4
a%a’éai:ﬁﬁ’é‘ﬁu lasaivauyadarzannarid jism
20981782818 ABTS NU oxidizing agent Ao 8138208
TwunsBounlosdae (K S0) \ilo ABTS gneandlad
@78 oxidizing agent 3z1ia ABTS free radical (ABTS«+ )

\Table 2
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miéﬁua%aﬁm:ﬁﬁmmsﬁwmmaamw%’ﬂ ABTSe+
ey jAsenuansduayyadaizazldans ABTS
A a A A v A A
A@DeT 37N ABTSe+ Fladuidua1sazansfden
21989 BI9IRININITUFAIDT ANKRINITDIUAITANU
mwaﬁa‘i:vlﬁa luwne FRAP umnageuiiaanls
Af ) v a
luﬂwsﬁﬂmqwﬂumﬂﬂumsmuawaamzmnmm
saTalumsIadinesn (wan) Sadudnnalnnitslu
MIduayNadaTe Tasgn3nilen FRAP & LEAIINNANY
a = Y . ' £
NI IIAITRAN IFaunTULAET LraIInazligns
lunmsdumeuyadaszladdn inamaidoaes Maxiselly
etal. (2023) NEundwidSunmansdznaviuadnlufen
&l o o o A o ' o & A v
Nm"ﬁﬂﬁﬂ’]LLWWWD::[?UZ*TGNNU%M’]M%E]Uﬂ?ﬁiuwuqa’]i’mﬂﬂ
lar‘l/ a lﬁl ] I Qs 1
LL@\LLammmiaanqmmuawaaaim"l,mwmmaﬂmzmw
2 MuWug INM13Iad87T FRAP assay

Total Phenolic content, Anthocyanin content and antioxidant activity analyzed by ABTS, DPPH and FRAP

assay from Arabica and Robusta cherry coffee pulp

Robusta Arabica

cherry coffee pulp cherry coffee pulp

Chlorogenic acid (mg/L)

1,862. 87 + 300.64 2,331.77 + 219.59

Caffeine (mg/L)

21,077.25 + 3602.95 22,597 + 510.47

Total Phenolic content (mg GA E/g DW) 439 +£1.25 87.14 £ 0.08
Anthocyanin content (mg Cyanidin-3-Glucoside/100 g DW sample) 5.78 £ 0.26 5.28 £ 0.26
DPPH scavenging (mg Trolox eq/g sample) 79.32 + 4.61 114.41 + 5.32
ABTS scavenging (mg Trolox eq/g sample) 41.84 £ 2.04 28.04 + 2.47
FRAP Ferric reducing antioxidant power (mg Trolox eq/g sample) 49.19 £ 0.54 27.28 + 0.31

NNMAeNZRYIIMNIanaslRinanilien
Nama%muwﬁmfmﬁﬁﬁ'} wazl3tiaen dnaLa3ag HPLC
. . ¥
4 Figure A L&z B Laa93tnuau lng (retention time) A%
A39NU peak 18I8NINAIPUNAUNTU uaznInaaaldi

. @ v & 2 & o [ A ol
nadstaran asnnaandullladn svanalfannairass
a 6 a Y a v A a =
mMunwug evndm wazlstaadandn waznianasalsd
fin uazilolienziUTinaaiwBulfonuarma Sinuaiug
21310m LLa:ﬁ'uﬁ:Iiﬂ'mT'l WU FUSu W anminny
22,507.62 mg/L Laz 21,077.25 mg/L AUS1AL FoAARE
AUTBUVR4 Cafas et al. (2023) iwuinluwRenwaire
ndl = =) = a o é
HBmundawdn wazssUsznauAnafndiwIuin o9
msﬂs:ﬂauﬂua?zﬂﬁﬁﬁ‘hmumnﬁq@ R NgUNIA Aua
a0 waz Wanlueud seaareinulSunmnIanaalsdings

Lﬂumﬂﬂuaaﬁﬂﬁﬁagslmﬂﬁaﬂwama%mLLW‘vTuﬁ:mﬁﬁﬁw
Toodszanms 2,331.77 mglL uazlwddonwaimasaniun
ﬁuﬂiﬁaﬁﬂﬂs:mm 1,862.872 mg/L RaAAABINUIIEY
289 Dos Santos et al. (2024) wWuiaenuaimasanun
ﬁuﬁfmﬂﬁﬁwﬁmm%vxlﬁumnndwﬁ'uﬂsﬂ'a@ﬁ uaNS
NPNUNAATINUTINEIRSUNIAAABLIIRA (Chlorogenic
acid) Anuindvsnmnsanaslssfalulionnarads
mLLwﬁ'uﬁ:Isﬂ'avaﬂmﬂﬂ'j'lﬁ'mfa'mﬁﬁ'] W8z Vignoli et al.
(2014) 1 m']mf'lLwﬁﬂmLLWﬁaﬁuﬂsﬁ'ﬁﬁ']ﬁmmmmm
slumsaanqw'ﬁgﬁmawa%m:mnndﬂ WwaamuWWuEa1T
it wazansdsznavueaniinulwadanundudunse
Analsafiniaaz 6-8
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DAD1 A, Sig=2724 Ref=off (Coffeepulp204022022 2072-02-04 09-45-04iCoffeePuip-21.0)

n b
N b A
50 B i ) (A)
) | Caffeine
i e
07 I
| ‘
09 ‘, 4/H/ Chlorogenic acid
iy “ I
\g% |
It |
L |
! A | S~
— — T e T
1 4 6 L} 10 12 4 min
DADI A Sig=272 4 Ref=off (CoffesPulp24-05-2021 2021-05-24 12-1349 Caffee pubp edract10)
il ) §
F : b (B)
| “ Caffeine
253 ‘ | «—
\ i
ik “ (
|
ol ( | Chlorogenic acid
‘4/\7’/
104 |
[ R
59 I\ [
P Lo o e .

Figure 1 Chromatograms of chlorogenic acid and caffeine
in Arabica cherry coffee pulp (A) and Robusta cherry
coffee pulp (B)

auBu (Caffeine) w3aLnan (theine) Tonaiaiiae
1,3,7—trimethylxanthiene \Juanstsznavdunis dszian
alkaloid 9aatjluauWus xanthine lafinan Hvaw fagj
AusTINTalumun lu Tald anuwdulnarinlwaae
RUMSARTT UaNIFNITDaIaNEY WUINWINSTEaU
mLWSuMiNﬂwsJﬁvlaigaLﬁuvlﬂ funianaalsanndn
lFaaUeInIAnIiNNUNIaAuNBnN®Ie niaLWe3In n3n
Aaaliddn Lﬂua’ﬁmﬁmmulumuwLLa:%'mﬂumjwaa
miﬂszﬂauﬁuﬂuﬂumséwﬁ@ 2 mjﬂ%qj Ao Lasmas
yagnsandfiniunsaawdn Fa5unin nsaeunlads
adfin 1w n3a 3-aunledanifiniunsanazladanidn
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(3-feruloylquinic acid) Taemluluadamunasfivsanm
nIaaaalsdfin siansa 3-ﬂaaiﬁﬁnmﬂﬁq@ IDIRIAN
wdunia 5-aunledaniiin uaznia 4-annladanifin
auiay YSunmnianaalsddnluuianunudazoiie
Tlinmmswaeiuauwss sufewdanuniduinm
aBuannaziinsansalssinunds Gesanasasniv
nams3soludonnairasanun 2 ﬁuﬁ: aga by
2IUNT 8ASNHOIINTY (2548) T1HIIWIN LNAANILA
siialiadraziianduuazninnsalidfingsniuuia
munsfiaannif uadawSoufioulsinuaindusy
n3anaalsann Uszanm 5 win lununudaziisasidsunm
nIaAaalsdnn Yszunas 100-200 Radndu YSuwnsa
analsdadnyszanas 1 lu 3 mnﬁinmﬂvlﬁ%fm:gngﬂéﬁw
iudlddndhgiane dudn 2 lu 3 nsaasalsidn
azrwlddsildlng udgnuunualad lasuuafiss
laidunsaauwdn (caffeic acid) w38 nia 3,4-lalaasan
FTuwAN (3,4- dihydroxycinnamic acid) LazNIAAIAN
(quinic acid) %é’wmfuﬁy’maamsa:gmﬂﬁﬂmﬂum@
wilodnlusnene LﬁuLﬁmﬁ’ummaaiﬁﬁnﬁgn@@%u
HUA bEaNn %aﬂmLuuimﬁnw,ﬁ@ﬂaugmﬂﬁ'uvl,ﬂa%wﬂu
ﬂi@%ﬂg’ﬁnLLﬁ'Jgn{fuaaﬂluﬁam’s:

MINATEAEITHNTLLINE (volatile compounds) A8
m'%'aa GC-MS

mylensasadsznoumaaddisiades GC-MS
WURTHIRa 32 Tiia (mswﬁl 3) HuansnTsanmann
53%a lawn Phenol 54.78%, Caffeine 12.9%, Methyl ester
hexadecanoic acid 4.73% Was 5-hydroxymethyl furfural
3.42% HnansfinulwddenuaireImunyFunmannin
ey ldausssnmalunanunuasHa liwirs lag
munamas Tiad HVF 0324 300 - 2,900 faaniu
gaflansu (Murkovic & Pichler, 2006)

Table 3  Total volatile compounds from Arabica and Robusta cherry coffee pulp by GC-MS
RT % Relative Peak
Volatile compounds The odor descriptions
(min) CPR CPA  CPR+H20  CPA+H20
22.19 5-methyl-2-furancarboxaldehyde 0.45 0.19 0.37 - almond and caramel flavor
84 dihydro-furanone 0.31 - - -
27.72 dimethyl-silanediol 3.33 1.46 6.71 6.89
29.28 borneol 0.58 - 1.76 - Patchouli, Borneo camphor
30.54 phenylmethyl ester acetic acid 0.28 - - - sweet
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Table 3  Total volatile compounds from Arabica and Robusta cherry coffee pulp by GC-MS (continue)
RT % Relative Peak
Volatile compounds The odor descriptions
(min) CPR CPA  CPR+H20  CPA+H20
32.40 methyl salicylate 0.34 1.28 2.22 wintergreen leaves
37.16 hexanoic acid 1.66 10.31 fatty, cheesy, waxy
38.49 benzyl alcohol 1.38 1.23 1.24 1.17 floral and fruity
40.18 Phenylethyl alcohol 1.44 0.84 2.21 2.01 mild rose
43.04 1-1H-pyrrol-2-yl-ethanone 1.90 1.69 1.68 musty, nutty and tea-like
44.80 Phenol 54.78 38.89 42.54 27.99
47.67 octanoic acid 1.20 0.89 1.82 1.14 cheesy, coconut oil, goat milk
52.15 4-cyclopropyl-2-methoxyphenol 0.31
52.62 nonanoic acid 1.09 0.93 1.67 2.10 Waxy, oily and fatty
54.53 methyl ester hexadecanoic acid 4.73 5.18 8.15 15.23 Waxy, oily and fatty
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Abstract

The Cucurbitaceae family includes nutritionally and economically valuable fruits and vegetables, which are important
to agriculture and world food security. The purpose of this study was to investigate the economic value of the
Cucurbitaceae family plants in the Chum Phuang District of Nakhon Ratchasima Province, as well as the different
varieties that the community employs in a variety of applications. A survey of Cucurbitaceae in the area was conducted
from July 2023 to July 2024, using the criteria for selecting interviewees by Snowball Sampling. The researchers
interviewed and observed 36 farmers, both directly and indirectly. The result showed that there was a total of 10 genera
and 13 species of Cucurbitaceae, with only 10 species being grown and sold by farmers. The highest planting popularity
index (use value: UV) for Cucumis sativus L. was 1.10, followed by Citrullus lanatus (Thunb.) Matsum. & Nakai,
Luffa aegyptiaca Mill., and Cucurbita moschata Duchesn ex Poir. with a UV value of 0.25, while Lagenaria siceraria

(Molina) Standl. and Luffa acutangula (L.) Roxb had the lowest UV value of 0.05. It found that the most popular cultivars

1
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of Cucumis sativus L. grown for sale were Nobel (22.73%), Xenon (13.68%), Khiew Jang and Winner 2 (9.09%). The

most common seed sources used were commercial seeds (81.25%) and self-collected seeds (18.75%). Citrullus lanatus

had the largest planting area between 0.25 to 60.00 rai, followed by Momordica charantia and Cucumis sativus, with

planting areas between 2.00 to 8.00 rai, and 0.01 to 3.50 rai, respectively. This trend is aligning with their yields and

annual incomes. Citrullus lanatus had the highest yield at 24.00 tons/rai/year and the average income per household

86,832.00 baht/household/railyear. Momordica charantia came in second with the yield of 2.50-18.00 tons/rai/year and

the average income per household 167,625.00 baht/household/rai/year. Cucumis sativus gave a production volume

of 0.1-76.8 tons/rai/lyear and the average income per household was 11,245.72 baht/household/rai/year. Moreover,

Citrullus lanatus had the highest average market value at 434,160.00 baht/rai/year.

Keywords: Cucurbitaceae, Food plant, Ethnobotany, Economic value, Chum Phuang District
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Figure 2. Fruit morphology of some species of Cucurbitaceae cultivated by local farmers in Chum Phuang District,
Nakhon Ratchasima Province. (a) Benincasa hispida, (b) Cucumis sativus, (c) Citrullus lanatus, (d-f) Cucumis melo,
(9) Cucurbita moschata Duchesn ex Poir. , (h) Trichosanthes cucumerina, (i) Lagenaria siceraria, (j) Luffa acutangular,
and (k) Momordica charantia
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Figure 3. Planting popularity percentage of each species of Cucurbitaceae in Chum Phuang District,
Nakhon Ratchasima Province, (a) Benincasa hispida, (b) Citrullus lanatus, (c) Cucumis melo, (d) Lagenaria siceraria,
(e) Cucurbita moschata Duchesn ex Poir., (f) Cucumis sativus, (g) Luffa acutangular, (h) Luffa aegyptiaca,

(i) Trichosanthes cucumerina, and (j) Momordica charantia.
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Table 1 Planting popularity percentage of cultivars, UV, planting area, yield, annual income, and seed source of
Cucurbitaceae in Chum Phuang District, Nakhon Ratchasima Province during July 2023 to July 2024.
Planting area Yield (ton/rai/  Annual income (baht/rai/ Crop Number of
Scientific Thai Cultivars oV (rai) year) year) planting growers *Seed
name name source
(Min - Max)  (Min - Max) (Min - Max) peryear
Benincasa Fak Total 0.10 0.01-0.13 2.40 - 16.00 21,600.00 - 144,000.00 1 2 C,S
hispida
(Thunb.) Yai 0.01-0.13 2.40 - 16.00 21,600.00 - 144,000.00 1 2 C, S
Cogn.
Citrullus Taeng Total 0.25 81.25 54.13 640,250.00 12 5 ¢
lanatus mo
(Thunb.) )
Kinaree 2.00 4.00 52,000.00 2 1 ¢
Matsum. &
Nakai Crimson red 15.00 24.00 288,000.00 4 1 C
Dum 0.25 2.00 11,000.00 1 1 ¢
Torpedo-Mae 60.00 24.00 288,000.00 4 1 ¢
ya
Big Jin 175 4.00 0.13 1,250.00 1 1 ¢
Cucumis Taeng Total 0.15 3.00 0.15 1,500.00 3 3 S
melo L. thai
Local cultivar 1.00 0.05 500.00 1 1 S
Ra Bied 1.00 0.05 500.00 1 1 S
Som Klom 1.00 0.05 500.00 1 1 S
Cucumis Taeng Total 110  17.81-24.85 189.81 - 259.89 3,394,152.49 - 4,833,009.63 75 22 C, S
sativus L. kwa
Taeng Chang 2.10 28.20 500,000.10 - 500,000.10 1 1 C, S
Maxgreen 1.00 35.00 630,000.00 7 1 ¢
Maepim 3.50 2.86 37,142.86 5 2 ¢
Khiewjung 1.00 - 1.75 6.86 - 9.00 68,571.43 - 90,000.00 9 1 c
Jao Ban Lang 1.00 16.00 320,000.00 4 1 c
Xenon 0.70-3.00  12.86-20.00  128,571.43 - 380,000.00 9 1 C
Greenner 1.00 8.00 160,000.00 2 5 C
Nobel 0.01-3.00 20.00-76.80 380,000.00 - 1,536,000.00 6 1 c
Micro C 0.50 0.10 2,000.00 3 1 C
Ratchada 3.00 3.33 66,666.67 5 1 C
Regency 2.00 50.00 1,000,000.00 9 2 C
Winner 2 1.00 - 2.00 5.00 - 9.00 90,000.00 - 100,000.00 9 2 C
Sao-Ha 1.00 1.60 11,200.00 2 3 C
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Table 1 Planting popularity percentage of cultivars, UV, planting area, yield, annual income and seed source of
Cucurbitaceae in Chum Phuang District, Nakhon Ratchasima Province during July 2023 to July 2024.

(cont.)
Planting area Yield (ton/rai/  Annual income (baht/rai/ Crop Number of
Scientific Thai Cultivars ™ (rai) year) year) planting growers *Seed
name name source
(Min-Max)  (Min - Max) (Min - Max) per year
Cucurbita Fak Total 025 4.13-450 840-10.80  83,200.00 - 112,800.00 4 5 C, S
moschata thong
Duchesn Khao Tok 0.13-050 1.60-4.00  10,400.00 - 40,000.00 1 2 C, S
ex Poir.
Thong 1.50 2.40 26,400.00 1 1 C
Ampai
426
Sri-Muang 1.00 2.00 20,000.00 1 1 c
Sri Muang 1.50 2.40 26,400.00 1 1 C
Thong Yai
050
Lagenaria Nam- Total 0.05 0.01 16.00 160,000.00 1 1 S
siceraria 0| ikklom 0.01 16.00 160,000.00 1 1 S
(Molina)
Standl.
Luffa acu- Buap Total 0.05 0.16- 19.20 192,000.00 3 1 C
fangula (L)~ liam | o 0.16 19.20 192,000.00 3 1 c
Roxb. .
cultivar
Luffa Buap Total 0.25 0.06 - 0.53 14.00 - 176,000.00 - 272,000.00 4 5 C, S
aegyptiaca hom 27.20
Mill. Local 0.03-050 6.00-19.20  96,000.00 - 192,000.00 3 4 c
cultivar
Luk Yao 0.03 8.00 80,000.00 1 1 S
Momordica Mara  Total 010 2.00-800 2.50-18.00 80,000.00 - 540,000.00 3 2 C
charantia Keaw Yok 2.00-8.00 250-18.00 80,000.00 - 540,000.00 3 2 C
L. 16
Tricho- Buap Total 010 0.16-0.38 576-800  57,600.00 - 128,000.00 3 2 C, S
santhes khom | ocal 0.16-0.38 576-800 57,600.00 - 128,000.00 3 2 C, S
cucumerina .
cultivar
L.

* C = commercial seeds, S = self- collected seeds
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Table 2 Economic value of Cucurbitaceae at Chum Phuang, Nakhon Ratchasima during July 2023 to July 2024.
i **Unit of Average annual income
i *Total yield Market value Number of )
Species A standard ) (baht/ household/rai/
(ton/railyear) (baht /railyear) growers
(baht/kg) year)
Benincasa hispida (Thunb.) Cogn. 3.64 22.50 81,818.18 2 40,909.09
Citrullus lanatus (Thunb.) Matsum. & Nakai 22.26 19.50 434,160.00 5 86,832.00
Cucumis melo L. 0.05 16.00 800.00 3 266.67
Cucumis sativus L. 14.14 17.50 247,405.86 22 11,245.72
Cucurbita moschata Duchesn ex Poir. 2.27 30.50 69,243.24 5 13,848.65
Lagenaria siceraria (Molina) Standl. 16.00 18.00 288,000.00 1 288,000.00
Luffa acutangula (L.) Roxb. 19.20 20.00 384,000.00 1 384,000.00
Luffa aegyptiaca Mill. 5.80 42.00 243,563.32 5 48,712.66
Momordica charantia L. 14.90 22.50 335,250.00 2 167,625.00
Trichosanthes cucumerina L. 7.34 47.00 345,035.29 2 172,517.65

* Total yield (ton/rai/lyear) = The total yield of each type of crop from all growers (ton/rai/year) / the total area cultivated for that crop (rai).

