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Comparison of Squat and Forward Lunge Exercises on Leg Muscle Strength,
Skinfold Thickness, and Anthropometric Measurements in Overweight
Women Aged 20-30 Years

Thipsuda Banyam*, Natthaphorn Kaewchot*, Nuttanun Khemamuttanak*

Abstract

This study investigated the effects of squat and forward lunge exercises on leg
muscle strength, skinfold thickness, and anthropometric measurements in overweight
women aged 20-30 years with a Body Mass Index (BMI) ranging from 23.0 to 24.99 kg/m?2.
Forty participants were randomly assigned to either a squat group (n=20) or a forward lunge
group (n=20) and completed an 8-week program consisting of three sets of 12 repetitions,
performed three times per week. Leg muscle strength was assessed using the 60-second
chair stand test, while skinfold thickness and anthropometric measurements were taken
from various body sites.The results showed that both groups demonstrated significant
improvements in leg muscle strength, with mean 60-second chair stand test scores
increasing from 30.00 + 5.45 to 35.05 + 6.01 repetitions in the squat group (p<0.05) and
from 32.50 + 7.03 to 33.44 + 6.75 repetitions in the forward lunge group (p<0.05). However,
there were no significant differences between the two groups in muscle strength
improvements. For skinfold thickness, no significant changes were observed in measurements
taken at the ftriceps, abdominal, suprailiac, or thigh sites for either group. Similarly,
anthropometric measurements, including chest, waist, hip, and limb circumferences, showed
no notable reductions or inter-group differences post-intervention.

These findings suggest that while both squat and forward lunge exercises effectively
enhance leg muscle strength, they do not significantly influence body composition over
an 8-week period. In conclusion, squat and forward lunge exercises can serve as practical
and efficient options for improving muscular strength in overweight women. However,
further research with longer interventions or combined training regimens is needed to assess

their potential impact on body composition and overall health.

Keywords : Exercise therapy, Physical fitness, Adiposity, Lower extremity, Body fat distribution

* Instructor, College of Health Science, Christian University of Thailand
Corresponding author, email: Thipsudab@christian.ac.th, Tel. 099-3247822
Received : November 20, 2024; Revised : April 23, 2025; Accepted : May 6, 2025
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Introduction

Overweight is defined as having a body weight higher than what is considered
healthy for a person's height (Kantachuvessiri, 2005). This condition significantly increases
the risk of developing chronic health issues such as cardiovascular diseases, type 2 diabetes,
musculoskeletal disorders, and various cancers. Excess body fat contributes to metabolic
irregularities like insulin resistance, dyslipidemia, and hypertension, all of which are critical
factors in the progression of these diseases (World Health Organization [WHQO], 2024).

The prevalence of overweight and obesity remains a significant global health
challenge. According to the World Health Organization (WHO), as of 2022, 43% of adults
aged 18 years and older were classified as overweight, while 16% were obese, reflecting a
steady increase over previous decades. Additionally, over 390 million children and
adolescents aged 5-19 years were overweight, including 160 million classified as obese
(World Health Organization [WHQO], 2022).

This trend is evident across Asia, where rising rates of overweight and obesity are
influenced by urbanization, dietary habits, and physical activity levels. In East Asia and the
Pacific, the prevalence of overweight ranges from 24% to 30%, with urban areas
experiencing higher rates than rural regions. Similarly, in South Asia, prevalence rates range
from 20% to 25% (WHO, 2022; World Obesity Federation, 2024). In Southeast Asia,
approximately 31% of adults are classified as overweight, highlighting disparities influenced
by lifestyle and environmental factors.

In Thailand, a survey by Tritipsombut and Kala (2016) reported that approximately
32% of adults were overweight, with obesity rates around 10%, disproportionately affecting
women more than men. These trends align with regional patterns, as urbanization and shifts
in dietary and physical activity habits continue to drive the increase in obesity rates. Obesity
contributes significantly to the burden of non-communicable diseases such as diabetes and
cardiovascular conditions. Addressing these trends is crucial for reducing public health risks
and improving outcomes in affected populations (WHO, 2022; World Obesity Federation,
2024, Tritipsombut & Kala, 2016).

The Body Mass Index (BMI) is the most common classification method for overweight
and obesity in Asian populations, with a BMI over 22.9-24.9 kg/m? considered overweight.
Further classifications include Obesity | (BMI 25.0 — 29.9 kg/m2), Obesity Il (BMI 30.0 — 34.9
kg/m?2), and Obesity Il BMI > 35.0 kg/m?) (Choo, 2002). Recognizing the importance of
physical activity, overweight adversely affects physical function and quality of life by
diminishing muscle strength and endurance, impairing balance and mobility, and increasing

fatigue (Cleven et al., 2020). These physical consequences can lead to a psychological toll,
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diminishing self-esteem and increasing the risk of depression (Luppino et al., 2010). Regular
physical activity, especially exercises like squats and forward lunges, is crucial in managing
weight and mitigating associated health risks (Liu et al., 2022; Lopez et al., 2022).

Excess body weight places additional strain on joints, particularly weight-bearing
joints like the hips and knees, exacerbating the risk of musculoskeletal disorders (MSDs)
such as back pain, tendinitis, and joint degeneration (Onyemaechi et al., 2016; Viester et al,,
2013). Overweight individuals are more susceptible to muscle strains and ligament injuries,
leading to chronic pain and disability. The knees often bear the brunt of this excess weight,
contributing to knee osteoarthritis (OA) due to increased mechanical load (Chen et al., 2020).
Overweight accelerates cartilage wear and tear in the knee, worsening symptoms in those
already affected by OA (Raud et al., 2020; Zheng & Chen, 2015).

Various exercise modalities, including aerobic exercise, resistance training, and high-
intensity interval training (HIIT), have proven effective for weight management in young
adults. A study in Obesity Reviews emphasized the role of moderate to high-intensity
aerobic exercise, recommending at least 150 minutes per week to positively affect body
weight and metabolic health (O’Donoghue et al,, 2021). Resistance training, which includes
exercises like weightlifting and bodyweight movements, is crucial for building muscle mass,
thereby increasing resting metabolic rate and improving body composition by reducing fat
mass. HIIT, characterized by short bursts of intense activity followed by rest, shows promise
for fat loss and enhances cardiovascular fitness while positively influencing metabolic
markers (Eglseer et al.,, 2023; Lopez et al., 2022).

Resistance exercises not only reduce knee pain but also prevent knee osteoarthritis.
By stimulating muscle hypertrophy, resistance training improves overall strength and
functional capacity. Research published in the Journal of Strength and Conditioning
Research indicates that resistance training significantly enhances muscle mass and strength
across various age groups, crucial for joint support and reducing the risk of degeneration
(Gregory & Travis, 2015). Combining resistance and aerobic exercises appears particularly
effective for fat loss and body composition improvement among overweight young adults,
as demonstrated in a study (Ntshaba et al., 2021; Tan et al., 2023).

In recent years, there has been a growing interest in identifying effective exercise
modalities to improve muscle strength and aid in weight management. Among various
resistance training exercises, squats and forward lunges engage multiple large muscle
groups, including the quadriceps and hamstrings, leading to significant caloric expenditure.
In our study, we implemented an 8-week training program, while several previous studies

have reported improvements in weight management with a duration of 12 weeks
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(O’Donoghue et al., 2021; Liu et al., 2022). We recognize that longer training durations may
yield more significant changes in body composition and fat loss. To strengthen our
guidelines, we will incorporate references from other studies that support the efficacy of
longer intervention periods in achieving weight management goals. A 12-week bodyweight
training study in The Journal of Sports Medicine and Physical Fitness found that participants
achieved notable reductions in BMI and body fat percentage, underscoring the effectiveness
of these exercises for weight management (Kraemer et al., 1999; Takai et al., 2013). By
increasing muscle mass and, consequently, resting metabolic rate (RMR), squats and forward
lunges become vital for long-term weight maintenance. These exercises are particularly
beneficial for knee joint stability, reducing mechanical load and alleviating pain; and
resistance training including squats and forward lunges, significantly decreases knee pain
and improves joint function, particularly in individuals with early-stage knee OA (Chen et al,,
2020; Kraemer et al., 1999). The comparison between squat and lunge exercises is grounded
in both their widespread use in resistance training and their distinct biomechanical
properties. Both exercises target the major muscles of the lower body, particularly the
quadriceps, hamstrings, and gluteal muscles, making them fundamental components of
strength training programs aimed at improving functional fitness. However, each exercise
engages these muscles in slightly different ways. Despite the acknowledged benefits, few
studies have directly compared the effects of squat and forward lunge exercises on leg
muscle strength, skinfold thickness, and anthropometric measurements in overweight
individuals. This gap in knowledge highlights the need for examining both exercises in our
study, we aimed to identify which modality might provide superior outcomes in terms of
muscle strength and functional capacity among overweight women. Furthermore,
understanding the comparative effects of these exercises can provide valuable insights for
fitness professionals in designing targeted exercise programs that address the specific needs

of this population.

Research objectives
This study investigated the effects of squat and forward lunge exercises on leg
muscle strength, skinfold thickness, and anthropometric measurements in overweight

women aged 20-30 years.
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Methods
1. Study design
This quasi-experimental research design was conducted in the physical therapy
laboratory at a university to explore the effects of squat exercises compared to forward
lunge exercises. Before participation, individuals provided informed consent, having been
fully briefed on the study’s purpose and testing procedures. Participants were then
randomly assigned to one of two groups using a computer-generated sequence: 1) squat
exercise group and 2) forward lunge exercise group. Allocation concealment was maintained
using sealed opaque envelopes to prevent selection bias.
2. Participants
Forty overweight young adults were recruited from the university in the
Nakhonpathom area, Thailand. The sample size was calculated using G*Power version
3.1.9.6. The sample size determination was based on the following factors: a significance
level (type I error) of 0.05 and a power (type Il error) of 0.20 were established in the study.
The sample size calculation based on these parameters yielded a total of 36 participants.
However, considering the potential dropout rate of 10% over the course of the study, the
final estimated sample size was determined to be 40 participants. The following criteria
were used to select a group of female participants: (1) age between 20 -30 years; (2) BMI
between 23-24.99 kg/m2 (3) no history of musculoskeletal injury or surgery for the past 12
months; (4) no participation in any sport more than three times a week. Participants were
excluded if they (1) had severe knee pain; (2) received the physical therapy treatment such
as electrotherapy, ultrasound therapy, and dry needing; (3) has injury during program or
intervention; (4) had high blood pressure higher 200/110 mmHg. The study protocols were
approved by the Human Committee Ethics of Christian University of Thailand (project no.u
19/2564)
3. Procedure
Researchers and research assistants, who were well-trained physical therapy
students, recruited participants through social media platforms such as Line, Facebook, and
Instagram. All team members involved in the study were trained in data collection and
conducting research with human subjects, ensuring participant safety. At the start of the
study, the first investigator recorded participants' demographic data. An assessor, blinded to
participant group allocation, conducted pretraining tests. In our research, we employed one
blind assessor who was responsible for conducting the pre-training and post-training
assessments. This assessor was trained in data collection and measurement protocols to

ensure consistency and reliability in the testing process. Both groups performed a 10-minute
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warm-up before exercising. In the warm-up period of this study, participants engaged in
dynamic stretching exercises that targeted the major muscle groups involved in the squat
and forward lunge exercises. These included quadriceps, hamstrings, gluteus maximus, and
hip flexors, as well as the core muscles. Specific warm-up activities included leg swings, side
lunge, and back kick with knee straight which enhanced blood flow to these muscle groups,
improved flexibility, and reduced the risk of injury.

To ensure adherence to the exercise program, participants were required to maintain
a training log, documenting each session completed. Research assistants conduct weekly
check-ins to discuss progress, address any concerns, and encourage ongoing participation.
This systematic approach facilitated monitoring of adherence and provided essential
support to participants throughout the intervention.

The exercise program was conducted under direct supervision in a physical therapy
laboratory at the university. Each participant was guided by trained research assistants, who
ensured that the exercises were performed with correct form and technique to maximize
effectiveness and minimize the risk of injury.

Squat exercise

In the Squat group, start by having participants position their feet in a comfortable
stance that feels natural to them. Make sure their shoulders are flexed at a 90-degree angle.
Instruct participants to keep their chest lifted, engage their abdominal muscles, and shift
their weight back onto their heels while pushing their hips, buttocks, and back backwards
as if they were sitting down. Participants should bend their knees until the crease of their
hips reaches an 80-degree angle at the knees, ensuring that their knees remain aligned with
their toes and do not extend past them. As they prepare to rise, participants should exhale
and return to the starting position.

Forward Lunge exercise

Participants were asked to perform a forward lunge, beginning by standing with their
feet hip-width apart. They step forward with one foot and lower their body until both knees
were bent at approximately 90-degree angles. The back knee should hover just above the
ground, while the front knee remains aligned directly over the ankle, making sure it does
not extend past the toes. To return to the starting position, push through the front heel.
Alternate legs for each repetition to complete a full set.

The exercise program for this study involved participants in both groups engaging in
each exercise for 12 repetitions per set, completing a total of 3 sets each day, 3 days per
week, over a period of 8 weeks. Upon completion of the training sessions, all participants

returned for a post-test to evaluate their progress and improvements.



NIAsUMIMeNduasaey TN 31 aluil 3 nsngiau - fueney 2568 8

4. Outcomes measures
The primary outcome measure involved muscle strength, skinfold thickness, and
anthropometric measurement.
1) 60-seconds chair stand test
The 60-second chair stand test is a widely used assessment for evaluating
functional strength, endurance, and balance, particularly in older adults or individuals
recovering from injury. To conduct the test, a standard chair without armrests is positioned
against a wall, and participants sit with their back straight, feet flat on the ground, and arms
crossed over their chest. Upon receiving the start signal, participants stand fully and sit back
down repeatedly for 60 seconds while the assessor counts each completed repetition. The
assessor encourages the participant to maintain a natural pace and records the total
number of stands within the time limit. A cutoff score of fewer than 8 stands in 60 seconds
may indicate reduced lower body strength and functional capacity, suggesting a potential
risk for falls and decreased mobility. This straightforward test requires minimal resources
and provides valuable insights into a person's lower body strength and functional capacity
in performing daily activities. Upon completion, immediate feedback is given to the
participants, with observations documented for further analysis.
2) Skinfold thickness
A caliper measures skinfold thickness to assess subcutaneous fat. Its compact
size, simplicity, and affordability make it easy to use in various settings for quick evaluations
of excess fat. However, measurements can vary due to factors like grip technique,
measurement location, and caliper angle. To reduce inconsistencies, take multiple
measurements and calculate the average, ensuring one person conducts all assessments
for each patient. In this study, the participants were measured the thickness of
subcutaneous fat in the following areas: triceps, abdominal, supra-iliac, and thigh.
3) Anthropometric measurements
This test is critical for assessing body composition. Circumference
measurements were taken at specific anatomical sites to evaluate fat distribution, with three
trials conducted for each measurement to ensure accuracy. The average value from these
three trials was used for analysis. The following sites were measured using a flexible
measuring tape: chest, waist, hips, upper arm, lower arm, thigh, and calf. This method
enhances the reliability of the measurements and provides a more comprehensive

understanding of the participants' body composition.
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Chest Circumference: Measured at the level of the nipples or across the fullest
part of the chest, ensuring the measuring tape is parallel to the floor and is snug but not
compressing the tissue.

Shoulder Circumference: Measured around the broadest part of the shoulders,
with the tape positioned horizontally and snug against the skin without tightness.

Upper Arm Circumference: Measured at the midpoint between the acromion and
olecranon processes, with the arm relaxed at the side.

Lower Arm Circumference: Measured at the midpoint between the wrist and the
elbow, with the subject's arm relaxed at the side.

Waist Circumference: Taken at the narrowest point between the ribs and hips or
around the abdomen at the level of the iliac crest, ensuring the abdomen is relaxed.

Hip Circumference: Measured at the widest part of the hips, with the measuring
tape kept parallel to the floor.

Thigh Circumference: Measured at the midpoint of the thigh, between the hip and
knee joints, with the subject in a standing position.

Calf Circumference: Measured at the widest part of the calf, with the subject
standing and feet positioned close together.

5. Statistical analysis

Data analysis was conducted using SPSS Statistics (version 26; SPSS, Inc., USA) for
all statistical analyses, with a significance level set at p < .05. Descriptive statistics were
employed to summarize demographic data, presented as mean + standard deviation.
Subject characteristics were compared between groups using the independent t-test. Prior
to conducting the inferential statistics test, the normality of the data was assessed using
the Kolmogorov Smirnov test. A two-way repeated measures ANOVA were utilized to
compare the outcomes between groups at two time points. If significant differences were
found, Bonferroni post hoc analysis was employed to control multiple comparisons,

ensuring a more accurate interpretation of the effects of the exercise program.

Results

This study involved forty overweight female participants, who were randomly
assigned to two different exercise groups: 1) the squat exercise group (n=20) and 2) the
forward lunge exercise group (n=20). The baseline characteristics of the participants can be
found in Table 1. Throughout the 8-week intervention, there were three participants who
dropped out due to personal reasons, resulting in a final sample size of 37 participants

(squat group: n=18; forward lunge group: n=19)
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To address any potential bias from participant dropout, we employed the intention-
to-treat principle in this study. This means that all participants who were initially assigned
to a group were included in the analysis, regardless of whether they completed the
intervention. By following this principle, this approach minimizes bias and preserves the
benefits of randomization, which helps to strengthen the reliability of our results.

The results of the 60-second chair stand test, skinfold thickness measurements, and
anthropometric assessments are presented in Table 2. Statistical analysis revealed no
significant interaction effects between the exercise groups and the duration of the
intervention (F( gq = 0.35-1.97, p=0.09-0.74) or any notable group main effects (F; 45 = 0.19-
6.53, p=0.057-0.32). However, there was a significant main effect of time observed (F, gq) =
2.95-6.34, p<0.001), indicating that performance improved over the duration of the study.

After completing the exercise program, the results from the 60-second chair stand
test indicated that there was no statistically significant difference between the squat
exercise group and the forward lunge exercise group. However, both groups showed
significant improvements in their scores on the chair stand test (Fg gq) = 2.84-6.02, p<0.05),
suggesting that the exercise interventions were effective in enhancing lower body strength.

In terms of skinfold thickness measurements, no significant differences were
observed between the two exercise groups. Additionally, there was no notable reduction
in skinfold thickness for either group after the intervention. Similarly, regarding the
anthropometric measures, no significant differences were found when comparing the squat
group to the forward lunge group, indicating that the types of exercises did not lead to

differential effects on body composition.

Table 1 characteristic data of both groups

Squat group Forward Lunge group p-value
(n=19) (mean+SD) (n=18) (mean+SD)
Age (year) 21.58+0.84 21.39+1.46 0.40
Weight (kg) 61.78+4.95 62.32+4.89 0.80
Height (cm) 160.11+5.12 160.61+5.38 0.76
BMI (kg/m?) 23.98+0.72 23.97+0.72 0.98

*p < 0.05

An independent t-test was used to compare age, weight, height, and BMI between

two groups.
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Table 2 Comparison of 60-second chair stand test, Skinfold Thickness, and Body

Circumferences between Squat and Forward Lunge Groups

Squat (n=19)

(mean=SD)

Forward lunge (n=18)

Outcomes (mean+SD)

Pre-training  Post- training  Pre-training  Post- training

60-second chair stand test 30.00+5.45 35.05+6.01* 32.50+7.03 33.44+6.75%

(rep.)

Skinfold Thickness (mm.)
- Triceps 37.79+4.74 37.58+4.70 35.67+5.14 35.56+5.16
- Abdominal 31.74+4.17 31.42+4.16 31.78+5.16 31.61+5.16
- Suprailiac 37.95+5.12 37.82+5.19 37.83+5.63 37.67+5.58
- Thigh 44.68+6.62 44.21+6.62 42.89+5.85 42.47+5.84

Body Circumferences (cm.)
- Chest 87.02+4.21 86.97+4.24 88.03+4.88 88.06+4.97
- Upper Arm (Right) 25.98+1.76 26.01+£1.78 26.04+1.73 26.05+1.68
- Upper Arm (Left) 25.56+2.42 25.54+2.40 25.57+2.28 25.51+£2.25
- Lower Arm (Right) 23.00+£1.03 23.00+£1.09 22.80+1.04 22.77+1.06
- Lower Arm (Left) 23.38+3.39 23.51+£3.39 22.63+1.80 22.63+2.05
- Shoulder 45.05+2.22 45.00+2.37 47.33+7.49 47.38+7.47
- Waist 74.15+5.15 74.03+5.19 75.37+6.30 75.26+6.35
- Hip 100.26+16.14  100.01+16.19 98.22+5.59 98.14+5.60
- Thigh (Right) 50.30+3.18 50.14+3.21 51.33+4.44 51.15+4.56
- Thigh (Left) 49.97+3.10 49.78+3.17 50.63+4.15 50.41+4.26
- Calf (Right) 36.78+1.93 36.63+1.98 37.25+£2.57 37.08+2.72
- Calf (Left) 36.43+2.06 36.25+2.14 36.99+2.91 36.82+3.05

rep= repetition
*p < 0.05

* significant difference within group between pre and post training

Discussion

In this study, we investigated the comparable effects of a squat exercise program
and a forward lunge exercise program over an 8-week intervention. Our findings revealed
significant improvements in the 60-second chair stand test for participants in both exercise
modalities. However, no notable changes were observed in skinfold thickness, and

anthropometric measurements. These results align with previous studies that highlight the
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effectiveness of squat and forward lunge exercises in enhancing quadriceps muscle strength
similar timeframe (Gregory & Travis, 2015; Grgic et al., 2020; Liu et al., 2022).

In our study, we recognize that skinfold thickness is a measure of subcutaneous fat
and that aerobic exercise is known to enhance fat oxidation. While strength training typically
focuses on improving muscle strength and hypertrophy, it can also contribute to fat loss,
especially when combined with an appropriate diet (Liu et al., 2022; O’Donoghue et al,,
2021). However, our findings showed no significant changes in skinfold thickness, which may
suggest that the intensity and duration of the strength training program were insufficient to
elicit notable fat loss.

Both the squat and forward lunge exercise programs specifically target the
quadriceps muscle group, leading to muscle hypertrophy and neuromuscular adaptations
that significantly enhance muscle strength and functional capacity (Grgic et al., 2020). The
quadriceps, being a crucial muscle group for lower body movement, including walking,
climbing stairs, and maintaining balance. Notably, the squat emphasizes greater quadriceps
activation due to the nature of the movement pattern, which requires the knees to flex
and extend through a greater range of motion ( Liu et al., 2014). In addition to targeting the
quadriceps, both exercises also engage the glutes (gluteus maximus, medius, and minimus)
and hamstrings, which are essential for optimal lower body performance through increased
motor unit recruitment and effective muscle contractions not only hypertrophy but also
enhances neuromuscular function through increased motor unit recruitment, enabling more
effective muscle contractions and improved overall strength (Liu et al., 2014).

Our study's assessment of functional muscle strength indicated an impressive
improvement of 15-25 percent in muscle strength among participants following the 8-week
training program. This finding aligns with the results of previous research, that reported an
15-30% in quadriceps strength across various populations (Lopez et al., 2022; Morishita et
al.,, 2022). These improvements are particularly in overweight women, who often faces
challenges in achieving and maintaining muscle strength due to factors such as sedentary
lifestyles and obesity-related health issues. However, the squat exercise may allow for
greater force generation and multi-joint engagement compared to the forward lunge, as it
facilitates a more stable base of support and continuous muscle tension throughout the
movement thus enhancing strength outcomes ( Liu et al., 2014).

As these exercises increase muscle strength, they also contribute to enhanced
functional capacity, positively influencing their daily activities and overall quality of life.
Enhanced muscle strength is critical for reducing falls risk, improve mobility, and fostering

independence, especially in vulnerable populations to excess weight. Importantly, the
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benefits of increased strength extend beyond physical capabilities; they can also greater
confidence in physical activities, contributing to a more active lifestyle.

Although our results demonstrate the efficacy of squat and forward lunge exercises
in increasing muscle strength, they reveal an absence of significant changes in skinfold
thickness and anthropometric measurements. The differential responses observed between
exercises could be attributed to several factors, including variations in biomechanics and
individual muscle activation patterns. Importantly, the benefits of increased strength extend
beyond physical capabilities; they can also foster greater confidence in physical activities,
contributing to an overall more active lifestyle. This finding suggests that while participants
experienced notable strength gains, alterations in body composition reflected in skinfold
thickness and other anthropometric data were not achieved. This gap presents an
opportunity for future research to investigate longer intervention durations or various
intensity levels of resistance training.

The lack of statistically significant differences between the squat and forward lunge
might be attributed to several factors. One potential explanation is the differing
biomechanics of the two movements. Squats involve simultaneous flexion and extension
at the hips and knees, allowing for greater recruitment of muscle fibers primarily in the
quadriceps and gluteal muscles (Chen et al., 2020; Haff & Triplett, 2016). In contrast, forward
lunges require more stabilization and balance, which may lead to less efficient force
production when compared to squats.

Exploring the biomechanics of muscle work during squat and forward lunge exercises
highlights that both primarily focus on the lower body but activate different muscle groups.
During squats, the knee joints flex and extend, while the hips undergo flexion and extension,
and the ankles dorsiflex and plantar flex, which require greater quadriceps activation
throughout the range of motion (Liu et al., 2014; Schubert & Tashiro, 2021). Similarly, forward
lunges involve the front knee flexing and the back knee flexing toward the ground, with the
hip of the front leg flexing and the hip of the back leg extending.(Gregory & Travis, 2015;
Haff & Triplett, 2016).

Understanding the biomechanical differences between squats and forward lunges
highlights the importance of core stability and muscle activation. Squats, which employ
bilateral engagement, enhance stability and strength, with the gluteus maximus playing a
crucial role in hip extension during the upward phase (Hsu et al., 2017). In contrast, forward
lunges involve varied movements and angles, improving balance and targeting unilateral
strength, particularly in the quadriceps and glutes (Schoenfeld et al., 2016). Core stability is
essential for both exercises; however, lunges also engage the hip adductors and abductors

due to their unilateral nature, further aiding balance (Garcia-Pinillos et al., 2016).
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Additionally, ground reaction force (GRF) significantly impacts both exercises, influencing the
ability to rise from a squat and push off from the front leg in lunges (Bourne et al., 2020).
By grasping these elements, fitness professionals can tailor exercise selections and programs
to optimize individual goals, whether focusing on enhancing strength or improving balance
(Garcia-Pinillos et al., 2016).

Furthermore, individual variations in exercise technique, experience level, and body
mechanics among the participants could also influence the results. For example,
participants with a stronger foundation in squatting may have utilized optimal form more
consistently throughout the intervention, leading to more pronounced improvements in
strength for the squat group, since squats allow for greater muscle recruitment and force
generation (Grgic et al., 2020; Lopez et al., 2022).

The implications of our findings suggest that fitness professionals can utilize squat
and forward lunge exercises to enhance lower body strength in overweight women aged
20-30 years. However, it is crucial for trainers to consider both the duration and intensity of

training sessions to facilitate improvements in body composition alongside strength gains.

Conclusion

This study demonstrates that both squat and forward lunge exercises significantly
improve functional muscle strength in overweight young adults over an 8-week period.
However, while strength gains were evident, no significant changes in skinfold thickness and
anthropometric measures suggest that longer intervention periods or higher intensities may
be necessary to impact body composition effectively. These findings underscore the
importance of integrating strength training within comprehensive fitness programs to address
obesity-related health risks. Future research should consider including a control group and
exploring psychological factors influencing exercise adherence. By doing so, we can develop
more effective strategies for promoting overall health and well-being in overweight

populations.

Limitations and Future Suggestions

This study has several limitations. One major limitation is the absence of a control
group that did not participate in any exercise program. This omission limits the ability to
attribute the observed effects solely to the squat and forward lunge interventions, as other
factors could have contributed to the outcomes. Including a non-exercise control group in
future studies would allow for a clearer understanding of the specific changes induced by

the exercise interventions.
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Another limitation is variability in participant adherence and compliance with the
exercise regimen. Individual differences in how closely participants followed the prescribed
program may have influenced the results. Additionally, reliance on self-reported data for
exercise frequency and intensity introduces the potential for recall bias or overestimation.
Future research should investigate the role of psychological factors, such as participant
motivation and adherence to exercise regimens, as these may significantly impact
outcomes. Exploring the effects of exercise interventions on specific populations with
varying levels of initial fitness or distinct dietary habits could provide valuable insights. Such
studies could help optimize training protocols to achieve more effective improvements in

body composition and overall health.
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The Effect of Chatbot Program Development on Knowledge of Safe Sex
among Royal Thai Army Conscripts*

Kanchana Busarathid**, Ubol Chumijinda**, Jarut Busarathid***

Abstract

This research is a research and development. The objectives were to develop a
chatbot program for safe sex knowledge, assess knowledge about safe sex, and satisfaction
assessment with the related to chatbot program. The sample group is 30 conscripts. The
research instruments consist of a chatbot program, a safe sex knowledge assessment form,
which has a content validity index of 0.86, a Kuder-Richardson reliability of 0.90, and a
satisfaction assessment form for the chatbot program, which has a content validity index of
0.88, and a Cronbach's alpha coefficient of 0.95. Data were analyzed using frequency,
percentage, mean, standard deviation, and knowledge comparison using Paired T Test.

The findings revealed that: 1) The development of the chatbot program as an
automatic response system, the knowledge before and after using the chatbot on safe sex
were significantly different at the 0.01, and the average score of the knowledge after using
the program was 9.13, which was higher than before using 7.23. 2) Overall satisfaction with
the chatbot model for safe sex is at a high level (M = 4.21). The rapid counteraction system
and authentic work obtained the highest average rating (M=4.50). The next counteraction
system is confidentiality, which encourages people to be brave whenever asking questions
(M=4.33). The counteraction system's lowest average was the accuracy of questioning
counteraction (M=3.90). The overall level of content satisfaction regarding the safe sex
chatbot program is high (M=4.37). The chatbot program with the highest average level was
the modern program (M=4.63). The next was easy to understand (M=4.53). The lowest level
average was on appropriate for the needs (M=4.03), the improvement of using a chatbot

program to promote personal ability to learn independently.

Keywords : Chatbot, Safe sex, Conscripts
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Effectiveness of Dental Caregiver Training Program on Knowledge, Attitude,
and Skills in Oral Health Care for Bedridden Patients

Sunisa Chansaeng*, Marut Phuphaniat*, Kanokwan Sangjan**

Abstract

This quasi-experimental study, employing a one-group pretest-posttest design,
aimed to evaluate the effectiveness of a dental caregiver development program on the oral
healthcare practices of bedridden patients. A sample of 26 participants was selected using
purposive sampling. The intervention was based on the Self-Efficacy Theory and included
educational activities, oral health examination demonstrations, hands-on practice, and
group-based learning exchanges. The research instruments consisted of questionnaires
assessing oral health knowledge, attitudes, and caregiving skills for bedridden patients. The
reliability coefficients of the instruments were 0.89, 0.71, and 0.75, respectively. Data were
analyzed using descriptive statistics (frequency, percentage, mean, and standard deviation),
as well as the Wilcoxon signed-rank test.

The findings showed that after participating in the program, the caregivers had
significantly higher mean scores in oral health knowledge (M = 12.42, SD = 0.85), attitudes
toward oral health care (M = 2.69, SD = 0.16), and caregiving skills (M = 26.65, SD = 3.22),
compared to their pre-intervention scores (p < .001).

These results suggest that the program can serve as a model for developing short-
term training modules for village health volunteers (VHVs). Furthermore, sub-district health-
promoting hospitals (SHPHs) can consider integrating this program into routine home visit

services or care for bedridden patients.

Keywords : Bedridden patients, Oral health care, Caregiver
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Predicting Factors of Health Related Quality of Life among Older Persons
with Transcatheter Aortic Valve Implantation

Phonthip Thongpleo*, Noraluk Ua-Kit**
Abstract

This study aimed to examine the predictive power between comorbidities, social
support, frailty, depression, self-care ability, and health perception on health-related quality
of life in elderly people who underwent transcatheter aortic valve replacement. The sample
consisted of 108 elderly people who underwent transcatheter aortic valve replacement,
aged 60 years and above, who underwent surgery. The multi-stage design was used. The
instruments used were a questionnaire on personal factors and a comorbidity assessment
form: a social support assessment form, a frailty assessment form, a depression assessment
form, a self-care ability scale, a health perception assessment form, and a health-related
quality of life assessment form for elderly people who underwent transcatheter aortic valve
replacement. The data were analyzed using descriptive statistics and stepwise multiple
regression. The results showed that comorbidities had the highest predictive coefficient (B
= -336, p = < .01). The variables were comorbidities, social support, frailty, depression, self-
care ability, and health perception. The variability of health-related quality of life in the
elderly who underwent transcatheter aortic valve replacement could be predicted by 78.90

percent with statistical significance at the .01 level (Adjusted R2 =.789, p< .01).

