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Biochar has been widely recognized as a beneficial soil amendment, enhancing soil physical
and chemical properties. The yield of biochar production, however, is influenced by various processes and
kiln parameters. Thus, the objectives of this study are to investigate the thermal characteristics inside a
50-liter biochar kiln and the effect of core puncture row numbers on temperature distribution and biochar
yield. In this study, a 50-liter biochar kiln with dimensions of 500 mm x 380 mm (height x diameter) was
developed for the study. The kiln design included a central core with a diameter of 115 mm and puncture
holes of 6.35 mm in diameter. Experiments were conducted using cores with three different puncture row
configurations: 3, 4, and 5 rows. Corncobs served as the raw material, while briquettes derived from
agricultural waste were used as fuel. The temperature distribution for each configuration was analyzed
through both experimental and numerical methods. Simulation results were validated against experimental
data. The simulation results illustrated that the highest temperature was found at the core and decreased
transversely in radial direction toward the kiln wall. The average temperature over the radial and longitudinal
positions inside the kiln with 3, 4, and 5-row configurations was found to be equal to 392.4 + 174.2 °C,
357.4 + 210.4 °C, and 358.6 + 221.7 °C, respectively. The experiment revealed that the biochar yield was
found to be equal to 12.9 wt.%, 11.4 wt.%, and 15.7 wt.% for the 3, 4, and 5-row configurations,
respectively. The average pH and electrical conductivity (EC) of the biochar were 8.7 + 0.3 and 0.6 + 0.1
dS m™, respectively. This study provides a detailed understanding of the thermal characteristics within a
biochar kiln and their effects on biochar yield. The graphical temperature distribution results offer valuable

insights for optimizing kiln design and improving biochar production efficiency.

©2025 Panyoyai, N., Wongsiriamnuay, T., Intagun, W., Klinbun, J. and Khamdaeng, T. Recent Science and Technology published by Rajamangala University of Technology Sriviaya

1. Introduction

process without oxygen or with minimal oxygen

(Pyrolysis) (Suksawang, 2009). Biochar can be utilized

Biochar is a material composed of carbon

for keeping carbon in the soil in order to improve the

produced from biomass through the heating separation

soil physical properties due to its natural pores that help
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improve the air circulation, water percolation, water
absorption, plant nutrient accumulation and
microorganism activities. Biochar can absorb heavy
metals in the soil (Rinkam et al., 2022) and the alkalinity
of biochar is beneficial for acidic sandy soil, helping to
neutralize the soil acidity, increase the soil pH and
improve the nitrification (Shaaban et al., 2013). As a
result, biochar reduces fertilizer use and increases yield
production, providing higher income for farmers (Chen
et al., 2022). In addition, biochar has properties that
make it suitable for use as an energy source since it
produces more heat than general wood charcoal and
can be produced using simple technology with low
energy input. Moreover, the production of biochar can
be applied at both the family and community levels
(Kaewluan et al., 2021). Several studies have
investigated biochar production, and production
conditions, such as pyrolysis temperature, can affect
not only the yield of biochar but also inside the quality
(Petchaihan et al., 2019; Somparn et al., 2019).

At present, numerical methods play a
significant role in engineering design, as they can be
used to design and predict results without trial and
error. This leads to reductions in both capital and time,
making it easier to produce suitable workpieces for
engineering and economics. The forecasting of heat
distribution on the heat circulating fin attached to the
heat electrical appliance was studied and the results
help designers efficiently evaluate and appreciate the
shape and number of fins to be used (Techaumpai et
al., 2009). The heat distribution in a small water heater
was simulated in order to help design an appropriate
heating system based on low energy consumption
(Missaoui et al., 2021). The temperature changes within
a 200-liter vertical charcoal kiln using the gasification
technique with wood as the raw material were studied
and the results showed that this system could reduce
the production period and increase heat energy,
resulting in higher quality charcoal compared to normal
burning (Maneechote and Seni, 2015). The simulation
of heat transfer and distribution in the pyrolysis furnace
under various conditions has been investigated to
enhance product yields and quality (Intagun et al., 2018;
Panyoyai et al., 2019; Srisophon et al., 2019).

An understanding of the temperature distribution
within a biochar kiln is important for optimizing the
biochar process and production, which is influenced by
core puncture row numbers. The core puncture row
number is essential for enhancing heat distribution and
gas management, as it enable uniform heating and
efficient ventilation, leading to improved operational
efficiency and consistent product quality. Validating the
numerical simulation results with experimental data will
increase the reliability of predictive models, allowing for
better control over the production process. Additionally,
exploring the relationship between temperature
distribution and biochar yield and properties (such as
pH and electrical conductivity) can provide valuable
insights into producing high-quality biochar with
desirable chemical and physical characteristics.

Therefore, the main objective of this study
was to investigate the temperature distribution inside
the biochar kiln under different core puncture row
numbers. The experimental results were compared with
the numerical simulation results to validate the model.
The temperature distribution then was evaluated in this
study. The biochar yields and properties were also

investigated.

2. Materials and Methods
2.1 Biochar Kiln Design

Figure 1 illustrates the 50-liter biochar kiln
used in the experiment with a 380 mm diameter and a
500 mm height. The kiln is made of steel and has a

closing lid with a 115 mm central hole.

ol
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Figure 1 Biochar kiln (dimensions displayed in millimeters)
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2.2 Core Configuration of Biochar Kiln

Figure 2 illustrates the core of cylindrical
biochar kiln, which has a 115 mm diameter and 6.35
mm core hole diameter. The core was designed with 3,
4 and 5 rows of 6.35 mm holes. For the core with 3
rows, there were 6 holes per row, with the first, second
and third rows positioned 50, 190 and 330 mm,
respectively, above the floor as shown in Figure 2(a).
For the core with 4 rows, there were 5 holes per row,
with the first, second, third and fourth rows positioned
50, 155, 260 and 365 mm, respectively, above the floor
as shown in Figure 2(b). For the core with 5 rows,
there were 4 holes per row which the first, second, third,
fourth and fifth rows were 50, 134, 218, 302 and 386
mm, respectively, above the floor as shown in Figure
2(c).
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Figure 2 Core of cylindrical biochar kiln with (a) 3 (b)
4 and (c) 5 rows of 6.35 mm holes (dimensions

displayed in millimeters)

2.3 Biochar Production Process

Seven kilograms of raw material, corncob with
a length of 10-20 mm, were thermo-chemically
decomposed in the biochar kiln after being dried to
minimize humidity. Three kilograms of heat fuel
briquette were placed into the upper core for 0-15
minutes and the biochar pyrolysis process was
conducted for 3 hours. The outputs of the process,
including completed biochar, non-completed biochar
and ash, were weighed using a digital scale with an

accuracy of £0.1 g.
2.4 Temperature Measurement

The temperature was measured at seven
different points by use of the thermocouple as shown
in Figure 3. The thermocouple probes with temperature
range of 0 to 1,000°C were placed inside the kiln at
radial positions 49 mm, 129 mm, and 187 mm from the
kiln center and at longitudinal directions 108 mm, 244
mm, and 366 mm from the bottom of the kiln. Real-time
temperatures were acquired and stored using a data
logger (Wisco Online Datalogger ODO04). The
temperature was continuously recorded within 3 hours
during the pyrolysis process and the temperature that
reached steady state was selected for comparison with

the simulated temperature.

Figure 3 Thermocouple position

2.5 Simulation Methodology

The biochar kiln model has three main
domains: the kiln wall, the core wall, and the pyrolysis
gas fluid within the kiln. The kiln’s core is used for fuel
loading, with heat from combustion transferring radially
outward to the kiln wall. To simplify the model, the

following assumptions were made:
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1. Heat transfer was considered under steady-
state conditions.

2. Heat transfer from the inner core surface to
the outer core surface occurred through
conduction.

3. Heat transfer from the outer core surface to
the pyrolysis chamber occurred through
conduction and convection.

4. Heat transfer from the outer kiln wall to the

surroundings occurred via natural convection.

The temperature results obtained from the
biochar kiln simulation, based on the numerical scheme
illustrated in Figure 4, were compared with
experimental results from the pyrolysis process. The
test conditions focused on varying the numbers of rows
of holes on the core, which significantly influenced
biochar productivity. The simulation was conducted
using a model developed in Abaqus, which set the
pyrolysis temperature at the kiln rim to analyze air
circulation and temperature distribution under stable
heat conditions. The governing equations for the
simulations included the Navier-Stokes equations for
fluid dynamics and the energy equation for temperature
distribution. These equations were solved using the
finite element method to simulate heat transfer and
airflow within the kiln. The simulated temperatures were
then compared with those recorded experimentally
during the pyrolysis process in the biochar kiln. To
ensure the accuracy and reliability of the simulation
results, the experimental temperature data were
compared with the simulated temperature profiles for
each core configuration. The  temperature
measurements were taken at multiple radial and
longitudinal positions within the kiln and averaged for
comparison. Error percentages were calculated to
quantify the deviation between experimental and

simulated values.

Input material properties and initial conditions

v

Input boundary conditions of temperature and thermal

Ve

A

coefficient and solve heat transfer formulations in the biochar
\ J

v

Update the temperature in the biochar kiln

v

Solution converged?

Yes

~

Get the temperature distribution in the

biochar kiln

Figure 4 The diagram of numerical scheme

2.6 Yields and Properties Determination

The percentage of the biochar yield was calculated as

follow:

Wbiochar

%Biochar Yield = —— x 100 (1)

Wb/‘omass

where W,

biochar

is the weight of completed
biochar after the pyrolysis and W,,,.... is the weight of

raw material before the pyrolysis.

The gas produced by pyrolysis was inferred

from the loss of total weight after the process, i.e.

Wbiomass - Wsolid yields
%Gas = x 100 (2)
Whiomass

where W4 yieigs 18 the weight of total solid
yields obtained after the pyrolysis, i.e., completed

biochar, non-completed biochar and ash.

The pH of the biochar was measured
according to the DIN ISO 10390 standard using a 1:5
(W:V) ratio of biochar to 0.01 M CaCl,-solution, with 60
minutes of shaking, and the measurement was taken
directly in the suspension. The EC was measured
according to the DIN ISO 11265, by adding a 1:10
(W:V) ratio of H,O to the sample, shaking for 60 min,

followed by filtration of the solution.
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3. Results and Discussion

3.1 The experimental results compared with the

simulating by the computer program

The temperatures obtained from the pyrolysis
in the biochar kiln and from the computer program
simulation based on 3, 4 and 5 rows of 6.35 mm holes
were compared (Figure 5). The results from the condition
simulation provided some values that could not be
measured in the experiment, as they were based on
certain assumptions, such as radiation value, heat
convection etc. These unmeasured values contributed to
errors between the temperature results from the
experimentand simulation. The error percentages found
for the core with 3, 4 and 5 rows of 6.35 mm holes were

8.2 +£10.8, 10.8 + 15.2 and 10.8 £ 16.8, respectively.

Radial position (cm)

--------- Simulation at base
O Experiment at base

— Simulation at middle ----- Simulation at top
& Experiment at middle O Experiment at top

(a)

Radial position (cm)

--------- Simulation at base
©  Experiment at base

——Simulation at middle ----- Simulation at top
4 Experiment atmiddle O Experiment at top

(b)

Radial position (cm)

--------- Simulation at base =~ ——Simulation at middle -----Simulation at top

©  Experiment at base A& Experiment at middle O Experiment at top

(c)
Figure 5 Comparison of temperatures from
experiment and computer program simulation of (a) 3

(b) 4 and (c) 5 rows with 6.35 mm holes

For future work, the study should focus on
investigating the temperature distribution affected by
the placement of drilled holes and refining simulation
models to enhance the validation of experimental and

simulation results.
3.2 Vertical temperature distribution in the biochar kiln

The temperatures in the biochar kiln were
distributed from the air holes at its core. The highest
temperature was found at the core. The biomass
around the core could therefore heat up quickly
throughout the biochar kiln. The vertical temperature
distributions in the biochar kiln with 3, 4 and 5 rows of
6.35 mm holes at the core are shown in Figure 6(a)-
(c), respectively. The average temperatures over the
radial and longitudinal positions in the biochar kiln with
3, 4 and 5 rows of 6.35 mm holes at the core were
found to be equal to 392.4 + 174.2 °C, 3574 + 210.4
°C, and 358.6 + 221.7 °C, respectively.

Temperature (°C)
+1000.0
(a) +9168

+8328

+7498
+666.5
+5833
+4999
+4166
+333
*2500

Temperature (°C)
( b ) +1000.0

+916.8
+8328
+7498
+666.6
+5833
+499.9

Temperature ("C)
+1000.0

(C) L +916.8
+8328
+7498
+666.6
+583.3
+4999
+4166
+3333
+250.0
+166.6
+833
+00

Figure 6 Vertical temperature distribution in the biochar
kiln with (a) 3 (b) 4 and (c) 5 rows of 6.35 mm holes at

the core
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Table 1 Products and properties (pH and EC) obtained from each experiment

Number of rows 3 4 5
Non-Biochar (kg.) 3.6 3.47 3.3
Biochar (kg.) 0.9 0.8 1.1
Ashes (kg.) 0.09 0.07 0.14
Gas (wt.%) 344 38.0 35.1
Biochar (wt.%) 12.9 1.4 15.7
pH 8.45 8.98 8.67
EC (dSm™) 0.57 0.50 0.74

As the number of rows of holes increases
(from 3 to 4 or 5 rows), the gas flow in the kiln also
increases. This enhances the distribution of heat across
the kiln, which can reduce the temperature difference
within the kiln. For example, with 4 and 5 rows of holes,
the average temperature (357.4°C and 358.6°C,
respectively) is lower than with 3 rows (392.4°C), as the
increased gas flow helps distribute heat more
efficiently. However, the overall temperature at the core
remains the highest and decreases radially toward the

kiln wall.

3.3 Yields and properties obtained from the experiment

of biochar kiln

Table 1 summarizes the yields obtained from
the experiment of biochar kiln with 3, 4, and 5 rows of
6.35 mm holes at the core. It was found that the biochar
kiln with 5 rows of 6.35 mm holes at the core showed
the highest yield of biochar equal to 15.7 wt.% while
the core with 3 rows of 6.35 mm holes showed the
highest yield of non-biochar around 51.4 wt.%. In
addition, the biochar kiln with 4 rows of 6.35 mm holes
at the core showed the highestyield of gas around 38.0
wt.%. The yield of gas was found to vary inversely with
the yield of biochar which was in agreement with the
findings of earlier studies (Sun et al., 2014).

From pyrolysis temperature in this study, it
was found that the biochar was alkaline, with a pH
range of 8.45 to 8.98, which can adversely affect
microorganisms in the soil. The pH of biochar derived
from corncob was approximately 8-10 which was
suitable for medium to strong acid soils (Somparn et al.,
2019). The electrical conductivity (EC) of biochar

ranged from 0.50 to 0.74 which was suitable for

improving soil with strong alkalinity (Enders et al.,

2012).

4. Conclusion

The study evaluated the performance of a
biochar kiln with cores having 3, 4, and 5 rows of 6.35
mm holes, utilizing corncob biomass as feedstock. The
results demonstrated that the kiln configuration with 5
rows of 6.35 mm holes achieved the highest biochar
yield, producing 15.7 wt.% of biochar. Conversely, the
3-row configuration yielded 12.9 wt.% of biochar. This
shows that the core with 5 rows of 6.35 mm holes gives
the highest yield of biochar and can be attributed to the
increased gas flow and more efficient heat distribution
inside the kiln. The average temperature in the biochar
kiln with 5 rows of 6.35 mm holes at the core was found
to be 358.6 £ 221.7 °C. As the number of rows of holes
increased (from 3 to 4 or 5), the average temperature
decreased, indicating that the increased gas flow helped
distribute heat more uniformly throughout the kiln,
resulting in a slightly lower average temperature. The
temperature measurements and simulations revealed
that the core with 3 rows of 6.35 mm holes provided the
closestagreementbetween experimental and simulated
temperatures, with the lowest error percentage of 8.2%.
The core configurations with 4 and 5 rows had higher
error percentages, both at 10.8%. These findings
highlight that while the 5-row configuration maximizes
biochar yield, the 3-row configuration offers the best
alignment with simulated temperature data, suggesting

a trade-off between yield and temperature accuracy.
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The research objectives are: 1) to study the components involved in developing a competency
model for foundation foremen in residential construction projects in the digital era, and 2) to develop &
competency model for foundation foremen in residential construction projects in the digital era. A
questionnaire was used as a research instrument for quantitative data collection. The respondents were
those involved in construction projects, including 376 foremen responsible for overseeing the construction
sites in Bangkok and its vicinity. Mean, standard deviation, and exploratory factor analysis were used for
statistical analysis.

The results show that: 1) The most prevalent factors associated with the development of
foremen's competencies consist of: 1.1) Knowledge competency - knowledge about foundations on piles;
1.2) Skill competency - skills for checking the center position of columns, foundations, and piles; and 1.3)
Attributes competency - practical and theoretical experience in construction work. 2) The developed
competency model consists of 11 components and 84 subcomponents, with key elements as follows: 2.1)
Knowledge competence, with 4 components and 33 subcomponents, including foundation construction
techniques, digital technology in construction, pile driving and testing, and reading the foundation
construction plan; 2.2) Skill competence, with 4 components and 32 subcomponents, including foundation
construction inspection, application of digital technology, inspection of plan and materials list, and
groundwater level monitoring; and 2.3) Attribute competence, with 3 components and 19 subcomponents,

inicluding work success, human relations, and creativity.

© 2025 Thongprasit, K. Recent Science and Technology published by Rajamangala University of Technology Srivijaya

1. Introduction

that the construction business trend in 2024-2026 is

likely to grow in line with the total construction

The expansion of the construction industry

investment value, which is expected to expand by 3.0-

today has quite a lot of economic growth due to the

4.0% per year, with the total construction investment

rapid expansion of cities from the demands of the

value accounting for an average of 8.0% of the

increasing population. When the economy grows,

country's gross domestic product. (GDP) Most of the

investment in construction projects from both the public

construction work is domestic, which is divided into 2

and private sectors will increase. Lunkam (2024) stated
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types according to the type of employer: government
and private sector, with a proportion of construction
investment value of 57:43 in 2023. Most of the
government construction work is infrastructure
investment projects, accounting for 81% of the total
government construction value in 2023. The rest are
construction projects for government agencies (17%)
and civil servant housing (2%). As for private
construction work, most of it is residential construction,
accounting for 52% of the total private construction
value. The rest is construction of industrial plants and
commercial buildings, such as shopping malls, hotels,
and hospitals.

Good management in the construction industry
therefore requires many operational factors, as there
are many work steps and time periods involved, starting
from the planning, control, and implementation of
construction projects from the beginning to the end,
with the goal of achieving the desired quality within the
budget and on time. Construction management does
not only involve technical management, but also
includes coordination, human resource management,
and risk management during the project implementation,
along with the development of modern technology in
the digital age that plays a role in the construction
industry, which helps develop and improve the
construction process to be more efficient in terms of
time, cost, safety, and quality of construction work.
Such as Atrtificial Intelligence technology, technology
linking intelligent devices (Internet of Things), big data
structure technology, 3D printing technology or
intelligent machine technology (Robots), unmanned
aircraft technology (Drone) and solar photovoltaic
technology (Solar PV), etc. (Sridaranon, 2019)
Kasamjaru et al. (2021) A study was conducted on the
development of a comprehensive construction business
management model to increase competitiveness. The
objectives were to study the components and create a
development model for a comprehensive construction
business management model to increase competitiveness.
The research was a combination of qualitative and
quantitative methods by analyzing the components of a
survey. (Exploratory Factor Analysis: EFA) From the

factors studied, data collection used a questionnaire

tool to collect data from personnel involved in
construction projects, including entrepreneurs, project
administrators, and project managers in Bangkok and
its vicinity, totaling 469 people. The research results
found that the business management development
model consisted of 5 side and 13 components, namely:
1) Organizational management, including organization
management; 2) Construction management, including
construction law management, risk management,
construction process management, occupational health
and safety management, and construction machinery
and technology management; 3) Financial management,
including construction tools, machinery and equipment
cost management, construction material procurement
management, and financial accounting management; 4)
People management, including human resource
management and relationship management with key
business partners; and 5) Customer management,
including marketing and sales management.
Personnel in construction projects are one of
the elements that have a significant impact on
operations, according to the construction management
concept in terms of human resource management.
According to Kasamjaru et al. (2021), as it is a large
industry that requires personnel to work together in
many positions, such as construction workers,
construction foremen, project engineers, project
managers, project consultants, project owners, project
administrators, etc., each position has a specific role
and important responsibilities in each step of the
construction process, from planning, construction
design and quality inspection. The cooperation of teams
with expertise in each area is important for the success
of the construction project. One of the important roles
of personnel in field work (Construction Site), for
example the construction Foreman, is to oversee field
operations. The construction Foreman works with
craftsmen and other construction teams by coordinating
and supervising the work of workers and other teams,
such as electricians, masonry workers, ironworkers or
other system technicians, etc., to ensure that the work
performed complies with the specified requirements
and standards and to ensure that the construction

project proceeds according to the specified plan in
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terms of quality, safety and time. Therefore,
construction foremen must have competence in many
areas to ensure efficient work, such as team
management, techniques and work inspections, safety
management, communication skills, time management,
problem solving and budget management, etc.

The development of competence or potential
of personnel in construction projects is therefore an
important part to know the components of necessary
factors in the work and for personnel development to
improve their skills and abilities in the work to be able
to manage construction work effectively and be able to
cope with challenges that arise in the construction site.
Wanitwat et al. (2023) conducted a study on the
development of a potential model of project managers
in the high-rise building construction industry in the
digital economy era. The objective was to study the
components and create a potential development model
of project managers in the high-rise building
construction industry in the digital economy era. The
research was both qualitative and quantitative method
using the Delphi technique. Data collection was
conducted using a questionnaire tool to collect data
from 26 personnel involved in construction projects,
including experts from construction sites and civil
engineering academics in Thailand. The research
results found that the capacity development model
consisted of 5 main components and 24 subcomponents,
namely: 1) Planning aspect, including operational
planning, digital technology planning, risk and safety
planning, operational resource planning, and financial
and budget planning; 2) Organizational management
aspect, including organizational structure determination,
responsibility determination, regulations determination,
and personnel and work management; 3) Command
aspects, including work assignment, decision making,
work system development, construction technology and
innovation use, and morale building; 4) Coordination
aspect, including joint planning, internal and external
coordination, information technology communication,
information clarification meetings, and work consultation;
and 5) Control aspect, including work tracking system
determination, data recording and reporting, safety and

work environment control, internal control and risk

management, and contract management. In addition, a
study was conducted by Panitanwong et al. (2019) on
the development model of executives' potential in the
construction industry group according to the Thailand
4.0 model. The objective was to study the components
and create a development model of executives'
potential in the construction industry group based on
the Thailand 4.0 model. The research was a
combination of qualitative and quantitative methods
using stepwise multiple regression analysis. From the
factors studied, data collection used a questionnaire
tool to collect data from personnel involved in
construction projects, including project executives,
project managers, department managers, and project
engineers, totaling 438 people in Bangkok and its
vicinity. The research results found that the potential
development model consisted of 3 potential areas, 15
components: 1) Knowledge, consisting of knowledge of
construction engineering and quality control, knowledge
of policies, visions, and strategies, knowledge of
accounting and finance for executives, knowledge of
risk management and safety, knowledge of procurement
of construction materials and machinery, knowledge of
construction contracting business, marketing, sales,
bidding, and laws related to the construction contracting
industry; 2) Skills, consisting of good negotiation in
various situations, time management and project
management, communication, coordination, networking,
state relations, and the use of innovation and
construction technology; and 3) Flexibility, adaptability,
and leaming new things, reliability, creating trust as a
good example, organizational commitment, teamwork,
and innovative thinking.

Therefore, to develop according to the principles
of construction project management in the part of
developing human resources of personnel in the
residential building construction industry, especially the
work of building foundation construction, foremen
should have good competence and efficiency in their
work. This research therefore aims to 1) Study the
components of the development of a competency
model for foundation foremen of residential construction

projects in the digital era; and 2) Development of a
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competency model for foundation foremen of residential

construction projects in the digital era.

2. Materials and Methods
2.1 Sample group

2.1.1 The group of quality inspectors of the
questionnaire instrument includes the group of
inspectors of the consistency index. (Item Objective
Congruence: I0C) From 5 experts in construction
projects and human resource management academics,
and the entire group of reliability auditors (Cronbach’s
Alpha) of questionnaire instruments by means of
instrument testing (Try Out) from a sample group of 30
personnel involved in residential building construction
projects in Bangkok and its vicinity. (Kasamjaru et al.,
2021)

2.1.2 Quantitative Research: The research
involved collecting data using questionnaires targeting
personnel involved in residential building construction
projects in Bangkok and its vicinity, including construction
foremen. Referring to data from the National Statistical
Office, Ministry of Digital Economy and Society,
Thailand (1St Quarter, 2024), there are a total of 6,113
people who have been granted permission to construct
residential buildings in Bangkok and its vicinity.
(National Statistical Office, 2024) Sample size was
determined using the calculation formula of Taro
Yamane (Yamane, 1973) and was based on Silpcharu
(2024) A simple random sampling method was used to
select the experimental sample group. A total of 376

people were received.
2.2 Research instruments

A quantitative research instrument was used
to collect data from questionnaires. Estimation scale
type (Rating Scale) 5 level according to Likert's concept
(Likert) ( Likert, 1932) and used the theoretical
framework of McClelland ( McClelland, 1973). The
questionnaire consists of three sections: Section 1,
General status information of the respondents; Section
2, Information on the level of importance of factors in
the development of a competency model for foundation

foremen of residential construction projects in the digital

era, consisting of three factors and 84 variables, as
follows: 1) Knowledge competence, with 33 variables;
2) Skill competence, with 32 variables; and 3) Attribute
competence, with 19 variables; and Section 3: Additional
comments and suggestions on the factors for the
development of a competency model for foundation
foremen of residential construction projects in the digital

era.
2.3 Data collection

2.3.1 Data collection for quality control of
questionnaire instruments includes: 1) Checking the
consistency index value (ltem Objective Congruence :
I0C), the results of the data collection found that the
questions had a consistency index between 0.80-1.00,
which is in the appropriate range for use; and 2)
Checking the entire reliability value (Cronbach’s Alpha)
The results of the data collection found that the
questionnaire tool had a reliability value of 0.978, which

is appropriate for use.

2.3.2 Quantitative research data were
collected by sending questionnaires to a sample group
involved in residential building construction projects in
Bangkok and its vicinity, including construction foremen,
with a total of 400 questionnaires distributed. The data
collection resulted in 383 responses, representing a

95.75 percent response rate.
2.4 Data analysis and statistics used in the research

2.4.1 Quantitative research data analysis from
the questionnaire on factors in the development of a
competency model for foundation foremen of residential
construction projects in the digital era, including: 1)
General status information of the respondents; and 2)
Data on the level of importance of factors in the
development of a competency model for foundation
foremen of residential construction projects in the digital
era, analyzed using statistical methods such as
calculating the mean ()_() and standard deviation (S.D.).

(Kasamjaru et al., 2021)

2.4.2 Exploratory Factor Analysis (EFA) of the
factors for the development of a competency model for

foundation foremen of residential construction projects
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in the digital era. This analysis aimed to determine the
weight or relationship between the studied variables
and to group related elements within each aspect. The
suitability of the data was assessed by calculating the
Kaiser-Meyer-Olkin Measure of Sampling Adequacy
(KMO), with a value greater than 0.50, and by
conducting Bartlett’'s Test of Sphericity, with a p-value
less than 0.05. Factor Extraction is used in Principal
Components Analysis (PCA) and the Varimax rotation
method. The number of elements obtained will be
considered from the Eigen values more than 1 and the
weight of the components is more than 0.30.

(Kasamjaru et al., 2021)

Table 1 General status data of the respondents

3. Results and Discussion

3.1 Results of the analysis of the general status of the

respondents

From Table 1, the results of the analysis of
the respondents' general status show that most of the
respondents were male (92.95 percent). The majority
were aged between 36-45 years (43.86 percent), had
average work experience of 5-10 years (41.51 percent),
held an associate degree or vocational certificate
(69.71 percent), and most worked on detached house

project (38.12 percent).

General status information Percentage
1. Sex - Male 92.95
- Female 7.05
2. Age - Under 25 years old 2.61
- 25-35 years old 14.62
- 36-45 years old 43.86
- 46-55 years old 24.54
- Over 55 years old 14.36
3. Experiences - Under 5 years 12.27
- 5-10 years 41.51
- 11-15 years 24.80
- 16-20 years 17.49
- Over 20 years old 3.92
4. Education level - High school / Vocational Certificate 8.36
- Associate degree / Vocational Certificate 69.71
- Bachelor's degree 21.93
- Higher than bachelor's degree 0.00
5. Construction project types - Detached house project 38.12
- Townhouse project 11.75
- Shophouse project 36.03
- Apartment project 14.10
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3.2 Analysis of factors for developing the competency
model of construction foremen of the residential building

construction industry in the digital age

()_(=4.65); 3) Knowledge about installing reinforcing
steel must be in accordance with the model and use

cement balls to support the distance of the reinforced

. concrete cover, according to the requirements of the
3.2.1 The results of the analysis of the

importance level of the knowledge factor found that reinforced concrete standards (X=4.53); 4) Knowledge

. about installing formwork must be in the correct size
the overall average importance level was at a

moderate level of ()_( =3.25), with the top 5 factors with according to the model (X=4.48); and 5) Knowledge

the highest importance levels, as follows: 1) Knowledge about pouring concrete in layers and shaking it using a

. ) = concrete vibrator to make it compact at every stage
about foundations on piles (X=4.67); 2) Knowledge

about shallow foundations or spread foundations (X=4.45); respectively as shown in table 2.

Table 2 Mean level of importance of the studied factors

— Level of
Factors in developing competency models X S.D.
importance
1. Knowledge competence, with 33 variables. 3.25 .63 moderate
1.1 Knowledge about foundations on piles. 4.67 44 maximum
1.2 Knowledge about shallow foundations or spread foundations. 4.65 .62 maximum
1.3 Knowledge about installing reinforcing steel must be in accordance with the  4.53 .50 maximum
model and use cement balls to support the distance of the reinforced
concrete cover, according to the requirements of the reinforced concrete
standards.

1.4 Knowledge about installing formwork must be in the correct size according  4.48 .73 a lot
to the model.

1.5 Knowledge about pouring concrete in layers and shaking it using a concrete  4.45 .56 a lot
vibrator to make it compact at every stage.

2. Skill competence, with 32 variables. 3.87 .71 a lot
2.1 Skills for checking the center position of columns, foundations and piles. 4.75 .38 maximum
2.2 Skills for checking the correct size of reinforcing bars, placing them in the  4.73 .58 maximum

correct position, spacing, fastening, bending hooks, connecting bars, and placing

special reinforcing bars.
2.3 Skills for checking the level of concrete poured into each hole. 4.61 45 maximum
2.4 Skills in inspecting pile integrity as specified by the engineer. 4.56 .66 maximum
2.5 Skills to check the strength of the formwork, supports, no warping, 4.48 72 a lot

subsidence and leakage that may occur during concrete pouring.

3. Attribute competence, with 19 variables. 4.71 .31 maximum
3.1 Have both practical and theoretical experience in construction work. 4.82 .34 maximum
3.2 Be meticulous in your work. 4.81 51 maximum
3.3 Have dedication, devotion and time for work. 4.79 .56 maximum
3.4 Can prioritize tasks. 4.76 AT maximum

3.5 Can make decisions in unclear and complex situations. 4.74 .68 maximum
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3.2.2 The result of the analysis of the
importance level of the skill factor found that the
average value of the overall importance level was at a
high level of (X=3.87), with the top 5 factors with the
highest importance level, as follows: 1) Skills for
checking the center position of columns, foundations,
and piles ()_(=4.75); 2) Skills for checking the correct
size of reinforcing bars, placing them in the correct
position, spacing, fastening, bending hooks, connecting
bars, and placing special reinforcing bars ()_(=4.73); 3)
Skills for checking the level of concrete poured into
each hole ()_(=4.61); 4) Skills in inspecting pile integrity
as specified by the engineer ()_(=4.56); and 5) Skills to
check the strength of the formwork, supports, no
warping, subsidence and leakage that may occur during
concrete pouring ()_(=4.48); respectively as shown in

table 2.

3.2.3 The results of the analysis of the
importance level of the attribute factors found that the
overall average importance level was at a high level of
()_(=4.71), with the top 5 factors with the highest
importance levels, as follows: 1) Have both practical

and theoretical experience in construction work

Table 3 Suitability index and relationship of studied factors.

(X=4.82); 2) Be meticulous in your work (X=4.81); 3)
Have dedication, devotion and time for work ()_(=4.79);
4) Can prioritize tasks ()_(=4.76); and 5) Can make
decisions in unclear and complex situations (§=4.74);

respectively as shown in table 2.

3.3 Analysis of the exploratory components of factors for
developing a competency model for foundation foremen

of residential construction projects in the digital era

From Table 3, the results of the analysis on
the appropriateness and relationship of the factors for
the development of a competency model for foundation
foremen in residential construction projects in the digital
era show that: 1) The KMO index for the three factors
falls within the appropriate range for component
extraction, exceeding 0.50. Specifically, the values are
as follows: Knowledge competence (0.938), Skill
competence (0.940), and Attribute competence (0.916);
and 2) The Bartlett's Test of Sphericity for the three
factors shows statistical significance at the 0.05 level
(p-values < 0.05) for Knowledge competence (0.000),
Skill competence (0.000), and Attribute competence

(0.000).

Bartlett’s Test of Sphericity

Factors in developing competency models KMO
Approx. Chi-Square df. Sig.
1. Knowledge competence, with 33 variables. 0.938 6736.313 528 0.000
2. Skill competence, with 32 variables. 0.940 5799.474 496 0.000
3. Attribute competence, with 19 variables. 0.916 3147.167 171 0.000

Table 4 Statistical values for the extraction and naming of the components of the studied factors.

Competency Development Factors

Rotation Sums of Squared Loadings

%of
Total Cumulative %
Variance

1. Knowledge competence, 4 components, 33 subcomponents.
1.1 Foundation construction techniques, 10 subcomponents.

1.2 Digital technology in construction, 8 subcomponents.

1.3 Pile driving and testing, 8 subcomponents.
1.4 Reading the foundation construction plan,

7 subcomponents.

5.191 15.729 15.729
4.668 14.145 20.874
4121 12.489 42.363
3.499 10.602 52.965
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Table 4 (Continuous)

Rotation Sums of Squared Loadings

Competency Development Factors %of
Total Cumulative %
Variance
2. Skill competence, 4 components, 32 subcomponents.
2.1 Foundation construction inspection, 20 subcomponents. 4.675 14.609 14.609
2.2 The application of digital technology, 8 subcomponents. 4.487 14.023 28.632
2.3 Inspection of the plan and materials list, 2 subcomponents. 4.133 12.915 41.547
2.4 Groundwater level monitoring, 2 subcomponents. 2.994 9.355 50.902
3. Attribute competence, 3 components, 19 subcomponents.
3.1 Work success, 12 subcomponents. 3.888 20.464 20.464
3.2 Human relations, 4 subcomponents. 3.409 17.943 38.407
3.3 Creativity, 3 subcomponents. 2.824 14.862 53.269
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Figure 1 Competency model for foundation foremen of residential construction projects in the digital era

From table 4 and Figure 1, the results of
extracting and naming elements, as well as creating a
competency model for foundation foremen of residential
construction projects in the digital era, show that, based
on the number of elements with eigen values greater
than 1, the components and names of the competencies
studied in all three competencies were extracted. This
resulted in a total of 11 components and 84
subcomponents, as follows:

Knowledge competency found that 4 components
and 33 subcomponents, could be extracted and named:
1) Component 1: Foundation construction techniques, with
10 subcomponents; 2) Component 2: Digital technology

in construction, with 8 subcomponents; 3) Component

3: Pile driving and testing, with 8 subcomponents; and
4) Component 4: Reading the foundation construction
plan, with 7 subcomponents.

Skill competence found that 4 components
and 32 subcomponents, could be extracted and named:
1) Component 1: Foundation construction inspection,
with 20 subcomponents; 2) Component 2: The application
of digital technology, with 8 subcomponents; 3)
Component 3: Inspection of the plan and materials list,
with 2 subcomponents; and 4) Component 4: Groundwater
level monitoring, with 2 subcomponents.

Attribute competency found that 3 components
and 19 subcomponents could be extracted and named:

1) Component 1: Work success, with 12 subcomponents;
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2) Component 2: Human relations, with 4 subcomponents;

and 3) Component 3: Creativity, with 3 subcomponents.

4. Conclusion

Guidelines for developing a competency model
for foundation foremen in residential construction projects
in the digital era consist of three competencies, 11

components and 84 subcomponents, as follows:
4.1 Knowledge competence

Consists of 4 components and 33 subcomponents,
as follows: 1) Component 1: Foundation construction
techniques, with 10 subcomponents, should focus on
installing foundation reinforcement, installing and
removing foundation concrete formwork, pouring
foundation concrete. Foundation concrete curing,
anchor bolt installation, water stop installation in the pit
wall, and measurement of the bottom of the borehole
and slope; 2) Component 2: Digital technology in
construction, with 8 subcomponents, should focus on
artificial intelligence technology, internet of things
technology, big data technology, 3d printing technology,
robots technology, drone technology, and solar
photovoltaic (solar pv) technology; 3) Component 3:
Pile driving and testing, with 8 subcomponents, should
focus on pile driving with cranes, mobile cranes, and
diesel hammers, checking details in pile shop drawings,
and checking the specifications of the pile testing
contract; and 4) Component 4: Reading the foundation
construction plan, with 7 subcomponents, should focus
on checking foundation plans, checking pile work plans,
checking structural expansion and shop drawings, and
checking the properties of materials specified in the
related plans. Consistent with Phaphan (2017) who
studied the problems affecting the control of
construction work. A case study of the provincial
waterworks authority, region 8, to study the factors of
the performance of construction foremen found that the
important factors related to the basic knowledge of
engineering are as follows: the foreman must check the
condition of the construction site with the blueprints
every time before starting construction. The foreman
must study the format of the blueprints, employment

contracts, and contract documents every time before

starting construction. The foreman must have a good
understanding of the construction work procedures.
The foreman must send samples of materials used in
the construction to test the quality according to the
criteria specified in the blueprints. And the foreman
must have a good understanding of the procedures and

regulations of supplies, respectively.
4.2 Skill competency

Consists of 4 components and 32 subcomponents,
as follows: 1) Component 1: Foundation construction
inspection, with 20 subcomponents, should focus on
inspecting the size and depth of the foundation pit,
inspecting the materials used and the strength of the
foundation formwork, inspecting the size and position
of the foundation reinforcement, inspecting the level of
pouring foundation concrete, inspecting the completeness
and level of the pile head, and inspecting the size and
center position of the column, foundation, and pile; 2)
Component 2: The application of digital technology,
with 8 subcomponents, should focus on the application
of artificial intelligence technology, the application of
smart device connection technology (internet of things),
the application of big data technology, the application
of 3d printing technology, the application of robots or
smart machines (robots), the application of drone
technology, and the application of solar photovoltaic
(solar pv) technology; 3) Component 3: Inspection of
the plan and materials list, with 2 subcomponents,
should focus on inspecting the foundation construction
plan to ensure that it can be completed with quality. Not
conflicting with the main plan, in accordance with the
correct construction sequence according to the
principles of architecture, engineering and management,
and checking the list of materials requested for
approval that their properties are complete and correct,
do not conflict with the construction plan according to
the contract, or are consistent with the list approved for
material used by the hiring inspection committee or any
other orders; and 4) Component 4. Groundwater level
monitoring, with 2 subcomponents, should focus on
checking water and mud in the foundation pit, checking
the groundwater level and finding ways to prevent water

from seeping into the pit. Consistent with Thana-
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amornkan et al. (2023) who studied the development
guidelines for a competency-based curriculum for
construction foremen in the high-rise building construction
industry to study the competencies of foremen and
present guidelines for developing a competency-based
curriculum. It was found that important factors related
to construction techniques of high-rise building
construction include pile inspection skills, structural
evaluation and inspection skills, construction engineering
design skills, construction blueprint reading skills,
construction material inspection skills, construction
quality management skills according to the plan,
materials, tools and machinery management skills in

the project according to the plan.
4.3 Attribute competency

Consists of 3 components and 19 subcomponents,
as follows: 1) Component 1: Work success, with 12
subcomponents, should focus on dedication, devotion
and time in working, discipline and compliance with the
organization's rules and regulations, love and pride in
one's position and organization, meticulousness in
working, punctuality, self-confidence, ability to prioritize
work, social responsibility and safety awareness in
working, ability to make decisions in unclear and
complex situations, experience in both practical and
theoretical construction work, professional honesty and
strict ethics in controlling construction work; 2)
Component 2: Human relations, with 4 subcomponents,
should focus on human relations and being able to get
along well with colleagues, being able to communicate
and coordinate with other departments, being able to
work well with others, and being flexible and adaptable
to situations; and 3) Component 3: Creativity, with 3
subcomponents, should focus on creativity, being eager
to learn and always wanting to develop oneself, and
being brave to think. Dare to do new things that are
beneficial to the organization. Consistent with
Borisutnarudom and Khuncumchoo (2015) who studied
the characteristics of construction foremen in terms of
achievement motivation to study the factors affecting
the success of construction foremen. It was found that
the factors affecting the success of construction

foremen at a high level of importance were having skills

in managing the work system, the need to know the
results of their own decisions, foresight, diligence, and
risk-taking. The factors affecting the success of
construction foremen at a medium level of importance

were being competitive and having self-responsibility.
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This research implemented a Total Dissolved Solids (TDS) automation control system to regulate
TDS levels and water flow rates in the first leaching tank. The integration of TDS sensors enables real-
time monitoring of dissolved solids in the water an essential component of automation that can be
incorporated into a Supervisory Control and Data Acquisition (SCADA) system.The implementation of this
system has improved glove quality while optimizing water usage in the production process. Prior to its
deployment, the company experienced unplanned downtime due to ineffective TDS control, leading to
defects such as sludge accumulation (SD), dirt contamination (D), and discoloration (DC) in the gloves.
High concentrations of dissolved solids, including minerals, salts, and heavy metals, were identified as key
contributors to these defects.The objectives of this study were to install a TDS automation system, regulate
water flow rates, and record TDS and flow rate data through SCADA integration. This approach aimed to
minimize non-value-added processes, reduce water consumption, and prevent unplanned downtime
caused by TDS-related glove defects. The findings demonstrate that the system effectively reduces water
consumption by approximately 5 liters per minute (a 25% reduction) and eliminates unplanned downtime
associated with water quality issues at the leaching tank by improving TDS automation control by nearly
100%. The implementation of this system has led to significant cost savings, including reductions in non-
value-added costs, water expenses, and unplanned downtime, totaling approximately 308,457.78 baht per
month. The return on investment (ROI) was achieved within 0.33 months, highlighting the system’s

effectiveness in enhancing operational efficiency and reducing production costs.
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1. Introduction

Allergies

resulting

effective ways to minimize allergenic proteins and skin-

sensitive chemicals in rubber gloves is by implementing

from residual rubber

an appropriate washing process during manufacturing

chemicals in compounding ingredients are classified as

(Figure 1). This process, known as leaching, involves

Type IV allergies or chemical sensitivities, which affect

the skin (Knudsen, et al., 2000; Nettis et al., 2002; Chen

washing the gel formed on the glove former with flowing

water at an elevated temperature to remove most

et al., 2004). One of the most practical and cost-

chemicals before drying. The dried film then undergoes
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a similar washing process while still on the manufacturing
line to remove any leachable proteins from the latex
film surface before being dried again and stripped from
the former (Aksoy et al., 2023; Yatim, 2002). Leaching
is a process in which rubber gloves are cleaned in hot
water (55-65°C). Water direction and the fresh water
ratio controlled by water overflow, using a manual flow
rate meter to maintain the water level. Water is
regulated for a few minutes to remove chemical,
biological, and dissolved solids residues (Abdullah and
Yatim, 2014). TDS is typically measured in milligrams
per litre (mg/L) or parts per million (ppm). TDS is
defined as the amount of minerals, salts, metals,
organic compounds, and other substances that can be
dissolved in water. The effects of leaching are
observed in the glove’s appearance and properties,
including improved film clarity, reduced discoloration,
significantly lower protein content, and enhanced
physical properties (Abdullah and Yatim, 2014).
Effective leaching protocols are critical in
glove manufacturing. Typically, there are two types of
leaching processes: wet gel leaching at station number
6 (Figure 1) and dry film leaching at station number 10
(Figure 1). Wet gel leaching involves washing deposits
while the gel is still wet before curing. During this
process, water is absorbed into the rubber through
capillary action, dissolving soluble materials and
carrying them out of the wet films under continuous
water flow. This stage benefits from the osmotic effect,
which enhances the extraction of soluble materials
(Abdullah and Yatim, 2014; Lovato et al., 2023). This
indicates a greater extraction of soluble materials in
water compared to the dry gel leaching method,
resulting in an increased production of total dissolved
solids in water. This research exclusively examines and

initially implements wet gel leaching.