** Unit (Baht/kg), Average price on July 1, 2024 (Department of Internal Trade, 2024)

L@N§15971989

asumMInMel. (2567). 118U FAURZYIFITUAUNLAT.
https://pricelist.dit.go.th/main_price.php?seltime=day

NINFILFIUMINBAT. (2562). kevn1: iwrzilan 2561.
http://www.agriinfo.doae.go.th/year62/plant/rortor/
veget/24 .pdf

NINFILEITUMINBAT. (2563, Tw1Ax). U@Ina1. http:/
www.agriinfo.doae.go.th/year63/plant/rortor/veget/
%EQ0%B9%81%E0%B8%95%E0%B8%87%E0%B8
%81%E0%B8%A7%E0%B8%B2.pdf

763 lavaus, Uinssed lasaud, Usogn ead, & dsaon
Bun. (2561). M3ANNNEAEASAUTNES N0
lu g6 lasaus Yinvsed lasaud iz elad
WazSIADN Buen, WanEmEaTARLYE Mmaniin
Qﬁﬂglzyvn”aaﬁ'u (RS 1, u. 35). Aflenmsfiud.

HEd winuUlszanT, SrySad Urzyadadl, §3an duniln, &
1316 L9 (2562). ANarannansuazmIlslsz Lot
vasizluthuru thuluumae duarae §1ne
TUNW PWRIAUATITIN. PSRU Journal of Science
and Technology, 4(3), 37-47.

nen dasanana, 763 lovaud, Uinsied vL@]iﬁ;l«L“E‘, &
DIATK DUAN. (2560). ATHWINIWAITATNHLIY
meanita. WanmMIRUA.

190300 HUNZIEK ez in WUNTLEW. (2561). Yadn
mslEusslaminisasafianisusnadni s,
WMS Journal of Management, 8(2), 18-29.

AN anIuni. (2564). Madiuunungmadugan
Luﬁﬂﬁuf"nadmwmm ﬂ’ﬂ&lﬁ’m’]ﬂiuﬂ’]ﬂ%ﬂuiua‘:
ﬁ’]ﬂ's’mvﬁ’ﬂaﬂgmn ofiAindas. Journal of Agricultural
Research and Extension, 39(1), 1-12.

gluzﬁ'ﬂﬂu'%mnﬁamm’%uﬂ’mﬂwm. (2561). Cucumber.
https://esc.doae.go.th/wp-content/uploads/2018/11/
Cucumber.pdf

De Wilde, W. J. J. O., & Duyfjes, B. E. E. (2008). Cucurbitaceae.
Flora of Thailand, 9(4), 411-546.

Forest and Plant Conservation Research Office. (2024).
Thai Plant Names. https://botany.dnp.go.th/mplant/
index.html

Kong, Q., Zheng, Y., Zhang, J., & Bai, Y. (2023). Editorial:
Cucurbitaceae: multi-omics, functional analysis, and
molecular breeding. Frontiers in Plant Science, 14,
1301212. https://doi.org/10.3389/fpls.2023.1301212

Kumar, P., Pandey, D. K., Singh, P., & Adhiguru, P. (2021).
Vocal for local: Diversity of local cucurbits cultivars
in East Siang, Arunachal Pradesh. Indian Journal of
Traditional Knowledge (IJTK), 20(1), 174-179.



220 Chuthapond Musimun, Santi Watthana and Nooduan Muangsan J Sci Technol MSU

Mathew, D. (2022). Omics in vegetable crops:
Cucurbitaceae and Amaryllidaceae. In Omics in
Horticultural Crops (pp. 239-280). https://doi.org/10.1016/
B978-0-323-89905-5.00005-7

POWO. (2024). Plants of the World Online. Facilitated
by the Royal Botanic Gardens, Kew. http://www.
plantsoftheworldonline.org/

Schaefer, H., Heibl, C., & Renner, S. S. (2009). Gourds
afloat: A dated phylogeny reveals an Asian origin
of the gourd family (Cucurbitaceae) and numerous
oversea dispersal events. Proceedings of the Royal
Society B: Biological Sciences, 276, 843-851.

Schaffer, A. A., & Paris, H. S. (2003). Melons, squashes,
and gourds. In Encyclopedia of food sciences and
nutrition (pp. 3817-3826). https://doi.org/10.1016/
b978-0-08-100596-5.03426-0

Simpson, M. G. (2010). Diversity and Classification of
Flowering Plants: Eudicots. In Plant Systematics
(2nd ed., pp. 275-448). https://doi.org/10.1016/B978-
0-12-374380-0.50008-7

Wang, H. (Ed.). (2023). Biological and Abiotic Stress
in Cucurbitaceae Crops. IntechOpen. https://doi.
org/10.5772/intechopen.104275

Yiblet, Y. (2023). Overview of Cucurbitaceae Families. In
Biological and Abiotic Stress in Cucurbitaceae Crops.
IntechOpen. https://doi.org/10.5772/intechopen.1001306



anasusenuaiissvandatanlalifnuaadlniadn Streptomyces sp. PM-R01
ﬁttﬂﬂiﬁ’%’lnnL%ﬂ%ﬁ%ﬁ:ﬁmﬁaa‘l%%'m%’m%’uﬂq%

Antibacterial activity of endophytic actinomycetes, Streptomyces sp. PM-R01, isolated
from native durian varieties in Chanthaburi province

Ay ANAT uA I3ANT AUNANA’
Winyou Puckdee' and Jirapat Chanthamalee®

Received: 12 July 2024 ; Revised: 9 August 2024 ; Accepted: 10 September 2024

unanga

{fzyﬁﬁﬂ’lié’aEI’]°IJENLLUﬂﬁL%UﬁGNaﬂSZY}UVL‘]Jﬁ’JIaﬂ vmzidornwaarnnsalszaulanwuinnIa uNu e
wiialni g Seanfitesas %ﬁﬂmmdwaamiaannw%wn%amwﬁmmmﬁ'wmLﬂumvlé”mmm%amjw
LaARA L UTTN 5’mqﬂizaaﬁmaamﬁ%’ﬂ‘ﬁﬁ’lLﬁ'al,mm%aLauiﬂvlwammﬂmuﬁ'ﬂ%ﬂmﬂnL’%ﬂuﬁuﬁjﬁmﬁaﬂuﬁ'\m%
%’qu%ﬁﬁqw'f?%ﬂy'ol,mﬂﬁl,'%ﬁmwﬁ@"l,@? Lm:ifzqmﬁmamaaﬁ‘[uﬁ'ﬂ%wﬁ?u A5nsAnwUsznaudrnIsUEN
L@%T@"Lwamwﬂaiuﬁzl%mmLf:m?iam%ﬂuﬁwmiwn%aﬁﬁuﬁq mnﬁ?umaaqu%{ﬁuﬂgaLLUﬂﬂL’%'mﬁawTuﬁw
eﬁﬂ’]i“ﬁ@“ﬂ’ﬂ\‘luauﬁaﬂLLaﬂaiuﬁﬂ%WﬁﬁQﬂ%{aﬁﬁlﬂﬁﬁﬂ%ﬂﬁﬁ@ﬁ’]‘iﬁﬁ’@%ﬂ’ﬁuL‘ﬁlalfﬂ’lﬁ’lﬂ’s’]&lLﬁu“ﬁ%@i’)qﬂﬁﬁ’m’]‘m
Suguazaindouuailizonagoy (MIC waz MBC) ¢283% Broth microdilution wazvimyzyriauandludndn
GUNIIANWIFMIIWINGILAZIAzHaaUTIAElaIndae98u 165 rRNA Wan133IF8WUINaIw1301eN
aulalndnuandlududnldviavua 10 lolaan lasSiawizideleloan PM-RO1 Asunsaduiase Baci-
lus cereus TISTR 2372 wae Staphylococcus aureus ATCC 25923 Vl@TLLa:ﬁswzﬁ'uﬂgamﬁmmﬁ'u 14.33 + 2.33
L8 13.00 + 1.00 mm AWEIGU WRINTRNAFIITENARINUNLINGIIFAATAN MIC 11N 1,024 pg/ml wash
anudTwasTuit s genuafiBuiaesldlitesninfoua: 98 Lfiaﬁﬁﬂﬁﬁi:q“nﬁ@wudwL%avl,aismaﬂ
PM-RO1 §lanuadsfiuiiia Streptomyces ardesiacus NRRL B-17737 #i3ouas 99.65 Namﬁﬁﬂﬁwuﬂa;ﬂlﬁiﬂ
Faranlaanuanaludodnleloan PM-RO1 @sadneiuilia Streptomyces ardesiacus Asnanwlsnseiusaiae
wuaREaunsuUInLITiald Gaussasansuas A s saRar U Bt RNGu et U F 5= Tomise 1

o o @ a a o A Lo & A a a o el A o ~ 3
AN mv: LE]%I@]VLWGII’]LLE)@@]I%MU‘N], ANDUUEILUANLIL, VJL?U%W%‘D;W%L&IQG, ﬁ]u‘ﬂ‘].!i, Streptomyces ardesiacus

Abstract

Background: The emergence of antibiotic-resistant bacteria poses a global health crisis, exacerbated by the declining
rate of novel antibiotic discovery. Actinomycetes, bacteria renowned for producing diverse bioactive compounds, offer
a promising source of potential drug leads. Objective: This study aimed to isolate and identify endophytic
actinomycetes from native durian (Durio zibethinus L.) cultivars in Chanthaburi Province, Thailand, to evaluate their
antibacterial activity. Methods: Endophytic actinomycetes from durian tissue were isolated using surface sterilization.

Antibacterial activity was assessed through a Perpendicular streak method.
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The most effective isolate underwent crude extract preparation and determination of MIC and MBC values
against test bacteria via broth microdilution. Identification of the active isolate was conducted using morphological
traits and 16S rRNA gene sequencing. Results: Ten isolates of endophytic actinomycetes were obtained from native
durian varieties in Chanthaburi Province, Thailand. Among these, only isolate PM-R01 exhibited antibacterial
activity against Bacillus cereus TISTR 2372 and Staphylococcus aureus ATCC 25923, with average inhibition zones
of 14.33 + 2.33 mm and 13.00 + 1.00 mm, respectively. The MIC of PM-R01 crude extract was above 1,024 ug/ml.
At this concentration, the extract achieved 98% bacterial kill. The identification of PM-R01 revealed 99.65% similarity
to Streptomyces ardesiacus NRRL B-1773". Conclusion: These findings suggest that PM-R01 is Streptomyces
ardesiacus as a promising source for antibacterial agents. Further studies are needed to elucidate the extract’s

composition and evaluate PM-R01’s efficacy against a broader range of microorganisms.

Keywords: Endophytic actinomycete, antibacterial activity, native durian varieties, Chanthaburi Province,

Streptomyces ardesiacus
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Table 1

The endophytic actinomycetes were isolated from leaf, branch and root of native durian varieties

(Krapookthongdee, Nokyib and Phuangmanee) by surface sterilization technique.

Part of plant
Native durian varieties Total
Leaf Branch Root
Krapookthongdee KP- LO1 KP- S02 KP- RO1 3
Nokyib - - 0
Phuangmanee PM-LO1 PM-S01 PM-R01 7
PM-L02 PM-S02
PM-S03
PM-S04
Total 3 2 10

Figure 1 Preliminary screening for antibacterial activity.
Control was the plate without actinomycetes (a) and
7-day-old endophytic actinomycetes (PM-R01) against
S. aureus ATCC 25923 (Sa), E. coli ATCC 25922 (Ec),
P. aeruginosa ATCC 28753 (Pa), and B. cereus TISTR
2372 (Bc) by Perpendicular streak method (b).
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Figure 2 Cultural and morphological characteristics
of the endophytic actinomycete isolate PM-R01. Cultural
characteristic of isolate PM-R01 on ISP-2 agar after
7 days (a). Microscopic characteristics of isolate PM-R01
observed through a light microscope (b).
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Figure 3 Phylogenetic tree based on nearly completed 16S rRNA gene sequences showing the relative positions
of isolate PM-R01 and its closest type strains of Streptomyces species. The tree was constructed using
the neighbour—joining (NJ) method. Bar indicates the nucleotide substitutions per site.

F1nluazaslua

mmmmaﬂ@vlwaﬂLLaﬂaIuﬁ'ﬂ%'mmnSﬂuﬁufﬁmﬁm
2109390 TATuNy3 launwugnizynnasd wnniy
wazwasudl nsnly A9 wazsn daenisaingen
Andiaifia uaznaiiteliounwams HY agar wuawa
wonidatanlalWdnuondluiodnldnmue 10 loloan
lasusnldnnwugwisudl Suam 7 laloen Aadu
fowaz 70 laondinly 2 lelaan fs 4 laloan uas
710 1 lalman ldnniusnizdnnesd $1uom 3 lalman

fadusasas 30 lagldanudazaius az 1 lalsian
wet hisansauenldnnniFewiuunniy lasegdaunin
LLamL%a"l,ﬁmﬂﬁq@mnﬁaﬂuaaﬁuﬁmmﬂﬁmu4"I,a°Lemm1
Aailudeuas 40 waziiatdunmstuduingouonaly
dodniuonldimdudoonlalndiseisasiagoudin
myinnaudldduindrailetfiond 3 annsvin
Surface sterilization U33165 200 pl ﬁﬂm‘smﬁﬂuumm‘s
ISP-2 agar wazmshdwiaidefirunsensingeifin
wdnievianasuna1mns ISP-2 agar LLﬁmuﬁqm%Qﬁ



Vol 44. No 3, May-June 2025

Antibacterial activity of endophytic actinomycetes, Streptomyces sp.

PM-R01, isolated from native durian varieties in Chanthaburi province

woullwam 7w Ssanmanesasldwuizalag @iy
UuaIrIINagay Yinbigeldinrewandluludninen
ldwwdwranduioulalndass (Mingma et al, 2014)
nmyiduigidsuanigoaula lWd@nuandludpdnldlu
Srwafilinnn netenadiasangianlilavhnsadiatg
LﬁaLﬁamamL%fuuﬂ'auﬁﬂﬂﬁwnmmnLfﬁauummiﬁmmmu
2ENITUIWITLVDI Mingma et al. (2014) Tsanaidluingua
dl o v ﬂQI AQI dl =1 v o v oA dq’
A lii@asananuiatdan s i annuazvinlwUSunmae
ﬁLmnvl,ﬁmﬂLﬁal,ﬁamamﬁyufiaU
X 4 \ N I

MILuNTaN Lo luduwind ldunnfiaaunuanm
398284 Gos ef al. (2017) Nuonivateula @anuaadly
JudnaniayulwiTa Vochysia divergens ludszine
un3a ldizedwau 10 leloan uazdaaglu 8 ana
ﬂizﬂauﬁ’maqa Actinomadura (2 ol Lah), Aeromicrobium,
Microbacterium, Microbispora (2 1ol LAN), Micrococcus,

Sphaerisporangium, Streptomyces Wae Williamsia

o Lo & a a A
WRINAFAUONDIHULIN LI YasUUaFanagey
Tuilasdu wudnamzisanandludednlolaian PM-RO1
RWNINGULINM IR YVdTanuaiSsunIuLIN laun

B. cereus TISTR 2372 U8z S. aureus ATCC 25923 v

ue Lidlaloanlamanauinduginisiasyvaiie
WUATLTULNTNAL boWALT8 E. coli ATCC 25922 Was
A I a A
P. aeruginosa ATCC 28753 daanatduinzuuaiiise
WASNLINANISLTRaNUSzNa U8 TUYBY Peptidoglycan
Wiesadnade B lidudeuinldmuaunualarinfon
i Y N
ATanand luiudngssdwe1wdn Ul waas tady T
A A A a 4 o &a
YULNULUANTULAINAUT09AUITENOUUDINTILTRAN
JuSawnINNUsznaueesh Outer membrane, Periplasmic
s & o 9 o '
space W&z Peptidoglycan Tsnuniatauans lildasdneg
vihgiradleddne (Madigan et al., 2009) lagkaguginTs
WigensanuafizanasauvadBatanla id@ntandly
VTN IUATIRTMNNFOAARBINUINUIFBUBI Taechowisan
et al. (2017) AuaniTateulalnd@nuand lulsdnain

AUNIZTE (Boesenbergia rotunda (L.) Mansf A.) ﬁ'fédﬁqw%{

fussamnzuuefidounsuuan ldun S. aureus ATCC
25932, B. cereus ATCC 7064 L.as B. subtilis ATCC 6633
Ieguin wionsdiiuenidoiaulalndnuandludedn
ANNABNIZND (Zingiber zerumbet (L.) Smith) ﬁm%ﬂ
Streptomyces zerumbet W14 wudwﬁqwéﬁuﬂ%mww:
wuafiiSounsuuln laun S. aureus ATCC 25923 Uaz
Methicillin Resistance S. aureus (MRSA) Sp6 (Clinical
isolate) LTUN T (Taechowisan et al., 2019)

A, (% £ a g
WarnmsanasseangndnIITInNINUeLTe
waadlutsdnlaloian PM-Ro1 lagld Ethyl acetate

udarhazans fasen Ethyl acetate Liusnydunss
"?'iﬁqmawﬁaLﬂumﬁv"mmﬁw:mmmﬁumiaaﬂmﬁr
mMeGmwiifitanansdasineaninldunnuaziedans
THREMIRTALa8n (Asmah et al., 2020; Darya et al.,
2022) AN INagaLUBIA MIC uaz MBC dalte B,
cereus TISTR 2372 uas S. aureus ATCC 25923 lag3%
Broth microdilution 31NN13NARBIWLINENTERARLNLH
Timwnsasuiodons 2 lalugasanudude 1 89 1,024
pg/ml ’fiaagﬂvl,ﬁt,ﬁﬂa'jwmiaﬁ'wﬂ'mf:mu'ﬁnﬁ'ug'al,%aﬁy’a
2 lelasiien MIC u1nndn 1,024 pg/ml &aud1 MBC a4
FIRNARENURANNUET WAL 1,024 pg/ml §anTa
2138 B. cereus TISTR 2372 uas S. aureus ATCC 25923
l¢7i%apas 99.73 uay 98.20 MWAIGL Liniu Aadany
Talafluaadars 2 vfia (wulalafivesi B. cereus TISTR
2372 aglute 2 - 3 lalail §aul%a S. aureus ATCC
25923 wulalaflaglugai 15 - 23 laladl) waziilesainms
nanasitlfizanamouEuduAnNUETd® 1 x 10° CFU/MI
i nswwdefiseatialdindusesss 0.27
w8z 1.80 ANNAGL FeswaniBenisaadiaiuni
Fauar 0.1 39ild1 MBC u1nnin 1,024 pg/ml lasanailn
lldenseangnimiuesddsznavvasssatanany
f:ﬁﬂmamﬁlﬂmwu Bacteriostatic (Pankey & Sabath,
2004) uaz mwmwﬂiwammwmaumsaﬂwmuuﬂum
L‘E@LLUQV]LSUW@]&QU‘YN 2 'léasninen Gentamicin
Wlasaneniennududu 0.0625 pg/ml aunsnaindans
2 5fialdnTasas 100 49 Gentamicin Lngnduuuaite
ﬁ%@aﬁiun@uazﬁ‘[uné’s‘[a%ﬁ nalnnseengnivesenit
Aomadonsanulsluloy (Ribosome) insiaudas 30S
2duuafisy vliiAaanulanaialunmsausnauas
fasidua (t-RNA) wazvin uuafise lisansasaazi
Tusdudanmaasaidulald (Yoshizawa et al., 1998)