Keywords : Health-related quality of life, Heart valve surgery, Elderly
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NSBUKUIANNISIAY

nsAnwAseil KIduladndendiuuslagUseenansaukIAnAMNANAINAUEUNINYDS

Ferrans et al. (2005) 531 fUNISNUNIUITIUNTTUAGINUAMANTINATUAVA1NVBINGD1ENLATY
nswasuduilaeeesinfiuniunasndenuasitegy Aanini 1

Auysdu AuUsanu

TsAsu

RERIITLINMNTRECETH

- — e g . e -
ATz FI;FLJﬂ"I"n"i'-‘l["l.iﬂl'l"l'LJ'E!‘l‘.lﬂ"l"l’i‘llEldﬁQﬂEl"ltfﬂ

Lar I" -I-!f s - =
l‘Ll'l"a'!.l N1kl ﬁt"l.!ﬁu‘lﬂ'ﬂ?l LEBEEEnEy

AT AT dunaDAERLE LG

FI7_'THﬁ'lll"l'iﬂ'lilﬂ’l'i‘u;‘lLLﬂﬂ‘lJLﬂd

NT3TUINTITATA N
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AANTuN13IY
Uszvng fie yasengilasunisidsuduiilaeessiniuniuvasniionuwndiugyvessy Tu
FEAUARYNHTUE NTUNNUNIUAT

1 o 1

ngufe81e fo ursueniilniumadsuauiilaeeesfnfununaondonunsleg i
wEggiazndgs oy 60 T3uld Miwasunisuadalulsmeiuiagwiansa aninivialne
Tsanenu1aTusUR uarlsmeunaisey ngammamuas S1uau 108 18 Tnefnamdai

inausinsRangusinagnad laun

1. ghwuenillasumsidsuauiilaesesinfuniuvasaidonuadvguiuaiosiues 30
u felAu 14 Lﬂ'aiﬁ;t,ﬂuemL’;awﬁﬁuiwﬁﬂqwé’qm&]’mu,azi"mﬂwﬁmﬁuéfnummiaﬂﬁmﬁu
Qmmw%’imﬁasﬁammzam (Goudzwaard et al., 2020)

2. yitlufianaanonden deUspifiunsuuuusnfiuddden (Mini-Cog) AzuuY > 3
(Trongsakul, et al., 2015)

3. hiLﬂuﬁgﬂwﬂﬁmﬁmﬁmﬁﬁﬂwuu ADL upHN1 5 Azuy sUssdiumenuudseiiy
ANUEINIatun1sUTEnauAainsUsza1Iu (Barthel Activities of Daily Living: ADL)

4. wiifinsfusuazaRduuynrauysa aunsonn 01w Jeu uazlsnnyilngla

5. yiifiewadingle warBuilvanuruiielunisidy

inqusinsdangudaagnsean laun

gUaefomaunsngeureliutisnsiiuiuauluainsaneuwuuasuanila

N1SNUANGUATDES

MsiAsIEnEIanadey wazsnunveangalaglalusinsa G*Power Analysis 184

(% =

15541 8YR Uay BVA WNAITIN (2565) MUuAAIYUIAENSNG 0.15 AMruAAIIUIANAdeY

v v o W a LY

Wity 80 wagseAuTbdAymisainisedu 05 laruinnaudiesns S1uIu 98 AU uazifitvun
Y9INQUAI0E1 se8a 10 Lﬁaﬂjaqﬁ’umﬁngmasuaqnq'mﬁaasm LLazszTayjaiaiaugiaj (Cohen,
1988) lunsAnuadsiiyideTafunquinesaioun S1uau 108 au uuafuteyalagiadenie
fu laun Tssmenunaguiaensal an1n1selne 36 518 T5me1uIafsne 36 918 uae Tsame1una
FINIBUA 36 518 u,azLﬁaﬂﬂajuﬁaaeiml,uwmaéﬁgumau (Multi-stage sampling)

nsWNEansY lidoya

msfnwadsilamuanuitureunnamgnssumssssssun i luayweuaslaiueyui
TmAureyaain angnssunisiatsanaiesssun1sissluay nquanantu 4afl 1 Pasnsal
U AInende Juil 17 fiquieu wa. 2567 (s1alas9n1s COA No. 140/67) Tsemenuna@isny Jui
25 fiqu1ey w.a. 2567 (53alATaNNS COA no. Si 502/2024) TsawenuiasmnBud fufl 12 dsvnau
WA, 2567 (5%alA33n13 COA No. MURA2024/555) T5snemunaginadnsal aninvialneg Juil 12

NOPAANIUU W.A. 2567 (39alATaN15 COA No. 1502/2024)
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Bnsiusauswdoya

1) 5 3501 uiudunisdunousiurureyandaninlasinisidelasunisfusesan
ANENTTINITI3859TUNTIToUAT Anduninfusiusanveyanioaues Insiiuroyaainia
sufouresgursiivuisnvsndeu fdunou Kl dr39918o waefnwvivseIfyUaeanine
'ﬁmﬁauﬁuaqéﬂaamwé’am%ﬂﬁauﬁ%ﬁﬂashwaamﬁaﬂLmﬂ,mg LazAadonnguiigeny
AnuanRTit el

2) yideuszaume AT idunenuadnuss iiagdanses lwufusunuvoya
Mnnrssdounmsinyvesefivusnvisndeu lnewmunquihesisd eatingusuenlutud
fnstavaneunng mﬂﬁ?wf‘;%’al,l,uzﬁmw,aq %jmﬁmqﬂﬁzmﬁ 3%mﬁ€faLLazmié’mmwaﬁﬁﬂéu
freee Sumsnu wieuaAnslunismeusurieuiasniannsiun1ide Wenqusessadaslan
52034y pf‘;é’faiﬁaammQuaaﬂumilﬁwéwm'ﬁ%’a mﬂﬁ?upg%%’wi’%ﬁumiﬁu%aga Imasﬂjauua
vosmoudl 3 luuvuasuniuyadi 1 nquiesdlunesmeuuuasuy §IToUsTatuiuy
Usranunuifeniglulsmeunafioveveyaiannsssdou manou uwwuasuniuleailuns
POULUUABUANUTEINA 15-30 wiit Taglawasan sevnetesonuunme dswuune viosasu
o upu Tuanuivieusnaiigensuidvaznnauisuasduaui uaslunisnounuuaouny
mﬂﬁ?uﬁﬁ]la;gaméjmﬂLLuuaaummﬁmmzﬁ%@yjamaaﬁﬁ

inTsileililunisiansesnguietng Usznaudae

1. LUUUTZLAUANTTANINANDY Mini-Cog W alu1lae Trongsakul et al. (2015) 4
Yoqusrasauiiouszifiuanssnnnauesluygeotgaiu aus warn1saTegiLuuALAnTIUEen
Tngdumeunmmeaeulsznaunis 1) mavausd 3 f U wn #de2) 2) meavmdauniing
vanIAfl 11:10 u. uay 3) ANudrsvesdumsnssElnanuiuend e 3 fe1enu Teiae
FovmaUszanas 5 uil inam azuuudiy 5 azuuu alaezuuusIn 88393 0-5 AzLuL NsuUa
NAAZWUL 0-2 AvUUY MH1BTe 819TANUNNTBININITIAN ATLLY 3-5 AziuY aneds lud
ATIUANTEININTIAN ndsanfiladintsuvauuudssidiu Mini-Cog guualafinisinedesiald
nedauamnluggsenglsaumay vdedl 2 Swau 21 519 Wisuidisutunslsuuuneasy
MMSE-Thai kuuUsziduaussanInanes Mini-Cog fanunsennaninlagdaidulszans
anduiusnIsuan (r =.47, P < 05) fukuUnAdey MMSE-Thai ﬂ’;’]ﬂJLﬁENiZWJI’NE;ﬁJﬂLﬂ&] AU
mduUsEavsuAULY iy 80 (KK=.80)

2. wuvUszifiuininsusesadu Activity daily lving tiunissiuunnguygeetgiel
AN UN T LU UANAS LU TN EI01Y TP 8 8TIATEUAGUNGUMINEALNANANE N T
NIUOUNY NTENTIIFTITUEY léjﬂizqﬂémﬁwﬁmiﬂizLﬁummamwﬂumiﬁwLﬁu%"?mﬂizfﬁﬁu

= L3

yilunsisaiefuea (Barthel ADL index) Faflazuuuin 20 Avuul AT NaweEnay 1 HE1H

N

wupdlaremieyduyurulavdnula (nauAndiaw) nasiuaziuy ADL At 12 Azuuuuly

e =)

' ¥ dl Y v ' - Y v ' . v ~
SNMIIGEY 2 QQQBWQVI@LL@WULBQI@UN Y8R aAULIlAUNS (ﬂEleG](ﬂ‘UTU) UNATIUATILUY ADL
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oglur1e 5-11 Azuuu KEwegNaY 3 yasotefifwnuiedlile mewdenwaslula fins wiennna
A (nauRnLfies) Tnasauaziuy ADL agluyas 0-0 Azluy
w3asflefilélunissausantoya Usznaunis 1) wuuasuniutadvaiuyana 2) wuy
Uszidiulsnsan 3) uuuussiiunsatuayunsdeny 4) wuudssifiunnzidazuns 5) wuuussidy
AMEBuias 6) wuuianuanasalunsguanuied 7) uuuUssdunisfusnnizaun I way 8)
wuszfiuannndinnugunmuesaeengilasunsdsuauilaeessiniuiumaoniden
wndlviey
N13ATIIEBUANNNLATETD
1. AT29AMATIABLLDIN (Content validate index: CVI)
:ﬁ’aﬁmwﬂimﬁﬂiﬂiw wuuUssilunsaduayuniedeny wuudssiunnieg
Wwuns wuudssdunniedes WUUUTEIUANAINN TN TRLANLLEY LLUUUizLﬁumi%’Ug
Amzguam wazuuuUssdiunuamdineugunnvesyasensiilaumadsuiuilaiunaen
Foaundlug nunssnandfifanudsing $1u 5 eu idugnssasueiugnassauiien
ANUATOUARY arwdennaasfufsudnmiBsufoinng mudauvesmasin ﬂ’J']lJQﬂGT@Q
v0ams¥a inaufinnsanazuuy laun
1) 919758unnERIemyaunsUAsuAwlauaendeaundiuy 1 au
2) STENIBELT YA TN B 1 AL
3) nenuraRLdenmeunUAsuauilanunaeadonuasdy 1 au
4) neoruagUfAnsHeIUat ugwelinut g uaniuilauasnssen
2 AU
FDHTUNSATINABUIINETIAAANA YL TUSUUN Y BLAUDULE YOI NTIADIIE
wazthsUnwennsefivinuineniinus ndudiuumadsliaunssnanien (Content
validity index: CVI) I@Eﬂ“gmmsﬁﬁ’] CVI = .70-.80 (Polit, 2013)
2. MIATIREBUAMALTEY (Reliability)
yidviiedosdioflelunsideiinumansaaoumiunssnuion wagaugnaosd
Usuunlouammeaedlsiuydasiilafunisdsuduiilanunasadeauadlng nendsain
Swgoonnlsmenadiidnuuzaaeaisiunguinesns $1uau 10 Ay uazthaniaszran
anuaennansnglumeismandulsyaniuearuesnseuta tnsnamiseusulade 70-.80
(DeVellis, 2017) mamﬁLﬂi'wﬁmﬁmﬁmmmqmmﬁam LLazh'}m’lmﬁawmLﬂ%@ﬂﬁ@ﬁi%iuﬂﬂi
Tieita 5 UM laun wUUUsEEuNSETUAUNNNEIAN wuuUsEiiiun1zUTIzue wuudseidiy
ArmansalunIsguanuies kuulssdunssuzamzauam wwudssidunmamdinaugunin

vosgeegflasunswdsuaumlanuvaoniionualiey AwW15e9 1
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A19199 1 Atnsanuilen (Content validity index) wazaANuLiag (Reliability) veuiasasile
llun1s3dainnguieensivaassdy (n = 10) wagnguimegnsianua (n = 108)

wuUHaUAIY Advliany Aenwiiles  Aiadnaiies
ATINY (n = 10) (n =108)
o
1. wuvdsziiulsasa 1.00 0.71 0.85
2. wuudsvllumsatuayuniadeny 0.93 0.85 0.79
3. WUUUTEEUAMIEUTIEUN 1.00 0.87 0.86
4. wuuUssdiun Mg 0.93 0.81 0.88
5. WUUUTEHIUANNEINTA N TRARULEY 0.98 0.97 0.91
6. wuuUsmdunmssugnnizauam 0.93 0.86 0.72
7. LLUUUisLﬁuﬂmmwﬁ’?mgmqﬁumwmﬂ 0.89 0.94 0.85
nawegilafuniaidsuiuiilaniuvaon
Fenuadluey
n133ATIvitaya

) LY LY

Wedhwmsenveyalaglylusunsuaouiiaines SPSS Statistic AvuasEAUtd Aty

B
N9EDRNTZAU .05 AIl
1

. VOLAFIUYAAR loun 91 WA @AM SEAUNSANY AvSnsinw dnuniriiinendy
Sruaugiinerds sedumusuussvaslsailanounide stazaiilasunisdsuduiila way
Usgdinmaduiioidounduiinonnniunissnuilsmenia uar auamdinaiuguninues
naengilasunsvdsuauialanuvasaidenunvy Jamenmeadinssaulaensuanias
arudidudnu sesas arud warandosuusnsgu

2. FaudsiiAinw laun 15asau nrsaduayunedaay n1zUs1eune Aedues)
ATIANNIATUNITALAALIEY LAEANIZAUNH AT IEVAleARaY sopay LaraduDsauL
UINTTIY

3. Tiesgmnanduiusseminalsnsan nsaduayunadiag AesIzune A
Fuesn ANAINITALUNITAKAAULDY LATAITAVAIN FIATIEVAATANTIUL LAZAITN
anduiusuuuiesdu (Pearson product moment) waxlAviNITNAABUNNTLINKLIVBIUDLA
(Normality test) Tng@a15001971nA7 Skewness waz Kurtosis L7l anndeulfauusdaselud
Auduius s aan (Multicollinearity) 4 wiundsluvennandesnulunisloadanig
Ansevinnnesnan laefulsdaseaosdandulsyavdanduiusmelulaniu 0.65 (Chen et al
(2014)

a. imiwﬁﬁa%’aﬁwm&JQmmw%imumqﬁumwsump;qﬂmqﬁlg%’umim?{sju?;juﬁﬂmhu

vaeadanundlvg Amensinsizranneenam (Multiple regression) laun (1) Audsniunesd
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sefunsTalussfumanaswidosnsauinns (2) sulsdassufesuusneinsaioglussiua
mmm%aé’mmé'summwmﬂLﬁu&’umﬂﬁ@imﬁaqgﬁlqLLUaﬂﬁLﬁuéfstmiﬁu (Dummy variable) (3)
fudsdaszuasdudsmuiiudiiusidaau (Linear relationship) fiduiusiiugs (a) “{J’E]Haﬁﬂ’]'ﬁ
wanuaaidulasund () mmLLUiUi’JuﬁuaammﬂmmLﬂﬁ@uiuﬂﬂiwsJWﬂia}uaaﬁ’gLLUsvamsz;ﬂéhﬁ
AT (Homoscedasticity) (6) é’f';mJ'i%aswgfmhiﬁmmé’mﬁuéww%mLG?NLgu (Multicollinearity)
way (7) AnupaisLadeuvesiuUsvhuswazsuusaufianududaszainiu (Independence)
5. AwainsolunsiunevedlsaTin mMIatuayunadiey AsUTIEUN Asiias
AIUANNTOIUNIALANLLEY UAZAIZAUNMABAMNINTINA AU M Asg T laTunIs
Lﬂﬁau?:uﬁﬂﬁwhwaa@Lﬁammﬂm ARSIV ANS T LLazmﬁmiwﬁamaaL%ﬂwvzqm

o w a

pawana (Stepwise multiple regression) NEd@AYNINEDA .05

NANT5IY

1. %@yjaéauuﬂﬂaﬁuaa;anmqﬁléj%’umiLﬂﬁauguﬁﬂﬁwhwaamLﬁammﬂmg WU ﬂfcjm
frevrsandlungeny 81 T3ulU $1uau 62 au Anidusesas 57.41 memds $1u 61 318 Anudu
SoUay 56.51 599A90 AD WAYIY $1UIY 47 518 Anudusoray 43.50 @oTUATWANSE S1UAU 97
au Amdusosay 89.82 aYain13n15NYI89U151WNNT S 472 Ay Andusosay 43.50
setaan fo Usedudann 109w 33 e Aavlusesas 30.60 MANUsEAUAUNMUITIA F1uI
8 579 Asduseway 7.42 LAZEU $1UI 20 318 Anudusevay 1853 mmgumwaa‘hﬂﬁﬂaﬁau
MsHERsERUT 3 S1unu 43 au Anduseay 39.85 509N Ao SEEUT ¢ S1uau 34 AU Anduses
8y 31.50 SEaUTl 2 $1u9u 26 AU Anwdusesas 24.10 warsEuR 1 S1uau 5 Au Andusesas
4.63 Tspsamnes S1uau 83 518 Anuduseras 76.90 sesaun Ae 1sAsaudunans $1uu 25 18 An
useway 23.13 sepznanniendamsvisinansiasuauiile 1-3 7 $1uau 42 au Andusesay
39.05 se9a9n A9 4-6 U s1uau 32 au Antdusesar 29.61 svavnan 7-9 9 $1uau 21 AU An
\Jusevaz 19.44 uavsvaviaan 10 Jauld S1uau 13 au Andusesay 12 @l lufiusyams
BFuthedeunduiineawniunsnunilsamenua sy 97 au Andusesay 89.82 505831 Ao
nauitusyRmadutedeundu S 11 au Aadusesas 10.24 mudsu

mamif‘;miwﬁsﬂjagamwim'ﬁ";u nsaduayunIedeay lgUsizuns ANEFULAT
ANUANNTLUNITARANULEY LLasmi%’Ugmazqmmw LLazﬂmmw%’imTﬂuqmmwmaq;anmqﬁ
lnfumsidsuauilawessinfunuraendonunsiug famsnad 2
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o ' ~ a ¥ U ¥ A yu ~ Qy L% ‘a a
N394 2 F"I’]LQ@EJﬂEﬁLL‘Ll‘L!ﬂ'ﬁ"LJiELNU%@H@W’JLLU?UBQQQQ@’]Q‘VII@iUﬂWiLUaEJU@U‘WJI‘UL@BB?GW@U

BJHUW@@@L%@@LL@QIVTQJ:

FauUsfidnen POSSIBLE SCORE  Actual score X )
Anglsasy 0-37 0-8 2.59 1.58
QUFGITGINIVK AT 12-84 41-69 57.05 6.21
AMTUTIZUN 0-12 0-4 1.80 1.04
AN 0-30 0-5 237 1.41
AEInsaluNIUanULDS 35-240 123212 15200 1845
ns¥uzNITEUNIN 15-75 72-74 54.07 8.92
AR AU 70-620 254-337  294.61 18.01

1NAN5197 2 WU nauiesalvgiinnglsasamadsmiu 2,59 (SD = 1.58) M3
afuayunsdsaadinify 57.05 (SD = 6.21) Mglnzuiaedomiiu 1.80 (SD = 1.04) A1
Fuimsuads 237 (SD = 1.41) ﬂ’gmmmmiumial,l,amul,aqLa?{awhﬁu 152.00 (SD = 18.45) N3
%’Ugﬂnzqﬁumwmﬁh 54.07 (SD = 8.92) LLazﬂmmw%?m(ﬂqummma?{amﬁﬁ’u 294.61 (SD =
18.01) muawiu
nanFATEiaTIdusTTTInMglsATIn Msatiuayunedany AsiUTIzuN A
FuAs1 ATWAILIIALUNTAUAALLEY UATNITIUTNITEUAIN AUANNINTIAAILAYAINTD
geegillnsunaasuduiilaesesinfumunasndenundey

Y

@32 e

A13190 3 WANITIATIBNANUAUNUTTENINNN1IELIATIN MTAUAYUNNEIAN N 1BT18Ue
ANETUATY ANUANNITOIUNMTRUAAULEY UAZNITTUINILAVNIN AUANNINTIANTUAVNINYDS

¥ Yo a L o A a !
QQN@’]EJVIVLm‘Uﬂ’]iL‘UaEJuauMﬂﬁ]L@@@iﬁﬂﬁmmu%aamLa@mmﬂmg

fankUs 1 2 3 4 5 6 7
1. lsAsu 1.000
2. MIatuayunfang -590*  1.000
3. AU 381*  -.481*  1.000
4. AMETuA 453%  -438*  351*  1.000
5. mmmmiﬂumsaua -.657*  b43*  -337*  -363*  1.000
AULDY
6. MITUIALAVAN -618%  518*  -293* -502* 532* 1.000
7. AR AT M _763* 626  -573* -623* 724  597* 1.00

*5 < .01
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AT 3 WU HaMTIATIEMANEITLSTEIN1N e lsATI MIauayunsdaAY
AMBUTIEUN AT ANUANNIOTUNIALARLEY Larn1TTUINNIEAUNIN TuAuAIMT TN
LAV INTDIN 790187 La TunsiUA BuA i laesesAnfuniunaenideauadlugy Tnslyan
duusrAnsanduiusvendiosdy wuan lsarudanuduiusnsaulussdugstunmuamdinau

guameilitudAyneadianseau .01 (r = -.763) Myatuanunsdpuiianuduiusmsuinty

o w a

seevgeiuaun IMIInnuguaineseldedrfAynieadfnseeu .01 (r = .626) Aws1gunad

[
LY

AnuduiusnsauluseivaaiuaumInauavanes1eiideddynisaifansedu .01 (r = -

v
v aa a v o

573) aneduesdanuduiusnisaulussaugeiuaanndinaugunimesslud Ay nieada
Aseau .01 (r = -.623)
wamﬁLmﬂwé’mwmiﬁwmaizm'}ﬂimm miaﬁuayumﬁmm ﬂ’]’JSL‘LJi’]S‘U’N NNIE

(% (%

FuAs1 ANAINT0TUNITARANWLBY LaEN1TTUTAILAVAIN AUANAINITAAIUFUAINYDY

4

geegnlasunswdsudumlaeeesinfunuvasnienwadivg fwm1s1en 4

@22

A19197 4 mamﬁLﬂmwm'ﬁamaswmmmwﬁ’umau (stepwise multiple regression)

fiavinune b Std. Error P t p-value
(Constant) 272043 10.334 26.325 < .001
Tsasau 3.826 713 -336 5367 < .001
AMEFAT 3.432 653 -269  -5.260 < .001
ﬂ'mllﬂqllflitﬂUﬂqﬁaLLaWULaQ 317 .058 324 5.449 < .001
AMEUTIZUN 4181 857  -241  -4.876 < 001

R = .893, R? = .797, Adjusted R? = .789, Std. Error = 8.270 Durbin-Watson = 1.675

NAN5197 4 WeRersanainan B wun IiﬂéamﬁﬁuﬂizﬁmémsﬁwmUgaqm (B =-.336,
p = < 01) sesaunfe ATwAINsaluMsuanuLes (B = 324, < .01) nzduies (B = -269, < 01)
waznziUszun (B = -241, < .01) auaIAy Tnefaudsis 4 fauus aansasauviuisay
LuJiiJi'aucuammmw%’imﬁmqsumwmaa;;qqm817111@”%%milfdﬁ8u§uﬁ’ﬂf\naaa§§ﬂ§us¢'wwaamLﬁam

°o v d'

uwndlvieyla so8as 78.90 eunslldudfyvnsadffisziu .01 (Adjusted R = 789, p < .01)

n179AUTIENANITIVY
mﬂNamﬁ%’ammiaaﬁﬂ'3'18mamﬁé’famuamagmmﬁ%’aLLﬁzﬂizLﬁi;ﬁWUléj il
NansANYTNUI é’hLLUiﬁmmﬁa%amﬁwm&J@am'1w%3mﬁwuammwmaa%@mqﬁlg%’um'i

Wasuaumlaeeesiniununasndenunda lnegndideddmeainisziu 01 Taun lsasay

fianduusz@nsnisiuegedn (B = -336, p = < .01) s0a8Ae ALENITAlUNITLARULEY

(B = 324, < .01) Amzdaesn (B = -.269, < .01) waznmzsizuns (B = -.241, < .01) swddu

v
a

IAga11150970YU8ANNRUTUTIUTDIA N INTTAA LA VAN VRIS A AT UNITIUABUA U
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WilateeesAnfunrunasnidenunslugyle sevay 78.90 sueildsdAgn1aiaviszau .01
(Adjusted R? = .789, p < .01)

Tspsqu dauduiusnisauluseaugsiuaunIndinauauaInveaygeyninsunis

]

'
aaa (%

Wasuauhlaeoesaniuniunasnidenundngeenditod fyeenditudfymneadifissiu 01
(r = -.763) uagilandudszansnisvinne (B) = -336 (p = < .01) Fadulunmaunfigiunsise
osunelan nquinessiiilssiuues aedaunmTinnugunmgs nanife wavegilunesiuile
fulsmdesmansvdansoniu axdlanmansneuardnlafianii dwddlunisledin wazanunsn
fuiudiaUszsiulasgradudnfininnin nan1sAnerilaennassfunuide Damluiji et al.
(2021) Frlsesiduladodsmdniionsninissestinuazaunmdinlugelsamilaszeren
(B = -336) lungeeny 1,099 118 U gidlsa > 3 sa Sarundesmeniaiiunisinuly
Tsaneuiatngenanquitiilsasiuuosis 2.3 1n1 (OR = 2.3,95% Cl: 1.8-3.0) Ssdannandiy
MsAnIues 25531 BYR wardayrd Wugassal (2565) Fanun Snulsasuiinaanveununm
Finogafitedrdny Tnonquiiilsnsaumndndvedinlunsduiuiainsuszsiiu sudadsedu
AnaATEALzAIIANAMAZ T U NzIINYauT oAty dwalviisaunmmeuarl
deunes wavilugnaunmdiniimaduszeren

armannsalunsguanules finnuduiusmeuinlussdugeiuamnm@inaugunin

'
aaa

YaaRaIe 1Nl Tunsdsuiuinlalesssinfiuruvasafentnsugyeesltiuddgyniadian

a

sefU 01 (r = .696) wavilanduuszaninisvine (B) = 324 (p = < .01) FadulUupwauuisgiu

<9
¥

19398 05u18lA1n nquiessidauansolunisquanuedlusedugs asdnunmdinay
qunmiiAdu nanfle yasengiiannsnguaguamuesmuedla 1wy n1sfulsEnuemMITesIs
Wngan NsnHeussaigame N1MUANIIRLATATILATEN T1udnsleuasfnniunis
Snwesnanssada wwilemaiiudalad faunmmeuarlafiifuns uazanmnsomsadinsesriule
opnafigaunin wan1sAnwiidenaaestuaideres Lorenzoni et al. (2021) dssyan giaefiva
Arwanssalunsguanuiemddla funisdsuduiilaesesanfununasaidenuase i
UszaufuTyvnnsusundy anueSenavay uaznisaziasnsguaguamnmenazinle deaillg
AT iningas vuedigAdinuslunsquanuesssaiisydninmazansadamstuiade
g 9 ﬁéqmamzmﬁaqﬁumwigﬁﬁu SnmansAnuves Olszewska Turek & Betkowska-Korpata

[
a v

(2022) Inud ANEANIlUNISRLanULBITaNEIeg il SuN1sAsuAUiIlleRe S ANAUNIY

[
o w

waaaienwaslny danuduiusiuaun niinaruaunninvueensdideddgyvieeada (r = .48, p
< .05)

aedaait danuduiusmeauluseauaiuaunIndinauaunInegeeilasu

'
aada LY

nsasudumlaeessinfuniunasaidenunsinyesddudiAynieadainsesu .01 (r = -.623)
wazdlanduuszansnisvine (B) = -269 (p = < .01) Fadulumuanuigiunisive e5uielaan
nauMIeeenlneduanluseiun aslaunmddnauavnwluseaunandu na1ee yaieed

(% (%

lumeundgyiuannusdniasn neun Wenune vieanuianinaess geuduuilunlunsusudi



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 53

pon1sUasuLUawnaTmendnisinulad uarannsoflugauamitemnameuarlalaoesd
UsyAnEnimannnm wanmsdnwiiaenaaestuuuAnues sl vaensyna way Usilame qmﬁaa
(2560) 95U mazs?fum;ﬁLﬂumm3ﬁaxﬁaumfmiﬁauqaswiwamw%mlaﬁ’u%wmsj Fastn
nuTILAUDINTIeNY 1y o013 uoulundu vieseunds deimunaiuamanszune
aunmTinesmanidedlils lnsawgluggeeginousdafuarumiviiedefesamaisy
Autlafineserdenarlunisiudaznisguaguninsrze n1sfny1ues Stafska et al
(2017) TugUaeTsaviala 1,500 518 WU KTTNTaAsT (PHQ-9 > 10) fdns1naidsdinan
Tsevlagananaulufinmgdaas 1.8 w1 (HR = 1.8, 95% Cl: 1.3-2.5) uardiazuuunmnIndin
audnla (Mental Component Summary; MCS) snaneesitedday (42.3 vs. 54.7, p < .001)
aonnaBatuULATeas Olszewska-Turek & BEtkowska-Korpaka (2022) 5184111 Hasegidl
AmzduATIueEamME NN axlaunndinnugun At uesnailduddymaada (r = a8,
p < .05) Iastamelusuonsun anufiawelaluin uazanusAnduasmaiala

aaszu anuduiussaulussdugeiuannndinauguninesygeogilasy
mswasuaumilaesssiniuniunasnidenunslngeenditudfymeadafisssu 01 (r = -.573)
wawdiendulszaninisviiune (B) = -.241 (p = < .01) Fudulumuauufigiuniside esuiglaa
nausessiiinmgnzundlusedud asdinanm@inauaunidtu nanfe yasengiiding
ansaedoulmlad faunanisseniouazdele uarannsaUiuinenisasuuuamieanin
sunendamssnwlnessiivssanin souilonalunisiuiigs uasaunsadiiudinlaeeis

fgunnaniu nan1sAnwiilaennaes Fairbaim et al. (2012) iy NMILWTILUNTBHERY

'
a

flasunadsuduiilaesssinfuiunasnideaunduyanamdmuly 1 9 amalnamnin
TAnauguamiduesiteddymieads dsaznoufsmaresnsfiuyaussnamuaznisgua
AUNMULUUDIRTILATUTEAYE A n3finwves Afilalo et al. (2020) gefila¥unisAsudy
#ala 1,020 918 WU AmsUTguIsduitus fUSnTInsAnnzunsngaunAsmdniindy 50%
(OR = 1.5, 95% ClI: 1.1-2.0) %Lmu@mmw%ﬁm(ﬂymmim?{au (SF-36 Physical functioning) anas
30% (37 65.2 10U 45.6, p < .001) WAZNUI AMEUTIZUREIRUSAU Sasmsniunssnulu
lsameuna sgﬁﬁqﬁu (OR = 2.5, 95% Cl: 1.8-3.4) UBNaIN# Goudzwaard et al. (2020) é’J’Qizq’h
amszusdianuduiussuamundiavesUelunguiiedfusensdifoddameedn tnendid
amznrugeasiivedialunmsdsadiavssdriunnnn wesdesmennzunsngoundanis
Shwn

nsatuayuniedeay Tuanun3nosu1eauuUsUsILTsRMA NI InA TN MU0
yavogilasunadsuduiilaeessindununasndonundlugladsbndulunuauufgiuns
350 efunelan nquiesislunisinuiadei] nqusesnsarulugdao i nausa (89.8%) i
aun@nluuiu 4-6 au (56.5%) SalaYumugismdelunisquaguniwesidlnade dea1nnns

[ ¥
6 = '

AATIENYOYANUFIU MUK FIe18 T ININATEAUAzIUUNTatuayunedadlusydugen

v
v v LY 7 =

57.05 (SD = 6.21) 91l MIAtUAUUNIGHIANT

a

sluduulsanustuunnneaziidnsnadniau



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 54

nenunndinnuauaiwlunguiiesaiid efinnsanaunueres “nsatuayunideay”
AonAa 04 UIUTTEvas Stafiska et al.(2017) kay Goudzwaard et al. (2020) 7152121 113
afuayunsdsanazasmanenuaiinlunquilviauesuniezuiansdsas wu ogdiia lud
AsoUAth wi3e TemsguaTzeren Turnefinguiifilugudieufegua msaduayunsdinuens
Tulysudsiiidnsnasensditedfayludeada

n33ugnTazaunIw luanInesuIsA LT ILY8A AN INEINATLAYUN INTBIKEID Y
flasunswasuauilaesesinfunuasndenundugle dsludulunuauufsiunside

a5u1ladn yaogaulug e nUNTgUAINLALTIN “ABUYINH” B9 “ANN” Feaemalnaziuy

'
v a

nsfusnMgguamveInquiiesaEulvg daviunaden1siuinieguamseausieyi 3.60 (SD

Ao v o

= 0.58) uardmuiuuls (Variance) ues Tuannsnuaninuuanaisluseduiifdeddyifios
waﬁ%ﬁmaqmmw%ﬁmiﬁuuammﬁ muﬁmmmmi%"ugqusumw Famnefansuseidu
AULDIIINUTTAUNITL mmi:ﬁﬂmqma wagaudeifeafuguamluedin Jagtu uazeuian
(Uawms Wuggua, 2553) msfigasaiulnyivssaunisainisimniivszauaudisanasdinn
flufafid eravilnnisvssdiuauameueddudsuanegsnaides sululansequlminnis
UsudsungAnssuiiduiusiunmnimdia mAdeiluadosdonuuientu wu nsussiliuves
Brook et al. (1979) Fudununuuvesnuulssdiu Snwunaduituslunquiifnnizaunimieds
yiFefiaruAsuntamneniondaau flunquiigunimlnenudeglussdud wu gaeosd
fsruvatuayuiin mausnmzauamotluamatainunonmn T

MNHAMIANY MU FuUsiaundiidvinanenmnmdinauguaimuesyaeegilaiy
nswAsuauilaesesaniuniunasnidonundlug donnasstunseuLLIAAYDs Ferrans et al
(2005) %qaﬁmaﬂmmwﬁ%(ﬂyﬁuqﬁumwmuﬁﬁﬁhq6‘] ﬁgqéjmqsumwms JUNINAN vy
FAnUszdriu uaganuiduognedsey Tnefudsiifidoddymeada laun 1) 1sasan Feazviou

g a

AuguInne tnenugAidlsasanussgoudsaniefiudussuagainnsaaniudinlaoyned

(% (% (%

AN 2) ALANTALUNITOUARULEY Teaznauntun S luginusedniu Inesfiaunse

Re

v
=

auaguanvasmuedlad asfuuluuudilasasuasdfinnunduegidtu 3) nigdnes
dusulsiiasneunuguamdn Sailufinneduasarausauiuiuas fuofuauduiae
9fin1 uar 4) nmzszuiadusd iatagunmniswagnsvhmund Sedilufinngnesuis
poufidnenmlunsladiauszsriuninnm aufulsiluamsainenunmdiele laun nns
GIRTGT R R RIGHY LLazmﬁ%’Ugm’wqﬁumw LLﬁwlulLLamémﬁwaaalwﬁﬂ’aﬁﬂﬁ’fgmqaﬁmuﬂejm
freenall undsasdimnuieavestunsouuuidnludlasasis Imamwwiwﬁummm,ﬂuagjm
5ﬂﬂNLLaSﬂﬂi§U§@uLaﬂ Feonauanswadniunivlunquiiniaueaurdeidadeuinaouiiuanmg
fu fefuSsaguladuusalnglunuideifenuaeneaesiunseuundanguiily duiug
Tumsnwegnsdaiay



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 55

Pawauauuglunisiinanisideluly

1. fimulUsunsuguaygeogiuuesrs Tnsunsmuauuasdnnslsnsa Saduiudsi
fiaduuszans msviiunegege iensasasunginssuguaimiianainaudeswesnisifalsasu
s

2. AA3UANANLT0lUNTAUARLLBITBINEIDTY LT NITATNLLINNGUNINUSERTu
(Daily self-care plan) msltdsluanugiiilans uazmsinvinueguanumedludiaUsedriu oy

MIAARINBINTT NIATUANINS 3ENTUTITEN LTeandudiulsniavenaainennnIngin

farsuauuslunsiissasedaly

Amidulsifiteddymsaarlunsihueauamdin laun lsasu arwannsolunms
ALAAULDY AMETIATT LaEN1IZUTIZUNS lﬂﬂ’wmLﬁuiﬂﬁLmimmiaLLaqmmWLLuuaaﬁm
dsugeogilasunsdsuduiilaeoesinfununaendenundiug uainisidedmaaes
(Experimental research) L‘ﬁlaﬂi%Lﬁuﬂiza‘ﬂ%&la%@ﬂﬂiLLﬂiNﬁWWUW%UIU&TWUﬂ’ﬁéQLﬁ%tﬂﬂﬂdﬂ’]‘w
Finoenaduszuy

LONE15D1999

nsuResh vendisn. (2565). snsImmansenIsiseuauialaeeasinkun NarETIUaLEnT)
msweulsmerviadneluszesaar 30 $u BveriinusySyaumdaudia luladfun].
ﬁmwamsajwﬁwmé’s.

Unams Wugaua. (2553). N15ANYIAIINENNUS T YTINITIUSN195qUNIN UASWYANTINNITPUA
qunmvesdrsiemsiraseneduimiavays Bnerdinus By amdadin liladfam]
URINYIAEATUASUNTILT.

w1yt vieonszna warUsilume andiue. (2560). Imavmans s5uF (Famasedt 4). Rundnwal

25537 Y7 uay Sayud WiNaITIL. (2565) @mmw%%maqsgﬂwm’;zﬁﬂﬂgmmméa%’wﬁmﬁﬁmi
Jushvesilavesteanas. 27saIsnavAIanTEas, 19(1), 15-31.

Afilalo, J., Lauck, S., Kim, D. H., Lefévre, T., Piazza, N., Lachapelle, K., & Noiseux, N. (2020).
Frailty in older adults undergoing aortic valve replacement: The FRAILTY-AVR Study.
Journal of the American College of Cardiology, 70(6), 689-700.

Brook, R. H., Ware Jr, J. E., Davies-Avery, A., Stewart, A. L., Donald, C. A., Rogers, W.H.,
Johnston, S.A. (1979). Overview of adult health status measures fielded in Rand’s
health insurance study. Medical Care, 17(7), 1-131.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Lawrence

Erlbaum Associates, Publishers.



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 56

Chen X., Leng S.X. (2014). Frailty syndrome: An overview. Clinical Interventions in Aging, 9,
433-41.

Cronbach, Lee. J. Essentials of psychological testing (5th ed). Harper & Row, 1990.

Damluji, A. A., Forman, D. E., Wang, T. Y., Chikwe, J., Kunadian, V., Rich, M. W., & Alexander,
K. P. (2021). Management of acute coronary syndrome in the older adult population:
A scientific statement from the American Heart Association. Circulation, 147(3), 54-85.

Durko, A. P., Osnabrugge, R. L., Van Mieghem, D., Nkomo, V. T., & Pieter Kappetein, A. (2018).
Annual number of candidates for transcatheter aortic valve implantation per country:
Current estimates and future projections. European Heart Journal, 39(28), 2635-2642.

