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Message from the President of the Association of Researchers of Thailand

Dear All Members

Hello to all members of the Association of Researchers of Thailand. The world and Thailand
are now facing the Covid-19 pandemic and this we need to largely adjust ourselves now and after the
Covid-19 with the “New Normal” protocol in all aspects, including in the research industry, for example,
vaccine research related to Covid-19 in which the research process has been accelerating faster than
usual. On the Facebook page of the Association of Researchers of Thailand, we publish information
about the situation about Covid-19 every day that members can follow. Due to the current situation, the
Association is unable to hold an Annual General Meeting this April since there has been the Government
Emergency Decree issued that we need to follow. However, once the situation returns to normal, the
Association will arrange the ordinary meeting again. Please follow our updates from the communication
channels of the Association.

Lastly, we hope that all members of the Association of Researchers of Thailand will be safe from

the crisis of the Covid-19 pandemic, and we wish everyone good health.

Associate Professor Dr. Phiphat Nonthanathorn

the President of the Association of Researchers of Thailand
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Message from the Editor in Chief,

International Journal of Science and Innovative Technology (1JSIT)

~

This International Journal of Science and Innovative Technology (IJSIT) is the 3rd year, vol.1 issue.
The Journal still receives honors from numerous academics and researchers that have continuously
submitted the works for publication, the research works that can be further extended to innovations in
order to propel Thailand to international recognition. And this is aiming for sustainable development of
many activities of the Association of Researchers of Thailand that are organized in cooperation with
external agencies, leading into rapid cooperation in research and various academic fields in the forms of
online format which is a form of Digital Transformation in the period of this New Normal of an epidem-
ic of COVID 19 such as INTERNATIONAL WEBINAR ON “IMPACT AND STRATEGIES FOR TOURISM, SERVICE
MANAGEMENT, AND ACADEMIC SECTOR”. And in this issue, there are also interesting guest articles on
Biodiversity following the Covid-19 Virus Outbreak to the Adaptation of Humanity. On this occasion, the
Editorial team would like to thank the professors, academics, and researchers for your contribution to
submitting important articles for the further development of innovation for the actual application. And
the International Journal of Science and Innovative Technology (IJSIT) will play an important role in
disseminating knowledge, research works for application in solving problems and for continuous

development and to provide sustainable international connections for Thailand

Assistant Professor Dr. Sujinna Karnasuta
Editor in Chief
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Visible-Light Photocatalysis with WO_/TiO, Nanocomposite Fiber
Sponges Prepared via Solution Blow-Spinning Process

Jate Panichpakdee'*, Sarat Nuchapong"*, Busarin Noikaew"*,
Saengdeon Doungdaw"*, and Siriporn Larpkiattaworn®™*
Received April 14, 2020; Revised April 14, 2020; Accepted June 29, 2020

Abstract

Three-dimensional nanocomposite fiber sponges consisting of tungsten trioxide (WOB) and titanium dioxide
(TiOZ) as visible-light photocatalysts were successfully prepared by solution blow-spinning process in combination
with a calcination process (450 °C). The precursor solution of tungstic acid (H WO )/tetrabuty! titanate (Ti(OBu) )/
polyvinyl pyrrolidone (PVP) with various molar percentage ratios of tungsten to Ti (i.e., 0.5, 1.0, 3.0, and 5.0) in 75/25
w/w mixture of ethanol and acetic acid were prepared and blown-spun. Smooth fiber morphologies and average
fiber diameters in a range of 480 nm to 645 nm before calcination and 351 nm to 479 nm after calcination were
observed by a scanning electron microscope (SEM). The presence of WO, within the nanocomposite fiber spong-
es was found by using X-ray diffractometer (XRD). The photocatalytic properties of the WOﬁ/TiO2 nanocomposite
fiber sponges were investigated by photocatalytic degradation of methylene blue solution under both UV- and

visible-light radiation. Results showed that the W03ﬁi02 nanocomposite fiber sponges at molar percentage ratios

of 5.0 exhibited the highest activity under both UV- and visible-light radiation.

Keywords: Photocatalyst, WO/T i0,, Nanocomposite fiber sponges

Introduction

Titanium dioxide is one of the most popular
photocatalysts which have been widely investigated
because of its advantages such as non-toxicity, low
cost, chemical stability, and high photocatalytic prop-
erty (Li et al., 2005; Zhang et al., 2006; Ye et al., 2013)
. Recently, it has been extensively used in a variety of
fields, including air purification, self-cleaning surfaces,
and water purification (Luevano-Hipolito et al., 2014;
Elahifard et al., 2007, Wang and Lim, 2013). The pho-
tocatalytic activity mechanism of TiO, involved with
converting solar energy to chemical energy by generat-
ing the photoinduced electrons and holes. As a result,
superoxide radical anions and hydroxyl radicals gener-
ated from the reaction between the holes and water
molecules could decompose organic matter (Zeng et

al,, 2007; Ismail & Bahnemann, 2011). However, the use

of TiO, is still limited in some aspects due to its wide
electronic band gap value of 3.2 eV, requiring only UV
lisht to activate. Moreover, the rapid photo-generated
electron-hole recombination rate of TiO, also reduces
its photocatalytic activity (Hayden, Allam and El-Sayed,
2010; (Linsebigler, Lu and Yates, 1995).

To overcome these limitations, several previ-
ous researchers have paid attention to extend TiO, ad-
sorption in the visible spectrum and to reduce recom-
bination rate of photo-generated electron-hole pairs by
doping with metals/non-metals, surface modification,
loading of metal nanoparticles, and combing with oth-
er semiconductors such as CdS, FeZO3, BiZO3, WOZ, etc.
The coupled semiconductor oxides have been wide-
ly reported to improve the photocatalytic activity, in
comparison to that of individual semiconductors (Lue-

vano-Hipolito et al., 2014; Laursen et al., 2012; Kment

! Thailand Institute of Scientific and Technological Research, Khlong Luang, Pathum Thani, 12120, Thailand

* Corresponding author. Email: Jate@tistr.or.th, Sarat@tistr.or.th, Busarin@tistr.or.th, Saengdeon@tistr.or.th,

Siriporn@tistr.or.th

7



8

International Jounal of Science and Innovative Technology Volume3 Issuel January - June 2020

et al,, 2017). Among them, WO3 has attracted much at-
tention for enhancing the photocatalytic activity of Tio,,
owing to its advantages such as low cost, smaller band
gap (2.7 eV), and high stability in water (Yadav et al.,
2017; Mugunthan, Saidutta and Jagadeeshbabu, 2018;
Ofori et al., 2015).

Nowadays, nanofibers have received a great
deal of attention in the field of environment such as
air purification and water purification due to excellent
characteristics such as high surface area to volume, and
high porosity (Doshi and Reneker, 1995; Khil et al., 2003).
Various WOS/TiO2 nanofibers, mostly based on electro-
spinning process, were reported (Chen et al., 2016; Cha-
kornpradit, Phiriyawirut and Meeyoo, 2017; Szilagyi et
al.,, 2013). However, the WOa/'I'iO2 nanofibers typically
were manufactured in a flat form (two-dimensional or
2D). In this work, three-dimensional photocatalysts con-
sisting of WO, and TiO, with various molar percentage
ratios of tungsten to Ti (i.e,, 0.5, 1.0, 3.0, and 5.0) pre-
pared by solution blow-spinning process was investigat-
ed.

Experimental Procedure

Polyvinyl pyrrolidone (PVP; with a molecular
weight about 1,300,000), tungstic acid (HZWOa; >99%),
tetrabutyl titanate (Ti(OBu); =97%), and methylene
blue (MB; dry content >82%) were purchased from Sig-
ma-Aldrich (Switzerland). Ethanol (99%) and acetic acid
(99.8%) were purchased from Lab-Scan Asia (Thailand).

All of the chemicals were of analytical grade and used
without further purification.

As for the preparation of TiO_ fiber sponges, the
precursor solution of Ti(OBu) /PVP was prepared by a
sol-gel method and blown-spun as previously described
by Wang et al.,, 2017. Briefly, Ti(OBu)4 and PVP with 2:1
mass ratio were mixed in a mixture of ethanol and ace-
tic acid (75/25 w/w). The concentration of PVP in the
solution was fixed at 7 wt%. The solution was continu-
ously stirred using magnetic stirring for 6 h at room tem-
perature, and then was blown-spun by using a specific
coaxial needle under a gas pressure of 69 kPa (airflow
velocity is about 21 m/s). The flow rate of the solution
and the distance between the tip to the porous and air
permeable-cage collector were set at 3 mL/h and 20
cm, respectively. After spinning, the Ti(OBu) /PVP fiber
sponges were immediately calcined at 450 °C for 200
min in air. Finally, the fiber sponges were irradiated with
UV radiation (12 W) for 2 h prior to further use.

As for the preparation of WO /TiO nanocom-
posite fiber sponges, the preparation process was simi-
lar to that of TiO, fiber sponges, except that the H WO,
with various molar percentage ratios of tungsten (W) to
Ti(i.e., 0.5, 1.0, 3.0, and 5.0) was dispersed in 75/25 w/w
mixture of ethanol and acetic acid under magnetic stir-
ring for 48 h and sonicated in ice bath for 5 min prior to
the addition of Ti(OBu), and PVP.

The particle size of H WO after dispersion in

mixed solvent was observed by using Zetasizer Nano

e R LR R ER R P PP RIS
E Frrerarnsnnanaas .......................
1 5
P 5
‘B 5
= N
[T 11 E R R TR EaTe 2TWVE afatE e SR 81 FTaTE wfeTe B
c .
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0.1 1 10 100 1000

10000

Size (d.nm)

Figure 1. Particle size distribution of H WO, dispersed in 75/25 w/w mixture of ethanol and acetic acid.
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ZS (Malvern Instrument). The morphology and size of
the as-prepared fiber sponges were investigated using
a Field Emission Scanning Electron Microscope (FE-
SEM, JEOL, JSM-6304F). X-ray diffraction patterns of the
as-prepared fiber sponges were recorded using a Rigaku
Smarlab X-ray diffractometer (XRD).

The photocatalytic activity of the as-prepared
fiber sponges was evaluated by monitoring degradation
of MB under both UV- and visible-light radiation. The
as-prepared fiber sponges were immersed (1g/L) in MB
at a concentration of 10-5 mol/L, and irradiated with
UV radiation (12W) or irradiated with visible-light radia-
tion (LED lamp 18W). The changes of MB concentration
during the test were measured by UV-Vis spectrometer

(Shimadzu, UV-1700) at a wavelength of 660 nm.

Results and Discussion
H WO, dispersed in 75/25 w/w mixture of eth-
anol and acetic acid was evaluated in terms of particle

size and size distribution as shown in Figure 1. The aver-

Ge°

e
%

age diameter of H WO prepared was 735.4 nm and the
polydispersity index value of 0.353 were observed.

The prepared precursor solutions of Ti(OBu) /
PVP and H WO /Ti(OBu) /PVP with various molar per-
centage ratios of tungsten to Ti (i.e., 0.5, 1.0, 3.0, and 5.0)
were blown-spun by using a home-made equipment,
which was assembled with an inner nozzle for allowing
airfflow and a concentric outer nozzle for injecting of
prepared precursor solution as presented in Figure 2a.
Under the pressure, the ejected precursor solution was
rapidly stretched and solidified during traveling in air. As
a result, the nanocomposite fiber sponges were collect-
ed in an air-permeable cage-like collector as represent-
ed in Figure 2b.

The morphologies of the Ti(OBu) /PVP and a
series of H WO /Ti(OBu) /PVP fiber sponges with various
molar percentage ratios of tungsten to Ti (i.e., 0.5, 1.0,
3.0, and 5.0) before and after calcination treatment at
450 °C for 200 min are presented in Figure 3. Before

calcination treatment (figures on the left column), the

|

L,

@@

(b)

Figure 2. Schematic diagrams of (a) the solution blow-spinning and (b) photograph of the precursor H WO /Ti(OBu) /

PVP fiber sponges obtained from the solution blow-spinning process.
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@)

(b)

(c)

(d)

(e)

Figure 3. SEM images representing the surface morphologies of (a) Ti(OBu)4/PVP fiber sponges, (b-e) the H WO /
Ti(OBu)d/PVP fiber sponges of tungsten to Ti molar ratios 0.5, 1.0, 3.0, and 5.0, respectively. Left column
presents the fiber before calcination and right column presents the fibers after calcination at 450 °C for
200 min.
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Figure 4. XRD patterns of TiO_ fiber sponges and the WO /TiO_ fiber sponges after calcination treatment.
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Figure 5. Photocatalytic degradation of methylene blue solution under UV radiation.
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Figure 6. Photocatalytic degradation of methylene blue solution under visible-light radiation.
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nanofiber sponges with smooth surface were observed
on the Ti(OBu) /PVP and a series of H WO /Ti(OBu) /PVP
fiber sponges. The average fiber diameter of Ti(OBu) /
PVP fiber sponges was 430 nm, while the average fiber
diameters of 480, 540, 573, and 645 nm were found in
H WO /Ti(OBu) /PVP fiber sponges at molar percentage
ratios of tungsten to Ti of 0.5, 1.0, 3.0, and 5.0, respec-
tively. The increase in fiber diameter observed was due
to the increase in the amount of H WO, loading in the
fibers. After calcination treatment (figures on the right
column), the average fiber diameters of fibers blown-
spun from Ti(OBu) /PVP precursor solution was 340 nm,
while the average fiber diameters of 351, 386, 414, and
479 nm were obtained from H WO /Ti(OBu) /PVP pre-
cursor solution of tungsten to Ti molar percentage ratios
of 0.5, 1.0, 3.0, and 5.0, respectively. The smaller fiber
diameters were observed in all cases, suggesting that
the removal of PVP occurred during the calcination pro-
cess.

The nanocomposite fiber sponges containing
WO, and TiO, were further investigated to confirm the
presence of WO, within by using X-ray diffractometer
(XRD). After calcination treatment, hydrate water in
H WO, was released, resulting in the formation of high
crystalline WO, (Ke et al., 2018). XRD patterns revealed
the peaks at 23.1°, 23.6°, and 24.4°, corresponding to the
crystal planes (0 0 2), (0 2 0), and (2 0 0) of monoclinic
WO, (Figure 4). The existence of weak peaks observed at
23.1°, 23.6°, and 24.4° confirmed that WO3 were success-
fully formed in the nanocomposite fiber sponges. How-
ever, the characteristic peaks of WO, were not clearly
seen in the nanocomposite fiber sponges with tungsten
to Ti molar ratios 0.5 and 1.0 due to the low amounts
of WO, within.

The photocatalytic activities of nanocomposite
fiber sponges consisting of WO, and TiO, with various
molar percentage ratios of tungsten to Ti (i.e., 0.5, 1.0,
3.0, and 5.0), in comparison to the TiO, nanofiber spong-
es, were further evaluated by photocatalytic degrada-
tion of methylene blue solution under both UV- and
visible-light radiation. In Fig. 5, under UV radiation, the
degradation of methylene blue solution using the TiO,

nanofiber sponges or a series of nanocomposite fiber

sponges consisting of tungsten and TiO, were observed
to increase progressively with increasing UV exposure
time. After 1 h of experiment, the concentration of
methylene blue was about 60% as found in all samples
except nanocomposite fiber sponges at tungsten to Ti
molar percentage ratio of 5.0, which was about 33%.
After 24 h, the methylene blue solution was almost di-
minished, especially in nanocomposite fiber sponges at
tungsten to Ti molar percentage ratio of 5.0 (about 1%
left), while the remaining methylene blue were found in
a range of about 4% to 6% for the rest of of photocata-
lyst samples.

Figure 6 shows the methylene blue degradation
profiles of the photocatalysts under visible-light radia-
tion. The photoacatalytic degradation rate of methylene
blue solution under visible-light radiation was found to
be slower than under UV radiation, however, the simi-
lar trend was observed. The photocatalytic degradation
performance was found to increase with increasing WO,
content. Interestingly, WO,/TiO, (5.0) showed significant-
ly higher performance in both UV- and visible light ir-
radiation compared to the others. A sharp decrease in
methylene blue concentration (around 55 -65%) was
observed in the first hour. The faster degradation of
methylene blue observed under UV radiation might be
ascribed to the fact that the photogenerated electrons
from TiO, could be transfer to the conduction band of
WO, under UV radiation, leading to an increase in the
lifetime of the photogenerated electrons and holes (Lu-

evano-Hipolito et al., 2014).

