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Abstract

This paper investigates the positive integer solutions of the Diophantine equation   

where  is a positive integer and  are positive integers with the condition . 
The study focuses on the existence and structural properties of the solution set. For a  xed smallest 
denominator, it is shown that the equation admits only  nitely many solutions, and explicit upper 
and lower bounds for all denominators are established. Necessary conditions and polynomial growth 
constraints for admissible solutions are derived. These results clarify the structural behavior of 
power-type fractional Diophantine equations and provide a theoretical framework for further 
developments in number theory.
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Introduction

Diophantine equations are algebraic equations whose solutions are restricted to integers. They may 
be linear or nonlinear, involve one or several variables, or form systems in which the number of variables 
exceeds the number of equations. The study of Diophantine equations constitutes an important 
branch of number theory.
 In 2019, Thamkaew et al. investigated Diophantine equations of the Equation (1) and (2)

                                      
, (1)

 and

 (2)

 where  are integers and . Their results described the number of 
solutions depending on the value of . In 2017, Burshtein Nechemia studied reciprocal-type 
Diophantine equations and developed structural techniques for constructing parametric solution 
families, contributing signi  cantly to the theory of fractional Diophantine representations. In 2022, 
Thamkaew and Thamkaew examined the quadratic power case Equation (3)

 (3)

establishing existence results and identifying families of solutions depending on the smallest 
denominator. Subsequently, Saethao et al. (2024) investigated the cubic case Equation (4)

 (4)

and analyzed the structure of positive integer solutions under ordered denominators. Their results 
provided further insight into the behavior of higher power reciprocal Diophantine equations and 
demonstrated how the number and structure of solutions change as the exponent increases. 
 More recently, Muangkarn et al. (2024) extended this line of research to the fourth power 
case Equation (5)

 (5)

establishing structural classi  cations and identifying parametric families of solutions.
Motivated by these developments for  the present study considers the generalized power 
by Equation (6)

 (6)

and aims to investigate the existence and structural properties of its positive integer solutions for 
arbitrary .
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Preliminaries 

Diophantine equations are algebraic equations for which only integer solutions are sought. They may 
be linear or nonlinear, involve one or several variables, or even form systems in which the number 
of variables exceeds the number of equations. The study of Diophantine equations constitutes 
a central area of number theory, focusing on existence criteria, structural properties, and classi  cations 
of integer solutions. In particular, equations involving reciprocal sums have attracted considerable 
attention due to their connections with classical problems in number theory.
 The equation considered in this paper belongs to the class of reciprocal sum Diophantine 
equations and is given by Equation (7)

 (7)

where  is a positive integer and  are positive integers satisfying the ordering condition 
. This form may be viewed as a power-weighted generalization of Egyptian fraction 

representations, in which the numerators are no longer constant but instead grow polynomially 
according to the exponent . The presence of the power term signi  cantly affects the behavior of 
the equation, especially with respect to growth and dominance among the summands. The strictly 
increasing condition imposed on the denominators ensures uniqueness in representation and prevents 
trivial rearrangements of solutions. Moreover, it facilitates structural analysis by allowing solutions 
to be classi  ed into distinct parametric families. A parametric solution refers to a family of integer 
solutions that can be expressed in terms of one or more integer parameters. Such representations 
are particularly useful in studying in  nite families of solutions and understanding their underlying 
structure. Since the numerator  grows polynomially with respect to , the magnitude of each 
term in the sum depends critically on both the exponent  and the size of the corresponding 
denominator . As  increases, the growth rate of the power terms becomes more pronounced, 
and stronger constraints on the denominators are required in order for the sum to equal one. 
Consequently, inequality techniques and bounding arguments play an essential role in analyzing 
the existence and structural properties of solutions. These foundational concepts provide the 
necessary framework for investigating the generalized Diophantine equation and for developing 
structural and parametric descriptions of its positive integer solutions.

Results 

In this section, we establish structural properties and existence results for the Diophantine Equation (8)

 (8)

where  is a positive integer and  are positive integers.
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De  nition 3.1 (Big-O Class).
Let be a function. The Big-O class of , denoted by , is de  ned as

 for all 

Thus,  is the set of all functions whose growth is asymptotically bounded above by a constant 
multiple of .

Theorem 3.2 Let Equation (9)

 where  (9)

Assume that  Then the Diophantine equation admits only  nitely many positive integer 
solutions.

Proof Fix . Since  where  is any positive integer, the number of variables is  xed.
Because the sequence is strictly increasing,

 for all 

Step 1: Lower bounds are  xed.
From (1),

Thus each denominator has a  xed positive lower bound depending only on .
Step 2: Obtain an upper bound for .
We have Equation (10),

 (10)

Using (1) by Equation (11),

 (11)

The equinity  is a  xed real number because  and  are  xed.
Since the left-hand side of the original equation equals (8) and all terms are positive, we must have
Equation (12) - (13),

(12)

Therefore,

 (13)

Because  we obtain
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(14)

This gives an explicit upper bound for Equation (14).
Step 3: All denominators are bounded.
Since

each  satis  es

Thus every denominator is bounded both below and above by constants depending only on  and .
Step 4: Conclude  niteness
Each  lies in a  nite interval of integers. Since  is  xed, the number of possible integer tuples

 is  nite. Hence the equation admits only  nitely many solutions for  xed .
Let  and  be real-valued functions de  ned for suf  ciently large integers . We write

,

if there exist constants  and  such that  for all 

This notation describes the asymptotic upper growth rate of  relative to .

Remark 3.3 We use the classical estimate for sums of powers:  which follows 

from Faulhaber’s formula. In particular, this implies 

Theorem 3.4 (Polynomial Growth Classi  cation) Let Equation (15)  

 where  (15)

Then every solution satis  es the following growth conditions:
 1.  for all 

 2. 

 3. In particular,

Proof Step 1: Proof of 
Since all terms in the sum are positive, we have Equation (16)

 for every (16)

Hence,

Multiplying both sides by  gives
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Therefore,  for all 

Step 2: Proof of 

Because the denominators are strictly increasing Equation (17),

 (17)

we have  for all 
Thus Equation (18),

 (18)

Summing from  to  Equation (19),

 (19)

Since the left-hand side equals 1, we obtain Equation (20)

 (20)

Multiplying by  yields Equation (21)

 (21)

Step 3: Asymptotic growth estimate.
By the classical power-sum estimate (Faulhaber’s formula) Equation (22),

 (22)

In particular Equation (23),

 (23)

Combining this with Step 2 gives

,

for some constant  and suf  ciently large . Hence,

This completes the proof. 

Conclusion and Discussion

In this paper, we investigated the Diophantine equation
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under the ordering condition  with and . The main objective was to 
analyze how the smallest denominator in  uences the structure and size of the solution set. 
The results establish that, for each  xed smallest denominator , the equation admits only  nitely 
many positive integer solutions. This shows that the solution space is completely determined once 
the initial denominator is  xed. Furthermore, explicit lower and upper bounds for admissible 
denominators were derived, leading to polynomial growth constraints governed by the exponent . 
In particular, every solution must satisfy , while the smallest denominator satis  es an upper 
bound of order . These  ndings clarify the structural behavior of power-type fractional 
Diophantine equations and extend previously known results for the cases n = 1, 2, 3, and 4 to arbitrary 
positive integers . Rather than focusing on explicit enumeration of solutions, this work provides 
a general structural framework that explains how growth conditions restrict admissible solution 
families. Future research may address the explicit construction of parametric solution families, 
the determination of exact solution counts for small values of , and possible extensions to more 
general reciprocal-type Diophantine equations without the restriction  Another promising 
direction is the asymptotic analysis of solution distributions as the exponent  increases.
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Abstract

The research objective is to develop and evaluate the stability of mathematical modelling for 
controlling the spread of chickenpox in the education campaign. The model is analyzed using 
standard methods, the equilibrium point, stability of the equilibrium points and analytic solutions. 
The effectiveness of the education campaign in mathematical modelling and numerical solutions 
is studied. The  ndings of the analysis indicate that the effectiveness of the education campaign 
constitutes a signi  cant factor in  uencing the dynamics of the mathematical model developed 
to control the spread of chickenpox. It was found that if the population at risk of infection with 
chickenpox has knowledge about the prevention of chickenpox, it will contribute less to the increase 
in the spread of the disease. If the population at risk of infection with chickenpox has knowledge 
about the prevention of chickenpox, it will contribute to the decrease in the spread of the disease 
until there is no further spread of chickenpox infection. The population at risk of infection with 
knowledge about the prevention of chickenpox is not less than 50 percent of the total population 
and will contribute to the decrease in disease spread until there is no further spread of infection. 
This highlights the importance of public health education in controlling outbreaks. By ensuring that 
a signi  cant portion of the population understands how to prevent transmission, the overall health 
of the community can be safeguarded and the incidence of chickenpox can be signi  cantly reduced.

