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Abstract

A survey of para rubber plantations belonging to farmers in Wang Takien Subdistrict,
Khao Saming District, Trat Province, Thailand, revealed the presence of edible wood ear
mushrooms (Auricularia cornea). Pure cultures were subsequently isolated from the mycelium
of this mushroom and identified using molecular identification. The strains were then
preserved in the laboratory for further research. The objective of this research was to determine
the factors affecting the growth of the mycelium of A. cornea isolated from para rubber plantation.
The factors, glucose concentration (2, 2.5, 3,3.5,4,4.5, and 5%), pH (4, 5, 6,7, 8, and 9), and
temperature (25, 30, 35, and 40°C) had been investigated on mycelium growth. The factorial
completely randomized design (Factorial CRD) was used to design all the experiments. It was
found that this strain grew the greatest on Potato Dextrose Agar (PDA) containing 2% ¢lucose,
which had the significantly highest colony diameter (7.51+0.21 cm at 8 days, p-value<0.05). At pH
6 and 7, the mycelium grew similarly well and condensed mycelium that revealed colonies
diameter of 7.55+0.57 and 7.79+0.47 cm at 10 days, respectively (not significantly different).
Finally, the mycelium was able to grow the best at 30°C with the significantly highest colony
diameter (8.03+0.89 cm at 6 days, p-value<0.05). The findings of this study revealed that the
optimal conditions for A. cornea mycelium cultivation are growth on PDA containing 2%
glucose, at pH 6 or 7, and incubation at 30°C. Under these optimal conditions, the mycelium
of this strain grew rapidly and exhibited dense growth. Therefore, it is suitable for application

in cultivating high-quality mycelium before fruiting body cultivation.

Keywords: Optimal conditions, Growth factor, Para rubber plantation, Auricularia cornea
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Introduction

The para rubber (Hevea brasiliensis) plantation is a worldwide agricultural activity,
including Thailand. Due to it being a monoculture crop, the farm process and human activity
resulted in changes to the biodiversity and function of organisms in this area, including
macrofungi diversity (Lan et al,, 2020; Li et al,, 2018; Monkai et al,, 2017). These led the
researcher to explore the macrofungi (Mushroom) diversity in the para rubber plantation.
Several studies of macrofungi diversity in para rubber plantations have previously been
reported (Osemwegie & Okhuoya, 2011; Osemwegie et al,, 2010). Some edible macrofungi
have been discovered in this area, such as Ganoderma lucidum, Schizophyllum commune,
Tremella fuciformis, and Auricularia auricula (Osemwegie & Okhuoya, 2011; Osemwegie et al.,
2010).

Auricularia is a genus of jelly fungi, wood ear, or Jew’s ear mushroom that is classified
in the family Auriculariaceae of the Fungi Kingdom, with its edible and medicinal properties
such as anti-cancer, anti-microbial, anti-oxidant, anti-diabetic, anti-hypercholesterolemic, and
immuno-modulatory (Bandara et al., 2019). The market demand for this macrofungus led to
the study of bag cultivation as a commercial cultivation. Auricularia cornea was reported in
several countries, including Thailand (Bandara et al., 2017; Drewinski et al., 2024; Regis et al,,
2024; Surawut et al.,, 2023), and the high nutritional value of A. cornea have been reported.
However, the nutritional value widely varies depending on its strain (Walker et al., 2023,
Wanich et al., 2024). Therefore, the stain from para rubber plantation of A. cornea may offer
different nutritional value than previously reported and naturally occurring strains may have
local adaptation and potential value for cultivation. The principle of mushroom bag cultivation
consists of (i) mycelium isolation, (ii) mycelium spawning, (iii) substrate preparation, and (iv)
cultivation to produce mature fruiting bodies (Drewinski et al., 2024; Regis et al., 2024;
Thongklang et al.,, 2020; Wanich et al,, 2024). However, the growth of fungal mycelium in
optimal conditions results in the effective yield of the fruiting body production. At the step of
mycelium isolation, the mushroom cultivator usually uses potato dextrose agar (PDA) for
mycelia cultivation because this medium is easy to prepare. It is easily available with cheap
ingredients.

The factors that affect the mycelium growth of Auricularia spp. (Bandara et al., 2019;
Regis et al., 2024) including A. cornea (Walker et al., 2023; Zhang Bo et al,, 2017; Zhang et al,,
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2018) have been reported. The optimal temperature of A. cornea mycelia was 25°C in Thailand
(Walker et al., 2023) and 30°C in Brazil (Drewinski et al., 2024), while optimal pH has been
reported at 5-7 (Walker et al., 2023). However, different strains of A. cornea resulted in different
growth performance.

Therefore, the objective of this study was to determine the factors affecting the growth
of A. cornea mycelium strain from the para rubber plantation. The results of this study could
be used to cultivate the mycelium in optimal conditions to obtain effective mycelium before

using it to produce fruiting bodies by bag cultivation.

Methodology
Fruiting body samples

Fruiting body of A. cornea (collection number WK19) were collected from para rubber
plantation located in Wang Takien subdistrict, Khao Saming district, Trat province, eastern
Thailand (Latitude 12°24'17" N to 12°30'57" N and longitude 102°25'58" E to 102°33'd5" E). The
species identification was performed by morphological study and sequence analysis of Internal

Transcribed Spacer (ITS) region as previously described (Wanich et al., 2024).

Mycelium preparation

The pure culture of A. cornea mycelium was isolated as previously described
(Drewinski et al., 2024; Wanich et al., 2024). Briefly, a piece of mycelium was removed from
the inside of the fresh fruiting body and transferred to potato dextrose agar (PDA) (Himedia,
India). The pure culture mycelium was prepared for the experiment by growing on PDA
(containing 2% glucose at pH 5) and incubated at 25°C for 5 days. The factorial completely

randomized design (Factorial CRD) was used to design all the experiments.

Effect of glucose on mycelium growth

A 1.0 cm diameter of the cork borer was used to puncture the agar at the edge of the
A. cornea colony on PDA plate. Then, transfer the agar piece to the center of PDA plate
containing glucose concentrations of 2% (normal formula), 2.5, 3, 3.5, 4, 4.5, and 5% (w/v) at
pH 5.0 (5 replications for each glucose condition). Subsequently, all plates were incubated at
25°C. The colony diameter was measured every day until full colonization under any

conditions (Hoa & Wang, 2015).
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Effect of pH on mycelium growth

A 1.0 cm diameter of the cork borer was used to puncture the agar at the edge of the
A. cornea colony on PDA plate. Then, transfer the agar piece to the center of PDA plate
containing optimal glucose concentrations with pH adjusted to 4, 5, 6, 7, 8 and 9 (5 replications
for each pH condition). Subsequently, all plates were incubated at 25°C. The colony diameter

was measured every day until full colonization under any conditions (Hoa & Wang, 2015).