Fairbairn, T. A., Meads, D. M., Mather, A. N., Motwani, M., Pavitt, S., Plein, S., Blackman, D.
J., & Greenwood, J. P. (2012). Serial change in health-related quality of life over 1
year after transcatheter aortic valve implantation: predictors of health outcomes.
Journal of the American College of Cardiology, 59(19), 1672-1680.

Ferrans, C.E., Zerwic, J.J., Wilbur, J.E., Larson, J.L. (2005). Conceptual model of health-related
quality of life. J Nurs Scholarship, 37(4), 336-41.

Goudzwaard, J. A.,, de Ronde-Tillmans, M. J. A. G., Kwekkeboom, E. H. C., Lenzen, M. J., van
Wiechen, M. P. H., Ooms, J. F. W., Nuis, R. J., Van Miegshem, N. M., Daemen, J., de
Jaegere, P. P. T., & Mattace-Raso, F. U. S. (2020). Impact of frailty on health-related
quality of life 1 year after transcatheter aortic valve implantation. Age and Ageing,
49(6), 989-994.

Lorenzoni, G., Azzolina, D., Fraccaro, C., Zoccarato, C., Minto, C., lliceto, S., Gregori, D., &
Tarantini, G. (2021). Sleep quality in patients undergoing transcatheter aortic valve
implantation (TAVI). International Journal of Environmental Research and Public
Health, 18(16), 8889.

Olszewska-Turek, K., & B€tkowska-Korpata, B. (2022). Quality of life and depressive
symptoms in transcatheter aortic valve implementation patients-A cross-sectional
study. Healthcare (Basel, Switzerland), 10(11), 2211.

Polit DF, Beck CT, Owen SV. (2013). Is the CVI an acceptable indicator of content validity?
Appraisal and recommendations. Res Nurse Health, 30(4), 459- 67.

Staﬁska, A., Jagielak, D., Brzeziﬁski, M., Zembala, M., Wojakowski, W., Kochman, J., Huczek,
Z., Witkowski, A., & Zembala, M. (2017). Improvement of quality of life following
transcatheter aortic valve implantation in the elderly: A multi-centre study based on
the Polish national TAVI registry. Kardiologia Polska, 75(1), 13-27.

Trongsakul S, Lambert R, Clark A, Wongpakaran N, CrossJ. (2015). Development of the Thai
version of Mini-Cog, a brief cognitive screening test. Geriatr Gerontol Int., 15(5), 594-

600.

N
PO



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 57

NANTSLESU TEDIMITIINHININLLATINLAZHIA NLA LAUADANURNANN UNVUNVULAY?
ndradwug na 43 drenszurunisdndntu

gm0 Avasiadies™, widn augIn®, vesing Aesle®,

UONINM goURT, Wgmd wilnuuur, Usaily vivluueu*

UNANED

mummﬁmﬂizLﬂwﬁugﬂéT’ssJﬂizmumﬁlﬁﬂsﬁwg%’uiélj%fummﬁaﬂunﬂéﬁaﬁa MssuUsENIY
sunlssaniamalnsnelefuasiulamsaduaulng Wewniudaduauusznaundn me
wninsiasuloomsuarlusiurelviamuamadasunaiuiu swisediiingusraseiie
Anwnaveslmsnnueninuaseniazlusiuanuadinua luuneaudAnisnienin wadl ua
UszamAuiave AN SN TUNTUIABI9INTTRIRLT 1Y 43 AI8nsEUIUNSEnenu Hans
NABDINUN UStnamsiasurInnLAsenuasHs LA itdnanoauURluRER T (0<0.05) Tned
ANUSIMNBasY (a,) A1 a* A1 b* AIANTLILLY (Bulk density) LazAIAINLTS (Hardness)
Windu @ua L Anannumes (Expansion) WaYAIAILUTI (Fracturability) anaq Tnefasuna
nNuATENSTRUTOLa 10 tnetimin uagnainue vusedusesay 10 Tasdmiin daudfnig
nenmingauiigauasydulvezuuurureunudnuurusing & ndu savid eduda way
mmweulnesngsiign sgluszdunnuveutiunats uazidlewseuifisvant@niaainuad

v v ¢ '

WARFuILITUIRE9IN RGNy 43 ﬁmamy';EJﬂizmumilﬁﬂ%mg%’ugmﬁﬁwuﬂﬁwé’mu
Ay Tsi Tusfu 101 warlvewnsas auenslulewmsadiamuasninansniuny (p<0.05) dy
msthmnuasenuasinualmdeingiviiiunandanasslaangnaunssnnvnsiarudulula
Tunafissuamdasumslusuuruifeniuio

v v & B3

ANENARY : VUNVULAET, ARG N 43, NNuATaN, Anualuy, Lnengtu

* thAnwindngnsuivaauitadin aunivavnssumans auzallaBanssumans uningdomelulad
T1YLIAANTZUAT

* anprans1anse animaluladannsuatans unimendomeluladsvmnansyuas

e ;}zﬁamamwmsé azinelulaBuazuinnssundninmnisinns uiverdoruasunsilsm
Corresponding author, email: suthida-k@rmutp.ac.th, Tel. 06-4240-9666

Received : May 22, 2025; Revised : July 26, 2025; Accepted : August 6, 2025



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 58

Effect of Dietary Fiber Supplementation from Powdered Carrot Pomace and
Powdered Silkworm Pupae Protein on the Quality of Extrusion RD 43 Rice Snack

Suthida Kitjaworasastien*, Chaowalit Auppathak**, Chayapat Kee-ariyo™*,

Nomjit Suteebut** .Phisut Naknean***, Prassanee Tubbiyam**

Abstract

Extruded snacks are popular across all age groups but are typically high in
carbohydrates due to starch as a main ingredient. Adding dietary fiber and protein can
enhance their nutritional value. This study aimed to investigate the effects of powdered
carrot pomace (fiber) and powdered silkworm pupae (protein) on the physical, chemical,
and sensory properties of extruded snacks made from RD 43 rice. Results showed that
increasing levels of both powders significantly affected product characteristics (p<0.05).
Water activity (a,), a*, b*, bulk density, and hardness increased, while L*, expansion, and
fracturability decreased. The optimal formulation was 10% powdered carrot pomace and
10% powdered silkworm pupae by weight, offering the best physical properties and
moderate consumer acceptance in appearance, color, aroma, taste, texture, and overall
liking. Chemically, the developed snack had higher energy, moisture, protein, fat, ash, and
fiber but lower carbohydrates than the control formula (p<0.05). Thus, using agro-industrial
by-products like carrot pomace and silkworm pupae can effectively enhance snack

nutrition.

Keywords : Snack, RD 43 Rice, Carrot pomace, Silkworm pupae, Extrusion
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lustuluiden Usatulsevirlauazazide tuny) uasiivoalnadngs fadulassassvendowaa
ddnylusnaniegs (nsuvmeulvy, 2565)

v Y
v v

nvayaiina1 gidedufnlunmsiarusruAsnueetug n 43 Sedan
dafihnnatunans fiadalsomsnnninuasenuaziaialusiuandnua v Taglynszuauns
Bnangiu sdnnsly Woduauamidasuinsuasdumadenifnoguamdmiuguslaann
naueTy wonaNi Samreifiuyaninanaoslaniunisinues anasunisleninginsosnsnuan way
AuvaAYULAT YN LAz A flaennaofumnenmsiaun sy (5DGs) nsiamzid maned
12 Foansuslnauarnisndndisaiu e anunsanvendouaslenineinsessdivssaniam
(SDG Thailand, 2024)

TUsZAIATINITINY

1. Wofnwantinisnenmuaziad maﬁmqﬁwé’ﬂﬁiﬁﬁumsmémumuL?Tmmﬂﬁﬂjfnl,éjﬂ
ﬁué nY 43 La%ummmmamLLazmé'fﬂLL%lwﬁmam@T’wmzmumﬁLﬁﬂ%mg%’u

2. ANdRAIUUSINANININLATONUATNIR LA LU N Al UNE R SN VUL ULA 97N

v v &

YNNG N 43 THARMIENTFUIUNTONBNTY

q
(% (%

3. AnwinsiUIguiiiguantin1auniivesgrsniuauiugRIHEATUNIUNYULALIAINYININ
WUg N 43 WEEUNININKATENIALHIANLA LN NINGAnIenszUIuNISBNenITulinunsinden

A LHUNNSIY
1. %umaunwm’%augmﬂfmquLLazns:mumswﬁmummﬁmé”mns:mumitﬁnez?wgﬁu

1.1 wioudsaunansiaun (M157991 1)

1.2 wanunassisuanalunIoswanemns Kitchen Aid™ Tilvwnn 300 San A2
o3 2 WL 10 Wil

1.3 SOUAIUNANTLA NIUATLNTI 60 L LLéﬁﬂULLUigULﬂuﬁuumuLﬁymvﬁ”wm?m
Laﬂszi(wgt,ma{%ﬁmanm (Twin-Screw Extruder) (US¥% Chareontat Co.,Ltd, iqlu CTE-D22L32,
Uszmneilng) flanzanuiud sosay 20 165@';'111&33@%@&%3 380 50U AOUIT qmmﬁm%lﬁa
140 ssAalPed

[ '
A I

1.4 theanananue 3 Weaularudunanmnd 60 asrwalded w1y 10 Wi uilanuty

9 Y

aavngliiiudesas 15 nasomsuazyaiifdinsnuanznssunisemisuazen (2566) Aslmdud

QMMQINe (25+2 srwaldea) Uszanal 5 Wil uatussylageegiitlouvisvalnain
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M15°99 1 gunauilylun sndnruvuREInIeNsE U ENeN Ty

gRy Uua (Sewar)
wtenatitug na 43 92.3
thifusnen 2.89
thananse) 3.85
uAALFLANTUBLS 0.96

Y7 : ARLUAIIIN NIRNA USLIINUS LasAy, 2566

2. Fumeumanieuudediadwug nu 43 uauraninuasan uasksdnudlva

2.1 MaL3sas wé’qmnﬁﬁmé"qL%aﬂuaaﬂmn%nmiﬁui A7 43 um varnfilaln
aviBunmelnosunaiulng (Bvia SGE Ju ECO, Usamelng) tunan 3 undt tinsouniunzunss
1A 100 WY NTUUTINIRTLY nv 43 lugregdidleurlesalaanmizagainie

2.2 Maweunsninuasen findudotusenainninuasen aanninuasendlaluiig
Fomgamgdl 100 esrueaibea Tuaa 2 wifl uaniananauseumemsutluiidugamngd 10
sseadoa Wunan 10 wift lenssveudinninuasendiBuua azidiah waunlaoaeuiausy
sosnszauduiilfioduih indennuaserlunialvieramn 0.5 Sadums wanhluounewn
pUaNsouTigamndl 60 psriwaLdea a0 8 2l YninuesenuTlesnunazBenneiAiasun
agulng wWuna 2 wiit Mnduinedlsnseuriuasinssuug 60 W warusslugsegiidey
WQaéiﬁTaquzgzgwmﬂ

2.3 nswIendnualy Aadenduiovusonaindnualuy arsharuazeianae
ihsshlnarusnmnsivavenii 1 dns/and Wuna 3 wift Tenssveudnasdaii tdnue
lnuillosnanluifionmnd 100 esmigadea loan 2 wiit ndudllaluaeeuiineuuses
nszawivtlufledui indednualmilvnszatesessasiiauslunaey wanhluoumemian
pusoufiguvgfl 80 asAmiwaldea 11an 10 Falus thdnualuuiilauunagiBoanieied ssun
ayulnaidunm 2 il Mnduhasilauseuniuagunssaun 60 we uarussalugegiidey
Waaéigam’azfjigzyﬂmﬂ

3. Anwautifneneniwuaziaiivesingaundnililunmsudnvuusuideanindrad

Wug nv 43 wBurannuAsanuasnudluaiinandaenszusunndngu

ihingAuvdn 3 4da lown uwewnnaniug na 43 naninuATen wasksinualum an
Anszvautinienin lawn euiinahdas: a,) (agluaiosian Water Activity 3u 4TE) uas
adluszuu L*, a* uaw b* (neliadesusziliu Konica Minolta §u CR-400 Series) uawastfinis
il laun wdsen Tusfiu lesfu anslulewnsn Ay wasion w@ulsewns (Assodiation of Official
Analytical Chemists [AOAC], 2023)
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4. AnYFAEIUUSUIUNININLATONBASNIANLA NNz aNTUNAAN N VLNV LA
Y] Y o ¢ A a v & ¢ 1Y
NG NV 43 NHARAIBNTEUIUNIBNINITU

v v ¢

theBnSunuuNTURINITIRUg N9 43 Tindanenssuiunsdnengdusfnm
drauUTinunsniniasenuazuainua lnufiuanaaiu Tnelouaun1smaasuuy Factorial 3 x 3
Tynsnnuasonsiufuneinua i lusasnaiuvasmeninuasendissfusesas 5 10 uay 15 way
Shauvesssinualuufissdusesay 5, 10 wag 15 mLaéﬂua"mmammLLJ&%ﬂaLai”wﬂ’ué ny 43
favn 1as1uau 10 Amnaes (Kamsnefl 2) aiasigviaat dil
4.1 Tnsesiauifimenisain laun

1) asinaihdase (a,) neluiaiesinan Water activity 3u 4TE vhnsTiasizy
10 Gi"i/m av 2 n§u/feen

2) Adluspun L¥, a* waw b* Tnglualesuszidiu Konica Minolta Ju CR-400 Series 111
MyIATIZN 10 %’16‘] av 2 n3/fee

3) ALY (Bulk density) 1/‘1’7ms%’qﬁmﬁfﬂmﬁnuzLﬂéwﬁi{fﬁm%’wﬁqﬁuum
wazdufimiiniin nduthadadamaddunwueiidlum dehminsnuveniaesosuasiudin
thwin srenumnedunii/ans (/L) ¥insiasig 10 9 Teemssiuanangas

AAMUAUILUY = (UIRUNKNERAUN + UIRUNAITUL) — UIRUNAITUL

USu1915

1) §951N13W09F7 (Expansion ratio) $18aunuietdummi (Fold) ¥nnnsiasie
10 919 ag 2 NFU/MBY1lAgNITATLINGINGAS

PATINTNBINT = LAUNIUANINANSUBIHARNTUN

wwuuAuenatsunzila (Die)

5) Aniloduia Ingdauuu Texture Profile Analysis (TPA) na81A3 e sl aduila
(Oration Manual for TAXT Plus Analyzer Stable Micro System Ltd., Uszinadangws) lne¥nan
wuy TPA lasfafanssnszuanauin 50 ux. (P/50) anzAUINeuUMINABY A 5 mm/sec
amammm?mé’qmsﬂmagﬁ 5 mm/sec s1891uATY Hardness waz Fracturability 51847u
wnedundu (o) vhnsiiesen 10 6191"}'16] av 1 n§u/feen
4.2 nMsUszliuanUAnIsUsEamMANEE
’mLqumiwmam%mLLUU?jﬂuuﬁaﬂamyiaj (Randomized Complete Block Design,
RCBD) u,éj’m'ﬁzl,ﬁuamﬁ’ﬁmwﬁzamé’mﬁaiuéjmé’ﬂwmzﬂmﬂg & ndu savd leduda ndusa
wazarreulnesin Meisn1sdunuulnazuuuAugey 9 ey (9-Point Hedonic Scale) Tszj”;j
nagauuuan 50 au dadueranssuasindnuianzinaluladennssumans uninends
wAlulag I YUIRaNTEUAT



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 63

A15199 2 USunaunslameninuasenuasreinia lusdiasuluaiunanyowlaiaiun

Usuau (Gawas)

g KININUATEN HIANUA I
0 0 0
1 5 5
2 5 10
3 5 15
4 10 5
5 10 10
6 10 15
7 15 5
8 15 10
9 15 15

=

5. AnwinaFsuifisuantiniaaiivesgasaruquiiugasnandusiaunauidsaain
Fradniug nu 43 @Bunaninuasenuazrsinudlvy Andadaenssusunisidndngtuiisinunis
AnLaan

thansauuiugasinunsdadon uvimsiesaudinaad laun Ay
Tusitu lusfu 101 alsenmns anslulawmsnsan waendsmusionmn (Flawnaed/100 n¥u) muis
V99 (AOAC, 2023)

ANSASIEATaYA

Y

Tnefurnduaedsiilaundesenaianuudsusiu Analysis of Variances (ANOVA)
LaziUSeuLiBUALLANATIYRIATLRAEAI8TE Duncan’s New Multiple’s Rang Test (DMRT) 71
seiuadesiusenay 95 T,ﬂ81%1‘03Lmim‘hL%ﬁlgﬂa‘f’m%’ufﬁLﬂiwﬁmamaaa IBM SPSS Statistics
23 Python Software Foundation

a o fa a Y Y
nsWinEansy lideya

a

PUNYLAVISUTIIUNNTIVY LA IRB-COE-068-2024 JUiland@158an5used 9 suNAl 2567

=% o

wIdeluimaiuveyaianunsasyyisiayaeale Tuwuuussdvandfiniaussandudamntu ins

]
'
) v

UnUsweyaaiuyarauazvayafidfyvesanatadasiulngnidame wegniiuiduauduuas

voyaagluiiaaidemiiu
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NAN33Y
1. kamsAnerautinisnmen nuasiaiivasingivnaninldluntsndnvuuvuipe1ain
Fradiug no 43 ERuRININUATENLAHIANUANTINEAR BN TTUIUNMIBNGMTY

¥ ¥

ingAunanily 3 vila Alyduaiunanlunisndnsunauiaerainviaeiiug na 43
WESUNININLATENUATHIANUA AN TIRERMENTZUIUNITONENITY laun wlswa1iug N 43 W9
NNUATEN LagKIANUALL (Fanmd 1) 1lesizvaudinianienniasiall HanITNARDILARIAS

AN19N 3

AN 1 (N) WUIYTIRIUG NY 43 (1) KININKATEN (A) HIANUALAY

M13199 3 FnauTRINENNLAAT YOIWUUTIATIIG NY 43 KINNUATEY Lagkeinuall

AMENUR wlelnadiug N 43 HeNINUATEN  WIANUAIL
AUUANIINIBATIN
And
L* 7.13 + 0.01 8148+ 0.01  57.31+001
a* 50451 + 0.01 4.33 + 0.01 531 + 0.00
b* 12.55 + 0.06 24.95+0.06  23.88 + 0.06
MUsInanidasy (.,) 0.53 + 0.06 0.54 + 0.06 0.50 + 0.00
dguiAnaad
ANty (Seeaz) 11.43 + 0.05 11.05+0.00  5.16 + 0.05
TUshiu (Seeaz) 8.30 + 0.00 5.81 + 0.00 59.17 + 0.00
lasty (sovae) 1.28 + 0.00 0984000  19.64 + 0.00
101 (se8a2) 0.38 4 0.06 2331006 435+ 0.00
wulooms (sevay) 0.14 + 0.00 16.73 + 0.00 6.77 + 0.00
mslulewsmsay (Souay) 78.61 + 0.06 79.83+0.06  11.68 + 0.00
wesrn Glauraey/100 N 350.16 + 0.06 35138 +0.06  460.16 + 0.06

WeWe: Aeds + @udsnuuinsg
L* USUDNAIAIINEAIN
a* 1uen (+) vsuandemnududuee () vavandeanuiudiden

b* 1Wue (+) vsuendemnududvnges (1) vsuandsauidudyIEy
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1% [

MNIT 3 kaneTgvaRTEnIImen U MAvesulauTla g nY 43 Jan L
1 (7.13) uagen a* g9 (50.51) anuzdin b* agfl 12.55 fmmnmdudindesdnuos dmsursnin
uAseN wuINgAn L* 73 (81.48) uazAn a* ot (4.33) SarAuansuarAunsonadnues aiumm
b* g9 (24.95) fanrundudindososranutn sdnualuuian L* Urunats (57.31) a7 a* o1
(5.31) uagAn b* a4 (23.88) vsvanieaNAINUILNa1 SanFuntendudnuoy uazfindod
pouTdaL Vel TmgRunnedadieenuuiinahdass (a,) tnaidestu oglurng 0.50-0.54

uamslesemaainsinualuadinnnuiuuesiian (sesay 5.16) Tuvaefiuswnen
fug nv 43 (Sevay 11.43) wazkannuasen (sosaz 11.05) fmarudulnalfestu aualusiu
sty woziolunadnualyafiuTungsiian (sovay 50.17 19.64 waw 4.35 muddu) Tuamuauls
913 KIMNuATEVIANINTigR (sosag 16.73) dmsuanslulewnsnsan wun wwreiug nu 43
(08¢ 78.61) uavsIMNLATEN (Sevay 79.83) finaigs luvnifinsdnunlnufineniian (souay
11.68) pgndlsfinny madnualvalvmdsnugeiian (460.16 Alaunns3/100 n¥u) losanillusiu

wagluduluuIunamnn vaueiiudaunaeiug nu 43 wasnaninuasentunasuilnafesiu
(359.16 uag 351.38 filaumasi/100 Nu AUENU)

2. wan1sAnwdaduUTunaRInINuATaNLazHIAnLA luunzan TunEnduavuNUY
& v Yy o ¢ S a v s ¢ o
LAEAINTININNUS NV 43 NNEANIBNTTUIUNTLONGNTU
UNAAAUNVULYULAYIINVINIIRUS NV 43 W UATURININWATONAZHIANUA bailu
dnanuresmInINuATeNATesay 0 5 10 war 15 uasdnaiuvesmsdnualuuiisesas 0, 5, 10 uay
15 w3uluUSuavewUsreIiug N 43 Nanun Lad3uInann enszuIunIso NNty
MavuAlad w10 &meaed (il 2) wagdasienaudininienin wasnsusedivaudinig

UL ANEUANANITNAADILEAIAINITIN 4-6

¥ v

AN 2 draudinaRanINkAsenkazHIRnLA LML zalUNEA S M VULVULAEIINUINAN
g N 43 IRERMENTZUIUNITONTNITU T 10 Fmaasd
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¥ ¥

A15°99 4 A1UTINadnBaTe (a,) ANE L* a* way b* NERSUNUULYULAEIINYIANNUG N 43

WEUNININLATONLAT NI NLA LY TINARAENTTUIUNMTENENTTY

AINAFBUENUANIINIYAIN

UTUIUNININLATDN
WAZHIANLA LA USunauindass L* a* b*
(Fowag) (ay)
0:0 0.26+0.00" 73.37+40.26°  -0.63+.019"  4.81+0.25°
5:5 0.31+0.00° 67.42+0.83°  6.79+0.25°  23.27+0.33¢
5:10 0.32+0.00" 63.98+0.95¢  8.11+0.19"  23.47+0.13°
5:15 0.33+0.00¢ 63.7240.25°  8.24+0.13¢"  24.17+0.10°
10:5 0.34+0.00¢ 62.95+0.61°  8.49+0.12°  24.94+0.11°
10:10 0.34+0.00° 60.78+0.579  9.67+0.09°  24.88+0.29"
10:15 0.35+0.00¢ 59.23+0.28"  9.50+0.24%  24.54+0.57°
15:5 0.36+0.00° 58.40+0.21°  10.11+0.10°  24.30+0.2.5°
15:10 0.38+0.00° 58.35+0.74°  10.23+0.23°  25.56+0.46°
15:15 0.47+0.00° 56.25+0.38"  10.91+0.23*  25.57+0.26°

AR : Aade + éamﬁmwummgm
abe- gy efia AadETilenwsAUmMetUluLaILLIRe SAauuenansiusendl
Todfyn9adffiseiu (p<0.05)
L* USUBNANAINEDS
a* wue (+) vsvenisanududuns () vsvendernududien

b* 1duan (+) vsvandernuidudiudes () vavendepnududtnGy

MM 4 WU geseauAu (sesag 0:0) fien a,, sfiaedl 0.26 uazdaauiisosas
15:15 ol 0.47 d9uad wuan AALEs (L9) Tuuluuanas lasgmsmuny (sasay 0:0) fian
L* gefiandl 73.37 fanuananniian uasfidnaiusesay 15:15 fa1 L* silandl 56.25 vsuan
fandnsumfiiduufigadaaiuduiung (%) augrseuau (sevay 0:0) fian a* iduau (0.63)
vavenfslnudidondnuos Adnaiusosay 15:15 fan a* gefiand 10.91 Feusvonfeanaidy
Aunsnniian aaudufindes (%) gramuau (sesay 0:0) a1 b* iilgeil 4.81 uasdidaaiu
sovay 15:15 way 15:10 fan b* gefiandl 2557 waw 2556 mudiy vsuenarundufindasunn

=
50
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A1519% 5 AIAIUNUILUY ATAIINNDS ﬂ?ﬂ’J’]ﬂJLL%\‘i LAZAIAMNLIUTIZVBINANA UNVULVULAY?

INVINIINUG NV 43 LETURININUATONWATRIANUA N NNERAIENTZUIUNIBNTNTU

q

AINAFDUENUANIINIYAIN

Usuau AR ANAITUNDY AN AAMULUINE
NANINWATEN  WUKUY (Bulk  (Expansion (Hardness) (Fracturability)
uazNIRnuAlUy  density) (g/L) ratio) (fold) (9) (9)
(Sowaz)
0:0 0.26+0.00¢ 4.4140.19°  946.41+727.05¢  19,685.70+458.82°
5:5 0.28+0.00" 4.34+0.50°  1,270.67+966.31°9 18,172.67+219.41¢
5:10 0.28+0.001 4.00+0.09  1,475.90+945.66“ 13,413.65+702.37°
5:15 0.29+0.00° 3.80+0.22°¢  1,516.95+660.96° 12,973.43+569.23°
10:5 0.26+0.00° 3.81+0.16“  1,658.32+630.91° 11,793.63+272.83°
10:10 0.30+0.008 3.63+0.15%  1,690.41+880.14° 11,366.60+827.76°
10:15 0.30+0.00° 3.59+0.09°  1,869.29+1623.55 11,324.96+773.39¢
15:5 0.31+0.00° 3.65+0.08%  1,946.86+416.65° 11,071.75+204.07°
15:10 0.32+0.00¢ 33240200 1,957.44+4679.21° 11,224.85+807.04°
15:15 0.36+0.00° 3.2140.13"  2,819.36+2504.04° 10,191.38+127.95°

NUBNA : AadY + éamﬁ&mmummg'm
abcygnefe AaasitisnesiiumsiuluLuwads fanuumnanaiueyid
Todfyn9adffiseiu (p<0.05)
L* ﬁquaﬂhwmma’m
a* 1fuen (+) vsvenisududuns () vevendermududiTen

b* 1 dumn (+) vsvendeanududivaes () vavendeanududinitu

MM 5 WU gRIAIUAN (s88a% 0:0) TAANLTUILULITIGRT 0.26 Density
(/L) upgiidnaausosay 15:15 SA1ANLMUILLUZIAAT 0.36 Density (g/L) ANLATAIINNGIYDA
ansmuay (saaz 0:0) fnmsvenesanniian Saasand 4.41 (Fold) uasiidnanusesay 15:15 4
nsueedauesiian sand 3.21 (Fold) auaiauudsansmuny (sevaz 0:0) faAnuudes
ﬁqmﬁ 946.41 (g) uasfidnaIuTosay 15:15 ﬁmmmlﬁaqqqmﬁ 2,819.36 () puAIANU T
wunlusanasileUmamsnnuasenuassdnualnaiuiintu lnsgnniuay (sesag 0:0) a1
mwmﬂmzqqqmﬁ 19,685.70 (g) uaefidnausovay 15:15 ﬁﬁfm’numiwﬁﬂﬁqﬂﬁ 10,191.38 (g)
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A131970 6 AUNINNIUTEAMTULAVDINEA A UNVULYULAEIIN

WATOVLATNIRNLA LY TINARAENTTUIUNSENYNTTY

¥

v

YIUUT NV 43 LETURININ

USH0URS AMANYUENIUTEAMNAUEE

ANLLAIDN

GEAN

ANLLA LAY AnNwY a nau SEYH Wadund AUV
(Souaz) Ung Togyw
0:0 7.62+1.19° 7.48+1.26®°  7.16+1.16%  7.28+1.14%° 7.2840.97*® 7.74+0.84%°
5:5 7.5241.12° 7.4041.02°®  7.38+0.98°®  6.90+1.03° 7.3240.83%° 7.58+1.12%¢
5:10 7.4040.99%°  7.74+0.85°®  7.10+0.93°°9  7.3340.86°° 7.32+0.89%° 7.75+0.81%°
5:15 7.46+0.99%°  7.46+0.83°  6.92+1.04°  7.24+1.20%° 7.20+0.92° 7.67+0.80%°
10:5 7.46+0.93%°  7.58+0.81%®  7.42+0.97*  7.26+1.13%° 6.90+0.98° 7.68+0.92%°
10:10 7.56+0.97° 7.74+1.02°°  7.5040.90*°  7.42+0.89®® 7.66+1.12° 7.80+1.08°
10:15 7.56+1.12° 7524097  6.96+1.04°  7.20+1.04° 7.2440.98%° 7.32+1.01
15:5 7.08+1.00°  6.86+1.04%°  7.08+0.90°¢  6.98+ 0.99° 6.98+1.24° 7.22+1.01¢°
15:10 7.2240.99%°¢  7.20+0.94%  6.86+0.80  6.92+1.02°° 6.92+1.11°° 7.06+1.15%
15:15 6.84+0.83¢ 6.74+0.97¢ 6.70+1.24°  652+1.09°  6.36+0.85° 6.80+1.01°

NUYLNA : ALRAY + ﬁ’JULﬁENLUulJWﬁEWU"\]’Wﬂﬂ’]ﬁ'V](ﬂﬁ@“U%ll 50 AU

[ o N o o

abc.. = ' A Ao ° ! Y S = ! 1Y) ! ° aad
TTTRUNYON ANRAYNUBDAYINT UG\’]QﬂUSLULLﬂfJLLu']GN UAINULANA NN UDY WU UYAIAYNIEOAN

50U (p<0.05)

N9 6 namsUsERuatRmasTamALTavesnsAnyUTnansadusnn
LATDNLAZHIA LA T UNEA S UMTLLTULAEI9IN 1L WLG N9 43 AenssuIumaBnangdud
3ty 191 10 Aamaass WU ;}?jﬂﬁmaaam%’uﬂ%mmmmmtmamu,azm Fnualnuiidnay
sevaw 10 : 10 luaudnuasysing @ ndu sand uazanueuiisziureutiunans Tasdazuun
ANAAY 7.56 7.74 7.50 7.42 7.66 waz7.80 ANUAIRU (p<0.05)

3. naRnwIMaUsufisuautiniaaiivesgasaiuauiuganansusivuneuidsaan
Fradniug nu 43 @Bunaninuasenuazrsinudlvy indadaenssuunisidndngtuiisinunis
AnLAaN

ihansmuauiugasilasunsdadon Ao Usinaiaiuneninuasonuazkednua v
sevaw 10 : 10 winTevaniimaainanisnaaesianafanmssd 7
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The sustainability of OTOP Development, Finance Aspect, on the
Basis of Risk Management toward Finance of the Sufficiency
Economy in Samut Prakan Province Under New Normal

U-sa Juthasuwansiri*

Abstract

Following the COVID-19 pandemic, OTOP entrepreneurs in Samut Prakan Province
faced financial and economic uncertainty, creating business risks. This study aims to assess
and propose financial risk management guidelines to develop sustainable OTOP businesses
through financial risk management based on the Sufficiency Economy Philosophy under the
new normal lifestyle. The sample consisted of 406 OTOP entrepreneurs. Data were analyzed
using descriptive statistics (percentage, mean, standard deviation) and inferential statistics
(one-way ANOVA and multiple regression) at a significance level of 0.05. Results revealed
that 1) most respondents were food producers in the community, certified with local
identity and 4-star products, earning 100,001-500,000 baht, with low expenses, low burden,
and low financial risk. 2) Income and expenses were the most significant risk factors,
followed by financing, interest rates, and current inflation rates in order. 3) Entrepreneurs
should produce according to customer order, reduce inventory, expand markets, and
manage working capital efficiently. 4) To ensure sustainability, they should increase income,
reduce costs through clear business plans, group collaboration, and maintain income-

expense records.