FORMER ~ COAGULANT COAGULA  LATEX LATEX
CLEANING  DIPPING
STATION'  STATION

NTOVEN  DIPPING OVEN
STATION ~ STATION  STATION

. BEADING  POLYMER
MAIN BRUSH  DIPPING
OVEN  STATION  STATION

D000

Figure 1 Typical manufacturing process in a glove

POST
STRIPPING  LEACHING
STATION  STATION

production line.

1. Measurement of Total Dissolved Solids (TDS)

The quantification of Total Dissolved Solids
(TDS) is essential for assessing water quality in
environmental science and engineering disciplines.
Conventional methods, such as gravimetric analysis
and electrical conductivity correlation, have been widely
utilized; however, they exhibit notable limitations,
including time consumption, sample dependency, and
detection constraints. This study introduces a novel
approach to TDS measurement using charged aerosol
detection without the need for chromatographic
separation. The proposed method offers several
advantages, including rapid analysis, minimal sample
volume requirements, and enhanced sensitivity,
achieving a detection limit as low as 0.054 mg/L
(Gilmore et al., 2016). This technique represents a
significant advancement in water quality analysis,
providing a more efficient and precise alternative to

traditional methodologies.

2. Optimization of Leaching Tank Water Quality Control in

Industrial Processing

The first leaching tank was designed using
stainless steel and featured an I-shaped configuration,
diverging from conventional fixed fresh water flow rate
systems. Instead of a continuous 20 LPM fresh water
top-up with an overflow mechanism, the system
required manual intervention for water quality control.
The tank’s water wtemperature was maintained within
a standardized range of 55 to 70°C through a heat ex-
changer utilizing hot oil as the primary heat source.
Quality assurance personnel conducted daily manual
sampling to assess TDS levels in the leaching tank. If
the measured TDS met or exceeded the predefined

standard limit or control specification, the quality
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Figure 2 Original sampling point procedure at the leaching tank.

assurance team immediately alerted production
personnel, who manually adjusted the fresh water
infow to restore TDS parameters within acceptable
limits. The original sampling point procedure for the
leaching tank is illustrated in Figure 2. This method
underscores the necessity of continuous monitoring
and manual regulation to ensure process stability and

product quality.
3. Challenges in Manual TDS Monitoring and Control

Historically, production experienced high
unplanned downtime due to TDS levels exceeding the
specification limit, occurring more than six times per
month. Process analysis revealed that quality control
inspectors measured TDS once daily, leading to
delayed issue resolution. When TDS levels exceeded
the control specification limit (2300 ppm), approximately
203 minutes of unplanned downtime was required to
address sludge-related defects. Alternatively, restoring
TDS levels to the standard control specification through
manual adjustment of the flow rate valve could take up
to eight hours. This manual approach increased the
likelihood of human error and compromised process

control efficiency.

4. Implementation of Automated TDS Monitoring and

Control

To enhance the leaching process, this study
proposes the integration of a Total Dissolved Solids
(TDS) sensor into the first leaching tank of the rubber
gloves production line (Bhardwaj and Gurpreet, 2022;
Biswa et al., 2022; Senthil and Pemmasani, 2022). The

TDS sensor provides continuous measurement of TDS

concentrations, ensuring that operations remain within
specifications and maintain high-quality rubber gloves
(Adjovu et al., 2013; Meena, 2024). This automated
approach improves upon the existing method, which
relies on manually adjusting the flow rate to dilute solids.

Under the manual system, TDS levels were
monitored by quality assurance inspectors only once
daily. If TDS exceeded the specified limit (22500 ppm),
restoring it to control specifications could take up to
eight hours, increasing non-value-added activities and
operational costs (Pasika and Gandla, 2020). The
implementation of continuous TDS measurement mitigates
these inefficiencies, enhances product quality, and
reduces costs by providing real-time data and automated

adjustments (Akram et al., 2022).

5. System Integration with SCADA for Optimal Process

Control

The proposed system ensures that the correct
amount of water is consistently added to the leaching
tank. Water flow rates are automatically adjusted in
response to TDS fluctuations: the flow rate increases
when TDS levels exceed a predefined threshold and
decreases when levels fall below the set point. This
system is integrated with a Supervisory Control and
Data Acquisition (SCADA) system to facilitate real-time
monitoring and control of the rubber glove manufacturing
process (Alihussein and Abedalati, 2003; Saravanan et
al., 2018; Moleda et al., 2020). The implementation of
automated TDS regulation minimizes human intervention,
enhances process efficiency, and ensures compliance

with quality standards.
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2. Materials and Methods concentration of the dipping tank solution. Additionally,

an automated valve for fresh water topping-up will be
The design of the TDS sensor control system . .

installed, and a Programmable Logic Controller (PLC)
is illustrated in Figure 2. The working principle of the . .

will be designed to control the TDS parameter and
system begins with writing the control program on the . o

integrate it with the SCADA system.
computer with the program under the desired This

The approach of the automated TDS control

program is then sent to the PLC set for use in o ) )

system is illustrated in the flowchart (Figure 4). Based
controlling the operation of the TDS Sensor and . ) ) )

on our evaluation, with a leaching tank capacity of
transmit TDS value data via the Internet. The system . . .

2,400 liters, the automated valve will open to increase
also enables monitoring and control through monitoring . ) )

the flow rate to 30 liters per minute (LPM) if the TDS
equipment, which manages the TDS automation .

concentration  surpasses the standard control
system via the crystal brand are changed to “server.
specification (22,300 ppm), as shown in the TDS
This setup allows for system monitoring, control, and

control diagram in Figure 2. Conversely, the automated

valve will reduce the flow rate to 15 LPM if the TDS

alert notifications.

To improve the leaching process, a TDS
concentration drops below the threshold (51,500 ppm).

(Figure 4)

sensor will be installed in the first leaching tank of the

rubber glove production line to measure the

SCADA

v

c

PLC Controller

Valve __
Control

<

‘==TDS =

I e

Automation valve Vortex Water Flow Meter

Pre Leaching Tank 1
DF1

Figure 3 The SCADA Synchronize system.
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Start

TDS >= 2,300 ppm Increasing the flow rate to 30 LPM

TDS <= 1,500 ppm e > Decreasing the flow rate down to 15 LPM

No
&
Maintain
(Flow Rate 15 LPM)

Figure 4 TDS control Diagram.

Table 1 Equipment List.

No Description
1 TDS controller Model:ALOHA TDS 190 with sensor

2 Electric wire model: JZ-500 SQMM "PRYSMIAN

3 Control Cabinet model:CB-03 "TAMCO"

4 Fan Model: PMV 12.00 size 50 cm."Omron"

5 ANALOG /O UNIT MODEL : CJ1W-DA041 “OMRON”"

6 BALL VALVE with motorized actuator

The leaching process needs to be improved
by installing a TDS sensor in the first leaching tank of
the rubber glove production line to measure the
concentration of the dipping bath solution, installing an
automated valve (Alihussein and Abedalati, 2003), and
designing a PLC to control the TDS parameter and link
it to SCADA (Dobriceanu et al., 2008; Singh and
Walingo, 2024).

Real-time TDS monitoring and automatic
adaptive flow rate control will be implemented and

integrated into the SCADA system.

3. Results and Discussion

The results include two components: the

adoption of the TDS system and cost savings, both

referenced in relation to Return on Invested Capital

(ROIC).
3.1 The TDS system implementation

As previously mentioned regarding the use of
a SCADA screen within this chapter, the user interface
and all of the details can be observed (Zainurin et al.,
2022), as shown in Figure 5. This application will be
continuously updated, and readings can be checked at
any time using the storage system. If the TDS level in
the leaching tank station suddenly raise above the
threshold value, an automated warning message will be
sent to the concerned authorities’ SCADA screen at the

front of the production line as shown in Figure 5.
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4 TEMPERATURE INDICATOR SCREEN 1 &

TYPE OF GLOVE : PFS STANDARD : USAWG0 WEIGHT

INVERTER SPEED :

COAGULANT TANK PRE-LEACHING

COAGULANT OVEN PRE-LEACHING 2
LATEX TANK 1 POST-LEACHING
LATEX OVEN 1 C POST-LEACHING
FLOW RATE PRE 1 :

TDS PRE TANK 1 :

000 xo.1L/min

MAIN MENU MONITOR SETTING

529

Hz FORMER COUNTER : PCS

4

PRE-LEACHING TANK#1 SCREEN 2

Figure 5 TDS and water flow rate which synchronized to SCADA

Flow rate (LPND
— — [3=] [ ]
L = L = L

=
0.5
3.5

2390
2349 2500
218
2000
18
bettggoetest®tiostess 1500 T
1000 &
—a— Flow rmate DS 500
0
W - ("] = W m W O W =N
— —_ ("] [} ©a
Time (mmn.)

Figure 6 The consistent trend of TDS and water flow rate in real time.

The chart referenced in Figure 4 shows the
TDS and water flow rate, which are linked to SCADA,
the automated valve, and the TDS sensor, respectively.
These figures illustrate the component installation.

The TDS system was observed, and the
automated system adjusted the flow rate, successfully
restoring TDS levels within the desired range. The
effectiveness of the proposed TDS system is evaluated
in terms of TDS, and flow rate levels. Sensor readings
are used for this evaluation. These graphs are
automatically generated to provide users with a clear
understanding of all stored data. They are continuously
updated as new data is sent to the storage system.

The results for this model are shown in the

various figures available in this section. Figures 6-8

display the graphs obtained from measurements
recorded at 30-second intervals under controlled
conditions, ensuring that TDS levels remained at or
below 2300 ppm while maintaining a consistent flow rate
of 15 LPM.

Figure 6 displays the TDS data obtained from
the sensors incorporated into the proposed model. Flow
rate data is shown on the primary axis, and TDS data
is shown on the secondary axis, and time is
represented on the X-axis. The values are presented in
the graph based on time.

Figure 6 presents real-time data collected at
30-second intervals, illustrating the relationship between
Total Dissolved Solids (TDS) and water flow rate under

TDS levels were

controlled conditions. Initially,
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maintained at or below 2,200 ppm, with a constant flow
rate of 15 liters per minute (LPM). At approximately
17.5 seconds, a significant deviation occurred: TDS
levels rapidly escalated to 2,390 ppm. In response, the
system promptly increased the flow rate to 21.8 LPM,
effectively reducing the TDS back to standard levels
within 2 seconds.

Measurements were taken at hourly intervals
under controlled settings, ensuring that TDS levels did
not exceed 2300 ppm while maintaining a constant flow
rate of 15 LPM.

Figure 7 displays the TDS data obtained from
the sensors incorporated in the proposed model. Flow
rate data is shown on the primary axis, TDS data on
the secondary axis, and time on the X-axis. The values
in the graph are presented based on the date. It
illustrates that the system can automatically adjust

according to the design specifications. The chart shows

35
30
25
20
15

Flow rate (LPM)

10

that the water flow rate increases automatically when
the TDS of the leaching tank exceeds the set point, and
decreases once the TDS falls back within the set point.

Measurements were taken at 40-minute
intervals under controlled settings, ensuring the TDS
system's automatic adjustment capabilities according to
control specifications

Figure 8 displays the TDS data obtained from
the sensors incorporated in the proposed model. Flow
rate data is shown on the primary axis, TDS data on
the secondary axis, and time on the X-axis. The values
in the graph are presented based on time. Figure 8
illustrates the deviation that occurred: at the beginning
of the graph, TDS levels escalated to 2,395 ppm. In
response, the system promptly increased the flow rate
to 28.4 LPM, and after around 40 minutes, the TDS
levels reduced to 2,053 ppm.

2500
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1900 E,
=
o
160083
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Figure 7 The system can be adjudicated automatically according to the design.
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Figure 8 The system can be adjudicated automatically according to the design within 40 minutes.
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It illustrates that the system can autonomously
adjust in accordance with the design within 40 minutes.
Following the implementation of the TDS control
automation system, production is no longer dependent
on manual adjustments. The TDS automation system
efficiently regulates TDS to meet control standards in
about 40 minutes for each case, resulting in a time
reduction of around 7 hours and 20 minutes compared
to 8 hours required with the old technique, while also

realizing cost savings on water.
3.2 Economic Benefits and Return on Investment

This study illustrates that the operational
expenses associated with rubber glove manufacturing
can be markedly reduced through a cost-consequences
analysis of unanticipated downtime resulting from TDS
parameters exceeding control specification limits
(Sobotka and Sagan, 2016; Guzman, 2025). A
successful outreach facilitation was conducted,
considering the projected cost savings from the

implementation of the TDS system, which included

Table 2 Time spent on non-value-added activities.

reductions in non-value-added activities costs, water

expenses, and unplanned downtime as following:

3.3 Time spent on non-value-added activities.

As previously indicated, the TDS parameter
exceeded the specification limit, resulting in substantial
unplanned downtime for production, which occurred on
average more than six times each month. After
examining the procedure, we concluded that TDS is
measured by process quality control inspectors once
daily. Since it was too late to address the issue at that
point, the production team immediately added
personnel to tighten monitoring and sampling eight
times daily while awaiting the installation of the new
TDS automation system. The cost of these non-value-
added activities, based on the time spent, is shown in
Table 2, and the cost of non-value-added activities is
detailed in Table 3.

Table 3 show the production department can
reduce the cost for non-value-added activities, with a

value of 307.98 THB/month.

Item Description Time Unit Remark
1 Time to stay alerted TDS by worker. 10 Min/Time
Total time spent on non-value-added activities 10 Min/Time
Table 3 The cost for non-value-added activities.
Item Description Price Unit Remark
Cost for non-value-added activities
1 1 person x 10 minutes per time x 8 times x (38.5 THB / 51.33 THB/Cases
60 minutes)
2 Average 6 cases per month x 51.33 THB/cause 307.98 THB/Month
The cost for non-value-added activities 307.98 THB/Month
Table 4 Number of Water saving.
Item Description QTY Unit Remark
1 Water saving 5 Liter Per Minute
Water saving 5 LPM x 60 minutes 300 Liter Per Hour
Total number of water savings for 8 hours 2,400 Liter Per 8 Hours
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Table 5 Water saving cost.

Item Description Price Unit Remark
Water saving: 2,400 liters per 8 hours.
1 2,400 L x 0.2904 THB Per Liter 696.96 THB/Cause
2 Average 6 Causes per month x 696.96 4,181.76 THB/Cause
THB per cause
Total water saving cost 4,181.76 THB/Month

Table 6 Duration time for the restoration process each unplanned downtime resulting from TDS-related glove defects.

Item Description Time Unit Remark

Duration time for the restoration process

1 Stop production to clear the gloves. 30 Minute

2 Drain contaminated water of 2,400 liters each 18 Minute
tank.

3 Clean tank. 20 Minute

4 Add fresh water contaminated water of 2,400 90 Minute
liters.

5 Heat temperature up to set point. 15 Minute

6 Start running the production line until you get the 30 Minute
first piece of glove.

Total duration time for the restoration process. 203 Minute/Time

3.4 Water expenses

As mentioned above, in order to keep the
TDS parameter within specification at the leaching tank
station, we use a set flow rate of 20 LPM to regulate
the concentration of chemicals dissolved in water.
Following the installation of the TDS automation
system, we are able to sustain a flow rate of at least 15
LPM. Water expenses must be calculated based on the
liters of water used each minute. Since the water
savings amount to 5 liters per minute based on the
previously practiced problem-solving that took around 8

hours, this is shown in Tables 4 and 5.

Table 5 shows the production department can
reduce the cost of water savings, with a value of

4,181.76 THB per month.

3.6 Unplanned downtime cost.

Unplanned downtime in the production

process necessitates halting the production line,
draining contaminated water containing persistent
microbes and chemical residues, cleaning the tank,
replenishing it with fresh water, and reheating it to the
required temperature. This restoration process takes
approximately 203 minutes, during which production is
suspended, resulting in an output loss of approximately
20 cartons per 60 minutes. Given a cost of 728.09 baht
per carton, the financial impact of this downtime is
substantial, as shown in Table 6 and 7.

On average, TDS-related glove defects lead
to unplanned downtime occurring more than six times
per month. The associated costs must be assessed
based on the time required for rectification and the

financial loss incurred due to reduced glove production.
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Table 7 Unplanned downtime cost.

Item Description

Price Unit Remark

Unplanned downtime cost

1 Financial loss incurred due to output loss
- Duration time for the restoration process: 203
minutes.

(Production capacity is 20 cartons / 60 minutes)

- Output loss of approximately 20 cartons per 60

minutes.
_ (203x20
- ( 60 )
= 67.66 cartons / 143 minutes

- Glove cost of 728.09 baht per carton
= 67.66 x 728.09
= 49,267.42 THB / Downtime

2 - Water usage lost cost
- Drain contaminated water of 2,400 liters each
tank

- Water cost 0.2904 THB Per Liter
= 2,400 x 0.2904
= 696.96 THB

3 - Water usage lost cost
- Fresh water water of 2,400 liters each tank

- Water cost 0.2904 THB Per Liter
= 2,400 x 0.2904
= 696.96 THB

4 Total lost cost = Item 1 + Iltem 2 + ltem 3
= 49,267.42 + 696.96 + 696.96
= 50,661.34 THB Per Causes

Average unplanned downtime cost.

( 6 times / Month x 50,661.34 THB/Downtime )

Total unplanned downtime cost

49,267.42 THB/Downtime

696.96 THB

696.96 THB

50,661.34 THB/Downtime

303,968.04 THB/Month

303,968.04 THB/Month

Table 7 shows the production department can

save on the cost of unplanned downtime, with a value
of 303,968.04 THB per month.

Return of Investment Cost.

® The total cost for this project is around

100,837 Baht.

® Cost savings per month are around

308,457.78 Baht.
100,837 Baht
ROI =
308,457.78 Baht/Month
ROI = 0.33 Month

3.6 Economic Benefits and Return on Investment

The implementation of the automated TDS
control system has led to significant cost savings.
Specifically, non-value-added activities have been
reduced, resulting in monthly savings of 307.98 THB,
while water costs have been reduced by 4,181.76 THB
per month. Additionally, unplanned downtime expenses
have been lowered by 303,968.04 THB per month. The
total cost savings amount to approximately 308,457.78
THB per month, achieving a return on investment (ROI)

within 0.33 months. These economic benefits underscore
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the financial viability and efficiency improvements
associated with the automated TDS control system and

SCADA integration.

4. Conclusion

The optimization of TDS measurement and
leaching tank water quality control is critical for
improving industrial processes, particularly in rubber
glove manufacturing, as it is the most effective method
to minimize undesirable materials in rubber gloves. The
integration of automated TDS sensors and SCADA-
based process control significantly reduces downtime
expenses, minimizes non-value-added activities,
resulting in monthly savings of 307.98 THB, and
reduces water costs by 4,181.76 THB per month. The
total cost savings amount to approximately 308,457.78
THB per month, achieving a return on investment (ROI)
within  0.33 months. These economic benefits
underscore the financial viability and efficiency
improvements associated with automated TDS control
and SCADA integration, while ensuring consistent
product quality. Furthermore, this research highlights
the role of TDS sensors in detecting microbial
contaminants, chemical residues, and variations in
dissolved solids, which have historically been
overlooked as a critical control point (CCP) in the
rubber glove industry.

For this research, only wet gel leaching has
been studied and implemented. Further research will
require a combination of leaching protocols, both wet
gel and dry film leaching. Leaching also results in
gloves possessing improved physical properties. By
implementing a proactive, automated approach to TDS
management, manufacturers can achieve substantial
cost savings, enhance process efficiency, and ensure
compliance with stringent quality standards. The
integration of real-time monitoring systems and
SCADA-based automation represents a significant
advancement in industrial process optimization, contributing

to more sustainable and reliable manufacturing operations.
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Digital agriculture leverages advanced technologies to optimize farming, enhance crop yields,
and promote sustainability. Precision farming improves resource management, with soil pH, electrical
conductivity (EC), temperature, and moisture being key factors influencing soil chemistry, nutrient
availability, and plant health. However, inconsistencies in measurement tools can lead to suboptimal
decisions, affecting productivity and sustainability. This study compares the accuracy, efficiency, and cost-
effectiveness of two portable soil analysis tools: the YY-1033 Soil pH Meter and the A-2. The YY-1033
offers a pH range of 0.0-14.0 (+0.1 accuracy) and an EC range of 0.00-20.00 mS/cm (+0.1 accuracy),
using a puncture electrode and bluetooth connectivity for real-time data logging. The A-2, with a pH range
of 3.5-9.0 (0.5 accuracy) and an EC range of 1.5-15.0 mS/cm (0.5 accuracy), employs an aluminum
electrode and lacks digital connectivity. A randomized complete block design (RCBD) was used and data
were analyzed through Analysis of Variance (ANOVA) and Least Significant Difference (LSD) tests at a
95% confidence level. Results showed significant differences in pH and EC measurements, with the
YY-1033 demonstrating higher precision, particularly in extreme soil conditions. However, both devices
provided reliable temperature and moisture readings. The coefficient of determination (R?) values for pH
(0.930) and EC (0.911) confirmed accuracy differences. Despite the benefits, research in this area remains
limited, especially in Thailand. Adopting efficient and cost-effective soil measurement tools can enhance
precision farming, improve yields, and support sustainability. Expanding research in this field will ensure
that farmers have access to reliable technologies. Integrating GIS and Al-based soil monitoring can further
optimize agricultural decision-making, while future studies should assess the long-term cost-effectiveness

and reliability of these tools.
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1. Introduction

Precision agriculture technologies enhance
farm management and optimize resource use through
the integration of drones, automated irrigation systems,
and sensor networks for soil nutrient measurement.
Additionally, artificial intelligence (Al) plays a crucial role
in farm management, particularly in soil management.
Agronomy, the scientific study of soil structure, chemical
composition, and biological properties, is fundamental
to agricultural success. By analyzing key soil properties
such as pH, temperature, moisture, and nutrient content,
farmers can improve soil management practices to
match specific crop requirements, ultimately enhancing
both yield quality and quantity (Slessarev et al., 2016).

Soil pH significantly influences chemical and
biological reactions, including the dissolution and
precipitation of minerals. It serves as a key determinant
of nutrient availability for plants (Tecon and Or, 2017).
The digital transformation of agriculture is becoming
increasingly important worldwide due to the rising
demand for food driven by population growth.
Traditional breeding methods alone cannot keep pace
with this demand. However, precision agriculture
technologies help increase yields while minimizing
environmental impact. In addition to climate-adaptive
systems, effective land-use management is essential.
By leveraging digital data, farmers can monitor,
analyze, and assess soil quality before planting
seasons, enabling proactive soil health improvements
tailored to specific crops. Standard soil pH determination
involves dissolving soil samples in distilled water or a
0.01 molar calcium chloride solution. Although different
soil-to-liquid ratios exist, suspension-based pH measurement
is widely accepted due to its simplicity and effectiveness.
This method provides an accurate representation of the
soil's acid-base balance and its influence on nutrient
solubility. For most crops, an optimal pH range of 6.0-7.5
is recommended (Everhart, 1994). Managing soil pH is
crucial for maximizing nutrient availability, supporting
high-yield production, and maintaining soil health.
Proper pH adjustments not only promote plant growth
but also enhance soil fertility, reducing unnecessary
costs associated with soil amendments. Recent

advancements in agricultural technology have improved

field-based pH measurement accuracy, making it
comparable to laboratory instruments. Traditionally, soil
samples were collected and analyzed in laboratories or
tested with litmus paper. However, modern portable
meters can now measure pH directly in the field under
appropriate moisture conditions. These meters operate
using potentiometry, which measures the electrical
potential difference between a reference electrode and
a solution containing H+ ions. Portable pH meters,
calibrated with standard buffer solutions (pH 4.0, 7.0,
and 10.0), offer high precision (+0.001 pH units) and
mobility, making them ideal for on-site agricultural
applications. However, they are relatively expensive,
and inaccurate buffer solutions can lead to erroneous
readings (Butraphon, 2019). Soil pH variability significantly
influences nutrient uptake in plants, requiring site-
specific pH adjustments tailored to different crops and
growth stages. Maintaining an optimal pH range not
only enhances plant health and productivity but also
fosters beneficial microbial activity while mitigating pest
and disease outbreaks.

Currently, portable soil meters are widely
used to measure physical and chemical soil properties,
including pH, nitrogen, phosphorus, and potassium,
offering rapid and convenient alternatives to laboratory
testing. These devices vary significantly in price
depending on features, accuracy, and certification. The
advancement of sensor technology has led to the
development of pH measurement devices that provide
real-time, continuous data, thereby enhancing soil
management efficiency. However, permanently installed
sensors are prone to interference from environmental
factors (Yuzhakov et al., 2021). Soil acidity and
alkalinity serve as indicators of overall soil health. pH
levels regulate numerous chemical and biological
reactions, impacting nutrient  availability = and
biogeochemical cycles (Tecon and Or, 2017). Studies
have shown that microbial diversity and activity
increase with higher pH levels and decrease with lower
pH levels (Fierer and Jackson, 2006; Rousk et al.,
2010; Cao et al., 2016). Various environmental factors,
including erosion, mineral composition, water balance,
and shifts in mineral concentrations, also influence soil

pH (Slessarev et al., 2016).
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However, innovative electrochemical sensor
has continuous development for instance This research
introduced an innovative electrochemical sensor
designed for direct, real-time, continuous monitoring of
soil pH without the need for soil pre-treatment. The
sensor features a composite matrix coating of alizarin
and Nafion applied to the working electrode. The study
evaluated the sensor's performance using electrochemical
impedance spectroscopy (EIS) and square wave
voltammetry (SWV) across various soil textures,
including clay, sandy loam, and loamy clay. Results
indicated that SWV provided pH-dependent responses
consistent across different soil types, with a sensitivity
range from -50 mV/pH to -66 mV/pH and a high
correlation coefficient (R? > 0.97) within a pH range of
3 to 9. Validation tests demonstrated an error rate of
less than 10% between the sensor's measurements
and reference pH values across multiple soil textures.
A seven-day in situ study further confirmed the sensor's
capability to monitor soil pH dynamically, maintaining
an error rate below 10%. This advancement offers a
practical solution for continuous soil pH monitoring,
which is crucial for sustainable agriculture and soll
health management (Eldeeb et al., 2023). In addition,
Maleki et al. (2010) study to design and develop a
portable soil electrical conductivity (EC) detector to
address agricultural challenges in Iran, such as soil
salinity and arid climate conditions. The researchers
developed a four-electrode EC detector comprising disk
electrodes, a power source, a function generator, and
a data acquisition unit. The device injects a constant
electrical current into the soil through two electrodes,
while the voltage drop is detected between the other
two electrodes. This setup allows for rapid and reliable
field-scale measurements of soil EC, which are
essential for assessing soil salinity, cation exchange
capacity, soil water content, and temperature. The
portable nature of the detector facilitates on-the-go soil
EC measurements, providing valuable data to improve
agricultural yield and sustainability in regions with
challenging soil conditions.

Soil properties vary primarily based on
structure and composition rather than weather conditions.

Additionally, the market for agricultural measurement

devices is highly competitive, resulting in more affordable
and accessible solutions for farmers. However,
excessively low-cost equipment may be ineffective in
practice, leading to inaccurate measurements that
negatively impact agricultural management. In the
worst-case scenario, such inaccuracies could reduce
crop yields or even cause plant mortality. Conversely,
high-quality modern soil measurement equipment is
often prohibitively expensive, making it difficult for
farmers to justify the investment. Assessing the
effectiveness of low-cost yet high-quality equipment as
a viable alternative to expensive devices is crucial for
informed decision-making. The transition from traditional
to precision agriculture necessitates reliable soil
monitoring tools. Furthermore, digital agriculture
education plays a vital role in equipping farmers with
knowledge about advanced tools and technologies.
Comparing the efficiency and accuracy of various soil
measurement devices is essential for selecting the
most suitable solutions for farm management. Cost-
effective and accessible technologies help farmers
minimize reliance on expensive laboratory testing while
ensuring precise soil monitoring. This study explores
recent advancements in real-time soil monitoring and
their implications for precision agriculture. By introducing
innovative sensor-based measurement techniques, this
research contributes to the evolution of smart farming,
providing practical insights into cost-effective and
efficient soil management strategies.

The purpose of this research is to develop
and evaluate the effectiveness of advanced soil
measurement technologies, particularly portable and
sensor-based devices, in improving precision agriculture.
This study aims to investigate the latest advancements
in soil measurement technologies, including real-time
monitoring using sensor-based systems; compare the
accuracy and efficiency of portable meters with
traditional laboratory-based testing methods; assess
the impact of precise soil management on crop yield
and overall soil health; and identify the cost-
effectiveness and feasibility of implementing modern
measurement tools for small- and large-scale farming
operations. By addressing these objectives, this research

contributes to the advancement of precision agriculture,
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ensuring that farmers can adopt efficient, cost-effective,

and scientifically validated soil management techniques.

2. Materials and Methods

The experimental planning process for
comparative studies was conducted using digital
agriculturist support tools by selecting the area and
creating a map of the points where soil chemical values
were measured, then statistically analyzing the data
and creating a distribution map of soil chemical values.
(Figure 1), including the YY-1033 soil pH meter (Figure
2a) and the A-2 measurement device (Figure 2b). In
agricultural applications, puncture electrodes are
specialized sensors designed to penetrate soil or plant
tissues to facilitate direct measurement of various
parameters. These electrodes ensure intimate contact
with the sample, enhancing measurement accuracy.
The YY-1033 soil pH meter is equipped with a puncture
electrode, specifically a conical-tip pH electrode. This
electrode design allows for seamless penetration into
the soil, enabling direct pH measurement without the

need for sample extraction. The device measures acid-

alkaline values in the range of 0.0-14.0, with a
resolution of 0.1 and an accuracy of £0.1. Additionally,
it measures electrical conductivity (EC) values ranging
from 0.00-20.00 mS/cm, with an accuracy of +0.1. A
notable feature of this device is its capability to connect
via Bluetooth to mobile applications, enabling the
recording of measurement data as electronic records.
An example of a similar soil pH electrode is the
HI12943, designed for direct soil measurement. It
features a triple ceramic junction and a conical pH
sensing tip made with low-temperature glass, making it
suitable for various soil types (Seifi and Alimardani,
2010). In contrast, the A-2 measurement device
employs an aluminum electrode, which is widely used
in various electrochemical agricultural applications due
to its high conductivity and effectiveness in processes
such as electrocoagulation. Aluminum electrodes play
a crucial role in wastewater treatment, soil nutrient
sensing, and other agricultural practices. The A-2
device measures acid-alkaline values within a range of
3.5-9.0, with a resolution of 0.5 and an accuracy of
10.5. lts EC measurement capability spans 0.00-20.00

mS/cm, with an accuracy of +0.1.

m The physical properties of
I:> the soil (pH, EC,

temperature and humidity)

Select and divide the were measured in each spot

area into blocks of block

0 L.T.—l S

Statistical data Create a data

analysis distribution map

Figure 1 Experimental process diagram

(@)

(b)

Figure 2 Measuring tool type 1 YY-1033 Soil pH Meter (a) Measuring tool type 2 A-2 (b)
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To conduct the study, experimental area was
systematically surveyed using Geographic Information
System (GIS) technology to ensure accurate spatial
analysis. Measurement points were precisely defined,
and the collected data were utilized to generate spatial
distribution maps representing soil pH, electrical
conductivity (EC), temperature, and moisture levels.
The study was conducted in three designated areas
within the premises of Rajamangala University of
Technology Tawan-ok, Chanthaburi Campus (Figure
3). The spatial distribution of soil quality parameters
was analyzed to compare variations in measurement
outputs between different soil quality assessment

instruments.

paisinalulagavaul |
UKIINENAY.
v

Figure 3 The area for experiment area

A randomized complete block design (RCBD)
was implemented to enhance the reliability and
accuracy of the experiment. The experimental area was
divided into three distinct blocks: Block 1 (blue), Block
2 (green), and Block 3 (red). Each block comprises a
systematically randomized selection of measurement
points, ensuring comprehensive coverage of 100 points
per block. To distinguish between different soil chemical
test points, specific symbols were assigned: crosses (X)
for Block 1, triangles (A) for Block 2, and circles (®)
for Block 3. This classification facilitated clear
identification and comparative analysis of soil chemical
properties across the designated experimental blocks.
The collected data were analyzed using descriptive
statistics and one-way analysis of variance (ANOVA),
followed by the Least Significant Difference (LSD) test
at a 95% confidence level. The ANOVA was used to
identify  statistically  significant  differences in
measurement accuracy and reliability between the two
measurement devices. Furthermore, the analysis

assessed the impact of these measurement devices on

agricultural decision-making and their perceived
benefits among users. Additionally, ANOVA was
utilized to evaluate the physical properties of soil (pH,
EC, temperature, and moisture) concerning the use of
different measurement technologies and their influence
on farmers' decision-making processes. The data
distribution was observed to be symmetrical, indicating
the absence of skewness and reducing the potential for
bias. The study considered two primary factors: Factor
1 (YY-1033 measurement device) and Factor 2 (A-2
measurement device). Data collection involved
measuring pH, EC, temperature, and moisture levels
using both devices, recording values, and subsequently
analyzing them using ANOVA within the RCBD
framework. The LSD test was applied for mean
comparisons to determine significant differences.
Finally, the measurement data were utilized to generate
spatial distribution maps to facilitate comparative
analysis. These maps will be used to assess soil
suitability for cultivation and identify areas requiring soil

quality improvement for future agricultural development.

3. Results and Discussion

The application of digital technology in soil
measurement plays a crucial role in modern agricultural
decision-making. The selection of appropriate
measurement tools, which range from high-cost to more
affordable options, has a significant impact on
agricultural efficiency. This study evaluates the
effectiveness of different soil measurement devices and
their influence on key soil parameters, including pH,
electrical conductivity (EC), temperature, and humidity.
Additionally, the study examines the relationship
between soil physical properties and spatial distribution
using Geographic Information Systems (GIS).

The results of the Analysis of Variance
(ANOVA) reveal significant differences in the
measurements obtained from two distinct soil testing
devices. Type 1 measuring tool, YY-1033 Soil pH
Meter, recorded an average pH of 4.4, with a minimum
of 3.9 and a maximum of 6.5. In contrast, the Type 2
measuring tool, A-2, recorded an average pH of 6.7,
with a range from 6.5 to 7.0. These differences suggest

that the tools measure pH differently, possibly due to
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differences in calibration or sensitivity. (Figure 7) For
EC, the Type 1 device recorded an average of 10.70
mS/cm, with a range of 10.44 to 11.01 mS/cm, whereas
the Type 2 device measured an average EC of 7.54
mS/cm, ranging from 7.0 to 7.5 mS/cm. These results
indicate a significant variation in EC readings between
the two devices. (Figure 8) Regarding temperature and
both  devices

humidity measurements, provided

comparable readings. The average temperature

recorded by both devices was 27.9°C, with values
ranging from 27.0 to 29.0°C. (Figure 9) Similarly, the
humidity measurements showed minimal variation, with
the Type 1 device recording an average humidity of
32.4%, ranging from 30.0% to 34.9%, while the Type 2
device measured a similar average of 32.4%, ranging
from 30.0% to 35.0%. (Figure 10) Statistical analysis
revealed no significant differences in temperature and

humidity readings between the two tools. (Table 1)

Table 1 The average of measuring tools of physical properties of soil per block under different treatments

Parameter Measuring Tool ANOVA F- Block 1 Block 2 Block 3
statistic

pH Type 1 measuring 7460.64 4.48+0.34* 4.43+0.29* 4.44+0.37*
tool

Type 2 measuring 6.71+0.24* 6.77+0.25* 6.78+0.25*
tool

EC (mS/cm) Type 1 measuring 178.51 10.43+0.44* 10.99+0.46* 10.70+£0.45*
tool

Type 2 measuring 7.21+0.45* 7.79+0.51* 7.63+0.45*
tool

Temperature (°C) Type 1 measuring 0.229 27.95+0.57 28.02+0.60 27.99+0.63
tool

Type 2 measuring 28.08+0.87 27.96x0.80 27.80+0.80
tool

Humidity (%) Type 1 measuring 0.021 32.42+1.47 32.50+1.42 32.45+1.57
tool

Type 2 measuring 32.34+1.70 32.50+1.76 32.56+1.63

tool

Mean value of measurements + standard deviation

" different in a column are significantly different level (p<0.05) according to randomized complete block design each

block

Table 2 Least Significant Difference (LSD)

Parameter LSD Value
pH 2.611*
EC (mS/cm) 3.626*
Temperature ('C) 0.195*
Humidity (%) 0.158*

* different in a column are significantly different level (p<0.05)
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Using a randomized complete block design
(RCBD), it was found that the pH and EC measurements
exhibited statistically significant differences between
devices, whereas temperature and humidity did not
show significant variation. The coefficient of determination
(R?) values for pH and EC were 0.930 and 0.911,
respectively, indicating a strong correlation between
device type and measurement accuracy. The Least
Significant Difference (LSD) test further confirmed that
pH and EC measurements differed significantly
between devices, whereas temperature and humidity
readings remained statistically similar. (Table 2)

Soil pH measurement tools vary in form and
cost, with metal rod-based testers being popular due to
their affordability. However, when compared to glass
electrode pH meters, the latter exhibit greater accuracy
due to their calibration with standard solutions in
laboratory settings (Merl et al., 2022). The Type 1 device,
which utilizes glass electrode technology, demonstrated
superior accuracy in pH measurement compared to
Type 2. However, it requires careful handling, as impacts
with soil particles can damage the fragile glass
electrode (Steinegger et al.,, 2020). The ability of the
Type 1 device to record data via a mobile application
enhances its suitability for precision agriculture as
illustrated in Figure 4. The influence of soil pH on
nutrient availability and plant health is well-documented
(Staudinger et al., 2019). The findings highlight the
importance of selecting accurate measurement tools,
as incorrect pH readings could lead to improper soil
amendments, affecting crop yields. Meanwhile, temperature
and humidity monitoring are essential for soil moisture
management, but given the statistical similarity between
devices, farmers may opt for more affordable tools for
these parameters without compromising accuracy.
Incorporating GIS and remote sensing enhances soil
analysis, allowing farmers to visualize spatial variability
and make data-driven decisions for soil management.
The integration of Artificial Intelligence (Al) and Internet
of Things (loT) technologies has the potential to further
refine precision agriculture, optimizing input use and
improving sustainability. The adoption of automated
irrigation systems based on real-time soil moisture data

can enhance water use efficiency, minimizing resource

waste and increasing productivity. When comparing the
pH and electrical conductivity (EC) values measured at
various points within the block containing the tested
plants using the Type 1 device (Figure 5), it was found
that areas with pH and EC values suitable for the tested
plant species exhibited superior growth. This was
evident through characteristics such as dark green
leaves, larger leaf size, overall plant vigor, and higher
yields (Figure 6). However, for the Type 2 device, the
measured values did not show significant differences,
yet variations in plant growth were still observed.
Therefore, selecting measuring equipment that is both
cost-effective and efficient is crucial to prevent potential
losses. Additionally, developing portable soil chemical
measurement tools that provide accurate geolocation
data at an affordable price will facilitate precise plot
management and targeted interventions for problematic
plants. This will ultimately help save time, reduce costs,
and increase farmers' profits, contributing to the long-

term sustainability of the agricultural sector.

eack gt e 100%

Figure 4 Measuring instrument application type 1

YY-1033 Soil pH Meter

While high-end soil measurement tools offer
superior accuracy, their cost can be prohibitive for
small-scale farmers. This study underscores the
importance of cost-effective alternatives that balance
affordability and accuracy. Devices priced low-cost

devices (<200 baht) may lack the precision required for



Recent Science and Technology 17(2) 264406 (2025)

effective soil management, while those costing between
500 and 1,000 baht may offer better reliability.

Area of the YY-1033 sofl pH meter recorde
average pH of 5.5-6.5 und EC 9.0

Figure 5 Area of Type 1 YY-1033 Soil pH Meter with

pH and EC values suitable for plant growth

for soil chemical properties

pH
8
6
4
2
0
Block 1 Block 2 Block 3

[l Measuring tool type 1 [l Measuring tool type 2

Figure 7 The average of pH under different

treatments and area

Considering cost-effectiveness, this study
emphasizes the need for further research on soil
measurement tools across different price ranges.
Farmers require affordable yet reliable devices to make
informed decisions. The use of low-cost, uncertified
foreign devices poses a risk of inaccurate data

collection, leading to potential mismanagement of soil

conditions. In light of climate change and the need for
rapid soil assessment, investment in cost-effective,
high-accuracy tools is crucial for modern agricultural
sustainability. The findings align with the United Nations
Sustainable Development Goals (SDGs), particularly in
climate resilience, food security, and resource-efficient
farming practices. Ultimately, the balance between cost
and accuracy should guide the selection of sail
measurement tools. While high-end devices provide
superior accuracy, economical alternatives that
maintain reasonable precision can offer significant
benefits for small-scale farmers. Future studies should
explore the long-term cost-effectiveness of these tools
and assess the feasibility of integrating digital soil

mapping technologies to support sustainable agriculture.

