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ARTICLE INFO ABSTRACT
Article history: This research aims to develop an automatic coronavirus
Received: June 22, 2021 sterilizer. A research team which knowledge and experience in the
Revised: December 3, 2021 branch of photonics technology for medical, together with a
Accepted: March 8, 2022 research team of virology jointly research to solve the
Available online: May 9, 2022 aforementioned problems. Therefore, the system is designed as
DOI: 10.14456/jarst.2022.1 automatically sterilization process that is UV-C exposure, hot air
Keywords: UV-C sterilizer, dryer, packaging and sealing for the personal individual masks. We
reusable mask, ultraviolet, have found that the UV-C dose that can kill the amount of 200
disinfection microliters of coronavirus PEDV (more than the number of possible

natural contamination) on N95 medical mask (model VFLEX 9105)

within 1 minute and can kill the same amount of coronavirus faster
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than 1 minute for higher UV-C intensity. The filtering efficiency of the
medical masks which were through our sterilization machine have
been sent to tested. It was found that the control mask and used
mask that sterilized for 10- and 30-times cycles had no significant
different filtration efficiency. This demonstrates that our automated
coronavirus  sterilizer prototype is not destroyed the filtration
efficiency of the tested medical mask so this prototype is many
advantages for killing the coronavirus may be on used medical masks

and can be reused many times.
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PEDV characteristics

PEDV is a coronavirus

— Related to TGE virus in pigs
— Enveloped virus

— Prominent spike proteins

Survives best in cool, moist environments

Affects pigs of all ages
— Disease is more severe in young pigs

Infection occurs via fecal-oral route
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GRIVEGEY)
Test Article Number Concentration Control Counts Filtrate Counts Filtration Efficiency
1 2,705,300 87,597 96.76%
2 2,615,866 80,707 96.91%
3 2,644,521 88,541 96.65%
4 2,683,324 88,421 96.70%
5 2,674,346 88,735 96.68%
Test Article Number Delta P(mmH,0) Delta P(mmH,0/cm?) Delta P(Pa/cm?)
1 40.32 321 31.46
2 40.85 3.25 31.87
3 40.83 3.25 31.85
a4 40.21 3.20 31.37
5 40.20 3.20 31.36

Average Filtration Efficiency: 96.74%

dl : 1 ¥ ld' 1 1 -rﬁy )% 2V tﬂl 1 ﬁ’l o 1 LY wa gj
A9199 2 Fudumtinnin N95 NeuASEITemERuLUUAIoesalAlsuLUuUSALULR 10 ASY

Test Article Number Concentration Control Counts Filtrate Counts Filtration Efficiency
1 2,692,297 87,456 96.75%
2 2,592,933 96,325 96.29%
3 2,556,820 80,424 96.85%
4 2,605,689 80,671 96.90%
5 2,657,463 94,583 96.44%
Test Article Number Delta P(mmH,0) Delta P(mmH,0/cm?) Delta P(Pa/cm?)
1 38.28 3.05 29.86
2 39.05 3.11 3047
3 38.69 3.08 30.18
4 38.95 3.10 30.39
5 39.16 3.12 30.55

Average Filtration Efficiency: 96.65%
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Test Article Number

Concentration Control Counts

Filtrate Counts Filtration Efficiency

1 2,602,085
2 2,556,537
3 2,589,329
4 2,567,431
5 2,647,136

109,788 95.78%
116,290 95.45%
111,272 95.70%
125,436 95.11%
113,243 95.72%

Test Article Number Delta P(mmH,0)

Delta P(mmH,0/cm?) Delta P(Pa/cm?)

1 40.08
2 39.93
3 39.15
q 40.11
5 40.33

3.19 31.27
3.18 31.15
3.1 30.54
3.19 31.29
3.21 31.46
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Average Filtration Efficiency: 95.55%
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This research aims to study the properties of paper which was
made of banana pulp coated with carboxy methyl cellulose. The 12
percent concentration of sodium hydroxide (NaOH) per dried banana
weight and 4 percent concentration of sodium sulfate (Na,SO,) per
dried banana weight were used in the experiment. Then, it was boiled
to break down the lignin for 90 minutes at the 100 degree Celsius
temperature, formed paper sheets weighed 80 ¢/m? and coated of
carboxymethyl cellulose of 34 microns thick with bar coater. Three
levels of concentration were 1, 2 and 3% (w/v) coated of one and two
layers. After that, it was left for 24 hours at 25 degree Celsius
temperature and 50 percent of humidity. This could test the
mechanical properties of the paper water absorption properties, and
printability properties. The research results showed that the coated
paper of carboxymethyl cellulose had mechanical properties of
increasing paper thickness resulted in the properties of bursting
strength, tensile strength, and gloss increases. It affected the

printability properties, an increasing density of paper to print and also
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it can keep details of thin lines and small text size. The value of water
absorption of paper properties was reduced. From the research result,
the paper coated of carboxymethyl cellulose could be developed to

other packaging and basic data of paper development for farmer or

community organizations in the future.
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dry weight of sample
total weight of sample

Total cons. (%) = ( )% 100 (1)
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Low-density polyethylene (LDPE)/organoclay (cloisite 20A,
abbreviation: C20A) nanocomposites were melted in this exploration by
intercalation technique with low molecular weight oxidized polyethylene
(OxPE) as a coupling agent. The effects of OxPE on morphology,
mechanical, thermal, flame retardant properties were identified by
transmission electron microscopy (TEM), X-ray diffraction (XRD), tensile
test, differential scanning calorimetry (DSC), and flammable tests,
respectively. XRD and TEM results exhibited that the interlayer distance of
the nanoparticle layers were increased and a partial intercalated structure
was prepared with an intercalated technigue. Mechanical experiments
exhibited that the inclusion of 5 wt% C20A in LDPE was significantly
improved the tensile strength and tensile modulus with reduced
elongation at break compared to base polymer LDPE. The inclusion of
OxPE in LDPE/C20A further enhances the tensile properties of
nanocomposites. In the case of virgin LDPE, there was an increase of 53%
for tensile strength and 66% for tensile modulus. Nevertheless, the
arystallization temperature of the specimens increased significantly and
the degree of crystallization in the nanocomposite increased with
increasing coupling concentration. Substantial enrichment of flame

retardant properties has been observed for ternary nanocomposites.
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INTRODUCTION

Over the last few decades, the use of
layered silicate nanoparticles, such as polymer-
reinforced clay, has charmed much academic
and industrial interest due to the expected
improvement in properties. In nanotechnology,
polymer nanocomposites consist of a polymer
matrix filled with a layered silicate that
dispersed at a nanoscale phase. When the
elements are well-defined by their size, at least
one of the three external dimensions is about
1 nm to 100 nm [1]. Hybrid ingredients are
formed by adding inorganic nanoparticles to the
organic polymer matrix to form a class of
polymer/clay nanocomposites. Generally,
natural clay polymers are used as cheap raw
components to manufacture nanocomposites
due to their structural and availability.
Inorganic nanoclay, which is commonly used,
is montmorillonite, which has an alumino-
silicate structure, with two tetrahedral silica
sheets containing an octahedral alumina sheet.
Polymer/clay nanocomposites exhibit higher
mechanical properties [2-3], compressive gas
permeability, increased solvent resistance, high
thermal distortion temperature (HDT), and
increased flame retardant properties [4-7] than
virgin polymer. Improved properties, including
many exfoliated clay dispersing polar groups,
are achieved by allowing the clay to easily
disperse into such polymer matrix [8], while
some studies of nonpolar polymers, such as
polyolefin (PP or PE) have found a lower degree

of clay exfoliation in the polymer matrix due to

their hydrophilicity and poor interaction with
the polar aluminosilicate surface of the clay [9].

Nanocomposite materials have gained
important industrial interest and research
endeavors to inspire the improvement of
nanocomposite as well as other polymers. There
are three ways to synthesize polyolefin/clay
nanocomposites, namely situ polymerization,
solution method and melt compounding method.
From all of these, the melt compounding method
is the simplest and most cost-effective way to
manufacture nanocomposites. Polyethylene/
organoclay nanocomposites are interested in
the melt compounding process [10-11]. Zhang
et al. [12] reported that the flammability properties
of polyethylene-clay nanocomposites have
a significant reduction in peak release rate
and also observed that polyethylene-clay
nanocomposites have a mixed immiscible-
intercalated structure. Natural montmorillonite,
however, is hydrophilic so it is not compatible
with many hydrophobic engineering polymers,
as most polymer-layered silicates do not dispersed
easily. To get over this problem, a simple cation
exchange procedure is used to produce
montmorillonite clay organophilic. Thus, interfacial
interactions between the clay layer and the
polyolefin matrix should be introduced to
develop polymer nanocomposite with modified
polar group called coupling agents or interfacial
agents in nanocomposite structures [13]. Maleic
anhydride grafted polyolefin is commonly used
as a compatibilizer. Many experimental results
have shown the preparation and physical

properties of manufactured polypropylene
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nanocomposites of maleic anhydride grafted
polypropylene [14-15]. Polyethylene/organo-
clays, on the other hand, are less exposed to
nanocomposites due to their non-polar chain
structure and lack of thermodynamic forces,
which is a great challenge to achieve structure
[16]. In less research, some authors have
suggested that low molecular weight (LMW)
reactive compounds can be successfully used as a
coupling agent for polyethylene nanocomposites
[17-18]. They suggested that these functional
oligomeric compounds could easily disperse
into clay calleries and cause an additional
delamination because they have much greater
mobility during nanocomposite processing than
their high molecular weight. Literary data on the
use of low molecular weight oxidized polythene
(OxPE) as a coupling agent for polymer/clay
nanocomposites are relatively rare. In this
research, we used low molecular weight (LMW)
OXPE as a coupling agent to manufacture LDPE/
organoclay nanocomposite. OxPE is a modified,
LMW polyethylene that has several functions,
for example, mainly carboxylic acids, esters and
ketones. It was used as a processing aid in some
polymer blends as a coupling agent and coating
formula. OxPEs have also been used in polymer
blends as coupling agent. In the present study,
the effects of coupling agent content and
the clay dispersion on the morpholosgical,
mechanical, thermal and flame retardant
properties of LDPE/organoclay nanocomposite

were investigated.

ISSN: 2773-9376 (Print), 2773-9473 (Online)

EXPERIMENTAL
Materials and nanocomposite preparations

Granules of low-density polyethylene
(LDPE) (density = 0.918 g/cm?, Ml = 3 ¢/10 min)
(trade name: Cosmoplene) were supplied by
the Polyolefin Company, Private Ltd., Singapore.
Low molecular weight oxidized polyethylene
(molecular weight, M,: 2950; acid number: 30)
provided by Honeywell (AC® 330) was used as
a coupling agent. Commercial organoclay Cloisite
20A (C20A) supplied Southern Clay Products.
C20A was produced by cation exchange with
0.95 meg/g of dimethyl-dehydrogenated tallow
ammonium chloride in sodium montmorillonite
(Cloisite Na*, with a CEC of 0.926 meg/s). Tallow
proportional (50%) may be a composition of
unsaturated n-alkyl groups with approximate
compositions: 65% C18, 30% C16, and 5% C14;
hydrogenated tallow has only 3% unsaturation.

The polymer and organoclay were dried in an

air-circulating oven at a constant weight of 80°C.
Compositions of LDPE/organoclay nanocomposite

are listed in Table 1.

Table 1 Sample compositions.

Sample LDPE  OxPE Cloisite-20A
Code (wt%)  (wt%) (Wt%)
LDPE 100 - -

LC5 95 - 5
LC5010 85 10 5
LC5015 80 15 5
LC5020 75 20 5

LDPE: Low-density polyethylene; OXPE: Low molecular
weight oxidized polyethylene
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The nanocomposites were made by
mixing LDPE/5 (LC5) and
LC5/0OxPE with 10, 15, and 20 wt% of OxPE using

wt% organoclay
melt compounding in a co-rotating twin-screw
extruder (Brabender Plasticorder, model: PLE-
331). During polymer and organoclay loading, the
rotor speed and temperature were maintained
at 30 rpm and 180 °C, for 3 min, respectively,
then gradually increased to 60 rpm. The general
blending time was 10 min. After blending, the
mixture was poured into a mold and therefore
the molten nanocomposites were obtained by a
hot compression-molding machine. The mixture
was pressed at 10 MPa during a hydraulic press
(Carver Laboratory Press, USA, Model 3856) at
190 °C for 10 min. After that, the nanocomposite
sample containing steel plates was cooled to
another press (Carver Laboratory Press, USA,
Model 2518) operated at cooling condition. Films
of 2 mm thickness were made and cut to
standard sizes and shapes to test the mechanical

properties.
Nanocomposite test

The morphology of nanocomposites in
LDPE/C20A has been observed using transmission
electron microscopy (TEM: JEM 2010 F) with an
acceleration voltage of 200 kV. A Sorvall MT6000
microtome was accustomed to cut the skinny
part (70 nm) of the specimen at room temperature.

The degree of intercalation or exfoliation
was assessed with XRD. The XRD patterns were

recorded employing a Philips X’pert MPD
(40 kW, 30 mA) operating with Cu-KQL radiation

(A = 0.15406 nm) at 40 kV and 30 mA within

the range of 20 = 1-10° with a scan speed of
0.02°/s. Interlayer spacing of the silicate layers

was determined using the peak positions
according to Bragg’s law: d = A/(2sinB), where

A is the wave length, 0.154 nm, O is the diffraction
angle and d is the basal space between clay
layers.

The tensile properties of virgin LDPE and
LDPE/C20A nanocomposites were examined by
tensile strength, tensile modulus, and elongation
at break. Standard specimens were sampled
from compression molded sheets and then
conditioned at temperature of (25 + 2) °C
and relative humidity of 50 + 5% for 24 h. To
analyze the tensile properties of LDPE/C20A
nanocomposites, the test was performed on a
screw-driven universal testing machine (Instron-
4466) equipped with 10 kN electronic load cells
and mechanical grips at a crosshead speed of
30 mm/min according to ASTM standards. All
values were measured 5 times to take the
average value.

The thermal behavior of the specimens
was analyzed by differential scanning calorimetry
(DSQ). Crystallization behavior of the specimens
was performed on DSC-Mettler. In an aluminum
crucible, a sample weighing about 5-8 mg was
heated to 180 °C from room temperature with
a heating rate of 10 °C/min and kept at this
temperature for 5 min to remove the thermal
history. It was then cooled to room temperature
with a cooling rate of 10 °C/min and reheated
to 180 °C with a heating rate of 5 °C/min. All

heating and cooling runs were conducted under
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a helium atmosphere at a flow rate of 25 ml/min.

Melting peak temperature (T,,) and melting

enthalpy (AH,, in J/g) were obtained from the
second heat run. The degree of crystallinity
(X9%) was calculated using the melting enthalpy
of the specimens in step with the subsequent

equation:

X, (%) = 2Hn

RN X100 @))

where AH? is the melting enthalpy of the
100% crystalline form of PE (279 J/g) (19)

The flammability of virgin LDPE and
nanocomposites was assessed by ascertaining
their limiting oxygen index (LOI). Measurements
were performed using FTA flammability
equipment, supplied by Stanton Redcroft, by
ASTM D-2863. The burn rate was set to LOI = 21.8
as the length of the plate which burns for one

second.

