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Abstract

This research aims to increased toughness and flexibility of polylactic acid at a concentration of 80 percent by weight
blended with 20 percent by weight of polybutylene adipate-co-terephthalate by adding plasticizer at the amount of
2 5 10 and 15 phr. The films were formed by a solvent casting process using chloroform as the solvent. The fims
were examined for their mechanical, thermal, melt flow index and morphology properties. It was found that the addition

of plasticizers reduced glass transition temperature (Tg), cold crystallization temperature (TCC) and melting temperature
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(Tm). The sample that did not contain plasticizer showed a melting temperature (Tm) of 148.52°C but Tn1 decreased to
139.86°C with addition plasticizer at 15 phr. Moreover, adding plasticizer increased melt flow rates of the polymer.
The increase in plasticizer concentration improved the cross-sectional area of the fim which was smooth and
homogeneous. The addition of plasticizers from 2 to 10 phr increased tensile strength and elongation at break. The
sample that did not have plasticizers showed elongation at break of 195% and adding 10 phr of plasticizers the
elongation at break increased to 216%. However, adding plasticizers 15 phr reduced the tensile strength and elongation

at break to 120%. Therefore, the amount of plasticizer 10 phr fims had highest toughness and elasticity.

Keywords: Biodegradable plastic, Polylactic acid, Polybutylene adipate-co-terephthalate, Plasticizer, Plastic blend
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Natalia Herrera wazams? ladnisdiwanadn boioas
(plasticizer) e Glycerol triacetate (GTA) UTHFNNL PLA
WRTWRNRAN lTLera3audn 2 vha NFAsIWINTLAN GTA 10

& = Y o g X a .
Wasisudlagiingin ‘Lummﬂwugﬂqawmamﬂ WG
AWeduduiiesmsAnsudisuiouszniniiaquan
dedsnuiaguanzaumluyingu Gelidnisiadunia
ihiamlFnuluigamnnim Ganunuideddald

dwanadnlomasofia Glycerol triacetate (GTA) 1
ﬂ%’uﬂgdauﬁaé’foﬂm’maaﬂﬁmwa’maﬂLuau athna
laannisansluwaniuazaesaalsanuluigs
gaswnTINda

A5NIANRBRITBIVY
TanAuuazasiadl

fmqauluﬂﬁmaaaﬁé’mavlﬂﬁ LANAFAN WO RS
AGnNULaTa (PLA) tNT0 4043D USHY NatureWorks 31na
faue93umne (specific gravity) 1.24 ANURAATUANT
(relative viscosity) 4.0 wWaddiAduardinn-la-iniswm
lan (PBAT) wia%amsn1sen ECOFLEX® 1nsa F Blend
C1200 USHN BASF d1ia wanadnloiwas (plasticizers)
%@ Triacetin — 99% (FCC,FG) UT#HN TNa1-0863%
Wszindlne) $1ia ﬁﬁgmmvl,w“ﬁ' (flash point) 138°C A4
AWILUW 1.16 g/mL # 25°C wazdavinazany Tha
aaalswasy (chloroform: CHC) sRafifinnuaiyTaay
L uaatazanns 0.6% ﬁqmﬁa@ﬁqm%gﬁ 61°C AN

AU 1.498 g/mL

matiwgdilsananadn

am%%’uﬁﬁ’m’m%ugﬂﬂa‘wwmaaﬂimU%%ﬁda%ugﬂ
A8aIviNazae (solvent casting) analsnafufidasin
asalswady 90 wWefiFudlaniinin waradn 10
wWedidudlagtiwin uaziduwanadnlowaslud3una 2
5 10 wa 15 phr (part per hundred) laglfiaiasniuans
WUULNWARN (magnetic stirrer) tunnsvinazans g
Uszanms 2-3 $2lue ﬁqmﬂqﬁﬁaa F99sFnsanuni
FATIEIWNENGY Table 1 LHaazanodrwnanawdn
Y ILAA? mﬂﬂyfuﬁwvlﬂ%ugﬂﬂa’mi”mmimmaammﬁa
nEasInaLTIAUSIM 6 mL Usasliusisudaanaand
sl Sunansdnfiasldlunsnasauauiiaans g
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auTaN9naLd nMINAROULABRIANNAIUNIHLTS
f920I NS UNAFANFIULATDINATOULIIRY (texture
analyzer) ﬁﬁa Stable Micro System *g“'u TA.XT Plus 51?'\‘1
FunuilFlumnasaudanunig 15 mm anwen) 45
mm UASAMURMY 0.25 mm SIHIUEIDEINIRE 3 T
nagay lagldanuislunsds 2 mm/min szuzwnved
FATUWINAL 15 mm FNNTa9aRT RN uNage U A0en

NN
Table1 Formula PLA/PBAT/Plasticizer blends
Specimen PLA PBAT Plasticizer
(wt%) (wt%) (phr)

1.100/0/0 100 0 0
2.0/100/0 0 100 0
3.80/20/0 0
4.80/20/2 2
5.80/20/5 80 20 5
6.80/20/10 10
7.80/20/15 15

UML) phr (parts per hundred parts of resin) BaNoid USu
v .
waaan koiwashlida 100 §auved PLA/PBAT laguia

mMInadauaNAN19ANNIaH
guUdnIIalIINTawiINIINarauaatnaite
Differential Scanning Calorimeter (DSC) I@UI"ELﬂéa\‘l
DSC-4000 &%a PerkinElmer lumsnasauazdazuni
nagaul¥ivinegn 3 -5 mg uinalumaaafiifioy NI

IR AN DUUATUINWNARBUGILG -10°C 119 200°C 79l

ﬁqmvxgﬁ 200°C 1Jua 3 Wil uafgMUNTAIAN
200°C aulfis -10°C ﬁuvl'?ﬁqmwgﬁ -10°C 1Juwian 3
wift wasldanufanuniununaseuinass laglddas
lunslinanusan (heating rate) 10 °C/min meldaniiz
ussEmetulasian am%nﬁm‘nﬂﬁluuamumﬁwmm”'a
(T) g AN aiRaNANUULLEY (T ) uazgmngiing
waaumad (T ) °uawmmmaaumvl,@mﬂm‘swmsmw
Thermogram edasiFudanutdundn X) ) wldan
aumyaseioluil
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x.(%) = x 100 .. (D)

(f x AHE) AH)

C ' v
AHp, \fushenadonudsasmavssuiaivasnin
PLA 100 tafifud iy 93 Jig uaz f 1iludadiu
dndnlunsuauvas PLA

NIARNBIAN BN T IWINGT

MINAFBUANBUNWFUFIWINSUTunIINazey
iaAnAN B U U MIAT Bz B DA TBIRN B AR
Yo WEUNANFANLLAR 179 AN WO RUAIABUaN 09708
PpINIULNAINUVIRITUIZNO VLGRS TR NTUBNIWE
Aupa9d I wHF NS ARSI WHANNAD0E19TINTH
1uen I@]m:ﬁﬂmsmaauéﬁUﬂﬁaagamiﬂﬁﬁtﬁﬂmau
LUU&BINT19 (Desktop Scanning Electron Microscopes:
MiniSEM) fisia SEC 14 SEC-4500M

NINAFIUIAIINII LAAVBINAIEAN
daTNITIRavaINa&AN (Melt Flow Index, MFI)
{umsnageutiaraniTansinadizasnanadninag
31WIN Thermoplastics \fiasandn MFI udhuega
sudavaswaganlumaih llfnundazlsznn wazen
MFI éTaLﬂu@h‘vﬁugmém%umimuqummwmaaLﬁ@
wagananee lunnmaseuiazvinnsnagauau
¥1A331% ASTMD 1238 8RS INARELTATIN TRADY
Inanwaa@n Melt Flow Indexer ﬁﬁa Tinius Olsen i:u
MP1200 £9mMINARaLZATTUNTZUIINT Extrusion
ﬁaLflumwaawmmwmaaﬂlum:uaﬂmaauﬁgmwgﬁ
210 sseumaldos lfinviinnad 2.16 Alandy NAaILL
nring I@Ulﬁmdﬂ@m:ﬁwﬁuwmaaﬂmmﬁag}i’lu
NITUBNNAFEL WAFANLAAI9L ek e siaanin
wazvinmsdann 10 w1 ﬁmuwmaﬁﬂmmﬁagjh
nszannagaylvasanumue Fmsteimannanadn
Alnasenunfisuiuaa 10 wififezlddr MFI vas
wanadin Gefinsiaodn n¥u 10 Wt (gH10min)*



Vol 39. No 2, March - April 2020

HAaNIINARDY
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?NTable 2 uasFigure 1 LEAINTIW DSC VB INAW
PLA/PBAT/Plasticizer Wu3n Qmmnﬁﬁmnﬂﬁauamu:
AN (T) 284 PLA u‘%qw%fﬁmm'lﬁu 56.06°C 1iiain
PLA nawfiu PBAT fi5@3ns7u 80/20 N T aAaILANIDE
#i 55.63 °C niwduwaaanlmwesAUSIm 2 5 10
Waz 15 phr 96N T e 49.86 43.73 37.20 WAz 35.83°C
AUFIGU %aa:l,ﬁuvlﬁ'jwLﬁaLauwmaﬁﬂ"Lsmﬁqm%nﬁ
myaguanuzadeuiaziiiansimulsnmwanaan
"meaif’ﬁul,ﬁmﬁ’uqm%nﬁﬁn’mﬁ@mﬁnmeﬁu Uag
AMNINIITNABNLKAD WU qmmﬁmﬂﬁ@wﬁmmmﬁu
(T ) 109 PLA u‘%qw%‘ﬁmmnﬁu 116.22°C PLA W&NNU
PBAT én T \Radwlu 122.88°C (aidunanadnloimas
A50nm 2 5 10 waz 15 phr azdien T fla 117.55 111.24
105.20 uAe 102.88°C ANNANGL WAZAMRHANIT
waaNLAad (T ) 289 PLA U‘%ﬁgﬂ‘éﬁ@hwhﬁu 147.18°C uaz
PBAT u%qw%ﬁﬁ%ﬁwﬁu 122.20°C 1fanay PLA 19nfy
PBAT vinl#en T WRudwEniasd 148.52°C avinms
duwanaanlomosAlsunm 2 5 10 uaz 15 phr Wu11@1
T Wiy 145.53 142.54 141.00 Uz 139.86°C awsay
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é’dﬁvfm'mmsw@aauauﬁ'ﬁmamm%ummsna;ﬂvl,@i"h
PLA W8z PBAT WnAwldaanndstin iunannannwaadn
logasnliluanaiianisuiudaledn B85 1i997n
luanazasnanadnloemedllaausidsgaszningluana
PaswoRwasTIFeITiauazd lUinfiTsTeninsan e 1
T,uLaqaﬁﬂﬁqmﬁqﬁﬂ']im'&;ﬂuanm:ﬂﬁ’]erTmm‘i"]aa
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Figure1 DSC thermograms of PLA/PBAT/plasticizer

from 2™ heating curves

Table 2 Thermal properties of PLA/PBAT/Plasticizer film
Crystallization Melting point
Specimen Tg Xc
(PLA/PBAT/Plasticizer) (°c) AHc T, AHp, T (%)
(J/g) (°C) (J/g) (°C)
100/0/0 56.06 -18.58 116.22 17.67 147.18 0.98
0/100/0 - - - 13.80 122.20 14.84
80/20/0 55.63 -5.82 122.88 7.39 148.52 2.10
80/20/2 49.86 -7.56 117.55 9.92 145.53 3.18
80/20/5 43.73 -9.42 111.24 11.91 142.54 3.35
80/20/10 37.20 -13.12 105.20 15.82 141.00 3.64
80/20/15 35.83 -12.06 102.88 11.89 139.86 0.23
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NANINARDLLIIAILEAIAITable 3 Figure 2 uaz 3
AUEIAU WU AIANULABLIIAG (tensile strength) Al
lun13@e PBAT u%qﬂ%;ﬁ@hwhﬁu 4.65 LunzU1A1a
(MPa) L&z PLA u’%qn‘%‘i@imﬂnﬁu 14.21 MPa 1iia%in PLA
HENAD PBAT fia51871 80/20 AuLduussasdienLyiny
14.37 MPa GsfanIndiAesiu PLA u%q*n%( NN
LAUWANRAN kB3 2 5 10 WAz 15 phr WLINANULALTS
fafenyinni 14.67 15.18 16.39 uaz 10.00 MPa ausAL
suduldindodunanadnlomasd 2 5 uaz 10 phr @
AU AR udfodunanaanleirasd 15
phr ANAULAKLIITIRAR

NTon3daca 10119 (elongation at break) Wy
71 PBAT u%qﬂ’%{ﬁmmsﬁ@ﬁa o IAUIANINAIT 444
wWedidud lummeseusununaseulianaoanainis
flasannuaszosfilniasdanasaumunsniaoanle)
§2% PLA u%qw§ﬁﬁwnwﬁa€1’a o 9AVIALYINAY 146
Wodidud 1iiash PLA naufiu PBAT Aidasdamn 80/20
mifiadn w 9eafidviniy 198 wWedidud Nt
mseunanadnloiwas 2 5 10 waz 15 phr M3biad
W 9ANANAUYINAL 200 216 245 uaz 144 Waiidud aw

o &

deu azinleuiiaduwanadnloimes 2 89 10 phr M3
Hadn qmmﬁ@hlﬁw%u ARSI LA uWaNEaN
lowes 15 phr din1sfiada m 9a2198089 219LfiaN
MIMEAIINTI DN UV BINARAN kLD
L;”J"aﬁmsm@ima@éﬁ (modulus) WU PLA u’%qn%ﬁ
ﬁ@huagé’agdﬁq@mwﬁu 102.77 Alathaea (kPa) Laa3
IWAn3IN PLA fanuudausigy uatdnzuaziianis
wanwnlesry A PBAT u’%qwﬁdmagé’aﬁaaﬁqwﬁa
22.94 kPa nanuANui1 PBAT dlanumndioiuaztiangu
o8 \foran PLA i PBAT Aidasann 80/20 Auagaw
WiNU 79.95 kPa s'f%aag’lu"ﬁaaizijmwagﬁmaa PLA
waz PBAT lunaanmssiwaaiwesadlausauaneoin
FagesriiaunaudTein FliRdudmenumiten
ez UUTIuss nwdunanaanlmmasiUsIm 2 5
10 UAz 15 phr fNBQARLYINAL 94.84 94.45 81.95 uaz
82.99 kPa auddy asmaunsananaldin wanadn
Inwostinadosuiananavasisuwaa@nganw iiasann
WARAN FOLTDSRINA AR LA UL IR ILELNTEAG U
fgmrmLﬁuﬁuﬁﬂ%mmﬂ’maﬂajﬁu 10 phr Falumann
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nnwaadnlozeiidn ldunsndegnislulaseaiioves
waRweisaasrfia (PLAPBAT) vililuianavtiuéald
SHRINA A UATE A NT
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AMNLA® (Mpa)
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Figure 2 Stress - stress reationship graphs of films
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Figure 3 Stress - stress relationship graphs of film
PLA/PBAT/Plasticizer

HANIINAFIUDAIINIT LAAYDINAEAN
27N Table 4 NANINARALIATINIT IARLBINAIRGN
g > ] >
wu PLA Ugndfiendaiimnaaulna (MFI) iviii 8.34
s Q

g/10 min ez PBAT ‘Llﬁﬁi('ﬂﬁﬂ’] MFI1 i1y 35.16 g/10 min
1Wai PLA waunyu PBAT N19a31&3% 80/20 é1 MFI winAu
8.59 g/10 min NnHuLGNNAREN I mwasAYIuII 2 5 10
W8z 15 phr MFI JfLyinny 10.47 12.17 20.11 W&z 25.49
g/10 min MNEGU uaad kiAW wana@inlmirassinada
AAIINITIARVIIN A NNAIRAN LUR DI RADNLHA?