WEIIINANH AN BN FUTIUANBNT9977
snwuzlalad anwuzdulouszadainmoldndasgansiad
fauinalalnavasiin 16S rRNA MIguazitazi
Phylogenetic tree 38984 16S rRNA Sauniuidalndifisedi
Hwdoduuuy (Type strain) va91tatounlalndnuandlu
dpdnlaloian PM-RO1 V‘iﬂﬁmmiwﬁaﬁ%’@agluaqa
Streptomyces Lmz:flm’]ﬂﬂé/lﬁmﬁ'm%a Streptomyces
diastaticus subsp. ardesiacus %38 Streptomyces
ardesiacus NRRL B-1773 (Type strain) ‘ﬁ"‘faﬂaz 99.65
LLa:Lfiaﬁwmiﬁuﬁuia;&aLﬁmawwuim%ﬁé'ﬂwmﬂﬂiaﬁ
LLaxé'ﬂwm:maé'mgm’iwmmﬂﬁﬂﬁaaqammﬁﬁmd
AWNL L% AUaARA BTN Streptomyces ardesiacus NRRL
B-1773 ﬁﬂswnglu%ﬁaﬁa Bergey’s manual of systematic

227



228 Winyou Puckdee and Jirapat Chanthamalee

bacteriology Vol. 5 The Actinobacteria faanwmzlaladl
maoﬁafﬁﬁamqﬁaﬂﬁﬁmﬁad §n1383719 Substrate
mycelium LHuFrR0ILa2117 Waz Aerial mycelium tHuim
snsazneldndasgansiadlasadaiisoediuuy
Whorls uasSususuuy Umbels A3on4n Verticillati
(Goodfellow et al., 2012) annnsisuLAssTiavad
Badledwuinsuwiseitianuuandreldanuwisey
midausn@atanlalndnuuafizoanidenvesng
m’%zmmaa Suhandono et al. (2014) ﬁLLUﬂL%avL@ﬁ’m’m 16
lalaian LL‘Lia"Lé’Lflwmsmsjmamﬁﬂmfmﬂm%anﬁju
weadludodn wuswan 3 lelaan Souaanmsdnen
seufianalalnduosiin 165 rRNA wuiiers 3 lalaan
Januasuafeny L‘% 8 Gordonia terrae, Brachybacterium
rhamnosum W8% Kocuria kristinae Lwivl,a\iwm%aaqa

Streptomyces 8¢

mu’i%&ﬁv’wmf:agﬁvlﬁiwmmsmmm%aLa‘ulm
vl;vxlx?mLLaﬂaIuﬁﬂ%nmﬂnL%ﬂuﬁ'uﬁﬁmﬁmlu’%’m’?@%’mﬁ
16 1a UVL@TL‘%E)LLaﬂaiuﬁﬂ%ﬂawnsﬁﬂmaam’%fmﬁuq‘mwﬂ
ﬁﬁmwmﬁwﬁm%a Streptomyces ardesiacus %aﬁml%{
fugaie B, cereus TISTR 2372 uas S. aureus ATCC
25923 'l& wazsssnansufinnuTuTuany 1,024
ug/ml sunsasFanuefidsnmesle liitoanindosas
98 sasiuisvanlaingotanlalndnuandluiudn
Tolaan PM-RO1 Fdnanawlunsiusnuafizounsy
wvanussiiald wazaamideiiludnwaniiudide
wuafiiendaimanang iiudia wiadusagelass duds
L%Vanﬁjuﬂs%@ SusaaaduzSenfiasg g wiagussawlsd
VTR L% Lot bal a-glucosidase, a-amylase, Nitric
oxide synthase %38 Cyclooxygenase #3213 lUfnwds
ANUDUABVBIFTINARLUALITARLUNE wazaII¥iNNT
Anwasdusznaumaedifiiluasatanouiiveldiniu
ferfiauaslansimaniivessssangniansg ey

naanssnsznie
mﬁ%‘Uﬁiﬁ%‘unuaﬁua%umﬁﬁymnwﬁwmﬁs
AP Iwwssdl Deudszano 2566 281800 MAMNNIE
i wazinAneniadTnnadiingnlaglanns
WHEIRALT 1ITUIU UARTIENTR 'guﬂizgs VO
Lﬁi"waamuﬁqL%Uuﬁslﬁm’]umgmﬁzﬁrf:mﬁanﬁmﬁmf
Auwdios VoUAMHTIBAMEATNIE 3377 215903
mMadTuad ﬁlﬁmwagmﬁ:ﬁqﬂmrﬁuazmimﬁ VAL b
audinmenand anAnmmaniuannalulad awineas
noAplwwssdl Alianuewanzdisnuidjians
LATVOUQUETILANFATINTE AT.2179350 LUAATNA
Anny Madrei ﬁlﬁmwmgm%ﬁmamuﬂmuwﬁmia

J Sci Technol MSU

LON&E13919D9

Asmah, N., Suniarti, D. F., Margono, A., Mas’ud, Z. A,
& Bachtiar, E. W. (2020). Identification of active
compounds in ethyl acetate, chloroform, and
N-hexane extracts from peels of Citrus aurantifolia
from Maribaya, West Java, Indonesia. Journal of
Advanced Pharmaceutical Technology & Research,
11(3), 107-112.

Bérdy, J. (2005). Bioactive microbial metabolites. The
Journal of Antibiotics, 58(1), 1-26. https://doi.
org/10.1038/ja.2005.1

Chun, J., & Goodfellow, M. (1995). A Phylogenetic analysis
of the genus Nocardia with 16S rRNA gene sequences.
International Journal of Systematic and Evolutionary
Microbiology, 45(2), 240-245.

CLSI. (2018). Methods for dilution antimicrobial
susceptibility tests for bacteria that grow aerobically.
CLSI Standard M07 (11th ed.). Clinical and
Laboratory Standards Institute.

Cook, A. E., & Meyers, P. R. (2003). Rapid identification
of filamentous actinomycetes to the genus level using
genus-specific 16S rRNA gene restriction fragment
patterns. International Journal of Systematic and
Evolutionary Microbiology, 53(6), 1907-1915.

Darya, M., Abdolrasouli, M. H., Yousefzadi, M., Sajjadi,
M. M., Sourinejad, 1., & Zarei, M. (2022). Antifouling
coating based on biopolymers (PCL/PLA) and
bioactive extract from the sea cucumber Stichopus
herrmanni. AMB Express, 12, 1-12, Article 24. https://
doi.org/10.1186/s13568-022-01364-3

Goodfellow, M., Kdmpfer, P., Busse, H. J., Trujillo, M. E.,
Suzuki, K., Ludwig, W., & Whitman, W. B. (2012).
Bergey’s manual of systematic bacteriology: Volume
5: The Actinobacteria. Springer New York.

Gos, F. M. W. R., Savi, D. C., Shaaban, K. A., Thorson,
J. S., Aluizio, R., Possiede, Y. M., . . . Glienke,
C. (2017). Antibacterial activity of endophytic
actinomycetes isolated from the medicinal plant
Vochysia divergens (Pantanal, Brazil). Frontiers
in Microbiology, 8, 1-17, Article 1642. https://doi.
org/10.3389/fmicb.2017 .01642

Madigan, M. T., Martinko, J. M., Dunlap, P. V., & Clark,
D. P. (2009). Brock biology of microorganisms

(12th ed.). Pearson/Benjamin Cummings.



Vol 44. No 3, May-June 2025

Antibacterial activity of endophytic actinomycetes, Streptomyces sp.

PM-R01, isolated from native durian varieties in Chanthaburi province

Mingma, R., Pathom-aree, W., Trakulnaleamsai, S.,
Thamchaipenet, A., & Duangmal, K. (2014). Isolation
of rhizospheric and roots endophytic actinomycetes
from Leguminosae plant and their activities to
inhibit soybean pathogen, Xanthomonas campestris
pv. glycine. World Journal of Microbiology and
Biotechnology, 30(1), 271-280. https://doi.org/10.1007/
$11274-013-1451-9

Otoguro, M., Hayakawa, M., Yamazaki, T., & limura, Y.
(2001). An integrated method for the enrichment and
selective isolation of Actinokineospora spp. in soil
and plant litter. Journal of Applied Microbiology, 91(1),
118-130. https://doi.org/https://doi.org/10.1046/j.136
5-2672.2001.01372.x

Pankey, G. A., & Sabath, L. D. (2004). Clinical relevance
of bacteriostatic versus bactericidal mechanisms of
action in the treatment of gram-positive bacterial
infections. Clinical Infectious Diseases, 38(6),
864-870. https://doi.org/10.1086/ 381972

Shirling, E. B., & Gottlieb, D. (1966). Methods for
characterization of Streptomyces species.
International Journal of Systematic and Evolutionary
Microbiology, 16(3), 313-340. https://doi.org/https://
doi.org/10.1099/00207713-16-3-313

Suhandono, S., & Utari, |I. B. (2014). Isolation and
molecular identification of endophytic bacteria
from durian arillus (Durio zibethinus Murr.) var.
Matahari. Microbiology Indonesia, 8(4), 161-169.
https://doi.org/10.5454/mi.8.4.3

Taechowisan, T., Chaisaeng, S., & Phutdhawong, W.
S. (2017). Antibacterial, antioxidant and anticancer
activities of biphenyls from Streptomyces sp. BO-07:
an endophyte in Boesenbergia rotunda (L.) Mansf A.
Food and Agricultural Inmunology, 28(6), 1330-1346.
https://doi.org/10.1080/09540105.2017.1339669

Taechowisan, T., Puckdee, W., & Phutdhawong, W. S.
(2019). Streptomyces zerumbet, a novel species
from Zingiber zerumbet (L.) Smith and isolation of
its bioactive compounds. Advances in Microbiology,
9(3), 194-219. https://doi.org/ 10.4236/aim.2019.93015

Ventola, C. L. (2015). The antibiotic resistance crisis: part
1: causes and threats. Pt, 40(4), 277-283.

Wink, J., Mohammadipanah, F., & Hamedi, J. (2017).
Biology and biotechnology of actinobacteria. Springer
International Publishing.

World Health Organization. (2022). Global antimicrobial
resistance and use surveillance system (GLASS) report
2022. World Health Organization. https://www.who.
int/publications/ i/item/9789240062702

Yoshizawa, S., Fourmy, D., & Puglisi, J. D. (1998).
Structural origins of gentamicin antibiotic action. The
EMBO Journal, 17(22), 6437-6448-6448. https://doi.
org/https://doi.org/10.1093/ emboj/17.22.6437

229



d%’ 1 Y % a % I3 dy d? 1
NAVDINTIINALNWLLD LNAILHIANLA [N IR A A RNDULALIDUNTOUANLIA LN
Effects of substituting chicken with silkworm pupae powder in crispy chicken snack
products

Aa ¢ A o &1 A 2 @ @ 3 0 Aa {3*
AINNE TURUA , WAL J]u\‘l’l&l , TN UINBY” RS WIINTUAR Lﬂiﬂgﬂiﬂ&mﬂ
Threethip Chuensun’, Nittaya Phungam?, Chayarpar Buano® and Natwalinkhol Settapramote®

Received: 30 May 2024 ; Revised: 23 July 2024 ; Accepted: 1 August 2024

UNAnL

ﬂ’]iﬂgﬂ%&ia%LgﬂGVIMNﬁFJL‘ﬂuqmﬁ’l%ﬂii&lLL&IﬂGﬁﬁ’lﬁfﬂﬁiaLﬂijﬁ% LRzHAA MM NIATINYRIUTEINA by (GPD)
i lrdanudluumasnnmaAvinuludsunaunn daiieidunsiuseldldiunees lunuwdsoi
’ﬁ‘idﬁi’mqﬂizaa&ﬁaLﬁ'wgamﬁ'uﬁﬂLwﬂ%u‘[mﬂmiﬂmmumﬁﬂLL@“l%w@iaLf:avlﬁiuwamﬁmm“LriLmuaunsau
luns@nssasinfinunzauitelndensenud lnuvasndasmatlinsaunaununaanua lnay wuan
sadim 60:20 (tialndesnudlny) Wusandimfimunzay mnmMsiezdinsmonnwuazedl wusn d@d
(L*, a*, b*) aa1unI0U USunmanuin uaztsunmldsdudaranasidntos lusmeiusualodufuunniy
(Fouas 7.31£0.63) adNRBEIATINIIEDE (p=0. 05) ﬁnﬂuumNamnmmﬂlﬂmaummmﬂLLm%uuﬂﬂnwﬁam%nu
Lz ATIANNZENEIRTINMTEL WU wammmmuamﬁnu 130 eFLTaLToR 15 w17 Lﬂuamnmm au‘na@
L;Jaqnmgmmmmmmumwai%ma LLamamﬂiaumeusl,wummﬂimmmamw (a) wazAMUTNTANanad (p<0.05)
NNNIANHBIYMIALINHVBINTAA U IiNTUFaTAILAN u,a:gmmLmumﬁml,é”l,mﬁqnmgﬁ 42 93 TRLT R
e 2 §en wudn enduass 2 803 "I,;kiﬁmmLmﬂ@i'mﬁ'uamdﬁﬁfﬂﬁﬂﬁmmmﬁa (0>0.05) Tapu/Sunmanudin
YSanmnsalatu (AV.) anaiaan"l,ﬁm (P.V.) uaz il a_ maamﬁadamummmu LLNWVL@‘H’m']TJLﬂi’u%ﬂﬂkﬂ’]W‘ﬂ’]G
AAUNTHVBINAAA U LINTELNAUNUHIANILG L IﬂmmmwaaummLﬂu"l,ﬂmummmuwammsmwu (187 W,
100/2553)

o o 04

Adn NINAUN®, HIANLA AN, bLHwNTaU

Abstract

Silkworms are crucial economic insects that significantly contribute to Thailand’s national economy and gross domestic
product (GDP). The silkworm produces byproducts, including cocoons, which can be utilized to increase farmers’
income. To explore this potential, this study aims to replace chicken meat with silkworm pupae powder in crispy chicken
snacks. To optimize the ratio of chicken and silkworm pupae powder to crispy chicken products instead of silkworm
pupae powder. It was found that the 60:20 ratio (chicken: silkworm pupae powder) provided the optimum formulation.
The result showed the control replacing the silkworm pupae powder to crispy chicken products, L*, a*, b* color
values, crispness, moisture content and protein content tended to decrease and fat content increased (7.31+0.63%)
with significant difference observed (p<0.05). The condition baking temperature and time were studied and it was found
that increasing temperature and time influenced color and crispness. While water activity (aw) and moisture content
decreased with a significant difference was observed (p<0.05). At 130°C for 15 minutes revealed the highest score
(p<0.05). Crispy chicken snack was also evaluated for shelf-life by packing in an aluminum-zipped bag and stored
at 42°C for 2 weeks. The results revealed that the color was not significantly comparable to the control’s (p>0.05).
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However, moisture content, acid value (A.V.), peroxide value (P.V.) and a, of both formulas tended to increase.

The microorganisms detected no excess of the community product standards#100/2553.

Keywords: Replacing, silkworm pupae powder, crispy chicken snacks
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Table 1 Ingredients of Crispy Chicken Snacks
Treatment
ingredients Mixing ratio (9)

1 (Control) 2 3 4
Minced chicken breast 80 60 40 20
Silkworm pupae powder 0 20 40 60
Sugar 6 6 6 6
Soy source 2 2 2 2
Spices 1.5 1.5 1.5 1.5
Salt 0.5 0.5 0.5 0.5

Note: Modified by Aedtem et al., (2019).
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Effects of substituting chicken with silkworm pupae powder

in crispy chicken snack products
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Table 2  Physical and chemical properties of silkworm

pupae powder.

Physical and chemical properties Silkworm pupae powder

L* 44.44+1.09
Color a* 4.65+0.05

b* 14.29+0.23
a 0.27+0.01
Moisture content (%) 1.75+0.09
Protein (%) 68.42+0.80
Fat (%) 29.43+1.78

Note: Mean + standard deviation (SD), a_:Water Activity

NANIIANEIDAIIEINLIHD LNADNIATILE 1R
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NAMIWAWINRAN AU BNTULAL) bNTAUNALNY
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Threethip Chuensun, Nittaya Phungam, Chayarpar Buano

J Sci Technol MSU

Table 3  Physical and chemical properties of crispy
chicken snacks with replaced chicken meat

by silkworm pupae powder.

Physical and chemical Treatment 1

properties (control) Treatment 2

L* 47.99+0.16° 39.57+0.88°
Color a* 6.67+0.03 6.00+0.40°

b* 14.67+0.10° 11.09£0.56"
Crispiness (N) 13.50+0.57° 11.00£0.82°
a' 0.41£0.00 0.4120.00
Moisture content (%) 2.96+0.12° 2.63+0.08"
Protein (%) 23.92+0.33° 22.71+0.57°
Fat (%) 1.75+0.24° 7.31£0.63°

Note: Mean * standard deviation (SD), In the same row with
different superscript letters were significantly different (p<0.05)

and " not significant.
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Figure 1 Crispy Chicken snacks with replaced chicken meat
by silkworm pupae powder (before sheet). The figure
illustrates four treatments with varying ratios of minced
chicken breast to silkworm pupae powder: A;
Treatment 1 (80:0), B; Treatment 2 (60:20), C; Treatment 3
(40:40), and D; Treatment 4 (20:60).
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Effects of substituting chicken with silkworm pupae powder

in crispy chicken snack products
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(p<0.05) Lﬁ@gMﬂﬂuﬁga"fu SemoandasnUBNTNAnENEL
a1 1duA 1281 5, 10 uaz 15 wfl wui fF L dena
81149 a* eanudusues b* dranuduimnies drawi
mafiefiims uazeamansey Mnduaielioiemy
N9E0A (p<0.05) daldimoumuiu

NTWaTINTERIIgUN)INUIAN Anadasiasn
& @8 L* dnanuaing a* ananuduiues b* dranu
Hudindas seaiisiea uazdranunsay laadlafi
aqrumgﬁLLammlumiaumauﬁﬂﬁ AT L* d1a0uang at
fanuduiuas b* aanuduiinios uazdiranunsay
fuwalinfaduansfinpdduniesda (0<0.05) Tasou
ﬁqmmgﬁ 150 a9 LTALTIR Wik 15 WAl ﬁ@hmnﬁqﬂ
FaRenenunsou 19.00£2.65 fNF L* 1YL 48.53:0.20
fNE a* 1YINNU 7.80£0.04 6NF b* YN 16.82+0.14 LAz
Lﬁaammﬁaauﬁaqnmg3’3gd%uua:nmmu%uﬁﬂﬁm%
L* a* uaz b* Andu \ANNUZA381 Browning reaction
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Table 4  Physical properties of crispy chicken snacks with replaced chicken meat by silkworm pupae powder.

