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Poly (ethylene terephthalate) Oligomers as a Stabilizer in Colloidal
Silver Nanoparticles Synthesis: Blending in Polyethylene for
Antimicrobial Efficiency
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Abstract

Colloidal silver nanoparticles synthesis (CSNPs) with the chemical reduction
method obtained the achievement by using PET oligomers as a stabilizer that was
oligomerized from the glycolysis reaction of poly (ethylene terephthalate) (PET) and
ethylene glycol (EG). The study was conducted by varying the concentration of silver
nitrate (AgNOs) solution, D-glucose, and stabilizer to find the most suitable conditions
to control silver nanoparticles (AgNPs) size. Fourier transform infrared spectroscopy
(FTIR) exposed oligomers’ functional groups, the same as poly (ethylene terephthalate).
The scanning electron microscope (SEM) and atomic force microscopy (AFM) revealed
that the smallest size was about 42 nm for high concentration at 0.75 M of AgNO3
solution, 1.00 M of D-glucose, and 1.8%wi/w of the PET: EG ratio. When analyzed by
an atomic absorption spectrophotometer (AAS), the AgNPs concentration was
approximately 71,870 ppm. The antimicrobial efficiency test by the plate count method
showed greater than 95% inhibition when using CSNPs at AgNPs concentration of 10
ppm. Furthermore, blending CSNPs in polyethylene pellets and polyethylene sheets at
AgNPs concentrations of 200 ppm and 750 ppm, respectively, could provide more than
95% inhibition efficiency.

Keywords: Poly (ethylene terephthalate); Colloidal Silver Nanoparticles; Silver
Nanoparticles; PET oligomers; Antimicrobial Efficiency
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1. Introduction

Colloidal silver nanoparticles
(CSNPs) have received widespread
attention in recent years because of their
applications, especially antimicrobial
and antibacterial activities [1]. Previous
studies have suggested that there are
several methods of preparation.
However, it seems that the chemical
reduction method is the most widely
used because of its stability and
potential in controlling silver
nanoparticles (AgNPs), usually ranging
from 1 to 100 nm. Generally, this
method consists of reducing agents, salt
solutions, and stabilizers. Initially, the
reduction of salt solution with Ag™ ions
can lead to the formation of silver atoms
(Ag®) by reducing agents such as
borohydride, citrate, ascorbate, alcohol,
and D-glucose, where the problem of
agglomeration of colloidal nanoparticles
has solved by stabilizers such as
polyvinyl alcohol, polyvinylpyrrolidone,
and polyethylene oxide [2], [3].
Controlled synthesis of CSNPs is based
on experimental conditions such as the
nature of stabilizers and strong or weaker
reductants that affect the particle’s size,
size distribution, morphology, stability, and
physicochemical properties when blending
in the advanced nanomaterials [4].

Blending CSNPs into polymers is
an emerging area of antimicrobial
materials. A. S. Maryan reported
developing polyurethane (PU) properties
by incorporating AgNPs into the
polymer matrix to improve antimicrobial
properties. The results revealed that

AgNPs exhibit antimicrobial properties
due to their large surface area. Other
reports have published the synthesis of
AgNPs-PLA nanofibers and AgNPs-
cotton fabric [5]-[7]. The mechanism of
antimicrobial is the inhibition of their
reproducibility due to the absorption
and accumulation of Ag° or silver ions
into the cells, causing shrinkage of the
cytoplasm membrane or its detachment
from the cell wall, and the interaction
of the silver ions with the S—H bounds
of the proteins can also disrupt and
inactivate cells [8]. Naturally, the
collision of AgNPs in colloids tends to
aggregate into larger particles, so it is
necessary to have a protective layer.
Various polymers can solve this problem
by acting as stabilizers. Their structure
influences the control over the size and
morphology of nanoparticles, indicating
different redox reaction mechanisms [9].

Polyethylene terephthalate (PET)
is a thermoplastic polyester for use in
many fields, such as packaging, medical,
automotive, electronics, and garment
industries. A factor associated with its
widespread use, it has developed into a
problem of non-biodegradable plastic
waste and is a serious global
environmental issue [10]. Given the
negative impact of plastic waste on
living organisms and ecosystems, plastic
disposal and recycling have received
much attention from the scientific
community. The chemical recycling of
PET Dby depolymerization can be
achieved through solvolytic chain
cleavage, which produces high-quality
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end-products as monomers or oligomers.
It is usually carried out by various
methods such as glycolysis,
methanolysis, hydrolysis, ammonolysis,
and aminolysis at high temperatures and
catalysts. According to research on the
kinetics of PET glycolysis, the complete
depolymerization of PET with ethylene
glycol necessitates the use of a catalyst,
which results in the breakdown of the
ester linkage and the formation of bis(2-
hydroxyethyl  terephthalate) (BHET)
monomer via transesterification [11],[12].
Although BHET from complete reactions
cannot be achieved without a catalyst,
products in the presence of oligomers
have the potential to be used as stabilizers
for the synthesis of CSNPs.

In this study, we used PET
oligomers from the glycolysis reaction
as a stabilizer for the synthesis of
CSNPs. We investigated how different
concentrations of silver nitrate, D-
glucose solution, and stabilizer affect the
size of AgNPs. Polyethylene was chosen
as a polymer matrix for blending with
CSNPs because of its extensive use in
various fields and the possibility of
creating materials with unique properties
and widened applications. The uniform
shape and size of AgNPs in colloids are
one of the factors of our study for
CSNPs synthesis because they can
promote good dispersion in the polymer
matrix. Finally, the feasibility of
blending CSNPs into polyethylene was
studied by testing the antimicrobial
efficiency.

2. Research Methodology

2.1 Materials

CSNPs were prepared by a
chemical reduction method using AgNOs
99.9% and D-glucose anhydrous from
Ajax Finechem Pty Ltd (Australia),
ethylene glycol 99.5% from Fisher
Chemical (USA). The above chemicals
were analytical reagent grade. The poly
(ethylene terephthalate) (PET) bottle as a
stabilizer was obtained by Singha
packaging (Singha Corporation Company
Limited, Thailand). A low-density
polyethylene pellet received cooperation
from InnoPlus (PTT Polyethylene
Company Limited, Thailand).

2.2 Synthesis of Colloidal
Nanoparticles

Initially, PET oligomers were
prepared by glycolysis reaction between
poly (ethylene terephthalate) (PET) bottle
pieces of 2 x 2 mm? and ethylene glycol
(EG) at 0.6, 1.0, 1.4, and 1.8%w/w. The
reaction temperature was about 220 —
240°C under constant reflux and
magnetic stirring for 5 h and then cooled
down to room temperature. In this step,
we obtained a PET oligomer solution for
CSNPs synthesis. Subsequently, CSNPs
were prepared by mixing 100 ml of 0.01
M silver nitrate (AgNOs) solution with
0.1 M D-glucose solution, and then 150
ml of oligomer solution at different
weight ratios were slowly added with an
increase in temperature to 120°C under
stirring continuously for 2 h. The flow
chart for the preparation of CSNPs is
represented in Fig. 1.

Silver
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poly (ethylene terephthalate) (PET) + ethylene glycol
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AgNO; solution + D-glucose solution

Fig. 1 The synthesis of CSNPs

After this step, we would find the suitable
weight ratio of the PET oligomer solution
to be used for further high-concentration
synthesis. Finally, the colloidal solution
with high concentrations of AgNOs
solution was prepared at 0.50, 0.75, 1.00,

1.50, and 2.00 M, and varying D-glucose
solution at 0.50, 1.00, and 2.00 M.

2.3 Blending and
Nanocomposites

The high-concentration of CSNPs
containing the smallest AgNPs were
blended into polyethylene using an
internal mixer (Chareon Tut MX500-
D75L90) to produce 500 g of the
polyethylene masterbatch at the AgNPs
concentration of 5,000 ppm. The
concentrations of AgNPs in polyethylene
pellets were varied by varying the weight
ratios of polyethylene masterbatch to
polyethylene pellets at 0, 1, 2, 4, 10, and
15 phr using a single screw extruder
(MASKIN TYP BX1-8). For a
polyethylene sheet with a thickness of 0.3
mm, it was performed by a compression
extruder (SCRIAL LP-204T) with square
molding at a size of 120 mm. Table 1
summarizes  the  preparation  of
polyethylene at various concentrations of
AgNPs.

Forming of

Table 1 Polyethylene preparation at various concentrations of silver nanoparticles

Concentrations of Weight of Weight of Concentrations of
Sample Polyethylene Polyethylene Polyethylene Silver Nanoparticles
P Masterbatch y (g)y Masterbatch (pme;
(phr) @

Blank 0 500 0 0

1 1 495 5 50

2 2 490 10 100

3 4 480 20 200

4 10 450 50 500

5 15 425 75 750
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2.4 Testing Antimicrobial Efficiency

The antimicrobial efficiency was
determined by the plate count method. An
agar plate preparation for the cultivation
of microorganisms started with mixing 28
g of nutrient agar and 1,000 ml of distilled
water in the beaker, and it was heated up
to 260°C and kept under constant stirring
at this temperature for 2 h. After that, the
mixture was sterilized by autoclaving at
121°C under a pressure of 1.021 atm for
25 min, and it was cooled down to 50°C
and poured into a sterile agar plate.

The testing was determined by
mixing 90 ml of nutrient broth, 10 ml of
microbial stock solution, and AgNPs
samples in an Erlenmeyer flask and
keeping them for 24 h. The sample might
contain thousands, millions, or even
billions of microorganisms per milliliter,
so dilution was necessary for counting
colonies between 30 and 300 colonies. 1
ml of sample was added to 99 ml of
distilled water and mixed them together.
This first dilution had a concentration
(number of microorganisms per ml) of
1/100 that of the original sample.
Subsequently, 1 ml of the first dilution
was added to 99 ml of distilled water to
make the second dilution. The second
dilution had a concentration of 1/100 that
of the first dilution and 1/10000 that of the
original sample. This process was
repeated until we had a series of dilutions.

The microbial stock solution was
produced by mixing wastewater from the
canal with nutrient broth and using an
incubation time of 24 h. To test all
samples for antimicrobial efficiency, we
pipetted 0.1 ml of each dilution onto the

agar plate and spread it around using a
sterile glass rod, incubated at 37°C for 24
h, and then counted colonies on the
surface of the agar plate. The colony
counting of each sample was averaged by
repeating it three times, where each
dilution was based on three agar plates.

2.5 Characterization method

Fourier transform infrared
spectroscopy (FT-IR, Perkin Elmer
spectrum 100) analysis was performed in
the range of 4000600 cm™ to determine
the different functional groups present in
the PET oligomer solution from the
glycolysis reaction. The particle size
distribution and morphology of AgNPs in
the colloidal solution were assessed using
a scanning electron microscope (SEM,
QUANTA 450 FEI) together with atomic
force microscopy (AFM, TMC Parkin-
Elmer AAnalyst 800). The concentration
of AgNPs was determined by an atomic
absorption  spectrophotometer  (AAS,
Varian SpectrAA 220).

3. Results and Discussion

3.1 Characterization of PET oligomers

One of the parameters for the
colloidal silver nanoparticles (CSNPs)
synthesis is the stabilizers. This study
uses a PET bottle’s pieces recycling
process to obtain PET oligomers as the
source of stabilizers by a glycolysis
reaction  between  poly (ethylene
terephthalate) (PET) and ethylene glycol
(EG). Past research has shown that the
PET chain length can be reduced by this
reaction, enabling a shorter chain length
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of PET of less than 130 repeating units of
the polymer [13]. The complete reaction
in this study is that the physical
characteristics of the obtained solution
are clear and colorless, which means that
the digestion of the PET bottle pieces in
the EG appears as a homogeneous
mixture. It means that the reaction can

96.47—
t)l |=

80+

S 704
=
g 607 [\ 2876.92
£ 507 £940.40
&
S 40+ ’
B . 3300.15
U
20—=
10+
0.0+ }
4000 3000

reduce the PET chain length. The FTIR
spectra of the obtained solution can be
used to determine whether the functional
groups differ from the PET functional
groups reported in the literature [14]. Fig.
2 shows the corresponding infrared
absorption bands of the obtained solution
from the glycolysis reaction.

1716.52 125.17
(658,78 :
o Ldelas
1456.41 1205.61
1411.06
1342.54
[ |
862.11
882.38
1
1083.60
1035.74
i + '3 i
2000 1500 1000 650.0

Wavenumber (cm 1)

Fig. 2 FTIR spectra of the obtained solution from the glycolysis reaction

Table 2summarizes the identified
vibrational groups of the obtained solution
from the glycolysis reaction. The
absorption bands of the obtained solution
detect the C-H bond stretching, which
suggests the ethyl group and reveals the
C=0 bond stretching of the carboxylic acid
group corresponding to the alkoxy
carbonyl group. For the aromatic ring, the
absorption bands can indicate the
vibrations of the aromatic skeleton with
stretching C=C, terephthalate group, and
interaction of polar ester groups and
benzene rings [14]. Based on the FTIR

spectra, we believe that the product from
the glycolysis reaction is only PET
oligomers and does not occur in other
products. Because the glycolysis reaction
in our study does not use a catalyst,
complete depolymerization of PET to the
bis-hydroxy ethyl terephthalate (BHET)
monomer cannot be achieved. These
results match our requirements because
PET oligomers are low molecular weight
polymers with short-chain structures. They
may act as better stabilizers. However,
glycolysis reaction requires sufficient
reaction time and temperature [15].
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Table 2 Bands with assigned vibrational modes from FTIR spectra of the obtained

solution from glycolysis reaction

Bands I_?ang Absorptlo_n Bands Bands
(cm™) (cm™)
3300 3300.15 OH group (hydroxyl)
2800-3000 2940.40 and 2876.92 C-H, Symmetrical stretching
1600-1700 1716.52 and 1658.78 Stretching of C=0 of the carboxylic acid group
1300-1500 1456.41, 1411.06 and Stretching of the C-O group deformation of the O-H
1342.54 group and bending and wagging vibrational modes of
the ethylene glycol segment /
Vibrations aromatic skeleton with stretching C=C
1100-1300 1083.66 Methylene group and vibrations of the ester C-O bond
1261.14 and 1205.61 Terephthalate Group (OOCCgH4-COO)
800-1000 882.38 and 862.11 Aromatic rings 1,2,4,5; Tetra replaced
700 725.17 Interaction of polar ester groups and benzene rings

Fig. 3 shows the reaction mechanism
between the PET chain and EG. Starting is
to decompose the ester linkages in the PET
chain with EG to produce oligomers,
where the splitting of original molecules

PET

i o
0-C =G -O-CHLH;
1}

HEOCH,CH,OH
A

Heat

m

Ethylene glycol

’ 3 - \
—-C C-O-CH,CHA-OH | 4 |

into two parts is the occurrence of PET
oligomers. The repeating units of the
original PET chain are represented by
subscript m. It is always greater than
subscripts n and o of PET oligomers [16].

PET oligomers

Fig. 3 The mechanism of the glycolysis reaction

We chose PET oligomers as the source of
stabilizers for CSNPs synthesis at low
concentrations of AgNOs solution (0.01
M) and D-glucose (0.1 M) by varying the
PET: EG ratios (0.6, 10, 14, 18
%w/w). Table 3 shows SEM and AFM
images of AgNPs in colloid for the
morphology of particles. All PET: EG

ratio synthesis results in highly spherical
AgNPs, and the average size of AgNPs in
colloids can decrease with the increase in
the PET: EG ratio. Only a few papers
[17]-[20] have reported the synthesis of
AgNPs with spherical shapes. The
histogram  for the particle size
distribution for all samples is determined
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to be 100 nanoparticles from SEM
images. The results indicate that the
condition of 1.8%w/w of PET: EG ratio
for CSNPs synthesis yields a smaller
mean particle diameter and a narrower
size distribution; its average size is
approximately 36 nm. These results are
in agreement with the observed AFM
images. Compared to other studies, the
higher concentrations of stabilizing
agents can affect the smaller size of the
AgNPs. However, they also act as
reducing agents, thereby accelerating the

concentration of silver particles, resulting
in particle agglomeration to larger sizes.
Although the direct comparison of the
different methods is very complex, our
study has shown that the function of PET
oligomers is only as a stabilizer, and the
increase of PET oligomer concentration
can reduce the agglomeration of AgNPs
[17]. For our study, the glycolysis
reaction does not use a catalyst, and the
solubility between the PET bottle’s
pieces and EG cannot increase more than
1.8%w/w of the PET: EG ratio.

Table 3 The average size of silver nanoparticles in colloid

PET: EG Average size (nm)
i SEM images AFM images
Ratios SEM AFM g g
(Yow/w)
0 116 110-120
0.6 63 60-70
1.0 49 40-50

14 38 35-40
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PET: EG Average size (nm)
i SEM images AFM images
Ratios SEM AFM g g
(Yow/w)
18 36 10-15

Fig. 4 shows the pathway for the chemical
reduction of silver ions on the PET oligomer
structure. With the ability to be a reducing
agent of D-glucose and EG, a plastic
solvent, which is a protic solution with
electron exchange capabilities. Thus, the
contribution of electrons to the silver ions
that enters the oxygen lone pair region of
PET oligomers. A possible reaction

- Y
Pt

PET oligomers

mechanism of AgNPs formation starts with
forming of silver ion-PET oligomer
complexes in the carbonyl group. AgNPs
are formed by deprotonating silver ions
with EG and D-glucose, whereas the
steric effect of a long chain of PET
oligomers acts as a stabilizer of colloids
which reduces the aggregation of AgNPs

9]

H OCH,CH,OH
Ethylene glycol

PET oligomers

Fig. 4 The chemical reduction of silver ions on the PET oligomer structure

Our previous CSNPs synthesized data
using a low concentration of AgNOs
indicates that the smallest size of AgNPs
can produce with the use of 1.8%w/w of
PET: EG ratio. With this condition, it is
possible to prepare the CSNPs using high
concentrations of AgNOs, which possibly
reduces the amount of blending to the
polyethylene matrix to avoid the change
of polymer properties. 1.8%w/w of PET:

EG ratio is chosen as the source of
stabilizers for producing PET oligomers.
D-glucose concentration is varied at 0.5,
1.0, and 2.0 M with a fixed AgNOs
concentration at 1.0 M, resulting in the
smallest size of the AgNPs of 58 nm with
the use of a concentration of 1.0 M of D-
glucose. After obtaining the suitable
concentrations of D-glucose at 1.0 M,
varying the concentration of AgNOs is
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performed at 0.5, 0.75, 1.5, and 2.0 M.
The obtained results indicate that the
smallest size of AgNPs is about 42 nm
with the use of a concentration of 0.75 M
of AgNOs, and it is also observed that
they are highly spherical, well dispersed,
and uniform in size. Table 4 shows SEM
and AFM images of AgNPs in colloid for
the clarity of size and shape particles.
The kinetics of AgNPs formation using
various concentrations of AgNOs and a
reducing agent is not completely
surprising. It is the most popular strategy
for controlling the size of AgNPs. Its
concentration considerably affects the
reduction rate and the nucleation and
growth rates of AgNPs. In particular, in
the case of reducing agents at low

concentrations, partly agglomerated large
particles have an appearance that has
many imperfections and leads to the final
precipitation. On the other hand, large
clumps of AgNPs can be observed at
high concentrations, which is caused by
instability because the solution has high
ijonic  strength. At the suitable
concentrations, the AgNPs with well-
separated exhibit narrow size
distribution, and few imperfections, the
size slightly decreasing with increasing
concentration [18]. In this study, the
calculation of the average size from
histograms using SEM images is the
primary data, and the supporting data is
AFM images. They show the results in
the same direction.

Table 4 The average size of silver nanoparticles in colloid using 1.8% w/w of PET: EG

ratio
Concentration (mol/L)  Average size (nm)
SEM images AFM images
AgNOs  D-Glucose SEM AFM
1.00 0.50 62 70-90
1.00 1.00 58 60-80
1.00 2.00 114 150-160
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Concentration (mol/L)  Average size (nm)

SEM images AFM images
AgNOs  D-Glucose SEM AFM
0.50 1.00 79 90-100
0.75 1.00 42 40-50
1.50 1.00 110 100-110
2.00 1.00 183 220-240

Table 5 shows the concentration of
AgNPs in colloids wusing atomic
absorption spectroscopy (AAS). As can
be seen in 0.75 M of AgNOs solution and
1.0 M of D-glucose, the concentration
after filtration is 71,870 ppm with a

paper no. 42 with a pore of 2.5 microns.
Because this condition exhibits the
smallest AgNPs, it reveals the highest
filtration efficiency. We found that the
agglomeration of larger particles tends to
clump. It affects the ability to pass

filtration efficiency of 98.8%, using filter through the filter paper.
Table 5 Colloidal silver nanoparticles concentrations from AAS
Concentration (mol/L) Concentrations (ppm) Filtration
AgNOs D-Glucose Before filtration After filtration  efficiency (%)
0.50 1.00 49,370 41,270 83.6
0.75 1.00 72,730 71,870 98.8
1.00 1.00 91,600 88,470 96.6
1.50 1.00 157,600 128,600 81.6
2.00 1.00 191,700 106,100 55.4
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Based on the initial findings of CSNPs
preparation, we expected that 0.75 M of
AgNOs, 1.00 M of D-glucose, and
1.8%wi/w of PET: EG ratio would provide
the most suitable CSNPs for blending with
polyethylene and produce satisfactory
antibacterial activity. Fig. 5 shows the

presence of CSNPs in the polyethylene
matrix with various concentrations of
AgNPs in polyethylene. Because of the
higher AgNPs concentration in the
polyethylene, the gray color is more visible
than white. This characteristic appears to
be the same for the pellet or sheet.

Fig. 5 The blending of CSNPs in polyethylene with various AgNPs concentrations;
polyethylene pellet (left) and polyethylene sheet (right), A) = 0 ppm, B) =50 ppm, C) =
100 ppm, D) = 200 ppm, E) =500 ppm, F) = 750 ppm

The counting of viable microorganisms
was carried out by the plate count method
for testing the antimicrobial efficiency of
CSNPs, polyethylene  pellets, and
polyethylene sheets when blended with
CSNPs. After the incubation period, we

can count the colonies by comparing the
control  sample  (without  AgNPs
concentration) and testing sample to
determine the antimicrobial efficiency
(%). Table 6 shows the results of
antimicrobial efficiency testing.

Table 6 Antimicrobial efficiency of colloidal silver nanoparticles and blending in

polyethylene
AgNPs Concentration Antimicrobial efficiency (%)
(ppm) CSNPs PE pellet PE sheet

1 43.5 NA NA

5 83.5 NA NA
10 98.4 NA NA
25 100 NA NA
50 100 87.6 65.9
100 100 91.1 72.2
200 100 94.6 81.7
500 100 97.7 90.3
750 100 99.7 96.7

NA is meaning of “not analysis”
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The antimicrobial efficiency (%) of
CSNPs is  98.4% when  AgNPs
concentration is only 10 ppm. The
inhibition of polyethylene pellets is 94.6%
when blended with CSNPs at 200 ppm of
AgNPs concentration. Because particles
embedded within the pellet reduce the
silver ~ nanoparticle  sites, higher
concentrations of AgNPs are required.
The blending of CSNPs into the
polyethylene sheets requires AgNPs
concentration of up to 750 ppm for
inhibition of 96.7%. The blending of
CSNPs in polyethylene requires a high
AgNPs concentration to achieve the same
high levels of antimicrobial efficiency.

Although  increasing the  AgNPs
concentration results in higher
antimicrobial efficiency, an inhibition

level greater than 90% is acceptable in
most studies. Many reports have been
published on the antimicrobial efficiency
of AgNPs. For example, the Ag*
concentration in  silver-infused lignin
nanoparticles required for high
antibacterial efficiency is 20 ppm, leading
to a 94% inhibition. Likewise, the use of
500 ppm of AgNPs on polyester surfaces
prevents bacterial growth and biofilm
formation on polyester surfaces [19],[20].
The inhibition efficiency depends on the
physiological interaction between silver
and microbial by involving adsorption and
accumulation of microbial cells and
cytoplasmic membrane contraction or
detachment from the cell wall. As a result,
DNA molecules condense and lose their
ability to replicate when Ag ions
penetrate. Silver ions also interact with the

S-H boundaries of proteins, blocking and
inactivating them [8]. Although the
applicability of AgNPs in polyethylene in
this study is less emitted when compared
to lignin nanoparticles. However, the use
of AgNPs concentrations in this research
is similar to that of other studies.

