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The intensifying dependence on fossil fuels has

triggered unprecedented environmental concerns,
including climate change, air pollution, and resource
depletion. Biodiesel, a renewable fuel derived from
vegetable oils and animal fats, offers a promising
alternative to fossil fuels due to its biodegradability and
lower emissions of greenhouse gases, particulate matter,
and sulfur dioxide (Ambat et al, 2018: 356-369,
Kularathne et al, 2019: 1355-1367). However,
conventional biodiesel production methods often rely on
homogeneous catalysts like sodium hydroxide (NaOH)
or heterogeneous catalysts like metal oxides (Rehman
et al, 2021: 417-438, Rizwanul Fattah et al, 2020).
While effective, these methods pose limitations,
including separation difficulties, corrosion of reaction
vessels, environmental concerns associated with spent
catalysts,

(Mandari &

and energy-intensive reaction conditions

Devarai, 2022: 935-961).
Supramolecular catalysis offers a compelling path
toward overcoming these limitations and achieving
sustainable and efficient biodiesel production. This
report explores the fascinating interplay of hydrogen
bonding and TU-TU stacking interactions within
supramolecular catalysts, highlighting their role in
enhancing biodiesel yields and selectivity while
emphasizing sustainability. Additionally, we provide
details of specific supramolecular catalyst examples for
biodiesel production.

Supramolecular catalysis offers a groundbreaking
approach, harnessing the power of non-covalent

interactions like van der Waals forces, hydrogen

bonding, and TU-TU stacking to assemble discrete

molecular entities into well-defined, functional
structures with unique properties tailored for specific
catalytic tasks (Raynal et al, 2014: 1660-1733).
Supramolecular catalysis unlocks a world of
possibilities, enabling high selectivity, mild reaction
conditions, and catalyst recyclability (Raynal et al,
2014: 1660-1733, Raynal et al, 2014: 1734-
1787) all contributing to the biodiesel production from
diverse feedstocks such as vegetable oils, waste cooking
oils, and animal fats, with impressive yields exceeding
90% under gentle conditions (Elkelawy et al, 2022:
1-17, Gouda et al, 2022: 100415).

The selectivity of the supramolecular catalyst is
interactions.

influenced by non-covalent Firstly,

hydrogen bonds act as activation enhancers.
Strategically placed hydrogen bond donors and
acceptors within the polymer structure can interact with
reactants like triglycerides and methanol, stabilizing the
transition state of the transesterification reaction. This
lowers the activation energy, leading to faster reaction
rates and higher yields. Beyond activation, these
interactions act as a form of molecular recognition,
selectively interacting with desired reactants like
triglycerides while minimizing side reactions with other
molecules. Furthermore, the reversible nature of
hydrogen bonds contributes to the reusability of
supramolecular polymer catalysts. Post-reaction, the
catalyst and product molecules can dissociate through
the breaking of hydrogen bonds, allowing for the

catalyst’s recovery and reuse in subsequent cycles. This
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reusability not only reduces production costs but also
minimizes waste generation, contributing to a more
sustainable biodiesel production process. However, it's
important to note that reusability depends not only on
reversibility but also on factors like stability and
separation efficiency.

Another key player in the realm of supramolecular
polymer catalysts for biodiesel production is TU-TU

stacking. This unique interaction arises between
electron-rich aromatic rings present in the polymer
structure and similar aromatic residues within lipase
enzymes, nature’s biocatalysts for transesterification.
Aromatic rings in the catalyst align with aromatic
residues in the lipase’s active site, forming a stable and
specific ~ binding. TU-TU  stacking  induces
conformational changes in the lipase enzyme. These
changes optimize the enzyme's active site, exposing key
binding pockets and facilitating efficient interaction
with triglyceride substrates. Beyond activation, T{-TU
stacking contributes to enhanced binding affinity
between the lipase and triglyceride substrates. This
affinity, stemming from the synergistic interplay of TC-
TU stacking and hydrogen bonding, ensures efficient
substrate recruitment and minimizes the chances of
competing side reactions. This selectivity, coupled with
the activation effect, leads to the production of purer
biodiesel with improved fuel properties.

Researchers have synthesized various supramolecular
systems employing diverse building blocks, including
metal complexes, ionic liquids, and supramolecular
gels, each offering unique advantages. For instance,
metal-organic frameworks (MOFs) have emerged as
particularly promising catalysts. With their well-
defined, porous structures, MOFs can be designed to
incorporate catalytic sites, leading to exceptional
activity and selectivity towards transesterification, the
key reaction in biodiesel production. Supramolecular
structures can pre-organize reactants, bringing them
into proximity and facilitating reaction. Cyclodextrins
can encapsulate oil molecules, aligning them for

efficient transesterification. The assembled

supramolecule creates unique active sites with tailored

Lewis acidity or basicity. Several studies showcase the
remarkable potential of these supramolecular catalysts.
Copper (Cu)-based B-cyclodextrins supramolecular
catalyst achieved biodiesel yields exceeding 88% under
mild conditions, demonstrating their effectiveness and
sustainability (Elkelawy et al, 2022: 1-17, Zhang et
al, 2018: 1123-1128). Poly- B—cyclodextrin
hydrogel used to immobilize lipase combined enzymatic
activity with cyclodextrin’s

offered

structural advantages,

reusability,  substrate recognition, and
conversion, achieving successful biodiesel production
from soybean oil (Wang et al, 2024: 133140). MOFs
like UiO-66 and MIL-100 offer high yields and
reusability due to their abundant active sites and porous
structures  (Gouda et al, 2022: 100415).
Supramolecular gels and ionic liquids create reusable
systems with tunable polarity and compatibility with
diverse feedstocks.

Supramolecular catalysts can be designed to accelerate
this reaction and improve its efficiency in several ways
by providing active sites, stabilizing intermediates, and
enhancing selectivity. Research on supramolecular
catalysis for biodiesel production is still in its early
stages, but several promising examples show its
potential. For instance, studies have demonstrated the
use of supramolecular catalysts based on cyclodextrins,
metal complexes, and ionic liquids to achieve high
biodiesel yields under mild reaction conditions. Further
research is crucial to optimize these catalysts, explore
their long-term stability, and scale up the production
process for commercial viability. However, the initial
results suggest that supramolecular catalysis holds

significant promise for developing a more sustainable

and efficient approach to biodiesel production.
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ABSTRACT

In this study, we propose a within-host model for HIV infection of CD4+ T-cells. The model includes immune response,
immune impairment, and antiretroviral treatment. Two types of antiretroviral drugs (reverse transcriptase inhibitors (RTIs) and protease
inhibitors (PIs)) are used within the model. Positivity and boundedness of solutions are verified. We present two equilibrium points
which are infection-free and infected one. The basic reproduction number is calculated, and it becomes the threshold indicating the
stability of each equilibrium point. When it is less than a unity, an infection-free equilibrium point is locally stable, whereas when it
is greater than one an infected equilibrium point exists. Global stability of infection-free equilibrium point is obtained with some
conditions. Further, we extend the model by applying optimal control problem in which both antiretroviral drugs becomes control
variables. This is to minimize the HIV infection of CD4+ T-cells. Our numerical results demonstrate that RTIs drug alone could

slightly reduces an HIV infection whereas the PIs drug alone manages to reduce the infection largely. However, a combination of both

types of drugs gives the best result for eliminating HIV infection of CD4+ T-cells.

KEYWORDS: HIV infection, immune response, immune impairment, antiretroviral treatment, optimal control
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1. INTRODUCTION
Human Immunodeficiency Virus (HIV) is a virus that
attacks immune cells causing an increase in the risk of
other diseases and infections. It has been and continues
to be a major global public health issue. According to
World Health Organization (WHO), 650,000 people
died from HIV-related causes and about 38.4 million
people living with HIV at the end of 2021 (WHO,
2022). CD4+ T-cells are the majority host cells for
HIV to attack. CD4+ T-cells can be infected via the
contact from free virus and of cell-to-cell. When the
CD4+ T-cells are being attacked, they will stimulate
cytotoxic T lymphocyte cells (CTL) to control viral
load, this is done by killing the infected CD4+ T-cells.
To the present time, there is no cure for HIV
infection, however, it can be managed by treatment
regimens which are combination of antiretroviral drugs.

These drugs suppress viral replication, reduce the

amount of HIV in patients’ body and help patients to
stay healthy. Antiretroviral drugs can be classified into
six classes consisting of (i) nucleoside reverse
transcriptase inhibitors (NRTIs), (ii) non-nucleoside
reverse transcriptase inhibitors (NNRTIs), (iii)
protease inhibitors (PIs), (iv) integrase inhibitors, (v)
fusion inhibitors, and (vi) post-attachment inhibitors
(Karrakchou et al., 2006; Arts et al., 2012; Jones,
2021). Note that the first two classes ((i) and (ii))
are subclasses of RTIs. In this study, we mainly focus
on two classes which are RTIs and PIs. RTIs treatment
helps disrupting new infection, whereas PIs inhibits the
activity for viral replication.

Mathematical models have been used as useful
tool to study various infectious diseases including HIV
infection. Several researchers give attention to HIV

infection in population level e.g., the work by Aldila,

2018, Omondi et al.,, 2019, Munawwaroh et al.,
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2020, Ayele et al., 2021, and Omondi et al., 2022,
whereas some researchers focus on within-host model,
e.g., the work by Ogunlaran and Noutchie, 20186,
Ngina et al., 2017, Sutimin et al., 2018, Sutimin et
al.,, 2019, Sutimin et al., 2020, and Arenas et al.,
2021. In this study, we focus on a within-host model
of HIV infection to better understand the processes
regulating HIV load dynamics. For within-host HIV
dynamics, some researchers proposed models involves
immune response, e.g., the work by Sutimin et al.,
2018, and Sutimin et al., 2019 where Bai and Xu,
2021 (Bai and Xu, 2021) included immune
impairment in their model. Several researchers proposed
a model with antiretroviral treatments, e.g., the work by
Sutimin et al., 2018, Sutimin et al., 2019, Ouifki and
Witten, 2007, and Srivastava et al., 2009. Further,
optimal control problems were applied in some HIV
infection studies, e.g., the work by Arruda et al., 2015,
Ngina et al., 2018, Olabode et al., 2019, Tjahjana and
Sutimin, 2020, and Nath et al., 2023.

In this study, we propose a deterministic
model of within-host HIV infection of CD4+ T-cells
involving immune response and antiretroviral treatment.
This model extends the work of Sutimin et al., 2019
by adding the role of immune impairment. Further, we
also apply optimal control problem by considering both
drugs RTIs and PIs as control variables in the model,
where Sutimin et al., (Sutimin et al., 2019) did not
include in their study. The paper is organized as
follows. The model description is presented in the next
section. All model analysis including positivity and
boundedness of solutions, equilibrium points and their
stability and the basic reproduction number is presented

in Section 3. Section 4 introduces the optimal control

Table 1 Definition of all parameters used in the model.

model, where its numerical results are presented in
Section 5 with some discussion. Finally, we conclude

this study in Section 6.

2. MODEL FORMULATION

A mathematical model of HIV infection of CD4+ T-
cells is proposed. We modify the model of Sutimin et
al., (Sutimin et al., 2019) by considering the
importance of immune impairment and a reduction of
free virus due to HIV infection of CD4+ T-cells by free
virus itself. Later on in Section 4, we apply optimal
control problem into our model which Sutimin et al.,
(Sutimin et al., 2019) did not study in their model.
Our model therefore consists of five variables: the
concentration of susceptible CD4+ T-cells (X), the
concentration of exposed CD4+ T-cells (e) , the
concentration of infected CD4+ T-cells (y) , the
concentration of free virus (V), and the concentration
of CTL cells (z) . The definition of all parameters are
shown in Table 1.

Our proposed model is as follows.

%=A—ﬁxv—kxy+(ula+n)e—yx,

de

Ezﬂxv+kxy—ae—ye—77e,

dy

E=(1—u1)a6—dy—qy2—uy, (1)
dv

E:(l—uz)gdy—gv—sv—ﬂxv,

dz

— =hyz-56z-myz.

at y y

The initial conditions are x(0) >0,e(0) >0, y(0) >0,
v(0) >0,z(0) > 0.

Parameter Description Parameter Description
A The constant production rate of CD4+ T-cells g The average number of virus particles produced by infected
CD4+ T-cells
ﬂ The infection rate of CD4+ T-cells by free virus & The virus clearance rate
k The infection rate of CD4+ T-cells by infected cells S The virus death rate
a The increase rate of CD4+ T-cells due to RTIs drug The proliferation rate of CTL cells
n The reverting rate of infected cells to uninfected cells due to o The decay rate of CTL cells

viral reverse transcription incompletion
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Table 1 Definition of all parameters used in the model (cont.).

Parameter Description Parameter Description
M The natural death rate of CD4+ T-cells m The rate of immune impairment
d The viral lysis rate of infected CD4+T-cells Ug The efficacy of RTIs drugs
q The rate at which the infected CD4+ T-cells are eliminated us The efficacy of PIs drugs

by the CTL cells

Here we assume that 0 <uy <1 and O<up <1, and b>m.

3. MODEL ANALYSIS

3.1 Positivity of the solutions

Theorem 1. With nonnegative initial conditions, all
solutions of equation (1) remain nonnegative for all
t>0.

Proof. For t >0, we consider the five cases where each
variable is the first variable to become zero and the
other four variables remain nonnegative.

1. If x(t) is the first variable to become zero at t =t,,

then at t,, we have from equation (1) that
dx
E(tx) =A+(u, +m)e(t,) =0,

since e(ty)>0 and  Bx(ty)Vv(ty)+kx(ty)y(ty) + u(ty) =0.
Therefore, X(t) >0 in the positive neighbourhood of
t=t,.
2. If e(t) is the first variable to become zero at t =t,,

then at t,, we have from equation (1) that

1) = AXEVE) )Y 2O,
since X(t,) >0 and v(t,) 20, y(t.) >0 and
ae(t,) + pe(t,) +n(t,) = 0. Therefore, e(t) >0 in the
positive neighbourhood of t =t,.
3.1If y(t) is the first variable to become zero at t =t,

then at t,, we have from equation (1) that
d
d—i/(ty) — (1-u)ae(t,) 20,

since e(ty) >0 and dy(t,)+ay(t,)z(t,)+uy(t,)=0.
Therefore, Y(t) >0 in the positive neighbourhood of
t= ty.

4.1f v(t) is the first variable to become zero at t =t,,

then at t,, we have from equation (1) that

%(tv) — (1-u,)gdy(t,) >0,

since Y(t,) =20 and ev(t,)+sv(t,)+ Bx(t,)v(t,) =0.
Therefore, V(t) >0 in the positive neighbourhood of
t=t,.

5.If z(t) is the first variable to become zero at t =t,,

then at t,, we have from equation (1) that

dz

—(t,) =0,

o (t,)
since by(t,)z(t,)+oz(t,) +my(t,)z(t,) = 0. Therefore,
z(t) 20 in the positive neighbourhood of t=t,.

Therefore, the positivity of all solutions of system (1)

is guaranteed for all t > 0. This completes the proof.

3.2 Invariant region

Theorem 2. Given all initial values are nonnegative and
lie in the biologically feasible region ) for system
(1) defined by

Q:{(x,e, yv,2)ell ix+e+ y+%zsA v<w}

g (s+e)
then all solutions of system (1) are nonnegative and

remain inside the region € for all t>0.

Proof. We first let N(t)=x(t) +e(t) + y(t)+%z(t), then

dN, 9, 9
—=A—ux—pue—dy—puy——=0z——myz
at HX—pe—ay —uy b b Y.

SA—,ux—,ue—,uy—%&
< A—¢N,where, ¢ = min(, 5). (2)
By solving (2), we obtain

N(t) s%—(%—N(O)Je% (3)

Hence, N(t) is bounded above by % for all initial

data in Q.. We next consider

% =(1-u,)gdy —ev—sv— gBxv

<(@-u,)gdy —sv—egv (4)
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s(l—uz)gd%—(SJrg)v.

Similarly, we have

v(t) < (1-uy)gdA _( (1—-uy)gdA _V(t)Je(sw)tl
(s+e)¢ (s+&)¢
Thus, v(t) is bounded above by (d-u;)gdA
(s+¢)g

initial data in Q..

Hence, the biologically feasible region {2 for system

(1) is defined by

Q=

{(x,e,y,v,z)e i:x+e+y+%z§%,v£

This completes the proof.

3.3 Equilibrium points

Two equilibrium points are calculated for this

model. They are

i)

i)

the infection-free equilibrium point:

A
EO:(XO'eOlyOvV01ZO):(EyO,O,O,OJ- (6)

the infected equilibrium point:
E = (x,e",y',V',z) where

e*,(d+ﬂ)5+q52* x5
(b-m@-we’ ~  b-m’
S (-upgds

Cb-m)e+s+ X))

S _(-u)l-w)apad’  Q-u)akd (d+p)

()

for all

(1-up)gdA
(s+&)gp

}

C(e+s+ ) aturn)g (at+utn)
X isa positive solution of equation
AX? + Ax+ Ay =0, where
A =bO-m)QA-u )+ u+mafu

+(1—u ) (o + u+mapks
—(1-u)(wa+n)apfks >0,
since (L—u, )(a + u+n)afko
> (1-u)(wa +n)apks,

Ay = (b—m)A—-uw)(& +8)(a+ u+n)au
+@-u)(e+s)(a+ u+n)aks
+1-u)A-u,)(a+ u+n)apfgds
—(1-u)(e+s)wa +n)aks
—(b—m)A-u;) (e + p+m)afA
—(1-u)@-u)(wa+n)apgds,

Ay =—(b-m)L-u,)(e+s)(a+ u+n)ar <0.

q

Since A >0 and A; <0, either the value of A, is
positive or negative, there is only one time change of
sign. By Descartes’ rule of sign, this ensures that there
is one positive solution of X" . Thus, E, exists when

(L—ty)A—up)eBydx” . (A—up)arkx” Jd+u
(g+s+ﬁx*)(a+,u+77)q (a+u+n)q q

3.4 The basic reproduction number (R;)

The basic reproduction number (R,) is the
expected number of secondary cases of HIV infection
caused by a typical case of infected CD4+ T-cells. The
next-generation matrix method by van den Drissche and
Watmough (2002) is used to calculate Ry. We first
write matrix F  which is the matrix of the rate of
appearance of new infections and then write matrix V
which is the matrix of the transfer rate of individual

infections. F and V of our model are shown below.

PBxv+kxy ae+ pe+ne
F= 0 and V=| dy+uy+aqyz—(1-u)ae
0 EV+SV+ XV —(1-up)gdy

The Jacobian matrices of F and V are

0 kx px
F=|{0 O 0 | and
10 0 0
[a+u+n 0 0
V=-1-uy)a d+u+qz 0
| 0 —(1-u,)gd  e+s+px
We next calculate the next generation matrix as
follows :
F(Eo)V ™ (E)
(1—u1)(g+s+/i—f\)“k7"+(l—ul)(l—u2)C‘Q"Tﬂ’\ (s+s+%)k}—’l‘+(1—u2)g‘li %"
(a+p+q)(d+y)(s+s+€—f‘) (d+y)(s+s+%") £+S+/}TA
= 0 0 0
0 0 0

The spectral radius of the matrix FV is the basic

reproduction number, thus

(1—u1)[g+s+@]ak/\+ (L—ty) (- Up)agd A
u

RO:
e+ u+n)(d +y)[£+s+ﬂ—AJ
u

(7D
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3.5 Stability of infection-free equilibrium point

®  Local stability of infection—free equilibrium point
Theorem 3. The infection-free equilibrium point (E;)
is locally asymptotically stable if Ry <1, otherwise it
is unstable.

Proof.

The Jacobian matrix at the infection—free

equilibrium point is

—u ua +1 _ka AN 0
u u
0 -a-u-n k—A ﬂ 0
IeeoYoror)=| oy, 7df# o ol
0 0 (1-uy)gd —g—s—ﬁ—A 0
Lo 0 0 0 -5

(®)
Its first two eigenvalues are 4, =—u <0, 4, =-06 <0.
And the characteristic equation for the remaining 3x3
matrix is A3 + aiﬂ,z +a,A+ag =0, where

PA

a=c+s+—+d+2u+a+n,
u

a,=(d +2/1+a+77)[g+s+ﬂ]+(a+y+n)(d +/1)7(17u1)ak—A
u U

a,=(a+u+n)d +y)[g+s+ﬂ—/\j
2]

{(1—u1)[g+ s +ﬂja'<_A+(1_ul)(1_uz) agdﬂA}
u ) u i

=(a+u+n)d +y)[e+s+ﬂ7AJ(1—R0).

When R;<1 , we obtain a >0, a;>0 and
&,a, —ag > 0. Thus, with Routh-Hurwitz Criterion,

the infection-free equilibrium point is locally
asymptotically stable if Ry <1. It is unstable when

R, >1.This completes the proof.

®  Global stability of the infection-free equilibrium

point

We use Lyapunov method (see, e.g., Luenberger,
1979) and the concept is as follows.

Let E be an open subset of [[" containing equilibrium
point X,. Suppose f eC'(E) and that f(X,)=0.
Suppose further that there exists a real valued function
LeCY(E)

satisfying L(X;)=0 and L(X)>0 if

X# Xo. If

1. L(x) <0 for all E\X,, X, is asymptotically
stable.

2. L(x)>0 forall XxeE, X, is unstable.

2

Theorem 4. If R;<1 and 1- (a+”+n)(£+s)gﬂ
(1—-uy)agd A

< U, <1, then the infection-free equilibrium point E,

is globally asymptotically stable.

Proof. We use Lyapunov method in this proof and it is

defined as
L—(1—u1)[5+s+'B—Ajae+(a+y+n)[s+s+&]y
H H
A
+(1—u1)%v.
u

Here, L is positive definite. We next calculate the

derivative of L with respect to time,

, oL de oL dy oL dv
oe dt oy dt ov dt

:(1—u1)[g+s+ﬂ—A]a[ﬂxv+kxy—ae—ye—ne]
U

+(a+,u+77)[5+ s+&][(l— U )ore —dy —qyz — uy |
U

+(1—u,) ﬂ[(l— u,)gdy —ev—sv— Bxv |
7]

< (1u1)[€+5+ﬁ—/\}ak_/\ y+(L-u)d-u,) agd SA y
H H

—(a+u+n)d +y)([5+s+%jy

My >[g+s+ﬂ_A]aﬂw
' i) ouo (s+e)u

(a+y+r;)(s+s+ﬂ7Aqu

=(a+u+n)(d +,u)[g+s+ﬂ7A]y (Ry-1)

(1—u1)(1—u2)[g+ s+ﬂ—AjagdﬁA2

Y7

+ 2
(e+s)u

—(a+y+ry)(5+s+%)q.

We obtain that L' <0 when R, <1 and

2
1 (atutn)e+s)ou” b <1

(1-u,)agd A
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Therefore, E; is globally asymptotically stable if

(atptn)(e+s)gut
(L-Up)agd SA?

R, <land 1 < <l

This completes the proof.

4. Optimal control model

We apply two optimal control variables in the model of
equation (1). This is to look for the best strategy in
controlling the HIV infection of CD4+ T-cells. The
controls variables are

i) uy(t) is the treatment effort by RTIs drugs.

i) u,(t) is the treatment effort by PIs drugs.

The optimal control is for R, >1, and this model can

be written as

%:A—ﬁxv—kwﬂul(t)am)e—#x,

% = XV +Kkxy —ae — ue —ne,

d

d_E[/=(1—u1(t))ae—dy—qyz—uy, (9
dv

i (1-u,(t))gdy —ev—sv— Bxv,

dz

— =byz—-o6z-myz.

gt Y Y

We would like to minimize the concentration of exposed
CD4+ T-cells, the concentration of infected CD4+ T-
cells and the concentration of free virus at a minimal
cost of control over the time interval [0,T]. The

objective function is defined by

3 (U, Uy) = min jOT [Wie(t) + W,y (t) +Wav(t)

5 Q) W) [

The initial conditions are x(0) ...0, (0) ...0, y(0)..0,
v(0)...0 and z(0)...0.