Treatments Color Browning Crispiness
L* a* b* Index (N)

Temperature (°C) 130 40.70+1.00° 5.30+1.10° 11.81+1.42° 0.38+0.01° 5.11+6.19°
150 44.48+3.85° 6.28+1.51° 13.75£2.99° 0.39£0.01° 10.56+7.83°
Time (min) 5 39.67+0.57° 4.17+0.05° 10.00+0.46° 0.37+0.01° 1.17+0.41°
10 43.14%2.26° 6.06+0.65" 13.43+1.07° 0.39+0.01° 6.335.57°
15 44.48+4.97° 7.14£0.73° 14.91£2.10° 0.40£0.01° 16.00+4.34°
130°C 5 min 39.55+0.35" 3.96+0.04° 9.94+0.11° 0.37+0.01° 1.000.00°
130°C 10 min 41.17£0.70° 5.47+0.04° 12.48+0.18° 0.39£0.01° 1.33+0.58°
130°C 15 min 41.38+0.18° 6.47+0.02° 13.00+0.08° 0.39+0.01° 11.33£0.94°
150°C 5 min 39.8020.62° 4.3920.22° 10.06£0.58° 0.37£0.01° 1.33+0.58°
150°C 10 min 45.1120.51° 6.65+0.12" 14.38+0.30° 0.390.01° 11.33+1.53
150°C 15 min 48.53+0.20° 7.80+0.04° 16.82+0.14° 0.40+0.01° 19.00+2.65°

Note: Mean + standard deviation (SD), In the same column with different letter were significantly different (p<0.05).

235



236

Threethip Chuensun, Nittaya Phungam, Chayarpar Buano
and Natwalinkhol Settapramote

N Table 5 HAINMITANBIQMUANTANNILAL
andwananaugmnnd leun goangll 130 uaz 150
BILTRLTLE WU 6N a LLa“mmm%uamaaﬂ'wﬁ
WO UNNEDA (p<0.05) Luaam%nmwu Hemnandod
AuanIwananmuwaan leun 1181 5, 10 uaz 15 Wil
Wudl A a LLa‘"mﬂ’%mmmm%uaﬂmaﬂwaﬁﬁfﬂéwﬁtg

NIRDG (p<0 05) LNQI‘UL’JG’]E’JU%"I%T%

Table 5 Chemical properties of crispy chicken snacks
with replaced chicken meat by silkworm pupae
powder.

Treatments a Moisture content (%)
Temperature 130 0.63+0.14° 4.42+2 18"
°C) 150 0.53+0.16° 3.25+2.16°

5 0.7740.02° 6.60+0.64°
Time (min) 10 0.52+0.10° 2.87+0.99°

15 0.44+0.04° 2.05+0.44°
130°C 5 min 0.80£0.01° 7.13£0.10°
130°C 10 min  0.60+0.01° 3.73+0.17°
130°C 15min  0.48+0.01° 2.41+0.21°
150°C 5 min 0.7520.01° 6.03£0.06"
150°C 10 min  0.43+0.01° 2.02+0.02°
150°C 15min  0.41x0.01° 1.69+0.12°

Note: Mean # standard deviation (SD), In the same column with
different letter were significantly different (p<0.05).
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dofmNWAANI 9 VBINTAAUH Sarnlfanuduuas
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o

YT dsIzanadsadilnpd1A (p<0.05) (Labuza &
Altunakar, 2020) (Table 5)

NNIHAMINARALA UNATNATURZN BN
(Table 4, 5) usasliifiwinfiannzniseuiigamgi 130
avmraldos Wwszaziian 15 Wil danulranzal
ﬁq@ \flasanniien browning index agﬂm:é’mﬁﬂummz
fifn crispiness asﬂummﬁﬁaa lummzﬁm%aﬂlmzﬁu
ﬂmﬂmq LLavlumumaqm a_usz mwmuaﬂlmvaum
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Naa4 Table 6
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agailuefmAyneaia (0<0.05) launRanmsi linsau
mmumé‘mﬁlmgmﬁ 1 f61 L* a* uaz b* unnin
gmﬁ 2 AR FUTNVOIM AU LT AU
froagsirwfusnsndung 2 §lad lagdnd L a*
WAZ b* A& L* ¥iNNU 45.08+2.1918237.71+1.38 @& a*
WYINNLU 6.77+0.54 Lz 6.04+0.44 AT b* LYINNL 13.90+1.16
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Effects of substituting chicken with silkworm pupae powder

in crispy chicken snack products

Table 6  Physical properties of crispy chicken snacks with replaced chicken meat by silkworm pupae powder during
shelf life at 42 °C.
Color
Weeks L* a* b*
Treatment 1" Treatment 2" Treatment 1" Treatment 2" Treatment 1" Treatment 2°
0 45.95+0.56° 40.84+0.11° 6.57+0.07° 6.22+0.23" 14.49+0.13° 11.10£0.58"
1 44.61+0.53° 38.62+0.81° 6.47+0.45 7.03+1.14° 14.71£1.16° 12.60+1.83
2 45.08+2.19° 37.71£1.38° 6.77+0.54° 6.04+0.44° 13.90%1.16° 10.99+0.51°

Note: Mean + standard deviation (SD), In the same row with different letter were significantly different (p<0.05) by treatment. " in the same column

were not significantly different (p>0.05) by period times,

Table 7  Chemical properties of crispy chicken snacks Table 8 Chemical properties of crispy chicken snacks
with replaced chicken meat by silkworm pupae with replaced chicken meat by silkworm pupae
powder during shelf life at 42 °C. powder during shelf life at 42 °C.

a, Moisture content (%) Acid value Peroxide value
Weeks  Treatment 1" Treatment Treatment Treatment (mg/KOH/kg sample) (mg Peroxide/kg sample)
Weeks
2 ! 2 Treatment Treatment Treatment Treatment
0 0.42#0.02°  0.33:0.02°®  1.57£0.04®  0.95+0.02" 1 2" 1 2
1 0.440.03°  0.38£0.02%  1.50+0.08®  1.030.08° 0 0.22:0.01”  0.64+0.23" 2.00:0.01™  4.00:0.01
2 0.44+0.01°  0.41+0.03"™ 2.03+0.10*  1.45+0.07™ 1 0.37+0.64™  0.71£0.65°  7.33+2.31"  10.00+2.00™
Note: Mean + standard deviation (SD), In the same row with different 2 0.49+0.13"™  0.86+0.06° 8.00+2.00”  10.00£2.00**

letter (small letters) were significantly different (p<0.05) by treat-
ment. In the same column with different letter (capital letters) were
significantly different (p<0.05) and " in the same column were not
significantly different (p>0.05) by period time.

Table 7 1 UMIUEAINAMIALIN I VRINEAA DA
N a wazUSanmAaTn wudie a WaEANNTUTENS]
antwiiorzoznamaAusnsuisiu agalsionw
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0.6 S'fiaLfluﬂ"]gaa@ﬁﬁmu@lumm@mm’ﬁmﬁmﬁqmu
LLa:ﬂ%mmmm%uagjﬂm:é’uﬁ%a"lajmmsmﬁzyL?}‘uim
'I&f (Tapia et al., 2020) FygaanSaIRLNMINATELVUNDL
mamnnLLﬂamﬁﬁLﬁu%'nmﬁqmﬁQﬁ 25-35 09FLTALDR
srez9m1 300 31 HUSnaenuiuiiisdwiiofuszes
NAMINUINET (Kosegarten et al., 2022) 81W1IWHY
AU mmiteeiln monolayer water 18 le5unu i
ANE ez aewdln multilayer adsorption LL&:@@%U%%’]
vl lugiang ildiAanmsazaszesaignazansld
(Lin et al., 2020) ﬁw:gn%’ﬂﬁagiummﬂm’i%maﬂa
i loien a Wudunsiasuuasasdn a,

Note: Mean + standard deviation (SD), In the same row with different
letter (small letters) were significantly different (p<0.05) by treat-
ment. In the same column with different letter (capital letters) were
significantly different (p<0.05) and " in the same column were not
significantly different (p>0.05) by period time.

97N Table 8 Acid value (A.V.) L&z @1 Peroxide
value (P.V.) ;j]m"?i 1 ﬁmﬁiaﬂﬁq@ Lﬁaamﬂgmﬁ 2 ims
NALNUHIANULG AN KB a A usiR 98 US i sl uunnin
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NMIYTEINTUNE ﬁﬂﬁmmsﬁmqmﬂﬁu%'ﬂmgu LR
Huslnalailinissensy (Othon-Diaz et al., 2023) i
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qﬁuw%ﬁﬁv’mm Wa=Dad T VaINAAT AT 2 g3 Ay
Snwiuiian 2 adand lonaas Table 9
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Table 9  Biological properties of crispy chicken snacks
with replaced chicken meat by silkworm pupae
powder during shelf life at 42 °C.
Total Plate Count Yeast and Mold
CFU/
Weeks ( 9
Treatment Treatment Treatment Treatment
1 2 1 2
0 0.36x10° 0.31x10° <25 <25
1 0.38x10° 0.34x10? <25 <25
2 0.41x10° 0.35x10° <25 <25
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Abstract

A comparative anatomy of the Mesozoic petrified wood was conducted at the Phu Por fossil site in Kham Muang District,
Kalasin Province. The objective is to classify the petrified wood species found along the nature trails, contributing to
the development of the Kalasin Geopark and conservation tourism or natural tourist attractions focused on Mesozoic-
era petrified wood in Thailand. A total of seven samples were studied using the thin section technique, revealing the
presence of one genus of petrified wood, Agathoxylon. Agathoxylon sp. is characterized by the presence or absence
of growth rings, thin or thick-walled thacheis, 1 — 2-seriate alternate or opposite in radial walls, 1 — 2-seriate rays, and

araucarioid cross-field pits.

Examining and analyzing the growth rings of petrified wood allows for paleoclimate predictions. It was found
that the samples had both clear and unclear growth rings, suggesting these trees experienced humid weather with
alternating short dry seasons during the middle to late Jurassic. The presence of Agathoxylon with growth rings implies

a humid climate, while the discovery of Xenoxylon from previous studies supports a cool and wet climate hypothesis.
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Additionally, variations in growth rings may be due to incomplete mineral replacement during petrification or other

geological processes. Developing Phu Por fossil site into an eco-tourism destination can significantly benefit the local

economy. Furthermore, it will enhance the scientific and educational value of the site, contributing to Kalasin Geopark’s

recognition as a national and international tourist and research hub.

Keywords: Agathoxylon, Petrified wood, Jurassic, Khorat Group, Kalasin Geopark

Introduction

The discoveries of petrified wood in the Khorat Plateau
of Thailand have been reported from several provinces
in northeastern region. These provinces include Kalasin,
Nakhon Ratchasima, Khon Kaen, Roi Et, Yasothon, Udon
Thani, Mukdahan, and Sakon Nakhon. The petrified wood
found includes Agathoxylon saravanensis, Agathoxylon sp.,
Brachyoxylon boureauii, Brachyoxylon orientale, Brachyoxylon
serrae, and Xenoxylon sp. (Philippe et al., 2004, 2009, 2011;
Boonchai et al., 2020).

In Kalasin Geopark, many significant fossil localities
have been discovered. One of the richest and complete
dinosaur fossil sites is the Phu Kum Khao which located
in Sahatsakhan District. The site was developed to the
Sirindhorn Museum, the biggest dinosaur museum in
Northeastern of Thailand. Developed from the rich fossil
site of Phu Kum Khao, this museum houses an extensive
collection of dinosaur fossils, making it a key destination
for researchers and visitors alike. Recently, one of the
most outstanding fossil localities was discovered at Baan
Din Chi, Kham Muang District, Kalasin Province. The site
named Phu Noi fossil site, has yielded more than 5,000
dinosaur bones, including those of sauropods, theropods
and ornithopods, as well as several vertebrate remains
such as pterosaurs, crocodiles, turtles, bony fish, and
freshwater sharks (Cuny ef al., 2014; Tong et al., 2015;
Martin et al., 2018; Samathi et al. 2019; Deesri et al.,
2022; Manitkoon et al., 2023).

Another significant site within Kalasin Geopark is
the Phu Por fossil site, located at Ban Kham Somboon, Na
Bon Subdistrict, Kham Muang District, Kalasin Province.
This site has yielded numerous petrified wood samples,
with coordinates marking it at latitude 16° 55’ 15.07” and
longitude 103° 41’ 1.42”. The Phu Por fossil site adds
to the diversity of paleontological finds in the geopark,
showcasing the rich botanical history of the region. The

petrified woods found here provide valuable information

about the ancient forests that once covered this area,
contributing to a deeper understanding of the region’s

geological past.

From the Phu Por fossil site, head northeast for about
10 minutes to reach the Phu Noi fossil site (Figure 1). The
environment of both sites is characterized as mixed forest,
or mixed deciduous forest, scattered in small patches in
the northeastern region (Santisuk, 2006). These sparse
forests feature trees with alternating tall, medium, and
low trunks, interspersed with bamboo. The soil is derived
from sedimentary rocks, and most trees shed their leaves
in the dry season. However, during the rainy season, the
comes alive with full foliage, creating a lush and vibrant
landscape. These unique environmental conditions have
contributed to the preservation of the region’s remarkable

fossil record.

Together, these sites form a network of significant
paleontological resources within Kalasin Geopark. The
Sirindhorn Museum, Phu Por fossil site, and Phu Noi
fossil site not only highlight the area’s rich fossil heritage
but also contribute to the ongoing scientific research and
public education efforts, making Kalasin Geopark a vital

hub for understanding Thailand’s ancient past.

Phu Por fossil site is bedded in the Phu Kradung
Formation. The discovery of the petrified wood genus
Xenoxylon in this location, for the first time in Thailand,
indicates that the Phu Kradung Formation dates to the
middle to late Jurassic. However, the exact dating of this
formation remains debated (Boonchai et al., 2020). The
physical characteristics of the rocks and the fossils indicate
that the Phu Por fossil site was formed from swamps or
rivers with meandering channel river and strong currents
in the channel. The paleoclimate was relatively dry (Racey
& Goodall, 2009). The Phu Kradung Formation consists
of sedimentary rocks including siltstone, greenish-gray
sandstone, mudstone, and mixed calcareous conglomerate.

The thickness of this rock layer is approximately 1,000
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meters. The formation contains mica minerals and calcrete
layers interspersed with reddish-gray rocks (Department

of Mineral Resources, 2007).

Method

1. Field work

Petrified wood samples were collected from
the Phu Por fossil site at a total of seven locations, with
in-situ samples chosen for collection, as shown in Table
1. Sample 1 (mean sea level ~240 meters), comes from
a point about 220 meters away from the tourist service
point (mean sea level ~220 meters), with a petrified
wood length of approximately 2.3 meters and a width of

approximately 0.8 — 0.9 meters (Figure 1 - 2).

Samples 2 to 7 (mean sea level ~260 meters)
come from a point about 420 meters away from the tourist
service point. The lengths of the petrified woods for these
samples were approximately 6, 5, 6, 5, 4, and 2 meters,
respectively (the width could not be measured as it is
buried in the rock layer). The petrified wood is arranged
in a long row, with seven trees scattered and not aligned

in the same direction (Figure 1 - 2).

Tabel 1 Petrified woods used in the study were
collected from the Phu Por petrified wood
source at various locations.

Fossil Sample Length Width i
Location

No. No. (m) (m)

PP-19-9 1 ~2.3 ~0.80- 16°55'18.3'N
0.9 103°40'56.6’E

PP-19-1 2 ~6 16°55'18.0°N
103°41°04.2°E

PP-19-2 3 ~5 16°55'18.0'N
103°41°04.2°E

PP-19-3 4 ~6 16°55'18.2'N
103°41°04.0°E

PP-19-4 5 ~5 16°55'17.9'N
103°41°03.7°E

PP-19-5 6 ~4 16°55'17.9°N
103°41°03.6’E

PP-19-6 7 ~2 16°55'17.8°N

103°41'03.4°E

2. Laboratory work

2.1 Sample preparation

Petrified wood samples were prepared for study
using the thin section method to analyze the anatomy of the
wood. They were then examined under a compound light
microscope and a stereo microscope at the Palaeontological
Research and Education Center and the Department of

Biology, Faculty of Science, Mahasarakham University.

2.2 Classification of petrified wood

For the anatomical study, the dichotomous key
of Philippe and Bamford (2008) was used to identify the
scientific names of petrified wood, The anatomical features
were compared using the IAWA List of microscopic features
for softwood identification. Significant characteristics for
identification growth rings, tracheid, helical thickenings in
tracheids, axial parenchyma, ray composition, cross-field
pitting, ray size, intercellular canals, and mineral inclusions
(IAWA Committee, 2004). The description of petrified wood
followed Boura et al. (2021).

The measurement of the size of the important
characteristics used to classify a wand as a stone is based

on the following IAWA criteria:

1) Ray cell length is measured in micrometers
(um). The size is measured from a radial section to the
tangential, by randomly selecting from an array of not less
than 25 cells and then finding the mean (Mean), standard

deviation (SD), and range (Range).

2) The length of the ray cell is divided into four
sizes: very short (up to 4 cells), medium (5 — 15 cells), long

(16 — 30 cells), and very long (more than 30 cells).

3) Tracheids are measured in micrometers
and divided into three sizes: short (less than 3000 pm),
medium (3000 — 5000 pym), and long (more than 5000
pm) (IAWA Committee, 2004).

Results

1. Systematic paleontology

Seven petrified wood samples used in the study
collected from the Phu Por fossil site and belong to the
middle to late Jurassic, Phu Kradung Formation. All
samples underwent a detailed examination of the anatomy
of petrified wood using a light microscope. They can

be classified, as shown in Table 2, and the taxonomic
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order of petrified wood from the Phu Por fossil site was

determined as follows:
Araucariaceae Henkel & W. Hochstetter, 1865
Agathoxylon Hartig, 1848

Agathoxylon sp.

2. Descriptions

Growth ring boundaries are distinct (Figure 3a)
or absent (Figure 3b). Tracheids thin-walled, circular to
oval in cross-section outline and 14.4 — 37.5 ym (mean

25 pm) in tangential diameter (Table 2).

Tracheids pits in radial walls 1-seriate (Figure 3d),
1-2-seriate (Figure 3e, 3f, 3g) (very rarely 2-seriate,
alternate (Figure 3h)), circular to oval in outline and 14.6
-22.3 ym (mean 18.9 ym) in vertical diameter. Radial pits
in chains of contiguous are slightly flattened pits, rarely

somewhat distant (Table 2).

Ray is 1-seriate, completely composed of
parenchyma, 30 — 183 ym (mean 81.5 ym) high, relatively
low with only 1 — 8 cells (mean three cells); rays are

oval or elliptical in tangential section, both vertical and

Locality

, =Tourist service point
at Phu Por fossil site

' =Sample No.1
C) =sample No.2-7

=Phu Noi fossil site

Phu Por fossil site

J Sci Technol MSU

horizontal end walls of ray parenchyma cells are smooth
(Figure 3c) (Table 2).

Araucarioid cross-field, pits bordered, with included
apertures, more than 5 per cross-field, arranged in mostly
two alternate rows, with a tendency for crowding (Figure
3i, 3j) (Table 2).

Helical thickenings on tracheid walls, axial
parenchyma, intercellular canals, resin canals and

crystals were unobserved.

The described petrified wood can have indistinct
or absent growth ring boundaries, whereas Agathoxylon
typically has well-defined growth rings. The dimensions
and wall thickness of tracheids can vary, with the described
petrified wood generally exhibiting a narrower range. The
described petrified wood features more than five pits per
cross-field, often arranged in two rows. Additionally, the
rays in the described petrified wood have fewer cells and
a smaller overall height compared to Agathoxylon. These
differences may result from geological changes or the

petrification process.

