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The study of Streptomyces sp. WPN31 isolated from the rhizosphere of pandanus palm: Amylase, cellulase, and
xylanase production, and investigation of antibiofilm properties
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The study of Streptomyces sp. WPN31 isolated from the rhizosphere of pandanus
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Abstract

Biofilms are complex substances secreted by microorganisms, capable of adhering to various surfaces, leading to
contamination of living tissues, environments, industrial settings, and medical equipment. They play a significant role
in the emergence of antibiotic-resistant bacteria. This study aimed to evaluate the production of the enzymes amylase,
cellulase, and xylanase, as well as the antibiofilm activity against pathogenic bacteria of Streptomyces sp. WPN31,
isolated from the rhizosphere of pandanus palm (Pandanus amaryllifolius). Based on the 716S rRNA results, WPN31
exhibited the highest similarity to Streptomyces griseicoloratus (98.80%), a novel streptomycete isolated from soil
in cotton fields of China. However, Streptomyces sp. WPN31 was able to produce extracellular enzymes, including
amylase, cellulase, and xylanase, at both 37 °C and 40 °C. The evaluation of biofilm inhibition using WPN31
supernatant revealed its ability to prevent biofilm formation in both Staphylococcus aureus and Pseudomonas aeruginosa.
Therefore, this study represents the initial report on the antibiofilm activity of Streptomyces sp. WPN31, suggesting its

potential application in various industries.

Keywords: Rhizosphere, Streptomyces, Antibiofilm, Extracellular enzymes
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13,000 30U LW 5 W7 EEIUVDIARRIG UL
aan ﬁwmnﬁun&jumaﬁﬁ@ﬂmﬂauagﬁﬁmmwaamaﬂ
inguisad lualduanlasld ysis buffer U5103 500
Tulasans Mnsiusosusasasuaiuasslfvaaalng

wazlin 5M NaCl Usanas 165 lulasaas wanliidhnu
szt luilundsailunan 10 wifl ienasa 13,000 sau
dauwfi ahwuaammmﬁamnam:gﬂﬁwﬂﬂﬁmaa@slm
azLtéa chloroform:isoamyl alcohol TudasdIn 1:1 Naw
IUIHRBIARNTERIINTAZABNA BT WY 1il1
Twndsailunm 10 wift ienwiss 13,000 saudamwi
fhemsuiuasstuunliSimaanlnuuszidu chioroform
Tusassuiriniuiussuiusey wawliidniuuas
inluthwndsadunam 5 wift finnusa 13,000 sause
wN dawnaama‘umuaaﬂﬁﬁﬁiuua@maa:gﬂﬁww
El'maa@’lmjua:gﬂ@ﬂmﬂau@i’m ethanol Sasas 95 law
ﬂuﬁqmanﬂﬁ-so psrumaldos Wwan 30 Wl 31Nt
inludwwmdsadunm 5 wifl finnusa 10,000 saude
w7 93 luudLdutace alcohol Sasaz 75 uazazans
sTuudiwaluinfivneaniaedies uaslfiduwsiwuy
fEwadmnsuMaANS I 165 rRNA

4.2 MIinswINin 165 rRNA @1833 PCR

Aundiduaazgnlsiduuivudniunisri
Polymerase chain reaction (PCR) 2838% 16S rRNA lag
15 lwsiuas 27F (5-AGAGTTTGATCCTGGCTCAG-3') Az
1525R (5'-AAGGAGGTGWTCCARCC-3) lagfidanly
mvdfAsenneluie3as thermal cycler Gaik: initial
denaturation ﬁqmwgﬁ 95 aveniraldas LHwaan 5 win
@NIE 25 38U Va4 denaturation ﬁqm%nﬂﬁ 95 a3en
\aLBea uaan 60 7w annealing Nganndl 55 a4¢n
\waLBoa Luan 30 3T, extension Ngaannil 72 agen
\walFos L0 90 T uag final extension Ngmnn
72 aseniaaldos Wnwan 7 wifl anasauNAaN e
PCR lae3% gel electrophoresis LLaxﬁﬂﬁU%qwﬁ@ ﬂl“ﬁ"’gﬂ
&N@ FavoritePrep™ GEL/PCR (Favorgen Biotech, Taiwan)
(Chanthasena et al., 2022)

4.3 NINATITHAIAULLAVDIEW 16S rRNA
HAENIETNARINITAWINT

81 16S rRNA U%q%’l%ﬁ]zgﬂﬁﬂﬂ’ﬁmiﬂzﬁﬁ’]ﬁu
WaALSEN ACTG $11a (Wszinelng) uazianiases
wWhsuifisuieuwsiugudayariwivled EzBioclound
(https://www.ezbiocloud.net/) lagld BLAST program 370N
ﬁ?uﬁﬁayaﬁvlﬁ'lﬂ%'@éwﬁummhLm‘l,l',\‘lﬁﬂé”mﬂﬁdﬁ'umm
a‘hé’uLumlaamﬂﬁuﬁfﬁﬁmminﬁ%@ﬁumﬂ EzBioclound
lasnslfiauy CLUSTAL W wazaiasdulimsiiawinig
Tagldmondurd MEGA nostu 11 lasdszifinszau
mmL%aﬁulﬂﬂ“ﬁn'}ﬁl,ﬂﬁzﬁmaaﬁ@LLa:aﬁ”Nmaffumgu
(bootstap value) At 1000 1
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5. nM1INAFaUANNENIID IwnsaEswanludazluaa
iagad wazlaaniug

LW’lzL'gm Streptomyces sp. WPN31 Luun1g
S TaEUNIILEEY (point inoculation) Unenwsudef
@uunasauannansiiaasg loud uils magiaa e
lauan ianageuanumansovaadalumsliunssaninon
erent ﬁﬂﬂﬂuﬁqmﬁnﬁ 37 uaz 40 aveniwalTus 1w
1981 5 31 ntmarasauanumusolum s el
fiduaanunanTasLazdaFBuREInSUanleImIy
udd FInalaanmIanIusiiula (clear zone) %9
nmsreamiazanglelefuasunamisfifigindsznay
yoaudls waznuad congo red asUnamIINR IR sENOY
voilouanuazioaglag (de Veras et al., 2018; Rodrigues
et al., 2019; Viswanathan & Rebecca, 2019) TALEWH
ﬂuﬁﬂmwadu%nmlaﬁ‘ Streptomyces sp. WPN31 §379
JuuazawavadlalaiilaziuinNanIaaes

o & % al 6
6. MINAFAUANNE NI IMATEUgIN1TE9 lulalaa
6.1 NILAIVNEINRLVHDAZNDY (supernatant)
LNZLREN Streptomyces sp. WPN31 luamsinan
ISP2 Nigaunndl 37 asaumaiBos shlUiugnnannuis 200
' a ) & o L a A <
saudawfl twaan 5 3% nuuth T dwwdsenanusi
9,000 s0UGAAMWIN 1WA 5 WIT1 UAZNTBINIBNIZAN
N384 Whatman No.1 (WhatmanTM, GE Healthcare, UK)
WarnIasIuaIaznawaas (cell pellet) Laziinaawinite
aznanlulglunms@nsndaly

6.2 minasaunsiugsnisassluTefdnaas
\WouuaiiSunalsa

msAnmitldaumniiaasnouiildannsiass
L“‘}?a Streptomyces sp. WPN31 1%ﬂ1§ﬂ®aalm’ﬁﬁ'u§\‘l
mysflulefiduesdeunafidonolse S. aureus uaz
P. aeruginosa lapiwztagsideuuaiidenalsn luamsiaes
\auds Mueller Hinton (MH) fidsznaushe snsanaann
Lf:a (beef extract) winlalaslaiaa (casein hydrolysate)
waziily ﬁqm%nﬂﬁ 37 admoatdos tduan 16-20
1 lus sidouvaiideldaanslddanududurintu 0.5
McFarland fianazih lUlflunsneasey laonauansazans
WanuafiZoiudwnitanznan lusamain 1:1 1u
LWaN 96 g (96 well plate) ﬁ"]vl,ﬂi_iu‘ﬁ'qmwgﬁ 37 a4en
wwadus 1w 24 T9lus nasanmIty ssazanslu
LWaN 96 mgm:gnmaamm:ﬁﬁuﬁwﬁﬁﬂﬁﬁ Aal3 et
Aaufiazfaudud crystal violet Souaz 0.4 Tawtilduw
ﬁgmﬁ{]ﬁ 37 asenioaloa LHuaan 15-20 wifl wa2Is1d
pandesinnas nelslvus azth liadmIganduuas
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fiamnugnau 595 w1 lwwas (A595) Tagn1snea ethanol
Sauaz 95 Lﬁam:%ﬁla@ag’ﬁ'mmaéumﬁﬁmaaﬂm Jufin
mms@@ﬂﬁuumLLa:ﬁw"liJﬁwmmmm%"aUa:maams
g9lulaflay (Leetanasaksakul & Thamchaipenet,
2018) musnmsaaluil

Sowazmsanalulefdy =

A595 WQNW’JHF}&I-A595 AUNagal
A595 ARUAILAA

x 100

NANIIILLATaNUIIUHA

Asuanie Streptomyces sp. WPN31 21n@WUILI0
INNARLALVON

L‘%Ta Streptomyces sp. WPN31 ﬁl“ﬁ’[umiﬁﬂm
ﬂ%ﬁgﬂLLﬂﬂvL@Tﬁ)'mau‘iﬁL’Jmﬁ’mﬁ%mmﬁall (Pandanus
amaryllifolius) MARIUNONBANEAS WA1INENaenalulad
§3U73 lasduaonauduntidasson ﬁaulmy'a:gﬂﬁwvlﬂ
1B IuFINTINING udInau wazih lulglugamnnasy
21M13LazeN (Lomthong et al., 2022) L%aqauﬂ%ﬁu%nm
NniTRunu e lwnssnsiuneInasNe 13
ﬂ?Uﬂ&JIﬁﬂﬁ‘ﬁ WETILINHNENARVBITZULRIA N19NT
INaT (Y. Li et al., 2022) fpewisarumsuenigels
1A Streptomyces LS RTRENID s mIUIaTH
%‘%aa%’maaﬂwuﬁmﬂl%ﬂ'}ﬂi}’%ﬁg"ﬂaﬁm W MIUENLTe
NG Artemisia herba-alba B98NUNFANAATNITUT 8T
(antifungal) miﬁ’mmﬁmaa’i: (antioxidant) (Djemouai
et al., 2022) %%amﬂhmma'%uﬂ’lsl,ﬁtymaaﬁ"mﬂﬂ's WA
miﬁﬁm%aﬁ Phytophthora palmivora (Nonthakaew
et al., 2022) LLa:ﬁaﬁmﬂmumiﬁuwuL%agauﬂ%ﬁﬁl,mﬂ
"L@Tmnﬁuu’%nmﬁﬂ@m‘fumU%auﬁawmwsnﬁ’]oa’mﬁwu
o lef (Khamna et al., 2009) 1iludu

Iuﬂ’l’iLLﬂm%a Streptomyces sp. WPN31 INAH
WSt msnits axlda1ws ISP2 dmSumatasagauazuen
L%@lﬁﬂ%qw%ﬁ@ syimsiRenlalafived streptomycetes A
é’ﬂwm:é'mg'm%mﬁmimﬂluwﬁfﬁa Bergey’s Manual
of determinative bacteriology (Holt et al., 1994) laun
Taladidanwmeuds fadaadlulusuarmsasadonds
AIRTLAILAN ﬁﬁaﬂﬂuﬂ%aﬁyﬂw‘jﬁé’ummﬁﬂﬁﬁm
adan uanmnﬁ%aiumim Streptomyces S938N UL
manawaeilalafiitn Sanudasnseandian s
slad shodulofdudaainea (aerial mycelium) was
dulofietwdnluluemsianade (substrate mycelium)
fFuana1anu uisanumansalumInaaiiafdns g
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Imunsanaaasfisain Geosmin dofunauladn
'*?'iLﬂué'ﬂwm:ﬁéﬂﬁzymau%alu%ﬁfa Streptomyces (Alam
etal., 2022) %ﬁamnﬁwnmﬁanIﬂIaﬁLLazLgua’lﬁu’%z«m%{uﬁa
ﬁwmaéﬁ%ammﬁuﬁ: streptomycetes AGUWWLIN WPN31
F3NMIWIIRES WPN31 U%anws ISP2 (lwnan 14
T WUTIANBUSNNFUIINING1289 WPN31 (Figure 1)
fanwaiuiiveslalatiudadusonsn Diduloamns
BIPELUTEIEY Lifimsndafaafisansanszaadilyl

&£ & A o g
1ummsmmvna LLE]ZSJLE‘T%IEJE]’]ﬂ']ﬂLﬂ%ﬁ?J’]'J

Figure 1 Colony morphology of Streptomyces sp. WPN31
in ISP2 agar with A: front and B: back mycelial images.

e

nIaadeuszaulaanazas WPN31 laglddau
Wwavasdn 16S rRNA

MfaULLa8IEY 16S rRNA mammﬁuﬁ:WPNm
(1424 bp) VIJJLiJ'%ﬂmﬁﬂuﬁ'umﬂﬁufﬁaglugmﬁa;&a
Ezbiocloud lagl# BLAST program (Table 1) Tawans
SiamzAiuguwlein weNs1 widaludiis Streptomyces
lasdanuafeafiny Streptomyces griseicoloratus (39818
98.80) mﬂﬁqm J8989N1A8 Streptomyces prasinosporus
(3082 98.73) Ua Streptomyces anandii (19882 98.66)
1nTayan1sAnIVed Hagstrom UazAm (2000) 11N
TENAANUATIEAFIVBIRNALLURTBIEN 16S rRNA
wnninfasar 97 axdnlieyluslidfoinu udde
anuassaisagluizduiasa: 93-97 azdaliagluists
WA nuudasuanaeiwiszauailds uadhSatoanin
Sooay 93 223 i dudrialny

Table 1 List of closet strains from EzBioCloud using
16S rRNA gene database of Strepfomyces

sp. WPN31.