RESULTS AND DISCUSSION

Organoclay dispersion analysis

It is well known that the dispersion of
fillers in the polymer matrix can have a significant
influence on the mechanical properties of the
nanocomposite. Dispersion filler in thermoplastics
isn't an easy process. The problem is even more
severe, when using nanoparticles as filler, because
the nanoparticles have a strong tendency to
agglomerate. Consequently, homogeneous
dispersion of the nanoparticles in the thermoplastic
matrix is a difficult process. A good dispersion
can be achieved by adding a coupling agent

such as OxPE. The dispersion of organoclay in
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LDPE nanocomposite was also confirmed by TEM
monitoring. Figure 1(a-d) displays TEM micrographs
of LDPE/C20A nanocomposites consisting of
5 wt% C20A (designated as LC5), LDPE/5 wt%
C20A/10 wt% OxPE (denoted as LC5010),
LDPE/5 wt% C20A/15 wt% OxPE (marked as
LC5015), and LDPE/5 wt% C20A/20 wt% OxPE
(abbreviated as LC5020). Figure 1 (a) shows the
dispersion of C20A particles in LDPE matrix. It
can be seen that most C20A particles form
agglomerates in LDPE matrix due to the
incompatibility between nanoparticles and
LDPE matrix. The black shape represents the
tactoids in C20A and the rest of the region
represents an uninterrupted LDPE. Nevertheless,
some black shapes may indicate some poorly
dispersed C20A agglomerates. Figure 1 (b) on the
other hand shows relatively fewer particles in
C20A than in Figure 1 (a) and the C20A particles
were separated into lighter parts by the method
of mixing. Anyway, image exfoliated structures
(white arrows) for LC5015 (Figure 1 ¢) showed
well-dispersed structures although several clay
agglomerates and intercalated structures appeared
simultaneously. Most C20A aggregates are broken
down to primary particles. This should maximize
the interfacial interaction between the C20A
particles and the LDPE. This morphological
monitoring by TEM was very consistent with
other researchers [20]. However, both unexfoliated
clay tactoid and exfoliated platelets are present
in Figure 1 (d). The LC5020 sample has a large
clay tactoid that correspond to intercalated
structure. It can be clearly seen that the aspect

ratio of clay layers in LC5020 is higher than the
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aspect ratio of LC5015. The stiffness of these
probes can be attributed to the dispersion of
silicate layers, which can determine the polymer
phases which increase the stiffness which increase
the stiffness [21]. These observations are supported

by the results of the XRD analysis.
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Figure 1 TEM images of nanocomposite samples:
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Figure 2 XRD patterns of 5 wt% C20A (C5),
LDPE/5 wt%C20A (LC5) and LDPE/5
wt% C20A/15 wt% OxPE (LC5015)

nanocomposites

Dispersibility of clay layers in LDPE matrix

The structure of polymer/clay nano-
composites is conventionally described using
X-ray diffraction (XRD). Due to the periodic
arrangement of silicate layers, XRD is the most
widely used technique for identifying clay-
intercalated structures. The XRD patterns of
cloisite 20A (C20A), LDPE/5 wt%C20A (LC5) and
LDPE/5 wt% C20A/15 wt% OxPE (LC5015)
nanocomposites are shown in Figure 2. Two
diffraction peaks are observed for the 5 wt%
C20A (C5) corresponding to basal spacing of
d00; = 3.09 nm (20 = 2.86°) and d00, = 1.31 nm
(20 = 6.74°) by using the Bragg equation. The
d00, plane reflection of LC5 without coupling
agent is observed at 20 = 2.71° corresponds
to 32.6A interlayer spacing. However, with adding
OxPE, the peaks are shifted to lower angles in
the nanocomposites. The d00, plane reflection
of LC5015 is observed at 20 value of 2.29°,
corresponding to 38.4A [22]. The peak height
of the ternary nanocomposites (LC5015) was
very small, indicating an intercalated/exfoliated
structure. This clearly indicates the strong
intercalation/exfoliation capacity of OxPE in
the silicate layers. The driving force of the
intercalation arises from the hydrogen bonding
between the acidic carboxyl group of OxPE and

the oxygen groups of silicates.

Tensile properties of LDPE/oreanoclay

nanocomposites

The mechanical properties of nano-
composites are directly related to the homogeneous

clay dispersion and exfoliation or intercalation
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of the polymer matrix. Interaction between
exfoliated or intercalated nanoparticles and
polymer matrix and large interfacial regions
leading to high tensile strength, modulus and
thermal stability. More uniform clay dispersion
may result in higher strength and modulus but at
the expense of distortion and toughness such as
elongation at break and impact resistance. The
tensile properties of LDPE, LDPE/5 wt%C20A
(LC5), and LC5 nanocomposites with different
coupling contents are illustrated in Figure 3. It
was observed that when 5 wt % C20A (C5) was
added to virgin LDPE, the tensile strength (TS)
and tensile modulus (TM) of virgin LDPE increased
with reduced elongation at break (Eb) and their
value increased significantly as the OxPE content
increased, but the Eb continuous declined. With
C5 loading, the TS increased by about 22%, the
TM enhanced by about 17% and the Eb reduced
by about 30% compared to virgin LDPE. The
increased tensile properties can also lead to a
rich interfacial bond between the matrix and
C5 due to the C5 long aliphatic chain leading
to a rich interfacial bond between the matrix
and C5. In general, the inclusion of organoclay
in polymeric substances tends to reduce Eb.
The results of Eb are illustrated in Figure 4. As
seen in Figure 4, Eb of nanocomposites of the
same C5 content followed this trend. Eb for
nanocomposite samples decreased compared
to LDPE. Typically, the filler causes a reduction
in matrix deformation due to a role of mechanical
barrier [23].

The OxPE load reinforcing facility has

been well observed in this investigation. It's
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interesting to determine how the OxPE was
served in terms of the mechanical properties.
The effect of OXPE load on the tensile properties
of nanocomposites is shown in Figure 3. As can
be seen in Figure 3, both TS and TM increased
when adding OxPE with different content. OxPE
nanocomposites exhibited a significant increase
in TS compared to LC5 nanocomposites up to
15 wt% of OxPE loading and then decreased
with increasing OxPE loading, while the TM of
OxPE nanocomposites continuously increased
up to 20 wt% of OXPE loading. The highest
values obtained were 21.9 and 301 MPa,
respectively, an increase of about 53% and 66%
over virgin LDPE. Enhancement is achieved
through strong hydrogen bonding between the
-OH group of OxPE and the oxygen of silicate
to the reinforcement of intercalated nanolayers,
thereby increasing the inter-gallery space of the
nanoclay [24]. At higher OxPE loads, the tensile
test showed a decrease in nanocomposites
due to lower exfoliation and dispersion of
nanocomposites. The increased tensile performance
of the OxPE mixture (when compared to the
unmodified system) is sometimes explained by
the fine dispersion generated by the OxPE and
by an improved solid-state adherence, which
ends up in stress transfer at the dispersion
phase from the matrix. Considering the tensile
test results of the samples, we have concluded
that enhancement in mechanical properties
not only originated from the state of organoclay
dispersion, but was also affected by the crystalline

nature of the OxPE employed.
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The TM of LDPE/5 wt% C20A/OxPE
nanocomposites has improved dramatically
with OxPE content. The increase in stiffness can
be attributed to the dispersion of silicate layers,
which can immobilize the polymer phases that
stiffness the growth [21]. In contrast, the tensile
elongation at break of the LDPE/5 wt%
C20A/OxPE nanocomposites is reduced with
OxPE content. This reduction in Eb of the
nanocomposites as compared with the unfilled
polymer is attributed to the fact that fillers
generally decreases the ductility of polymers and
similar trends are also seen for nanocomposites
[25]. This suggests that the OxPE is effective in
increasing adherence between C5 and LDPE
molecular chains. A reduced Eb often means a
reduced energy to break. In short, better tensile
properties were obtained due to better exfoliation

and good dispersion of C5 in the LDPE matrix.
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Figure 3 Tensile strength and modulus of virgin

LDPE and its nanocomposites
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Figure 4 Elongation at break of virgin LDPE and

its nanocomposites
Thermal properties of nanocomposites

Figure 5 (A) displays the crystallization
exotherms of virgin LDPE, LC5, LC5010, and
LC5015 nanocomposites recorded at a cooling
rate of 10°/min during the cooling cycle. The
crystallization, melting peak temperatures and
degree of crystallinity are tabulated in Table 2.
This shows that the inclusion of organoclay
and OxPE considerably changes the crystallization
behavior of LDPE. As shown in Figure 5 (A), the
crystallization peak temperature (T.) of the
samples shifted to a higher temperature than
the virgin LDPE, with increasing the content of
the OxPE. The T. increased from 95.7 °C of LDPE
to 99.8 °C of C5 nanocomposite. For LC5010
sample, the T, is increased up to 101.5 °C. It's
noteworthy that the T, of the LC5015 sample
increased to 102.9 °C, much larger than the LDPE
and even larger than the LC5010 nanocomposite.
From Table 2, we can see that the melting peak
temperature (T,,,) has changed slightly with the
increase in the content of the OxPE, and the T,

has increased slightly with increasing OxPE
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content. This is responsible for the heterogeneous
crystallization on the organoclay surface, which
can develop the crystallization of LDPE, slightly
increasing the T, of the nanocomposite [26].
The T,, of virgin LDPE, LC5, LC5010, LC5015
and LC5020 nanocomposites are in the range
109.6 °C-111.4 °C. Compared to virgin LDPE,
the T, of nanocomposites is transferred at
higher temperatures and the maximum T,, is

obtained at LC5015.
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Figure 5 DSC (A) Crystallization exotherms and

(B) crystallinity of virgin LDPE, LC5,
LC5010, LC5015, and LC5020

nanocomposites

Figure 5 (B) displays the variation in X_ (%)
of the specimens. Influenced by the introduction

of OxPE content in the nanocomposites of
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LC5010, LC5015, and LC5020, X, was higher
than virgin LDPE. The inclusion of organoclay
and OxPE contents into semicrystalline polymers
increases the crystallization rate, resulting in
higher crystallinity and higher T.. According to
Zaman et al. [2], the inclusion of organoclay
and OxPE to the LDPE matrix increases the

crystallization percentage.

Table 2 Thermal properties of virgin LDPE and

its nanocomposites.

Sample T. T AH_, X,
code (°O) (°Q) /9 (%)
LDPE 95.7 109.6 77.8 279

LC5 99.8 109.9 85.9 30.8

LC5010 101.5 110.5 93.1 33.4

LC5015 1029 1114 104 37.3

LC5020 102.6 111.1 101.8 36.5

Combustibility of the nanocomposites

The limiting oxygen index (LOI) is
measured by the volumetric fraction of O,
within the N, mixture, where the substances

still burn, are:
LO| = Oz/(Oz + N2)

The higher the LOI of a given material,
the lower its combustibility. The LOI value of
the specimens is displayed in Figure 6 (a). It's
worth noting that the virgin polymer LDPE has
a relatively high LOI. The LOI values of binary
nanocomposites are only LC5 higher than that
of virgin polymer components. Therefore, the
presence of organoclay reduces the combustion

of the polymer. LOI increased with OxPE content
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increasing up to 15 wt% and then decreasing
with increasing OXPE content. Furthermore, the
presence of organoclay and the presence of
OxPE lead to a significant reduction in the
combustion rate of the substance up to 15 wt%
(Figure 6 (b)). Nanocomposites exhibit burn
retardant properties by creating a protective
barrier to heat and mass transfer due to the
accumulation of silicate and OxPE on the

surface of the burning sample.
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Figure 6 (a) Limiting oxygen index (LOI) of the
virgin LDPE, LC5, LC5010, LC5015,
and LC5020 nanocomposites; (b)
Burning rate of the virgin LDPE, LC5,
LC5010, LC5015, and LC5020

nanocomposites

CONCLUSIONS

In the present study, the tensile
properties of LDPE/oranoclay nanocomposites
successfully manufactured by melt compounding
method, using coupling agent (OxPE), were
investigated. The characteristics of morphology,
tensile properties, thermal behavior, and
combustibility of LDPE/organoclay nanocomposites
were examined by changes the inclusion of an
OxPE. TEM photomicrographs exhibited that OxPE
was effective in assisting the silicate platelet
delamination. This outcome was also confirmed
by the XRD of the specimens. The OxPE conferred
higher tensile properties than control cases. DSC
thermograms revealed that the crystallization
temperature of the specimens increased
significantly and the degree of crystallization in
the nanocomposite increased with increasing
OxPE concentration. However, melting and
crystallization temperatures had a significant
effect on blends and nanocomposites. The results
show that LC5015 nanocomposites have good

flame retardant properties, which will be

useful in terms of their application.
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Psoriasis is one of the long-term (chronic) skin diseases that cause
problems to the immune system. Artificial light source in ultraviolet
radiation (UV) wavelength, especially in the UV-B band, is one of the
standard treatments for psoriasis. Alternatively, natural sunlight is also
used for the treatment, called heliotherapy. Consistent solar radiation at
a particular location and time is key to successfully giving a safe and
effective natural sunlight treatment. Therefore, in this study, solar
ultraviolet radiation for psoriasis heliotherapy at a site in Thailand was first
investigated to reveal its diumal and seasonal variations and efficiency in
the therapy. A spectroradiometer (DMc150) installed at Silpakorn
University, Nakhon Pathom province (13.82 °N, 100.04 °F) was used to
measure spectral iradiance and converted to anti-psoriasis iradiance. This
iradiance was calculated to obtain the monthly average hourly anti-
psoriasis ultraviolet radiation data (2016-2018). The result showed the
diurnal and seasonal variations of the anti-psoriasis ultraviolet radiation.
The values are relatively high from 10 am. to 2 pm., especially between
March and October, and relatively low from November to February. The
maximum monthly average hourly values in the summer, rainy, and
winter seasons were 77.6, 76.9, and 52.4 mJ/cm?. In addition, an empirical
model for estimating the anti- psoriasis ultraviolet radiation dose was first

generated as a linear regression by using the UV index, which is a broader
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measurement. The difference between the data obtained from the
model and the measurement is in good agreement with root mean

square difference (RMSD) and mean bias difference (MBD) were 12.9%

and 1.0%, respectively.

INTRODUCTION

Solar radiation can be divided into three
bands, namely, ultraviolet radiation (UV, 280-400
nm), visible light (VIS, 400-700 nm), and near-
infrared (NIR, 700-4000 nm). The UV itself can be
separated depending on environmental and
biological effects, called UV-A (320-400 nm), UV-B
(280-320 nm), and UV-C (100-280 nm) [1]. Generally,
UV-C cannot penetrate the atmosphere to the
earth’s surface as it is absorbed by atmospheric
constitutions such as oxygen and ozone in the
upper atmosphere [2]. Therefore, only UV-A and
UV-B reach the earth’ s surface, and this radiation
is only a small portion of the solar radiation [3-4].

UV ranges mainly cause DNA damage to
lipid and protein oxidation, which makes clinically
seen as tanning for a short-term effect of UV-A,
aging, and skin cancers, the long-term during
sunburn for the short-term effect of UV-B. Uneven
skin color and cataracts are also negative
consequences of chronic exposure to a full
spectrum of solar radiation [5]. Despite the
potential adverse effects of full-spectrum sun
exposure, some narrow UV ranges (297-313 nm)
can also enormously benefit the living, including
the primary source of vitamin D synthesis through
the skin. Vitamin D regulates immunity and
calcium-phosphorus metabolism, enabling normal

bone and muscle function mineralization. This

does not only have positive effects on physical
health but also on mood balance by providing
a sense of security. The narrow-band UV-B's
immunosuppressive or anti-inflammatory effects
can improve or even clear the lesions of many
inflammatory skin diseases. These include
psoriasis, vitiligo, and the early stage of cutaneous
T-cell lymphoma, making patients with inflammatory
sun allergy conditions more tolerant of the sun [6].

UV Phototherapy using artificial light
sources is one of the standard treatments for
various skin conditions [7]. Phototherapy can also
be applied safely to a wide-ranging group of
patients. Typical hospital-based phototherapy
cabinets contain a bunch of artificial lamps, either
broadband (primary emission spectrum 280 - 360
nm, maximum at 320 nm) or narrow-band UV-B
irradiation (primary emission spectrum 310-315
nm, maximum at 311 nm) following the well-
established knowledge of the most anti- psoriasis
effective UV ranges from 304 to 313 nm [8-9]. With
national guidelines and standard dosimetry
protocols, hospital-based phototherapy equipment
provides precisely given safe and effective doses.
In Thailand, the number of phototherapy centers
and shortage of qualified phototherapy practitioners
is limited, and financial concems for at least twenty
treatment sessions are required to see the outcomes
[10]. Therefore, natural sunlight treatment is an

alternative option. The patients do not need to
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access phototherapy centers often, reducing
traveling and treatment costs and spending time.
Phototherapy using natural sunlight has been
clinically beneficial since the 1890s for a great
diversity of health issues [11-13], including skin
conditions [14-16]. There have been several clinical
studies of successful supervised ambient sun-
bathing alone, heliotherapy, however, only in limited
regions, mostly from European countries, including
the Canary Islands, Spain [17], Helsinki Finland, and
Davos, Switzerland [18-23]. One of the most
important heliotherapy issues in those countries is
inconsistent UV radiation throughout the year. Daily
variations in the most suitable spring and summer
times for heliotherapy can also be challenging. The
key determinants are successfully giving a safe and
effective natural sunlight treatment, consistent solar
radiation, accurate data of the incident solar
spectrum, and dosimetry at a particular location and
time. A study of solar UV radiation in Thailand
showed that the country generally has sufficient UV
radiation despite seasonal variations [24-26].

Apart from heliotherapy, there are several
options for skin treatment, e.g., pill or topical
therapy. The topical therapy is recommended for
mild skin disease, and pill treatment may have side
effects. Additionally, heliotherapy in Thailand is
seemingly promising as a systemic treatment
alternative where patients effortlessly receive sun-
bathing treatments from their homes whenever they
are convenient.

In Thailand, there is no report on UV data

for psoriasis treatment. Therefore, this study aims

ISSN: 2773-9376 (Print), 2773-9473 (Online)

to investigate the natural UV sunlight for the
psoriasis treatment at a study site in Nakhon
Pathom, the central region of Thailand, where the
measurement is available. The diurnal and
seasonal variations of the UV dose were analyzed
using three years of data covering 1 January 2016 to
31 December 2018. In addition, as the lack of UV
data for the psoriasis treatment, an empirical
model to estimate the UV dose for psoriasis
treatment from the UV index data, a broader
measurement, was first developed and validated

in this work.