Effect of temperature on mycelium growth

A 1.0 cm diameter of the cork borer was used to puncture the agar at the edge of the
A. cornea colony on PDA plate. Then, transfer the agar piece to the center of PDA plate
containing optimal glucose concentration and pH value. Subsequently, plates were incubated
at 25, 30, 35, and 40 °C (5 replications for each temperature condition). The colony diameter

was measured every day until full colonization under any conditions (Hoa & Wang, 2015).

Statistical analysis

The values obtained from the experimental results were analyzed statistically by
mean and standard deviation. Comparing the mean by one way-ANOVA with LSD for multiple
comparisons. SPSS version 25.0 was used for analysis, and the p-value<0.05 was considered a

statistically significant difference.

Results
Effect of glucose on mycelium growth

According to the mushroom cultivator usually used PDA for mycelia cultivation.
The addition of glucose, serving as the primary carbon source, may stimulate fungal growth.
To determine the effect of glucose on mycelium growth. The mycelium of A. cornea was
grown on PDA containing 2, 2.5, 3, 3.5, 4, 4.5, and 5% glucose (w/v). The result revealed that
A. cornea mycelium could grow at glucose concentrations of 2-5% in PDA but showed the
best growth at 2% glucose in PDA (Figure 1 and Figure 2), with 7.51+0.21 cm of the colony
diameter at 8 days of incubation, which was significantly larger than the other concentrations
(p-value<0.05). The incubation period until the mycelia of A. cornea grew fully on the culture
plate was found in 2% glucose condition at 8 days (Figure 2) followed by the g¢lucose
concentration at 2.5, 3, 3.5, 5 and 4.5% with the colony diameter on 8 days was 6.84+0.44,
6.07+0.21, 5.55+0.27, 4.48+0.10, and 4.47+0.22 cm, respectively.
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Figure 1 Colony diameter of A. cornea on PDA with glucose concentrations of 2, 2.5, 3, 3.5,
4, 4.5, and 5% (w/v) after incubation for 8 days. * Represents a significant difference when

compared to other glucose concentrations at 8 days after incubation.

Figure 2 Colony characteristics of A. cornea on PDA with glucose concentrations of 2 (A),

2.5(B), 3(Q), 3.5 (D), 4 (E), 4.5 (F) and 5% (G) (w/v) after 8 days of incubation.
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Effect of pH on mycelium growth

To determine the effect of pH on mycelium growth. The mycelium of A. cornea was
grown on PDA with pH of 4, 5, 6, 7, 8, and 9. The results showed colony diameter of A. cornea
mycelium was quite similar at pH of 4, 5, 6, 7, 8, and 9 (Figure 3 and Figure 4), with colony
diameters of 8.03+0.18, 7.73+0.48, 7.55+0.57, 7.79+0.47, 6.88+0.34, and 7.36+0.10 cm,
respectively, after incubation for 10 days. At pH 6 and 7, the mycelium grew well and seemed
to have high mycelium density when compared to the growth at other pH levels, as shown in
Figure 4. However, the colony diameters of mycelium when grown at pH 6 and 7 revealed no

significant difference (p-value>0.05).

10 mm pH4
= mm pHS
g pHE
3 pH 8
g pH O
8 118
2 4~ L1 /
5 o I Iz
o 2+ L2 Z
s 1 %

1 2 3 4 5 6 7

Time after inoculation (Day)

Figure 3 Colony diameter of A. cornea on PDA with pH of 4, 5, 6, 7, 8, and 9 after incubation for 10 days.

Figure 4 Colony characteristics of A. cornea on PDA with pH of 4 (A), 5 (B), 6 (O), 7 (D), 8 (E)
and 9 (F) after incubation for 10 days.
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Effect of temperature on mycelium growth

To determine the effect of temperature on mycelium growth. The mycelium of
A. cornea was grown on PDA at 25, 30, 35, and 40°C. The results revealed that it could grow
best at 30°C (Figure 5 and Figure 6), with a colony diameter was 8.03+0.89 cm after incubation
for 6 days, which was significantly larger than the other temperatures (p-value<0.05). The
incubation period until the mycelia of A. cornea grew fully on the culture plate was found in
30°C condition at 6 days (Figure 6), followed by the temperature of 35, 25, and 40°C with the
colony diameter of 7.18+0.35, 3.49+0.09, and 1.00+0.00 cm, respectively. However, even
though the temperature of 35°C had a significantly smaller colony diameter than that of 30°C,
it was found that the colony characteristics of A. cornea mycelium when incubated at 35°C
seem to be higher mycelium density, as shown in Figure 6C. It was also found that at 40°C
could not cultivate A. cornea mycelium at all (the colony diameter was measured as 1 cm,

which was the size of the mycelial agar piece placed on the culture plate).

10 mm 25°C
E — 30°C *
5 g4 = 35 l
~ 40°C T
.
2 il
Q 6-
E X
S 1
S 44 )
>
g 2o
s 7y }a_l
| 2 A Il
0= T T T 1 2
1 2 3 4 5 6

Time after inoculation (Day)

Figure 5 Colony diameter of A. cornea on PDA with 2% glucose, pH 6.0, and incubated at
25, 30, 35, and 40°C for 6 days. * Represents a significant difference when compared to

other temperatures at 6 days after incubation.
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Figure 6 Colony characteristics of A. cornea on PDA with 2% glucose concentration, pH 6.0,

and incubated at 25°C (A), 30°C (B), 35°C (C), and 40°C (D) for 6 days.