\

PhuPor fossil site

Figure 1 Map showing the location of Phu Por and Phu Noi fossil sites Kham Muang District, Kalasin Province, Thailand.
Note: white A = Tourist service point at Phu Por fossil site, B = Sample No.1, C = Sample No. 2 — 7 and D= Phu Noi fossil
site — Scale bars: 3000 ft. (Google Earth Pro, 2022)
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Figure 2 Petrified woods used in the study were collected from the Phu Por fossil site.
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Figure 3 Wood anatomy of Agathoxylon sp. (PP-19-1, PP-19-2, PP-19-3, PP-19-5, PP-19-9) from Phu Por fossil site Kalasin
Province, Thailand. a: Transverse section showing distinct growth ring. — b: Growth ring absent. — c: Tangential section
showing 1-seriate rays. — d: Radial section showing 1-seriate. — e, f: Radial section showing 1 — 2-seriate rays. — g: Radial
section showing opposite 2-seriate rays. — h: Radial section showing alternate 2-seriate rays. — i, j: Radial section showing
araucarioid cross-field. — Scale bars of 19 = 10 ym; 13, 14, 15, 16, 17 & 18 = 20 ym; of 10, 11 & 12 = 200 pm.
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Table2 Comparative anatomy of petrified wood used to study from the Phu Por fossil site. Abbreviation:
GR, growth rings; Tg TP, tangential tracheid pitting; Rd TP, radial tracheid pitting; Ax Pa, axial parenchyma;
CFP, cross-field pits; R, Resin canals; P, present; A, absent.
Tg Ax
Taxa No. GR R Rd TP Ray height CFP (pits)
TP Pa
araucarioid 5-12,

Agathoxylon sp. PP-19-1 A A 1-2 seriate, opposite A 5-12 (x=8) ) A
1-3 rows, alternate, opposite
araucarioid 4- >6,

Agathoxylon sp. PP-19-2 A A uniseriate, 1-2-seriate A 1-15 (x=5) A
1-2 rows, alternate
araucarioid 6-8,

Agathoxylon sp. PP-19-3 P A 1-2 seriate, alternate A 2-11 (x=5) . A
2-4 rows, alternate, opposite

1-2 seriate, opposite, araucarioid 4-7, 2 rows,
Agathoxylon sp. PP-19-4 P A A 2-35 (x=10) A
alternate alternate
. . araucarioid 4-7(10),

Agathoxylon sp. PP-19-5 A A 1-2 seriate, opposite A 2-11 (x=7) A
1-3 rows, alternate

Gymnosperm 1-2 seriate, opposite, araucarioid >6, 2 rows,

PP-19-6 A A A - A
(cf. Agathoxylon sp.) alternate alternate
1-2 seriate, alternate, araucarioid >6, 2 rows,

Agathoxylon sp. PP-19-9 A A ) A 6-26 (x=11) A
opposite alternate

Discussion (Carling et al., 2017). Agathoxylon have been discovered

1. Agathoxylon distributions

Agathoxylon is a gymnosperm in the family
Araucariaceae. First discovered by Hartig in 1848,
Agathoxylon is the most commonly accepted name (Philippe,
2011). It dates from the Middle Jurassic Period (168-165
million years ago) to the Miocene Epoch (23 — 5.3 million
years ago). The current genus closest to Agathoxylon
is Agathis, a pine tree that diverged from the southern
hemisphere. The distribution range of Agathis covers
New Zealand and western Fiji to the Malay Islands and
Sumatra. This genus is an example of allopatric speciation,
where species evolve in different geographic areas, leading
to plants with varying physical characteristics in diverse
environments (Whitmore & Page, 1980). It is hypothesized
that Agathis expanded its distribution range, originating
from two central Gondwana, and successfully spread to

outcompete wild flowering plants (Whitmore & Page, 1980).

Agathoxylon, a form genus of fossil wood, has
a noTable presence in Southeast Asia. In the Lower
Mekong Basin, which spans parts of Thailand, Laos, and
Cambodia, this discovery is instrumental in developing
hypotheses about the ancient courses of the Mekong

River and understanding the region’s paleoenvironment

in Mesozoic and Quaternary. In Thailand, large petrified
trunks of Agathoxylon have been found in the northeast
and northern regions. During the Mesozoic Era, giant
gymnosperm trees, including Agathoxylon, were prevalent.
These findings highlight the significant role of Agathoxylon
in the region’s paleobotanical record (Benyasuta, 2003;
Boonchai, 2008; Boonchai et al., 2020).

The extensive temporal range of Agathoxylon,
from the Middle Jurassic to the Miocene, highlights its
ecological success and resilience. This makes it an
important subject of further education for understanding
the factors contributing to the longevity and adaptability
of plant species over geological time scales (Kloster &
Gnaedinger, 2018)

2. Paleoclimate

Examining and analyzing the growth rings
of petrified wood allows for paleoclimate predictions.
It was found that the petrified wood samples labeled
PP-19-3 and PP-19-4 had clear growth rings (Figure 3a)
(Table 2). These trees represent wood formed at the end
of a short dry season, as evidenced by the fewer tracheid
cells growing with thick cell walls. As sugar availability

increases later in the season, narrower cells with thick
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walls, known as latewood, are produced. This is different
from the beginning of the season when tracheid undergo
many cell divisions and have thin cell walls. Thus, sugar
availability in the cambium affects wood formation during
the growing season. Initially, low sugar levels lead to slow
wall deposition, resulting in the production of large cells
with thin walls, known as earlywood. It may be predicted
that each year there was relatively humid weather and

alternating periods of short dry seasons (Carteni et al., 2018).

In contrast, petrified woods PP-19-1, PP-19-2,
PP-19-5 and PP-19-6 had nebulous or absent growth
rings (Figure 3b) (Table 2). The discovery of plants of
the same genus in one area, some with growth rings and
some without, can be attributed to the varying availability

of water sources, which affects tree growth differently.

Another hypothesis is that some of the petrified
woods in the present work, where growth rings were not
found, grew at the foot of mountains or near water sources,
resulting in thin cell walls in the wood. In contrast, some
petrified woods with growth rings presumably grew in
areas with higher elevations or on mountaintops, where
they received less water for growth, resulting in thick cell
walls (Carlquist, 2013; Zhou et al., 2022). The domination
of Agathoxylon with growth rings at Phu Por fossil site
may suggest the humid climate with low seasonality
during the middle to late Jurassic. Additionally, in the
case of petrified woods, this variation may occur due
to the incomplete replacement of minerals during the
petrification process or other geological processes that

affect the visibility of growth rings.

This hypothesis is consistent with the discovery
of Xenoxylon in the Phu Por fossil site (Boonchai et al.,
2020), The presence of Xenoxylon, typically indicative of
mid- to high-paleolatitudes and cooler or wetter climates
(Philippe et al., 2013), in Southeast Asia supports the
hypothesis of temporary southward expansions of cooler
climate conditions during the Mesozoic. This aligns with
similar occurrences in southern China and Vietnam,
contributing to the broader understanding of Mesozoic
paleoclimate and biogeographical patterns (Boureau,
1950; Vozenin-Serra & Privé-Gill, 1991; Philippe et al.,

J Sci Technol MSU

2009; Oh et al., 2015). Xenoxylon distribution is limited
to the area of Laurasia, in the high paleo-latitude range
of the northern hemisphere. However, during the middle
to late Jurassic, the weather in the southern hemisphere

was likely getting colder (Oh et al., 2015).

3. Boosting eco-tourism

The petrified wood at Phu Por fossil site is
extraordinary, with abundant specimens scattered
throughout the mountain area. Studying this wood offers
numerous benefits, such as creating job opportunities
and boosting the local economy. This can expand career

options and distribute income to nearby communities.

Developing Phu Por fossil site into an eco-tourism
destination can further promote Kalasin Province as a
national geopark. This transformation can attract tourists,
researchers, and students, enhancing appreciation for
natural history and geological conservation. Historically,
while Mesozoic Era petrified wood has been studied in
Thailand, there hasn’t been a site developed for conservation
tourism. Establishing Phu Por as a destination can fill
this gap, providing a place for scientific research and
education while boosting eco-tourism. This dual focus on
preservation and tourism can protect the area’s natural

heritage and contribute to sustainable economic growth.

Abbreviation
PP: Phu Por fossil site.
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Abstract

Currently, the number of pets in Thailand is increasing every year. Unfortunately, these pets may get lost or lost. Cats
are one of the most popular pets. The rate of cats getting lost and returning is only 64 percent. In addition, the death
rate of lost cats is twice as high as that of dogs. Cat identification can help to locate them or provide information
about lost cats. Traditional cat identification methods, such as ear tattooing and microchipping, have many limitations.
Among them are violence against animals, the risk of infection, or the possibility of the device being lost. This article
introduces the development of cat face recognition to identify lost cats by their faces. This is a non-violent and low-cost
method. It is an application of a method based on human facial identification. The method for recognizing cat faces
consists of 3 steps: 1) A step for detecting cat faces in images, which can detect the face and the position of the ears,
eyes, and nose. 2) A step to learn features from facial images of identical pairs of the same cat and different pairs
of different cats. 3) An identification step is a process in which features extracted from cat faces are used to sort or
compare other data sets using the K-NN method to find the number of similar faces and identify which cat is in the
database. The experimental results found that the developed model for face detection has a mAP value of 0.995 by

the top-5 identification process. The Identification has been shown to be 89% accurate.

Keywords: Cat face recognition, cat identification, deep learning
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Figure 4 Examples of cat faces presented
in Lin and Kou'’s research
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Figure 5 Sample image of the results of

cat face landmark and alignment
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Figure 6 Example image of cat face training
with Triplet Network
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Figure 7 Process of feature extraction and
cat face identification
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Table 2  Confusion Matrix
Predicted classes
Yes No
Yes True Positive False Negative
Actual class

No False Positive True Negative
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Figure 9 mAP results from testing a model
for cat face detection

Figure 10 Cat face detection and landmarking

J Sci Technol MSU

NMINATDUNITTZYIN

lunsnasaunisszydeau lasldtayazanasey
NNWITBE9 Lin uaz Kou daidunmwlumsivesuan
69 &1 s 2,258 M Usznavludrsmwuesuanid
PaAN HORE AN TULAZLANFNITY 1u1&ﬁwammgnﬁw
W lunuuiisasanesulumiidelwldanizanluwin
vodua uazdiudunisnaslumihliadludnsoewi
A9 I@]ﬂﬁmamag’lmzmuLﬁmﬁ'mﬁaslﬁ‘iagaluwﬁ’]
mammagﬂué’ﬂwmua 8N @‘hLmuonﬂwﬁ%qﬂanMM
’Lu%ﬁmma:gmmuﬁ@‘fmﬁéﬂ s Turmanwg
W@ 224x224 iinellunsdszananadely (Figure 11)
LLtumhaaaém%’umii:qﬁ’amuawnin%ﬁﬂﬁgﬂﬂndmﬂu
$1um 150 epoch G9iidn Loss mnmsﬂmluagjﬁ 1.86
LLazmimaauagﬁiﬁ 2.43 (Figure 12)

Figure 11 Example of cat face results in a dataset
for identification
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Figure 12 Loss in training dataset for face classification
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Figure 13 Example distribution of cat face data that has
been processed and reduced to 3D
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Table 3  Model accuracy when adjusting M and k.
Identification accuracy
M k
Average Minimum Maximum

1 1 75.9% 1% 80%
2 3 85.2% 78% 89%
3 4 86.8% 84% 89%
4 5 82.8% 78% 87%

Figure 14 Example of prediction when M=1 and K=5
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Figure 15 Result of Confusion Matrix size 24x24
of 24 classes of cats
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Abstract

Assessing wind power capacity Evaluate the wind energy potential in Chaiyaphum Province and identify suiTable locations
for wind turbine installation. involves generating microscale wind maps. This study utilized collaborative atmospheric
modeling combining Mesoscale Compressible Community Model (MC2) and Microscale Model (Ms-micro) with a spatial
resolution of 200 m, using the atmospheric database from NCEP/FNL for 10 years. At an altitude of 150 m, the wind
map data indicate that Chaiyaphum province has an average wind speed of 3.34 m/s. Locations experiencing wind
speeds over 3.51 m/s are Kut Lo Subdistrict, Tha Ma Fai Wan Subdistrict, Sap Si Thong Subdistrict, Sa Phon Thong
Subdistrict, and Tha Hin Non Ngam Subdistrict. Energy research determined that a 2.5 MW generates the highest
power output compared to other turbines. The Kut Lo District region generated the maximum electrical energy among
all places, producing 20,994 MWh/year in this investigation. The 24% capacity factor indicates the potential of wind

energy for assessing the feasibility of investing in new wind power facilities in the northeastern portion of Thailand.

Keywords: Wind energy potential, wind resource maps, atmospheric modeling, wind flow modeling, Chaiyaphum

Province

ﬁ’ﬂﬁnmﬂ?tyry’ﬂw, a’]’uﬁ’ﬁﬁﬂ’mﬁuméaana AMAMINTTUAIRAS UMIININALVOUUTY S1LNBLEDY INIAVALUAL 40002

mm‘sﬁ, ﬁ’]“ll’]’i“m’iﬁ’mﬁmﬂ%adﬂa ﬂmzf‘;mﬂsmmam% UAINREVOWILN é’ﬁmmﬁaa AIRIAVAUUAL 40002

mmsﬁ, mmﬁmﬁmnﬁymﬁhaﬂa ﬂmﬁmmmmaﬂ% &I‘WﬁﬂEJ’]&EJL“(I@]I%I@ES’I‘HNGﬂNﬁK’m ANYNVAVD WU a"wmmﬁaa AIRIAVAUUAL 40000
" Gaderfiwus: g wakuins Buua: supapol@kku.ac.th

Master degree student, Department of Mechanical Engineering, Faculty of Engineering, Khon Kaen University, Muang District, Khon Kaen 40002,
Thailand.

Lecturer, Department of Mechanical Engineering, Faculty of Engineering, Khon Kaen University, Muang District, Khon Kaen 40002, Thailand.

N

©

N

©

Lecturer, Department of Mechanical Engineering, Faculty of Engineering, Rajamangala University of Technology Isan Khon Kaen Campus,
Muang District, Khon Kaen 40000, Thailand.
" Corresponding author: Supachai Polnumtiang, Email: supapol@kku.ac.th



Vol 44. No 3, May-June 2025

VNI
ﬂaqﬁuﬁaiaﬂﬁLLmIﬁuslumﬂ‘*ﬁ”wé’dmul,ﬁumﬂ“‘ﬁu
Taowssmiildsulngidundsnunnidamamasda
FamslewasnunsadasiuwnaliiiansUsas oS
ﬂizaﬂﬁug{%’umsmmﬂ ﬁawa‘lﬁqmwnﬁmaﬂaﬂgﬁmu
Lﬂumqiﬁlﬁ@mimﬁsmmJawaaamwnuﬁmmﬂasmdfu
wakLAzNIENUGTTULRnALAZRILAToN Ty
na mlanisldasniniianuiayueinsldndinu
naunwiouiInndnisan wainie (Martinez & Iglesias,
2022)I@Uﬁl,ﬂmmmﬁaa@gmunﬂﬁmmiamm:a@ﬂ%mm
msﬂa@ﬂa’aﬂﬁ"wsm,’%auﬂizaﬂgﬁv’umsmmﬂlﬁlﬂuﬂuﬁ
(Net-zero) N olull 2573 (Dominic, 2021) WRIBNAUNT
Hwdundsnwazaranlsudr linualy Fawasauwuas
01find, I, WRINUETINIR, UATWAIIUAY i
naMBnasuanin Anldilunasanunaunuindu
Anoulunansdszna Taglull we. 2564 N8
wuj’lﬁ"ﬂaﬂﬁﬁwé’amiwammﬂwé’dmuamauﬁugaﬁa 845
GW (Gibb et al., 2022) ludmvastszmnelnosuimaonaa
INNNAINUINTINARA 1,545 MW Tasgwlngiains
HARagManziusaniduiniia AAIRT I AUATITHAN
§nefen @‘huaﬁwméﬂma@huyum luauds dune
wwadia Fulng) uazdug ludmiadugd

(NTUNAWI NI UNAUNUUAZAYITNHNRIING
NIENTINEIY, 2566b) ﬁa%ﬂ’ammma%’guauan’ﬁu
TR AniIn U AYAo NI TWAUIATUNAIITUA N
“?'il,ﬂuwé'dammguﬁﬂu LA NAUNUWAIIN WIS BLNE
WoaGauasfosssumdndassihidnunanaisdssna
laolull 2566 UszinalnaiinsindiwasnuiidSunm
Yanua 50,165 Widulfiaurintindudy (ktoe) il
saruinduionas 4.3 WAZHNINRAWRIN WAL WL
waewasuansw lldenmsnaa e nnasnuau s
USananonaa 13,443 Wuduiipurinihdudy (ktoe)
Aaludadiusonn: 37.4 Jearufinduiosas 3.1 9n
U 2565 (NINNAWINAINUNAUNULAZOUITNENAIINL
NILNTHWEIN, 2566a) NTZNTHNFITWIFINIUHLAD
WaluazniasnmInaa Wi anwsssnunaunulas
MU TEM AL TUHUN AN R I UNALNHLASNRIITUN
\dan (Alternative Energy Development Plan 2018-2037
- AEDP 2018-2037) #3auutn AEDP Jifhwmansifiaiiia
ﬁ1é’amswﬁﬂﬂﬁhmnwﬁqmu%yuﬁUmwwhﬁ'u 20,766
MW LLazwﬁ'\muauﬁﬂuwﬁﬂuwé’amu%guﬁyu‘?‘iﬁmw
z—‘i'lﬁng@iamsw'ﬁmvlwwlua:%‘@aglmmmﬁuﬁ'}é’ammﬁm
TaoSihmnatiatiaiasmsuaa lWihanwasawasls
1w 2,989 MW aeludl w.a. 2580 (EPPO, 2020) 214t

High-Resolution mapping for wind energy potential assessment

in Chaiyaphum Province

Tamssnuasinduddeniisdydemsinsdouas
v’w“@umLﬁaslﬁLﬁ@ﬂiﬂwﬁgaq@ WRZABURWBIAARlHLNY
waswnaunusadlising wazulounanisaanislaas
ﬁ"m%aum:angi%umsmmﬂm aslandneg

et 2557 lafimysarnunuiensnwnasam
avluszaudszinalaslduuusiaesussennia KAMM
(Karlsruhe Atmospheric Mesoscale Model) 8 Uuﬁ’uﬁaga
ANINEMRIAAN 4 §aniialTEinaasuel a.a.1995
9 0.7.2000 wunUssnalnedanusiauiads 3 09
4 WATEBIWN %G‘ﬁuﬁﬂ’mmﬁaLL&ZJ;]L‘IJ’]QGV]’NIHQI@T
a:ﬁmmﬁ’;augnﬁa 6 LUATAEIWT SaranzRUMIAaNS
ARHaNAS AN (Janjai et al., 2014) Tugruvasns
ANMFANEMNNEINUANAMZUAR AN AR I aNIAELATLD
lui) 2565 TMAezAUszanTawaaIsuNIRuaN
NN J9RIAUATINTRUN (Deepo et al., 2021)
lawlonaiuas 6 ajuﬁﬁmmﬂ 18 LN Iad LAZANES 157
WaT uazaAbIzUY SCADA lumsiadayaussTiusia
ﬁagaLflunmviﬁaﬂwu:hﬁﬁ'}ﬁ'ﬁmim’ﬁﬂﬁaﬁuauﬂs:a‘h
U9 38.82% m‘m’é@m&omuﬁwmagﬁ 64.99 INIAG
Tl @ia’ﬂLLa:ﬁmmL%’Jm?imiuq@lwﬁ'mLﬁaumﬂgﬂﬂu
Tagfianusnads 7.61 wasdedwi daludl 2566 1
mysarnunsidnamwwasnuay Tuiuil 4 Smia de
Wiadny gaImH ANAUAT UAZTIRIANTWEE (Tawinprai
etal., 2023a) TaglFuuusnans Mesoscale Compressible
Community (MC2) §nsuurniiszavials uazldluias
MS-Micro &wsumsinaesunniszavlulas wuiniun
uugmﬂuﬁmfmmw’ﬁufﬁmmL%’muﬁua:ﬁ'ﬂﬂmw
1umiw'§mw§amumnﬁq<ﬂ