Conclusion

Visible-light photocatalyst nanocomposite fi-
ber sponges were successfully prepared from tungsten
trioxide (WO,) and titanium dioxide (TiO,) by solution
blow-spinning process. After calcination treatment,
hydrate water of HWO_ within nanocomposite fiber
sponges was removed, resulting in formation of high
crystalline WO,. The presence of WOB/'I'iO2 at tungsten/
Ti molar ratio of 5.0 showed the best photocatalytic
performance in degradation of methylene blue solution

under both UV- and visible-light radiation.
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Abstract

Electrical consumption data from Metropolitan Electricity Authority (MEA) was collected and compared
between normal warm weather in November, 2019 and cold weather in December, 2019 for seven days. Ques-
tionnaire asking target group as working people, elderly people and students and classified building type into office,
single house, townhouse condominium or apartment with at least 100 samples each. Then, 10 personal interviews
was focus group for each building type. It was found that air temperature in November 2019 was 23-33 degree
Celsius while 18-28 degree Celsius in December (AccuWeather, 2020: TMD, 2019). In December 2019, the outside
air temperature was in comfort zone during the daytime while in the night time it was below thermal comfort. It
was found that nobody turned on air condition in the building both in the office during the daytime and in their
residences during the night time. Calculating electrical cost at 4.22 baht per kilowatt-hour (MEA, 2020) the energy
reduced roughly about 1,000 MW per hour which cost about 4,220,000 baht hourly, 101,280,000 baht a day, or
708.96 million baht a week. It equivalents to 1,000,000 ton of split-type air condition or 500,000 to of chilled water

air condition system.

Keywords: Energy consumption, Cool weather, Cooling load, Metropolitan Electricity Authority (MEA), Enthalpy

Introduction Most houses, townhouse, and condominium in Thailand

Business and residential sectors have majority  have a lot of air leakage construction joint detail since
electrical energy consumption in Bangkok area, about it has no need to design an air tight system. People
69 percent of total consumption. Bangkok has lack of il stay indoor most of the day almost 24 hours. Stay
database as how many tons of air-conditioning installed i their rooms during the night, stay in office building
and operated in Bangkok Metropolitan area. To calcu- during the day, and stay in car, bus, and train during
late back during the cold weather compared with nor-  travelling. Therefore, to make comfort built environ-
mal weather with required air-conditioning system, we  ment for people is more important. To design energy
would estimate actual requirement and Cooling Load  efficient building, the air tight construction details are
demand. During December 2019, the air temperature very important but it also needs the appropriate me-
had reduced rapidly for about 2 weeks. It was an 0ppor-  chanical system to circulate indoor and outdoor fresh

tunity to explore how people in Bangkok area behave. i |t requires extra operation cost which most residents

Moreover, it would be possible to gather residential iy Thailand have more concerned.

building performance as the infiltration effect to users.

' Center of Excellent for Building and Environmental Technology, Faculty of Architecture,
Chulalongkorn University, 254 Phayathai road, Wongmai, Patumwan, Bangkok 10330, Thailand.
(668) 6777-0720 Email: vorasunl@gmail.com

? Udon Thani Rajabhat University, 64 Thaharn Road, Muang, Udon Thani, 41000, Thailand.
(668) 1544-2540 Email: pongsak_ad4@hotmail.com
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Electrical Energy Consumption by Sectors
(EPPO, 2020)
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Figure 1. Electrical Energy Consumption by Sectors (EPPO, 2020).

Data from Energy Policy and Planning Office
(EPPO, 2020), Ministry of Energy has shown that more
than half of energy budget in urban area are office
and residential buildings. If we promote energy con-
servation to those sectors, it can reduce a significant
number of energy budgets. During daytime, people are
at work places in their office buildings. Buildings have
heat gain all day long. It is a reason that the energy
consumption is almost double compared to residential
buildings which operate during night time without solar
radiation heat gain. Even energy conservation regulation
has been enforced since 1992 but most architects still
in a process of develop energy conversion design expe-
riences. From then, it is about 25 years. Small number
of architects can design energy conservation buildings.
Building life is another influence factor that costs ener-
gy consumption until the end of their structure which
is about 30 years or more. Then, the portion of energy
conservation buildings are still very less in urban energy
budget consumption.

Installing air condition systems in residential
buildings are mostly estimated by local contractors
which using traditional cooling load calculation as 1,000
to 1,200 Btu per square meter. Normally, they would
install an oversize air conditioning system for the only
reason that they would not be blamed if it is not cool
fast enough. This situation will effect high energy con-

sumption and also cause health problem since high hu-

midity and cool indoor air temperature inside a room.
Fungus and bacteria would have good environmental

condition to grow and enjoy propagation.

Methodology

This research collected electrical consumption
data from Metropolitan Electricity Authority (MEA) by
comparing the amount of electrical consumption be-
tween normal warm weather and cold weather in the
same working day (Monday through Friday) and holi-
day for seven days. Then, researcher conducted Goo-
gle questionnaire asking target group as working people,
elderly people and students. Questionnaire classified
building type into office, single house, townhouse con-
dominium or apartment with at least 100 samples each.
Researcher conducted 10 personal interviews as focus

group for each building type.

Results

Using questionnaire (December 4th-10th, 2019)
asking working people, elderly people, and students,
It is found that not even single person turned on air
condition in the building both in the office during the
daytime and in their residences during the night time.
During a week of December 4th to 10th, people never
turned on air conditioning system because the weather
is very cold more than their comforts. Even during the

night time, when they sleep, they closed all windows
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and doors but they still put the blanket on and they still
feel very very cool. This happened because construc-
tion in Thailand has a lot of infiltration details. Those
infiltrations occurred since they need natural ventilation
which is normally practice in hot and humid climate.
Therefore, when the weather is very cold, cold air out-
side building can easily leaks into rooms and indoor
spaces.

Comparison on Wednesday November 6th and
December 4th, 2019 in Figure 2 (a) showed the paral-
lel curves during working day. Graph profile has lowest
consumption on 4:00 -5:00 am because of low ambient
outside air temperature and all inside materials has the
same temperature as inside air temperature. Then, it
raised from 6:00 am because of people begin to weak
up and use all appliances until peak load at 11:00 am
and 14:00 pm. During office hours, water cool chiller
would be turned on around 7:00 am (about 2 hours
before start working) till 4:30 pm (half an hour before
the end of working hour). During lunch time, most split
type air condition system would be turned off according
to national energy conservation policy. Then, electrical
consumption dropped between noon to 1:00 pm. Then,
after working hour, people travel back to their residenc-
es turning on their split type air conditioning systems.
Energy demand is still high constantly. Graphs still re-
mained flat until 11:00 pm because of most split type
air condition systems cool down indoor air, room ele-
ments (wall, ceiling, and floor), and all furniture. When
all room components have their temperature close to
indoor air temperature set point, cooling load has re-
duced. Therefore, consumption graphs dropped down
until people weak up and sun rise again in the next day.

Comparison on Thursday November 7th and
December 5th, 2019 (the national holiday) in Figure
2 (b) showed flat curve of December 5th and normal
consumption curve on November 7th which is work-
ing day. Graph profile has shown the different electrical
consumption between working and holiday demand.
During night time and after working hours, the different
between working day and holiday is about 1,000-2,000
MW. From 6:00 pm - 9:00 pm electrical consumption
slightly increased since Thai people celebrating King

Rama 9 Birthday (December 5th). Then, energy demand
reduced. The different during working hours of work-
ing day and holiday started from 8:00 am till 5:00 pm
which was about 3,000 MW. It can be analyzed that
the amount of energy consumption from air condition
system in office building has a lot more demand than
residential systems. If we assumed than office use split
type air conditioning system, it would be 250 million
ton of split type or about 125 million ton of chill water
air conditioning system.

Comparison on Friday November 8th and De-
cember 6th, 2019 in Figure 3 (a) showed the slightly
parallel curves during working day. Graph profile in De-
cember 6th has lowest consumption on 0:00 -5:00 am
because people began to turn off all resident air condi-
tion systems according to outside cool air temperature.
It would take about 2 days for building materials cool
down from cold weather since most building envelops
are heavy with high mass and high heat capacity prop-
erty such as masonry and reinforced concrete. Graph
profiles during working hours are still the same shape
with about 1,500 MW different. This can be analyzed
that low outside ambient air temperature increased air
conditioning efficiency and reduce all cooling load from
hot air infiltration. Outside cool air has low enthalpy
with low relative humidity (low grain of moisture also).

Comparison on Saturday November 9th and
December 7th, 2019 in Figure 3 (b) showed the smooth-
ly parallel curves during holiday. Graph profile illustrat-
ed the outside low enthalpy effected air conditioning
load. Most resident air conditioning systems have been
turned on according to city people behaviors. It rose up
during 8:00 am till 5:00 pm and slightly consumed until
midnight because of tomorrow is still another holiday.
They do not have to hurry weak up to work. The elec-
trical consumption has about 1,000 MW different.

Comparison on Sunday November 10th and
December 8th, 2019 in Figure 3 (c) also showed the
smoothly parallel curves during holiday. Compared with
Saturday in November, the peak load was about 5,000
MW while it was 4,000 MW on Sunday. It is 1,000 MW
lower because of people stay home and relaxes. In De-

cember, peak load on Saturday was about 5,000 MW
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while it was 4,000 MW on Sunday. It is also 1,000 MW
different. People behavior remains the same between
Saturday and Sunday activities. It can be analyzed that
outside cool weather and low enthalpy reduce energy
budget and cooling load at the same time.

Comparison on Monday November 11th and
December 9th, 2019 in Figure 3 (d) showed the sim-
ilar curves during working day. It has closed to 7,000
MW peak load in November and 5,500 MW in December
about 1,500 MW different. After office hours, the differ-
ent was about 1,000 MW. In December, energy demand
had rapidly reduced from 9:00 pm till 5:00 am since all
people turned off all resident air conditioning systems.

Comparison on Tuesday November 12th and
December 10th, 2019 in Figure 3 (e) also showed the
similar curves during working day in November while it

has lower curve in December. The different consump-

tion during working hours was about 1,500 MW while it
was 1,000 MW after working hours. All graphs are similar
to Monday.

Electrical consumption from Metropolitan Elec-
tricity Authority (MEA, 2020) illustrated that 1,000 MW
per hour roughly in average has been reduced during
December 4th to 10th, 2019, compared to the same
day in November 2019. December 4th, 6th, 9th, and
10th were working days. The electrical consumption
was about 1,000 MW different in every hour (Figure 2 (a),
Figure 3 (a), (d), (e)). December 5th, 7th and 8th were
holidays. It was about 4,000 MW consumption average
(Figure 2 (b), Figure 3 (b), (c)). Electrical consumption dif-
ferent was remain similar to those working days which
is 1,000 MW hourly. Peak load ranged from 9:00 am till
9:00 pm which was about 5,000 MW consumption in
working days. Then, peak load during day time in holi-
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Figure 2. Electrical consumption in Bangkok area comparison between November 6th-7th (warm climate) and

December 4th-5th (cold climate), 2019. During working days from Wednesday to Thursday have shown in

(a) and (b).
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Figure 3. Electrical consumption in Bangkok area comparison between November 8th-12th (warm climate) and
December 6th-10th (cold climate), 2019. During working days from Friday to Tuesday have shown in (a),
(d), and (e) respectively, while Saturday and Sunday is (b) and (c).
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Table 1 Electrical Consumption Summary During Cool Weather in December 2019 Compared to the Same Day

with Normal Ambient Air Temperature in November 2019.

2019 (2562)

MW different (hourly average)

Min. air temp. Max. air temp.

Wednesday 6 nov. & 4 dec. 1,300
Thursday 7 nov. & 5 dec. 2,000
Friday 8 nov. & 6 dec. 2,000
Saturday 9 nov. & 7 dec. 1,300
Sunday 10 nov. & 8 dec. 1,000
Monday 11 nov. & 9 dec. 1,000
Tuesday 12 nov. & 10 dec. 1,000

26 & 19 C 33&28C
26 & 18 C 33 & 27 C
25&18C 32&28C
24 & 17 C 31&27C
20&19C 31&27C
23&18C 328&28C
23 & 18 C 33& 29 C

days about 4,000 MW.
Conclusion and discussion

Air temperature in Bangkok in November 2019
was highest 31-33 degree Celsius while 27-28 degree
Celsius highest in December (AccuWeather, 2019). It is
3-5 degree Celsius different. Outside air temperature in
Bangkok in November 2019 was the lowest 23-26 de-
gree Celsius while the lowest 18-19 degree Celsius in
December 2019 was (TMD, 2019). It is 4-7 degree Celsius
different. In December 2019, the outside air tempera-
ture was in comfort zone during the daytime while in
the night time it was below thermal comfort. It was also
rapidly cold, then people still got used to the previous
experience of warm weather.

Calculate only electricity cost at 4.22 baht per
kilowatt-hour (MEA, 2020) the energy reduced roughly
about 1,000 MW per hour which cost about 4,220,000
baht hourly or 101,280,000 baht a day. It’s worth 708.96
million baht a week. This is a significant number for ur-
ban planning, architect, engineer, designer, and MEA to
recognize and draw actual plan to invest in environ-
mental design reducing ambient air temperature. If we
calculate back into cooling load for household using
split-type air conditioning system turn on for 10 hours
during night time and the rest turn on during office

hours, it would be 1,000,000 ton of split-type air condi-

tion or 500,000 to of chilled water air condition system.
Now we can estimate cooling load which is actual oper-
ate in Bangkok area regularly. If we renovated or replace
those air conditioning systems and increase double effi-
ciency, energy consumption will reduce in half. It would
be 18,432.96 million baht saved annually. This number
would help governors running economic model and its
rapid payback to promote energy conservation regula-
tion and loan funding.

To make urban area beautiful and rich nature,
those amount of saving money can help to develop
more green spaces in street furniture, city park, garden,
open space, water pond, etc. many research results
have been proposed to increase green area in urban
area. If we balance green area as a surface to receive
solar radiation rather than hard surfaces of construction,
the ambient air temperature would reduce dramatical-

ly. It affects all cooling load in all buildings, consequent-

ly.
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Abstract

The purposes of this research are; 1) To study local wisdom on herbs of Chaiyaphum province 2) to pre-
pare learning lesson related to local herbs 3) to disseminate and promote local wisdom and local herbs, learning
sources of herbs in Chaiyaphum province using the qualitative research method, The main informants of the re-
search consist of 9 people, namely village philosophers living in Sai Neam and Ban Na Si Nuan villages in Na Siao
Subdistrict, Mueang District, Chaiyaphum Province. Tools used in the research are interview forms and field record
form. Data derived from the interview are analyzed using content analysis protocol.

Findings in this research reveal that: 1) In the study of local wisdom on the herb of 90 types in Chaiyaphum
province , plants with the most medicinal properties include; Dracaena angustifolia Roxb (fiuaaunun), Cryptolepis
dubia (LmLﬁuéau),Caper tree peels (1Wannun), Phlai herb (Iulwa), Camphor Tree leaves (lunuin), Turmeric (%fu
1), Croton persimilis root (S’IﬂL‘Uéj’ﬂWZy'), Bergamot peels (L‘Uﬁaﬂmﬂgﬂ), used to cure tendon, tendon stretch, back
stiff, tendon pain, ligament pain. To use, make it into a hot compress ball. 2) Preparation of lessons about the
development of local knowledge by creating a CD of Medicinal Plant Database and Medicinal Plant Documents
consisting of photos, medicinal plant name, scientific name, cultivation, properties, and herbs application to be
used for learning in communities, schools and for interested people. 3) In the dissemination of local wisdom and
innovation of local herbs as a source for learning herbs in Chaiyaphum Province to disseminate knowledge to ben-
efit those interested and can be used as a source for learning herbs, the community can learn how to use herbs

as food and medicine which will help to participate in preserving herbs for sustainability.