Hit taxon name Similarity (%)

Streptomyces griseicoloratus 98.80
Streptomyces prasinosporus 98.73
Streptomyces anandii 98.66

Lfiaﬁﬁagaﬁ"lﬁmﬂmi BLAST 'luasadulal
AUWINT (Figure 2) Wi Streptomyces sp. WPN31 i
loagnialwaglumpusiwysm@saniuiu S. griseicoloratus
ﬁﬁ@hmmﬂﬁwﬂﬁaﬁugdﬁqﬂ wigndaldagiy s.
prasinosporus HiANuASIARINWRBITanA: 98.73
%m’mﬁ'unf wPN31 anafianudwlylafas laladn
aﬂﬂﬁuﬁZLﬁ PINWNL S. griseicoloratus %38 S. prasinosporus
wiaanavzidumoWuslni (Kurnianto et al., 2020)
S. griseicoloratus ﬁﬁmmﬂéﬁmﬁaﬁu WPN31 mnﬁq@
finsfunuadausnlut a.e. 2022 Tagmsusnidaannan
Tulsthe lwdesdwdos mmusdsemnouiu Saann
NUNUIILWUIN S. griseicoloratus MRITDFNIAAT
Auwsnszanod U lwomnsuds saunanuinduloenme
wim uasiidulpanniuiindasduiafosunanms
U9 ISP2 (Xing et al., 2022) d’ml,%a S. prasinosporus QN
Funusoudl a.a. 1996 1naululssinaduds fanwus
Wuda Inmsanadwloanmenduifilion (Tresner et al.,
1966) mﬂﬂTaQaﬁ”’mmﬂhaﬁu PIANAULANAINIAN Bk
FUPIUINGT AIANUARUARINUVBIALLURTDIEN 16S
rRNA LLa:LquQﬁﬁuvlaﬁi'@ummi mm:a@ﬂlﬁadﬁuvlﬁth
S. griseicoloratus W< S. prasinosporus FaNuuandgann
wpPN31 Fsfianaduldlddi wenst anvaziflusnonug
Inalvasna Streptomyces

[ Streptomyces viridiviolaceus NBRC 13359

89 I Streptomyces werraensis NBRC 13404

s Streptomyces minutiscleroticus NBRC 13000

Streptomyces carpinensis NRRL B-16921

[ Streptomyces anandii NRRL B-3590

Streptomyces andamanensis KC-112

" Streptomyces spiralis NBRC 14215

[~ Streptomyces griseicoloratus TRM S81-3

56| Streptomyces naganishii NBRC 12892

WPN31

Streptomyces prasinosporus NRRL B-12431

[ Streptomyces nogalater JCM 4799
Streptomyces chromofuscus NBRC 12851

{» Streptomyces coeruleofuscus NBRC 12757
Streptomyces pluripotens MUSC 135

51 . Streptomyces cinereospinus NBRC 15397

| Streptomyces aurantiogriseus NBRC 12842
[ Streptomyces cupreus PSKAO1
- Streptomyces cadmiisoli ZF G47

| Streptomyces koyangensis VK-AG0
80 ~ Streptomyces intermedius NBRC 13049
Nocardia alba strain YIM 30243

0.01

Figure 2 Neighbor-joining phylogenetic tree based on 16S
rRNA gene sequences showing the relationship between
related members of the genus Streptomyces sp. WPN31.
Norcardia alba was used as an outgroup. Bootstrap
percentages over 50% are shown at the nodes. The scale
bar indicated 0.01 nucleotide substitution per nucleotide.
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AMAFINITNVDI Streptomyces sp. WPN31 Tun1sa3ne
owloslazluias imaguas wazlzanaa
msansaNNanIIalumsansewlades s
LA uazlTaua Tasmsaaidiadiunsiaiiien lag
LWRL??LIG Streptomyces sp. WPN31 uummmgﬂw"ﬁ”a
Afunssensuanwnanduuils \aglad nialouau uazdy
ﬁqmv\{]ﬁ 37 Waz 40 aseiaaldos WA 5 T4 31N5i
waamsazanslalo@un3od congo red UHaNMNTLALILTD
(Figure 3) WU Streptomyces sp. WPN31 8101INNEA
awlmitasgansunasansuauluanmsiaeage leaen
g d 37 uaz 40 asenimaBos laodanaldinmaaing
Usnmlaunarmnsdsade uasrmstiufinuamnaass
ladaiduiuguananszassmalaladuazusiamla 91n
ﬁ?uwwﬁw5@3’1'@huizmw‘uumiﬂiaﬁua:u‘%nmlaﬁLﬁ@*"ﬁu
(Figure 4) uaﬂﬁl’mu L%Jaﬂ@aa\‘il,amma Streptomyces sp.
WPN31 ‘wamvmu 45 aseniTalTas wugeliamansn
L"ﬂqulL@UI@LLRWRS’NLEIHVL‘ITNWL@ (lildugaenaniimanas)

HaMINAaediuaaslfifinin Streptomyces sp.
WPN31 sansnndaiawlol loauualdganinawled
Aug ﬁ”'oﬁqmﬂnuﬁ 37 uaz 40 asiaaidus Fefianw
qOAARSINY Streptomyces fulvissimus CKS7 ﬁWU’i’lﬁmi
Haaawlodlaaualdgoniiewlodes lunauszimagias
damnziasadalasldsndnma Sundiad uaridng
(Mihajlovski et al., 2020) wae Streptomyces sp. &1 ﬂﬁuf
15, 18 uaz 30 fuenldanaunusas Jnsuaaianlosd
laausldganinenlodiagiaalunniiisvainiaimg
L'g&ldl,%a (Castaneda-Cisneros et al., 2020) LANTIB
284 Streptomyes mutabilis AW sNaALaWlT
waguasnnitewlodos luas uaghidnashewlsd
I ustAinds (Shinde. & Jadhav., 2021) agnelsia
Mdsiiwnuusnidnsnenumansalumsssewlosd

ozluiad LoAgias uaz loaius 189Te Streptomyces
sp. WPN31

Figure 3 The clear zone of amylase activity at 37 °C and
40 °C (A and D), cellulase activity at 37 °C and 40 °C (B
and E) and xylanase activity at 37 °C and 40 °C (C and F)
respectively.
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Figure 4 The ratio of clear zone of enzyme activity and
colony size at 37 °C and 40 °C. All experiments were
performed in triplicate.

Wufinsufiudin Streptomyces fiugnleain
'éal,nﬂﬁauﬁgw,m Lﬂuﬁwﬁmaﬂmﬁﬁﬁ@lmﬁﬁﬁnUmwgm
Tumsinllflugaswnssndneg Tasteuwlsdadnn
nannLBeludia Streptomyces lefunt towlasfloaius
laduma axluas lawa Srfus inafiuauazioagiag
2020; Mukhtar et al.,
Fafenumssunudeluivg Streptomyces fignansn
nuiaulagiuazdinfaanwlodldludTumgs 1w

(Kumar et al., 2017) »aNaNH

Streptomyces thermocoprophilus CP1 NAALOW L] LIRGLAR
Lmzﬂummﬁ”auvlﬁgaﬁa 45 a9enLaaLTaa (Tingthong et al.,
2021) Streptomyces sp. MI-1 Wae Streptomyces sp.
Al-Dhabi-46 waataulaiozluaslags ﬁqmvﬁgﬁ 40
AIFALTRLD R (Al-Dhabi et al., 2020; Ali et al., 2022)
Streptomyces albus W8z Streptomyces hygroscopicus
nAatoulmllaauauaznuanuionlagefis 50 asen
\ LB (Priya et al., 2012) Gsiow Lol mﬁhffgnﬁwvlﬂl“ﬁ’l,u
DATNNTINGNI 9 LTU DATIANTINGIMIT £ WITAWBN LAz
Tulatenmuea udu (Mohammed et al., 2011; Tingthong
ot al., 2021) G911 WPN31 %amwuﬂumyﬁuﬂmjmaa
3% Streptomyces NRUszaNTA wlunmsndatanlasd
ﬁv'ammﬁ@LLa:wummS’auﬁqmﬂgﬁ 40 IANTALTOR
%amwzﬁﬂﬂﬁs:qﬂﬂﬂuq@m%ﬂismm 9 'ler

AMNANITNVDY Streptomyces sp. WPN31 lwn13siusis
msasslulaflanvasBauuaiisanalsa
=2 & o A =2 P
lunsfinenasaijasiuldinsfinsasdszneud
Streptomyces sp. WPN31 Ufasaanunuaniaas 1 bl
' a a g a A ' a 1
nadansasyLiulavesisauuaiisonalse udlnase
anumanInlumInuguiadsaug lumsdalsanuuss
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(virulence factors) 154 msgigsmsaselulefldy osen
LmﬂﬁL‘%'sr'?'im?TUagﬂuam’a:vluiaﬂﬁumminﬂu@iai:uu
niiquiuvadlaad sfiius wazMIsNENGEITauY
(Vestby et al., 2020) msdnwmsugsnsaslulofdy
mau%a S. aureus Wae P. aeruginosa lasldauinile
axnauuas WPN31 SailavnmaiSouiisusfosssaas
nmyaislulefduuwnan 96 nanvasmawilanznau
289 WPN31 ATaaIuqy azihunldd WauueiiZoralsa
Angunusiwnitonznon Insadslulefsuaans
(Figure 5) Wui1 mIasluleWauwes S. aureus 8aa9
88z 41 Uae P. aeruginosa aAaITANNY 24

160 =
Control

E Bl \WPN31
=
g 100 e e
|
(=}
e
E
N
S 50—
[11]
R

0 T T

S.aureus P. aeruginosa

Test Pathogens

Figure 5 Inhibition of biofilm formation by Streptomyces sp.
WPN31 supernatant against S. aureus and P. aeruginosa.
All experiments were performed in triplicate.