The notations W;, W, and W;are the weight constants
and W,u?(t) and Wgu3(t) represent the costs
associated with antiretroviral drugs used to treat HIV
infection by disrupting new infection with RTIs drug,
and antiretroviral drugs used to treat HIV infection by

blocking protease and preventing new virus from

becoming a mature virus that can infect other CD4+ T-

cells with PIs drug. The following function is the

Lagrangian of the optimal control problem:
f(e,y,v,u;,u,) =We(t) +W, y(t) + W,V (t)

+%(W4u12 (t)+w5u§(t)).

Following the Pontryagin’s Minimum Principle (PMP)
(Pontryagin et al., 1986), the Hamiltonian for the

optimal control problem is defined as

H =We(t) + W, y(t) +Wyv(t)
1
2 (WF @ Wi )

A, IA = Bxv—koxy + (g (t)ex +77)e — ]
+ A [ XV +Kkxy — e — e —ne]
+A4, [A—u (V))e —dy —aqyz — ny]
AL () gdy — v —sv— Bxv]
+4,[byz — 5z —myz],
(10)
where the adjoint functions associated with the state
equations for X, €, Y,V and Z are A Aes Ays Ay and
A, , respectively.
Theorem 6. Let optimal state solutions with associated
optimal control variables UI t) , and u; (t) be

X,&,V,V and 1. Then, there exists adjoint variables

As By Ay &y and A, satisfying:

2 =i+ 02+ (BT 1902 - ()4,

2 =W+ @O0+ iy (@t et g + - W) |

A =—[W2 Ky + KR g — (d + G2+ 1)y
+(1—-u,(t))gd A, + (bZ - mZ)/iz]

A =W - gty + Bt — (o 45+ O, )

& =g, + 0y-5-mp)2,]

Iits transversality conditions are

2 (T) =0, 4,(T) 0,4, (T) =0, 4, (T) =0, £,(T) =0

with characterization of the optimal control

u; (t) = max {O, min {W Ug H

4

U, (t) = max{o, min {Q?Nﬂ,umax }}

5
Proof. By using the Pontryagin’s Minimum Principle,

we determine the adjoint equations. We differentiate the
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Hamiltonian with respect to X, €, Y,V and Z ,

respectively. The adjoint system is therefore as

follows :
i == v kg (97 e - (004 ]

A = —% = —[Wl +(U®a+7) A — (o + p+1) e

+(1- ul(t))aﬂy]

/1y’ = —% =—[W2 —kXAy + kX Ag — (d + q2+,u)/1y

+(17u2(t))gd/1v+(bifmi)ﬂz] (11)

A :—%:—[Ws iy g (e + 54 PR )

,__oH . . .
M= =—[—qy/1y +(by—5—my)/lz]-

. oH . ;
Next, we determine — =0 at y;, for i=12 and
U;

we obtain

u

1

S0 —
U1=M- (12)
W,
oH .
£:W5u2(t)—gdyﬂv =0
gdy 4,
==V 13
Uz W, (13)

Table 2. Parameter values of the model used in numerical study.

Then, we have optimal control variables as

up(t) = max{o,min{—aé(/ly ~ ) ,Ulmax}}, (14)
Wy
Uy(t) = max{o,min{gdﬂ,umax}} (15)
Ws

This completes the proof.

5. Numerical simulation of optimal control

model

Numerical simulation of the dynamics of the equation
(9) is performed. We use the forward-backward sweep
method to solve the optimality system numerically. The
optimal control is applied continuously for 300 days.
All parameter values used in this study is shown in
Table 2. Some parameters used are from previous
research as indicated in Table 2 and they are based on
existing experiment data or data collected from clinical
experiments and some are assumed. The numerical
results are shown in Figure 1- Figure 3. We divide our

results into three strategies as shown below.

Parameter Value Unit Ref

A 23 day’l Arenas et al., 2021
g 0.0005 mm® / day Sutimin et al., 2019
k 0.0008 mm® / day Sutimin et al., 2019
o 0.1 1/ day Sutimin et al., 2019
n 0.01 1/ day Assume

H 0.02 1/day Sutimin et al., 2019
d 0.24 1/ day Sutimin et al., 2019
q 0.01 1/ day Sutimin et al., 2019
g 100 cell / day Sutimin et al., 2019
& 24 1/ day Arenas et al., 2021
S 24 1/ day Sutimin et al., 2019
b 0.01 1/ day Sutimin et al., 2019
o 0.05 1/ day Sutimin et al., 2019
m 0.005 cells™ / day™ Bai and Xu, 2021
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5.1 Strategy A ! Control with treatment effort by
using RTIs drug only

We use control u; to optimize the objective function
while we set U, to be zero. Figure 1(a) shows that the
concentration of susceptible CD4+ T-cells (X) in
control case is equal to those in non-control case for
the first few days and after that it largely increases and
reaches higher equilibrium value than non-control case.
Figure 1(b) shows that the concentration of exposed
CD4+ T-cells (e) in control condition rarely changes
in the first 50 days comparing to non-control one,
whereas after that it drops to zero on 60" day which
is lower equilibrium value than non-control case.
Similarly, Figure 1(c) and (d) show that the
concentration of infected CD4+ T-cells (y) and the
concentration of free virus (v) have the same pattern
as of Figure 1(b). Figure 1(f) shows that the
concentration of CTL cells (z) is largely lower in
control case than non-control one and drops to zero as
equilibrium value towards 125" day. Figure 1(g)
shows the strategy of u; that we have to start
controlling with U, at around 7%. After that it has to
go up to 90% on 30" day until 300" day, then it can

be dropped down to zero.

5.2 Strategy B :@ Control with treatment effort by

using Pls drug only

Here, we set the control U, to be zero and use control
U, to optimize the objective function. Figure 2(a)
shows that the concentration of susceptible CD4+ T-
cells (X) in control case decreases much less than in
non-control one and it fluctuates around 760-960
cell /mm® until the end of 300 days which reaches
higher equilibrium value. Figure 2(b) shows that the
(e) is

significantly lower in control case for the first peak and

concentration of exposed CD4+ T-cells

slightly lower in the second peak than without control
case. Further, it reaches lower equilibrium value in

control one comparing to without control condition.

Figure 2(c) shows that the concentration of infected
CD4+ T-cells (y) is also significantly lower in
control case, and time for the peak to occur is slightly
slower than non-control one. However, it can be seen
that the concentration of infected CD4+ T-cells () is
slightly higher in the second peak in control case,
whereas it reduces to the same equilibrium value
towards the end. Figure 2(d) shows that the
concentration of free virus (V) is dramatically lower in
control case with the peak of about 25 cell/mm?,
whereas it reaches the peak to more than 600
cell /mm® in no control one. After that it decreases to
reach lower equilibrium value than without control one.
Figure 2(f) shows that in control condition, the
concentration of CTL cells (z) is largely lower than
without control case and is lower all along towards
300" day. Figure 2(g) shows that in this strategy we
have to start controlling U, at the maximum rate of
90% for all 300 days and finally it can be dropped
down to 0% at the end. From results above, this strategy

demonstrates that U, could have a bigger impact in

reducing the concentration of e, Y, V and Z.

3.3 Strategy C . Combination of all controls

A combination of both controls is applied to optimize
the objective function. Figure 3(a) shows that the
concentration of susceptible CD4+ T-cells (X) reduces
much slower in control case than without control one
and after 30 days it gradually increases to almost 1,148
cell /mm? at the end. Figure 3(b) shows a dramatic
decrease in the concentration of exposed CD4+ T-cells
(e) in control case with the peak of about 417
cell /mm®, whereas it increases and reaches the peak
of more than 1,077 cell/mm® in non-control case.
After that it drops to zero on the 750 day in control
case, which gives better result than Strategy A and B.
Similarly, Figure 3(c) shows a dramatic reduction in
the concentration of infected CD4+ T-cells (y) in

control case with the peak of about 58 cell /mm?,
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whereas it increases and reaches the peak of more than
125 cell /mm?® in non-control one. Then, it drops to
zero on the 75 day in control condition, which again
gives better result than Strategy A and B. In the control
condition, Figure 3(d) shows a significant decrease in
the concentration of free virus (v) with the peak of
about 25 cell / mm3, whereas it increases and reaches
the peak of more than 600 cell/mm?® in without
control one, and it reaches zero on the 25M day.
Finally, Figure 3(e) shows that the concentration of
CTL cells (z) reduces largely in control case and it
reduces to reach zero on 125" day. Hence, we can see
that the results in this strategy gives better control in
reducing the HIV infection than previous two strategies.
Figure 3(f) shows that in this strategy we need to start
controlling u; from 0% for about 15 days and
increases U; gradually to 90% on 105" day, then

remains at 90% until 290™ day. After that we can

celi(x

he concentration of susceptible CD4+

oncentration of infacted CD4+ T - call(y

The ©

5 400 -

gradually drop u; to zero towards the 300" day.
Further, Figure 3(g) shows that we need to start
controlling U, at the maximum rate of 90% for all
300 days and can drop it to zero on 300" day.
Overall, our results demonstrate that with the
treatment effort, i.e., the use of RTIs drug (u;) alone
in Strategy A can slightly reduce the concentration of
e, Y,V and Z, although the equilibrium value of e,
y and V reach zero. The use of PIs drug (u,) alone
gives a better result in reducing e, Y, V and Z than a
control with u; alone, although the equilibrium value
of € and Yy do not seem to reach zero. Further,
Strategy C shows that when using both drugs, the
concentration of e, ¥,V and Z not only reduce
largely as Strategy B, but also reach zero as Strategy A.
Moreover, time for the peak to occur of e, Y, V and Z
in control case is slightly later than those of non-control

case. Hence, Strategy C gives the best result.

500 2

150 200 250 300
Time (days)

Control rate (u1)
—

100 150
Time (days;

Figure 1 Numerical simulation of the optimal control model (9) with treatment effort by using RTIs drug of u, alone when u,,., =0.9.
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Figure 2 Numerical simulation of the optimal control model (9) with optimal control of treatment effort by using PIs drug of u, alone when u, .
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Figure 3 Numerical simulation of the optimal control model (9) with all optimal controls u,

6. Conclusions

Even with great attempt of various organization trying
to eliminate HIV infection, there are still a high number
of HIV infected patients globally every year. A better
understanding of virus kinetic of HIV infection
therefore remains essential. In this study, we propose a
within-host model of HIV infection of CD4+ T-cells.
The model is modified from the work of Sutimin et al.,
(Sutimin et al., 2019) by including the immune
impairment and a fact that free viruses are reduced due
to an HIV infection by free virus itself. The model
the concentration of

consists of five variables:

susceptible CD4+ T-cells (X), the concentration of

11

and u, when uy, . =U;ma =0.9.

exposed CD4+ T-cells (€) , the concentration of
infected CD4+ T-cells (Y) , the concentration of free
virus (V) , and the concentration of CTL cells (z) .
The positivity and boundedness of model solutions are
verified. Two equilibrium points are obtained and they
are infection-free and infected steady state. The basic
reproduction number is calculated and when it is less
than a unity, an infection-free equilibrium point is
locally stable. When it is greater than one, an infected
equilibrium point exists. Infection-free equilibrium
point is globally stable when they meet some required
conditions. In addition, optimal control problem is

applied into the model by considering both type of
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antiretroviral drugs, which are RTIs and PIs drugs as

control variables. We performed some numerical

simulations of optimal control model. The results
demonstrate that RTIs drug alone could slightly reduce
an HIV infection whereas the PIs drug alone gives better
result in reducing the infection than RTIs drug.
Nevertheless, for eliminating an HIV infection of CD4+
T-cells, a combination of both types of drugs gives the
best result. Our study therefore encourages a mixed use
of antiretroviral drugs, RTIs and PIs, however, an
amount of each type of drugs are to be decided by the
medical doctors. Further, we like to point out that our
numerical results of optimal control model show that
with optimal control, it can reduce an infection to zero.
However, if the controls are omitted, an infection could
occur and increase again. Hence, antiretroviral drugs are
required to make R, <1 in order to let the infection-

free equilibrium point stable all the time.
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ABSTRACT

The exact traveling wave solutions of the combined KdV-mKdV equation, which are the partial differential equations, were
examined using the simple equation method with the Riccati equation and the modified extended tanh-function method. The solutions
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1. INTRODUCTION

In many branches of natural science, accurate
solutions of non-linear partial differential equations
(NLPDEs) are

essential to comprehending the

qualitative aspects of numerous processes and
phenomena. In the present, researchers have discovered
numerous potent techniques for resolving the nonlinear
partial differential equation, such as the simple equation
method (Sanjun & Chankaew, 2022), the tanh-coth
method (Kumar & Pankaj, 2015), the sin-cosine
method (Raslan et al., 2017), the (G'/G)—expansion
method (Akbar et al., 2018), the modified extended
tanh-function method (Zahran & Khater, 2016), the
Exp-expansion method (He & Wu, 2006), the unified
method (Abdel-Gawad et al., 2022), the Riccati-
Bernoulli sub-ODE method (Yang et al., 2015), etc.
The combined KdV-mKdV equation (Khan

et al., 2023),

u +muu + nuzux +u =0, (1)

where u = u(x,t), m and N are real constants,

which is a useful tool in the study of water waves. It
helps researchers understand and forecast the actions of
many wave phenomena, such as solitary waves, wave
breaking, turbulence, interactions between waves and
structures, and tsunamis (Yuan et al., 2023). Many
analytical methods have been used to investigate this
equation. from multiple authors, such as in 2010 (Lu
& Shi, 2010) using the expansion approach of Jacobi
elliptic functions; in 2012 (Naher & Abdullah, 2012)
using the improved (G'/G)—expansion method; in
2014 (Huang et al., 2014) using the complex method;
in 2016 (Hu et al., 2016) using the consistent tanh
expansion (CTE) method; in 2022 (Ekici & Unal,
2022) using the rational (G'/G)—expansion method
(Ekici & Unal, 2022); and in 2023 using the
Bernoulli sub-ODE method (Khan et al., 2023).
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Two different methods are used in this article.
The first method is called the simple equation method
with Riccati equation, which was first proposed to
construct exact traveling wave solutions of the
Kodomtsev-Petviashvili (KP) equation, the (2 + 1)-
dimensional breaking soliton equation, and the modified
generalized Vakhnenko equation in 2016 (Nofal,
2016). In 2024, (Thadee & Phoosree, 2024 ) used
the simple equation method with the Riccati equation to
find the exact traveling wave solutions of fourth-order
fractional water wave equations. And the modified
extended tanh-function method that executes this
method has broad applicability to many other nonlinear
evolution equations. In mathematical physics, the
modified extended tanh-function method was used to
investigate exact solutions to various equations, such as
the Hirota-Satsuma-coupled KdV system in 2007
(ElI-Wakil & Abdou,

2007). The fisher-type

equation, the ZK-BBM equation, generalized the
Burgers—Fisher equation in 2007 (El-Wakil & Abdou,
2007). The Bogoyavlenskii equation in 2016 (Zahran
& Khater, 2016). And the conformable time fractional
Drinfel’d—Sokolov—Wilson equation (Bashar et al.,
2023).

In this work, we solve the combined KdV-
mKdV equation using the simple equation method with
the Riccati equation and the modified extended tanh-
function method for finding the traveling wave solutions
of the combined KdAV-mKdV equation. We have shown
the new exact solutions and obtained the wave solutions
for the wave effects in a two-dimensional graph, a
three-dimensional graph, and a contour graph in
Section. 4. Moreover, we compared the solutions and
got the new simpler form,which is shown in Section. 5.
Finally, Section. 6 concludes with observations and

results.

2. MATERIALS AND METHODS

Let there be a NLPDE, say, in two

independent variables X and ¢, is given by:

G(”’”:’”x’”xx’“xt"“):0’ (2)

where G is in general a polynomial function of
u( X,t) and its arguments; the subscripts denote the
partial derivatives. Start by considering combining the
independent variables X and t into one variable, § .

We suppose that

u(x,t)Iu(f), é::x—a)t. (3)

The traveling wave transformation Eq. (3) permits us
to reduce Eq. (2) to the following ordinary differential
equation (ODE):

" -m

Q(u,u’,u ,u ,...)=O, (4)
where Q is a polynomial in u(f ) and its total
du d’u

derivatives, where U'(g) = E, U"(g) = déﬂ s

and so on.

2.1 The simple equation method with the Riccati
equation

We outline the fundamental steps of the simple
equation method with the Riccati equation (Nofal,
2016) as follows:
Step 1. Start by considering Egs. (2)-(4).
Step 2. Suppose that the solution of Eq. (4) is in the

following form:

(=202 @

Which 4, (i =0,12,..., N) are constants that need to
be determined such that a, #0 and Z (rf ) conform

to the following the Riccati equation,

Z'(&)=az' (&)+ P, (6)
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where O and ,B are non-zero constants. The two-

case solutions of Eq. (6) can be explained here:
Case 1: a,B <o,

A [ Vi
Z(g)_— tanh «/ ég n(g)

)
where é:o >0 and V=11.

Case 2: a,B>o,

2(&)= tan(J_ E+E)). ®

where é o 1s a constant.

Step 3. The balance number N may be achieved by
striking a balance between the derivative of the highest-

order and the highest nonlinear terms that exist in Eq.

(4).

Step 4. For the terms that were all in the same power
of z, we added up all of the coefficients and set them
to zero. We obtained @, 0!,3 and a.. Thus, the

solutions to Eq. (2) that include traveling waves are

constructed.

2.2 The modified extended tanh-function method
We describe the main steps of the modified

extended tanh-function method (Zahran & Khater,

2016).

Step 1. Start by considering Egs. (2)-(4).

Step 2. Suppose that the solution of Eq. (4) in the

following form:

u(f)ZaO +Z(ai(0i +b‘.¢_i), 9)

where a, and bi are constants that need to be
determined such that a, #0 or b, # 0 and {0

satisfy the Riccati equation,

Q'=0+¢ (10)

where O is a constant. Eq. (6) admits several types

of solutions according to the following:

Case 1: If O <0, then
Qp=——-0 tanh(—\/—O'g), (11)
p=——0 Coth(—\/—O'g). (12)

Case 2: If O >0, then
@Z\/gtan(\/gg), (13)
(02—\/Ecot(\/gé:). (14)

Case 3: If O =0, then

1

p=——. (15)

5

Step 3. The balance number N may be achieved by
striking a balance between the derivative of the highest-

order and the highest nonlinear terms that exist in Eq.

(4).

Step 4. Substitute Eq. (9) and its derivative as well as
Eq. (10) into Eq. (4). Then by setting the coefficients
of @',(i=0,T1,%2,...), and equating them to zero,

we obtain a system of algebraic equations, which can

be solved to obtain the values of a,, bi ,O and w.
Step 5. Substitute the values of 2,,b,,0, @ and the

solutions of Eq. (10) into Eq. (9) and we obtain the

exact solutions of Eq. (2).

3. APPLICATIONS
We next want to solve the combined KdV-
mKdV equation using the simple equation method with
the Riccati equation and the modified extended tanh-
function method.
The combined KdV-mKdV equation is
u + muu_ + nu2ux +u

=0, (16)

XXX

where u:u(x,t), m and N are real constants.

Using u (5) =u(x,t) and the traveling wave variable
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(;: = x — x, we will transform it into an ODE. When
the transformation is put into equation (16), the

outcome is

—d’ + mud’ + o’y +4d" =o. amn

Integrating Eq. (17) with the zero constant, we get:
3

m , nu "
—Wu+—u +—+u =0.
2 3

(18)

The proposed procedures are used in the following

sections to achieve the desired results.

3.1 Solutions with the simple equation method with
the Riccati equation

Next, we Dbalanced the highest-order

derivative terms U" with the highest nonlinear terms
u® in Eq. (18). Then N =1 . We have the solution

to Eq. (18) as follows:

u(§)=30+312, (19)

where Z satisfies Eq. (6). Therefore, the expressions

14 2 3
for u ,u” and u are expressed as:

W' =20 7" +200a 7, (20)
u =a02 +2&031Z+a12Zz, (21)
o =a+3a’az+3aa"2 +a’Z".  (22)

Substituting Egs. (19)-(22) into Eq. (18), the

outcome is

m 2 n 3
—Wa, +—ao +—ao
2 2

-|‘(—6z)zl1 +maga, + naoza1 + 20[,831 )Z
m n
+(—312 +naoal2)22 +(—213 +20{2a1j23 =0.
2 3
(23)

Then we set each coefficient of Z' to zero, where

1=0,1,2,3, yields

z°(&): —wa, +§a02 +2303 =o, (24)
7' (&): —@a, +ma,a, +naa +20fa =0, (25)
7(&): §312+n30312=0, (26)
z'(&): galg +20t°a, =0. (27)

After solving this collection of mathematical equations,

we get
2
—m —6 —m
aO:—,aI:ia —, W= and
2n n 8n
e (28)
off =—
16n

By Egs. (7), (8), (28) and & =x — @, the exact

solutions of the combined KdV-mKdV equation are

shown for two cases with an arbitrary constant 5 0"

Case 1: 0{,8<0,

6 : ? Vi
ul(x,t)z—i+m\/_tanh - x+ -z - ngo ,
2n 4n 16n 8n 2

(29)
u2<x,r)=—£‘m£‘”{ _i(”[m_z] ]_SCJ
2n 4n 16n 8n 2
(30)

where & >0 and V=11

Case 2: aﬂ>0,

u, (X,t) =_—m+ m\/—_G tan m—z(x +[m—2jtj,

2n 4n 16n 8n
(31)
2 2
— A/ —6
uA(x,t)=—m—m tan i x+ 2 t|,
2n 4n 16n 8n
(32)

where é:o is a constant.
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3.2 Solutions with the modified extended tanh function

method

According to the procedure that will be
described, the balancing number N is a positive
integer, which can be defined by balancing the highest-

o "o . .
order derivative terms u with the highest nonlinear

terms u’ in Eq. (18). Thus, N=1. We have the
solution to Eq. (18) as follows:
_ —1
u(§)=a, +a@+b,0 (33)

where @ satisfies Eq. (10). Therefore, the expressions

14 2 3
for u ,u” and u are expressed as:

d"(E)=20a,0+24,0" +20°0,0 " +20b,0 ', (34)

v (ff) = aUZ +2aa @+ 230b1¢_1 + 312¢2

_ 35
+2ab +b'Q ", (35)

/(&)=

+3a, b’ ¢ +Sa

303 + 3a§alq0 + 3azb1(071 + 3&0312(02 +6a,ab,
2 —1 3 3 3 —3
(D+3211b1¢ +81(0 +bl(0
(36)

Substituting Eqs. (33)-(36) into Eq. (18),

outcome is

( Wa, +—a + ma b, +—a +2naab)
Wa, + maa, +naa +nab +20'al)¢

Wb, + ma b, +nab +nab +20b, (0

+(-
+(=
+(E + naja )@2 +(Ebf +naobfj(0_2
2 2

n g 3 n g 2 -3 _
+ ;al+2a1 o+ ;b1+20b1 Q" =o.

Then we set each coefficient of ¢i to zero,

i=0,%t1,+2 13, yields

(37)

where

0, m , n 4 _ (38)
@5 —a, +;ao + ma b, +gao +2najab =0,

(39)

@1; — @a, +maga + naia1 + nafb1 +20a, =0,

¢_1; — b, + mab, + nazb1 + nalbl2 +20b, =0,

(40)
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m
wz; —af -|-naua12 =0, (41)
2
_, m
Q “ —bl2 -|-naob12 =0, (42)
2
3 n 3
@ ;—a +2a =0, (43)
3
(44)

—3.2 3+ _
) ,3b1 20b, =0.