Famydsaduniwennsanluszaudszimnainly
Lﬁmwa@iamﬁfzqﬁuﬁﬁmwmm:aﬂm:ﬁui\m% v
WHUTINSW mmauﬁ‘lﬁn’%@ﬁﬁmwuau'ﬁwgafu fanTali
iagaﬁﬂa%ﬁaﬁ'ﬂﬂm‘wmaaaumwwmm’ﬂﬁmm:amdw

é’aifmm’i%’yfr?iaQm,ﬁuﬁﬂmmsﬂmﬁuﬁﬂsjmw
wé’amuawmww:wdo‘tuﬁuﬁ%%?ﬂfﬂgﬁ lagn153a
Aunniinswennsanlaslduuusiassusseinial
WEST Toolkit vaszauwlasnauszlulassna $uiu
Tayaniiamaanng udoya NCEP/FNL Operational
Global Analysis (Research Data Archive, 2023) lu79
1381 10 T 5eminaLfauunTAY W.¢. 2555 19 LaawEwINAN
W.A 2565 LAa§TIIM AUATADFNI NANSIUaY
mm:aua%m%’umsa@ﬁdﬁdﬁ%ﬂﬂ%ﬁ%ﬁ%’ﬁi’@%’ﬂgﬁ
TagUsafinannnasnuiinaalddatluazaddunaiaas
YDINIAUAY

263



264 Puchitpong Pimpajan, Supachai polnumtiang, J Sci Technol MSU
Supitcha Tawinprai and Kiatfa Tangchaichit

Anidnswaslasonis | o e

ﬁuﬁﬁnwﬁ%ﬁ'ﬁmi’@%ﬂﬁ %aagj’[uﬁﬂmi’umn 5
yasmaaziueanidoanitorasdszinelng SRuisw
Uszanmh 12,778 anT9ALaluas (NadulounulazuHung
T3R8 NIURNAWNAAL NTNTIINBATURLENNTAL, 2022)
Fafiesvasionia ag’szmwmai}@ﬁ 15°19'49.364" N
fi9 15°19'49.364” N LLa:aaaag@ﬁ 101°18'52.351" E 119
101°18'52.351” E nefimazinaniiunaniuismia
Wy IOl maﬁﬂlﬁﬁﬁuﬁa@ﬁuﬁ'\mi’@awq‘%uas%’mi’w
UATTITRNN LRI Figure 1

16°0'0'"N
i
16°0'0"N

ANWNNGDINTAN B ﬁé’ﬂwngﬁﬂszLﬂﬂI@ﬂ
mludsznaudoihliuazninfaduiasas 50 vashun
TINT (NANNUgNIMEa LA TayaNa M INAINTInTa

fwinnuiswiadond, 2567) Tadulianiauwmeniaiud

{
: 2 2 v o o a P ) g / Roughness Length
srwmileauisduldvasdmiauazlionugunilaszay Lt maasy
Unzia 1,336 Wwas ansmenaniimaaizasiuialu g v v 5‘1’0'0”;0
WunIsuuaadln Figure 2 | ] 500500
05 10 20 30 40 [T s00- s00
Kilometers | [ =600

101°0°0"E 102°0'0"E 103°0'0"E by ot
: ; 102°0'0"E

War' ; Nong’R ¥
| Figure 2 Digital Elevation Model (DEM) of the study area

Loei Udor

{ong Bua Lam Rhu

= ad a o
LU UIDNIFIVE
TwnTET LN URANINEINTANL LTUINNNNT

Phitsanulok]

17°0'0"N
L
17°0'0"N

Lﬁ‘US’JUE’JN“ﬁ/a%}laﬁﬂ’]wa’m’]ﬂﬁ]’mg’]uﬂ/aya NCEP/FNL
. = =& @

Operational Global Analysis T3LNUTBYRFNITWNAINA

L 3NT=UUFaaN3lan (Global Telecommunications System,

Phetchabun o - ~ - d
GTS)Nn 6 T luaduszazinan 10 Yasudd 2555 514 2565

z o Maha Sardkham| 7 e . W e e a o o e
S Fhichit AR FS mnumammagamnm’smmLiuoI@]ﬂaWﬂa 3 audylann
AN 0IAN, Nanday, uazanidian tivasi luduim
[Nakhon Sawan o A , o
anwiluniaiiinau (Gasset and Yu, 2022) luduzasdoya
Qﬁmam‘mamﬂmw L% ANEIFINaETY, NOWIIDH
nuneguiudn Muldfsenugevasiuinu aglugiu
. Lop Buri i @ =) VLUL . I
£ e £ VOUR GenGeo TINNIIUNIN I WEST Toolkit tag
5 e JananahidudauadsnIuMIFTIILLLIIRILTIENNF
{ Buri Ram A u . . 2 »
S Wath ldasununnswennsan
251250 25 50 25 100 o
B _ Naklipit Nayol I m— S lometers ludIupINIFIIMLUTINDIVBITULIILINA
101°0'0"E 102°0'0"E 103°0'0"E o & & i . . .
wltranduls WEST (Wind Energy Simulation Toolkit)
Figure 1 The location of the research area Tasazutiadu 2 szaunan laun seauiulomnawazszay

Tulasaina lagluszauwlminezumsasuuudnaes
srautunans Taglfuuusiass MC2 fienuazidaa
Feiudl 3 Alawas wioAaDuiufitszunm 400 x 400
Alawas (Tawinprai et al., 2023b) WRIINNIZTLIBANT
ai’wuuuﬁmaaszé’uLuima:vlﬁiagaﬂnaﬁamaaauﬁ
Aatuluiuiiisy mnfuﬁaﬁﬁagaaﬁaﬁaﬂﬁhuﬂuﬁaga



Vol 44. No 3, May-June 2025

idsnsumIsuuuitaesrzaululaslaslsuuy
$1809 MS-Micro nnNazlBuaiBeiud 200 was e
Aauduiuiszanm 40 x 40 ﬁ‘[ammwmamquﬁvﬂﬁ
Fauethiauy ot (Gasset etal., 2012) laslusiuzasuuy
$masszalulassnalisunsaldgudeys GenGeo ot
Lﬁaamﬂmmauﬁﬂ@maa“ﬁaga‘hjLﬁmwaﬁaﬁ?ﬁﬂﬁ“ﬁa;&a
é’nwngﬁﬂi:mﬂﬁﬁmwauﬁUﬂqauazﬁaa_ﬂamﬂ%ﬁau
‘mﬂﬂ‘mﬁwmm‘ﬂ“ﬁ/ﬁau (Land Development Department
2022) lumsasuuuinaes

RRINNNTLLIRMITENILULUINRIUTTEINe L
seoululas waé’wﬁﬁvlﬁmﬂﬂ'umaugﬂdaaaﬂvlﬂl,ﬁaﬁwm‘s
FAUNEUANNLTILAZANNAYINILAAANALTBYAIN
WRIAAN NUUIIFIoaNNAANTAINAN b Imanauls
ArcGIS WNBLRAINALTWLHUANTNEINTAN ANNBUIIINMT
o v A a v A ' ad &
FUIWNRINUNKEA ladatluaziratrdaunaaas lag
uruAITe i ouAtIs8uaasly Figure 3

High-Resolution mapping for wind energy potential assessment

in Chaiyaphum Province
o o
aﬁaﬂ']i@li'lﬁ]')ﬂ
Tumsasunmfinnennsausias s1iluazdas
aafuLﬁﬂuﬁa;&aﬂ’nm%auﬁ"ﬁmﬂme‘haaaﬁumm'sﬁ@
ol A nUIEENT NN LA AN VLA WENY B ILHWT
AINEN I@U“ﬁ’agammi’@ﬁ{mdngﬂLﬁmamwmnLm
fmau%aéy'aag'ﬁﬁ'mi'ﬂﬁyqﬁ Taodunssfiaamoaaninay
uaadl Figure 4 %dmemi‘ﬂaué’andnﬁv’aag‘ﬁaz@g@
71 16.11 (°N) uazaasfigafl 102.09 CE)EMAiaTTa
yewinall wea. 2559 19 2563 uazlszaunnuganite
‘ﬁvu?lu 90 Lu®@3 (Above Ground Level, AGL)

ANULANAIITERIINRANEN AN LU 889
rT‘uwaé’wfﬁiﬁmnmsmni’ammmﬁnmEﬁaﬁﬂugﬂﬂuaa
e aninwaaduuuinaesms mavesay lagmsdszanm
Armsadanledlunuisod IFsanauenusauile
nnM3iaassdafildanuuudiass (M/P Ratio) Lag
Wasidud sanuAanaasunusiade (Percent Mean
Relative Error, PMRE)lamsfui ssdn19xiiaadananiay
1%°ﬁa§amimﬂmim’m5'@°naamﬁmmmzﬁa;&aﬁvﬁmﬂ

16°0'0"N

Table 1  Geographic features and average wind speed 3 :
a Q = s a Qs o
at an altitude of 150 m (AGL) LLN%VW]?WFJ'I?‘I?@NVI@'J']&IE‘JNE»@]‘LJ LAINY lwtmsmmm
I INUEAIIUENNNT (1) uae (2) do Ui (Tawinprai
Altitude Mean wind speed Wind speed range et al. 2022)
(m, AGL) (m/s) (m/s)
90 2.78 1.24 - 4.26 102°0'0"E
150 3.34 1.86-4.93
( Data preparation A
-NCEP/FNL
- wind climate data
- geophysical data
\__ - details the land cover data )
Ve ¢ N Chaiyaphum station
Mesoscale Modeling
- Creation of a mesogrid
- Medium resolution topography
\ Export result )
v £
Microscale Modeling § Chaiyaphum
- Creation of a microgrid
- High resolution topography
- Export resull
~
Data validation
\. J
e ¢ N
Visualization of
Wind Resource Maps
L ) 105 0 10 20 30 40
7 I ™ ilometers

Wind energy estimation

Figure 3 Research method scheme

102°0'0"E
Figure 4 The location of wind measurement masts
within the research area

265



266 Puchitpong Pimpajan, Supachai polnumtiang,

Supitcha Tawinprai and Kiatfa Tangchaichit

Observed wind speed

M/P = (1

Predict wind speed

PRME = %Zn (ﬂ) x100%  (2)

i=1 i

0, s anUTANNlAINNIATITR (WaTee
)
P fis anuiinldnuuudiaas (uasdaiunng)

n e f{hmu@T’sLmu"ﬁagalu"ﬁ'mnmﬁﬁwmﬁﬁ'ﬁ

MU ARANAINNRIINNAN

TumstssifudnonwnasnuanlwansAui
adszfiuenudwlyldlumsiasuas wamn Tss i
WSunIRuanwalldiin 10 MW (VSPP 10 MW) 32
méTmTaHamwm‘%muLm:mmﬁmaaawﬁtﬁm%ﬂuﬁmﬁlu
W dmanasnwlWindnaalddat Tudunouit
nadNspaInNNS e ldan GIS LV S RE LIS REY
F9auEIaNLazANNATaIMIIAaaNdat] anius s
HanT3a 309N I s w s ws s uinae laeatl
(Annual Energy Production, AEP) wazenthdaunaiaas
(Capacity Factor, CF) %38 aamaiuiagasuadlIunm
wasuwlnifinaaaselusen 1 3 ewsunis 3 uas
§UM3 4 (Kim et al., 2022)

AEP = 8,760 f;’”:f’“‘ P, (W f (w)du 3)

cF =22 x 8,760 (4)
NXP;

Tagd

U Ao mmﬁagaq@ﬁﬁhﬁuauﬁq@ﬁﬂmu

cut out
(LWATADIWIN)

U &0 anuiiisuduiinaiuEuinmg (wes
@a3ui)

8,760 fia s 1wt luslunitsD (@ luadl)

P (u) fia duldariasasiasasinia lninsdu
au

P @8 ﬁwﬁ'ﬂﬂﬂwgaq@maaﬁoﬁuauﬁmmmwa@
& (Mw)
N A8 IUIUNIAUAN

£ () fia NanTuanudvesnsiiaa

J Sci Technol MSU

Twawdduil Gamagaduninfaduiiiasunan
mMingariusasnaiuay Muianaifanszua Nl
1u (wake) LagnIngayingnuy aamn%amia‘[ma"ﬂwa%i

‘ﬁllizmm 10% (Polnumtiang & Tangchaichit, 2022a)

msdszdinananiuldlavaslasenaslselnliln
NRISIBAN

msenwilumsirraenuduldvelsilnin
wé’amuaﬂuﬁuﬁ%’ow‘fﬂfﬂnﬂﬁ I@mmﬁmm:ﬁmiamu
I@mmﬁi‘hLﬂuﬁm%ﬂﬂiamﬁ@é%mé’amuamaa@mq
m3lEm TagfasannRanBanasns Maanzi
dfiumilasmadwisduunasinu (COE) mulday
uAguealss Wi wasnusuawa lifin 10 MW (VSPP
10 MW)

Tums3304 COE azfmualasmImInisaimu
TagmuuazmInoduneTastinuassa3osfawa sy
ﬁﬂdaﬂaaﬂmmaaﬁ'@ﬁuamaa@mqmﬂ‘ﬁmu el N1y
ﬁ’m’;mﬁua@]ﬂ@ﬂaumiﬁ 5 (Polnumtiang & Tangchaichit,
2022b)

i—1
—awnt (5)
AEPXN

COE =

Togfl Comr Lmuﬁunumsﬁ%ﬁumu N33
TN waznstanusy awrasdu 2% aITaNIn
a1 (USDIKW) i Aasamaaniiizfio 7% 1 Assanaaand]
9137 7% uaz ¥ denllu 1.2% vasdasIwilaBank of
Thailand, 2023) fi@ ﬁunuﬁ'uﬁu leun ﬁunuﬁau Sale!
Aovi e uaznysulassans lagswoniuiesas
30 2aITIANNIRKAN (USD) uae AEP unudrsed ns
nAaWSIUDIN ST uaY Wi Dwanziad-5alu
datl (Mwh/l) ﬁmﬁ'\iﬁ'uauag;ﬁﬂizmm 1,175 USD/kW
AUTBYRINTUNINUNRINUNAUN IR TzINA
(IRENA, 2023)

NaN138Lazanlsy

WRWANSNENTAN

wRnfinsnensauszaunloiianuazsoa
Feiud 3 Alawas ﬁs:é’um’mga 90 w8z 150 LNGT
(AGL) ugaslys Figure 5 — 6 N&AL IuumazifisInu
waniinswennsanszavlulaiianuazBoaiui 200
Lumﬁi:ﬁummga 90 Uaz 150 LUAT (AGL) LEAIAI LEAS
lu Figure 7 - 8 anw&ay



Vol 44. No 3, May-June 2025 High-Resolution mapping for wind energy potential assessment 267
in Chaiyaphum Province

102°0'0"E

a & o AN v a <
nuwnnITzauL oL lulasn ba Jarnnusr

UGG 1.86 A9 4.93 mmm’aﬁmﬁuaﬂuu’%nmﬁuﬁgm
luﬁaﬁfﬂﬁ'ﬂqﬁﬁmwL%aumﬁsa%ﬂwﬁ'sa 3.79 §i9 4.93
WasAedwf MeazBuavasanuiaianzluiui
WAIATUNA UFAIA Table 1 WoRansonfssnsasaasay
Tividfigmansznudenslnavesaaunilofsiarana
Tuiudians 1& winmsnaguuaINTWITL, WOANIINF
LIARDYN, ANugIaIilng, Tassasasfanasins,

16°0'0"N
T
16°0'0"N

ANMNVIVIZVIRUA wazNIguriasiiu uananiinislna

IRV LATUBNTWRINNLIILADUVBIAN 1AUNIT AR
e, a ¥ . & .

mamuﬁmumaﬁagmﬁawuﬂuuu WONANBULVDINIY

N3 bAa R AaLSIFIaNIWATawIIdnANITYINd n ' e Wi s )
3 1 0 v = U g a a L 2
UITENMATUANT §INa AN lnanuialaniuw e 0
o A Ada o -1517100
Twaaaslunuinfianuvyuszgs (Mundu et al., 2022) - : —
IMNANBUARNUTENAVDITIVIATUNRNT AU &9 I ua ot Bl 21500
Q a Q a i 501550
vusaIdsEing — B e

=3 1 9/3/ dl a ' a 3 ' a 102O0E
FedawaliRuniaina 1l anuTsegniiomn

'
=)

aulu%’wi’wﬁ'ﬂgﬁ AILEAI L ULHUANIWENNTAN Figure
5-8

Figure 5 Mesoscale wind resource map of Chaiyaphum
province at an altitude of 90 m

lumsyUssiindseanTamnaasnuuinessssauLy _ 102°00°8
T,GnmaaLmuﬁﬂ%'wmniauﬁuﬁagaﬁ"lﬁmnmmmﬁ@ P o
MmafFoufisuluszduanugadoanu ianisdwin
f1 M/P ratio waz PMRE ugadlu Table 2 ¢ M/P ratio 7
Vlﬁﬁ?ua%ﬂwﬁ'm 1.21 54 1.22 WwatdadIwf waasliiinin
anuissuadefldamnuuuiluwssauwlofuw liuias
ﬁ@hﬁazm"h@hmmL‘%ﬂmlLaﬁﬂmﬂﬁtﬁu%yamaamﬁﬂ
8% wONANHEN PMRE ag}i’l,wﬁ'm 17.29 919 18.27% Gfiaa%i
Tuga96ndn 20% (Waewsak et al,, 2015) duaasliifin
Fruknfinnuiianildanuuuitassszauwlaluuay
Tulasanaluinwdssd munzanlunsyssfinanudn
Vlﬂvlé’luﬂ'ﬁaﬂéiv‘ﬂidvlw\l'lwé‘omuauluﬁuﬁﬁwi’afﬂgﬁ

16°0'0"N

Mean Wind speed (m/s)
90 m (AGL)

B seov s
B 151200
[ 201250
[ ] 251300
o B 501350

Kilometers Il oo
,
102°0'0"E

Figure 6 Mesoscale wind resource map of Chaiyaphum
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Table 2  The validation of the average wind speed between wind resource maps with the two wind masts
Elevation (m, Measured Mesoscale M/P ratio of mesoscale PMRE ratio for mesoscale
AGL) (m/s) (m/s) (m/s) (%)
90 4.74 3.874 1.22 18.27%
150 5.02 4.152 1.21 17.29%
Table 3  The mechanical properties of the wind turbine generators. Source Adapted from Pierrot (2016, 2018a,
2018b, 2018c).
Wind turbine Number of wind i Rate speed Cut-out Speed Rotor diameter
turbine Cut-in speed (m/s)
generator (m/s) (m/s) (m)
G126-2.5 MW 4 2 12.5 27 128
G132-3.3 MW 3 2 10 25 132
G128-4.5 MW 2 2 10 25 128
G132-5.0 MW 2 2 11 25 132
Table 4  Annual wind frequency (hour/year)
Wind speed (m/s) Banrai Kulto Saphonthong Sapsithong Thahinngom Thamafaiwan
1 0 0 0 0 0 0
2 2119 0 67 0 0 0
3 5215 1251 3210 4273 2559 2278
4 1426 7509 5483 4487 6201 5869
5 0 0 0 0 0 613
Sum 8760 8760 8760 8760 8760 8760

Wind turbine generator power curve
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Figure 9 The power curve of chosen wind turbine generators.