Discussion

To determine the factors affecting the growth of A. cornea mycelium strain from the para
rubber plantation. The result revealed that A. cornea mycelium could grow at glucose
concentrations of 2-5% in PDA but showed the best growth at 2% glucose in PDA. The results
of this study are consistent with the research of Hoa and Wang (2015) who reported that sugar
concentrations of 1-3% (w/v) will cause the fungal hyphae to have the highest colony
diameter. However, if the sugar concentration is higher than 3% (w/v), it will affect the change
of osmotic pressure within the fungal cells, causing the fungi to be unable to control the
balance of substance entry or exit, and the function of the metabolic synthesis process (Hoa
& Wang, 2015). The optimal pH for A. cornea has previously been described in three different
A. cornea isolates collected from Chiang Rai province, Thailand (Walker et al., 2023). They
found that pH 5-7 was optimal for the growth of A. cornea mycelia, which correlated with the
result of this study (pH 6-7). In general, fungal hyphae growth is best in acidic to neutral
conditions, which is consistent with these studies. In previous studies, A. cornea isolates from
Chiang Rai province, Thailand were investigated for optimal conditions, not only the optimal
pH but also optimal temperature. At 25°C was revealed as the optimal temperature for
A. cornea mycelia growth (Walker et al., 2023). However, the study of A. cornea isolates from

Brazil showed optimal temperature at 30°C (Drewinski et al., 2024), which is consistent with
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the result of this study (30°C). These studies suggested that different strains of A. cornea
resulted in different growth performance. The results of this study could be used to cultivate
the mycelium in optimal conditions to obtain effective mycelium before using it to produce
fruiting bodies by bag cultivation.

Additionally, Auricularia spp. or wood ear mushrooms are multipurpose in cooking and
offer beneficial nutrients. Their nutritional value varies depending on the species, but they
generally consist of 79.9-93.2% carbohydrates, 6.5-13% crude protein, 3.5-12.5% crude fiber,
and 0.48-4.5% fat (% dry weight). The main components are polysaccharides, which make up
as much as 66.1% of the total composition, including mannan, glucan, pectin, chitin, and
cellulose. Furthermore, some species of wood ear mushrooms contain 18 different amino
acids, covering all the essential amino acids necessary for the body. Glutamic acid is the most
abundant of these. In addition, wood ear mushrooms also contain important minerals. This
includes essential elements such as calcium (Ca), potassium (K), magnesium (Mg), sodium (Na),
phosphorus (P), and iron (Fe). Wood ear mushrooms have also been found to contain vitamins
A, D, and K. Furthermore, wood ear mushrooms have been reported to contain bioactive
compounds such as polysaccharides and melanin, which have antioxidant, anti-tumor, and
metabolic regulation properties (Liu et al.,, 2025). Therefore, the fruiting body of A. cornea
isolated from para rubber plantation strain may produce different nutritional content and

bioactive compounds that may be used as high nutritional food and for medicinal use.

Conclusion and Suggestions

This research studied the factors affecting the growth of mycelium of Auricularia cornea
strains isolated from para rubber plantation, where located in Wang Takien subdistrict, Khao
Saming district, Trat province, Thailand. The results found that the optimal conditions for
A. cornea mycelium cultivation are growth on PDA containing 2% slucose, at pH 6 and 7, and
incubation at 30°C. It was found that A. cornea mycelium under the appropriate cultivation
conditions grew rapidly and seemed to be dense mycelium. These results could be used to
cultivate the mycelium of A. cornea strain from the para rubber plantation in the laboratory
to obtain the effective mycelium before performing the spawning culture of this fungus and
then growing it to produce its fruiting body. Additionally, further study should also examine
the nutritional value and bioactive properties of fruiting bodies produced from this locally

adapted strain in order to support their use as both edible and medicinal mushrooms.
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Abstract

Heat stress is a major constraint on dairy production in tropical regions, particularly in
open-housing barns with limited environmental control. This study evaluated a low-power
high-volume low-speed (HVLS) ventilation system integrated with a hybrid solar energy supply
using a matched-season controlled before-and-after quasi-experimental field design. Baseline
data were collected from May to August 2023, and post-installation data were collected from
May to August 2024. The study was conducted in an open-housing dairy farm with 104 Holstein
Friesian crossbred dairy cows. Among these animals, 48 lactating cows were included in the
primary evaluation and allocated by barn-zone exposure into a control group (n = 19) located
in the non-HVLS zone and a treatment group (n = 29) located under the HVLS airflow coverage
area. Barn temperature and relative humidity were measured using custom-built DHT11-based
sensor nodes. Respiration rate was determined by counting flank movements for one minute
(60 s) before afternoon milking during the hot period, and infrared body surface temperature
was measured at the lateral body region using a non-contact infrared thermometer
(3CMEDICAL FI-01). In the treatment group, THI decreased from 82.6 to 78.8, average respiration
rate decreased from 83.5 to 65.2 breaths/min, and infrared body surface temperature
decreased by approximately 0.6 °C. Average daily milk yield increased from 12.8 to 14.3

L/cow/day, representing an approximate 12% improvement in the treatment group, whereas
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the control group showed no clear change. The system consumed approximately 1.2 kWh/day,
with 78% of the energy supplied by the hybrid solar subsystem. Economic estimation using
cooperative milk-price records and the electricity tariff during the monitoring period indicated
that the additional milk income greatly exceeded the operating electricity cost. These findings
suggest that low-power HVLS ventilation integrated with hybrid solar energy is a practical and
economically promising approach for improving dairy cow welfare and milk production in

tropical open-housing barns.

Keywords: Heat stress mitigation, Dairy farm management, HVLS ventilation system,

Hybrid solar energy, Open-housing dairy system

Introduction

Heat stress is widely recognized as a major environmental challenge affecting dairy
production systems, particularly in tropical and subtropical regions (West, 2003; Collier et al,,
2006). When ambient temperature and relative humidity exceed the thermoneutral zone of
dairy cows, animals experience physiological strain as they attempt to dissipate excess
metabolic heat. Open-housing dairy barns, which are commonly adopted due to their low
construction cost and structural simplicity, are especially vulnerable to heat stress because
they rely primarily on natural ventilation and lack active climate control mechanisms
(Chantalakhana & Falvey, 1999; FAO, 2009).

Physiological responses to heat stress in dairy cows include increased respiration rate,
elevated infrared body surface temperature, and alterations in endocrine and metabolic
activity (Bernabucci et al., 2010; Collier & Gebremedhin, 2015). Respiration rate is often the
earliest observable response to rising thermal load, reflecting increased evaporative heat loss
through panting (Hahn, 1999). Sustained elevation of infrared body surface temperature
indicates insufficient heat dissipation and has been associated with impaired immune function,
reduced reproductive performance, and increased disease susceptibility (Rhoads et al., 2009;
Lacetera, 2019). These physiological indicators are widely used as direct measures of
compromised animal welfare under heat stress conditions (Mader et al., 2006; EFSA, 2009).