=~ o & % A @
Fensguganisaatulaflanlaslssiuniie
ATNa% 8192 NYITBINUNINANLEW kTN UANLTAR L1190
F997% MIRmraaznanngINisasusd lulaWaw
e ldanaiduanssnaneny wuinnisasebulelduuas
S. aureus w18l ugeIINRITUSENAUNEN I T UL LU laWEN
A ' \ A A I ' &
wagiumumuamﬂau mmmﬂumﬂuﬂqmﬂﬂﬂ@
wialUsGunaniaaniiananaanin (Park et al., 2012)
Flemming &2 Wingender (2010) T893 e kuduan
& \ Ada ) o Al 6 &
LRSI UNUINHaNLassNINasdan e lulaNaN N9
TudulassgsrsveslulaNsuuazn1sRea 1TV ILTAR.
mulululaWaw

A = & & &
F318UNTANEILOW M UBNLTRFIINLTO TN
Penicillium janthinellum fananTanaatanlodes luias
wwagias uazlds@us uazwodsunsadugslulafldy
Wad S. aureus Wae P. aeruginosa (Nagraj & Gokhale,
X a o 4
2018) wannigaiissnumsanatawlodas luiagain

Streptomyces griseus (Lakshmi et al., 2022) TWHIM3
anwnauwloflasuanuiouanidan Thermomyces
lanuginosus (Lee et al., 2018) sunsasussluleMauves
P. aeruginosa uazfimidnmiowlsiiaulangaiiug G
Lﬂmauvl,snﬁ%ﬁwﬁﬂumjmaal,au"lmﬁlfnagma AWUIN
sunsndudslulefsuves S. aureus uas P. aeruginosa 'l
(Karmakar et al., 2023)

wananmslfawlafidedudsnmsaislulefdy
ud anuhdnosnumahamdwadnanldlumsiy 659
msa e luladsudas lasdin mmmﬂ“ﬁmiﬁmﬁ;a%wﬁ
NN Streptomyces ansochromogenes mmmﬁuﬂv'a
myafslulefiduvasdenielse P. aeruginosa (Amorim
etal., 2020) MINAINILEII6UATHINN Streptomyces
euryhalinus snansasugamsseluleflduveside S. aureus
& (Biswas et al., 2021) usudiazlFanudutuiidinin
ﬂ'ﬁmwL‘iTaJ"iTumaomﬂm:ﬁuﬁwqwﬁmmmﬁuﬂt\mmﬁry
maa‘gauﬂ%ﬁ(minimum inhibitory concentration %o MIC)
Wasugamssslulefsy fiwuin msﬁwuga%wﬁ%mﬁqw%ﬁ
lunsduuuaniise Streptococcus mutans (Dong et al.,
2012) uazanvvztnihliiianisnaaivaslulafauues
P. aeruginosa LNTusY s‘fﬁn’lﬂﬁa’mﬁwuga%whmmLﬁu"ﬁu
fidninen MIC ﬁL’ﬂumm@mﬁaﬁﬁﬂm%mmﬂﬁﬁﬂria
Tsnaedasnufusle (Aka & Haji, 2015) LLa:L'ﬁaﬁgﬂﬁ
mstugslulafduves Streptomyces sp. WPN31 lailer
1a381N19NaNIFUITW FITLIINTIIROLANNEANTD
voImuWug WPN31 Tunisaiaansduaainuazwui
WPN31 vl,ximmina%”ﬂamsﬁmqa%wﬁaanqw’%f@iaLfﬁya
S. aureus Waz P. aeruginosa (bl leLEAINANITNARDS)
sarunnnstusanmsaelulefduves Streptomyces
sp. WPN31 faldia S. aureus uaz P. aeruginosa 113y
WNMIFNUTINAwT B lriuantTas (a2 luLaw
VTR uaz lTaiue) fig9annida WPN31

wananit n1ssudinisaislulefsuvas
Streptomyces sp. WPN31 fisnansasugsmsaslulaildy
284 S. aureus @UNNNTN P. aeruginosa anaiiialaann
Usensawvadniseinuaasew ol luiuaiise
unsuaviitey Samsruvessnsladni lwidugdasin
luﬂﬂimuma\‘lmﬂﬁ%mmaﬂuLaqammmﬁnﬁu6] anday
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\mycorrhiza and edible mushroom of Dipterocapeceae in Surin province

Abstract

Dipterocarps are one of the most economically important trees of Thailand and are somewhat unusual among trees
in that they form ectomycorrhizal (ECM) symbiotic root-inhabiting fungal associations. The purposes of this research
were to examine type of wild mycorrhizal mushrooms and edible mushrooms and some environmental factors on
wild mushrooms occurrence in five Dipterocapaceae plantations, located in the Mueang, Sikhoraphum and Tha
Tum Districts, Surin Province. In each sample, a plantation system survey was conducted, which included types of
dipterocarps, mycorrhizal mushrooms, edible wild mushrooms and soils, and analysis of soil properties, including soil
nutrients, soil pH, and organic matter content. Environmental factors data was collected with the Internet of Things
(loTs), including humidity, temperature and soil moisture, which were measured in the sample areas during February
to December 2022. The result show that most of the Dipterocarpaceae plantations are planted as forest plantation
systems. The most common is Dipterocarpus alatus Roxb. ex G. Don, followed by Hopea odorata Roxb., and Shorea
roxburghii G. Don, and were aged from 1 to 27 years old. In the survey, four species of mycorrhizal mushroom from
three genera and three families, and three species of wild mushroom from two genera and two families, were identified.
In the first plantation, Amanita was the most abundant mycorrhiza mushroom species, most frequently occurring
from April to July. Russula was the most abundant mycorrhiza mushroom species in the fourth plantation and occurs
most frequently from April to May. Termitomyces was the most abundant edible wild mushroom species in the third
plantation, occurring most frequently from August to September. The relationship between wild mushrooms in
plantations with environmental factors analyzed by the Pearson’s correlation analysis found that wild mycorrhizal
mushrooms had a positive correlation with soil moisture, organic matter and relative humidity. While, wild edible
mushrooms had a positive correlation with organic matter, soil moisture, and relative humidity. Additionally, these

results are dependent on the plantation management and adding mushroom inoculum.
Keywords: Environmental Factors, Soil Properties, Occurrence, Wild Mushrooms, Dipterocapaceae
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Table 1 Location, types of dipterocarps and patterns of dipterocapaceae plantations
Location Latitude Longitude Dipterocarp Age Plantation Area
Study areas i
Subdistrict District X Y Trees (Year) System (Rai)
Plantation 1 Yang Sikhoraphum 14.960737 103.880193 D. alatus 20 Agroforestry 5
. D. alatus .
Plantation 2 Tha Sawang Mueang 14.986918 103.430536 9 Plantation 2
H. odorata
D. alatus,
Plantation 3 Tha Sawang Mueang 14.974047 103.481625 S. roxburghii, 12 Plantation 4
H. odorata
Plantation 4 Chaniang Mueang 14.766190 103.473746 D. alatus 5 Plantation 2
Plantation 5 Ponkhrok Thatum 15.431545 103.748906 D. alatus 1 Plantation 2
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Table 2  Types of mycorrhiza and edible mushroom in dipterocapaceae plantations
Study areas Family Scientific Name Types Period Time Frequency

Plantation 1 Amanitaceae Amanita javanica Mycorrhiza April-July 7
Boletaceae Boletus griseipurpureus Mycorrhiza March-April 3
Phallaceae Phallus indusiatus Edible June 2
Tricholomataceae Termitomyces microcarpus Edible July 1
Tricholomataceae Termitomyces robustus Edible September 4

Plantation 2 Russulaceae Russula delica Mycorrhiza April-May 2

Plantation 3 Tricholomataceae Termitomyces fuliginosus Edible August-September 4

Plantation 4 Russulaceae Russula emetica Mycorrhiza April-May 2

Plantation 5 Not found

Figure 1 Species of wild mycorrhizal mushrooms and edible mushrooms in dipterocapaceae plantations,
Surin Province : (A) Amanita javanica, (B) Boletus griseipurpureus, (C) Russula delica, (D) Russula emetica,
(E) Phallus indusiatus, (F) Termitomyces microcarpus, (G) Termitomyces robustus and
(H) Termitomyces fuliginosus
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Table 3  The study of some soil properties
Study areas Soil Moisture” oH Soil pH Level’ NPK Orgariic oM

(%) Level Matter (%) Level
Plantation 1 21.25+0.17° 5.82+0.31% Moderately acidic Low 3.62+0.09" High
Plantation 2 19.75+0.24° 6.75+0.43" Neutral Low 3.600.15" High
Plantation 3 18.94+0.53° 6.50+0.25" Slightly acidic Low 3.62+0.21° High
Plantation 4 13.48+0.20° 6.75£0.33° Neutral Low 3.50£0.35° High
Plantation 5 7.23+0.34° 7.60+0.18° Moderately alkaline Low 1.53+0.22° Relatively low

* 1 significance at p<0.05

a,b,c,d Means with different letters within a columns significantly different ta P < 0.05 according to DMRT
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Table 4 The study of some environment factors

MIERa (P < 0.05) unitu wlasfi 2 uaz 3 filduanens
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107.45 AN U&AIAI Table 4

Study areas Temperature (°C)

Relative Humidity" (%) Light Density” (Lux)

Plantation 1 30.15£0.95° 85.50+3.58° 25,092.99+108.89°
Plantation 2 28.18£3.13° 84.59+12.92° 769.52+107.45
Plantation 3 28.51+31.45" 84.14+18.65" 2,744.32+403.17°
Plantation 4 27.82+2.64° 87.71£12.13" 973.20£605.09"
Plantation 5 31.32+23.81° 66.06+22.26" 5318.83+773.43"

* 1 significance at p<0.05

a,b,c,d Means with different letters within a columns significantly different ta P < 0.05 according to DMRT
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Correlation coefficient between frequency of wild mycorrhizal and edible mushrooms occurrence and

Types Soil Moisture Organic Matter Temperature Relative Humidity Light Density
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Edible Mushrooms 0.988 0.971 -0.814 0.998 0.406
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Abstract

The objective of this research was to study sample preparation techniques for reducing interference before analyzing
six types of short-chain organic acids: acetic acid, propionic acid, isobutyric acid, butyric acid, isovaleric acid, and
valeric acid, using gas chromatography (GC) from coffee samples brewed with a moka pot. The sample preparation
used a fivefold dilution of the sample with methanol and deionized (DI) water, then separated the larger particles
using a centrifuge, and cleaned the sample using an automated solid-phase extractor with Sep-ed C18 cartridges at
a loading rate of 0.1 mL/min and sample volume of 5 mL. The results from the study of the physical characteristics of
the samples before and after preparation showed a reduction in particle size from 6.78+4.69 ym to 1.40+0.74 um. The
values for red color intensity, yellow color intensity, and yellowness index decreased, while brightness and whiteness
index increased significantly with a statistical significance at P < 0.05. The method’s usability yields an adequately
broad analytical range, with a linear correlation coefficient (r) > 0.9997. The detection limit was in the range of

2.5-10 mg/L, and the quantification limit was in the range of 5-20 mg/L. The recovery rate ranged from 93.8+3.6%
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to 104.3+1.8% and the reproducibility was in the range of 1.6-4.7%, which was acceptable. Furthermore, the qualitative

analysis using GC-MS identified the area under the graph ranging from 36.4% to 50.4% and the quantitative analysis,

calculated per coffee bean weight, using of GC-FID revealed that the total content of organic acids to be in the range

of 3.08-7.92 g/kg.

Keywords: Automate solid phase extractor, Short-chain fatty acids, coffee, gas chromatograph
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FL (Thermo fisher scientific, USA) LR TRALANNZAURNT
%ﬁ@%ﬂﬁdgd fa Strata-X (Phenomenex, USA) waz Spe-ed
C18 (Applied separations, USA) (Sciences, 2023) 13U
anzneulFnuenunues 5 mL NTHANNSATINNT
TnaadagsduaanaWzuaInds laslnanalatname
sas lnaruiidrsin 6?\1LL@ié’@m@‘i'ﬁﬁg@ﬁmmmﬁmu@
#8630 Auto SPE 8 0.1-1.3 mL/min LLa:q@ﬁmﬁn‘m
Punaslumsluaadiadng lagldmsunasgulnaanin
FranaNaUoIuTsBUSINATRENIT GIUd 1-9 mL fiat
lamsarmead3unas 6 mL Tiusds Imnﬂmiﬁﬂmazmﬁ

dntfadan hiladneuazidfawulaitlasandnsn el

ﬂa%’yﬁﬁﬁqﬂ zantfaunu ezl fuuuasifagen
= o 1 % o o A
anwnall Monudluzduuuiasazmsldnaufuues
NNI8Na (%Recovery, %RR)

5. M3Ans1aN 1T laasid (Method validation)

5.1 Ans1390 N T wEwATI (Calibration curve)
lagideandnaTasansadanda 1 37 11 20U
anuidudunonua ledun 5,000, 2,500, 1,250, 500, 250,
100, 40, 20, 10, 5 WAz 2.5 mg/L ludrazasiunues
@a DI R8I 5 : (ﬂi(ﬂaw‘ﬁ(ﬂﬂ’fﬂ umwmmummu 2
1¥in) ammawmmmmummaa GC-FID $1%7u 3 $1eio
ANMULTUTH i]'muum'mﬂi'lwLLammmauwuﬁmLauma
FTAINANUTNTULREF Y QIR UL

5.2 An¥aad1nan1InTI93a (LOD) uazdadnna

[ a A = A
MIATNATIIN M (LOQ) Anwlasmsidaansansazane
afan 50 1¥i1 M laanuitudu 100 mg/l NHuIaang
an 5 szauaNNLTNTWA 40, 20, 10, 5 Was 2.5 mg/L
(nmmazdfnazlanududugaiu 2 wh) ludavhazae
wuaada DI dadiu 5 : 1 lasanudududigazes
nsadunsdudazrianldoanaIua I AT D