EC (mS/cm)
12
10
8
6
4
2
0
Block 1 Block 2 Block 3

[ Measuring tool type 1 [l Measuring tool type 2

Figure 8 The average of EC under different

treatments and area

Temperature (‘C)
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Il Measuring tool type 1 Il Measuring tool type 2

Figure 9 The average of temperature under different

treatments and area
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Humidity (%)
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Figure 10 The average of humidity under different

treatments and area

4. Conclusion

Selecting appropriate soil measurement tools
is a critical factor in achieving sustainable agricultural
development. The study findings indicate that while
both tested devices provide reliable temperature and
humidity readings, there are notable differences in pH
and electrical conductivity (EC) measurements. The
Type 1 YY-1033 Soil pH Meter demonstrates superior
accuracy and additional functionalities, making it a
more suitable choice for precision soil analysis.
However, the decision to adopt specific measurement
tools must balance economic feasibility with accuracy
to ensure optimal agricultural applications. The
integration of digital technologies, including Geographic
Information Systems (GIS) and Al-driven soil
monitoring, holds great potential for transforming
agricultural management. Investing in efficient and
precise measurement tools can enhance soil
management practices, reduce input costs, and
contribute to sustainable farming in alignment with
global climate resilience and food security objectives.
To further support informed decision-making in the
agricultural sector, future studies should explore the
long-term cost-effectiveness and reliability of soil
measurement tools. Additionally, developing portable
soil chemical analysis devices with accurate
geolocation capabilities at an affordable price would
enable more precise plot management and targeted
interventions for problematic plants. This advancement

will ultimately help farmers optimize resources, save

time, reduce costs, and increase profitability, thereby

fostering long-term sustainability in agriculture.
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Fish tank owners often face challenges in maintaining optimal environmental conditions due to
time constraints and a lack of real-time monitoring tools. To address this, our research team developed an
online fish tank management application with two key objectives: 1) to design an efficient management
system and 2) to evaluate its performance. Developed using Flutter for compatibility with both Android and
iOS, the system supports automatic and manual control modes. In automatic mode, users can configure
pH and turbidity levels based on specific fish requirements, while manual mode allows direct control over
feeding, lighting, and water filtration. The system integrates micro-controllers to gather real-time data from
turbidity, pH, and temperature sensors, transmitting this information to ThingSpeak cloud for storage and
analysis. The application provides graphical data visualization and facilitates remote control by sending
commands through Firebase cloud to the micro-controller, which then operates connected devices via relay
modules. Performance evaluations confirmed the system's reliability, with command response tests
conducted over 100 trials yielding the following average latency times: 1) LED Activation: 2.86 seconds |
Deactivation: 2.72 seconds; 2) Feeding System Activation: 2.61 seconds | Deactivation: 2.78 seconds;
and 3) Timer-Based Feeding Operations: 2.42 seconds. This innovative system enables fish tank owners
to remotely monitor and manage environmental conditions, significantly reducing maintenance time while

ensuring continuous monitoring for improved aquatic life management.
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1. Introduction

2023). The main problems that aquarium fish famers

encounter are: lack of time to take care of the fish,

Keeping aquarium fish or ornamental fish is a

inconsistent feeding of the fish, deteriorating water

popular hobby in Thailand. This is because omamental

quality, and short-lived fish due to improper care (Chen

fish have a variety of colors and shapes, can be kept

et al., 2023; Obma et al., 2023). Some water properties

in a limited space, and help create a refreshing

affect fish farming, such as acidity, alkalinity, ammonia

atmosphere in the house. The ornamental fish business

accumulation, etc. (Ikhlaq et al., 2025). If aquarium fish

in Thailand is important both economically and

are not managed well, the fish will easily get sick, grow

culturally. Thailand is one of the world's leading

slowly, and may die (Santoso and Panuntun, 2024).

ornamental fish exporters, with a global market share

Currently, there is loT technology that can

of approximately 7.38% and an export value of more

control various devices via the Intemet using a single

than 700 million baht per year (Prachachat Business,
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mobile phone, making life more convenient. loT
technology (Phumcharoen and Ploywattanawong, 2022)
defines it as an environment consisting of all things that
can communicate and connect with each other through
both wired and wireless communication protocols. All
things have a way to identify themselves, recognize the
context of their environment, and interact and work
together. If l1oT technology is applied to control the
aquarium, it will solve the problem. There is research
(Mulyana et al., 2023; Pangerd and Duangsai, 2023)
that has developed an automatic aquarium controller
using loT. The system could feed fish, measure pH,
measure temperature, control and command via the
Blynk application. The highlight of these two research
projects is the use of the easy-to-use Blynk application.
Research (Obma et al., 2023) has presented the
improvement of water quality and monitoring of water
conditions for ornamental aquariums using loT
technology. The system has the following capabilities:
measuring water temperature, measuring water pH,
having a web application for using the system, and
having MySQL as a database. If the temperature is
high, the system will command the fan to work. If the
temperature is lower than the specified value, it will
send the heater to work. The highlight of this research
is that it controls the water temperature. Research
(Santoso and Panuntun, 2024) has presented an
automatic control and monitoring system for water
quality in goldfish tanks using Fuzzy Logic Controller
(FLC) to control the turbidity and pH of the water in the
aquarium. There is a website for viewing water quality
values in real time. The highlight of this research is the
use of FLC to control water quality. Research (Suranata
et al., 2024) has presented the design of an omamental
aquarium management system using loT technology to
monitor water conditions. It is possible to track pH and
water temperature through ThingsBoard. The highlight
of this research is the real-time tracking of water
conditions. Research (Widyati ef al., 2025) has proposed
an automatic fish feeding and temperature control
system in aquariums based on loT technology. Data is
sent via MQTT protocol. It is controlled and displayed
via Node-RED. The highlight is the control and

command via Node-RED.

From the above problems and the review of
related research, the research team has an idea to
develop an online aquarium management system
application. The system can track the status of the
environment in real time, namely water temperature,
water pH, and water turbidity. It can control fish feeding,
water filtration, and turn on and off LED lights
automatically, making the lives of fish farmers easier,
especially the elderly or those with limited time. The
highlight of this research is the design and development
of an application that stores data on the NoSQL cloud
system in real time and has a water filtration system to
extend the water change time. The appropriate water
environment for raising each type of fish is not the
same. But in this research, it is the environment for
raising goldfish. The factors are as follows: pH 7.0-8.6,
water turbidity less than 5 (lkhlag et al., 2025),
temperature 24-30 degrees, and red light (Noureldin et
al., 2021). If raising other types of fish, the conditions
can be adjusted as needed. The application will be
developed using Flutter, which is a framework used to
create a user interface for creating mobile applications
that can work across platforms, both iOS and Android,
at the same time. The language used in Flutter is dart,
which was developed by Google. Importantly, it is open
source and can be used for free (Mamoun et al., 2020;
Kohprasert and Adsavakulchai, 2024). Data storage in
the system uses the cloud system as a medium for
sending and receiving data over the Internet that does

not store structured data.

2. Materials and Methods
2.1 Research Scope

The system operates in two modes of
operation: manual control mode and automatic mode.
Users can control the feeding system, turn LED lights
on and off, and view the water pH sensor, water
turbidity and water temperature graphs. As for the
automatic mode, the user can set the pH and turbidity
of the water according to the fish raised. Once the setup
is complete, the system will automatically run, and you
can view the pH value, water turbidity value, and water

temperature graph.
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2.2 Developing a Fish Tank Management System via an
Online Application using System Development Life
Cycle (SDLC) in Waterfall Model.

SDLC is a process for developing and
managing information systems that have clear steps,
are of high quality, meet user needs, and can be
maintained in the long term (Pinchunsri et al., 2019).
The Waterfall Model is a sequential system development
process where each step must be completed before

proceeding to the next step (Maulana et al., 2021).
2.2.1 Requirement Analysis

From the survey on aquarium fish farming
problems, it was found that the problems are caused
by the need for human labor to feed, turn on and off
the lights, change the water, take care of the fish, forget
to feed them, and have no free time to change the
water. When there is no time to change the water, the
substances excreted from the fish will have ammonia

and nitrite that accumulate in the water too much,

causing the water to have an unsuitable value for fish
farming. Another problem is the temperature in the
water that is not suitable for fish farming. The
temperature must be monitored and always controlled.
If the temperature is not suitable, it may affect the fish,

causing them to grow slowly and have pale colors.
2.2.2 System design
2.2.2.1 System Operation Flowchart

From figure 1, start the system with
use the login system to sign in and the login password
is incorrect, user will need to log in to the system again.
If correct, it will enter the selection of the operating
mode. There are 2 modes: manual control mode and
automatic mode. If user select the control mode, user
can control the feeding system, filter the water, and turn
the light on and off.  If auto mode is selected, the pH
and turbidity of the water can be set. After that, user
can view the water turbidity graph, pH graph, and water

temperature graph.

i

i o =

Figure 1 System Operation Flowchart
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2.2.2.2 System Overview Design UNO. Because Arduino Wemos has only 1 analog input

port, which is not enough for the turbidity sensor and
From figure 2, it consists of 3 parts:
pH sensor that both require analog input, and to share
application, cloud system and control part. The
the load of Arduino Wemos, both boards transmit data
application receives data from the pH sensor, turbidity
to each other in serial. Arduino Wemos receives the pH
sensor and water temperature from ThingSpeak cloud
sensor, turbidity sensor and temperature sensor values
system via the Internet to display the data on the
and then sends data to the ThingSpeak cloud system
application. The application sends data to control the
via the Internet and retrieves data from the Firebase
on/off the water pump and LED lights to the Firebase
cloud system (Huanthanom et al., 2020) to control the
cloud system via the Internet. The control part consists
water pump and LED lights via relay. The working
of 2 microcontrollers, Arduino Wemos and Arduino
status will be notified via the Line application.

Table 1 shows the details of the devices.

Sections Devices Details
pH Sensor -pH measurement range: 0 to 14
-Accuracy: +0.1 pH at 25 °C
Input Turbidity - Measuring Range: 0 — 1000 NTU
sensor -Accuracy: 5% FS
Temperature -Temperature measurement range: -55°C to +125°C
sensor -Accuracy: £0.5°C in the range of -10°C to +85°C
LCD - Display 20 characters per line, 4 lines
- Communication interface: 12C
Relay -4-channel relay
-Maximum voltage and current 250V AC at 10A, 30V DC at 10A
Output Pump -Voltage: 12V DC
-Flow rate 10L/min
LED -Voltage: 12V DC
Micro servo -Torque 1.2-1.4 kg/cm (4.8V)

-Rotation 0-180 degrees

Internet Internet

CJThingSpeak

Arduino Uno R3 1

LINE Notify

Micro Servo a
< Q

Turbidity DS18820

g ¥
pUMp LED

Figure 2 System Overview Design
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The design of the aquarium structure consists
of 4 parts: the control box is installed on the side of the
aquarium, the fish feeding system is on the top left side
of the aquarium, then the water filter system consists of
a water pump that sucks water up to the water filter and
releases water back into the aquarium, and finally the
LED light is on the bottom of the aquarium, as shown
in Figure 3.

2.2.2.3 Hardware Design

From figure 4, the input part consists

of turbidity sensor, temperature, pH and real time clock.

rdware Design

Next is the processing part, consisting of Arduino UNO
and Arduino Wemos. The output part consists of LCD,
relay, servo motor, pump and LED. The last part is the
power supply part, consisting of switching power supply
and step down. The power supply part is 12 Volt,
connected to the step down to reduce the voltage to 5
volts to supply power to the entire circuit, except for the
LED and pump, which receive 12 Volt electricity directly

from switching.

2.2.2.4 Design of working conditions

in automatic mode
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Table 2 Working conditions in automatic mode

Conditions Filter pump

LED lights

Feeding fish Line notification

PH<7
PH > 8.6
Turbidity > 5
9:00 a.m.
5:00 p.m.
Temperature > 30

temperature < 24

0OOOO00

0O0OOOOO

OO000OO
COO000O

The experimental conditions were
the same as those used in goldfish farming. When the
pH value was less than 7.0, the system would turn on
the filter pump. If the pH value was greater than 8.60
(Ikhlag et al., 2025), the system would also turn on the
filter pump. Both conditions worked to keep the pH in
the appropriate range. The next condition, if the water
turbidity was greater than 5 (Santoso and Panuntun,
2024), the system would turn on the filter pump to make
the water clearer. Fish feeding was given at a rate of
1.8 grams, or 2% of the fish's weight (Ali et al., 2025),
at 9:00 a.m. and 5:00 p.m. The system would feed the
fish and turn on the LED lights, which stimulated the
growth of goldfish and helped to darken the color of the
fish. Finally, the notification section via the LINE

application would notify all operating conditions.
2.2.3 System development

In the development of the application, it was
developed using Flutter to develop, making it usable for
both Android and iOS. The database uses Firebase
Realtime Database as a medium to communicate with
the hardware. It uses Arduino Wemos and Arduino Uno
as microcontrollers to control and command various
hardware. Wemos reads values from Firebase to command
various parts and also acts to send sensor values to
the Thingspeak cloud to store sensor values in the
system. The application will then retrieve data from

Thingspeak to display on the mobile application.
2.2.4 System Testing

After the system development is complete,

the system usage is tested in the hardware section first.

Then, the application is tested with the Firebase cloud
system and Thingspeak cloud system. Finally, the
overall system is tested. When the system is complete,

the operation of various systems is tested.
2.2.5 Maintenance

When the system is in use, various problems

are brought to further develop and improve the system.
2.3 System Efficiency Testing

A plan was put in place to test the operation
of various systems in automatic mode, namely the
water filtration system, feeding system, LED lighting
system, and notifications, according to the set
conditions for 7 days to find the average value of pH,
turbidity, and temperature. Then, the delay in ordering
the operation of various systems in manual mode was
tested. The test was performed by timing the time from
ordering until the operation occurred 100 times to find
the average value and standard deviation. The tests
were as follows: average time for ordering food,
average time for setting the feeding time, and average

time for ordering the LED lights to turn on and off.

3. Results and Discussion

The development of the fish tank management
system via the online application at the fish tank
consists of a fish feeding system, an LED light on/ off
system, a water filter system, and a notification system
via the Line application. The LCD screen shows the
operation of the fish tank, showing the status of the

operating mode, internet connection, temperature,
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water turbidity and the set turbidity, water pH, and the
set pH.

From figure 5a is the application to log in to
the system. The user enters email and password to log
in, which the system will check with the email registered
in Firebase Authentication. If correct, it will go to the
application page for selecting the working mode. It can
select either Auto or Manual mode. On this application
page, it will display the pH value, turbidity value, and
water temperature as shown in figure 5b. When the

working mode is selected, a graph showing the pH

Fish

Login Information

2 Email Address

©Or Password

LOGIN

Choose Menu

Manual Control

Automatic Control

PH: 6.95059
Turbidity : 4.29

Temperature :

value, turbidity value, and water temperature can be
viewed as shown in figure 5c

From figure 6, it is working in Manual mode.
The user can control the operation as follows: control
the LED lights to turn on and off, control the water filter,
and control the fish feeding. Before controlling the
operation, the system will display the status of each
system. There is also a notification of the operation via
the Line application, another channel for checking the

operation of the fish tank.

Turbidity

ity

pH

a

Cc

Figure 5 Application login page, select operating mode, and display sensor value graph

Manual Control
Switch Devices

Q

LED: Close

o

Water: Close

R

Food: Close
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Figure 6 Working in Manual mode and notification of work via LINE application
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h IoT
phSensor: 7.21
temperature: 26
turbiditySensor: 3.68
h IoTMode
mode: 1
statusled: 1
h IoTModule
food: 1
led: 0

water: 1

IoTSet

e PHValue
maxPH: 7.5
minPH: 6.8

v TempValue
maxTemp: 26
minTemp: 21

e TurbidityValue
maxTurbidity: 5

minTurbidity: 3

Figure 7 Storing Work Data in Firebase Cloud

Table 3 Test operation in automatic mode

Day PH Turbidity Temperature Feeding Water filter LED light Notification
(NTU) (°c)
1 7.45008) 3.650.21)  25.80(0.50) O % O @
2 7.400.06) 3.900.25)  25.35(0.20) @ (%) Q @
3 7.32(009) 4.10(0.16)  25.12(0.27) O Q @ @
4 7.25009) 440(024)  24.78(0.38) QD (%) ) )
5  7.080.17) 4.780.31)  25.35(0.33) O (%) @ @
6  6.86(0.15) 4.90(0.19)  24.23(0.43) Q O O O
7 7.10(0.14)  4.50(0.38)  25.55(0.37) O (%) O @

From figure 7, it is collecting working data in
the Firebase cloud, with the following values stored: in
10T, the sensor values are stored: PH, temperature, and
water turbidity. In the loTMode section, the operation
mode and status of the LED are stored. In the
loTModule section, the status of commands, feeding,
turning on/off the LED lights, and filtering water are
stored. Finally, in the loTSet section, it is set in
automatic mode, with settings for pH, temperature, and

water turbidity in the appropriate range.
3.1 Evaluation results of the system
3.1.1 Test operation in automatic mode

The automatic mode operation was tested for
1 week, which is consistent with the research (Chen et
al., 2023; Pangerd and Duangsai, 2023) that tested the
system for 1 week. In our research, the specified
conditions for automatic mode were used, namely, if
the pH is less than 7.0 or the pH is more than 8.6, the

water filtration system will work. As for the turbidity of

the water, if it is more than 5.00, the water filtration
system will work. The feeding system and the LED light
system will work according to the time. From the
experimental results, all systems worked as set. On the
6th day, the pH value was less than 7.0, which is 6.86,
causing the water filtration system to work. As a result,
on the 7th day, the pH value increased to 7.10 and the
turbidity was also good. Causing the water filtration
system to stop working, this is consistent with the
research of (Santoso and Panuntun, 2024). When the
water filtration system is used, the pH value will

improve, and the turbidity will also improve.
3.1.2 LED on/off delay test

Tested the on/off command via the application
100 times for the average latency of the command. This
is consistent with the research (Pangerd and Duangsai,
2023) on automated aquarium controller with 10T, which
tested the efficiency of the fish feeding system 100
times. In our research, the experimental results were

recorded as a graph chart to compare the latency of
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the on/off. From the chart in figure 8, the blue graph is
the on/off command, with an average latency of 2.86
seconds, a standard deviation of 0.26, the highest
latency of 3.10 seconds, and the lowest latency of 2.10
seconds. The red graph is the off command, with an
average latency of 2.72 seconds, a standard deviation
of 0.31, the highest latency of 3.30 seconds, and the
lowest latency of 2.31 seconds. This is consistent with
the research (Romin et al., 2024) on the mobile
application for borrowing and retuming medical
equipment. The medical equipment borrowing
application uses the firebase cloud to store data and

can link all data in real-time.

Test the latency of turning on/off the LED

Latency(sec)

Figure 8 Graph showing the LED on/off delay test

3.1.3 Testing the delay of the opening/closing

of the feeding system

Test the on/off command via the application
100 times. Record the experimental results as a graph
chart to compare the delay of the on/off. From figure 9,
the blue graph is the on/off command. The average
delay is 2.61 seconds, with a standard deviation of
0.30. The maximum delay is 3.20 seconds, and the
minimum delay is 2.11 seconds. The red graph is the
offfon command. The average delay is 2.78 seconds,
with a standard deviation of 0.32. The maximum delay
is 3.28 seconds, and the minimum delay is 2.30
seconds. The factor affecting the delay in the system
command depends on the speed of the internet. If the
internet has high speed, it will result in a high speed of

commands, resulting in reduced latency.

Test the latency of opening/closing the feeding system

Latency(sec)

15

1.0
0.5

0.0

Figure 9 Graph showing the feeding system on/off

delay test

3.1.4 Testing the delay of the feeding system

on/off timer

From figure 10, test the timing to turn on/off
the feeding system by sending values from the
application to Firebase. Then Wemos retrieves the
values and compares them. When it matches the set
time, turn it on/off as ordered. Test 100 times and
record the experimental results. The average delay is
2.42 seconds with a standard deviation of 0.25. The
maximum delay is 2.90 seconds, and the minimum

delay is 1.90 seconds.

Test the latency of the feeding system on/off timer

Latency(sec)
NN
o

WV O MN TN AN SN OMNH N AON SN MmN
NNNNNN AITTVVLOLOLERNDDO®X DD

Number of times (times)

Figure 10 The graph shows the test time of the

feeding system on/off timer

4. Conclusion

The development of the online fish tank
management system application could work in 2
modes: manual mode and automatic mode. In the
manual mode, it can control the on/off LED lights,
change water, and feed. In the automatic mode, it can
set the temperature, turbidity, and pH value. The
application development uses Flutter, which can be
used on both Android and iOS operating systems. It

stores data in 2 cloud systems: Firebase cloud, which
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stores command data and immediate data, which are
temperature sensor values, water turbidity, and water
pH values. The Thingspeak cloud system stores sensor
values similar to the Firebase cloud, but it is non-
immediate data. This data is displayed as a graph in
the application. In terms of hardware, Arduino Wemos
and Arduino UNO are used as microcontrollers working
together. Wemos read values and sends them to the
Firebase cloud and sends sensor values to the
Thingspeak cloud, which then processes and
commands the various parts. In terms of performance
testing the test of 100 times of command delay, the test
result of the delay of LED on/off command has an
average of 2.86 and 2.72 seconds, respectively. The
test result of the delay of the feeding system on/off
command has an average of 2.61 and 2.78 seconds,
respectively. And the test result of the delay of setting
the time to turn on/off the feeding system has an
average of 2.42 seconds. The development of this
system is beneficial to aquarium fish farmers in
reducing the time spent on care, control, and monitoring
via online systems, resulting in farmers’ income,
reducing costs, and increasing profits, moving towards

precision agriculture.

5. Acknowledgments

This research was successfully completed.
We would like to thank the Research Review
Committee, Rattaphum College, Rajamangala University
of Technology Srivijaya, and research assistants Mr.
Somnuek Hantawanno and Mr. Narongsak Yeemareb.
Finally, the research team would like to thank
Rajamangala University of Technology Srivijaya for

providing the budget and income to support this research.

6. References

Ali, Z., Sher, N., Muhammad, I., Nayab, G.E., Alouffi,
A., Almutairi, M.M., Khan, I|. and Ali, A. 2025.
The combined effect of cadmium and copper
induces bioaccumulation, and toxicity and
disrupts the antioxidant enzymatic activities of
goldfish (Carassius auratus). Toxicology

Reports 14: 101972.

Chen, P., Song, Q., Hong, K., Liu, W., Xiao, W. and
Chen, S. 2023. Design of integrated smart
aquarium, pp. 3122-3125. In 2023 China
Automation Congress (CAC). IEEE,
Penghu, Taiwan.

Huanthanom, C., Saladkaew, N. and Chunwiphat, S.
2020. A Developmentof New E-commerce
Platform for Product Preordering. The
Joumnal of Industrial Technology 16(1): 1-14.
(in Thai)

Ikhlaqg, A., Kanwal, M., Rizvi, O.S., Ramzan, N., Akram,
A., Qazi, U.Y., Qi, F., Ul Hassan, S. and
Javaid, R. 2025. Decontamination of fish
aquarium wastewater by ozonation catalyzed
by multi-metal loaded activated carbons for
sustainable aquaculture. Process Safety and
Environmental Protection 193: 374-384.

Kohprasert, W. and Adsavakulchai,S. 2024. Moblie
Applcation  Platform for Tour Guide
Recommendation. Rom Yoong Thong
Journal 2(3): 16-36. (in Thai)

Mamoun, R., Nasor, M. and Abulikailik, S.H. 2020.
Design and development of mobile healthcare
application prototype using Flutter, pp. 1-6. In
2020 Intemational Conference on Computer,
Control, Electrical, and Electronics Engineering
(ICCCEEE). IEEE, Khartoum, Sudan.

Maulana, F.l., Susanto, V., Shilo, P., Gunawan, J.,
Pangestu, G. and Budi Raharja, D.R. 2021.
Design and Development of Website Dr.
Changkitchen Diet Catering Using SDLC
Waterfall Model, pp. 75-79. In Proceedings
of the 6" International Conference on
Sustainable Information Engineering and
Technology (SIET ’'21). ACM, Malang
Indonesia.

Mulyana, E., Dzikrirrahman, M., Ridwan, A.M., Halim, I.
A., Yulianti, A.Y. and Hilmi, F. 2023. Goldfish
aquarium automation and monitoring based
on Internet of Things, pp. 1-6. In 2023 9"
International Conference on Wireless and
Telematics (ICWT). |IEEE, Solo, Indonesia.

Noureldin, S.M., Diab, A.M., Salah, A.S. and Mohamed,
R.A. 2021. Effect of different monochromatic



Recent Science and Technology 17(2) 265957 (2025)

LED light colors on growth performance,
behavior, immune-physiological responses of
goldfish, Carassius auratus. Aquaculture
538: 736532.

Obma, J., Promsangming, P., Angkawisittpan., N.,
Nuan-on, A. and Sonasang, S. 2023. Water
quality improvement for ornamental fish tank
using loT technology. Joumal of Engineering
and Innovation 16(1): 26-33. (in Thai)

Pangerd, S. and Duangsai, S. 2023. Automated
aquarium controller with I1oT. UTK Research
Journal 17(1): 60-68. (in Thai)

Phumcharoen, J. and Ploywattanawong, L. 2022. The
IoT Technology for Control the Earthworm
Culture Environment. KKU Research Journal
(Graduate Studies) 22(1): 145-155. (in Thai)

Pinchunsri, P., Chantaradara, T., Choisang, Y.,
Khosinprasurt, T. and Buasan, D. 2019.
Development of information program for
assets management at a private university in
Nakhon Pathom Province. Christian
University Journal 25(2): 79-91. (in Thai)

Prachachat Business. 2023. Revealing the list of 5
beautiful fish species that bring in good
income, are exported and are famous all
over the world. Available Source:
https://www. prachachat. net/ economy/ news-
1441890, December 27, 2024.

Romin, P., Jinda, Y., Kamolwet., P. Channawon, S.
and Sammaphan, U. 2024. Medical
Equipment Loan Mobile Application. Journal
of Applied Research and Development by
ECTI Association 4(3): 1-10. (in Thai)

Santoso, B. and Panuntun, W.D. 2024. Goldfish
aquarium water quality control and monitoring
system using fuzzy logic controller (FLC).
Multitek Indonesia: Jumnal limiah 18(2): 96-104.

Suranata, I.W.A., Paramartha, I.G.N.D., Wiguna, |.K.A.,
Gama, A.W.O., Indrawan, G. and Divayana,
D.G.H. 2024. IoT design of ornamental fish
aquarium management could monitor water
conditions, pp. 189-194. In 2024 4"

International Conference of Science and

Information Technology in Smart Administration
(ICSINTESA). |EEE, Balikpapan, Indonesia.
Widyati, M.A.S., Anshori, Y., Lamasitudju, C.A.R., Laila,
R. and Joefrie, Y.Y. 2025. Automatic fish
feeding and temperature control system for
aquariums based on Internet of Things (loT).
Journal of Applied Informatics and

Computing 9(1): 146-152.



Recent Science and Technology 17(2): 265181

Recent Science and Technology

SCIENCE AND TECHNOLOGY

ISSN: 3057-0786 (Online)

Journal homepage: https:// www.tci-thaijo.org/index.php/rmutsvrj/index

RoT
Recent Science
and Technology

Research Article

Establishment of an Application for Student Activity Attendance at a Community

College Using a Digital Identity Methodology

Werachart Muttitanon, Chumpol Mokarat ~ and Saowakhon Nookhao

Department of Information Technology, Faculty of Business Administration and Information Technology, Rajamangala University of

Technology Tawan-Ok: Chakrabongse Bhuvanath, Din Daeng, Bangkok 10400, Thailand.

ABSTRACT

This article presents the design and development of an application for student activity

Article history:

attendance at a community college using a digital identity methodology. The objective of this research is

Received: 2024-10-30

to facilitate the development of an application that leverages digital identity methodologies to streamline

Revised: 2025-02-21
Accepted: 2025-03-03

activity attendance tracking and enhance participant monitoring and reporting processes. That can assist

community college instructors by allowing students to participate in attendance at activities and control

their training and education through various types of flexible courses. The proposed application is a web

Keywords:

application that incorporates responsive web design to ensure web pages render seamlessly on mobile

activity attendance application;

digital Identity;

devices. It utilizes server-side services powered by NodeJS programming, a Firebase database for data

storage, and an interface driven by the React framework. We implemented OAuth 2.0 as a standard for

OAuth 2.0 user authentication and access to Google services to simplify working with system security. During the

OAuth 2.0 user authentication evaluation it was discovered that testing 50 experiments users to test student

activity registration, with five activities per person and each user contributing the response time, produced

the desired results. The distance verification process had the longest testing duration, with completion

times varying significantly depending on the user devices. On the other hand, the logout process

consistently showed the shortest completion times. In addition, the findings from the users' evaluations of

the system's use showed that the average score, as indicated by the evaluation, was very high (X =4.72,

SD=0.39). In general, the majority agreed that the newly implemented approach was more practical and
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1. Introduction

Information technology management plays a
crucial role in the information operations of both public
and private organizations. Various systems have
integrated digital authentication models, such as the
Digital Signature (The Bureau of Registration Administration,

2024). Examples include a prototype of seminar
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registration system using facial authentication (Sainui
etal., 2021), two-factor authentication for web applications
(Puntumnunt and Sompong, 2024), and the digital
verification and authentication system in the ThalD
application (ThalD) (The Bureau of Registration
Administration, 2024). The operation of these models

requires the integration of various technical aspects to
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ensure that the digital systems are utilized efficiently,
effectively support operations, and maintain safety and
reliability. Additionally, two-factor authentication (2FA)
(Microsoft (Thailand) Co., Ltd., 2024) and muilti-factor
authentication (MFA) (Amazon Web Services, 2024) are
implemented to enhance authentication accuracy and
the security of identity management systems as well as
to control access to essential resources, such as
networks and databases. These measures also
contribute to the implementation of information
technology security protocols, including enhancements
to the architectural design of OAuth 2.0 to address and
mitigate common security vulnerabilities (Singh and
Chaudhary, 2022). Furthermore, these authentication
methods can be applied in various approaches to
identity verification and authentication, including: the
empirical measurement of systemic 2FA usability
(Reynolds et al., 2020); a systematic literature review on
online banking user authentication methods (Karim et
al., 2023); and a comprehensive analysis of a multifactor
authentication system for three-level security (Kantipudi
et al., 2024). This also includes enhancements to password
storage through the integration of cryptarithmetic
techniques and hash functions (Polpong et al., 2024).
Additionally, authentication, validation, and authorization
within Forestry 4.0 using OAuth 2.0 are employed to
manage the security of communication between devices
in the loT industry (Chen et al,, 2022). Furthermore, a
study examines the implementation of OAuth 2.0 and
OpenlID Connect by popular service providers and top-
ranked Android clients, analyzing their adherence to
best practices for developing secure native applications
to assist developers in ensuring the security of their
applications (Sharif et al., 2022). Moreover, a time
attendance web application was developed using
authentication with images and location within a private
university to study staff acceptance of the system. The
application was developed with PHP, JavaScript, and
jQuery to enable authentication through photographs
and geographic location, record work activities, and
generate summary reports (Sittijuk and Sanchana,
2024). The application of these approaches has led to
improvements in identity verification methods, including

facial recognition, fingerprint verification, and the

integration of new algorithms. Additionally, the adoption
of multi-level authentication methods, management of
communication security for 0T devices, the analysis of
adherence to best practices in native app development,
and the development of time attendance web
applications contribute to enhancing the security and
efficiency of systems at a higher level. Importantly,
users experience reduced costs and operational
burdens. Furthermore, adopting this approach to
identity verification can also be seamlessly integrated
into the information technology practices within
organizations.

The Community College Institution is a
government agency that provides sub-bachelor-level
higher education and is managed by community colleges.
Its objective is to offer academic and vocational
education and training through curricula aligned with
community needs. It plays a key role in promoting
career development and enhancing the quality of life for
individuals within the community (Office of the Higher
Education Commission, Ministry of Education, 2003).
In this project, implementation efforts aim to encourage
student participation in activities and facilitate diverse
and flexible educational and training programs. Currently,
community colleges still record student's activity
participation by requiring them to sign in with the staff
responsible for monitoring the activity. This process
involves verifying student ID cards and subsequently
entering the information into a computer system.
However, this method is prone to errors and the
potential loss of documents, leading to issues in
accurately recording students’ activity participation.
Therefore, implementing a digital authentication
approach to manage student participation in activities
offers a more efficient solution. This method incorporates
identity verification data, including authentication
details, date/time, and user location coordinates
(calculated distance). Additionally, it facilitates tracking
and enables the distribution of activity participation
evaluations for further assessment. The previous
system relied solely on paper-based operations, which
imposed limitations on verification, tracking, and
reporting of participant data for purposes such as

identity verification and attendance records. This
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process requires a digital identity verification and
authentication system to validate user credentials and
authorize access to various system services. It involves
identifying the user’s location, proximity, and device
access. Additionally, digital identity verification is
employed when participants engage in activities that
require identity confirmation. Multi-factor authentication
(MFA) is essential, involving a multi-step login process
that requires users to provide additional information
beyond just a password. This approach helps reduce
security risks and protect both organizational and user
personal data. (Microsoft (Thailand) Co., Ltd., 2024).
The development process will utilize OAuth 2.0 as the
protocol for authentication and authorization, enabling
users to access Google APIs (Google, 2024b). This
supports the system's security in data storage and
enhances the organization's operational processes,
ensuring efficiency in both areas.

Consequently, the researcher proposes a
concept for designing and developing an application for
community college student activity participation. The
objective is to develop an application for activity
attendance using digital identify methodology for user
authentication, activity recording, and participant tracking
and reporting. This approach benefits users by focusing
on testing the reliability of system access performance
for practical implementation. The study emphasizes the
potential of leveraging information technology for
management by incorporating smartphones and mobile
network services, particularly in areas outside the
coverage of the community college's Wi-Fi. It also
considers factors that promote the use of a digital
authentication model, such as OAuth 2.0, to address
security issues related to wusers’ personal data.
Additionally, it aims to enhance organizational operational
processes through the use of digital applications, thus
improving efficiency and increasing convenience for

stakeholders.

2. Materials and Methods
2.1 Materials

This research examines the resources, tools,
and operational approaches used in system development.

The specific aspects covered in the study are outlined

as follows: OAuth 2.0, the React framework, the
Node.js programming language, the Firebase database,
the evaluation of user authentication methods, the
usability evaluation method, and user requirements

analysis, as detailed below.
2.1.1 OAuth 2.0

The OAuth 2.0 authorization framework
allows a third-party application to gain restricted access
to an HTTP service. This can be done either by
facilitating an approval interaction between the resource
owner and the HTTP service or by allowing the third-
party application to access the service on its own behalf
(Hardt, 2012). Furthermore, OAuth 2.0 is an authentication
and authorization protocol that enables users to access
Google APIs. It is designed to support interactions with
web servers, client-side apps, installed applications,
and devices, particularly in scenarios where inputting

application data is restricted (Google, 2024b).
2.1.2 React framework

The React framework is a library for developing
web applications and native user interfaces, with the
following key programming features: Hooks are utilized
for unique React functionalities, distinguishing them
from class-based components; Components are
modular elements provided within the documentation that
can be used within JSX; APIs are useful tools for
defining and managing components effectively;
Directives are predefined instructions that enable
grouping and integration, allowing smooth interoperability
with server-side React components. Additionally, React-
DOM includes features that support the functionality of
web applications, processing within the browser
environment under the DOM. (Meta Platforms, Inc.,

2024), as shown in the example statements in Figure 1.

1 export default function Profile() {

2 return (

3 <img

4 src="./images/MyProfile_U@@L. jpg"
5 alt="Web Programming"

6 />

7 )

8 1}

Figure 1 Creating a simple component with React for

working with markup languages.
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2.1.3 Node.js language

Node.js is an open-source runtime environment
available at no cost, operating within a cross-platform
JavaScript environment. It enables developers to create
servers, web applications, command-line tools, and
scripts, all powered by asynchronous processing within
the JavaScript runtime. Node.js is designed specifically
for building scalable network applications. (OpendS
Foundation, 2024), as shown in the example statements

in Figure 2.

const { createServer } = require('node:http');
const hostname = '127.0.0.1';
const port = 3999;

4 const server = createServer((req, res) => {
res.statusCode = 200;
res.setHeader('Content-Type', 'text/plain');
res.end('Hello My Research.');

IO

server.listen(port, hostname, () => {
console.log( Server running at http://${hostname}:${port}/");
128

Figure 2 Creating a simple web server using Node.js.

2.1.4 Firebase database

Firebase is a platform and backend service
for app and web developers, offering tools and
infrastructure to simplify the app development process.
It combines various backend management tools into a
single platform, making it easier to develop applications
across different platforms. Firebase provides services
that help developers save time and money on server-
side development. It offers both free and paid tools,
including APIs and cloud storage, for building real-time

applications (Google, 2024a), as illustrated in Figure 3.

React-App-Test v Cloud Firestore

A ks > 8aQOPbybesqy

Figure 3 The JSON data structure stored in Firebase

Firestore.
2.1.5 Evaluation of User Authentication Method

For systems designed and built using Google

APls, it is not sufficient to merely provide value to users

and businesses. These systems and services must also
ensure security and appropriate levels of privacy in
accordance with user expectations. This policy is part
of the Google APIs Terms of Service and applies to
developers utilizing OAuth 2.0, including OpenlD
Connect for authentication purposes. While these are
the minimum requirements, it is strongly recommended
that developers take additional measures to ensure the
system's security and maintain an adequate level of

protection (Google, 2025).
2.1.6 Usability Evaluation Method

The criteria for system usability evaluation
involve user testing, which is a critical step in the testing
process. This approach relies on users to provide
feedback and recommendations about the system. It
may take the form of an informal process where users
interact with new software products to assess whether
the software meets their needs and expectations.
Despite comprehensive system testing and deployment,
the influence of users’ working environments can
significantly impact the system's reliability, performance,
usability, and resilience (Sommerville, 2016). The evaluation
approach incorporates the use of questionnaires and
surveys to gather feedback and suggestions from users

regarding the developed system.
2.1.7 User Requirements Analysis

Requirement  Elicitation, where system
requirements were identified by engaging with
stakeholders and examining documents related to
current operational procedures and practices;
Requirement Analysis, during which the gathered
requirements were categorized, prioritized, and
analyzed for consistency, with models created to ensure
a structured approach; Requirement Specification, where
the requirements were documented in a formal
specification supported by UML diagrams, followed by
a thorough review, evaluation, and approval process to
ensure accuracy and clarity; and Requirement
Validation, where the specified requirements were
assessed for correctness, completeness, and consistency
through informal feedback from stakeholders to confirm

alignment and accuracy. These steps collectively
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established a comprehensive list of requirements to

guide the subsequent phases of the development process.
2.2 Methods

The community college activity attendance
application is being designed and developed as a web
application utilizing a digital authentication methodology.
The system's data is stored in Firebase (Google,
2024a). This platform, developed by Google, is
designed to support application development with
authentication via email and secure data storage. It
enhances flexibility in configuring rules for protecting
cloud-based database information from unauthorized
access. The user interface and server-side services are
built using the React framework (Meta Platforms, Inc.,
2024) to facilitate the creation of interfaces and the
efficient rendering of components when data changes
and Node.js (OpendS Foundation, 2024) this platform
is used for developing server-side services and also
aids in the development of both client-side and server-
side applications using JavaScript. It reduces
development time and, importantly, the program
structure is simple to maintain. OAuth 2.0 is used to
handle user data storage and authentication. The
implementation consists of the following steps: Web
application design and development, user authentication
using OAuth 2.0, database design, and system users

(clients), as illustrated in Figure 4.

From Figure 4, the figure presents a
comprehensive overview of the application development
methodology. The application is designed to allow
community college students to test the event
attendance system, while staff can verify and track
student attendance. The application is tested on user
devices, including the community college's Wi-Fi
network and users’ cellular networks. The study
evaluates the response time of each task within the
system workflow. The research methodology involves
the following steps: web application design and
development, user authentication using OAuth 2.0,
database design, system user identification, and

population selection.
2.2.1 Web Application design and development

Both frontend and backend development are
used in the design and development of the web
application for community college activity attendance
that uses a digital authentication methodology. The
user interface (frontend) is developed using the React
framework, while Node.js is used for backend services.
Firebase is employed for the system's data storage.
The system supports two user roles: Student and
Officer, with the following operational scope: activity
registration,  activity creation, verification and
authentication of participant information, and reporting

of participant data, as illustrated in Figure 5.

Data Verifications

8 Request
Officer %

Response

Response

User Login

L
T

L

Web Application Database

Student
Access Token Response User Login

Access Token Response

Google OAuth2.0

User Authentication: OAuth2.0

lg

Google APIs

Figure 4 An overview of application approaches.
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React)s
Activity Data/ HTML
Check-in Request
k. HTML,
e JavaScript
Display Resulis Response
Clients
Bootrap
Framework

Front End

e . Firestore query

NOdQ exXpress Firebase

ExpressJS )

Node_js ﬁ;.

Google: OAuth 2.0, APIs Query results
Qi - -

Geo-coords-distance

oo Firestore Collections
oM QRCode
Back End Database

Figure 5 An overview of components of the application.

Figure 5 illustrates the system architecture, which
comprises three main components: 1) a frontend layer
developed with React, HTML, and Bootstrap, providing
a user interface designed for seamless interaction
across various devices, such as computers and
smartphones; 2) a backend layer is built using the
Express.js framework on Node.js, managing server-
side operations such as user authentication (via email,
OAuth 2.0, and geolocation-based distance verification
for attendance tracking), activity data management, and
interactions with the database; and 3) a Firebase
database functions as the backend data repository,
containing collections designed to store user
attendance records. It provides real-time accessibility

while ensuring the security of stored data.
2.2.2 User authentication using OAuth 2.0

User authentication with OAuth 2.0 is used as
a protocol for verifying access rights and granting users
access to Google APIls, which perform conditional
checks in conjunction with student registration data for
activities via the application. This includes email,
registered location, and distance verification (with
students eligible to register if they are within a specified

range as determined by the institution for each activity)

as illustrated in Figure 2. The aim is to reduce the
burden on users in various aspects, such as filling in
user information during initial registration, registering for
activities via QR code scanning or with a single button
click, and verifying student eligibility through email as a
means of identifying the account owner. By linking with
the institution's email service, which is supplied by
Google, as illustrated in Figures 6-7, this allows for the
verification of both the application users’ registration
data and student information at the educational facility.