Keywords: Mathematical Model; Chickenpox; Control the Spread; Education Campaign
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Introduction

Chickenpox, known as varicella, is a highly contagious disease caused by the initial infection with 
the varicella zoster virus. The disease results show the characteristic skin rash that forms small, itchy 
blisters, which eventually scab over. It usually starts on the chest, back, and face and then spreads 
to the rest of the body. Other symptoms may include fever, tiredness, and headaches. Symptoms 
usually last  ve to seven days. Complications may occasionally include pneumonia, in  ammation 
of the brain, and bacterial skin infections. The disease is often more severe in adults than in children. 
Symptoms begin 10 to 20 days after exposure to the virus (Division of Epidemiology, 2020). Based on 
the mathematical model, the transmission dynamics of chickenpox can be characterized, thereby 
providing insights into the factors that in  uence its spread and informing effective control strategies. 
In addition, the strengths of mathematical models can change the characteristics of the disease and 
the parameters related to it. Isolating affected individuals can prevent the spread of chickenpox. 
Contagion is by exposure to respiratory droplets or direct contact with lesions within a period lasting 
from three days before the onset of the rash to four days after the onset of the rash. The chickenpox 
virus is susceptible to disinfectants, notably chlorine bleach. Like all enveloped viruses, it is sensitive 
to desiccation, heat and detergents (Sangthongjeen et al., 2015). 
 Mathematical modeling of chickenpox (Varicella) epidemics provides critical insights into 
the dynamics of disease transmission and control. While robust models can effectively evaluate the 
shifting characteristics of an epidemic under varying disease-associated parameters (Almuallem et al., 
2025), their application is vital for mitigating infection risks and optimizing public health interventions. 
To this end, the objective of this study is to formulate and evaluate the stability of a modi  ed SEIR 
model that explicitly incorporates the impact of public education campaigns. Methodologically, 
the model is rigorously analyzed through equilibrium points, local and global stability thresholds, 
and the derivation of the basic reproduction number , supported by numerical simulations to 
evaluate campaign ef  cacy under varying compliance rates. Although various SEIR-type models have 
been proposed for infectious diseases, the structural novelty of this study lies in embedding an 
educational campaign parameter  into the transmission mechanism, providing analytical and 
numerical evidence demonstrating how targeted public awareness can reduce the basic reproduction 
number below unity , thereby suppressing disease persistence and facilitating eradication.

Model Formulation

In this study, the total human population  is assumed to be constant and partitioned into four 
epidemiological classes: susceptible , exposed , infected , and recovered . The transitions 
between these compartments are governed by a system of  rst-order differential equations (Sukawat 
and Naowarat, 2014). While standard SEIR models assume static host behavior, this paper introduces 
a novel extension tailored speci  cally to chickenpox (Varicella) dynamics by embedding targeted 
behavioral and disease-speci  c parameters. We incorporate the education campaign rate r  to quantify 
the behavioral shift of susceptible individuals actively avoiding infection. Additionally, the model 
explicitly integrates the latent period , recovery rate , and loss of temporary immunity  to 
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accurately re  ect the clinical hallmarks of chickenpox. Rather than a simple mathematical expansion, 
adding these parameters modi  es the system’s transmission topology, providing a new threshold 
for disease eradication. Consequently, the modi  ed compartmental framework is formulated as 
follows Equation (1) - (4): 

 (1)

 (2)

 (3)

 (4) 

   Then     
 where,
    tS   represent the susceptible human populations 
     represent the exposed human populations 
     represent the infected human populations 
     represent the recovered human populations 
     represent the total number of human populations 
     represent the birth rate of human populations 
     represent the effectiveness of an education campaign
     represent the probability that virus transmitted from an infected human to 
     susceptible human
     represent the proportional rate for people exposed to the infected human 
     populations 
     represent the recovery rate of infected human populations 
     represent the natural death rate of human populations

Model Analysis

The model monitors the human population, the all-associated parameters and state variables are 
non-negative, . To show that the state variables of the model remain non-negative for all 
non-negative initial conditions then consider the biologically feasible region

Lemma 1 The closed  are positively invariant and attracting.
Proof. 

Adding (1) - (4) and gives the rate of change of the total population, . Then, the total 
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human population  is bounded by , so that  whenever . It can be shown that 

. In particular , if . Therefore, the region  is positively 

invariant and attracts all solution in .

1)  Basic Reproductive Number
  The basic reproductive number  is de  ned as the expected number of secondary 
cases produced by a single infected individual in a completely susceptible population. To calculate 
the basic reproductive number for this system, we apply the next-generation matrix method.
  Let  represent the population compartments. The rate of appearance of new 
infections  and the transfer of individuals out of these compartments  are given by Equation (5):

 (5)

Evaluating the Jacobian matrices of  and  at the disease-free equilibrium point 
yields the matrices Equation (6) - (7):

  
 (6)

 (7)

  The inverse of matrix  is computed as Equation (8):

 (8)

The next-generation matrix  is derived as follows Equation (9):



13ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 19, No. 2 (May - August 2026)

e266788

 (9)

  The basic reproductive number  is determined by the spectral radius (the largest 
eigenvalue) of the matrix , which gives:

   

2) Stability Analysis of the Disease-Free Equilibrium
  At the equilibrium point, the time derivatives of all state variables vanish 

. The disease-free equilibrium point  is evaluated where there is no 

infection in the population, given by:

  

Theorem 1  The disease-free equilibrium  of the system is locally asymptotically stable if 
and unstable if . 
Proof.  
  The Jacobian matrix of the system evaluated at the disease-free equilibrium is given by 
Equation (10):

 (10)

  The eigenvalues  are obtained by solving the characteristic equation 
This factors directly into:

  

  From this, we obtain two negative eigenvalues immediately: 
  The remaining two eigenvalues  are determined by the quadratic polynomial 

 where:

    and    

  According to the Routh–Hurwitz criterion, all roots of this characteristic polynomial have 
negative real parts if and only if  and 
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  a.  Since all parameters are positive,  is always satis  ed.
  b.  For  we require:

  

  

  

  By de  nition, the right-hand side is the basic reproductive number . Therefore, the 
condition  holds if and only if 
  Conversely, if  then  which ensures that at least one eigenvalue has a positive 
real part, making the disease-free equilibrium unstable. This completes the proof.

3) Existence and Stability of the Endemic Equilibrium
  When  the disease cannot be eradicated, and the system reaches a steady state 
where the infection persists in the population. This state is known as the Endemic Equilibrium 
point .
  The endemic equilibrium point  is obtained by setting the governing differential 
equations to zero under the condition that the infected populations are non-zero 
Solving the algebraic system yields:

  

  

  

  

Theorem 2  The endemic equilibrium of the system exists and is locally asymptotically stable if 
 and does not exist if 

Proof.
  The existence of  requires all state variables to be strictly positive. From the analytical 
expressions above, it is evident that  is always positive, while  and  are strictly positive if 
and only if 
  To evaluate the local stability of , the Jacobian matrix of the system is calculated at 
the endemic state Equation (11):

 (11)
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  The corresponding characteristic equation  simpli  es to:

  

  This provides one negative eigenvalue immediately:  The remaining three eigenvalues 

are roots of the cubic polynomial  where the coef  cients are determined 
as:
  

  
  

  By applying the Routh–Hurwitz criterion for a third-order polynomial, all roots have negative 

real parts if and only if the following conditions are met:
  a. 
  b. 
  c.  
  Since  the infected population  is strictly positive. Given that all biological 
parameters  are positive, it follows directly that  and .