Keywords: Innovative Learning Packages, Local herb wisdom, Community resource base

The importance of the problem

Thailand's 20-year Research and Innovation
Strategy (2017 - 2036) aims at creating basic knowledge
and understanding of Thai wisdom and Local knowledge
in living with quality of life to recognize self-reliance,
and health care (20-year Research and innovation Strat-
egy 2017 - 2036, 2017, pages 68 - 69). National Master
Plan on Thai Herb Development No. 1, 2017 - 2021 de-
fines the strategy in developing Thai herbs, health pro-
motion, and disease prevention in the community. The
Local Government Organization has a plan to promote
the uses of health herbs wisdom and primary care in
integrating with local medicine wisdom promoting local
herbs for health care and disease prevention (Ministry
of Public Health. (2017). National Economic and Social

Development Plan 2017-2021 for agricultural develop-
ment has created and transferred academic knowledge,
science, technology and innovation and local wisdom
in participatory agriculture to support the utilization of
biological resource bases, respond to the quality of life
of people and the environment of the country includ-
ing supporting the development of sustainable agricul-
ture through the participation process. In the study of
alternatives and the determination for the process of
study, research, development, and mechanisms for the
community to be aware of health and natural products
that safe for both personal and environmental, the me-
dicinal plant is one option that is commonly used as
food. The wisdom of Thai medicinal plants has always

been with Thai people since ancient times until now

! Faculty of Education Chaiyaphum Rajabhat University, Chaiyaphum 36240 Thailand
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although nowadays has been developed with technol-
ogy to be innovative and into various herbal products
but the transfer of knowledge of local wisdom, knowl-
edge transfer will make learners understand, be able to
bring into practice. Local wisdom transfers knowledge
to learners automatically without learning from the in-
stitute, but it will use the Socialization Process method
created by imitating and remembering to inherit with-
in the family and it deploys demonstration as transfer
method to make an example, explaining every step to
learners to understand and then bring into real practice.
Demonstrate and put into practice, practice repeated-
ly until becoming proficient because the work that will
be used for a living must be actual work that can be
utilized. Learners or target groups that receive wisdom
knowledge transferred from knowledgeable people
have a belief in keeping a promise for the ancestor to
cover up the secret in the technology is not properly
developed (Ratana Bua Son (1992). Teaching and learn-
ing innovation of modern teachers in order to improve
the skills of learners in the 21st century currently has
created teaching materials and developed into teaching
and learning innovation to provide learners with import-
ant and necessary skills for learners in the 21st century
to meet the goals of national curriculum according to
National Education Plan 2017-2036 which link to nation-
al strategies with the goal in developing the potential of
people of all ages and the creation of a learning society
for all types of innovation that are transferred while pro-
viding examples at actual locations to help readers to
understand clearly.

Chaiyaphum Province has natural resources
and the environment with 50% forest area, which is a
local herbal forest called "Phu Laen Kha". It's a natural
asset suitable for the growth of herbs. There are know-
able people or local sages, folk doctors in the province
who have the experience, herbal wisdom that has been
registered and granted for professional rights for a total
of 36 people. The strategy of Chaiyaphum Province is,
therefore to propel for the innovation of community
herbs to carry on the preservation of Thai wisdom about
herbs to be recognized and to be used for planting,

food and medicine processing for quality of life of peo-

ple (Chaiyaphum Farmers Council, 2017). From the re-
sult of research on the inheritance and transfer process
of folk medicine wisdom leading into the health care
of people in Ban Sai Ngam Village No. 3 and Village No.
12, Na Siao Sub-district, Mueang District, Chaiyaphum
Province, the results reveal that for the community way
of life, the folk healers have a tied relationship with
the community forests. There has been herb collecting
activity since the year of 1950, with knowledgable doc-
tors who have local wisdom in using herbs to cure the
diseases. For methods in the inheritance of knowledge
and local wisdom in using herbs, there are folk healers
in the province that transfer knowledge to public health
volunteers while there is Miang Khing (wrapped in leave
ginger) , a recipe containing ingredients like Black Galin-
gale (n3za186), Long pepper (AUA), Toon Caladium (#)
), Ginger (ns¥¥v), Phlai (Bengal root ulna), dried
chilies, Crataeva (fjiJ) Peels, Pipe Tamarind (uzanuidan),
Brown sugar (Hanans1eung),Odized salt (indelelofiu),
Elephant garlic (nsztiiealnu)which is the ancient formu-
las from Ban Anu Ban transferred to the new generation
alongside the Sai Ngam village (Monthan Penporn Chai-
pakdee, 2020)

Chaiyaphum Rajabhat University has introduced
the King's Philosophy for the local development in ac-
cordance with the sufficiency economy philosophy for
self-reliance for the dissemination of local herbs to be
a community learning center in Chaiyaphum province.
With a research fund from the National Research Coun-
cil of Thailand 2018 on the succession process of folk
medicine wisdom leading to the health care of the vil-
lagers in Ban Sai Ngam Village No. 3 and Village No. 12,
Na Siao Subdistrict, Mueang District, Chaiyaphum Prov-
ince. It, therefore, has been extended to the research
on the learning innovation for knowledge of local herbs
from the resource base of the community focusing on
people to use a source of learning herbs for medicine
and herbal food and preserving the environment and

herbs in the community for the sustainability

Research Objectives
1. To study local wisdom on herbs in Chaiya-

phum Province
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2. To create a lesson about the development
of local wisdom on herbs
3. To disseminate local wisdom on herbs, and

herb learning center in Chaiyaphum province

Expected Benefits

1. To obtain information about local wisdom
on herbs in Chaiyaphum province where management
in the production and development of medicinal plant
network in Chaiyaphum province are fully implemented

2. To obtain the practical guidelines in the
management of learning resources with community
participation in continuously driving the activities which
result in the development of strong communities and a
sustainable environment.

3. The community has continued to create
awareness in the community to recognize and preserve

the importance of local herbs in the community.

Research Extent

1. Areas of study include Sai Ngam Village, Ban
Na Si Nuan, Na Siao Sub-district, Mueang District, Chaiya-
phum Province

2. Sample population used in the study and
providing information are folk philosopher on herbs in
Sai Neam Ban Na Si Nuan Village, Na Siao Sub-district,
Mueang District, Chaiyaphum Province

3. The research period is January 2019 - De-
cember 2019

Study local knowledge on herbs of Ban Sai
Mgam, Ban Ma Si Nuan, Na Siao Sub-district,

Mueang District, Chaiyaphum Province

L 4

Lesson on the community of local herb

wisdom development

Research Methods

1. Plan to collect data, create tools for data
collection according to objectives

2. Study the concepts, theories related to me-
dicinal plants from various documents and from individ-
uals

The researcher searches for knowledge from
relevant research documents, books, academic doc-
uments and news from the website and from experi-
enced persons, study topics of medicinal plants used
in the treatment of diseases from Thai herbal textbook,
research results on Thai traditional medication, and var-
jous research reports about medicinal plants.
1. Population and samples

1.1. To study and survey of data in the area,
the researcher has chosen to study the use of herbs,
herbs used to treat diseases in the garden areas of Baan
Sai Ngam Herb, Ban Na Si Nuan, Na Siao Sub-district,
Mueang District, Chaiyaphum Province which are sourc-
es of over 90 medicinal plants in an area of 9 rai. The
researcher meets with Phra Kru Kittithamworakhun, a
monk dean of Na Siao Sub-district an abbot of Wat Pa
Phatthanatham temple at Na Siao Sub-district, Mueang
District Chaiyaphum province, the grower and the plant-
er who takes care of the herb garden in Pa Phatthan-
atham Temple to clarify the purpose of the study to
understand and to request in exploring and studying
the use of herbs for the treatment of diseases, as well
as various herbs in the herb garden of Wat Pa Phat-

thanatham Temple and Sai Ngam Community. The re-

- Learning source of local wisdom on herbs

- CD-ROM of Medicinal Plant Database

- Medicinal Plant documentation

Figure 1. Research Conceptual Framework

L J

- Public relations

- Chaiyaphum herbal learning center
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searcher requests permission from the village headman,
community leader, village health volunteer to interview
the local philosophers and folk healers at Ban Sai Ngam,
Na Siao Sub-district, Mueang District, Chaiyaphum Prov-
ince to collect research data. The researcher used the
research methods as follows

1.2 Interview with the local philosopher and
folk healers 3 times 9 persons at Sai Ngam village, Na
Siao Subdistrict, Mueang District, Chaiyaphum Province.
1.3 Interview with individuals or a group of people who
use the Baan Sai Neam Herb garden, about the study of
various knowledge of herbs in the community, natural
planting sources, uses of herbs as food and medicine,
properties of each type of herbal, the method in using
herbs for food and treating diseases. The interviews are
conducted 3 times with 9 people.

2. Research tools

In this study, the researcher conducts qualita-
tive research. The tools used in this study are :

1. The survey form, to survey of medicinal
plants grown in Wat Pa Phattham Temple, Ban Na Si
Nuan and Ban Sai Ngam, Na Siao Sub-district, Mueang
District, Chaiyaphum Province to collect data of name,
type, properties, and parts of medicinal plants

2. The interview form, an interview with Pra Kru
Kittitham Worakhun, a monk dean of Na Siao District
and is the abbot of Wat Na Siao Subdistrict, Mueang
District, Chaiyaphum Province.

3. Medicinal plant database record form to
disseminate knowledge about the herbs in Sai Ngam
villages and herbs in Pa Phatthatham Temple, Na Siao
Sub-district, Mueang District, Chaiyaphum Province.

4. Interview forms about the use of herbs for
treating diseases of the herb gardens in Sai Neam vil-
lage and herbs in Pa Phatthana Tham Temple, Na Siao
Sub-district, Mueang District, Chaiyaphum Province.

3. Data Collection

In this research, the researcher collects data
covering all the contents according to the studied issues
as follows;

1) Study documents, articles, books, and relat-
ed research from academic experts to be used as re-

search guidelines

2) In-depth interview about herbs information
based on the main questions according to the needs
and convenience of the informants

3) Observation, the researcher uses the princi-
ple of participatory observation to help find and eval-
uate information during the interview and records the
required data later.

4) Field records, the researcher use both short-
hand lecturing and tape recording methods during the
interview. After that, the researcher transcribes the tape
and collects and organizes all recorded data every time
after the interview to record all the events occurred and
then verify and update to be correct and complete.

4. Procedures for field data collection in the field

4.1 Community preparation, the research-
er goes to study in the area full time. The researcher
arranges the interview at home or depending on the
convenience of samples. To become familiar with the
samples for qualitative data collecting, the informants
can perceive value and the benefits of research.

4.2 Observation, it’s the methodology to an-
alyze or find out the relationship of the incident with
other things in which the researcher uses participant
observation as an observation methodology where the
researcher does not involve in the event to be inter-
viewed. The researcher follows the interview with the
informants according to the questions that the research-
er creates.

4.3 Data collecting by in-depth interview uses
interview guidelines as follows

4.3.1 The first in-depth interview, the
researcher starts by talking about general topics in order
to create a friendly atmosphere in the form of person
to person conversation rather than an official interview.
The researcher behaves on the basis of good manners
and punctuality being a good listener, sensitive to both
the emotional reaction and to a matter of information,
accepts the behavior that the sample group is express-
ing, not much sticking with the sequence of the question
while linking to the issue using conversation. Researcher
exchanges with the samples for opinion, belief, life ex-
periences which are subjective using broad questions

to open issues with the sample group as open-ended

25



26

International Jounal of Science and Innovative Technology Volume3 Issuel January - June 2020

questions.

4.3.2 The researcher records the con-
versation during the interview, summarizes important
issues that have been interviewed for informants to ver-
ify for accuracy, arranges an appointment for the next
interview, gathers and categorizes information received
from interviews, simultaneously transcribes the record-
ed interview and analyze the data to understand the
content of the interview while looking for definitions
that are not clear and some issues that are still missing
to ask the next sample group

4.3.3 The Duration of the interview is
30-45 minutes. Each session, the number of times used
for the interviews is between 2-3 times by mainly taking
into account the suitability and completeness of data
derived from the in-depth interview each day, 1 inter-
view per day. The second in-depth interview is approx-
imately 4-5 days from the first interview. This depends
on the convenience of each time appointment but not
for more than 15 days. The second interview will be an
interview based on additional questions to gather the
information that may be missing from the 1st interview.
After the interview, the interview content will be re-
viewed so that the sample informants will be informed
for information from the 1st interview to add or edit
further information if needed

4.3.4 Time and place of interview will
depend on the convenience of the sample informants
which is usually at homes of the samples where follow-
ing up of interview can be possible

4.3.5 The interview will be completed
once all the information required is sufficient and the
researcher expresses the appreciation for the coopera-
tion of the sample groups for shared valuable experi-
ences.

4.4 Data Validation Checks
The researcher uses methods in checking the
reliability of the data using the following methods.

4.1.1 Data validation is conducted
every time the data is studied. The researcher uses a
qualitative data validation method called the triangular
inspection from the data source as follows

1) Individual sources, by examining the infor-

mation of the same topic but different individuals to
acquire different information and for evaluating if the
data that has changed or not. If checking and receiving
the same information every time, it means that the in-
formation acquired is reliable. However, if the acquired
information conflicts, the researcher will repeat the in-
terview to collect further information and verify with
other informants again.

2) Source and place, by interviewing the same
informants in different locations, such as interviewing
the local philosopher and observing the similarities and
differences of the data, if the information obtained is
the same, it is considered accurate

3) Checking the same data but at different
times, such as morning, afternoon, or evening. It some-
times may require defining the interval between the

sessions.

Data Analysis

Data analysis is performed simultaneously with
data collection. Qualitative data analysis is conducted
using Content Analysis consists of 3 analysis principles
(Mile and Huberman, 1994) including data organizing,
data display, and conclusion, interpretation, and ver-
ification of the research results in order to obtain the
ideas about local wisdom on medicinal plants. The in-
formation obtained from the in-depth interview relative
to the questionnaire is collected and organized into cat-
egories, summarized, analyzed, and used for discussion

according to the process of qualitative data analysis.

Results

1. In the study of local wisdom on herbs of Sai
Ngam Village and Na Si Nuan Village, Na Siao Subdistrict,
Mueang District, Chaiyaphum Province from the survey
and sampling of medicinal plant species derived from
Wat Pa Phattham, Ban Na Si Nuan Around Sai Ngam
homes, consisting of 90 species, the results reveal that
for herbs in the area used as medicine for external use
as hot herbal compress ball the most commonly used
herbs (Table 1).

In using dried ginger for cuisine as leave-

wrapped ginger, it is found to be very nutritious which
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contains the following ingredients;

1) The main ingredient includes 3 portion gin-
ger, but if cooked for a lactating woman, add small fried
ginger 1 portion.

2) Secondary ingredients are Black Galingale
(nszn861), Long pepper (AUA), Toon(Caladium (iayu) 1
part for each. Other parts include Ginger (n5%¥19), Phlai
(Bengal root 2ulwa) ¥ part for each

3) The flavor enhancers to add are dried chil-
ies, Crataeva (f]:ll) Peels, Pipe Tamarind (uza1uLen),
Brown sugar (Hm1ans1eung),Odized salt (indelelofiu),
Elephant garlic (nsziiealnu)

4) Side dishes include Piper Lolot (¥&Wg) Star
Gooseberry leaves (lunzeal), Raw Bananas (na2eiu)

Table 1. The most commonly used herbs.

2. Create lessons for the community about
local wisdom development for Sai Ngam Village, Na
Siao Subdistrict, Mueang District, Chaiyaphum Province
with information on medicinal plants, photos, scientific
names, medicinal properties, and parts of herbs used,
and propagation for the benefit of visitors while focusing
on the importance of the propagation of herbs in the
community.

3. In the dissemination knowledge and local
knowledge for learning resources, the local knowledge
center is established to disseminate local wisdom in
Chaiyaphum province. The learning center consists of
CD-ROM of medicinal plants database, medicinal plant

documentation

Common Scientific Properties Parts of herbs that are used Propagation
Name Name
- Khon Mah  Dracaena Drink to Cure diabetes - Mild leaves and flowers -Cultivation using
AUADUNIN angustifolia - Use the whole trunk for seed
Roxb. boiling with water -Leaving to root

- 5uduUﬂ Sa- Crataeva Thai medicine formula use: Mild leaves and flowers can  Propagated by
cred barnar,  magna - Root, intense flavor to relieve be fermented giving a sour seeds, leaving the
Caper tree, (Lour.) DC.[1] stomach aches, nourishing the taste. cuttings to root,
Sacred garlic  or Crateva element Nutritional values per 100 and grafting
pear, Temple religiosa - Leaves taste bitter and fragrant, grams provide energy 88
plant Ham.[2] or improve sweat excretion, antipyret-  kilocalories carbohydrate
nuun Crateva reli- ic and laxative properties, expel 15.7 grams, in 3.4 grams of

giosa G.Forst.

the parasite, cure tendon pain, and
rheumatoid arthritis. Leaves are
used for massaging

- The bark is used as an antidote for
the skin.

- The flower tastes minty, cure eye,
and throat sore

- The fruit tastes bitter, cure fever

- The bark tastes intense flavor

to cure hiccups, improve fart and
sweat excretion, cure the wasting
disease. The bark of the trunk is
heated with steaming hot to use to
relieve pain.