4. Conclusion

Using PET oligomers as a
stabilizer for CSNPs synthesis, the CSNPs
showed colorless with varying AgNPs
concentrations in the range from 41,270 to
106,100 ppm, and the sizes of the AgNPs
from 36 to 183 nm. The suitable
conditions can be synthesized by the
AgNPs in a colloid with the smallest size
of approximately 42 nm and a
concentration of 71,870 ppm. In testing of
antimicrobial efficiency, CSNPs showed
an antimicrobial efficiency of more than
95% using the AgNPs concentration of 10
ppm, while polyethylene pellets and
polyethylene sheets blended with CSNPs
used the AgNPs concentrations of 200
ppm and 750 ppm, respectively. The
incorporation of AgNPs into polymers can
add new functionalities, making it an
attractive alternative to medical or
packaging applications. In particular, its
use as a filler in polyethylene has attracted
a lot of attention due to its wide range of
applications in daily life.
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Abstract

Due to the current crisis of increasing petroleum fuel prices and problems
concerning global warming, cassava starch is used as a low-cost carbon source for ethanol
production. Several studies suggested that fungal amylase could be the biochemical
solution for transforming polysaccharides into simple sugar. Therefore, the objective of
this study was to investigate and characterize the highly efficient amylase-producing
fungal isolates that hydrolyze cassava starch to sugar. The four hundred twenty-one (421)
isolates of filamentous fungi were tested for their ability to digest 2% soluble starch using
an agar plate assay. Among these 421 isolates, 72 fungal isolates exhibited a clear zone
diameter in 7 days. All 72 fungal isolates were also tested for their ability to digest 2%
cassava starch on agar plates. Four isolates, including 1-5, 13-3, 21-3, and 5-3, had the
largest clear zone sizes (> 10 mm). They were identified as Taralomyces macrosporus,
Penicillium sp., T. flavus, and Penicillium sp., respectively. The partial sequencing of
internally transcribed spacer (ITS) regions was performed for the selected fungal isolate.
The resulting T. flavus 21-3 gene sequences were deposited in GenBank under the
accession number OQ184710. The sugar liberation was performed in a medium
containing 2% cassava starch broth. The results showed that T. flavus 21-3 demonstrated
the highest efficiency, with a maximum reducing sugar concentration of 5.14 g L™ and
an enzyme activity of 0.37 U mL™. After 7 days of incubation at 30 °C and growth in a
medium containing cassava starch with a pH of 7.5, the culture exhibited high levels of
enzymatic activity. These results implied that T. flavus 21-3 has the ability to produce
amylase and could digest cassava starch into sugar, which is advantageous for industrial
applications and warrants further research.

Keywords : Amylase; Cassava starch; Filamentous fungi; Hydrolysis; Selection

* Corresponding Author. Tel.: +66 3524 5888, E-mail Address: kchutima@aru.ac.th


mailto:xxxxx@rmutp.ac.th

RMUTP Research Journal Sciences and Technology, Vol. 18, No. 2 (2024) 17

1. Introduction

Thailand is a tropical country with a
rich biodiversity of plants, animals, and
microorganisms. Since the 1928 discovery
of penicillin from Penicillium notatum,
fungi have been regarded as a goldmine
among microorganisms. The study of fungal
bioactive compounds was conducted. The
most common producers of bioactive
compounds are ascomycetes (Aspergillus,
Penicillium, and Fusarium) and imperfect
fungi [1]. Many researchers reported that
fungi are able to produce many bioactive
substances such as alkaloids, antibiotics,
camptothecin, enzymes, podophyllotoxin,
and taxol [2]-[7], which have valuable
potential applications in the chemical,
pharmaceutical, food, agricultural, and
biofuel industries.

Cassava (Manihot esculenta) is
thought to be Thailand’s most important
economic crop. Planting has increased in
Northeastern, Central (including Eastern),
and Northern Thailand. In 2020,
Thailand’s total cassava plantation area
was 9.4 million rai, and its annual
production was approximately 29.0 million
tons [8]. Cassava roots are utilized
commercially for food, paper, glue, and
ethanol  production.  Ethanol  has
demonstrated the ability to substitute
traditional fossil fuels with the added
benefits of renewability, non-toxicity, and
clean consumption. Currently, cassava
starch is used as a renewable carbon
source alternative to sustain ethanol
production. In addition to allowing
enzymes to digest starch into sugar,
cassava starch also enables filamentous
fungi, which can produce a-amylase and
glucoamylase, to digest starch into sugar.
The filamentous fungi Aspergillus niger,
A. oryzae, A. kawachii, Curvularia lunata,

and Thermomucor indicae-seudaticae
have been studied for their ability to
produce a-amylase and glucoamylase [9]-
[13]. Screening filamentous fungi that
could effectively produce a-amylase and
glucoamylase has greater industrial
benefits.

Amylase is a group of hydrolases
capable of digesting starch by cleaving the
glycosidic bond. This enzyme is divided into
two important groups, namely glucoamylase
and a-amylase. Glucoamylase (a-1,4-glucan
glucohydrolase, amyloglucosidase, EC
3.2.1.3) produces glucose residues by
continuously cleaving o-1,4 glycosidic
bonds from non-reducing ends of amylose
and amylopectin, whereas a-amylase
(endo-1,4-a-D-glucan  glucohydrolase)
randomly cleaves a-1,4 glycosidic bonds
within the linear amylose chain [14]. In
general, they are used extensively in the
food, bakery, brewing, detergent, and
textile industries, particularly in alcohol
production factories [15]. Recently,
Beltagy et al. [16] reported that A. flavus,
an amylase-producing fungus, was
selected according to the formation of a
clear zone. The enzyme produced from
this fungus was utilized in bioethanol
production. In addition, Kalia et al. [17]
reported that Trichoderma reesei was able
to produce a-amylase from starch effluent
obtained from the textile industry. This
enzyme can also be utilized during the
desizing process.

The main objective of the present
study was to identify and characterize
filamentous fungal isolates with a high
ability to produce amylase enzymes for
digesting cassava starches into sugar using
plate assays. Based on the zone of
inhibition, potential isolates were selected
for assessment of enzyme production
using cassava starch as the raw material.
The optimization of enzyme production
was investigated.
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2. Research Methodology

2.1 Preparation of materials
Fresh cassavas, a 12-month Kasetsart

University (KU) strain, were washed,
peeled, and cut into small pieces before
being exposed to sunlight for 1-3 days to
allow them to dry thoroughly. The cassava
chips were then ground down and sifted
through a 150 pm mesh screen. Cassava
starches had to be kept in a clean and dry
container for further study.

The cassava starches were prepared
for moisture analysis according to Thai
Industrial Standards TISI No. 52, method
number 6.4. The percentage of starch was
then determined using the color method
[18]. This flour was used as the substrate.

2.2 Cassava starch hydrolysate from fungi

The 421 isolates of filamentous fungi
were preserved in the Pathogenics
Department, Faculty of Agriculture,
Kasetsart University. All of them were
isolated from plant debris in different
locations in Thailand. The soil dilution
plate method, soil plate method, alcohol
treatment method, and heat treatment
method were used to separate the fungi. All
active fungal isolates were placed on
potato dextrose agar (PDA) plates,
incubated at room temperature for 7 days,
and then pierced with a 5 mm sterile steel
borer. Each mycelial plug was placed in the
middle of a 2% soluble starch agar plate,
incubated at room temperature for 7 days,
and then flooded with iodine solution (2 g
iodine, 2 g ammonium sulfate and 300 ml
deionized water). Only the clear zone size
was measured with the vernier caliper,
excluding the fungal colony.

The ability of fungal isolates to
hydrolyze soluble starch was evaluated using
cassava starch. The mycelial plug of each
selected fungus was placed in the middle of
a 2% cassava starch agar plate and then
incubated at room temperature for 7 days.
Only the clear zone size was measured using
a vernier caliper. All experiments were
done in triplicate, and the results were
expressed as the average + SD.

Fungi capable of producing a clear
zone on the cassava starch were collected
for the starch digesting test with a 2%
cassava starch broth medium. Each fungus
was cultured on a PDA at room
temperature for 7 days. Five mycelial
plugs of each fungus were taken using a 5
mm sterile steel borer and inoculated into
a cassava starch broth medium. The
culture broth was placed on the rotary
shaker with a shaking speed of 130 rpm at
room temperature. After 7 days, the
samples were collected, and the enzymatic
activity was analyzed. An amount of
reducing sugar was determined using the
Nelson-Somogyi method [19]. Each
experiment was performed in triplicate.

In the current study, the effects of
important factors on amylase production
in shake flask cultivation were evaluated
using the one-factor-at-a-time technique.
These factors were pH, temperature, and
incubation period. The experiments were
done in a cultivation medium consisting of
2% cassava starch with an initial pH of
7.0, which was then sterilized by
autoclaving at 121 °C for 15 min. To
facilitate the digestion of cassava starch,
each selected fungus was cultivated in
sterile media for 7 days at room
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temperature with a shaking speed of 130
rpm. In the specific experiments of one-
factor-at-a-time  optimization, various
levels of each target factor were
considered, such as pH (5.0, 5.5, 6.0, 7.0,
7.5, and 8.0), temperature (26, 28, 30, 32,
and 34 °C), and incubation period (6, 7, 8,
9, 10, 11, 12, 13, and 14 days). Each
experiment was performed in triplicate.

2.3 ldentification of fungi

The morphological characteristics
of the colonies were determined using the
method described by Manoch et al. [20]
and Domsch et al. [21]-[22]. Growth
pattern, color, and texture on different
media, such as malt extract agar (MEA),
Czapek’s agar (CZA), Czapek yeast
extract agar (CYA), and oatmeal agar
(OA), were observed for 7 to 14 days at
room temperature. The diameter of
colonies was measured in millimeters,
most effectively by transmitted light and
from the reverse side. Microscopic
characters were examined on a slide
preparation using sterile distilled water
and lactophenol as mounting media and
observed under a light microscope.
Camera lucida drawings were employed.
Photomicrographs of the fungal structure
were taken under stereo, light, and
scanning electron microscopes.

The identification of a selected
fungus was confirmed using molecular
techniques and ITS primers. DNA was
extracted from young mycelia using a
modified Murray and Thompson method
[23]. The universal primer pairs ITS1 and
ITS4 were wused for ITS gene
amplification [24]. The PCR reactions

were conducted on a thermal cycler, and
the amplification process consisted of
initial denaturation at 95 °C for 5 min, 34
cycles at 95 °C for 1 min (denaturation),
at 55 °C for 1 min (annealing), and at 72
°C for 1.5 min (extension), followed by a
final extension at 72 °C for 10 min. The
PCR products were examined by agarose
gel electrophoresis (1% agarose with 1X
TBE buffer) and visualized under UV
light after staining. DNA sequencing
analyses were performed using the
dideoxyribonucleotide chain termination
method by Macrogen Inc. (Seoul, South
Korea). The DNA sequences were edited
using the FinchTV software, submitted to
the BLAST program for alignment, and
compared to those of fungal species in the
National Center for Biotechnology
Information (NCBI) database
(http://mww.ncbi.nlm.nih.gov/).

2.4 Analytical methods

The sugar concentration was
determined using the Nelson-Somogyi
method. The high sugar concentration was
diluted with distilled water until the
optical density was in the range of 0.1 to
1.0, measured at a wavelength of 520 nm.
The sample sugar concentrations were
compared to the glucose standard.

The analytical enzymatic activity
was described by Saleem and Ebrahim
[14] with modifications. The reaction
mixture, consisting of 1 ml of 2% soluble
starch in sodium acetate buffer (pH 6.0)
and 1 ml of crude extract, was incubated
at 40 °C and left to stand for 30 min. The
amount of reducing sugar was determined
using the Nelson-Somogyi method and
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spectrophotometrically measured at a
wavelength of 520 nm. The results were
compared to the glucose standard curve.
One unit of amylase activity is defined as
the amount of enzyme necessary for
releasing 1 pmol of glucose under
optimized assay conditions.

3. Results and Discussion

3.1 Soluble starch hydrolysate from
fungi

The best of the 421 isolates of
filamentous fungi, including 23 genera and
32 species, were tested with 2% soluble
starch by inoculating the center of a soluble
starch agar medium and incubating it at
room temperature for 7 days. The results
showed that 72 isolates were able to digest
soluble starch, with three isolates (21-3,
13-3, and 5-3) producing a clear zone
larger than 20 mm, 10 isolates producing a
clear zone between 10 and 20 mm, and the
rest producing a clear zone smaller than 10
mm. The isolate 21-3 produced the largest
clear zone at 42 + 2 mm. The clear zone
after flooding with iodine solution is
shown in Fig. 1. Yuwa-Amornpitak [25]
reported that the largest clear zone of
0.1% starch agar at pH 4 and subjected to
the culture filtrate of Rhizopus spp.
isolated from look-pang (a traditional Thai
fermenter) measured 57 mm. In addition,
166 fungal isolates obtained from 12 look-
pang-khao-mak samples were screened
for their ability to hydrolyze starch.
Among these, 37 isolates of filamentous
fungi showed a hydrolysis capacity within
the 10-11 mm range. The results revealed
that these fungi were able to produce the
starch-degrading enzyme [26]. The
screening of endophytic fungi for amylase
production was proposed by Sunitha et al.
[27]. Out of 30 endophytic isolates, only

seven isolates demonstrated amylolytic
activity on solid media. Among these
seven isolates, Cylindrocephalum sp. (Ac-7)
showed the largest clear zone. In 2014,
Saleem and Ebrahim [14] reported that out
of 46 fungal isolates, eight isolates
(17.39%) exhibited high amylase activity,
27 isolates (58.70%) exhibited moderate
activity, and the rest (23.91%) exhibited
low amylase activity. Among these fungal
species, A. niger and Rhizopus stolonifer
were the most active in producing
amylase. The screening of amylase-
producing microorganisms was also
proposed by Zhou et al. [28]. After
placing the crude enzyme solution on a
soluble starch plate and allowing it to
incubate overnight, the iodine solution
was flooded. The largest clear zone size of
the starch hydrolysis was selected to
determine amylase activity. The results
showed that the amylase-producing
activity of fungal isolate M8 was not
significantly different from that of
bacterial isolate A-1, with an average of
1.50 U mL™.

On the other hand, by classifying the
fungi above using the method of Manoch
et al. [20] and Domsch et al. [21]-[22], the
72 isolates that produced clear zones on
2% soluble starch and enzymes capable of
digesting starch into sugar were the
following: 16 isolates of A. niger, three
isolates of C. lunata, seven isolates of T.
flavus, 10 isolates of Scytalidium
thermophilus, five isolates of Rhizomucor
pusillus, and 31 isolates of unidentified
species due to being sterile fungi. Sattar
Qureshi et al. [29] proposed that amylase
production was carried out by various
fungal  species, including  Mucor
geophillus, A. niger, A. fumigatus, P.
lilacinum, and a mixed culture (A. niger +
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A. fumigatus). The results showed that the
maximum production of a-amylase (1.36
U mL™?) was produced by A. fumigatus
when grown at 31 = 2 °C for 168 h in the
medium without glucose. The fungal
species, namely  Aspergillus  sp.,
Chaetomium sp., and Penicillium sp., also
showed high amylolytic activity when the
clear zone diameter on the plate was
evaluated [30].

Fig. 1 Clear zone on 2% soluble starch of
filamentous fungi, after incubation at
room temperature for 7 days and then

flooded with iodine solution.
3.2 Selection of starch
hydrolyzing fungi

Seventy-two isolates of fungi that
can digest soluble starch were tested for
their ability to digest 2% cassava starch on
an agar medium incubated at room
temperature for 7 days. The test was
repeated three times before measuring the
clear zone size. It was found that only 18
isolates were able to digest cassava starch
and soluble starch (Table 1), whereas the
remaining isolates could only digest
soluble starch but not cassava starch. A
reason for this might be that cyanogenic
glucosides remaining in cassava starch
dominated the digestion of fungi. Senn
and Pieper [31] reported that cassava was
toxic due to more than 2.80 g kg? of the
cyanogenic glucoside.

cassava

Table 1 The fungal isolates produced a
clear zone in the 2% cassava starch agar
medium.

Fungal Identification Clear zone
Isolation (mm)
21-3 Talaromyces flavus 35+3
5-3 Penicillium sp. 13+3
13-3 Penicillium sp. 12+1
1-5 Talaromyces 10+1

macrosporus

2.2-1 Aspergillus fumigatus 61
5-2 Aspergillus flavus 61
10-1 Eupenicillium sp. 61
5-2-8 Aspergillus sp. 61
13-4 Humicola sp. 61
12-1 Mycelium hyphae 5+1
10-3 Aspergillus terreus 5+2
16-3 Penicillium sp. 51
2-1 Aspergillus niger 4+0
2.1-8 Aspergillus sp. 4+1
1-1 Talaromyces flavus 4+0
15-2 Eupenicillium parvum 310
11-2 Penicillium sp. 2%0
11-2-18 Aspergillus sp. 1+0

It was found that the following
filamentous fungi, A. niger, A. oryzae, A.
kawachii, C. lunata, and T. indicae-
seudatica, could produce a-amylase
enzyme and glucoamylase [9]-[13]. A.
niger was also found in the 2-1 isolate;
however, the 2-1 isolate could only
produce a clear zone of 4 £ 0 mm during
cassava starch digestion. It was
determined that fungi capable of
producing a clear zone larger than 10 mm
had a high level of performance. The 21-3
isolate of T. flavus (Fig. 2) produced a
clear zone that was greater than 35 £ 3
mm, outperforming all other isolates in
this experiment. The gene sequence was
deposited in GenBank under the accession
number OQ184710. The 5-3 isolate of
Penicillium sp. could produce a clear zone
of 13 + 3 mm. The 13-3 isolate of
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Penicillium sp. could produce a clear zone
of 12 £ 1 mm, and the 1-5 isolate of T.
macrosporus could produce a clear zone
of 10 £ 1 mm.
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Fig. 2 Taralomyces flavus 21-3, (A)
Growing on PDA medium for 14 days;
(B) Spores pictured under a scanning
electron microscope and (C) Camera
lucida drawings of T. flavus, (a) asci and
ascospores, (b) ascospores and (c)
ascomatal initials.

3.3 Selection of fungi digested cassava
starch to sugar
Four fungal isolates, 21-3, 5-3, 13-

3, and 1-5, were tested for their ability to
digest 2% cassava starch broth with a
shaking speed of 130 rpm at room
temperature for 7 days. The Nelson-
Somogyi method was used to determine
the amount of sugar and enzymatic
activity in the aliquot. The results showed
that T. flavus 21-3 was able to produce a
reducing sugar of 514 g L from the
digestion of cassava, and its enzymatic
activity was 0.37 U mL? (Table 2). As a
result, the 21-3 was selected for further

studies. In 2003, Peixoto et al. [32]
studied the effect of various carbon
sources on the growth and amylase
activity of R. microsporus var.
rhizopodiformis. The results revealed that
this fungus produced high levels of
amylolytic activity at 45 °C in a liquid
medium  supplemented with starch,
sugarcane bagasse, oatmeal, or cassava
flour. Cassava starch and other carbon
sources, such as soluble starch, potato
starch, and corn starch, have also been
reported as effective substrates for
glucoamylase production. At the end of
fermentation, glucoamylase production by
the yeast Saccharomyces cerevisiae,
which contained wild-type glucoamylase
cDNA from A. awamori, was 4.90 U mL™
in cassava starch medium, 8.30 U mL in
potato starch medium, 7.00 U mL? in
soluble starch medium, and 2.70 U mL™*
in corn starch medium [33].

Table 2 Digestion of 2% cassava starch
broth to sugar by fungal isolates.

Clear Enzymati Reducing

Fungi zone  Cactivity sugar

(UmL?) 1

(mm) @gL?
T. flavus 21-3 35+3 037+£0.01 514+0.04
Penicilliumsp.5-3 13+3 0.24+0.01 2.88+0.02
Penicilliumsp. 13-3 12+1 0.21+£0.00 2.38+0.02
T.macrosporus1-5 10+1 0.13+0.00 1.00+0.01

3.4 Optimal conditions for digesting
cassava starch to sugar

T. flavus 21-3 was examined under
various pH, temperature, and incubation
conditions, and the results revealed that
the most suitable conditions for starch
digestion were insemination in cassava
starch broth with an initial pH of 7.5, a
temperature of 30 °C, and an incubation
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period of 9 to 14 days (Table 3). However,
the cassava starch broth may become dry
if digestion is allowed to continue for too
long. Yuwa-Amornpitak [26] used fungi
isolated from look-pang and the yeast S.
cerevisiae to produce ethanol from cassava
chips, and it was found that Rhizopus fungi
could be isolated from 10 isolates of look-
pang. The study also discovered that after 72
h of incubation, Rhizopus sp. #3Su could
produce the highest amount of sugar at
25.90% from a source containing 6%
cassava. Regarding the incubation period
of 24 h, a fermentation of the Rhizopus sp.
#3Su co-culture with the S. cerevisiae
yeast could produce 14.4 g L of ethanol
from a source containing 6% cassava.
Kunamnemi et al. [34] discovered a
suitable environment for the
thermotolerant  fungus,  Thermomyces
lanuginonus. Using wheat and allowing it
to incubate for 120 h at 50 °C, 90%
humidity, pH 6.0, a salt concentration of
1.5:10 (v/w), and a bran weight ratio of
1% (w/w) could facilitate the production
of amylase enzyme at a maximum of 534
U g*. Moreover, Ray [35] reported the
results of using two fungi, Botryodiplodia
theobromae and R. oryzae, to digest a
medium source containing 2% cassava
incubated at 30 °C and pH 6. It was found
that the amylase enzyme could be
produced at 3.30 and 3.80 units,
respectively. The results also
demonstrated that adding ammonium
acetate and ammonium nitrate to the
medium source (subjected to a 2-L
fermentation container) could produce a
higher amount of enzymes at 4.80 and
5.10 units, respectively.

Table 3 Digestion of 2% cassava starch
broth to sugar by Taralomyces flavus 21-3
at different factors.

Factors Enzymatic
activity
(UmL?)
pH
5.0 0.02+0.00
55 0.04+0.01
6.0 0.04+0.01
6.5 0.03+0.00
7.0 0.04+0.00
7.5 0.58+0.02
8.0 0.04+0.01
Temperature (°C)
26 0.01+0.00
28 0.18+0.01
30 0.47+0.00
32 0.17+0.01
34 0.18+0.01
Incubation period (Days)
6 0.01+0.00
7 0.04+0.00
8 0.06+0.01
9 0.26+0.01
10 0.17+0.00
11 0.24+0.01
12 0.37+0.01
13 0.33+0.00
14 0.40+0.00

*pH and temperature of cassava starch
hydrolysate were incubated for 7 days.

When exposed to a new fungal
isolate with a high amylase production
efficiency, A. flavus, isolated from soil in
Syria, could produce a large number of
enzymes at pH 5 and a temperature of 50
°C [36]. Aspergillus sp., isolated from
seeds, is highly effective at producing
amylase and could efficiently produce
enzymes by fermenting a mixture of wheat,
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soil, oil, and branina 1:2:2 ratio [37].
According to research on thermotolerant
fungi with high efficiency, soil-isolated
Penicillium rugulosum could produce a
significant amount of amylase when
incubated for 3 days in a carbon source
containing galactose at pH 7.0 and a
temperature of 57 °C [38]. A. flavus,
isolated from Indian soil, could produce
amylase when incubated at pH 6.0 and 30
°C on a Cocos nucifera substrate [39].

It is evident that screening and
selecting amylase-producing fungi that are
able to efficiently digest cassava starch into
sugar will be beneficial to industries.

4. Conclusion

The screening and selection of 421
filamentous fungi capable of efficiently
digesting cassava starch into sugar found
that 18 isolates could digest 2% cassava
starch. Among the 18 isolates, only four
isolates produced a clear zone with a
minimum of 10 mm. T. flavus 21-3
produced a larger clear zone of 35+ 3 mm
than other species. The maximum amount
of reducing sugar was 5.14 g L, and the
enzymatic activity was 0.37 U mL™.
When subjected to the 21-3 isolate, it was
found that fermentation of 2% cassava
starch for 9 to 14 days at 30 °C and pH 7.5
provided the most suitable conditions. For
the digestion of cassava starch by this
fungus, our findings suggest that nutrient
components such as initial carbon
concentration, nitrogen sources, and
growth factors should be optimized. In
addition, large-scale amylase production
should be further studied to confirm the
efficiency of T. flavus 21-3.
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Abstract

For the current design of the chassis of a trailer, the chassis is determined as a simply support
beam for ease of estimating the bending moment arising from the payload. However, the value of
the bending moment estimated by such method is greater than the actual value. According to this
issue, this paper therefore proposes an alternative equation that can be used to more accurately
estimate the bending moment in the chassis. The equations are created based on three-moment
equation and used to analyze the bending moments and bending stresses that occur in the chassis,
presented through a case study. The results obtained from the equations are compared with the
results obtained from the finite element (FE) model to confirm the validity of the equations. The
comparison results show that the results calculated with the equations created are no more than
5% different from those of the FE model. Therefore, the equations developed in this research are
reliable. In addition, the case study shows that the maximum bending moment value calculated with
equations in this research was 31.9% less than traditional calculations. When such bending moment
value is taken into the consideration for selecting the cross-sectional size of steel for making chassis,
it resulted in a 17.9% reduction in the weight of the chassis. Therefore, using the equations developed
in this research, the designed chassis has lower weight and production costs compared to traditional

designs.

Keywords : Trailer chassis; Continuous beam; Bending moment; Three-moment equation
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Abstract

This paper presents the direct conversion of the three-phase AC input to the three-phase AC
output without the DC Link which the converter is called the Matrix Converter. This converter is
using the 9-units of bidirectional switches, IGBT-Power Diode. The converter is converting a
constant utility three-phase sinusoidal supply voltage and frequency into a variable output voltage
and frequency through alteration of the frequency and modulation index of the SPWM signals used
by the converter. A mathematical approach is initially applied to describe the principle of the
Matrix Converter. Moreover, the voltage and current waveforms, the efficiencies, the harmonics
analysis and the total harmonics distortion (THD) of the output side and input side of the voltage
and the current waveforms are observed at several the output frequencies which the switching
frequencies of the SPWM are adjusted for the performance evaluation of the converter. The

simulation results of this converter are observed by the MATLAB/Simulink program.

Keywords : Matrix Converter; AC Converter; Bidirectional Switch
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Abstract

The Artificial Bee Colony Algorithm is one of the metaheuristic with excellent performance and
simple implementation. But it is well known that a metaheuristic approach is required to optimize
the algorithm's parameters. Therefore, this research aims to use the response surface methodology
for analyze the optimal level parameters of the artificial bee colony algorithm for continuous variable
benchmark problems. To carry out this research, a 3 factorial experimental design was used, with
the design parameters consisting of iteration, number of population, and limit. After that, the
experimental table was used to collect data, and the data obtained from the experiments was
analyzed by the response surface methodology. From the results of the data analysis, it was found
that the main effects resulting from the level change of the three parameters, the interaction effect
of the bee population and the limit, and the quadratic model were statistically significant at 0.05 (P-
value <0.05). The final step was to run the regression model for finding the parameters that resulted
in the best answer. The results of the regression model analysis revealed that the optimum
parameters of the Artificial Bee Colony Algorithm to solve continuous variable mathematics functions

should be set at iteration, bee population, and limits of 900, 40 and 90, respectively.