  Furthermore, substituting  and  into the coef  cients and simplifying the algebraic 

expression proves that  holds true whenever  Therefore, by the Routh–Hurwitz criterion, 
the endemic equilibrium  is locally asymptotically stable for  This completes the proof.

Numerical Analysis

In this section, the numerical simulation of our model is presented. The parameter values that 
we used in the numerical simulation are given in Table 1.

Table 1  Parameters values are used for numerical simulation at the disease-free state.

  Description Parameters Values

 The human populations**  85,140 persons
 The birth rate of human**   0.0000244 /day
 The probability that virus transmitted*  0.00000144 /day
 The Incubation rate*   0.142857 /day
 The natural death rate of human**  0.00001567 /day
 The recovery rate of infected* human  0.06667 /day
 The effectiveness of the education campaign  0 - 1

 * (Department of Disease Control, n.d.)  
 ** (Phuket Provincial Statistical Of  ce, 2022)

 The numerical results showed the relationship between the effectiveness of the education 
campaign and the basic reproductive number, as presented in Table 2.
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Table 2  The relationship between the parameters of effectiveness of education campaign and 
  basic reproductive Number

 Effectiveness 

 of education 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

 campaign 

 Basic 

 reproductive 1.838 1.654 1.471 1.287 1.103 0.919 0.735 0.551 0.368 0.183 0 

 Number 

 The analysis model and optimal control found that the stability of equilibrium points when 
the effectiveness of Education Campaign = 0.5, have basic reproductive number = 0.919, 
and the effectiveness of Education Campaign = 0, the disease-endemic equilibrium = 1.838. 
The effectiveness of Education Campaign is the factor affecting the mathematical modelling.

1) Stability of the disease-free state
  We changed the values of Education Campaign = 0.5, 0.6, 0.7, 0.8, and 0.9, and keep 
the values of the other values of parameters to be those given in Table 1.
  For the case where = 0.5, we obtained the basic reproductive number = 0.919, which is 
less than one . According to Theorem 1, the local stability of the disease-free equilibrium 
point  is evaluated by determining the eigenvalues from the characteristic equation. 
Two negative eigenvalues are immediately obtained as  and . 
The remaining two eigenvalues  are determined by the quadratic characteristic polynomial: 

  By substituting the baseline parameter values from Table 1 into the coef  cients de  ned 

in Theorem 1, where  and  we obtained the positive 

coef  cients:  and 
  According to the Routh-Hurwitz criterion, since all coef  cients of this characteristic polynomial 
are strictly positive  all remaining eigenvalues have negative real parts. Consequently, 
since all eigenvalues have negative real parts, the disease-free equilibrium point  is locally 
asymptotically stable. This implies that the chickenpox disease will eventually disappear from the 
population when , which perfectly matches the numerical simulation results shown in Figure 1, 
where the infected trajectories continuously approach zero.
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(a) SEIR05

(b) SEIR05H
Figure 1 Time series of Susceptible human, Exposed human, Infected human and Recovered 
  human on Education Campaign = 0.5.

   Furthermore, to clarify the behavior of the endemic equilibrium point , Theorem 2 states 
that  does not exist in the biologically feasible region when  because the state variables 

 would become non-positive or negative. This is consistent with the epidemic theory 
where the disease cannot persist without a suf  cient transmission rate. Therefore, when 
the disease-free equilibrium  is the only stable steady state, and any discussion regarding the 
stability of an endemic state is irrelevant for this case, as con  rmed by the continuous decline of the 
infected population toward eradication in Figure 1.

2) Stability of the endemic state
  We changed the values of Education Campaign = 0.0, 0.1, 0.2, 0.3, and 0.4, and keep 
the values of the other values of parameters to be those given in Table 1. We obtained the eigenvalues, 
and basic reproductive numbers are = 1.838, 1.654, 1.471, 1.287, and 1.103 . All the 
eigenvalues are negative, and the basic reproductive number is greater than one, the endemic 
equilibrium point is local asymptotically stable, as shown in Figure 2 - 9.



18 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 19, No. 2 (May - August 2026)

e266788

Figure 2 Time series of Susceptible human, Exposed human, Infected human and Recovered 
  human on Education Campaign = 0.

Figure 3  Time series of Susceptible human on Education Campaign = 0.0, 0.1, 0.2, 0.3, and 0.4. 

Figure 4  Time series of Exposed human on Education Campaign = 0.0, 0.1, 0.2, 0.3, and 0.4. 
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Figure 5  Time series of Infected human on Education Campaign = 0.0, 0.1, 0.2, 0.3, and 0.4. 

Figure 6  Time series of Recovered human on Education Campaign = 0.0, 0.1, 0.2, 0.3, and 0.4. 

Figure 7  The relationship between  Susceptible human,  Infected human and  Recovered 
  human. The solutions approach the endemic equilibrium state to the disease-free state.
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Figure 8  The relationship between  Susceptible human,  Exposed human and  Recovered 
  human. The solutions approach the endemic equilibrium state to the disease-free state.

Figure 9  The relationship between  Susceptible human,  Exposed human and  Infected 
  human. The solutions approach the endemic equilibrium state to the disease-free state.

  The study found that the effectiveness of the education campaign is one of the factors 
affecting the dynamics of a mathematical model used to control the spread of chickenpox. If the at-risk 
population knows how to prevent chickenpox, fewer will spread the disease. If the population at 
risk of infection with chickenpox is knowledgeable about prevention methods, many individuals will 
help reduce the spread of the disease until there is no further transmission of chickenpox. At least 
50 percent of the total population is at risk of infection with chickenpox and has knowledge about its 
prevention. This will aid in reducing the disease's spread until the infection stops spreading. This statistic 
highlights the importance of public health education in controlling outbreaks. By ensuring that a 
signi  cant portion of the population understands how to prevent transmission, the overall health of 
the community can be safeguarded and the incidence of chickenpox can be signi  cantly reduced.
  In this study, we proposed the dynamics model of Chickenpox with considered the 
education campaign. We analyzed the model by the standard method. Also, we determined the 
equilibrium points and investigated the stability of the model. We obtained the basic reproductive 
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number using the next generation method. Further, we explored the impact of varying educational 
strategies on the spread of the disease, highlighting the importance of the education campaign in 
controlling outbreaks. Our  ndings suggest that targeted campaigns can signi  cantly reduce transmission 
rates and improve overall health outcomes in the population. 
  The effectiveness of Education Campaign is the factor affecting the mathematical modelling. 
In epidemiology, the basic reproductive number is the number of secondary cases generated by 
a primary infectious individual. We employ the Roth-Hurwitz criteria to examine the stability of the system. 
The qualitative behaviors of this model are shown in Figure 1 - 4. We analyzed the model and 
optimal control and found that when the Education Campaign was 0.5, 0.6, 0.7, 0.8, and 0.9. 
The population at risk of infection with knowledge about the prevention of chickenpox is not less 
than 50 % of the total population and will contribute to the decrease in the spread of the disease 
until there is no further spread of infection. The evidence indicates that increasing the education 
campaign's effectiveness signi  cantly enhances community awareness and engagement in preventive 
measures. This, in turn, leads to a more resilient population capable of resisting outbreaks. 
By fostering a culture of vigilance and proactive health practices, the long-term impact on public 
health can be profoundly positive, reducing the burden of chickenpox and similar infectious 
diseases. As a result, we can effectively reduce the overall incidence of chickenpox, promoting 
a healthier population and alleviating the burden on healthcare resources.