MATERIALS AND METHODS

A spectroradiometer (Bentham Instrument,
model DMc150) installed at Silpakorn University,
Nakhon Pathom province (13.82 °N, 100.04 °E,
39.4 msl), was used to measure solar spectral
irradiance covering the wavelength of 260-420
nm with the spectral resolution of 1 nm. The pictorial
view of the instrument is presented in Figure 1.

The input optics is located on a rooftop
of the science building of Silpakorn University.
These input optics are connected to the double
monochromator, the photomultiplier, and the
detector. The electronic signals from the detector
were transferred and displayed on a processing
computer, and Benwin+ software was installed on
the processing computer to control the system
and for the data acquisition. This instrument
was calibrated using a deuterium standard lamp

once per month.
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Figure 1 A pictorial view of the spectroradiometer installed at Nakhon Pathom a) input optics

b) the monochromator and detector

To obtain the UV data responding to
psoriasis treatment, the current signals recorded
in the processing computer every ten minutes
were converted to spectral irradiance using its
sensitivity retrieved from the calibration. This
spectral irradiance was converted to effective
doses for the anti- psoriatic effect of ultraviolet
radiation using the following expression.

Doseantipsor (t2, 1) =
I (L 1y (5, 2) Rydh ) e (1)

ty 280nm
where Dosepsor 1S an anti- psoriasis- weighted
dose in the period t; to t,, I3 (t,A) is spectral

irradiance at time t and wavelength A, and R, is

anti-psoriasis action spectrum function.
The anti- psoriasis action spectra are

defined as follows Krzyscin et al. [10]:

R;\ =
0.6504 x 1070:6304(296-4) ) < 296 nm
1.0000 x 1070-0467(300-%) 296 < ) < 300 nm
1.0000 x 1070-1067(2=300) 300 < A < 304 nm )
0.3743 x 10701571(x-304) 304 < ) < 313 nm
0.0144 x 10008233313-4) 313 < ) < 330 nm
0.0057 x 109-00937(330-%) 330 < ) < 400 nm

An example of the spectral irradiance
and anti- psoriasis action function is presented
in Figure 2, which can be seen that the most
effective spectral irradiance for anti- psoriasis is

in the UV-B wavelength.

160 1.00E+01
140 | —— |rradiance 1 April 2017
E Antipsoriasis action spectra 1.00E+00
& 120
2 1.00E-01
£ 100
<5}
§ 80 | 41 1.00E-02 E
g <
= 60 1.00E-03
g o
g 40
@ 1 1.00E-04
20 |
0 1.00E-05

280 300 320 340

360 380 400

Wavelength(nm)

Figure 2 An example of spectral UV irradiance at a given time on 1 April 2017 at 8 a.m. and the

anti-psoriasis action spectra (Ra.)
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Figure 3 The diurnal variation of anti-psoriasis UV doses at Nakhon Pathom during 2016-2018

RESULTS AND DISCUSSION

In this study, the anti-psoriasis weighted
doses retrieved from the spectroradiometer
were used for three years, from 1 January 2016
to 31 December 2018. The dose within an hour
was obtained from 7 a.m. to 6 p.m. At each
month, the hourly anti-psoriasis UV doses at the
same period were averaged to obtain monthly
average hourly data and then plotted against

the local time to investigate the diurnal

variation. For the seasonal variation analysis, the
monthly data were plotted against the month

for each period.
The diurnal variation

The diurnal variation of the anti-
psoriasis UV doses averaged during 2016-2018
are presented in Figure 3. The results indicate
that the UV doses increase from the early
morning to reach the maximum value during

noontime and decrease until evening. This is
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mainly influenced by the position of the sun. In
the morning and evening, the sun is relatively
low, and thus path length of solar radiation in
the atmosphere is relatively large compared to
the noontime. As a result, the maximum anti-
psoriasis UV doses are 77.6, 76.9, and 52.4
mJ/cm? in the summer (February-May), rainy
(June-October), and winter (November-January)

seasons, respectively.

Seasonal variation

The seasonal variation of the hourly
anti- psoriasis UV dose averaged during 2016-
2018 is shown in Figure 4 from 7 a.m. to 6 p.m.
In addition, the threshold dose (i.e., 45 mJ/cm?)
used for the treatment of psoriasis proposed by
Krzyscin et al. [10] was also drawn in the figures
to present the potential of the solar UV dose

for the psoriasis treatment in Thailand.
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Figure 4 The seasonal variation of hourly anti-psoriasis UV doses from 7 a.m. to 6 p.m. at Nakhon

Pathom (The red dash line indicates the threshold of UV dose for the treatment)

The results show seasonal variation in
which the anti-psoriasis UV doses are relatively
high from March to October and relatively low
from November to February. This is mainly
because of the position of the sun in the sky. The
solar zenith angle is relatively high from March to

October, resulting in small solar path length and

solar extinction [25-27]. In addition, the figure
represents that the potential periods to treat
psoriasis using sunlight within 1 hour are from
10 a.m. - 2 p.m. from March to October when the
value of UV dose is above the threshold value.
However, patients can exposure the sun at other

times for a longer period depending on the



40 Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 1, 2022

direction of their dermatologists. It is noted that
the threshold used in this work was defined in
Krzyscin et al. [10] for mid-latitude at San Diego
(32.77°N, 117.20°W) and high- latitude at Belsk
(51.83°N, 20.78°E), which may not perfectly suit for
Thailand. This threshold then should be further
justified for low-latitude as Thailand. Moreover,
excessive exposure is harmful. Therefore, the
optimal exposure time for psoriasis treatment

should not exceed the time leading to hazardous

health [28].
The empirical model

According to the limitation of the
ground-based spectroradiometer, they can be
used to measure the UV doses to treat psoriasis.
In contrast, UV index (UVI) has been measured
broadly. Therefore, a simple model used to
estimate the anti- psoriasis UV doses is needed.
In this study, an empirical model was
developed and validated. UVI was calculated
following the method in [29] using the DMc150
spectroradiometer at the same site. Then
hourly anti- psoriasis UV dose was plotted
against the UV index using 2016 and 2017. The
graph between the anti-psoriasis UV dose and
the UV index is shown in Figure 5, and the linear
least square expression can be written as

follows:
DoseANTIPSOR = 6.57130VI (3)

Doseanmpsorn 1S the anti- psoriasis UV dose

(mJ/cm?), and UVI is the UV index (unitless).
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Figure 5 The relationship between anti-
psoriasis UV dose (Dosepqiass) and UV
index (UVI) in 2016 and 2017
For the model validation, the anti-
psoriasis UV doses calculated from the

proposed model were compared with those
measured from the spectroradiometer in 2018.
The validation result presented in Figure 6
shows that the model can estimate the anti-
psoriasis reasonably compared to a method in

Krzyscin et al. [30] that used the satellite data

approach.
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CONCLUSION

The anti- psoriasis effective UV dose at
Nakhon Pathom was investigated. The results
show that the UV dose was diurnal and seasonal
variations and relatively high from 10 a.m. to
2 p.m., especially between March and October.
Therefore, this period is likely to have the
potential for treating psoriasis and several
inflamlnmatory skin conditions. However, the UV
doses in other regions may differ depending
on the location, geography, and atmospheric
conditions. Therefore, the UV dose in other regions
of Thailand should be further investigated for
the extended development of a national
heliotherapy protocol for psoriasis in Thailand.
In Thailand, Heliotherapy using a sustainable
abundance of solar energy would transform
medical practice on light-based treatments,
which is considered enormously beneficial but
time-consuming and required commitment into
perhaps one of the supervised primary aids at

home.
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This research examines the comparison of 96 monthly air
quality data from biogas alternative energy in Suphan-Buri province for
a total of 8 years from January 2010 to December 2017. By dividing the
biogas composition data for analysis to the research objectives by
dividing the data into two sets; namely the first set of data to create a
model for forecasting trends in air quality to find suitability and the
second set of information to compare the performance of air quality
forecasting. The air quality forecasting using four time-series data
forecasting methods; namely the Box-Jenkins Method (BJ), the Holt's
Exponential Smoothing Method (Holt), the smoothing method with
Brown's Exponential Smoothing Method (Brown) and the Damped trend
exponential smoothing method (Damped). The composition of biogas
is separated into 3 types of gases, namely methane (CH,), carbon
dioxide (CO,) and hydrogen sulfide (H,S) to determine the suitability of
the forecast model. The results of the forecast model study by

comparing the root mean square errors (RMSE) showed that the
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Damped method was suitable for CH, gas, the BJ method was suitable
for CO, gas, and the Holt method was suitable for H,S gas, respectively.
The resulting model was then used to find future forecast values. It was
found that the Damped method was able to generate a CH, gas data

forecast model that was closest to the true value.
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v
o

ARNALAR DY WUIN AINARIALAR BUVDINIAI0HNNT
waNKIIUNA (Kolmogorov-Smimov p-value) @il

NAFBY t (pvalue) waneA1Lad oA ur e A1
Levene Statistic ( p-value) &AL UTUTIUVINAY
NNY29a1 usidien Runs Test Z 1ad aullwives 33
Brown laliJudaseiu (p-value = 0.002) Farfusa
WUUBUNINNIAAY H,S fasradulaifiemumunzan
Flifanuminzay widRansanmsuieufisuan
FFeuAmeInsaleynsaaig H,S Tuteyaynaes
FausiAounnTANE A eusuAL WA, 2561 Sy
12 A1 lagn19A1UIUA1 MAPE Lag RMSE Lanq

UsearSamdnennsal 1149 4 35 lepamnsned 10

tﬂl = = a a Y
$15199% 10 NSLUSHUNYUUTLENTNINUYBIALLUU

BUNTUNIAMY H,S 91NN 4 75

13
. BJ Holt Brown Damped
WeINTU
MAPE  21.7870 154629 557112 16.4094
RMSE  1,006.80  591.35 1.942.36  630.01

78 Holt agilusedvSamuniigaannis 4 35
WS12AY MAPE wag RMSE fivian aedudsnis

Ny1NTIveIds Holt e dudsnTanuwunzauuin

=
Nen
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3.2 MnennsalesAusznaudayaaynsunia
HAY0IN1T T HULTIBUAMUNINE AN VBIAIUUY
ounsuvesfigsaiuvia ldun 35 Damped
Wugaununig CH, 35 BJ nunzauduiig CO,

Wagds Holt tnunzaunung H,S F9UALUUN

WinzauiImeInIalaunImeInAludayaYn de s
Fausifounnsinudafeuduanag wa. 2560
U 12 A1 WA WANTURUAIAA NN
fihanaindeyatisiitinandedsvesusazifiou
Mnteualugansn famsiei 11

v
& o

A1999 11 mi‘wmﬂizﬁaaﬁﬂizﬂauﬁayjawﬂm ANVDIVDINYYINE N

A1 wensal w.e. 2560

v 174 a
dayauszanunndeyasisluyausn

oy Damped BJ Holt Damped BJ Holt
finwCH, fins CO, fwH,S AW CH, A% CO, fines H,S
A 56.5 32.2 3,274 44.8 41.0 6422.2
AN, 56.7 28.9 3,258 47.2 36.4 6172.2
ia. 56.9 26.9 3,241 46.9 36.7 5223.3
b8, 57.0 30.3 3,224 47.8 329.4 6422.2
W.A. 57.2 29.5 3,207 53.1 36.9 6991.1
1.y 57.3 30.2 3,191 47.4 39.1 7364.4
n.A. 57.5 28.3 3,174 50.2 35.6 6877.1
a.a. 57.7 28.1 3,157 48.6 37.3 6043.3
n.4. 57.8 26.7 3,140 42.8 36.0 4690.0
.7, 58.0 29.5 3,124 51.1 36.0 5285.5
W8, 58.1 31.3 3,107 46.2 40.1 5373.3
5.0. 58.3 30.0 3,090 45.6 38.9 4531.1
n1sneInsal e aounIuLIaIves ayuwa

e UsEnauAsia LYl ad e LU UT Aad onun
PNMINEUUNEINTAIBIAUTENBUTDIBYNTULIAN
Araanuiiafanye Suaiileds Damped ¥
AIUUOUNITUIAIAY CH, I lndiAssiuaUszana
FFWINGA F9RRNAD I3 BJ aF 1R IUVOUNTULIAN
i CO, lolndlAsadntiey @35 Holt a3euuy
BUNTUNIANY H,S 111931nAUTENIUIT 081N
é’qﬁgumﬂﬁﬁ'a;ﬂaﬁwé’fﬂmmmimﬁaLL‘U‘UﬁImmzau
MnnsAmdenssuiiousta 4 35authumen
wensal wuedildvnsainaeswarliaunse

wansANeInsaINwIngadluauanla

NNNSANYINISUS s ULABUIT IS

e

ayanMNIMNeINTA NIEAnwINAIuMedInnly
Fdngnssay’ einuunensaldeyasynsy
nanesdUsEnoufeanuadn 18ud fe CH, Ae
CO, uaziw H,S lneldenisinsiey 4 5laun 35
BJ 75 Holt 75 Brown 1azi5 Damped aua1siu
lngnudn n1siasgviteyaludiuusznauvesan
wnlifuuazauiunUsggmalinaizadenldns
wlasAn arndusfanennsalfunsautiuie 53
Damped LsNga@ufuAg CH, 35 BJ lungauiu

i1y CO, waz1d Holt Lnuzaunun 19 HS
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Population mean

Several researchers use the auxiliary information to enhance
the efficiency of their estimators in estimating the population
parameters in sample surveys. Studies aim to find out more efficient
estimators than recently proposed estimators and make inferences
about the unknown population parameters such as population total,
population mean, population proportion, or population variance.
And one of the population parameters that are widely studied and
used, is the population means. In this paper, the author attempts to
develop a new modified estimator for the mean of the population
in simple random sampling without replacement (SRSWOR) by
utilizing information on four auxiliary variables. Therefore, the new
estimators with their properties up to the first degree of
approximation such as bias and Mean Squared Error (MSE) have been
studied. In addition, the optimum value of the real numbers and the
minimum MSE of the proposed estimators have been investigated.
A few members were also derived from the proposed estimators by
allocating the different suitable values of constants. Furthermore,
the efficiency of the proposed estimators has been compared with
other relevant existing estimators through theoretical study. While
the data of peppermint oil production data in Digha India is used for

the empirical study to compare the performance of the new
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estimator with other existing estimators. The results of this paper
showed that the new estimators are more efficient under the criteria
of MSE and Percent Relative Efficiencies (PRE) as compared to all

other consideration estimators for certain natural populations

available in the literature.

INTRODUCTION

In the sampling theory literature, many
authors have introduced the use of auxiliary
information to increase the efficiency of their
estimators. For instance, Cochran [1] used the
strong positive correlation between study and
auxiliary variables to present the ratio estimator.
On the other hand, if the correlation between
study and auxiliary variables is strongly negative,
then the product estimator proposed by
Robson [2] and Murthy [3] may be used. Recent
developments in both ratio and product
estimators, together with their variety of
modified forms are clearly described in detail
by Sisodia and Dwivedi [4], Pandey and Dubey
[5], Upadhyaya and Singh [6], Singh [7], Singh
and Tailor [8], Kadilar and Cingi [9, 10], Singh et al.
[11], Singh and Tailor [12], Al-Omari et al. [13],
Singh et al. [14], Yan and Tian [15], Singh et al. [16],
Subramani and Kumarpandiyan [17], Jeelani et
al. [18], and Jerajuddin and Kishun [19].

Many estimators were further extended to
cover the proposed previously by Khoshnevisan
et al. [20]. The estimator of Khoshnevisan et al.
[20] is given as follows:

e g
yl:y(a(ai+c)j>((1t2)(a>? +c)} W

Where y and X are the sample means of the
study and auxiliary variables, respectively,
whereas X is the population mean of the
auxiliary variable. The consonants a(a#0) and
C are either real numbers or functions of
variables such as

auxiliary variance,

(s2=(N-D*>"" (¢ ~X)?), coefficient of
variation (C, =S,/ X), and correlation coefficient
(P, =S, 1S,S,).In contrast, the consonants a
and @ are integer to be determined.

The bias and MSE of this family of
Khoshnevisan et al. [20] estimators are respectively

shown as:

Bias(V,) = @\7 agdC? [@ae—c}, 2)

MSE(Y,) = (1_—nf)? 2 [Cj +aglC (abg — 2C)], (3)

where f=n/N, @=aX/(aX +h),

Cy=S; /Y, si=(N —1)’12:11(34 -Y),
C,=S,/YX, C=p,C IC, and

S, =(N-"Y"" (V)% - X).