In addition to welfare concerns, heat stress has a pronounced negative impact on milk
production performance. Numerous studies have demonstrated a strong inverse relationship

between the temperature—humidity index (THI) and milk yield in dairy cattle (Armstrong, 1994,
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Bohmanova et al., 2007). As THI exceed:s critical thresholds, dairy cows reduce feed intake and
redirect metabolic energy from milk synthesis toward thermoregulation, leading to measurable
declines in milk yield (Rhoads et al., 2009). Large-scale field studies and meta-analyses report
milk production losses ranging from 10% to over 20% during prolonged hot seasons,
depending on breed, lactation stage, and management practices (St-Pierre et al., 2003, Kadzere
et al,, 2002).

To mitigate heat stress, various environmental modification strategies have been
proposed, including shade provision, evaporative cooling, misting systems, and mechanical
ventilation. While these approaches can reduce physiological stress under certain conditions,
their applicability in open-housing dairy barns is often constrained by high energy
consumption, substantial water requirements, and system complexity (Bucklin et al., 1991,
Khongdee et al.,, 2006). These limitations are particularly significant for small- and medium-
scale dairy farms operating under economic and infrastructure constraints.

Ventilation-based heat stress mitigation has therefore received increasing attention due
to its relative simplicity and energy efficiency. By increasing air velocity at cow level, ventilation
enhances convective and evaporative heat loss, thereby reducing effective thermal load even
when ambient temperature remains high (Gebremedhin & Wu, 2003; Ji et al.,, 2020). High-
volume low-speed (HVLS) fans are of particular interest because they generate large-scale,
uniform airflow while consuming substantially less electrical power than conventional high-
speed fans (Bucklin et al,, 1991; Mondaca, 2019). However, most existing studies on HVLS
ventilation have focused on enclosed or semi-enclosed barns in large-scale commercial
operations, with limited empirical evidence from open-housing dairy barns commonly used in
tropical regions (Ji et al., 2020; Mondaca, 2019).

Parallel to advances in ventilation technology, renewable energy integration has
emerged as a promising strategy for improving the sustainability and reliability of livestock
housing systems. Solar-powered and hybrid solar-grid energy systems have been explored to
support ventilation and cooling in agricultural applications, reducing reliance on grid electricity
and lowering operating costs (Mekhilef et al.,, 2011; IRENA and FAO, 2021). Despite these
advances, limited research has examined the combined effects of low-power HVLS ventilation
and hybrid solar energy systems on animal welfare and production outcomes in open-housing

dairy barns under real-world field conditions (IRENA and FAO, 2021; Rehman et al., 2012).
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In Thailand, heat stress mitigation is particularly relevant to smallholder dairy
communities where open-housing barns are widely used because of their low construction
cost and management simplicity. The field context of this study was linked to a dairy
community in Hu Thamnop Subdistrict, Pakham District, Buriram Province, where dairy farming
is an important local livelihood. Community records reported 11 dairy farms with a total of
1,068 cows and approximately 3,280 kg of raw milk production per day. Motivated by these
field constraints, this study evaluated a low-power HVLS ventilation system integrated with a
hybrid solar energy supply specifically designed for open-housing dairy barns in tropical
smallholder conditions. The objectives were to: (i) assess changes in barn microclimate using
THI as the primary heat-stress indicator, (ii) evaluate dairy cow welfare-related responses using
respiration rate, infrared body surface temperature, and zone-use behavior, (i) examine
changes in milk yield and milk-quality-related economic outcomes, and (iv) estimate the

practical energy and economic feasibility of the system under field operating conditions.

Methodology
Study Site and Experimental System Overview

The study was conducted at a demonstration open-housing dairy farm in Hu Thamnop
Subdistrict, Pakham District, Buriram Province, Thailand. The barn had a metal-sheet roof and
consisted of two sections, each approximately 8 m wide, 20 m long, and 3 m high. The barn
was oriented along the north—south axis, and hot-season prevailing wind entered mainly from
the southwest. The experimental system consisted of a low-power HVLS ventilation subsystem
integrated with a hybrid solar energy subsystem. Two ceiling-mounted HVLS fans with a
diameter of approximately 2 m were installed in the treatment zone. Each fan consumed
approximately 60 W, giving a total fan power demand of approximately 120 W. The hybrid
solar subsystem consisted of two 450-W photovoltaic panels, battery storage using 24-V
batteries, and automatic grid backup to maintain operation when stored solar energy was

insufficient.

Experimental Design, Animals, and Observation Period
A matched-season controlled before-and-after quasi-experimental field design was
used. Baseline data were collected from May to August 2023, and post-installation data were

collected from May to August 2024. The farm had 104 Holstein Friesian crossbred dairy cows.
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Among these animals, 48 lactating cows were included as the primary observation group. Cows
were allocated according to barn-zone exposure rather than random assignment. The control
group (n = 19; approximately 40%) was located in a barn zone without HVLS fan installation,
whereas the treatment group (n = 29; approximately 60%) was located under the HVLS fans
within the airflow coverage area. Individual age, body weight, parity, and days in milk were not

available in the retrospective farm records and were therefore treated as study limitations.

Microclimate, Physiological, Milk Yield, and Energy Measurements

Barn microclimate was monitored using custom-built sensor nodes equipped with
DHT11 temperature-humidity sensor modules connected to an Arduino-based data acquisition
system. Two sensor nodes were installed, one in the control zone and one in the HVLS
treatment zone, at approximately 1.2-1.5 m above the floor to represent cow-level
microclimate conditions. The recorded ambient temperature and relative humidity were used
to calculate the temperature-humidity index (THI). Respiration rate was measured before
afternoon milking during the hot period between 14:00 and 15:00 h. The number of flank
movements was counted for one minute (60 s) and expressed as breaths/min. Body
temperature was measured at the lateral body region using a non-contact infrared
thermometer (3CMEDICAL FI-01). The device measures body temperature within 32.0-42.9 °C
with an accuracy of +0.2 °C. Because the instrument was a non-contact infrared thermometer,
the recorded values were interpreted as infrared body surface temperature rather than rectal
core body temperature. Milk yield was obtained from farm and cooperative milk records.
Energy use was estimated from the measured system operating configuration and daily
operating schedule, while economic feasibility was evaluated using cooperative milk-price
records and electricity tariff assumptions for the post-installation monitoring period (PEA, 2023;

PEA, 2024).