- The seed is used for boiling and

drinking to help relieve aches.

protein, 4.9 erams of fiber,
1.3 grams of fat, 73.4 grams
of water, Vitamin A 6,083
international units, Vitamin
B1 0.08 mg., Vitamin B2 0.25
mg., Vitamin B3 1.5 mg,,
Vitamin C 5 mg., Calcium 124
mg, Iron 5.3 mg., Phosphorus

20 meg.
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Table 1. (Contrinue)

Common Scientific Properties Parts of herbs that are used Propagation
Name Name
- Bergamot Citrus hystrix ~ Bergamot is high in antioxidants, 1. The bark helps relieve - Seeds in the
yengn DC. help to strengthen the immune stroke, dizziness. Used as a mature bergamot
system to be healthy and resistant  heart tonic by using a slice of  fruit
to disease improving appetite fresh kaffir lime peels about - Grafting
1 curry spoon of curry. Add
camphor or a handful of
borneol, brew with boiling
water, leave to soak, and
then drink the boiled water
1-2 times.
-Phlai, Cassu-  Zingiber Relieve inflammation, cure sprains, - Leaves help to relieve pain  Seeds or rhizomes
munar ginger, montanum swelling and bruising while it can or fever. or rhizomes of the
Bengal root  (J.Koenig) help to alleviate aching - Roots help to relieve underground trunk.
ulwa Link ex A.Di- nosebleeds. But the most Parts of the rhi-
etr. important and valuable part ~ zome as the stem
is the mature rhizome for planting.
Planting in the soil
is not flooded, not
near a source of
toxic substances.
- Neai Cam- Blumea Relieve body aches and dizziness - Roots are carminative result-  An outdoor plant
phor Tree, balsamifera  and it helps increase blood circula-  ing in good blood flow. species that often
Camphor (L) DC. tion nourishing the skin Improve excretion and cure grows in wide
Tree diarrhea. areas, fields, or val-
NUIA Relieve swelling, joint pains, leys in general

bruises.

Relieve aches after childbirth
-Leaves nourish the body
resulting in good blood flow
Relieve swelling, bruises, and
wounds.

Relieve joint and bone pains.
Cure eczema

having carminative properties
curing stomach aches.
De-worm the parasite. Relieve
the fever, headache, asthma.
stop the bleeding. Increase
sweat excretion and expecto-
rate. Cure hemorrhoids
-Stems help improve expec-

torate

Propagated by

seeds or fruits.
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Table 1. (Contrinue)

Common Scientific Properties Parts of herbs that are used Propagation
Name Name
- Thick- Croton crassi- Help pain relief. The root helps Roots can be processed by By seeds. Found
leaved folius Geisel-  to cure colic, flatulence, stomach pounding to make a com- mostly in the

croton, Thick
leaf croton

INA9A

- Turmeric

UL

- Croton per-
similis root

sindlng)

- Dried ginger
T

er ( Science
Synonym
Name: Cro-
ton chinensis
Benth.)

Curcuma

longa L.

Croton
oblongifolius
Roxb.

Zingiber
officinale

Roscoe.

ache, and abdominal distension
which can be cured by using boiled

roots with drinking water.

Apply to blisters on the scalp. Use
mature rhizome a size of 1 thumb.
Wash, clean, grind and add a little
alum and moistened coconut oil
sufficiently for use as an external

medicine

Cure diarrhea nourishing blood.
Relieve pain and hepatitis Relieve

joint pain and muscle aches.

Where the dried ginger is used as a
component of traditional medicine
includes Na Wa Kot cordial, Wisam-
phaya Yai medicine, clove pills, Fai
Palaikulp medicine, and diuretics
drug in the herbal drug list from

the Main National Drug Information

announced on 7 August 2013

press ball to relieve pain

- Turmeric powder can be
applied to the area of pock,
ulcers from insect bites.

- Mature dried rhizomes,
ground into fine powder to
apply to the area of the rash.
/- Dried rhizome ground into
powder, simmer with vege-
table oil making oil to apply

fresh wounds

- Bark and leaves are used to
relieve diarrhea, nourishing
blood.

- Boiled water of the bark is
used for fever relief, curing
hepatitis, joint pain, and
muscle aches

Dried ginger rhizome is used
as an ingredient in 5 other
formulas: haematinic drug
(e 1dR9U),

Blood tonic drugs (611159
Ta#n) Benjakul (BJK) drug (81
Lugana)

gastric juice pills (81Ugn
VL‘V\ISWJ) , Yar Tree Phikat medi-
cine (81%39Ain)

northeast region.
Grow in all soil
conditions, medi-
um humidity under

full-day sunlight.

Seedling in a plant-
ing hole covered
with the soil of
5-10 cm thick.

Or bringing the
seed to cultivate
before planting by
exposing to dry in
the shade covered
with decomposed
manure for about
20 days.

The seed will
sprout up. There-
fore, brought to
plant in the plot
Propagation by
tissue culture
method (Research
of Duangporn Ang

Sumalee)

Dried ginger rhi-

zome
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Discussion

Results in the study of the innovative learning
of local wisdom from the community resource base in
Na Si Nuan Village, Sai Ngam Village, Na Siao Sub-district,
Mueang District, Chaiyaphum Province are discussed as
follows:

1. According to the study of species and prop-
erties of medicinal plants in Na Si Nuan Village, Ban Sai
Ngam, Na Siao Sub-district, Mueang District, Chaiyaphum
Province by surveying, collecting specimens of medici-
nal plants with taking pictures and collecting important
details related to herbs in the Na Si Nuan Village, Ban
Sai Ngam, Na Siao Sub-district, Mueang District, Chaiya-
phum Province, the results indicate that herbs in the
area that people use for the treatment of diseases and
nourishing the body include the following herbal sam-
ples

1. Roselle, properties: mild fruit can be eaten
for parasitic excretion

2. Black Sugarcane: Relieve leg pain, use as di-
uretic

3. Dung Etok (passiflora lye, passion fruit): Re-
lieve leg pain

4.Gymnanthemum extensum (bitterleaf tree):
Bitter taste, cure fever

5. Sweet Basil: carminative properties, nourish
the wind element

6. Citronella grass: Diuretic properties

7. Pak Waan BanTree (sauropus androgynus):
can be eaten at all times

8.Pea Eggplant: Cure the diabetes

9.Plai (zingiber cassumunar): carminative prop-
erties

10.Galangal: carminative properties

11. Ginger, Lesser Galangal: deodorize the fishy
smell

12. Agasta Flower (Vegetable Hummingbird):
mild leaf help cure a seasonal Influenza, the peels cure
mouth ulcer

13. Karen Chili: carminative properties, enhance
digestion, cure napping, nausea, vomiting, dizziness

14. Carambola, lemon; reduce blood fat, dis-

solve fat, and blood clots. Help cleansing

15. Heart-leaved moonseed (Tinospora crispa):
inhibit aphthous ulcer and immunodeficiency symp-
toms, purify blood. Chew to eat for internodes of 1 fin-
ger per day

16. Cryptolepis Dubia: Relief disabled tendons
and nourish tendons

17. Derris Scandens; relief fever in women

18. Chaya (spinach): nourish the four elements;
Ceylon Spinach and Morning glory help nourishing eye-
sight

19. Indian cork (millingtonia hortensis) tree:
Cure asthma and allergy symptoms

20. D. longissima Schum: Help nourishing milk
and blood; stalks cure Hemorrhoids, allergy, and asthma
symptoms

21. Fa thalai chon (Andrographis paniculata);
cure sinusitis and d tonsillitis symptoms

22. Long Pepper; carminative properties:
Diamnel flower (Oldenlandia corymbosa); diuretic
properties, heal colic symptoms in the stomach.These
22 medicinal plants are in accordance with the Thai-
land Institute of Scientific and Technological Research.
(2015) which find these plants are edible and can be
used as medicine. 23. Dried ginger can be processed
into leaf-wrapped ginger. Herbal food products contain-
ing the following ingredients; Dried ginger, Black Galin-
gale (N3za1891), Long pepper (AUA), Toon(Caladium (¥
), Wild (Bitter) ginger (ns¢i1@), Phlai (Bengal root 1y
na), Crataeva (fjll) peels, Pipe Tamarind (uzw1uiden),
Brown sugar (fmnansneues), Odized salt (indelelofiu),
Elephant garlic (nseiileslnu), Piper Lolot (vgwg), Star
Gooseberry leaves (luyzey), Raw Bananas (NA8AU),
will be the cuisine that contains herbal ingredients with
carminative, properties that help expel wind-dampness,
relieve colic syndrome, nourish the milk of women after
childbirth. In the use of dried ginger as herbs, it can be
chosen based on the understanding and convenience
that the plant can be found in the locality. This is con-
sistent with Samittinan, T. (2001) who found that dried
ginger is used as a component in traditional medicine in
the traditional home medicine, such as Ya Hom Naowa
Kot Kot cordial (#weutu13lng), Ya Wisumphaya Yai
medicine (813dunenlngy), Clove pills (81UszaznuNg).
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Sai Ngam villagers have processed products
from dried ginger into "Miang Khing" ( leave-wrapped
ginger) sold at 160 baht per kilogram. According to
Duanpenporn Chaiphakdee (2019), it is found that herb-
al wisdom can help to process food products generating
income for the community.

2. Create lessons for the community about lo-
cal wisdom development for Sai Ngam Village, Na Siao
Subdistrict, Mueang District, Chaiyaphum Province with
information on the name of medicinal plants, photos,
scientific names, family names which are in line with
the research of Kamonchat Klom-Im (2017) where infor-
mation related to herb name, photos, scientific names,
parts of herbs used and properties are used to create
community lessons for visitors and learners of Thai tra-
ditional medicine have applied for plant propagation
and herb preserving for sustainability. This is consistent
with Pornchulee Archa Amrung and et.al (2018) which
find that digital media of herbal products can be linked
to technology as a business center for herbs.

3. In the dissemination knowledge and local
knowledge for learning resources, the local knowledge
center is established at Na Siao Subdistrict Health Pro-
motion Hospital to disseminate local wisdom in Chai-
yaphum province. This learning center consists of CD-
ROM of medicinal plants database and medicinal plant
documentation which is in line with the research of
Kanitkan Pankaew et al. (2017) which find that the lo-
cal wisdom learning center consists of the posters of
local wisdom from different ethnic groups, learning ma-
terials, booklets and CD with information about local
wisdom for schools to be distributed to the youth in
the area. This is consistent with Juljerm Suriwong (2016).

and Duenpenporn Chaipakdee (2016) which find that

the requirement for knowledge about medicinal plants
of students, non-formal and informal education centers
in Kaeng Khro District Chaiyaphum province is at the
highest level.

Suggestions

1. Knowledge about the properties of herbs
should be provided through online media and websites
for lifelong learning.

2. Booklets to educate the public about health
care for every family should be publicized.

3. Planting, caring for community herbs, and
preservation of the nearby community environment
should be publicized.

Suggestions for future research

1. The conservation of rare or endangered me-
dicinal plant varieties used for the treatment of diseases
should be studied.

2. Research and development of learning
courses on local medicinal plants in the form of par-
ticipatory action research should be conducted while
school encourages teachers, students and the commu-
nity with local knowledgeable people to participate in
the learning and teaching activities.

3. Process of knowledge transfer on herbs for
cultivation and natural herb resource inherited from
local ancestors should be conducted to create knowl-
edge about the sources of herbs in natural forests as a
heritage of natural resources and for sustainable envi-
ronmental conservation

4. Knowledge should be provided by organizing
the training for community members to learn the pro-
cessing of local herbal products to create extra careers

for families and the community.
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Abstract

The 6 year old male local Thai cat weight about 3.5 kilograms. He has a purulent from his right eye. The
method used as a significant treatment of extracted cannabis oil applied against inflammation to sarcoma cancer to
observe the changes of sarcoma tumours, germination rate, etc. The extracted cannabis oil was applied only to cat
mouth by dropping as normally applied to human. This objected to reduce pain and as well as to cure sarcoma
cancer. First, local university veterinarian at animal hospital diagnosed to process surgery removing right eyeball
and examined biopsy. Two weeks later, the biopsy results showed that he has sarcoma cancer in his right eye. A
4 centimeter diameter lump grew up in the right eye socket. The veterinarian at private clinic recommended using
extracted marijuana to reduce pain. Giving extracted marijuana oil in mouth and spraying around the lump. He

calmed down to relieve the pain at the first time use. Couple weeks later, sarcoma lump become smaller until

fell out.

Keywords: Thai cat, Sarcoma cancer, Extracted cannabis oil

Introduction

A Thai male cat aged around six to seven years,
weighing 3.5 kilograms was examined. The cat was ad-
opted by philanthropists. The philanthropist as a good
caretaker provided all necessary vaccinations. Sarcoma
cancer, in this case, had occurred at the right eye mus-
cle of the cat. It had a Ping-Pong round ball shape, ap-
proximately a ping pong ball size. When it was touched,
even gentle touch, the cat felt extremely pain, showing
signs of wrestling and frustration. The extracted cannabis
oil has been popular for curing cancer in human today.
The Tetrahydrocannabinol (THC) and Cannabidial (CBD)
are two significant medical essences for medical treat-
ment for human (Hasan et al., 2010). Those essences
stimulate cannabinoid receptor type 1 (CB1) and type 2
(CB2) through G protein to express peripheral nervous
and central nervous systems. The delta-9-THC activates
CB1 receptor. Both CB1 and CB2 called endocanna-
binoid which involve body synthesize as pain, stress,
appetite, energy, metabolism, cardiovascular function,

motivation, reproduction, and sleep. The CB1 protein is

one of other protein to make a blueprint how to build
and reside in DNA. In human body, applying extracted

cannabis oil can cure cancer (Kittimunkong, 2019).

Background and pathogenesis

Cats are more at risk of skin cancer from sun-
light exposure. Infection with some viruses, including fe-
line immunodeficiency virus may increase the chances
of getting cancer. Cancer can occur in any part or sys-
tem of cat’s body. Its symptoms are very varied. Many
of the symptoms are also common to a large range
of diseases. A diagnosis of cancer cannot be made on
symptoms alone. Other signs of tumours (benign or can-
cerous) affecting internal organs can include loss of ap-
petite, weight loss, lethargy and weakness, difficulty in
breathing, limping and recurrent digestive problems. A
biopsy (taking a small sample for examination under a
microscope) may help to identify the tumour and see if
it is cancerous. Reaching a definite diagnosis can some-
times be difficult — for example, biopsies do not always

contain enough good quality material for diagnosis.
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There are many types of tumours and treat-
ment is available for some non-cancerous or some
cancerous tumours. It depends on where the tumour
is growing. Tumour at the beginning in some area, such
as eye, cannot be easily removed in animals. A cancer
may spread. The possibilities for treatment depend on
how far it has spread. However, quality of animal life is
important. If an animal is unrelievable pain, it is encour-
aged.

There are three basic types of tumour treat-
ments as surgery, chemotherapy and radiotherapy. Sur-
gery is often chosen for tumours of the skin or appar-
ently internal growths. The tumour would be removed
surgery if it does not spread. Sometimes with internal
growths where the size of the tumour is causing illness,
surgery can relieve the symptoms.

Animals processes cannabis oil faster than hu-
man body. Normally human would take 60 games of
extracted cannabis oil for 90 days curing cancer. Hemp
Medicine Planet (2016) recommended using 2 grams for
60 or 90 days since cancer in dog and cat would vanish
within 2 weeks. Therefore, it is 1-2 grams for 2-3 months

recommended dose (11-33 mg/day).

Methodology

Clinical trial method was conducted in this
paper. Thai male cat with sarcoma tumors was an ex-
periment treatment research using extracted cannabis
oil. This clinical trial is an individual clinical study. This
research started with collecting only 1 individual patient
as a pilot study.

Research question: What are the treatment re-
sults using extracted cannabis oil for sarcoma cancer
patient?

Hypothesis: If the extracted cannabis oil actual-
ly has an effect against inflammation of sarcoma cancer,
what is the significant treatment?

Research objective: An individual case was set
as a preliminary study. If it has shown significant result,
the other samples would be conducted in the further
study.

Measurement results: To observe the changes

of sarcoma tumours, germination rate, etc.

Research results: Research results are compar-
ison treatments of extracted cannabis oil with regular
practice medicines. If it works, the experiment will con-
tinue to be used in all areas. If it does not work, the
physical symptoms will be summarized and the experi-
mental results will be recorded.