After we solve this set of algebraic equations, we get

—6
a, = ,a = , =—C (7_

a)z——, (45)
6n
or
—m —6 —6 m2
a =—,a =—, |—,b, =0,|—,0=—"" and
2n n n 96n
2
w=—— (46)
6n

By Egs. (11)-(14), (45)-(46), and & =x— o,
the exact solutions of the combined KdV-mKdV
equation can be classified into the following cases

according to Section 2.2:

Case 1: If O <0, then

—m 1 —-m’ m’ 1
us(x,t)z— 1+ —tanh x+—1t |+

2n 2 96n

96n

u, (x, [)_

s
Gﬂ _mz mZ
2 tanh x+—t
6n

(47)

=|5

u, (x,1) =—

2n

—m 1 -m" m’ 1
u, (x t)—— 1+ —coth x+—1t |+ s
2 96n 6n —m“( m” j
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Case 2: If O >0, then

—m 1 m’ m’ 1
ug(x,t):— 1+ —tan x+—1t [— s
2n 2 96n 6n m’ m’
2tan x+—t
96n 6n
(51) .
0.8
= 06
X
2 2 S 04
—m m 1
um(x,t):— 1——tan,|— | x+—t [+ s 0.2
2n 96n 6n : m §
2tan, [— | x+—1t
96n 6n 0
X
(52)
—m 1 m’ m’ 1 -
un(x,l)Z— 1+ —cot x+—t |— s
2n 96n 6n ? 2
2cot x+—t
96n 6n L .
40 60 80 100
X
(563)
6 : : !
u‘(x,i):—ﬁ‘f'm tanh - x+ z t —;150 .
2n 4n 16n 8n 2
2
—m I
u12(x,t)=— 1——cot x+ t|[+—m——.
2n sen\ en Ll L Figures 1 Kink lution of u, (x,t) in 3D
2cot x4+ igures ink wave solution of u, { x,t) in 3D,
96n 6n
2D, and contour
(54)

4. GRAPHICAL REPRESENTATION OF
SOME OBTAINED SOLUTIONS

u,(x.t)

The physical graphs of some solutions to the

combined KdV-mKdV equation are shown in this

section. 1t

4.1 Graphical representation of the combined KdV- oar

mKdV equation with the simple equation method

with the Riccati equation X

We set some parameters to get the example

graph of the wave effects of the combined KdV-mKdV

equation by m =2,n = —2, fo =2 in the interval
40 60 80 100
0 < x,t <100, which is displayed in Figures 1 and &
2. It produces a kink wave solution. m mfe { w ( [mzj j né ]
u2(x,r)=—*— tanh — x+| — ¢ [——|.
2n 4n 16n 8n 2

Figures 2 Kink wave solution of u, (x,t) in 3D,

2D, and contour.
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4.2 Graphical representation of the combined KdV-
mKdV equation with the modified extended tanh

function method

Next, we represent the shape of some solution
to the combined KdV-mKdV equation with the
modified extended tanh function method by setting
some parameters m =2, n=—1 in the interval
0<x,: <100, which is displayed in Figures 3 and

4. It produces a kink wave solution.

u,‘(x‘l)

X
-
S
o
80 A“
P
~
-~
60 Z5
o~
- A~
A
40 | o~
A
S
‘J‘
20 ~
-~
A~
.~

0 10 20 30 40 50 60 70 80 20
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Figures 3 Kink wave solution of u, (X,t) in 3D,

2D, and contour.
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Figures 4. Kink wave solution of u, (X,t) in 3D,

2D, and contour.

5. SOLUTIONS COMPARISON

In this section, the solutions of the combined
KdV-mKdV equation by the simple equation method
with the Riccati equation and the modified extended
tanh function method can be expressed in a simpler form
than the rational (G'/G)—expansion method (Ekici &
Unal, 2022), as in Tables 1 and 2.

Table 1 Solutions comparison of the combined KdV-
mKdV (G'/G)-

expansion method and the simple equation method with

equation between the rational

the Riccati equation.

The rational (G'/G) -expansion method

Case 1: 1"—au>o0
[0 ) e con T o YT =2
R R R N

w2 f,i,i;ﬁ _B
2 B 26 B 6

Case 2: 1" —4u<o

(&)=t

ey e R el
Bl [émj+ (ém]

1 [,i,erﬁ ﬁ
e\ B 2 B

o(§)=%
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Case 3. A" —4u=o0

S K S Py NCRC v ﬁ
u(&)==% ﬂ[c.+c2§j+2\/7ﬁ 2ﬂ+ﬂ

_ 2l +a’—sfu
0’ 4ﬂ N

where &=x—st+

The simple equation method with the Riccati equation

Case 1: o3 <o

6 : : 1
u(x,[):—iilnftanh _a X+ m = "ga
2n 4n 16n 8n 2

Case 2: o3>0

2 2
—m | m~\—6 m m
u(x,t)zfi tan x+| — |t
2n 4n 16n 8n

- 1
u(x,t):l 1t —coth

. 2 1
x+—t | T———m——
2n 2 96n 6n —m’ ( m’ j

2 coth x+—1t
96n 6n
Case 2: 0>0
—m I m’ m’ 1
u(xi)=—/|1f—tn,|—| x+—t |F—————
2n 2 96n 6n m2 m2
2 tan x+—1
96n 6n
and
—m 1 m’ m’ I
u(x t)— 1+ —cot x+—t|— - -
2 96n 6n m’ m’
2 tan x+—1t
96n 6n

Table 2 Solutions comparison of the combined KdV-
mKdV equation between the rational (G'/G)-
expansion method and the modified extended tanh

function method.

The rational (G'/G) -expansion method

Case 1: ' —au>o0

(g)__;_l\/ﬁ “ com( m§)+c2sinh(lm§)
ule)=%- . smh( m§)+L u»h( mf)

Case 2: 1’ —au<o

e e e )
B (ém} (ém]

+/1 sas/lﬂ

&)= -

2N B 2B B

Case 3. A" —4u=o0

T o A [T e [
W(&)=+ _ﬁ[c,+c,§j+; B op B

2 +a" —8fu
R
0 4ﬁ

where &=x—st+

The modified extended tanh function method

Case 1: 0<0

2 2
—m 1 —m m 1
u(x,r)zf 1% —tanh x+—t |f———————
2n 2 96n 6n —m2( m j

and

6. CONCLUSION

In this work, we applied the simple equation
method with the Riccati equation and the modified
extended tanh function method in a satisfactory way to
determine the traveling wave solution for the combined
KdV-mKdV equation. Sequently, we found several
new exact traveling wave solutions containing
trigonometric functions and hyperbolic functions.

Both the simple equation method with the
Riccati equation and the modified extended tanh
function method rely on the Riccati equation and are
straightforward to comprehend. Also, this research
shows that this suggested method is suitable and highly
practical for finding exact solutions to the combined
KdV-mKdV problem. The method provides correct
solutions for solitary waves and operates in a

dependable and efficient manner.
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ABSTRACT

This paper proposes an explicit formula for calculating the average run length (ARL) of an exponentially weighted moving
average (EWMA) control chart for monitoring process mean shifts. The study focuses on the AR(1) model with quadratic trends,
because this model combines two essential components in time series analysis including the autocorrelation and long-term trend
analysis. It is useful for producing accurate and insightful data predictions. Additionally, it is used in various contexts such as economic
forecasting, financial analysis, and environmental studies. Furthermore, the study presents a technique for estimating the ARL using
the numerical integral equation (NIE) method. This enables a comparison between the results of the explicit formula and the numerical
integral equation method. The two ARL solutions obtained from the explicit formula and numerical integral equation method are very
similar identical with an absolute percentage difference of less than 0.001. Thereby, the explicit formula accurately corresponds to the

NIE method. Additionally, the explicit formulas are more computationally efficient as they require fewer computations compared to

the NIE approach
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1. INTRODUCTION

Control charts are important tools for statistical process
control. In 1931, Shewhart introduced the Shewhart
control chart, which is used to detect a large shift in the
process mean or variance. It is especially effective when
the observations have a normal distribution (Shewhart,
1931). Subsequently, Page introduced the Cumulative
Sum (CUSUM) control chart. It is adept at identifying
small shifts in statistical parameters and complex patterns
like autocorrelation (Page, 1954). Recently, Robert
proposed the exponentially weighted moving average
(EWMA) control chart (Robert, 1959). The CUSUM
and EWMA control charts are more effective in
identifying small changes and complex patterns within
processes, whereas the Shewhart control chart is effective
in detecting large shifts.

Statistical quality control techniques will be used in this

research to manage process variability. In general, the

effectiveness of control chart research frequently depends
on an initial assumption that the data has a normal
distribution. However, in many real-world scenarios,
data usually displays a time series trend. Therefore, for
efficient process change monitoring, choosing a suitable
control chart is important. Therefore, the average run
length (ARL) of EWMA control charts is of interest to
the researchers, and they are working on creating a
precise formula and estimation technique for it.

The ARL is a critical metric for assessing control chart
effectiveness in detecting shifts in process mean. It
represents the average number of subgroups needed
before a control chart detects an out-of-control process.
ARL comprises two components: ARL,, the average
number of samples from a stable process before a false

out-of-control signal, and ARL,, the average number
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of samples within control limits before an out-of-
control signal is triggered.

Three common methods for estimating the ARL are
Monte Carlo simulations (MC), Markov Chain approach
(MCA), and Integral Equation approach (IE). Roberts
(1959) used the MC method to calculate the ARL for
the EWMA control chart, which is useful for validating
analytical results but can be time-consuming. Crowder
(1987) introduced a numerical procedure for EWMA
run length computation, extending to non-normal cases
and one-sided EWMA control charts. Later, Lucas and
Saccucci (1990) showed that the EWMA control scheme,
used to monitor process mean shifts by using the MCA
method. They proposed a design procedure for EWMA
control chart with different parameter values that can
efficiently detect small shifts in a process. The limitations
of both MCA and MC methods have caused researchers
to reconsider their research on the IE approach. Analytical
solutions for average delay and ARL on EWMA control
charts with observations of exponential distribution were
proposed by Areepong and Novikov (2009). After that,
Mititelu et al. (2010) used the Fredholm integral
equations to derive explicit formulas for ARL in special
control charts like CUSUM and EWMA, requiring
fewer computations.

Control charts are commonly formulated assuming
observations are independent and identically distributed.
When a process displays indications of autocorrelation,
it becomes essential to make use of specialized control
charts. Vanbrackle and Reynolds (1997) discovered that
correlation has a significant impact on the ARL and
steady state ARL of EWMA and CUSUM control charts,
even though independence is assumed in control chart
evaluation. They provided numerical evaluations for
control chart design using integral equation and MCA
methods. Busaba et al. (2012) proposed the numerical
integral equation (NIE) method to approximate the ARL,
and ARL, in the CUSUM procedure. They used the first
order autoregressive (AR(1)) model with exponential
white noise, which showed an excellent agreement
between the NIE method and the explicit formula. Later,
Petcharat et al. (2013) used a moving average (MA)
model to provide explicit formulas of ARL for EWMA

and CUSUM control charts. Phanyaem (2022) used
the IE and NIE methods to evaluate the ARL of the
CUSUM chart on the SARX(P,r), model. The Fredholm
integral equation was employed, and NIE methods like
the midpoint rule, the trapezoidal rule, Simpson’s rule,
and the Gaussian rule were used to approximate the
ARL. Recently, Petcharat (2022) constructs the ARL
for a CUSUM control chart using the Fredholm integral
equation approach and Banach's Fixed Point theorem to
ensure the solution’s existence and uniqueness based on
SAR(P), with the trend process. Subsequently, Karoon
and Areepong (2023) confirmed the efficacy of the
double exponential weighted moving average (DEWMA )
control chart in monitoring process quality by creating
an explicit ARL formula using an autoregressive model
with trend. Furthermore, Karoon et al. (2023) studied
the ARL of the double exponentially weighted moving
average (double EWMA) control chart for observational
data following exponential white noise in a time series
model with an autoregressive process. Supharakonsakun
and Areepong (2023) developed a double exponentially
weighted moving average (DEWMA) control chart to
detect small shifts in a moving average of order ¢ (MA(q))
process with exponential white noise. Karoon et al. (2024)
show the effectiveness of the extended exponentially
weighted moving average (EEWMA) control chart in
detecting small shifts, particularly when the observations
are autocorrelated with exponential white noise, using
explicit formulas for the ARL. Recently, Sunthornwat et
al. (2024) developed a specific formula for the ARL for
the autoregressive process with a quadratic trend on a
modified exponentially weighted moving average (EWMA)
control chart. Most recently, Phanthuna et al. (2024)
presented a double-modified exponentially weighted
moving average (DMEWMA) chart for an autoregressive
(AR) process.

In this paper, we propose the explicit formula for ARL
of the EWMA control chart for an AR(1) with quadratic
trend model. This paper presents a new contribution that
has not been explored before. The proposed ARL of the
EWMA control chart is compared with NIE approaches.
The paper is structured as follows: Section 2 explains

the materials used; Sections 3 and 4 describe the methods
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employed; Section 5 presents the proposed method’s

results, and Section 6 provides concluding remarks.

2. MATERIALS AND METHODS

This section explains the features of AR(1) with quadratic
trend model, which is used on the EWMA control chart
for monitoring process mean shifts. The last section
examines the characteristics of the ARL that are essential

to the assessment of control chart performance.

2.1 AR(1) with Quadratic Trend model

The AR(1) with quadratic trend model is a time series
model that combines the AR(1) model with quadratic
trend component. In time series analysis, it is common
to assume that white noise follows a normal distribution.
However, the choice of using an exponential distribution
or other types of distributions for error terms depends
on the characteristics of the data being studied. In this
case, we are assuming that the white noise follows an
exponential distribution. An exponential distribution for
the white noise error term is important when the time
series data or the underlying process is inherently non-
negative. The model analyzes the serial correlation of
time series data using AR model and quadratic trend;
coefficients C, ¢, B, and f, are estimated statistically using
techniques such as maximum likelihood estimation.

An AR(1) model with quadratic trend can be represented

by equation (1).

Y=c+gY +ft+ 4t +¢;t=12,. (1)
where C is a suitable constant, ¢ is an autoregressive
coefficient, f, is a linear coefficient, f, is a quadratic
coefficient, t is the times and ¢ is the exponential
white noise sequence of independent and identically

distributed random variables.

2.2 EWMA Control Chart

An EWMA control chart is a statistical tool used in
process control to monitor the mean or variance of a
process over time, an alternative to conventional control
charts like the Shewhart control chart. The EWMA
statistic is calculated as a weighted average of the current
observation and the previous EWMA statistic. It provides
more weight for current observations, making it sensitive

to changes or trends in the process.

The EWMA statistic is represented by equation (2).
E = 1-A)E_+AY,;t=1.2,.. (2)

where E, , is a previous EWMA statistic and 4 is an

exponential smoothing parameter with 0<A<1.

The upper and lower control limits of the EWMA control

chart are as follows:

7 7
UCL = u+L f— LCL= u-L /—
TN H=9N222

where 4 and O are the mean and standard deviation of

the process and L is a suitable control width limit.

3. INTEGRAL EQUATION METHOD

In this section, we derive analytical formulas for ARL
using the Fredholm Integral Equation of the second kind.
The lower and upper control limits are determined as zero
and b respectively. The function H (u) is defined as the
ARL of EWMA control chart for the AR(1) with quadratic
trend model.

ARL=H(u) = E_(ry) <.

where 7, =inf {t>0;E, >b},b>u.

The function H (u) is extended into the Fredholm Integral
Equations of the second kind.

H(u) =1+E.[I{0< E, <b}H(E)]+ P.{E,= O}H(0).
Where P represents the probability measure and E
represents the expectation corresponding to the initial value
of E,=u.

The EWMA statistics E; represents a state of being in-

control, which can be visualized as equation (3)

0< (A-A)E,+Ac+ AgY_, + 1Bt + AB,t7 <h. (3)
In the event that Y, produces an out-of-control state
for E,, then

(1-A)E,+AC+ AgY,_, + ABt+ 15,12 > b. (4)
or 1-A)E, + Ac+AgY,, + ABt+ AB,t* <O0.

For an initial value E; = U, then equation (4) can be

rewritten as follows:
0< A-A)u+Ac+AdY  +ABt+ Bt <b.
Following Champ and Rigdon’s method (1991), the

initial value E, =u, and ¢ U Exp(e). The function

H (u) can be rewritten as follows:
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H(u) :1+i H(E,) f (¢)dé,. (5)
=1+ Ioh H(A-A)u+Ac+AgY,, + Aft+ ﬁﬂztz)f (2)dz.

Equation (5) is changed the variable of integration, then

H (u) is obtained as:

H(u) =1+%.:[H(z)f (Lﬂ]—c—qﬁ\(,_l—m—ﬁyjdz.

b i{zf(lfﬂ)u
:l+£IH(Z) 1e a
/10 a

2 _C_¢YH _ﬂlt_ﬂztz }

dz.

The Fredholm Integral Equation of the second kind can
be derived as follows:
b Lz {(1—/1)11 +(‘:Jr(p\(l,ﬁﬂltht?)}
Hu)= 1+E£H(z)e dagl Aa @ dz

{(H)u L(c+¢Yt,1+ﬁ1t+ﬁztz)}
If we assume that C(u)=¢e ra “ )
then we can rewrite the equation as follows:

cw)b _r
H(u)=1+£fH(z)e Aadz, 0<u<b.
Aa 0

b -z
Let k = IH (2)e 4adz, then we have

0
H(u) = 1+%k. (6)
Aa
For solving k we obtain
b _z
k =jH(z)e Aa gz
0
b _z
= I(1+LC(z)je Aa iz
0 Aa

b _Z bC _z
.[e radz + Iﬂke Aadz
0 0 Ao

b z b z

= Ie_ﬁdz +LJ.C(z)e_Edz
Aa
0 0
b _ 2 ARV ALY A -z_z
= _fe Aadz +— e a Ie Ao Aadz
0 Aa 0
b cHY+BH B _z
= —dae 42 1)+ —e @ e @dz
( ) Aa I
0
b c+Y BB b
=—dla(e ** -1)—- —e a (ex -1.

A

As a result, the following formula can be utilized to

determine a constant K :
_b
—ia(e Aa —1) (7)
crg¥ Bt b '
1+=e @ (e -1
A

Next, substitute equation (7) into equation (6) to derive

the explicit formula of ARL for the AR(1) with quadratic

trend model.
@-Au b
Aa Aa _
H(u)= 1- Ae (e 2 1
B C+oY,_ +St+ 55t _E
Ae a +(e 2 -1

If the exponential parameter (¢r) is determined with ¢,
before the start of the process, then the ARL is called
ARL,. Similarly, if the exponential parameter (&) is
assigned to o, = ¢y (1+ ), where ¢, > ¢, and 0 is the
shift sizes in an out-of-control process, then the ARL

is called ARL,.

The ARL solution demonstrates the uniqueness of the
integral equation for explicit formulas using Banach's
Fixed-point Theorem. The theorem applies to a metric
space consisting of continuous functions on a closed
interval (C(1),||]|,) where I denote the compact interval.
The norm ||H||,,= Sup,,|H (u)| and the operator T are
defined on this space. If there exists a number 0<¢ <1
such that the operator T is a contraction, then the theorem

holds true
||T(H1)—T(H2)||w £q||H1—H2|| for all Hy,H, €l.

Let C(l;) as a continuous function on I; =[0,b] and

define the operator T as

{(H)u ‘ <c+¢n,1+ﬁ1t+ﬁzt2)}b z
T(HW) = L+-el 2 “ [H@)e 4adz.
la
0
According to the Banach Fixed Point Theorem, if the

operator T is a contraction, then fixed point equations
T(H(u))=H(u) has a unique solution. So, in this case,
if T is a contraction, then the integral equation can be
written asT( H(U))Z H(u), and it will have a unique

solution.
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Theorem: Banach’s Fixed-point Theorem

In the complete metric space (X,d) where T : X — X
is a mapping satisfying the criteria of a contraction
mapping with contraction constant (<1 such that
||T(H1) —T(H2)||OO < q"Hl - H2||,there is a unique function
H()e X for which T(H())=H(u) has a unique
fixed point in X.

Proof:

For any given U € | and H;,H, e C(l), we have the
inequality "T(Hl)_T(Hz)"w < CI||H1— H2|| where g < 1.

According to (11), we obtain

[T (H) =T (H,)[, = Sup, o, [H:(2) - H. (@)

(1-Au Y +Bt+ Bt

z

e Aa b “a
:SUPUE[O,b] da g(Hl(Z)*HZ(Z))e *dz
(-2 __c+dY + B+t
: b 2
e Aa o
< Sup J'e Aedz|[Hy —Ho|,
ue[0,b] Ao 0
(-2 _c+fY +ptHpt b
< Sup 1e %a @ (A-e 2@)[Hy - Hy|,
ue[O,b]
< QHHliHZHw’
Q-2 Y +B+p b
where q= Sup |e 4« @ (1-e 4o)|<l.

uef0,b]

4. NUMERICAL INTEGRATION METHOD

The section addresses the numerical integration of ARL
of the EWMA control chart for AR(1) with quadratic
trend model. We will use Gauss-Legendre Quadrature rule
to approximate the ARL integral equation. Consequently,
the following H(u) can be used to define the integral

equation in (5).

A () :1+%3H(z)f [ﬁ—c—qﬁ H—ﬂlt—ﬂztszz.

The quadrature rule is a mathematical method that allows
for the numerical integration of integral equations using
finite sums. The approximation for an integral has the

following form:

b m
JW(z)f(z)dz:ijf(aj).
0 j=1

The numerical approximation H(a)is used to solve the

integral equation through a linear algebraic method.

1-2)a

I:l(al)z1+%iwjl:|(aj)f(a"_ S —c—¢YH—,Blt—ﬁ2t2].

Thus,

- IS S a,-(1-A)a
H(a1)~1+l;WjH(a’)f[/1

_C_¢Yl—l _At_ﬂztz}'

- n - —-1-4
H (8.2) zl+%ZWJH (aj)f [%‘C—Wﬂ _lglt _ﬁztz]'
H(a,) zl+%iij~(aj)f [a‘_(lﬂ_l)a”‘—c—qﬁ\(u —ﬂlt—ﬂztz].
It can be rewritten in matrix form.
mel = (Im - Rmxm)illmxl'
H(a,)
where  H,_, = 4 (.aZ) v L =
H(a,) 1
a—(@1-21)a
and [R]ij ~ %Wj f (%_C_¢Yu _ﬂ1t_ﬂztzj'

The numerical integral equation for the ARL of the

EWMA control chart is provided below.

PR T S a,-(1-Au
H(u)~l+ﬂ;WjH(aj)f[l

_C_¢ 11_ﬁ1t_ﬂztzj'

5. NUMERICAL RESULTS
The study analyzed the explicit formulas and the NIE
approach used for detecting changes in the process mean
on an EWMA control chart for AR(1) with a quadratic
trend model. It compared the findings obtained through
numerical integration, especially the absolute percentage
difference, with the accuracy and reliability of ARL
values calculated from explicit formulas. The absolute
percentage difference of ARL can be calculated by
|H (u)-H )
H(u)

Diff (%) = %100,

Tables 1 through 6 display the numerical results for
ARL, = 370. The ARL, of the EWMA control chart
for the AR(1) with a quadratic trend model was analyzed
using two different methods: the explicit formula and the
NIE method. The analysis used an EWMA control chart
and determined an exponential smoothing parameter

(4 =0.10,0.15). In-control state: exponential parameter
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of white noise process (a,) = 1. Out-of-control state:
(a,) ranges from 1.01, 1.03, 1.05, 1.10, 1.20, 1.30,
1.40, 1.50 and 2.00, respectively. The study examined
AR(1) with quadratic trend model when the autoregressive
coefficient parameter (¢) = 0.10, 0.20 and 0.30. The
linear (f,) and the quadratic (f,) coefficients parameter;
(p,=0.20, 8, =0.30), (B, =0.30,4, =0.50), and (4, =0.50,
f, =0.80), respectively. The comparison analysis showed
that the ARL values obtained by the explicit formula
and the NIE methods were highly similar. It is important
to mention that the absolute percentage difference of
ARL calculated resulted in a value of zero, which
suggests that there was no noticeable difference between
the ARL values derived from both methods. However,
the CPU time of the explicit formula is faster than the
NIE method by around 1-2 seconds.