However, Khoshnevisan et al. [20]
estimator is quite difficult to use in practice.
Therefore, Yadav et al. [21] improved the
estimator of Khoshnevisan et al. [20] by using

the assumption of the values of a@ and
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equal to one and adding the consonants of b

and d in equation (1), as:

_ _(abX +cd
—y| S22 i
Y. y(abi+cdj @

The bias and MSE Yadav et al. [21] estimators

are respectively shown as:

Bias(y,) = a‘ﬂ”%o:(n—q, (5)

MSE(Y,) = (1_—nf)\7 ‘[Cl+nCl(n-20)],  (6)

where n=abX / (abX +cd).

In this present paper, the authors have
suggested the modification of Yadav et al. [21]
by using the concept of power transformation
under SRSWOR scheme. The expressions in
terms of bias, MSE, and minimum MSE of
proposed estimators were obtained. In addition,
comparative studies of the proposed estimators
with other relevant existing estimators have
been considered through the theoretical and
empirical studies, which show the efficiency of
the proposed estimators was clearly better than

the other estimators.

MATERIALS AND METHODS
Modlfied Estimator

The authors propose to create a new
estimator by adjusting the Yadav et al. [21]
using the concept of power transformation
under SRSWOR scheme. When the term of

( abX +cd

— from equation (4) is raised to the
abx +cd

power of constant g, the new estimator is as

follows:

_ _(abX+cd Y -
7Y bRt )

After that, if the sample mean ¥y in

abx +cd )1_9

equation (7) is replaced with ¥ -
et > TP ! y(abx +cd

the new modified estimator of population mean

is obtained as:

_ _(abX+cd ) ( abX+cd }O
Y. =Y ,

abx+cd ) \abX +cd
_y abX +cd )*0 ®)
abx +cd '

To obtain the bias and MSE of Y, and Y,
under SRSWOR, let us define

¥=Y(+e) and X=X({1+g) (9

where €, and €, are the sampling error on
auxiliary and study variables, respectively.

Further, one may assume that
(10)

When the population parameter of the auxiliary
variable is known, after solving the expectations,

the following expression is obtained as

e -,

1-f
E(ef)z(—n)Cf, and —

=D eee,

E(eoe1) =
n _

The bias of ¥, can be found as follows:

Bias(V,) = E(Y, -Y)

> g
_Ely ab)_(+cd Rl
abXx +cd
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By using the equation (9), one can rewrite the

above equation, as

abX +cd v
abX (1+e,)+cd

—E|Vre) (L) - |

Bias(y,) = E{V(ueo)[
(13)

Rewrite equation (13) in terms of equations (10)

and (11); one gets

Bias(y,) = E{Y(1+e)(1 grye+g(g &) ne?) - \7}

{1 gne+g(g2 )nel+e —One,8, Y}

_ =D ggc [(g”)n—c}. (14)
n 2

Further, bias of )_/4 is obtained from equation

(15) as follows:
Bias(yz,):(l_—nf)(Zg -DnYC:[gn-C].  (15)

In addition, the MSE of Y, can be found as

follows:

MSE(Y,) = E(Y, -Y)*
-E [\7(1+ &)(1+7ne,)” —VT

g(g 1)

VZE{—gne + 222l e, —gnee}

V'E[ g'nel +ef 20 | (16)

Rewrite equation (16) in term of equations (10)

and (11), one get

wse(r) 7| g ez oD ogy E-Dect |

= ve[ci+g'’Cl-2gnCC]. (A7)

ISSN: 2773-9376 (Print), 2773-9473 (Online)

The MSE of Y, can be found from equation (18)

as follows:

MSE(Y,) ==—Y*[ C} +(29-C![(29 -1 -2C] ]

(18)

(-f)y
n

The MSE of ¥, and Y, at(17) and (18) depends
on three constants §,7 and C . So, keeping
the values of § and C fixed. To obtain the
value of 7 that minimizes for Y, and Y,
respectively, one takes the partial derivative of
equation (17) for ¥, and (18) for Y, with

respect to 7 and equate in each equation to

zero. Therefore, the optimum values of 77 for

Y; as
1=Clg =1, (19)
and the optimum values of 717 for )_/4 as
1=C1(29-1) =1 y,)- (20)

To replace the optimum values of 7 for Y,
equation (19) into equation (17), the minimum

MSE of Y, is given by:

min.MSE(Y, ) = a=n f) ve[ci-cici]. (2

And the substitution of the optimum values of
n for Y, of equation (20) in equation (18)

yields the minimum MSE of y4 as

min.MSE(VA):MW[CYZ—CZCXZ], (22)
n

which is the same equation as before.
Therefore, the common minimum MSE of Va

and Y, is given by:

min.MSE(Y,,V,) = (1 f)
n

y:[ci-cicl] (23)
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To replace the different choices of the constants ~ and (8), one can generate a few members of

a,b,c d,a and g into equations (1), (4), (7), ¥ ¥»» Y5 and Y, as given in Table 1:

Table 1 A few members of ¥, Y,, ¥, and Y,

Values of constants

Estimator
a b c d a g
A few members of Y,
Vo =¥ ;(:Tﬂl((;))J Yan and Tian (15) 1 - B - 1 1
nX
Viry =¥ ﬁ} Yadav et al. (21) n - P - 1 1
yX
— _[BOX+p,
Yio =Y ﬂ(Twy ) - Py - 1 1
1 yX
_ _[ X+ £,(X)
Yiw = y(Tﬂll(X)] 1 h ﬂl(x) B 1 -1
- [ X+p,
Yisy = y(WJ n - Pyx - 1 -1
yX
— [ BXOX+p,
Yie) = y{ﬁll(x)pr] Bi(x) - Py - 1 -1
yX
A few members of Y,
_ _(cx ,
Voo =V C;%?((XX))J Yan and Tian (15) 1 C, B/ 1 - -
X 1
_ _(nCX +0,
Yoy =Y m Yadav et al. (21) n C, Py 1 ) )
X X
_ _[(BOOMX+p,C,
Voo = ﬂl(x)Md ¥+pYXC Yadav et al. 21)  f(X) M, Pyx C, - .
1 d yX X
A few members of Vs
_ _[CX+BM) -
Yoy =Y m] =Y 1 C, Bi(X) 1 - 1
_ _ ncj +p _
Yoy =Y nCY—+pWJ =Y n Cx Py 1 B 1
X X
_ _[(BOMX+p,C |
y3(3) = y ﬂl(X)Md i+pyc = 2(3) ﬂl(x) Md pyx CX - 1
d yX X
_ _(Cx+AX)
Yoy =Y Wﬂt(x)j 1 CX ﬂl(X) 1 - -1
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Values of constants

Estimator
a b c d o g

_ _[ nCx+p,

_ x_ X C 1 _ -1
y3(5) y[ncxx+pyx] n X pyx
— — ﬂl(X)Mdi-i_pyxCx

= = X M C - -1
b y(mx)mdmpyxcx AO M e G
A few members of Y,
_ (CX+80(0)) - _
y4(l) = { C i"‘ﬂl(x) ] = y3(1) = y2(1) 1 Cx ﬂl(x) 1 - 1
_ _[ nC, X + P _ _
Ya) =Y mj = Ys) T Yo n C, Py 1 ) 1
- (BOOMX+p,C)
a0 =Y poomzapc, ) o e AN Mo G
([ CX+AM)
Yoy =Y T,@ll(x)j = Yaw 1 C, By(x) 1 } 0
_ _[ nCX+p, _
Yas) =Y sz 5s) n C, Py 1 - 0
_ [ AOM X+ p,C, _
Yae) =Y ﬂl(X)M:)z +py:XCX = Ya() /Bl(x) Md Pyx Cx - 0

Efficiency Comparisons

In this section, the authors intend to
compare the efficiency of Y, and Y, with
other existing estimators, as shown in Table 1
It is well known that the MSE of the unbiased
estimator ¥ under SRSWOR is given by

MSE(Y) = a=f . f)

veiCe, (24)

The expressions for the MSE of a few members

of Y» V,» V5 and Y, are derived as
1-f) -,
MSE(¥,,,) = (—n)Y [CI+6C!6,-2C)] (25)

MSE(Vl(z)):(l_—nf)W[ +6,C1(6,-2C) | (26)

MSE (V) = (1_—nf)\72 [c;wscj(es—zC)] (27

MSE(¥,.,) = %\7 ?[CI+6C(6,+2C) | (28)
MSE (V) = - )\7 ‘[CI+6C1(6,+2C)] (29)

MSE (V) = = f) Y?[Cl+6,C1(6,+2C)]

(30)

f)_z

- 1-
MSE(yzu)l Y3(1)l y4(1)) = (TY |:Cy2 + 771Cx2 (771 - 2C):|

(31)

o aef-
MSE(yz(z), ysm, y4<z)) = (_n)Yz

[C; +n.Ci(n, —20)]
(32)
_ 1-f) =
MSE(yz(s)r Vs y4(3)) = (—n)Y ? [Cyz + 77scx2 (m,— 2C):|

(33)
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MSE(Vyas Vi) = (1‘—nf)\7 *[Cl+nCl(n,+2C)]
(34)

MSE (Vs Vis)) = (1_—nf)\7 *[C2+n,Cl(n,+2C)
(35)

MSE (Vo Vi) = (1_—nf)\7 *[C2+n,Cl(n,+2C) ]

(36)

where 6, =X /(X +B,(X)),

6, =nX1(nX +p,),

0, = BLOXT(BIX +p,,),

n =C.X/(C.X+A(X),

n,=nC. X/(nC X +p,),

1, = LM, X (B(X)M,X +p,C,).

It is observed from equations (23) to (36) that

the estimators Y, and Y, are more efficient

than

() the unbiased estimator y if

MSE(y) —min.MSE(Y,,y,)=C°C’>>0  (37)

(ii) the estimator Y, if

MSE (Y,,,) —min.MSE(Y,,V,) = 6,(6, —2C) + C*>0
(38)

(iii) the estimator Y, ,, if

MSE(¥,,,) —min.MSE(¥,,¥,) = 6,(d, —2C) +C* > 0

(39)

(iv) the estimator Y, , if

MSE( ¥, ) —min.MSE(¥,,V,) = 6,(6, —2C) +C* >0
(40)

(v) the estimator y,,, if

MSE(¥,.,,) —min.MSE(¥,,¥,) = 6,(6, + 2C) +C* > 0
(41)

(vi) the estimator Y, if

MSE(,,,) —min MSE(Y,,V,) = 6, (6, + 2C) +C* > 0
(42)

(vii) the estimator ¥y, if

MSE(V,,) —min.MSE(Y,,V,) = 6,(6, +2C) +C* >0
(43)

(viii) the estimator Y, , Vy0)» Yoo I

MSE(VZ(l) ’ ysu)’ Yw) —min -MSE(Vsr VA) = 771(771 _ZC) +CZ >0
(44)

(ix) the estimator ¥, , Vy: Yae i

MSE(Vz(z) ' ya(Z) ’ yza(z))* min MSE(ysv ya) =1, (772 72C) +Cz >0
(45)

(x) the estimator ¥,, Yy Y if

MSE(Vz(a) ’ ys(a) ’ YA(a)) - min.MSE(Ve, Y4) =1, (773 72C) +C*>0
(46)

(xi) the estimator ¥, ,,¥,., if

MSE (Vi1 Vi) —MIn.MSE(Y,,,y,) =1,(, + 2C) +C* >0
(@7)

(xii) the estimator Y, ,V,s if

MSE (Vys): Yue) ~Min.MSE(Y,, ¥,) =, (7, + 2C) +C* >0
(48)

Empirical Study

To examine the efficiency of the
estimators discussed in the present paper, the
authors considered the data provided in Yadav
et al. [21], which details are as follows:

Yadav et al. [21] have used the
peppermint oil production data in Digha India,
and assumed that the yield of peppermint oil
(in kilogram) and the area of the field in Bigha
were taken as the study and auxiliary variables,
respectively. The description of population

parameters is summarized in Table 2.

Table 2 Parameters and constants of the

population under study

N =150 X =4.20, C.=0.73
n=40 Y =33.46 C,=0.76
M, =3 p, =091  B(X)=2.80
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The criteria for comparing the
efficiency of estimators in this study, the
percent relative efficiencies (PRE) of all existing
estimators with respect to unbiased estimator
Y was used and presented in Table 3 as
follows:

The PRE of all estimators with respect
to Y is calculated by
MSE(Y)
MSE(Y;)

PRE(Y, ¥;) = x100 (49)

where y; denote the estimator that we are
interested in comparing with 'y such as y,,,

Yizy» 1 and so on.

Table 3 MSE and PRE of all existing estimators

Estimator MSE PRE
y 12,9333 100.0000
A few members of Y,
Vi 3.6633  353.0511
Vi 22498  574.8555
Yis) 22276  580.5824
Vi 30.7946  41.9985
Vi) 47.2251  27.3865
Vi 44.1987  29.2617
A few members of 72
Yoy = Vs = Va 43757 2955691
Yoy = Yoy = Yaca) 22477 575.4136
Yoy = Vs = Vage) 22371 578.1210
A few members of Y,
Yy = Vi 28.0104  46.1732
Vi = Yaes) 471335  27.4397
Ve = Yoy 46.6203  27.7418
73, )_/4 (Proposed estimator)  2.2232 581.7336

From Table 3, one can derive two preliminary

results as follows:

ISSN: 2773-9376 (Print), 2773-9473 (Online)

() Among all estimators considered in this
population group, it is envisaged that the

estimators y1(1)’ 71(2) , 71(3) ) (yza) = 73(1) = y4(1))’

Yoy = Yoy = Van)» @D (Vo) = Vi = Vi)
are the parts of the ratio estimator that will be
effective when the data are positively
correlated. Furthermore, the data of this section
are positively correlated so that the values of
MSE of these estimators have small when
compared with other existing estimators.

On the

contrary, the estimators

71(4>,71(5).V1<6).()73(4) = 74(4))' (ya(s) = 374(5))’ and
(Vs = Vaey) 2are the parts of the product
estimator. Due to this, they have large MSE
values compared to other estimators. For
proposed estimators Y,,y, (at its optimum),
once observed that they have the smallest MSE
compared to all estimators in this study.
Therefore, one can infer from the values of MSE
that among all estimators, the proposed
estimators y,, Yy, (at its optimum) are the best
in the sense of having the smallest MSE.

(i) When considering the values of PRE of all
estimators, one can find that the PRE of
estimators Yoy Vi Yawr (Vo = Yo = Vi)

Yoy = Yoy = Van)r @A (Vo) = Vs = Yiw)
have larger PRE values than the estimators
Yiwrs Yiesr» Yaeor (Vacoy = Yo ) (Vey = View))» and
Vs = Vao) Moreover, the

estimator Y,,Y, (atits optimum) has the largest

proposed

PRE value compared to all estimators.

From empirical study, one can
conclude that the proposed estimators are
more desirable overall than those under

optimum conditions for this population data.
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RESULTS AND DISCUSSIONS

It is well known in sample surveys that
when the correlation between the study and
auxiliary variables is positive, the performance
of the ratio estimator is generally more efficient
than the product estimator, which corresponds
to the result of Table 3. Table 3 shows that the
MSE of the proposed estimator V,,y, (at its
optimum) are consistently less than the other
existing estimators under consideration for this
population. While the value of PRE of its are
persistently higher than other ones. Therefore,
one can summarize that the proposed
estimator y,,y, (atits optimum) performs well
compared to other existing estimators in terms
of MSE and PRE. However, among all estimators,
besides the proposed estimator V,,y, (at its
optimum), one recommends using a few
members of the estimator y,, as an inferior
alternative to the proposed estimators V,,Y,
for estimating the population mean. Because
the values of MSE and PRE are relatively close

to the proposed estimators y,, Y, .

CONCLUSION

This paper proposed new modified
estimators for estimating the population means
by adapting the Yadav et al. [21] estimator and
using the information on auxiliary variables. The
expressions for bias, MSE, the optimum value of
the real numbers and the minimum MSE of the
proposed estimators are investigated and

compared with relevant existing estimators. In

addition, the efficiency of all estimators was

evaluated from theoretical and empirical studies,
which found that the proposed estimators are
always better than the mentioned existing
estimators in literature, having the smallest and
highest values of MSE and PRE, respectively.
estimators  are

Therefore, the proposed

recommended for their practical use in
estimating the population means when the

auxiliary information is available.

REFERENCES

1. Cochran WG. The estimation of the yields
of the cereal experiments by sampling for
the ratio of grain to total produce. J Agric

Sci. 1940;30:262-75.

2. Robson DS. Application of multivariate
polykays to the theory of unbiased ratio-
type estimation. J Am Stat Assoc. 1957;52:

511-22.

3. Murthy MN. Product method of estimation.
Sankhya. 1964;26A:69-74.

4. Sisodia BVS, Dwivedi VK. A modified ratio
estimator using coefficient of variation of
auxiliary variable. J Indian Soc Agric Stat.

1981;33:13-8.

5. Pandey BN, Dubey V. Modified product
estimator using coefficient of variation of
auxiliary variate. Assam Stat Rev. 1988;2(2):
64-6.