Keywords : Artificial Bee Colony; Response Surface Methodology; Metaheuristics
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i=1...N,j=1..D
Tl
X = {57 jth vestanugdud ith
x;“"‘ - YoulmATRIITImes AT jth
X —YUIAUUYEINSITADS AT jth

A = Wuduavasilui 0, 1]
N = §1usuiany
D = ffvesdymnsmannuizay
Wonvnil fatun1sazdi (AC) veskany

WAz N IdRlutuneull

oV - YOI

- ) g

E ) o . . s it w
€ Fsuvdmwsilimansouulgald

.
&, ~ -7 Hsdunansol
fadnsaa

JUT 1 nszuaunsmemsvesiisluaalngi

Useg [9]
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2.2 Jupeuieay (Employed Bee Phase)

Tudunouinalansyaluuasgnasiady
dmsuilanuunayi Weduanaaasvesiany
azgndnaenludnataaslumg (V; = X;) 2ty
Swanamnsfiwesvewaiaasiiisifiielagly

Aunnsi (2)

Vii=X; +¢(Xi,j —Xi)
ILke{l2,...,N}, 2
je{L2,...,D} and i =k

Taoii

V,; = A jth vesnaiaaelvadiud ith
X | = G437 jth vesianuddud ith

X j= fA9 jth vesanugdud kth

¢ = ﬁammejﬂuﬁaq [-1, +1]

N = $runmiany
D -

HAvealgymnIsmaningauy

uananil wawaasddudl k wardifves
Jymidl | asgnauidenaindseainsiunay
sevnauadfvesdym auddu

wé’qmm?fwaLaaaﬂqmimigﬂagml,azﬁmm
ﬂ"WTqﬁ%’ui’mqﬂizadﬁl,awwzé’w%’uﬂzymLLaya A
AN ANYRIANADY (Fitness value) YBINA

\RALYAIVY UAZNALRAVDIHIUILYNATIINA

) 1 if (f,>0)
fit. =<1+ f, (3)
1+abs(f) otherwise

JGEN
fit, = AAanumngauveIrnaUVBIRINIUAIAY
7l ith

f, = anlanduinguszasnvesianudidud ith

WNATAMIITIIEaNTesARau NN
AR AL TBIFABUTDIH 1971 ﬁamu%gm
wnuiimonaLRagveeial (V; = X;) wazaldu
nsagiie (AC) vesRsuazgnTudm aluidulumy

Waulell fTunisasieasindu 1 (AC =AC +1)

) £ o ¢

2.3 YuUndUNIdNanN13ad (Onlooker Bees
Phase)

ludaneiNnue unidaui sUseayg A9
dunan1sauaazilaziiendsnuiieuiuusang
wae lun19aeniaglienaIuAIANUNNZ ALY
° . &£ Yo <
AMOU (Fitness value) ¥03ds31u aglyrtagian
(Roulette wheel) B4@3199n&1N15% (4)

D fit, @

-
> fit,
j=1

Taed
P = Anuuiaziduvestisnuddud ith fazgn
BenlagladganmanIsal
Iagf ladanan1sungre Il SuUianag
X Ao oA ¥ ~ !
LWAYRINIUN ARG ENU AL lYENNTA (2) nAn
ANILYUIZAUYDIAINBULNUTA NUANINTAIAIY

WU ENYDIAINDUYDIN 191U HIFUNANITOU AL

a s o

Wasuluui ey wagsidndnfunisazfia (AC)

v v '
v a a

Yasranualideuliiidunisas Neasinudy

v v
& o s =

1 (AC = AC+1) Tngaguuad Headunnnisauasiie
uaglyaunisideidulunisaunilaesey

(Exploitation) USLIQUUNAIDINTS

2.4 YUNDUNIE1579 (Scout Bee Phase)

LK

ftuNITarig (AQ) YDINIIIUNINUA QN

KV

maaaa‘umaﬁaLaﬁuéi"jﬁmumimaQimwé“aﬂa%ﬁm

AofUsTATiA (Limit) Henudsluanansausuuss
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naLaagnluauedlaaunsytafatunsasiia (AC)
§adasrda (Limit) aznanerduisdrsas Tnefinis
asenaand MUl sdsaarluaunisi (1) was
é’aﬁ’umiaz'ﬁyﬁ%gﬂ%ﬁm n&sniduilsdnsads
asnwaaasluydudusisiuesasiuasuuduia
udneds fady Hedrseludanesfiuenaninauil
Ussﬁwﬁﬁaﬂyaaﬂ“uqumﬁ'ﬂ (Stagnation) @4
Usznshaanuy

Infes ey fannslnavessane3iu
aﬁmwﬁﬂuﬁﬂﬂizﬁwéiﬁgﬂLLaméﬁgUﬁ 2

Gudiu
b = W
YunauEuiy ]
| qusernaduiu P = DX, Xy, Xge, Xy} Taelfaumsd (1) |

b &
VUADUHIINUY 1

| amareUiulplvinasia v, gnafalanldaunisii (2) |‘
¥

| nsranvuarlFussrnuasiuuslioglutng LB waz UB |
¥

| ymswudieu v, fu X fildainaunisd (3) uen@ensiiinh |

£ & w «
VUADURIFWNANTITI lv

afserunianiilunsgnianaasienu p, lasaumsi @)

¥
fraBaananuinezdu p,, v, Twal graialanldaunisi (2) |

¥
| naanuuarFulssinuasiuuTlviogluts LB was UB

¥
mawIsudiou V, fu X, fildanaunmst (3) wandendafiting
T

b & e
Funaurads
laily m
19

| wawaay X, luignaialasldaunmsii (1) |
I

r Laily
wurdaulumsau

14
e

| LLﬁﬂﬂﬁ’lﬂlaLﬂ'ﬂﬂi’\ﬂ'ﬂﬁWﬁWU |

JUN 2 fsn1sivavesdanesfivenaniiauiausshivg

3. ASNURINBUAUBIFMTUNITNIAIN
LRUNSAUVDINIEUIUNIT (Response
surface methodology for process

optimization)

FFNuRmavausnduISnInead fnas
5

NAEAAIFNST ATIVABUAINNAUNUTTENRI4

WITILLABINTZUIUATOUNA WavAIuUsnng

v
=]

nevaues Lomna) 151 laTunisuuziilag
Montgomery [21] Feflufmovaues (RsM) lynns
genuUUMIAaILEdULi AN s Uaues
fiffian A5di0uIsnsivelunswam Uiuuss
wazUfumsiinesnszuIumsinzal Yuneu
N1500NLUUTBIT 5 W UT1mOUAUDY (RSM)
Usznoumetunounalud 1. N1900NLUUYANIT
VAABY 2. AISFNUALUURIABIN1IAEIRAIERST
mm:auﬁqm 3msmmﬁﬁamimaaﬁimmzau
ﬁ'a‘mLﬁ'aa;’mmmauauaaqaaﬁmw?am&wqm q.
WARINANSENUVAN (Main effect) WAZHANTENUTIY
(Interaction effect) U9IAILUINTZTUIUNITUAY

NURINDUFUDY

4. 35aHUN15I8
4.1 AM59NLUUNIINAADILLASNANTITNNADS
N1508NLUUNTNAGDILUULNANBLS8a 3
(3* factorial design) [22] gnoonuuuly Ay
wwswﬁma%maaé’aaa%ﬁummﬁmf@ﬂizﬁwﬁ%a
Usznaulunae wisaflimes 369 [19], [20]
wsimesiausnie soulunisiug (teration;
Maxiter) %‘;wzLﬂuﬁ’gﬁﬁﬂMumaﬂuqumyum
naLRasYedanesfiy luvasfinsfmesiiiiaos
azidu SruruUsErnsie (Number of Population;
NP) aziduiammuaUsznsuedislunise una
\aa8 uazdaamede dasiia Limit) Wuduusd
ﬁ']'WLmﬂ’liag‘ﬁﬁLL%Eﬂlﬂaﬂﬂﬁﬂiﬂﬁ]QﬁJu%@dﬁﬁdﬂuLLazﬁd
Funanisal i ovdud sdrsaalunisaumiumas
awnslvl Tueised Tasenisneassuazanseiu
ﬂaaﬁ"ﬂﬁ'ﬁmimwlmyqﬂLLamlaysLumiwﬁ' 1 A9
sanuuUMsNaaaslanadua 3¢ Falin1snaans 3

i LLa%Naﬁlﬂfmﬂﬂ’ﬁ‘ﬂﬂaaﬂLLﬁﬂﬂﬁﬂWﬁ’Nﬁ 2
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a9t 1 Jadenismnaeduazseiudady Avg.
” ” RUN Maxiter NP Limit
. seautady (Coded) Solution
Uadn

-1 0 +1 24 900 25 90 9.50735

soulunsaugn 100 500 900 25 900 40 10 9.44367
57u1uﬂi$?j’m§§ﬂ 10 25 40 26 900 40 50 9.51646
YA 10 50 90 27 900 40 90 9.52252

A5199 2 LUUNISTNABILNANDLSEA 35 WaTNanIs

12BN
Avg.
RUN Maxlter NP Limit

Solution
1 100 10 10 8.35364
2 100 10 50 8.26353
3 100 10 90 8.24138
4 100 25 10 9.32991
5 100 25 50 8.83608
6 100 25 90 8.98511
7 100 40 10 8.94659
8 100 40 50 9.48359
9 100 40 90 9.51797
10 500 10 10 9.22240
11 500 10 50 8.70006
12 500 10 90 8.74521
13 500 25 10 9.45969
14 500 25 50 9.48091
15 500 25 90 9.50506
16 500 40 10 9.32106
17 500 40 50 9.48359
18 500 40 90 9.52111
19 900 10 10 9.28512
20 900 10 50 9.26896
21 900 10 90 8.74521
22 900 25 10 9.50483
23 900 25 50 9.52193

4.2 Jymitldlunmmeaas

Tuendsed dnslewenduneadamans
siafuusaeidedilidudugy foindunadey
Tnananulnse (Goldstein-price function) a1n
aunsil (5) Fsdnvarvesteduaziduwuy Mult-

modal Taeiign Local optimum T113u3N Aeuans

v
a

Tugudl 3 Wisdunuimisdunisussgnaledsiuiy

v

ABUANDIMUNITUIAINITIN LB inzauluny

danasiiuenanilauraUsenvg

JUN 3 Wandunageulnanamulngy (Goldstein-

price function)

f(x,y)=10—log, [{1+ 1+ x +y)*
(19-14x+3x* —14y + 6xy + 3y}
*£30 + (2x — 3y)? (18 - 32x

+12x% + 48y —36xy + 27y*)}

(5)

wpsiuls: —20< x<20: —20< y <20
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HARauNATER:

5. ANSIATIZHNANISNARDY

5.1 AATLinsuINUaLYasdaya
NHANTYIAGDITDYARALRATIZg LY
3Lﬂi’]?u"vi".ll’]ﬁﬂ’liLL‘\]ﬂLLﬁN‘UEN‘UyEJl;IJaLﬂULLUUUﬂﬁ
(Normal distribution) wialsl il deulunis
3mexﬁ%a;4auwwqmm%ﬂ Nﬁﬂ’]ﬁLﬂi’l%ﬁ%@%ﬁ
waLaasiilnainnisnaasanuIeyalufinisuan
LmLLUUUﬂaLLamﬁﬂgUﬁ 4 faduismasiinaudas
%@Qﬁiﬂﬂag Johnson Transform aun1slunisiuas
YoyAkaTHAIINNISUUAI DY AUARIRagUT 5

wunveyangnuUasiinsuanuaItuuUni

Probability Plot of Response
Normal

Percent

8.0 85 9.0 9.5 100 105 110

Response

E‘Uﬁ q Nami‘wmaaumanszmaﬁwawa;&awa

bIAYIINAIINNADN

Johnson Transformation for Response

Probailtiy Plot for Original Data

N at

100
o H AD s304
P-Valus 0005

P-Value for AD test
o

o= &

Probabiliey Plot for Transformed Data

(X-203884) /952300 - X))

[] i

JUN 5 aunsuagHansiuasveyaralag

5.2 ms%msq:ﬁ%’ayjaé’w%%‘ﬁuﬁ's
NAUFUDY

M9IATIENAULUTUSIU (ANOVA) 1iuds
fnalalalunisnsaedeutudfyuazauaninge
VBWUUTIADY mﬁmiwﬁmmLLUi‘Uiau%izqfh
wuudaestddesiignlunatudoddamieada
wisly sfamsivdeunansznundniiingnnis
WaBUsEAUYeetaTy LaZHANTENUIINTENING
Tadenildeddymeadfvdelunainnsiinsen
aunna1slusuil 6 uandlvifiuan voyaiily
ApseninisuanuasuuuUniuaziinisnszanea
suawymgjaam"’uama LAYHANITILATIZU AN
wUsUslumnssdt 3 wanddmdfiuvanlumardeaes
fifoddymeads duiusanunzauiunislynis
ARSI NUAIROUALSY UBNIINTLHANTENY
vidnuarransenuTInvestale flddyneadai
0.05 (P-value<0.05) uazfian Lack-of-Fit 0.687 &
1A 0.05 wazdian R = 73.52% wansiluinadl

ANULNUTELU

M15797 3 NFATITEANULUTUTIU

Source DF F-Value  P-Value
Regression 5 41.65 0.000
Maxlter 1 52.57 0.000
NP 1 17.79 0.000
Limit 1 18.52 0.000
NP*NP 1 19.68 0.000
P*Limit 1 38.55 0.000
Error 75
Lack-of-Fit 21 0.82 0.687
Pure Error 54
Total 80

R-sq 73.52%

R-sq (adj) 71.76%
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fwuunsanaeglaguszanalaeluswls

SPALANIFIAUNITN (6)

Solution_T = -2.092
+ 0.001303 Maxlter + 01224 NP

- 001757 Limit- 0.002454 NP2
+ 0.000911 NP*Limit

(6)

Normal Probability Plot Versus Fits

Percent
Residual

Residual Fitted Value

Histogram Versus Order

Frequency
Residual

EE 05 o0 ] 12 110 2 % 4 5 & 7
Residual ‘Observation Order
v

UM 6 AT IevaIunnAng

Tun1MIAINISITLABS 7 LNU T ALV
SanesfueraniauisUszavg ludowmuazinng
R1saunsnansznundnlunisiasussauues
WTADT UATNTINHATENUTILVOINISITNDS B9
\eRansunannsinanansznundnlugui 7
WUAISAIUA sEuvasiwes seulunisiu
%1 (Maxiter) $1u7udsEw1nsHa (NP) uaz Fasia
(Limit) 7iszanas 900 34 uaz 90 aua1sy umle
ﬁﬁ]1smmﬂm’lv\maﬂiz‘wuéaﬂugﬂﬁl 8 WU A3
farun SruruUssnnsia (NP) waz nsaia (Limit)

7 40 war 90 AUAIRU

)

Maxlter NP Limit

0.0

Mean of Solution_T

-0.5

o 500 1000 15 25 35 o 50

JUN 7 HansEnunanvessilines

100

59

NP * Limit

05

0.0

Mean of Solution_T

-0.5

10 15 20 25 30 35 40
NP

JUN 8 WanI¥NUTIVRINSELADS

dlethduuunisanaesTuaunisi (6) W
naonarlafiuianevaussdagull 9 uarasdang
i udanovausslanin mIsAIMuA sERUTeq
w1305 iauiummwg’w (Maxiter) 97u7u
Useansie (NP) way dasade (Limit) Aivseann
900 40 way 90 AuaFULieluFaLIuIINT YT
fuvunsanaesluaunsd (6) lumaniindign Tae
1A% 09 8N19M1AT AT AAYDINITROUAUDY
(Response optimizer) Imamaa}mﬂﬁ%miwﬁuam
fﬁ’qgﬂﬁl 10 WU2T AISAIRUARINUA SEAUVD
w1s1dmes sevlunisiug (Maxiter) §1u7u
Useansiia (NP) way asada (Limit) i 900 40
ez 90 MNdIRU

Solution T 05

00

3 05

Optimal

D:0.9662 a“j:’

Low

Solution
Maximum
y = 17459
d=096617

UM 10 szdumiiwesivanzauiign
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6. d3U
danesNueruiaui sUseAwgni elu
ganasiulumddsainauuunay uyanaAdIssuil

a =

N1ULL D991 UTEANS NN AT BLLAE NS YU

fiFouae Sanesfuenaniauisussiugidlasu
auaulaognsniesndumsiineyinludanesiy
LuULA18a5af naaiunsadt azvinanule L a
Usvansawiiu defidAryeenanidefenisiivun

AT s munsaulunudanas iy vialn

v
=

winzaudutyniwnaveidn Inelusuided
UszqﬂﬂﬁumsaaﬂLLuumwmamLLaz?%‘ﬁ‘yuﬁa
novausfudymduUsuuunewios i evfu
wuslunsamnsines iz alniuit
aEaSafng nsedunsiIveisueInnIsennwUY
N1IVARBILUUWNANeLIea 3 (3 factorial design)
Imawwwﬁmagmmé’ana?ﬁmmmﬁﬂufwszﬁwﬁ
Usznaulame wisfimes 3§ Ae seulunisius
(Iteration; Maxlter) G&”lu’mﬂi%’mﬁﬁﬁ (Number of
Population; NP) way ag1Aa (Limit) Fafunis
nnasenoniean (Replication) axilsuau 27 $u
(3<=3°=27) wé’qmﬂﬁlﬁgﬂuwmimamLLz:a
ilunmaes 3 61 wavihwanisnaaesdilaldyinnis
3miwﬁﬂmmmm&uaq%@gadwﬁnmmmmLLUU
Undivdely il’lﬂﬂ?ﬁLﬂi’lzﬁWU’ﬁ%@uﬂaﬁlﬁ?‘\]’mﬂ’]i
naaeslufinsuanuaswuuuni ﬁ’aﬁf’uﬁw?aaﬁw%a;ga
1Uuvaslngs Johnson Transform ilaveyaiinig
wanussuuUninariuhluiiassunemedsiuio
MOUALBY NATINNITIATITVINUIT HANSENUNSN
FaAna1nnisdsuse e saunisines
NANTENUTITEMINSILAUUSEAINSHT LasTnsin
warlunamdaesiioddynieadfv 0.05 (p-
value<0.05) Gﬁyumauq@Vivwﬁamsﬁwﬁmwms
anneelumamnsfwesfiassalulasnouiiaiian

NAYINNITILATIERAILUUNITOANDYWUI 1

AN DTN AUVDID ANBS NN UNTIANE 9

Uszhvglunmsundgmilanduadamansuuud
wUseeriies Aasimuassuves seulunisaug
SuUsErnsie wasdnsida wu 900 40 waz 90
auaey 7 e anuaidunuanialunismn

ARSI BSTNUNTANUDIDANDSTIUUANS S AR NE
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= v ¢ ¢
N1ANYIUINIINITORINENaIU lusuTn

gInay daiug wae dewm Fnsefalnaa*

q

Wedemalulaganamnssy unineraemealulagnszasunamssuasmile

1518 ﬂu‘uﬂi&’ﬁij’]ﬁ']‘lﬂ{]i 1 WUINAGIN LUAUNNTD AFNNNEIUAT, 10800

SuunAIm 22 funau 2566 uAlvuvaan 5 iU 2566 AeUsUUNAIN 10 I 2566

UNANEa

nsAnwiliingusrasaiiefinwnislandsenlushandaly wagAnwiuumisnisoysnunisly
wisuuariinneoyaszeznafudlunisudaly Tnglavihnsdsamslandsnulushinda 3 aun
Ao Wrsudalvvunadniifisiuauda 1,000 1 3,000 d visudalevuinnansidisiunuda 3,001 81 7,000
A7 LL@:WW%@JLﬂﬂlﬂjﬂummslw@ﬁﬁﬁwmmﬁw 7,001 89 10,000 #7 Tuafiuisnoutaay JminuaTUgy %29
Wounuausiadeunnumand w2565 nansisenurmisadarumdniisnanislindanuade
Wiy 226.8 kwh/month Tneiidiinslandsnudunizimidu 82.14 W/month/duck Wsudeuunanans
fomsnislyndsauadomafu 968.4 kwh/month Taedduidnslandarudumemnadu 199.25
W/month/duck LL@%WﬁNLﬁ@WW@IWﬁ fienmslondanuadswniu 1,289.1 KWh/month Tneilduiinng
Tyndanusumzinfu 148.17 W/month/duck GTﬁuLLu’qumiaH%’ﬂﬁwé“amu nsdi@nuwhsudalyvung
nanafimarmuaiumanseyinendsauly 2 wasnts fe msfsdsleansaduaznisls viaeauoadiuny
uaaquaaLiamu@? WU ms‘lﬂijaaﬂvl,wLLaaé‘ﬁmeaamW@,aaLsawwﬁ ansaUszvdandsnuliniade
581.66 kWh/year fszaziiafuyuuszana 6 ey uandlelvsuiunsiasddeaigaaszuu On Grid 1w
4.95 kW anunsausendandsnulivnade 7,227 kWh/year ﬁizasnmﬁunmaﬁ'aaqﬁ 5 %38 8.3 U

X av -
Fuantraglun1sinmg

AdAgy : oyshunasny; whsude; szezanfunu

* Jiwususzanue ns: +668 1458 0155, Wswalddiannsailng: chaiyot.decit.kmutnb.ac.th


mailto:chaiyot.d@cit.kmutnb.ac.th

RMUTP Research Journal Sciences and Technology, Vol. 18, No. 2 (2024) 63

A Study of Energy Conservation Guideline for the Duck Farm

Surapong Samleepan and Chaiyot Damrongkijkosol*

College of Industrial Technology, King Mongkut's University of Technology North Bangkok
1518 Pracharat 1 Road, Wongsawang, Bangsue, Bangkok, 10800

Received 22 March 2023; Revised 5 April 2023; Accepted 10 April 2023

Abstract

The research objectives were to study the energy consumption in a duck farm, and study the
guidelines for energy conservation for the duck farm, and analyze the payback period. This research
surveyed three sizes of duck farms: a small-size duck farm with 1,000 - 3,000 ducks, a medium-size
duck farm with 3,001 — 7,000 ducks, and a large-size duck farm with 7,001- 10,000 ducks in Banglen,
Nakorn Pathom Province. The survey was implemented from February to May 2022. Results showed
that the small, medium, and large duck farms had an average energy consumption of around 226. 8,
968.4, and 1,289.1 kWh/month, respectively, and the specific energy consumption per duck was
around 82.14, 199.25, and 148.17 W/ month respectively. For the study of energy conservation in
duck farms, the medium-sized duck farm was studied as a case study. There were two plans for
energy conservation in the duck farm: the replacement of fluorescent light bulbs with LED light bulbs
and the combination of on-grid solar cell system with LED light bulbs. Results showed that replacing
fluorescent light bulbs with LED light bulbs could conserve electric energy around 581.66 kWh/year
with a payback period of six months. Moreover, due to the combination of replacing fluorescent light
bulbs with LED light bulbs and the 4.95 kW on-grid solar cell system, 7,227 kWh/year of electric

energy was conserved with a payback period of 5 and 8.3 years, depending on the installation cost.

Keywords : Energy Conservation; Duck Farm; Payback Period
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Abstract

This article presents the impact on power system when operating fast charge type of battery
charging stations for electric vehicles. In this work, the data analyzed were obtained from
measurements that directly affect the three-phase power system at the input side of the electric
vehicle battery charging station. The measured values were root mean square voltage (V,,,), root
mean square current (/,,,,), the total harmonic distortion of voltage (% THD,), and the total harmonic
distortion of current (% THD)). To store data will be done since it has not been charged, while starting
to charge until the electric vehicle battery is fully charged. The vehicles used for testing belong to
the Electricity Generating Authority of Thailand (EGAT), which is an electric powered minibus that uses
a 120 kW-h lithium-ion battery. The charging station used for testing also belongs to the Electricity
Generating Authority of Thailand, the input voltage is AC 400 V, the output voltage is DC 250 to 750
V, and the plug used for charging is a CCS-Type type 2. Once the data is complete, those data are
then used to create a graph to analyze the impact on power system. The results of the data analysis
revealed that while operating fast charge type of battery charging station for electric vehicles, there
are three main effects on power quality of the power system: voltage effect, harmonic effect and the

impact on unbalance of power system.