4' aa a (::l' v s 1
Wasnnauidveswaradnlagasiidnldunsndag
swhluanavasnanadnnssassiia vldluanavdu
a U g 1 v lal 13 a
Ml eTnaINa lFEaIMT IR AN WA NLS I N TL A
WaRan lera s
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Table 3  Tensile test of plastic flms PLA/PBAT/Plasticizer

Specimen Tensile Strength Modulus Elongation at break
PLA/PBAT/Plasticizer (MPa) (kPa) (%)
100/0/0 14.21+1.20 102.77+1.69 146+2.00
0/100/0 4.65+0.37 22.9411.65 444+0.96
80/20/0 14.3712.56 79.95+8.66 198+8.65
80/20/2 14.67+0.32 94.84+4.82 200+8.31
80/20/5 15.18+1.49 94.45+5.26 216+1.17
80/20/10 16.39+0.95 81.95+4.25 245+5.88
80/20/15 10.00%1.10 82.99+9.69 144+7.27
Table 4 Melt flow index of PLA/PBAT/Plasticizer mmﬁumn%u LLazﬁoﬁayiﬁwaaLua fﬁdﬁﬂx‘i"ﬁﬁﬂﬁ’l&l’liﬂ
nnwlaaundalin
Specimen Melt Flow Index
(PLA/PBAT/Plasticizer) (9/10 min)
100/0/0 8.34
0/100/0 35.16
80/20/0 8.59
80/20/2 10.47
80/20/5 12.17
80/20/10 20.11
80/20/15 25.49
NANIANHIANHIENITUFINBING (d) 80/20/10

INNIIANBIANBULNIIFUIIRINEIWDIN @
a8 PLA/PBAT/Plasticizer: 80/20/0 @4 Figure 4 (a)
ﬂxLﬁuIm{iai”ﬂomﬂluﬁﬁnwm:mgmiz iunaunan
wananmemosrfa o Awlalud uasdeduwanaanls
\a3AUSHNme 2 5 10 waz 15 phr 69 Figure 2 (b-e) a1l

o o e X d o o oa a XA
MO WL ANBW RSV NUBNHAUWIAANAINLILUVULIBE ¢

(e) 80/20/15
Figure 4 SEM cross - sectional area images of film
PLA/PBAT/Plasticizer

~ a a ¢ A 1a a
aNUSuI M IANNaNEan Ieras NUSHImNNILEY 15
v a o Q | 1 A
phr lassadwmeluiianwasimeiwduudulng S
a a v & ' a 6 ' v
SuuLion LR iARIWaEaN keI ANadanNNLTN
A ldUaINSUNAIFANILAY RINAIANAIRANTANLATED
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Abstract

In this research, the two-body-type abrasive wear resistance of heat-treated 16wt% Cr - 2wt% Mo (as shown by %)
with 0 - 3%V cast iron was investigated. The test specimens were annealed at 900°C for 3 h and cooled in a furnace.
The annealed specimens were held at 1000°C for 1.5 h and hardened by oil-quenching. The as-hardened specimens
were tempered at 450, 500 and 550°C for 2 h and cooled in air. The two-body abrasive wear resistance of specimens
was evaluated according to ASTM D6037. It was found that the hardness of specimens varied depending on the
vanadium content and heat treatment condition. A linear relationship between wear loss and wear distance was
obtained in all specimens. The wear rate (Rw, mg/m) decreased with an increase in the hardness. The Rw value

slightly reduced as the vanadium content rose to 1%. At greater than 1%V, the Rw decreased remarkably. At each
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vanadium content, the lowest Rw value was obtained in the specimen tempered at 500°C and the highest value of

Rw was obtained in the specimen tempered at 550°C. The highest wear resistance was obtained in the 3%V specimen.

Keywords: high Cr cast iron, heat treatment, two-body abrasive wear resistance, hardness, V effect
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Table1 Chemical composition of specimens.
Alloy (wt%)
Specimen
C Cr Mo Vv Fe
No.1 3.04 1590 2.01 0.08
No.2 3.07 16.28 2.00 1.03
balance
No.3 3.03 1641 195 1.97
No.4 3.05 1566 2.05 2.81

*Si and Mn less than 0.6%, S and P less than 0.01%
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Test specimen

Figure 2 The Suga abrasion tester. (ASTM D6037)
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(b) 3%V
Figure 3 As-cast microstructures of specimens with

0 and 3%V. (By OM)
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Figure 4 As-hardened microstructures of Specimens
with 0 and 3% V. (By SEM)
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Figure 5 Effect of Vanadium content on macro-hardness

of heat-treated specimens.
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Figure 6 Relationship between weight loss and wear

distance of specimens with 0 and 3% V.
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Figure 8 Effect of Vanadium content on wear rate (Rw)

of specimens.

Influence of Vanadium on Two-body Abrasive Wear Resistance 157

of 16%Cr - 2%Mo Cast Iron

Table 2  Micro-hardness of specimens.
Micro-hardness, HV0.1
Specimen As-
hardened 450°C  500°C 550°C
0%V 731 693 764 744
1% V 766 728 817 753
2% V 798 771 841 766
3% V 847 809 883 698
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Abstract

The aim of this research is to develop an algorithm to control a load sharing system. The step pulse adjustment
algorithm and the fuzzy logic pulse adjustment algorithm were used to generate the PWM signal for driving MOSFET
to switch between two power sources by the PWM signal. The PWM is generated by the internal timer from a
microcontroller and is divided into two square waves which are 180° out of phase (opposite sides). The two power
sources for supplying this system are 12V 800W adjustable switching power supplies (One represents the solar cell

system and one for grid utility). In this research, the light bulbs are taken to be testing loads consisting of 12V 50 100
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150 and 200W of lamps. The experimental result of the steady state response to the control signal from the startup

of the load was recorded. A Fuzzy Logic algorithm can maintain the output voltage to equilibrium faster than step

pulse average 136.25ms. The efficiency of the Fuzzy Logic algorithm system can work at an average efficiency of

89.00% and higher than the step pulse algorithm at an average efficiency of 83.89%. The Fuzzy Logic algorithm has

average power loss of 16.60W which is less than the step pulse algorithm with an average power loss of 22.70W.

The Fuzzy Logic algorithm is suitable for use in the research system sharing power at the DC.

Keywords: Time Division Multiplexer Fuzzy logic Load Sharing System
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Figure 3 Pulse stepping algorithm
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Table 2 The parameters of the hybrid power supply system in pulse stepping mode
PWM
Load Response time input nput.2 output Lose Eff
w) (ms) (W) w) (W) w) (%)
50 230 30.06 41.74 55.12 16.68 76.77
100 360 58.21 66.03 106.79 17.48 85.96
150 370 86.13 92.52 154.73 23.92 86.61
200 400 117.80 119.58 204.65 32.73 86.21
Table 3 The parameters of the hybrid power supply system in fuzzy logic control mode
Fuzzy
Load Response time input input2 output Lose Eff
w) (ms) (W) w) (W) w) (%)
50 95 30.60 31.05 55.34 6.31 89.76
100 160 60.93 56.15 105.54 11.54 90.15
150 240 91.12 85.76 155.59 21.29 87.96
200 320 118.32 111.19 202.24 27.27 88.12
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adjustment for power sharing systems
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visvanmulduaiuaadd 2 & laun Fuas uazFinGw innatle 24 hr ﬁé’mwmﬂmma{lﬁmg’iﬁ 20 L/min 4azda31n1s
AT INWENTZUUNA 0.1 L/min tWwIan 12 hr RAUNNTLENEINNE 6 L/min LWWULIaT 12 hr A8aaTessian 7 3%

1 dld s > 6V a k3 1 a [
wudusshdanuwranenunIdivd e mnwineiin weioaIwse Chiorella sp. TuszuulnlalulaSuaniaas
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wUUYIeuaMulduzILeada A LEIRLAS ‘Hdl‘lﬂa@]i’m’]ﬂﬂimﬂL@]‘UI@I‘-D’]LW’]:;EGEE@]E]QVI 1.841 day" Usz@NTAIWNIILN
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Abstract

The aim of the research is to improve the biogas quality with Chlorella sp. 200 L cultivated in a helical tubular
photobioreactor under the two LED light types (red and blue colors) throughout 24 hours. A water flow rate of 20 L/min
and the biogas rate of 0.1 L/min, provided 12 hours and alternated 12 hours with filling air of 6 L/min, were determined
as the experimental conditions. The experimental results during a 7 day experimental procedure showed that the red
LED light used for Chlorella sp. cultivation is appropriate for biogas quality improvement leading to the highest specific
growth rate of 1.841 day™. Moreover, the results revealed the efficiency of increased methane content at 19.02 % and

the efficiency of removed carbon dioxide at 58.27%.

Keywords: biogas quality improvement, chlorella sp., helical tubular photobioreactor, LED light
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Table1 The growth of algae and biogas after the system helical tubular photobioreactor
Time (day)
Measured data
1 2 3 4 5 6 7
LED light red
Cell number (x10° cell/mL) 7.6 8.475 9.325 15.675  23.825 26.45 314
CH, inflow (%, v/v) 63.6 60.7 59.4 55.7 55.4 56.4 55.2
CH4 outflow (%, v/v) 67.7 67.1 68.9 65.3 63.7 66.7 68.2
R (%) 6.53 10.54 15.99 17.23 18.05 18.26 19.02
CO, inflow (%, v/v) 31.65 38.00 39.70 39.30 40.10 38.90 40.90
CO, outflow (%, v/v) 201 19.0 17.0 16.4 20.0 18.9 201
R, (%) 36.49 50 57.18 58.27 50.12 51.41 50.86
LED light Blue
Cell number (x10° cell/mL) 7.6 8.15 8.7 9.3 13.7 171 21.18
CH, inflow (%, v/v) 63.6 60.7 59.4 55.7 55.4 56.4 55.2
CH, outfiow (%, v/v) 66.4 66.8 65.9 64.2 63.7 64.8 63.7
R . (%) 4.48 10.05 10.94 15.26 14.98 14.89 15.40
CO, inflow (%, v/v) 31.7 38.0 39.7 39.3 40.1 38.9 40.9
CO, outflow (%, v/v) 22 214 20.6 19.3 20.7 20.0 21.8
R (%) 30.49 43.68 48.11 50.89 48.38 48.59 46.70
Table 2 Maximum Cell number,m , R o and R o
LED light Cell number max w_ e, max co2, max
(x10° cell/mL) (day™) (%) (%)
Red (646 nm) 314 1.841 19.02 58.27
Blue (451 nm) 21.18 0.822 15.40 50.89
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Reducing energy consumption for the drying of 300 tons of rice paddy in silos
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Abstract

The research aimed to reduce the energy used for drying of 300 tons of rice paddy in silos by using heat exchange
equipment for heat recovery. Then, the old and new type of heat recovery equipment was compared with the result
under the average environmental temperature throughout the test of approximately 32°C. The results showed that the
hot air temperature from the rice husk furnace of both tests was about 80°C but the experiment using the new heat
recovery method can save 12.88% or about 6,408 baht (on purchase husk on 8 baht/kg) of rice husk when compared
with the old method. The study shows that the energy that can be saved is 1,837,080 MJ/year, cost savings are
145,800 baht/year, present value (NPV) equals 237,260.87 baht and the internal rate of return (IRR) is around 17.32%.

Payback time is 6 years and is considered to be a worthwhile investment.

Keywords: Paddy, Husk, Heat recovery, Investment
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Figure 4 Installation of heat exchangers
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Uszanm 600,00 v Hyad1daatugnd (NPV) 1iniu
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Table1  Economic analysis

J Sci Technol MSU

Fas1aentis 10 % udaidrveslssddelnelesn
237,260.87 1 Tugtvasyadniagtu nfildsnoamin
ﬂ"]ammmzm@aﬂLﬁﬁﬁLﬁ@%mLﬁa LLa:LﬁaQamﬂaqﬁu
q‘n%maa‘[mamsﬁﬁ'}mmaaﬂmvl,@ﬁﬂumﬂﬁ%mﬁugmﬁ
Imamsﬁ’%ﬂﬁwa@ammuﬁ@j’um danuanauunwnaly
(IRR) ¥infiy 17.32% (Hai3suifisuiunanauun
uaﬂmnm{l"ﬁnuﬁaé’mmamﬁy 10% AW LAINeN

'
A v

IRR filagenidniolamavesiunuiadumassnuigu
fn uazlszpziandunuvaslasinis iy (PB) 6 1

Basic information

Energy saving 12,247.20 MJ/day
Low calorific value of rice husk 14.40 MJ/kg
Number of work days (24 hours / day) 150 day/year
Air flow rate through heat exchanger 1,360,800 m®/day
Rice husk saving rate 1,215.00 kg/day
(Furnace efficiency 70%)
Project life 10 year
Discount rate 10 %
Cost
Air heat system price includes installation fees 600,000 baht
Maintenance fee (5% per year) 30,000 baht/year
Return of an investment
Price husk 800 baht/ton
Analysis of returns
Energy saving 1,837,080 MJ/year
Think of it as an economical cost. 145,800 baht/year
Investment 600,000 baht
Payback Period :PB 6 year
Net Present Value: NPV 237,260.87 baht
Internal Rate of Return :IRR 17.32 %
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Abstract

The objective of this experiment was to investigate the response of the mixed cultivars planting system to its yield and
yield components of sugarcane grown under rainfed condition over the dry season. Five sugarcane cultivars consisting
of KK3, Kps01-12, KKU99-02, MPT02-458, and UT13 were planted in the mixed-cultivar and mono-cultivar system.
A total of 15 treatments were evaluated in RCBD with 3 replications at the Agronomy Research Station, Faculty of
Agriculture, Khon Kaen University during January 2015 to January 2016.The experimental design was RCBD with 3
replications, the data were recorded at 12 months after planting (MAP) were cane yield, sugar yield, C.C.S., and yield
components. The results showed that all trait measurements were statistically different (at p < 0.01) except stalk
diameter. The mixed cultivar between UT13 and KKU99-02 provided high yield (13.9 ton/rai) and sugar yields (2.10
ton C.C.S./rai) under the mixed cultivar planting system. However, KK3 only gave the best yield under the mono-cultivar
system having high yields in a single planting system. It is not recommended for growing with other varieties. It was
also found that the high yielding cultivars had a high associate with millable cane (r = 0.73, p < 0.001) and stalk length
(r =0.64, p < 0.01) as well. Cultivars that have narrow canopy should be planted with mixed cultivars that have had

a moderate or wide canopy shape as it can provide high yield.