Literature using cannabis for animal such as dog
recommended applying a quarter gram (5.5-10 mg/ke)
to a gram (4-22 mg/kg) of full spectrum cannabis oil per
month. It would increase immune system and rejuve-
nate vital organ (Hemp Medicine Planet, 2016). In this
experiment, the extracted cannabis oil contains 15-18%
THC and 1-3% CBD with 0.35-0.37 mg/drop or 7-7.4 mg/
cc produced for human was applied to Thai cat. For a
50-60 kilogram human, it was recommended to use a
gram of extracted cannabis per day. This means 20 milli-
gram per kilogram of patient approximately. For the 3.5
kilogram Thai cat, the approximated dose was 0.7 mg
per day as 0.35 mg twice a day (morning and evening)
30 minute before meal. Cat symptoms a was observed
as frustration, pain, amount of secretion, and tumour

size.

Results (Diagnosis and Treatment)

The street Thai cat started to develop cancer
around early July 2019. His caretaker (philanthropist) no-
ticed that his right eyeball has spilled out. He was taken
to the State Animal Hospital on Phahonyothin Road,
next to the state university for treatment. A veterinar-
ian in state hospital recommended to process surgery
cutting out the fleshed tissue and process an injecting
treatment chemotherapy. On that day, hospital veter-
inarian performed surgery to remove the entire right
eye ball and sew the wound. After surgery, veterinarian
gave analgesics (gaba pentin) and disinfectants. During
the operation, the specimen was examined in a biopsy
laboratory. After four weeks, government hospitals have
reported the examined biopsy laboratory; it is found
that the cat has sarcoma cancer.

Seven days after government hospitals report-
ed, the wound in the surgical area was removed and
a lump came out. A sarcoma lump has grown steadily

as large as a duck egg over a period of two weeks. The
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provided pain relieves and antibiotics medicines from
government hospital are not able to alleviate the cat
symptoms.

The philanthropist who owns this cat decided
to bring cat to a private veterinary clinic on August 1,
2019. The clinic veterinarian examined symptoms and
interviewed philanthropist. It is found that sarcoma can-
cer lump has rapidly developed after surgery. Luckily,
cat still can eat by himself. Clinic veterinarian started
treatment using extracted cannabis oil for humans. The
extracted cannabis oil contains cold pressed coconut
oil with concentration extracted cannabis of 0.35 mil-
lisrams per drop (Deutsch et al., 2008). The extracted
cannabis oil was mixed with hemp oil half and half by
volume. The 0.05 cc. (1 drop) extracted cannabis oil
with hemp was taken by the 30 minutes before food,
twice morning and evening. The extracted cannabis
helps cat to be calm when touching the wound. In ev-
ery visit, clinic veterinarian process usual wound clean-
ing with normal saline. Then, spray extracted cannabis
oil diluted with normal saline in the ratio of 1: 5, twice

a day in the morning and evening.

After using extracted cannabis oil with hemp oil
for 10 days, veterinarian gave 0.05 cc. normal extract-
ed cannabis oil (0.35 mg. per drop), 30 minutes before
meals, twice in the morning and evening, together with
an ointment mixed with extracted cannabis oil.

On September 10, 2019, the sarcoma lump has
shrunk from 5 centimeters diameter to 1.5 centimeters
and then fell out. The cat has lost his weight from orig-
inal 3.5 kg to 2.6 kg. He began to slim down. Since he
started sarcoma symptom, he was able to eat the same
amount of food and his blood and sugar tests are nor-
mal. At the end of September, 2019, sarcoma tumour
was fallen out. The cat can live normally.

Hemp Medicine Planet (2016) recommended
11-33 mg per day for dog and cat. For the 3.5 kilogram
Thai cat, the approximated dose was 0.7 mg per day
which means 0.2 mg per kilogram. This can illustrated

that extracted cannabis oil can treat sarcoma cancer in

cat.

Figure 1. First day treatment in private veterinarian clinic treating Sarcoma symptom.
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Figure 2. Infection symptom in Sarcoma cancer.

Figure 3. Cleaning purulent from Sarcoma lump. Notes: cleaning sarcoma lump with normal saline
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Figure 4. 3.6 centimeter diameter sarcoma lump at right eye after treatment.

Conclusion and Discussion

The extracted cannabis oil had cured sarcoma
cancer a case study cat. It was found that the cat had
very bad pain from sarcoma cancer. After taken ex-
tracted cannabis oil, the large, round, about 4 cm in di-
ameter sarcoma tumour was significantly smaller, until
it finally dropped out. The extracted cannabis oil can
reduce inflammation in the cancer area. The cat had
calmed down and can live closed to its previous daily
life. Cat can eat by itself as normal every day.

According to the result study, the extracted
cannabis oil can quickly help to reduce symptoms of
sarcoma cancer growth. The important substances in

extract cannabis oil may various. Some of those sub-
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Abstract

One hundred actinomycete strains were isolated from rice field soil Nong Bua, Nakonsawan, Thailand and
twenty actinomycete strains were isolated from Happy Rice Organic Farm at Nong sua, Pathumthani, Thailand. A
total of one hundred and twenty strains were tested for antifungal activities against rice blast disease (Pyricularia
sp. CRI60007). The selected actinomycete strains were chosen from in vitro radial growth inhibition test against
Pyricularia sp. CRI60007 that showed the radial growth inhibition percentage of the growth of the fungi (%RGI)
more than 50%. The results showed eleven strains gave %RGlI more than 50% and strain NK05201 gave the
highest %RGI (100 + 0.00%). Analysis of 16S rRNA gene sequence and blast analyses confirmed that the selected
actinomycete, ten strains belong to the genus Streptomyces and one strain belong to the genus Amycolatopsis
with similarity to Streptomyces albidoflavus (NKO1101 (99.56%), NK05201 (99.78%), NK05203 (99.79%), NK05205
(99.79%), NKO7201 (99.79%), and NK08202(99.79%)), Streptomyces hydrogenans (NK08203 (100%)), Streptomy-
ces jeddahensis (NK08205 (99.17%)), Streptomyces corchorusii (NK21201 (99.86%)), Streptomyces shenzhenensis
(HPF3303 (99.86%)), and Amycolatopsis rhizosphaerae (HPF2102 (99.72%)).

Keywords: Actinomycete, Antifungal, Rice blast disease, 16s rRNA gene

Introduction

Rice and wheat are two main cereal crops that
supply the majority of the global daily carbohydrate in-
take as energy source of human. Any pathogen targeting
these two crops supposed to have serious connotations
for the economy (John and Jacqueline, 2003). Thailand
is one of rice producers to export rice product about
45 percent of rice yield. The main effect that reducing
rice yield caused of the outbreaks of rice blast disease
that can damaged to rice plant in all stages of growth
(Saruda et al.,,2017). Rice blast disease caused by the
plant pathogenic fungi Magnaporthe grisea (Hebert) Barr.
(anamorph, Pyricularia grisea Sacc.) is one of the most
economically harmful crop diseases (Seochang and
Katherine, 2004). The disease is widespread and distrib-
uted about 85 countries around the world where rice is

grown. The disease appearance and asperity depend-

ing on year, place, environmental conditions and crop
management practices. Yield loss appraisals from other
areas of the world have ranged from 1% to 50% (Jeffrey,
2016).

Potential use of microbes-based biocon-
trol-agents as supplement or displacement for agro-
chemicals has been reported in several reports (Shimizu
et al,, 2000). Actinomycetes well-known as the source
of several drugs such as antibiotics, antiviral, antitumor,
antiparasitic agents, and immunosuppressants, micro-
organisms are responsible for the production of about
23,000 bioactive secondary metabolites (Feitosa et al,,
2014; Subbanna et al., 2018). Some strains of actinomy-
cete from rice were found to have antagonism against
Magnaporthe grisea, Rhizoctonia solani, Xanthomonas
oryzae pv. oryzae. and Fusarium moniliforme (Tian et
al.,, 2004).
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The purpose of this present study to isolate
actinomycetes from rhizosphere rice that can produce
antifungal activity and searching for potential strains to
control Pyricularia sp. CRI60007 that causes rice blast on
rice leaves. Characterisation of the selected strains were
done based on morpholosgical, biochemical and physio-
logical properties and studied of hydrolytic enzyme pro-
duction against fungal cell wall. Identification analysis of
16S rRNA gene sequencing were performed. The results
from this study can be used for pot experiment test in

further study.

Material and methods
Collection of soil sample

Soil samples were collected from Happy Rice
Organic Farm at Nong sua, Pathumthani, Thailand. Sam-
ples were randomised collecting at rhizosphere soil.
These samples were kept in sterile polyethylene bags
without sealed and transported immediately to the lab-
oratory (Ruttanasutja and Pathomaree, 2015).
Isolation of Actinomycetes

The soil samples were pre-treated by air-drying
method for 3-5 days at room temperature. Ten grams of
soil sample was accurately weighed and mashed then
transferred to 90 milliliters of 0.1% Tween80, mixed well
(10-1). One milliliter of resultant solution was serially di-
luted with 9 milliliters of 0.85% Sodium Chloride (NaCl)
up to 10-5. 200 pl of each intermediate dilution was
spread on Modified Zhang’s Soil Starch Extract (ZSSE)
agar medium that supplemented with nystatin (50 mi-
crograms /milliliter). The plates were incubated for the
growth of actinomycetes colonies at 30 + 2 °C and ob-
served growth of actinomycete intermittently during in-
cubation. After 7 days incubation, colony was picked by
micro-needle then cross streak on International Strep-
tomyces Project 2 (ISP2) medium. The pure colonies of
actinomycete isolates were selected and maintained on
ISP2 medium at 30+ 2 °C for 7-14 days. Stocks were
preserved in 20% glycerol (w/v), and stored at -80 °C for
long time preservation. (Waksman et al., 1961).
In vitro radial growth inhibition test

The antifungal activity was analysed using dual

culture method. Potato Dextrose Agar (PDA) medium

plates were used, inoculated with the actinomycete
isolates by single streak far form edge of petri dish
two centimeters and incubated at 30 + 2 °C for 7 days
then using cock borer size 5 millimeters plug the fungi
(Pyricularia sp. CRI60007) and placed on opposite site
of actinomycete far form edge of petri dish two centi-
meters and incubated at 28 + 2 °C. The inhibition zone
was measured after the fungal mycelia in the control
plates reached the edges of the plates. The antagonism
against fungi was recorded by radial growth inhibition
percentage was obtained using the formula: %RGI = 100
x (R1-R2)/R1 where R1 was the furthest radial growth
distance of the fungus (control) and R2 was the radial
growth distance of the fungus in dual culture with the
actinomycetes (Mahadtanapuk et al., 2007).
Morphological biochemical and physiological char-
acterization of the selected isolate

The morphological characteristics were ob-
served using light microscopy with long working dis-
tance lens (40X) by using 14 days cultures grown at 30
+ 2 °C on ISP2 medium. The colour of aerial mycelium,
substrate mycelium and soluble pigment were exam-
ined by using ISCC-NBS colour system (Kelly, 1964).
Growth at different temperature was test at 4, 10, 20,
28, 30, 37, 40, 50 °C on ISP2 agar plates and visible
growth was determined. Growth at different pH range
4 to 12 in ISP2 broth medium was recorded after 14
days, and growth in presence of NaCl (%) concentration
0 to 10 were studied on ISP2 agar plates. All phenotypic
properties were recorded after incubation for 14 days
at 30 + 2 °C. Biochemical properties were tested using
the several standard methods. Carbon source utilisa-
tion was performed by using ISP 9 medium containing
different sugar types (Arai, 1975; Shirling and Gottlieb,
1966; Williams and Cross, 1971). Production of melanin
pigment was determined by using ISP 6 (Pridham and
Lyons, 1969). Hydrolysis of tyrosine, xanthine, hypoxan-
thine, adenine, and cellulose was recorded positive re-
sult by clear zone formation around the colony. Starch
hydrolysis was observed as described by Cowan (1974).
Urease test was determined by the indicator change
phenol red changing pH yellow to pink (Gordon et al,,
1974).
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DNA isolation, PCR amplification and 16s rRNA gene
sequencing

DNA amplification, sequencing and phyloge-
netic analysis of selected actinomycete strains were
identified by using 16S rRNA gene. The selected strains
were grown on ISP2 agar medium for 4 days at 30 °C.
The colony was picked up by a sterilized toothpick and
resuspended in 40 pl of TE buffer pH 8.0 as DNA tem-
plate. The 16S rRNA gene was amplified and sequenced
by using primers 9F (5 GAGTTTGATCITIGCTCAG?) and
1541R (5’AAGGAGGTGATCCAGCC3). The temperature for
PCR amplification and sequencing reaction followed the
method of Yukphan et al., (2005). Each PCR reaction of
50 microliters in total included 25 microliters AccuPow-
er® Taqg PCR Master Mix (Bioneer), 18 microliters dH20,
2.5 microliters the final concentration 10 picomole of
each primer and 2 microliters DNA template. The cy-
cling conditions for the amplification of the 16s rRNA
gene region were as follow: 3 minutes at 94 °C, 25 cy-
cles at 94 °C for 1 minute, at 50 °C for 1 minute and 2
minutes at 72 °C, then followed by a final extension
step for 3 minutes at 72 °C. The sequences of 16s rRNA
gene was aligned with the program BioEdit Sequence
Alignment Editor (version 7.0.0. Distance matrices for
the aligned sequences were calculated by using the
two-parameter method of Kimura (1980). The Maximum
Likelihood method based on the Kimura 2-parameter
model of Kumar et al., (2016) was used to construct a

phylogenetic tree with the program MEGAT.

In vitro screening of the selected
actinomycete isolates for hydrolytic en-
zyme production against fungal cell wall

Detection of Protease

Protease detection was perform using skim milk
agar plate(peptonisation), skim milk broth (coagulation)
was determined by following the methods described by
Atlas (1997) and bouillon gelatin broth (gelatinisation).
Detection of Lipase

Lipase detection was observed by the produc-
tion of clear zone in agar plates using Tween80 by fol-
lowing the methods described by Schoofs et al., (1997)
and using phenol red by following the methods de-
scribed by Singh et al., (2006).

Detection of Chitinase

Chitinase detection was detected by following
the methods of Nawani et al., (2002). The positive result
was determined by formation of clear zone around col-
ony on chitin agar plates.

In vitro screening of the selected actinomycete
isolates for plant growth-promoting (PGP) activities
Siderophore production

Siderophore production test of the selected
actinomycete strains were screened on Chrom azurol S
(CAS) agar medium. The selected actinomycete isolates
were spot inoculated on the medium and incubated at
30 + 2 °C for 7-14 days. A positive CAS reaction was ob-
served by changing to be yellow color around the spot
growth. (Alexander and Zuberer, 1991).

Phosphate solubilisation

Solubilization of Phosphate test was used
Pikovskaya’s agar plates. Plates were divided in four
equal sectors and the selected actinomycete isolates
were spot on the agar plates and incubated at 30 + 2
°C for 3-14 days. The present of clear zone around the
spot growth indicated phosphate solubilisation activity
(Gaur, 1990).

Hydrogen cyanide (HCN) production

Production of hydrogen cyanide, the selected
isolates were screened by adapting the method of Lock
(1948). Using ISP2 agar medium supplemented with
0.44% glycine. Actinomycetes were streaked on these
modified agar plate. Whatman filter paper No.1 dipped
in 2% sodium carbonate in 0.5% Picric acid solution
placed in the top of the plate. Plates were sealed with
parafilm and incubated at 30 + 2 °C for 3-14 days. The
orange to red color of filter paper was indicated a posi-
tive test for HCN production.

Ammonia production

The selected actinomycete isolates were test-
ed for ammonia production in peptone water medium.
The selected actinomycete isolates were inoculated
into 10 milliliters of peptone water and incubated at 30
+ 2 °C for 7-14 days. After that Nessler ‘s reagent (0.5
milliliter) was applied to each tube. The results showed
brown to yellow color was determined to be a positive
test for ammonia production (Cappucino and Sherman,
1992).
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Results and discussion
Isolation of Actinomycetes

A total of 120 actinomycete isolates were iso-
lated from rice field soil Nong Bua, Nakonsawan, Thai-
land (Thitiya and Khanungkan., 2019) 100 isolates and
20 isolates from Happy Rice Organic Farm at Nong sua,
Pathumthani, Thailand.
In vitro radial growth inhibition test

Screening for antifungal activity of 120 isolates
were tested against Pyricularia sp. CRI60007. The re-
sults of antifungal activity showed that 11 actinomy-
cete strains were able to inhibit growth of Pyricularia
sp. CRI60007 more than 50% including of NK01101
(66.44 + 0.59%), NK05201(100 + 0.00%), NK05203 (85.88
+ 0.61%), NK05205 (71.30 + 0.68%), NKO7201 (78.24
0.73%), NK08202 (61.11 + 0.419%), NK08203 (90.51 +
0.50%), NK08205 (77.78 + 0.05%), NK21201 (84.95
0.14%), HPF2102 (99.53 + 0.03%), and HPF3303 (51.39 +

0.31%) as shown in Figure 2.