UMK (SIN) INNNIAIBYINAL 3 Uae 10 LMAUA LW

11 LOD uaz LOQ @u&1au (ICH, 2006)

5.3 A7UL (Accuracy) WAZAULNE (Precision)
Tasanuuwain waasninnylndfssrsinanIInasaude
@339 LIua1I0n wéﬁme:ﬁu@ia:maglné’mﬁamﬂﬁam
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udlvn usaslddy %RR Fodudnfiugasiszansnm
yosdnfiddaminaulalumoss vlalagnmsihdradng
T Laumsazmymmgmaﬂﬁﬁ 2 AU
g uTuauanT T uiasanuludiagnese 49
fmualdanududuidvezsensanazaoadan 100
L ez 50 11N et Level 1 uaz Level 2 ausnaL
MINLAIBNA20ENINDUNTNAROLANNTD 6.2 LTWLALIND
MIaTsieaineess Tuidefiezndndaly a1niis
famdn %RR lagduimainiosazenuidusuiliaa
sIasuTNiuenuduiumiaulaiinneilu
ﬁaamaﬁﬁaglﬁu ... apﬁ’;mhﬂ’nmﬁmjyuﬁmwi'mvlﬁ
maamsﬁaﬂﬁﬂuﬁaaﬂ"mﬁvl,&iﬁmn?mmsawmﬂmmmu
(N WA NNTNT U IR TR mﬂmmmwn
muaﬂﬂlumamq ) mmﬂmwmmmwm 2 @m
‘nnﬂsaﬂuamm mmmwm mmsmmaa GC-FID 3 1

HANTIATIZARAT %RR aniandsziiuainu
wanenansadalusastuaan lagld ANOVA: single
factor AM3UWSBUBURTUTEneuNs 6 Thiafiszeu
AN uasInw wazld ttest MnTuIUSHURBUAN
lu 2 szauanunduaasanslsznausiadodnu My
Jiasedranuadfiumsielusunsy Microsoft Excel
ULAEINUNNTIATIZAATVIAI0E19 UATEIRILANN
osRuaasisnnulndifssiusosnansiaeidn
m Ulﬁﬁﬂ’]’s‘”ﬁlﬁ 8N i:umwmﬁﬂﬂmﬂuuw RRHER
mummwummmuauwm (%RSD) 3836288119 C_
TagdnwfanuEgutudsnuanuLain

pike

6. N3ILATIZNA20819939

MIRNALBZAATZRUSINWNIABUNTS laatn
mMunduTuazanansndagauEanunis1nneg
Iuﬂs:mﬂvlmuLLa:szyuuamﬂmsqﬁmsﬁlﬂum5@1mu,w
fNaNs (medium) Anssuwan 5 BWa rad19ft 1-5
(S1-85)I@ﬂ@T’Jazm“?'iaiuLﬁamﬂué’aamaﬁﬁﬁamuﬁmmd
gawlattludszindlng shaeSoumatninasey duwin
NAMFILATIEN G99t

6.1 L@Taadag I udaERa seToN
fhaghsihmunana (Figure 1(A)) vinldlagnsdawaa
MUz 1 30.0 g TufiniwinAuinen udunua
FpLasasUanuw 74 SN7820 fiwe ETZEL (Jwan 20
Fud $1uam 2 sau Tepdasiwiwinueswdaniunde
memunDawiniy 1:1 aniwhrsnmunualdstade
wifadumun Tagmsdwaziduin 120 mL aslunsladu
nniuldanuouseadln amnninouanlana
szanme 93-98 °C soautdaanua ldtinunidudn us



Vol 43. No 6, November-December 2024

Sample preparation techniques for the determination of short-chain organic

acids in coffee samples by the automated solid-phase extractor

inmunfldlarauirhasdin daiulilugnaiugu
QUWNHN 4 °C wasan i lWltlunmnesaudaly

6.2 113139919 LYNALNDRUAZNIINIIAY

& - = o '
A2071AA22LA389 Auto SPE NITLIUMILGILNAaL
(Figure 1(B)) laslfaatnahnmuniduds 5 mL siun
130NAAFITTUNIBAOUNAROVAIBLUNBEA (HPLC

grade, Lab scan, Thailand) nuii1 DI lagansdun3gnld
a:mml,azlﬁa’ma'«mﬁam’mqmauﬁ’ﬁm‘iwawLL&:L“IT’]ﬁ'uVLﬁ

A% (Interchim, 2023) FadwrIWU3H1A358 10 mL
e lfidnfud oS aswinas udalsudsinaslwle 25
mL drsmuesiuiaiadiunes dewinlUuonaznanien
mgmﬂﬂumﬂlvﬁtyjaanﬁ'ml,ﬂ‘%"aamum"jm 34 Velocity 14R
fi%a Dynamica fin11w152 10,000 saUdaWNT ﬁqm%{]ﬁ
10 °C (wna 10 Wil nsiwindnlasunes 10 mL
wudsldgmnafussawa 22 mL shldnsluwedos Auto
SPE Tnaasiagssanas 5 mL Adasimilnaa 0.1 mL/
min duan$r3adaiia Sep-ed C18 waslddmasarinnum
FNALAILAzHIWAIFINANNF=a19 11 lUnTesdadie
AANIDILUNLLIH 0.22 pm (Nylon Syringe Filters) Wa2
wiislgnadasns iadnenesdlsznaudiaiasas GC-MS
waAe e iiBelSunmeee309 GC-FID da'ly

A

Grinding fﬂﬁng to a boil
for 20 sec, t93-98° G, |
4 N R
*’ ’ 4 | . J -
|

Roasted coffee Espresso

beans 30 g coffee

B E ‘
e : 0 y LD
T=A_i—

Espresso coffes diluted Make volume Centrifuge 10,000 rpm,
10 °C, 10 min.

4 l
El' Filtered with "é.g &
r! amembrane 0.22 ym __

= — -

with methanol : DI
! with methanol

Gas Chromatograph

Clean up with Auto SPE

Figure 1 (A) Roasted coffee beans extraction
with a moka pot (B) Sample preparation espresso
coffee with auto SPE

6.3 MWIMBHANITILATIER NMIFIUIULSTI
nIRBuUNIES 6 wiafildanmIdianidIsmsania
AEnNaauNIUN LATHIWNILAIENA28E19G283DNY
Adnen ﬁauﬁﬂvlﬂﬁmiw;jm%m GC-FID tiadwiouiln
ANUTNTHYaINIABUNITudazTiad o iininnum
PlFdaunmn 1

Cgs Cone* Vas Vewer aunafl 1
V. xW_ _  x1000
sample sample

C flo ﬂ’l’]SJL’LI&I’IJu"HﬂGﬂiﬂFJWV]iLI WY g/kg
C fia ﬂ’J’]&lL“]Jll“lluﬂi@au?’liﬂ“ﬂvl,ﬂﬁ]’mﬂ’]ﬂﬂEli_lﬂllﬁilﬂ’li

curve

LA A8 mg/L

Ifdis Ao Usanasmaszanoranaaldun Usinasdradng
MU UTBLATLSNIATANRZA8L38979 Wiy mL
V A9 Usuaninmuniduds wiie mL

samplc

ﬂa ﬂill'lmiﬂ YIL@]NRGIWV\NQWI&I #iIE L

water
A u’]ﬂuﬂLNﬂ@ﬂ']LLW‘ﬂI’D’ T kg
sample

Nan1InaaadiazanlIngma

1. HARNEIENITNURANEENVDILAZDI GC-FID
HaMIANmgUMITIAamIuszAaTITIaNL
é’r’zgzywm%go%mﬁaqm%nﬂﬁgﬁu punIMaasya s
Wagazasf 7 180 °C udwly uden %RSD 2zasas
(< 5.3%) Lfiﬂﬂm%ﬂﬁmﬂ’h 220 °C Lwwaannnisnans
Lﬂu"l,aawmmmaaﬂmaumu 1ummvwamﬂnummw
’mammﬁma mmmum 240 °C MNBHILAIN GITi
amvmmmm amaammmmma AIATI9I09LRN
il auiui 240 °C vmasniiaas Luaammﬂuqmwgu
AldFynmnsneuauaItuNIABUNSEINI 6 ’ﬁﬁ@ﬁqa
fanufeenia LLa:mqm%QﬁﬁLﬁaﬂvlaJLﬁu%ﬁﬂﬁmm
aaaNi (Tadnanadut < 270 °C) uarmuRanlfamnnd
aﬂsﬂsJLam”e‘nmaaﬁ"sﬁmwa@miﬂmﬁauﬁamiﬁ@]mi
man@"l,ﬂ (Carry over) la@ HAMIANINNIUEAVRINTABUTITE
w3 6 shacuanzfiinuanaaslasunlnunsuaas
miuungalan (Figure 2) IMaIgnwuiiagiuaadul
(Retention time) atluz19 6.50-9.00 w1#i lapdraums
0aNNABANNREAANDINNIALADATRINTABUNIUdinz
755 (Rosmalina et al., 2020) laglasunTnunsufila uaas
Angygrmugneanannwlasgitaan Al dnsamn
Malasannniw ANuFNANaT (Symmetry) YIFY D
209Wa Wanwmetdwr1In19a1wnad (Tailing peak)
&3 Figure 2 wenanitAmsuen (Resolution) Tauaas
MsugnveIRALdazTialiiasud 5.02-14.21 uaasia
MIULNVBINAEINUNATOUATN 8aNIIMNNUBENITALI
uasfdnmsugnannnit 1.5 uaasdensuoniialiins
Faunuiuvasieudszsfiafians (Shimadzu, 2018)
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PA % ’E 100
9 - % W Acetic acid W Propionic acid I Isobutyric acid
% o > 2 : - 80 Butyric acid W Isovaleric acid W Valeric acid
- 88 5% 3 ,
T g 27 §. ©
. ’ $ g¥a; % 2%
< & 84 7 3
w c | " g g 40
3 & g -
40 i I
20
%
& 0
| W HyperSep FL Strata- X Sep-ed C18
0 SPE Types
00 20 “0 50 50 100 min B 120
M Acetic acid I Propionic acid 1 Isobutyric acid

Figure 2 Chromatogram of a mixture of
organic acids under optimization GC-FID

2. HANIIANEINIINIAMNFZD1AA2Y Auto SPE
NNNITANBIRIFNNIENLRANIZFNLNOAANS
P a ' A
F1IIUNIN LLa:a@m&mﬂmm@%m‘,mmNamamiad GC
LRAINANTANEN LA A3

HANIANHNTRAVDIANINT A AN TSNS
fanladiasess anmsAnen (Figure 3(A)) waflleuaas
IhiAuInasnIadaiia Spe-ed C18 A1 %RR &15U3znaU
nIRBWNAENg 6 wiagiga feaglutisfanns 58.8 £ 3.5
19 65.9 + 3.4 Lﬁaoﬁnﬂﬁagwﬁ'wﬁ@f:ﬁ{?ﬁﬂ (Walker &
Mills, 2002) Uanatsesansfiauladinzsififiaraanan
mﬂﬁqmﬁal,ﬁﬂuﬁ'um%ﬂ‘%m%ﬁﬂ‘éuﬁﬁﬂm WANNEAY
i ldvinanuazenanaunTIAILE FINNIREaIuaNT
sumuﬂf,g'w“ﬂv'w‘iﬂ%:u 9 'le@ 1w v ﬁagjﬂuéﬁamq
inudldd dran waLde A uiUaTIUNIG uas
Usaddasmsfiauladiassioanan

nNan1sansaeune bl aanlunsluanans
fiawladhoiaes Auto SPE (Figure 3(B)) Wan3An®
waadlAnINea lumslnanalatng 0.1 mL/min LAz
Lﬂué'mwvlma@’iwq@ﬁmmz‘nﬁmuﬂ"ﬁmm Auto SPE L&a-
%RR NIABWNIENI 6 mﬁmgﬁmﬁmﬁuuﬁumiﬁﬂm
NaUN Lazuaad %RR ag}iluﬁ'sﬁaﬂa: 93.2 + 4.5 019
1003 + 4.8 hasniindanlunslnandiagnefitn
ﬁa@@%’mzﬂdaﬂﬂmauﬂ%ﬁﬁy’q 6 ﬁﬁ@uuuam}avlﬁan’h
sarlumslnaadiegefis

nansAnESunaseegsfnns s (Figure
3(C)) wad leuaasliifinin ilaUsinasdrasaiadu %RR
Avsfiuwn liufAandn andsdsanaslunislnas 5 mL %RR
Alatenaai saiussdantsinasiumsinandotng 5 mL
JuiSinasfivinzsy iosanidulSunmiliwezawin
'l uazaanamylensiidlafisuiudsinaslumslnan
# 7 mL uaz 9 mL uazdilwenanuutuuazanuiesne
Tapdlen %RR vosmMsanaaTUsznaunsadurading 6 e
adlutnaionar 94.9 £ 3.9 i1 1042 £ 4.9