Conclusion and Suggestions

In conclusion, the results of this study demonstrate that the effectiveness of education campaigns 
plays a crucial role in controlling the transmission dynamics of chickenpox. When the effectiveness of 
the education campaign decreases, the number of infected individuals increases, resulting in a basic 
reproduction number greater than one , indicating persistent disease transmission within 
the community. Conversely, increasing the effectiveness of the education campaign reduces the 
number of infected individuals and leads to a basic reproduction number less than one , 
implying that the disease will eventually disappear from the population. These  ndings highlight 
the critical importance of maintaining effective educational campaigns to strengthen public awareness 
and preventive behaviors among at-risk populations. By enhancing the effectiveness of such interventions, 
communities can signi  cantly reduce disease transmission and better protect vulnerable individuals. 
Furthermore, collaboration among local health authorities, schools, and community organizations 
can improve outreach activities, promote early recognition of symptoms, and encourage timely preventive 
actions, thereby contributing to the overall resilience and health of the community. Regarding the 
practical application of the proposed mathematical model, public health authorities may utilize the 
education campaign effectiveness parameter  as a strategic indicator for planning and evaluating 
chickenpox control policies in schools and communities. Both the theoretical analysis and numerical 
simulations indicate that achieving an educational compliance level of at least 50 %  can 
successfully reduce the basic reproduction number below the epidemic threshold , leading to 
disease eradication. In practical settings, decision-makers may estimate the actual value of  through 
Knowledge, Attitudes, and Practices surveys conducted within target populations. If the observed 
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effectiveness level is lower than the mathematically determined threshold, public health interventions 
and educational campaigns can be intensi  ed proactively to reduce the risk of future outbreaks. 
Although this study primarily focuses on theoretical analysis, the proposed model provides a useful 
framework for future epidemiological investigations. Future studies may incorporate real epidemiological 
data for model calibration and validation to improve predictive accuracy and enhance the practical 
applicability of the model in public health decision-making and chickenpox outbreak management.
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Abstract

The objective of this research is to study the potential of reutilizing waste glass. The study examines 
the effects of the combined replacement of cement with  ne glass powder (GPF) and sand with coarse 
glass powder (GPC) in proportions of 5, 10, 15, and 20 percent by weight on the compressive strength 
and physical properties of mortar. The results of the study indicated that the  ow and density of the 
mortar tended to decrease with the increase of glass replacement levels due to the increased 
speci  c surface area of the glass powder particles, leading to a higher water demand to lubricate the 
particle surfaces. However, the replacement of cement with 5 percent GPF combined with the 
replacement of sand 5 percent GPC yielded the highest compressive strength of 35.21 MPa at 28 days. 
Additionally, this mixture exhibited the lowest porosity and water absorption values of 3.85 percent 
and 1.60 percent. Microstructural analysis revealed that GPF acted as a  ller material, resulting in 
a denser structure, whereas excessive GPC content negatively affected compressive strength due 
to its angular particles hindering aggregate packing. In conclusion, the most appropriate mortar 
ratio is the replacement of cement with 5 percent GPF combined with the replacement of sand with 
5 percent GPC, which helps reduce waste glass quantity and is environmentally friendly.

Keywords: Glass Powder; Mortar; Compressive Strength
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(Dong et al., 2021)   
  -  (Alkali Silica Reaction, ASR) (Zheng, 2016) 
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  (Thaipum and Srisoros, 2013) 
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2. 
   17  

 (GPF)  (GPC)   (CT), 
GPF  5  GPC  5 10 15  20   5GPF-5GPC   
5GPF-20GPC, GPF  10  GPC  5 10 15  20   10GPF-5GPC 

 10GPF-20GPC, GPF  15  GPC  5 10 15  20   15GPF-5GPC 
 15GPF-20GPC  GPF  20  GPC  5 10 15  20  

 20GPF-5GPC  20GPF-20GPC   1 
 (Flow)  110±5

 1  

 No. Sample ID Cement GPF Sand GPC W/ B
 1 CT 100 - 275 - 0.56
 2 5GPF-5GPC 95 5 270 5 0.56
 3 5GPF-10GPC 95 5 265 10 0.56
 4 5GPF-15GPC 95 5 260 15 0.56
 5 5GPF-20GPC 95 5 255 20 0.55
 6 10GPF-5GPC 90 10 270 5 0.57
 7 10GPF-10GPC 90 10 265 10 0.57
 8 10GPF-15GPC 90 10 260 15 0.56
 9 10GPF-20GPC 90 10 255 20 0.55
 10 15GPF-5GPC 85 15 270 5 0.59
 11 15GPF-10GPC 85 15 265 10 0.59
 12 15GPF-15GPC 85 15 260 15 0.58
 13 15GPF-20GPC 85 15 255 20 0.58
 14 20GPF-5GPC 80 20 270 5 0.59
 15 20GPF-10GPC 80 20 265 10 0.58
 16 20GPF-15GPC 80 20 260 15 0.59
 17 20GPF-20GPC 80 20 255 20 0.58

3.  (Flow)
   (Flow)  (Water Requirement Test)  

 110+5  ASTM C230 
 (Flow Table)  (D1)  (mm) 

 (D2)  (mm)  (1) 

 (1)

4.  (Density)
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 (g)  (C)  (g)   
 1,000  (kg/ m3)  

(kg/ m3)  (2)
  
 (2)

5.  (Absorption)
   (Water Absorption)  
50×50×50   28   110+5 oC  48   

 2   (Mdry)  (g) 
 24   

  (Msat)  (g) 
 (Msat)  (Mdry)  (Mdry)  100  (3)

 (3)

6.  (Porosity)
   ASTM C642 

 50×50×50   28   (Msat)  (Mdry) 
 (Mw)  (4)

 (4)

7.  (Compressive Strength)
   ASTM C109  
50x50x50   3   7 14 

 28   Universal Testing 
Machine   (fc)  (MPa) 

 (P)  (kN)  (A)  (mm2) 
 (5)

 (5)

1. 
   
X-Ray Fluorescence Spectrometry (XRF)  2  

  (CaO)  64.24  (SiO2) 
 13.96  CaO  SiO2    (C3S) 

 (C2S)  (Sethabutr, 2003) 
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 (SiO2)  65.18   
 (Na2O)  (K2O) 

-  (Alkali-Silica Reaction, ASR)  
  (Pozzolanic Reactivity) 

 ASR  (Dong et al., 2021)

 2 

  
    
  (SiO2) 13.96  65.18
  (Al2O3) 2.99  2.45
  (Fe2O3) 3.32  1.06
  (CaO) 64.24  20.52
  (MgO) 1.54  1.89
  (Na2O) 0.03  5.93
  (K2O) 1.10  0.57
  (SO3) 3.87  0.10
   
   

 X-Ray Diffraction (XRD)  2  3  
 Peak Intensity  2-Theta 29.47  Calcite (CaCO3)  32.26  

Hatrurite (Ca3SiO5)  (Wangbooncong, 2022) 
 20  35   

(Amorphous Silica) (Navaneetha et al., 2025)    
Peak  Calcite  29.46  Quartz (SiO2)  26.65

 2 
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 3 

    (GPF)  (GPC) 
 (Scanning Electron Microscope, SEM)  7,000  
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 ( )   ( )   ( ) 
 4  SEM  7,000  

      
 (GPF)  (GPC)   (D50) 

 (D10)  325   3

 3 

  D50 D10  
   (mm) (mm)  325 
  - - - 34 3.13
  2.65 0.67 0.20 - 2.60
  (GPF) - - - 33 2.50
  (GPC) 2.56 0.63 0.20 - 2.53 
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2. 
   5  CT  110.42 
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  Li et al. (2022) 
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 ( )  5GPF ( )  10GPF
  GPC  5  20  GPC  5  20

 ( )  15GPF ( )  20GPF
  GPC  5  20  GPC  5  20

 6  7 14  28 

4. 
   28   CT  
2,112 kg/ m3  (GPF) 

 (GPC)    5GPF-5GPC 
 2,106 kg/ m3  CT  15GPF-20GPC 

 2,073 kg/ m3  
 Bahar et al. (2025) 
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 7  28 

 8   28 

5. 
   9   28  

 5GPF-5GPC  3.85  35.21 MPa 
 (Filler Effect)  (GPF)  

(Pozzolanic Reaction)  C-S-H 
   15GPF-20GPC  6.96  19.75 MPa 

 (Dilution Effect)   C-S-H 
  (GPC) 

 (Packing)  
 (  10)

6. 
    11   28   
5GPF-5GPC  1.60  35.21 MPa  
Filler Effect  (GPF)  Pozzolanic Reaction  C-S-H  

  (GPC)    
15GPF-20GPC  3.14  Dilution Effect 

  
 (GPC)  (Packing) 
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Abstract

This research aims to investigate the physical properties and durability of eco-friendly clay sculptures 
incorporating waste shells using different surface coatings. The study addresses the vulnerability of 
 our-based clay jewelry and souvenirs to moisture damage and fungal growth. The experimental 
procedure began with preparing clay specimens from a mixture of glutinous rice  our, cornstarch, 
and mussel shell powder, followed by molding, drying, and surface coating with acrylic lacquer, 
epoxy resin, and polyurethane. The specimens were subsequently evaluated for color properties, 
surface wettability via contact angle measurements, and durability through simulated practical use. 
The results indicated that all three surface coatings effectively increased the water contact angle 
on the specimen surfaces, thereby reducing wettability. Polyurethane-coated specimens exhibited 
the highest contact angle of 86 degrees, demonstrating the lowest wettability. Although the 
polyurethane coating slightly decreased the lightness value (L*), resulting in a darker appearance 
compared to other coatings, it signi  cantly enhanced durability by reducing specimen damage by 
40 % after 15 minutes of cleaning under ultrasonic waves compared to uncoated samples. Consequently, 
the application of surface coatings effectively improves moisture resistance and preserves the quality 
of shell-based clay products.