Keywords : Financial risk management, Sufficiency economy philosophy, New normal, One

Tambon One Product (OTOP)
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19 Us2a9AUIN15IY

1. ifiefnmnisuimsanundsmiunisiiudmiy OToP JmInaynsUTINTINUTIYN
vonAsugianefisanglaTinidly

2. leUszidunisuimsanudssniunisiiu dmdu OTOP A NIUTINITAY
Vv uasushaneifisanelatinidln

3. ifiptiausuamInIsianIsnIsumsandssaiuniaiu dmsu OTOP dania
auvsUTIMInNUsgnvenasugianewiios neladiendlny

4. wietiun OTOP fawfaaunsusinislndsdu memsuimsanudssaiunisdu o
Uswuasvghaneiiios neladieidlv

NBUKUIANNITIVY

[ 7

N1IANYIATIT ;ﬁﬁaiﬁuﬁauﬁwLLmﬁmaw%’mgzgwmwgﬁawmﬁawaqwazmwauLﬁa
NIZUTUTUNBLUATUMNDANADARYLAYUITIY UTHUIDUNNT slalunside Tnofinguseasaiile
ﬁﬂmmw%mimmL?{mmqﬂ']ﬁﬁusumpgﬂizﬂaumi OTOP Tudaninaynsusinis Aenainig
unsszuInvedlsalaio-19 %ﬂémamwuéamiﬁhLﬁuqiﬁﬁ]ﬁ”’qmﬂmmzmauaﬂaaﬁﬂs n533elu
adaillgnseunafnnsuimsnnaudssuninsgiu COSO (2017) WINANKAIY 1AEATEUARNNIT

sTumANsUANMIAsuarNTUsTEuAMILEs s IuYe U sENaUNTs OTOP Tuisawessglauay

[
=

ALY, NNIERUND, NMTINMRUBALERSINBNLTY (SAUNNTM Aol warAe, 2566) WaNAN

a

nskauiurnanUIYe ATYgNanaLies JauuaunaUszanm AuiveNg waznsigdauiuy

=l

AU (NTUMTWAILNYNYY, 2561) WioaaTun siauNgiguvesianislununsiuwas Uyl

[%
e~ v o

INVIUMIAAAIUNITUTINTTINAVDIMAANANN SN WNIUsEINAlNg (2564) LNgIU N1TRUAIY
yAAa waz wuuAnum1en1siu inlsdueiediolunisimsizusele alvats wazenudes

MINITRY WainUsEEnSAnlun1sUsmsInms anauads wasiasuasislemalunisiiule

YBININT
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AU sdese AUsany

ANSUSUSANULFLININT LA

v ' v v Ly a a yda
YoyavIlUvreNas/HUsENaUN1T OTOP U uasvghaneidionislatin
aal !
v v BRI
- swlawazelyang
_ — - ANUNBUSTUIN
- ANMZEUWND -
) - AU
o a % = 1Y
- MTIRRULAEERsInenlY - asfigfeudy
- AUIHATANSTTY

AN 1 NFOULUIARNNITIIY

fulsdase loun selauazailyats anedume nsdamEuuassnsnends das
thuniengmnauduiusuagnansenunensuimsanudsmismatuna fugasegia
NaLNe

Fudsnu NMsuImsanadsmisnsiiunul Sy uasvgianeiiios neladinidlng
fiosnusznau 4 a1u loun 1) Arumedszana inedanmslyansuazamuesiamnzauiuann
wAsugha 2) anufimana vanedanisdadulanisnisdulaedveyauazimauasesd 3) nnsd
nfieuity mnedsnawsuaumsensuauidsduouian 4) ATuiaransTId vaNeieemuy
nensiuuaznssiugsieesslusda

(%

Adsiinlaguuvasuniuniuuingiadu Likert scale 5 sgAU LilRAENOUNGANTIUNT

v '
a v A

IANITANUEYMIINITRUVRUTENBUNS OTOP TuuSundinidlvy n1539ediealinsiem
AUALNUSLAZHANTENUVDIRILUTDATEMIIUNAN DN TUIMITAULELININITRUANRANUT TN
WiswgnIneiesn1elauTundIndtlng WenwuIwInInITian1smIenNsiuYesUsenauns

OTOP Tnlumanas st

A5andun1599Y

Usernsuaznguiiagg

Usggnsiilalun1sise Aegusznaunts OTOP A% unsifoutuminaynsusnisis
1,057 518 (NFUNSWAILNYLBY, 2562) F3nsza18eglu 6 Sune miejmé’aaéwﬂ%ﬁﬂﬂ%jMLuu
manetunou (Multi-Stage Sampling) Tnedl 2 Fumaundn

1. mnwﬁmqﬁmm%uqﬁ (Stratified sampling) ﬁi"n,t,um;ﬂszﬂaumimm 6 80 laun
gLNeLllesaynsUsINIg (324 578) UN9UB (128 1) VNN (237 $18) NazUszuns (166 $18) N5y

aunIng (121 518) WAzUIua1se (81 518)
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2. miq'mﬁ’saEJINLLUULLUI\‘i“fjgumiJﬁ'mﬁ’Ju (Proportionate stratified random sampling)
FurntIafog1st i 201 39 Imﬂ%@mmaq Taro Yamane (Yamane, 1967) fiszfuaan
\Josiu 95% uazauAmaLAdeY 5% igﬁméauﬁﬂizﬂaumﬂthaza"ﬁLﬂal,ﬁuﬁﬂﬁ WesaynsusInig
31 518 V19U 12 518 V1WA 22 918 NzUTEUA 16 518 WIzavsiafe 11 918 Lavu1aanss 8

6, YV v
=

ERld ;;fié’faiw'ﬁmLLuuaaummﬁamgiaﬂmﬁﬁu 406 Y FaAunueiogsumiidunlg
291 g aifiuanuuiuguasu i efeveman1sise uenaind ;ﬁﬁ‘i’&iﬁyﬁwmié’mwdﬂdu
yUsznaums OTOP wulidumentssiuan 20 118 Tedaidonann 2 nqu Ae nquiUsznaunis
OTOP fifiszfumann (lufiany/wilsnn/aesn) LLazﬂq'mﬁﬁszﬁumaqa (Aan1/m1an2) N3
funnilifngUszasaiierduoyaaiudenmnin Tnogidevhwmiidug s sdunanisal way
Taramvaneda (Initial question) (¥1@a" UNURUNDY, 2559)

nssuaznsALILATasilauazN1IATINEBUANNNILATEE

msifeilawuuaeua iueiesdioluninfusunuveys Tnsfinssuiunsauas
siounn fail

1. NM3ANYIMALANUANTBULLIAR ;JﬁﬁalgﬁnwﬁLLawumm'ﬁ'ﬁmﬂiiuﬁLﬁ'msﬂjauﬁ'a
fmun nseunAnuasdemvesuvasunuAsfuTseiiinanensumanudsmis
N13RUNUUSYYLATYIAINDLNE

2. ASAIEBUAILAS LT T oM (Content validity) wuvaeuaIuatus1981uIY 59 99
193UNIATINABUAIALIYTIL ANUIANEAN UAZAILADAAABIVEITDAIAINIINGTEIW 0y 3 AL
nan1sUszifiuadaidni1uaanaaes (Index of Item-Objective Congruence: 10C) Wm'mmTa
Aanuiin 10C 03581319 0.954 §9 0.967 FesuLnumifvua 0.6 (Rovinelli & Hambleton,
1977) uansruuudeuaufinruasadaionigs

3. MInTIRABUANLLTBITL (Reliability) Mé’ﬂmﬂﬂ%’uﬂqaLLleﬁULLuuaauammmTaLauaLLuz
vosriFenney ifelathuuuasunsilunanedls (Try-out) funquitlilunguiiesnsasediuiu 30
U domaarudesulaglyduysyAviuearuasasouuia (Cronbach’s Alpha Coefficient) Ha
MIlATEInU mdulsyaniueanivaauuasunuTNasuiiamiy 0.967 Ssgeninunae
fivousulait 0.6 (1duns Aavang, 2550) uansuuvaeuaufiaudosiugs

4. madavhuvuaesuauatuanysal Woiad psdloniunisnsadeunmn TN IuALA

€

[

FHeddnriuvvasuauatvauysasiot lUluAususInueyaINNausfiin 19939

e

\Sesiiafildlun1sise

winaflofilrlunsidendsd Ao wuvaeunufiniduasatuainnsfinuienals gud
wRa wasAdeiiioes Tnouuseandu 3 @ laun

adi 1 %@Haﬁb’ﬂﬂ‘umE;Nﬁ@/&;ﬂizﬂ@‘tlﬂ’]i OTOP §1uau 10 98 tWukuud19951873
(Checklist) 15w Uizmmamyﬂizﬂaumi Uszunnuansun 11IMTF Y qﬁﬂ’zgzgwﬁjaﬁu AU

NARS N Uszaunisad 31uuann®n sela aleany wazeendeNnesdnse
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audl 2 Anmdsaniensiiu $1uau 21 18 Aseunquauela Arleats napSuie
nsdamdunu uagdnsnenide uuuumamauysyanaen 5 sedu dil wndlan (5) 1nn (@)
Ununans (3) ues (2) LL’dS‘J@EJ‘ﬁI?jﬂ (1)

audl 3 M3UIMIAILA BN TR unNUT TR LATEsAANEITEY T1uaU 28 18 WU3
poniu 4 a1u laun ArumoUszann ardivana mafiglaudu uazarusiunmsss Wuluy
seTEILUTEANMA 5 Sey fail mnﬁqﬂ (5) 370 (@) Urunans (3) ues (2) LLasﬂaaﬁq@ (1)

Tnsnsuanalginusnves sy Aiazon (2506) #adl Aede 4.51-5.00 = wniign
3.51-0.50 = 1M 2.51-3.50 = U1unae 1.51-2.50 = Uo8 uag 1.00-1.50 = Losiian

nsnTneEnsvasy ideya

yidtlalneuddyuesaiessuveansideluuyudiiofivinuansvesy Inveyaidla
nsveaiessaluaywelasdionaisusesnisiansan lassnsasessaidelunyvovaneiay
lonans3uses 076/2566 Tutuil 3 wgainiou 2566 ieldudsdusinyidelaufoiuasinavsly
mslvveyaiunnoUAn

nsiusIvTINtaya

mafunurmeyalunssidniunslu 2 dnwae loun

1. %@yjaﬂgmqﬁ (Primary data) VLY;RHﬂﬂ’]iLﬁ‘ULLUUﬁBUﬂ’]ﬂJﬁ]’]ﬂﬁ;ﬂizﬂBUﬂﬁ oToP u
Fav¥aamaUsinig Swauieau 406 9n MafunuTsveyalaemslswuuaeualaglaiua
suilenntnAnuisaauniuaznafiveslunismuniusiuau 60 au uenndleainyidouasiile
Auwuuaounuiastluunazn azfimansasouauauysaveseyanoutiluTesen

2, %@ganaﬂqﬁ (Secondary data) lnann1sAnwIE1 tonasimIng s Inendnus
ansiinus vemnunuilsdo LA uaruvasvayaeeulat savaiomaiunisturesmann
ndnvineuaUssmelng islslunismanseunuAnuazasnaiuuasua

nsAATIEdaya
;Jﬁé’aiﬂ?mﬁlmwzﬁ%a;gal,%aﬂ%mm Tnsuvamsliaseneanidu 2 Ussian il
1. MeAsendanssaiun (Descriptive statistics)
11 %@yaﬁﬂﬂﬁuaﬂgﬂizﬂaumi Anseniaslymnsd (Frequency) wavsesas (Percentage)
1.2 Teyaifsafusedunisuimsandsmninisdu Jnseilaglyniads (Mean)
LLazéauﬁmwummgm (Standard Deviation: SD)
2. MINATIEMBI0YIU (Inferential statistics)
2.1 MavnAeUEETnqUIzasafioliaT e seiuremAnSunfiuanaeiu (wu 1 a1
291 3 91 4 917 WA 5 An) Sanennsuinsanadsmnanisiumuuvgyasugiane ies
vi3olu Taely ttest Fuduaddiilalunsfoudiouniadossmsaesnauiiianuuanaistu lu
ﬂiﬁﬁﬁgﬁﬂiﬁg One-Way ANOVA il 2197nfin151US sufisudnnnin 2 nan1snaaeu One-Way
ANOVA %u21 A1 Sig iy 0.000 Fsfiauasnan 0.05 Gwaneainni Ujisauufgiu (HO) uas
pousuaNufgiumaden (H1) ln Taenueaun sedvvossdnduniwanastuiinanenis

o w a

UIMIIANULELINNNTRUINUS VR LATHgRaneLiies aenelitudAyvneada
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2.2 mi‘mmaaummLmﬂﬁmiz‘wiwmLa?{mamémﬁaaéwﬁqu@i 3 ﬂ&juﬁulﬂ el
One-Way ANOVA n15nadauiiiil esUSsuiiisuaniad sveen15usmsaud sannen1siiunia
Uswguasvgianoifiodluunaznquynda OTOP fAflszdundafaumanstu (1 am 2 a1 3 a1 4
a1 waz 5 A1) Inely One-Way ANOVA Saidunisvadeuniuunna1eueiniadsssninavans
NAUANTNABUNUIN A1 Sig 910 One-Way ANOVA flamiu 0.000 Faweani 0.05 wandluidiu
1 seduvemdnfununnaistu duanonisuimsanudsamianisiiunuldsyiasegia
weuies wazdAuuanaefifTuddyneann

2.3 MIAsrANLduTUssEiuUsdasiBeUsinamanei fusudsey Tngly
anm mﬁlmwﬁmaaawmm (Multiple Regression Analysis)

NAN1539Y

ATNSINVBINSNATUANNAFIY

TuaAdet Tavhnimeaevansfiguiovsuifiunansenuvestadoneg fideavestunis
‘U%‘Vi’]iﬂ’s’mLﬁiEN‘VI’Nﬂ’]iL?luﬁUE)\‘lt’{‘JTUisﬂ@Uﬂ’]i oTOP ludsinaynsunnis nglsnsmaaeunia
afiA One-Way ANOVA Faduismsiiouifisuaiiadsvesnisuimsanudsmnanisiuainngy
;;Uizﬂaumiﬁlmﬂmﬂﬁu U ﬂfcjm;wémﬁqmu ﬂzjmgwﬁmsqmut,51%ﬁw@m LA NgaiaInAa
YIANANLATILIRgEY WenadounTatemaiinanonisuimsarundssmansiuniel

M13199 1 KANISNAADUANNAFIY

GHE Uszihu NANSNAHBY

31U

H1 JafovoyartiluvesyUszneumsiinanonisuimsanudems  seusuauufigy
N3RUMUUTYYLATYFRANDLHES anilvigy

H2 seiuauAsmIeniy (Mele-atlyane Sure mstamiu seuSuauRgy

ﬂ@ﬂL‘ﬁﬁl) ANaNBNITUSUITAULELINIINITIRU

* IlpdAgn9adanszeiu 0.05

NANSNAHBUANNAFIY

H1: Taduveyariluves UsznounisiinanenisuimsannadsmnanisGumud S
wiswgianaLiies Mavnaey wan1svageuly One-Way ANOVA Sauandvidiun Tasduveyaiily
ey Uizmmaﬂéﬂizﬂaumi UssLnvudndom Qﬁﬂzgzgwﬁm?{u seduveNARS N Usvaunisel
Sruuan@n 516l arlyane uazaenids Swanensuimsanudomninisdu sanisnagey
wuan H1 lasunseeusunuisddgmsadfdsedu 0.05 neluauufigiuses 9 Tu 10 vod
AUAITUSAUNSUSMITAIE B9N19N151T 0 BALIY mmgmma%’mmmﬁmﬁmsﬁ eluwuy

o w

AMNANNUS NI dAYNI9EDH
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H2: sefupdsanan1siu (sela-arleans Guwle n1sdanitu eende) inanens
USMsAUABmNnTEY Managey msvadeuimuluiinsUsyifiunanssnuanseduaana
dowmnesnsduiivszneuluane Jadunnan sela-alyane Suwe mMasandu warsn
nenile

NANITNAGOU WU H2 1(;1}%’Umiaam%’umuﬁfaﬁwﬁ’zgmqaaaﬁizﬁu 0.05 Fawandlmiiiua
Tademaniifinansenunensudmsauidesmensity

A5UNANIINAHRUANNAFIY NANTNADUANNRFIY H1 Uag H2 agiﬂeﬁ”ﬁw

H1: ﬂﬂ%’&%@gaﬁ’ﬂﬂmm;JUizﬂ@Uﬂ’]iﬁmaﬁ{amw%mimmL?fsmwmmmfiummﬂ%’suzgw
\WiTwgRaneLiies sauTuaNuRgIy Tnenumnudusiusiy 9 910 10 vegesfiioives

H2: sefupudsanan1siu (51ela-atleans Bule msdamidu nenide) fnanenis

UIMITANUESININITRY BauUauNAgIY

NSNATDUAYEDRA
n151Y One-Way ANOVA a18lndnunsalus g ulfig ualad g9e9n15us m1sAINsLE ganig
N3RUIINNANKUTENBUNTNLANYUEAIAY Taau50dudunareIauufigIuia H1 uag H2 lay

o w

Iﬁgizﬁuﬂaﬁﬂﬁggmﬂaaﬁﬁ 0.05 LLazwaﬁwéﬁlﬁuamiﬁﬁuﬁﬂmmLLMﬂG}INﬁﬁﬁﬂammssmNmﬁm
yUsznaumsLazdadoney idkamenisudmsannuidsmienisiu

agunalunwnuvesmMInagouauNigiuansoneuingUsrand 1 wag 2 nsneaou
auufigiuisdes (H1 uay H2) WiensAnwmnudesveanisuimsanudsmisnisiiudnsy
OTOP F4ninaynsUs1nis lnsnanisnaasuuansismansznuvestadoeyaiildues
yUsznaunsuarssAuAdsmnInIsduiidnanenisuimsarudsmisnsiuniuy Sy
wiswgRanaifissnelausundinidiv

asUnamsidonuinguszass wuatu 5 munuingUszasnvainiside

aaudl 1 WefnwuarUssdu mnudeniunisiiudmiu OTOP faninaynsusinis
wundu 5 auges laun @l 1.1 veyavill @i 12 msdnwanudssnunisuimsmaiiy
dmiu OTOP faminauvnsusinis awwdl 1.3 Jadenemsduiinanonsuimsaudsany
Usrgiasughaneniios @il 1.4 mausuifisuanadossiuanudsanisuImsanudemis
M3RuRUM I IIU St uasugRaneliios awwdl 1.5 msagunaiinsevdadennanisiuddl
NAnDNTUIMIANLAB MUY AT ugRaneles

dauil 1.1 dayanaly wazidun fMnsed 2
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AN51971 2 %ayaﬁalﬂﬁum;;ﬂizﬂaumi oToP w%a;;wém OTOP (n = 406)

foyavialy  Suunuszam d1u2u (AY) Souay

Uszlnnaey C v

r};ﬂi%ﬂ@Uﬂ’]i NAUNHARYLYY 217 53.40
SBLAEN 162 39.90
Janiruanany/eey 27 6.70

Ussinvmdndam 013 235 57.90
|30y 8 2.00
N/AA3DILAINE 44 10.80
vadla/vaemnuns 64 15.80
ayulwsilalyewns 55 13.50

selaneiiou FN 50,000 U 151 37.20
50,001 - 100,000 un 13 3.20
100,001 - 500,000 um 186 45.80
1ANT1 500,000 VTN 56 13.80

allvaeneldon  #1n71 50,000 U 171 42.10
50,001 - 100,000 um 52 12.80
100,001 - 500,000 U 127 31.30
177N 500,000 VTN 56 13.80

peniefinostrse  luflanseni 384 94.60
1-5,000 uwn 2 0.50
11n71 10,000 VTN 20 4.90

2119197 2 Wy Usznaunts OTOP arulvydunguyudauyu (217 au Anudy
soay 53.40) InenAn WAnS UMD undign (235 AU Anidusenar 57.90) pusela
nowfou gusznaumsalvyeglugas 100,001 - 500,000 U (186 au Antdusosay 45.80)
Tursdialaneneidousulugeyil dnn 50,000 vm (171 au Andusesay 42.10) uenainil

nUszneuntsaulng lulnseaenlennesinse (384 au Andusesay 94.60)
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¥

WUFIUY0ITITEAUANUESININITRY (n = 406)

a

A15199 3 ANEDA

Jadeadnudeamig 5EAUANY  USurynAsegnanaLingsil
- Min Max M SD a v o so o
n13l3Y W dusiusiudniay
518l - Alyane 2.86 5.00 4.150.65 11N ANUNDUTEUM ANUTVAHA
AzRumaludagiu 3.004.14 3.50 0.35  Umnan  AnudviaNa nsasiiiauiy
NISIAMIRULAL AT v
¥ 2.86 5.00 4.28 0.45 11N nsasaniauiy wouszun

nanly
ANLRRLNTUTNITNNY NNVANUBIUTUYUATEFND

- 2.86 5.00 4.15 0.4992 11N -
QRESINGITERHY GIRTEN

017 3 wun Yadeaunela-aileae uar nsdamiiuuazdnsnenide dswdy
mmL?immqmiﬁuagﬂuszﬁu "inn” Taedinede (M) iy 4.15 uay 4.28 mudwu @ a1y
Fuineludagtu fsgdunnudsmnnsiuoglusedu "Uiunans’ nedianads (M) Wiy 3.50
dnsudadunmziueiilan SD = 0.35 afeniiaAeutisin Lana ;ﬂiumammuaaumuéau
Tngydienufiuaenaassiu viefinisnszaisivasoyaveslulsadull vadigUsznounis
oToP aulnyugnameziuslutagiuamanssnunessivlussdutiunans Feenaidunee
g3 OTOP andlwgfieninislaingiunelunesdudundn shinlasuransenuanmeniidusny
ABUBNLBBNIT d1uA1 LaAssan (M) iduananiaderianun Sanadesaud 4.15 uag SD =
0.4992 Fauanafasziuamnuidsslngsaudeglusedu " uazaenAnostun NI mestaduany
Feamnanisiu

dufl 1.2 MsRnwIAUEBIiIUNsUSSNsRUE MU OTOP Swinaymsusinis

1AN1sTATgnvenaly A19199 3 war M58 4 WUI1 AIILA BIR TuNISIT U
yUsznaun1s OTOP Tudminaynsusnisneandyeyluszdu "wn' Tasiawizluniu s1ola-
ey wagnsdamifuuassarnenide deiaads (M) ey 4.15 uay 4.28 suddy il
firrsananudeses Mela-atlvans wun aedegeaeluved 1 Ao mulasuneleiiinainnis
Uszneufansessainiane fanaded 4.63 %Qﬁﬁfh;jﬂ'ﬁzﬂaumiéauimgﬁmiﬁmﬁmmﬁ
slaluseduiigs uenanid andeavumnsgiu (D) vesdadedeyd 0.65 Fsustdiaaiu
aonmaaslusziugdluyimesosUsznaunis OTOP fila¥usslaainfamsssnaasiuave luaiu
voannziumeludagtu Saadeeyd 3,50 Seineglusedu Urunans Tasiaweluedl 1 Guie
Tutagtuiinanssnumesiglavesysfa dsdianaded 391 Fsusdisenuddyresnnieiiuieds
nanszvunestslavesgsia OTOP ludwinaymsusinig msdamduuazdnmmenide Afiauade
gafts 4.28 Bedanglusedy 110 vlyUsENEUNTS OTOP finsUiMsdnnIsnIsdamidunasnis
Famanilaulad faudesuumnsgiu (D) eyl 0.45 Fauandiiuaguszneumsaulngiing

MUHUNITIMRURTUTEAMEN MLazaunsanuauaunulad nslyndanusvgiasugianeLiies
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[
a [y

gluns asegiiauiu uag weuszana lunsuimsinn1nsiulanganAuLEeIIINNILITY

wauaznsInmRundaunugs vilngsia OTOP iauiuasiavanunsasulenuauiuniulad

[
=

Badu
dauil 1.3 JadomensRuiiiinadenisuimsanudesmuuivgiasegianaiie
1NN 4 Fuanamanisiiaszndadenanisiiufidnanenisuinisanudsani

USrniasughaneifios nun sela-arleane Sanduusyans Beta gafls 0830 Fauandvidiua

M3 YT 185 U-9189180819aLaNe fuanonisannudsamianisiiuluszduge Tae

yUsznaunsiinsdanstydesnsiavansoauauailyansuasiiulonialunisavauule

D8N AL %qaa@ﬂgaqﬁ’umamsﬁumwaﬂ;ﬂiuﬂizﬂaumiﬁﬂq%ﬁqﬂﬁiﬁﬂﬁ@%iw%’umsJﬁhsJasJ"m

avauevilvanunsnmausunsleneuazmsamulnesnsiiussavsam  Tumuves nsdamity

wazdmsnenils daduuszans Beta iy 0.113 Fauansfeauduiusd Uunans undas

ddnlunisansununsiusazeglugUsznounisannsndenuasiunuiifauusilaity 3

wgisanntszaendsuasifingamisnisasenele luaiuves nmziueludagdu idan

JuUseans Beta Wy 0.076 winagiaruduiusiish undsasdienudidey TaoyUsznaunis

OTOP 23 Ysuunuaduailvivanzay wazasns alnufuainaununisuon Tagnisfiann

Foghvlumuruiiefmvanusiuasmnansiulusseren uanmssendnanuanddndiun ms

vimemnudsiniunisdu Taglsvdnusvguasvgianeifissaunsnanaudsmnanisfuias

aseausiuadvitugsia OTOP lneensiiuszavanm
d2uil 1.4 maTeuifisudedsssfuanudsmiainistuiunisuinsaayfugn

LATHgNINaLINES
mslasgidadeenuidsmensfulumssd 3 nun
51814 - Anlddne Taneds (W) ity 4.15 wazadesuuunsgiu (SD) Wy 0.65 89
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The Effect of Tea Production Process from Hom Thong Banana (Musa acuminata
AAA Group) Blossom on Phytochemicals Content, Antioxidant Capacity and The

Inhibition of Q-amylase and Ol-glucosidase

Aschariyakul Pungphet®, Jintana Sangsopha*, Pornariya Chirinang*,

Tawipat Vijitpunyaruk*, Wethaka Chaocharoen*, Siriwan Nawong**

Abstract

This research aimed to study the optimal tea production process from Hom Thong
banana (Musa acuminata AAA Group) blossom in relation to phytochemical content,
antioxidant capacity, and inhibition of Ol-amylase and Ol-glucosidase. Banana blossom tea
extracts were produced using three different methods: Method 1 (dryng at 50 °C for 5 hours),
Method 2 (kneading for 10 minutes, roasting at low heat for 5 minutes, and drying at 40 °C
for 6 hours), and Method 3 (kneading for 10 minutes, fermenting for 1 hour, and drying at
50 °C for 5 hours). Results showed that tea produced by Method 2 had the highest
antioxidant content, including phenolics, flavonoids, and antioxidant capacity (DPPHe and
FRAP assays). Regarding Ol-amylase and Ol-glucosidase inhibition, different production
methods resulted in varying inhibitory capacities. However, tea extracts from all three
methods exhibited stronger inhibition of Ol-glucosidase than Ol-amylase. Notably, tea
produced by Methods 1 and 2 showed no significant difference in Ol-glucosidase inhibition
compared to the positive control (Acarbose) (p > 0.05), suggesting that Method 2 is an
effective approach for preserving the beneficial properties of Hom Thong banana blossom

tea.

Keywords : Hom Thong Banana blossom (Musa acuminata (AAA Group), Production of Hom
Thong banana blossom tea, Antioxidant, Chemical composition Ql-amylase

inhibition, Ql-glucosidase inhibition
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n3ge uuunLaln UT i (eaen on19id san1snla (Ann 25iunsga1iing, 2563)
venantulinmedilasmaalunsrsanssdiuihmaluden uazthsudenlndnme (Kavya et
al, 2023) Ingagtunaaeviesmosiimzdgnludmiomesy3 anlvgyinsdasmuislusuuoy
VOIAARA LLazﬁmaéfgugﬂﬁﬂULLUigULﬁumamﬁmsﬁmmiﬁm Tngluaurosdnmetiunun s
nsleusslomufiuesann aalvydeudiluladuesdng diluviduenin mudauisaiugn
Uaosiinussanen sadumadiiuUmameslniugumy duioduwumadumslsussloo
wazganlnduyBnatevounes faduanudofioneninnums uasitolvasnrassiunszuanis
%’ﬂqsumwmmpgﬁiﬂﬂiuﬂwﬁ’u finugraimnssuemsuagzial esdudvsugunmiiniadule
wazidtlasuenufisudunniulunguauslnedivarnvans (ngaf auysalnd uagdng ndudy,
2564)

11 Wuedesduiilasueudeudulunisuilnaudunaunu uenanludeswossard
wagndufidanuduendnuaianzivesunazydauan dsfianauiAnisiduniosiuiiie
aunn esnusznaulumeasoongranisdinm wu ansiluedn vialauesn wagunuiiy ¥
Faflnauantilunsnuoyyadasy Meannssniay uazmenuauszdutmaluden Wusu (Lin
et al., 2003; Vuong et al., 2011) aEJ'leﬁmmiuﬂ“ﬁ]qﬂ’uwmﬁmﬁmﬁ’m%mmﬁmﬁﬁmﬁﬂEf[,u
yeswan lulafiuafiesniindranaurifssesafsumniy wdsdluauvemalng 1anis
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' (% '
= ¢

Faduyiindnanaiunie) vesity Faruuaiiiondnuaniuniy d uazsavid naenudnaauts

=

fiftusslesumesnenie tnsangluaunisauoyyadassiiunauanaslunquindfluoading
Tufigwianeg Adwnlslunisdan dalnuaudfduasnueyyadase eondlsinuluaiuves
nssuislumandanty wunidunouuaznsrurunimaniiunnanafuduey futadonansy
Uszn3 017t ilnvesiiafithaunhen Ussianvessn mslyauseu sendiau uavksanadilyly
nszvrumanan Tasduneulunisudewinie 817 mseu M3d nvEn LaENTLIA BNNAHARD
msmﬁsJuufdaw%mmmiﬁﬂﬁ’mﬁaaﬂqwéﬁLﬂuﬂsz‘lwﬁﬁaiwma 919 qw%giumw{aﬁ%u@%a
dasvailanneq (@357 UTunAuia wag awns maﬁwuﬁ, 2563) qw%‘slumié’uégamiﬁwmﬁuaq
wuleiiisvesiunisasuulassdutinaluden wu toulvsuearin-eyluea (O-amylase)
LLazLLaaWW-ﬂqIﬂsﬁma (Ot-glucosidase) (Tundis et al, 2010; Yang et al, 2020) 57189113
uJé"EJuLLiJaqﬁmmmaﬁmﬁmﬁmﬁmma6] (Luo et al, 2024) p¢lsfAnIuaINATANBITANIULN
WUNPUINNIRBRTITIRuasHaneaseangni e niuanaeiu 019 InmsRnwves
Ding et al. (2022) wuanrsthu U unsaneeuled neutiluuan wifn wazouuns azd
U'%mmmiﬂuaéﬂLLasqwﬁsmigma%aSaiz 2,2-diphenyl-1-picrylhydrazyl (DPPH) hay 2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) Q\‘iﬂ’mﬂmmﬁumsﬁﬂmaLaulazﬁj (Ding
et al,, 2022) WwuRerfunsAnKIves AT PBunmAuIa waraing waiwwusl (2563) Anunnain
Waentnuniikiunisun wasninneuniseuins awmeUiinaemsiiuedn wagenuansaluns
fudsouya ABTS wazdimarmannsolunisduiulane (FRAP) gesnanwnfiluriunszuiunmsun
wagvisin uazgnmpiialtlumssusiigamgll 50 ssmwaifiea MeamBuuasUsznouiiuednuas
qvsmueyyadastlafniiniseufigumgi 60 esrmueaida uenainianmsAinwes Yilmazer-
Musa et al. (2012) wag Kwon et al. (2008) ffanunnwnfindamenszuiumsiiuananafuawans
gridlunsdudueuluiuear-orluaa wasuean1-ngladina lauanaistu a1nveyalusnany
;Jﬁa"fsﬁdlﬁml,uaﬁm TunsihuBnaevionmes uussUkiundnfumudmiussiy wazdielvvsy
fanspununAnuiunzaudmiuruanmeneunes gidedslavhmsfinusuuuuresnszuaunis
nAnUananeveuesiiasualvlandn S fdamsoninuuseloruremanuanaieven
a1 MelunuesUTuasngnuall aruamnsalunisuoyyadasy naonuaT a0y
msfudaianssuveseuluuear-arluad uazuearh-ngladina ielmdumadenunyuslanad
youdurifiegunin saemaudunsasauumslunmsitaundadum dmsulvlunismesenns
arenelalndugasuiivgnnaerouvedufmiamesyd swdadumsanyiinauesiiiatuain

UANA8IManINNTLUIUNITINEATINNIINTI

[ I3 a o
MQUILEIANITIVY

WWOANYILAZIUS S UM UNAYDIITNISHNARTIUANAIENBUNDITNILANAIINY ABBIAUITENBU
Muail ANNEIsaluNsINueYYadase wasmsdudueani-evluaa uasuear-nglading
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A TUNNSIY
1. MIASENINGAY
Uanaeveunes flslunmsinwadiiviunanannsainsinens suneuiuan Smde
WNYIUT ﬁlﬁ%’mmmil,wwﬂqﬂmmmmgwuﬁuélﬂl,ﬂwm MsUfURMINsINeR T Ad iUt
915 (GAP) 91nN5U31INTNEAT NTENTINEATLAYANNSA! TneviUanarenansinAuasenn
wasuvasluansazanelaionluamsuen (eiosluasueiun 15 n$a : 141 2000 fadans) 1y

v v
o a

nan 15 i Anthuanemetazeindn 1 as vuduiudnemuundsznin 2 Sedwes andy
ilurhunslnglensyuunisiuanansiu 3 35 Usznoume

357 1 suuAnateveuaslugeuausoufigangd 50 esrmiwaifea iuszeziaa 5
e Faulasann seud wenaiany wazduseu 9 (2565)

339 2 wanvanaseveuveaduiia 10 urdt ansuilufanlslioeuUsyana 50
psrneaLdoa 1unan 5 undl wasthluiniseuunslnglygevanseufigungives 40 oen
waldea iunan 6 9lus (FauUasenn ugd unduAug uaveni (2558)

339 3 wanUEnaneveuneaduian 10 it amshldhnentniisveznan 1 alu
waziluoulugevauseufiguvndl 50 ssaneaidea uszeringn 5 d1lus Fautasan Asss
YFunsiva wagaiing yailvu (2563)

nduheiilaainita 3 35 wvinisualvazidennaeiaiosun (Hammer grinding)
(POLYMIX Mills Lab, Switzerland) ussqlansegiiflesaniiun W%@uﬂmmﬁﬂLmuqufgwmmamﬁu
aunmaziilelunismaaes

2. MswseUd1ITANAINIUABNNAEaUNDY

¥nsmssuansainaInUinateveunes Inedaulasainisees AboulEnein et al,
(2016) thrsrUananeneunesiinannaeisnsiuanaaiundedndn 25 ndu WWauniuea 7
ATILINTUTOEAY 80 USLIAT 250 fiaddns Vi"]m'ilfuEJ"ﬂlmai%m%wushﬁqmmﬁﬁaqLﬁunm 24
Flus ntwhansazanefilainsesmenseamunsenues 1 wasthduwomeneudilauviing
afagn 2 59U LAUTIUTINAIUETTATaeT Ld ﬁﬂlﬂﬁﬂﬁlfﬂymyﬂ@Ef[fgm'?aﬂizmaqmﬁgﬂﬂﬂﬁ
(Vacuum evaporator) ﬁqmﬁqﬁ 42 psmwadua tiluvlnunslagledsnsunidenuds (Freeze
dry) ntiuthansadaitlaluifuinufignmgf -18 esmuwadea MedansadafinIsutuazgn
ihllsdmiunsinsgmiinamsngnuad mmmmsalumigﬂua%aﬁaiz nsfudauaai-
arluaa wazwean-naladinaluddudnluly

3. AseivsunaasdtusyyadassvesasatnuUdndtevounasiindnd 1635
wANANNNY Usznaudoe

3.1 Asznusinadueaniioun (Total phenolics)

AnszndSmnaansusznauiiueaniionn Tngds Folin-Ciocalteu fnuUasannis
989 Loypimai et al. (2009) WS Eufe819E@saTaeINTIUENa I8 NOUNEIT ANILTNTY 2-20

a a

Jaansumeiadans Usuins 250 tulasans wuadluunauusuies 2.5 9adans wavaisazais
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Na,CO; vy 0.75 Tuans Usunms 2 fiadans antuduansazany Folin-Ciocalteu U3u1ms 250
lalasing aduasazaeiiefoulauamadlmantu dlunduiinfigungivesdunm 2 $1lu
auUﬁﬁ%mﬁw%uamgaaﬂ Inpgandunasiinuenadu 765 wiluiuns my';al,ﬂ%"aqi’mﬁﬁms@mﬂﬁu
AAULES AIELASEY Spectrophotometer Biochrom, Libra 522 S/N 97765, UK ) WSsuifieunail
iéjﬁ’wmw;nmgmﬁuaqﬂimmaﬁﬂ Fadupuduius sz T Yo sALNaAATUAT
AANAULAIYBIATAYALATR Lﬁ'aﬁ’ﬂiﬂﬁm’;mmﬂ%‘mmaﬁﬂszﬂauﬂuaﬁﬂﬁfwmiugﬂﬁuaa
ﬁaﬁﬂ%’mmyjasjﬁuENﬂimLmaﬁmiaﬂ%“mmﬁmﬁfml,ﬁjq (mg GAE/g extract)
3.2. Anszriinamtanlauesstiun (Total flavonoid)
Usmamaliussasisvualuaisatnanyivdnaisnounes Tinsgnlaeis
Aluminium Chloride Colorimetry (Juan & Chou, 2010) Inglin1sinarnisganduuasiinuem
AAu 510 wiluans ABLA309 Spectrophotometer AIaUaasWa Tl uosaanualusy
ma@aﬁn%’uamﬂaEjsuaqLma%‘ﬁuﬁaiuimﬂ%’maquﬁﬂng{a (ug QE/g extract)
4. Aiasziianuaunsalunisredusyyadassvasansannviuandevieunasiinan
Fre s fuandneiu Ussnaudae
4.1. 38 DPPHRadical Scavenging Activity
Tinsgnianssulunisniueyyadasenieis DPPHe assay Tasansafna1nyUa
naeveunesindanle3insiunnaistu Taedaulatninisves Mao et al, (2006) 9101w

A esidunveinisdudiansoyyadassAfiiiey (%DPPH inhibition) wanasaauns ICs,

. A
% DPPH Inhibittion =( C"";"’ — "“’)x 100

control

510 Ao, PO mmifﬂmﬂﬁuuawaﬂmiazmﬂ DPPH filuflfios19vesansazvaisy
afavinlaglatindud3anms 0.15 fadans unufegwesansann
Aample AD ﬂ"]mﬁamﬂﬁuuawaqmsazmaaﬁ’mLﬁamqﬁll,m%“aul;mauﬁ’u
ansazans DPPH Tas¥amnisgandunasiiaruenadu 517 wilusns warleindudu Blank
sreeuransAns i 1Cs, FauansdaUSinamuLvLeEsainanyUanais
NOUNDY ﬁamwaé’ué’jﬂa%aéais (DPPH-) aslasesay 50
4.2. 75 Ferric-reducing antioxidant power (FRAP) assay
3Lﬂim§ﬁﬂniiﬁlumigma%aéaizéjasﬁ% FRAP assay Tasa13ainainy1udnate
vouoITINaRMEIENsALAnAeiy Tnensiieuansavans FRAP ainansazans Acetate buffer
(pH 3.6), TPTZ 10 fiadlua Tu HCL wuwu 40 fadlua wazansazane Ferric chloride (FeCly.6H,0)
wuvy 20 fadlua lushsiaiy 10:1:1 (vv) sy TunsveseunieiailuasatnannUanais
weunesU3uns 50 lulasdns nauduaisazats FRAP USunes 1.5 fadans vuluiidiaudunaiie