Statistical Analysis

Data were analyzed descriptively because the study was conducted under real farm
operating conditions and complete repeated raw observations for all variables were not
available for inferential modeling. Farm-level and cow-group-level outcomes were
summarized as before-and-after changes, percentage changes, and practical economic

estimates. The term 'significant’ was avoided unless supported by formal statistical testing. For
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cow-level variables, lactating cows were considered the observational unit, whereas THI and
energy outcomes were interpreted at the barn-zone or system level. The controlled matched-
season design, in which the same May-August seasonal window was compared across 2023

and 2024, was used to reduce seasonal bias.

Ethical Considerations

Animal handling and field measurements were conducted under normal farm
management conditions. Written permission and informed consent were obtained from the
farm owner before data collection and system monitoring. No invasive animal procedures
were performed; respiration rate was recorded by visual observation and body temperature

was measured using a non-contact infrared thermometer.

System Configuration and Architecture

The experimental system was composed of three interconnected subsystems:

1. HVLS ventilation subsystem, responsible for enhancing air movement at cow level
to promote convective and evaporative heat dissipation (Gebremedhin & Wu, 2003; Ji et al.,
2020).

2. Hybrid solar energy subsystem, providing electrical power through photovoltaic
generation combined with battery storage and optional grid backup to ensure uninterrupted
operation during peak heat stress periods (IRENA and FAO, 2021; Rehman et al., 2012).

3. Operational control layer, coordinating system operation using predefined
schedules aligned with daily heat stress patterns.

The integration of these subsystems enabled continuous ventilation support under
variable environmental and energy availability conditions.

In the treatment area, cows had free access to two functional subzones: an HVLS
airflow zone directly under the fans and a non-airflow zone without direct fan coverage. During
fan operation, qualitative field observation showed that cows consistently congregated in the
HVLS airflow zone. When the fans were not operating, cows dispersed across both subzones.
This pattern was recorded as practical zone-use preference evidence and interpreted as an
indirect behavioral indicator of thermal comfort. An overview of the integrated ventilation and

energy system architecture is presented in Figure 1.
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Figure 1 Overall architecture of the proposed low-power HVLS ventilation system integrated
with a hybrid photovoltaic-battery energy subsystem and optional grid backup for open-

housing dairy barns.

Design Objectives and System Constraints

The system design addressed practical constraints commonly observed in open-
housing dairy barns, including minimal structural enclosure, limited electrical infrastructure,
and sensitivity to initial investment cost (Chantalakhana & Falvey, 1999; FAO, 2009). Under
tropical climate conditions, such barns experience high solar radiation and humidity, resulting
in prolonged heat stress exposure (Thornton et al., 2009).

Based on these constraints, the system was designed with the following objectives:

1. To mitigate heat stress by increasing air movement at cow level without enclosing
or structurally modifying the barn (Ji et al., 2020).

2. To minimize electrical power consumption to enable operation using a compact

renewable energy system (IRENA and FAO, 2021).
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3. To ensure continuous and reliable ventilation during peak heat periods, when
system failure could exacerbate thermal stress (Rehman et al., 2012).
4. To maintain simplicity in installation, operation, and maintenance to support

adoption by resource-constrained farms (Herrero et al., 2015).

HVLS Ventilation Subsystem
Fan Selection

High-volume low-speed (HVLS) fans were selected as the primary ventilation devices
due to their ability to generate large-scale, uniform airflow at low rotational speeds and low
electrical power consumption (Bucklin et al., 1991; Mondaca, 2019). Unlike conventional high-
speed fans that produce localized airflow jets, HVLS fans move large volumes of air, resulting
in more uniform air velocity distribution across the barn floor area (Mondaca, 2019).

Uniform airflow distribution is particularly important in open-housing barns, where
structural openness and natural wind variability can create stagnant air zones. Consistent air
velocity at cow level has been shown to improve thermal comfort and reduce physiological

stress responses under heat stress conditions (Gebremedhin & Wu, 2003; Ji et al., 2020).

Fan Placement and Airflow Coverage

Two ceiling-mounted HVLS fans were installed along the treatment section of the
open-housing barn to improve airflow at cow level. The control zone was maintained without
HVLS fan installation, whereas the treatment zone was positioned within the airflow coverage
area. Fan placement was determined from barn geometry, available mounting height,
structural clearance, and observed cow movement patterns. The design emphasized uniform
low-speed airflow rather than high localized air speed.

Fan mounting height and spacing were determined based on barn geometry, structural
clearance, and safety considerations. The design emphasized airflow uniformity rather than
high localized air speed to enhance convective and evaporative heat loss while avoiding

excessive air turbulence that could disrupt normal animal behavior (Ji et al., 2020).
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Hybrid Solar Energy Subsystem
Energy Architecture

The hybrid energy subsystem consisted of two 450-W photovoltaic panels, 24-V battery
storage, and optional grid backup. During daytime operation, solar energy supplied the primary
electrical demand of the HVLS fans. Stored energy supported operation during periods of
reduced irradiance, while grid electricity served as an automatic backup source to prevent

system downtime.

System Sizing and Power Matching

Total ventilation power demand was intentionally limited to approximately 120 W
because the system used two 2-m HVLS fans rated at approximately 60 W each. This low-
power configuration enabled operation using a compact photovoltaic array and modest
battery storage, reducing operating electricity cost and supporting suitability for smallholder
dairy farms.

This low-power configuration reduced initial investment cost compared to
conventional cooling systems, which often require several kilowatts of electrical power and
extensive electrical infrastructure (St-Pierre et al., 2003). Reduced system size also simplified

installation and maintenance, enhancing practicality for small- and medium-scale dairy farms.

Operational Control Strategy

The system employed a rule-based operational schedule rather than complex sensor-
based automation. Ventilation was operated primarily during midday and afternoon hours,
corresponding to periods when temperature—humidity index (THI) values are typically highest
(Armstrong, 1994; Ji et al., 2020). This control strategy was selected to balance effectiveness
with operational simplicity. Previous studies indicate that reliability, ease of use, and low
maintenance requirements are critical determinants of technology adoption in smallholder

and resource-constrained farming contexts (Herrero et al., 2015; Rehman et al., 2012).

Practical Deployment Context

The real-world deployment context of the experimental system is illustrated in Figure
2. The system was installed without major structural modification to the open-housing barn
and can be adapted to barns of different sizes by adjusting fan quantity and energy capacity

(St-Pierre et al., 2003; Herrero et al., 2015).
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Figure 2 Field deployment context of the proposed system in an open-housing dairy barn:
(a) aerial view of the barn structure, (b) installation of energy and control components, (c)
interior layout of the open-housing barn, and (d) dairy cows under natural housing

conditions during system operation.