Keywords : Power System; Electric Vehicle Charging Station; Harmonic Distortion
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CCSTYPE 1

CCSTYPE 2

200A 600V 200 A 1000V
(M) S

Ul 4 dauszauiinga [12]

2.1.3 aaunaslnila

A midslavin fo annuadesvessvuy
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q
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2. n5uUd punUasusetus 93 esd u
(Short Duration Voltage Variation) #i® mMswAsuUas
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a
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Distortion) A® 1510 saunluanidzasdivesgy
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Audnvurauiai sugUad ulasuenidy
osAUsznaunmuieanulanuiia Ao

5.1 psrdsznaululinszuansa (DC Offset)
fio msfifinssuanioussulnrinazuansasUuog
Tussuulinssuaadu Wunaainmslasaies
NSTIALUUATIAAY (Half-wave Rectifier) aviln
Lﬁmﬂam;auLLaxﬁwé’qugL?mﬁmjaLLiJaa 9019
lmAnnsansourINTIAla

5.2 g13eiin (Harmonic) gnimuslidu
ussiunaznszuainuifiduduiimiguues
mmﬁﬂ,ﬂagwuﬁa%ﬁu [15, [16] i szuvlulving
AR 50 18309 (Hz) ensueiinfianuazdniud

150 18507 (W eg1sueidnsiuduaud nanya



RMUTP Research Journal Sciences and Technology, Vol. 18, No. 2 (2024) 81

v

WA wazyua Fyaraunaulsivessyuulivi
wsAaouluanidy wanisadiAnannisly
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6. usadiunsuifion (Voltage Fluctuation) fig
115U suLUatey 190 oLl 0IV0ILITIAUIIN
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s:a:mwaﬁ%qléoﬁaﬂWiU3sq 1% > 100 km
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a = aa .
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dayadnwg IYALLYA
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n3sLa: 0 — 120 A
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JUN 8 anildauszaiilynazey
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nanya (LouLUsA)
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AU nszuETINANaFesaiY
wUALAD3 i (wauuys: A)
(%) i) L2 L3
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Abstract

Bangkok is a large city with severe Particulate Matter 2.5 (PM2.5) and traffic
congestion problem. In past decades, traffic was the main cause of PM2.5. Due to the
Covid-19 pandemic in 2020, Bangkok was in lockdown which substantially decreased
traffic volume during that period. In this research, the author studied how this change in
Bangkok’s traffic volume affected the concentration of pollution, especially PM2.5. Data
were collected from 63 points in Bangkok and on 4 highways during January 2018 to
December 2023. The analysis showed that during the lockdown period, the concentrations
of PM2.5, NOX, NO2, NO and CO decreased by 14.38%, 12.93%, 18.43%, 2.65% and
5.66%, respectively, while traffic volume decreased by about 40%. However, there was
no significant relationship between the concentration of PM2.5 and the decreased traffic
volume. Therefore, the results indicated that while the Covid-19 pandemic might have
influenced the change in traffic volume, it was not the main cause because the effect of
season on PM2.5 outweighed the impact of traffic volume.

Keywords: Traffic; PM2.5; Covid-19 pandemic; Bangkok; Thailand
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1. Introduction

The US EPA (United States
Environmental Protection Agency) [1] has
set a standard for small particles which are
harmful to human health based on a
particulate matter (PM) rating. For example,
PM10 or coarse particles defines the small
particles found in dust and smoke, which
have a diameter in the range 2.5-10 microns
that can be clearly seen. However, PM2.5,
or fine particles, are tiny, having a diameter
of 2.5 microns and below.

There is substantial evidence and
many studies all over the world that have
shown that traffic is the main factor
contributing to PM2.5 [2]-[7]. Currently,
PM2.5 pollution has become a severe
problem in Thailand, especially in
metropolitan areas, such as Bangkok,
Chiangmai, Chiang Rai and Lampang [8],
[9]. In addition, extreme traffic congestion
in Thailand is still a concern, with Bangkok
having consistently bad traffic jams over a
long period [10], [11]. From the beginning
of 2020, the Covid-19 pandemic changed
people’s behavior. In many countries,
cities were locked down to reduce the
opportunities for the virus to spread, which
catalyzed online learning and working
from home. This lockdown policy not only
had economic impacts but also restricted
activities in communities, such as major
reductions in traveling and changing the
mode of transportation in many countries
[12]-[14]. In particular, on Bangkok’s
highway, during the worst of the Covid-19
period, traffic volume decreased by about
40% and the number of people using public
transportation fell by 50% [15], [16].
Authors questioned the relationship

between the decrease in traveling and air
pollution.

The current research separated
statistical data 2015 and 2021 into 2
periods, with the first set the Covid-19
pandemic (from 2015 to 2019) and second
during the pandemic (2020 to 2021) [17].
Statistical methods were was applied to
compare the data in same the period range
[16] as well as to study how traffic volume
and air pollution were related, especially
the impact of the PM2.5 concentration
level on changing traffic volume.

2. Other Studies

Particulate matter is made up of
particles (tiny pieces) of solids or liquids
that are in the air. It may include dust, dirt,
soot, smoke and drops of liquid (aerosols).
It may occur from natural sources, such as
dust and pollen, but also can arise from
human activities, such as industrial
processes, working machinery (including
internal combustion engines), electrical
generation processes, and construction,
mining and agricultural activity [18]-20],
lead to the release of PM2.5 material into
the atmosphere that is sourced from
releasing elementary particles and changes
in initial substances, such as SO2, NOX,
VOCs and NH3 in the primary releasing
stage [21]-[24]. In addition, PM2.5
material can include not only toxic but also
long-lasting components that continue to
pollute the environment. Furthermore,
PM2.5 can travel long distances due to
atmospheric circulation. In summary, the
combination of these factors makes PM2.5
material extremely harmful to human
health [25], [26].
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2.1 PM2.5 in Thailand

The Pollution Control Department
has estimated that the number of deaths in
Thailand caused by PM2.5 may have
reached 22,000 in 2021 [27] as the
Thailand air quality index (AQI) from the
beginning of 2021 [28], including the
concentration level of PM25 was
exceedingly high. Main factors influencing
the level of PM2.5 are human activities
especially from transportation—smoke
from exhaust pipes and emissions from the
incomplete combustion of gases in the
engine—which were the main sources of
PM2.5 in Bangkok, Chiang Mai and Khon
Kaen [9].

In addition, high density traffic
results in high PM2.5 levels. Thailand was
ranked fifth in the Asian region after
Indonesia, Myanmar, Vietnam, and Laos,
respectively [8]. In 2021, Lampang had the
highest level of PM2.5 in Thailand. PM2.5
levels in Thailand are heavily influenced
by dust and air pollution related to seasonal
activities, especially in the Chiang Mai
river basin due to particles from burning
agricultural waste to prepare for the next
rice harvest in the subsequent rainy season.
These agricultural areas are in valleys
where the landscape is suitable for PM2.5
accumulation [29]. The PM2.5 problem is
especially bad during the dry season in
northern rural areas, such as Chiang Mai,
Lampang and Nan provinces, where the
[pollution seems to have become
increasingly severe in recent times [30],
[31]. Research studies on the causes of PM
2.5 in community areas, such as Bangkok,
found there were higher levels of PM2.5 in
the dry season compared to the wet season.

The most common sources of PM2.5
emissions in Bangkok are biomass
combustion and traffic, and industrial
activities, with varying concentrations
based on seasonal factors [32]-[34]. A
study on pollutant concentrations for O3,
NOX, CO and SO2 from 1996 to 2009 in
Bangkok reported that for residential area
and roadside locations, the winter air
pollution concentrations were higher than
in summer and rainy seasons, with the
roadside areas having higher levels than the
residential areas in Bangkok [35].

2.2 Transportation and PM2.5

Road transportation is a source of
pollutants, such as O3 CO, NOX, and
NMVOC, along with the greenhouse gases
(CO2, CH4 and N20), acidic substances
(NH3 and SO2) and carcinogens
(polycyclic aromatic hydrocarbons (PAHS)
and Persistent organic pollutants (POPS)) as
well as toxic heavy metals [36]. Over past
period, transportation and travel-related
activity were the main cause of PM 2.5 in
urban areas. A study in China on the impacts
of  freight transport on PM25
concentrations showed that switching the
mode of goods transportation from road
freight to sea freight helped to significantly
reduce the PM2.5 level in rural areas [37].
Another research study on alternative
transport options in Adelaide, South
Australia using modeling found that the
PM2.5 level was directly proportional to
Vehicle-Kilometers Traveled (VKT), with a
decrease of 40% decreasing the PM2.5 level
by 0.4 pg./m3. In other words, shifting
transportation modes from road to other
forms could help in reducing the PM2.5
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level [38]. A study in in Pittsburgh, USA on
trace elements found that the concentration
of pollutants, such as As and Se, during rush
hours was higher than during other periods
in the week [39]. The above research results
show that in the transport sector, especially
road transport, the higher the traffic density,
the more it affects the occurrence of PM2.5.

2.3 Transportation and PM2.5 during
Covid-19 pandemic

In Wuhan, China on December 2020,
the WHO China Country office reported
cases of pneumonia of unknown etiology
[40] that was later confirmed by WHO as an
emerging infectious disease defined as
coronavirus disease 2019 (COVID-19) [41].
Thailand declared a state of emergency on
26th March 2021, leading to a partial
lockdown of Bangkok and surrounding
areas. Although the number of infected
cases in other areas continuously increased
as a result of worker immigration, the
number of confirmed cases never exceeded
200 per day. The Covid-19 situation in
Thailand remains under control; however,
there are uncertain factors and there is the
risk of outbreaks. Therefore, the
government issued prevention measures
and continues to closely monitor the
situation [9]. Throughout the Covid-19
pandemic (January 2019 to August 2022),
Thailand took preventive and proactive
measures as the situation unfolded. Then,
Covid-19 was declared endemic, and
Thailand has reopened its borders to tourists
after a long period of closure.
Countermeasures applied, from the first
infection until 2021 (when the situation
unfolded), are provided in Table 1.

Table 1 Preventive measure for handling
Covid-19 in Thailand.

Wave
Measure

1st 2nd 3rd 4th 5th

Restriction on entering
high-risk infected areas

Curfew 9.00pm-—
04.00am

Working from home
and online learning

Restriction on opening
times for shopping e o e e
malls and markets

Parks and entertainmen
places closed

Border closed .

14 days quarantine on
international arrival

Availability of 1% dose
of vaccine (Aug. 2021)

Availability of 2" dose
of vaccine

15t wave, Mar 2020-Jun 2020; 2" wave, Dec 2020-Jan
2021; 3" wave, Apr 2021-May 2021; 4™ wave Jun 2021
Dec 2021; and 5" wave, Jan 2022-May 2022.

Fig. 1 shows the number of infected cases
from January 2020 to June 2021. During
the 1st and 2nd waves of Covid-19, there
were low numbers of new infected cases
per day because of the quarantine policy
when Covid-19 was an emerging disease,
with no developed vaccine. However, after
some people had received a vaccination
and retuned to living a normal life, they
became familiar with the Covid-19
situation and were less careful and ignored
some of the preventative measures. This
led to new waves (3rd and 4th) of Covid-
19, resulting in increased numbers of
infected cases over a short period.
Concurrently, Covid-19 had evolved to
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produce mutations that were more severe
and more rapidly transmitted.

Therefore, during the 4th and 5th
waves, the numbers of infected cases
increased to 10,000 per day before
continuously declining. Finally in July
2022, the Ministry of Public Health,
Thailand declared the Covid-19 situation to

93

be fully controlled and Covid-19 was
downgraded from pandemic to endemic
status. However, the Covid-19 pandemic
changed the travel behavior of people
globally. In Europe, research in Spain
(Mobility Patterns: The First Wave’s
Results) [42], provided evidence of
changing travel behavior.

33,000
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24,000
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18,000
15,000
12,000
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6,000

3,000

New Infection (Case/Day)
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Mathieu, E., Ritchie, H., Ortiz-Ospina, E. et al. A global database of COVID-19 vaccinations. Nat Hum Behav (2021)

Fig. 1 Overview of number of Covid-19 infections (cases/day) in Thailand January 2020-June 2021

3. Methodology and Motivation

The meteorological dataset used in this
research contained air pollution and
statistical data of expressway traffic volumes
in Bangkok. These data were used to identify
the correlation between traffic volume and
the PM25 level during the Covid-19
pandemic. Daily data were obtained from the
Bangkok Pollution Control Department and
the Expressway Authority, from January
2015 to December 2021.

3.1. Statistical data of meteorology and
air pollution

In this research, the meteorological
and pollution data of Bangkok areas were

collected at the points shown in Fig. 2
based on 2 sources totaling 66 stations: 12
stations from the Pollution Control
Department (green points in Fig. 2) and 50
stations from the Environment Bureau
Bangkok (red points in Fig. 2). These
inspection tools are aligned to the
announcements of the Pollution Control
Department [43] (Measuring Instruments
and Methods for Measuring Average Gases
or Particulates in the Atmosphere in
General Other Systems or other Methods
Approved).  The  instruments  are
permanently installed 2 meters above
ground level.
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Leg,;end

GQ Bangkok, the capital of Thailand

@ Pollution Control Department air quality monitoring station

@ Environment Bureau Bangkok air quality monitoring station

Fig. 2 Air monitoring stations of Pollution Control Department (50 red points)
and Environment Bureau Bangkok (13 green points)

The meteorological dataset consisted
of more than 2.3 million measured values
for PM2.5 (fine dust particles with a size
less than 2.5 microns), coarse particles
(PM10), nitrogen oxide (NOXx), nitrogen
dioxide (NO2), nitric oxide (NO), carbon
monoxide (CO), wind speed (WS), wind
direction (WD), temperature (Temp),
barometric  pressure  (BP), relative
humidity (RH%), and ozone (O3) from 1
January 2015 to 31 December 2021.
Hourly measurements were taken using

appropriate instrumentation and the results
were reported according to standard values.
For example, PM2.5 values were collected
every hour and then averaged to provide a
24-hour average that was compared with
standard values. The measurement and
sampling methods followed the Federal
Equivalent Method standards. Fig. 3 shows
an example of some of the dataset used in
this study. Table 2 provides a summary of
the raw data obtained from various
organization during the study period.
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NOX(ppb) O3(ppb) PM10(ugim3) PM2.5(ug/m3)

Key_mth Hour WS(m/s) WD(Deg) Temp{Deg.C) RH(%) BP(mBar) CO(ppm) NO(ppb) NO2(ppb)
202101010 1.0 12 81.0 28 570 763.0
202101010 2.0 08 78.0 222 500 762.0
202101010 3.0 06 83.0 216 620 762.0
202101010 5.0 06 20 209 620 762.0
20210101.0 6.0 1.2 342.0 202 610 762.0
202101010 7.0 05 3.0 199 630 763.0
20210101.0 8.0 06 6.0 200 640 764.0
202101010 9.0 08 46.0 205 640 765.0
20210101.0  10.0 0.9 13.0 218 60.0 765.0
202101010 1.0 1.1 220 233 560 765.0

0.85 7.0 20.0 27.0 220 43.0 15.0
0.99 14.0 22.0 36.0 18.0 45.0 230
0.98 9.0 21.0 30.0 18.0 45.0 21.0
092 1.0 21.0 320 15.0 46.0 330
0.86 18.0 24.0 42.0 13.0 42.0 320
1.01 40.0 330 730 7.0 380 280
1.06 59.0 33.0 91.0 6.0 410 27.0
1.04 490 330 800 10.0 47.0 280
1.02 440 23.0 71.0 140 520 33.0
101 320 28.0 60.0 18.0 520 330

Fig. 3 Example of dataset used in this study

Table 2 Summary of data sources

Data Source Number  Data records
of stations  (2015-2021)

Pollution Control
Dep(_:\rtment_alr _ 13 787,550
quality monitoring
station
Environment
B_ureau _Bangkok 50 1,516,342
air quality
monitoring station
Total 63 2,303,892

Then, a data cleansing process was
conducted to obtain the final data used in
the analysis. Data within the 99" percentile
were used. This meteorological dataset was
used to help not only identify influential
factors of pollution sources regarding air
quality but also to help directly reduce
pollution from the origin source [44], [45].

The meteorological data were
separated into 2 datasets: 1) before the
Covid-19 pandemic (2015-2019); and 2)
during the Covid-19 lockdown. (2020-
2021) Table 3 provides an overview of the
various pollution concentrations before the
Covid-19 outbreak and during the
lockdown. The authors compared the hourly
average pollution concentration data from
the 63 monitoring stations in Bangkok.

There were differences and trends in the air
pollution concentrations before the Covid-
19 epidemic and during the lockdown.
During the Covid-19 outbreak, the average
values for PM2.5, NOx, NO2, NO and CO
were lower than before the Covid-19
outbreak, while the average PM10 and O3
values increased during the Covid-19
outbreak.

During the lockdown period, there
were fewer cars on roads. Mobility was
restricted and most people stayed at home.
During this time, the concentrations of
PM2.5, NOX, NO2, NO and CO decreased
by 14.38, 12.93, 18.4, 2.65 and 5.66%,
respectively. In addition, we compared the
average hourly concentration of air
pollution before the pandemic and during
the lockdown period.

Fig. 4 (a) PM2.5, (b) PM10, (c)
NOX, (d) NO2, (e) NO, (f) CO and (g) O3
show the concentration values of each
parameter after analysis and compared
with the concentration of pollution in the
dry season, from November to March for
both before the pandemic and during lock
down period; the concentration levels of
pollution in both periods were in the same
direction.
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Table 3 Statistical data on air pollution used in this study

. Before . During lockdown period )
Factor Covid-19 pandemic Difference (%)
Mean SD Mean SD

PM2.5 (ug/md) 27.93 18.94 23.92 16.21 -14.38
PM10 (ug/m?) 44.97 26.19 47.45 27.94 5.51

NOx (ppb) 42.15 40.88 36.70 41.32 -12.93
NO: (ppb) 22.15 15.10 18.07 14.35 -18.43
NO (ppb) 23.00 32.96 22.39 33.93 -2.65
CO (ppm) 0.85 0.55 0.80 0.55 -5.66
WS (m/s) 0.84 0.66 0.65 0.52 -23.40
WD (°) 188.56 92.74 186.22 97.33 -1.24
Temp (°C) 29.42 2.92 29.18 3.09 -0.82
BP (mBar) 869.66 59.13 978.40 83.61 12.50

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Before Lockdown Before Lockdown

(@) (b)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Before Lockdown Before Lockdown

©) (d)
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Before Lockdown

0.2

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

——Before ——Lockdown

(€)

(f)

—— Before

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Lockdown

Fig. 4 Hourly average concentration levels of each parameter before period of Covid-19 pandemic and
during period of lockdown: (a) PM2.5; (b) PM10; (c) NOx. (d) NO2; (e) NO; (f) CO; (g) Os

3.2. Kruskal-Wallis test

The Kruskal-wallis one-way analysis
of variance method was used to identify the
characteristics of the distribution of the time
series data [46], [47]. The Kruskal-Wallis
method is commonly used for identifying the
distribution of air pollution data and has been
proven effective at monitoring seasonal
distribution data of air quality and dominant
air pollutants [48], [49]. Initially in the
characteristic  distribution  testing, the
pollution data characteristic was assumed to
be seasonal using the hypotheses:

HO:  Median value of each pollution
parameter is equal every month.

H1: Median value of each pollution
parameter differs for at least 1
month.

H was calculated using equation (1):

12 o T
H= [n(n+1) j=1 n]-] 3(Tl + 1) (1)

based on the sum of sample sizes for
all samples (n), the number of samples (c),
the sum of ranks in the j** sample (T;) and

the size of the j*" sample (n;).

Table 4 shows the results, indicating
that the median of each pollution parameter
differed in at least 1 pair in each monthly
result, with a P-value lower than 0.05.
Therefore, hypothesis H1 was accepted
that pollution parameters each month
before the pandemic and during the
lockdown period were significantly
different.
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Table 4 Results of Kruskal-Wallis test on
pollution parameters (January 2015 to
December 2021)

P Statistic
arameter H statistic ~ Asymp. Sig.
PM2.5 (ug/m?3) 48.57 0.000
PM10 (ug/m?) 49.37 0.000
NOx (ppb) 28.62 0.000
NO: (ppb) 28.94 0.000
NO (ppb) 44.48 0.000
CO (ppm) 36.69 0.000
O3 (ppb) 48.47 0.000

In summary, the concentration of
PM2.5 was significantly influenced by
seasonal factors.

Some research has shown that
decreasing road traffic volume is not the
major cause of decreasing air pollution, with
general human activity more directly related
to the pollution level [50]. Nonetheless,
research in ltaly [51], studying the
correlation between road traffic and air
pollution, indicated the effect of traffic on the

Leéend

concentration of air pollution; however, the
research focus was on NO, NO2 and NOx
(PM2.5 was not mentioned). Therefore, it
was not possible to utilize that study to
determine conclusively the relationship
between traffic and the concentration of
PM2.5.

3.3. Relationship between traffic density
and PM2.5

The daily traffic data in the
metropolitan area, shown in Fig. 5, covered
the Chalerm Maha Nakhon Expressway, the
Si  Rat Expressway, Chalong Rat
Expressway and the Burapha Withi

Expressway. The travel data showed that
under normal conditions, the traffic volume
on these expressways reached 1.78 million
vehicles per day. However, during the
lockdown period (2020-2021), the traffic
volume on expressways dropped to 1.36
million vehicles per day.

GQ Bangkok, the capital of Thailand
® Chalerm Maha Nakhon Expressway
®  Sri Rat Expressway
©® Chalong Rat Expressway
® Burapha Withi Expressway

Fig. 5 Overview of 4 urban expressways in Bangkok
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In Fig. 6, the daily volume of
vehicles is separated into 2 periods: before
the Covid-19 pandemic (January 2015 to
December 2019), and during the Covid-19
outbreak (January 2020 to December
2021). In Thailand, the Covid-19 pandemic
began in January 2020, with the lockdown

that prohibited people from going out for
non-essential activities being implemented
from April to June 2020 and was
considered to be most effective as indicated
by the approximately 40% reduction in
travel volume that occurred during this
time.

1,800,000

1,600,000
1,400,000

1,200,000 1% -

800,000

Traffic Volume (Vehicle)

600,000
100000

200,000

0

Covid-19 Pandemic Period in Thailand

entration of Air Pollutants

Conc

PM2.5 (ug/m3)

® PMI0 (ug/m3)

@ NOX (ppb) NO2(ppb) @ NO (ppb) ® 03 (ppb)

Fig. 6 Daily traffic volume and concentration of air pollution during 2 periods: before Covid-19 pandemic
(January 2015 to December 2019) and during Covid-19 outbreak (January 2020 to December 2021)

4. Results and Discussion

Considering relationship between
traffic volume and PM2.5 in Figure 7,
before the Covid-19 pandemic (January
2015 to December 2019), the traffic
volume each day was generally within the
same range, while the PM2.5 concentration
level depended on seasonal factors. In
every year, PM2.5 was the highest in the
dry season (November to March).

During the Covid-19 pandemic, the
implementation of a lockdown caused the
traffic volume to rapidly decrease (from
March 2020). Considering only the data
before March 2020, the data is misleading,
suggesting that PM2.5 and traffic volume

are strongly related. However, considering
all the data in this research (from 2015 to
January 2021), it was during the dry season
that there was a 5th wave of Covid-19
which reduced the traffic volume again.
The analysis showed that when the PM2.5
level was highest it resulted in an inverse
effect on the traffic volume, especially
during the dry season (January) when
traffic volumes were reduced but the PM.5
level was noticeably higher (square box
highlighted in yellow in Fig. 7).

In addition, the statistical data
showed that the correlation coefficient
between traffic volume and the
concentration of PM2.5 was 0.206.
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. 7 Daily traffic volume and concentration of PM2.5 in 2 periods: before Covid-19 pandemic (January

2020 to December 2019), and during the Covid-19 outbreak (January 2020 to December 2021)

5. Conclusions

This study examined the changes in
PM2.5 levels as a result of the Covid-19
outbreak. The researchers used data on the
levels of PM2.5 and other air pollution
parameters gathered at 63 points in
addition to traffic volume data on 4
expressways from January 2015 to
December 2021.

The results showed that during the
city lockdown due to the Covid-19
pandemic, the percentage of concentration
of the air pollution parameters PM2.5 NOX
NO2 NO and CO, decreased by 14.38,
12.93, 1843, 2.65, and 5.66%,
respectively. In addition, testing the time
series air pollution dataset using the
Kruskal-Wallis method indicated that the
data directly related to seasonal
distribution, with the concentrations of
pollution being highest during the dry
season every year.

In addition, the city lockdown forced
people to stay at home and to work and
learn online. This directly reduced the

traffic volume by 40%. The average
monthly PM2.5 level dropped by 21
percent from before the Covid-19 outbreak
compared to during the lockdown period.
This indicated that during the outbreak, the
lockdown had a direct impact on human
behavior, particularly transportation,
which decreased by 40%. These changes
played a substantial role in the reduction of
PM2.5 concentrations.

While it was not possible to clearly
determine which factors (traffic or
seasonal) had the greater impact on the
PM2.5 concentration, the current research
provided evidence that human activities,
specifically traffic in urban regions, had a
notable effect on PM2.5 levels.

The PM2.5 problem has been of
concern in Thailand, with government and
academic studies attributing the main cause
of increased PM2.5 levels to traffic. The
cur-rent research results showed that
decreasing the traffic volume significantly
reduced PM2.5 levels. The authors believe
that this research can contribute to policy




RMUTP Research Journal Sciences and Technology, Vol. 18, No. 2 (2024)

and stake-holder reviews on how to
sustainably solve the PM2.5 problem in
Thailand in a more appropriate way.
However, the data collected represent only
a sample from a part of Thailand.
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Abstract

Motorcycle accidents can lead to chest injuries that result in high mortality rates
among motorcyclists. Among the different types of front collisions involving
motorcycles, front chest impact with the side of a four-wheeled vehicle was found to be
the most likely cause of severe thoracic injury amoung motorcyclists in this research. The
study analyzed information collected in Phuket from October 2021 to May 2022. The
most common harmful part and angle of impact were extracted from the analysis of
accident simulation. The results from data statistical analysis significantly indicate that
the side of a four-wheeler vehicle is the most influential area in causing more severe chest
injuries in motorcyclists compared to other sites (P<0.05). Notably, a handlebar is one of
the most significant parts that cause thoracic injuries. The most influential area of a four-
wheeler vehicle and the common thoracic injury of motorcyclists from the harmful parts
were used to investigate the effectiveness of possible protective gear. Thus, a chest
protective gear can play a critical role in providing thoracic protection. Therefore, the FE
human body models of motorcyclist were simulated under front chest impact based on
collected data analysis. As a result, it was found that the 2 cm thick rubber of thoracic
protective gear is effective only in a 5™ percentile female's chest from the left-frontal
attack case. In addition, the findings of data analysis in this research can be used by
policymakers and stakeholders to focus on reducing the impact of four-wheeler vehicle
on motorcyclists and developing more effective protective gear to mitigate the severity
of chest injuries in motorcycle accidents.