Keywords: Waste Shells; Clay Sculpture; Surface Coating; Water Resistance; Community-Based Waste Management
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Abstract

This study investigates heat transfer behavior within buildings under steady-state conditions by comparing 
the performance of  ve types of window  lms: metallic  lm, black phosphorus  lm, clear heat-resistant 
 lm, safety  lm, and ceramic  lm. Although previous studies have examined the properties of 
window  lms, there remains a lack of comparative analysis under a uni  ed numerical model combined 
with economic evaluation in a tropical climate context. In this study, the Finite Element Method 
(FEM) was applied to analyze the two-dimensional temperature distribution. A numerical model was 
developed using the C programming language, and the results were validated against simulations 
obtained from COMSOL Multiphysics. The  ndings indicate that the ceramic  lm provides the most 
effective thermal performance under the given modeling conditions. It achieves the lowest inner glass 
surface temperature of 35.12 oC and reduces heat transfer through glass by 31.67 %. From an 
economic perspective, the ceramic  lm can reduce annual energy costs by approximately 929.39 THB, 
lowering the electricity expense to 2,005.51 THB per year, with a payback period of approximately 
3.87 years. These results suggest a strong potential for cost-effectiveness under the model assumptions. 
However, the model considers only conductive heat transfer and does not account for convection 
and radiation effects. Therefore, the results should be interpreted within these limitations. This study 
contributes to bridging thermodynamic analysis and economic decision-making, supporting the 
selection of materials for energy-ef  cient building design in hot climate regions.

Keywords: Heat Transfer; Finite Element Method; Building Window Films; Energy Conservation; Economic 

  Evaluation
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Abstract

This paper presents a semi-analytical formulation for the free vibration of functionally graded shells 
with graphene platelets reinforcement using improved  rst-order shear deformation theory. The effective 
Young’s modulus of the functionally graded material (FGM) is determined using Voigt’s model, 
while the effective Young’s modulus of the graphene platelet (GPL) reinforcement is predicted by 
the Halpin–Tsai micromechanical model. Additionally, the effective Poisson’s ratio and density are 
calculated using the rule of mixtures. The governing equations for FGM shells reinforced with GPL are 
formulated using the improved  rst-order shear deformation theory (FSDT). The equations of motion 
are derived using Hamilton’s principle, and the numerical solutions are obtained through Navier’s method. 
The present results demonstrate excellent agreement with various shear deformation theories 
reported in the existing literature. The numerical results indicate that the FGM shells reinforced 
with GPL pattern B yield the highest natural frequency. This is because the maximum GPL content 
is distributed near the top and bottom surfaces, where the normal stresses are highest. Furthermore, 
this GPL distribution effectively satis  es the actual normal stress requirements of the shells.

Keywords: Free Vibration; Functionally Graded Material; Improved First-Order Shear Deformation Theory; 

  Micromechanical Model; Semi-Analytical Formulation
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  (1)  
 (GPL)  1      0.2  1.0 

   Wang et al. (2018)  (2,2) 
 ( )    

  3  Wang et al. (2018)  
(Higher-Order Shear Deformation Theory)  9  

 (Improved FSDT)  5  
 (Improved FSDT) 

 1 

    (GPa)   (kg/m3)

  (Polymer) 2.85 0.34 1,200
  (Al2O3) 380 0.30 3,800
  (Al) 70 0.30 2,702
  (GPL) 1,010 0.186 1,060

 2 
   (   )

       (1,1)

  Matsunaga (2008)       (%)
    = 0  = 0.5  = 1  = 0  = 0.5  = 1  = 0  = 0.5  = 1
 2 FL 0.9400 0.8232 0.7476 0.9265 0.8101 0.7333 1.436 1.591 1.913
  SP 0.9527 0.8429 0.7709 0.9291 0.8001 0.7182 2.477 5.078 6.836
  CY 0.9334 0.8213 0.7483 0.9075 0.7882 0.7109 2.775 4.030 4.998
  HP 0.9038 0.7925 0.7202 0.8551 0.7502 0.6807 5.388 5.338 5.485
 5 FL 0.2121 0.1819 0.1640 0.2112 0.1808 0.1631 0.424 0.605 0.549
  SP 0.2301 0.2000 0.1819 0.2271 0.1940 0.1749 1.304 3.000 3.848
  CY 0.2153 0.1855 0.1678 0.2123 0.1812 0.1633 1.393 2.318 2.682
  HP 0.2064 0.1770 0.1596 0.1996 0.1710 0.1544 3.295 3.390 3.258
 10 FL 0.0578 0.0492 0.0443 0.0577 0.0490 0.0442 0.173 0.407 0.226
  SP 0.0751 0.0657 0.0601 0.0746 0.0646 0.0588 0.666 1.674 2.163
  CY 0.0622 0.0535 0.0485 0.0617 0.0527 0.0477 0.804 1.495 1.649
  HP 0.0563 0.0479 0.0432 0.0548 0.0466 0.0420 2.664 2.714 2.778

  
 (FG Shells with GPL Reinforcement) 

  Roun et al. (2025) 
 

 4    2  
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(GPL)  1  4 
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 3 
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  Wang et al. (2018)       (%)

   (1,1) (1,2) (2,2) (1,1) (1,2) (2,2) (1,1) (1,2) (2,2)

 5 SP 0.1279 0.2919 0.4450 0.1279 0.2919 0.4449 0 0 0.022
  CY 0.1229 0.2892 0.4438 0.1229 0.2892 0.4437 0 0 0.023
  HP 0.1206 0.2898 0.4427 0.1206 0.2898 0.4425 0 0 0.045
 10 SP 0.0374 0.0796 0.1232 0.0374 0.0796 0.1232 0 0 0
  CY 0.0328 0.0770 0.1219 0.0328 0.0770 0.1219 0 0 0
  HP 0.0310 0.0778 0.1213 0.0310 0.0778 0.1213 0 0 0
 15 SP 0.0097 0.0150 0.0217 0.0097 0.0150 0.0217 0 0 0
  CY 0.0065 0.0127 0.0205 0.0065 0.0127 0.0205 0 0 0
  HP 0.0050 0.0135 0.0200 0.0050 0.0135 0.0200 0 0 0

 4 
   (   )

       (m,n)

GPL
  Roun et al. (2025)       (%)

   (1,1) (1,2) (2,2) (1,1) (1,2) (2,2) (1,1) (1,2) (2,2)

5 A 0.1824 0.4021 0.5847 0.1824 0.4019 0.5839 0 0 0.137
  B 0.1904 0.4152 0.5997 0.1905 0.4150 0.5985 0 0 0.200
  C 0.1742 0.3857 0.5625 0.1742 0.3854 0.5616 0 0 0.160
 10 A 0.0495 0.1185 0.1824 0.0495 0.1185 0.1824 0 0 0
  B 0.0522 0.1242 0.1904 0.0522 0.1243 0.1905 0 0 0
  C 0.0471 0.1130 0.1742 0.0471 0.1130 0.1742 0 0 0

2. 