By integrating low-power ventilation with renewable energy within a unified framework,
the experimental system addresses environmental, energy, and economic constraints
simultaneously (Thornton et al., 2009; IRENA & FAQO, 2021), enabling practical evaluation of its

effects on animal welfare and production performance.

Results
Microclimate Conditions

Daytime barn microclimate conditions measured during hot periods are summarized
in Table 1. The control zone without HVLS installation showed no clear improvement during
the matched post-installation period. In the treatment zone, THI decreased from 82.6 during
the baseline period to 78.8 after HVLS-hybrid solar system deployment, representing a
reduction of 3.8 THI units.
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Table 1 Daytime barn microclimate conditions during peak heat hours

Control zone Treatment baseline Treatment after HVLS
Parameter
(non-HVLS) May-Aug 2023 May-Aug 2024
Temperature (°C) No clear change 341+ 1.1 31.6 + 0.9
Relative humidity (%) No clear change 732 + 4.6 68.4 + 4.1
THI No clear change 82.6 78.8

Note: Values are reported descriptively from barn-zone monitoring. Inferential P-values were
not calculated because complete repeated raw observations were not available.
The reduction in THI in the treatment zone indicates that the HVLS airflow reduced

effective thermal load at cow level, even under open-housing barn conditions.

Physiological Welfare Outcomes
Respiration Rate
Respiration rates observed before afternoon milking during hot periods are presented

in Table 2.

Table 2 Respiration rate of dairy cows before and after system deployment

Treatment baseline Treatment after HVLS
Metric Control group
May-Aug 2023 May-Aug 2024
Respiration rate No clear change 835+ 7.1 65.2 + 6.0

(breaths/min)

Note: Respiration rate was recorded by counting flank movements for one minute (60 s)
before afternoon milking during 14:00-15:00 h. Results are interpreted descriptively.
Following system installation, average respiration rate in the treatment group

decreased from 83.5 to 65.2 breaths/min, corresponding to a reduction of approximately 22%.

The control group showed no clear change during the matched monitoring period.

Infrared Body Surface Temperature
Infrared body surface temperature data measured at the lateral body region are

summarized in Table 3.

Science and Technology to Community 23 MsasInermansuazimaluladdyuyu

Vol 4 No 4 July — August 2026 : TCI 1 U aadua ASNAN-FaNAN 2569 : TC 1




Table 3 Infrared body surface temperature of dairy cows under baseline and post-installation

conditions
Treatment baseline Treatment after HVLS
Metric Control group
May-Aug 2023 May-Aug 2024
Infrared body surface No clear change 39.3+0.42 38.7 £ 0.31

temperature (°C)

Note: Values were measured using a non-contact infrared thermometer and should be
interpreted as infrared body surface temperature, not rectal core body temperature.
Average infrared body surface temperature in the treatment group decreased by

approximately 0.6 °C after system deployment.

Milk Yield Performance

Milk yield performance before and after system deployment is presented in Table 4.

Table 4 Average daily milk yield per cow before and after system deployment

Treatment baseline Treatment after HVLS

Metric Control group
May-Aug 2023 May-Aug 2024

Milk yield (L/cow/day) No clear change 128+ 15 143+ 1.6

Note: Milk yield was obtained from farm and cooperative milk records. The 12% improvement
refers specifically to the HVLS treatment group.

Average daily milk yield in the treatment group increased from 12.8 to 14.3 L/cow/day,
representing an increase of approximately 1.5 L/cow/day or 12%. The control group showed
no clear change during the matched monitoring period.

Table 5 consolidates the key treatment-group outcomes to show the overall

direction and magnitude of change after HVLS-hybrid solar system deployment.
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Table 5 Summary of key treatment-group

system deployment

outcomes before and after HVLS-hybrid solar

Indicator Baseline

May-Aug 2023

After HVLS Main change
May-Aug 2024

THI during peak heat 82.6
periods

Respiration rate 835+ 7.1
(breaths/min)

Infrared body surface 39.3 +0.42

temperature (°C)

Milk yield (L/cow/day) 128+ 1.5

78.8 -3.8 points (-4.6%)
65.2 + 6.0 -18.3 breaths/min (-21.9%)
38.7 + 0.31 -0.6 °C (-1.5%)
143+ 1.6 +1.5 L/cow/day (+11.7%)

Note: Values are descriptive summaries from the treatment group. Error terms represent

standard deviation where available. THI was reported as a descriptive index without standard

deviation because complete repeated raw microclimate records were not available for

inferential analysis.

Energy Performance and System Reliability

Energy performance of the ventilation system is summarized in Table 6.

Table 6 Energy performance and operational reliability of the proposed system

Metric

Value

HVLS fan configuration

PV array

Battery storage

Daily energy use

Solar contribution

Estimated grid electricity use

System downtime

2 fans x 60 W = 120 W total
2 panels x 450 W = 900 Wp
24-V battery system

1.2 kWh/day

78%

0.264 kwWh/day

0 observed downtime

The system operated throughout the monitoring period without observed system

downtime. Because approximately 78% of the daily energy demand was supplied by the

hybrid solar subsystem, estimated grid electricity use was only approximately 0.264 kWh/day.
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Economic Outcomes

Economic feasibility of the proposed system is summarized in Table 7.

Table 7 Estimated economic feasibility of the HVLS-hybrid solar ventilation system

ltem Value Calculation/Source Interpretation
Initial system investment 65.52k THB Existing system cost Capital cost
estimate
Milk yield gain in treatment 1.5 L/cow/day 14.3-128 Approximately
group 12% increase
Treatment cows 29 cows HVLS airflow group Observation
group
Additional milk volume 43.5 L/day 1.5x 29 Treatment group
only
Milk price during post- 20.70-20.80 THB/kg  Cooperative payment Used for revenue
installation period records estimation
Estimated additional milk ~ 900 THB/day 43.5 x 20.75 Before other
income production costs
Estimated grid electricity cost ~ 1.36 THB/day 0.264 kWh/day x tariff Very low
including VAT operating cost
Estimated simple payback ~ 73 days 65.52k / Scenario-based
(900 - 1.36) estimate

Based on the observed milk-yield improvement in the treatment group, additional milk
volume was estimated as 1.5 L/cow/day x 29 cows = 43.5 L/day. Using cooperative milk-price
records during the post-installation period (approximately 20.70-20.80 THB/kg), the additional
milk income was estimated at approximately 900 THB/day. In contrast, the estimated grid
electricity cost was approximately 1.36 THB/day after accounting for the 78% solar
contribution and the applicable electricity tariff during the monitoring period (PEA, 2023; PEA,
2024). These descriptive estimates indicate that the operating electricity cost was very low

compared with the additional milk income.
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Discussion

The results indicate that the proposed low-power HVLS ventilation system integrated
with hybrid solar energy improved the thermal environment in the treatment zone of an open-
housing dairy barn. The observed THI reduction from 82.6 to 78.8 occurred in the HVLS
treatment zone, while the non-HVLS control zone showed no clear change during the
matched seasonal monitoring period. This pattern supports the interpretation that the
improvement was associated with airflow exposure rather than seasonal variation alone.