Keywords : motorcycle accident; thoracic injury; thoracic protective gear;
in-depth data collection; accidental reconstruction

* Corresponding Author. Tel.: +669 9192 9362, E-mail Address: $6309093860026@email. kmutnb.ac.th


mailto:s6309093860026@email.kmutnb.ac.th@rmutp.ac.th

106 21581539 158aL T NS WIEUAT A1Y1INermansuazinalulad Ui 18 aduil 2 (2567)

1. Introduction

Motorcycle accidents are the main
cause of deaths and injuries among overall
traffic accidents throughout the world.
According to the statistical data of World
Health Organization (WHO), 945,000
people were killed in motorcycle accidents
in 2018 [1]. Majority of these killed people
were teenagers and young adults [2].

Although the incident of thoracic
injury is not as high as soft tissue injuries,
approximately 60 percent of thoracic-
injured people could face death [3].
Indeed, the patient who has multiple
thoracic organ injuries and rib fracture
gain higher mortality risk because the
thorax contains many vital organs [4].

Typically, severity of injury depends
on impact velocity [5]. The impact
direction also affects the level of thoracic
injury [6]. However, different thoracic
impact locations cause variation of organ
injuries and traumatic configurations. The
side of a four-wheeler vehicle with frontal
collision of motorcyclist causes the most
severity of thoracic injuries, compared
with the frontal and rear collisions of four-
wheeler vehicle [7]. Therefore, further
study is needed to investigate the
influence of impact locations and chest
injury level in a step-through motorcyclist
which is the most common motorcycle
type found in Thailand.

As systematically reviewed, a
handlebar of two-wheeled vehicle causes
significant thoracoabdominal injuries in
children, however, further evidence in
adults is needed to clarify its effect on
thoracic injuries [8].

Under the most current regulations,
unlike helmet, chest protection gears were
not mandatory by laws [9]. Some research
works support the advantages of general
protective clothing for motorcyclists in
reducing injuries and length of stay in
hospital [10]. Such research findings also
suggest the effectiveness of the protective
gear in thoracic injury protection.

Crushable foam is widely suggested for
impact energy absorption in traffic accident.
However, some studies showed that Ogden-
Mooney Rivlin material can effectively
protect the chest from severe blunt thoracic
injuries [11]. While metal and ceramic
textile composite are mainly suggested in
acute chest penetrating injury protection
[12], [13]. Despite widespread usage of
crushable foam and convinced evidence in
many research works, rubber material was
studied to find out and support the pros and
cons of Ogden-Mooney Rivlin rubber in
crash worthiness [11]. Therefore, the
objective of this research is to analyze chest
injury severity in motorcyclist's frontal
collision with the side of a four-wheeler
vehicle. Furthermore, the part of vehicle that
causes the most severity of motorcyclist
thoracic injuries is investigated from the
case selection. In addition, the rubber
material is applied for the chest protective
gear to evaluate its effectiveness based on
human tolerance criteria [14].

2. Tools and definitions

In this research, STATA 17.0
program was utilized as the statistical tool
for the sample size and data analysis.
STATA is a statistical software that
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enables users to analyze, manage and
produce graphical visualizations of data in
many fields, for example biomedicine,
economics, epidemiology, and sociology.
In order to estimate the amount of sample
size, the technique of retrospective cohort
study was used [15]. Additionally, the PC-
crash 10.0 and LS-dyna 4.0 program were
used for multibody dynamics and Finite
Element (FE) simulation respectively. A
virtual human body model called Total
Human Model for Safety (THUMS) are
mainly classified in two genders for adults
and children. Normally, THUMS [16] is
used in FE simulation of human body
under vehicle collisions. Therefore, the
human body of motorcyclist under front
chest impact with and without rubber of
thoracic protective gear can be simulated
to identify the thoracic injury from
selected cases using THUMS.

Human thorax is the part of a human
body that is situated between the neck and
the abdomen and supported by the ribs,
costal cartilages, and sternum. Human
thorax contains various organs, for
example, bony structure (ribs, sternum),
lungs, heart, vessels and nerves [17].
Therefore, only some organs in human
thorax of THUMS are included in this
research due to the limitation of standard
human tolerance criteria. However, the
organs with uncertain reliable human
tolerance are excluded. Human abdomen
is defined as the anterior region of the
trunk between the thoracic diaphragm
superiorly and the pelvic brim inferiorly.

While human trunk means a part of
human body which contains thorax and
abdomen. Furthermore, chest deflection is

defined as the compression distance of the
chest, which is used to predict the risk of
injury. A longer chest deflection indicates
a higher risk of chest injury.

Measurement of thoracic injury
severity and fatality prediction are
evaluated using the AIS score as shown in
Table 1. Abbreviated Injury Scale (AIS)
score of 3 or higher is generally associated
with high mortality, and it can be applied
to assess injuries in all organs.

Table 1 AIS criteria for thoracic injury
[18]

AIS Injury
Level
1 Minor injury

Description

-Contusion, closed-one rib
fracture

2 Moderate -Closed 2-3 Rib fracture
injury -Closed multiple location,

one rib fracture

-Closed sternal fracture with
stable rib cage

-Dislocation, fracture
spinous or transverse
process t-spine

-Minor compression fracture
(<20%) t-spine

3 Serious -Open rib fracture,
injury, non- comminuted rib fracture,
life- displaced rib fracture
threatening  -Unilateral
hemo/pneumothorax,

diaphragmatic injury
-Intimal tear/minor

laceration/thrombosis of

subclavian or innominate

artery
4 Severe, Life-  -Flail chest
threatening  -Bilateral
hemo/pneumothorax,

tension pneumothorax,
massive hemothorax,
tracheal fracture
-Myocardial contusion
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AlS Injury Description
Level

5 Critical -Visibly unstable chest,
ruptured trachea, ventilator
needed

-Major aortic laceration,

cardiac laceration

6 Non- -Dead at scene

survivable

3. Human tolerance criteria and
injury mechanism

The assessment of chest deflection in
Euro NCAP is divided into two criteria:
lower and upper performance limits [19].
The lower performance limit indicates the
criteria that can be minimally accepted,
while the upper performance limit
indicates the criteria that can be highly
accepted.  Therefore, the  upper
performance criteria of chest deflections
are lower and result in fewer chest injuries
than the lower performance limit. To
provide clearer explanation of the
performance limit, the following
paragraphs provide more details.

The lower performance limit of the
chest is the minimum score parameter
used to predict a 50% risk of AIS score >
3. Euro NCAP assessment establishes the
human chest's lower performance limit as
a deflection of 50 mm. A deflection value
> 50 mm indicates a 50% risk of AIS score
> 3. On the other hand, the upper (higher)
performance limit is the maximum score
parameter used to predict a 5% risk of AIS
score > 3. Euro NCAP assessment states
that the human chest's upper performance
limit is a deflection of 22 mm. A
deflection value > 22 mm indicates a 5%

risk of AIS score > 3. In this research, the
correlation between chest deflection and
AIS score was assessed according to the
Euro NCAP assessment protocol.

The measurement of rib strain is used
as an indicator of human tolerance criteria,
which refers to the force per unit area
within the ribs resulting from external
forces or permanent deformation. It
enables an accurate description and
prediction of elastic and plastic behaviors.
The human tolerance limit of rib strain for
rib fracture detection is determined to be
0.3 based on existing theory [14]. Apart
from chest deflection and rib strain, lung
pressure is another indicator for thoracic
injury. The pressure is exerted across the
entire lung, including the airways. This is
also influenced by both respiratory airflow
and resistance as well as lung volume and
compliance. If the lung pressure exceeds
10 kPa, it can predict the occurrence of
pneumothorax [14].

To describe injury mechanism, fuel-
tank collisions are the most common type
of motorcycle accidents that result in
thoracic injuries. When a rider collides
with the motorcycle dashboard or other
objects in the environment, it can result in
impact force applying to the thoracic
organs [20]. In some cases, shearing force
can also increase the severity of thoracic
injuries. However, the severity of thoracic
and associated organ injuries is primarily
dependent on the relative speed of the
motorcyclist and the object, along with
other health conditions and environmental
factors.

Other types of collision typically do
not cause direct thoracic injuries. Side
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collisions at lower location primarily
cause injuries to the lower extremities of a
rider or passenger, while those at higher
location often result in head or upper
extremity injuries. Nevertheless, some
secondary impacts from  head-on
collisions can result in chest injuries, such
as ground impact or subsequent collision
with other objects.

4. Accidental data analysis

4.1 Procedure and parameters
To fulfill the objective of this

research, raw data are firstly collected
from accident scenes. Then, chest injury
level in motorcyclists’ front collision with
a four-wheeler vehicle side and other
locations can be analyzed. The relevant
parameters recorded contain 1) Point of
impact and point of rest from motorcycle,
motorcyclists and four-wheeler vehicle 2)
four-wheeler vehicle location of impact 3)
Motorcyclist weight and height 4) Step-
through motorcycle engine volume 5)
four-wheeler vehicle engine volume 6)
Vehicle deformations 7) Road types and
characteristic 8) AIS injury score and
injured thoracic organs by on-scene
physician evaluation 9) Diagnosis and
autopsy result 10) Types of collision

General data such as the average
weight and height of the volunteers are
reported after raw data collection.
However, there are four distinct
parameters to be selected for analysis such
as 1) four-wheeler vehicle location of
impact 2) motorcyclists’ weight and
height 3) AIS injury score and injured
thoracic organs and 4) diagnosis and
autopsy results. The others are utilized in
completion of accident reconstruction.

Secondly, statistical analysis is
performed to determine the location of
impact and severity of thoracic injury
through the sample size by using
retrospective cohort study calculation.
Such calculation with at least 50 cases is
obtained from prevalence of
outcome/exposure, prevalence  of
outcome/non-exposure, false positive and
false negative values at 0.7, 0.3, 0.05 and
0.2 respectively. Accident reconstruction
is then carried out using a multibody
program to obtain incomplete parameters
that were not initially collected. As a
result, speed parameter and angle of
impact from accident reconstruction
analysis are identified independently.

Thirdly, numerical simulation using
FE method is conducted through THUMS
for harmful part of human being. This task
is carried out to determine the most
common configuration for each gender
based on weight, height, front chest
impact location, impact speed, and overall
harmful part. Furthermore, the parameters
from the multibody model reconstruction
are selected from raw data to compare
thoracic injuries in real samples that
match each gender in the most common
configuration with THUMS for human
body simulations.

Finally, the effectiveness of chest
protective gear is tested in the most
frequent configuration for each gender in
the FE simulation to predict a reduction in
chest injuries of real cases. Thus, overall
procedure for analysis is shown in Figure
1. Examples of collected data on-scene for
accident reconstruction and analysis are
shown in Figure 2.
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Finite element model for

Accident reconstruction human body for severe
Accident data using multibody model " cases of common

configuration

Fig. 1 Overall procedure of data
collection and analysis

Fig. 2 On-scene investigation during
emergency response

4.2 Population and sample size of
accidental data

As previous calculation, at least fifty
cases sampling was calculated based on
retrospective cohort study statistical
formula in statistical application. From
on-scene investigation, eighty cases with
inclusion criteria of this study for thoracic
injury severity include three stipulations
according to the four-wheeled vehicle side
and other locations against a
motorcyclist’s frontal impact.

The first stipulation is 15-year-old or
more among step-through motorcyclists.
Principal diagnosis of the cases is thoracic
injury from front collision as the second
stipulation. For the last one, the litigant of
a step-through motorcyclist is a four-
wheeler vehicle. While the exclusion
criteria in this initial data analysis consists
of four stipulations. The first issue is

pregnant motorcyclists. The principal
diagnosis from the cases is not thoracic
injury or is the thoracic injury from other
mechanism than front collision as the
second issue. For the third issue, the cases
associated injuries with other than
thoracic organ have AIS criteria 4-6 (life-
threatened injury). The last issue are the
cases with a pillion passenger. Thus, the
procedure of case selection for impact
analysis is shown in Figure 3.

The severity of injury is divided into
2 groups such as life-threatened (Thoracic
AIS 4-6) and non-life-threatened cases
(Thoracic AIS 1-3). Those groups were

classified by on-scene  physician
evaluation.
Consequently, emphasizing only

thoracic AIS, area of impact plays an
important role which affects injury
severity. Despite of the speed, four-
wheeler vehicle side impact causes
significantly severe chest injury than front
and rear site of a four-wheeler vehicle (P-
value < 0.05) with typical statistic null
hypothesis acceptability of five percent.

‘ 150 motocycle-two- wheeler cases 1

.| 70 cases meet
"| exclusion criteria

80 cases were selected

(motorcyclists front collided to
passenger cars with thoracic injuries)

— T~

‘ 40 cases of side collisions | ‘ 40 cases of front and rear- collisions

o~

Location of impact analysis
- Overall analysis
- Subgroup analysis

Fig. 3 Case selection steps for impact
analysis
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Table 2 Point of impact and injury
severity analysis

Four-wheeled
vehicle location of

Topics impact Total
Side Front
and rear
Life-threatened
33 10 43
cases (AIS 4-6)
Non-L.ife-
threatened cases 7 30 37
(AIS 1-3)
Total 40 40 80
95%
Topics Point estimation confidence
interval
Risk difference 0.575 0.340-0.75
Risk ratio 3.3 1.89-5.75
Attribution
fraction of 0.70 (70%) 0.47-0.83
exposure
Attribution
fraction of 0.53 (53%) N/A
population
P-value <
0.05

Based on Table 2, it is observed that
when a motorcyclist experiences a frontal
impact with a car side, the risk of life-
threatening injury is 3.3 times higher than
other types of impacts. According to
statistic parameters definition, attribution
fraction expresses the real influence of an
interested factor in specified studied
sample, despite of other confounding
factors such as age, gender, BMI, angle of
impact, and type of road calculated by
multiple logistic regression after raw data
collection and multibody program
simulation. The attribution fraction
analysis in this study shows that the car
side impact is one of the main risk factors
which significantly contributes to the
prevalence of life-threatening injuries,

70% and 53% in exposed cases and in
population respectively.

Furthermore, the risk difference
suggests that car side impacts result in
more life-threatening cases of thoracic
injuries than front or rear impacts with a
four-wheeled vehicle. However, it is
important to conduct further analysis to
identify and control for confounding
variables and other factors that may affect
the prevalence of thoracic injuries such as
the presence of harmful environmental
objects at the scene such as bridges,
barriers or else.

5. Accident reconstruction

5.1 Multibody and kinematic studies
The multibody simulation from PC-
crash program was used to simulate events
in all cases. The layout of road geometry
obtained from the real scenes and human
body geometry can be simulated as shown
in Figure 3-5. Simulated results that were
performed from the program were
validated with the collected accidental
data in order to analyze the location of
impact. Figure 3 and Figure 4 show the
distance in different variables among
vehicle and human body from the real
scenes and the program respectively. In
this research, it is acceptable to have
errors up to 10 percent in the program
because the closest matches between the
results of real scene position and
multibody program simulation were found
in this research(in this research, no
simulations has an error more than 10
percent.) Therefore, the data collection,
validation and reconstruction from the real
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scene can be illustrated step-by-step as
shown in Figure 3 and Figure 4. After the
simulation of multibody program and real
scene validation were conducted, VDO-
based kinematic motion was monitored in
each case to obtain 1) Definite angle of
impact 2) Definite point of impact 3)
Definite relative velocity of a motorcycle
compared with a four-wheeled vehicle 4)
Most possible kinematics of harmful part and
chest impact location.

IR 4

Fig. 3 Distance in different variables
from real scene

Fig. 4 Case validation in multibody
program

In the case of front, rear, and side
impact areas of four-wheeler vehicle, the
trunk including the thorax and abdominal
parts of motorcyclist typically hits or goes
over the handlebar as shown in Figure 4.
Such mechanism is followed by the body
being thrown into other parts of the vehicle
or the ground. At high speed, injuries to the
head and neck usually occur as the second
or third impact sequence. For the side
impact of four-wheeler vehicle at low
speed, the motorcyclist's body may come to
a stop or fall at the point of impact or
nearby. However, at high speed the body
may be thrown and hit the car door or any
pillar. Injuries to the face and neck are
commonly associated with high-speed
impacts. Furthermore, extended data can
be obtained after kinematic analysis, such
as the area of impact on the chest, the
relative speed of impact, and the

motorcycle angle of impact.

Fig. 5 Kinematic simulation of side impact

5.2 Kinematic analysis of motorcycle
collision

In order to facilitate this research, the
angle of impact gained from the multibody
simulation in reconstruction are categorized
into 5 groups in each location of impact.
Each location of impact consists of frontal
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impact, rear impact, left side and right side.
Furthermore, each group are divided by
parameters of specific angle as shown in
Figure 6.

After conducting various simulations in
PC-crash 10.0 program along with
kinematic study and analysis, it was found
that the middle front chest is the most
commonly affected position in male cases,
while the left front is the most frequent
configuration found in female cases. Side
impact was found to be a common impact
area in life-threatening cases. To have
further analysis, only side impact cases was
categorized into 3 zones of side impact as in
Figure 7. Consequently, Figure 8 reveals
that zone B of the car side with angle group
5 is the most common configuration
correlated with life-threatening cases with
chest injury.

Table 3 Frequency of harmful parts and
impact speed in life-threatened cases

Harmful Applied Frequency**
part Speed(km/hr.)*
Motorcycle 43.21 14
Handlebar
Car 41.25 12
B-pillar***
Car 48 5
A-pillar***
Car door 54.67 3
Rear panel 45 3
Car 57.5 2
C-pillar***
Car bumper 60
Ground 60 1
impact
Car bonnet 55 1
Total 46.26 (Average) 43

*Data obtained from kinematic simulation in
multibody program

**Data obtained from the real life-threatened cases
***Car A, B and C-pillars are defined as number 1,
2, 3in figure 7

Frontal impact angle

Group 1 © =0°-45°, a.=135°-180°
Group 2 © = 46°- 89°, a.=91°-134°

Group 3 ©=90°, a.=90°
Group 4 0= 0-45°, © = 135-180°
Group 5 a=46-89°, © =91-134°

Left side impact angle

Group 1 f=0°-45°, y=135°-180°
Group 2 B = 46°- 89°, y = 91°-134°

Group 3 =90°, y=90°
Group 4 y = 0-45°, B = 135-180°
Group 5 y = 46-89°, p = 91-134°

Rear impact angle

Group 16 =0°-45°, 0 =135°-180°
Group 2 6 =46°- 89°, ¢ = 91°-134°
Group 3 §=90°, 0 =90°

Group 4 ¢ = 0-45°, 5 = 135-180°
Group 5 ¢ =46-89°, 6 =91-134°

Right side impact angle

Group 1 p=0°-45°, y = 135°-180°
Group 2 B =46°- 89°, y = 91°-134°
Group 3 p=90°, y=90°

Group 4 y = 0-45°, p = 135-180°
Group 5 y=46-89°, p=91-134°

Fig. 6 Impact angle in each location

Fig. 7 Side impact zone and defined
pillars in sedan and pick-up car

b y=46'89"
Zone 8 w b B=91134"

v

wes g P Y4689
P13
)

Fig. 8 Most common configuration of
impact in life-threatened cases
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Cases

;
.
i
C |
Right Middle Combine !

Fig. 9 Front chest’s attacked position for
life-threatened cases in each gender

In addition, after reconstructing 80
cases in PC-crash it was found that
handlebars are the most common cause of
chest injury, followed by B-pillar and rear
panel of the car. The average speed in life-
threatening cases involving handlebars
was found to be 43.21 km/hr., which can
be utilized in further experimental studies
on thoracic protective gear. The reason
why handlebars are the most frequent
cause of thoracic injury in both overall and
life-threatened cases is because they are
present in all types of scenes, unlike other
harmful parts that only occur in specific
types of collisions as in Table 3.
Furthermore, frequency of the front chest
attacked positions in both males and
females from simulation is shown in
Figure 9.

6. Analysis of thoracic protective gear

6.1 Simulation and model configuration

To assess the protective gear, THUMS
were used in FE simulation through usage
of raw data and PC-crash simulation
results as shown in Figure 10. The
classification for THUMS simulation is

based on motorcyclists’ frontal impact to
all locations of four-wheeler vehicle.
Therefore, the number of each group are
different from those in Figure 3. The
average height and impact speed from
only 43 life-threatened cases are
determined for THUMS selection and
impact condition in each gender
simulation. The raw data were obtained
from each gender’s life-threatened cases
to evaluate thoracic injury severity
reduction from the protective gear. The
common configuration in life-threatened
cases were extracted for attacked positions
of front chest in FE simulation.

In this research, the prototype of chest
protective gear developed from Wei et al.’
work [11] is used in effective evaluation
for life-threatened cases. The model of
chest protective gear is made of rubber
material. In addition, the model of
handlebar is made of typical metal
material with density of 3.5 x 10°
ton/mm3, Poisson’s ratio of 0.280 and
Young modulus of 2.070 x 10° MPa. The
model of handlebar is constrained in only
one degree of freedom, which is moving
towards from the front chest with speed of
43.21 km/hr. Besides, the actual handlebar
can either twist (in left and right sides) or
move towards-backwards from the chest.
In order to simulate the twisted handlebar
from real situation and PC-crash program,
the handlebar model is controlled to move
directly to the THUMS chest model.
Hence, this configuration creates slightly
different mechanism of injury. In the real
cases of handlebar twisting condition,
only the tip of the handlebar can attack
motorcyclist” thorax and cause more
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localized injury. In this simulated case, the
whole bar may attack the front chest and
result in less localized injury.

To achieve the effectiveness of
protective gear, LS-dyna program for FE
simulation was used to simulate two
sample cases, one for male and one for
female, with AIS score equal to or over 4
as shown Figure 11. The average height
and weight of each gender in real cases
were measured to obtain suitable size of
THUMS selection including the handlebar
model as shown in Table 4 and Table 5.
A rubber size of 24.15 x 35.27 x 2 cm with
density of 9.0 x 10 ° ton/mm3 and
Poisson’s ratio of 0.495 was modelled and
applied to cover the front chest of
THUMS at middle and left attacked
positions with wearable application for
male and female respectively.
Consequently, human parameters such as
chest deflections, ribs strain, ribs
deflection, and lungs pressure can be
measured and compared at each given
speed for each gender.

150 motorcycle-passenger car cases

]

80 cases were selected
(motorcyclists front collided with-
passenger car, with thoracic injuries)

37 non-life-threatened cases

Male’s average height and
Gain the closet

weight \ i
configuration THUMs
model
—{ Most common harmful part Female’s Average height
- and weight
Average speed of most
common harmful part
Gain attacked position in

| Male’s most common front LS-dyna simulation for
chest attacked position male

43 \ ife-threatened cases

PC-crash slmulanon and
validation

Gain attacked position in
LS-dyna simulation for
female

Ly Female’s most common front
chest attacked position

Fig. 10 Case extraction for protective
gear analysis

Table 4 Each life-threatened gender
average height and weight

Gende  Average Averag Frequenc
r Height(cm e y
Male 170.53 68.50 30
Female 156.85 60.23 13
Total 166.39 66.0 43

Table 5 50" percentile male and 5
percentile female THUMS model weight
and height

THUMS Model Height(cm.) Weight
(Kg.)
50th percentile 175 77
Male
5th percentile 152.4 49.9
Female
Handlebar - 5*

*Real measurement based on average weight
and geometry of step-through motorcycle

handlebar.

Male Female

Fig. 11 THUMS with and without chest
protection

6.2 Chest injury and chest protective
gear evaluation

In the real case, the height of
motorcyclist matches the 50" percentile
male THUMS model, resulting in the
same handlebar-ribs level as shown in
THUMS from the FE simulation. A 33-
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year-old male (motorcyclist) with 175 cm
height in this case was diagnosed with
closed 4th and 5th ribs fracture both sides
as shown in Figure 12 (white arrows) with
left massive hemothorax and great vessel
injury from chest x-ray after colliding
with a four-wheeler vehicle. The case was
categorized as thoracic AlS 4 at the scene
and then passed away soon after
emergency resuscitation in the hospital.
After the data collection and evaluation
with PC-crash simulation, the handlebar
was found as harmful part and the middle
chest was attacked by the handlebar.
While the simulated damage and actual
injury are similar, sternal fracture did not
occur in the simulation, making it possible
to assess the effectiveness of chest
protective gear. However, THUMS
cannot be wused to measure clinical
diagnosis or temporary conditions, such as
flail chest, real-time chest deflection, and
deoxygenation.  Furthermore,  rubber
protective gear from the simulation causes
more pneumothorax in the 50" percentile
male THUMS due to an increase in lung
pressure from approximately 75 up to 83
percent that exceed 10 kPa of human
tolerance limit, while decreasing overall
rib strain and maximal rib deflection in the
handlebar-attacked position. Rib
deflections are measured by subtracting
each rib's anterior-posterior position in
caged ribs, and the float ribs (11th and
12th ribs) are not considered as shown in
Figure 13. The rib strain contours with
and without the protective gear also are
measured as shown in Figure 14.