Keywords: sugarcane cropping systems, mixed cultivar, late rainy season, yield, yield component
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Figure 1
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yield component of sugarcane

Table 2 Cane yield, C.C.S. and sugar yield at 12 months after planting of 10 sugarcane cultivars under mixed and
5 mono-cultivar cropping system
Cultivars Planting patern Cane yield (ton/rai) C.Cs. Sugar yield .
(ton C.C.S./rai)
Kps01-12 monculture 710 i 14.90 abc 1.03 e
VS KKU99-02 12,40 ef 15.50 ab 1.90 bc
VS KK3 13.00 cde 15.50 ab 210 a
KK3 monculture 14.50 a 14.10 bcd 2.03 ab
VS KKU99-02 12.90 cde 15.70 a 2.03 ab
VS UT13 12.70 def 14.80 abc 1.87 bc
KKU99-02 monculture 13.00 cde 16.10 a 2.08 a
VS MPT02-458 11.20 gh 13.10 d 147 d
VS UT13 13.90 ab 15.20 ab 210 a
MPTO02-458 monculture 12.00 fg 15.30 ab 1.90 bc
VS Kps01-12 11.00 h 15.60 ab 1.77 ¢
VS KK3 12.30 ef 15.70 a 1.90 bc
UT13 monculture 13.60 bc 14.30 bcd 1.90 bc
VS Kps01-12 7.80 i 13.50 cd 1.03 e
VS MPT02-458 13.40 bcd 15.70 a 210 a
Mean 12 15.11 1.8
F-test o o o
C.V. (%) 4.25 5.6 5.7

** significant at 0.01 probability levels. Mean in the same column followed by the same latter are not significantly dif-
ferent by LSD test at p=0.05

Table 3  Millable cane, stalk number/stool, stalk diameter (mm.), and stalk length (cm.) at 12 months after planting
of 10 sugarcane cultivars under mixed and 5 mono-cultivar cropping system
Cultivars Planting patern Millable catne Stalk Stalk diameter Stalk length
(Stalk/rai) number/stool (mm.) (cm.)
Kps01-12 monculture 5166 de 4.00 e 29.30 206 d
VS KKU99-02 6187 d 4.00 e 31.30 220 cd
VS KK3 7840 bc 5.00 b-e 29.90 261 a
KK3 monculture 9528 a 6.30 a 30.50 269 a
VS KKU99-02 8355 b 5.00 b-e 29.80 261 a
VS UT13 6684 cd 4.00 e 28.80 223 cd
KKU99-02 monculture 7248 d 4.60 cde 30.50 251 ab
VS MPT02-458 4111 4.00 e 29.30 251 ab
VS UT13 8867 ab 5.80 abc 30.30 262 a
MPT02-458 monculture 5800 d 4.00 e 30.30 237 bc
VS Kps01-12 5746 d 4.70 cde 30.10 248 ab
VS KK3 6086 d 4.30 de 30.60 208 d
UT13 monculture 7351 5.00 b-e 30.30 264 a
VS Kps01-12 5191 de 4.00 e 29.90 209 d
VS MPT02-458 8727 ab 5.20 bcd 30.30 235 bc
Mean 6725.8 4.97 30.07 234.78
F-test ** > ns *
C.V. (%) 14.15 13.49 4.13 6.07

**' ns = significant at 0.01 probability levels and not significant, respectively. Mean in the same column followed by

the same latter are not significantly different by LSD test at p=0.05
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Abstract

Limestone hills are a popular places that researchers use to study species diversity of land snails. Limestone hills
provide not only a source of calcium carbonate that is important for shell formation, but also provides various types
of microhabitat for the snails. In this study, eight localities of limestone hills in Loei and Nong Bua Lamphu Provinces
were selected as the study area. In total, 657 specimens 22 species were found. Phu Pha Lom had the highest number
of land snail species, where 16 species were found in this study, and the species diversity index is the highest at
2.263. Tham Pha Ya and Tha Maha Sombat had the lowest number of land snails species, with only 3 species, and
the species diversity index was 0.955 and 1.011, respectively. The similarity index is the highest between Pha Pha
Lom and Tham Pha Ya Ss= 0.769, whereas it is lowest between Wat Tham Pha Sawan and Wat Tham Wang Thong;
and Wat Tham Pha Sawan and Wat Tham Maha Sombat Ss= 0.267.

Keywords: diversity land snails limestone hill Loei Province Nong Bua Lamphu Provinces
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uninuluiufignsadaotnams 9 uss lagld Sorensen’s
similarity coefficient’”” : S = 2a / 2a+b+c i1 cluster

analysis uaasnalduianlasunsy PC-ORD 5.10

Figure 1

Google

Karst topography provides many habitat types for land snails (http:/laurenleeclimbing.com)

AT
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Figure 2 Map of study area. Loei Province; 1 = Phu Pha Lom, 2 = Tham Maholan, 3 = Wat Tham Had Thep Nimit,
4 = Wat Tham Pha Sawan (2017), 5 = Wat Tham Pha Sawan (2018 same locality with locality 4), 6 = Tham
Pha Ya and Nong Bua Lamphu Province; 7 = Tham Pha Wang, 8 = Wat Tham Wang Thong, 9 = Wat

Tham Maha Sombat
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ANNITANEIANNRAINTRAVEIRELNINLN
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TG BIED gty Mo lasass wurasnInun 657
@881 22 THha (Table 2; Figure 4) WUAMNARINTHA
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WanTiia 2.263 3898910 A8 GINIEITIA UAZEINIEN
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Species diversity of land snails in limestone hills in Loei

and Nong Bua Lamphu Provinces

WURasNINUN 12 uaz 10 vhe uasldrdsianunain
FRAWINAY 1.938 LAz 1.696 MNEIGL LAZIINNITAN®
TaeA%autas §15199W10 5 X 2 was usnmawlnms
WURNNLUNTIWIN 791 @883 8 Tha (Table 1) §1ATU
ANNARLATITHAVRIRBININLN wud’lﬁuﬁqmﬁawﬁu
fenenfiandudszansanuadonasuassiianosmnun
gofigaLvinfiu 0.769 (Table 3)

Table1 Land snails were recorded in 10 plots of 5x2 m at Wat Tham Maholan, Loei Province
Land snail species Plot 5X2
1 2 3 4 5 6 7 8 9 10 Total specimens

Cryptozona siamensis 19 22 30 12 10 32 19 5 20 34 203
Cyclophorus volvulus 0 0 0 1 0 0 0 0 2 0 3
Cyclotus sp.1 19 32 40 70 46 64 43 58 29 27 428
Cyclotus sp.2 0 0 0 0 0 0 0 1 0 0 1
Landauria sp. 1 2 2 3 3 1 3 3 3 22
Pollicaria myersii 0 0 2 0 0 1 0 1 1 1 6
Prosopeas sp. 0 2 0 0 1 0 2 8 1 1 15
Pupina sp. 5 13 10 14 8 5 7 28 17 6 113
Species richness 4 5 5 5 5 5 5 7 7 6

Total specimens 44 71 84 98 68 105 72 104 73 72 791
Species Diversity Index (H) 1.36
Dominance Species Index (C) 0.38

Table 2  Collected specimens of land snails collected by direct searching method in 8 limestone hills in Loei Province
and Nong Bua Lamphu Province (Kongmani, 2019 = 34; Saisawang, 2018 = 35; Saiwandee, 2018 = 36)
1 = Phu Pha Lom, 2 = Wat Tham Maholan, 3 = Wat Tham Had Thep Nimit, 4 = Wat Tham Pha Sawan
(2017), 5 = Wat Tham Pha Sawan (2018), 6 = Tham Pha Ya, 7 = Tham Pha Wang, 8 = Wat Tham Wang
Thong, 9 = Wat Tham Maha Sombat
speci Number of specimens collected from each locality
peCIes 1 34 235 336 434 534 634 734 834 934
1. Cyclophorus sp. 3 0 1 13 2 2 3 0 1
2. Cyclotus sp.1 8 41 0 0 0 8 0 0 3
3. Cyclotus sp.2 4 14 0 0 7 0 6 0 0
4. Rhiostoma housei 12 0 56 0 0 1 0 0 0
5. Dioryx sp. 2 0 3 2 0 0 0 0
6. Pollicaria myersii 4 3 5 9 15 2 1 3 0
7. Pupina sp. 0 35 0 0 4 0 1 0 0
8. Aenigmatoconcha clivicola 5 0 0 0 0 2 0 0 0
9. Megaustenia siamensis 14 0 5 1 0 24 2 12 0
10. Durgella sp. 53 0 0 16 31 24 0 0 0
11. Cryptozona siamensis 2 1 52 1 3 27 11 6 2
12. Hemiplecta distincta 0 0 0 1 0 0 0 0 0
13. Sarika sp. 9 0 0 0 0 0 0 0 0
14. Amphidromus (Syndromus) sp. 1 0 0 0 0 0 0 0 0
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Table 2  Collected specimens of land snails collected by direct searching method in 8 limestone hills in Loei Province

and Nong Bua Lamphu Province (Kongmani, 2019 = 34; Saisawang, 2018 = 35; Saiwandee, 2018 = 36)
1 = Phu Pha Lom, 2 = Wat Tham Maholan, 3 = Wat Tham Had Thep Nimit, 4 = Wat Tham Pha Sawan
(2017), 5 = Wat Tham Pha Sawan (2018), 6 = Tham Pha Ya, 7 = Tham Pha Wang, 8 = Wat Tham Wang
Thong, 9 = Wat Tham Maha Sombat (continue)

Number of specimens collected from each locality

species 1% 2% 3% 4% 5% 6% 7% g% 9%
15. Landouria sp.1 0 8 0 1 10 0 0 0 0
16. Landouria sp.2 0 0 0 0 4 0 0 0 0
17. Haploptychius sp. 10 0 0 0 0 1 0 0 0
18. Plectopylis sp. 23 0 0 0 0 0 0 0 0
19. Trochomorpha sp. 3 0 0 0 1 0 0 0 0
20. Phuphania costata 9 0 0 2 2 2 0 0 0
21. Prosopeas sp. 0 0 0 0 1 0 0 0 0
22. Semperula sp. 0 0 1 0 0 0 0 0 0
Total species 16 6 6 9 12 10 6 3 3
Total specimens 162 102 120 47 82 93 24 21 6
Species diversity index 2263 1350 1.062 1670 1938 1.696 1435 0.955 1.011
Dominance index 0.1549 0.31 0.409 0.210 0.205 0.226 0.646 0.428 0.389

Table 3  Sorensen’s similarity coefficient (Ss) of land snails species collected by direct searching method between

8 limestone hills in Loei Province and Nong Bua Lamphu Province (1 = Phu Pha Lom, 2 = Wat Tham
Maholan, 3 = Wat Tham Had Thep Nimit, 4 = Wat Tham Pha Sawan (2017), 5 = Wat Tham Pha Sawan
(2018), 6 = Tham Pha Ya, 7 = Tham Pha Wang, 8 = Wat Tham Wang Thong, 9 = Wat Tham Maha Sombat)

Plot 1 2 3 4 5 6 7 8 9
1 1 0.364 0.455 0.560 0.571 0.769 0.455 0.316 0.316
2 1 0.333 0.400 0.556 0.375 0.667 0.444 0.444
3 1 0.533 0.333 0.625 0. 667 0.667 0.444
4 1 0.609 0.546 0.533 0.500 0.333
5 1 0.455 0.556 0.267 0.267
6 1 0.500 0.462 0.462
7 1 0.667 0.444
8 1 0.333
9 1
Cluster Analysia
Distance (Objective Function)
‘ I ‘ ‘ Information Remaining (%) I I

PLOT1 —

PLoTe4

PLOT4I

PLOTSI

PLOT3

PLOT7—I

PLOTB—I

PLOT2

PLOT9

Figure 3 Dendrogram shows similarity between plots of the study areas.
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Figure 4 A = Cyclophorus sp., B = Cyclotus sp.1, C = Cyclotus sp.2, D = Rhiostoma housei, E = Dioryx sp.,

F = Pollicaria myersii, G = Pupina sp., H = Aenigmatoconcha clivicola, | = Megaustenia siamensis,
J = Durgella sp., K = Cryptozona siamensis, L = Hemiplecta distincta, M = Sarika sp., N = Amphidromus
(Syndromus) sp., O = Landouria sp.1, P = Landouria sp.2, Q = Haploptychius sp., R = Plectopylis sp.,

S = Trochomorpha sp., T = Phuphania costata, U = Prosopeas sp. (Scale bars = 1 cm)
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Abstract

A variety of metabolites from the entomopathogenic bacterium Xenorhabdus spp. have been reported to have antifungal
activities, especially against Colletotrichum gloeosporioides (Penz.) Sacc., which is one of the most damaging pathogens
targeting many tropical fruit plants by causing anthracnose disease. This study aimed to evaluate and compare the

antifungal activities of Xenorhabdus stockiae PB09 cell-free supernatants derived from cultivations in shake-flask and
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fermenter scales for controlling C. gloeosporioides mycelial growth by using poisoned food technique on agar media.
The results showed that cell-free supernatants of both shake flask-scale and fermenter-scale productions could inhibit
the growth of C. gloeosporioides. Antifungal activities of X. stockiae PB09 cell-free supernatants derived from cultivations
by shake-flasks and 5L-fermenters increased over time and reached their peaks at 72 and 48 h, respectively.
Fermentation also resulted in the levels of antifungal activities of X. stockiae PB09 cell-free supernatant being higher
than that obtained by shake-flask cultivation. This study demonstrated that cell-free supernatant of X. stockiae PB09
could be used to control the growth of C. gloeosporioides and the large scale production using fermenter was supe-

rior to shake-flask cultivation by giving more effective cell-free supernatant in a shorter period of time for up to 24 h.

Keywords: Xenorhabdus stockiae, antifungal activity, Colletotrichum gloeosporioides

Introduction

Colletotrichum gloeosporioides (Penz.) Sacc. has been
found to cause anthracnose disease which is very
devastating to several fruit plants and responsible for
serious economic losses.' Several chemical fungicides
have been used for controlling this fungal pathogen, but
they have resulted in the development of resistance and
adverse effects on the farmers, consumers, environment
and ecosystem.” Therefore, it is necessary to develop an
alternative approach for effective control of anthracnose
disease. The bacterium Xenorhabdus spp. has been
reported to produce several antimicrobial compounds that
are known to have suppressive effects on a variety of
plant pathogens.***

Antimicrobial substances from Xenorhabdus spp.
have been found to differ qualitatively depending on the
strains and species of bacteria® and their culture
conditions.®” Shake flasks have been widely used to study
the basic processing conditions, which allowing the
experiments to be carried out with minimal costs and
materials.®® However, shake flasks have several
limitations when comparing to fermenters because they
have completely different systems of geometry, mixing
and gas regimes." Therefore, scaling-up from shake
flasks to fermenters is used to produce large quantities
of the final products.

The objective of this study was to evaluate the in
vitro inhibitory effects of cell-free supernatants of X.
stockiae PB09 derived from shake-flask and fermenter

cultivations on C. gloeosporioides, a causative agent of

mango anthracnose disease.

Materials and methods
Xenorhabdus stockiae PB09

Xenorhabdus stockiae PB09 was isolated from the
infective juveniles (lJ) of Steinernema siamkayai Stock,
Somsook and Reid nematode obtained from the
Department of Agriculture, Ministry of Agriculture and
Cooperatives Thailand by following the methods described
by Kaya and Stock (1997)."" Seed culture of X. stockiae
PB09 was prepared by inoculating a loop of phase |
colonies growing on a nutrient bromothymol blue
triphenyltetrazolium chloride agar (NBTA) plate into 250
mL-flask containing 100 mL nutrient broth (NB) and
cultivated at 28°C on a rotary shaker at 200 rpm for 16-24
h in the dark until the optical density (600 nm) was
approximately 2.0.

Cultivation by using shake-flask technique

Tryptic soy broth (TSB, g/L) (17 tryptone, 3 soytone, 2.5
glucose, 5 NaCl and 2.5 KZHPOA) was used for X. stockiae
PBO09 cultivation using shake-flask technique. The pH of
the medium was adjusted to 7.5 by using 2.0 mol/L NaOH
and 2.0 mol/L HCI. The seed culture of X. stockiae PB09
(10% v/v) was transferred to this medium (total volume
of 100 mL each) in 250 mL-flasks and incubated in the
dark at 28°C on a rotary shaker at 200 rpm for 24, 48,
72 and 96 h. A sample (5 mL) was removed every day,
then centrifuged (10,000 rpm, 20 min, 4°C) and filtered

using 0.22 pm-syringe filters to obtain cell-free supernatant,
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which was stored at 4°C until required. The experiments

were repeated in triplicates.