  
 

 (Al2O3)  (Al)  (GPL)  1 
     0.2  1.0  5   

  
 (Relative Frequency Change) 
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 5 
   ( ,  ) ( )

     = 5   = 10
  GPL SP HP CY FL SP HP CY FL
  B 0.1834 0.1804 0.1817 0.1821 0.0523 0.0493 0.0502 0.0497
   (11.6%) (11.6%) (11.6%) (11.6%) (11.8%) (12.5%) (12.3%) (12.5%)
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   (4.50%) (4.61%) (4.54%) (4.60%) (4.54%) (4.53%) (4.49%) (4.53%)

 (m,n) = (1,2)
= 0% 0.3589 0.3588 0.3582 0.3604 0.1065 0.1059 0.1055 0.1059

  A 0.3874 0.3871 0.3867 0.3887 0.1152 0.1145 0.1141 0.1145
   (7.96%) (7.91%) (7.94%) (7.87%) (8.17%) (8.17%) (8.20%) (8.16%)
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   (4.62%) (4.70%) (4.65%) (4.71%) (4.50%) (4.58%) (4.52%) (4.57%)

 (m,n) = (2,2)
= 0% 0.5220 0.5231 0.5228 0.5245 0.1631 0.1627 0.1628 0.1631

  A 0.5628 0.5634 0.5634 0.5651 0.1764 0.1759 0.1761 0.1763
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Abstract

Phytochemicals found in plants are important sources of antioxidants, which play a vital role in 
preventing and reducing the risk of various serious diseases such as diabetes mellitus, cardiovascular 
diseases, neurodegenerative and brain disorders, chronic in  ammatory diseases, and cancer. These 
compounds have gained increasing attention from consumers worldwide. This study aimed to conduct 
a preliminary screening of phytochemicals, determine the total phenolic and  avonoid contents, 
and evaluate the antioxidant activity of crude seed extracts of Bouea oppositifolia (Roxb.) Meisn. using 
hexane, ethyl acetate, and methanol as solvents. Preliminary phytochemical screening using colorimetric 
or precipitation reactions revealed the presence of phenolics,  avonoids, anthraquinones, triterpenes, 
and tannins. The total phenolic and  avonoid contents were determined using the Folin-Ciocalteu 
reagent and the aluminum chloride colorimetric method, respectively. Among the extracts, the methanolic 
extract exhibited the highest total phenolic and  avonoid contents (105.91±0.70 mg GAE/g dried weight 
and 19.41±3.13 mg QE/g dried weight). It also demonstrated the strongest antioxidant activity based 
on all three methods: DPPH and ABTS radical scavenging assays (IC50 values of 0.16±0.05 and 
5.54±0.35 g/mL), and the FRAP assay (FRAP value of 560.51±30.90 mg FeSO4/g dried weight). 
These  ndings suggest that B. oppositifolia seed extract is a potential source of natural antioxidants 
and could serve as a basis for further research and development into health-related products.

Keywords: Phytochemicals; Antioxidant; Bouea oppositifolia (Roxb.) Meisn.

  
   

     
 (Antioxidants) 

   
 (Endogenous Antioxidants)   

        
(Thiraphatthanavong and Phandech, 2023)
  (Bouea oppositifolia (Roxb.) Meisn.)  Bouea burmanica Griff.  
Anacardiaceae   8 - 10  

      
     

 (Boonwong et al., 2017) Seekhaw et al. (2022)  
 4       

  Seekhaw et al. (2023) 
  6    

      Lamkhwan and 
Seekhaw (2025)  
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 (HaCaT)    

    
(Bouea macrophylla Grif  th)     

    
    (Fu’adah et al., 2022) 

 
 

   
 3  (   ) 

  
  

  

1. 
       

. . 2567     
 (Voucher Specimen No. PSRU 1010)

2. 
      

 50 oC  24   
 500 g  (   ) 

 1,500 mL  1  (  2 ) 
 (Rotary Evaporator)  

 (%yield)  4 oC 

 = (  /  x 100)

3.  (Phytochemical Screening) 
     

  10        
     (Shaikh and Patil, 2020)  

  3.1   (Phenolic Test)
     5 mg  95%  1 mL  5% w/v  
(FeCl3) 3 - 4    
  3.2   (Saponin Test)
     5 mg  95%  1 mL  2 mL  
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  3.3   (Flavonoid Test)  3   
    -  (Alkaline’s Reagent Test)  5 mg 

 95%  1 mL  10% w/v  (NaOH) 2 - 3   

    -   (Lead Acetate Test)  5 mg  
95%  1 mL  10% w/v  [Pb(CH3COO)2] 3 - 4   

    -   (Magnesium Wire Test)  100 mg 
 1 mL  1 - 2   (conc. HCl) 2 - 3  

 
  3.4   (Steroid Test)
     1 mg  (CHCl3) 1 mL  
(conc. H2SO4) 1 mL  
  3.5   (Alkaloid Test)
     5 mg  95%  1 mL  Wagner’s Reagent 
2 - 3   
  3.6   (Glycoside Test)
     500 mg  5 mL  (conc. CH3COOH) 
2 mL  5% w/v  (FeCl3) 2 - 3   (conc. H2SO4) 1 mL 

  
  3.7   (Anthraquinone Test)
     100 mg  (CHCl3) 5 mL  

 10% v/v  (NH3) 2 mL    
 

  3.8   (Diterpene Test)
     100 mg  5 mL  10    
10% w/v  [Cu(CH3COO)2] 2 - 3   
  3.9   (Triterpene Test)
     100 mg  (CHCl3) 5 mL  

 (conc.H2SO4) 2 mL  2 - 3   

  3.10   (Tannin Test)  2  
    -   (Gelatin Test)  100 mg  5 mL 

 1% w/v  (Gelatin) 2 - 3   
    -   (Lead Acetate Test)  100 mg  
5 mL  10% w/v  [Pb(CH3COO)2] 2 - 3   

 
4.  (Total Phenolic Content, TPC)

   Folin-Ciocalteu Reagent (Lamkhwan and Seekhaw, 2025) 
 (Gallic Acid) (  0.01 - 0.5 mg/mL)  

(  0.1 mg/mL)   96-well plate 12.5 L  
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12.5 L  Folin-Ciocalteu Reagent 12.5 L  6   100 L 
 7.5% w/v  (Na2CO3) 125 L  90  

 760 nm  Microplate Reader 
 (Gallic Acid)  mg GAE/g dried weight 

 3  (n = 3)  ±  
(mean ± SD) 

5.  (Total Flavonoid Content, TFC)
   Aluminium Chloride Colorimetric (Lamkhwan and Seekhaw, 
2025)  (Quercetin) (  0.001 - 0.1 mg/mL) 

 (  0.01 mg/mL)  96-well plate 
125 L  5% w/v  (NaNO2) 12.5 L  5   
10% w/v  (AlCl3) 37.5 L  510 nm 

 Microplate Reader 
 (Quercetin)  mg QE/g dried weight  

3  (n = 3)  ±  (mean ± SD) 
6.  DPPH

   DPPH (Sriraksa and Seekhaw, 2024) 
 1.0 mg/mL  

 100 L  96-well plate  0.2 mM DPPH 100 L  
30   517 nm  Microplate Reader 

 (%radical scavenging)  

  %DPPH radical scavenging activity = [(AControl - ASample)/AControl] × 100

  

    AControl     DPPH ( )
    ASample     DPPH

   (%Radical Scavenging) 
  DPPH  

50% (IC50)  (L-Ascorbic Acid)  3  (n = 3) 
 ±  (mean ± SD) 

7.  ABTS
   ABTS (Sriraksa and Seekhaw, 2024)  
ABTS•+ (7 mM ABTS 4 mL  2.4 mM K2S2O8 6 mL)  
12 - 14   ABTS•+   ABTS•+: Methanol  1:50 mL 

 734 nm  Microplate Reader  
0.70 - 0.71  1.0 mg/mL 

 96-well plate 20 L  ABTS•+ 180 L  6  
 734 nm 

 (%radical scavenging)  

 %ABTS radical scavenging activity = [(AControl – ASample)/AControl] × 100
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    AControl     ABTS•+ ( )
    ASample     ABTS•+

   (%radical scavenging) 
  ABTS•+  

50% (IC50)  (L-Ascorbic Acid)  3  
(n = 3)  ±  (mean ± SD)

8.  FRAP 
   FRAP (Sriraksa and Seekhaw, 2024)  FRAP 
reagent (300 mM acetate buffer pH 3.6; 20 mM FeCl3; 10 mM TPTZ  40 mM HCl  10:1:1 mL) 

 0.05 mg/mL  96-well plate 20 L  FRAP reagent 
180 L  6   593 nm 

 Microplate Reader  Fe2+  FeSO4

 mg FeSO4 /g dried weight  3  (n = 3) 
 ±  (mean ± SD)

9.  
    