Fig. 12 Chest x-ray of male actual case

In comparing an actual female case to
a 5th percentile female test (representing
average life-threatened female
configuration), the impact of handlebar at
the left front chest produced similar
results in the THUMS simulation. Since
rib deflections in the 5th female were
subtracted only from anterior left to
posterior right sides (The impacted
position and its opposite side), and float
ribs were not considered in the model, the
different rib deflection measurement in a
female is obtained from different attacked
position from a male. Therefore, the 5th
percentile female’s rib deflection that was
measured from frontal (anterior) left and
posterior right of rib cage is shown in
Figure 15. The actual female case is a 52-
year-old female motorcyclist with 155 cm
height underwent motorcycle against
four-wheeler vehicle collision, she was
categorized to AIS 5 with hypovolemic
shock and was early resuscitated at scene.
However, soon after resuscitation, the
patient was dead before reaching the
hospital. The later autopsy result showed
closed fracture of left 3rd -7th ribs with
left hemopneumothorax. Similarly, after
data collection and evaluation with PC-
crash simulation, the handlebar was found
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to be harmful part and the middle chest
was attacked by the handlebar. However,
left 6th rib fracture was not observed in
the THUMS simulation. Despite the intact
6th rib cortex, the 8th-9th rib fractures
were detected. Both lungs pneumothorax
was found in the THUMS simulation
through the measured lung pressure that
reduced from approximately 87 to 77
percent of exceeding human tolerance
limit of 10 kPa with and without the
protective gears respectively. And the rib
strain contour is shown in Figure 16,
while only left lung pneumothorax was
diagnosed in the actual case. However,
hemothorax and hypovolemic shock
cannot be obtained from the simulation.

In the 50" percentile male THUMS,
applying the rubber chest protective gear
leads to increase in lung pressure and
some rib deflection due to load
distribution, while decreasing overall rib
fracture tendency as shown in Figure 13
and Figure 14. The more localized the
force acting on the ribs, the greater the
tendency for specific rib fractures. In
contrast, the 5th percentile female was
tested only for left front chest impact, and
the rubber chest protective gear reduced
overall rib strain, both lungs pressure and
maximal rib deflection, hence decreasing
overall rib fracture tendency.

mm
10
9
8
7
6
4
2
0 Rib
15t ne ird att 5th 6th 7th 8th oth 10th
L ¥ @ gear hi e gear

Fig. 13 50" percentile male’s left ribs
deflection
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Fig. 14 50" percentile male’s rib stain
without and with chest protective gear
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Fig. 15 5" percentile female’s rib
deflection
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Fig. 16 5" percentile female’s rib stain
without and with chest protective gear

As shown in Figure 13 and Figure
14, the THUMS simulation in 50"
percentile male showed that rubber chest
protective gear decrease left 3rd, 4th, 5th,
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6th ribs deflection but increase other left
ribs’ deflection. For the 5th percentile
female, the results showed that rubber
chest protective gear decreases all rib
deflections. Especially, the 2nd -5th rib
deflections are decreased from more to
less than the lower performance limit (less
than 50% risk of AIS score > 3) and the
1st rib deflection is decreased from more
to less than the upper performance limit
(less than 5% risk of AIS score > 3).

7. Discussion and Conclusion

The findings of data statistical
analysis show that the side of impact and
speed of the collision are the most
significant factors in determining the
severity of chest injury in motorcyclists'
front impact. In addition, the handlebars
are the most frequent cause of thoracic
injury in both overall and life-threatening
cases in kinematic simulations from
multibody program. Other factors, such as
age, gender, BMI, angle of impact, and
type of road, do not significantly affect the
severity of chest injury. Further research
is recommended to analyze different
directions of impact on thoracic injury
severity.

In THUMS model, the handlebar was
modeled using the properties of a steel
bar. However, in real step-through
motorcycles, the handlebar is wrapped by
rubber coverage. Therefore, results from FE
simulation may indicate more injury than
the real handlebar. Thus, it should be
modelled in future simulations to obtain
more realistic results and recommendations
for the use of force-absorbing materials in
chest protective gears. Additionally, the

design, availability, and applicability of
chest protective gear need to be considered.

The use of rubber chest protective
gear can reduce rib fracture in the male
case but may increase lung pressure due to
more impact force distribution and
increase most male's rib deflections. The
increment of lung pressure under
pneumothorax causes lowering body gas
exchange, which is more fatal than rib
fracture [21]. In the female case, rubber
chest cushion reduces all analyzed factors,
including ribs fracture, both lung pressure,
and all rib deflections. The differences of
real female case and THUMS models
might come from different localized
impact load applying to the chest.
However, different physical factors and
collision types may result in different
outcomes. Therefore, future studies
should consider different situations and
collision types to create more functional
crash worthiness.

Finally, confounding human body
factors could not be analyzed in this
research due to the fixed properties of
THUMS. The approximation was
compared to the closest configurations in
the real case. However, factors such as
bone mass, muscle thickness, underlying
conditions, sex hormones, and drug use in
actual cases need to be considered in future
studies.
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Abstract

The objective of this research is to study the effect of the ring on the behavior of heat
transfer to the pot of a KB-5 cooking stove by computational fluid dynamics and experiments. The
simulation model was using ANSYS 21 in 3D-model. The effect of the ring on heat transfer behavior
to the pot was investigated. Heat transfer to the pot of the stove with ring, being Model B and
Model C, was compared with the original stove, the stove without ring (Model A), using total heat
flux from simulation and thermal efficiency from experiment. In this study, it was found that the
total heat flux from simulation and the thermal efficiency from the experiment of two stoves with
rings were better than those of stoves without rings. Model C has the highest total heat flux of
24.40 kwW/m?, followed by Model B and Model A with total heat fluxes of 24.42 and 18.32 kw/m?,
respectively. Model C and Model B have a total heat flux increase of 24.92 and 14.47%,
respectively, compared to Model A. Model C has the highest thermal efficiency of 45.80%, followed
by Model B and Model A with thermal efficiency of 42.40 and 39.15%, respectively. Model C and
Model B have a thermal efficiency increase of 14.52 and 7.67%, respectively, compared to Model A.

Thus, heat transfer to the pot of the stove with a ring (Model C) has the highest performance.

Keywords : Ring; KB-5 Cooking Stove; Computational Fluid Dynamics; Heat Transfer
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Abstract

The purpose of this research was to develop caramel sauce from palmyra palm syrup and
palmyra palm powder. This is to add value to palmyra palm and to develop more variety of sauce
products. Three basic formulas of caramel sauce were selected by using palmyra palm syrup instead
of sugar, i.e. basic formulas 1, 2, and 3. Then, the basic formula caramel sauce with the highest
average sensory quality was added to palmyra palm powder. Three levels of palmyra palm powder,
3%, 4%, and 5%, were analyzed for physical quality, chemical composition, and sensory quality
compared to the basic formula of caramel sauce. The study found that in basic caramel sauce No. 2,
the tasters gave the highest average sensory quality score. In terms of appearance, color, smell,
texture, and overall liking, the values were 7.80 7.87 7.90 7.55, and 7.82, respectively, in the very like
level. Basic caramel sauce no. 2 was added to the palmyra palm powder. The 3% palmyra palm
powder caramel sauce had physical quality. chemical composition and sensory quality were similar
to basic caramel sauce no. 2 with a viscosity of 33.4x104 cent points, lightness (L*) of 46.99, a* of
19.59, and b* of 45.25. The chemical composition shows that energy was 404.40 kcal/100 g, moisture,
fat, protein, carbohydrate, fiber, and ash were 334.81%, 30.67%, 2.44%, 25.53%, 5.48%, and 1.07%,
respectively. The tasters gave the sensory quality score, in terms of appearance, color, smell, texture,

and overall liking, which is not significant from the basic caramel sauce no. 2 at the 0.05 level.

Keywords: Caramel Sauce; Palmyra Palm; Palmyra Palm Powder; Palmyra Palm Syrup

* Corresponding Author. Tel.: +666 5536 2236, E-mail Address: jirapat.o@rmutp.ac.th


mailto:jirapat.o@rmutp.ac.th

a

138 21581539 158aL T NS WIEUAT A1Y1INermansuazinalulad Ui 18 aduil 2 (2567)

1. uni

aalauaiuludunudidenydu drau
WenluuanAsniuanan §eneinerrans fe
Borassus flabellifer L. aﬁ“mﬁuﬁ‘uﬁ'aqlimaﬂf
Palmae ﬁ%amﬁﬁy lﬁTLLﬂI Palmyra palm, Lontar
palm, Fan palm wag Brab palm [1] a1alaun
Farduiloned uvesdsemelned dnusilunis
wnzdgnnszaemlulunngiaie laslud 2562
ﬁLﬁyaﬁwaﬂavnmaImum%?Tu 13,364 15 Wit
WnzUgn 7 Janin NaNERTIN 4,460 FU NAKER
aols 1,177 Alandu sienenelaneilansa 37.80
v Tnodaniadiinandanialauadifuiionls
mmﬁqm 3 grdunsn Toun 1) WTU3 Anandn
II1UIU 2,863,500 N1aNTU 2) @987 AHNAKNA R
U 1,573,100 Alansy 3) aslunsinanan
17U 13,000 Alansy [2]

nandnanmalauad a1u1savly
fuusevula Ao 1nnadn Wema asumna uaz
Rieliels %amawém‘ﬁymwmmmmmﬁwmLLiJigiJ
Wi uyaandundadun 3 nqualeiu Ao
nanfumUsvinninaalaun laun taaan da
vnnansan 11 enadn wavnsvuy nandum
UszLanuns Taun unsiamnalaun wavunisen
malaun wansamUssinau Taun Yuuma 917
aadeu maassuna Tnuanen ﬁ]}nmﬁmqnma
gmwilsmunngdn sundonve uavlauntiingd
uay (3] Mnwandaumemisvmudiulaan dw
iwzglﬁmﬂmiLLUigﬂﬁwmaImum desnniingsuds
nsnandilaenn Tnedernaanuansaiea
annsotlundndundndundssamimalaus
Tananguiln unveide fo finssuiiAefiunuuay
aodliinaanluysinannn wWelulaudnfam
thmalauafiifiosenennunenis wasdilsn
yefindiadsuiisuiuausnlunisiuie

LALLIANUNISHANTIUIY WBNINTUITaRalaund

wieslaangnaiagnAdiluinislyosig
wwswane Sieunnisiaviduruimaifios
9107 NsEiinssuIEnswssuassEie
pafigaetn ey uasliengmaiuinuidy
PowniIainuiseiAnwnsindonalaual
ouuaduus iievaundemalaualilzuuuud
anunsalesula g azaan wasiudnualauiy
1ae C. Pangmark and S. Sriwilai [4] lmyﬁﬂwﬁ
AsvuIuMsouLaiemalaua wuaienalaun
1'7{mumsﬁmazamﬁaﬁqmmﬁ 60 °C mywm’%ad
a‘uu‘ﬁm‘uumm U 10 %’ﬂm aﬂﬂﬁ?uﬂﬂlﬂéausiﬂu

ATLNTIVUR 0.12 Taduns 9ziadnsIn1sAusy

U
v

wazn1savasveUaingn auaulefmaen s
INNTTUIUNTILBANA LA UANIAIUNTOUNU AR
Wuauae wethundnvewduiiunidmsuildly

Uszlevuluaudu 9 ladnme

J29U0UIN1SHANUIT 0 UAIALAUA VY

q

munguIamfIguruvgnaalaun uazinig

9 Y

Wamienalaualvegluguuuuuds undsdinig
Tyddeunazuusmalaunlundndune1uisa

woswazdtluvainuaity wIidedsauaulaiioy

o a

Wanndnsamewsilyingavanaalaun lag

&
a o

nandunom sy ITeaulanazdiaua iy

e

a

mgAvIINaNalaun fie geannswa Judugead

o)

HarunanvoddnIa AN UL LAZLUY @1I50%0

Do

a

Fouazndanlnene vedwoanisnuavuidy
mﬁmﬁm%ﬁﬁu%‘lmﬂ"’ﬂﬂgﬁﬂ firsveialuniy
nosna1n arunsauslnalavninennis 1o
SUUsEMUgAUDIMITIL LB LUINeT LABsA
waglorndy unu

a v =

mywmqﬁyw:a Tedsaulanmurved
arsuuaanaalaun Tnelyund eunialaus
VaunuAansIe e waziasuionalaua
waadlugoama oUsulseddy asasanad

wlanluulvnweaasiwa Fedureanrsiuanil



RMUTP Research Journal Sciences and Technology, Vol. 18, No. 2 (2024) 139

nausanunaunasudaduendnuavesindey
aalaun uazdsavfeutUseadnuesannnaie
Analaun 6(1".1EJainnﬂaﬂ"lLﬁlﬂﬁmaimumaz
NERSuY goan1sLa uavas1esnelalvun

LNYRINT

/

2. 52 08U358
2.1 YUNBUNISIY

2.1.1 Yumsumsintideumalaun
timadaiinunszuaunswanelsed
gaungfl 75 °C u1 30 undl unAedlunsene
noundoslaslylveou gungd 70 °C Ay
sverqaunanaiut i eumalnuaiifidnvaray
wilen danaseu warilvesudefiazaredila
1NN 65 °brix FslaaanAsiu 5 Falus use
dnd ouadluvianaradndmsulysuneld
fauUasann A Dholvitayakhun [8] 411 id o
malauainen a,, Aaunin, vesudatavaai
avaeula, A1d wazesnUsynaunviad

Wisuieuduimalaunaniiduingiumnmu

2.1.2 SunsuMsiLientalaunns
'u"']qﬂmaimumqﬂmaywﬂmyaxam asn
Wasndsaonaunun tonmaseniiielulniied
FRRIEY ﬁwqamaimum”lﬂgﬁuﬁwﬁazﬁamﬁamﬁa
ANABBNIT PINTUNTBINBAZLNTIANA LB LAY
Tgoon tiienalnuafilalan1viaune 2 4u ve
Tnuuusarlyveandniuliuiy 1 Ay iieent
oon Yuiemalauailaluddutiiion Tnonau
LﬁyamamaamL’gmi’mqmmﬁiuﬁ;m?{qﬂmwaqLﬁ%@
malaunaulagamgdl 70 °C Mndudsiismedn 5
Wit nasannmiinla sesnsealvasluainou
YUIA 35x50x2 #4.° (124 X 813 X a%) indeiilo

mafinusaIviduisum 1 Jadwns auiinim

TnduieevlunIeseuuniuvanseu (Tray
dyer; Reliance tech service, Thailand) qm%qﬁ
60 °C w1y 5 $1Tus thesnannmeu wnlilmdu
wenhluusluasisonmendesdunan (Blender;
Hamilton Beach, China) i.aumlmmmmiwmm
80 1y vssyaslugsegdieuvera dmsulyau
nely wauUasa1n C. Pangmark and S. Sriwilai
[4] ¥l emnalauansun o a,, A8 waz
papUsznoumaeilUSeuiieuiuid ennalnund

WJuingAudiemu

2.1.3 nsAndengnsNANgaINgATNug I
ANWIgATNUFIUVRITOAAITUNATIUIY 3

gns lnglvindaunalauanaunuiiniansie

v
o

sovualugeaniuagnsiugiui 3 ans antu
fnidongmsfivinzaniian TnsnsUszidunanim
madszanduia wevanlelunstausean
suuaionalaumns
fupoumehwoamuagasiugu
1. FBsviweansua qmﬁugmqmﬁ 1
imidoumalpunlaadlume vludilrinang
wisgungdl 120 °C aumeluBn 4 wid 9t
Fudsnsuadluaulvionduuiu 3 undl Tasay
gaumndl 120 °C snoonainien laluedndiuyiiy
gl 4 °C adluaulmandu Wnlalwbu dauvas
413N S. Kitiaworasatien and V. Pomnoi [5]
2. Fnsvhwean s gratugIugsT 2
ihihladsdanuauien thivasulaadluens
navaupuaaluguludsdsauiigumad 50 °C
Aunedn 5wt ntutheenandsdeinla i
indeumalpunadumiadslnaudsgamgfi 120
°C aumsludn 4 wiit ladudensuadluaulman
udn 3 Wil lneauguvgil 120 °C Aaen eneosn
91nn laweIafundugumnd 4 °C adlauln

way winhlvdu dawdasunain C. Bloom [6]



a

140 21581539 158aL T NS WIEUAT A1Y1INermansuazinalulad Ui 18 aduil 2 (2567)

3. WM shwean1 e gasiugiuansi 3

v
o o

Prindeunalauntaadiunue drluaalnnans

uiagngil 120 °C aunaludn 4 w1 9Ny

]
v

WU densuavindeasluaulnniuuiy 3 Ui
lngAugamad 120 °C sneananien lauednd

wiugaumgdl 4 °C asluaulmandu Wnlilmdu

AnLUasnna1n Danielle (2022) [7]

A13199 1 arunauflylunisvigeanisiuagns

g
v Usuead (%)
ﬂ{!ﬂu o a a
gash 1 gnshn 2 gashn 3
Ve
43.50 32.26 32.25
AALAUA
Judardu 43.50 58.06 51.61
Wwedn 13.00 9.68 14.52
\NEe - - 1.62

fan: qmﬁ 1: enwdasann S. Kitiaworasatien and
V. Pomnoi [5]
gmﬁ 2 : fnuuasann C. Bloom [6]

ansil 3 : daudasan Danielle [7]

2.1.4 SuppumsThgedaswalEsuiantans
tiladadenuauion thivadulaadly
ormavausuaahlumuludsfeuiigamad 50 ©
C qumedn 5 it Mnduieenandsdeinly
dndeumalnunadusodslnauiaguungi 120
°C Aunaluan 4 undl anndurseqlaiionalaun
naadbUfl 3 s¥AU Ao 3 4 way 5 WesiFunves
dunauionun auswdudedertuuy 5 ud
mntula  Fudemsuacluaulmaniudn 3 wnd
TaeAugamadl 120 °C snesnatnian laiusiad
wwidugamndl 4 °C adlUaulwandu snlalwmdu
Theeansnuaias i onalauananiasen
AAuniin A1A psAUTENELNLAT LaTANNIW

aUsEaNAURE

2.1.5 NMSANYIANWAIZNIINIEATNLAZNISLAT
1. Ms¥nend

TaREn81A5 09 Hunter Lab (Hunter
Associates Labory, Inc, USA) LLaxi’maaﬂuﬂuﬁﬂ
L¥, a*, wag b*
2. ms¥amAnusuniin

WdeseU3una 500 faddns w1inA1A
nY ﬂya g1A$ 89 Brookfield Viscometer
(Laboratories. Inc., USA) ﬁqquﬁ 25 +1 94A
waidea Tngluhiamneay 4
3. M3¥nUsuameud wimuafiazaretla
MeLAses Hand Refectomater (Atogo, Japan)
4. %am a,, SameiAdeq Water activity analyzer
(Novasina IC-500 AW-LAB, Switzerland)

2.1.6 nMsAnw1asAUsENaUNI9LAT

vimnalaunan 11d euaalaun 1o
ANALAUAKS LAYTOH mﬁmauﬁmmzﬁ@mmwmq
i laun MsdesesvnUiinalusau lushs 1 wae
el et AOAC (2016) dwduanslulaiasalons
frwans msiulewnsn (%) = 100—(m’m%yu (%) +
Tusiu (%) + Tastu (%) + Eele (%6)Han (%)

2.1.7 msusziiuaun s ssamauis
ﬁwaammuagmﬁugm LazYDaANS)
watasu ennalaunneia 3 seeu wdseudly
A mnslszamdudaluaudnvususing &
nau savi oduda uavauroulnesiy nae
FEnsBunuulvaziuunuTeU 9 sEU (9-Point
Hedonic Scale) (Ine Azwuy 1 nuiwds luveu
mm‘?iqﬂ UaE ATLUL 9 UNBE9 %aumaﬁqﬂ) 1%2;
Fududndnw amzwaluladannssuaans
UAINY1RUNALULAE TN TUIAANTEUATINUIL 80
AU 183 Mg 19lnenisindaes1vaslun g
wana@nUsInas 30 nfu finslasviaan 3 sauny
Fomoens Immammﬂﬁmﬂmimaﬂuﬁm uazdnng

a19UnlusENansasuilne1d



RMUTP Research Journal Sciences and Technology, Vol. 18, No. 2 (2024) 141

2.2 Msaszidayan1eada
"3meﬁ%a;g‘amaaﬁmma%ﬁﬂﬂmw
ABLAIADIIUNUNISVIAABILUU CRD (Completely
Randomized Design) Tun15Use4dl um adn 1w
MennuazLAll kaz RCBD (Randomized Complete
Block Design) Tun1suseiiiugan1mmniaussany
Fud 31As1vsa1A10LUsUSIY (Analysis of
Variance; ANOVA) LagA113LaNA19983A 4ad ¢
5811719878879 10835 Duncan’s Multiple Range

Test NIszAUANURBITY 95%

3. Nan1sAnEILazaAUTIENa

3.1 wansAnELdeumalaun

Wi o malaunaan 1uAI1NS 0UIY
nanewduiideunalaun amalne a, uazen
AwEnns (L) fimnanas Instideunnalauaiien
a, WATAIANNAING (L) aq"ﬁ" 0.75 Way 60.93
AU auAaminuasUSINawo T s aun
favansinladanfiudy fenunidnuazUsum
°uanLLﬁqﬁqwmmﬁ'axawﬁﬂmymaaﬁ"ﬂL%'amaavfﬁ'
9.03x10 cps waz 74.00 °brix WleUTeuiiiaunn
a* wuridlothanalunanniupuseuiaay
Lﬂuﬁl,muﬁ‘uéﬁyu %QSwmaT,mumamﬁm a* (-1.17)
a1t eumalauaiian a* (13.56) d2uA1 b*
dlermalaunaniiniunissemeleniiesnay
nanowduting snaviananududivdondiugu

Tngundeunalauadrinnududindes b egi

v
a o

69.60 7 9A0AAA BAN UITUT THYBA A
Dholvitayakhun [8] ﬁﬁﬂmqmmﬁﬁmmzaﬂu
mevhihmaaandlinaniizBudiBaein wua
figuvnd 120 oseiwaifoa nanfunitlaaeda
wmapsentnmiaeou a1 a, agfl 0.6 Usuia
vowudetmuniazaneiiila 84.84 *brix fUsun
finnamuanna (L*) ogfl 68 A1 a* wazA b* oyl

5.39 uag 23.74 #Ua0U

et vl esa1nn51d st malaunanau
naneifuthideunalauaidumsssmeiontionn
NS %’ﬁmLﬂuﬂizmuﬂmmigﬂmmﬂu
sULvUresnsYilvesINTLTY uAeTEY
Fansflanzidureanatey Fadaidunisouen
o3 lugUuuunilsiivhlnomnsiivinurouds
Wudu dwalvemnsilan a, anas 3adunis
Jastunsiaiamesauniodiduaimnuesenng
dondeuazqdurionelsavateuia osnide
a, anaeRAuNTofaTysas sraziaailugag
logarithmic phase Wi gy vlnn15if ug1uay
vosAunIsnedlyinauuiy [9] asmalminden
palauaaiunsaifvlauiuniidinialaunan
waznsidsnimalauaantduinislygumgiige
asualmAnUfATen Caramelization Fu gy
uanralaunanduaia (§edney lung u
aslulewnn) uesausenaudy 8.09% (m1eed
3) Masuileluanusoudigungigauazinaiuiy
Wieszmeionthean nafilauanuseugafia
uandadulianafidinas vilwiawedue sty
Yo9a3UsENaUATUDY AsNa eI THwAATY
Adhmna (answa) Sanumiawazainuimien
ity [10] memadiidenainmalaundsdian
\suAsmEnTigedy
dofnwesausznaumaaiiveninion
malauaiUSeudisuiuihmalaunan anemsnsd
3 wuan ilenunszaunisluanuseuinidon
palpupdindsnu Wiy wazasiulawmsauiuiy
au19il oA A yn19ad @i seau 0.05 lnadan
Wa 9971 38510 keal TUSA W 1.73% uaz

ANslulawmse 59.45% AU uilananadas el

'
aaa

Weddgeatiansgeu 0.05 lneln1egn 36.99%
aruliualodunazideleludanuuanaieiy
pysltdAgynsaianszau 0.05 Y13 1H991n

A9LA EJ’]‘LE’W’]’W&IG]U@Lﬁjuﬂ‘ﬁgU’JUﬂ’]ﬁigLﬂﬂLa’lﬁ’]



a

142 21581539 158aL T NS WIEUAT A1Y1INermansuazinalulad Ui 18 aduil 2 (2567)

29NINAINAANA UM I TnUSUIUEITI1MSA
wieagluemsum (USsuiiisunevuigumiin)
TANUNVUANTY [11] ANEIN USunalusau

wazaslulawnsalundndnmmvdaudsgulanuiu

A15199 2 ﬂiuﬂWW‘W’NLﬂﬁLLﬁSﬂ']FJﬂ']WGU’eN‘Ij']W]a

TaundnLardIIaunIalaUn

AN
wilnaz taadn dudeu
ABAN

Aw 1.00+0.002 0.75+0.00°

A und A 13.60x101+0.00°  9.03x102+0.00P

(cps)
Total soluble

13.00+0.00P 74.00+0.00°
solid (°brix)
L* 80.56+0.052 60.93+0.04°
a¥ -1.17+0.02° 13.56+0.042
b* 3.58+0.08° 69.60+0.052

NEme : fsnusuuIteumaiu v A1ANIuANA1aTuee el

aad

edAgyneadanszau 0.05

A1 L* Al aauanns §lmn 0 - 100

a a* flo memandudunsifen

@ Ju + Ao penduns uaz a* 1y - Ae sendllen)
n b* Ao manudududesthiiu

(b* \Ju + e sondndns uaz b* 1u - Ae eenduniy)