The developed system integrates advanced
security measures, utilizing OAuth 2.0 and Firebase to
ensure user privacy through identity verification, access
control, and real-time protection via Firebase security
rules. The authentication process begins when users
interact with the interface by selecting the “Sign in with
Google” option, initiating GoogleAuthProvider to
authenticate with Firebase. Once authentication is
successful, Firebase generates user credentials and an
ID token, which are transmitted to the backend for
verification and securely stored in the database. As
illustrated in Figures 6 - 7, this allows for the verification
of both the application user registration data and

student information at the educational facility.
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Sends token for verification.
Backend React Frontend
ﬂznﬁw e
P o
Verifies token|with Firebase. ; J‘i@c‘a‘w 3
\1’ 2l —as®
o
2 e
Firebase )
i signin with Google ‘
‘ Firebase Auth ’ | Google provider ’

User Login & Consent i
E OAuth 2.0 and Firebase
Authenticate Result
Clients
Set cookies (—{ Retrieve authenticated user
Display screen based on Insert or update a user
Response user role profile in database
Figure 6 OAuth2.0 for user authentication in applications.
R Scan QR Code / ‘e the registratio
Click button ou submitted
Student Not exists Already
Add attendance user In area B -
Response in the activity *'-—
Qutside area
Send a reason for failing to
Response check in
Figure 7 Attendance of students in an activity.
Activity College Users
{ { {
"_id": String, "_id": String, "_id": String,
"title": String, "name": String, "studentCode": String,
"description”: String, "address": String "address": Siring,
"openQuantity": Number, 1 "createdAt": String,

"attQuantity”: Number,
"attendancelogs™ Array,
"gtEnd": DateTime,

"displayName"; String,
"eduProfile" {
"class": Number,

"dtStart”: DateTime, Department "college: String,

"location”: { "course": String,
"address": String, { " id™ Strin "level": String,
"latitude™ Number, "ﬁarﬁe"' St?ihg "room": String,
longitude™: Number "college™ Strin'g numOfAct": Number,

! )
"note": String,

"organizedBy"™ String,

"status": Number,

"createdAt™ DateTime,
"createdBy": String,

"yearOTStudy™: String
2

"actAttendance” Array,
"email”: String,
"phoneNumber": String,
"photoURL"™ String,

"updatedAt™. DateTime, "role": Number
"updatedBy": String 1
}
Figure 8 Database design in JSON format.
2.2.3 Database design College, Department, and Users. These collections

store information on activities, affiliated community
The database structure is presented in JSON
colleges, departments within the community colleges,
format and designed for storage within the Firebase
and system users, respectively. The database structure
database. It consists of four collections: Activity,
is shown in Figure 8.
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2.2.4 System users (Clients)

System users are classified into two roles as
follows: Students, who are required to use the platform
to register for activities and check the list of activities
they have participated in as specified by the institution;
and Officers, who are staff members of the institution
responsible for creating activities, verifying, and
confirming participant information as outlined in the

institution's curriculum, as illustrated in Figure 9.

Community College Attendance Platforms

<<include >

Create new activity

Verify the activity

Officer

Activity report

Activity achievements

Student

Figure 9 Use case diagram for displaying user roles.

2.2.5 Population

In this research, the test population was
defined by selecting a sample group of first-year
community college students, aged 17-18 years. These
students are familiar with technology at a proficient
level, primarily using smartphones as their main device
to access the internet and communicate via social
media platforms. Additionally, they possess a college
email account for communication with both internal and
external organizations that use services under the

Google for Education platform.

3. Results and Discussion

The outcomes of the application design and
development include the following: the user interface of

the application, the evaluation of user authentication

using OAuth 2.0, and the system usability evaluation,

respectively.

3.1 User interface of the application

Participants will receive a QR code from the
person in charge of each student activity. As illustrated
in Figure 10, participants can scan or click the button

to join the activity of their preference.

AruaIsnaunu QR Code k3o naduiwaldsouionssudonUsINg

nz‘aanWauﬁs‘:uﬁanssu (Check-in)

Figure 10 QR code to use for attendance into the

activity.

In cases where the user has previously signed
in, the system will proceed to verify the user’'s account
and their current location for the purpose of registering
for an activity. This information will then be recorded
accordingly. In cases where the user has not yet signed
in with their Google account, the application will redirect
them to the main screen, prompting them to sign in with
the designated institutional Google account. The user
can initiate this process by clicking the 'Sign in with
Google Account' button, as shown in Figure 11.

For signed-in users, the system will
authenticate their account and check their current
location to ensure eligibility for the desired activity.
Upon successful verification, the system will record
their participation and provide a confirmation on-screen.
For users who haven't signed in, they will be directed
to the main screen to log in with their institution-specific
Google account. Once logged in, they can register for
activities and access their personalized dashboard,
which includes a list of available activities, their
participation history, profile settings, and other relevant

information, as illustrated in Figure 12.
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Figure 11 The main page of the application.
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Figure 15 Page displaying the individual's activity history.

When users wish to view activity details, they
can click the “Details” button to access the information.
They can also participate in activities until the
application disables this button, as illustrated in Figure 13.

As shown in Figure 13, when users scan the
QR code or press the button to join the activity, the
system verifies the event location and checks the
distance of the user from the activity venue, ensuring it
is within the range specified by the institution. Once the
check-in process for participating in the activity is
successfully completed, the system displays the
registration confirmation for the activity, as illustrated in
Figure 14.

Additionally, users can review their activity
participation history. If they have met the institution's
participation requirements, the application will display a
“PASSED” status, along with a list of completed
activities. If participation requirements are not yet
fulfilled, the application will display a “FAILED” status,
as illustrated in Figure 15 (A) - (B).

3.1.2 Evaluation of user authentication using

OAuth 2.0

The evaluation of the system's performance

was conducted using a questionnaire, which employed

a 5-point Likert scale to assess user satisfaction with
each function of the system. This included authentication,
activity information retrieval, location verification, and
participation recording. The reliability of the data was
evaluated using the mean (X) and standard deviation
(SD) values.

The evaluation of user authentication using
OAuth 2.0 focuses on three key aspects: Security, User
Experience, and Compliance. This assessment is
carried out using a prototype application built with
OAuth 2.0 on the Google platform, executed over the
HTTPS protocol. The process includes testing
functionalities such as sign-in/sign-up, check-in,
distance verification (The process of verifying the
distance between the user's check-in coordinates for
activity participation and the coordinates of the activity
venue), sign-out, and token expiration. Additionally,
secure storage mechanisms, such as local storage and
cookies, are utilized to ensure a safe and reliable
environment for managing tokens.

In order to evaluate the efficacy of the OAuth
2.0 user authentication process, the development team
conducted a performance assessment involving 250
transactions (5 transactions per test user). The response
times for each user were recorded and are presented

in Table 1.



Recent Science and Technology 17(2) 265181 (2025)

Table 1 Evaluation of OAuth2.0-based user application authentication.

No. Test Case Response time (Seconds) X SD Remark
1 Sign In / Sign Up 5-10 6.06 2.96 Total time being typing
passwords to every user.
2 Check-in 1-5 2.90 1.36
3 Distance Verification 5-20 8.66 2.62 Depending on the device and
cycle (the slowest with the
first).
4 Sign Out 1 2.70 0.98
Total 4.06 1.58
Table 2 Evaluation of the registration for student activities.
Test Case The average X SD Remark
registration time
(Minutes)
Activity 1 3 2.70 0.79 First time registration using WIFI
Activity 2 1 1.10 0.30 Second registration using WIFI
Activity 3 1 1.00 0.00 Third registration using WIFI
Activity 4 2 1.60 0.49 Fourth registration using Cellular
Activity 5 2 1.32 0.47 Fifth registration using Cellular
Total 1.54 0.41

A test involving 50 students was conducted to
assess the registration process with 5 different test
cases per student. Participants were asked to record
the time taken for each step. The results showed that
the "Verify Distance" step took the longest, followed by
"Sign in/Sign up." The "Check-in" process required a
moderate amount of time, while "Sign out" was almost
instantaneous. Edited the performance was deemed
acceptable by the users, as detailed in Table 2.

From Table 2, the testing was divided into two
scenarios: Activities 1-3 were conducted within the
college premises using the college's internet network,
while Activities 4-5 were tested by students using
mobile network provider. It was found that Activity 1,
which required users to register for the first time via the
venue's WIFI network, took the longest registration
time. However, when the users were asked to register
two more times in the same environment, the time

taken was significantly less than the first time. For the

fourth and fifth registration attempts, users were asked
to change locations to outer areas and use the internet
network from a service provider, resulting in a slight

increase in registration time.

3.1.3 Evaluation of system usability

The system usability evaluation by users was
conducted on various aspects, including the graphic
user interface, usability, security, reliability, and
utilization, respectively. The assessment employs a
Likert scale as a measurement tool, consisting of five
levels. The questionnaire covers five key areas: graphic
user interface, usability, security, availability, and
utilization. The response options are as follows: Level
5 indicates "very high satisfied", Level 4 represents
"highly satisfied", Level 3 corresponds to "satisfied",
Level 2 signifies "dissatisfied", and Level 1 denotes
"strongly dissatisfied". These levels allow for a
structured evaluation of user satisfaction across the

specified areas, with the evaluation being carried out
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Table 3 Evaluation of users' uses of the system.

No. Title X SD Results
1 Graphic User Interface 4.20 0.70 High
2 Usability 4.80 0.49 Very High
3 Security 4.92 0.27 Very High
4 Reliability 4.70 0.51 Very High
5 Utilization 5.00 0.00 Very High
Total 4.72 0.39 Very High

by 50 users, all of whom were students, as detailed in
Table 3.

From Table 3, the overall system usability
evaluation by users yielded an average score of 4.72
(X=4.72, SD=0.39), which falls into the "very high"
category. Specifically, the aspects of usability,
application  security, application reliability, and
application utility received average scores of 4.80
(SD=0.49), 4.92 (SD=0.27), 4.70 (SD=0.51), and 5.00
(SD=0.0), respectively, all of which are rated "very
high". On the other hand, the graphic user interface
received an average score of 4.20, which is rated as
"high". The evaluation results indicated that users were
highly satisfied with the system, and they were able to
access it without any issues to their operations.

From the evaluation of system performance in
various aspects, an extensive authentication and
authorization framework leveraging OAuth 2.0 was
proposed (Chen et al., 2022). In this approach, the
researcher categorized it into the assessment of user
authentication using OAuth 2.0 and found that the
relatively short time for "Sign in/Sign up" could be
attributed to users having saved their passwords on
their smartphones. Additional time was sometimes
spent on device-specific authentication methods like
fingerprints, PINs, or patterns. Smartphone specifications
were found to influence the "Distance Verification" step,
especially for first-time users in a new location.
However, most aspects were within the acceptable
level for users. Regarding the evaluation of student
activity registration, the test results revealed that during
the initial use, students were unfamiliar with the system,
including the activation of the location verification
program during the first attempt. This required them to

study and carefully consider each step involved in the

system's operations. However, in subsequent tests,
students demonstrated increased familiarity with the
system, leading to a noticeable reduction in the time
required to complete the tasks. Furthermore, in cases
where the system was accessed via mobile network
providers, the performance was influenced by the
characteristics of the smartphone and the signal
strength of the network provider in the specific area.
This is consistent with the fact that testing to determine
the system's response time depends on several factors,
such as internet speed, network traffic conditions, or
the hardware and software of the APl system and
database. As a result, the test results demonstrated a
trend in response speed during simultaneous user
logins (Puntumnunt and Sompong, 2024). However, the
results generally fell within an acceptable range for user
satisfaction. Since the operation of the previous system
relied solely on manual signatures on documents, it
facilitated the recording of activity participation.
However, in cases where access to an unstable internet
network occurs, it may affect system functionality, as
the system retrieves real-time data for recording. The
current version of the system does not support storing
data in backup memory (cache). Therefore, if the event
location cannot access the internet or has poor signal
quality, it will impact the system's performance. The
final aspect, focused on evaluating system usability,
showed that based on the test results, users were
satisfied with the usability and security, but there may
still be some dissatisfaction with the user interface (Ul)
compared to other aspects. The evaluation of the
system's usability assessed students' understanding of
how to use the system and their awareness of the
importance of email, which serves as the primary

account for student authentication. It also created a
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new experience for students in using the application to
record, verify, and track their participation in activities,
as well as to receive various updates and notifications.

When comparing the operations between the
existing system and the developed system, it was found
that the previous process was conducted using a
document-based approach, managed by personnel
involved in each activity. The outcomes of this process
affected operations related to data collection, data
verification, and retrieving information about activity
participation. The developed time attendance web
application took the form of a responsive web,
accessible on both computer and portable devices
(Sittijuk and Sanchana, 2024). This approach proved
inconvenient for both practitioners and users.
Therefore, the researcher designed and developed an
information system to support usage across multiple
devices, integrating data verification for identity
authentication through existing user account systems.
By utilizing OAuth services, the system streamlines
user authentication, removing the need for physical
identification cards or manual input of personal
information for officer verification. This highlights the
system's readiness for development and its potential to
integrate seamlessly with other organizational systems.
The ultimate goal is to enhance operational efficiency
for officers, students, and other stakeholders in these

activities in the future.

4. Conclusion

The design and development of the
information system are aimed at supporting usage
across devices and telecommunications networks that
are accessible to users. Currently, these networks
cover most areas of the country, and the majority of
students at community colleges are located outside
urban areas. Although the characteristics of
communication devices and internet-connected
networks may vary, they do not impede the system's
operation. In addition, referencing identity verification
through existing user accounts (e.g., Google accounts)
can utilize OAuth services to authenticate individuals.
This eliminates the need for physical identification cards

and the manual entry of personal credentials by users.

It allows for the shared use of user accounts and
reduces the necessity of creating and maintaining
separate user accounts for each system. However, this
approach also ensures the security of password data,
protecting personal information and reducing the risk of
password leaks or guessing within the system.

The test results indicate that both the mobile
network infrastructure and the characteristics of
smartphones most commonly used by students,
particularly the integration of authentication systems
through OAuth services, demonstrate readiness for the
development of an information system. This allows
users to access and utilize the system via applications
across various platforms, ensuring that access is
seamless and without issues in usage. This study
assumes that user accounts and passwords are unique
to each individual (without any processes for delegation
of login credentials). The overall evaluation results
show that users are highly satisfied and expect the
developed system to be compatible and interoperable
with other systems within the organization. For
example, the integration of the application with the
student registration system can assist students in
effectively planning their participation in activities that
align with the prescribed curriculum. This integration
also serves as a direct communication channel to
inform students about upcoming events and
participation requirements through various devices.
Additionally, the system can incorporate functionality for
attaching photos or videos as tangible evidence of
student involvement in activities. This feature can
enhance accountability and provide comprehensive

data management support for users.
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In recent years, higher education institutions
in Thailand have faced significant challenges in
assessing compliance with the Higher Education
Program Standards B.E. 2565 (Ministry of Higher
Education, 2022), particularly in evaluating lecturer
qualifications. This complex analysis, which includes
criteria such as educational backgrounds, academic
positions, advisor workloads, and publication counts
(Jansawang et al., 2025; Ubachs and Henderikx, 2022),
is hindered by the difficulty of extracting and integrating
datasets dispersed across multiple repositories with
varying structures and formats. Issues of redundancy,
inconsistency, and inaccuracy, coupled with the
dynamic nature of lecturer information requiring
frequent updates, complicate data preparation and
maintenance. These challenges consume substantial
time and effort, leading to delays in evaluations and
undermining  accuracy. Consequently, institutions
struggle to meet compliance requirements, which can
negatively impact their accreditation status and overall
academic quality (Chakraborty et al., 2021). Addressing
these issues is essential to streamline the evaluation
process, improve data accuracy, and ensure timely
adherence to higher education standards.

Digital technology, particularly Business
Intelligence (BI) systems, has emerged as a pivotal tool
in addressing challenges related to data integration and
analytical capabilities. Bl encompasses the utilization of
digital computing technologies such as data warehouses,
analytics, and visualization tools to identify and analyze
essential business data, ultimately generating actionable
insights for corporate decision-making (Geetha et al.,
2020; Chen and Lin, 2021). In the context of higher
education, Bl contributes significantly to decision-
making by enabling academic leaders to monitor and
analyze key indicators and trends through various
report formats efficiently (Khatir, and Madani, 2024;
Mukul and Buyitkdzkan, 2023; Khatibi et al., 2020;
Pikhart, 2020; Guan et al, 2020; Wang, 2021).
However, the success of Bl systems is fundamentally
tied to the quality of the ETL workflow, which serves as
the backbone of data integration and processing (Liu,
2024; Souibgui et al., 2019; Theodorou et al., 2017,
Astriani and Trisminingsih, 2016). The ETL process is

responsible for extracting data from heterogeneous
sources, transforming it into a consistent and usable
format, and loading it into a centralized repository for
analysis. While the ETL process streamlines data
management, it is often fraught with challenges,
including complexity, time consumption, and high costs
(Saebao et al., 2020; Simitsis et al., 2010; Simitsis et
al., 2009; Awad et al., 2011). These challenges are
particularly pronounced in higher education, where the
integration of diverse data sources is critical for
evaluating compliance with standards. A literature
review reveals that studies on Bl systems can be
classified into two main approaches: technical and
managerial. The technical approach, highlighted by
Nifio et al. (2020), Awiti et al. (2020) and Wang and Liu
(2020), emphasizes the development of tools and
techniques that facilitate data-driven decision support,
including data integration processes and the design of
advanced systems. Conversely, the managerial
approach focuses on the integration and analysis
processes that yield useful information for decision-
makers, ensuring the successful implementation of Bl
systems. Implementations of Bl systems have been
investigated across various domains, including
business (Kleesuwan et al., 2010; Nifo et al., 2020;
Girsang et al., 2020; Nethravathi et al, 2020),
healthcare (Gaardboe et al., 2017), education (Khatibi
et al., 2020; Pikhart, 2020; Wang, 2021; Guan et al.,
2020), and marketing. Notably, the development of Bl
systems in higher education primarily supports
decision-making by integrating relevant information
from heterogeneous data sources (Moreno, 2020;
Haenlein and Kaplan, 2021). To address the challenges
in ETL workflows and Bl system adoption, this study
introduces a dual approach combining the Quality
Objective Matrix (QOX) and the Technology
Acceptance Model (TAM). This dual approach
addresses both operational and human factors, which
not only improves data integration and analysis but also
empowers organizations to make timely, informed
decisions. Ultimately, it contributes to overcoming the
challenges associated with ETL workflows and ensures
that Bl systems deliver their full potential in higher

education.
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The QOX framework in this study evaluates
ETL workflows across four critical dimensions:
accuracy, ensuring correct data transformation in terms
of formats, types, and lengths (Azeroual et al., 2019;
Samir Abdel-Moneim et al., 2015; Lucas, 2010; Khan et
al., 2015; Wand and Wang, 1996; Marshall and De La
Harpe, 2009); completeness, verifying that all source
data is successfully loaded into the target storage
(Azeroual et al., 2019; Samir Abdel-Moneim et al.,
2015; Lucas, 2010; Khan et al., 2015; Arputhamary and
Arockiam, 2015; Wand and Wang, 1996); scalability,
assessing the system’s ability to handle increasing data
volumes (Simitsis et al., 2010; Dayal et al., 2009;
Arputhamary and Arockiam, 2015); and efficiency,
measuring  workflow  performance in  reducing
bottlenecks (Simitsis et al., 2009; Simitsis et al., 2010;
Khan et al, 2015). While previous studies have
acknowledged some dimensions, they often lack depth
in exploring scalability and efficiency or fail to integrate
them into a comprehensive framework. For instance,
research by Dayal et al. (2009) and Khan et al. (2015)
insufficiently examines the relationship between
scalability and efficiency, which can lead to delays and
resource wastage. Additionally, earlier studies lack
practical insights from real-world implementations,
limiting their applicability. Complementing this technical
optimization, the study employs TAM to evaluate user
satisfaction and adoption. TAM, developed by Davis
(1989), consists of two key factors: perceived
usefulness, reflecting the belief that a system enhances
job performance, and perceived ease of use, relating to
the minimal effort required to use the system (Wang
and Song, 2017; Cho et al., 2020; Xu and Du, 2019).
These factors positively influence user satisfaction and
technology acceptance (Wang and Song, 2017; Cho et
al.,, 2020; Xu and Du, 2019). However, this study
expands TAM by integrating information quality, which

is assessed through accuracy, timeliness, reliability,

relevance, integrity, and simplicity as a third factor,

offering a more comprehensive understanding of user

satisfaction drivers (Ashfaq et al., 2020; Koivumaki et

al., 2008; Wang and Teo, 2020). By synergizing

perceived usefulness, perceived ease of use, and

information quality, this framework aims to improve the

design and implementation of technology solutions,

ensuring they meet user needs and enhance overall

satisfaction. The research objectives are as follows:

® To optimize the ETL workflow using QOX to
enhance system performance.

® To assess user satisfaction and technology
acceptance through the TAM to ensure usability
and adoption.

The methods employed in this study focus on:

® Developing and evaluating ETL workflows to
address redundancy, inconsistency, and
inefficiency.

® |mplementing the QOX framework to measure and
improve key performance indicators.

® Applying TAM to gather user feedback and refine
the system for better alignment with user needs and

satisfaction.

2. Materials and Methods

The study followed a research and development
approach to ensure a holistic evaluation of both
technical and user-focused elements, enhancing the
system’s performance and usability. The methodology
was organized into five sequential steps, as depicted in
Figure 1: (1) analyze SCGSP qualification criteria and
data sources, (2) design and develop the ETL workflow,
(3) evaluate the ETL workflow based on QOX, (4)
design and develop the Bl system, and (5) evaluate the

user’s satisfaction based on TAM.
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Figure 1 The Methodology

Table 1 Role of lecturers and data sources

Data Role
Lecturer Curriculum Instructor Advisor
Educational qualifications
- Field of study v v v
- Year of graduation
Academic position v v v
Academic achievements v v v
Information on the type of current teaching
staff
- Courses in which the faculty is a
regular faculty member v v v
- Courses in which the faculty is
responsible for the course
Information on the appointment of the main
thesis  advisor/students  under - - v
supervision

2.1 Analyze SCGSP Qualification Criteria and Data

Sources

According to the Higher Education Program
Standards B.E. 2565 (Ministry of Higher Education,
2022), the lecturer qualifications benchmark for
Component 1 focuses on the number and qualifications
of lecturers. For the benchmark analysis, three roles
must be evaluated based on different criteria, as
outlined in Table 1. The roles of lecturer and curriculum

instructor do not require an assessment of dissertation

advisor workload, whereas the dissertation advisor's
role does. However, all roles must consider criteria
related to educational background, academic position
level (e.g., Assistant Professor, Associate Professor,
Professor), publication record, and advisor workload.
To analyze the data sources effectively, the
selection process involved a rigorous review of the
literature and collaboration with domain experts to
identify the most relevant and critical datasets that

comply with the criteria of Higher Education Program
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Standards B.E. 2565 (Ministry of Higher Education,
2022). The specific criteria used for selection included
data relevance, completeness, accuracy, and
accessibility. This approach ensured that the selected
data sources not only met the fundamental
requirements of quality and relevance but also aligned
with the specific educational standards set forth for
higher education programs. By systematically considering
compliance with these standards, the analysis aimed to
reinforce the integrity and effectiveness of the data
used in the research, thereby contributing to enhanced
educational outcomes and adherence to established
regulations. At this stage, the data is scattered across
various unstructured formats, such as documents,
Excel files, and other file types, collected from three
primary sources: the Curriculum of Faculty (CF), the
Registration System (RS), and the Graduate School
(GS). To prepare the data for the ETL workflow, a
systematic process was implemented. Raw data from
diverse sources was collected, structured into defined
datasets and schemas, and organized into Excel files
to establish a preliminary structure. A unified data
schema was then created in Excel to ensure
consistency, compatibility, and seamless integration

across varying formats. This step was essential for

Table 2 Schema lecturer profile data (CF)

transforming unstructured data into a structured format,
enabling efficient analysis and integration within the
ETL process. This study developed seven” important
datasets that related to lecturer's qualification criteria:
(1) lecturer profile, (2) advisor data, (3) student data,
(4) thesis data, (5) research data, (6) publication author,
and (7) publication data. The schemas for these
datasets were derived through a combination of
extraction and definition processes. The element names
(schemas) in each table, as shown in Tables 2-8, were
carefully analyzed and extracted from the available
data. Where necessary, they were redefined to

enhance clarity and consistency across all datasets.
2.2 Design and Develop ETL Workflows

Three ETL workflows were designed and
developed in this study using SQL Server Integration
Services (SSIS) via Visual Studio 2019. SSIS provides
the necessary tools to efficiently extract data from
various sources namely CF, RS, and GS databases,
transforming this data into a standardized format
suitable for analysis. Its robust capabilities ensure that
large volumes of data are processed accurately and

efficiently, which is essential for timely decision-making.

No. Schema Descriptions
1 NAME_THAI Name and Surname in Thai
2 NAME_ENG Name and Surname in English
3 STAFF_ID Staff Number
4 POSITION Academic Position
5 POSITION_LEVEL Position Level
6 START_DATE Date of Employment
7 EDU_LEVEL_ENG Highest Education History
8 BIRTH_DATE Day/Month/Year of Birth

Table 3 Schema advisor data (GS)

No. Schema Descriptions
1 ID_CARD Teacher's national ID card number
2 ADVISOR_POSITION Advisor's position code
3 POSITION_NAME Advisor's position name in Thai
4 POSITION_NAME_ENG Advisor's position name in English
5 ADVISOR_ORDER-DATE Date of appointment of advisor




Table 3 (Continuous)
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No. Schema

Descriptions

6 STUDENT_ID

7 ENT_TERM

8 ENT_YEAR

9 STUDENT_NAME

10 STUDENT_NAME_ENG

11 FAC_ID
12 FAC_NAME_THAI
13 CMAM_ID

14 CAMP_NAME_THAI

15  STUDY_STATUS

16 STUDY_STATUS_DETAIL
17 STILL_STUDENT

Student ID

Semester of study

Academic year of study

Thai student name

English student name

Faculty code of student's affiliation
Faculty name of student's affiliation
Campus code

Campus name of student
Education status code

Education status code name

Student status

Table 4 Schema student data (RS)

No. Schema Descriptions
1 STUDENT_ID Student ID

2 STUDENT_NAME Student name in Thai

3 STUDENT_NAME_ENG Student name in English

4 CARD_ID Student ID number

5 MAJOR_ID Major code

6 MAJOR_NAME_THAI Major name in Thai

7 MAJOR_NAME_ENG Major name in English

8 DEEGREE_NAME_THAI Degree name

9 COURSE_TYPE_ID Program type code

10 COURSE_TYPE_NAME Major type name

11 STUDY_TYPE_ID Study type code

12 STUDY_TYPE_NAME Study type name

13 PLAN_ID Study plan code

14 PLAN_NAME_TH Study plan name in Thai

15 PLAN_NAME_ENG Study plan name in English
16 FIELD_ID Sub-major code

17 FIELD_NAME_TH Sub-major name in Thai

18 FIELD_NAME_ENG Sub-major name in English
19 DEPT_ID Department code

20 DEPT_NAME_THAI Department name in Thai
21 DEPT_NAME_ENG Department name in English
22 EDU_LEVEL Faculty code of student's home faculty
23 EDU_LEVEL_TH Thai level name

24 EDU_LEVEL_ENG English level name

25 CAMP_ID Campus code

26 CAMP_NAME_THAI Campus name of student

N
<

STUDY_STATUS

Education status code
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Table 4 (Continuous)
No. Schema Descriptions
28 STUDY_STATUS_NAME Education status code name
29 ENT_DATE Entry date
30 ENT_TERM Section of entry
31 ENT_YEAR Academic year of entry
32 GRAD_DATE Graduation date or termination of student status
33 GRAD_TERM Section of graduation
34 GRAD_YEAR Academic year of graduation
35 FOREIGN Student type T Thai F International
36 STILL_STUDENT Student status
Table 5 Schema thesis data (GS)
No. Schema Descriptions
1 STUDENT_ID Student ID
2 STUDENT_NAME Student Name
3 ADVISOR_NAME Thesis Advisor Name
4 ID_CARD Teacher's National ID Card Number
5 STAFF_ID Thesis Advisor Personnel ID
6 THESIS_TITLE_TH Thai Thesis Name
7 THESIS_TITLE_ENG English Thesis Name
8 THESIS_TITLE_EXAM Thesis Outline Exam Date
9 THESIS_EXAM_DATE Thesis Defense Exam Date
10 EXAM_ID Thesis Defense Exam Times
11 EXAM_TIME Thesis Defense Exam Time
12 EXAM_PLACE Thesis Defense Exam Location
13 RESULT_EXAM Thesis Exam Result Code
14 RESULT_DETAIL Thesis Exam Result
15 THESIS_ACCEPT_DATE Thesis Booklet Receipt Date
16 GS_GRAD_DATE B.W. Graduation Date
Table 6 Schema research data (CF)
No. Schema Descriptions
1 AW_NO_ID Author Work 1D
2 NAME_THAI Thai Author Name
3 NAME_ENG English Author Name
4 ID_CARD Author Identification Number
5 RESEARCH_ID Research ID
6 RESEARCH_NAME Research Name
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Table 7 Schema publication author (CF)

No. Schema Descriptions
1 AT_ID Author ID
2 AW_NO_ID Author Work 1D
3 NAME_THAI Thai Author Name
4 NAME_ENG English Author Name
5 ID_CARD Author Identification Number
6 MTYPE_ID Academic Work Type
7 TYPE_ID Author Type Code 1: Main Author 2: Co-Author
8 AT_PERCENT Percentage of Work
Table 8 Schema publication data (CF)
No. Schema Descriptions
1 AW_NO_ID Academic work code
2 LANGUAGE Language used
3 AUTHOR_AMOUNT Number of authors
4 END_YEAR Year of work
5 NAME_THAI Thai title of work
6 NAME_ENG English title of work
7 JOURNAL_THAI Thai journal name
8 JOURNAL_ENG English journal name
9 VOLUM Journal issue
10 NO Volume of journal
11 START_PAGE Starting page
12 END_PAGE Ending page
13 PRESENT-YEAR Year of academic conference
14 CONFERENCE_THAI Thai conference name
15 CONFERENCE_ENG English conference name
16 CITY_THAI Thai conference city name
17 CITY_ENG English conference city name
18 PLACE_THAI Thai presentation venue name
19 PLACE_ENG English presentation venue name
20 RECORD_DATETIME Date and time of data recording

The first workflow, LecProfile, prepared data about
lecturer's profile from 10 departments. The second
workflow, LecAdvisor, processed data related to
dissertation advisors by extracting files from the
‘Advisor’, ‘Student’, ‘Thesis’ and ‘Lecturer datasets.
Finally, the LecPublication workflow compiled data on
lecturers’ publications using three data files: ‘Research’,

‘Publication Author’, and ‘Publication’.

Figure 2 shows an example of the ETL
workflow for LecProfile. The data is imported from two
sources: (1) personnel data from the CF (2) current
roles. The current roles files cannot be directly analyzed
due to its data storage format. Therefore, the data must
be augmented by adding attributes that identify the
types of each role. Additionally, the personnel database
in the CF requires extra attributes to enable data linking

with other databases. Following these steps, the data
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will be managed using the ETL workflow process

below.

LecProfile

The example processes of

workflow were shown in the following steps:

® Combining the 10 sheets of 10 lecturer departments

into a single dataset using the ‘Union All' command

as presented in Figure 2.

® Deleting the empty data row that contains a blank

data value in the ID_CARD attribute.
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Figure 2 The example ETL workflow of LecProfile
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Figure 3 The result files from ETL workflow
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® Replacing values of some mismatched data, such
as the graduated year, where year values were not
in A.D. and were replaced from B.E. to A.D., and
the teacher type (L and C) which were replaced with

‘1’ and ‘2, respectively.

After all the ETL workflows were run, three
result files were generated: Lec_Advisor, Lecturer, and

Lec_Publication as shown in Figure 3.
2.3 Evaluate the ETL Workflow based on QOX

In this study, the QOX evaluation focused on
four key aspects: accuracy, completeness, scalability,

and efficiency.
2.3.1 Accuracy

Accuracy served as a critical performance
indicator to assess the ETL workflow. It ensured that
data was accurately loaded into the target system as
expected. Using value mapping comparisons, SQL set
operators were employed to verify data type, length,
range, and unique values of critical fields between the
source and target systems. For precise evaluation, 80%
of the source data was sampled five times and tested
across each ETL workflow. If the mapping results
matched in both data and type between sources and

targets, the workflow was deemed accurate.
2.3.2 Completeness

Completeness aimed to confirm that all
expected data was transferred from the source to the
target. Two primary tests were conducted: (1)
comparing the number of rows between the source and
target, and (2) validating necessary attributes for
missing or incorrect values. Three algorithms were
designed for testing completeness across the
workflows: Algorithm 1 for LecProfile, Algorithm 2 for
LecAdvisor, and Algorithm 3 for LecPublication. Each
workflow included a ‘Script Component’ node to
execute the completeness evaluation, producing results
such as row counts in the source and target files,

missing data counts, and completeness values.

2.3.3 Scalability

Scalability measures the ETL workflow's ability
to handle increased data volumes efficiently. To test
scalability, this study expanded the source data to 5
and 10 times the original row count (where x represents
the initial number of rows) and re-ran the ETL
workflows. If the workflows executed within acceptable

timeframes, they were deemed scalable.

Algorithm 1: Completeness evaluation of LecProfile workflow

Result: row count of source, row count of target, row count of missing data,
completeness value

missing_data = 0;

=1

count_source = 0;

while (ii < 11) do
rowDepartment_ii = count(row in sheet_ii);
count_source = count_source + rowDepartment_ii;
i=ii+1;
End
SELECT count(/D_CARD) as count_target FROM Lecturer;
differ_rows = count_source - count_target;
completeness = 1 - (differ_rows/count_source);
while not EOF of Lecturer do
if (/D_CARD is null or STAFF_NAME is null) or
(EL_ID is null or GRADUATION is null)
then
‘ missing_data =missing_data +1;
end
end
Display count_source, count_target, missing_data, completeness;

Algorithm 2: Completeness evaluation of LecAdvisor workflow
Result: row count of source, row count of target, row count of missing data,
completeness value
missing_data =0;
SELECT count(ZD_CARD) as count_source FROM Advisor;
SELECT count(ID_CARD) as count_result FROM Lec_Advisor;
differ rows= count_source - count_target;
completeness = 1 - (differ_rows/count_source);
while not EOF do
if (THESIS_TITLE ENG is null and THESIS TITLE TH is null) or
(ID_CARD is null or ADVISOR_POSITION is null)) or
(STUDENT ID is null or DEGREE is null)
then
\ missing_data = missing_data +1;
End
End
Display count_source, count_result, missing_data, completeness;

Algorithm 3: Completeness evaluation of LecPublication workflow
Result: row count of source, row count of target, row count of missing data,
completeness value
missing_data = 0;
SELECT count(AW_NO_ID) as count_source FROM Publication;
SELECT count(AW_NO_ID) as count_target FROM Lec_Publication;
differ_rows = count_source - count_target;
completeness = 1 - (differ_rows/count_source);
while not EOF do
if (CONFERECE_ENG is nuil and CONFERECE_THAI is null) and
(JOURNAL ENG=null and JOURNAL THAI is null)) or
((PAPER_NAME_ENG is null and PAPER_NAME_THAI is null) or
(MTYPE _IDis null or ID_CARD is null))
then
| missing data = missing_data +1;
end
end
Display count_source, count_target, missing_data, completeness;

2.3.4 Efficiency

Efficiency evaluates the ETL workflow's
resource optimization, focusing on minimizing both time
and materials both time and materials while achieving

the desired outputs. For this assessment, the total
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execution time of the three proposed ETL workflows
was calculated and compared to a manual-based
system, which involved human data preparation without
workflow software. The manual system averaged 3
hours and 35 minutes, while the proposed ETL
workflows demonstrated significantly reduced execution
times, highlighting their efficiency. This comparison
underscores the time-saving benefits and resource

optimization of the automated ETL approach.
2.4 Design and Develop Business Intelligence System

The Lecturer Qualification Analysis System
(LQAS) was developed to support decision-making
based on SCGSP criteria regarding curriculum
instructor and advisor allocation. Microsoft Power Bl
was utilized to design and develop data visualizations.
It supports a wide range of data connectors, enabling
seamless integration with multiple data sources and
facilitating real-time data access. Its advanced data
modeling features allow for complex calculations and
measures, providing deeper insights into lecturer
qualifications  through interactive reports and
dashboards. Before creating data visualizations, a data
model was developed to establish relationships
between entities and to prepare the dimensions for
visualization. The main dashboard presents an
overview of the number of lecturers eligible to serve as
curriculum instructors and major advisors, both
currently and in the future, as shown in Figure 4. This
data visualization allows filtering based on various
conditions, such as curriculum, lecturer roles, types of
advisors, and year ranges. Additionally, it illustrates the
total number of lecturers, theses, major advisors, co-
advisors, and publications. The dashboard also
leverages useful Bl features, such as drill-down and
drill-through functionalities.

The 'drill through' feature allows users to
access additional dashboards for further insights.
Figure 5 illustrates a dashboard displaying a list of
lecturers and their workloads, which can be accessed
by drilling through from the bar chart in Figure 4.
Similarly, the dashboard in Figure 6 allows users to drill
through from the list of lecturers in Figure 5 to view

detailed information about each lecturer, including their

name, major, education, email, role, list of advisees,
and list of publications.

Additionally, users can click on visuals to 'drill
down' and explore the next level of hierarchical data.
Figure 7 demonstrates the drill-down interaction on the
publication bar chart from Figure 6, revealing the
breakdown of publications by language (THA for Thai
and ENG for English) for each year.

2.5 Evaluate the User’s Satisfaction

The study population comprised academic
and support staff involved in curriculum management
and required to use the system. To evaluate user
satisfaction, an online questionnaire was distributed to
44 individuals related to curriculum management. The
questionnaire was divided into three parts: (1)
participant profiles, including gender, education level,
and roles (e.g., lecturer, curriculum instructor, Graduate
School officer); (2) factors influencing user satisfaction,
such as information quality, perceived ease of use, and
perceived usefulness, assessed using a 5-point Likert
scale (1 = not satisfied, 5 = very satisfied); and (3) a
section for additional suggestions. For statistical
analysis, the SPSS program was utilized to compute
descriptive  statistics, including mean, standard
deviation, and frequency, providing insights into user

satisfaction levels and feedback.
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3. Results and Discussion

This section consisted of two main

evaluations: (1) the quality of ETL workflows, and (2)

users’ satisfaction.

3.1 Results of ETL Workflow based on QOX

In this study, the quality evaluation of the
designed ETL workflow was based on four key
dimensions: accuracy, completeness, efficiency, and

scalability.
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3.1.1 Accuracy

For accurate testing, the data provided
through simple random sampling was run in each ETL
workflow and compared using mapping method as
presented in Figure 8. The results compared five times,
showed the accuracy mappings, even though the data
sets were different. Testing the ETL workflow across all
three instances, with five runs, revealed an average
accuracy rate of 99.99% as shown in Table 9. The

findings demonstrate a high accuracy rate of 99.99%,

Table 9 The experiment results of accuracy

which aligns with recent research in Bl systems that
utilize other approach such as machine learning
models. For instance, studies conducted by Bony et al.
(2024), Biaojun et al. (2021), Wang (2023), and Susilo
and Susanto (2024) reported accuracy levels ranging
from 85% to 98%. This consistency highlights the
effectiveness of this Bl system. The results
demonstrate that the accuracy achieved falls within the
accepted range established by previous research,
confirming the effectiveness of the methodology of this

study.