Fermentation by using 5L-fermenters

Batch cultivation of X. stockiae PB09 was carried out
in 5L-fermenters (B. Braun Biotech, Germany) with
working volume of 3L. The cultivation temperature was
28°C with agitation speed of 200 rpm and the aeration
rate of 2.5 I/min. The seed culture of X. stockiae PB09 at
10% v/v was transferred to 3L sterile medium (TSB) in
the 5L-fermenters. The pH profile was adjusted to a set
pH with 2.0 mol/L NaOH and 2.0 mol/L HCI. The
fermenters were incubated according to the cultivation
conditions for 72 h. Sample (20 mL) was taken every day,
then centrifuged (10,000 rpm, 20 min, 4°C), filtered using
0.22 pm-syringe filter to obtain cell-free supernatant, and

stored at 4°C until required.

Assay of antifungal activity

C. gloeosporioides was isolated from the upper surface
of infected mango and cultured using potato dextrose
agar (PDA) medium at 25°C. Cell-free supernatants of X.
stockiae PB09 were in vitro tested for their efficacy against
C. gloeosporioides mycelia growth by using the poisoned
food technique on agar media.*'* Carbendazim was used
as positive control and caused the highest mycelia growth

inhibition (100%) (data not shown).

Measurement of cell growth

The growth of bacterial cells was measured by optical
density (OD) of the cultures at 600 nm with a spectro-
photometer. The dry cell weight (DCW) was determined
from a calibration curve as described by Wang et al.
(2010)."

Measurement of glucose concentration
The glucose concentration was measured by the

3,5-dinitrosalicylic acid spectrometric method."

Statistical analysis
The data of percentages of mycelial growth inhibition

were analyzed by one-way ANOVA. Significance

J Sci Technol MSU

differences between the treatments were compared using

the LSD test at P<0.05.

Results
Antifungal activities of X. stockiae PB09 grown by
shake-flask technique

Figure 1 shows the dry cell weight (DCW, g/L) and
antifungal activity (%) of X. stockiae PB09 cultivated in
shake-flasks for 0, 24, 48, 72 and 96 hours. The maximum
dry cell weight was found when the bacteria were cultured
for 72 h. An increase of bacterial growth led to
simultaneous increase of its antifungal activity, which
reached its peak at 72 h. All the concentrations of X.
stockiae cell-free supernatant from 0.25 to 1.50% v/v were
found to have significant differences (P<0.05 as compared
by LSD test) in the levels of antifungal activities against
the mycelial growth of C. gloeosporioides and the highest
activities (67.63+1.16%) were found in the 72h cell-free
supernatant at the concentration of 1.50% v/v. Moreover,
their activities increased continually from 24 to 72 h of

cultivation, and then began to drop at 96 h.
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Figure 1 Time profiles of dry cell weight and antifungal

activity of X. stockiae PB09 grown by using
shake-flasks for 96 h and applied at different

concentrations (0.25 to 1.50%v/v)

Antifungal activities of X. stockiae PB09 grown by
using 5L-fermenters

Figure 2 shows the antifungal activities of X. stockiae
PBO09 cell-free supernatants grown by using 5L-fermenters
for different cultivation periods. Similar to the results of

shake-flask setting, all the concentrations of cell-free



Vol 39. No 2, March - April 2020

Comparison Between Antifungal Activities of Xenorhabdus stockiae PB09 Cell-free 203

Supernatants Derived from Shake-Flask Cultivation and Fermentation

supernatant (0.25 to 1.50% v/v) grown by using
5L-fermenters had significantly different levels of antifungal
activities (P<0.05 as compared by LSD test) against the
mycelial growth of C. gloeosporioides, and their levels of
activities were rather higher than that grown by shake-
flasks. In addition, the maximum antifungal activities
(89.60£1.33%) were also found when applying with 1.50%
v/v cell-free supernatant grown in the 5L-fermenter for 48
h. However, the antifungal activities began to drop at 72
h of fermentation. When comparing between shake-flask
cultivation and 5L-fermentation, the antifungal activities
of cell-free supernatant from shake-flask cultivation
reached its peak at 72 h, while that from 5L-fermenation

reached a peak at 48 h with higher antifungal activities.

100 concentration of supernatant

90 p 1.5% viv

80 -

1% viv

70

60

0.5% viv

0.25% viv

30 -

Antifungal activity (%)

20 -

10 -

Culture time (h)

Figure 2 Antifungal activities of cell-free supernatant of
X. stockiae PB09 grown by using 5L-fermenters
for 72 h and applied at different concentrations
(0.25 to 1.50% v/v)

Time profile of X. stockiae PB09 growth and its
antifungal activity during fermentation

To investigate the antifungal activities of X. stockiae
PBO09 cell-free supernatant grown by using the 5L-fermenter,
the bacterium was cultured in 5L-fermenter for 72 h during
which dry cell weight (DCW, g/L), residual glucose
concentration (g/L), and antifungal activity (%) were
measured (Figure 3). The results showed that X. stockiae
PBO09 greatly consumed the glucose during the first 24 h
which resulted in its sharply exponential growth. An

increase of bacterial growth led to simultaneous increase

of its antifungal activity, which reached its peak at 48 h
when used at the concentration of 1.5% v/v. However, X.
stockiae PB09 entered the stationary phase after 48 h of

fermentation which was similar to the results in Figure 2.
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Figure 3 Time profiles of dry cell weight, glucose
concentration and antifungal activity of X.

stockiae PB09 grown by using 5L-fermenters.

Discussion

In this study, cell-free supernatants of X. stockiae
PB09 cultivated by fermenters and shake flasks were
shown to have maximum antifungal activities against C.
gloeosporioides at 48 and 72h, respectively. The time
profile of X. stockiae PB09 grown in the fermenter
suggested that it entered the stationary phase at 48 h
post inoculation. Remarkably, high levels of antifungal
activity and cell growth in 5-L fermenter scale could be
achieved faster than that in the shake-flask scale. This
may be due to the addition of different neutralizing agents
into various voluminal bioreactive systems of the
fermenter. Similar results were obtained in the study of
Wang and Zhang (2007)° and Wang et al. (2010)" that
reported the aeration and agitation on fermenter had great
influences on cell growth and the production of antibiotic
by X. nematophila YL0O1. Isaacson and Webster (2002)°
reported that the level of antimicrobial activity of
Xenorhabdus sp. RIO followed a pattern similar to that of
the growth curve to enter its stationary phase, whereby
its antibacterial activity reached a maximum level at 48
h, while the maximum antifungal activity reached at 72 h.
Furthermore, previous report showed that the cell-free
supernatants of stationary-phase cultures of X. szentirmaii

and X. budapestensis at 6.25, 25 and 50 ppm doses could



204 Prapassorn Bussaman, Chirayu Sa-uth, Paweena Rattanasena

inhibit the growth of Phytophthora nicotianae colonies at
approximately 56.2, 77.1 and 84.0%, respectively.'
The cell-free supernatant of X. stockiae PB09 culture
exhibited an inhibitory effect on C. gloeosporioides, a
causative agent of mango anthracnose disease. Previous
studies have reported the variation in antimicrobial
activities of different Xenorhabdus spp. and strains against

3,4,5,12,15,16
For

plant pathogenic fungi and oomycetes.
example, the cell-free supernatants (10% v/v) of X.
bovienii YL002'* and X. nematophila TB* grown by using
5L-fermenters for 72 h were shown to have high inhibitory
effects (>90%) on mycelial growth of Botrytis cinerea,
Phytophthora capsici, Bipolaris maydis, Bipolaris
sorokiniana, Dothiorella gregaria and Sclerotinia
sclerotiorum, but exhibited low inhibitory effect (<15%) on
Colletotrichum lagenrium.

Although the mode of action of X. stockiae PB09 on
fungi is unknown, in a previous study, Isaacson and
Webster (2002)° found that the antimicrobial activity
from Xenorhabdus sp. RIO was due to its exo- and
endo-chitinases as well as other proteinaceous and some
small molecule compounds. Furthermore, X. nematophila
var. pekingensis has been known to produce
Xenocoumacin 1 which was highly active against P.
infestans, P. boehmeriae, P. melonis, P. capsici, B.
cinerea and Alternaria alternata.'® Moreover, compounds,
such as xenorhabdins', xenocoumacin'®, indole
compounds19 and nematophin (which have particularly
high antifungal activities)”® from other Xenorhabdus spp.
have been shown to have antibacterial and antifungal
activities. To the best of our knowledge, this study is the
first to describe the influences of method and period of
cultivation on the antifungal activities of X. stockiae PB09
and this information may be useful for the future
development of X. stockiae PB09 as products for

biological control of fungal anthracnose disease.

J Sci Technol MSU

Conclusions

The results in this study demonstrated that cell-free
supernatants of X. stockiae PB09 had high antifungal
activities for controlling C. gloeosporioides, a causative
agent of fungal anthracnose disease. X. stockiae PB09
cultivation by fermentation was superior to shake-flask
cultivation by giving more effective cell-free supernatant
in shorter time for up to 24 h. Further studies are will be
needed to determine the optimum conditions for cultivation

of X. stockiae PB09, particularly in a large scale settings.
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Abstract

Many strains of lactic acid bacteria (LAB) have probiotic properties that can promote consumers’ health. This study
aims to find LAB having probiotic properties. Ten isolates of LAB isolated from fermented foods including Nham, Pla
Som and fermented vegetables were tested for their tolerance to acid and to bile salt, considered to be major probiotic
properties. It was found that LAB F1, isolated from Pla Som, was the most tolerant isolate to acid at pH 2 and to bile
salt at the concentration of 2%. Furthermore, the study showed that the LAB isolate had antimicrobial ability against
Escherichia coli O157:H7 ATCC 43895 and Staphylococcus aureus ATCC 25923. When LAB F1 was identified using
16S rDNA sequence analysis, it was found that its 16S rDNA sequence showed 99% homology to that of Lactobacillus
plantarum strain JCM 1149 (accession number NR_115605.1). LAB with probiotic properties obtained from this study

can be further characterized in order to utilize it in the future.

Keywords: Lactic acid bacteria, Probiotics, Fermented foods
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Tadnui aiﬁﬁqmauﬁaﬁmmzaulumiﬁmﬂﬂumami
WANE LTu ﬁmﬂ%’lumsﬁﬁﬂ%m%gjs”mmUﬂu (H
qa3%°

nndszlomivasTnslulednfindnundnadu vl
mu%%’uﬁaqioLﬁuﬁ%umﬂuﬁﬂanLLa%mLmﬁSﬂ AMNDIAT
waznagauaNavsatunsidulnsluladnves
wwaiudinan wsluledndildanmsanwiilanansn
ﬁ’]vlﬂﬁm:ﬂ@iaLﬁﬂlﬁﬂiﬂ&l’ﬁﬂ%qwmﬁﬂii&la’l‘lﬁ’ﬁ NMINT
AT BIONHGBINTLANS lkauaa

> ~

mqqﬂnmﬁmm%‘ﬁﬁLﬁ%mﬁ{fﬂ
1. AwgnuanAnuadakuaisEaINaIMIIRAN
msdnenitldamnsnin 3 oiia ldun uwwy Yandy
wazinaed sfiaaz 1 dreg19lun1suen wandnueda
ARy S9ldaunaunudiues Phupaboon et al.” lag
Fadhas9ems 25 n3w ldluansazany 0.85% (wiv) NaCl
U333 225 Saaaas nanliidniu sannzdiminanide
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997 TEEUANNED9 10%,10°%, 10™, 10° uaz 10° ¥
Y}ﬂﬂ’nm%%’mmﬁ’m’ﬁ spread plate U1a1%13 MRS agar
dn 1% (wiv) CaCo, ﬁwvlﬂﬁmﬁqmﬁgﬁ 37 84a
s Wwnm 24 $alus wisanmyvudwaan 24
Hlus vmsdadanianzlaladiiden 9 (single colony)
filesuunems MRS agar luiwziioslu MRS broth
U53a5 2 HadanT sudndnuadauuaiisy Adadenty
ldamemeuinuniztinvesas laansdanfunsy uas
nagauMIENILewlrinzazias

mufivSnsudndnuadauvaiiie lugd glycerol
stock culture ¥inlasiin culture 2asudn@nuadawuaiisy
Aaeslu MRS broth ﬁqnmgﬁ 37 aveniralSoa 1w
24 $11us 1501935 600 lulasaas 116w glycerol U5u1A
400 lulasday mnﬁuﬁﬂﬂtﬁﬂ’?qm%gﬁ 20 84@N
wadoa e SlHlummesssdaly

2. NMIATIVFDUANNEINIIA IHNITNWHNTAVDY
wan@nuadauuaiisy

MINTIFALANNENINTA UM INUNTATBILANANLE
Fauvafizy vilesldiifidautasaunainstues Melia
et al." FaTduneun Vsl Resudndnuadauuaiite
1481915 MRS broth 153103 5 §8a8a3 wazUuf 37 a9en
o waa 24 $2lus drede 20 lulasaes aslu
91%13 MRS broth 158105 2 Ja8aas AU5U pH 1T
Wiy 2 (gananad) a%’;wg@muqul%mmi MRS broth
Aflen pH LYy 7 SeTedanuE LT uIes e SUFUA 0
a9 uazndsansiudunm 6 521w ﬁqm%gﬁ 37 897N
wwadua lasmyladinsganiuuad (absorbance) 184
culture fiauEIARUTIAL 600 W Tiaas

wWafidudnssaadia (% survival) Swimldann
(FINMNIQANRBUFIVBITANARDI/ANNIAANAUUTIVDITA
AILAN) x 100

3. MIATINEBUANNEINITAWMINWNEING
2asuandnuadauuaiisy

mIaTaFeUANNEINsalkMINwNasindasuin
fnuedauuafizy vinlasldaifAdaudasniainitaas
Melia et al." &sfldunaunmsvingsil 1aesuindnuada
wuAfSe 114a1%13 MRS broth US31a3 5 388807 wazuy
# 37 ssenaados (et 24 52l drede 20
Tulasans aslua1wns MRS broth U3a1as 2 Hadaas 7
\fin Ox bile powder TWilanudndugarieyiniy 2%
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(Wh) (TaNaR83) Slansdanud T uIasTe SuduA 0
F s wazwdsanvaduwnm 24 $alug ﬁqm%gﬁ 37
sseuoaidua laumsTadimiganiuuas (absorbance)
284 culture AMVLENIAAUTINAL 600 Wi lwuas 740
muqmaamimaadﬁlﬁﬁmnaammﬁauﬁ'wq@maaa
W mmisl,u"q@muquvl,&iﬁnmﬁumﬁaﬁw?ﬂu MRS broth
wWasidudnsseadia (% survival) Snwisldann
(FINIQANABURIVBITANARDI/AINIQANAULEIVDITA
AILAN) x 100

4. NIATIVFOLANMNFINIITNVDILEANANLDTA
wuadi3e lumsiudsnsesyaesgiunidnalsa

mMaedsudasaiellumsasageuanumusa
vasuindnuadaunaiiiselunisdufinisiasnves
qauﬂ%ﬁﬁa‘hﬂﬁﬂmmgmLtﬁﬂamm%mmﬂﬁﬁy luamns
MRS broth ﬁuﬁqmﬂqﬁ 37 asenoaloa (Juan 24
$lug 1 cutture Aldluiluwissfianuisiseuriniy
5,000 xg LIuian 10 Wt LAU&IwlE (supernatant) Ao
lunesauvda’ly