M15199 3 99AUsTNRUNILALYRINANAlALAER

Y 4 o o
LATUTIDUANALIUADINGIB819 100 NTY

29AUTZNIUN y v 4
- DRUREED) UnYau
vadl

W91 (keal) 61.64+0.00° 385.10+1.73%

ALY (%) 91.37+0.01°  36.99+0.41°
T (96 0.000.00 0.000.00
TUsAY (%) 0.26+0.01° 1.73+0.00°
mslulewsm (%)  8.09+0.01°  59.45:0.43°
Wele (o0) 0.00£0.00 0.000.00
01 (%) 0.28+0.01° 1.83+0.02°

nEme : fdnusiueumaiy vanells manuuanmaiueensd
dudfgmeednfnszau 0.05
ns e lufianuuanaeiueensideddyneadan

52AU 0.05

3.2 wansaneiaanalauawg
dlefnwdenalaunfinIunsEUIUNTE UL
wurLiemalaunouusisiian aw A1 a* uagen b*
fanaseensiifedfyneadffisedu 0.05 aaan
aEans (L) finiiatuesnsiifodfaymsada
fisyéu 0.05 TapA1 aw A1 a* wazAn b* Yol
maimummawﬁﬂag'ﬁ' 0.28 11.59 uay 54.26
AUEIRY d@IunNadne (LY daneyd 73.74

AILANIIUAITIN 4

A9 4 AUAINNINIENINTRLTBLAUAAALAE

WHIaMALAUARS
AMNINNY 5 ¥
LUBAAEM LUDAIANS
AYNIN

3w 0.99+0.00° 0.28+0.00°

L* 52.80+0.06° 73.76+0.05°

a* 25.60+0.05° 11.59+0.07°

b* 69.46+0.22 56.26+0.07°

VUGG 1 FITNWTULINBUANNIY BT AAULANANILDEN
dudrfgyvneadianszéiu 0.05
A1 L* Ao AuEnne dim 0 - 100
! o N a a
M a* Ao Arrnadudnae-1Ten
@ Ju + Ao panduns uaz a* 1Ju - Ae sendlien)
M b* de Aenududinios-ntu

(b* 1Ju + e sondwdes uaz b* 1u - Ae eenduniiu)

vt ilasnnasviunadunssuiunsd
f’]gﬂﬁaaaﬂmﬂmmi Wlwensian a, ana
[11] 1l epralpuanssadan a, fuesninde
aalaunan vlnid o9 dunseluaiunsn
wiiulalasafusnulauuninienialaun
49 NN30ULNWlNEN BB IRIMUIDMNT N5
avveuLaayafiUdsunlas uananiisama
nonsaatefiavesLalsTiuesa fiinU AT e
aaﬂ%mﬁuﬁﬁﬁuﬁz@:agéﬁmumﬂ LarAILTEY
Feasmaldnannsasulelswesannsudly
Lﬂu%aﬁﬂﬂ;ﬁmmigmLﬁwautﬂiiﬁuaaé Faawa

Tndvasionialaunaieas [12] aremniliie



RMUTP Research Journal Sciences and Technology, Vol. 18, No. 2 (2024) 143

pralnuansdadainnuanns (L9 figeninie
malaunan wazilan a* wazan b* fianas
91nA13199 5 wuan i eiilennalaunan
NUNsEUILNsaULssunaneduonalauans
riindaay Loty Wsiu asiulewse Wele was
it uessiifedfymeainfisysu 0.05 34
ﬂlﬁ 413.51 kcal, 7.05%, 14.88%, 37.88%, 34.85%
WA 2.85% MUy EuAuTuiinanateeed]
WodAun19ad i szau 0.05 lnsanadinde
2.49% \{losan mw‘hm;al,ﬂumzmumﬁﬁﬁwgﬂ
feoenannemsviilnermsiinnuduanas uaz
assalnUsinmuansosiivdoogluemsuns
Wisuiteunevuaeiivin) danueiw iy
[11] nédsanu Tosu Wiy anslulewnse wazidely

Tunan A umeUwaIANUTU

AN5199 5 99AUTENDUNLALVDULBLAUAEALAE

WaMAlAUAKIINNIIBE1e 100 NSY

3 & &
99AUTZNBUNNY LUBAAEN LUBDAIAN

=
LAy

W99 (kcal) 39.14+0.02°  413.51+0.442

ALY (%) 90.38+0.02°  2.49+0.04°
lugu (%) 0.38+0.02° 7.05+0.07°
sl (%) 227+0.01°  14.88+0.04°
mslulawsn %)  6.23+0.02°  37.88+0.01°
dele (%) 043:0.01°  34.85+0.02°
W01 (%) 0.31+0.02° 2.85+0.16°

NUEWA : fnusiueumaiy vanels manuuanaeiueensdl

dudrfveaiansgéu 0.05

3.3 HANIAALABNEATNMUNLENNGAT
&
Wugu

&9

M13097 6 Kan1sUsELTUAMAMNIUTEAM
HuNEvRIgnINUFIUTOAAITUNA TIUIU 3 g0
WU EnedeuTslvAzLULANLTEUTEEAS LA

guIiugIuns 3 gas luaudnwasusing ndu

v
g v W

saud ieduia wazanuveulnesaluuanang
fueenafitudfynneadffiszdiu 0.05 aruand
N FuIMAZLULAILTOUYDITDAAITILUAGNT
fluguil 3 uaneatugasiiugiud 1 uag 2 o0
T d ey eadnisesu 0.05
SowlananzuuunnuseunuuSunsniaty
WU oanITINAgRITug U 1 yraaouduly
AzULUANALENYLEUSINg B NAU warsavd
Tnofianade 7.50 7.75 7.77 uay 7.62 Aud1sy
Faaglusziureusn A eduiauazautey
Tasauflaniade 7.40 uag 7.47 awddu egly
sEAUYOUUILNATY TaR99NTBAAITUNAGAS
flughudl 2 fgdalnazuuunuveuniudnyms
Using & ndu savd wilodufa uazanuey
Taosaufin1iade 7.80 7.87 7.90 7.52 7.55 uaz
7.82 anuddiu Feeglusedurousn vi”’mms!ﬁl
wifeTadonveamsuuagniiiugiuil 2 dmsu

P ldAnennsasuiiiananenald

3.4 wamiﬁnmﬂ%mm‘ﬁmmsamauﬁa
malaupnsdiasuluvaaaisua
theeamsuuagnatiugudl 2 flinanisUssiu
AanmsUszamdudaoy luszduveunnn 1
AnvBinaiivnzanveaiionalauas Tnoiasy
\omalaunns?t 3 S2du Ao 3 4 wae 5 Wostdun
YOS UNALT LR mmfuﬂmﬁmwﬁ@mmww
\iiuarmenn ssrUsEnaUmMaLAS WAYATNTAVING
Uszamduia it edadensedunisiasud o
malauansTivanzaunell msweubonalauns
a'amaﬁ{aﬂmmwmamamwmawaamswL:ua dle
Wisuifeuiueamsuagasiiuguiilufile
A8 WUIIAIAINIUNAT A AIAIINED 19 (LF)
ﬂl’] a* LLazﬂ"] b* mawaammmaﬁmmmwﬁqﬁu

' Aw o o aaa )
DYNUUAINYNEDANTZAU 0.05



]
S/l

144 21581539 158aL T NS WIEUAT A1Y1INermansuazinalulad Ui 18 aduil 2 (2567)

95199 7 MsieSuionnalnuansasna
noAIANNnvesToan1 I Tnsrodan1sua
ansiuguiluiiudonadamiuniinuosiign
fie 6.51x10° cps uavTRAATIALESLLEOANAN
fiszau 5 Wosifun ﬁﬂﬁﬂamwﬁmqqﬁqm Ao
38.00x10% cps Wiiesnidemalaunauwns
AT uARIzanaIMED 2.49% (A15197 5) §

naedulilennalauanai 1ANNTUR waziile

dudadvarunaniduindafnanisgaduiila

esanemnsuaianuaninsalunsgaiian
Fadugadueulunisfugy (9] Faienalaumns
ouwmsTigamgdl 60 °C fn1sgaduii 6.42% (4]
venaniludonalpuansdidaiiauly (meadi 5)
Tngludomalaundidsanianle 5.83% [13] uaz

Wonalaunouunengamgil 60 s waldya i

vl 27.65% [4] aleflegluiilonalpuassil

finauaudAlunisiniivinlinglulassaseves
wuley Wesniauledesausznauvedniusan
lsndaduluananfivyglansenddaszdniuuinis

anunsaasranuselalasiaunvinle vinluaule

o

psdsanuainnsalunisauii [14] Astuan

ANUNUAVDIFDAAITWUATLAS UL L DANANITIA 3

o

= ! ! & v A
AU ﬂqaﬂﬂaqu@aﬂqﬁqLNaaGﬁWuﬁ’]quNLmN

a

Woma uag m%msmuama‘lmummmvm 5%

a

aamaiwnaa ﬂ’]i’]L?Aﬁﬁﬂ wmm‘mﬁmqamﬂ LNING

4
=

WuszaunUsunandanialaunpeuiniandadinig

q

mmuuﬂ’mm‘wam %@ﬁﬂ?i%ﬂﬁﬁ]\‘iﬂﬂ’?ﬂ’ﬂﬂ%ﬂﬂ

D) @

sgeiian

WIBANYIANAIINEINY (L) A1 a* wazan
b* WUl Lol amalauANIN LY UAIAINUEIS
(L) anad @73uAIA1 a* wazAl b* dAiudu lae
AIAINAINN (L¥) VBI0aAISUNAGATNUGILT bl
a & ~ a a
WNLUBAT UAIFINEA A 54.84 Lazgadn131tua
wsullonnalauanafiseiu 5% fnuseian Ae

42.41 YpNINUYDAAITHUALETULLDAALAUAKIT

seU 5% TAAn a* wagA b* 1nilan Ao 21.40
waz 49.27 sy (15797l 7) Fsaonnanaiv
91338989 P. Tanasombun, et al. [15] #nwinis
T emalauanaaunuudsanaisesu 109% Ty
nandunusnilan 1Mu3seves S. Kitjavorasatien
[16] ﬁﬁﬂmmiﬁwmqmuﬁqmmLUWLﬁ%@JmLfTa
qNANaANT 52AU 10% uay C. Peeraphatchara
and W. Panyathitipong [17] #nwinslail omna
anvaunuuUsanaisedu 359% luvunds Tnewun
idlolaidomalaunadundnfunamalnaiaig
a9 (L) anad auan a* uazal b* Wiud le
Wisuiisuiugasaauny viadLd esaniid e
aalauaiiiuaualsitudussausznou Tnale
malaunan 100 Ny fumualsity 6,075 wune
ana (IU) [12] Feandvaaumualsivlvandindes
wazuas vilmdlethunasilureansiuaisama
TvdnAamniaun wasddeaiuay

i ovhweanisuans 4 gns Ae ans
ﬁugwumimmmuama LLﬁuﬂmiLﬁiﬁJLUSM’]aNQV}
SEHU 3% 4% war 5% 113LAs1ENeIRUsENDU
ANl wau audu ety Tusdu
anslulewnsn Wels wasianvosseansiuas 4
gnsfianuuanmaduosnsfidoddymsadad
SEeU 0.05 911A15197 8 WuaUSH A
malaunnLintudmalisednsiwaiamgany
audu Tosty TUsiu ele wavionfivdy wedl
aslulawmsnanas WorSsuiisutugnatugiud
Tudsiena lnoseansiuaasuiionalaun
HafisEeU 5% Indeanu 416 keal Aaudy Tushy
sy 1 eole LLaSngqﬂﬁ'qm Tnadan 36.19%,
31.88%, 2.77%, 6.51% Way 1.02% ATUA1A U
éauqmﬁ‘yugmﬁiﬁLamﬁamwaﬁmﬁaaﬁqm au
anslulswnsnveseanisiuaasuLhenalaunma
ﬁﬁsﬁu 5% ﬁmlw 21.76 % warTRAAITUUAGENT

wuguiludnienia fan 28.63%



RMUTP Research Journal Sciences and Technology, Vol. 18, No. 2 (2024) 145

weiliflesanni omalauanelingsny
Aty Tou Tsiy Wele wasian (a5t 3)
Fusleusinanilonalauenaiiviu samalueos
AsuuaTasudenialauanesia 3 sedu dan
ENF]“LJ‘EBHEJ“U‘VHQLﬂﬁq\‘l"ﬁyu{ﬂyiﬂ wa Usuna

astulawmsalugeamsiuaasuiianalnuneadl

Aranad wissnusuaaislulawmsadulaann
NSANUINAINGRT Wosfuransiulamsn = 100
— (9% A + % TUsA + % lasfur % 1Fele +
% 101) megEUTINMANTY Tusfu Tusiu Be
1o wazonfinidy Wevhunsufuazausunis

s8AUIASIUlaNsAIIURYAY

A19199 6 ANLRRUAMNINNINUTTAMAUTALAZAIAIULANANNVDIGATHUTIUVDITOAAITUA 3 AT

AlRAIAMANNISUsTEMAURE

AMNNSUTEEMEUETE

gasi 1 gnsil 2 gnsil 3
anwazdsng™ 7.50+0.88 7.80+0.91 7.45+0.88
& 7.75+0.93% 7.87+0.88° 7.20+0.97°
naw"™ 7.77+0.80 7.90+0.78 7.55+0.88
SAYIR"™ 7.62+0.93 7.52+0.96 7.62+0.98
ileduita 7.40+0.96 7.55+0.90 7.30+1.02
ANURULAETIN™ 7.47+0.87 7.82+0.90 7.45+0.93

PRy}

NUBLNA : FIBNYIUUINBUMATY MNeBe mAUuANAiuesiiduddgnsatiansyiu 0.05

o w

= ' v ' Ao aad 9
ns NUNYEN VLﬂJﬂJﬂ'J'uJLW]ﬂE]'NﬂuaUWQ@JUBﬁWﬂfQJWWQﬁﬂWWﬁ% U 0.05

A15199 7 QmﬂW‘W‘VI’Nﬂ’]EJﬂ']W‘U@WJEJﬁﬂ']S']LJJﬁﬁQ 4 gn3

fa0819 AMURiA (cps) L* a* b*
qmﬁuugm 6.51x10%1,555.63¢ 54.84+0.067 12.61+0.00¢ 36.52+0.06°
3% 33.4x10%+16,970.56° 46.99+0.01° 19.59+0.13P 45.25+0.05°
4% 35.20x10%+11,313.71% 45.56+0.01¢ 20.13+0.37° 43.61+0.57°
5% 38.00x10%+9,899.50° 42.41+0.01° 21.40+0.11° 49.27+0.01°
v frsnwslunundsiinafumneds aiidanuunnmatusssidoddymsedanissdu 0.05
a1 L* fio Arwanna SA7 0 - 100
m a* @0 marundudunsden (@ u + fo oonduns uay a* 1u - Ao eandiTen)
1 b e aprudufindosthidu (b* «Ju + Ae eondmies way b* 1u - Ae sendihiiw)
ﬁl'li']\iﬁ 8 @QF;‘L]?%ﬂ@'U'V]'NLﬂﬁmaﬂ"ﬁaaﬂ’ﬁ’uﬂaﬁ’:ﬂ 4 'Gjﬁ]'ﬁ "ﬂ’lﬂﬁ'ﬂ@'ij']\'i 100 ﬂ%Jll
29AUTZNAUNINAY gnsiiugnu 3% 4% 5%
WA (kcal) 404.18+0.08° 404.40+0.42° 405.77+0.04° 416.17+0.04°
mm%u (%) 34.68+0.69° 34.81+0.01° 36.19+0.01° 36.19+0.02°
g (%) 29.28+0.00° 30.67+0.04° 30.92+0.03° 31.88+0.04°




a

146 159153INTUAS Y uNs.WzUAs 1Y Imemansuazmalulad U 18 atiuil 2 (2567)
aeAUTENRUNINLAY gnsiiugnu 3% 4% 5%
TUsAU (%) 1.62+0.03° 2.44+0.04° 2.57+0.03° 2.77+0.02°
mslulewsn (%) 28.14+0.38° 25.53+0.40° 23.44+0.38° 21.63+0.46"
Bole (%) 5.39+0.46 ° 5.48+0.48° 5.87+0.18" 6.51+0.40°
101 (%) 0.89+0.02° 1.07+0.04° 1.01+0.00° 1.02+0.01°

U Frdnwsluwuueuiioetumnets afifanuusnastuesnafiteddgymeedafisyiu 0.05

Gl’ﬁ']\i‘ﬁ 9 @mﬂW‘W‘mqﬂizmwﬁmﬁamawaamiﬁLuaﬁa q qm

ANNIIUIZEM ﬁﬂLaﬁaqmmwmmszmmﬁuﬁa

GHIE gnsiugu 3% 4% 5 %
anvagUsng™ 7.48+0.89 7.56+0.95 7.28+0.93 7.31+0.91
ans 7.57+0.87 7.50+0.94 7.27+0.98 7.38+0.96
naw 7.67+0.87° 7.49+0.92% 7.25+0.94° 7.21+0.88°
AV 7.70+0.86° 7.31+0.93° 7.17+1.03° 7.10+0.94°
ileduia 7.40+0.96 7.51+1.01 7.28+1.01 7.25+0.99
ANNTOULABTIL 7.62+0.86° 7.51+1.01% 7.16+0.97° 7.10+0.86°

NUBLNA : FIBNWILLILBUANNTY MeTla Adlauuananeiueendided
0.

ns e lufinnuuanansiueensited Aynnsainfisyeu

INAITA 9 Han15UTELTUAUAINNN
Usea Ul av0I90aAITUNANY 4 gAT WU
nagauTalvaziuuAMUTBUAUENYEUIING

|
a a

d waziladudaluunnnieiuesnsddedifgnig
A0AN IR U 0.05 @UATUNA U TAYIA LAY

IUBBULAYSIUT AINULANH 19N WD Y 193]

o)

o ad

HydAgneadfnTeau 0.05
dloulananzuuunUTEULUUSURSAIATY
wua geananuagasiugudlufidena i
nagoudulvAzuuuALAIUNE Y SEYIA Lay
anugeulnesudianuade 7.67 7.70 way 7.62
mméﬁu%w@uizﬁwauu’m AIUTBAATTNLA
w@dudonnalnuansszdu 3% §Tulnaziuy
AureuAUnaY wazauveulneiuiinage
7.67 way 7.62 auddu Jaogluszduveuuin

LLa%E\JJ‘V]@ﬁE]“U%?ﬂMﬂ%LLU“LJGY]Uﬁﬁ‘lﬂa 7.31 %GQQ

Aoyynaadnfiseiu 0.05

05

TusgiurauUIunans faugodan1sILaaINIsa
@i ennalauanslauini anii sedu 3%
\fesanidemalauniisaniien deasuas
TuseansuuaUTamnavasraleeanIsla
fisam@ussamullnae ﬁﬂﬁr;;maauﬁmlﬂﬁ;

ANSYBUSU

4. g3y

wnaanuasid onaandundedumnain
malaunfifiengniafuinuiidu fedunsuusg
Tnoglusuuuuinidesmalnunuasionialnumns
iunisanan a, Sav7e8nergmisiAvinwives
waafuala wardsansoiluidutagauly
wanSusonslavaesia wu danduingivlu
goamsua Insinideumalauanaunuinia

NI UTRAATINAEATIUGIY Tallanunay



RMUTP Research Journal Sciences and Technology, Vol. 18, No. 2 (2024) 147

v
o

il Undeumalaun 32.26% 3UTnTu 58.06%
LAZILYAR 9.86% Nt uES L enalAuANg
e lneoans1ualld ndu wavsaviAves
malaun wunnsiasuomalaunnissau 3%
virlu seannsiiuasd AMAINNIINIEATN
aanUsEnaum Al wazAMA NN INUsEAMAUR A
TnaiAesfuseansuagasiugiuitlilaidena
unaaA1S AT WAuE s RIS 82 91nul e
maimummaﬁﬂﬁﬂma%%ﬂﬁmLLuum']mawT'm
savussneanmagnsiugiuitlilade
aah myaaLmﬁmﬂﬁ?aamsﬁuﬁamaimmmlﬂLa%u
TunEn AN e1m53masantefessaend adu

ONANWUUBILDAALAUA

5. inAnssuUssne
muﬁﬁf&ﬁmmaaﬁwLﬁumﬁé’ﬂﬁaqéawi”’wﬁﬁuw

mmﬂ’uauumnlﬁunuqwmgummwﬁwsné“a

walulad :1vuananszuas SUUIEINUTIEY

Usgrdeauuszanas w.a. 2563

6. LNEAITDIDY

[1] K. Choocherd, “The research and
development of products from palmyra
palm,” M.S. thesis, Major in product
design. Faculty of applied arts and design.,
Ubonrajathanee Univ., Ubonrajathanee,
Thailand, 2008.

[21 Palmyra Palm, Information and
communication technology center, Ministry
of Agriculture and Cooperatives, 2020.

[3] S. Kamnuansin, “An In-depth Study of
Phechaburi People’s Local Knowledge of
Palmyra Palm through Terminology,”

Capital grants fund research and Creativity

Fund., Silpakorn Univ., Nakhonpathom,
Thailand. 2018.

C. Pangmark and S. Sriwilai. “Thai dessert
product development from Palmyra -
Plum power,” in Proceeding of The 5"
Rajamangala  University of technology
National Conference, RMUTP Research
Journal Special, Thailand, pp. 39 - 105. n.d.
S. Kitiaworasatien and V. Pomnoi. Practical

European

Bangkok: n.p., 2019.

Food Banoffee pie cup,”

C. Bloom. (2018). The Art of Caramel:
Techniques & Treats. [Online]. Availability:
http://www.carolebloom.com.

Danielle.  (2022). HOMEMADE SALTED
CARAMEL SAUCE. [Online]. Availability:
https://www.livewelbakeoften.com/home
made-salted-caramel-sauce/
A. Dholvitayakhun. “ Product
Development of Plam Sap Powder,”
RMUTP Research Journal, vol. 11, no. 2,
pp. 19-26, July-December. 2018.

O. Chaiprasop. “Food Preservation by

Drying and  Dehydration,”  Bangkok:
Ramkhamheang University, n.d.

T. Keeratiburana.  “Food Chemistry,”
Buriram: Buriram Rajahat University, 2014.
O. Chaiprasop. “Food preservation,” 2 ed.
Bangkok: Ramkhamheang University, 2008.
K. Cheuyslintase. “Foog Color Spray Dried
Powders from Natural Raw Materials,”
Contribution from the income budsget.,
Univer  of

Rajamangala Technology

Thanyaburi Pathum Thani, Thailand. 2016.


http://www.carolebloom.com/
https://www.livewellbakeoften.com/homemade-salted-
https://www.livewellbakeoften.com/homemade-salted-

148

[13]

]
a

21581539 158aL T NS WIEUAT A1Y1INermansuazinalulad Ui 18 aduil 2 (2567)

J. Wiboonsirikul and P. Chachana. “Quality

of Palmyra Palm Pulp After Heat
Treatment,” The 3rd National Graduate
Research Conference RMU GRC, vol. 13,
no. 4, pp. 1818-1822, 2018.

Y. Tanongkankit. “ Utilization of Vegetable
and Fruit Residues for Producttion of
Dietary Fiber Powder,” Journal of Food
Technology, Siam University, vol. 9, no. 1,
pp. 31-38, 2014.
P. Tanasombun, C. Siripanwattana, S.

Prasengchom and N. Ngamsangiam.

“Replacement of Palmyra plam powder in

[17]

Fresh noodle,” SDU Res. J., Vol. 7, No. 1,
pp. 105-123, Jan-April. 2014.

«

S.  Kitjavorasatien. Formulation
Development of Steamed Buns by
Supplemented Toddy Palm Pulp
Powder,” RMUTP Research Journal, vol.
16, no. 2, pp. 1-11, July-December.
2022.

C. Peeraphatchara and W. Panyathitipons.
“ Utilization of Palmra Palm (Borassus
abellifer L.) of Phetchaburi Community in
Bread Making,” RMUTP Research Journal,

vol. 10, no. 1, pp. 168-178, March. 2016.