Accuracy running tests

ETL
1 2 3 4 5 %

LecProfile 100 100 100 100 100 100
LectAdvisor 100 100 100 100 100 100
LecPublication 99.98 99.98 99.98 99.98 99.98 99.98

Average 99.99 99.99 99.99 99.99 99.99 99.99

Table 10 The experiment results of completeness
ETL Workflow Source file Target file Missing data Completeness
(rows) (rows) (rows) 0-1)

LecAdvisor 181 181 0 1
LecProfile 129 129 15 0.88
LecPublication 2,086 2,086 310 0.85
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Figure 8 The example mapping comparison between source and target
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Figure 9 The results of completeness evaluation in LecPublication workflow

3.1.2 Completeness

For the completeness evaluation, the study
systematically analyzed the number of rows in both the
source and target files, identified rows with missing
data, and calculated the completeness value for each
ETL workflow. Initial results revealed a completeness
value of 85%, with Figure 9 illustrating the evaluation
outcomes for the LecPublication workflow. Table 10
presents the experimenta results, showing that the
LecAdvisor workflow achieved a completeness value
of 1, indicating optimal completeness. However, the
LecProfile and LecPublication workflows initially
recorded completeness values below 1 due to missing
data in
the source files. To address this issue, the ETL
workflow scripts were modified to include conditions for
handling null values, excluding rows with null values
from the missing data count. After these adjustments,
all three workflows-LecAdvisor, LecProfile, and
LecPublication-achieved a completeness value of 1 in
the final run. This demonstrates that the ETL workflow,
when properly optimized, can deliver high
completeness in data management. When compared
with the literature, the initial completeness value of 85%
falls within the acceptable range reported in similar
studies. For instance, Zineb and Rachid (2023) and
Cheruku et al. (2024) highlighted challenges of
obtaining complete datasets from diverse sources,
aligning with the findings of this study. The subsequent
modifications to the ETL workflow, which improved the
completeness value to 1, underscore the effectiveness
of tailored data management strategies in enhancing
data quality. Achieving a completeness value of 1, as
seen in the LecAdvisor workflow, corroborates previous

research findings, which suggest that well-designed

ETL solutions can effectively mitigate data quality
issues related to completeness. These improvements
not only enhance the integrity of the data being
analyzed but also support more reliable decision-
making processes, which are critical for the success of
Bl systems.These insights emphasize the importance
of continuous refinement of ETL processes to ensure
high data quality. Future research will explore the
impact of specific ETL modifications on completeness
and other data quality dimensions across various
contexts, with ongoing efforts to refine and improve

these metrics in future iterations.
3.1.3 Scalability

For the scalability experiment, the number of
rows in each ETL workflow was increased by 5 times
and 10 times, as presented in Table 11. The results of
all compiled experiments demonstrated success,
indicating that the workflows maintained their
performance even with the increased data volume.
Specifically, the execution times for the LecAdvisor and
LecPublication workflows increased proportionally with
the number of additional rows. In contrast, the
execution time for the LecProfile workflow did not
increase significantly, likely due to its simpler algorithm
and flow. Despite the increases in data volume, the total
execution time across all three ETL workflows remained
less than a minute. This finding suggests that the ETL
workflows developed in this study exhibit scalability in
terms of running time. When comparing the scalability
results to previous research, the workflows’ ability to
efficiently handle increased data loads aligns with
findings from studies like those by Cheruku et al. (2024)
and Gueddoudj and Chikh, (2023), which emphasize

the importance of scalable architecture in ETL processes.
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Table 11 The experiment results of scalability

Raw data

from sources

Increasing rows

ETL workflow Number of Usage Increasing rows  Compiled Usage

rows time results time

(Sec) (Sec)

LecAdvisor 3,408 3.49 5x 4 15.05

10x v 24.64
LecProfile 129 3.81 5x v 4.05
10x v 4.50

LecPublication 3,705 8.66 5x 4 14.08

10x v 17.17

Their research indicates that efficient ETL
systems can process larger datasets with minimal
impact on performance, similar to the outcomes
observed in this study. Additionally, the scalability
demonstrated in our workflows aligns with insights from
Szilveszter et al. (2024), who highlighted that well-
designed ETL workflows can adapt to growing data
volumes without significant performance degradation.
These comparisons underscore the effectiveness of our
ETL design, affirming that it not only meets current data
processing needs but is also well-prepared to handle
future demands as data volumes continue to expand.
Overall, these results reinforce the notion that
scalability is a crucial attribute of ETL workflows,
ensuring that organizations can maintain high
performance levels despite increasing data challenges.
Future studies could delve deeper into specific aspects
of scalability to uncover potential optimizations and
further enhance the efficiency of ETL processes across

different applications.
3.1.4 Efficiency

In the efficiency evaluation, experiments were
conducted to measure the computing time for each ETL
workflow, as presented in Figure 10 and Table 12. The
workflow running times for LecAdvisor, LecProfile, and
LecPublication were 3.49, 3.81, and 9.85 minutes,

respectively, totaling 17.15 minutes for total all three

workflows combined. Compared to the manual-based
system, which took approximately 3 hours and 19
minutes, the ETL workflows demonstrated significant
time savings. This result clearly indicates that preparing
data with the ETL workflow is far more efficient than
using a manual-based system. These efficiency gains
highlight the benefits of automating data processing
tasks, enabling faster execution and freeing up valuable
time that can be redirected toward more strategic
activities. When compared to previous research, these
findings are consistent with studies that emphasize the
efficiency improvements offered by ETL processes. For
example, Cheruku et al. (2024) and Mayuk et al. (2021)
discuss how automation in ETL can substantially
reduce data processing times, an observation that is
corroborated by our results. This dramatic reduction in
processing time underscores the potential of ETL
systems to streamline operations and enhance
productivity. Overall, the efficiency of our ETL
workflows not only reduces time consumption but also
minimizes the likelihood of human error, further
strengthening the reliability and accuracy of data
processing. Future research could explore additional
techniques or technological advancements that could
further improve the efficiency of ETL workflows, thus
providing even greater benefits in data management

and analysis.
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Pragress: Cleanup - 0 percent complele

Progresa: Cleanup - 7 percent complete

Progress: Cleanup - 15 percent complete
Pragress: Cleznup - 23 pereen complete
Progresa: Cleanup - 30 percent complete
Progress: Cleanup - 38 percent complete
Pragress: Cleanup - 46 pereen] complate
Progresa: Cleanup - 53 percent complete
Progress: Cleanup - 61 percent complete
Pragress: Cleanup - B9 peren complete
Pragresa: Cleanup - 76 percant complete
Progress: Cleanup - 84 percent complete

L I O N O

Progresa: Cleanup - 100 percent complete
g Firished, 3420 PM. Elapsed fime: 00:00:04 500

Figure 10 The example screen of ETL processing

Table 12 The experiment results of efficiency

ETL Runtime Duration (Seconds)

Times running LecProfile LecAdvisor LecResearch
1 3.03 2.58 4.00
2 3.24 2.58 22.19
3 3.00 2.81 22.15
4 3.08 3.52 8.63
5 3.02 2.53 21.94
6 3.02 2.49 16.50
7 2.98 16.93 2.1
8 3.36 2.75 213
9 2.81 2.53 2.14
10 2.94 2.66 16.51
11 3.34 2.89 227
12 3.13 2.50 16.68
13 3.16 2.50 16.67
14 17.11 2.95 2.28
15 3.34 2.93 16.64
16 3.06 2.58 1.92
17 3.27 2.50 1.91
18 3.17 2.60 16.29
19 2.95 2.55 1.94
20 3.25 4.50 2.03
Average 3.81 3.49 9.85
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3.2 Results of Users’ Satisfaction

For the satisfaction evaluation, 44 complete
questionnaires were analyzed using descriptive
statistics. The results indicated that the overall user
satisfaction level was very good, with an average score
of 4.58, and standard deviation values below 1.0, as
presented in Table 13. These results reflect a high level
of user satisfaction with the Learning Quality Assurance
System (LQAS). Specifically, the average scores for the
three evaluated aspects were all above 4.50,
highlighting a particularly high level of satisfaction with
the quality of information provided. These findings

suggest that users perceive the system as highly

of the information it delivers. This high satisfaction level
aligns with user experience studies that emphasize the
importance of information quality in influencing overall
satisfaction with digital systems. The consistently high
scores across different evaluation categories reinforce
the system’s value in meeting user expectations and
needs. Overall, the positive feedback from users not
only validates the system’s design and functionality but
also underscores the importance of continuous
improvement to maintain high standards of satisfaction.
Future studies could focus on exploring specific aspects
of user experience that contribute to satisfaction, aiming

to identify potential areas for further enhancement in

the system.

effective and reliable, particularly in terms of the quality

Table 13 The users’ satisfaction results
Issue Mean S.D. Satisfaction
Information Quality
- Information completeness 4.58 0.61 Very good
- Sufficient data for decision making 4.67 0.40 Very good
- Sufficient data for SCGSP analysis 4.66 0.48 Very good
- Accurate reports 452 0.45 Very good
- Accurate data compiled based on SCGSP 4.53 0.44 Very good
Perceived Ease of Use
- Easy usage 455 0.43 Very good
- Incomplex process for usage 4.65 0.48 Very good
- Good Graphic User Interface (GUI) 454 0.49 Very good
- Easy searching 450 0.50 Good
- Understanding of data visualization 4.50 0.56 Good
Perceived Usefulness
- Reducing time for searching 4.63 0.57 Very good
- Reducing the time for file preparation 4.47 0.63 Good
- Convenience for SCGSP analysis 4.56 0.51 Very good
- Usefulness for Faculty 4.65 0.53 Very good
Total 4.58 0.50 Very good
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4. Conclusion

This study demonstrates the transformative
potential Bl systems, supported by a robust ETL
workflow, in addressing challenges related to
evaluating lecturer qualifications and ensuring
compliance with higher education standards in
Thailand. The QOX provided a systematic framework
for evaluating workflow attributes, achieving high
accuracy, completeness, and significant time savings
compared to manual processes. High user satisfaction
scores further validated the system’s effectiveness in
terms of information quality, ease of use, and perceived
usefulness. The study shows that advanced Bl systems
with efficient ETL workflows can drastically improve
operational efficiency, reduce processing times, and
enhance data quality, enabling faster, more informed
decision-making. It also highlights the importance of
scalability and user-centric  design, ensuring
adaptability to larger datasets and fostering trust in
technology-driven solutions. Methodologically, the QOX
framework offers a novel approach to evaluating ETL
workflows. Practically the Bl system serves as a model
for similar institutions. Empirically, the study contributes
to the literature on technology adoption in education,
encouraging policymakers and leaders to invest in
advanced data management technologies to enhance
compliance, operational efficiency, and standardization
in higher education. Despite its contributions, this study
has limitations. Its focus on Thai higher education may
limit generalizability, and reliance on user feedback
could introduce bias. The study emphasized technical
aspects of the ETL workflow and Bl system, with less
attention to organizational or cultural factors influencing
implementation. Additionally, scalability was tested in a
controlled environment, leaving real-world performance
unvalidated. Future research could expand to diverse
educational contexts, conduct longitudinal studies, and
explore organizational culture, leadership, and training
in Bl system adoption. Integrating emerging
technologies like Al and machine learning, as well as
testing scalability in large-scale, real-world settings,

could further enhance the system’s applicability and

robustness, advancing Bl systems in higher education

and beyond.
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natural resources due to production processes and the . .
(Chinnawong and Longja, n.d.). After mushroom

generation of substantial waste. Consequently, the o
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concept of the circular economy has garnered . ) )
substrate remained in the area (Nopparatmaitree et al.,
widespread attention and cooperation. Mushrooms are . .
2017), posing a disposal problem. One method of
agricultural products with high production potential, ) ) ) . . .
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waste but also enhances plant growth and soil health.
It consists of fine, brownish-black granules that are
light, airy, with good drainage and air circulation. It has
a high moisture capacity and contains abundant organic
matter. This results from the decomposition of organic
waste by earthworms. The activity of microorganisms
and digestive juices in the earthworms' intestines
converts nutrients from organic debris into forms that
plants can utilize.

Previous research has explored the use of
various waste materials as components in mushroom
cultivation or as a fertilizer for other crops. For instance,
empty palm fruit bunches have been used to make
straw mushroom substrates, and spent mushroom
lumps have been used as a fertilizer in mangosteen
orchards. This practice was found to increase the
availability of secondary nutrients, supplementing but
not entirely replacing chemical fertilizers (Kuntad et al.,
2012). Additionally, waste materials such as pineapple
pulp, sawdust, and bamboo left over from chopstick
production have been successfully utilized in the
cultivation of Phoenix oyster mushrooms (Srinak et al.,
2012; Pongthornpruek and Kraiwuttinan, 2013).
Moreover, the fronds or petioles of oil palm that are cut
off and allowed to decompose naturally can be used as
a material for growing mushrooms as well (Seephueak

etal., 2021). From the above information, therefore, this

Table 1 Analytical methods of the vermicompost

research applies the circular economy concept to the
Phoenix oyster mushroom farm community enterprise.
It utilizes spent Phoenix oyster mushroom compost as
food and bedding for earthworms. The resulting
vermicompost is then used as an ingredient in Phoenix
oyster  mushroom compost. This  approach
comprehensively repurposes agricultural waste to
enhance productivity and improve the soil structure and
chemical properties, providing essential plant nutrients,
reducing reliance on chemical fertilizers, and returning
organic matter to the soil. This enhances soil fertility,

making it suitable for the next cultivation season.

2. Materials and Methods

2.1 Preparing habitat and food for earthworms

The spent mushroom substrates were sun-
dried to eliminate fungi that might grow in the
mushroom compost. After that, they were mixed with
cow manure in a ratio of 1:1 to be used as bedding and
food for African Night Crawler earthworms (Eudrilus
eugeniae) Vermicompost samples were collected every
15 days for 45 days and analyzed for mineral nutrients,
including moisture, pH, total nitrogen (Total N), total
phosphorus (Total P,Og), total potassium (Total K,0),
and carbon to nitrogen ratio (C/N ratio), and the

analytical methods are shown in Table 1.

Parameters

Method

Total Nitrogen
Phosphorous (Total P,05)
Potassium (Total K,0)

Total Kjeldahl method
Vanadomolybdate (Barton) method

Atomic Emission Spectrophotometry

C/N ratio Walkley Black modified acid-dichromate digestion, FeSO, titration
method
pH pH meter

Moisture content

Oven - drying method
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2.2 The productivities of phoexnix oyster mushroom with

vermicompost

In this study, a Completely Randomized
Design (CRD) was employed to evaluate the effects of
five different vermicompost formulas derived from spent
mushroom compost. The formulas replaced rice bran in
varying proportions: 0% (control), 25%, 50%, 75%, and
100% vermicompost. The experiment was conducted
over 30 days. Data were collected on fresh weight,
number of fruiting bodies, cap diameter, and stem
length.

Mushroom compost, the mixing ratio includes
100 kilograms of rubberwood sawdust, 5 kilograms of
rice bran, 1 kilogram of rice flour, 0.2 kilograms of
magnesium sulfate, 1 kilogram of calcium carbonate,
and 60-70% clean water. Vermicompost is used to
replace rice bran in different proportions: 0% (control),
25%, 50%, 75%, and 100% vermicompost. After
preparing the formula with various ratios, mix all the
ingredients together as shown in Figure 1(a) and put
them in plastic bags for mushrooms cultivation.
Immediately steam the spawns to pasteurize for about
3-4 hours, then let them cool, as shown in Figure 1(b).
Transfer the phoenix oyster mushroom spawn cultivated
on sorghum seeds, using approximately 10-20 seeds per
inoculum, into the cooled substrate mixture under
aseptic conditions. Immediately seal the cultivation
bags with sterile cotton plugs to prevent contamination.
Maintain aseptic conditions in the transfer area and
sterilize inoculation tools with alcohol between each use
to prevent contamination. Place the inoculated spawn
substrates in an incubator with controlled temperature
and humidity conditions. After sufficient mycelial
colonization of the substrate, fruiting bodies will begin
to form within approximately 3-4 days. All experimental
replications were conducted within controlled cultivation
facilities where temperature, humidity, and light
conditions were uniformly maintained across all
treatments. Collect mushroom samples daily for 30
days, analyzing the yield by measuring the size and
weight of the phoenix oyster mushrooms in term of

g/bag.

Figure 1 Sample preparation for each experiment;
ingredients for each experimental formula (a),

incubation stage (b)

2.3 Data analysis

Data were collected on phoenix oyster
mushroom growth, including the fresh weight, the
number of fruiting bodies, the diameter of the
mushroom caps, and the length of stalk. The data were
analyzed using SPSS software, and differences
between treatments were compared with the Duncan’s

Multiple Range Test (DMRT) at a 95% confidence level.

3. Results and Discussion

3.1 Properties of vermicompost

The results of the nutrient content in
vermicompost produced from spent phoenix oyster

mushroom substrate. During the time of the experiment,
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it was found that the moisture content was 25.2%, the
pH was 7.81, the total nitrogen was 1.43%, the total
phosphorus was 0.61%, the total potassium was
4.82%, and the C/N ratio was 26.17%, respectively. All
values are in accordance with the organic fertilizer
standards of the Department of Agriculture of Thailand.
The composition of nitrogen, phosphorus, and
potassium in the compost depends on the type of
organic waste. Vermicompost is effective due to their
fine texture, porosity, ventilation and humidity. These
characteristics influence the activity of microorganisms,
soil nutrient absorption, and plant growth (Jaitea, 2015).

According to the report of Sriwongchai (2017),
it was found that spent mushroom compost has a main
component of lignocellulose and contains structures
such as cellulose and hemicellulose, which make up
more than 50% of its dry weight. The study by
Chuphong et al. (2012) produced vermicompost from
water hyacinth. It was found that waste materials were
used as food and bedding for earthworms, including
sawdust, dry rice straw, crushed eggshells, and paper.
The materials used for mushroom and water hyacinth
cultivation were mixed in the ratio of 1:1:1:1:1:1:3. This
experiment found a moisture content of 24.67%, a pH
of 8.2, a total nitrogen content of 1.44%, a total
phosphorus content of 1.05%, a total potassium content
of 2.08%, and a carbon to nitrogen ratio of 25%. In
addition, Jianwitchayakul and Somniyam (2021) studied
vermicompost from water hyacinth. The local
earthworms Polypheretima elongata (PE) and the
commercial earthworm E. eugeniae (EE) were grown
on food with four different ratios of water hyacinth and
cow manure: water hyacinth (control), water hyacinth

(WH) to cow manure (CM) at 3:1, 4:1, and 5:1. The

results of the study found that EE produced
vermicompost with higher total N and organic matter
than PE, but the total P, total K and pH were not
different. The ratio of water hyacinth and cow manure
is suitable for producing vermicompost. It was found
that using a ratio of 4:1 gave the highest yield, but the

nutrient content did not differ across all treatments.

3.2 Effects of vermicompost on the quality of phoenix

oyster mushrooms

3.2.1 Total weight and number of fruiting

bodies of phoenix oyster mushrooms

Regarding fthe fresh weight, the results
showed significant differences between the control and
vermicompost formulas. The formula with 7 5 %
vermicompost yielded the highest average fresh weight
of 43.17 grams, followed by the 100% vermicompost
formula, which had an average of 42.09 grams.The use
of the 50% and 25% vermicompost formulas resulted
in average fresh weights of 40.97 and 40.24 g,
respectively. The control (0% vermicompost) had the
lowest average fresh weight at 34.26 g/bag (Table 2).

Regarding the number of fruiting bodies, no
significant differences were observed between the
formulas. The 100% vermicompost formula had the
highest average number of flowers at 5.05
basidiocarps/bag. This was followed by the 25% and
75% vermicompost both with an average of 4.90
basidiocarps/bag. The 50% vermicompost formula had
an average of 4.84 basidiocarps/bag, while the control
group had the lowest average number of flowers at 4.66
basidiocarps/bag. The productivity of the Phoenix

oyster mushroom is shown in Table 2.

Table 2 Productivities of phoenix oyster mushroom in the first flush

Vermicompost:Rice bran (v/v)

Fresh weight (g /bag)

Number of fruiting bodies (basidiocarp/bag)

0:100 34.26x1.51° "
25:75 40.24+1.67°
50 : 50 40.97+1.70°
75:25 43.17+7.08°
100: 0 42.09+2.38°

4.66+0.09
4.90+0.32
4.84+0.13
4.90+0.17
5.05+0.23

Note: " Mean values within the same columns followed by different superscript letters are significantly different according

to Duncan's multiple range test (P<0.05).
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3.2.2 Yields and basidiocarps of phoenix

oyster mushroom

The  productivity of phoenix  oyster
mushrooms, in terms of cap diameter, varied
significantly between the control and the vermicompost
formulas. The 100% vermicompost formula had the
largest average cap diameter measuring 41.62 mm,
followed by the 50% vermicompost formula at 41.35
mm. The 75% and 25% vermicompost formulas had
average diameters of 4059 and 40.06 mm,

respectively. The control, which did not contain

vermicompost, had the smallest average cap diameter
at 34.60 mm, as shown in Table 3.

There was no significant difference in the
average stalk length of phoenix oyster mushrooms
among the formulas. The formula mixed with 75%
vermicompost had the highest average stalk length of
43.38 mm, followed by the 25% vermicompost formula
with an average stalk length of 42.77 mm. The 100%
and 50% vermicompost formulas had average stalk
lengths of 42.23 and 41.92 mm., respectively. The
lowest stalk length was observed in the control group,
which did not contain vermicompost, measuring 41.09

mm, as indicated in Table 3 and Figure 2.

Table 3 Cap diameter and stalk length of phoenix oyster mushroom in different formulations

Vermicompost : Rice bran Basidiocarp
Cap diameter Stalk length
(mm.) (mm.)

0:100 34.60+1.34° " 41.09+3.09
2575 40.06+1.95° 42.77+6.89
50 : 50 41.35+1.78° 41.92+2.11
75:25 40.59+1.92° 43.38+7.30
100:0 41.62+1.53? 42.23+1.95

Note: " Mean values within the same column followed by different superscript letters are significantly different according

to Duncan's new multiple range test (P<0.05).

Figure 2 Productivities of phoenix oyster mushroom in the first flush
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The study of the effect of vermicompost on
the basidiocarp of phoenix oyster mushrooms, in terms
of yield, total number of basidiocarp, cap size and stalk
length, is consistent with the study by Tudses et al.
(2018), which reported that the use of vermicompost at
a ratio of 40% increased the total weight of straw
mushrooms (V. volvacea). The highest average total
yield of straw mushroom was 444.01 grams per pile.
The highest average number of basidiocarps was 36.67
flowers per pile. The highest average number of button-

shaped basidiocarps was 4.67 per pile.
3.2.3 Production cost and yield analysis

The study analyzed the cost and return of
phoenix oyster mushroom (P. pulmonarius) cultivation
using vermicompost-amended substrates compared to
traditional substrates. The total production cost per
kilogram of mushrooms was lower with the
vermicompost treatment (47-55 THB/kg) than with the
traditional substrate (50-60 THB/kg). The use of
vermicompost resulted in a yield increase of 15-20%,
with vermicompost-amended substrates producing 300-
350 kg per 1,000 bags, compared to 250-300 kg per
1,000 bags in the traditional system.

4. Conclusion

This study demonstrates the efficacy of
vermicompost derived from spent phoenix oyster
mushroom substrate as a nutritionally viable growing
medium for subsequent mushroom cultivation. The
vermicompost produced exhibited nutrient parameters
(moisture content 20.29-36.35%, pH 7.51-8.24, total
nitrogen 1.21-1.64%, total phosphorus 0.52-0.77%,
total potassium 4.34-5.23%, and C/N ratio 15.90-31.40)
that comply with Department of Agriculture organic
fertilizer standards. Experimental results indicate that
the substrate containing 75% vermicompost yielded
optimal production metrics, with specimens exhibiting
the highest wet weight (43.17 grams) and longest stalk
length (43.38 millimeters). While the fruiting body count
remained consistent across treatment groups, the
incorporation of vermicompost significantly enhanced
overall growth parameters compared to control

conditions. The results highlight that integrating

vermicompost into  phoenix oyster mushroom
production not only enhances yield but also reduces
per-unit production costs, leading to greater financial
returns. These findings support the economic viability
of vermicompost adoption in commercial mushroom
farming, contributing to both profitability and

sustainability in agribusiness.
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1. Introduction

Bovine babesiosis, a tick-borne disease
caused by intraerythrocytic protozoa of the genus
Babesia (phylum Apicomplexa), results in significant
economic losses globally, affecting both domestic and
wild bovids (Almazan et al., 2022). Key etiological
agents include B. bovis, B. bigemina, B. divergens, and
B. major (Santos et al., 2023). In Thailand, B. bovis and
B. bigemina are the primary pathogens, with B. bovis
associated with more severe disease, indicating higher
virulence (Cao et al., 2012; Nagano et al., 2013;
Srionrod et al., 2022). The distribution of Babesia spp.
is closely linked to their tick vectors, particularly the
Rhipicephalus microplus species complex, a prevalent
ectoparasite of cattle in tropical and subtropical regions
(Yin et al., 1997; Bock et al., 2004). B. bovis undergoes
both sexual and asexual reproduction: the sexual phase
within the tick vector and asexual reproduction within
erythrocytes of the mammalian host (Bock et al., 1992).
While ticks are the primary vectors, mechanical
transmission by blood-feeding flies from the families
Tabanidae and Muscidae, is also possible (Van den
Bossche and Mudenge, 1999; Sontigun et al., 2022).

Babesia infection initiates with the invasion of
erythrocytes by sporozoites, followed by asexual
reproduction via binary fission. Released merozoites
infect additional erythrocytes, with some differentiating
into gametocytes. The sexual phase commences when
a tick ingests blood containing these gametocytes
(Jalovecka et al., 2018). Babesia replication within
erythrocytes leads to hemolysis and hemolytic anemia.
Hemograms of infected cattle often reveal macrocytic
hypochromic anemia and thrombocytopenia (Mahmoud
et al., 2015). Furthermore, Babesia spp. infection
increases oxidative stress markers and enhances cell-
mediated immune responses, as observed in B. bovis-
positive cattle (Attia and Khalifa, 2023).

Tentative diagnosis of bovine babesiosis is
based on clinical signs. Microscopic examination of
stained blood smears remains the gold standard for
confirmatory diagnosis, although it may yield false
negatives in subclinical and chronic infections with low
parasitemia (Fahrimal et al., 1992; Bal et al., 2016).

Serological assays, while available, can exhibit cross-

reactivity, limiting their ability to differentiate closely
related Babesia species (Bal et al, 2016).
Immunochromatographic test (ICT) strips are preferred
for rapid field diagnosis (Guswanto et al., 2017;
Ganzinelli et al., 2020). Nucleic acid-based assays,
particularly polymerase chain reaction (PCR), provide
high sensitivity and specificity for the identification of
Babesia species (Bal et al., 2016; Jirapattharasate et
al., 2017; Hossain et al., 2023). The ama-1 gene is a
valuable target for species-specific PCR assays due to
its conserved nature within species and variability
between species (Torina et al., 2010; Sivakumar et al.,
2012; Niu et al., 2015). In Thailand, sequence analysis
of B. bovis ama-1 (Bbama-1) has revealed low
polymorphism and high conservation (95.46-99.94%)
among Thai and global isolates (Nagano et al., 2013;
Rittipornlertrak et al., 2017). This suggests that the
conserved Bbama-1 region may be suitable for detecting
regional variations in B. bovis. Additionally, AMA-1 is
considered a potential antigen for vaccine development
(Rittipornlertrak et al., 2017).

Thai fighting bulls represent more than just
livestock; they are integral to a cultural tradition that
underpins a substantial economic ecosystem, particularly
in southern Thailand. This thriving industry encompasses
a wide network of activities, including livestock trade,
specialized breeding programs focused on desirable
fighting traits, and a significant demand for veterinary
services catering to these high-value animals (Rakjan,
2023). Further underscores the financial significance of
Thai bull fighting, which also supports livelihoods,
drives local tourism, and contributes to the preservation
of indigenous cattle breeds (Pramahasuriya et al., 2024).
The investigation of Babesia spp. prevalence in Thai
fighting bulls is of significant importance due to the
cultural and substantial economic value. Despite this
economic relevance, the epidemiological status of
Babesia infection within this specific population remains
largely uncharacterized, highlighting a critical lack of
baseline data necessary for understanding the current
disease burden and for the development and evaluation
of effective control and prevention strategies. This study
aimed to determine the prevalence of Babesia spp. in

Thai fighting bulls in Nakhon Si Thammarat province,
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Thailand. Additionally, the study sought to analyze B.
bovis ama-1-derived regions to identify genetic

variability and selection signatures.

2. Materials and Methods

2.1 Animal ethical approval

This study was conducted in accordance with
protocols approved by the Institutional Animal Care and
Use Committee (IACUC) of Rajamangala University of
Technology Srivijaya (IAC 003-06-62).

2.2 Sample collection

Sample collection was conducted from April
2020 until May in 2021, across 13 districts in Nakhon
Si Thammarat: NO1 Nophitam, NO2 Phipun, NO03
Chawang, NO4 Thungyai, NO5 Nabon, NO6 Changklan,
NO7 Lansaka, NO8 Ronphibun, NO9 Chulaphon, N10
Chauat, N11 Huasai, N12 Chianyai and N13
Pakphanang (Figure1). Approximately 3-5 milliliter (ml)
of venous blood were collected from the jugular veins
of individual male fighting bulls (age 2-5 years) using
10 ml syringes with 18G needles. The blood was
dispensed into BD Vacutainer® blood collection tubes
with the ethylenediaminetetraacetic acid (EDTA)
anticoagulant (BD, USA) and kept on ice during

transport to the laboratory for DNA extraction.

2.3 DNA extraction

Genomic DNA was extracted from all blood
samples using the DNeasy Blood and Tissue Kit
(Qiagen, USA) according to the manufacturer's
instructions. DNA concentration was determined using
a NanoDrop 2000c Spectrophotometer (Thermo
Scientific, USA) at 260/280 nm. Extracted DNA was
diluted to 10 ng/uL and stored at -20 °C until nested-

PCR analysis.
2.4 PCR for Babesia ITS

A nested PCR assay was performed to detect
B. bovis and B. bigemina using |ITS-specific primers
(Cao et al., 2012) (Table 1) in a T100 thermal cycler
(Bio-Rad, USA). The amplification reaction involved two
rounds using different primer sets with EmeraldAmp®

GT PCR Master Mix (TaKaRa Bio Inc., Japan). Each

50 pL reaction contained 25 yL EmeraldAmp GT PCR
Master Mix (2X Premix), 18 pL DNase/RNase-free
deionized water, 2 pyL of forward and reverse primer
mix, and 5 yL of DNA template. PCR conditions were:
initial denaturation at 95 °C for 3 min, followed by 35
cycles of denaturation at 95 °C for 30 s, annealing at
55 °C for 30 s, and extension at 72 °C for 60 s for both
rounds of amplification. DNase/RNase-free water was
used as a no-template control. Babesia DNA positive
controls, Theileria and Anaplasma DNA controls
provided by the Faculty of Veterinary Sciences,
Rajamangala University of Technology Srivijaya, were
included in all PCR assays. PCR products were
electrophoresed on a 1.2% agarose gel in 1x TBE
buffer for 30 min at 3 V/cm and visualized using SYBR
Gold nucleic acid gel stain (Invitrogen, USA). A 100 bp
DNA Ladder (Thermo Fisher, USA) was used as a

molecular weight marker
2.5 PCR for Babesia ama-1 gene

To amplify the complete ama-1 gene
sequence of B. bovis, four primer sets were designed
based on the reference sequence of B. bovis apical
membrane antigen 1 (NCBI accession number:
XM_001610993) (Table 1; Rittipornlertrak et al., 2017).
All Babesia-positive samples, as determined by ITS-
PCR, underwent nested PCR using the same
conditions as described in section 2.4. PCR products
were visualized by 1.2% agarose gel electrophoresis
with SYBR Gold nucleic acid gel staining (Invitrogen,
USA). The expected PCR fragment sizes were
approximately 1126 bp for the first round and 960 bp

for the second round of amplification.
2.6 Nucleotide analysis

Following PCR amplification of the ama-1
gene, all positive samples were purified and sequenced
by Macrogen (Korea). The resulting nucleotide
sequences were analyzed for internal consistency and
compared with each other. Additionally, these
sequences were compared to previously published B.
bovis strains deposited in GenBank using the Basic
Local Alignment Search Tool (BLAST) available on the
National Center for Biotechnology Information (NCBI)

website (https://www.ncbi.nlm.nih.gov/).
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Table 1 Oligonucleotide primers of B. bovis and B. bigemina

Target Sequences 5°-3’ Product size (bp) References

B.bovis ITS CGTCCCTGCCCTTTGTA 815 Cao et al., 2012
TATTTTCTTTTCTGCCGCTT

B.bovis ITS CACCACCAGTGGAAGCAC 545

(nestedPCR) TTGTGCCCCATGGACACT

B.bigemina ITS CGTCCCTGCCCTTTGTA 815 Cao et al., 2012
TATTTTCTTTTCTGCCGCTT

B.bigemina ITS AGTGGGTCGGGACTCGTC 495

(nestedPCR) AGTACCGCCTGCGAGCAG

Babesia ama-1 TGCCCTTCAGTTGTCCATAGG 1240 Rittipornlertrak et al., 2017

(set 1) CGATATCCAAGTCAGTCGCAG

Babesia ama-1 CACTCTGTTGGTTCCGCTTTC 1126 Rittipornlertrak et al., 2017

(set 2) GCAGGAGCAATGGCAACACAA

Babesia ama-1 TACAAGAGCGCTGAGGATGCA 1065 Rittipornlertrak et al., 2017

(set 3) GATTAACAAGCGACCACGATG

Babesia ama-1 ACCCGGTAAGGGATGCCATTT 960 Rittipornlertrak et al., 2017

(set 4) CACACGGTCAATGAGATGTCT

2.7 Phylogenetic analysis

Phylogenetic analysis was conducted to
investigate the genetic relationships among the B. bovis
isolates from this study and published strains by using
a neighbor-joining method with 1000 bootstrap
replicates in MEGA12 software. The B. bovis ama-1
sequences from the 33 positive samples were used as
templates for the analysis. The B. bovis ama-1 isolate
from Nakhon Pathom, Thailand (GenBank accession
number: KY575957.1), was included as a reference
sequence. B. bigemina ama-1, B. divergens ama-1, and
B. gibsoni ama-1 sequences were included as

outgroups.

3. Results and Discussion

3.1 Prevalence of Babesia infection in Nakhon Si

Thammarat

Blood samples were collected from 267
fighting bulls across 13 districts in Nakhon Si
Thammarat (Figure1): Nophitam, Phipun, Chawang,
Thungyai, Nabon, Changklan, Lansaka, Ronphibun,
Chulaphon,  Chauat, Huasai, Chianyai, and

Pakphanang. Nested PCR analysis identified 33

positive samples from 7 districts, resulting in an overall
infection rate of 12.36% (33/267). District-specific
infection rates were as follows: Nophitam, 20.0% (4/20);
Phipun, 15.0% (3/20); Ronphibun, 31.81% (7/22);
Chulaphon, 15.0% (3/20); Chauat, 25.0% (5/20);
Huasai, 25.0% (5/20); and Chianyai, 26.09% (6/23)
(Table 2).

Nucleotide sequencing and alignment to find
the identical sequences confirmed that all positive
samples were B. bovis; B. bigemina was not detected.
This finding aligns with previous reports from Chiang
Rai, Chiang Mai, and Lampang (Cao et al., 2012),
Lamphun and Nakhon Pathom (Koonyosying et al.,
2022), and Nan, Ratchaburi, Nakhon Si Thammarat,
Phatthalung, and Surat Thani (Srionrod et al., 2022).

The prevalence of tick-borne hemoparasitic
infections, particularly Babesia, poses a significant
threat to cattle health and the livestock economy. These
infections can lead to severe illness, reduced
production, and hemolytic anemia, even at low
parasitemia levels. Although infected cattle may not
exhibit overt clinical signs, low production and post-
mortem examination can reveal significant pathological

changes (Bock et al., 2004; Almazan et al., 2022).
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NO1 Nophitam
NO2 Phipun
NO3 Chawang
NO4 Thungyai
NO5 Nabon
NO6 Changklan
NO7 Lansaka
NO8 Ronphibun
NO9 Chulaphon
N10 Chauat
N11 Huasai
N12 Chianyai

Figure 1 Map of the study area, showing of Nakhon Si
Thammarat province. Number for the districts where
samples were collected are as follows: NO1 Nophitam,
NO2 Phipun, NO3 Chawang, N04 Thungyai, NO05
Nabon, NO6 Changklan, NO7 Lansaka, NO8 Ronphibun,
NO9 Chulaphon, N10 Chauat, N11 Huasai, N12
Chianyai, N13 Pakphanang. The percentage indicated

the infection rate in each area.

3.2 Determining B. bovis ama-1 gene

The ama-1 gene was successfully amplified
and sequenced from all 33 Babesia-positive samples.
Nucleotide BLAST analysis confirmed that all 33
sequences were B. bovis ama-1 gene. Within each
district group, nucleotide sequences exhibited 100%
identity. Across all districts, nucleotide sequence
identity ranged from 96.04% to 100.00% when
compared to the B. bovis isolate from Nakhon Pathom,
Thailand (GenBank accession number: KY575957.1)
(Table 2). These findings indicate a low genetic
distance between the B. bovis populations from the
seven infected districts and the reference strain

(KY575957.1).
3.3 Phylogenetic analysis

Phylogenetic analysis of the ama-1 gene was
conducted to elucidate the genetic relationships among

B. bovis isolates (n=42) using the neighbor-joining

N13 Pakphanang

method with Maximum Composite Likelihood evolutionary
distances (Tamura et al., 2004), implemented in MEGA12
(Kumar et al., 2024). The resulting phylogenetic tree
(Figure 2) revealed a clear genetic differentiation,
forming two distinct clades. Clade |, consisting of
isolates from the northern districts of Nophitam (NO1)
and Phipun (NO2), demonstrated closer evolutionary
relatedness to B. bovis isolates from Brazil
(FJ588028.1, FJ588027.1, FJ588026.1, FJ588025.1,
and FJ588024.1) and other regions of Thailand
including isolates from Chiang Rai, Chiang Mai, and
Nakhon Pathom (KY575956.1, KY575955.1, and
KY575957.1). In contrast, Clade I, comprising isolates
from the southern districts of Ronphibun (N08),
Chulaphon (N09), Chauat (N10), Huasai (N11), and
Chianyai (N12), exhibited close evolutionary distances
to B. bovis isolates from Israel (KX196263.1,
KX196262.1, and AY486101.1) and Sri Lanka
(AB787637.1, AB787636.1, AB787635.1, AB787634.1,
AB787633.1, and AB787632.1).

This distinct genetic structuring of B. bovis
populations within Nakhon Si Thammarat has
significant implications for disease management. The
identification of two geographically associated genetic
clades suggests the potential for regional variations in
parasite characteristics, such as virulence, vector
interactions, and drug susceptibility. For instance,
control strategies effective against one clade might not
be equally efficacious against the other. Furthermore,
this genetic divergence underscores the importance of
considering local strain diversity in the development of
future interventions, including geographically targeted
diagnostic assays and potentially vaccines. The
observed genetic links to isolates from Brazil, other
parts of Thailand, Israel, and Sri Lanka hint at potential
historical or ongoing parasite introductions or shared
evolutionary pathways, which could inform broader
epidemiological  investigations  and biosecurity
measures. Understanding this genetic heterogeneity is
crucial for designing and implementing effective and
sustainable control strategies for bovine babesiosis in

this economically important fighting bull population.
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Table 2 PCR Results, infection rate, and nucleotide sequence similarity of B. bovis ama-1 gene in Nakhon Si Thammarat.

Studied area No of samples PCR positive Infection rate Nucleotide sequences similarity®
samples
NO1 Nophitam 20 4 20.00% 100.00%
NO2 Phipun 20 3 15.00% 100.00%
NO3 Chawang 20 0 0.00 % NA
NO4 Thungyai 20 0 0.00 % NA
NO5 Nabon 20 0 0.00 % NA
NO06 Changklan 20 0 0.00 % NA
NO7 Lansaka 22 0 0.00 % NA
NO08 Ronphibun 22 7 31.81% 96.04%
NO9 Chulaphon 20 3 15.00% 96.04%
N10 Chauat 20 5 25.00% 96.04%
N11 Huasai 20 5 25.00% 96.04%
N12 Chianyai 23 6 26.09% 96.04%
N13 Pakphanang 20 0 0.00% NA
Total 267 33 12.36% NA

@ Nucleotide sequence similarity analysis was conducted by aligning the sequences to the B. bovis ama-1 (Thailand

isolate) complete reference sequence KY575957.1

NA = Not available

N11

,—‘_‘: N12

| N10

' NO9

{ 1 NO8
AB787636 1

AB787632 1
AB787633 1
AB787635 1
AB787637 1
AB787634 1
—

KX196262 1

KX196263 1
AY486101 1
— FJ588026 1
——— FJ588025 1

FJ588028 1
FJ588027 1
KY575955 1
KY575956 1
FJ588024 1
KY575957 1
NO1

NO2

— DQ368061 1
——— FJ800575 1
— MZ836245 1
L——— MZ7836244 1

6Q257739 1
L UN572800 1
L Gaes7738 1

JN572801 1
KP000033 1
KP000032 1
GQ257740 1
JN572799 1
HM543726 1
HM543729 1
HM543727 1
HM543730 1
HM543728 1

Figure 2 Evolutionary relationships of 42 taxa based on the ama-1 gene.

Phylogenetic analyses were performed using the MEGA12 analysis tools (Kumar et al., 2024).
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4. Conclusion

In conclusion, this study confirms the presence
of B. bovis infection in Nakhon Si Thammarat. Nested
PCR analysis revealed an overall prevalence of 12.36%
(33/267), with the highest prevalence observed in
Ronphibun (31.81%, 7/22), followed by Chianyai,
Chauat, Huasai, Nophitam, Phipun, and Chulaphon.
Phylogenetic analysis of the ama-1 gene sequences
from isolates in the northern area of Nakhon Si
Thammarat province demonstrated a close genetic
relationship with Babesia reported in Brazil and
Thailand, while those from the southern area of the
province closely resembled those reported in Sri Lanka
and Israel. This study lays the groundwork for future
research investigating factors contributing to the
observed prevalence and the differences between the
two phylogenetic clades. This could include vector
studies, investigation of clinical manifestations, and
assessment of the impact of infection on the bulls'

fighting performance.
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This study aimed to investigate the quality of wheat-rice cookies with the addition of natural
colorants, Nutmeg, and coconut milk powder (CMP). In the experiment of evaluating the impact of natural
colorants on cookie quality, the Khai-mod-rin rice-wheat cookie recipe was used as the control. The addition
of natural colorants did not significantly affect cookie color or sensory evaluations (P>0.05). Therefore, the
control formula was chosen for studying the effects of nutmeg addition. Nutmeg addition decreased L* and
b* values while increasing a* values. Cookies with 4% nutmeg had a significantly higher spreading ratio
(P<0.05), but the % baking loss was similar across treatments. Sensory evaluations indicated similar
acceptance scores for cookie color. Acceptance scores for odor, taste, texture, and overall quality were
higher for cookies containing 2% and 3% nutmeg, with no significant difference in overall acceptability
between these two treatments. Therefore, the 2% nutmeg cookie formula was chosen for studying the
effects of CMP addition. CMP was supplemented at four levels: 0%, 15%, 30%, and 45% (w/w as margarine
substitution). Results showed that increasing CMP levels tended to decrease L* values and increase a*
values. The spreading ratio decreased with higher CMP levels, and the % baking loss was lowest in the
45% CMP cookies. Sensory evaluation scores showed that cookies with 30% CMP had the highest scores
average liking scores for color, odor, taste, texture and overall acceptance being 7.50, 7.30, 7.13, 7.13,
and 7.60 respectively. The Nutmeg-CMP wheat-rice cookies had a moisture content that conformed to the
Community Product Standard 118/2003 guidelines. In conclusion, this study shows that nutmeg and CMP

can be effectively applied to produce an acceptable product: the Nutmeg-CMP wheat-rice cookie.
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1. Introduction

In  Thailand,

such as cocoa, grains, herbs, dried fruits, dried shrimp,

shredded fish. Cookies are formed into pieces by

“Cookies” according to the

dropping, cutting, molding, pressing with a mold or

Community Product Standard 118/2003 means a type

other appropriate methods, and then baked until crisp

of baked goods made from wheat flour or wheat flour

(Thai Industrial Standards Institute, 2003). In 2023, the

mixed with other types of flour, sugar, fat or edible oil,

biscuit market was worth 15 billion baht, growing by

milk, eggs, baking powder, baking soda, flavoring

only 6%, consisting of crackers worth 5-6 billion baht,

agents, salt. They may also contain other ingredients

growing 9%, cookies worth 4 billion baht, growing 3%,
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and wafers worth 4 billion baht, growing 4%
(MGROnline, 2024). Cookies are widely accepted and
consumed in nearly all parts of the world due to being
ready to eat, affordable, having good nutritional
qualities, offering a wide range of tastes, and having a
long shelf life. However, due to the problem of gluten
allergy in wheat flour, which poses a risk for some
consumers, cookies have been developed in many
forms to reduce the amount of wheat flour used as the
main ingredient in cookie recipes, such as using rice
flour, cereal flour, and others. Bolarinwa et al. (2019)
reported that a blend of 75% germinated brown rice
flour and 25% potato starch was used to prepare high-
quality and acceptable gluten-free cookies. Sresatan et
al. (2024) reported that the optimal ratio of gluten-free
flour was 90% rice flour, 5% corn starch and 5%
modified tapioca starch as a substitute for wheat flour
in cookies when using physical quality as the evaluation
criterion.