6. Upadhyaya LN, Singh HP. Use of transformed
auxiliary variable in estimating the finite
population mean. Biom J. 1999;41(5):627-
36.



64

10.

11.

12.

13.

14.

15.

Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 1, 2022

Singh GN. On the improvement of product
method of estimation in sample surveys. J

Indian Soc Agric Stat. 2003;56(3):267-75.

Singh HP, Tailor R. Use of known correlation
coefficient in estimating the finite population

mean. Stat Transit. 2003;6:555-60.

Kadilar C, Cingi H. Ratio Estimators in Simple
Random Sampling. Appl Math Comput. 2004;
151:893-902.

Kadilar C, Cingi H. An improvement in
estimating the population mean by using
the correlation coefficient. Hacet J Math

Stat. 2006;35(1):103-9.

Singh HP, Tailor R, Kakaran MS. An estimator
of population mean using power transformation.

J Indian Soc Agric Stat. 2004;58(2):223-30.

Singh HP, Tailor R. Estimation of finite
population mean using known correlation
coefficient between auxiliary characters.

Statistica. 2005;65(4):407-18.

Al-Omari Al, Jemain AA, Ibrahim K. New ratio
estimators of the mean using simple
random sampling and ranked set sampling

methods. Investig Oper. 2009;302:97-108.

Singh HP, Upadhyaya LN, Tailor R. Ratio-
cum- product type exponential estimator.

Statistica. 2009;69(4):299-310.

Yan Z, Tian B. Ratio method to the mean
estimation using coefficient of skewness of
auxiliary variable. In: Zhu R, Zhang V, Liu B,
Information and

Editors. Computing

16

17

18

19

20

21

ISSN: 2773-9376 (Print), 2773-9473 (Online)

Applications - First International Conference,
ICICA 2010; 2010 Oct 15-18; Tangshan,
China. Berlin: Springer, 2010, p. 103-110.

. Singh HP, Tailor R, Tailor R. Estimation of
finite population mean in two-phase sampling
with known coefficient of variation of an
auxiliary character. Statistica. 2012;72(1):
111-26.

. Subramani J, Kumarapandiyan G. Estimation
of population mean using co- efficient of
variation and median of an auxiliary variable.

Int J Probab Stat. 2012;1(4):111-18.

. Jeelani MI, Magbool S, Mir SA. Modified
ratio estimators of population mean using
linear combination of co-efficient of skewness
and quartile deviation. Int J Mod Math Sci.
2013;6(3):174-83.

. Jerajuddin M, Kishun J. Modified ratio
estimators for population mean using size
of the sample, selected from population.

Int J Sci Res Eng Technol. 2016;2(2):10-6.

. Khoshnevisan M, Singh R, Chauhan P,
Sawan N, Smarandache F. A general family
of estimators for estimating population
mean using known value of some population
parameter(s). Far East J Math Sci. 2007;22:
181-91.

. Yadav SK, Dixit MK, Dungana HN, Mishra SS.
Improved estimators for estimating average
yield using auxiliary variable. Int J Math Eng
Manag Sci. 2019;4:1228-38.



Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 1, 2022 65

ISSN: 2773-9376 (Print), 2773-9473 (Online)

JARST Journal of Applied

&\o’e Research on Science and Technology
. Rajamangala University of Technology Thanyaburi

—

n Science and Technology

/\ Journal of Applied Research
&

Y] a [ -4 1 v Y v dy a
ANSNRAILINARN gL ldiA28naalnslulafin

Development of Fermented Bamboo Shoots with Probiotic Starter Culture

Undnn aseyinl’ uae 13ty LSy

Palida Tanganurat” and Chareon Chareonchai

awinermansuazinalulagnisenms auzmalulagnisinens anninerdemalulagsnvueasyys

Jainunusiil 12110

Department of Food Science and Technology, Faculty of Agricultural Technology, Rajamangala

University of Technology Thanyaburi, Thanyaburi, Pathumthani 12110, THAILAND

“Corresponding author e-mail: palida_t@rmutt.ac.th

ARTICLE INFO

ABSTRACT

Article history:

Received: December 22, 2021
Revised: May 18, 2022
Accepted: June 2, 2022
Available online: June 13, 2022
DOI: 10.14456/jarst.2022.7

Keywords: fermented bamboo

shoots, probiotic, starter culture

The objectives of this research were to develop fermented
bamboo shoots with probiotic starter Pediococcus pentosaceus (MG12)
and Lactobacillus plantarum (M29). The optimum formula and
concentration of starter culture during fermentation time on properties
of fermented bamboo shoots the result revealed that the formula that
MSG and sugar added showed the highest mean score in term of odor,
taste and overall liking (P<0.05). Besides, pH of the fermented bamboo
shoots was between 3.68-3.89 at the end of fermentation time for 3
days. Then the formula that MSG and sugar added was selected for
further investigation. The different concentrations of mixed probiotic
starter powder between Ped. pentosaceus (MG12) and Lac. plantarum
(M29) ratios of 1:1 (0, 0.5, 1.0, and 1.5% w/w) were studied. The results
revealed that usage of probiotic starter cultures affected L* value, pH
and total acidity (lactic acid). Fermented bamboo shoots inoculated
with starter cultures had higher L* value and total acidity (P<0.05), but
lower pH than control (P<0.05). The sensory evaluation by a 9-point
hedonic scale exhibited that 0.5% w/w starter culture received the

highest liking score for taste and overall liking. Microbiological analysis
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of bamboo shoots Nham indicated that Salmonella spp., Clostridium
perfringens, and Staphylococcus aureus were not detected. Escherichia
coli were < 3 MPN/g. Yeast and mold counts were <10 CFU/g. The

survival of probiotic starter cultures in bamboo shoot Nham were more

than 6 log CFU/g that complied with probiotic product standards.
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WaszuinsnsuinsoaudRvosuunmyels wuia
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This research aims to study and find a guideline for the
development of fish seasoning and marinade powder from Suaeda
maritima. seasoning powder from Suaeda maritima for marinating fish.
The study was divided into 4 approaches: (1) focus group discussion, (2)
questionnaire, (3) raw materials quality analysis of dried Suaeda maritima
and (4) preliminary acceptance assessment of fish marinating. Results
from focus group discussions and questionnaires illustrated that used as
the guidelines for the development of fish seasoning and marinade
powder from Suaeda maritima showed that product should have the
natural flavor from herbal ingredients, antioxidants and salt content
reduction. It should not have contained monosodium glutamate. This
product should be packed in Zip lock bags and glass bottles. The amount
for this product ranged from 70-100 ¢/1 package. The quality analysis of
raw materials from the drying process, found that dried Suaeda maritima
contained sodium content 8,680.50 mg /100 ¢ and the antioxidant
capacity (Trolox) 1,307.23 (mg eq Trolox/100 g). In addition, the result of

consumer acceptance for different fish marinating formulation showed
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that consumers accepted fish using marinating with Suaeda maritima
powder at like slightly to like moderately in all quality attributes: color,
odor, taste, texture and overall- preference with the preference scores
between 6.1-7.6. Thus, it is possible to further research for using dried
Suaeda maritima powder to be applied as the main ingredient of

seasoning powder for marinating fish.
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This research studied solid fuel production from cassava
rhizome by torrefaction technology to enable its use in the energy
sector. Cassava rhizomes (CR) were treated at a temperature range of
250-300 °C under a nitrogen atmosphere. The residence time was 30
minutes. The solid products were characterized in terms of their fuel
properties and functional groups, including mass and energy vyield,
energy densification, ash content, ultimate analysis, and calorific value.
In addition, the functional groups of organic compounds were identified
by the Fourier transform infrared spectroscopy technique, and the Van
Krevelen diagram was used for comparisons of the fuel properties with
coal. The results indicated that pretreatment using torrefaction had a
significant impact on the quantity and physicochemical properties of
the solid product. The torrefied-CR at 300 °C had the lowest mass yield
(47.6%), energy yield (66.4%), and content of oxygen (22.0%), however,
resulting in the highest calorific value (24.81 MJ/kg), energy densification
(1.4), and content of carbon (62.51%). The calorific value of solid
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products ranged from 18 to 24 MJ/kg, showing an increase of 6% to 39%
compared to the raw biomass. The peak of C-O and C=0 stretching in
hemicellulose began to disappear at temperatures above 275 °C. When
the torrefaction temperature was increased to 300 °C, the ash content
slightly increased from 6.18% to 8.76%. Moreover, the oxygen-to-carbon
and hydrogen-to-carbon ratios of solid products decreased to become

close to lignite coal. The results indicated torrefaction is a pretreatment

method for converting cassava rhizome into high-grade biofuel.
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Feeding the rope steadily with uniform velocity about 67.15
cm/s from the height 105 cm toward the rotating plane creates a
variety of coiling shapes, resulted from the buckling instability. Our
present work aims to classify all possible coiling patterns on a
rotating flat surface, studying the measurement of coiling sizes, the
frequency of coiling, which is a function of height, speed of rope
feeding and frequency of rotation of the plane. In the experiment,
the coiling of a rope on a flat surface in a circular motion and rotating
on a flat surface would destroy the symmetry of the circle. The
shape occurs sequentially starting from the hypotrochoid, then the
epitrochoid and finally to the circle. The hypotrochoid to epitrochoid
transition is associated with a reversal of the direction of the angular
momentum. The criteria for the epitrochoid to circle transition are
an equality between the primary and secondary radii of the
epitrochoid, and the number of secondary loops reducing facing
inward will continue to decrease until there are no more sub rings
facing inward the rope is coiled in a circular pattern. Including factors
that determine the form of a new coiling such as, the height of the

rope release point, rope feeding speed and the rotation frequency
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of the plane. The factors related to the properties of the rope are
Young's modulus. This principle of physics can also explain the spiral
patterns of viscous liquids on a rotating flat surface. where the elastic
force in the case of rope is the viscous force in the case of liquid

Such an understanding is beneficial to the design of 3D printers.
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ARTICLE INFO ABSTRACT

Article history: The objective of this research was to utilize the residual black
Received: November 10, 2021  Mao pulp and seeds from the production process of Mao products. In
Revised: April 29, 2022 the niosome form of Mao extract and applied in skin lotion product.
Accepted: June 21, 2022 The extracting the residual black Mao pulp with 50% concentration of
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Keywords: Mao extract, compared to ascorbic acid at the highest of 3,725.27 mg gallic acid,
niosome, skin care product 28.57 mg cyanidin- 3-glucoside and 3,570.33 mg ascorbic acid,
respectively. The Mao extract was developed into niosomes by
Chloroform film method and the particle sizes were reduced by
Ultrasonic probe and Microfluidizer. The ratio of Tween 60 and
cholesterol at 30: 70 was used. The particle size of Mao extract
niosome was 252.19 nm and polydispersity index (PDI) was 0. 26.
Niosomes colloid of 2% Mao extract had antioxidant activity at 84.11
mg ascorbic acid/ 100ml, total phenolic acid at 78. 10 mg gallic
acid/100ml, total anthocyanin at 3.78 mg cyanidin-3-glucoside/100ml
and oxygen radical absorbance capacity (ORAC) at 7,775.71 pmol
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TE/100ml. From the application of Mao extract niosomes in skin care

product (10%), it was showed that the product had antioxidant activity

at 9.12 mg ascorbic acid/100ml, total phenolic acid at 41.86 mg gallic

acid/100ml, ORAC at 678.04 pmol TE/100ml, total anthocyanin at 0.27

mg cyanidin-3-glucoside/100ml and anti-tyrosinase efficient (ICs;) less

than 1,000 mg/ml.

UNANEa

o

iTeilinguszasdlunisldusslond
AALAZLUA AL 1A LAYNE DAINNTLUIUAITHAR
HanAueIa1nwin Tuguwuuileleuvesansainain
uiuazUszgndldlunandasiladuiigaiy lnenis
ANANINLUIAIALEITAZAIULONIUDE AULTUTU
Fo8az 50 wuiasanausung 100 dadans I
asUsznaviiueanitanun weulslesriuiaue
LLazmmmmia‘l,umﬁéfma%aﬁaﬁzLﬁ@LﬁUUf“ﬁJ
Amfludgadn 3,725.27 mg gallic acid, 28.57 mg
cyanidin-3-glucoside tag 3,570.33 mg ascorbic
acid puasu vnsnfuansataaind ity
suuuuillalausd83§ Chloroform film method
aAYUINBYNIARILLAT 84 Ultrasonic probe uay
Microfluidizer 8 n 1@ 1UTLNT 19 Tween 60 7D
AaaAWaTea Tunzan Ae 30:70 lidlelowves
ansafmanufilouinounia 252.19 nm fidinns
N391869v098UN1A (PDI) 0.26 lneAoaaayn
Hlelguarsan i 1AnuTudy Tovay 28
mmmmsa’iumﬁéhua%aaaﬁz 84.11 mg ascorbic
acid/100ml YSunwasusznauiluadn 78.10 mg
gallic acid/100ml Usunauoulsleeniiu 3.78 mg
cyanidin-3-glucoside/100ml waga1u@IN1Talu
MIATUBDNTATY (ORAC) 7,775.71 umol TE/100ml
nMsUszgnaliillelesansatnainuinlundndouen
Tat'uvngeiia (fosay 10) wuin wandwaidl

AMNAATOLUNITINUBYLABATE 9.12 mg ascorbic

acid/100ml Usunauasusznauiuedn 41.86 mg
gallic acid/100ml T A3 u@1u15alun1TA 1Y
2OnLATU (ORAC) 678.04 umol TE/100ml Usuneu
woulsleendust suun 0.27 me cyanidin-3-
glucoside/100ml LLaxﬁmmmmquﬂﬁﬁUéﬁd
eulellnls@iuadndeslaeian IC, Yaunin
1,000 mg/ml

AraAgy: ensanauin dleley wandueivzern

N

Uagduiinsuszyndlduselevianans
aaﬂqw%‘ma%amwﬁlé’mﬂmsaﬁmmﬂﬁssmwmu
HAR S ueIAeIE91 9N TY [1] 1891udn Snnsld
Uﬁziaﬁuﬁmamiaanqwéwwﬁmwwmaassmﬁ
iiel¥lunnsansases wu thansaaainea Indian
Barberry (Berberis aristata DC.) sTfﬂLfJuNaiﬁmisga
wosTiduiiavesd uvesUszimaduiowaznuls
iluluiiufuauniue@ony Susonidodls waufy
thitsanunsaaniasesannunaidy [2] Josfunis
\Anda [3] uonaInYu Kim et al. [4] nuin @15
Berberine fiafinldannua B. aristata awnsaduds

P

ATONLAUTDIRILDIINTIFYT warnIzUIUAIT

]

v '
a =

douanmveslsAuiiimiuariisesiiinainis
Taiawzuififigninmandainet wu qvilunis
Fun1sniau duoyyadase uazqnidudaie
wuAfiFe eiwud ansatnnaEauagniniad

USunuansuseneviluednvimunegluyie 97.32-



114 Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 1, 2022

130.02 mg gallic acid/g wagWUINATANAANNER
wagninuindUsedniaannisdueuyadase
(Radical scavenging activity) Tnadia1 1Cs, (50%
inhibition concentration) 0.85-1.21 g/ ml [5]
AMTUNITNAUINA A U 5ITUVIANT 0ES
duaseilugluuuvewinduaiingeiinedideds
AaanAT N eUsEAVSn e andndoel Tiun
AIUAINT WAZNITAATUVDIANTAIAYNT 0413
oongws s [6] Fadunsimmuinmandid
AUANNNTOLUNNTAATLYRIENTANUDYLABATE LAY

sURUUveINAnA M FelaudAysiani iy

Uszdnsnnvesansinuenyadase lag nuideilil
TmgusasAiiaiiunsldusslemianninuaziuén
widnluguuuuasania Wauuastiiuusgansam
) 1 [} @ ¥
seuumsthdwaznisiniiuanslugvuuuileloy
VOINANAUN NI NANATAIAINN LiTolvians
A1UBUYATATEIAIUAIAILALAINITOTUN Y

Avtadhgiumiansesngislanau
ad o a a o/
I9N1IATUUNIIIIY
WSsuseganINwaziudailn Taenan
WAL LA AL AT LMA BAINNTEUIUNITHER
\AIRIRNNNBULITIgUNYT 65 BemL ATy U1
20 019 Ul aLLA UM SOUNTUALLATIVUIA
50 Wy usslugeegiiiiouesd inulugduyiduy

gl 4 asmLYaLTya
MIAANEITAAND 1N

AnwismsatnansainannnuazanLn
TaeAnwiaauls 2 Jade laun druvean 2 ¥dn
(MAiwaziuani) wazsvhazsaneildlunisade
3 95 (11 Deionized water (DI), tanuea AU
UL $p8ay 50 waripeay 100) MUAUNITNAADY
WU 2x3 Factorialin CRD ¥nsvnaes 3 91 afin

faufvinaratslusnsdiu 1:10 Inguuinme

ISSN: 2773-9376 (Print), 2773-9473 (Online)

U319 weisnsndansil 150 souseund wiu
24 1l Aigaumgiivies isauendanlameinies
Lﬂ'%laqmgum%"m (Centrifuge) finnusaseu 3,500
FOUABUIT WU 15 WY NTONIUNTEAENTOUUDS
4 [7] ndussmedvinazatseandauLas e ndu
TemedanInIe (Rotary Evaporator) wulurndan

's

fioumgdl 4 ssmuwaldoa Iinziganmuesas
afau Idun UssAnsamlunissudsouyadass
#1835 3FuNsUA suLUasvesats DPPH (2, 2-
diphenyl-2- picrylhydrazyl hydrate) [8] 71A51%%
UTunuansusznauiluedn (Phenolic Compound)
72875 Folin-Ciocalteu Reagent [9] uag3LAs1EH
Usunaarsueulslesrdud snundae38 pH

differential [10]
v & [ 1 =
msmAvarsanna i luguuvudleloy

Anwinisiniiuaisadnainindesay 2

'
| d

TusUuuuilelwy lnefnwidnsidiud imunzay

a

JEUINETanL RN lalUfiusE R (Tween 60)
AUABLARLADTOA WOMSIAIY 30:70, 40:60, WAy
50:50 wsaudilelaunieis Chloroform film method
AaLUal91n Manosroi et al. [11] 319UKHUNTT
VPABILUU CRD ¥nsnaaes 3 91 ANYUINBUNTA
A28 Ultrasonic probe finduaud 40 amplitude
Dunan 10 il mnduthluwdsaenlaveniind
o1auzUuegluarsadadiias oanyuind g
(Centrifuge) A213157 8,000 SEUADWIT WU 10 W9l

Ngaungil 4 esrgadiva uanhluanvuineynia

o
= v v

aﬂmamam%ﬂamumaqmﬂ (Microfluidize) i
ANFL 15,000 psi 4 SoU LAUSnwluwan dun i
gaumdl 4 asrwaldya Tinszvinunmilleluy
a1sanas loud vuineunALazAUAIIves
dleloudoia3 a9¥nvurneynia (Zetasizen
UsvAnsamlumsdudsoyyadasy feiBnisiu

A5Ua suwUaI999d15 DPPH USuaansusenau


https://www.sciencedirect.com/science/article/abs/pii/S0927776503000808#!

Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 1, 2022 115

ISSN: 2773-9376 (Print), 2773-9473 (Online)

Fuodn M35 Folin-Ciocalteu [9] warUSunmuans

woulsloenfiunamunnaeis pH differential [10]
msuszgnalvilelouarsannuiilunansmeiized

tansatnaningiiiunisiafuly
sUuvullelwuunuszgndlflundnfasiladutngsio
A unswaugas lneddiunauvesnoaassd
Tolanansadauinlutiunu Sevaz 10 inunis
uisduaznau Tesginunin e fd ¥, C* way
h° fre1A3sTnd (ColorFlex $u CX 1498) A
wilndaein3e Brookfield (Haiaues 645 A1mISa
50U 10 rpm) AALdunsa-Ang (pH) fae pH
meter 1 pH 320 ﬂizﬁmﬁmwluﬂﬁs‘]’wjgﬂa%a
BasvseisnsfumsiUAeuutasuesans DPPH (8]
Usuaansusznouiluedn Aae35 Folin-Ciocalteu

Reagent [9] Usinaansuouls leenduimunaigis

pH differential [10] AATIEAANUENITAIUNITAIY
BUYaBaATEALIT ORAC (Oxygen radical absorbance

o

capacity ) InoanlUasa1ni5ves Prior et al. [12]
wagdnnegrssudananssuveseulalinlsdius
A2835 Dopachome lneginulasmnisues Long et al.
[13] wazA1AMAINNINEUNT g a1uNInsgIu

AR uTTRamMNTIY 478-2555 [14]

Han1sANYILAZaAUTIENE
AN INEITANADINL

1NN15ATIENANAINUTUINETITREN
AN NNITININVOIANTAN ADINLL T WU

d1uUsEnaUvaUILarsvinazangNwanA19null

Y

HaneA1AMA N eidEdn

[

Yn19anf (P<0.05)

famN5199 1

A13197 1 US1auansoengvisnegan nuasAuansa lunsiueyyadassreasainanuanwagnn

Sl

anuansalunisdiy - Usunaaisusznau  Ysunuansuaulslaentiy

frede  arsazaneiildadia oyyadase fuadn (mg Cyanidin-3-

(mg Ascorbic acid/100m)  (mg Gallic acid/100m) glucoside/100mU)

wEauhd i 932.11 + 2.45¢ 1,628.14 + 0.61¢ 4.57 + 0.37°

lVueaTaraz 50 1,894.33 + 8.53° 2,888.94 + 3.39° 9.16 + 0.94°

l@Ueasesay 100 971.67 + 2.82¢ 1,717.77 + 1.17¢ 2.23 + 0.43¢

AN ‘157 1,613.78 + 2.58°¢ 2,412.98 + 3.28° 11.15 + 0.11°

l@nULasesay 50 3,570.33 + 1.10° 3,725.27 + 1.542 2857 +1.07°

L@ ueasesay 100 554.11 + 0.94¢ 605.74 + 1.31° 4.69 + 0.06¢

e * vineils AnafevesdeyausiazyalunnAmiiiidnysiisiulanuuendaiumeaiio (P<0.05) fawduesaming

+ vneis drudauunnsgiu (Standard Deviation) vesdeya

Lﬁaﬁmsmmmmmsﬂumsﬁma%a
DATLVRIENTANAINLUT WU B15AAANAALLAN
fafameansazateienusadesay 50 Slanuanse
Tunsdnueyyadaszgean Amdu 3,570.33 mg
ascorbic acid/100 ml ?jdqdﬂ’j’lmiaﬁ’mf\nmuﬁmﬁw‘h

LeLL DANANIUAITATANLLEYUBASBEAY 100 WU

asafaanudeidnsdanuaiunsalunisdu
2UADATLFININENTANAIINAINLLIAN wafloa
Lﬁaqmmﬂiumﬁmmﬁmiaaﬂqwﬁsmﬁamwﬁ
aunsoazagludnhazanslsifidagandiluninid

[15] NI BIEAUAUTNTUVDIR WNaraudl



116 Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 1, 2022

mmLﬂuﬁifnﬁmmzauﬁuéffggﬂasmﬂaw‘iﬂﬁmmm
afmansleusEavSamdianga
NHANITILATIEU US U eua1sUsENBY
fuednitanualuaisataainninuaziug awie
WUAEITAT AN T @ AR BETaZ AT
1Uea Se8ay 50 dUsuaansuseneufiuedn
Favmngean 3,725.27 mg gallic acid/100 ml lneiile
Fnsaniisziuanudutuvesansazatsonueai
Wit wulUSinaensusenauiiuedndiadalaain
Mnuazansiniianatuielfiuauaunsaly
nsiueyyadase ewnaisusznouituednin
v uansdusendnduldadussuuems
wazsneme [16] Tngansusvneufiuedniifisanniy
wdwmalifaruanmnsolunsiuesnfindug ey
§ae [17] wenantuansuszneu Huedndilgnily

MIATUNITONLEU QVIEAIUNEIS wazdaelszuy

v '
=

Qfidufwhanuity fusinadudemmdouanm
voRmdanazdiudnsiausSinisldigui 6]

drudsinaasuoulslesniutomaiivh
NTATIZNAE7S pH differential lngasainain
iirdnliAn1sgandunasgefi aaf nuendy
523 WlULAS WAIVINNITIAAINITAANAULEIVEY
Frog 7T eanedaedviesall pH 1.0 way 4.5
ANE1IAA Y 523 Uluwns wag 700 w1luuns
fnamUiinaueulslseniuiomn %auamiugﬂ
294 cyanidin-3-glucoside WU @FANAAINAINLA
miiatassasavatseueadesas 50 dUsua
arsuaulslogndurianungsiigandu 2857 mg
cyanidin-3-glucoside/100 ml wagidl o 91507
szRuANUd LT uveasazaELeURaT WY
WUI1 @15anAINAINLIAId US I aanseuls-
lggnfiuganinansatnainudadaelun ndavi
azany

31NNTNINTUIAIAUNINVBIATATAN

ANLAZLUAALUIAIA8AIVIaTa8 T WANA 19U

ISSN: 2773-9376 (Print), 2773-9473 (Online)

WuIEIsateInAIA T ad s asa1savaiy
LWOVNUBAANNINTY vz 50 dAnuausalunis
AueUYaBAsE 3,570.33 mg ascorbic acid/100ml
USinaansUszneufuedni anun 3,725.27 me
gallic acid/100ml wazU3uruarsuoulsloyiiy

Wanun 28.57 mg cyanidin-3-glucoside/100ml g4

=p

g0 BelugranvnssuNSNAnAST a1 WUl ans
"eygadaseiiunumlumstesiuadimiann

€

nsgnvinane Felidesturdevsasmnuiiioatuves
Awifald [18] ouyadaseiiinasnelassaineves
Famiai wusdudaulug e Reactive Oxygen
Species (ROS) lag wui1 feway 80 veteuyadasy
yiniliAnan¥ed UV viased UVA Amilusesay 95-
98 uay¥ed UVB Je8ay 2-5 [19] ROS dudenasie
AnsEAURs waraudanguvesity Saduaiug
vosfuiudouazniniagases [20] arsuouls-
lgerfuiildannualifnszgaivesidanuannsoly
nsteaiuied uwavlosiunsiineandinduls [21]
Tngfnnhansadnainaaliinsznaiuesinasly
kAR fauriThgeivislundunansTulaznansfiy 6]

swuhanslunguueulslesniiy duavinliauan

v
=< =

ﬁaﬁmuuawqw%giumié’uégamsLﬁmm%fﬂﬁ'mﬂ’aﬁﬂ
fe Satunsiansatnanmauiilundndasiadu
thysfenateifinansiueyyadaselyiunndnsiaei
1§ WeRansaunnnuiunuanseengniniedanm
wagANANIalUNMIHueYYadaTEYelaNTalia
N1 Fadenarsataannninuindii adad e
a1sazatuleniueasevay 50 Ldinidvaisly

sUsvuileleludunausiold
o I3 (% 1 =
msinvarsannIneiluguuvvilleloy

[ 3 [ =
nsinnuansanatugUiuuiileluuiazan
YUINVDIBYNIAR AR UAIIND AT IUAULTIAUET
A1 AANITHANALA N UL WS ead v Taedl

adnauazieynaiiadiatesnIu Ingeyna



Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 1, 2022 117

ISSN: 2773-9376 (Print), 2773-9473 (Online)

noanoesileleniiliiannn 145.18 - 252.19 wiluins
fdihaduuarlinnaznou uasllodinszsinmnim
nMINenmMYBsAeaaesn dlaleuasaninanNnInail
A1 WU FNTIAIUTENI A TARLITIAIH T A LT
Usq (Tween 60) fionalaangson Auansnaiuiing
ARYUINVBIBUNIALAZAINITNTEINEA (PDI) VB9
ARaaRAilloluy AN UNI9ERR (P<0.05) A
M3197l 2 wuin Aeaased dleleuansainainnin
wihilrwneyn1regluig 145.18-252.19 unlumng
Tasillolenansatnanminuiildsnsdauseving
Tween 60 f1a ABLAALADIDA TuBnI1dU 30:70 &
yumeymaldlnaiiga Ae 252.19 uluiuns uas
§nT1d1u 50:50 FyumeuniAlAsldniian Ao
145.18 wiluns Weiiflasanaeiaainosoaiinalu
naiisauagyseavsaimlunisinifvans [22]
g saennd0aiun1INAaesues Pongphisut (23] 7
MNTANYINAYDITATIHIUTENI A TAALTIAIH
yiialufiUseqiia (Tween 61) TupoladnDIaRD
AuaudRvesdleleulusiuluyg wuii syniaves
TlolwalusAulnuitlsnsdan 30:70 Dvumeyna
Tvgjfian Ao 92.42 uiluwns esaunAodnaiu
40:60 war 50:50 Lol auneynAWinny 64.82

LAY 60.60 WILULLAST AINANU L BNIITUIAINIT

N3¥LFIeeUNIA (Polydispersity Index; PDI) i
dunstaamanieani deuldiuisuiiiou
A uauvAvoseuniadloley 1udad Taninu
asiaueveniminuasvualianaluneanoed &
drounndleleniirinisnszaneiiveseyniasm
wansireymavesifleleniildfiruainaue vun
TnaAgenuwduaulng wazdaruasiives
AORRREATLELYNEY AINWANITNARBY WUTT AINTT
nszaNefivedeuna (PDI) vesnoaaosdiloluwi
wisuldroutne aglurag 0.26-0.63 Inedllelan
asaaannInidilEsnduszning Tween
60 fia ABLAALABTOR WU 30:70 AINIINTEANY
fadinian fe 0.26 wansinoynaluszUUADAREEA
fauasiiaue vhliszuunoaaesdiiamuAwiaun
fign 509891 Aodnadu 40:60 uaz 50:50 Aiflen
N19N3218AIVBIBUAA MAU 0.44 Uag 0.63
aUSIU eaenndasiunisnaasses Pongphisut
[23] finuin Aeasosdilelenlusiulvuidsnsdu
JEMINaTanusAsivinliduseqi (Tween 61)
U AvlAALADTEA 30:70 HANN1INTTINER AT AN
Ao 0.22 il Snsdau 40:60 wag 50:50 Adlen

ANSNIENYAANINY 0.33 waz 0.47 AUAIAU

A3 2 AN NNMEnINYedreaassAllalenarsannannInitmaudutuievay 2 MlY

gndIuTENINETaAL R YlnliiUsERin (Tween 60) : AoLAALNBTA TISEAUANS 9

NI YUINBYNIA N13NTLNYAQ
Tween 60 : ABLAELADIOA (nm) Yasayn1A (PDI)
30:70 252.19 + 4.83° 0.26 + 0.02°
40:60 204.28 + 5.97° 0.44 + 0.20°
50:50 145.18 + 6.23° 0.63 + 0.10°

o o

Ve > vnefla Anadsvesloyausiavnulud iiifdnysndsulenauansiuneadin (P<0.05) diauvaaesomung

+ fip drmuleauuannsgm (Standard deviation) vesteya

WAZIINNITIATIEVAIAAINNINAT VDS

ADAARYA L LB LYNATANAIINAINLUIFI AU LY

SPUaY 2 WU ORSIEIUTEUINETANLSIASRITEA

Lyiflszqin (Tween 60) flo ABIAALIDTRATILANGNY



118

iy fnareAinanmmniaad lawn ArruEunse
lun1sdueyyadase Usuiuansusenauiluedn
wazUSunaaswoulsleeiu funneisiunisada
(P<0.05) 39157471 3 Wudn ArAIEINNTElUNTS
AueuABasEvetnenareAillelyNasain NN
wieieg e 73.69-84.11 mg ascorbic acid/100ml
Tneilelauansatnanninadfisasdiuszning
Tween 60 8 ABLAALABIDA LYI1AU 30:70 d A1
AUENTalunsiueusadaTEgean 84.11 mg
ascorbic acid/100ml wazd USu1uansusenau
#luedingsan 78.10 mg gallic acid/100ml Fawnn
a1satnann1nif L un sinifuluguuuy
lelau (Control) @auusunmuansuaulslaenilu
wun dlelwuarsatnainninid 16 snsaau
31719 Tween 60 ADABDLAALADTDA VAU 30:70
uaz 40:60 fiUFunmansusulslesniugeiign 3.78
Ay 3.75 mg cyanidin-3-glucoside/100ml AUE1FU
FsganindetnamunuitliriumsaniAvlugiuy
Tlolouduiy Tnansatmainuifiniunisinioly
suuuuillelen AlE8nsdmsEminsasanusafiai
yiialadUs2qH7 (Tween 60) 6 ABLAALADTOR

Wiy 30:70 dinuanunsalunisiueuyadase

Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 1, 2022

ISSN: 2773-9376 (Print), 2773-9473 (Online)

Usunuansuszneuiluedn wazUTunaaisuauls-
lyenilugean silomneonameseadauauts
Tunsiiuanuasiasaztosiunissilvavesansi
Anifivlueyaiaidleley lnedszdnsamlunisin
Lﬁumﬁsuaaaumﬂﬁia‘l%msLﬁ'm%umm%mmﬁuaq
AolEmDseaTI LAY [24] wenaniuAeadIneseq
Fafiwaluni1sii uuseans amlunisdnifuen
iesntneifinanuudussomiseynmaiilela
uazansnsn1sUanUassdienas 1ng Yoshida et al.
[22] way Pongphisut [23] YN NWINATDY
gndIuTENIanTan LI v ali i useaia
(Tween 61) iU AeLaEMETOAR oARIANURYDI N DlYY
Tshulvia wudn weilleleslusfiulvaiiwdeldan
9M31EUIENIN Tween 61 619ABLAALADTOR 30:70
frnuanunsalunsiueyyadaszgeiian nedlen
SCy, WU 75.02 fiadnusiefiadns wWeeuiuly
§n31d9u 40:60 waz 50:50 fifiAuamnsalunIs
Auauyadase (SCy) Wiy 84.22 uay 111.57
fiadnSusiefiadns mud i wazdmuinfisnsdi
30:70 UTuauTeuazuedlUsAuggn fe Sovay
2.52 luwausdi n 517U 40:60 waz 50:50 HlUshu