RMUTP Research Journal Sciences and Technology, Vol. 18, No. 2 (2024) 149

n13aeAvaiuuuauuINsasudlniinglin magauluy

AIAILAZNISVYUULANDUDSS

L3 3
[

ASANG weweuny 53U NTARA uaz tentn Alsauanade*

AAIYIIFINTTUATDING AUTIAINTTUAIEAT UMINYIRUNEATANERS

50 QUUINUWANU LLVNEINYTN L‘UG\‘\]G‘]ﬁql’ﬂi NIWNNA 10900

SuumA 27 quaiug 2566 unlyuvaa 4 dguieu 2566 nousuunAIIy 29 dguiey 2566

UNANED

Wunnsrviunsasundusuneluduniduwrassidauaiienisoiniandduian delumnaie

o
v

UsamasaudeUszmalnelalneuddfdamiaradlafiasaourlysasunliinanniwiteannsuase
wafien19e1Me umeslsimumnmsanunauisenunsasunlivhdsasiinsUass PM (Particulate Matter)
allsnannlewdie (Non-Exhaust PM Emission) lawn n1sdnnsevesens (Tyre wear) nM3aniseveessuulusn
(Brake wear) mMsAnvsevesitufianuu (Road surface wear) LLasmiaaaﬁ’ma&sjuuuauu (Resuspension of
road dust) uafmnﬁﬁawui’11?'51’3LLUiﬁ’]ﬁmﬁaﬂfﬁuﬁfﬂmaqsﬂaué warANIS T URTiamanaUT NS
Uase PM ilulminannleds vuddeiilavnmsfnuinisuase PM wuu Non-Exhaust 7inainsasuslnivia
Ima@méﬁgﬂqﬂﬂiaﬂi’m U3U104AATLYEY PM WUU Realtime fiusimmundvesaemnengluaedisosun
Twviedouil ciddeiilavhnismaaeu 3 sUlUY fonuisilumstuiuuunsd ﬂmmnsaauémummg'm
1SO 21994:2007 wazmanadeuluiginsnmsduiiafiounss Funaznmaveaevasrhmsisufieuiudwing
iﬂzﬁumimmﬂmaﬁu 200 kg NSRBI 3 E‘ULL‘U‘U‘W‘U’JI’] Lﬁaiaausﬁlmiwﬁﬁ’mﬁﬂmmﬂLﬁuﬁuéawas{a
nswdsuuasnsuasiassves PM qm%aéwﬁmw TaglummeaouuuuaITInsTinuLTloTouifiey
‘13mﬁfnmsv1ﬂﬁwhﬁ’u auaisd uasalumsuanUassves PM10 sty wailennusaiinduain 60
vJu 80 km/hr nuann1sUanUassved PML way PM2.5 asiUdsuntasluunnitn wnazainaaniznanis
WasuuUasnisanUaseves PM10 ity TunN15UINANLNINGFIU 1SO 21994:2007 ﬁmﬁﬂﬁminmﬁﬁu
200 kg dwanon1sUanUasy PM Liisduiiieuaoam LLﬁzMﬂﬁﬂ@ﬁ@ULLuuifgéTﬂﬁﬂﬁ%’U%Laﬁauﬁq UEEE
ausafiesenfuazusniorrasmuiiamalnnslanuasves PM asiiauifusnsdaiau sianin

WuRnuufanusndadudadvddglunisvanvassves PM Miiudume

AdAgy : wafiwilulaunainlede; saoualnih; duazessuundn

* giwusussaueru ns: +66 2797 0999 sia 1839, lusudldaiannsaing: fengeka@ku.ac.th


mailto:fengeka@ku.ac.th

a

150 21581539 158aL T NS WIEUAT A1Y1INermansuazinalulad Ui 18 aduil 2 (2567)

Resuspension of Road Dust from Electric Vehicles under
Steady and Real-world Driving Tests
Sirasak Pong-a-mas Worawat Songkitti and Ekathai Wirojsakunchai*

Department of Mechanical Engineering, Faculty of Engineering, Kasetsart University

50 Ngamwongwan Road Ladyao, Chatuchak District Bangkok, Thailand 10900

Received 27 February 2023; Revised 4 June 2023; Accepted 29 June 2023

Abstract

Internal combustion engines are considered as one of the most important major causes of air
pollution. Many countries including Thailand pay attention to this problem and support electric
vehicle usages for emission reductions. However, past literatures indicated that electric vehicles also
emitted Particulate Matter (PM) via non-exhaust emissions. These included tyre wear, brake wear,
road surface wear, and resuspension of road dust. Weight and speed of vehicles were found out as
the major variable on this non-exhaust PM emissions. In the current study, non-exhaust PM emissions
from an electric vehicle were measured by installing a real-time PM concentration measuring device
in the back of the front left wheel while the vehicle was moving. There were three types of tests:
constant speed test, I1SO 21994:2007 standard brake test, and real-world driving cycle test. In each
type of tests, payloads were varied. From the experimental data in all tests, it has been clearly seen
that increasing payloads on the tested vehicle resulting in changes in PM emissions. With the same
payload, the amounts PM10 emissions increase when the vehicle speeds are varied from 40 to 80
km/hr. However, varying speed do not affect the amounts of PM1 and PM2.5 at the speed of 60 and
80 km/hr. Only the increase of PM10 emissions is observed. In ISO 21994:2007 standard brake test,
additional payload of 200 kg results in almost half of PM emissions increase. In the real-world driving
test, braking sequences (vehicle was accelerated and stopped) tremendously affects the amount of
PM emissions. In addition, the condition of road surface also impacts the amounts of resuspended

PM emissions.

Keywords : Non-exhaust exhaust emissions, Electric vehicles, Particulate Matters
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Abstract

Recently, it has been of great interest involving to mitigate the environmental impact by
changing the plant processing waste towards the circular economy concept. This research was aimed
to add value to waste from processing of Sanpatong sticky rice seedling. Disposable plate was made
from starch foam mixed with waste from processing of Sanpatong sticky rice seedling by compression
molding. The content of rice seedling waste was not more than 14 weight percent of starch foam.
The compression condition is 170°C with the pressure of 14 MPa. The area, the thickness, and the
density of disposable container are 144cm?, 1-2 mm. and 0.20-0.46 g/cm’, respectively. The
disposable plate is light and the density does not depend on the content of waste of rice seedling.
The flexural strength of disposable plate is about 3.2-3.5 MPa which is lower than that of commercial
one. The water adsorption of disposable plate decreased when adding not more than 10wt% of
kaolin and latex rubber in starch foam. Coating with polylactic acid on disposable container can also

reduce the water adsorption.

Keywords : Waste from processing or rice seedling; Disposable plate; Starch foam; Latex rubber
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Abstract

This research aimed to study the control of temperature and relative humidity of the air inside
a greenhouse equipped with an evaporative cooling pad system. The control system was divided into
3 systems: The temperature control system at 25°C, the relative humidity control system at 70% RH,
and the vapor pressure deficit (VPD) control system at 0.85 kPa. It was found that on a cool day, the
temperature control system can maintain an average temperature of about 25°C. However, on a hot
day, the system cannot effectively control or reduce the average temperature inside the greenhouse
to the required value. Nonetheless, it can successfully control the average temperature inside the
greenhouse to be about 5-7°C lower than outside the greenhouse. The relative humidity control
system maintained the average relative humidity inside the greenhouse at about 70% RH every day
of the test, but the average temperature inside the greenhouse was about 28-35°C. The VPD control
system can be maintained at the specified value for some time; it varies according to the temperature
and relative humidity of the air. However, the average temperature and relative humidity inside the
greenhouse were still within the suitable range for growing plants in the greenhouse. The water and
electricity consumption of the system depends mainly on the weather conditions and the operation
of the control system. The relative humidity control system consumes the lowest electrical
consumption, while the temperature control system has the highest electrical consumption,
Therefore, the temperature control system has the highest cost compared with the relative humidity

control system and the vapor pressure deficit control system.

Keywords : Greenhouse; Evaporative cooling pad system; Temperature and relative humidity
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Abstract

The purpose of this research is to analyze important factors that affect the tenure of
professional Technicians at large automobile centers in the country. Years of employment in an
organization are very important as it is one of the factors that can be used to determine employee
satisfaction and happiness at work. If the employees have a long working life, then the stability of
management and operations will be stable. In addition, it will make it possible to predict operating
results as well as reduce the cost of hiring new positions to replace them, and it also reduces the
rate of resignation from work. The study of influences affecting the tenure of professional technicians
in an organization was conducted with a sample of 245 people. Data were collected by means of a
survey using a questionnaire as a tool. Collecting data from samples to analyze the data using
quantitative statistics to explain averages, percentages, standard deviations and uses reference
statistics such as analysis of variance (One Way ANOVA). In testing personal factors using the Multiple
Regression Analysis method to analyze the influence of push factors and attract factors that affect
tenure in the organization. The results of the study found that the different personal factors in terms
of salary and age have different effects on the tenured of skilled technicians in an organization. As
for the personal factors of different educational levels, there is no difference in the effect on the
tenured of skilled technicians in an organization. In terms of pushing factors and attracting factors, it
was found that they influence the tenure in the organization of skilled technicians at a statistical
significance at the 0.05 level. It can be concluded that attracting factors have a greater influence on

the tenure of skilled technicians in an organization than pushing factors.

Keywords: Skilled Technicians; Large Automobile Centers in the Country; Tenure in the

Organization; Attracting Factors; Pushing Factors
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Anganisailsaszuiadenanviinlandeuniy
wnggagatlnaluszezina1dusinga (New
Normal) 5,57 9luvalen1Ada 1unaenay
gaamnssugtusumiuiimaluladuarszuy
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gafanaonIuimLLuIMenslnuimMsgnAmn
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U3unansiiudie uagngAnssunisuilnad
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i (515’1ﬂ’lﬁL“lT’ﬂ%U%miLLaZﬂ’liLUa‘ISULL‘Uan‘ULL‘U‘U
mssdunuilamaluladingemniy Sudy
wanafinsi1Tadnneg awhnsiesgiuay
wensaidadefiamanenisaeenvesyetiuiey
nsrus sasun vuralugluuszine (Service
Technician Dealership) 11 89910099 YUy 19
Frngnislunguiananisnsinisaiesngaan
NI [6] GeasnanaussAnsainnas
UsgAvSualunsasaUALALAYUSN1TNADAIL
A2 E 83luA LA NN UIINNITYIALARY
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Josifunansznufiaziing uainaniunisaitu
psanslugamnssue e ndunesaum
wazimnagmsiiaglalumssissdnwminauly
ﬂa;wdwzi’wmmyﬂﬁquéiaauﬂg [7] vilodasrtu
Audonei asiiad ulunszuiunisnis
A uIUsENI 191 anAd ATINIYNNT AU
U%@’mgwémasuﬁ naenIuLil oY LATETAM
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iiefnudadefgaiiauduiusnooiy
milussansvesmramaingiugms
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ﬁﬁ@,mﬁgu ihdadeits 3 mﬁmﬁﬁqf\]ﬁauuﬁgm
ImamﬁLﬂswﬁﬂzjva:gaLLwaﬁﬁL%awsimuﬂ%ﬂﬁ

LINWIIAINUD BMSIT8RY ALRAY d@rullealuy

wmsgu Tasloinuansulanumneaiiade
ALSUATAIATUNITTIATIZNAIINLUTUTIY
(ANOVA) LilomAaianA9veIA1laavedng
w0197 W ubasen ot uroafauUsn 1y
Uszansmans laun e 01y SunIsAnY
prgruduion warnsluaiiiasennIonnes
WAL TLATIEM AT US TE V1A IS
Saszd wnaesiaduly luausansivi
SvdnaszvwuUsBasy loun dadendnduuas
Jadeiagaiusuusniu Sefidoerganulussans
awﬁwuiuam{ﬂi (Length of Serving) &
auddailesndunidudadefiannsely
syyiFomasmuiianelalunisvien avwaaly
139970 LATULLENIIN 1918 UeIANTYDY
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UfRenfiaea uavannsamanisalla sauds
Sranarlomnglunsisnusuvisdiionauny
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Intention) wuaRATdeanaesTuNSaIUEEId
AT
n3vaueeeiiAugy (Happiness) Liu
7 addglunisaiidudiad auisiusisaun
AV I EVDIAIN ANLEY (Happiness) 313
AnwifeuusnmsAnwasguoonidu 2 wwamna
o 1) Auguuuulelaing (Hedonic) 3o
AUAUTIENIFE (Subjective Well-Being) Ae
nslvanuddymaensual auganiiyanading
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Faesluaaiduselsiniy [9] sndesnaisy
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Lauan (positive affect) way U51FR1NDITUAIMNG
AU (absence of negative affect) wazauUIENOU
my”nuawmumsmamn:ﬁm (cognitive)
LmemﬁmLﬁ'mﬁ’ummqﬁuﬁlﬁuﬁmmﬁﬁwmima
¥i1nsfinwianugi lnainnisiaulaensg
Fun1wal il enaes A u N8 ves
ALY ﬁas?jy'iﬂmmqmﬁa Na‘ﬁlLﬁW\]’]ﬂﬂﬁg 20
nMIaseveeiales Msudatean Tagn1sth dannu
ﬂmuﬂﬁyuﬁwlﬂ@maﬁwmaEJ'Nﬁﬂmmw W
osualudsuiniiinannsfiisatunisye
pnfaoenYy Nstewmdedulunisiiay nns
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Usvauaudnsalunisyiiau silviinis
wanseannanuersualudauan enfregnay
Ay aynauiu Manduneluivhey weed
wanaouluntsinieuiia yaeafiugiReusmiy
anafiannuay vlmAnanuduiusianosulud
¥i91u danugdniidnenuiilasuneunune &
mmgﬂﬁuﬁuﬁ‘ﬁww ﬁwlﬁ;iﬁv'mmasgmalu
psAnsTAugy [11] uasiinanooigaulussans
PaMTNNUTETIUL N1ANeenanas
N198188131N97U (turnover intention)
n158100n3 1MN188IN15A4 eulnInd e
Wasuulas (movement) maqqﬂa’mﬂuﬂmfg’]
LLasaam]Wﬂmﬁrmﬂmamamqumn%ﬁﬁwmu
(job accessions) kagN1598n10491U (job
separations) [12] L% G LaduATALASIE bA LY
mwwmsmsmaaﬂﬁamiﬁyuqmmidwyw
wiinanu wagmsaaninedlniieanyhey wie
mimywﬁmuﬁaaaﬂmmm%mﬂmﬂﬂu
aﬂﬁmsﬁm%ummjvwmmuﬁmwwmwmquﬁ'au
mawiintulaeiininouatasle (voluntary)
wavluaiiasla (involuntary) Walpewndniaeala

waruanaedlula n1sareananaulegluaiasls

fnAnNIE91e nseenanaulaevaniasdla
frAnluguiiuisasaiunug esvouiuiion
AN919 naUsylevuneuwny $aluennsvieu uay
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WNHYURILIU N1TANY waznsaanssatiuny
[13]
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Pull Factor) Jadenanay (Push Factor) VldlaEqJ;
ma“[,uaqv;ﬂﬂﬁmﬂumLmﬂszmjuiﬁl,ﬁmmiaaﬂ
9n9u vieTadeRsga (Pull Factor) flogniouen
03nns daiinalundneuiaauaulonaslagy
usasgalmanluvhanluosanslu

INUUIAUAAVDS [14] Anwdedased
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wazUaduhegn Ae 1) Jadenanau (Push Factor)
wanedanelusansiidnanonisasieninyly
nelalnifuyana dadudadeivhlminmsaneen
Tuiign wu wsanadulussans Ameuwnuly
Weane Tonanienisdnwiues dUywnu
Auduiussemnsauluesans wWuau 2) Jade
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2.1.3 38n1IaluN1539Y
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YramadaT w3 ue saun vuialnglu
Usgind 97U 245 AL 970 155 quéﬁ"wwmﬂ
Tnglunaumvemils s [20] isviunrnde
ffu 95% wazaunaandeufiseusule 5% lu
WUUEDUAH (Questionnaire) Tun1siAusIUTIM
sﬂlaaﬂa

Tumafunusureyadilylunisidede

wuvgeunruwuulanada waglunisitasisu

vouan 39ulvad ALganssauun (Descriptive

Y Y
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Statistics) 19 N15LANLAIAINE SRS 088 Y
Aiade anudsauunasgu Tadlwnamnisula
AVTINEATLRAEALSUASAATY fiB 1) Aeds
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1.81-2.60 flAumue9 U0 3) ANRAE 2.61-
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flannumanenan 1In wag 5) Aade 4.21-5.00 1
AIUNNIET WINTA A warlyadfidenneds
(Inferential Statistics) lﬂyLLﬂ' n157 mewfmm
wUsUIU (ANOVA) Lt 9711A210LANA 1994
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arulszrInsAEns laun Lwe 918 YA U
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M19°99 1 ARdY warAdEuuIINTEIY kanIszAUmUAMUTITBNaN AU UANSe)

AIUAN YUY x SD sTAUAUEARY
SnuniznufigenaasfiunnuTey a.127 0.69 170
U'%mmmuﬁvlﬁ?%’umwmﬁﬁmmmmwu 3.900 0.78 4N
fianunaniilaluay 4.180 0.71 1N
muﬁﬁwagﬁﬂﬁﬁiamaleiyagji"smﬁumauﬁammsﬁu 3.841 0.85 110

574 4.01 0.76 1N

augUeRudye x SD sTAUAUEARY
fAUYRTITU 3.531 0.98 )
wseuSuRaveunsalnuiinuianain 3.793 0.94 110
UlgueuSENIAuTALLY 3.608 0.95 11N
99U 3.64 0.96 aun

Sruiaudney x SD FTAUANNFIALY
emdedetunasiu 3.944 0.89 170
annsaverUinwlataue 4.004 0.77 11N

32U 3.97 79.49 un

AuANLN LAY ANLsuAslun YU X SD sEAuANUEIAY
fianun vy finse 3.806 0.88 110
Utilmusiunsuasiteides 4.098 0.77 110
flonariaunaugifiia 4.177 0.68 Pl
n1seusuuay ;ﬁamiﬁwmuﬁ%’mﬁ]u 3.881 0.83 11N
39U 3.99 0.79 4N

AUNANDULNY x SD FTAUANNFIALY
L’EuLﬁaummsauﬁ’ummgmmmmsa 3.408 1.01 Uunana
Guifeumnzaufumniirusuiavey 3.307 1.02 Uunang

394 3.36 1.01 Y1unang

INAITNN 1 WUALLUULAANTDITEAU
AnudrAyvestadunanaulunIunge Ineaiu

Ingyeg lusegauuin Ao AruaNYUEIIY AU

HUIAUTRY AIUNBUTINIY ATUAIINNTINUN
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a 2 A

A1NTUSLAUAINUAALAUN U P BTTAU

ANudrAgvesdITefgafidinansaiganuly
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YA NTUDIY Nmaﬁm"wmgmmmﬂu

A15199 2

M15797 2 Aede wazadeluLNINTEIY kantTEAUAUANALTITERIgAATWANG

USRI x SD SEAUANEALY
aumaniaitas lawasudnuas el 3.070 0.93 Uunans
393 3.070 0.93 d1unang
auanmLnaoulueInng x SD sERuANdAYY
seduLdes gaumgd wezuasmndlunisujoieud  3.820 0.80 N
AU YL
59013 aniiinueu neshesaiioame 3.492 0.94 Urunans
punsaluaziedoslefilalunshauiisawenanis  3.566 0.93 Gl
Ui iR
flszuumsusyanununeludia 3.64 0.92 170
394 3.63 0.90 41N
Fruanudmazanusuaddunisinemu x SD sTAUANEIAY
GTaQﬂWiLﬁauizﬁuiuﬁ'lLmﬁaﬁqﬁu 3.102 0.87 Uunana
393 3.102 0.87 d1unang
AMUAINBULNY x SD FEAUAIINEALY
gaaﬂwiﬁs’m"l,ﬁuqﬁu 3.496 1.25 Urunans
574 3.496 1.25 J1unang

91NN 2 NI ATUULIRAYBITEAY
mmﬁwﬁ’mjﬂaaﬁaﬁ’ﬂﬁa@miuﬁmmﬁa6] Tngaau
Tngyoglusedutunans Ao Audnuazaru Ay
AT TvTILariuaslIL WaYATUAINBULYIL
aunsaninasylussans anadslngsiuoy

Tuseavuann

3.2 N1IATICHADALTIB19D9
AN IATIENIIAULANH 1958198
aruyananuotguluasnnsalunistymaile

ANILATIEU

ALY TUTIUNTIILA 82 (One-Way-ANOVA
Techniques) LaEILATIEN AT UG TE NI
TadundndunarTadofgaivengaiulussans
maaﬂmmaﬁmﬁ'mwma AI8N13ILASIZUNNT
annouwyi Ao (Multiple Regression Analysis)

WanAdeUaNNAFIY

auufgiun 1 Jadvaluuprausenauly
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M13°99 3 navesUaduaiuyananeegulueIAnsvesImATAT LIS

Uadedruynna AsiANAgaY P-Value
ATl T-Statistics = -2.47 0.007
X2: 91 F-Statistics = 1249.21 0.000%
X3: S¥AUNITANE F-Statistics = 672.46 0.123
Xa: J3uhou F-Statistics = 937.69 0.000*

Regression Analysis: X4 versus X2, X3, X5
X4 =-7.19 + 0.543 X2 - 0.700 X3 + 2.54 X5
R-Sq = 52.4%

ai’wmu%a;ga 244

o

*dudAgynanAnszau 0.05

e 3 nundadearuyanranueny
woziiufou finnstuiinansengaulussansves
granadatiugnsfiuanaisiu senedvedfey
msaRAisEau 0.05 Tngluniueny naweny 38-40
1 fanadvorgalussansunnninauenydu @y
TadearnyananiuseiunIsAnumiinietu Tuane
o1genlusinnsvesvramadatugnslunieiy
o aiTedAynnsadfiisyau 0.05 wazdadennu
Ruiieuiiwpnasiufinaneeigaulussansuessng

a ) Y [

LV]ﬂ“LJﬂ“U']LI’]QvJﬂ’ﬁﬁLLG]ﬂG’YNﬁIu’e]EJ’NﬁJUEJﬁ’]ﬂZQVI’N

Normal Probability Plot of the Residuals
(response is X4)

Percent

x5 5 HEHREHE 89§

20 o

0
Residual

FUN 1 uanemnuduiusvesiuwusniavsnanaan
Xd: Jupau 31nA5N9 3
auufigun 2 Jedenandulinnuduiusne

’eJ’]EN’]UI‘LJ’ENﬂﬂi‘UaﬁﬂNmﬂﬁﬂ‘ﬁ’m’]mﬂ’ﬁ

M15197 4 UanspnadanisiiasienauanaesiBavasvesiaulstadendnaunaze g nulueinnsuasws

watAtIUIYNIT

fanensaliladenanau Coefficient Std. Error P-Value
F"hm‘ﬁl (Constant) 10.930 3.532 0.002
F1: pudnuazau 0.188 1.258 0.881
F2: augadudayn -2.051 1.130 0.071
F3: pufteusasey 0.3129 0.8685 0.719
Fd: mummmﬁnwﬁwLLazmmﬁuﬂﬂum'ﬁﬁNm 1.464 1.311 0.265
F5: GWV”IUNGWB‘ULW]‘L! 1.4319 0.6577 0.030*

Regression Analysis: X4 versus F1, F2, F3, F4, F5

Xa: Rufiou = 10.9 + 0.19 F1 - 2.05 F2 + 0.313 F3 + 1.46 F4 + 1.43 F5

'
o o aaa 1Y

ﬁﬂuiu%ayja 240, F-Statistics 1.58, R Squared 3.3%, *ﬁﬂ'&ammm&aammmu 0.05
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N5 4 Wefinnsaunlaesiy wuan 6
wsdaszvestadondnduiiasmanoegalussans
Yos¥1amaiatiuynseeiveddyn1aifd
s¥AU 0.05 laun Jaseaunanauuny Taeiian
duUsvAvsanney (Beta Coefficient) iy 1.4319
Fanmuea1ua1 wnaafianelavesyianain

TrugnsnemuNanauLnuUdsuLladly 1 vuae

szvhlvyamadatiuignis ﬁmqmu‘[,umﬁm
Wi ud U 14319 Weil @nsuan R Square U
wuUsaesinnIfU 1.2% mnenuan faudsau
ﬁu’wmmmsﬂﬂ?@%mamﬁm?{meawmmqam
Tussansvoanauieslnsosas 3.3

aunigiui 3 Tedefsgadanuduiusae

p1gnulussansvesvImalingIuIgns

M13197 5 uansanaiinisliasenanuannesidanvanesiiulsdadefgaiarotgaulueansveyis

walaguIynIg
ﬁ%wa’miaﬁ]ﬁlﬁ'ﬂﬁﬂ@ﬂ Coefficient Std. Error P-Value
AT (Constant) 19.824 3.136 0.000
Al: ﬁyﬁué’ﬂwmmm 0.0768 0.5769 0.894
A2: GT’]‘LJﬁﬂ’]‘INLL’JG]E:EJEfLuEN?;ﬂ‘i 0.0721 0.6315 0.909
A3: s?wummgnwjﬂLLazm’;’]mﬁuﬂqiquu -1.2421 0.5726 0.031*
Ad: G’{WUﬂI’W}E}ULLWu -0.1614 0.4288 0.707

Regression Analysis: X4 versus Al, A2, A3, Ad

X4: Rufou = 19.8 + 0.077 Al + 0.072 A2 - 1.24 A3 - 0.161 A4

o o

o

1uuveya 241, F-Statistics 1.46, R Squared 2.4%, *Flodfumsanafisysiu 0.05

1NA15199 5 1HaRTUNAYTINNULN #

=

wUsdasyveadadeudgaiiainan ooy aruly

aad

asrnseensldedfymeadnnssiu 0.05 Aonu
AunImusazanuuaslusumndulaeden
FuUszans annes (Beta Coefficient) My -
1.2421 Femnea1un winanuianelavesws
WATATIUYNISABAIUAILAINURAZAINY
mﬁmiumwmﬂmﬁ"aﬁam WA susdasly 1

nule v nyiunaiatiuignisdengauly

83Ans  1.2421 wuae Naill @miuen R Square
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Abstract

The objective of this research is to compare the performance of mean estimation when data
is missing. Mean estimators are derived from imputation methods, including the mean method, factor
method, and exponential method. Under missing data mechanisms, there are 3 types, including
missing completely at random, missing at random, and missing not at random. This research uses the
small dust particles from the Pollution Control Department's sources to study the efficiency of mean
estimation using the imputation method for each situation. The criterion used to compare efficiency
is the mean square error. The sample sizes were set to be 30, 100, and 500 at missing data levels of
10%, 20%, and 30%. The results showed that under all types of missing data mechanisms, the
efficiency of mean estimation from the imputation method that uses information from an auxiliary
variable together with the study variable as the factor method and the exponent method was better
than the mean method that uses the study variable only. Moreover, the sample size and the missing
data levels affect the performance of the method. As the sample size increases, the efficiency of the

method increases. But if the missing data levels increase, the efficiency of the method decreases.

Keywords : Mean Estimation; Missing data; Auxiliary Variable
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