Butyric acid M Isovaleric acid I Valeric acid

0.1 mU/min 0.2mL/min 0.4 mU/min 0.7 mUmin

Loading flow rate (mL/min)

1.0 mU/min

1.3 mLmin

W Acetic acid
| M Isobutyric acid

W Propionic acid
Butyric acid

M Isovaleric acid | Valeric acid

1

1ml 2ml 3ml 4ml 5ml 7ml 9ml

Sample volume (mL)

Figure 3 Comparison of the extraction recovery using
(A) SPE Types (B) Loading flow rate
(C) Sample volume (n=3)

3. HANIANBIANBUENISAINVDIA1DENI
ilasanludragrsinnunsnadsznausas
afsznaumandnanasiie wazdidasidsznoufiana
lafumaanmanvmnaluginludaniumsdalasass
1i1gia3as GC (Angeloni ef al., 2023) Tsaumadizuia
1‘1&@'Lﬁu"l,ﬂf:vl,&imminﬁazmaaam‘wdwﬁwﬁwwmao
Wwswa 0.22 pm e lunaseuls dnindssni
fidnsfimaaSuadagnsfnansay iaugnianzash
suladansadunidmolgquaanyn HaaINMsANENN
MEAIN msﬁnmmmﬂmgmﬂﬁmm‘%m LPSA (Figure
4) draghainmun (fagedl 5) daunsiasuudIagng
LLamNamaamm‘gmﬂm’é‘mﬁﬁﬁu 6.78 pm Andosiun
¥19331% (SD) AU 4.69 pm AINAN (Median, d )
Wiy 5.99 msmfzmmjawm@mgmﬂﬁmmwuﬁg@m
0.040 £19 27.39 pm UATHAINILAILNABENIAN Figure
1(B) Aowhlunaseudoeias GC LLammmgmmaﬁ‘ﬂ
NARILARD 1.40 um, SD L¥INU 0.74 pm, d_ Wi 1.13
um mini:ﬁnwawmaatgnﬂﬂﬁm’aﬁ]wuﬁal,l,@i 0.28 119
3.21 um Benai ke ugasliiFiwindaisfiniumaedow
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feasmsmisuallafisuiunaumaeion PUABBNNA
Po3aEN9anadatIFnleTa YITIIALALNINTZANE
PBITWINBRNNA LAZHANTANIIINNTLENTaaganTIed
saaslatnenw (Figure 5) Fougaslifiudaindrasng
AaUNILATINABEN LLammwmu%rﬁugamhé’mﬂw
RRINILATLUAIDENS

—Before —After

Volume (%)

0 5 10 20 25 30

15
Particle size (um)

Figure 4 Comparison of LPSA measurements in
different particle size ( ) before and ( ) after
sample preparation espresso coffee

NAAINFIIROAARBINUNITANBIAITA Y
A o A A & Y ' b4

wwIaaFwuustlnInsInlaiiaasuasarasnsiiniwn

a v = Qs A Q0 = U
@28819L@82N% (Table 1) TIANFURAIANUTDAAN DI
ﬁ'umﬁmiwﬁumaamsﬁuﬂ‘%ﬁﬁg@nﬁuuaﬂﬁ PNNANNT
AN o A | . A A
NARAUN b @1 L* @ad1ANNRINY (Brightness) TINaN
lduasdrat1InaImseIo Nl FLEaInNNEINININNT
G8H19NaUNILAIBY LazRaAARBINUAT WI [D65/10] Aia
AMATHAMNVY T FNEURAITLRaLES (luminant) D65

Y & o '
LazyuNBINFINANTTAL (Observer) 10 8961 las@iaeng
ARILAILULFAIANANNVIININAINAIDENIAOUNNTLATLN
LRAIDINITAARIVBIRNTBUNIOTUNINA LAT9 LU s
NITUIUNNTLATONAIDENT A1 a* NITIRUAFTLAINID
#307 fn b* lEnuadndeariafindu 61 YI [D65/10]
A8 ANATRANNIARDY B FNNZLARIRLAALRY D65
LLazquuaaﬁfﬁmmmirﬁ 10 89AN HANINAFOUNS 3 1338

A o o ' [ a A < A

Aldvasniagsnainsiasoyuazdana U duniuaduas
VA0 ATHANUARDINDLNINAIDENINUNITLATLNLAZ
a ' aa 1 A o o s d' =
JanuuandrensaiaedlnefIamN P < 0.05 ugaIN
AL NRAINTLATUNT AN VT NT UV BIRTBUNT TN

wilaslunafganiuuasldd agludinmidesnidiadng
naun1sLa38 (Yeager et al., 2022)

(A)

(B)

Figure 5 Comparison of Stereo microscope (A) before and
(B) after sample preparation coffee

Table 1 L*a*b* WI * YI Color values obtained from before and after sample preparation (n=5)
Sample Prep. Before After
L* 22.8+0.0° 23.2+0.0°
a* 3.5£0.0° 1.1£0.0°
b* 4.30.0° 0.2£0.0°
wi -50.2+0.4° 1.68+0.2°
Yl 30.1£0.2° 3.4£0.1°

*=different letters indicate statistically significant differences (p<0.05) within the same row by t-test
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4. wansansanalnlavasis

NANIAN BTN ULFUATIVEINTIADE S
n3aBuNIENs 6 Tila (Table 2) nIaduwndnnaTsznay
LEAIANENL T AN T ENENNHELFILAUATI (1) 71berann
TUsunsa Chem station AtdumandurIse1umma
MIIezFvesAIes GC (Agilent, 2009) agjlmi’m
0.99972-0.99999 6’1’%\‘1agjlummﬁmmau%’uﬁaﬁamﬂmfﬁ
0.99 MAULNUNNTENTLEN9D9289 AOAC (AOAC, 2002)
waznIRduN3ETa 6 Tilalderamsinreifintie Semn
FUIHANTIATZRANRITDITN AN DD 6 92 1d29
MIIAVBIIDABNIABLTANNTIVAINULTNTY 0.4-200 g/kg
nsalwsAlafinigisanuduty 0.2-100 gkg WaznIa
lolofafisn nsada9isn nsalelaniaedn waznsaniaesn
fit9nnududn 0.1-100 gkg TefienRasnadomsldom

Natnaree Rattanakunsong, Kantida Kongtan, Pisamai Pinsrithong,

J Sci Technol MSU

gmsultlumsiiensfanudutussinadunsdnims
Fu9ulwIEIMUNIWIsTINTINA o B93589
nimazdanfinrranululsdaduszandmdesnii 5
e 70 g/kg UG (Yeager et al., 2021) WAZANNMTANEA
mmL?TaJ“}Tm'ilﬂq@ﬁlﬁé’tyzy'lmmaamseiaé’tgtymﬁumu
(S/N) I wsawinty 3 uaz 10 Waldlumsdiwim
@1 LOD uar LOQ @u81au (Table 2) Laz@IwIh
MIATNzRIaATaNRITe TN lude 6 azlaen
LOD uaz LOQ ¢aininalagny vadniaazdanivinnu
0.2 glkg Waz 0.4 glkg n3alwsAlafinfiflenvindy 0.1 gikg
waz 0.2 g/kg MUAGL LAzNIABUNIE 4 Tha Adwvinny
0.05 glkg waz 0.1 glkg ANEIAY DIRLINFIWIL
asaiansaduridludmainaimunaufiiimeneam
flawnii (Rune et al., 2023)

Table 2  Analytical performance of the method for the determination of SCFAs (n=3)
No. RT (min) SCFAs Linearlty Calibration curve R LoD Loa
(mg/L) (mg/L) (mg/L)
1 6.51 Acetic acid 20-10,000 y=2.82x-115.17 0.99999 10 20
2 712 Propionic acid 10-5,000 y=5.35x-89.19 0.99990 5 10
3 7.34 Isobutyric acid 5-5,000 y=5.35x-94.57 0.99991 25 5
4 7.88 Butyric acid 5-5,000 y=5.80x-107.12 0.99990 25 5
5 8.27 Isovaleric acid 5-5,000 y=6.63x-182.56 0.99972 25 5
6 9.00 Valeric acid 5-5,000 y=6.54x-158.65 0.99979 25 5

nmadszfinanuusinlugduuy %RR uaz
mwmﬁmlugmmu %RSD maumsmmgmﬁ?}mﬂﬁ
Tusogne (freg197 5) wazshlUafaussuonaznan
Aaunagay nniulUvinenuazenadisiaies Auto SPE
(Figure 1(B)) WRAIAIAMNLINLBINTIaUBIIFAANT
1961 %RR (Table 3) Aldvasis 6 M3Usznavdaase
Level 1 573 95.3 + 4.7 09 104.3 + 1.8 LAY Level 2
779 93.8 + 3.6 B9 97.7 + 2.1 wanlaliTanuuanens
yesdan P > 0.05 I@ﬂﬁmwmﬁﬂﬂugmmu %RSD
28974 6 M3Usznaw Level 1 a%isl,umﬁaﬂaz 2.0-4.6 Level

2 aglugredannz 1.6-4.7 Fenuai lauaasliiAugs
33113150979 LENAZNEN LATNAINNRZE1AAIBLATEY
Auto SPE fidiaua °ﬁ';m@mm@m&mﬂmmﬂlmﬁmﬁ]
aq@é’u"l,muai‘%%aﬂaﬁmi NANATAIEITTUNIBINNAT
Maenly uszuaasliifinanuusinuazanufissna
lunisdanzd dldlduanisianzdegluinmst
MI8au5UE1989971N AOAC TaaMauain (%RR) ag’h
H195088z 90-107 uazilanafins (%RSD) ounii 5.3
frduamnududuilddinm 100 mgiL (AOAC, 2016)
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Table 3  Accuracy (% RR) and precision (% RSD) of sample preparation for determination of SCFAs (n=2)
Level 1 Level 2
SCFAs
%RR + SD %RSD %RR * SD %RSD
Acetic acid 953+ 4.7" 2.0 96.7 £ 2.5% 2.3
Propionic acid 104.3 +1.8" 45 97.7 £ 2.1% 47
Isobutyric acid 99.7 + 3.4™° 3.8 96.7 + 4.3° 1.6
Butyric acid 96.9 + 3.3" 46 94.3 + 2.0 3.2
Isovaleric acid 955+ 4.0" 3.4 96.2 + 2.1* 3.9
Valeric acid 97.0+ 16" 35 93.8 + 3.6” 4.1

Different numbers and superscript letters for %RR indicate statistically significant differences (p < 0.05)

within columns (compounds) and rows (concentrations) as determined by ANOVA and t-test respectively.