 3   3  (n = 3) 
 ±  (mean ± SD) 

 (One-Way ANOVA)  Post-Hoc Test  Tukey 
 95% (p-value < 0.05)  GNU PSPP Version 2.0.1

1. 
     

 
  1

 1   

 Extracts Physical Characteristics Weight (g) %Yield (% w/w)

 Hexane  2.07 0.41
 Ethyl Acetate  5.51 1.10
 Methanol  88.40 17.68

2. 
   3   
5        2 
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 2  

  
Phytochemicals

  Results
     Hexane Ethyl Acetate Methanol
 Phenolics     - + +
 Saponins     - - -
 Flavonoids - Alkaline’s Regent Test - + +
   -  Lead Acetate Test - + +
   -  Magnesium Wire Test - + +
 Steroids     - - -
 Alkaloids     - - -
 Glycosides    - - -
 Anthraquinones  + + +
 Diterpenes    - - -
 Triterpenes    + + +
 Tannins  - Gelatin Test + + +
   -  Lead Acetate Test + + +

: +  - 

3.  (TPC  TFC)
     

 (Gallic Acid) (y = 5.3493x + 0.1461; R2 = 0.9987) 
 mg GAE/g dried weight 

 (Quercetin) (y = 1.728x + 0.0747; R2 = 0.9984)  
mg QE/g, dried weight  3

 3    3 

   Phytochemical Contents
 Extracts TPC TFC
  (mg GAE/g dried weight) (mg QE/g dried weight)
 Hexane - -
 Ethyl Acetate 1.40±0.07b 1.72±0.24b

 Methanol 105.91±0.70a 19.41±3.13a

:  -  

  a, b   p<0.05 

4.  DPPH, ABTS  FRAP
   3  

 DPPH, ABTS  FRAP  
  DPPH  ABTS 
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 IC50  FRAP 
 FRAP value  mg FeSO4/g dried weight  4

 4   DPPH, ABTS  FRAP  3 

   Antioxidant activities
 Extracts IC50 of DPPH IC50 of ABTS FRAP value
  ( g/mL) ( g/mL) (mg FeSO4 /g dried weight)

 Hexane 280.36±0.69a 4968.69±16.65a 0.13±0.01c

 Ethyl Acetate 3.05±0.46b 350.15±1.41b 7.65±0.40b

 Methanol 0.16±0.05c 5.54±0.35c 560.51±30.90a

:  IC50  DPPH  ABTS  0.63±0.04  35.10±1.05 g/mL
  a-c  p<0.05

      
 (17.68%)   (1.10%)  (0.41%) 

 3   
 5      

   3      
  Widyawati et al. (2014) 

 
 

 
   

  
 (Thungmunnithum et al., 2018)  
   (105.91±0.70  1.40±0.07 mg GAE/g, 

dried weight)    
 (19.41±3.13  1.72±0.24 mg QE/g dried weight) 

  Kebede et al. (2025)  
 

  
 (-OH)  

(Aromatic Ring)  
  like-dissolves-like 

 
  

      
 (Saeed et al., 2012) 

 DPPH  ABTS  (IC50 = 0.16±0.05, 5.54±0.35 g/mL) 
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  (IC50 = 3.05±0.46, 350.15±1.41 g/mL)  (280.36±0.69, 
4968.69±16.65 g/mL)  FRAP  Fe3+  Fe2+ 

  
    (FRAP Values  560.51±30.90, 7.65±0.40 

 0.13±0.01 mg FeSO4/g dried weight ) 
 3   

  Lamkhwan and Seekhaw (2025) 
  

  3 
 95% (p-value < 0.05)  Kiss et al. (2025)  

 
 

  
 

    (Bouea macrophylla Grif  th) 
  

        
 (88.78±6.51 mg GAE/g  70.66±7.51 mg RE/g)  

 (Rutin Equivalent, RE) 
 (Quercetin Equivalent, QE)  

 (HeLa)  
(HCT116)  IC50  24±0.8  28±0.9 g/mL 

 GC-MS   
(Polyphenols)  (Flavonoids)  (Caryophyllene)  (Phytol) -

 (Trans-Geranylgeraniol)  
(Nguyen et al., 2020)
     

   
 

 

 
 DPPH, ABTS  FRAP 
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   8,091  

 10   1,767  
   Newmm  Deepcut 

 Longest  Attacut   
    4.5 

   
 10-Fold Cross Validation    

   1   Deepcut 
  

  
    

 93.42  97.03  1  94.54

 : ; ; 
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Abstract

This research aimed to analyze word segmentation techniques that improve the performance of 
sentiment classi  cation models for Thai people’s opinions toward arti  cial intelligence. The data were 
collected from social media platforms, consisting of 8,091 comments. The researcher selected only 
comments containing more than 10 words for analysis, resulting in a total of 1,767 comments. In the 
text mining process, word segmentation is an important and time-consuming step. Therefore, the researcher 
employed Newmm, Deepcut, Longest, and Attacut techniques for word segmentation. For model 
construction, Naive Bayes, Support Vector Machine, K-Nearest Neighbors, and C4.5 Decision Tree techniques 
were applied, as these techniques are reliable, widely accepted, and commonly used in research 
studies. The performance evaluation employed the 10-Fold Cross Validation method for data partitioning. 
The effectiveness of the word segmentation techniques was measured using Accuracy, Precision, 
Recall, and F1-Score. The experimental results revealed that the Deepcut technique, which is a 
data-driven word segmentation approach, could effectively handle comments containing new or 
informal words. When combined with the Support Vector Machine technique, which performs well 
with high-dimensional and complex data containing formal words, informal expressions, and newly 
emerging terms, the combination achieved the best performance. The results yielded an accuracy 
of 93.42 %, a recall of 97.03 %, and an F1-score of 94.54 %.

Keywords: Word Tokenization; Opinion Classi  cation; Opinion Mining in Arti  cial Intelligence

 (Arti  cial Intelligence: AI)   
 (Kaya and Yildiz, 2026)  (Demir and 

Egbert, 2026)   (Turmuzi et al., 2026) 
 (Charmanas et al., 2026)  

   
 (Phaewattanakul and Luenam, 2014)  

(Opinions Mining) 
  (Duangtham et al., 2025) 

  
  (Damrongkamoltip et al., 2024) 

  
 Bowornlertsutee and Paireekreng (2022)  3    Newmm 

 Longest  Attacut  10-Fold Cross Validation  
Longest  (Support Vector Machines: SVM)  
(Precision)   Manhem et al. (2020)  3    Mm 

 Newmm  Longest  Hold Out  Newmm 
  (Accuracy)   Duangtham 

et al. (2025)  3    Longest  Newmm  Multi_cut 
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 Hold Out  Newmm  
(Logistic Regression: LR) 
  (Sentiment Analysis)  

    
  

  (Md Suhaimin et al., 2023)  Laowsungsuk et al. (2017) 
 

  
  

    
   

     Chantanapelin et al. (2024) 
  Chat-GPT 

  
    

  434  (  . . 2565 -  . . 2566)  4.2  
 Google Maps   39   55 

  23   13   9
  

 (Machine Learning)  
  Sancoko et al. (2022) 

-19   (Naive Bayes: NB) 
  4.5 (Decision Tree: DT C4.5)  (K-Nearest Neighbors: KNN) 

 10-Fold Cross Validation   (Recall) 
   

 Handayani et al. (2024) 
 ICONNET  X (  )  2,720   

  10-Fold Cross Validation  
    

 
  