Seway 2.37 way 2.06 AUA1RU

M15°99 3 USuauanseengvisnedinmeessreaaesn dloluasannainniniiiiianududy Seeas 2 iy

gadusEniansanusisiaviinliduszaiia (Tween 60) : AlAaIMDTOR NS¥AURNY 9 Wisuiudiee

uauilinunsinfulugusuuillely

anTdIu anuaunsaly

Tween 60 : ADIAAADIOR  NIANUDYYADETE

(mg Ascorbic acid/100ml)

JSuragsusenauuadn

YSunauansuwaulsloeniiu

(mg Gallic acid/100ml) (mg Cyanidin-3-glucoside/100ml)

Control 80.82+ 3.47°
30:70 84.11+ 1.46°
40:60 80.53+ 2.03"
50:50 73.69+ 1.57°

7413+ 0.94° 3.49+ 0.01°
78.10+ 0.39° 3.78+ 0.02°
74.27+ 0.14° 3.75+ 0.02°
66.85+ 0.63° 3.46+ 0.02°

v
U dAd v o

P

Ve < vinetia Annfevestoyausiayynluluad iilidnyindeiulenauanduiuneedia (P<0.05) fiauvauesamsng

+ fio daudeauuanasgm (Standard deviation) vesaya



Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 1, 2022

ISSN: 2773-9376 (Print), 2773-9473 (Online)

T oW 9 5unA T 9T BN9A A INVBY
AoaaeendlaluNasainainninuiie laun A1nIs
nsxAgiivetaun1A (PDN) ANNANAsaluNHIY
auyadaTy USuaansusznauiluedn uazu3unm
ansuoulsloeniiu nuin SREINTEIEITANLSIR
Aavlinlifiuszqiia (Tween 60) AonslaaLnasoad
winzanlumswisuillelsuansannainniniie
dmsumsfinuedall Ae 30:70 Lilesnaeaaosd
Tlelauiild fan1snszaredivesaynindiiian
wanaf svuInvesey nadl asfuane il szuy
poARBEFdANANT YenaNTud iy Aeaaond
Tlolwwi e anuanunsalunsdueyyadasy
USunaansusenau Huedn wavuSunaansuouls-
lweniiugsiian uazannisasiaineuannsaly
nsdueandiedudieds ORAC Fudunsiagvs
Fueendinduiiondevndnmaniewlalnnauezneu
Tngansimueendnduasinineyyadasvileseanda
¥l Fluorescent probe asffaanniu nsi3osuas
ngeaisawuiasieglduniudaisudsuiu

Wl alyfia1sdueand ety [25] WUIN ADARBEA

'
a

AlolguansannannnIa7 Lo ns1d1uveEns
anusefalavilnluduseaia (Tween 60) sio
ADLARLABTDAWINAU 30:70 dAua1N1salunisnu
DONTATU 7,775.71 pmol TE/100ml

msUssensledlolonarsannainilunan s
V15983

Wineaaeusdlelauasataufiatnse
a15a¥any Llevueasauay 50 Lardonsidiuves
ansanusefislavialiduseqia (Tween 60) sio
Aawaawmaseaiiu 30:70 Tussendldlundnsiom
Tadutngafa nudn wandasivaseiaddvuy
sutmadadudsssunivesilelsuansatnainuii
dAranunia 13,964 cP anadunsa-aig (pH)

5.12 ANu@1Nsalun1Tiue Uy adase 9.12 mg

119

ascorbic acid/100ml Usunaasusznauiluadn
41.86 mg gallic acid/100ml ANuENNTalUNITAIU
20nPLATU (ORAC) 678.04 umol TE/100ml Usuney
woulsles1dur anun 0.27 mg cyanidin-3-
glucoside/ 100ml LLasmmmmmium'ﬁﬁug’d
ulwdlnlsguadntaslaeiian IC, dosnin 1,000

{ [ (4

mg/ml #IUAMAMNINIFUNTE WU HER S 0]

a

Ugsilanauansannaneiiddnugdunignmun

¥
] a

Waunin 10 laladaensy lnelunuogdunid
1Ay 4aila lAun Pseudomonas aeruginosa,
Staphylococcus areus, Candida albicans wa¢
Clostriclium spp. G a8 WlUAINNIRTFIUNA AT 9

PAENNTIN UBN.478-2555 [14]

dyuna

ansanan muisgdmsuiunnns ulu

° a

sunuvilleluuagiamndundnfasilatuingei
Kaa1satAINe fe asatnainninindfiade
ATETazaNBLEYNUeasaYay 50 dAuansalu
N1SAUeULABATE 3,570.33 mg ascorbic acid/100
ml USunasansUsznauiiuednsiavan 3,725.27 mg
gallic acid/100ml Usnmansweulsloefiunmun
28.57 mg cyanidin-3-glucoside/100ml wazdlonn
\uansanaainninisanududusesas 2 lu
sunuuiilalauda35 Chloroform film method
lnefignsndiuseninansanussfiaiiyinliivse
fi7 (Tween 60) #io ABLAALABIOAT LAY AB
30:70 Apanswnillolouansadnuivuinoynin
252.19 wluns AINNINTEANEFVBIOUNTA (PDI)
Aoudnasi Ao 0.26 warfiuSunmanseangnsnig
%’meqdmf’lLﬁ"ejLﬁﬁmﬁ’umﬁaﬁmmL;J'Wﬁ"l,zjr;humi
Anivluguuuy dlelwu tnediauaiusalunis
ATUDBNTLATY (ORAC) 7,775.71 umol TE/100ml
Aansalunisiueuyadase 84.11 mg

ascorbic acid/100ml USuneuansusenauiuadn



120

78.10 mg gallic acid/100ml U5 urua1suouls-
Loyl u 3.78 mg cyanidin- 3-glucoside/ 100ml
wagid oUszgnalddlelouarsatnainiily
wanfasilatuiigei (Gesas 10) wuiindnfusidl
ANUEINITOIUNITAURNTLATU (ORAC) 678.04
pmol TE/100ml AHaInsalunsmueyyadase
LAY 9.12 mg ascorbic acid/100ml U5 u1ad
a15Usznouiluedn 41.86 me gallic acid/100ml
Usunaeulsleeniuismun 0.27 mg cyanidin-3-
slucoside/100ml wazdaruanuisalunisdud
uleslinlsfuadndsslaeian IC, Jasnin
1,000 mg/ml LLaslﬂWUL%aqﬁuw%'ﬁﬁwé’ag 4 %l

laun Pseudomonas aeruginosa, Staphylococcus

areus, Candida albicans wag Clostridium spp.

AnANssUUsENA

VaUBUA M UIITBUALTAIN UNINeRY
weluladssaadanu Almsatiuayunlunsh
Woiileasuesinug veveunas sa.es i Aaind
WA HA.AT.AWNATT UTANMUT AsinFuAIans
uInendovounny 7 lWAmUTnwuazuuzun

NMINSNITUaULANESD

LNEITDN9D

1. Mukherjee PK, Niladr Mi, Neelesh KN, Birendra
KS. Bioactive compounds from natural resources
against skin aging. J Phytomedicine. 2011;19
(1):64-73.

2. Nadkarni AK. Indian Materia Medical (Revised
and Enlarged). vol.ll. 3¢ ed. Popular Book
Depot: Bombay; 1976.

3. Mamgain RK. Acne Vulgaris and its Treatment
by Indigenous Drugs SK34 (Purim) and SK-
235 (Clarina). the Antiseptic. 2000;97(3):76-8.

10.

Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 1, 2022

ISSN: 2773-9376 (Print), 2773-9473 (Online)

Kim S, Chung JH. Berberine prevents UV-
induced MMP-1 and reduction of type |
procollagen expression in human dermal
fibroblasts. Phytomedicine J. 2008;15(9):
749-53.

Puangpronpitag D, Areejitranusorn P, Boonsiri
P, Suttajit M Yongvanit P. Antioxidant activities
of polyphenolic compounds isolated from
Antidesma thwaitesianum MUlL. Arg. seeds

and marcs. J Food Sci. 2008;73(9):C648-53.

Panich A. Antioxidants and the inhibition of
skin aging. In: Angwanith V, editor. Free radicals
and antioxidant. Health Innovation Publishing;

2012. Thai.

Promkhan S, Wongbasg C, kumpita A. [Utilization
of black Mao pomace extract in hand
cleansing gel product]. JARST. 2018;17(1):23-
32. Thai.

Karakaya S, EL SN, TAS AA. Antioxidant
activity of some foods containing phenolic
compounds. Intemnational J Food Sciences

and Nutrition. 2001;52(6):501-8.

Daduang J, Vichitphan S, Daduang S,
Hongsprabhas P, Boonsiri P. High phenolics
and antioxidant of some tropical vegetables
related to antibacterial and anticancer
activities. AFR J Pharm Pharmaco. 2011;5(5):
608-15.

Giusti MM, Wrolstad RE. Charcterization and
measurement of anthocyanins by UV- Visible
spectrocscopy. In: Wrolstad RE, editor. Current

Protocols in Food Analytical Chemistry. New



Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 1, 2022

ISSN: 2773-9376 (Print), 2773-9473 (Online)

11.

12.

13.

14.

15.

16.

17.

York: John Wiley & Sons Inc.; 2001. p. F1.2.1-
F1.2.13.

Manosroi A, Wongtrakul V, Manosroi J, Sakai
H, Sugawara F, Yuasa M, et al. Characterization
of vesicles prepares with various non-ionic
surfactants mixed with cholesterol. J Colloids

Surfaces. 2003;30:129-38.

Prior RL, Hoang H, Gu L, Wu X, Bacchiocca M,
Haward L, et al. Assays for hydrophilic and
lipophilic antioxidant capacity (oxygen radical
absorbance capacity (ORACq)) of plasma
and other biological and food samples. J Agr

Food Chem. 2003;51:3273-9.

Long ZP, Park HR, Park YK, Lee SK, Park JH,
Park MK. Mushroom tyrosinase inhibition
activity of some chromones. J Chem Pharm

Bull. 2002;50(3):309-11.

Thai Industrial Standards Institute. Standards
industry of skin products. TIS. 478-2555. 2555. Thal.

Loiphiman P, Phasakul T, Mongkoithai R.
Comparison of antioxidant active and total
phenolic compounds of fruit peels. Agr Sci

J. 2011;42(2):385-8.

Robards, K, Prenzler PD, Tucker G, Swatsitang
P, Glover W. Phenolic compounds and their
role in oxidative process in fruit. J Food Chem.

1999:66(4):401-36.

Roungjacpetch A. Effect of Indian Gooseberry
Browning and Spanish Plum Maturity on
Total Phenolics, Flavonoids and Antioxidant
Activities. [Master of Science Thesis]. Bangkok:
kasetsart University; 2007. Thai.

18.

19.

20.

21.

22.

23.

24,

121

Leelapornphisit P. Cosmetics for the skin.
2" ed. Odeon store Publishing house; 2008.
P.264 Thai.

Flober-Muller H, Champ S, Kandzia C, Jung
K, Seifert M, Herrling T. Strategy for Efficient
Prevention from photo- ageing. SOFW J.
2008:134(8):23-32.

Mishra AK, Mishra A, Chattopadhyay P.
Herbal cosmeceuticals for photoprotection
from Ultraviolet B radiation. Trop J Pharm

Res. 2011:10(3):351-60.

Kusumawati |, Indrayanto G. Natural Antioxidants
in Cosmetic. In: Atta-ur-Rahman, editor. Studies
in Natural Products. Oxford United Kingdom:
Elsevier press; 2013. p. 485-505.

Yoshida H, Lehr CM, Kok W, Junginger HE,
Verhoef JC, Bouwistra JA. Niosomes for oral
delivery of peptide drugs. J Controlled
Release.1992;21:145-54.

Pongphisut S. Developments of anti-aging
cream product with silk protein niosomes.
[Master of Science Thesis]. Bangkok: kasetsart

University; 2011. Thai.

Agarwal R, Katare OP, Vyas SP. Preparation
and in vitro evaluation of liposomal/niosomal
delivery systems for antipsoriatic drug

dithranol. Int J Pharmaceut. 2001;228:43-52.

. Porasupatthana S. Measurement technique

of Oxidative Stress. In: Angwanith V, editor.
Free radicals and antioxidant. Health

Innovation Publishing; 2012. p.129-92. Thai.


https://www.sciencedirect.com/science/article/abs/pii/S0927776503000808#!
https://www.sciencedirect.com/science/article/abs/pii/S0927776503000808#!
https://www.sciencedirect.com/science/article/abs/pii/S0927776503000808#!
https://www.sciencedirect.com/science/article/abs/pii/S0927776503000808#!
https://www.sciencedirect.com/science/article/abs/pii/S0927776503000808#!
https://www.sciencedirect.com/science/article/abs/pii/S0927776503000808#!
https://www.sciencedirect.com/science/article/abs/pii/S0927776503000808#!

122 Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 1, 2022
ISSN: 2773-9376 (Print), 2773-9473 (Online)

)\ Journal of Applied Research

bt
JARST Journal of Applied

&\o’e Research on Science and Technology

. — Rajamangala University of Technology Thanyaburi

Screening for Rice Blast Resistant Genes, Pi9, Pita, Pigm(t) and Pi54 in

Landrace Rice Varieties of Northeastern Thailand

Chinanat Krainart', Ratiros Siangsai’, Apinya Longya®, Sitipun Sinumporn*® and Sucheela Talumphai®

'Major of agricultural innovation, Faculty of Liberal Arts and Science, Department of Science and
Technology, Roi Et Rajabhat University, Roi Et 45120, THAILAND

Major of Industrial Biology, Faculty of Liberal Arts and Science, Department of Science and Technology,
Roi Et Rajabhat University, Roi Et 45120, THAILAND

3Departmen’c of Genetics, Faculty of Science, Kasetsart University, Bangkok 10900, THAILAND

“Thung Kula Ronghai Roi Et Campus, Rajamangala University of Technology Isan, Nakhon Ratchasima
30000, THAILAND

“Corresponding author e-mail: aor_sucheela@hotmail.com

ARTICLE INFO ABSTRACT
Article history: Rice blast disease, caused by Magnaporthe oryzae, is one
Received: April 19, 2022 of the most frequent and significant impediments to sustainable rice
Revised: June 22, 2022 production and the largest impediment to sustainable rice production.
Accepted: June 23, 2022 Effective control of this disease largely depends on identifying the

Available online: June 28, 2022 resistant genes. In our study, 37 Thai landrace rice varieties (18 white-

DOI: 10.14456/jarst.2022.12 grain rice varieties and 13 colored-grain rice varieties) along with 6

Keywords: landrace colored-  improved white-grain rice varieties were screened for four rice blast
rice, landrace rice, rice, rice resistant genes, Pi9, Pita, Pigm(t) and Pi54 by PCR technigue using the
blast disease, rice blast gene-specific makers. The results showed that 20 rice varieties
resistance gene (54.0%) contained the rice blast resistant gene Pi9, 11 rice varieties

(29.7%) contained the rice blast resistant gene Pita, 22 rice varieties
(59.4%) contained the rice blast resistant gene Pigm(t) and 23 rice
varieties (62.1%) contained the rice blast resistant gene Pi54. All 31
Thai landrace rice varieties carried at least one rice blast resistant
gene(s). Four white-grain landrace rice varieties, four colored-grain

landrace rice varieties and five improved rice carried the highest
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number of rice blast resistant genes at three genes, which can be

used as the resistant donor in the rice breeding program. Two white-

grain landrace rice varieties; Jao Daeng 2 and Mak Yom, contained

one examined rice blast resistant genes. Two colored-grain landrace

rice varieties; Nieow Dam (skn 3) and Kee Nok, contained all examined

rice blast resistant genes. Five improved rice varieties contained three

rice blast resistant genes. The information generated from this study

is useful for parental selection in developing the new resistant rice

varieties and breeding.