270  Puchitpong Pimpajan, Supachai polnumtiang, J Sci Technol MSU
Supitcha Tawinprai and Kiatfa Tangchaichit

102°0'0"E
L

16°0'0"N
T
16°0'0"N

J[Mean Wind speed(m/s)

1.51-2.00

2.01-2.50

v ) 2.51-3.00
08550 0 3.01-3.50

Above 3.51

102°0'0"E

Figure 10 Sub-district with high wind energy potential

=)
o
<
@
v
=

25000.00

20993.97

o
og
I
=
=)
Q

20485.51

<
o
o
=
=)
=1
Q

20000.00

2
S
3
«©

18655.19

e
<
=
%
&

17621.70

=
Ny
v
%
8
©

15000.00

10000.00

B I I I I I I I I
0.00 I I

Kulto Saphonthong Sapsithong Thahinngom Thamafaiwan

B G126-2.5 MW mG132-3.3 MW uG128-4.5 MW uG132-5.0 MW

AEP (MWh/year)

5464.57
5752.02
4843.63
5044.57
4558.05
4719.13
5072.27
5305.03
5565.52
5698.94

Figure 11 The annual energy production of each site under 10 MW
Very Small Power Producer (VSPP) wind power plants.



Vol 44. No 3, May-June 2025

30.00%

25.00%

s
o
: ~

]
NN

21.30%

=
Q
b
S
Q

20.00%

15.00%

Capacity Factor(%)

10.00%

g

§ a - 3

< o

g S 2

o v =]
“

5.00%

0.00%
Kulto

mG126-2.5 MW

Saphonthong

ool
&
S
Q

uG132-3.3 MW

Sapsithong

High-Resolution mapping for wind energy potential assessment

in Chaiyaphum Province

23.69%
23.27%

Thamafaiwan

= G132-5.0 MW

22.30%

X
g
oo
a

2
<
g
o

&
X s &
S = % a5 =
X & & 5 e |
= [ ©
8 4 )

v

Thahinngom

uG128-4.5 MW

Figure 12 The capacity factor of each site under 10 MW Very Small Power Producer (VSPP) wind power plants.

0.250

0.196

0.158
0.085

Saphonthong
uG132-3.3 MW

0.200

0.174

0.141
0.076

Kulto

uG126-2.5 MW

=3
7Y
3

Cost of Energy (USD/kWh)

0.049

0.043

0.050

0.000

0.052

0.168
0.090

Sapsithong

0.207

0.176

0.142
0.077

Thamafaiwan

= G132-5.0 MW

0.187
0.081

0.151
0047I

Thahinngom

0.044

uG128-4.5 MW

Figure 13 Energy costs for the probable sites under the VSPP 10 MW wind power projects.

gyduan1sdve
q ]
Av Ao a o A o v &

mmwmauwmLuumﬂuﬂaquuuﬁ‘l@u,amlvmmu
A Ao @« o Al A a Aa o A a
undiniatoninuiinidszmeaniiniwoinsaund
ANOANNLNEINaGaNITHEANAINW NI INaY 97N

o P = & Ao ' v &

nMsasuunaNuSanluiunaInaLaa LAl An 9
msns:mwamuﬁwumn’tuﬁmugau‘%nmgwma:
uaninitannviuiaruandiulngfasadlu une
Tulngjuaz Sunawnwsde usinlng anuamdiaes
YDILHUNANIATNNAIINUAN LALITNUNDUNTANATNW
LN EIWARIRITUNNTAAAINITUNIRURNLT I 5 GU8

fnsludnedu 91u3sT ﬂfrajol,ﬁuﬁwmuwuﬁﬂ%’w BINTAN
1u5’a%i’@%’unﬂﬁ1@ﬂl"ﬁﬂ%ﬂﬁﬁmmazLﬁﬂ@gﬁ'mﬁ'uLLm_l
41889 MC2 1ag MS-micro ﬁagjﬂu WEST Toolkit §1%TU
mIgsuuuitaesszaulolas lulasaudiay saunu
gﬁuﬁagammﬂ NCEP/FNL, ﬁaganﬂﬁﬂi:mmm:ﬁam

U

AMILENAYN HAaNTIRRILNUANINENNTaNA LT aNnil

= R @ e o A
anuazidua 200 lwasuaadliiAwihwuiludmiadons
Janomwanuiia (mmﬁmua;}islwﬁw 3.5 119 4.93
wasdaduwfl) nanue 5 A ldun dwanewanz, dua

yiug W, duaTuines duaaszlnunadnasdius

271



272 Puchitpong Pimpajan, Supachai polnumtiang,

Supitcha Tawinprai and Kiatfa Tangchaichit

vifnluney nanuiauuazanuilunsiiaay
Tuiufinnsnan meldwlaunondsnuanaasdszmelng
ﬁﬁ;jwﬁmiﬂﬁwmmﬁnmﬂ (VSPP 10 MW) 8131I0DNEA
i ldgega 20,994 wnziaddnlusaot] (MWhaear) lag
ﬁﬁunuwé’wmﬂsxmms‘iwqwﬁ 0.43 §9HUM AN BLAZSR
vuruiniwennsay aamwnsasi Wldssfuniwenns
aulurasdniuiawld ogndlsfiony nuwdspihdwdiss
mynsiidassurintaTesim s duounedon
LﬁwLLazmsﬁmiﬂ%'uﬂngmmamﬂmmaaaui@mﬁ'w
Lﬁiau"lm'é‘us] LT Hen9aw, anaulsUsuaugamanas
HANTENUNIFILIARDU-FINY TAAIINANTAAAIN I

amaa‘[mamnﬁaﬂs:naumsﬁw%n’taﬁm%’u@mu@iﬂﬂ

naanssnsznie

NIl GIUNIFRLALUIINNBINUIIL
AUARINTINANEGT I IneapvauLiu noldnu
338 M.Eng. Tasamssin@nsnmelddnyniasf M-Eng.-
ME-001/2566 WazUaVaUNIATE TA.07. WDUNN e et
LLa:ﬁu’i%’ﬂguﬁ%ﬁ'ﬂwé’ammmz’ém’mé’au AUANENFNFAS
ywAngaunEudwnILTayanIvaahuuineuaz
ganaw Al lunsrinunud LLazmamauqmgﬁﬁmuiw
luﬂwse‘hLﬁumﬂmm’i%’yﬁnnﬁm

LaN&15971989
NIWHAIIWAHUNAUNULAZEUTNEWNRIN® NTTNTA
WA, (2566a). TILIIBFDIUNT TN I
Uszinalng i@auunaau-nIngiau 2566. https:/
kc.dede.go.th/knowledge-view.aspx?p=505
NI WAINUNAUNULAZEUTNEWRIN® NTTNTA
WRI9U. (2566b). FAFIUNITITWAIIUNAUNY.
https://www.dede.go.th/articles?id=449&menu_id=1
naswlgusussunwmIlEfian nsuRawian n1enIag
INBATULAZRWNTDL (2022). w”agaamwmflfﬁ@u.
https://webapp.ldd.go.th/Ipd/LandUselnfor.php
ﬂajmmqﬂﬁmamrua:ﬁagmﬁamsﬁ'@uuﬁmi'@ N0
WWIaTeNil. (2567, uNTAY 14). TayaINIATLN.
https://www.chaiyaphum.go.th/page_about/about1.php
Bank of Thailand. (2023). Thailand’s macroeconomic
indicators. https://www.bot.or.th/th/home.html
Deepo, W., Kongjeen, Y., & Plangklang, B. (2021).
Performance analysis of an 18 MW wind farm in
Nakhon Ratchasima Province. Proceeding of the 2021
9th International Electrical Engineering Congress,
IEECON 2021, 121-124. https://doi.org/10.1109/
iIEECON51072.2021.9440265

J Sci Technol MSU

Dominic, C. (2021, November 12). Global net zero
commitments. https://commonslibrary.parliament.
uk/global-net-zero-commitments/

EPPO. (2020). Power development plan: PDP 2018
revision 1. In Energy Policy Plan. https://www.egat.
co.th/home/egat-development-plan/

Gasset, N., Landry, M., & Gagnon, Y. (2012). A comparison
of wind flow models for wind resource assessment in
wind energy applications. Energies, 5(11), 4288-4322.
https://doi.org/10.3390/en5114288

Gibb, D., Ledanois, N., Ranalder, L., & Yaqoob, H. (2022).
Renewables 2022 global status report. https://www.
ren21.net/gsr-2022/

IRENA. (2023). Renewable power generation costs in
2020. https://www.irena.org

Janjai, S., Masiri, I., Promsen, W., Pattarapanitchai, S.,
Pankaew, P., Laksanaboonsong, J., Bischoff-Gauss,
l., & Kalthoff, N. (2014). Evaluation of wind energy
potential over Thailand by using an atmospheric
mesoscale model and a GIS approach. Journal of
Wind Engineering and Industrial Aerodynamics, 129,
1-10. https://doi.org/10.1016/j.jweia.2014.03.010

Kim, B., Lee, K., Ko, K., & Choi, J. (2022). Offshore wind
resource assessment off the coast of Daejeong, Jeju
Island using 30-year wind estimates. Scientific Reports,
12(1). https://doi.org/10.1038/s41598-022-18447-7

Martinez, A., & lIglesias, G. (2022). Climate change
impacts on wind energy resources in North America
based on the CMIP6 projections. Science of the
Total Environment, 806. https://doi.org/10.1016/j.
scitotenv.2021.150580

Mundu, M. M., Nnamchi, S. N., Ukagwu, K. J., Peter, B. A,,
Nnamchi, O. A., & Ssempewo, J. |. (2022). Numerical
modelling of wind flow for solar power generation in
a case study of the tropical zones. Modeling Earth
Systems and Environment, 8(3), 4123—4134. https://
doi.org/10.1007/s40808-021-01343-w

Pierrot, M. (2016). Gamesa G126/2500. In Wind Power.
https://www.thewindpower.net/turbine_en_1088
gamesa_g126-2500.php

Pierrot, M. (2018a). Gamesa G128/4500. In Wind Power.
https://www.thewindpower.net/turbine_en_81_game-
sa_g128-4500.php



Vol 44. No 3, May-June 2025

Pierrot, M. (2018b). Gamesa G132/3300. In Wind Power.
https://www.thewindpower.net/turbine_en_1105_
gamesa_g132-3300.php

Pierrot, M. (2018c). Gamesa G132/5000. In Wind Power.
https://www.thewindpower.net/turbine_en_774_game-
sa_g132-5000.php

Polnumtiang, S., & Tangchaichit, K. (2022a). Potential wind
power generation at Khon Kaen, Thailand. Wind and
Structures. https://doi.org/10.12989/was.2022.35.6.000

Polnumtiang, S., & Tangchaichit, K. (2022b). Wind energy
resource assessment for Mukdahan, Thailand.
International Journal of Green Energy, 19(2), 137-148.
https://doi.org/10.1080/15435075.2021.1941039

Research Data Archive. (2023). NCEP FNL operational
model global tropospheric analyses, continuing from
July 1999. https://rda.ucar.edu/datasets/ds083.2/

Tawinprai, S., Polnumtiang, S., Suksomprom, P., Waewsak,
J., & Tangchaichit, K. (2022). Modeling of wind energy
potential using a high-resolution grid over Mekong
riverside region in the northeastern part of Thailand.
Theoretical and Applied Climatology, 150(3—4), 1587—
1604. https://doi.org/10.1007/s00704-022-04235-w

High-Resolution mapping for wind energy potential assessment

in Chaiyaphum Province

Tawinprai, S., Polnumtiang, S., Suksomprom, P., Waewsak,
J., & Tangchaichit, K. (2023a). A modelling approach
for evaluating the wind resource and power generation
using a high-resolution grid at selected regions in
the northeast of Thailand. Modeling Earth Systems
and Environment. https://doi.org/10.1007/s40808-
022-01669-z

Tawinprai, S., Polnumtiang, S., Suksomprom, P.,
Waewsak, J., & Tangchaichit, K. (2023b). A modelling
approach for evaluating the wind resource and power
generation using a high-resolution grid at selected
regions in the northeast of Thailand. Modeling Earth
Systems and Environment, 9(3), 3229-3241. https://
doi.org/10.1007/s40808-022-01669-z

Waewsak, J., Landry, M., & Gagnon, Y. (2015). Offshore
wind power potential of the Gulf of Thailand.
Renewable Energy, 81, 609-626. https://doi.org/10.1016/j.
renene.2015.03.069

273



TosafidonanadninaNANTILIIEan-RIDITo8ABINYIERINIRENNAIAII LR
SS400 wazanNan l3ana SUS304 Tﬂﬂsl?i’i’nssu'mmit?j'aa\lmi‘nfamuﬁ'aﬂqu
Factors affecting tensile-shear strength properties of lap joints between SS400 carbon
steel and SUS304 stainless steel using gas metal arc welding process

Qs Ag F 6 Af a4 A a [ {1 A v A  Aox
NIFANG qu‘ﬁfy , TWIAFNA ﬁjﬁﬂJI"ﬁ@] , WILeD q’]'ﬂﬂ'ﬁﬂﬂ LR 3NN NUNUA
Amornsak Mayai', Narongsak Thammachot', Peeradaech Suwittayaruk' and Weerapol Taptimdee®

Received: 15 May 2024 ; Revised: 8 July 2024 ; Accepted: 13 August 2024

% 1

nanga

v
aa e

mmwummqﬂ?aaﬁlﬂaﬁnmﬂﬁﬂﬁdwa@iaamﬁﬁmmmuﬁumﬁau aamadiaﬁ@iammwijm&ﬂné’mﬁuau

§8400 Aumsnnal$sfin sus304 lagldnszuiuwmadonlans zufigagy e (Honas mmumsmaummmwu
pudidan lasRarsontelasomaden 2 they tTasuas 3 szu Vl,mm nazualWidion (120, 140 WAz 160 u,amnh)
wazanaSa lumsidan (200, 250 waz 300 Hadiuadawil) I@ﬂlmﬂwsaammmLWnﬂaLmammﬂ el ziana
wisnusesdayadninavadadunanuas Snwavasifatutiufifinadonnuudousaionas namvisonui nszua
TWiToauas mwmlumsmamLﬂawuﬂaa‘lﬂaawa@ammumumaau a9 Wadendvanusilunmsdouasd
niwLLa"LWmmJawu mwalﬂmml,mal,mmau foRatuuazsonidaunelu ennus lumsdeniniusanali
T R IE R L IR REC RIS RRIT YITSTER wamaamwm@La,awmsmaﬂmuﬂaa"l,ﬂlu'ﬂﬂmammﬂuﬂummu:uq
WIILADU-A4 ﬂa’nﬂELMEJL‘?IEJ%J@]’JUTILLL&VLW&G‘IJ% mwnﬂumimamm awﬂmmmmmwwuua Wonusalu
mﬁmamwmumwaslmmwm@maﬂa@aq LN@L%EN@’JUH%LLE(VLW 160 wauLls ANL52 200 Hadwatdawd inldle
mmwLwal,mmau-mgaq@

ardan:  teudany, audAdiuanuulusdeon-ay, nizuaumadenlanzuiangw, WannaanTuan SS400,
wannan [3afiu SUS304

Abstract

This research aims to study the factors affecting the tensile-shear strength of lap joints between SS400 carbon steel
and SUS304 stainless steel welded using the gas metal arc welding process (GMAW) in the vertical down position
with a welding robot arm. The experimental variables include three welding parameters, each with three levels: welding
current (120, 140, and 160 amperes) and welding speed (200, 250, and 300 millimeters per minute). A full factorial
design was employed to analyze the data variance, main effect, and interaction effects on shear-tensile strength. The
results demonstrate that welding current and welding speed had a significant influence on the shear-tensile strength
of the lap joints. When welding at a constant speed, increasing the welding current resulted in higher tensile-shear
strength and a wider weld bead size. However, increasing the welding speed led to a decrease in tensile-shear strength
and narrower weld beads. The trend of the average bent angle was consistent with that of the tensile-shear strength.
When welding at a constant welding speed, a higher welding current resulted in a higher bend angle average, while
increasing the welding speed lowered the bend angle average. A welding current of 160 A and 200 mm/min speed

yielded the highest tensile-shear strength.

Keywords: Lab joints, tensile-shear strength, gas metal arc welding process, SS400 carbon steel, SUS304 stainless

steel.
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Chemical compositions of materials and electrodes used in the study.

materials and

Chemical compositions (%)

electrodes

Cr Ni C Mn P S Si Mo Ni Cu
SS8400 0.051 0.047 0.116 0.542 0.012 0.014 - 0.009 0.047 0.179
SUS304 18.513 7.983 0.078 1.763 0.021 0.008 - 0.235 7.983 0.306
ER309L 24.5 13.0 0.025 1.88 0.02 0.01 0.40 0.35 0.10 0.35
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Figure 1 The characteristics of the lap joint
and the welding direction.
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test according to the ASTM D1002 — 99 standards.
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Figure 4 (a) tensile-shear strength test on universal testing machine (b) Bent angle measurement.
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Figure 5 Surface characteristics of the weld seam at a welding current of 140 A
and the welding speeds of (a) 200 mm/min, (b) 250 mm/min, and (c) 300 mm/min.
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Figure 7 Surface characteristics of the weld seam on a welding speed of 250 mm/min
and the welding current of (a) 120 A, (b) 140 A, and (c) 160 A.
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Figure 8 Width of weld seam when using a welding speed
of 250 mm/min on the welding currents of 120, 140 and
160 A.
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Table 2  Tensile-shear strength results on different welding currents and speeds.
Tensile shear strength (N/mm?)
Average
Current Speed Average TSS
) Sample ) bent angle
(A) (mm/min) (N/mm°®)
(Degree)
1 2 3 4 5

200 283.6 2191 303.9 343.9 337.0 297.5+50.3 13.2#1.3

120 250 299.4 416.5 2449 255.0 228.5 288.8+76.0 11.4£1.5

300 345.2 274.2 310.9 211.5 253.2 279.0+51.6 8.2+1.5

200 466.4 503.8 510.1 425.7 502.2 481.6+35.7 29.4+1.7

140 250 508.2 436.3 461.3 492.2 476.2 474.8+27.8 27.8+2.5

300 460.4 480.9 381.7 384.4 4751 436.5+49.4 24.8+1.5

200 533.0 472.9 521.7 466.4 516.3 502.1£30.3 38.2+2.9

160 250 498.5 4411 491.2 495.7 524.5 490.2+30.4 36.0+2.6

300 477.4 461.3 438.6 399.2 440.4 443.4+29.4 31.6+2.1
800 < Il A current of 120 A 800 Il A speed of 200 mm/min
700 4 700 I A speed of 250 mm/min

I A current of 140 A
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Figure 9 The result of tensile-shear strength on (a) welding speed and (b) welding current.
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Figure 10 The result of bent angle on (a) welding speed and (b) welding current.
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Figure 11 Fracture positions of specimens at different welding currents and speeds:
(a) 120 A, 300 mm/min, and (b) 160 A, 200 mm/min.
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Main Effects Plot for Tensile-shear strength
Fitted Means
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Interaction Plot for Tensile-shear strength
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Factors affecting tensile-shear strength properties of lap joints between
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Abstract

In this study, poly(butylene succinate)/silkworm cocoon composites were prepared in the following ratios: 100/0, 90/10,
80/20, 70/30, and 60/40. The mechanical properties (tensile, impact, and hardness tests), biodegradation properties, and
morphological characteristics of the composites were examined. The results demonstrated that the Young’s modulus,
impact strength, and hardness of the composites increased with an increase in the amount of silkworm cocoon, while
the tensile strength and elongation at break of the composites decreased. An assessment of the decomposition of
poly(butylene succinate)/silkworm cocoon composites buried in soil for 4, 8, and 10 weeks showed that increasing the
amount of silkworm cocoons in the composites resulted in increased biodegradation. Moreover, the morphology of the
specimen after impact testing was examined using the SEM technique. The SEM images showed that the silkworm
cocoon fibers were distributed in the polymer matrix, indicating the incompatibility of the silk and poly(butylene succinate)

matrix. This incompatibility resulted in composite materials with decreased tensile strength and elongation at break.