NNIATIARALANNRINIINVAILANGNULaTaLLATITE
lumsiiufsnsniyresgaunidralsafiduaaudsii si
qau‘n‘%g‘ﬂ@] GE s’éq"[,@ﬁ’ WL Escherichia coli 0157:H7 ATCC
43895 ae Staphylococcus aureus ATCC 25923 ﬁLgm
151481%13 nutrient broth (NB) Lmza_imﬁqm%{]ﬁ 37 89
B umiunaan 24 $2lus Wi (swab) Unamavns
nutrient agar (NA) %1 paper disc ﬁﬂaam"%a (VWALET
HIuguinaariniy 6 Jadiwas) u1nsuuiimiives
0113 NA moasnlaiadouliudnsunes 10 lwlasaas
AIUBLNYK paper disc culture wawassde g
aonnd 37aseumaiFuaiduiian 24 2 lus Tufinwalag
sl,ﬁm'%ammﬂ + LﬁIaW‘LI inhibition zone Lﬁ(ﬂ“ﬁuiammu
paper disc LLazsl,ﬁm'%f'aamJ’m - Lﬁavlsjwu inhibition zone
Lﬁ@“ﬁuiaml&m paper disc mimaauﬁlﬂﬁmmi MRS
broth fitlaaaBaiiln control

5. n1sANEITAI URNTRAVAIRENGNLEEA
wuaniSy laa3s 16S rDNA sequence analysis

msansdaduunaiavasuandnuadanuadise lag
7% 16S rDNA sequence analysis lasana genomic
DNA zasudn@nuadauuaiiie drugaanadiagy
Genomic DNA Extraction Kit Mini (RBC Bioscience,
Taipei, Taiwan) lagvhamuduuzihvasiisnguia (Real
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Biotech Corporation, Taiwan) %1 genomic DNA “?'llvlﬁml"f
unaiuuy (template) \avih PCR (polymerase chain
reaction) laald primers 2 sl ldun FD1 (5
AGAGTTTGATCCTGGCTCAG 3’) waz RP2 (5
ACGGCTACCTTGTTACGACTT 3)"° nnaziilflunsvin
PCR 8 94 aseniratfos 1Jwaa1 5 wifl 1 791, 94 a9¢n
wraldus 1waan 1 WA, 55 asaraldus Wuaan 1
W waz 72 avenoados WWuaan 1 wifl 30 190 uas
72 aseniaal@as 1Jwan 7 wifl 1 980 11 PCR product
Alalaradinnsdiiduiuadioinias astomated DNA
sequencer (BioDesign Co., Ltd., Prathumthani. Thailand)
wdrhdsuusilellssuifsuiudduiusues 16S
rDNA Tugutoya GENBANK lanldlisunsy BLASTN
(Basic Local Alignment Search Tools) Lﬁlaﬁﬁﬁ’nﬂ HE
AMUARILARIRIOANULALEY (% homology) TWiNg
MAULUFTDY 16S rDNA Basuandnuadauuaiiize nu
§AULUFas 16S rDNA 2asusnanuadauunfise Tugiu
Taya GENBANK

Naﬂ']i‘nﬂﬁaﬁLlagaﬁﬂiﬁﬂﬂaﬂ"liﬂﬂaa\‘]

1. AMIuENLENANLaTALUATISEAINBIMIIAAN

mnasasiigaldenuindnuedauuaiizofuonled
fﬂ'mmmwil’ﬂLn_luﬁiuaJWﬂé'ﬂHszﬂIaﬁﬁLmﬂ@hoﬁ'u
Fun 10 laloiaa (isolate) lagldanuwnuy 4 loloaa
(N1-N4) Uan&w 3 laloiaa (F1-F3) wazinaad 3 laloas
(V1-V3) Li’jaﬁ,’]u,mﬁL‘%ﬂﬁo%miﬂmwaauqmauﬁama
FgIWINLIURZEIIINGT AUT N1IATIIFAUAN BT
Eﬂi"]d“uadL‘ﬁmﬂ(ﬂﬂmiﬂawame (Gram’s stain) LLazNT
NARAUMIA IO kR aLaE (Catalase test) WUIUEN
fnuadauuaiiFermuaduuuaiizounsuuin lisha
owlmiazaziaaimad wuaii3edusnldannunuuuasdn
aosflinwmenan (coccus) anuuafiafiugnldann
Uasulanumziduunis (bacillus) (Table 1)
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Table1 Morphology of lactic acid bacteria (LAB)
isolated from fermented foods
Isolate Source Morphology
N1 WAL coccus
N2 UWAKY coccus
N3 UWAKY coccus
N4 WAL coccus
F1 Uandw bacillus
F2 anadu bacillus
F3 Uandw bacillus
V1 ANABY coccus
V2 ANABY coccus
V3 ANABY coccus

wandnwadauuanFanaunsain llmdn Inwslule
Anladndudaslquantfvasnadulnslulefiniidndny
fa auRINID N Nudasn UL EReIMIT LB
A« A & a
gnendunsauazdiawlaitos lUs@wluniziwnza1wis
P a Y oa ea o o
wazaNIENTINRdNAuazlan ol NHasaINNdUs an

1213 A s o &
FHAIINUUANLIENNTUA

... o v &
(pancreatic juice) ludlfan
fzih lulsdulnsluledindndudeslguandfnai 4
LﬁuﬁmmﬂﬁL’%ﬂﬁazgﬂﬁwmﬂiﬂﬂannzem 9 dana b

- - % oo o o
FLUUN9LERIWIT™ wannRLanGnwadaLuafiTan
snsash Wl dulwslule@nldgsenaliquandfvams
& A A a y v &
Wulwslule@ndu 9 8n 1w anueuTaludugens
a a a 6 15 = C™
Wigadunidnalsa®™ anuamuisalunisiainizas
A& awsvIalnIwsTwA UL Tane lsa lwnn3Ee
zRea 18" anuauisalun1sdasiunisiasy
dula'” LLazmwmmmiumimLa'%mzuugﬁ@j’uﬁuw
| U
L e
= ,&’ Y o = a a a A d'uz A 2
lunsaneildinuanfinuadanuafisonaaiian e
9 10 loloaalunazauanusaisalummunia was
= ‘1; a g; ) ldl =) 'ZO/ a Wdli’
ndathd anuwh lelmaainunsauazindathladnge
lunessuanusmausnlunsiugniunidnalsa deldun
E. coli O157:H7 ATCC 43895 Lz S. aureus ATCC 25923

2. MIATIVFIUANNAINITOLBNITNWBNIAV D
S a A A
LaNANLaBALUANLIY
TasUn@nszmizormsvasanianizdunia lasd
4 u . e .
pH Uszana 2 FaduanneinansgudnIunm g
. o ded e ¥ eoa A
YadenlodtaslUsaunitedn pepsin atinLANANLETA
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wwefidofeclfiulnslulednldsedniufiesdosaansn
nudeanzfitdunsad pH 2 'l Siruduududndn
wadauuaiiye ﬁazgnﬁmmﬁmuww:mmi P
Tignansarnwihidulnsluladnla™

MINARIRLTUNINATEUANNFINITNVBIUENEN
wedauuafions 10 lolman lumsnunsadt pH 2 Sale
HAGILEAI LY Table 2

Table 2 Acid tolerance of lactic acid bacteria isolated
from fermented foods
oD
600
%
Isolate pH7 .
pH2 survival
(control)

N1 1.66 1.36 81.93
N2 1.61 1.03 63.98
N3 1.54 0.76 49.35
N4 1.57 0.89 56.69
F1 1.36 1.1 81.62
F2 1.39 0.82 58.99
F3 1.35 1.04 77.04
V1 1.47 0.77 52.38
V2 1.44 0.63 43.75
V3 1.45 0.72 49.66

Tunsnasasitlédasz@umsnunsa (evel of acid
tolerance) aaniilu 3 szeulasldinoust fe

AU (high) 61 % survival 11NNi1 80%

32@utuNaNe (moderate) 461 % survival luga9
50%-80%

52606 (poor) FAN % survival Hagnin 50%-

97N Table 2 wuudnfnuedauuefiBefianansony
n3af pH 2 luszdugs da N1 waz F1 luszduthunans
fo N2, N4, F2, F3 uaz V1 uasluszdudn da N3, V2
uae V3

[
o A

3. NIATIVFDUANNFINIIOIWNIINWLNR DA
& a a
YaIWANANLaTALLANLIY
' o dl a z o v & o & v

nsvayladuiineduludldanvasaniniudas
AIMINNUTINAUIEAINSe oY lipase Lazinfaing
lagludnldanvasandnddninaatindnanuiudn
Uszanm 0.2% 59 2% ﬁmmqﬁmﬁaﬁﬁﬁmmmﬁuﬁa
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maeiyreindnuedauuniice I feduuindnueda
ey Aecldiiulnsluladnlédssniufiesdasmansa
nuAeLNAatnARANUENTI 0.2% B9 2% I6 Ditutinuda
wanAnuadauuaiise ﬁazgnﬁm’mﬁﬁﬂéﬁﬁﬂ wazla
sunsavimindilulnslolednle lunsmasasiidanls
indehaRnnuTuTw 2% heliiulain uindnuade
wwaizy Aldanmanasssiaunsanudenanuidudi
yoandasnafinuludldanle
MINARIRLTUNINATIUANNFINNTVRILENEN
wofauuadidesis 10 lolman (solate) lumsnwnaesing
Aanududu 2% daldnadousasly Table 3

Table 3 Bile salt tolerance of lactic acid bacteria
isolated from fermented foods
oD
600
%
Isolate 0% bile salt )
2% bile salt survival
(control)

N1 1.64 1.06 64.63
N2 1.62 0.77 47.53
N3 1.56 1.03 66.03
N4 1.60 1.32 82.50
F1 1.33 1.14 85.71
F2 1.41 0.54 38.30
F3 1.36 0.67 49.26
VA1 1.45 0.98 67.59
V2 1.50 0.83 55.33
V3 1.55 1.21 78.06

lunsnasasitldaaszdunisnwnasting (evel of bile
salt tolerance) aaniilu 3 szaulasldinou fa

J2@Ugd (high) 61 % survival 11NN91 80%

32@Ut a9 (moderate) AdN % survival T4
50%-80%

5266 (poor) FAN % survival Hagnin 50%

970 Table 3 wuiudndnuadeuuafite fsansn
nwndoinafAfianuE WYY 2% luszdugs fa N4
wae F1 luszduihunans a N1, N3, V1, V2 Uas V3 uas
Tuszdiudn fa N2, F2 uas F3

PMNMINARELANUFINITOLUATNUNTA Lazinde
idvasuindnuedauuafis woi F1 (uudndnueda

a A til =) qo’ a s
LUANIEIY V]aﬂll’]iﬂl%ﬂ’]‘i‘ﬂ%ﬂiﬂ LLQZLﬂEﬂE]%’]ﬂl%‘SZ@UEN
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FanuslaaaRanuananuadavuansy F1 lltluns
naaadsia b

& a

4. NIIATIVABUANMNAINITNVDILANANLDTA

a A [ 3: a a a6
wuafiss Twnsdudenisnigvasaiunidnalsa

Warkwandnuadauuafiss F1 ¥1nagauaiy
sunInlunsdeginisiaiyvesafunidrelia wudd
faNsnduiimM sy lans E. coli 0157:H7 ATCC 43895
Wae S. aureus ATCC 25923 (Figure 1)

LanAnuadanuaiise ﬁmymyﬁuﬁfﬁmmmmm
lunssssansduganiiaigaeniunidnelsa lavas
a 1 &) a A 6 6 6 A
danamaadn nsadunid lalasiauiaseanlod wia
wuamnaslodu? adrslsnanlunis@nuias s
sadlddmslaidusngiuiasefivaldudnnuada
wuafitse F1 R101308089N3L1a3aad E. coli O157:H7
ATCC 43895 Wlar S. aureus ATCC 25923 VL@T

Figure 1

Inhibition zones caused by the inhibiton of
E. coli O157:H7 ATCC 43895 (a) and
S. aureus ATCC 25923 (b) by lactic acid

bacteria F1

5. AR unNTRavasudnfnuadanuaiise
Tna335 16S rDNA sequence analysis

ot genomic DNA wasuindnuadauuafids F1
a1 template lum3vin PCR iatfind i 168
rDNA wéin PCR product i lalUasramdnduius wuin
fdduiusswIn 1,435 bp (Figure 2) tHavindduiuad
nan luSeuisuiudauiusues 165 rDNA ‘ﬁ'ag’lug’m
Taya GENBANK WUINde@ULU&Y89 PCR product ez
ANMUARIEARINURIGUIURVES 16S rDNA 289
Lactobacillus plantarum strain JCM 1149 (accession
number NR115605.1) draitasidudanuaaisads (%
homology) YNy 99% HaINMINAaasiLaasliL A
windnuadaunadite F1 Jaraduwldldfazidn

Lactobacillus plantarum
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NNMsEnENAENINWUTG Lactobacillus plantarum
'vimﬂamﬁufﬁﬁqmauﬁ'aiwﬂﬂa?\n fet1aTy L.
plantarum WCFS1"® Fsfanumansalummudesnine
lumadnems wazdILFINTzUUN AN UDeITNY L.
plantarum U32% Fatrpsaasunszuwndnlunssinnz
2IWIFIUAW (rumen fermentation) maaé’miémlﬁad L.
plantarum ZLP001% Gﬁamaﬂaaﬁuqmmnmsﬁmﬁa E.
coli TaggreilasiwliluuefiGadonandaimefings
8§ way L. plantarum A7* Ssmnansaduiinsued
IRUSUIUDBI LTRSS (Caco-2 cell)

tgcaagtcga acgaactctg cgtatagatt ggtgcttgca
tcatgattta catttgagtg agtggcgaac tggtgagtaa
cacgtgggaa acctgcccag aagcggggga taacacctgg
aaacagatgc taataccgca taacaacttg gaccgcatgg
tccgagcttg aaagatggct tcggctatca cttttggatg
gtcccgecgge gtattagcta gatggtgggg taacggctca
ccatggcaat gatacgtagc cgacctgaga gggtaatcgg
ccacattggg actgagacac ggcccaaact cctacgggag
gcagcagtag gaaatcttcc acaatggacg aaagtctgat
ggagcaacgc cgcgtgagtg aagaagggtt tcggctcgta
aaactctgtt gttaaagaag aacatatctg agagtaactg
ttcaggtatt gacggtattt aaccagaaag ccacggctaa
ctacgtgcca gcagccgcgg taatacgtag gtggcaagcg
gtgtccggat ttattgggcg taaagcgagc gcaggcggtt
ttttaagtct gatgtgaaag ccttcggctc aaccgaagaa
gtgcatcgga aactgggaaa cttgagtgca gaagaggaca
gtggaactcc atgtgtagcg gtgaaatgcg tagatatatg
gaagaacacc agtggcgaag gcggctgtct ggtctgtaac
tgacgctgag gctcgaaagt atgggtagca aacaggatta
gataccctgg tagtccatac cgtaaacgat gaatgctaag
tgttggaggg tttccgccct tcagtgctgc agctaacgca
ttaagcattc cgcctgggga gtacggccgc aaggctgaaa
ctcaaaggaa ttgacgggtt cccgcacaag cggtggagca
tgtggtttaa ttcgaagcta cgcgaagaac cttaccaggt
cttgacatac tatgcaaatc taagagatta gacgttccca
tcggggacat ggatacaggt ggtgcatggt tgtcgtcagce
tcgtgtcgtg agatgttggg ttaagtcccg caacgagcgce
aacccttatt atcagttgcc agcattaagt tgggcactct
ggtgagactg ccggtgacaa accggaggaa ggtggggatg
acgtcaaatc atcatgcccc ttatgacctg ggctacacac
gtgctacaat ggatggtaca acgagttgcg aactcgcgag
agtaagctaa tctcttaaag ccattctcag ttcggattgt
aggctgcaac tcgcctacat gaagtcggaa tcgctagtaa
tcgcggatca gcatgccgcg gtgaatacgt tcccgggect
tgtacacacc gcccgtcaca ccatgagagt ttgtaacacc
caaagtcggt agggtaacct tttaggaacc agccg

Figure 2 Nucleotide sequence of 16S rDNA of lactic

acid bacteria F1

dytduazianaung

Lactobacillus plantarum F1 \{uudndnuafauueiizy A
wonldanndadu Sanumunsalunimunsad pH 2 uas
nuinaeinafianugudu 2% 164 Taod % survival lu
§FANZAINENIFINIT 80% wananil Lactobacillus
plantarum F1 fagnansniiuis E. coli 0157:H7 ATCC
43895 waz S. aureus ATCC 25923 'la wnnvinnisdnn
datfaanameunalnmstiuiagans lsaasuindnueda
WUANITEY GIN&T7D mwﬁy'an'rs?mmqmauﬁaﬁu fifidas
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fuanudulnslulefnvesudndnuadauuafiiss dansna
VT mmmmsnlumiﬁ@Lm:ﬁ'fl_n,snaa’l,ﬁaqwﬁfqﬁwvlﬁ
anumansolunsmudaingesss 9 Anolalunszinng
81917 wazdn ldan fefyszlumidansin Lactobacillus
plantarum F1 Vlﬂﬂi:qﬂ@ﬂ%@iavlﬂ
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Adany: ISﬂsluqﬂ’Lumaha Pestalotiopsis spp. Streptomyces sp.