Table 1 ARL for the explicit formulas and the NIE method on EWMA control
chart for AR(1) with quadratic trend model with a, =1, A=0.10,¢=0.10,

3, =0.20, 8, =0.30, b=0.00242 and ARL, = 370.283

a, Explicit NIE
ARL CPU time ARL CPU time
1.01 333.273 0.001 333.273 2.199
1.03 271.597 0.001 271.597 2.247
1.05 223.023 0.001 223.023 2.278
1.10 140.524 0.001 140.524 2.184
1.20 62.5586 0.001 62.5586 2.246
1.30 31.6155 0.001 31.6155 2.152
1.40 17.7351 0.001 17.7351 2.278
1.50 10.8692 0.001 10.8692 2.309
2.00 2.48567 0.001 2.48567 2.246

Table 2 ARL for the explicit formulas and the NIE method on EWMA control
chart for AR(1) with quadratic trend model with ¢, =1, 4 =0.15, ¢ =0.10,

8, =0.20, 3, =0.30, b=0.05016 and ARL, = 370.006

a, Explicit NIE
ARL CPU time ARL CPU time
1.01 337.264 0.001 337.264 2.309
1.03 282.224 0.001 282.224 2.231
1.05 238.224 0.001 238.224 2.230
1.10 161.300 0.001 161.300 2.324
1.20 82.9552 0.001 82.9552 2.231
1.30 47.9105 0.001 47.9105 2.247
1.40 30.1893 0.001 30.1893 2.138
1.50 20.3680 0.001 20.3680 2.325

2.00 5.564718 0.001 5.54718 2.262

Table 3 ARL for the explicit formulas and the NIE method on EWMA control
chart for AR(1) with quadratic trend model with ¢, =1, 2 =0.10, ¢ = 0.20,

B, =0.30, 3, =0.50, b= 0.001615 and ARL, = 370.059

Q, Explicit NIE
ARL CPU time ARL CPU time
1.01 331.688 0.001 331.688 0.609
1.03 268.137 0.001 268.137 0.578
1.05 218.49 0.001 218.49 0.531
1.10 135.226 0.001 135.226 0.438
1.20 58.3912 0.001 58.3912 0.406
1.30 28.8007 0.001 28.8007 0.328
1.40 15.8592 0.001 15.8592 0.453
1.50 9.59491 0.001 9.59491 0.344
2.00 2.20971 0.001 2.20971 0.500

Table 4 ARL for the explicit formulas and the NIE method on EWMA control
chart for AR(1) with quadratic trend model with ¢, =1, 2 =0.15, ¢ = 0.20,

,=0.30, 4, =0.50, b= 0.03270 and ARL, = 370.097

a, Explicit NIE
ARL CPU time ARL CPU time
1.01 334.368 0.001 334.368 1.890
1.03 275.320 0.001 275.320 1.843
1.05 229.104 0.001 229.104 1.781
1.10 150.532 0.001 150.532 1.828
1.20 74.1248 0.001 74.1248 1.953
1.30 41.5329 0.001 41.5329 1.890
1.40 25.6008 0.001 25.6008 1.828
1.50 16.9977 0.001 16.9977 2.328
2.00 4.52274 0.001 4.52274 1.812

Table 5 ARL for the explicit formulas and the NIE method on EWMA control
chart for AR(1) with quadratic trend model with ¢, =1, 1 =0.10, ¢ = 0.30,

B, =050, 5, =0.80, b= 0.000884 and ARL, = 370.395

a, Explicit NIE
ARL CPU time ARL CPU time
1.01 329.93 0.001 329.93 1.859
1.03 263.526 0.001 263.526 1.765
1.05 212.276 0.001 212.276 1.625
1.10 127.923 0.001 127.923 1.734
1.20 52.7900 0.001 52.7900 1.875
1.30 25.1230 0.001 25.1230 1.859
1.40 13.4700 0.001 13.4700 1.891
1.50 8.00802 0.001 8.00802 1.875
2.00 1.89231 0.001 1.89231 1.750
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Table 6 ARL for the explicit formulas and the NIE method on EWMA control
chart for AR(1) with quadratic trend model with ¢, =1, 2 =0.15, ¢ = 0.30,

B.=0.50, 5, =0.80, b= 0.01750 and ARL, = 370.087

a, Explicit NIE
ARL CPU time ARL CPU time

1.01 330.059 0.001 330.059 2.000
1.03 265.537 0.001 265.537 1.843
1.05 216.521 0.001 216.521 1.828
1.10 136.464 0.001 136.464 1.687
1.20 63.3354 0.001 63.3354 1.875
1.30 34.0676 0.001 34.0676 1.766
1.40 20.3922 0.001 20.3922 2.172
1.50 13.2606 0.001 13.2606 1.906
2.00 3.46240 0.001 3.46240 1.859
§ J
§ J
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Figure 1 Comparison of ARL, of EWMA control charts under AR(1) with

quadratic trend model (¢=0.10, 3 =0.20, 8, =0.30) when 1 =0.10 and 0.15
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Figure 2 Comparison of ARL, of EWMA control charts under AR(1) with

quadratic trend model (¢=0.20, 8, =0.30, 8, =0.50) when 2=0.10 and 0.15
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Figure 3 Comparison of ARL, of EWMA control charts under AR(1) with

quadratic trend model (¢=0.30, 8, =0.50, 3, =0.80) when 1=0.10 and 0.15

6. DISCUSSION

The study aimed to calculate the ARL value to detect
process mean shifts in an AR(1) with quadratic trend
model, using explicit formulas and the NIE method.
Establishing the existence and uniqueness of the ARL
is crucial for ensuring the accuracy and reliability of any
statistical analysis. The validation of explicit formulas
has proven beyond doubt that the ARL can be calculated
with precision, providing a solid foundation for making
informed decisions and driving positive outcomes. This
study provides valuable insights into the effectiveness
of ARL analysis for monitoring mean shifts. By comparing
explicit formulas and the NIE method, the study
highlights the benefits and limitations of each approach.
This research can help organizations make informed
decisions about which method to use in their own
monitoring processes. A numerical investigation was
conducted to determine the in-control ARL for different
parameter configurations and levels of process mean
shift. The results showed that there was no significant
difference between the absolute percentage difference of
the ARLs derived from explicit formulas and those
obtained through the NIE method. These findings
suggest that either method can be used with confidence
to calculate ARLs. Although both methods produced
similar results, we observed that the explicit formulas
exhibited a significant advantage in computational
efficiency. The explicit formulas required considerably

less processing time compared to the NIE method.

Hence, if you are working on a project that requires
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speedy calculations, then the explicit formulas may be

the more practical option to use.
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ABSTRACT

The objective of this research is to evaluate a proposed forecasting model for predicting pneumonia cases across all 13
health districts in Thailand. Monthly time series data from January 2015 to December 2022, obtained from the Health Data Center
of the Ministry of Public Health, were utilized. Each health district utilized a varying number of data points depending on data
completeness. The data were categorized into two sets: a training dataset for model construction and a test dataset for assessing model
accuracy. The forecasting models were evaluated using the symmetric mean absolute percentage error (SMAPE). The results revealed
that the combined forecasting approach using regression analysis demonstrated advantages over other methods for health districts 1 to
6, 8,9, 10, 12, and 13. For health district 7, the most appropriate model was the multiplicative decomposition model with trend and

seasonal components. Similarly, for health district 11, the Box-Jenkins model was found to be the most suitable.
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Health Runs Test Kruskal-Wallis Test Levene's Test

Districts Test Statistic P-value Test Statistic P-value Test Statistic P-value
1 -8.071 0.000* 54.84 0.000* 0.004 0.952
2 -8.071 0.000* 50.26 0.000* 0.036 0.850
3 -7.121 0.000* 46.37 0.000* 4.219 0.043*
4 -7.834 0.000* 37.54 0.000* 6.891 0.010*
5 -7.596 0.000* 47.82 0.000* 4.243 0.043*
6 -7.359 0.000* 43.36 0.000* 5.2562 0.024*
7 -7.596 0.000* 47.45 0.000* 9.224 0.003*
8 -7.359 0.000* 37.58 0.000* 2.844 0.096
9 -7.121 0.000* 50.91 0.000* 0.861 0.356
10 -7.596 0.000* 35.96 0.000* 0.269 0.605
11 -8.071 0.000* 54.11 0.000* 0.041 0.839
12 -7.359 0.000* 46.49 0.000* 1.964 0.165
13 -5.391 0.000* 9.66 0.570 3.12 0.085

RETREIEEY * ﬂﬁmﬁﬁngﬁgma’wﬁizﬁuﬁaﬁﬁm 0.05

a ' v Ao o A Y ax '
MINN 2 ﬂ'l‘]JiZﬂ'lﬂlﬂ“ﬁu'lﬂﬂ']'nlllﬂiwuluﬂ\ii]'lﬂf]ﬂﬂ'laﬂ'\]ﬂ'\]ﬁlwﬂﬂ'luﬂizﬂ'ﬂllllﬂﬂﬂ'lllﬂlﬂf!‘“ﬂ'lw 13 19

Health Seasonal Indices

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

1A

2A

3B

4B

5B

6B

7B

8A

9A

10* -2,177

11* -1,581 -1,560

12* -1,706  -1,812

13 - - - - - - - - - - - -
HUGINA oy - AndmsuunazvagunIn

* dalsgneununTiuazggmagiuuuuin

? dyutlszneuuua Tfuazggmagiuuuge

maei 3 milszuamnimeivesdmuuiduasy B, uaz B, Fuondilszaeuuonsuuagunin 13 wa

Parameters

Health Districts A A

By B
1 8,201.0 0.40
2 6,713.0 -45.39
3 3,109.0 -5.99
4 -2,948.0 312.50
5 5,714.0 -18.15
6 4,434.0 88.80
7 14,899.0 -70.40
8 7,403.0 -47.64
9 12,581.0 -58.10
10 12,424.0 -41.00
11 5,616.0 -5.99
12 4,618.0 15.81
13 28.0 9.23
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Health Parameters

Districts a ¥ S5

0 =N O U A~ W N =

©

10
11
12 0.65 0.00

s Pleen] - -

wneme  Anfey

a AnNdmiuuRazvAgYNIN
v A 9 Y ga a o oA
0.00 lugaumuiionninIndgudinunaiondunniai 2

EJ

a
9 A 19 & a a o oA
1.00 Ehﬂm'ﬂ\‘1lL‘YI'LlLiJ'E]ﬂ'Iﬁlﬂﬂﬁﬂu\ilﬂuﬂﬁuﬂﬂﬁ'ﬂmuﬁ’l 2

ms1ei 5 ﬁauuuuancﬁ—muﬁuﬁLmzmsﬂinﬁfJUﬂ'nummzawméfmmmmnmuwﬂqmm‘w 13 1va

Health Box-Jenkins t-test Levene KS LB Lag 36

Districts P-value P-value P-value P-value
1 SARIMA(2,1,2)(0,1,0),, -0.218 0.537 0.094 20.517
0.828 0.466 0.120 0.942

2 SARIMA(11,2)(0,1,0) , -0.856 2.597 0.103 38.162
0.395 0.112 0.061 0.246

3 SARIMA(0,1,0)(0,1,1),, 0.128 1.573 0.089 30.220
0.899 0.214 >0.150 0.698

4 SARIMA(2,1,2)(0,10),," -0.302 8.892 0.065 24.115
0.763 0.004* >0.150 0.840

5 SARIMA(0,1,2)(1,1,0) , -1.081 1.012 0.088 33.987
0.283 0.318 >0.150 0.420

6 SARIMA(1,0,0)(0,1,1),, ** 0.452 0.439 0.193 15.735
0.653 0.510 0.010* 0.995

7 SARIMA(2,1,0)(0,1,1) ,, -0.181 0.809 0.073 27.373
0.857 0.372 >0.150 0.743

8 SARIMA(0,1,0)(2,1,0),, 0.078 1.557 0.078 44.357
0.938 0.216 >0.150 0.110

9 SARIMA(0,1,0)(0,1,1) -0.128 0.776 0.081 46.500
0.899 0.381 >0.150 0.093

10 SARIMA(10,0)(0,1,1) , 0.052 0.012 0.087 37.110
0.959 0.913 >0.150 0.328

11 SARIMA(1,0,0)(0,1,1),, 0.250 0.235 0.096 47.241
0.803 0.629 0.098 0.065

12 SARIMA(1,1,1)(0,1,0), -0.237 2.770 0.100 28.723
0.814 0.101 0.077 0.724

13 SARIMA(1,0,1)(2,0,0),, " -0.042 16.760 0.324 21.163
0.967 0.000* <0.010* 0.908

HINBIYR * UfsauyAguiaiiszduniodiday 0.0s

* Box-Cox transformation by natural log

® the model that include a constant term.

10
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Health SARIMA(p,d,q)(P,D,Q),,
Districts
Ln d=1 D=1 Constant AR(1) AR(2) MA(1) MA(2) SAR(1) SAR(2) SMA(1) SMA(2)
P-value P-value P-value P-value P-value P-value P-value P-value P-value
1 No Yes Yes 12.800 -11.200 15.900 -15.600
0.000* 0.000* 0.000* 0.000*
2 No Yes Yes 2.300 2.900 2.200
0.024* 0.005* 0.029*
3 No Yes Yes 7.400
0.000*
4 Yes Yes Yes 7.200 -3.700 8.900 -10.100
0.000* 0.000* 0.000* 0.000*
5 No Yes Yes 2.100 3.700 -5.900
0.040* 0.000* 0.000*
6 Yes No Yes 2.400 7.800 6.300
0.018* 0.000* 0.000*
7 No Yes Yes 2.100 -3.800 7.400
0.037* 0.000* 0.000*
8 No Yes Yes -7.000 -2.700
0.000* 0.008*
9 No Yes Yes 5.900
0.000*
10 No No Yes 8.700 7.100
0.000* 0.000*
11 No No Yes 13.500 6.900
0.000* 0.000*
12 No Yes Yes 6.800 18.400
0.000* 0.000*
13 No No No 10.200 -2.200 3.700 -6.000 -6.900
0.000* 0.031* 0.001* 0.000* 0.000*
ETRUNE) * Ufrauyiguiiissdulvd sy 0.05

& . ~ -
Mmeh 7 msdszanammnsiines by s b, b, and b, ¥93IT REG anmuuagu,n 13 1ua

Health Parameters

Districts bo b1 bz b3
1 -903.06 0.29 0.21 0.62
2 110.53 0.35 -0.03 0.68
3 132.51 0.28 0.10 0.58
4 760.53 0.21 0.71 -
5 147.32 0.25 0.04 0.69
6 -412.99 1.69 -0.61 -
7 316.36 0.41 -0.15 0.74
8 -103.28 0.33 0.07 0.63
9 84.50 0.53 -0.44 0.92
10 -292.40 0.22 0.02 0.80
11 199.35 0.05 -0.19 1.13
12 - 0.65 0.54 0.01
13 2.56 0.87 0.12 -

a a ' an ' o A ¢ a o 03
MINN 8 ﬂ1ilﬂ%ﬂl|w]ﬂl|ﬂ1 SMAPE v0335uenauilsznon msuSuisey vong-aunud LAZMINYINTAUTIVLYNMULVATUNIN 13 1UA

Health sMAPE

Districts Decomposition Smoothing Box-Jenkins Combined
1 17.15 47.40 74.91 16.61*
2 61.87 50.34 115.59 27.62*
3 27.16 35.71 32.93 16.99*
4 114.32 106.28 - 47.20*
5 31.46 51.95 115.42 20.59*
6 76.31 100.21 - 53.43*
7 16.15*% 31.13 36.18 18.97
8 39.80 34.88 75.36 15.01*
9 35.87 36.17 32.88 28.37*
10 33.83 33.92 23.00 19.40*
11 24.89 30.01 16.75* 19.92
12 30.84 87.41 55.87 23.51*
13 105.70 104.49 - 97.84*

HINBLYR * f1 SMAPE f1ilqa

11
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Health 2023

Districts Jan Feb Mar Apr May Jun Jul Aug Sep
1 9,750 8,959 9,448 9,632 8,463 9,433
2 3,934 4,357 3,034 3,501 4,371
3 2,830 2,508 2,460 2,977
4 16,475 11,007 12,500
5 4,341 4,098 4,134 3,658 4,001 3,828
6 8,295 7,602 7,789
7 6,557 5,901 6,473
8 3,075 2,675 2,450 3,351 3,693 3,947
9 8,183 7,004 6,664
10 9,522 8,644 9,047
11 4,030 3,927 4,332
12 7,836 7,842 4,569 5,302 6,745
13 363 368 372 376 380 385
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Health 2023 %change relative to the
District Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec previous year
1 98 90 113 105 95 97 85 95 118 140 115 49 122
2 64 93 135 160 103 71 82 103 124 111 125 30 105
3 118 111 113 92 82 80 97 112 117 118 105 56 127
4 91 133 145 98 65 74 110 110 139 129 83 22 247
5 99 94 94 84 91 87 102 115 126 124 118 65 111
6 118 87 103 7 71 72 106 166 158 125 98 20 193
7 121 116 123 90 81 89 86 107 123 136 106 21 91
8 146 134 140 87 76 70 81 95 105 112 103 51 97
9 137 132 128 95 81 7 75 106 115 127 91 35 120
10 107 106 119 93 84 88 97 129 126 117 94 39 93
11 132 118 111 75 74 81 95 123 131 126 98 34 116
12 122 104 104 60 70 89 103 118 139 131 110 49 101
13 94 95 96 97 98 99 101 102 103 104 105 106 157
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Tumsdnwilfiseldnmsinmudeuisulssansmmwrasduuuihdy wasduuumheanuiszesdussozen
(Long Short-Term Memory: LSTM) lumsthingsimitlazassiu GULF Ssdnsaznaniuegluunliuniussozen Taglddoya
nentauaznadanud iuil 21 funan w.a. 2561 89 31 SunaN WA, 2565 HwfumEIaGunaialdud EMA TEMA uay
WMA eldrhmsdnyiisudsuiauue 3 nsdidnen dssnauludhe nsdusnmsléduuuthduifinmsmeminiimadi
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Mmdan: mahnenatezesiu, MiEaudupaaiss, MsEeuidedn, muuuthdy, fuvunbsanuissezaussezen

ABSTRACT

In this study, we conducted a comparative analysis of the performance of a Random Forest model and a Long Short-term
Memory model (LSTM) in predicting the closing price of GULF stock, which has an Uptrend characteristic. The data used in this
study included closing and opening prices from March 21, 2018, to December 31, 2022, along with technical indicators such as
EMA, TEMA, and WMA. Three comparative studies were conducted: the first case utilized a Random Forest model with optimal
parameters, the second one utilized an LSTM model with optimal parameters, and the third case was similar to the second one but with
a modification in the activation function from Hyperbolic Tangent function (Tanh) to Exponential Linear Unit function (ELU). The
performance of these three models was evaluated based on the error values and the predicted value graphs. Our findings indicate that
the Random Forest model had the lowest performance for GULF stock closing price prediction among the three cases. Conversely, the

modified LSTM model with the ELU activation function in the third case demonstrated the highest performance among the three cases.

KEYWORDS: Stock Closing Price Prediction, Machine Learning, Deep Learning, Random Forest Model, Long Short-Term Memory
Model
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Tmniwﬂ'ixmwLﬁﬂmmmunﬁuﬁﬁmsﬂ%’uﬂ;q
LﬁuLamﬁauﬁﬂmmmigiymﬂwaqmslﬁﬂuﬁ Toams
i mihelssgdyann (Gated Unit) anlfiiial#
Tasehedszaniiisndanusaiinniuuazls
wihsenuhiiasas TagUsznaulude Uszaduann
Wasiha (forget gate) Uszadananiig (input gate)
war Uszadyandeaan (output gate) Farlesen
LUUWUIEAINIITEHEAUSEHZEIIVUULANEINRIN
TasetheUszamitsunuuIunduanmsianse
aahdayaluadaladni
§185atFainaila (Technical indicator)
(Pardeshi & Kale, 2021) fanmseuiaeaIzmsms
8@ Toalddayanugrudy 9o wiaUsnumsia
mﬂLﬁaﬁmﬂﬁumsmﬁmiynmwmm‘s%amw%a
vnsunliuneluses nildluddiadanaie
flésuauiloude A1adeiadoui (Moving
Average: MA) Fagnihanl#iilessydnuauzuunliiy
ENGGAR Tﬂﬂﬁwawﬂgﬂtl,uuﬁqﬁ
AnagLAfaufiadiaie (Simple Moving
Average: SMA) (Hansun, 2013) L?Juﬁhl,a?;mﬂé‘auﬁ
ﬁmmsnﬁﬂmmvlﬁdwﬁqﬂ%qﬁgm@“ﬁﬁ
P+P_+..+P

SMA, = —r D) (1)

n

] [}
=]

Togn P @o entaveriu o Tui
n o ﬁwuau%’aaﬂamiﬂumiﬁnmm
AaaLedaudiuuuaraingn (Weighted
Moving Average: WMA) (Hansun, 2013) Qﬂﬁw U
nnnARaseaauisiihe Tagasimsdanhmin
Lﬁa“lﬁmmEﬁﬁ'zyﬁuiiagaﬁiwﬁﬁqmﬁiﬂumﬁwmm

innnhieyahdiignsdail

nP +(n—1P_, +...+P(

t—n+1)

WMA =
nt(n—1D+..+1

(2)
Tooi P fe neanUauaaiu o Sudi ¢
n Ap ﬁwuauﬁagaﬁlﬂumsﬁmam
Aaseieaauiuuutandlniuuiiea
EMA) (Hansun,
2013) L?JugmwuwﬁwawhLaﬁ'mﬂﬁlauﬁtwudw

(Exponential Moving Average:
nin waihwinyesdayaimaziinsaaasuuuiand
Twiudeaiialilvidanasauds o Zeiigaseail

EMA =QP +(1—Q)EMA_, ; t>1 (3)
Wa EMA =P,

-1

Tooi P @e neanlUauaanu o Suii ¢
a @ @1a3a1n15U5uL3eu (smoothing
constant) Famueld =2/ (n+1)
AadseaauiuuuendlwuuEsaanuh
(Triple TEMA)
(Mulloy, 1994) udiiafiwauiananaiaae

Exponential Moving Average:
waaufivvutendlwudes Taamsliamsusuly
Bov 3 fuiieannnuadh waziinmsaausuene
sendiaeuly %ﬁﬁgmﬁqﬁ
TEMA[ = 3EMA1—3EMA2+ EMA3 (4)

Toofi EMA1 #a EMA NN UAYBITY

EMA2 @8 EMA 283 EMA1

EMA3 @8 EMA 283 EMA2

3. WMLHRNMINY

M iTuaaumsaiivnulsznaude
4 Hunaude mstiusiusndaya mswesendaya
MIFFNOWUY wazmMsilSeuiisuaNIBINLaNY B

fMuuuaunumwlugui 1

3.1 ﬂ'l?tﬁU?’)Ui'JWﬁ’ﬂyﬁ
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Tunuissillénunugatayanndulad
investing.com %qﬂsznaulﬂﬁmﬁay‘aimuﬂﬂ Faloe!
Ua 51018940 wazM1gansTusasu GULF
GaudsuR 21 Suew w.a. 2561 B9 ud s0 Suman
W.¢. 2565 %qﬁa‘immﬁay‘aﬁ'ﬁwum 1160 @1 lag
nnWneUesaddu GULF mansouaasldaaguil 2

Data Collection
- Stock Historical Data

Data Preparation
- Data Cleaning

- Data Exploration

- Technical Indicator Calculation
- Train-Test split

- Data Standardization

Model Construction
- RF & LSTM Model Construction
- Hyperparameter Tuning

Model Comparison
- Model Evaluation by RMSE and MAPE
- Actual Price and Predicted Price Graph
Comparison