4 w7 U lTnA1gAnduLaInieLA3 89 Spectrophotometer 91AI1181IAG U 593 WlULLAT



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 97

(Oonsivilai et al., 2007) Ingyi1n15LUSBUBUAUNTINLINTFIUVBIE1TAZAE Ferrous sulfate
(FeSO,.7H,0) fiflamunaamuagumia 100-1000 uM
5. MyIAszasnlsznaunaiivasrnUandlseunasnlemaiia FTIR

1n1531A5189 09A Usenouniaad 1o 1Ua na2eveunesn awmada FTIR
spectroscopy Lﬂ'am%aagaL‘{j‘ymﬁuuiuéjmmﬁﬂﬁzﬂaumqmﬁsumﬁ"sasjwmﬂﬁﬂgfswawm J
mﬁmi’lz‘ﬁ‘ Functional groups ﬁuaﬂa’liﬁlwuiuﬁ’ma"m Iﬂﬁliﬂzjm?‘m FTIR Microspectroscope
(Bruker Tensor 27 Infrared Spectrometer W 0oLy 11U Bruker Hyperion 3000 Infrared
Microscope) ymsieseniaglan1sianae 15X Transmissions Mode MCT Detector Tne¥n
fee1eas 3 91 Hay 30 90 ndurhmsinszina Inglalusunsu OPUS 7.5 (Bruker Optics
Ltd, Ettlingen, Germany) uaglusunsy The Unscramble X (PCA)

6. n1smagauAudInisaluntstuseauleinaani-azluiag (Q-amylase) waz
toulesiuaann-ngladins (Cl-glucosidase) vasansafnyIUandeveunasiindnd8334
HANENNNUY

6.1 MsvngouALasalunssudueuley d-amylase
nsAnuiinageumuaansalumsiudaeuluiuear-erluad vesasatnuua
nenEVeLVas ImaﬁwmiéqéffaaéwﬁLmﬁzﬁﬁguéu"j’mﬂisma:quimmmws U SoLINIMaIS
Falaisnslineniinauacunann Kusano et al, (2011) Tngwn3euansazatouts 500 fadndu
Tuansazane NaOH mnuwnay 0.4 Tuans thldlnanuseudl 100 ssrneaded Wunan 5 wiil
dlevduasuan vhnmsusum pH Indu 7 meansazans HO Auaawy 2 Tuans wasiintinduay
lausunmns 100 fadams. dmsulalunmsnageunsiiuds

Tasluidosnuriinsnaaouaisaunudauan (Acarbose) il afuduarugnassas
nszuIums lnevinsazans Acarbose Tu Acetate buffer (oH 6.5) 9nvunasansazasula fu
Acarbose 11 Microcentrifuge tubes wazuuil 37 ssegadoa wWuan 3 uni mméj’mmilﬁm
wulwsl d-amylase uaguunedn 15 unfl UfATegnuganisansazats HCL 0.1 Tuans uas
arsavanslolefu 1 fadlua 1ntutaaganduuas 650 wlumng luaruvessesazn1sduda
annsafmnalaanaunisdl

Abs2 — Absl
L Loy (1——)1-100
WosunnN15eues = Abs3 — Abs4
I@EJ:
Abs 1 = mamﬂﬁumﬂﬁumﬁaama + @sazangnud + oulay
Abs 2 = m@mﬂﬁuummméf’samq + @15azangbu
Abs 3 = ﬂ’l@ﬁ]ﬂ%ﬂLLﬂW@x‘iﬂ’]iﬁ%ﬁ’lﬂLLUﬁ + oulay

Abs 4 = AIPANTULAIYBIANTAZANUUS



NIAsUNINENGuAsaRey U9 31 atuil 3 nsngiau - fueeu 2568 98

Tusuvesasinoens vnswseluasazans Acetate buffer (oH 6.5) Tvlamnunanay
10 fednfunediddng wameaoumudunouieIty Acarbose lnswdsuduansdiessunas
ATALTLUL NARBUTITIUAN 3 A3
6.2 mi‘wmaam'gmmmia‘lumsﬁug’qLaulszjﬁuaam-ﬂqiﬂ%ma (O-glucosidase)
miﬁﬂmﬁmaaummmmsﬂumsé’u5’@LaulsaﬁLLaaW'mauIﬂ%masuaaa'ﬁaﬁ’wmﬂﬁ
NanEvigINas Tnevhmsassosndlianeniiguouinnssuayulnsnsuiias s AnenSousvans
g4l935n157iA 918V fALUasN91n Phukhatmuen et al. (2020) ﬂ’J’]ﬂJQJﬂGT’e]Q?J’e]Qﬂﬁ‘VI@ﬁE]U
Useidiulagly Acarbose uansmuauidsuin msienevlagnauaisazats Acarbose AL
a9 futeulssl o-glucosidase anniurilUuwd Qe 37 Al waLTYd WU 10 UM
W99 WA LE15aTaIe p-nitrophenyl-Ol-D-glucopyranoside (p-NPG) UnA a8 n 20 Wit 71
gaunadineIny m;mﬂﬁﬁ%méjw Na,CO; wazinApanduuasdt 405 unluuns ntudiuam
Wosifuansdudsmuannis

x 100

v & A-B)—-(C-D
Wasigusn1sduegs = (%)

1ng:

A= ﬁmmﬁmmmaaﬁ'gmuauL%ﬂau (DMSO (Dimethyl Sulfoxide) (Wawusosas 5 +

viles + Loulwal)

B = ﬂ'mmﬂﬁmmwaa DMSO wsausosay 5 Tutiles

C = mganduuasesiieitiouless

D = mgandunasesiieynsiiluiiolss

ndnmadeugramssudasulsivesmsnuauidinuar ¥iimmadeum o

Tnewnouluansazats DMSO wnvusasay 5 luneamatiinles Tulamnuivuwy 10 fadniune
iadans LLﬁSVIﬂEI@UG]’]ﬁJ%UG]EJULaEJ’JﬁUﬁWiﬂ’JUF’]&JL%QU’Jﬂ Tagiasuan Acarbose tuansfenns

[ (%
o

LARZAUILVY NAADUTN 3 AT

NANI5IY
1. MylnnziUinuasiueyyadaszvesasainyUindrevieunasiinand 35
LANAINY
nadasenUsinafiueanuarnanlhussanaunvesansainrUanalsveunesiinan
eI AUANANIAU 3 35 nan1sAnwlunnsed 1
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M13199 1 USinaansiueyyadasylurldnameveunesindnmedsnuanaaiu 3 75

ABN1IHAAY A130URUNADESE
Wuadn* nanlaueen *
(mg GAE/g extract) (pg QE/g extract)
57 1 (euumeenuiien) 635.42 + 12.44° 108.44 + 3.09°
357 2 (Wan M wareULI) 702.41 + 7.38° 174.85 + 2.772
357 3 (wan wiTn uaveULMY) 385.12 + 15.65° 126.32 + 1.98°

RUIYLNR - ‘ZJE]ialjaﬁLLﬁﬂﬂL‘ﬁ‘Hﬂ’]LﬂgiJ + ﬂwﬁ'mwummgma’mms’imewﬁaamﬁwmu 3 41

(Y o

A28nwT (C° ) Nuana i ululLuIf wansnuLana 19n ues Wl ed 1Ay n19adAnszau

*

mudesiusosaz 95 (p< 0.05)

=

Mnran1sAnIUSinaiuedniimunesansatarudnalenenesfinanae3anis
wAnANSAuRa 3 38 wuanmiilans 3 fregndiusinafiuednfiuananstueensdiveddymeaia
(p<0.05) TngwUAnaevionvesiindnniedsi 2 fvsmaiuedniiamungannviudnarsviesmes
5n 2 Fegsesnaditudfyeata (p<0.05) e 702.41 mg GAE/g extract Tuvaisiignddnaie
MoLVeIiNARAIEIRT 1 wunilUSinailuedniiunsetann fe 635.42 mg GAE/g extract way
ﬁaaﬁqmﬁaﬁmﬂﬁﬂg’swawmﬁmﬁmuwf‘;%‘ﬁ' 3 {0 385.12 me GAE/g extract luaiuvasu3una
WalueealuyUanateneunefinanmesniee nummiiniunswnuazeudt 40 swnwaldys

(359 2) ﬁv\laﬂauaaﬁqqqm (174.85 pg QE/g extract) 594a311A75% 3 (126.32 pg QE/g extract)
LLazﬁ?quﬁa’qﬁﬁ 1(108.44 pg QE/g extract)

2. M5AATIRAMNAINNTA LN SRR UE YA BATEvasETaNAYIUANA 8NN B9
HERA28ITNUANATY
nsAnwiIeuiiguanuansalunisnenuelladasrvesasannvIvinale ey

v W

nosfindnAeIsNuanaaiy 3 35 A1eI8nsAndueyyadasy DPPH (DPPH radical scavenging

¥ a aq (% a a a ¥
assay) LL63QUWNGWN73QIUﬂW3@]’]‘1«!@1&3@8355@’3835 FRAP 989a19@8Na9Uanatgiauvaavingnn g

FAANA19NU 3 35 wan1sEnwluMII9n 2
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M1399 2 ANEINNTOLUNNTAUBUYABATEURIANTANAYIUANAIENENNDTINANAILTTNUANANS

U375
ANEIITA luNTSINuaYNABESE
BNITHARYN DPPH assay* FRAP assay*
IC 50 pg/mL (ug Fe**/g extract)
35 1 (puwnsesnaifien) 94.34 + 0.50° 108.44 + 3.09°
57 2 (wan M waveULm) 91.99 + 1.29° 174.85 + 2.77°
37 3 (wan wiln uaveULMY) 138.60 + 4.06" 126.32 + 1.98°

wuene : veyariuansduanade + AdeuuuuIATgIUIINNITILATIENAI081991UIY 3 41

* {2903 (C° ) Auann19AululuIf WwansAuLAna 19 ues 19l Yo d1A gy nead A seau

audestusesay 95 (p< 0.05)

mﬂmﬁLﬂ'ﬁﬂzﬁmmmu'rﬁzﬂ,umié’fmauuuaéaizsummiaﬁ’mmmﬂ‘dﬁﬂgfswaumaq Pt
FBnsveaeumnuasnsasniusyyadass DPPHe Tasseaunardumn Iy Fanansfemnanauy
vosansfianninanayya DPPHs adlasesay 50 9nn1siisuifisuansasaanenfindanied
A9 3 38 WUMTTRNARMIEATTA 2 uayaRT 1 TA ICs, #1357 3 (91.99 waz 94.34 Talasnsa/
LRI R R GRIZA) %'!aLLam5@Ussﬁw'§mw1ums§ma%aﬁaiz‘ﬁ'ﬁﬂiﬂ WA ICso S¥MNATTA 1
uay 2 luunnanefuesnsddedAyn19adn (p20.05) uaniinanaaedsi 3 fan ICs, gean (138.60
lulasn3unefiaddns) LLazﬁmmmmmhﬂﬂiﬁu’ma%aﬁaszsﬁ"']ﬂ’iﬁﬁdﬁaaﬁ%l,t,iﬂaémiﬁfaﬁﬂﬁ’fg
(p<0.05) luausfin1sAnuanie3s FRAP assay wuwiinananiedsanafuiinneuanunsalunis
309 Fe** - TPTZ usnenafiusensiitodnfaymiea (p<0.05) Tngwfinannieis

AINDUBUN 40 aarwaLdod viulal 6 T21U9) AA1ANNAILITalUNITSAdTAY

72 (MTUINLAL
3¢
174.85 ug Fe2+/g extract)

A (FRAP w1iu

3. NM5AIATITBIAUSTNOUNINIATivRsT IUANAI9ausREwALiA FTIR

Tunsinwadeivinnsisudisuvananadudilaainnisiesen wefnmunis
Wasuwasweamyfanduvasarsusznaulufesasuanatevounesiindnnaeisiunnanstu 3
33 9nmsnsnunanasuiinulunmd 1 ﬁmmamﬂéwgﬂﬁ% O-H firaavpdu 3374
cm’l, C=0 stretching ia9tauAdy 1800 - 1700 cm', C=C figaatavmady 1700 — 1600 cm'™,
CHj, rocking, C-H wagging, O-H bending way C-O stretching ﬁﬁﬁ’NLaﬁl]ﬂgu 1500 - 1200 cm, C-
O stretching, endocyclic C-O ring deformation fegraiavmdu 1100 cm’! LLaW;‘J;vq\Tﬂf;%Ju C-O, C-
C stretching, C-O-H bending wae C-C stretching fiamdu 1100 - 1000 cm’?
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At 1 awne FT-R Wisuifisunyianduresesssunaevoumos
AnToumedTiuanaeiu 3 38
senslsAnuiiodsuiiouanaduiiiiasizrlnandaognmnudnatens 3 daegns mg
wAidA PCA (Principal Component Analysis) WU TTNERRIEIA 1 wenfumusfinTuLanang
7 PC-1 38% N AHARNILIRT 2 wa 3 AUSARLWLL 2900 — 2800 e Tuawdi 2
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-0.01 4
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0.002

0.001

Tty 1448

-0.002 1108

1313

o008 4. e ceauecad
3679350 3554014 3430507 3305252 3179.907 3054562 2929217 2805801 1662268 1540.78 143279 1315150 1191742 1068325 9429805 8176355

T UananeveumesiinanmEian 1 vUAnaeneuesinanne i 2 = UBnanevieunesiinanmeIni 3
a ! > o ! a ¥
AINN 2 NISLYNAMULANAINANY PCA U830718819%1UaNa1810UN 99

PR — Y aaa ! o aa
NHFYUAIYITVLANAINAUY 3 I

4. nsnadeuauansalunisdusaeuleiueani-azluas (Q-amylase) way
wulwivaan-nglading (Ol-glucosidase) vasyIUaNGIWMRIUNDS
AM3ANYIUS BULT BUAILELNT0V09815AR A9NTUE N 189N DT HANAEI ST
uaneafy 3 33 aemuaninsalumsdusweuleuearerluaauazuoar-ngladoa Tagly
Acarbose tuansmueudsuinlunsvadey nansAnwiuandlunised 3

M13199 3 AuaEnsalunsdudseuleuneani-azluaa uazueangladinavesansainy1ua
NAINBUNDIINANAILTTNUANAAY 3 75

Sowaznnstiud wouleud Yowaznistiuduoulyd
waan-azluias* waan-nglading *

29819 (masaufinandutu (magaufinandutu
10 mg/mL) 10 mg/mL)
37 1 (euwnsegnaiien) 60.36 + 0.60° 99.47 + 0.76
357 2 (wan M2 wazeuwn) 83.52 + 1.57° 98.58 + 0.70°
57 3 (wam wilh waveULI) 87.52 + 1.29° 97.18 + 1.08°
Acarbose 93.12 + 0.29° 99.91 + 0.12°

v ' v
o

RUIYLNR - ‘U@iﬁjﬁ‘ﬁLLﬁﬂﬂLﬂUﬂ%ﬂﬁﬁJ + ﬂ’]LﬁEJ\‘ILUUZLI’W]ig’]u“J’]ﬂﬂ’]i%mi?%ﬂﬁi)@ﬂ’N‘-’Jo’]u’lu 3 91

* @ [

19045 (° ) Muana 19t ulukuIA WanIAULANA 1T Uo s 19T e @Ay ad v ssau

mnuidetiusesas 95 (p< 0.05)
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NKNANISANYIUAITIN 3 WUIMENTANAYIUBNAINDUNDINHNAAMIBITNLANANGAY 3 35
feuanansalunisdudaeulsuweani-ozlueg LAGiusunIN@13AIVANLTILIN Acarbose BE4ll
Hud1AYN19anf (p<0.05) Lag s ANGAN18359 3 FIUINIUNTLUIUNTRITNNDUAITVINLNSG LARS

o w

AuanInsalumsdugseuleuwean-ozluaa Nasnanion 1 uag 2 eelledAgeEdn (p<0.05)

o

a a a

Tuahuvesnsdudaeulsiueani-nglading wuransadaandsd 2 wagdsd 1 SuszAnsam
iﬂgLﬁaQﬁumimU@mﬁ?quﬂ Acarbose 7iluunnanafuiled feymeada (p<0.05) vuziiai 3 &
auaunsalunsdudsiininineaeisesiveddaniaii (p<0.05) sgndlsimudie
Wisuifeumstudueuluvisaesdsluaruauuieitu Tagly Acarbose Wuasauam wu
a1satnanyUanaleneuesis 3 35Tuunlunlunissudueulsieani-ngladiaasnna

woan-ozluaa

N150AUTIIHANTTIAY
1. ASAATINUTUIUEIAUIYYADATEVRIETANAYIVENAIWNDUNDINNAAR B TTN
uAnFaY

o

NANISANWINUINUSUIUNUBANTINUAVDIVIUANAIUNDUNDINNANAILITAAY &

b

a

USunasiunnansesnsidedfmeadi (p<0.05) Wneniindnniedsd 2 waidunan 10 wid Ml
50 asAaITYa 5 W17 uarouLnil 40 asmaTya 6 4alu9) SUsinadluedniiganvfings
MEiReu (p<0.05) WiidnansAnwdnandenaassfunisanwiwes Carloni et al. (2013) Fiwua
Tunsungeslursauiunisuan Tunszuvaunisuanwe awaluusunafueanitomunluwd
USinasiiiiudu wenaniuainnisdneves Fabio et al. (2023) FanualunsEuInnISRERYIAN
Tununl medsidnmshasedlainounssuiunsium asmalwnitladviinafuedniiana
FikanmeIansilununsTharseule SeElunsEuIuMSHaRnEdS A 2 nszuiumsi e
hangieulwinouthluum Feennasmanenisanniniaufiseiendndulssaendeieuluives
asflueaniumUanareneunes luvasiioniindnnieisd 3 (wamduian 10 wift wiin 1 $alus
wareudl 50 asmueaidea 5 Halue nunivhinufiuedniomnuosiian siadonasdunauan
Wi 3 Sslanszuiumavdinlunssdnen s‘z’iqﬂizmumwﬂmﬂumzmumiﬁﬂizéjumﬁl,ﬁmﬂﬁﬁ%m
gendiatununseuvesoulyy 017 Indflueasendiag (Polyphenol Oxidase; PPO) ua
Wesepondina (Peroxidase; POD) asnansanasuosansiluean Fevmundiidusuaimse (Substrate)
slmAniduanseels-ailuu (O-quinone) uazAswiudtma (13l aouRide uazany, 2561)
Fadonnaesiu Zakaria et al. (2023) finuanmsnsnenduavilnusinaiiuednanas wuiieaiu
Kaur et al. (2015) finunvden Fadumndilusunszuiumvsindviinuamsiiuedngannesm
finunnswin

polsfnuluamunsfnuuiumasailiuesn faduaslunquuesansuszneuiluea
finuanlusssuei wunlurudnaieveinesiinanmedsi 2 fusuuaswailauesn g

a o [y

Ndnn1e750 U NLTYA1AYNNEDH (p<0.05) TuruzNUINGRAI835Y 3 wag 357 1 TunuIll
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Uhinaumsailiuesn anasnauddu vetoradusannnsdeunadasansosnslungy
slalauesn AAnnmslanszuiumakdnmniuanasiu Tnennnsfnyinssuiumskanyues
Sudnuel Uiy LAz (2565) Lavdsney nnsal (2555) wurludunounisnansimninns
uaunaLduRaUNMIUATEY MIuan wagmndnlun uenanazasaringaaluluruanuas
finszaulmAnnszuiunmseendiaduruoulululun ansidsuamsaundu (Cateching) Fady
aslungurlatluesafifanulaaaulu Imudsuduasiessiariu (Theaflavin) uay flozsiu
(Thearubigins) Fsassanensiisuiinamaliussnluy Safsasnaned nau uazsawAves
ogslsfmuuinansadaniindnneisd 3 1Wuisdansleiaiinsnauseninlunssuiuns
WA uanduivinmuasanluesedivesnnansaiaanefindnnaeis 2 iedenaidunauan
gaungiifilsluniseuunsn Senudnamevenesiindnnieisd 3 fmslugumgilunisouunsiigs
n357 2 Taglunszurumssdavmndinslyisunuasniinlusseginanfimanzay vamalun
mu'rﬁa‘damﬂéaamiﬂizﬂaumjuﬂuaﬁﬂ Ferufsansvarlauesa eenuilane ualuvasieniu
mnfimslegumnilunsiunsiigaiulufonamanenisaaefvesasdinanlamuiety
desnanavand iduansiifanals negamniiuazias Jegaumniidadudndadedfyamans
nsaanesveansdanalu (Ass USunsiuia waraing wafivuu, 2563) ogndlsfinunis
WasuulasUmumslanluaesatiu 019dusgfutuneulunszuaunisudesn 01fi msfien n1s
wn Mt MU FsmuusannsolniansisundanFnuaslalasanizansainiy
Tnetadelunssviunisudaniiannsnasmalnaissiaianadla 019 sefveandiou a1fiey
PN LLamJ'%mzumm%mwﬁmmmﬁw?aLLUigU (Ananingsih et al. 2013)

2. pMsAasgiauaunsalunisiedusyyadassuesansatnviuindlevounasi
wAnF2e3TuANFeiY

[
a [

mM3finwiAuansatunsiueyyadase DPPHe Wwisnisnadeugnsnisdudseyya

=

DPPH. (2,2-diphenyl-1-picryl-hydrazyl-hydrate) mt,ﬂua%aluimwuﬁ aneslusiiviazane
Sunds uarlvansazatsdnig WevhufAsertuarsnueyyadasy dvosarsarareazansas
ilesaneyya DPPHe gnidsuiduannsfiiafios (WFine asefisne, 2555) lasannisAnuily
adsiinunn Usinaanseengydmedaniw wu fluednuagwarliuesn fnaneaiianssunismiu
ouyadase lapruanatefiniunisuiauasdinouaud 40 ssreaidoa wuan 6 dalus 4
AnuanansolunsmenIueyya DPPH: guan donnassiu Rabeta and Lai. (2013) finuanwniiknu
nsuanuagliun TN ﬁqmé&wua%a DPPH. Qﬂﬂ’iw’lﬁﬂi’lumiﬁﬁﬂﬁauﬁ’lLLﬁ;{ﬂ %
fiunauuundenuds waznisougyaINA LazNSANYIVEY Roshanak et al. (2016) WuIN3

¥ [ ¥

yhundlutinieiiniseud 60 esmealdea anenouauseu InARanssunITILOLYA DPPH. 49
NN3BUT 80 uar 100 samwaLdea n1sviumenIeuasefing nsvhuanislulasion uaznis
wndenuds dagumpdlunisvhunsdisn vsaanisgaydsarsesngriniedanin iesananiu
sovlussiumngauaunsaiasndsaaiiv awalvaisoengrignuanUassoonuiuagsng

ANMERYT luvauedl NAIR LNINT wazANY (2564) NUIMNITWEEINEUTIN 50 aerealdea
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Tnusuauednuarqnsauoyya DPPHe gan11nslugumgdil 60 war 70 ssanwaldoa
WAy Roslan et al. (2020) inunlumniiunseuiioamafisuaslunandu fqvdaueyya
Sasrimmssuiigumgiigadunan esdlsfmueuainsalunsnenueyyadassiigs ves
asafnmUinaevouvosdinnuduiusiuuTinummusyyadassiigs (uodnuaswailuosn)
aenAnpafy Fu et al. (2011) Fnunuhinafuedninnuduitusinensatunuamnsolunsniu
DUADASY
ﬂ’]ﬁLﬂi’]zigﬂ’ﬂmﬁ’m’13@1114(1’159?’]14@‘1453{1]@5?1356:3EJ FRAP assay \iuisfdeslutadnanm
139a130 Uy adaszlun133A19 Fe>*-TPTZ (Ferric tripyridyl triazine) luiu Fe?*-TPTZ
(Ferrous tripyridyl triazine) %ﬂﬁ]’lﬂmiﬁﬂ‘lﬁ’lﬁ Wu:llfmﬂﬁﬂéu';awauwmﬁmumimmLLazﬁaﬁauaU
fi 40 psmuwadea 1uan 6 alus (337 2) fimwanansalunisimng Fe*-TPTZ gafian na
n13Anw1idennapefy Rabeta and Lai. (2013) finuan1iiniunsuanuaglununsustndan
FRAP ganvnfinnunisviinnewhuma uenainismueuinaioneunesiindnnieis 2 as
Usnaufluednuazraliusenluszivgs deeradudadeddyiiamansninsiieasusznou
wiEnfigetu ieilann1sinwves Lasano et al. (2018) nurUiasiuednuasnlalussaluy)
nnluauasfinduiauduiusidanduainisniueyyadasy DPPH uay FRAP agnslsfiny
Uizﬁm'ﬁmwiumigmawaSaimaﬂmiméwﬁﬁua&_jﬁ’uﬂ%mm luana wagnalnnisinaues
outusuraziiame Ruawn dilan wazaniz, 2567)
3. M3AATIBAUsENaUNIALivesyUandIevieunasiemaila FTIR
nmansaaoulasaTsiarasaUsznaunaaiivosUinaioeunes iudnnaeisd
wanensifu Tnelywaila Fourier Transform Infrared Spectroscopy (FTIR) Fadumaiaiionde
ndnmadoluanavesasladundsnuanieddunsusaluinuivanyan waselvluanaly
asinmsduaziiiousenunluguiuuiiuananaiu 874 s Stretching ¥ie N3 Bending (Griffiths
& Haseth., 2007) ﬁgﬁmii’méwmmamﬂﬁu%’ﬁ%umqL'ﬁﬂiwﬁaammmfm?{u 400-4000 cm’ 9
Tnanunsossyinvosiussynaadl 1y CH, O-H, C=0 3o N-H uazasatsznouresasla las
nadnsilann1slinsenazuanseanulugluuursanafufiinsuaninisnszaeives
wauluunazyendy s?fqa’mﬂiaiézjuiumiizwvﬁmaamsLLazmswaauﬂmamﬁ’ﬁmaaé’f'saéw
(smith., 2011) @dlunsAnwiadsdvinisuisufievanannaufilaainnisinsen tiefan
nsiAsuulasamyWanduvesansusznavlusesssuinasiindnnae s iuanansty 3 35
nmsAnwmuNaUnnufinuluamil 1 fnmsuansnquuylandu O-H fivasavadu 3374 cm'?
fuansnsfleguasanslungy flueadn fiflauiRlunisnenusyyadasznaonaugnsluniundy
e aonnasstumInUaIsUszneufiusadnuazaruannsolumniueyyadasyluasadinain
YUANMILVNNDY avapARaBsiuN1IANYIYaY Yang et al. (2020) finunisiioguesnquiluadn
puNIANAussAsuNsusalurs 3200-3600 cm! Tnefmnuduiusiuduaziiieuvomy O-H
WH91N91891UNNSAN VDS Yang et al., (2020) Wudﬂﬂmamﬁ’amaﬂmaa;ﬂq@zkuﬂaﬂ Suusiu

nsduaziiieuveiusy C=C Famumsganaussdluyianiun 1600-1800 cm™ uazAauTRves
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nauilueaviedines funisduasiiieuvesiusy C-0 Turaeadui 1000-1300 cm? Fagasauti
ﬁuaqmjmgﬁq5%uﬁwuaaﬂﬂaumf‘TUIﬂNa;ﬂwmﬂejumiLmuﬁuLLaw\Iaﬂ’maam‘ fftaudalunis
nomuBYABATY TdsaanAaesiuALANIIaluNISIaR U YYABATT YR AN VIDNTE T
lafinsdnwilaluran fedannsinunuiinisitlalunisdeniunaneiu enadinanens
WasuuasesaUsznaumaaiivessiinas Tnewlefinisanananady FT-R vesudnaisd
WANINTS 3 33 %W‘u’i’lﬁmiﬂimgwgﬁqﬁ%ﬁﬂg’mﬁu LA9zdUTINAAINITRANA LAY
Gnuey Tetinndsunlasmnusruvesiia orafunaiiasneufamadsuudadasiasdn
vEeUinnmesansdunisuna Adusamnainnszuiumanan wavenadiamuienvestuansany
ouyadasy Midussausenovlumudnas Mesravu Bmsudailamsuauasiingneunisy
uns aenszaulmAnuiAsetoondiadu (Oxidation) (Zakaria et al,, 2023) ameulsalutdnats
slmAnuAAzeFine fosamananisudsuuladasassvosansiiuen Faduasdenly
UFATedInan uavenaaamaneaunaduiivasnnueniadu 3200-3550 cm Ailansdayiandu
O-H Fsfimnudniusfulassasavesansusznouiiuea (Wongsa et al., 2022) Tuvaugliganunis
LU?{auLLUaﬂﬂNa;ﬂamﬂuﬂ@Waﬂ’maaé 919amANanaaLUnATTvIsAINEIAAY 1700 -
1600 cm™ fluansdamyandu C=C Fsoravedaudiiusivlasiasswesarslunquilailiuasn
la (Thummajitsakul & Silprasit, 2022) Hunu

ogslsimudofinnsniuisufisvanaduiidinserlaandiesnudnaisilely
n3fin ey PCA WU BUANAefinanae3s 1 wonduvsfiauuanansdl PC 1 1a 38%
MNITREANIETEA 2 uay 3 AUSARUILY 2900 — 2800 cm-1 Feshuvsiananiuansnisiley
yoevyWandu C-H stretching vmmmamwuﬁﬂuiﬂiaaﬁwummﬂuﬂau Aliphatic DR
CH2 uax CH3 Fulfrmululassassiugiuresansdunis fenaifeavesiuansaueyyadaszung
¥1n (Sumantri et al.,, 2020; Rajhard et al., 2021) mmnmammnmmquLLamﬂmmu’snﬁmi
nAnsTiuana1stuenasmanen1sUasunlatesnlsznouniaaivessdnaievounen g
Wiy

a. arwsusalunsiudaeuledusani-azluiad (Q-amylase) uaziaulesduaan-
ngladiag (OL-glucosidase) Va¥ANAEIDUNDS

ansananIUAnateveumasiindnaeisnieg wansrmanunsaluniséudaeule

weavh-ozluaa uazuean-nglading Fadueulnilungulelasiaaiiiunumafyronszuiums
posasluleinsmdsgoulmduthmaluanaidn (Butterworth et al, 2011) siioulasinoani-
orluaaviaulagnisdaiuszveserlulaauazeylulamniuuuuay (Random cleavage)
(Bernfeld., 1955; Butterworth et al,, 2011) waznulaluuyue dn3 fiv wazqAunie Taeluuyue
QnuARaINABNtaTBIArAUBaU (Ramasubbu et al,, 2003) Turairfiuear-ngladinanuludla
\naau Brush border vt spudaneainuoasin-esluiaa noufisanisazgadundsiy
(Matsui et al., 2001) Maudaeulessasdaifunumadnlunsmuaussdumaluidon
vosgriumuried 2 lasvisandnainisdsuasivlawnsaduimaien ilunsgeda
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nglaalngnszuadonyias (Tundis et al, 2010) Fsdaquufinnsluen Lwu Acarbose, Voglibose
hag I\/\igtitolTumié’ué'jgﬂl,aulsaﬁﬁma'n (nuaAy Lﬁﬁlia;u, 2559) pg1dlsfinu sumariiens
nelmAnnariadss 1wu nesdauazunaludlannmsvhauvesuaiie Bischoff, 1994) vinlnd
Msfnasatnanfisdunaden esniiussansnminaylvaasiadesinn (Kwon et al,
2008)

nansAnwansadayiuanateveunalasly Acarbose iuaisniuamdeuanlunng
WisuisuUseAnsnmuesansatayiuinatevesnesiindanis 3 33 wurarsataanynis
annsaduduoulus woarh-ezlned la uniuszansammina Acarbose egnsdideddynieadn
(p<0.05) ansafiafinu nsvuILUinnewiume (357 3) ﬁﬂiz?{m%quqq(ﬂiuﬂ’]s%é’jﬂu,aawq—
ozluaa lawieuiuisau (p<0.05) Faapnaassiyu Chiang et al. (2020) Aisgyarnsusingyie
WindFnaanseangniniedanm dmaludszAnsnmnissudaeulsigedu luvmsfinisduds
wulwiuoarh-ngladina wunansatnnyudnaievesnesiivssansamlnaiResiu Acarbose
Tneianne 359 1 uae 2 Fsluunnanedussnsdidedfymeadn (p<0.05) sendlsAnuidiofiansan
uansnydszansamlumsiudeulu 2 ladvesansataruinaeneunesiindnneisd
uanenatusia 3 35 msliesgrlaslanumuruansateluUiaioniu wasuisudeutvas
puRudsunviiafieatu wuiaisatnainudnaievesnesiindnainiis 3 35 Suualuulunis
fudueuluuean-nglafinalalnaidssivarseuauifenan (Acarbose) annnmmsiudaenles)
woav-arluaa il oraidunanndvinavestadenatsg Usens endi uwasiunvesingdiv
Jansara wavsviazans (svun Ylaunsel LaEwirss ﬂéauaqa, 2560; W858 D519 LarAMY,
2565) TBaInNsANWITR sUNTAL F1dR uazAme, (2564) wandluiiuanislysdavesdari
avanglunisainayulng Svaneuszansnmlunssudimehauveneuleiuean-ezluas ua
wean-ngladina Tnsnslowmusasosay 70 axaansnatnansfisinududags onfi fueadn
Warlauesn saudsansifilaseasefidesndseneusesiina (Glycoside) tnrnanmslalnaasls
fimusesas 70 Fvanslunquiluedn varlauesa safeuvuiy dununderuansadudanis

‘VT’NW‘UEUENL@Ul%ﬁLL@ﬁW’]—ﬂQIﬂ%L@ﬂlma (Tundis et al., 2010)

A3UNANANITAY

MnMsAnwnseinuan 35msilelunmswssuvudnateveunesfiuanaieiy fuane
Uiinaaawgnuied ensanansolumsdueyyadasy uazqrislumsiudaeuleuearheyluiaa
uazioulswoavhngladinavasniiuanasiu TnesuUdennmeveunesiifieumesi 2 fo n1s
ihuanasevesvesluuiadung 10 Wit anduiludaieliesuszana 50 ssmieadoa
unan 5 udl wazeuunsiigaumaniives 40 ssreaideoa e 6 Falus nuauduisnisd
anunsoasalselsvivesnUinateneuvedlauinnidn 2 35 Alevinisinu
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174 (] a o v
JarduanuznIsuINanisIve U1y

NIEUIUNISNARYIUANA8RUNN A INN1TANE I UASIT a1unsavn luluiduwuinigly
nsimuInanSunyUanareneunaanassnauniiulselorunasanie ensuann1suanuas

uueludanndivele

JoLauanuzNIIeAsIHalU
ARSANISANWILNULAULA BIAUNTTUIUNITHS UASANAINUANAIYNBUNBY LAENS
Wagudvinazatentwlunsana e nunUssuiauUsea@nsninavinazatenineuSuinnay

AN NUBIENTANR

LONEI5D19D9

munARY \Resau. (2559). msAnwigranseauihmaludeavesasadatnivedlemagnTuny
y1991gunienh i dulsamaudisamsulnlalngy AneinusUsayarumSadin,
lalaffiam]. s inendoasuauaiuns.

NaR unani, aieen dunaeuds, uarafisen 81w, (2564). KATEIANTIYNTIVUVILAYTZELIAT
wgrneUInaasUsEnoufiuednuazqni nmanuanseyyadasyressnduta. 175477
waluladnise1mis umInegraeaeu, 16(1), 78-88.

wnoR auy s uagdnd ndutu. (2564). msdadulateiriestuiiogunin Yssnniglusiues
nauaiualstue IeUssenalanguingRnTsumuuuULIL, 295a5um 7 ve1deRsalien,
27(4), 103-119. https://he01.tci-thaijo.org/index.php/CUTJ/article/view/247512

Fumnue yeae. (2561). qrsnsniusyyadaszvesansataveivainUanasly naaetiin oy
naneven. 2937539905 IMe MR Suazinalulad uninendusiuiguasaisse, 10(12),
1-10.