5. HANNIMSANBGIRE RN ERR

MIANINEIY GC-MS Ui Table 4 :ndaya
waasliAnwinaanunaians 5 Sveflosdisznaunan
ﬁmmsm:qmﬁﬂmsﬂszﬂauvl,ﬁmﬁauﬁ'u fansaasdan
Allumslsasonlunun (Yeager et al., 2023) uaaslu
gﬂLL‘UULiJmﬂ%mﬁuﬁiﬁﬂﬁwLfimﬁﬂuﬁ'usluu@ia:ﬁmma
AollFaRIuIosaz 27.1-34.3 %am:ﬁuﬁiﬁnmﬂgguﬂuﬁuﬁu
#asfa iWaiWIauaanazad (2-Furanmethanol) #Af%
Yauaz 10.3-23.9 laoidusslisson wmiudon lngd
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Table 4  Qualitative chemical components of the extract coffees with GC-MS
RT Area %
No. Compound Name Groups CASi#
(min) s$1 s2 s3 s4 S5
1 5.62 2-Propanone, 1-hydroxy- Ketone 116-09-6 8.8 2.8 2.7 10.3 4.6
2 6.58 Acetic acid Acid 64-19-7 343 288 271 28.7 3041
3 6.68 2-Propanone, 1-(acetyloxy)- Ketone 592-20-1 nf 3.9 nf nf 24
4 6.76 2-furan-carboxaldehyde Furan 98-01-1 21 2.8 3.1 5.4 22
5 7.10 Ethanone, 1-(2-furanyl)- Furan 1192-62-7 nf 0.4 0.4 0.2 0.4
6 7.14 Formic acid Acid 64-18-6 3.3 nf nf 25 25
7 7.25 Propionic acid Acid 79-09-4 4.6 4.2 4.1 44 4.2
8 7.50 Isobutyric acid Acid 79-31-2 3.1 0.9 0.8 nf nf
9 7.69 2-Furancarboxaldehyde, 5-methyl- Furan 620-02-0 0.9 0.7 0.4 3.0 1.2
10  8.07 Butyric acid Acid 107-92-6 0.7 1.1 1.0 nf 1.3
11 8.37 2-Furanmethanol Furan 98-00-0 10.3 23.9 216 12.1 16.5
12 849 Isovaleric acid Acid 503-74-2 1.7 3.1 27 2.0 20
13 9.26 Valeric acid Acid 109-52-4 2.7 1.0 0.8 nf 1.4
14 9.74 1,2-Cyclopentanedione Ketone 3008-40-0 1.4 1.3 1.4 1.4 1.8
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Table 4  Qualitative chemical components of the extract coffees with GC-MS (cont.)
RT Area %
No. i Compound Name Groups CAS#
(min) s1 s2 s3 sS4 S5
15 10.51 2-Cyclopenten-1-one, 2-hydroxy-3-methyl- Ketone 80-71-7 nf 0.7 0.8 0.8 0.6
16 10.98 Phenol, 2-methoxy- Phenol 90-05-1 0.7 1.5 1.4 1.6 0.5
Note: The compounds were identified by using of Wiley10&NIST14 libraries, with a match score > 70%, nf=Not found
Table 5 Organic acid found in different coffee samples and their concentrations (g/kg)
Organic acid concentrations (g/kg)
No. Compounds
s1 S2 S3 sS4 S5
1 Acetic acid 6.54 +0.34 3.08 +0.13 2.76 £ 0.14 2.63 +£0.13 3.88 +0.12
2 Propionic acid 0.53 £ 0.02 0.31 £ 0.00 0.30 + 0.01 0.31 £ 0.02 0.34 + 0.07
3 Isobutyric acid 0.28 £ 0.01 0.15 £ 0.01 0.14 £ 0.01 nd nd
4 Butyric acid 0.16 % 0.01 0.18 + 0.00 0.16 + 0.01 nd 0.24 + 0.01
5 Isovaleric acid 0.16 £ 0.01 0.24 £ 0.01 0.21 £ 0.00 0.15 £ 0.01 0.18 £ 0.01
6  Valeric acid 0.25 £ 0.01 0.16 £ 0.01 0.13 £ 0.01 nd 0.16 £ 0.02

Note: nd=not detectable, Vd‘s=25 mL, VSa e=5 mL, Vwa‘er=0.12 L,=0.03 kg
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Abstract

The objectives of this research were: 1) to develop a recommendation model for choosing a major in Information and
Communication Technology; 2) to compare the performance of decision tree methods such as Iterative Dichotomiser
3, C4.5, and Classification and Regression Trees (CART); and 3) to study the users’ satisfaction with the developed
system. The data used to develop this model included academic results from 10 subjects: Introduction to Computer
and Computer Architecture, Introduction to Programming, Statistics and Quantitative Analysis, Data Structure and
Algorithms, Object-Oriented Programming, Discrete Mathematics, Database System, Web Programming, User
Experience/User Interface Design, and Data Communication and Internetworking. Data imbalance was addressed
using the SMOTE method. After that, the models were constructed using Iterative Dichotomiser 3, C4.5, and CART.
The system was developed as a web application using PHP with a MySQL database. The evaluation results given by
10-fold cross-validation, showed that a recommendation model for choosing a major in Information and Communication
Technology developed by C4.5 provided the highest level of effectiveness with an accuracy of 93.20%, precision of
93.33%, and recall of 93.32%. The user satisfaction assessment with the proposed system was collected from 30

users through questionnaires. The results indicated that the users’ satisfaction was at a high level ()_(=3.66, SD.=0.93).

Keywords: decision tree, lterative Dichotomiser 3, C4.5, Classification and Regression Trees (CART)
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Table 1 Features used for developing model
No. Courses Assessment
1 Introduction to Computer and Computer Architecture A, B+, B, C+,C,D+, D, F
2 Introduction to Programming A, B+ B,C+C,D+, D, F
3 Statistics and Quantitative Analysis A, B+, B,C+C,D+, D, F
4 Data Structure and Algorithms A, B+, B,C+C,D+,D, F
5 Object-Oriented Programming A, B+, B,C+C,D+,D, F
6 Discrete Mathematics A, B+, B,C+C,D+ D, F
7 Database System A, B+, B, C+C,D+,D, F
8 Web Programming A, B+, B, C+C,D+, D, F
9 User Experience/User Interface Design A, B+, B, C+,C,D+,D, F
10 Data Communication and Inter-networking A, B+, B, C+,C, D+, D, F
11 Class - Game Technology and Digital Content Creation (A1)

- Network Technology and Cyber Security (B2)
- Digital Technology (C3)
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Figure 3 The examples of data used for
developing the model
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Figure 4 The structure of the recommendation
system for the selection of a major in Information
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ﬁqﬂwamsi’wﬂs:ﬁw%mwmaau,fum‘maavlﬁﬁa Table 2

Table 2  The results of the model’s effectiveness evaluation
Method Precision (%) Recall (%) Accuracy (%)
ID3(Original data) 86.21 86.23 86.20
C4.5 (Original data) 87.44 87.43 87.41
CART(Original data) 86.13 86.16 86.15
SMOTE (100%) & ID3 88.24 88.23 88.21
SMOTE (200%) & ID3 89.54 89.55 89.52
SMOTE (300%) & ID3 90.45 90.44 90.42
SMOTE (100%) & C4.5 91.42 91.41 91.40
SMOTE (200%) & C4.5 93.33 93.32 93.20
SMOTE (300%) & C4.5 92.14 92.13 92.10
SMOTE (100%) & CART 87.32 87.30 87.31
SMOTE (200%) & CART 88.63 88.64 88.61
SMOTE (300%) & CART 89.41 89.43 89.42
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Development of the recommendation system for the selection of major in

Information and Communication Technology using decision tree techniques

Table 3  The average score of user satisfaction towards the recommendation system
Assessment item X S.D. level
1. The ability to recommend a major in Information and Communication Technology using decision tree
3.77 0.94 Good
techniques
2. The ability to display results for considering a major from the committee 3.65 0.96 Good
3. The system’s ability to display the history of the recommendation for choosing a major in Information
3.73 0.89 Good
and Communication Technology
4. The system’s ability to display graphs comparing the number of users in each major in Information
L 3.57 0.96 Good
and Communication Technology
5. Show the results of the recommendation for choosing a major in Information and Communication
3.70 0.96 Good
Technology correctly
6. The accuracy of data recording on the web application 3.63 0.84 Good
7. The accuracy for updating data on the web application 3.53 0.94 Good
8. Ease of use of the web application 3.73 0.96 Good
9. The appropriateness of the screen design 3.57 0.89 Good
10. The appropriateness of user interaction 3.67 0.97 Good
11. The appropriateness of web application security 3.65 0.89 Good
12. Overall satisfaction with web application usage 3.72 0.96 Good
Overall assessment results 3.66 0.93 Good
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Abstract

Currently, many tourists in Thailand often discover a local product called One Tambon One Product (OTOP) during their
travels. The problem is that tourists have difficulty determining which products are best-selling and suitable for use as
their preferred item packages from the hundreds of available options. This is why association rule learning is needed
to explore the correlation information and sales transaction patterns for OTOP items that are most frequently sold as
product pairs. Our research aims to analyze the frequency of the most popular item sets from sales data in OTOP
and to compare the performance of the Frequent Pattern Growth (FP-Growth) algorithm and the Apriori algorithm for

OTOP recommendations. We used two datasets from Peanut House and the Nan OTOP Center, covering the years
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2016 to 2022, with a total of 200,000 records for the experiment. This study aims to compare the performance of the

Apriori and FP-Growth algorithms. The execution time of the Apriori algorithm outperformed that of the FP-Growth

method. Overall, user satisfaction with the recommended system is rated very high, at 4.72.

Keywords: Association Rule, Apriori Algorithm, FP-Growth, Market Basket Analysis, Recommended System

Introduction

Nan Province is located in the north of Thailand and is
considered a non-principal town according to government
policy. Many tourists like to visit and discover local
products as souvenirs. These local products are known
as One Tambon One Product (OTOP). The problem
is that tourists have difficulty determining which Nan
OTOP items are best-selling and suitable for use as their

preferred item packages.

Market basket analysis is a data mining technique
employed by merchants to enhance sales by gaining
deeper insights into consumer purchasing behaviors.
Data mining typically employs four techniques to
generate descriptive and predictive capabilities: regression,
association rule discovery, classification, and clustering.
One popular application of data mining in recommender
systems is finding association rules. Association rules
have been successfully applied in various contexts, such
as optimizing shelf arrangements in retail stores and

determining promotional strategies.

Association rule learning can be applied to OTOP’s
market basket analysis to identify best-selling items and
determine effective product promotion sets. A minimal
degree of support and confidence is required as part
of the association criteria. The initial stage in producing
association rules involves applying a minimally supported
frequent itemset to a given set of frequent items. Next,
we can infer selection criteria for items from collections
by setting a minimal level of certainty. Each item in the
association rules is then linked together using the lift value.
The rules take the form of “if A, then B,” where “A” and
“B” can represent specific items, values, words, etc. The

association rule consists of two item sets:
1. Left-Hand Side (L) or antecedent
2. Right-Hand Side (R) or consequent

The reliability of a relationship can be evaluated

based on support, confidence, and lift. Under the minimal

support and minimum confidence assumptions, all association
rules are examined during association rule learning. The
process of mining association rules involves two stages:
(Patil, M., & Patil, T., 2022) identifying the most commonly
used groups of items as the join step and evaluating all
the rules with threshold values to prune those that do

not meet the minimum support and confidence criteria.

Market basket analysis uncovers customers’
purchasing patterns by identifying significant associations
among the products included in their shopping baskets
(Hossain, M., Sattar, A.S., & Paul, M. K., 2019). The
findings indicate that when analyzing the most popular
items, it is feasible to achieve nearly identical frequent
item sets and association rules in a shorter time compared
to computing all items. Moreover, a comparison of the
time taken between the FP-Growth and Apriori algorithms

reveals that the former is more time-efficient.

Online shopping is gaining immense popularity
in the modern virtual market, with customers making
purchasing decisions based on their basic and relative
needs. Shopkeepers play a significant role in influencing
customers in the physical market. A recommendation engine
serves as an automated shopkeeper, providing valuable
suggestions. In this research (Tareq, S.U., Noor, M. H.,
& Bepery, C., 2020), the FP-Growth method was utilized
due to its efficiency compared to the Apriori algorithm,
which requires substantial time and memory resources

to operate optimally.

Incorporating data mining techniques, companies
can analyze transaction data to uncover consumer buying
patterns. In this research (Aldino, A.A., Pratiwi, E.D., et
al., 2021), the authors employed association rule mining,
commonly known as market basket analysis, for processing
transaction data using RapidMiner. The study compares
the performance of the FP-Growth and Apriori algorithms
in this context. Based on the comparison results, it can
be inferred that the FP-Growth algorithm outperforms the

Apriori algorithm.
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A study (Fadillah, A. R., Yulita, et al., 2021)
used the FP-Growth association algorithm to evaluate
transaction data and identify the best parameters for
cross-selling and upselling coffee. The association
guidelines can assist organizations in implementing

effective cross-selling and upselling techniques.

Knowledge discovery in databases (KDD) and
data mining (DM) are processes for extracting useful
information from large datasets using tools such as
statistical analysis, machine learning, and database
management systems (Goebel, V., 2014). The following

are the three steps involved in data mining:

1. Preprocessing involves obtaining the right
data and organizing it in a useful way. The raw dataset
needs to have noise removed, and the remaining relational

dataset will be used to build the actual model.

2. Modeling means creating a representation
using the selected data. The appropriate approach is
chosen after exploring the problem, and the model is then

tested with new data.

3. Postprocessing entails putting the model into
operation in the real world via an application programming

interface.

Purba et al. (Fatoni, C. S., Utami, E., & Wibowo,
F. W., 2018) proposed an Android app for shoe
recommendations using the Apriori algorithm. The system
collects user-shoe interaction data to generate association
rules, which are used to recommend shoes to users based
on their past interactions. The system is user-friendly and

provides relevant recommendations.

PK Singh, M. Sinha, S. Das, and P. Choudhury
(Singh, P.K., Sinha, M., et al., 2020) propose a method
to improve the accuracy of item-based collaborative
filtering by using the Bhattacharyya coefficient to measure
similarity between items. The authors also consider the

categorical attributes of items when calculating similarity.