31]‘7; 1 usmwinaaumsiiveide
3.2 mMsesendaya
Tumaiadsadayanauinzhllddmiums
a5ednuuiy Lf‘lalé'%'uﬂ'ammLtﬁmzﬁmﬁwmi
Jazetayalv asnngadayafisiumuaninms
Faedayanniugaraludeiuusn waeINUIY
undhgadayalUde Jupyter Notebook Li"laﬁnﬂ'rqﬂ
FayaudTdiumMInIFaUgadays uazrianu
asamﬂ'agan'auLfimmnaw%ﬁ%’agaﬁgjmmw%a
Fayaiiligndas anmanmasaudayaiiniuu
mtﬁal%'ém%’umaﬁnmﬁwuiﬂﬁﬁﬁagagmmaw%a
doyafioUnd iy e lilddayaninuadiua
1160 M MAINNUUINMIAMUINMIAIZ89 EMA
TEMA uaz WMA laglddayanentadaunas 7 1u

msusaananannindludGudy dedoya 7 Tu
wsniilFdumBudulumsinumddiadunaiia
Fanan SueaudIud 21 Swran w.d. 2561 @9 29
fwnen w.a. 2561 39 livaadayadmsunisiln
LALNAFDUGIUUUTINIINNATIUIU 1153 A
Usznaudae Fayanaudiuil 30 Surew w.a. 2561
aTufl 30 SumAN W.A. 2565
Tumsdnmifazimsanuieuidisunnue 3
ﬂitﬁﬁﬁNaeiam’sv‘hmaiwmﬂﬂﬂmﬁuﬁq GULF lag
mslgauuuthgy warfauuumsANNT STy
szeze17 AU nuedwlsEh x eR’ &
Usznauaiedayasnaia s1a1Ua EMA TEMA
WMA uaz yj_ERLmuéTuLﬂmmw‘%aéhuﬂs
aauduasdIuiumsiussalaraaiu e
i=0,1,2,..,1152 waz j=i+1
aldmvuadindsinduasdauds
AavdunIaI 3 nadiudInhanutaiugedaya
dwsumsilnuaznaaauludansiu 70:30 tude %0
dayadmsumsilniesas 70 uazgadayadmiums
nadaudenss 30 nastayananuamNSIFY Far i
ladayadmsumsilniduduiu 8o6 @ FeUsznau
TudhedayanaudTuil 30 wounau w.e. 2561 i
Fuil 23 nsngnan w.a. 2564 wazdayadmiums
nagauflusiuu 345 é lssnauludredaya
fauaiuil 29
NINAN W.6. 2564 B93udl 30 Sunan w.a. 2565
wasIntuIeiinsadsuasgugataya
(Standardization) wazulasiifasaiuwdsihend sy
Fauvumbeanasszerdussezen i uuanseu

U0 3 NE

GULF Price

21-Mar-18 15Jane1% UB-How-19

DI-SCp2L

07-Jul-2L 0g-May-22

Dale

37U 2 n9luaae e Uazesriu GULF aaud Tuil 21 HNAN W.A. 2561 64 30 SUNAN W.A. 2565
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3.3 M3FTNAIUUY

GTQﬁlé’ﬂénlﬂiumsﬁﬂmﬁﬁ'ﬁmm%’wﬁa
wuuithdw WaEFUUMNEAN N Ss Bz U EZE)
drmsunisriiunesiaUavessiu GULE lagas
¥msAnmnanue 3 nsaidey nsdiusn Random
Forest azl#duuuthguiiiimamarmnniiaasi
(wazanlaeni151435 Randomized Search CV 21
Taus13 scikit-leam 381 2 LSTM 1 az1¥dauuy
wiheanusszazdustazaniimsmamniinas
fnnzanlaon151438 Bayesian Optimization 310
laus13 Keras Tuner d1m5unsdigaying LSTM 2 a
A efuNsaIT 2udITeasriimsUSuaifenduy
nazduMNAALGNTUAD Tanh Ty ELU ena 3 nadi
aglfdayananle wazsrealusdatiniudise
Banaiin EMA TEMA WMA dwdusunaumsadi
Fauuuna el 2
1) msaiduuuthgs

{Ivedanldlaus3 scikit-learn d1915UM3
aiaimuuuthguuasl#is Randomized Search CV lu
mamemniiwasimngandmiuduuuthdy o
1un151% Randomized Search CV Huazdaeiinua
MBI NN IAGDIN TN %ﬁ@'ﬁ%ﬂﬁmuﬂ
1903V BIAINITTABSEIN 19T 1 uazinua
W1510LA$289 Randomized Search CV Usznaunie
estimator = RandomForestRegressor, cv = 6, n_jobs =
-1, n_iter = 200
2) msadfuuUminsaNNsEazduSTEZEN

§I3edanlalauss Keras msumsainea
wuuwhganNsseazaussazenIuas 1933 Bayesian
Optimization lumsmenmnniteesfimanzaan
laus3 Keras Tuner lagUszandlinugadayadiniy
mMsiln FaieaziBunuaemeng  LaeIRImNn 2
UazazMuUAMMINALNDI2BY Bayesian Optimization
R

objective = (“root_mean_squared_error”,

direction="min”), max_trials = 10,
executions_per_trial = 3 WaLMRUA validation_split =

0.1

mi 1 dwnfiwessesduuuthgaindulula

nniiwas azasnniiwasidhlyle
n_estimators 20,50,100,500,1000
max_depth 10,20,30,40

min_samples_ 3,5,7,9,12

split

min_samples_leaf 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15

bootstrap True, False

random_state 1,2,30,42

] ' = ¢ o ' o & < o
M5NA 2 awmniiwesresdnuuniheanuistesduszazenmluly

g

winas auasnnfinasiihlule
n_layers (1,2,3,4,5)

units (32,64,96,128,160)
dropout (0.1,0.2,0.3,0.4,0.5)
optimizer Adam

learning_rate (0.0001,0.001,0.01)

loss MSE

metrics RMSE

epochs (10,20)

batch_size (16,30)

W99 RENLTUNITMIAINITI LA B ST
wanzandmiunaasmuuulu 3 nsdleSaFundn
Fuhduuuiliuadwsuiuganniigalasiiansan
1A RMSE ﬁaﬂﬁqmmﬂizqﬂm’lﬁﬁuqmﬁay’azﬁ‘w%’u
MInasau
3.4 MASIUTIUANINHBNIZINYDIA UL

Tumsnmilfisssiinnsiuesfauiay
mmmmzamaqwamsﬁwmﬂswmﬂmaqﬁuﬁlﬁ%u
T 2 dauuuly 3 nsddnmitldnainudinay
wihii TagfansanannmenuamaLnaay uaznsu
uanamsil3suiisuseninedadaasmnuneg Fem
anuaaaadauihinlglumsdnwmiildud ssnd
HB9IMANNAAIALAFIUMSIFaNRAD (Root Mean
Square Error : RMSE) m%aﬂazmmﬂmmﬂéau
GEY Us alia ’3 8 (Mean Absolute Percentage Error :
MAPE) wazedulszansmsdaaula (Coefficient of
Determination: R*) Iﬂﬁlﬁﬁﬂ‘mé’ﬁﬁ

N
z(yi _yi)z
RMSE = || T —— -
N - A.
MAPE =%Z = ©
i=1 i
N _ )2
waz  R? :1_2i:1(y—i)/.) -

S (-
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v,
y #p Andeuaeman
N

A9 MUIUTDYANINNG

4. JanISMHUNUIY
Tudailaznandanamsinngsmiavag
¥ GULF éhwsum 3 nsdifiilunsdidne wiawuna

L = = o [ Ai! = =
WIguguLazItANLNaNMSTNINeNNNgazde e

¥
-1

a1l

nnmsdszgndlimuuuihgy wasaiuuy
wﬂaﬂmwuﬁwszmé’uswmnﬁuqm%’agaém%’umiﬁlﬂ
289%{u GULF (Faya ot Jufl 30 wounau w.a.
2561 §9Tuil 23 nsnmew n.A. 2564) aduin
A ieasfiminzandnsuduuung 3 nseinu
i lalaamnniieadfmnsandmduudazduuy
Fi1eazidanluasiei 3 wazilan RMSE uanalu
MNST 4

aaedi 3 Mwnndwasivanzanasdinuudmiuu GULF luudas

o~
nNItd

Model Parameter

Random Forest n_estimators = 1000, max_depth = 10,
min_samples_split = 7, min_samples_leaf = 1,

bootstrap = True, random_state = 2

LSTM 1 n_layers = 1, units = 160, Dropout_rate = 0,
learning_rate = 0.01, epochs = 20, batch_size

=30
LSTM 2 n_layers = 1, units = 160, Dropout_rate = 0,

learning_rate = 0.01, epochs = 10, batch_size

=30

m5197 4 A1 RMSE 2896uuunie 3 n3di mxnmsuszandlimuuuivge

dayadmIumsiln
Error Random Forest LSTM 1 LSTM 2
RMSE 0.3708 0.6939 0.7025

FaanHUsFNUAINIINYDINILUUKUIBANNINTLEE
duszazennlflunisnaassarnisaasyl (Model
Summary) 1é’ﬁ'ﬂgﬂﬁ 3

Model: "sequential”

Layer (type) output Shape Param #
1stm (LSTM) (None, 1, 160) 106240
dropout (Dropout) (None, 1, 160) 2]

dense (Dense) (None, 1, 1) 161

Total params: 106,401
Trainable params: 106,401
Non-trainable params: ©

31l 3 Model Summary 2aedauuumneANNNTEEzAUTEEZEN

wasnnmsdszgndldmmniwaslumaei s du
muvuluudaznsfinugadayadniumsnagaus g
W1 GULF (faya o Jufl 29 nangiay w.q. 2564
893Ut 30 Sunan w.A. 2565) 1¢A1 MAPE RMSE
uax R® Uaaadaon i 5

= ' o &
715797 5 A1 MAPE RMSE uaz R? 28962uuuns 3 nsdl 91015
Uszgndldduuuiugadayasmiumsnasau

Error Random Forest LSTM 1 LSTM 2
MAPE 0.1654 0.0355 0.0115
RMSE 9.2876 2.1028 0.7723

R’ -2.8607 0.8021 0.9733

NN 5T 5 i@ oy LST™ 2 &
@) MAPE w8z RMSE ﬁaﬂﬁqmﬁmﬂ%ﬂmﬁwﬁmﬁ?ﬁ
3 nadl Annedadien R? geilge Tasaansoudasnsv
Mstd3aufieuseninNMUeasy uazraawsaInms
ﬂizqnGT\?TJLL‘UUfTui”lquJazﬁw%uqmwﬂaamﬁav‘hmﬂ
ienTazasiu GULF luudasnsdidaguil 4 84 6
MUTIAU

nnnaziulannasnsmswesan
Yazas¥u GULEfldarndinuy LST™ 2 ud
é’nwmﬂnéﬁﬁmﬁ'nswm'ﬂm%mmﬁqa wazLile
WiBuisunWuansehiNeeITIAY GULF 1
Tdnnduuun 3 nscﬁé’ﬁgﬂﬁ 7 WHUTAN HadWSIN
§2ULUU Random Forest Huianwaizaaansr1wiila
d0nadaenuIATaase wattiatdsuiaunsiw
LEAINASNENNGILUY LSTM 1 uay LSTM 2 11
WU JanvazrainindonnassnusIUaase ua

4

@ILUYU LSTM 2 THHaadWsSNHanyausua9nsIN

v ]
= = v

TnaAeanusIUaasea NI NNgn F9FaAARINUAD

q

MAPE tt8¢ RMSE 224034 UU LSTM 2 Ni@11ag
g0 wazlA R® gango
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NnWAFY Tanh HuWerdsy ELU wSaSanhimuuy
LSTM 2 ‘[ﬂﬂi%igﬂﬂ'agaﬁugwuluaﬁmmﬁ:u“?i
Usenaume el wazmMUavaeriu GULF e
Suft 21 HU1AN W.A. 2561 89 31 SUNAN W.A.
2565 SInAUMBIAGUNaila 1§l EMA TEMA uay
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Ay wuh WiafmnuaAIwes Threshold LAY 0.496 Taaadniumsasniumnumuuudaluialunsemumeaaudsieli
AANNiud1gege wazliA) F1-score gagauinu 0.989 Zadwwaliluaaiivssdndnindnigadiviunmsasaduy
wazsTYMUMIBIMNUNNUUUB A luid lunszmusdnaulsiy

MEAY: MINTRIUMNUIMUUUBA LU, NT2UIUMIATINIVIAY, MIGeuieuniaudegn, malialaswheUssamiiaauuy
aauligau, Yolo

ABSTRACT

Student assessment is considered a measure of learning achievement. Among the various assessment tools available,
multiple-choice tests are commonly used, allowing students to mark their answers by filling or marking crosses on provided answer
sheets. However, this method presents significant challenges, particularly when dealing with a large number of questions, as it may
require additional personnel for grading, leading to delays in the assessment process. Additionally, manual grading can introduce errors,
resulting in inaccuracies in score calculation. This study aims to address these challenges by developing a mathematical model capable
of automatically detecting crosses on multiple—choice answer sheets using object detection techniques and deep learning. The model is
based on the You Only Look Once version 8 (YOLOv8) technique for object detection. It employs a Convolutional Neural Network
(CNN) for cross detection. The performance of the model is evaluated using metrics such as Precision, Recall, and F1 -score. The
results indicate that at a Threshold value of 0.496, the model achieves the highest F1 -score of 0.989. This suggests that the model
is effective in automatically detecting and identifying cross markings on multiple-choice answer sheets.
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Development of crispy pork product to enhance nutritional value from banana
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ABSTRACT

The objective of this research was subjected to select various parts of banana with high nutritional value and to develop the
production of crispy pork slices with supplementary of a nutrition from banana. The study was a chemical composition of various parts
of banana (Musa ABB cv. Kluai 'Namwa) from Surin province including banana flower powder, banana stalk powder and raw banana
powder. The results showed that banana flower powder was higher protein content more than banana stalk powder and raw banana
powder at 7.87, 1.83 and 2.42% (dry basis, db), respectively. In addition, banana flower powder contained a high dietary fiber at
29.87%. Thus, the banana flower powder was selected to develop a standard formula of crispy pork slices by supplementing banana
flower powder at 1, 3 and 5%, respectively. By increasing the amount of banana flower powder resulted in the brightness value (L*)
decreased and the product became darker in color. The moisture content and free water content (a,) decreased from 3.3 t01.85% and
from 0.43 to 0.13, respectively, compared to the control formular. The result was found that the crispy pork slices supplemented with
banana flower powder at 1% was accepted with the highest overall liking score at 7.73. At 5% of banana flower powder, the result
showed the highest crispness value with the lowest hardness value at 18.10 and 79.07 N, respectively, compared to the control
formular. In addition, the resulting with the nutritional value increased that it was a high content of protein and dietary fiber at 28.81
Wae2.67%db, respectively. And the total energy decreased from 505.32 to 458.25 kcal/100g, the comparing between the control
formular and the supplemented formular at 5%. Therefore, the supplementation of banana flower is a potential value-adding approach

for snack food products that also can provide a high nutritional of consumers.

KEYWORDS: Banana, Banana Flower, Crispy pork, Nutritional value
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ANSTOLNTM BENHEN N MTINYURNUNTDULEINRIUS
&8 3 g5 Soaiiaduialostamanuuis uay
AIAINNTDUVBIHANA NIV YUNUNTBUAIEIF
Texture profile analysis (TPA) Femusinaloglaiia
{83 P/0.25 317 US4nA 5 NIANSN ANNLSILUMS
N9 10 AT/ SEELNONNRIMYUNUNTBY 3
fadtuns lagA1A NS (hardness) AIUIAN
Mussgeganinussninmsnandaieuldiums
LaenAsausn Swhefluminareuss W ey (N)
arAIAIINNTBU (crispness %38 cohesiveness) i
wivuianziuneluiisnivis duraan
Sasaurasiuiildnsduiidumuinsesmsng
w%amilﬁﬂm%ﬁ 2 (Area 2) LLazﬂ%Qﬁ 1 (Area 1)
(aumsﬁ 3)

Aemunsau = wuilansu 2/uildnsw 1

——— d@uMshn 3

3) Siaesmaningasy (Water activity, a_)
ihdagnendadarivyuiunsauisiuwldnde i
uaaziBea JensimuSnanhaass deniasiam
USuatindasy §ve AQUALAB 3U series 3TE
Ussinaansgasm
2.3.2 UATIVNAUTENDUNINLIANYDNHANN UINY

WAUNTAUET NN UENE I8
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SeszilSinaenuay o Tusiu losy wazidle
o (AOAC, 2005) mFdtansianslulanse aagas
il 1 wesmsdnamadsnugaie Gigasi 2 edu
2.3.3 MINAFaUMI8aNsU (Acceptance test)

MINAFDUNMSLBNSU HIDMINAFDUTEAUAIY
WalazaguilnAYaInaa AR LNUNTDULEIN B9
Udanala 1as35 9 - Point Hedonic Scaling test 174
urumsnaassuuvgnluudananysal (Randomized
Complete Block Design, RCBD) ﬁ’lﬂ’l'iﬂ'i:LﬁuIﬂElﬁzll
nogeugnfilaitumsilndusiuau so au Uszdiums
panfudud nau semd ieduds uazanumau
Togswn laalviasuuy 1 = Isjﬁauuwnﬁqm 5 =198 9
waz 9 = yauanniige 1hieyadldluiensiiiiom
ANNUANANNINFDR Lasdtaszranuudsusiu
(Analysis of Variance, ANOVA) wazil3gutiisuany
wAn@19299A1taa8TA835 Duncan’s New Multiple
Range Test (DMRT)

3. HAANG

3.1 mm”mﬁamwmqﬁuﬁmmgém
PINMTIATITENNMYMWNADIHNINEINNAIY WU
nane u,azmNaﬂé'mﬁmumsauﬁqquﬁ 50 BN
aLEed w24 T8 WUPHIINEIUAN ) 24
ndendlashumahuisiivinaenugugarslbu
Zawaz 7 uazUSnanhaaszUszann 0.4 Fafluszey
@mu%uu,azﬂ'%mmﬁyﬂﬁasxﬁgﬁum%'z‘fm%ﬁghjamﬁn

Wulala (s 1)

] ' & ~ Y a > o v
MINTN 1 MeNNTY wazdInanhagse (a,) VNENVEINNAIY WaUanae

UATNINANAIBBULII

Fauan 9 ANNBU dSnanihdase
284nany (5a80%) (a,)
WIViEINNaNE  5.41 +0.17 0.43 + 0.00
wetdnane 7.04 +0.21 0.43 + 0.00
WNINBNAIE 5.22 + 0.08 0.42 + 0.00

MIANLRATUDIHINNFIUAIN 9 VDINAE
wialddmsududeyaiiasduvasingdv wuiims

AULTNN NN IViAFup9020619N39 3 ¥ile HA1anu

MTNT 2 MFUBINIEINNANE BUANAIY LATHINANAIEBULT

e L a b
289ARY
WIVEINNANE  64.32 + 1.65 3.92 +0.25 14.50 + 0.46
walanane 40.57 + 0.82 4.32 +0.08 9.03+0.15
NINANTE 64.12+1.37 2.05 +0.12 11.99 +0.33

Ny

#319 L* anae Ingamnzmlandedwsianwas s
ﬂgwmﬂﬁqmwhﬁu 40.57 Tuaaziinavennnais was
NNKRBNAIE WAIANNEINN L* Uszane 64.0 (m‘m“?’i
2) g a* fwnlindudues waze b+ delialy
Tuwnluiudimdsssuaudiaadeiiolugs
2.0-4.3 UAY 9.0-14.5 MNANY (N1 2)
KNIV 9AUsENaUMLA YR I NEIY
@49 2109n@8 (5197 3) WuhrUEndeiiUSIna
Iﬂsﬁuqqﬁqwﬂhﬁu%aﬂaz 7.84 waziUsualusiu
uananuaeivadan (p<0.05, 1R 3) A
FIUYDINIHANEIY WAWINEINNEIE B9 UT I
TUsdutvnnuiosas 2.43 uae 1.83 AINEIAU
wanniifawuh Usinandalorasmannasuain
yaendrauaneiuatheiitesan (p<0.05, M3
3) TeaUsmnaudalevassavennndsisanagaann
flgndadanay 34.34 lunariiviinaudalovamng
ﬂi’hﬂﬁﬂ%mmﬁaﬂﬁqmviﬁu%'aﬂaz 6.65 Lilafa150n
AUSInamsTulawmsn uazndsnunaiue wuiiag
ﬂﬁné’mﬁﬂ%mmmﬂulmmmﬁaaﬁqawthu%'aﬂas
69.53 Wazdi WA UNINUAGIFALIAY 338.10
kcal/100g (mswﬁ 3)
3.2 maasulamnnsnnualanareluadndud

= . P v, v v, £
MINT 3 DIAUTZNDUNNLANTDILNNEINNAIY HUFNAIE LAZHINANAIE DUV

aAUsznau . Y .
- NNVINNEY mﬂanam WNNBNaY

MLAH

ANNTU . )

. 6.71°+0.1 7.04"+ 0.1 5.57°+ 0.0
(Sp89%)

Lo 5.01"+0.9 12.34%+ 0.1 2.08°+ 0.2
Tugiux 0.61"+0.3 3.17°£ 0.0 0.58"+ 0.0
Tusfiux 1.83°+ 0.4 7.84"+ 0.6 2.42"+0.0
o 4 4

ale 34.34"+5.2 29.87 + 3.2 6.65" + 0.40
m3lulainse , ,

2 85.30"+ 1.4 69.53°+ 0.5 89.42°+ 0.2
NVNA*
WAIIU
TN 355.48"+3.4 338.10°+0.0 372.52°+0.6

(kcal/100g)

winewe: *Sasaslastvinui
anws * Tunwuaunaasiemmdafiienuuandnuatwiived dymeada

(p=0.05)

BHULUNTAY

HanstasneUandrelundadurinyurunsaui

v v

52AUIBYRL 1 3 UAE 5 WUANHMLWYUHUNTBUNNE
Wa09Na9 watiaprUandeEsNaalUTundan
wuhanyasnelssamduda o udvenda vy

1%
L=}

WHUNSBUN T NIY waztNadumNUSInaeaUanae
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NANTU (TN 4) WanyuHUNTBUNINMSLETY
o v Y] v A v o o
waUanarenamdloaldia3097nd Hunter Lab agtiiu
lagadrarauaine (L) fuuilivanasadadl
Wed A NNEDAN BB UNUNYLEUNTRUTATAIUAN
(p=<0.05, MINN 4) FINYUHUNTBUFNTMIUAN A
ANNETN (L*) AU 48.34 UOTNYUNUNTBUNILEIN

M3efl 4 anwazsing wasdnvaemalssamanHavadanmTivyuiun U NRIUENaIY

1unalanain anwuzUang anvzNNUsTIIMENAE
(508a2)

-fifdawmataninma
-finduvenyoanygnUese
gaImuay - ulsaaiaﬂ (umami)

d oo o
- anaianunsaunds

P H v
~NdLviaaNaNMaLIN

>
Uag

- finduvanvesnydnuyse
"

<
i)

=}

- {isd0998 (umami)

'S

v o

- disfiaianunsauuda

P H v
- ddtaadaiuIfalINDan

N

A
- findunanzamydniysd
BN
o < v
- Nsarhatanias
d o oa <
- Wanedanunsauudy
o y Y
- didwmdeseanthmauean

o ¥
[2alz 61

- findunanzamydniysd
5 BN

o < v
- Nsarhalaniag

a4 o o
- Wanalienunsau vndhe

X &
IANLAEILUDIIU

mandl 5 d Manudu Usinahdass (a,) wesaumniliadudauamyuiunsauaiuueldnd s

MmanvauemMaladuanyuiunsau

[GEH N v
Y X X X 4 . Usananih
[IGHERE! L a b ANNTU (508dT) -
Goway) 885z (a,) manuudis (hdu) AMANNNTIU
gasAIuAN 48.34°£0.9  8.64'+0.40 13.26°0.49 3.30°+0.18 0.43%0.04 172.27 ©+98.0 7.50 "+4.4
1 47.04°+0.9  5.77°+0.42 10.54"+0.44 2.49°+0.13 0.40°0.02 143.95" +67.6 14.90°+8.5
3 46.04°41.1  3.63°+0.47 6.37°+0.73 2.08°40.05 0.36%0.02 173.11" +54.8 13.00"+4.6
5 36.50°:2.8  2.21+0.67 2.30°£0.64 1.85%:0.24 0.13°+0.01 79.07° +45.1 18.10“+4.8

wanewg anws  luunasuassisimdsifinnuuandwiusiiiteddgmesda (p=<0.05)
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Spear 1.85 wazUSuaiidaszinnnu 0.13
(p=<0.05)

MmN 6 AzuuumMsnagauMstaniuzasuslnadandaduriyuiunsauEsNReUEna e

yUHULEIY ATUUUANNTDU

walanas i .