The reduction in respiration rate by approximately 22% suggests alleviation of acute
heat stress in the treatment cows. The concurrent decrease in infrared body surface
temperature further supports improved thermal comfort, although this measurement should
not be interpreted as rectal core body temperature. The qualitative zone-use observation also
strengthens the welfare interpretation: cows were free to choose between airflow and non-
airflow subzones, and they consistently congregated in the HVLS airflow zone during fan
operation.

Improvements in welfare-related indicators were accompanied by a 12% increase in
milk yield in the treatment group. Because the control group showed no clear improvement
during the same seasonal window, the increase in milk production was plausibly associated
with improved heat-stress mitigation in the HVLS zone. However, the absence of random
assignment and incomplete individual covariate data mean that the results should be
interpreted as practical field evidence rather than confirmatory causal proof.

From an energy perspective, the system's low daily energy demand of approximately
1.2 kWh and high solar contribution of 78% demonstrate the feasibility of operating barn
ventilation using a compact hybrid solar configuration. The use of two low-power HVLS fans,
each consuming approximately 60 W, kept grid electricity demand low while maintaining
continuous airflow support during hot periods.

The economic outcomes further support practical applicability. Cooperative milk-price
records during the post-installation period showed milk prices of approximately 20.70-20.80
THB/kg. When combined with the 1.5 L/cow/day increase in milk yield among the 29 treatment
cows, the estimated additional milk income was approximately 900 THB/day, whereas the
estimated grid electricity cost after solar contribution was only about 1.36 THB/day based on
the applicable PEA electricity tariff and Ft surcharge during May-August 2024 (PEA, 2023; PEA,

2024). This large difference between additional milk income and operating electricity cost
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indicates that the system is economically promising for smallholder dairy farms, although full
economic validation should include depreciation, maintenance, labor, and long-term

performance.

Limitations and Practical Implications

This study has several limitations. First, it was conducted in a single demonstration
farm; therefore, the findings may not represent all open-housing dairy farms. Second, cows
were allocated according to barn zones rather than randomized individual assignment, so
residual location-related confounding may remain. Third, individual age, body weight, parity,
days in milk, feed intake, and long-term health records were not available for all cows. Fourth,
zone-use behavior was recorded as qualitative field observation rather than by automated
video tracking or time-budget analysis. Future studies should validate the system across
multiple farms using randomized or replicated barn-zone designs, longer monitoring periods,
complete individual cow records, feed intake, somatic cell count, lying behavior, and detailed

economic sensitivity analysis.

Conclusion and Suggestions

This matched-season controlled before-and-after field study suggests that low-power
HVLS ventilation integrated with hybrid solar energy can reduce heat load and improve
welfare-related responses in open-housing dairy barns under tropical conditions. In the
treatment group, THI decreased from 82.6 to 78.8, respiration rate decreased from 83.5 to 65.2
breaths/min, infrared body surface temperature decreased by approximately 0.6 °C, and milk
yield increased by approximately 12%.

The system consumed approximately 1.2 kWh/day, with 78% supplied by the hybrid
solar subsystem. Scenario-based economic estimation indicated that the additional milk
income from the treatment group greatly exceeded the daily grid electricity cost. Therefore,
the system represents a practical and economically promising heat-stress mitigation option
for tropical smallholder dairy farms.

Future research should confirm these findings using multi-farm trials, replicated
treatment and control zones, complete individual cow records, automated behavioral

monitoring, long-term health and milk-quality outcomes, and full life-cycle cost analysis.
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Abstract

In 2025, Thailand entered an Aged Society, with adults aged 60 years and older
comprising over 20% of the total population, resulting in a growing burden of non-
communicable diseases (NCDs), particularly diabetes mellitus and hypertension, which have
become major public health concerns, especially in community settings with limited resources
and data-driven decision-support tools. This study aimed to develop a risk screening model
for non-communicable diseases among older adults using data mining and machine learning
techniques applied to community health data. The study analyzed health screening records
from 3,419 older adults in Laplae District, Uttaradit Province, Thailand, collected between
2022 and 2025. Data were processed following the CRISP-DM framework. Random Forest and
Extreme Gradient Boosting (XGBoost) models were developed and evaluated using Accuracy,
Precision, Recall, F1-score, and Confusion Matrix.

The results demonstrated that XGBoost was more appropriate for public health
screening purposes, achieving a Sensitivity of 25.0% for diabetes risk detection and 16.0% for
hypertension, compared to 17.3% and 4.0% for Random Forest, respectively. Although
Random Forest yielded higher overall accuracy (91.3% and 91.7%), XGBoost produced fewer
false negatives, which is critically important in preventive health screening contexts. Key risk-
associated factors included body mass index, waist circumference, blood glucose level, blood
pressure, and age. The findings suggest that integrating machine learning with community-level

health data can effectively support preliminary risk screening, proactive health surveillance,

Science and Technology to Community 33 MsasInermansuazimaluladdyuyu

Vol 4 No 4 July — August 2026 : TCI 1 U aadua ASNAN-FaNAN 2569 : TC 1




and local healthcare planning for older adults. The model is intended as a decision-support

tool only, and is not a substitute for clinical diagnosis.