Juaun dilann, negs Usedia, gn1ws wusa, uazeuden 19, (2567). a1seengniduazgnang
FanmesiiUrSulsemunen. 13FITINGIMIANTYINI, 29(3), 1189-1216.

Studnual Taru, Musdng damung, wazngyau AR, (2565). MsUTsusuautRnIual
nMEnLazAUANIsUsTA A NaTesAd adundnnae 5uvuesslsnongfuis
anuwdaswuy CTC. MsarsmaluladnisaInis uniIneraeaey, 17(2), 55-68.

SUINTAL AR, ANTNT NE9ITNT, uazagdl Smsdnila. (2564). gridudveulesuear-oyluiaa

wean-ngladinaasayulnslunuassuguyaguiisnwennvesda wagnisoangnd

sfuazAslua. 13TITINGITFATYINI, 26(2), 1016-1028.



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 109

(%
1Y a

Fuswans Avdlunsssy, ueys 89gina, uayiAvg Auauyyds. (2559). AUYUUALHANBUUNUNIT
NASNAIEVOUNDNUANTITHY: NIWANYITUITAGNNITAINITINYATYIENN TIA9 VIR
iMIY3. [Paper presentation] MIUT¥YAYINTTLAUNA adail 13, irAvedenuasmans
INYNIAAUNIUEY, UATUTY.

59M3Y nnAsal. (2555). ¥1: NEUIUNISHEN wazesnUsznaunInaiannnswin. 275575
Inemansyn, 17(2), 189-196.

m ’;il,umzjmﬁwé. (2563). ﬁaﬂ%aguimmmﬂﬁﬂmﬁ. 119813919479, 50(2), 42-45.

a awv o a

fouy1 Fonae, Junsane eafneAs, LIUITT Funsdl, Wuiing ansdy, wavanns) avans. (2562).

[l

waluladmswdaiaiesfuiuanauasulnamsondia seulangnseauiumu. 295975
NIUINGINANTUTNIT, 68(211), 16-18.

Uijine asefiang. (2555). nsUsziduannuanansnaueandiadusilunasanaaes. 275975
WEImIan TN IABUNIAITAM, 31(2), 164-170.

wsvun Ylaunsal UATNaASS ﬂéauaqa. (2560). E]Wéium'ﬁg‘uéjﬂLL@@W']@%hJLaﬁLLaELL@aW’lﬂQIﬂ%
wavesansanani uinsefiulss uagdanlnaiion. 213995358795 nszuns 8797
menmansuazinalulag, 12(1), 63-73.

wse3e 31, BA91 Twuunnvy, Buss Ussouning, 9fns Sunedu, uarAiaTsa mea.
(2565). @flﬁ(ﬂizﬂ@UVI’NLﬂﬁLL@SQWégugﬂLLaaWﬂazlmLaaLLaSLLaaWﬂﬂQIﬂ%Lﬂﬂﬁuaﬂaﬁﬂﬁﬂ
9. 115315 IMemIansuazinalulad umInedeumaIsaIy, 42(3), 127-136.

v a

U¥h WIedUs, guAn Weig, A5 AR, Warnunes AINE. (2558). ﬂ'%mmmiﬁuma%a
SasrvadlurlulsisusfHuN T UILNTOULMIAIBBINATOL. 295753 SENToNAILIAIAL
UAE LYY U INGIAYTIVANUNITIAIN, 3(1), 59-66.

soud nelay wazBuseu ftn. (2565). nyimvINansasivIUAndeiuyTimanheauie
FUN (SIBTUNANNTIVY). UAINESeTvAggan.

LY a o a & a o £ v

138 euARtE, afiuns lyedus, algyal iYsiae, W1 wawns, wagisdng FeuARde. (2561).

]

a o

navesnuralunIsannsinduinavesildaniutussmnamsiunm. 275975
Ienmansinums, 49(4), 91-94.

A553 YFUNTIAUIS uazaias yafivwsl. (2563). wamaﬂﬂizmumiwﬁmﬁmﬁaﬂmmwLLasqwéeTwu
oyyadaszvsFoninum. 1smrsivenmansuazinalulad unsqassaugd, 8(1), 28
38.

Aboul-Enein, A. M., Salama, Z. A., Gaafar, A. A., Aly, H. F., Abou-Elella, F., & Ahmed, H. (2016).
Identification of phenolic compounds from banana peel (Musa paradaisica L.) as
antioxidant and antimicrobial agents. Journal of Chemical and Pharmaceutical

Research, 8(4), 46-55.



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 110

Ananingsih, V., Sharma, A., & Zhou, W. (2013). Green tea catechins during food processing
and storage: A review on stability and detection. Food Research International, 50,
469-479.

Bernfeld, P. (1955). Amylases, alpha and beta. Methods in Enzymology, 1, 149-158.

Bischoff, H. (1994). Pharmacology of alpha-glucosidase inhibition. European Journal of
Clinical Investigation, 24(3), 3-10.

Butterworth, P. J., Warren, F. J., & Ellis, P. R. (2011). Human Ql-amylase and starch digestion:
An interesting marriage. Starch - Stdrke, 63(7), 395-405.

Carloni, P., Tiano, L., Padella, L., Bacchetti, T., Customu, C., Kay, A. & Damiani, E. (2013)
Antioxidant activity of white green and black tea obtained from the same tea
cultivar. Food Research International, 53, 900-908.

Chiang, S.-H., Tsou, M.-F., Chang, C.-Y., & Chen, C.-W. (2020). Physicochemical characteristics,
sensory quality, and antioxidant properties of Paochung tea infusion brewed in cold
water. International Journal of Food Properties, 23(1), 1611-1623.

Ding, J., Mei, S., Gao, L., Wang, Q., Ma, H., & Chen, X. (2022). Tea processing steps affect
chemical compositions, enzyme activities, and antioxidant and anti-inflammatory
activities of coffee leaves. Food Frontiers, 3(3), 505-516.

Fabio, E., Nicolino, P., Mauro, C., Samuel, T.B., Paolo S.D., Alberto M., Sandro S., Jean C.C,,
Mario, S. & Vanna S. (2023). Ol-Glucosidase inhibition by green, white and oolong
teas: in vitro activity and computational studies. Food Research International, 38(1),
1-10.

Fu, H., Xie, B., Ma, S., Zhu, X, Fan, G., & Pan, S. (2011). Evaluation of antioxidant activities of
principal carotenoids available in water spinach (lpomoea aquatica). Journal of
Food Composition and Analysis, 24(2), 288-297.

Griffiths, P. R., & Haseth, J. A. (2007). Fourier transform infrared spectrometry (2nd ed.). John
Wiley and Sons.

Juan, M.-Y., & Chou, C.-C. (2010). Enhancement of antioxidant activity, total phenolic and
flavonoid content of black soybeans by solid state fermentation with Bacillus subtilis
BCRC 14715. Food Microbiology, 27(5), 586-591.

Kaur, A, Kaur, M., Kaur, P., Kaur, H., Kaur, S., & Kaur, K. (2015). Estimation and comparison of
total phenolic and total antioxidants in green tea and black tea. Global Journal of

Bio-Science and Biotechnology, 4(1), 116-120.



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 111

Kavya, M., Manasa, R., Deepika, M., Mahesh, S., & Shekhara, N. (2023). A review on banana
flower: Nutritional composition, processed products and health benefits. /P Journal
of Nutrition, Metabolism and Health Science, 6(3), 110-115

Kwon, Y. I., Apostolidis, E., & Shetty, K. (2008). Inhibitory potential of wine and tea against
Ol- amylase and Ol- glucosidase for management of hyperglycemia linked to type 2
diabetes. Journal of Food Biochemistry, 32(1), 15-31.

Kusano, R., Ogawa, S., Matsuo, Y., Tanaka, T., Yazaki, Y., & Kouno, I. (2011). d-Amylase and
lipase inhibitory activity and structural characterization of acacia bark
proanthocyanidins. Journal of Natural Products, 74(2), 119-128.

Lasano, N. F., Rahmat, A., Ramli, N. S., & Bakar, M. F. A. (2018). Effect of oven and microwave
drying on polyphenols content and antioxidant capacity of herbal tea from
Strobilanthes crispus leaves. Asian Journal of Pharmaceutical and Clinical Research,
11(6), 363-368.

Lin, Y. S., Tsai, Y. J., Tsay, J. S., & Lin, J. K (2003). Factors affecting the levels of tea
polyphenols and caffeine in tea leaves. Journal of Agricultural and Food Chemistry,
51(7), 1864-1873.

Loypimai, P., Moonggarm, A., & Chottanom, P. (2009). Effects of ohmic heating on lipase
activity, bioactive compounds and antioxidant activity of rice bran. Australian
Journal of Basic and Applied Sciences, 3(4), 3642-3652.

Luo, Q., Luo, L., Zhao, J., Wang, Y., & Luo, H. (2024). Biological potential and mechanisms
of Tea’s bioactive compounds: An Updated review. Journal of Advanced Research,
65, 345-363.

Mao, L.-C., Pan, X, Que, F., & Fang, X.-H. (2006). Antioxidant properties of water and ethanol
extracts from hot air-dried and freeze-dried daylily flowers. European Food Research
and Technology, 222(3), 236-241.

Matsui, T., Ueda, T., Oki, T., Sugita, K., Terahara, N., & Matsumoto, K. (2001). Glucosidase
inhibitory action of natural acylated anthocyanins. Journal of Agricultural and Food
Chemistry, 49, 1948-1951.

Oonsivilai, R., Cheng, C., Bomser, J., Ferruzzi, M., & Ningsanond, S. (2007). Phytochemical
profiling and phase Il enzyme-inducing properties of Thunbergia laurifolia Lindl. (RC)
extracts. Journal of Ethnopharmacology, 114, 300-306.



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 112

Phukhatmuen, P., Raksat, A., Laphookhieo, S., Charoensup, R., Duangyod, T., & Maneerat, W.
(2020). Bioassay-guided isolation and identification of antidiabetic compounds from
Garcinia cowa leaf extract. Heliyon, 6, e03625.

Rabeta, M. S., & Lai, S. Y. (2013). Effects of drying, fermented and unfermented tea of
Ocimum tenuiflorum Linn. on the antioxidant capacity. International Food Research
Journal, 20(4), 1601-1608.

Rajhard, S., Hladnik, L., Vicente, F. A., Sr¢i¢, S., Grilc, M., & Likozar, B. (2021). Solubility of
luteolin and other polyphenolic compounds in water, nonpolar, polar aprotic and
protic solvents by applying FTIR/HPLC. Processes, 9(11), 1952.

Ramasubbu, N., Ragunath, C., & Mishra, P. J. (2003). Probing the role of a mobile loop in
substrate binding and enzyme activity of human salivary amylase. Journal of
Molecular Biology, 325(5), 1061-1076.

Roshanak, S., Rahimmalek, M., & Goli, S. A. H. (2016). Evaluation of seven different drying
treatments in respect to total flavonoid, phenolic, vitamin C content, chlorophyll,
antioxidant activity and color of green tea (Camellia sinensis or C. assamica) leaves.
Journal of Food Science and Technology, 53, 721-729.

Roslan, A., Ismail, A., Ando, Y., & Azlan, A. (2020). Effect of drying methods and parameters
on the antioxidant properties of tea (Camellia sinensis) leaves. Food Production,
Processing and Nutrition, 2, 1-11.

Smith, B. C. (2011). Fundamentals of Fourier Transform Infrared Spectroscopy. CRC Press.

Sumantri, I. B., Wahyuni, H. S., & Mustanti, L. F. (2020). Total phenolic, total flavonoid and
phytochemical screening by FTIR spectroscopic of standardized extract of Mikania
micrantha leaf. Pharmacognosy Journal, 12(6), 1395-1401.

Thummajitsakul, S., & Silprasit, K. (2022). Analysis of FTIR Spectra, Flavonoid Content and
Anti- Tyrosinase Activity of Extracts and Lotion from Garcinia schomburgkiana by
Multivariate Method. Trends in Sciences, 19(18), 5780-5780.

Tundis, R., Loizzo, M. R., & Menichini, F. (2010). Natural products as Ol-amylase and Q-
glucosidase inhibitors and their hypoglycemic potential in the treatment of diabetes:
An update. Mini-Reviews in Medicinal Chemistry, 10(4), 315-331.

Vuong, Q. V., Golding, J. B., Nguyen, M., & Roach, P. D. (2011). The impact of preparation
and storage on tea polyphenols. Food Reviews International, 27(4), 357-377.



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 113

Wongsa, P., Phatikulrungsun, P., & Prathumthong, S. (2022). FT-IR characteristics, phenolic
profiles and inhibitory potential against digestive enzymes of 25 herbal infusions.
Scientific Reports, 12(1), Article 6631.

Yang, C. Y., Yen, Y. Y., Hung, K. C,, Hsu, S. W., Lan, S. J,, & Lin, H. C. (2019). Inhibitory effects
of pu-erh tea on alpha glucosidase and alpha amylase: A systemic review. Nutrition
& Diabetes, 9(1), 2-6.

Yang, J., Cui, J., Chen, J,, Yao, J., Hao, Y., Fan, Y., & Liu, Y. (2020). Evaluation of physicochemical
properties in three raspberries (Rubus idaeus) at five ripening stages in northern
China. Scientia Horticulturae, 263, Article 109146.

Yilmazer-Musa, M., Griffith, A. M., Michels, A. J., Schneider, E., & Frei, B. (2012). Inhibition of

O-amylase and Q-glucosidase activity by tea and grape seed extracts and their
constituent catechins. Journal of Agricultural and Food Chemistry, 60(36), 8924.
Zakaria, Z., Shah, N. H. M., Alwi, A., Anwar, N. Z. R., Shahidan, N., & Huda, N. (2023). Phenolic
compounds, free radical scavenging activity and Q-glucosidase inhibition properties
of green, oolong, and black sacha inchi tea extract. Current Research in Nutrition

and Food Science Journal, 11(3), 1127-1142.

"
PO



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 114

N1TWAIUITZUUNUNYTIIBA VDIV INGIRYIIVANIYIUYIAILNTZUIUNITANSH
anus Aune

UNANED

[y

N5IuAsaldTngUszasAiafnudamn AUABINTT LastNaNAIUITEUUYUNYSTIYAY)

9

vpsmingdensigmaauyimenssuviunsanty Tefinguid wanedutinfnwyumesssdya
L@zi@ﬂﬂmuﬁﬁ§uﬁm%auIma%ﬁmauﬂ133$85uﬂ1ﬂﬂﬂiiwmwzﬁﬂmﬁﬁuazﬂaﬂmééQﬂwsaaﬂuuu
Waun wazUssdlulssansanvesssuy Imaél%sa%wq;9 AU uazﬂaﬂmﬁqwaiamaaéi%ﬁwuawnném
F29873 TIUIU 69 AU NANNTITENUIINTHALITFUUAIBNTZUIUNITANTY ANL1TOMBUALEIAIM
pesnsuazinldymiiidedulunszurunissansindnviunessuda s aleegned
Uszdnsnm wazszuuiiwauniiussaniameglussduanniign faede 4.58 aaudsavy
1195574 0.59 éjﬂummﬁqwﬂﬂmaiamaqpgi%awuagfiuizé’uuﬂn (finade 4.41 axudoauy
1195511 0.71) TABIamEAIUMSEaNIUULANTZUIUNISTNL HENIINT KanTIATIEUN9ads
P78 ttest WUU Independent WU21 nausesAnUATUAavey fanuflswelaneszuugeninngy
inAnwregneflfuddynisadfiiseiu .05 (1(39) = -4.98, p < .001) HaN1SANYIAAAABITU
qwui58ﬁauwﬁ%ﬁlﬁ83ﬁﬂﬂﬁii%ﬂizuauﬂﬁiaﬂ%ﬁiuﬂWiﬁkmuﬂivuuﬁﬁﬂawu§mw§uuazmau1ﬂm§
lrauogaiiussAvBam

ANEARY 1 NUNYITIVAL, NIITHAILITTUY, NSTUIUNITANTY, APUTINDLD

* 919158 ANEINYIANAATHATINALLLAE WINIRETIVANIYIUYS
Corresponding author, email: nipon.kt@kru.ac.th, Tel. 062-3166688
Received : June 26, 2025; Revised : Ausgust 5, 2025; Accepted : August 6, 2025



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 115

Development of the Phet Rajabhat Scholarship System at
Kanchanaburi Rajabhat University using the Scrum Process

Nipon Kamtang*

Abstract

This research aimed to study the problems needs and to development the Phet
Rajabhat Scholarship System of Kanchanaburi Rajabhat University by the Scrum process,
with a Target group of Phet Rajabhat scholarship students and the responsible deputy
deans. The research steps began with the analysis of problems and needs, design,
development, and evaluation of the efficiency of the system by 9 experts and the
satisfaction of the group of 69 users. The results of the research found that the
development of the system using the Scrum process effectively addresses the needs and
resolves issues present in the original management process of the Phet Rajabhat scholarship
students and developed system had the highest efficiency, with a mean of 4.58 and a
standard deviation of 0.59. The overall satisfaction of the users was at the high level (mean
of 4.41 standard deviation of 0.71) especially in terms of design and work processes. In
addition, the results of the statistical analysis using the independent t-test found that the
responsible deputy deans had significantly higher satisfaction with the system than the
students at a statistically significant at p < .05 (t(39) = -4.98, p < .001). The results of the
study were consistent with previous research on the use of the Scrum process to develop

a flexible system that effectively meets the needs of users.

Keywords : Phet Rajabhat Scholarship, System development, Scrum process, User

satisfaction
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WoN=73 e = 0.05
Waunuaaglaruinvenguiieenesiail
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"~ 1+73(0.05)2
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N3IATIENYBYA AIADAIILLTINTTOUU ANadeY A1EIUdELULLINTEIY LAY ttest
WUU Independent WIHUMIBUTENINTDIAMUARULNANYINUNYTINUY
a o fa a v Y
nswineansyiideya
3T lnANd A veRsesTTuMTITE ULy INwaNSK Iveya Mu18lavaTusTIY
M5398luAn COA No. 021/2567 Jufl 8 1.8, 2567 AMENIIUNITASEFIIUNMTIVETUAY @anTuday

waERIUT UMINIFEIIVANNIYIUYT

HAN1539Y

MsdLdumsideiinanianiu éﬁﬁaswmumamﬁ%’mﬁu 2 maudall

Aoufl 1 ﬁﬂmﬂggmLLazmmé’{aﬂmisuaﬂmiﬁwmiwunumﬁﬂﬁnﬁgﬁumwﬁwmé’aiwﬁg
NQYIUYS
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S o

widelaaeudunvaiin@nvnuinssiviguesminerdessdgnigauyd S 25 au
uarTRsANUATUARTeU 5 au Taswunanmdym erumesnsidomuanansausnidudsd (ae
Sruuihadundmennuiduveyaasy)
N15UsZIAUAAINTTY
1. mufitumeumsuszifiufianssuesnsls
1.1 ﬂfﬂﬁﬂmwéjaqLszj’]s"mﬁﬁ]ﬂﬁiummﬁﬁmumiﬁuﬂﬁﬁuﬁﬂﬂ'iﬁmaqwﬁwmé’a (23)
1.2 Wnfinw sesnauiisuiinveu svastetuiinnsnsianssunuenaslufuses
(24)
1.3 {leasuimuanesiunuianssus iund weusesraui v Suiavoudszifiu
nanssu (27)
2. Muiilfymvideguassrerlsundlumsussduianssy wariluumaunlvesisls
Jaywvguassa
2.1 miﬂigLﬁuﬁaﬂiiuéﬂ%ﬂuﬁfmﬁﬁﬂﬁﬂméﬂLLﬁmﬁﬂﬂﬁiuwgauﬁuiﬁﬁwgﬂizLﬁu (22)
2.2 thnnusauluinlaiinmsdssiduvdedufinAanssy (15)
23 PAspUUMIKARIIRtansufinuluszeznafilnade @gauwﬁqaﬂﬂ (20)
wwansnly
2.4 eviannsyuveaulan u,azmmsmm%’u;;’L%mammmmﬁaqmi (20)
2.5 fnevsaniednationislsnuludaau (10)
2.6 finszuumsaianTy wersenuiiuianssusewddlmindnuiaaulaae (9)
n1stunnAMuRaddetindne
3. MufitureumstufinaufnidednAnwesndlsuis

a o a

3.1 WefATANINAULLEINUNANTNTHVIHATITEATY 2 TISNUIAULNTTUNTYUY (3)

va o

3.2 NRINRIUNTNANYIIAYTUTINUSEIRUNANAINTEYINANURA (3)

3.3 UnIBULUUNaNguUsENOU (3)
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4. vufidymiudeguassneylsvidlumstuiinanuiiedtedndne wagiuuamaunly
o84l
Unnv/guassa
4.1 luflszuuifundng i (3)
4.2 Funeumsdufunmsuisadian (3)
uwavnaunly
4.3 prsWmunszuUlvaansauuuenans/mangrulavanauszam (3)
4.4 %’mﬁﬁy’umauﬁ%’mwﬁm%’uwmﬁaﬁlﬁ'wﬂjaﬂ (3)
n1sUUANAINTINVRMINANBIUNYTIIVAY
5. Muiifunounistuiinfanssuesisls
5.1 dnAnwuagnonnsuAnssunufissyllulszmeavesumiine1dsy (20)
5.2 lanswianssuuat dnAnwagnsenuuunlesuiusoanainis uasfuasuy
ndngu wu 3Ume vielususesngdafans (23)
5.3 Wonsurmunadlusesauuitufinveyaadluwiy (21)
6. muiitymvieguassnerlsundlunistuiinianssy uasiuuamaunluesnsls
Jayn/guasse
6.1 tinAnwiluaununglunariitmun (19)
6.2 wonansvevdnguuuuanluasy vilwesaaeusn (22)
6.3 luflvadlvuanimudaiiuvievaiauouuzneianssy (3)
uwavnaunly
6.4 uasimuAavEaaY uazasINAauAImL (13)
6.5 fmausudu 1 vieasagilensdnasonansuaznistuiin (5)
6.6 WaunszuulnanansouansanuAaiiut slausuuznefansauiielausudssly
aUAR (2)
N1SUUINNANI TR UYDIINANBINUNYTIIVAY
7. muiifupounistuiinnanisGeusendls
7.1 hdnwagaesamansie (Transcript) ynniansinwindugdisuiiasey (15)
7.2 ;;m’afuaaumima?iaazau (GPA) ﬁﬁé’qLﬂulﬂmuﬁauiﬁusuamuﬁ’eﬂai (13)
7.3 mnuansSeulurunan awludidvisuuaslule (21)
8. muiidymvieguassnerlsundlunistuiinuaniadou uasiuumeunlvesnsls
Jayn/guasse
8.1 Unfnwidsmaniaifeuaisn uieasiia 1wy a1ea1nvunae lulvienaisesady
N9N15 (4)
8.2 szuulindeulostunsounansosmmineds shlvwmoansenvoyadt (21)
8.3 nsrULLALeumnnAnyTnansEsusn I (2)
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8.4 asnszuudUlnaananisiieunimuasuiuulnandniau L PDF (4)
8.5 Weuveyanusruunzileunaisieantunaunisnsondt (5)
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8.6 WUTLTUUKLINFABUDALULR LNAAININLAIN NIBUA UL LLTDIAU (2)
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N1DDNUUULASWRAIUITZUU

ﬂﬁii]’é]ﬂLLUUgﬂu‘l’J’BQﬂ

NN9DALUULNUAINUIUY (Context diagram) lavinn15e9nuusz Uy AININA 3

unfAnwinu

WYsswAga | 1 swdofens

1. wuuwesuawmeilouianssy
2. deyatuiinnisidrsiuianssy
3. Uuiinwanisiseu

2. amugnsismiangsy
3. wan1sUszdiuianssuw

P ey,
1. feyansoulfAgldszuy

2. feyaniseusiRnisiuAsundasdnsgly
3. deyan1sUsuifiufianssuvesld

-~

N

AALasTuu
RTRT)

0 A sugldszuy
i%UUVIULW‘USiW‘UﬁQ‘U@& 2. swamumnssuruﬁm‘uawnmnm
N 3. HasuMsUsTIunangsu
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NYAUYT

J

sedefnssuiindnyingon
doyansithsaufansy
doyananisiFou
doyauseiAn1in ity

1. enuasuianss
2. 918UMsUsliuRanangsy
3. Tenuanuuvetindny
4. ywulsyinnisiinive
1.
2.
3.
309ARIUA .
o a
IUNAYDU

AT 3 WNUNINUTUN (Context diagram) YD958UUULNYITIVAL VDS

UMNINGIRYTNVANNYIUYS



NITUMIINeGuAIaReuY UN 31 atuil 3 nsngnau - fuengu 2568 124

9ONLUUTIUYOLAMEIUTUNTUTIUYOLALNULDTYAILDA UALLAAIANNFUTUTVBINTIS
FIUVBYA G99 4

activi
fty activity_category activity_type
PK i
acti_id PK id PK | acty_id
FK1 i i =
adi_acre id FK | acca_acty_id < acty_name
1 FK2 | acti_use_idcard
acca_name acty_status
FK3 | acti_acca_id Bt
acca_status acty del
FK4 | acti_acty_id_count
~ acca_del acty use
acti_name
- acca_use apa
acti_date
PK pa_id
acti_status 9
X activity_register i FK1 pa_use_idcard
acti_note 9
cti del PK | acre_id # # FK2 | gpa_acre_id
acti_de
acti use 1§ FK1 | acre_use_idcard gpa_result
FK2 | acre_term_id gpa_date
users
acre_date reg gpa_del
" PK | use_idcard
acre_status torm
use_username acre del
- PK | term_id
use_pass
P acre_approve use_idd torm sector
use prefix_name i -
—prei. - acre_approve date torm Yoar
use_name -y
punish term_pr s
use Iname -
use_sex PK | puniid term_pr_e
use_birthday +§ FK | puni_acre_id term_operation_s
use_photo puni_note term_operation_e
use_phone puni_date term_process s
. puni_file term_process e
use _email
FK | use fec id - faculty term_status
term_del
PK | fac_id -
term_use
fac_name -

2 4 LLNumW‘Ua;&aL%dﬁ'MWUﬁ (Entity-relationship crow's foot model)
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thaaninszuIunsinmukuuandy dal 5 useu fanmdl 5

1) Backlog vi3edanusuiiudymuazanunesnis vefwuaniey glaaw wildly Sprint
uazdndfuaudAyreatandunisnuvesszuy iy standu msadasnduindnwu ns
Sufinfanssu msvssidiuafanssy uay mavuiinnanisiou leefinamdlylunsinddy
AudIA U3 Backlog laun mnudnduresteintunonislyauads aruisiniuniuseumney
RN erwdugeumanalin AuAssTesIEUY wasersuAm SN IAYY

2) Sprint planning 2M4UHURAILITEUY WUIN1sHau1eenidu Sprint seuay 3-5 Tu
Tnesauviedu 8 Sprint TneszezinaIunay Sprint finsusudsudnuesnudiinanunazaany
Fugou 1wy Sprint AdWandunsUssidunaianssuaznstufindanssy 91BN Nuet
dielviflanaufinunmuaskiunmedeUATUNIL

3) Daily scrum meeting uﬁzﬁquammuﬂ@mﬁwﬁsﬁﬁmuazﬂq568"14%3%@14'16{@1%&mﬁ
Usyyuiiuiuy Daily scrum yndudszanas 15 w1l IngaunBnfinagsneauaniugdny kagyinny
Joymuangnun wu luannsownfweyatndnsmuls wiadeulunsiunuinsdeuudas
netuiy azfimsuenussgusesifiountm Tnglusunau Daily scrum udn

4) Sprint review 52980 Increment s¥UUT UKL IULAYSU Feedback U§uUgerimun
nelU BeladyinAnyinarsesanud Tmarsailunisuss Sprint review ynass ilesusunasy
Aiwaunly Sprint du wu Wandunistuiinianssunionstuiinnsyinite Tneazdnsdu
voLausuuziuuaaiios lulasesuaulasans ilelnszuumeulangeunaamssianniian

5) Sprint retrospective aqﬂﬂﬁéﬁ’umﬁﬁ’muﬁdmumﬁu@ﬁmu’tuﬁuaﬂ%’mauﬁu Sprint
planning w3 oWandun1svhaudal a1nnswauIsTUY ﬁmﬁwuwimyﬁmﬂﬁiﬂizﬁqm Sprint
retrospective titenumunszuaLnsihauly Sprint Aauindunsussidunaianssy nun
TynamadeuszuuwunIiiaely fugauSuunuau Sprint dnlU Tnedawien Test case aramn
warlyamaaeusndy vl Sprint dalufe nstufinmshanii d5mIIAUAZAUNINA
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Daily Scrum SAGAGA®
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T8ausiazINEN Increment Feedback

2. nstiufinfianssa

3. patiufinuansBeu H H Sprint
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' 3-5 92U
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6. Mstlszifunananssy — Spnnt Sprlnt
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8. ArageumINnilsznATu
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i 9 vunvetuiinnansisaukasTunUse IBn1shaite

N5UsZEUUSEANS AN

]

Tnedeangylunsussdiudsydvsnmuuatu 2 nau fie 1) Univnmsifinandiv3ygyien

Tuav1391AUNILMDTNS BT LN 8IVBINUITIABUNILADT 91UIU 3 AU INUNIINYIDYULTAIT

UNNAINIFYIIVAYNYTUT UazumINg1de5 Uy uIueude kagllfiunuan1a3dvinisseau

HYIUANENTIANTY TIUIU 2 AU IINUNINGIFEVAQUATUTY Uz Ine1des1ei)n1ayauys

2) dnwaiulusunsunavluseruusgyiniAiiervesiuneufianesiasivszaunisaiduy

TUsunsuwes 2 Jauld 91w 4 au anusemlnelaay wesly $1in USeniiosnigau nvdum

0 UTEN Leadduidagi N1yauys 91100 waruMINGIFYUTAR INYUVANIYIUYT NANT

UsglluUseansSnn 6 AN Aan1s199 1

M13199 1 Han15UsHIuUTEANSA NN (N=9)

UszAnsninanu M SD FTAU
gﬁumsﬂm’lmﬂ’s’méfﬁmﬂ’li (Function requirement) 4.62 0.56 mﬂﬁqm
PTUNITEBNLUY (Design) 4.38 0.69 11N
puanazavhalamumnd (Function) 4.60 0.58 1niian
puATIERaNSlYL (Usability) 4.53 0.66 mm?'iqm
puUsEANEnIN (Performance) 4.80 0.41 1niian
unssnmauUasaforeseya (Security) 4.56 0.62 1niign

Wiy 4.58 0.59 wndige
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91NAN917 1 NUMUTEAVE NN BT UL UNTTTNTA U0 INeNdBs 1A Ny auysa
WaunaenszuIunsansy Tnesaudaedod 4.58 uazaaudsauuninsgiu 0.59 ey
UseAnsnmanniian dWefinnsaiduseaumunawdifiaiedemnian fo audssansam &
Anadeil 4.80 uavarudsauuinsgiu 0.41 fswfulssAnsnmanniian sesasn fe ATumss
puATAAeIN1T Saiededl 4.62 waraudonuunesgiu 0.56 SsedulssAnsamanniian a1y
annsavhanlamumnnd Sanededl 4.60 waraudonuunasgiu 0.58 SsgdutssAviamann
flgn aunsinwauUasadevestaya danaded 4.56 uararudsauuainsgiu 062 faedy
UsgAnSnmannd amuenudienenislya Seneded 453 wavarudsavuinnsgiu 0.66 &
syiudseAnSamannd uagaunisesnuuu Sanaded 4.38 uazaULT s ULIINTEIU 0.69 6
JEAUUITEANTA NN

nsUszliuauNwala

Usgiumufianelanessuununyssvig famsned 2-4

A15197 2 Uszihumnuilanelaneniunisesniuu (Design) (n=69)

fun1senLUU (Design) M SD S2AU
nseenLUUATIASIEIALIINT AN dXann S2015) 4.45 0.75 Hah)
nslanm & dashws aun lunmsmlenumanzay 4.43 0.65 iy
Lmé/u"u g 9 flanumanza 4.46 0.71 10
Tyvapnuesuglussuuilane du nszdu la 4.42 0.69 110

Taau
NN9ONLUUTIENUI AR A3l 4.48 0.65 110
Wiy 445 0.69 1N

M3 2 wurseRuaLfielanesruuIINgTIAY T Aunseenuuy fanaded
4.45 uazarufauuinnsgu 0.69 dszduanufienelawn Wefinisadusevonuinvedd
ALaAgIN fo MIBeNLUUTIBNUTATImINEaY Tanedei 4.48 wagaudouuusasg 0.65
fiszdunuflenslann sesasn Ae /Ay a9 9 daumanzan daeded 4.46 uavaly
Denuunasgiu 0.71 Sseduanufiselasnn msseniuuialasdanusmngan dwnn 105
faaded 4.45 wazarudsavuinnsgiu 0.75 Ssduarufonolainn nislynin & fadnus
yuia Tunmsamdeumszan fanadef 4.43 uazarudeauuinnsgiu 0.65 dszfuauis
nelawn uarlavonueduisluszuuinlane du nsedy lalamnu fanaded 4.42 uazaiu

Weauunnsgu 0.69 dsgauanuiislaunnaiuaisu
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A15199 3 Useifumnuianelananiunszuiun1svinaiu (Process) (n=69)

ﬁﬂunizmumsﬁwﬁu (Process) M SD 536],'1]
JEUUANATANITA 4.32 0.77 170
33UUﬂ73?ﬂﬁﬂiL%"lﬁﬂﬂiiN 4.38 0.73 N
ITUUNITINEINU 4.41 0.73 un
mil,ﬁ?‘iamiwﬂjamuaiuéaum q 4.36 0.72 1N
Aruanansalunis did au U3uuse unly veyalussuy 4.42 0.71 UN

iy 4.38 0.73 11N

1NANT 3 nunseRueTianelanesruun UGS TEAY T AunsrUIunsYey 8
Aiadedl 4.38 uazauidsauunasgiu 0.73 fseduaufielann defasandunevenun
vofifiaadeinn fo aruanansaluns W au U3uuss unly veyaluszuu faaded 4.42 uay
audsauunsgiu 0.71 fszfuanufianelann sesasan fe ssuunsmeau danadsd 4.41
wavaudenuunasg 0.73 fsvduaufisnelann szuunmsadinsinfanssy aaeded 4.38
wararudsauunnsgiu 0.73 fszdueufianelann madeslsseyaluaiuma q fauaded
4.36 uagaruLdeuuuInTgIu 0.72 Sseduanufianelainn warsvuvadnsaudn Saaded
4.32 wagaudoauunasgu 0.77 sgduanuiidlann auddy

M15199 4 ANUNINBLINDTLUUNUNYTINYAY VN (N=69)

AUNIND TAADTZUUNUWYTINVA M SD LAY
A1LN1780NLUY (Design) 4.45 0.69 1N
PILNTEUIUNTITU (Process) 4.38 0.73 1N

1nde 4.41 0.71 an

219197971 4 wurmaUssiuasTaelanesruununTIwAY faaded 4.41 uay
audsauunesgiu 071 fssduarufienelann defiasandusenununuedifiaiadeun
fia punnseanuuy danaded 4.45 uazaiudsauuansgiu 0.69 Sseduauiienelauin
se%a91 e AunszuIuMsTha daeded 438 uaraiudeauuaasgiu 0.73 fsedunnufis
Wolaun auay

MsiisuiiisuaadsanuiianelanesyuusensosAuUAT SURnve U ANy My

[
=

WYsTIUAY T wanaeiuvsell nely ttest Independent 1anunsaivunaNuAgIulagieil

o w

HO: sesrnuuAlinadeANuisnelawAuiulTnAn v uNYsTag seslidediAgynie
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Lactate Reimagined as an Exerkine: Emerging Evidence, Physiological
Benefits, Controversies, and Clinical Applications

Dhissauvach Chaikhot*, Tanawat Ittipong*,

Kawita Chumphoochai*, Pongpun Wichianwan*

Abstract

Misconceptions surrounding lactate have persisted for centuries; once dismissed as
a mere by-product of anaerobic metabolism and a culprit of fatigue, lactate is now
recognized as a powerful exerkine with broad physiological influence across multiple
systems. This shift in understanding redefines lactate as more than a waste product,
recognizing its critical role in inter-organ communication and physiological regulation during
and after exercise. This narrative review explores the multifaceted functions of lactate,
highlighting its impact on metabolic regulation, neuroplasticity, immune modulation, muscle
adaptation, and angiogenesis. Lactate's interaction with the G-protein-coupled receptor 81
(GPR81) mediates numerous beneficial processes, including anti-inflammatory responses,
upregulation of brain-derived neurotrophic factor (BDNF), mitochondrial biogenesis through
PGC-10l activation, and vascular endothelial growth factor (VEGF) expression, which
supports angiogenesis. While the majority of scientists acknowledge lactate’s vital role in
energy homeostasis and systemic signaling, controversies persist concerning the extent of
its effects and their dependence on exercise context, intensity, and individual variability.
Future research directions include the development of lactate-based therapeutic
applications, personalized exercise prescriptions, and integrative approaches with other
exerkines. The potential of lactate to enhance patient care, from neurorehabilitation to
chronic disease management, underscores its promise as a powerful target for health
optimization and performance enhancement. This narrative review aims to deepen our
understanding of lactate’s complex roles and guide innovative strategies in health sciences,

exercise physiology, and clinical care
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Introduction

Lactate has long been a topic of debate in the field of exercise physiology, initially
dismissed as a waste product responsible for muscle fatigue and discomfort following
intense physical activity (Gladden, 2020). Historically, lactate was associated with anaerobic
glycolysis and perceived as a marker of metabolic stress during high-intensity exercise
(Hargreaves & Spriet, 2020). As a by-product of glucose metabolism under anaerobic
conditions, lactate accumulates when the rate of production surpasses its clearance,
traditionally signaling exhaustion (Gladden, 2004). However, it is now recognized that lactate
is not exclusively produced during exercise. Even at rest, tissues such as red blood cells,
brain, skin, and adipose tissue contribute to basal lactate production, highlighting its
fundamental role in intermediary metabolism (Van Hall, 2010). What distinguishes lactate
as an exerkine is the surge in its concentration and signaling activity in response to physical
activity, particularly from contracting skeletal muscle.