Abstract

Pestalotiopsis spp. is a causal agent of leaf spot of many fruits and economic crops, especially mango. In addition,
this fungal pathogen causes production yield losses. The purpose of this study was to evaluate the antifungal efficacy
of Streptomyces sp. SRF1 against 10 isolates of Pestalotiopsis spp. isolated from mango leaf spot disease using dual
culture method. The results showed that Streptomyces sp. SRF1 could inhibit the mycelial growth of all tested isolates

of Pestalotiopsis spp. in the range 73.37-91.51%. The culture filtrate of Streptomyces sp. SRF1 in AGMS medium
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containing arginine was also used to determine the antifungal activity by agar well diffusion assay. The results revealed
that the culture filtrate from arginine media had antifungal activity. Moreover, the culture filtrates were used to evaluate
the inhibition of fungal mycelial growth and spore germination. The results revealed that the culture filtrate also inhibited
fungal mycelial growth and spore germination. In addition, abnormal mycelial and short germ tubes of spore were

observed when compared with the control treatment. The culture filtrate effectively reduced the size of the disease

lesion and disease severity on mango leaf and fruits after inoculation with the plant pathogenic fungi.

Keywords : mango leaf spot, Pestalotiopsis spp., Streptomyces sp.
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Figure1 Colony (A and C) and spore (B and D)
morphology of Pestalotiopsis spp. group 1

(A and B) and group 2 (C and D).
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Figure 2 Phylogenetic relationships of 10 isolate of
Pestalotiopsis and the 6 related Pestalotiopsis
species and one out group (Penicillium
expansum) based on partial ITS gene
sequences. Neighbor Joining (NJ) tree was
constructed using Mega 4. Percentages
expressed above the branches are frequencies
with which a given branch appeared in 1000
bootstrap replications when using the NJ
method (branches corresponding to partitions

reproduced in <50 % were collapsed)
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Table 1
spp. by dual culture method.

J Sci Technol MSU

Inhibitory effects of Streptomyces sp. isolate SRF 1 on mycelial growth of ten plant pathogenic Pestalotiopsis

Isolate of Pestalotiopsis spp.

Percentage of mycelial growth reduction (%)*

PT1
PT2
PT3
PT4
PT5
PT6
PT7
PT8
PT9

PT10

73.37+1.04°

88.96+1.46™
81.49+4.81°
81.71£0.96°
79.9146.71%
83.59+3.35°
91.51+2.61°
84.11£0.90 *°
81.433.79°
89.72+1.55%

* Different lower case letters denote significant differences (P < 0.05) between the different isolates of Pestalotiopsis spp. in the same

column.

3. ms‘ﬂﬂaauﬂs:aﬂﬁmwﬁﬂLgﬂ\n%aﬂﬁﬁnﬁ
Streptomyces sp. Tolman SRF 1 Twa1115 AGMS 17';
szae 7, 14, 21 uaz 28 I Tun1sfudiorzasn
Pestalotiopsis spp. laa35 Agar well diffusion

ﬂﬁﬂﬂ’]iﬁ’]fi’]LgﬂdﬂﬁﬂL%aﬂﬁﬂﬂﬁ Streptomyces sp.
lolaaa SRF 1 fiszziaan 7, 14, 21 uas 28 Ju W MAsaU
msfuiagaT Pestalotiopsis spp. \au3% agar well
diffusion WUANHNAESRTZEZIAN 7, 14, 21 uaz 28 T §
drzansawlunisfuiinisaigveadulofen
Pestalotiopsis spp. 13 10 lalmian 1iiasilih3suey
ﬁ’ummuqmﬁﬁ%mw Pestalotiopsis spp. }a3fLHaIH13
PDA \indataidimnaindtuidynesiaisduana

i 95 WeSidud lasshidsademunsadudimaesy
saaduloigorlelman PT4 "L@i”ﬁ“?'izgﬂ WPrEAENANTOTU
o lelmian PTO Vlﬁﬁaﬂﬁqﬂ LAZHANINNHIINLTN
sz 21 was 28 Ju fusansnwlunsiu
m‘m'%ty‘naaLﬁ%’[ﬂiﬂﬁﬁﬂiﬁﬁwL'gmﬁi:mnm 7 uaz 14
Su iiofiansanandnadsanusdlsluudssloTnaa
(Table 2 uaz Figure 3) WaNINATIWLNREIRTzoE
L 21 uae 28 3% Hulesidudmiudiliuanensi
atailindndny TaskhiRoefiszoz 21 Tu fulefiudms
ﬁugaagﬂuma 16.00-58.00 /o Sidud ummfinidssfisns
28 Tu ﬁLﬂaﬁfL%um"‘miﬁugaag‘LuﬁN 20.91-60.78
1asiEud (Table 2)
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Table 2

Efficacy of Streptomyces sp. Isolate SRF1 to Control the Fungus Pestalotiopsis spp.,

Causal Agent of Mango Leaf Spot

pathogenic Pestalotiopsis spp. by agar well diffusion method.

219

Inhibitory effects of the culture filtrate of Streptomyces sp. isolate SRF 1 on mycelial growth of ten plant

Isolate of

Pestalotiopsis spp.

Percentage of mycelial growth reduction (%) by culture filtrate

from different time point*

21 Days

28 Days

7 Days 14 Days

PT1 32.84+6.57% *° 37.65+6.41%
PT2 15.29+7.58% % 16.67+10.14%
PT3 12.64+3.23% ¢ 18.66+2.08% >
PT4 47.00+4.36%° 41.72+6.69™ 2
PT5 7.02+7.02%¢ 17.19+9.22"8
PT6 36.53+2.27%%® 39.20+0.445 2
PT7 18.82+5.03% 44.60+6.91™°
PT8 10.67+5.81™ 19.67+2.60™
PT9 7.67+3.93%°¢ 9.33+2.33*¢
PT10 27.14+5.88% ** 32.34+4.10%

45.515.61"% 2
38.86+5.66""
42.50+3.82" *°
58.00+4.16™ °
29.12+9.57°% °°
47.16+1.93"% %
53.95+4.29"
22.33+3.84"
16.00+4.58" ©

40.37+8.12"% @

58.38+2.96™
48.956.05" *
47.92+2.08" *
60.78+1.68" *
35.61+2.95
51.11+3.87*°
55.18+5.15"*
25.00+5.13"
20.91+5.84* ¢

48.42+4 83"

* Different capital letters denote significant differences (P < 0.05) between the times in the same row.

* Different lower case letters denote significant differences (P < 0.05) between the different isolates of Pestalotiopsis spp. in the same

column.

U
4. n1sAnwradNAalnGuastdwlatdasd
1 v U U
Pestalotiopsis spp. \{anasaaun18kILa8I NIt
1 U
Ufjilny Streptomyces sp. laluian SRF 1 ftassln
219131%a2 AGMS 1152821981 21 1
o ¥ X X a &
mﬂmimmLam"uadmaﬂgﬂﬂﬂ Streptomyces sp.
laloaa SRF 1 Masdluainisingl AGMS fiszaziian
21 T4 I NaFBLNULEW LTI Pestalotiopsis spp. 119 10
Talaae wudn i@l NFUARAUINIEL9INAIRITAAT
AGMS Imatasglevias Warisuloanasaseunald
v 6 1 v a o d'n a 1
NABIANTIAUNLD wulpdanesaeniadnd ludnisuan
wansvaddwle i@ulpdaneoaelowas WaSouisuny
wduloluganiugu (Figure 3)

Figure 3 Effects of culture fitrate of Streptomyces sp.

isolate SRF1 on fungal mycelia of Pestalotio-
psis spp. isolate PT5 (A and B) and PT6 (C
and D) under bright field microscopy (1,000X);
control treatment (A and C) and tested treat-
ment (B and D).
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5. msdnulszAnsanzasiniassdanuaiie
Streptomyces sp. lolnan SRF1 Twnssiusonisean
slofidan Pestalotiopsis spp.

MnmMInaseulsannwinagsndanuaiite
Streptomyces sp. lolmian SRF1 ﬁlizﬂznm 21 Tu lu
g manad AGMS lumsdiudinmssanvasataiuaside
1 Pestalotiopsis spp. 119 10 lelmiaa wuin siapsann
L"%aﬂﬁﬂﬂﬁ Streptomyces sp. lalolaa SRF1 &350
fufismssenuasaofidan Pestalotiopsis spp. I¢¥s 10
Tolman waziiavinamsiuifimssenvasalaslunesey

Table 3

spore germination

J Sci Technol MSU

n9ada wuin HLRe9Te Streptomyces lalmiaa SRF 1
fanumansalunisiuifinissenvesstafuaaita
Pestalotiopsis spp. v 10 lolmaa lduanensiuasngg
Sudfumeshanssiuanugaiu 95 Wasiiud laowa
m3tiuds wuin leloaa PT1 Qnﬁuéﬂﬁgoﬁq@ fia 74.15
wWafidud swlaloan PT5 gnﬂ'ug'avléfﬁwq@ fa 52.13
Wasidua Lﬁmﬁﬂuﬁu"g@muqu (Table 3) wananit
é’ﬂumzmaamJa%ﬁmmwﬂwq@maauﬁé’ﬂwmv’uaa germ
tube figw Tilswas ﬁ@ﬂn?nfiam‘%yuLﬁyuﬁuqﬂmqu

Effects of 21 days old culture filtrate of Streptomyces sp. isolate SRF1 on the fungus Pestalotiopsis spp.

Isolate of Pestalotiopsis spp.

Percentage of inhibition of spore germination (%)

Control 00.00+0.00°
PT1 74.154.71°
PT2 64.91+9.30%%
PT3 68.65+2.16"
PT4 69.63+2.07*
PT5 52.13+10.44°
PT6 56.30+9.68%
PT7 64.56+5.96™%
PT8 54.08+6.32°
PT9 59.31+7.65%°

PT10 60.14+7.74%°

* Different lower case letters denote significant differences (P < 0.05) between the different isolates of Pestalotiopsis spp. in the same

column.

6. UszAnsnnzasnilansannidenuaiise
Streptomyces sp. lalzian SRF1 lun13aiuaansiia
Tsaunluuazuanzaiieg

InnInagaunslTinasIve L fauy a3y
Streptomyces sp. lalaian SRF1 faasluonmsingd
AGMS Lluszezia 21 31 lunsauquniaifialiaun
Tuussravasuzainsfifiaanidans 10 leloaa wuin
namInageuAUane 10 lalaaa uwluludiang
Weafs Ae nITudEfinsatiassvesIouUafiSy
Streptomyces sp. lalwiaa SRF1 1 Y1 AaumslaanTiuIu

aayaﬂa%au%aﬂ Pestalotiopsis spp. §UINAIUAY
mydalseluRrldaninsuitilamsunuassalaives
L%ai’l Pestalotiopsis spp. ﬁaumsmwﬁ%gmmau%a
wuafil3e Streptomyces sp. balwlan SRF1 mmzﬁm
AILQULEAIAMIVEILIABLITALAY (Figure 4) Taoiiia
WU AVBILHE wm’ﬂuq@]muqu LazNIINAD
Alaansuusasatafuaiidon Pestalotiopsis spp. Nat
MIROATLE 9T UUATILTE Streptomyces sp.
Tolsian SRF1 fwwmavasunalndidssin Jaadsas
WHALUHALAZ]U LYY 20-30 waz 5-10 AAALNAT
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UL wuzfinsTdERveaiAssenTeuua iy
Streptomyces sp. lalmian SRF1 1 T4 Aawnslaansuain
aaﬂaﬂas‘mau%aﬁ Pestalotiopsis spp. YWIAUBILNA
vunatazluladsyiniy 5-10 wazitosnin 5 Tadwes a1y
§60 wasfioinuuevasunaannnINAEineatiE e
yasiTauuaiiisy Streptomyces sp. lolmiaa SRF1 1 3

Efficacy of Streptomyces sp. Isolate SRF1 to Control the Fungus Pestalotiopsis spp., 221

Causal Agent of Mango Leaf Spot

Aaumslamsuinsesalasuandan Pestalotiopsis spp.
N USsUAsURn Wuintinasaga Streptomyces sp.
laloian SRF1 mminmquﬂﬁLﬁQBMau%asw
Pestalotiopsis spp. lalaiaa PT7 Vlﬁﬁﬁqm (WHRYWIALEAN
ﬁq@) J298481A8PT8, PTY uag PT10 anudau

Figure 4 Effect of culture filtrate of Streptomyces sp. isolate SRF1 on mango leaf (A) and fruits (B).