INTRODUCTION

Rice blast disease, caused by an
ascomycete Magnaporthe oryzae, is one of the
most destructive diseases of rice production
worldwide [1]. It has been reported that this
disease caused about 10 to 20% yield loss in
regular seasons and as high as 100% yield loss in
years with blast epidemics [2]. More than 100 rice
blast resistant genes are mapped on different
rice chromosomes, but only 22 resistant genes
have been successfully cloned, namely; Pib, Pita,
Pid2, Pi9, Pi2, Piz-t, Pi36, Pi37, Pikm, Pi5, Pit, Pid3,
Pi21, Pish, Pbl, Pik, Pikp, Pikh, Pia, Pi|, Pi64 and
Pi50 [3]. The Pi9 resistant gene is resistant to
more than 100 Philippines rice blast isolates and
43 rice blast isolates from 13 countries [4]. The
Pita and PitaZ resistant genes were allelic and
mapped near the centromere of chromosome
12 [5]. The Pita resistant gene was found in wide
landrace rice varieties, including Tadukan in the
Philippines, Tetep in Vietnam and Katy and Drew
in the southern United States [6]. The Piem(t)

resistant gene confers broader-spectrum resistance

to rice blast isolates from different rice regions
in China [7]. The Pi54 resistant gene was first
identified in an Indian rice cultivar HR22 and later
was cloned from an indica type rice cultivar Tetep
[6]. Many resistant genes have been identified in
the landrace rice varieties [7].

Rice landraces have been recognized
as valuable genetic resources for improving the
resistance level of modern rice cultivars against
biotic diseases [8]. The landrace rice varieties,
originating from nine diverse rice ecologies of
India, harbored a range of five to nineteen rice
blast-resistant genes with a frequency varied
from 4.96% to 100% [9]. Rice blast epidemics
have occurred in most provinces in the north and
northeast Thailand, where the most effective
management and control of rice blast disease is
the use of resistant rice varieties [10]. There are
more than 100,000 landraces and improved and
elite rice varieties in Thailand, and many exhibits
resistant reactions to the rice blast disease. Villa
et al. [11] reported that the rice blast resistant
genes, Pi2, Pi9, Piz-t, Pigm(t), Pid2, Pid3, Pia, Pik,

Pi54 and Pita were presented in Thai landrace
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rice germplasm. The objective of this study was
to investigate the four-rice blast resistant genes,
Pi9, Pita, Pigm(t) and Pi54, in 37 Thai rice varieties,
including 18 white-grain and 13 colored-grain
landrace rice varieties and 6 improved rice
varieties from northeastern Thailand using the
gene specific primers. The results provided a list
of the rice blast resistant genes in each examined
Thai rice varieties and the information obtained
from this study is useful for identifying the
parental lines with the rice blast resistant genes

in the future rice breeding programs.

MATERIALS AND METHODS

Plant materials

In total, 37 Thai rice varieties from
northeastern Thailand, consisting of 18 white-
grain landrace rice varieties, 13 colored-grain
landrace rice varieties and 6 improved rice varieties
from Sakonnaknon Rice Research Center, Puparn
Royal Development Study Center for the
conservation Thailand, were used in this study
(Table 1, Figure 1-3). KDML105 and Nipponbare
rice varieties were used as the susceptible control
(Negative Control) and IRRI-inbred blast resistant
lines (IRBLs) from the International Rice Research
Institute (IRRI), IRBL12 (Pita) and IRBL22 (Pi9) were

used as the resistant control (Positive Control).
Genomic DNA extraction

The genomic DNA extraction method
was modified from Yadav et al. [12]. The leaves
were ground in liquid nitrogen using a pre-

cooled sterile mortar and pestle. Total DNA was

ISSN: 2773-9376 (Print), 2773-9473 (Online)

isolated using the DNA extraction buffer
(including 2% CTAB, 0.1 M Tris-HCL pH 8, 1.4 M
NaCl and 0.02 M EDTA, pH8) and incubated at
65°C for 90 minutes. After that, the solution was
added with Chloroform: Iso-amyl alcohol (24:1)
and mixed by using a vortex. Next, the mixture
was centrifuged at 12,000 rpm for 15 min and
transferred its upper phase to a new tube. After
that 2/3-1 volume of Isopropanol was added
and mixed by inverting. Next, the mixture was
centrifuged at 12,000 rpm for 40 min, the
supernatant was discarded, the pellet was
washed in 70% ethanol, and the mixture was
centrifuged at 12,000 rpm for 5 min. After that,
the dried DNA pellet was then suspended in
100 pl of TE buffer (including 0.01M Tris-Cl pH 7.5
and 1mM EDTA) and frozen at -80°C for storage.
DNA quality was measured using NANODROP
2000 Spectrophotometer (Thermo Fisher Scientific
Inc., Waltham, MA, USA). The DNA was migrated
on 1% agarose. Stained in ethidium bromide,

then visualized on UV transilluminator.
Polymerase chain reaction amplification of genes

Thirty-seven Thai rice varieties were
screened for four major rice blast resistant genes,
Pi9, Pita, Pigm(t) and Pi54, using gene-specific
DNA markers (Table 2). PCR amplifications were
performed using Tag polymerase (Apslagen,
Thailand) and ingredients by using the following
PCR condition: initial denaturation for 2 min at
94°C, followed by 35 cycles of 30 s of denaturation
at 94°C, 30 s of annealing depending on each

marker (Table 2), 30 s of extension at 72°C and a
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final extension at 72°C for 5 min. The PCR products
were determined using a stained photographic
system (Vilber Lourmat, Eberhardzell, Germany)
of 1% agarose gel electrophoresis at 100 V for

30 min.
DNA sequencing and sequence analysis

The PCR products were purified by GF-
1 AmbicClean kit (PCR and Gel) (Vivantis
Technologies Sdn. Bhd., Malaysia) according to

the manufacturer’s protocol. After purification,
the PCR products were sent out for sequencing;
by Sequence analysis of purified fragments was
done by BGI tech in Hong Kong to confirm the
sequence of the resistant genes. The nucleotide
sequence was aligned with the reference

sequences from GenBank databases with the

MAFFTV7.380.

Figure 1 Eighteen white-grain landrace rice varieties; A (Leung Boonma), B (Hom Puang Ton Kieow),
C (Leung khaw), D (Hom pla siw, E (Mak Khaek) , F (Khaw Hom Mai), G (Hom Daeng), H
(Hom Puang Ton Muang), | (Ham Thung), J (Rai Dok Mai), K (Do Sakon), L (Tab Mei Khaw),
M (Hom Jam Pla), N (Jao Daeng 2), O (Tab Mei), P (Mak Yom), Q (Phak Hin), R (E rai)
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i A
EF
EK
Figure 2 Thirteen colored-grain landrace rice varieties; A (Kee Nok), B (MayomNakhon Phanom), C
(kee tom Hang Nak), D (Keen Khu), E (Hom Nan Pon), F (Tab Mei Dom), G (Kab Yang 1), H

(E mud), | (Kee Tom Ngan), J (Nieow Dam (skn 3)), K (Gom Na Nok Khea Na), L (Mae
Phueng), M (Mafi Dam)

Figure 3 6 Improved rice varieties; A (Phu Phan 1 (75)), B (Phu Phan 1 (57)), C (Phu Phan 2), D (Phu
Phan 1 (59)), E (Phu Phan 1 (58)), F (KD 6)
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(8)
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Figure 4 Gel electrophoresis detection of rice blast resistant allele using four R gene-specific

primers, pB8 primer (A), Pi54 MAS primer (B), 529747 primer (C) and YL155/YL8 primer (D),

1-8 represented individual rice sample; C1 Nipponbarae (Negative Control), C2 IRBL22

resistance line with Pi9 (Positive Control)

Table 1 Thirty-seven Thai rice varieties used in the rice blast resistant gene investigation

No. Local Name Varieties Pi9 Pita Pigm(t) pPi54  Total R
(Seed Color) gene  gene gene gene  gene(s)

1. Leung Boonma Landrace (W) + + - + 3

2. Hom Puang Ton Kieow  Landrace (W) - - - - 0

3. Leung khaw Landrace (W) - - + + 2

4. Hom pla siw Landrace (W) + - + - 2

5. Mak Khaek Landrace (W) - + + - 2

6. Khaw Hom Mai Landrace (W) + - + - 2

7. Hom Daeng Landrace (W) - - + - 1

8. Hom Puang Ton Muang  Landrace (W) + - + - 2

9. Ham Thung Landrace (W) + + + - 3

10  Rai Dok Mai Landrace (W) + + - + 3

11. Do Sakon Landrace (W) + + - - 2

12. Tab Mei Khaw Landrace (W) + - + - 2

13. Hom Jam Pla Landrace (W) - - - - 0

14. Jao Deeng 2 Landrace (W) + - - 1

15. Tab Mei Landrace (W) + - + - 2

16. Mak Yom Landrace (W) - + - - 1
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No. Local Name Varieties Pi9 Pita Pigm(t) Pi54  Total R
(Seed Color) gene  gene gene gene  gene(s)

17. Phak Hin Landrace (W) - - - - 0
18. Erai Landrace (W) - + + + 3
19. Kee Nok Landrace (Br) + - - + 2
20. MayomNakhon Phanom Landrace (Bl) - - + + 2
21. kee tom Hang Nak Landrace (Br) - - + + 2
22. Keen Khu Landrace (Br) + - - + 2
23. Hom Nan Pon Landrace (Br) + - + + 3
24. Tab Mei Dom Landrace (Br) - - + + 2
25. Kab Yang 1 Landrace (Br) - - + + 2
26. Emud Landrace (BV) + + - + 3
27. Kee Tom Ngan Landrace (Br) + + - + 3
28. Nieow Dam (skn 3) Landrace (Br) - - - + 1
29. Gom Na Nok Khea Na Landrace (Bl) - - + + 2
30. Mae Phueng Landrace (Br) - + + + 3
31. Mafi Dam Landrace (Br) - - - + 1
32. Phu Phan 1 (75) Improve (W) + - + + 3
33. PhuPhan 1(57) Improve (W) + - + + 3
34. Phu Phan 2 Improve (W) + - - + 2
35. PhuPhan 1(59) Improve (W) + - + + 3
36. Phu Phan 1 (58) Improve (W) + - + + 3
37. KD6 Improve (W) + - + + 3
Total 20 11 22 23

* W (Write grain), Br (Brown grain), Bl (Black grain), + (Resistance positive band, - (No or negative band)

Table 2 Gene-specific PCR primers used in the identification of the rice blast resistant genes

R gene DNA Makers Sequence primer (5'>>>3") AT ('C) ES(bp) Reference
Pi9 pB8 F: CCCAATCTCCAATGACCCATAAC 56 500 Liu et al,,
R: CCGGACTAAGTACTGGCTTCGATA 2002
Pi54 Pi54 MAS F: CAATCTCCAAAGTTTTCAGG 55 R: 261  Ramkumar et
R: GCTTCAATCACTGCTAGACC S: 359  al, 2011
Pigm(t)  S29747 F: CAGTGAAACGAACGCTATG 56 R: 555  Deng et al,,
R: AATAGGAAGGGTTGATGTTG S: 461 2006
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R gene DNA Makers Sequence primer (5'>>>3") AT (C) ES(bp) Reference
Pi-ta YL155/YL87 F: AGCAGGTTATAAGCTAGGCC 58 1024 Jia et al,
R: CTACCAACAAGTTCATCAAA 2002

*R gene (rice blast resistance gene); AT, Annealing temperature; ES, Expected size

Table 3 Distribution of of four blast resistant

varieties in Thai rice varieties

genes, Pi9, Pita, Pigm(t) and Pi54, in 37 Thai rice

Rice set Total Pi9 Pita Pigm(t) Pi54
white-grain 18 9 (50.0%) 8 (44.4%) 10 (55.6%) 4 (22.2%)
landrace rice

colored-grain 13 5 (38.5%) 3(23.1%) 7 (53.8%) 13 (100%)
landrace rice

Improved rice 6 6 (100%) 0 (0%) 5 (83.3%) 6 (100%)
Total 37 20 (54.0 %) 11 (29.7 %) 22 (59.4%) 23 (62.1%)

RESULTS AND DISCUSSION

Twenty Thai rice varieties (54.0%) and
IRBL22 (the rice line with the Pi9 resistant allele)
showed a positive band of 500 bp (Figure 4).
These 20 rice varieties included nine white-grain
landrace rice varieties, five colored-grain landrace
rice varieties and six improved rice varieties
(Table 1, 3). Fourteen PCR samples of the landrace
rice varieties that produced the positive DNA
band were randomly selected for purification
and sequencing. The obtained sequence showed
a 100% sequence identity to the Pi9 reference
sequence (accession no. DQ285630.1).

Eleven rice varieties (29.7%), including
eight white-grain landrace rice varieties and three
colored-grain landrace rice varieties, showed a
positive 1,024 bp DNA fragment. All improved
rice could not amplify with Pita-specific primer

(Table 1, 3) (Figure 4). To confirm the presence

of the Pita resistant allele, the PCR product of
a rice variety HomNanPon was sequenced and
compared with the Pita reference sequence
from NCBI GenBank (accession no. AF207842.1)
and the results showed 100% sequence
identity.

The Pigm(t) gene-specific Indel marker
was used to detect the Pigm(t) resistant allele.
The resistant allele of the Pigm(t) showed the
555 bp amplicon and the susceptible allele
showed the 461 bp amplicon. Twenty-two rice
varieties (59.4%), including 10 white-grain landrace
rice varieties and seven colored-grain landrace
rice varieties and five improved rice varieties,
gave a 555 bp DNA fragment of the resistant
allele (Table 1, 3) (Figure 4). The sequence

confirmation of the Pigm(t) resistant allele from

a rice variety Kean Khu showed 100% identity
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to the reference sequence from NCBI GenBank
(accession no. AF207842).

In the Pi54 gene-specific Indel marker,
the resistant allele of the Pi54 gene showed the
261 bp amplicon and the susceptible allele
showed the 359 bp amplicon. The results
showed that twenty-three rice varieties (62.1%),
including four white-grain landrace rice varieties,
13 colored-grain landrace rice varieties and six
improved rice varieties, carried the Pi54 resistant
allele with PCR product of 261 bp (Table 1, 3)
(Figure 7). To confirm the presence of the Pi54
resistant allele, a PCR product from rice variety
Mafi Dam was sequenced and compared with
the reference sequence from NCBI GenBank
(accession no HE586202.1.) and the results showed
99.78% nucleotide sequence identity and 100%
amino acid sequence identity. One base substitution
was changed from GTC to GTT, causing silent
mutation.

Two white-grain landrace rice varieties,
Jao Daeng 2 and Mak Yom contained four
examined rice blast resistant genes. Two colored-
grain landrace rice varieties, Nieow Dam (skn 3)
and Kee Nok contained, all examined rice blast-
resistant genes. Five improved rice varieties

contained three rice blast-resistant genes.

CONCLUSION

Rice blast disease is one of the most
limiting serious factors for rice production
worldwide. Landrace rice varieties have been
recognized as valuable genetic resources for

improving the resistance level of modern rice

ISSN: 2773-9376 (Print), 2773-9473 (Online)

cultivars against biotic diseases [14]. The results
from this study validated that Thai landrace rice
varieties of northeastern Thailand were a source
of four major rice blast resistant genes, Pi9, Pita,
Pigm(t) and Pi54. The distribution of resistant
genes ranged from 29.7% to 62.1%. All examined
landrace rice varieties contained at least one rice
blast resistant gene, with many having more. Our
result agreed with previous reports, including
Koide et al. [13] that reported that 159 from 226
Thai rice cultivars had at least one rice blast
resistant gene, Pid3, Pi54 and Pigm. Four cultivars
had three resistant genes. Similar results were
reported by Kobayashi et al. [14], which screened
the rice blast resistant genes in the rice germplasm
of Manipur, India and found that wide rice varieties
contained 2 - 7 rice blast resistant genes. Chaipanya
et al. [15] reported that 84 Korean rice varieties
possessed more than three positive bands of
the eight-rice blast resistant genes. Similar results
were reported by Wattanaporn et al. [16], which
screened the resistance gene Pita, Pib and Pi2t
were found in 78 Thai landrace rice varieties.
Pita is present in 29 Thai landrace rice varieties.
Similar results were reported by Agrawal et al.
[17]; it has been reported that Pi9 is present in
64 Thai landrace rice varieties and 1 among them
was southern landrace Thai rice, 16 varieties from
northern, and 47 varieties from north-eastern
Thailand regions and Pigm(t) is present in 201
Thai landrace rice varieties. In the Pi54 gene-
specific Indel marker, the resistant allele of the
Pi54 gene showed the 261 bp amplicon and the
susceptible allele showed the 359 bp amplicon.
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The results showed that twenty-three rice varieties.
Similar results were reported by Liu et al. [18],
Pi54 MAS showed a PCR product size of 359 bp.
Twenty Thai rice varieties (54.0%) and IRBL9-w
(the rice line with the Pi9 resistant allele) showed
a positive band of 500 bp. Similar results were
reported by Liang et al. [19], reported 203
landrace rice samples were tested for P9 blast
resistance gene using the pB8 DNA marker, 64
cultivars were able to be quantified, Pi9 marker
the resulted showed a PCR product size of a 500
bp. These results indicated that the landrace rice
germplasm is a valuable source of the rice blast

resistant genes for rice breeding programs.
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