Keywords: Non-communicable disease risk screening, Diabetes mellitus, Hypertension, Older

adults, Machine learning
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Pred lides Pred e Pred lides Pred e
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Abstract
This systematic review aimed to examine programs promoting medication adherence
among tuberculosis (TB) patients in community settings, following the Joanna Briggs Institute

(JBI) methodology. The inclusion criteria focused on research articles published between 2015

» 3 » 13

and 2025. Search terms included “intervention,” “promotion,” “medication adherence,”
“tuberculosis patients,” and “community.” Out of 4,339 identified records, 9 studies met the
criteria (5 experimental and 4 quasi-experimental studies). Data were analyzed using content
analysis and descriptive statistics. The results revealed that programs promoting medication
adherence in the community consisted of four primary activities: medication reminders,
education, counseling, and patient monitoring. Implementing a combination of these activities
significantly enhanced medication adherence, increased treatment success rates, and reduced
loss-to-follow-up rates (p-value < 0.05). Therefore, to improve medication adherence among
TB patients, digital health systems should be integrated. This includes developing platforms
that facilitate medication reminders, remote monitoring, and tele-education/tele-counseling
between healthcare providers and patients, complemented by home visits. Such integration

would enable real-time patient tracking and foster family and community engagement in

ensuring consistent medication adherence.

Keywords: Interventions, Medication adherence, Tuberculosis patients, Community
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Abstract

This research aimed to develop a reduced-sodium rice seasoning from fermented
shrimp (Kung-Jom) by substituting sodium chloride (NaCl) with potassium chloride (KCl) at a
ratio of 4%:2% (w/w) to reduce the total sodium content in the final product. The ingredients,
comprising roasted rice, cooked rice and garlic, were combined and fermented at 30°C for 12
days. The fermented mixture was subsequently processed into a rice seasoning by drying at
50°C for 15 hours, followed by grinding and sieving through a 16-mesh screen. The developed
reduced-sodium rice seasoning exhibited a moisture content of 5.89+0.19% and a water
activity (a,,) of 0.34+0.01 which the Thai Community Product Standard for rice seasoning (TCPS
1603/2565 (2022)). Furthermore, microbiological analysis confirmed that the product met all
safety criteria established by the standard. Nutritional analysis per 100 g revealed that the
product provided a total energy of 318.41 kcal, containing 2.29 ¢ of total fat, 1.12 g of saturated
fat, 246.11 mg of cholesterol, 28.83 mg of protein, 45.62 ¢ of total carbohydrates, 3,081 mg of
sodium, 1,902 mg of potassium, 1,086 mg of calcium and 16.29 ¢ of ash. The developed
reduced-sodium rice seasoning from fermented shrimp can reduce sodium content by up to
33.33% compared to the original formulation. This research presents the development of a
novel product derived from traditional fermented foods, thereby adding value to indigenous
fermented foods as community-based products. The application of local wisdom was
promoted to generate a new product offering convenience, safety, reduced preparation time,
and an extended shelf life. In addition, the product serves as a health-conscious alternative,

supporting the growing consumer trend toward reduced-sodium diets.

Keywords: Rice seasoning, Kung-jom, Reduced-sodium
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Abstract

The objective of this research was to study the objective of supplementing fresh Azolla
in laying hen farming on egg production performance and egg production costs. A total of 120
hyline brown laying hens, 82 weeks of age old, were used in the experiment. They were
divided into 4 groups, each with 3 replication of 10 hens, using a complete randomized design
(CRD). Group 1 hens received a commercial diet containing 17% protein, Laying hens in group
2-4 received commercial feed formulations supplemented with 10%, 20% and 30% Azolla.
Adjust to the experiment, the hens were allowed to acclimatize to the feed for 7 days, after
which data on rearing practices and egg production were collected for 8 weeks. The
experimental showed that replacing 10-30% of fresh Azolla in concentrate feed did not
significantly affect egg production performance or production costs (p > .05) However, when
considering supplementing concentrate feed with fresh Azolla at all three levels, it was found
to have negative effects on laying hens during that age range, including decreased production
performance and increased egg production costs as the amount of fresh Azolla increased.
In conclusion, dietary inclusion of fresh Azolla to replace up to 30% of concentrate feed for
82-to-85-week-old laying hens over a 4-week rearing period enhances production performance

and reduces feed costs.

Keywords: Azolla, Laying hens, Egg performance, Production cost
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Abstract

Chiang Mai province possesses ethnic textile cultural capital with potential for
economic value enhancement. This research aims to: 1) develop prototype textile products
of the Hmong ethnic group using creative design innovation in Pong Yaeng Sub-district, Mae
Rim District, Chiang Mai Province; 2) evaluate consumer satisfaction; 3) design a commercial
production process; and 4) evaluate the commercial production outcomes of Hmong textile
products. The research tools included interviews, questionnaires, and production potential
evaluation forms. Data were collected through surveys, interviews, inquiries, and community
participation processes. Qualitative and quantitative data were analyzed using percentage,
mean, and standard deviation. The results of the research are as follows:

The development of prototype textile products was divided into 5 steps: 1) generating
new product concepts, 2) screening and evaluating ideas, 3) developing design concepts for
clothing and costume accessories, 4) testing product concepts, and 5) developing prototype
products. Consumer satisfaction assessment revealed that the three most preferred products
were jackets, hats, dresses and shoes at the same level, while bags and accessories received
lower levels of satisfaction. Results of commercial production process design using creative
innovation with the Lean production concept was divided into 3 steps: 1) production process
design, 2) knowledge transfer regarding products and production processes through knowledge
and skill development, and 3) pilot commercial production of six products, including jackets,
dresses, hats, bags, shoes, and accessories. The products met the prototype quality standards,
reduced redundancy in the production process, minimized operational errors, and reduced
production time. The production evaluation revealed that all products achieved a 100%
production target. The average production time for each product met the established
standards. Regarding product quality, dresses, shoes, accessories, bags, and jackets were rated

as good, while hats were rated as fair.

Keywords: Textile products, Ethnicity, Innovation, Creative
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Abstract

This study aimed to: 1) develop an online educational document request system for
Chiang Mai Rajabhat University, 2) evaluate the system quality through expert assessment, and
3) assess user satisfaction. The study employed a research and development (R&D) approach
based on the System Development Life Cycle (SDLC). System quality was evaluated by three
experts in registrar operations and information technology, while user satisfaction was assessed
among 754 current students and alumni who had used the system. The research instruments
comprised: 1) the online educational document request system, 2) a system quality evaluation
form, and 3) a user satisfaction questionnaire. The data were analyzed using descriptive
statistics, including the mean and standard deviation. The developed system supports online
request submission, document verification, request status tracking, and the generation of
reports. The experts rated the overall system quality at the highest level, while overall user

satisfaction was rated at a high level.

Keywords: Online educational document request system, System development, System

quality, User satisfaction, Chiang Mai Rajabhat University
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