This traditional view shifted with the development of the "lactate shuttle"
hypothesis proposed by George Brooks, which posited that lactate serves as an essential
intermediary in cellular metabolism rather than a mere waste product (Brooks, 2020). The
hypothesis illustrates that lactate is produced by glycolytic tissues and then transported to
oxidative tissues, where it is utilized as an energy substrate. In addition to oxidation, lactate
is also cleared through gluconeogenesis in the liver (Cori cycle), contributing to blood
glucose regulation and overall lactate homeostasis. Recent advances in molecular exercise
physiology have highlighted lactate’s role beyond intermediary metabolism, identifying it
as an exerkine - a class of bioactive molecules secreted into circulation in response to
physical activity, capable of exerting autocrine, paracrine, and endocrine effects on multiple
organ systems. Exerkines are released from skeletal muscle and other organs during exercise
and serve as molecular messengers that mediate many of the health-promoting effects of
physical activity, including metabolic regulation, neuroplasticity, cardiovascular adaptation,
and immune modulation (Brooks et al., 2023; Liu et al., 2024).

Within this framework, lactate has emerged as a prototypical exerkine due to its
ability to communicate metabolic status from active muscle to distant tissues. Through its
interaction with the G-protein-coupled receptor 81 (GPR81), lactate influences gene
expression, immune cell activity, and intracellular signaling cascades involved in adaptation
and repair (Shang et al.,, 2023). This signaling capacity elevates lactate from a perceived
metabolic by-product to a critical regulator of exercise-induced systemic adaptations.
Recognizing lactate’s systemic roles reveals important clinical implications, extending

beyond exercise performance to potential therapies for neurological, inflammatory, and
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metabolic diseases. This signaling function bridges exercise physiology and translational

medicine, offering new paths for health and patient care.

The objectives of this article are to provide a comprehensive overview of lactate’s

evolving role as an exerkine, explore its benefits and applications within exercise science

and patient care, delve into existing controversies, and outline potential future research

directions. This synthesis aims to deepen understanding and foster innovative approaches

to enhancing human health and performance through exercise-derived molecular signaling.

Table 1 Classification, releasing tissue, and physiological functions of key exerkines

Exerkine Classification Releasing Tissue | Physiological Function Key References
Lactate Myometabolite | Skeletal muscle Metabolic regulation, Brooks et al., 2023; El
or Metabolite mitochondrial biogenesis, Hayek et al.,, 2019
exerkine BDNF-mediated
neuroplasticity, angiogenesis
IL-6 Myokine Skeletal muscle, | Glucose metabolism, lipolysis, | Hargreaves & Spriet, 2020;
immune cells immune modulation Pedersen & Febbraio,
2012
BDNF Myokine, Skeletal muscle, | Neurogenesis, learning, Wrann et al., 2013
Cerebrokine brain memory, cognitive function
Irisin Myokine Skeletal muscle White-to-brown fat Bostrom et al., 2012;
conversion, energy Huh, 2018
expenditure
Myostatin | Myokine Skeletal muscle Negative regulator of muscle Lee et al., 2001; Rodgers
growth & Garikipati, 2021
FGF21 Hepatokine, Liver, skeletal Metabolic adaptation to Kim et al., 2013; Fisher &
Myokine muscle exercise, insulin sensitivity Maratos-Flier, 2016
VEGF Angiokine, Skeletal muscle, | Angiogenesis, vascular Hoier & Hellsten, 2014,
Myokine endothelial cells | remodeling Olfert et al,, 2016
Cathepsin | Myokine Skeletal muscle | Neuroprotection, hippocampal | Moon et al., 2016; Wrann
B neurogenesis et al, 2013
Klotho Cerebrokine, Kidney, brain, Anti-aging, neuroprotection, Kuro-o et al., 1997; Sahu
Anti-aging skeletal muscle vascular health et al, 2018
protein

Note: While the term "myometabolite" refers to metabolites produced specifically by skeletal

muscle (e.g., lactate), the broader and more widely understood term “metabolite exerkine” is used to

emphasize both their origin and systemic signaling function induced by exercise. IL-6 = Interleukin-6;
BDNF = Brain-Derived Neurotrophic Factor, FGF21= Fibroblast Growth Factor 21, VEGF = Vascular

Endothelial Growth Factor
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The concept of lactate as an exerkine represents a paradigm shift in exercise
physiology. Traditionally considered merely a by-product of anaerobic glycolysis, lactate’s
role has now expanded significantly as new evidence reveals its capacity to act as a signaling
molecule that communicates with various tissues throughout the body (Brooks, 2020). This
recognition has been supported by discoveries showing that lactate is produced in response
to exercise and travels via the bloodstream to exert effects on organs such as the brain,
liver, adipose tissue, and immune cells (Brooks et al., 2023).

Lactate’s role as an exerkine is largely mediated through its binding to GPR81, also
known as hydroxycarboxylic acid receptor 1 (HCAR1). This receptor is expressed in multiple
tissues, including adipose tissue, liver, and skeletal muscle, where it modulates numerous
metabolic and signaling pathways (Liu et al., 2024). For instance, lactate binding to GPR81
in adipose tissue has been shown to inhibit lipolysis, suggesting its role in energy
conservation and metabolic regulation during exercise (Hargreaves & Spriet, 2020). Similarly,
lactate signaling through GPR81 in immune cells exerts anti-inflammatory effects by
reducing the production of pro-inflammatory cytokines, which highlights its potential
application in inflammatory diseases and exercise recovery (Llibre et al., 2025).

Lactate also plays a critical role in the brain, where it crosses the blood-brain barrier
and acts as an energy substrate during prolonged exercise (Shang et al., 2023). Additionally,
lactate can stimulate the expression of brain-derived neurotrophic factor (BDNF), thereby
promoting neuroplasticity, cognitive enhancement, and neuroprotection (El Hayek et al.,
2019). These findings suggest that lactate-mediated signaling extends far beyond
metabolism and muscle physiology, positioning it as a central mediator in exercise-induced
systemic adaptations.

Recent discoveries have also expanded the mechanistic understanding of lactate’s
signaling functions. One such mechanism is histone lactylation, an epigenetic modification
in which lactate serves as a substrate for the addition of lactyl groups to histone lysine
residues. This process influences gene expression profiles, particularly in macrophages and
muscle cells, and may play an important role in regulating inflammatory resolution, immune
tolerance, and skeletal muscle remodeling during post-exercise recovery (Zhang et al,,
2019).

In parallel, the Astrocyte-Neuron Lactate Shuttle (ANLS) has refined the classic
lactate shuttle hypothesis by emphasizing the interplay between astrocytes and neurons.
During intense neuronal activity, astrocytes metabolize glucose to lactate, which is then
exported via MCT1 or MCT4 and taken up by neurons through MCT2. This shuttling process

provides neurons with a rapidly available energy source and supports synaptic transmission,
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long-term potentiation (LTP), and cognitive resilience (Pellerin & Magistretti, 2012; Magistretti
& Allaman, 2015).

The lactate shuttle hypothesis, first proposed by George Brooks, has undergone
significant expansion, with recent studies confirming that lactate functions as an energy
carrier between glycolytic and oxidative tissues (Brooks, 2020). Moreover, the metabolic and
signaling roles of lactate have led to its classification as a key exerkine. Exercise-induced
lactate production and subsequent signaling are critical for adaptations such as improved
mitochondrial biogenesis, enhanced muscle hypertrophy, and immune modulation
(Bartoloni et al., 2024). This has significant implications for optimizing exercise training
protocols, enhancing athletic performance, and developing therapeutic interventions for
chronic diseases.

Despite these advances, some controversies persist regarding the precise mechanisms
through which lactate exerts its systemic effects. The influence of individual factors such as
exercise intensity, duration, and training status on lactate signaling remains an area of active
investigation (Hargreaves & Spriet, 2020). Continued research is needed to elucidate the full
spectrum of lactate’s exerkine functions and harness its potential benefits in health and

disease management.

Benefits of lactate as an exerkine

1. Metabolic regulation and energy homeostasis

Lactate serves a crucial role in maintaining metabolic regulation and energy
homeostasis, especially during and after exercise (Figure 1). As a by-product of glycolysis,
lactate accumulates in muscles during intense exercise and is subsequently released into
the bloodstream. This circulating lactate is taken up by organs such as the liver, heart, and
brain, where it serves as a fuel source, either being oxidized directly for energy or converted
back to glucose through gluconeogenesis in the liver (Brooks, 2020; Brooks et al., 2023). This
process, known as the Cori cycle (Figure 2), underscores lactate’s importance in maintaining
energy balance by recycling lactate into usable energy substrates. Additionally, lactate’s
role as an energy carrier between glycolytic and oxidative tissues allows for enhanced
endurance performance by sustaining energy supply under high metabolic demands

(Hargreaves & Spriet, 2020).
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Figure 1 Summary of benefits of lactate as an exerkine

(Adapted from Brooks, 2020; Brooks et al., 2023)

Beyond its role as a substrate, lactate contributes to mitochondrial biogenesis, a key
adaptation to endurance training. Lactate acts upstream of several regulatory pathways
involving AMP-activated protein kinase (AMPK), reactive oxygen species (ROS), sirtuin 1
(SIRT1), and sirtuin 3 (SIRT3), all of which converge on peroxisome proliferator-activated
receptor-gamma coactivator 1-alpha (PGC-1Q), the master regulator of mitochondrial
biogenesis (Brooks et al., 2023). Activation of PGC-10l promotes the generation of new
mitochondria, enhancing the oxidative capacity of muscle cells and improving endurance,

energy metabolism, and overall cellular health.
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2. Neuroplasticity and cognitive function

The benefits of lactate extend beyond skeletal muscle metabolism to influence
brain function and neuroplasticity. During exercise, lactate crosses the blood-brain barrier
via monocarboxylate transporters (MCTs), especially MCT1 and MCT2, and serves as an
alternative energy substrate for neurons and astrocytes, thereby supporting cerebral
metabolism during periods of elevated energy demand (Shang et al., 2023). This concept is
further supported by the ANLS, which describes how astrocytes convert glucose to lactate
and supply it to neurons via MCT transporters. This mechanism ensures neurons have rapid
access to energy during synaptic activity and is critical for maintaining neurotransmission
and neuroplasticity (Pellerin & Magistretti, 2012).

Beyond its metabolic role, lactate acts as a signaling molecule that modulates
neuroplasticity. One of the key mechanisms involves the lactate-induced upregulation of
brain-derived neurotrophic factor (BDNF), a neurotrophin critically involved in synaptic
plasticity, LTP, neurogenesis, and memory consolidation. Lactate stimulates BDNF
expression through activation of signaling pathways such as SIRT1, PGC-1Ql, and the NMDA
receptor-dependent CREB (cAMP response element-binding protein) pathway, which are
essential for activity-dependent gene transcription in neurons (El Hayek et al., 2019).

Furthermore, lactate may exert its neuroprotective effects via GPR81 (also known as
HCAR1), which is expressed on brain endothelial and glial cells. Activation of GPR81
influences neurovascular coupling and modulates inflammatory signaling, contributing to
an anti-inflammatory milieu that supports neuronal survival. This receptor-mediated
signaling is believed to help reduce neuroinflammation and oxidative stress, factors
implicated in neurodegenerative diseases and cognitive decline (Shang et al., 2023). Thus,
exercise-induced elevations in circulating lactate promote a multi-faceted neurobiological
response that includes enhanced BDNF signaling, improved mitochondrial function,
modulation of synaptic plasticity, and reduced neuroinflammation. The integration of ANLS
into this framework emphasizes lactate's role not only as a systemic exerkine but also as a
local metabolic intermediary supporting neuron-glia interactions and brain energy dynamics.

These effects may underlie the observed cognitive improvements following regular
physical activity and position lactate as a potential therapeutic target in conditions such as
Alzheimer’s disease, depression, and age-related cognitive impairment. Lactate’s dual role
as an energy substrate and exerkine underscores its significance in enhancing brain

resilience, learning, and mental health.
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3. Anti-inflammatory and immune-modulatory effects

Lactate also exhibits potent anti-inflamsnmatory and immune-modulatory properties,
primarily mediated through its interaction with GPR81 (Llibre et al., 2025). When lactate
binds to GPR81, it downregulates the expression of pro-inflammatory cytokines, such as
TNF-Q and IL-6, reducing systemic inflammation. This regulatory effect is particularly
beneficial for recovery from exercise-induced inflammation, minimizing muscle damage and
facilitating tissue repair (Liu et al., 2024). However, lactate’s immunomodulatory effects
appear to be context-dependent. Under certain pathological conditions, such as in tumor
microenvironments or during chronic hypoxia, elevated lactate concentrations may instead
promote pro-inflammatory or immunosuppressive pathways. For instance, high lactate
levels can impair cytotoxic T-cell and NK cell function, contributing to immune evasion in
cancer (Brand et al., 2016). Additionally, lactate may upregulate the expression of IL-17 and
other pro-inflammatory mediators via HIF-10l-dependent signaling in specific immune cell
subsets (Colegio et al., 2014).

These findings highlight the dual role of lactate: while it suppresses excessive
inflammation in the context of acute exercise and tissue regeneration, it may also contribute
to immune dysregulation in chronically inflamed or hypoxic tissues. Furthermore, lactate-
mediated modulation of immune function may offer therapeutic value in chronic
inflammatory diseases, where controlling excessive inflammation is paramount.

4. Muscle adaptation, hypertrophy, and angiogenesis

Lactate accumulation during high-intensity exercise plays a significant role in muscle
adaptation and hypertrophy. The presence of lactate within muscle fibers creates an acidic
intracellular environment, which triggers a cascade of signaling events, including the
activation of the mammalian target of rapamycin (mTOR) pathway, a key regulator of protein
synthesis and muscle growth (Bartoloni et al., 2024). Lactate also promotes the secretion
of anabolic hormones, such as growth hormone, further contributing to muscle hypertrophy
and tissue remodeling (Brooks, 2020). Moreover, lactate-induced signaling has been linked
to the upregulation of VEGF, a key factor in angiogenesis—the formation of new blood
vessels (Brooks et al., 2023). This process enhances blood flow, nutrient delivery, and
oxygen transport to exercising muscles, further supporting endurance and recovery. The
angiogenic response to exercise training, mediated by lactate, highlights its role in vascular

adaptation and overall cardiovascular health.



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 143

Types of exercises that provide benefits

1. High-intensity interval training (HIIT)

HIIT involves repeated bouts of vigorous exercise (280% VO,,,), interspersed with
recovery periods. Sessions typically last 20-30 minutes and induce considerable
physiological stress, prominently activating anaerobic glycolysis and elevating lactate levels
(Hargreaves & Spriet, 2020).

Lactate generated during HIIT acts as a potent exerkine, engaging GPR81 receptors
and triggering signaling pathways including PGC-1Q, AMPK, SIRT1/3, and ROS, which support
mitochondrial biogenesis, oxidative metabolism, and glucose regulation (San-Millan &
Brooks, 2019). Lactate also crosses the blood-brain barrier, stimulating BDNF expression,
thereby enhancing neuroplasticity and offering neuroprotective benefits (El Hayek et al,,
2019). Additionally, it promotes an anti-inflammatory response by downregulating cytokines
such as TNF-QL and IL-6 through immune cell GPR81 activation (Llibre et al., 2025).

From a musculoskeletal perspective, HIIT supports both endurance and hypertrophy
via pathways like mTOR, and enhances angiogenesis through VEGF upregulation, improving
capillarization and tissue perfusion (Bartoloni et al., 2024). Clinically, HIIT is time-efficient
and effective for improving aerobic/anaerobic fitness, insulin sensitivity, and VO,,.,, making
it suitable for individuals with metabolic syndrome, type 2 diabetes, and cardiovascular
conditions, when appropriately supervised.

2. Strength and resistance training

Strength and resistance training utilizes external loads, such as free weights,
machines, or bodyweight, to promote muscle strength, hypertrophy, endurance, and power.
Protocols typically involve moderate to high intensities (60-90% 1RM), multiple sets, and
short rest intervals (30-90 seconds), especially in hypertrophy-focused regimens. These
parameters facilitate substantial lactate accumulation, particularly during high-rep sets and
advanced techniques like supersets or drop sets (Bartoloni et al., 2024; Brooks, 2020).

Unlike aerobic exercise, resistance training frequently exceeds the anaerobic
threshold, activating g¢lycolysis and generating lactate. This intracellular acidification
stimulates mTOR signaling, enhancing protein synthesis and muscle growth, and is
reinforced by hormonal responses including growth hormone and IGF-1 (Brooks, 2020).

Beyond muscle anabolism, lactate functions as an exerkine, influencing systemic
adaptations. It upregulates PGC-10Ql, supporting mitochondrial biogenesis and endurance;
binds to GPR81 receptors on immune cells, reducing inflammation and enhancing tissue
recovery; and increases VEGF expression, promoting angiogenesis and nutrient delivery (San-

Millan & Brooks, 2019; Llibre et al., 2025).
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Lactate may also cross the blood-brain barrier to stimulate BDNF, improving
neuroplasticity and cognitive function, particularly beneficial for aging populations (El Hayek
et al,, 2019). To maximize lactate-mediated benefits, training should include:
1) 8-15 reps with moderate loads
2) 30-60 sec rest intervals
3) Compound movements (e.g., squats, deadlifts)
4) Metabolic strategies (e.g., supersets, circuit-style sets)
Resistance training is clinically valuable for managing sarcopenia, osteoporosis,
metabolic syndrome, and improving glucose metabolism, mobility, and quality of life,
especially in older adults. The combined musculoskeletal and neurocognitive benefits
highlight its importance in both performance and rehabilitation contexts.
3. Endurance training at lactate threshold
Endurance training near the lactate threshold (LT), the intensity at which lactate
production exceeds clearance (60-80% VO,.,,), is a highly effective strategy to stimulate
both central and peripheral adaptations (San-Millan & Brooks, 2019). This “sweet spot”
intensity promotes metabolic stress while allowing recovery, maximizing aerobic gains.
Sustained aerobic efforts (e.g., tempo runs, steady-state cycling, or rowing) at or just
below LT increase the body's ability to utilize lactate as both a fuel and signaling molecule.
Lactate at this level enhances mitochondrial biogenesis via AMPK, SIRT1/3, and PGC-1Q
activation, improving fat oxidation, metabolic flexibility, and lactate clearance capacity.
Cardiovascular adaptations include improved stroke volume and plasma volume expansion,
which augment oxygen delivery. Simultaneously, lactate promotes angiogenesis through
VEGF upregulation, enhancing capillarization and muscle perfusion (Bartoloni et al., 2024).
Lactate also crosses the blood-brain barrier, where it fuels neurons and upregulates
BDNF, supporting cognitive resilience, mood regulation, and neuroplasticity - particularly
beneficial for aging populations (El Hayek et al., 2019). Immunologically, LT training supports
anti-inflammatory signaling via GPR81, stabilizing immune function without the suppressive
effects sometimes seen in high-intensity exercise (Llibre et al., 2025). Muscular adaptations
include improved oxidative capacity in Type | and lla fibers and more efficient lactate
shuttling, key to fatigue resistance during prolonged activity. Training guidelines for LT
adaptations involve:
1) Intensity: ~65-80% VO, OF 75-85% HR, .y
2) Duration: 20-60 minutes per session
3) Frequency: 2-4 sessions per week

)

4) Progression: Gradual increases in duration or controlled heart rate drift
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LT training is ideal for endurance athletes aiming to improve race pace and delay
fatisue, and for clinical populations (e.g., cardiac rehab, type 2 diabetes) due to its low
orthopedic strain and high safety profile. Intensity can be monitored via blood lactate,
ventilatory threshold, or RPE (6-7/10).

4. Circuit training

Circuit training combines resistance and aerobic modalities in a continuous or near-
continuous format, with minimal rest between exercises. This approach targets both
muscular strength and cardiovascular endurance, while generating substantial metabolic
stress. Formats may include time-based intervals, repetition-based sets, or alternating
upper/lower body movements, using modalities such as bodyweight, free weights, or mixed
equipment, making it highly adaptable for various populations.

The high-intensity, low-rest structure of circuit training rapidly activates anaerobic
glycolysis, resulting in elevated lactate production. Circulating lactate acts as a systemic
exerkine, stimulating PGC-1Q, which drives mitochondrial biogenesis, aerobic capacity, and
fat metabolism (Brooks et al., 2023). These effects are amplified with compound exercises
(e.g., squats, kettlebell swings, burpees) and integrated aerobic elements.

Lactate also improves glucose uptake and insulin sensitivity, supporting applications
for individuals with type 2 diabetes, obesity, and metabolic syndrome (Hargreaves & Spriet,
2020). On an immunological level, lactate activates GPR81 receptors, reducing TNF-OL and
IL-6 production, contributing to an anti-inflammatory environment that promotes recovery
and immune homeostasis (Llibre et al., 2025).

Muscle adaptations are driven by lactate-induced mTOR signaling, leading to muscle
protein synthesis, growth hormone and IGF-1 release, and hypertrophy (Bartoloni et al,,
2024). Lactate also crosses the blood-brain barrier, enhancing BDNF expression, with
benefits for neuroplasticity, learning, and emotional regulation (El Hayek et al., 2019).
Additionally, lactate stimulates VEGF, promoting angiogenesis and improved vascular
perfusion.

Additionally, circuit training enhances vascular adaptation through lactate-
stimulated VEGF expression, promoting angiogenesis and improving muscle perfusion and
oxygen delivery (Brooks et al., 2023). Circuit training is highly adaptable and effective for:

1) General populations seeking full-body, time-efficient workouts

2) Older adults or individuals in rehabilitation, particularly with low-impact
modalities

3) Athletes aiming to improve muscular endurance and metabolic efficiency

4) Clinical populations targeting weight loss, blood glucose control, and mobility

enhancement
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Training parameters to optimize lactate accumulation and systemic benefits
include:

1) Intensity: Moderate to high (70-90% HRmax)

2) Work-to-rest ratio: 2:1 or 3:1 (e.g., 30 sec work:10 sec rest)

3) Duration: 20-40 minutes per session

4) Exercise selection: 5-10 multi-joint movements per round

5) Progression: Increase number of rounds, exercise complexity, or external load

5. Sprint interval training (SIT)

SIT involves repeated, short bursts of near-maximal to supramaximal effort (typically
>90-95% of VO,.4,), interspersed with longer recovery intervals. Common protocols include
20-30 second all-out sprints followed by 2-4 minutes of rest, as well as Tabata-style
sessions and maximal hill sprints. Unlike traditional HIIT, SIT emphasizes explosive
performance, producing profound metabolic and neuromuscular stress in minimal time.

SIT elicits exceptionally high lactate levels due to intense anaerobic glycolysis, fast-
twitch fiber recruitment, and limited lactate clearance (Shang et al,, 2023). This positions
lactate as a potent exerkine, triggering widespread adaptations across organ systems. Lactate
generated during SIT activates PGC-1Ql and oxidative enzymes, supporting mitochondrial
biogenesis, metabolic flexibility, and insulin sensitivity, making SIT effective for managing
metabolic syndrome and prediabetes (Brooks et al., 2023; Hargreaves & Spriet, 2020).
Crossing the blood-brain barrier, lactate also stimulates BDNF expression, enhancing
cognitive performance, memory, and emotional resilience (El Hayek et al, 2019).
Immunologically, SIT-mediated GPR81 activation reduces pro-inflammatory cytokine
activity, fostering immune recovery and resilience post-exercise (Llibre et al., 2025).

At the muscular level, SIT promotes both mTOR and AMPK activation, facilitating
remodeling in type Il fibers and enhancing anaerobic power (Bartoloni et al., 2024).
Additionally, lactate stimulates VEGF, driving angiogenesis, improving stroke volume,
capillary density, and oxygen delivery (Brooks et al., 2023).

Training guidelines to maximize lactate-driven benefits include:

1) Sprint duration: 20-30 seconds

2) Recovery: 2-4 minutes (active or passive)

3) Repetitions: 4-6 per session

4) Frequency: 2-3 sessions per week

5) Progression: Gradual increase in sprint volume, reduced rest intervals, or

intensity progression
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Despite its intensity, SIT is a time-efficient strategy vyielding substantial
cardiometabolic, cognitive, and vascular benefits. It is applicable for both athletes and
clinical populations when properly monitored. Gradual progression, adequate warm-
up/cooldown, and fatigue management are essential to prevent overtraining and ensure
safety. However, caution is warranted when applying SIT in certain populations such as the
frail elderly, individuals with uncontrolled hypertension, or patients with cardiovascular
disease. In these cases, medical screening, individualized exercise prescription, and close
supervision by qualified professionals are strongly recommended. Modified or submaximal
SIT protocols may be more appropriate to reduce risks while still promoting beneficial
adaptations.

6. Functional fitness / CrossFit-style training

Functional fitness, exemplified by CrossFit-style training, is a high-intensity,
multimodal approach involving varied, functional movements performed at moderate to
high intensities. Sessions typically integrate resistance exercises (e.g., squats, deadlifts),
cardiovascular tasks (e.g., rowing, running), gymnastics (e.g., pull-ups, burpees), and
metabolic conditioning circuits (e.g., AMRAPs, EMOMs, “For Time”).

Due to large muscle recruitment, short rest intervals, and sustained glycolytic effort,
functional fitness elicits significant lactate accumulation, triggering both local muscular and
systemic exerkine responses. Lactate stimulates PGC-1Q, AMPK, and SIRT1/3, enhancing
mitochondrial biogenesis, oxidative capacity, and metabolic flexibility (Brooks et al., 2023).

Functionally driven training improves glucose uptake, insulin sensitivity, and resting
metabolic rate, making it effective for preventing obesity and metabolic syndrome
(Hargreaves & Spriet, 2020). High-repetition resistance work under fatigue activates mTOR,
elevating GH and IGF-1, and supporting hypertrophy and endurance in type Il fibers
(Bartoloni et al., 2024). Lactate also crosses the blood-brain barrier, enhancing BDNF
expression, which supports cognitive function, emotional regulation, and neuroplasticity (El
Hayek et al.,, 2019). The complex motor demands of functional fitness further enhance
executive function, motor learning, and exercise adherence.

Immunologically, lactate-GPR81 signaling contributes to anti-inflammatory effects
and may mitigate post-exercise immunosuppression, supporting immune resilience (Llibre
et al,, 2025). Lactate also induces VEGF expression, enhancing angiogenesis, capillary
density, and cardiovascular function (Brooks et al., 2023).

Functional fitness is highly scalable, suitable for general fitness, rehabilitation,
occupational readiness, and clinical prevention. Its variety and engagement promote long-

term adherence and psychological well-being.
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Programming recommendations for lactate-driven adaptations involve:
1) Workout duration: 10-30 minutes at high effort (e.g., AMRAPs, EMOMs, “For
Time”)
2) Rest structure: Minimal or active recovery
3) Movement selection: Emphasize compound, multi-joint lifts and varied task
modalities
4) Progression: Increase volume, intensity, complexity, or density over time
While functional fitness is scalable and adaptable, caution is necessary when
applying it to certain populations such as frail older adults, individuals with musculoskeletal
impairments, or those with cardiovascular conditions. These groups may require medical
clearance, modified exercise protocols, and close supervision from trained professionals to
ensure safety and appropriateness. Low-impact variations, extended rest periods, reduced
volume, and emphasis on technique over intensity are recommended in such cases.
Personalized assessment and gradual progression are essential to minimize injury risk and
optimize long-term functional gains.
Given its intensity, technical supervision, periodization, and recovery strategies (e.g.,
sleep, hydration, nutrition) are essential. Monitoring RPE, HR, and lactate response can

optimize outcomes and mitigate overtraining risk.

Controversies surrounding lactate

Despite its emerging recognition as an exerkine, lactate remains a subject of debate
within the scientific community. The primary controversy revolves around its precise role in
metabolism and its effects on systemic physiology. While proponents of lactate’s signaling
role highlight its diverse benefits, some researchers question the extent and universality of
these effects.

The majority of scientists currently support the view that lactate plays a central role
in energy metabolism and acts as a signaling molecule with wide-ranging physiological
effects (Brooks, 2020). This consensus has been reinforced by mounting evidence
demonstrating that lactate is a key intermediary in the lactate shuttle, facilitating
communication between g¢lycolytic and oxidative tissues (Brooks et al., 2023). Many
researchers, including George Brooks, have emphasized that lactate’s function extends far
beyond being a metabolic by-product and serves critical roles in energy homeostasis,
immune regulation, and neuroplasticity (Brooks, 2020).

However, some scientists remain skeptical about lactate’s broader systemic impact

and question whether its effects are as significant and universal as described in certain
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studies. Some researchers argue that lactate's influence is highly context-dependent, varying
based on exercise intensity, duration, individual fitness levels, and other factors. Gladden
(2004) notes that while lactate plays important metabolic roles, its effects must be
understood within a broader network of physiological interactions rather than in isolation.
These critics caution against oversimplifying lactate’s roles or attributing systemic
adaptations solely to lactate without considering complex interactions with other
metabolites. Furthermore, challenges in accurately measuring and interpreting lactate’s
systemic effects in human studies remain a major limitation. Factors such as timing of blood
sampling, individual lactate kinetics, tissue-specific responses, and the influence of
confounding variables (e.g., hydration, diet, stress) can complicate assessments. These
methodological constraints may lead to inconsistencies across studies and hinder the
translation of mechanistic findings into clinical applications. One widely accepted view, even
among skeptics, is that lactate itself is not the cause of exercise-induced acidosis, as it was
once believed. The scientific consensus now acknowledges that muscle acidosis is primarily
driven by the accumulation of hydrogen ions, not lactate. This shift in understanding has
been championed by researchers such as Hargreaves and Spriet (2020), who emphasize the
need for clear public and scientific communication regarding lactate’s true role in
performance and recovery.

Overall, while a majority of scientists recognize lactate’s importance as a metabolic
and signaling molecule, ongoing debate centers on the nuances and mechanisms of its
systemic effects, as well as the methodological challenges in capturing these effects in vivo.
This underscores the need for continued research to clarify lactate’s roles across different

physiological and clinical contexts.

Future directions in lactate research

Research on lactate as an exerkine is expanding rapidly, with several promising
directions for future study, particularly in applications aimed at improving human health
and performance. One of the most compelling areas is the development of targeted
therapeutic applications. Lactate’s ability to modulate immune responses and reduce
inflammation offers significant potential in treating chronic inflammatory diseases,
neurodegenerative disorders, and metabolic syndromes (Liu et al., 2024). Designing lactate-
based therapies, such as controlled lactate infusions or exercise mimetics that simulate
lactate's effects, could provide non-pharmacological interventions for conditions like

Alzheimer’s disease, rheumatoid arthritis, and type 2 diabetes (Shang et al., 2023).
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Personalized exercise prescriptions based on individual lactate kinetics represent
another critical research direction. Exercise protocols tailored to optimize lactate production
and clearance may enhance training outcomes for athletes and therapeutic interventions
for patients with chronic diseases (Brooks, 2020). The use of lactate threshold testing,
combined with wearable technology that monitors real-time lactate levels, can enable
precision exercise medicine that maximizes metabolic benefits and minimizes adverse
responses (Hargreaves & Spriet, 2020).

The integration of lactate signaling with other exerkines, such as irisin and myokines,
is also of growing interest. Unraveling the interactions between these molecules could
reveal synergistic or antagonistic effects, offering a holistic view of how exercise induces
systemic adaptations (Brooks et al., 2023). This integrative approach may lead to innovative
strategies for enhancing health and mitigating disease progression.

Further research is needed to explore context-specific lactate effects, considering
variables such as exercise intensity, age, sex, and metabolic health. Understanding these
nuances will help refine interventions and maximize the efficacy of lactate-targeted
therapies. Importantly, deeper investigation into the mechanisms of lactate receptor
signaling - particularly GPR81 and emerging candidates - is essential. This includes exploring
tissue-specific expression patterns, receptor sensitivity, and intracellular signaling cascades
that differ across organs such as brain, muscle, liver, and immune cells. Clarifying how
lactate receptor activation cross-talks with pathways like AMPK, mTOR, BDNF, and
inflammatory networks will be key to understanding the full therapeutic potential and
limitations of lactate signaling. This will also help differentiate its role under physiological
versus pathological conditions.

The continued exploration of these areas will deepen the understanding of lactate’s
multifaceted roles, paving the way for novel applications that extend beyond traditional

exercise physiology and into clinical and personalized health strategies.

Applications in patient care

Lactate’s emerging role as a systemic signaling molecule offers significant
opportunities for enhancing patient care across a variety of health conditions. One of the
most promising applications is in neurorehabilitation and neuroprotection. During exercise,
lactate crosses the blood-brain barrier and can be utilized as an alternative fuel source for
neurons, which is particularly beneficial in patients recovering from brain injuries such as
stroke or traumatic brain injury (Shang et al., 2023). Moreover, lactate’s ability to upregulate

BDNF suggests potential for improving cognitive function, memory, and neuroplasticity,
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thereby supporting recovery and slowing the progression of neurodegenerative diseases
such as Alzheimer’s (El Hayek et al., 2019).

In the context of chronic inflammatory and metabolic diseases, lactate’s anti-
inflammatory properties can be leveraged to regulate immune responses. Binding to its
receptor GPR81, lactate has been shown to suppress the production of pro-inflammatory
cytokines, making it a potential target for therapies aimed at mitigating chronic inflammation
in diseases such as rheumatoid arthritis and metabolic syndrome (Liu et al., 2024). Exercise-
based interventions tailored to optimize lactate production can enhance metabolic health,
reduce insulin resistance, and improve cardiovascular outcomes (Brooks et al., 2023).

Lactate also plays a critical role in muscle recovery and adaptation, making it valuable
in rehabilitation settings. Physical therapy protocols designed to induce controlled lactate
production can stimulate anabolic signaling pathways, promoting muscle repair,
hypertrophy, and strength gains in patients with muscle wasting or weakness due to injury
or chronic conditions (Bartoloni et al., 2024). Additionally, lactate’s impact on mitochondrial
biogenesis supports improved muscle endurance and function, which is particularly relevant
in patients with chronic fatigue or mitochondrial disorders (Brooks, 2020).