Also, in the consumer market situation, consumers
have continuously changed their preferences when
choosing products, following trends that emphasize
visual appearance, such as color, size, packaging, taste
perception during consumption, as well as consideration
of health effects after consumption. Therefore, product
development that fulfills consumers’ needs and responds
to their behavior is essential. The development of
products with natural plant substances has been
accepted for their safety when used as food
ingredients. However, the amount used in each product
must take into account its effect on the product's
characteristics and consumer acceptance. Fathonah et
al. (2018) reported that the 7-point quality scale of
sensory evaluation of pumpkin cookies showed
differences in the quality of yellow color, crispness, and
taste. The substitution of 10% pumpkin flour was most
preferred across four sensory quality characteristics:
aroma, crispness, sweetness and pumpkin taste, with
scores ranging from 4.5 to 5.2. Kulkarni et al. (2010)
reported that cookies enriched with 10% of mushroom
powder scored highest for all sensory quality attributes.
Farheena et al. (2015) reported high acceptability in the
organoleptic properties of cookies when 15% date

paste was used in the formulation.

In the southern region of Thailand, 12% of the
total rice planting area is used for native rice cultivation.
Khai-mod-rin rice accounts for 55% of the native rice
planting area. Khai-mod-rin rice is a local rice variety
from Nakhon Si Thammarat Province which is commercially
sold as milled rice for consumption (Nooake et al.,
2009). Khai-mod-rin rice is gluten-free. Its nutritional
composition is as follows: 12.10% moisture content,
74.11% carbohydrate, 4.47% fat, 7.63% protein, 1.70%
ash, and 4.66% fiber. It contains 0.75 mg FAE/g DW of
total phenolic content and exhibits 14.62% antioxidant
activity (2,2-diphenyl-1-picrylhydrazyl, DPPH) (Chooklin et
al., 2019). Local rice has the advantage of being
available and gluten-free. Chuajedton and Purinthrapibal
(2017) reported the use of Khai-mod-rin rice flour as an
ingredient in wheat-rice baked products, thereby
increasing the utilization of local rice and reducing the
gluten content in bakery products.

Nutmeg (Myristica fragrans) is abundant in the
south of Thailand, particularly in Chumphon, Surat
Thani, Phang Nga, Nakhon Si Thammarat, and in the
three southern border provinces. A popular OTOP
product of Ron Phibun District is dried edible nutmeg
pulp, which is opaque and reddish brown. Assa et al.
(2014) reported that nutmeg pulp extracts were very
effective in inhibiting linoleic peroxidation and had a
relative similar ability to Butylated hydroxytoluene
(BHT). Sipahelut et al. (2020) reported that nutmeg fruit
pulp-derived oil had a greater capability to inhibit
oxidation process than Q-tocopherol. Nur et al. (2023)
reported that the ethanol extract of that the pulp at
doses of 450, 900 and 1,800 mg/kg wb showed
significantly different anti-ulcer activity compared to the
negative control group (P<0.05) in acetocal-induced rats.

Fat is an important ingredient in baked goods,
playing a role in giving them a soft texture. Margarine
is a processed palm oil fat that is commonly used in
cookies. Current research has found the effects of palm
oil on the health of experimental animals. Memedi
(2023) reported that studies in mice indicate palm oil
increased the activity of xanthine oxidase (XOD) in the
blood and caused changes in the glucose tolerance test
related to carbohydrate metabolism. Analysis of the

results from two studies on XOD and carbohydrate
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metabolism showed a correlation between increased
XOD levels and the development of prediabetes.
Coconut milk is obtained from coconuts, a local plant in
the south of Thailand. Its use in food can be obtained
by squeezing fresh coconut milk, commercial coconut
milk powder, or commercial sterilized coconut milk in a
box. Laboratory studies have indicated the health
benefits of coconut milk. Karunasiri et al. (2020)
reported that the results showed the phenolic
compounds in all coconut milk preparations (domestic
coconut milk, powdered coconut milk, and liquid
coconut milk) provided protection against oxidative
damage to lipids and inhibited oxidative damage to both
proteins and DNA. Alyaqoubi et al. (2015) reported that
antioxidant properties evaluated by the ferric reducing
power (FRAP) assay and 1,1-diphenyl-2-picrylhydrazyl
(DPPH) assay indicated that coconut milk displays
higher antioxidant properties than cow’s milk.

The research aimed to investigate wheat-rice
cookie quality through three primary aspects: (1) the
impact of natural colorants on cookie quality, (2) the
influence of nutmeg on cookie quality, and (3) the effect
of coconut milk powder as a margarine substitute on

cookie quality.

2. Materials and Methods
2.1 Cookie process

In this experiment, the wheat-rice cookie
formula was chosen as the control cookie. The main
ingredient for making the cookie was wheat flour. Other
ingredients were specified as a percentage of the wheat
flour weight as follows: 30% Khai-mod-rin rice flour,
35.70% icing sugar, 37.80% margarine, 8.40% milk
powder, 1.20% baking powder, 4.20% evaporated milk,
and 12.60% eggs (Chuajedton and Purinthrapibal,
2017). The steps for making cookies were as follows:
all-purpose wheat flour, Khai-mod-rin rice flour, milk
powder, and baking powder were sifted together as a
dry mixture and set aside. Margarine, in a mixer bowl,
was beaten with a paddle attachment until it was slightly
fluffy. Icing sugar was gradually added and beaten until
the margarine was very fluffy. The speed of the paddle
attachment was then reduced. The eggs were added to

the mixture and beaten until well blended. The dry

ingredients were added alternately with the evaporated
milk (starting and ending with the dry ingredients). The
dough was divided into small pieces of equal weight.
Each piece was shaped with a spoon to make a spoon
cookie and to control the consistency of the cookie
diameter. The cookies were baked in an electric oven
at 170°C for 15 min (Bolarinwa et al., 2019) and cooled
at room temperature for 1 hour. Finally, they were

packed in aluminum foil bags for further analysis.

2.2 Study of the effect of natural colorants, Nutmeg and

CMP on the quality of cookies
2.2.1 Natural colorants

Two types of plants were selected to prepare
natural colorants: dried red roselle extract and fresh
turmeric extract. The extracts were prepared by boiling
3 g of each plant material in 100 g of clean water for
10 minutes. The extracted solution was filtered through
a thin cloth and then used for soaking the Khai-mod-rin
rice (using a ratio of extract to Khai-mod-rin rice 2:1
w/w) for 1 hour at room temperature. The solution was
then drained and the dyed rice was reduced in moisture
using a hot air oven, 70°C for 3 hours (Chalermsaen
and Kitnok, 2016). The dried dyed rice was ground and
sized by sifting through a flour sieve. The dyed rice flour
was packed in aluminum foil bags for further

experiments.
2.2.2 Nutmeg

Commercial dried nutmeg pulp product was
coarsely chopped and added to the dough before
shaping. The Nutmeg supplement was tested at 2%,
3%, and 4% levels based on the wheat flour weight.

The control cookie formula contained no nutmeg.
2.2.3 Coconut milk powder (CMP)

The commercial CMP was used in this
experiment. The CMP was added at levels of 15%,
30%, and 45% (w/w as a margarine substitute). The
control cookie formula contained no CMP. In the
cookie-making process, the dry ingredients wheat flour,
Khai-mod-rin rice flour, milk powder, baking powder,

and CMP were sifted together.
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2.3 Quality analysis
2.3.1 Color of cookies

The color was measured using a MiniScan EZ
Hunter Lab (Hunter Associates Laboratory Inc., USA)
and recorded the value in L* a* and b* CIE
coordinates. The L* value represents lightness versus
darkness, where a low number (0-50) indicates
darkness and a high number (51-100) indicates
lightness. The a* value represents red versus green,
where a positive number indicates red and a negative
number indicates green. The b* value represents yellow

versus blue, where a positive number indicates yellow

and a negative number indicates blue.
2.3.2 Baking loss

Baking loss (BL) was determined by measuring
the cookie weight before and after baking (Saric et al.,
2014). It was calculated according to the following

equation:
BL (%) = (myg — m)/ my * 100

Where mq is the initial cookie weight (g) and mt is the

weight (g) after baking time t (min).

The cookie weight (mg and mg)” was
determined as average value of six cookies each time

and measured in triplicate.
2.3.3 Spread Ratio

The cookie diameter (width) was determined
by placing six cookies horizontally (edge to edge) in a
row and the diameter was measured in cm. The
thickness of cookies was determined by stacking six
cookies on top of one another and measuring the
thickness in centimeters (Inyang et al., 2018). The
spread ratio was calculated by dividing the average
diameter by the average thickness of the cookies
(Bolarinwa et al., 2019). The experiments were carried

out in triplicate, and the mean values were reported.
2.3.4 Nutritional compositions

The nutritional analysis of the samples was
conducted according to the AOAC method (AOAC,

2000) to determine their moisture, crude protein, crude

fat, ash, and crude fiber content. Moisture content was
determined by subjecting the samples to oven drying at
105°C until a constant weight was achieved. Crude
protein was determined using Kjeldahl equipment
(GERHARDT, Germany). Crude fat was determined
using an automated Soxhlet method (FOSS, Sweden).
Ash content was determined Inc., dry-ashing method at
550°C for 24 hours. Total dietary fiber was measured
using a fiber analyzer (FOSS, Sweden). Carbohydrate
content was calculated by difference [100 — %
(moisture + fat + crude protein + ash)]. Data were
expressed as g/100 g in wet weight. Water activity of
the cookies was measured with Aqualab water activity
analyzer (Aqualab, USA). The experiments were
carried out in ftriplicate, and the mean values were

reported.
2.3.5 Sensory evaluation

For the sensory evaluation of the cookies, a
panel of 50 participants consisting of students and staff
from Rajamangala University of Technology Srivijaya,
Faculty of Agro-Industry, in the Major of Food Innovation
and management The cookies were evaluated for color,
odor, taste, texture and overall acceptability using a 9-
point hedonic scale, with 1 representing the least score
(dislike extremely) and 9 representing the highest score

(like extremely) (Anprung, 2008).
2.3.6 Statistical analysis

A Completely Randomized Design (CRD) was
used for physical and chemical quality analysis, while a
Completely Randomized Block Design (RCRD) was
used for sensory quality analysis. The obtained data
were statistically analyzed in terms of mean, standard
deviation, and variance (Analysis of variance, ANOVA).
The difference in mean values between groups was
analyzed using Duncan’s Multiple Range Test at the

95% (P<0.05) level of significance.
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3. Results and Discussion

3.1 Effect of natural colorants on the sensory quality of

cookies

Khai-mod-rin  rice-wheat cookies were the
product described in the report by Chuajedton and
Purinthrapibal (2017). Their color characteristics were
acceptable to the panelists. However, developing
products with a variety of colors is one of the
characteristics that attracts consumers' attention. In
addition, the use of natural colorants to develop product
colors is safer for consumers compared to the use of
synthetic colors. Natural dyes can be obtained from
plant tissues (e.g. Curcumin, Carotenoids, Anthocyanins,
Betalains, or Chlorophyll). In this study, inexpensive
and abundant food plants in this area were selected:
red Roselle (Hibiscus sabdariffa Linn.) and Turmeric
(Curcuma longa L). Red Roselle provides a red color
from the anthocyanin group, which has antioxidant
properties (Jindamung and Thipbharos, 2012). Turmeric
has a orange-yellow color from Curcumin, which has
antioxidant properties (Manasa et al., 2023). The
colorants can be prepared in the form of an extract and
powder. Jindamung and Thipbharos (2012) reported that
the ratio of fresh red Reselle residue to distilled water
was 1:4 w/v and the optimal extraction was 100°C for
30 min. To avoid the influence of plant tissue on the
evaluation of the textural characteristics of cookies, the
extraction method was chosen. Red Roselle and
Turmeric were extracted at 100°C using the water
extraction method (Jindamung and Thipbharos, 2012;
Tanongkankit and Poonnoi, 2014; Manasa et al., 2023).

The extractants are presented in Figure 1. The roselle

extract had a purple-red color with an a* (reddish tone)
value of 1.39. According to the report by Tang (2019),
using dried roselle extract at the ratio of 25 g dried
roselle to 100 ml water, the extracted solution had an
a* value of 8.50 The Turmeric extractant had an orange-
yellow color with a b* (yellowish tone) value of 13.40.
Fresh Turmeric raw materials have different yellow
colors depending on the variety and the place of
cultivation. As reported by Thammapat et al. (2021),
fresh Turmeric had a b* value of 21.21, while
Madhusankha et al. (2018) reported that the color of
fresh Turmeric from Indian source had b* values
ranging from 41.24 to 42.04, and from Sri Lanka, it had
b* values ranging from 31.46 to 46.06. The dyed rice
colorants are presented in Figure1. The addition of
colorants resulted in cookies with L*, a* and b* values
that were significantly different from the control cookies
(Table 1). The red Roselle cookies had decreased L*
and b* values, whereas a* values increased. The
turmeric cookies had decreased L* values, whereas a*
and b* values increased.

Sensory properties of the cookies were not
significantly (P>0.05) affected by the addition of natural
colorants (Table 2). This result was inconsistent with
the report of Renzo et al. (2022), which found that cookies
product developed with 1% turmeric extract (based on
total formula weight) were more acceptable in terms of
color and flavor than control cookies without added
Turmeric extract. Based on the results of this experiment,
the color characteristics of colorant cookies changed
according to instrumental measurement, but the
sensory acceptability of the colorant cookies was not

better than that of the control formula
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Control rice with water

solution

Roselle

Control

Cookie Treatment1

Dyed rice with Roselle extracted

Cookie Treatment2

Turmeric extracted solution

Dyed rice with Turmeric extracted

solution

Turmeric

Cookie Treatment3

Figure 1 Effect of the natural colorants on appearance quality of cookies

Table 1 Effect of the natural colorants on Moisture (%), L*, a*, and b* values of cookies

Cookie treatment Moisture ™ (%) L*value a* value b* value
1 Control 1.67+0.50 63.90+0.05% 6.38+0.02° 26.780.04°
2 Roselle 1.70+0.20 31.320.01° 10.21+0.03% 7.55+0.03°
3 Turmeric 2.60+0.20 59.86+0.10° 7.56£0.24° 42.60£0.11°2
Mean value of 3 replicate measurements + standard deviation
ab-- Means within a column followed by different letters are significantly different (p<0.05).
Table 2 Effect of the natural colorants on Sensory evaluation of cookies
Cookie treatment Color™ Odor™ Taste™ Texture™ Overall
acceptance™
1 Control 7.48+1.18 7.3241.32 7.42+1.01 7.44+0.88 7.50+0.84
2 Roselle 7.42+0.97 7.30+1.18 7.58+1.01 7.14+1.07 7.50+0.86
3 Turmeric 7.58+1.16 7.3611.21 7.461+1.11 7.44+1.03 7.50£0.79

Mean value of 50 replicate measurements + standard deviation

" Not significant (p>0.05)

3.2 Effect of Nutmeg on the quality of cookies

Nutmeg is a plant commonly used in
pharmaceuticals, as well as in products like Mac and
nutmeg.The Nutmeg pulp is not usually consumed fresh

because of its sour and astringent taste. Currently,

there is a Community Product Standard (1058/2005)
guideline for dried nutmeg seasoning (Thai Industrial
Standards Institute, 2005). Commercial dried nutmeg
pulp seasoned with sugar have a reddish-brown color
due to the Maillard reaction (Gupa et al., 2022). In this

experiment, the appearance of nutmeg cookies is
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shown in Figure 2. The rise in nutmeg. content led to
significant variations in the L*, a* and b* values (Table
3). The L* value of the control cookies was 58.16, which
was statistically different from that of the nutmeg
cookies. The addition of nutmeg, characterized by its
reddish-brown and opaque pulp, resulted in a decrease
in the L* values, indicating increased darkness in the
cookies. The L* values of nutmeg cookies with the
addition of 2%, 3% and 4% nutmeg were 54.40, 54.41,
and 52.82, respectively. However, addition of 2-4%
Nutmeg did not cause a significant difference in the L*
values of nutmeg cookies. Thongnok (2024) reported
that substituting wheat flour with reddish Sungyod rice
flour in cookies resulted in a decrease in the L* value.
The results showed that increasing the amount of
Sungyod rice flour led to a decrease in the L* values of
the cookies. The a* value of cookies was affected from
Nutmeg addition. The a* values of the control cookies
was 11.52, which was significantly different from the
nutmeg cookies. Cookies containing 2-4% nutmeg had
a* values of 13.41-14.65, which were not statistically
different from each other. These results are consistent
with the findings of Thongnok (2024), who reported that
substituting wheat flour with reddish Sungyod rice flour
resulted in an increase in the a* values of cookies.
Nutmeg addition resulted in a decrease in the b* values
of cookies. The control cookies had a b* value of 38.60.
The addition of 4% nutmeg led to a statistically
significant difference in the b* value compared to the
other cookie treatments. The 4% nutmeg cookies had
the lowest b* value at 35.15.

The spread ratio or spread factor of cookies
has been used as an important characteristic for
determining the quality of cookies. Cookies with higher
spread ratios are considered to be more desirable than
those with lower values. In the present study, the
addition of nutmeg significantly affected the spread ratio
(Table 4). The 4% nutmeg cookies had the highest
spread ratio (2.22) that was significantly different from

those of the other cookies. The spread ratio of the

control cookies was 2.14, while 2% and 3% Nutmeg
cookies were 2.21, and 2.12, respectively (Table 4).
This result may be attributed to the nutmeg pulp
seasoned with sugar. Akesowan (2002) reported that a
decrease in the amount of sucrose in cookies resulted
in a decrease in the spread ratio. Similarly, Panghal et
al. (2018) found that increasing the sugar content from
40 g to 70 g increased the spread factor of cookies from
6.42 to 8.17. Baking loss refers to the moisture loss
during baking. A higher water-binding capacity of the
dough is associated with lower baking loss. Both rice
and wheat flour have the ability to bind and hold water
that characterizes the ability of system to retain
moisture in the formed structure after heat treatment
(Sedlacek and Svec, 2023). The main composition of
nutmeg is dietary fiber. Therefore, the addition of 2-4%
nutmeg did not significantly affect the percentage of
baking loss in the cookies.

The sensory evaluation of Nutmeg cookies is
presented in Table 5. The results showed that the color
score of cookies were not significant different. The
sensory attributes evaluated in terms of color, odor,
taste, texture, and overall acceptability indicated that
the cookies with 2% and 3% nutmeg were the most
preferred cookies and were significantly different from
the other treatments. This was due to the essential oils
in the nutmeg pulp. Sipahelut et al. (2020) reported that
nutmeg pulp oil contains 32 components, with major
constituents including Ol-pinene (18.0%), myristicin
(14.1%), Ol-terpineol (9.4%), B-pinene (8.9%), limonene
(8.5%), and terpinene-4-ol (8.4%). However, excessive
nutmeg negatively affected the cookies’ odor, taste,
texture, and overall acceptance. The cookies with 4%
nutmeg showed no significant difference in these
characteristics compared to the control cookies. Based
on the experimental results at this stage and
considering the raw material cost, the 2% Nutmeg
cookie formula was selected for further experimental

study.
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DS CE

Commercial Control 2%Nutmeg 3%Nutmeg

4%Nutmeg

Dried Nutmeg pulp Cookie Treatment1 Cookie Treatment2 Cookie Treatment3  Cookie Treatment4

Figure 2 Nutmeg Cookies

Table 3 Effect of Nutmeg on L*, a* and b* values quality of cookies

Cookie treatment L* value a* value b* value
1 Control 58.16+0.27°2 11.53£0.32° 38.60+0.65%
2 2 % Nutmeg 54.40+1.42° 13.41+0.712 36.77+0.96%
3 3 % Nutmeg 54.41+1.25° 14.16+0.62° 37.05+1.52%
4 4 % Nutmeg 52.82+2.65° 14.65+0.12° 35.1520.75°

Mean value of 3 replicate measurements + standard deviation

ab__Means within a column with different letters are significantly different (p<0.05).

Table 4 Effect of Nutmeg on Spread ratio and Baking loss (%) of cookies

Cookie treatment Spread ratio Baking loss (%)"

1 Control 2.14+0.06° 13.76+0.23
2 2 % Nutmeg 2.12£0.05° 12.72+0.93
3 3 % Nutmeg 2.12£0.01° 13.38+0.28
4 4 % Nutmeg 2.22+0.03° 13.36+0.42

Mean value of 3 replicate measurements + standard deviation

ab_ Means within a column with different letters are significantly different (p < 0.05).

Table 5 Effect of Nutmeg on Sensory evaluation of cookies

Cookie treatment Color™ Odor Taste Texture Overall acceptance

1 Control 6.46x1.07 6.54+1.11° 6.16£1.17° 6.46£1.01° 6.48+0.97°
2 2 % Nutmeg 6.96+1.50 7.00+1.36° 7.08+1.10° 7.12+1.01° 7.30+1.09%
3 3 % Nutmeg 7.02+0.92 7.50+0.96° 7.16+0.98° 7.34+1.04° 7.34+0.98°
4 4 % Nutmeg 6.96+1.11 6.88+1.08° 6.12+1.15° 6.38+1.03° 6.50+0.84°

Mean value of 50 replicate measurements + standard deviation

ab-- Means within a column with different letters are significantly different (p < 0.05).

3.3 Effect of coconut milk powder (CMP) on the quality levels of CMP. The reduction in L* value indicated that

of cookies. the cookies became darker at higher substitution levels
compared to the control sample. There was no

The results of color measurements of cookies
significant difference in the b* value between the control

made with different levels of CMP are given in Table 6.
and CMP cookies. The changes in color of cookies

It was found that the lightness L* value of the cookies
made with CMP were consistent with the findings of

exhibited a decreasing trend with increasing substitution
Phungamngoen et al. (2009), who reported that coconut
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milk heated above 110° C results in a significant
decrease in L* and a* values, while the b* value tended
to increase. From the color analysis of coconut milk, it
was found that the color changed to brown when the
temperature was higher. The sterilization temperature
which was higher than 100°C caused a browning
reaction (non-enzymatic browning), resulting in a
decrease in the L* value and a significant increase in
the a* and b* values (Phuttarakmongkol et al., 2008).

Commercial CMP had Maltodextrin as an
ingredient. Maltodextrin is widely used for partial
replacement of fats in variety of processed foods
because of its ability to form a particle gel cream in food
systems (Hye et al., 2001). The increasing amount of
CMP caused the spread ratio to decrease (Table 7).
Control cookies and cookies with 15%, 30% and 45%
CMP had spread ratios of 2.14, 2.06, 2.05 and 1.70,
respectively, which was consistent with the findings
reported by Alyaqoubi et al. (2015). They found that the
addition of Maltodextrin at 0%, 4.5%, 9%, 13.5%, 18%
and 22.5% of wheat flour caused the spread ratio of
cookies to tend to decrease, with values of 3.03, 2.90,
2.79, 2.67, 2.57 and 2.50, respectively. Baking loss in
control, 15%, and 30% CMP cookies was 13.54%,
13.14%, and 13.80% respectively, with no statistically
significant differences. In cookies with 45% CMP, the
baking loss was 10.75%, which was statistically different
from the other treatments (Table 7). Charoenphun and
Kwanhian (2019) reported that in a study on Alpinia
nigra Burt cookies, the weight loss of cookies varied
directly with the amount of butter.

The sensory properties of cookies can be
affected by the CMP addition. The data on sensory
scores as shown in Table 8 indicated that there were
significant differences in color, odor, taste, texture, and
overall acceptability between the control cookies and
those prepared with 15%, 30%, and 45% CMP. Color
is an important quality indicator of food system that can
affect consumer acceptance. The color scores of the
cookies ranged from 6.93 to 7.50; control sample had
the lowest value (6.93) while the 30% CMP cookies had
the highest value (7.50). There was no significant
difference between control and 45% CMP cookies.

Odor is a key process control parameter. The presence

and character of odors indicate how well the process is
being managed. The odor rating of 15% and 30% CMP
cookies were significantly different from those of the
control and 45% CMP cookies, with no significant
difference between the control and 45% CMP cookies.
The odor scores for the 15%, 30%, and 45% CMP were
7.05, 7.30, and 6.45, respectively. Taste is the primary
factor determining the acceptability of any product and
has the greatest impact on its market success. There
was a significant difference in taste among the
treatments. The 30% CMP cookies had the highest
taste score (7.13), while the 45% CMP cookies had the
lowest (6.38). Texture is the sensory manifestation of
the structure of food and the manner in which the
structure reacts to the applied force. It is one of the
most important parameters connected to product
quality. Texture analysis involves measuring the
properties related to how a food feels in the mouth
during the initial bite. There was no significant
difference in the texture scores between the cookies
made with 30% CMP, which showed the highest texture
score, and those made with 15% CMP. The cookies
made with 45% CMP showed the lowest texture score.
Overall acceptability includes many factors and is the
important parameter in organoleptic evaluation. The
overall acceptability expresses how the consumers or
panelists accept the product generally. Commercial
CMP contained maltodextrin as an ingredient. A-sa et
al. (2023) reported that the drying condition that produced
the greatest quality and highest powder recovery was
the application of 20 g of maltodextrin per 100 g of
coconut milk. The 30% CMP cookies had the highest
score for overall acceptability (7.60) while the lowest
was recorded from the 45% CMP cookies (6.15). The
result was consistent with the findings of Thongnok
(2024), who reported that substituting Maltodextrin at
30% in cookies led to the highest overall preference,
while the substitution of Maltodextrin at 50% and 70%
in cookies resulted in decreased overall preference
compared to the control cookies. The nutritional
composition, expressed as g/100 g in weight, of the
Nutmeg-CMP wheat-rice cookies were 5.66% moisture
content, 69.70% carbohydrate, 18.24 % fat, 6.10 %
crude protein, 1.30 % ash, and 0.88 % dietary fiber.
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The water activity was 0.38 (Table 9). The nutritional

value of cookies varies depending on the ingredients

used. According to the Community Product Standard

Table 6 Effect of CMP on L*, a* and b* values of cookies

No0.118/2003 guidelines for cookies, only the moisture

content is specified, which should not exceed 7%

Cookie treatment L* value a* value b*"* value
1 Control 56.04+0.04% 13.43+0.02° 37.08+0.03
2 Margarine substitution with 15% CMP 55.73+0.37° 13.65+0.05° 36.38+0.74
3 Margarine substitution with 30% CMP 54.69+0.11° 14.53+0.10° 35.91+£0.02
4 Margarine substitution with 45% CMP 52.58+0.45° 15.57+0.35° 36.21+£2.20
Mean value of 3 replicate measurements + standard deviation
ab-- Means within a column with different letters are significantly different (p < 0.05).
Table 7 Effect of CMP on Spread ratio and Baking loss (%) of cookies
Cookie treatment Spread ratio Baking loss (%)
1 Control 2.1440.02° 13.54+0.06°
2 Margarine substitution with 15% CMP 2.060.05% 13.14+0.50°
3 Margarine substitution with 30% CMP 2.0520.06° 13.80+0.22°
4 Margarine substitution with 45% CMP 1.70+0.02° 10.75+0.90°
Table 8 Effect of CMP on Sensory evaluation of cookies
Cookie treatment Color Odor Taste Texture Overall acceptance
1. Control 6.93+0.76° 6.68+1.20 6.10+1.32° 6.50+1.29° 6.70+1.94°
2. Margarine 7.20£0.79%  7.05+1.74°  6.65+1.07°®  6.73%1.88% 7.13£1.76°
substitution with 15% CMP
3. Margarine 7.50+0.93° 7.30£1.22% 7.13+1.27° 7.13+1.99° 7.60+£1.90?
substitution with 30% CMP
4. Margarine 6.95+0.88° 6.45+1.30° 6.25+1.92° 6.38+1.84° 6.15+1.12¢
substitution with 45% CMP
Mean value of 50 replicate measurements + standard deviation
ab-- Means within a column with different letters are significantly different (p < 0.05).
Table 9 Nutritional compositions of Nutmeg-CMP wheat-rice cookies
Nutritional compositions
Water activity 0.38+0.00
Moisture (%) 5.66+0.04
Carbohydrate (%) 69.70+£1.76
Fat (%) 18.24+0.09
Crude Protein (%) 6.10+0.13
Ash (%) 1.30+0.05
Dietary fiber (%) 0.88+0.02
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4. Conclusion

This study has shown that the products from
locally grown plants dried nutmeg pulp and CMP affect
the quality of wheat-rice cookies. According to the
results of sensory evaluation, the wheat-rice cookies
containing 2% nutmeg and 30% CMP as a margarine
substitution received the highest score from the
panelists. These findings provide values insights for
enhancing guidelines on utilizing nutmeg and CMP in
cookie formulations, as well as expanding their

application in various baked products.
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Wood-plastic composites require a molding process to fabricate composite wood products which
limits the ability to create basic forms. To develop complex items, manufacturers must use a milling
process, which can create for several patterns. Therefore, this research aims to investigate the milling
parameters that influence the machined surface quality of composite made from rubber wood powder and
recycled polypropylene. This material has advantages in high strength and moisture resistance. The milling
parameters considered were spindle speeds of 330, 610, and 850 revolutions per minute, feed rates of 43,
120, and 200 mm/min, and cutting depths of 1, 3, and 5 mm. The impact of milling parameters on surface
roughness and burr formation was investigated. The results revealed that surface irregularity decreased
with an increase in spindle speed, but decreased with a reduction in feed rate and cutting depth. By
increasing the feed rate and spindle speed while decreasing the cutting depth, burr formation was reduced.
Burr formation was greater in up milling compared to down milling due to the direction of the cutting edge's
rotation direction being opposite to the feed direction of the workpiece. The recommended milling
parameters were as follows: a spindle speed of 850 RPM, a feed rate of 43 mm/min, and a cutting depth
of 1 mm, resulting in a surface roughness of about 6.575 pym. The minimum burr formation was
approximately 0.770 mm in up milling and 0.256 mm in down milling, under the conditions of a 850 RPM
spindle speed, 120 mm/min feed rate and 1 mm cutting depth. The average differences between the
predicted and actual milling results were 2.136% for surface roughness, 1.639% for burr formation in up
milling, and 1.87% in down milling. These results can applied to improve the milling wood and plastic

composites and forecast the quality of the milled surface.
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Table 1 Components of RWF wood and rPP plastic composites (Srivabut et al., 2019)

Mixture component wt%
Recycled polypropylene; rPP 51.8 %
Rubberwood flour; RWF 35.9 %
Calcium carbonate; CC 72 %
Maleic anhydride-grafted polypropylene; MAPP 3.9 %
Ultraviolet; UV 0.2 %
Lubricant; Lub 1.0 %

55

18 ™

[+

Figure 1 A sample of wood plastic composite
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Table 2 Slot milling parameters

(B)

Figure 2 (A) a vertical milling machine and (B) an end mill.

Level
Slot milling parameters Unit
Low Medium High
Speed (S) rpm 330 610 850
Feed Rate (F) mm/min 43 120 200
Depth of Cut (D) mm 1 3 5
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.

Figure 3 Equipment for workpiece quality measurement: (A) a surface roughness tester and (B) a microscope

55 mm.

2.5mm. | 17.5mm. 17.5 mm. 17.5 mm.

55 mm.
8 mm.

Workpiece Feed

Down Milling

Up Milling

Figure 4 Diagram of slot milling operation.
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Down Milling

‘Workpiece Feed

1mm.

Figure 5 Characteristics of machined surface finish in slot milling (A) a case of no burr generation (B) a case of burr generation.
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Figure 6 Normality analysis for surface roughness (A) normal probability examination (B) residuals vs. run

examination (C) residuals vs. predicted response examination and (D) actual vs. predicted response examination.
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Table 3 Variance analysis (ANOVA) for surface roughness

Source Sum of Squares df Mean Square F-value p-value
Model 342.90 26 13.19 40.90 < 0.0001
S 169.70 2 84.85 263.11 < 0.0001"
F 73.68 2 36.84 114.23 < 0.0001"
D 39.50 2 19.75 61.24 < 0.0001
SF 40.98 4 10.24 31.77 < 0.0001°
SD 7.79 4 1.95 6.04 0.0004
FD 7.27 4 1.82 5.64 0.0007
SFD 3.98 8 0.4978 1.54 0.1642
Pure Error 17.41 54 0.3225
Cor Total 360.32 80
R?=89.88
Note: * Refers to a significant factor
Interaction Interaction Interaction
1 B: Feed Rate (mm/min) 15 C: Depth of Cut (mm) 1 C: Depth of Cut (mm)
13 13 13 |
- 1M - 1] = e 1 . B 3
7 L] 7 : 7 | '
5 5 5
330 610 850 330 850 43 120 200

A: Speed (rev/min)

A: Speed (rev/min)

B: Feed Rate (mm/min)

Figure 7 Analysis of factors affecting surface roughness values. (A) speed and feed rate (B) speed and depth of cut and

(C) feed rate and depth of cut.
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Warmsiensfanusunusaaudinine
fgsnadannureUiudImanIosIsNNInnna s
yasanungnuineldusslomilumsuwsdiaina
weufa aougasluanmn (1) lasaenudiuds R2
@1 89.88 uazA1 Adjusted R? §f1 88.44 11150
sum3luvhwsnaiamaayle

R, =9.94 +2.00 S -0.6336 S -1.04 F -0.2309
F -0.8647 D +0.0190 D -0.6585 S F +0.7551 S F -
0.6730 S F +0.0525 S F (1)
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Jaudn 1 mm Ia1anuneufiUszunm 6.575 pm
= LAY e ~ o \ a o o
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WATTIRANURBNVAD 1SO 1302 (ISO, 2002)

Srivabut et al. (2022c) WU’i’]Lfiﬂm’mL%’Jiau
Rudugsnalidnnuneuiianss mnaasaslan
wazszuzdoudnanadfInaliA1anuneIuRIaaad
;ﬁﬁ]”ﬂmaaaﬁiuﬁ'@w%m@ 10 Fouly Aedranuisaseu
330, 610 WAz 850 rpm 8@INNNILaK 43, 120 ez 200
mm/min wazsroziaudn 1, 3 LA 5 mm ¥i1n13
UsziliunanisnadIauifoununsinwmewuin e
LANFIAN MBI NP LAILE T AT AN UR LA
\eduasedaniadorinny 2.136% tasnin 5% 49

u1TnuaNsUlaas Table 4

A & o o o ' a =

3.3.1 ﬂ’)5@]539381/@?71/1/77@7‘118\7‘778%/&ﬂ’lﬂﬁ@l
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LTIHFEIU

nmIavsauauiulndvasdayanisiia
LABLAIUTIRUBTS 2 §3% A0 N1INAGW (up-milling)
LaZN1INAKY (down-milling) (Figure 8) and (Figure 9)
wud Feyadinmsuenuasiuuuudnd nizanudlves
deyaidudase danuafssniwsesanuulslsiw
LLa:ﬂTagaﬁmwﬁuw”uﬁrTm%aLﬁul,'*ﬁulﬁmﬁumﬂ'm
WUIUAD %\1a'lmsna*gﬂﬁ’rﬁaga”l,ﬂmﬁmﬁzﬁmw
wsUsnvasrasm A Fsusasminaselyld

Table 4 Comparing calculated values from regression equations and actual measured values. (R,)

No. Speed Feed Rate Depth of Cut Cal. R, Actual R, Error ﬂ 100
(rpm) (mm/min) (mm) (Fp (dy) e, = d-F, d;

1 850 43 1 6.250 6.254 0.004 0.064
2 610 120 1 8.282 8.243 -0.039 0.473
3 610 43 3 8.829 7.792 -1.037 13.309
4 850 43 3 6.678 6.797 0.119 1.751
5 610 43 5 10.099 9.989 -0.110 1.101
6 330 120 5 11.142 10.952 -0.190 1.735
7 850 120 1 7.800 7.811 0.011 0.141
8 330 43 1 9.477 9.611 0.134 1.394
9 610 200 5 10.248 10.233 -0.015 0.147
10 610 200 1 9.104 8.992 -0.112 1.246
MAPE 2.136
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Figure 8 Normality analysis for burr formation (up-milling): (A) normal probability examination (B) residuals vs. run

examination (C) residuals vs. predicted response examination and (D) actual vs. predicted response examination.
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Figure 9 Normality analysis for burr formation (down-milling): (A) normal probability examination (B) residuals vs. run

examination (C) residuals vs. predicted response examination and (D) actual vs. predicted response examination.
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FoulagRnsonnansenunsdnvesifasunisia e
Ay (S) santen (F) uazszozdousin (D) 7
JEAUAMNLTaNH 95% §9 Table 5 uaz Table 6 WUT

o
[ A

T298N1INANIRINAA p-value Haan3n 0.05 LEAIIN

v v
a '

gaudanaiiinadanisiiairsFona 19 nu ALy
A o A . A X A a &
pigadeniinadeninign wananiiiaiiainey
NANTTNUVaITIuTIN A AanuSsaunuaaTtan
(SF) anasiseunuszeztaudn (SD) uazaanteuny
szozdaudn (FD) wuinlinadanisiiaidauasned

wodAnY LHad9nian p-value asnin 0.05)

Table 5 Results of variance analysis for burr formation (up-milling)

Source Sum of Squares df Mean Square F-value p-value
Model 0.2755 26 0.0106 68.55 < 0.0001"
S 0.0215 2 0.0108 69.67 < 0.0001°
F 0.1173 2 0.0587 379.54 < 0.0001"
D 0.0458 2 0.0229 148.11 < 0.0001"
SF 0.0112 4 0.0028 18.15 < 0.0001"
SD 0.0365 4 0.0091 59.11 < 0.0001"
FD 0.0406 4 0.0101 65.63 < 0.0001"
SFD 0.0025 8 0.0003 2.03 0.0602
Pure Error 0.0083 54 0.0002
Cor Total 0.2838 80
R?= 9222
Table 6 Results of variance analysis for burr formation (down-milling)
Source Sum of Squares df Mean Square F-value p-value
Model 0.0331 26 0.0013 69.72 < 0.0001"
S 0.0027 2 0.0013 73.77 < 0.0001"
F 0.0144 2 0.0072 395.06 < 0.0001"
D 0.0057 2 0.0029 156.80 < 0.0001"
SF 0.0012 4 0.0003 16.54 < 0.0001"
SD 0.0042 4 0.0010 57.32 < 0.0001"
FD 0.0047 4 0.0012 64.46 < 0.0001"
SFD 0.0002 8 0.0000 1.04 0.4180
Pure Error 0.0010 54 0.0000
Cor Total 0.0341 80

RZ=03.12




Recent Science and Technology 17(2) 262664 (2025)

A

Warnmsleedeanusunusszninlade
WENMINANAINAA AL AALABRIUIATWAS Figure 10
wae Figure 11 wuiniaanu$riseutfinduain 330
1w 850 rpm gana ldeLAaLAm A ALY (Figure 10

(A) uaz 11 (A) wallaiuaanousdinalAdiiaLae

\Fuuanas (Figure 10 (B) uaz 11 (B)) uaziilotinszos

@
o

g 2 x .
LA FEWLNNU (Figure 10 (C) wax 11 (C)) @I%UHEIN

v ' o '

fasmIamaiiaamraundaltanusiseudue

v o

maam‘vm@a"'vmﬂaugal,l,aww:ﬂauﬁﬂéh nInaLeL

a o J = a 1 a
LREBVDINIINAY NI TUTUIMUINAIINITNAR

€

Lﬁa\'i'*D'Wﬂﬂ&lGT@W\1}]%@’)uﬂ?ﬁﬁuﬁﬂﬂ’]dﬂ?iﬂa%%u{ﬂ‘Va

(Yabo et al., 2022) 33¥ilAlawiasunszavean’iy

! Y a ¥ ﬁal J § o v v kg
ﬁa%ﬁﬂﬁ\iNﬂlﬁﬂ’]LﬂﬂLﬂMLﬁﬂ%LW VIBLHDIN 1’1’11’1& AU

'Y o s A a a & o v A
a(ﬂi’]ﬂ’]i@]@Laau"ﬁuﬂ’]uuﬂsu’]mlawUmuﬁdﬂqlﬂﬂ"lLﬂ@l

Interaction Interaction Interaction

1 B: Feed Rate (mm/min) L C: Depth of Cut (mm) 1] C: Depth of Cut (mm)
Eo‘ga EG.BA- Eomf .
B . L2 = 2
2088 | | Foss 088 |3
& & a
2 & 2 i A el
082 | il Fos2 |3 N £082 | _ * .
s + = =
: ) : S| . " - s i
5 ) TeE 5 * 5 ¢ ]
2076 2076 2076
o & o
e 2 e

0.7 0.7 07 |
T T T T
330 610 850 330 610 850 43 120 200
A: Speed (rev/min) A: Speed (rev/min) B: Feed Rate (mm/min)

Figure 10 Analysis of factors affecting on the burr formation (up milling): (A) speed and feed rate (B) speed and

depth of cut and (C) feed rate and depth of cut
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Figure 11 Analysis of factors affecting on the burr formation (down milling): (A) speed and feed rate (B) speed and

depth of cut and (C) feed rate and depth of cut
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Burr, = 0.8280 -0.0202 S +0.0006 S +0.0533
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gun3fi (3) lapdrauduuls R-square dn 93.12
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Burr, = 0.2765 -0.0072 S +0.0003 S +0.0188
F -0.0076 F -0.0118 D +0.0047 D +0.0035 SD +0.0040
SD +0.0039 SD +0.0030 SD -0.0111 FD +0.0044 FD
+0.0145 FD -0.0070 FD ®3)
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Table 7 Comparing calculated values from regression equations and actual measured values. (up-milling)

No. Speed Feed Rate Depth of Cut Cal. Burr Actual Burr Error M <100
(rpm) (mm/min) (mm) (F) (d,) e, = diF, d;

1 850 43 1 0.811 0.802 -0.009 1.122
2 610 120 1 0.795 0.816 0.021 2.574
3 610 43 3 0.968 0.951 -0.017 1.788
4 850 43 3 0.937 0.943 0.006 0.636
5 610 43 5 0.888 0.912 0.024 2.632
6 330 120 5 0.802 0.819 0.017 2.076
7 850 120 1 0.784 0.789 0.005 0.634
8 330 43 1 0.788 0.778 -0.010 1.285
9 610 200 5 0.783 0.792 0.009 1.136
10 610 200 1 0.779 0.799 0.020 2.503
MAPE 1.639

Table 8 Comparing calculated values from regression equations and actual measured values. (down-milling)

No. Speed Feed Rate Depth of Cut Cal. Burr Actual Burr Error M x 100
(rpm) (mm/min) (mm) (Fy) (dy) e, = d-F, d;

1 850 43 1 0.270 0.268 -0.002 0.746
2 610 120 1 0.263 0.267 0.004 1.498
3 610 43 3 0.325 0.317 -0.008 2.524
4 850 43 3 0.313 0.317 0.004 1.262
5 610 43 5 0.299 0.313 0.014 4473
6 330 120 5 0.266 0.271 0.005 1.845
7 850 120 1 0.262 0.268 0.006 2.239
8 330 43 1 0.263 0.259 -0.004 1.544
9 610 200 5 0.262 0.266 0.004 1.504
10 610 200 1 0.260 0.263 0.003 1.141
MAPE 1.878
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The objectives of this research were to study the production of water-resistant paper from bamboo
culm sheath using a handmade method and study the influence of water-resistant agents on the physical
properties, mechanical properties, and water absorption ability of the paper. Five water-resistant agents,
which were rosin-alum, alkyl ketene dimers (AKD), chitosan, natural latex, and soy wax, were blended with
bamboo culm sheath pulp during the paper-forming process in amounts of 1, 2, 3, and 4 % by weight,
based on the pulp weight. The results showed that the optimum amount of unbleached bamboo pulp for
paper formation is 40 grams. This amount produced strong, foldable, and rollable paper with the least
amount of bending and shrinkage. The addition of water-resistant agents increased the weight and
thickness of the paper, except for AKD and chitosan which did not lead to the significant change in paper
weight. The addition of AKD significantly affected the brightness value (L*) of the paper. Meanwhile, rosin-
alum and natural latex increased the red and yellow values of the paper. Morphological studies revealed
that AKD and chitosan had better distribution in the paper than rosin and alum, latex, and soy wax. For
the mechanical properties of water-resistant paper, tensile strength, Young's modulus, and elongation
depended on the type and amounts of water-resistant agents. The results showed that the presence of
chitosan, AKD, and latex increased the modulus of the paper. Specifically, the addition of 2 %chitosan by
weight led to the highest tensile strength and modulus values (P<0.05), which were 3.8110.70 and
482.02% 72.40 MPa, respectively. Nevertheless, the addition of rosin-alum, AKD, chitosan, and soy wax

caused the decrease in elongation at break of the paper. While, the addition of latex at 4% by weight could
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improve the elongation at break of the paper. Water resistant agents could significantly improve the paper’s
resistance to water absorption. The water absorption resistance of the paper increased when amounts of
water-resistant agents increased. The addition of 4% soy wax by weight contributed to the highest increase
in water absorption resistance. After soybean wax, AKD and chitosan were the second and third best
water-resistant agents, respectively. A contact angle study revealed that water droplets were able to wet
and rapidly penetrate into the bamboo pulp paper. The presence of water-resistant agents resulted in
higher contact angle value, indicating that the paper had a higher ability to resist water droplet penetration.
It was found that adding 1 % AKD by weight resulted in the highest value of contact angle between the

water drop and the paper surface.
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1. Study of the appropriate amount of bamboo

culm sheath pulp

dried bamboo culm sheath I

Pulp preparation with caustic soda solution

Forming paper using a handmade method

(pulp weight 10-100g)

2, Study of the Effects of water resistant agent

" bamboo culm sheath pulp

Mixing with water resistant agent
(1-4wt%)
- Rosin and Alum - AKD

- Chitosan - Para rubber

- Soy wax

Study the appropriate amount of bamboo culm
sheath pulp for paper forming

- Physical properties of paper

- Thickness and weigh of paper

Optimal conditions and
—+| amount of bamboo pulp for [

paper forming.