Keywords: Poly(butylene succinate), Silkkworm cocoon, Composites, Biodegradation, Mechanical properties
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Introduction

Many countries currently recognize the importance of
addressing various environmental problems. The demand
for reducing or solving these issues is therefore increasing,
especially regarding the problem of plastic waste
(Rodriguez-Uribe et al., 2023). This has led to initiatives
to tackle the plastic waste problem through various
techniques, including reducing and eliminating the use
of plastic. However, plastic remains essential to human
daily life due to its many advantages, such as durability,
lightweight, low cost, and ease of production (Mamatha
et al., 2024; Hong et al., 2024). Therefore, researchers
are trying to invent and develop plastics that provide
convenience in human life while being environmentally
friendly and not causing problems after use. The research
and development of biodegradable plastics is a promising

avenue in this regard (Sena et al., 2023).

Biodegradable plastic refers to plastic that
undergoes decomposition, ultimately being digested by
microorganisms until it becomes water, carbon dioxide,
and biomass under appropriate temperature and humidity
conditions. After decomposition, no plastic parts or toxins
remain (Royer et al., 2023). Examples of biodegradable
plastics include polycaprolactone (PCL), polyhydroxybutyrate
(PHB), polybutylene succinate (PBS), polybutylene
adipate co-terephthalate (PBAT), polylactic acid (PLA),
and polyhydroxyalkanoates (PHAs) (Nachod et al., 2021;
Xie et al., 2023). Among these biopolymers, polybutylene
succinate is considered particularly important due to its
straight chain structure, high melting point, crystallinity, heat
resistance of up to 200°C, ease of formation, and similar
mechanical properties to polyethylene (Zhou et al., 2023).
However, polybutylene succinate is still constrained by its
high price. Therefore, efforts are underway to enhance and
develop it through various methods to reduce costs while
maintaining appropriate physical and mechanical properties,
as well as biodegradability. For instance, a previous study
focused on the preparation of composite materials from
polylactic acid and polybutylene succinate mixed with
corn starch and wheat straw for biodegradable packaging
(Abdollahi Moghaddam et al., 2023). Other research

Kanokon Nuilek, Natkrita Prasoetsopha and Ing-orn Sittitanadol

J Sci Technol MSU

includes the preparation of composites of polybutylene
succinate mixed with natural rubber or activated carbon to
increase mechanical properties (Prasoetsopha et al., 2020;
Singsang et al., 2021) and using various natural fibers as
reinforcements for polybutylene succinate (Calabia et al.,
2013; Huang et al., 2018; Rodriguez-Uribe et al., 2023).

Silk and other natural fibers are known to enhance
mechanical properties, including tensile strength,
modulus of elasticity, and impact resistance, of
biodegradable composites due to their strong and resilient
nature (Han et al., 2010). In addition, natural fibers, such
as silk, can promote the biodegradation of biodegradable
composites by providing a substrate for microbial activity,
thereby speeding up the breakdown of the composite

materials into simpler, environmentally benign substances.

Based on the information above, silk fiber can
be used as a reinforcement for polybutylene succinate,
a biodegradable plastic, to improve mechanical proper-
ties and degradation rate. However, the silk production
process results in a large number of discarded silkworm
cocoons. Therefore, this research aims to use silkworm
cocoons as a reinforcing material instead of silk fibers. The
mechanical and biodegradation properties of composite
materials obtained by mixing polybutylene succinate with

silkworm cocoons were studied.

Experimental Procedure

Raw materials

Poly(butylene succinate) (PBS, FZ71PM, BioPBS™,
melt flow rate (MFR) of 24.2 g/10 min, PTT MCC Biochem
Company Limited) was used as the polymer matrix. The
silkworm cocoons (Tubtim Siam) were sourced from a
local producer in Yasothon, Thailand. After boiling the
silkworm cocoons in water to remove the silk sericin and
bring out the silk fibers, the remaining yellow silkworm
cocoons were dried and cut into small pieces measuring
1 cm x 1 cm before being used as reinforcement
materials. The average diameter of the silkworm cocoon

fibers was about 16.03 + 2.57 ym, as shown in Figure 1.
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Figure 1 SEM images of silkworm cocoon.

Preparation of poly(butylene succinate)/silkworm
cocoon composites

To prepare poly(butylene succinate)/silkworm
cocoon composites, both the poly(butylene succinate) and
silkworm cocoons were first dried at 60°C for 24 hours in
an oven to remove moisture before mixing. Subsequently,
they were mixed using an internal mixer (MX500-D75L90,
Chareon Tut Co., Ltd., Thailand) at 145°C with a rotor
speed of 50 rpm for 20 minutes. The mixture ratios by
weight of poly(butylene succinate) to silkworm cocoon
were 100/0, 90/10, 80/20, 70/30, and 60/40.

Sample preparation and testing

The composites were prepared in each ratio and
ground with a plastic grinder to reduce the size, making
them suitable for forming the test specimens. The test
specimens for mechanical properties and decomposition
in soil were formed using hot-compression molding at a
pressure of 1500 psi and a temperature of 145°C for 11

minutes.

The mechanical property testing in terms of tensile
testing were conducted according to ASTM D638 using a
universal testing machine (LS Plus Series, Lloyd) with a
load cell of 10 kN and a test speed of 50 mm/min. Hard-
ness testing was conducted according to ASTM D2240
using a Durometer Shore D (GS-612, TECLOCK). Impact
testing was performed using an INSTRON model CEAST
9050 according to ASTM D256.

For the biodegradability test, samples with a size
of 1 cm x 1 cm x 0.3 cm were dried in an oven at 50°C
for 24 hours, then weighed, and the weight recorded as

w. The samples were then buried in soil with a pH of

Mechanical properties and biodegradation of poly(butylene succinate)

/silkworm cocoon composites

about 6-7.6 and moisture content of about 50-70% of dry
soil weight, at a depth of 5 centimeters for 4, 8, and 10
weeks. After degradation, the samples were cleaned and
weighed, and the weight recorded as w. The percentage
weight loss was calculated using the equation: weight loss
(%) = (wo - wf) X 100/W0 (Pefas et al., 2023). Photos of
the samples were taken after decomposition durations of
4, 8, and 10 weeks.

The morphology of poly(butylene succinate)/
silkworm cocoon composites was investigated using a
scanning electron microscope (SEM, Quanta 250 W7,
Philips). The surface of the impact-tested samples was
examined to analyze the characteristics of the silkworm

cocoons within the poly(butylene succinate).

Results and Discussion

Mechanical properties of poly(butylene succinate)/
silkworm cocoon composites

The stress-strain curves of poly(butylene
succinate)/silkworm cocoon composites, as shown in Figure
2, indicates that neat poly(butylene succinate) exhibits
ductile fracture behavior. However, the addition of silkworm
cocoons increased brittle fracture behavior. This is due
to the natural fibers creating stress concentration points
and poor interfacial adhesion with the polymer matrix,
leading to brittle fracture behavior. These fibers restrict
the plastic deformation of the matrix, or, in other words,
the silk fibers obstruct the molecular chain movement of

the polymers, resulting in reduced ductility.

The average Young’s modulus of the poly(butylene
succinate)/silkworm cocoon composites increased with
an increase in the silkworm cocoon content, as shown
in Figure 3. The composite with 60/40 weight ratio of
poly(butylene succinate) to silkworm cocoon exhibited
the highest Young’s modulus, accounting for a 348%
increase compared to neat poly(butylene succinate). This
indicates that silkworm cocoons can effectively reinforce
poly(butylene succinate) by increasing its modulus due to
the enhanced stiffness of the composite. Natural fibers,
such as silkworm cocoon, are typically stiffer than the
polymer matrix, and their inclusion restricts the deformation
of the composite under load, leading to a higher modulus
(Clarizio & Tatara, 2012).
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In contrast, tensile strength and elongation at
break decreased with an increase in the silkworm cocoon
content, as shown in Figures 4 and 5, respectively. This
can be attributed to the low bonding force between the
silkworm cocoon and poly(butylene succinate), resulting
in poor interfacial adhesion (Botev et al., 1999; Sing-
sang et al., 2021). The addition of rigid fibers reduces
the composite’s ability to deform plastically because the
fibers do not stretch as much as the polymer matrix. This
results in a brittle composite that fractures at lower strains
compared to the pure matrix. Essentially, the fibers limit
the capacity of the matrix to elongate, thus reducing the
overall elongation of the composite material (Seculi et al.,
2022).
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Figure 2 Stress-Strain curves of poly(butylene succinate)/
silkworm cocoon composites
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Figure 4 Tensile strength of poly(butylene succinate)/
silkworm cocoon composites
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Figure 5 elongation at break of poly(butylene succinate)/
silkworm cocoon composites

Figure 6 illustrates the hardness of the poly(butylene
succinate)/silkworm cocoon composites. It was found
that the hardness slightly increased with an increase
in the silkworm cocoon content. This might be because
poly(butylene succinate) is a biodegradable polymer that
is often noted for its brittleness and lower mechanical
strength, despite being flexible and processable. When
reinforced with natural fibers, including silk fibers, PBS
composites tend to show improved mechanical properties
such as increased hardness and tensile strength (Rajgond
et al., 2024). This improvement is attributed to the
effective distribution of stress and the interaction between
the polymer matrix and the reinforcing fibers (Chen
etal., 2017). According to a previous study, natural fibers
can increase the hardness of biocomposite materials
(Nithikarnjanatharn & Samsalee, 2022).
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80 The impact resistance of the poly(butylene
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Figure 7 Impact strength of poly(butylene
succinate)/silkworm cocoon composites

Figure 8 SEM images of poly(butylene succinate)/silkworm cocoon composites in ratios of
(a) 100/0, (b) 90/10, (c) 80/20, (d) 70/30, and (e) 60/40.
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The surface characteristics of the impact- tested
samples of the poly(butylene succinate)/silkworm cocoon
composites are shown in Figure 8. It was observed that the
surface of pure poly(butylene succinate) exhibited regular
tear lines resulting from impact testing, as indicated by
the white arrows in Figure 8(a). When silkworm cocoon
fibers were added, tear lines and silk fibers could be seen

scattered throughout the poly(butylene succinate), with
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some fibers protruding and detaching from the matrix, as
indicated by the red arrows in Figures 8(b)-(e). It was also
found that the silkworm cocoons were distributed evenly.
As the concentration of silkworm cocoons increased, the
silk fibers became more widely distributed across the
surface of the impact test samples, and the density of

the fibers increased.
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Figure 9 Biodegradation photos of poly(butylene succinate)/silkworm cocoon composites
(a) before, (b) after 4 weeks, (c) after 8 weeks, and (d) after 10 weeks

Figure 9 shows the photos of poly(butylene 100
. . . . 4 weeks
succinate)/silkworm cocoon composites, which were 1 1118 weeks
o
buried in soil to assess their biodegradation behavior. so ZZ110weeks
The images revealed that after being buried, the o
specimens exhibited a roughened surface and evident i‘:‘ it
(7]
fractures, indicative of biodegradation. These surface f 7
£ a0 |
. 2 7o
alterations and fractures became more pronounced ﬁ %
with longer burial durations, suggesting ongoing surface 30 4% %
1 /
erosion over time (Wei et al., 2022). ” % "ﬁ% %
=
2= e
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Figure 10 Weight loss of poly(butylene succinate)/
silkworm cocoon composites in soil
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Table 1 Biodegradation rate of poly(butylene succinate)/

silkworm cocoon composites

Biodegradation rate (mg/day)

Composite ratios

average S.D.
100/0 0.016 0.001
90/10 0.082 0.018
80/20 0.106 0.028
70/30 0.361 0.116
60/40 0.533 0.073

The weight loss percentage of poly(butylene
succinate)/silkworm cocoon composites over various
burial periods is shown in Figure 10. It was found that
after 4 weeks of burial, the composites with ratios of
100/0, 90/10, 80/20, 70/30, and 60/40 had average weight
loss percentages of 1.3 £ 1.0%, 4.5 + 2.4%, 5.3 + 2.4%,
36.5 + 3.5%, and 41.8 + 5.1 %, respectively. The results
indicate that the percentage of weight loss generally
increased with an increase in the amount of silkworm
cocoon. The composite with the ratio of 60/40 showed
the most significant biodegradation at 4 weeks. This trend
remained consistent as the burial duration extended to 8
and 10 weeks. After 10 weeks, the 60/40 composite had
the highest biodegradation, with a weight loss of 79.1 +
7.4%, demonstrating that the poly(butylene succinate)/
silkworm cocoon composite is naturally biodegradable.
This degradation likely resulted from microbial activity
under environmental conditions (Sasimowski et al., 2023).
Additionally, the 60/40 composite exhibited the highest
biodegradation rate, at 0.533 + 0.073 mg/day, as shown
in Table 1.

Conclusions

Poly(butylene succinate)/silkworm cocoon
composites were prepared using an internal mixer and
hot-compression molding. The ratio of poly(butylene
succinate) to silkworm cocoon affected the mechanical
properties of the composites. The Young’s modulus, impact
resistance, and hardness increased with an increase in
the amount of silkworm cocoon, while the tensile strength

and elongation at break decreased due to poor interfacial

Mechanical properties and biodegradation of poly(butylene succinate)

/silkworm cocoon composites

adhesion between the silkworm cocoon and poly(butylene
succinate). In addition, the results from the biodegradation
test showed that the poly(butylene succinate)/silkworm
cocoon composites with a ratio of 60/40 had the highest
biodegradation, at 79.1 £ 7.4%, after 10 weeks.
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dependent variable for classification model

Abstract

Noisy data is a major problem often encountered in datasets. When noise affects the dependent variable, it can lead
to incorrect group in classification. Therefore, it is essential to handle noise before analyzing and classifying the data.
This research aims to compare the effectiveness of class noise handling method in classification model between
noise removal methods using four noise filter: Condensed Nearest Neighbor (CNN), Edited Nearest Neighbors (ENN),
Cross-Validated Committees Filter (CVCF), and Iterative Partitioning Filter (IPF), and relabel methods that utilize noise
filter from noise removal methods along with multiple imputation from three methods: polytomous regression (polyreg),
random forest (rf), and multiple imputation through XGBoost (mixgb). The study is conducted through Monte Carlo
simulation under the scenario with sample sizes of 100, 500, and 1,000 units, and noise level of 10%, 20%, 30%,
and 40%. The performance of noise handling methods is evaluated based on the F1 score of four data classification
models: k-NN, Random Forest, Naive Bayes, and Support Vector Machine. Comparison is done through N-Way
analysis of variance (N-Way ANOVA). The study found that the class noise handling methods have an interaction
effect with all factors, including sample size, noise level, and classification model, affecting the F1 score significantly
at the .05 level of significance. For small sample sizes (n = 100), relabel method tended to perform better than remove
method. However, as sample size increased, both methods showed similar performance. Overall, the combination of
ENN noise filter with polytomous regression imputation tended to yield the highest F1 score in most cases, except for
sample sizes of 1,000 units where ENN alone showed the highest performance. The findings of this research provide

insights into appropriate class noise handling methods for different data classification scenarios.

Keywords: Noisy data, classification, multiple imputation, machine learning, noise filter
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Table 1

Table 1 Combination between noise filter and multiple

imputation for relabel method.

Multiple imputation method

Noise

filter polyreg rf mixgb
CNN CNN + polyreg CNN + rf CNN + mixgb
ENN ENN + polyreg ENN + rf ENN + mixgb

CVCF CVCF + polyreg CVCF + rf CVCF + mixgb
IPF IPF + polyreg IPF + rf IPF + mixgb
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Table 2  Comparison of the effect size from Partial eta
squared for each factor influencing the F1
score.
Effect '”’2 p - value
Model 0.03 < .001
Sample size 0.01 <.001
Noise level 0.31 <.001
Noise handling 0.63 <.001
Noise handling * Model 0.01 <.001
Noise handling * Sample size 0.12 <.001
Noise handling * Noise level 0.01 <.001
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Figure 1 The average F1 score of each noise handling methods overall.
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Table 3  The average F1 score of each noise handling method when considering with sample size.
Sample size
method
n =100 n =500 n =1000
None NONE 64.61 64.75 64.80
CNN 52.57 59.18 61.53
ENN 67.91 71.08 74.19
Remove
CVCF 62.48 65.18 66.79
IPF 66.22 76.15 73.96
CNN + polyreg 60.79 60.26 59.53
CNN + rf 58.13 58.48 57.18
CNN + mixgb 54.19 54.39 52.60
ENN + polyreg 79.02 76.53 72.92
ENN + rf 76.17 72.35 71.93
ENN + mixgb 72.52 72.87 72.07
Relabel
CVCF + polyreg 71.03 70.50 71.04
CVCF + rf 69.48 69.96 69.39
CVCF + mixgb 67.60 68.04 67.96
IPF + polyreg 70.85 68.07 69.81
IPF + rf 71.57 73.16 71.92
IPF + mixgb 70.10 70.15 69.24
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Table4 The average F1 score of each noise handling methods when considering with noise levels.
Noise level
method

10% 20% 30% 40%
None NONE 67.55 66.08 64.11 61.13
CNN 61.50 58.70 56.15 54.70
ENN 75.38 71.99 69.35 67.51

Remove
CVCF 69.26 65.76 63.07 61.18
IPF 75.81 72.68 70.67 69.27
CNN + polyreg 65.40 60.62 58.96 55.79
CNN + rf 63.88 57.21 55.80 54.84
CNN + mixgb 59.65 53.45 51.83 49.99

Relabel
ENN + polyreg 81.51 76.71 75.13 71.28
ENN + rf 79.39 73.12 71.85 69.57
ENN + mixgb 78.18 72.38 70.57 68.82
CVCF + polyreg 76.58 70.56 69.25 67.05
CVCF + rf 75.06 69.45 67.96 65.97
CVCF + mixgb 73.31 67.67 66.29 64.20

Relabel
IPF + polyreg 75.16 69.40 68.01 65.73
IPF + rf 77.76 72.10 70.64 68.37
IPF + mixgb 75.25 69.90 68.13 66.05
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Model
Method
k-NN RF NB SVM
None NONE 65.98 64.26 63.57 65.06
CNN 57.84 58.68 56.50 58.03
ENN 72.46 73.12 69.37 69.28
Remove
CVCF 65.16 65.80 63.48 64.84
IPF 73.45 74.11 70.48 70.39
CNN + polyreg 60.73 60.90 59.08 60.07
CNN + rf 58.69 58.99 56.43 57.61
CNN + mixgb 53.65 55.03 52.56 53.67
ENN + polyreg 76.29 77.48 74.94 75.93
ENN + rf 73.96 74.45 72.08 73.43
ENN + mixgb 73.02 73.48 71.24 72.22
Relabel
CVCF + polyreg 71.23 71.83 69.59 70.79
CVCF + rf 70.00 70.62 68.31 69.50
CVCF + mixgb 68.39 68.79 66.48 67.81
IPF + polyreg 69.91 70.71 68.23 69.46
IPF + rf 72.66 73.16 70.82 72.22
IPF + mixgb 70.37 70.79 68.49 69.68
aEﬂLLag%aqigﬁuanqiﬁﬁg Table 6 Summary of the most effective class noise
NnuanalIsunsulseintanweesisnig handling methods for each situation.
ﬁlﬂﬂ’]i“ﬂayjaiUﬂ’J%ﬂLﬂ(ﬂ“ﬂ%sLuﬂ’JLLﬂi@]’]SJ“lJ?N@]’JLL'U‘LI
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Eﬂmmymaaﬁmi:@:u ;05 1a Uaﬁu{malgmﬁmsmmi Noise  20% ENN + polyreg
ToyasunIwildszininmwgsgaluudazaniunisnt level 300, ENN + polyreg
¢@s Table 6
40% ENN + polyreg
k-NN ENN + polyreg
RF ENN + polyreg
Model
NB ENN + polyreg
SVM ENN + polyreg
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