I+

+

H+

Morphological biochemical and physiological char-

acterization of the selected actinomycetes strains

(a) (b)

The
grouped by using ISCC-NBS colour system (Kelly,

selected actinomycete strains were
1964) of aerial mycelium into beige yellow (NK01101,
NK05201, NK05203, NK05205, NK07201, NK08202, and
NK08203), light gray (NK21201 and HPF3303), white
(HPF2102) and NK08205 strain was not produced aerial
mycelium on ISP 2 agar medium. All strains were able
to utilise galactose, glucose, mannose and arabinose
while strain NK08205 and HPF3303 were able to utilise
sucrose. Strain NK01101, NK05201, and NK05203 were
unable to utilise raffinose and xylose while NK05205,
and NKO07201 were unable to utilise raffinose, and strain
NK21201, and HPF2102 were unable to utilise mannitol
as carbon source. The ability to use differential types
of carbon source might be indicate that actinomycetes
were able to survive in the different environment (Rid-
dhi et al.,, 2017).

able to grow at temperature 20 to 40 °C (Table 1). All of

Most of selected actinomyces were

them could not grow at temperature 4 °C. The optimum

temperature and pH were found to be 30 °C and pH7,

respectively.

(c) (d)

Figure 1. Morphological appearance colonies on ISP2 agar medium and spore arrangement of some selected acti-
nomycete strains NK05201 (a), NK08203 (b), NK21201 (c), and HPF3303 (d).

(@) (b)

(0 (d)
Figure 2. Antifungal activity evaluation of some actinomycete strains (a) control, (b) NK07201, (c) (NK21201), and (d)
HPF 3303 against Pyricularia sp. CRI60007.



43

International Jounal of Science and Innovative Technology Volume3 Issuel January - June 2020

+ - - + + + + + + + + JoMuueW
+ M + + M M M M - - - ENOVN%
M M M + M M - - - - - asouyjey
Mm M + + + + + + + + + 9SOUUR
+ - - + - - - - - - - 95010NS
+ M M + + + + + + + + soulgely
+ + + + + + + + + + + 9505M9H
+ M M + + + + + + + + 950)0)ED)
$32IN0S
uogqued
0 0 0 0 6-0 8-0 8-0 8-0 8-0 6-0 8-0 (96) 126N
11-9 11-G 11-6 11-6 11-6 11-§ 11-9 11-9 4% 4% 4% Hd
o)
L¢-8¢ L¢-8¢ 05-0¢ 05-8¢ 0v-0¢ 0v-0¢ 0v-0¢ 0v-0¢ 0v-0¢ 0v-0¢ 0v-0¢ ainjessdwia].
juswisid
- - - org - - - - - - - plouglsy
a5uelo u93.8-aAN0 25uelo UMOIG-YsI UMOIG-ysl UMOIG-ysl UMOIG-ys! UMOIG-Ys! UMOIQ-Ys! UMOIQg-Ysl wnnasAw
juenug 21eJopOo juenug umMolqg dANO -MOY)2A -MO)2A -MO))2A -MO)1DA -MOY)PA -MOY)SA -MOY)2A 21e45gns
wny
Aeus§ 3y SUUM Aeis 1ysi - MO)DA 2519g MO))9A 9819g MO)9A 98199 MOY19A 2819g  MO))aA 2819g  MO)PA 9819g  MO)19A 2819g  -92AW ey
flellisle)lel)

11 01 6 8 L 9 9 1% 13 [4 1

sujel)s 8132AWoudy

sonysL3oeliey)

"SUlRJIS $9192AUIOUIDE P1D319S BU) JO UoIezua1deIeyd |edIsojoIsAyd pue jedlwaydolq edisojoydiopy T )9el



International Jounal of Science and Innovative Technology Volume3 Issuel January - June 2020

aq

“YIMOIS JO 9DUSSCR IO DAIJRSSU Y3 SUBSW — JOQUIAS D)Iym Yimous Jo adueleadde 1o uonoeal aAiisod ayy sueawd + YoquiAs ay|

'20¢EddH "TT PUe Z0TZ4dH 0T ‘TOZTZHN "6 ‘SOZ80MN '8 ‘C0Z80MN "L “COZ8OMN "9 “TOZLOMN 'S ‘SOZSOMN v ‘COZSOMN "¢ ‘TOZSOMN C ‘TOTTOMN ‘T *suleis

- B - M - + + ealn
- + + + + + - Ya1e1s
, - B - - - - ENIINED
+ + + + + + + suluspy
+ + + + + + + aulyuexodAH
. - - - - - - aulyuex
_ - - - - - - QUISOIA |

JO SISK)OIPAH
11 071 8 L 9 14 4

sujel}s a192AWoudy

sonsuadRIRyD)

(dNURUOD) T gel



International Jounal of Science and Innovative Technology Volume3 Issuel January - June 2020

Molecular identification

The 16S rRNA gene sequences and Blast analy-
ses confirmed that selected ten strains of actinomycete
belong to the genus Streptomyces spp. with similarity
of 99.56-100 % including of S. albidoflavus (NK01101,
NK05201, NK05203, NK05205, NK07201, and NK08202),
S. hydrogenans (NK08203), S. jeddahensis (NK08205), S.
corchorusii (NK21201), S. shenzhenensis and (HPF3303)
with similarity percentage of 99.56, 99.78 99.79, 99.79,
99.79, 99.79, 100, 99.17, 99.86 and 99.86, respective-
ly. One strain belongs to the genus Amycolatopsis spp.
As A. rhizosphaerae (HPF2102) with similarity 99.86 %.
These sequences from selected actinomyces strains
have been deposited in the GenBank with accession

number as showed in Table 2 and the maximum likeli-

hood phylogenetic tree construction showed in Figure
2.

Several strains of the selected actinomycetes
have been reported their antifungal activities such as
strain NK01101, NK05201, NK05203, NK05205, NK07201,
and NK08202 tend to be Streptomyces albidoflavus.
Ahmed et al., (2018) reported that Streptomyces albido-
flavus AS25 produced antifungal against. Strain NK 08203
tend to be Streptomyces hydrogenans. Rajesh and Tal-
winder, (2016) emphasized Streptomyces hydrogenans
DH16 and its culture metabolites can be developed as
biofungicides. Strain NK21201 tend to be Streptomyces
corchorusii. Tamreihao et al., 2016 reported that Strep-
tomyces corchorusii strain UCR3-16 showed antifungal

activities against rice fungal pathogens.

Table 2 Molecular identification of the selected actinomycetes strains determined by 16s rRNA gene sequencing.

Strains Source of isolation Identification as Similarity (%) Accession
NKO1101  Rice field soil, Nakhonsawan, Thailand. Streptomyces 99.56 LC516418
albidoflavus
NK05201  Rice field soil, Nakhonsawan, Thailand. Streptomyces 99.78 LC516413
albidoflavus
NK05203  Rice field soil, Nakhonsawan, Thailand. Streptomyces 99.79 LC516409
albidoflavus
NK05205  Rice field soil, Nakhonsawan, Thailand. Streptomyces 99.79 LC516410
albidoflavus
NKO7201  Rice field soil, Nakhonsawan, Thailand. Streptomyces 99.79 LC516411
albidoflavus
NK08202  Rice field soil, Nakhonsawan, Thailand. Streptomyces 99.79 L.C488882
albidoflavus
NK08203  Rice field soil, Nakhonsawan, Thailand. Streptomyces 100 LC516412
hydrogenans
NK08205  Rice field soil, Nakhonsawan, Thailand. Streptomyces 99.17 LC477341
jeddahensis
NK21201 Rice field soil, Nakhonsawan, Thailand. Streptomyces 99.86 LC516414
corchorusii
HPF2102  Rice rhizosphere soil, Pathumthani, Amycolatopsis 99.86 LC516416
Thialand. rhizosphaerae
HPF3303  Rice rhizosphere soil, Pathumthani, Streptomyces 99.72 LC516417

Thialand.

shenzhenensis
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Figure 2. Maximum likelihood phylogenetic tree based on the 16S rRNA gene sequences of selected actinomycetes

11 strains and their closely related type strains.

In vitro screening of the selected actinomycete
strains for hydrolytic enzyme production against
fungal cell wall

The possible mechanisms of antifungal activity
from actinomycetes to fungal pathogens is usually re-
lated to the production of antifungal compounds and
extracellular hydrolytic enzymes including of protease,
lipase, chitinase, and B-1,3-glucanase are considered to
be important hydrolytic enzymes in the lysis of fungal
cell walls (Prapagdee et al., 2008). The result of hydro-
lytic enzyme production against fungal cell wall showed
all most of the selected actinomycete strains could be
produced enzyme protease and lipase (Table 3).
In vitro screening of the selected actinomycete
strains for plant growth promoting (PGP) activities

Despite their preliminary track record as BCAs

and plant growth promoting (PGP) activities actinomy-

cetes. have been scarcely reported in the literature.
Some reports exist for their ability to solubilize phos-
phate, and production of indole acetic acid (IAA), sidero-
phores, 1-amino cyclopropane-1-carboxylic acid (ACQ)
deaminase (Sadeghi et al,, 2012; Passari et al., 2015;
Qin et al.,2015). The result of plant growth promoting
(PGP) activities showed strain NK05205, NK07201, and
NK08205 could be produced siderophore while strain
NK05201, NK05203, NK05205, NKO7201, NK08202, and
NK08203 were determined to be a positive test for
ammonia production. Strain HPF3303 showed positive
result of hydrogen cyanide production. Strain NK21201
and HPF2102 showed positive result of phosphate solu-
bilisation (Table 4).
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Table 3 In vitro screening of the selected actinomycete strains for hydrolytic enzyme production against fungal cell

wall.

Characteristics

Actinomycete strains

1 2 3 4 5 6 7 8 9 10 11
Protease Production
Peptonization + + + + + + + - w - -
Coagulation + - - + + + + - w - -
Gelatinization - + - - + - W - - _ -
Lipase production
Tween80 + + + + + + + - + + +
Phenol red - - - - - + - - n - ¥
Chitinase - - - - - - - - - . ;

Strains.; 1. NKO1101, 2. NK05201, 3. NK05203, 4. NK05205, 5. NK07201, 6. NK08202, 7. NK08203, 8. NK08205, 9.

NK21201, 10. HPF2102, and 11. HPF3303. The symbol, + means the positive reaction while symbol, - means

the negative reaction and w, weak.

Table 4 In vitro screening of the selected actinomycete strains for plant growth-promoting (PGP) activities

Characteristics

Actinomycete strains

1 2 3 4 5 6 7 8 9 10 11
Production of
Siderophore - - - + T - - + _ _ _
Ammonia - + + + + + + - - - -
HCN - - - - - . - - . _ i
Phosphate solubili- - - - - - - - - + + ;

sation

Strains.; 1. NKO1101, 2. NK05201, 3. NK05203, 4. NK05205, 5. NK07201, 6.

NK21201, 10. HPF2102, and 11. HPF3303.

NK08202, 7. NK08203, 8. NK08205, 9.

The symbol, + means the positive reaction while symbol, — means the negative reaction and w, weak.

Conclusion

In this study the selected actinomycetes strains
were chosen from in vitro radial growth inhibition test
against Pyricularia sp. CRI60007 that showed the radi-
al growth inhibition percentage of the growth of the
fungi (%RGI) more than 50%. The results showed elev-
en strains gave %RGl more than 50%. Strain NK05201
gave highest %RGI (100 + 0.00%) and followed by strain
HPF2102 (99.53 + 0.03%), NK08203 (90.51 + 0.50%),
NK05203 (85.88 + 0.61%), NK21201 (84.95 + 0.14%),

NKO07201 (78.24 + 0.73%), NK08205 (77.78 + 0.05%),
NK05205 (71.30 + 0.68%), NK01101 (66.44 + 0.59%),
NK08202 (61.11 + 0.41%), and HPF3303 (51.39 + 0.31%)

respectively. Molecular identification of the selected

+
+

actinomycetes strains belong to the genus Streptomy-
ces spp. with similarity of 99.56-100 % and one strain
belong to the genus Amycolatopsis spp. with similarity
99.86%. The results from this study can be used for
further study.

a7
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Abstract

In this work, the coconut coir powders (CCP)/natural rubber (NR) composites were successfully prepared.

The CCP acts as a reinforcing filler with two different sizes of fine powders (39 um) and coarse powders (101 um).

The coconut coir powders added to the natural rubber matrix at the filler content of 25, 50, 75, and 100 phr. The

effect of CCP contents on physical and mechanical properties was studied. The result revealed that the increase

in CCP content has decreased the tensile strength, elongation at break and toughness of composites but increased

the modulus of elasticity. The CCP/NR composite at 25 phr of filler loading shows better mechanical properties.

For different sizes of fillers, the F-CCP exhibit the better mechanical properties and hardness compare to C-CCP.

These properties of composites indicate that it can develop and possible apply in rubber mats.

Keywords: Coconut coir powders, Natural rubber, Mechanical properties, Composites

Introduction

Polymer composites are a combination of a
polymer matrix with fillers. They have been attractive-
ly applied in industrial and academic researches due
to the control of the material properties. For the past
few decades, researchers have shown increasing inter-
est in composite materials for those of biodegradable,
eco-friendly, and renewable. Natural rubber (NR) as a
green and renewable polymer is used extensively in
many applications, including in tires, automotive parts,
and rubber floor mats, because of its excellent mechan-
ical and elastic properties. However, fillers are essential
to modify the NR properties for the versatile applica-
tion. The capability of the reinforcing filler depends on
various factors such as surface area, the shape of fillers,
and particle size. Natural fillers have been in enormous
demand as a reinforcing material. These fillers act as
good reinforcing agents with several specific properties
such as high toughness, low cost, lightweight, sood spe-
cific strength properties, and modulus, and complete

burning without residue on the combustion (Ismail et

al., 2002; Luz et al., 2007; Panthapulakkal et al., 2006).
The natural fibers act as reinforcing natural fillers with
biodegradable and renewable properties. The proba-
bility of natural fibers such as kenaf, sisal, pineapple
leaf, banana jute to produce polymer composites was
studied (Faruk et al.,, 2012). Coconut coir is an inex-
pensive agricultural product that can be obtained in al
large volume from the local community. It is a cheap
eco-friendly fiber that is also less expensive than jute
and sisal (Geethamma et al,, 1998). The utilization of
coconut coir as reinforcing fillers in polymer compos-
ites becomes more desirable due to their high strength
and modulus properties (Macedo et al., 2010; Monteiro
et al,, 2008). Studies on powdered coconut coir as the
filler has been appeared in the literature (Kaewduang et
al., 2015; Sarki et al., 2011). This work aims to investigate
the possibility of Coconut coir powders (CCP) of differ-
ent particle sizes in using as reinforcement filler in the
NR matrix. The effect of filler content on the properties

of CCP/NR composites was investigated.
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Materials and Methods
Preparation of Coconut coir powders

The coconut coir was collected from the shell
of the matured coconut and was broken into small piec-
es. The coconut coir was oven-dried at 100 °C overnight
for removing moisture. After drying, a portion of the co-
conut coir powders (CCP) was milled into fine particles
by the blender machine and fed into a vibrating sieving
machine using 300 um mesh which was called Fine CCP
(F-CCP). A second portion, CCP were sieved through the
previous mesh size without milling which was called
Coarse-CCP (C-CCP). Their powder sizes were measured
by an optical microscope and were used as the filler in
NR composites. The average powder sizes of F-CCP and
C-CCP were about 39 um and 101 um, respectively. And
the morphology is shown in Figure 1.
Preparation of the composites

The formulation of the mixes was given in Ta-
ble 1. The natural rubber used for the study was crepe
rubber grade obtained from the local rubber compa-
nies. Coconut coir powders (CCP) were used as the filler.
The composite compounds with different CCP loading
were mixed using an internal mixer. The Sulphur and
TMTD acted as a vulcanizing agent and were added
during the milling step using a two-roll milling machine.
The sheeted rubber compounds were kept for matura-
tion at room temperature for 24 h until the mixture was
hardened. After that, the rubber composite compounds

were vulcanized in the compression-molding under 1

(a)

min preheating at 150 °C and compressed under a pres-
sure of 75 kg/cm’ (mold dimension: 160 x 160 x 2 mm”

).