1 = Plants were inoculated with Pestalotiopsis sp. isolate PT7

2 = Plants were treated with 10 mL culture filtrate for 1 day before being inoculated with

10 mL conidial suspension of Pestalotiopsis sp. isolate PT7

3 = Plants were inoculated with 10 mL of conidial suspension of Pestalotiopsis spp. isolate

PT7 for 1 day before being treated with 10 mL of culture filtrate

4
7. MInadauAmaNTGYadItBaunALIy
a 6
Streptomyces sp. Iafmam SRF 1 Gl%ﬂ'ﬁwawamanbn
a 3 a
asuzagladnianlsaiurszite
N A A a a &
nnuamIMareuguaNtidvengauuafisoU i
Streptomyces sp. balmiaa SRF 1 lunsudaendanios
a & A 1 A a
ladneulodunssfia wudh WewuafliSy Streptomyces
sp. lalman SRF 1 swnsnwdaawlod Afigmanialu
mMitauiwaglagluemts CMC agar ld uazanansnuda
aulodlunstasdnfiulua1ns Lignin agar la wanan
Afiznnsonaatanlodlunistesuilslue1ns Starch
agar ¢ lasfuSiaoula (clear zone) winfiu 34.17, 10.33
8T 46.50 FaRLNGT AUS1OL

a I3
dduaziTmbna
e Mo X o da

Nwideitlduenidan Pestalotiopsis spp. NUAINY
susa i lsaunnanazluvziisdiuwim 10 laloaa
lasutiseanu 2 ngu Afidnwulalafifiifoduazfian
WathumagauaugIdsalunsinliialse waasls
windn leloiaa PTO ralsajuusifign wanileige
Streptomyces sp. lalolan SRF1 snagaulsednsan

mM3fuElaEaTn Pestalotiopsis spp. 4 1wn 10 laloias
v am X X . o v X

MeATRBTaTINAY LaadliAuin 1Ba Streptomyces
sp. lalmaa SRF1 swnsndusinmsadgaasdulan
Pestalotiopsis spp. 1614 10 laloiaa lasfilafidudns
fueialugag 73.37-91.51 Gsnamsnaaasbuaasliiiuin
\Ta Streptomyces sp. lalolaa SRF1 Adnaaiwluns
o & A . 3 v A ' A ¢ = &
UILDBIN Pestalotiopsis spp. 16959 udanadiafidud

e d e & e ¥
mfufefiuandrafiutineduagivlalowazanseniiib
WNATOL TINOAARBINLINEIIUVEI Sangdee et al.® fi
Wuin 108 Streptomyces sp. laloiaa SRF1 ananInfu
\&831 Colletotrichum gloeosporioides LAz Bipolaris
L R a ¢ = & o & =2 ¢ = &

maydis Tifiasigudmstudegstis 100 wWasidud uas
99.29 afifud anudau lusme indu gandneana
waztonws Tassau wuin wanandlulugn eulalWd
§NA Streptomyces sp. lalwiaa DIM4, DIM12, DIM15,
DIM16, DIM20 uaz DIM25 &1N13ATUHINITIATYVDI
\&wle31 Pestalotiopsis sp. fiugnlaanlsanaiivasinle
Fafiladifudnmitugigega 88.50 wWadidud lannaln
\Ta Streptomyces spp. IHuMITUIINIIATYVBITOT
mmqiiﬂmmﬁaammm%a Streptomyces spp.
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FANIAFINENINAUNE (secondary metabolite) aanIN
vnanoutisimaduetes laslunsanwassiuaealy
\Fuin (3o Streptomyces sp. lalwiaa SRF1 §13130H8
w??mLaﬂq?mwLsﬁag"l,a?\mauvlsﬁﬁﬁmaﬁqmawﬁ'alumsﬂaﬂ
wilieadldnansriiadanliinasate Streptomyces sp.
lolaiaa SRF1 Suavildnsasyuasanwmemogmgin
Snenvesiduloiton Pestalotiopsis spp. Wasnuasly
fnsuaninvasduloifiodn SigeandesiuseNuIT
fAnv1uad Matsumoto'™ ﬁwu'jn%a Streptomyces sp.
sansanaaawlofladiug ialdlunstouaanunis
L‘Ijaﬁ"lladl,%ai”lﬁ’]l,%@ﬂiﬂ‘lﬁ

msanenszansnmaesinaesde Streptomyces
sp. lalmaa SRF1 lumsfiudamaesaaeadulodeon
Pestalotiopsis spp. laglinianefiszozinan 7, 14, 21 uaz
28 1 Mapsluems AGMA ALene133%% W MARaUMS
Fuds uaaslfifiuin diaesfissasian 21 uas 28 Tu
sunInduiTe Pestalotiopsis spp. laa liuanen s
n9ada Tettenannan uaszezinan 21-28 u 1wt
Ao Streptomyces sp. SRF1 MUNTONBALRAEITS
niupfisananlaunnuazivsinaliuandreiu ERDSICR
sunsalfinaesfissosaan 21 Ju unu 28 u le7 1iie
uwnsaaszeznanlunsiassde d9geandasiuns
@nwnvad Trejo-Estrada et al.”®, Ouhdouch et al.® uag
Alam et al.” fiwuin 13e Streptomyces spp. SINIINNEA
lalasladniewlasiindauazdanddogeanuiweniaas
(extracellular hydrolytic enzymes) Laz&17U3zn auﬁé’u 5\‘1
o let

Honwmsiufinmssenaesvesdan lagldin
\8891T0 Streptomyces sp. lalwiaa SRF1 szaz1781 21
Su uaasliifininiasagesunsafuiinissenves
sualdeglugag 52.13-74.15 wefidud WoNINATIWY
namslinasslumsiuinssenvesslafvesiies
TaflanusanasasiuiunamInasaumstuadulovas
L%ﬂi’lﬁ’]L‘lﬂ@lBﬂﬁ“ﬁﬁﬂﬁ’Jﬂ waziasiinasslunesouiy
mydasiulsauunanaslunzaing uaasliifininnysuisa
TainResaslunan 1 35 smansaszaensiaa1n1sas
Tsalevsnunluuasnauzaadldaniinysudsflaamsuain
sepalofidanadlion 1 3u seiinalnlumsmzaans
Lﬁ@ﬂiﬂa’mmmﬂﬂ’manmaaaﬁas‘mau%aﬁgﬂEl'mj”'ﬂ@ﬁ
iendasusagladniewlsififouuafiFoU finsnaatu
wazdantaosaaninluiniesite SigoandeiuToan
U84 Palaniyandi et al.™ Awu 10 Streptomyces phae-
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opureus snansafiuiinMssanvasalefiden C. coccodes
lagldnn é?mu"l,snﬁ‘[ﬂsam (extracellular proteases)
EROICR agﬂ"lﬁd%%mmﬂﬁﬁy Streptomyces sp. 18wl
SRF1 ﬁﬁnﬂmwﬁazmmsnﬁﬂﬂﬂszﬁqﬂ@l"lﬁﬁ%’m%'umi
flosiunsdnvinansveside Pestalotiopsis spp. & \1%
s Ranzy9uug luiasan suinluansane
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Abstract

This research aimed to analyze suitable areas for shelters and evacuation routes in flood areas of Khlong Nathawi
subwatershed, Songkhla Province by using the application of geographic information systems and network analysis.
The analysis of suitable areas for evacuation from flood areas consisted of 7 criteria; road route, stream route, the
elevation from mean sea level, flood areas, land use and land cover, slope and soil drainage capability. The hierarchical
analysis was processed to determine the important weights of criteria. In addition, the frequency ratio method was
calculated to define the score of the classification group in each factor in an area that never flooded. Then, the sum
of the scores obtained from the analysis process was applied to classify the suitability of the area for evacuation. In
order to analyze the location of the shelters, the researcher chose the district office, temple, health promoting hospital,

hospital and school. The center of each sub-district and village were addressed by the sieve analysis and the nearest
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819138, FIVNIECUUFITIULNA ﬂma’fﬂ?%'ﬁ.‘g’?ﬁ'ﬂ 3J74'7'JV)£/'7N£!LWFIZ%Zﬁﬁ/?’?’ﬁl/dﬂ@?/???ﬂ 90000

Lecturer, Information System Department, Faculty of Business Administration, Rajamangala University of Technology, 90000

* Corresponding author: E-mail: thidapath.a@gmail.com



Vol 39. No 2, March - April 2020

Analysis of Suitable Areas for Shelters and Evacuation Routes: A Case Study 225

of the Flood Areas in Khlong Nathawi Subwatershed, Songkhla Province

location. Finally, the evacuation routes were managed and data displayed via Google Earth. As a result of this research,

it was found that the suitable areas for evacuation were the highest, high, moderate, low and lowest range that covered

28.58 %, 15.54 %, 30.03 %, 18.29% and 4.55 % of the areas, respectively. As for the suitable location for the shelter,

there were 52 places which were suitable routes for evacuation in the shortest period.

Keywords: Suitable areas, shelter, evacuation routes, Flood, Songkhla
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Physical factors for finding a suitable area to evacuate from flood areas.

Related research

Physical factors affecting flood evacuation

1 2 3 4 5 6 7
Anantaya Kongjun® v 4 v
Thidapath Anucharn® v 4 v v v v
Nutthapol Junkaew, NattawatPho-khaow and Sasiporn v v v v v
Phonphreuksa®
Mongkolkorn Srivichai’ 4 4 v v

v v v

Civil Engineering Department, Chiang Mai University,
Natural Disasters Research Unit - CENDRU®

Note: 1) road route 2) water route 3) altitude: mean sea level 4) flood areas 5) land use and land cover 6) slope and

7) soil drainage capability academia

Table 2 Ideal location for flood shelter.

Shelter locations

Related research

1 2 3 4 5 6 7 8 9 10
Thidapath Anucharn® v v vV vV
Nutthapol Junkaew, NattawatPho-khaow and v oV
Sasiporn Phonphreuksa ®
v v

Civil Engineering Department, Chiang Mai University,
Natural Disasters Research Unit - CENDRU®

Note: 1) education 2) hospital 3) temple 4) stadium 5) municipality, sub-district administration organization 6) village

7) road 8) sub-district boundary 9) flood areas L8z 10) suitable areas
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Table 4 Proportion of land for each type of the input factor.

J Sci Technol MSU

Total number of pixels

Flood occurrence point

Factors Class FR
Number % Number %
Land use and land Agricultural land 2,952,783  77.7651 30,981 77.9396  1.0022
cover Water bodies 24,409 0.6428 249 0.6264 0.9744
Urban and Built up land 147,513 3.8849 1,474 3.7082  0.9545
Forest land 472,532 12.4447 5,085 12.7925 1.0279
Miscellaneous 199,818 5.2624 1,961 4.9333  0.9375
Distance from drain- <500 3,100,070  81.6441 32,567 81.9296  1.0035
age (m) 500-1,000 607,335 15.9949 6,353 15.9824  0.9992
1,000-1,500 79,362 2.0901 757 1.9044  0.9112
1,500-2,000 10,200 0.2686 69 0.1736  0.6462
>2,000 88 0.0023 4 0.0101 4.3913
Road density Very low 3,364,043  88.5961 34,977 87.9925  0.9932
Low 300,429 7.9122 3,319 8.3497  1.0553
Moderate 85,511 2.2520 926 2.3296  1.0344
High 41,756 1.0997 467 1.1748 1.0683
Very high 5,316 0.1400 61 0.1535  1.0961
Soil Drainage Capa- No data 222,903 5.8704 2,217 5.5774 0.9501
bility Very poorly drained 1,222,484  32.1956 13,586 34.1786  1.0616
Somewhat excessively 1,129,865 29.7564 12,545 31.5597 1.0606
drained
Poorly drained 57,897 1.5248 374 0.9409 0.6171
Somewhat poorly drained 666,206 17.5453 5,866 14.7572 0.8411
Excessively drained 10,860 0.2860 111 0.2792  0.9763
Moderately well drained 145,491 3.8317 1,534 3.8591 1.0072
Well drained 341,349 8.9898 3,517 8.8478  0.9842
Slope (degree) 0-5 2,201,480  57.9786 22,049 55.4692  0.9567
5-25 1,311,638  34.5436 14,614 36.7648  1.0643
25-35 248,603 6.5473 2,696 6.7824  1.0359
35-50 27,430 0.7224 312 0.7849  1.0865
>50 7,904 0.2082 79 0.1987  0.9548
Altitude: Mean Sea 0-100 2,630,050  69.2655 26,681 67.1220  0.9691
Level (m) 100-200 738,222 19.4420 8,279 20.8277  1.0713
200-300 246,838 6.5008 2,756 6.9333  1.0665
300-400 94,401 2.4862 1,058 2.6616  1.0706
400-500 45,021 1.1857 504 1.2679  1.0694
>500 42,523 1.1199 472 1.1874 1.0603




Vol 39. No 2, March - April 2020

Analysis of Suitable Areas for Shelters and Evacuation Routes: A Case Study

of the Flood Areas in Khlong Nathawi Subwatershed, Songkhla Province

Table 5 Suitable areas classification of land based on the FR method.
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Area
Suitable areas class
Km? %
Very low 69.1500 4.5529
Low 277.8592 18.2944
Moderate 501.7136 33.0331
High 236.0860 15.5440
Very high 434.0132 28.5756
Table 6 The area of flooding at the sub-district level overlays with areas suitable for migration.
Suitable areas (Km?)
Sub-District District Total
Very low Low Moderate
Ko Taeo Mueang Songkhla 0.0816 - - 0.0816
Thung Wang Mueang Songkhla 0.0344 - - 0.0344
Ban Na Chana 3.6076 0.6796 - 4.2872
Pa Ching Chana 1.2040 0.0552 - 1.2592
Saphan Mai Kaen Chana 0.8580 0.4056 0.0096 1.2732
Sakom Chana 2.7272 2.0992 0.0232 4.8496
Na Wa Chana 2.5808 0.1688 - 2.7496
Na Thap Chana 0.6324 0.1048 - 0.7372
Nam Khao Chana 0.4540 0.0140 - 0.4680
Khun Tat Wai Chana 0.5060 0.2256 - 0.7316
Tha Mo Sai Chana 1.2460 0.2336 - 1.4796
Chanong Chana 1.7620 0.1296 0.0172 1.9088
Khu Chana 2.0096 0.5880 - 2.5976
Khae Chana 0.7952 0.2040 - 0.9992
Khlong Pia Chana 0.6824 0.0396 0.0132 0.7352
Taling Chan Chana 2.7312 0.2504 - 2.9816
Na Thawi Na Thawi 0.2020 0.0512 - 0.2532
Chang Na Thawi 1.0048 0.1108 - 1.1156
Na Mo Si Na Thawi 0.5584 0.0332 - 0.5916
Plak Nu Na Thawi 0.3496 0.0284 - 0.3780
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Table 7 A suitable place to set up a shelter 52 sources.
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No. Shelter locations No. Shelter locations
Thung Wang, Mueang Songkhla Na Mo Si,Na Thawi
1. Wat Ang Thong School 26. Ban Moy School
2. Wat Thang Whang Nai School 27. Na Mo Si School
3. Wat Sai Khao 28. Ban Thung Lae Mosque
Khlong Pia, Chana Khlong Sai, Na Thawi
4. Wat Khuan Mit 29. Wat Lamphot Chindaram School
5. Nurut Lapwa Mosque (Ban Khuan Hua Chang) Khlong Kwang, Na Thawi
Ban Na, Chana 30. Ban Khlong Bon Mosque
6. Ban Nam Khem Mosque 31.  Ban Khlong Kwang Khao Wang School
Pa Ching, Chana Plak Nu, Na Thawi
7. Wat Ban Rai School 32. Ban Samong School
Khu, Chana Tha Pradu, Na Thawi
8. Wat Na Prue School 33. Maha Chakri Sirindhorn Camp
Na Wa, Chana Sathon, Na Thawi
9. Ban Wa Lang School 34. Ban Pong School
10. Wat Khuan Mai Phai 35. Sathon Sub-district Administrative Organization
11.  Ban Na Nai Mosque 36. Prasit Tha Wee Sin 2 School
12.  Ban Khuan Khiraed Bureau of Monks 37. Wat Sathon
13. Ban Kuan Kee Rat School Thap Chang, Na Thawi
14. Wat Pracha 38. Thap Chang Wittayakhom School
Taling Chan, Chana 39. Wat Ban Lum School
15.  Ban Pa Ngam School 40. Wat Wang Sai School
16. Tas Di Kiah School 41. Wang Sai Tambon Health Promoting Hospital
Tha Mo Sai, Chana Prakop, Na Thawi
17. Ban Prong Ngu Bureau of Monks 42. Ban Mai Tambon Health Promoting Hospital
18. Wat Chang Khlod 43. Ban Pru War School
Khun Tat Wai, Chana 44.  Thong Yoo Nuttagul School
19.  Muhammadeeyah Mosque 45.  Child Development Center, Tambon Administrative
(Ban Phrong Chorakhe) Organization
Na Thawi, Na Thawi 46. Ban Prakop School
20. Ban Wang Yai Plai Ram School 47. Wat Ko Mai Yai
21.  Atchakirin Mosque Sakom, Thepha
22. Darusalam Mosque 48. Ban Pak Bang Sakom School
23. Ban Khaliang School 49. Ban Sawan School
Chang, Na Thawi 50. Ban Phru Lumpee School
24. Wat Plak Chamao Community School 51. Ban Sae School
25. Raja Pra Ja Nu Groh 43 School 52. Tha Maenglak Tambon Health Promoting Hospital
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Abstract

Human activity recognition using streaming data from the accelerometer sensor of smartphone is still an interesting
issue for researchers. Most researches develop the recognition model based on personal model type which require
the training data obtained from only user who will utilize the model. To prepare the training data, the user must perform
various activities and annotate them within the specified time. This is a major inconvenience for the users. In this
paper, we propose a new smartphone-based dynamic framework for physical activity recognition named “ISAR+”. The
new framework is an impersonal (universal) model which can be built once and used on new users without requiring
labeled training data from those users. Because the proposed model is adaptability with evolving data streams of each
new user by using the incremental learning for real-time recognition. This work was validated the proposed model in

terms of prediction accuracy and usage times on two public activity recognition datasets. The experimental results
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show that ISAR+ can achieve the best performance compared with the state-of-the-art models for streaming activity

recognition, especially across different users and without inquiry from users. The ISAR+ has demonstrated the average

accuracy more than 85% in both datasets.