Forming paper using a handmade method

Study the effects of water resistant agent on paper

properties
- Physical properties
- Mechanical Properties

- Water absorbability

Figure 1 Schematic diagram of the experimental design
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Figure 2 Physical appearance of (a) bamboo sulm sheath (b) pulp after soaking in NaOH solution for 24 hours
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Table 1 Physical appearance, thickness and weight of handmade paper from bamboo Culm Sheath without bleaching

Formular (gram)

Thickness (mm)

weight (g/m?) Handmade paper

Commercial handmade paper

30

40

50

60

70

80

90

100

0.68%+0.12

0.48°+0.10

0.53°+0.09

0.59°+0.10

0.59°+0.2

0.642°+0.18

0.66°+0.18

0.67°+0.16

0.70°+0.15

117.57 2 £6.75

191.35 232,74

245.94°+32.74

350.63 “+48.11

411.37 “+62.15

504.20 +23.11

605.60 °£70.90

875.68 '+96.57

966.86 +63.12

A1 111) 0

Mean of the same column with different superscripts indicating significantly differences at 95% confidence level
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Table 2 Thickness, weight and L a b color of handmade paper from bamboo Culm Sheath with water-resistant agents

Content Thickness Weight L a b color value
Formulation
(Wt%) (mm) (L) (a) (b)
handmade paper 0 0.539+0.09 245942 +3274 77.86°°%°+0.99 4.23°+0.20  12.98'+0.13
Rosin+Alum 1 0.81°+0.08 417.78°+7.56  79.68%"+1.43  4.65"+0.39  13.84%+0.85
2 0.96%+0.12 640.96° +11.75 78.18°+1.55  5.3320.41 15.68"+0.80
3 1.00 °+0.14 728.76 742224  77.12°9+2.04  4.399+0.53 15.91'+0.87
4 1.15%40.18 912549 +41.55 73.78%+1.75  5.89%+0.21  16.57'+0.59
AKD 1 0.83°+0.08  255.36%+2.03 81.89'+0.53 2.93%+0.08 9.96%+0.12
2 0.78°+0.09 261.59 2+42.50 80.96 "+1.07 3.50°°+0.15  11.02°°£0.34
3 0.86°°+0.12  278.17%%12.76 81.15+1.15 3.17%°£0.18  10.40%+0.33
4 1.00°t0.15 277.79%°+18.35 83.12'+0.74 3.12%°+0.18  10.99°°+0.44
Chitosan 1 0.92%%+0.08 248.18°%43.94 77520400  3.61°40.11  11.59+0.28
2 0.91°%¢ +0.07  250.60°+7.84  78.31%f9+1 57 3.85°°+0.14 11.96%+0.36
3 0.89°%+0.06 255.21°435.57  79.409+065  3.74%0.15  11.52%+0.34
4 1.00°£0.14  260.05°+11.52  77.9ebdefr0 53  5.24140.23  15.76"+0.46
Para rubber 1 14794012 383.30°+15.12  79.15°9%¢1.02 4.79°°+0.45 15.31"+1.21
2 1.549 +0.19  523.779421.85 76.86°9+1.47 4.89"+0.23  15.59"+0.85
3 1.439+0.18 539 08942185 78.25%€40 57  5.84¢1.15 18.13'+1.46
4 1469 £0.16 54264944594 76.747°°+1.26  6.34't0.85  19.73*¢1.27
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Table 2 (Continuous)

Content Thickness Weight L a b color value
Formulation )
(wt%) (mm) (9/m’) (L) (a) (b)
Soy wax 1 1559 £0.12  245.19°%0.19  77.97°®+1.79b 4.66%'+0.29  13.849+0.80
2 1.779+0.10  431.75°+14.61 76.55° +1.32 4.37%+0.60  12.56°+0.99
3 1.80"£0.09  543.75+49.16 79.09°9£1.93  4.14%'+0.39  13.199%1.02
4 1.921£0.08 633.31+25.73 76.49P+2.23 4.20°+0.46  13.18"9£0.73

*Mean values with the same lowercase letters are not significantly different at 95% confidence level

Table 3 Physical appearance of handmade paper from bamboo Culm Sheath with water-resistant agents

Type

water-resistant agent content (wt%)

2 3 4

Rosin+

Alum

AKD

Chitosan

Para

rubber

Soywax
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Table 4 Physical appearance of handmade paper from bamboo Culm Sheath with water-resistant agents by using

stereo microscope at 45x magnification

Type water-resistant agent content (wt%)

0 1 2 3 4
Rosin+
Alum
) - - . - -

Chitosan

Para

rubber

Soywax
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*Mean values with the same lowercase letters in each picture are not significantly different at 95% confidence level

Figure 3 (a) Tensile strength (b) Young’s modulus and (c) elongation at break of handmade paper from bamboo

Culm Sheath with water-resistant agents (control as paper from bamboo culm sheath without water resistant agent)



Recent Science and Technology 17(2) 262463 (2025)

325 mmmmmﬂlumsg@ﬂﬁyﬁv

Figure 4 LRAIAITNUR mm’[umsgw’fmﬁw

°1Jaam:mmEl'am'u"l,w'ﬁﬁmmﬁumsmiﬁmmumsg}ﬂ
FU1 NANTNARBINLIN m:mmﬁamuvl,wﬁ@hmi@@

2

NINUTz01 I 460.55% WAZNIILAURITAIWNIHBANT

[S9Y

=S °

@]‘ﬁ&lﬁ’?‘t’]’ﬂﬁﬂiz@’]ﬁﬁﬂlﬂ&lﬁ'\ N'ﬁﬂi%ﬂ’]igﬁ "NUNII

¥ & 0 A

gaduingiluatsdinddy tatiudIuimans

22

mumumﬁ@@%uﬁwmnﬁu dawalﬁmmigﬂ%uﬁwaa
NIZTAIHAARI I@gﬂiz@nw‘ﬁLﬁua’m@mwiaﬁ@hmsg@
%uﬁwagluma 27.68-313.61% 1lafansonnavasshia
aﬁﬁmmumi@@%wﬁw wuinanusiusalunis
ﬁwumumsgms’ﬁmﬁwaans:mmﬁamﬂmfuﬁwﬁ@
Lm:ﬂ%mmmaamiﬁmmumig@%uﬁﬂ madnlads
waashsasar 4 lagdwin smansnnauEInnsa

Tumsdumunisgaduinvasnszarmianuldldgs

'
a

fga (P<0.05) Uszanm 93.98% Litasanludainies

9

Wuasusznevlasnfwesueinialaaduniaisuaun

Wluanuena (C16 waz C18) ﬁqmamu“@"l;iazamﬁw
a
Y

a

ludundssnifaumeavmalngiaansnnfeudauui

Rosin+Alum

500

400

300

200

Water-absorb ability (%)

abc
ab

N T I T TN T T T T T T '

100

[£] Para rubber

fg def

wulowazdatasineniolutitanszany 39z281%
nizamiianuaInlunisdiunmunigadusi la
(Shen et al., 2020) R1TLAVUAINTILLANANUFINITE
o 8 ¥ o o A a
lumadununmigaduiiauautadaian fa AKD 0
Youaz 1 lalaou NTouas 1 WASTURUNUFITHNN
Youaz 4 lagtnin lagwuin AKD Was TUWRUNU
sadudaifianusziuduloazifangWaritun livay
31 (Varshoei et al., 2013) Tuumuzit lalaanuanisoiia
imenudlouasudnTasingraInszans anndlalamn
ldsursnazanslaluin 3987ulvnszarsdainy
) R & A X a 4 =
dumunsgaduiniAndn lunsdiwesinsmsuidu
a AN ¥ ooaA A a 9
waAlNasN hirautiilatnfaufaunidulavasnszans
datwldnszansdanuauisalumsdununisga
Fusin'le (Knongtong and Patjun, 2013) atnslsfiay
NIFANBIANBUSNIIFUIININGIVBINTZAE WU
TUIRUALRITAN BAZIINITINIZUAL L HhanTzan e
e a ' o =& a va
lLigdave Snrainnznguiu Suduanglwd
AnuaNIInlunIABNInIIdInIIgITIRA DY 9

g uMITANTUERAURTRUATaYR: 4 lagtinnin

B Chitosan O AKD

] Control

[
=

57
2

[ Seywax

cdef

‘Water-resistant agent content(%)

*Mean values with the same lowercase letters are not significantly different at 95% confidence level
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Table 5 Wetting characteristics of water droplets on the surfaces of unbleached handmade paper with water-resistant agents

water-resistant agent content (wt%)

Type 0 1
Rosin+Alum -
AKD
Chitosan e

Para rubber

Soy wax




Recent Science and Technology 17(2) 262463 (2025)

Table 6 Contact angle of water droplet on surfaces of unbleached handmade paper with water-resistant agents

Type water-resistant agent content (wt%)
0 1 2 3 4
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. miw
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AKD .
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19.8 deg 137.1 deg 133.2 deg 115.5 deg 109.0 deg
Chitosan
B i e
19.8 deg 91.9 deg 112.6 deg 117.6 deg 105.3 deg
Para rubber
P ———
19.8 deg 72.7 deg 107.4 deg 102.1 deg 100.2 deg
Soy wax
S
19.8 deg 127.3 deg 116.9 deg 124.1 deg 131.6 deg
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This paper studies the force control in an electro-hydraulic system that controls the hydraulic oil flow
rate using a gear pump whose speed is regulated by an AC servo motor. The time response performance
and power consumption of the proportional valve flow control system and the pump flow control system
driven by AC servo motor were compared. The proposed system comprises an AC servo driven power
unit that controls motor speed, a proportional hydraulic directional and flow control valve, and a hydraulic
cylinder. A computer was used to control the electro-hydraulic system. A PID controller was used to control
the valve operation and the motor speed that drives the pump. Both systems were subjected to 3 types of
reference force signals which are a step force signal at 2,500 N, a sinusoidal force signal ranging from
1,500 N to 3,500 N at 0.2 Hz, and a square force signal ranging from 1,500 N to 3,500 N at 0.2 Hz. This
results indicate that the pump flow control system driven by AC servo motor exhibited more accurate rise
time, setting time, and steady state error responses compared to the proportional valve flow control system.
However, it has an overshoot that is less favorable. The power consumption of the pump flow control

system driven by AC servo motor was significantly lower than the proportional valve flow control system.

© 2025 Jangnoi, T. and Moonumca, P. Recent Science and Technology published by Rajamangala University of Technology Srivijaya

* Corresponding author.

E-mail address: tossapol ja@rmuti.ac.th

Cite this article as:

Jangnoi, T. and Moonumca, P. 2025. Force Control in Electro-Hydraulic System using Pump Flow Rate Control Driven by AC Servo Motor. Recent Science

and Technology 17(2): 261694.



Recent Science and Technology 17(2) 261694 (2025)
UNAALD

UﬂmmﬁﬁﬂmmsmquLmlm:uuSLSﬂTmivla@iaﬁnéﬁmuqua”mnmﬂmmaaﬁw”uvlamaﬁnﬂmms
muqummL%’Jiauﬁuﬁm”uﬁawamaﬂﬂﬁwﬁma%maﬂa WS U A s UANTTOULLTIIR AT NN T IEWA I b AN

a [

szmwszuumuqué’mmmﬂmmaaﬁm”uvlamaﬁﬂﬁﬁamﬁauuuﬁ'@mu LLa:i:uumuqué’mwmﬂmmamlw”uvlamaaﬂa

o

doduitudsuanadluiafiaedioeslh lagszuusidalaslansedndfivinnsanwdsznavldde TAGUIAY
"Lama'ﬁne?ﬁmuqumwL%’aiamﬁmuamaﬂw%uuma%maﬂa mﬁ’;muquﬁﬂmaLLa:é"@mn'ﬁ"lmmaoﬁw”u
laasefnduvudadin uaznszuangulaatadng lasldnauiamainiugunarnusesszuudidalaslaasednd uasld
@T’m’mquLmuﬁ‘laﬁtﬁamuqumiﬁnmmmmﬁaLm'usi”@mmmzmuqumwL%’asaumaauam affldauily nanms
nasasmImuguuitluszuudidalatlaasedind lasmawSouifisy 2 szuufa sruAILANEATIMTINAGIENAIMLLY
OFIN LLa:izuumuQNSmmmsvlmﬁam]?ml,uuﬂ%'umwL?’Jia‘uuamaﬂﬂﬁwﬁma%maﬂa LR YIUUTIENII 3
wuufa Ay amsesraduuutuinlad 2,500 fadu syamusisnsdauuylmiidu 1,500 f9 3,500 fadu Aanwd
0.2 185a LLa:LLazﬁrgrg'lmuioa”NﬁqLLUU?}mﬁﬂmshu 1,500 14 3,500 findn finnud 0.2 155a %ommmaﬁgﬂ"lﬁ'j'l
Namauauawaa‘axuumugué’mnmsvlmﬁamfvuLLuuﬂ'ﬁJmmL%sawaL(ﬂaﬂvxlﬁwﬁmLas’ﬁwﬁaﬂaﬁnmmﬁu naag
a7 Lm:ﬂ'ﬂmmﬁ(ﬂwmmfﬁn’hs:uumuQué"mwms”lmﬁ'sﬂ';']ﬁi‘m,l,uusi"@z«i'au LL@iﬁaﬁdauvjaLﬁuﬁﬁam'jw st
wﬁaam‘lw%maas:uummﬁué’mwmi‘lmﬁauﬁuﬁm”uﬁawama?’LWﬂwﬁma%wﬁaﬂa azsendanihszuAILguaaT

M3 AR MEIMULRAFIU

ardan: MInuguusd, szuudidalatlaaseding, nrsmuquily, edirasuainad

o o a o
° ﬂ’J‘UﬂNa@]iﬂﬂ'ﬁ‘l‘ﬁﬂ@n&lﬁﬂJﬂJ’Wmﬂ’J‘Uﬂ&J‘ﬂN\‘l3J"I'~J"Iﬂ°ﬁ(?‘l
1. UNw 9 v 9 :

ﬂ’JU@]Nﬁ%BQﬂﬂ‘ECﬁE{NW% mmzﬁi:uum‘im‘uw 2637

szuulaasadndlanninludszondldsnuatng Y piuasi . Y v L
u g myladmsduazduminisquaanmslwesesiiaiu

' A A €
wwsrarelusuaasnnIsy esanszuvlaasedng ' 24 & dae o m adle A
) g . : . faananndudidunazdaadusiianlsudSunasns
Wwsznuninassdneinaings Wefisunuszuudw 9 WEARTS ¢ da & . o d
v Putaiuld lasndndaadluszusazvimihiaaugw
lasszuulaasedndazinnisidfounasannuadlualw - | AR PR o
NANIINIT LARVDIRINU LTATORNR ﬂwqﬂnimmmu

WWuwassunInalagiiualnsaivinas 15w nyzuan - , a a & ay &
3 LNEIDEIILAEY WIBAIVQUNIRDINLA JzUU

au'laasadnd nIanaiaaslaasadnd vdudu n1s 2 5 Tasl a od . Tpad ¢
3 dudnlaslaasefindiaiuquaannmslnadinndincd

AIuANA1IIANII Rtz UL laasafndansanale g - L
¢ HAaMIAaUaHaINTINT uazlanuwinddandnags

RAENTOL LTh ﬂ’Jllﬂllﬂ’ﬁﬁ’N’]%d/’JﬂﬂavLﬂ AIUANNIT A qu, Y vL o A a o
q 9 wa AN TITWRII B IR U ANl BB uNUIZULNNT

ﬁ?d’]uﬁ’)ﬂi:‘IJUVLWﬁ’] LARZAIUANNIWAIAILANN o vL v & d e a SRS~
a 9 ﬂ’JUQSJE]G]Tm’]i paarodundsulsunarmysneiiadn

Tusunsu'le iudu usrndnisdszandldnn & e Fudaud o .
A @ wIaUuNTudIsNataas IWNILUUNTELERAY

o ol o a [
m%iumimuq&lmsmo’m‘uadi;j_l'i_lvl,amaaﬂa (Induction Motor) (Sinthipsomboon et al., 2011; Sangpet

A 9 A ' A & A €
fauguan i azgnFeniszuudiRalaslaeseding and Kuntanapreeda, 2013: Ming ef al,, 2013 Jangnoi

Tagyldnmsaivauszuvdiaalasiaasefindziunsn . . e . q
9 and Pinsopon, 2014) 81MIUNIIAILANDAIINITLAR

23

drudunainisadsvdSuiasnisinediidule Jun

2.

muquvl,@i”%mymtﬁmumsﬂ‘s:qﬂﬂ%\mu LB N3

muqm‘mmm ANNNLST NIBUTI maaqﬂﬂstﬁﬁwm

2.

o

Fu1IndsuUSuiasnisineiiduladdnisasnud

q

Iﬂﬂmimammzumuﬂumsmmwmmﬁulﬂ?mu : o A4~ Y qu, 2 da
a 9 ﬂau‘ﬂ’]d%dL&l@L‘ﬂﬂ‘Uﬂﬂﬂﬁi Funiy

a

JUIAIN1IANY
A o S e a & & a
nIaaam I mazasinaulaaseding delavdndnng

% A2

iuan uaziiszuuaiuguidaudIsuton Tag

muwé’mwmﬂmmaaﬂm"’u"lamaﬁnﬁmaos:uu = 4 o sl a = I vL a_&
a ﬂ?iﬂﬂ'i:ﬂl,ﬂ&I’Jﬂ'l.lﬂ’ﬁﬂ’)'l.l@]&ll,l,i\‘i WICULUBLRALATI LTNIDRNT

fianlaslaasedndanursamuayled 2 anwmzda 1y Y tmadnunlaninssecioalyd S
q AuUNIANEN lasunIvaadsa luih Sinthipsomboon et al.

o 4« A& 4
muqua@ﬁmﬂ“aﬂmm msmuquﬂﬂu‘ﬂmmsa (2011); Sangpet and Kuntanapreeda (2013); Jangnoi and

Ususarnsinale nIsaiuaunizasalnsniniannn _ " n
3 3 Pinsopon (2014) AN®IN1IAIUANULIIVBITTUUELAA

s:uumsmuwwé’mwmﬂ%aﬁamwﬁmuﬂumi °L vL a_ed @ VL ¥ o
N AILTATBRNFNAIUANBAIINITILARVAIN UG

o & oA Y oo dY o . ¢
ﬂ’J‘]JQSJﬂ’ﬁLl]@W%VI%QGE%WN%VI%’]N%VLMQN"I%ﬂlﬂd’ﬂﬂ’l



Recent Science and Technology 17(2) 261694 (2025)

laarafinddrandunudasiu Mwiunsmiuguaan
mslwashedudinis@neles Truong and Ahn (2009):
Truong and Ahn (2011) #s@nwfsaruiufiauise
Ysusunasmisinetnaulaasedndld vinliingu
Vl,a@iaaﬂs?ﬁﬁmmwvl,mLﬁﬂgjﬁ:uuﬁmﬂﬂﬁwuﬂm
UM Tzlnana3e uaz Ming et al. (2013) ¥imInaaas
mimua‘ummﬁwaaﬂs:uaﬂguﬁmuqu&mwmi
InadeduuuniiasisudeovainasiWinssuaasud
dsuanusisevld Pratumsuwan and Junchangpood
(2013) "L@TﬁnmmimuquLLsoLLa:@‘mmm%'suqw
sanmslnadsduuuuiesfisudeovaiaaslnin
nyzuaRsUNUSUAIuSI3ovle Ketelsen et al. (2019)
"l,@Tﬁ'm'ﬁﬁnmmsm‘uquéi"mwms"lmimlﬂﬁﬁymLﬁams
Usznianad91uluIzuy Ho and Le (2021) Anw1nng
dszndanasanluszuudidalaslansedndlanld
vawnairfiaedimaflududuwindsvasgaduingy Lyu
etal. (2021) ldvhmsfinsmsaiuguaanisinazas
idumeiuuazndalsauswiommsinaudion
WLANAINNNTEINAATI Liu et al. (2023) inATANEN
mﬁuﬁm"aﬁm“uﬁmuamaﬂ%lﬂ'mﬁma%maﬂa Tagld
m“'m'mqw,ummu"l,;iL%aLﬁmﬁiamuqmnaﬁmaa
valaas Wi siaiadimasih Lﬁamuquﬂmm‘”ﬂ"ﬁmu
luszuy Ba et al. (2024) Vl,ﬁﬁwmﬁuﬁwﬁ'aﬁm”uﬁw
vawnatidholiaedizashlUdsyndldlunsaiugu
WU BIRULUAAIBNITZUIUNTAILANUTI
uwmwﬁa:mLauamimammimuqmm
”Lm:uuSLﬁﬂIm"lamaﬁﬂﬁﬁmuqué"m”lms"l,%aoﬁ”m
TuitulasuaaaflWisiaiadisasls L‘ﬁ'amuQu
é’mwms"lmamaoﬁw”uvlamaﬁﬂﬂ@umimuqm
anaisavaasvaiaadlWinsiaedioeslaflday
Tulaasedind iieisouifisuaussaunsidonaives
NAABURHEIVBILTILAZNNT MEWA 3911 I AU ALY
szuumuqué"@ﬁmi‘lmﬁamﬁmuu&'@dmﬁﬁwﬁﬁ
ludaguin T@m;uumuqué'@mmsvlmﬁamj?uﬁ"ﬂ'u
fowaiaas Wi idsuasuenusseusasaiay

inlUdszendlanuiniasdnsiiszunlaasedndlidaq

RUHIUARBALIAT LTH LATEIAAWAFEAN LATAINADE

LD
2. 5N
2.1 gUnsalmanaaay

seuuBidalaslaasednddsznauludan gadu

o

faslaaseananlduainaswiuuuadiaslalung
suilulaasadndlunsaiisasinislne 1nduuy
5@dmﬁl"ﬁmuqmﬁﬂmoLm:é"m’m'ﬁ"lmma@ﬁw”u
laasedind mt:uang‘u"l,ama§n§ﬁ’mmmuamﬁﬂma
WwlraInI197auTs (Inaaiad) wiaugaveie
FYAI LAZABNTILADTAILANAIUFAI2I931Y Figure
1 Tagmsrawsasszuuszuuiidalaslonsesndisa
NABNRILABTAILANIZFIFY YIUAILANHIUNITA
@‘i@@iaﬁams"l,ﬂ'ﬁ'uqﬂﬁuﬁﬂﬁ'aLLa:ma‘amuquﬁﬂmaLLa:
AT IR n‘szuaﬂqumﬁauﬁaaﬂvlﬂﬂ@aﬂ%aLﬂu
L@ anI IR UIIN0 LLioﬁLﬁﬂﬁngﬂmaﬁmImﬂI‘ﬁaﬂ

@
a o

LIRANAA wg}'smdwmoﬂmﬂﬁﬂugmamﬂ?o AN

sotuamy
aya

4 o X A %o o =2 & X
LLam"qu(ﬂ‘Ymaa\‘i'YliﬁN“lluL‘Wai"ﬁm%i‘unﬁﬂﬂwﬂuﬂﬁu

VRSP DRIR CHHRHE G TRLIIDEE

()

€

a & A .
HINBUNILG aiﬂ?UqNLwaﬂﬁzuanﬂ Figure 2

Lz Table 1 LLamiwauﬁmmaaqﬂmtﬂmzuu

NI9NRVBITEULLLIean e 2 nydh laud

NuazBuaaidalii

N3l 1 S2UUAILANEATIMT AL ALY
fadu vaLaas W nlFiuTuazinnunanusiseu
asf uazldnduwuudadinlunisarquiianiuaz

a7 MaTasNulaasedng

A A o % 2 4

NIl 2 szuuaiuguaannITivadaelun

auquanuiitevreinainainisliaiadizail

vaiaad iWihazaansadiuanuiieyldifaniugu
@ Y @ A ed 2

aansinavasingulaasednan massnaniy lay

awﬁ’aﬁmﬁ'}ﬁmuquﬁﬁmdmivlma"umﬁw”uvl,amaﬁﬂﬁ

VN9 ENILALN



Recent Science and Technology 17(2) 261694 (2025)

v

Driver

|
|
|
: [ Tank |

|
|
|
| <
}
|
|

Computer Control

Figure 1 Schematic of Electro-Hydraulic System

b,

C.Servo Power Uni

Figure 2 Electro-Hydraulic System Apparatus

910 Figure 1 L&AIINIINIIRIUTDITZUY
a a_ed o = & X
didalaslaavefndfivinmafnmluaisd miaiugy
sTuLIzgNAILguaILAaNRILaaTaLguNTIN T
ldsunsuauquiiaiu-sadyaramlumalniniinau
LLazqﬂmtﬁfmmi’mN 9 lagnsfedasyaimszning
Aaufiataainruquuazgdnyaldng 9 azldniia
afaFa813 PCI-6221 189UTHN National Instruments

@ a

@
aa ' a A o a = &
Yl&lﬂ’liq&l‘uagaﬂ 0.01 BN atyty’lmﬂadvl,ﬂ“n?’]a’a

auquuaztafirashuaineizidudyyimeuidan
a o D 1 =3 6 1 1
hAUIIAK T293:W319 -10 119 10 Taad way 1293319
0-10 11ad @WiaU FIuFYYIMIINIAaaLTAN NiT
anviauszidudyyimewfaafiiiugdniniue
FTYQYIMVBIUTHN Kyowa 73 WGA-100B-10 Nuee
wraullauia 0-10 1ad tWadssuamllfinsa

Aadafaans



Recent Science and Technology 17(2) 261694 (2025)

Table 1 The specifications of the electro-hydraulic system components

Hydraulic gear pump

Manufacturer:

Volumetric displacement: 11 cclrev

Honor 2GG1U11R

Ac servo motor

Manufacturer: Delta
Model: ECMA-E2135RS
Output: 2,000 rpm 7.16 Nm 1.5 Kw

Directional control valve

Manufacturer:

Tokimec COM-3-33C-30-AN-11

Type: 4/3 Proportional

Double acting cylinder

Bore / Rod: 40 cm /28 cm
Stroke: 50 cm

Load cell

Manufacturer: Zega

Type: S-type, 500 kg
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Table 2 Power Consumption

Step Sine Square
Valve Pump Valve Pump Valve Pump
Power (KWh) 0.024 0.011 0.023 0.005 0.019 0.008
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The innovation in crafting home fetal heart rate monitors is driven by the crucial role of heart rate
measurement in assessing initial health. The KY 037 sensor, known for its proficiency in collecting heart
sound data, is meticulously chosen for reliable data acquisition. Following collection, the data undergoes
thorough pre-processing before being transmitted to the Arduino Uno R3 (NodeMCU ESP8266 v2)
microcontroller. A sophisticated algorithm enables seamless data transmission, resulting in a coherent
signal readout on a computer, real-time display on an LCD screen, and simultaneous representation on
the Line application. The developed prototype, calibrated using the standard LifeDop-250 model commonly
used in hospitals, showed a notable 1.62% reduction in measurement error after thorough calibration and
the implementation of a newly replicated setting. This achievement surpasses the typical 3-5% errors range
observed in medical devices, showcasing prototype ‘s precision in heart rate measurement. The prototype's
efficiency is highlighted by its 96% lower cost compared to standard instruments, making it not only
economically viable but also a cost-effective alternative for broader accessibility. Preliminary tests indicate
the potential for the prototype to evolve into a home fetal heart rate monitor, offering a promising

contribution to reducing fetal mortality rates and advancing local healthcare technology.
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Table 1 Vital signs measured by standard medical device and heart rate monitor prototype (After calibration and adjustment

in Arduino)

After calibration and adjustment in Arduino

30 1st test 2nd test 3rd test

Sec/time Standard Prototype Correction Standard Prototype Correction Standard Prototype Correction

device device device
1 88 85 3 89 83 6 84 85 -1
2 86 79 7 82 86 -4 82 86 -4
3 84 86 -2 83 84 -1 83 85 -2
4 84 84 0 84 85 -1 84 88 -4
5 83 82 1 85 84 1 85 85 0
6 80 84 -4 84 76 8 85 82 3
7 79 82 -3 82 74 8 88 88 0
8 80 86 -6 81 80 1 90 83 7
9 81 86 -5 82 79 3 87 81 6
10 82 79 3 82 80 2 84 86 -2
11 83 81 2 84 84 0 83 83 0
12 83 89 -6 83 82 1 81 78 3
13 84 84 0 79 77 2 80 81 -1
14 83 82 1 76 88 12 89 86 3
15 85 89 -4 81 87 -6 80 84 -4
16 86 88 -2 82 88 -6 75 85 -10
17 85 86 -1 81 87 -6 87 85 2
18 85 87 -2 79 90 11 78 92 -14
19 92 9 -4 80 89 -9 80 88 -8
20 84 95 -11 83 84 -1 85 86 -1
Average  83.85 85.5 -1.65 82.1 83.35 -1.25 83.5 84.85 -1.35
%Error 1.97 1.52 1.62
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Containers are an ideal tool for developing and deploying software. Organizations can leverage
container architecture to enhance software development processes and more efficiently deliver high-
performance applications. This research aims to 1) develop an architecture for advanced cloud-based
application development using container platforms and 2) investigate user satisfaction with the developed
architecture. The tools employed in this study include the architecture for cloud-based advanced application
development using container platforms and satisfaction surveys regarding this architecture. The sample
group was chosen through a specific purposive sampling technique and divided into two categories. The
first category consisted of expert samples, including five computer science professors who specialize in
the review of architectural tool design and development. The second category included 77 computer
science students who were enrolled in Advanced Application Development course during the second and
third academic years of 2022 at the Faculty of Science and Technology, Rajabhat Chiang Mai University.
The analyzed data was collected using descriptive statistics, which included frequency, percentage, mean,
and standard deviation.

The study results comprise two parts: 1) the architecture for advanced cloud-based application
development using container platforms, which identifies three user groups within the system:
administrators, system users (students), and instructors; and 2) the findings on student satisfaction with
the cloud-based application development architecture using container platforms for cloud processing. The

satisfaction level was high, with an average score of 4.37 and a standard deviation of 0.72.
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Table 1 The results of the opinion analysis of experts on the developed architecture (N=5)

Evaluation List

Evaluation Result Interpretation

X S.D.

Function Requirement Test 4.50 0.353 Excellent
Function Test 4.52 0.672 Excellent
Usability Test 4.32 0.540 Good
Security Test 4.28 0.228 Good
Performance 4.55 0.512 Excellent
Teaching and Learning 453 0.447 Excellent

Total Average 4.45 0.458 Good

3.2 wani1sitanzialnunanalaves
pjl,%m"mzy@iaamﬁmUnimm%aﬁamsw”@um
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Table 2 The general data analysis results of users on the developed architecture (N=77)

List Number Percentage
Gender
Male 55 71.43
Female 22 28.57
Total 77 100.00

Table 3 The results of the opinion analysis of user on the developed architecture (N=77)

Evaluation List

Evaluation Result Interpretation

x S.D.
Function Requirement Test
Functional Requirement Test on the Use Side 4.32 0.715 Good
Function Requirement Test on Coding 4.31 0.782 Good
Function Requirement Test on the output of a running program 4.29 0.792 Good
Function Requirement Test the correct display output and

4.21 0.848 Good
requirement
Average 4.28 0.784 Good
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Table 3 (Continuous)

Evaluation List

Evaluation Result Interpretation

X S.D.
Function Test
Function Test has the correct method of logging in to the system.

4.40 0.674 Good
The function test is correct when running the program. 4.35 0.739 Good
Function testing measures the accuracy of the program code. 4.42 0.676 Good
Function Test is correct in running the program. 4.39 0.728 Good
The function test has the accuracy of displaying the results. 4.44 0.678 Good
Average 4.40 0.699 Good
Usability Test
The usability test is easy to run on the system. 4.27 0.789 Good
The Usability Test has a screen design that works properly. 4.29 0.758 Good
Usability Test The clarity of the text displayed on the screen 4.40 0.765 Good
The usability test is convenient to run. 4.25 0.746 Good
Usability Test The system is reliable and usable. 4.40 0.693 Good
Average 4.32 0.750 Good
Security Test
The security test is licensed prior to the use of the various systems

4.45 0.660 Good
involved.
Security tests are safe ways to verify information. 4.44 0.716 Good
Security Test is always giving advice and helping. 4.52 0.641 Excellent
Average 4.47 0.672 Good
Performance
Performance The speed of accessing the service system 4.14 0.854 Good
Performance: Program processing speed 4.25 0.830 Good
Performance recording speed and program improvements 4.25 0.797 Good
Performance The speed of presenting results 4.31 0.782 Good
Performance The overall speed of the system 4.30 0.708 Good
Average 4.25 0.794 Good
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The objective of this study was to assess the effects of additional fishmeal processing wastes to
commercial feed on the growth and feed cost in butter catfish (Ompok bimaculatus) aquaculture. Fish with
initial weight of 8.05+0.5 - 9.17+1.24 g were raised in nine 2 x 2 x 1 m3 cages at a density of 50 per cage.
These cages were suspended in three 8 x 8 x 1.2 m3 ponds (three cages in each pond.). Three feed
recipes applied were: 1) purely commercial feed (T1); 2) commercial feed supplemented with fish
condensate (T2); and 3) commercial feed supplemented with fish oil (T3), both at 10 ml per kg of
commercial feed. The experiment was conducted over three months. Results show that growth
performances, in terms of mean final body weight and final body length, did not differ significantly (p>0.05)
with mean final body weight between 26.61+3.17 and 30.55+7.04 g, and final body length between
15.32+1.05 and 15.66+1.45 cm. However, fish condensate and fish oil supplemented to commercial feed
did significantly affect the survival rate, the feed conversion ratio, and the feed cost. Fish thriving on T2
and T3 diets exhibited higher survival rates (97.33+1.15 and 99.33+1.15%, respectively), low feed
conversion ratios (2.03+0.69 and 1.93+0.38), and low feed cost (59.9+20.3 and 58.9+11.7 baht per kg)
while fish fed T1 had a survival rate of 89.33+3.06%, a feed conversion ratio of 2.93+0.70, and a feed cost
of 83.5+20.0 baht per kg. The study reveals that fish condensate and oil supplements, at the above-
mentioned amounts, could reduce fish feed costs by 23.6-24.6 baht per kg of O. bimaculatus production.
These results can be used as a guideline to investigate other feed formulae for reducing feed costs in

aquaculture.
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Table 1 Nutritional composition of the experimental diets (% dry matter basis)

Parameters Experimental diets
Commercial feed Commercial feed Commercial feed
(Control) supplemented with fish supplemented with fish
condensate oil

Moisture 9.610.04° 12.71+0.24° 9.150.16°
Crude protein 27.92+ 0.68° 36.34+ 0.84° 28.20+ 0.86°
Crude lipid 10.45+0.56° 10.26+0.88° 14.98+0.63%

Ash 9.90+1.00° 9.7940.46° 9.93+0.88°

Data are presented as means = SD obtained from three replicates and values in the same row with different

superscript letters are significantly different (p < 0.05).
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Figure 1 Mean body weight of O. bimaculatus during the experimental period for 3 months

17 A

15 A

Length (cm)

13

11 A

=@=Control
=== Supplemented with fish condensate

a@me Supplemented with fish oil

0 1-month

2-month 3-month

Experimental period (month)

Figure 2 Mean body length of O. bimaculatus during the experimental period for 3 months
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Table 2 Growth performance, feed conversion ratio and survival rate of Ompok bimaculatus fed with different diets

Parameters

Experimental diets

Commercial feed

Commercial feed Commercial feed

(Control) supplemented with supplemented with
fish condensate oil
Initial weight (g) 9.17+1.24° 8.05+0.5° 8.24+0.03°
Final weight (g) 26.61+3.17° 30.55+7.042 30.37+4.01°
Final length (cm) 15.32+1.05° 15.35+1.05° 15.66+1.45°
Weight gain percentage (%) 192.93+47.36° 278.39479.15° 268.58+49.97°
Daily weight gain (g/day) 0.19+0.04° 0.25+0.08? 0.25+0.04°
Specific growth rate (%/day) 1.19+0.182 1.46+0.242 1.44+0.167
Feed conversion ratio 2.93+0.70° 2.03+0.69° 1.930.38°
Survival rate (%) 89.33+3.06° 97.33+1.15° 99.33+1.15%

Data are presented as means + SD obtained from three replicates and values in the same row with different superscript

letters are significantly different (p < 0.05).
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Table 3 Feed price and feed cost per kilogram of fish

Experimental diets

Feed price (Baht/kg)

Feed cost per kilogram

of fish (Baht/kg)

Commercial feed (Control)
Commercial feed supplemented with fish condensate

Commercial feed supplemented with fish oil

28.5 83.5+20.0°
29.5 59.9+20.3°
30.5 58.9+11.7°

Data are presented as means = SD obtained from three replicates and values in the same column with different

superscript letters are significantly different (p < 0.05).

4. @3l

9q

miﬂizqﬂ@ﬂ“ﬁﬁwﬁaﬂmm]’m?mm:ﬁ'm”uﬂm
515:1Lﬂumm‘vxﬁamnmwamﬂmﬂumﬂqﬂmm‘sﬂm
dTaggasnianan siadasasin Tsdu 27.3%
Tusas 10 Saddnsdoanms 1 Alansy @esdanszlau
PUTABINUNLRE Y 8.05£0.59.17+1.24 n¥u 1T
szuz1081 3 1deu vildsassaatRuundn 8-10%
sanmsasuamisiinilosnss 0.9-1.0 LAAUN
ANBNNTANRY 23.6-24.6 LdamINaalan 1 Alaniy
%amwmmmmmﬁﬂﬂLﬂmm‘;malumm@ﬁunu
dnoslumsiasedans:Tawle

5. naanssNlsznnd

lavwsnsddpisesildsumsaiuayunsivy
mnImamsqmummﬂi:a‘hﬂwﬂs:mm 2566 {398
°11amauqmﬂmﬁ“nmmam‘uazu’?ﬂﬂﬁwﬁ%ﬁ‘a AW

mmazmﬂluﬂﬂﬂ%ﬁ;ﬂﬂirﬁuammuﬁ@‘hLﬁumﬁﬁ]“ﬂ

6. LONA1IDNIDY

AOAC. 2000. Official methods of analysis. 17" ed.
The Association of Official Analytical Chemists,
Gaithersburg.
APHA. 1995. Standard methods for the examination
of water and waste water. 10" ed. American
Public Health Association, Washington.

Bhatnagar, A. and Devi, P. 2013. Water quality
guidelines for the management of pond fish
culture. International Journal of Environmental
Sciences 3(6): 1980-2009.

Biswas, P., Jena, A.K., Patel, A.B. and Pandey, P.K.
2020. Dietary protein requirement of Indian
Butter catfish, Ompok bimaculatus ( Bloch)
fingerlings. Journal of Applied Aquaculture

32(2): 107-123.

Chawpaknam, C. and Bowonsupakijkul, S. 2003.
Dietary energy requirement for Ompok bimaculatus
(Bloch), pp. 163-170. In Academic Conference
Kasetsart University 41%. Kasetsart University,
Bangkok. (in Thai)

Dullyasiriwit, N. 2019. Effects of stocking densities
on growth performance of Butter catfish
Ompok bimaculatus ( Bloch, 1794) at 2
different sizes in Cages. Technical Paper
No. 2/2019. Inland Aquaculture Research
and Development, Regional Center 7 (Chon
Buri), Department of Fisheries. (in Thai)

Havasi, M., Kumar, S., Nagy, Z., Beliczky, G., Nagy,
S., Bercsény, M. and Gal, D. 2015. Effects
of feeding regime on growth feed conversion
and size variation of Silurus glanis. Croatian
Journal of Fisheries 73: 142-147.

Islam, A., Samad, A., Paul , D., Asif, A. and Hossain,
A. 2021. Feeding frequency on the growth
and production of endemic near-threatened
Ompok pabda (Hamilton 1822) in pond setup.
Asian-Australasian Journal of Bioscience
and Biotechnology 6(2): 89-102.

Monwar, M. M., Sarker, R.A. and Das, N.G. 2013.
Polyculture of seabass with tilapia for the
utilization of brown fields in the coastal areas
of Cox’s Bazar, Bangladesh. International
Journal of Fisheries and Aquaculture 5(6):
104-109.