Both the Apriori and FP-Growth algorithms are
well-known techniques for finding such recurrent patterns.
This paper studies the performance evaluation of these
two techniques based on the Nan OTOP Center dataset.
We compare the execution times of the two algorithms
and identify the factors influencing performance. The

association rules generated by the algorithms are used

Market basket analysis using association rule mining and its applications

to analyze Nan OTOP’s market basket, and they can also

inform OTOP promotions.

Data Mining

Association Rule Learning

Association rule learning is a machine learning
technique that uses rules to find novel correlations in large
datasets (Liu, B., Hsu, W., & Ma, Y., 1998). To produce
the association rules, one must first identify the frequent
itemsets—groups of items that appear frequently in
transactions. Then, using support, confidence, and lift
values, the association rules that emerge from these
groups can be uncovered. Let LLL denote an itemset,
L—RL \right arrow RL—R an associative rule, and TTT

a collection of database transactions.

1. Support measures the frequency of

occurrence of a set in the dataset.

_ freq(L) 1
sup(L) = FreqD (1)
_ freq(R)
sup(R) = Frea( 2)

Here, freq(L)\text{freq}(L)freq(L) represents the
number of times item LLL (the left side) appears in all
transactions. The frequency of occurrence of item RRR
(the right side) in all transactions, denoted by freq(T)
\text{freq}(T)freq(T), is referred to as freq(R)\text
{freq}(R)freq(R).

2. Confidence indicates the likelihood that
the association rule is true based on its historical

occurrence in many instances.

sup(L,R)
sup(L)

conf(L—->R) = )

Here, sup(L,R)\text{sup}(L, R)sup(L,R) represents
the frequency with which the itemsets LLL and RRR occur

together.

3. Lift compares the observed support to the
expected support under the assumption that LLL and

RRR are independent.
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sup(L,R)
sup(L) x sup (R) )

lift(L - R) =
Here, sup(L)\text{sup}(L)sup(L) is the relative
frequency of item LLL (the left-hand side), and freq(T)
\text{freq}(T)freq(T) is the total frequency of all transactions.
Similarly, sup(R)\text{sup}(R)sup(R) represents the relative
frequency of item RRR (the right-hand side) in relation
to the entire transaction set freq(T)\text{freq}(T)freq(T).

Apriori Algorithm

The Apriori algorithm, first presented by R. Agrawal
and R. Srikant in 1994 (Yuan, X., 2017), is considered
a pioneering and fundamental approach for identifying
frequent itemsets. The Apriori algorithm employs a two-step
approach to explore candidates: (1) generating all frequent
itemsets, where an itemset is considered frequent if its
occurrence surpasses a predefined minimum support
threshold, and (2) creating (k+1)(k+1)(k+1)-itemsets
based on the frequent kkk-itemsets that have already
been explored, retaining only the frequent (k+1)(k+1)
(k+1)-itemsets. This effectively applies a priori pruning to

eliminate infrequent (k+1)(k+1)(k+1)-itemsets.

FP-Growth Algorithm

The FP-Growth algorithm uses a divide-and-conquer
strategy to mine common database entries. It involves two
database scans. In the initial scan, FP-Growth creates the
F-List, which is a list of frequent items sorted by frequency
in descending order. The second scan compresses the
database into an FP-tree (Li, H., Wang, Y., Zhang, D.,
etal., 2008). Once the FP-tree is constructed, FP-Growth
recursively mines the tree to identify frequent itemsets.
It does so by building a conditional FP-tree for each item
whose support is greater than a predefined threshold. This
recursive process involves constructing and searching
trees to uncover frequent itemsets, effectively converting
the problem of finding frequent itemsets into a tree-based

search problem.

Methodology

In this research, we evaluate the performance
of the Apriori and FP-Growth algorithms in conducting a
market basket analysis for OTOP products, focusing on
execution time and the number of generated rules. The

methodology for this experiment is structured around

the data mining process, which includes preprocessing,

modeling, and postprocessing, as described below.

1. Preprocessing

The datasets from Nan OTOP are used in the
experiment and are processed through three sub-processes:
data cleaning, data selection, and data transformation.

The preprocessing steps are as follows:

e Data Cleaning: The Nan OTOP dataset is
collected from two sources: (1) the NAN OTOP Center
(577,861 records from 2016 to 2022) and (2) the Peanut
House (77,758 records from 2019 to 2022). The details

of the datasets are shown in Table 1.

Table 1 Statistics of Each Dataset
Nan OTOP
Peanut House
Detail Center
(records)

(records)
Product 3,841 569
Sale transactions 212,507 24,946
Sale Item Transactions 577,861 77,758

e Data Selection: Nine features are available
for analysis: PAYMENT-NO, PAYMENT-DATE, PRODUCT-ID,
PRODUCT-NAME, QUANTITY, CATEGORY-NAME,
STORE-ID, and STORE-NAME. For our analysis, we
selected three features: PAYMENT-NO (which defines
the sale transaction), PAYMENT-DATE (which indicates
the sale date), and PRODUCT-ID (which identifies the
product). Since association rule learning is based on the
relationships between items, we eliminated transactions that
contained only a single item. Additionally, PAYMENT-NO and
PRODUCT-NAME were replaced with TRANSACTION-ID
and ITEMS, respectively.

e Data Transformation: The dataset is
transformed into JSON file format. One-to-one transactions are
converted into multiple-item sales transactions. For example,
if both transactions with PAYMENT-NO (199379) and
PAYMENT-NO (199380) contain the same PRODUCT-ID
(101472), both PAYMENT-NOs are removed. However,
if transaction PAYMENT-NO (199381) is associated with
PRODUCT-ID (101588) and PRODUCT-ID (101589), this

transaction is retained for model creation.
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2. Modeling

After data processing, we compare the performance
of two algorithms: Apriori and FP-Growth, focusing on
execution time and the number of generated association

rules. The modeling processes are described as follows:

e Analysis: Now that the dataset is prepared for
analysis, we will determine the likelihood that consumers
who purchased item L from the Nan OTOP products also
purchased item R from the same group. This information
is essential for the Peanut House and Nan OTOP Center
to decide whether to reorder new items from the same

group (item R).

e Formalization: To assist with the analysis,
we will look for pairwise association rules in the dataset
and calculate the confidence conf(itemL — itemR)\
text{conf}(item L \rightarrow item R)conf(itemL — itemR)
of the item pairs, as described in the preceding equation
(Equation 3). We will only consider instances where item
L — item R occurs a minimum of MIN-COUNT times, and the
calculated confidence value exceeds the THRESHOLD.
If the association rules extracted from the Nan OTOP
dataset include item L — item R, then the Nan OTOP
Center will contemplate reordering it. We have effectively
completed the two phases of association rule mining

and are now ready to implement the algorithms.

e Algorithms: The association rules from the
Apriori algorithm are generated based on the frequency
with which item L and item R occur together. The lift value
is calculated by taking the ratio of the frequency of item L
to the total number of transactions (T) and the ratio of the
frequency of item R to the total number of transactions
(T). Meanwhile, a list of frequent items is sorted by their
frequency in descending order, and the database is
compressed into the FP-tree. The FP-Growth algorithm
then recursively mines the tree to identify frequent
itemsets until the support value exceeds a predefined
threshold. We use the generated rules in the format
itemL — itemRitem L \rightarrow item RitemL — itemR.
Thus, the condition for the rule is that the lift value must
be greater than 1, and the output is sorted by confidence

value in descending order.

Market basket analysis using association rule mining and its applications

3. Post-Processing
In this experiment, 2,200 association rules were
generated, and we need to refine these rules based on

the following criteria:

e Set the minimum support and minimum
confidence thresholds to ensure the frequency of the
itemsets is sufficiently high. If multiple rules have the
same maximum confidence, the lift value will be used

as a tiebreaker.

e Eliminate ordered products that appear on the
shelf, and select only the left-hand side of products that

have corresponding sales transactions.

e Use the permutation method (Ketui, N.,
Wisomka, W., & Homjun, K., 2019) to generate candidate

rules and identify the most significant rules.

Experimental Results and Discussion

In our experiment, we analyzed the execution
time of two algorithms and studied the number of rules
generated. Figures 1 (a) and (b) show the execution times
of the algorithms based on the Peanut House dataset
and the Nan OTOP Center dataset. The Apriori algorithm
(ALL) was executed without imposing any conditions on
minimum support or minimum confidence (MIN-SUP and
MINCONF > 0).

For the Peanut House dataset, the transactions
ranged from 780 to 15,600 records. We found that the
execution time of the Apriori algorithm outperformed that
of the FP-Growth algorithm (see Figure 1 (a)). In contrast,
when we considered the Nan OTOP Center dataset, which
included approximately 6,000 to 120,000 transactions, the
FP-Growth algorithm exhibited longer execution times than

the Apriori algorithm (Figure 1 (d)).

As shown in Figure 1, the Apriori algorithm is
suitable for both OTOP datasets, even though they differ
significantly. This effectiveness can be attributed to the
simplicity of the Apriori algorithm, which operates based

on the frequency of product sets.
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Figure 1 The execution times of peanut house (a) and Nan OTOP (b) datasets.
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Figure 2 A Comparison of Association Rules Generation.

On the other hand, the number of rules is
considered. We found that both datasets generated an
equal number of rules using two methods: the Apriori and
FP-growth algorithms (Figure 2(c)). In the peanut house
dataset, the support value on the x-axis ranges from
0.0015 to 0.0075, while the y-axis indicates the number
of rules. The highest number of rules in this instance is
2,200, with the confidence value close to 0. This bar chart
displays five confidence values ranging from 0 to 0.5.
Figure 2(d) shows the number of rules generated from the
Nan OTOP center dataset. At a support value of 0.0030,
the minimum number of rules is generated. Although
the dataset contains many products, the frequency of
occurring transactions is very important for generating

rules. Following our experiment, the generated rules will

be stored in the cloud and selected based on conditions
such as minimum support (MIN-SUP > 0.001) and minimum
confidence (MIN-CONF > 0.3), as well as a permutation

method for reducing the related products as the rules.

A Background Process with API

After gathering the rules, we implement
a process using an application programming interface
(API) for the Nan OTOP recommendation system. Our
API is designed to receive new datasets and create new
rules. Its functions can check the number of transactions,
the user status, and the item recommendations in the
TOP-10 (ranked by confidence value). We will use this
API to prepare the Nan OTOP recommendation system

in the future.
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Google Cloud Platform

Developers

Cloud Run

Cloud
Storage

Figure 3 Process of the API.

In Figure 3, the API runs on Cloud Run and has
connections between SQL (DATABASE) and Cloud Storage
within the Google Cloud Platform. Cloud Run operates
similarly to a Docker container, with an image created
from Cloud Build and then deployed to Cloud Run. The
image is stored in the Container Registry. To connect
Cloud Run and SQL (MySQL) within the Google Cloud
Platform, a VPC (Virtual Private Cloud) network must be
used, providing a private IP for SQL to serve as the host.
After that, we created an application to call the API. An
example of calling the API to request a list of product
recommendations involves specifying the PRODUCT-NAME
or PRODUCT-ID based on the data uploaded to create
the rules. The number of rules received depends on the

limit value set during the rule creation process.

Nan OTOP’s Recommendation Application

In this work, we have developed the OTOP
Market Basket application based on data mining
principles, selecting appropriate rules using established
mathematical methods, and identifying groups of products
that reveal interesting relationships through association
rule discovery. The software and hardware utilized in our
implementation are as follows: The web-based application
was developed using the PHP (Personal Home Page)
programming language. The original examinations and
statistical results were stored in a MySQL database, which
was designed for the association rules. All programming
was done using a Python editor. The maximum related
products will be displayed in the Top-10 when we click

on each product.

We can access the application from the main
page, which features eleven categories of Nan OTOP

products, such as local cloth, agricultural food, drinks,

Market basket analysis using association rule mining and its applications

souvenirs, etc. Figure 4 illustrates the details of Nan
OTOP’s products on the left-hand side of the rules. In this
case, the product is chewing mulberry. Each product entry
includes a picture, name, price, category, access time,
and the owner’s contact information. When we click on an
interesting product on the website, the detailed product
information is shown on the right-hand side (Figure 4).
The recommended products are displayed below on the

same page (Figure 5).

0 OTOPNAN

Figure 4 Detailed representation of a Nan OTOP’s product.

o:-:nn
ﬁ E <
52| AU

Figure 5 Recommended products selected
from association rules.

The relationships between the left-hand side
products are shown in Figure 6. The most recommended
products are mulberry agriproducts and dried fruits,
reflecting the actual situation in OTOP shops. In our
system, the related products are determined in the

Top-10 based on the conditions of our experiment.