Characterization
Mechanical properties

For the stress-strain behavior of composite
samples, the Shimadzu Testing Machine (AG-X Plus
10kN model) was used. The tensile properties of the
composites were tested according to ASTM D412-1998,
at a crosshead speed of 500 mm/min at room tempera-
ture. The Hardness test on Shore-A Durometer accord-
ing to ASTM D2240 was conducted using Bareiss Digi test
Il hardness tester. The specimen should be at least 6
mm thick and hardness reading was performed within
three seconds during testing. Finally, the hardness was
measured for five different positions and the average
values were presented.
Physical properties

The swelling measurements of the composites
were examined in the toluene. The specimen with a
thickness of 2 mm was cut into a rectangular shape in
the dimension of 25x25 mm. Then the composite sam-
ples were dried at 60°C for 24 h. The specimen was
immersed in toluene for 48 h at 25°C. The swollen com-
posite sample was taken out of the toluene and wiped
with tissue paper to remove excess toluene. Then, the
weight of the swollen samples was determined precise-

ly. This data can be determined for the percentage of

Figure 1. (a) CCP with milling by blender machine (F-CCP) and (b) CCP without milling (C-CCP) and both sieving

thought 300 um sieve size
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Table 1. Mixing formulations of composites

Ingredient phra
Crepe rubber (NR) 100
ZnO 5
Stearic acid 2
Wingstay L 1
Ozone wax 1
Clay 100
White oil 1
CCPb 0, 25, 50, 75, 100
TMTDc 1
Sulfur 1.7

a Parts per hundred of rubber

b Coconut CoirPowders of both fine and coarse in particle sizes

¢ Tetramethylthiuram Disulfide

—— MR
—#— FLLUPNE 50 pha
e (CCU PR S0 phie

Tensile stress (MPa)

T - T
U [LC]] 200

T .
30 EiL 500

Tensile strain (%)

Figure 2. Stress-strain curves of NR, F-CCP/NR and C-CCP/NR composites with CCP content of 50 phr.

swelling and also rubber-filler interactions. The percent-

age of swelling can be calculated by;

M-M,

Swelling (36) = =100
M
¢ 2)
Where M and Md are the wet weight after re-

moving the excess toluene and dry weight, respectively.

Results and discussion

Figure 2 shows the tensile stress-strain curves
in CCP/NR composites with 50 phr of F-CCP and C-CCP.
The NR sample without CCP loading exhibits a typical

stress-strain behavior of vulcanized rubber showing the
ultimate strain of around 440%. It is noted that all the
CCP/NR composites have higher moduli than the NR
sample. In the presence of 50 phr of C-CCP/NR compos-
ite, the ultimate strength and strain are reduced. Tensile
strength was decreased by about 42% and strain at the
break by 23%.

The CCP with the massive diameter causes de-
terioration in the properties due to the formation of
voids at the CCP-matrix interface because of insufficient
interfacial interaction (Parambath et al., 2019). Besides,

the F-CCP/NR composite was observed that the tensile
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Tensile strength (MPa)

B

il

7
Filler content {phr)
Figure 3. The effect of filler content on tensile strength
of NR, F-CCP/NR and C-CCP/NR composites

strength can be improved. Although the value of elon-
gation at break decreased from 341% to 311%, howev-
er, the F-CCP/NR composites retain the elastic proper-
ties of the pure NR

The effect of filler loading with different CCP
sizes on tensile strength of CCP/NR composites is shown
in Figure 3. As observed, the increase of CCP contents
affected in the weaken tensile strength when compared
with the NR compound. For the CCP/NR composites,
the increase of CCP content inducing tensile strength
decreased. It is found that the maximum value of ten-
sile strength at 25 phr of filler content. This result im-
plies that the CCP/NR composite at 25 phr uniform the
dispersion of filler in NR compounds and might be the
effect of better interfacial adhesion due to a large in-
terfacial area of contact contributes to a higher tensile
strength (Balan et al., 2017; Herrera-Franco et al., 2004).
When the filler contents are applied above 25 phr, the
tensile strength decreased due to weak interaction and
bonding between the filler and NR matrix are respon-
sible for the decline of tensile strength. The other rea-
son might be due to agglomeration. And, therefore, the
filler — filler interaction of the CCP filler also increases
(Balan et al., 2017). This is consistent with the study of
Leha et al. which presents the effect of filler from 10
to 40 %. The filler content at 25% showed the highest
tensile strength. For more addition of the filler, it pre-
sented a decrease in mechanical properties (Noor Leha
et al,, 2014). For the comparison of the tensile strength
between F-CCP/NR and C-CCP/NR composites, it was

A0 :T/:}{_
g é _
E | o
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= % o
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Figure 4. The effect of filler content on elongation at
break of NR, F-CCP/NR and C-CCP/NR compos-
ites.

found that the filler content at 25 and 100 phr, C-CCP/

NR exhibited the value which closes to the value of

F-CCP. However, the filler contents of 50 and 75 phr ex-

hibit the tensile strength of F-CCP/NR higher value than

C-CCP/NR. This is due to the effect of the high specific

surface area of filler sizes on the NR matrix (Sareena et

al,, 2012).

Figure 4 shows the elongation at break of the
CCP/NR composites is decreased with increasing filler
content due to the addition of filler which reduces the
mobility and increases the brittleness of the composites
(Islam et al., 2017).

The lower elongation at high filler content
might be due to the void portion is filled up according
to the adding of filler content. Besides, the increase of
CCP filler content in the NR compounds stiffens and
also hardens the NR compounds. It will reduce resil-
ience and toughness that leads to lower elongation. The
toughness behavior is showed in Figure5. Comparing the
elongation at break at the different size of CCP loading,
it is observed that F-CCP/NR composites provide the
higher elongation than those of C-CCP/NR composites.
This result implies that it is due to better interaction
between F-CCP and NR matrix (Parambath et al.,, 2019;
Wongsorat et al., 2014).

Figure 6. shows the effect of filler content on
the modulus of elasticity of F-CCP/NR and C-CCP/NR
composites. Fillers are known to enhance the modulus,
exhibited that the modulus of the filler is higher than
that of the NR matrix (0 phr) (Sareena et al., 2012). In
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Figure 7. Moduli at (a) 10% strain, (b) 50%strain and (c) 100% strain of F-CCP and C-CCP filled NR composites

the case of F-CCP/NR, composites increase in the mod-
ulus with the filler content increasing almost linear up
to 75 phr. While the modulus decreased when further
increasing the filler content at 100 phr. For the C-CCP/
NR composites, it exhibits an increase of modulus with
the filler content up to 50 phr. Then an increasing filler
content causes the modulus trend to decrease which is
lower as compared with F-CCP/NR composites.

This result implies that modulus of F-CCP/NR compos-

ites improved due to the homogeneous distribution

and their effective interaction with the matrix restain
the molecular movement (Parambath et al., 2019). The
agglomeration of filler at a higher loading does not act
a disturbing effect on the modulus due to it is mea-
sured at low stains which the stress concentration is not
enough for initiation of crack.

The effect of filler content on the reinforcing
efficiency of F-CCP and C-CCP, moduli at 10%, 50%, and
100% strains of the composites are observed in Figure

6. This variation is a measure of the stiffness of compos-
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ites. It can be shown that 10%, 50%, and 100% strains
increase slightly with increasing filler content. This re-
veals that the filler powder acts like rigid particulates
since it has a higher modulus than the NR matrix (Sa-
reena et al., 2012). The moduli at 10%, 50% and 100%
strains of the composites containing F-CCP were high-
er than those containing C-CCP. This indicates that the
smaller sized filler in F-CCP/NR composites performed
the higher modulus values than those of larger sized
filler in C-CCP/NR composites.

Figure 8. shows the hardness of CCP/NR com-
posites with different sizes and filler loading of CCP.
Hardness increases with the increase in filler content.
The hardness of F-CCP/NR composites exhibits higher
values than C-CCP filled composites. Hardness is a mea-
sure of the resistance to deformation. The incorpora-
tion of fillers into an NR matrix reduces the elasticity of
rubber. All fillers used are non-deformable solids and
the addition of more rigid particles leads to increased
rigidity and stiffness of the material.

The CCP/NR composites with different sizes of
filler content characterized to examine swelling in tol-
uene at room temperature for 48 h are presented in
Figure 9. The highest swelling value is NR composite at
197% while the tendency swelling decreases with in-
creasing of the filler loading in the NR composites. This
implies that the filler loading in NR blends that restrict

the molecular movement of the rubber.

05 -
—8— F-CCPNR
Q0 4 —8— C-CCPNE
854
=
£
s
]
2
=
-
S0 T T T T
a 25 50 75 100

Filler content (phry

Figure 8. Variation of hardness with filler content for
CCP/NR composites

This then made it more difficult for the toluene
to penetrate through the rubber, thus, decreasing the
swelling percentage. However, the swelling percentage
decreased up to 50 phr in solvent uptake (%) at equi-
librium swelling of CCP filled NR can be additionally de-
scribed in the increase in contact surface area between
polymer and filler.

At lower loading, the dominating effect is poly-
mer-filler networks, whereas, at higher loading, the fill-
er-filler networks will govern in the composites (Swapna
et al.,, 2016). The result was related to the increase in
tensile modulus, hardness, and also tensile strength for
CCP filled NR composite.

Conclusion

In summary, this report presented the effect of
particle sizes of fine and coarse coconut coir powders
on the mechanical properties of NR and CCP/NR com-
posites. All CCP/NR composites were prepared with 25,
50, 75, and 100 phr of CCP filler content. The increase
in CCP content has decreased the tensile strength, elon-
gation at break and toughness, whereas increasing the
modulus of elasticity of CCP/NR composites. The result
reveals that the CCP/NR composite of 25 phr filler load-
ing exhibits better mechanical properties. F-CCP filler
exhibits better mechanical properties and hardness as
compared to C-CCP filler. The swelling values of CCP/NR

composites in the toluene solution trend to decrease

— 88— F-CCP/MR
*— C-CCPNR

Swelling (%)

0 25 S0 75
Filler content (phr)

Figure 9. The effect of CCP loading on the swelling

percentage of NR composites
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with increasing filler loading in the NR composites. Acknowledgments
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Abstract

The colored titanium dioxide (TiO ) thin films were prepared by RF magnetron sputtering technigue using
purity TiO2 target. In this study, the deposition time for sputtering process was varied from 60, 75, 90, 105 and 120
minutes by using the fixed appropriate sputtering power at 100 W. The working pressure of argon gas was kept con-
stant at 6.0x10-1 Pa. As a consequence, TiO, thin films were deposited on both glass and stainless steel substrates
for color’s film observation. To study the physical and mechanical properties of colored TiO_ thin films, optical
transmission, surface morphology and structure were investigated by using UV-Vis Spectrophotometer, FESEM and
XRD, thin film thickness and adhesion were measured by calotester and micro scratch tester, respectively. It was
found that the colored TiO thin films were clearly observed on both substrates. The optical transmission for TiO,
films showed highly transmission in the visible regions and surface morphologies showed nano-scale grain size and
smooth surface. The structure of all TiO, thin films exhibited amorphous structure. For these results, thicknesses

of colored TiO, thin films are approximately 70 nm to 150 nm. In addition, the adhesion of colored films performed

a good adhesion by increasing deposition time.

Keyword: TiO, thin film, Colored thin film, RF magnetron sputtering

Introduction

Titanium dioxide (TiO) thin film is attractive
and utilizing material for many applications because of
their interesting physical, chemical, optical and electri-
cal properties. Many applications of TiO, thin film are
extensively such as photovoltaic materials (Timoumi,
Alamri and Alamri, 2018), photocatalytic properties
(Zahedi et al., 2015), gas sensor (Salman, Shihab, and
Elttayef, 2019), hydrophilic and hydrophobic proper-
ties (Xiong et al., 2015; Bharti, Kumar and Kumar, 2016;
Gao et al,, 2015). The physical and chemical techniques
have been applied to fabricate the TiO, thin films such
as spray (Momeni et al., 2015), sol-gel (Jiang, et al., 2019;
Meher and Balakrishnan, 2014), pulse laser (Zhang et al.,
2015; Ishii et al., 2015), chemical vapor deposition (Astin-
chap and Laelabadi, 2019) and sputtering (Guillén and

Herrero, 2017; Nezar et al., 2017). However, for enhanc-

ing thin film uniformity and adhesion on a substrate,
the magnetron sputtering is a more favorable technique
for many types of coating materials such as oxides, ni-
trides, carbides, fluorides and arsenides than that of the
wet process. One of the most attractive thin films is the
variation of colors, especially gold-like color. Regularly,
many composite thin films including metal oxides as
well as nitrides such as TiN, ZnO, ZrN, AlTiN and TiOZ
have their specific colors for decorative and hard coat-
ings (Neugebohrn et al.,, 2019; Niyomsoan et al., 2002;
Panjan et al., 2014). In this work, the colored TiO2 films
were fabricated by radio frequency (RF) magnetron
sputtering on glass and stainless steel (SS) substrates for
color change monitoring in order to investigate the ad-
hesion of colored thin films. The deposition time were
varied from 60 - 120 minutes with constant RF power

and argon (Ar) gas pressure during deposition process.
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For observing the adhesion of thin film, one of the out-
standing mechanical instruments is the scratch tester
which causes surface failure to indicate the adhesion
and scratch resistance of the films (Mercier et al., 2017,
Zivica et al.,, 2012). The optical properties of colored
films were characterized by UV-Vis Spectrophotometer,
the morphologies were characterized by Field Emission
Scanning Electron Microscope (FESEM). Thin film struc-
tures were analyzed by X-ray diffractometer (XRD), For
mechanical testing, the thicknesses of TiO, films were
measured by calotest technique and thin film adhesion
and scratch resistance were observed by micro scratch

tester.

Experiment
1. Thin film fabrication

The various colored TiO, thin films were fab-
ricated by RF magnetron sputtering technique using
99.95% purity TiO, ceramic target with thickness and di-
ameter of 6 mm and 50.8 mm, respectively. TiO_ films
were deposited onto 1 mm thick of slide glass (2.54
cm x 7.62 cm) and 2 mm thick of stainless steel (3 cm
x 3 cm) substrates. Prior to deposition, glass and stain-
less steel substrates were cleaned ultrasonically in ace-
tone, methanol and deionized water for 15 minutes and
then dried before loading into the deposition chamber.
The distance between the target and substrate hold-
er was fixed at 10 cm. Base pressure in the chamber
was approximately 2.0x10 Pa at starting the sputtering
process. Then, argon sputtering gas was feed into the
chamber with the controlled working pressure at 6.0
x 10" Pa and RF power were kept constant and 100
W. In this study, TiO, thin film was deposited at room

temperature and the substrate holder was continuous-

ly rotated by varying the deposition time from 60, 75,
90, 105 and 120 minutes. For thin film characterization,
the optical transmission, surface morphology, structure,
thickness and the adhesion were investigated.
2. Thin film characterization

Optical properties of the colored TiO, thin films
deposited on glass substrate were analyzed by UV-Vis
Spectrophotometer (UV-1700, SHIMADZU). Surface mor-
phologies of the colored TiO, thin films were observed
by Field Emission Scanning Electron Microscope oper-
ated at 5 kV (FESEM, JEOL JSM-6340F). The structures
were characterized by X-ray diffractometer (XRD, Rigaku
SmartlLab). Besides, thicknesses of the TiO, thin films
were characterized by calotester (Calotest compact
CATc, Anton Paar). In addition, the adhesion and scratch
resistance of the colored TiO, films were investigated
by using Micro Scratch Tester with Rockwell diamond
stylus indenter (MST3, Anton Paar).

Results and discussion

TiO, thin films grown on glass and stainless steel
substrates can be observed with the observers’ naked
eyes in Figure 1. When the deposition time increased
from 60-120 minutes, the colors were varied and ad-
hered on both glass and stainless steel substrates. Tio,
thin films grown on glass substrate, the colored were
slightly changed from purple, blue, green, orange and
pink. In case of stainless steel substrates, the colored
were quite different from the colors on glass substrate
as blue, green, gold, rose gold and pink because of the
reflection of substrate material. It can be obviously seen
that the different substrates can lead to slightly differ-

ent colored films.

Figure 1. The colored TiO, thin films grown on glass and stainless steel substrates by increasing deposition time,

(a,f) 60 minutes, (b,g) 75 minutes, (c,h) 90 minutes, (d,i) 105 minutes and (e,j)) 120 minutes.
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Figure 2. The optical transmission of Tio, thin films by varying deposition time from 60-120 minutes.