GGavag) b nau EGrala ioduee anuzaulagsin

FATAIUAN 6.80'+1.06 6.70 £1.34 6.80+1.45  7.03"+1.30 7.10° £1.24
1 6.60° +1.85 6.10" +1.71 7.30°+1.54 7.53°+1.11 7.73'+1.29
3 5.60°+1.71 6.33"+1.58 6.30"+1.95 6.43"+1.59 7.00" +1.23
5 5.07" +2.08 5.83"+1.91 6.17"+1.44 6.60"+1.65 6.57"+1.33

nanawa: anys  luwnasuansiaiindsiianuuaniiuailiteshaymesda (p<0.05)

mM3Nfl 7 aesddsznaumaeiivasnyurunsauEsnraUande

uUHUNIBULEENRILUEN S

< =
aaAlsznaumMaLAl

gAIAIVAN Soar 1 Soeae 3 Souaz 5
anuu (Seeaz) 2.14"+0.69 2.73"+0.02 3.42"+0.44 3.93"+0.27
Ln* 4.46"+0.11 4.75"+0.13 5.09°+0.04 5.17°+0.18
Tusu 27.97"+0.26 27.26"+0.36 18.57" +0.46 13.22°+0.97
Tus@ux 25.40°+0.26 26.92°+0.19 27.62"+0.07 28.81°+0.03
deler 1.66"+0.07 2.23"+0.19 2.61"+0.14 2.67°+0.41
mslulaase 39.81°%0.71 38.12°+0.65 45.15"+0.05 48.84"+0.88
Wi URMNe (kcal/100g) 505.32" +11.80 506.90 " +1.25 458.25" +4.58 429.63°+5.33

wanewe: *Jasaslashvminui

aau5 ™ luwnusuuamsismiadeniinnuuandiuateited dymesdd (p<0.05)

WaUdnal8398as 1 3 wae 5 LMINU 46.04 47.06

a ¢ & = ¥ a
Waz 36.50 MNEISU FFLeg (a*) uay AAvSag NaMLANAMANNTY wazdTnanhdaszuas

(b*) A linanas i adunsusndai MYURUNTBULESHHIUAN Y WUNMSLESHHIYS

WuEy wuthendues (a*) ude MEvaag (b*) thﬂ naaludSuaniaduiinarlvaanudy wazm

Tunwusdunsaud it uraldndanenas 5 S YSwnanhdasslusdas i livanasetniionu

o . o 4 waN@NBENNNEEANINEIANNEUAUNNURNY
(MINU 2.21 war 2.30 MNEINU (p<0.05, MW7 v

0 N5BUFATAIUAN (p<0.05, MTNTN 5) WMANNZY
a g’ = = a ; = o 's v
KAMTIANRAANNTY uazUTananhdassues uprUBnanhaasziiUSinmngnlundadanimyusiy

, - - v , - 4 nsauTiasueeUdndedosas 5 eiaanuturhiu
NYUHUNTBULATHRIUENSIE WUIINITLETNRIUE FDUNENRIUANAIBIDHRE 5 TINMANNTUL

v - 42X 4 ey, g Sasaz 1. cUSuaiaasziniifu 0.1
adrelulsnaiiviuiinavldeenusy way 2000 85 uwazusaImutadsst 0.13

(p<0.05)
ANHULNINUSEAINTNHNFI I UL DTN FY DY

Ysinanhdasslundadariiunliuanasaniianm
waneNegNTedIAYNNFdANaHEUAUNYUHY

a L s T = = v d' L v
R 3 ANUNN 199U qUanananszauIasas
NIDUFNIMUAN (p<0.05, MINN 5) HAIANNZU HAANMNMYUHUNIDUIASURIUANTIBNIZAU3DERE 3

4 = <

LLa:ﬂ%mmﬂwﬁaizﬁﬂ%mmﬁwqmiumﬁmﬁmﬁwgttviu LHBNANANNNITBUUDY u,avz]saﬂav 5 LBNANANY
U i 0]

1 &
NN LIRIAEILY

nsauTiEsumsUandndanay 5 Feilmanutuwhiy o0 U (MITNN 4) B
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daanaasnunsinaumwiiladuialosldiniag
Texture analyzer UBIKANHUANYUHUNTDUNLFTHRN

Uandrenseauiasar 3 aziinnuudia (hardness) 300

o v W o~
N lidnnugasmuan (p>0.05, MmN 5) lusae

]
=]

nasnmUanaiaiesas 5 Auavlinyudunsauil
CRRPIIR (hardness) G%’lﬁ&!ﬂ WalAIINNSDU
(crispness) mnﬁqm (p=<0.05, m’swﬁ 5) Taawun
MsiinaeUanaledesas 5 JA1ANNule uazANw
ASUWNAY 79.07 16U Uae 18.1 MUMAU Uz
ﬁwgmunsaugmmuqu waztasureUananaiaeay
1 uaz 3 flanuuiaiinfy 172.27 143.95 uas
173.11 #7604 MUSIAU dIUANMNATBULYINNY 7.50
14.90 Uz 13.0 MuEIU (5199 5)
NBYBINITNATBUANINTBUYBINUTLNAGD
HAAMITMYUHUNTBU Tﬂﬂlﬂ'@'wﬂaaufiuﬁlﬁlﬁmu
M3tnelu WY 30 AU Ussliuumwneenud nau
58 laduia uazanuraulagsIy (5197 6)
Nnmsnadaununguilnaliazuuuanuraudas
HANA MUK UNTEUNINGNUE waznAuanas Liladl
m’nﬁumﬂﬁné’mnmsé’uaﬂﬂluwyLwiuﬂ'ia‘u wan
wuhmsinelandreiinamnlvguilnaliazuuu
ANNBBUIUTAG LiladNTd uazanuraulagIN
WNNTIMYURUNTBUFATAIUAN (p=0.05, o519
6) §nﬁy'q€quvi1meaau‘lﬁﬂmuummﬁaﬂmfmn
°z1aw;glu,w'uﬂsauﬁa’%umﬂﬁﬂﬁaﬁaﬂax 1 41NN
NyuHUNIaUgAIAIUAN lasgnadaudalvasuun
ANNBAULAETINGRFALNAY 7.73 Azuuy (p<0.05,
190 6) udlilpLinsERUMSIBNRIUSn LN
mﬂ%uﬁmaﬁﬂﬁmiﬂau%’unné’mamaﬂmLawwz
MNUTULBLIFNR
HANITILATEHBIAUTENBUNNLANYBINYURNY
NsBULESNHIUANA (m‘swﬁ 7) NAMTIATEA
wuhmsesnmlandgaslundadasivyurunsaui
uavhlvesdlsznaumand anudu i Tusau Be
To TosawsTusiuuasidalaiSimnaguinanniy
pgideddynadailafisuiugasaiugu
(p=<0.05, M5 7) Tﬂﬂiuwglmuﬂsauﬁlﬁnmﬂﬁ
nérefesar 5 TUsmalusdunazidalewunnga
whiudesas 28.81 uas 2.76 anuieu luunsiivg
wHUNIBUFATMIVANNUTINMIIAUTREA: 25.40

waz 1.66 MUY (p<0.05) HANITILATLAEINY

v v
o W

a0 asdUsznaumseiindhanNaINn AU BLANMS

¥
= '

Vandelulsinaiinniy uanuisnaladuas
HAAIMNLKUNIBULESNIUAnEeiiUTInpanas
aeafitisdhaymeadaiiaiisuiundos arivyusiu
nsaugaImuan (p=0.05) Taswuhusanaluduly
HanAeinyuHUNTaUESHEIUENGIBTBEa: 5 LY
Sazaz 13.22 dulanulunyuiunsaugasaiuquil
USuauinfudenat 27.97 SANIHanISAIUIY
wé’muﬁ”’wmluwﬁmﬁ’mﬁm&m«'uﬂiau WUIINT
suneUdndeinarlindinuninunanasatadl
Hadayneada (p<0.05) Watasunslanaaalu
USinasiiinannau %qwz?wuﬁwmiuwsguw'uﬂ'iau
MasuneUanarndasas 13 5 ey 506.90
458.25 Uaz 429.63 kcal/100g MNEIAU

4. m3anuae
4.1 mm‘”mﬁam”mqﬁuﬁmmsﬂw
mﬂﬁmqgaLﬁaqﬁuwaﬁmqaumndmdw 7 YN8}
BUMSNUI ToUA Kaviennnane MUanaIY waske
Nanale ﬁ'z’!iqﬂ‘%mmﬂmu%uuaxﬂ%mmﬁwﬁaszagﬂu
iy dunidiaiylimmsadulald daenu
USsnanhasssuazanasuduiusiumsideudouas
ANNUaaafepi01msnnNgaunid log faghana
Muwasndeithumahuiseglunasianiniosads
(Lutovska et al., 2016; Labuza et al., 1970) 211N
finsanUinalusiu dols wazanslulawsalfidu
wnarilumsaadaningduiddnlnrnmslunde s
nyusuNIaU W‘U’hwaﬂﬁné’mﬁﬂ%mm‘[ﬂiﬁugqﬁqa
dnnedefusuandalegs Tusasiuiua
m'ﬂulmmmﬁaﬂﬁqmLﬁatﬁﬂuﬁud’auéu6”| YD
e
f\nnswﬂmumﬁmmswuiwmﬁﬁﬁqmmmq
TannmsfigrduasiivssTenianansanulaludu
#1499 289NE28 B9 Tribess et al. (2009) 518974
nandledulsznaudiaasiiaud dyni
Taguinsge laun ulanunisdas (resistant starch)
Zonay 40.9-58.5 Aelinasnue ieladasas 6.0—
15.5 anmdanuasusznaviluadnlunandreduiil

D,

dnaawin lU1FUselemilumeamsunnd by gnd
Mumsanauluszuirnssviunmsaniaulua
annsasaenuaulaedalodnlusyud uazaulss
influenza A Tuwy (Horie et al., 2020) & UUBINEIN
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ndreffudndiuiid dylulssmadisnihunls
saneriiaiieuslne uananniiveinndeiuh
Hufagudaieslifigue wdidafimsananws
MIIANLHoIAUsENaUMALAN WuMeInnaI8dl
ﬂ'%mml,?]Eﬂ,ﬂzjqu,azamﬁﬂﬁﬂﬂﬁlﬁﬂsﬂwﬂﬁwmﬂ
athe Felwwasinulufizlgud wwaglad (cellulose)
L‘EIfIL‘ZiaQIaEI (hemicellulose) anilu (lignin) waz
(WNAU (pectin) (Aranguren et al., 2016; Fangueiro &
Rana, 2016) a'au?lmﬂﬁﬂé'mLﬂudauﬁtﬂufaqmaa
Py ﬂﬁné’hﬂQﬂulﬂé’hﬂmsaanqw'ﬁgmq%amwﬁ
fuselamidasame loun ssusenauiluadn awm
% (catechin) 8WAILNTU (epicatechin) LAIDFNU
(quercetin) gﬁu (rutin) waz Warlused (flavonoids)
(Arun et al., 2017 ) INHANTILATILHNUIINAUS
né’hﬂLﬂudauﬁﬁﬂ%uwmiﬂsauﬁgqmhehuﬁ'u q iy
finsrulasmaluinTusauiivsslseddasnranie i
578974289 Ramu et al. (2017) na111Uanaladl
Tuseuilsenaudensaasiilufisnfuuaznsnazily
#lais Fansesziluinumnnlulands laudnse
ngMIiin (glutamic acid) N5AUWBENWISTAN (aspartic
acid) @ #u (leucine) 814U (alanine) TUSAU
(proline) 81537 (arginine) FAL@BU (cysteine) UaL
(83U (serine)
Fuiusudennstandraitetasulasunnmsluy
HANAUAVYUNUNTBY Lﬁamsﬁ'mmgmﬁmmxau
Tumsudandnnnsine b
4.2 msasulamunisnnuadanarelundnnmai
BNULUNTAY
m'iLa%umﬂﬁné’aﬂluw§mﬁm“ﬁwguﬁuniauﬁszﬁu
Jagaz 1 3 uar 5 wuNanwaenNUsEENFURNTMNY
ﬁwmwﬁmﬁmeﬁwgLtﬁunsauﬁﬁmﬁawmamfwmaL‘i’m
Fundefiunliudaadu iadunelanaafiszeu
NP HD0ARBIRUNENMTIAMIMEMNGIBLASI3a
§ Togaannadng L* menududuns a* wazen
anudududss b* fuunlivanailaiiinsn

wasnaUandelundadurivyuiunsay neiimsieiy

a o d

= v a @ o =1 1A I [
walandlelumaniusioninanednannuniiluedna
110 teanlundreiarsiszaevilueaanlulSua
= o a =) g
ndelinam linadndl 919318914 U84 Rodrigues LA

A (2020) AUNUNAILVDIAONNA 1dUA MU aon

v 9 1 =

a T ?:’/ a = Aa I
ar us¥a uazreaennare Nilsuailueaanilums

v
v 9 oY =2~

asgulumsinalgnsenmhaadaiilfsmnugeda 181.25

Jaansunsaunadn/ans (mg GAE/L) mMsiAadad Ny
Tumaddndraiilesninmaidadfisendtarasin
tou o] Tﬂﬂﬁﬂ?mmmm%uuaﬁluaaniuizﬁuqe
ndhesahdemaiRadhaannen s nazmanlaou
321 I9IMIPUNHINT 013 9A1AY (Farhaninejad et al.,
2017) dharawulunaUdndreHunaniannnis
pandLaturasasusznauiluadniiensuiaulys
ToaUff5eneandiadu (oxidation) Suduiansluly
#luaa (monophenol) laifidazgnaandladiiulail
uaa (diphenol) Laifid uazgnasndladaaluaasin-
a3luu (o-quinone) ¥jAsendanunsnazilunsa
Tusauldfluamsdinma uazazsindriuunesd
LNa’%ﬁﬁ‘[maqaﬂlmﬂuasﬁﬁ%ma U Luaniu
(melanin) (Nguyen and va Doorn, 2004) Toetaulssd
Afgsastumsiiasihmalaus Tnaluoasendiae
( Polyphenoloxidase, PPO) 4 & & § osoonmiad
(Peroxidase, POD) aunianlaouilusasase 1ifuai
Tuw s ldiRandadusinia pop dussulfisemas
0619 TIWRINIIARBDNFIAT Ve IATIALAZHeA LA
daNaIdonon N INYDINAA AN (Nguyen et al., 2004;
Tappi et al., 2017).

wonnil inand ezt narhsase i
anad oS uunadndrelundasuainyuiy
nsou Honswanesnumzmalszananiadutiie
FudauazquniwiiodudalaoF1aT09 Texture
analyzer ATHANNNTOULAZANUUIIVOINAAT I vaii
Wnanhitegmelusvewansuaiisundosrilil
nanRs I eRafanunsa UL uTisEaUR3
naudana: 3 udagelsAoy Rioaay 5 (ilanad
ANNNTOU Wnde DMAEEaTu Banamenuuda
(hardness) ﬁwﬁqm UWANAIINNTDU (crispness) ¥
ﬁqm Lf';mmnmﬂﬁné”mﬁﬂ%mm?}aslﬂﬁgq (i audin
Usanauslandeinniiunweszvh lniidanunsau
mﬂ%uumglﬂﬁhmwmsﬁmmswmms‘%ugﬂwgLl,m'u
nsaurhliemanuuieeh ﬁ'ﬂﬁﬁﬂﬂﬁaélumﬂﬁnﬁm
fsnamauduleansiliazareluiih (insoluble
dietary fiber) 34 azwassluthmilauwanhud il
ANUNie (Aranguren et al., 2016; Fangueiro & Rana,
2016) fatiumsiiunaUandeissaudasas 5 2uly
ﬁ‘[amaﬁﬂﬁmsﬁyugﬂwawgLwiuﬂsauvlé'mn%u GF;
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ABSTRACT

This research aims to study the content of glycerol and holy basil essential oil on the properties of edible films from purple
sweet potato flour. The effect of glycerol content at four concentrations (20, 30, 40 and 50%) was studied. The results showed that
all film formulations were able to form a good film. The difference in glycerol content did not show any significant effect on the
thickness of films. Moisture content, water activity, water solubility and elongation at break of purple sweet potato flour films increased
with the increase of the glycerol content, whereas tensile strength and elastic modulus decreased. Studies have shown that the addition
of glycerol at the 40% concentration showed good overall properties compared to 20%, 30% and 50% glycerol content. The effect of
holy basil essential oil content was studied at three concentrations (0, 0.05 and 0.109%) in combination with the addition of glycerol
at a 40% concentration on film properties. The study found that the amount of holy basil essential oil had no effect on thickness,
opacity and elongation at break of films. While the tensile strength, DPPH radical scavenging activity and total phenolic content of the

films was increased when the holy basil essential oil concentration increased. The film incorporated with 40% glycerol and 0.10%
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holy basil essential oil showed the highest DPPH radical scavenging activity content and total phenolic content (1.12 mM Trolox per

100 g of samples and 149.45 mg of GAE per g of samples, respectively). Therefore, the study of edible films made from purple

sweet potato flour in combination with holy basil essential oil demonstrate the potential for produce edible films to protect food products

and to preserve the quality of food products.

KEYWORDS: Edible film, Purple sweet potato flour, Essential oil, Holy basil
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Lﬂ% 8470 Thickness gauge (s;u 7 301, Mitutoyo,
Kanagawa, Japan)

2.3.2 USnramIINB Uy B I usi uTl§ N (Moisture
content) MNI5 AOAC (2000)

2.3.3 annfivuasvasutiuilan (Opacity) lagda
wHUTANZA 10 FadNAT x 40 FadLNAs UTIINEN
aaluAatanyt (Cuvette) ﬁmﬁ'ﬂ@hms@ﬂﬂﬁuumﬁ
AITNE1IAFY 600 UITULNAT FI8LATDY

Spectrophotometer (‘éu Genesys 10 UV scanning,

Thermo Fisher Scientific, United States) Taglgdany
Lﬂd’]LﬂULLUaQF{ u,asﬁwmmﬁh ﬂ'J’]Nﬁ‘ULLaQ?IEN
weuAFuMNENMS

1« Mmsinganduiinnueady 600 nm

=~ -
ANNNULE (mm ) =

ANUINYBILHUNEY (mm)

2.3.4 A15uauuilsy (Color) logl¥ilainsind
Colorimeter (Chroma meter, CR 400, Konica Minolta,
Inc., Osaka, Japan) @52 UU CIE lab system LLaOHE
Wuer L (@wadne o vinnede 61 was 100
BNEHN) a* (+a* NANEDN FUeN WAL -a* BANEDN
Fen) waz b* (+b* NNNBDIFVIDY Wz -b* NI
fhiEw)

2.3.5 anwarnrsalunisazarsimasusuilan
( Water solubility) lag @ aa19819Wau2u1a 20
f9d0s x 20 Hadwns Tahvindetaldunau
avang mﬂﬂv'uauﬁqmwgﬁ 105 BNELBALTEE WU 24
Flua Tagliimindedeasd (dm,) niduld
frageatlunasaneassiifitnaul3snas 10
Noddns 13111]wsjﬂufajwﬁﬂmuquqmqﬁtﬂumm 24
Fala ﬁqmwgﬁﬁm mﬂﬁmmﬂ?\lﬁuﬁmﬁaagaan
(lsazane) shlvaufiguuadl 105 asenwaded 1
24 %Tm f\mnizﬁqﬁmﬁﬂmﬁ ﬁwmifi?qﬁmﬁﬂ (dm,)
LALAIUIUANMNEINITO lUAISaZAI8RI NN

duN5 (Samsalee & Sothornvit, 2020)

k4 dmy -dm,
mmmmﬁﬂiumsazmﬂm (%) = x 100

dmy

Toad
& ¢ o o Al vy A v
dn’]1 = Lﬂuu’]%uﬂwaﬂm’laﬂ’wwaullwqLiN(ﬂu (gram)
& H Y v Ay ¥ A H
dm2 = Lﬂuu’muﬂm’mﬂ’l\‘lWaNLmﬂ‘wluazmﬂuﬁ

(gram)

2.3.6 Usnrauni18a5s (Water activity, a,) logl¥
Lﬂ% 84 Water activity meter (ﬁ; U Series 4 TE DUO,
Aqua Lab, England) thuduildusadusudn 9 U599
Tdluaduwmadin shluiamunanhaass figumgd
25 Pl AT L

2.3.7 anUfn13119na (Mechanical properties) lag
IATILEAINITAIUMULIIAY (Tensile strength) N5
86 o 909210 (Elongation at break) WazNaaad
mmﬁwgiu (Elastic modulus) #MNNINIFIY ASTM
D882-97 standard (ASTM, 1997) I%Lﬂ%aﬁ Universal

testing machine (Instron model 55 6 9, Massachusetts,
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USA) #1884 WaN2UI0 8 Nadtums x50
fiaduas Badaans 2 sepasilduinduiwily
(Grip) 805157 lunsAarnY 50 Hadwuasaaui
waz@ 2N Load cell 50 96U MUIUAINTAIUMY
K396 MIEAGT o AN WALNBYAFANINEANEY

2 NINMNFINM IO

Fmax

MIMUMUUTIOT (MPa) =

o W L
MILANI L 30219 (%) = — x 100
LO
L -~ 1 (Fmax/A)
yaQadaNNEaviEu (MPa) = — —

/1o)
oo
F,,. = musigegaiihlddune (N)
A = Nufintheawesildy (mm?)
L, = AMNENIBNGULBIHEY (mm)
L = szazanueniilaninean (mm)

2.3.8 qném”vuayyaa“aisfmﬂﬁ‘ﬁ DPPH ua¢
Ussasiluadnianue (Total phenolic content)
AstasaualagaIsararsilanlaein
frg1aWanySuIa 0.25 nSu azanaluluniues
U303 5 fadaes nnuhldwenlusabauay

v
~

gauniingunil 25 sermmaded e 3 #las Tu

3 U
[}

aEefinuEisau 2,700 rpm tJu1d1 10 W
NnTunsEeasazaradiageildy 35 L
Lﬁaﬂﬂ,ﬂwmaaumqwéé’maugaﬁaisu,azﬂ%mm
Wuaﬁnﬁ"’wm (Tongnuanchan et al., 2012)
"3meﬁqwéﬁmaggaﬁasz‘[ﬂﬂ’?% DPPH
(2,2-Diphenyl-1 -Picrylhydrazyl) Iﬂﬂ@ﬂmiazaw
WauUsuas 1.5 105905 na1sazare DPPH Anu
wWudy 0.15 Nadluas USuas 1.5 §addns uaulv
L‘Sl”lﬁluél"]ﬂl,ﬂ%m Vortex mixer (éu 7ZX4, VELP, Italy)
nntuaaBBluiiile ﬁqmwgﬁﬁm Wune 30 Wi i
msi’@@hms@ﬂﬂﬁuumﬁmmmaﬂgu 517
wlues Tagdumugniduayysdassiisudy
NINNINITFIY Trolox MNenuuadu fadluaauya
Tnsaandaaniiedasniudiadie (mM Trolox/100 g
of sample) (Tongnuanchan et al., 2012)
MIienevlsinailuadnnivun (Total
phenolic content) #1835 Folin-Ciocalteu reagent Tag
msgaasazaefldnuaacgaslanananaasslinns
0.1 i9dans hunaulsunes 7 adans Liw