User Satisfaction

Nan OTOP’s Recommendation Application
was evaluated using 100 examples and 10 questions. A
1-to-5 satisfaction scale was employed to measure user
satisfaction or dissatisfaction with functionality, performance,

and usability. The users’ responses are shown in Table 2.
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The average overall user satisfaction is 4.72 (very
satisfied), with a standard deviation of 0.59. Users reported
that the website clearly displays information and provides
recommended results based on interesting products.
The website is designed similarly to e-commerce platforms,

making it easy to access and use.

Table2 User Satisfaction with Nan OTOP’s

Recommendation Application.

Satisfaction X S.D. Scale
Display clearly 4.8 0.40 Very satisfied
Enough information 4.2 0.75 Satisfied
Completeness data 4.6 0.80 Very satisfied
Fast to retrieve data 4.8 0.40 Very satisfied
Easy to navigate 4.91 0.29 Very satisfied
Access to the 4.60 0.49 Very satisfied

recommended product

Number of products 4.60 0.49
available for shopping

Very satisfied

Saving time for shopping 4.91 0.29 Very satisfied
Web design: color, font, 4.91 0.29 Very satisfied
picture, etc.

Works on various browsers 4.89 0.32 Very satisfied

such as Chrome, Safari,
Firefox.

Overall 4.72 0.59 Very satisfied

Users who responded to the questionnaire
suggested that adding more of the newest Nan
OTOP products to the corpus would keep the related
promotions up-to-date for entrepreneurs and assist
customers in their decision-making. For example, if
a tourist buys dried peanuts, the recommended products
might include cookies made from peanut ingredients. In
another case, if sun-dried wampee is selected, other dried
fruit products would be suggested. Thus, the recommendation
system would help entrepreneurs set promotions during

festivals and support customers in making product decisions.

Conclusion
In this work, we aimed to support the economy of
Nan tourism by enhancing the Nan OTOP recommendation

system. The challenge is that tourists often struggle to

determine which of the hundreds of product items are
the most popular for use in item packages. We utilized
two algorithms for association rule learning: Apriori and
FP-growth, to evaluate their performance. Association
rule mining algorithms can be divided into three major
categories: (1) frequent itemset mining, (2) sequential

pattern mining, and (3) structured pattern mining.

In our comparison of the two algorithms, we
evaluated their execution time and the number of rules
generated using two large datasets from the peanut house
and Nan OTOP center. Our investigation showed that the
Apriori algorithm outperforms the FP-growth technique.
During the rule generation experiment, both methods
produced an equal number of rules. The recommendation
system can utilize these associated rules to determine

related products.

In future work, we will explore additional data
mining techniques to improve performance and increase

the number of association rules generated.
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Abstract

Supervised deep learning techniques are state-of-the-art methods in satellite image analysis; however, this technique
requires a large, labeled dataset. The acquisition of such datasets is expensive in terms of both manpower and
resources. Conversely, there is an abundance of raw satellite images, available for both commercial and academic
purposes. To address the scarcity of labeled data in satellite image classification, this study presents a novel method to
utilize these unlabeled data. It uses self-supervised learning technique to create synthetic labels that act as a training
dataset for supervised learning models. Experimental results show that models trained with synthetic labels perform
comparably to those trained with real labels, using 9 times fewer labeled data, achieving 75% accuracy on the palm
oil plantation dataset and 86% accuracy on the Amazon rainforest dataset. Additionally, the process of generating

synthetic labels yields versatile and knowledge-transferable visual representation vectors.
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Figure 1 The overview of our method that comprises three steps: representation learning, synthetic-labeling,

and inductive classification. (Left) the representation learning step learns the visual representation encoder.

(Middle) the synthetic labeling utilizes the previously learned encoder to generate the synthetic labels

for unlabeled data. (Right) the inductive classification trains a supervised model on both the training set

and the unlabeled set with their corresponding synthetic labels.
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Generating synthetic labels for satellite image classification through

self-supervised representation learning
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Figure 2 Palm oil plantation dataset. (Left) the images that contain palm oil plantation(s).
(Right) the images that don’t contain palm oil plantation.
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Figure 3 Amazon rainforest dataset. (Left) the images with agriculture label.
(Right) the images without agriculture label.
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Generating synthetic labels for satellite image classification through

self-supervised representation learning
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Table1  Comparison between the methods when 187 labeled data from palm oil plantation dataset are available.
Method Acc. P R F1
Our method 74.9 .798 .643 712
VGG16 65.2 708 647 636
SimCLR+SVM 74.1 772 656 709
Table2  Comparison between the methods when 1,055 labeled data from Amazon rainforest dataset are available.
Method Acc. P R F1
Our method 85.9 .897 831 863
VGG16 84.6 851 862 856
SImMCLR+SVM 84.4 819 .854 836
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Figure 4 Accuracy comparison of different methods: our method (red), pre-trained VGG16 model (blue), and SVM over
SimCLR features (green). The error bar and highlighted area show the range of one standard deviation of the mean from
running the algorithm 5 times. The X-axis shows the number labeled data available to the algorithm. (Left) the result from

Palm oil plantation dataset (Right) the result from Amazon rainforest dataset.
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Table 3  Comparison between different wrapper methods and the VGG16 model trained on synthetic labels. 187
labeled data from palm oil plantation dataset are available.
Method Acc. VGG Acc.
SVM 74.1 749107
kNN 70.5 76.2 0.9
Logistic 57.5 712+20
Table4  Comparison between different wrapper methods and the VGG16 model trained on synthetic labels. 1,055
labeled data from Amazon rainforest dataset are available.
Method Acc. VGG Acc.
SVM 84.4 852+ 0.2
kNN 83.0 84.9+05
Logistic 79.2 83.7+05
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Figure 5 T-SNE visualization of visual representation vectors. The encoder function is optimized via self-supervised
learning. (Left) Oil palm plantation training set. (Right) Amazon rainforest training set.
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Abstract

This research aims to design and develop an automatic solar irrigation control system based on soil moisture using
PLC for Mitragyna speciosa. The various types of irrigation techniques and suitable soil moisture for Mitragyna
speciosa, which are important parameters for watering, are discussed in this paper. The proposed system uses
calculation methods for solar power generation to produce electricity for water pumps and control devices. A PLC
board was used to process the information received from a voltage sensor and a soil moisture sensor to initiate
irrigation for Mitragyna speciosa. Additionally, information received from pressure sensors installed on the water pipe
was used to process and control two solenoid valves to turn ON/OFF the water supply to achieve a high-velocity and
high-volume spray by mini-sprinklers suitable for Mitragyna speciosa. The experimental results showed that the water
distribution radius from the water dispenser ranged from 28 to 60 cm, both in low and high sun intensity conditions.
Furthermore, the proposed automatic irrigation system could maintain a soil moisture content of 50-80% for Mitragyna
speciosa throughout all seasons, resulting in a better fecund of Mitragyna speciosa leaves. The ratio of leaves lost

per 1 kilogram of weight was better than the traditional irrigation method by 5.04-9.87%.
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Design and construction of automatic solar irrigation system based on

soil moisture using PLC for kratom (Mitragyna speciosa Korth.)
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Figure 1 Design of automatic irrigation control system.
(a) Satellite Imagery of the proposed
Mitragyna speciosa field (b) Water distribution pipe plan
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Figure 3 Programing flowchart of the proposed system. (a) Main program (b) Sub program

477

Table1  Water distribution radius of the mini sprinkler were obtained by changing the DC voltage.

Voltage Measured power Water pressure The lowest value of the measured water distribution radius. (cm)
V) (W) (bar) 1 Testing 2" Testing 3" Testing Average
40 278 0.45 20* 21* 20* 20.33
42 349 0.68 24* 22* 22* 22.67
44 402 0.76 27* 27* 28* 27.33
46 539 0.80 29* 30* 30* 29.67
48 687 0.84 29 27 27 27.67
50 702 0.94 31 30 31 30.67
52 766 0.97 34 34 33 33.67
54 796 0.98 36 36 35 35.67
56 815 1.10 40 38 38 38.67
58 845 1.26 42 43 41 42.00
60 878 1.34 45 44 45 44.67

* Use the pattern of irrigation by alternating the water supply valves in each zone.
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Figure 4 Soil moisture values of Mitragyna speciosa field versus time.
(a) Irrigation time for soil moisture increases to 80% (b) Time for soil moisture decreases to 50%.
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Table 2  Energy consumption for control devices for the irrigation time period.
No. Detail for control devices Quantity Measured power Operate time Energy consumption
(Piece) (W) (h) (Wh)
1 PLC board (Model FX3U-24MR) 1 22.08 8.00 176.64
2 Brass solenoid valve (Model Brass Screw 2/2) 2 29.04 2.00 58.08
3 Voltage sensor (Model VADT) Consume energy from the PLC board.
4 Soil moisture sensor (Model THC-S) 2 0.15 8.00 1.20
5 Pressure sensor 0-10 bar to 4-20 mA 1 0.48 4.00 1.92
6 Relay (Model MY2) 1 1.12 4.00 4.48
Total 242.32
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Figure 5 Schematic for solar panels (a) Feeding to control
devices (b) Feeding to a water pump
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Table 3  The test results of the irrigation control system that affects the water distribution radius for 6 days.
Voltage Measured power Water Pressure Operating of 2 solenoid valves Water distribution radius (cm)
V) W) (bar) Alternate Synchronous Minimum Maximum
12 November 2022
47 466 0.82 v 30 44
58 839 114 v 39 51
69 894 1.46 v 45 56
10 January 2023
49 683 0.86 v 29 48
71 901 1.58 v 50 60
45 416 0.81 v 28 45
24 March 2023
50 704 0.93 v 29 48
73 902.8 1.57 v 51 60
66 851 1.40 v 43 54
17 May 2023
54 736 0.97 v 33 50
70 896 1.49 v 49 57
68 862 1.45 v 45 56
8 July 2023
71 901 153 v 50 57
66 852 1.47 v 42 58
14 September 2023

a7 458 0.81 v 28 43
72 904 1.55 v 51 58
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Figure 6 Results of soil moisture at the base of Mitragyna speciosa for 6 days obtained
from the proposed automatic irrigation system.
Table 4  Results of Mitragyna speciosa leaves were harvested from the proposed area.
N Day/Month/Year Number of leaves obtained by Number of leaves obtained by Percentage of reduced
0.
for harvested proposed system (leaves/kg) traditional irrigation (leaves/kg) leaves/kg (%)
1 21 January 2023 542 589 7.98
2 19 February 2023 544 592 8.11
3 12 March 2023 556 613 9.30
4 7 May 2023 548 608 9.87
5 15 July 2023 528 556 5.04
6 10 September 2023 519 548 5.29
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Abstract

The aim of this research was to investigate the depletion of solar radiation at the Earth’s surface due to particulate
matter being smaller than 2.5 ym (PM2.5) under clear sky conditions at a solar monitoring site in Nakhon Pathom
province, Thailand (13.82° N, 100.04° E). In this research, PM2.5 was obtained from a low-cost air pollution sensor
(AEROBOX), solar radiation was measured by a pyranometer, and cloud cover data was retrieved from a sky camera
used in order to classify sky conditions. From the analysis results, monthly average hourly PM2.5 at the site varied
between 5 and 160 ug/m’ and the maximum of monthly average hourly solar radiation was 850 W/m® in March.

Additionally, the increasing of 1 pg/m® PM2.5 can influence the reduction of solar radiation by up to 0.58%.

Keywords: particulate matter smaller than 2.5 micron, solar radiation, air pollution, clear sky
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Figure 4 The sky camera for measuring cloud cover
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Total All 1,793 (100%)
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Table 2  Results of data analysis for the relation of hourly PM2.5 (x axis) and solar irradiance (y axis)

Solar zenith . Correlation Change of solar irradiance under the
Y intercept Slope . P-value . . R
angle 2 2 3 coefficient increasing of 1 yg/m® PM2.5
(Wim?) (Wim®)/(ug/m?) )
(degree) () (%)
0-10 948.3587 -0.6138 0.1632 0.5313 -0.06
10-20 909.9667 -0.0251 0.0104 0.9280 0.00
20-30 827.2620 0.3028 0.1853 0.1885 +0.04
30-40 758.3931 -1.3904 0.1705 0.1005 -0.18
40-50 674.4611 -2.4152 0.3166 0.0002* -0.36
50-60 458.1181 -0.1292 0.0298 0.8135 -0.03
60-70 362.1439 -1.3129 0.2350 0.0371* -0.36
70-80 184.9076 -1.0714 0.2293 0.0435* -0.58

* Significant at the 95% confidence level
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