The application of personalized exercise medicine using lactate profiling holds
further promise. By tailoring exercise prescriptions based on individual lactate kinetics,
healthcare providers can maximize therapeutic benefits while minimizing risks, optimizing
interventions for diverse patient populations, including those with cardiovascular disease,
metabolic disorders, or neurological conditions (Hargreaves & Spriet, 2020). Importantly,
individual responses to lactate production and signaling can vary considerably due to factors
such as age, sex, fitness level, metabolic health, and genetic differences in lactate
transporters or receptor expression. For example, patients with impaired mitochondrial
function or metabolic inflexibility may experience altered lactate clearance and utilization.
This variability highlights the need for personalized approaches when using lactate as a
therapeutic target. Monitoring lactate thresholds, kinetics, and recovery patterns through
exercise testing or blood lactate profiling can guide clinicians in designing safe and effective
interventions tailored to each patient’s physiological profile. These applications underscore
the potential for integrating lactate-focused strategies into holistic patient care, enhancing

quality of life and functional outcomes.
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List of Abbreviations

AMPK AMP-Activated Protein Kinase

ANLS Astrocyte-Neuron Lactate Shuttle

ATP Adenosine Triphosphate

BDNF Brain-Derived Neurotrophic Factor

CREB cAMP Response Element-Binding Protein

GH Growth Hormone

GPR81 G-Protein-Coupled Receptor 81 (also known as Hydroxycarboxylic
Acid

Receptor 1 — HCAR1)

HRax Maximum Heart Rate

IGF-1 Insulin-Like Growth Factor 1

IL-6 Interleukin-6

LT Lactate Threshold

LTP Long-Term Potentiation

MCT Monocarboxylate Transporter
mTOR Mammalian Target of Rapamycin
NMDA N-Methyl-D-Aspartate

PGC-10L Peroxisome Proliferator-Activated Receptor Gamma Coactivator 1-alpha
ROS Reactive Oxygen Species
RPE Rating of Perceived Exertion

SIRT1/3 Sirtuins 1 and 3

SIT Sprint Interval Training
TNF-QU Tumor Necrosis Factor Alpha
VEGF Vascular Endothelial Growth Factor

VOymax Maximal Oxygen Uptake
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How can the Application of SWOT Analysis and the TOWS Matrix
be Promoted in SMEs to Enhance Managerial Effectiveness?
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Abstract

Small and medium-sized enterprises (SMEs) play a pivotal role in economic and
social development. Strategic management is recognized as a sustainable approach to
enhancing competitiveness. Nonetheless, many SMEs have yet to apply theoretical
frameworks. This study investigates how to foster strategic management practices in SMEs.
SWOT analysis, known for its simplicity, becomes more robust when combined with the
TOWS Matrix. Case studies from four SMEs in different countries confirm the tools’ practical
success. Results emphasize the critical role of leadership in knowledge development and
resource allocation. Furthermore, formal coaching systems are essential. These mechanisms
can help SMEs effectively translate academic strategies into actionable organizational

practices.

Keywords : Strategic management, SWOT analysis, TOWS matrix, Entrepreneurs, SMEs

* Assistant Professor, Institute of Entrepreneurial Science Ayothaya

** Student, Business Administration Student Institute of Entrepreneurial Science Ayothaya
Corresponding author, email: pornsri.lau@gmail.com, Tel. 081-826-1800

Received : June 18, 2025; Revised : July 25, 2025; Accepted : July 31, 2025



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 159

unin

yUsznauNMIamRITLIANaLazIUIRg ol (SMEs) dardunalnddayluns duindou
wsugAalng neddnaiuninnin 99% 18aRANITIVA LAZINLIILIINNINTEBAY T0 D9
AANALTNY (@vneuaLESIAaMAITINANa WAL IUReN [ddn.], 2566) Way SMEs ﬁ’;uimgé’q
wigrediaauaruannsalunsusdy vdlusunismeuauemeauUAsuutatnisuenuas
msdanstadenelusgraduszuy u3ds F1uruann 1wy Kelliher and Reinl (2009) wag
Ghobadian and Gallear (1997) §21 SMEs ﬁﬂﬁx‘iW’]UiBﬁUﬂ’]iﬂj“U’eNﬁ;ljyﬂizﬂ’wﬂ’]iiﬂﬂﬂ’llﬂ%
wSosefiaszniifilassasetany awalnannuannsolunsivuanagnsidsszuu Tae
wIfn "n13danadenagns’ Sauun1TalIning AT AN MWINADY LaYaRNKkUUNAEYIST
novlangosnsiu Tedslilasunsussenalesnamisnduniaufifives SMEs

\3eafloTiaemiBanagys 1wy SWOT, TOWS, PESTEL, Five Forces uay BCG atuiiy
winsflefioanuuusniieatuayunsruiunisdndagnsmanslasiantz SWOT dalnsuaruiioug
mﬂmmiflmnguwuﬁw NNKad1599 Competitive Intelligence Alliance (2025) WU 50% V9
09Ansly SWOT uag 58.3% Tvpzuuuuszaninasziunans unilvesiia wy aslusidemens
T Tuguuuy "Checklist’ flvansdansigvinagnsifedn (Hill & Westbrook, 1997) TOWS Matrix
fadunsmesonain SWOT lng Weihrich (1982) waglvmstianenilassass WdanagvsiidaLay
Foulssgaude-gaoeu Mulenia—guassa guuuufiflaesadussuu sgndlslunquesnns
Micro-SMEs nslaau Tows Sawulanesiiiosinlassasseannsiiouas niwenssiia uas
Lﬁu m%u?m%swzﬁ%ﬂwé’n (Loetnithat & Potranandana, 2024) ﬁﬂifumsﬁﬂmﬁjﬁtﬂmma

)

Wielinszniuinauasuluyguseneunis SMEs awnsaduaIesde TOWS Matrix lulylunis

[y

U3msgsnalnesradugusssu lnefiansanvisnvediiniidey wasuuina lumsimuiesedls

Y
L4

Tmnzauiuusunues SMEs ielmianadnaidnagnsndedulussuze

uniizinsdanisifenagnsietlugnisussandldialasiio SWOT Analysis waz TOWS
Matrix

Tunsfinwatiuifesemtuaesausznauddny il 1) unAn“nsdamaidanagns”
Tneaaunfinislyiadesilo SWOT analysis uay TOWS matrix 2) nsdifinw 4 f1e813 3) wans
Ans1eat nadifinwra 4 uarn1sdanseiee WetilugraiausuuivnamsanaiunsUssgnaly
\3esile TOWS matrix GU’eJ\‘iﬁg‘lJiSﬂEJUﬂ’]i SMEs aéwwﬁugﬂﬁﬁm

1) uurRamMsIannBsnagnslaeyutiuiinisldieiasila “SWOT waz TOWS”

Tuenunmssy 1980 Heinz Weihrich lafaiuniedesiio TOWS Matrix 9mn#iuguves

SWOT Analysis daduipdesiieUssifiuaninunasuiianielutazaeuenasnns wissle TOWS
Matrix siuunsduatadsniglu-nouenesnsiingsng iieassaunasevigauds gaoou Toma

warAYANAIN AABAIUALATUNITAALTITEUY (Systematic thinking) LiBUBIBIANTHUUBIATIY



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 160

TOWS Matrix Gulwiﬁjmmmﬁ’mumﬂaqma‘imyaémﬂuizw wusoandu 4 Uszan laun 1) SO
Strategy: &[,“Z?’wgﬂl,l,%ﬂﬂ’;ﬂ@ﬂ’]ﬁ 2) WO Strategy: am;méauhy’wmﬂﬁﬁama 3) ST Strategy: 165%;%%@
\ioannansznuNieANAN 4) WT Strategy: anqagew Lagnandsidonnaiy ﬂaqméméwfﬁ
mmﬁwau wazusulelafunatsusun (Wheelen & Hunger, 2017) Wwaindesilofanan
FonPADITULLAAA “Dynamic Capabilities” Fauunmsusuasuniwernsamelulmmuefuns
\WasuuUasn1euen (Teece et al, 1997)
2) nsdifne 4 3l WieUsznaun1TIATIEI

NAIUFIAYUDI SMEs WNALMEITnTsh lahwansiessiainnsainw 4
nsdl mdnasen Wisudieu waslenemdiud Wedlmiiufsdnenimuesnisuszynaly
i3esile “n1sdnnisiBenagns” Talaniz SWOT waz TOWS TuuFunvesssAavuiananuas
vABaY (SMES) nadiAnwia 4 dndenaingsfnruinnaniuazauingen TnfagshaguLuIn 4
Usznet loun dssmanniaide Sulaiide Wuaun waving Tneflanuvannvanemsluniudnuee
3509 WazuIun GUENlJ’izLVIﬂﬁ'D:’iﬁﬁlLéuf;ljuﬁ’]LﬁumiﬁLLG]ﬂGlI’]\ifgfu

nsaiRnEd 1: 14 Absolut Chocolat (Mohamad Shukri et al., 2023) ﬁyﬂu Absolut
Chocolat LugsAvvungeslulsemaualde nesavulud w.a. 2561 Tnewdgiudymesnae
flashiase LLﬂSﬂ’J’]ﬂJEJ’]ﬂﬁ’]U’]ﬂIUﬂ’]i%JﬂU’]gWugﬂgﬁLam mm?ﬁmazﬁ@ﬂuﬁmﬂmmw 1A LA
Uszaunisainsdeitluaanaaasiuauaiavisvesgnavillnainnisiogiaingnan Wnided

=

FAnwlunuidetuidlniieiesiio SWOT uag TOWS Matrix alalunistinsenaniunisaing
537 Taowuan 9auds laun aunusuedidinslendiownes mafsiaunudnsmune waens
fimuwaniumessneiiies yneou loun Yowmensdasimusdisitn amdnuamesuusualy
funsansteswinly seavedumuluuuuou Tona laun nsidulavesunanvlesuooulay
arafisalufnnssuasssyaunisnl wazenuneansAuafidanuuanlug Seanay laun n1s
wpsuATuTIAY AMELATYININNNDY LLazﬁi’wmuqsﬁaﬁﬂsJéaan?fLﬁumﬁuﬁﬂﬁmimq%’uqq nsle
TOWS Matrix siluiwmanagmsiduszuuuasdniau Tne SO Strategy: Tvgaudsamuuusuaiifingg
Tyndiwunes uaruinnssuasenszualuniuianssueenlaunudunusvmne (g uilaa
WAIULANLE9) ST Strategy: lun3luineswaznisas1enmdnvalLusualnsiioSuile Aunis
w3y WO Strategy: angmesunismsladoooulauiiedalusludy Wamivesmisnisueg WT
Strategy: sMILUNTIUSUUTIRANWALATTMADARRBITUN1IZIATYgAY

nsaAlAnwdl 2: Recissbar (Fitriani, 2022) Recissbar LdugsAavuindnluiiiostuns
Usanedulaiide nedadled we. 2501 Tnsiuudmune vuuiudles 1wy Taakn uavduadoutiaa
win wanfamasduiiedlugusy uigsiauszautudymaelailuuuuey Tasianizes1sbinis
P1ag0Ine S1munglustuagainde 99nn151ATIER SWOT vesinddelunsfnuauideduil
wu gaude laun Foidesosaunluneiiu saviAvesdumiia TiAigeIe uazAIIMANYATY
voswdasfam gaoeu laun 1agomnanisdasuisluidnande mslulsludeaiife uaglud
ssuusweenulau fawuu B2C uar 828 Tena laun mavensausamiietugaudn nslede



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 161

poulay MafasEUUMIUIMITANg Auanau loun nsuvsdufunususvuelug gmqﬂgﬁ
UBBTIY NMILITIMAIATATIAA warAadEs 2NNITEBULUY TOWS Matrix 92811 Recissbar
an3aenagns i iugusssy lawn SO Strategy: Tyqaufsanematnluunudduisifn
uwasvlasulodeoailiie way B2B eaulay ST Strategy: 1vd 8o uazsaviivewansiam lunns
$uflefuguus WO Strategy: sz Uy A6l uazv818Y8IM19519UNe WT Strategy: 14
wAnSuluana uaziineusuaumsnainoaulay ieanauidsansideunuy

nsalAnwfl 3: Usvnnanlanzezgiilsnvurnnarsluuszsmaluuaud (Skotnicka-
Zasadzien et al,, 2023): U3tunsiifiauuusnmanananglusznads 51% wasfivwangluns
YYIYAAINEIDON G?fﬂé’fahimmsaLﬁsz5&1@7&3}\]zﬁmwé’nmﬁdwﬁﬁ’naquq MNMTIATIEN VD
inideiinuaudesd wun AU loun mflmﬂuéﬁmmm Tnssasnsasnnsiiiussamaam ns
iéj%mmmmg’mmﬂa LAEITUY U%ﬂﬂi@lﬂg’]ﬁla 9n00U laun w3osdnsiianade FEUUATUAY
anunmitluviuatiy Jammnanisdu uag iﬂﬂlgﬁwsﬁumm@ma Tonna laun nsveneaaiauan
annmglsy msfsgatinasmu wasnsiiivans wdndom Soanam loun ANUAUNIUYDUATEFNT
saringAufilanuuey waensusduInasszma TOWS Matrix latasdvunuuamadanagns
ograuszun laun SO Strategy: Ivda1dBsves U3MUaraNAsg AN INTIDIIIgMANATDDN
wazfanANasu ST Strategy: Tyanuudaunssnu ssrnsifieanmanssnuanamsiAsusiauay
N15uYeTU WO Strategy: knlvqneaulasnisdamunas iunuuivusnedesdnsuasifivans
NARS N WT Strategy: am&?wqu USUTASIa51919N15 1Y Wae WAILNNSEUIUNISHER

nsdiAnwndl 4: Whfunugudusd (Musigapan et al,, 2021): Wisunugwdun faeglusiine
povaziin Srindodv WuRsnsuadniisudunisnni 10 9 Yssneufansidenuuas
wUs3U 1undndaum lwu nugrsagulng 9:1nnsiiesznvesinide LLajdﬂﬁugwazﬁﬂmQWWLLaz
Uaananiiiy LLG]IW’l’ifiJgﬂmLm%iy,fsf‘tl‘?j’@ﬁ’lﬁlﬂé’]}’luﬂ’liﬁwuﬁauéj’l N13E1AAIN WAZNITUINITINNTS
INNFAATIEN SWOT WU gauds loun Uiza‘umaaﬁmammwmm%u& 00U laun Msvn
yaansuazinue manatn Tena laun erumesnsAuaflanizinizas Yemnanisdadimuie
ooulau warNsE VALY INAATE NYANAY lﬁLLﬁmﬁLﬂ?{aul,maqwqaﬂiim;ﬂ%lm nsuaadui
i LLasms%’Ungswﬁ‘ figitn n13ly TOWS Matrix 9aefmuauuImanagnsidnia wwu SO
Strategy : laAmAINU0Y HAAS U wazUszaunsailunisueenatanIuYeImseaulal ST
Straegy: Iﬁgqmvﬁwamﬁu%’uﬁaﬁu ﬂ’]iLLﬂlﬁﬂJuLLazwqaﬂiiN@j’Uﬁﬂﬂ‘ﬁILUgEJ‘LlIU WO Strategy:
Wawmalulagnisranuaznislodensva elalunisnain WT Strateey: QQLﬁumiammﬁﬂm
Tnwagimunansusiioanvosfalunisuusdy

3) MsAseinailldannnsine 4 nsdlinen

W ornszuaunisiiasievinasiad esio SWOT nuawaslvaiuisaUssidy

anmunaeunisly uaznsuenasansilussuy Suungauds geeeu Tonia wagdvanaula

FaLau vilninuanagmsle



NIATUMINENGEAsaeu U9 31 atuil 3 nsngiau - Aueey 2568 162

freenagu lunsdives 37u Absolut Chocolat Ussinaunaide Usyautymiamnin
Auan menludennaesiumuaAnisresgnan Ustaunisadediluuseiula shilnluaunsndnw
aneid lnogedsdu ssfaneaiiulanmannianssuiianunsaanaszaunisalvaunguslag 39
thnagys SO Wiamanfumzuuuuln iy “wniiguilnannuases”idlugnandausanluns
ONUUUNAASUT Yosnuies TaufuRnssunsmamdsUszaumsniuagnslamaunusmune Tu
nsflves g3fagumU Recissbar nUsunadulaiife Seauddluausand duan uazaruienly
yuwy undszavtesiinannisluivomnadndmunglusuasainde vilvanydelonta luns
YENAINDENNINN §3nadsUszgnalanagns SO Tnsadegaudsiifogynaanaluuniunis
Nedmugluddnnsifa uazveeromisesulay wuu B2B aruuidnnanlanzozqiiouvuin
nandlutszmeluuaun f9auds auaunumaalulssng audeivguasinnsgiugunim
seduanna figneeu aruwmalulad iwdosdnsfiaradie luawnsa sesfumandaiiionsaseonia
penailUszAnBam Snitdsusrautamanuiuyu gstadadenlsnagns SO endedoldesisgaiin
amuieifisdngnmamelulafuasenssduauninansunaseen nsdiaanis fe “dsuny
avdun” gsfauruludoduy Seaudenuamuainduan Ussaunisnl 877010 unwIavinye
manan gatanseutnideniannnqugnanens wasuwwilusduaiiiondnual Sdlynagns SO

A39ANULANALAZ VUIRAIANIUYBIN 9D DUlAY

e
o . UsENHAnlan ‘ o o
nsANeN Absolut Chocolat Recissbar - I WSUNUFVFUR
IadLUYU 9
R guan "an" v ¥ R - HITUAULAZ NI
fnuarssia v v v uvuAgIemsiules | gsiandnlaveevgiilien - .
iwuwlumﬂaﬁwaum nannamlIgUannny
YU YUIALEN YPUALEN YUIANANGAINNTTY YUIALEN (FINIYUYL)
Uszine LIt dulafidey Tuaun ng
- Y. walulaginvilvvene ASWAILNFUAN ANSVENY
3 ¥ v YINYBINNNTIAT MUY - .
Jaym 1AN1TFTVDIGNAT v P panalunaianalseine fam NSUSINTIANNT
Tusuagmange Y v -
laila 53719
o WUSUAULRRD/ SEUNA v, . . P
SWOT/ LUSUALAL/ 3 R&D : : - Hnan /M lungn Uszaunsnsgy/ duen
) L, . 9508/ 1AL/ 1l e oa X
L9 (S) LUILATY ANILIULRDT - /03ANIUUTEEANEA N AN/ LEBUaDAENS
MaAnysaAv A
Do maeenn/ luluslue/ nanluLduR / v o
‘ ganvgluiuwew/ - o i . v Yravinweiau/
noRU (W) . v usmsueeaulauluf/ Sesdnsanaie / .
Aovaus/ $1Ag e o luatlanisnann
dslavih B2B AM5RUPBULD




a v a A A o A Y
MIFETUNNINYIRYATALNLU UN 31 UUN 3 NINHIAN — NUYIYU 2568 163
UTenHanlane
= . 1% 4 v g
nsiANEN Absolut Chocolat Recissbar =y Wsunugvaus
azafion -
‘. saudloduiansm/ Wslue - nameeulauls/

na1meaulaw/ Aanssu o VWIRN / Fgenuamu | L v _ . v

lona (0) . . | ruludes/ vene B2B o v [iauguslannguangles

aowlaw/ vunguuulng . aunsallvay/ wndueiny | D

soulau Sgatiuayu
. WUy ARUIRUTUAGY/gIugnan | wsugiaduran/ weRnssuAwUAY/
yAnAY (T) ; v . . o C .
\AswgRamNen wew/savdaenideuny | wuedugysaingavluis | auraess/ wusualuds
TOWS SO aswmsun Avianssy | SO venenanalva / . SO vhwannesulau /
. P v . : . | SO venemana-Reinaamu
nagns savllauunaunanies) | visdlva / Wsluneeulau DONIULANS

ST wuszaunisaignal / | ST v189eIne / wiuns | ST Wamnesans ST Wanndua1nINgnAl /

Tyaudasisgnan Wslun / Wawsdndum | /assanudiula A59LATUILNNTAAN

o . . . o WO $Useea U
WO Tlwde Onlinednlusan | WO ensediuszuudanis | WO asmuluu/idiuinds 4w .

oo . . v R TnFeii/ wusuad
5101/ Twfanssudiveen |/ vi1 828 / Teludea HER .

Viuale
L v WT Anousy / . . .

WT Wanduailnsian . : WTanauyu/Usuwkums | WT susuiiuvinue /

. . Venan / isalng - s
gAY / ENIZAUALAIN Ru W waasinmlng
Togaudeasanssud TysanA-wusun oL L. Tygaudsnunanin

WRNA : . v Tygaudandndunisiiule P .
—R1ZAAIN AL wiausenalena ANleNIERaIALL
aanansznuannsusty | lvgaudmeaguua AAKANTENUAINAT Tyanailadn

Tnglvgaudanusun wavannIsaenidey wiaduLazIATYENA Fasuilonsuvedu
Talemanieuennsenu y . "

.o Tolonawiven . .o Talenianiguen
gonvuunNyneeuseny | . o . . Talenaungmeeuniely v
; yodlmlueians ungmeaunely
A
angneau-nuyuNTwYty | Sulleanuidssann NN SN deym Fuilomnandesvou

TuraneineduausIAn

melu-neuanlunsasiy

WWIRsdnsmAlulagnn

PNVIATINGE HASALYI




NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 164
a Y o v v [ v g
13719 NTFAIITUUVDINNAATUNINYINITVIUNIUAN YT
=1 ¥ o w v v o w v ¥ o v v va I3
nIfiAnE dadinau dadinAu dadnindu HAATIEN
ANF/VinEy NINYINT N15RY YIAYAAINT** SWOT/TOWS
Absolut Chocolat PINANUFATATI WNIAAIAINA PIAYAAINTAY 1398 (Mohamad
IR Usgaunmsagnan WIANTIUNARANN | Shukii et al., 2023)
ARVIRTHIRT R NN
Tlanaunuiam
WINNTU
Recissbar Bulafigy) |[lufiniug B2B uar | luanunsoasu lufiawiing 133 (Fitriani, 2022)
lyweailifs veneves | svuvesulau AAARIVA

9859970 Lae Ll

NSLABUTTUY
TGN
Tseauazgiliiley MaAUgnalulad Jvn N5ty wae | VIasdeIvy AU | 90338 (Skotnicka-
QUuaun) adeln A3DIINANALY walulad way 1 Zasadzien et al.,
AMUTEIVIYIDY | 2023)
LASD99NT
Wrsunugudun PININYENITNAN IUUTTUUNAIUY VIAYAAINTNE 11798 (Musigapan et
(nsalAnwvesine) LAgNNSNAUIFUAT SERRORE YiNs NaINae al,, 2021)
Y ieenu1y wily

TATIMATUA HAA
WIeNnANTTURUILAA

TunsiAs1e9 SWOT wag TOWS 91n¥ia 4 nsiiAnen wu%aai’wﬁ’mﬁﬂﬁigmmqiﬁﬁ] SMESs 7
fanqu lowTuanufiivdn loun (1) mm'guazﬁﬂw 11 Absolut Chocolat Gummmgﬁmmsaﬁyw
Uszaunsal gnan Recissbar 1atinuzlunaindda Tsanuegfideululuuaun vineseannug
prumeluladl uaziagidormgaiuaiesdnnn uasvhiunugudus vanyeaIu1TnaTn
wazanandm Tunsiasen SWOT uaz TOWS 910w @ nsalfinw Wusﬁjaai’wﬁ’mﬁwﬁigsuaa
5379 SMEs flanunsa dnnquiduanufiandn loun (1) mfmguazﬁﬂm W Absolut Chocolat 19
ATIFN1TAT9UTEAUNTSA gnAn Recissbar 1avinuzlupannddvia Tsanuesgiidon Tuluuaun
vnesrmugaumaluladlyy wasnisunuavduRAnuEA LN IIAAIALAL TAINER Tum
qﬂaiiﬂma"nf amanamsluiaiosile ATEMBnagns \wu TOWS Matrix Fenpsorduiinuenis
’imiwﬁqwﬁmamg (Mintzberg, 1994) A0AAABITULLIAN Dynamic Capabilities (Teece et al.,,
1997) (2) niNe1ngNsiu 19 4 n3dl idyosiAnIIUUTEIN 1L SUNMIAAIA MIAMUATY

918 MI9NTHAILWNALULAE TIganPaeInULUIARA “Growth Constraints” wag (3) NSweINg

AAR LU VIATNNITAAINAIVA U IATLTeLasuInnTsy seyAaINTdvinyesaUAY

L )




NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 165

ayUuazdaauanuzlunsinluly

NNMsAnwINTaifoe19§3A SMEs $1uau 4 518 Fseglumannvaieuiunmnagsia wun
w3 ealaTias1eviBanagys Ly SWOT Analysis way TOWS Matrix mmsﬂﬁﬂmﬂszqﬂﬁh%ﬁu
ssRvrwananuazamageulaas lnsvaslvnnsnawudnagnsilassaseiidaau waeln
;;ﬂﬁzﬂaumimmmﬂizLﬁuamumﬁajmqqiﬁaﬁgqmstuu,azmauaﬂiéjaémﬁmzw LLazﬁ'ﬂ:dgj
msfsuALLAIsNTTRNeIANTeesiU s AVE LAz By aendlsfiniy wieTesdioienagms
fidnenmgslunmunussia unanuan1sinyidsnmninuagionaisaduayuanstu ndy
wugUsznaums SMEs anlugdiluansainedosdiofmnanivlsmilaosadudsyansam
LﬁaqmﬂLm%wﬁ’U%aﬁﬁmﬁﬁm 3 Uszns laun

1. das1fndruanuiuasines gusznounssuusndniiugiuaueilaly
ndnnshasgndanagns uarlulvinueiiduiulunsuanaroyamsgsialoglugUuuuvosumy
nagms vilnluannsaluadosdio SWOT uaz TOWS lnessgnmaesvidensdn desny 1uidy
99 Musigapan et al. (2021) #3215 Usznounis SMEs Ssuainuglunisiinsisnuasidonles
szymedadenglunieuen suduiladdyueaniesiodanagns

2. HasriadundnenInsiu 5379 SMEs Srunuanndved i uiunu amalvly
ansnsnasuiunIsiauIAnenmaunagnslasismeiio iy luannsadnnsiivinmaneuen
\nsRanssIRAdnenIn viednhveyadiniulinsendnagnsiaesiafisame fa oum
et al. (2014) izmﬁ mmhiamyjiajmamm@ (Market failures) Iuﬂ'ﬁLﬁJﬂﬁmu Lﬂwﬁﬂuqﬂaﬁﬂ
ddnymemsfiannagysues SMEs lugfiniredou

3. dadrAaduninensyana SMEs lagvluiduuntinnudidauazwinauanlng
posfimniinasunum shilnvayeainsanzmsiiannsolinsesaviesenuuunagmsie
a&ﬁ%ﬂu%z‘uu ﬁumsﬁ'mia;ﬂﬂﬁ%mﬁﬂmﬂwﬁ lflfu Strategic planner %39 Business analyst Lﬁuﬁﬁ
fivilagnluusunvesgsiavuadn 8nsia Amoo (2019) i Msanuansanislussans
Feanmgudniivlvnagnsgnluifisdudauisuifsuiiug luawnsadludoulesgns
Fifiuuaelangnansuieeg

uBN9INY BT Cohen and Levinthal (1990) Suauondamdnusenmilsiiddfe
aannsnlunisgadulaziinaams lnalutszgnale (Absorptive capacity) Tusgduras SMEs
frogluszdus Fedirinnisiamnesiaduszuy Wefinnsansiudunansideainumasnisy 1wy
Musigapan et al. (2021); OECD (2019); Oum et al. (2014); Cohen and Levinthal (1990) ﬁlﬂ
fuduan vesrdasauaurnuiuguassedidyaenisensefudnenmidnagnsues SMEs
JEEERH

POLAUDMULLTIUTI UG RAZUINIINITNAIL

[ 7 [ ¥ [

INVOAUNUYNAY Fevatauslusidulavglazwn U iR aLasun1sULAT0dile
Aaszndanagnstuleluniagsfia SMEs Asil



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 166

1. dasBunsiseuidenagnsegradussuy
MAsguasLIsuaNaisIAam A TUsL sue U UM aIaT AT A Y
wiladsdniivaduiadeale SWOT way TOWS sgwnaLies lnsiuunisaeuuuy "asilevin’
(Learning by doing) shumiamm%wﬁﬂ’amﬁ (Workshop) ﬁﬁ;@%m%wﬁuﬁﬂuﬁﬁu (Coaching-
based workshop) ifielnaUsznounisiindiaszngsiavesauiadluaniunisaiais anarandy
UsTTHRNAT0slaLdmg L
2. atfuayuningINsN1aN1siuiinsegn
wauslvniasgiansandadanomuanasunagnsdmiu SMEs laglaniz 1wy nu
atuayunsTeivinwilunsiiesen SWOT/TOWS yuifiowauununagnssziuesnns vidoyu
gavdmiuniaisalasinseusdsUfoins ﬂgﬂ‘ﬁmiﬁ%é’ﬂLﬂz:m;lﬁﬁwsjuuasmmzamﬁ’w%w
Y9453AI e
3. WuuaansBenagnsnigluseans
Arsatuayunsassununlnaluesans SMEs wu "yUsyaunagns’ wie Strategic
coordinator ‘ﬁlﬁwwjﬂ‘ﬁ'Lﬂuﬁgl,%amismwﬁamﬁmeﬁﬁaj@aﬁa NI LAZAITANTUIUDTS
Tnsarsdaludimsousmanizyg ufamstaunadons yismgminensuywe” famis
yhnfiiiu Boundary spanners tioideulosrneniag nglussans
4. sanuuuiaIasilielimanzaufuusunves SMEs
prsfinsimuiaiesiio SWOT/TOWS nestuiilyans luduseu ffosnslasunsen
TayaR19879 LazLuIRnIugIeTiazd wsenadenislyeudiianlese deaseanuuuln
aennnoIfUILALAETAAILAIL1I0v8Y SMEs ielnanunsniilulasulaeds
5. s¥1endensaiinuuazdunuunagnsiiussauanuduia
mesgmsdafuuasmeunInsdfnuiiyUssnaunis SMEs Ussauarmdnianinnis
Tuedosfiodnsemdanagns dolndusuuutlumsneaunidou wunssdumalaungdsznaunis

31801

unasy
mnaesn1slinisdanisdanaguslusedu SMEs analunsuffuazansandndulug
mnuansalumsuwsuiiddulusseren sudunewiiiunmsanvesitaiidfaie 3 am lown
1. ﬂfnu'gt,l,azﬁﬂwﬂumﬁmeﬁl,%masmé
2, i’faﬁi"]f“fmmmiﬁuﬁﬁﬂﬁlﬁmmsaﬁﬁumLquﬂaqwélga&JNLﬁuﬁ
3. gesnfnnuninensyanaivhlnafiunagnsnigluesnns
nseonuuvulouslazIAsIsALEINATTAVAN “anuisune Wouleeiuuiunaie
wardianurn” ielnagms lufissogluununy wianansnihlugnisufoaessaensdsdululan

ﬂ@ﬂﬁqiﬁ’ﬂﬂuqﬂﬂa’NLLagsU‘L!’]ﬂEJ@iJ



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 167

LONE15D19D9

dlinnuanaiiavinuuanaLazILIREaY. (2566). 891U UNITAITTIMARYLIANANUAS
Yumeiaal (MSME) 960 2566. https://www.sme.go.th/uploads/file/20240919-124025
SME_Annual_lowres_final.pdf

Amoo, N. A. (2019). The use of tools and frameworks by SMEs in the strategy formation
process. International Journal of Organizational Analysis, 27(2), 337-367. https://
doi.org/10.1108/1JOA-02-2018-1363

Cohen, W. M., & Levinthal, D. A. (1990). Absorptive capacity: A new perspective on learning
and innovation. Administrative Science Quarterly, 35(1), 128-152. https://doi.org/10.2307/
2393553

Competitive Intelligence Alliance. (2025). Is SWOT analysis outdated? Our research holds
the answers. https://www.competitiveintelligencealliance.io/is-swot-analysis-outdated/

Fitriani, E. (2022). TOWS analysis on Recissbar to increase its competitiveness. Revista CEA,
8(16), e1876. https://doi.org/10.22430/24223182.1876

Ghobadian, A., & Gallear, D. (1997). TOM and organization size. International Journal of
Operations & Production Management, 17(2), 121-163. https://doi.org/10.1108/014
43579710158023

Hill, T., & Westbrook, R. (1997). SWOT analysis: It's time for a product recall. Long Range
Planning, 30(1), 46-52. https://doi.org/10.1016/50024-6301(96)00095-7

Kelliher, F., & Reinl, L. (2009). A resource-based view of micro-firm management practice.
Journal of Small Business and Enterprise Development, 16(3), 521-532. https://doi.
org/10.1108/14626000910977206

Loetnithat, C., & Potranandana, W. (2024, August 6). Revamp policies to boost Thai SMEs.
Thailand Development Research Institute. https://tdri.or.th/en/2024/08/revamp-
policies-to-boost-thai-smes/

Mintzberg, H. (1994). The fall and rise of strategic planning. Harvard Business Review, 72(1),
107-114.

Mohamad Shukri, N. H., Hasnul Hadi, M., Supari, N. W. S.; & Mohd Ishar, N. I. (2023).
Developing effective strategies to enhance customer satisfaction: A case study of
Absolut Chocolat, a dessert-preneur in Malaysia. Creative Business and Sustainability

Journal, 45(2), 90-109. https://doi.org/10.58837/CHULA.CBSJ.45.2.5



NIAsUMIMENduasaiey U9 31 aluil 3 nsngiau - fueney 2568 168

Musigapan, R., Promya, J., Tongsiri, S., Chitmanat, C., & Thiammueang, D. (2021, December
22-23). Analysis of potentials and strategic management of frog culture: A case study
of happy frog farm, Doi Saket, Chiang Mai, Thailand. Proceedings of the 3“
International Conference on Renewable Energy, Sustainable Environmental & Agri-
Technological Innovation (pp. 96-102). Maejo University. https://erp.mju.ac.th/open
File.aspx?id=NTMyNjM1&method=inline

Organisation for Economic Co-operation and Development: OECD. (2019). OECD SME and
entrepreneurship outlook 2019. OECD Publishing. https://doi.org/10.1787/34907e9c-en

Oum, S., Narjoko, D., & Harvie, C. (2014). Constraints, determinants of SME innovation, and
the role of government support (ERIA Discussion Paper Series No. DP-2014-10).
Economic Research Institute for ASEAN and East Asia. https://www.eria.org/ERIA-DP-
2014-10.pdf

Skotnicka—Zasadzier"I, B, Zasadzieﬁ, M., & Grebski, W. (2023). Application of TOWS/SWOT
analysis as an element of strategic management on the example of a manufacturing
company. Scientific Papers of Silesian University of Technology: Organization and
Management Series, 189, 541-552. https://doi.org/10.29119/1641-3466.2023.189.34

Teece, D. J., Pisano, G., & Shuen, A. (1997). Dynamic capabilities and strategic management.
Strategic Management Journal, 18(7), 509-533. https://doi.org/10.1002/(SICI)1097-
0266(199708)18:7<509:AID-SMJ882>3.0.CO;2-Z

Weihrich, H. (1982). The TOWS matrix-A tool for situational analysis. Long Range Planning,
15(2), 54-66. https://doi.org/10.1016/0024-6301(82)90120-0

Wheelen, T. L., & Hunger, J. D. (2017). Strategic management and business policy:

Globalization, innovation and sustainability (14th ed.). Pearson.

A1
~’~.~’.~‘ @”.".&‘
’@\\‘



UKI3NYIAUASAIGEU 144 K 7 0.00ugNghal DNUoNIURSUI

Ins 0-3438-8555 cio 3102-3104
E-mail: cutjournal@christian.ac.th

ri i i i | ]