#158¢a18 Folin-Ciocalteu phenol reagent NN

Sazaz 10 logusuas asluvasaneasslsung 0.5
fiadans nanald & urit duarsazaralnidon
M3uBLlue (Na,CO,) anudnduiazas 7.5 laguia
doUsunas Usunas 1.5 adans waztiminay
USuas 0.9 Nadans ﬁqﬁqlﬂuﬁﬁmﬁqquﬁﬁm
Funan 2 il ﬁwlﬂﬁ'ﬂdwms(gﬂﬂﬁuumﬁmmﬂn
Aau 765 WlNes MunamUSinailuadnnivun
eununIIWNIeIgIUNIAUNaaA (Gallic acid
equivalent, GAE) 'imﬂumatﬂuﬁaan%uaugaﬂm
UNAAAABNINGIDEIN (mg GAE/g of sample)
(Siripatrawan & Harte, 2010)

2.4 JianIsdayanann
NUHUNITNAd I VUGN TN YTl
(Completely Randomized Design, CRD) ¥NM3naaa3
3 9h Nam'ﬁ‘nmamuamagj‘lugﬂmmﬁlﬂ + Andisauy
05314 Aesiannulsusiuresdayaloalsd
Analysis of Variance (ANOVA) waztd3auLiiau
Al Lﬂgﬁé”a 835 Duncan’s multiple range test ﬁ‘szﬁu
ANNEBIY 95% ﬁm‘[ﬂsumwzh@agﬂmmﬁﬁ

3. HALAINIAHANITNAADY
3.1 wavaUsnraainaivasaanaantinyadan
vslanlannuilaiunadsiie
nnmsansianvslaalonnudeiumad
MfiUsnaenudsiueaindwases 4 sz laud
¥auay 20 30 40 WAz 50 WUl Wawna 49073
aansadusihifunkuilduld Snuvausanguas
uiuAduilane snvazTusela wiuiduilddian
(e (gﬂﬁ 1) anuvnresiduudedumadsieg
USunandwasaauanmeny wun Aeluuaneeny
atniTaddymeada (p > 0.05) ilasmnldms
muquﬂ%mmwmLLﬁﬂums?viugﬂLwiuW au loawlaw
uilsdumadindaanunneglugig 0.22 - 0.23
fiadns (M519% 1) Adeasilauutlatumadaig
Wuh @ L* uaz a* duuilinaesadntiosiiousinm
naasaatiindy lusmsiian b* Fuualiuiiasy
(5197 1) Tesfduudlaumaduieiiand L g
Tuz9 44.49 - 52.03 @1 a* odlugi9 29.18 -
30.14 uaz@) b* agludie -0.38 - 1.67 agalsh
auaFzesiduutiunadinianuuanaieny
intieedudanndasiudnuaznnguasildniilas
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sUit 1 Taamlumadundigasealifinadad duas
Wdw (Samsalee et al., 2021) aeghalsAaalusening
ﬂszmumsﬁugﬂﬂﬁuﬁmﬂﬁmwu%au‘?ﬁm%iwac»'ia
mavailduuilaiumesiinedle Nduudlaiumeasaing
fdnnamasaadasar 20 wuildanuiivuawas
Hdngeign (3.05 Fodwns ) uandraInmaiy
naasaananuENTudanar 50 adiltaddams
406 (2.57 Faauns ") FedanndasfunuITavas
Khotsaeng et al. (2023) Alasenuimsieusne

(@) @)

ndwasaatiindurn liiduianuTusausinanniy
atelsAmalumdseiinuinmsidundiwasaad
ANNLTNTUS e 20 iAanufiunassasianly
UANANAUNBLEDIDRIDEaE 30 Wag 40 (p > 0.05)
Taganuiuuaasilduaunsozietosnundnnms
avnsflagmeluussysanindenyhdauald Zeda
Wudadilssnnusndudisalfaseniiinarin i
msiamsidande wu matieUnsenaandndu
A lvnaasasiomsiianauiiuilifalscaedle

(@) C))

3uii 1 dnhwasunnguasisuuilaaldnnuluiunadininduasaaanudududasas 20 (n) 30 (1) 40 (A) uds 50 (1)

M50 1 ANUVIN ansfivues wazimdvasilduuilaalennuileiumeadinindwaseaseauma 9

dSananagesaa ANHAU" ANxfiuuad ma
(%) (mm) (mm™) L* a* b*
20 0.22 + 0.02 3.05 +0.19" 52.03 + 1.00" 30.14 +0.38" -0.38 + 0.19"
30 0.22 +0.02 2.94 + 0.37° 51.27 +1.97° 29. 18 + 0.60" -0.22 £ 0.21°
40 0.23 +0.02 2.68 £ 0.17" 48.34 +1.15" 29.86 + 0.52% 1.38 £ 0.16"
50 0.23 +0.02 2.57 + 0.39" 44.49 + 2.90° 29.59 + 0.27% 1.67 +0.49°

WINaHe a-b minaia efikaasdeenauandrduagiiiteddgmesdfzesdmbsesildnuiloaldnnuihiumadihudazszivransinaniwesea

(p < 0.05)

= = ' v oA o aa ' o ar e a v o ' ' o = o
ns YN mmtﬂmmﬂ'ﬂuluLmﬂmqnuamwuﬂﬁmfymmammmmaﬂ’uaw\lauuﬂnﬂlﬂmnuﬂwumﬂﬁmqLma:i:ﬂu‘naqﬂimmnamaiaa

(p > 0.05)

S - & ¥ ~ ¥ a P v @ P o 0
M9 2 Sinaenusu anwainsolumsazaresh wazdSnanhdaszasiiduuslnalénnutlsiumaiineindseseaseaums q

nundwmasas (%) ANNTY (%)

anuansalunsazaras (%)

Usananinaase

20 17.00 + 2.42°
30 19.76 + 2.67"
40 23.57 + 0.33"
50 28.60 + 0.59°

55.84 + 2.51° 0.527 + 0.004"

56.78 + 3.10° 0.539 +0.011°
62.04 + 1.98™ 0.553 + 0.015"

64.35 + 3.60° 0.568 + 0.007°

WName a-c mned Miudasiinnuuandniuedniiiehagymesdfvassimdsradiauilaalénnoudaiumadinudazszdvransfnaniwasea

(p < 0.05)

Usmaanudiuresildnuslaiuimadaing
wuh fivSinandweseaiasar 20 uaz 30 FUSanw
anugudesiigaliuandiefuadrefdaddy
(p > 0.05) Feildiiudasas 17.00 uay 19.76
MNEIAU (5197 2) MstinUSnmndmeseaiises
az 50 wuh Aduiiviinaenudugsiige (asas
28.60) Fauandagivaddyiuildugasdu
(p <0.05) TosUSinaemaduaasilduwuhaanndas
fuanuainsalumsazareh anuausalums

ATANENUIUBNBISNHUZYBINISAIUM UINY B
wiuildn Feiinadannumanzanlumsiiauld
Uszgndldnu nmsdnwmnwuhenuaansaluns
arnehasiandeiiadiuiiausnandmaseatia
wnntiu TaamsieulSinunawaseadsnas 50 wuh
ficnanumnsolumsazaehgeiige whiudesas
64.35 agalsnorudeirlaiuandreanunisidn
nalpseansanas 40 (30882 62.04) MNNMSANE
szdiuldnmsidnndmasaalulsnasnntuilduile
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ﬁﬂ'1U%mmmm%uuaxmsazmaﬁg@%u Famstiudu
Po9ARINaIRET IR UNALEDsea Felaaslumy
55IN¥IANALgas0aNAnyMzgAAIINTY
(Hygroscopic) 'ejtuimaqawmﬁﬂﬂmuﬂ%nsﬁwaﬂéu
v'iﬂﬁfq\i'uﬁwaﬁ\la'uL?Jﬂml,az@m%'umm%ulﬁﬁ
(Ramos et al., 2013) USuauhdase (a,) voaWaw
wu ficaglugd 0.539 - 0.568 (i 2) Tag

~ ]

(MPa)

=

MSATUMUUTING

b
b
[ a
30 40 50

USunandwasea (%)

20

A
=1 [}

USanaundigaseantinnuaana iU daseuas

o ] v v
= =<

WduFuwunliuiingy Felsuaniaasziigdadu
USinamnuduresildn adalsAaruausunani
dasvuasildung 4 gas fiddind 0.61 Fao1aaz
i’]aqﬁ'um'sLﬁ'mﬁmuwawﬁuw%ﬁlé’tﬁmmﬂamwﬁ
IsjtgaﬁwuaﬂdanwsLﬂ%mLﬁuIm (Tee et al., 2017)

H

(%)

Ll
[
(=]
(=]
!

0y

M3LANI M INVIA

20 30 40 50

Banwundwasas (%)

30.0

25.0

20.0

(MPa)

3

15.0

NanaaMIINEAEY

10.0

o
u

5.0

0.0

20

30

40 50

USuandigasaa (%)

Uil 2 mIdhumuussds (n) Mmatiadi o 3910 (2) waswagaaanudandy () vasidnnnuilaiunadinifSinundweseassaudn 9

nIMsAnsantamMenazesilduuslnale
naudlsiumadinamuhidiesinunawaseatiingu
fsumdenaz 20 89 Savaz 50 fwavhlia1ns
MuMuULsItaLHuiduimanas an 4.33 (Ju
0.44 wunzdhama (gﬂﬁ 2) Taansiaunaimasaai
5£AUSBEAE 50 WU AAINMSAUMULSIABIHAN
fienviaaiige Ay 0.44 insthama Tasmlua
MSAUMULTIAIDIURNUN TN AR DA NN UMY
yosfldudannuduniainasildnluszuinems

]
=

i lUlFnu vaefidnmstiaan o 9aaueilan wuh

USinundgaseaniseas 20 uas 30 HAMMIEAG o
analiuanannuagniivedAny (Sauez 21.33

uaz 22.17 MuaI0U) legmsiundgeseaniagas

2

50 wud Waniidmstadd o 3eagangaadei

BEAYNNED6 (p < 0.05) daninuidaeas 36.67
#ausvandsfldniinnubondurasilangangaiiio
o ¢ &

Wigunuilangnsdu Amusgaaanuianduzasilan

]
a0 =

wuhiamgangeagniiedaynNada (p < 0.05)

U
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WaNMSLANNALTBIRaNANININIUSBEAE 20 F9lA
WAy 17.68 wnzthaaa waaalidiunianiany
uiusanniige uaiianadionguiosign Wawila
NNMSHNNDLTDTDINANNINIUIDEDL 20 DIUNIL
Yo s o & 1ag @ o & = P
ToaWdunudausauaWauiianusziiawSeuriau
Auilangasdu adnlsinumsiinndigasaafinnm
Winguiaeas 30 B4 3988z 50 WuNHAINDQATANIN

Banguliuanannusgniiveday Feliaaglugae

v
v @ =2

1.93 - 4.87 wnzlhama aauuINMSANEILLTIU
TN USuaunawaseaiHanaAINITAIUNIULTIAG
ANTEAN o 39210 LALAINBAFTIANNEANEUVDI
gy issnnUSinanaweseaniisaulummindua
Aauazludunuaelanedwasvasutlsiumadaig
v‘iﬂﬁu'ﬂiwiwq‘[uLaqawmmawaﬁma%ﬁagi“lné’ﬁ'u
saumas ldiumsieasumvasaaldwedinnd
HduSedamuBandumnntuieuiinmundmasoaiiiy
EVR ) % % (Sanyang et al., 2015; Theamdee &
Rueangrung, 2019) MAMIANINUTIMSLANUININ
naasaaneNuTNTuSesar 40 Hanvivasilan
Tags1udid Tasawizandanianazesilduiila
Wisuifsuiufiusinanisaseaiosas 20 30 uay
50 FaflAnsEIUMULSIAIslENIIAY 1.03
wnzthaaa mmMstiaim o yeezasilanyinnuiae
9z 29.33 uazAmNagaaANNEAVEuTaIHFIIIAY
3.48 unzlhdma

3.2 wuawavsuaavinsunansanalunsinsica
wa ag o o v X s =
anvnzaslanvslnalaanuihsiunadan
NndnUSHI MBI N U aNSELe Ty
NZLNIINTEAUANNIINTUSDEAE 0 0.05 WAL 0.10
gagnifrasdnuslne lannuthiumadinsinnu
ASLANNALERIPaNAM NI NI USPEaY 40 1Tu

Q)

wanadlmwad wuhUSmnanhiunanszwelunzins
Aenudnduuansmeruluildalidnadamanumin
wazAaNuNuLEIrasildy (p > 0.05) lasiiainu
winaglugie 0.23 - 0.24 JadLNAT uazAmANNTIU
usvzasHduiiaagludie 2.51 - 2.68 Haduns
(M597 3) NuITored Lekjing & Chinarak (2019)
Tgsreaunidulalamudinsumsidniiuvey
sumsmuwgiienuiduiuiasar 0.05 flufesas 5
Taenhwin TasWdulalamuitlgienufivusaiingy
Lﬁmmﬂm’sw‘?iu%uwmmsmﬁula‘[mﬂﬁn
(Hydrophobic) aghalsAmuluniddeiimsidniiy
wanszwglunziwnfienudusudasas 0 0.05 uay
0.10 Aranuiuuasresldnliuandrenuaia
avunanmsidnludsnaiiasdehlddaang
Fuusilisneiy uennniuiausinanisunan
szmglunziwsuiissnndudwmaldilduilaia Lr
WAz a* HeLingy Feedananveuandemany
shauazemanuuduasesildnmuaau Tuzaed
M b* Fakwendemanuiuiivdaswasildumwuhi
AanauiiaUSinanhdunanssinensInsINNZ L
(M5 3) Taaeduasilduanaasiiendasiulsuna
yaainTuvenszvalunsins iy aihduvey
sunelunssiduluilduiidnwas dureananls
finansau wannsumsazansiauuilaiumedsing
lwldduasilsuduaaclusUil 3 foudasdnuaus
Usingrasuduilanuslaalannuileduinadiag
Susumsidvhiusenssmelunzins vananiiu

ar

whoadulyldhlussuienssuumssuguildu
ihfunansznaiansrndiuasndaunliiie
matUfnsenaandiadurasilay Fanandaiingy
nnufsehlvaduasilduilauandeiuiiau3anm
druneuszineidnuand1edy (Lekjing &
Chinarak, 2019)

®

Uil 3 anvazunngrawiuiidauilaaldnnuiuiumadiniindizaseadosas 40 samudumsiinhiunaaszanglunsns

fenuduiudasas 0 (n) 0.05 () waz 0.10 (A)
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] we ae o v o R ¥ v e Y )
m3ad 3 suddzasilanuslnalonnuihiumadinefindwesesiesaz 40 Stulinanhiurensamalunswnfiszaudn 9

aninuasilan Uinanhsiumanszwelunzws (%)
0.05 0.10
ANNAN™ (mm) 0.23 + 0.02 0.24 + 0.04 0.23 +0.03
ANUAUUE" (mm™") 2.68 +0.17 2.51 +0.31 2.68 + 0.31
L* 38.19 + 1.58" 45.40 +1.87" 48.48 = 2.75°
and a* 18.77 +1.03" 25.61 + 0.75 31.62 + 0.46°
b* 7.49 + 0.48° 1.34 +0.23" -0.36 £ 0.11°
ANty (%) 23.57 + 0.33" 21.71 + 1.69" 19.39 + 0.21°
anusansalumsazaneth (%) 62.04 +1.98° 34.66 +1.23" 27.38 £ 0.74"

Usinanhaase

0.553 +0.015°

0.495 + 0.016" 0.418 +0.021"

= oy = Vv P AMv o o aa ' = ars oA v ) PR 7 o
HHIYLNE) a-c NNIUN mwu,ammﬂ:nuLmnrfmnuamwuﬂmﬂﬂgmqanmmmmaﬂmmwauuﬂnﬂlmmLn’]quumﬂamwﬂsmmuwuwam:mﬂ

Tunsimwfiszauan 9 (p < 0.05)

6.0

] O

5.0 +

4.0 +

(MPa)

3.5

=

NMIONIUNUUNN

3.0
2.5 H b
2.0

v

1.5 + a

1.0
0.5
0.0

0 0.05 0.10

USananhausanszwalunziws (%)

50.0
0.0 -
-
BQ a
<& a
€ 300
E a
&,
a8
(g |
g 200
c
IR
B
e
=
10.0
0.0

0 0.05 0.10

USananhaiunasszwmalunsns (%)

8.0

7.0 4

(MPa)

5.0

9

4.0

NOMAIAMINTANEY

u

: ]

0

0.05 0.10

Ysananiniuvansumglunans (%)

3uii 4 madhumuusetia (n) M3iad o 390 (1) uaznagdaanudiongu (a) sasilduuilaaldnnuilviumadinindwasasiosar 40 Sy

USinanhsiuvensemelunzimnnfiszauan 9

W aLne) a-b wanade Miluaasdeanuuaniiuadniiisdhaymeadfivesimdszadildnusloaldnauthiumadinindwesesiazez 40 3wy

USinanhiuvensevglunzinnNszauan 9 (p < 0.05)

NnuaMsAEnUSINae NN ahTy
wanszimelunziwniszaudne 9 Tuilduuslnaldan
wasfunading wuimsidnihiuneszively
nznsuivauhldeUSnaenasy anvasnsely
msazanenh uazSinanhaastuasilduana (99

7 3) Miliiasnnihiunansewmelunsins Haud

yaansiiiulalasiniin (Hydrophobic) Feiiaralsl
Fauth wazanansaunsniuaznsznadlulasiad
pasilduldFonldenudy annannselumsazans
TuazUsananidaszanas (Lekjing & Chinarak,
2019) Togguidmhiuvenszmelunswniteny
Wadudenar 0.10 wuh feenuzu anuaansaly
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nM3aza8iin LLazﬂ%Nﬂmlil”lﬁﬂ‘jzﬁaﬂ‘ﬁ%’!ﬂaﬂ”lﬂﬁ
Yad Aumedda (p < 0.05) Fefiainuiasas
19.39 3agaz 27.38 At 0.418 MNAGU (ANND
3) selsfmnucusinahaassuasildumngasliag
‘luﬂwﬁaﬁuw‘%ﬁmmsam‘%mLﬁu‘[mléﬁ' (¥aan 0.61)

guddmenazasilanuslnalannudetiuimne
fiesnusuihiusensswelunzins wuh msidu
Usananhiuvauszmelunziwsiluademsuiinsy
YBIAIN TNIUMULTIFIUDEAINDATAINEANEIY
aoaflduilaiisufumslidnihiunanszively
AZLNT) (gﬂ"?; 4) 84 lSAMNAINITAIUNIUUTIA
u,awhuag}ﬁammﬁmwsjuﬂaﬁ\léuﬁtﬁuﬁlwﬁuwau
suvalunzinsifideaas 0.05 uar 0.10 fanla
UANENAUNNEDA (p > 0.05) %ﬂﬁcﬁhagﬂuﬁaq 1.62
- 1.66 wnzithams waz 5.12 - 5.52 wnzthaaa
MNAIAU BULAEINUNUIAYVDN Bhatia et al. (2024)
AlansnuihfidumnIuuuiidnhiuveyszmeann
15U (Grapefruit) HAMIMUMULTIGIVRINEY
deﬁ\lﬁumsﬁuuuﬁlﬂLauﬁlwﬁ'uwamsma
tnIunge u,azmitﬁmfwﬁwamzmﬂmﬂLﬂiWngﬁ
ANENTUIEEa: 0.1 0.2 Waz 0.3 WUNNAINTNU
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ABSTRACT

Ban Chulabhorn Phatthana 1 2, Moo 1 3, Sookhirin Subdistrict, Sukhirin District, Narathiwat Province, is approximately
121 meters above sea level. It is the source community of the Sai Buri River, with the river originating from the Sankalakiri mountain
range in Sukhirin and Sri Sakhon Districts, Narathiwat Province. The river flows through Yala Province and empties into the lower
Gulf of Thailand in Sai Buri District, Pattani Province. The river is approximately 1 8 0 kilometers long. Freshwater fish are
economically important in the region, providing easily accessible protein and serving as indicators of community degradation and water
health. A study was conducted on the diversity of freshwater fish in the Sai Buri River: around the watershed community of Ban
Chulabhorn Phatthana 12, Sukhirin District, Narathiwat Province. Fish samples were collected randomly from Ai Tu ngo Canal and

Ai Ta ko Canal using a 1.5-millimeter mesh seine, every two months between December 2017 to November 2018. The study found

1
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a total of 1,129 fish individuals belonging to 17 families and 49 species. The most dominant family was Cyprinidae, with 21 species
(79.19% ). Bagridae was the second most abundant family with 5 species. The Shannon-Wiener diversity index was 2.8 4, the
evenness index was 0.7 3, and the richness index was 6.8 3. The fish species with the highest relative abundance was Ceratogarra
cambodgiensis, with a relative abundance of 21.4 3% . Regarding the frequency of occurrence, 12 species were rare, 24 were
moderately common, 9 were common, and 4 were very common. December and March had the highest species richness, with 2 7
species each. Only 10 fish species were common to both this and a previous study. The freshwater ecosystem is economically
significant, but it faces threats from various human activities and development to meet increasing human demands. Such disturbances

have direct and indirect impacts on the biodiversity of the freshwater ecosystem, including the fish resources of the upstream areas,

which are challenging to avoid.
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Nufithugwnsalian 12 wuawsluiuity
TaeTale thunumes uasthudunGeu Hegludua
gunmaswhiiy dadumsdnmenumansiiozasan
ihdaluudiihmeys: vinamueuduhihugwnsel
W 12 BILNBFATY AIAUNTNE WiaNNaAty
wndissnniuilumsdnmluaaiidaluiaed
enumstnmindeu Tasifaquszadiiiodnw
anunangiazasanihio vinagruduhty
FUIATAWHUY 12 UBLAAAINTIUNITAINIS
wWasuwassiianuguanhialuustibhmeysluniud
gnadasy lusauninnd 20 U wasanmsdnm
294 Lheknim (2002) ﬂsznauﬁ'mﬂu%agaﬁujmﬁ
ddalifugaruasiasdu a1 Huuums
Tumsgua 3nw usmsdanms Munamsayiny
aeiuazniweinsuarliasagiiunaienis
wWasuwdasanmaasivuil msldmaailuszuums
Ugnitmasugaiignazasgunani saumamanmn
Nuili Buuwasiondendeeying mszdaniu
fifianaumwasdunadanasnmhldifiuageg

2. Jauazisms
2.1 MAAUTIUTINGIDLEN
dranssalanlunsasiion aasdlasgee
uazaaasladmne anwazlasmllyesnanadludiu
210180 Ny wariilaafuldn-lve dauiunasa

ae1 vSnaeded liduduuaziimi (U0 1) Ay

Mg NUMIBUnIUINTBNM 15 Tadluas 81 3.5
LA WBTENYUNIAM 0.20-0.30 NAILNAT LANTEANE
@ﬂﬁﬂ‘smuaxﬂﬁsmsmﬁaathwﬂ%'l,mtﬂul,ﬂ%aqﬁa
nan ‘[ﬂmzm%ﬂmuutiulﬁmamqunné’nwmumée
1h Taud vsnanmah vsnaduediu usnasuh uas
wath LLéI’JLWiﬂﬂ"IWQﬁ‘IJizmﬂﬂzLgaﬁ"lu?lilﬁiaﬂﬁl,ﬁu
(?hathLﬁam‘usaulﬁlﬁﬁﬂuauﬁﬁﬂwssmﬂawgqqm
faudLiausunau 2560-WHAINMEY 2561 LagynmMs