  Newmm  Deepcut  Longest  Attacut  Python 
Library PyThaiNLP   

   4.5 
  10-Fold Cross Validation   

     
 1 (F1-Score) 
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 4     
  (Maisook and Thongkam, 2025)  1

 1 

1.  
  1.1    (Comment)  

 8,091   21  2560  24  2567  
Web Scraper Chrome Extension   Microsoft Excel
  1.2   
     (Stopword Removal)   

 
      (Text Normalization)  

   ( )  ( ) 
 ( )   “ ”  “ ”      

 “ ”  “ ” 
     (Word Count)  
8,091   4    Newmm  Deepcut  Longest 

 Attacut  10    4  
     2,104 

     (Irrelevant Comment Removal) 
    

   
      (Lexical Normalization) 

    “ ”  “ ”     
“ ”  “ ”    “ ”  “ ” 
     

   
  1,767 

  1.3   1,767   Python Library PyThaiNLP 
 Open-Source  Python (Phatthiyaphaibun 

et al., 2023)   (Part-of-Speech Tagging)  
(   ) (Phatthiyaphaibun, 2020) (PyThaiNLP, 2024)  4   
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     Newmm  (Dictionary-based)  Maximal 
Matching  Thai Character Cluster (TCC)  TCC  Newmm 

  (PyThaiNLP, 2024)
     Deepcut  (Learning-based Approaches) 

 (Deep Learning)  Character Embeddings  Character Type Embeddings 
  Convolutional Neural Network (CNN)  

 (Laosen et al., 2024)
     Longest  (Dictionary-based)  Longest 
Matching   “ ”  
(Phatthiyaphaibun, 2020; PyThaiNLP, 2024)
     Attacut  (Learning-based Approaches) 

 (Deep Neural Network)  CNN   Syllable Embeddings 
 Character Embeddings   Dilated CNN Filters 

 (PyThaiNLP, 2024; Laosen et al., 2024) 
2.  

  2.1   
      (Lexicon-based Approach) 

  (Noonpakdee 
et al., 2023)  

  (Machine Learning-Based) 
  (Sadia et al., 2018) 

      (Bag of Word) 
 (Stemming)   

     “ ”   “ ” 
“ ”   “ ” “ ”   “ ”   
      Python Library PyThaiNLP 

 Orchid ud  Pud   
     

      (Sentiment Scoring) 
 (Sentiment Lexicon)  (Sadia et al., 

2018)    ChatGPT 
  

 1  -1 
 0   1
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 1   

   

    (ADJ) -1
   (VERB) -1
   (VERB)  1
   (ADV) -1
   (VERB) -1

  2.2     
      -1  2   -2 

  
 3    1   P (Positive) 

 2   N (Negative)  3  0 
 NE  2  NE  

 2  SUM  

 2  P (Positive) N (Negative)  NE

  P (Positive) N (Negative)  NE
 Newmm 806 509 231
 Deepcut 741 520 219
 Longest 814 500 233
 Attacut 740 534 207

 2 

3.   
    Weka  3.8.6 

  
  3.1   (John and Langley, 1995)  

 (Shang, 2024)   
    

(Ray, 2019; Mohammadi et al., 2019; Sheth et al., 2022; Iakovidis and Bozzeda, 2025)  
    (Ray, 2019; 

Mohammadi et al., 2019 Iakovidis and Bozzeda, 2025)  Kernel Estimator  
Supervised Discretization 
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  3.2   (Chang and Lin, 2011) 
 2 Class  (Maximum Margin) (Aasim et al., 2024)    Hyperplane 

 (Methachaloemphat, 2022) 
  Kernel Function  (Ray, 2019)  Over  tting 

 (Aprilianti et al., 2025) 
 (Prakash and Poulose, 2025)  

  Kernel Function   (Noisy Data) 
(Ray, 2019)  Logistic  Poly Kernel  Epsilon = 1.0E-12
  3.3   (Aha et al., 1991) 

  Monte Carlo 
 (LSF) (Khunsuk and Thongkam, 2020; 

Roudak et al., 2024)     
  (Multiple Class Labels)  

  K   
   (Ray, 2019)  

LinearNN Search 
  3.4    4.5  If-Then 

      (Rodríguez et al., 
2024)    

 (Prakash and Poulose, 2025)  
   

 (Ray, 2019)  (Mohammadi et al., 2019) 
 Over  tting  (Prakash and Poulose, 2025)  (Unstable) 

  (Ray, 2019)  (Pruned) 
 2   Collapse Tree  Subtree Raising  Con  dence Factor = 0.25
4.  

   
  (Naiyjit, 2023)  10-Fold Cross Validation 

 2    (Training Set)  (Testing Set)  (Evaluate) 
 (Soontranon, 2024)  10     9 

 1   10  
 

 (Malakouti et al., 2023)    
 1  

    
  (1)

 (1)
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  (2)

 (2)

     

  (3)

 (3)

   1    (4)

 (4)

    
    True Positive (TP)    
    True Negative (TN)    
    False Positive (FP)     
    False Negative (FN)    

 
   Python Library PyThaiNLP  4   

 Newmm  Deepcut  Longest  Attacut 
 1,767  

     1  3 - 6

 3  

    
   Newmm  Deepcut Longest  Attacut
 NB  83.73 86.36 82.88 84.54
 SVM  90.49 93.42 91.10 92.46
 KNN  81.75 83.43 81.66 83.20
 DT C4.5  71.33 72.16 70.78 71.90

  3  NB SVM KNN  
DT C4.5  Newmm Deepcut Longest  Attacut 

 SVM   Deepcut  93.42  Attacut 
 92.46  Longest  91.1  Newmm 

 90.49   Longest 
 DT C4.5  70.78
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 4 

    
   Newmm  Deepcut Longest  Attacut

 NB  82.56 92.02 79.32 87.66
 SVM  92.67 92.18 94.23 91.18
 KNN  74.59 87.36 75.05 86.94
 DT C4.5  71.43 78.85 69.86 71.90

  4  NB SVM KNN  
DT C4.5  Newmm Deepcut Longest  Attacut 

 SVM   Longest  94.23  
Newmm  92.67  Deepcut  92.18 

 Attacut  91.18   Longest 
 DT C4.5  69.86

 5 

    
   Newmm  Deepcut Longest  Attacut

 NB  73.48 84.08 74.40 85.41
 SVM  81.93 97.03 81.60 96.35
 KNN  80.16 83.94 77.60 83.65
 DT C4.5  43.22 71.93 40.80 84.73

  5  NB SVM KNN  
DT C4.5  Newmm Deepcut Longest  Attacut 

 SVM   Deepcut  97.03  
Attacut  96.35  Newmm  81.93  
Longes  81.6   Longest 

 DT C4.5  40.8

 6   1 

    
   Newmm  Deepcut Longest  Attacut

 NB  77.75 87.87 76.78 86.52
 SVM  86.97 94.54 87.46 93.69
 KNN  77.27 85.62 76.30 85.26
 DT C4.5  53.86 75.23 51.52 77.79

  6  1  NB SVM KNN  
DT C4.5  Newmm Deepcut Longest  Attacut 
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 SVM  1   Deepcut  94.54  
Attacut  1  93.69  Longest  1  87.46 

 Newmm  1  86.97   Longest  1 
  DT C4.5  51.52

 

  Deepcut  
  

    
  93.42 

 97.03  1  94.54  Soisoonthorn et al. (2023) 
 Deepcut  Newmm  Longest  

Seeha et al. (2020)  Deepcut  Newmm  Attacut 
 Damrongkamoltip et al. (2024)  Laosen et al. (2024) 

 Attacut  Deepcut  Newmm 

 
  

8,091   1,767   Newmm 
 Deepcut  Longest  Attacut  

     
  

  3   P (Positive) 
 N (Negative)   4   

   
  4.5   10-Fold Cross Validation 

    1  
 1.   Deepcut   
93.42  97.03  1  94.54
 2.   Longest   
70.78  69.86  40.8  1  51.52
 3.   

  93.42  97.03  1  94.54
 4.    4.5 

  70.78  69.86 
 40.8  1  51.52
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