1. Optical transmissions

Optical transmission spectra of different depo-
sition time of TiO2 thin films grown on glass substrates
was measured as the function of wavelengths ranging
between 300 nm and 1100 nm by UV-Vis Spectropho-
tometer as seen in Figure 2. In order to increase depo-
sition time from 60-120 minutes with constant sput-
tering power at 100 W, TiO2 thin films obtained highly
transmission around 70-98% with a sharply absorption
edge around 300-320 nm. The transparency levels of
the films for 105 and 120 minutes were slightly lower
and the absorption edges were slightly higher. It can
be indicated that the increase of deposition time can
cause increasing thin film thickness which related with
band gap energy. In addition, all TiO2 thin films had high
transmission in the visible range (400-700 nm) which
could be easily observed by naked eyes. As a result, the
interference layer of thin film and the substrate is also
depended on thin film thickness.
2. Surface morphologies

The results of different deposition time on
surface morphologies of the TiO, thin films grown on

glass substrate were observed by FESEM as shown in

Figure 3. Surface morphologies of all TiO, films were
comparatively nano-scale particle size and smooth sur-
face. For the deposition time at 60 minute, the surface
morphologies were rather smaller and denser particles
than those of other conditions. In case of increasing
deposition time, the morphologies had rather bigger
and rougher than the less time deposition. It can be
suggested that the sputtered particles had more time to
arrange themselves and accumulate on the substrates.
3. Thin film structures

The structure of TiO, thin films by varying
deposition time were characterized by x-ray diffractom-
eter with gracing incident at 1o between incident x-ray
and substrate. The x-ray diffraction patterns of TiO, thin
film by increasing deposition time can be seen in Figure
4. AWLTIO, thin films compared with a bare glass sub-
strate showed amorphous structure even though the
deposition time was increased. These results could be
explained that TiO, thin films deposited at room tem-
perature have no activated energy by thermal treat-
ment from the substrate to rearrange and enhance the

crystalline structure.
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Figure 3. Surface morphologies of TiO, thin films by varying deposition time from 60-120 minutes.
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Figure 4. Structure of TiO, thin films by varying deposition time from 60-120 minutes.
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4. Thin film thicknesses

The thickness of various colored TiO, thin films
grown on glass substrate were measured by calotester.
In this method, the sample was fixed at the stage and a
rotating steel ball with a 20 mm diameter rotated on a
thin film surface. Thus, the difference between abrasive
layer of TiO, thin film and g¢lass substrate is the thick-
ness of the film. For various colored 'I'iO2 thin film, the
thicknesses were increased by increasing the deposition
time. When the deposition time increased from 60 - 120
minutes, the thicknesses of 'I'iO2 thin films are absolute-
ly increased from 70.1 — 151.2 nm. TiO, thin film gained
the average deposition rate around 1.22 nm/min (The
deposition rate was defined by a ratio between thick-
ness to deposition time) with the standard deviation of
0.03. Thicknesses and deposition rates of TiO, thin films
by varying deposition time from 60-120 minutes can be

seen in Table 1 and Figure 5.

5. Thin film adhesions

The adhesion of the colored TiO, thin films
deposited on stainless steel was measured by micro
scratch tester with a normal force from 0.01 N to 2.00 N.
However, thin film coating quality is related to the ad-
hesion characteristics between thin film and substrate.
The surface failure behavior of each sample was ob-
served under a microscope scratching with a progres-
sive load along the scratch distance of 2 mm. Three
different types of critical load (Lc) were indicated along
the scratch trace; a start of the scratch (Lc1), delamina-
tion (Lc2) and complete delamination (Lc3) as shown
in Table 2. Figure 6 shows the optical photographs of
the scratch trace of increasing deposition from 60-120
minutes. The scratch testing results of TiO, thin films
deposited from 60-120 minutes had the complete de-
lamination at critical load of approximately 1.09 N - 1.80

N, respectively. As a result, colored TiO, thin films per-

Table 1. Thicknesses and deposition rates of TiO, thin films by varying deposition time from 60-120 minutes.

Deposition time (minutes)

Deposition rate (nm/min)

Thickness (nm)

60 1.17 70.1
75 1.21 91.0
90 1.24 111.3
105 1.20 126.0
120 1.26 151.2
160 20
—a— thickness
—n— deposition rate
140 4
E 120 .— -é
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Figure 5. Thicknesses and deposition rates of TiO2 thin films by varying deposition time from 60-120 minutes.
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formed good adhesion on the substrate because of pre-
paring by PVD technique even though the structures of
the film had amorphous structure. Moreover, the max-
imum deposition time as well as maximum thickness
exhibits the longer distance of delamination than those

of thinner thickness.

Conclusions

The physical and mechanical properties of col-
ored TiO, thin films prepared by RF magnetron sputtering
technique were studied on both physical and mechan-
ical properties such as the transmission, morphology,

structure, thickness and the adhesion of the films. The

thicknesses of the films were increased from 70.1-151
nm with increasing deposition time at 60-120 minutes
with approximately constant deposition rate. Then, the
colors of thin film can also be change by the thickness
and the interference of light on substrates. The colored
TiO, thin films have high transmission around 70-98% at
the visible range region. Then, the surface morphologies
exhibit smooth surface with nano-scale particle size and
then the structure of colored TiO, thin films show amor-
phous structure due to no thermal treatment during
thin film deposition. Moreover, scratch testing results
show good adhesion between various TiO2 thin films

and the substrate.

Table 2. The critical load of scratch testing by varying deposition time from 60-120 minutes.

Deposition time (minutes) Lcl (N) Lc2 (N) Lc3 (N)
60 0.20 0.50 1.09
75 0.21 0.64 1.15
90 0.21 0.69 1.34
105 0.23 0.97 1.44
120 0.27 1.29 1.80

Figure 6. The scratch traces with critical loads of TiO2 thin films by varying deposition time from 60-120 minutes.
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Abstract

Crop, coffee, productivity and quality, in this study, was conducted at Ban Khun Lao, Chiang Rai Province
and investigated the impact of pollination services. The different pollinations were compared between autogamy,
wind pollination, and open pollination on various parameters following: fertilisation ratio, fruit set, cherry weight,
ripening uniformity. Among these, open pollination was recorded at the significantly highest results. Data on weight
of green beans and total yield exhibited clearly that open pollination were heavier than on wind pollination and
autogamy. In addition, the taste and aroma of given coffee from open pollination were honey, caramelised and
jasmine which navigated mostly to the sweet and floral. These results indicated that the community and diversity

of insect pollinators had the dramatic effectiveness toward the productivity and quality of arabica coffee in organ-

ic-agroforestry.

Keywords: Wild pollinators, Arabica coffee, Agroforestry, Productivity, Cup quality

Introduction

Agroforestry is the land-use system which ap-
plied together with technology and land management
in perennials area aimed for agricultural production. In
agroforestry system, particularly, can be defined as a
dynamic, ecologically based, natural resource manage-
ment system that benefit to human, notably pollination
services (Priess et al., 2007). Pollination service is the
most important for both natural and agricultural system
due to most of flowering plants depend on insect polli-
nators for crop production. (Bentrup et al., 2019). In our
previous investigation, we studied on insect diversity
and density of insect fauna in agroforestry area, coffee
farming among natural plants, at Ban Khun Lao, Wieng
Pa Pao district, Chiang Rai Province, northern Thailand,

which leads to present study “The role of wild pollina-

tors enhancing the sustainable productivity and quali-
ty of arabica coffee in agroforestry”. Coffea arabica, is
dominant variety of coffee in northern Thailand. The
previous study indicated that coffee flower pollination
was performed by a number of native insect species.
(Wissarut et al., 2017). These species contained various
of insect orders which were confederate in action. Even
though, wind pollination and autogamy were usually
occurred; there were various evidence that quality and
quantity of arabica coffee bean were enhanced by insect
pollinators (Ngo et al., 2011; Smith, 2010). The number
of cherries was increased significantly in the area where
has higher density and diversity of insect fauna. High
diversity and density pollinator. High diversity and den-
sity of pollinator service increased effectiveness of pol-

lination by enormous number of pollens deposited on
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stigmas and the chance of cross pollination. In addition,
ripening was more uniformity when flowers were pol-
linated from insect pollinators for example bees, and
stingless bees (Corbet et al,, 2015; Karanja et al., 2013,
Klein et al., 2003; Vergara & Badano, 2009)

Not only in productivity, coffee cup quality
was also influenced by the many inputs especially the
pollination services from insect. Previous reports re-
vealed that taste and aroma of processed coffee were
enhanced by the pollination distinctively. (Karanja et
al., 2013; Ricketts et al., 2004; Roubik, 2002) Mostly, the
higher quality of C. arabica commonly grown in north
of Thailand were located where national park nearby.
Therefore, organic plantation method is probably intro-
duced and recognised for growers allowing not any ef-

fects to the natural fauna and flora.

Materials and methods

The experiment was carried out in flowering
season of April, 2016 in arabica coffee plantation where
organic practices held at 1,200 to 1,300 metres above
sea level at Ban Khun Lao village Wieng Pa Pao dis-
trict, Chiang Rai province, north of Thailand. The tem-
perature ranged between 13.23+2.01 to 27.45+1.75 oC
and relative humidity was between 78.41+3.12 and
86.73+2.21%. The 5 to 6 years old coffee plants without
any applied chemicals, were selected from 3 different
sites for replication. Branches on selected plants with
six clusters of flower pods were marked for experiment.
There were 3 treatments: self pollination or autogamy
(control treatment), wind pollination (none of insect
pollinating service), and open pollination (insect polli-
nating services).

Number of flower pods on selected branches
were counted prior applied experimental treatments,
including (1) self pollination or autogamy (2) wind pol-
lination and (3) open pollination or insects’ pollinator
service, which were considered as control treatment,
insects’” pollination services and insects’ pollination ser-
vices. Firstly, self pollination or autogamy, the pods
were covered with gauze to protect them from other
factors, while the second treatment-wind pollination,

the selected branches with six clusters of flowers were

enclosed in nylon mesh bag until the pollination com-
pleted. The latter treatment, the selected branches
were leaved openly to attract the pollinators.

After 3 days, the distinctly enlarged receptacles
were counted and the fertilisation ratio were calculat-
ed using the following equation : (Number of enlarged
receptacles/ total number of flower pods) x100. The
treatments then were left for harvesting.

At harvesting season, the total number of cher-
ries and ripe fruits were counted, then ripening uniformi-
ty was calculated using (Number of ripe cherries/ total
number of cherries) x100. Fully ripe cherries were picked
from each treatment were weighed and measured for
quantifying. Cherries, then, were taken into dried pro-
cessing within 10 hours to prevent the deterioration that
might affect to quality cup. The 100 green beans and
total yield per shrub were weighted.

The none defected coffee green beans from
each 3 different pollination methods were taken into
light roasting process, hot-air roaster with internal tem-
perature of 180°c — 205°c until the beans popped or
cracked and expanded in size to serve cupping process.
The light roasting was held for the cupping study to
retain more the origin flavours and unique elements,
reflecting the natural qualities of the coffee and also
offered the multilayered complexity, revealing traces of
sweetness, fruit tanginess, or even subtle floral aroma.
The coffee cupping was conducted at the laboratory of
the coffee factory of Green Net Co., Ltd using the meth-
od by SCAA to clarify the he characteristics of the given
coffee from the experiment. The quality scale ranged
following the table below. Moreover, the specific de-
scriptors of coffee experiences were navigated using the
Coffee Flavour Wheel of SCAA.

Results and Discussion

The 3 different pollination methods from the
previous flowering season in 2016 were significantly dif-
ferent from all aspects. The open pollination with the
services of various insect pollinators of organic coffee
agroforestry showed the dramatic highest of the suc-
cessful fertilisation with 98.75 % followed by wind

pollination showing at 64.23%. In contrast, the lowest
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Table 1 Standard quality scale from SCAA Cupping Form.

Scale Description
6.00 - 6.75 Good
7.00-7.75 Very good
8.00 - 8.75 Excellent
9.00 - 9.75 Outstanding

Table 2 Pre-harvest productivity of arabica coffee given from 3 different pollination method.

Pollination Fertilisation ratio Fruit set (%) Berry weight (g) Ripening uniformity
methods (%) (%)
Autogamy 23.71+£1.23 4.2+0.52 1.61+0.04 8.38+0.12
Wind pollination 64.23+2.01 11.3+0.42 2.13+0.05 34.84+0.24
Open pollination 98.75+1.34 75.43+0.65 2.14+0.07 88.26+0.51
MEAN 81.79 30.31 1.96 43.83
F-test > *x > >

Table 3 Yield and quantity of coffee green bean given from 3 different pollination method

Pollination methods

Weight of 100 green beans (g)

Total yield (green bean) per shrub (kg)

Autogamy 14.95+2.2
Wind pollination 17.77+2.3
Open pollination 18.25+1.8
MEAN 16.65
Prop entry **

0.05+£0.3
0.11+0.02
0.25+0.02
0.13

*%

successful fertilisation was observed from the autogamy
showing at 23.71%. Similarly, the highest percentage of
fruit set was observed from the open pollination fol-
lowed by wind pollination and autogamy showing at
75.43%, 11.30%, and 4.20%, respectively. Noticeably,
cherry weights per fruit from the open pollination and
wind pollination were not significantly different at 2.14
g and 2.13g. While the autogamy cave the lowest cherry
weight at 1.61 g. Moreover, the ripening uniformity from

these pollination methods was significantly different.

The open pollination remained the good productivity of
ripening uniformity at 88.26% followed by wind pollina-
tion and autogamy showing at 34.84g, and 8.38g. (Table
2)

Weight of 100 green beans from 3 different
pollination methods was clarified that open pollination
gave the highest quantity than the 2 others. Conse-
quently, the total yield of green bean observed from
the open pollination was better than wind pollination

and autogamy, distinctively. (Table 3)
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The fertilisation ratio held from the enlarged
receptacles due to the fact that after the incident of
fertilisation, the ovary within the flower suddenly de-
veloped. This current results have shown that fertilisa-
tion ratio of coffee flower given from open pollination
is approximately four times greater than on autogamy
which are similar to the other studies. (Karanja et al,,
2013) Moreover, the consequence of open pollination
had distinctively shown the difference to other pollina-
tion methods. The amount of fruit-set from open-polli-
nated flower was the greatest among three pollination
method. Correspondingly, the higher coffee yields given
from open pollination have been reported in previous
studies. The berry weight from open pollination was
heavier than on autogamy and wind pollination which
were bagged with fine-mesh .These translated to higher
yielding coffee (Karanja et al., 2013)

With the SCAA coffee cupping form, there were

similar results from the different pollination methods.
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The total scores were slightly different ranging from
66.75, 65.75, and 64.75 from the open pollination, wind
pollination and autogamy, respectively. The 2 variables
were discarded out from the consideration for instance
uniformity and clean cup, because only non-defected
green beans had been selected prior to the roasting
process. The sweetness and body of coffee were simi-
lar among the 3 pollination methods. The acidity from
autogamy was merely higher than the others which
represented a bit sourer. The autogamy also lost some
balance compared to the others. Importantly, the high-
est scores of the fragrance or aroma of coffee were
obtained from the open pollination followed by wind
pollination and autogamy. (Figure 1)

According to the Coffee Flavour Wheel from
SCAA, the taste and aroma of given coffee from open
pollination were honey, caramelised and jasmine
which navigated mostly to the sweet and floral. The

wind pollination in contrast gave the green/ vegetative

Open polliation

®Wind pollination

Flaveur

B Autogamy
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Figure 1. The quality cup of coffee from 3 different pollination methods. The variables compared were following:

sweetness, overall, fragrance/aroma, flavour, aftertaste, acidity, body, and balance and were considered

with the method by SCAA.
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sense from fresh and herb-like aroma. Interestingly, the
aromas navigated on flavour wheel were varied for in-
stance brown sugar, nutty, and cereal.

This recent study has shown that the wild pol-
linators caused the cross pollination of coffee flowers
were not influenced only on the enhancement of fer-
tilisation, fruit set, and berry weight, but also played a
significant role to cup quality. This phenomenon was
described as the presence of pollinators affected to the
quality of flower fertilisation, avoiding the misshapen
fruits, and defected green bean. Without pollinators, the
coffee flowers were leaded to self pollination or auto-
gamy which inferior biological qualities associated with
the pleasant aroma of cup quality. (Karanja et al., 2011;
Karanja et al., 2014, Krishnan et al.,, 2012; Roubik, 2002)

Conclusion

Ecological service available from pollinating in-
sect community as can be seen from open pollination
was significant influenced to the productivity of arabi-
ca coffee especially in pre-harvest stage. The quality
of fertilisation, fruit set, cherry weight, and ripening uni-

formity given from open pollination were superior than
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