Keyword: Activity recognition, Accelerometer sensor, Smartphones, Data mining, Health
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Offline phase (Modeling component)

Annotated data
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All annotated data Energetic acticities data (Walking, Jogging, Stairs)
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Transformation raw data to SD,
Density and Kurtosis data

l

Finding the average of SD,
Density and Kurtosis
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(Threshold, average of SD, Density and Kurtosis)

Vi

Finding the threshold for separating
dormant and energetic activities

Online phase (Recognition component)

Continuous flow of accelerometer sensory data
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Classifier model
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| Energetic activity recognition
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—Update Classifier model——

Figure 3 Animprovement impersonal smartphone-based

activity recognition using the accelerometer

sensory data (ISAR+).
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a9 Figure 5
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Sample | User Lable Timestamp ax ay az
S1 27 | Walking | 10401072248 | 4.21 | 7.97 | -2.07
S92 27 | Walking | 10401172376 | 0.95 | 8.47 | 0.65
S3 27 | Walking | 10401322278 | 4.21 | 15.79 | 0.99
84 27 | Walking | 10401372327 | 1.65 | 13.53 | -0.69
S5 27 Walking | 10401422315 | -2.34 | 13.48 | 1.45
S6 27 | Walking | 10401472303 | -0.76 | 10.27 | -0.84
Si 27 | Walking : ax; ay; az;
SN 27 | Walking : ary | ayny | azn

Figure 4 The example of annotated data of walking

activity data provided by WISDM.

Sample | User Lable ax ay az
S1 13 Standing | -1.88 | 9.85 | -0.23
S 13 | Standing | -0.19 | 9.92 | -0.57
S3 13 | Standing | -0.61 | 10.27 | -0.88
S4 13 Standing | -0.11 | 9.58 2.49
S5 13 | Standing | -0.72 | 9.89 | 2.41
S 13 | Standing | -0.53 | 9.34 | 2.49
S; 13 Standing | ax; ay; az;
SN 13 Standing | axy | ayn azn

Figure 5 The example of annotated data of standing
activity data provided by UniMiB-SHAR.
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Table1 The number of samples for each activity

provided by WISDM and UniMiB-SHAR

The number of samples

Activity

WISDM UniMiB-SHAR
Standing 38,520 319,550
Sitting 50,000 405,350
Walking 223,300 482,900
Jogging 129,900 395,200
Up-Down Stairs 177,100 245,500
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Figure 6 Accelerometer lines of dormant activities.
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Figure 7 Accelerometer lines of energetic activities.
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Algorithm 1: ISAR+ model : Offline phase (Modeling
component)

/x N¢ = the set of annotated data of

all activities. */
[+ CM = {Std¥},, Dens&t,, Kurtyi,} when act
are walking, jogging and stairs. */
/* Threshold = the separating dormant
and energetic activites. */
/* J = the number of window. */
/+*+ n = the number of data in window. =*/
Input : N.

Output: CM, Threshold.
1 for each act in annotated data do

/x act = (sitting, standing, walking,
jogging, staris) x/
2 for each window j do
/* j =1, 2, 3,..., J */
3 Compute M; for each sample using eq. (1)
/x 1 =1, 2, 3,..., n */
4 Compute average magnitude ]V[j of window j.
5 Compute standard deviation SD?(C:M) using eq.
(2).
6 end

7 end

8 Find the maximum of standard deviation of dormant
activities S D,,,4, using eq. (3).

9 Find the minimum of standard deviation of energetic
activities SD,,;, using eq. (4).

o Compute Threshold = %

1 for each energetic activity act do

—

/+ act = (walking, jogging, staris)
*/
12 for each window j do
/* j =1, 2, 3,..., J x/
13 Compute the standard deviation of each
acceleration values using eq. (6)-(8).
14 Compute the density of each acceleration values
using eq. (9)-(11).
15 Compute the kurtosis of each acceleration values
using eq. (12)-(14).
16 end
17 Compute average of standard deviation using eq.

(15)-(17) then set SD&, using eq. (24)

18 Compute average of density using eq. (18)-(20) then
set Dens&t, using eq. (25)

19 Compute average of kurtosis using eq. (21)-(23) then
set Kurt®}, using eq. (26)

20 | Add SD¢L,, Densgt, and Kurtdy, to the C'M.

21 end

WA SD ANNNNFATBININTINUUUTRS (SDynas)

SD,0y = Max {SDW }

Jmag)
act € {sitting, standing} (3)

e SD vasfigauasfianssuiafonlna (SDypm)

SD,in = Min {SD]-‘:;Z g)}

ract € {walking, jogging, stairs}  (4)
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AwIIAANTauLS Threshold @9ik

SDmax + SDmin

Threshold = > (5)
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Figure 8 The threshold line.
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Figure 9 Accelerometer data of energetic activities.
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Figure 10 SD data of energetic activities.
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Sensory Data from Smartphones

Algorithm 2: ISAR+ model : Online phase (Recognition
component)

/% S¢ = the set of non-stationary streaming data.
x/
/« CM ={SDg,, Dens®t,, Kurtéél,} when act are

walking, jogging and stairs. */
/% Threshold = the separating dormant and

energetic activites. */
/+ J = the number of window. */
/+* m = the number of data in window. */

Input : S¢, CM, Threshold.
Output: P,.¢.
1 while S¢ is not empty do

2 for each fixed size window j do
/v j=1, 2, ;... J «/
3 Compute M; using eq. (1) of each sample in window j.
/xi=1,2,3,..., n */
4 Compute average M; of window j.
5 Compute standard deviation
T —
SDjmag) = \/m i (M — M;)?
if SDj(mag) < Threshold then
Compute the average values (aw;, ay;, az;) of each
acceleration values X, y, and z.
8 Compute Dist(ax,ay) and Dist(ax,az) using eq. (27)
and (28)
9 if Dist(ax,ay) > Dist(ax,az) then
10 | Pact = standing
11 else
12 | Pact = sitting
13 end
14 else
15 Compute the average values (az;, ay;, dz;) of each
acceleration values X, y, and z.
16 Compute the standard deviation of each acceleration
values SD;, = n—i] S (aw — az)?,
1 —
SDJ'(,W) =\ =1 E;lzl (ay — ay)?, SD]'((LZ) =
ﬁ oy (az — dz)? then set to SD;
SD; = (SDj(am)7SDj(ay>7SDj(a,z))
17 Find the nearest activity act such that
Predicted = argminget(||SD; — S’D%CK/IH)
/* act € [walking, jogging, stairs] */
18 Set the activity of Predicted to Pyet.
19 end
20 end
21 end

luﬂ”lij?ﬁ‘i’lﬁimiimmuﬁd (Dormant activities
recognition) iflasannfianssuuuude wansdeAanssy
Afnspiusranestes leun nsuuaznnsie Gasi
mssuunAanssuinasidunstiuniansis azduun
NN ULFWTYAVBIAY Accelerometer FInaadlu

Figure 11 L8 Figure 12
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Dist(ax,az)
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Accelerometer value
o 2

A Dist(ax.ay)
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i
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Figure 11 The accelerometer lines of sitting activity.
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Figure 12 The accelerometer lines of standing activity.

1N Figure 11 Wae Figure 12 L umMILaaIR N Izen
Accelerometer @ULLWILAK X, Y LR Z PYAINTHWLAE
NI DITRILNAINIUAINTINATEUA Accelerometer
ANLUILAK Y 32TANARE19910 Accelerometer @KUY
WA% X WRE Z agdiARlaTa @anianIsunisniazian
Accelerometer @M3LWILNK Z K19971NA Accelerometer

' ) A 1

MUUWIUNY X Uaz Y adsdaau sungiiduitui
P A < A A A 1
099N I BT NLIITINT 08w 2zTANULIINLAA YN
U Iutvadlaniuana1sfiwluldazinn 3nda
o PPy o ' .
FINAKII G Mz ULW1IVDIA Accelerometer ANNWAD
LN Y war Z Nldadn Accelerometer @uLUILAL X
msl,"ﬁ”lumiiﬁwLLun';'w”a;&aﬁfuLﬂ AT URIDNITHY
4 49 o o e
mamqwawlwm Accelerometer auuwILn X Ludaya
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FIUWNAINTINUUUTEIAY Equation 29 uaz Equation 30

Dist(ax, ay) = /(@x — ay)? (27)
Dist(ax,az) = \/(ax — az)? (28)

PN 0o o @ A o & &
L ﬂuvlmﬁqﬁiﬂﬂiqﬂﬁaumayﬂﬂL“Ilr]aJ'] unsbn

if Dist(ax,ay) > Dist(ax,az) then
P, = Standing (29)

dl o s v dl v & GI/
b au"l"u FIRIUAIIRDUVBUAVILUINN NItk

if Dist(ax,ay) < Dist(ax,az) then
Pyt = Standing (30)

J Sci Technol MSU

ﬁ%m%'umsfa‘hﬁamwLLuuLﬂﬁauvlma (Energetic
activities recognition) INUBNAIYNITAIUITE SD Va4
ﬁagaﬁvﬁmﬂmflml,@ia: window lag/ld Equation 6 £i9
Equation 8 W3suifisufiudniass SD Lwia:ﬁﬁmssuﬁag
i CM &9aansndwiasléas Equation 31

Predicted = arg ming..(||SD; — SD&F||)
:act € [walking, jogging, stairs] (31)

Lf‘iammsnﬁﬂmw%aamgmu"lﬁl,t,ﬁﬁ'l iTa;uJam:LLa‘Lu
window j [luwmsvnfAansiuezls Tumaudeazasagou
Teesdiudysdunuiifiansin oM wielal \Rafiasyinls
IeduuufitminsauiudnememsynAanssuves gifl,% A
MITNUVa4 Algorithm 3 1asmMIFIUIUANUAU LY
(Dens)) wnzanulas (Kurt)) luudazunuvesdoyanszua
T window j anniiwinlwSeuifisuiueiiu1sly oM
Golgwannisd mﬁ‘uﬁ'umauﬁﬁwmsfﬁ‘hﬁaﬂimﬁm
d’smﬁmuummg’m mnﬁm:ﬂmsmﬁammﬁs:qﬁasl
d’smﬁmmummg’m (SDpore) ANMUAWILUL (Densypre)
WaLAMNLGI (Kurtyom) fmnie 3 pwduiansi
W@aanunazvinnsdiudssdiuunidnfansuene
Equation 32 49 Equation 34

mydSudpsdsnuwinaumelu oM

SDEE + SD;
2 (32)

newSDE =

ﬂﬁﬂ%ﬂﬂ?dﬂl’]&l‘muﬁLLuLuﬂ’]illu CM

act
Denscy + Dens;

2 (33)

newDens&f =

madSudpanalainalu cm

Kurt@f + Kurt;
2 (34)

newKurtZSf =
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Algorithm 3: ISAR+ model : Online phase (Adaptation
component)

/ * windowj = the set of accelerometer sensor data
when j=1,2,3,...,J. */
/x CM = {SD&,, Dens&y,, Kurtl,} when act are

walking, Jjogging and stairs. */
/* Pgct = The predicted activities. */
/* J = the number of window. */
/+* m = the number of data in window. */

Input : window;, CM, SDj, Pact.

Output: The new C'M.

Set SDyote = Pact-

Compute the density of each acceleration values in window; such that

. o 1 n )2 - =
Dens;, ., = \/nTl 2z (a —ax)?, Dens; ., =

1 — 1 =
Vi i (ay — ay)?, Densy ) = /35 Lo, (az — a2)2
then set to Dens;

o=

Dens; = (DenSj(M) s Densji, v, DETLSJ'((LZ))

w

Compute the kurtosis of each acceleration values in window; such that
) — /L5 — dx)2 - —
Kurtj . = \/n_l 2ieq (ax — ax)?, Kurt;, =

1 - 1 -
7T ie (ay — ay)?, Kurtj o =/ 723 20 (az — az)?
then set to Kurt;

Kurt; = (Kurt; Kurt;

F(az) J(ayy Kurt]

(=)

IS

Find the nearest activity act with density and kurtosis such that

Densyote = argmingct(||Dens; — Dens‘éﬂ&”)

Kurtyote = argminges (||Kurt; — Kurtaccl’é{H)
/* act € [walking, jogging, stairs] */
if SDyote, Densyote and Kurtyote are same activity then
Update C'M with calculate
newSDEY,  newDensly,, new Kurtll, using eq.(32)-(34).
Set CM = {newSDZ,, newDensel, newKurtdsy, }.

E

else
| Not update CM
end

e ® =
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Sensory Data from Smartphones

TP

p P _
recision TP + FP (35)
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Equation 36

TP
TP + FN (36)

Recall =

NW@]?’GJ‘@ F-measure L'ﬂ%ﬂ?‘ifjﬂﬂ?qugﬂﬁaﬂLLﬂ:LLlj%fj']
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Figure 14 Precision of activity recognition using WISDM

dataset. Each model is represented in different
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Percent

Standing Sitting Walking Stairs Jogging
[ STAR [ ISAR B ISAR+

Figure 15 Recall of activity using WISDM dataset. Each

model is represented in different colors.
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Figure 16 F-measure of activity recognition using WISDM
dataset. Each model is represented in different
colors.

Table 2  Results of applying ISAR+ versus state-of-the-

art methods on WISDM dataset

Model Accuracy
STAR without active learning® 23.40%
STAR with active learning’ 77.29%
Research® 82.77%
ISAR’ 75.67%
ISAR+ 85.81%
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Figure 17 Precision of activity recognition on
UniMiB-SHAR. Each model is represented in

different colors.
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Figure 18 Recall of activity recognition on UniMiB-SHAR.

Each model is represented in different colors.
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Figure 19 F-measure of activity recognition on
UniMiB-SHAR. Each model is represented in

different colors.
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Sensory Data from Smartphones

Table 3  Results of applying ISAR+ versus state-of-the-

art methods on UniMiB-SHAR dataset

Model Accuracy

STAR without active learning® 22.29 %
STAR with active learning’ 73.31 %
ISAR’ 81.23 %

ISAR+ 88.03 %
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