Paul, B.N., Bhowmick, S. Chanda, S., Sridhar, N. and
Giri, S.S. 2018. Nutrient profile of five
freshwater fish species. SAARC Journal of
Agriculture 16(2): 25-41.

Pechsiri, J., Chainapong, T. and Panritdam, T. 2021.

The efficiency of catfish processing waste in


https://www.tandfonline.com/journals/wjaa20

Recent Science and Technology 17(2) 262032 (2025)

the formulated diets on cage culture of hybrid
catfish (Clarias macrocephalus x C. gariepinus).

Wichcha Journal 40(1): 16-30. (in Thai).

Plaipetch, P., Tamtin, M., Kuekaew, J., Chonchuenchob,

P. and Siritanawongsa, B. 2014. Evaluation
on optimum dietary n-3/n-6 fatty acids ratio for
growth of Asian sea bass, Lates calcarifer
(Bloch, 1790) using the commercially practical
diet. KKU Research Journal 19(1): 119-130.
(in Thai)

Rawat, P., Siddhnath, Singh, S.M., Bharti, R.K., Verma,

N. and Chirwatkar, B. 2018. Ompok bimaculatus
rearing potential with feed attractants used in
aquaculture. International Journal of Pure

Applied Bioscience 6(6): 621-634.

Rem, P., Chiayvareesajja, S. and Suanyuk, N. 2020.

Effects of temperature on growth performance
and water quality in culture system of butter
catfish (Ompok bimaculatus). Songklanakarin
Journal of Science and Technology 42(6):

1253-1258.

Somboon, S. and Semachai, V. 2014. The optimum

level of cassava meal, corn meal, and broken
rice in processing floating diets for Nile tilapia,
(Oreochromis niloticus). pp. 258-265. In
Academic Conference Kasetsart University

52", Kasetsart University, Bangkok. (in Thai)

Wattanakul, W., Wattanakul, U. and Ishaak, J. 2014.

The effects of using liquid fish condensate as
fishmeal replacement in diet on growth and
survival rate of striped snake- head fish
( Channa striatus) . RMUTSB Academic
Journal 2(2): 121-130. (in Thai)

Wattanakul, W., Wattanakul, U., Thongprajukaew, K.

and Muenpo, C. 2017a. Optimal protein
replacement of fish meal by mackerel
condensate in diet for giant freshwater prawn
(Macrobrachium rosenbergii). ~ Aquaculture

Research 48: 697-710.

Wattanakul, W., Wattanakul, U. and Ishaak, J. 2017b.

Research Report on Effects of palm kernel
meal and fishes condensate incorporation
in diet of seabass (Lates calcarifer Bloch,

1790) to reduce production cost. Faculty of

Science and Fisheries Technology, Rajamangala

University of Techonology Srivijaya. (in Thai)

Wattanakul, W., Wattanakul, U., Thongprajukaew, K.

and Muenpo, C. 2017c. Fish condensate as
effective replacer of fish meal protein for
striped snakehead, Channa striata (Bloch).

Fish Physiology and Biochemistry 43: 217-228.

Wattanakul, U., Wattanakul, W. and Thongprajukaew,

K. 2019. Optimal replacement of fish meal
protein by stick water in diet of sex-reversed
Nile tilapia (Oreochromis niloticus). Animals

9: 521.

Yaovarat, B. and Chomphunich, J. 2017. Efficiency

of Brewer’s yeast (Saccharomyces cerevisiae)
as supplementary feed for Ompok bimaculatus
(Bloch,1794) in gage. Annua Report 2017.
Inland Aquaculture Research and Development,
Regional Center 7 (Chon Buri), Department of

Fisheries. (in Thai)



Recent Science and Technology 17(2): 259815

SCIENCE AND TECHNOLOGY

RoT
Recent Science
and Technology

Recent Science and Technology

Journal homepage: https:// www.tci-thaijo.org/index.php/rmutsvrj/index

ISSN: 3057-0786 (Online)

Research Article

a & ~ 2] a2 v
NITNAARINSLALNANLNDNITILA Elﬂf!ﬁ'il'l')tl')%%’lvl&l

(Litopenaeus vannamei) Twszvuila

Artificial Seawater Production for Pacific White Leg Shrimp

(Litopenaeus vannamei) Culture in Closed System

¥ o
ﬁyma\nﬁ ‘YlZI,L'{'IR'.!‘W‘Irlwﬁq

Chuthamat Thaklaewphan

T Immawizdsdadin amsnaluladnmnsas umInensenoagwesys sunaides Simiawsys 76000

Department of Aquaculture, Faculty of Agricultural Technology, Phetchaburi Rajabhat University, Muang, Phetchaburi 76000, Thailand.

ABSTRACT

Article history:

Received: 2023-07-20
Revised: 2024-10-09
Accepted: 2025-03-05

Keywords:
artificial seawater;
pacific white shrimp;

sea salt;

Concentrated brine a by-product of Thai sea salt farming can be used for raising low-salinity marine
shrimp in a closed system. However, transporting and storing brine remain challenging, and its mineral
composition is unstable. This research aims to study the effect of different artificial seawater treatments,
flowers of salt and artificial seawater prepared from concentrated salt water on the growth of white leg
shrimp (Litopenaeus vannamei) in a closed system using a completely randomized design. The experiment
included three treatments: “(1) a control unit using brine (280 ppt) from a Naklua farm, (2) flower of salt
obtained from the farm, and (3) artificial seawater prepared from 60 ppt. concentrated saltwater used to
accelerate crystallization. Seventy-two shrimp with an initial average weight of 11.42+2.21 g were randomly
placed into 200-liter fiber tanks at a density of 8 shrimp/m?, with constant aeration for 60 days, while water
salinity was maintained at 15 ppt. Monitoring parameters included shrimp weight, survival rate, molting
frequency, and water quality. The results showed that weight gain and survival rates of shrimp across all
treatments were not statistically different (p>0.05). Specifically, the survival rates for treatments 1, 2, and
3 were 98.0%, 97.3%, and 97.5%, respectively. However, FCR values in treatments 2 and 3 were lower
than in treatment 1. (p<0.05) The color of boiled shrimp was compared using the Munsell Color Book,
resulting in 5YR 5/12, 5YR 7/6, and 5YR 6/8 , respectively. The result from the sensory evaluation of
appearance, odor, taste, and texture of shrimp showed that the three artificial seawater formulations
received scores ranging from 6.47 to 6.77 (“like moderately”). Therefore, artificial seawater produced from
brine and flowers of salt can be used, as the growth, survival rate, and sensory evaluation were not

significantly different from those of conventional saline cultures.
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Table 1 Mean values of the chemical composition of artificial seawater in treatments (N=2 points)

Chemical composition Treatment 1 Treatment 2 Treatment 3
(% by weight)

Na 34.96 27.29 28.32
Cl 48.81 55.99 49.64
o} 8.16 10.72 16.49
Ca 1.05 0.40 0.53
Mg 1.05 1.16 272
0.14 0.11 0.88
0.94 0.00 1.19
C 0.00 8.40 0.00
Al 0.00 0.19 0.24

Full Sale 8136 cts Cursor: -0.208 (0 cts)

Figure 2 SEM images and XRD patterns of seawater crystals synthesized from flower of salt from the farm in treatment 2.
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Full Scale 8162 cts Cursor: -0.199 (0 cts)

Figure 3 SEM images and XRD patterns of seawater crystals synthesized from brine 60 ppt in treatment 3.
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Table 2 Water quality parameters of the shrimp culture ponds under different treatments for 60 days (3 replicates).

Treatment 2 Treatment 3

Parameter Treatment 1

Temperature (°C) 32-37
Salinity(ppt) 14-15
pH 8-9
Nitrite-N (mg/l) 0-0.02
Alkalinity (mg/l) 119-170
Total ammonia-N (mg/l) 0-1
Calcium (mg/l) 160-280
Magnesium (mg/l) 400-650
Potassium (mg/l) 559-778
DO (mg/l) 5-6.5

32-37 30-37
14-17 15-17
8-9 8-9
0-0.02 0-0.02
119-170 119-170
0-1 0-1
120-280 160-280
350-650 450-650
729-1,202 668-1,272
5-6.5 5-6.5
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Table 3 Average initial weight, average final weight, weight gain, survival rate and FCR of L. vannamei nursed under

different treatments for 60 days (3 replicates).

Treatment average initial average final weight gain survival rate FCR
weight weight (g/shrimp) (g/shrimp) (%)
(g/shrimp)
1 12.1542.49°2 27.88 £+3.23° 18.73+0.61° 95.83+7.22° 1.79°
2 11.06 +2.26 ® 30.38+2.37° 19.31+0.51° 91.67 £7.22° 1.31°
3 11.40 +2.06 * 30.87£3.31° 19.46 +0.46 ° 91.67 £7.22° 1.25°
P-Value 0.538" 0.079" 0.287" 0.729" 0.0001"

Note: Mean value of 3 replicate measurements + standard deviation

" = no significant difference(P > 0.05),** = highly significant difference (P < 0.01) and Means within a column followed

by the same letter are not significant different at P < 0.01 by DMRT.
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Figure 4 Shrimp molting frequency under different treatments for 60 days.

Note: T1 = treatment 1, T2 = treatment 2 , T3 = treatment 3
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Table 4 Average liking scores of acceptability tests of shrimp from different treatments.

Sensory attribute appearance odor taste texture overall
treatment 1 6.67+0.61° 6.50+0.512 6.60+0.56 2 6.60+0.622 6.47+0.63 2
treatment 2 6.50+£0.512 6.73+0.452 6.57+0.50 ® 6.60+0.50 2 6.63+0.49°
treatment 3 6.60+0.50 @ 6.63+0.492 6.60+0.50 2 6.7310.452 6.77+0.432

Note: Mean value of 3 replicate measurements + standard deviation and means within a column followed by the

same letter are not significant different at P < 0.05 by DMRT.

1-Dislike Extremely to 7-Like Extremely
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This research aims to study on the production of Sato from Pathum Thani infused with lotus petal
tea leaves. It also aims to examine the physical and chemical properties of Sato from Khao Hom Pathum
before and after infusion with lotus petal tea leaves, as well as to assess consumer acceptance of Sato
from Khao Hom Pathum infused with lotus petal tea leaves. The experimental design was a randomized
complete block design (RCBD). The results showed that Sato from Khao Hom Pathum infused with sacred
lotus flower tea had a fermentation time of 10 days. The product of Sato, after infusion with sacred lotus
flower tea, had a pH of 3.22+0.01, total soluble solid (TSS) of 13.00£0.00 ‘Brix and alcohol content of
6.33+0.46 %. The Sato, after being infused with sacred lotus flower tea, had brightness (L*), redness (a*),
and yellowness (b*) values of 46.47+0.36, 4.20+0.01, and 0.46+0.01, respectively. The Sato exhibited a
pinkish-purple color after infusion with sacred lotus flower tea. The panelists accept the Sato infused with
sacred lotus flower tea. According to the results of consumer acceptance, using a 9-point hedonic scale,
the ratings for appearance characteristics, color, smell, taste, and overall liking were 7.34+1.35, 7.86+1.40,
6.26+2.07, 6.78+1.96, and 7.10+1.42, respectively. Regarding the intention to purchase the product if it
were produced for sale, 71.43% of the panelists indicated they would definitely buy the product for

consumption.
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Figure 1 Total soluble solid (TSS) during fermentation before adding water.
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Figure 2 Alcohol content (%) during fermentation before adding water.
= & 1a ed a &£ . P ™ a X 4
NANNTILATIZRUTU B ANAFAANLAATHINN (Total Soluble Solid ; TSS) Suwr lfuinauiSes 9
o ' a a £ o A o o = IR
NITUIWBNITRNN W‘U’J’l‘ﬂsmmuaﬂaaaﬁanwumuqaqﬂ IWDITUA 6 VaINIRAN lagdnineandnusifazlien
EL o A v o EL . A dﬂn - . & A :
WINN 3 VoINTTRUN AILRAILN Figure 2 TINUINID USunavasudinanuanazaoldluvasinal giga

& D e o A A 2 o A
WBNBTBAFIFALNINUIBUAT 8 LATNAIAINIUDIIUN WinAL 15 89AUSAS GIuaadl Figure 3 uaziianaanu

10 22INIINNN . A e .
0789 Wwnsa-619 (pH) mamﬂwﬂum%agi:mw 3.25-

MNIANEIAAAINNIINNEATWILAZLAR VD . , v A 4
3 3.56 asuaadli Figure 4lasladfaadiaasasuly

HAAA MM AN INTZNIINIRNN BAINTLANEN (Rn3i0) . v 4 - ¢ ia
Tugarinef 3.25:0.02 uazKadiaIzAUTum

TagrinnsdeeiendSuimasudininuanazaiyla e ua e A X o
waanagaa wuInUsuiaanazaa wauqaq@lmuw

Tuuadi1ran (Total Soluble Solid ; TSS) nn 48 T2 lad e e . ,
g 6 VaINMIRAN WINALIBEAE 7 AIUEAIlH Figure 5

' a ~ Gq; lﬁl
WU ﬂi&l’]m‘llﬂ\‘]LL‘UG?]GMN@]Y]E]ZQWEIVLWVL%%@\‘]L'V\a’l



Recent Science and Technology 17(2) 261091 (2025)

Total Soluble Solid ("Brix)

20 ¢

N
(@]
T

-
o
T

[&)]
T

Time (Day)

10

Figure 3 Total soluble solid (TSS) during fermentation after adding water.
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Figure 4 pH Value during fermentation after adding water.
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Figure 5 Alcohol content (%) during fermentation before adding water.
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Table 1 Physical and chemical quality of wort products before and after fermentation in royal lotus tea leaves.

Physical and Before infusion with lotus petal After infusion with lotus petal
chemistry quality of wort products tea leaves tea leaves
pH Value 3.2210.01° 3.44+0.02°
Total Soluble Solid ("Brix)" 13.00+0.00 12.75+0.35
Alcohol content (%)"® 6.33+0.46 6.75+0.35
Color value
Brightness (L*)" 45.90+0.01 46.47+0.36
Redness (a*) 2.07£0.04° 4.20+0.012
Yellowness (b*) 0.35£0.01° 0.46+0.01°

Remark : Different letters in the same row means there is a statistically significant difference (p50.05).

ns means there is no statistical significant difference (p>0.05).

Table 2 The appearance (Eye Appearance) from Pathum Thani Rice Wort Products.

Physical properties
Pathum Thani Rice Wort Products

Color Turbidity Smell
Before infusion with royal lotus tea leaves + ++ +
After infusion with royal lotus tea leaves ++ ++ +++

Remark : 1) Color : + white, ++ light pink, +++ dark pink
2) Clear turbidity : + the product is clear, ++ the product is slightly cloudy, +++ The product looks very cloudy

3) Smell : + no smell, ++ a light lotus aroma, +++ a strong lotus aroma

Lo )
S

\ - p -
Nt/ N\

L5

Figure 6 Wort product before fermentation in royal lotus tea leaves (left), Wort product after fermentation in royal

lotus tea leaves (right).
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Table 3 Acceptance testing of commercial wort products, wort before fermentation in royal lotus tea leaves and wort

products after fermentation in royal lotus tea leaves

Wort product before

Wort product after

Wort products
Sensory attributes infusion with royal lotus infusion with royal lotus
commercial
tea leaves tea leaves
Appearance 6.66+1.66° 6.08+1.68° 7.34+1.35°
Color 6.90+1.93° 6.12+1.53° 7.86+1.40°
Odor 5.94£2.17° 6.12£2.34° 6.26+2.07%
Taste™ 6.68+2.02 6.90+2.08 6.78+1.96
Overall liking 6.98+1.20° 7.00%1.63° 7.10+1.42°

Remark : Different letters in the same row means there is a statistically significant difference (p20.05).

ns means there is no statistical significant difference (p>0.05).
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ABSTRACT

Expansion of golden weevils Hypomeces squamosus (Fabricius) in durian orchards during the young
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Figure 1 Characteristics of damage leaf caused by Hypomeces squamosus (Fabricius) on young durian leaves.

Tender durian leaves are commonly encountered as a favorite food source for the golden weevil. (a-b) Adult golden

weevils coexisted on the leaf. (c) The weevils first chew at the edges of youger leaves, then progress toward the

middle of the leaves(d), and severe damage to the leaf (e)
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Figure 2 Hyphae of Beauveria bassiana that grew and covered on Hypomeces squamosus (Fabricius) body: the top

portion from head to the base of the wings (a), and lower portion from mouth to the abdomen and around the joints of

the arms, legs and chest (b).
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Figure 3 Morphological characteristics of Beauveria bassiana (KMB1): colony on PDA after 14 days of incubation

period (a), and conidia and phialides (b).
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{ Beauveria bassiana isolate SBI-Bb04 (MT586632)
Beauveria bassiana FJAT-9624 (JQ320365)

Beauveria bassiana GZGY-1-3 (KP994951)

Beauveria bassiana clone EF 76 (MT528725)

Figure 4 Phylogenetic tree of Beauveria bassiana (KMB1) built using maximum likelihood (ML) with ITS sequence

data and a bootstrap test (1000 replications) through MEGA 11.0.
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Table 1 Percentage of mortality of adult of Hypomeces squamosus (Fabricius) infected by Beauveria bassiana (KMB1) in vitro

Percentage of Mortality (%)'

Treatment

3 DAP 5 DAI 7 DAI 10 DAI 14 DAI C.V.

Tr 1 Spray of water (Healthy control) od® od 0d Oc Oc -
Tr 2 Spray of B. bassina (KMB1) (10* spore/ml) 24Cc 32Bc 36Bc 68Bb 76ABb 17.6
Tr 3 Spray of B. bassina (KMB1) (10° spore/ml) 36Bbc 56Bb 76Bb 80Bb 88Aa 15
Tr 4 Spray of B. bassina (KMB1) (108 spore/ml) 68Bb 76Bb 88Aa 92Aa 100Aa 4.1
Tr 5 Spray of B. bassina (KMB1) (10'° spore/ml) 80Ba 92Aa 100Aa 100Aa 100Aa 3.7

C.V. (%) 23.2 19.7 11.2 4.7 3.4 -

F-value -

' Percent of Mortality = (total number of insects — number of insect dead) x 100
2 DAl = Day after inoculation

® Values followed by lowercase letters in the same row and uppercase letters in the same column are not significantly different at P = 0.05,

according to Duncan's Multiple Range Test (DMRT).

Tr1 Spray of water (Healthy control)

Tr 2 Spray of B. bassina (KMB1) (10* spore/ml)

Tr 3 Spray of B. bassina (KMB1) (10° spore/ml)

Tr 4 Spray of B. bassina (KMB1) (108 spore/ml)

‘ i@ ‘ Tr 5 Spray of B. bassina (KMB1) (10"° spore/ml)

(3DAl)  (5DAI) (7 DAI) (10 DAI) (14 DAI)

Figure 5 Adults of Hypomeces squamosus (Fabricius) were sprayed with a spore suspension of Beauveria bassiana

(KMBH1) at four different concentrations (10%, 10°, 108 and 10'° spore/ml) following a 14-day inoculation period.
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¥ Values followed by lowercase letters in the same row and uppercase letters in the same column are not significantly different at P = 0.05,

according to Duncan's Multiple Range Test (DMRT).

Figure 6 Percentage of leaf damage (a) and reduction (b) by Hypomeces squamosus (Fabricius) after spraying with a

spore suspension of Beauveria bassiana (KMB1) at different time intervals (morning, afernoon and evening) at 7, 14

and 21 days after the inoculation period.
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Figure 7 Percentage of leaf damage by Hypomeces squamosus (Fabricius) after spraying with Beauveria bassiana
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Table 1 Interpretation of the correlation coefficient value

Coefficient of Determination

Meaning

0.00-0.50
0.51-0.70
0.71-0.84
0.85-1.00

Association is very small
Association is small
Association is high

Association is very high
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2.1 MIFITIUASIITIAT I UATTWY

[fudagnesaRmaniuivsmsneiiias
aNTART 1,599.36 a9AlaLuas (WA 1) A8
#1973UazLIALAR08719ITATUS IS LN aLlavann
$IMTaaN Yigwaa 10 §ua 30 Wi FruIuRInue
90 W@t lasldinafiansiAualagianuung
w14 (Quadrat Sampling Method) s8M3gu19ULla9
@T’JazhaLmuﬁmﬁw%ﬁ'mmmtﬂm 1X1 ANTLUAT
(Rodbumrung, 2019) uazfiin1saasuwnoiaved
Frfmaudugwing nnwiifeuazdiiafiioidos
AUNIIAIIUBNITAT (Noda et al., 1994) LazRELDA
mn;}ﬁ%m“mmvﬁﬂufmﬁmﬁmmU%"'&lmiﬁuﬁﬂ’]
MAINTIINEN auAInemaas InInensegeslna

(Rodbumrung, 2019)

Figure 1 Sampling location in Muang District, Tak

Province
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IMITFATUATINTRNY VIRIABATINTANN WUTU o
anudulagrihdrasheioRmanee: 1 nsy ausuga
au%"auﬁqmmgﬁ 135 agraaidos 1uan 2 Talas
Wil winuwsvesdragnIas nMmdsunadrin
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au%mm"’mm:ﬁﬂﬂm@ialmmmﬁqm%nﬂﬁ 600
psamads e 2 s lusuastsinmindle vin
mﬁmﬁ:ﬁumﬁﬂmmmﬂ%mmuﬁagﬂaa LﬁﬁL‘ﬁaQIaﬁ
uazdnfua1835n15Ginasiany (Detergent Method
3o Forage Fiber Analysis) (Goering and Van Soest,
1970) swnsavinldlasmsiazdmdsunandelon
liazarolugrswanidunais (Neutral Detergent
Fiber, NDF) tiialofi liazanalusnswandiiunia (Acid
Detergent Fiber, ADF) uaz&n#w (Acid Detergent
Lignin, ADL) t#igufuinninuisvesdaadrsiaie

furalaann 3 guns Lo
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1) msﬁwmmﬂ%mmaﬁmag‘[aa :
% Lafliragla = % NDF - % ADF ®)

2) miﬁwmmﬁmmmagiaa :
% Lwaglag = % ADF - % ADL )

3) MW ImUINUENTL
% Aniki = % ADL (10)

2.2.2 MIANHIMUINIINI TR SV AN A S
LOMIBINTIUNT ]

WumsiwimmdSunananaaian1uaaas
NOBHIINTTNTINNINNIIVDI Premjet et al. (2013)
Tagiwualdihaaienlos (HEXT) wazsihenamwulng
(PENT) @0 assdsznaunaniildainnisdesaaie
LmagiaaLLa:LaﬁLfnaQIaa@hﬂﬂi@]sﬁ'aﬂ'a'%ﬂau"lﬁﬁ'lma
Imaqmﬁmﬁmﬂu 100% eanne) §wIudTum
wawﬁmmmuaamqungﬁ”[ﬁmnns:mumw;Tn
wanatanlas (HEXTEL) uaznszuinnisndninans
wulng (PENTEL) fie n3zunumsiasuinenaianlos
wazdianauingluidunandatoninaadaidn 100%
AN B Fatun IS IHARAALENwEAAW
noefmursnswaneld aoil

1) Ainsdm mwnnUsuiminanatanlos
(HEXT) uazUSanmtnanaiwulng (PENT) annd3anm
waglasguazUSuionadioaglasvesizhzudazsiia
(Rodbumrung, 2019)

2) AINIAT IR USTUNBNARNEALAN U |
aungeianUSununaniaianiuaaaiunnwiild
nnszuannsuantnatatanlog (HEXTEL) uas
USinmwanAatauoamaunnedildnnnszuiums
wininaaiwulng (PENTEL) 28930RzudazTfia
(Rodbumrung, 2019)

2.3 ﬂ’)?ﬁ{’ldﬁﬂﬂ’lﬁ"lﬂ’lﬂinfﬂlfﬂ’) NANANLENIUHIANIY

sl

A & o a £ v o &
2.3.1 ﬂ’]f')!ﬂ?’]é‘:ﬁﬂ')ﬁ'ﬂﬂﬁ'ﬁﬁ‘nﬁﬁ'ﬁﬁ'&lwuﬂad

o dil 929 a a =
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MIALANEAIILUINTANUIFNNBSAULSN
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ANMUFNWUITUUSU AR EALaNIBaaaIINg B 970
MFeNzAUSIIMANNTY USHmdn USunadniin
Usnouadioaglas uaztSanousaglas uaze1fldan
MIFITIBUTUITMHANAALE NI REAAI AN B LAy

AU W
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fonadalSummanAalaMuanaunn B taun X, fe
USinmanudu X, 8 Usinmdn X, Ao USunadniin
X, #a Ysnnouadioaglos waz X, Ao USinousaglas

2) aaudsann (Y) fla dSununantaaniues
AN nued iagaﬁgﬂ’imsw:ﬁmuaums @e
RANNNINATOUANMNFUANUTEIENITIATIZRMIAADBY
wigm laglElsunsuneadi@ SPSS version 21 serial
4e5042aefdea71686eea

2.3.2 NM1IRATNANATNEINTALAZNITAMAD N
o =
AIUTTUAN TN

NIRFNINNITWEINTAlABNITAALRBNAD

{ ) N % a Qf Qs % o
BUSNLRUIEFNAILNITRIAFNUSLANTIRFNWUT 110

a ¢ A o A o A ' ' '
N15ATEFiNaAaLaanaIulINAIAINTAINAG D
Ysunmmandatamuasarangued lasldlusunsunig
888 SPSS w1z lunisgsaunIINeINIILAL
AALRENAILYTTANIZEN RINITORIVIRNAITNEINTDE

& asgumsdalun
Y =a+bX, +bXp* ... +b.X, (1)

A ' A a A a
Wa i Y fa USuomanEaemMuaaaang s
M Xq, Xorooy X, A0 @2UL5BRIZN 1, 2., k
' A ' A
@1 a fia ANAIN
o a af o B o
@1 b fa FuUIzANTNIINANE8VRINILYTUARZAD
A o ) A o °
nsianaandsduinatiini i lunuudiaasg
1535 9Ren@udsuuuS1aUTH (Stepwise Selection)
Tumsiensdimanuaunus iwaltlunsasrsgunis
FMILAANMIOIUTU MR AREALONIHE RN BT L6

daluluamaa
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3. HAaNIIVYULLAZIIFUNAR

3.1 MIFITIALNITIATIUNITATUS I N asday

JINIANIN

Figure 2 Proportion of weed species in each family
presented as percentage to the total species collected

in Muang District, Tak Province
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ﬁ]'mﬂ’l‘W‘ﬁl 2 LLﬁﬂOﬂWiﬁﬁLL%ﬂfﬁﬂ‘ﬁ(ﬂ’l&l’Nﬁ
NNMIFUEITIITATUTIMEUNBINDY InTaan
WulziT 18 234 daaglu 33 ana $1udu 35 1fa
f%w"’ﬁd'su‘lmgﬁwmi"maglmaﬁ Fabaceae Aatn
Sauar 20.003 2% 7 a%ha lawn Senna occidentalis
(L.) Link, Stylosanthes hamata (L.) Taub., Leucaena
leucocephala (Lam.) de Wit, Mimosa pigra L., Sesbania
Jjavanica Mig., Crotalaria impressa Nees ex Walp. La¢
Tephrosia purpurea (L.) Pers. 3838341 fa 294
Amaranthaceae 2 9 6 Euphorbiaceae L & £ 13 @
Malvaceae A @t wsiaunz 11.43 laga9d
Amaranthaceae 3143% 4 18a ldwn Celosia argentea
L., Achyranthes aspera L., Amaranthus blitum subsp.
blitum a8 A. spinosus L. 236 Euphorbiaceae 311474
459a laud Acalypha poiretii Spreng., Croton hirtus
L'Hér., Jatropha gossypiifolia L. i Ricinus communis
L. Laz24¢ Malvaceae 4 THa Lauwn Abutilon indicum
(L.) Sweet, Sida acuta Burm.f., Urena lobata L. L8
Waltheria indica L. %ana1nisswua9¢ Capparaceae
WAz29F Asteraceae Aatduiasas 5.71 las24d
Capparaceae 314 2 w9 @A Cleome gynandra L.
WAz C. viscosa L. Waz19d Asteraceae $147% 2 1@
le&wn Cchromolaena odorata (L.) R.M.King & H.Rob.
W8 Praxelis clematidea (Hieron. ex Kuntze) R.M.King
& H.Rob. LazgINuITATaN 12 296 9 az 1 Tha A
{ufounssau 34.29 699l 296 Acanthaceae (Rusllia
tuberosa L.) 13 @ Araceae (Colocasia esculenta (L.)
Schott) 2196 Asclepiadaceae (Calotropis procera (Aiton)
W.T.Aiton) 1d Cyperaceae (Cyperus pilosus Vahl) 21
Lamiaceae (Mesosphaerum suaveolens (L.) Kuntze)
197 Moraceae (Broussonetia papyrifera (L.) L'Hér. ex
Vent.) 296 Nyctaginaceae (Boerhavia coccinea Mill.)
147 Poaceae (Phragmites karka (Retz.) Trin. ex Steud.)
1494 Plantaginaceae ( Scoparia dulcis L.) 33 @
Solanaceae (Physalis angulata L.) 1396 Typhaceae
(Typha angustifolia L.) WAI9¢ Verbenaceae (Lantana
camara L) lagFoRoinusmlngannnsguamamy
miﬂi:ﬁ]’mw“‘uifu%mmﬂ’mmﬁaﬂaué’]wadﬂﬁzmﬂ
ne saandaInuINwITuVad Premjet et al. (2013) la
MMIETIMITATIINIDNRINUTINB AT N INEALD
muaavsmMarilanauansvasdszsinalng wu
Ty 25 296 d0aglu 62 ana $1uwau 74 Tl 1dRT

AWUTTATNINNA 1@ur Poaceae Waz Asteraceae

a 6 |1a & =) e A
3.2 mananzvlIniasavaysznaunuadvad 17wy
UALSNIUNANALENIUORNINN ] ]

NNMNIFTIVAI0E1ITRTUS IS LN LI B3
swmsamn lagmsiamsiUSinmenudu woi i
ﬁﬂ’%mmmw%mgiwﬁa 4.51-24.18% SyRwi
ﬂ'%mmmm%ugaq@ fla P. angulata L. (24.18+0.32%)
3898941 fa C. esculenta (L.) Schott (16.88+0.71%)
W8y R. tuberosa L. (14.870.72%) Safiafiflanuin
#1ga fa T. angustifolia L. (4.51£0.57%) uazwu iy
4 190 ATUSIIANNTUEINTN 10% @a T. angustifolia
L., P. karka (Retz.) Trin. ex Steud., S. javanica Mig. LLa<
C. pilosus Vahl (4.51-5.99 %) lagifaindsdrniwain
li¥desfnnuiuiasniiniowindy 10% S9U5unm
mm"‘ij?umaa’%‘amadwmﬁmﬁaqmmwmau%mwﬁa
FanIWaauviawnniLin 8-10% (Shojaeiarani et al.,
2019)

NNIIATIERYTUILE WUITTTW T
USunandnagszning 4.33-22.22% SR IUSun o
§980 Aa P. angulata L. (22.22+0.57%) 7898411 A8 R.
tuberosa L. (19.79£0.65% ) W&z A. spinosus L.
(17.1520.74%) Wwas B. papyrifera (L.) L'Hér. ex Vent.
(17.15:0.32%) Fuiwfifiuindnga fie C. impressa Nees
ex Walp. (4.33£0.29%) uazwuiane 5 wfia A9U5u1m
iidIndnsaianty 7% dae C impressa Nees ex
Walp., W. indica L., S. hamata, (L.) Taub. T. purpurea
(L.) Pers. L8z M. pigra L. (4.33-7.38%) Jasinskas et al.
(2022) WU TN Sida sp. AUSuwLeN 6.07% LTu

o A

SuRwAmunzainuigandsdiinwsauns Tag
ﬁaﬁmumaammgme‘%m{uL%ﬂtwﬁa%amwmnvlaj”
dasfuiiasnimiawinny 1.5% uazdniulaidugn
@9 bailfin 7%

ANMFeNzAUTI MR A wuddaRed
USunmdniiuagszning 4.52-16.94% SoRoAUSun o
anfiugaga Aa L leucocephala (Lam.) de Wit
(16.9410.44%) 7838341 fia S. dulcis L. (12.894£0.28%)
IWae P. karka (Retz.) Trin. ex Steud. (12.75+0.47%)
JrRsniianiiudnga fie R. tuberosa L. (4.52:0.59%)
’quﬁuﬂi:m'ﬂﬁrﬂulﬁﬁagiaaﬁﬁﬂﬁuﬁmﬁﬂﬁ'ﬁaﬁul,ér”u
lowwaglaauaziafimaglamdhdaoni FoAnAuNUMU
@iamiaiar_lamﬂmﬂﬁaLﬂuaqﬂaﬁﬂ@iamswﬁmamuaa
(Polprasert, 2014) lag Kongkeitkajorn et al. (2020) in
MINENLONIWARNIN Pennisetum purpureum Schumach.
ldUSunmanuas 44.7 nIudeadas lag P. purpureum

A a a a ' o A
Schumach. JUTHIaNUBAaUNITUILININ 19.4% 09



Recent Science and Technology 17(2) 261341 (2025)

INMINATITRUSU BN AU I TANTN IR WUNE
YT mantud NI P. purpureum Schumach.
mnmﬁmﬁ:ﬁﬂ’%mmLaﬁLmaQIaa WU

A

ﬂiuﬂ%uﬂmtaﬁLmagIaaagjs:wj'm 4.83-27.05%

=

nfivSumadioaglaggige fa C. pilosus Vahl

o

W
TN
(27.0520.25%) 383983311 fa C. impressa Nees ex Walp.
(22.33£0.33%) WAz A. aspera L. (22.11£0.42%) 1TNG
fifiafiaglaadnga fia A poiretii Spreng. (4.83:0.17%)
Laﬁuﬁagiamﬂuaaﬁﬂs:ﬂauﬁmaua@uLmagiaa
Wisuedawmetlasnuneneanin vinlwfavinenis
vihnusasewloilunisdesaaioisaglas (Sun et
al., 2021) Raud and Kikas (2020) ¥1n1In&aLaniues
IMNITNTNEN  Trifolium pratense L. Wae Phleum
pratense L. lapizAsnanduSinmafioaglasnauns
UTUENIW 18.4% UAzHRINMIUIUEAIW WUIIEIU1ID
HRALANIUEA L6 3.3-4.0 NTNLENIUAAINN 100 NTNT7
478 %amnms"?mﬂ:ﬁﬂ’%mmmﬁwmgiaamnf"nﬁm
HanuanusoRe 4 5ha leun C. pilosus Vahl, C.
impressa Nees ex Walp., A. aspera L. WLae P. karka
(Retz.) Trin. ex Steud. ﬁﬁﬂ’%mmmﬁmaﬁiampn'jw
TN P. purpureum Schumach.
nnmylanzilTuansaglag Wiz
fiuSuasaglageyizning 13.41-44.69% SwRid
ﬂ%mmmagiaagaq@ fa P. karka (Retz.) Trin. ex
Steud. (44.69+0.32%) 783834N fa T angustifolia L.
(42.06£0.15%) U8z W. indica L. (41.49£0.13%) NG
fifiimaglaasinga fia A. poiretii Spreng. (13.41£0.29%)
waglasiuasddznaundnsasiagivdszinninlu
\aglaw mmingnﬂaUammﬂuﬁwmangiﬂa wold
nansesdulunsuaaduianiues (Premiet, 2019)
Campos et al. (2019) HNTHAALENIBERINNITNT P.
purpureum Schumach. 1dUSunmanmuas 45.5 n3ude
803 lapduNs P. purpureum Schumach. §UTu1
waglagiaundiuan nuaznaansdiuanin 38%
w8y 76.30% audey SodwirRandananinlunis
WAatanuaanfiUTimueTaglargadainllg
msﬂa@ﬂ@iaungiﬂavlﬁgo FeanmITieziusunm
Lmag“[aamni“«nﬂ'w&wmwufmﬁm 5 g%a laun P.
karka (Retz.) Trin. ex Steud., T. angustifolia L., W.
indica L., S. acuta Burm.f. Lae L. Leucocephala (Lam.)
de Wit ﬁﬁﬂ’%mmmagiaaqaﬂdwﬁﬁm P. purpureum

Schumach.

Stylosanthes hamate{1..) Taub, 0589

Leucaena lexcovephata (Lam.) de Wit A
Lantana camara | 34650

Waltheria indica | 38221

Sidas acuta Burm.f. 29485

Cyperus pitosus Vbl 39984

Achyranthes aspera L 40188

Crotalaria impressa Nees ¢x Walp. 2261
Tvpha angustifolia L. 43246

Phragmites karka (Retz ) Trin, ex Stoud. 8041

Figure 3 Average theoretical ethanol yield (L/Ton) of
the top 10 from classification of weed species in

Muang District, Tak Province
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Usmnuamaglasmnuiumvasaaglaagidinali
USumnandataniuaagy L1899 1NUS U UHARE®
e uaadanlansuuasnlatinwidusasiulasass
ﬁ'uﬂ%mmwnagiaa BIUSUTUHAREALENIRERIN
C. sativa L., M. sacchariflorus (Maxim.) Benth. & Hook.f.
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83.40 76.67 38.13 ULaz37.76 NIuGaAlaniy au&1aU
lasfiUSinmusaglaarioumaiuaniwrinny 53.86%
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YSHIMHANRALEN IR AN BHWUTTNT 14 THa
&un P. karka (Retz.) Trin. ex Steud., T. angustifolia L.,
C. impressa Nees ex Walp., A. aspera L., C. pilosus
Vahl, S. acuta Burm.f., W. indica L., L. camara L.,
L. Leucocephala (Lam.) de Wit, S. hamata (L.) Taub.,
S. dulcis L., U. lobata L., T. purpurea (L.) Pers. 8¢
C. odorata (L.) R.M.King & H.Rob. §USuntunanda
LAMMUBRINNABHFINI1ITNT M. gigantea (Rchb f. &
Zoll.) Mull.Arg.
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padsznaunanmaadl leud X1 e USunmenuin
(Moisture Content) X2 fa YSurmiean (Ash Content)
X3 fla YSunudndin (Lignin Content) X4 Aa USunm
LﬁﬁL‘ﬁﬂQIaa (Hemicellulose Content) Lz X5 @@
ﬂ%u’lmlﬁﬁagiaa (Cellulose Content) URAIAILUNBATN
NN aaﬁagalugﬂLn.mﬂ'smé‘uw”uﬁv?m&u VDI
ToymirArLTMELNaLEEY JIniaan wudaie 18
19d a”@ag"lu 33 ana 9% 35 1ha WuI13ERiINg
dSummaniataninaaaiungejnuainys
pdndsznaunannIsaidanuauNusnwa 9l
wodATYNIIFHA (O = 0.01) LEAISINTNG 4
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Figure 4 Scatter plot of the relationship between the moisture content, ash content, lignin content, hemicellulose

content, cellulose content and theoretical ethanol yield
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Table 2 Correlation coefficient between the chemical compositions of weeds and theoretical ethanol yields

Theoretical ethanol yield (L/Ton)

Theoretical ethanol yield (L/Ton)

X, : Moisture

Pearson Correlation -0.548*
Content (%)

Sig. (2-tailed) 0.001
X, : Ash

Pearson Correlation -0.531**
Content (%)

Sig. (2-tailed) 0.001
Xs: Lignin

Pearson Correlation 0.304
Content (%)

Sig. (2-tailed) 0.075

Xyt
Pearson
Hemicellulose 0.768**
Correlation
Content (%)
Sig. (2-tailed) 0
Xs: Cellulose  Pearson
0.899**
Content (%) Correlation
Sig. (2-tailed) 0

** Correlation is significant at the 0.01(P20.01)

Table 3 Correlation coefficient among the chemical compositions of weeds and theoretical ethanol yields for the study

X;: X,: X;: X,: Xs: Y:
Moisture Ash Lignin Hemi- Cellulose Theoretical
Content Content Content cellulose Content ethanol yield
(%) (%) (%) Content (%) (L/Ton)
(%)
X,: Moisture Content (%) 1.000 620" -.352" -.454" -470" -.548"
X,: Ash Content (%) 1.000 -.453** -.210™ -.613** -531**
Xj: Lignin Content (%) 1.000 .076" .382* .304"
X,: Hemicellulose 1.000 .409* .768**
Content (%)
Xs: Cellulose Content (%) 1.000 .899**
Y: Theoretical ethanol yield 1.000

(L/Ton)

**.Correlation is significant at the 0.01 (P20.01); *.Correlation is significant at the 0.05 (P20.05); ns is non-significant

(P>0.05)

MNA97 2 iileRasIne P-value fiszeu
Wodem 0.01 wudn Usuamaudu Usunmd
ﬂ%uwmmﬁmagiaa Lm:ﬂ%mmuﬁaQIaa in27u
ANMUFNNUSN WO E1IARENIRDANUUTUUHARR®
LONIUBRANNNT B (p < 0.01) LIuud Ysunmaniiui
liflanusuwusnudSunuwaniatanmuaamnann s

NAT199 3 LlaRaNIINEn P-Value fiszau
wudAA 0.05 wudtdulsasdlsznaunanmaail
vavizRanndiianudunuiiuadliieddynig
80@ (p < 0.05) L3uUe X! UTurmtnnu X, Usunm
Laﬁmagﬂaa Xo: USwnmdniuny X, dsunmwad
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Table 4 Results of testing the suitability of the forecast equations

Meaning of the

forecast equation

Results of data analysis

Outlier it was found that data analysis of Cook's Distance value used was between 0-0.206 which

was less than 1. It can be concluded that it was no abnormalities in the data used in the

analysis.

Test of Normality

normally distributed variables.

Homoscedasticity
diagram.

Autocorrelation

From the Boxplot and Scatter Plot, it was found that the error and dependent variables was

It was found that the error was distributed in a constant manner from the Histogram

The Durbin-Watson value was 1.362 which was less than 1.5 indicating that autocorrelation

has occurred. The independent variable used in the test had own internal relationship.

Multicollinearity

multicollinearity.

The equation had only one independent variable therefore it was no problem of
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Table 5 Result of multiple regression analysis

Model R R?

Adjusted R?

Std. Error of the Estimate

1 0.899° 0.807

0.802 38.0122

Table 6 The independent variable that is related to theoretical ethanol yield

Unstandardized

Standardized

Coefficients Coefficients t Sig.
B Std. Error Beta
(Constant) 30.599 21.699 1.410 0.168
Cellulose 9.211 0.783 0.899 11.764 0.000
ﬂ’liﬂw@Lﬁﬂﬂ@]w’sLLﬂiﬁﬁi:L?ﬁfﬁﬁNﬂ’liWﬂ’miﬂi Y =30.599 + 9.211 (X) (12)
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