HUTIUTINNBEN 2 1HU/ASa

n BuLbeeyrtLy
z -‘

Tsaiseutiu
sl 12 " 3
Elementary school S

; ; v
Ui 1 wnuifiununndmaiinlanide hiupnasalian 12 a.9@5u
8.8A3U 2.UNINA

wsnlamnaianifununuldluudaszess
289n158152398Msuunsiauaziviuiuly
Wil mMsdadwungfinlarazldgionsivaszv
W3slauastanaIMEITINMsauaynsuIsINM
21 N Encyclopedia of freshwater fish of Thailand
(Saenjundaeng, 2014) Indochinese Nemacheilines. A
Revision of Nemacheiline Loaches  (Pisces:
Cypriniformes) of Thailand, Burma, Laos, Cambodia
and southern Viet Nam (Kottelat, 1990) tLa ¢ Fishes
of Cambodian Mekong (Rainboth, 1996) 574 ‘*fgl”ﬁ‘l
m:maa‘ummgﬂéfm%a%mmam'{waqﬂam(ﬁiazﬁﬁﬂ
R R U Yo¥dY fishbase.org ver. (06/2023)
wé’qmnﬁ'uﬁﬁaQaihqé’umv‘hmswmswuﬁahjwu
Wz iifid A
2.2 mﬁtmwﬁw”aga
1. Awenziaasiianuvainsiie mugnsues

Shannon-Wiener Index (Shannon, 1949)
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H' = - piln(pi)

pi A8 dadrudIvIuTiazaslarnie i 6o
Snurasanavae
s #a nuriiaUamavue
H fa easieanuvaingiia
2.51A5 1= A62TiAI NENLEND (Evenness
Index)
E’ = H /In(S)

H A8 A1esiaunaInyiiauad Shannon-
Wiener

S #a SnuriieUamavue

E'fa ehamnuaniane

3. WANLIMAZHANUNINGTUA (Richness index)
Togl% Margalef diversity index (Lokitsathaporn &
Sinlapachai, 2008) ﬁﬂﬁ

R = (5-1)/In(N)

R = MOZHANNNINYUA
S = NUIUBNANIUNATINY
N = PUIUMNINNAN WU

In = natural logarithm

4. Slenziemenudearaslaudazaionine
mmqﬂquﬁuﬁ‘wﬁ' (Relative abundance)
Relative abundance = (nX100)/N

n A8 NUIUMMINNA TUU LG sHiny a3

P o v v
2] u’]Wﬁaﬂﬁ]UlﬂﬂWU

N @ Snnummaazaslamnsionwy

5. ﬂ’anﬂ?;:m%amﬂu?;w RN RERIEREF
(frequency of species occurrence) 289UaILADLHUA
TosdauUasmaidune Pettingill (1961)
%’aﬂasmmﬁwmmsﬂsmg = (f-(im'mﬂ%v'maqmswu
U X100)/aiwmuﬂ%y'mmmséwsmﬁy'wum

v @

Toal#naui lunsuUasEaUANNITNNNS
I~ @ =
a9uanvantly 5 52aU AB
3a8@z 90— 100 VN8N WULDHNIN
389z 65 — 89 MANFDN WUURY

Soeay 31 — 64 BINay wuthunan

Segar 1 - 31 wanaie wullse

6. MIINATLHMANUFUNUSTBIMUUTHAIEA?
senheriinUanihde 1y wazdauiiusIuIu
d10819 Tagldlusunsudragy PC-ORD vu
Windows 10 pro MginainmMsIangy CCA azi
Taal#35 Hierarchical Cluster Analysis Lﬁamﬁmmﬁu

Taal#n15570 Cluster 9835 Ward'S Method

3. HAAND

f\nﬂmsejuLﬁué’aasmﬂmﬁ'wm 1,129
Soswunld 17 29d uaz 49 #iia lagnedinusiia
ﬂmmﬂﬁqm 5 DUAUWSN B 1A Cyprinidae 21 %l
(79.19%) 8989WAD WA Bagridae 5 210 Way e
Erethistidae, Balitoridae (82 Mastacembelidae I das
3 FUAINUY MNIIAU (gﬂ*ﬁ 2) Tagariwuxn
flgade vartdafiuduwer ( Ceratogara
cambodgiensis) (Gﬂ'ﬁNﬁ 1)

AmagiaNNraInsie (H) wniu 2.84 lag
Tuidauiivay wweu waswgaIneay 2561 JaAge
“?;E!(ﬂ WU 2.43 S89890NAB 51PN 2560 (2.07)
Aueneu 2561 (1.85) waznIngIAN 2561 (1.34)
MUTIAU (gﬂﬁ 3)

MeaiienudnENe (E) whiu 0.73 Tag
Tutdaungadniau 2561 ﬁﬁhgqﬁqm (MINU 0.80
909NNAD LNEIEY 2561 (0.75) HUIAN 2561
(0.73) 5uUNAN 2560 (0.63) NUENau 2561 (0.62)
UazNINYIAN 2561 (0.48) ANAIOU (gﬂﬁ 3)
Aplocheilidae1%H0, 0.89%

Channidae2%1i6, 0.80%
| Other7%iim, 1.59%

Mastacembelidae3%1i6, 1.24%
Hemiramphidae1%iin, 1.42%
Balitoridae3%1i, 1.51% \

Cobitidae2%3i0, 2.39%\_\ \\\

Gyrinocheilidae1%16), 2.83% —
Bagridae5%iin, 3.81% — 7
Erethistidae3%3i0, 4.34 % —/|

Cyprinidae21%%i0, 79.19%

= PP e gy p
3l 2 Wediduduasinnulaudasndignrusnluiuithuginasal
Wa 12 0.4A3U 2.A3u 2.uNENT seuhudausunan 2560-iau
WHAINEY 2561
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patieNuIngiia (R) winu 6.83 laalu
Wauluan 2561 ﬁ@hgqﬁqel (WU 5.10 584893
D SUMAN 2560 (4.73) LNWIBU 2561 (4.53)
WOAINMBY 2561(4.20) NUENBU 2561 (3.40) UL
AINHIAN 2561 (3.04) MUAIAU (31]‘7; 3)

anugnguFNTNg wuh Uaiiwuenagnga

3 <

JUNNIGINER 5 BuﬂULLiﬂIuﬂTiﬂﬂH’]ﬂi\iuﬂ'ﬂ Uan

u q
[

tdaduny W (Ceratogarra cambodgiensis) 21.43
tdadidud sevasntfe Uaritdediu
(Ceratogarra fasciacauda) 15.06 Wadidud Uarasas
Qﬂfl”l (Lobocheilos rhabdoura) 13.55 U a515ud Uan
#1an8 (Rasbora myersi) 8.50 tUasidue wazdarh
(Labiobarbus Ieptocheilus) 5.23 wWasidud ausIeu
(m‘swﬁ 1)

ﬂ’J’]N“D;ﬂ‘Z!NM%aﬂ’J’]Né“llaﬁﬂ’]'iﬂ‘i’]ﬂ{] WU
mmqﬂzgmﬁammﬁlwaqmsﬂswﬂmawmﬂfﬁﬂiu
msAnwaSail wiveanladiy 4 ngu (M99 1) ¢aid

yilaUarlunguwuiias & 12 wile laud Uan
anuaw Uman (Amblyceps variegatum) UsnseyNim
(Xenentodon cancila) UaW UM (Barbichthys laevis)
UmaziiNeunse (Puntius brevis) Y a13 3w o u
(Rasbora einthovenii) 4 & 7 % 7 @ 2 1
( Rasbora argyrotaenia) wazUa TWAAUFINULD U
(Glyptothorax trilineatus) (Jueiu nguwulunals i
24 uila ldud Yasnzi (Aplocheilus panchax) Uan
w9ty (Batasio affinis) Uaruzaanane
( Batasio fluviatilis) U810 @ @1 ( Hemibagrus wyckii)
wazUarwwesd LA (Pseudomystus leiacanthus) 1Y UGy
naNwules § 9 rila laud Yaiwalramas
(Tor tambroides) Uauaiu (Glyptothorax Ionah) Uan
a%amfw ﬁq (Gyrinocheilus aymonieri) Ua1n599L%2
w3 81 8 (Hemiramphus far) uasUar1vaanLen
(Macrognathus taeniagaster) tHu@u wazNgNWULUBY
WIn 3 4 giie Ao Uandehiunuwy) (Ceratogarra

cambodgiensis) ﬂmﬂszgu% (Hampala macrolepidota)
Umasaegnin (Lobocheilos rhabdoura) wazlaviuy
189 (Mystacoleucus marginatus) (31]"7; 3)

WWBUSUNAN 2560 wazlUIAN 2561 (UU
Lﬁauﬁwuﬁﬁmﬂmgqﬁqm A9 27 FUALINNY 5898930
A NWEU 2561 (25 HUA) WOAINIBU 2561 (21
#i0) °lu°umzﬁl,aauﬂiﬂgmu 2561 wuriiauailos
ﬁqm 16 7@ (gﬂ"?'i 4) uanINUNYD Uanseguin
(Hampala macrolepidota) Uand3 E]ilgﬂ‘lj”.l (Lobocheilos
rhabdoura) WazUa 1 uUINn a9 (Mystacoleucus
marginatus) wuldnnidauiidrsa Tuemsiiivar 10
o wuLienasafienuaamsasa (M5199 1)

LR

= o Y < o o X dy -
E‘ﬂ‘“ 3 maﬂNﬂamwmwwﬂumsmunmaumaﬂwwuwmuqmmm

WU 12 0.4A5Y B.4A%U 2.UTFNT FeUGABUSUNAY 2560-1HDU
woadimeu 2561 (A: Uandefiufinye (Ceratogarra cambodgiensis); B:
ﬂawnizguﬁﬂ ( Hampala macrolepidota); C: ﬂawa%aﬂgnﬁa
(Lobocheilos rhabdoura); D: Uawinuwad (Mystacoleucus marginatus); E:
U89 (Barbichthys laevis); F: Uanaztiteuns1a (Puntius brevis); G:
Uauaiusuuway (Glyprothorax trilineatus); H: UaBauauin (Rasbora
einthovenii); I: ﬂm‘%uﬂuainﬁ'ﬁwms (Doryichthys sp.)
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= 8 - - 50 P
(e
2 | 40 &
T 6 - 3
L 30
4 4
L 20
27 L 10
0 - e
. Pl
5.m. 2560 | #.m. 2561 | e 2561 | n.A. 2561 | n.e.2561 | wa. 2561 :
WU 12
B 2.07 2.43 2.43 1.34 1.85 2.43 2.84
E' 0.63 0.73 0.75 0.48 0.62 0.8 0.73
. R 4.73 5.1 4.53 3.04 3.4 4.2 6.83
— Species 27 27 25 16 20 21 49

Uil 4 drflanuvannyiia (1) drllanuashiane (E) drflanumngiia (R) uazhuiurile zasdanbIafinuluiuithupnasalienn 12 a.q05u

2.4A3U LUNTNT LW NURDUSUNAN 2560-LHDUNAINMEY 2561

]

o

; o o o : : v 5 4 o
MmN 1 %l Dy anumwmseying (TUCN Red list) anagngaduing anudzasmsunng wasieuiinvdanhia luiuithugunasaiiann 12

9.8A3U 8.4A3U UNBNT FeINABUSUNAN 2560-1HDUNDAINEY 2561

A IUCN I
.o s . LRiTelT! ANGNYN ANNDYBINIS w4
WA /AR AaINAVTNS . Red L oo LHaunwy
(M) dNNNS Using
list
Amblycipitidae
ﬂaquuau, Uaan Amblyceps variegatum 4 DD 0.35 Wullae w.e
Aplocheilidae
ﬂa’]ﬁ”flﬂ:ﬁ"j Aplocheilus panchax 10 LC 0.89 wulthunan 5.0., ii.a.
Bagridae
Uanuaeagun Batasio affinis 6 - 0.53 wuthunan 5.0., L8,
Uauwreenaie Batasio fluviatilis 7 LC 0.62 wuilhunan ii.a., n.a., n.8.
Uanamaeg Hemibagrus filamentus 14 DD 1.24 Wulas 5.0., 1.0., Lu.g8., N.0., N.8.
danae Hemibagrus wyckii 10 LC 0.89 wuthunan fi.o., we.
Umuwessla Pseudomystus leiacanthus 6 LC 0.53 wuthunan 5.0., L8,
Balitoridae
ﬂaw%wn Homaloptera confuzona 3 DD 0.27 wuilhunan 5.0., N.8., W.8.
Uadsanld Homaloptera parclitella 9 LC 0.8 wuthunan n.0., N.8., W.2.
UaAsanh Balitoropsis zollingeri 5 LC 0.44 wuthunan L8, 1.8,
Belonidae
ﬂmniw_mm Xenentodon cancila 2 LC 0.18 wutias W.e
Channidae
ﬂmﬁu'q Channa gachua 7 - 0.62 wuthunan ﬁ,ﬂ., .8, N.A.
Uanszan Channa lucius 2 LC 0.18 wuthunan fl.o., we.
Cobitidae
Udmsnndae Acantopsis dialuzona 18 - 1.59 wuilhunan 5.0., N.8., W.2.
1vai;3 Yasuhikotakia morleti 9 LC 0.8 Wulas 5.0., fl.ﬂ., L8, N.O., W.E.
Cyprinidae
Ui Barbichthys laevis 1 LC 0.09 wutlas 5.9.
Uadnas Striuntius lateristriga 8 LC 0.71 wuthunan n.8., W.8.
Umauiizwhan Barbodes rhombeus 12 LC 1.06 wWulaw i.o., e, n.a., we.
Uanduiiown Crossocheilus reticulatus 11 LC 0.97 wuthunan e, 0.,
U ldduauas Cyclocheilichthys apogon 3 LC 0.27 wuthunan 5.0., i.0.
U@ lulsi Danio dangila 2 - 0.18 wuthunan 5.0., W.8.
Uadadiu Ceratogarra fasciacauda 170 LC 15.06 wuthunan .8, W.g.
Uandeiunumyen Ceratogarra cambodgiensis 242 LC 21.43 wWulagann 5.0., §.0., L1.8., 0.0., N.8.
Uanseguiin Hampala macrolepidota 18 LC 1.59 wulasann 6.0, 8.0., .8, 0.6, 0.8, W.2.
U Labiobarbus leptocheilus 59 LC 5.23 wuilhunan 5.0., 8.0., 0.8,
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IUCN

. : . AU ANNYNYN ANNBYRINT ;

WA/ FoAneeans . Red Y thauniwy
() dNNND Using
list

Uaaasgnii Lobocheilos rhabdoura 153 - 13.55 WUUBEINA  5.0., 3.A., L8, N.A., N.2., W.E.

Uadiem Luciosoma bleekeri 6 LC 0.53 wuthunan 5.0., LN.8., N.8.

UMnnunad Moystacoleucus marginatus 47 LC 4.16 Wulagann 5.9., ﬁ.ﬂ., Lu.8., N.A., N.8., W.8.

dmndaaldiou Osteochilus microcephalus 7 LC 0.62 wuthunan 5.0., 1.0., 1.8,

Uaadosunian Osteochilus vittatus 8 - 0.71 wuthunan 5.0., 1.0., 1.8,

Umaziigunie Puntius brevis 1 LC 0.09 Wullpe LR

Uandiane Rasbora argyrotaenia 9 - 0.8 Wullpe W.8.

Udandiane Rasbora myersi 96 - 8.5 wWulaw 5.0., 8.0., .8., 0.0,

UsnFwoumdas Trigonopoma pauciperforatum 1 LC 0.09 Wutiag 5.0.

UaFwouih Rasbora einthovenii 20 - 1.77 WUllpe f.9.

UaIwannas Tor tambroides 20 DD 1.77 Wulag 8.0., fl.ﬂ., L8, N.8.
Erethistidae

Umuaiu Hara filamentosa 15 - 1.33 wuthunan fi.a., n.g.

Uauaiu Glyptothorax lonah 30 LC 2.66 wWulaw 5.0., 8.0., .8., 0.0, W.2.

Umuaiuauuay Glyptothorax trilineatus 4 - 0.35 wutles n.8.
Gyrinocheilidae

Umadaeiii Gyrinocheilus aymonieri 32 LC 2.83 Wulaw 5.0., §.0., N.0., N.9., W.8.
Hemiramphidae

Umnsgyaunuiaing  Hemiramphus far 16 - 1.42 Wulaw 5.0., §.0., L.8., N.0., N.8.
Mastacembelidae

Uavaaan Macrognathus maculatus 2 LC 0.18 wuthunan fl.ﬂ., [+RN

ﬂmwaﬂgwn Macrognathus taeniagaster 5 LC 0.44 Wulas ﬁ.ﬂ., .8, N.A., W.8.

danszinang Mastacembelus favus 7 LC 0.62 wuthunan 5.0., 3.0., 3.2,
Notopteridae

UJaraan Notopterus notopterus 1 LC 0.09 wWutias 5.0.
Pristolepididae

Uannathanday Pristolepis fasciata 6 LC 0.53 wuthunan 5.0., 1.0., 1.2,
Synbranchidae

U lvan Monopterus albus 1 LC 0.09 wuties n.0.
Syngnathidae

Uansufuassddss  Doryichthys sp. 3 - 0.27 Wullae W.e
Tetraodontidae

ﬂmﬂmﬂw\@ Dichotomyctere fluviatilis 1 LC 0.09 wuties 5.0,

nnEne: - = 1ziﬁiagaﬂq%ﬂmumwmiag%ﬂﬁ Tuszuu TUCN Red list

DD = Data deficient species (Faaa laitNganadiazsuiiiv)

LC = Least concern species (Iﬂgﬂﬁﬂmu)

wananiuluasied 1 wuh luiudithy
UNATAWMUT 12 TinvgiiaUafifigoruniwns
ausndaniyduasaesanaiwiiianisayiny
55358%76 (International Union for Conservation of

Nature and Natural Resources, 2020) Qﬁﬂ’j‘lﬂmuﬂ‘lw

laignanmu (LC) waziivaiien 36 aliawhiu g

u

Tugrudayadanar Usznaudraaaruniwlaign

U

AnAIN (LC) 32 %0 LLazamumwﬁagalmﬁm
wanazsziiu (DD) 4 %o

4. mIanuie
mnmsﬁﬁwﬁ'uiﬂaﬂuﬁuﬁEhmaqﬁ%u
WHIAUTBNF TeUINUADULNEIEY 2543 -5UNAN
2544 wuﬂmﬁy'wm 37 %90 (Lheknim, 2002) W6
Wallsumsanmasaiiwudn fuaiies 10 wiia
whitufinumiiausulumsdnmnesail de Yansean
@ 1 ( Balitoropsis zollingeri) Ua118 8% unw WY
(Ceratogarra cambodgiensis) ﬂmf%ﬁ (Channa gachua)
Uanseguiia (Hampala macrolepidota) Usnawmas
( Hemibagrus filamentus) U 8 7 ¥ U1 4 % & 9
( Mystacoleucus marginatus) U 8 7 2 8 1 @
(Notopterus notopterus) ﬂaﬁﬁlztﬂﬂuﬁl‘lﬂﬂ (Puntius
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brevis) Ua1%1a8 (Rasbora myersi) Ltazﬂmnsxm
W ETB9 (Xenentodon cancila) waziiUa 22 #iia 7
wneshsranuud linulumsdnmnadedl wu Jamelay
Yiu (Silurichthys indragiriensis) Ua1%7 15’1 ANLan
(Rasbora paucisqualis) Ua 330218 (Rasbora paviei)
Ua@awas (Pangio filinaris) uazla1U§eedanqa
(Pangio kuhlii) Wuau (mswﬁ 2) ﬁy'qﬁmmqﬁﬁw
¥ uansdnuuaneiy aratienniadoraatiud
Lﬁusmsmﬁaaﬂwﬁlﬂﬁ@mLﬁmﬁ"u Ln3psiiafildlu
mstiusaiauaneeiy Taglumsanmeasailals
IUTuAaINaEn warhuuasalumsdnaues
tusruTINaaee liwhny i@ (Seetapan et al.,
2020)

waztiaSsuiiisuiumsanman q e
Tuiuitmeld laud NENUUNTIALLINAIN (Sutin et
al., 2007) wulamanue 20 wile dxfiadard
wilausulumsdnnedeil 7 ofia anenuuwisen@in
ﬁy'uuammmq (Sutin, 2011) wuﬂmf?wum 13
ila fefiavarfmiiausulumsinmesail 5 #iie
Ltaxqwﬂwuttﬁmﬁﬁlwmﬂ?i% (Nualsri, 2012) wulan
wavue 28 ie Tefiauminmiauiulumsinmade
il 7 %fia MeszEuasinn 2
M50 2 Wisudisuafiavanhiedinulunmsdnmadeilfuiuiau 9 Tu
Huimaeldvaslsemealng (A: 2.4A%U 2.4T5Nd (Lheknim, 2002); B:

g
ANTIUUYNTINLIIVAN (Sutin et al., 2007); C: NIIUUVNTIALDIUUURS

WIMAN (Sutin, 2011); D: aNEUUWWMANANET (Nualsri, 2012)

mMafne
FiaUa ¢ A B C D
ANU

Uautluwii(Parambassis siamensis) /
Uaan(Amblyceps mangois) /
Uangnuau(Amblyceps variegatum) /
ﬂmﬁ”flﬂzf‘;”l(Aplocheilus panchax) /
Uanuwenwan(Batasio tengana) /
Uanuweagu (Batasio affinis) /
Uawwesnane(Batasio fluviatilis) /
Uanawmans(Hemibagrus filamentus) / /
Uanaen(Hemibagrus wyckii) /
Uanuwenviu(Leiocassis poeciloptera) /
Uauuenweaa (Mystus nigriceps) /
Uanuwenua(Mystus wolffii) /
Uanuwenviu(Pseudomystus siamensis) /
U LLilﬂ\i’Tqulfi(Pseudomystus leiacanthus) /
ﬂaﬂ%ﬂﬂﬁﬁ(Balilompsis zollingeri) / /
ﬂm%’ﬁmLLﬂﬂ(Homaloptera ogilviei) /
Uan@aiu(Homaloptera orthogoniata) /
Uaaeanld (Homaloptera parclitella) /
ﬂaﬂ%ﬂﬂ(Homaloptem confuzona) /
ﬂm%’ﬁm(Homanpteroides nebulosus) /
ﬂaﬂ%ﬂﬂﬂﬁﬁ(Homalopteroides smithi) / /
ﬂm%’ﬁm(Pseudohoma]optera leonardi) /

Fiiauan

Msfne

A5l

UanAasiAez(Nemacheilus masyae)
ﬂa'lﬂix‘i"!\i W Ldia9(Xenentodon cancila)
ﬂa'lﬂix‘i"!\i t¥I(Xenentodon canciloides)
Uannetiia(Betta pugnax)
ﬂa'lﬂit(;';ilﬂ(Trichopodus trichopterus)
ﬂaWﬂ%Nij’WQaWﬂ(Trichopsis vittata)
ﬂaTﬁgﬁ(Channa gachua)
Us2eu(Channa striata)
Uan9za9(Channa lucius)
ﬂmﬁ]ﬂ(CIarias batu)
Uarnnala(Acanthopsoides molobrion)
Uannala(Acantopsis dialuzona)
Uanda(Lepidocephalichthys birmanicus)
ﬂa’l@sLLﬂQ(Pangio filinaris)
ﬂmﬂﬁaqﬁaﬂ@s@angio kuhlii)
Umanenaswinlna(Pangio piperata)
ﬂa’mg(Yzzsuhikomkia morleti)
Us WU (Barbichthys laevis)
ﬂmﬁlnﬁﬂuﬁlﬁﬂﬂ(Barbodcs binotatus)
ﬂmﬁlnﬁﬂuﬁlﬁﬂﬂ(Barbodcs rhombeus)
Uada#iu(Ceratogarra fasciacauda)
Uandeiiunumyen
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ABSTRACT

The objective of this study was to study the effects of breaking dormancy by clipping the end of the seed and nursery
materials on the growth of black seed Riang (Parkia timoriana (DC.) Merr.). The experiments were conducted by a 3 X 2 factorial
experiment using a completely randomized design with two replications. There were three level of clipping seed: 1, 1.5, and 2
millimeters. Two types of nursery materials were used: sand and cotton. Growth data were collected, including the percentage of
germination, root length, and fresh weight. The result demonstrated that there was a significant difference (p < 0.05) in the interaction
between breaking dormancy and nursery materials on the percentage of germination, root length, and fresh weight. The breaking
dormancy by clipping the end of the seed at 2 millimeters and the nursery material by sand gave the highest mean percentage of

germination, root length, and fresh weight.
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